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Ottawa, lst August, 1904. 

Sir,-

I ha,·e the honour to transmit herew·ith :-

lst.-The report of the Oo ~nmission appointed to investigate the 
-electro-thermic proce ses for the smelting of iron ores and the making of 
steel, now in operation in Europe. 

2nd.-The report of a special Oommi sion appointcd to invcstigate 
the Uarcus Ruthenburg process of electric sme1ting of magnetite. 

To these reports is added, in the appenclix, a series of importa ut 
papers on the subj ect of the electro-rnctallurgy of steel and iron, ty 

Harmet, Gin and Stassano, and of copper by Vattier. 

I ha rn the honour to be, 

Sir, 

Your obedient servant, 

IIonourablc Clifford Sifton, 
Uinister of the Interior. 

EUGE~E IIAANEL, 
Superintcndcnt of ~fin e~ . 
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LETTER OF INSTRUCTIONS. 

Ottawa, 29th December, 1903. 

Sir,-You are hereby commissione<l to procee<l to Europe for the 
purpose of investigating ap.d reporting upon the di:fferent electro-thermic 
processes employed in the smelting of iron ores, and the making of the 
di:fferent classes of steel, now in operation, or in process of development, 
in Italy, France and Sweden. 

The special object of this investigation is the ascertain111ent of dl 
facts in connection with these processes, which are necessary for det.:ir­
rnining the cost of one ton of product, the quality of the product, ,rnd 
cost of machinery employed, and such other facts as may be required !'.ur 
the formation of a judgment regarding the feasibility of introducing suc­
cessfully in Canada electro-thermic proce es for the prodnction of iron 
and steel. 

It will, therefore, be your duty to avail yourself of all means neces­
sary to obtain, as far as practicable, reliable and detailed information on 
this subject. It is desirable also to ascertain what patents have becn 
issued to the differcnt inventors of the processes of electric smelting, the 
countries where they have been issued, and full particulars thereof . It 
is desired also that photographs and accurate drawings (where necessar_v) 
of the various parts •of apparatus and plants employed should accornpany 
your report. 

The following will constitute the rn embers of the staff of the Com­
mission, who are to act under your direction, performing the duties •IB­

signed them in this letter of instructions, and such other duties in their 
respective branches as you may find necessary to require of the111 in ord'Jr 
to bring to a successful issue the object of the investigation:-

lst : Electrical Engineer. 

Mr. C. E. Brown, E.E. .. • \..ssistant Works Enginccr of the Canadian 
General Electric Company, Peterborough, Ont., has been appointed as 
Electrical Engineer. It will be bis cluty to make or supervise all elec­
trical measurernents, and furnish you with a report of all electrical 1lc­
tails of the investigation, and also \\-Ïth a description of the e1ectric:i l 
machinery ernployed. 

. . 
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2ud: :Thfotallurgist. 

On your arrirnl in England you will engage a thoroughly compcteut 
iron and steel expert, who will act as the mctallurgist of the Commission, 
and report to you the metallurgical details of the investigation, and make 
an examina tion of and report upon the qualities of the iron and steel pro­
dueecl by the various eleetro-ther111ic processes exarnined. 

3rd: Photogrnpher and Draftsinan. 

For the purpose of obtaining ac:c:nratc reprcsentation of the different 
plants examined, you are in,;trnctcd to employ .a photographer and clrafts­
man where,·er and "·hencn'r their ::-e1Tiecs may be requireLl. 

4th: A priva te secretary. 

(8gcl.) CLIFFORD SIFTOX, 
:Jiinister of the Interior. 

Dr. Engene IIaanel, 
Supcrintenùcnt of :JJiucs, 

Departrnent of Intcrior, Ottawa. 







REPORT. 

TABLE OF ERRATA 

PAGE 23- In line niue from top for ~ read ':..'..'.''' ~· 
, 70 :< 11,j!i 70 '( 0.7li 

PAGE 52- In table for kilo-volt ampereR calibrated, read: kilo­
volt amperes calculated. 

PAGE 105- In sixth line from bottom, for 12 read 10. 

FIGURES 27 and 28 - For scale actual extension x 6, read: Scale 
actu1:1.l ext.ension x 1.5. 

PAGE 148--In fourth liue from bottom, for CO read co2. 
PAGE 18~-Transprn•e lin f•s eleven and twelve from top. 

PAGE 183-Dele line 7 fro111 bottom. 

e1ectnc SIIlelLiug prn.uL::; vVUlU Ut; •uv ooo•onvv~ • ~JVu•5~ ~~- ---- ..... ~ ~- ~ - - , 

Sweden; La Praz, Fmnce; Turin, Italy; and Livet, France. 

GYSINGE. - KJELLIN PROCESS. 

At the Gysingc "·ork., steel of superior quality i:; rnaùe by the Slllelt­
ing together of charcoal-pig and scrap in elcctric fnrnace of the Induction 
type, i.e., furnaces without electrodes. The process docs not 
permit the purification of the rnateria];; entering into the corn­
position of the steel procluced, the quality o{ the steel depend­
ing entircly upon the purity of the component rnaterial;:. ernployrd. The 
process, therefore, correspond to tlw <"rncihk "trcl procc;;~. hnt has 0ar-





REPORT. 

The Commission, consisting of Mr. Brown,, electrician; Mr. Nystrom, 
}.ILE., draftsman; Mr. Côté, secretary, and the writer, left Ottawa for 
England on the 21st January last. Arriving in England on the 30th 
J anuary, I proceeded at once to :find, in accordance with your instructiom, 
a thoroughly competent man to act as metallurgist of the Commission, 
and succeeded in engaging the services of Mr. F . W. Harbord, Assoc. 
R.S.M., F.I.O., consulting metallurgist and analytical chemi t to the In­
dian Government, Royal Engineering Oollege, Oooper's Hill, and the 
author of an extensive work on the Metallurgy of Steel. 

Shortly after my arrival in England I received a telegmm from Mr. 
Benedickis, the manager of the Gysinge Steel Works in Sweden, to the 
effect that if I desired to examine his plant it would be necessary for the 
Commission to arrive in Sweden within a week from date of telegram, 
since the works would be shut clown shortly in order to put in new and 
larger turbines. It became, therefore, necèssary to start the investiga­
tions at the plant in Sweden. 

The following are the localities visited, in the order namecl, whcre 
electric smelting plants could be investigated : Gysinge and Kortfot·s, 
Sweden; La Praz, France; Turin, Italy; and Livet, France. 

GYSINGE.- KJELLIN PROCESS. 

A t the Gysingc \\·orks, steel of s11pcrior qualit_y i" maùc by the siuelt­
ing together of charcoal-pig and scrap in elcct ric furnaces of the Induction 
type, i. e., furnaces " ·ithout ele<:tro<les. ThC' proccss cl ocs not 
permit the purification of the matcrials cntcring into the com­
position of the steel procluced, the qnality of the i-;tcel rlepend­
ing entirely upon the purity of the cornponent mat0riah employcrl. The 
process, thereforc, corresponrls to tlw (']'llC'ihl0 ~t0cl proc<':"~ . but has 0ar-



tain advantages over the latter, in that the melted rnaterial is at no time 
during the operation exposed to gases, which absorbed, deleteriously affed 
the quality of the product; moreover, the absence of electrodes, employed 
in all other classes of electric furnace , a\'Oi<ls contarnination of the 
molten material with the impurities which rnay be contained in the elec­
trodes. 

The Furnace. 
Description:-

The furnace, of 225 H.P. capacity, is the invention of Mr. Kjellin, 
and is of the induction type, corresponding to a step-down transform~r. 
Fig. 1 represents a vertical section through the tap-spout, and Fig. 2 a 
horizontal section through A B. The primary A A fig. 1 consists of a 
coil of imulatcd copper wire wound about one leg of the magnetic ciœuit 
C C C C. The secondary is formed by the charge contained in the an­
nular grove B B. To the primary an alternating current of 90 ampercs 
and 3,000 volts is delivere<l. This ClllT E'tlt induces in the charge forming 
the single turn of the secondary, according to Mr. Kjellin, a current of 
3,000 amperes at 7 V'Olts. The conversion of electric energy due to tl1':l 
resistance of the charge takes place, therefore, in the sub tance of the 
charge. 

The furnace c:onsists of a cylindrical iron casing L L, partly closdd 
at the base, resting npon the brick foundation E E. The casing is lined 
with füe brick D' D', and the portion D D (as shown in :figs. 1 and 2) is 
:filled in with the exception of the annular grove B B, and the space F 
with magnesite or silica brick, according as a basic or acid lining is requir­
ed for the grove, which forms the melting space or crucible. 

The space F F, surrnounted by the iron cylinder F'r to which the pipe 
G i-< attached, sene.:' the purpose of cooling the primary by the <lraft of 
air passing through it. In addition to the air draft, water circulation is 
employe1l to keep down the tempcratnre in the -paee occupied by the 
pri1nary. K K arc c11nt'o> for the annnlar crn ·ible. arnl lI the tnpping 
spout. 

The upper part of thr fnrnace is (see Plate II) at the s::une 1evel as 
the working floor :m<l the charging is effected by simply removing the 
covers K K. and pntting- in the 111aterial. ~inee the heat is produce<l in 
the metal contaiue<l in the annular crncil>le, the slag which has for!lled i~ 
at a much lower temperatnre than in other steel fnrnaces. and as a con~e­
qnenC'e th e workn1Pn -<nffcr little fro111 the heat. 

The following tigmt"i, wltid1 eonld not he drterminc<l hy the ( '0111-

1nis;;ion relating to the rfficiency of the furnace, are given by Mr. Kjellin: 
Fro111 a seric" nf trial run~, the production with this furnace :we r­

aged 4.100 kg~. in ~4 honrs, with a power of 165 kilowatts, or 225 electric. 
horse-pO\\·er. The Io:;,; of hrat hy rarliation. transformation, &c., at a 
ternperature of 1.-lc00 ° C. amountetl to , 0 kilowatts. this amount of ener~y 
being reqnirrtl tn keep the te111pernture conl'tant at 1,400° C. 
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The temperature of the fl.uid metal at tapping i - from 1,600° to 
1,700° O. 

The total efficiency of the fornace is 4.Jt%. 
Plate l is a general view of the fornace in the act of being tapp0d. 

Plate II is a top view, showing to the right part of the magnetic circuit 
and the ventilating drum; to the left the electric measuring instruments in 
position for the determination of the electric energy input. 

The cost of a fornrace of this type of 600 H .P. is, according to Mr. 
Kjellin, about $4,000. 

Measurements of Electnc Energy. 

Since the measurements of the absorption of electric energy consti­
tuted the most important factor in ascertaining the cost of producing steel 
by this method, and since I had no guarantee of the accuracy of the elac­
tric measuring instruments ernployed at the works, standard instruments 
were rented from David Bergman, Oonsulting Engineer in Stockholm, 
and placed in the circuit. 

Mr. Brown reports for charges Nos. 546 and 54 ï an absorption rJf 

-electric energy per ton of product of 0.116 and 0.145 electric horse-power 
years respectively. For further electrical details, refer to :Mr. Brown's 
œport, pages 45-51 and 58. 

Cos t of Steel by the Kjellin P rocess. 

Mr. Harbord reports the estimated cost of steel by the Kjellin pro­
cess to be $34.00 per ton of 2,000 lbs. For details entering into the calcu­
lation for the cost, such as cost of materials, wages, renewals, &c., see i'vir. 
Harbord's report, pages 64-67. 

The capacity of the furnace is comparatively sma11, but for a larg'3r 
plant Mr. Kjellin states that three fornaces of the pattern now uscd might 
be joined into a compound furnace, and supplied with a 3-phase alternatiug 
current. This would treble the capacity and reduce the wages, since the 
number of workmen now employed in opei,ating the one furnace conld 
attend to all three. 

Quality of the S teel produced. 

Samples of the steel produced and of the materials e111ployc<l were 
taken and shipped to England, to be tested as to quality and composition. 
For results of this investigation of the Gysinge Steel, see Mr. Harbord's 
report, pages 59-64, 68, 69,• 79, 80, 82-86. 

Cost of P ower per Electric H orse-Power Year at Gysinge. 

The following :figures on which the cost of power per electric hone­
power year, delivcred at the furnace, is based, were furnishecl by 'Mr. 
Kjellin. 

Oost of hydraulic canal ......................... . . lji22,000 
Co t of power house ............................ 10,000 

$32,000 
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The quantity of water which can be delivered by the canal at low 
water is 22 cubic meters per second. The head is 3! meters. Allowing 
an efficiency of 75% for the turbines, the available hor e-power is 770. 

225 horse-power are delivered to the furnace. Losses in generator, 
exciteP and line, 40 H.P., a total of 265. 

Part of cost of power house and canal to be charged to 
power for electric furnace is .......... . ... . .. . $11,000 

Oost of turbine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,DOO 
Installing turbine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
Generator and exciter . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,850 
Transmission line . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1,000 
Switch board and instruments.. . . . . . . . . . . . . . . . . . . . 600 

$20,850 
10 % on fü'St cost for interest, depreciation, repairs,taxes. 

insurance, &c. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2.085 
The part of operating expenses which is chargeable to 

electric furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 

$2,5 5 

Oost of 225 horse-power delivered to electric furnace is $2,585, or 
$11.50 per electric horse-power year. 

Plate III represents the power house at Gysinge. 

PATENTS. 
Fin land..... . . . . . . . .. No. 130:1 ... . lsl August. ... 1900 
France .. ... ........... " 30512 1 ...... 4thFebruary .. 1901 
Relgium... . .. ....... . " 152666 . . . ..... 3lsl October .. . 1900 
Ilung ary ............. . " l!J45ï .... .... l2th September,1900 
lt aly ..... ........ . .... " 133-138 ....... 22nd February .. 1901 
Au,tria........ " 504!l . .. .. lst r.lay ...... 1901 
G ermany .. ... . ... ..... " 12000G ........ 2nd October . . J!lOl 
."\or\\'a\' ............... " !!484 . ..... . ... 23rd Oelober . . 1900 
E11gla11d .. .. .... .... .. . " 189~1 ....... 23rd O ctober .. 1900 
Canada.. •· î3îUI. ........ 121h Nm·cmber, 1901 
L' nited State'. " 68208H.... 3rd Septcmber,1901 
S\\'<'den .. . " lï494 .... . ... 4th SC'ptembcr,1900 



General View u f Kjellin Furnace. 
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T"p View of Kjellin Furnace. 





1-'uwer House. Gysi nl(e. 

-0 
r 
> 
-i 
m 









KORTFORS. - HÉROULT PROCESS. 

From Gysinge the Commission proceeded to Kortfors, where the 
Héroult process of making steel had been in operation. The manager, 
Baron Hermelin, informed me, that having in stock some 800 tons of 
electric steel, the furnace would now be employed for the making of ferro­
silicon for which there was considerable demancl. He was good enough, 
however~ to put the furnace in operation to show its working, but no mea­
surements of any importance were made, sinc.e the same process would be 
investigated at the inventor's plant at La Praz, France. 

LA PRAZ. 

Steel at the work of the Société Electro-Metallurgique Francaise 
at La Praz is made from scrap melted down, purified by the making of a 
number of slags, and carbonized in the furnace by carburite. This 
process, unlike that adopted at Gysinge0 permits ·of the purification of the 
materials emplQyed, and different grades of steel are made without diffi.­
culty. 

The Furnace. 
Description:-

The furnace is of the tilting pattern (see Plate IV and figs. 3, 4, 5, 6 
and 7). It consists of an iron casing lined with dolomite brick H H, and 
magnesite brick around the openings. The hearth is formed of crushed 
dolomite K, mmmed on top of the dolomite brick lining of the bottom 
of the iron casing. Two electrodes E E pass through the roof of the 
furnace, which, in the Kortfors furnace, were water jacketed for a shot· t 
distance above and below their passage through the iron casing of the 
rnof. The current passes from one electrode through the narrow air gap 
left between the electrodes and the slag line, into and through the slag; 
to the molten metal, a1ong il;, through the slag and second air gap, to the 
other electrode. An alternating current of 4,000 amperes and 110 volts 
was delivered to the electrodes . The intensity of the current passing 
through the bath is regulated by adjusting the width of the air gap be-

• tween the electrodes and the slag line. This adjustment is effected either 
by hand or automatically by a specially constructed regu1a tor . In Ll1e 
former case (see :fi.gs. 3 and 5), the motor P is thrown out of action by 
lever T. Z, operating on pinion S, which engages the teeth of rod H, 
is rotated right or left handed to lower or raise the electrodes. Diagrarn 
(fig. 8) illustrates the principle of the action of the automatic rep;nlator, 
and Plate V gives a gene1,al view of the pair of regulators employed at 
La Praz. 
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In fig. 8, B is an iron wire connecting the bath of metal with the iron 
casing 0 of the furnace. The current due to the difference of potential 
between the metallic bath and the electrode E passes through the volt­
metric suction coi] S, the movable outer coil of which, operating the rod 
D pivoted at T, and regulated by spring A, imparts motion to the hori­
zontal staff D' in a vertical plane0 with every variation of difference of 
potential in the circuit. N, a pulley driven by a small motor, oper­
ating by means of the crank M and the connecting rod L, osci1lates the 
part U, which is pivoted at Z. The dogs X X' attached to U partake of 
the oscillation of U, but in their backward and forward motion fail to 
clutch the staff D' as long as the variation of voltage in the circuit does 
not excee<l 2 volt;;; when this limit is exceeded either way D' rises suffi­
ciently high, or is depressed sufficiently low, to be clutched by either X 
or X'. When this occurs the projection n of the respective dog is brought 
into contact with the respective sicle of the triangular plate G G, to which 
the prongs II H, pivoted at Z, are attach9d by springs K K. This results 
in bringing the copper piece 0, the suspending rod of 'Yhich is also pivoted 
at Z, into contact with the respective carbon block Q. From the diagram 
it will be seen that the direction of the rotation of the motor P, which 
raises or lowers the electrodes E E, depends upon the contact made by 0 
with either Q or Q', and hence upon the rise or fa11 of the voJtage in the 
circuit beyoncl the liinit of 2 volts. 

!IIr. H(•nJlllt ·tates that the cost of the furnace (charge 2,500 kgs.), 
building and necessary equipment, such as ladles, moulds, crane, &c., is 
about 50,000 francs, or $10,000. This does not include the turbine and 
rlectrical machinery. 

Electrodes. 

The electrocles are square prisms 36omm on the side and 170C01 long. 
They are made frolll rctort coke which con tains from 1 % to 2 % of sul­
phnr. The binding material is tar. 

The coke <lelivere<l at La Praz costs 50 francs per metric ton, and 
the finishe<l electrode 10 centimes per Kg. 

The electrodes are not entirely consumed, and the short ends remain­
ing are workcd ovcr into new electrodes, at a cost of 2 centimes pcr Kg. 

The plant for rnaking clectrodes for one furnace is estimated by Mr. 
Hk .. 1tlt to cost $:J,000. 

Electrical Measurements. 

_\ Tho111p:::on re<::ording wattmeter had been rente<l in Paris from La 
Colllpagnic pour la Fahrication des Compteurs, and ordered to be sent to 
La Praz, to be use<l for the detcrmination of the electric energy absorbed. 
rnfortunatcl.v, howcn•r. the rncter di<l not arrive intime to enable us to 
br,,·!:' it put in eirn1it. The electrir 111cal'urements at La Praz werc, there­
forc, rnadc with the imtruments (of Hartmann and Braun's manufacture) 
pcrmanently 11101111tcd on the switch board of the power house. The ab­
><orption of electric energy per ton of steel amounted to 0.153 elect ric 
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horse-power years (English units) . If tapped before completion of purifi­
cation, the product to be employed for structural steel, the energy oon­
sumed amounted to only 0.1 electric horse-power years per ton. For fur­
ther electric details, see Mr. Brown's report, pages 53-55, 57 and 58. 

Cost of Converting Scrap into Steel. 

In a memorandum furnished me by Mr. Harbord,, at La Praz, the 
estimated cost of converting scrap into steel by the Héroult process, ex­
clusive of cost of scrap and metal, amounted to $14.00 per ton of product, 
For details, see Mr. Harbord's repor~, pages 73-75. 

The :following classes of steel are made at the La Praz works and at 
the selling prices per ton of 2,000 lbs. set opposite the description:-

Steel of exceptional hardness .................. .. $363. 60 
Olass 1.-Extra hard steel .... . ........ . ........ 272. 60 

" 2.-V ery hard steel. . . . . . . . . . . . . . . . . . . . . . . 272. 60 
" 3.-Hard steel . . . . . . . . . . . . . . . . . . . . . . . . . . 218. OO 
" 4.-Medium hard steel . .... ... . ... .. ..... : 218. OO 
" 5.-Tough, medium hard steel. . ... . ....... 145 .40 
" 6.-Tough steel .. .... .. . .. .............. 145. 40 
" 7.-Tough mild steel. ....... . .... .. ...... 123. 20 

For results of analyses o:f the La Praz steels and their qualities, see 
Mr. Harbord's report, pages 70-72~ 75, 76, 79, 81, 87. 

Production of P ig. 

Mr. Héroult was good enough to make some experiments for us in 
melting iron ores. The :furnace employed was exceedingly simple, con­

sisting of an iron box of square cross-section, open at top and lined with 
refractory material. The bottom of the casing was provided with a car 
bon plate which constituted one terminal of the electric circuit, the 
other terminal consiste<l of a carbon elcctrode of square cross-section about 
3 :feet in length, and placed vertically in the open top of the :furnace. Ry 
hand regulation the distance of the electrode within the furnace could 
be varied. 

The charge was placed betwcen the carbon plate at the bottom of 
the furnace and the vertically~adjustable electrode, and packed. around 
the latter in the space between it and the walls of the furnace. 

The ore employed was in a more or less finely divided condition. The 
gases developed in the zone o:f :fusion and reduction could not, therefore, 
readily escape, and whenever the pressure of the :formed gas exceeded the 
weight of the charge abnve it, a blow-out would occur ejecting part of tb n 
charge. This, of course, would not occur if the charge consisted, not of 
fines, which prevent :free egress of the gases :formed, but of coaTse 
material, with interstitial spaces for the di charge of the gases. 

These experiments were made for us by Mr. Héroult for the purpose 
of demonstrating the simplicity of the process of reducing iron ores 1>y 
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the eleotric process and it was not intended to demolli!trate a :figure o:f 
cost per ton o:f pig produced by thi.s process. F-0r :further details, see 
Mr. Harbord's report, pages 89 and 90. 

Plate VI represents a view o:f the interior o:f the power house o:f the 
La Praz works, and Plate VII a general view o:f the works. 

LIST OF CANADIAN PATENTS GRANTED TO THE "SOCIÉTÉ 
ELECTRO-METALLURGIQUE FRANCAISE," OF 

FROGES (ISÈRE). 

November lltb, 1902-No. 78160 . 
• Improvements to electric furnaces, for tbe purpose of producing mile! metals, and 

.other products, which must be protected from the action of the carbon of the electrodes. 

March lïth 1903- No. 79716. 
Tilting e lectric furnac-e, Héroult process. 

1ovember 3rd, 1903-No. 83762. 
Process and apparatus to utilize the waste heat resultiug from metallnrgical opera­

tions in general, and more pa rticularly from the manufacture of pig iron. 

December 29th, 1903-N(l. 4615. 
El ec tric furnace with movable electrodes. 

September 14th, 1901-(Pe nding). 
Process and a pparatns for the electrical manufacture of iron and steel. 

APPLICATI ON FOR A PATE!'\T NOW IN PREPARATION. 
Process and apparatus for tbc electrical manufacture of pig iron, principally with the 

object of subsequent manufacture into steel. 

This application corresponds to French Patent of the 25th of March, 1904. 

LIST OF PATE TS OF THE "SOCIÉTÉ ELECTRO-METALLURGIQUE" O F 
FROGES, (granted to March 15th, 1904). 

Case A.- lmprovements to electric furnace s, for the purpose ofproducing rnild metals 
and other products, which must be protected from the action of the carbon of the 
elect rodes. 

CouNTIUES. ÜATES OF' THE PATF.:<TS. 

Fn.n ce ........ 271h March, 1900 .... . . 
G e rmany . ..... . 4th J uly , 19UO .. . 
Belgiurn ...... Iath S.:ptember, 1900 . . 

" . .. .... 291h July, H.10 1 ...... .. 
Austria ... . . . ... l..;t J anua ry, 191~2 ..... . 
Spain .. ... .. ... l2th January, 190 1 ... . 

" .. . :l111h Decernber, 1901 .. . 
England .... .. .. l 3th September, 1900 
Hu ngary ...... . ltith September, 19()(1 .. 

" ..... 2.3th Ju ly, 1901 ....... . 
Switzerland . ... 201h October, 1900 ... . 
Norway . .... . .. 21~1 Sepl1"mber, 1900 . 

'' ........ :li-: July, l !llJI ........ , 
Itah· .......... IJ1h Septernber, 191.10 .. 

" ......... 2nd Augu,l, l!liJI .... .. 
U. S. of Ame rica :lrd ~larch , 1 !)ll3 . ... . 
Luxemburg. . .. 51h April, 1 ~J".2 . . . . .. . 
Canada. . .. 

1
111 h è\o\'ember, l!J02 .. 

Sweden ....... Ir.th '>Pptprnher. 19110 .. 

Nos. 

2986.)Ci 
139904 
l.i2052 
15ï 894 

7;{35 
26il86 
2.'292 
16293 
2100î 
24.ïï6 
2-2!l4ï 
ll lOH 
lfJ88~ 

38-57004 
41 - 61169.) 

'i217113 
474ï 

'i8lti1J 
16872 

REMARKS. 

In good ,1 anding. 
Il •• 

Patent of adui1ion Io p receuing patent 
l n good 'tanding. .. 
Patent of au dition to preceding patent 
ln g-ood ' tanding. 

" 
Patent of addition. 
ln good standing. .. 
Paient of addilion to preced111g p~tenl 
In good standing. 

[
Patent of addition to preceding patent 
ln 0~ood 't an.~ing. 



Case B.-Process and apparatus for the electric manufacture of 
iron, pig iron and steel of various kinds. 

France ... . ... .. 12th November, l!JOO .. 
England ........ 16th July, 1901 ...... . 
Swiizerland ... .. 13th August, 19tll .... . 
Chili ........... 15th October, 1902 ... . 

305373 
14486 
24464 

In good standing. 
'' " 
" 
" " 

Case C.-Process and apparatus to make use of the waste heat, re­
sulting from metallurgical operations in general, and more particularly 
from the manufocture of pig iron. 

France ... . . .... 13th November, 1900 .. 
England ..... . .. 17th July, 1901 .. ..... . 
Hungary ...... 29Lh July, 1901 ...... . 
Belgium .... .... 27th July, 1901 . . ... . 
Ita ly .......... . lsl August, 1901 .. ... . 
Spain . . . . . . . . 15th November, 1901 .. 
Switzerland ..... l4th August, 1901 ... . . 
Luxemburg .. .. . 14th April, 1902 ..... . 
Norway . . . . . . . 9th August, 1901 .. . . . 
Chili ..... . ..... !Oth December, J 902 .. 
Canada ........ 3rd November, 1903 .. . 

305373 
14576 
2:1449 

157874 
41- 60689 

22284 
24580 

4755 
11678 

83762 

In good standing. ,, ,, 

Case D.- Tilting electric furnace, Héroult process. 

France ..... . ... lsl February, 1901 . . .. . 
England . . . . .... 181h July, 1901 ...... . 
Austria .. ..... . . 15th December, 1902 .. 
Hungary ....... 28th July, 1901 ....... ·. 
Swilze rland ... . . 29th July, 1901 ....... . 
Belgium ... ..... 26th July, 1901 ..... .. . 
Norway .. . ... .. 21lth July, 1901 .... ... . 
Ita ly . .. ....... 31st July, 1901 .. .. ... . 
Spain .......... 15th Novembcr, 1901 .. 
U. S. of America. 26th August, 1902 ... . . 
Canada ......... 17th Marc h, 1903 . 
Chili . ... ....... 28th November, 1902 .. 
German y . . . . . . 28th J uly, J 901 ... ... . 

307739 
14643 
11495 
24242 
24::147 

15786i 
11061 

41- 60655 
28282 

7077i6 
i9il!i 

148706 

ln g...iod standing. 
,, '' 
" 

Case E.- Electric furnace with rnovable electrodes 

Belgium . ....... 28th Septe m her, 1901 . . 
" ........ 2l:ith February, 1902 .. . 

France . . .. . .... 12Lh February, 1902 .. 
England .... . . . 151h February, 190-2 . . . 
Hungary .. . . ... 2nd l\1arch, 1902 . 
haly .. ... .... .. 23rd Februan·, 1902 .. . 
Spain . ... ... 23rd Jun i> , 1902 ....... . 
Norway ....... . 2 th February, 1902 .. . 
Switzerland ..... 24th February, 1902 .. . 
Germany . . . . .. 22nd Febrnary, 190-2 . . . 
Sweden . ....... 25th February , 1902 .. . 
U. S. of America ?th July, 1903 .. ...... . 
C <rnada ......... 29th December, 1903 .. 

].58907 
1613ï8 
:318638 

39 12 
250i4 

42- fl2791 
29282 
1131 l 
25426 

142830 
170ï2 

?H3040 
8-16 15 

In good standing. 
Patent of add ition Io preceding patent 
In ,?ood stan.~ing. 
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Case F.-P rocess to deoxidize and carburize steel. 

Belgium ..... . . . 25th Iarch, 1902 
France . . . . . 25th April, 1902 
Luxem i.it11 g . ... 18th March, 1903 
Hunga ry . .... . . 21st l\1arch, 1903 
Italy . . . . . . .. .. 20th March , 190:! . 
Spain .... .. .... 26tb June, 1903. 
Norwa 1· .. .. . . . 23rd l\larch, 190:3 
England . ...... 25th l\Iarch, J 902 . . 
Swede n ... . .... 24th l\larch, 1911;) 

162286 
320682 

5987 
28587 

170- 149 
:n428 
12585 

6950 
17200 

Date ot priority. 
ln good s tanding. 

Case G.-Process to manufacture steel by electro-metallurgical 
means. 

Frnn ce ........ . 7t h J anuary. 190::! 
" ... . l Oth july, 190a .. 

Hungary . . . . 28th :\l arch, l\JU:l. 
England.. . ... 26th Marc h, 190:1 
Luxe1nbu1g- . . . .. t:3th f\ pven1ber, l!Ju:~ 
Italy ........... 22nd November, J9(J:l . . 

;{28350 

28388 
ï 02ï 
5::ia1 

18 1- 120 

ln good standing. 
Patent of a d d ition to preceding patent 
ln ,?"''od stan.?ing. 

Case H.-Process for the extraction of nickel from garnierite and 
other ores. 

France . ... .... · 1:3Uth October, 19113 ... · I :136376 jrn good s1anding. 

Case I.-Process to deoxidize and desulphurize steel. 

France . ........ J2nd '.\' 01·ember, 1903 .. ·I 3:36ï ll.î Jin good standing. 

Case J.-Process and apparatus to electrically produce pig iron, prin­
cipally with the object of its subsequent manufacture into steel. 

France .. . . . ... · 123lh l\larch, 1904 .... . . 1 

:'\cnE.-The follo\\'ing le tter frtim Dr. H érou lt, rt>lating lo improvement of his furnace 
whereby il' capacity i' nearly doubled, \\'a~ reccived since the above was in type . 

ÜTTAWA, 9th September, 1904. 
ÜEAR SIR,-

1 have the pleasure of informing you that since your last visit to La Praz the steel 
furnace yo11 saw there has been materially impnwed by the :tddition of water j ackets 
round the eleclrodes. 

The cffect is this :-
The output of the crucible bas passed from 4 tons to 7 tons in 24 heurs. 
The absence of air is so complete thal we oblain a ce rta in percentage of carbide 

of calc ium in the slag. 
The Joss of raw material bas also greatly dimin is hed. 

DR. Et:GENE HAAN EL, 
Superintendenl of Mines 

OTTAWA 

Yours very truly, 
(Signeù) P. HÉROULT 



General View of Héroult Furnace. 
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Regulator of the Electrodes, La Praz. 
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Power Huuse La Praz. 
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General View of the Plant at La Praz. 
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Dië1g'mm :-;ltowin~· the operalion of the regula1or 

of the electrodcs of Lbe Jléroults fornac<=: 
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~~-'J/~1-~~4-~~..u 
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A .Regulating -"i:>rÙi!J 
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E .E 1 P<'lrodes 
F fi'urnacl' 
L Connertù~q rod willt ball sor·ket.v 
M r1a11k 
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L __ 

J20 volts 

R 

60 vol;ts 60,.,oU.t 
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.N Pulley drivP!t by .sma/t 11wto1• 
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P Rev('rsin g mo/01· 

Q Carbon ronwct.s 
R &si.stc111cP 
S Suct/011 . voll1111>lrit· ro;/ 
T .Pivot 
X .Dorp· 
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TURIN. 

Oorrespondence with Oaptain Stassano elicited the fact that the fur­
nace built for the Italian Government and erected in the Government 
Gun Foundry in Turin had not been in operation for a number of months, 
the refractory lining of the roof having fallen in, and the new magnesite 
bricks orderecl from Austria for the purpose of re-lining the furnace had 
not yet been received, nor could a date be given when the. furuace could 
be een in operation. Through the kind offices of His Excellency the 
British Ambassador at Rome, permission, however, was obtained from 
the Jtalian Government to view the furnace. 

THE ST ASSANO PROCESS. 

The product depencls upon the charge, which is calculated before­
hand, and in the form of briquettes subjectecl to the radiation of heat 
from an electric arc situated above the charge to be t reated. Since 
nothing but heat cornes in contact with the charge, the output and calea-
1ations agree. It is, therefore, simply a matter of compounding the 
charge, whether the producf shall be steel or iron. The rotation of the 
furnace during the operation produces a proper intermixture of the melt­
ing mass, which, according to the inventor, results in accelerating r educ­
tion "with great advantages from the point of view of the utilization of 
the heat and the .preservation of the fire-proof lining of the furna ce." 

The Furnace. 
Description: 
Plate VIII is a general view of the la test type of rota ting furnace, uc-

cording to Oapt. Stas ano. Figs. 9 and 10 arc vertical and horizontal 
sections of the same. 

The furnace is of the arc type and consists of a cylindrical outer 
casing of iron urmounted by a conical roof. The furnace is linecl with 
magnesite brick. The a>.."Ïs of the furnace about which it rotates 
during the operation includes an angle of 7° with the vertical. A 3-phase 
alternating current of 90 volts between the phases and 400 amperes is 
distributed to the three electrodes, which nearly meet in the centre of the 
interior of the furnace. Their distance apart is varied by a hydraulic 
regulator. Plate IX is a general view of the switchboard in front of which 
is seen the valve stand for the operation of the hydraulic cylinders gov-
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erning the movement of the electrodes. The furnace had been employ'. 
ed in the making of steel from scrap. 

By let ter dated 23rd June last, Oapt. Stassano informed me, that 
the refractory material having been received for the lining, a new cam­
paign would be begun with the furlJ.lace in the first week of July. 

The following information relating oo a furnace of his pattern, of 
1,000 H.P. capacity~ was furnished by Oapt. Stassano. Oost of furnace, 
25,000 francs; output per day, 4 or 5 tons, depending upon quality of 
ore. Twenty furnaces would be required for an output of 100 tons per 
day. 

A current of 4,900 amperes, at 150 volts, is distributed to four elec­
trodes, supplying 2 arcs with 2,450 amperes for each arc. 

The electrodes employed are cylindrical in shape 15cm in diam., and 
from 1.30 to 1.50 meters in length. 1.50 meters of electrode weigh about 
60 kgs. Oost, delivered at Tm~ 35 centimes per kg. Oonsumption, 
10 to 15 kgs. per ton of product. The lining is made of formed mag­
nesite brick, requiring two days to replace. Lining will last, under 
most unfavorable condition, 40 days, but will require now and then slight 
repairs of the parts immediately in contact with the slag. 

Labour required: One man for each furnace, to regulate the arc; one 
man for charging two furnaces, if plant is provided with machinery for 
handling charge mechanically, and fiye men for tapping six furnaces. 

The furnaces of the Stassano pattern, which ha<l boen in operatirm 
at Darfo, ltialy, and description of which, with details of oxperiments, hacl 
been given by Dr. Hans Goldschmidt, are no longer in exi tence, havinp: 
heen destroyed by the privato company to which the plant had been sold. 

A complete description by Oapt. Stassano of his process is given in 
the appendix entitled, "Electro-thermic Process for the Rednction of 
Iron Ores,'' by Ernesto Stassano, Rome 1902. 

Th.e followi ng is a list of pa tcn ts of the Stassano process, furnishod 
me by the inventor :-

LI ST OF PATENTS . 

D .\TE OF 

ÜEPOSITJON 

ITALY. 

DATE \VHEN 
GR ,\NTED 

REMARKS 

Vol. 3+, No. 4ï+ï6 March lï. 1898 . .\pril :2ï, 1898 ... Lelters paient for one rear. 
" 36, No . fi08ï7 'i, 1899 .. ~Iarch :!'l, 189!) .... Extension of the above named 

f~>r :2 vears. 
" 39. :\o .. 3Hïl :'\'ovember :!, HlOO .. \pril :!fi, l!lOI . ... . 1° C0IT;p1etion of the above 

"" med h•llers. 
" 39, No. ;>ï+ï:2 :!, 1900 . " :!fi, l!JOI . . ... :!° Complelion or the abo\·e 

" 40, No. :!l~O~ l ~!~,rch ~(), l!JOI ... ·/"'Y 1~, 1901 

' .J.8, No. il .>91 .31, l!lO+ .. .. ~Jay lü, Hiil+ 

named letlers . 
. . . . . Ex1ension of the above named 

1 

for ;{ year< . 
. . . . . Exten-.ion of the above namecl 

for 1 \'t>ar. 



" 

" 

NUMBER 

13 

LIST OF PATE~Ts-Italy-Oontiniied. 

DATE OF 
DEPOSITION 

DATE \\TJ-IEN 
GRANTED 

REMARKS 

39, No. 58380 January 24th, 1901 May 27, 1901 . ..... Letlers paient for 2 years. 
672051March 30, 1903 .. .. Octobe r 21, 1903 .. Extension of the above na med 45, No. 

48, No. 

41, No. 
43, No. 

44, No. 

47, No. 

1 for 1 year 
71598 " 31, 190-L .. May 16, 1904 . . . ... Extension of the said letlers 

for l year. ' 
60967 September 9, 1901 Decembe r 31, 1901 Letters patent for 1 year. 
63202 April 4, 1902 .. .. .. August 23, 1902 .. Completion of above named 

letters. 
65178 September 30. 1902 February 14, 1903 Extension of the above named 

for 1 year. 
69378 29, 1903 3, 1904 . Extension of the above named 

for 1 year. 

AUSTRIA. 

No. 7195 . . ...... May 17tb, 1898 . ... July 9, 1898 ....... Letters patent for 15 years. 
" 7196 ..... . ... Jan uary 28, 19Ul .. February 19, 19U2. 1° Completion of the above 

named letters. 
" 8078 ... ... .. . '' . . May 6, 1902 . . ..... 2° Complelion of the above 

March 8, 1902 .... ·1··· ..... ... . 

HUNGARY 

No. 

named letters. 
Letters patent Still under dis­

cussion . 

21862 ....... · IFebruary 8, 1901 . · IJuly 12, 1901 .... -ILette rs patent for 15 years. 
" 25864 . ..... , March 18, 1902 .... October 2, 1902 ... Lette rs patent for 15 years. 

FRANCE 

No. 
319404 .... . .. March 8, 1902 . .. .. July 21, 1902 .. ... Letters patent for 15 years. 
307704 .. .. . IJanuary 31, 1901 . · IMay 6, 1901. .... · ILetters patent for 15 yea1:s 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

SPAIN. 

No. 2'2734 ...... .. June 3, 189 . . J uly 20, 189 . . . . . \ Le lte rs patent for 20 year~. 
" 271 3 ...... .. January 2'2. 1901 . . April 6, l9Ul .... . Comple tion of the above named 

letters. 
" 27206 ... . ... . " 24, 1901 .. ' . . . . .. Complelion of the above na med 

1.-tters. 
" 29534 ..... .. . Ma rch :26, 1902 ... . May 19, 1902 ... . .. Lette rs patent for 2) years. 

LUXEMBOURG. 

No. 3444 . .... - .. . 

1

December :23, 1898 Deceniber :2:3, 1898,Letters patent fo r 15 years 
" 47:21 ......... March 7, 19U2 . .. . · 1 ~larch ï, [91 1:2 . . ... Le tters patent for 15) ea rs 
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DATE OF 

DEPOSITION 

14 

NORWAY. 

DATE WHEN 
GRANT ED 

REM\RKS 

No. 86ï5 .... ... May 16, l 898 ..... September 10, 1900 Letters patent for 15 years 
" 10828 . ....... January 19, 1901 .. June 16, 190-2 . . . . . " " " " 
" 11009 . . . . . . . . " " " .. August 4, 190-2 .... 
" .11751 ....... March 18, 1902 .. .. April 6, 1903 
" 12348 . . . . . . . October 11, 1902 .. November 9, 1903 . 

BELGIUM. 

139427 .. ... . · !December 6, 1898. IDect>mber 15, 18981Letters patent for 20 years. 
161934 ....... March 8, 1902 ... . March 29, 190-2... . " " " " 

No. 

EN GLAND. 

ll604 ....... · 1 May 23, 1898 
8288 ...... . . April 9, 1902 

. . . . .. . ........... . .. · ILettt>rs patent for 14 years. 

.... . October 15, 190-2 . . " " " " 
No. 

SWITZERLAND. 

No. 26029 ....... · IMar·ch 8, 1902 ... . ·\May 31, 1903 ... . · ILetters patent for 15 years 
17523 . .. ..... July 11, 1898...... " 15, 1899 ..... . " " " " 

S\VEDEN. 

No. --- ........ May 16, 1898 ..... . 1 . .. .. .... ... ..... Leller~ patent still under dis-
cussion. 

" --- .. ...... J anuary 24, 1901 . . . . . . . . . . ....... Complet ion of the above named 
slill under discussion. 

26, 1901 . . . . . . . . . . . . . . . Complet ion of the above named 
st ill urtder discu!>sion. 

" 16914 ....... ,l\farch 8, 1902 . .... December 30, 1903/Letlers patent for 15 years. 

GERMANY. 

No. 141 512 .... . ,May 2+, 1898 . .... May 2', 1903 . ..... ,Lellers ~atent for 15 years. 
--- . ...... January 9, 1901 . . . . . . . . . . . . . . . . . . . Complelron of the above named 

still under di:,cussion. 
14, 1901 ............... ... ... Completion of the abovc named 

1 slill under discussion. 
" 14415ü . ... .. . l\Iarc h 10, 1902 .... Sepl ember 18, 1903 Letlers patent fo r 15 years. 

lJ:\'ITED STATES 0 F AMERICA. 

No. [Jun e 1, 1898 ..... . 1 ......... ... ...... ,Lcller~ patent 
! cu~~ion. 

" --- ..... ,. \pril 9, 1!)02 ..... . , ........ . ..... ·1 Lellers patent 
cuss1on. 

still under dis-

slill under dis-

In Russia, United States of America, and Canada, patents bave been 
applied for. 



General View of Rotati ng Electric Furnace of Stassano. 
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PLATE IX. 

General View o f Switchboard and Valve Stand for t he Stassa no Furnace. 
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LIVET, ISERE.-KELLER PROCESS. 

By far the most import-ant experiments witnessed by the Commis­
sion were those made by Keller, Leleux and Company, at their works in 
Livet. Sorne 90 tons of iron ~re were used for the various experiments 
m-ade to demonstrate the oommercial foasibility of making pig iron and 
steel direct from the ore by the electric process. 

The furnaces employedl for these experiments were the furnaces used 
in their regular work of making, by the electric process, the V'arious f el'l'OS 
such as ferro-silicon, f erro-chrome, &c. The company, at the time of our 
visit, was engaged in filling a rush order for ferro-silicon, but generously 
interrupted their pressing regular work to undertake the making of the 
experiments for the Commission. 

Furnace. 

Description:-
The furnace is of the resistance type, and consists, see 

Plate X, of two iron casings A and B of square cross-section, 
forming two shafts communicating with each other at their lower ends 
by means of a lateral canal. The oasings are lined with refractory 
mat-erial. Two different classes of furnaces were used for the experi­
ments. In the case of the first furnace employed, the lateral canal was 
widened out at i ts centre to form a reservoir for the accumulating melted 
metal, from which it could be tapped after the slag had been withdrawn 
frorn tap-holes, one for each shaft, situated at the lower end of the shaft, 
at a higher level than the tap-hole of the reservoir. 

The base of each shaf t is provided with a car bon blook. Theae 
blocks are in electric communication on the exterior of the furnace b,v 
rneans of copper bars. The oarbon electrodes to which the electric cu1·­
rent is distributecl pass two-thirds of their length into the shaft. 

Lining. 

hlr. Keller furni:;hes the following information regarding the lining 
of the furnace. " The construction of the lining of the Keller furnace 
is very simple for it is easy to prove that the source of heat being situate.:l 
in the central part of the section of the :fornace, the walls inay be suffi"­
ciently distant to be protected by the poor calorific conductibility of the 
charge which is being operated on. 

The charge which descends and is renewecl continuously, and the ex­
terior radiation from the walls of the furnace, rnake it plain that th0 lin-
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ing remains intact, even after long periods of operation. It has happen­
ed at the Livet factory that badly made or irumfficiently dry linings have 
tumbled into the furnace before it was completely filled by the charge. 
ln relining this damaged part of the metallic wall by means of a proper­
ly constituted charge we have always been able to re-form artificially the 
part of the impaired lining with the materials of the charge itself, to be 
treated on the way to transformation, and that without stopping the ap­
paratus. 

A good method of making the lining is the following :-

A wooden mould of the form of the interior outline, and leaving a 
space of about 15cm between it and the casing, is introduced, and into 
this space is rammed a mixture of burnt dolomite and tar. According 
to circumstances, this lining may be eparated from the metallic casing 
by a double casing of bricks and of snnd, with a view of diminishing the 
radiation of the furnace. 

The channel uniting the two shaf ts is formed and lined in the same 
ma nuer." 

Method of Charging. 

ln starting the furnace the charge is introduced between t~e carbon 
blocks of the base and the ends of the electrodes, '"hich latter are then 
in their lowest position. The current passes from one electrode through 
the material to be reduced to the carbon block, from thence ontside of 
the furnace by means of the copper concluctor to the other carbon block, 
through the charge in the second shaft, and to the other electrode. The 
current meeting in the two shafts with the resistance of the charge, the 
latter is heated, the reduced metal fl.owi.ng along the canal conducts the 
electric current from one electrode internally to the other electrode. The 
exterior current diminishes as the amount of reduced metal increases. The 
electrodes are now raised, the charging continues, nntil finally the elec­
trodes occupy their normal positions, and the shaft below the electrode , 
and between the electrodes and the sicles of the shafts, are completely 
occupiecl by the charge. Uncler these conditions but a small current 
fl.ows through the external conductor, the main current pa ing within 
the furnace from electrode to electrode. Thi~ ingenious arrangement of 
providing a shunt for the current enables the fnrmi ces to be worke<l 
continuousl;v, "·ithout at any time ,·arying excessfrely the Joad on the 
alternator. 

Electrodes. 

The electrodes are formccl by an assemblage flf four eledrodes of 
square cros<;-oection. 2~0 rnillimeter on thr ;:;i<lP. into a single mass of 
square cro~;.;-sect i on, '<;)0 millimeter on the sicle. nnd 1.4 mcterR long. 

The dimensions, measured after -!." honrs of wnrking-, showed t.bat 
the drcrea~e of the electrocles in lenŒth was verv sl ight. This can be 
nrnlerstood when it i~ ronsi<lere<l tbnt thP 0lrctrocl~s n1~ but little affectrtl. 
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by the passage of a current of I'elatively low density; the parts of the 
electrodes not in contact with the charge do not become heated, and the 
heated ends are completely submerged in a reducing medium. 

Two electrodes, which had already been in operation for 48 hours at 
the beginning of the test, were still in operation 13 days later. On the 
date of our departure these electrodes were still 1 meter long, their origi­
nal lcngth having been 1.4 meters. 

Mr. Keller contends that the electrodes employed for a furnace of 10 
tons output per 24 hours, and comprising two electrodes as above describ­
ed, will last at least 20 days. 

The cost of electrodes per ton of product i estirnated by Ur. Keller, 
from the experiments made for the Commission, to be 3.85 fmncs. 

Experiments. 

Three sets of experiments were made for the Commission:-

lst.-Electric reduotion of iron ore and obtaining different classes 
of pig: grey, white and mottled.. 

2nd.-Electric reduction of iron ore containing a de:finite amount of 
carbon in the charge, with a V'iew of ascertaining the 
amount of electric energy absorbed in the production of 
one ton of pig iron. 

3rd.-The manufacture of ordinary steel of goocl quality from .the 
pig manuf-actured in the preceding experimcnts. 

The different classes of pig iron, grey,, white and mottled, were 0b-
tained without difficulty. · 

On account of the cooling down of the furnace resulting 
from the cutting of the circuit for the purpose of putting 
our wattmeter into position, the metal set in the central 
crucible, and after a time the furnace began to ~ork irregularly. 
It was0 therefore, decided by Mr. Keller to ernploy another furnace for 
the second set of experiments, i.e., for the ascer tainrnent of the absorp­
tion of electric energy per ton of pig produced. This furnaùè cüfforccl 
from the former only in the absence of <the central crnciblc in the la teral 
connecting canal, and tapping had to be donc by rn ca ns of the tap-ho1'3s 
situated near the base of each shaft. :Jfota l ·and slag wcre rn n together 
into the molds, and the pig, when colcl, was frred fro111 the slag by a few 
blows of a bammer. 

Throughout the experirnents Lhc fnrll'aces worked f]UÎetly, and with­
out the slight t accident; the ga ' es di eharging on top in flickering 
flames, showing that the gas resnlting fro111 the rrdndi011 of the ore 8S­

caped at low pressure. The workrnen \\"C'l"C' onl i nary [ta lia Il lahorers, 
"·ithout any special training. 
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The jaws of the crusher to break the ore were et at 2 inchcs, and 
the components of the charge were on1y rough1y mixed. For the me1)ll­
lurgical details of the experiment, ee Mr. Harbord' report, pages 90-10 . 

Plate XI is a view of the pig iron produced for the Commission at 
Livet. In the foregrouncl are seen a number of castings, such as co~umns, 
pulleys, gear wheels, plates, &c., made from the metal drawn directly 
from the furnace. The castings showed sharp eclges, comparative1y 
smooth surface, and were sound throughout. 

At the close of the experiments for determining the eleotric energy 
ab orbed per ton of pig, :Jlr. Keller, at my request, made trials of suh­
&tituting charooal for coke as the reducing matcrial in the charge,, an•l 
although the experiment, in the form it was tried, proved a failure, Mr. 
Uarbord (see his report, page 104) agrees with Ur. Ke1kr, that char­
coal could be used provided it were first briquetted with tb<: ore and thù 
briquettes broken up to the size of one inch cubes. Peat bog abonnd in 
Ontariu and Quebec, and peat coke, which is much more solicl than soft 
wooJ charcoal, could doubt1ess be substituted with good sncceR for the 
minC'ntl coke which had heen usecl in the e:-.-periments de-cribed. 

Electrical Measurements. 

ln order to ascertain with accuracy the electric energy ab-orbed, the 
Thompson Recording W a.ttmeter rented from the Paris Company ab9ve 
mentionecl was put in circtùt. For this purpose it wa neces ary to eut 
the heavy copper bars of the circuit and make connecting picc<: for th,1 
wattmeter. A1though this cle1ayed the beginning of the experiments 
so.rnewhat, and enclangered the sati factory working of the fnrnace, which 
had already been put in operation, by the probable etting of the molte.1 
metal in the central crucible,, as indeed was afterwards fonntl to have 
occurred, ~Iessrs. K eller and Lelenx consented to in tercalnte om watt­
mcter. It was soon founcl thn t there w·as a serions discrcpancy between 
the watts delivered as calculated from the company's instrument" and as 
reacl on our own wa ttmeter. In fact our wattmeter was c1aime<l to ·e­
cord an input of watts greater than the mnchine cou1d deliver. It. was 
afterwards found that the wattrneter had been 33% fast when it was 
recalibrated b,- the firm from whom it was obtnined, under the same con­
ditions un<ler .which it had been placed at Livet. When the se-conrl fu1·­
nace wa>'- emp1oyed it was found to be impossible to introduce the record­
ing wattmeter in the circuit. To obtain reliahle rlata of the absorption 
of energy. the Director of the Electro-technical Insti tute of the "Cniver-
itv of Grenoble wa askerl to calibrate the voltmeter and ammeter 'vith 

"·hi<>h the rcadings were ta ken, and to determin<' co .. 'f for the a1ter­
nator:-; ?\ri~. -l nnd 2, whicb harl been employed to fnrni,;h <'lllT!.'nt for thP 
fnrnn<'<'". The follnwi ng is a copy of the certified results. ~nd Plate XII 
i.s a view of thr app<m1t11~ employecl for this determinntion. 



UN IVE RSITÉ: DE GRENO BLE, FACULTÉ DES SCIENCES, 
INSTITUT ELECTRO-TECHNIQUE, 

GRENOBLE, March 28, 1904. 

T ebls made on Thursday, J\farch 24t h . 

Trials Coaducted on Machine IV. 

R eadings of V a nd I were observed on mcters of machine No. IV in lhe engine room. 
Figures in the table given below arc direct readings, Lo be correcled according to lhe 

standardizing of the meters . 

DIRECT DIRECT DIRECT !\o. OF 
READING$. READINGS. READINGS. 

--

V (MEAN). I {MEAN). 
Cos. <p 

\V (MEAN). 
TEST 

--

70.3 

1 

!) 90 0.743 .316,583 l 
70.l 9900 0 . 731 .307,306 Il 

--
Tests made on Sunday, J\farch 2'ïth. 

Trials Conducted on Machine No. I I. 

Readings of V and l were mad e on melers of machine No. ![ in the engine room. 

Figures in lable given below are direct readings. \Vatts \\'ere obtained by :-
V (voltme ler reading) x 1 (standard ammeter) x cos. <p 
.. -

VOLTMETER AMMETER 

-

STANDARD READINGS. READINGS. VI/ (MEANS). \ \' = l\'o. OF 
AMMETER. METER No. 

130283 

67 .5 
67 .6 
67.3 
64.5 
64.6 

Voltmctel'. 
48 
50 

METER No. Cos. cp V. r. STAND 0 D. (cos. cp) 
l0313ï l {MEANS) 

6313 8400 0.616 349272 
6246 8293 0.531 1 302121 
6184 8260 0.545 ao2954 
4562 6185 0 . 375 149.399 
7775 10125 0 .656 428408 

- -·--
Standardizing of Thermal Voltmeter, 130285. 

Volts. 
46 . 15 
48.16 

Voltrneler. 
ii2 
54 

J\larch 281 h, 1904. 

Volts. 
50.10 
52.28 

Voltruetcr. 
56 
58 

VolLs. 
54.:21 
56. 15 

Voltmeter. 
60 
62 

TEST 

l 
II 

Ill 
IV 
V 

Volts. 
58.0i 
60 . 14 

NOTE.-Temperature of su r rcunding air du ring standardizing = 13° cent. 

Readings were made on reJ scalc of meler. Index of apparatus was adjubled to 
zero before standardizing. 

Chief Enginee r in charg " of Tests. 
Assistant Director of th e Institute. 

(Sgd.) BARBILLION. 

Mr. Brown (see his report, pp. 4± and 45) remarks that the low figme 
for the power factors o:f :furnaces Nos. 11 and 1:3 and Nos. 1 and~ "is 
mainly due to the iron casing, which :forms a magnetic circuît arounrl cach 
sha:ft o:f the :furnace, and is highly magnetizecl by the large current, givini! 
to the circuit a very high reactance. In case o:f the erection o:f a new plant, 
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this iron casing would be omitted between the two shafts or entirely . 
E ither change should result in a very great improvement of the power 
factor, and a corresponding diminution of the kilo->olt-ampere input l ' (,­

quired, and give very much better conditions of operation for the alter­
nator." 

This suggestion has been carried out by hlr. Keller in the late t type 
of his furnace (see figs. 13 and 14). In these furnaces the casings are 
omitted, an<l the brick work held together by bands. 

The energy absorbecl per ton of pig procluced is reported by Mr . 
Brown to be 0.475 E.H.P. years for th e run., with furnace of 1,000 H.P. 
capacity, with an average current of 11,000 amperes at 60 volts, and 0.226 
E .ll.P . years for the run with furnace of 30 II.P. capacity, with an 
average current of 7,000 amperes at 55 volts. 

:E'or further electrical details, see Ir. Brown's report, pages 36-45, 
55-5 . 

Cost of Production of Pig by the Keller Process. 

iifr. Keller's estimate of cos·t per ton of product, bascd ou t•he encrgy 
consumed in the second experiment, and found to be 0.226 E .H.P. year s, 
is as follows :-

1. Ore (Hematitc, 33 % iron), 1.842 tons, at $1.30 per ton ..... . $2. 7G 
2. Coke, 0 .34 tons, at $7.00 per ton .. . .. . . ... . . . . . .. ..... . . 2.3 
3. Consumption of electrodes $-±5.00 per ton, ;3-± lbs. per ton 

of iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O. 77 
4. Lime, 300 lbs., at $2.00 per ton . . . . . . . . . . . . . . . . . . . . . . . . . . 0 .30 
5. Labor, at $1.50 per day . . ... ..... ...... . . ..... . . . . . .. . . 0.04 
6. Electric energy, 0.226 lI.P. years, at $10 per II.P. year. . . . . . 2.26 
7. :Miscellaneous materials ........ . .. . .... .. ..... . . . . . .. . . 0.40 
8. Hepair;; and ma intenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.20 
9. General expen es . .. . ... . ... ...... .. . . . . . ...... . ..... 0.20 

10. Amortization (machinery and buildings) .. .. .. . . .. .. ... . . .. 0.50 

Total, exclusirn of Royalty . .. .. . .. . .. .. ... . .. . $10. 71 

}.fr. llarborJ has furnishcd reasons (see his report, page 109) for 
assuming the mean of the cletermi11a tions of the two se titi of experimems 
made, i.e., 0.3.JO :E.H.P. years, to be a safer tigurc 011 which to base the 
calculation of co:it per ton of pig produced. \\ïth thi,.;; ehange in the 
amount of E.lI.P., and 100 lùs. aJditional of li111e, the co"t pcr ton of pig 
is $12.05. For full diseu;:;si011 of co;;ts. ~ee ~rr. lfarlwrd',.; report. pages 
10 -113. 

P roduction of S teel. 

In order to satish the (;0111rnîs,.;ion and tn effeet a rapid <lc1nonst1J­
tion of the electrical 11~amifacture of ~tee!, the following experin1ent w.i.~ 
made:-
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Soft scrap was melted in the furnace, and the carburizing was e:ffect­
ed by means of the pig electricially manufactured on the preceding days. 
Mr. Keller endeavoured to obtain a steel which could be used for rails 
containing, say, about 0.50 % carbon. Owing to lack of time, the r e:fining 
was not carried to its completion, and consequently neither was the de­
phosphorization. 

FURNACE WITH A PLURALITY OF HEARTHS. 

Mr. K eller furnished the following information regàrding his fur­
nace with a plurality of h~arths, and the installation of a plant producing 
100 tons of pig iron per day. See :figs. 11, 12, 13, 14, 15, 16, 17 and 18. 

Construction of t he Furnace. 

"The interior of the furnace comprises several very distinct part3: 

lst.-At the lower part, the crucible of the furnace in oommunicfl­
tion with the central crucible connecting the hearths. 

2nd.-The boshes of the furnace in the form of a truncated cone cx­
panding towards the top-which constitutes the zone of 
liquefoction of the slag, and of decantation of the met,il 
and slag. 

3rd.-The body of the furnace, of an elongated and slightly conical 
shape, widening towards the base. 

4th.-A hopper of conical form widened towards the top. The upp0r 
part of the hearth, just below its junction with the boshes, 
constitutes the zone of the furnace where the maximum 
reducing action takes place. 

The gas proceeding from the reduction rises in the body of the fur­
nace so that the charge fiHing this part, already heatcd, more by calorie 
conduction than by radiation, from the intense heat situated at the centre 
of the furnace, cornes in contact with the hot gases, producing a partial 
reduction of the oxide of iron. 

The body of the furnace ought, therefore, to be sufficiently high in 
order that the gooes,, triaversing •an adequate thickness of charge, may 
pas out from the mouth of the shaft, cooled and without pressnre. 

In a final type of fiwnace Mr. Keller will provide the iippe1· pal't of 
the fiw·nace with gas collectors, for the purpose of idilizing the eBcaping 
gases f or the preliminary cl1·ying of the charge, by mahng these gases 
pass in a state of combustion through the chm·.c;ers which carry the clt m·ge 
to the charg·ing hopper. 

Electrodes. 

For the type of furnace proposed for the installation of a plant of 
100 tons capacity, the electrode' will be increascd to 1.0 mcte r on the ., ide 
and an au:xiliary electrode will be provided for the ce ntral crnc: ibl e, to 
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be employed to heat the contents of it, in case for any cause there should 
prove to be danger of the ruetal setting. See figs . 11, 12, 13 and 14. 

To ensure the continuity of trhe work, the renewing of the electrodes 
in the Keller furnace is effected in a f ew minutes by means of a very 
simple system of two carriages running on perpendicular rails, and each 
capable of being pliaced in the axis of the shaft. See figs. 15 and 16. 

When the replacing of an electrode becomes necessary, the new 
electrode (see Plate XIII) all prepared and suspended by its own system oÏ 
elevation, is hoist.ed on the charging fioor of the furnace and brought near 
the corresponding shaft; the electrode to be removed is brought out and 
taken away by means of i ts rolling system. 

The new electrode is immediately put into the place of the old one. 
During this time, the ource of energy does not undergo any variation on 
account of the method of distribution employed. In facl;, the total in­
tensity, half o:f which passes into each electrode of the same pole in t.he 
normal working o:f the furnace, passes now into t'he one electrode remain­
ing alone on this pole ,during the time of the replacing of the second elec­
trode. This increase o:f intensity during a :few minutes cannot derange 
in any way the w·orking o:f the apparatus. 

The manipulation o:f the electrodes and the control o:f the electric ac­
tion is effected from a single station on a working platform, where the 
operator has all the rneasuring apparatus under his eyes. 

The operation is .o easy that a single man can readily . uperintencl 
the regnbting o:f a whole battery o:f furnaces. 

The Oomnû""'ion has been able to observe that the rneasuring appar­
atns sho\Yed Yer;· ;:;teady current, and presented only very slight and pro­
gressi,·e rnriations, not necessitating any special skill on the part o:f tlte 
per,;on a tten<ling to the regulation. 

INSTALLATION OF A PLANT PRODUCING 100 TONS 
OF PIG PER 24 HOURS. 

The experi111ents per:forme<l at Livet have hown that to produce 100 
tons per day will re1p1ire 9,7 50 electric horse-power at the electrodes of 
the furnace. 

To provide for the excitation o:f the transformation, for the energy 
consumed bY the varions motors built :for the accessory operations, and for 
various conÙngencies. there shoulcl be provided an installation of 11,000 
E. JI. r., whirh would correspond to an effective hydraulic power of 
approximately 12,000 II.P., or for the height of the :fall of 15m indicated 
a delfrery of about 80 cub. met. per second. 

PROJECT. 

On these bases the principal lines of the project would be the fol­
lowing :-
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Five active furnaces with four hearths each will be provided, each 
furnace will be capable of absorbing 2,000 horse-power with the normal 
power corresponding t9 the force of 9,750 H.P. indicated above, each fur­
nace will absorb :-

9,75o = 1950 H. P. 
5 

say, 1,440 kilowatts. At the pressure of 70 volts per group of Lwo 
hearths, the intensity corresponding to tbis power calculated for Coi?. cp =O. 7 5 
should be: 

1,440 
70 x 0.75 - 28,000 amperes. 

Say, 14,000 amperes per hearth. 

Note.-The Commission has seen the Livet furnaces working at an 
intensity reaching 12,000 amperes and has been able to note that the use 
of such intensities was very common in this works, and ·did not give rise 
to any accident. 

Machines. 

In such a pr·oject the practical experience which we have acquired 
leads us to propose, even if the plant is erected where the hydraulic power 
is developed, the use· of transformers installed with alternators, giving 
current at a mean pressure of,, say, 3,000 volts. The working of alter­
nators at low pressure and very large current gives rise to enormous heat­
ing, which produces serious disturbances in an indu try which requires 
before all else an eYen continuity of operation. 

On the other hand, it is of great value in the electro-metallurgic in­
du try to be able to replace a 'generator by another in case of accident, 
which is only practically possible with transformers . 

.At the pressure of 3,000 volts, the primary current of the above 
groups woulcl have an inten ity of about 500 ampercs, which woul<l re­
quire a line of small section, comparatively inexpensive, permitting the 
employmcnt of rapiclly movable connections to be placed in circuit with 
any machine whatsoever, on any furnace whatsoever, by means of cor­
re pouding transformers. 

Finally, in tbis case we should arrange the transformers in such a 
manner that they could be rapidly rephced in case of accident by cutting 
them out individually rather than by breaking up their system of co:i­
nection with the primary and secondary lines. 

Each group would supply two transformers in parallei the secondary 
circuit of each transformer would supply, in an independent way respect­
ively, each of two hearths in parallel with the furnace. 

The theoretic power of each group sbould, tberefore, be about 2,250 
hydraulic effective horse-power. 

Turbines of 2,250 horse-power and alternators corresponding to tbis 
power and calculated for cos. cp = 0.75 should be provided. The in-
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staUation ought to include two group of spare generators complete, with 
their transformers. 

l ote.-It would be u eful to make a new deterrnination of cos. rp 
corresponding to the construction of the furnace, with all the appropria.te 
accessories. 

Five furnace would suffi.ce to insure the intended production. These 
furnaces would be of four hearths, the hearths being in parallel of twos, 
the groups of two in . eries being connected across a central crucible. 

Tw-0 furnace , with complete spare generat-Ors, should be provided. 

The seven furnaces would be arranged in a line as near as possible !Io 
the wall separating them from the machine room; the transformers hould 
ibe placed very near the other sicle of the wall, in such a manuer that the 
:secondary lines may be as short as possible. The metal would be ruu into 
:a movable reservoir installed on rails~ and run in front of the furnaces 
by means of an electric trolley sy tem. 

The single tappings of the fuma-ces, of which •ve have ju t spoken, 
amount to about 2,000 Kgs., say 10,000 Kgs., for the entire battery of 
furnaces. 

The transformation of the pig into steel could, therefore, be made 
per 10 tons at a time, in a room adjoining the furnace room, either by 
means of a converter, or by means of some other appropriate system. 

The slag would be tapped on the opposite side of the furnaces, and 
run by trucks directly outside. 

The manipulation of the electrodes would be e:ffected at a station 
placed behind the wall facing the front of the furrra-ces, in such a manner 
as to protect the operator from the heat of the tappings. 

If found more expedient,, the manipulation of all the electrodes of 
the five furnaces could be concentrated at a single station. 

Manufacture of Electrodes. 

In supposing that an electrode will last 20 da:Ys, it is found that 20 
electrodes are needed in 20 days, say 1 electrode per da.>. 

For this it is inten<le<l to have three furnaces to bake the electrodas, 
and the corre:;pon<ling aecessory apparatus (see fig. 11). 

Raw Material. 

The han<lling of the ra w mn terial necessitates a very careful study 
in order to diuùnish the manual labour as far as pos ible. 

lt is necessary to consider that the plant projecte(l will req11ire the 
handling of about 250 tons of material per day. 

\Ve thiuk t lm t the general scberne ough t to be carricd out on the 
following lines. 
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The raw .nmterial should be brought to the plant in wagons circubt­
ing on a platform, permitting of their being dumped into bins. 

At the lower part of these bins, inclined channels would feed -!;hc 
jaw-crushers directly by means of automatic distributors. 

The crushed material would be raised to the weighers-in, who would 
return it mixed in the desired proportions to a bucket elevator, supplying 
the :fl.oor of d!i.stribution with the material for the charges of the furnaces. 
The distribution would be effected either by conveyors or by wagonettes. 

The charge would be sent down into the shafts of the furnaces by 
the feeding column, which utilizes the heat of the gas leaving the fur­
naces. 

Note.-The process employed at the Livet works permits the use of 
materials coarsely broken and mixed in a very rough way, which is a great 
advantage, owing to the faoility with which it can be done, and to the 
economy of the preparation and the handling of the charge." 

LIST OF PATENTS OF THE CIE ELECTRO-THERMIQUE 
KELLER ET LELEUX APRIL 1st, 1904. 

DESIGNATION OF 

PATENT. 

Furnace wilh two hearths 
Furnace wilh two elc c-

trodes ............ . .. . 
High furnace and process 

for the manufacture of 
alloys ... . ......... . . 

Process for manufacture 
of alloys ............ . 

Furnace without elcc-
trodes . ..... .. . ...... . 

Process of fusion a nd re-
finery ....... . . . 

Improvements to process of 
fusion and refinery .. .. 

Triple alloy of iron, silicon 
and ma nganese . .... . 

Improvemenls to electric 
furnaces.. . . . . .. .... . 

Furnaces with multiple 
chambers (hearths) . ... 

No. OF 

PATENT. 

France. 

DATE OF 

REGISTRATION. 

300,500 21 May, 1900 ..... . 

Regislra­
lion No. 

Registered Subjec t 
to Agreements of 

Industrial Con-
vention. 

DATE ON WHICH 
PATENT COMES 

IN FORCE. 

300,630 23 May, 1900 .... .. . . .. ... . 11 October, 1899 

312,4i0 6 July, 1901 . . . . . . 

312,471 6 July, 1901. . .... . 

314,858 9 November, 1901. 

32'2,iOO 2 July, 1902 . . ... .. 

329,013 2 February, 1903 .. 

334,504 8 August, 190:L ... 1 

1 

336,403 2 Novem ber, 1903 . 
1 

... . . . . ... 1 :3 FP.bruary, 1904 . 6~61 



DESIGNATION OF 
PATENT. 

Furnace with two elec-
trodes . . . . . . . . . . . .... 

Furnace w ith two hearths 
Electric high furnac<! . . .. 
Furnace without elec-

trodes ..... .... ... .. . 
lmprovements to process 

No. OF 
PATENT 

129,282 
12'2,271 
147,582 

140,838 

26 

Germany. 

DATE OF 
REG!STRATION 

16 D ecembe r, 1899. 
28 June, 1900 .. .. . . 
30 July, 1901. ... . . 

31January,1902 .. 

Registra­
tion No. 

of r usion and 1·efinery . . . .. . _ .... .. 6 February, 1903. . 24680 
Improvements to elec tric 

furnace~ ... . ...... - .. - ...•....... . 2 N ovem ber, 1903 . 
Furna<.'es with multiple 

chambers (hearths) . . . . . .. _ .. .... _ 20 Februa ry, 1904 . 

Furnace with Lwo hearths 1 

High furn ace and process 
1 for the manufacture of 

England. 

22,ii84 Ill December, l!JOO .... 

Registered Subject 
to Agreements of 
1 nduslrial Con­

vent ion. 

DATE ON WHICH 
PATENT COMBS 

IN FORCE. 

21 May, 1900 

alloys .............. 1 :24,23c! 2S No\'e mber, 1901 ..... . .. 6 July, 1901 
Process of fu,ion and re- 1 

finery ............... 1 15,2il 8 July, 1902 . ... . 
Process fo r man1.fact ure 1 

of allo1 ·~ 24,233 28 Nove mbe r, 1901 . . .. . .... 6 July, 1901 
Furnace s wit 11 multipl<' 

1 

chamber' ( hearths) ... 
1 

. . ... . ...... 1.3 February, 1904 · 1 3ï90 

Furnace with t wo hear ths 
li11 prove111ent of the pro­

cess of fu~ion and rdin-

74,882 
1 

Canada. 

25 February, 1902 . 

Furnaccs with multiple 
ing..... . . . . . . . . . . . . . . . . . . ...... 

1

12- June, 1903 .... . . 

chambe1", (hearths) . ..... ....... . . 21 February, 1904 . 110,429 

Furnace with two hearths 
Electric High furnace .... 
Process of fusion a nd 

refinery ........ . ..... . 
Furnaces with multiple 

United States of America. 

688,861 
754,656 

3 December, 1900 .. 
17 January, 1902 .. . 

12 Augu,t, 1902 .. . 

chambe rs (hearths) ...... .. ........ 26 Feb1uary, 1904 . 

119,385 

195,324 . 

21 May, 1900 
6July, 1901 



DESIGNATION OF 
PATENT. 

Furnace with two elec-
trodes . . ... . .......... 

Furnace with two hearths 
Electric High furnace . ... 
Process for 111anufacture 

of alloys .... . ...... ... 
Furnaces with multiple 

chambers (hearths) .... 

Furnace wi:h t wo elec -
trodes ............ ... . 

Furnace with l wo hearths 
Electric High furnace ... 
Process for manufacture 

of alloys ....... .. .. . . . 
Process of fusion and re-

fin e ry (electric) ... .... . 
Furnaces with multiple 

chambers (hearths) .... 

Furnace with two elec-
trodes .... . . . . ...... . 

Furnace with t wo hearths 
Eleclric High furna ce .... 
Process for ma nufacture 

of alloys .. . .......... . 
Process of fusion and re-

finery (e lectric) ... . ... . 
Triple alloy of iron, silicon 

and manganese and pro­
cess of its ma nufacture 
in clectric furnace .. . . . . 

Furnaces with multiple 
chambers (hearlhs) .. .. 

No. OF 
PATENT. 

14.6,653 
153,219 
160,605 

160,825 

. . ........ 

26,081 
26,869 
29 ,077 

29,122 

30,934 

27 

Belgium. 

\ 
Registered Subject 
to Agreements of 

lndustrial Con-
DATE OF Registra- vent ion. 

REGISTRATION. tion No. -
DATE ON WHICH 

PATENT COMES 
IN FORCE. 

11 Decembe1·, 1899 
19 l'\ovember, l:JOO ......... 21May,1900 
30 December, 1901 ...... ... 6 J uly, 1901 

10 January, 1902 ... . . . . . . . . . 6July, 1901 

15 February, 1904. 140,312 
1 

Spain. 

29 May, 1900 .. .... . .... _ . .. 11 December, 1899 
20 November, 1900 ........ 21 May, 1900 
4January, 1902 .. ... . . . ..... 6July, 1901 

13 January, 1902 .. 6 July, 1901 

31 Decembe r, 1902 ........ 2 July, 1902 

. . . . . . . . . . . . 19 February , 1904. 2330 

54,312 
5ï,631 
62,229 

62,307 

Italy. 

22January, 1900 . .. 1 
19 N Cl\'en1 ber, 1900 . 
9 January, 1902 ........ . ... . 

13 January, 1902 .. 

21May,1900 
6 July, 1901 

6 July, 1901 

66, 163 30 Decembe r, 1902 . . . . ..... 2 July, 1902 

70,808 29 J anuary, 1904 . . 8 Augu>l, 1903 

. . . . . . . . . . . . 20 Fehruary, 1904 . 
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Austria. 

Registered Subject 
to Agreements of 

Inctustrial Con-
DESIGNATION OF No. OF DATE OF Registra- vention. 

PATENT. PATl!NT. REGISTRATION. 1 tion No. -
DATE ON WHICH 
PATENT co~ms 

1 IN FORCE. 

Furnace with two elec-
trodes ... .... .. ..... . . 3,175 15 December, 1899 

Furnace with two hearth~ 7,338 20 oven1ber, 1900 
Electric High furnace .... 11,903 23 October, 1901. . 
Process for manufacture 

of alloys .... .......... 12,084 23 October, 190 1 .. 
Process of fusion and rc-

finery (electric) ........ . . . . . . . . . . 2 Augu,,t, 190-2 .. 
Fuma ces with multiple 

chambers (hearlhs) .... .. .... . ..... 18 February, 1904 . 

Sweden. 

Furnace with lwo hearths 12,935 26 l'\o,·ember, 1900 .. . .... 21 May,'1900 
Electric High furnace .... ... ......... -! January, 1902 . .. . 12 6 July, 1901 
Process of fusion and re-

fin e ry ( elect ric) ........ .. ... ..... 31 December, 1902 2306 2 July, 1902 
Furnaces wilh multiple 

chambers (hearths) .... ........... 26 Februa1·y, 1904. 321 

-- --

Hungary. 

21 May, 1900 
Furnaces wilh multiple 

chambers (hearths) .......... .. ... 
1

:,13 February, 1904. 2308 

Furnace with two hearths 1

1 

21,540 12ï NoYembcr, 1900 .. ... ... . 

--~--------

Chili. 

Furnace wilh two hearths 1 .. ... .. .... ,20 March, 1901 .. 
Electric high furnace ................. 25 Septernber, 190:3 

Electric high furnace .. . .. 1 

Electric bigh furnace ..... 
Process of fusion and re­

finery ( eleclric ) .. 

Belgian Congo. 

90 1 1 8 January~902 . . j ......... 6July, 1901 

Braz il. 

3, 706 :H October, 1902 .. 

:3,ï05 31 October, 1902 . . 



DESIGNATION OF 
PATENT. 

-

Furnace with l wo hearlhs 
E lectric high furnace .... 
Proce~s of fusion and re-

finery ....... . ... . . . ... 
Furnaces with multiple 

chambe1·s (hearths) .... 

Furnace with Iwo elec-
t1·odes .... ....... ..... 

Furnace with two hearths 
Electric high furnace . . .. 

Furnace wilh two hearths 
Process of fusion and re-

finery (electric) ....... . 
Furnaces wilh multiple 

ch am b!'rs ( hearlhs) .... 

Furnacc with two hearlhs 
Electric h1gh furnace ... . 
Process of fus ion and re-

finery (electric) .. ..... . 
Furnace~ with multiple 

chambers (hearths) .... 

2ü 

Switzerland. 

Regbtered Subjec 
to Agreements of 

lndustrial Con-
No. OF DATE OF Registra- vent ion. 

PATENT. REGISTKATION. 
1 tion No. 

--
DATE ON WHICH 
PATENT CO MES 

IN FORCE. 
---

'N ~~, 58 19 Novernber, 1900 .... ··· · · 21 May, 1900 
25,528 4 January, 1902 ... .. .. .... . 6 July. 1901 

27,842 29 December, 1902 ........ 2 July, 1902 

.......... .. 15 February, 1904 . 34469 

New Zealand. 

13,300 7 January, 1901. . . 
13,336 21 May, 1900 ...... 
l4,ï29 10 April, 190-2 . . ... 

Russia. 

7,019 23 November, 1900 ... ... .. . 21 May, 1900 

1-14 August, 1902 .. 18,120 

. . . . . . . . . . . . 9-22 Fehruary, 1904 

Norway. 

10,468 
11,948 

[26 November, 1900 ......... 21 May, 1900 
4 January, 1902 ... ... ... .. 6 July, 1901 

. . . . . . . . . . . . 2 January, 1903 ... 15,906 2 July, 1902 

. . . . . . . . . . . . 20 February, 1904 . 17 ,379 
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PLATE X. 

General View of Keller Furnace. 





View of the Pi!:° Jrun and Castin g-s pruduced fu r lh e Cll111111 i>, iu 11 at Li vet. 
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View of tile apparatus employed in determining cos. cp of Alternators 4 and 2 at the works of 
Keller, Leleux and Co., Livet. 
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Ykw of r.·\odel to show Method of Replacing Electrodes in Furnace with 4 Hêarths. Keller. 
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GENERAL CONCLUSIONS. 

The followi11g are the conclusions al'l'i vcd at hy l\lr. Harbord as a re­
sult of his investigation into the metallurgy of the electric production of 
steel, and the electric recluction of iron ore. 

1. Steel equal in all re pects to the be t Sheffield crucible steel can be 
produced, cither by the Kjellin, Héroult or Keller proce ses, at 
a cost con iderably le , than the co t of producing a high cla.~s 
crucible steel. 

2. At present, structural steel to compete with Siemen or Be emer 
teel cannot be eoonomically procluced in the elcctric furnaces, 

and such furnace can be used commercially for the production of 
only very high class steel for special purposes. 

3. Speaking generally, the reactions in the electric smelting furnaces as 
regards the reduction ,and combination of iron with silicon, sul­
phur, phosphorus and manganese, m·e similar to those taking place 
in the blast furnace . By altering the burden and regulating the 
temperature, by varying the elcctric current, any grade of iron, 
grey or white, can be obtained, and the change from one grade to 
another is effected more rapidly than in the blast furnace. 

4. Grey pig iron, suitable in all respects for Acid Steel manufacture, 
either by Bessemer or Siemens proce es, can be prodnced in the 
electric furnace. 

5. Grey pig iron, suitable for founclry purposes, can be readily produced. 

6. Pig iron, lo\\" in i licon and sulphur, suitable either for the Basic Bes­
semer, or the Basic Siemens process, can be produced, provided 
that the ore mi.xinre contains oxide -of manganese, and that a basic 
slag Î ' rnaintaincd by suitable additions of lime. 

7. It has not been experimcntally dcmon -tra tccl, but from general con-
iderations there is every reason to belie\'e, that pig iron, low in 

silicon and stùphur, can be produced, cYcn in the absence of man­
gan e oxide in the iron mixture, proYidcd a fluid and hasic slag 
be maintained. 

8. Pig iron can hc pro<laced on a commercial scale at a price to compete 
with the bla t fnrnace only when elcctric energ.v is very cheap 
and fuel vcry dear. On the ba~i~ taken in this report, with clec-

• 
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tric energy at $10 per E.H.P. year, and coke at $7 per ton, the 
cost of production is approximately the same as the cost of pro­
ducing pig iron in a modern blast furnace. 

9. Under ordinary conditions, where blast furnaces are an established 
industry, electric smelting cannot compete; but in special cases, 
where ample water power is available~ and blast furnace coke is 
not readily obtainable, electric smelting may be commercially 
successf ul. 

It is impossible to define the exact conditions under which e!ectric 
smelting can be successfully carried on. Each case must be considered 
independently, after a most careful investigation into local conditions, 
and it is only when these are fully known that a definite opinion as to the 
commercial possibilities of any project can be given." 

N othing requires to be added to Mr. Harbord's conclusions regard­
ing the electric production of steel; in ref erence to the production of pig, 
however, it must be pointed out that the results obtained at Livet were 
results of experiments in furnaces not specially designed for the pro­
duction of pig from iron ore. With the improved furnace,, of which 
drawings have been given in figs. 11, 12, 13 and 14;, permitting, on ac­
count of the higher column of charge, a more effective use of the heat of 
the resulting gases, and of the reducing power of the_ CO evolved, a much 
better figure than the one obtained would result. 

The modern blast furnace, and the different methoda fo r the making 
of steel as at present employed, are the result of a hundred years of ex­
perience, and have reached their present perfection through many modifi­
cations, which, in many instances, were accepted and introduced into 
practice only after much hesitation and opposition. The process of the 
electric reduction of iron ore must yet be regarded as in the experimen­
tal stage ; in fact, no plant exi·ts at the present tirne where iron ore is 
commercially reduced to pig by the electric process. The more re­
markable, therefore, it appears, and the more gratifying it is regarding 
the future of electric smelting, that experiments made o:ffhand, so to say, 
in furnaces not at all designed to be used for the production of pig should 
give a figure of cost which would enable the experirnental plant ernployod 
to compete with a blast furnace in regions where electric energy can be 
had for $10 per E.II.P. year, and where coke is quoted at $7 per ton. 

I am credibly inforrned that the water power at Chats Fal1s can be 
developed at a cost to produce an E.II.P. year at the rate of $-±.50. There 
are probably many \\ater powei-s favorabl,v situated as regard!" good bodies 
of ore in the Provinces of Ontario and Quebrc \Yhich can be rleveloped 
as cheaply. When such po\';er i~ ownell by the compan_v intending to 
use it for electric smelting, and peat coke or bririuetted charcoa1, macle 
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from mill refuse*, which would probably not cost more than $4 per tün, 
is employed for reduction, the cost of two of the heaviest items entering 
into the cost of producing pig by the electric process is reduced to one­
half. 

When it is considered that the electric process is applicable also 1.o 
the smelting of ores, such as copper, &c., and that the fmnaces are of 
simple construction, the temperature available 1,000° O. above that of 
the blast furnace, and the regulation of the heat supply under perfect 
controi, it is reasonable to expect that the near future will witness great 
strides in the application ·of electric energy to the extraction of metal from 
its ores, and that familiarity with handling large currents and experience 
gained in electric smelting will result in solving the difficulties encoun­
tered in the smelting of ores, which up to the present time have proven 
refractory to ail economical processes known. 

*ln tbe Ljungberg conlinuous kiln refuse wood is burnt into charcoal at 33 per cent. 
Jess cosl than in heaps and with 22 percent. higher yield. 
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I beg to submit herewith my report of the electrical measure­
ments and investigations made in connection with the examination by the 
Commission of the different electr-0-thermic processes, for the smelting of 
iron 'ores and the making of steel now in opemtion in Europe. 

The results are given in metric units throughouit, and are summar­
ized at the end of the report in tabular form. A summary is given also 
in English units for the convenience of those not wishing to employ the 
metric system. 

'l'he horse-power year is, in all cases, taken :as 365 days of 24 hours, 
and where the power is employed a smaller number of days, the cost must 
be corrected .acoordingly. 

The costs are based on a rate of $10 per electric horse-power year, 
but the costs at any other rate can be 'Obtained from those given by direct 
proportion. 

THE PRODUCTION OF P IG IRON. 

The results obtained on the production of pig iron are first given, in 
the order in which the plants were investigated. 

THE H ÉRO ULT P R OCESS , LA PRAZ, FRANCE. 

The first plant investigated where pig iron was manufactured was 
that of Mr. Héroult, at La Praz,, France. 

The furnace w.as operated for the Commission on the 7th and Sth of 
March. 

In this furnace, see page 7 for description, the electrode is con­
nected to one side and the carbon bottom to the other side of the electric 
circuit. The electrical connections are shown in Fig. 21. 
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The current passes throngh the snspended electrode and the carbon 
bottom through the charge, and its energy i ab orbed by the re i tance 
of the charge, which is thereby heated to the temperature required for 
rednction. The operation of the furnace is continuons, and need be shut 
down only for repairs or outside causes. 

The furnace is operated "-ith alternating current, which is generat­
ed directly on the alternator at the voltage required. The alternator is 
direct connecte<l to a horizontal shaft water wheel, operated at full gate 
opening, and will, therefore, carry approximately a con tant load. It is 
of the revolving iield type, ha,-ing 16 pole, and opemting at 600 revolu­
tions per minute, gi,-ing a periodicity of , 0 cycles per second. 

Regulation is -effected by adjusting the electrode vertically by hand 
to rnaintain the Yoltagc constant, and under the aboYe condition thi will 
give constant current. No violent fluctuations were obscrved, and satis­
factory regulation \\"as readily obtained. 

, \.rra
1

11gemenb; \\·cre made "·ith "'La Compagnie pour la Fabricati n 
de;; Compteurs " of Pari ' to -upply a snitable recording wattmeter to 
measure the input of electric energy, but it arrived at La Praz too late 
to be u -e<l, and the orily reading that c:oul<l lw obtainr<l \\ï' re tho e of the 
1•olt111eter antl alll111eter in circuit thPre, on whic:h the folJo,1·i11g readings 
11·ere taken :-

T!ME. 

Marcb ith, ·04. 

P. l\1. 

VOLTS. 1 AMPERES. 

Hartmann & Braun Hartma nn & Braun 
În!>lrument a nd shunt. 

:\o. l 16,3:?G. 

Kilo-volt amperes 
calculated. 

No . .'\0,486. 

1-------------
2.10 
2.40 
:~ . IO 
3.30 
-1- . l)(J 
.j. :30 
.).UO 
:>. ;~() 

ü.00 

+i 
4.) 
48 
+.ï 
.j..j 

47 
4.j 
4.) 
48 

-1-,800 
.;,.;()() 
.;,ooo 
.i, .'j()() 

5,500 
.>,:mo 
.5,300 
~),500 
J, ](~) 

LPngth of nm, lrnnr,.: ........................... ·. · 
_\fea n Yol ts ...................... · .. · · · · · · · · · · · 
.\[ean ainperc~ ........................... ...... . 
~fr an kilo-ml t-am pere,; .............. . ........... . 
Total kilo-volt-am pere hour~ ..................... . . 

230 
247 
240 
:2-1-7 
247 
249 
:238 
247 
245 

1 
46 

52 0 
243 

43i0 

:Xo <letermination of the power factor could be obtained but a value 
(Jf O.i.i would appear to he rea -onable, and is assume<l for purpo e of cal­
cula tion. This gives the following results :-



36 

}Iean kil°'rntts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182 
Total kilo\\'att homs ........ ...................... 3280 
}1ean hor e-power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248 
Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 4460 
Total hor'e-power years . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 51 
Output of pig iron (from :M:r. Harbord) kgs . ." . . . . . . . . . . 969 
lTor e-po" 'er year per ton of pig . ... .. .. . .. ....... .. 0. 525 
Üo't of electric energy per ton of pig at $10 per horse-

power year ................................. $5. 25 

THE KELLER PROCESS, LIVET, FRANCE. 

The ~ec:onù plant ·inrn ' tigated in which pig iron was manufactured 
ml' that of Keller, Leleux & Company~ at Livet, France . 

. E\unace ' X os. 11 and 12 wcre opera ted for the Oommi si on on 
the lüth, 20th and 21 t, and Nos. 1 and 2 on the 23rd, 24th and 25th of 
1'farch. 

F irst Run, Furnaces Nos. li and 12. 

The description of this furnace is given 011 page 15, and a diagram 
of the electrical connectiou in Fig. 22 . 

The electric curreut pas es through the charge between the suspencl­
ecl electrocle and the carbon bottom. The energy of the Clurent is ab-
orbed by the resistance of the charge, which is thereby heated to the 

temperature requ.ired for reduction. The use of the resistance of the 
charge as a mean of heating it makes it po sible to control the tempera­
ture of the reduction within narrow Jimits by controlling the current, 
and thus \\·ork at the point which experience shows to be most fa vornble 
for obtaining the most economical results. 

The external copper connection is proviclecl to maintain the circuit 
when the molten iron is drawn off or the interior circuit interrupted, thus 
m.aking the fl.ow of the current independent of the casting opera tions. 
The operation of the furnace is, thereforc, continuons R ncl is not inter­
rupted in any way by charging or casting, and it may hc operntecl for an 
indefinite period wi:thout shutting clown, giving very favorable conditions 
of load for the electric and hydraulic plant. 

The furnaces are operated with alternating currcnt generatcù dircct­
ly on the alternator at the voltage require<l. The altcrnator is a rernl v­
ing field machine,, has 16 poles, and rotates at approximat<>ly 380 revolu­
tions per minute, giving a periodicity of 50 cycles per second, and is direct 
connected to a horizontal shaft water wheel controlled by a go\·ernor. 

The regulation of the electric input is effected chiefly by the vertic.il 
adjustment of the electrodes by hand, but this is supplcrnented when re­
quired by adjusting the alternator field and the water wheel governor . 
The load is entirely free from violent fluctuations and hand regulation 
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requires a very small amount of attention, so that one man could readily 
regulate four or five furnaces. If desired, however, little difficulty 
should be experienced in designing an automatic regulator that would 
fulfil all requirements, and dispense with the services of this man. 

The electric energy was measured by a Thom&on recording watt­
meter, obtained from "La Compagnie pour la Fabrication des Comp­
teurs " of Paris, and after the run was completed :Ï!t was calibrated by 
them under the same conditions as to volts~ amperes, cycles and tempera­
ture as it had been subject to during the run in which it was used. The 
constant* 4390 was obtained and certified to as correct under these con­
ditions. 

The volts and amperes were read on the regular switchboard instru­
ment , but '!IB no calibrations for them could be obtained, their accuracy 
is not to be relied upon. The voltmeter was connected across the ter­
minals of the alternator and includes the drop on the line. This drop 
in potential between the terminals of the alternator ·and the furnace w!ls 
measured with 11,000 ·amperes on the circuit and found to be 5.5 volt . 

The power factor was determined 11arch 24th by Professor Bar­
billion, of "L'Institut Electro-technique" of Grenoble University, by 
means of the oscillograph. The certificate of this determination will be 
found on page 19. The readings of volts and amperes were taken on the 
switchboard instruments used during the run. The following are the ;·e­
sults obtained :-

MEAN VOLTS. 

Hartmann & 
Braun, 

No. 102,801. 

MEAN ~~ERES. , PowE~~cTOR. 1 
Hartmann & 1 

Braun, 

No. 103,135. co~. <p 

MEAN WATTS. DETERMINATION. 

Volts x amps. 

X COS. 'fi No. 

- - -------- ------- ------- --·----
70 .3 9890 0 . ï43 516,583 l 
70.1 9900 

1 
0.731 507,306 Il 

- --ï0.2-- --989~--l--0.737 ___ ___ 511,945--1 Mean. 

*This constant is the number by which the dial reading of the wattmeter must be 
multiplied to give the electric energy in watt hours. To obtain the result in kilowatt hours 
this constant must be divided by 1,000 and become5 4.390. 
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Readings taken on Furnaces Nos. 11 and 12. 

TIME. WATTMETER. VOLTS. AMPERES. SPEED OF 

Mar. 19lh, 1904. Thomson. Hartmann & 
ALTERNA TOR, 

H a rtma nn & 
Brau n. Braur.. Revolutions per 

P. M. K =4.390 No. 102,801 No. 103,135. minute .. 
---------------------------

4.00 97595 
4.30 97558 63. 11 OO 
5.00 97490 64. 11700 
5.30 97429 63.5 11700 
6.00 97347 64 11750 
6.30 97280 63.5 12000 
7.00 97210 63.5 12000 
7.30 97144 63.5 12100 
8.00 97078 63.5 12000 
8.30 97005 64. 12000 
9.00 97944 63. 12000 
9.30 97865 63. 12000 

10.00 96806 63. 12100 370 
10.30 96744 65.5 11900 
11.00 96677 63. 11100 
11.30 96601 62.5 11300 
12.00 96535 64. 10800 

20lh, A. M. 
12.30 96462 63. 11100 
1.00 96376 63. 11100 
1.30 96306 63. 11200 
2.00 96251 61. 10800 
2.30 96176 60. 11100 
3.00 96110 61. 10900 
3.30 96046 62. 10750 
4.00 95976 61.5 10700 
4.30 95909 62. 10800 
5.00 95838 62.5 10700 
5.30 95767 62. 10600 
6.00 95708 62. 10600 
6.30 95639 61.5 10600 
7.00 95562 59. 10700 
7.30 95498 64.5 11000 
8.00 95420 64. • 10800 380 
8.30 95352 64. 10800 
9.00 95282 64. 10600 
9.30 95208 64.5 10600 

10.00 95147 64. 10800 
10.30 95072 65. 10600 
11.00 95002 ü5. 10900 380 11.30 94925 66. 10800 
12.00 94858 65.5 10900 . P.M. 
12.30 94780 65.5 11100 

1.00 94710 65. 11050 
1.30 94644 65. 10750 
2.00 94576 65. 10700 
2.30 94511 66. 10750 
3.00 94443 ()6. 10600 
3.30 943ï9 66. 10900 
4.00 94293 65.5 10750 
4.30 94233 67. 10600 
5.00 94168 66. 10800 
5.30 94108 65. 11000 
6.00 94030 65. 10800 
6.30 93961 66. 10800 
7.00 93899 65. 11200 
7.30 93818 65. 11200 

• 
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Readings tak en on Furnaces No. 11 and No. 12-Continued. 

TJME. WATTMETER. VOLTS. AMPERES. SPEED OF 
ALTERNATOR. 

Mar. 2(Jth, 1904. Thomson. H artmann & Hartmann & 
Braun . Bra un . Revolutions per 

P.M. K = 4.390 No. 102,801 !'\o. 103,135 minu te. 
-------------------·---

8.00 93737 65. 11200 
8.30 93672 65. 11100 
9.00 93612 65. 11000 
9 30 93539 63. 11 200 

10.00 934 4 65 . 11000 
10.30 93406 6.J.. 11000 
11.00 93329 64. 11000 
11.30 93258 64. 11000 
12.00 93198 65 . 11000 

21st, A.M. 
12.30 93124 65 . 11000 

1.00 93052 65. 11200 
1. 30 92992 65. 11 000 
2.00 92922 64. 11000 
2.30 92833 65. 11100 
3.00 92783 65. 11200 
3.30 927:2 1 64. 11000 380 
4.00 92656 6.5. 11000 
4.30 92:;ss 65. 11100 
5.00 92517 65.3 11000 
5 30 92439 64. 11 200 
6.00 !J2:l66 65. 11100 
6.30 fJ:229ï 65.3 11 200 
ï.00 922:26 65.5 112.50 
ï.30 92150 6.3. J 1100 
8.00 !l20ï2 65. Il 100 
8.30 !)1994 6.5. 11100 
9.1)0 \)[94;3 64.3 10800 
9.30 g1sos 6.J. .5 11 200 

10.00 01806 ü5. ll200 
10.30 01742 63. 10900 
11. OO 916i4 6+. 11200 
11.30 91018 (i.). 111()() 380 
1:2.00 9ll3.) 66. 11 000 
P.M. 

12.:30 n1+01 66.5 10800 
!.Oil !)1398 67. !0800 
l. 30 !)! ;300 (i6 .. ; 10800 
2.00 912:34 06. 10800 
2.30 9115.j 06. l 1000 
3.00 9l08ï 66. 10800 
3.30 9l0lï 66. !Oïl~) 

4.00 90943 Ci6. 10800 
4.30 90873 6-/. 10800 
5.00 90800 o3.5 10800 
.5.30 90718 66. 10800 
6.00 906.)2 67. 10700 
6.30 !)0576 67 . 10500 
7.00 90519 66. 10800 
7.30 90438 06. 10900 
8.00 903GO 67.5 10800 
8.30 90'284 68. !0600 
9.00 90'2'29 67. 10800 
9.30 

IO.OO 
10.30 
11.00 89908 60. 10800 
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Length of run hours. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 5 

Results from Voltmeter and Ammeter Readings. 

Mean volts on alternator (not calibrated) . . . . . . . . . . . . . 64:. 6 
Drop of potential on line . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 5 
Mean volts on furnace . .... · ................... · . . . 59 .1 
l!Iean amperes (not calibrated) .. . .. : ....... . . . .. . . . . 11038 
1Ican kilo-volt amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . 652 

Results from W attmeter Reading and P ower Factor Determination. 

Total dial reading of wattmeter. . . . . . . . . . . . . . . . . . . . 7687 
Oonstant of wattmeter, for kilowatt hours . . ...... . . . .. 4. 390 
Total kilowatt hours ..... . ............ . .......... 33700 
Mean kilowatts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 613 
Mean power factor from above determination .. .. · .... . . 0. 737 
Mean kilo-volt-amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . 832 
Mean electric horse-power . . . . . . . . . . . . . . . . . . . . . . . . 83± • 
Total horse-power hours ...... . ... . ..... . .... . .... 45800 
Total horse-power years . . . . . . . . . . . . . . . . . . . . . . . . . . 5. 23 
Output of pig ( obtained from hlr. Harbord) kg . . . . . . . . 9868 
Horse-power years per ton of pig. . . . . . . . . . . . . . . . . . . . . 0. 53 
Oost <lf elec rie energy per ton of pig, at $10 per horse-

power year .. . ... . ..................... . .... $5. 30 

It will be noted that the above results show a discrepancy of 27% in 
the kilo-volt-ampere , as obtained from the voltmeter and ammeter read­
ings, and as obtained from the wattmeter readings and power factor de· 
termination. This discrepancy does not,, howevcr, render the correct­
ness of the wattmetcr and power factor doubtful since the ammeter is an­
tirely unreliable; one of the same construction and capaQity usecl in ~he 
following run having been found on calibration to read 31 % low. 

Previous to the aborn run the current had been taken off from the 
furnace for several hours to in crt the recording wattmeter in the cir­
cuit, and the rnolten iron in the crucible had become chilled all(l could 
not again be heated snfficiently to cast. It is not known to what extent 
this chilling affectcd the opera tion, but the working of the fornace be­
came unsatisfaotory to lllr. Keller, who decided to shut it down, and later 
continued the experiment::; on Furnaces Nos. 1 and 2. 

Second Run, Furnaces Nos. 1 and 2. 

The alternator in tbis case was operated at ahont 280 revolutions p~r 
minute, giving a periodicity of 37 cycles per second, but the speecl varied 
considerably in differcnt parts of the run. 

Eleetrical rcadings were taken on the switchboard voltmeter and 
ammeter, which were afterwards calibrated, anJ the power factor at the 



41 

electrocles was determinecl. by means of the oscillograph. These calibra­
tions and the determination of the power factor were made by Professor 
Barbillion, of " L'Institut Electro-technique " of (èrenoble University, 
on the 27th and 2._ th of ~Iarch . The certificate will be founcl on page 19. 
The recorcling wattmeter could not be in erted in thi circuit, and., there­
fore., the watts could not be read direètly. 

The voltmeter 'ms connected cl.irectly acro,,:; the electrodes, elimin­
ating the drop in the line. It was taken from the hoard and calibrated 
in Grenoble. Instead of calibrating it in the concl.ition that it had been 
used, the needle was, by mistake, :fir:;t set back to zero and to compensate 
for this one volt is subtracted from the reading of the instrument in the 
following table, which was as near as could be judged the amount the 
neeclle was changed. This does not, of course, rnake the calibration strict­
ly correct, but more nearl:· so than by using the reading as taken, and 
the possible error is certainly ''ithin 2 %. 

Readings on 
Hartmann & Braun, 

No. 130,2 5. 
Correct Volls. 

---- !~---- ,- --!t ~~----
: 5 1 50 .1 0 

33 52.28 
55 54.2 1 
57 56.IJ 
:m Js.oï 
61 60. l.J. 

Cune, Fig. 23, 1>; collstructccl from these r ci1 rlinp;i<. 

The ammeter "·a calibrate<l i11 po:::ition 011 the switchboanl with a 
standard shunt and an1111eter inserteù in the circnit. The following read­
ings were taken. Those inclica tcd h; a 0 "·erc takPn by Professor Bar· 
billion and those indicated bY a + "·erc nclded fro111 our own obserrntion. 

' V 

Reading-., 011 Reading~ on Readinl!".., on 
Hartmann & Hraun Standard Shurll and Hartmann S.:. Bnu111 

:\o. )ll;{J;{ï. .-\mrn eler. :\o. lil:{l:·lï. 
--------- - --- ----1-----

.j.O'j'.} :;.y;:; - OIX~ 

.J.:J.ïf 1 .-,!].-,11 ° li 11' i 
, -!JIKI lillKI 0 {i~l(j 
0 .. ,)(j~ li 1 -,,-, 0 fi:l I :! 
' .fHllll (l.tfKI 0 7ïï.-> 

.Ïlillfl (jjllf 1 

Reading-~ on 
Standard Shunt and 

Ammel<'r. 

l
, __ R2:ïll 

8~60 
8:W3 
s.im 

lll f~:; 

Cune, Fig. 24, 1~ constructed from these rcndingR. _ 
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Five determinations of the power factor were made. The -6.rst 
three are here given, and their mean used in the calculations. The other 
two, having been made under conditions of load varying quite wi.dely 
from tho e of the run, are not used. The volts in these determinations 
were read on the switchboard voltmeter, which was connected across the 
terminals of the alternator, and is not the voltmeter used in the run. The 
amperes were read on both the switchboard ammeter and the standard 
amrneter. Following are the results obtainecl :-

MEAN Vo LTS. 

Il & Hartman 
Braun 

No. 130 283. 

67.5 
67.6 
67.3 

67 .. 3 

--

1 

MEAN 

1 
AMPERES. 
--

Hartmann & 
Braun. 

No. 103137. 

6313 
6246 
6184 

624 

:\[EAN PoWER. 
A~1P1mEs . FACTOR 
-- --

Standard Am-
me ter. (cos. 'Pl 

' -------

8400 0.616 
8293 0.530 
8260 0.545 

8318 0.564 

Mean Watts. 

-------

!'149272 
302121 
302964 

318119 

D e termina-
tion. 
No. 

--- --

l 
2 
3 

Mean 
Results. 

The above determinations were made with the alternator operating 
at 270 to 280 reV'olution per minute. 

The following readings were taken during the second run :-

TIM E. VOLTS. AMPERES. SPEED OF 
-- ALTER-

Mar. 23rd . 1904 NA TOR. 
Hartn1ann & Correct Volts. Hartmann & Correct --

P. M. Braun. See Curve Braun. Amperes. Rev. per 
o. 130285 Fig. 23. No. 103137. See Cu rve 1ninule. 

Fig. 24. 
-------------- ---- --

12.00 56 .ï5.l 4900 (;600 
12.30 58 57.1 5000 67:30 

1.00 57 5(i. l :ïOOO 6730 
1. 30 55 54. l 5100 6860 
2.00 .) 1 .ïi. l 4700 6350 
2.30 37 56. 1 5 100 68fi0 
3.00 54 53. l 4400 .5980 

1 

3.30 :5ï :rn.1 4000 5+80 
4.00 :;3 52.l 4100 5600 
4.:30 .)(1 49. l 4;)()(1 6100 
5.00 54 53. l .J.llJO :j(j()() 

5.30 5:{ ;i2. l +:~110 58.ïO 
6.0U fi~ .ïl. 1 4:300 .)850 
6.30 li() ;,n. I .ï(I{)() 6ï:fü 230 
7.00 :;s .ïï. 1 .; 11111 G8UO 310 
ï. :~fi .)8 ."iï. l +:;1111 UIOO 
8.00 (il U(J. l .j..)(11) fllOO 
s. :Jo Cil 1}11. l HllO .ï!ISO 
9.00 (j(J .)!!. l .j.,jf 111 ü!OO 
9.30 fill .ï!I. l . 

.j.,i()ll (j[l)(I 

lO.()(J li() ;,n.I 4.ïflll (jl(Jll 
10.30 ,-,!) .ïS. l ~(i(IO U:2:2il 
LI.OO (i(I .ï\I . 1 .).)( ~ 1 ï:no :H5 
LUO Ul (ill.I .Ï(illll ï~SU 
12.0U :r; .ï(i. 1 (ji)llll -Hso 
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-- --

VOLTS. AMPERES. SPEEO OF 
T1M E. ALTER-

NA TOR. 
Hartn1ann & Correct Volts. Hartmann & Correct 

Mar. 24th, 190.J. Braun. See Curve, Braun. All'pcre•. Rev. per 
A.r.t. No. 130:283 Fig. 23. l\'o. 103l3ï. See Curve, minute. 

l· ig. 24. 
----- -- ------ ------ --------- ----------

1:2.30 60 39.J 3500 ï330 2ï0 
1.00 .)9 J8.J 6300 8:360 2 0 
l.30 .)6 35.J .').jf)I) 73,30 
:2.00 ,i!l .)8. J 33•JO 71 Ill 
:2.30 .3U 3.). 1 :;;mo ;:no 
3.00 ;};) .).J..I .).)ÜÛ ï330 
3.30 .)8 ,)'j, 1 3:200 6980 
4.00 j.) .ï.J..1 36011 7480 
-1.30 !).) t>!. I ;;1;11() ï.J.80 
.ï.00 ,37 :>6.1 .).)1111 /3.)1 ) 
.'i.30 ,'iU .'i.i. l .).ïUO ï351l 
Ci.OO ;>.) .').J.. 1 .),'i ~· ï:3.ï0 250 
Ci.30 ;;s 31.1 .:;ono 6ï30 
7.00 ;ïS ;)ï. 1 .:;:mo ïl JO 
1.31) c• ,),) .).J.. l ;)(j(){) ï.J.80 
8.00 ;;.J .:;.1. 1 .).'j()(J 73.ïO 
S.30 .ï(i ,;:;.1 .).){)fj 73.)() 
!lOO .).j 34.1 ;;.:;11() 1330 251

) 

9.:30 .1.; .ï.J.. 1 .ïGllO ï.J.80 
10.IJO ,).j. .ï:3. l .).)ÜÛ 7;330 
111.30 .1.) ,).J.. 1 5.ïOO 73.)•) 
11.0·1 ,).J...j .ï:l.ü .):fü() 71 Hl 
J 1.3() .ï6 .).).1 .;:;oo 7:350 
1:2.00 .).) .ï-L 1 ,"}61_)() 'j.J.80 
P. ~I. 

12.:10 :)!) :3S. 1 fi:201l 6û80 
1.00 36 .ï.ï. 1 ,)511() 73.iO 
1.30 t) Ï .)6.1 .)200 6980 
:2.00 .ï8 .ïï . 1 .ï:200 6980 
:2.30 .)'j' ;ï6. 1 i)f)\)0 ()i:3•) 

3.IJÜ .i(j ,;:;, 1 .ï:JQJ ) 'ïll•l 
:3.3ll ,;u .ï.ï. l fi-!Od 7:230 
-Ulü ;;,) .ï+. 1 ;;,ïOO ;3.;u 
4.:m ;)~ . :j ;ï3.!i :iUOO ï.J.80 
.-..oo ,j(i ,;.;, 1 :;.;oo ï :.l:>O 
:>.:fü ,j.j. ;;:3. l .'i611Ü ï -180 
G.110 .. , 

,)., .ï:2. J :;800 ïï:30 
li.30 ,)(i .• ) i).i.fi 3.1()() ;2:fü 
ï.00 ,iü ;;.). l ;;;300 ï l JO 
7.30 .).) .ï.J.. 1 ;'\.)" () 73.ïO 270 
S.00 :iü .-).'\. 1 .ï.j.()I) 7:231) 
8.30 ,).j. .i:l. 1 ;;(iO() ï.J.80 
~l.OoJ .i.j. ;;:tl .i(jl)O 7.J.80 
!1.:30 ;).) .. ) .ï.J..ü 

1 

.ï.ïOO ï~30 
l 0. (H) .ï.J. .i:3. 1 .ïlfüO 7-i8o 
llUO .ï ~ :;:{. 1 .ïSllO ïï:30 
11. Il() ;;u .ï.ï. 1 ,ï.J.lXJ ;2;31) 
11.:30 .Y; .ïfi. 1 .)8()11 ;;:30 
1 :.!.OU (jl) .)'. l. 1 ,j,j()() ï3.:iü 

:.!.ï th, A.M. 
1:2.:30 .>n .ï'l. 1 .ïfj()() ï.J.8() 

1.00 .-.ti .).), 1 (jl ~)(J ï98() 
1. ;{() .).l .ï.J.. 1 [jtl()() 7980 
:.!.Oil ;;; .iü. ~ .ï!)f)() ï8.ï0 280 
:.! .:{() .).).:; .ï.J..H ü(H10 ï!l80 
:l.0() ,-•. 1. ,-) :.+.li (jj()() 8110 
:3.:JO :r; :>(J.l (if)ÜtJ ï~JSO 
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Tnrn. \ 'O l.TS. 

lllar. :2.ïth, 1904 
Hartmann & Correct \T,11ts. 

,\, 1\1 . Br,. un. 
l'o. rnn-28.i. See Curve 

Fig. 23. 
----

4.00 .)5 i)4. l 
4.3\J .~6 .).),] 

.ï.00 5 5'ï.1 

.ï.30 56 ,).),] 

6.1111 i).) 54. 1 
ü.:30 ~8 5/.1 
ï.0'1 .)3 '34. l 
7.30 .l.) ,)4.1 
8.UO 5.3 54. l 
8.311 ;;.Lï 53.0 
!l.1.1) ,)4 i\3 . 1 
!l.311 .Yï 56.I 

10.110 ,;+.;; .}3.6 
lll.:fü 54 i\:3.1 
11.f Ill .;; 56.l 
l l.30 55 .H.1 
12.0U 5-! 53.l 

A:llPERES. 

Hartmann & 
Braun. 

l\·o. l0313ï. 

-----

62110 
.39011 
5800 
6tl0ù 
00110 
5900 
6300 
6-!110 
6:WO 
63111 1 
6201) 
.)800 
üiJUO 
i\901) 
560 1 

5800 
5901) 

Corre> et 
Amperes. 
See Curve 

Fig. :24. 
----

8241) 
'ï8.)U 
7ï31J 
7980 
7980 
ï ' 511 
8360 
8490 
82411 
8360 
8240 
77311 
1980 
7850 
7480 
7ï31J 
7850 

SPEED OF 
ALTER­

NATOR. 

ReL per 
minute. 

----

280 

Length of run, hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4~ 
l\Iean volts on furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . 5;) . 3 
l\Iean amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ï2±7 
:Mean kilo-volt-amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . 401 
Total kilo-volt-ampere hours ....... . ............... lü2±0 

• :.Mean po"·er factor . ........................... .. .. 0. 5G4 
Mean kilowatts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 226 
Total kilowatt hours ............................ . 10. 40 
Mean horse power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308 
Total horse-power hours .......................... 1±730 
Total horse-power years . . . . . . . . . . . . . . . . . . . . . . . . . . 1. üü 
Output of pig iron (from Jir. Harbord) kgs. . . . . . . . . . . . 6G92 
IIorse-pmYer years per ton of pig ................... . 0. 25 
Oost of electric energy per ton of pig, at $10 per horse-

power year . .... .. . ........................ . $2.50 

It will be observed that the consnrnption of elrctric energY per ton 
of output is les,; than one-lrnlf as great in thr cas<' of FnrnacC',.; ::\of;. 1 and 
2 rr in Furnaces No . 11 and 12. This grcat variation is nnt to be as­
cribed to any materia 1 cli:ffcrencc in clc:::ign or construction, but ra thcr tü 
the conditions of opcration. 

The j)O\Yer factor fol' Fnrnace;:; Xos. 11 and 12 is fnirly low, anrl 
for Xos. 1 and 2 extremcly low. This is (loubtlc-;q due mainl:v to the 
iron casing which forms a magnetic circuit aronncl rach slrnft of the fnr­
nace and is highly magnetized by the larg:e currcnt gi1ring to the circuit 



45 

a very high reaotance. In case of the erection of a :Ùew plant, thi iron 
ca ing would be omitted between the two shafts, or entirely. Eith3r 
change hould result in a YeI')' great improvement of the power factor, 
and a corre pouding diminution of the kilo-volt-am}.lere input required, 
and give very much better conditions of operation for the alternator. 
further improvement of the power factor would be effected by using cur­
rent at 2;:; cycles. There seem to be no inherent reason why a reason­
ably high power factor cannot be obtainecl by careful attention to all uf 
the details of de ign a:ffecting the electric circuit. 

The principal electrical difficulties are in t.:onnection with th very 
large currents required at low voltage and for furnaces of larger outpnt 
the current will increase in almost direct proportion to the power r equir­
ed. the voltage increasing very little, if any. )Ir. Kcller has e'tÎmated 
that a furnace having a capacity of 20 ton per clay of 2± hour;; \ronld re­
quire 2 ,000 amperes and 70 volt . It woul l be extremely important, 
therefore, to hal"e the line carrying this current a hort as p ~ ible to 
avoicl excessive line loss and exces ive cost of conductor. J,ike,rise, the 
<lesign of the electric machinery to furnish such large current - pre -ents 
especial difficultie, an<l its constru ction is expensirn, whether the current 
is generatecl directly at the voltage required or reclucecl by tep-clown 
transformers from a convenient generator voltagc. ln the for:ner cage 
the generating station hould be located iuuncdiately alongsicle of thc fur­
naces; in the latter , they may be eparatcd as eonvcn:ient. the cnrrent 
being transrnitted to transformcrs locatcd clirectly at thr fornac0,, and 
stepped clown to the voltage required. 

In the new design for furnace:i of larger capacity ( ee page 21) t.ie 
arrangement with four slrnft;; will facilitate the use of quarter-pha,;e f'Ul'­

rent, which., in ca e tran:;formcrs arc u cd, c-onld he gencrated and trans­
mittecl three-pha e, if founcl desirahle. Th e con trnction can also br 
modi:fied for the u e of three-plrnse currcnt <lircctly on the fnrnace. if 
required. 

THE MANUFACTURE OF STEEL. 

Four plants were im·cstigatcll in \\·hich tee] ,,·as mm111fact11recl. The 
e1ectrical data obtained on the production of stt'<'l in thew plcrnt.s will h.• 
givcn in the orcler in which th0:· ·werc Yi•i t0<l. 

THE KJELLIN PROCESS, GYSINGE, SWEDEN. 

The :first plant was that at Gy,.;ingt', yj,;itccl Ycbrnary ïth to 10tl1. 

This process iR ba~ed on the printipk of inclnc-tion of 1l1P ordinary 
tran~former. Surronn<lino- a ll'o· of the rnag11ptie t·irc-uit of a trnnsforrncr 
i~ placcd the fnrnaee, rnaSe of :uiiabl<' rc·frattory 111atc•rial. in thc form 
of a circular trongh. in wl1ich tlt<' 111etal tn he n1<'ltc·<l i,; placcd, and hr·-

_J 
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co111e:; the secondary conductor forming one short circuitcd turu, and is 
hcaled by the 12 H los of the current inducecl in it. 

The transformer core is of laminated iron, :firm]y clamped with sicle 
plates and bolts. The winding is placed on one leg only, the primary 
being next to the core, and the secondary outsidc. The prirnary is ""ound 
for 3~000 volts, and is insulated largely with mica. It is provided with 
Yentila:ting space · inside and outside, and a water jacket protects it from 
the direct radiation of the fmnace. The arrangem nt of the parts is 
hown in drawing, Fig . 1 and 2. 

A portion of the molten teel is allowcd to r emain in the furnace 
after tapping, for the pmpose ·of maintaining the secondar;y circuit, and 
to this the material of the next charge are added as rapidly a they will 
liquify, until the whole charge has been adde<l, thu' making the operati0Jn 
continuons. Thi avoids the difficulty, af ter the furuace ha be en stai:t­
ed and heated up, of e tablishing the rircuit through the solid pig iron 
and scrap. 

The electric current for operating the furnace is ohtained from a 
single-phase revolving field alternator, which is rated at 3,000 volts and 
90 àm1 eres, and which ha 24 poles, and operates at a nominal speed o-f 
75 revolutions per minute, giving a periodicity of 15 cycles per second. 
lt is arranged with a vertical shaf t and is direct connected to a water 
wheel. 

The following electrical instruments were used during the first two 
runs made :-

The voltage was measured with a W e ton portable al ternating cm­
rent voltmeter, having a cale reading up to 150, and connected in scries 
with multiplying resistance, giving a ratio of 25 : 1. 

The current was read on two Ilartmann & Braun am111eters, connect­
ed in parallel, and having scale r eading 50 and 60 amperes rcspectively. 
These ammeters were calibrated by comparison with a Siemens & Ualske 
standard amrueter, and the r a<linga corrected accord inglv. Th<· <'al i­
bratio11 curves arc gi ven in Figs. 25 and 2G. 

The power was 111easurc<l by n1c<ln' o-f a \Y <'ston portable indicating 
wattmeter, having a scale reading up to J."10. The C'lll'l'<'llt coil nsrd was 
a rra nged for 120 a:11pcrcs, and 111 n l ti plyi ng rc:-,islanc·p,; wcrc c·on ncete<l in 
serics with the rnltage coil to makc it ;:;u itnhlc for :J.000 rnlt;;. This 
gives a ratio of 2.-± : 1 to ohtain the re,;n]t-; in kilO\rnt b. 

For the thir<l run recorclctl, the rcgnlnr ,;\\·it<-l1hoanl i11stn1111cnf-& 
were usecl, and the reatlings <'OlTt'dcd fro111 ealihr11ti11g rC'adings taken 
with the two sets of rncter8 cmrncdt•tl in cirenit tog<'lltn. to nµ'l'<'<' with 
tho.,e above described. 

These starnl:ucl in,.;[ nuncn t;; \\"Cl"P olJtai iwd fro1n ] )a \·id lk rg111a n, a 
consulting engineer of ~tockhol111, and arr helic1·cd to hc• rel inhlc. 
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Charge No. 546, February Sth. Readings were taken as follows :-

VOLTS A)lPERES. AMPERl:.S. KILO. \\" ATTS. 1 

Tim e ot \\"eston H artmann & Hartmann & \\'est on Revolutions 
Reading. Instrument Braun lnst. Braun Jn~t. Instrument. per 

1o. 41.54 No. 33521 N""· 11534() No. :2.ï9, . J\linute 
See Cun·e See Cun·e 

R =2.3 : l Fig. 25. Fig. :26. R = 2.4: 1 
------- -------- ------ ------

A.l\I. 
11..ïO 115.5 11.5 2 .n 49.0 
1:2.00 112 .. 3 21.0 34.U 59.5 63 
P. l\I. 
12.J;) 11.'Ui 21..3 35.5 63.0 ïO 
12.30 llï.0 22.0 3ï.O 6-1.5 
12.4.) 113.0 2.1.2 44.5 66.5 

l.00 11 6.;ï 2.1.0 44.5 66.0 69 
1.30 108.0 :2()..') 4.).0 6.')..) 66 
2.110 109.0 26.3 4.).5 64.3 66 
2.30 ]{J/ .5 2.3 ,) 4.).0 64.0 û6 
3.110 10.3.0 2 ' .. ) 48.0 64.0 
3.30 103.0 29.ll 49.0 62 .• ï 
4.00 IOJ.ii :2().0 4!l.IJ 62.0 
4.311 l(}.2.0 2 .. 49.3 62.0 6ï 
,),IJ() 102 .. ï :2!l.O 49.:3 61.8 6ï 
:uo 10:2..> 2!)..) 30.0 6 1 .• ) 

This run began at 11.50 and continued to 5.50. 

Oorr ected Readings and Ilesults. 

Tim e of Kilo.-volt 1 Power Cycles !Jer 
R eading \'olts Ampe res. Amperes. Kilo. \Vatts l Factor , -S-ec-·0~1-d_. -

- i'\.~~-i- --2888----.ï3.0 ____ l.i3.:- --1-1:-1-l~.ï69 1 

12.00 2812 64. ;J 181.4 142. ï IJ./87 
P. l\l. 
12.15 
12.:m 
12.4.3 

l.UO 
J.:lO 
2.00 
2. :30 
:rno 
:J.:30 
.J..00 
4.:io 
.ï .00 
;;,;30 

2 88 
:292.i 
:28:Ci 
2nu 
:2ï00 
2ï~.) 

:21i8'l 
:2ü:2.ï 
:2.->ï .) 
:2.ï:'l8 
:2.ï.ïf) 
2:1u2 
:2.ïli:2 

üï.fl 
ü!I. :l 
81..) 
s 1.:; 
s:u 
84.0 
8:! . . ) 
\111.0 
n 1.:; 
fll..ï 
!JI. ï 
!J:2.11 
!J:Lï 

Hl3.4 
202.8 
2:30.0 
2:lï.O 
22».0 
2:28.6 
:22 1 .. ï 
2:lli.IJ 
:.!:lli.11 
2:i2.11 
:2:l4.0 
2:3.ï .. 3 
:.!:l!l.1 1 

J.31. 0 ll.ï82 
l.'\.J.ï Il. ï(i3 
].)!) .. ) 0.694 
1:;s.:l 11.Hli!l 
J.ïï. (\ O.füJS 
l.i4.:2 11.üï.3 
1.):~ . . ) o.ml:l 
l.ï:L) 0.(i.i2 
l.ïll.11 11.ü:l(i 
l.J~.(j 0.()41 
148.fj ll_{j;l(j 
14-:.11 11.li2'l 
1-17 .. ï 11,(j l 

12.6 

14.0 

13. ' 
Ja.2 
J;U 
l:l.2 

l.ength of ru rr, hou1·:.<. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . G 
}[ean kilo-volt a mpere . . . . . . . . . . . . . . . . . . . . . . . . . . 217. 3 
Total kilo-rnlt ampere hour ... .... . .. .... . .. ... .. 130-1 
}Iea n kil owatts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142. 
Total kilowatt honrs 57 
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J\{ean horse-power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195 
Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 1165 
Total horse-power years .... . . . ...... . ...... ........ 0 . 133 
Output of ingot ( obtained from :M:r. HarboTd) kgs . . . . . . 1030 
Horse-power years per ton of ingot. . . . . . . . . .. . . . . . . . . 0 .13 
Co t of electric energy per ton of ingot, at $10 per horse-

power year . . . ...... . .... ... ....... .... . .... $1 . 30 
The mean power factor for the run is . ...... ... .... . . 0. 672 
And for the 2-} hours of full loacl currcnt is . .. . . .... ... 0. 635 

Charge No. 547, February 8th. Readings were taken as follows :-

Volts. Ampercs. Amperes. Kilo. Watts. 
Revolutions 

Time of \Veston Hartmann & H artman n & Weston per 
R eading. Instrument. Braun lnsl. Braun lnst. Instrument. Minute 

No. 4154. No. 33521. No. 115346. No. 2598 of 
See Curve See Curve Alternator. 

R = 25: 1 Fig. 25. Fig. 26. R = 2. 4.: 1 

~~ô--~o.o - - -:o--1-- 2ï-:---:~---~-5 __ _ 

il.55 11:2.0 :20.0 31.0 .37.0 
6.0.5 1:32.5 19 . .3 :29.5 51.0 
0.15 110.5 21.2 :3:3.0 62.1 68 
6.30 l l9.0 2 1.0 :33.0 61.:3 
0.45 117.0 22.5 36.0 63.5 
7.00 112 .. 5 23.0 38.0 64.3 67 
7.30 l 18.0 26.0 41.5 63.5 66 

.OO l l5.0 2ï.O 44.5 65.0 
8.31J l !Z .. 5 :2ï.O 4:3.0 64.7 
9.110 l 14.0 :36.5 44.5 64.0 
9.30 11.3.0 28.5 4ï.0 63.5 67 

10.00 12:3.0 28.5 47.5 62.5 
10.3tJ l l 7.0 20.0 48.5 62.0 
11.00 IUS. O 29.0 48.5 61.5 
ll.30 107.5 30.0 48.0 61.0 tî7 
l2.00 1111.0 29.5 48.5 61.0 67 

Fe b. 9th, A.M. 
12.30 L03.0 30.0 49.0 6Ul G7 

This run began at 5.50 and continued until 12.30. 

Time of 
R eading 

P.M. 
5.50 
5.5.) 
6.05 
6. 15 
6.31l 
6.45 
7.00 

Volts. 

3()(10 
2800 
3312 
2762 
2975 
2925 
2812 

Oorrected Readin~s and Results. 

Amperes. 

53.0 
59.5 
J7.0 
63.0 
63.0 
68.7 
i l. 5 

Kilo. Volt- Kilo.-\Vat ts. Powe r Cycles per 
Amperes. Fac tor. Se cond. 

159.0 
166.5 
188.6 
lï4.0 
187.4 
200.7 
201.0 

128.3 
136. 7 
122.3 
149.0 
147.U 
l ii:2.4 
154.3 

0.805 
0.821 
0.650 
0.857 
0.785 
0.760 
0.769 

13.0 

13.6 

13.4 

/ 
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Time of 
Volts. Amperes. Kilo Volt- Kilo.-Watts. Power Cycles per 

Reading. Amperes. Factor. Second. 

-------------------------------
P.M. 

7.30 2950 7 .8 232.0 152.4 0.658 13.2 
8.00 28ï5 8:J.5 240.0 156.0 0.651 
8.30 2812 81.5 229.0 155.3 0.678 
9.1 0 285U 83.0 236.5 153.5 0.651 
9.30 2875 8.J 254.5 152.3 0.600 13.4 

10.00 3075 89.0 273.5 150.0 0.549 
10.30 2925 91.0 266.0 148.7 0.559 
Il.OO 2700 91.0 245.5 147. 5 o. 6()"2 
11.30 268 91.5 245.0 146.3 0.598 13.4 
12.00 2750 9 1. 5 251 .5 146.3 0.583 13.4 
12.30 2575 92,5 238.0 146.3 0.61.3 13.4 

1 
--·----- - -- -

Length of run, hours. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 % 
Mean kilo-volt-amperes . . . . . . . . . . . . . . . . . . . . . . . . . . 232 
Total kilo-volt-ampere hours . . . . . . . . . . . . . . . . . . . . . . . . 1546 
Mean kilowatts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 149 
T'Otal kilowatt hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 994 
Mean horse-power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203 
Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 1350 
Total horse-power years ... . . ..... . .. . .. ... . ....... 0 .154 
Output of ingot (obtained from Mr. Harbord) kgs. . ... . 955 
Horse-power years per ton of ingot. . . . . . . . . . . . . . . . . . 0 . 16 
·Ü-Ost of electric energy per ton of ingot, at $10 per horse-

power year ......... . . . . .... . . . .... ........ . $1 . 60 
The mean power factor for the run is . . . .... . . . ..... .. 0. 649 
And for three hours of full load current . ............. 0. 5 7 

-

Charge No. 549, Februar~h. Readings were taken as follows :-
--

Volis. Amperes. Kilo.-\Vatts. 

Time of H artmann & Hartmann & Hartmann & 
Reading Braun Braun Braun 

Instrument. [nstrument. Instrument. 

No. lUlli . No. 113409. No. 114866. 
----- ·--

A.M . 
9.20 3000 40.0 125 .0 

10 .15 2910 35.5 124 .0 
10 .30 2980 3i .O 132 . :i 
11.üO 2950 4.3 .5 140.0 
11.30 2970 45 .5 141.0 
12.00 2920 51.0 142 .0 
P . M. 

12 .30 2910 M.0 142 .:ï 
1.00 2880 .55.5 142 .0 
1.30 2880 .)Ï .0 142 .0 
2.00 2870 58.0 140 .0 
2 .30 2 80 ti0.5 140.0 
4. lJ 2880 GJ.0 13, .0 
4.30 2810 6.ï.5 138 .IJ 
5.00 2880 66 -. .) l:J8 .0 

This run began at 9.20 and continued until 5.00. 

Revolutions 
per 

Minute 
of 

Alternator. 

ïü 



Time of 
R eading. 

A . l\1 . 
9.20 

10.15 
10 .30 
11.00 
11.30 
12. 00 
P.M. 
12.30 

l.00 
1.30 
2.00 
2.30 
4. 15 
4.30 
5. 00 

Volts. 

2940 
2815 
29 13 
2870 
2900 
2830 

2815 
277:3 
2775 
2760 
2773 
2775 
2760 
2ï75 
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Corrected Readings and Results. 
- ----~ 

Am pe.res. 

57.0 
52.0 
54.0 
64.0 
64.0 
71.3 

75.5 
77 .0 
79 .0 
80.0 
83.0 
89.0 
89 .5 
91.0 

Kilo.-Volt 
Am peres. 

167.5 
146.5 
157 .2 
J83.6 
185.5 
202.0 

212.5 
213.7 
219 .2 
220.7 
230 .4-
247.0 
247.0 
252.5 

K ilo.-Wa.tts. 

141 .3 
140.0 
151.0 
160 .3 
161 .5 
162. 

163.5 
162.8 
162.8 
160.3 
l G0.3 
lii7.7 
157.7 
157.7 

Power 
Factor. 

0 .844-
0.956 
0.962 
0.874 
0.872 
0.'07 

0.770 
0.762 
0.743 
0.725 
0.695 
0.638 
0 .638 
0.625 

Cycles per 
S econd. 

14 

Length of runJ hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 % 
Mean kilo-v'Olt amperes . . . . . . . . . . . . . . . . . . . . . . . . . . 209. 1 
Total kilo-volt,ampere hours . . . . . . . . . . . . . . . . . . . . . . . 1600 
Mean kilowatts ...... ...... . . . .. ... . . .. ·. . . . . . . . . . 157 
Total küowatt hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1204 
Mean horse-power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 + 
Total hor e-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . . 164:0 
Total horse-power years .. . . .. . .... .. . .. -.... . . . . . . ... 0 . 187 
Output of ingot not obtained . . . ..... .. .. . ... . ..... . 
The mean power factor for the run is .. . . . . . . . . ... .. . 0 . 768 
And for the one hour of full load current is .. .... .... 0. G34: 

It should be note l that only the fir t of the three runs recorded re­
p1·0, ents the standard commercial pro luct of the furnace, the other tw,) 
bPieg more or les experimental, and, therefore, shonl d not be incluJe1l 
in obtaining cost of product. 

The electric input varie;; to some exten t,. hei ng lower a t tltc begi n­
uing of the rnn and increasing as the charge is adde<l to tlic full load 
about the middle. The varia tion is not grcat, and the rncan is gener :.dlY 
not le s than 90% of full Joad, but the cost of electric energy woulcl be 
increased in that proportion, where the co;;t pcr horse-power yca r is based 
on the maxirnum dernand. 

11:r. Kjellin calculatc- that the efüciency of the fumncc would be 
sli<rhtly improved by increasing t he elcctric input to 200 kilowatts, the 
output being at least 50 % g reatcr, .a nd the losses abo11t the sa111c. 

'Ihe principal <li;;ad\'antage elccfr ieally in this system Î:> thr ,·c1·y low 
power factor obtaine<l, r esulting from two cansc,;, na111ely, t he ,·rry high 
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self-induction of the secondary due to its wide separation from the prim­
ary by the furnace wall and ventilating space, and its low resistance. In 
the present case, with a periodicity of 13 to 14 cycles, the power factor 
is only slightly above 0.6 at full load and with increased capacity the ;:e­
sistance will be reduced, while the inductance remains about constant, 
giving 1a still lower power factor, or requiring a lower frequency. 

1\Ir. Kjellin has calculated that for a furnace of 15 tons capacity per 
charge it would be necessary to reduce the periodicity to about 4 cyeles 
per second to get a powel' factor of 0.6, or that for three such furnaces, 
surrounding the three legs of 1a three-phase transformer, and made com­
mon in the center, with a joint capacity of 45 tons, the same frequency 
would be required. 

This extremely low periodicity, combined with a low power factor, 
wi11 make the cost of generators much higher than for standard machines. 

The system has, on the other hand,, two important advantages. 
First, that it takes current directly at a voltage suitable for generation 
and transmission over moderate distances, the 3,000 volts here used being 

· capable of increase to 5,000 or 6,000 volts, where required, which shouid 
he ample for any case arising in this class of work; an<l, second, that no 
cables, connections, or electrodes, with their attendant cos~, lo s of power, 
an<l necessity of attention, are required in the secondary circuit, and for 
large furnaces, using currents from 10,000 to 30,000 amperes, this is an 
important item. 

THE H~ROULT PROCESS. 

Kortfors, Sweden. 

The plant in operation at E:ortfor wa s vi ited by the Commissi·.m 
on February 10th and llth. 

This furnace wa u ed for the manufacture of high gra<le steel, ~n­
tirely from old scrap. 

The fnrnace i-> constructed \\'ith an outer c.nsing of steel plate, lined 
with suitable refractory lllaterial. It is nrraugcrl with hm cnrho11 elec­
tro<les JHL',;ing Yertically through the roof and made acljn.stahle. The 
~ection of the roof bet"·een the electrodes is 1lla<le of lirnnz<'. in 1mler that 
no 111ag:nl'tic: circuit ma,v surrouncl them. 

The col<l scrap iron or. tee} is c:harged into the furnace, aud the elec­
trodes lowerc<l suffieienth to estabfüh electric circuit. the cnrrent pass­
inl! bet"·een them thron;h the charge. In the early part of the he:it, 
""hile the iron is still in the sol id state, the electrodes are generally in 
eontact with parts of it, and the cnergy is 'larg-ely absorbe<l by the 
nu111crons high re1tistance contacts and small arcs between the pieccs iH 
the passage of the current through the charge. During this tage the 
rcsistance of the hearth varies greatly with Yiolent :fluctuations of the cur-
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rent, due to the continua! change in contacts and disruption of circuits, 
as the pieces successively liquify and settle d-0wn under the influence of 
the heat generated. As the iron cornes to the liquid state around the 
electrode , a more stable condition is reached, and an arc is establi.shed 
between each of them, rand the molten iron and the two arcs abs-0rb the 
greater part of the energy. 

The alternating current for operation is supplied by a separate 
power company from their generating station located some di.stance away, 
and stepped down at the furnace to the voltage required. 

An aufomatic regulator oontrols separately the position of each elec­
trode and is designed to maintain the voltage constant between it and the 
bath. This regulation is e:ffected by means of a small motor placed at 
the back of the furnace, and geared to the mechanism supporting the 
electrode, o as to raise or lower it as require<l,, depending on the direction 
of Totation. The operati·on of the motor is in turn controlled by an elec­
triool mechanism actuated by variations of the voltage below or above 
predetermined limits. In the early paTt of the heat, when the cuuent 
fluctuates violently, or when tilting the furnace to scripe off the slag, and 
the arc is likely to be hort-circuited, the regulating mechanism may be 
switched out of circuit and the motors controlled by hancl to obtain quicker 
opeuation. 

The following readings of the electric input were taken on the regu­
lar switchboard instruments. The amperes were read on two ammeters 
connected in parallel. 

AMPERES. 

T Ki lo-volt 
!ME. V 

Feb. lllh. oils. 

1 1 

Am peres. 
~leler No. l Mete r No. 2 Total (Cal ibrated.) 

- - ---- - ------- - -----------
r\.M. 

Ï.IKI l 118 1 1800 1 2000 :~800 4'18 
7. l•l 115 1700 18fl() :{500 402 
7.20 120 1800 l!lOo1 :lïOfl H:1 
ï.311 118 

1 

181Jll HJOtJ 3i011 43H 
7 AO 121 1150 J 8;ï· ' aH110 4;n 
7.50 127 lillO 1800 :~.300 444 
8. 110 127 J 8.31 J 1 !).11 l ;{8t ltl 482 
s.ao 128 

1 

20311 21.;o 4:wo .'i:r; 
8.50 128 20.;o 2150 4200 :3 :~ï 

11.30 128 :2000 21011 4.100 ;;2;5 

Mean volts, about . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Mean amperes, about . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4000 

fean kilo-volt-.amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
The operator at the generattng tation stated that the power supplied 

for the furnace was 450 kilowatts. 
During the period of observation, the current varied from about 

2, OO to 5,500 amperes, and sometimes from one of these extremes to the 
other in a few seconds. 
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Facilities were not available for making a full investigation of ~his 
plant, and the above figures are only to be 1accepted as approximate., but 
they will give an idea of the electric input reqnired by the furnace, and 
of the conditions of its operation. A more complete investigation was 
made of the sin1ilar furnace a t La Puaz, France, which follows. 

La P raz, France. 

The La Praz plant was investigated by the Commis ion :March 5tb 
and 6th. 

The furnace here is sirnilar to the one at Kortfors, except that it i 
a little smaller and does not ha\·e all of the improvements embodied in 
the latter. The description of the Kortfors furnace, already given, will 
apply equally well to thi.s one and will not be repeated. 

Alternating current is used and is generated directly on the alter­
nator at 110 volts. The alternator has 16 poles, and operates at 250 re­
volutions per minute, giving a periodicity of 33 cycles. It is a revolving 
field machine, with horizontal shaft, and i;; direct connectecl to it water 
wheel. 

The water wheel is operated with partial gate opening iat the begin­
ning of the charge to lirnit t•he output of the alternator during the period 
when the current fluctuates violently. but whcn conditions become more 
stable, it is givi:in full gate opening, and the alternator operatés at fnll 
load through the remainder of the run. When the furnace is tilted Lo 
scrape off the slag, the current is taken off, and again appliecl -as soon as 
this opera tion i;; completed. 

The electrical readings were taken on the regnlar switchboard volt­
meter and kilowatt-metPr, for which no calibration could be obtained. 
Thcre \\•as no arnmeter in circuit, hence, no detern1ination of the current 
input or of the pO\\·er factor could be made. 

The following readings were taken :-

Charge X o. 65 :March 5th. To obtain dead soft steel:-

Ti me. Volts. Kilo.-watts. 

P. i\J. 
ï .-l.i 110 200 
ï.MJ 1 ].j 2:20 
!l .00 350 
9 . 311 J]I) 330 

10.1)11 108 :mo 
10 . :m Jllï :1ü0 
11.1 ·0 !OH :3ü0 
11 . 30 IO.> 3.;o 
12 .00 103 361) 
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Beginning of run partial gate opening, p.m ............ 7 .45 
Full gate opening, p.m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9. OO 
End of run, a.m ................................... 12 .15 
Length of run, total hours. . . . . . . . . . . . . . . . . . . . . . . . . . 4;/i 
Mean voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 
~Iean kilowatts, partial gate opening. . . . . . . . . . . . . . . . 210 
Mean kilowatts, full gate opening ...... . ............ 353 
Total kilowatt hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1410 
Mean horse power, full gate opening. . . . . . . . . . . . . . . . 4 0 
Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 1920 
Total horse-power years ........................... 0. 219 
Output of ingot ( obtained from Mr. Harbord) kgs . . . . . . 1283 
Horse-power yem:s per ton of ingot. . . . . . . . . . . . . . . . . . 0 . 17 
Oost of electric energy per ton of ingou, at $10 per horse-

power year ... ............................ .. $1. 70 

Charge o. 660, March 6th. For tool steel, standard product :-

Ti me. Volts. l Kilo.-watts. 

A.M. 
l l.4!) 120 220 
12 .00 120 200 
P. M. 
12.15 11 6 225 
2.45 110 340 
3.45 108 350 
4. lii lOï 340 
4.45 10; 340 
5. I G 105 :340 
5.45 llll 340 
6.15 110 330 
6.45 110 340 

Beginning of run, partial gate opening. a.m ........ . . . . 1l.40 
Full gate opening, p.m ............................ U. 45 
En<l of run, p.m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ï . 40 
Length of run total hours. . . . . . . . . . . . . . . . . . . . . . . . . . 8 
:Mean voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
:Mean kilowatts, partial gate opening. .. ............. 215 
Mean kilowatts, full gate opening. . . . . . . . . . . . . . . . . . . 3±0 
Total kilowatt hours .......... .. .......... . ...... 2580 
:Mean horse-power, full gate opening. . . . . . . . . . . . . . . . 462 
Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 3.300 
Total horse-power years . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 4 
Output of ingot ( obtained frorn :Mr. I-Iarbord) kgs. . . . . . 2341 
Horse-powe1· years per ton of ingot. . . . . . . . . . . . . . . . . . . 0 . 17 
Oost of electric energy per ton of ingot, at $10 per horse-

power year ............................ .. . .. $1. 70 
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In the above figures of energy con umed, the short periods have 
been neglected, during "·hich the culTent wa taken off to remove the 
slag. 

Charge No. 660. For structural steel. 

hlr. Héroult stated that this charge was ready to ca.st for structural 
steel at 5 p.m., the remainder of the time being required to purify the 
metal for the higher grade product. This would give the following 
figures on the production of structural steel :-

Lcngth of run, total hours . . . . . . . . . . . . . . . . . . . . . . . . . . 5 31 
Mean kilowatt~ , partial gate opening . . . . . . . . . . . . . . . . . 215 
:Jiean kilowatts, full gate opening. . . . . . . . . . . . . . . . . . 342 
Total kilowatt hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 0 
Mean horse-power, full gate opening. . . . . . . . . . . . . . ±65 
Total horse-po\\"er hours . . . . . . . . . . . . . . . . . . . . . . . . . . 22 5 
Total horse-power years . ............ . ........ . .. . . 0. 261 
Output of ingot, kgs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2341 
Horse-power years per ton of ingot .............. . .... 0 . 111 
co~t of electric energy per ton of ingot, at $10 per horse-

po11·er year .... . .. . ............. . ........ .. . $1.11 

The outpu t of ingot is assnme<l to be the same as obtained as tool 
:;tecl, but \\·ould, in fact, be some\\"hat greater, as a percentage of the steel 
i::: lost in the rnrious slags taken off. 

The abo1·e figures are for the energy actually consumed during the 
nrn, but the furnace is operated "·ith partial load a part of the time, and 
,i]~o a certain amoun t of time is lost between runs, which has been esti­
Jllated roughly at 1 ~ honrs. These facts must be taken in to considera­
tion in gel ting the output of a gi veu fnmace, and also of the electric plant, 
except in ca;-.e current j ,., ,,upplie<l to a nnmber of fnrnaces through t rans­
for1J1e rs, in \\·hich ca,.;e the period:i of the different furnaces may oYerlap 
and the elect ric plant lie operated at prneticall.Y continuons fnll load, the 
transformers al one bcing subject to a Joss of ti me corresponding to that 
of the furnace. 

The Yiolent :fluctuations of the cnrrent and the liability to hort cir­
cuits make it desirable to li111it the possible current to a moderate over­
ioad by .su itable design of the alternator or of the transformer, in case 
one is used. 

THE K ELLER PROC E SS. 

This process wa · operated for the Conm1ission on ::\farch 28th. For 
de;:;cription, see pages 76 and 77. 

Iu starting operation, a small quantity of iron is introduce<l, and the 
enrrcnt passes throug-h it, rnaking circui t by contacts or arcs, as the caae 
may be, and imm ecl iately it has partially reached the liquid state, the 
necessary materials are added to form a slag on its surface. During this 
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period of formation, the current is subject to violent fluctuations, but 
when the slag is formed, the electrodes are placed in contact with it and 
the energy of the current is largely absorbed by its resistance and con-

. <litions become much more stable, the furnace operating purely on the 
resistance principle throughout the remainder of the run. 

1\..n alternating current is used, and is supplied at the voltage re­
quired dil'ect from the alternator, which, in this case, opiwated two fur­
naces connected in parallel. The alternator is of the horizontal shaft 
revolving field type, having 16 poles, and rotating at about 300 revolu­
tions per minute, givin,g a periodicity of 40 cycles per second. 

The regulation is effected by adjusting the electrodes vertically by 
hand, thus changing the resistance by varying the thickness of the layer 
of slag through which the current must pass. 

The electrical readings were taken on the regular switchboard in­
struments, for which no calibrations were obtained. The ammeter was 
connected to the circuit through a t:riansformer, having a ratio of 100 : J, 
and the amperes given in the table are 100 times the scale readin/]; of the 
meter. Two voltmeters were u ec~, each of which was connectecl to read 
the voltage between the bath and its respective electrode, and the readings 
given in the table are the sum of the indications on the two meters, and 
represent the volts on the furnace. There was no wattmeter in circuit, 
hence the watts could not be read, and no determination of the power 
factor was made. For purposes of calculation, it has bcen assurned as 
0.85, which would. appear to be reasonable for a furnace of this constrnc­
tion. 

Following are the readings obtained :-

V,H.TS. 

TIME A)IPERES TIME 
Ha1-tmann & 

Braun Hartmann & 
No. 130:28:2 Braun 

l\1an:h 28th an cl 
!'\o. ï0.):30 

!':o. ï36ï0 Ma rch :2 th 

A.il! . P.l\1. 
JO . OO 10 l .){)1) :2 .00 
10 . :30 ïO 28•!0 2 . :30 
1 L.00 ïl ;{1)00 :3 .00 
12 .00 ï:' :l00() :3 . :30 
P. :'IL 4 OO 
1 .OO ï:2 :3000 4.:m 
1.30 ;;3 ;,1,(){J 5.0U 

VOLTS 
__ AMP ERES 

1 Hartmann & - -
Bra un Hart1nann & 

No. 130282 Hmun 
and No. ;:füïl) 

No. 7(),3;3(j 

80 
7-2 
ïo 
Il 

7.) 
-;2 
~o 

:200() 
310•) 
31011 
:2800 
2!l00 
3000 
3001) 

Bcginning of run. a.rn . . ... ..... . . . . ... ...... .... ~ - . . 10 
End of run, p.m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . :'\. 30 
Length of run, hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 . /2 
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J'l.Iean volts 73.1 

:Mean ampercs ..... . ............................. 2 54 

J'l.fean kilo-volt-amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Total kilo-volt-ampere hours . . . . . . . . . . . . . . . . . . . . . . 1560 

Power factor (assumed) ... .. ..... .. .. ............ . O. 5 

Mean kilowatts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 177 

Total kilowatt hours . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1325 

:Mean hor e power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 240 

Total horse-power hours . . . . . . . . . . . . . . . . . . . . . . . . . . 1 OO 

Total horse-power years ...... . ...... .. ............ 0. 206 
Ontpnt of ingot (obtained fron1 M:r. Keller) kgs ........ 1650 

IIorse-po·wer years per ton of ingot ..... ... ..... . .... 0. 125 

Oost of electric energy per ton of ingot, at $10 per horse-
power year . .. ....... . ..... . .. . ..... . ....... $1 . 25 

S ummary of Results Obtained for Pig Iron. 

IN FRENCH UKITS 

------·-----------

Total Ki .owa,tt Honrs ... . . ... . 
Total horc e power Y ears .... ......... . 
Total output of pig iron in Kgs ... .. . . . 
Kilowatt Hours per ton of pig .. . . . .. . 
Hol'Se Power Y ears per ton of pig . . . .. . 
Cost of electric energy per ton of pig at· 

$10.00 per H.P. Year ........... . 

IN ENGLISH C:-111s 

Total Kil.,\rntL Hours ... .... ........ . 
Totn 1 H orse PmH·r Y ear;-; ............ . 
Totttl Uutp11t of !\~· Iron . llJs ......... . 
Ki!(J11'1ltt Ho111·s iwr ton of pig· . . . ...... ' 
H orHt' Po\\' t•r Y cars per ton of pig ..... . 
C'osl of 1•!t•ttric.: 1·11ergy per to11 of pig nt 

'.-'LO.OO PL' r H. P. Year ... . ...... . 

H éroult's 
Process 

:{:280 
0.51 

!)()f) 

;{:380 
0.525 

$5.25 

Héroult '-.. 
Proce ... o; 

-----

:l:280 
() . .')() 
:21 :w 
:H>80 
() . .+ï 

~-l. ï () 

KELLER PROCESS 

Fir't Run Sel'ond Run 

:j!HOO 10840 
5.23 l. ()9 
!)8(i8 6oH2 
!3.J.20 1():20 
0. :):1 0. :2.5 

$5 .30 ~2 . . 50 

KELLER PROt'ESS 

Fir'l Run Second Run 
-·- --- -

:{:3ï00 10840 
.j. 1.) l . (i(j 

:21700 J.J.ïOO 
:ll 10 l.+ï ;j 

o. -n.3 (). :2:21i 

!-;.J.. î:) ::;:2. :21i 
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Summary of Results Obtained for Steel. 
----- -- -

KJELLIN PROCESS H(.' ROL'LT'S PROCESS 

1 

1 

-· - Keller 
Charge Chargp 

hargc Charge 

1 

Charge I ;'\o. ü60 No. 660 \ Process 
'o. ,}!(i No. 547 No. 658 Tool $truc-

IN FRE:-ICH UNITS 

_______ ' _____ ---1---1---~~ _:~_I __ _ 
Total Kilowatt H ours ... . 1 857 . 99-:b .1 1410. 2580. 1680 .1 1325 
Total Horse Power Years. 0. 13;3 0 .154 0. 219 0. 40 0. 261 0. 20() 
Output or Ingot in Kilo-

gram. . . . . . . . . . . . . . . 1030 · / 
Kilowatt Hours per ton of 

Ingot .............. · 1 ' 32. 
Hors(} Po"•cr Y ears pe· 

ton of lngot. . . . . . . . . . 0. 13 
Co ' ! of clectric energy pc,-r 

ton of ingot at Sl0.00 

955. 1 1283 . 1 23-±1. 

1040 .1 1100. 1100. 

2341. 1650 

718. 1 804. 
1 
10 19" 
1 . - 0 

1 

pcr B. P. Y ear ..... . . 
1

::n . :30 

0 . 16 0 . 17 0 . 1 7 10 . 1 ll 

$1. 60 1~n. 10 $1. 10 $i.11 
1 1 1 

l::n.25 

PROCESS 

[---
Charge Charge 

KJELL!. H~ ROULT
0

S PROCESS 

Keller 

Charg<' CharK<· Charge No. 660 No. 660 Proœss 
No. 546 No 547 l\'o. 658 Tool Struc-

IN ENGLISl-t UNITS 

Steel rura l 

-------------- -· - - -· --- ---

Total Kilowatt 1 lours.. . . 857 
Total Horse Power Years. 0. 1:11 
Output of lngot in Lbs. . . 22GG 
Kilowatt Hours per ton of 

lngot ....... . .. . . .. . 757. 
Horse Poweï Y ean; pcr 

ton of lngot .......... 0 . 11 G 
Cm;t of electric energ'.)' per 

ton of Ingot at S.10.00 
per H. P. Year ........ :31. IU 

994 
0.] 52 

2100 

947. 

0.14.) 

$1 . ..J,.) 

1410 2580 
0.2Hi 0.395 

2820 5150 

1000 1000 

0. 15:: 0.15:1 

~l . 5:~ $1. 5:~ 

Re~ pcctfully rnbmi tted, 

1680 1:325 
0.257 0. 20:1 

5150 :1630 

05:3. 7:30. 

0 .10 0.112 

!:'1.00 81. 12 

1 

O. E . BROWN, 
Elec:trical Engineer of the Cominission. 
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METALLURGIST'S REPORT ON THE ELECTRIC 

SMELTING OF IRON AND STEEL 

IN EUROPE. 





Englefield Green, Surrey, J uly 27th, 1904. 

Sir,-

I herewith beg to enclose my report embodying the results of my in­

vestigations on the electric smelting of iron and steel in Europe. 

I remain, Sir, 

Yours faithfully, 

'(Sgd.) F.W. HARBORD. 

Dr. Haane1, 
Director of Commi sion on Electric Smelting, 

Ottawa. 
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KJELLIN PROCESS. 

The fi.rat process investigated by the Commission was the Kjellin 
prooe s at Gysinge, in Sweden. -

This process is e pecially adapted to the manufacture of high class• 
tool steel from pure pig and scrap and in its present form cannot compete 
with the Siemens or open hearth process for the manufacture of struc­
tural steel. 

The fornace employed is an induction fornace, in which the con­
tents in the hearth or crucible form the secondary circuit of a trans­
former the primary circuit being formed by a coil of thin insulated cop­
per wire, with a laminated core. When an alternating current is passed 
through the coil it excite a varying magnetic flux in the core, and Lhe 
inten ity of the current induced in the steel is then almost the 
same as the primary current multiplied by ,the turns of wire in i;he 
primary coil. The tension' of the current is naturally reduced in almost 
the same ratio as the intensity is increased. In this way it is pos­
sible to use an alternating current generator of high tension, and .v'::lt 
(without using the tran former, with copper cables of large sections and 
powers or electrodes) to obtain a current ,of low voltage and great inten­
sity in the furnace. In figures 1 and 2 is a plan and a transverse secti::m 
of the furnace through the tap hole. The furnace was basic lined. 
Ei ther dolomite or magnesite bricks can be used. 

We arrived at Gysinge on Sunday evening and the first experimen­
tal charge was made on :Montlay, Mr. Brown, the electrician accompany­
ing the Commission, having in the meantime connected the instruments 
for controlling the consumption of electric energy. 

First Experimental Charge N o. 546. 

It was arranged that the first charge made should be a high carbon 
steel containing about 1.0% of carbon. 

We commenced to charge at 11.45 a.m. and the following is the 
composition of the charge and analysis of materials used. The pig iron 
was the best Dannemora,, and the bar crap W alloon iron. 

NOTE. - All figures in this report relating to the consumption of electric energy were 
supplied by M .... Brown, the elcctrician accompanying the Commission. 



CoMPO~ITION OF CHARGE. 

Charge No. 5..;6. 

Pig iron (white) ...... . . 
Steel scrap ........... . 
Bar scrap . . .......... . 
Metal in furuace , estimated 
Silicon pig, 12% ....... . 
Ferro-manganese, 80% . . . 

Total charge ........ . 
Less metal in furnacc .. 
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COMPOSITION OF PIG IRON AND SCRAP EMPLOYED. 

Best Swedis!t Pig Iron. 1 Wal/0011 Bar b on. 

Kgs. 

300 Carbon ... . 
125 Silicon . . . . 
600 Sulphur .. . 
700 Phosphorus. 

30
1 

Manganese. 
li Coppe.r ... . 

-- Arsemc ... . 
1,756 

700 

% 1 4.400 Carbon ... . 
0.080 Silicon ... . . 
0.015 Sulphur ... . 
0.018 Phosphorus . 
1.000 Manganesc . 
0.015 Copper ... . 
0.035 Arsenic ... . 

% 
0.200 
0.030 
0.003 
0.009 
0.120 
0.008 
0.035 

Weight of charge ... ... 1,056 

, The steel scrap was from previous charges and contained about 1.0% 
of carbon. Only a part of rtlhe materials was charged at the commence­
ment, but as the charge melted, further additions of pig iron and scr;ip 
were made. The bar scrap iron was more or less rusty, and consequently 
had some oxydizing action upon the impurities in the pig iron; as the fur­
nace is never completely emptied, the slag from previous charges gradual­
ly accumulates, and is removed in small quantities, from time to tiine, 
from the top of the bath of metal. About 7 kgs. of slag, somewhat fer­
ruginous, were removed during the working of this charge. Assumin/]: 
that no oxidation had taken place during melting, the steel should have 
oontained about 1.40% of carbon, but owing to slight oxidation, the actual 
percentage was 1.082. 

When the entire charge was melted, the current was continued until 
the temperature of the bath had acquired the necessary temperature for 
tapping, and the steel was then tapped int-0 a ladle in the usual way and 
cast into ingot moulds. This charge was tapped at 5.45 p.m., the time 
taken for the working of the charge being 6 hours. The metal ran from 
the ladle quite freely and no skull was left behind. It was very quirt 
in the ingot moulds, and the weight of ingots was 1,030 kgs., or 2,271 
lbs. Approximately, 700 kgs. were left in the furnace, the furnace 
men having instructions always, as far as possible,, to leave the same 
quantity in the furnace. To arrive at an accurate yield, it would be 
necessary to take a series of charges extending over several weeks, as thf' 
amount of metal left in the furnace might vary slightly, but assnminp: 
that the same quantity of metal was left in as was estimated to be in Oil 

commencing to charge, we have 1,056 kgs. of material reguired to pro­
duce 1,030 kgs. of steel, equivalent to 2,053 lbs. of materials, to produce 
1 ton (2,000 lbs.) of steel ingots. 
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The ingots were 4 in., 5 in. and 7i in. square and one of the small 
ingots selected by me was forged down in my presence to 1± bar and 
tested for welding by the drift test with most satisfactory result . The 
remainder of this bar was stamped with my private stamp and forwarded 
to Cooper's Hill for mechanical testing and for forging into tools fo1· 
comparative tests with high-class crucible steels. The r esults of ail these 
tests will be found in Tables Nos. I and VI. 

The total amount of energy consumed during the working of t hi.$ 
charg wa 57 kilo-watt hotus, equal to 0.133 electric II.P. ycars, 01· 

0.130 H.P. ycars per 1,000 kgs. of steel produced, equivalent to .0.1 lG 
E .II.P. years per ton. 

Drillings were taken from three 5 in. ingots and one 7i in. ingot at 
top, centre and bottom, and reserved for analysis; the r esults are given OT1 

page 6 , under analytical r esults. 

SECOND EXPERIMENTAL CHARGE No. 547 . . 
As it was important to determine how far it was possible to mak~ 

steel of any required carbon content, I asked Mr. Kjellin to make next 
a medium carbon steel .of about 0.5% carbon. 

Composition of Charge. 

The following materials we1'e charged into the 700 kgs. 
maining in the f urnace. 

of steel re-

Pig iron ........................ ..... . . ...... . 
Bar scrap .... . .. ...... . .. .... . ... ... .. . ..... . 

teel scrap .. . ............... .. . ....... ...... . 
Ferro-manganese ( 0%) .. .. ......... .. ... .. . .. . . 
Silicon pig (12% silioon) .......... . .. . . .. ...... . 

100 kgs. 
25 " 

100 " 
1 " 

35 " 

W eight of charge ......... . . . . . ....... 1,061 " 
Steel in furnace (about). . . . . . . . . . . . . . . . . . . . . . . . . 700 " 

Total charge . ... . .... ........... .... . l,761 " 

We commenced to charge at 6 o'clock on Monday evening, and the 
charge behaved quite normally and was tapped at 12.2 rniclnight, about 
61 hotus from the time of charging. There was rather more slag formed 
owing to the lrarger quantity of bar scrap and about 10 kgs. of this were 
rc111m·cd during the working. \Vhen tapped the metal \\·as not quite so 
hot a it hould have been and it did not leave the la<lle a" completely as 
in the previous charge, a skull being left in the ladle weighing about 7D 
kgs. The metal wa fairly quiet in tb.e ingot moulds and the ingrJts 
were solid and free from pipes. The weight of ingots and scrap wa as 
follows:-
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Scrap 
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. . . . . ; ... . 
. . ........ . ... . . .. . . ....... .. .. ... . .. 

76 
79 

kgs . 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 955 '' 

Thus, 1,061 kgs. of pig, scrap, &c., were required to produce 955 
kgs. of steel ingots and scrap. This is equiV'alent to 2,222 lbs. :Jf 
materials for every ton of steel produced. This yield is Yery much less 
than on the previous charge, but possibly more metal was left in the fm­
nace, a very slight difference in this respect greatly affecting the result' . 

One ingot was forged down and four other selected and drilled at 
top, bottom and centre0 as in the previous charge. The forgecl bars from 
this charge gave excellent welding results, and the re ult of the mechani­
cal tests are given in table I. 

The total electric energy consumed during the working of this charge 
was 994 kilo-watt hours, equal to 0.152 E.II.P. years, or 0.1±5 E.H.l). 
:years per ton of steel. 

Third Experimental Charge No. 548. 

The la t cast of medium steel having been satisfactory, it was deci<lerl 
to make a cast of low carbon (0 .20%, or less) steel. 

Ir ith this object, the following charge, consisting entircly of bar 
iron, was charged into the furnace, no pig iron, except a littlc siliC'on pig 
a t the end of the operation, being adcle<l. ·w e commence<l to charge a t 
n..+o midnight :-

Bar iron ................................. . 900 kgs. 
~ilicon pig (adcle<l at end of operatinn) . .. ....... . 3.) 

Ferro-ma nganese . . . . . . . .. .................. . <) ~ " "" . ;) 

937 . 5 " 
In furnace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700. 0 " 

Total charge . ............ . .... .. . . .. 1637 . . ) " 

The charge meltecl down satisfactorily, but O\\-Îng to the ielectric 
po\\'er being limitecl,. it was founcl to be impossible to gct a good tapping 
heat on the rnctal, although it \YHS kept in the furnace until 9.5 a.rn., i. e., 
eio-ht hour:; and twentv-firn minutes. When it was tapped it was rather 
w1"lcl rose consiclerabh. in the i1wot moulcls, and skullecl baclh in the Jadle. 

' ._ b • 

Owing to the mrounclness of the ingots and the consiclerabJe amount of 
scrap;it "·as not pos ible to get any reliable figures as to yield and this 
hea t was cliscarded. 

Another a ttempt was rna<le with a similar charge, u:;ing- a litt le more 

J)io- iron the furnace beino· chargccl at 9.20 a.m. and tappecl at 4.45 p.m., 
~ ' e 

but the same difficulty wa exporienced in obtaining the necessar,v tem-
perature owing to the <leficiency in electric power. The amount of energy 
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eon:mme<l \\"as 120± kilowatt hour:;;, or 6 .4 ll.P . day'°" equal to 0.187 
11.P. year, and about 1,000 kgs. of rnetal were obtained, but owing to a 
con:;;i<lerable amount of scrap it was not possible to get l"eliable figures as 
to yield. 

11Ir. K jellin being till confident tha t he could make a low car bon 
charge successfnlly, the accumulation ·of slag in the furnacc from the pre­
n ons charges ""as re•11ovecl a much a possible and another charge made 
consisting largely of bar scrap. This was meltecl clown but the same diffi­
culty was experienced in obtaining a goocl tapping heat, and the large 
quantity of lag in th furnace also gave trouble. Finally the heat was 
tapped at 1.±0 a.m., after being cight and a half holUS in the furnace . 
The rnctal teeJJ.ecl w ll and was fairly quiet for deacl soft metal; but 
owing par tly to a light accident which delayecl the teeming, and 
partly to the metal not being very hot, after the first four ingots 
,,·crc ca t the nozzlc close<l up and it was impo ible to complete the 
tecming and the metal had to be •pourecl back into the furnace. The 
four ingot' which wero ca t wero fairly ouncl, although there was more 
piping than <lcsira ble. These were taken to the forge and clrillings 
tük 11 from top, centre and bottorn of each, as in previous charges. One­
ingot was forged clown to ll bar and te tecl for wclding and cold bencling 
and ga\'e excellent results; a po1-tion of thi bar was forwarded to Oooper's 
Ilill for rn chanical t ::: t.:;, and result arc given in table I. In each of 
the charg a littl aluminium was added in the ladlc before teeming. 
The difficultie experienced in rnaking the oft tee] wcre due more to t.he 
cspcc:ial conditions prerniling at Gysingc rather than to any defects in 
the proce it-elf, and had they had ample power to obtain the necessary 
hca't on the metal oon after it was mcltecl, therc wonld, in 111)~ opinion, 
ha \"C been no difficulty in maki ng the low car bon steel. Owing, how· 
e\·er, to the <leficiencics in ]lU\\'Cr, it was rnost diffi ul t to obtain the. ncces-
ary temperature for tappino·, in a rea onablc time, with the r es111t tlrnt 

the metal " ·as kept in the furnace for from 11 to 3 hom s longcl' than it 
,houlcl have been, expo-e l to the action of the oxidising ::>htg. ,\ nother 
clifficulty wa that the furna e, having been clcsignccl espccia1ly for the 
manufacture o-f high carbon stcels suitable for tool pnrpo,;rs, no slag ho1e 
for the withdrawal of the slag hacl bcei1 al'rangcd for, a it hacl been 
found that in making these high carbon stccls the s1nall amonnt of slag 
producecl c ulcl easily be remo,,ed throngh the charging cloo1·s. In mak­
ing the oft steel, ho\\-e\'er, far larger cpiantitie of slag are prodncccl, and 
it was not found po sible to rernove the slag from the top, witli the result 
that considera ble difficulty wa expcriencecl in prodncing deacl melted 
metal. Givcn a furnace lightly altered, so that the slag coulcl be ~e­
moYecl from time to time and arnvle electric power to proclnce the neces­
sar,v temperature rapicll:, therc is not the sligh te. t clonht that dead soft 
steel coulcl be satisfactorily produced. 

As regards the mechanical and working propertics of the steel pro­
duced, whether high or low carbon, there can be no question that the ste0l 
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is of the highest quality. The analysis of the three ingots, drilled from 
the top, the centre and the bottom, when compared with the average drill­
ings, will be seen to be almost identical, showing that there is practicall,Y 
no segregation, and the mechanical and welding properties of the steel 
are equal to the best. 

The results of the experiments at W oolwich Arsenal with tools 
forged from thi material are given in ~Ir. Donaldson's report, and it will 
be seen that, speaking generally, they are very sati factory. 

COST O F PRODUCT ION. 

The cost of production will necessarily vary with local conditions, 
such as the cost of labour, refractories, electric energy, and pig iron and 
s~rap; and it will be best to consider each of these heads separately. 

Labour.-There were five men and one boy employed on the 
furnace at Gysinge for each twelve-hour shift, a n<l as the output was on 
an average 3,000 kgs. per 24 hours, ten men and two boys were requireJ 
to produce 6,615 lbs. of &teel. The wages paid are much lower than 
would be paid in England or Canada, and a correction must consequem­
ly be made for this, according to the price of labour in the particul tr 
place, but the number of men employed will be the same. 

The actual wages paid at Gysinge are as follow:i :-
Kr. 

2 foremen, one on each ' hift, at 3.25 kronor per day of 12 hr:s .. . . ... G.30 
2 laJlemen, one on each shift, at 3.0 " " . ... . . G.00 
2 helper'"', one on each shift, at 2.60 " " ...... 3.20 
4 helpers, two on each shift, at 2.40 " " . .... . D.60 
2 boys, one on each shift, at 1.70 " " .... .. 3..!0 

Total for 3,000 kgs. of steel ingots ...... . ..... 30. ïO 

At 18 kro110r to the l: 1, this iH equal to :3:38. Grl. for :3,000 kgs. Con­
rnrted into dollar'8 and cents, and short tons of 2,000 lbs., we get $2.40 as 
the labour charges per ton of ingots produceJ. 'Jhese will not in any way 
represent the Canadian or English wage'>, "·hich for the sa me nnm ber of 
men woulcl probably be between two anJ three times as much. 

Pig Ir~n and Scrap.-The actual cost of the;;e rnaterials will \'ary 
within very wide limits. In Sweden, at tbe bJa,.,t furnaee:<. the cost of 
pig iron of he:::t qnality will prohabl.v not exeeed $30 per ton of 2,000 
lb;;., and a lirnitecl amount of \Yalloon ;;erap,. suitalil<' for remelting but 
1111~uitable for export, can a],;o be ohtainccl at abont the ame figure. fn 
the ease of otllC'r conntric;0, ho,1·c\·er, Walloon bars nt.full market pril'i1:.: 
\\Onkl have to be bought and eut up for remelting and the market price 
of these would be very high. The priee of raw matcrials ma;· be takC'n 



65 

to be the same as would be paid for similar materials for the manufacture 
of the best quality of high carbon crucible steel, at the particular place 
of manufacture. This proces offer no advantage over the crucible pro­
cess as regards the cost of material , a only the highest quality of scrap 
can be used, the points in its favour being the reduccd cost of mclting and 
the larger output . The following may be taken as a typical or average 
charge to produce 1 ton of ingots :-

Best pig iron ...... ... . ....... . . ... . .. ... .. .. . . . 
Best W alloon bar scrap .... . .................. .. . . 
Best tool steel scrap ... ... ........ . . . .. . ... ... .. . 
Silicon pig iron (12% silicon) . .. . .... ....... . ...... . 
Ferro-manganese (80 % ) .............. .... ... .. .. . 

Lbs. 
600 

1,200 
18 

60 
2 

Total weight to produce 1 ton ... . .. .... . ... . ... 2,050 

Refractory Malerials and R epairs.-It was impo ible to determine 
the cost of repair during the short time we were at Gysinge, but Ml'. 
Kjellin very kindly gave me the figures from the works' books, extend­
ing over a period of 10 weeks, during which 309 tons of ingots were maile. 
These, including the cost of cutting out old lining, relining furnace, all 
refractories and labour charges, came to 60 cents per 1,000 kgs., equi -ra­
lent to 54 cents per ton (2.000 lb .) ·of ingots produced. The details 
were as follows :-

Kr. 
W age for cutting ·out old lining. . . . . . . . . . . . . . . . . . 50 
Refractory materials (magnesite) . . . ... . . ... ... . . 3 3 
W ages for relining . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
Daily repairs, over 10 weeks' work ............ . ... 12 . 25 

631. 25 
631.25 kr. equals 700s., or $168 for 309 tons. 

Electric Energy.-The cost of this will vary at every power station, 
but for the purposes of these calculations the cost i assumed at $10 per 
E.H.P . year. In the three charges in which the consumption of energy 
was determined by Mr. Brown it cost on this basis 1.30, 1.60 and 1.87 
dollars per 1,000 kg . of ingots, or an average of 1.56 dollars, equal to 
1.40 dollars per ton of ingots produced. 

Ir. Kjellin kindly gave me the figures fro:n their books showing 
the electric energy consumed in producing 309 tom; of ingots during 10 
weeks, or 70 working days. This wa 41.3 E.II.P. year , costing 1.48 
dollars per 1,000 kgs., or 1.34 dollar per ton. These figures practically 
confi.rm tho e obtained by hlr. Brown in the experimental charges. As 
would be expected, they are slightly lower, the teel made during this 
period being almost entirely hiO'h carbon steel; whercas, of the threo ex-
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perimental charges, one was medium and one low carbon, and owing r<> 
the longer tiime and the higher temperature necessary, a larger amount 
of energy was consuilled. I t is be t to assume the co t of materials will lJe 
the same per ton as for crucible steel of the same quality, that 2,050 lbs. 
will be œquired to produce 2,000 lbs. of ingot , that ten men and two boys. 
will be required to produce 6,615 lbs. of teel, and that repairs will not 
exceed $1.00 per ton of steel ingots produce<l. \Te rnay take the electric 
energy at $10 per E.II.P. year to be equal to $1.3± per ton of tee) pro­
duced. 

The coke used in crucible melting in Sheffield to-day probably varies 
from 2 to 31 tons per ton of steel procluced, and ernn in the large gas-fired 
furnaces employed in America and Germany probably 1 ton of slack, cost­
ing not les than lOs. per ton, i - neccssary. The labour charges, costs of 
pots, &c., will be con-iderably more than the labour charges and repairs 
with an electric furnace per ton of steel produced. 

Thus, we have the cost of rnaterials approximately the same and a 
considerablc sa;-ing in favour of the electric furnace, if we place the cost 
of electric energy arnl labour against the cost of fuel and labour in pot 
rnelting, evcn when the latter is canied on uncler the best possible condi­
tions. The following estimated cost of proclucing 1,000 kg . of ingot::> 
nt Gysinge was gfren by :.\Ir. Kjellin :-

:.\Iaterials . . . . . . . . . . . . . ..... .. ............. . . . $31. 66 
\\T ages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 . 6 6 
Renewals and repairs . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. GO 
Elcc:tric encrgy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 4 
I11gut mou lcls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 48 
Tll tcrc=-t and retlc111 ption . . . . . . . . . . . . . . . . . . . . . . . . . . 0. 60 

Total . . . . . . . . . . . . . . . . . . . . . . . . . ... $37 . 4 

Thi::i is equal to $3±.00 im· ton of 2,000 lbs. 

lt ,,·as i1npo~siblc to obt;lÏn any ah::iolntc figures as tu yickl from the 
threc experimental d1arge~, as the fornace not being c111ptiecl a few kgs . 
more or lcss woulcl make a Yery consiclerable <liffercnce, and "·ithout chec~­
ing a nu111ber of -charges O\'er a very considerablc pcriod rcliable rcsu1ts 
coulcl not be obtained. :.\Ir. Ejelli n kin<lly gave me from his book::: 
"·eights of rnaterials ehnrgcd and of ingots obtainecl, clurinO' twclve weeks 
<.:cmtinuous working, which showecl that 2,0:JO lbs. of rnaterials were re­
quired to rnake 1 ton of ingot . To giYe flny cstirnate a to the cost of 
lahom or mater:ials in Canada would only be misleading. 

So far no special alloy:; for the manufacture of high spee<l cutting 
tools baYC heen made at G_>singe, but there appears to be no r eason why 
this f'houlcl not be clone. The furnace is simply a large pot furnace anà 
has the aclclitional aclrnntage that there is not the slightest danger of the· 
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steel taking up ulphur during the proce::;s of melting, and by making 
suitable changes steel of any required composition can be made. 

So far a:; 'rn saw the process conducted at Gysinge it was from a 
metalluro·ical tanclpoint ' imilar to the old crucible process, any varia­
tion in the fini::ihe<l ::;Lccl being produced by altering the r elative propor­
tions of pig and ::;crap and little or no purification being e:ffected by 
oxide of iron. Before our \·isit experirnents hacl been made in working 
the furnace with pig, ore and crap, as in the orclinary open hearth or 
~ iemens' process. Pig iron and H niiug briquettes, coutaining 62% 
of metallic iron as ferric oxide (~\·2 0 3 ) were usecl in the experiments, 
and an output equal to about 59% of that when working colcl pi;z 
iron and scrap was obtained. }.fr. Kjellin estimates that with pig iron 
at $13.00 and ore at $3.00, with a 30-ton furnace of 1,000 E.II.P., he 
coulcl produce ingot' at $1 .OO per ton, taking his electric energy at , 1.J 
per electric H .P . year. 

In my opinion, the furnace \\'Oulcl require considerable moclificati 11::; 
before it could be conYenie11tly usecl for the manufacture of mild ' teel to 
compete with the Siernens furnace, a the difüculty of r emo,·iug the wbofo 
of the ' lag, while retainiug a small portion of the metal in the furnace, 
woukt I fear, be con i<lerable, and 1 anticipate that repairs could not be 
o rea<lily effected if the walls were badly eut by the slag, as in the ca:ie 

of an or<linary Siemens furnace. :.\Ir. Kjellin has, howe\·er , sho1Y11 f'O 

much ingenuity in surmounting the difficultie in connection with tlw 
manufacture of high carbon steel, that, given the opportnnity to experi­
ment with a furnace on a rea onable scale, it is quite possible that be may 
be able to overcome these difficultie an l make the manufacture of mil<l 
teel a commercial uccess. The process, as at present worked, is admir­

ably atlapted for the highest clas of steel from pure rnateriah: and the 
only objc tion toit is, that it is limited to these pure rnaterials and can 
only .be u' ed where they are obtainable. I do not think in its pre:::ent 
stage of developn1ent it i ' adapted to treat ordinary pig iron an<l miscel­
laneous scrap of more or less irregular compo ition U::i the eomplete 
clirnination of any impurities pre. ent could 11ot al ways ho rclicd npo;1. 
1Inder the pecial condition existing at Gysinge and in some other places, 
it is capable of cloing mo. t excellent work a11d is a 111o:;;t efficient aml 
economical 111etalluqrical appliancc. There scerns no rcHson why the size 
of the furnace ::;hould not he rnry considerahl_v increased, whatever diffi­
<:nlties tlwre ma.\· hc hcing cl0rt1·ical. ra thcr than mctallnrgical anrl "·i1·l1 
furnaces of ::> to 10 tons capacity the labour costs would he vcry gTeatl.v 
recluced. FÎ\'e men and one hoy conlcl do all the nece. sary work if thP,\' 
had a littlc assi;;tancc -in chargino'. on a fivc ton or e\·en a tc>n-ton f11rnacr 
\\·ithout hcing in any way overworkc<l, and this would at once redncc> the 
cost of labour h:' nearly fü·e to ten timcs, accorcling to the size aclopterl, '40 

that with a fair-si/\ccl furnace the co;;t of lnhonr in Canacla. noh\'ithstan1l · 
ing the rnuch higher rates paid, rnighti hc actnally Jess than at Oysingr. 
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The following are the analytical results obtained. 

-

Carbon . ... 
Silicon .... . 
Sulphur ... . 
PhosphoruR . 
MauganeRe . 

CHARGE 546. 

Average Sample. Drillings taken from 4 Ingots. 

Carbon . . . . . . . . . . . ............ 1.0 2 
Silicon . . . . . . . . . . . . . . . . . . . . . . 0.194 
Sulphur . . . . . . . . . . . . . . . . . . . . . . 0.00 
Phosphorus . . . . . . . . . . . . . . . . . . . 0.010 
J\Ianganese . . . . . . . . . . . . . . . . . . . . 0.240 
Arsenic . . . . . . . . . . . . . . . . . . . . . . 0.012 
Oopper . . . . . . . . . . . . . . . . . . . . . . . 0.031 
Aluminium . . . . . . . . . ........... Trace. 

ÜRJLLINGS FRO)l TOP, BoTTO~l AN Dll ÜRILLIN C.S FROM THREE SEPARATE 

CENTRE OF 7 y,,, lNG OT. 1 lN GOTS, Nos. 1' 2 AN!J 3. 
------ --- ---

l'\0 1 No. 2 
Top. Centre. Boll om. Top. Centre. 

-------- ----
1 1 

1 .08:3 1. 077 1 .050 1 .086 1.086 
0.194 0 . 205 0.1% 0.20fi 0.204 
0.008 0.010 . . . . . . 0.009 0 . 010 
0 .009 0 . 011 0 .011 0.010 0 .011 
0.242 0.260 0.250 0.250 0.246 

CHARGE 547. 

Average Sample. Drillings taken from 4 Ingots. 

Carbon . . . . . . . . . . . . . . . . . . . . . . . 0.417 
Silicon ........................ O.H5 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . 0.00 
Pho phorus . . . . . . . . . . . . . . . . . . . . 0.010 
J\Janganase . . . . . . . ............ 0.110 
Arsenic . . . . . . . . . . . . . . . . . . . . . . . 0.020 
Oopper . . . . . . . . . . . . . . . . . . . . . . . 0.032 
Aluminium . . . . . . . . . ........ .. . Trace. 

No. 3 
Bot tom. 

l. 070 
0.205 
...... 
0 . 009 
0.250 

---DRJLLJKGS FR0)1 TOP. BnTTtH• ANDI 
CENTH:E OF 7 12" l NGOT. 

ÜRILLINGS TAKEN FROM TllREF. 
SEPARATE fN GOTS. 

:'\o 1. ~·o. 2. N o. :l. 
T<>J'· Centre. Botlvm. T''I'· CentrP. Hl"'lll'n1. 

---- ------

Carl 1011 ...•. 1 () --! 1.5 () . .j.():? () . :~!l J () . .j.] ;) () . .j.(ll 0.4(18 

·"i lit(l! I. .... . (). 1 {j() (). J -1-K (). 1-J.7 () . l +:-; O. [ .)!l (). 1-1-8 
:-;u Ipllll r . .... (1. ()(!!) 0.010 0.010 () 00!1 

l'l1ospliorns. 0. 01 L 0.01:! 0.01:! 0.01() 1 (/ . (l HJ O.Oll 

:\J.\ll_!!Hl lt'S-. . 0.110 O.lO!i 0. LO ~ () . ] l:? () l lO U. lO! i 
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CHARGE 550 (Low Carbon). 

Average Sample. Drillings taken from 4 Ingots. 

Carbon . . . . . . . . . . . . . . . . . . . . . . . 0.098 
Silicon . . . . . . . . . . . . . . . . . . . . . . . 0.026 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . 0.012 
Phosphorus . . . . . . . . . . . ......... 0.012 
Manganese . . . . . . . . . . . . . . . . . . . . 0.144 
Arsenic . . . . . . . . . . . . . . . . . . . . . . . 0.022 
Oopper . . . . . . . . . . . . . . . . . . . . . . . 0.030 
Aluminium . . . . . . . . . ....... .. Trace. 

ÜRILL!NGS FROM TOP, C E NTRE AND ÜRILLINGS FRO)! THREÈ S EPA RAT E 

BOTTOM OF 7 )~" INGOT8. 1 lNGOTS. 

No. 1. ;\Io. ~. N o. 3. 
Top. Centre. Bottom. T op. Centre. Bot tom. 

Carbon . . . .. 0 . 102 0 .105 0.103 0.105 0 . 101 0 .099 
ilicon ... . .. 0 .028 0.029 0.030 0.032 0.030 0 .026 

Sulphur ...... 0.010 0 .009 0.010 0.011 
Phosphorus . 0.011 0 . 010 0.012 0.011 0.010 0.012 
Manganese .. 0.142 0.141 0 .140 0.138 0.134 0 .138 

ANALYSES OF GYSINGE ' STEEL 

Received from the Works. 

Carbon. Silicon. Phosphorus . Sulphur. Manganese. 

0.91 0.21 0.015 0 .011 0.77 
0.89 0.21 0 . 015 0.005 0 . 30 
0.80 0.27 0 . 015 0.007 0.48 
0.63 0 . :10 0.017 0.008 0 .44 
0 . 18 0 . 12 0 .017 0. 008 0 . 17 
0.07 0.012 0 . 013 0.009 O. OG 

HÉROULT PROCESS. 

The next 'proces investigated was the H «roulL, and we firt vi:iitod 
the work of the Hé<ou lt E lectric Steel Oo. at K ortfors, where the proce3s 
wa in commercial operation. \Ve were notable at the e wor1· to rnaka 
any experimental charges, as they cl icl not wish to interfere with the bnsi­
nes rou tine of the \\·orks, but \\"e sa\\" all the details of the opera tion, :tn!l 
the proper ties of the steel were demon:;t rn ted l,y va r i ou' wc•lding :uttl 
other work tests. 

The furnace is similar in general arrang<'tu<'nt to the tilting furnace 
füed for the Siernen or open hearth proe<'0~, exeept that the !!'H" ports at 
each end ar · replnced by charging door~. an<l the te1nptratun· j.; 1nain-
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taine<l by carbon electrodes which pa.:;:; through the roof. The funrnce 
was about ±-ton.:; capacity, basic lined, an<l the charge \\'il:l entirely mis­
.cellaneous teel scrap. The electro<les \Yere surroun<le<l by \rnter jaàe~s 
whcre they passe<l through the roof of the furnacc, and were rai;,e<l and 
lowere<l by automatic electric regulatur .:>. The electrode.:; <li<l not touch 
the ,,urface of the bath, but wcre kept just aborn the slag line. Ore anù 
lime were ad<le<l frorn tiu1e to Üule, an<l the slag r emoYe<l three time <lm­
ing the melting and a new ûag ruade by further additions of ore and lime, 
by which weans the iuqmrities in the scrap were almo:;t cntirely r crnovcd. 
The electrodes werc two me ter.; long. and ±00 mm . sciuar e in cro"~­
section, and weighed 500 kilogl'ammes. They lasted one week, and the 
olcl electrode ' werc gronnd np ancl mixecl with ;)Q percent of new material. 
The cost of each electro<lc "·as about üO kronor, or about $1G .OO . The a>er­
age makc was about ±0 tons per weck, dinrgcs taking about n hours each. 
The charge when tinishcd i.; not tappcd, but ponre<l into the lacl]e frmn a 
spout. .\.s ,,.e ,,·ere 1rnt üble to in,·c:;tigate the process in detail at the e 
1vorks, no sarnple:; werc takcn arnl anaJ,,·,-is and qu0stion of yicl<l were 
resen ed fo r inYe~t igation at La Prnz. 

L A P RAZ WORK S. 

\\re next ,-j"'itell the \rn rk:; at La Praz, wherc the proce~s is at wol'l~ 
1rncler the super\·i,ion of the patentce, :JI. Héroult. 

The fnrnaee \\·as almost id eutic:nl with that al K ortfo r:i, cxccpt that 
it \\"as some 11·hat srna ll cr, ami the clcctrocle,; \rcre not :nnToumlcll by ,,·uter 
jackets at the junc tion \rith the roof. 

The usual c:harge \ra ,,; about three tons, and cunsisteJ cntirely of mi' ­
.cellaneous scrap., with :mitablc additions of or e nuù lime. .\ - in the cn.;;e 
at Ch üwc it wn s anni!O'ed to makc steel of rnnin00- carbon content, and 

.. b' 0 .. 

the first charge \\'US a low ea rl>on :;tcel for transformcrs. .\. s only a small 
qnantity of steel \1·a.'l req uircll, an cxecptio1rnlly :-:111all chu1p:e ,,·,1-. 111<11lc. 
The charge " ·as as follo•1·s :-

Charge No. 658. 

:Jliscellaneous ::;crap .. .. .... ... . 3,30ï lba. 
Iron ore . . . . . . . . . . . . . . . . . . . . . . 330 " 
Lime . . . . . . . . . . . . . . . . . . . . . . . . 2-±6 ' ' 

The scrap was chargccl \\'ith so111e lime ancl then addition.:; uf ore ancl lime 
,,·e1·e mndc fro111 ti111c to t ime. 

\ \'heu th0 hnth of 111c·t;1] and .;];1g ,,·n~ c·o111pletcly 111l'lted . the· ~hg 
wiH punr0cl off, great c-;ll'e hcinp: take11 h> rc111m·c the slag 0ntircly; a ne\\· 
,..]a~ \\':1 then 111ade hy a1liling abnnt :;;-, Jh.:; of lime. 1.>.3 of sanil, :rn1l 
1.<.> Jh,.:;. of fluor "par. Thi" \\·11;; n10ltcd an1l kept in the fnrnaec fo l' i'ome 
ti!!!C' . \\'hl'11 i t ,rn~ ponrP1l off a~ c·omplc·t<'ly a::; pos~ihle, the la~t trac"'> 
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being raked off the 'Urface through the pouring <loor. .\ nother addition 
of lime and fluor spar, &c., in the ::;ame proportion as the Jast, was then 
made to form a finishing slag to remove the la t trace of impurity; about 
1.G lb . of ferro-manganese was added, and the harge was poured into 
the la<lle, a ]ittle aluminium being thrown in to the 1adle before the met;1 l 
was teemed into the ingot moulds. 

The furnace was ready charged at 7.45 p.m., and the current put on, 
and it was poured at 12.15; time, 4{ hours. The •ery short tiine taken 
for the operation wa due t-0 the smallne s of the charge and to the fact 
that no time was required for recarburizing the very low carbon steel . 
The steel when teemed ran from the ladJe freely, no appreciable scrap 
being lef t behind; it was ver y quiet in the ingot moulds, and the teel in­
got were exceptionally souncl for steel of this qua]ity. The yield was :-

Ingots .......................... 2,820 lbs. 
Scrap . . . . . . . . . . . . . . . . . . . . . . . . . . !) " 

Ingots and scrap .................. 2,82!) " 

This is equivalent to 2,33 lb . of scrap for every 2,000 lbs. of steel pro­
duced. All the weights were checked by myself. The analysi of the 
scrap and steel was as foUows :-

~CRAP CHARGED. 

Carbon ................ 0. llO 
Silicon ................. 0 .152 
Sulphm . ...... ....... .. 0. 055 
PhosphoruR. . . . . . . . . . . . . 0. 220 
Maugan se.. . . . . . . . . . . . . 0. 130 
Arsenic . . . . . . . . . . . . . . . . 0. 089 

STEEL PRODt.:CED. 

Carbon . . . . . . . . . . . . . . . . 0. 079 
Silico11 .. . .. .. ..... . .... 0. 034 
Sulphur .. .. ............ 0. 022 
Phosphorus ............. 0.009 
Mangaocsc. . . . . . . . . . . . . . 0. 230 
Arscuic. . . . . . . . . . . . . . . . 0. 096 
Copper . . . . . . . . . . . . . . . . Trace 

This was a speoial steel for transformers, and :M.. Héroult infonned me 
before it was made that it would not weld., a to obtain the special quali­
ties required for the electrical firms he purposely sacrificed the weld­
ing qualities. In other re pects the steel gave excellent results; it forir­
ed remarkably we]],, without a trace of recl shortnes::;, and gave very good 
cold bending tests. 

The electric energy consumed was 1-UO kilowatt hours. eciuivalent 
to 0.216 electric JI.P. year . equal to 0.153 II.P. years per ton of steol 
produced. 

Charge 660. 

This was a charge for a high carbon steel. 
The same scrap was usecl, and the charge was as follows :-

Miscellaneou steel scrap . ......... ... . 5,733 lbs. 
Ferro ilicon . . . . . . . . . . . . . . . . . . . . . . . . 19 " 
Iron ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430 " 
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346 " 
Ferro-manganese 3.3" 
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Oommenced to chaTge at 11.40 a.m., currrent put on at 11.50 but all the 
current not on till 12.45; tapped at 7.4 p.m.; tirne, 8 hours. 

The scrap and part of the lime were charged before the <;urrent was 
switched on, and the remainder of the ore and lime \vas added during the 
melting. After the charge was completely melted, the slag was poured 
off, great care being taken to remove it as in the previous charge, and a 
second slag was made by adding 88 lbs. of lime and 22 lbs. of sand and 22 
lbs. of fluor spar. This was melted and removed, and a :finishing slag 
formed by the addition of similar quantities of lime, sand and fluor spar. 
The chaTge was completely melted at 5.0 p.m., five hours and twenty 
minutes af ter charging, and if soft steel had been required, the furnace 
would have been ready to tap at this time. The bath, however, had to 
be re-carburized to the required point and this was doue by adding in the 
furnace "carburite," a mixture of pure iron and carbon, until the requir­
ed degree of carburization was obtained, 19 lbs. of 12 % ferro-silicon being 
also added at the same time. The charge was sampled in the usual way 
with a spoon ladle, and when the furnaceman was atisfied that the bath 
contained the required percentage of carbon, the metal was poured into 
the ladle, .a little aluminium added, and the steel teemed into the ingot 
moulds. The metal ran very freely, leaYing no skull in the ladle, was 
quiet in the molùds, and forged extremely well in the press; the welding 
tests were very satisfactory. The yield was 5,161 lbs., equivalent to 
2,000 lbs. of steel ingots for every 2,230 lbs of scrap und metal charge<l. 
The following is an analysis of the steel:-

Carbon . ......... . ..... ....... . 1.016 
Silicon ........................ 0.103 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . 0.020 
Phosphorus . . . . . . . . . . . . . . . . . . . . 0.009 
::Manganese . . . . . . . . . . . . . . . . . . . . 0.150 
Arsenic . . . . . . . . . . . .. . . . . . . . . . . 0.060 
Oopper . . . . . . . . . . . . . . . . . . . . . . Trace 
Aluminium . ..... .. ..... ... .. .. Trace 

The electric energy used during the working of the charge was 2,5 0 kilo­
watt hours, equivalent to 0.395 electric H.P. years, equal to 0.153 electric 
H.P. years per 2,000 lbs. of steel produced. 

Rad this charge been required for soft steel, it would have been 
ready to tap at 5 o'clock, when the consumption of electric energy wa.s 
1,680 kilowatt hours, equivalent to 0.257 E.H.P. years, equal to 0.100 K 
H.P. years per 2,000 lbs. of steel. 

It will be noted here that, starting entirely with nearly carbonlea5 
scrap iron, the fust product obtained is soft steel; to produce high car bon 
steel this has to be carburized by suitable additions. Oonsequently, the 
metal bas to be kept longer in the furnace to produce high carbon steel 
than low carbon steel, and the consumption of electric energy is greater 



73 

in the former than in the latter case. This is just the reverse of the 
method of working at Gysinge, where the time taken in producing soft 
steel is longer than for high carbon steel. The methods of working, how­
ever, in each case depend more upon the materials available than any othtir 
consideration, and there would be no difficulty in making high carbon 
steel without recatburizing, by melting down a suitable mixture of pig 
iron and scrap in the La Praz furnace; and on the other hand, pure scrap 
could be melted down in the Gysinge furnace and recarburizcd at the 
end of the operation, if desired. 

COST OF PRODUCTION. 

The consumption in electrodes, when working oontinuously, was 500 
kgs. per week, and 50 per cent of old material, costing two centimes per 
kg., was mixed with 50 per cent of new material, costing 10 centimes per 
kg., thus co tin~ about 30.00 francs for an output of 30 tons of steel. 

The average output per 24: hours was A tons; :figures furnished by 
M. Héroult from his book howed an output of 120 tons for 30 days oon­
secutive work, and he considers that he can make 150 ton in this time. 
The a ver age time for each charge wa ~ine hours, and there were 5 men 
employed on the furnace each shift, including the foreman. In these 
men are included the fadleman and pitmen. 

The repairs and renewals are somewhat heavy; burnt dol'Omite cost­
ing 3 frs. Ier ton of teel produced, magnesite 1.5 frs., and acid refr.ac­
tories, including roof, about 2.5 frs. per ton, making a total of $1.4:0 pcr 
ton for refractory materials. 

It is extremely diffi'cult to make a sta tement showing the cost _per 
ton, as this will necessarily depend upon the price of scra.p, labour, anJ 
refractories in the di trict; but as any scr.ap is sui table for this process, 
the price of the raw material is never likely to be very high and may il3 

a rule, be taken to be about the same price as pig iron delivered at th(} 
same place. In England, the price of common scrap will vary from 45s. 
to 60s. per ton, but can generally be bought at about 50s. 

The cost, as regards rnaterials and labour, will be I ractically the same 
as for ,a gas-:fired Sie111ens furnace of the ame size, making similar steel. 
Any difference in the cost will be due to the co t of clectric energy and 
electrodes,, as compared with the co t of fuel. R epairs will probably be 
highcr, but not ufficiently to affect the cost of production. In a smaU 
Siemens furnace of this capacity, the fuel consumed would vary from 
1,000 lbs. to 1, OO lbs. of good slack cofl.l, i.e., mall coal, per ton of steel 
produced. Such coal would probably cost $5.00 to $!5.50 per 2,000 lbs., 
in Canada, and as uming 1,200 lbs. to be nRcd per ton, this would be $3.00 
per ton of steel. The cost of electric energy, at $10 per E.H.P. year, would 
be $1.53, and electrodes are estimated to co t 20 cents, making a total of 
$1.73 againRt 8:3.00, so that t lH'n' is a hala,nce in frwor of 0lectric smelting, 
assumin~ the cost of materials and labour to be th0 , anH'. 

1 
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I think, however, it would be extremely diflicult to make steel of 
such high quality in a basic gas-:fired furnace, as with the greatest care the 
steel is always liable to absorb some sulphur from the gases, and this has a 
very serious influence on the working qualities of high-class tool steel. 
Thi:1 would especially be the case if the process were conducted <>n the 
same lines as to the removal and the renewal of the slag, to eliminate the 
last traces of pho phorus, and working with ordinary scrap, there seems 
no doubt that the quality of the steel produced in the electric furnace 
would be superior. 

So far as I am aware, there is no Siemens gas-:fired furnace working 
with miscellaneous scrap which is making tool steel of this quality, al­
though it may be possible to doit with specially selected materials. The 
real comparison, however, should not be made with the Siemens proce:;s, 
but with the crucible process, as it is with crucible steel that electric steel 
is competing, at all events at pre ent. The advantage in working costs 
with the electric furnace is so considerable, that under the same conditions 
as Lo labour, it should eventua11y supersede the crucible process, especial­
ly a;; there seems every reason to believe that the special all<>y steels n,;w 
being so largely introduced for high speed cutting tools cou1d be readily 
made in this furnace . 

How far this electric furnace can compcte with the ordinary Siem.ms 
process under the conditions prevailing in Canada is a much more difficult 
questi<>n to decide, as the cost of production largely depends upon the out­
put, and to get a large output with low labour charges means very large 
furnaces, as practically a 30 or 40 ton furnace requires hardly any more 
men than a 3 or ± ton fornace, provided mechanical appliances are ar­
ranged1 for charging. 

The Hh·oult furnace is extremely well designed, and 1 see no reason 
wl1y furnaces up to 10, or pos;,ibly 15 tons shnuJJ not give satisfactory re­
sults; but at present I should hesitate to reconirnend larger furnaces than 
this. I do 1wt think. therefore, that furnaces of this sizc conlù hnld thcir 
own <tgain~t ga~-tired furnaces of ±0 to 50 tons capacity, or against the 
still larger furnate:s of 100 to 200 tons workiug on the Talbot system, 
where lahonr chargc•s are reduced to a minimum. It must aloo be remem­
hercrl that in making structnral steel in large f]uantities. pig, ore and scrap 
would have to he u!:'ed, as it wo11JJ not be po ;;ible to get sufficient quan­
tities of scrap to supply a large plant. This wonld take a longer time to 
convcrt into steel than scrap charges, and the consumption of electric 
cnergy would be greater. On tlw other hand, the consumption of fuel 
in the large gas-fired furnace.s per ton of steel produced would be 1ess, not 
excee<ling "100 lb~. of Rmall coal. costing $2 .00. Taking onr electric energy 
as the same as wa ' found e:-qwrirncntall_v, viz .. 0.153 E.H.P. years per 
ton, and assuming it was thr ,.:a111r for a pig and ore charge in the larger 
furnacf' an<l th<' <"O~t of elc·c·trotlc>s the sarnc. wc sh011l<l ha,·r $1. 73 for efoc-
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tric energy and cost of electrodes against $2 for fuel, and the larger fur­
naces would still have considerable advantage in smaller labour charges 
per ton of steel produced. Notwithstanding the slight advantage showu 
in the above a sumptions in favour of electric energy, I am of the opinion 
that, although the Hél'oult furnace i admirably adapted under existiug 
conditions for the manufacture commercially of highest class tool steels, 
ordnance steels, high-class wire, and similar steel~, it cannot at present, 
under Oanadian conditions, compete with the ordinary Siemens process 
for the manufacture of structural and rail teel. 

The following analyses of drillings from di:fferent parts of ingots 
from each charge show that the steel is remarkably uniform in quality 
and that there is no appreciable liquation. 

LOW CARBON. 

Charge 658. Average Sample. 

Carbon . . . . . . . . . . . . . . . . . . . . . . 0.07!) 
Silicon . . . . . . . . . . . . . . . . . . . . . . . . 0.034 
Sulphur . . . . . . . . . . . . . . . . . . . . . 0.022 
Phosphorus . . . . . . . . . . . . . . . . . . . . 0.00!) 
Manganese .... ................ 0.230 
Arsenic . . . . . . . . . . . . . . . . . . . . . . . 0.096 
Copper . . . . . . . . . . . . . . . . . . . . . . . Trace 

\. LARGE lNGOT. 

Top. Centre. Botlom. 

SMALL lNGOT. 

Centre. 
--------------------------'---·---

Carbon .. ... . . ._ .......... 1 
ilicon ...... ....... . . .. . 

Manganese .... ..... .. . . . 
Sulphur .... ... ........ .. . 
Phosphorus .............. 

1 

0.084 
0 .036 
0.233 
0.019 
0.008 

0.069 
0.034 
0.230 
0.020 
0.008 

0 .068 
0.038 
0.~40 
0.022 
0.009 

0.070 
0.030 
0.230 
0.022 
0.008 

-----~--~~------'---

HIGH CARBON. 

Charge 660. Average Sample. 

Carbon 
Silicon ................. ...... . 
Sulphur ....... ' . ..... . .... . . . . . 
Phosphorus . . . . . . . . . . . .. .. . ... . 
Manganese ...... ......... . ... . 
Arsenic .. . ...... · ..... ... ... . . . 
Copper ....... ..... . .. ...... . . 
Aluminium ... . ............. .. . 

• 

1.016 
0.103 
0.020 
0.009 
0.150 
0.060 
Trace 
Trace 
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LARGE lNGOT. SMALL l NGOT. 

.. 

.. . 
Carbon ' . . 
Silicon ... 
Manganese 
Sulphur .. 
Phosphoru 

.. 

~: 1 

Top. 

1 .015 
0. 103 
0. 144 
0.021 
0.010 

Cent ri'. Bottom. Top. 

1.016 1. 022 1 .018 
0.101 0 .103 0 . 098 
0 .148 0.158 0. 151 
0 . 019 0.021 0.020 
0.009 0.010 O.Oll 

ANALYSES OF LA PRAZ STEELS 

Received from the Works. 

Charge c 
No. % 

193 .... . ......... 0.65 
1 194 .............. 0.85 

195 .............. 1.05 
1 196 ............. 0.90 

197 ........... . .. 0.90 
224 .............. 1.40 
225 ..... . . . ...... 0.80 
226 .... . . ..... .. 1.35 
227 ... . .......... 1.00 1 

285 .......... .... 0.70 
286 . ....... ..... . 0.65 
287 .. .. .......... 0.65 
288 ............ .. 0.55 

290..... . . . . . . . . . 0.65 
289 ............. ·1 0.60 

p 

% 

0.009 
0.009 
0.007 
trace 

0.009 
0.007 
0.011 
0.010 
0.017 
0.0 12 
0.009 
0.009 
0.010 
0.010 
0.011 

s 
% 

0.013 
0.018 
0.013 
0.013 
0.012 
0.013 
0.012 
0.017 
0.010 
0.013 
0.015 
0.012 
0.016 
0.018 
0.018 

1 

1 

1 
1 

1 

Centre . 

1.013 
0 .100 
0 .150 

.. .. 
0.011 

Si 
% 

0.14 
0.11 
0.12 
0.14 
0.1 2 
0.11 
0.11 
0.13 
0.14 
0.09 
0.07 
0.08 
0.09 
0.08 
0.08 

KELLER ELECTRIC STEEL FURNACE. 

1 

1 

1 

1 

1 

1 

Bot tom. 

1 .022 
0 .101 
0. 146 
0 . 019 
0.010 

Mn 
% 

0.24 
0.25 
0.25 
0.25 
0.25 
0.26 
0.27 
0.27 
0.27 
0.20 
0.17 
0. 17 
0.18 
0. 17 
0. 1 'T 

The primary object of our visit to the works of 1.Iessrs. K eller, LeletL-.;:. 
& Co., at Livet, was not to investigate electric steel manufacture, but the 
manufacture of pig iron in the electric furnace. \Ve were, however, abJa 
to see one charge of .steel made from stèel scrap and a small quantit,y of 
pig iron made in the electric furnace in previous experiments. 

Messrs. Keller, Leleux & Co. are not manufacturing steel commer­
cially at their works in Livet and the furnace usecl for the steel melting 
has not been designed specially for this purporn, as in the other works we 
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visited, but is a plant arranged for general metallurgical experirnents.l 
work, and is sometimes used for steel, and at other tiines for copper, 
nickel, and other smelting operations. It really consists of two furnaces 
at different levels, the materials being melted and partly re:fined in the 
upper furnace, and then tapped off to the :finishing furnace at a lowcr 
level. In the particular charge which we saw, the upper furnace was not 
used at all, as the charge consisted almost entirely of light scrap requiring 
little prelirninary re:fining., and consequently it was charged direct into 
the 1ower furnace and melted there. This furnace is basic lined, and in 
principle is identical with the furnaces we saw at lfortfors ,and La Praz, 
and varies only in details of construction. It is a tilting furnace, mount­
ed on trunions, but the steel, when :finished, is not poured off by the spout, 
but is tapped in the same way as ·an ordinary Siemens furnace. The tap­
ping hole, instead of being in the centre of one of the longer sides of the 
furnace, as is usual in ordinary Siemens f urnaces, is at one end, ,a shg 
spout being :fixed d the opposite end. The furnace can be rotated in 
either direction so that the slag can be poured off at one end and when 
tapping it can be tilted in the other direction to facilitate the removal of 
ail the metal. There are two electrodes passing through the roof exact]y 
as in the La Praz furnace, and these are suspended just below the slag: 
li.ne; lime and a little iron ore were charged and melted down with the 
scrap, and when melted the slag was poured off, and a new slag was made 
by further addition of lime. 

The charge consisted of :-

Light scrap ........................... . .. 1,500 kg. 
Electric smelted pig iron. . . . . . . . . . . . . . . . . . . 150 " 
Silico spiegel, 46% silicon, 15% manganese.. 15 " 
Silico spiegel, 10% silicon, 50% manganese. . 9 " 

1 G74 "= 3691 lbs. 

The analysis of the scrap charged, and the steel produced, was :-

Sera p. 

Carbon .... .... . ...... . 
Silicon . ....... . .... . 
S~phu~ ........... . 
Phosphorus ........ . . 
Manganese .. . .... . ... . 
Arsenic ............... . 

0 .142 
O.OG2 
0.072 
0.044 
0.500 
0.068 

Finished Steel. 

Carbon ....... .. .. . 
Silicon ............ . 
Sulphur .......... . 
Phosphorus ....... .. . 
l'llanganeRe ....... . 
Arsenic ........... . 
Aluminium ........ . . 

0.576 
0 . 287 
0 .055 
0.046 
0.540 
0.050 
trace 

The furnace was charged at 11.30 a.rn., and tapped six hours later, at 
5.30 p.m., the refining not being carricd so far as usual, as the Commission 
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were obliged to leave to catch the night train. It is customary to pour 
off the slag at least twice, but in this case it was only poured off once, so 
that the dephosphorization was not so complete as usual. It was not 
possible to forge an ingot down at the works, so that no welding or 'Other 
tests could be made, and it was not possible to get the exact weight of the 
ingots produce~ but the yield would be similar to that 'Obtained at La 
Praz. The experiment was really only to demonstrate the working of 
the process, and it would not be advisable to deduce any figures as to costs 
from it. The energy consumed during the six hours was 0.203 E.H.r. 
years. 

SUMMARY. 

The three processes of electric steel manufacture which the Com­
mission has had an opportunity of investigating are all capable of produc­
ing equally good steel and the selection of one or the other would depend 
upon local conditions. 

The Kjellin process is undoubteclly the nearest approach to the 
crucible process, and given a high-class pig iron and scrap has much to re­
comrnend it, a special point being tbat the operation is conducted in a 
closed crucible or hearth, and there is no possibility of impurity being in­
troduced by contact with electrodes. Its application, however, is lirnited, 
an<l although some purification can be effected during the melting, t he 
quality of the steel will largely depend upon the raw material being very 
pure, in the same way, although to a some-what smaller extent, than in 
the crucible process. To what extent the phosphorus,, &c., can be remov­
ed in this process our experirnents do not enable u to say, as all the 
charges we followed were made from purest rnaterial , but the furnaee 
is more suitable for replacing the crucible steel melting than for dealing 
with rniscellaneous scrap and pig iron similar to that used in a basic or 
acid Siemens furnace. 

On the other hand, furnaces of the resistance type, with electrodes, 
can treat phosphoric scrap and pig iron in the sarne way as a gas-fued Sie­
mens furnace . The neutral atmosphcre and the intense heat which it is 
po~,;ihle to ohtain enahle Yery ba ·ic slags to be usecl, an<l the mechanical 
arrangements nllow the ready remornl of the slag . o that a pure non-oxi­
dizing hg to remove the lnst traces of phosphorus can he ernmred at LÏ:J.e 
en<l of the operation. This nncloubtedly open>' a larger field for the 
re,;istance furnace. as in 111nny districts common scrap can be obtained at 
a mot1erate price, where rnatrrinls suitable for the induction furnace could 
onlv be ohtaincd at a pl'Oliibitive pricc. They are, a regards qualit.v, 
hotl1 able to rnake highest cla,.;s cnrhon stecls, bnt fro111 a practical point 
of YiC'\\', the resistance fnrnncc is more adaptable as regard its raw 
materinl, and has the adrn11tn.ge of being ver;' similar in general design 
to an onlinary Siemens furnace. so that so far as the metallnrgical opera-
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tions are concerned, repairs, &c., an ordinary steel smelter could in a very 
short time manage the furnace as easily as a gas-fired Siemens f urnace. 

In the present stage of development, neither type of furnace can be 
regarded as a competitor to either the Siemens or the Bessemer processes 
for the production of rail ·and structural steel, and can only compete sue­
cessfully in the production of high class crucible steel or s.teels for ord­
nance and •other special purposes made in the Siemens furnace. In cases 
where very large steel castings are required of crucible steel quality, 
everal electric furnaces0 working so that they could be tapped into a com­

mon receptacle, before pouring the. steel into the mould, hould give ex­
cellent results and be much more economical than the crucible process. 
Under faV'orable conditions, electric enei:gy might compete with gas as 
regards co t, but until it is po sible to use furnaces of from 30 to 40 tons 
capacity, the extra labour charges inseparable from small furnaces will 
prevent them from holding their own against the Siemens or Bessemer 
process. 

MECHANICAL AND MICROSCOPICAL TESTS. 

The tensile tests of both the Kjellin and Héroult steels are given in 
tables I and II, and as will be seen they are all very satisfactory and are 
what one would expect from high-class steel containing di:fferent perce.:J.t­
ages of carbon; the maximum str s increases with the carbon to abont 
0.9%, with a corresponding decrease in elongation and reduction of area. 
The steels 'Nere all heated to a temperature of 600°0 ., which is below the 
carbon change poin~ to remove any stresses due to cold working. It wiU 
be noted in the lower oorbon steels that the. elastic limit is exceptionally 
high, the ratio of elastic limit to maximum stress being 70% in No. 5 A, 

2% in No. 7, (65 ), and 70% in No. 9 (550). 

Automatic stress strain diagrams were taken for all steels, and these 
are reproduced, Figs. 27 and 28. The experimental charges which were 
worked in the presence of the Commission are given, and in addition a 
number of steels selected from the warehouse in each case. 

In the case of the Kjellin steels are appended also the results of a 
number of tests made by the Government laboratory •at Stockholm (s·3e 
tables ID, IV and V), which confirm the re. ults obtained at Cooper's Hill. 

Photomicrogmph of the steels from the special experimental chargœ 
are given, and also some photos of the high-class teel for comparison, 
( ee plates XIY-XXII). The structures ·were quite normal, except Lhat 
in the low carbon steels, the ferrite areas were exceptionally soft. They 
presentcd no special feature , and in fact could not be distinguished from 
crucible steel . It was not ·onsidered nece sary to give photographs shOù'­
ing the variou change induced by heat treatment, as these were identi­
cal with th ose occurring in ordinary steel. 

A photograph of some of the cold bending, wekling and drifting tests 
is also given to how what tests were made (see plate XXITI). 
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TABLE 1. 

MECHANICAL TESTS GYSINGE STEELS 

Limit of 

F.laslici Ly 

Tons 1 Lbs. per per 
Sq. in. Sq. in. 

Jllaximum 

Stl'C"8 

Tons 1 Lbs. 
pcr per 

Sq. in. Sq . in. 

29.::i 1 Gü081l ii6.93 12ï.'i23 

18 .5i 41600 :32 . 14 ï2000 
1 

16 . 23 363fi5 23 .41 52438 

:?fl. Sï üü9 l 8 4 ï . 9:{ 1078ü.J.. 

28.8() 64ïl4 47.lO IOi\ .)04 

33 .77 i5G44 63 .28141748 

34 .42 77100 G0 .42135il40 

Extcn::; ion on 
wholc lcnglb 

orn ins. 
and 150 mm. 

7. 

{ 7 . l } 
7.33 

{ 
22.0 } 
22.4 

{ 
2il .56'} 
23.80 

{ 
15 .53 l 
l5 .8ü J 

{
160:3} 
16 .4'1 

{ 
8 .8ü} 
8.811 

l 111 .53} 
10 . 33 

Yield Poin t 

Tons 1 Lbs. 
pt>r pe r 

Sq. in. Sq. in. 

6.8 51.8 31.0l 69462 

56.12 57.79 20 . 39 45674 

G7.8G G9.32 19 .48 43636 

39 .i;Q G2.3:3 32 .47 72ï32 

42 .08 61.35 31.18 69844 

19.49 54.23 35 . 17 78780 

21.56 56.98 36 .03 80708 

Distance 
or 

Fracture 
from 

nearoRt 
Gau"e 
Point 

o.o" 

1 . 75
11 

0 .75" 

2 . 7:3
11 

3.0
11 

0 .8
11 
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11 

Carbon 
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Fracture 
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TABLE Il. 

MECHANICAL TESTS HÉROULT STEELS 

d ;: Limit of Maximum "' i.JisLance 
i... ~ 

Extension on --<l" .!: o~ Yicld Point of 
Ela;;ticity Stress wholc lcngth 

_,_ ~,!(' Fracture o::s µ:j d " _, of 6 ins. o " " from 
~f 

_._ 

Tons 1 Lbs. Tons 1 LbA. a nd 150 mrn. oa:i 
Tons 1 Lbs. noarcst 

"!>< .s 0 pcr por per per % ".., ..,.., per pcr Giiuge 
Sq. in Sq. ln Sq. in . Sq. in. "g d d Sq. in. Sq. in . 

_c::_~ c:: Point 
--

25.33 .36738 50.52,112150 { 11 .06} 
li .26 21.04 50.15 25 .98 58196 1.6" 

{ 3U.83} 
1 

C) - " 18. 18 40724 22.10 49504 30.66 72.48 82.28 18.4.J. 41306 • . o 

2J.Oï 561.30 54 . 60112230.J. { 6.76} 8.60 =45. 92 25.!JS 58196 { otutge ) 
6 .80 
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{22.20} 2.5
11 
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1.016 
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TABLE III. 

Copy of Official Certificate of Results of Mechanical Tests made on Gysinge Steel at Royal 
Technical Institute for determination of Mechanical Tests, Stockholm. 

Sender - Gysinge Works, Gysinge. 
Description- IO pieces of turned steel. 
Date Received-23rd October, 1903. 

Elafitic Limit 
SecL iona.I i\lodulus 

No. Mark DiamoLor .A rca - 1- of 
m 2 Kg. Lb~. 1 ElusLi cily 

Ul ID 2 iQ · ll1 
n11n 01 

----
25364 199 20 . 15 

65 201 20. 18 
66 2Uï 20. lï 
671 212 :W . 13 
68 229 21l . l :3 
69 230 2u. 1:i 
70 232 20. 1:3 
71 233 2U.12 

ï21 
2M 211.M 

73 26U 1 20.00 

---

8.9 
9 .8 
9 .5 
8 .3 
.8.3 

31 
31 
31 
:n 
31 
:il 
31 
31 
31 
31 

8 3 
8.3 
7.9 
8.6 
4.2 

1 1 
43.!l 624110 
46 .9 66700 
4:L8 6231HI 
3(i. 1 51330 
:~6 . 1 51330 
39 .3 53888 
36 . l 1 5133111 
47 .2 47120 
40.8 58030 
:38.2 !'i43401 

Stockholm, 5th November, 1903. 

-

211900 
20750 
20(i611 
211750 
20ï5f) 
211900 
2119s:!IJ 
20520 
21030 
20760 

Extension Yiclcl l'oint 
a.t El:tRI ic 

LimiL 
% 

Kg. Lbs. 
por 

m 1n !? ,,_q . in. 
----

0.210 5G.4 811200 
0.22!i ôO.O 71120 
0 .212 50. 1 71252 
ll . 174 ;)3 . 1 755211 
0 . 174 44 .0 625!111 
0.188 4.3 .6 64848 
0 172 44.0 6259() 
0.230 511.3 71525 
0.194 45.5 64710 
0.184 56.7 80640 

Certificate No. 5535. 

UJLinrn.te Distance Percent-
Stl'CfiS 

Extension üonLrac- ·fr<;>m a.go of 
tion nearest Carbon 

Punch by 
Kg. Lbs. 200mm % Mark Combus-pcr % rn lH 2 Sq. in . % tion 

n1m 
------------ --------
96 .4 1372110 10 .5 18 .4 110 0.91 
79 .2 112620 7 . 3 34 .0 56 I.06 
72.4 103000 14 .3 27.3 91 1. 18 
8!l 7 127456 6 .4 .1 42 1.3 
70 .3 101 10110 7.0 50 .2 20 0.89 
68.6 975711 8.4 1 ... . .. 55 .0 101 0.95 
78 .9 112224 15. l . .. ... . 31.2 43 0.63 
89 .2 126880 9 .5 ...... 22.6 34 0 .80 
77.8 110656 6 3 ..... 46.0 67 0.91 
77 .2 109820 0.51 ...... 0.7 37 2.32 

ROYAL TECHNICAL INSTITUTE MECHANICAL TESTING LABORATORY. 

(Sd.) GUNNAR DILLNER. 

OO 
t-:l 



TABLE IV. 

Copy of Official Certificate of Results of Mechanical Tests made on Gysinge Steel at Royal 
Technical Institute for determination of Mechanical Tests, Stockholm. 

Sender- Gysinge Works. 
Description- 10 pieces of turned steel. 
Date Received- 23rd October, 1903. 

mastic Limit 

~o. :'lfark 1 Oiamotcr 
n1m 

-- --- ----

:2."i:3ïii 19!lG 20. 12 
i(i 21tlG :20. 11 
Il 20iG 20.11 
78 212G 20.1 1 
79 229G 20.12 
80 2:30G 20. 13 
81 232G 20.13 
82 :233G 19.89 
83 2:3+G 20.05 
74 260 20.09 

cclionnl 

Arca --
mm'.? Kg. Lbs 

1111nt sq. in. 

-/---

31ï.9 .J.4.0 62579 
317.ti +2 .. 5 60439 
:3Jï.!i ~2.J 60-139 
31 ï.ü +2.5 60439 
31i.9 33.0 46940 
318. :3 36.l 51337 
318.3 36.1 51337 
:310.ï :3:3.8 48076 
31.J.ï 44.3 62999 
317.0 

1 
41.0 .38309 

Annealed at about 750° C. Certificate No. 5536 

Ullimato 

1 

Di•tancu 1 Pcrcc;nt· Extension Yield Pniut 
Stress 

Extension from age or Modulus Con trac· at E lastic neare~t Carbon 
of Limit lion 1-'uneh by 

Elasticity 1 
Kg. Lbs. Kg. Lb~. 200 mm i\Inrk Comb us-% % 1 

111 rn2 sq. in . lll 111 :.? SQ. in. % ~-11_, _ , ~on - -'-- -------- --·- ··---- -

2(1 50 0.211 51.0 72533 96.3 136960 .7.1 ... ... l!l.l 44 0.9l 
20-240 0.210 51.5 73248 93.5 132832 9.2 ..... 14 . .3 88 1.0() 
21140 0.201 47.2 67128 72. 1 102552 lü.3 . .. .. 32.7 49 l.J 8 
21040 0.202 54.6 77657 92.l 131000 7.6 .. . ... 9.8 96 1.38 
20890 o.f58 43.3 61586 93.2 13256S 10.0 ...... 19. 9 109 0.89 
20400 0.177 47.l 66992 9 1.0 1294(10 10 . .3 ... .. 20.0 36 0.9ii 
20870 0.173 40.8 58039 76.0 HJ8000 15.0 , . . .... 40.7 .38 0.63 
20860 0. 162 48.3 6 696 94.9 134848 9.0 . ..... 20.8 57 o. 0 
20510 0.216 50. 7 72113 97.6 138880 10.6 , .. - ... 21.2 46 ll. 91 
20600 0.199 .... . . . ... 5.3.4 78800 0.0 . . . . 0.2 09 2.32 

(S 1.) GUNNAR DILLNER. 



TABLE V. 

Copy of Official Certificate of Results of Mechanical Tests made on Gysinge Steel at Royal 
Technical Institute for determination of Mechanical Tests, Stockholm. 

S ender-Gysinge Works, Gysinge. 
Description- 8 pieces of turned steel. 
Date Received- 22nd November, 1902. Certificate No. 4559 

No. 

{ 

) 

1 

76 
T 
î8 
i9 
80 

l\lllrk 

--

1. i0° 
" 

1.40 
" 

1.10/, .. 
1.000 ,, 

Scctiona l 

Diametcr Arca 
Ill Ill Il l m :! 

--- -

19.!18 :H:U 
)!) ,!)!) 313.8 
20.011 314.~ 
Hl.98 313.15 
1!1.99 313.8 
19.9!1 313.8 
IH.98 313.:'\ 
l!l.98 3 13.i) 

·-

Ela.st.ic LimiL E. xLens ion Yicld P oint 
l\1odulus al , Elas Lic 

·- - -of Li111il, 
Kg. Lhs. Elastic iLy 

tn 111 :! fiQ. in . % 
Lbs. 
q. ill. 

Kg. 
n1 rn ~ s 

- ---- -

60.6 86184 2ns:50 0.:2906 63.8 90ï40 
60.15 860201 20700 
54.1 76944 2 1ï70 

U.2!)23 62.!J 
11.2610 58.9 

89440 
85:200 

:)2.6 74816 2091 1) 0.2316 ,55,11 7 188 
46.:2 657JO 20850 0.2216 55.0 78188 
44.6 634110 20590 0.2166 54 2 711"96 
36. 7 52 192 211no 0.1770 47.0 66860 
36. 7 52 192 20730 0.1770 46.3 65856 

-
Ulti111aLc c ~s 

Stress 
}~xicn~ion :3 ~" Analysis == 

;;l r::.::; 
o-

!:l .t:.;! 

Kg. J,bs zoo llllll § 
,._ ...-; 
~-= c Si p s Mn 

ni m ~ sq. in. % 
Q ~§ 

QQ.; 

-- ------· --- --- -- - -·-

82.3 ll ï1160 3.2 ... . .. . . . 43 l.80 0.21 0.01710.017 0.47 
2.4 11716 1 5.9 .. . ... . . 75 

0.2510.01611.017 8:2.4 11 7160 7.3 . . . .. . . . 22 1.50 0.52 
79.6 1132411 7.7 ...... .. . 79 

tl.22 0.01410.018 87.15 124320 7.0 .. . . . . .. . 47 1.12 0.411 
87.5 12432 1 7.5 . . .. . .. 59 
90.3 128380 8.1 . . . . . . . .. 24 l.02 0.22 0 013 0.020 0.37 
90.6 128840 7.0 . . .. . . ... 96 

1 

(Sd.) GUNNAR DILLNER. 
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Results of Experiments Made at the Royal Arsenal, Woolwich, to 
Test the Capabilities of the Steels when Used for Turning. 

The tools were all forged the same shape, particular care being taken 
that the tool angles were the same in each ca e. 

For comparison tests were made with similar tools forged from the 
best crucible steel used at Woolwich, known as grade ·'A," and also with 
tools forged from hlushet's steel. The steel operated upon was untem­
pered gun steel, containing 0.3 % of car bon. Mr. H . F . Donaldson, the 
Chief Superintendent of the Ordnance Factories, \Voolwich, under who;e 
superintendence the trials were made, reports that the special steels sent 
were tried against ordinary Mushet steel, and also against Grade " A " 
of their ordinary tool steel contract, at a cutting speed of approÀ"Îmately 
14 feet per minute. The material was not so good as the Mushet steel, 
and at a cutting speed of 19 f eet per minute was useless, while the Mushet 
steel was worl{'.ing well within its capacity. As compared with graùe 
" A," the results show that, spealcing generally, there is little di:fference 
between this and most 'Of the steels experimented with. One peculiarity 
rroticed in using the special steel as 1against the Mushet steel was an ex­
ceptional tendency of the steel to build up a false edge frŒn the materi:Ü 
operated upon. This was more noticeable as the percentage of carbon 
decreased, and in one case, in which the carbon was 0.95 %, this resulted 
in the additional force required to remove the material pulling up the 
lathe. Under identical conditions, grade "A" showed no such tendeney 
to build up a fal e edge. Although the electrical steels and grade "A," 
in their general behaviour gave practioa11y the same results,, in some cas.~s, 
although the amount 'Of material removed per hour was the same, ihe 
former did not tand up to their work so well as grade "A," owing to the 
tendency to builcl up a false edge. If the column in table (Vill), markecl 
"Reasons why Trial stopped," be examined, it will be seen that the tools 
which show themselves equal in every respect to grade "A," contain 
over 1.00% of carbon, and the best results seem to be obtained with steals 
containing :from 1.100% to 1.300% of carbon. The cletailed results of 
the trials are given in the table, and with r egard to th ose under the eolumn 
headed "Time of Run," it must be taken that ·where the tools ran only a 
few minutes they were palpably d-one for, and were accordingly taken 
out. On the longer runs,, the length of run when the material removed 
per hour is approximately the same does not necessarily rnean that when 
the tool has run half the tune it was on1y capable of doing half the work 
of grade" A," but that the tool was not behaving so well as the latter, ..i.nd 
the run was stopped. In some cases, as will be seen from the table, the 
run was stopped for convenience, the te t being con iderecl to have de­
mon trated that the tool was behaving satisfactorily, and it was unneces­
sary to continue the run. 

The steels experimented with are good of their class, but it is im­
portant to point out, in view of the great irnprove111ents which have been 
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made in recent years in the production of high-'Speed teels, that this class 
of steel is being very largely replaced by the high-speed steels for turning 
tools. 

Steels forged into turning tools and tested at W oolwich Arsenal :-

TABLE VI. 

KJELLIN STEEL FROM GYSINGE. 
----- -----

Cutting i 1 

..._, 

1 T" f 1 

'"'C ~ 

;:l (\) ::: 
Tool No. > 0 }lateria.l :) 0 ...:::: Q - nne o 

1 

.:::: ~ 0 Spel'd Fecd 0 ~ ~ Worked ..,, or I Run 
;.... p. Feet per ...c; 

- oo d 
11\Iiunte. l -+'> 

0 Reference P.. c'J ..0 Upon :!.> 
1 ~-....., _, H .. , . i\lin. ~.;:: 

----__ , ___ --;-- -----·------·---
1 1 

71.5 *Gun steel 1 20 (1) 14 
1
0 . l 0.25 60 1.20 

(2) 19 ,o .1 0.25 H 
1.10 (1) ] 3. 5 0. l 0.25 10 62.5 1.10 

(2). Hl 0.1 0.25 2 
1.00 (1) 13.5 0.1 0.25 - 30 59.5 1.00 

" (2) 19 0.1 0.25 2 
0.90 (1) 14 0.1 0.25 10 51.0 0 .90 

(2) 19 10 .1 0.25 1. 5 
0.80 (1) 14 0.1 0.25 10 52 .5 0.80 

(2) 19 0.1 0.25 1. 5 
546 (1) 14 0.1 0.25 60 1 6~5 1.082 

(2) 19 0.1 0.25 2 
Mushet l f' Sq. 14 0 . 15 0.25 - 40 105.7 

19 0.1 0.2.s l - 60 1 82. 75 
Grade A (1) l!-3 0.1 0.25 - 45 62.7 1.385 

(2) 14 0.1 ,0.2.5 - 60 G9.5 
Grnde A l f' Sq. 19 

1

o. i 10.251- 3 ():l. 5 

1 

* 0.3 Carbon uute1nperec1. 
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Tool No. 

or 

Reference 
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TABLE VII. 
HÉROULT . STEELS FROM LA PRAZ. 

..., ro ,_ 
<l) ::l 

Cuttino· 
::l > 0 

ü Time of 0 ...c:; ,., s f-< :::-ipeed ..... 
F eed 0 Q, Cl) 

Feet per Run f-< i:i.. ,..d ..., 
~OO Minute i:i.. ..., ...0 

<l) Cl) ....... 

A Hrs. Min. ~ .s 

Material 
0 
0 

Worked ...0 .... 
~ 

Upon ü 

----- -----·----· ---
1 

400 H (1) u. Io 1 
0 .25 - 30 62 .5 *Gun steel 1.30 

400 H (1) 21 0 .1 0 .25 - 1 - " " 
400 H (1) 14 0.15 0.25 -- JO 84. 0 " " 
400 H (2) 14 0.15 0.25 1 - 45 82 .6 " " 
572 H 14 0 .15 0.25 1 - 17 77. 6 " 0 .95 
660 H (1) 13. 5 0.1 0.25 -- 10 51. 0 " 1.016 

" (2) 19 0 .1 0 .25 - 1. 5 - " " 
ushet I f' Sq. M 

G 

14 O.I5 0.25 - 40 I05. 7 " -

" 19 O.I 0.25 - 60 82. 7 5 " -

rade A (I ) 13 O.I 0 .25 - 45 62.7 ·' 1.385 
" (2) I4 0 . 1 0.25 - 60 69. 5 " " 

ade A I f' Sq. 19 O. I 0.25 - 3 62. 5 " " Gr 

* 0.3 Carbon uutempered. 

Tool No. 
or Refe rence 

1. 20 No. (1) 
I. 20 No. (2) 

l.IO o. (I ) 

l. IO No. (2) 

1.00 No. (1) 

1. OO No. (2) 

0 .90 No. (1) 

TABLE VIII. 

R ea son tria l S topped . R e marks . 

At the end of one hour's run .. ... . E False edge bui lt up. 
o e burned and rubbed away ... N .E. Cutting speed evident-

ly too bigh. 
Tendency to pu11 up lathe, .... . . N.E. Fa!fle edge causing 

ragged eut, 
No.e of tool rubbed away .... . . N.E. Cutt ing Rpeed evident-

ly too high. 
End of half hour's run . ..... . . . . N .E. Falsc edge bui lt up 

and trial stopped on 
t his account. 

Nose of tool rubbed aw:i y . . .... N.E. Cutting speed evident-
ly t oo high. 

'

Tool not sbwding well ... . . . .. N.E. False edge built up, 
might have run a 
little longer, t rial 

- stoppedfo1~Hhop con­
venicnce only. 
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TABLE VlII.-Oontinued. 

Rcason Trial Stopped. Remarks. 

0. 90 No. (2) N ose of tool rubbed away ...... N.E. Cutting spee<l evident-
. . J 1 ly too high. . 

0. 80 No. (1) Closmg time ................ N .E. False edge bmlt up. 
'l'oolmighthavegone 

1 

on some little time 
loog<'r" 

0. 80 No. (2) Nose of tool burned ..... . . . .. N.E Cutting peed evident-
ly too high. 

400 H No. (1) End of half hour's run .......... E. \Tool cutting well and 
Rpeed mised to next 
test. 

400HNo. (1) Nose of tool burned .......... N.E.False edge built up. 
'l'ool clone for, cut­
ting speed too high. 

400 H No. (1) Short trial only to see effect of in-Tools re-ground and 
creased speed ........ ...... E. cuttiog \\'ell, e11d of 

trial. 
400 H No. (2) Meal time ....... ,. ............ E. False edge built up 

1 and lathe overtaxed. 
~ullerl lathe up.

1 

••••••••••• • • r.E. jFalse edge bu_ilt up. 572 H 
546 H No. (1) 
546 H No. (2) 

End of one hour s run ...... ... .. E. False edge bmlt up. 
N ose of tool rubbed away ....... N.E. Cutting speed evident-

ly too high. 
660 H .J: o. (1) Overtaxing lathe ....... .. .... N.E. False edge built up. 
660 H Io. (2) Nose of tool rubbed away ....... N.E. Cutting speed evident-

111 • 1 ly.too high. 
Mushet 1 4 sq. Shop convemence... . . . . . . . . . . . . . Cuttmg edge good and 

c1ean. 
Mushet End of one hour's rnn ............ Cutting wcll, edge still 

good. 
Grade A No.(1) Shop convenience. .. . . . . . . . . . . . . : Cutting well when 

1 fitoppe<l. 
GradeANo.(2)End of one hour's run ............ Cutting well. 
Grade A ll"s'lh'ool clone for .... ... . .. ... . .. . . . . Edge wom away, cut-

i ting speecl evidently 
1 ~ too high. 

N°OTE- E mcans NJU"l Lo our Grade A. 
X.E. rneanc; 110/ eq uul to our Grade A. 

Analysis of Steel, Grade A. 

Mn S
. 

• 1 Cr Tgstn c 
1.385 0.250 0.148 

p 

0.017 
s 

0.009 
Cu 

O.Olfi 11 il nil 
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It is only r'lctim.ecl foi· the ubove 8f Pr'ls that they a1·e eqiial to the 
carlion cnicible steel1:1, and the compm·i.~on iuith Jlfu8hel's steel iuas made 

, to see if the y we1·e in uny irrr y supe1·ior tu the cœrbon steels. 

The spccial propertie of high-speed tool tecls are due to the steel 
beiug alloyccl wilh spc ·ial rnetals. aucl to a pa1'ticular heat treatwent, and 
fro!n a ntCtallurgical roint of YÎe"'i'' thcrc tihould ]1(' UO difficulty lll making 
these spccial teel in the electric furnace. 

DIRECT SM ELTING FROM THE ORE. 

The plant at Gy inge and La Praz was not in any wa.r adapted for 
direct smclting, the furnaces in both cases being either teel ·melting, or 
steel refining furnaces, and confincd exclu ·ively to this. It wns only at 
Livet that we aw direct smelting carried on continuou ly for some clays, 
on a scalc and nncler conditions which permitte<l one to form a general 
opinion as to the commercial pos ibilities of the proce . 

DIRECT SME LTING EXPE RIMENTS A T LA PRAZ. 

At La Praz, although 11. Héroult hacl no furnace spccially <lesignod 
for such a purpo'e, at consi<lerable inconvenience to him elf, he insisted 
on showing u what coulcl be donc in one of his small furnacen, oomrnouly 
used for the manufacture of ferro-chrome and similar alloys. Only ve1·y 
poor ore, containing 35.5 per cent of iron and a considerahle percentage 
of sulphur, was availabl8i, but this was smelted with suitahle flmœs, !'lnd 
about 967 kgs. of iron made in about 16 hours. Oonsiderable difficulty 
was experienced in controlling the grade of the iron, as a lump of reduccd 
irou having b orne attache<l to the clcctrode . greatly iuterfered with tho 
working of the furnace, and prevented the complete reduction of the ore, 
with the result that white •and mottlcd iron, with a ferruginou slag, were 
principally obtained during the greater part -of the run. It must clear1y 
be understood that this impromptu experiment has no bcaring on Lbe 
economic production of pig iron, and was imply arranged by :M. H(·roult 
to demonstrate to the Oommi ion how, even under most <lisadvautageons 
conditions, iron ore could be reduccd with the electric furnacc. 

The compo ition of the ore, which 1rn au odcl samplc which happen­
ed to be at the works,, apart from its iro11 content, was unkno\\'n; so th\tt 
it was impossible to calctùate the amount of fluxes noces ary to produce 
a ba ic slag; it was largely thi · which dclaycd and i ntcrfercd with the 
operation, as the charge had to be alterecl two or three times until a slag 
of approximately the right composition wns fl1Ti,·crl at by trial. 

The original charge was as follmYs :-

100 kgx of ore. 
an thnwi te . 

2 lime. 
3 fluor spar. 

During the wod~ing, 30 charge ' of ore, containing 1.062 kgR. of iron. 
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were made, and 13 taps of metal, together weighing 069 kgs., obtained. 
The composition of the slag variecl considerably, but an average showed 
that it contained 7.75 % of metiallic iron. The following is an analy;;is 
of the ore used, and of the slag and pig iron producecl :-

ÜRF. AS RECEIVED . 

Moisture . . . . . . 0.565 
Insol. Re~iclue .. 18.980 
Oxide of Iron- 50.100 
Alumina. not de-

termined. 
Oxide of Man-

ganese. . . . . . 1.490 
Lime :rnoo 
Magnesia 5.480 
Phospboric acid. 0.020 
Sulphur 0.189 
LosH on ignition 16.54~ 

Sili~i. 5.4ü 
Metallic Iron 35.50 

P1G IRON. 1 

Total carbon 1.840 Silic~i. 
SLAG. 

Combined carl>on 1.225 Fenous Ox.ide 
Graphitic carbon. 0.615 Alumina .. 
Silicou. 3.122 Oxide of Manga-
Sul phnr.. 0.274 1 uese. 
Phosplwrus 0.023 . LimB 
l\Ianganese 0.210 1 Magne;.,ia 

42.72 
9.96 

17.43 

3.70 
16.92 

9.00 

It wi11 be noticed that the pig iron is abnor,ually high, both in siliC•JD 
and sulphur; and this is largely accounted for by the acid nature of the 
,.,Jag, and by the high content of sulphur, and low content of mangane::;e 
in the ore. .A goocl iron ore will contain, as a rulc, not more than 0.02 t0 
0.04% of sulphur, but in this case the sulphur was nearly 0.100%, and 
about half of this hl:\s apparentl.r passcd into the pig iron. With such 5.ili­
ceou;; iron ore, one would have expecte<l tlrn t the sulphur v.·ould bave heen 
low, but the conditions were abnormal, both as regards the composition of 
the ore and the slag, with the result that we get the curious combiuation 
of a pig iron with a vcry small pcrcentage of carbon, high silicon, and bigh 
sulphur. 

The fracture of the pig iron was that of a very close-graine<l grt?y 
iron, and the surpri:sing part is tltat it con tains only ] .<: -± % of car bon., so 
tha t a::; regards chemical composition it approacbes nearer to that of a 
silicon steel than pig iron. Thi~ pig iron is quite abnormal, and may be 
regarcle<l as an acci<lental product, as when working under proper condi­
tim1s, no material in any ·way resemùling this was prodnced, as will be 
scen from the results at Livet. The low percentage of carbon in the pig 
iron and the large amount of iron in the slag also show tbat the reducing 
conditions were very irnperfoct, owing to insufficient anthracite beiï1g 
rnixed with the ore. 

DIRECT SMEL TING EXPERIMENTS AT LIVET. 

The works of ::\Ies~1·,;;. Keller, T,eleux & Co., at Livet, were the only 
ones Yisited by us which posses ctl an electr:ical installation especially ar­
ranp:rcl for direct srnclting, althonµ:h the gcnernl type of fnrnace was 
\'C·ry similar to that wc saw elsewhcrc used for the manufacture of ferr1)-



silicon or ferro-chrome. The furnaces at Livet are used sometimes for 
the direct reduction of iron ore, and sometimes for the production of ferro­
silicon or ferro-chrome, according to the requirements of the firm at the 
particular time. 

From the cliagrarumatic sketches (fig. 29) in sectional plan and eleva­
tions, it will be seen that two or more orclinary furnaces with vertical elec­
trodes are connected by a central well, and the current :fl.ows to and from 
each furnace through the vertical electrodes a and b. Preferably four 
hearths are connected, arranged so that the metal, as it is r educed, :fl.ows in­
to the central well, from which it can be tapped into pig beds or a ladle to 
suit the particular requiremen . If fom hearth (ecce) are used,, they ~an 
be divided into two groups, which are connected with each other in seri•3s, 
the two hearths forming each group being connected with each other in 
parallel. In such an arrangement the electric cturent will be broken 
during casting, when the well is emptied of its contents, and this would 
not only interfere with the working of the furnace, but also with the work­
ing of the electric generators. To avoid this, tihe soles of the furnaces 

,are made electrically conductive, and are connected with bars of cop­
per (e), which connect hearths of opposite polarity in the manner shown 
in fig 29. As the :fl.ow of the current through the fused material Je­
creases during casting, it :fl.ows through the soles of the hearth and con­
ductors (e), and increases in direct ratio with the fall of the current in 
the fused mass connecting the hearths; and finally, when the hearth is 
emptied, the en tire current :fl.ows through the oonductors ( e ). 

After casting the fused metal again collects in the crucible (cl), and 
remakes the broken circuit, so that the current again begins to ftow 
through the fused mass. These short connections prevent any irregularity 
or great variation in the distribution ·of the current, and for this arrange­
ment at least two ftunaces are necessary. In the event of the metal 
becoming chilled in the central well, it can be heated by a subsidiary 
electrode, (h),, to the required temperature for casting. The furnace in 
which the first experiment was conducted at Livet consisted of two 
hearths connected by a well. Before commencing, it was necessary to 
place in the current the r ecording wattmeter bronght from Paris by the 
Commission, and this necessitated considerable alterations, and the fur­
nace had to stand for 12 hours before the connections were re-rnade. This 
so chilled the central well that the rnetal set in the lower portion, and it 
was impossible to tap it, as the subsidiary electrode for heating it had :iot 
been installed. W e therefore tappecl the two furnace independently 
from a tap hole in each, just above the sole of the furnace. 

The method of working was as follows. The iron ore, flux and coke, 
broken so that all would pass throu"'h a 1.5 inch ring, were mixed on the 
floor, and then charged into the furnace in the annular space between the 
electrode and the walls of the furnace. !he heat generated by the clll'-
1·ent rapidly rai ed the temperature, and enabled the carbon mixed with 
the ore to reduce it to the metallic state, and as the temperature rose the 
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metal fused,, and collected on the sole of the furnace. It wa tapped om 
about every two hours. Rad the well of the furnace been available, ihe 
metal would have been allowed to collect in this until it was full, and con­
sequently the tappings would have been less frequent, the frequency, of 
course, varying with the capacity of the well. 

The charging of the furnace was done entirely by band, the materüls 
being discharged from an overhead staging through a shoot onto the Ùlr­

nace platform, and then charged into the furnace with a shovel. Two 
men* were able to keep the t\YO furnaces full, tlw materials being added 
continuously during the whole process, so that the furnace was always 
kept full to the platform level. The waste gases were allowed to escape 
and burn at the top of the furnace and no doubt a distinct economy would 
be e:ffected if the furnaces were made deeper than those at Livet, so th::tt 
a longer column of descending mate.rials would be able to absorb more 
e:ffectually the sensible heat of the gases. There was one experiment made 
in these furnace , lasting 55 consecutive hours, and a second lasting 43 
hotus, in two furnaces imilarly de~igned, but without the well. AU the 
materials were weighed in, and the weights checked by myself or some 
other member of the Commission, but the amount of material in the fm­
nace and on the furnac:e platform at the commencement anJ end of each 
experiment had to be estimated; this may have given rise to some slight 
errOJ', either for or against the proce s. To arrive at absolutel,Y accurate 
figures it would be necessary to run for several weeks, so a to distribute 
any such error over a larger output. The pig iron and slag produced 
"·ere weighed at the. end of each day's operation, and as the percentage 
of iron has been cletermined in the slag, we have a very good control when 
1.hic; is added to the weight of pig iron obtained. The pig iron was caat 
in horizontal cast iron moulds similar to those used for ferro-sil icon. The 
following are the analyses of the ore, coke, and fluxe used during the cx­
periment :-

Silicl'ons ri>sidue .............. ... . . . 
Peroxide of ·r.m Fe2 0 3 •• •• •••• • •• • • • • • 

Prntoxidc of irnn Fe O ......... . .. .. . . 
Alnrnilla . . .. . ..... . . .. ............ . 
Oxirll' of :\Jan~ancse Jln 0 .... .. ..... . 
Lime• ...... . ~ ........ · · · · · · · · · · · · · · 
Magnl'sia . . .. .. ....... . ... . ... . ... . 
Snlphuric Acid 803 ....•.••• ... .... . . 

Phmiphoric .A.ciel. . . . . . . . . . . ... . .. . . . 
Losc; 011 iguit1011 at rcù lwat .......... . 
:\loistnrt· ..... . .. . .. . ..... . ... . ....... . 

ÜRE ])RJEO 

AT :.!l:.!°F 

;1. 980 
77. 140 

Il j 1 
0.600 
4.600 
l.!iOO 
0.890 
0.057 
0.027 

11 . 100 

!)0.694 

l)RE As Usi;o 
IN TME 

EXPEI! 1 ~1 FNTS 

!i.582 
69.416 

ni l 
0.540 
4.140 
l.160 
0.801 
0. 0.51 
0.024 
D. 0fl0 

10.000 
!)9.704 

*I\l_\' recollectil'll i!) that only 011t"' man was t"mplo) ed to chr1rge the furru .. cf>.- E. H. 



Mètallic iron. . . . . . . ... 
Phosphorns. . . . . . . . . .. 
8ulphn1· .... . .. ...... . 
8ilica ....... . ....... . 

54.100 
0.012 
0.023 
3.000 
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- Iron ......... . . ..... . 
Phosphorus . . . . . . . . .. . 
Sulphur .... .. ... . ... . 
Silica .... .. ......... . 

48.690 
O.Oll 
0.020 
2.700 

Several determinations of the amount of moisture in the ore were made 
at the works, and these gave an average of 10%. The sample, when ex­
amined in London, gave 8.20%, but as a small quantity was taken out of 
each barrow load charged during the three days' working, and this had. 
to be kept in ·the works, it· would certainly lose some moisture before it 
was crushed up an~ placed in an air-tight box for transit:-

Co1rn LIME QUARTZ 

Ash ...... .. . . 7.600 Silica ....... . 0.625 Silica . . . . .... . 78.02 
Sulpbur ..... . 0.538 Lime ... .... . . 
Vol. Matter ... . 0.710 Almuina. and ox-
Fixed Carbon .. 91.152 ide of iron .. . 

Magllf:'sia .... . 
Phosphorus ... . 

98.100 Lime ...... .. .. ll.56 

0.453 
0.730 
0.007 

The points to which special attention was given during our investiga­
tion were:-

1. The output of pig iron for given consumption of electric energy. 

2. The yield of metal per ton of ore charged. 

3. The quantity of coke required as a reducing agent. 

4. The quality of pig iron obtained, with special reference to its suit­
ability-

(A.) For steel manufacture. (1) Besserner or Siemens' acid 
process. (2) Bessemer or Siemens' basic proces~. 

(B.) Pig sui table for foundry purpose ·. 

FIRST EXPERIMENT. 

19th1 aoth and 21st March . . 

\V e commenceù to charge at 4 o'cloek in the afternoon of the rn th 
of Marclt, and the first tap of moltcn metal was made at (i o'clock. :\fter­
wanl,; the furnace was tapped regularly at intervals of two hours. The 
Lota] nu1uber of Laps \\"a 28, and the experim nt was continued for 3;·) 

·unsecutive hours. 
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The following are the details ~o:f the materials charged :-

WeiO'ht of mixture in the furnace and on Weight of 
0 f f b each bar-tbe urnace plat orm same as 9 su - row Joad 

sequent charges. charged 
Kgs. 

March 19th .... Ore 
2946 X 500 

690 

Charge: 
Ore- 500 lst charge. . . . . . . . . . . . . 690 

2nd .......... . .. 1 690 
Coke- 100 3rd . . . . . . . . . . . . . 690 
'11. \ . 4th . . . . . . . . . . . . . 690 

Lime-=-- 60 5th " . . . . . . . . . . . . . 690 
6th . . . . . . . . . . . . . 690 

Quartz-- 30 7th . . . . . . . . . . . . . 690 
8th 690 
9th ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. ·. :: 1 690 

Ore= 9 x 500 .................. . . . 

Macch 
2

0th . lOth ch.,go ............. 1 690 

llth . . . . . . . . . . . . . 690 
12th . . . . . . . . . . . . . 690 
13th . . . . . . . . . . . . . 690 
14th . . . . . . . . . . . . . 690 
15th . . . . . . . . . . . . . 690 
16th . . . . . . . . . . . . . 690 

Ore- 500 l 7th . . . . . . . . . . . . . 630 
18th . . . . . . . . . . . . . 630 

Coke- 90 l 9th . . . . . . . . . . . . . 630 
20th . . . . . . . . . . . . . 6:30 

Lime- 30 2lst . . . . . . . . . . . . . 660 
22nd . . . . . . . . . . . . . 630 

Quartz- 10 23rd .... .. . ..... . 
1 

630 
24th . . . . . . . . . . . . . 6:30 

Ore=l5 x 500 . ............. ... . . . 
1 

March 20Lh. ,.. 1 

Ore- 500 2oth charge . .... ....... . 
26th .. .... .... . . . 

Coke- 90 27th . ...... ..... . 
28th ... ...... ... . 

Lime- 30 29th 
30th 

(:)20 
620 
620 
620 
6:20 
620 

Ore=6 X 500 ... ........... . ... . . . 

Wcight of l 
ore 

charged 

Kgs. 

2134 

4500 

7500 

3000 

Total 
wright of 

charge 

Kgs. 

2946 

6210 

9870 

3720 
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1 

\\.eight of \ \Yeighl of 

1 
each bar- ore 
row Joad 

h 1 

1 

charged. c arge(. 

Total 
weighl of 
charge. 

Kgs. 1 Kgs. Kgs. I 
---'----

Brought forward ..... 
March 2lst. 

3lst charge ........ . ... . 
32nd " ..... . ..... . . 
33r<l . . . . . . . . ... . 
34th " ..... . ...... . 
35th ............ . 
36th ........... . . 
37th .... . .... ... . 

Ore= 7 x 500 ..... . 

...... . 1 17134 

620 
620 
620 
620 
620 
620 
620 

3500 

20634 

Total weight of ore mix-

22746 

4340 

27086 

There remained at the end of._ the 
operation on the furnace top :- ture prepared .. .... 27,086 kg!'. 

Weight of mixture re­
maining unu..,ed at 3620 kgs. of the ore mix­

ture corresponding to : 

Ore: 500 x 3,620 = 2 919 
620 ' 

end of operatio11. . . . 3,620 " 
W eight of the mixture 

actually charged into 
the furnace ........ 23,466 " 

These 23,466 kgs. corrrespo11di11g to total quantity of 
ore= 20634- 2919 = .. . . . . . . . . . . . . . . 17,715 

Moisture about 10% . . . . . . . . . . . 1,772 
Remainder dry ore. . . . . . . . . . . . . 15,H43 

Say Fe= 0.541 x 15,943 = 8,625 kgs. 

Weight of Meta! and Slag Produced. 

Dates. Me ta!. 

-----·- -------

19th March 
20th 
2lst 

Total. 

2,521 
3,991 
3,356 

9,868 

Slag. 

600 
691 
734 

~ ,025 

The first iron made was very grey and siliceous, and gave the follow­
ing analysis :-
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No. r . 

Total carbon . . . . . . . ..... . . ... . 
Silico 11 . . . . ... ..... . .. . ..... . . . 
Manganese . . . . . . . . . . . . .. .... . 
Phm•phoruR .. .... . ... . . . ... .. . . 
Sulphur . .. .... .. . .. .. . ..... . . 

4.00 
3 . 72 
4 .10 
0 .029 
0. 007 

An average sample taken from all the grey iron made during the 
three days gave :-

No. 2. 

Total car bon . . . . . . . . . . . . . . . . . 4 . 2·00 
Oombined car bon . . . . . . . . . . . . . . 0. 800 
Graphite . . . . . . . . . . . . . . . . . . . . . 3 . 420 
Silicon . . . . . . . . . . . . . . . . . . . . . . . 1. 910 
Sulphur . . : . . . . . . . . . . . . . . . . . . 0 . 007 
Phosphorus . . . . . . . . . . . . . . . . . 0. 027 
Manganese . . . . . . . . . . . . . . . . . . . 4. 300 
Arsenic . . . . . . . . . . . . . . . . . . . . . Trace 

In a trial pr evious to our arrival, with the same ore, but with a larger 
proportion of carbon in the mi."Xture, M. Keller had obtained an iron con­
taining 8.0% of silicon,, and 6% of manganese. From the appearance 
of the fractures of the irons made during the first twelve hours, it was 
anticipatcd that they contained far more silicon than they were after­
wards found to contain, and it was deemed advisable to alter the ore mix­
ture. This was changed by M. Keller, on the 20th of March, the amount 
of ore being kept the same, but the coke and :fluxes reduced. The fron 
still bcing grey, and having a very siliceous fracture, on the evening of 
the 20th the quartz was removed from the charge to obtain a more ba:iic 
slag, and on the 21st we began to get a white iron. The furnace work~d 
sornewhat cold from the commencement of the experirnent, owing, no 
cloubt, to its being greatly chilled by standing for twelve hours while the 
alterations in the elcctric connection were made; a somewhat large excess 
of carbon aclded led to the production of a considerable amount of froe 
graphite in the furnace, which partly choked it. When,, in addition to 
the coke being reduced on the 20th, the slag was made more basic by ~he 
removal of the quartz from the ore mi"Xture, the slag became very infus­
ible, and a white iron was produced, and at night it was decided to '3tJp 
the experiment. The following is the analysis of the pig iron produccd 
on each day :-
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1 r\o. 3 GREY IRON No. 4 \\'BITE 1RON
1
No. 5 WHITE IRON 

Average Sample 
of Iron made .rn 

the 19th and 
20th March. 

Average Sampk• Average Sample 
of lron made on lhc of Iron made from 

nighl of the 2Uth the last four Casts 
and 2ht ;\Jarch. on 2lst l\Iarch. 

- ---- -
Total càrbon .. ... ..... ::urno 4.050 4.140 
Combined carhon .... .. l.210 1 :3.960 4.020 
Graphite ............. 2.720 1 O.O!JO 0.120 
Silicon ............... l.J21 0.099 0.559 
'ulphur ........ .-..... 0.00:3 0.007 0.007 

Pho;;pliot·u;; . . ....... .. 0.029 0.024 0.023 
l\Iangane 'e ............ 4.000 4..100 :3.880 
Arsenic .... .... ...... Trace Trace Trace 

An av~rage sample of the slag taken over the three days' wQrking 
gave the following analysis :-

, 
Silica . . . . . . . . . . . . . . . . . . . . . . . 39. 02 
Iron and alumina . . . . . . . . . . . . . . 8 . 04 
Oxicle of mangane e (Mn. O.).. . . 5 . 72 
Lime ... .... ................ 41.80 
Jliagnesia . . . . . . . . . . . . . . . . . . . . 3 . OO 
Phosphoric acicl . . . . . . . . . . . . . . . Nil. 
Sulphur . . . . . . . . . . . . . . . . . . . . . 1 . 22 
Alkalie . . . . . . . . . . . ... Not determined. 

Total . . . . . . . . . . . . . . . . . \J . ::-10 
Metallic iron . . . . . . . . . . . . . . . . . 0. , 0% 

The wcight of pig iron obtainecl was 9,868 kgs., and the electric 
energy consumed 5.15 E .H.P. years, equivalent to 0.475 E.H.P. year per 
2,000 lbs. of pig iron produced, which, at $10 per E.U:P. year, is $4.75 
per ton of 20000 lbs. 

The total amount of driecl ore chargecl was 15,943 kgs., containing 
54.1 % of iron, and therefore the total metallic iron in the charge was 
54.1 % x 15,943, equals 8,625 kgs. 

It is extreruely difficult to obtain a sample which will give an average 
of the impurities in the iron macle over a series of srnall charges, as unle.3s 
the weight of each sample taken is in exact ratio to the quantity produced, 
wrong conclu ions may be drawn; thus, if a ]arger piece were taken from 
the white iron or the grey, this would make the si1icon higher or lower, but 
in view of the fact that about 45 out of the 55 charges were grey iron, and 
ilicon varied from 3.7 to 1.4. the average analysi of the pig iron made 

may be taken as :-
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Carbon ... . .. . . 4 . 100 
Silicon . . . . . . . . . . . . . . . . . . . . . . . . 2 . 500 
Manganese . . . . . . . . . . . . . . . . . . . . :1: . 300 

giving a total of 11.0% of impuritiea, with the phosphorus and sulphur ; 
therefore, every 1,000 kgs. of pig ir-0n contained only 890 kgs. of metallic 
iron, so that, theoretically, it was possible to obtain from the ore chargcd 

86:25 X 1000 , f . -- = 9tHH kgs. o iron. 
890 

As the amount obtained was 9,868 kgs., there were 177 kgs. more iron 
than the quantity charged. It is quite possible that the impurities in J;he 
pig iron were more than 11.0% (M. Keller estimated them at 11.5%), and 
that the amoun_t of material left in the furnace at the end of the operation 
was slightly over-estimated. In any case the results show that practicaJly 
all the iron charged was reduced. Oonverted into tons, we get 10.87 ton<>, 
or 21,749 lbs., that is 390 lbs . more than should theoretically be obtain.­
ed. The complete reduction of the iron is con:firmed by the analysis of 
the slag which weighed 4,465 lbs., and contained 36 lbs. of iron. 

Before considering these results, either from a metallurgical or econ­
omical point of view, it will be better to give the details of the second ex­
periment. 

SECOND EXPERIMENT. 

The special object of this second experiment was to confirm the pre­
vious results, and also to determine how far the grade of iron oould be re­
gulated by altering the ore mixture, or by increasing or decreasing the 
clectric current; in other words, how far the process was under control, 
and the different varieties of pig required for steel and foundry purposes, 
varying from 0.5 % to 3.0% silicon, could be made as desired. 

W e commenced to charge at 12 noon on the 23rd of March,, and work­
ed until the 25th at noon, 48 consecutive hours. The first tap was macle 
lt hours after charging, and there were 32 taps. The furnace used con­
sisted of two furnaces connected electrically, and identical in all respects 
with the furnace used in the other expcriment, except that there was n1 
well, and the connection between the two hearth~ was by means of a chan­
nel at the bottom, through which the current could fiow. Each hearth 
was tapped at the same time. am1 the metal cast into horizontal iron moul<ls 
as in the previous experimcnr. The fo1lowing are the details of the charg'}'> 
during the 48 hours working :-

-- - - ------ - ----=---,--==== 

Wcio-ht of l\faterials mixecl and blken 
"to Furnace before starting. 

~larch 23rd. 

Ore= 1245 · 500 ....... . 
63.5 

\\' <>ight or 1 

each ba 1TO\\ ' 

of mixture. 
Kg•. 

\\"eig-ht of 
Ore. 

Kg~. 

985 

Tot al \Veighl 
of 

Ore Mixture. 
Kgs. 

1,245 
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\Veight of 
each barrow 
of mixture. 

Kgs. 

----------- - - 1----- -

B?·ought f o1·1card . ... 
Charge : 

Ore .. .... 525 l st charge.... 6!35 
Coke. . . . . 95 2nd 635 
Lime.. . . . . 15 3r<l 635 
... . ............. 4th ,, 635 
Ore ..... . 525 5th 640 
Coke.. . . . . 95 6th 640 
Lime.. . . . . 20 7th 640 
. . . . . . . . . . . . . . 8th 640 

Ore 8 x 525 .. . ...... . . .. ....... . 
Or ..... . 525 9th charge 1330 1330 
Coke ..... . 95 9th 240 ....... .. . 
Lime .. .. . . 20 9th 50 ......... . 

1 
Total W e ight Weight of 

Ore. 1 of Ore Mixture. 
Kgs. Kgs. 

- i - - -

985 1,245 

2,540 

2,560 
4,200 

Fluor spar. 7 9th 88\ ....... . . . , . ....... .. 

Ore = 1708 " fl25 

1,708 

March 24th. 
Ore .. . ... 500 
Coke...... 95 
Lime.. .... 20 

Ore ...... 500 
Coke . ... . 102 . 5 
Lime .. . ·. . 20 

647 

lOth charge ... . 
llth 
12th 
13th 
14th 

15 th charge .... 
16th 
l 7th 
18th 
19th 
20th 

Ore ...... 500 2lst charge ... . 
Coke ... .. 102. 5 22ud 
Lime . . . . . 25 2!1rd 

March 25th. 

24th 
25th 
26tli 

27th charge .... 
28th 
29th 

615 
615 
615 
615 
615 

622.5 
622.5 
622.5 
622.5 
622.5 
622.5 
627.5 
627 . 5 
627.5 
627 .5 
627 .5 
627 .5 

G:27 . 5 

1,386 

G:27. 5 1 

627. 5 . . ..... . . . 

1 

Ore= 20 x 500 ..... ..... . . ..... . 10,000 

3,075 

3,735 

3,765 

1,882. 5 

- - - --------------------"-----
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There remained at the end of the opera- \ 
tion 1G3G kgs. + 1200 kgs. (in fur- \ 
nace) of ore mixture corresponding \ 

Total weight of ore mix-

500 X 2836 
to - 22GO kgR. of ore. 

627.5 

ture prepared . ..... 20,511 
\V eight of ore mixture 

unused and in the 
furnace at the end of 
operation . . . . . . . . . 2,836 

W eight of ore mixture 
used . . . . . . . . . . . . . 17 ,G57 

Thus 17 67 5 kgs. correspond to total guantity of 
ore= 16571- 2260 = ..... . . . . . . . . . . 
Moisturc about 7% = ........... . .. . 
Retnainder dry ore ...... . ........ . . . 

Say Fe=0.52G x H:310 = 7.000 kgs. of irnn charged. 

PRODUCT ION. 

ÜATES. 

March 24th . .. .. .. . ... . ... . r 

March 25th ................ 1 

Total .. . ...... . .. . J 

i 

i\11 T .\1 . 

3,:242 
:1.450 

G,fiD2 

U.311 kgs. 
1001 

V:l310 

Sr.AG. 

1,405 
1 , l OG 

2,511 

- -------

The ore used was the same as in the :first experiment, but on analy5is 
of an average sample it was found to contain about 1.5% less of iron. A 
deterrnination of the iron and siliceous r esidue on the dried ore gave Lhe 
fo1l owing results :- ' 

Siliceous residue . . . . . . . . . . . . . . . . . . . . . . 6. 10 % 
P ero:xide of iron .. . . . ... . . ........... . 75 .14 " 
Protoxide of iron. . . . . . . . . . . . . . . . . . . . . . Nil. 
:'.\Ictallic iron . . .. . .. . ... . ..... ... . .. .. 52 . 60 " 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 .16 " 
:'.\Ioistnre in ore . . . . . . . . . . . . . . . . . . . . . . . 5. 50 " 

The moisture in the ore varied Ycry inuch, some ore being so wet that 
it \ras necessary to dry it befnre chnrging into the furnace. From deter­
minations made at the \\"Orb, I con;;icler 7 % about the average, as the 
sa111ples taken <lnring the thrce dnys ' \rnrking would necessarily lose a 
little moisture, a~ they \l"Crc expo;;crl in the ,,-orks until the whole of the 
material was cbarge<l . 
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No. 6 GREY IRON !'\o. Ï \\'llITE IRON 

Average Sample from the First Three 
Ca~ts on 23rd March. 

1 Sample from Each Ca~t from 6 o'dock 
on the 23rd to Tlrnrsday noon the 24th 

l\lixed to givc an a\'eragc Samplc. 

Total Carbon . ......... . 
Combined Carbon ... . .. . 
Graphitic Carbon ...... . . 
Silicon ............... . 
Sulphur ............. . 
Phosphorus. . . . . . . ... . . 
Manganese . ...... . .... . 
Arsenic ........ . . 

3.60 
1.75 
1.85 
1.95 
0.008 
0.027 
3.120 
Trace 

Total Carbon .......... . 
Corn bined Carbon ...... . 
Graphitic Caruon . . . . . . . 
Silicon. . . . . . . . . ...... . 
Sulphur .... .......... . 
Phosphorus. . . . . . . .... . 
Mauganese ............. . 
Arsenic ...... ......... . 

3.030 
2.700 
0.330 
0.699 
0.157 
0.028 
1.500 
'l'race 

No. 8 WHITE lRON No. 9 MOTTLED IRON 

Average Samplc of the Iron Made from Average Samplc of the Iron l\lade from 
Thursday noon to Thursday midnight. Thursday 24th midnight to Fridd.y morn-

Total Carbon . ... ...... . 
ComLined Carbon .. . ... . 
Graphitic Carbon ....... . 
Silicon ....... . ....... . 
Sulphur .... . ... . . ... . . 
Phosphorus. . . . . . . .... . 
Manganese ... .... . ... . . 

3.450 
3.260 
0.190 
0.466 
0.082 
0.030 
1.720 

ing the 25th at 10 o 'clock. 

Total car bon. . . . ...... . 
Combined Carbon ..... . . 
Graphitic Carbon . .. ... . . 
Silicon ........ . ...... . 
Sulphur .............. . 
Phosphorus . . . . . . . . . . . . 
Manganese . .. . ........ . 

=~.510 

3.294 
0.216 
0.722 
0.054 
0.029 
3.300 

The following are the analyses of pig irons produced during the ex­
periment :-

No. 10 GREY IRON 

Sample of La~t Ca st Macle 
on Friday noon. 

'fotal Carbon ......... . :-
Com bined C'arbo11 ..... . . 
Graphitic Carbo11. . . . . .. 
Sili- on . . .. . . . . .. . .... . 
Sulphur .. . . . . .. . . . . .. . . 
Phosphoru" . . . . . . . . . .. . 
Manganesr .. . .. . .. . ... . 

:~. 8ï0 

l.210 1 

2.<HiO 
2.230 
O.OlG 
0.0:31 
2. 590 

1o. li VERY \\'BITE IRON 

Take n fro m Cast a l l\Iidnig ht the 23rd. 

Tota l Carbon .... . ..... . 
Corn bincd Carbon . ... . . . 
Gntphitic Carbon .... . . . 
Bilicon .. . . .. ....... . . . 
Snlphm .. . ..... . .... . . 
Phoi'.phorn" .. .. . . .. . .. . 
?!Ianganesl' ... .. .. ... .. . 

2.720 
2.500 
O. lüO 
O.Iü3 
0. 2.30 
0.02() 
0.210 
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No. 12 VERY WHITE IRON !\"o. 13 GREY IRON 

Sample of the First Two Casls after Ta ken at z O'Clock on the 25th, the first 
Midnight 23rd of i\farch. tap after Experimental run Finished. 

Total Carbon ... ... .... . 
Combined Carbon. . .... . 
Graphitic Carbo11 ....... . 
Silicon . . . . . . . ... . .... . 
Sulphur . ............. . 
Phosphoruio. . . . . . . .... . 
Manganese ............ . 

2.850 ·Total Carbon . ...... • ... . 
2.720 

1
Combined Carbon ... . .. . 

0.130 
1
Graphitic Carbon ...... . 

0.180 Silicon . . : ............ . 
0.250 ;sulphur ....... . ...... . 
0.027 ~ Phosphorus .. . ........ . 
0.140 iManganese ............ . 

1 

2.160 
0.025 
0.027 

A piece of slag was taken from each cast and the whole mixed to-

gether to give an average sample. The analysis was as follows :-

Silica . .. ..... .. .... . .. . ....... . .. .. . . 39 .140% 
Oxide of iron and alumina. . . . . . . . . . . . . . . . 11 . 380 
Oxide of manganese . . . . . . . . . . . . . . . . . . . . 12 . 070 
Lime . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 . 400 
Magnesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2. 800 
Phosphoric acid . . . . ..... . . . ... . ....... . .... Nil. 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . 056 
Alkalies . . . . . . . . . . . . . .... . .... . Not determined. 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 . 846 

Metallic iron . . . . . . . . . . . . . . . . . . . . . . . . . . 1. 200 

When the very white iron was being made, the slag was of a very dark 
colour, and a sample of this ferruginous slag gave, on analysis :-

% 
Iron . ......... 3 . 05 
Silica . . . . . . . . . 45 . 22 

On comparing the above slag with the average sample from the first ex­
periment, it will be noted that it is far less basic, the percentage of lime 
and alumina being much lower, and in the case of the ferruginous slag, 
the silica much higher. 

The weight of pig iron produced "·as 6,692 kgs .. and the electric 
energy consumed 1.66 E.H.P. years; equivalent to 0.226 E.IT.P. yearsper 
ton of 2,000 lbs. of pig iron. 

On reference to the details of charge in the second experiment it will 
be seen that the total amount of dried ore charged was 13,310 kgs., con-
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taining 52.6% of iron, therefore, the total amount of metallic iron in Llie 
charge was 52.6% x 13,310, equals 7,000 kgs. 

As the greater portion of the iron made was white iron, the silicon, 
carùon, manganese, &c., were very low, the silicon, with the exception of 
tlie first three casts and the last cast, nevcr exceeding 0.722%, and for a 
con iderable number of casts being about 0.180%. W c may, therefore, 
assume that the average composition of the pig iron made during the ex­
periment would be as follow :-

% 
Carbon . . . . . . . . . 3 . OO 
Silicon . . . . . . . . . 0. 70 
Manganese . . . . . . 1. 50 

giving a total of 5.20% of impurities ; therefore, every 1,000 kgs. of pig 
iron contained only û48 kgs. of metallic iron, so that, thcorctica11y, it was 

. . 7000 )1. 1000 . . 
possible to obtam from the ore charged - 7 .rn4 k g:-;. of iron. 

!J.J.') 

The actual a.mount obtained as pig was 6,692 kg ., and about 30 kgs. 
passed into the lag, which leaves 662 kgs. nnaccounted for. During the 
experirnent, to improve the working of the furnace, sicle plates to incraa.,;e 
the hcight of the furnace were fastened on, and this made it extremely 
difli'cult to estin1ate the amount of ore mL'Cture left in the furnace. Dm­
ing charging a certain arnount of the material fell to t he grouncl betwecn 
the staging and the fnrnace and it was impossible to recover thi:-i while thfl 
fuma.ce was in operation. The ore, &c., &c., wa conveyed to the furnaces 
by overhead shoot , and there were no means of getting barriows on to the 
furnace platform to remove the unused m!rleria] and weigh it, so that this 
had to be estimated •at the end. 

It is probable that the low yield in this experirnen t is due to unde1·­
estimating the materials on the platforrn and in the fnrnace at the enrl of 
the experiment, in the sa.me way as the higher yield in No. 1 experirnent 
was probably due to over-esitimating the unused ore mixture. T-0 arrive 
at accurate figures, it would be necessary to run for fi'everal weeks con­
tinuously, so that errors of this kind could be distributed over a co11:-;ider­
a ble output. If the two cxperi:ments are ta.ken together , the amoun t of 
iron unaccounted for is less than 3% of the total iron chargecl, and as t hP, 
conditions were such that volatili ation was out of the qurn;tion, there 
seem no doubt that in the production of white iron the whole of the oxide 
of iro:a charged, except the small quantity found in the }ag, was reduc­
ed; and that when pro<lucing a similar class of iron the rerluction in thP 
el ctric furnace is a complete a::; in the blast fnrnacc. 

EXPERIMENT WITH CHARCOAL. 

After the econ<l experirnent was fini hed, a few charges were made 
in wbich the same ore mixture was uscd. except that the eoke wa;; n·placed 
by charcoal. These charges, howevcr. did not work \'Cry ;mtisfacitorily, flS 
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owiag to the ease with which the charcoal oxidized, a large portion burnt 
away on the top of the furnace, long before it got anywhere near the zone 
of reduction of the fnrnace. M. Keller is of the opinion that charcoal 
could be used provided it were first briquetted with the ore, and the 
briquette broken up the size of one-inch cubes. I agree with him that 
probably charcoal colùd be used in this way, and in all probability, if thus 
intimately rnixed with the ore, there would be compaTatively little loss by 
oxic1ation on the top of the furnace, and the charcoal would do the w-0Tk 
of reduction efficiently in the furnace. 

QUALITY OF THE IRON. 

The greater part of the iron made during the first experi­
ment was very grey, and contained a considerahle percentage 
of both silioon and rnanganese. Some of the ca ts towarcls the en<l 
of the experiment were "'hite iron low in silicon, but contained a ver.Y 
considerable percentage of manganese. All the iron made was low in 
phosphorus and snlphur. If ''e considcr the analyses of sample No. 2, 
given 'On page DG, as representing an aveTage of the three days' workin~. 
this would be an admirable iron for either acicl Bessemer, or acid SiemB~ls 
steel manufnrture, if it wcre not for it~ bigh content of mang'nnese. The 
same remark applies to sample Ko. 3. For many purposes, .r o. 2 would 
give good results in foundry work, but beTe again the manganese is highdr 
than is necessary -0r desirable. Manganese for acid Bessemer or acid Sie­
mens work is not only objectionable as causing excessive waste, but ver.Y 
seriously :fluxes the lining, and so increases the eo't for repairR, and, in 
fact, this iron could not be economieally used al one. The high percentage 
of rnanganese, however, may be regarded as accidenta], owing to the ore 
used eontaining a consiclerahle percentage of oxide of manganese,, ànd 
there wonl(l be no difficulty in producing a similar pig iron low in man­
ganese from a non-manganiferous iron ore. It will be notired that all the 
pig iron produced, whether white or grey, is extremel: low in sulphur, and 
how far this is due to the manganese present it is clifficnlt to sa.Y, a it ic; 
well lrnown that manganese acts as a desulplrnriser nnder similar r-ondi­
tions in the blast furm1ce. 

Pig irons Nos. 4 and 5, containing from O. 6 to O. 7 % of silicon, wouH 
be splendid pig irons for basÏC' Siemens work, provided the rnnnganese were 
2% inc;tead of 4.0% . It will be seen that all the phosphorn!'i present in the 
ore has passed into the pig iron, \rhich is exactly what occurs in the hlast 
fnrnace, so that a phMphoric or non-phosphoric pig iron can be prodnc':)O 
at will by »electing a ~rnitable ore. Pig irons sirnilar to Nos. 4 and 5, if 
made frorn phosphoric orr-.: . "·onld do admirably for hlrnic Bessemer, apR.-t 
from the unnecessarily largr percentage of manganese. 

Although white and grey iron had been prodnccd durinp: this cxpel'i­
rnent, I was not quite satisfied that the grade of iron conld ho controlle<l 
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and varie<l at will, and conscqucnt]~· it was dccided to nwke another ex­
periment. 

ln thi" second expcriment it \\'às arrangell that all grades of iron. 
from grey foun<lry to white, and uitable for aciù Bes emer and Siemem, 
1rnd aho for the basic process, should be made. 

The fir t two or three ca t were gray iron, but this rapidly clmnged 
to mottle<l an<l white, and then finally came back to grey. During the 
night of the 23rd of J\Iarch, the slag, which wa, very siliceous and ferru­
ginou ·, became very infusible, and to increase its flnidity a little fluor spar 
was ad<le<l, and the lime 'ms increased. This ha<l the desire<l e:ffeet, but. 
the 'lag was till OJacwhat infusible, and the iron very white,and remaineJ 
o until the fuel wa:> increasecl, when more silicon and manganese were re­

duced and pas ed into the iron, whicl1 gradually became greyer, and to­
war<ls the end of the experimen t, a good grey pig iron, wi th over 2 % of 
si!i.con, was obtainecl . On examioing' the analyse of the iron, it will lH' 
note<l that as the silicon, graphitic carbon, and manganese decreased, i.e., 
as the i.ron became whiter, the sulphur rapiclly incrcased; and .a the sili­
oou, graphitic carbon, and mangane e increased in the pig iron, towarJ~ 
the end of the experiment, the sulphur decreasecl. 

o. 6 pig iron, from the first three oasts, wa a good foundry or aci.1 
Bessemer iron, but No. 7, although containing 1.590% of manganese, was 
very high in sulphur, owing, no doubt, largely to portions of the charges 
represented by analy o . 11 and 12, being included in this average 
sample. amples 11 and 12 oare exceptionally low in ilicon, much lowor 
tbanl would be made in ordinary practice, and the conditions favorable .for 
the production of uch an iron undlOubtedly favor the absorption of sulphm· 
by the metal, especially in a case like this, when no manganese was reduc­
ed and pas ed into the iron . .Assuming it were possible to produce regulal'1y 
a similar iron in the blast furnace1 there is not the least doubt that the sul­
phur would be equally high,, if not higher, unless pecial precautions were 
taken to ensure the reduction of a con iderable amount of manganese. 

In ordinary blast furnace practice, it is extremely difficult to pro<lnce 
pig iron even with 0.5% of silicon and 0.04% of sulphm, unless mang:rnew 
is added to the charge and r educed, and as the silicon decreases, the sulphur 
increa es, and apparently the ame i true in the elcctric fnrnacc. Jt wa,:; 
only on the night of the 23rd that the very high ulphur iron was made, 
e.nd if we look at the analyses of samples :Nos. and 9, representing the 
average analy. es du ring the next 18 lionn;, we find the si licou, graphite and 
mangane e increasing, and as these increasc the sulphur decreases, ·mtil 
in sample 12, we have a very low sulphnr iron. One nece sary conditirrn 
in the blast furnace for the production of low silicon and low sulphur pig 
iron is to have a basic s]ag, and one reason why manganese is bencficial i.~, 
that apart from any direct action a~ a desulphnri er, it increases the fluicl­
ity of the slag, and so permits more lime to be added to increase its 
basicity. 
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It' is clear from the analyse " that an iron sui table for acid Bessemer, 
or foundry purposes, containing, ay, 2.0% of silicon, and under 0.02% 
of sulphur, can be produced, but it is not o apparent, from the analyses, 
that an iron suitable for the ba ic process, with 1.0 to 0.50% of silicon, and 
0.04% or less of sulphur can be obtained, although samples Nos. 4 and 5, 
in the first experiment.,, sho\\· that this is the case when rnanganese is pre­
sent. 

So far as the e experiments go, they seem to show that the quality of 
the iron produced in the electric furnace depends upon maintaining the 
same conditions a in the blast furnace, the only di:fference being that you 
are using electric energy instead of the direct combustion of carbon to 
produce the necessary temperature. 

Thus, in the blast furnace, with a light burden of ore, i.e., a relative­
ly large percentage of coke, a grey pig iron is obtained, high in graphitic 
carbon and silicon, and generally low in sulphur. As the arnonnt of coke 
in the furnace is reduced, the graphitic carbon and the silicon decrease, and 
the sulphur increases and white iTon is produced. Provided mangano::;e 
is pœsent in the ore. and there is sufficient coke pre ent to r educe it, so 
that about 2.0% passe::; into the pig iron, and a slag rich in lime is main­
tained, a pig iron low in silicon and sulphm, say, from 0.50% silicon arnl 
0.04% or less sulphur, is readily obtained. If for any reason the percentage 
of lime in the slag becomes considerably less, or the manganese ox:ide pr·'3-
sent is not reduce<l, and passes into sJag, we obtain a \\'hi te iron low in sil.i­
con and manganese, but high in sulphur. ln the abaence of mangane;;e 
ore, undcr special condition , it is po ible to make a low silicon, low sulphur 
pig iron,, by working with very limey basic slags but the difficulty is to où­
tain the necessary hea t to main tain the refractory slags produced in a sufü­
ciently fluid condition. 

If we consider the results obtained in the foregoing experiments, we 
shall see they are identical with what we should have expected from blast 
furnace experience. In the :first experiment we had more coke during the 
early part, with the re ult that grey iron containing manganese was pro­
duced, and this in conjunction with the slag being fairly basic ensured a 
low sulplmr iron. To\\·ards the end of the experiment the coke was re­
duced; the iron became loweT in silicon, but the Jag being still sufficiently 
basic, and the temperature high enough to reduce the manganese oxide, 
low sulphur pig iron was still produced. It will be noted that the electric 
energy consumed per ton of iron produced was greater in the first than in 
the second experiment, which accounts for the higher temperature and the 
more perfect reduction of the manganese oxide. In the second experi­
ment, we star ted with less coke and far less lime on the bnrden, and also 
far Jess electric energy per ton of iron was con umed, with the result that 
a lower temperature prevailed,, the r0ducing conditions "ere far Jess per­
fect, ancl a far Jess basic slag \rns maintained. The ref'ult wa. that white 
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iron, low in silicon, and in some cases practically free from manganese, 
was obtained, and the sulphur greatly increased in the pig iron. Thus, 
low temperature, poor reducing conditions, and an acid slag prodnced ex­
actly the ame result as ,~rnuld have bee11 obtained in a blast furnacc, viz., 
u high sulphur iron. 

:!!'or the second experiment there was not time for 11. Keller to have 
a complete analysis o-f the materials mad<;, and the result was he did not 
puL sufficient lüne on with the ore material; it al o seems that the amount 
of current employed was not sufficient to ensure the required temperature 
for the reduction of a reasonable percentage of mangane e. In the firat 
experiment too much manganese was reduced, and in the second it was in­
tended to decrea e this to about 1.5%, but too low a temperature being 
maintained during part of the experiment, no manganese was reduced, and 
a high sulphur pig was the result. The influence of manganese in pre­
venting sulphur from pas ing into the pig iron during smelting is both 
direct and indirect, and it is a question how far; in the ah:;ence of maa­
ganese, a basic slag can be made to prevent sulphur passing into the iron. 
In the bla t furnace the basicity of the slag i limited by the temperature 
available, but in the electric furnace, by increasing the current a uffi­
ciently high temperature can be maintained to fuse almost any slag, and 
in my opinon there would be no difficulty in producing an iron low in 
sulphur, without mangane e, providecl sufficient lime were charged with 
the ore. 

In the pre ence of manganese and a fairly basic slag, the fir t experi­
ment shows there is no difficulty in producing low ulphur iron, but the 
experiments cannot be aid to have demonstrated that low sulphur pig iron 
can be obtained without manganese in the ore mixtme, and before thi.s 
eau be considered experirncnlally provecl, it will be necessary to have a 
series of experiments macle with non-manganiferous ore. In view of th0 
fact that the ore is in intimate contact with about only one-third the quan­
titJ of coke, that it is in the blast furnace, together with the facility with 
which the temperature can be controlled to fuse a basic slag, there seems 
no reasonable donbt that low ulphur iron can be produced in the electric 
furnace in the absence of manganese. 

If the analyses of the slags in the first and second experiments are 
examined, it will be seen that the ratio of lime to silica in the first expeci­
rnent wa very much higher than in the second, there being approximatel,v 
LO per cent more lime in the fir t lag than in the second, while the per-

centage of silica remained the same; there can be little clou bt that the 
higher sulphur in the pig irons from the la ·t expcriment wa largcly d11c 
to the acid character of the s]aO', and if a basic lag, rich iu lime, lm.cl 11e0!1 

maintained, the re ulting pig iron woulcl have hown a Yery different co111-
position. The following are the actual weif!hts of the materials charged 
during each experiment :-
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18T EXPERIMENT. 2N"D EXPERIM:ENT. 

Ore (dry) .. .... .. . . 
Coke ... .. . .... .. . 
Lime . . .... .. .. . . . 
Quartz ..... ..... . . 

15,943 kgs. 
3 392 " 
1,671 

688 

Ore (dry) .. ... .... . 
Coke . .. ... . .. .. . . 
Lime . ....... ... . . 
Quartz ... ... ... .. . 

13,310 kgs. 
2,745 " 

584 
nil 

Yield of metal, 9,868 kgs. Yield of_ rnetal, (j 692 kg:,,. 

H the amount of silica and lime in the ore, coke, lime and quartz is 
calculated from the analysis given, it will be found, approximately, that 
for every kg. of silica in the first charge there was 1.7 kgs. of lime; where­
as in the second charge, for every kg. of silica there was only 1.1 kgs. of 
li me. The amouut of lime chargecl in the first experiment was 104 kgs. 
for every 1,000 kgs of ore, and in the second, only JO kgs.; but this was 
to some extent balanced by 43 kgs. of quartz per 10000 of ore being charg­
e<l in the first and none in the second experiment. These ca lculations con­
firm the analyses of the slags. 

Castings. 

During the tir::.t cxpcriment numerous castings wenl maùe with excd­
lent results. The metal ran very fluid, gaYe sharp, solid castings, and in 
most cases was fairly soft for machining. In the second experiinent most 
of the iron, being white or mottle<l, was not suitable for fonn<lry work, but 
scveral castings wcrc made from selected grcy iron, and werc in C\'ery way 
sa tisfactory. 

CO ST S . 

In <liscussing the question of costs as comparcd with the eo::;ts of the 
lJ]a:-;t furnace, we have to consider those '"hich are special to the electric 
fnrnace, those which are special to the blast furnace, and those which <1re 
('OllllllOn to both. 

Electric Energy. 

The a1nu1111t of e11crgy cu11st111ll'<l in the tir:-.!,. expt•ri111,.11t \\'Il'> 0.475 
E.H.l' .. n•a1·:-; per ton o[ :2,000 lb .... ol' pig pn;dnc<-d , :111d in tht· ~t>e') 11.J. 0.226 
E.H. P. ye:u·s. 

In the first experirnent the iron was much greyer, anJ contained mo1·e 
silicon and manganese than was neccssary or clesira ble, pointing to the fact 
that a higher temperature was maiutained than was necessary, and con­
:-'CC[llently more energy cxpended. In the second experim ent, on the 
nth<>r hand, we find the ternperature was such that the silicon and man­
ganese were on1y slight1y rC'duccd du ring a con. iderablc portion of the ex­
JlC'ri111ent. This can hardly be duc to the cokc's bcing prco1cnt in insnffi'­
ciC'nt qnantitief'. as charges in X o. 1 experiment gave greyer iron tban in 
R o. ~ rxperiment, although 5 kg-s. les of coke wcre use<l in man? of the 
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charge~. The only explanation seems to be that a sufficient current was 
not pa sed through the charge to give the temperature necessary for the 
rcduction of the e bodies. lt would, therefore, appear that to make iron 
of all grades, which nece sitates heat uificient to keep refractory basic 
slags fluid, it \\ill not be safo to calculate upon less energy than the mean 
consurnption in the two experiments,, and for ome purposes it may excexid 
this. This gives 0.350 E.II.P. years per ton of pig iron. With improved 
appliances and larger furnaces, this may be considerably reduced, but for 
the pre'ent it will be a for to take this figure as a basis for calculations. 
At $10 per E.TI.P. year, thi.;; is equivalent to $3.50 per ton of pig. 

Electrodes. 

During our short stay at the works it was impossible to 
de termine the cost of the electrodes per ton of iron produced., but M. 
Keller took out the costs from his boo1· over some considerable time o-f 
working for the furnaces, making :f erro-silicon and other iron alloys. 

He gives the cost o:f the electrodes, including the materials, labour, 
coking, &c., as about $45 per ton, and the consumption as rather under ~l4 
lbs. per 2,000 lbs. of pig iron; this is equal to a co t of $0.77 per ton of 
pig iron produced. 

Coke. 

The amount of coke used in the :first experiment was 3,392 kgs, equi­
valent to 311 kgs., or 685 lbs. per 2,000 lbs. of pig iron produced, and in 
the second ex.-periment, 2,745 kg., equivalent to 372 kgs., or 820 lbs. per 
2,000 lbs. of pig. Taken through the entire experiment, the coke used in 
the first was le s than that used in the second experiment. In view of the 
fact that grey iron, containing a very considerable percentage of man­
ganese, was obtaincd during the greater part of the first experiment, it is 
evident that the coke mixed with the ore was sufficient for the reduction., 
and that the less complete reduction iu the second experiment was uot duc 
to lack o:f reducing agent, but to other eau es, which have aheady been re­
ferred to. It may, therefore, be taken that the coke reCJuire!l pcr 2,000 
lbs. will approximaiely be 6 5 lbs., or 0.34 tons. Taking coke at.$7, this 
give · u $2.3 for reducing agent per 2,000 lbs. of pig procluccd. 

If we _compare the amount of coke used in a modern blast furnace, 
working on a similar ore, we shall find it wi1l be about 1,850 lbs. per 2,000 
lbs. of pig iron, rosting $6.40. 

Fluxes. 

Under normal conditions the only flux requirecl will be the 
lime, as u ually the ilica and alumina in the ore will be snfficient, and in 
the event of more being required, a small quantity of aluminous ore woulrl 
be mixed with the charge, so that we need only consider lime. 

The amount of lime u ed in experiment No. 1 was 340 lbs. per ton of 
metal, and this is tbe very minimum which could be afely employed, even 
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wi.th such low siliceous ores as those used in the experiment. In the best 
American blast furnace practice, with 56% ore, the average amount of 
limestone used is about 800 lbs. per ton of iron produced; in England, with 
less pure ore~ it averages 1,200 lbs., equivalent to about 380 and 570 lbs. 
of lime respectively. N otwithstanding the much smaller quantity of coke 
ash to be fiuxed in the electric furnace, I think it will be saie to assume 
400 lbs. of lime are necessary, in view of the necessity of maintaining a 
basic slag for the removal of sulphur. Taking lime at $2 per ton, this 
will cost $0.40 per ton of iron about the same as the blast furnace. This 
amount of lime may seem somewhat high, but it w:ill be exceptional to find 
ores with only 3 % of silica, and td insure a regular iron low in silicon and 
sulphur when manganese is absent, more basic slags than those produced 
in No. 1 experiment will be necessary. 

L abour. 

It is extremely difficult, from two such small experiments· 
as are described in this report, to arrive at reliable figures as to labour 
costs on a large commercial scale. At Livet all the charging, the remov­
ing of the iron and slag, &c., were done by hand, and the number of men 
employed would bear no comparison to a plant arranged with modern 
labour-saving appliances. 

M. Keller estimates that a small plant producing 20 tons in the 24 hours 
in which the mixing is done with the shovel, and the furnace charged by 
hand, would require 28 men ; whereas a plant properly equipped for. 
mechanical mixing and charging, producing 100 tons per 24 hours, would! 
require only 60 men. A modern American blast furnace, producing 350 
tons per 24 hours, employs about 100 men, and an English blast furnace, 
producing l:>O tonc; per 24 hours, but in which less mechani­
cal <levire;.; are use<l, employs almost exactly the same num­
ber. In the former case there would be more than twice the weight of 
materials to be handled that there is in the latter, and it iJlustrates how 
hand labour can be replaced with suitable appliances. As the handling 
of the ore, coke, and fluxes, and the removal of the pig iron anJ slag would 
be on very similar lines to blast furnace practice, 11. Keller's estimate i 
probably not far outside the mark, especially if, as be a&snmcs, the molte:1 
metal were taken away direct to a steel plant, so that ::ill han<lling of the 
pig iron were dispensed with. On starting I consi<ler that a lnrger nu.n­
ber of men would be required, and for the first year or so, until the men 
settled down to their work, it would not be safe to base calcnlations on le.:;~ 
than 80 men per 100 tons per 24 hours. 

Appended are particulars as to the nurnber of men 11. Keller cstim­
atcs, and for comparison are given the numbers of men employed respect­
ivcly on an English and an American blast fnrnace. For the latter I ~rn1 
indebted to Ur . . '\xel Sahlin, of the firm of Julian Kennedy, Sahlin & Co., 
Ltd., an cngineer of very wide experience in blast-furnace practice, both 
in England and the United States. It must be borne in mind that not.-
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withstanding the great reduction in labour per ton of iron in American 
practice, it is not ail gain, and that the machines are often very costly Lo 
keep in repair, and often largely neutralize the saving e:ffected in wagcs. 

ESTIMATE BY 1\1. KELLER OF NUM­

BER OF MEN REQUIRED FOR 

ELECTRIC PLANT PRO­

DUCING 100 TONS 

PER 24 HOURS. 

Preparation and transport of 
ore mixture to fornaces ... 10 men 

Preparntion of electrodes and 
fixing the 111 &c., &c . .. . 4 " 

Distribuling charge evenly 
round the furnaces .. .. ... . 10 " 

Tapping me ta l inlo ladle .... 6 " 
Regulating the furnace ..... 4 " 
Removal of lag- etc .. ....... 4 " 
La.bourers a nd Bricklayers .. 10 " 
Forge men, Engineers, Fit-

ters, etc .. . . .... ....... . 10 ' ' 

58 " 
Say 60 me n. 

MEN R EQ ll lRED FOR 

BLAST F URNACE. 

Day foreman .. 
Night foreman ..... .. .. . .. . 
Keepers .... ..... ... . . . .. . 
lst helpers . . . . . . . . . . . . . . 
2nd he lpe rs .... .... .... . . . 
3rd bel pe rs ... .. ....... ... . 
Cast men .. .... . .. .. . . ... . 
Slaggcrs . .. .... . . . .. .... . 
Front labourers . .... . .. . .. . 
Stove tenders . . . . . . . . . . . . . 
Boiler tend ers . ............ . 
Chargers ... ..... ....... . . . 
Fil!ers . . .......... . ....... . 
\ i\Teig hmen ...... ... ... ... . . 
Sweepers . . . ...... . . . . . . .. 

tock yard labour .. ...... . 
Stock ha ndlers. . . . . . . . . . . 
Piglifte rs . . . . . .......... . 
W ater boys ......... .. . .. . 
Ca~ting machine men . ... . . . 
Ladle men ... . .. . ......... . 
La boure rs a nd car s hifte rs .. 
Engineers.... . . ... . ..... . 

No. No. 
l l 
1 l 
3 2 
3 2 
3 2 
3 2 
3 2 
3 4 
2 4 
3 2 
:~ 2 
6 

12 4 
3 2 
3 2 
3 4 
5 10 
4 0 
3 

4 
2 
9 

6 4 
2 2 1 Fitte rs . .. ........... . .... . 

--- ----------------i:, Car oile r .. .... ..... . ...... . 1 1 
Ya rd labour .... . . . ... . . . . 5 12 
Bla cksmiths ... . ... . ..... . . 2 2 

1 Blacksmith helpers . . .. ... . . 
Electricia n . .. ...... ... , .. . 

2 2 
1 1 

' Electric ian helper . .. ... . . . 

1 

Slag tippers. . . . . . . . . . . .. . 
, Yard engines .. . . .... . .... . 

1

. Store keeper .............. . 
~'alchman ....... . ....... . 

1 1 
4 2 

*8 **7 
l 1 
1 1 

------
Total . . . . . . . . . . . . . . . . . 101 9i 

* English, 2 engines. *\U. S., l engine . 
Make pe1· man employed : English, 1.4!! tons; 

United States, 3.60 tons. 

Frorn the above it will be seen that in the Engfüh fmnace the pro­
duction is 1.50 tons per man, in the American, 3.6, an<l in the electric fur­
nace, 1.6. Taking the average cost of labour at $1.50 pcr <lay, Lhis is 
equal to $1.00 for English, $0.42 for the ~'..merican, and $0.94 for th <> eh~­
tric furnace, so that on the basis of English output, the electric fnrnace 
has a slight advantage, but cornpared with the Americrrn, it is $0.52 (Jll the 
wrong side. 
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The following are two approximate costs, based upon the :figures di:;­
cussed. The :first is the estimate of M. Keller, from the r esults of the 
second experiment; the second is my own estimate, af ter considering the 
question with r espect to the r esults obtained both in the first and second 
experiments :-

M. KELLF.R'S EST!MATE 8 ASE D ON ENF.RGV CONSUMED 

I N SECOND EXPERIMENT. 

My E s tima te 
Based on R esulls 

from both 
Exper ime nts 

Ore ( Hcmatitc 53% ir,,n) l. 842 tons at $1. 50 per ton ... . . . . $2.76 $2.76 

4 
,5 
6 
7 
8 
!) 

10 

C0ke 0.3-! tons al $ï .OU pcr ton . . . . ... . . . ............. . 
Consumption of electrodes $-!.) per ton (34 lbs . per ton 

of iron)... . . . . . . . . . . . . . . . . . . . . . ... . ... . 
Lime :300 lbs. at $2.110 per ton....... .. . . . . . . . . . . . ..... . 
Labour al $1. 50 per clay ... . ... . ...... . ........... . ..... . 
Elecl1 ic energy 0.:2:26 H. P. years at $10 per H. P. year . . . 
1\1 i'cclla ne0us n~ateri'llS. . . . . . . . . . . . . . . . . . . . . .. . 
Repair' and maintenance.. . . . . . . . . . . ............. . 
General expenscs . . ....... . .... .................... . . . 
Amortiza tion {machinery anJ buildings) . . . . . . . . . .. . .. . 

2.38 2. 38 

0.77 0.77 
0.30 400 lbs . O.iO 
0.94 0.94 
2. 26 Ü. 350 R. H.P. 3. 50 
0.40 o. 40 
0.20 0.20 
0.20 0.20 
0.50 0.50 

Total with,rnl royalty.. . . . .. . . . . . . . . . . . . . . . . 10. 71 l 2.{J5 

If we now consider these costs in comparison with the blast furnace, 
we get the following :-

ELECTRIC S,IELTING BLAST Fl' RNACE 

Ore ... .. ....... . .. .. .... . .. . .... . $2.76 . . . . . . ..... $2.72 
Coke o.:~4 ton . . . . . . . . . . ...... . ... . 2.38 0.923 lUllH .... 6.40 
Electrodef' .... . . .. . . ... . . .... . .... . 0.77 . ...... .. . .. . nil 
Li111c 400 lbH .... . ........... . ..... . 0.40 4<00 l IJ::; .... 0.40 
Labour .. .. . .............. . ... . ... . 0.94 Arnericnn practice 0.42 
Electric encrgy .... . ........... . . .. . 
Steam raising for blowing eugine 

3.50 . . . . . . . . . ..... ni! 
ni ! . . . . . . . . . . . .. 0.10 

~[ iscel l au cous materials . . . ... ) 
Repairs and maintenance say. f 1.30 ........ 1.30 

----
Sl 2.05 $ 11 .34 

The steam use<l for the blowing engines costs little, as it is raised 
Pntirely hy waste gases from the blast furnace, and 10 cent · per ton of 
steel produccd will probably cover i t. 

On the basis, thcrefore, of fuel at $ï.00, clectric energy at $10 per E. 
H.P. year, the cost of production is slightly in favour of the blast furnacP, 
a1Hl rvC'n when taking ::'IL Keller's figure of $10.71, when allowance is 
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made for a reasonable royalty, there is little margin upon the side of the 
dectric furnace. The labour for the blast furnacc is taken on the best 
,\rncrican practicc, and it would probably be fairer to increase this figurq ; 
but even if taken on the basis of English practice, viz., $1.00 per ton, this 
only raises the total coat to $12.34 per ton of pig iron, which is practically 
equal to the co::.t of elcctric srnelting. The labour costs of 42 cents per 
ton in American practice must not be taken as an average cost, as they are 
base<l on the a ·sumption that wages average $1.50 per man per day, the 
fignrc taken for electric smelting. The J.abour co ts, both in England and 
.\.mel'ica, vary con i<lerably, in the former from 4 to 80 cents, and in Ghe 
latter from 41 to 80 cents, according to the arrangement of plant and the 
price o.f labour in the particular district. It will be seen from the above 
'tatements that economical electric smelting is simply a question of the 
relative prices of fuel and of electric energy. With very high-price fu3l, 
owing to the large amount requirecl-ncarly three times that of the elec­
tric furnace-the bla t furnace is placed at a di advantage; and on the 
other han<l, with fuel at anything below $7 pcr ton, tl;te electric furnaca 
cannot hold its own. It must be borne in mind that for blast furnace pur­
poses, a hard, rnechanically,strong. coke mu t be employed, but for electric 
melting, small anthracite, or other small coal or fine coke, provided it is 

fairly free from sulphur, could be used. Such small coal, anthracite or 
<·oke, could probably be obtained at half the price of coke suitable for blast 
furnaces, and in uch ca es the reducing agent for the electric furnace 
would make the cost per ton of pig iron $1 less. If anthracite collieries were 
anywhere near, large quantities of small anthracite might possibly 1e 
obtained at a very low figure. For the purpose of comparison, it has been 
11ece ary to con ider the value of the fuel per ton as bcing the same in 
each C'a e, but local conditions, such as a good supply of a cheap fuel which 
i uceless for bla t furnace work, but suitable for electric smelting, might 
so reduce the cost of production in the electric furnace as to cnable it to 
compcte successfully with the blast furnace. Provided charcoal could be 
obtained cheaply, it could probably be used if it were briquetted with the 
ore. 

PIG IRON SMELTING IN COMBINATION WITH STEEL MAKING, 

It may be assumed that if electric smelting is to have a future, it 
must be in combinati n with steel manufacture, rather than in the pro­
duction of pig iron for foun<lry purposes. In its present stage of develop­
ment, the electric steel fnrnace i not suitable for the manufacture of 
other than high-class special steel , and where large quantitics of rail , or 
structural steel, are requirecl, either the Be semer or Siemens process, or 
Rome modification of these, will have to be adopted. As a class of -!ron 
uitable for either of the proces es can be produced in the electric furnace, 

it will be local conditions which will deterrnine the rnost economical pro­
cess to adopt. 
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In the case of the basic process, unless ores are available which will 
procluce a pig iron with not less than 2.25% to 2.50% of phosphorus,, the 
ba::iic Bessemer becomes impossible, and the basic Siemens will have to be 
used. When hematite ores, producing a low phosphoric pig iron, are obtain­
able, either the acid Bessemer or the acid or basic Siemens can be adopted. 
Siemens' steel is undoubtedly more regular in quality than Bessemer steel, 
and is consequently much preferred by engineers, and for many purpos3s 
engineers decline to take Bessemer steel, and insist on Siemens' steel being 
employed. In view of these facts, unless there are some strong reasons 
to the contrary, it would be de irable to u e some form of Siemens' fur­
nace. Material of the highest quality is now being procluced in America 
and in England, by taking molten iron direct from the blast furnace, or 

· after passing through a mixer to the large basic-lined Siemens' furnacas 
worked on the Talbot, or ordinary Siemens' system. The electric process 
of amelting would lend itself extremely well to the production of iron for 
such purposes, and a low silicon iron of the grade required would cost le.~s 
to produce than a higher silicon iron suitable for Bessemer work. The 
disadvantage of using the Siemens or Talbot furnace, as against the Bas­
semer, is the cost of the fuel; in districts where fuel is dear, coal or slack 
could probably be obtained at less than half the price of lump coal; ancl 
where coke is $7, it should not exceed $3.50 per ton. In the best practice 
with large Talbot furnaces, the fuel consumption does not exceed 550 to 
600 lbs. per ton of steel produced, costing, say, $1.00, and probably 
with very low silicon iron, delivered very hot into the furnace, the con­
sumption of fuel would be less. The Bessemer, on the other hand, does 
not necessarily require any coal, as the blowing engines can be driven l>y 
electric power. I am unablc to say at what cost, as no plant is being work­
ed in this way, but the large high-pressure blowing engines would certain1y 
rcguire considerable po,Yer. In England, Siemens' steel is sold on an aver­
age at from $2 to $2.25 more than Bessemer steel, so that in view of the 
:>uperior quality, even if it cost slightly mure per ton to protluce, a plant 
to produce Siemens' steel \l'Ould probably he the better to in--tal. 

This question, howcver, i" oue tliat enn lie dec;ided ouly after full con­
'-Îrll'r;ltion of the local conc1itions, both ns t<> the snpply of r;rn· rnaterinh, 
nrnl to the market re<1uirements for the finishcrl steel. \Yhi che,·er proce;s 
werc adoptetl, whethcr Sieu1ens or Eco.semer. it woulcl be a<h·i,:;a hle to take 
t hc• 111etal in ladles as tappcd fro111 the electric fmnnce to a metnl mixer, 
lwl1ling alJont 300 to 400 tons of moltcn 1netal; this lnr!!;cly in,;ure;; regnbr 
<1ualit,Y, m1d nlso removcs some of the silicon. and to sornc extent. undcr 
0 1w1·ial r()ndition~. '-Orne ()f thP ~nlphnr. This rnetnl mixer acts as a reser­
voir. aml lieside~ i111proving the· gnnlity of the metal, facilitatf's the reg!1-
lar ()p<'rnti()n of the plnnt, n1Hl pren•nts <kln,vs hy in;:;nring a regular sup­
p1y of mcta1 rluring repnir~. &c .. t() the smclting or ()thcr fnrnac<'s produc­
ing pig iron. 
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CONCLUS IONS. 

As a result of my investigations into the metallurgy of the electric 
production of teel and the electric smelting of pig iron, I have come to the 
following conclusions:-

1. Steel, equal in all respect to the best Sheffield crucible steel, can b~ 
produced, either by the Kjellin or Héroult or Keller processes, at 
a cost considerably less than the co t of producing a high-class cruc­
ible steel. 

2. At pre ent, structural steel, to compete with Siemens or Bessemer 
steel, cannot be economically produced in the electric furnaces, and 
such furnaces can be used commercially for the production of only 
very high-class steel for special purposes. 

3. Speaking generally, the re-actions in the electric srnelting furnace as 
regards the reduction and combination of iron with silicon, sul­
phur, phosphorus, and manganese, are similar to those taking place 
in. the blast furnace. By altering the burden and regulating the 
te111perature by varying the electric currènt, any grade of irün., 
grey or white, can be obtained, and the change from one grade to 
another is effected more rapidly than in the blast furnace. 

4. Grey pig iron, suitable in all respects for acid steel manufacture, eithcr 
by Bessemer or iemens processes, can be produced in the electric 
furnace. 

5. Grey pig iron, suitable for foundry purposes, can be readily produced. 

6. Pig iron low in silicon and sulphur, suitable either for the basic Bea­
semer or the ba ic Siemens process, can be produced, provided that 
the ore mixture contains oxide of manganese, and that a basic slag 
is maintained by suitable additions of lime. 

7. It has not been experimE:ntally demonstrated, but from general con­
siderations there is every reason to believe, that pig iron low in sili­
con and sulphur can be produced even in the absence of manganese 
oxide in the iron mixture, provided a flnid and basic slag be rnain­
tained. 

8. Pig iron can be produced on a commercial cale, at a price to compete 
with the bla t furnace only wbcn clectric energy is very cheap and 
fuel very dcar. On the basis taken in thi report, with electric 
energy at $10 per E.H.P. year , and coke at $7 per ton, the cost of 
production i approximately the samc as the cost of producing pig 
iron in a modern blast f nrnace. 





PLATE XV 

C II ARGE Si-7 · 

Gysinge medium steel carbon o.-t 1 ï%. F e n·itc and pcarlite. 
:\'ormal struc ture . 

l\I ag-nification 1500 diameters. 
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9. TJnder ordinary condition , where blast furnacc::i arc au established in­
dustry, electric melting cannot cornpete; but in special ca.;;es, 
where ample water power i available, and blast furnace coke is not 
readily obtainable, electric smelting rnay be commPrcially succe;;r;­
ful. 

It is impo,;sible to define the exact condition' under which electric 
smelting can be successfully carried on. Each case must be consi­
dered independently after a most careful investigation into loc.ll 
conditions, and it is only when the'e are fully known that a definite 
opinion as to the commercial possibilities of any projcct can be 
given. 

F . W. HARBORD, 
Assoc. Royal School of i\lines, Fellow of Inst. of Chemistry, Fellow 

of the Chern. Society, Consulting Metallurgist to the Indian 
Government, Royal Engineering College, Cooper's Hill, Surrey. 

Oooper's Hill Oollege, June 27th, 1904. 



PLATE XIV. 

J 
~/ 

CHARGE 5 00. 

Cy,inge mild 'teel carbon 0.098%. Almost ail ferrite, junction 
of ferrite g-rains worn away by pol ishing. Structure normal. 

:\!agnification 1 500 diameter,. 





PLATE XVI. 

C 1rAHGE s+6. 

Gysing-e higb cad JOn >lecl 1 . 082°' . Norma l ~t rncturc nearly a il 
pearlitc with littl e cenwntitc•. 

\lagnification, 15co diametcr,. 





PLATE XVll. 

CH.\ RGE 559· 

La Praz rnild -,tee! o. 1 29 carbon. i\lc»tly FeJTite, \\' Îlh little 
pearlite not wcll den·lopccl . J uncture~ of the ferl'itc grains 

worn away by polishing. Struclu1~e normal. 

i\lagnification 1 5oc' diamelcr~. 





PLATE XVIII. 

CHARGE 660. 

La Praz High Carbon Steel 1.016%. Normal structure. 
N early ail pearlite, little cementite. 

;\[ag-nification t 500 diametcrs. 





PLATE XIX 

\ 'ER\' Lü\\" C .\RBO:\" STEEL ~!ADE 11'1 BASIC. 

Siemen'> Furnace Carbon 0.057 °" . Typical Feffite structure 
~howing junction of grains. 

i\lagnification 1 ooo cliarne tcrs. 





PLATE XX 

CHUC l l3LE STEEL o. 130 C.\ JW0:-1. 

Showing Ferri te <tncl well clcvelopPcl pearlite in place~. 

:\l agnification 1500 ùia111eter~. 





PLATE XXI 

MILD STEEL, .\ BOUT o. 140% CARBON. 

F e rrite with patches of pearlite. 

~ l agnification 1500 diamete r. 





PLATE XXII 

Alrno,t l'ntirely well -dl'velopc'U Pcarlite . 

.\lagnification 1500 diametcr~. 
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S0111e of the cold bending, welding and drifting tests of the Gysinge and La Praz Electric Steels. 
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ELECTRIC SMELTING OF MAGNETITE. 
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REPORT ON THE MARCUS RUTH ENBURG PROCESS OF 
ELECTRIC SMELTING OF MAGNETITE. 

Hon. Oliff ord Sifton, 
MinisteT of the Interior. 

Sir,-

On the 24th of July, 1903P the Commission, consisting of the Gov­
ernment Electrician, Mr. Higman; the Metallurgist, Mr. Locke, and the 
writer, appointed by you to investigate the Marcus Ruthenburg process 
of electric smelting of magnetite, left for Lockport, N.Y., where the 
Ruthenburg electric furnace had been set up in the Oowles Electric Smelt­
ing and Aluminium Oompany's work , situated on the outskirts of the 
town. 

Description of Furnace. 

The furnace (see plate XXIV) consists of an electro-magnet (hon;e­
shoe pattern) of cast-iron, with pole-pieces of soft steel. The two limbs o:f 
the magnet are electrically insulated from each other at the bend, which, 
in the form of a joint, permits the variation of the gap between the poles 
by means of a screw. The limbs of the magnet are surrounded for nearly 
the entire length by closed brass drums, which are provided at the end 
farthest from the poles with means for rotating them in directions toward 
the gap. The rotation is e:ffected by a separate motor of about i horse­
P< wer. These drums serve the purpose of absorbing by water circnlr .. -
tion through them the heat generated and of giving motion to the ore to­
ward the gap. The parts of the drums to which the working current is 
distributed, and which form the electrodes, are arrncd with carbon plates. 
This current was furnished by two Brnsh Direct C11r rent Gcnerators, 
joined in series, of 50 volts and 3,000 arnperes capacit:v each, thus givinir 
100 volts and 3,000 amperes. 

A W eston ammetcr of -±,000 amperes eapacity, a 'Ye ton voltmeter, 
reading to 120 volts, and a Schee:fer recordin~ wa tt1110tPr, No. 42,203, 
specially constructed for 2,000 amper at 110 volt:;, werc in circ11it with 
the main current. 

Description of the Process. 

The magnetite is first coar e-crushed and sent t11rough Cornish roll-
ers :for fine crushing. From these i t passeQ i nto 111ag11C'tic separators, 
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which eliminate the non-magnetic constituents. The resulting concen­
trates are mixed with carbon in amount somewhat in excess of the amouut 
needed to reduce the ore to the metallic condition. Partial redu"Ction of 
the ore is expected to be e:ffected by the working current in the gap of the 
carbon-covered drums, where, on account of the magnetic :field,, the mi.x­
ture of ore and carbon forms a bridgt:\, the carbon being held in place by 
the magnetite threads which span the gap. The partially reduced ore ~u 
the heated condition loses i ts magnetism, and drops into a cooling pit, 
being replaced by a fresh mixture of ore and carbon; the process is thus 
automatic and continuous. 

The partially reduced and heated ore is expected to agglomerate into 
masses in the pit, where it is assumed to undergo further reduction . .A.fter 
the cooling, the fritted mass is, according to the Patentee's account, melt­
ed in a cupola, and cast into ingots, or directly transferred to an open 
hearth furnace and converted into steel. 

INVESTIGATION OF THE RUTHENBURG PROCESS BY 
THE COMMISSION. 

Calibration of Electrical Measuring Instruments. 

In order to ascertain the electric horse-power absorbed per ton of 
product,, it became necessary to verify the indications of the electric mete1·s 
in circuit with the furnace. This calibration was undertaken by Mr. 
Higman, who employed for this purpose his own official standards. The 
W es ton ammeter and voltmeter were found to be correct, but on passing 
current through the Scheefer recording wattmeter, which was to be relied 
upon in furnishing the total watts delivered, it failed to record, although 
the ammeter indicated the passage of a current of from 500 to 1,000 am­
peres, at a pressure of 100 volts. A telephone message was sent to the 
agents representing the firm of rnairnfacturers of the mctcr in St. Catha­
rines, asking for an expert to adjust the in13trumen t. On hi-:; arri ml, cur­
rent was again passcd, but the instrmnent could not be macle tn record. 
It was, therefore, dec:idecl to take the instrum ent clown and exn111inc i t. 
It was then found that one of the ball hearings on which the spinlll<' rnov­
ed was missing. On supplying a new ball -bcaring, and te;::ting the instru­
ment, it still failed to rcror(I. .\ fnrthcr examination revealed the fact 
that the connection of the potentia1 coi1 with the nrmHturf' had been 
hroken. The wattm0ter heing of :::pecial design, and not kept in stock, it 
hecarne neccssar.Y to se1Hl it back to the factory in P eoria . Ill. To avoi-1 
all unnecessary delay, :Mr. Ffigm:m undertook to convey it to the factor.V, 
and personally supcni::;e it~ refitting. Expenses for this journey were 
met by Mr. Rimpson. ~franwhile, the fnrnace was set in operation, and 
the patentee experimented in ascertaining the best method of feeding the 
ore anrl carbon to the reduction space. 
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P reparation and Conveyance of Charge to Reduction-Space of Furnace. 

The mixture of ore anù carbon, placed in the bin above the furnace, 
was permitted to run from a chute into a feeding box placed on top 
of the lef t hand rotating electrode. A lever operating a slide in the box 
permitted the regulation of the delivery slit. It was soon found that the 
magnet would pull the magnetite out of the slit and leave the carbon be­
hind, which, accumulating at the ppening, would intcrmittently be forcad 
out by the rotation of the drum. Thi prevented a proper mixture of ore 
and carbon. A second box, imilar in construction to the former, was 
then placed upon the right hand rotating drum and :filled with powdered 
charcoal, the leit hand feeding box being filled with l ure ore. The sJides 
of the feeding boxes were now openecl, but while the ore passed freely 
down to the gap, the charcoal chokecl the lit, and that which passed ont 
adherecl to the carbon of the electrode, preventing an effective mixture of 
the ore with the carbon throughout the gap. 

Both ieeding boxe were now removed, and the feeding effected from 
the pout placed over the centre of the furnaee directly over the gap, and 
the spout providecl with a slide. To insure proper mixture of the ore 
with the car bon, the patentee mixed ithe ore with l art car bon and sawdust, 
expecting the sawdust to actas a distributor of the ore, and, by cvolution 
of hydro-carbon in the aTc, aid in the reduction of the ore. As might 
have been fore een, the flame produced by the ignitecl sawdu t set the 
chute, which wias made of wood, on fire, necessitating the replacement of 
the charred part by a metallic condu~t. For this the patentee used gal­
vanized iron ! which, becoming magnetic, retained part of the ore, whicb 
hung in beards from the sharp cdges and corner of the spout, preventing 
regular feeding of the mixture of ore and carbon. :Jforcovcr, much of 
the sawdu t which had pa sed through the gap was fonncl not to have heen 
acted on by the electric current. 

A mere recital of the ·e cxpcrim ents coucl nctccl hy the patcn tee shows 
how impeTfectly the trcatrnent of magnetic oreR hy hi proccss bas been 
worked out by him. 

Determination of Electric Energy Absorbed. 

On the return of :\Ir. Iligman from Peoria, Ill., with tlite rcpaircd 
watt me ter, it was clecidcd to mnkc a rnn of a cprn ntity of or sufficien t to 
deterrnine the elcctl'ic hor,.;e-power ahc;orbC'd in the fnrnnce per ton of pro­
duct. The following mixture was ernplo_vPcl hy :Mr. Ruthenhurg for thi'I 
purpose:-

:Moisic iron sand . . . . . . . . . . . . . . . . . . . . . 3,200 lb . 
Rawdust . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 " 
Cok<' (cru hed) . . . . . . . . . . . . . . . . . . . . . . 800 " 

4,200 " 
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When preparing this mixture, I pointed out to the patentee that the 
coke should be propeTly sized to consist of particles not larger than twice 
the diameter of the average diameter of the particles of the iron sand0 to 
insure uniformity of resistance in the gap, and that the sawdust, which 
increased the re istance 1Yithout materially aiding in the reduction, should 
be omitted ü it was desireJ to prove a low absorption of electric energy 
by his furnace. No change, however, was made in the ingredients of the 
mixture, nor was an attempt made to render the particles of the mixture 
of uniform size. To preven.t the mixture from eparating in the bin. into 
its ingreclients, according to the specific ·gravities of the components, 
the patentee wetted the mixture, hoping that the particles of ore would 
adhere effectively to the wet sawdust and coke. This naturally imposed 
the additional use]ess burden upon the furnace of provi<ling sufficient heat 
for the evaporation of such water. 

On starting the furnace it was found that the ref'istance in the gap 
was 80 great that with the available pressure of 100 volts onJy about 150 
arnperes on an average could be driven throngh the ore bridge in the gap, 
and evcn when the gap was narrowed to ~ of an inch. the curreut could 
not be materially increase<l. The uneven f ee<ling- aoJ the nnevcn size of 
the particles of the mixture caused the res is tctnce in the gap to vary to such 
~m extent that the am111eter indications fiuctuateù rapidly and throughout 
the 0xperiment between 50 and eYen 0 to 200 ampere;;. The <lisk of the 
rcconling wattmeter remained stationary whene\Cr the current strength 
fell below H50 amperes. It is evi<lent that nnder the0 e conditions the watt­
rneter readings, as recorded by :M:r. IIigrnan for the sepa rate runs, would 
not represent the whole of the elertric Porrgy abo.or1>ed. 

The sawdu::it was only par tial ly acted on in the gap, particles passin.,g 
through without baving bern ca rbonize<l . and the larger pieces of coke. 
heate<l to a bright rednc;;s hy the ClllT<'nt, ab,:orbed electric energy with­
ou t m;eful return in effecti11p; reduction of the ore. 

Tltefron 80nclsand mkr' JJ"1·tir1es.f°r'll 1·ll rc fin1',fi ery raininto the pit, 
wherP tli1'y rapi1lly moll'd. T/11' ; 1·011 8U 11 d8 !tari 11,r; lo.~t their magnetism 
before 'Ul«ipient fusio11 liad set i11, th1• 7>mrl11rt nt' t/1 (' fur11ai·r in the pit 
faileâ fo ugylomN ute i11to 11111s81's, rc 11d 1·011sislNl rrp1>aN' 11tly of nParly the 
seime pltysiml und clt l'mil'lll co11sfit11tio11 ms //,1' 111·1• 111i.tl!l1'1' employed. 

I t was, therefore, thought a waste of time to continue the run after 
17 hours and 37 minute trial, although a considerable 11uantity of the 
charge still rernained in the bin. The furnace was, therefore, shut clown, 
the remaining charge run out and weighed. The weight of the product 
w;1~ ;1 l~o a"ce>rtained. These weights are not recorded, since they are 1m­
tirely unreliable, a number of aceiclent::; having occu rred dnrin1t the trial. 
such as t>he falling down of the front of the pit, and the spattering of hot 
water from the pipes of the drnm 11pon the produet. &c. 
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Mr. Higman reports that: "The total amount of energy recorded b.Y 
the wattmeter was 103 kilo-watt-hours, but since the meter failed to re­
cord when the current fell below 150 amperes, the record cannot be ac­
cepted even as approximately correct. 

103 readings of the volt-amperes taken during the te t give an aver­
age rate of consumption of 17,400 watts, or a total, during the 17 hours 
and 37 minutes, of 306.5 kilo-watt-hours. These :fiO'tues approximate very 
nearly the actual energy consumed." 

Taking Mr. Higman's last :figure of electric energy absorbed, the 
total quantity of ore treated in 17 hours 37 minutes •amounted to 1,732 
lbs., or 1.18 tons per day of 24 hours, ·and the total electric energy expend­
ed in putting this amount through the furnace would be 417 .6 kilo-watt­
hours, equal to 559.7 electric horse-power hours, which gives for one 

.ton an expenditure of 0.054 horse-power years. 

Metallurgist's Report. 

Mr. Locke, the metallurgi t, reports as follows, r egarding the assays 
of the samples taken by him during the progress of the trial runs with the 
Ruthenburg :furnace :-

"The Moisie sands were put through a magnetic separator of Mr. 
Ruthenburg's invention. The following are the assays of the rcsults of 
the magnetic separation: 

Si02 •..•..... . . . . . 

Fe ... . ... . .. . .... . 
o ..... . . .... .. . .. . 
Ti02 • •• ••.••. •• • •• 

MnO ..... ... ..... . 
p . .. . .. . . .. . . ... . . 
S ...... ......... .. 

Original Sa11ds. 

% 
8 .46 

56 . 22 
19 .66 
14 .98 

0.41 
0.008 
0.005 

Concentra les. 

% 
1. 21 

68 .88 
25.:34 
3.01 
0.27 
0.004 
trace. 

Tailings. 

% 
17 .47 
44.02 
15.06 
22 .00 
0.66 
0.009 
0.008 

Regarding the oxygen as combined with the iron to Fe 3Ü4 , we have: 

SiO • ....... . .... .. 
F c3Ô4 • • •••••••••••• 

F e (othcrwise 
corn bined) . ... 

Ti02 • •• ••• •• •••••• 

Origina l Sands. 

% 
8.46 

71. 2:~ 

4.65 
14.03 

Concentra tes. 

% 
1. 21 

91 .86 

:2 . !3(i 
8.01 

T a ilings. 

% 
17 .47 
54.47 

4.01 
22.00 

For the charge of the electric furnace the concentrates in column 2 
were mixed with coke and sawdust, in the proportion of 0 parts concen­
trates, 20 parts coke, and 5 parts sawdust, The coke used contained 
88.21% carbon ; the sawdust was not analysed; the fixed carl>on of woo'l, 
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though, varies little from 50%. As uming this figure, the charge would 
contain :-

0. 93 % Si02 

69. 98 " Fe30 4 

l. 98 " Fe (otherwise combined) 
2.29 " Ti00 

19.16" c -
In these :figures no consideration has been taken of the ash of the coke. 

This mixture was put through the electric furnaC8i, and of the result­
ing product a part was taken hot and quenched in water, whilst the reat 
was allowed to cool slowly in the pit of the furnace. These two parts as­
sayed as follows :-

Siü., ............. . 
Fe.- .............. . 
o ................ . 
TiO., .. ........... . 
c .. -.... . ......... . 

Quenched. 

% 
1. 71 

59.92 
21.41 
2.24 

14.72 

Cooled Slowly. 

% 
1. 76 

61.57 
19.47 

2.56 
14.64 

or, regarding the oxygen as combined with the iron to Fe3Ü4 we have: 

Si00 • •• •• • • •• •••• • 

Fe/)4 ••••• • ••••• •• 

Fe ............... . 
Ti02 .... •... '. .• ... 

C ............... .. 

Quenchf'<l. 

% 
1. 71 

77.43 
3 . 90 
2.24 

14.72 

Cool~d Slowly. 

% 
1. 76 

70.65 
10. 39 

2.56 
14. 64 

Eliminating the carbon, the results are as follows: 

Siü., . . ........... . 
Fe3Ô4 ••.•.•••• • •••. 

Fe . .............. . 
Ti0

2 
••.••••.••.••. 

Quenched. 

% 
~.OO* 

90.95 
4.40 
2.G3 

Cooled Slowly. 

% 
2.06* 

82.69 
12 .25 

2.99* 

*The increa~e in the silica is cau~ed by the silica contents of the coke. 

CONCLUSION. 

Frorn these results it is evident that the reduction of the magnetite, 
cither in the reduction gap of the furnace, or in the soaking pit below the 
fmnace, had been insignificant. 

Whatever the claims made by the patentee for his process, as exhibit­
ecl to the Commission, the foregoing results of the investigation demon­
stratc its entire failure as a process for either agglomerating and fritting 
the finely-diYided ore, or for any useful reduction of the iron ore. 



123 

The fact that the magnetite loses its magnetism before incipient 
fusion takes place will prevent the agglomeration of the charge in the pit 
and the narrow gap between the poles, through which the charge requires 
to pas~, will always render the capacity of the furnace small. These two 
facts preclude the hope that modification of the process will render it 
commercially useful for agglomerating finely-divided ore, in substitution 
of briquetting. 

I have the honour to be, 
Sir, 

Your obedient servant, 

EUGENE HAANEL, 
Superintendent of Mines. 





The Marcus Ruthenburg Electric Furnace, front view. 
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TREATISE ON ELECTRO-METALLURGY OF 

IRON. 

BY 

HENRI HARMET. 

FIRST PART. 





TREATISE ON ELECTRO-METALLURGY OF 
IRON.* 

BY HENRI HARMET. 

Physical state in which the reducer and the oxides to be reduced ought to be. 

The metallic oxides, such as oxide of iron, placed in a solid stato in 
the presence of a reducer, such as coke, for example, itself in a solid state, 
are reduced under the influence of heat but slowly~ and then only in the 
immediate neighbourhood of the points of contact. 

This method of reduction i made use of in working with small quan­
tities, and intermittently, in the crucibles lined with carbon, in the labor­
atory, in the old low furnaces, fining-forge, and similar furnaces; again, 
it must be admitted, that in these appliances a great proportion of the re­
<lucer acts in the form ()f gas. 

But when the question of continuons production on a larger scale is 
examined, it is found that in order to produce reduction on a commercial 
scale, it is necessary0 under the influence of a suffi'ciently high tempera­
ture: 

lst.- That the carbon tran formed into reclucing gases should penetrate 
the pore of the o:xide which remains solid. 

2nd.- Or else that the liquified oxide should surround the solid carbon, 
thus multiplying and renewing the points of contact. 

It is hopeless econornically to effect the recluction of liquified oxides, 
by causing the carbon, converted into reducing gases, to act upon them. 

Reduction by means of the heat produced by the reducer. 

The reduction on a commercial scale of solid oxides by carbon trans­
forrned into reducing gases ha for a long time been carriod on in the or­
dinary bla t furnacc under the influence of heat given off in the hearth by 
the corn bustion of the soli cl reducing agent, coke or charcoal. 

The rcduction of liquified oxides by a solid reducer has not been i:;o 
employed, we believe, a to l\Se heat supplernentary to that of the carbon 

• From the Frer.ch. 
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itS'elf; the car bon urrounded by the liquified oxide' could not give off 
supplementary heat, ha ving no point of contact with the oxiclizing air. 

Reduction by means of the heat resultmg from conversion of electric energy. 

The introduction of electrieity as a source of independent heat sim­
plifies the problem of reduction, by leaving the reducing agent free to ac­
complish simply the chemical ac tion which i ' required from it; the reduc­
tion of liquified oxi<le' by solid carbon becomes thus po ible. 

For the two cases: lst. Reduction of solid oxides by carburized gases. 
2nd. Reduction of molten oxides by solid carbon; we shall examine the 
successive steps through which iron must pass to be changed from the 
primitive oxide to the condition of finished steel, and the appliances which 
permit the practical rcalization of these :mcce:; ive phase by deriving 
from electricity the heat necessary beyon<l that which can be furnished 
by the reducing agent used. For the ake of implyfying our tudy, we 
will :first consider the second case: reduction of molten oxicles by so1id car­
bon; for one part of tlfr pro<.:e~~ ran. without further description, be 
adapted to the first case. 

The application of electricity as a 'Ource of heat for industrial pur­
poses has for a long time been made on a large cale. In the following 
notes we may then pass over all the details of installation concerning the 
production of current of great power, leaving to electrical engineers the 
part which they have a right to c1aim. In order that, in this study, we 
rnay take into acceiunt the appliances which should be adaptecl to the exi­
gencies of the electric current, we hall insist only on the following fact : 
e1cctric energy is tran formed b,v the interpo ition of a resi ting body 
(similar to that used in incan<le:::cent lamps) into heat which rnay be utiliz­
ed. The material which offers r es istance, the gase , the oxides, the molten 
s1ag, charged with this heat, transmit it to the surrounding regions and to 
the meta1 produced. We shoul<l add that after this the principal difficul­
ties met with in electro-metallurgv arise from the tick.v tntc of the 
oxicles at high temperature. anfl from th<:' forn1;:: thr npplianrr;:: have to 
take in order to facilitnte the r rnctinn:; "'·h ich "honlcl be prodnre<l in each 
phase. 

FIRST P ART. 

Reduction of Molten Oxides by Solid Carbon. 

Every metallurgic prorc~;;, iu nnlcr to hP practical anrl of m~e indus­
triallv, >= honld hnn' nn exact orrlcr in thr ~1wer,.;,.;inn of the ,:teps which 
constitute it, :mil it c.honlll pMvidc f,q· tlie Jl<l""il1ility of rcgulating the 
progrP~s ancl the rapiflity of ench nf the;;e. 

Tf the steps or surce~ ive phases take place in the same part of the 
same apparatus, the process is fatal! ," Ji:;eontinnou ; if the phase;; take 
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place in distinct parts of the same apparatus, or in different apparatuses, 
the process may be capable of either continuou' or intermittent produc­
tion. 

Regularity of progre s and continuity of production, when possible, 
are to be carefully sought after, and it is the pursuit of these two desi­
derata which, for the electro-metallurgy of iron, have led us to the com­
plete apparatus, the general plan 1of which is represented by Fig. 1. 

This general plan comprises three principal parts absolutely distinct 
from each other, each corresponding to one phase of the treatment: 

A first apparatus (A) for the fusion of the ores. 

A second apparatus (B) for reduction. 

A third apparatus (0) for bringing the metal to the desired state 
this is the regulator, or Martin electric furnace. 

The first two, A and B are continuous in progress and production. 

The third (0) is continuous in progress, but the tapping is intermit­
tent, it being neces ary to 1accumulate the metal produced, in order to be 
able to run i t out in a large mass at a single casting. W e should note 
here that this third apparatus, or regulator, forming a part of the whole, 
constitutes by itself alone an electric furnace, capable of replacinO' the 
0rdinary Martin furnace. 

Description of the Complete Apparatus. 

A first part, or melting furnace. 

rst. - The first part, in which the fusion of the oxides is accomplished, 
is composed of : (see Fig. 1, part A.) 

A shaft (1) with circular horizontal cross-section, the axis of which 
ir:; vertical, and with the interior walls widening out from the lop to the 
bottom, in order to facilitate the descent of the charge, and to avoicl scaf­
folding of Lhe Itiaterial; the ection incr easing more and more towards the 
base (in proportion as the charge become more pasty and ticky under in­
creasing temperature.) 

The holes (2) a1low the ores, if nccessary, to be worked in the in-
terior of this shnft. They are c]o ed by movnble bricks when not re-
quired. 

At i t lowe1· part the haft (1) terminal<'s in the smelting lirarth ; 
number (3). 

This consist of a chamber with circular cross-section, the arched roof 
of which is broken through in its centre by a large opening. which forms 
the continuation of shaft (1). 
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This chamber (3) is of much greater cliameter than the lower part of 
the shaft, so that the oxide which almost fi.11 shaft (1) may not complete­
ly fill the hearth, but leave at (4) an annular space for the circulation of 
the ga es. · 

As a result of the gra<lual widening of shaft (1), and also of the form 
of the hearth (3), the ores are never jammed in the haft; they spread out 
as they descend, leaving spaces for the passage of ascending gases. On 
reaching the hearth (3), they rest on the bottom, taking laterally their 
natural slope, and lea,ring the annular pace necessary for the combus­
tion of the gases which, from there, spreacl through the whole mass of 
oxides, and heat them while pa ing through them and finally escape by 
outlet (5). The e gases,, completely burned, have no value on leaving the 
meltino· furnace, and outlet (5) may be left entirely open, which facili­
tates the charging of the apparatus. 

The bottom of the hearth (3) slopes from the back toward the second 
apparatus or reducer. Thi inclination is for the purpo e of facilitating 
the running off of the molten oxicles toward the reducer, and keeping them 
frorn escaping through the openings by which the carbons (6) carrying 
the current enter; these openings, it will be een, are placed at the top of 
the inclined plane. 

The fusion of the oxides in the hearth is procluced by the gases which 
escape from reducer (7) . These gases, in fact, are composed principally 
of oxide of carbon, and the heat " ·hich they give off, whether by their com­
blliltion,. or by their cooling, is ufficient for the fusion of the correspond­
ing oxicles. On leaving the Teducer by pipe (8), the gases form a blow­
pipe, with the air blown in at high pressure through the tuyere (9) and 
drives them in an incandescent state into hearth (3); on the slope they 
attack the oxides, already at great heat, melt them, then distribute them­
selves all throngh hearth (3), and cspecially in the free annular space ( 4), 
where their combustion is completed; from there they diffuse themselves 
through the porous ore, heat it progre sively, and escape by outlet (5). 

The gases of the reducer gencrally uffice for the heating and smelt­
ing of the oxide'l ; nevertheless, it is necessary to have at one's disposa! a 
source of supplementary heat in the form of an electric cturent, for the 
purpose of: 

1st.-Guarding against an insnfficiency of heat procluced from the 
gases alone. 

2nd.-Tiegnlating the fusion on ·the bottom of hearth (3) . 

Thi>< bottom is indeed very wicle: the ore lies tlwrc on a large surface. 
and the blow-pipe, or blow-pipes (for sen~ral of them can be used) formerl 
hy the gases, a('ting more particnlarly on _the smface of the slope, can not, 
a a rnle, melt the ores which rest on the bottnm it~elf. or whirh are found 
at place>< more remote from the Rource of heat. 
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The electric current capable of furnishing supplementary heat for 
smelting is carried by two or several carbons (6), entering the furnace 
above the bottom by openings at the upper part of the inclined plane 
forming this bottorn, but it may be introduced by vertical carbons or in 
any other way. It is well to distribute the current in such a way as to be 
able to heat the di:fferent parts where nece sity may demand. 

2nd. -The second part;, in which the reduction of the oxides takes 
place, is composed of : (see Fig. 1, part B.) 

A shaft (10) with circular cross-section, the axis and sides of which 
are vertical, and into which is charged at the top coke, charcoal, anthra­
cite, or any other substance which serves as a reducer. This shaf t is kept 
full for the purpose of exerting pressure on the coke in the lower part, 
and of forcing it out in the form of a column as far as the botto~ of the 
reducing crucible. 

The top of shaft (10) is closed by a charging apparatus (11), placed 
in such a way as to prevent any e cape of the gase by this opening cluring 
the charging proce , unless it is judged nece ary to do so. 

At the lower part shaft (10) ends in the reducing crucib]e or reducer 
(7). 

This reducer (7) is a furnace with cirClùar horizontal cross-section. 
The lateral walls are practically vertical, the bottom is slopecl in the direc­
tion in which the ub tances are to run, that is, from the entering oi the 
molten oxide to the escape of the metal and slag toward the regulator. 

The roof is spherical or dome-,shapedv and present : 

1. A large circular opening, forming a continuation of the shaft (10) 
and by which the reducing substance enters the crucible, forced in by the 
weight of the super-imposed material. 

2. A second opening (8) by which all the reducing gases escape. 

3. Further, one, two or more openings for the entrances of the elec­
trodes, when it is considered desirable to convey the current through the 
roof. 

The lateral walls of the crucible may have openings or doors for the 
purpose of examining or making intcrior repairs, 'an<l a1so openings for 
the passage of the electrodes, when it is considered cxpcdient to introduce 
the current 1aterally ; but they have at least two opcn ings (12 and 13) for 
the running off of the crude metal and the slag. The e two tap-holes are 
placed, either the one above the other on the arne ver t ical plane, or rather 
a little separated on di:fferen t verticals, but in ·any case both ought to be 
behind the column of coke de cending from shaft (10), so that the s]ag 
and the metal may never escape withont going over a thick hc<l of incan­
descent reducing u b tance. Thi;; plac·ing of the t ap-holcs corn hinrrl wi th 



129 

the height of the column of material in shaft (10), which by its weight 
force;; the reducing substance to pass down to the bottom of the crucible, 
insures a perf ect reduction. 

In crucible (7) the reduction of the oxides absorbs more heat than is 
produced by the transformation of the coke into oxide of carbon. It !.s, 
therefore, necessary to resort to the electric current in order to supply 
the additional quantity of heat required. This current can be brought by 
electrodes, such as (14) and (15), passing tlmmgh the top uear the slag, or 
by electrodes, either horizontal or, still better, inclined in position, crossing 
the lateral walls, and reaching the lag on the same plane. 

Process of Reduction in Furnace B. 

Af ter the procoss ha been in operation :for orne time, the crucible 
of the reducer shows in the lower part on the bottom a first layer of 
crude metal (16), then above this a layer (17) of oxides not completely 
reduced, and ihore or le.ss mixed with a third layer (18) composed prin­
cipally of slag. The coke remains lying on the bottom, below the shaft 
(10), but the fragments which are free on the surface, on the side to­
wards the axis of the crucible, are raised by the metal or the slag, float in 
the liquid mass, scatter all about, and at last fill up all the lower part of 
the crucible up to the level of the slag (19-19) ; the whole liquid mass 
then circulates among the interstices left by the fragments of coke, as in 
the crucible of the ordinary blast-furnace. 

The molten oxides which corne from the hearth (3) fall on the mix­
ture of coke and slag, and become reduced under the influence of the high 
temperature produced by the current; the gases escape through opening(8) 
in order to continue the fusion of the ores; the metal produced descends to 
the bottom; the slag, separated from the oxide, float on the urface. 

The di~chargc of the slag and the metal produced from the erucible 
may be effected by complete and alternative tappings. It j,, prcfcrab]P 
to let the slag run off almost continuously, which i ~ casily acco111plishcd, 
as in the ordinary blast furnace. 

3rd. - The third part (C) into whiC"lt the retlnccr ponn; its crude 
metal, there to be refi ned and hrought to the <lcsircrl condition, i~ the reg ­
ulator. 

The " Regula tor ., representecl in the gcncral plan of the th rce ap­
parat uses (Fig. 1) is further reproduce<l in detail in Figs. 6. 7 anù ' (set> 
second part.) 

Fig. 6 hring a . cction of Fig. along .\. B.C'. 

Fig. 7 being a section along D.B.E. 

Fig. heing the horizontal section of the prcccding. 
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It is composed of a chamber or laboratory (20), with circular section, 
presenting: a door for charging (21); a channel (22), by which it receives 
the crude metal coming from the reducer; a tap-hole (23) for the metal 
(24) ; a tap-hole (25) for the slag (26). 

The heating is accomplished by electricity t ransmitted to the liquid 
bath by two electrodes (27) passing through the top or through the lateral 
walls. These electrodes, which caTTY the current, may be either vertical 
or inclined in position. 

Figs. 6, 7 and 8 show the arrangement which appears tous to be the 
best for the metallic enclosure of the regulator, and for the refractory 
lining; it is well to draw attention to this arrangement of the metallic en­
closure, the circular form of which is char acteristic, allowing a very 
simple, economical, trong con truction, and reducino- the running ex­
penses to a rninimmn, owing to the strength which this arrangement gives 
to the refractoi·y lining; the lower part of 'the fnrnace, of sheet iron,, rests 
fiat upon the ground, and cannot be deformed; the vertical enclosure is a 
cylinder of heet iron, strong from its very form, and fnrther reinforced 
at its two extremities; at the bottom by its being joincd with the she'3t­
iron plate; at the top by a wide hoop (30), (Fi'gs. 6 ·and 7), designed to 
support the whole thrust of the arched r·oof. 

The roof consists preferably of a single piece of refractory material. 
If one con ider the purity of the teel and its complete separation from 
the slag, the immobility of the regulator, with its discharge for the metJal 
below, pre eut a great advantage over the Bes emer converter, the oscil­
lation of which and the fact that the di charge is above, are perceptible 
eau es of V'ariation in the composition of the steel. All people of the 
trade know .. in fact, the bad e:ffect of slag mixed with steel, whether in an 
infinitesimal form, when it arises from direct oxidation of the metal, or ia 
the form of almo t imperceptible droplets scattered by agitation throu§?:h 
the sticky mass from which thcy cannot be separatecl. For special steels. 
and steels of great purity, whi.ch should be cxpected of clcctric smelting, 
it is 8 sential to avoid tirring the rnetal falling on the slag; snch as occurs 
when the contents are poured out from the mou th of the converter; and if 
it is not possible to obtain the sharp eparation which is obtainecl in the 
crncible, we mu t at least seek means of pouring which will allow the larg­
èst mass of metal to be run into the ladle before letting any slag into it. 

Retining Process in the Regulator. 

The refining in the electric regulator resembles that of th e Martin 
furnace; it differs from it, however, in several points, which it is inter­
esting to set forth in a general way before examining the proeess of an 
isolated operation :-
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lst.-The regtùator with circular horizontal section, facilitates very 
umch the work of the opcrator on account of it.s simplicity, the 
resistance of it::; metallic enclosure, and of its refractory Ening. 

2nd.-The high temperature which is made use of, and its direct ap­
plication to the mass which is to be heated, enable reactions to 
take place which are almost impossible in the :Martin, where the 
maximum of heat is de:flected toward the walls, which resi.3t 
with difficulty. 

3rd.-The means used in the :Martin for the refining and pmifying 
of the crude metal are: · 

For oxidizing processes : on the one hand, oxygen, with the 
carbonic acid and aqueous vapor, which are unfortunate­
ly contained in the gases of the furnace, and the propor­
tions of which are not variable at the will -0f the opera­
tor; on the other hand, oxicles of iron,, oxides of man­
ganese, lime, and other additions, regnlated at will. 

.For reducing processes : on the one hand, all ubstauces hav­
ing affinity for OÀ7gen, silicon, manganese, aluminium, 
sodium, &c., it being p-0ssible to add these to the bath in 
the pure state, or in the state of ferro compounds. 

The refining in the electric regnfotor can tak<' achantage of all these 
agents, but the ox:ygen, caTbonic acid and aqueous vapor, which it can util­
ize, are fortunately not forced upon it, and this alone makes an enormous 
di:fference in the proce of refining, and in the resnlt ' whicb are to be ex­
pected. 

W e should point out, in the next place, that all these questions are 
very important, and that their study hows the essential character of ques­
tions of a purely metallurgic order in the investigation which we are pur­
suing, electricity entering onJy a heat-producing agent. 

Let u con ider, for in tance, the case of the removal of the carbon 
contained in the crude rnetal. 

The deearbnrization rnay be produced practically by oxygen, carbonic 
acid, aqueous vapor, metallic oxide . and e pecially by oxide of iron, oxide 
of manganese, oxide of calcium, &c. 

It is interesting to compare the dee;arbnrization of iron by the 0)..7gen 
of the air and by the oxidcs of iron or ores. 

The two modes of operation differ entircly in tlw final re u1t: 

The oxygen of the air, driven to the surface or to the interior of the 
li <tnid metal, burns at first the <>'reatcr part of the ekmcuts more easily 
oxidizable th an iron, among othcr..; t li<' rarbon, but bcfore all the car bon is 
rcmo\·ed, 1t acts already on the iru11. f'ither h.v di ·~oldng in the mctal, or 
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by combining, and thereby gives ri e to an infinite nurubcr of particles of 
oxides imbedded in the metallic mas where their action becomes injur­
ions ; the metal then becomes hot-short, and if one examine a break by 
tension, one finds generally the appearance called "wood fractul'e." 

Oxide of iron in the tate of ore acts on carbide or iron in a less ac­
tive manner, retaining oxygen by its combination, and burning only the 
car bon with s11fficient energy to destroy thi corn bination. 

Decarburiza tion by oxide of iron give a better steel; it is necessary 
then to avoid direct oxidization by atmospheric air, when the quality of 
the product is the first e ential; hence the inferiority of the Jl.fartin to 
the electric regulator, which eau have air introduced if it be judged advis­
able, but which is not inevitably always present. 

The superiority of the regulator is demon trated again very clearly, 
when it is a quc,tion of producing a reducing action, desulphurization, for 
e:i..."3.mple; the gases floating above the metallic bath are naturally these 
reducers, if no other oxidizing agent is introduced from withou~, and the 
elimination of the ulphur can be easily brought about, while it i almost 
impossible in the Martin. · 

T he Refining Operation. 

The refining proce s varies according as the operation is performed 
on the crude rnetal alone coming from the reducer, on a mixture of pig 
and scrap, or on scrap alone. · 

Let us examine the first case; the others offer no a<lditiona l difficul-
ties. 

In connection with the reducer B (see ~econd part .. Fig. la), two ro­
gulators may be employed, into which the crude meta l flows regularly in 
proportion to it production; one 'Of the regulatol's receives the metal 
(filling up), while the other brings the refined metal to the desired hanl­
ness oand compo ition. 

Thi arrangement of two regulator for one apparatus upplying the 
crude metal is hown in Fig. la (see econd part). 

Let us suppo e a single regulator with basic lining; the crudc metal i 
allowed to accumulate in the crucible of the r educer (B) till a time when 
tapping becomes pos ·ible. 

Kno"·ing the approximate composition of the cruJe rnetal, and the 
weight of the charge which i to be opcratcd on, all the ore nece ary for 
decarburization may be placed beforehand on the botton1, if, in or<ler to 
obtain a better quality of meta1, one does not r eci uirc part of the oxidiza­
tion to be accompli hed by a jet of forced air. 

The crude metal, which we uppose to contain little sulphnr, is pour­
ed out in such a way as to fill rapidly the rcgula tor np to ahout 10 ecnt i­
meter bclow the level allowed for the outflm1· of the o;J::i g hv pipr ('.? ;)): 



133 

then the crucible o:f the reducer (B) being empty, the hole is left open in 
o:·der tha~ the crude metal, in proportion as it i pro<luced, may for some 
t1111e contmue to flow into the r egulator. The lag coming from reducer 
(B) sh~uld be drawn off before it r eaches the regulator, a i regularly 
clone w1th the Jag of ordinary bla t furnace . The refining begins at 
once under the influence of electric heat and of the ore, which changes 
the carbon of the crude metal into oxide of carbon · graduaJJy the s]aO' 

''- (b' 
which is formed, reaches the height of pipe (25), throngh which it flows 
out, its level beingi rnised gradually by the crnd e rnetal con tinning to now 
to the rep;ulator. 

The carrying off of the slag in this mannrr i- rnnc·h ,,implcr tban in 
the Martin. 

The crncible of reùucer (B) is closed \rhen the rcgulator is filled with 
the clesired qnautit,r, and the r e:fining now goes on to completion. 

Tests taken indicate the tate of the llletal aml by additions, either 
uf ore, or of carlmrctte<l ub tance-, the requireù point is reached. lt i 
Lle ·irable then to ]cave .the metal ab-olutely motionless for some time, to 
bring about its reactions, and to sqarate it gcntly from the slag; tapping 
is then clone as in lhe :Jiartin, first into a ladle, then into conica] ingot­
moulds, when· it is eo111pres ed by a process similar to wire-tlrawing. in 
or<lcr to avoid n~e of the r ehcating chmnber. 

lf, ÎIL-<tead uf a pnrc carbon teel, it is dr,;Îred to have the tinHwd 
mctal contain othcr elclllcnts having a definite influence on tlir nature of 
tlre steel, the operntion i,; the sarnc as in the 1brtin, with tlris diffcrence, 
ho11·c1·c1" that there is Je. Joss. the atmo$phere abovc the hath and the 
bath it;:elf having no oxidizing influence. 

lf in place of a r elatively pure crude rnetal, a con ·i<lcr,able percent­
age of suJphur is present, the operation shoulcl be rno<lified by tlre addition 
uf a redueing phase with ·lag, extra calcan•ons, or mangancsian. This 
pha>:e might take plaee after deearburization, but it Îc\ more natnral to de­
:ml pbnrize at the beginning. Before the tapping of the ernde rnetal. 
thrre \\'Onld then be placccl on the bottom of the regnlator a clesulphuriz­
ing slag in place of oxidizing ore. The addition of or(' wonld he ma<le 
only after the tapping of this desulphurizing slag. 

As tn the natme of the steelc; prn<lnccd in the rcgulator, it 111ay be 
any whatever; all the additions of special substance arc po, >iible, and in 
all these case$ the quality of the product will be uperior to that prodnced 
in the orclinary l.Iartin fuma ce, owing to the facilit:~ of 111ai n taining a bovc 
the bath a non-oxidizing atrnospherc. 

To sum up, the proces which bas jnst bcC'n cleiicl'ibed, of passing 
dircctlv from crude ore to refinecl iron, or to cliffercnt cJa~se of steel, i~ 
charactcrizrrl h.' a prrli111inary fusion of the oxidcs. followed b_v a redue-
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tion, then by a refining of the metal, each of these three operations being 
done in a distinct apparatus, but the three apparatuses, like the three 
operation , being combined in such a manner as to form three parts of one 
ingle whole, the calorie necessary to the three operations being supplied 

in part by the reducing matter, and the supplementary heat by three 
sources of electricity, one for each operation, which allows the use of cur­
rents of relatively low intensity. 

We have shown the regulator (0) as being intimately connected with 
t lw two other apparatuses (A) and (B), but if necessity requires (B) may 
be left to produce the crude metal, the pig-iron., and (0) may be separated, 
treatina directly in it entirely di:fferent substances. 

Economie Consideration of the Triple Furnace. 

It is interesting to study, at least approximately, the ·economy of the 
process, and to endeavour to emphasize more particulaTly: 

lst.-The utilization of the calories. 

2nd.-The electric energy required per ton. 

3rd.-The net cost compared with that of ordinary steel work:s. 

rst. The Utilization of the Calories. 

lst.-Let us suppose a charge to contain per ton of pig iron: 

Silica . . ................ . . .... . . 190 Kgs. î 
Aluminium ..................... . 
Lime and hlagnesia . ............. . 
Iron ..... . . ....... . . .......... . . 

82 1 

340 1 = 1,944 Kgs of 
985 ~ oxides to be melted 

Manganese . .. . .. . ..... .. ... . . . . . 
Oxygen of the ores .... .. ......... . 

17 " J 
430 

\Vater .. . . .... ........ ......... . 126 to be evaporated. 
Carbooic aci<l of the carbonates .... . 250 to be separated and 

volatilized. 

Total. . . . . . . . . . . . . . . . . . 2,320 Kgs. 

which ought to give, af ter calcination, fusfon and reduction: 

On the one hand, 1,000 kgs. of pig iron or crude metal. 

On the other hand, 570 kgs. of slag. 

Of which 535 kgs. are derived from the charge properly so callcd 
above, and 35 kgs. from coke or other reducing matter. 

2nd.-The pure carbon or reducing agent to be placed in shaft (10) 
per ton of pig iron will be 325 kgs., to change into carbonic oxide the 430 
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kgs. of oxygen contained in the ore, say~ 360 kg' . of coke, allowing for 
about 10% of ash. This coke adds 35 kgs. to the weight of the slag to be 
melted. 

3rd.-Before determining the schedule of caloi-ie , it is nece sary to 
ascertain the losses by radiation in each part of the triple furnace. 

Mr. Gru:aer allows for loss by radiation in the ordinary blast fumace 
444,000 calories per ton of pig iron. The present apparatus, pre enting 
relatively more surface, will lo e at least as much, let u take, in roun•1 
numbers, 450,000 calories, which will be distributed almo t in equal pro­
portion· among the three parts of the apparatu , say; 150,000 for each. 

S chedule of Ca lories in S melting F umace A. 

Calories necessary for the calcination and .fusion in shaft (1) and 
melting charuber (:3) :- · Calorie!'. 

For vaporizing 126 kgs. of water given off at the throat at about 
100°:-

126 X 606 ............ . ................ . , . . . . 76,356 
For di sociating 250 kgs. of carbonic acid from the ba es with 

which it was cornbined (250 kgs. of carbonic acid corres-
pond to 568 kgs. of carbonate), say, according to Grnner: 

568 X 373.50 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212,14, 
For heating the e 250 kgs. of COt to the temperature at which 

gases are given off, 100°, say :-
250 X 0.21 X 100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,250 

For heating to 100° the 2,100 kgs. of air nece ary to change 
into C0 1 all the CO produced by 325 kgs. of carbon, say. 

2,100 X, 0.227 X 100. . . . . . . . . . . . . . . . . . . . . . . . . . . . 47,670 
For heating to and melting at a temperature of about 1,500° 

the 1,944 kgs. of various oxides correspondin"' to one ton of 
pig iron, and adrnitting (according to Gruner, pp. 337, and 
following of vol. 2) that the calorie contained in 1 kg. of 
oxides or slag melted at 1,500°, are 500 calories, sa~': 

1,044 X 500 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fl72,000 
• For external radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150,000 

Total C'alorie. nec-es<;ary in the smelting appara tm ... . ... 1,463,4~t 

Production of necessary ralories in shaft (l) mirl fnrnace (!i): 

The CO ari ing from reduction, and corresponding to 325 kg . of C, 
weigh 758 kgs.; it reaclw~ 1,500° in the sme]ting apparatns. where it 
g-i ves off:-

1st. -B~' its combustion: Calories. 

75 X 2,-iOO .. . ...... . . .......... 1,RH>,200 
2nd.- ll.'· the lowe1·ing of its tcmperatnre from 1,500° to 

100° : 
75 X 0.24 X 1,400............... . 254,688 

Total calorir>s dven off in the smelting apparatns hy the CO. . 2.073, 88 



136 

This number being greater than the calories necessary in the smelt­
ing apparatus, the electric current directed along the base of melting 
chamber (3) will be in operation only in case of incornplete combustion of 
the CO, and inca e of an irregular descent or melting of the ores. 

Schedule of Calories in the Reducing Apparatus B. 

Calor,ies necesscwy for 1·eduction : 

For reduction (accorcling to Gruner, vol. 2,, p. 339), the heat absorbed 
for reduction corresponding to 1 kg. of pig iron, is 1 984 calorie . Say, 
then:-

Calories. 

1,000 X 1,984 ....................... . ..... . ........ .. 1,984,ùOO 
To heat to 1,500° the 325 kgs. of reducing carbon, say: 

325 X 0.24Xi1,500 ..... .... .................. ... . . . 

To melt the 35 kgs. of ash, say: 
35 X 500 ................ . ...... .. ... . ........... . 

For radiation 

117,000 

17,:.>00 

150,000 

Total calories necessary .... .. ........ .. . ... 2,268,.)00 

Production of calories neces ary for reduction : 

The 325 kgs. of C changing--into CO by r eduction givc off: Calories. 

780,000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780,000 

The calories necessary being 2,268,500, electricity hould sup-
ply the difference, say .......... . .................... 1,488,500 

Schedule of Calories in the Regulator C. 

Calo1-ies necessary /01· refining :-

To bring the crude metal frorn 1,500° to 1, 00°, say : Calories. 

1,000 X 0.12 X 300. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36,000 

To make and melt about 300 kgs. of slag, say :-
300 X 500 ................ . , .... . .. .... .... . ·, . . . . 150,0JO 

To compensate for the different reactions which are pro<lueed 
slowly, and the calorific affect of which cannot well be de-
fined . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200,000 

For radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150,000 

Total of necessary calorie . . . . . . . . . . . . . . . . . . . . . . . 536,000 

Production of calo?-ies necessary for refining: 

The production of the necessary calories is to be derived entirely 
from electricity, which should furni h 536,000 calorie', Calories. 

say . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 536,000 
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General S chedule. 

The general schedule is established as follows :-

Calories neccs- Calories given Calories to be 
sary for 1 ton of 

1 

off witholll elec- deriv.-d from 
metal. tricity. electricity. 

---·--------- ------ -------- --------

l. Melting apparatw> .. ... . 
2. Reducing 
3. Refining 

1,403,42.J. 
2,268,500 

536,000 

2,073,888 
780,000 1,488.500 

536,000 _____________ , _____ _ 
Total · .. ...... . ..... . . 

1 

4,2ü7,!)24 2,853,888 2,024,500 

2nd. Electric Energy Necessary per Ton of Steel. 

It is interesting to calculate in horse-power the electric energy em­
ployed in each of these apparatuses. 

lst-In the rnelting apparatus eledricity plays only a secondary part, 
n eful only a - a regula tor of heat. 

2nd-In the reducing apparatus elcctricity ought to furnish 1,488,500 
<'alories for each ton produced, and if we have in view the production of 
one ton per honr, it is necessary to have per econd : 

1 .488,.'500 41 ) 1 . 
- = . :, Cèl one~ :rnoo 

or, in theoretical horse-power : 
41 :3 x ..J.25 Ko·./m. 

_ _ "' = 2:3.+0 horHc po\Yer 
{ ;) 

3nl- In the refining apparatus elcctricity shoulcl furnish 536,000 
calories, and if we haYc in Yiew the production of one ton per hour, there 
will be required per second: 

.'):H; ,OOO =- J .50 c-alori es la bout) 
%00 \ 

or. in theoretical horse-power: 

150 x .+25 Kv. Ill. _ 
- ,.. _ "" - = 800 horse power (about) 

{ :) 

say, about 1,000 horse-power. because bringing the metal to the desired 
state entails loss of time corresponding to loss of heat. 

3rd. Net Cost Compared. 

It is interesting to make, from an economical tandpoint, a compari­
son bet"'een the new process and those in actual use for the manufacture 
of steel, allowing for coke the price of 25 frs. per ton, and for 1,000 elec­
tric calories the price of 0.01 frs.; these prices are almost exactly those 
a<'tnally e~.;i;-:ting in the rcgion of the French Alps. 
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In the t l'iple furnace we produce one ton of finished steel with : 
Frs. 

360 kgs. of coke, at 25 frs. per ton .. . ...... .. ....... . . 
2,02-1:,500 electric calories, at 0.01 frs. per thousand ........ . . 

9.00 
20.24-

rr ,otal . . . . . . . . . . . . . ......... .... ..... . 29.24 

W e replace the e 29 .24: frs. by: 1 t. the coke of the ordinary bla;;t 
fur11ace, say, 1 000 kg ., and all the rnachinery (boilers, engines, hot-air 
appliances) neccssary for its combustion. 2nd. The coal used in the Sie­
men -Martin furnace , a:y, about 500 kgs. on the average, at 25 frs. per 

ton. 

1,000 kgs. of coke, at 25 frs. per ton ............. . 
Machinery at the blast furnace .................. . 
Ooal, 500 kgs. at 25 frs. per ton ... ......... . .. . . . 

Total ....................... . .. . 

Frs. 
25.00 

5.00 
12.50 

42.50 

While admitting that the new process entails the same amount of 
labor and the same accessory machinery as the old blast furnaces and the 
!fortin- iemen ' hearths combined, we see that it produces steel at a sav­
ing of 42.50 - 29.24, say, 13.26 frs. per ton. 

Oompetition with the old process is, therefore, possible. 

The reduction of solid oxides by carburetted gases, with supplemen­
tary calories produced by electricity, will form the subject of a second 

part. 
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TREATISE ON ELECTRO-METALLURGY OF ... 
IRON.* 

BY HENRI HARMET. 

SECOND PART. 

Reduction of Solid Oxides by Carburized Gases. 

I.- General Considerations. 

The ordinary b1a t furnace is a perfect apparatus for r educing solid 
oxides by means of carburized gases, when the heat necessary for the dif­
ferent reaction is produced by the reducer itself; the fuel being charged 
in a so1id state., and changed into r educing gas by partial combustion, un­
der the influence of the air in the lower part of the apparatus. 

In seeking to procluce the ame reaction by using the electric cur­
rent for the production of the neces ary heat, without reforring to the 
calories furni hed by the e rc-actions them elve , it is natural to think at 
first of using the old form of the blast furnace, by conveying to the cruc­
ible sufficient electric energy to replace the calories which the combustion 
of the ·olid fuel woulcl have g iven, and by introducing tluongh the rlrnrg­
ing orifice the quantily of reducing 11iaterial strictly nece c;ary for recluc­
tion. But two very deci<lcd objections to this c:our e arl' cn<'ountcl'ecl. 

The fi rst is tha t reductiou \1·ill not take pince un<lcr the influence of 
the reclucing agent, which i olicl and which rcu1ains solid. or at lcast the 
rednction will be very imperfcct. 

The econd i><, tha t if recluction rould takc place in pre::ience of t!tc 
solid reducer, this action \\·ould till be preventcd hy the Jack of the ncces­
sary ternperature; the e:œess of electric lient in the rnelting crucible 
being unable to a eend in to the upper part' of the shaft, owing to t!te lack 
of a conductor, or of a medium having a ternlcncy to risc, aucl po>;;:;cs;:ing­
the property to take up heat in the lowf'r part of the furnace. which heat 
it would give off in the upper part. 

• From llH' Fre 11 d 1. 
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Therefore, the application of electricity as a source of heat in a re­
ducing and smelting apparatus, such a the old blast furnace, requires a 
radical modification in the form and in the running of the apparatus. 

It is not only sufficient to replace by electricity the action of coke. 
which formerly suppJied the supplernentary and indi pensable heat; but 
it is further necessary : lst. To give to the calories which the electricity 
is to produce in the crucible the power of ascending in the shaft at least 
in part. 2nd. To change the reducing carbon, which we still charge in a 
solid state through the furnace-top, into a reducing gas, since in a soEd 
state it cannot act. 

Further, if we take into account the conditions required by the pasty 
state of the ore , and by general economy, we reach the arrangement re­
presented' by Figures Nos. 1, la, 21 31 3a, 4, 51 6, 7 and 8. 

This complete apparatus utilizing electric calories, and conver ting 
raw ores üito fini hed steel will be, a a whole, designated by the n:ime: 
" Electric fm·nace fo1· the electro-metallurm; of iron or it rompounrl.rt" ; 
the di:fferent part of the plant will have distinct name , such as are given 
in all metallurgic apparatuses. 

IL - Descript ion of the electric furnace for the electro-metallurgy of 
iron or its compounds. 

The electric furnace comprises, as a whole :-

l st. A first part, where are performed the drying, roasting and cal­
cining of the oxides, or other substances charged in the crude state; wP 

shall call it the " Calciner." 

2nd.-A second part, where the reduction of the oxides and the fusion 
of the more or less crnde metal are accomplished; we shall call it the" R e­
ducer." 

3nl.-A thir<l iiart, into which the crude metal flows in a liquid 
~ta te fro:n the Teducer, and i · there brought to the desired point; we shall 
eall it the" Regulator." 

Fig. No. 1 and Fig. No. la arc general plans. 

Fig. No. 2, a horizontal ection through the axi of the ,fllectrodes, 
thruugh the axi of the tap-hoh' for the metal and the slag, and through 
the :ixis of the holes for the insnffiation of ga es. 

Fig. Ko. 3, a vertical section Oil XY through the axis of the reduce:r, 
throngh the tap-holcs for the metnl, :rncl one of the tnyeres. 

Fig. No. 3a, same section on a larger scale, showing the lower part. 
of the apparatu;;. 

Fig. No. -1, a Yertical cction on ZO, through the axi of the reduce:r, 
t hl'Ough the tap-hole of the slag, and the second tuyere. o far as conce:rns 
t hc· redncn, nnd falling on Z'O' in the calciner. 
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Fig. 3, a vertical section of the lower part on UV, through the axis 
of the reducer, and through the axes of the two electrodcs. 

Figs. 6, 7 and give the details of the regulator. 

To describe the process of metallurgy, and the apparatus which per­
mit its application, we shall follow progressively the different phases 
from the charging of the ore to the tapping of the steel. 

Operation of the Apparatus and General Conduct of the Process. 

x.- Calciner. 

A.Il the raw material , except the coke, are placed in shaft (1) of the 
calciner in the desire<l proportions and in ucce ive chargings. Owing 
to the heat furnishe<l by the blow-pipes (2)0 and because of the form of 
the calciner, the e substances become gradually heated, reaching a red 
lieat in the narrow part (3), and are ca1cine<l, Io ing ucces ively hydro-
copic and combination water, carbonic acid, and all volatile matters. 

They sink clown and, still red hot, reach the base (4) of the calciner, where 
a plunger (5), with alternating movement, feed thorn >at the desired rate 
of di··charge into chutes (6) or (7), whence th'ey pass to "chargers" (8) 
or (9). 

To obtain this result., the interior of the calciner present the form 
shown by the vertical section (Fig. 4). This form is widened out in the 
upper part in order that the substances may heat slowly, as is suitable for 
drying; it is narrowed half way up in ordcr to give great increase of hed, 
and so that the sub tances may attain a uniform tP~uperature; then, 
again, gently widened below, in order to allow the charged materia1s to 
assume their natural slope and leave a space (10), to allow for the com­
bu tion and distribution of the gases escaping from blow-pipc (2). 

The base (4) may be inclined or not but for economical production in 
the calciner, and in order that its progress may be continuons with that 
of the reducer, it is neces ary that the substances, which reach base (4) at 
a red heat, should fiow out proportionately and rcgularly into chargers (8) 
or (9), giving place constantly to new descernling rnatcrial. For this pur­
po e, there is placed, externally, a shaft attacltc<l to a whccl (Jl), giving 
au al ternating rnove111eut back and forth lo a ca:-;t-iron plnnger, which 
penetrates, by an opcning (31), of the sa111r <1iau1eter, into the calciner, a 
short distance abovc ba~e (4). At each all<·rnalc mov0mrnt, this plunger 
drive a certain <]nantit.Y of calcincd suh~tarn·<• -; into rhutrs (G) or (7), and 
the proportion of thcse sub,tances th us di"« lia rp:r<l in a <ldin i te timc varies 
with the pee<l of ri ·ton (."i), and with th<' n11u1lwr of rr\·olntions made in 
this samc time. 

The cakiner shows aronncl its cn1C'ihle, or lowcr ch am brr, scvera] 
opcnings, which are \Yithout any co111mn nirn tion witl1 t hc ou toiclc a tmos-
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phere; the openings (2) by which the gas blow-pipes penetrate; opening 
(31) for the action of plunger (5); opening (29).leading to the chutes (6) 
and (7) . 

These openings do not allow the gases r esultiug from the action of 
the blow-pipe to escape, and all the rest of the lower chamber being clos­
ed, these heat-impariting gases are forced to take an upward course through 
the substances above, heating them, and :finally escape b:v the top. 

This closing in of the crucible is characteristic of this calciner. 

The valve (13), pivoting on its axis (14), allows the sub tance" cscap­
ing from the calciner to be directed alternate1y into one or other of the 
chargers (8) or (9), through chutes (6) and (7). These chutes m·e con­
duits, inclined in order to facilitate the sl:i<ling of the substance , but they 
are comp1etely closed except at the two ends, where they lead, on the one 
sicle to the calciner, on the other to the chargers, withont having an_v com­
munication whatever with the external atmosphere. 

The charger (No. 8, for example) i a mctallic chamber, lined with 
:firc-bricks in the interior , and may be closed above and below h_v slide­
doors (15) and (16). 

Pipe (6) connects this charger with the lower chan1ber or crncible of 
the calciner, and when valve (13) is turncd as Fig. 1 indicates, th e lide­
door (15) being open and (16) closed, the calcined substances fall int0 
charger (R) in proportion fül they are forced by plnnger (i'i). 

When charger (8) is full. valve (13) is tnrned in orcler to 11111 ke the 
calcinecl substances flow into charger (D); then. slicle do01· (15) is closed, 
and on opening (16) all the contents of ( ) fall into the reducer . 

The next charging will come from charger (D) through a si111il ar pro-
cess. 

This arrangement of the two chargers a1lows the substances coming 
from the calciner to ho kept heated, and to be hron~ht into the r eclucer 
"·ithout any perceptible loss of the gases thro11gh the opening, brc·:rnse of 
the sl irle-cloors (15) and (16) . 

As the· r ednccr is the part of the phrnt whieh n·q11ircs the greatest 
amount of .~ 11ppl emc 11 tary lient front elrctrir-ity. it i~ a grPnt nrh·n11tngc to 
charge it, through its opcning, only "·ith caleinec1 nnrl hot snhc;tn nC'P"' . The 
ores anrl fluxes corne frorn the cnki ner, ca ki 1wd and heaterl: the rNlncin?: 
car bon, (gencrally C'olœ ) . pa,.;~e-> throngh hen ter (1 ï). \\"hPre i t i::; sn hjrcted 
to the heat prorlnced eithcr hy the flames cscaring from the " regnlator," 
or hy one or several hlow-pipcs forl with gascq C'olk<'tcrl nt the ton: the 
colœ th us ]o;:es it lrn mirli t, . ancl bv the aid of donr,.; (1 . ) ancl (1 fl). it is 
made to fall into the rerlu ~er hv s1~ccessive chnrgPs, irÎ a manner similar 
to that described for charger (8) . 
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Ohargers ( ) and (9) and heater (17) supply th rough the opening of 
the reclucer, ores, fluxes and coke in the desired proportionf<. and at a high 
ternperature, after drying and calcinatiou. 

2.-Reducer. 

All the materials thus charged de cend mixed, in the interior of the 
reducer. During the descent the oxides are reduced; then, in the crucible 
the whole as urnes a molten condition. The meta1 and the slag separate, 
the metal flowing on the one sicle into the regulator. and the slag flowing 
out on the other side as waste. 

To reach this result by the use of supplementary heat produced by 
elcctricity, it is necessary that thi reducer sholùd have special features. 

W e shall examine succe i vely the de cent, the reduction, th en the 
fo~ion, stating precisely the characteristic features which are recognized 
as bcing nccessary for carrying on successfully each of these operations. 

Descent of the substances. 

The materials charged hot in the furnace-top iucrea ·e in tcmpera­
ture; slowly at first, because of the reduction which absorb · the heat; but 
lower down the heat increases, and the minerals, having become stick.y 
would have diffi.culty in descending if the shape oî haft (2~) ditl not faci­
litate their movement. It is necesoory that the section of th.e shaf t should 
become larger according as the descending rnaterials become warmer, 
more pasty and sticky; hence the widened form inrlicated 1T1 

(Figs. 3, 4, 5) by curves M and N. These lines, wi<lening gra<lually from 
the top to the bottom of the shaft of the reducer, are a chnracteristic of 
the apparatus. 

Reduction. 

The reduction of the oxides should take place in the shnft or upper 
part of the re<lucer; the fusion al one occurring in the cru cible, or lower 
part. 

N ow, the solid oxides, mixed with the sol id coke. react on ench other 
but slowly, and the reduction could not be cornpleted b:· the time the 
materials reach the zone of fusion if thcrc "·cre not hro11ght iuto tl1e slrnft 
a reducing gas, oxide of carbon. cau,,ing the reduction to take plflcc where 
it should, that i , in the shaft itself. 

For this pmpose a certain amonnt of the gases. whirh are givcn off 
from the furnace top. is introdncPd into thr interior of thr rrcln<'rr. rinCI 
rises upwards through the solicl matcrial. These p;ases, the greri tc1· por­
tion of whirh is oxiC!c of carbon, are ch·nwn throngh fine (32) h,> tht' 
blowing enginc (33). and introdnrecl at hiQ;h prcssmc thron~h f1110 (~ -1-'\ 
into the crucible, a little above the slag, whiPh thr,v reach hv 011tlrts (35) 
a.nd (36). The c ga es, meeting in the crnrihle nn<l ahove it in<'nnclc>~r.:>nt. 
coke, are comp1etely converted into oxicle of carbon (thr ('0 :.! givin~" 
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2, OO); they th us become an exceedingly active i'0<lucing agent, and ùe­

velop this action in the shaft, where we wish the reduction to take place. 

\Ve note as a characteristic of the process this piping of the gases 
at the furnace-top in order to blow them into the crucible, to cha11ge them 
completely into oxide of carbon, anJ to produce with them a very stroug 
reducing action in the shaft. 

The gases taken at the furnace-top and introduced in this way still 
serve another purpose. 

If we adwit, as hould be the case, that the materials which descend 
in the shaft reach the crucible completely reduced, they will be incapable 
of giving off .any gaseow ascending matter. If, again, 'i\'e observe that 
the electric current transmits its heat to bodies which offer a resistance to 
its passage, without, however, proclucing gaseous emanations, we recog­
nize that the calories thns given off by electricity in the crucible would 
have no rapicl means of entering the shaft where we require them to help 
in the r ecluction. Sorne means are then neeclecl to transmit to the shaf t a 
part of the calorie ' which the electric cnrrent gi ve off in the crnciùle. 
The gases taken at the furnace-top and blown into the crncibl e con titute 
this mc>ans whicl1 we neecl of conveying the calories. 

In orcler that the circulating gases introduceJ in to the crucible may 
penetrate the ore and reach ail the fragments to be reclnced, there must 
be a large surface pre ented to theil' action; they 111mt Lw able to circulate 
freely around the col umn of ore, an<l fill ail the interstic·c:; whirh thr.v · ~<lll 
enter; it is for the purpose of facilitating t11i,; infîltrntio;1 of the insuffiatcd 
gases that the crucible of the redrn·pr sh ow~ on it:; ln tcrn l walls the widcn­
ccl for111 imlicatcd ùy Fig . . 3, 4 arnl 5, leaving in (36) an annular space 
where the gaRe~ are collccted, in order that, from there, tbey rnay pene­
trate the colnmn of Rolid rnaterial. 

In or<ler that the gases, blom1 into the annular ' pace (36), anJ froml 
tlwre into the column of solitl 111aterials, l!lay bring about rednction in all 
part of tlte shaft we must facilitate their ascent throntrh the rnidclle of 
the solicl c-oln11m ùy g rouping in tlw ce ntre of this col n111n most of the large 
pieces, which will have betwecn the111 wider spaces than the srnall one for 
the circulation of the gases ; it is for this pnrpose that at the fnrnace-top, 
the roke is chargetl in the centre. and the ore nt cach sidC'; thr lope form­
ed by each charge of ore hrings the larger pieces to the centre. 

\\ e ;.:honlcl al ' o note thnt the sh;ipc givcn to the ::; ltaft, with horizon­
tal cro,.;s-scctions incrcal'ing fro111 top to hnttom. i-; \\"t>ll rni!t'd for the pnr­
pose of r cd uction. Hccl ncti on , incl red . a l 1~orb<> hent and r cqn ir<:> that th9 
ox iil <',.; and red ucing agents shoulcl be in clo~e eontact. arnl hC'sidC's, the cir­
c·ulating gasel', which ascend fro!11 the cnlC'iblr, hringing with thern rc­
clnring energy and calorific enC'rgy, rerp1irr, in proportion aR the_v wcalœn. 
to ro1l<'C'ntrate their remaining encrgy into ,.:p<lrc~ more and more limite<l . 
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This shape, widening front the top to the bottom, is then equally im­
portant for successful reduction. 

Fusion a nd Spec1al Features of the Crucible. 

Fusion is one of the principal operations of the crucible, but i t should 
also : l st. Supply the supplementary heat which the circulating gases are 
to carry up into the haft. 2nd. Allow the development of all thede 
calorie by the electric current. 3rd. Separate the crude metal ~rom the 
slag. 4th. Allow the crude metal and the slag to flow out, cither continu­
ously or by small uccessi ve tappings. Each of the e operation requires 
for the crucible pecial features, which are o many characteristics of the 
apparatus. 

The development of heat for fusion in the crucible, and of those sup­
plementary calories to be conveyed into the shaf t, requires great electric 
power; and if the production is to be relatively great, it is well to divid:e 
the total electric energy considered necessary, in order to avoid the diffi­
eulty of tran mitting by one single electrode currents which are too in­
tense; it is nece ary, , then, to have for the crucible a diameter which is 
large compared with the upper shaft, in order to have room to place on 
the circumforence a large number of electric conductors, and for this ad­
ditional reason., we would have had to give to the crucible the wide11ccl 
form represented by Figs. 3, 4 and 5, if we had not been obliged to do this 
for the circnlating gases. This widened form of the crucible is then em­
phatically a characteristic of this reducer. 

The total electric energy may be applied by a single set of electrode:s, 
or may be divided up into a great number of di tinct cmrcnts; we consi­
der it preferable to di vide up the energy, and the cTucible of the r e<lucer 
i so arrangcd a to allnw for thi division. Fig. 2 shows a desirable mode 
of placing the electrocles (37) for four distinct cmT<'nts, although any 
other divi ion rnay be adopted. 

In order that the electric energy (transmiLî<'d by one or :;e1·eral di,;­
tinct current ·), may develop in the crucibl e all the hcat 11·hi('h it i::i <'apablc 
of pro<lucing, the elcctrodcs nrn-.t reniain con;:;tant]Y i11 (·r111tact wi Lh slag 
(38) if regu1arity in the product ion of heat i <le~ired; the ;;Jag, offor ing 
resisLancc, will absorh the calories to tramrnit them. 011 the one ha1ul. to 
the crude metal which chips t hrough it from ahoYe arnl accnn111latcs he­
low; on the other band, to the circulating gac;cc; " ·hi('h, i11qwllccl h." thc·ir 
velocit,v, play ovcr the f'Ul'facc of the füjliicl bath. 

ln order that the> clertrode 1nay romc in contact "·itlt the -.]ag with­
out having an cxaggcrated lengt h, it is nc>ref;f\nry thnt thr oprning hy 
\Yhich i t entera the crncihle (Fig. :i) shonl<l he a , bor t (fol a nec from the 
base of the crnciblc. Tt is well also that this oprninµ; shonld l>r. not i11 
the vertical wall , but near the top of the ern('ihle. in onlc·1· tn !?_Î1·r i t : 1 

po ition as nearl.v vertical a pos>'ible, snch a slopc hcing :1rh·:rntag0n1H in 
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order to more easily reach the slag at its di:fferent heights. Consequently, 
the upper edge of the crucible (or point B) should not be far clisitant from 
the floor; as a result of this, the whole crucible takes a foTm with low ver­
tical walls, which, together with its relatively great hoTizontal width, gives 
it a depressed form, as Tepresented by the section in Fig. 5. 

In order that the electrodes may remain almost constantly and even­
ly in contact with the slag which produces the heat by the resistance which 
it offers to the current~ it is necessary that the variations in the height of 
this slag should be but .slight, and if they occur at all they should do so 
hut rarely. 

This condition is fulfilled: lst. By a crucible with a wide hol'Îzontal 
cross-section, in which the variations in the height of the liqui<l bath are 
less perceptible. 2nd. By making the tappings for both slag and metal 
as constant as possible, and when it is neces ary to drain the crucible of all 
the metal, srnall tappings should be resorted to in such a manner as to 
r ender the -rnriations in height as small as possible. 

The separation of the slag (38) from the metal (39) and the con­
tinuons discharge of each of them when possible are obtained by arrange­
ments as shown in Figs. 3 and 4. 

For the rnetal (30), a heap of bricks or sand (40), forming a casing 
for the fore-hearth ( 41), gives the means of regulating the height (Il) of 
the channel by which the crude metal will flow out constantly, and in pro­
portion as it is producecl, into the regulator (20); this he.ight (II) regulates 
the level (S.S.) of the crude metal in the interior of the crucible, taking 
into account the pressure exercised by the slag and the gases. 

For the slag (38) a constant flow with a Lürmann pipe (42) and a 
constant level (H.R.) are obtained in a way similar to that which is em­
ployed for the metal. 

These arrangements are very important to secure an almost constant 
level for the slag. 

The thickness (E:) of the slag (38) abovc the metal (30) should be 
kept sufficiently great to allow the carbon to have considera ble variation 
in hcight without being unduly expo e<l either to penetrate the metal or 
leave the slag. 

To insure a regular and econornical working of the reducer, such as 
is dcscribed above, it is necessary further to prevent any entrance of air, 
and to keep constantly under pressure the gases contained in the interior. 

For this purpose, at the top of the reducer two openings are designed 
for the escape of the gases of the fnmace-top; they are distinct, separated 
frorn one another, and placed for example, one at each extremity of the 
same diameter (see Fig. 3). 
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The one (43) is designed for the. circulating gases which, from there, 
pass into flue (32), and are introduced by the blowing engine (33) into 
the crucible (44)., to eventually return to the furnace-top. 

This circulating rnovement can neither bring in any air nor change 
the equilibrium of pressure established at the furnace-top. 

The other opening (45) is appropriated to the gases which definitive­
ly leave the furnace-top. To avoid an out-going current through this 
opening ( ±5), which might induce a return current of air, the escaping 
ga es are made to pass tlirough a box ( 46), and can only escape by valve 
(±7), into conduits (48) and (4ü), by raising this valve (47), which estab­
lishes for them a constant pressure in the whole space included between 
this valve and the shaft of the reducer. Valve ( 47), which is :fi..-.;;:ed to the 
movable cap (50), is raised with it when the pressure of the gases is suffi­
cient; it is clo ed when the pressure is lowered. The pressure desired in 
the gases is regulated by the difference in level of the water in the chan­
nel which form joint (51), and this difference in the level of the water is 
estabfühed by the height of the overflow-syphon at point (52). 

This arrangement keeps the pressure of the gases at the furnace-top 
constant, and prevents any return current of air in the reducer. 

3rd. -Regulator. 

On leaving the reducer the metal flows directly into the regulator 
(20), where it is brought to the desired composition. 

The regulator is representecl in detail by Figs. 6, 7 and 8, but we 
need not repeat the description given on pages 12ü and 130 of our first 
part. 

The above description, although very short, explains sufficiently the 
working of the appar atus, and the course of the operations for changing 
crude ore into finished steel. 

It appears to us unnecessary, for the present to enter into greater 
tcchnical details, but it is essential to study the general economy of the 
process. 

III. - General Economy of the Process. 

1st. - Nature of the gases escapmg free at the mouth of the reducer; charges and 
methods of operating. 

Examination of Gases Leading to Two Methods of Procedure. 

Before proceeding to discuss the economy of the process, it would be 
interesting to .examine the reactions which take place in the different 
parts of the apparatus, but we shall be as brief as possible, returning tu 
tbis question later on. 

The reactions in the calciner differ little from what i · already known, 
nnd we P.ball not mention them. 
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Those which take place in the regulator are very complex, and are 
briefly indicated in the first part, pages 130-134; a more detailed stu'1y 
would be a lengthy piece of work which we cannot at present undertake. 

There .remain the reactions which take place in the interior of the 
reducer. These comprise: 

1st.-The new phenomena, which in a regular working will, perhaps, 
in spite of all provisions, accompany the fusion of the metal, and of the 
slag, under the direct influence of electr~c heat; long experience alone will 
determine which of these phenomena can be avoided with a specified kind 
of ore, but at present we should recognize that, in the crucible of the re­
ducer, it is better to demand from electricity only the energy strictly 
necessary for accomplishing the fusion of the crude metal with the small­
.es t possible quantity of substances foreign to iron; and we hall ascribe to 
the regulator the fonction of bringing the steel to the desired composition 
1by using elect1·icity, the introduction of which at this point may permit 
of achievemcnts hitherto unknown. 

2nd.-The phenomena which accompany reduction proper under the 
influence of carburized ga es; these phenomena have for a long time been 
the object of study on the part of metallurgists, more particularly of 
Messrs. Ebelmen and Gruner; we shall r efer to these phenomena only in 
passing. 

3rd.-The modifications brought about in the reducing gases by the 
very fact of their forcecl circulation; this last point alone seems to us at 
present worthy of examination. 

The electric furnace presents, in its operation, an elasticity and a 
broad range, from which much advantage eau be derived. Its method of 
operating varies, according as we attempt to u e more or less completeiy 
in the rcdncer it elf the heat-giving energy of carbon, b,v tramforming 
it into CO or CO~. Let ns t>xan1iue the two extremes, though all the 
variations between these may be adoptecl. 

1st.-Tlic one aiming to proclnce CO i;; rharncterizcd liv a greater 
consulllption of clcctric energy, an<l by a grC'1ltcr charge of thc rcd11cing 
carbon; neverthcless, tl1is 111ethod romains thc 111o<;t eeo11on1Î<":il, he<·an~f', 

using in thr rednœr ouly a sma ll portion of thc r H<'l'f!'.\. of tltP <·arl1on. it 
transforms this completely into pnre CO. thns giYinp: it a p:rcater rnluc .n 
the cost of electrie energy, the c·alorie.:; of ,d1ic·h nn· more cenn0111ical \1·ith 
the grPat hyclrnnlic plants ,d1ich are med for thrir proc1ul'tion. This pro­
r•ess rnakcs of the rerh1cer a better gas-procluccr than an,\' othcr known. 

2nrl.-The othcr ai111ing at proclncing ( '0 i;; charac·tprÎzC'c1 hy a 
clirninntion 11f elcdrif' C'aloric", but a grcnter 1h·1·elnp111cnt of calori r'l nri"­
ing fro111 the cnrhon. which, in thr shaft of thr rcclnr<'r. j-; c·hang·cc1 on a 
large scale into CO"; this renction gives rise to more c11lories than 
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simple conversion into OO, although the volume o:f gas developed is les ; 
the OO~ ha no :further latent power o:f producing heat and is allowed 
to escape to the outside. 

Composition of Charge. 

Let us apply these two extreme methods to the same composition o:f 
charge, the material used varying only in the quantity o:f carbon, and we 
.shall take the charge already adopted in our first part (page 134), which 
con tains per ton o:f crude metal :-

Silica ..................... . 190 KgR.Î 
Alumina ............ . .. ... . 32 1 

Lime and Magucsia ... . ..... . 
Iron ... ............ .... . . . 

340 ~ 1947 Kgs. charged into 
935 1 the reducer. 

Manganese ................ . 
Oxygen of the ore .... .. . ... . 
Water . .. . ... ...... ..... .. . 
Carbonic acid ......... . .... . 

17 J 
433 
126 } 376 KgA.eliminated by 
250 e:alcioation. 

Total .. . ... .. . .. . 2,323 Kgs. 2,323 Kgs. 

The total should give, a:fter calcination, :fu ion and reduction, on the 
one hand: 

1,000 kg . o:f pig iron or crude metal to pass into the regulator. 

On the other hai;i.d: 535 kg . o:f waste slag. To these 535 kgs., com­
ing from the charge,, we should add the ash :from the coke, or as we shall 
see later: 

With the first method o:f proceeding, equal 35 kgs. o:f ash, giving 
570 kgs. for the total slag. 

With the second method o:f proceeding, equals 25 kgs. o:f ash, giving 
560 kgs. for the total slag. 

2nd.- First Method of Proceeding. 

Examination of Gases Produced in the First Method of Procedure. 

(Production of pnre CO.) 

.. \Ve aim at changing all the carbon into oxide of car bon, which can be 
utilized a corn bu tible gas, out ide of the reducer, a:ftcr ltaYing accom­
pfrhed complete reduction. 

To change into OO the 433 kgs. of oxygen of the m·c, 11·c rcquire 325 
kgs. o:f pure 0, or :3GO kgs. o:f coke; the total \\'cigl1 t vf OO proc1uccd is the 
sum o:f the two, equals 75 kg . ., and there will hc no otl1cr gases in the 
rcducer, sincc., o:f all the ma terial chargcd, aftcr a c~ileination which is 
supposcd to be complete, the reducing 0 and the oxygcn o:f the ore are 
the onl_v one whieh can change into "'a8, at least in apprcciablc q11antitics, 
and unclcr the given circumstance . 



150 

In this method the mouth of the reducer is kept at a temperature of 
500°, and the material coming from the calciner is charged at this same 
temperature to avoid cooling. The gases blown in from the top into the 
crucible are made to circulate rapidly in order to convey a greater number 
of electric calories into the shaft, where the carbon does not give off the 
full quantity of heat which the metal requires for its rc<luction. .One kg. 
of oxygen, in fact, corn bining with OO to give OO., , gives off 4,200 cal­
ories; the same kg., while being separated frqm iron,-absorbs about 4..300 
calories. 

To study the fonction of the circulating gases, let us take theru at 
their exit from the top of the furnace, when they are passing into the 
crucible, an<l let us follow their course to the interior of the apparatus. 

Leaving the furnace-top, they are in a great measure compo e<l of 
OO, but contain a little OOt , for the OO., produced by reduction does 
not entirely disappear; however, they contain very little, and so much the 
Jess in proportion as their circulation is more rapid. \ïith a circulation 
carrie<l. to an extrellle rapidity, they would finally be composed of pure 
CO. 

Let us observe, on the one hand, this large volume of CO, and on the 
other hand, the small quantity of co~ accompanying it. 

As soon as it enters the crucible, the 002 change into CO by con­
tact "·ith the olid incandescent carbou, and each kg. of 0 contained in 
this OO 1 ab -orbs, by this transformation to CO, 5,600 calories, while 
the 1 kg. of solid carbon, combining with it to form OO, gives off only 
2,400 calories, the difference, 3,200, represents the calories supplied by 
electricity for the first reaction, and conveyed to the upper parts of the 
, haft. 

Aftcr this i.mrnediate transformation of the small quantity of CO~ 
the gascs rising from the crucible in to the shaft are composcd solely ::if 
pure CO, and passing through the electric zone, they become physically 
chargc<l \\'Îth the supplementary heat which they will presently need. 
This great reducing energy, accompanied by the nece sary calories, rapid­
ly transforms the oxides, producing a metallic sponge which will fuse in 
the lower zones, giving rise to a quantity of carbonic acid, corresponding 
to the 0 which was contained in the ore. 

Owing to the excess of calories brought by the circulating gases, the 
tcmperature, even after reduction, still remaim; ufficiently high to change 
into CO a large part of the CO 

2 
newly formed, and when the volume of 

ga~es, including those of circulation blown into the crncible, added to the 
new ones proclnced by the reactions in the sbaft, reaches the furnace-top, 
the amonnt of OO ., -..vhich it contains is in inverse ratio to the degree 
of the temperature~ Let "A" represent this small proportion of OO 2 

contained in the ga~eous mass when it reaches the top. If we take balf 
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the total gases for purposes of circulation, we shall then take the half of 
"A," which, blown into the cru_cible, will there be changed into CO, and 
fina1ly the gases set,. free escaping from the top, will not con tain more than 
A 
2· 

The proportion of 002, contained in the gases set free, decreases, then, 
with the velucity of the ci1·cnlation ancl with the increase of tempera-ture 
at the top. 

To sum up/this process aims at the production -0f pure CO at the top 
of the reducer. The efficiency reaches its maximum when the quanti ty of 
OO 1 is reduced to 'a minimum. 

The high or low efficiency of the method is, therefore, determined by 
the tenor of OO 2. 

To regulate this method, and to keep it in proper equilibrium, the 
operator takes into account : 

.The temperature of the material leaving the calciner. 

The proportion of coke added to the charge. 

The velocity of circulation of the gases, which allows of varying the 
temperatur.e at the top according to the excess of calorie' reaching it. 

lt is well to state here that as in this process the gases which collect 
at the top are composed of almost pure oxide o:f carbon, the electric re­
ducer constitutes the be 't gas-prodncer known in the industrial world. 

:M:. Leverrier admits, in fact, that in prescnce o:f atmospheric air, we 
obtain the following combustion temperatures: 

With pure carbon ...... ........ . ... . . about 2,716 degrees. 
With pure oxide o:f car bon. . . . . . . . . . . . . . " 2,967 " 
With pure hydrogen . . . . . . . . . . . . . . . . . . " 2,616 " 

What i called water-gas would, therefore, give, by its combustion, 
a temperature lower than that o:f the gas prodnced by the reducer. 

Thermie Schedule (First Method of Proceding). 

W e shall :fir t establish :for each part o:f the apparatus the thermie 
schedule o:f calories, that i , the comparison bctween the calories neccs­
sary for the reactions and the calories which w·e have at om disposa] to pro­
duco these reactions :-

Note.-(a) In this examination, we shall admit the :following datR, 
the greater number of which are taken from nfr. Gnmer's work on motal­
lurgy :-
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1 kg. of liquid pig-irnn contains .... . 
1 kg. of liguid 1.;lag con tains . ..... .. . 
l kg. of pig-iron r .. quireR for reducing 

the corresponding oxide (the 
figure is rather high, we believe). 

1 kg. of C changing into CO gives off. 
1 kg. of CO changing into C02 gives 

off .... .... ... .. . .... . ... .. . 
1 kg . . of C passing from CO to C02 

g1 \'CS off ....... . .. . ....... .. . 
1 kg. of oxygcn pas,.ing from CO to 

co2 gives off ................ . 
1 kg. of oxygen in separating from 

FeO absr;rbs .............. .. . . 
1 kg. of carbonate Ter1uirec; for separa­

tion of Cü2 ••.•••••••••.••• 

300 cals. 
500 

1,984 
2,400 

2,400 

5,GOO 

4,200 

4,312 

37;3.50 " 

The specitic heat of coke is .. . . 0.24 cals. 
air " 0.227 
CO '· 0.24 
002 ·' 0.21 
slag" 0.21 
iron" 0.12 

(b) :lliorcon'1-, it must hc rell1c111berrcl tliat: 

The gases ari~ing fro111 the (•alriner e~r· ;qip into the <ltlllo:;pherc wit~1 
a temperature of 100°. 

The !"'.O]id :sul1~tall<:l'~ prodnec•(l ln· <·nlt-ination fall into the shaft of 
the rednc'e1· at a tempcrature of 500°. 

The lllelted sub~tances reaeli the· nn<'Îl•IP rif thr rrcluC"cr at a tem­
pcrature of 1,500° . 

The steel protluccJ in the regulator cnrnco. ont of it at a temperature 
of 1,:-i00° (acknowlcdgcll to be rnthC'r l11w.) 

.\11 the following estilllnte" apply to one ton of meta1, and the ap­
paru tus is suppo,ecl to proclnrr one tou prr hour: 

r. Calciner. 

(a.) (',ilol'Îr'" ,.,,,,,,;,.,.r[ 111 f/,r• c 1/1·i111•1· tand 111 the coke licater. (17) 
Fig. :{ n11rl +.) 
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To vaporize at 100° the 126 Kg . of water contained 111 the 
charge: 

126x606 ...... ........ ........ . .. . 
To separate from their combinalion 250 kg . of carbouic acid 

(250 kgs. of co2 correspo•1ding to 568 kgs. of carbonate): 
568x373.50 ....................... . 

'l'o heat these 250 kgs. of C02 to the tempera.ture at which the 
gases are allowe<l to escape: 

250x0.2lxl00... . ................. . 
To heat to 100° the 705 kgs. of air ncces-.ary for the com1 us­

tion of 28:3 kgs. of CO, either fol' the purposc of calcina­
tion or for hcating the coke in furnace (17): 

705x0.227xl00 ... . ................ . 
To heat to 500° the 1947 kgs. of solid substances disch11rged 

into the reducer, (their temperaturc is brought to 1000° 
for calcination ; but they are then cooled and go out only 
at a temperaturc of 500°) : 

1947x0.2lx500.. . . . . . . . . ......... . 
To heat to 500° the :360 kgs. of coke: 

360x0.24x:500 ..................... . 
For radiation .. . ............... .. . . 

Total calories required in the cttlciner . .. . ................ .. . 

(b) Production of calo1·ies ?'eqiifrecl in the calciner: 

One kg. of CO taken at 500° , changed into C02 at the top of 
the reducer, then alluwed to escape at a tempet'ature of l 00°, 
gives off: 

By its corn bustion ................. . 
By the lowering of its ternperature : 
1 X0.24 X 400 .. ....... ........... . 

Total ............. . 

The calciner will require 283 kg . of CO, which yield : 

283 X 2400=070,200) 
28:1 X 9ü = 2.7 ,000 J ........ . 

Calories. 

76,536 

212,148 

5,250 

16,026 

204.120 

43,200 
150,000 

707,100 

Calories. 

2,400 

96 

2,496 

707,100 

The total CO produced in the reducer being 7 G kgs., the calciner 
alone u es up 283 of the e, say about 37%. 

2nd. Reducer. 

(a). Ulilo1·ies ?'Pquii-ed 'Îil tlœ 1·Nlu<·r·r: 

For rednction proper, Ul'mrn1· itllows (Metallurgy, Vol. 2, p. 339) 
that the rcduction corresponJing to o ·'.e kg. of pig-iron 
alisorbs 1 984 calories : 

Calories . 
1000 X 198-t .. ... ... .. ...... . .. .. . l,984,00 0 
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For the fusion of 1000 kgs. of pig-iron at 1500°, Gruner allows 
1.hat the liquid pig-iron contains about 300 cals. per kg. 
The nPcessary cal0rieR are then : 

1000 X 300 
less those already contained in the metal at the top, i.e.; Calories. 

(1000 X 300) - (1000 X 0. 12 X 500) .... 240,000 
For the fu<iion of the 570 kgs. of slag at 1500°: 
Üiie kg. of slag contains about 500 calories, according to Grnner: 

but it is also necessary to here de<luct the ca.lories already 
contained a~ the top, i .... : 

(570 X 500)-(570 X 0.21 X 500)... . . . 225,150 
The substances making np the gases at the throat escape from 

the reducer at '500°, Lhe temperature being the same as 
when they enter it, and ·we do not relJuire to take into ac­
count their mom e11tary variations of temperature wltil e they 
are in the interior of this reJucer. 

For radiation . . . . . . . . . . . . . . . . . . . . . . 150,000 

Total calories require<l. in the reducer .. . ....... .. . 2,599,150 

b. Prodnction of calorie.s 1·equi?wl in the reduce1· : 
The 325 k\/,"s. of carbon are conYerted into CO, giving: Calories. 

:325 X 2400 . . .... . .... . . , 780,000 
Tlie <lifference is to l e suppliecl by C'lectricity, i.e. : 

2,599,150- 780,000 .... . . .. ..... . ... .. 1,819,150 

Total . . . . . .... . ... .. ..... . . ... . .......... 2,599,150 

3rd. Regulator. 

(a) Calo1·ies requfred in tl1e regulutor: 
To raise the crude metal frorn 1500° to l 800~ : * 

1000 X 0.12 X :100° . ............... . 
To rnake and melt about :300 kgs. of Hlag: 

300 X .jOO . ...... . .... . ........... . 
For radiation ................. . ....................... . 
To cornpensate for the different n·actions which are produced 

slow]\· and of " ·hich the c lorific i11flue11ce cannot \Yell be 
defi11~d .. . ............ . ............ .... .... · · · · ·. · 

Calories. 

36.000 

150,000 
150,000 

200,000 

To:al calori('s reqnirecl i11 the rl'gulator. . . . . . . 53G,000 

(b) Proi1u·/ion of ruln1·ir'-~ 1·r•r111 Îl'l' rl in f/, p regalntm·: C"kiries. 

Leaving unt ol' account the heat which nmy be procluced by inter-
1rnl r0'1.ction<; , the ;j:rn.O:)O calorit·~ 1iecè-;sary for retini11g are 
to ])., dcrived from t•\'.tern1tl enrr1Yit.•'l which mav be either 
tlte CO l'rom the furnace-top, or el~ctricity: for si1;1plicity wc 
'i 1al l for the pre<;ent arlrnit p\ectrieity alone: it shoul<l then 
supply . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5:3G,OOO 

• The [,•111p,•ral11rP )81Hl ;illo\\"<'d her'' for liqui<l 'tt'el ;, too low; it woul<l have been 
bctler to have allo'"'" :?IH)ll0

. 
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General Schedule (First Method of Proceeding). 

And hence the general schedule of calories is established as follows, 
for the first method of proceeding, admitting the regulator to be heated 
by electricity :-

Calories 
required for 
one ton of 

meltcd metal. 
by 

Elf'ctricity 

Calories Produced 

by 
Pure Carbon 

(325 Kgs.) 
------'---------~--1------ -

by CO 
(283 Kg; .) 

Calciner .. . . . 707,100 707,100 
of which 
679,200= 
combustion 

Reducer . ... . 
Regubtor . . . 

2,599,150 
536,000 

1,819,150 
536,000 

780,000 

1 

27,900 = 
cooling. 

Totals . .... . 3,842,250 1 2,355,150 
----1------

780,000 707,100 ,- 1 

3,842,250 

There still remain available: 

7 58 - 283 = 47 5 kgs. of CO, which can suppl y: 
475 x 2400 = 1,140,800 calorie .. 

W e should further note that the 325 kgs. of pure 0 were capable of 
producing by direct combustion: 

325 X 8,000 . . ... . .... . .. .. ... .. . , 2,600,000 
Thus far, in om apparatnc;, they have yieldcrl : 

In pas~ing to the statc of CO. . . . . . . . 780,000 
By tlrn eombnstion of 28:1 kgs. of CO 670,200 
Thern still remain to be utiliz:ed, ( in the 
form of pure oxide of carhon) ....... 1,140,800 

Total. . . . . . . . . . . . . . . 2,600,000 

W e then ag-ain find that of the 2,600,000 calories which thC'~P 325 
kgs. of a can give, but a part only is uscd in the electric furnace, bccanse 
of tlrn high tcmperature at the top an<l the circulation of the gascs wh ich 
bring the O to the state of OO, rnaintaining a very vigorous reducing 
action, and borrowing from electricity the calories which are lacking as a 
consequence of this incomplete combustion of the O. 
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The circulation adds the heat-producing energy of electricity to the 
reducing energy of OO, greatly assisting the accompfü,hment of the object 
we have in view, viz.: the reduction of the ore; and that without waste 
of the carbon, being as sparing as possible of this raw material, which we 
suppose to be costly in the regions where we wish to apply electro-metal­
lurgy. 

Electric Energy necessary for one ton of Steel (First Method of Proceeding). 

Starting from the thermie schedule, such as we have just determined 
it, it is interesting to compute in horse-power the electric force to be 
brought into play for the production of one ton of steel per hour: 

1 t.-The calciner operate without electric current. 

2n<l.-The r educer r equire 1,819,150 electric calories per ton pro­
duced, and if we aim at proùucing one ton per hour there are required 
per second: 

l ,S l 9,l 50 =50 - ca,lories 
3600 .) 

or, in theoretical H. P. : 

505 C. X 425 kg 'm = 28 (-jO H.P. 
75 

3rd.-In the refining apparatus electricity shoul<l supply 536.,000 
calories, an<l having in view the production of one ton per hour, there are 
requirecl per second : 

536,000 -o . ( 1. 

3000 
= lb calont!R avout) 

or, m theoretical II. P. : 
150c.x425kgrn_

8
_
0

y_
1 

P 
7

- - 1) .l. .. 
:) 

Say, about 1,000 II.P., since to bring the met<11 to the de ire<l state in­
volves loss of tillle which corresponds to los of hea t. 

Net Cost Compared (First Method of Proceeding). 

ln or<ler to <letermine accuratel,y the econollly of the process, we must 
again <letermine the value of the <11rnntity of ('0 ""hich we have at the 
thruat of the reducer: 

kgs. 
The total CO produced was .......................... 75 
0 f t}li;:; the calciner consumed. . . . . . . . . . . . . . . . . . . . . . . . 283 

And there remains availa ble. . . . . . . . . . . . . . . . . . . . . . . . 475 

These 47.) kgs. of comparati,·cly pure CO givc n,.; a combustible vola­
tile 111attcr which can produce in tlw air a tc11qwrat11rc of combustion 



157 

higher than any other industrial gas, and their yery easy applicafam 
(either for heating or motive power) raises their value much above the 
ame weight of ordinary combustible solid matter. 

Let us allow for them the price of 0.025 frs. per kg. 

Say: ±7 5 x 0.025 = 11. 3 frs. 

In the economic comparison between the new process and tho e ac­
tually usecl in the making of teel, we shall take (as in our first part relat­
ing to the triple furnace) coke at 25 francs per ton, and the 1,000 electric 
calories at 0.01 fr., the price generally allo\\·ecl in the region of the French 
j.Jps. 

In the new apparatus we produce one ton of steel with : 

:360 kg . of coke, at 25 francs per ton . ... 
1,819,150 electric calories in the reducer, 

at 0.01 fr. per thotrnand. . . . . . . .... . 
536,000 clectric calories in the regulator .. . 

Frs. 
9.00 

18.19 
5.36 

Total ...... .. .... .. .... fr.. 32.55 

From these 32.55 fr., we must cleduct the value of the 475 kgs. o:l CO, 
which may be utilized and are estimated at 11.85 fr. : 

32.55 - 11. 5 = 20. 70 frs. 

These 20, 70 frs. replace the following items of the ordin.ary proce3s 
of steel making : 

lst.-The coke u ed in the ordinary blast-furnace, say, 1,000 kgs., 
and all the machinery (boilers, engines, hot-blast appliances) necessary 
for its combustion. 

2nd.-The coal used in the Siemens-::llartin furnaces, say about 500 
kgs., also at 25 francs per ton. 

1,000 kgs. coke at 25 francs per tou . . .. 
.Machinery and appliances of the ùla t 

furnace . . . ..... .. . . .. ...... . . . . 
Coal, 500 kgs. at 25 francs per ton ..... . 

Total ..... ............ . 

Difference in farnr of electro-rnetallnrgy_: 

Frs. 
25.00 

.5.00 
12 .. 50 

42.50 

42.50 frs. - 20.70 fr . = 2L. 0 fr -. per ton of teel. 

A very encouraging result. 

·w e hall proceed to the rapi<l ,,tudy of the Eecon1l method, mentioned 
above on page 148. 
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3rd: Second Method of Proceeding. 

Nature of the Gases (Second Method of Proceeding.) 

c 0 2_ 1 2-c o - . D 

In the second method, the object is the tran formatirm of the maxi­
mum of carbon into CO 

2
, endeavoring to utilize, to the greatest pos­

sible extent, the calories which it eau produce in the interior of the ap­
paratus, and not outside in the form of combustible ga e . 

Is it possible to change all the reduciug car bon into C02 , and if we 
cannot obtain thi transformation completely, to what extent eau it be 
doue? 

:Mr. Gruner allow that in the old blast fnrnace the ratio in weight 

gg2 does not exceed O. 0; beyond this the mi.xture, encompa' ed by a n~a;; 
of inert nitrogen, has no longer any redncing action upon the ore. 

The new process, being free from nitrogen, bTings the oxide of car­
bon alone to bear on the oxide of iron, and the reducing action i therefore 
more effective and more thorough since it is impeded only by the 00 2 

for rne<l ; it cannot, however, succeed to completely eliminate the OO, for 
OO is again fonned, partially by the action of the C, still at red heat, on 
the CO 2 pro<luce<l by the reaction, and this even at a temperatnrc com­
paratively low: henrP the 1iecP.~8ity of maintuining ci low temperat111°P rd 
the top. 

We nee<l not hope then to obtain pure C 0 2 ; but the ratio g g2 will 

be much higher than in the old blast furnaces, au<l it <;eelll':! jnstifiahlc to 

11 r C ()2 - ·) .-a O\\ C 0 - 1._.J. 

The crJcffici<'nt esta bli,,hcs the ~econd methotl of 11·orki ng 11 ml tlcter­
ruincs the weight of pure C necessary for rcdnrtinn, ina c;1111lrh a" the total 
weight of oxygen con tained in CO a ncl 002 should be tha t of th<' nx,·g-1~11 

contain1 •tl in the oxide;;, e.g., equals .+353 k?-';;· 

The estilllate give;; per ton of steel: 

C0 .. =365Kmi. C=lOüKV's.,, . :3G5 
U 0-= 292 .':' (' - 1:25 :;' l he rat10 2fJ2 1.25 

C total = 225 Kgs.; cok0 24 7 Kgs. 
Total oxygpn - 4~:~ K,g-!'.. 

The, weight of the ga~c,; escaping free at the moutlt of the rednC'cr, 
pcr ton of pig iron, is about (i;ïî kgs.; the calorifi c: power (or calories gi,·en 
off l>y l kg. of the mixture) i~ onl,v 1,066, nt a somewhat low combu <>t ion 
temperature. 
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In this process the furnace-top hould be kept at a tem.perature vf 
about 200°, and this i also the temperature of the calcined material wh·.m 
it rcache. the reducer. 

The ga::cs hlown from the top i11 to the crucible circula te less rapidly, 
and are con>:equently le in quantity, having no longer to convey physical­
ly :.mch a large amount of clectric calorie into the shaft, where the carbon 
wül suppl; additional heat by its tran~formation into 002. As in the 
first method, the circulation in the electric zone of the crucible trans­
forms the ga e completely into OO, and the reducing energy remains as 
inten e in the lower part of the haft; on the other hand, it is les active 
in the upper part, which should be increased in height in order to allow 
a longer time for this slower action to take place. 

Taking into account the modifications indicatecl, the equilibrium 0f 
thi , method is regulated in the same way as that of the first. 

Thermie Schedule (Second Method of Proceeding). 

Ist. Calciner. 

(a) Calories rnquired in the calciner : 

Evaporation of water .................................. . 
Separation of the 250 kgs. of C02 ••.• • ... ...... • •...••.• •. 

Heating of the 250 kg . of C02 to 100° . ... . .. .. . . . .. . .. . ... . 
Heating to l OO 0 the 568 kgs. of air required for the combustion 

of the 228 kgs. of CO neces. ary either for calcination or for 
heating the coke in furnace (17) : 

568 X 0.227 X 100 .... , .. , . , , ...... . 
Heating to 200° the 1947 kgs. of solid rnaterial sent to the re­

ducer; their teruperature is brought to 1000 ° for calcination, 
but they are subsequently cooled and they are discharged at 
only 200°: 

1947 X 0.21 X 200 ..... . 
Heating to 200° the 247 kgs. of coke: 

247 X 0.24 X 200 . . ... . 
Radiation ... . 

Calories. 
76,356 

212,148 
5,250 

12,890 

81,760 

11,856 
150,000 

Total calories requit-ed in the calciner . . . 550,260 

(b) P 1·odi1ction of cnlol'ie8 reqiifrerl in the calcine1·: 
1 kg. of CO taken at 200° at the top of the reducer, changed into 

co2 then allowed to escape at 100°, gives oft: 
Calories 

By it.:; own combustion ... . ....... . . . .... . .............. . 
By its cooling from 200° to 100° : 

2,-100 

l X O. 24 X ] OO . .. .. ... ... .. .... . .. . 
By the cooling of the 0.80 kgs. of CO~ which accompanicsit: 

0.80 X 0.2 ] X 100 ......... . ... . . . , . 16 

TobLI .. . . .. ... . .. . . 2,440 
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Therefore, there are required for the calciner: 

550260 . 
2440 

-228 kgs. of CO (approx1mately.) 

These 228 kgs. o:f OO correspond to 513 kgs. o:f gas escaping :from the 
:furnace-top; the total o:f these gases being 657, there remain still to be 
disposed o:f 144 kgs., capable of developing 144: x 1;066 '= 153,504: 
calories. 

2nd. Reducer. 

(a) Calorie8 ?·r'qtiirecl in the 1·edvcer: 
Cal ories. 

Reduction . ... ............................... . ......... 1,984.,000 
Fusion of 1000 kgs. of pig-iron: 
(1000 X 300)-(1000 X 0.12 X 200) . ........... . . .......... 276,000 
Fusion of .560 kgs. of slug: 
(560 X 500)- ( 560 X 0.2 l X 200) . . . . . . . . . . . . . . . . . . . . . . . . . 256,000 
The subHtances composing the gases at the furnace-top escape 

at 200°, the same temperaturc as whcn introduced into the 
reducer, and we need take no acconnt of them. 

Radiation. . . . . . . . . . . . . . . . . . . . . . . . . 150,000 

Total calories required in the reducer .... . .................. 2,666,500 

(b) Pruduction uf mlm·ir's reqnirecl in t/11' 1·edtW'1': 

Of the 225 kgs. of C charged, l 25 kgs. are changed into CO, 
giving: 

Calories. 

l 2.) X 2,-!0(). . . . . . . . . . . . . . . . . . . . . . . . :300,000 

100 kga. arn changecl into CO~ giving: 
l OO X 8000. . . . . . . . . . . . . . . . . . . . . . . . 00,000 

Total calorieFl obtaiuefl frorn C ..... . ....... . . . .... 1,100.000 

The ditference is to be supplied by electricity, viz: 
2,(:i()(), .500- 1, L00,000 .... .... ........ 1,5Gü,500 

3rd. Regulator. 
Calorie~ . 

a. Calo,·ies 1·e<JLiired . .. . 5:3ü,OOO 

b. C((lorie8 to be .füppli f'd by electricity . . . . . . . . . . . . . . . . . . . . 536,000 

General Schedule (Second Method of Proceeding ). 

And hence the general scheclule of calories is established in. the fol­
lowing way for the second method of proceeding: 
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Calories 
1·equired 

for one ton 
of mehed 

n;etal 

CALORIES PRODUCED 

I
By Eledricitv By pure Carbon By C 0 

' (2-2.3 Kgs.) (228 Kgs.) 

~alciner .. -.. -. -. ~--. . -. -5~:.260 ,-.. -.-. ~~-.-.. -. -.. - .-_ :--.-.. -. -:;,2GO 

Reducer. . . . . . . . . . . 2,6G6,b00 1 1,566,500 1,100,000 ......... . 
Regulator. . . . . . . . . . 536,000 536,000 . . . . . . . . . . . ........ . ___________ ! __ _ 

3,752,7GO 2,102,500 1,100,000 1 550,260 Total' .. .. .. ...... 

1 ----'----- ---"---------
3,752,760 

There till remain available 144 kgs. of ga at the top of the reduccr, 
capable of producing 153,500 calories. 

Electric Energy necessary for one ton of Steel (Second Method of Proceeding). 

1 t.-The calciner operates without supplementary heat from elec-
tric current. · 

2nd.-The reducer requires 1,566,500 electric calorie , correspond­
ing to :-

1,566,500 425 _ 9 46 
_ H p 

3,600 X 7 5 - ~, t> • . 

instead of 2,860 H.P. necessary in the first method of proceeding. 

3rd.-The regula tor requires the same number as in first meth:><l, 
850 H.P. 

Net Cost Compared (Second Method of Proceeding). 

The 144 kgs. of combustible gases which may still be utilized after 
deducting what is nece ary for the calciner havé a value per kg. much 
lower than the pure OO given by the first method, and for which we have 
allowed the price of frs. 0.025 per kg.; it will be co1Tc t to allow now fr. 
0.01 per kg., vïz., 1.44 frs. for the 144 kg . which remain available. 

By the second method of proceeding, we producc one ton of steel 
with:-

24 7 kgs. coke at 25 frs. per 1000 kgs ......... . . 
1,566,500 electric calories in the reducer, at 0.01 fr. 

per tho11sand ......................... . 
5!16,000 electric ,·alo · e. in the reducer, at 0.01 fr. 

Frs. 

6. 17 

15.6G 
5.36 

Total .................... . ..... 27.19 
Dcducting for the gases remaining to be utilized. . 1.44 

Total remaining .. . ... .... . ...... 25.7.5 
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A.t the cost of 25. ï 5 francs, we replace the elements which, in the 
case of the old blast furnace, would cost frs. 42.50 

The di:fference in favom of electro-metallmgy is, then, for the second 
method of proceeding :-

42. 50 frs. - 25.75frs.= 16.75 :frs. 

This result, though not so good as that of the :first method, is still 
gratifying. 

IV. Objections. 

lst.-In the fi.rst method of proceeiling, it m.ay be thought exagger.:tt­
ed to admit the1 same value for a kg. of OO as for a kg. of coal. But the 
value is mea med by the possibility of utilizing it. 

In many cases it is found advantageous to change coal into combust­
ible gases, " ·hich may be more conveniently used, allowing us to obtain 
higher temperatures; those usually obtaincd in the ordinary ga--producers 
are, however, dilutcd with a mass of nitrogen which hinders their combus­
tion au<l lowers the final temperature. But the CO obtained by the elec­
tric furnace, bcing almost pure, without nitrogen, appear.;; to 11" to have 
a value much grea ter than these or<linary gases. 

If we even cowpare the OO to water-gas or lighting gas, it give.;; a 
higher combustion temperature, which gives it a superiority for the heat: 
ing of a Siemeus-ilfartin, for exarnple, or for the heating of the regl1lator 
in the new proces·· of electro-meta1lnrgy. Now, in the Loire,_a c-oal­
proclucing country, lighting gas, prorluced from distillation of coaL co ts 
0.20 frs. per cubic meter when it is used for heating purpo.;;es. -ay, nearly 
O . ..J,O frs. per kg., since its density is low; there is then no exaggeration, if 
in our es tiniate" wc r crkon 1 kg. of CO at 0.025 frs., say 1fl tinw;; ch<'aper. 

It may be objected also that ï58 kgs. of. OO at 0.02.5 fr.., rnak es a value 
of 18.80 fn;. \rl1 en·as t l1<• ;{{jQ kg;;. of eoke ai 25 frR., whieh prorluce them, 
are e'iti lllatcd at 011 ly D frn. 

But we have just shown the reasons for estimating 1 kg. of UO at the 
:-:au1e '·alue a:; 1 kg. of coal or coke; and if one hould wonJer at the in­
erease in value on the part of 1 kg. of 0 (pure carbon) while going through 
the reducer from bot tom to top, it must be remembered tha t this conver­
sion of solid 0 into gaseous 00 gives value to 0, because of the fact that 
it has become ga eous. This transformation in any kind of apparatus 
\\'hatever woulcl be costly, especially to obtain almost pure CO, and in the 
present case this conversion is made by the help of supplementary electric 
«alories ; this step, from our de criptions, docs not appear to entai! great 
n<l<litional cost, but in reality it does so. 

For all these reasons we bclie,·e it jn.;tifiable to retain the price of the 
CO at 0.01:) fr. per kg-. 
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2nd.-Fault might be found with our estimate in the thermie sche­
dule because of our not taking account of the calories absorbed by the 
mechanical power which induce the circulation of the gases in the re­
clucer. 

The fact is, we have ta.ken no account of this expense, which will Je­
c:rease by its amount the result at which we arrived in our estimate of the 
general economy, but this loss is small, scarcely worth uoting in a large 
hyclraulic plant. 

3rd.-It may be asked why, in the füst method of proceeding, we 
have not used for the heating of the regulator the gas OO which remains 
available, and the combustion temperature of which is so high. 

This has been done purposely in order to make evident the maximum 
energy which is required per ton of steel under the most disadvantageous 
rircumstances; and also for the purpose of shortening somewhat the first 
part of this paper, aheady too long, omitting, if desired, the present ob­
. ervations. • 

But, in fact, it is interesting to study briefl.y the application of OO 
to the heating of the regulator, which will lead to a saving of electric 
power. 

The OO may be applied to the refining furnace, either of the Siemens­
Martin type with regenerator, or of the type of our regulator with gas 
blow-pipe, the air being forced at high pressure and blown directly upon 
the bath. The combustion temperature of the OO is so high that in the 
regulator (where the metal arrives in a liquid state at 1,500°, and the OO 
at nearly 500°), the heating is possible by blow-pipes alone without re­
generator. This mode of heating is possible even with ordinary lighting 
gas., the combustion tem1 erature of which is lower. 

In the case of the regulator with blow-pipe, the consumption of OO 
will be about 255 kgs., producing (at the initial temperature on leaving 
the top) a greater heat than the 536,000 necessary calories; and there will 
still remain 220 kgs. of OO available for the hcatiug of the ingots, or for 
any other purpose. 

By the use of the OO in the rcgulator, wc diminish by 536,000 the 
calories to be derivecl from electricity, and the economic comparison of 
the process may in this case be established in the following way :-

W e now produce one ton of steel with: 
Frs. 

860 kgs. coke, at 25 frf'. per ton . . . . . . . . . . . 9. OO 
1 ,819,150 electric calories at 0.01 frs. per 

thousancl in the reducer . . . . . . . . . . . . ] 8. 19 

Total.. . . . . . . . . . . . . . . . . . 27. 19 

" 
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From these 27.19 frs. we must deduct the value of 220 kgs. of CO 
remaining to be utilized and valued : 

220 kgs. X 0.025 .. .. . . ................ . 
Say 27.19 - 5.50 remaining ....... . ...... . 
Thcse 21.69 frs. replace as before : 
1000 kgs. of coke, at 25 frs ............. . . . 
:M:achinery ...... . ..... . ..... . ........ . 
Coal, 500 kgs. at 25 frs . . .. ... . .. . . .... .. . 

Total ........... . ... . . . 

Difference in favor of electro-metallurgy equals : 

42.50 frs. - 21.69 frs. = 20.81 frs. per ton. 

Frs. 
5.50 

21 . 69 

25.00 
5.00 

12.50 

42.50 

The .economy is somewhat less obvions than in the fi.rst method of 
proceeding clescribed above, but the arrang_ement allows us to demand le:>s 
from electricity, and to reduce the total force neces~ary to 2,860 horsa­
power for an output of one ton per hour . 
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THE ELECTRICAL MANUFACTURE CF STEEL.* 

PROCESS OF GUSTAVE GIN. 

The change in the physical states, and the reciprocal reactions of 
substance involved in the industrial production of iron and clerived metals, 
require the consumption of a certain amount of energy, hitherto obtained 
by the combustion of carbon. In the present process an attempt is made 
to replace this by electric energy. 

The technical solution of this problem may now be considered an ac­
complishecl fact, but it is advisable to make certain reservations as re­
gards the economic result . It must not be forgotten, in fact, that while 
electricity is the most tractable of the fo1;ms of energy, it is, generally 
speaking, also the mo t costly. It should not, therefore, be employed ex­
cept knowingly (with a thorough understanding of the conditions) and 
it use hould be limited to those applications where its superiority is clear­
ly eviclent. By carefuJly examining all the data of the problem, it ap· 
pear certain that the application of electric energy to the "direct ,ix­
traction" of iron from ores cannot be advantageous, except under certain 
exceptional conditions. 

Besides, it must be recognized that the modern blast furnace, to the 
perfecting of which so many metallurgist have concentrated their efforts, 
i a marvellous metallurgical instrument, in which the utiliza tion of heat 
energy approaches o closely to perfection that it is seeking Utopia to at­
tempt to sub titute for it the electric fornace. Such a substitution is, 
furthermore, inconceivable, except in certain localities particnlnrly favor­
ed as regard' electric energy, and minerals. 

But it becomes a different matter when electric energy is used for 
the conversion of pig iron into steel. In this case the electric furnace 
clearly has the aclvantage of the Martin furnace, always provicling that the 
electric energy may be obtained at an acceptable price either by the em­
ployment of hydraulic power for generating purpo es, or by the use of the 
energy availahle in the waste gases from blast furnaces . 

As soon ai\. by the latter mea1r. the following combination has be­
come an acco111plished :fact, viz., the blast furnace for cast iron; the Bes­
semer converter for the common steel : and the electric refirn'ry for bigher 
grade steel, the inùustrial 111ctal1nrgy of iron will lwve rcalizecl an almoat 
perfect utilization of the hcat energy of coal. 

* Fr0m the Fre1;ch . 
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GIN PROCESS. 

1''rom the data submitted by Dr. H . Goldschmidt, of E sen, at the re­
cent Fifth Oongress of A1)plied Ohemistry, at Berlin, it appeara that the 
first electric f urnace for the manufacture of teel was proposed by myself 
in 1 û7 (French Patent Xo. 263,783, February 6th, 1 97). Since that 
time researches upon this intere'ting question have been continued, and 
many new types of furnaces for steel production have been studied. Tha 
la test type depends upon the utilization of the Joule effect, wühout the 
me of carbon electrodes. 

In the various types o{ apparatus devised up to the pre ent time to 
produce electro-therrnic reactions in molten pig iron, great difficulties have 
been experienced in utilizing the energy of the electric current in a bath, 
the resistivity of which scarcely exceeds 200 microhms per cnbic centi­
meter; generally, one ia forced to procluce the Joule e:ffect in a layer 0f 
slag fioating on the metallic bath using the notably higher resi tivity of 
this slag. 

:Jioreover, the u e of carbon electrodes is an obstacle to clecarburiza­
tiuu, because reduction of the constituents of the slag is more readily 
effected by the carbon of the electrocles than by the combined or di solved 
carbon in the bath. 

}'inally, funrnccs have been devised where the current which pa ses 
tluuugh the bath is generated by induction and without the use of any elec­
trodes. But it shonlcl he noted that such an apparatus i costly, and in­
rnh·e5 a consiclerable 111agnetic ]eakage, incompatible with an efficient 
utiliza tion of electric energ,v. 

For th(' pmpose of a rniding the e nnde irable features, the expeclient 
of the slag bath. and the objectionable u-e of carbon electrodes, the idea 
;1ruo<e of forrning the electric furnace as a trough or channel of great 
lcngth, and small cro s-section; fi.lling this trongh with molten pig iron. 
and having at i ts terminals blocks of steel coolcrl b;v an internal current 
of water. 

The passage of the proper amount of current in the conductor of 
fn~cd metal develops a quantity of heat sufficient to maintain the whole 
mass in fusion, and to bring it to the most favorable temperature for pro­
clucinO' the refi.ning reactiom. On the other hand, the large section uf 
the blacks forrning the terminals of the circuit prevents a great rise of 
tcmperature in thern, being aided in thi" respect by the ci1·cu1ation of col<l 
water. 

To "ile rr convenient fonn to the crucible, the trough in which the 
metal i" l1cl<l i" doubled on it"elf severa1 times, so that 'there is formed 
n "ort of huge incnnde"ccnt lamp. of which the filament consiste; of a bath 
of molten iron. 
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In practice the apparatus woulcl c6nsist of a movable carriage on rails, 
(~ee .figures 1, 2, 3 and 4), having a body made of refrac­
tory materials. In this movable body is placed the crucible, 
in the form of a channel or trough, having, in cross-section, 
vertical \Valls an<l a serui-circtùar bottom (A), and a sinuous cour.oe. 
The ends of the canal connect with the terminals for the current supply 
(BB), each of these consisting of a block of steel so shaped as to form m 
open basin in the canal. The terminal blocks carry a vertical downward 
extension, which erves for the connection (G), with the conductors carry­
ing the culTent. These terminal blocks are cooled by an interior circula­
tion of \rnter, which is introduced into the cavity (D) by means of ~he 
tube (E), connected with a re'ervoir by m~ans of a strong rubber tube . 
The water e capes by the orifice (F), which is also connected by rubber 
ho e to the over-:fl.ow channel. 

When a charge of metal is to be refined, the crucible carriage is plac­
ed in a furnace with an arched roof, in order to reduce as much a' po ·sible 
the lo 's of heat by radiation. The fnrnace being in place, electric con­
nection iB made at (G) and the fusel pig iron is introduced by the fun­
nel (H). 

The <lilution-methocl (scrap process) may be employecl by adding Lo 
the iron a calculated proportion of scrap iron, which dissolves in the fused 
bath. The carbon of the iron diffuse~ rapiclly throughout the mass, aml 
the con ver ion of the whole into . teel is practically e:ffecled a, soon as the 
fu-ion of the addecl metal has been completecl. 

It is also easy to employ the methocl of oxidation, by the ruidition 0f 
some iron oxide (ore process ). The oxygen of the iron oxide added to the 
bath burns the silicon, mangane e and carbon. As in a fnrnace of this 
type the temperature can be elevatecl at "·ill, the carbon is eliminated with 
great rapiclity, thus obtaining a more completc di sociation of the iron ancl 
carbon in the pig iron. 

When the pig iron, or mî.,-xture of pig iron and scrap, has become all 
fused, the iron oxide is added with a shovel; quite a lively ebnllition is 
prodnced, which decreases o-radnall:;-. \Yhen the progre..;s of dccarbnrizn­
tion is manife ted only by the small hlnc fla111e which csrape periodically 
at the surface of the bath, a f urther <piantity of oxide is ndded. The 
sa111e phenomena occur, but not so strongly marked this tirne, and the cx­
tent of dcrarbnrization is juclged of by the freb1eness of the blue :fl.ames . 

. \ t this timc the te. t spccirnens may bP takPn and, if nece ' ary, the 
final additions of spiegel or ferro-rnanganese rn::i: be made, although the;;e 
latter are not so important in this ns in othcr h·rcs of fnrnace ; tbis is par­
tiC'nhnly true with reference to tlw , ilicnn p:Pnerally emplo;ved tn pla;· the 
role of inter111ole<·nlar ro111h11stihlP, thi" lwin.!:!' l]ll ite 1rnnrressar:· with elec­
tric heating of the metal. 

It is interesting to note that in thi'I elcdric· fornacr the oxidntion nf 
the i111pnritie-; of the pip: iron . and nnt::ihh tliat nf the rarbon, j..; hrong-ht 
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about without the iute1Tention of atnw pheric oxygen. Th 11,,, the amoun t 
of dissolved oxide is reducecl, ancl, consequently, the qrnmtity of deoxidiz­
ing materials to be introduced at the end of the operatiou i;; lessened. 

It should be remarked that the localization of the heating in the 
metallic conductor enable · one to obtain temperature "·hicb would not be 
realizable in furnaces of the ~1artin type, without rn<'lting the arches arnl 
con ·equent danger of spoiling the metal exposecl on the bearth. 

The clephosphorizing and desulphurizing rnaterial. may be introcluced 
at practically any moment after the metal is well fused, either before, or 
during, or after the decarburization. The remornl of the lag is e-ffecteJ 
by means of an iron scraper, which is handled b:v the work:uen throngh 
the door of the furnace. 

The finished metal is poUl'ed from the openings (K), which are plac­
ed at the front or end of the furnace oppo5ite the electric connections. 

The method of oxidation (ore process) is dwelt upon at some length, 
ancl less has been sairl about the method by dilution, the application of 
which is more difficult, sin ce it would require considerable altera tion of the 
section of the bath, and on account of the necessity which it would entall 
of varying the Yoltage of the electric current between wide limits . 

The dilution methocl only possesses real interest in the c:a ~e of a plant 
exceptionally placed \Yith rcferencc to n supply of pig iron, c·ontllining hn: 
little sulrhur or phosphorn">. Jn fnct, it shoulcl be kept in 111iucl that Jiln­
tion wit ho11t si1nultaneou,; oxiclation woulcl require the use of Yery pme 
llI<1 kria l~. li(·ra use thr elin1in::ition of imptuities ,,·onld be in ,ignifirant. 

,\ll the a•h·:mtages of these two methods may be combine1l, nnd their 
re'IH'e tivc in , .. 111n nienees avoirlccl by the u:;e of a "mi.'-::ed Hlrthod," in­
'""!ring the: n~e of a 1·eriain amonnt of. erap, anrl oxichtion hy the acldi­
tiou of ir011 t•XÎ•k. Jt -hould be notcd, woreover. that e\'en in the )fortin 
fllt'llllC• rlt<• "11rr p1·oec•,.- " i.; not rigornn~ly follnm'rl. llllt thflt abnnt OTI"­
fif tli nf thr· total rhargr is ~r·rap iron. 

The f11Jlo,1·ing ~hu\\·- th<· 111n11I1n in whi<·l1 it is propo.,rrl to operate 
thP Clin fmnacc in prnctire :-

ThP C:l'llL1C !J!Ctal j.; trratf'd 11·i1li >'ll~1I<' ir1111 IJl'l' ann li1ur. so a::: to o-xill­
izr t hP i 1qn1ritie~. 1Yh ik prniln<·ing :t h,1 .-ic· sLI!!. whi1·li fn<'i!itntcs thP r1i­
rninatim1 of thr 1•l1n,l'honH. \\hrn thr pmifiration Î..; ,;nffi<·iP1lt. tli<' ~r1·a11 
Îrnn j..; Întrocl11ercl Întn the \'<'J'Y hot hntlJ. tJir cJ.i,!! j..; l'<'lllO\'P.J when f11..;Înn 
j,.. co11q.J1•tf', nui! thr finnl adcliti ' >Jl ' 11f fr1Tn-1n:rngnnr..;r :11·c· 111ndc· tn rf'1l1we 
thr oxirlP rfü;solvcrl in the metal. 

It j..; un1lrr.;tood . of courcP. tl111t the n,r of thic 111ixecl pmress j..; <le­
pPnilPnt npon thr natnrr of the po--iblr snpply of rnw lllntrrinl..;, hnt it ic 
rsprcinlly aclnpte11 for thn.:c plant::: which r·nn obtnin . nt rraconahl<' prÎrC''. 
"ernp iron . rail encl..; . har~. <:hrrt~. &r .. ;;11it:1hl<' for making pmprr 111ix­
tnres. 
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Specia l Steels. 

The Gin furnace will permit of the easy manufacture of special 
steels by the direct incorporation of the additional elements-manganese, 
nickel, tungsten, vanadium, molybdenum, &c. Special grades, having a 
high manganese content, and containing but very little carbon, may be 
obtained by adding to the bath a suitable proportion of silicon-manganese 
(which was fi.rst prepared by me by the recluction of rhodonite, French' 
Patent No. 326,438), and by oxidizing the silicon by means of manganese 
dioxide, according to the reaction : 

mFe + 2nSil\In2 + ::lnl\In02 = mFe + 5nMn 
Metallic Bath Manganese steel 

+ 2nSi031\fo 
Slag 

It is desirable in this case not to push the temperature of the bath too 
high, because the manganese would then spontaneously vaporize. 

Furnace Materials. 

The materials of which the channel forming the crucible is construct­
ed should obviously be sufficiently refractory to withstand the highest tem­
perature of the bath. For this reason lime and magnesia would consti­
tute the best materials., if these bodies were not so easily converted into 
slag by the silica resulting from the oxidation of the silicon in the bath . . 

It is true that lime and dolomite ptay an important part as dephos­
phorizing and desulphurizing agents, but it is better to employ the 3al­
careous materials mixed with the oxidizing agents. As for silicious lin­
ings, they are not sufficiently infusible to be used without rapid deteriora­
tion. The best protective coatings are foun<l in rich bauxite, and above 
all in chromite, which may be agglomerated by ordinary methods. 

Example of the Application of the Process by Oxidation. 

For an iron containing: 

Carbon ........................ 3. 60 per cent. 
Silicon . . . . . . . . . . . . . . . . . . . . . . . . 1. 68 " 
:M:anganese . . . . . . . . . . . . . . . . . . . . . 1. 10 " 
Phosphorus . . . . . . . . . . . . . . . . . . . . . 0. 62 " 

The proportions of the above impurities have been chosen arbi­
trarily to facilitate calculation. The composition of a ton of pig iron may, 
in fact, be reprcsented b.Y the simple formula here given, expressed in kilo­
gram-molecules: 

l<i.0 Fe+:i C +O.fi Si+0.2 1\ln+0.2 P . ... 

If we suppo' e that the :finished steel contains 0.96 p<'r cent carbon 
and 0.28 per cent silicon and if we aclrnit, for t-lrn simplification of the 
formulas, that the other impurities arc practically eliminated, the "en­
semble " of the rcactions may be deduce<l from the equa tion: 
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x (16.6 Fe+ 3 C+0.6 Si+ 0.2 Mn. +0.2 P .... ) + yFep3 +zCaO 

Pig Iron 

=17.7 Fe + 0.8 C + 0.1 Si + 

Ore 

(3x-0.8)C0 

Lime 

one ton of Ateel -- Carbon mono~ide diseng_aged 

+x (0.5 Si02 +0.2 MnO + O.G CaO+ 0.6 FeO) +O. l x (PP.;4-CaO) 
Slag 

From this it follows that the production of one ton of steel requires: 

kgs. 
Pig iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 Hl 
Fe

2 
0.1 ••.•••••• • ••••••••••••••••••.•••.• 21 

Oaû . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . 56 

The quantities eliminated- theoretically amount to 52.0 kgs., while theœ 
is a recovery of 134.4 kgs. of iron. 

W e may admit as practical the following figures for the production of 
one ton of steel, by the method of oxidation :-

kgs. 
Oonsumption of pig iron .... . . . ............. 924 
Iron ore (7 5 % Fe2 Oa) . . . . . . . . . . . . . . . . . . . . . . 320 
Lin1e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5fi 

Energy Consumed. 

The calorific energy derived from the electric current is utilizeù as 
follows:-

(a) I-Ieatiug the metallic bath from 1,300° to 1,750° O. 
(b) H eatiug the reageuts to 1,600° O. 
( c) Ohemical reactious. 
( d) Radiation lasses. 

a. Heating the metalhc bath . 

W e raise the ternperature of 024- kgs. of pig iron from 1,300° to 
1, 7 50° O. But, hetween these two temperatures the specific heat of the 
iron varies bet'"een 0.40 and 0.58, which giYes O.+~ as rncan value. The 
heat consumed is. therefore :-

lia =D2-± X 0 . .+8 X -1.50=1 !l!l,()()() r11lories 

b. Heating the reagents. 

The a,·erage specitîc heat of Fe ~ U,1 and CaO. bet\1·eeu 0° and 1,600°, 
is respecti-1ely 0.18 and 0.23, so that the heat con3t11ncd in hcat ing the 
reagents is: 

q,, =020 o 1 !J + liO 1U:l) l ()(Hl= l l n . .ioo cal0rie«. 
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c. Chemical reactions . 

By balancing the respective heats of formation of the varions com­
pounds which occur in the two members of the above equation, we have: 

q0 = 7 5,000 calories 

The total of the calories expended for the heating of the masses and the 
chemical reactions is, theref ore : 

199,600+ 119,400 +7 5,000=394,000 calories 

which corresponds to a consumption of 456,000 watt-hours per ton of steel 
manufactured. 

d. Radiation losses. 

Let us suppose the process to be running regularly, the masonry of 
the furnace structure being heated by previous operations, the iron of the 
next charge is introduced at a temperature which doe not materially ùX­

ceed that of the interior of the furnace. The calorific radiation of Lhe 
bath is, therefore, of but minor importance at the beginning, but it in­
creases as an exponential fonction of the heating of the metal, which is, at 
first, very rapid, since nearly all the heat generated by the current is nsed 
in heating. To reduce these losses, when the tempcrature of the bath 
r eaches 1,500° O., it is covered with some of the ore and ii 111 0. 

At first these reagents are hcated as much by radiation from the iur­
nace roof as by contact with the bath, the radiation from which is moment­
arily almost stopped. When the r eagents have been convcrted into slag 
and fused, radiation i resumed from the surface of the liquid lag; la ter 
on, when the purifying reactions have terminatecl, the slag is clcane<l off, 
and the urface of the bath being cxpo ed, radiation bccomes intense, the 
temperature finally tencling to reach a point whore tllC'rc i. a balance be­
tween the generated and dissipated heat. 

From a few experiments which I have made. I ha 1·c corne to the con­
clusion that the radia tion of hea t frorn a carefully installed furnace may 
be expressed provisionally by the following formula, derivcd from that 0f 
Stephan: 

(1) " . = aS'l'1 r:J 

where: 
w the dissipated energy expresrncl in watt-hours. 

- IG. 

a 3,125 X 10 

S radiating surface of the bath of steel = le ( I and c beiug the 
length and one side of the s<11rnre sertion of the meta llic 
bath). 

T temperature (maximum ah~olutc) = 2,000° 0 
& time in hours. 
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From the above it follows that: 

(2) W =5 l cfJ 

Total Expenditure of Energy. 

For a furnace of power W, producing P kgs. of steel per operation, 
during fJ hours, the calorific expenditure would be equal to : 

(:3) W 8=456 P +5 lcfJ 

Data of Construction and Output of Furnaces. 

The preceding formula may be presented in another form. Admit­
ting that the density of the liquid iron equals '7, we have : 

(4) 7 1 c'= l OOO P, or 

(5) 1 c2 = 1000 p 
7 

Tt ma.v also be noted that at any given moment, we have : 

( n) E' E2c2 

u '" = = R /' 1 
To avoid the introduction of new factors, we will suppose that the 

moment of commencing a furnace-run is the precise instant chosen for 
the verification of the preceding equation. At this moment we know 

-6 
approximately the value of ," = 216 x 10 , and we will assume that 
E equals 15 volts. We therefore, evolve from (6) the following equation : 

1 10-J. X 10' 
e' W 

(7) 

F ro111 the equa tions ( 5) and (7) we deduce : 

(8) 1= 12:200 y p 
\ \" 

..j. 

( (l) c 0.108 V P\\ 

..j. 

( 10) le = l :~ l li V" \\' 

This la ter rnlue ..;nbstituted in equation (3) gives: 
..j. 

( 1 1 ) \\"(-) = P(..J..)(i + (j.jf)() 1-) V 1 - ) 
. P \\" 

.\d111itting that a ... ingle open1tion ,,·il! occupy thrcc hours, the tirne 
nece..;s.1rv for the rendions. we rnav sl10,1·. ll\· 11tcnn~ of cquation (11), the 
cun-e~ (Fig. 5) for the values of i: c and P.' in ter1m of ' "· The actual 
fignn'::: :ne ?:Ïven in the fol]o,1·ing table:-
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4 

W= P (152+6590 y_1_ 
PW 

: \\"eighl of ;\letal. Length of \Vidth of Surface. 
Surface 

1 

p 1 c 

Expenditure of 
energy per ton 
kilowatt hours. 

------------------- ------

100,000 430 kg. 800.32 cm. 8.75cm. 697 
200,000 360 Il 844.24 Il 12. 71 Il 625 
;300,000 1,525 Il 866.2 Il 15.79 Il 590 
400,000 . 2,100 Il 884.5 Il 18.38 Il 571 
500,000 

1 

2,680 Il 890.6 Il 20.66 Il 560 
G00,000 3,275 Il 900.36 Il 22. 73 Il 5.t9 
700,000 3,875 Il !)05.24 Il 24.64 Il 542 
800,000 4,475 Il 912.56 Il 26.41 Il 536 
900,000 5,075 Il 915 Il 28.07 Il 532 

1,000,000 5,680 Il 916 " 29.65 " 528 

----- -- --

APPLICATION OF THE MIXED PROCESS. 

Again, taking up the :figures of the prece<ling application ( oxidation 
process), we may WTite the equation which represents the ensernble of the 
reactions th us : 

x (16.6 Fe + 3C + 0.6 Si + 0.2 Mn + 0.2 P + .. . . ) + yFep3 

- Pig iron. Ore 

+ 

.,. 

zCaO uFe 
- - + -­

Lime Scrap 

(:3x - 0.8) CO 

(17.7 F e + 0.8 C + 0.1 Si) 
Fi 11 iRhed steel. 

Curbon rnonoxi<le <lise11g11gec.1. 

x (0.5 SiO~ + 0.2 MnO + 0.6 CttO + O.Ci FeO) + 0.1 x <P:P;; -! CaO) 
+ 

Slag. 

Taking, for instance, x as being eqnal to %, \\"e <lcduce from the prc­
ceding equation the following proportions as corrc ponding to the produc­
tion of one ton of steel : 

Theory. 

Pig Iron ...... GIH kg>i. 
Fc,P:i · ....... 14-!) . 70 " 
Lime . . . . . . . . -!O. 90 " 
Scrap . . . ... .. 267 . 68 " 

Practice. 

670 kgs. 
:no " 
4.) " 

285 " 



174 

Consumption of Energy. 

a-Heating bath of pig iron, 
qa = 070 X 0.48 X 4f)0 

b-Heating the reagents, 
qb -= (210 X 0.19 + 45 X Û.23) X .1600= .. 

c-Chemica1 rea~tionR, 
qc .............. . ........ . ....... . 

d-Fusion and heating of the iron , 
qd - 285 (410+0.48 X 240) - ......... . 

e-Losses by radiation , 
C]e -= 5 l cél watL hourn. 

Calorie~. 

144,700 

80,400 

48,900 

149,700 

For a furnace of W kilowatts, producing P kgs, of steel for each run 
o:f e hours, we have: . 

n 2) w e = -180 P + 5 1 ce. 
By making the same calculations a in the preceding case, \YC have : 

(V3) l = 12200 v-P 
\V 

(l+) 

(15) 

(1 Ü) \\' fJ 

c 

4 

le = 18(j:)y- 1'" 
\V 

4 

480 P + !l:H5Nv~ 
\V 

By taking the value of f) ~ :3, the equation may now be written: 
4 

P oGo + a:n5V _1 
. PW 

( lï) \\' 

From these equations we may construct the curves as shown in Fig. G. 

COST OF PRODUCTION OF ELECTRIC STEEL. 

In onler to <leterrnine the cost of the steel, I assume that the elcct ric 
fnrnaces recei ve the crude metal for a first fu ion direct from the blast 
furnace . I base rny calculations upon an annual production of 30,000 tons 
of steel. 

a . Consumption of raw material per ton. 

1Jre Proc<'~~-

Pig Iron . ............ .. ..... D~-5 kgs. 
Scrap Iron . . . ..... .......... - - " 
O~·e with 7t>% Fe~03 • . ..•• • ..• 3:~ " 
Lune . . . . . . . . . . . . . . . . . . . . . . .J(j " 

;\] ixed Proces,. 

ü70 kgs. 
285 " 
n o " 
45 " 
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I admit that the preliminary production of the cast iron requires: 

kgs. 
Ore ....................... . . ...... .... 1,750 
Slag of furnace . . . . . . . . . . . . . . . . . . . . . . . . . . 160 
Various slags .. .. . . .. . . .. . : . . . . . .. . .. .. . 160 
W aste . . . . . . . ............... : . . . . . . . . . 80 "' 
Flu." . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 
Coke .................................. 1,100 

b. Electric Energy. 

According to above calculatioll;, and assuming that we have electric 
furnaces 9f 650 kilowatts, we should spend: 

S Electric Furnaces. . . . . . . . . 30,000x540= 16,200,000KWH 
Ore Process l Cowper and 1\Iechanical .... 

Appliances. . . . . . . . . . . . . . . 330x8000 = 2,640,000 " 

Total. ..... .' . . . . . . . . . 18,840,000 " 

Or for 8,000 hours of Emnual operation a power of 2,355 kilowatts. 

S Electric Furnaces .. .. . . 30,000x600= 18,000,000 KWH 
Mixeil Process l Cowl?er and Mechanical 

Apphances ........... . 300x8000= 2,400,000 " 

Total...... . 20,400,000 KWH 

which corresponds to a power -0f 2,550 kilowatts. 

In taking into account the losses and contingencies of all kinds, I 
calculate as follows :-

Ore process . . . . . . . . . . . ....... .. 2,400 kilowatts. 
Mixed process ................ . .. 2,700 " 
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ORE P R OCESS. 

S chedule of Annual Expenditure or Cost. 

I. DIRECTION Al\TD MANAGEMENT . . .. .......... . 72,000 frcs. 

II. RA W MATERIAL Al\TD FUEL. 

(a) Production of pig iron. 
Ore . . . . . . . . . . . . . . . . . . . . . 48,600 tons @ 15 frs. = 729,000 frs. 
Slag. . . . . . . . . . . . . . . . . . . . 4,400 3 " = 13,200 " 
Variou~ slags . . . . . . . . . . . . 4,400 6 " = 26,400 " 
\Vaste. . . . . . . . . . . . . . . . . . 2,250 46 " = 103,500 " 
Flux. . . . . . . . . . . . . . . . . . . 13,400 6 " = 80,400 " 
Coke. . . . . . . . . . . . . . . . . . . 30,500 " " 20 " = 610,000 " 
Miscellaneous . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14,500 " 

(b) Oomersion into steel. 
Ore.. . . . . . . . . . . . . . . . . . . 9.600 tons@, 15 frs. 
Lime................ . . . 1,700 " " 20 " 
Alloys of Iron. . . . . . . . . . . :)00 ;." " 250 " 
Chromite . . . . . . . . . . . . . . . . 150 ~" " 110 " 

1,577,000 " 

= 144.000 frs 
34,000 " 
7.5 ,000 " 
16,500 " 

Miscellaneous .... ........ . ......... . ........... . 8,500 " 

2ï8,000 " 
III. ELEOTRIO ENERGY. 

2400 Kilowatt Y ears Œ 80 :frs ...... . .. . . 192,000 frs. 

IV. LABOUR. 

Day shift, (i0 men î 

J~ 40,000 days @, -t..50 fr". . . . . . . . . . . . 180,000 frs 
~ight shift, 50 men 

V. l\lAI~TEN ANCE AND REPAIRS. . . . . . . . . . . . .. . . . . 80,000 frs. 

VI. GENERAL AND UNFORESEEN EXPENDITURE. . . 80,000 frs. 

TOTAL ........ 2,459,000 frs. 

or, per ton of :finisbed steel, about 82 francs. 
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MIXED PROCESS. 

Schedule of Apnual Expenditure. 

I . DITIEOTIO "AND :llA.NAGEMENT . .......... . . . 72,000 ires. 

II. RA W MATERIAL AND FUEL. 

(a) P roduction oi pig iron. 
Ore. . . . . . . . . . . . . . . . . . . . . 35,000 tons @ 15 frs. = 525,000 frs. 
Slag .. . . .. . .. . .. .. .. .. . .. 3,100 " 3 " 9,300 " 
Various 8lags. . . . . . . . . . . . . 3,100 6 " 18,600 " 
\Vaste . . . . . . . . . . . . . . . . . . . 1,600 " .J.G " 73,600 " 
Flux .. . . . .... . ... ....... 10,000 6 " 60,000 " 
Coke. . . . . . . . . . . . . . . . . . . . . 22,000 " 20 " = 440,000 " 
l\.füe:ellaneou . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12. 1 OO " 

1,138,600 " 
(b) Scrap and waste iron. 

8,550 tons@ 60 frs. . . .513,000 " 
( c) Conversion into steel. 

Ore . . . . . . . . . . . . . . . . . . . . 6,300 tons@ 15 frs. 
Lime. . . . . . . . . . . . . . . . . . . . 1,350 " " 20 " 
AJloys of Iron . . . . . . . . . . . . 300 " " 250 " 
Chromite . . . . . . . . . . . . . . . . 150 " " 110 " 
Mi cellaneous . . . . . . . . . . . . . . . . ..... ~ .. ... . . . . . . . 

III. ELEOTRIO ENERGY. 

94.500 frs. 
27,000 " 
75,000 " 
16,500 " 
8,000 " 

221 ,000 " 

2,700 kilowatt yearn @ 80 frs .. . . . . . .. ...... . ... . -, .. 216.000 " 

IY. LABOUR. 
38,000 days @ 4.50 frs ............ .. ... ......... . . 171 ,000 frs. 

V. MAINTENANCE AND REPAIRS.. . . ..... . . . .. .... 79,000 frs. 

VI. GENERAL AND UNFORESEEN EXPENDITURE. . 80,000 frs. 

TOTAL ........ . 2,490,üOO frs. 
or, per ton of fi nished steel, 3 francs. 

CONCLUSIONS. 

In order not to be accused of undue optimism, I have based the prc­
ceùing estimates upon prices sufficiently high, and I have assumetl that the 
electric energy is lea ed. A combination of conditions more faYlirn ble 
would reduce till iurtber the co t of production. It is not diffü:ult ro 
imagine a company who coulcl obtain iron ore at 13 francs per ton and 
owning a hydraulic power. U nde1· such circumstances, the electric cnerg_v 
\rould be available at 40 francs per kilowatt ;ear, and the annual expenrli­
tnre would be reduced by not less than 250.000 francs . The cost nf pro­
duction of 1 ton of ;;;teel would then be about 75 francs. 
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ELECTRO-THERMIC PROCESS FOR THE 
REDUCTION OF IRON ORE.* 

BY CAPT. ERNESTO ST ASSAN O. 

In February, 1 99, at a meeting which I had the honour of holding 
at the Oollege of Engineers and Architects of Brescia, I made known the 
results of e~-periments which at the end of the preceding year I had made 
at Ro ne, first under the patronage of that distinguished gentleman, Oom­
mendatore Carlo Pouchain, and af terwards of the same pers on and of the 
Genoe e knights and the engineer, Oarlotti, to arrive at a solution of the 
important problern -of the reduction of iron ores in electric furnaces. 

The notices which, before this, had been given out about these ex­
periments, and this meeting, had the result of arousing in the public minù 
a certain interest which was oon made manifest by the daily appearance 
of technical articles, in which my conclusions were cliscussed. 

In general, the tone of such articles was not friendly; in fact, their 
dominant note was scepticism, some even were not without a certain bitter­
nes . No cri tic, however, controverted my assertions with close and Je­
finite reasoning, based upon facts, and upon scientific and rational cal­
cula tions. 

Stranger as 1 am to barren and vague discussions, which rarely have 
a place in the lofty realms of science and of reasoning, bnt often, if ::iot 
al\YRJ" degenerate into sharp and bitter polemic , I dicl not reply to any 
such publication , especially as the lack of founclation, and the vagueneas 
of the objection , had the effect of putting me in a position to demonstrate 
very easily thefr weakne , and the vali<lity of the data upo11 which rny 
YÎews were founded. 

Jio\\·eyer, about that time an indu, trial company was formed to 
appl:y rny process in a plant of about 1,500 horse-power. In a relativel,v 
short time nftcr this, experience woulcl have clecicled and clemonstrated, 
with the evidcnce of fact ,which ide was right; for which reason also I 
kept ilence, and sought rather to push on the construction of the works, 
to the extcnt of soliciting , haresiin an ordinary smelting business in order 
to fnrnish this practical demon:;tra tion of the greater or less ju tice of m,v 
a sertions. 

* Frorn the ltalia n. 
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However, a series of unfortunate circum tances, which it is not nece:;­
sary to enmnerate, circumstances entirely independent of my will and 
of my acts, and even more so of errors in my techn:ical and financial cal­
culations-having brought this company to a state of liquidation, just at 
a time when, af ter having passed the critical period of in tallation, :md 
having demonstrated the complete success of my process, it "·as possible 
to enter into that fruitful and profitable state of industrial work-has sen­
sibly modified the situation, obliging me to throw off that reserve whi0h 
.. as, till now, irnposed upon me. 

Dealing, therefore, with the purely scientific field, and without enter­
mg into discussions which do not esentially affect the question, and regarJ­
ing the foundation principles and industrial operation of the process which 
I propose, I shall aclclress myself to expouncling the general conceptions to 
which I harn clirectecl my stuclies, and the results obtained from the long 
and laborious experiments performed. 

From this exposition in detail, the learned public can gain all the data 
..iecessary to make themselves familiar with my work, and to judge calmly 
and dispassionately if it should remain a sterile and unfruitful effort, or 
should be clestinecl to have practical and profitable industrial applicatbn 
for the benefit' of those countries, which like ours, are rich in water-power 
(hydraulic mortor forces), but almost or altogether without coal, and have 
been until now preclnde<l from taking part in great metallic industries in 
general, and iron industries in particular, wi.th grave loss to the ;rnalth of 
the nation. 

The utilization of heat obtained from the electric arc for metallurgic 
operations was certainly not new when my attention was directed to this 
important problem. :M:emorable indeecl are the experiments performed by 
Siemens with his electrie crucible. towards the end of 1879, which, how­
ernr, are no more than mere scientific curiosities. 

To find instead industrial applications of the heat radiate<l from the 
arc, \\'e rnust coute to the appartns of the .\ ;nerican, Cowlc,-, for the pre· 
parution of the alloys of alnmininm, an<l after that to the elcctric fur­
naces of "Wilson, for the manufacture of carbi<lc of calciurn, an<l to tho:;e 
for the preparation of corborundurn; and between these industrial ap­
plication,; of heat outained fro111 the arc, the 111 o~t im portant, thon~h purc­
ly scicntitic, expcriments of :i\Iois ant. 

lio,rnver, if the scope of all these different a ttem pts be carefully ex­
:rn1i ned (though they are theoretical rather than practical, and particular­
ly thrsC' Jast, wbich haYe a more direct interest for us), it is ea il,v scen 
that their aim was the industrial production of sub tances which ran 1,,, 

ohtnine<l only at the highest tPmperatnre of the arc . and wbich, lwnce, in 
the past, were practically nnknown, or proclneecl only in the scientific 
;:;en"<e. that is, in the sma1le5t quantitie". and with the g-reate.;;t difficnlty. 
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They had recour~e, in short, to this new source of heat to obtain­
whether in an in lustrial or in a purely scientific sense-the production of 
substance either altogether new or little kno\vn, and such as requirn 
laborious manipulation for their preparation, and they did not seek to use 
this mean as a substitute for the old and only indu trial source of heat, 
tha t i to say, combustion, in the ordinar:y metallurgic processes in gen­
era l, and in iron smelting in particular. 

\ r ery different, then, was the scope of my researches, which aimetl, 
on the other hand, at finding out definitely if thi new source of heat could 
be advantageou ly substituted orclinarily in the variou metallurgic pro­
ce-ses ernployecl in the indlrtrial worlcl, and at cletermining, in case that 
thi were po sible, the series of practical arrangemen to be adoptecl in 
orcler that thi ubstitution might be renclered successful. 

Two difficulties then presented them elves to me from the first, on 
\1hich it was necessary that I should fi..'l: my attention in order that I might 
be a sured whether the grave problem which I wished to solve could ha,·e 
a practical and real olution. It occurred to me, namely, to establish, in 
the first place, whether the cost of a unit of heat generatecl from the trans­
formation of electric energy into thermie energy woulcl be sufficiently 
low to rencler possible ( economicall;v peaking) the sub titution of the 
new· ource of heat for that hitherto used. 

Actual practice would certainly have given exact and manifold in­
dications of the answer to both que tion ; however, before undertaking 
the difficult and costly experiments which would be necessary, I endea­
rnred to find out, by means of prelirninary calculations, based upon data 
both of theory and practice, whether it were pos ible to arrive at conclu­
sion (especially in regard to the first question), sufficientl,v approxiinate 
and tenable. 

The attempt wa not unfruitful. It i known, iudeed, that, consicler­
in0· the low percentage of oxygen contained in the atmospheric air (about 
21% in volume), the single active element tq which is assigned the duty 
of providing food for combustion in the ordiuary furnaces, and consid.ar­
ing the necessity which appears in them, of forcing upon the carbon a 
quantit,v of air varying from one to two time as rnuch as that which would 
be trictly necessary to burn the carbon of the fuel, a great part of the heat 
ari ing from the combustion is entirely ]ost, being absorbccl by the nitro­
gen of the air, and by the excess of air which must be forced into tl;te fur­
nace to assure the complete combu tion of the carbon. 

The fact i~ , therefore, that the utilization of the potential heat of 
the fuel (I shall speak thu in ordm· to l>e nnder toocl). in th0 ordinar.v 
fnrm1ces i rnaintained to a very limited and low clegree, var~·ing, in fact. 
fro:11 2% to 3%, and even less, in the or<linary firec; of a forge', rising to 
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10% in the corn.mon reverberatory furnace, and reaching the maximum 
of 18% to 20% in those modern gas furnaces with regenerators (::Uartin­
Siemens' type) . Only in the cupola furnace, and in the mo t recent blast 
furnaces perfected for re-heating the air, are such limits exceeded, reach­
ing about 30% in the first, and 50% in the second. 

vVith the exception, then, of these furnaces, which, because of the 
peclùiarity of their form, are suited only to specific processes of iron-smelt­
ing ( that is to say, the first to the simple fusion of pig the second to the 
reduction of iron ore), in the other heating apparatu es used in metallurgy 
the utilization of the heat of fuel does not e:xceed, in the mo5t farnrab1e 
pôssible conditions, 1 %, or at the mo t, 20%. 

Therefore, in practice with the best coal (which becau e of the greater 
or less hnmidity at the time of it use, of the tate of purity which it pr<'­
sents, &c., produce always a thermal energy inferior to ''hat it has in 
theory), we cannot calculate upon a thermal energy that can be utilized 
grea ter than : 

7 500 X 20 _
00 

j . ---- = l a ca ones 
100 

for each kg. of carbon consumed in the best possible conditions. 

It follows, logically,, from this that the industrial employment of 
hea t produced by the transformation of electric energy, is practically pos­
sible and advantageous whenever 1,500 calories obtained by such mean. 
costs les:; than, or at the rno"t as mnch as, one kg. of good coal in the loc:il­
ities in which the existence of rich deposi ts of coal render the ,,.reat met:ü­
lurgic industries possible and profitable. 

Jow. remembering that the term dynamic horse-power indicate- the 
wol'k of 75 kg- rn, equivalent to the electric energy of 735 watts, and 
adopting for the pre ·ent the mechanieal eguivalent of hea ti as -±2.'5, that is 
to -ay, thnt the 11·ork of -B3 kg· 111_, 11n1;;t be transformed to obtain onn 
calorie, it is easily seen that the clectric encrgy of 13.) watts expende1J 
for one ltour cont inuonsly (which hour aftenrnnls I shall cal] an eledric 
hor,,e-powcr hotu). trani'forrnPd into hPat hy mpam rf thP arc, corre:;ponds 
to:-

ï .'i x :rnoo . _ 
1 

. 
= G;3.J.:i ··1i on"~ 

.J,2.'i 

X aturally, not all this heat can be util izecl and tra n:'formcd into 
thcr11iic energy, effectiYe and able to be uscd, becau c the fnrnace~ in 
whid1 the transformation takcs plare absorb of thelllselve" a part of the 
heat. whieh results in pnre loss. J,acking, therefore, in thi,~ race the com­
hn"tion, and henre the cansc and the primP rcason for rcplaring the lo~::: 
of hcat "-hirh takes place in the orrlinary con] fnrnac<'"-, tlw c>ocfficient nf 
utilization of the elcctric furnace shonld be rnry high, proviclecl (it is wall 
un.lcrstoncl) that com·enient arrangements will reduce the other loss·~ 
l1"11nll,\' produced hy the trnn;;111i"sion thronp-h tlte "·ail~ of the fnrnace. b.v 
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the mechanical effects, and by the convection of the surrounding air .along 
the external walls of the furnace itself. 

And that this may be easily obtained is demonstrated by the fact that 
în the ordinary furnaces similar losses are always less than 10% of the 
energy expended in their interior. 

It is well also to remember here that the learned English metallur­
_gist, Sir wwthian Bell, in his masterly treatise, "Principles of the Pro­
duction of Iron and Steel," calculates at about 4% the loss of heat through 
radiation, mechanical effects, and convection in the blast furnaces, which, 
because of their structure, present a vast radiating surface. 

0%, we are certainly not far from the truth. With this coefficient of the 
Fi,'{.Ïng, then, the amount of heat set free by the electric fumace at 

utilization of heat, out of 635.3 calories obtained from the transformati·Jn 
of one electric horse-power hour into heat remains capable of being 
utilized:-

635.3 X 80 = 508.24 
100 ' 

-or, in round numbers, 500 calories. 

Hence, to obtain with electricity the thermie energy which is obta:n­
-ed in the ordinary furnaces from 1 kg. of good car bon, burned under favor­
.able conditions, it is necessary to employ :-

1500 = 3 
500 

-electric horse-power hours in the new apparatus. 
Therefore, the new source of heat is practically possible and profit­

.able whenever three electric horse-power hour cost le than, or a t mo~t 
as much as 1 kg. of coal in a locality rich in coal, in which, therefore, 1.he 
-smelting industry can exist and prosper. 

Let us see, then, if these conditions eau be realized and to what ex­
tent. 

From the following table, drawn from the stati,;tical data col-
1ected by the technical offices of :finance for some of the provinces of the 
kingdom, it appear that on the arnrage, in the recent hyclraulic plants of 
a certain degrce of importance e tablished in Italy, the cost of the plailt 
per dynamic horse-power, on the axis of the turbine, including the tur­
bine itself, varies from 150 to 200 lire. 

Adding to these 100 lire per horse-power for the electric part, a figmr 
a great deal larger than neces ary, it is seen that on the average the cbr­
tric hor e-power costs for installation from 250 to 300 lire, a value whd1 
agree perfectly with those of rnany plants which I have had occa<~ion to 
-visit, and of which I am in a position to know the exact cost. 

Table of average values of motor pon·er for each province, compntrrl 
in the year 1 9'7-1898 :-
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Cost for the Effective Installation of each 
Horse-Power. 

No Provinces. Motor Forces. 
_ Hydraulic. - - ~om Steam or from Gas. 

~lin. ~l ean . Max. Min. i\lean. ~ f ax. 
-----------

1 

---------- ------

1 Alessandria .. . ... . . . . . . :350 220 150 700 350 130 
2 Cunro . . .. . . . . . .. . .. . 400 250 150 300 450 130 
3 Genova .... .. . . ... .. . 1200 000 200 900 350 200 
4 Massa-Carrara . .... . .. . .500 300 200 600 500 400 
5 Modena ... . ... . ... .. .. 600 200 1.50 800 550 750 
6 Novara . . .. . ... ... . . . :300 130 130 300 400 200 
7. Paruia . ........ ... .. . 700 300 200 700 350 180 
8 Piacenza . . ..... .. .... 700 300 200 700 300 180 
9 Pa via .. .. . . .. . .. .. .. . :350 220 150 700 300 180 

10 Porto Maurizio ........ 1000 600 200 1000 450 200 
11 Reggio Emilia ..... . .. . 1200 600 1:30 1000 600 200 
12 Torino .. . ....... . . . . . . :300 180 150 700 400 180 
13 Brescia .. . ... .... . . . .. 700 150 120 ()00 300 150 
14 Cremona . .. . .... 1000 800 650 800 220 180 

A1lowing 10% per annum on the capital for intei'e t and cleprecia­
tion, and calculating at 10 lire a year per horse-po"·er, the expense of 
operating, and the maintenance of material, we reach the conclusion that 
the COSt of an electric horse-power year mJl be 40 lire, and hence, SUT)­

po ' Ïng the plant to be used for only 'î ,000 hotus a year, the cost of the 
electric hor e-power hotu will be : 

..J,O 0 oo-- 1· - - = . Dl ire. 
7000 

From this it follows that the three electric horse-po"·er hours, equi­
valent, as regards thermie energy, to 1 kg. of good anthracite, \\·ill co.,t 
0.0037 x 3 equals 0.0171 lire. This signifies, that, when ele:c­
tric eneriry c.:an be obtained nnder the a,·er1tgc C•llHlitiom; of the greater 
part of the large plants until now established, when it is used in the place 
where it is produced and transformed into heat in the metallurgic sen e, 
Lhis heat costs the same as that producecl in the ordinar.' furnaces which 
are most recent, and adapted to a fuel capable of de,elopincr 7,500 calories 
per kg., which can be obtained at the rate of 17.J 0 lire a ton, a pricc> cer­
of cletennining all the practical particulars to attain the inclmtrial n•aliza­
tainly not high, even in countries rich in coal. 

The problem was th en capable of a practical anrl profitable soin tion; 
it \\·as worth. rnoreover, the trouhle of arcnratc re,;carrh, with the aim 
tion of the desirecl idea. 

Encouraged by the favorable results of thi..; preliminary calculation , 
I 1111<lertook the inve~tigation of particular~, ~ePking, in the first pln1· .~ 
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(without losing sight of the general problem of applying this source ,)f 
heat to metallurgy in general), to make it of value in the production of 
iron fromlits ores; because the various iron products are acquiring as :first 
material a continuou ly increasing importance ~n modern industry through 
the low price which they have in the market, and they are particularly 
the materials most commonly used in commerce; whercfore, the cost of 
fuel becomes a factor of the :fir t importance in the expense of production 
-so much o as to render, indeed, impossible, or almost so, the iron in­
dustry in those countries which, being unprovided with coal, are forced 
to import it, and consequently, obtain it at a high price. 

So al o in this ca e, before preparing to obtain practical proof, I wish­
ed to examine the :field, by means of previou calculations ba ed upon 
scienti:fic and practical data already known, with the purpose of assuring 
myself, if i t wa possible, and worth while to solve this weighty problem. 

N ow, if we call to mind the manner in which the reduction of iron 
ore has, up to the pre ent, tak!en place in the bla t furuaces empl-0yed for 
this purpose, we may ea ily understand that the coke employed in them 
performs during the proce ses two qui te di tinct and special functiom. 
Burning with the oxyo·en of the air, it produce the heat necessary to e:ffect 
the decompo ition of the crude ore, and the fusion of the sponge of iron 
produced, and of the slag accompanying it, actring thu as a ource of heat. 
Besides, it furnishes the carbon necessary to aturate the oxygen of the 
oxide -0f iron of the ·ore, which i et free in the act of its decomposition. 
and which, under the form of oxide of carbon and CaJ.'bonic acid, is •JX­

pelled from the furnace, together with the nitrogen of the air nece' sary 
for the combu tion of the coal. Thi c-0mpri es, therefore, the work o-f 
the reducing element. 

In consequence of thi , it shoulcl be reme111ber('cl from the first that 
in rnaking the proposed substitution of heat radiatcd from the arc for tlrnt 
produced from the combustion of carbon in the production cif iron, it was 
not po sible 1:o eliminate completely the use of carbon, which needs al­
ways to be added to the ore in a quantit,v sufficient to furni;;h the carbon 
neces ary to aturate the oxygen of the ore. 

Therefore, since this carbon ' honld be transformcd into OO ra.ther 
than OO~, becau e only the füst of tbcsc cornpounds of oxygen and 
carbon i permanent at higb temperature, the fnel so employe l cannot be 
considerecl as con umed during the r('d11cing operation, in which it is sub­
jected to a simple transformation into gascons fuel, in which new state it 
can be collectecl and u ecl for the successive proccs es which the rnetaUic 
product received from the electl"Îc fnrnac(' 1·eq11ire tü pas through. 

On the other hand, \Yhen we considcr that, kno\\'ing the exact com­
position of the ore and of the carbon to lw added to it a· a reducing elc­
ment, it i. pos ible to calculate exact1y the qnantity of carbon to be mixed 
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with the ore, we recognize at once that, having succeeded in rendering 
practicable the substitution of the new source of heat for the old in for­
naces for the reduction of iron ores, it should be possible to obtain directly 
malleable products without the intermediate stage of castings, which, of 
necessity, must have a place with the ordinary blast furnace. 

And this is evident because in the blast furnace the carbon performs 
the two functions of reducing element and source of heat. It is necessary, 
therefore, in order to insure the success of the operation, always to charge 
carbon in excess. As a result of this, the iron produced being in the 
nascent state in contact with carbon, absorbs a perceptible quantity of it, 
losing thus its characteristic malleability. 

After these considerations of a general kind I passed to the calcula­
tion of the amount of heat which would be necessary to e:ffect the reduc­
tion of a determined quantity of iron ore, and the fusion of the metal ob­

tained, and its attendant slag, in order to find out the quantity of electri.c 
energy which it woùld be necessary to expend for the production of a cer­
tain quantity of iron with this new system. 

The comparison of the co t of this energy with that of the carbon 
necessary in the ordinary processes to reach the same result would give a 
sufficiently approximate idea of the greater or less expediency of adopt­
ing such a system. 

The result of such a comparison, which experience has since futly 
confirmed, were gratifying, so that, after having thus examined in all it• 
particulars the question a priori, I undertook forthwith the practical r\'.­
periments. 

Before passing, however, to the exposition of the results of the 
numerous and exhaustive experiments performed, I think it will not be 
useless to set forth such preliminary calculations as will render it more 
easy afterwards to estimate and appreciate justly the prartical resnlts. 

Let us suppose we are working with 100 kgs. of iron ore, say th~ 
specular iron ore of the I sland of Elba haYing the following compostion: 

Fl'., Ü:i .. ... . .... . ....... . 
l\11; 0 ................. . . 
Siü .. .. ................. . 
P .. . ........... ... ... .. 
S .................... .. 
CaO, )JgO .............. . 
Moisture ............... . 

9:-rn20 ; 
0.(ll Ç) 

:n!:lO 
0.058 
0.05(i 
0.500 
J.7:W 

Having made the necessary calculations for the charge, and for the 
car bon necessary to a bsorb the oxygen of the Fe ~ 0 ~ , which I omit for 
bœvity, the result is that the mixture of ore, carbon and flux with which 
the furnace is to be charged, shonld be th us proportioned: 
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Ore ........................ . 
Carbon ...................... . 
Lime ....................... . 

100.00 
23.00 
12.50 

The carbon and the lime to be added hould have respectively the iollow­
ing compositions :-

c . .. .......... 90.42 % 
Ash. . . . . . . . . . . :1.88 " 
.l\Ioisture . . . . . .. . 5.70 " 

Cao ......... . 
MgO ....... ... . 
Alp3, Fe20 3 •... . 

Siü., ......... . 
002- .... ... ... . 

51.21 " 
:i.11 " 
0.50 " 
0.90 " 

43.43 " 

In detail, then, to reduce the 100 kgs. of the ore above me11 tioned, 
there wollld be introduced int-0 the fornace: 

93.020 Kgs. of F e20 3 •••••• with ore 
0.61D " .MnO . . . . . . . . . " " 
3.790 " SiO., ......... " 
O.Ot58 '' S · · -. · · · . . . . . . '' 
0.056 " p .. . . . .... ... " 
0.500 " Caü, Mgü. . . . . " a 

1.720 " H 0 0 ....... .. " 
20.900 C: .......... with car bon 

0.892 Ash .......... " 
1.210 H 00 . ... ..... " 
6.401 " c~o. . ....... , .... ith lime 
0.389 MgO ......... " 
0.06i " Alp3, Fe20 3 • • • • " 

1.125 " SiO., .... ... . . " 
5.429 co

2
- . .••. . 

N-0w, holding at present that :-

(a) to effect the decomposition of one molccule of FeP3 
(160 gr.) we require . . . . . . . . . . . . . . . . . . . . . . . . . 192.000 cal. 

(b) to evaporate l Kg. of HP t ransforming it into vapor 
at 100°, \\'e require ........................... 637.000 

(c) to rnise by 1° the temperature of one Kg. of aqueous 
vapor at 100°, we require . . . . . . . . . . . . . . . . . . . . . 0.480 " 

(d) to calcine l Kg. of li111e we require ... ...... .. . . . . .. 425.000 
(e) to raise by 1° the temperature of one molecule of CO., 

(44 gr) we require. . . . . . . . . . . . . . . . . ... . ... . : 0.01 6 
(f) to raise by 1° the temperature of one molecule of CO 

(28 gr) we require. . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0068 " 
(g) to melt 1 Kg. of iron we l'C([Uire . . . . . . . . . . . . . . . . . . . 850.000 
(h) to melt 1 Kg. of slag we require ... .... . ... . ....... 600.000 
(i) by burning 1 Kg. of C into CO there are developed .. . 2175.000 
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And supposing that the volatile products of the reactions escape from the 
furnace at a temperature of 500°, it will be quite evident that the heat 
necessary to reduce 100 kgs. of ore, and to melt the resulting productq, 
amounts to 111,940,627 calories, namely :-

For the reduction of the ore : 
93.o~-~ 6~ 

192 
.................. Calories 111 ,624.000 

For the ernporating of the H 2 0 of the ore and of the 
carbon: 

(1.720 + 1.210) 637 .............. . 

To raise to 500° the aqueous vapor: 
2.930 X 0.48 X 400 ........... .. . . 

To calcine the lime : 
12.500 X 425 , , ...... . ... ... , ... . 

To heat to 500° the OO 2 resulting: 
5.42!) X Ü.016 X 500 

0.044: -- . .... . ... . ... . 

To heat the OO, "·hich is produced by the reduction of 
the Fe~03 : 

20
·
900 

X 0.00u8 X 500 ........... . 
0.012 

To melt the iron produced: 
!):J.020 X 0.112 , 

0.1 GO X ~350 ........ . 

To melt the slag : 
l :3.HDO X GOO ... ... ............ . ... . 

Total .... ................ . 

1,866.410 

562.560 

5,312.500 

987.090 

5,D2LG67 

22,789.900 

8,334.000 

157,:398.127 

Deducting from this the calories developed from the combu tion of 
0 changed into OO, that is :-

20.DOO X 217:3 ...... ...... .... .. ..!5,45ï.500 

There r emui11 .. ... . . ...... ll l ,9 ..J.O.G27 Cal. 

to furni>;h , wLit:h, allo\\'ing that the arnilable heat of the electric furnace 
is 80%. 

ll l ,940.G2ï = 220.25 
(j!35.!3 X 0.80 

electric horse-power hours. And, therefore: 

0:3,020 X 0.112 6 _ ll' 1• f'· ,
0 

= o. .... 'l..gs. o .;.n·on 
O.lG 

For each kg. of iron reduced we require: 
990 25 
.::..::..__:___ = 3 !38!3 electric hor epower hours 
65.114 . 
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N ow, to produce 1 ton of iron, substituting the new thermie source 
fo1, the carbon employed in the ordinary processes, we need 3 3 3 electric 
horse-power hourSp which, at the price of 0.0057 lire, rncans an expendi­
ture of 19.2 lire; opposed to which is the cost of fuel in th ordinat·y 
processes needed to produce about 1,150 kgs. of pig, in the bla.st furnace, 
and be ide~ what is necessary to re:6.ne it and change it to a malleable pro­
duct. 

N ow, among all the modern proces es for refining pig, the rnost econ­
omical with respect to tlre arnount of carbon consumed is certainly that 
which had begun to be employed in some teel w-0rks in which the pig jU3t 
tapped from the bla t furnace is treated in a Be emer converter, savi:i;i: 
thus the re-melting in the cupola furnace, and the shrinkage which takc 
place in the metal in this second fusion. Let u see, therefore., ho"\v much 
carbon is nece ary in this ca e, supposing that the heated fuel gas escap­
ing from the bla t furnace may be employed to work the blow-pipes, and 
ail the acces ory mechanism of the converter . 

With a rich ore, as that of which I have above given the composition, 
in a blas-t furnace well constructed, provided with improved apparatus to 
pre-heat the charge., and with all the best of the recent uggestions of 
modern metallurgy, the consumption of fuel per ton of pig can be reduced 
to a minimum of OO kgs. of good metallurgic coke, to obtain which it is 
nece sary to use at lea.st 1,100 kgs. of ooking coal. Thus, to produce the 
1,150 kgs. of pig which must be charged into the converter for each ton of 
malleable product in ingots received from the refiner, there are needed : 

llOO ; 1150 -1265 K S. 
1000 g 

of coking coal. Supp-0sing that this costs as much as the electric energy 
which we have seen to be necessary for its prnduction with the electric 
heating system proposed, namely, 19.28 lire, it fo1lows that the required 
carbon would cost: 

19
·
28 = 15.22 lire per ton 

1.265 . 

a price which, if it is sornewhat hiO'her than that for which coal eau be ob­
tained in ma,ny localities of England, Belgiurn , G e r11u111.v, &c., will ncver be 
reached in countrie which are not pro,ided wi th coal. 

N ow, if it is considered: 

lst.-That in the above calculation referring to the consumption of 
-coal, I have supposed that the work is carried on under the rnost favorable 
conditions. 

2nd.- That not always, even in refining t he pig with the Bessemer 
process, is the metal ju t tapped from the blast furnace uscd, nor are the 
heated fuel gases escaping from the bla.s t furnace always ernployed to ·le-
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velop the motive force necessary for the blow-pipes, and for the accessory 
apparatus for working the converters, and that in this case, to the carbon 
necessary to produce the pig, there must be added at least another 300 'Jl' 

mor e kgs. o:f carbon per ton o:f final product. 

3r d.-That when using, on the other hand, th e :Mar tin- iemens' pro­
cess, t he consumption o:f carbon per ton o:f malleable pr oduct is :from 4 to 
500 kgs. additional to that necessary to pr oduce t he r equired pig . 

4th.-That, finally, the iron and steel produced in countries rich in 
coal, when th ey r each those which are not so provided, I taly, for example, 
are burdened with the cost o:f transportation, equal to, or even greater 
than, t he cost o:f the :fuel n ecessary to produce them . 

It is easily recognized that, i:f we succeed in rendering practical ~he 
projected substitution of the heat :from the arc, for that obtained by com­
bustion, with apparatus that is practical, simple: casily manage<l, and able 
to utilize 80% of the energy expen<led in it, the problem will be completa­
ly solvcd, both in the economic or technical sense, and it will be possible 
to inaugmate and dcvelop a flourishing and vigorous metallnrgic indnstry 
iu many c:ountrie:=; where, for the lack of :fuel, it has been impos~ihle to 
realize this . 

• \fter thi,; I conl<l calrnly begin the experiwents, the ,wope of which 
ha~ bl'cn ,;o dcfü1itely outlined. One othcr Lloubt, howevcr, kcpt me from 
commcncing operations at ont'e upon a large scale, which 'ms the :fear lest 
at the high te,nperatnre which would prcrnil in the new :furnac:c~, the re­
actions fr01n "·hich the re,lnction o:f the ore was to be produccrl, \YOul<l not 
takc placC' a5 the;· took place nt a lo\\·cr tcmperature. but wonlcl g:iYe place 
to ,.:ncc0:;,irn cleeollq>o~ition.;; and recolllbinations, ,,·hich would radic:ally 
lllOdify the c:on-rn11ptiu11 of energy alrea<ly e::;tablishcd; arnl that the meta1 
rn·rHhwerl in co111litiofü of temperature so clifferent. would a;::sumc an allo­
tro!'Îl'. ~tntr rlitfcring frorn that which it ordinnrily assume", nnd "·hich 
thc·!'dnrc. c:onld not be snccess:fnlly utilizccl . 

• \ ]'relirniunry series o:f experirnents, made on a relativ0ly s•nall :;c:ah, 
r·onYinc:ccl :ne of the lac:k of :foundation for m;v tloubts. after \Yhich I nn­
dertook <lcfinitc experin1cnts, which were pcrformcd with a flll'nace tl11t 
th< d 130 horse-power,,; ncar the central cltctric ;- tation of Home, at the Ste. 
}lnrin d1 i < 't·1·c·l1i ..,] ops. 

Thi:0 :fuma ce, reprcscn ted by the figures la ancl 2a, \YaS essentially 
l«•n~t rndctl fro1n a sniall blast :furnacc, \rith a small encloslll'e, in whieh, 
at the places o:f the tuyere~ for the introduction of air to fecd combn;;tion, 
tli0 twn carbon electrode~ wcre in"erted, between which the arc \l'as e'tab­
li~lied. 

The electro<le;;, placecl upon elongations o:f two strong copper rods to 
\rhich were fastened the cable conductor:::, could be easily operatcd h,v 
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weans of three groups of conical cog-wheels, controlled by a special operat­
ing wheel and shaft, which is shown by the fig. 2a. 

A hopper, with double lids placed in the higher part of the furua0e 
permitted successive chargings of the ore in such a way as to eliminate 
completely, or almost so, during the charging the escape of the volatile 
products which were formed in the furnace. Two apertures placed in the 
upper part of the internal lining of the furnace, and prolonged to the ex­
terior by means of two suitable tubes, also repre:::iented in the figure, serv­
ed to conduct to the exterior the gas which was generated in the furnace 
<luring the process, which, before being collected and utilized, passed 
through a hydraulic valve (baril.et), show:n also in fig. 2a. 

:Making allowance for small inconveniences in details arising from the 
nature of the lining at first adopted, and from the form of the electrode­
holders-inconveniences which were found in the first experiments-the 
furnace worked quite regularly from the first, showing a complete corr.::is­
pon<lence between the theoretical data calculated a priori and those .1b­
tained by experience, whether we considcr the chemical aspect of the p1·0-
cess or the utilization of the heat radiated from the arc. 

The hope, then, of being able to reach a practical solution of this im­
portant problem, to which the preliminary study and the first experiments 
had given rise, was transformed into certainty after this second series of 
experiments, although some deiects in the acce orics of the furnacc and 
of sorue other secondary particulars were macle evi<lcnt, thesc experiments 
had not alonc confirmecl entirely the accuracy of the premises from which 
I hn<l tartc<l, but ah;o furnishcd metho<ls of eliminating tho"e clifficul ties 
which had ari,:en during the l" JJl'l i111L· its. 

After having 111o<lified, however, sorne of the particulars of the fur­
nace, for cxampl<', watcr-jacketing the electrocle-hol<ler, to preve11 t their 
bcing heatecl to cxcess, which hacl scvcral times caused thcir fn,,ion, aUtl 
dianging the arrangement of the hopper, I began a ncw scric:s of cxp0ri-
111ent~ with the same furnace, as soon as the h:yclranlic electriL· plant of the 
Darfo office wa partly finishcd, so as to permit me to use one nf the altc»­
nators thcre installed. 

On this occasion my aims were these: To show that many of ~hc 
modifications made in the furnace as a conseqnence of the experilllcnts at 
Tio ie, accornplished exactl,v the purpose for which thcy werc clevi~etl; 'o 
devise others in order to improve still more the working of the apparatus; 
to find out 1rhat power of current was best achpted; to estab1ish the r1i1nen-
ions of the furnace, and so forth. 

Ilôwever, being able to prolong the work for several consccntivcl 
honrs (a thing which, at Rome, through the e:xi<Yencies of the public .>cr­
vice, for which the gcneral station. from which I received the eurrent. w'.ls 
de igned, I wa never permittecl to do), an inconvenience which, at first, 
wa not manifest, began to make itself apparent. 
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To give an account of this inconvenience, which, as will be seen 
afterward, led me to modify radically the form of the furnace, it is desir­
able to go back a little and to examine the method in which I had prepare<l 
the ore at first for charging, and how I inanaged the charging, and pro­
ceeded with the work. 

It is known that in the ordinary bla t furnace the reduction -0f ore is 
due to the action of carb-Onic oxide rather than to the direct action of 
carbon upon the oxide of iron in the ore itself, which oxide of carbon is 
generated in the lower part of the furnace, and which, coming into con­
tact with the oxide of iron a,t the temperature of decomposition of this lat­
ter, appropriates its oxygen that it may become carbon dioxide, and leave 
the metal free. 

i '" This condition naturally would not be verified in the case of the el3c­
tric furnace, because, there being no combustion, the oxide of carbon, 
which act a the e sential reducer in the bla t furnace, would be want­
ing; hence, to be able to reach the desired aim, it was indispensable t0 

arrange that near to each particle of oxide of iron should be found that 
particle of carbon designed to absorb the oxygen~a fact which led to the 
necessity of pulverizing the ore and carbon, and mixing thoroughly the 
two pulverized substances in the de ired proportions. 

To make more thorough and stable the mixture of the pulverized 
substances., ·which, on account of theÎJ· di:fferent densities, would have 
easily separated according to their respective weights, I thought o:f unit­
ing the mixture with an agglutinative substancE;, uch a tar, resin (pitch), 
or the like, reducing it by compression into a conglomerate mass, which 
would then be introduced into the furnace. 

Operating in this way, the charging of the furnace wa managed in 
the following manner. After having heated the furnace for sorne time, 
by means of the arc, without charging it at all, I introduced into the fur­
nace it elf an iron grating o:f such ditm•nsion as to stop in the interior 
cavity at 20 centimetres above the arc. Then, from the hopper I com­
menced to charg(} into the :furnace the mixture, which, naturally, wa 
stoppecl by the grating. 

After a certain time the grating became :fused by the heat of the arc; 
the ore, therefore, which was in contact with the grating during the timc 
in which the latter wa.s being gradually heated to the melting point, be­
gan in its turn to be reduced; in this state the ingle bits of the conglom­
erate mixture which lay upon the grating became fused together, forming 
ilbo\e the electrodes a ort o:f arch, which remainecl in tact and npported 
the superimpose<l charge, even when the support o:f the grate wa witb­
drawn. 

In proportion as the heat radiated from the arc spread through the 
mass o:f ore so situated, the rednction o:f the oxide o:f iron took place, ancl 
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the fused metallic mass, in the fluid state, passed through the ore not yet 
reduced, and dropping from the arch, fell upon the botfom of the crucible, 
where very soon it constituted the metallic bath which, from time to time, 
was drawn off through the tap-hole. 

A similar process would go on with the slag; which assuming the ba3ic 
nature of the lining of the f urnace, would become ver y basic, and hence 
difficulty fusible; its fusion would not then be parallel to that of the 
metal, so that after ten or twelve hours of continued fusing, the space ex­
i ting above the arc pre 'ented a layer of notable thickness, composed iJf 
compact and hard slag. This absorbed, to a great extent, the radiation 
from the arc, thus preventing the heat from being transmitted to the ore 
above, which, therefore, was reduced with great difficulty, and also pre­
vented the heat from reaching the small amount of metal which was pro­
<luced. nder the e conditions, I could go no further, and was forced to 
su pend operations. 

This fact, the seriousness of which anyone eau understand, gave me 
great anxiety, because if it was not possible to eliminate completely this 
difficulty,, it would have compromised the final success of the desired pro­
cess. 

However, after long and patient researches, and riumerous experiment , 
I succeeded in establishing that, by making the mixture to be reduced pass 
below the arc instead of placing it above, as I had up to that time doue, 
although the material was all at once exposed to the high temperature ,)f 

the furnace, and not heated gradually, as was the case wrth the blast fur­
nace, the reaction took place just the same, and the metallic bath was 
formed without any inconvenience. 

After the e favourable results, I abandoned without he~itation the 
funnel form at first given to the furnace, and adopted the hearth or re­
finer's shape. So transformed, the furnace, as may be easily understood, 
became suitable not only for the treatment of mixtures of ore, but permit.­
ted the refining of the pig by the reaction process (Martin-Siemens), and 
could also be employed as a simple fusion furnace. 

\Vhen, however, air was not to be admitted to the furnacc to effect 
the refining of the pig, it was nece sary to introdnce sufficient ore to fur­
nish the oxygen required to burn the impurities, following the method 
ordinarily employed in the metallurgy of iron, and known by the English 
name of ore-process, in which the ore, being reduced, sets free the oxygen 
which houl<l oxiclize the impuri ty of the pig, 

Tumerous experiments performed with the furnace so transformad 
demon trated clearly that in practice, as a result of the modifications 

.above indicated,, iron, teel, and compouncls of iron with other metals, such 
as manganese, chrorniurn, nickel and other, could be prodnced, whether 
directly from the ore or by refining the pig by the ore-proccss, Rnd fu;. ions 
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could be e:ffected of masses of iron and steel from pieces, both large and 
.,-ery small, of these metals. 

The :figures 3a, 4a, 5a and 6a indicate clearly the mai:{ner in which I 
modi:fied the primitive high furnace in consequence of the experiments 
perforru ed- of which I have before spoken. For the greater clearness cf 

these designs, which represent the first furnace of 500 horse-power con­
;,tructed at Darfo, it will be well to add, that in it the movement of the 
elcctrodes,, in place of being accomp]ished mechanically by means of the 
group of conical cog-whecls employed in the :first furnace of 130 horse­
power adopted at Rome, was e:ffected by means of hydrau1ic pistons locat­
ed above and away from each carbon. 

During these e:xperiments, however, while the new arrangement 
showecl very distinct advantagcs, there appearecl an inconvenience which, 
in certain circmmtancc.;, 1vas not without grave and deplorable comie­
c1nenccf-l, namely, when reduciug fusion was carried on in the fnrnace, the 
ntilization of the heat expended in the furnace became notably inferior 
to that "·hich "·as po:0:::ible when the fnrnace was nsed for simple fusion. 

The phenowenou wa;, not difficult to explain. llowever little ex­
pm·ience one may lrn.\·e in this matter, one eau easily understan<l that when 
cffecting the reduction of the ore, as well as the re:fining of the pig, there 
i,; a periOLl in which the reactions are most active, and which coincicles ex­
ndly "·ith the beginning of the operation, while by degrees, ~1"' the reduc­
tion of the ore or the reüning of the pig reaches its conclusion, these e­
actions takc place more slowly, because the contact bctween the particle 
of oxi<lc tu be reduee<l n ml the carbon which should ab:;orb the oxygen, 01· 

betwecu the oxicle of iron and the manganese, the silicon or the carb·m 
it,elf of the pig (in ca~e of the prof'r.;;s hy reaction). heco:n<'-' rnorr rliffi­
('111 t arnl i.nfreqnent. 

i t f..ll1111·~, logivally. thnt in the fir"t prriocl the qw111rity nf hear nb­
" ,,·Le<l ],~ the matcrial to ])(" tre;llcd Î,; ~rratPst \\'hi!·· tl1t• <·11·t11tit.'· neee,,;­
·•tl',Y l•P<·o ncs continnally le::;,; as the rc•H:tion apprna('l1P.- ennr·l11-'Î1Jn, 1tt 
\\'l•i"li ri 11L· it is ~uf1ic:ient to •mp]'ly the furn:wc with the thC'r!11al c1H'rg;y 
"tri1·tl.'· 1wc·cs~ary to replace the Joss, which the fnrnaf'f' -.1·ill it.:;elf .::ltow, 
J,y ·.1:1intaining the Jlnid hath and allowin~ the last operntion" nf refining 
tn he cffected. 

X o\1-, in this perioJ, \1·hich, in onler to be un<lcr:otond. [ slw11 call 
"thC' digestion of the bath," it is possihle. with the orJi1rnry co<1l fnr­
n:H·t "· to 1<tanage the fires economic<tlly by rcdncing to a minimum the 
draft of the chimney, ''hile in the case of the elect1·ic· fnrnnce;<. thi" thini; 
j, not cqually posf-lible, both becanse it is not pos~ihle to rechwe ar ,1·ill the 
11:1:111tit.'· nf pncrg·y 1Yhich i;; to be expenrlcil on the al'<' withont cnr'ounte;·­
in'.! tlic µ:raye incon\'Cnience of making the arc excessi-rnly unstable; ancl 
LP<'nn,e in nn h,vrlraulic electric plant, in operating \1·ithont a fnll charge, 
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t here ÎH no cconomy in expen e, but rather a propor tioJ1ate reduction in 
tlic power of the plant, which leads to a pure loss. 

To elitninate, therefore, this inconvenience, I thought of construct­
ing furnaccs so that they could be operated with two or more aœs. 1n 
this manuer by establishing all these at the same tllne, or by extinguish­
ing o:ne, and at the same time reducing as far as possible the amount of 
energy to be communicated to those that are active, it woulcl be possible 
and easy to make the quantity of heat to be givcn out vary within wicle 
limits; while by keeping two furnaces at the same time in action, i t would 
b' po sible to have the generating station always working with a fnll load, 
and hence in the best conditions for doing the work, although care should 
be taken to regn1ate the 01 erations that are to be carriecl on in the two 
fnrnace so that when the maximum amount of heat is neecled in the on~, 
onl.v a little requires to he spent in the other, and vice versa. 

figures 7a, Sa, 9a, and lOa represent such a furnace in which the 
J1n.1ilier of pairs of electrodes, ancl hence of ar ~, i fu·ecl at three. The 
clearness of the figures makes it unneces ary for me to give a detailed 
<lc0 cription. I shall limit myself mercly to point ont that herc also the 
1110Ye,1ient of the electrocle · i' effectecl by hydraulic pistons con trollc<l at 
a distance from the.operating valves. 

\Vith furnace · .;;o constructed, besi<lcs eliminating all the grave incon­
,·cnicnees '"hich I have above pointe<l ont, therc i · obhinecl also the very 
decidecl adnrntagc of u,u]tiplying the capacity nncl con~eqnently the 
potenti<tlity of ead1 fnrnace, ennbling it to be operatcd with the highest 
i11tcnsity of currcnts which can he carrie<1 by the cleetrorlcs, an1l which 
rnodern irnlu,,tr: i' in a l wition to fnrnish. 

In Yiew. ho\\·cycr, of the cu1 1plicatc<l nature of snch a type of fnr­
nnce. whethcr through multiplying the nnmbcr of elcdrotlc;o which mn,;t 
be rcgnlatc<l in it, or, and more e 11ecially throngh the fad, whi ·11 1 h:we 
nlrcady pointed out, thnt to ntilize complcte1.v the energy pla<'c<1 at om 
tli..:posal by the gcucrating stntion, it is necc,.;sary to lnn·e t1rn fnrnaces 
opcrating at the ~mne tin.c, the operations heing regnlatcrl in cnch of 
thcm in ~nch a way that, to the rnaximnrn neccl of lwnt in one cnnc;:;porn1s 
n mininnun power of current in the othcr, I thonght of ;:;tmlying snmc 
otbcr arrnngement whi<'h. permitting me to sl1ortcn the pcrio<l of cliger.;­
tion of the bnth, would place me in a position to work with the greatest 
J'M•ible economy of current, as well as withont varying the quantit.'' of 
cnergy to be transrnitted to the fnrnace according to thcir rccp1ircmcnts. 

Now, the high tcmperature whid1 i~ obtainccl with clcctri<' l'nrnnces 
facilib.tPs. 110L1bly. the c·o111hinntion whi<'h takes plncc in the rcdnction of 
ore, and in the refining of pig. Of thi;:; I haYc ha<l l'-tronp: confirrnntion 
from all the experirnents performed. Provided, then, that I were to c:nc­
cce<l in adding to this fo vonrahle con<li tion rcpre0 <'11 trd in t hc fmn:i<'eR 
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already constructed, some arrangement which would permit me to treat 
iand remove the metallic mass during thé reducing fusion, I would have 
completely attained my object. 

It is kno\\·n, incleed, that a remarkable economy of time and fuel is 
obtainecl in the operation of refining pig by the proce' of Martin, of Per­
not, with his furnaces (with movrable hearths), concerning which Bell, in 
the work mentioned above, referring to the result obtained with them <lt 
the works of Saint-Ohaurnond, th us expresses him elf :-

"The average of work in 1 77, during four weeks, was 3.2ï charge' 
in 24 hours, in the place of two charges as in the furnace of Siemen . " 

"In the place of GOO kgs. of coal per ton of ingots, a reduction was 
made to from 450 to 500 kgs. In the same year the average of the dif­
ferent charges was 4.09 in 24 hours, and the consumption of coal wa re­
ducecl at least to 400 kgs. per ton of ingots. The iron .and the pieces of 
steel were placed cold on the :first hearth." 

The path for me to follow was, therefore., clearly outlined. To ob­
tain, however, good conditions, it was necessary for me to :find a means of 
eliminating (adopting the iclea of the movable hearth) the grave difficnlty 
which is seen in the Pernot furnaces-to which is essentially due the 
Jimited use thiat ha been made of this furnace. The difficulty proceeds 
from the fact that the.se furnaces should inseparably con ist of a fixed 
part, within which are placed the gas and air pipes, and of a movable part, 
consisting of the hearth, which are protected by surfaces con isting of re­
fractory materials. 

If, then,, a portion of refractory material is cletached from the furnac, 
or any other extraneous body whatever penetrates the space between the 
fixecl part of the furnace and the movable hearth, it will hinder the move­
ment of tbis latter, renclering impossible the execution of the work. Be­
sicles this, the stream of cold air which, brought by the cl.raft of the chim­
ney, penetrates constantly to the inter:ior of the furnace from the annular 
space which separates the :fixed part form the movable hearth, and thi ' 
rnakes still more clifficnlt the work with this apparatus. 

After a long stucly and divers attempts, I ucceedecl in deYising a 
movable furnace which was easy and certain of operation, and enabled me 
to realize all the aclvantages of Pernot's, but free from :its difficulties. 

Frorn figures 11a, 12a, and 13a, it will be clearly seen how, in 
that furnace, the movement of the entire chamber of fusion is effected, 
preventing, however, stoppages, influxes of cold air upon the bath, and the 
great cost of maintenance, which disaclvantages connected with the Pernot 
furnace prevent their being a largely employed a the advantages they 
present "'lvould lead one to suppose. It will al o be seen that the axis •)f 
rotation of my furnace coïncides with the axis of symmetr; of the inter-
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nal cavity, ,1-hich includes a small angle with the \erticaL This disposi­
tion of the axis of rotation remlers the mixing of the bath vory effective. 

Thi farnurable condition joined to the other, \rhich is so easily veri­
fied in electric furnace , n.z., the high tempemture which i established in 
the interior of the furnace, r1·ndet"S thi new type much Si;tperior to that with 
more electro<le , especially when reductive fusion i · to be c.arried on, on 
account of its extreme simplicity of operation, and on account of the sure­
nes of action which characterizes it, and, in short, on account of the great 
economy of time and of heat, which its employment permits of. 

As appears from the above-mentioned figures, the tube, in which the 
furnace terminates above, and which serves to give egres to the volatile 
products of the reactions -which take place in the furnace, is furnished 
with a cup which surrounds it, but open on top. Into this cup fits another 
tube which, being fa tened to the walls of the enclosure in which the fur­
nace i placed, remains tationery even when the furnace rotates. 

The cup of the tube which is fastened to the furnace being filled with 
sand, preveuts volatile products from escaping from the junction of the 
fixed and movable tube, and erves to direct the volatile products for 
ntifü~ation, not\vithstanding that the furnace in which they are generaterl 
is movable, and rotates about its own axis. 

Two str·011g metëLI rings, fastem·d to the fixed Lnbc a bove me11tioncd, 
which are clearly seen in figure lla, 12a and 13a, electrically isolated, 
however, from the tube itself, serve to conduct the current, which is di:;­
tributed to them by cables, to the electrode-holders by means of brushes, 
which run along the ring with the movement of the fumace. 

With thi arrangement of strong and imple .apparatu , the current 
i a continuou when the furnace is in motion as when at rest. 

After having enunciated the general theoretical consi<lerations from 
which I set out to discover if the grave problem which was propose<l to 
me wa sus ·eptible of a re.al and practical solution, and after having re­
la ted the experiment performed to realize this, and described two types 
of furnace --that with eveml pairs of electro<les and the one capable of 
rotation-the inrnntion of which wa ba cd on the results of the experi­
meuts, and which rcpresented the material solution of the problem, I 
shall complete the hort expo ition of the electro-thcrmal proce which 1 
am <lefending by going over again the data of fa<:ts and numbers which 
have been gathered from the numerous experiment µerformed, fro:n 
which it will be po . ible to <lednce with great ea e the technic.al and econ­
omic value which the proce itself po se:;se,: in many actual cases. 

~\fter the general theoretical stndy had been made. tha t which was 
to be determined by practical experiment;;. consi tecl in est.ablishing the 
form of the fnrnace, anrl of its acce. sori <:>s. hec;t adapted to its pmpoRe, 
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&c., maximum power of each furnace, the dimensions of the internal 
cavity in proportion to the amount of energy to be expended, in such a 
way that, while obtaining the temperature necessary for the complete suc­
cess of the operations to be accomplished, it remained within such limits 
as to insure a reasonable duration of the internal lining of the furnaces . 
In addition to this should be determined the consumption of the elec­
trodes which took place during the work. Besides this, it was also of the 
highest importance to determine if it was possible with the new furnace 
to obtain that continuity of work which those until now employed in 
metallurgy o:ffered; if0 always treating in the same way the same quality 
of mixtme, it was possible to obtain the same type of product, and, finally, 
above .all, if the consumption of energy was maintained within the limits 
fixed a priori. 

As far as ref ers to the form of the f urnace, and to the mode of work­
ing it, li ttle remains for me to add to what I have above explained by giv­
ing an account of the successive transformations brought .about in it be­
fore reaching the two final types above indicated. I shall confine myself 
then to noticing that, after the last modifications introduced, the appar­
atus, both from .a mechanical and an electrical point of view, worked with 
extreme regularity and exactness, even when the work was prolonged for 
several days, as can be amply attested by many competent persons, who 
had an opportunity ·of being present at the experiments. 

If, as I have already indicated, t11e determining of the form of the 
furnace and of its accessories was rather long and di:fficult, not less diffi­
cult was the determination of the dimensions best adapted to the internal 
cavity of it in relation to the quantity of energy which w.as to be used, and 
of the manner of making the refractory lining, which, for a long time un­
doubtedl;v, constituted the greatest difficulty which I had to overcome dur­
ing all the long period of the experiments, and was the principal cause, 
and of ten the only one, of the partial lack of success which, in the perio? 
of experimentation, had to be met. 

However, after accurate and patient effort, I have succeeded in es­
tablisping the proper relation between the potentiality of the fnrnace and 
its internal capacity, so that the last experiments, lasting for many con­
secutive days, have clearly demonstrated, with the evidence of facts, that 
it is possible to make arrangements in such a way as to a ure .a good con­
servation of the lining of the furnace, lasting for at least as long a time 
as that of an ordinary Martin-Siemens furn ace. 

In the course of these last experiments performed with the furnaces, 
I had also an opportunity of showing that during a regular and prolonged 
opcration . the cornmmption of the clt>ctrodes "·as notably rednced on o.cconnt 
of the complct.c absence of air in the interior of the furnace, of the 
system of cooling adopted all around them, of the method of connecting 
them with the metallic rods of the apparatu.s. &c .. &c., so that with good 
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car bons, 1. 50 m. long, as they are now commonly mad1}, one may succeecl 
without any difficulty in using them for 60 or more consecutive hours, 
even when attaining high limit in the intensity of the current which :fl.ows 
through them. 

The chemical and thermie detailed accounts of some operations per­
formed, which are here reproduced in the following examples, offer a 
means at least of finding: how it would be possible always to attain the 
same type of product by treating in the same manner the same mixture; 
the degree of purity of the materials which are received from the treat­
ment of the ore, and the consumption of energy necessary per unit of 
weight of iron produced. 

To render the examination of the given tables more easy and clear, 
and to permit 'Of a true estima te of the very important and exhaustive con­
clusions that are deduced from numerioo.l data given in them, I think i.t 
will not be useless to state :-

lst.- That the experiments which are referred to were made on two 
different day , during the first of which ( examples A, B and 0), the quan· 
tity of energy used by the furnace in the course of the varions operations 
was maintained constant, while in the other ( examples D and E), regulat­
ing at our convenience the admission of water to the turbine, I made the 
current supplying the furnace vary approximately accorcling to the needs 
of the moment. 

2nd.-That the different chemical tables of the single operations 
were compiled in such a way as to make visible at a glance the quantity 
of materials charged, and of those which, in consequence of the reductions 
pas ed into the final produot obtained. 

3rd.-That the percentages shown in the column: "Coefficients 
of utilization or of elimination,'' represents respectively the degrce of util­
ization of the metal of the ore obtained in each operation, and that of elim­
ination obtained for all the other bodies different from iron, which consti­
tute the impuritie of the rnetal. 

4th.-That the thermie detailed accounts were compilecl in a manner 
similar to that in which I calculated them in the beginning of the present 
treatise. 

5th.- That I have fixed at 500° the temperature at which the vola­
tile products of the rcaction , which take place in the furnace, e1' cape from 
it; becau e during the experiment I had occa ion to establi h that the,Y. 
escaping into the atmo pheric air, could spontaneously take firc only with 
gre.at difficnlty, which demonstrates clearl.v that normally the,v escape ~t 
a temperature omewhat lower than that of ignition, which will be fro,11 
500°to 550°. 
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EXAMPLE A. PROCESS vF REDUCTION OF THE ORE. 

( Iron Ore . . . . . . . . . . . ... . 

A charge of 61.100 kgs. of mixture composed of. ~ Lime ............... . 

L 
Carbon ........... . .. .. . 

1000 
125 
160 
120 Tar . . .. . . . . . . .. . ...... . . 

QUALITY AND Q UANTJT\' OF THE l\JATERIALS. 
Coeffici­
ents of 

---------------·-----------------_,utilization 

~ 
0 

QJ " 
.c c 
- -E '-- « 
Ou 

ANALYSES 

F",Oa .. . .. . ... . . . 
MnO ., ........ . 
Si 0 2 • • ••••••• • ••• 

Cao , MgO . .. .. . 
!' . . .. . ........... . 
p ............... . 
Muis1ure ... . 

93.020 % 
0.619 " 
3.790 " 
0.500 " 
0.058 " 
0.056 " 
l.720 •. 

Sub-

stances 

Fe 
Mn 
Si 
s 
p 

Charged 

gr. 

28,297. 60 
208.085 
791.463 
25.2-22 
24.353 

Obtained 

gr. 

25,90 .2-20 
27.560 
12.480 
19.500 

J.430 

and of el-
imination 

% 

91. 55 
6.76 

98.42 
2-2.39 
94. 13 

THERMIC 

CaO . . .. .... .... . . 
MgO . .. . ........ . 
Si0 2 ••..••••••••• 

51. 210 % The quantity and Lhe composition of the materials 
3. 110 :: charged in the furnace in this operation: 
0.900 

~~2.g : } ........ 
C0 2 . ••••• . ••••. 

0.500 n 40.464 kgs. of Fe 2 0 8 ••• • • • .. . ) 

43.430 ,, 0.269 " of Mn 0... . . . . . . 1 

1.639 " of Si 0 2 • . •• . .•••• J 
0.2 17 " ofCaO, i\lgO .... .. 
O. i48 " of H 2 0 .... . ...... . 

C ........ . ..... . .. 90.420 % 2. ï 84 " of CaO ......... .. ) 
1 Ash . ... .... . . .... 3.880 '· 0.169 of MgO ......... .. 

with ore 

Moisture ... 5.ïOO " 0.049 " of Si 0 2 . . .. .•. • • • 

0.0-2() " of Al 2 0 3 , F e 2 0 3 .•• 

2.362 " of C0 2 .••••• 

~ with lime 
1 
) 

C fixed ........... 59.200 % 6.29::! " of C ........... } 
Hvdrocarbons .... 40.500 " 0.270 •· of Ash . wi1h carbon 
Ash ......... .. .. , 0.2ï0" 0.396 " uf H 2 O ......... .. 

Fe . ............. . 99.647 ~ 
r.111 ..... . . .. . •.. .. 0.106 

3. 091l " of C . . . . . . . . . . . . . . . } 
0.014 " of A5h ... . . . . . . . . . with td.r 
2.116 " of Hy<l rocarbons ... 

Si ...... ... ...... 0.0-!8 
s .. .. ..... ...... 0.073 
P .... . .. ... . ...... 0.0035 " 
c ... . ....... . .. .. 0.120 " 
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CHEMICAL AND THERMIC SCHEDULE. 

Produtj. obtained 26.000 kg~. of soft iron . 
• 

PROGRESS OF THE ÜPF.RATION. 

At 12.52' the charging began and the c urrent was turned on .. ..... 100 volts 1000 amperes 
" 13.40' the charging was finisbed .. , . . . . . . . . . . . . . . .. , ..... , . , .100 " 

0

1000 
" 14.18' the melal melted ....... .. ... ... . . .... ,,, .... . ... . .... 100 " 1000 " 

The total then of the energy furnished was 100 x 1000 x 86 ... .. .. 8,600,000 volt-ampere-
minutes, which with cos. cp = 0.8 is equivalent 

8,600,000 X 0. 114,666 . _ , 
to 60 = 114,666 walt-)1ours = 735 =lo6 H. P . hours. 

SCHEDULE. 

To reduce the Fe contained in the final product there are required 
25,908.220 

112 X 192.2............. . .................... 44,458.12 calories 

To reduce the Mn contained in the final prnduct there are required 
2ï.56 
~X 94.6 .... ...... ........................... . 

To reduce the Si containe.:I in the final product there are required 
12.48 
28 x 2 19.2 . .......................... .. ....... .. 

To melt the metal t.here are required 26 x 350 .................. .. . . 
To mell the slag there are required 5.300 X 600............. . . . . . . 
To evaporate the H 20 and bring il to vapor at 100° there are required 

1.144 X 637 ...... .. . ......... .............. . ..... .. 
To raise to 500° the vapor of 100° there are required 1.144 x 400 x 0.48 
To calcine the lime there are required 5.437 x 425 .......... . . . ... . 

2.362 
To heat to 500° the C0 2 there are required 0.044 x 500 x 0.016 .... 

500° the hyrlrocarbon!> there are required 2. 116 x 500 x O. 27 
" " " 500° the CO produced by the reduclion of the Fe, Mn and 

Si lhere are required 
25,908,220 27.56 12.48 

(3 X 112 + 55 + 2 X 28 ) X 500 X 0.0068 . . . 

To1al .... . .......... . . . .. .. .. . .... . . .. . 

Deducting from these the calories developed du ring the reduclions by 
the combustion to CO of the C charge d S.023 X 2175 .... 

There rcmain ........ .. .. . ... . ...... . .... . 

47.880 

93.936 

9,100.000 
3,180.000 

728.720 
219.648 

2,310.725 

424.000 

318.860 

2,273.111 

-----
63, 155.008 

17,450.000 
-----
45,705.008 

So the heat furnished being 156 X 6:3.3.:~=100,106.8 calories, the thermie relurn 

4:3,705 X 1()0 
was - 100, I06. 4.ï.6.ï% 

" 

" 
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EXAMPLE B. PROCESS OF RE DUCTION OF THE ORE. 

( Iron Ore .. ... . . ... . .. . ... . 1000 
1 L' l'r 

A charge of 49.500 kgs. of mixture compnsed of. .... -{ C~~~~,'1 :::: • •• •• •• •• •• •· • • ·:::.:: 1~ 
l Tar ............... . ...... 120 

(!) .... 
0 

(!) 

-5 
'-
0 

V 
E 

:..::ï 
(!) 

-5 
0 

QUALITY AND QUANTITY OF THE MATERIALS. Coeffici-
ents of 

1 

utilization 

Sub- Charged Oblained and of el-
ANALYSES iminalion stances 

gr. gr. 
% 

Fe 20 3 •••• .... . ... 93.020 % Fe 2'2,925.516 21,942.080 91.33 
MnO ....... . .... . 0.619 " ;\ln 168.580 20.013 88.18 
Si02 ........ 3.790 

,, 
Si 641.204 4.599 99 .29 ...... 

CaO, MgO ......... 0.500 " s 20.434 13.020 36.29 
S .. .' . . ..... . ....... 0.0.J8 " p 19. ï29 5.1 7 73.71 
P . ............... .. . 0.056 " 
Moisture .... . . ... . . 1. i20 " ' 

THERi\IIC 

CaO · · · · · ... · · · · · · · · 5!.210 % The quanti! y and the composition of the materials 
MgO · · · · · · · · · · · · · · 3. 110 '' charged in the furnace in this ope rat ion : 
Si02............... 0.900 "I 
Al 20 3 , Fe 2 0 3 • . ••. 0.500 " 
C02 ....... .. ...... 43.430 «32.772kgs. ofFe 2 0 3 .......... ) 

1 

0.218 " of Mn O ........... . 1 
1.335 " of Si 0 2 .......... .. 

-- 0.176 " of CaO, MgO . ..... ~ with ore 
O.o-20 " of S ............... 1 

,5] C ................. 90.420 % 0.0211 " of P ..... . 
'- ... Ash ........... .. .. 3.880 " 0.606 " of H 2 0 ............ ) 
O J Moisture . ........... 5.700 " 

1 C fixed . ............ 59.200 % 
Hydrocarbons ...... .40.500 " 
Ash ........ . ....... 0.:2i0 " 

Fe ................ 99.ï04 % 
Mn................ 0.09.> " 
Si .................. O.OZ.2 " 
s . .... . .... ........ 0.062 " 
P ...... . ........... 0.024 « 
C .... . .............. 0.092 « 

0.250 " 
U.136 " 
0.039 " 
0.02:2 " 
!. 910 " 

.3.096 " 
0.219 " 
0.3:21 " 

:2.603 " 
1. 712 .. 
0.011 " 

of Cao ..... . . . ... . 
of MgO ........ . . . . 

) 
1 

ofSiO • . ....... . ... 
Al 2 0 3 Fe 2 0 3 ••.•••• 

of C0 2 •••• 

l wi1h lime 

) 

of C ........ . ..... l 
of Ash ... . ......... J 
of H 2 0....... . 

with carbon 
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CHEMICAL AND THERMIC S HEOULE. 

Product obtained 2-2.00 kgs. of soft iron. 

PROGRESS OF THE ÜPERATION. 

At 14.24' the charging began a nd the current was turned on ....... 100 volis 1000 amperes 
" 14.47' the charging was finished . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 '' 1000 " 
" 15.50' the 111etal melted. . . . . . . . . ............. , . . . .. ....... . 100 1000 " 
The total then of the energy furnished wa s 100 x 1000 x 86 ....... 8,600,000 volt-ampere-· 

minutes, wbich with cos. <p =0.8 is equivalent 

8,600,000 X 0.8 114,666 
to 

60 
= 114,666 watt-hours = ~=156 H .P. hours. 

SCHEOULE. 

To reduce the Fe contained in the final product there are required 
21,942.080 

112 X 192.2.. . . .................... . . . . .. .. .. . 37,653.902 calories 

To reduce the Mn conta ined in the final product there are required 
20.013 55x 94.6 ... .. ... . ... .. . ... . ... . . . ... . .. . . . .. . 

To reduce the Si contained in the fiual product there are required 
4.599 
zsX 219.2 .. ..... . . , .,, ,, , . . .................... . 

To mell the metal there are required 22.000 x 350 ..... .. ... . ...... . 
To melt the slag there are required 4.350 x 600 ..... . ........ ..... . 
To evaporate the H 2 0 and bring il Io vapor al 100° there are required 

0.927 X 637 .. .. . .... .. ,.... . . . . . . . . ........... · · · · 
To raise to 500° the vapor of 100° there are required 0.927 x 400 x 0.48 
To c1tlcine the lime there are required 4.400 x 475 . ........ . ........ . 

1.910 . 
Tobeatto500° the C02 thereare requi red û.ü44 x 500 x 0.016 ... 

To heat to 500° the hydrocarbons there are required 1.7 12 x 500 X 0.27 
To heal to 500° the C 0 produced by the reduction of the Fe, Mn a nd 

Si there are r·equired 
21,9-12.080 20.01:3 4 . 350 

(3 X 112 + - 55 + 2 X 28) X 500 X 0.0068 . 

Total 

Deducting from these the calories developed du ring the reductions by 

34.424 

35.949 

7,700.000 
2,610.000 

590.499 
177.984 

2 ,090.000 

347.200 

231.120 

2,000.36.3 

53,471.713 

the combustion ta C 0 of the C charged 7.061 x 2175... 15,357.675 

Th..,re re main.... . . . . . . . . . . . . . . . . . . . . . . . 38,114.038 
So the heat furnished being 156 x 63.3.3 = 100, 106.8 calories, the thermie return 

38,114.038 X 100 
was lOO,l06.8 = 37.07% 

" 

" 

" 

" 

" 

" 
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ExAMPLE C. PROCESS OF REDUCTION OF THE ORE. 

r Iron Ore .... . ........... 1000 

A h f ~7 k f . t d f l Lime......... . . . .... .... 125 
c arge o o g s. o m1x ure compose o . . . . . • . . . Ca rbon . . . . . . . . . . . . . . . . . 160 

Tar . ................... 125 

" '-
0 ., 
-5 
'-
0 

., 
E 
~ ., 
-5 
..... 
0 

Q UALJTY AND QUANTITY O F THE MATERIALS. Coeffici-
ents of 

utilization 

Sub- Charged Obtained and of el-
ANALYSES imination stances 

gr. gr. % 

Fe 2 0 • ........ . .... 93.0-20 % Fe 2*,028.800 21,931.800 91.27 
Mn O . ... , .......... 0.619 "I Mn 191.400 23.980 87.55 

1 Si 0 2 • • • .• •••••• •. 3.792 " Si 730.240 6.160 99.16 
Ca 0, Mg O ........ 0.500 " s 23.200 10.120 56.38 
S .. 0.058 " p 22.400 2.860 87.24 . .. . .. .. .. .. .... 
p .................. 0.056 'ï Moisture ........... 1.720 " -- . -

J THERi\IIC 

1

Ca0 .............. :n.210 %! The quantity and the composition of the materials 
Mg 0. · · · . · · · · · · · · · 3.110 '' charged in the furnace in this opera lion : 
Si0 2 ............... 0.900 " 

1 

AJ 2 0,. Fe 2 0 3 .••••• . 0.500 " 
CO,·· · · · · · · · · · .. · .43.43o 3ï.737 kgs. of Fe 2 0 3 . ••• 

0.251 " ot Mn 0 ... . Î 
1.538 " of Si o ... ....... . 
0.20:3 " of Cao-, Mg 0 .... . 

r with ore 
1 

0.698 " of H 2 0 ......... .. J ~ g C ..... . ............ 90.420 %' 
~ -e A~h ........ ... .... 3.880 ~I 
O ~ Moislure ........... 5. 700 " 

c ................ . 59.:200 % 
Hydrocarbons ...... 40.500 " 

1 Ash ................ 0.270 " 

Fe ................ 99.690 % 
Mn ............... 0.109 " 
Si................. 0.028 " 
S .. .......... .. .... 0.0.J.6 " 
p .. ......... . .. . ... 0.013 ,, 
c ............... ... 0.113 '' 

2.397 " 
0.1.38 " 
0.02.) " 
2.21r2 " 

5.869 " 
0.2.12 " 
O.:iïO " 

of Ca O ..... . .. .. . 
of Mg O . . . ...... . 
ofAl 2 0 3 , Fe 2 0 3 ... 

of CO, .... .. .. . . . 

l r with lime 

J 

of C .. ............ } 
of A~h. . . . . . . . . . . . with carbon 
of H 2 0 ... ... ..... . 
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CHEMICAL AND THERMIC SCHEDULE. 

Product obtained 22.000 kgs of soft iron, 

PROGRESS OF TH<;; OPERATION. 

At ] 5.15' the charging began and the current was turned on ... .. .. 100 volts 1000 ampères 
" 16.30' the cbarging was finished . .................. .. . . ...... . 100 1000 " 
" 17.17' the metal melted . .... ..... . .... . . ......... . .......... . 100 1000 " 

The total then of the energy furnished was 100 x 1000 x 82 = 8,200,000 volt-ampère-

minutes, which with cos. cp = 0.8 is equivalent 

to 
8,200,000 X 0.8 

60 

SCHEDULE. 

109,333 
109,333 W att-hours = ~=148.7 H.P. hours. 

To reduce the Fe contained in the final product there are required 
21,931. 
~X 192.2 ............... ... ..... ...... ... . ..... 37,672.250 calories 

To reduce the Mn contained in the final product thcre are required 
23.980 . 
~ X 94.6...... . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 41.246 

To reduce the Si contained in the final producl lhere are required 
6. 160 

28 X 219.2 ...... . , ....... , ....... ,, .. . , .. , ...... ,. 

To melt the metal there are required 22.000 x 350 ................. . 
To melt the slag tbere are required 5.037 x 600 ...... . . .......... . , 
To evaporale the H 20 and bring il to vapor at 100° there <>re rcquired 

1.068 X 637 ........ . .......... ..... . . ..... , . , .. , . , . 
To raise to 500° the vapor of 100° lhere are required 1.068 x 400 x 0.48 
To calcine the lime lhere are required 5.071 x 475 .. .............. . 

2.202 
To heat Io 500° the C0 2 there are required 0.04,4 x 500 x 0.016 ... .. 

To heat to 500° the hydrocarbons there are requirecl l. 972 x 500 x 0.2ï 
To heat to 500° the CO produced by the reduction of the Fe, Mn and 

Si there are required 
21.931.8 23,980 6.160 . 

(3 X ~ + - 55- + 2 X 2S ) X 500 X 0.0068 

Total .. . .... . 

50.424 

7,700.000 
3,022.200 

680.316 
205.056 

2, 155.175 

400.000 

266.2-20 

2,000.138 

54,193.025 

Deducting from these the calories developed during the reductions by 
the combu lion to CO of the C charged 7.059 x 2175.... 15,353.32.5 

Tbere remain........ . .. . . . . . . . . 38, 39.700 

" 

" 

" 

So the heat furnished being 148. 7 x 635.3 = 94,469.110 calories, the thermie return 

38,839. 700 X 100 
was 94,469.110 = 41.ll % 
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EXAMPLE D. PROCESS OF REDUCTION OF THE ORE. 

{

Iron Ore ......... . 

A charge of 56.200 kgs. of mixture composed of....... ~~n;;~~:: :: ." .. ·: ·: :: _. _.:: 
1000 

125 
160 
120 Tar .. . .. .. ..... ... . .. .. . 

Q UALITY AND Q UANTITY OF THE MATERJALS. 
Coeffici­
ents of 

-------------------------------- utiliza tion 

dl 

0 
dl 

.c 

<... 

0 

ANALYSES 

Fe 2 0 3 •. : • •••• •• • • 

MnO ... . ... . .... . 
Si 0 2 ..•.• ••• ••• 

Ca 0,i\Jg O ..... . . 
S . . . ... ......... . 
p . ... . .... . ..... . 
Moisture. . . . . . , .. 

Cao .. ....... . . 
:\[gü ......... ... . 
Si 0 9 ••••••••• • • • • 

Al,O, Fe,0 3 .•• . . . 

co, ...... . 

93.0'20 % 
0.619 " 
3. ï!JO " 
0.500 .. 
0.038 .. 
0.036 " 
1. ï:.20 " 

Sub- Cha rged 

stances gr. 

---- - ----

Fe 
i\ln 
Si 
s 
p 

26,045.()00 
192.113 
708.680 

23 200 
22.400 

Obtained 

gr. 

24,736.016 
20.584 

trace 
16.120 
0.3!J7 

a nd of e l-
imination 

% 

94.!Jl 
9.29 

99.60 
30.32 
98.23 

THERl\IIC 

- i •)I() % The quantity and the composition of the malerials 
J:l.Ï,llJ .~ chargecl in the furnace in this operation : 

0.901) " 
O .. )IJiJ •· :3ï.Z08 kg, . of Ft>1 O;; .. .... . ... ) 

-13.-!:m " 0.248 " of :\ln O . .. ........ [ 
l.519 " of Si 0 1 ...•....... r with ore 
0.0:20 " of Ca 0, ill g 0 ... 1 
0.688 " ofH 1 0 ........ . ... ) 

c ... . .... ......... 90.4:20 % 2.311 of Ca O . ...... . .. . l A~h . . . . . . . . . . . . . . 3.8811 " o.l.}-Ï 
l\loisture.. . . . . . . . 3. ïOO " 0.114,) " 

(1 (12,ï 
:2.lï2 " 

of Mg O ....... . .. . 
of Si 0 1 .••. . . ... . . 

of Ale Oa. Fe; 0 3 .. . 
of CO, . ........ . 

r with lime 
1 

~ 1 C ....... . . · · · · ... .. '\9.:200 % .ï.68ï of C } 
~ :: H ydrocarbons . . . .. 40.500 " o.28-1 " of r\ ~h ~ ~ . . . . . . . . . . . with carbon 
·a- ~ I . ;bh . . . . . . . . . . . . . . 0.270 " ll.3fi.} " of He 0 ... .. ...... . 

Fe . ..... . ....... . 
illn . . ........... . 
Si ...... .. ... .. . 
S ...... .... .. ... . 
Ph . ..... ... . . . . . 
c . . . . . ......... . 

1.9+! " of H1·drocarbon ,.. with tar 
2.842 " of C ........ .. ..... } 

99. ï-12 % 0.01:3 " of A~h .......... . 
U.083 
trace 1 

0.06.) :: 
O.!Hll6 
U.O!J l " I 

1 
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CHEMICAL AN D THERMIC SC HEDULE . 

Product obtained 24.800 kgs of soft iron. 

PROGRESS .OF Tl!E OPERATION. 

At 18.30' the charging was begun and the current was turned on; 19.15' the charging was 
completed ; 20' the metal melted. The current was regulated in such a way that for 
the first 30 minutes it was 100 volts and 1000 amperes, after which it was for 30 min­
utes 80 volts and OO amperes, lhen for 20 minutes 70 volts and 600 amperes and at 
last for 10 minutes 100 volts and 1000 amperes. The total then of e nergy furnished 

was 6,760,000 volt ampere-minutes which with cos. <p = 0.8 is equal to 6• 760,000 x 0.8 
60 

90,133 
= 90,133 watt-hours = 735 = 122. 7 H. P. bours. 

SCHEDU LE. 

To reduce the Fe contained in the final product thc.-e are rcquirecl 
24.736.0lû 
--1~ x 192.2........ . . . . . . . . . . . . . . . . . . . . . . . . . . . 42,448.715 calories 

To rednce the Mn containecl in the final procluct there are rcquired 
20 .. 384 55 X 94.6 ........... . .... .... ................. . 

To r duce the ~i contained in the final produc t ..... .. . ... . . . ..... . . 
To melt the metal there are 1·equired 24.800 x 350 ... . ......... .. . . . 
T o melt the s lag there are required 4.750 x 600 .. . ................ . 
To evaporate the H 2 0 and bring it to vapor at 100" there are required 

] ,053 X 637.. . . . . . . ......... . .. .... ... ...... . 
T o raise to 5000 the vapor of 100° there arc- required l,O.ï3 x 400 x 0.48 
To calcine the lime the re a re required 5.000 x 475 ..... ... . . . . ... .. . 

2.172 
To heat to 500° the CO" there a.-c required O.O# x 500 x 0.016 .... 

" 500° the hyclrocarbons there are required 1,944 x 500 x 0.27 
" " 500° the CO produced by the reduction of the Fe and Mn 

24,736.016 20.5 4 
lhere are required (3 x --112 + ~ ) x 500 x 0.0068 

Tota l. . . . . . .... ..... ........... . . . 

Deducting from t hese the calories developed during the rednctions by 
the combus tion into CO of the C chargeù 7,9.ïO x 2175 .. 

There remain . ........ ............ . 

35.380 

8,6811.000 
2,8.30. 000 

670. 761 
20:2.176 " 

2,37.5.000 

394.880 

262.440 

2,25<!.012 

-----
60,173.:364 

17,291.250 

42,8'32. 114 

So the heat furnished being 122.ï x 635.3 = 77,951,31 calories, the the rmie return 

42,882.114 X 100 
was 77,951.31 = 55.02% 
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EXAMPLI! E. PROC::ESS OF REOUCTION OF THE O R E 

( Iron Ore .... . ......... . 

A charge of 70.250 kgs.of mixture composed of ....... t ~:?~~~:::::::::::::::::: 1000 
125 
160 
120 

Coeffici-
QUALITY AND QUANTITY OF THE MATERIALS. enls ot 

1 '11) .. 
1 

0 
Q) 

-5 

0 
1 

Q) 

ANALYSES 

Fe 2 0 3 . •••.••••• 

Mn O .. . . ........ 
Si 0 2 . ... . ..... .. 
Cao, MgO ........ 
s . .. . .......... . 
p ..... . . . . . . . . . . 
Moisture . ......... 

Cao . . ....... . ... . 
MgO .......... .. 
Si0 2 .•.•••. •• • ••• 

Al 2 0 3 , Fe2 0 8 . .. •. 

co •.. ............ 

93.020 % 
0.619 " 
2.790 " 
0.500 " 
0.058 " 
0.056 " 
1.720 " 

0 51.210 % 
::l.110 " 

0.900 "I 0.500 " 
43.430 " 

~ g 1 c . . . . . . . . . . . . . . . . 90.420 % 
.::'. -e 

1 

Ash . . 3.880 " 
O ~ Moisture. . . . . . . . . . 5. 700 " 

c ..... .. ......... 59.200 %. 
Hydrocarbons . . . . 40.500 " 
Ash . . . . . . . . . . . . . 0.2ï0 '' 

Fe ... . . . ..... . .. . 
ftln .. . .... .. . . . . . . 
Si ... . . . . .. .. . ... . 
S .. .. ............ . 
p ............... . 
c .. ... . ... .. .... . 

99.764 % 
0.092 " 
trace " 
0.059 " 
0.009 " 
0.090 " 

-------- -- ---

utilization 
and of el-

Sub- Cbarged Obtained imination. 
stances gr. gr. % 

Fe 32,557.280 30,727.312 94.38 
Mn 329.745 28.336 88.19 
Si 910.448 tt-ace 99.60 
s 29.000 15.172 

1 

47. 6 
p 28.000 2.772 90.10 

THERMIC 

The qu.antily and the composition ?f the malerials 
charged m the furnace 1n th1s operation : 

46.510 kgs. of Fe 2 0 3 •••• • . ••.. 

0.309 " of ftln O ...... . . .. 
1.895 " of Si02 . • . • 

0.25ù " of CaO, Mg O ... . . 
0 .860 " of H 2 O ...... .... . 

l 
1 r with 
1 
) 

3.263 " of Ca O .......... l 
0.194 " of ftlgO .......... . 

ore 

0.056 " ofSiO •... .. . ..... }- withlime 
0.031 " of Al 2 0 8 , Fe2 0 8 •• . 1 
2.7 14 " ot C0 2 ... . ....... ) 

7. 234 '' of C . . ............ } 
0. 310 " of Ash . . . . . . . . . . . . with car bon 
0 .456 " of H 2 0 ......... .. 

3.552 " of C } 
2.430 " of Hyd~~~~~b~~~: : : with tar 
0 .016 " of Ash ..... .. ... . . 
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CHEMICAL AND THERMIC SCHEDULE. 

Product obtained 30. 800 kgs . of soft iron. 

PROGRKSS OF THE OPERATION. 

Al 20.151 the charging began and the current was turned on; a t 21.15' the charge was 
completed; at 22. 15' the metal was melted. The currenl was regulated in such a 
way that in 20 minutes the current passing was 800 amperes at 80 volts, the next 20 
100 volts and 1,000 amperes, then for 301 it dropped to 70 volts and 600 amperes, 
afterwards for a nother 301 it was reduced to 50 volts and 500 amperes, finally for the 
last 20' it rose to 100 volts and 1,000 amperes. In a il the energy furnished was 
7,290,000 voll-amper .... -mi11utes, wh1ch with cos. So=0.8 equals 

7 ,290,000 X 08 97.200 
---

60
--- =97,200 ·watt hours = 

735 
= 132 24 H.P. hours. 

SGHEDULE. 

To reduce the Fe contained in the final product there are required 
30, 727.312 

112 x 192.2... . . . . . . . . . . . . . . . . . . . . . . . . . . . 52,730.262 calories 

To reduce the Mn contained in the final prodncl t here are required 
28,336 
55x 94.6 .... .. . ..... .. .. . ... ...... . ........... . . 

To reduce the Si conlained in the final product ...... .... ... .. . . ... . 
To mell the slag lhere are required 30.800 x 350 ..... . .. .. .... .. ... . 
To evaporate the H 20 and bring it to vapor at 100° there are requirecl 

1,316 X 637 .. ... . .................... . .......... .. ... . 
To raise to 500° the vapor of 100° there are required 1,316 x 400 x 0.48 
To calcine the lime there are required 6.250 x 475 ... . ..... ...... .. . . 

2.714 
To heat to 500° the C0 2 there are required 0. 044 x 500 x 0.016 

" " " 500° the hydrocarbons there are required 2.430 x 500 x 0.27 
" " 500° the CO produced by the reduclion of the Fe a nd Mn 

there are required 
30,727.312 28.336 

(3 X ---UZ- + 55) X 500 X 0.0068, .. . .. . ..... . 

Total. . . . ...... . .. ........ . · · · .... · · · · · 

Deducting from tbese the calories developcd dnring the reductions by 

48. 719 

10,780.000 

838.292 
252.672 

2,968. 750 

493.454 

328.050 

2 ,800.131 

75,020.330 

the combustion into CO of the C charged 9.883 x 2,175... 21,495.525 

There remain ... . ........... . .. . 53,524.805 

So the heat furnished being 132.24 x 635.3 = 84,012.072 calories, the thermie return 
53,524.805 X }00 

was 84,012.072 = 6L 33% 

" 

" 

" 

" 



F. 
SUMMARY OF THE CHEl\I!CAL AND THERMIC SCHEDULES. 

Iron ............. ..•.. ...... 
l\1anganese. . . . . . . . . . . .. .... .. ...... . 
Silica ... .. ............................ . 
Sulphur ........... . ................. . . 
Phosphoru~. . . . . . . . . . . . . . . . . . . . .... . 
Carbon... . . ............... . .... . ... . 
EleclrÏ<.: H orsc Power per Kg. of iron ... . 
Thermie relun1 % . . . . . . . . . . .......... . . 

]ST TEST 

Corn osi- Cocfli-
l . P . 1 c1enls of 

1011 1n . . . 
t utiJ1ZëtllD1l 

pen.:e 1t - o r of elin1-
agf" ination 

99.6+7 fll.5.) 
0.106 8(i./(i 
o.o.is 98A2 
n.07:3 22.3n 
o.oo:;.> j u.i..1:1 
O.l:m .. . ..... . 

(i.00 
.J..j.(i,j 

2ND TEST 

. . C lClllS of Composi- 1 Coeffi-

lion 111
1 

utiliza tion 
perccn - or of e li m-

age ination 

99.7M 
o.on:; 
0.022 
O.CHi2 
tUH! 
0. 0!)2 

7.00 
:n.oï 

m.:H 
88. 1:3 
99.29 
3ti.2H 
7:l71 

Composi­
tion in 

pe rcent­
age 

99.6()0 
0.109 
0.028 
O.O~ti 
0.01:3 
0.113 

TEST 

----
Coeffi 

cients of 
utilizalion 
or of elim-

ination 

91.27 

1 

87.55 
99.16 

1 

.36.38 
87 .24 

. ..... .. . 
(i 

41 
./(j 

. Il 

4TH TEST 

Composi- Coeffi-
c ients of tion in 

uti 1ization percent- orofc-lim-
~ge 

ination 

()9.742 94.91 
0.083 89.29 
trace 99.60 
0.065 30.52 
0.0016 98.23 
O.O!H . ... . ... ' 

4.91~ 
55.02 

5TH TEST 

. Coefli-
Cc;>mP?5'- cients of 

lion 111 ulilii a tion 
pe rcent- or of el im-

age ination 

29. 764 94. 38 
0.092 88.19 
trace 99.60 
0.059 47.86 
0.009 90.10 
0.090 ........ . 

4.22 
61. 33 



210 

From a comparative examination of the numerical data of the pre­
ceding tables A, B, C, D and E, which are summed up in schedule F, it 
clearly appears :-

lst.-That operating upon the same mixture, one is sure of constant­
ly obtaining the same type of product, a thing which is easily understood 
when it is considered that the operations take place in a closed chamber, 
and that in no other furnace is it possible to have always the same condi­
tions, a thing which is obtained in the electric furnace in which it is pos­
sible to value exactly the quantity of heat developed by measuring the 
current which is transmitted to it, and regulating it so that it is always 
maintained within the desired limits. 

2nd.-That the shrinkage of the metal contained in the ore is restrict­
ed with this process to the narrowest lirnits, and is notably inferior to that 
which takes place in the blast furnace. 

3rd.-That with a single operation it is possible to obtain products 
of great purity, eliminating thus {besides the expense of labor or fuel in­
separable from the operation of r e:fining pig) the loss through shrinkage 
which takes place during thi operation, a loss which varies from 8% to 
10%, and rises sometimes as high as 20%. 

4th.-That through the special method in which the reactions take 
place with this process, it is possible to obtain iron very soft, containing 
very small quantities of manganese, a thing which is of capital importance 
for some special applications, as, for exarnple, the making of the frames 
of dynamos out of soft iron. * 

5th.-Finally, that it was possible to reduce somewhat the intensity 
of the' current communicated to the furnace during the period of diges­
tion of the bath in the last experiments (see schedules D and E), bringing 
down to only 4.22 horse-powers per kg. of product the consumption of 
energy, which, in the :first experiment, had varied from 6 to 7 horse­
powers. 

From this, therefore, it follows logically that with furnaces having 
several pairs of electrodes, and in particular with those of the rotating 
type, in which, for the reasons above set forth at length, it is possible and 
easy to conduct operations with a maximum economy of heat, there will 
undoubtedly be obtained the high ·thermie r eturn of 80%, and even 85%, 

* N OTE. - [ do nol think il useless Io quote in thi s regard comparative data obtained by 
the distinguished D octor Giorgio Finzi, in a SPries of e xperiments made hy him to deter­
mine the hy~teresi~ los~ of iron of differcnt countries, data which completely confirm such 
a c0nclusion. The following are the numerical coefficients found by him: 

German meta llic plates of0.4 mm Type B ....... .... 0 .00162 
" " " " '' C ...... . . . .. 0 .00lï4 

D . .. . . . .... .. 0.00200 
E............ 0 .00310 

Swedish iron (Prof. Goldschmidt). .. . . . . . . . . . . . . . . . 0 .00142 
Italian " (Capt. Stassano) . .. .. . . . . . . . . . 0.0013:; 

See the magazine "Ele..:trici ty" for 1901, number 23. 
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which, in fact, in numerous experiments, was shown to have been obtained, 
in furnaces with a single pair of electrodes, in the case of reductive fusion, 
and simple fusion (whether of pig, iron or steel). 

N ow, as far as I have been perrnitted, by the narrow limit.s assigned 
to this short monograph, I have given an idea of the expense of produc­
tion, as well as of reducing iron ore by means of this process. 

And while from this exposition there can clearly be seen the econom­
ical advantage which such a process promises wherever (as in our coun­
try) the lack of suitable coal renders the great iron-smelting industry im­
possible, I shall add to this calculation that of the expense of obtaining the 
said products with ordinary processes in countries where combustible min­
erals abound. 

Although the electro-thermic process which I am supporting may 
resemble, in the way in which it proceeds, and in the similarity of the fur­
nace which it employ , the Martin-Siemens, yet I .call attention to the fact 
that in respect of the cost of production of a unit of weight of final malle­
able product with the ordinary metallurgic process, the refining of the pig 
is effected with the Bessemer ~ystem, using the molten metal just dra wu 
from the blast furnace, and on the hypothesis that the necessary motor 
force to operate the converters is produced with the gas from the bla~t 
furnace. 

I select therefore as u model that one of the ordinary processes of 
rniaking ?nalleable iron which involres the min i11w m comnimption of fuel 

iTow, Le<lehnr, as well üs Helsou , C:runer, Bell, Knab, &c., are 
agreed in establishing that, on the average, with coke at the price at which 
it can be obtained in England, Belgium, Germany, or North America, 
consequently in localities, rich in coal, the cost of production of a ton of 
pig, exclusive of the value of ore, varies from 29.00 lire to 48.00 ~ire, 

that is :-

For fuel .............. . ........ frou1 1 G.00 lire to 28.00 lire 
For lime. . . . . . . . . . . . . . . . . . . . . . . 3.00 5.00 " 
For cost of labor and general expeuses 10.00 15.00 " 

Total ............. from 29.00 lire to 48.00 lire 

Taking, however, a value somewhat lower than the average of this 
figure, I fix at 35 lire such expense. Moreover, I suppose that for the 
production of the pig there is employed a very rich ore, such as that of 
the Island of Elba-which I have taken as a base for the theoretical cal­
culations above set forth, and which I have used in experiments with elec­
tric furnaces, of which I have given the chemical and thermal detailed 
accounts--ore which costs in the neighborhood of 15 lire a ton at the blast 
furnace. Allowing, however, that the shrinkage of the metal of the ore 
in the blast furnace is restricted to 10% for each ton of pig. there is need-
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ed about 1,700 kgs. of ore; the cost, therefore, of the pig, will amount to 
60.50 lire a ton, that is :-

For ore, 1, 700 kgs., at 15 lire per 1,000 kgs ........ . 
For fuel, cost of labor, &c ........................ . 

lire. 
25.50 
35.00 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60.50 

According to these authorities, the net expense for the refining of a 
ton of product in ingots, with the Bessemer process, exclusive of the fuel 
for re-melting the pig, and without calculating the cost of the pig, or the 
shrinkage to which it is subjected during the operation, which, on the aver­
age, can be valued at 15%, is 26.50 lire, that is :-

For ferro-manganese, at 200 lire per ton ......... . 
For cost of labor ............................... . 
For refractory material ....... . ... . ............. . 
For maintaining and repairing the works . . ......... . 
For maintaining the moulds and diverse accessories .. 
For expense of overseeing and general expense ....... . 

Total .................. . ............ . 

lire. 
12.00 

5.00 
1.50 
2.50 
3.00 
2.50 

26.50 

Therefore, on examination, a ton of malleable product in ingots lS 

seen to cost 96 lire, divided in this way :-

For pig 1,150 kgs. iat 60.50 lire per 1,000 kgs ...... . 
For expense of reflning ......................... . 

Total ............... . 
in round numbers, 96 lire. 

lire. 
69 .57 
26.50 

96.07 

It appears from this calculation, that in countries rich in coal, the 
cost of a ton of malleable product in ingots, even operating with the most 
econmnical cmcl pe1f Pct mPtfwd8, does not fall below· 90 lire. 

Let us examine now the cost of production in case the reduction of 
ore were effected with the electro-thermic process devised by me. I sup­
pose in this calculation :-

l st.- That the ore employed is similar to that from the Island of 
Elba, adopted in the experiments of which I have above given the r esults. 

2nd.-That for the preparation of the mixture there is employed 
metallurgic coke, at the price of 45 lire a ton. 

3rd.-That the works in which is effected the reduction of the ore be 
provided with the necessary apparatus to collect and to utilize for the suc­
cessive processes the CO which is generated in the furnace during the 
opera tion. 
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4th.-That the electrodes neces ary to the operation o:f the :furnace 
are produced in the works themselves, at the price o:f 0.30 lire per kg.,. in 
place o:f 0.45lire, which is at present their commercial value. 

5th.-That the works be provi<led with an hydraulic electric plant o:f 
not less than 5,000 effective electric horse-power, and that accordingly it 
may have a capacity o:f 30 tons o:f iron in 24 hours. 

6th.-That each rotating :furnace installed requires 1,000 effective 
electric horse-powers, and produces accordingly 6 tons o:f ingots a day. 

7th.-That the hydraulic electric plant costs in the neighbourhood 
o:f 300 lire :for each electric horse-power installed. 

Taking, then, for granted, and using :for the present the actual data 
derived :from the numerous experiments per:formed, whether with the :fur­
nace or in the preparation o:f the mixture, it can be establi lied that the 
cost o:f one ton o:f iron in ingots under the new process is about 94.40 lire, 
that is:-

For 1,600 Kgs.* of ore . . .. . .. . at 15 lil'e per 1,000 kgs. 
" the pulverizing of the same at 3 
" 200 KgR. of liu1e . .. .. .. . .. at 5 

250 Kgs. of Coke .... . .... at 45 
" the pulvcrizing of this . .... at 2 

190 Kgs. of tar .... . ..... n.t 70 
" the making· of the conglomerate mass at 3 lire per 

1,000 Kgs. of the mixture . . . . . . . . . . . ..... . 
" the consumption of the clectrodes (12 Kgs. at 

0.30 lire per Kg.) ... . ......... . ........... . 
·' the u1aintaining of the furna.ce . ................ . 

cost of labor ..... . ................. . ..... . .. . 
rnaintenancc of moulù ~ an cl different apparatuses .. . 
motor force 4,000 H. P. hours at 0.0057 lire per hour 

" general expenseA aud o,·erseeing ..... . .......... . 

lire 
24.00 

4.80 
1.00 

11.25 
0,;jO 

13.30 

G.75 

3.60 
12.00 

G.00 
3.00 

~2.80 
3.00 

Total. . . . . . . . . . . . . . . . . . 112.00 

I>eductincr from this the value of the oxide of carhon ancl 
of the Yolatile hydro-carbon of the tar returnerl: 
that ÎR about UOO cubic meters of combuRtible gas 
which 11t only 2 cts. per eu bic meters makest.. . . 18.00 

Remaining as the actnal cxpen;;e . . . . . . . . . . . . . . . . . 0-1..00 

* lt is worlh whilc noling thal in the e xperimr.nts made, there wa~ always a 
shrinkag-e of ore less than that which wa~ founcl in the hlast furnace. 

t From what ha' be"n said before, the \•al11e of the gas that can be ulilized ~ho11ld be 
24.55 lire, "iz.-the sum of the cost of the carbon and of the tar u~ed in making the mixture, 
because ~uch materiab during the \\'ork of the furnace are simply lransfon~1ed from soli.d 
combu<,tible, into ga~eou~ ones. Fixing, therefore, th<' value at only 1 hr" 1s more than 1s 
warrant ed . 
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The eloquence of this figure, the result of conscientious analyses bas­
ed upon actual data resulting from long and minute experiments, relieves 
me from making fmther comment. I shall allow myself only to observe 
that, even in case, through exceptional circumstances not of ten met with, 
the motor force should cost more than 300 lire per electric horse-power, 
the advantages of the process would not be greatly diminished. Indeed. 
even placing the cost of installing per horse-power at 500 lire, a greatly 
exaggerated figure when dealing with great hydraulic electric plants, the 
cost of production of a ton of iron would not be increased by more than 
11.48 lire, an increase largely compensated for by the expense of trans­
port, which raises the price of the metal produced in a foreign country at 
only 96 lire a ton before it reaches Italy. 

/ 
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LECTURE ON THE TREATMENT OF COPPER 
ORES BY THE ELECTRIC FURNACE.* 

(Keller Process) 

Compagnie E lectrothermique Keller et Leleux. 

BY M. VATTIER. 

It is now some two years since I had the pleasure, in this very hall 
of reading a paper on the very remarkable results obtained from experi­
ments on the treatment of iron ores in electric furnaces. I gave a de­
scription of the electro-metallurgical works which I had had the oppor­
tunity of visiting, both in Europe and the United Stâtes; and at the time 
I eÀrpressed the hope that these new processes, owing to the development 
of the energy of the " White Coal," would soon prove economical and prac­
tical, and would then leave the realm of the laboratory and of experimen­
tal plants to boldly enter the industrial arena. 

Y ou are all familiar with the yet recent history of electro-metal­
lurgy; with the scienti:fic observations of such men as Moissant, Siemens. 
Acheson, Minet and other authorities, as a starting point. W e have wit­
nessed the strenuous labors of Stassano, Hl•roult, Laval, Keller.,and other3, 
whose names would make up a long list, and whose efforts are striving to­
ward the advent of a new electric metallurgy which bids fair to become 
the metallurgy of the future. 

Twice in three years I have been entrusted by the Chilian govern­
ment with the study of the latest developments of electro-metallurgical 
processes in Europe and the United States. In August last, I brought over 
from Chili some 2 OO tons of copper and manganese ores for the purpQ{ie 
of making experiments on a commercial scale, on the smelting of these ores 
in the electric furnace. The main objec:t of this paper is to give you the re­
sults of these experiments. I shall be a brief as possible, owing to the 
necessity of yielding my place to several eminen1 lectnre1·s. 

After a few prelirninary experiments, I was an thorizcd tn continue 
my investigations on this subject, in the work;; of Messrs. Keller et T~eleux. 
at Kerous e, in Brittany, under the Llirection of :Mr. Kclle1·. After dis­
cussing the subject with hirn, we agreccl npon the method of procedure, 
the form of the furnace and accessory apparatus to be a<lopted; the.;;e 
were subsequently put in operation in the K<.'ller and T.cl<.'nx el<.'rtro-

·:< From the French. 
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metallurgical works at Livet, near Grenoble, where they have given entire 
satisfaction. 

A :first series of experiments, conducted on a sample of commercial 
size, and in .furnaces such as will be adopted in future in electro-metal­
lurgical works, had ûonclu ively proved that the problem had been solved 
as regards copper ores. 

On .A.pril 21st last, we made a new series of experiments at Livet, 
on Chilean copper ores, before a Commission composed of the followinl? 
members:-

Messrs. Stead, Metallurgical Engineer., Middlesbrough; Allen, :Metai­
lurgical Engineer, Sheffield; Reynolds, Metallurgical Engineer, London; 
Pirie, Member of the British House of Corn.mous for Aberdeen; Saladin, 
Chief Engineer of the Creu ot W orks; de la Bouglise, Mining Engineer, 
Paris; Renevey, Civil Engineer, Paris; Bough·e, Banker, Angers; and 
Vattier., Engineer, graduate of the Ecole Centrale. 

A report of these experiments, endorsed and signed by the member<:i 
of the Commission, accompanies this paper. :Mr. Re1ler had charge of the 
electrical part of the experiments, and the writer was dirrcting the meta]­
Jurgical part.* 

* These experiments were conducted in the works of the Compagnie Electro-thermique 
Keller et Leleux at Li,·et, on April 21 st, 1903, in presence of: 

.Messrs. Stead, Metallurgical Engineer, l\liddlesbrough. 
Allen, do do Sheffield. 
Reynold, do do London. 
Pirie, Member of the British House of Gommons for Aberdeen. 
Saladin, Chief Engineer of the'C1·eusot Works. 
Vattier, Delegate Engineer in cha1·ge of investigations foi· tlie Chilean Govt. 
de la Bouglise, Mining Engineer, Paris. 
Renevey, Civil Engineer, Paris. 
Bougère, Banker at Angers. 

The experiments were in charge of ::\J r. Keller, Cfril Engineer, technical manager of 
the Compagnie Electro-thermique Keller, Lcleux et Cie. 

The smelting was conclucted in the rlouhle elecLric furnace, Keller mode!. 
ÜRES :-Mixture of ores from the "Volcan," "Magnere" and " Char lin " mines in the 

proportions indicated by l\lr. Vattier. The experiment was made on 000 kgs., which were 
smelted in 8 hours. 

PowER.-Tliis was: 
Amperes Volts cos. 'P 

4ï50 x 119 x 0.9 = iiOO kilowatts. 
\YoHKJ]';(; OF APPAHATUS:-Perfectly normal. 

Co :-iSU MPTIO:< oF ELEUTJWDES:- The electrodes used were of inferior quality: yct the 
wear in length only amounted to 6 or ï kgs. per ton of ore. According_to a sta tement made 
hy .\lr. Keller, in a predous experiment with carbons of ~ omewhat h1gher grade, _the con­
surnption was ;; kgs. 1er ton of ore as maximum. By usrng graplute electrodes th1 would 
sti ll be further re<luccd. 

Prwol"C"TR ÜBTAl~ED.-The matte and the slag were tapped separntely, tests were 
made, the anulyo~s gi ,·i ng : 

.\latte..... . ... . . . . . . . . . . Cu. .i3~~ 
Slag ... ...... .... ........ Cu. 0.1 % 

(Signed) 
C. ' Tattier , ,\, Allen, E. tead, A. Reynold.>, Renevey , 
V. \-. Pirie, <le !tt Bou g lise, \l. Bougère, A. Keller. 
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Before proceeding, I wish to state clearly the object \Ye had in .view. 

We are not dealing here with a philosopher's stone which would, as 
by magic, transform any copper ore into a mass of pure metallic copper, 
or which would overthrow and supersede the well-known reactions of ~he 
old metallurgy of copper. Nor do we pretend to have discovered a proce3s 
which suppresses all the cost of production, and permits of reaping imagin­
ary millions from any kind of ore under any conditions. -vv e abandon the 
monopoly of these pretentions to the fancy prospectu es which circulate 
in certain financial centres, and which cause such disappointment to the 
credulous investors, and we approach the subject in a more scientific and 
industrial spirit, and especially with the intention of facilitating, within 
the limits of our powers, the labour of the indefatigable workers who 
strive to further improve these processes, and whose efforts deserve praise 
and reward. 

Y ou all know that, generally speaking, in the metallurgy of copper 
by dry processes, either in reverbatory or water-jacketed furnaces, the cop· 
per ores are first of all converted by the help of coke or coal into copper 
matte containing 40% to 50% of the metal; these mattes are then sub­
mitted to a roasting, followed by a remelting, either by special treatment 
in converters or in Thofern and Saint-Seine reaction fnrnaces, which 
tran forms them into copper bars; these are then refined by electrolytic 
processes, which produce the pure copper and e:ffect the separation of the 
gold and silver. 

At present our object is solely to suppress the consumption of fuel 
(coke, coal or charcoal) used to smelt the ore for the production of the 
matte, and to replace these calories of the black coal by electric heat de­
rived from the " white coal," that is from hydraulic forces. Then, we 
proceed to the refining of this matte by the processes now in use in metal­
lurgy (converters, furnaces, &c.), and all we ask from electricity is to len.J 
us its aid to produce the heat, whenever it can be done with advantage, by 
the introduction of the electrodes. 

In a word, the endeavour is to develop a process which could be as­
tablished in region favorably situated as regards water powers, and where 
coal is costly; it i the di:fference between the cost of the black coal and 
the " white coal,'' which shall constitute the main profit derived from the 
adoption of the e new processes. It is bearing these conditions in mind 
that we made the series of experirnents of which T shall now give you u 
brief account. 

Ore. 

Our experiments were conclucted on two different kinds of ore. 

1 t.- Copper ore from the" Volcan " mine, Chili, belonging to Mr. 
Gregorio Denoso. The copper contents was approximately 7%, present 
as copper pyrite . Thi" ore contains from ~ % to 9% of sulplrnr, and the 
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gangue comprises silicates, silica, a little carbonate of lime, but rnainly 
micaceous copper oxide. 

2nd.-Low grade copper ore from the mining region in the vicinity 
of Santiago, Chili, mixecl with a small proportion of mangane e and lime. 

The composition of the charge of the furnace was as follows: 

Carbouie aci<l ...................... . .. . 
Silica ...... ......................... . 
Alumina ..... .. .. . . .... .. ....... ..... . 
Lime .... .. ...... •........ ........ .. . 
Magnesia . . .. ............ . . .......... . 
Sulphur ................... .... ... ... . 
Iron . ... . ....... . ................... . 
.Manganese ... .... ... . ... . ............ . 
Pliosphorus . .. ..... .. ... . .......... . .. . 
Copper ........... . ... .. ............. . 
An;cnic .......... . ................... . 

% 
4.310 

23.700 
4 
7.300 
0.33 
4.125 

28.500 
7 .ü-1<0 
0.046 
5.100 
trace 

These ores were crushed partly into large pieces and partly to dust. 
The crucible \\'as filled with a hand shovel, indiscrirninately, of the coarse­
or clust, and without experiencing the inconveniences which usually ac· 
company the presence of "fines" in the water-jacketed furnaces. All 
the charges were very carefully weighed and sampled, and an exact re­
cord of the varions phases of the experiments was kept. Rather large 
blacks, at first refractory, were soon clissolved and incorporated in the· 
molten charge, after undergoing a pronounced gyratory movement. 

Furnaces. 

The main furnace, for the first fusion or breaking up of the rnolc­
cules by the application of heat, is a chamber or crucible built of refrac­
tory bricks, and having the following dimensions: Length, l.800m.; width. 
0.90m.; height, 0.90m. Below thi chamber we have a forehearth, in which 
can be e:ffectecl the sharp separation of the matte from the slag; the 
dimen!:;ions of this fore-hearth are as follows : J,ength, l.20m. · width, 
0.60m.; height, 0.60m. 

_\.t the hottom of the upper cbamber therc are saille opeuino·,- whicb 
can be ta111ped at "-ill by means of fire-cl::iy, for the pnrpo e of ta1 pin§!: the 
contents into the lower fore-hearth. In the upper clia111her h\·o carbon 
eleetrode;;; , "-ith a square section of 0.30m. on the ::>id0. arnl a length of 
J .70m .. are introduced, and their height ma;v be so i·<'gnlatNl as to either 
be immei-sNl in the bath or just clear its surface. 

foto tin· l'ol'e-hearth pcnctrah• l\rn cal'bo11 cll'ctrncles of 0.2511l. on the 
~i1lP, whiC'h are used to reheat the bath. Opening"- are left nt <lifferent 
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levels of the fore-hearth, and which are opened by means of steel roda 
driven in by blows of a hammer, for the purpose of tapping either the slag 
into small sand trenches, or the matte into steel ingot-monlds, which are 
handled by an overhead crane. Voltmeters and ammeters permit of ob­
serving the intensity of the current. Alternating current was used. A 
special contrivance allows of easily and independently raising and lower­
ing each of the electrodes. 

Procedure of Operations. 

The two large electrodes are lowered into the upper chamber, and 
the circuit is established by the introduction of pieces of carbon and of 
matte placed at the bottom of the crucible, and the temperature is gradual­
ly raised. The ore is elevated by a hoist to an upper platform, and is 
charged into the furnace around the electrodes, which are raised in pro­
portion as the burden increases. Fusion begins to take place in a very 
short time, and when the crucible is full of molten or semi-molten rnateriul, 
a tap-hole, situated some O.lOm. from the bottom, is unplugge<l by means 
of a steel rod. The molten mass, more or less pasty (quite fluid after !'l. 

short time), :flows into the fore-hearth, where the reactions are completed, 
and where the separation of the liquified materials is effected by means 
of the reheating electrodes. 

When this fore-hearth is nearly full, the slag is evacuated through 
one of Lhe upper upenings, and as soon as the quantity of underlying matte 
is judged to be sufficient, it is tapped off by one of the lower openings. It 
is th us a process of successive tappings, both from the upper and the lower 
crucibles. 

Data of the Method. 
' 

The furnace has a smelting capacity of 25 tons of ore per 24 hours, 
which it couverts into matte. The current used for the experiments was 
of 4,750 arnperes; 11() volts; cos <p = 0.9, which corresponds to 500 kilo­
watts, or 680 H.P. Therefore, to treat 100 tons of ore per 24 hours will 
require from the dynamos 2,833 H.P., in round numbers, 3,000 H.P. uf 
76 kg/m. 

Products Obtained. 

Mattes of the following composition were obtained: 

% 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.800 
Alumina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.500 
Iron .................................. 24.300 
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.400 
Sulphur . . . . . . . . . . . . . .. .... .......... .. 22.960 
Phosphorus . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.005 
Oopper . . . . . . . . . . . . . ............ .. ..... 47.900 



2:w 
,\ n<l slag of the following composition: 

Silica (Si02) •• ••••.• • •• • •••••••• • ••• • • • • 

Allllnina .. . . . .......... . . ... ........ . 
Liine . . .. . . . .... . .. . .... . . . . . . . . .. .. . 
Magnesia ......... ...... . .. .... . . . . .. . 
I ron . .. .. .. ....... ... .. . . . . . ... .. ... . 
Manganese . . . . . . . . . . . . .. ... ..... . ... . 
Sulphur .. .. . . . .. . ... . .. ... ... .. .. .. . . 
Phosphorus . ... '. . . . . ...... . . . .. . . .. . . . 
Oopper ......... .... . . ... .. . . ... . ... . . 

% 
27.200 
5.200 
9.900 
0.390 

32.500 
8.230 
0.570 
0.062 
0.100 

The slag at both the beginuing and the end of the operation usuaJl • 
contain a slightly higher proportion of copper. 

The slag has high contents of iron and silica, and could be used Lo 
manufacture ferro-silicon; for this purpose it should be poured directly 
into a special crucible, submitted to the high temperature of the electric 
furnace as soon as possible, in order to take advantage of the heat it po3-
sesses when it is tapped out of the crucible. 

If the sJag should be high in manganese, it could be manufacturecl 
into ferro-manganese and spiegels. 

Re marks. 

For good results it is a<lvisable to use a voltage sufficient to cause the 
arc or electric cmrent to pass from one electrode to the other, by regulat­
ing their height to just clear the surface of the bath, in order to avoid .is 
much as possible their coming in contact with the bath. Carbon, at such 
high temperatures, has a tendency to rednce the iron oxide into metallic 
iron, which gives rise to the following inconveniences: 

lst.-A more rapid wear of the electrodes. 

2nd.-Loss of electric energy. 

3rd.-Decrease of the copper contents of the matte. 

By the use of Acheson's graphite electrodes, these inconvenience 
would be greatly diminished. 

The economic and other advantages of this new electro-metallurgical 
process are at present quite evident, without having to defer judgment un­
til further improvements are introduced; the problem may be said to have 
been solved by the Livet experiments. 
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Comparison between the old Processes of Copper Metallurgy and 
those of Electro-Metallur&"Y· . 

Let us consider the case of a copper mine situated in South America, 
in Chili, for instance, and at some distance from the coast, in the foothills 
of the Oordillera; such a mine is the " Volcan," the ore from which was 
submitted to the experiments of electric smelting; under these condition':l 
coke costs at least 100 frs., and owing to the slope and other local condi-· 
tions, a powerful and constant hydraulic power can be developed economic­
ally. We shall take for purposes of comparison the figures relating to one 
ton of copper ingots, exti·acted from the " Volcan " ore, which has a copper 
content of 7%; this is a comparatively high tenor, higher than the aver­
age of mines worked on a large scale. 

For Lhe production of a ton of copper we shall have to treat some 16 
ton of ore; we shall neglect the figures, which would be the same for bo·ch 
cases as regards mining of the ore and subsequent treatments, and we shall 
restrict our elves to the comparative elements of the two methods. 

lst.-In the present water-jacketed furnace, the production of Lhe 
matte, containing one ton of metallic copper, shall require 3,200 kgs. of 
coke, at 100 frs. per ton,, that is to say, an expenditure for iuel of 320 fr;;. 

2nd.-In electric furnaces the smelting of 16 tons of ore will require 
an energy of 1.25 kilowatt-year, at the cost, in the region in question, of 
30 frs. per kilowatt-year, representing a cost of 1.25 x 30 = 37. 50. 
fr. , say 38 fr.s. 

The wear of electrodes, as shown by our experiments, amounted to 
75 kgs. per ton of copper in matte, so that we may calculate an actual èo:;t 
of 45 frs. for this item; this would be greatly reduced by the adoption of 
electrodes such as above mentioned, and more especially of graphite elec­
trodes. 

In short. the electro-metallurgical process for the smelting of 16 
ton. of ore would entait a cost of: 

38 + 45 = 83 frs. 

and the economy effected, over the water-jacketed furnace, in the fonda­
mental element of heat energy, is, therefore : 

320 - 83 ;;;- 237 frs. , or more than .f9. 

The additional impor tant advantages derived from the use of electric 
furnaces are the following :-

l st.-Suppression of the blowing engines, which are essential in con­
nection with water-jacketed furnaces. 

2nd.- The possibility of operating on much more refractorv ore than 
with the water-jacketed furnace. ' 
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3rd.-Suppression of the manufacture of briquettes or of agglomera­
tion of the fines and dust. 

4th.-Notable decrease of cost of labour. 

5th.-Elirnination of the danger of sca:ffolding of the charge in the 
interior of the furnace; this accident is comparatively frequent and cost­
ly in the water-jacketed apparatus; moreover, choking up and obstruction 
of the hearth is likewise avoided. 

J,et us now consider the case of low grade ore, say 4%; the produc­
tion of one ton of metallic copper in matte shall require: 

lst. In water jacketed furnace, an additional expenditure of coke 
amounting to 

100 
lOOO X (5,000- 3,200)= 180 frs. 

2nd.-In the electric furnace, in tead of 1.25 kilowatt year, we shall 
need two, which entails an additional cost of 

30 x (2 kwt.-yr. -1.25 kwt.-yr.) = 22.50 frs. 

Which represents an additional saving of 157.50 frs., which :figure is 
comparatively important for a low grade ore. 

It is., of course, illlpossible to arrive at a general average figure re­
presenting the saving e:ffected by the adoption of the electric furnnco; this 
depends on the grade of the ore, and also greatly on the local conditions; 
yet, in the case of the ores produced from the South American mines, re­
mote from the coast and in proximity of powerful and constant waterfall , 
the economy effected would certainl:~ not be less than f'.10. 

Conclusions. 

It is of great interest and importance that our metallurgists shoulJ 
continue their researches in the practical applications of the electric fur· 
nace to the smelting of copper and other ores, and more particularly io 
the treatment of those argentiferous blendes which are very abundant ~u 
certain regions (in Bolivia, for exarnple), and which, up to the pre.sent 
time, have proved refractory to all economical processes known. 

The ~ame remark applies to the i1"0n and manganese ores known to 
exist in large quantitie ' in remote regions, and at present awaiting a prac­
tical solution of the problem which will permit of their being economically 
treated on the spot, a voiding the costly transportation of raw rnaterials, 
which the present price of these metals cannot bear. 

Yet, in spite of the great advantages which will certainly be derived 
from the introduction of electric proces es into certain regions, such as 
parts of Chili where the iudu:itrial conditions are favorable in every re­
spect. an<l rnore especially as regards ore deposits and \\'aterfall , I feel it 
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to be my duty to warn my colleagues, and investors in general, again_;t 
sanguine e2''"})ectations and exaggerations, which coukl not but have dis­
a -trous effects. So that, before investing any capital in electro-metallur­
gical plants in remote region , it would be well to ascertain beyond donbt : 

lst.-That you can rely on mines, with property titles clear and in 
good standing, whiC'h could produce (actually, and not on paper), a uffi­
cient quantity of ore of high enough grade to justify the installation of 
electro-metallurgical plants, which are very costly, owing to the need of 
developing hydraulic power. 

2nd.-That either in the neighbourhood of these mines or within a 
distance permitting the economical transmission of ·elecitric energy, tlere 
are available powerful, and more particularly constant, water powers 
which could be acquired without foar of subsequent litigation. 

3rd.-That sufficient labour and other industrial conditions for th9 
exploitation of the mines are available in the regions under consideration. 

A long experience has convinced me that these conditions may be met 
with separately, but very rarely together, and it is our duity to protect the 
French savings from the mirage of the more or less fancy and lrnzurllous 
speculations which constantly assail the small investor. 

In conclusion, let us rejoice that it is in France that the greatest im­
potus ha.s been givfm t-0 electro-metallurgy, and that once more our country 
has taken the lead in a great scientific and industrial movement. 
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