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Ottawa, 1st August, 1904.
Sir,—

I have the honour to transmit herewith :—

1st.—The report of the Commission appointed to investigate the
electro-thermic processes for the smelting of iron ores and the making of
steel, now in operation in Europe.

2nd.—The report of a special Commission appointed to investigate
the Marcus Ruthenburg process of electric smelting of magnetite.

To these reports is added, in the appendix, a series of important
papers on the subject of the electro-metallurgy of steel and iron, by
Harmet, Gin and Stassano, and of copper by Vattier.

I have the honour to be,
Sir,

Your obedient servant,

EUGENE HAANEL,

Superintendent of Mines.
Honourable Clifford Sifton,

Minister of the Interior.
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LETTER OF INSTRUCTIONS.

Ottawa, 29th December, 1903.

Sir,—You are hereby commissioned to proceed to Europe for the
purpose of investigating and reporting upon the different electro-thermic
processes employed in the smelting of iron ores, and the making of the
different classes of steel, now in operation, or in process of development,
in Ttaly, France and Sweden.

The special object of this investigation is the ascertainment of all
facts in connection with these processes, which are necessary for deter-
mining the cost of one ton of product, the quality of the product, and
cost of machinery employed, and such other facts as may be required Zor
the formation of a judgment regarding the feasibility of introducing suc-

cessfully in Canada electro-thermic processes for the production 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 been
issued to the different 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 necessary)

of the various parts of apparatus and plants employed should accompany
your report.

The following will constitute the members of the staff of the Com-
mission, who are to act under your direction, performing the duties 1s-
signed them in this letter of instructions, and such other duties in their
respeetive branches as you may find necessary to require of them in order
to bring to a successful issue the object of the investigation :—

1st : Electrical Engineer.

Mr. C. E. Brown, E.E., Assistant Works Engineer of the Canadian
General Electric Company, Peterborough, Ont., has been appointed as
Electrical Engineer. It will be his duty to make or supervise all elec-
trical measurements, and furnish you with a report of all electrical de-

tails of the investigation, and also with a description of the electrical
machinery employed.
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2nd: Metallurgist. %

On your arrival in England you will engage a thoroughly competent
iron and steel expert, who will act as the metallurgist of the Commission,
and report to you the metallurgical details of the investigation, and make
an examination of and report upon the qualities of the iron and steel pro-
duced by the various electro-thermic processes examined.

8rd: Photographer and Draftsman.

For the purpose of obtaining accurate representation of the different
plants examined, you are instructed to employ .a photographer and drafts-
‘man wherever and whenever their services may be required.

4th: A private secretary.
(Sgd.) CLIFFORD SIFTON,
Minister of the Interior.

Dr. Eugene Haanel,
Superintendent of Mines,
Department of Interior, Ottawa.



Fig. 7

General Section of Triple Furnace for Electro-

Metallurgy of Iron

Seade 15 mu.=one meter
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REPORT.

TABLE OF ERRATA

3 1 140 L440 x 1,000
PAGE 23—In line nine from top, for ;22 read e

PaGE 52—In table for kilo-volt amperes calibrated, read : kilo-
volt amperes calculated.

PacE 105—1In sixth line from bottom, for 12 read 10.

FiaUres 27 and 28 —For scale actual extension x 6, read: Scale
actual extension x 1.5.

PGk 148—1In fourth line from bottom, for CO read CO,.
PAGE 182—Transpose lines eleven and twelve from top.
PAGE 183—Dele line 7 from bottom.

electric SIELLUY PIALW CUUIU UG 1LY UDULEOUUL « A JMIIERY  wasta  amss e nmg
Sweden; La Praz, France; Turin, Italy; and Livet, France.

GYSINGE.—KJELLIN PROCESS.

At the Gysinge works, steel of superior quality is made by the sm?]t-
ing together of charcoal-pig and scrap in electric furnaces of the Induction
type, i.e., furnaces without electrodes. The process does not
permit the purification of the materials entering into the com-
position of the steel produced, the quality of the steel depend-
ing entirely upon the purity of the component materials employed. The
process, therefore, corresponds to the crucible steel process, but has cer-






REPORT.

The Commission, consisting of Mr. Brown, electrician ; Mr. Nystrom,
M.E., draftsman; Mr. Coté, secretary, and the writer, left Ottawa for
England on the 21st January last.  Arriving in England on the 30th
January, I proceeded at once to find, in accordance with your instructions,
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.C,, consulting metallurgist and analytical chemist to the In-
dian Government, Royal Engineering College, Cooper’s Hill, and the
author of an extensive work on the Metallurgy of Steel.

Shortly after my arrival in England I received a telegram from Mr.
Benedicks, 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
Commisgsion to arrive in Sweden within a week from date of telegram,
since the works would be shut down shortly in order to put in new and
larger turbines. It became, therefore, necessary to start the investiga-
tions at the plant in Sweden.

The following are the localities visited, in the order named, where
electric smelting plants could be investigated : Gysinge and Kortfors,
Sweden; La Praz, France; Turin, Italy; and Livet, France.

GYSINGE.—KJELLIN PROCESS.

At the Gysinge works, steel of superior quality is made by the smelt-
ing together of charcoal-pig and scrap in electric furnaces of the Induction
type, i.e.,, furnaces without electrodes. The process does mnot
permit the purification of the materials entering into the com-
position of the steel produced, the quality of the steel depend-
ing entirely upon the purity of the component materials employed. The
process, therefore, corresponds to the crucible steel process, but has cer-
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tain advantages over the latter, in that the melted material is at no time
during the operation exposed to gases, which absorbed, deleteriously affect
the quality of the product; moreover, the absence of electrodes, employed
in all other classes of electric furnaces, avoids contamination of the
molten material with the impurities which may 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 transformer.
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 insulated copper wire wound about one leg of the magnetic circuit
CCCC. The secondary is formed by the charge contained in the an-
nular grove B B. To the primary an alternating eurrent of 90 amperes
and 3,000 volts is delivered. This current induces in the charge forming
the single turn of the secondary, according to Mr. Kjellin, a current of
3,000 amperes at 7 volts. The conversion of electric energy due to the
resistance of the charge takes place, therefore, in the substance of the
charge.

The furnace consists of a cylindrical iron casing L L, partly closed
at the base, resting upon the brick foundation E E. The casing is lined
with fire 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, surmounted by the iron cylinder ¥’, to which the pipe
G is attached, serves the purpose of cooling the primary by the draft of
air passing through it. In addition to the air draft, water circulation is
employed to keep down the temperature in the space occupied by the
primary. K K are covers for the annular erucible, and IT the tapping
spout.

The upper part of the furnace is (see Plate IT) at the same level as
the working floor and the charging is effected by simply removing the
covers K K, and putting in the material. Since the heat is produced in
the metal contained in the annular crucible, the slag which has formed is
at a much lower temperature than in other steel furnaces, and as a conse-
quence the workmen suffer little from the heat.

The following figures, which could not be determined by the Com-
mission relating to the efficiency of the furnace, are given by Mr. Kjellin:

From a series of trial runs, the production with this furnace aver-
aged 4,100 kgs. in 24 hours, with a power of 165 kilowatts, or 225 electrie
horse-power. The loss of heat by radiation, transformation, &e., at a
temperature of 1,400° C, amounted to 80 kilowatts, this amount of ener 2y
being required to keep the temperature constant at 1,400° C.
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The temperature of the fluid metal at tapping is from 1,600° to
1,700° C.
The total efficiency of the furnace is 453 %.

Plate T is a general view of the furnace in the act of being tapped.
Plate ITis a top view, showing to the right part of the magnetie 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 furnace of this type of 600 H.P. is, according to Mr.
Kjellin, about $4,000.

Measurements of Electric 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 employed at the works, standard instruments
were rented from David Bergman, Consulting Engineer in Stockholm,
and placed in the circuit. A

Mr. Brown reports for charges Nos. 546 and 547 an absorption of
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
report, pages 45-51 and 58.

Cost of Steel by the Kjellin Process.

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

The capacity of the furnace is comparatively small, but for a larger
plant Mr. Kjellin states that three furnaces of the pattern now used might
be joined into a compound furnace, and supplied with a 8-phase alternating
current. This would treble the capacity and reduce the wages, since the
number of workmen now employed in operating the one furnace could
attend to all three.

Quality of the Steel produced.

Samples of the steel produced and of the materials employed 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 Power per Electric Horse-Power Year at Gysinge.

The following figures on which the cost of power per electric horse-
power year, delivered at the furnace, is based, were furnished by Mr.
Kjellin.

Cost of hydraulic canal........................... $22,000

Cost of power house..............covvuvunenn.. 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 33 meters. Allowing
an efficiency of 75% for the turbines, the available horse-power is 770.

225 horse-power are delivered to the furnace. Losses in generator,
exciter 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..... g T Mt $11,000
0T B e v IR L T = o 1,900
Tnatalling AOrbING ... our o bnwmd dnaske van s mean e 500
Generator and exciter ............ .. ..., 5,850
T rAnSTNISEION AHE! L e o e o s e o et e o 08 1,000
Switch board and instruments..................... 600
$20,850

10% on first cost for interest, depreciation, repairs,taxes,
INSUTATICE, MATC . o alele) e 2o rarille e o1 R e oo $2,085

The part of operating expenses which is chargeable to
electric TUFNACE | o« b o bl o s bl ate e rena e 500
$2,585

Cost 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.
Finland..... SETR (O, No.1305... ...... 1st August....1900
France................ 305121 ....... 4th February..1901
Belgium............... ¢ 152666........ 3lst October. . .1900
Hungary.............. 19457, ... ..., 12th September, 1900
DAl aarve o o w0 wasiores 53 ¢ 133-138....... 22nd February..1901
Austria, oo ostiaes 1 2 Ist May ...... 1901
Grlermanys; s s ¢ oL pbhirtls ¢ 126606........ 2nd October ..1901
Norwav,.............. 0484, ... .. 23rd October ..1900
England............... v 18921 .. L.l 23rd October ..1900
Canada ............... AR 1 ; ; ;R 12th November, 1901
United States.. ....... tt682088........ 3rd September, 1901

Sweden ............... B L I 4th September, 1900



General View of Kjellin Furnace.
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PLATE 1L

Top View of Kjellin Furnace.






Power House, Gysinge.
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KORTFORS.—~HEROULT 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 demand. He was good enough,
however, to put the furnace in operation to show its working, but no mea-
surements of any importance were made, since the same process would be
investigated at the inventor’s plant at La Praz, France.

LA PRAZ.

Steel at the works 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 Gysinge, permits of the purification of the
materials emplqyed, and different grades of steel are made without diffi-
culty. :

The Furnace.
Deseription :—

The furnace is of the tilting pattern (see Plate IV and figs. 8, 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, rammed 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 short
distance above and below their passage through the iron casing of the
roof. 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, along it, 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 regulator. In the
former case (see figs. 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 R,
is rotated right or left handed to lower or raise the electrodes. Diagram
(fig. 8) illustrates the principle of the action of the automatic regulator,

and Plate V gives a general 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 C 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 coil 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 plane, 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, oscillates 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
cluteh the staff D" as long as the variation of voltage in the circuit does
not exceed 2 volts; 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 side of the triangular plate G G, to which
the prongs H H, pivoted at Z, are attached by springs K K. This results
in bringing the copper piece O, the suspending rod of which 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 contagt made by O
with either Q or Q', and hence upon the rise or fall of the voltage in the
cireuit beyond the limit of 2 volts. - .

Mr. Héroult states that the cost of the furnace (charge 2,500 kgs.),
building and necessary equipment, such as ladles, moulds, crane, &e., is
about 50,000 francs, or $10,000. This does not include the turbines and
electrical machinery.

Electrodes.

The electrodes are square prisms 360™™ on the side and 170°® long.
They are made from retort coke which contains from 1% to 2% of sul-
phur. The binding material is tar.

The coke delivered at La Praz costs 50 france per metric ton, and
the finished electrode 10 centimes per Kg.

The electrodes are not entirely consumed, and the short ends remain-
ing are worked over into new electrodes, at a cost of 2 centimes per Kg.

The plant for making electrodes for one furnace is estimated by Mr.
Héroult to cost $5,000.

Electrical Measurements.

A Thompson recording wattmeter had been rented in Paris from La
Compagnie pour la Fabrication des Compteurs, and ordered to be sent to
La Praz, to be used for the determination of the electric energy absorbed.
Unfortunately, however, the meter did not arrive in time to enable us to
have it put in circuit. The electric measurements at La Praz were, there-
fore, made with the instruments (of Hartmann and Braun’s manufacture)
permanently mounted on the switch board of the power house. The ab-
sorption of electric energy per ton of steel amounted to 0.153 electrie
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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 con-
sumed amounted to only 0.1 electric horse-power years per ton. For fur-
ther electric details, see Mr. Brown’s report, pages 53-85, 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 produet,
For details, see Mr. Harbord’s report, pages 78-75.

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 deseription :—

Steel of exceptional hardmess.................... $363.60
Class 1-—Eixtra Bard B0l s . | i in e s s o 272.60
' 2.—Very hard steel....................... 272.60
W S andwbenl ol e e e e b 218.00
“ 4.—Medium hard steel ................... . 218.00
“  b.—Tough, medium hard steel............. 145.40
“ 6.—Tough steel ...................... ... 145.40
“ 7—Tough mild steel..................... 123.20

For results of analyses of the La Praz steels and their qualities, see
Myr. Harbord’s report, pages 70-72, 75, 76, 79, 81, 87.

Production of Pig.

Mr. Héroult was good enpugh to make some experiments for us in
smelting 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 circunit, the
other terminal consisted of a carbon electrode of square cross-section about
3 feet in length, and placed vertically in the open top of the furnace. By
hand regulation the distance of the electrode within the furnace could
be varied.

The charge was placed between the carbon plate at the bottomn 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 of fusion and reduction could not, therefore,
readily escape, and whenever the pressure of the formed gas exceeded the
weight of the charge above it, a blow-out would occur ejecting part of the
charge. This, of course, would not occur if the charge consisted, not of
fines, which prevent free egress of the gases formed, but of coarse
material, with interstitial spaces for the discharge 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 by
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the electric process and it was not intended to demonstrate a figure of
cost per ton of pig produced by this process. For further details, see
Mr. Harbord’s report, pages 89 and 90.

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

LIST OF CANADIAN PATENTS GRANTED TO THE “SOCIETE
ELECTRO-METALLURGIQUE FRANCAISE,” OF

FROGES (ISERE).

November 11th, 1902—Fo. 781860.
Improvements to electric furnaces, for the purpose of producing mild metals, and
other products, which must be protected from the action of the carbon of the electrodes.

March 17th 1903—No. 79716.
Tilting electric furnace, Héroult process.

November 3rd, 1903—No. 83762.
Process and apparatus Lo utilize the waste heal resultiug from metallurgical opera-
tions in general, and more particularly from the manufacture of pig iron.

December 29th, 1903—No. 84615.
Electric furnace with movable electrodes. L

September 14th, 1901-—(Pending).
Process and apparatus for the electrical manufacture of iron and steel.

APPLICATION FOR A PATENT NOW IN PREPARATION.,
Process and apparatus for the electrical manufacture of pig iron, principally with the
object of subsequent manufaclure into steel.
This application corresponds to French Patent of the 25th of March, 1904.

LIST OF PATENTS OF THE “SOCIETE ELECTRO-METALLURGIQUE"” OF
FROGES, (granted to March 15th, 1904),

Case A.—Improvements o electric furnaces, for the purpose of producing mild metals

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

CoUNTRIES. lDATES oF THE Patexts.| Nos. REMARKS.
France ...... te “ZTlh March, 1900......( 298656 |In good standing.
Germany ....... 4th July, 1900..... ..| 139804 v -
Belgium ... ... 13th September, 1900..| 152052 " 4
El . #2.geiad 29th July, 1901........ 157894 (Patent of addition to preceding patent
Austria......... Ist January, 1902...... 7335 |In good standing.
Spain..... ..... 12th January,1901 ....| 26586 ¢ 43
9" o maeaeRage 30th December, 1901...| 28292 |Patent of addition to preceding patent
England........ 13th September, 1900.. 16293 |In good standing.
Hungary ....... L6th September, 1900. . 21007 N =
(5 Fadisci 25th July, 1901 .. ......|] 24576 [Patent of addition.
Switzecland. . ... 20th October, 1900 . ... 22047 In good standing.
Norway ........ 21st September, 1900 .. 16074 o 58
ST 9925w 31t July, 1901 .. ...... 10888 |Patent of addition to preceding patent
Italy .... ...... 15th September, 1900. .| 38-57004 {In good standing.
S S D P semie 2nd August, 1901...... 41-60695 |Patent of addition to preceding patent
U. S. of Americai3rd March, 1903..... 721703 |{In good standing.
Luxemburg . ...|5th April, 1902 ... ... 4747 e ‘o
Canada.... ....|l1th November, 1902 .. 78160 8 b
Sweden ... .... 15th September, 1900 .. 16872 s L




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

of

Erance .........
England........
Switzerland.....
R e

12th November, 1900 ..
16th July, 1901 .,. ....
13th August, 1901 .....
15th October, 1902 ....

305373
14486
24464

In good standing.
“ (13

(11 ‘e
(13 13

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

France.........
England........
Hungary ......
Belgium ........
Rty 8 L
Ppain ...
Switzerland. ....
Luxemburg .....
Norway .......
Ghili ........ ons

13th November, 1900 ..
17th July, 1901 ........
29th July, 1901 .... ...
27th July, 1901 ... .. g

1st August, 1801 ......
15th November, 1901 ..
14th August, 1901 .....
14th April, 1902 ..... p

9th August, 1901 .....
10th December, 1902 ..
3rd November, 1903 ...

In good standing.
3 [

‘8 13
" 1“
L3 ¢
e [
6 (3
133 1

Case D.—Tilting electric furnace, Héroult process.

England........
Austria .........
Hungary .......
Switzerland .....
Belgium .,......
Norway ........
taly o -vvie vais
Spain ..........
U. S. of America.

.|1st February, 1901.....

18th July, 1901 ........
15th December, 1902 ..
28th July, 1901 ........
20th July, 1901 ........
26th July, 1901 ........
20th July, 1901 ........
3lst July, 1901 ........
15th November, 1901 ..
26th August, 1902 . ....
17th March, 1903......
28th November, 1902 ..
28th July, 1901 .......

307739
14643
11495
24242
24347

157867
11061

41-60656
28282

707776

79716

148706

In good standing.
" &

Case E.—Electric furnace with movable electrodes

Germany ...
Sweden ........

U. S, of America|7th July, 1903

Canada

28th September, 1901..
26th February, 1902 ...

.|12th February, 1902 .

15th February, 1902 ...
2nd March, 1902, .....
23rd February, 1902 ...
23rd June, 1902........
28th February, 1902 ...
24th February, 1902 ...
22nd February, 1902. ..
25th February, 1902 ...

......... 29th December, 1903 ..

158907
161378
318638
3912
25074
42-62791

29282
11311
25426
142830
17072
733040
84615

In good standing.

Palent of addition to preceding patent

In good standing.
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Case F.—Process to deoxidize and carburize steel.

Belgium ........ 25th March, 1902 ..... 162286 |In good standing.
France . ..-.{26th April, 1902 . Y 320682 A i
Luxembuig . ...[18th March, 1903 .... 5987 . 'l
Hungary ....... 21lst March, 1903 ..... 28587 o N
TralyReme SR 20th March, 1903 ...... 170-149 ok ‘
Spain .......... 26th June, 1903... .... 31428 S i
Norwav .... ... 23rd March, 1903 R 12585 i% o
England ....... 25th March, 1902...... 6950 |Date of priority.
Sweden ........ 24th March, 1903 ..... 17200 |In good standing.

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

France ......... 7th January,1903 ..... 328350 |In good standing.
S Lt e 10th July, 1903 ........ oo Patent of addition to preceding patent
Hungary.. .... 28th March, 1903......] 28588 |In good standing.
England... .... 26th March, 1903 . ... 7027 se 2
Luxemburg ..... 13th November, 19u3 .. 5331 7 &
Italy stes b s sonnm 22nd November, 1903. .| 181-120 % X

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

30th October, 1903 ....| 336376 |In good standing.

Case I.—Process to deoxidize and desulphurize steel.

2nd November, 1903...] 336705 (In good standing.

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

France ......... 25th March, 1904......

Note.—The following letter from Dr. Héroult, relating to improvement of his furnace
whereby its capacity is nearly doubled, was received since the above was in type.

. OT1TAWA, 9th September, 1904.
DEAR SIR,—

I have the pleasure of informing you that since your last visit to La Praz the steel
furnace you saw there has been materially improved by the addition of water jackets
round the electrodes.

The effect is this: —

The output of the crucible has passed from 4 tons to 7 tons in 24 hours.

The absence of air is so complete that we obtain a certain percentage of carbide

of calcium in the slag.

The loss of raw material has also greatly diminished.

Yours very truly,
(Signed) P, HEROULT '
Dr. EuGENE HAANEL,
Superintendent of Mines
OTTAWA
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Diagram showing the operation of the regulator
of the electrodes of the Héroults furnace
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C Casing of furnace P Reversing motor

D' Engaging rod Q Carbon contacts

E Electrodes R Resistance

F Farnace S Suction. voltmetric coil

L Connecting rod with ball sockets T Pivot

M Crank
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TURIN.

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

THE STASSANO PROCESS.

The product depends upon the charge, which is calculated before-
hand, and in the form of briquettes subjected to the radiation of heat
from an electric arc situated above the charge to be treated.  Since
nothing but heat comes in contact with the charge, the output and calen-
lations agree. It is, therefore, simply a matter of compounding the
charge, whether the product 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 reduc-
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 furnace.”

The Furnace.
Description:
Plate VIII is a general view of the latest type of rotating furnace, ac-

cording to Capt. Stassano. Figs. 9 and 10 are vertical and horizontal
sections of the same.

The furnace is of the arc type and consists of a cylindrical outer
casing of iron surmounted by a conical roof. The furnace is lined with .
magnesite brick.  The axis 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 letter dated 23rd June last, Capt. Stassano informed me, that
the refractory material having been received for the lining, a new cam-
paign would be begun with the furnace in the first week of July.

The following information relating to a furnace of his pattern, of
1,000 H.P. capacity, was furnished by Capt. Stassano. Cost 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 elee-
trodes, supplying 2 ares with 2,450 amperes for each arc.

The electrodes employed are cylindrical in shape 152 in diam., and
from 1.30 to 1.50 meters in length. 1.50 meters of electrode weigh about
60 kgs. Cost, delivered at Turin, 35 centimes per kg. Consumption,
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 are; one
man for charging two furnaces, if plant is provided with machinery for
handling charge mechanieally, and five men for tapping six furnaces.

The furnaces of the Stassano pattern, which had been in operation
at Darfo, Italy, and description of which, with details of experiments, had
been given by Dr. Hans Goldschmidt, are no longer in existence, having
been destroyed by the private company to which the plant had been sold.

A complete description by Capt. Stassano of his process is given in
the appendix entitled, “Electro-thermic Process for the Reduction of
Iron Ores,” by Ernesto Stassano, Rome 1902.

The following is a list of patents of the Stassano process, furnished
me by the inventor :—

LIST OF PATENTS.

ITALY.
3 DaATE OF DaTe WHEN
INUMBER DEPOSITION GRANTED Ryesris
Vol. 34, No. 47476|March 17, 1898 ...|April 27, 1898 .._.|Letters patent for one year.

‘¢ 36, No. 50877 ¢ 7, 1899 . .|March 28, 1899....|Extension of the above named
for 2 years.

¢ 39, No. 57471{November 2, 1900.[April 26, 1901 ... .. 1° Completion of the above
named letters.

¢« 38, No. 57472 o€ 2,1900.) ¢ 26,1901 ..... 2° Completion o1 the above
named letters.

“ 40, No. 59102 March 29, 1901.... July 18, 1901 ..... Extension of the above named
for 3 years.

¢ 48, No. 71597 * 31, 1904....|May 16, 1904 ..... Extension of the above named
for 1 vear,
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List or PateNts—Haly—Continued.

DATE OF DATE WHEN
Nupeeinz DEPOSITION GRANTED Ermakes
« 39, No. 58380|January 24th, 1901|May 27, 1901...... Letters patent for 2 years.
¢ 45, No. 67205\March 30, 1903....[October 21, 1903..|Extension of the above named
for 1 year
‘¢ 48, No. 71598 ¢ 31, 1904. ..|May 16,1904...... Extension of the said letters
for 1 year. i
‘¢ 41, No. 60967|September 9, 1901|December 31, 1901|Letters patent for 1 year.
“ 43, No. 63202(April 4, 1902...... August 23, 1902 ..|Completion of above named
: letters.
‘44, No. 65178|September 30. 1902/ February 14, 1903 [Extension of the above named
for 1 year.
¢ 47, No. 69378 £} 29, 1903 3, 1904 . |Extension of the above named
for 1 year.
AUSTRIA.
No. 7195 ...... .. W May 17th, 1898....{July 9, 1898....... Letters patent for 15 years.
Lo TR T A January 28, 1901 . .|February 19, 1902.|1° Completion of the above
named letlers.
5. (N : L May 6, 1902. ...... 2° Completion of the above
named letters.
L March 8,1902.....[.......... § St e Letters patent still under dis-
cussion. -
HUNGARY
No. 21862 ........ February 8, 1901 .. |July 12, 1901...... Letters patent for 15 years.
“ 25864 ....... March 18, 1902....|October 2, 1902 .. .|Letters patent for 15 years.
FRANCE
No. 307704 ..... January 31, 1901 ..(May 6, 1901....... Letters patent for 15 years
“ 319404 ....... March 8, 1902..... July 21, 1902 ..... Letters patent for 15 years.
SPAIN.
No. 22734 ........ June 3, 1898 .. .... July 20, 1898..... Letters patent for 20 years.
275 - LR January 22. 1901 ..]April 6, 1901 ... ... Completion of the above named
letters.
& 27206 saziziias LU " 00 1 ) O L L Completion of the above named
letters.
20534 ....,... March 26, 1902....(May 19, 1902...... Letters patent for 2) years,
LUXEMBOURG.
No. 3444 ......... December 23, 1898/December 23, 1898(Letters patent for 15 years
N A2 oevtenmi March 7, 1902..... March 7, 1902..... Letters patent for 15 years
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NORWAY.
DATE oF DATE WHEN
ATPMEER DEPOSITION GRANTED i
No. 8675 .......May 16,1898 ..... September 10, 1900|Letters patent for 15 years
LS BOR 4oty January 19, 1901 ..|June 16, 1902 ..... & o 50
SO IEO00 . cu o e ¢ ¢« . |August 4, 1902.... b & cxl e
PAIL7EN . L March 18, 1902....[April 6, 1903 ..... £ o A )
S J2348/ . Ll October 11, 1902 . .|November 9, 1903.| ¢ 48 S
BELGIUM.
No. 139427 .......|December 6, 1898.|December 15, 1898|Letters patent for 20 years.
¢ 161934 ....... March 8, 1902....{March 29, 1902....] ** $ L
ENGLAND.
|
No. 11604 ........|May 23,1898 . ... ....... Bagnbasaaod Letters patent for 14 years.
9. URP8RsE, - L5 April 9, 1902 ..... October 15, 1902 ..| ¢ & Lk
SWITZERLAND.
No. 26029 ........|March 8, 1902.,...|May 31, 1903...... Letters patent for 15 years
17523 ........ July 11, 1898......| ¢ 15, 1899...... ! & LY
SWEDEN.
No; =—=pmsass s May 16, 1898...... et T BT YT S Letters patent still under dis-
cussion.
e e e s & January 24, 1901 ..l ..ieveen ooan .. .|Completion of the above named
still under discussion.
L i (S, f 26, 1901 ..| .. vvessee0s. |Completion of the above named
still under discussion.
¢ 16914 ..., ... March 8, 1902..... December 30, 1903(Letters patent for 15 years.
GERMANY.
No. 141512 ., .|May 24, 1898..... |May 28, 1903......|Letters patent for 15 years.
§ — January 9, 1901 ...|..... 5 AL LR ++«s ..iCompletion of the above named
still under discussion,
Ho—_— .. 00 14,1901 (L eeeeiiienaaanen Completion of the above named
still under discussion.
144156 ..., March 10, 1902....|September 18, 1903|Letters patent for 15 years.
UNITED STATES OF AMERICA.
No. === aues-s June 1, 1898 . ... .. . ... ..iiivennnnn Letters patent still under dis-
cussion.
A = 7. APRLGTOME, o ol crrmesioas e e ol Letters patent still under dis-
cussion.

In Russia, United States of America, and Canada, patents have been

applied for.



General View of Rotating Electric Furnace of Stassano.
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PLATE IX.

General View of Switchboard and Valve Stand for the Stassano Furnace.
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LIVET, ISERE.—KELLER PROCESS.

By far the most important experiments witnessed by the Comm1s-
sion were those made by Keller, Leleux and Company, at their works in
Livet. Some 90 tons of iron gre were used for the various experimenis
made to demonstrate the commercial feasibility of making pig iron and
steel direct from the ore by the electric process.

The furnaces employed for these experiments were the furnaces used
in their regular work of making, by the electric process, the various ferros
such as ferrosilicon, ferro-chrome, &c. The company, at the time of our
visit, was engaged in ﬁlling a rush order for ferrosilicon, but generously
mterrupted their pressing regular work to undertake the making of the
experiments for the Commission.

Furnace.

Degeription :—

The furnace is of the resistance type, and consists, see
Plate X, of two iron casings A and B of square crosssection,
forming two shafts communicating with each other at their lower ends
by means of a lateral canal. The casings are lined with refractory
material. 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 its centre to form a reservoir for the accumulating melted
metal, from which it could be tapped after the slag had been withdrawn
from tap-holes, one for each shaft, sitnated at the lower end of the shaft,
at a higher level than the tap-hole of the reservoir.

The base of each shaft is provided with a carbon block. These
blocks are in electric communication on the exterior of the furnace by
means of copper bars. The carbon electrodes to which the electric cur-
rent is distributed pass two-thirds of their length into the shaft.

Lining.

Mr. Keller furnishes 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 situated
in the central part of the section of the furnace, the walls may 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 renewed continuously, and the ex-
terior radiation from the walls of the furnace, make it plain that the 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 insufficiently dry linings have
tumbled into the furnace before it was completely filled by the charge.
In 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 15 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 separated from the metallic casing
by a double casing of bricks and of sand, with a view of diminishing the
radiation of the furnace.

The channel uniting the two shafts is formed and lined in the same
manner.”’

Method of Charging.

In starting the furnace the charge is introduced between the carbon
blocks of the base and the ends of the electrodes, which latter are then
in their lowest position. The current passes from one electrode through
the material to be reduced to the ecarbon block, from thence outside of
the furnace by means of the copper conductor 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 flowing 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, until finally the elec-
trodes occupy their normal positions, and the shafts below the electrodes,
and between the electrodes and the sides of the shafts, are completely
occupied by the charge. Under these conditions but a small current
flows through the external conductor, the main current passing within
the furnace from electrode to electrode. This ingenious arrangement of
providing a shunt for the current enables the furnaces to be worked
continuously, without at any time varying excessively the load on the
alternator.

Electrodes.

The electrodes are formed by an assemblage of four electrodes of
square cross-section, 280 millimeter on the side, into a single mass of
square cross-section, 850 millimeter on the side, and 1.4 meters long.

The dimensions, measured after 48 hours of working, showed that
the decrease of the electrodes in length was very slight.  This can be
understood when it is considered that the electrodes are but little affected
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by the passage of a current of relatively 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 18 days later. On the
date of our departure these electrodes were still 1 meter long, their origi-
nal length 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 is estimated by Mr. Keller,
from the experiments made for the Commission, to be 3.85 franes.

Experiments.
Three sets of experiments were made for the Commission :—

1st.—Electric reduction of iron ore and obtaining different classes
of pig: grey, white and mottled.

2nd.—Electric reduction of iron ore containing a definite amount of
carbon in the charge, with a view of ascertaining the
amount of electric energy absorbed in the production of
one ton of pig iron.

3rd.—The manufacture of ordinary steel of good, quality from the
pig manufactured in the preceding experiments.

The different classes of pig iron, grey, white and mottled, were ob—
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
erucible, and after a time the furnace began to work irregularly.
It was, therefore, decided by Mr. Keller to employ another furnace for
the second set of experiments, i.e., for the ascertainment of the absorp-
tion of electric energy per ton of pig produced. This furnacé differed
from the former only in the absence of the central crucible in the lateral
connecting canal, and tapping had to be done by means of the tap-holes
situated near the base of each shaft. Metal and slag were run together
into the molds, and the pig, when cold, was freed from the slag by a few
blows of a hammer.

Throughout the experiments the furnaces worked quietly, and with-
out the slightest accident; the gases discharging on top in flickering
flames, showing that the gas resulting from the reduction of the ore as-
caped at low pressure. The workmen were ordinary Italian laborers,
without any special training.
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The jaws of the crusher to break the ore were set at 2 inches, and
the components of the charge were only roughly mixed. For the metal-
lurgical details of the experiment, see Mr. Harbord’s report, pages 90-108.

Plate XI is a view of the pig iron produced for the Commission at
Livet. In the foreground are seen a number of castings, such as columns,
pulleys, gear wheels, plates, &e., made from the metal drawn direetly
from the furnace. The castings showed sharp edges, comparatively
smooth surface, and were sound throughout.

At the close of the experiments for determining the eleetric energy
absorbed per ton of pig, Mr. Keller, at my request, made trials of sub-
stituting charcoal for coke as the reducing material in the charge, and
although the experiment, in the form it was tried, proved a failure, Mr.
Harbord (see his report, page 104) agrees with Mr. Keller, that char-
coal could be used provided it were first briquetted with the ore and the
briquettes broken up to the size of one inch cubes. Peat bogs abound in
Ontario and Quebec, and peat coke, which is much more solid than soft
wood charcoal, could doubtless be substituted with good success for the
mineral coke which had been used in the experiments described.

Electrical Measurements.

In order to ascertain with accuracy the electric energy absorbed, the
Thompson Recordmg Wattmeter rented from the Paris Company abgve
mentioned was put in eircuit. For this purpose it was necessary to cut
the heavy copper bars of the circuit and make connecting pieces for the
wattmeter. ~ Although this delayed the beginning of the experiments
somewhat, and endangered the satisfactory working of the furnace, which
had already been put in operation, by the probable setting of the molten
metal in the central crucible, as indeed was afterwards found to have
occurred, Messrs. Keller and Leleux consented to intercalate our watt-
meter. It was soon found that there was a serious discrepancy between
the watts delivered as calculated from the company’s instruments and as
read on our own wattmeter. In fact our wattmeter was claimed to re-
cord an input of watts greater than the machine could deliver. It was
afterwards found that the wattmeter had been 33% fast when it was
recalibrated by the firm from whom it was obtained, under the same con-
ditions under which it had been placed at Livet. When the second fur-
nace was employed it was found to be impossible to introduce the record-
ing wattmeter in the circuit. To obtain reliable data of the absorption
of energy, the Director of the Electro-technical Institute of the Univer-
sity of Grenoble was asked to calibrate the voltmeter and ammeter with
which the readings were taken, and to determine cos. ¢ for the alter-
nators Nos. 4 and 2, which had been employed to furnish current for the
furnaces. The following is a copy of the certified results, and Plate XII
is a view of the apparatus emploved for this determination.
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UNIVERSITE DE GRENOBLE, FACULTE DES SCIENCES,
INsTITUT ELECTRO-TECHNIQUE,
GRENOBLE, March 28, 1904.
Tests made on Thursday, March 24th.

Trials Comducted on Machine IV.

Readings of V and I were observed on meters of machine No. IV in the engine room.

Figures in the table given below are direct readings, to be corrected according to the
standardizing of the meters.

Direct DirecT Direct e o
READINGS. READINGS. Cos. ¢ READINGS. Tx;ST
V (MEAN). I (MEAN). W (MEAN).

70.3 9890 0.743 516,583 I
70.1 9900 0.731 507,306 11

Tests made on Sunday, March 27th.
Trials Conducted on Machine No. II.

Readings of V and I were made on meters of machine No. II in the engine room.
Figures in table given below are direct readings. Watts were obtained by :—
V (voltmeter reading) x I (standard ammeter) x cos. ¢

VOLTMETER | AMMETER g
READINGS. | READINGS. zSATA:é)ARx? W (MEANS), W= No. OF
MEeTER No. | METER No. I BLPER Cos. ¢ V. I sTanD’D. (COS. ) TesT
130283 103137 (uB.aRE) .
87.5 6313 8400 0.616 349272 I
67.6 6246 8293 0.53) 302121 11
67.3 6184 8260 0.545 302964 II
64.5 4562 6185 0.375 149599 v
64.6 7775 10125 0.656 428408 v

Standardizing of Thermal Voltmeter, 130285.
March 28th, 1904.
Voltmeter. Volts. Voitmeter. Volts. Voltmeter. Volts. Voltmeter. Volts.

48 46.15 52 50.10 56 54.21 60 58.07
50 48.16 54 52.28 58 56.15 62 60.14

NoTe.—Temperature of surrcunding air during standardizing =13° cent.

Readings were made on red scale of meter. Index of apparatus was adjusted to
zero before standardizing.

Chief Engineer in charge of Tests.
Assistant Director of the Institute.
(Sgd.) BARBILLION.

Mr. Brown (see his report, pp. 44 and 45) remarks that the low figure
for the power factors of furnaces Nos. 11 and 12 and Nos. 1 and 2 “is
mainly due to the iron casing, which forms a magnetic circuit around each
shaft of the furnace, and is highly magnetized by the large current, giving
to the cireunit a very high reactance. In case of the erection of a new plant,



20

this iron casing would be omitted between the two shafts or entirely.
Either change should result in a very great improvement of the power
factor, and & corresponding diminution of the kilo-volt-ampere input re-
quired, and give very much better conditions of operatién for the alter-
nator.”

This suggestion has been carried out by Mr. Keller in the latest type
of his furnace (see figs. 18 and 14). In these furnaces the casings are
omitted, and the brick work held together by bands.

The energy absorbed per ton of pig produced is reported by Mr.
Brown to be 0.475 E.H.P. years for the run, with furnace of 1,000 H.FP.
capacity, with an average current of 11,000 amperes at 60 volts, and 0.226
E.H.P. years for the run with furnace of 308 H.P. capacity, with an
average current of 7,000 amperes at 55 volts.

For further electrical details, see Mr. Brown’s report, pages 36-45,
55-58.

Cost of Production of Pig by the Keller Process.

Mr. Keller’s estimate of cost per ton of product, based on the energy
consumed in the second experiment, and found to be 0.226 E.H.P. years,
is as follows:—

1. Ore (Hematite, 55% iron), 1.842 tons, at $1.50 per ton...... $2.76
2. Coke, 0.34 tons, at $7.00 per ton..........coveeiuenennn. 2.38
3. Consumption of electrodes $45.00 per ton, 34 lbs. per ton
5 Y T 0.77
4. Lime, 300 lbs., at $2.00 perton.........coocivennnannnnn. 0.30
5. Labor, at $1.50 per day........ovevrnnernicanrnencnnens 0.94
8. Electric energy, 0.226 H.P. years, at $10 per H.P. year...... 2.26
7. Miscellaneous materials ..........covveinineiiiiaeneenns 0.40
8. Repairs and maintenance ..........civeiiuiiiiineanannn 0.20
9. General eXPemBSeS .........coeecevranncnaranaenasenant 0.20
10. Amortization (machinery and buildings)................... 0.50
Total, exclusive of Royalty.................... $10.71

Mr. Harbord has furnished reasons (see his report, page 109) for
assuming the mean of the determinations of the two sets of experiments
made, i.e., 0.350 E.H.P. years, to be a safer figure on which to base the
calculation of cost per ton of pig produced. ~ With this change in the
amount of E.H.P., and 100 Ibs. additional of lime, the cost per ton of pig
is $12.05. For full discussion of costs, see Mr. Harbord’s report, pages
108-113.

Production of Steel.

In order to satisfy the Commission and to effect a rapid demonstra-
tion of the electrical manufacture of steel, the following experiment was
made :—
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Soft scrap was melted in the furnace, and the carburizing was effect-
ed by means of the pig electrically 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 refining
was not carried to its completion, and consequently neither was the de-
phosphorization.

FURNACE WITH A PLURALITY OF HEARTHS.

Mr. Keller furnished the following information regarding his fur-
nace with a plurality of hearths, 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 the Furnace.
“ The interior of the furnace comprises several very distinct parts:

1st.—At the lower part, the crucible of the furnace in communica-
tion with the central crucible connecting the hearths.

2nd.—The boshes of the furnace in the form of a truncated.cone ex-
panding towards the top—which constitutes the zone of
liquefaction of the slag, and of decantation of the metal
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 upper
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 filling this part, already heated, more by caloric
conduction than by radiation, from the intense heat situated at the centre
of the furnace, comes 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 gases, traversing an adequate thickness of charge, may
pass out from the mouth of the shaft, cooled and without pressure.

In a final type of furnace Mr. Keller will provide the upper part of
the furnace with gas collectors, for the purpose of utilizing the escaping
gases for the preliminary drying of the charge, by making these gases
pass in a state of combustion through the chargers which carry the charge

to the charging hopper.
Electrodes.

For the type of furnace proposed for the installation of a plant of
100 tons capacity, the electrodes will be increased to 1.0 meter on the side
and an auxiliary electrode will be provided for the central crucible, to
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be employed to heat the contents of it, in case for any cause there shounld
prove to be danger of the metal setting. See figs. 11, 12, 13 and 14.

To ensure the continuity of the work, the renewing of the electrodes
in the Keller furnace is effected in a few minutes by means of a very
simple system of two carriages running on perpendicular rails, and each
capable of being placed 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 of
elevation, is hoisted on the charging floor of the furnace and brought near
the corresponding shaft; the electrode to be removed is brought out and
taken away by means of its rolling system.

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

The manipulation of the electrodes and the control of the electrie ac-
tion is effected from a single station on a working platform, where the
operator has all the measuring apparatus under his eyes.

The operation is so easy that a single man can readily superintend
the regulating of a whole battery of furnaces.

The Commission has been able to observe that the measuring appar-
atus showed very steady current, and presented only very slight and pro-
gressive variations, not necessitating any special skill on the part of the
person attending to the regulation.

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

The experiments performed at Livet have shown that to produce 100
tons per day will require 9,750 electric horse-power at the electrodes of
the furnace.

To provide for the excitation of the transformation, for the energy
consumed by the various motors built for the accessory operations, and for
various contingencies, there should be provided an installation of 11,000
E. H. P., which would correspond to an effective hydraulic power of
approximately 12,000 H.P., or for the height of the fall of 15™ indicated
a delivery 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 to the force of 9,750 H.P. indicated above, each fur-
nace will absorb:—

97550 = 1950 H.P.

say, 1,440 kilowatts. At the pressure of 70 volts per group of two
hearths, the intensity corresponding to this power calculated for Coe.¢=0.75
should be:

Ll = 28,000
B 0T5 o Aperes

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 project 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, 8,000 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 industry which requires
before all else an even continuity of opemtlon

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

At the pressure of 8,000 volts, the primary current of the above
groups would have an intensity of about 500 amperes, which would re-
quire a line of small section, comparatively inexpensive, permitting the
employment of rapidly movable connections to be placed in circuit with
any machine whatsoever, on any furnace whatsoever, by means of cor-
responding transformers.

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

Each group would supply two transformers in parallel, 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 should, therefore, be about 2,250
hydraulic effective horse-power.

Turbines of 2,250 horse-power and alternators corresponding to this
power and caleulated for cos. ¢ = 0.75 should be provided. The in-
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stallation ought to include two groups of spare generators complete, with
their transformers.

Note.—It would be useful to make a new determination of cos. @

corresponding to the construction of the furnace, with all the appropriate
accessories.

Five furnaces would suffice to insure the intended production. These
Turnaces would be of four hearths, the hearths being in parallel of twos,
the groups of two in series being connected across a central erucible.

Two furnaces, with complete spare generators, should be provided.

The seven furnaces would be arranged in a line as near as possible to
the wall separating them from the machine room ; the transformers should
be placed very near the other side of the wall, in such a manner that the
secondary lines may be as short as possible. The metal would be run into
a movable reservoir installed on rails, and run in front of the furnaces
by means of an electric trolley system.

The single tappings of the furnaces, of which we have just 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 effected at a station
placed behind the wall facing the front of the furnaces, 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 days, it is found that 20
electrodes are needed in 20 days, say 1 electrode per day.

For this it is intended to have three furnaces to bake the electrodes,
and the corresponding accessory apparatus (see fig. 17).

Raw Material.

The handling of the raw material necessitates a very careful study
in order to diminish the manual labour as far as possible.

It is necessary to consider that the plant projected will require the
handling of about 250 tons of material per day.

We think that the general scheme ought to be carried out on the
following lines.
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The raw material should be brought to the plant in wagons circulat-
ing on a platform, permitting of their being dumped into bins.

At the lower part of these bins, inclined channels would feed ‘he
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 floor of distribution 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 facility 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.

France.
Registered Subject
to Agreements of
. Industrial Con-
DESIGNATION OF No. oF DATE OF Registra- vention. )
PATENT. PATENT. REGISTRATION. | tion No. —

DATE ON WHICH
PATENT COMES
IN FORCE.

Furnace with two hearths 300,500 |21 May, 1900
Furnace with two elec-
i gs7s [ SR 300,630 |23 May, 1900......| ........ 11 October, 1899
High furnace and process
for the manufacture of

alloys ... aaissassrn 312,470 |6 July, 1901. .....
Process for manufacture

of alloys.............. 312,471 |6 July, 1901.......
Furnace without elec-

trodes: oo, i e e s 314,858 9 November, 1901,
Process of fusion and re-

finery ...... ..oevo.... 322,700 |2 July, 1902.......
Improvementstoprocessof

fusion and refinery .... 329,013 |2 February, 1903..
Triple alloy of iron, silicon

and manganese ...... 334,604 |8 August, 1903....
Improvements to electric

furnaces... .......... 336,403 |2 November, 1903.
Furnaces with mujtiple b

chambers (hearths)....[..... ...... 13 February, 1904. 6361
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Germany. :
Registered Subject
to Agreements of
DESIGNATION OF No. oF DATE OF Registra.| Industrial Con-
PATENT. PATENT REGISTRATION | tion No. YERROL.
DaTE oN WHICH
PATENT COMES
IN FoORcCE.
Furnace with two elec-
EEOAEN™ < 5« s s 5w wisime b 129,282 |16 December, 1899,
Furnace with two hedrths 122,271 |28 June, 1900......
Electric high furnaca .... 147,582 |30 July, 1901......
Furnace without elec-
trodes ........cc00..n 140,838 |31 January, 1902 ..
Improvements Lo process X
ofr usion and refinery .. [............ 6 February, 1908 .. 24680
Improvements to electric
FOArNATES: o & =+ + & it oo |le & o ohererstise s & 2 November, 1903 .
Furnaces with multxple
chambers (hearths) ....|.... ....... 20 February, 1904 .
England.
Furnace with two hearths 22,584 (11 December, 1900|......... 21 May, 1900
High furnace and process
for the manufacture of
AOYS: et s 54 & o erragniiye 24,234 |28 November, 1901|... ..... 6 July, 1901
Process of fusion and re-
finery ........ «.i.... 15,271 |8 July,1902. ... .
Process for mam.faclure
of alloys ...._....... 24,235 |28 November, 1901|.........(6 July, 1901
Furnaces with multiple
chambers (hearths) ... [............ 15 February, 1904 . 3790
Canada.
Furnace with two hearths ‘74,882 25 February, 1902. I
Improvement of the pro-
cess of fusion and refin-
IR il 95 Y 052 2 5 6 pEErs (Ve 3 g 34 S 12 June, 1903......
Furnaces with multiple
chambers (hearths). ... |............ 27 February, 1904 l 110,429 |
United States of America.
Furnace with two hearths| 688,861 |3 December, 1900..|...... .. 21 May, 1800
Electric High furnace. ... 754,656 (17 January, 1902...|......... 6 July, 1801
Process of fusion and
FERNETY . o« o o oronsasiusars sl|is o o ' hafssocsions 12 August, 1902 ...| 119,385
Furnaces with multiple g |
chambers (hearths)....|............ 26 Febiuary, 1904 .| 195,324 E
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Belgium.
Registered Subject
to Agreements of
Industrial Con-
DESIGNATION OF No. oF DATE OF vention.
PATENT. PATENT. RI?GISTRATION. Dt cat s
PATENT COMES
IN FORCE.
Furnace with two elec-
Xeodes. 0L . Lo TSI 146,663 |11 December, 1899
Furnace with uvo hearths 168,219 |19 November, 1300 21 May, 1900
Electric High furnace.. 160,605 |30 December, 1901|. 6 July, 1901
Process for manufacture
of alloys.............. 160,825 |10 January, 1902... 6 July, 1901
Furnaces with multiple
chambers (hearths)....|............ 15 February, 1904.
Spain.
Furnace with two elec-
trodes. ... cvcoeeerens 26,081 |29 May, 1900...... 11 December, 1899
Furnace with two hearths 26,869 (20 November, 1900 21 May, 1900
Electric High furnace.. 29,077 |4 January, 1902.... 6 July, 1901
Process for manufacture
of alloys.............. 29,122 113 January, 1902 .. 6 July, 1901
Process of fusion and re-
finery (electric)........ 30,934 |31 December, 1902 2 July, 1902
Furnaces with multiple
chambers (hearths)....|............ 19 February, 1904.
Ttaly.
Furnace with two elec-
LEOET, o . o s s veravanone 54,312 (22 January, 1900...
Furnace with two hearths 57,631 |19 November, 1900 21 May, 1900
Electric High furnace.... 62,229 |9 January, 1902.... 6 July, 1901
Process for manufacture
of aloys. ..ociiiaisess 62,307 (13 January, 1902 .. 6 July, 1901
Process of fusion and re- ]
finery (electric)........ 66,163 [30 December, 1902 2 July, 1902
Triple alloy of iron, silicon
and manganese and pro-
cess of its manufzcture
in electric furnace.. .... 70,808 |29 January, 1904..}..... 8 August, 1903

Furnaces with multiple
chambers (hearths)....

.120 February, 1904 .
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Austria.
Registered Subject
to Agreements of
Industrial Con-
DESIGNATION OF NoO. OoF DATE OF Registra-| vention.
PATENT. PATENT. REGISTRATION. | tion No. =
DATE ON WHICH
PATENT COMES
IN FORCE.
Furnace with two elec-
ITOAES o . o craeionsilis 1a e 0o 3,175 |15 December, 1899
Furnace with two hearths 7,338 |20 November, 1900
Electric High furnace.... 11,903 |23 October, 1901..
Process for manufacture
of alloys.............. 12,084 |23 October, 1901..
Process of fusion and re-
finery (eleetric)........|. .......... 2 August, 1902.. .
Furnaces with multiple
chambers (hearths)....|............ 18 February, 1904.
Sweden.
Furnace with two hearths 12,935 |26 November, 1900| --- ---- 21 May,'1900
Electric High furnace.... |............ 4 January, 1902.... 12 6 July, 1901
Process of fusion and re-
finery (electric)........| cevee veven 31 December, 1902 2306 |2 July, 1902
Furnaces with multiple
chambers (hearths)....| ........... 26 February, 1904. 321
Hungary.
Furnace with two hearths 21,540 |27 November, 1900j......... 21 May, 1900
Furnaces with multiple
chambers (hearths) .... |............ 23 February, 1904 .| 2308
Chili.
Furnace with two hearths|....... ....-120 March, {901 . .
Electric high furnace..... |.... ewias ol 25 September, 1903
Belgian Congo.
Electric high furnace..... ' 90 ]18 January, 1902 .. l eevevess]6 July, 1901
Brazil.
Electric high turnace..... 3,706 t-‘il October, 1902..
Process of fusion and re-
finery (electric) ..... i 3,705 31 October, 1902..
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Switzerland.
Registered Subject
to Agreements of
Industrial Con-
DESIGNATION OF No. oF DATE OF Registra- vention.
PATENT. PATENT. REGISTRATION. | tion No.
DATE ON WHICH
i PATENT COMES
IN FORCE.
Furnace with two hearths 22,858 (19 November, 1800|......... 21 May, 1900
Electric high furnace.... 25,528 |4 January, 1902...{...... eo-|6 July, 1901
Process of fusion and re-
finery...... A 27,842 |29 December, 1902| ........|2 July, 1902
Furnaces with mualtiple
chambers (hearths).... |............ 15 February, 1904.| 34469
New Zealand. )
Furnace with two elec-
trodes....... st 13,300 |7 January, 1901...
Furnace with two hearths 13,336 |21 May, 1900......
Electric high furnace. ... 14,729 {10 April, 1902.....
Russia.
Furnace with two hearths 7,019 (23 November, 1900(......... 21 May, 1900
Process of fusion and re-
finery (electric)........} .... SRR 1-14 August, 1902..| 18,120

Furnaces with multiple

chambers (hearths).... |...

veeeness|9-22 February, 1904

Norway.

Furnace with two hearths
Electric high furnace....
Process of fusion and re-

finery (electric)........|....ciunen 2 January, 1903...

Furnaces with multiple
chambers (hearths)

................ 20 February, 1904.

10,468 l% November, 1900
11,948 |4 January, 1902...

15,906
17,379

21 May, 1900
6 July, 1901

2 July, 1902







PLATE X.

General View of Keller Furnace.






View of the Pig Iron and Castings produced for the Commission at Livet.
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View of the apparatus employed in determining cos. ¢ of Alternators 4 and 2 at the works of
Keller, Leleux and Co., Livet.
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View of Model to show Method of Replacing Electrodes in Furnace with 4 Héarths.

Keller.
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The Keller Electric High Furnace with a
plurality of Hearths

Fig. 11
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Latest form of the Keller Electric High Furnace
with a plurality of Hearths

Fig.18
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Fig.14
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Furnace with 4 Hearths according to Keller

Preliminary Plan of the Installation of an Electrie
Producing 20 Tons of Pig Iron in 24 hours.
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Fig.16

Preliminary Plan of the Installation of an Electric

Furnace with 4 Hearths according to Keller
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Preliminary Project for the Installation of an Electro-
Thermic Plant with a Capaecity of 100 Tons of
Pig Iron in 24 hours,

Way out for the iron

Keller Fig, 77
(Plan)
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Preliminary Project for the Installation of an Electro-
Thermic Plant with a Capacity of 100 Tons of .
Pig Iron in 24 hours. F!g 78
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GENERAL CONCLUSIONS.

The following are the conclusions arrived at by Mr. Harbord as a re-
sult of his investigation into the metallurgy of the electric production of
steel, and the electric reduction of iron ore.

1. Steel equal in all respects to the best Sheffield crucible steel can be
produced, either by the Kjellin, Héroult or Keller processes, at
a cost considerably less than the cost of producing a high class
crucible steel.

2. At present, structural steel to compete with Siemens or Bessemer
steel cannot be economically produced in the eleetric furnaces,
and such furnaces 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, are similar to those taking place
in the blast furnace. By altering the burden and regulating the
temperature, by varying the electric current, any grade of irom,
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 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 Bes-
semer, or the Basic 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 experimentally demonstrated, but from general con-
siderations there is every reason to believe, that pig iron, low in
silicon and sulphur, can be produced, even in the absence of man-
ganese oxide in the iron mixture, provided a fluid and basic slag
be maintained.

8. Pig iron can be produced on a commercial scale at a price to compete
with the blast furnace only when electric energy is very cheap
and fuel very dear. On the basis taken in this reporf, with elee-




32

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 commerecially
successful.

It is impossible to define the exact conditions under which electrie
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 posgibilities of any project can be given.”

Nothing requires to be added to Mr. Harbord’s conclusions regard-
ing the eleciric production of steel ; in reference 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, 18 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 methods for 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 exists at the present time 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 ofthand, 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 experimental plant employed
to compete with a blast furnace in regions where electric energy can be
had for $10 per E.H.P. year, and where coke is quoted at $7 per ton.

I am credibly informed that the water power at Chats Falls can be
developed at a cost to produce an E.H.P. year at the rate of $4.50. There
are probably many water powers favorably situated as regards good bodies
of ore in the Provinces of Ontario and Quebec which can be developed
as cheaply. When such power is owned by the company intending to
use it for electric smelting, and peat coke or briquetted charcoal, made
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from mill refuse¥®, which would probably not cost more than $4 per ton,
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 applieable also to
the smelting of ores, such as copper, &c., and. that the furnaces are of
simple construction, the temperature available 1,000° C. above that of
the blast furnace, and the regulation of the heat supply under perfeet
control, 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 experienee
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 all economical processes known.

*In the Ljungberg continuous kiln refuse wood is burni into charcoal at 33 per cent.
less cost than in heaps and with 22 per cent. higher yield.
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Eugene Haanel, Esq., Ph. D.,
Superintendent of Mines,
Ottawa.
Sir,—
I beg to submit herewith my report of the electrical measure-
ments and investigations made in connection with the examination by the

Oomml,ssmn of the different electro-thermic processes for the smelting of
iron ‘ores and the making of steel now in operation in Europe.

The results are given in metric units throughout, 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.

The 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 accordingly.

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 PIG IRON.

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

THE HEROULT PROCESS, LA PRAZ, FRANCE.

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

The furnace was operated for the Commission on the 7th and 8th 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 through the suspended electrode and the carbon
bottom through the charge, and its energy is absorbed by the resistance
of the charge, which is thereby heated to the temperature required for
reduction. The operation of the furnace is_continuous, and need be shut
down only for repairs or outside causes.

The furnace is operated with altermating current, which is generat-
ed directly on the alternator at the voltage required. The alternator is
direct connected to a horizontal shaft water wheel, operated at full gate
opening, and will, therefore, carry approximately a constant load. It is
of the revolving field type, having 16 poles, and operating at 600 revolu-
tions per minute, giving a periodicity of 80 cycles per second.

Regulation is effected by adjusting the electrode vertically by hand
to maintain the voltage constant, and under the above conditions this will
give constant current. No violent fluctuations were observed, and satis-
factory regulation was readily obtained.

Arra’ngements were made with “ La Compagnie pour la Fabrication
des Compteurs ” of Paris to supply a snitable recording wattmeter to
measure the input of electric energy, but it arrived at La Praz too late
to be used, and the oily readings that could be obtained were those of the
voltmeter and ammeter in circuit there, on which the following readings
were taken:—

TiME. VoLts. AMPERES.
March 7th, '04. Hartmann & Braun | Hartmann & Braun Kilo-volt amperes
instrument and shunt. calculated.
P. M. No. 116,326. No. 50,486.

E
g

47

2.10 4
2.40 45 5,500 247
3.10 18 5,000 240
3.30 45 5,500 242
4.00 45 5,500 247
4.30 47 5,300 249
5.00 45 5,300 238
5.30 45 5,500 247
6.00 48 5,100 245
Length of run, hours.............................. 18
Mean volts ............oiiiiiii i, 46
Mean amperes ............c..iiiiiiiii ., 5280
Mean kilo-volt-amperes ........................... 243
- Lo d
Total kilo-volt-ampere hours ....................... 4370

No determination of the power factor could be obtained, but a value
of 0.75 would appear to be reasonable, and is assumed for purpose of cal-
culation. This gives the following results:—




L e G U o A A A 182
Total kilowatt hours ..................- e I VTR 3280
BEERROIRE DOWOT .\, . . 7. s - p il oisidenn @abininien ains 248
Total horge-power hours ..........coviiiiiiinnnn.. 4460
Total horse-power years ............coveeennanraens 0.51
Output of pig iron (from Mr. Harbord) kgs............ 969
Horse-power years per ton of pig.......covvuivvennnn. 0.525
Cost of electric energy per ton of pig, at $10 per horse-
THEE s F IR PSR R MG ) e $5.25

THE KELLER PROCESS, LIVET, FRANCE.

The second plant investigated in which pig iron was manufactured
was that of Keller, Leleux & Company, at Livet, France.

Furnaces Nos. 11 and 12 were operated for the Commission on

the 19th, 20th and 21st, and Nos. 1 and 2 on the 23rd, 24th and 25th of
March.

First Run, Furnaces Nos. 11 and 12.

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

The electric current passes through the charge between the suspend-
ed electrode and the carbon bottom. The energy of the current is ab-
sorbed by the resistance of the charge, which is thereby heated to the
temperature required for reduction. The use of the resistance of the
charge as a means of heating it makes it possible to control the tempera-
ture of the reduction within narrow limits by controlling the current,
and thus work at the point which experience shows to be most favorable
for obtaining the most economical results.

The external copper connection is provided to maintain the circuit
when the molten iron is drawn off or the interior circuit interrupted, thus
making the flow of the current independent of the casting operations.
The operation of the furnace is, therefore, continuous and is not inter-
rupted in any way by charging or casting, and it may be operated for an
indefinite period without shutting down, giving very favorable conditions
of load for the electric and hydraulic plant.

The furnaces are operated with alternating current generated direct-
ly on the alternator at the voltage required. The alternator is a revolv-
ing field machine, has 16 poles, and rotates at approximately 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 governor.

The regulation of the electric input is effected chiefly by the vertieal
adjustment of the electrodes by hand, but this is supplemented 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 Thomson recording watt-
meter, obtained from “ La Compagnie pour la Fabrication des Comp-
teurs ” of Paris, and after the run was completed it 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-
ments, but as 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 was
measured with 11,000 amperes on the circuit and found to be 5.5 volts.

The power factor was determined March 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 ve-
sults obtained :—

MEAN VoLTs. | MEAN AMPERES. | POWER FACTOR, MEAN WATTS. | DETERMINATION.
Hartmann & Hartmann & Volts X amps. —_—
Braun, Braun,
No. 102,801. | No. 103,135. cos. @ R 1 No.
70.3 9890 0.743 516,583 I
70.1 9900 0.731 507,306 I
70.2 9895 0.737 511,945 Mean.

*This constant is the number by which the dial reading of the wattmeter must be
multiplied 1o give the electric energy in watt hours. To obtain the result in kilowatt hours
this constant must be divided by 1,000 and becomes 4.390.

o
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Readings taken on Furnaces Nos. 11 and 12.

TIME. WATTMETER. VoLrs. AMPERES. SPEED OF
—_— —_— — ALTERNATOR,
Mar. 19th, 1904. Thomson. Hartmann & Hartmann & —_—
Braun. Braurn. Revolutions per
P.M. K=4.390 No. 102,801 No. 108,135. minute.
4.00 97595
4.30 97558 63. 11800
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
12.60 96535 64. 10800
20th, 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 65. 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 66. 10600
3.30 94379 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 taken on Furnaces No. 11 and No. 12—Continued.

TIiME, WATTMETER. VoOLTS. AMPERES. SPEED OF
R e —=— ALTERNATOR.
Mar. 20th, 1904. Thomson. Hartmann & Hartmamm & -
Braun. Braun, Revolutions per
P.M. K=4.390 No. 102,801 No. 103,135 niinute,
8.00 93737 65. 11200
8.30 93672 65. 11100
9.00 93612 65. 11000
9.30 93539 63. 11200
10.00 93484 65. 11000
10.30 93406 64, 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. 11000
2.00 92922 64. 11000
2.30 92853 65. 11100
3.00 92783 65. 11200
3.30 92721 64. 11000 380
4.00 92656 65. 11000
4.30 92588 65. 11100
5.00 92517 63.5 11000
5.30 92439 64, 11200
6.00 92366 65. 11100
6.30 92297 65,5 11200
7.00 92226 65.5 11250
7.30 92150 65. 11100
8.00 92072 65. 11100
8.30 91994 65. 11100
9.00 91943 64.5 10800
9.30 91868 64.5 11200
10.00 91806 65. 11200
10.30 91742 65. 10900
11.00 91674 64. 11200
11.30 91618 65. 11100 380
12.00 9 )‘535 66. 11000
P.M.
12.30 91461 66.5 10800
1.00 91398 7. 10800
1.30 91300 66.5 10800
2.00 91234 66. 10800
2.30 91155 66. 11000
3.00 91087 66, 10800
3.30 91017 66. 10700
4,00 90943 66. 10800
4.30 90873 67. 10800
5.00 90800 85.5 10800
5.30 90718 66, 10800
6.00 90652 67. 10700
6.30 90576 67. 10500
7.00 90519 66. 10800
7.30 90438 66. 10900
8.00 90360 67.5 10800
8.30 90284 68. 10600
9.00 90229 67, 10800
9.30
10,00 wirats
10.30
11.00 89908 66, 10800




EDSER ORI HOUDS. . "% . il vu v o a'vs i Sle aluiotain o e e o s 55
Results from Voltmeter and Ammeter Readings.
Mean volts on alternator (not calibrated)............. 64.6
Drop of potential on line ............... .o, 5.5
Mean volts on furnace ..... A0 O R o PO 5 |
Mean amperes (not calibrated)...................... 11038
Mean kilo-volt amperes ...............cciiiiiian, 652
Results from Wattmeter Reading and Power Factor Determination.
Total dial reading of wattmeter.................... 7687
Constant of wattmeter, for kilowatt hours............. 4.390
R I lovmtt hours ... ...c0eq i iibmininnennan 33700
REERn lowalts ... ..oooieitiirerasans G HR. s g 613
Mean power factor from above determination...."..... 0.737
Mean kilo-volt-amperes ..........cociviiiiininnnnn 832
Mean electric horse-power ............ ... .00ty 834 .
Total horse-power hours ............... ... ... .00, 45800
Total horse-power years .........ccoevviieneninnnn. 5.23
Output of pig (obtained from Mr. Harbord) kgs........ 9868
Horse-power years per ton of pig. ....covvvevvnnnennn. 0.53
Cost of electric energy per ton of pig, at $10 per horse-
POWER ! FOE .0 L0 s 3 0 o wh o Fab i S w0 @ 5w ws $5.30

It will be noted that the above results show a discrepancy of 27% in
the kilo-volt-amperes, 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, however, render the correct-
ness of the wattmeter and power factor doubtful since the ammeter is en-
tirely unreliable; one of the same construction and capacity used in the
following run having been found on calibration to read 31% low.

Previous to the above run the current had been taken off from the
furnace for several hours to insert the recording wattmeter in the cir-
cuit, and the molten iron in the crucible had become chilled and could
not again be heated sufficiently to cast. It is not known to what extent
this chilling affected the operation, but the working of the furnace be-
came unsatisfactory to Mr. Keller, who decided to shut it down, and later
continued the experiments on Furnaces Nos. 1 and 2.

Second Run, Furnaces Nos. 1 and 2.

The alternator in this case was operated at about 280 revolutions per
minute, giving a periodicity of 37 cycles per second, but the speed varied
considerably in different parts of the run.

Electrical readings were taken on the switchboard voltmeter and
ammeter, which were afterwards calibrated, and the power factor at the
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electrodes was determined 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 Grenoble University,
on the 27th and 28th of March. The certificate will be found on page 19.
The recording wattmeter could not be inserted in this cireuit, and, there-
fore, the watts could not be read direetly.

The voltmeter was connected directly across the electrodes, elimin-
ating the drop in the line. It was taken from the board and calibrated
in Grenoble. Instead of calibrating it in the condition that it had been
used, the needle was, by mistake, first 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
needle was changed. This does not, of course, make the calibration strict-
ly correct, but more nearly so than by using the readings as taken, and

the possible error is certainly within 2%. .
Readings on
Hartmann & Braun, Correct Volts.

No. 130,285.
47 46.15 ‘
49 48.16
51 50.10
53 52.28
35 54.21
57 56.15
59 58.07
61 60.14

Curve, Fig. 23, is constructed from these readings.

The ammeter was calibrated in position on the switchboard with a
standard shunt and ammeter inserted in the circnit. The following read-
ings were taken. Those indicated by a ° were taken by Professor Bar-
billion, and those indicated by a ;. were added from our own observation.

Readings on Readings on Readings on Readings on
Hartmann & Braun | Standard Shunt and | Hartmann & Braun | Standard Shunt and

No. 103137. Ammeter. No. 103137. Ammeter,

+ 4075 3375 + 6188 8250

+ 4350 30560 ° 6184 8260

+ 4500 61060 ° 6246 8293

° 4562 6185 ° 6313 8400

+ 4800 6400 Al 10125

2000 6700

Curve, Fig. 24, is constructed from these readings. .
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Five determinations of the power factor were made.
three are here given, and their mean used in the calculations. The other
two, having been made under conditions of load varying quite widely
from those 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

ammeter. TFollowing are the results obtained :—

The first

MEeaN VOLTS. MEAN - MEAN POWER.
—_— AMPERES. AMPERES. FacTor
Hartmann & — —_— _ Mean Watts. | Determina-
Braun. Hartmann & | Standard Am- tion.
No. 130283. Braun, meter. No.
No. 103137. : Gl
67.5 6313 8400 0.616 349272 1
67.6 6246 8293 0.530 302121 2
67.3 6184 8260 0.545 302964 3
. Mean
67.5 6248 8318 0.564 318119 Results.

The above determinations were made with the alternator operating

at 270 to 280 revolution per minute,

The following readings were taken during the second run:—

TiME. VoLts. AMPERES. SPEED OF
ALTER-
Mar. 23rd. 1904 NATOR.
Hartmann & | Correct Volts. | Hartmann & Correct .
P. M. Braun, See Curve Braun. Amperes. Rev. per
No. 130285 Fig. 23. No. 103137. See Curve minute.
Fig. 24.
12,00 56 55.1 4900 6600
12.30 58 57.1 5000 6730
1.00 57 56.1 5000 6730
1.30 55 54.1 5100 6860
2.00 58 57.1 4700 6350
2.30 57 56.1 5100 6850
3.00 54 53.1 4400 5980
3.30 57 56.1 4000 5480
4.00 53 52.1 4100 5600
4.30 50 49.1 4500 6100
5.00 54 53.1 4100 5600
5.30 53 52.1 4300 5850
6.00 52 3l.1 4300 5850
6.30 60 59.1 3000 6730 230
7.00 58 57.1 5100 6860 310
7.30 58 37.1 4500 6100
8.00 61 60,1 4500) 6100
8.30 61 60,1 4400 3980
9.00 60 59.1 4500 6100
9.30 60 59.1 ¢ 4500 6100
10.00 60 59.1 4500 6100
10.30 59 58.1 4600 6220
11.00 60 59.1 3500 7350 345
11.30 61 60, ] A600 7480
12.00 by 56.1 GONR) 7980
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VoLrts.

AMPERES. SPEED OF
TiME. ALTER-
S i gl A S -z NATOR.
artmann orrect Volts, artmann & Correct —_
Mar. 24th, 1904 Braun. See Curve, Braun. Amperes. Rev. per
AM. No. 130285 Fig. 23. No. 103137. See Curve, minute.
Fig. 24,

12.30 60 59.1 5500 7350 270
1.00 59 58.1 6300 8360 280
1.30 56 55.1 5500 7350

2,00 59 58.1 5300 7110
2.30 56 55.1 5500 7350
3.00 55 54.1 5500 7350

-3.30 58 57.1 5200 6980
4.00 55 54.1 5600 7480
4.30 55 54.1 5600 7480
5.00 57 56.1 5510 7350
5.30 56 55.1 5500 7350
6.00 55 54.1 55 1) 7350 250
6.30 58 57.1 5000 6730 5
7.00 58 57.1 5300 7110
7.30 55 54.1 5600 7480
8.00 55 54.1 5500 7350
8.30 a6 55.1 3500 7350
9.00 55 54.1 5510 7350 25
9.30 5B 54.1 5610 7480

10.00 54 53.1 5500 7350

1,30 53 54.1 5500 735

11.00 54.5 53.6 5300 7110

11.30 56 55.1 5500 7350

12.00 35 54.1 5610 7480
P.M,

12.30 59 58.1 5200 6980
1.00 56 55.1 55110 7350
1.30 57 56.1 5200 6980
2.00 58 7 5200 6980
2.30 57 56.1 5000 673
3.00 56 55.1 5301 7110
3.30 56 35.1 5400) 7230
4.00 55 54.1 5500 7350
4.30 54.56 53.6 5600 7480
5.00 56 55.1 5500 7350
5.30 54 53.1 3600 7480
6.00 53 52.1 3800 7730
6.30 56.5 55.6 5400 7230
7.00 56 55.1 5300 7110
7.30 55 54.1 550 7350 270
8.00 56 55.1 5400 7231
8.30 54 33.1 5600 7480
9.00 54 53.1 5600 7480
9.30 55.5 54.6 5500 7350

10.00 34 53.1 5600 7480

10,30 it 33.1 5800 7730

11.00 56 55.1 5400 7230)

11.30 57 56.1 38060 7730

12.00 60 59.1 5500 7350

25th, A.M.

12,30 a9 58.1 5600 7480
1.00 56 55.1 6104) 7980
1.30 53 54.1 6100 7980
2,00 37 56. 1, 5900 7850 280
2.30 53.5 4.6 6000 7980
3.00 85.0 4.6 6100 8110
3.30 57 56.1 6000 7980
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TimE VoLTs. AMPERES, SPEED OF
il ALTER-
Mar. 25th, 1904 2 NATOR.
Hartmann & | CorrectVolts, | Hartmann & Correct bl
A M. Brayn. Braun. Amperes. Rev. per
No. 130285, See Curve No. 103137. See Curve minute,
Fig. 23. Fig. 24.
4.00 55 54.1 6210 8240
4.30 56 55.1 5900 7850 }
5.00 58 57.1 5800 7730
5.30 56 55.1 6000 7980
6.00 55 54.1 60110 7980 |
6.30 58 57.1 5900 78501
7.0n 55 o54.1 6300 8360
7.30 55 54.1 641K) 8490
8.00 56 54.1 6200 82440
8.3 54.5 53.6 631H) 8360
9.11) 54 53.1 6200 8240
9.31 57 56.1 5800 730
10.00 54.5 53.6 6000 7980
10.30 54 53.1 5900 7850 280
110 57 56.1 560 + 7480
11.30 55 54.1 5800 7730
12.00 54 53.1 5900) 7850
Length of 200, OIS, « o« o v oo ve v deanntiosss wosis s 48
Mean volts on furnace ..... IR S W o 55.3
BIBEN. GHIPEEBE - ¢ b il osioss s g sos o s ormorsms @ 408 s 7247
Mean kilo-volt-amperes ............cooveieiennnnn. 401
Total kilo-volt-ampere hours ...............ccouen.. 19240
» Mean power factor ....... b e RS 2 SRR SRS e % e 0.564
Mo Kilowabts : . cuosde s iraboe e cnbot sy oonosonssis 226
Total kilowatt hours ...........cvvveivninnn.nn. 10840
Mean horse power ........iceiiiiiiiiiiiii 308
Total horse-power hours .......................... 14750
Total horse-power years ..............cocevvinnn. 1.69
Output of pig iron (from Mr. Harbord) kgs............ 6692
Horse-power years per ton of pig......cooovuueennn.. 0.25
Cost of electric energy per ton of pig, at $10 per horse-
power year ..... AT SRt s Ehisesrene T SEAAREH 4 & v $2.50

It will be observed that the consumption of electric energy per ton
of output is less than one-half as great in the case of Furnaces Nos. 1 and
2 #s in Furnaces Nos. 11 and 12. This great variation is not to be as-
cribed to any material difference in design or counstruction, but rather to

the conditions of operation. . :

The power factor for Furnaces Nos. 11 and 12 is fairly low, and
for Nos. 1 and 2 extremely low. This is doubtless due mainly to the
iron casing which forms a magnetic circuit around each shaft of the fur-
nace and is highly magnetized by the large current giving to the circuit
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a very high reactance. In case of the erection of a new plant, this iron
casing would be omitted between the two shafts, or entirely. Either
change should result in a very great improvement of the power factor,
and a corresponding diminution, of the kilo-volt-ampere input required,
and give very much better conditions of operation for the alternator. A
further improvement of the power factor would be effected by using cur-
rent at 25 cycles. There seems to be no inherent reason why a reason-
ably high power factor cannot be obtained by careful attention to all of
the details of design affecting the electrie circuit.

The principal electrical difficulties are in connection with the very
large currents required at low voltage, and for furnaces of larger output
the current will inerease in almost direct proportion to the power requir-
ed, the voltage increasing very little, if any. Mr. Keller has estimated
that a furnace having a capacity of 20 tons per day of 24 hours would re-
quire 28,000 amperes and 70 volts. It would be extremely important,
therefore, to have the lines carrying this current as short as possible to
avoid excessive line loss and excessive cost of conduetor. Likewise, the
design of the electric machinery to furnish such large currents presents
especial difficulties, and its construction is expensive, whether the current
is generated directly at the voltage required or reduced by step-down
transformers from a convenient generator voltage. In the former case
the generating station should be located immediately alongside of the fur-
naces; in the latter, they may be separated as convenient, the current
being transmitted to transformers located directly at the furnaces, and
stepped down to the voltage required.

In the new design for furnaces of larger capacity (see page 21) the
arrangement with four shafts will facilitate the use of quarter-phase eur-
rent, which, in case transformers are used, could be generated and trans-
mitted three-phase, if found desirable.  The construction can also be
modified for the use of three-phase current directly on the furnace, if
required.

THE MANUFACTURE OF STEEL.

Four plants were investigated in which steel was manufactured. The
electrical data obtained on the production of steel in these plants will b.
given in the order in which they were visited.

THE KJELLIN PROCESS, GYSINGE, SWEDEN.
The first plant was that at Gysinge, visited February 7th to 10th.

This process is based on the principle of induction of the ordinary
transformer. Surrounding a leg of the magnetic circuit of a transformer
is placed the furnace, made of suitable refractory material, in the form
of a circular trough, in which the metal to be melted is placed, and be-

B L A
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comes the secondary conductor forming one short circuited turn, and is
heated by the T2 R loss of the current induced in it.

The transformer core is of laminated iron, firmly clamped with side
plates and bolts. The winding is placed on one leg only, the primary
being next to the core, and the secondary outside. The primary is wound
for 8,000 volts, and is insulated largely with mica. It is provided with
ventilating spaces inside and ountside, and a water jacket protects it from
the direct radiation of the furnace. The arrangement of the parts is
shown in drawing, Figs. 1 and 2.

A portion of the molten steel is allowed to remain in the furnace
after tapping, for the purpose of maintaining the secondary circuit, and
to this the materials of the next charge are added as rapidly as they will
liquify, until the whole charge has been added, thusanaking the operation
continuous. This avoids the difficulty, after the furnace has been start-
ed and heated up, of establishing the circuit through the solid pig iron
and serap.

The electric current for operating the furnace is obtained from a
single-phase revolving field alternator, which is rated at 3,000 volts and
90 amperes, and which has 24 poles, and operates at a nominal speed of
75 revolutions per minute, giving a periodicity of 15 cycles per second.
It is arranged with a vertical shaft, 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 Weston portable alternating cur-
rent voltmeter, having a seale reading up to 150, and connected in series
with multiplying resistance, giving a ratio of 25 : 1.

The current was read on two Hartmann & Braun ammeters, connect-
ed in parallel, and having scales reading 50 and 60 amperes respectively.
These ammeters were calibrated by comparison with a Siemens & Halske
standard ammeter, and the readings corrected accordingly. The cali-
bration curves are given in Figs. 25 and 26.

The power was measured by means of a Weston portable indicating
wattmeter, having a scale reading up to 150. The current coil used was
arranged for 120 amperes, and multiplying resistances were connected in
series with the voltage coil to make it suitable for 3,000 volts.  This
gives a ratio of 2.4 : 1 to obtain the resnlts in kilowatts.

For the third run recorded, the regular switchboard instruments
were used, and the readings corrected from calibrating readings taken
with the two sets of meters connected in circuit together, to agree with
those above described.

These standard instruments were obtained from David Bergman, a
consulting engineer of Stockholm, and are believed to be reliable.
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Charge No. 546, February 8th.

Readings were taken as follows :—

VoL1s AMPERES, AMPERES. Kiro. Warrs. |
Time of Weston Hartmann & | Harimann & Weston Revolutions
Reading. Instrument Braun Inst. Braun Inst. Instrument. per
No. 4154 No. 33521 No. 115346 No. 2598. Minute
See Curve See Curve
R=25:1 Fig. 25. Fig. 26. R=24: 1
— i
AM. '
11.50 115.5 17.6 28.0 49.0
12.00 112.5 21.0 34.0 59.5 63
P.M.
12.15 115.5 21.5 35.5 63.0 70
12.30 117.0 22.0 37.0 64.5
12.45 113.0 25.2 44.5 66.5
1.00 116.5 25.0 44.5 66.0 69
1.30 108.0 26.5 I 45.0 65.5 66
2.00 109.0 26.3 45.5 64.3 66
2.30 107.5 255 45.0 64.0 66
3.00 105.0 28.5 l 48.0 64.0
3.30 103.0 29.0 49.0 62.5
4.00 101.5 N 29.0 49.0 62.0
4.30 102.0 28.7 49.3 62.0 67
5.00 102.5 29.0 49.3 61.8 67
5.30 102.5 29.5 50.0 61.5 |
This run began at 11.50 and continued to 5.50.
Corrected Readings and Results.
Time of B Kilo.-volt 5 Power |Cycles per
Reading b AmperEs, Amperes. Kilo. Watts.| o ctor Second,
A.M.
11.50 2888 53.0 153.0 117.5 0.769
12.00 2812 64.5 181.4 142.7 0.787 12.6
P.M.
12.15 2888 67.0 193.4 151.0 0.782 14.0
12.30 2925 69.3 202.8 154.7 0.763
12,45 2825 81.5 230.0 159.5 0.694
1.00 2912 81.5 237.0 158.3 0.669 13.8
1.30 2700 83.5 225.0 157.0 | 0.698 13.2
2.00 2725 84.0 228.6 154.2 0.675 13.2
2.30 2688 82.5 221.5 153.5 0.693 13.2
3.00 2625 90.0 236.0 153.5 0.652
3.30 2375 91.5 236.0 150.0 0.636
4.00 2338 91.5 232.0 148.6 0.641
4.30 235() 9.7 234.0 148.6 0.636 13.4
5.00 2562 92.0 235.5 148.0 0.628 13.4
5.30 2562 93.5 239.0 147.3 1 0.618
] 1 S
Length of run, hours. .............oiviiiinne, 6
Mean kilo-volt amperes ...........oovviiiaiennan. 217.3
Total kilo-volt ampere hours ........... .. ... ... ... 1304
Mean kilowatts .......c.oieitiiinnnennncnncnnens 142.8
Total kilowatt hours .............coeeiniinrinennn. 857



Mean horse-power ..
Total horse-power hours ....
Total horse-power years .

Output of ingot (obtamed from Mr. Harbord) kgs.....
Horse-power years per ton of ingot.......

Cost of electric energy per ton of ingot, at $10 per horge-

power year

The mean power factor for the run is

................

And for the 24 hours of full load current is...........

.$1.30

Charge No. 547, February 8th. Readings were taken as follows 3—

Volts. Amperes. Amperes. Kilo. Watts.
o — Revolutions
Time of Weston Hartmann & | Harimann & Weston per
Reading. Instrument. | Braun Inst. Braun Inst. Instrument. Minute
No. 4154, No. 33521. No. 115346. No. 2598 - of
See Curve See Curve Alternalor.
R=25:1 Fig. 25. Fig, 26. R=24.:1
P.M.
5.50 120.0 18.0 27.5 53.5 65
5.55 112.0 20.0 31.0 57.0
6.05 132.5 19.5 29.5 51.0
6.15 110.5 21.2 33.0 62.1 68
6.30 119.0 21.0 33.0 61.3
6.45 117.0 22.5 36.0 63.5
7.00 112.5 23.0 38.0 64.3 67
7.30 118.0 26.0 41.5 63.5 66
8.00 115.0 27.0 44.5 65.0
8.30 112.5 27.0 43.0 64.7
9.410 114.0 26.5 4.5 64.0
9.30 115.0 28.5 7.0 63.5 67
10.00 123.0 28.5 47.5 62.5
10.30 117.0 29.0 48.5 62.0
11.00 108.0 29.0 48.5 61.5
11.30 107.5 30.0 48.0 61.0 67
12.00 110.0 29.5 48.5 61.0 67
Feb. 9th, A. M.
12.30 103.0 30.0 49.0 61.0 67
This run began at 5.50 and continued until 12.30.
Corrected Readings and Results.
Time of Kilo. Volt- = Power | Cycles per
Reading i, e Amperes. Sl Factor. Syecond.
P.M.
5.50 3000 53.0 159.0 128.3 0.805 13.0
5.55 2800 59.5 166.5 136.7 0.821
6.05 3312 57.0 188.6 122.3 0.650
6.15 2762 63.0 174.0 149.0 0.857 13.6
6.30 2975 63.0 187.4 147.0 0.785
6.45 2925 68.7 200.7 152.4 0.760
7.00 2812 71.5 201.0 154.3 0.769 13.4
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Time of Kilo Volt- At Power | Cycles per
Reading. Nt Appetes Amperes. Bl Wats, Factor. Second.
P.M.
7.30 2950 78.8 232.0 152.4 0.658 13.2
8.00 2875 83.5 240.0 156.0 0.651
8.30 2812 81.5 229.0 155.3 0.678
9.40 2850 83.0 236.5 153.5 0.651
9.30 2875 88.5 254.5 152.3 0.600 13.4
10.00 3075 89.0 273.5 150.0 0.549
10.30 2025 91.0 266.0 148.7 0.559
11.00 2700 91.0 245.5 147.5 0.602
11.30 2688 91.5 245.0 146.3 0.598 13.4
12.00 2750 9.5 251.5 146.3 0.583 13.4
12.30 2575 92.5 238.0 146.3 0.615 13.4
Length of run, hours............ B SR 6%5
Mean kilo-volt-amperes ............. o e e 232
Total kilo-volt-ampere hours ........... P S ; 1546
Mean: kalowatts s sor fis . th il s b o agm it te ST ot 149
Total kilowatt BOUTE . .oosia ciaioi ot ainise st oisilsposias 994
Mean horse-power .............. s N Ser 203
Total horse-power hours .................ccvouunn, 1350
Total horse-power years .......cc.ovveuvennunnnennnn 0.154
Output of ingot (obtained from Mr. Harbord) kgs...... 955
Horse-power years per ton of ingot.................. 0.16
Cost of electric energy per ton of ingot, at $10 per horse-
POWEE FOAT, T o sisss28is (oo’ S0iE B 5T 5 5 @rl rae o 318 $1.60
The mean power factor for the runis................. 0.649
And for three hours of full load current.............. 0.587
Charge No. 549, February 9th. Readings were taken as follows :—
Volts, Amperes. Kilo.-Watts.
—_— Revolutions
Time of Hartmann & Hartmann & Hartmann & per
Reading Braun Braun Braun Minute
Instrument, Instrument. Instrument. of
Alternator.
No. 114117. No. 113409. No. 114866.
AM.
9.20 3000 40.0 125.0
10.15 2910 35.5 124.0
10.30 2980 37.0 132.5
11.00 2050 45.5 140.0
11.30 2970 45.5 141.0
12.00 2920 51.0 142.0 70
P.M.
12.30 2910 54.0 142.5
1.00 2880 55.5 142.0
1.30 2880 57.0 142.0
2.00 2870 58.0 140.0
2.30 2880 60.5 140.0
4.15 2880 65.0 138.0
4.30 2870 65.5 138.0
5.00 2880 66.5 138.0

This run began at 9.20 and continued until 5.00.
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Corrected Readings and Results.

Time of 4 Kilo.-Volt : | Power |Cycles per
Reading . g Ampe’res * | Amperes. Kilo.-Watts.| pacior, | Second.

A.M.

9.20 2940 57.0 167.5 141.3 0.844

10.15 2815 52.0 146.5 140.0 0.956

10.30 2913 54.0 157.2 151.0 0.962

11.00 2870 64.0 183.6 160.3 0.874

11.30 2900 64.0 185.5 161.5 0.872

12.00 2830 71.3 202.0 162.8 0.807 .14

P.M.

12.30 2815 75.5 212.5 163.5 0.770

1.00 2175 77.0 213.7 162.8 0.762

1.30 2775 79.0 219.2 162.8 0.743

2.00 2760 80.0 220.7 160.3 0.725

2.30 2775 83.0 230.4 160.3 0.695

4.15 2775 89.0 247.0 157.7 0.638

4.30 2760 89.5 247.0 157.7 0.638

5.00 27175 91.0 252.56 157.7 0.625
Length of run, hours............ S B4 N RPE s Tave i wars 7%
Mean kilo-volt amperes ............ociiniiiinnn. 209.1
Total kilo-volt-ampere hours ............. nAn@EwES (R 1600
s TMEPMETEE : o 2o s s s s pis 500w s b wem s a A 157
Total lilowatt Bours ....ccunesseoiyomaraconassin 1204
Mean horse-power ............. tiiiiiiiiiiiii.., 214
Total horse-power hours .............ccovvenienann. 1640
Total horse-power years. ............... (s 4 ARG 8 0.187
Output of ingot not obtained ....................... o
The mean power factor for the runis................ 0.768
And for the one hour of full load current is.......... 0.634

It should be noted that only the first of the three runs recorded re-
presents the standard commercial product of the furnace, the other two
beirg more or less experimental, and, therefore, should not be included
in obtaining cost of produect.

The electric input varies to some extent, being lower at the begin-
ning of the run -and increasing as the charge is added to the full load
about the middle. The variation is not great, and the mean is generally
not less than 90% of full load, but the cost of electric energy would be
increased in that proportion, where the cost per horse-power year is based
on the maximum demand.

Mr. Kjellin calculates that the efficiency of the furnace would be
slightly improved by increasing the electric input to 200 kilowatts, the
output being at least 50% greater, and the losses about the same.

The principal disadvantage electrically in this system is the very low
power factor obtained, resulting from two causes, namely, the very 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 18 to 14 cyeles, the power factor
is only slightly above 0.6 at full load and with increased capacity the re-
sistance will be reduced, while the inductance remains about constant,
giving a still lower power factor, or requiring a lower frequency.

Mr. Kjellin has calculated that for a furnace of 15 tons capacity per
charge it would be necessary to reduce the periodicity to about 4 cyecles
per second to get a power factor of 0.6, or that for three such furnaces,
surrounding the three legs of a 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,
will 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 8,000 volts here used being
capable of increase to 5,000 or 6,000 volts, where required, which should
be ample for any case arising in this class of work; and, second, that no
cables, connections, or electrodes, with their attendant cost, loss of power,
and 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 HEROULT PROCESS.

Kortfors, Sweden.

The plant in operation at Kortfors was visited by the Commission -
on February 10th and 11th.

This furnace was used for the manufacture of high grade steel, an-
tirely from old scrap.

The furnace is constructed with an outer casing of steel plate, lined
with suitable refractory material. It is arranged with two carbon elec-
trodes passing vertically through the roof and made adjustable.  The
section of the roof between the electrodes is made of bronze, in order that
no magnetic circuit may surround them.

The cold scrap iron or steel is charged into the furnace, and the elec-
trodes lowered sufficiently to establish electric circuit, the current pass-
ing between them through the charge. In the early part of the heat,
while the iron is still in the solid state, the electrodes are generally in
contact with parts of it, and the energy is'largely absorbed by the
numerous high resistance contacts and small arcs between the pieces in
the passage of the current through the charge. During this stage the
resistance of the hearth varies greatly with violent fluctuations of the cur-
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rent, due to the continual change in contacts and disruption of circuits,
as the pieces successively liquify and settle down under the influence of
the heat generated. As the iron comes to the liquid state around the
electrodes, a more stable condition is reached, and an arc is established
between each of them, and the molten iron and the two ares absorb the
greater part of the energy.

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

An aufomatic regulator controls separately the position of each elec-
trode and is designed to maintain the voltage constant between it and the
bath. This regulation is effected by means of a small motor placed at
the back of the furnace, and geared to the mechanism supporting the
electrode, so as to raise or lower it as required, depending on the direction
of rotation. The operation of the motor is in turn controlled by an elec-
trical mechanism actuated by variations of the voltage below or above
predetermined limits. In the early part of the heat, when the current
fluctuates violently, or when tilting the furnace to scrape off the slag, and
the arc is likely to be short-circuited, the regulating mechanism may be
switched out of circuit and the motors controlled by hand to obtain quicker
operation.

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.

Tim ' ANEERES. Kilo-volt
= Volts ' A
Feb. 11th = Mmpeies,
. Calibrated.)
Meter No. 1 | Meter No. 2 Total |
AM.
7.0 118 1800 2000 3800 448
7.10 115 1700 1800 3500 402
7.20 120 1800 1900 3700 443
5.3 118 1800 1900 3700 436
7.40 127 1750 1851 3600 457
7.50 127 1700 1800 3500 444
8.(10 127 1850) 19561 3811 482
8.30 128 2051 2150 4200 537
8.50 128 2060 2150 4200 a37
11.50 128 2000 2 4100 525
Mean 0lt6 GDEHE <oz v oimvmens e dos s a@Es o vwmdn s 125
Mean amperes, about ............. ... il 4000
Mean kilo-volt-amperes ..............cciiiaiin... 500

The operator at the generating station stated that the power supplied
for the furnace was 450 kilowatts.

During the period of observation, the current varied from about
2,800 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 accepted as approximate, but
they will give an idea of the electric input required by the furnace, and
of the conditions of its operation. A more complete investigation was
made of the similar furnace at La Praz, France, which follows.

La Praz, France.

The La Praz plant was investigated by the Commission March 5th
and 6th.

The furnace here is similar to the one at Kortfors, except that it is
a little smaller and does not have all of the improvements embodied in
the latter. The description of the Kortfors furnace, already given, will
apply equally well to this 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 is direct connected to its water
wheel.

The water wheel is operated with partial gate opening at the begin-
ning of the charge to limit the output of the alternator during the period
when the current fluctuates violently, but when conditions become more
stable, it is given full gate opening, and the alternator operates at full
load through the remainder of the run. When the furnace is tilted to
serape off the slag, the current is taken off, and again applied as soon as
this operation is completed.

The electrical readings were taken on the regular switchboard volt-
meter and kilowatt-meter, for which no ealibration could be obtained.
There was no ammeter in circuit, hence, no determination of the current
input or of the power factor could be made.

The following readings were taken:—

Charge No. 658, March 5th. To obtain dead soft steel :—

Time Volts. Kilo.-waltts.
P.M. |
7.45 110 | 200
7.50 115 220
9.00 2 350
9.30 110 330
10.00 108 360
10.30 7 360
11.40 108 360
11.30 105 350
12.00 105 361
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Beginning of run partial gate opening, pm............ T.45
Full gate opening, pm............... ... .00, Xtk 9., 00
Emdiefsmmesaamamin 0 N il O Salinnas s 12.15
Length of run, total hours:.................. LSRN 414
LT 1 T e R R 108
Mean kilowatts, partial gate opening........... y NN
Mean kilowatts, full gate opening................... 353
Total (BHlowatt Bomrs .Ul i Jun . vee oo vt i80S 1410
Mean horse power, full gate opening..... o, S L 480
Total horse-power hours ...............cvviienn., 1920
Total horse-power years ..........ccovevienvennanns 0.219
Output of ingot (obtained from Mr. Harbord) kgs...... 1283
Horse-power years per ton of ingot.................. 0.17
Cost of electric energy per ton of ingot, at $10 per horse-
TOVIELINEBY 4 u diors sieis il .o sose s Wbim 6 v w18 b B 0 44 ¥ $1:70
Charge No. 660, March 6th. For tool steel, standard product :—
Time. Volts, Kilo.-watts,
A.M.
11.45" 120 220
12.00 120 200
P.M,
12.15 115 225
2.45 110 340 .
3.456 108 350
4.15 107 340
4.45 107 340
5.15 105 340
5.45 110 340
8.15 110 330
6.45 110 340
Beginning of run, partial gate opening, am............ 11.40
Full gate opening, pm...........cccvvniiineinn.., 12.45
Bad, of Ty, Pl . oo 00 i AREREHS FEgsas s i iamsmsas o s 7.40
Length of run total hours. ..o iapssscsonavass 8
Ml FOUBET oo mi < vmvisins musd il 1,450 gne <oz swmns 110 -
Mean kilowatts, partial gate opening................ 215
Mean kilowatts, full gate opening................... 340
Total kilowatt hours ............... ... ...o.iiv... 2580
Mean horse-power, full gate opening................ 462
Total horse-power hours ............... ... ... 0. 3500
Total horse-power years ..........ccocieiivnnneennn. 0.4
Output of ingot (obtained from Mr. Harbord) kgs. ..... 2341
Horse-power years per ton of ingot................... 0.17

Cost of electric energy per ton of ingot, at $10 per horse-
POWEE FOHT oo oomts pamsln pas s S s wie i o ois vy $1.70



55

In the above figures of energy consumed, the short periods have
been neglected, during which the current was taken off to remove the
slag.

Charge No. 660. For structural steel.

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

Longth of run, total houms. . ... oe ety vves v ve 514
Mean kilowatts, partial gate opening................. 215
Mean kilowatts, full gate opening.................. 342
TEotal alowstl TR " s o owais £ i =k b iieas, 4 s 1680
Mean horse-power, full gate opening...... ........ 465
Total horse-power hours .............cccvvvennecnn. 2285
Total horse-power years ...........ccovivivnnnnnnn. 0.261
Cratpt ok dngely ki Jib 5 b s b el s L PO R e . S 2341
Horse-power years per ton of ingot................... 0.111
Cost of electric energy per ton of ingot, at $10 per horse-
DOWEE FEAL. vt T ol 51005 5ol o aplerils Ama s Ll o L 83 $1.11

The output of ingot is assumed to be the same as obtained as tool
steel, but would, in fact, be somewhat greater, as a percentage of the steel
is lost in the various slags taken off.

The above figures are for the energy actually consumed during the
run, but the furnace is operated with partial load a part of the time, and
also a certain amount of time is lost between runs, which has been esti-
mated roughly at 13 hours. These faets must be taken into considera-
tion in getting the output of a given furnace, and also of the electric plant,
except in case current is supplied to a number of furnaces through trans-
formers, in which case the periods of the different furnaces may overlap
and the electric plant be operated at practically continuous full load, the
transformers alone being subject to a loss of time corresponding to that
of the furnace.

The violent fluctuations of the current and the liability to short cir-
cuits make it desirable to limit the possible current to a moderate over-
load by suitable design of the alternator or of the transformer, in case

one is used.
THE KELLER PROCESS.

This process was operated for the Commission on March 28th. TFor
description, see pages 76 and 77.

In starting operation, a small quantity of iron is introduced, and the
current passes through it, making circuit by contacts or arcs, as the case
may be, and immediately 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-

" ditions become much more stable, the furnace operating purely on the
registance principle throughout the remainder of the run.

An alternating current is used, and is supplied at the voltage re-
quired direct from the alternator, which, in this case, operated 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, g1vmg 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 transformer, having a ratio of 100 : 1,
and the amperes given in the table are 100 times the scale reading of the
meter. Two voltmeters were used, each of which was connected 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 cireuit,
hence the watts could not be read, and no determination of the power
factor was made. For purposes of calculation, it has been assumed as

0.85, which would, appear to be reasonable for a furnace of this construe-
tion.

Following are the readings obtained :—

VorTs. VoLts
TimE AMPERES TIME AMPERES
Hartmann & —_— Hartmann & _——
= Braun Hartmann & - Braun Hartmann &
No. 130282 | Braun No. 130282 | Rraun
March 28th and No. 73670 March 28th and No. 73670
No. 70536 No. 70536 |
A.M. P.M.
10.00 70 1500 2.00 80 2900
10.30 70 2800 2.30 72 3100
11.00 71 3000 3.00 76 3100
12.00 73 3000 3.30 T 2800
P.M. 4.00 75 2900
1.00 72 3000 4.30 72 3000
1.30 . 73 3000 5.00 70 3000
Beginning of Tl A s ao oo qmans s onnnbs s iqmaaais .- 10
Eavl o Ty Pilitein: s s s i paemvescbon ok LinbBn s soam 5.30

Length of run, hours

................................



Meany wolts . .. .s bt B30 3 HoGt FE Ip Rl o) 73.1
Meaan amperes .l deas s S B et s B 2854
Mean kilo-volt-amperes ..........cccciiiiiiiiiaan 208
Total kilo-volt-ampere hours ...................... 1560
Power factor (assumed) ................... B S 0.85
Mean JolomaiiBssicssats vea i diunire e b ol s o ot s 14 T E
Total Kdlowatt: ours: W s e i LT, 1325
Mean horse POWer .......c.c.eecicnann o 240
Total horse-power hours ................coiiun..n. 1800
Total horse-power years ..........oeuvuienienenrens 0.206
Output of ingot (obtained from Mr. Keller) kgs ... .. ... 1650
Horse-power years per ton of ingot.................. 0.125
Cost of electric energy per ton of ingot, at $10 per horse-
DO T VO T it o e poaste e lafelr WAL R o0 5 IR $1.25

Summary of Results Obtained for Pig Iron.

Héroult's KELLER PROCESS
In FrEncH UNITS Provans
First Run (Second Run
|
Total Ki.owatt Hours. ........ ...... 3280 | 33700 | 10840
Total hor-e power Years.............. 0.51 5.23 1.69
Total output of pig iron in Kgs........ 969 9868 6692
Kilowatt Hours per ton of pig ........ 3380 3420 1620
Horse Power Years per ton of pig...... 0.525 0.53 0.25
Cost of electric energy per ton of pig at
$10.00 per HP. Year.... ........ $5.25 | $5.30 @ $2.50
. = el
In EnNGLISH UN11s lf,fg:_:g: KEwLE °
First Run |Second Run
Total Kilowatt Hours................ 3280 33700 | 10840
Total Horse Power Years. ............ 0.50 5.15 1.66
Total Qutput of Pig Iron, lbs.......... 2130 21700 14700
Kilowatt Hours per ton of pig......... 3080 3110 1475
Horse Power Years per ton of pig...... 0.47 0.475  0.226

Cost of electric energy per ton of pig at )
$10.00 per H. P. Year ........... #4.70 $4.75 52.26
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Summary of Results Obtained for Steel.
KjeLLiN PROCEss| HEROULT's PROCESS
r - Keller
| Charge { Charge
IN FrRENCH UNITS Charge | Charge | Charge | No. 660 | No. 660 | Process
No. 546 | No. 847 | No. 658 | Tool Struc-
Steel tural
Total Kilowatt Hours....| 857. 994.| 1410.| 2580.| 1680.| 1325
Total Horse Power Years.[0.183 0.154 |0.219 | 0.40 |0.261 10.206
Output of Ingot in Kilo-
DEATOR . e 1030, 955.| 1283.! 2341.| 2341.| 1650
Kilowatt Hours per ton of -
1671/ S T . 832./ 1040.{ 1100.] 1100.| 718.] 804.
Horse Power Years pe~
ton of Ingot.......... 0.13  0.16 | 0.17 { 0.17 |0.111 0.125
Cost of electric energy per
ton of ingot at $10.00
per H. P. Year....... $1.30 $1.60 $1.70 $1.70 |$1.11 |$1.25
KjELLIN PROCESS HiROULT'S PROCESS
Keller
Charge | Charge
INn ENnGLISH UNITS Charge | Charge | Charge | No. 660 | No. 660 | Process
No. 546 | No 547 | No. 658| Tool Struc-
Steel tural
Total Kilowatt Hours.... 857 994 | 1410 | 2580 | 1680 | 1325
Total Horse Power Years. 0.131 [0.152 [0.216 10.395 |0.257 |0.203
Output of Ingot in Lbs...| 2266 2100 | 2820 | 5150 | 5150 | 3630
Kilowatt Hours per ton of
Ingot:. onasvenwans cus 757. 947.1 1000 | 1000 653. 730.
Horse Power Years per
ton of Ingot........., 0.116 0.145 [0.153 0.153 | .10 0.112
Cost of electric ener ¥y per
ton of Ingot at $10.00'
per H. P. Year........ $1.16 $1.45 i$1.53 $1.53 ®1.00 $1.12
Respectfully submitted,
C. E. BROWN,

Electrical Engineer of the Commission.






Diagram showing the Electrical Connections of the Keller
Furnaee with 2 Hearths.

Diagram showing the Electrical Connections of the Furnace Fi g. 22
employed for making Pig Iron at La Praz e,
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METALLURGIST'S REPORT ON THE ELECTRIC
SMELTING OF IRON AND STEEL
IN EUROPE.







Englefield Green, Surrey, July 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. Haanel,
Director of Commission on Electric Smelting,
Ottawa.
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KJELLIN PROCESS.

~

The first process investigated by the Commission was the Kjellin
process at Gysinge, in Sweden.

This process is especially adapted to the manufacture of high classs
tool steel from pure pig and serap and in its present form cannot compete
with the Siemens or open hearth process for the manufacture of strue-
tural steel.

The furnace employed is an induction furnace, in which the con-
tents in the hearth or erucible 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 excites a varying magnetic flux in the core, and the
intensity of the current induced in the steel is them almost the
same as the primary current multiplied by the turns of wire in the
primary coil. The tension'of the current is naturally reduced in almost
the same ratio as the intemsity is increased. In this way it is pos-
sible to use an alternating current generator of high tension, and yet
(without using the transformer, 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 section
of the furnace through the tap hole. The furnace was basic lined.
Either dolomite or magnesite bricks can be used.

We atrrived at Gysinge on Sunday evening and the first experimen-
tal charge was made on Monday, 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 No. 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 scrap Walloon iron.

Note.—All figures in this report relating to the consumption of electric energy were
supplied by Mn Brown, the electrician accompanying the Commission.
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CoMPOSITION OF CHARGE. COMPOSITION OF P1c IRON AND SCRAP EMPLOYED.
Charge No. 546. l Best Swedish Pig Iron. Walloon Bar Iron.
T o 7 7
Pig iron (white)........ 300| Carbon. . .. 4.400 | Carbon .... 0.200
Steel serap . ... ... ... 125| Silicon .. .. 0.080 ; Silicon. . . .. 0.030
Bar Crap ............. 600| Sulphur . .. 0.015 | Sulphur. ... 0.003
Mepal in furna.ee, estimated 700| Phosphorus. 0.018 | Phosphorus . 0.009
Silicon pig, 127/ ........ 30| Manganese. 1.000 | Manganesc. . 0.120
Ferro-manganese, 807/ . . . 1) Copper. ... 0.015 | Copper . ... 0.008
———1I Arsenie. ... 0.035 | Arsenic.... 0.035
Total charge ......... 1,756
Less metal in furnace.. 700
Weight of charge. . . ... 1,056

The steel scrap was from previous charges and contained about 1.0%
of carbon. Only a part of the materials was charged at the commence-
ment, but as the charge melted, further additions of pig iron and scrap
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 fromh previous charges gradual-
ly accumulates, and is removed in small quantities, from time to time,
from the top of the bath of metal. About 7 kgs. of slag, somewhat fer-
ruginous, were removed during the working of this charge. Assuming
that no oxidation had taken place during melting, the steel should have
contained 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 into 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 quiet
in the ingot moulds, and the weight of ingots was 1,030 kgs., or 2,271
Ibs.  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 the
amount of metal left in the furnace might wvary slightly, but assuming
that the same quantity of metal was left in as was estimated to be in on
commencing to charge, we have 1,056 kgs. of material required to pro-
duce 1,030 kgs. of steel, equivalent to 2,053 lbs. of materials, to produce
1 ton (2,000 1bs.) of steel ingots.



61

The ingots were 4 in., 5 in. and 74 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 results. 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 for
comparative tests with high-class crucible steels. The results of all these
tests will be found in Tables Nos. I and VI.

The total amount of energy consumed during the working of this
charge was 857 kilo-watt hours, equal to 0.133 electric H.P. years, or
0.130 H.P. years per 1,000 kgs. of steel produced, equivalent to 0.116
E.H.P. years per ton.

Drillings were taken from three 5 in. ingots and one 7% in. ingot at
top, centre and bottom, and reserved for analysis; the results are given on
page 68, under analytical results.

SECOND EXPERIMENTAL CHARGE No. 547.

As it was important to determine how far it was possible to make
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 were charged into the 700 kgs. of steel re-
maining in the furnace.

EARCIDGT a, 5h i 5 5 0 0 5 i o e s 0 100 kgs.
BOE SO Losieis 54 iuss 6 oo s a G506 SR RS & diasimia e 825
LIS BRMED o o et R TR s A D S e & e s 100 “
Ferro-manganese (80%) .........coovvvnivnnnnn.. 1. =
Silicon pig (12% silicon).......cvvvreuiniiinenn. 35 «

Weight of charge..................... 1,061 «
Steel in furpace (about)................. ... ... 700 «

Pokal SR, «wses s aveyans vapasnsiases 1,761

We commenced to charge at 6 o’clock on Monday evening, and the
charge behaved quite normally and was tapped at 12.28 midnight, about
63 hours from the time of charging. There was rather more slag formed
owing to the larger quantity of bar scrap and about 10 kgs. of this were
removed during the working. When tapped the metal was not quite so
hot as it should have been and it did not leave the ladle as completely as
in the previous charge, a skull being left in the ladle weighing about 79
kgs. The metal was fairly quiet in the ingot moulds and the ingois
were solid and free from pipes. The weight of ingots and scrap was as
follows :—




Ingots . dos e 10 et L Lt gl e s ST 876 kgs.

Bornp o DL Satel AT DU e R O1 VS

610171 NIRRT SRRV I gy T 1 b o O L el

Thus, 1,061 kgs. of pig, serap, &ec., were required to produce 955
kgs. of steel ingots and scrap. This is equivalent to 2,222 lbs. of
materials for every ton of steel produced. This yield is very much less
than on the previous charge, but possibly more metal was left in the fur-
nace, a very slight difference in this respect greatly affecting the results.

One ingot was forged down and four others selected and drilled at
top, bottom and centre, as in the previous charge. The forged bars from
this charge gave excellent welding results, and the result 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.HLP. years, or 0.145 E.H.P.
years per ton of steel.

Third Experimental Charge No. 548.

The last cast of medium steel having been satisfactory, it was decided
to make a cast of low carbon (0.20%, or less) steel.

With this object, the following charge, consisting entirely of bar
iron, was charged into the furnace, no pig iron, except a little silicon pig
at the end of the operation, being added. We commenced to charge at

12.40 midnight :—

BRI | s bdns | A8 TH | S AT e d.2 b g e 900  kgs.
Silicon pig (added at end of operation)........... 35:4 4’
FERTOManEAMEEE. . oie -k duos s sDaTs Eolbwe iy Srass &5«
oa7.8 #
T EUTRACE: ocheiglk . viim ST S0E BUore oo Teonskeliohn o he 700.0 «
‘Total chiirge o4 st ssuadn. duiasns 50 1637.5 «

The charge melted down satisfactorily, but owing to the ;elecf:ric
power being limited, it was found to be impossible to get a good tapping
heat on the metal, although it was kept in the furnace until 9.5 a.m., i.e.,
eight hours and twenty-five minutes. When it was tapped it was rather
wild, rose considerably in the ingot moulds, and skulled badly in the ladle.
Owing to the unsoundness of the ingots and the considerable amount ?f
serap, it was not possible to get any reliable figures as to yield and this
heat was discarded.

Another attempt was made with a similar charge, using a little more
pig iron, the furnace being charged at 9.20 a.m. and tapped at 4.45 p.m.,
but the same difficulty was experienced in obtaining the necessary tem-
perature owing to the deficiency in electric power. The amount of energy
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consumed was 1204 kilowatt hours, or 68.4 H.P. days, equal to 0.187
1L.P. years, and about 1,000 kgs. of metal were obtained, but owing to a
considerable amount of scrap it was not possible to get reliable figures as
to yield,

Mr. Kjellin being still confident that he could make a low earbon
charge successfully, the accumulation of slag in the furnace from the pre-
vious charges was removed as much as possible and another charge made
consisting largely of bar serap. This was melted down but the same diffi-
culty was experienced in obtaining a good tapping heat, and the large
quantity of slag in the furnace also gave trouble. Finally the heat was
tapped at 1.40 a.m., after being eight and a half hours in the furnace,
The metal teemed Well and was fau-ly quiet for dead soft metal; but
bwing partly to a slight accident which delayed the teeming, and
partly to the metal not being very hot, after the first four ingots
were cast the nozzle closed up and it was impossible to complete the
teeming, and the metal had to be *poured back into the furnace. The
four ingots which were cast were fairly sound, although there was more
piping than desirable.  These were taken to the forge and drillings
taken from top, centre and bottom of each, as in previous charges. One
ingot was forged down to 1} bar and tested for welding and cold bending
and gave excellent results; a portion of this bar was forwarded to Cooper’s
Hill for mechanical tests, and results are given in table I. In each of
these charges a little aluminium was added in the ladle before teeming.
The difficulties experienced in making the soft steel were due more to ihe
especial conditions prevailing at Gysinge rather than to any defects in
the process itself, and had they had ample power to obtain the necessary
heat on the metal soon after it was melted, there would, in my opinion,
have been no difficulty in making the low carbon steel. Owing, how-
ever, to the deficiencies in power, it was most difficult to obtain the neces-
sary temperature for tapping, in a reasonable time, with the result that
the metal was kept in the furnace for from 1} to 3 hours longer than it
should have been, exposed to the action of the oxidising slag. Another
difficulty was that the furnace, having been designed especially for the
manufacture of high carbon steels suitable for tool purposes, no slag hole
for the withdrawal of the slag had been arranged for, as it had been
found that in making these high carbon steels the small amount of slag
produced could easily be removed through the charging doors. In mak-
ing the soft steel, however, far larger quantities of slag are produced, and
it was not found possible to remove the slag from the top, with the result
that considerable difficulty was experienced in producing dead melted
metal. Given a furnace slightly altered, so that the slag eould be re-
moved from time to time and ample electric power to produce the neces-
sary temperature rapidly, there is not the slightest doubt that dead soft
steel could be satisfactorily produced.

As regards the mechanical and working properties of the steel pro-
duced, whether high or low carbon, there can be no question that the steal
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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 practically
no segregation, and the mechanical and welding properties of the steel
are equal to the best.

The results of the experiments at Woolwich Arsenal with tools
forged from this material are given in Mr. Donaldson’s report, and it will
be seen that, speaking generally, they are very satisfactory.

COST OF PRODUCTION.

The cost of production will necessarily vary with local conditions,
such as the cost of labour, refractories, electric energy, and pig iron and
scrap; 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, and as the output was on
an average 3,000 kgs. per 24 hours, ten men and two boys were required
to produce 6,615 lbs. of steel. The wages paid are much lower than
would be paid in England or Canada, and a correction must consequent-
ly be made for this, according to the price of labour in the particulir
place, but the number of men employed will be the same. i

The actual wages paid at Gysinge are as follows:—

Kr.
2 foremen, one on each shift, at 3.25 kronor per day of 12 hrs....... 6.30
2 ladlemen, one on each shift, at 3.0 “ RN 14 6.00
2 helpers, one on each shift, at 2.60 4 €1 wg EeE 5.20
4 helpers, two on each shift, at 2.40 . 6 - 9.60
2 .boys, one on each shift, at 1.70 L L 3.40
Total for 8,000 kgs. of steel ingots............ 30.70

At 18 kronor to the £1, this is equal to 33s. 6d. for 3,000 kgs. Con-
verted into dollars and cents, and short tons of 2,000 lbs., we get $2.40 as
the labour charges per ton of ingots produced. These will not in any way
represent the Canadian or English wages, which for the same number of
men would probably be between two and three times as much.

Pig Iron and Serap.—The actual cost of these materials will vary
within very wide limits. In Sweden, at the blast furnaces, the cost of
pig iron of best quality will probably not exceed $30 per ton of 2,000
1bs., and a limited amount of Walloon scrap, suitable for remelting but
unsuitable for export, can also be obtained at about the same figure. In
the case of other countries, however, Walloon bars at.full market prices
would have to be bought and cut up for remelting and the market price
of these would be very high. The price of raw materials may be taken
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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 process offers no advantage over the crucible pro-
- cess as regards the cost of materials, as only the highest quality of serap
can be used, the points in its favour being the reduced cost of melting and
the larger output. The following may be taken as a typical or average
charge to produce 1 ton of ingots :—

Lbs.

Bept CRRECIREI <. L N ol A P b L A 600
Best Walloon barserap ........coviiineninnnnnun. 1,200
Best tool steel serap .......... ..ol 188
Silicon pig iron (12% silicon)...............ooa.n.. 60
Ferro-manganese (80%) ..............coiiiiiiiin. 2
Total weight to produce 1 ton.................. 2,050

Réfractory Materials and Repairs.—It was impossible to determine
the cost of repairs during the short time we were at Gysinge, but Mr.
KJellm 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 made.
These, including the cost of cutting out old lining, relining furnace, all
refractories and labour charges, came to 60 cents per 1,000 kgs., equiva-
lent to 54 cents per ton (2.000 lbs.) of ingots produced. The details
were as follows:—

Kr.
Wages for cutting out old lining.................. 50
Refractory materials (magnesite) ................ 383
Wages For YOIHITE - o oae oo varo v smmoioe o svnsows 70
Daily repairs, over 10 weeks’ work................ 128.25

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 is 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 1.80, 1.60 and 1.87
dollars per 1,000 kgs. of ingots, or an average of 1.56 dollars, equal to
1.40 dollars per ton of ingots produced.

Mr. Kjellin kindly gave me the figures from their books showing
the electric energy consumed in producing 309 tons of ingots during 10
weeks, or 70 working days. This was 41.3 E.H.P. years, costing 1.48
dollars per 1,000 kgs., or 1.34 dollars per ton. These figures practically
confirm those obtained by Mr. Brown in the experimental charges. As
would be expected, they are slightly lower, the steel made during this
period being almost entirely high carbon steel; whereas, of the three ex-
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perimental charges, one was medium and one low carbon, and owing ro
the longer time and the higher temperature necessary, a larger amount
of energy was consumed. It is best to assume the cost of materials will be
the same per ton as for crucible steel of the same quality, that 2,050 Ibs.
will be required to produce 2,000 Ibs. of ingots, that ten men and two boys
will be required to produce 6,615 lbs. of steel, and that repairs will not
exceed $1.00 per ton of steel ingots produced. We may take the electric

energy at $10 per E.H.P. year to be equal to $1.34 per ton of steel pro-
duced. ;

The coke used in crucible melting in Sheffield to-day probably variss
from 2 to 33 tons per ton of steel produced, and even in the large gas-fired
furnaces employed in America and Germany probably 1 ton of slack, cost-
ing not less than 10s. per tonm, is necessary. The labour charges, costs of
pots, &e., will be considerably more than the labour charges and repairs
with an electric furnace per ton of steel produced.

Thus, we have the cost of materials approximately the same and a
considerable saving in favour of the electric furnace, if we place the cost
of electric energy and labour against the cost of fuel and labour in pot
melting, even when the latter is carried on under the best possible condi-
tions. The following estimated cost of producing 1,000 kgs. of ingots
at Gysinge was given by Mr. Kjellin:—

DNEATETIATS: 50yt meallerd o ahs Bl £ ) AT e gobon 2 S i) STl $31.66
PEBEER 5 v v sop s AEbs o Saws Jabionbssnauysgol 2.66
Renewals and repairs ........... ..o, 0.60
Electric energy .....coovitiiiriiiniiiiiiannns 1.48
TEol BIodEE 5 one o cvmvm s x PRl s BAtE P an s B 0.48
Interest and redemption ......... ... ... .. 0.60

Rl s 2 vawass . « wiv e, woisamEf FIes $37.48

This is equal to $34.00 per ton of 2,000 Ibs.

It was impossible to obtain any absolute figures as to yield from the
three experimental charges, as the furnace not being emptied a few kgs.
more or less would make a very considerable difference, and without check-
ing a number of charges over a very considerable period reliable results
could not be obtained. Mr. Kjellin kindly gave me from his books
weights of materials charged and of ingots obtained, during twelve weeks
continuous working, which showed that 2,050 lbs. of materials were re-
quired to make 1 ton of ingots. To give any estimate as to the cost of
Jabour or materials in Canada would only be misleading.

So far no special alloys for the manufacture of high speed cutting
tools have been made at Gysinge, but there appears to be no reason why
this should not be done. The furnace is simply a large pot furnace and
has the additional advantage that there is not the slightest danger of the-
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steel takiﬁg up sulphur during the process of melting, and by making
stitable changes steel of any required composition can be made.

So far as we saw the process conducted at Gysinge it was from a
metallurgical standpoint similar to the old crucible process, any varia-
tion in the finished steel being produced. by altering the relative propor-
tions of pig and scrap and little or no purification being effected by
oxide of iron. Before our visit experiments had been made in working
the furnace with pig, ore and scrap, as in the ordinary open hearth or
Siemens’ process. Pig iron and H rring briquettes, containing 62%
of metallic iron as ferric oxide (Fv,; O;) were used in the experiments,
and an output equal to about 59% of that when working cold pig
iron and scrap was obtained. Mr. Kjellin estimates that with pig iron
at $18.00 and ore at $3.00, with a 30-ton furnace of 1,000 E.H.P., he

could produce ingots at $18.00 per ton, taking his electric energy at $15
per electric H.P. year.

In my opinion, the furnace would require considerable modifications
before it could be conveniently used for the manufacture of mild steel to
compete with the Siemens furnace, as the difficulty of removing the whole
of the slag, while retaining a small portion of the metal in the furnace,
would, I fear, be considerable, and I anticipate that repairs could not be
so readily effected if the walls were badly cut by the slag, as in the case
of an ordindry Siemens furnace. = Mr. Kjellin has, however, shown so
much ingenuity in surmounting the difficulties in connection with the
manufacture of high carbon steel, that, given the opportunity to experi-
ment with a furnace on a reasonable scale, it is quite possible that he may
be able to overcome these difficulties and make the manufacture of mild
steel a commercial success. The process, as at present worked, is admir-
ably adapted for the highest class of steel from pure materials and the
only objection to it is, that it is limited to these pure materials and can
only be used where they are obtainable. I do not think in its present
stage of development it is adapted to treat ordinary pig iron and miscel-
laneous 'scrap of more or less irregular composition as the complete
elimination of any impurities present could not always be relied upon.
Under the special conditions existing at Gysinge and in some other places,
it is capable of doing most excellent work and is a most efficient and
economical metallurgical appliance. There seems no reason why the size
of the furnace should not be very considerably increased, whatever diffi-
culties there mayv be being electrical, rather than metallurgical and with
furnaces of 5 to 10 tons capacity the labour costs would be very greatly
reduced. Five men and one boy could do all the necessary work if they
had a little assistance in charging, on a five ton or even a ten-ton furnace
without being in any way overworked, and this would at once reduce the
cost of labour by nearly five to ten times, according to the size adopted, so
that with a fairsized furnace the cost of labour in Canada, notwithstand-
ing the much higher rates paid, mighti be actunally less than at Gysinge.
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The following are the analytical results obtained.

CHARGE 546.

Average Sample. Drillings taken from 4 Ingots.
5% SRS, U gl SR - e L et 1.082
Stlieon oo E oINS e SRRl 0.194
STl (L RN A iy e LS [ P 0.008
PhospMOFOE S2ou wisiins wRIE oh - s 0.010
DESHPADEEs i~ i vilwa s | ey db 47 0.240
Adsenia) ool SRS IR 0.012
CODPoR=aas oy s R g e ST 0.031
AT I D TS S IR Trace

DRILLINGS FROM ToP, BOTTOM AND
CENTRE oF 7}# INGOT.
’

DRILLINGS FROM THREE SEPARATE
InGgoTs, Nos. 1, 2 AND 3.

Neo. 1 No. 2 No. 3
Top. Centre, Bottom. Top. Centre. Bottom,
Carbon ... 1.083 1.077 1.050 1.086 1.086 1.070
Silieon. ....| 0.194 0.205 0.196 0.206 0.204 | 0.205
Sulphur....| 0.008 0.010. | ...... 0.009 (7503 1 10 18 i
Phosphorus.| 0.009 | 0.011 | 0.011 0.010 | 0.011) 0.009
Manganese .| 0.242 0.260 | 0.250 0.250 | 0.246 0.250
CHARGE 547.
Average Sample. Drillings taken from 4 Ingots.
CEEBOR! 5s s 5B e 1o arbilsre 5% il 0.417
SHIEHIL v #55 wsio oa e wiias)s o GO 0.145
SRIPhiir : cv s vvs cswmeasie s e 0.008
Phosphorus ........ov viuin.. 0.010
Manganese ...... ....ieiinonan 0.110
ATEENIC wos smomas w50 SR EN G0 5 ey 0.020
LOPPER coppc LERS & 58 g.0minnswwos 0.032
Aluminiom ........ ... 0., Trace

DRILLINGS FROM TOP, BOTTOM AND
CENTRE OF 7%” INGOT.

DRILLINGS TAKEN FROM THREE
SEPARATE INGOTS.

‘ No L No. 2. No. 3.
Top. Centre. Bottom. ) Top. Centre. Botrom,
Carbon. . . .. 0.415 0.402 0.301 | 0.415 0.401 0.403
Silicon., .. .. 0.160 0.148 0.147 0.148 0.159 0.148
Sulpbur.....| 0.009 0.010 0.010 0.009
Phosphorus .} 0.011 0.012 0.012 0.010 £.010 0.011
Manganes>. 0.110 0.10¢ 0.10% 0.112 0.110 0.106
|
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CHARGE 550 (Low Carbon).
Average Sample. Drillings taken from 4 Ingots.

Banbaniiese b, Tl iR C A 0.098
Silteoni i 0T Aty S 0.026
o 0 G PPN S L 0.012
Phosphorus . ........00 ... .uh.ds 0.012
MEDERANGIR .. oo oiye s DLV 0.144
Lo RS o P S 0.022
i SRR S S e S Do 0.030
Ao ninmn s L L SR L Trace
DRILLINGS FROM TOP, CENTRE AND|DRILLINGS FROM THREE SEPARATE
Borrom oF 7% INGOTs. IngoTsS.
No. 1. No. 2. No. 3.
Top. Centre. Bottom. Top. Centre. Bottom.
Carbon. . ... 0.102 0.105 0.103 0.105 0.101 0.099
Silicon.. . ... 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 0.30 0.017 0.008 0.44
0.18 0.12 0.017 0.008 0.17
0.07 0.012 0.013 0.009 0.06

HEROULT PROCESS.

The next ‘process investigated was the Héroult, and we first visited
the works of the Héroult Electric Steel Co. at Kortfors, where the process
was in commercial operation. We were not able at these works to make
any experimental charges, as they did not wish to interfere with the busi-
ness routine of the works, but we saw all the details of the operation, and
the properties of the steel were demonstrated by various welding and
other work tests.

The furnace is similar in general arrangement to the tilting furnace
used for the Siemens or open hearth process, except that the gas ports at
each end are replaced by charging doors, and the temperature is main-
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tained by carbon electrodes which pass through the roof. The furnace
was about 4-tons capacity, basic lined, and the charge was entirely mis-
cellaneous steel scrap. The electrodes were surrounded by water jackets
where they passed through the roof of the furnace, and were raised and
lowered by automatic electric regulators. The electrodes did not touch
the surface of the bath, but were kept just above the slag line. Ore and
lime were added from tine to time, and the slag removed three times dur-
ing the melting and a new slag made by further additions of ore and lime,
by which mneans the impurities in the scrap were almost entirely removed.
The electrodes were two meters long, and 400 mnm. square in croas-
section, and weighed 500 kilogrammes. They lasted one week, and the
old electrodes were ground up and mixed with 50 per cent of new material.
The cost of each electrode was about 60 kronor, or about $16.00. The aver-
age make was about 40 tons per week, charges taking about 9 hours each.
The charge when finished is not tapped, but poured into the ladle from a
spout. As we were not able to investigate the process in detail at these
works, no samples were taken and analysis and question of yield were
reserved for investigation at La Praz.

LA PRAZ WORKSE.

We next visited the works at La Praz, where the process is at work
under the supervision of the patentee, M. Héroult.

The furnace was almost identical with that at Kortfors, except that
it was somewhat, smaller, and the electrodes were not surrounded by water
jackets at the junetion with the roof.

The usual charge was about three tons, and consisted entirely of mis-
cellaneous scrap, with snitable additions of ore and lime. As in the case
at Gysinge, it was arranged to make steel of varying carbon content, and
the first charge was a low carbon steel for transformers. As only a small
quantity of steel was required, an exceptionally small charge was made.
The charge was as follows:—

Charge No. 658.

Miscellaneous scrap ............ 3,307 1bs.
Tron ore . ...covovvnneeiieanns 330 «
TBITHE siimame o sxieis Srmmms o 246

The serap was charged with some lime and then additions of ore and lime
were made from time to time.

When the bath of metal and slag was completely melted, the slag
was poured off, great care being taken to remove the slag entirely ; a new
slag was then made by adding about 35 lbs of lime, 15.5 of sand, and
15.5 Tbs. of fluor spar. This was melted and kept in the furnace for some
time, when it was poured off as completely as possible, the last traces
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being raked off the surface through the pouring door. Another addition
of lime and fluor spar, &ec., in the same proportion as the last, was thep
made to form a finishing slag to remove the last traces of impurity; about
1.5 lbs. of ferro-manganese was added, and the charge was poured into
the ladle, a little aluminium being thrown into the ladle before the metal
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 very short time taken
for the operation was due to the smallness 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 ladle freely, no appreciable scrap
being left behind ; it was very quiet in the ingot moulds, and the steel in-
gots were exceptionally sound for steel of this quality. The yield was:—

- TR T e L R N S L 2,820 bs.
IR oo i it e Willea S 0 s g =
Ingotsandserap ..............oen 2,829 « 7

This is equivalent to 2,338 lbs. of scrap for every 2,000 lbs. of steel pro-
duced. All the weights were checked by myself. The analysis of the
scrap and steel ‘was as follows :(—

SCRAP CHARGED. STEEL PRODUCED.

Carbon ................ 0.110 Carbon .........covv... 0.079
(5T 11570) 1 SR, < 0.152 Silicott oo v v ii e i 0.034
Sulphur................ 0.055 Sulphur................ 0.022
Phosphorus. ............ 0.220 Phosphorus............. 0.009
Manganese.............. 0.130 Manganese.............. 0.230
Arsenic................ 0.089 Arsenic........... ... 0.096

UBPPer . acass i o won ntioes Trace

This was a special steel for transformers, and M. Héroult informed me
before it was made that it would not weld, as to obtain the special quali-
ties required for the electrical firms he purposely sacrificed the weld-
ing qualities. In other respects the steel gave excellent results; it forg-
ed remarkably well, without a trace of red shortness, and gave very good
cold bending tests.

The electric energy consumed was 1410 kilowatt hours, equivalent
to 0.216 electric H.P. years, equal to 0.153 H.P. years per ton of steel
produced.

Charge 660.

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

Miscellaneous steel serap .............. 5,733 lbs.
Ferrosilicon ........ ................ 19 «
TR0 OTOF wuzts irwiss sissramse wraim B s i 430 «
DA s 0l S v ses BEEBEE, Y Sles 346 «
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Commenced to charge 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.; time, 8 hours.

The scrap and part of the lime were charged before the current was
switched on, and the remainder of the ore and lime was 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 Ibs. 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 charge was completely melted at 5.0 p.m., five hours and twenty
minutes after 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 done 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 satisfied 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, leaving no skull ia the ladle, was
quiet in the moulds, and forged extremely well in the press; the welding
tests were very satisfactory. The yield was 5,161 Ibs., equivalent to
2,000 lbs. of steel ingots for every 2,280 lbs of serap and metal charged.
The following is an analysis of the steel —

OWEBGR. o155« wove BRURE Mo, ~adb0pe 1.016
SHHCON 25 svan st Baa b ool aeiot o 0.103
BT cven 5ot oo sossmpas@e 0.020
PhosplioTa8 suussn «owmin e dsaies 0.009
Manganese .......... «.c.cooiennn 0.150
AISENIE s sns van ehpbammtd e s 0.060
COPPEF sossw.smesr Somves s Trace
Aluminium ........ ..oooiiiatn Trace

The electric energy used during the working of the charge was 2,580 kilo-
watt hours, equivalent to 0.395 electric H.P. years, equal to 0. 153 electrie
H.P. years per 2,000 lbs. of steel produced.

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

It will be noted here that, startmg entirely with nearly carbonless
scrap iron, the first product obtamed is soft steel; to produce high carbon
steel this has to be carburized by suitable additions. Consequently, the
metal has to be kept longer in the furnace to produce high carbon steel
than low carbon steel, and the consumption of electric energy is greater
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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 other
consideration, and there would be no difficulty in making high carbon
steel without recarburizing, by melting down a suitable mixture of pig
iron and scrap in the La Praz furnace; and on the other hand, pure serap
could be melted down in the Gysinge furnace and recarburized at the
end of the operation, if desired.

COST OF PRODUCTION.

The consumption in electrodes, when working continuously, 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 costing about 30.00 francs for an output of 30 tons of steel.

The average output per 24 hours was 4 tons; figures furnished by
M. Héroult from his book showed an output of 120 tons for 30 days con-
secutive work, and he considers that he can make 150 tons in this time.
The average time for each charge was nine hours, and there were 5 men
employed on the furnace each shift, mcludmg the foreman. In these
men are included the ladleman and pitmen.

The repairs and renewals are somewhat heavy; burnt dolomite cost-
ing 3 frs. per ton of steel produced, magnesite 1.5 frs., and acid refrac-
tories, including roof, about 2.5 frs. per ton, making a total of $1.40 per
ton for refractory materials.

It is extremely difficult to make a statement showing the -cost per
ton, as this will necessarily depend upon the price of serap, labour, and
refractories in the district; but as any serap is suitable for this process,
the price of the raw material is never likely to be very high and may as
a rule, be taken to be about the same price as pig iron delivered at the
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 materials and labour, will be practically the same
as for a gas-fired Siemens furnace of the same size, making similar steel.
Any difference in the cost will be due to the cost of electric energy and
electrodes, as compared with the cost of fuel. Repairs will probably be
higher, but not sufficiently to affect the cost of production. In a small
Siemens furnace of this capacity, the fuel consumed would vary from
1,000 lbs. to 1,800 lbs. of good slack coal, i.e., small coal, per ton of steel
produced. Such coal would probably cost $5.00 to $5.50 per 2,000 lbs.,
in Canada, and assuming 1,200 lbs. to be used 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 $1.58, and electrodes are estimated to cost 20 cents, making a total of
$1.73 against $3.00, so that there is a balance in favor of electric smelting,
assuming the cost of materials and labour to be the same.

3
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I think, however, it would be extremely difficult 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.
This would especially be the case if the process were .conducted on the
same lines as to the removal and the renewal of the slag, to eliminate the
last traces of phosphorus, 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 do it with specially selected materials. The
real comparison, however, should not be made with the Siemens process,
but with the crucible process, as it is with erucible steel that electric steel
is competing, at all events at present. The advantage in working costs
with the electric furnace is so considerable, that under the same conditions
as to labour, it should eventually supersede the crucible process, especial-
ly as there seems every reason to believe that the special alloy steels now
being so largely introduced for high speed cutting tools could be readily
made in this furnace.

How far this electric furnace can compete with the ordinary Siemans
process under the conditions prevailing in Canada is a much more difficult
question 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 inore
men than a 3 or 4 ton furnace, provided mechanical appliances are ar-
ranged for charging.

The Héroult furnace is extremely well designed, and 1 see no reason
why furnaces up to 10, or possibly 15 tons should not give satisfactory re-
sults; but at present I should hesitate to recommend larger furnaces than
this. I do not think, therefore, that furnaces of this size could hold their
own against gas-fired furnaces of 40 to 50 tons capacity, or against the
still larger furnaces of 100 to 200 tons working on the Talbot system,
where labour charges are reduced to a minimum. It must also be remem-
bered that in making structural steel in large quantities, pig, ore and scrap
would have to be used, as it would not be possible to get sufficient quan-
tities of scrap to supply a large plant. This would take a longer time to
convert into steel than serap charges, and the consumption of electric
energy would be greater. On the other hand, the consumption of fuel
in the large gas-fired furnaces per ton of steel produced would be less, not
exceeding 800 1bs. of small coal, costing $2.00. Taking our electric energy
as the same as was found experimentally, viz., 0.153 E.ILP. years per
ton, and assuming it was the same for a pig and ore charge in the larger
furnace and the cost of electrodes the same, we should have $1.73 for elec-
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tric energy and cost of electrodes against $2 for fuel, and the larger fur-
naces would still have considerable advantages in smaller labour charges
per ton of steel produced. Notwithstanding the slight advantage shown
in the above assumptions in favour of electric energy, I am of the opinion
that, although the Héroult furnace is admirably adapted under existing
conditions for the manufacture commercially of highest class tool steels,
ordnance steels, high-class wire, and similar steels, it cannot at present,
under Canadian conditions, compete with the ordinary Siemens process
for the manufacture of structural and rail steel.

The following analyses of drillings from different 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.

5 MR R L e 0.079

IlAEOTE 1% vt e o v srate sRSmmibl s 1o 0.034

SRR 2 64 ~un o -2 RirsE g e B 0.022

Phosphorus .......... ..oviunnnn 0.009

MENPENTG. 5w nmsnes onneieis s 0.230

ATEENNE! wvcctoimret om0 e grecarens @ e 0.096

TR wassbinbetsen and sbeian o Trace

LARGE INGOT. SmaLL INGOT.
Top. Centre. Bottom. Centre.

Carbon........ 5 IS0 G el S 0.084 0.069 0.068 0.070
STHEOW %o ¢ o575 ¢ i ae s wwn s bin 0.036 0.034 0.038 0.030
Manganese.... .......... 0.233 | 0.230 | 0.240 0.230
Sulphur. .............. . 0.019 0.020 0.022 0.022
Phosphorus .. ............ 0.008 | 0.008 | 0.009 0.008

HIGH CARBON.
Charge 660. Average Sample.

CREBOR: aso s solRaPe snmmnby 1.016
BIlEOR: «c ¢ iy e e e 0.103
Sulphur ....... B b s e st 0.020
Phosphorns .......... ... ....... 0.009
Manganese .......... +oiiiin.., 0.150
Arsenic ......... Rclie s Tk e 0.060
COPPEr on cxtprans o515 noibalis iy Trace

Aluminium ........ ..., Trace
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LArRGE INGOT. SmaLL INGOT.
Top. Centre. Bottom. Top. Centre. Bottom.
Carbon'....| 1.015 1.016 1.022 1.018 1.013 1.022
Silicon.....| 0.103 0.101 0.103 0.098 0.100 0.101
Manganese..| 0.144 0.148 | 0.158 0.151 0.150 0.146
Sulphur....| 0.021 0.019 0.021 0.020 0.019
Phosphorus.| 0.010 0.009 0.01¢ 0.011 0.011 0.010

ANALYSES OF LA PRAZ STEELS
Réceived from the Works.

Charge C P S Si ‘ Mn

No. % % % % ]
198 e SoS (i 5 0.65 0.009 0.013 0.14 0.24
DO s s wabs i 0.85 0.009 0.018 0.11 0.25
195} . e dis ke womg B B 1.05 0.007 0.013 0.12 0.25
BB oo v s oFs @ avivinp s 090 | trace 0.013 0.14 0.25
BT .« oo o 0.90 0.009 0.012 0.12 0.25
D2 : oo i B de Al 1.40 0.007 0.013 0.11 0.26
252 A S e 0.80 0.011 0.012 0.11 0.27
22D iy b 1.35 0.010 0.017 0.13 0.27
0 PR 1.00 0.017 0.010 0.14 0.27
28Dl s 75 e e s i 0.70 0.012 0.013 0.09 0.20
286 . it v v 0.65 0.009 0.015 0.07 0.17
)] R R SR 0.65 0.009 0.012 0.08 0.17
D88z it o 0 DG 0.55 0.010 0.016 0.09 0.18
289 . ovias s v 0.60 0.010 0.018 0.08 0.17
290, 1o s AmE 0.65 0.011 0.018 0.08 0.17

KELLER ELECTRIC STEEL FURNACE.

The primary object of our visit to the works of Messrs. Keller, Leleux,
& Co., at Livet, was not to investigate electric steel manufacture, but the
manufacture of pig iron in the electric furnace. We were, however, able
to see one charge of steel made from steel scrap and a small quantity 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 used for the steel melting
has not been designed specially for this purpose, as in the other works we
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visited, but is a plant arranged for general metallurgical experimental
work, and is sometimes used for steel, and at other times for copper,
nickel, and other smelting operations. It really consists of two furnaces
at different levels, the materials being melted and partly refined in the
upper furnace, and then tapped off to the finishing furnace at a lower
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 preliminary refining, and consequently it was charged direct into
the lower furnace and melted there. This furnace is basic lined, and in
principle is identical with the furnaces we saw at Kortfors 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 furnaces, is at one end, a slag
spout being fixed at 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
all the metal. There are two electrodes passing through the roof exacily
as in the La Praz furnace, and these are suspended just below the slag
line; 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 :—

TRt BBV o 5o 50 B0 w5 ap B s s Em RSy 5ga 1,500 kg.
Electric smelted pig iron................... 150 «
Silico spiegel, 46% silicon, 15% manganese.. 15 ¢
Silico spiegel, 10% silicon, 50% manganese.. 9

1674 « = 3691 lbs.
The analysis of the scrap charged, and the steel produced, was:—

Scrap. Finished Steel.
!

Carbon............... 0.142 CREbOTL o » ovvo amios 0.576
OO 55 508 w00 wnns 0.062 S 1[0 W 0.287
Sulphur........ ..... 0.072 Sulphur........... 0.055
Phosphorus .. ........ 0.044 Phosphorus.... .. .... 0.046
Manganese............ 0.500 Manganese. ... .... 0.540
Arsenic................ 0.068 Arsenic........... 0.050

Aluminium. . ... ..... trace

The furnace was charged at 11.30 a.m., and tapped six hours later, at
5.30 p.m., the refining not being carried 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 produced, 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.D.
years.

SUMMARY.

The three processes of electric steel manufacture which the Com-
mission has had an opportunity of investigating are all capable of produe-
ing equally good steel and the selection of one or the other would depend
upon local conditions.

The Kjellin process is undoubtedly the nearest approach to the
crucible process, and given a high-class pig iron and scrap has much to re-
commend it, a special point being that 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 limited,
and although some purification can be effected during the melting, the
quality of the steel will largely depend upon the raw material being very
pure, in the same way, although to a somewhat smaller extent, than in
the crucible process. To what extent the phosphorus, &e., can be remov-
ed in this process our experiments do not enable us to say, as all the
charges we followed were made from purest materials, but the furnace
is more suitable for replacing the erucible steel melting than for dealing
with miscellaneous 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 same way as a gas-fired Sie-
mens furnace. The neutral atmosphere and the intense heat which it is
possible to obtain enable very basic slags to be used, and the mechanical
arrangements allow the ready removal of the slag so that a pure non-oxi-
dizing slag to remove the last traces of phosphorus can be ensured at the
end of the operation. This undoubtedly opens a larger field for the
resistance furnace, as in many districts common serap can be obtained at
a moderate price, where materials snitable for the induction furnace could
only be obtained at a prohibitive price. ~ They are, as regards quality,
both able to make highest class carbon steels, but from a practical point
of view, the resistance furnace is more adaptable as regards its raw
material, and has the advantage of being very similar in general design
to an ordinary Siemens furnace, so that so far as the metallurgical 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 furnace.

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 suc-
cessfully in the production of high class crucible steel or steels for ord-
nance and other special purposes made in the Siemens furnace. In cases
where very large steel castings are required of erucible steel quality,
several electric furnaces, working so that they could be tapped into a com-
mon receptacle, before pouring the steel into the mould, should give ex-
cellent results and be much more economical than the crucible process.
Under favorable eondltlons, electric energy might compete with gas as
regards cost, but until it is possible to use furnaces of from 30 to 40 tons
capacity, the extra labour gharges 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 different perceat-
ages of carbon; the maximum stress increases with the carbon to abont
0.9%, with a corresponding decrease in elongation and reduction of area.
The steels were all heated to a temperature of 600°C., which is below the
carbon change point, to remove any stresses due to cold working. It will
be noted in the lower carbon steels that the elastic limit is exceptionally
high, the ratio of elastic limit to maximum stress being 70% in No. 5 A,
82% in No. 7, (658), and 70% in No. 9 (559).

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 (see
tables ITT, IV and V), which confirm the results obtained at Cooper’s Hill.

Photomicrographs of the steels from the special experimental chargoes
are given, and also some photos of the high-class steel for comparison,
(see plates XIV-XXITI). The structures were quite normal, except that
in the low carbon steels, the ferrite areas were exceptionally soft. They
presented, no special features, and in fact could not be distinguished from
crucible steels. It was not considered necessary to give photographs show-
ing the various changes induced by heat treatment, as these were 1dent1
cal with those occurring in ordinary steel.

A photograph of some of the cold bending, welding and drifting tests
is also given to show what tests were made (see plate XXIIT).




MECHANICAL TESTS GYSINGE STEELS

TABLE I

- Deserip- Limit of Maximum §°\. E Distance
2 tion of E . . Extensionon| <’y =g Yield Point of
F | Mark | Description |Ruptured lasticity Stress wholelength | ©5 | ‘3 Fracture
0.2' on | of Sample Section of 6 ins. §§ E§ foain \Ciaban = T RESIRRCRE
E - Praadived 5"': E Tons | Lbs. | Tons | Lbs. | and 150 mn. ‘é; gﬂg Tm;s Lbs. | nearest K Fracture -
] icce qceive o= per per per per o Ve 4 pel per
o 43| & |Sa.in.|Sa in. | Sq.in.|Sq.in. % Ea gg“ Sq. in, | 8q. in. Gr:lif: %
43| 546 14 Round|03%5| @ | 29.5 | 66080| 56.93)127523 { %3} 6.8 | 51.8 | 31.01) 69462] 0.0 |.... .|Crystalline, feathery
4| 547 {Round.. | w ) 18.57) 41600| 32.14| 72000 {ggg } 56.12| 57.79| 20.39] 45674| 1.75" |...... Silky, without crystals
Swaged . 569
5/ A ||Bars... | «| «|16.23 36355 23.41) 52438 {gg‘gg} 67.86| 69.32| 19.48| 43636| 0.75" |...... « slightly porous at
Fey centre
10 0.60 | ( «| «| 20.87| 66918 47.93(107364 {iggﬁ} 30.50| 62.33 32.47| 72732| 2.75” | 0.600/Dull, without crystals
1”7 Round k
11 0.70 J “| w2889 64m14) 47.20105504 {12 2?,} 42.08| 61.35| 31.18 69844 3.0° |0.700 « ¢ g
Swaged . ‘86 .
12| 0.80 [ s | | 38.77| 75644/ 63.28]141748 { ng}} 19.49| 54.23( 35.17| 78780| 0.8" | 0.800/Crystalline, feathery.
Bars. ... \
18] 1.10 s | v | 34.42] 77100] 60.42(135340 “:)'gg} 21.56| 56.98| 36.03| 80708| 2.3 | 1.100/Dull.slightiycrystalline

08




TABLE 1II.
7/
MECHANICAL TESTS HEROULT STEELS
$ 2
o Dtescrig- Limit of Maximum ST B . R Dm"’é“"e
] ion o 3 xtension ) ! in o
£ .| Mark | Description | Ruptured| Elasticity Stress whole length '6‘5 E-g Fracture
oS Section of 6 ins 2 -] t Ciatbo Appearance of
%! on | ofSample # S8 | B& S Sy
e 5 e Tons | Lbs. | Tons | Lbs. | and 150 mm. | S 02 Tons | Lbs. | nearest y Fracture
; | Piece eceive @ per per per per % iy = per per G o,
" Ly & | sain | Sq‘in | 8q.in.|Sq.in. - 3s E" |sain|Sqin Ao ; o
6/ 572 |Square Bar|03%{ @ | 25.33| 56738 50.52 112136 {1198} | 21.04 5015 25.98| 58106 1.6" | 0.95 Crystalline feathery
Round 30.83 T
Tl 658 {Swag- W o« | 18.18| 40724| 22.10 49504 {30'66 72.48| 82.28| 18.44| 41306] 2.5" | 0.079(Fibrous and silky
ed Bar ’
At
s 660 [13 « o | «o| «| 25.07] s6156] 5460122304 { S} | s.60[245.92 25.98 58196/ { osbee | | 1.016Crystaltine feathery
o 559 [« «« «| | «| 10.48) 43636| 27.69] 62026 {22-30) | 69.9070.41| 20.13) 45090 2.5° | 0.127|Fibrous and silky




TABLE IIL

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—1r0 pieces of turned steel.

Date Received—23rd October, 1903. Certificate No. 5535.
: . : i Ultimate Distance | Percent-
Elastic Limit Extension| Yield Point e Extension Contrac- ‘from age of
Sectional Modulus | ot Elastic = tion nearest | Carbon
No. | Mark | Diameter| Area of Limit % T % Punch by
Kg. | Lbs. 0 B Kg. S | Kg. 8. mm d Mark Combus-
mm | wmd | et | 2 mm? gf G, | mm2 | fn | & mm figs
25364] 199 | 20.15 318.9 | 43.9 62400‘ 20900 0.210 | 56.4 l 80200 96.4 [137200| 10.5 |...... 18.4 110 0.91
65 201 | 20.18 319.8 | 46.9 | 66700; 20750 0.226 | 50.0 | 71120| 79.2 (112620| 7.3 {...... 34.0 56 1.06
66) 207 | 20.17 319.5 | 43.8 | 62300| 20660 0.212 | 50.1 | 71252| 72.4 [108000| 14.3 |...... 27.3 91 1.18
67| 212 | 20.13 318.3 | 36.1 | 51330 21750 0,174 | 53.1 | 75520) 89 7 |127456] 6.4 |...... 8.1 42 1.38
68 229 20.13 318.3 | 36.1 | 51330 20750 0.174 | 44.0 | 62590 70.3 (100000 7.0 |..... 50,2 20 0.89
69| 230 | 2v.13 318.3 | 39.3 | 55888/ 201900 0.188 | 43.6 | 64848! 68.6 | 97570 8.4 i...... 55.0 101 0,95
70| 232 | 20.13 318.3 | 36.1 | 51330 20990 0172 |44.0 | 62590] 78.9 [112224] 15.1 |...... 31.2 43 0.63
711 233 | 20.12 317.9 | 47.2 | 471201 20520 0.230 | 5.3 | 71525) 89.2 126880 9.5 )...... 22.6 34 0,80
72| 234 | 20.14 318.6 | 40.8 | 58030; 21030 0.194 | 45.5 | 64710] 77.8 |110656] 6 3 l..... 46.0 67 0.91
73| 260 ( 20.00 314.2 | 38.2 | 54340 20760 0.184 | 56.7 | 80640 77.2 |109820| 0.5 {...... 0.7 37 2.32

Stockholm, 5th November, 1903.

ROYAL TECHNICAL INSTITUTE MECHANICAL TESTING LABORATORY.
(8d.) GUNNAR DILLNER.

(4]



TABLE 1V.

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. Annealed at about 750° C. Certificate No. 5536
e - |
Ultimate Dist 3
. Elastic Limit Extension| Yield Point Sh::s Extension tx::lzco Porcenft;
Sectional Modulus | oy Flastic Contrac- LG éf: b?a =
No. Mark | Diameter Area of Limit tion Punch by
mm mm? | Kz | Lbs. | glasticity y Kg. | Lbs. | Kg. | Lbs [200mm % Mark | Combus-
m m? | 8q. in. ° mm? | 8q. in, | mm?2 | sq. in. % 2 i tion
25375| 199G | 20.12 317.9 44.0 | 62579; 20850 0.211 51.0 | 72533 96.3 [136960| 7.1 |...... 19.1 44 0.91
76| 201G | 20.11 317.6 | 42.5 | 60439 20240 0.210 51.5 | 73248| 93.5 |132832) 9.2 | ..... 14.5 88 1.06
771 207G | 20.11 317.6 42.5 | 60439 21140 0.201 47.2 | 67128 72.1 102552 16.3 {... .. 32.7 49 1.18
78] 212G | 20.11 317.6 | 42,5 | 60439 21040 0.202 | 54.6 | 77657) 92.1 {131000] 7.6 |...... 9.8 96 1.38
79| 229G | 20.12 317.9 33.0 | 46940 20890 0.158 43.3 | 61586| 93.2 (132568 10.0 |...... 19.9 109 0.89
80| 230G | 20.13 318.3 | 36.1 | 51337 20400 0.177 47.1 | 66992 91.0 (129400} 10.5 |... .. 20.0 36 0.95
81) 232G | 20.13 318.3 36.1 | 51337 20870 0.173 40.8 | 58039 76.0 (108000 15.0 |...,.. 40.7 58 0.63
82| 233G | 19.89 310.7 33.8 | 48076] 20860 0.162 | 48.3 | 68696 94.9 |134848 9.0 (...... 20.8 57 0.80
83] 234G | 20.05 315.7 44.3 | 62999 20510 0.216 50.7 | 72113| 97.6 138880/ 10.6 |...... 21.2 46 0.91
T4{ 260 20.09 317.0 l 41.0 | 58309] 20600 0199 |......| ..... 55.4 | 78800 0.0 | .... 0.2 99 2.32

(Sd.) GUNNAR DILLNER.
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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.

Sender—Gysinge Works, Gysinge.
Description—S8 pieces of turned steel.
Ddte Received—z22nd November, 1902.

Certificate No. 4559

21373
74
75
76
77
78
79
80

!

Ultimate § =}
. Elastic Limit Extension| Yield Point P Extension § g Analysis
BESyT . Modulus | 4t Flastic g Eﬁ
Mark | Diameter| Ares of Limit e Ly gg
mm mm? Kg. | Lbs. | miasticit L Kg. | Lbs. | Kg. | Lbs. mm g2 (8= :
m m? | sq. in. e % mm? (sq. in. | mm? | sq. in. v 8 gé N £ S S
1.70% ] 19.98 313.5 60.6 | 86184] 2n850 0.2906 | 63.8 | 90740| 82.3 [117060] 3.2 |...... 43(1.8010.21/0.017,0.017/0.47
e 19.99 313.8 60.5 | 86020| 20700 0.2923 | 62.9 | 89440 82.4 111716y 5.9 |...... 75
1.40%| 20.00 314.2 54.1 | 76944 2770 0.2610 | 58.9 | 85200, 82.4 (117160 7.3 |... .. .| 22/1.50(0.25(0.016|0.017]0.52
Lo 19.98 313.5 52.6 | 74816) 20910 0.2516 | 55.0 | 78188| 79.6 |113241 7.7 i...... ST
1.10%| 19.99 313.8 46.2 | 65710/ 20850 0.2216 | 55.0 | 78188| 87.5 |124320{ 7.0 |...... .| 47(1.12]0.22(0.014(0.018(0.40
b 19.99 313.8 44.6 | 63400, 20590 0.2166 | 542 | 7n96| 87.5 |12432 7.5 |..... .| 59
1,003 | 19.98 313.5 36.7 | 52192 20730 0.1770 | 47.0 { 66860 90.3 {128380( 8.1 |...... .| 24{1.02/0.22/0 013]0.02010.37
s 19.98 313.5 36.7 | 52192 20730 0.1770 | 46.3 | 65856| 90.6 {128840; 7.0 |...... .| 96

(Sd.) GUNNAR DILLNER.

¥8



® 85

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 case.

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 Mushet’s steel. The steel operated upon was untem-
pered gun steel, containing 0.83% of carbon. Mr. H. F. Donaldson, the
Chief Superintendent of the Ordnance Factories, Woolwich, under whose
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 approximately
14 feet per minute. The material was not so good as the Mushet steel,
and at a cutting speed of 19 feet per minute was useless, while the Mushet
steel was working well within its capacity. As compared with grade
“A,” the results show that, speaking generally, there is little difference
between this and most of the steels experimented with. One peculiarity
noticed in using the special steel as against the Mushet steel was an ex-
ceptional tendency of the steel to build up a false edge from the material
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 tendency
to build up a false edge. Although the electrical steels and grade “ A,”
in their general behaviour gave practically the same results, in some cas:s,
although the amount of material removed per hour was the same, the
former did not stand up to their work so well as grade “ A,” owing to the
tendency to build up a false edge. If the column in table (VIII), marked
“ 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 stesls
containing from 1.100% to 1.800% of carbon. The detailed results of
the trials are given in the table, and with regard to those under the column
headed “ Time of Run,” it must be taken that where the tools ran only a
few minutes they were palpably done 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 mean that when
the tool hag run half the time it was only capable of doing half the work
of grade “ A,” but that the tool was not behaving so well as the latter, and
the run was stopped. In some cases, as will be seen from the table, the
run was stopped for convenience, the test being considered to have de-
monstrated that the tool was behaving satisfactorily, and it was unnecss-
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 improvements which have been
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made in recent years in the production of high-speed steels, 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 Woolwich Arsenal :—

TABLE VL
KJELLIN STEEL FROM GYSINGE.
o = —
Tool No Cutting 3 . > 5 Material
: Spect |, 4| 5 Time of %g g
i Feet per| o° = Run g itk 3
Reference Minute. 2 3 2 Upon | ©
S Hrs. Min| S8
|
120 () 14 0.1 0.25| — 60 71.5 (*Gun steelll.20
“ (2 19 0.1 10.25) — 3 — %
1.10 (1) 13.5 0.1 10.25) — 10 62.5 4 1.10
“ (2). 19 0.1.10.25) — 2 — &
1.00 (1) 13.5 0.1 [0.25| — 30 | 59.5 «  [1.00
“(2) 19 lo.1]0o.25 — 2 | — «
0.90 (1) 14 0.1 (0.25| — 10 51.0 L 0.90
“(2) 19 0.110.25) — 1.5/ — &
0.80 (1) 14 0.1 10.25| — 10 | 52.5 «  10.80
“« (2) 19 [0.10.25) — 1,5 — «
546 (1) 14 0.1 /0.25| — 60 | 68.5 « 11.082
“« (2) 19 (0.1 0.25| — 2 | — 2
Mushet 1}” Sq. 14 0.15/0.25! — 40 105.7 d
¥ 19 0.1 (0.25 — 60 | 82.75 «
Grade A (1) 13 [0.1/0.25 — 45  62.7 « [1.385
“« @) 14 |0.1 /0.25] — 60 ]69.5 2 «
Grade A 1}” Sq. 19 0.110.25| — 3 | 62.5 “ i

* 0.3 Carbon untempered.
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TABLE VIIL
HEROULT STEELS FROM LA PRAZ.

3 f
Tool No. ():tt;xég 2 Time of g = Material §
or Feepf? Ll Feed § Run .E E;; Worked i
Reference Minute S 8 2 Upon ©
A |[Hrs. Min. = =
400 H (1) 14 (0.1 /0.25| — 30 | 62.5 [*Gun steel|1.80
400 H (1) 21 0.1 0026 — -1 R i #
400 H (1) 14 0.15/0.25) — 10 84.0 % &
400 H (2) 14 0.15/0.25| — 45 | 82.6 i b
572 H 14 [0.15/0.25| — 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 — “ &,
Mushet 11" Sq. 14 /0.15/0.25| — 40 105.7 ' —
it 19 0.1 j0.25| — 60 | 82.75 % —
Grade A (1) 13 (0.1 (0.25| — 45 | 62.7 s 1.385
5 (2) 14 0.1 |0.25] — 60 | 69.5 “ %
Grade A 1}" Sq.| 19 0.1 0.25| — 3 | 62.5 g 4
* 0.3 Carbon untempered.
TABLE VIIL
orTﬁzlfel:Ie‘:l.c - Reason trial Stopped. ~ Remarks.

1.20 No. (1) |At the end of one hour’s run......E|False edge Luilt up.

1.20 No. (2) |Nose burned and rubbed away...N.E.|Cutting speed evident-
ly too high.

1.10 No. (1) |Tendency to pull up lathe, .... . N.E.False edge causing
ragged cut,

1.10 No. (2) |Nose of tool rubbed away . .....N.E./Cutting speed evident-
ly too high.

1.00 No. (1) [End of half hour’s run.. ........N.E.[False edge built up
and trial stopped on
this account.

1.00 No. (2) |Nose of tool rubbed awny......N.E.Cutting speed evident-
ly too high.

0.90 No. (1) |Tool not standing well........ N.E.[False edge built up,

might have run a
little longer, trial

stopped forshop con-
venience only.
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TABLE VIIL—Continued.

B it Reason Trial Stopped. Remarks.

0.90 No. (2) |[Nose of tool rubbed away. .... . N.E.|Cutting speed evident-
ly too high.

0.80 No. (1) |Closing time................ N.E.False edge built up.

: Toolmight havegone
on some little time
longer.

0.80 No. (2) |Nose of tool burned.......... N.E |Cutting speed evident-

5 ly too high.

400 H No. (1) (End of half hour'srun.......... E.|Tool cutting well and
speed raised to next
test.

400 H No. (1) |Nose of tool burned.......... N.E.False edge built up.
Tool done 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.| cutting well, end of
trial.

400 H No. (2) |Meal time....... £l oo G o mth E.[False edge built up
and lathe overtaxed.

572 H Pulled lathe up.............. N.E.False edge built up.

546 H No. (1)
546 H No. (2)

660 H No. (1)
660 H No. (2)

Mushet 11" sq.
Mushet
Grade A No.(1)

Grade ANo.(2)
Grade A 1}"sq.

" Nore—E

N.

C

1.385 0.

End of one hour'srun........... E.

Nose of tool rubbed away.......N.E.
Overtaxing lathe............. N.E
Nose of tool rubbed away...... N.E.

Shop convenience... ...........
End of one hour’'s run............

Shop convenience............... ;

End of one hour’s run
Tooldone for... . ................

means equal to our Grade A.
E. means not equal to our Grade A.

Analysis of Steel, Grade A.

S
0.009

Mn
250

Si
0.148

P
0:017

False edge built up.
Cutting speed evident-
ly too high.

. False edge built up.

Cutting speed evident-
ly too high.

Cu
0.015

. .[Cutting edge good and

clean.
Cutting well, edge still
good.
Cutting well
stopped.
Cutting well.
Edge worn away, cut-
ting speed evidently
too high.

when

Cr

Tgsin
nal ’

nil
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It 18 only claimed for the above steels that they are equal to the
carbon cructble steels, and the comparison with Mushet's steel was made
_to see if they were in any way superior to the carbon steels.

The special properties of high-speed tool steels are due to the steel
being alloyed with special metals, and te a particular heat treatment, and
from a metallurgieal point of view there should be no difficulty in making
these special steel in the electric furnace.

DIRECT SMELTING FROM THE ORE.

The plant at Gysinge and La Praz was not in any way adapted for
direct smelting, the furnaces in both cases being either steel smelting, ot
steel refining furnaces, and confined exclusively to this. It was only at
Livet that we saw direct smelting carried on continucusly for some days,
on a scale and under conditions which permitted one to form a general
opinion as to the commercial possibilities of the process.

DIRECT SMELTING EXPERIMENTS AT LA PRAZ.

At La Praz, although M. Héroult had no furnace specially designod
for such a purpose, at considerable inconvenience to himself, he insisted
on showing us what could be done in one of his small furnaces, commonly
used for the manufacture of ferro-chrome and similar alloys. Only very
poor ore, containing 35.5 per cent of iron and a considerable percentage
of sulphur, was available, but this was smelted with suitable fluxes, and
about 967 kgs. of iron made in about 16 hours. Considerable difficulty
was experienced in controlling the grade of the iron, as a lump of reduced
irop having bbeome attached to the electrode greatly interfered with the
working of the furnace, and prevented the complete reduction of the ore,
with the result that white and mottled iron, with a ferruginous slag, were
principally obtained during the greater part of the run. It must clearly
be understood that this impromptu experiment has no bearing on ihe
economic production of pig iron, and was simply arranged by M. Héroult
to demonstrate to the Commission how, even under most disadvantageous
conditions, iron ore could be reduced with the electric furnace.

The composition of the ore, which was an odd sample which happen-
ed to be at the works, apart from its iron content, was unknown; so that
it was impossible to caleulate the amount of fluxes necessary to produce
a basic slag; it was largely this which delayed and interfered with the
operation, as the charge had to be altered two or three times until a slag
of approximately the right composition was arrived at by trial.

The original charge was as follows:—
100 kgs. of ore.

8 ‘ anthracite .
2 « lime.
3 ¢ fluor spar.

During the working, 30 charges of ore, containing 1.062 kgs. of iron.
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were made, and 18 taps of metal, together weighing 969 kgs., obtained.
The composition of the slag varied considerably, but an average showed
that it contained 7.75% of metallic iron. The following is an analysis
of the ore used, and of the slag and pig iron produced :—

i ORE AS RECEIVED. Pic IrRON. SLaG.

Moisture ...... 0.565 | Total earbon 1.840 | Silica 42.72

Insol. Residue.. 18.980 [ Combined carbon 1.225 | Ferrous Oxide 9.96

Oxide of Iron— 50.100 | Graphitic carbon. 0.615 | Alumina.. 17.43

Alumina not de- Silicoun . 3.122 | Oxide of Manga-
termined. Sulphur.. 0.274 nese. 3.70

Oxide of Man- Phosphorus 0.023 | Lime 16.92
ganese. .. ... 1.490 | Manganese 0.210 | Magnesia 9.00

Lime 3.000

Magupesia 5.480

Phosphoric acid. 0.020

Sulphur 0.189

Loss on ignition 16.540

Silica 5.46

Metallic Iron 35.50

It will be noticed that the pig iron is abnorinally high, both in silicon
and sulphur; and this is largely accounted for by the acid nature of the
slag, and by the high content of sulphur, and low content of manganese
in the ore. A good iron ore will contain, as a rule, not more than 0.02 to
0.04% of sulphur, but in this case the sulphur was nearly 0.190%, and
about half of this has apparently passed into the pig iron. With such sili-
ceous iron ore, one would have expected that the sulphur would have been
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 combination
of a pig iron with a very small percentage of carbon, high silicon, and high
sulphur. 2

The fracture of the pig iron was that of a very close-grained grey
iron, and the surprising part is that it contains only 1.84% of carbon, so
that as regards chemical composition it approaches nearer to that of a
silicon steel than pig iron. This pig iron is quite abnormal, and may be
regarded as an accidental produect, as when working under proper condi-
tions, no material in any way resembling this was produced, as will be
seen 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 that the reducing
conditions were very imperfect, owing to insufficient anthracite being
mixed with the ore.

DIRECT SMELTING EXPERIMENTS AT LIVET.

The works of Messrs. Keller, Leleux & Co., at Livet, were the only
ones visited by us which possessed an electrical installation especially ar-
ranged for direct smelting, although the general type of furnace was
very similar to that we saw elsewhere used for the manufacture of ferro-
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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-
gilicon or ferrochrome, according to the requirements of the firm at the
particular time.

From the diagrammatic sketches (fig. 29) in sectional plan and eleva-

tions, it will be seen that two or more ordinary furnaces with vertical elec-
trodes are connected by a central well, and the current flows 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 reduced, flows in-
to the central well, from which it can be tapped into pig beds or a ladle to
suit the particular requirements. If four hearths (ccee) are used, they zan
be divided into two groups, which are connected with each other in series,
the two hearths forming each group being connected with each other in
parallel. In such an arrangement the eleciric current will be broken
during casting, when the well is emptied of its eontents, 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, the 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 flow of the current through the fused material le-
creases during casting, it flows through the soles of the hearths 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 entire current flows through the conductors (e).

After casting the fused metal again collects in the crugible (d), and
remakes the broken circuit, so that the current again begins to flow
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 furnaces 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 recording wattmeter brought 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-made. This
so chilled the central well that the metal set in the lower portion, and it
was impossible to tap it, as the subsidiary electrode for heating <t had ot
been installed. We therefore tapped the two furnaces independenily
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 through 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. The heat generated by the cur-
rent rapidly raised 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 was tapped ous
about every two hours. Had the well of the furnace been available, the
metal would have been allowed to collect in this until it was full, and eon-
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 hand, the materials
being discharged from an overhead staging through a shoot onto the far-
nace platform, and then charged into the furnace with a shovel. Two
men* were able to keep the two furnaces full, the 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 effected if the furnaces were made deeper than those at Livet, so that
a longer column of descending materials would be able to absorb more
effectually the sensible heat of the gases. There wus one experiment made
in these furnaces, lasting 55 consecutive hours, and a second lasting 48
hours, in two furnaces similarly designed, but without the well. All 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 fux-
nace and on the furnace platform at the commencement and end of each
experiment had to be estimated; this may have given rise to some slight
error, either for or against the process. To arrive at absolutely accurate
figures it would be necessary to run for several weeks, so as to distribute
any such error over a larger output. The pig iron and slag produced
were weighed at the end of each day’s operation, and as the percentage
of iron has been determined in the slag, we have a very good control when
this is added to the weight of pig iron obtained. The pig iron was cast
in horizontal cast iron moulds similar to those used for ferro-silicon. The
following are the analyses of the ore, coke, and fluxes used during the ex-

periment :—

Ore DRIED ORE as Usep
i IN THE

AT 212°F EXPERIMENTS
Siliceous residue. ......oov i iiiant 3.980 3.582
Peroxide of iron Fe,Og. oo oo vvvvetts 77.140 69.416

Protoxide of iron Fe O................ nil nil

AWIDTBE: . e o « v @, smere1e, o me 5 sve a3 0.600 0.540
Oxide of-Manganese MnO ............ 4.600 4.140
TGN e e 130 et BRUE =8 Iy B 6 G YT 1.300 1.160
Magnesia......cvoveieiiiniinnnns 0.890 0.801
Sulphuric Aeid SO5...........ccvnntn 0.057 0.051
Phosphoric Acid.......... ... .. .00 0.027 0.024
Loss on ignition at red heat........... 11.100 9.990
Moisture.......coovvviii i, 10.000
99.694 99.704

*My recollection is that only one man was employed to charge the furnace.—E.H.




Metallic iron. ..... .... 54100 Slven.. .ol V. 48.690
Phosphorus. ....... ... 0.012 Phosphorus. ...... .... 0.011
Sl e N 0.023 Sulpbar. ..., .0 L 0.020
BSEINOR.. oA R VR T 3.000 BTHER Vi ol a5 fees 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 and placed in an air-tight box for transit:—

Coxre LiME QUARTZ
Ash.......... 1.600(Sjlica.. .. ... .. 0.625/Silica. ... . .... 78.02
Sulphur. ... .. 0.538Lime ... ...... 98.100|Lime. ......... 11.56

g Vol. Matter.... 0.710 Aluminaand ox-
Fixed Carbon.. 91.152| jide of iron... 0.453
Magnesia .. ... 0.730
Phosphorus. ... 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.
8. 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) Bessemer or Siemens’ acid
process. (2) Bessemer or Siemens’ basic process.

(B.) Pig suitable for foundry purposes.

FIRST EXPERIMENT.
19th, 20th and 21st March. |

We commenced to charge at 4 o’clock in the afternoon of the 19th
of March, and the first tap of molten metal was made at 6 o’clock. After-
wards the furnace was tapped regularly at intervals of two hours. The
total number of taps was 28, and the experiment was continued for 35
consecutive hours.
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The following are the details_of the materials charged :—

Weight of mixture in the furnace and on| Weight of | weign of|  Total
the furnace platform same as 9 sub- Tou oad ore weight of
charged charge
sequent charges. charged
Kgs. Kgs. Kgs.
Bhanih 186hoos . e =, o SEI Lo S 9134 | 2946
690
Charge :
Ore— 500 1st charge............. 690
UTT e ae g RS e R e 690
Coke— 100 8rd "¢ o o i oie Lo 690
e ==t Tl S e TR ok e 690
Time2e" 760" J5Ehi. =5 Tl on i =2 690
(14 AR St A e e v 690
Quartz— 30 7th < v, .. .......5. 690
L e e s 5 690
1 S ey ) 690 ERREESRE 6210
Ore=1955c 0500 tend =0 S NARES Moty 4500
March 20th. {
10th charge............. 690
0 NECLANEE, Dl e e 690 £
L26ht, o aed A ninen 690
TSTH A3 = L s o e s 690
Iath . esseermsesas 690
i5th "% " galiansnoe hese 690
Bt % = sy At 690
Ore— B50017th <« ......v.i..0. 630
0 T 630
Coke— 9019%h <« ... .......... 630
20th: 9 | e 630
Lime— 3021st “ ............. 630
22nd “ ... i.ien 630
Quartz— 10 23rd “ ... ......... 6830 .
2R L oseaas e 630 ........ 9870
Ore=15 x 500,...........0........ 7500
March 20th.
Ore— 500 25thcharge. .. .. ........ 620
266h: ¢  swisiecesian 620
Coke— 90 27th <« ............. 620
28th % o vaneme s 620
Lime— 3029th “ ... .......... 620
380th =« ... ........ 620 ,....... 3720

Ore=8 X 800 ...... .o0ovuajonnssius 3000
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Weight-of | Weight of Total
‘2«;‘3 122:{ ore weight of
charged. charged. charge.
Kgs. Kgs. Kgs.
Brought forward . ....|....... 17184 | 22746
March 21st.
31st charge............. 620
bt s A B S S S = 620
Sord; PR e T 620
SRt UL AN S IR S s L 620
SOUR R A e 620
SEGI AR RSt 620
S e ARG e T g e AT 20NN T 4340
Ore=7 x 500...... .......|.ceeuens 3500
20634 27086

There remained at the end of_ the Total weight of ore mix-
operation on the furnace top:— ture prepared...... 27,086 kgs.
Weight of mixture re-
3620 kgs. of the ore mix- maining unused at
ture corresponding to : end of operation.... 3,620 «
Weight of the mixture
. 500 x 3,620 _ actually charged into
ais - ot the furnace. .. .. ... 93,466
These 23,466 kgs. corrresponding to total quantity of
ore=20634—2919=................ 17,715
Moisture about 105/ ........... 1,772
Remainder dry ore............. 15,943

Say Fe=0.541 x 15,943 = 8,625 kgs.

Weight of Metal and Slag Produced.

Dates. = Metal. Slag.
19th March 2,521 600
20th « 3,991 691
21st 5 3,356 734

Total. 9,868 2,025

The first iron made was very grey and siliceous, and gave the follow-
ing analysis:—




No. 1
Tolal esrbar o .. i S s n it Al 4.00
Biligdns ., . v d e o5 a0 R Eeua iy 3.72
Manganess ... .. 000 AatEie 4.10
Phoeagthorus. . 71700 asldy. 0.029
SHIPRUE: .5 i s v e e et o 0.007

An average sample taken from all the grey iron made during the
three days gave:—

No. 2.
Total “earbon ......ccccow.en e 4.200
Combined carbon .............. 0.800
PRI e vios e oh . S awine 3.420
R T OTY e e L ot e L 1.910
2T ) S A S SRt s S 0.007
Phosphorus ...... ........... 0.027
Manganese .......... ......... 4.300 -
ATSENTCTEL A S S L e Trace

In a trial previous to our arrival, with the same ore, but with a larger
proportion of carbon in the mixture, 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
anticipated 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 iron
still being grey, and having a very siliceous fracture, on the evening of
the 20th the quartz was removed from the charge to obtain a more basic
slag, and on the 21st we began to get a white iron. The furnace workad
somewhat cold from the commencement of the experiment, owing, no
doubt, to its being greatly chilled by standing for twelve hours while the
alterations in the electric connection were made; a somewhat large excess
of carbon added led to the production of a considerable amount of free
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 the
removal of the quartz from the ore mixture, the slag became very infus-
ible, and a white iron was produced, and at night it was decided to stop
the experiment. The following is the analysis of the pig iron produced
on each day:—




97

No. 3 GRey IroN {NO. 4 WHITE IRONlNO. 5 WHITE IRON
e Average Sample | Average Sample | Average Sample
of Iron made an [of Iron made on the| of Iron made from
the 19th and night of the 20th | the last four Casts
20th March. and 21st March. on 21st March,

Total edrbon .......... 3.930 4.050 . 4.140
Combined carbon ...... 1.210 3.960 4.020
Graphite ............. 2.720 0.090 0.120
i R e 1.421 0.699 0.559
Sulphur......... g e 0.003 0.007 0.007
Phosphorus ........... 0.029 0.024 0.023
Manganese............ - 4.000 4.100 3.880
SO sl S o Trace Trace Trace

An average sample of the slag taken over the three days’ working
gave the following analysis:—

T R e e s s e 39.02
Iron and alumina .............. 8.04
Oxide of manganese (Mn. O.).... 5.72
LA O o s b e Sl abens 558 41.80
DEBFIRI, w5 ool otoils B3 BT s 4 3.00
Phosphoric acid ............... Nil.
SUlpRUT s - sl anetrents i te 3 ok 1.22
Alkalios . seiitaoew aos0 Not determined.

H 10) =) ST 98.80

Metalliciron ................. 0.80%

The weight of pig iron obtained 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 1bs. of pig iron produced, which, at $10 per E.H/P. year, is $4.75
per ton of 2,000 1bs..

The total amount of dried ore charged was 15,948 kgs., containiang
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 extremely difficult to obtain a sample which will give an average
of the impurities in the iron made over a series of small charges, as unless
the weight of each sample taken is in exact ratio to the quantity produced,

“wrong conclusions may be drawn; thus, if a larger piece were taken from
the white iron or the grey, this would make the silicon higher or lower, but
in view of the fact that about 45 out of the 55 charges were grey iron, and
silicon varied from 3.7 to 1.4, the average analysis of the pig iron mude
may be taken as:— '




Carboni= oLl sty i e e e 4,100
ST TeTey i Upan et - LTS oo O 4 2.500
Manganese ........ .....counnl. 4.300

giving a total of 11.0% of impurities, with the phosphorus and sulphur;
therefore, every 1,000 kgs. of pig iron contained only 890 kgs. of metallic
jron, so that, theoretically, it was possible to obtain from the ore chargod

8625 x 1000
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 the
pig iron were more than 11.0% (M. Keller estimated them at 11.5%), and
that the amount of material left in the furnace at the end of the operation
was slightly over-estimated. In any case the results show that practically
all the iron charged was reduced. Converted into tons, we get 10.87 tons,
or 21,749 Ibs., that is 390 lbs. more than should theoretically be obtain-
ed. The complete reduction of the iron is confirmed by the analysis of
the slag which weighed 4,465 1bs., and contained 36 1bs. 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,.

=9691 kgs. of iron.

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 could be re-
gulated by altering the ore mixture, or by increasing or decreasing the
electric current; in other words, how far the process was under control,
and the different varieties of pig required for steel and foundry purposas,
varying from 0.5% to 8.0% silicon, could be made as desired.

We 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 made
14 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 experiment, except that there was no
well, and the connection between the two hearths was by means of a chan-
nel at the bottom, through which the current could flow. Each hearth
was tapped at the same time, and the metal cast into horizontal iron moulds
ag in the previous experiment: The following are the details of the chargas

during the 48 hours working :—

Weight of Materials mixed and taken e;‘c;"‘f,}:n.z'w Weight of | Total ‘}ye'gh'
to Furnace before starting. of mixture. e Ore Mixture.
Kgs. Kgs. Kgs.
March 23rd.
1245 x 500
S - - CEELLLS. P, 985 1,245
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i

Brought forward. . ..

Charge:
Ghrel 2., o 525 1st echarge....
Coke..... 95 2nd ST
Lime...... 15 3rd G
R UL ) o
Ores.. . 0 525 5th <
Coke 95  6th 4
Lime 20 Tth i
.............. 8th ¢
Ore 8x525...........
Ore...... 525  9th charge| 1330
Coke...... 95 9th “. ) 4D
Lime..... 20 9th iy 50
Fluor spar. 7 9th SEHRINES
; 1708 x 525
Ore = i
March 24th.
Ort. i . s 500  10th charge....
Coke.. .. 95 11th £ .
Lime.... 20 12th  «
13th «
14th £
Ore...... 500  15th charge. ...
Coke. .. .. 102.5 16th LR
Lime. . ... 20 17th ~
N 18th £
19th e
20th  « ...
e o oo 500 21st charge....
Coke..... 102.5 220d  «
Lime..... 25 23rd
24th e
25th “
26th L
March 25th.
27th charge. ...
28th &
29th  «
Ore=20x%x500........

Weight of
each barrow
of mixture.
Kgs.

| Weight of

Ore.
Kgs.

Total Weight
of
Ore Mixture,
Kgs.

----------

..........

..........
..........

..........

..........

615
615
615
615
615

622,
622.
622.
622.
622,
622.
627.
627.
627.
627 .
627.
627.

Gt On Ut Ot Ut Ut Ot O Ov Ot Ut O

627.
627.
627.

ot Tu O

..........

985

..........

----------

..........

..........

..........

10,000

1,245

2,540

2,560

1,708

3,075

3,735

3,765

1,882.5
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There remained at the end of the opera- | Total weight of ore mix-

tion 1636 kgs. + 1200 kgs. (in fur- ture prepared...... 20,511
nace) of ore mixture corresponding | Weight of ore mixture
. unused and in the
to %:2260 kgs. of ore. furnace at the end of
g operation ......... 2,836

Weight of ore mixture
(LT § e s 17,657

Thus 17675 kgs. correspond to total quantity of

ore=16571—-2260 = ............... 14311 kgs.
Moisture about 79/ = ............... 1001
Remainderdry ore.................. 13310

Say Fe=0.526 x 13310=7.000 kgs. of iron charged.

PRODUCTION.
Dsres. MxTaL. ‘ | Suac.
March 24th ... .......... ... ’ 3,242 | 1,405
March 25¢h. ... ............ 3,450 1,106
Pl - L ome e s i l 6,692 a5l

The ore used was the same as in the first experiment, but on analysis
of an average sample it was found to contain about 1.5% less of iron. A
determination of the iron and siliceous residue on the dried ore gave the
following results:—

Siliceous residue ...........ccivenn... 6.10 %
Peroxide of iron ......... ... ... ciaa.. 75.14
Protoxide of iron. .. ...ovviiviiinin., Nil.

Metalliciron ........covvininnnrunnnnn 52.60
SIHCA v v ie s e e 4.16 “
Moisture in ore .........covvivenevunnn. 5.50 ¢

The moisture in the ore varied very much, some ore being so wet that
it was necessary to dry it before charging into the furnace. From deter-
minations made at the works, I comsider 7% about the average, as the
samples taken during the three days’ working would necessarily lose a
little moisture, as they were exposed in the works until the whole of the
material was charged.

DU V—————
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No. 6 Grey IRON

Average Sample from the First Three
Casts on 23rd March.

No. 7 WHITE IrRON

Sample from Each Cast from 6 o'clock
on the 23rd t6 Thursday noon the 24th
Mixed to give an average Sample.

Total Carbon........... 3.60
Combined Carbon....... 175
Graphitic Carbon. ....... 1.85
e SRR S NN 1.95
Salphinr, ..\ 2 ol ivle e ik 0.008
Phosphorus. ..... ...... 0.027
Manganese............. 3.120
ATHENIC, & L BT G Trace

Total Carbon........... 3.030
Combined Carbon....... 2.700
Graphitic Carbon.... ... 0.330
Silebn { o b r s Fonsl 0.699
T LR K, . 0.157
Phosphorus...... ...... 0.028
Manganese........... ... 1500
ATBETIIC 720 % o e st a5 d v Traea

No. 8 WHiTE IRON

Average Sample of the Iron Made from
Thursday noon to Thursday midnight.

No. 9 MotTLED IRON

Average Sample of the Iron Made from
Thursday 24th midnight to Friday morn-
ing the 25th at 10 o'clock.

Total Carbon........... 3.450
Combined Carbon....... 3.260
Graphitic Carbon. ... .... 0.190
SRBOOR . .« oo sxsmwmpses 0.466
Sulphur............... 0.082
Phosphorus...... ...... 0.030
Manganese............. 1.720

Total carbon. .. ........ 3.510
Combined Carbon . ...... 3.294
Graphitic Carbon........ 0.216
- (T P 0.722
Sulpbhur............... 0.054
Phosphorus.......... .. 0.029
Manganese............. 3.300

The following are the analyses of pig irons produced during the ex-

periment :—

No. 10 GrReY IrRON

Sample of Last Cast Made
on Friday noon.

No. 11 Very WHITE IRON

Taken from Cast at Midnight the 23rd.

Total Carbon........ .. T 3.870
Combined Carbon. ... ... 1.210
Graphitic Carbon. ... ... 2.660
IR 255 00 v wrme 500k 2.230
SPIIE . o <o i 555 swds swis 0.016
Phosphorus. ....... ..., 0.031
Manganese. ............ 2.590

Total Carbon........... 2.720
Combined Carbon ....... 2.560
Graphitic Carbon....... 0.160
STHEON : srygacn smme « 555 0.163
SHIPHRIE. . w o abs ¢ 2 50 50 p 0.250
Phosphorus ............ 0.026
Manganese............. 0.210
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No. 12 VEry WHITE IRON No. 13 Grey IroN
Sample of the First Two Casts after |[Taken at 2 O’Clock on the 25th, the first
Midnight 23rd of March. tap after Experimental run Finished.
Total Carbon........... 2.850| Total Carbon......=*. ...
Combined Carbon. ...... 2.720||Combined Carbon. ..... :
Graphitic Carbon........ 0.130| Graphitic Carbon .......
. 1500 . S O 180USITEODIERET o« - e eaels i 2.160
Balphu, .y e s a 0.250('Sulphur. .. ...... ...... 0.025
Phosphorus...... ...... 0.027 {Phosphorus ............ 0.027
Mangsnese............. 0.140 jManganese .............

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 :—

(1 PG B S R A B S L e 39.140%
Oxide of iron and alumina. ............... 11.380
Oxide of manganese .................... 12.070
LE7% 001 Rt Y TR S T e St i 32.400
MagmRily < oils doroirL 5 e wsE s B VT F s 2.800
Phosphiotie Roil . o'« .oos o 440 S o v a ny gmns b5 Nil.
SO < e S5 S e T 3 5 6 Sy e, eyl afars 9 1.056
ATKABOR: oochi s b i 7 diiies fonerd oo Not determined.
BTl coinndas o on s wossowmmhmbns e osiies 98.846
TESHEEAD: TXOTE, o s w0 528 b msmii i A o1 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
Siliea 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 was 6,692 kgs., and the electric
energy consumed 1.66 E.H.P. years; equivalent to 0.226 E.H.P. years per
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 18,310 kgs., con-
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taining 52.6% of iron, therefore, the total amount of metallic iron in the
charge was 52.6% x 13,310, equals 7,000 kgs.

As the greater portion of the iron made was white iron, the silicon,
carbon, manganese, &¢., were very low, the silicon, with the exception of
the first three casts and the last cast, never exceeding 0.722%, and for a
considerable number of casts being about 0.180%. We may, therefore,
assume that the average composition of the pig iron made during the ex-
periment would be as follows :—

%o
Carbon ......... 3.00
Silieon il i alis 0.70
Manganese ...... 1.50

giving a total of 5.20% of impurities; therefore, every 1,000 kgs. of pig
iron contained only 948 kgs. of metallic iron, so that, theoretically, it was
7000 x 1000

948

The actual amount obtained as pig was 6,692 kgs., and about 3Q kgs.
passed into the slag, which leaves 662 kgs. unaccounted for. During the
experiment, to improve the working of the furnace, side plates to increase
the height of the furnace were fastened on, and this made it extremely
difficult to estimate the amount of ore mixture left in the furnace. Dur-
ing charging a certain amount of the material fell to the ground between
the staging and the furnace and it was impossible to recover this while the
furnace was in operation. The ore, &c., &c., was conveyed to the furnaces
by overhead shoots, and there were no means of getting barrows on to the
furnace platform to remove the unused meterial and weigh it, so that this
had to be estimated at the end.

It is probable that the low yield in this experiment is due to under-
estimating the materials on the platform and in the furnace at the end of
the experiment, in the same way as the higher yield in No. 1 experiment
was probably due to over-estimating the unused ore mixture. To arrive
at accurate figures, it would be necessary to run for several weeks con-
tinuously, so that errors of this kind could be distributed over a consider-
able output. If the two experiments are taken together, the amount of
iron unaccounted for is less than 8% of the total iron charged, and as the
conditions were such that volatilisation was out of the question, there
seems no doubt that in the production of white iron the whole of the oxide
of iron charged, except the small quantity found in the slag, was reduc-
ed; and that when producing a similar class of iron the reduction in the
electric furnace is as complete as in the blast furnace.

possible to obtain from the ore charged =7384 kgs. of iron.

EXPERIMENT WITH CHARCOAL.

After the second experiment was finished, a few charges were made
in which the same ore mixture was used, except that the coke was replaced
by charcoal. These charges, however, did not work very satisfactorily, as
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owirg 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 furnace. M. Keller is of the opinion that charcoal
could be used provided it were first briquetted with the ore, and fhe
briquette broken up the size of one-inch cubes. I agree with him that
probably charcoal could be used in this way, and in all probability, if thus
intimately mixed with the ore, there would be comparatively little loss by
oxidation on the top of the furnace, and the charcoal would do the work
of reduction efficiently in the furnaee.

QUALITY OF THE IRON.

The greater part of the iron made during the first experi-
ment was very grey, and contained a considerable percentage
of both silicon and manganese. Some of the casts towards the end
of the experiment were white iron low in silicon, but contained a very
considerable percentage of manganese.  All the iron made was low in
phosphorus and sulphur. If we consider the analyses of sample No. 2,
given on page 96, as representing an average of the three days’ working.
this would be an admirable iron for either acid Bessemer, or acid Siemens
steel manufacture, if it were not for its high content of manganese. The
same remark applies to sample No. 3. For many purposes, No. 2 would
give good results in foundry work, but here again the manganese is higher
than is necessary or desirable. Manganese for acid Bessemer or acid Sie-
mens work is not only objectionable as causing excessive waste, but very
seriously fluxes the lining, and so increases the cost for repairs, and, in
fact, this iron could not be economically used alone. The high percentage
of manganese, however, may be regarded as accidental, owing to the ore
used containing a considerable percentage of oxide of manganese, and
there would be no difficulty in producing a similar pig iron low in man-
ganese from a non-manganiferous iron ore. It will be noticed that all the
pig iron produced, whether white or grey, is extremely low in sulphur, and
how far this is due to the manganese present it is difficult to say, as it is
well known that manganese acts as a desulphuriser under similar condi-
tions in the blast furnace.

Pig irons Nos. 4 and 5, containing from 0.6 to 0.7% of silicon, would
be splendid pig irons for basic Siemens work, provided the manganese were
2% instead of 4.0%. It will be seen that all the phosphorus present in the
ore has passed into the pig iron, which is exactly what occurs in the blast
furnace, so that a phosphoric or non-phosphoric pig iron ecan be producad
at will by selecting a suitable ore. Pig irons similar to Nos. 4 and 5, if
made from phosphoric ores, would do admirably for basic Bessemer, apart
from the unnecessarily large percentage of manganese.

Although white and grey iron had been produced during this experi-
ment, I was not quite satisfied that the grade of iron could be controlled
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and varied at will, and consequently it was decided to make another ex-
periment.

In this second experiment it was arranged that all grades of iron.
from grey foundry to white, and suitable for acid Bessemer and Siemens,
and also for the basic process, should be made.

The first two or three casts were gray iron, but this rapidly changed
to mottled and white, and then finally came back to grey. During the
night of the 23rd of March, the slag, which was very siliceous and ferru-
ginous, became very infusible, and to increase its fluidity a little fluor spar
was added, and the lime was increased. This had the desired effect, but
the slag was still somewhat infusible, and the iron very white,and remained
so until the fuel was increased, when more silicon and manganese were re-
duced and passed into the iron, which gra&ually became greyer, and fo-
wards the end of the expenment a good grey pig iron, with over 2% of
silicon, was obtained. On examining the analyses of the iron, it will be
noted that as the silicon, graphitic carbon, and manganese decreased, ie.,
as the iron became whiter, the sulphur rapidly increased; and as the sili-
eon, graphitic earbon, and manganese increased in the pig iron, towards
the end of the experiment, the sulphur decreased.

No. 6 pig iron, from the first three casts, was a good foundry or acil
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 analyses Nos. 11 and 12, being included in this average
sample. Samples 11 and 12 are exceptionally low in silicon, much lower
than! would be made in ordinary practice, and the conditions favorable for
the production of such an iron undoubtedly favor the absorption of sulphur
by the metal, especially in 2 case like this, when no manganese was reduc-
ed and passed into the iron. Assuming it were possible to produce regularly
a similar iron in the blast furnace, there is not the least doubt that the sul-
phur would be equally high, if not higher, unless special precautions were
taken to ensure the reduction of a considerable amount of manganese.

In ordinary blast furnace practice, it is extremely difficult to produce
pig iron even with 0.5% of silicon and 0.04% of sulphur, unless manganese
is added to the charge and reduced, and as the silicon decreases, the sulphur
increases, and apparently the same is true in the electric furnace. It was
only on the night of the 23rd that the very high sulphur iron was made,
and if we look at the analyses of samples Nos. 8 and 9, representing the
average analyses during the next 18 hours, we find the silicon, graphite and
manganese increasing, and as these increase the sulphur decreases, 1ntil
in sample 12, we have a very low sulphur iron. One necessary condition
in the blast furnace for the production of low silicon and low sulphur pig
iron is to have a basic slag, and one reason why manganese is beneficial is,
that apart from any direct action as a desulphuriser, it increases the fluid-
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 analyses, that an iron suitable for acid Bessemer,
or foundry purposes, containing, say, 2.0% of silicon, and under 0.02%
of sulphur, can be produced, but it is not so apparent, fromn the analyses,
that an iron suitable for the basic 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, show that this is the case when manganese is pre-
sent.

So far as these experiments go, they seem to show that the quality of
the iron produced in the electric furnace depends upon maintaining the
same conditions as in the blast furnace, the only difference 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, ie., 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 amount of coke
in the furnace is reduced, the graphitic carbon and the silicon decrease, and
the sulphur increases and white iron is produced. Provided manganese
is present in the ore, and there is'sufficient coke present to reduce i, so
that about 2.0% passes into the pig iron, and a slag rich in lime is main-
tained, a pig iron low in silicon and sulphur, say, from 0.50% silicon and
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 oxide pre-
sent is not reduced, and passes into slag, we obtain a white iron low in sili-
con and manganese, but high in sulphur. In the absence of manganese
ore, under special conditions, it is possible to make a low silicon,low sulphur
pig iron, by working with very limey basic slags, but the difficulty is to ob-
tain the necessary heat to maintain the refractory slags produced in a suffi-
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 result that grey iron containing manganese was pro—
duced, and this in conjunction with the slag being fairly basic ensured a
low sulphur iron. Towards the end of the experiment the coke was re-
duced ; the iron became lower in silicon, but the slag 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 started with less coke and far less lime on the burden, and also
far less electric energy per ton of iron was consumed, with the result that
a lower temperature prevailed, the reducing conditions were far less per-
fect, and a far less basic slag was maintained. The result was 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 produnced ox-
actly the same result as would have been obtained in a blast furnace, viz.,
a high sulphur iron,

For the second experiment there was not time for M. Keller to have
a complete analysis of the materials made, and the result was he did not
put sufficient lime on with the ore material; it also seems that the amount
of current employed was not sufficient to ensure the required temperature
for the reduction of a reasonable percentage of manganese. In the first
experiment t0o much manganese was reduced, and in the second it was in-
tended to decrease 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 passing into the pig iron during smelting is both
direct and indirect, and it is a question how far, in the absence of man-
ganese, a basie slag can be made to prevent sulphur passing into the iron.
In the blast furnace the basicity of the slag is limited by the temperature
available, but in the electric furnace, by increasing the current a suffi-
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 manganese, provided sufficient lime were charged with
the ore.

In the presence of manganese and a fairly basic slag, the first experi-
ment shows there is no difficulty in producing low sulphur iron, but the
experiments cannot be said to have demonstrated that low sulphur pig iron
can be obtained without manganese in the ore mixture, and before this
can be considered experimentally proved, it will be necessary to have a
geries of experiments made with non-manganiferous ore. In view of the
fact that the ore is in intimate contact with about only one-third the quan-
tity 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 doubt that low sulphur 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 experi-
ment was very much higher than in the second, there being approximately
10 per cent more lime in the first slag than in the second, while the per-
centage of silica remained the same; there can be little doubt that the
higher sulphur in the pig irons from the last experiment was largely due
to the acid character of the slag, and if a basic slag, rich in lime, had been
maintained, the resulting pig iron would have shown a very different cow-
position. The following are the actual weights of the materials charged
during each experiment :—
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1sT EXPERIMENT. 2ND EXPERIMENT.
Ore (dry) . ..ouov 15,943 kgs. Ore (dry).......... 18,310 kgs.
Gloke... oo . 3392 « [Bakaiittros s, e A0l 2,745 «
Lime............. 1,671 TR I £ R 584 =
Quartz............ 688 « uartzies "l nil
Yield of metal, 9,868 kgs. Yield of metal, 6,692 kgs.

If 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
lime. The amount of lithe charged in the first experiment was 104 kgs.
for every 1,000 kgs of ore, and in the second, only 40 kgs.; but this was
to some extent balanced by 43 kgs. of quartz per 1,000 of ore being charg-
ed in the first and none in the second experiment. These calculations con-
firm the analyses of the slags.

Castings.

During the first experiment numerous castings were made with excel-
lent results. The metal ran very fluid, gave sharp, solid castings, and in
most cases was fairly soft for machining. In the second experiment most
of the iron, being white or mottled, was not suitable for foundry work, but
several castings were made from selected grey iron, and were in every way
satisfactory.

COSTS.

In discussing the question of costs as compared with the costs of the
blast furnace, we have to consider those which are special to the electric
furnace, those which are special to the blast furnace, and those which are
common to both.

Electric Energy.

The amount of energy consumed in the first experiment was 0.475
E.H.P. years per ton of 2,000 Iby. of pig produced, and in the second, 0.226
EH.P. years.

In the first experiment the iron was much greyer, and contained more
silicon and manganese than was necessary or desirable, pointing to the fact
that a higher temperature was maintained than was necessary, and con-
sequently more energy expended. In the second experiment, on the
other hand, we find the temperature was such that the silicon and man-
ganese were only slightly reduced during a considerable portion of the ex-
periment. This can hardly be due to the coke’s being present in insuffi-
cient quantities, as charges in No. 1 experiment gave greyer iron than in
No. 2 experiment, although 5 kgs. less of coke were used in many of the
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charges. The only explanation seems to be that a sufficient current was
not passed through the charge to give the temperature necessary for the
reduction of these bodies. It would, therefore, appear that to make iron
of all grades, which necessitates heat sufficient to keep refractory basie
slags fluid, it will not be safe to calculate upon less energy than the mean
consumption in the two experiments, and for some purposes it may excead
this. This gives 0.350 E.H.P. years per ton of pig iron. With improved
appliances and larger furnaces, this may be considerably reduced, but for
the present it will be safer to take this figure as a basis for calculations.
At 810 per E.H.P. year, this is equivalent to $3.50 per ton of pig.

Electrodes.

During our short stay at the works it was impessible to
determine the cost of the electrodes per ton of iron produced, but M.
Keller took out the costs from his books over some considerable time of
working for the furnaces, making ferro-silicon and other iron alloys.

He gives the cost of the electrodes, including the materials, labour,
coking, &c., as about $45 per ton, and the consumption as rather under 34
Ibs. per 2,000 Ibs. of pig iron; this is equal to a cost 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 Ibs. of pig iron produced, and in
the second experiment, 2,745 kgs., equivalent to 372 kgs., or 820 lbs. per
2,000 Ibs. of pig. Taken through the entire experiment, the coke used in
the first was less than that used in the second experiment. In view of the
fact that grey iron, containing a very considerable percentage of man-
ganese, was obtained 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 in the second experiment was not duo
to lack of reducing agent, but to other causes, which have already been re-
ferred to. It may, therefore, be taken that the coke required per 2,000
Ibs. will approximately be 685 lbs., or 0.34 tons. Taking coke at.$7, this
gives us $2.38 for reducing agent per 2,000 lbs. of pig produced.

If we compare the amount of coke used in a modern blast furnace,
- working on a similar ore, we shall find it will be about 1,850 Ibs. per 2,000
1bs. of pig iron, costing $6.40.

Fluxes.

Under normal conditions the only flux required will be the
lime, as usually the silica and alumina in the ore will be sufficient, and in
the event of more being required, a small quantity of aluminous ore would
be mixed with the charge, so that we need only consider lime.

The amount of lime used in experiment No. 1 was 340 lbs, per ton of
metal, and this is the very minimum which could be safely employed, even

-
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with such low siliceous ores as those used in the experiment. In the best
American blast furnace practice, with 5§6% ore, the average amount of
limestone used is about 800 lbs. per ton of iron produced ; in England, with
less pure ores, it averages 1,200 Ibs., equivalent to about 380 and 570 Ibs.
of lime respectively. Notwithstanding the much smaller quantity of coke
ash to be fluxed in the electric furnace, I think it will be safe to assume
400 1bs. 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 will 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.

Labour.

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, &e., 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 150 tons per 24 hours, but in which less mechani-
cal devices are used, 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 illustrates 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 and slag would
be on very similar lines to blast furnace practice, M. Keller’s estimate is
probably not far outside the mark, especially if, as he assumes, the molten
metal were taken away direct to a steel plant, so that all handling of the
pig iron were dispensed with. On starting I consider that a larger num-
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 calculations on leas
than 80 men per 100 tons per 24 hours.

Appended are particulars as to the number of men M. Keller estin-
ates, and for comparison are given the numbers of men employed respect-
ively on an English and an American blast furnace. For the latter I am
indebted to Mr. Axel Sahlin, of the firm of Julian Kennedy, Sahlin & Co.,
Ltd., an engineer 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 all gain, and that the machines are often very costly o
keep in repair, and often largely neutralize the saving effected in wages.

—=
2% 385
ESTIMATE By M. KELLER OF NUM- MEN REQUIRED FOR g’gg é g E
BER OF MEN REQUIRED FOR gﬁ' 3 [
ELECTRIC PLANT PRrO- BLAST FURNACE. u§§ gg ﬂ§
DUCING 100 TONs ﬁs Eg g
£q pag
PER 24 HOURS.
No. No.
Day foreman...... cxsevuen 1 1
= Night foreman 1 1
Preparation and transport of Keepers.........c.coviinn 3 2
ore mixture to furnaces. ..10men 1st helpers ....... .... vas| 8 2
Preparation of electrodes and 2od helpers ©.............. 3 2
fixing them &c., & .... ¢ 3rd helpers............s. Bt R 2
Distributing charge evenly Castimien. ol <l Loy sateven 3 2
round the furnaces.,...... 10 *¢ Slaggersillin o2 e e 3 4
Tapping metal into ladle.... 6 * Front labourers.... .... il A 4
Regulating the furnace. .... 4 ¢ Stove tenders ............ . 3 2
Removal of slag etc.... ... 4 * Boiler tenders.............. 3 2
Labourers and Bricklayers. 10 < Chargers...... civeoreecses 6 —
Forgemen, Engineers, Fit- Efllers. Xt S, rodhai 12 4
(T8 TR (T A AR LA S 10 ¢ Wieighmen . 5 ool b 3 2
SWeePATS v .'s oy o mnia ian e 3 2
58 ¢« Stock yard labour.......... 3 4
Say 60 men. Stock handlers..... ...... 5 10
Bightlers - vnles - vigiiaaian . s, o 0
= Water boys ........cviven, 3 ==
Casling machine men....... - 4
Ladlemen......ccoovvvaens — 2
Labourers and car shifters ..| — 9
Engineers......... ....... 6 4
Eittars.aee . o § ssmmevss ssms 2 2
Caroler. ..msiwee ssessiss 1 1
Yard labour......... ...... 5 12
Blacksmiths......... ...... 2 2
Blacksmith helpers......... 2 2
Electrician ..covvvvennenn, 1 1
Electrician helper......... 1 1
Slag tippers........... .... 4 2
Yard engines......ec. «... *§ | **7
Store keeper........coeuens 1 1
Watchman........ ........ 1 1
Total. . oosss e 101 97
{
* English, 2 engines. *%U. S,, 1 engine.
Make per man employed: English, 1.49 tons;
United States, 8.60 tons.

From the above it will be seen that in the English furnace the pro-
duetion is 1.50 tong per man, in the American, 8.6, and in the electric fur-
nace, 1.6. Taking the average cost of labour at $1.50 per day, this is
equal to $1.00 for English, $0.42 for the American, and $0.94 for the elesz-
tric furnace, so that on the basis of English output, the electric furnace
has a slight advantage, but compared with the American, it is $0.52 on tha
wrong side.
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The following are two approximate costs, based upon the figures dis-
cussed. The first is the estimate of M. Keller, from the results of the
second experiment; the second is my own estimate, after considering the
question with respect to the results obtained both in the first and second
experiments :—

My Estimate

% M. KELLER'S ESTIMATE BaseD ON ENERGY CONSUMED Based onResulis
IN SECOND EXPERIMENT. Efmm borh

xperiments
1 Ore (Hematite 55% iron) 1.842 tons at $1.50 per ton....... $2.76 $2.76
2 Coke0.34 tons at $7.00 perton.......coveeeineinnin., 2.38 2.38

3 Consumption of electrodes $45 per ton (34 lbs. per ton

affiron) il i e N el AL et 0.77 0.77
4 Lime 300 Ibs. at $2.00 perton... ....covvivaveiieiaiann, 0.30| 4001bs. 0.40
5 | Labourat $1.80 perday . o . ccnidte s oieo i o slnisisisjelsis ool 15t 0.94 0.94
6 Electric energy 0.226 H.P, years at $10 per H.P. year... 2.26| 0.350rn.p. 3.50
7 Miscellaneous materials........ ... ... .ccociiiie wen 0.40 0.40
8 Repairs and maintenance....... .c.ooin .t ciiiiiiaiiien 0.20 0.20
9 Gencral eXpenses, .. vistt s s il oty sisls oot b e 5 o/e oho s 0.20 0.20
10 Amortization (machinery and buildings) .......... ...... 0.50 0.50
Total without royalty....... .....c.ieiiennn. 10.71 12.05

If we now consider these costs in comparison with the blast furnace,
we get the following :—

ELECTRIC SMELTING BLAST FURNACE

OB, o« s e cubiss | LR AT b R $2.72
Coke O34 ton........ .. .......... 2.38| 0.925 tons.... 6.40
B o osx oo vt ad b i g bi s nehe OIIT oo o sl s nil
Tuitie SODUBRL: o2 sgeds & praseaeip iy o 040 400 1lbs..... 040
BT < oo v s . i 6 0wt o mastois S 0.94 |American practice 0.42
EloetTie SUBEgT . s « « spme e simdnnns s BB 55085 e nil
Steam raising for blowing engine . ..... Al co e gaeeg o 0.10
Stsaellantpns SRenin. v, - - | 180 |ees e, 1.30
Repairs and maintenance say. |

$12.05 $11.34

The steam used for the blowing engines costs little, as it is raised
entirely by waste gases from the blast furnace, and 10 cents per ton of
steel produced will probably cover it.

On the basis, therefore, of fuel at $7.00, electric energy at $10 per E.

IT.P. year, the cost of production is slightly in favour of the blast furnace,
and even when taking M. 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
electric furnace. The labour for the blast furnace is taken on the best
American practice, and it would probably be fairer to increase this figure;
but even if taken on the basis of English practice, viz., $1.00 per ton, this
only raises the total cost to $12.84 per ton of pig iron, which is practically
equal to the cost of electric smelting. The labour costs of 42 cents per
ton in American practice must not be taken as an average cost, as they are
based on the assumption that wages average $1.50 per man per day, the
figure taken for electric smelting. The labour costs, both in England and
America, vary considerably, in the former from 48 to 80 cents, and in che
latter from 41 to 80 cents, according to the arrangement of plant and the
price of labour in the particular district. It will be seen from the above
statements that economical electric smelting is simply a question of the
relative prices of fuel and of eleetric energy. With very high-price fual,
owing to the large amount requlred——nearly three times that of the elee
trie furnace—the blast furnace is placed at a disadvantage; and on the
other hand, with fuel at anything below $7 per ton, the electric furnace
cannot hold its own. It must be borne in mind that for blast furnace pur-
poses, a hard, mechanically-strong coke must be employed, but for electric
smelting, small anthracite, or other small coal or fine coke, provided it is
fairly free from sulphur, could be used. Such small coal, anthracite or
coke, could probably be obtained at half the price of coke suitable for blast
furnaces, and in such cases 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 Le
obtained at a very low figure. For the purpose of comparison, it has been
necessary to consider the value of the fuel per ton as being the same in
each case, but local conditions, such as a good supply of a cheap fuel which
is useless for blast furnace work, but suitable for electric smelting, might
so reduce the cost of production in the electric furnace as to enable it to
compete successfully with the blast furnace. Provided charcoal could be
obtained cheaply, it could probably be used if it were briquetted with the
ore. :

I

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 combinatidh with steel manufacture, rather than in the pro-
duction of pig iron for foundry purposes. In its present stage of develop-
ment, the electric steel furnace is not suitable for the manufacture of
other than high-class special steels, and where large quantities of rail, or
structural steel, are required, either the Bessemer or Siemens process, or
some modification of these, will have to be adopted. As a class of iron
suitable for either of the processes can be produced in the electric furnace,
it will be local conditions which will determine the most economical pro-
cess to adopt.
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In the case of the basic process, unless ores are available which will
produce a pig iron with not less than 2.25% to 2.50% of phosphorus, the
basic Bessemer becomes impossible, and the basic Siemens will have to be
used. When hematite ores, producing a 16w phosphorie pig iron, are obtain-
able, either the acid Bessemer or the acid or basic Siemens can be adopted.
Siemens’ steel is undonbtedly more regular in quality than Bessemer steel,
and is consequently much preferred by engineers, and for many purposss
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 desirable to use some form of Siemens’ fur-
nace. Material of the highest quality is now being produced 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’ furnaces
worked on the Talbot, or ordinary Siemens’ system. The electric process
of smelting would lend itself extremely well to the production of iron for
such purposes, and a low silicon iron of the grade required would cost less
to produce than a higher silicon iron suitable for Bessemer work. The
disadvantage of using the Siemens or Talbot furnace, as against the Bes-
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; and
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 by
electric power. I am unable to say at what cost, as no plant is being work-
ed in this way, but the large high-pressure blowing engines would certainly
require considerable power. 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
superior quality, even if it cost slightly more per ton to produce, a plant
to produce Siemens’ steel would probably be the better to instal.

This question, however, is one that can be decided only after full con-
sideration of the local conditions, both as to the supply-of raw materials,
and to the market requirements for the finished steel. Whichever process
were adopted, whether Siemens or Bessemer, it would be advisable to take
the wetal in ladles as tapped from the electric furnfice to a metal mixer,
holding about 800 to 400 tons of molten metal ; this largely insures regular
quality, and also removes some of the silicon, and to some extent, under
special conditions, some of the sulphur. This metal mixer acts as a reser-
voir, and besides improving the quality of the metal, facilitates the regu-
lar operation of the plant, and prevents delays by insuring a regular sup-
ply of metal during repairs, &e., to the smelting or other furnaces produc-
ing pig iron.
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CONCLUSIONS.

As a result of my investigations into the metallurgy of the electric
production of steel and the electric smelting of pig iron, I have come to the
following conclusions:—

1. Steel, equal in all respects to the best Sheffield crucible steel, can be
produced, either by the Kjellin or Héroult or Keller processes, at
a cost considerably less than the cost of producing a high-class crue-
ible steel.

2. At present, 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 smelting 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
temperature by varying the electric 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 processes, can be produced in the electric
furnace.

5: Qrey pig iron, suitable for foundry purposes, can be readily produced.

6. Pig iron low in silicon and sulphur, suitable either for the basic Bes-
semer or the basic 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. Tt has not been experimentally 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 fluid and basic slag be main-
tained.

8. Pig iron can be produced on a commercial scale, at a price to compete
with the blast furnace only when electric energy is very cheap and
fuel very dear. On the basis taken in this report, with electric
energy at $10 per E.HL.P. year, and coke at $7 per ton, the cost of
production is approximately the same as the cost of producing pig
iron in a moderu blast furnace.



4
t
i



PLATE XV

CHARGE 3547.

Gysinge medium steel carbon o0.417%. Ferrite and pearlite.
Normat structure.

Magnification 1500 diameters.
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9. Under ordinary conditions, where blast furnaces are an established n-
dustry, electric smelting cannot compete; but in special cases,
where ample water power is available, and blast furnace coke i3 not

readily obtainable, electric smelting inay be commercially suceess-
ful.

It is impossible to define the exact conditions under which electric
smelting can be successfully carried on. Each case must be consi-
-dered 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 commereial possibilities of any project can be
given.
F. W. HARBORD,

Assoc, Royal School of Mines, Fellow of Inst. of Chemistry, Fellow
of the Chem. Society, Consulting Metallurgist to the Indian
Government, Royal Engineering College, Cooper’s Hill, Surrey.

Cooper’s Hill College, June 27th, 1904.




PLATE XIV.

CHARGE j500.

Gysinge mild steel carbon 0.098%. Almost all ferrite, junction
of ferrite grains worn away by polishing. Structure normal.

Magnification 1500 diameters.







PLATE XVIL

CHARGE 546.

Gysinge high carbon steel 1.082%. Normal structure nearly all
pearlite with little cementite.

Magnification, 15c0 diameters.






PLATE XVIL

CHARGE 5359.

La Praz mild steel o.129%, carbon, Mostly Ferrite, with little
pearlite not well developed. Junctures of the ferrite grains
worn away by polishing. Structure normal.
Magnification 1300 diameters.
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PLATE XVIIL

CHARGE 660.

La Praz High Carbon Steel 1.0167,. Normal structure.
Nearly all pearlite, little cementite.

Magnification 1500 diameters.






PLATE XIX.

Very Low CARBON STEEL MADE IN Basic.

Siemens Furnace Carbon o0.057%. Typical Ferrite structure
showing junction of grains.

Magnification 1000 diameters.
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PLATE XX

CRUCIBLE STEEL 0.130 CARBON.

Showing Ferrite and well developed pearlite in places.

Magnification 1500 diameters.






PLATE XXI

MiLp STEEL, ABOUT 0.140%, CARBON.

Ferrite with patches of pearlite.
Magnification 1500 diameter.






PLATE XXl

0.90% CaRBON CRUCIBLE STEEL.

Almost entirely well-developed Pearlite.

Magnification 1500 diameters.






Some of the cold bending, welding and drifting tests of the Gysinge and La Praz Electric Steels.
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MECHANICAL TESTS

Gysinge Steels

MNo. 12 (0.80).
1" Rounp Roriep Bar (Toor Steni)

No. 13 (L.10).

Fig. 27

55 2436 1* Rousp RoriLeEp Bar (Toon STeEL).
< 2326
Mo. 43 (5486).
2182
No. 10 (0.60). No. 11 (0.70). SHEAR STEEL FROM WorksHOP StorE (B)
I Rouxp Roiren Bar TooL StesL). 1" Rounp Rowren Bar (Toor STREL) FOR COMPARISON WITH (.60 AND (.70
[ 1845 1618 CarBon GYSINGE STEEL.
N\ \ -17.63
| o
i
TEST No. & (547). [
Rouxnp Swacen Bar (TooL SteiL).
207 2.5
B4
135 PR
.. * No. 5. A , -10.75
Rouxn Swacep Bar (Toon SteeL) | H—2ow
.o i
785 m—
15
‘ [
b
g : |
8
5 |
By I
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3 ‘ l
B * |
| |
Seale actual extension X6 -——»
Maximum stress per sq. in. = 5§.93 tons. Maximum stress per sq. in. = 32.14 Maximum stress per sq. in. = 23.4] Maximum stress per sg. in. = 47.93 Maximum stress per sg. in. = §7.10 Maximum stress persq. in. = §3.28 Maximum stress per sq. in. = §0.42 Maximum stress per sq. in. == 45,79 tons,
Elastic limit WM = 29.50 " LElastic limit e = 18.57 Elastic limit [ 1 = 16.23 Elastic limit it ] = 20.87 Elastic limit LA = 928.8) Elastic limit b i = 33.17 Elastic limit b o] = 34.42 Elastic limit e Tu = 95.08
Yield point wooam v ?Iim " Vield point o = 2039 Yield paint woow 2':56;9‘?3% Yield point e = ?‘ig ¥ Cield point LG :]iLlB Elongation per cent........ ={ g‘gg W ?;0 Wi Yield point G = ;:ggg i Yield point L O f;?g -- i
e L n: ¥ on f ins. ; i , 44 oy y _ SBon ; gt N = .53 on 67 . _{168.03 o ! . £ - . _ .53 on §" " . - 4 on §"
Elongation per cent. ... .. =17.33 = 15'0 = Elongation per cent. %%g i ]650 it Elongation per cent. = {233 “ 150 m/m Elongation per cent ........ 15.88 * 150m/m Elongation percent ., .. = 11640 "“Jﬁ;u i Contraction of area persq. in, = 10.49% Elongation per cent... .. VEL { 10.33 * 150 m/m Elongation per cent........ -{2020 150 m/m
Contraction of area.. .. .. 6.87 Contraction of area persq. in.=  56.12% Contraction of area per sq. in. = §7.86% Contraction of area per sq. in. = 39.5% Contraction of area persg. in.=  42.08% Carbon........ G R T 0.80% Contraction of area per sq. in. = 2].58% Contraction of arvea .. .... 45.72%
Carbon, oo 1.082% Carbon....covvunaveiverine... 0.417% Carbon:is i T iinms 0.098% Carbom. ;.o i 0.607% Carbon ., ...occvvvuniiienviean. 0.70% RO s A R AT 1.10% Carbon ... .. Vb about 0.60 to 0.65%



Fig. 28

MECHANICAL TESTS

Héroult Steels

TEST Mo. 8 (660).
1% Rousp Bar (Toor SteznL).

No. 6 (572). — 202
Sguare Bar Swacep 1o Rouvnp (Toor Sreet)
_.l... - ~ 19.45

No. ® (559).
1%" Rovnp Bar (TooL STEEL).
10.66
. No. 7 (658).
Square Bar Swacen To Rounp (Toon STeEL)
—l \ &4l —_—
HLs00
%
=
3
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==
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T |

Seale actual evtension X6 ———

Maximum stress per sq. in. = 50.52 Maximum stress per sq. in. = 22.10 Maximum stress per sq. in. = 54.60 Maximum stress per sq. in. = 27.69

Elastic limit oo = 25.33 Elastic limit b = 18.18 Elastic limit o = 25.07 Elastic limit v = 18.48

Yield point = = 25.88 Yield point i = 18.44 Yield point oM = 5.98 Yield point von = 20.13

ua s us
Elongation per cent........ = {H 'g% o 8150 m/m Elongation per cent........ = gg% o {]350 snfen Elongation per cent. ...... L { g‘gg % ?50 m/m Elongation per cent. == }22:% on ]Bg() mfm
Contraction of area persq. in. =  21.047 ) Contraction of area per sq. in. = 72,48% Contraction of area per sg. in.—~  §.60% Contraction of area per sq. in.= 20.13%

Carbon: ., opemrennsmmensnss 0.95% Carbon, . ......coovvivnennanns 0.079% Carbon .. .ooveiiiiiiiieeans 1.016% Carbon .. ....oove viviiinnne 0.127%
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Diagram showing the general arrangement of the

Keller furnace with <4 hearths.

Fig. 20
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THE MARCUS RUTHENBURG PROCESS OF
ELECTRIC SMELTING OF MAGNETITE.
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REPORT ON THE MARCUS RUTHENBURG PROCESS OF
ELECTRIC SMELTING OF, MAGNETITE.

-

Hon. Clifford Sifton,
Minister of the Interior.
Sir,—

On the 24th of July, 1903, the Commiesion, 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 Cowles Electric Smelt-
ing and Aluminium Company’s works, situated on the outskirts of the
town.

Description of Furnace.

The furnace (see plate XXIV) consists of an electro-magnet (horse-
shoe pattern) of cast-iron, with pole-pieces of soft steel. The two limbs of
the magnet are elecirically 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 effected by a separate motor of about } horse-
pcwer. These drums serve the purpose of absorbing by water circula-
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 armed with carbon plates.
This current was furnished by two Brush Direct Current Generators,
joined in series, of 50 volts and 8,000 amperes capaclty each, thus giving
100 volts and 3,000 amperes.

A Weston ammeter of 4,000 amperes capacity, a Weston voltmeter,
reading to 120 volts, and a Scheefer recording wattmeter, No. 42,208,
specially constructed for 2,000 amperes at 110 volts, were in cireuit with
the main current.

Description of the Process.

The magnetite is first coarse-crushed and sent through Cornish roll-
ers for fine crushing. From these it passes into magnetic 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 amount
needed to reduce the ore to the metallic condition. Partial reduction of
the ore is expected to be effected by the working current in the gap of the
carbon-covered drums; where, on account of the magnetic field, the mix-
ture of ore and carbon forms a bridge, the carbon being held in place by
the magnetite threads which span the gap. The partially reduced ore in
the heated condition loses its magnetism, and drops into a eooling 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. After
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 meters
in circuit with the furnace. This calibration was undertaken by Mr.
Higman, who employed for this purpose his own official standards. The
Weston 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 manufacturers of the meter in St. Catha-
rines, asking for an expert to adjust the instrument. On his arrival, cur-
rent was again passed, but the instrument could not be made to record.
It was, therefore, decided to take the instrument down and examine it.
It was then found that one of the ball bearings on which the spindle mov-
ed was missing. On supplying a new ball-bearing, and testing the instru-
ment, it still failed to record. A further examination revealed the fact
that the connection of the potential coil with the armature had been
broken. The wattmeter being of special design, and not kept in stock, it
became necessary to send it back to the factory in Peoria, Ill. To avord
all unnecessary delay, Mr. Higman undertook to convey it to the factory,
and personally supervise its refitting. Expenses for this journey were
met by Mr. Simpson. Meanwhile, the furnace was set in operation, and
the patentee experimented in ascertaining the best method of feeding the
ore and carbon to the reduction space.
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Preparation and Conveyance of Charge to Reduction-Space of Furnace.

The mixture of ore and carbon, placed in the bin above the furnacs,
was permitted to run from a chute into a feeding box placed on top
of the left 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 opening, would intermittently be forced
out by the rotation of the drum. This prevented a proper mixture of ore
and carbon. A second box, similar in construction to the former, was
then placed upon the right hand rotating drum and filled with powdered
charcoal, the left hand feeding box being filled with pure ore. The slides
of the feeding boxes were now opened, but while the ore passed freely
down to the gap, the charcoal choked the slit, and that which passed out
adhered to the carbon of the electrode, preventing an effective mixture of
the ore with the carbon throughout the gap.

Both feeding boxes were now removed, and the feeding effected from
the spout placed over the centre of the furnace, directly over the gap, and
the spout provided with a slide. =~ To insure proper mixture of the ore
with the carbon, the patentee mixed the ore with part carbon and sawdust,
expecting the sawdust to act as a distributor of the ore, and, by evolution
of hydro-carbons in the are, aid in the reduction of the ore.  As might
have been foreseen, the flame produced by the ignited sawdust set the
chute, which was made of wood, on fire, necessitating the replacement of
the charred part by a metallic conduit. For this the patentee used gal-
vanized iron! which, becoming magnetic, retained part of the ore, which
hung in beards from the sharp edges and corners of the spout, preventing
regular feeding of the mixture of ore and carbon. Moreover, much of
the sawdust which had passed through the gap was found not to have been
acted on by the electric current.

A mere recital of these experiments conducted by the patentee shows
how imperfectly the treatinent of magnetic ores by his process has been
worked ount by him.

Determination of Electric Energy Absorbed.

On the return of Mr. Higman from Peoria, Ill., with,the repaired
wattmeter, it was decided to make a run of a quantity of ore sufficient to
determine the electric horse-power absorbed in the furnace per ton of pro-
duct. The following mixture was employed by Mr. Ruthenburg for this
purpose :—

Moisie iron sand ...... 955 3 F RT3 3,200 1bs.
Sawdust .......... ... ... .. ... 200
ke (CPEBHEL) <« voc vowwue o durnins J46 800 “
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When preparing this mixture, I pointed out to the patentee that the
coke should be properly sized to consist of particles not larger than twice
the diameter of the average diameter of the particles of the iron sand, to
ingure wniformity of resistance in the gap, and that the sawdust, which
inereased the resistance without materially aiding in the reduction, should
be omitted if it was desired 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 prevent the mixture from separating in the bin into
its ingredients, 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 useless burden upon the furnace of providing sufficient heat
for the evaporation of such water.

On starting the furnace it was found that the resistance in the gap
was so great that with the available pressure of 100 volts only about 150
amperes on an average could be driven through the ore bridge in the gap,
and even when the gap was narrowed to § of an inch, the curreut could
not be materially increased. The uneven feeding and the uneven size of
the particles of the mixture caused the resistance in the gap to vary to such
an extent that the ammeter indications fluctuated rapidly and throughout
the experiment between 50 and even O to 200 amperes. The disk of the
recording wattmeter remained stationary whenever the current strength
fell below 150 amperes. It is evident that under these conditions the watt-
meter readings, as recorded by Mr. Higman for the separate runs, would
not represent the whole of the electric energy absorbed.

The sawdust was only partially acted on in the gap, particles passing
through without having been carbonized, and the larger pieces of coke.
heated to a bright redness by the current, absorbed electric energy with-
out useful return in effecting reduction of the ore.

The iron sands and coke particles fell in a fine, fiery rain into the pit,
where they rapidly cooled. The iron sunds having lost their magnetism
before incipient fusion had set iu, the product of the furnace in the pit
failed to agglemerate into masses, und consisted apparently of nearly the
same physical and chemical constitution as the ore mixture employed.

It was, therefore, thought a waste of time to continue the run after
17 hours and 37 minutes trial, although a considerable quantity of the
charge still remained in the bin. The furnace was, therefore, shut down,
the remaining charge run out and weighed. The weight of the produect
was also ascertained. These weights are not recorded, since they are en-
tirely unreliable, a number of accidents having occurred during the trial.
such as the falling down of the front of the pit, and the spattering of hot
water from the pipes of the drum npon the product, &e.



121

Mr. Higman reports that: “ The total amount of energy recorded by
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 test 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 figures approximate very
nearly the actual energy consum

Taking Mr. Higman’s last figure of eleciric energy ahbsorbed, the
total quantity of ore treated in 17 hours 37 minutes amounted to 1,732
1bs., 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 metallurgist, reports as follows, regarding 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 results of
the magnetic separation:

Original Sauds. Concentrates. Tailings.
A 7 %
S10 e 2 ey 8.46 1.21 17.47
B8 2 i, b e 1 56.22 68.88 44,02
O st i ivmerer /5 o SN 19.66 25.34 15.06
T105 52211 sanaman 14.93 3.01 22.00
MiO .oonvinninaes 0.41 - 0.27 0.66
Pllosrais szumtiibis Slatrowe 0.008 0.004 0.009
s bt e b T Ry 0.005 trace. 0.008
Regarding the oxygen as combined with the iron to Fe;0,, we have:
Original Sands. Concentrates. Tailings.
4 A yA
BIOL & s rermnss o guarennsd 3 8.46 1.21 17.47
Pl s ccivmesn comi 71.23 91.86 54.47
Fe (otherwise
combined). ... 4.65 2.36 4.61
L5, o einss & wamavas 14.93 3.01 22.00

For the charge of the electric furnace the concentrates in column 2
were mixed with coke and sawdust, in the proportion of 80 parts concen-
trates, 20 parts coke, and 5 parts sawdust, The coke used contained
88.21% carbon; the sawdust was not analysed ; the fixed carbon of wood,

.
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though, varies little from 50%. Assuming this figure, the charge would

contain :—
0.93 7 8i0,
69.98 * Fe,0,
1.98 “ Fe (otherwise combined)
2.29 « TiQ,
19.16 « C

In these figures no consideration has been taken of the ash of the coke.

This mixture was put through the electric furnace, and of the result-
ing product a part was taken hot and quenched in water, whilst the rest
was allowed to cool slowly in the pit of the furnace. These two parts as-
sayed as follows:—

Quenched. Cooled Slowly.
/ %
SR bl s ol pron 1.71 1.76
Hle i s o v 59.92 61.57
) e T P e e 21.41 19.47
I et i o - i o 2.24 2.56
G o St S e A 14.72 14.64
or, regarding the oxygen as combined with the iron to Fe,O, we have:
Quenched. Cooled Slowly.
% A
B10; 04 o mba s HomEE 1.71 1.76
WEIy e siaimmy pms 77.43 70.65
Ve oz : wamse o e 3.90 10.39
TiO; = cvwwopgisesd . 2.24 2.56
G oiorins s0iggna s il By 14.72 14.64
Eliminating the carbon, the results are as follows:
Quenched. Cooled Slowly.
) 4 4
v MO o o000 pen ggs 2.00* 2.06*
FegOpcovviiiniint 90.95 82.69
B o o, e st s e e s 4.40 12.25
1o SRR 2.63 2.99*%

* The increase in the silica is caused by the silica contents of the coke.

CONCLUSION.

From these results it is evident that the reduction of the magnetite,
either in the reduction gap of the furnace, or in the soaking pit below the
furnace, had been insignificant.

Whatever the claims made by the patentee for his process, as exhibit-
ed to the Commission, the foregoing results of the investigation demon-
strate its entire failure as a process for either agglomerating and fritting
the finely-divided ore, or for any useful reduction of the iron ore.
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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 pass, will always render the capacity of the furnace small. These two
facts preclude the hope that modifications 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.

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 state 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 is 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-
ducer acts in the form of gas.

But when the question of continuous production on a larger scale is
examined, it is found that in order to produce reduction on a commercial
scale, it is necessary, under the influence of a sufficiently high tempera-
ture:

1st.—That the carbon transformed into reducing gases should penetrate
the pores of the oxide 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 economically to effect the reduction 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 commereial scale of solid oxides by carbon trans-
formed into reducing gases has for a long time been carried on in the or-
dinary blast furnace under the influence of heat given off in the hearth by
the combustion of the solid reducing agent, coke or charcoal.

The reduction of liquified oxides by a solid reducer has not been so
employed, we believe, as to use heat supplementary to that of the carbon

* From the Frerch.
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itself ; the carbon surrounded by the liquified oxides could not give off
supplementary heat, having no point of contact with the oxidizing air.

Reduction by means of the heat resniting from conversion of electric energy.

The introduction of electricity as a source of independent heat sim-
plifies the problem of reduction, by leaving the reducing agent free to ac-
complish simply the chemical action which is required from it; the redue-
tion of liquified oxides by solid carbon becomes thus possible.

For the two cases: 1st. 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 realization of these successive phases by deriving
from electricity the heat necessary beyond that which can be furnished
by the reducing agent used. For the sake of simplyfying our study, we
will first consider the second case: reduction of molten oxides by solid car-
bon; for one part of this process can, without further description, be
adapted to the first case.

The application of electricity as a source of heat for industrial pur-
poses has for a long time been made on a large scale. 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 claim. In order that, in this study, we
may take into acceunt the appliances which should be adapted to the exi-
gencies of the electric current, we shall insist only on the following fact:
electric energy is transformed by the interposition of a resisting body
(similar to that used in incandescent lamps) into heat which may be utiliz-
ed. The material which offers resistance, the gases, the oxides, the molten
slag, charged with this heat, transmit it to the surrounding regions and to
the metal produced. We should add that after this the principal difficul-
ties met with in electro-metallurgy arise from the sticky state of the
oxides at high temperature, and from the forms the appliances have to
take in order to facilitate the reactions which should be produced in each

phase.

FIRST PART.
Reduction of Molten Oxides by Solid Carbon.

Every metallurgic process, in order to be practical and of use indus-
trially, should have an exact order in the succession of the steps which
constitute it, and it should provide for the possibility of regulating the
progress and the rapidity of each of these.

If the steps or successive phases take place in the same part of the
same apparatus, the process is fatally discontinuous; if the phases take
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place in distinet parts of the same apparatus, or in different apparatuses,
the process may be capable of either continuous or intermittent produc-
tion.

Regularity of progress and continuity of production, when possible,
are to be earefully 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 of which is represented by Fig. 1.

This general pian comprises three principal parts absolutely distinet
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 (C) 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 (C) is continuous in progress, but the tapping is intermit-
tent, it being necessary to accumulate the metal produced, in order to be
able to run it out in a large mass at a single casting. @~ We should note
here that this third apparatus, or regulator, forming a part of the whole,
constitutes by itself alone an electric furnace, capable of replacing the
ordinary Martin furnace.

Description of the Complete Apparatus.

A first part, or melting'furnace.

Ist.—The first part, in which the fusion of the oxides is accomplished,
is composed of : (see Fig. 1, part A.)

A shaft (1) with eircular horizontal cross-section, the axis of which
is vertical, and with the interior walls widening out from the top to the
bottom, in order to facilitate the descent of the charge, and to avoid scaf-
folding of the material; the section increasing more and more towards the
base (in proportion as the charge becomes more pasty and sticky under in-
ereasing temperature.)

The holes (2) allow the ores, if necessary, to be worked in the in-
terior of this shaft. They are closed by movable bricks when not re-
quired.

At its lower part the shaft (1) terminates in the smelting hearth ;
number (8).

This consists 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 (8) is of much greater diameter than the lower part of
the shaft, so that the oxides which almost fill shaft (1) may not eomplete-
Iy fill the hearth, but leave at (4) an annular space for the circulation of
the gases.

As a result of the gradual widening of shaft (1), and also of the form
of the hearth (3), the ores are never jammed in the shaft; 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 leaving the annular space necessary for the combus-
tion of the gases which, from tkere, spread through the whole mass of
oxides, and heat them while passing through them and finally escape by
outlet (5). These gases, completely burned, have no value on leaving the
melting furnace, and outlet (5) may be left entirely open, which facili-
tates the charging of the apparatus.

The bottom of the hearth (8) slopes from the back toward the second
apparatus or reducer. This inclination is for the purpose of facilitating
the running off of the molten oxides toward the reducer, and keeping them -
from escaping through the openings by which the carbons (6) carrying
the current enter; these openings, it will be seen, are placed at the top of
the inclined plane.

The fusion of the oxides in the hearth is produced by the gases which
escape from reducer (7). These gases, in fact, are composed principally
of oxide of carbon, and the heat which they give off, whether by their com-
bustion, or by their cooling, is sufficient for the fusion of the correspond-
ing oxides. On leaving the reducer 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 (8); on the slope they
attack the oxides, already at great heat, melt them, then distribute them-
selves all through hearth (8), and especially in the free annular space (4),
where their combustion is completed ; from there they diffuse themselves
through the porous ore, heat it progressively, and escape by outlet (5).

The gases of the reducer generally suffice for the heating and smelt-
ing of the oxides ; nevertheless, it is necessary to have at one’s disposal a
source of supplementary heat in the form of an electric current, for the
purpose of :
1st.—Guarding against an insufficiency of heat produced from the
gases alone.

2nd.—Regulating the fusion on ‘the bottom of hearth (3).

This bottom is indeed very wide; the ore lies there on a large surface,
and the blow-pipe, or blow-pipes (for several of them can be used) formed
by the gases, acting more particularly on the surface of the slope, cannot,
as a rule, melt the ores which rest on the bottom itself, or which are found
at places more remote from the source 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 bottom, 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 different parts where necessity 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 ecircular 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 shaft is kept
full for the purpose of exerting pressure on the coke in the lower part,
and of foreing it out in the form of a column as far as the bottom 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 escape of the gases by this opening during
the charging process, unless it is judged necessary todo so.

At the lower part shaft (10) ends in the reducing crucible or reducer
(7).

This reducer (7) is a furnace with circular horizontal crosssection.
The lateral walls are practically vertical, the bottom is sloped in the direc-
tion in which the substances are to run, that is, from the entering of the
molten oxides to the escape of the metal and slag toward the regulator.

The roof is spherical or dome-shaped, and presents:

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.

8. 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 interior repairs, and also openings for
the passage of the electrodes, when it is considered expedient to introduee
the current laterally ; but they have at least two openings (12 and 13) for
the running off of the crude metal and the slag. These two tap-holes are
placed, either the one above the other on the same vertical plane, or rather
a little separated on different verticals, but in any case both ought to be
behind the column of coke descending from shaft (10), so that the slag
and the metal may never escape without going over a thick bed of incan-
descent reducing substance. This placing of the tap-holes combined with
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the height of the column of material in shaft (10), which by its weight
forces the reducing substance to pass down to the bottom of the erucible,
insures a perfect reduction.

In erucible (7) the reduction of the oxides absorbs more heat than is
produced by the transformation of the coke into oxide of carbon. It is,
therefore, necessary to resort to the electric current in order to supply
the add1t10na1 quantity of heat reqmred This current can be brought by
electrodes, such as (14) and (15), passing through the top near the slag, or
by electrodes, either horizontal or, still better, inclined in position, crossing
the lateral walls, and reaching the slag on the same plase.

Process of Reduction in Furnace B.

. After the process has been in operation for some 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 ccbmpletely
reduced, and more or less 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 erucible 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 come 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(3)
in order to continue the fusion of the ores; the metal produced descends to
the bottom; the slag, separated from the oxide, floats on the surface.

The discharge of the slag and the metal produced from the crucible
may be effected by complete and alternative tappings. It is preferable
to let the slag run off almost continuously, which is easily accomplished,
as in the ordinary blast furnace.

3rd.—The third part (C) into which the reducer pours its crude
metal, there to be refined and brought to the desired condition, is the reg-
ulator.

The « Regulator ” represented in the general plan of the three ap-
paratuses (Fig. 1) is further reproduced in detail in Figs. 6, 7 and 8 (see
second part.)

Tig. 6 being a section of Fig. 8 along A.B.C.
Fig. 7T being a section along D.B.E.
Fig. 8 being the horizontal section of the preceding.
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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 transmitted to the liquid
bath by two electrodes (27) passing through the top or through the lateral
walls. These electrodes, which carry the current, may be either vertical
or inclined in position.

Figs. 6, 7 and 8 show the arrangement which appears to us to be the
best for the metallic enclosure of the regulator, and for the refractory
lining; it i3 well to draw attention to this arrangement of the metallic en-
closure, the circular form of which is characteristic, allowing a very
simple, economical, strong construction, and reducing the running ex-
penses to a minimum, owing to the strength which this arrangement gives
to the refractory lining ; the lower part of the furnace, of sheet iron, rests
flat upon the ground, and cannot be deformed ; the vertical enclosure is a
cylinder of sheet iron, strong from its very form, and further reinforced
at its two extremities; at the bottom by its being joined with the sheet-
iron plate; at the top by a wide hoop (30), (Figs. 6 and 7), designed to
support the whole thrust of the arched roof.

The roof consists preferably of a single piece of refractory material.
If one considers the purity of the steel and its complete separation from
the slag, the immobility of the regulator, with its discharge for the metal
below, presents a great advantage over the Bessemer converter, the oscil-
lation of which and the fact that the discharge is above, are perceptible
causes of variation in the composition of the steel.  All people of the
trade know, in fact, the bad effect of slag mixed with steel, whether in an
infinitesimal form, when it arises from direct oxidation of the metal, or in
the form of almost imperceptible droplets scattered by agitation through
the sticky mass from which they cannot be separated. For special steels,
and steels of great purity, which should be expected of electric smelting,
it is essential to avoid stirring the metal falling on the slag; such as occurs
when the contents are poured out from the mouth of the converter; and if
it is not possible to obtain the sharp separation which is obtained in the
crucible, we must at least seek means of pouring which will allow the larg-
est mass of metal to be run into the ladle before letting any slag into it.

Refining Process in the Regulator.

The refining in the electric regulator resembles that of the 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 process of an
isolated operation :—
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1st.—The regulator, with circular horizontal section, facilitates very
much the work of the operator on account of its simplicity, the
resistance of its metallic enclosure, and of its refractory lining.

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 deflected toward the walls, which resist
with difficulty. :

3rd.—The means used in the Martin for the refining and purifying
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 proper-
tions of which are not variable at the will of the opera-
tor; on the other hand, oxides of iron, oxides of man-
ganese, lime, and other additions, regulated at will.

For reducing processes: on the one hand, all substances hav-
ing affinity for oxygen, silicon, manganese, aluminium,
sodium," &ec., it being possible to add these to the bath in
the pure state, or in the state of ferro compounds.

The refining in the electric regulator can take advantage of all these
agents, but the oxygen, carbonic acid and aqueous vapor, which it can util-
ize, are fortunately not forced upon it, and this alone makes an enormous
difference in the process of refining, and in the results which are to be ex-
pected.

We should point out, in the next place, that all these questions are
very important, and that their study shows the essential character of ques-
tions of a purely metallurgic order in the investigation which we are pur-
suing, electricity entering only as heat-producing agent.

Let us consider, for instance, the case of the removal of the carbon
contained in the erude metal.

The decarburization may be produced practically by oxygen, carbonic
acid, aqueous vapor, metallic oxides, and especially by oxide of iron, oxide
of manganese, oxide of calcium, &e.

It is interesting to compare the decarburization of iron by the oxygen
of the air and by the oxides of iron or ores.

The two modes of operation differ entirely in the final result:

The oxygen of the air, driven to the surface or to the interior of the
liquid metal, burns at first the greater part of the elements more easily
oxidizable than iron, among others the earbon, but before all the carbon is
removed, it acts already on the iron, either by dissolving in the metal, or
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by combining, and thereby gives rise to an infinite number of particles of
oxides imbedded in the metallic mass, where their action becomes injur-
ious; the metal then becomes hotshort, and if one examines a break by
tension, one finds generally the appearance called “ wood fracture.”

Oxide of iron in the state of ore acts on carbide or iron in a less ac-
tive manner, retaining oxygen by its combination, and burning only the
carbon with sufficient energy to destroy this combination.

Decarburization by oxide of iron gives a better steel; it is necessary
then to avoid direct oxidization by atmospheri¢ air, when the quality of
the product is the first essential; hence the inferiority of the Martin to
the electric regulator, which can have air introduced if it be judged advis-
able, but which is not inevitably always present.

The superiority of the regulator is demonstrated again very clearly,
when it is a question of producing a reducing action, desulphurization, for
example; the gases floating above the metallic bath are naturally these
reducers, if no other oxidizing agent is introduced from without, and the
elimination of the sulphur can be easily brought about, while it is almost
impossible in the Martin.

The Refining Operation.

The refining process varies according as the operation is performéd
on the crude metal 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 additional difficul-
ties.

In connection with the reducer B (see second part, Fig. 1a), two re-
gulators may be employed, into which the crude metal flows regularly in
proportion to its production; one of the regulators receives the metal
(fillling up), while the other brings the refined metal to the desired hard-
ness and composition. .

This arrangement of two regulators for one apparatus supplying the
crude metal is shown in Fig. 1a (see second part).

Let us suppose a single regulator with basic lining; the crude metal is
allowed to accumulate in the crucible of the reducer (B) till a time when
tapping becomes possible.

Knowing the approximate composition of the crude metal, and the
weight of the charge which is to be operated on, all the ore necessary for
decarburization may be placed beforehand on the bottom, if, in order to
obtain a better quality of metal, one does not require part of the oxidiza-
tion to be accomplished by a jet of forced air.

The crude metal, which we suppose to contain little sulphur, is pour-
ed out in such a way as to fill rapidly the regulator up to about 10 centi-
meters below the level allowed for the outflow of the slag by pipe (25):
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then the crucible of the reducer (B) being empty, the hole is left open in
order that the crude metal, in proportion as it is produced, may for some
time continue to flow into the regulator. The slag coming from reducer
(B) should be drawn off before it reaches the regulator, as is regularly
done with the slag of ordinary blast furnaces. The refining begins at
once under the influence of electric heat and of the ore, which changes
the carbon of the erude metal into oxide of carbon; gradually the slag,
which is formed, reaches the height of pipe (25), through which it flows
out, its level being raised gradually by the crude metal continuing to flow
to the regulator.

The carrying off of the slag in this manner is much simpler than in
the Martin.

The crucible of reducer (B) is closed when the regulator is filled with
the desired quantity, and the refining now goes on to completion.

Tests taken indicate the state of the metal and by additions, either
of ore, or of carburetted substances, the required point is reached. It is
desirable then to leave the metal absolutely motionless for some time, to
bring about its reactions, and to separate it gently from the slag; tapping
is then done as in the Martin, first into a ladle, then into conical ingot-
moulds, where it is compressed by a process similar to wire-drawing, in
order to avoid use of the reheating chamber.

If, instead of a pure carbon steel, it is desired to have the finished
metal contain other elements having a definite influence on the nature of
the steel, the operation is the same as in the Martin, with this difference,
however, that there is less loss, the atmosphere above the bath and the
bath itself having no oxidizing influence.

If in place of a relatively pure crude metal, a considerable percent-
age of sulphur is present, the operation should be modified by the addition
of a reducing phase with slag, extra caleareous, or manganesian.  This
phase might take place after decarburization, but it is more natural to de-
sulphurize at the beginning. Before the tapping of the crude metal,
there would then be placed on the bottom of the regulator a desulphuriz-
ing slag in place of oxidizing ore. The addition of ore would be made
only after the tapping of this desulphurizing slag.

As to the nature of the steels produced in the regulator, it may be
any whatever; all the additions of special substances are possible, and in
all these cases the quality of the product will be superior to that produced
in the ordinary Martin furnace, owing to the facility of maintaining above
the bath a non-oxidizing atmosphere.

To sum up, the process which has just been described, of passing

directly from crude ore to refined irom, or to different classes of steel, is
characterized by a preliminary fusion of the oxides, followed by a reduc-
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tion, then by a refining of the metal, each of these three operations being
done in a distinet apparatus, but the three apparatuses, like the three
operations, being combined in such a manner as to form three parts of one
single whole, the calories necessary to the three operations being supplied
in part by the redueing 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 (C) as being intimately connected with
the two other apparatuses (A) and (B), but if necessity requires (B) may
be left to produce the crude metal, the pig-iron, and (C) may be separated,
treating directly in it entirely different substances.

Economic Consideration of the Triple Furnace,

It is interesting to study, at least approximately, the economy of the
process, and to endeavour to emphasize more particularly:

1st.—The utilization of the calories.
2nd.—The electric energy required per ton.

8rd.—The net cost compared with that of ordinary steel works.

1st. The Utilization of the Calories.

1st.—Let us suppose a charge to contain per ton of pig iron:

BN o hnelons s A8 maee By e s Gowon 190 Kgs.

Aluminium. ..................... 32 «

Lime and Magnesia............... 340 « =1,944 Kgs. of

BTG cit s 5o eSS TR e s 2 935 « { oxides to be melted

Manganese. .......c.ooevevnannn. 17 =

Oxygen of theores................ 430 «

WEBEBIY, w5 sni ool o B 0 0 58 i i 9 126 “ to be evaporated.

Carbonic acid of the carbonates. . ... 250 “ to be separated and

volatilized.

Tatal. s eivswmos cowmig 2,320 Kgs.

which ought to give, after calcination, fusion and reduction:
On the one hand, 1,000 Egs. 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 called
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 825 kgs., to change into carbonic oxide the 430
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kgs. of oxygen contained in the ore, say, 360 kgs. of coke, allowing for
. about 107 of ash. This coke adds 85 kgs. to the weight of the slag to be
melted.

3r'd.—Bef-ore determining the schedule of calories, it is necessary to
ascertain the losses by radiation in each part of the triple furnace.

Mr. Grumer allows for loes by radiation in the ordinary blast furnace
- 444,000 calories per ton of pig iron. The present apparatus, presenting
relatively more surface, will lose at least as much, let us take, in round
numbers, 450,000 calories, which will be distributed almost in equal pro-
portior among the three parts of the apparatus, say, 150,000 for each.

Schedule of Calories in Smelting Furnace A.

Calories mecessary for the caleination and fusion in shaft (1) and
melting chamber (3):— i Calories,
For vaporizing 126 kgs. of water given off at the throat at about

- 100° :—
G e ) e Lo Bt o o) e o e et 76,356
For dissociating 250 kgs. of carbonic acid from the bases with

which it was combined (250 kgs. of carbonic acid corres-

pond to 568 kgs. of carbonate), say, according to Gruner:

B8 2 BTE T oo o g e PR o e A Sl 212,148
For heating these 250 kgs. of CO, to the temperature at which

gases are given off, 100°, say :—

2500 ZHCKL OO 7 5, = i oo arai s o raretons Mpstspst 5,250
For heating to 100° the 2,100 kgs. of air necessary to change

into CO, all the CO produced by 325 kgs. of carbon, say,

ZA00 % D02F 2 T oo critos & i bloms coheptmgdis 47,670
For heating to and melting at a temperature of about 1,500° .

the 1,944 kgs. of various oxides corresponding to one ton of

pig iron, and admitting (according to Gruner, pp. 337, and

following of vol. 2) that the calories contained in 1 kg. of

oxides or slag melted at 1,500°, are 500 calories, say:

1594412 D005 55 5z ¢ 8o fore o 0w Gom s aiasitpme § PEEEE e 8 972,000
= For external radiation ............... ... .. ... ..... 150,000
Total calories necessary in the smelting apparatus....... 1,463,424

Production of necessary calories in shaft (1) and furnace (3):

The CO arising from reduction, and corresponding to 325 kgs. of C,
weighs 758 kgs.; it reaches 1,500° in the smelting apparatus, where it
gives off :—

1st.—By its combustion: Calories.
758 x 2,400 ... ..ot 1,819,200
2nd.—By the lowering of its temperature from 1,500° to
100°:
758 x024x1,400................ 254,688

Total calories given off in the smelting apparatus by the CO.. 2,073,888
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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 incomplete combustion of
the CO, and in case of an irregular descent or melting of the ores.

Schedule of Calories in the Reducing Apparatus B.
Calories mecessary for reduction :

For reduction (according to Gruner, vol. 2, p. 339), the heat absorbed

for reduction corresponding to 1 kg. of pig iron, is 1,984 calories.  Say,
then :—

Calories.
I R S SR RS s MG, S SRR SRR S R 1,984,000
To heat to 1,500° the 325 kgs. of reducing carbon, say:
0 A R T T N A M EE S S TR A 117,000
To melt the 35 kgs. of ash, say:
e g R i e 17,500
LT e Rl e e S AL SR I e S AR TS 150,000
Total calories necessary .................... 2,288,500
Production of calories necessary for reduction :
The 325 kgs. of C changing-into CO by reduction give off: Calories.
1] SO R e T SR I T S 780,000
The calories necessary being 2,268,500, electricity should sup-
ply the difference, say.............. .ot 1,488,500
Schedule of Calories in the Regulator C.
' Calories necessary for refining .—
To bring the erude metal from 1,500° to 1,800°, say: Calories.
LO00 & QA8 2 B0 s 5wy 05 05w oniv smminsints 3 s wmams 5 o 36,000
To make and melt about 300 kgs. of slag, say:—
BE 2B <. . oo onns vocmpsss i, ... 150,000
To compensate for the different reactions which are produced
slowly, and the calorific effect of which cannot well be de-
BB ows omamev s cwin 5@kl o8 055 sdades SEaE s 200,000
FOE BTN coripman oo inmmon ¢ e s S8R0 EY 4 SolEas s 150,000
Total of necessary calories....................... 536,000

Production of calories necessary for refining :

The production of the necessary calories is to be derived entirely
from electricity, which should furnish 536,000 calories, Calories.

BEY s os et SI0ETTATeS | o) d RIGnars & (0% w53 st @ 5 wyelarai odori s 536,000
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General Schedule.

The general schedule is established as follows :—

Calories neces- | Calories given | Calories to be
sary for 1 ton of | off without elec- derived from
metal. tricity. electricity,
1. Melting apparatus...... 1,463,424 20THBRET L R
2. Reducing  “ .| 2,268,500 780,000 1,488.5600
3. Refining  *  ..... 536,000 [............ 536,000
Lotalg . o Dilwina ol 4,267,924 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.
1st—In the melting apparatus electricity plays only a secondary part,
useful only as a regulator of heat.
2nd—1In the reducing apparatus electricity ought to furnish 1,488,500
calories for each ton produced, and if we have in view the production of
one ton per hour, it i5 necessary to have per second:
1,488,500
3600
or, in theoretical horse-power:
413 x 425 Kg./m.
75
3rd—In the refining apparatus electricity should furnish 536,000
calories, and if we have in view the production of one ton per hour, there
will be required per second:
536,000
3600
or, in theoretical horse-power:
150 x 435 Kg./un.
75

say, about 1,000 horse-power, because bringing the metal to the desired
state entails loss of time corresponding to loss of heat.

=413 ealories

=2340 horse power

=150 calories (about)

=850 horse power (about)

3rd. Net Cost Compared.

It is interesting to make, from an economical standpoint, a compari-
son between 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 alec-
tric calories the price of 0.01 frs.; these prices are almost exactly those
actually existing in the region of the French Alps.
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In the triple furnace we produce one ton of finished steel with:

Frs.
360 kgs. of coke, at 25 frs. perfon.......oc.covernenes 9.00
9,024,500 eleetric calories, at 0.01 frs. per thousand.......... 20.24
atall e, it L e e S e ey 29.24

We replace these 29.24 frs. by: 1st. the coke of the ordinary blast
furnace, say, 1,000 kgs., and all the machinery (boilers, engines, hot-air
appliances) necessary for its combustion. 2nd. The coal used in the Sie-
mens-Martin furnaces, say, about 500 kgs. on the average, at 25 frs. per
ton.

Frs.
1,000 kgs. of coke, at 25 frs. per ton. ........... .. 25.00
Machinery at the blast furnace...........ccoone-- 5.00
Coal, 500 kgs. at 25 frs. perton............covvne 12.50
ke s LG SRS R GRS 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
Martin-Siemens’ hearths combined, we see that it produces steel at a sav-
ing of 42.50 — 29.24, say, 13.26 frs. per ton.

Competition 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
i IRON."

BY HENRI HARMET.

SECOND PART.

Reduction of Solid Oxides by Carburized Gases.

I.——General Considerations.

The ordinary blast furnace is a perfect apparatus for reducing solid
oxides by means of carburized gases, when the heat necessary for the dif-
ferent reactions is produced by the reducer itself ; the fuel being charged
in a solid state, and changed into reducing gas by partial combustion, un-
der the influence of the air in the lower part of the apparatus.

In seeking to produce the same reactions by using the electric cur-
rent for the production of the necessary heat, without referring to the
calories furnished by these reactions themselves, 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 solid fuel would have given, and by introducing through the charg-
ing orifice the quantity of reducing material strictly necessary for redue-
tion. But two very decided objections to this course are encountered.

The first is, that reduction will not take place under the influence of
the reducing agent, which is solid and which remains solid, or at least the
reduction will be very imperfect.

The second is, that if reduction could take place in presence of the
solid reducer, this action would still be prevented by the lack of the neces-
sary temperature; the excess of electric heat in the smelting crucible
being unable to ascend into the upper parts of the shaft, owing to the lack
of a conductor, or of a medium having a tendency to rise, and possessing
the property to take up heat in the lower part of the furnace, which heat
it would give off in the upper part.

* From the French.
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Therefore, the application of eleetricity as a source of heat in a re-
ducing and smelting apparatus, such as 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 supplied the supplementary and indispensable heat; but
it is further necessary: 1st. To give to the calories which the electricity
iz 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 solid
state it cannot act.

Further, if we take into account the conditions required by the pasty
state of the ores, and by general economy, we reach the arrangement re-
presented by Figures Nos. 1, 1a, 2, 3, 3a, 4, 5, 6, 7 and 8.

This complete apparatus utilizing electric calories, and converting
raw ores into finished steel will be, as a whole, designated by the name:
« Electric furnace for the electro-metallurgy of irom or its compounds” ;
the different parts of the plant will have distinct names, such as are given
in all metallurgic apparatuses.

II.—Description of the electric furnace for the electro-metallurgy of
iron or its compounds.

The electric furnmace comprises, as a whole :—

1st. A first part, where are performed the drying, roasting and cal-
cining of the oxides, or other substances charged in the crude state; we
shall call it the “ Calciner.”

2nd.—A second part, where the reduction of the oxides and the fusion
of the more or less crude metal are accomplished; we shall call it the “ Re-
ducer.”

8rd.—A third part, into which the crude metal flows in a liquid
state fromn the reducer, and is there brought to the desired point; we shall
call it the “ Regulator.”

Fig. No. 1 and Fig. No. 1a are general plans.

Fig. No. 2, a horizontal section through the axis of the electrodes,
through the axis of the tap-holes for the metal and the slag, and through
the axis of the holes for the insufflation of gases.

Fig. No. 3, a vertical section on XY through the axis of the redncer,
through the tap~holes for the metal, and one of the tuyeres.

Fig. No. 3a, same section on a larger scale, showing the lower park
of the apparatus.

Fig. No. 4, a vertical section on ZO, through the axis of the reduees,
through the tap-hole of the slag, and the second tuyere, so far as concerns
the reducer, and falling on Z’0’ in the calciner.
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Fig. 5, a vertical section of the lower part on UV, through the axis
of the reducer, and through the axes of the two electrodes.

Figs. 6, 7 and 8 give the details of the regulator.

To deseribe the process of metallurgy, and the apparatus which per-
mits 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.

1.—Calciner.

All the raw materials, except the coke, are placed in shaft (1) of the
calciner in the desired proportions and in successive chargings. Owing
to the heat furnished by the blow-pipes (2), and because of the form of
the caleiner, these substances become gradually heated, reaching a red
heat in the narrow part (3), and are caleined, losing successively hydro-
scopic and combination water, carbonic acid, and all volatile matters.
They sink down and, still red hot, reach the base (4) of the calciner, where
a plunger (5), with alternating movement, feeds them at the desired rate
of discharge into chutes (8) or (7), whence they pass to “ chargers” (8)
or (9).

To obtain this result, the interior of the calciner presents 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 order to give great increase of heat,
and so that the substances may attain a uniform temperature; then,
again, gently widened below, in order to allow the charged materials to
assume their natural slope and leave a space (10), to allow for the com-
bustion and distribution of the gases escaping from blow-pipe (2).

The base (4) may be inclined or not but for economical production in
the calciner, and in order that its progress may be continuous with that
of the reducer, it is necessary that the substances, which reach base (4) at
a red heat, should flow out proportionately and regularly into chargers (8)
or (9), giving place constantly to new descending material. For this pur-
pose, there is placed, externally, a shaft attached to a wheel (11), giving
an alternating movement back and forth to a cast-iron plunger, which
Penetrates, by an opening (31), of the same diameter, into the calciner, a
short distance above base (4). At each alternate movement, this plunger
drives a certain quantity of calcined substances into chutes (6) or (7), and
the proportion of these substances thus discharged in a definite time varies
with the speed of piston (5), and with the number of revolutions made in
this same time.

The calciner shows around its crucible, or lower chamber, several
openings, which are without any communieation with the outside atmos-
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phere; the openings (2) by which the gas blow-pipes penetrate; opening
(81) for the action of plunger (5); opening (29).leading to the chutes (8)
and (7).

These openings do not allow the gases resulting from the action of
the blow-pipe to escape, and all the rest of the lower chamber being clos-
ed, these heat-imparting gases are forced to take an upward course through
the substances above, heating them, and finally escape by the top.

This closing in of the crucible is characteristic of this caleiner.

The valve (13), pivoting on its axis (14), allows the substances escap-
ing from the calciner to be directed alternately into one or other of the
chargers (8) or (9), through chutes (6) and (7). These chutes are con-
duits, inclined in order to facilitate the sliding of the substances, but they
are completely closed except at the two ends, where they lead, on the one
gide to the calciner, on the other to the chargers, without having any com-
munication whatever with the external atmosphere.

The charger (No. 8, for example) is a metallic chamber, lined with
fire-bricks in the interior, and may be closed above and below by slide-
doors (15) and (16).

Pipe (6) connects this charger with the lower chamber or crucible of
the caleiner, and when valve (13) is turned as Fig. 1 indicates, the slide-
door (15) being open and (16) closed, the calcined substances fall into
charger (8) in proportion as they are forced by plunger (5).

When charger (8) is full, valve (13) is turned in order to make the
calcined substances flow into charger (9); then, slide door (15) is closed,
and on opening (16) all the contents of (8) fall into the reducer.

The next charging will come from charger (9) through a similar pro-
cess.

This arrangement of the two chargers allows the substances coming
from the calciner to be kept heated, and to be brought into the reducer
without any perceptible loss of the gases through the opening, because of
the slide-doors (15) and (186).

As the reducer is the part of the plant which requires the greatest
amount of supplementary heat from electricity. it is a great advantage to
charge it, through its opening, only with caleined and hot substances. The
ores and fluxes come from the caleiner, calcined and heated; the reducing
carbon, (generally coke), passes through heater (17), where it is subjected
to the heat produced either by the flames escaping from the * regulator,”
or by one or several blow-pipes fed with gases collected at the top: the
coke thus loses its humidity, and by the aid of doors (18) and (19), it is
made to fall into the reducer bv successive charges, in a manner similar
to that described for charger (8).
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Chargers (8) and (9) and heater (17) supply through the opening' of
the reducer, ores, fluxes and coke in the desired proportions, and at a high
temperature, after drying and calcination.

2.—Reducer. s

All the materials thus charged descend mixed, in the interior of the
reducer. During the descent the oxides are reduced; then, in the crucible
the whole assumes a molten condition. The metal and the slag separate,
the metal flowing on the one side 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
electricity, it is uecessary that this reducer should have special features.

We shall examine successively the descent, the reduction, then the
fusion, stating precisely the characteristic features which are recognized
as being necessary for carrying on successfully each of these operations.

Descent of the substances.

The materials charged hot in the furnace-top increase in tempera-
ture ; slowly at first, because of the reduction which absorbs the heat; but
lower down the heat increases, and the minerals, having become sticky
would have difficulty in descending if the shape of shaft (28) did not faci-
litate their movement. It is necessary that the section of the shaft should
become larger according as the descending materials become warmer,
" more pasty and sticky; hence the widened form indicated iv
(Figs. 8, 4, 5) by curves M and N. These lines, widening gradually from
the top to the bottom of the shaft of the reducer, are a characteristic of

the apparatus.
B Reduction.

The reduction of the oxides should take place in the shaft or upper
part of the reducer; the fusion alone occurring in the erucible, or lower
part.

Now, the solid oxides, mixed with the solid coke, react on each other
but slowly, and the reduction could not be completed by the time the
materials reach the zone of fusion if there were not brought into the shaft
a reducing gas, oxide of carbon, causing the reduction to take place where
it should, that is, in the shaft itself.

For this purpose a certain amount of the gases, which are given off
from the furnace top, is introduced into the interior of the reducer, and
rises upwards through the solid material. These gases, the greater por-
tion of which is oxide of carbon, are drawn through flue (32) by the
blowing engine (38), and introduced at high pressure throuch flue (34)
into the crucible, a little above the slag, which they reach by outlets (35)
and (36). These gases, meeting in the crucible and above it ineandescant
coke, are completely converted into oxide of carbon (the CO, giving
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-

2, CO); they thus become an exceedingly active reducing agent, and de-
velop this action in the shaft, where we wish the reduction to take place.

We 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 change them
completely into oxide of carbon, and 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 admit, as should be the case, that the materials which descend
in the shaft reach the crucible completely reduced, they will be incapable
of giving off any gaseous ascending matter. If, again, we observe that
the electric current transmits its heat to bodies which offer a resistance to
its passage, without, however, producing gaseous emanations, we recog-
nize that the calories thus given off by electricity in the crucible would
have no rapid means of entering the shaft where we require them to help
in the reduction. Some means are then needed to transmit to the shaft a
part of the calories which the electric current gives off in the crucible.
The gases taken at the furnace-top and blown into the crucible constitute
this means which we need of conveying the calories.

In order that the circulating gases introduced into the crucible may
penetrate the ore and reach all the fragments to be reduced, there must
be a large surface presented to their action; they must be able to circulate
freely around the column of ore, and fill all the interstices which they can
enter ; it is for the purpose of facilitating this infiltration of the insuflated
gases that the crucible of the reducer shows on its lateral walls the widen-
ed form indicated by Figs. 3, 4 and 5, leaving in (36) an annular space
where the gases are collected, in order that, from there, they mey pene-
trate the column of solid material.

In order that the gases, blown into the annular space (36), and from/
there into the column of solid materials, may bring about reduction in all
parts of the shaft we must fdcilitate their ascent through the middle of
the solid colwmn by grouping in the centre of this column most of the large
pieces, which will have between them wider spaces than the small ones for
the circulation of the gases; it is for this purpose that at the furnace-top,
the coke is charged in the centre, and the ore at each side; the slope form-
ed by each charge of ore brings the larger pieces to the centre.

We should also note that the shape given to the shaft, with horizon-
tal cross-sections increasing from top to bottom, is well suited for the pur-
pose of reduction. Reduction, indeed, absorbs heat and requires that the
oxides and reducing agents should be in close contact, and besides, the cir-
culating gases, which ascend from the crucible, bringing with them re-
ducing energy and calorific energy, require, in proportion as they weaken,
1o concentrate their remaining energy into spaces more and more limited.




145

This shape, widening from the top to the bottom, is then equally iw- ‘
portant for successful reduction.

.

Fusion and Special Features of the Crucible.

Fusion is one of the principal operations of the crueible, but it should
also: 1st. Supply the supplementary heat which the circulating gases are
to carry up into the shaft. 2nd. Allow the development of all these
calories by the electric current. 3rd. Separate the crude metal from the
slag. 4th. Allow the crude metal and the slag to flow out, either ¢ontinu-
ously or by small successive tappings. Each of these operations requires
for the crucible special features, which are so 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 shaft, requires great electric
power; and if the production is to be relatively great, it is well to divide
the total electric energy considered necessary, in order to avoid the diffi-
culty of transmitting by ome single electrode currents which are too in-
tense; it is necessary,,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 circumference a large number of electric conductors, and for this ad-
ditional reason, we would have had to give to the crucible the widened
form represented by Figs. 3, 4 and 5, if we had not been obliged to do this
for the circulating 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 electrodes,
or may be divided up into a great number of distinet currents; we consi-
der it preferable to divide up the energy, and the crucible of the reducer
is so arranged as to allow for this division. Fig. 2 shows a desirable mode
of placing the electrodes (37) for four distinet currents, although any
other division may be adopted.

In order that the electric energy (transmitted by onc or several dis-
tinet currents), may develop in the crucible all the heat which it is capable
of producing, the electrodes must remain constantly in contact with slag
(88) if regularity in the production of heat is desired; the slag, offering
resistance, will absorb the calories to transmit them, on the one hand, to
the crude metal which drips through it from above and aceumulates be-
low; on the other hand, to the circulating gases which, impelled by their
velocity, play over the surface of the liquid bath.

In order that the electrode may come in contact with the slag with-
out having an exaggerated length, it is necessary that the opening by
which it enters the crucible (¥ig. 5) should be a short distance from the
base of the crucible. It is well also that this opening should be, not in
the vertical walls, but near the top of the erucible, in order to give it a
position as nearly vertical as possible, such a slope being advantageons in
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order to more easily reach the slag at its different heights. Consequently,
the upper edge of the crucible (or point B) should not be far distant from
the floor; as a result of this, the whole crucible takes a form with low ver
tical walls, which, together with its relatively great horizontal width, gives
it a depressed form, as represented 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
but rarely. '

This condition is fulfilled: 1st. By a crucible with a wide horizontal
cross-section, in which the variations in the height of the liquid bath are
less perceptible. 2nd. By making the tappings for both slag and metal
as constant as possible, and when it is necessary to drain the crucible of all
the metal, small tappings should be resorted to in such a manner as to
render the variations in height as small as possible.

The separation of the slag (38) from the metal (89) and the con-
tinuous discharge of each of them when possible are obtained by arrange-
ments as shown in Figs. 3 and 4.

For the metal (89), a heap of bricks or sand (40), forming a casing
for the fore-hearth (41), gives the means of regulating the height (H) of
the channel by which the crude metal will flow out constantly, and in pro-
portion as it is produced, into the regulator (20); this height (H) regulates
the level (S.8.) of the crude metal in the interior of the crucible, taking
into account the pressure exercised by the slag and the gases.

4

For the slag (38) a constant flow with a Liirmann pipe (42) and a
constant level (R.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 (K) of the slag (88) above the metal (89) should be
kept sufficiently great to allow the carbon to have considerable variation
in height without being unduly exposed either to penetrate the metal or
leave the slag.

To insure a regular and economical working of the reducer, such as
is described 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 furnace-top; they are distinet, separated
from one another, and placed for example, one at each extremity of the
same diameter (see Fig. 8).
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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.

Thijs circulating movement can neither bring in any air nor change
the eqtilibrium 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 (45), which might induce a return current of air, the escaping
gases are made to pass through a box (46), and can only escape by valve
(47), into conduits (48) and (49), 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 fixed to the
movable cap (50), is raised with it when the pressure of the gases is suffi-
cient; it is closed 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 forms joint (51), and this difference in the level of the water is
established 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 represented in detail by Figs. 6, 7 and 8, but we
need not repeat the description given on pages 129 and 130 of our first
part.

The above description, although very short, explains sufficiently the
working of the apparatus, 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
technical details, but it is essential to study the general economy of the
process.

I11.— General Economy of the Process.

1st.— Nature of the gases escaping 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 to
this question later on.

The reactions in the calciner differ little from what is already known,
and we shall 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 study
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 electric 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-
est possible quantity of substances foreign to iron; and we shall aseribe to
the regulator the function of bringing the steel to the desired composition
by using electricity, the introduction of which at this point may permit
of achievements hitherto unknown.

2nd.—The phenomena which accompany reduction proper under the
influence of carburized gases; 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 refer to these phenomena only in
passing.

3rd.—The modifications brought about in the reducing gases by the
very fact of their forced 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 can be derived. Its method of
operating varies, according as we attempt to use more or less completely
in the reducer itself the heat-giving energy of carbon, by transforming
it into CO or CO, Let us examine the two extremes, though all the
variations between these may be adopted.

1st.—The one aiming to produce CO is characterized by a greater
consumption of electric energy, and by a greater charge of the reducing
carbon ; nevertheless, this method remains the most economical, because,
using in the reducer only a small portion of the energv of the carbon, it
transforms this completely into pure CO, thus giving it a greater value at
the cost of electric energy, the calories of which are more economical with
the great hydraulic plants which are used for their production. This pro-
cess makes of the reducer a better gas-producer than any other known.

2nd.—The other aiming at producing CO is characterized by a
diminution of electrie calories, but a greater development of calories aris-
ing from the carbon, which, in the shaft of the reduecer, is changed on a
large scale into CO. ; this reaction gives rise to more calories than
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simple conversion into CO, although the volume of gas developed is less;
the CO, has no further latent power of producing heat and is allowed
to escape to the outside.

Composition of Charge,

Let us apply these two extreme methods to the same composition of
charge, the material used varying only in the quantity of carbon, and we
.ghall take the charge already adopted in our first part (page 134), which
contains per ton of crude metal :—

STHET R o BRI I 190 Kgs. )

Aloming ........... A U A T 2 s |

Lime and Magnesia.......... 340 « | 1947 Kgs. charged into
RO S . T o sk A2 935 - the reducer.
Mapganese ! i v, viren vnic e Ly e |

Oxygenoftheore ........... 433 “« |

IVARROT 1 450 e/ < ' e i b iy v 126 < 376 Kgs.eliminated by
Carbotie deid. . . ... .. c00s ke 250 “ } calcination.

i 2,323 Kgs. 2,323 Kgs.

The total should give, after calcination, fusion and reduction, on the
one hand:

1,000 kgs. of pig iron or ¢rude metal to pass into the regulator.

On the other hand: 535 kgs. of 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 of proceeding, equals 35 kgs. of ash, giving
570 kgs. for the total slag.

With the second method of proceeding, equals 25 kgs. of 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 pure CO.)

We aim at changing all the carbon into oxide of earbon, which can be
utilized as combustible gas, outside of the reducer, after having acecom-
plished complete reduction.

To change into CO the 433 kgs. of oxygen of the ore, we require 325
kgs. of pure C, or 360 kgs. of coke; the total weight of CO produced is the
sum of the two, equals 758 kgs., and there will be no other gases in the
reducer, since, of all the material charged, after a calcination which is
supposed to be complete, the reducing C and the oxygen of the ore are

the only ones which can change into gas, at least in appreciable quantities,
and under the given circumstances.
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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 reduction. .One kg.
of oxygen, in fact, combining with CO to give CO,, gives off 4,200 cal-
ories; the same kg., while being separated from iron, absorbs about 4.300
calories.

To study the function of the circulating gases, let us take them at
their exit from the top of the furnace, when they are passing into the
crucible, and let us follow their course to the interior of the apparatus.

Leaving the furnace-top, they are in a great measure composed of
CO, but contain a little CO,, for the CO, produced by reduction does
not entirely disappear; however, they contain very little, and so much the
less in proportion as their circulation is more rapid. With a circulation
carried to an extreme 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 CO, changes into CO by con-
tact with the solid incandescent carbon, and each kg. of C contained in
this CO, absorbs, by this transformation to CO, 5,600 calories, while
the 1 kg. of solid carbon, combining with it to form CO, gives off only
2,400 calories, the difference, 8,200, represents the calories supplied by
electricity for the first reaction, and conveyed to the upper parts of the
shaft.

After this immediate transformation of the small quantity of CO,
the gases rising from the crucible into the shaft are composed solely of
pure CO, and passing through the electric zone, they become physically
charged with the supplementary heat which they will presently need.
This great reducing energy, accompanied by the necessary 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 O which was contained in the ore.

Owing to the excess of calories brought by the circulating gases, the
temperature, even after reduction, still remains sufficiently high to change
into CO a large part of the CO, newly formed, and when the volume of
gases, including those of circulation blown into the crucible, added to the
new ones produced by the reactions in the shaft, reaches the furnace-top,
the amount of CO. which it contains is in inverse ratio to the degree
of the temperature. Let “ A ” represent this small proportion of CO4
contained in the gaseous mass when it reaches the top. If we take half
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the total gases for purposes of circulation, we shall then take the half of
“ A;” which, blown into the crucible, will there be changed into CO, and
finally the gases set:free escaping from the top, will not contain more than
A

'§'.

The proportion of C0,, contained in the gases set free, decreases, then,
with the velocity of the circulation and with the increase of temperature
at the top.

To sum up, this process aims at the production of pure CO at the top
of the reducer. The efficiency reaches its maximum when the quantity of
CO, is reduced to ‘a minimum.

The high or low efficiency of the method is, therefore, determined by
the tenor of CO,. 4

To regulate this method, and to keep it in proper equilibrium, the
operator takes into account:

r

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
temperature at the top according to the excess of calories reaching it.

It is well to state here that as in this process the gases which collect
at the top are composed of almost pure oxide of carbon, the electric re-
ducer constitutes the best gas-producer known in the industrial world.

M. Leverrier admits, in fact, that in presence of atmospheric air, we
obtain the following combustion temperatures:

With pure earbon .................... about 2,716 degrees.
With pure oxide of carbon.............. “ 2967 «
With pure hydrogen .................. “ 2616 ¢

What is called water-gas would, therefore, give, by its combustion,
a temperature lower than that of the gas produced by the reducer.

Thermic Schedule (First Method of Proceding).

We shall first establish for each part of the apparatus the thermic
schedule of calories, that is, the comparison between the calories neces-
sary for the reactions and the calories which we have at our disposal to pro-
duce these reactions:—

Note.—(a) In this examination, we shall admit the following data,
the greater mumber of which are taken from Mr. Gruner’s work on metal-
lurgy :—
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1 kg. of liquid pig-iron contains. . ... 300 cals.
1 kg. of liquid slag eontains......... 500  «
1 kg. of pig-iron requires for reducing

the corresponding oxides (the
figure is rather high, we believe). 1,984 o

1 kg. of C changing into CO gives off. 2400  «
1 kg. of CO changing into CO, gives

O o o e 1 0 e 2,400 7
1 kg. of C passing from CO to CO,

Bivesolide s Ta L i e e 5600  «
1 kg. of oxygen passing from CO to

OO pavesoli, 5. 5 o ol e s 4200 «
1 kg. of oxygen in separating from

FeOabsorbs................ .. 4,312 %
1 kg. of carbonate 'requires for separa-

tionsef G050 < giadnia s otk 373.50 «

The specific heat of coke is. ... 0.24 cals.
& i air “ ... 0.227 «

N £ COo «... 024 «
o . CO,« ... 021 =«
« i slag“ ... 021 «
“ “ iron“ ... 012 «

(b) Moreover, it must be remembered that:

The gases arising from the calciner escape into the atmosphere with
a temperature of 100°.

The solid substances produced by caleination fall into the shaft of
the reducer at a temperature of 500°,

The gases which escape from the shaft of the reducer are at 500°.

The melted substances reach the crueible of the reducer at a tem-
perature of 1,500°.

The steel produced in the regulator comes out of it at a temperature
of 1,800° (acknowledged to be rather low.)

All the following estimates apply to one ton of metal, and the ap-
paratus is supposed to produce one ton per hour:

1. Calciner,

(a.) Culories required in the ctleiner (and in the coke heater, (17)
Fig. 3 and 4.)
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To vaporize at 100° the 126 Kgs. of water contained in the
charge :
¥ Calories.
F26RBO6. LI L et st D o 76,536
To separate from their combination 250 kgs. of carbonie acid
(250 kgs. of CO, corresponding to 568 kgs. of carbonate) :
568% 37350 0l e b S R S ST 212,148
To heat these 250 kgs. of CO, to the temperature at which the
gases are allowed to escape :
250021 x BOOLE S et S e e 5,250
To heat to 100° the 705 kgs. of air necessary for the comius-
tion of 283 kgs. of CO, either for the purpose of calcina-
tion or for heating the coke in furnace (17):
705%0.227x100. ,...... 0 v vinaiay 16,026
To heat to 500° the 1947 kgs. of solid substances discharged
into the reducer, (their temperature is brought to 1000°
for calcination ; but they are then cooled and go out only
at a temperature of 500°):

1947x0.21%500.. .. . ... o 204,120
To heat to 500° the 360 kgs. of coke:

360x0.24x500.......... ccnvieinan. 43,200

For radiation .. .. .. .....ccceiveeevnnn 150,000
Total calories required in the caleiner....................... 707,100

(b) Production of calories required in the calciner :

One kg. of CO taken at 500°, chunged into CO, at the top of
the reducer, then allowed to escape at a temperature of 100°,
gives off:

Calories.
By its combustion.................. 2,400
By the lowering of its temperature :
1x 0242400, < i cown s e sz s e 96
Tetal. .. ovuinsaanss 2,496
The calciner will require 288 kgs. of CO, which yield:
283 x 2400 = 679,200 ) 707,100

283 x 96— 27900 § "t

The total CO produced in the reducer being 758 kgs., the calciner
alone uses up 283 of these, say about 37%.

2nd, Reducer,

(a). Calories required in the reducer:

For reduction proper, Gruner allows (Metallurgy, Vol. 2, p. 339)
that the reduction corresponding to o<e kg. of pig-iron
alsorbs 1984 calories :

1000 x 1984

Calories .

...................... 1,984,000
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For the fusion of 1000 kgs. of pig-iron at 1500°, Gruner allows
that the liquid pig-iron contains about 300 cals. per kg.
The necessary calories are then :
1000 x 300
less those already contained in the metal at the top, ie.; Calories.
(1000 x 300)— (1000 x 0.12 x 500).... 240,000
For the fusion of the 570 kgs. of slag at 1500° :
Oue kg. of slag contains about 500 calories, according to Gruner :
but it is also necessary to here deduct the calories already
contained at the top, i :
(570 x 500) — (570 x 0.21 X 500)...... 225150
The substances making up the gases at the throat escape from
the reducer at $00°, the temperature being the same as
when they enter it, and we do not require to take into ac-
count their momentary variations of temperature while they
are in the interior of this reducer.

Forradiation..............ccuv i, 150,000
Total calories required in the reducer. ............ 2,599,150
b. Production of calories required in the reducer:

The 325 kys. of carbon are converted into CO, giving : Calories.
2T R BA00. -« vonsve mimEEs baiads pans 780,000

The difference is to ke supplied by electricity, ie. :
2599150780000, <. csvcus consseome 1,819,150
TR o 1o s s0880 550 0o s g | §js 60 & wls 2,599,150

3rd. Regulator,

(2) Calories required in the regulator:

To raise the crude metal from 1500° to 1800°: * Calories.
1000 x 0.12x300°................. 36,000
To make and melt about 300 kgs. of slag:
B0 E 500 smes so e ad 5 somemimmy we 150,000
BOTZ BAGIABION S v a/mt ;& £15 @00% o 5o oo @ 52 sier® b a1 GG 706 wie Fard 3 150,000

To compensate for the different reactions which are produced
slowly and of which the c lorific influence cannot well be

ACBRE s s 5 5 Tois e o105 oouims & Smirionn & 5 9GIES DA 2RE G &0 b1 200,000
To'al calories required in the regulator....... 536,000
(b) Production of calories required in the regulator: Calories.

Leaving out of account the heat which may be produced by inter-
nal reactions, the 536,000 calories necessary for refining are
to be derived from external energies which may be either
the CO from the furnace-top, or electricity; for simplicity we
shall for the present admit electricity alone; it should then
BUDPLY 64 s $15%5 wianon @ s Summilan e wuee & wbi s o W S Eg ey i e 536,000

* The temperature 1800° allowed here for liquid steel is too low ; it would have been
better to have allowed 2000°,
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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 Produced

Calories
required for
one ton of by by by CO
melted metal. Elegtricity Pure Carbon (283 Kgs.)
(325 Kgs.)

Calciner. . . .. 707,100 707,100
of which
679,200=

combustion
27,900 =
cooling.

Reducer .....| 2,599,150 1,819,150 780,000 &

Regulator . .. 536,000 536,000 4

Totals ...... 3,842,250 2,355,150 780,000 707,100

3,842,250

There still remain available:
758 — 283 = 475 kgs. of CO, which can supply :
475 x 2400 = 1,140,800 calories.

We should further note that the 825 kgs. of pure C were capable of
producing by direct combustion :

325x8000.......... . . 2,600,000
Thus far, in our apparatus, they have yielded :
In passing to the state of CO........ 780,000

By the combustion of 283 kgs. of CO 679,200
There still remain to be utilized, (in the
form of pure oxide of carbon)....... 1,140,800

o] 7 ) 2,600,000

We then again find that of the 2,600,000 calories which these 325
kgs. of C can give, but a part only is used in the electric furnace, because
of the high temperature at the top and the circulation of the gases which
bring the C to the state of CO, maintaining a very vigorous reducing
action, and borrowing from electricity the calories which are lacking as a
consequence of this incomplete combustion of the C.
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The circulation adds the heat-producing energy of électricity to the
reducing energy of CO, greatly assisting the accomplishment of the object
we have in view, viz.: the reduetion 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 thermic 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:

1st.—The calciner operates without electric current.

2nd.—The reducer requires 1,819,150 electric calories per ton pro-

duced, and if we aim at producing one ton per hour there are required
per second :

1,819,150 :

——3"6—06—-—505 calories

or, in theoretical H. P.:

505 c. x 425 kg/m

=286 P.
75 2860 H

3rd.—In the refining apparatus electricity should supply 536,000
calories, and having in view the production of one ton per hour, there are
required per second:

536,000 i
3600 = 150 calories (about)
or, in theoretical H. P.:

150 ¢. x 425 kg/m

75

Say, about 1,000 H.P., since to bring the metal to the desired state in-
volves loss of time which corresponds to loss of heat.

=850 H. P.

Net Cest Compared (First Method of Proceeding).

In order to determine accurately the economy of the process, we must
again determine the value of the quantity of CO which we have at the
throat of the reducer:

g kgs.
The total CO produced was........coovvevnrannnnnn, 758
Of this the calciner consumed. ... .......cooivninernenn 283
And there remains available.......... ... ... covu 475

These 475 kgs. of comparatively pure CO give us a combustible vqla—
tile matter which can produce in the air a temperature of combustion

’
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higher than any other industrial gas, and their very easy applicatien
(either for heating or motive power) raises their value much above the
same weight of ordinary combustible solid matter.

Let us allow for them the price of 0.025 frs. per kg.
Say: 475x0.025 = 11.85 frs.

In the economic comparison between the new piocess and those ac-
(;ually nsed in the making of steel, we shall take (as in our first part relat-
ing to the triple furnace) coke at 25 francs per ton, and the 1,000 electrie

calories at 0.01 fr., the price generally allowed in the region of the French
Alps.

In the new apparatus we produce one ton of steel with:

Frs.
360 kgs. of coke, at 25 francs per ton ..., 9.00
1,819,150 electric calories in the reducer, K
at 0.01 fr. per thousand...... ...... 18.19
536,000 electric calories in the regulator... 5.36

TEotalinElere s aiy ol e mii) fra. 32.55

From these 32.55 fr., we must deduct the .vahl‘e of the 475 kgs. of CO,
which may be utilized and are estimated at 11.85 fr.:

32.55 — 11.85 = 20.70 frs.

These 20,70 frs. replace the following items of the ordmary process
of steel making:

1st.—The coke used in the ordinary blast-furnace, say, 1,000 kgs.,
and all the machinery (boilers, engines, hot-blast appliances) necessary
for its combustion. r

2nd.—The coal used in the Siemens-Martin furnaces, say about 500
kgs., also at 25 francs per ton.

Frs,
1,000 kgs. coke at 25 francs per ton .... 25.00

Machinery and appliances of the blast

BEBAEE <o vs srmk caps b BT S gws 5.00
Coal, 500 kgs. at 25 francs per ton...... 12.50
(5] ) O R R A 42.50

Difference in favor of electro-metallurgy:

42.50 frs. — 20.70 frs. = 21.80 frs. per ton of steel.
A very encouraging result.

We shall proceed to the rapid study of the second method, mentioned
above on page 148.
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3rd: Second Method of Proceeding.

Nature of the Gases (Second Method of Proceeding.)

=125
0o
In the second method, the object is the transformation of the maxi-
mum of carbon into CO,, endeavoring to utilize, to the greatest pos-
sible extent, the calories which it can produce in the interior of the ap-
paratus, and not outside in the form of combustible gases.

Is it possible to change all the reducing carbon into CO;, and if we
cannot obtain this transformation completely, to what extent can it be
done ?

Mr. Gruner allows that in the old blast furnace the ratio in weight
g—gg does not exceed 0.80 ; beyond this the mixture, encompassed by a mass

of inert nitrogen, has no longer any reducing action upon the ore.

The new process, being free from nitrogen, brings the oxide of car-
bon alone to bear on the oxide of iron, and the reducing action is therefore
more effective and more thorough since it is impeded only by the CO;
formed ; it cannot, however, succeed to completely eliminate the CO, for
CO is again formed, partially by the action of the C, still at red heat, on
the CO, produced by the reaction, and this even at a temperature com-
paratively low; hence the necessity of maintaining a low temperature at
the top.

We need not hope then to obtain pure C O,; but the ratio g 82 will

be much higher than in the old blast furnaces, and it seems justifiable to

allow gg2= 1.25.

The coefficient establishes the second method of working and deter-
mines the weight of pure C necessary for reduction, inasmuch as the total
weight of oxygen contained in CO and CO,should be that of the oxygen
contained in the oxides, e.g., equals 433 kgs.

The estimate gives per ton of steel:

C 0,=365 Kgs. C= 100 Kgs.
C0O0=292 = C=125 «
C total =225 Kgs.; coke 247 Kgs.
Total oxygen —433 Kgs.

. 365
The ratio 299 1.25

The weight of the gases escaping free at the mouth of the reducer,
per ton of pig iron, is about 657 kgs. ; the calorific power (or calories given
off by 1 kg. of the mixture) is only 1,066, at a somewhat low combustion
temperature.

S ——
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In this process the furnace-top should be kept at a temperature of
about 200°, and this is also the temperature of the calcined material when
it reaches the reducer.

The gases blown from the top into the crucible circulate less rapidly,
and are consequently less in quantity, having no longer to convey physical-
1y such a large amount of eleetric calorieg into the shaft, where the carbon
will supply additional heat by its transformation into CO,.  As in the
first methed, the circulation in the electric zome of the crucible trans-
forms the gases ecompletely into CO, and the reducing energy remains as
intense in the lower part of the shafi; on the other hand, it is less 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 indicated, the equilibrium of
this method is regulated in the same way as that of the first.
Thermic Schedule (Second Method of Proceeding).
1st. Calciner.
(a) Calories required vn the caleiner:

Calories.

Evaporation of water ................. ... ..o o 76,356
Separation of the 250 kgs. of CO,. ............ & e B R 212,148
Heating of the 250 kgs.of CO,t0 100°....... ... ... .ov..s 5,250

Heating to 100° the 568 kgs. of air required for the combustion

of the 228 kgs. of CO necessary either for calcination or for

heating the coke in furnace (17):

568 x 0.227 x 100. . 12,890

Heating to 200° the 1947 kgs. of solid materml sent bo the re-

ducer ; their temperature is brought to 1000° for calcination,

but they are subsequently cooled and they are discharged at

only 200°:

1947 x 021 x200...... ...itvnvnn. 81,760
Heating to 200° the 247 kgs. of coke:

247 x024x200................... 11,856
Radiation .. .. .o virie vt e e 150,000

Total calories required in the calciner... 550,260

(b) Production of calories required in the calciner :

1 kg. of CO taken at 200° at the top of the reducer, changed into
CO, then allowed to escape at 100°, gives off :

Calories
By its own combustion .......... ... .. oo L o L 2,400
By its cooling from 200° to 100° :
L 02 2 M08 .., o i i s s Gravim e s 24
By the cooling of the 0.80 kgs. of CO, which accompanies it:
080x021x100 .................. 16
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Therefore, there are required for the calciner:

550260
2440

These 228 kgs. of CO correspond to 513 kgs. of gas escaping from the
furnace-top; the total of these gases being 657, there remain still to be
disposed of 144 kgs., capable of developing 144 x 1;066 '= 153,501
calories.

==228 kgs. of CO (approximately.)

2nd. Reducer.

(a) Calories required in the reducer:

Calories,
R e e T e e et el e L U e g ol 1,984,000
Fusion of 1000 kgs. of pig-iron:
(1000 x 300)— (1000 x 0.12x200)...... ..ot vt vinnnnn, 276,000
Fusion of 560 kgs. of slag:
(660 % 500y—(580 x 0.2L X R00) . oo s . ova s v i vn i, 256,000
The substances composing the gases at the furnace-top escape
at 200°, the same temperature as when introduced into the
reducer, and we need take no account of them.
Badiafion . s 5o 05 45001 L oa, o9 e sk 150,000
Total calories required in the reducer....................... 2,666,500
(b) Production of ealories required in the reducer:
Of the 225 kgs. of C charged, 125 kgs. ave changed into CO,
giving :
Calories.
1R DA, o s s S o b 4T s b i 300,000
100 kgs. are changed into CO, giving :
HOOAAEO00L 7559 Fe¥s 20 aierts <1 mres B1s)4 D 800,000
Total calories obtained Frofi G a0 s thiens s B 1,100.000
The ditference is to be supplied by electricity, viz:
2,666,500—1,100,000. ............... 1,566,500
3rd. Regulator,
Calories.
a Culories required... .......... .. .0 il 536,000
b. Calories to be supplied by electricity .................... 536,000

General Schedule (Second Method of Proceeding).

And hence the general schedule of calories is established in the fol-
lowing way for the second method of proceeding:
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Caloyies CALORIES PRODUCED
required

for one ton
of melied |By Electricity By purecarbonf By C O
nietal R el y| (225 Kgs.) (228 Kgs.)

Caleiner...... ..... 550,260 el S R S 550,260

Reducer........... 2,666,500 | 1,566,500 1,100,000 |......

Regulator.......... 536,000 536,000 o L

Potdlg o= | 8,752,760 | 2,102,500 ’ 1,100,000 550,260
3,752,760

There still remain available 144 kgs. of gas at the top of the reducer,
capable of producing 153,500 calories.

Electric Energy necessary for one ton of Steel (Second Method of Proceeding).

1st.—The calciner operates without supplementary heat from elec-

trie current.
2nd.—The reducer requires 1,566,500 electric calories, correspond-
. ing to:—
1,566,500 _ 425

3,600 X Tl 2,465 H.P.

instead of 2,860 H.P. necessary in the first method of proceeding.

3rd.—The regulator requires the same number as in first method,
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 necessary for the calciner havé a value per kg. much
lower than the pure CO given by the first method, and for which we have
allowed the price of frs. 0.025 per kg.; it will be correct to allow now {r.
0.01 per kg., viz., 1.44 frs. for the 144 kgs. which remain available.

By the second method of proceeding, we pr(‘)duce one ton of steel
with :—

Frs.

247 kgs. coke at 25 frs. per 1000 kgs. .......... 6.17
1,566,500 electric calories in the reducer, at 0.01 fr.

per thousand. ..... 1566

536,000 electric La,lo ies in the reducer at O 01 fr. 5.36

/3] 7 1 S P RN S 27.19

Deducting for the gases remaining to be utilized.. 1.44

Total remaining ................. 25.75
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At the cost of 25.75 francs, we replace the elements which, in the
case of the old blast furnace, would cost frs. 42.50

The difference in favour of electro-metallurgy is, then, for the second
method of proceeding:—

42.50 fre. — 25.75 frs.=16.75 frs.

This result, though not so good as that of the first method, is still
gratifying.
IV. Objections.

1st.—In the first method of proceeding, it may be thought exaggerat-
ed to admit the same value for a kg. of CO as for a kg. of coal. But the
value is measured by the possibility of utilizing it.

In many cases it is found advantageous to change coal into combust-
ible gases, which may be more conveniently used, allowing us to obtain
higher temperatures; those usually obtained in the ordinary gas-producers
are, however, diluted with a mass of nitrogen which hinders their combus-
tion and lowers the final temperature. But the CO obtained by the elee-
tric furnace, being almost pure, without nitrogen, appears to us to have
a value much greater than these ordinary gases.

If we even compare the CO to water-gas or lighting gas, it gives a
higher combustion temperature, which gives it a superiority for the heat-
ing of a Siemens-Martin, for example, or for the heating of the regulator
in the new process of electro-metallurgy. Now, in the Loire,.a coal-
producing country, lighting gas, produced from distillation of coal, costs
0.20 frs. per cubic meter when it is used for heating purposes, say, nearly
0.40 frs. per kg., since its density is low; there is then no exaggeration, if
in our estimates we reckon 1 kg. of CO at 0.025 frs, say 16 times cheaper.

It may be objeéted also that 758 kgs. of CO at 0.025 frs makes a value
of 18.80 frs. whereas the 360 kgs. of coke at 25 frs., which produce them,
are estimated at only 9 frs.

But we have just shown the reasons for estimating 1 kg. of CO at the
same value as 1 kg. of coal or coke; and if one should wonder at the in-
crease in value on the part of 1 kg. of C (pure carbon) while going through
the reducer from bottom to top, it must be remembered that this conver-
sion of solid C into gaseous GO gives value to C, because of the fact that
it has become gaseous. This transformation in any kind of apparatus
whatever would be costly, especially to obtain almost pure CO, and in the
present case this conversion is made by the help of supplementary electric
calories ; this step, from our descriptions, does not appear to entail great
additional cost, but in reality it does so.

For all these reasons we believe it justifiable to retain the price of the
CO at 0.025 fr. per kg.
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2nd.—Fault might be found with our estimate in the.thermic 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-
ducer.

The fact is, we have taken no account of this expense, which will de-
crease by its amount the result at which we arrived in our estimate of the
general economy, but this loss is small, scarcely worth noting in a large
hydraulic plant.

3rd—It may be asked why, in the first method of proceeding, we
have not nsed for the heating of the regulator the gas CO 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
circumstances ; and also for the purpose of shortening somewhat the first
part of this paper, already too long, omitting, if desn'ed, the present ob-

servations. p

But, in fact, it is interesting to study briefly the apphcatmn of CO
to the heatmg of the regulator, which will lead to a saving of eleétric
power.

The CO 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 CO is so high that in the
regulator (where the metal arrives in a liquid state at 1,500°, and the CO
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 temperature of which is lower.

In the case of the regulator with blow-pipe, the consumption of CO
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
gtill remain 220 kgs. of CO available for the heating of the ingots, or for
any other purpose.

By the use of the CO in the regulator, we diminish by 536,000 the ~
calories to be derived from electricity, and the economic comparison of
the process may in this case be established in the following way :—

We now produce one ton of steel with:

360 kgs. coke, at 25 frs. perton. .......... 9.00
1,819,150 electric calories at 0.01 frs. per
thousand in the reducer ............ 18.19
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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:

Frs.
. 220 kgs. x 0025, a0 i R =i 5.50
Say 27.19 —5.50 remaining. . .. ........... 21.69
These 21.69 frs. replace as before :
1000 kgs. of coke, at 25 frs............... 25.00
TBIRET - < o 5 = ot e e e o e IS 5.00
Coal, 500 kgs. at 25 frs. ...... ... oue.. 12.50
B Vg aioe T « o« 6003 42.50

Difference in favor of electro-metallurgy equals:
42.50 frs. — 21.69 frs. = 20.81 frs. per ton.

The economy is somewhat less obvious than in the first method of
proceeding described above, but the arrangement allows us to demand less
from electricity, and to reduce the total force necessary to 2,860 horse-
power for an output of one ton per hour. v
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THE ELECTRICAL MANUFACTURE CF STEEL.*

PROCESS OF GUSTAVE GIN.

The changes in the physical states, and the reciprocal reactions of
substances involved in the industrial production of iron and derived 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-
complished fact, but it is advisable to make certain reservations as re-
gards the economic results. It must not be forgotten, in fact, that while
electricity is the most tractable of the forms of energy, it is, generally
speaking, also the most costly. It should not, therefore, be employed ex-
cept knowingly (with a thorough understanding of the conditions) and
its use should be limited to those applications where its superiority is clear-
ly evident. By carefully examining all the data of the problem, it ap-
pears certain that the application of electric energy to the “ direct ox-
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 metallurgists have concentrated their efforts,
is a marvellous metallurgical instrument, in which the utilization of heat
energy approaches so closely to perfection that it is seeking Utopia to at-
tempt to substitute for it the electric furnace. Such a substitution is,
furthermore, inconceivable, except in certain localities particularly favor-
ed as regards 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 advantage of the Martin furnace, always providing that the
electric energy may be obtained at an acceptable price either by the em-
ployment of hydraulic power for generating purposes, or by the use of the
energy available in the waste gases from blast furnaces.

As soon as, by the latter means, the following combination has be-
come an accomplished fact, viz., the blast furnace for cast iron; the Bes-
semer converter for the common steels; and the electric refinery for higher
grade steels, the industrial metallurgy of iron will have realized an almost
perfect utilization of the heat energy of coal.

* From the French.
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GIN PROCESS.

From the data submitted by Dr. H. Goldschmidt, of Essen, at the re-
cent Fifth Congress of Applied Chemistry, at Berlin, it appears that the
first electric furnace for the manufacture of steel was proposed by myself
in 1897 (French Patent No. 263,783, February 6th, 1897). Since that
time researches upon this interesting question have been continued, and
many new types of furnaces for steel production have been studied. The
latest type depends upon the utilization of the Joule effect, without the
use of carbon electrodes.

In the various types of apparatus devised up to the present time to
produce electro-thermic 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 cubic centi-
meter; generally, one is forced to produce the Joule effect in a layer of
slag floating on the meiallic bath using the notably higher resistivity of
this slag.

Moreover, the use of carbon electrodes is an obstacle to decarburiza-
tion, because reduction of the constituents of the slag is more readily
effected by the carbon of the electrodes than by the combined or dissolved
carbon in the bath.

Finally, furnaces have been devised where the current which passes
through the bath is generated by induction and without the use of any elec-
trodes. But it should be noted that such an apparatus is costly, and in-
volves a considerable magnetic leakage, incompatible with an efficient
utilization of electric energy.

For the purpose of avoiding these undesirable features, the expedient
of the slag bath, and the objectionable use of carbon electrodes, the idea
arose of forming the electric furnace as a trough or channel of great
length, and small cross-section; filling this trough with molten pig iron,
and having at its terminals blocks of steel cooled by an internal current
of water.

The passage of the proper amount of current in the conductor of
fused 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-
ducing the refining reactions. On the other hand, the large sectif)n of
the blocks forming the terminals of the circuit prevents a great rise of
temperature in them, being aided in this respect by the circulation of cold
water.

To give a convenient form to the crucible, the trough in which the
metal is held is doubled on itself several times, so that there is formed
a sort of huge incandescent lamp, of which the filament consists of a bath
of molten iron.
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In practice the apparatus would consist of a movable carriage on rails,
(see 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 walls and a semi-circular bottom (A), and a sinuous course.
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 an
open basin in the canal. The terminal blocks carry a vertical downward
extension, which serves for the connection (G), with the conductors carry-
ing the currént. These terminal blocks are cooled by an interior circula-
tion of water, which is introduced into the cavity (D) by means of the
tube (E), connected with a reservoir by means of a strong rubber tube.
The water escapes by the orifice (F), which is also connected by rubber
hose to the over-flow channel.

When a charge of metal is to be refined, the erucible carriage is plac-
ed in a furnace with an arched roof, in order to reduce as much as possible
the loss of heat by radiation. The furnace being in place, electric con-
nection is made at (@) and the fused pig iron is introduced by the fun-
nels (H).

‘The dilution-method (scrap process) may be employed by adding io
the iron a calculated proportion of scrap iron, which dissolves in the fused
bath. The carbon of the iron diffuses rapidly throughout the mass, and
the conversion of the whole into steel is practically effected as soon as the
fusion of the added metal has been completed.

It is also easy to employ the method of oxidation, by the addition of
some iron oxide (ore provess). The oxygen of the iron oxide added to the
bath burns the silicon, manganese and carbon. As in a furnace of this
type the temperature can be elevated at will, the carbon is eliminated with
great rapidity, thus obtaining a more complete dissociation of the iron and
carbon in the pig iron.

When the pig iron, or mixture of pig iron and serap, has become all
fused, the iron oxide is added with a shovel; quite a lively ebullition is
produced, which deecreases gradually. When the progress of decarburiza-
tion is manifested only by the small blue flames which escape periodically
at the surface of the bath, a further quantity of oxide is added. The
samne phenomena occur, but not so strongly marked this time, and the ex-
tent of decarburization is judged of by the feebleness of the blue flames.

At this time the test specimens may be taken and, if necessary, the
final additions of spiegel or ferro-manganesé may be made, although these
latter are not so important in this as in other types of furnaces; this is par-
ticularly true with reference to the silicon generally employed to play the
role of intermolecular combustible, this being quite nnnecessary with elee-
tric heating of the metal. .

It is interesting to note that in this electric furnace the oxidation of
the impurities of the pig iron, and notably that of the carbon, is brought
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about without the intervention of atmospheric oxygen. Thus, the amount
of dissolved oxide is reduced, and, consequently, the quantity of deoxidiz-
ing materials to be introduced at the end of the operation is lessened.

It should be remarked that the localization of the heating in the
metallic conductor enables one to obtain temperatures which would not be
realizable in furnaces of the Martin type, without melting the arches and
consequent danger of spoiling the metal exposed on the hearth.

The dephosphorizing and desulphurizing materials may be introduced
at practically any moment after the metal is well fused, either before, or
during, or after the decarburization. The removal of the slag is effected
by means of an iron scraper, which is handled by the workmen through
the door of the furnace.

The finished metal is poured from the openings (K), which are plac-
ed at the front or end of the furnace opposite the electric connections.

The method of oxidation (ore process) is dwelt upon at some length,
and less has been said about the method by dilution, the application of
which is more difficult, since it would require considerable alteration of the
section of the bath, and on account of the necessity which it would entail
of varying the voltage of the electric current between wide limits.

The dilution method only possesses real interest in the case of a plant
exceptionally placed with reference to a supply of pig iron, containing bu!
little sulphur or phosphorus. In fact, it should be kept in mind that dilu-
tion without simultaneous oxidation would require the use of very pure
materials, liecause the elimination of hmpurities wonld be insignificant.

All the advantages of these two methods may be combined, and their
respective inconveniences avoided by the use of a “ mixed method,” in-
volving the use of a certain amount of scrap, and oxidation by the addi-
tion of iron oxide. It should be noted, moreover, that even in the Martin
furnace the “ ore process ” is not rigorously followed, but that about one-
fifth of the total charge is serap iron.

The following shows the mauner in which it is proposed to operate
the (Gin furnace in practice :—

The crude metal is treated with some iron ore and lime. so as to oxid-
ize the impurities, while producing a basic slag, which facilitates the eii-
mination of the phosphorus. When the purification is sufficient, the serap
iron is introduced into the very hot bath, the slag is removed when fusion
is complete, and the final additions of ferro-manganese are made to reduce
the oxide dissolved in the metal.

It is understood, of course, that the use of this mixed process is de-
pendent upon the nature of the possible supply of raw materials, but it is
especially adapted for those plants which can obtain, at reasonable prices.
serap iron. rail ends, bars, sheets, &c., suitable for making proper mix-
tures.
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Special 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, &ec. Special grades, having a
high mangafiese content, and containing but very little carbon, may be
obtained by adding to the bath a suitable proportion of silicon-manganese
(which was first prepared by me by the reductjon of rhodonite, French
Patent No. 826,438), and by oxidizing the silicon by means of manganese
dioxide, according to the reaction:

mFe+ 2nSiMny 4+ 80MnO,— mFe-+5nMn  + 2nS8i0O;Mn
Metallic Bath Manganese steel 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 play an important part as dephos-
phorizing and desulphurizing agents, but it is better to employ the cal-
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 found in rich bauxite, and above
all in chromite, which may be agglomerated by ordinary methods.

Example of the Application of the Process by O=xidation.
For an iron containing :

(075170 ST g 3.60 per cent.
BB o« oz & 44EEBG 54200, Ppis sms 1.68 “
Manganese ........ .......o.... 1.10 o
Phosphorus ............ ......... 0.62 =

The proportions of the above impurities have been chosen arbi-
trarily to facilitate caleulation. The composition of a ton of pig iron may,
in fact, be represented by the simple formula here given, expressed in kilo-
gram-molecules :

16.6 Fe+3C +0.6 Si4-0.2 Mn+4-02P....

If we suppose that the finished steel contains 0.96 per cent carbon
and 0.28 per cent silicon and if we admit, for the simplification of the
formulas, that the other impurities are practically eliminated, the * en-
semble ”’ of the reactions may be deduced from the equation:
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x(16.6 Fe+3 C+0.6 Si+ 0.2 Mn.+02 P....} + yFe,0;+2Ca0

Pig Iron Ore  Lime
=17.7 Fe+ 0.8 C+0.1 Si 4 (3x—0.8)CO
- one ton of steel Carbon monoxide disengaged
+x (0.5 8i0,+0.2 MnO+0.6 Ca0+ 0.6 Fe0)+0.1 x (P,0,4Ca0)
: Slag . : 2
From this it follows that the production of one ton of steel requires:
. kgs.
T i A e et SR g ST i SR g 919
B e e S L e g 218
Al Tk e Sk e N R 56

The quantities eliminated theoretically amount to 52.0 kgs., while there
is a recovery of 134.4 kgs. of iron.

‘We may admit as practical the following figures for the production of
one ton of steel, by the method of oxidation :—

kgs.
Consumption of pigiron .........covveen ... 924
Trom g (T80 Fey Op) o v vv i o s ribehsd e 0 o 320
ITT0) 427 etk s it 0 e nils o e B S A o e St e 56

Energy Consumed.

The calorific energy derived from the electric current is utilized as
follows :—

(2) Heating the metallic bath from 1,300° to 1,750° C.
(b) Heating the reagents to 1,600° C..

(¢) Chemical reactions.

(d) Radiation losses.

a. Heating the metallic bath.

We raise the temperature of 924 kgs. of pig iron from 1,300° to
1,750° C. But, between these two temperatures the specific heat of the
iron varies between 0.40 and 0.58, which gives 0.48 as mean value. The
heat consumed is, therefore :—

(s =924 x 0.48 x 450=199,600 calories

b. Heating the reagents.

The average specific heat of Fe, O, and CaO, between 0° and 1,600°,
is respectively 0.19 and 0.23, so that the heat consumed in heating the
reagents is:

¢4, ==(320 019 60 0.23) 1600=119,400 calories.
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¢. Chemical reactions.

By balancing the respective heats of formation of the various com-
pounds which occur in the two members of the above equation, we have:

q, =75,000 calories

The total of the calories expended for the heating of the masses and the
chemiecal reactions is, therefore:

199,600-4-119,4004-75,000==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 does not materially ex-
ceed that of the interior of the furnace. The calorific radiation of the
bath is, therefore, of but minor importance at the beginning, but it in-
creases as an exponential function of the heating of the metal, which is, at
first, very rapid, since nearly all the heat generated by the current is used
in heating. To reduce these losses, when the temperature of the bath
reaches 1,500° C., it is covered with some of the ore and lime.

At first these reagents are heated as much by radiation from the fur-
nace roof as by contact with the bath, the radiation from which is moment-
arily almost stopped. When the reagents have been converted into slag
and fused, radiation is resumed from the surface of the liquid slag; later
on, when the purifying reactions have terminated, the slag is cleaned off,
and the surface of the bath being exposed, radiation becomes intense, the
temperature finally tending to reach a point where there is a balance be-
tween the generated and dissipated heat.

From a few experiments which I have made, I have come to the cop-
clusion that the radiation of heat from a carefully installed furnace may
be expressed provisionally by the following formula, derived from that of
Stephan:

(1) w=aST46

where:
w = the dissipated energy expressed in watt-hours.
—16.
a = 3,125 x 10
= radiating surface of the bath of steel = lc (1 and ¢ being the
length and one side of the square section of the metallic
bath).
T = temperature (maximum absolute) = 2,000° C
€ = time in hours.
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From the above it follows that:
(2) w=>5lcé
Total Expenditure of Energy.

For a furnace of power W, producing P kgs. of steel per operation,
during # hours, the calorific expenditure would be equal to:

(3) W6—456 P+ 5 1c 6
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) 71¢'=1000P, or
(5) 1 e :10(;0 B
It may also be noted that at any given moment, we have:
E* E¥
6 Fom =
@) 5 3 R pl

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 p = 216 x 10 , and we will assume that
E equals 15 volts. We therefore, evolve from (6) the following equation:
1 104 x10*
7 e S S
M c w
From the equations (5) and (7) we deduce:
1=122 P
(8) 12200 \/ N
4
9) ¢ = 0108 |/ pw
4
(10) le = 13818 b
A\
This later value substituted in equation (3) gives:
4 :
Th — =t (4 1
(11) W6 = P(456 + 6390 ¢ V. )

Admitting that a single operation will occupy three hours, the time
necessary for the reactions, we may show, by means of equation (11), the
curves (Fig. 5) for the values of 1, ¢ and P, in terms of W.  The actual
figures are given in the following table :—
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4
W=P (152+6590 VPJW

Watts, l Weight of Metal. Length of Width of Surface.| Expenditure of

Surface energy per ton

w P 1 c kilowatt hours,
100,000 430 kg. 800.32 cm. 8.75 em. 697
200,000 360 « 844.24 « 12.71 » 625
300,000 1,625 « 866.2 =« 15.79 590
400,000 -2,100 « 884.5 =« 18.38 571
500,000 2,680 « 890.6 v 20.66 560
600,000 3,275 » 900.36 22.73 549
700,000 3875 905.24 24.64 542
800,000 4475 912.56 » 26.41 536
900,000 5075 » 915 ) 28.07 u 532
1,000,000 5,680 o 916 " 29.65 o 528

APPLICATION OF THE MIXED PROCESS.

Again, taking up the figures of the preceding application (oxidation
process), we may write the equation which represents the ensemble of the

reactions thus:

x (166 Fe + 8C + 06 81 + 0.2 Mn + 02 P + ..

-.) + yFe,0,

zCa0

Pig iron.

uFe

Lime

= Scrap

(8x ~ 0.8) CO

(17.7 Fe +

0.8 C + 0.1 Si)

Finished steel.

" Carbon monoxide disengaged.
. X(05 SiO, + 0.2 MnO + 0.6 CaO + 0.6 FeO) + 0.1 x(P,0, 4 Ca0O)

Ore

Slag.

Taking, for instance, x as being equal to 23, we deduce from the pre-
ceding equation the following proportions as corresponding to the produe-

tion of one ton of steel:
Theory.
PigTrot. s 00z 5 667 kgs.
Fe._7_03 ........ 14‘5 A 70 "
Lime ........ 40. 90
Serap........ 267.68

Practice.
670 kgs.
210
45 v
285 «
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Consumption of Energy.

a—Heating bath of pig iron, Calories.
Ga—670x 048 x450 = .............. 144,700
b—Heating the reagents,
gb = (210 x 0.19 4 45 x 0.23) x.1600=—.. 80,400
c—Chemical reactions,

i R e e A e 48,900
d—Fusion and heating of the iron,
gd = 285 (4104048 x 240)—.......... 149,700

e—Losses by radiation,
ge = 5 1¢6 watt hours.

For a furnace of W kilowatts, producing P kgs, of steel for each ru.n
of 6 hours, we have: ’

(12) W6 —480 P 4 5 1 c#.
By making the same calculations as in the preceding case, we have:
: 1=12200 P
a VI
4
(14) = 0153\/PW
4 —_—
(15) le :1863VL“
w
4
(16) W6  480P + 93159\/_11
w

By taking the value of # = 3, the equation may now be written:
4 -
(17) W P (160 + 9315\/;
PW
From these equations we may construet the curves as shown in Fig. 6.

COST OF PRODUCTION OF ELECTRIC STEEL.

In order to determine the cost of the steel, I assume that the electrie
furnaces receive the crude metal for a first fusion direct from the blast
furnace. I base my calculations upon an annual production of 30,000 tons
of steel.

a. Consumption of raw material per ton.

Ore Process. Mixed Process.
Pig Lx0Rics 68 s o mimtnnts shsi o 925 kgs. 670 kgs.
BeraD Frol. vy psreinpesanswnt —_n 285
Ore with 750/0 Fe._,OB .......... 320 « 210

LA, 5 s i g s’ BEm e e 56 « 45
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I admit that the preliminary production of the cast iron requires:

kgs.

|6 BSOS IS e e el o Tl 1,750

BIAR GL TOrnaoe .; oo .0 vsmpipin bitlaits s mos's 160

Various slags ............ EATR R ol i 160
DTG L L SR el A A 80

1y T M AT O ST i 2 500

2 AN NN sy e A S i 1,100

b. Electric Energy.

According to above calculation, and assuming that we have electric
furnaces of 650 kilowatts, we should spend :

j Electric Furnaces... ..... 30,000x540=16,200,000KWH
Ore Process < Cowper and Mechanical. . ..
R 330x8000 — 2,640,000 «
Total, Tvio: s B i, 18,840,000 «
Or for 8,000 hours of annual operation a power of 2,355 kilowatts.
Electric Furnaces...... 30,000x600=18,000,000 KWH
Mixed Process { Cowper and Mechanical
Appliances........... 300x8000= 2,400,000 <«
Total....... 20,400,000 KWH

which corresponds to a power of 2,550 kilowatts.

In taking into account the losses and contingencies of all kinds, I
caleulate as follows :— :

Ore process .......... «ovvvnnnn. 2,400 kilowatts.
Mixed process ........couvuunennn 2,700 “
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ORE PROCESS.

Schedule of Annual Expenditure or Cost.
I. DIRECTION AND MANAGEMENT............... 72,000 fres.

II. RAW MATERIAL AND FUEL.
(a) Production of pig iron.

() re s | S e on e . 48,600 tons @ 15 frs. = 729,000 frs,
Sl g Wi b A e e e e 4 QOPRRAS T DTN « (RSO 0 Ee
Variousslags ........ .. .. 4400 <« « 6 “ = 26,400 «
Wiaste: o i R e ey 2,250 <« « 46 « = 108500 «
Flascraet M. Sid s apstatnie 18400 <« < 6 « = 80,400 «
Coke. oS s e . 30,500 <« « 20 « = 610,000 «
Miscellaneous .. .....oi it i in ittt it 14,500 «
1,577,000 «
(b) Conversion into steel.
(@ g e dy . T Sr e 9,600 tons @ 15 frs. = 144,000 frs
) 570 1 AR o b L LR s i 1,700 <« <« 20 « = 84,000 “«
Alloys of Iron.... ....... 300 g+ «“250 ¢ = 75000 ¢
Ghromite . s 6is x5 swewios b 150 '« «110 « = 16,500 *
Miscellanaous . . 00 L ah o e m RN e L 8,500 «
278,000 «

IITI. ELECTRIC ENERGY.
2400 Kilowatt Years @ 80 frs........... ... .. ooont. 192,000 frs.

IV. LABOUR.

Day shift, 60 men
Night shift, 50 men

V. MAINTENANCE AND REPAIRS................. 80,000 frs.
VI. GENERAL AND UNFORESEEN EXPENDITURE... 80,000 frs.

} 40,000 days @ 4.50 frs........ .... 180,000 frs

TOTAL: « 455585 2,459,000 frs.
or, per ton of finished steel, about 82 franes.
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MIXED PROCESS.
Schedule of Annual Expenditure.

I. DIRECTION AND MANAGEMENT.............. 72,000 fres.
II. RAW MATERIAL AND FUEL.

(2) Production of pig iron.

TRl SO R R L ) 35,000 tons @ 15 frs. = 525,000 frs.
(5 LT e Son e R e [ 3,100 @ 7 i@ e RO G
Various Slags ... .......... 31000 ¢« 6 ¥ | =7 188008
Wiashe s = 1000 o st v TS SRR 1600 « <« 46 « = 73600 «
10/ b2 an M UANRE e SRR M L el T 100600 « « 6 « = 60,000 ¢
@oketopt e Sasr W s 22,000 « « 20 « = 440,000 «
Miscellameotis & . Tl e b s s b A 12100 «

1,138,600 «

(b) Scrap and waste iron.
8,550 tons @ 60 frs. .. 513,000 “

(¢) Conversion into steel.

(32 - P I e 5 R S T 6,300 tons @ 15 frs. = 94,500 frs.
Biimigs. .o ks safoms o0 iets 05 1,350 « « 20 « = 27,000 «
Alloysof Iron ............ 300 « « 250 « = 75000 «
Chromite ................ 150 « <« 110 « = 16,600 «
Miscellaneous . .................... SEh e e ok B 8,000 «
921,000 *
III. ELECTRIC ENERGY.
2,700 kilowatt years @ 80 frs.. ............ ... ... ... 216,000 «
IV. LABOUR.
38,000 days @ 4.50 frs....... ... ... i 171,000 frs.
V. MAINTENANCE AND REPAIRS.................. 79,000 frs. -
V1. GENERAL AND UNFORESEEN EXPENDITURE.. 80,000 frs.
TOTAL......... 2,490,600 frs.
or, per ton of finished steel, 83 franecs.
CONCLUSIONS.

In order not to be accused of undue optimism, I have based the pre-
ceding estimates upon prices sufficiently high, and T have assumed that the
electric energy is leased. A combination of conditions more favorable
would reduce still further the cost of production. It is not difficult to
imagine a company who could obtain iron ore at 13 franes per ton and
owning a hydraunlic power. Under such circumstances, the electric energy
would be available at 40 francs per kilowatt year, and the annual expendi-
ture would be reduced by not less than 250,000 francs. The cost of pro-
_ duction of 1 ton of steel would then be about 75 francs.
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ELECTRO-THERMIC PROCESS FOR THE
REDUCTION OF IRON ORE.*

BY CAPT. ERNESTO STASSANO.

In February, 1899, at a meeting which I had the honour of holding
at the College of Engineers and Architects of Brescia, I made known the
results of experiments which at the end of the preceding year I had made
at Rome, first under the patronage of that distinguished gentleman, Com-
mendatore Carlo Pouchain, and afterwards of the same person and of the
Genoese knights and the engineer, Carlotti, to arrive at a solution of the
important problem 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 mind
a certain interest which was soon made manifest by the daily appearance
of technical articles, in which my conclusions were discussed.

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-
ness. No critic, however, controverted my assertions with close and de-
finite reasoning, based upon facts, and upon scientific and rational cal-
culations, i

Stranger as I am to barren and vague discussions, which rarely have
a place in the lofty realms of science and of reasoning, but often, if not
always, degenerate into sharp and bitter polemics, I did not reply to any
such publications, especially as the lack of foundation, and the vagueness
of the objections, had the effect of putting me in a position to demonstrate
very easily their weakness, and the validity of the data upon which my
views were founded.

However, about that time an industrial company was formed to
apply my process in a plant of about 1,500 horse-power. In a relatively
short time after this, experience would have decided and demonstrated,
with the evidence of facts ,which side was right; for which reason also I
kept silence, and sought rather to push on the construction of the works,
to the extent of soliciting shares/in an ordinary smelting business in order
to furnish this practical demonstration of the greater or less justice of my
assertions.

* From the Italian.
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However, a series of unfortunate circumstances, which it is not neces-
sary to enumerate, circumstances entirely independent of my will and
of my acts, and even more so of errors in my technical and finanecial cal-
culations—having brought this company to a state of liquidation, just at
a time when, after having passed the critical period of installation, and
having demonstrated the complete success of my process, it was 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 which
wus, till now, imposed upon me.

Dealing, therefore, with the purely scientific field, and without enter-
ng into discussions which do not esentially affect the question, and regard- -
ing the foundation principles and industrial operation of the process which
I propose, I shall address myself to expounding the general conceptions to
which I have directed my studies, and the results obtained from the long
and laborious experiments performed.

From this exposition in detail, the learned public can gain all the data
aecessary 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 destined to have practical and profitable industrial application
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 precluded from taking part in great metallic industries in
general, and iron industries in particular, with grave loss to the wealth of
the nation.

The utilization of heat obtained from the electric are for metallurgic
operations was certainly not new when my attention was directed to this
important problem. Memorable indeed are the experiments performed by
Siemens with his electric crucible, towards the end of 1879, which, how-
ever, are no more than mere scientific curiosities.

To find instead industrial applications of the heat radiated from the
arc, we must come to the appartus of the American, Cowles, for the pre-
paration of the alloys of aluminium, and after that to the electric fur-
naces of Wilson, for the manufacture of carbide of caleium, and to those
for the preparation of corborundum; and between these industrial ap-
plications of heat obtained from the are, the most important, though pure-
ly scientific, experiments of Moissant.

However, if the scope of all these different attempts be carefully ex-
amined (though they are theoretical rather than practical, and particular-
Iv these last, which have a more direct interest for us), it is easily seen
that their aim was the industrial production of substances which can be
obtained only at the highest temperature of the are, and which, hence, in
the past, were practically unknown, or produced only in the scientific
sense, that is, in the smallest quantities, and with the greatest difficulty.
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They had recourse, in short, to this new source of heat to obtain—
whether in an industrial or in a purely scientific sense—the production of
substances either altogether new or little known, and such as require
laborious manipulation for their preparation, and they did not seek to use
this means as a substitute for the old and only industrial source of heat,
that is to say, combustion, in the ordinary metallurgic processes in gen-
eral, and in iron smelting in patticular.

Very different, then, was the scope of my researches, which aimed,
on the other hand, at finding out definitely if this new source of heat could
be advantageously substituted ordinarily in the various metallurgic pro-
cesses employed in the industrial world, and at determining, in case that
this were possible, the series of practical arrangements to be adopted in
order that this substitution might be rendered successful.

Two difficulties then presented themselves to me from the first, on
which it was necessary that I should fix my attention in order that I might
be assured whether the grave problem which I wished to solve could have
a practical and real solution. It occurred to me, namely, to establish, in
the first place, whether the cost of a unit of heat generated from the trans-
formation of electric energy into thermic energy would be sufficiently
low to render possible (economically speaking) the substitution of the
new source of heat for that hitherto used.

Actual practice would certainly have given exact and manifold in-
dications of the answer to both questions; however, before undertaking
the difficult and costly experiments which would be necessary, I endea-
vored to find out, by means of preliminary calculations, based upon data
both of theory and practice, whether it were possible to arrive at conclu-
sions (especially in regard to the first question), sufficiently approximate
and tenable.

The attempt was not unfruitful. It is known, indeed, that, consider-
ing 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 ordinary furnaces, and considar-
ing the mnecessity which appears in them, of forcing upon the carbon a
quantity of air varying from one to two times as much as that which would
be strictly necessary to burn the carbon of the fuel, a great part of the heat
arising from the combustion is entirely lost, being absorbed by the nitro-
gen of the air, and by the excess of air which must be forced into the fur-
nace to assure the complete combustion of the carbon.

The fact is, therefore, that the utilization of the potential heat of
the fuel (I shall speak thus in order to be understood), in the ordinary
furnaces is maintained to a very limited and low degree, varying, in fact,
from 2% to 8%, and even less, in the ordinary fires of a forge, rising io
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10% in the common reverberatory furnace, and reaching the maximum
of 18% to 20% in those modern gas furnaces with regenerators (Martin-
Siemens’ type). Only in the cupola furnace, and in the most recent blast
furnaces perfected for re-heating the air, are such limits exeeeded, reach-
ing about 30% in the first, and 50% in the second.

With the exception, then, of these furnaces, which, because of the
peculiarity 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 apparatuses used in metallurgy
the utilization of the heat of fuel does not exceed, in the most favorable
possible conditions, 18%, or at the most, 20%.

Therefore, in practice with the best coal (which because of the greater
or less humidity at the time of its use, of the state of purity which it pre-
sents, &c., produces always a thermal energy inferior to what it has in
theory), we cannot calculate upon a thermal energy that can be utilized
greater than:

7500 20

S| :
106 500 calories

‘for each kg. of carbon consumed in the best possible conditions.

It follows, logically, from this that the industrial employment of
heat produced by the transformation of electric energy, is practically pos-
sible and advantageous whenever 1,500 calories obtained by such means
costs less than, or at the most as much as, one kg. of good coal in the local-
ities in which the existence of rich deposits of coal render the great metal-
lurgic industries possible and profitable.

Now, remembering that the term dynamic horse-power indicates the
work of 75 kg/m, equivalent to the electric energy of 735 watts, and
adopting for the present the mechanical equivalent of heatias 425, that is
to say, that the work of 425 kg/m., must be transformed to obtain one
calorie, it is easily seen that the electric energy of 7335 watts expended
for one hour continuously (which hour afterwards I shall call an electric
horse-power hour), transformed into heat by means of the are, corresponds
to:—

753600 _ 6953 calories
425

Naturally, not all this heat can be utilized and transformed into
thermic energy, effective and able to be used, because the furnaces in
which the transformation takes place absorb of themselves a part of the
heat, which results in pure loss. Lacking, therefore, in this case the com-
bustion, and hence the cause and the prime reason for replacing the loss
of heat which takes place in the ordinary coal furnaces, the coefficient of
utilization of the electric furnace should be very high, provided (it is well
understood) that convenient arrangements will reduce the other losses
usually produced by the transmission through the walls of the furnace, by

Rg—

—



182

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
in 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 Lowthian 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 furnaees, which,
because of their structure, present a vast radiating surface.

807/, we are certainly not far from the truth. With this coefficient of the

Fixing, then, the amount of heat set free by the electric furnace at

utilization of heat, out of 685.3 calories obtained from the transformativn

of one electric horse-power hour into heat remains capable of being
utilized :—

635.3 x 80

T 100
or, in round numbers, 500 calories.

= 508.24,

Hence, to obtain with electricity the thermic energy which is obtain-
ed in the ordinary furnaces from 1 kg. of good carbon, burned under favor-
able conditions, it is necessary to employ :—

1500
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 hours cost less than, or at most
as much as 1 kg. of coal in a locality rich in coal, in which, therefore, the
smelting industry can exist and prosper.

Let us see, then, if these conditions can be realized and to what ex-
tent.

From the following table, drawn from the statistical data col-
lected by the technical offices of finance for some of the provinces of the
kingdom, it appears that on the average, in the recent hydraulic plants of
a certain degree of importance established in Italy, the cost of the plaut
per dynamic horse-power, on the axis of the turbine, including the tur-
bine itself, varies from 150 to 200 lire.

Addmg to these 100 lire per horse~powe1 for the electrlc part, a figure
a great deal larger than necessary, it is seen that on the average the elec-
tric horse-power costs for installation from 250 to 300 lire, a value whizh
agrees perfectly with those of many plants which I have had occasion to
visit, and of which I am in a position to know the exact cost.

=3

Table of average values of motor power for each province, computed
in the year 1897-1898 :—
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Cost for the Effective Installation of each

Horse-Power.

o Freguingen Motor Forces.
Hydraulic. From Steam or from Gas.
Min, Mean. Max. Min, Mean. Max.
1 Alessandria........... 350 220 150 700 350 130
P2 (@) 110 JHemi P e 400 250 150 300 450 130
3Genova..........0... 1200 600 200 900 350 200
4 Massa-Carrara......... 500 300 200 600 500 400
| Modenau... ..t e v 50k 600 | 200 150 | 800 | 550 | 750
6| NOVATE . 5 v e enais o5oaruis e 300 130 130 300 | 400 200
T PETIRS e i e 700 | 300 200 700 350 180
SIPincenza . . . c..w vai e s 700 300 200 700 300 180
IIPRYIA L b ) sareete -y 350 l 220 150 700 300 180
10|Porto Maurizio........ 1000 600 200 | 1000 450 200
11 Reggio Emilia......... 1200 600 130 | 1000 600 200
12 TOrIN0 . & oy caooa o ons 300 180 150 700 [ 400 180
13|Brescia. ... ccvvvnvn... 700 l 150 120 600 4 300 150
14|Cremons. . ........... 1000 800 650 800 220 180

5 |

Allowing 10% per annum on the capital for interest and deprecia-
tion, and calculating at 10 lire a year per horse-power, the expense of
operating, and the maintenance of material, we reach the conclusion that
the cost of an electric horse-power year will be 40 lire, and hence, sup-
posing the plant to be used for only 7,000 hours a year, the cost of the
electric horse-power hour will be:

W G005 B

7000

From this it follows that the three electric horse-power hours, equi-
valent, as regards thermiec energy, to 1 kg. of good anthracite, will cost
0.0057 x 8 equals 0.0171 lire. This signifies, that, when elec-
tric energy can be obtained under the average conditions 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 sense,
this heat costs the same as that produced in the ordinary furnaces which
are most recent, and adapted to a fuel capable of developing 7,500 calories
per kg., which can be obtained at the rate of 17.10 lire a ton, a price cer-
of determining all the practical particulars to attain the industrial realiza-
tainly not high, even in countries rich in coal.

The problem was then capable of a practical and profitable solution;
it was worth, moreover, the trouble of accurate research, with the aim
tion of the desired idea.

Encouraged by the favorable results of this preliminary caleulation,
T undertook the investigation of particulars, seeking, in the first placz



184

(without losing sight of the general problem of applying this source of
beat to metallurgy in general), 4o make it of value in the production of
iron from/its ores; because the various iron products are acquiring as first
material a continuously increasing importance in modern industry through
the low price which they have in the market, and they are particularly
the materials most commonly used in commerce; wherefore, the cost of
fuel becomes a factor of the first importance in the expense of production
—s0 much so 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, obtdin it at a high price.

So also in this case, before preparing to obtain practical proof, I wish-
ed to examine the field, by means of previous calculations based upon
gcientific and practical data already known, with the purpose of assuring
myself, if it was possible, and worth while to solve this weighty problem.

Now, if we call to mind the manner in which the reduction of iron
ore has, up to the present, taken place in the blast furnaces employed for
this purpose, we may easily understand that the coke employed in them
performs during the processes two quite distinct and special funetions.
Burning with the oxygen of the air, it produces the heat necessary to effect
the decomposition of the crude ore, and the fusion of the sponge of iron
produced, and of the slag accompanying it, acting thus as a source of heat.
Besides, it furnishes the carbon necessary to saturate the oxygen of the
oxide of iron of the ore, which is set free in the act of its decomposition.
and which, under the form of oxide of carbon and carbonic acid, is ex-
pelled from the furnace, together with the nitrogen of the air necessary
for the combustion of the coal. This comprises, therefore, the work of
the reducing element.

In consequence of this, it should be remembered from the first that
in making the proposed substitution of heat radiated from the arc for that
produced from the combustion of carbon in the production of iron, it was
not possible to eliminate completely the use of carbon, which needs al-
ways to be added to the ore in a quantity sufficient to furnish the carbon
necessary to saturate the oxygen of the ore.

Therefore, since this carbon should be transformed into CO rather
than CO,, because only the first of these compounds of oxygen and
carbon is permanent at high temperature, the fuel so employed cannot be
considered as consumed during the reduecing operation, in which it 1s sub-
jected to a simple transformation into gaseous fuel, in which new state it
can be collected and used for the successive processes which the metallic
product received from the electric furnace require to pass through.

On the other hand, when we consider that, knowing the exact comn-
position of the ore and of the carbon to be added to it as a reducing ele-
ment, it is possible to calculate exactly the quantity 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 fur-
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 effect the redue-
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 electric
energy which it would be necessary to expend for the production of a cer-
tain quantity of iron with this new system.

The comparison of the cost 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 results of such a comparison, which experience has since fuily
confirmed, were gratifying, so that, after having thus examined in all its
particulars the question a priori, I undertook forthwith the practical ex-
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 practical results.

Let us suppose we are working with 100 kgs. of iron ore, say the
specular iron ore of the Island of Elba having the following compostion :

B0 oot o sorvmmanniss s wsses 93.020 %
MnO.........oviiin. 0.619 «
SO st st s 7 4 7 Gutos it 3.790 =«
] ST A tels? PRl =g 0.058 «
I v 2L A Bt e onsir R 0.056 -
CaO, Ma Ol v s w5« 5wt 0.500 «
Moilsture. .. ..o ivvivn o 1.720 «

Having made the necessary calculations for the charge, and for the
carbon necessary to absorb the oxygen of the Fe,Os, which I omit for
brevity, the result is that the mixture of ore, carbon and flux with which
the furnace is to be charged, should be thus proportioned :



[ o iy e e Gy (35 et g ki S & 100.00
Eanbotr=rah, e ot 28.00
Timmert WA s i o g 12.50

The carbon and the lime to be added should have respectively the follow-
ing compositions :—

Heilintcy L. 9042 %
Ashiu o on bt 3.88 =
Moisture . ....... B5.70 «
Galy va w2l B2
MO, 0a . 3.11 «
Al 03, FeO,..... 0.50 «
HE T Al LTt At 0.90 «
i e B 43.43 «

In detail, then, to reduce the 100 kgs. of the ore above mentioned,
there would be introduced into the furnace:

LY

93.020 Kgs. of Fe, 0, ...... with ore
0619 «“ MnO......... o ¥
8700 " B et e LA
0058 e S ............ 111 «
0056 ¢ P lossniien O
0.500 « CaO, MgO..... ol LE
1720 <« HO ..l..x . T

20900 « C........... with ecarbon
0892 «“ Ash.......... L
1210 « HO......... € =
6401 <« CaO. ........ with lime
0389 « MgO ......... L
0.062 « AlO,, Fe,0,. S
1125 « Si0, ......... R
5429 « CO, ......... L

Now, holding at present that:—

(a) to effect the decomposition of one molecule of Fe,0,

(160 grywerequire . ... ......ouvitiiinnaann 192.000 cal.
(b) to evaporate 1 Kg. of H,0 transforming it into vapor

at 100°, we require . ... ...t iii e e 637.000 «
(c) toraise by 1° the temperature of one Kg. of aqueous

vapor at 100°, we require . . ................... 0.480 ¢
(d) to calcine 1 Kg of lime we require ................. 425.000 «
(e) to raise by 1° the temperature of one molecule of CO,

(4-4 gr) we FEGUITE. + . ot oo 06 SR AEE w5 e o e e seioin s 0016 -~
(f) to raise by 1° the temperature of one molecule of CO

(28 gr)y werequire. ........ ... it 0.0068
(g) to melt 1 Kg. of iron we require ................... 350.000 -
(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 products,
amounts to 111,940,627 calories, namely :—

For the reduction of the ore:

93.020 x 192 :
et B el R R B e e el 1 1 4.
580 Calories 111,624.000
For the evaporating of the H,O of the ore and of the
carbon :
(1720 + 1.210) 637.......... ..... i 1,866.410
To raise to 500° the aqueous vapor: 4
2930 x 048 x 400 ............... & 562.560
To calcine the lime:
25 00XEA2 5 B e e e A 5,312.500
To heat to 500° the CO, resulting:
oo Rl R0 T i : 987.090
0.044
To heat the CO, which is produced by the reduction of
the Fe,0,:
20.900 ]
0012 x 0.0068 x 500............ 5,921.667
To melt the iron produced:
93.020 x 0.112 .,
-2 « 9
0760 QO e it 22,789.900
To melt the slag:
390" 58 0100515, 65l o) b oot ool e e T eres N 8,334.000
Latals fon fa o odiirs o o wh's «  157,398.127

Deducting from this the calories developed from the combustion of
C changed into CO, that is:—
20/900 x: QLTS s 5 5 wmsigs 35w e o 45,457.500

There remain. .. .......... 111,940.627 Cal

to furnish, which, allowing that the available heat of the electric furnace
is 80%.
111,940.627
635.3 x 0.80

electric horse-power hours. And, therefore:
93,020 x 0.112
0.160
For each kg. of iron reduced we require:
220.25
65114~

220.25

=65.114 Kgs. ofiron

3.383 electric horsepower hours
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Now, to produce 1 ton of iron, substituting the new thermic source
for the carbon emiployed in the ordinary processes, we need 3,383 electric
horse-power hours, which, at the price of 0.0057 lire, means an expendi-
ture of 19.28 lire; opposed to which is the cost of fuel in the ordinary
processes needed to produce about 1,150 kgs. of pig, in the blast furnace,
and besides what is necessary to refine it and change it to a malleable pro-
duct.

Now, among 4ll the modern processes for refining pig, the most econ-
omical with respect to the amount of carbon consumed is certainly that
which had begun to be employed in some steel works in which the pig just
tapped from the blast furnace is treated in a Bessemer converter, saving
thus the re-melting in the cupola furnace, and the shrinkage which takes
place in the metal in this second fusion. Let us see, therefore, how much
carbon is necessary in this case, supposing that the heated fuel gas escap-
ing from the blast furnace may be employed to work the blow-pipes, and
all the accessory mechanism of the converters.

With a rieh ove, as that of which I have above given the composition,
in a blast furnace well constructed, provided with improved apparatus to
pre-heat the charge, and with all the best of the recent suggestions of
modern metallurgy, the consumption of fuel per ton of pig can be reduced
to 2 minimum of 800 kgs. of good metallurgic coke, to obtain -which it is
necessary to use at least 1,100 kgs. of coking 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:

1100 x 1150
1000

of coking coal. Supposing that this costs as much as the electric energy
which we have seen to be necessary for its production with the electric
heating system proposed, namely, 19.28 lire, it follows that the required
carbon would cost:

=1265 Kgs.

19.28
1.265
a price which, if it is somewhat higher than that for which coal can be ob-

tained in many localities of England, Belgium, Germany, &c., will never be
reached in countries which are not provided with coal.

=15.22 lire per ton

Now, if it is considered:

1st.—That in the above calculation referring to the consumption of
coal, I have supposed that the work is carried on under the most favorable
conditions.

2nd.—That not always, even in refining the pig with the Bessemer

process, is the metal just tapped from the blast furnace used, nor are the
heated fuel gases escaping from the blast furnace always employed to ile-
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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 or
more kgs. of carbon per ton of final produect.

8rd.—That when using, on the other hand, the Martin-Siemens’ pro-
cess, the consumption of carbon per ton of malleable product is from 4 to
500 kgs. additional to that necessary to produce the required pig.

4th.—That, finally, the iron and steel produeed in countries rich in
coal, when they reach those which are not so provided, Italy, for example,
are burdened with the cost of transportation, equal to, or even greater
than, the cost of the fuel necessary to produce them.

It is easily recognized that, if we succeed in rendering practical the
projected substitution of the heat from the are, for that obtained by com-
bustion, with apparatus that is practical, simple, easily managed, and able
to utilize 80% of the energy expended in it, the problem will be complete-
ly solved, both in the economic or technical sense, and it will be possible
to inaugurate and develop a flourishing and vigorous metallurgic industry
in many countries where, for the lack of fuel, it has been impossible to
realize this.

After this I could calmly begin the experiments, the scope of which
has been so definitely outlined. One other doubt, however, kept me from
commencing operations at once upon a large scale, which was the fear lest
at the high temperature which would prevail in the new furnaces, the re-
actions from which the reduction of the ore was to be produced, would not
take place as they took place at a lower temperature, but would give place
to successive decompositions and recombinations, which would radically
modify the consumption of energy already established ; and that the metal
produced in conditions of temperature so different, would assume an allo-
tropic state differing from that which it ordinarily assumes, and which
therefore, could not be successfully utilized.

A preliminary series of experiments, made on a relatively small scals,
convinced me of the lack of foundation for my doubts, after which I nn-
dertook definite experiments, which were performed with a furnace that
used 130 horse-powers near the central electric station of Rome, at the Ste.
Maria dei Cerchi shops.

This furnace, represented by the figures 1a and 2a, was essentially
constructed from a small blast furnace, with a small enclosure, in which,
at the places of the tuyeres for the introduction of air to feed combustion,
the two carbon electrodes were inserted, between which the arc was estab-
lished.

The electrodes, placed upon elongations of two strong copper rods to
which were fastened the cable conductors, conld be easily operated by
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means 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 furnace
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-
erior by means of two suitable tubes, also represented in the figure, serv-
ed to conduct to the exterior the gas which was generated in the furnace
during the process, which, before being collected and utilized, passed
through a hydraulie valve (barilet), shown 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—thé
furnace worked quite regularly from the first, showing a complete corras-
pondencé between the theoretical data calculated a priori and those ob-
tained by experience, whether we cousider the chemical aspeet of the pro-
cess or the utilization of the heat radiated from the are.

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 defects in the accessories of the furnace and
of some other secondary particulars were made evident, these experiments
had not alone confirmed entirely the accuracy of the premises from which
I had started, but also furnished methods of eliminating those difficulties
which had arisen during the expeiiments.

After having modified, however, some of the particulars of the fur-
nace, for example, water-jacketing the electrode-holders to prevent their
being heated to excess, which had several times caused their fusion, and
changing the arrangement of the hopper, I began a new series of experi-
ments with the same furnace, as soon as the hydraulic electric plant of the
Darfo office was partly finished, so as to permit me fo use one of the alter-
nators there installed.

On this occasion my aims were these: To show that many of the
modifications made in the furnace as a consequence of the experiments at
Rome, accomplished exactly the purpose for which they were devised; ‘o
devise others in order to improve still more the working of the apparatus;
to find out what power of current was best adapted; to establish the dimen-
sions of the furnace, and so forth.

However, being able to prolong the work for several consecutive
hours (a thing which, at Rome, through the exigencies of the public ser-
viee, for which the general station, from which I received the current, was
designed, I was never permitted to do), an inconvenience which, at first,
was 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 prepared

the ore at first for charging, and how I managed the charging, and pro-
ceeded with the work.

It is known that im the ordinary blast furnace the reduction of ore is
due to the action of carbonic 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 at 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 elee-

tric furnace, because, there being no combustion, the oxide of carbon,
which acts as the essential reducer in the blast furnace, would be want-
ing; hence, to be able to reach the desired aim, it was indispensable to
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 desired proportions.

To make more thorough and stable the mixture of the pulverized
substances, which, on account of their different densities, would have
easily separated according to their respective weights, I thought of unit-
ing the mixture with an agglutinative substance, such as 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 was managed in
the following manner. After having heated the furnace for some time,
by means of the are, without charging it at all, I introduced into the fur-
nace itself an iron grating of such dimensions as to stop in the interior
cavity at 20 centimetres above the arc. Then, from the hopper I com-
menced to charge into the furnace the mixture, which, naturally, was
stopped by the grating.

After a certain time the grating became fused by the heat of the are;
the ore, therefore, which was in contact with the grating during the time
in which the latter was being gradually heated to the melting point, be-
gan in its turn to be reduced; in this state the single bits of the conglom-
erate mixture which lay upon the grating became fused together, forming
above the electrodes a sort of arch, which remained intact and supported
the superimposed charge, even when the support of the grate was with-
drawn.

In proportion as the heat radiated from the arc spread through the
mass of ore so situated, the reduction of the oxide of iron took place, and
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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 bottom 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 basic
nature of the lining of the furnace, would become very basie, 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-
isting above the arc presented a layer of notablé thickness, eomposed of
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-
duced. Under these conditions, I could go no further, and was forced to
suspend operations.

This fact, the seriousness of which anyone can 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 numerous experiinents,
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 dons,
although the material was all at once exposed to the high temperature of
the furnace, and not heated gradually, as was the case with the blast fur-
nace, the reactions took place just the same, and the metallic bath was
formed without any inconvenience.

After these favourable results, I abandoned without hesitation 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.

When, however, air was not to be admitted to the furnace to effect
the refining of the pig, it was necessary to introduce 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 should oxidize the impurity of the pig.

Numerous experiments performed with the furnace so transformed
demonstrated clearly that in practice, as a result of the modifications
.above indicated, iron, steel, and compounds of iron with other metals, such
as manganese, chromium, nickel and others, could be produced, whether
directly from the ore or by refining the pig by the ore-process, and fusions




193

could be effected of masses of iron and steel from pieces, both large and
very small, of these metals.

The figures 8a, 4a, 5a and 6a indicate clearly the manner in which I
modified the primitive high furnace in consequence of the experiments
performed- of which I have before spoken. For the greater clearness ¢f
these designs, which represent the first furnace of 500 horse-power con-
structed at Darfo, it will be well to add, that in it the movement of the
electrodes, in place of being accomplished mechanically by means of the
group of conical cog-wheels employed in the first furnace of 130 horse-
power adopted at Rome, was effected by means of hydraulic pistons locat-
ed above and away from each carbon.

During these experiments, however, while the new arrangement
showed very distinet advantages, there appeared an inconvenience which,
in certain circumstances, was not without grave and deplorable conse-.
quences, namely, when reducing fusion was carried on in the furnace, the
utilization of the heat expended in the furnace beeame notably inferior
to that which was possible when the furnace was used for simple fusion.

The phenomenon was not difficult to explain. However little ex-
perience one may have in this matter, one can easily understand that when
effecting the reduction of the ore, as well as the refining of the pig, there
is a period in which the reactions are most active, and which coincides ex-
actly with the beginning of the operation, while by degrees, as the reduc-
tion of the ore or the refining of the pig reaches its conclusion, these -e-
actions take place more slowly, because the contact between the particle
of oxide to be reduced and the carbon which should absorb the oxygen, or
between the oxide of iron and the manganese, the silicon or the carbon
itself of the pig (in case of the process by reaction), become: more diffi-
cult and infrequent.

Tt follows, logically, that in the first period the quantity of heat ab-
<irbed by the material to be treated is greatest while the quantity neces-
<ary becomes continually less as the reaction approachcs conclusion, at
which tine it is sufficient to supply the furnace with the thermal energy
strictly necessary to replace the loss, which the furnace will itself show,
Ly 1aintaining the fluid bath and allowing the last operations of refining
to be effected.

Now, in this period, which, in order to be understood, I shall call
“ the digestion of the bath,” it is possible, with the ordinary coal fur-
naces, to manage the fires economically by reducing to a minimum the
draft of the chimney, while in the case of the electric furnaces, this thing
i« not equally possible, both because it is not possible to reduce at will the
quantity of energv which is to be expended on the are without encounter-
ing the grave inconvenience of making the arc excessively unstable; and
Leeause in an hydraulic electric plant, in operating without a full charge,



194

-

there is no economy in expense, but rather a proportionate reduetion in
the power of the plant, which leads to a pure loss.

To éliminate, therefore, this inconvenience, I thought of construet-
ing furnaces so that they could be operated with two or more ares. In
this manner by establishing all these at the same time, or by extinguishr
ing some, and at the same time reducing as far as possible the amount of
energy to be communicated to those that are active, it would be possible
and easy to make the quantity of heat to be given out vary within wide
limits; while by keeping two furnaces at the same time in action, jt would
be possible to have the generating station always working with a full Joad,
and hence in the best conditions for doing the work, although care should
be taken to regulate the operations that are to be carried on in the two
furnaces so that when the maximum amount of heat is needed in the one,
only a little requires to be spent in the other, and vice versa.

Figures 7a, 8a, 9a, and 10a represent such a furnace in which the
nuinber of pairs of electrodes, and hence of arcs, is fixed at three.  The
clearness of the figures makes it unnecessary for me to give a detailed
description. I shall limit myself merely to point ont that here also the
movement of the electrodes is effected by hydraulic pistons controlled at
a distance from the.operating valves.

With furnaces so constructed, besides eliminating all the grave incon-
veniences which I have above pointed out, there is obtained also the very
decided advantage of multiplying the capacity and consequently the
potentiality of each furnace, enabling it to be operated with the highest
intensity of currents which can be carried by the electrodes, and which
modern industry is in a position to furnish.

In view, however, of the comnplicated nature of such a type of fur-
nace, whether through multiplying the number of electrodes which must
be regulated in it, or, and more especially through the fact, which I have
already pointed out, that to utilize completely the energy placed at our
disposal by the generating station, it is necessary to have two furnaces
operating at the same time, the operations being regulated in each of
them in such a way that, to the maximum need of heat in one corresponds
a minimum power of current in the other, I thought of studying some
other arrangement which, permitting me to shorten the period of diges-
tion of the bath, would place me in a position to work with the greatest
possible economy of eurrent, as well as without varying the quantity of
energy to be transmitted to the furnaces according to their requirements.

Now, the high temperature which is obtained with electric furnaces
facilitates. notably. the combination which takes place in the reduction of
ore, and in the refining of pig. Of this I have had strong confirmation
from all the experiments performed. Provided, then, that T were to sue-
ceed in adding to this favourable condition represented in the furnaces
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already constructed, some arrangement which would permit me to treat
end remove the metallic mass during the reducing fusion, I would have
completely attained my object.

It is known, indeed, that a remarkable economy of time and fuel is
obtained in the operation of refining pig by the process of Martin, of Per-
not, with his furnaces (with mowable hearths), concerning which Bell, in
the work mentioned above, referring to the results obtained with them at
the works of Saint-Chaumond, thus expresses himself :-—

“ The average of work in 1877, during four weeks, was 3.27 charges
in 24 hours, in the place of two charges as in the furnace of Siemens.”

“In the place of 600 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 was re-
duced 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 idea of the movable hearth) the grave difficulty
which is seen in the Pernot furnaces—to which is essentially due the
limited use that has been made of this furnace. The difficulty proceeds
from the fact that these furnaces should inseparably consist of a fixed
part, within which are placed the gas and air pipes, and of a movable part,
consisting of the hearth, which are protect.ed by surfaces consisting of re-
fractory materials.

If, then, a portion of refractory material is detached from the furnac,
or any other extraneous body whatever penetrates the space between the
fixed part of the furnace and the movable hearth, it will hinder the move-
ment of this latter, rendering impossible the execution of the work. Be-
sides this, the stream of cold air which, brought by the draft of the chim-
ney, penetrates constantly to the interior of the furnace from the annular
space which separates the fixed part form the movable hearth, and this
makes still more difficult the work with this apparatus.

After a long study and divers attempts, I succeeded in devising a
movable furnace which was easy and certain of operation, and enabled me
to realize all the advantages of Pernot’s, but free from its difficulties.

From figures 1l1a, 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 disadvantages connected with the Pernot
furnaces prevent their being as largely employed as the advantages they
present would lead one to suppose. It will also be seen that the axis of
rotation of my furnace coincides with the axis of symmetry of the inter-
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nal cavity, which includes a small angle with the vertical. This disposi-
tion of the axis of rotation renders the mixing of the bath very effective.

This favourable condition joined to the other, which is so easily veri-
fied in electric furnaces, viz., the high temperature which is established in
the interior of the furnace, renders this new type much superior to that with
more electrodes, especially when reductive fusion is to be carried on, on
account of its extreme gimplicity of operation, and on account of the sure-
ness 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 abové-mentioned figures, the tube, in which the
furnace terminates above, and which serves to give egress to the volatile
produets 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 fastened to the walls of the enclosure in which the fur-
nace is placed, remains stationery even when the furnace rotates.

The cup of the tube which is fastened to the furnace being filled with
gand, prevents volatile products from escaping from the junction of the
fixed and movable tube, and serves to direct the volatile products for
utilization, notwithstanding that the furnace in which they are generated
is movable, and rofates about its own axis.

Two stroug metal rings, fasteyed to the fixed tube above mentioned,
which are clearly seen in figures 11a, 12a and 13a, electrically isolated,
however, from the tube itself, serve to conduct the current, which is dis-
tributed to them by eables, to the electrode-holders by means of brushes,
which run along the rings with the movement of the furnace.

With this arrangement of strong and simple apparatus, the current
is as continuous when the furnace is in motion as when at rest.

After having enunciated the general theoretical considerations from
which I set out to discover if the grave problem which was proposed to
me was susceptible of a real and practical solution, and after having re-
lated the experiments performed to realize this, and described two types
of furnaces—that with several pairs of electrodes and the one capable of
rotation—the invention of which was based on the results of the experi-
ments, and which represented the material solution of the problem, I
shall complete the short exposition of the electro-thermal process which T
am defending by going over again the data of facts and numbers which
have been gathered from the numerous experiments performed, from
which it will be possible to deduce with great ease the technical and econ-
omic value which the process itself possesses in many actual cases.

After the general theoretical study had been made, that which was
to be determined by practical experiments consisted in establishing the
form of the furnace, and of its accessories, best adapted to its purpose,
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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 elee-
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 offered; if, always treating in the same way the same quality
of mixture, 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.

Ag far as refers to the form of the furnace, and to the mode of work-
ing it, little 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 & mechanical and an electrieal point of view, worked with
extreme regularity and exactness, even when the work was prolonged for
geveral 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, the determining of the form of the
furnace and of its accessories was rather long and difficult, 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 was to be used, and
of the manner of making the refractory lining, which, for a long time un-
doubtedly, constituted the greatest difficulty which I had to overcome dur-
ing all the long period of the experiments, and was the principal cause,
and often the only one, of the partial lack of success which, in the period
of experimentation, had to be met.

However, after accurate and patient effort, I have succeeded in es-
tablishing the proper relation between the potentiality of the furnace 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 assure 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 furnace.

In the course of these last experiments performed with the furnaces,
T had also an opportunity of showing that during a regular and prolonged
operation, the consumption of the electrodes was notably reduced on account
of the complete 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 apparatus, &e., &ec., so that with good
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carbons, 1.50 m, long, as they are now commonly made, one may succeed
without any difficulty in using them for 60 or more consecutive hours,
even when attaining high limits in the intensity of the current which flows
through them.

The chemical and thermic 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 estimate of the very important and exhaustive con-
clusions that are deduced from numerical data given in them, I think it
will not be useless to state:—

1st.—That the experiments which are referred to were made on two
different days, during the first of which (examples A, B and C), the quan-
tity of energy used by the furnace in the course of the various 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 according 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
passed into the final product obtained.

8rd.—That the percentages shown in the column: “ Coefficients
of utilization or of elimination,” represents respectively the degree 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 impurities of the metal.

4th.—That the thermic detailed acecounts were compiled 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 reactions, which take place in the furnace, escape fromn
it; because during the experiment I had occasion to establish that they,
escaping into the atmospheric air, conld spontaneously take fire only with
great difficulty, which demonstrates clearly that normally they escape at
a temperature somewhat lower than that of ignition, which will be from
500°to 550°.
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EXAMPLE A, PROCESS ©F REDUCTION OF THE ORE.
{ Iron Ore....... O R 1000
i Lime,! fremsfeil sl Tt g 125
A charge of 61.100 kgs. of mixture composed of. AR S N 160
DAL oy hains iz s ot 120
Coeffici-
QUALITY AND QUANTITY OF THE MATERIALS. R
> utilization
4 c Obtai and of el-
ANALVSES - Sub- hprped fained imination
stances gr. gr. %
Fely oo b 93.020 7| Fe 28,297.860 25,908.220 91.55
2 M@ oo, L. 0.619 “| Mn 208.085 27.560 86.76
o o 1= T e s v 1 R 791.463 12.480 98.42
8 Ca0O, MgO. .... . 0500 ‘| S 25.222 19.500 22.39
- ST Ghe A A TOl A 0.058 ¢“| P 24.353 1.430 94.13
b} R E-5000 AT € 0.056 **
Moisture. .., ..... 1.720 ¢
THERMIC
g GO h e e e 51.210 7/| The quantity and the composition of the materials
= Mg OLASENG Jarant 3.110 ‘‘|charged in the furnace in this operation :
- SIS S = o e 0.900 *
£ ?'203} ........ 0.500 “|40.464 kgs. of Fe;O4.... .....
b eéos a5 gy ] UED = REMNGLI e _
© it Sagha s : 1.639 “ of SiOy eueunuens with ore
0.217 ¢ of CaO, MgO......
(i L LT 3 - (0 RIS S 800 s
L8l C.. 90.420 - 0«
28] Coovvvnnnnnnnnnn, 7| 2.784 [Worie RUUSERORRII
B Ak oonk e 3.880 “| G160  of MO vrvvrrrrnr:
O G| Moisture ... .... 5700 0049 « of §SiO,....... with lime
0.026 ¢ of Al,O4, Fe203 o
2,362 ¢ ofCO2 ...... )
Bl Chxedsiiciania. 59.200 %) 6208 ¢ of C  .......e...
o &| Hydrocarbons ..., 40.500 **| 9270 ¢ of Ash.... ........ } with carbon
o) Y » 0270 % 0396 « of H,O...........
3000  of C...ovvvvvnconens
o 0014 ¢t of Ash... ......... with tar
g BE hftimiaonsia s e aes 99.647 7| 2116 ‘¢ of Hydrocarbons. . .
A 1 T 0.106 -
o B Silesiai o o Daevanionzi 0.048 ¢
] - R R e 0.073
el 3 [ N — 0.0055 ¢
O C e s Vs i 0.120 ¢
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CHEMICAL AND THERMIC SCHEDULE.,

Product obtained 26.000 kgs. of soft iron.
L]

PROGREsS OF THE OPERATION,

At 12.52' the charging began and the current was turned on.......100 volts 1000 amperes

¢t 13.40" the charging was finished......cocovvieet cuvn L.ous veee.100 ¢ 1000 ¢
¢ 14.18' the metal melted............ ANCATN S 1 B R el e 100 ¢ 1000 ¢
The total then of the energy furnished was 100 x 1000 x 86.......8,600,000 volt-ampere-
minutes, which with cos. ¢ = 0.8 is equivalent
8,600,000 x 0.8 114,666
te ——————— = 114,666 walt-hours = ——er—==156 H.P. hours.
60 735
SCHEDULE.
To reduce the Fe contained in the final product there are required
908.220

——’—11'2‘— W 928 el s st HlaiEND ¢ 55k el § Se e 44,458.128 calories
To reduce the Mn contained in the final product there are required

27.56

5 X M6...... e | e IR i 47.880 ¢
To reduce the Si contained in the final product there are required ’

2 DI o L s & e (ST EE Sa e @IS 93.936 ¢

To melt the metal there are required 26 x 850...............c.vuuus 9,100.000 <
To melt the slag there are required 5.300 X 600...........c.0c00n ... 3,180,000 ¢
To evaporate the H,0 and bring it to vapor at 100° there are required

L . R e PN A 728.720 ¢
To raise to 500° the vapor of 100° there are required 1.144 x 400 x 0.48 219.648 ¢
To calcine the lime there are required 5437 X 425................. 2,310.726

2.362

To heat to 500° the CO, there are required 9.014 ¥ 900 x 0.0i6.... 424.000

¢ ¢ ¢4 500° the hydrocarbons there are required 2.116 x 500 x 0.27 318.860 ¢
¢ ¢ ¢ 500° the CO produced by the reduction of the Fe, Mn and
Si there are required

25,908,220 27.56 12.48 :
(8 x 12t 5 t 2 x ﬁ—) x 500 x 0.0068... 2,273.111

ROFATR v aners ronexei 2l 5 4 & 1 robwavimenss sih & & fo vsraner iopwr 93 63,155.008 ¢

Deducting from these the calories developed during the reductions by
the combustion to CO of the C charged 8.023 x 2175.... 17,450.000 *¢

THETE TCMAIN w0 4 5 6 05 pimveris o o0 5 SHA RTINS 45,705.008
So the heat furnished being 156 X 635.3=100,106.8 calories, the thermic return
45,705 x 100 -
WAS T700,106.8 =45.65%
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ExameLE B. PROCESS OF REDUCTION OF THE ORE.
i ROt el . 1000
1
A charge of 49.500 kgs. of mixture composed of..... iICA:‘gou. %%g
AR T Rl . s o ... 120
QUALITY AND QUANTITY OF THE MATERIALS, Coeffici-
ents of
utilization
Sub- Charged Obtained  [and of el-
ANALYSES Pl = imination
gr. gr. v
Hes O i rionnols 93.020 9| Fe 22,925.516 21,942.080 91.33
i (00 E T Bl e S . 0.619 | Mn . 168.580 20.013 88.18
@rUSEOREE R s T 3.790 ¢ Si 641.204 4.599 99.29
¢ 1CaQ,MgO......... 0.500 ¢ S 20.434 13.020 36.29
SIS e SR 0.058 “| P 19.729 5.187 73.71
O A NENS & nrtmt S ORI 0.056
Moisture.... ....... 1.720
THERMIC
v o,
g Cal....cocennnnnn, 51.210 /é The quantity and the composition of the materials
j ggc: ..... gé})g (|charged in the furpace in this operation:
< AL Oy, Fe,O0,. ... 0.500 ¢
T L R R 43.430 ¢32.772 kgs. of Fe,0,.... ....00
o 0.218 “ of MnO............
1.335 ¢ of SiOg....uan....
0.176 ¢ of CaO MgO...... with ore
. Q:020 % BFES.newei s i
0 0i[Gem s vemas i ies ager 90.420 771 0.020 «“ of P...... ........
SR AR s vues s 3.880 | 0.606 ““ of H,O..ouuven.. . J
08 Moisture. ........... 5.700 «
0.250 ¢ of CaO............
0,136 “ of MgO............ .
kS 0.039 * of SiO,.ciivunn-nn. irwilh lime
B 1 Cfixed..... ........ 59.200 %) 0.022 ** Al,O,Fe;04.......
& | Hydrocarbons....... 40.500 “| 1,910 ¢ of CO,...v vuvunenn J
o | AN e s g ond 0.270
8 5.086: “© ©ofC..i: seanemdsies 1
0.219 ¢ ofAsh............. with carbon
0.821 “ of HyOuervvrn nnns }
I [ SR 99.704 7,
-
2o Mn....oil 0.095
b RS 0,022 «| 2.603 ¢ of C......ooueonnn :
gais I 0.062 . 1.712 * of Hydrocarbons... [ with tar
Sl [ Biererssots o o 67355 o 3 3 310088 0.024 ¢ 0.011 ¢ of Ash ............
R R e P 0.092
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CHEMICAL AND THERMIC SCHEDULE.

Product oblained 22.00 kgs. of soft iron.

PROGRESS OF THE OPERATION.

At 14.24’ the charging began and the current was turned on....... 100 volts 1000 amperes
¢ 14.47' the charging was finished ..............o.0vi0 i o300 2 1000
¢ 15.50' the metal melted...............0u0n L B = S PPNy 100 ¢ 1000 ¢
The total then of the esergy furnished was 100 x 1000 x 86....... 8,600,000 volt-ampere-'
minates, which with cos. ¢ =0.8 is equivalent
8,600,000 x 0.8 114,666
to ;@—-— = 114,666 watt-hours = —gx— =156 H.P. hours.

SCHEDULE.
To reduce the Fe conlained in the final product there are required

21,942.080 "

31 X JO252. s, pstin) = o sivrreiansie 5 8 i1 iamaibies 2 344 37,653.902 calories
To reduce the Mn contained in the final product there are required

20.013

o =3 R — S 8% S R S B i S e 34.42¢ ¢

To reduce the Si contained in the final product there are required

4.599

g X 219.2... . 35.949 ¢

To melt the metal there are required 22.000 x 350 7,700.000
To melt the slag there are required 4.350 x 600............c.cvuuns 2,610.000 ¢
To evaporate the H,0O and bring it to vapor at 100° there are required

0.927 x 637.......... Sl eies) SRR, e s s el 590.499  «
To raise to 500° the vapor of 100° there are required 0.927 x 400 x 0.48 177.984
To calcine the lime there are required 4.400 x 475................... 2,090.000 ¢¢

1.910

To heat to 500° the C O, there are requiredmx 500 x 0.016... 347.200 ¢

To heat to 500° the hydrocarbons there are required 1.712 x 500 x 0.27 231120 ¢
To heat to 500° the C O produced by the reduction of the Fe, Mn and
Si there are required

21,942.080 20.013 4.350
3 x i +— %5 t2x 33 ) x 500 x 0.0068. 2,000.365 ¢

TOIAY 55iimmmnt oo mronarmionm 55 & o dtatbpoirens av0 o 5 6 53,471.713 ¢

Deducting from these the calories developed during the reductions b
the combustion to C O of the C charged 7.061 x 2175... 15,357.675 ¢

Thereremain.....ccoeveveenn con vune .. 38,114,038 ¢
So the heal furnished being 156 x 635.3=100,106.8 calories, the thermic return
38,114.038 x 100
oo = 37079,

Has 100,106.8
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ExampLE C. PROCESS OF REDUCTION OF THE ORE.
FilronOrecuoeSL o LLL ....1000
: TAme et i T . 125
A charge of 57 kgs. of mixture composed of ......... { el T R 160
Ak e e T e 125
QUALITY AND QUANTITY OF THE MATERIALS, Coeffici-
ents of
utilization
Sub- Charged Obtained |04 of k-
ANALYSES sta‘:\ces arg e imination
gr. 8T %
Eea@; 5ot . ....93.020 %l Fe 24,028.800 21,931.800 91.27
P IMAOI e 0.619 ‘4 Mn 191.400 23.980 87.55
e T o e e 3.792 «|  Si 730.240 6.160 99.16
L [CaO,MgO........ 0.500 “} S 23.200 10.120 56.38
O S 0.058 | P 22.400 2.860 87.24
Ok, PP v st A Ee e 0.056 ** J
Moisture ... ....... 1.720 ¢ o
THERMIC
‘:‘E_, CaO .oovvvnnnnnnn. 51.210 :’/3 The quantity and the composition of the materials
H (Mg O 3.110 *charged in the furnace in this operation :
B o | Si0) s sint i 0.900
£ |ALO,, Fe,O4....... 0.500 ¢
e "
5 R - 43.430 37.737 kgs. of FeyOqennn vnn. ..
0.251 ¢ otMnO..........
1.588 ¢« of SO0y s 2ivsess with ore
0.203 ¢ of CaO,MgO..... {
OB € gt cssammacits . i 90.420 %| 0.698 of H,O vt v J
cElAsh (ool 3.880
& & | Moisture ........... 5.700 ¢
2.597 ¢ of CaO.... .......
0.158 * of Mg O....... ... -
. 0.025 “ of Al,O,, Fe,0,... [ Withlime
2D 11
= |- b ) T T BECRG SR e
% |Hydrocarbons ...... 40.500 **
2 |Ash..iiiien 0.270 *
o 5.869 ¢« ofC..... ...o.....
0:252° ¢ SFASh. ... sz iamnmeas with carbon
0.8370 ¢« of HyO............
g FEune ciie e, 99.690 %
o IVETIN SUWotizhi D gom % /o opuseriane 0.109
S 8lei i 0.028 *| 2.882 ¢ of Co.ovvvnrucninen
1T e 0,046 | 1972 of Hydrocarbons ... t with tar
:E B 0,013 #{ 0.013 *¢ ofAsh.............
O NGt gy fiysa® wwEA 0.113
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éHEMICAL AND THERMIC SCHEDULE.

Product obtained 22.000 kgs of soft iron.

PROGRESS OF THE OPERATION.

At 15.15' the charging.' began and the current was turned on....... 100 volts 1000 amperes
¢ 18.30’ the charging was finished ...........ooiiiiiiiinna., ...100 ¢ 1000 ¢
SIS ne imetal meltedd s L il e Do aialiieis o 0 owis 4 mssacs 100 ¢ 1000 ¢

The total then of the energy furnished was 100 x 1000 x 82 = 8200000 volt-ampére-
minutes, which with cos. ¢ = 0.8 is equivalent

200,000 x 0.8 1

by RO D8 | o ma Wbt T . ELD, o,
80 T35

SCHEDULE.

To reduce the Fe contained in the final produet there are required
21,931.8

—Tig X 192.2: i ¢ vt BT REIC RS Seeggreesenae e 37,672.250 calories
To reduce the Mn contained in the final product there are required
23.980 ,
B X Mb. 41.246  «
To reduce the Si contained in the final product there are required
6.160
o5 % BYO- DL, - tiomionims s <o s amansziyarersiads § fopeli el S8-2 5 o & ora 50.424 ¢
To melt the metal there are required 22.000 x 350.................. 7,700.000 ¢
To melt the slag there are required 5037 x 600.................... 3,022,200 ¢
To evaporate the H,O and bring it to vapor at 100° there 2re required
T P 680.316 ¢
To raise to 500° the vapor of 100° there are required 1.068 x 400 x 0,48 205.056 ¢
To calcine the lime there are required 5.071 x 475................. 2,155.175 ¢
2.202
To heat to 500° the CO, there are required 0044 % 500 x 0.016... .. 400.000 ¢

To hext to 500° the hydrocarbons there are required 1.972 x 500 x 0.27 266.220 ¢
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 . :
3x—112——+ T+2x ——2§—) x 500 x 0.0068 2,000,138  «

Totalh . iivaoue FEd 25 patnmmiie s 54,193.025 ¢«

Deducting from these the calories developed during the reductions b
the combustion to CO of the C charged 7.059 x 2175.... 15,353.825

There remain.......... S A RN e 38,839.700 ¢
So the heat furnished being 148.7 x 635.3=94,469.110 calories, the thermic return

38,839.700 x 100 .
Was — o1 460.110 =41.11 %
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ExAMPLE D. PROCESS OF REDUCTION OF THE ORE.
felronOce iniNan s G e 1000
. EIOTe S s o e aceeretta e, | oo s WD)
A charge of 56.200 kgs. of mixture composed of....... { e Eneh el A R 160
TRAT AR ot < RN L e A 120
Coeffici-
QUALITY AND QUANTITY OF THE MATERIALS. entSiof
utilization
- and of el-
Anirs Sub- Charged Obtained |, . ..
stances gr. gr. %
e @y s et 93.020 % Fe 26,045.600 24,736.016 94.91
£ MO8t Mt 0.619 *| Mn 192.115 20.584 89.29
o SEO L LS 3.790 *¢|  Si 708.680 trace 99.60
[ CaOMgO....... 0.500 ¢ S 23 200 16.120 30.52
= S A RN veers 0.058 ¢ P 22.400 0.397 98.23
B P i o i 0.056
Moisture. 1.720 ¢
THERMIC
Q - os| The quantity and the composition of the materials
E SIZ-OO s 0:;'1‘2118 ‘/’ charged in the furnace in this operation :
© G T 0.900
£ | ALO; Fe,Os...... 0.500 4'37.208 k. of Fes Os ...vvnnn..
g | COuuerien ennn. 43.430 *| 0.248 of Mn O..... .c....
1509 ¢ of 81 Qs wisicaiwn with ore
0.020 ¢ of CaO,MgO ... |
0.688 “ of HyO............ J
é’é G ssrpras avos t s 90.420 %l 9511 * of CaOreurr vernns
o 5| Ash....n 3.880 % 0155  of Mg O...ecvnnnee
6| Moisture.......... 5700 " 05 ¢ of SiOp..ir.. vennn with lime
0025 ¢ of Al Og Fe; Os o=l
2172 ¢ of COz.vvr vreenn . )
P | B O SO I A 59.?007;: 5.687 % OfCorinnennnnns
iy Hydrocarbons. .. .. 40.500 *“| 9084 <« of Ash..,.......... with carbon
O | Ash......iienns 0.270 ““| 0,365 “ of HoO............
o T 2842 ¢ Of Cevirvinnannnnn.
L. o] 1.944 ' of Hydrocarbons.. . » with tar
g Fe.ooooooiiiiin 99.742 %) 0.013 ¢ of Ash ............
(o L TP 0.083
: S Sl cwers s 25 5 arsgens trace
0 [Stvae diesiom 9534 § 0.065 *
bl I J——— 0.0016 **
e} I € sisanniyahsses 0.091 «
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CHEMICAL AND THERMIC SCHEDULE.

Product obtained 24.800 kgs of soft iron.

PROGRESS ,OF THE 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 voits and 1000 amperes, after which it was for 30 min-
utes 80 volts and 800 amperes, then for 20 minutes 70 volts and 600 amperes and at
last for 10 minutes 100 volts and 1000 amperes. The total then of energy furnished
was 6,760,000 volt-ampere-minutes which with cos. ¢ = 0.8 is equal to w-'%)'w_s

90,133
= 90,133 watt-hours = -—7’? = 122.7 H.P: hours.

SCHEDULE.

To reduce the Fe contained in the final product there are required
24.736.016

g * DB svarsraiis wise 1550200y 2 5 505 ok oo Vaknener o o 4.4 % 06 42,448.715 calories
To reduce the Mn contained in the final product there are required

20.584

55 X 48 proverois v B BT e sfe renennid¥E Y 3 & TSR 5 35.380  ¢¢
To reduce the %i contained in the final prodvct.....................
To melt the metal there are required 24.800 x 350.................. 8,680.000 ¢
To melt the slag there are required 4.750 x 600.................... 2,850.000 <
To evaporate the H,O and bring it to vapor at 100° there are required

15063 'x 837 ... R SaEryTe o ¢ o6 nisaslilogilia § .55 6 LTRSS srorslot - 670.761 ¢
To raise to 500° Lthe vapor of 100° there arc required 1,053 x 400 x 0.48 202.176 ¢
To calcine the lime there are required 5.000 x %75 ............... e 2,375.000 0 ¢

2.172

To heat to 500° the CO, there are required 004 > 500 x 0.016.... 394.880 ¢

$¢ ¢ ¢ 500° the hydrocarbons there are required 1,944 x 500 x 0.27 262,440
¢ ¢« ¢ 500° the CO produced by the reduction of the Fe and Mn

. 24,736.016 20.584
there are required (3 x iz "t & )x 500 x0.0068  2,254.012 ¢

Tiotal, . 160 pramenss oo oo mmrosnedERT566 60,173.364  *-

Deducting from these the calories developed during the reductions by
the combustion into CO of the C charged 7,950 x 2175.. 17,291.250 <

There remain. ..cooovvnvrnveerenn,.n 42,892,114 ¢
So the heat furnished being 122.7 x 635.3 = 77,951,31 calories, the thermic return

42,882,114 x 100

was ~——rrosial = 00-02%
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ExampLE E, PROCESS OF REDUCTION OF THE ORE
Tron (Orest 0. 0. s 1000
A charge of 70.250 kgs.of mixture composed of....... { ]é:_’gon ? i%
B VISR W e et T 120
Coeffici-
QUALITY AND QUANTITY OF THE MATERIALS. chits o!l
utilization
Bidi and of el-
P Sub- Charged Obtained agion
stances gr. gr. %
RelOns otk 93.020 9| Fe 32,557.280 30,727.312 94.38
T Mni@%i. o - ireelias 0.619 | Mn 320.745 28.336 88.19
© SEO o Jir 2.790 <| Si 910.448 trace 99.60
] Ca0Q, MgO........ 0.500 | S 29.000 15.172 47.86
- S0 & SR e 0.058 | P 28,000 2772 | 90.10
be} Poooo ceeinnn 0.056 ::
Moisture.......... 1.720
THERMIC
) o The quantity and the composition of the materials
g ﬁaoo' """"""" 5412]18 é charged in the furnace in this operation :
o S 3.
v SiOgir o=t st 24 0.900 .
€ | ALO,, Fe,04..... 0.500 “| 46.510 kgs. of Fe,0,..........
T 43.430 | 0.309 of MnO....... ... .
o e ’ 1.895 «“ of SiO,..... ...  with ore
0.250 ¢ of CaO MgO .....
0.860 ¢ of H,O...........
I o 90.420 % 3.263 ** of CaO.. ........ )
E31 Ash.. .l ey 2 0184 “ of MgO... 111l
B 2| Moisture.......... 5.700 | 0.056 ¢ of SiOp........... \ with lime
Og| Tostre 0,031 “ of Al o,,Fe,o
2,714 ¢ oFCiO;5 .« v emranis s
2840 W ofi€ e et e
£y g}&éééééﬁéx}; """ 59200% 01310 « of Ash .l } with carbion
x [0
S5 Ash...ieinn ot piggp «f 088 B AL HLO e
3.552 ¢ of C..ooovvvinenes
2,430 ¢ of Hydrocarbons... » with tar
0.016 * of Ash............
= E€ e 24550 o buosers 99.764 /
28 Moo 0.092 ¢
': e = . trace ¢
ST S - ompan e ne 0.059 *
Sl B cncrmitics iz 0.009 *
Q € s bt £95 B 0.090 ¢
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CHEMICAL AND THERMIC SCHEDULE.

Preduct obtained 30.800 kgs. of soft iron.

PROGRESS OF THE OPERATION.

At 20,15/ the charging began and the current was turned on; at 21.15' the charge was
completed; at 22.15' the metal was melted. The current 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 30/ it dropped to 70 volis and 600 amperes,
afterwards for another 30/ it was reduced to 50 volts and 500 amperes, finally for the
last 20/ it rose to 100 volts and 1,000 amperes. In all the energy furnished was
7,290,000 volt-ampere-minutes, which with cos. ¢=0.8 equals

: ?'29';’380"08 =97,200 Watt hours= %;%’ = 132 24 H.P. hours.

s
>

.

SGHEDULE.
To reduce the Fe contained in the final product there are required
30,727.312
s T e Y. SO 52,730.262 calories
To reduce the Mn contained in the final product there are required
28,336
B X946 48.719 ¢
To reduce the Si contained in the final product .................. 164 —=
To mell the slag there are required 30.800x350 .................... 10,780.000 ¢
To evaporate the H,O and bring it to vapor at 100° there are required .
L 8YBROBT s 55«5 0ot S50 6155 2 3 1 mmososesein o B A KI5 0 0 500 838.202  ¢¢
To raise to 500° the vapor of 100° there are required 1,316 x 400 x 0.48 252.672 ¢
To caicine the lime there are required 6.250x475 ................... 2,968.750 ¢
2.714
To heat to 500° the CO, there are required (ﬁ x500%x0.016 ....... 493.454 ¢
¢ ¢ 4 500° the hydrocarbons there are required 2.430 x 500 x 0.27 328,050 ¢
¢ & 500° the CO produced by the reduction of the Fe and Mn
there are required
30,727.312 28,336
(Bx =335+ g ) x 500 x 0.0068............. 2,800.131 «
TOtAL; srmprricons vo o B Ek g v e o B e BTN 5 75,020.330 ¢

Deducting from these the calories developed during the reductions b;
the combustion into CO of the C charged 9.883 x2,175... 21,495.525 ¢

There remain...........coevivnnciiinn. 53,524.805 ¢

So the heat furnished being 132,24 x 635.3=84,012.072 calories, the thermic return
53,524.805 x 100 1.339
was gy oi2.072 - O01-38%

-




SUMMARY OF THE CHEMICAL AND THERMIC SCHEDULES,

1st TEsST 2ND TEST 3rD TEST 41H TrST 5TH TEST
. | Coeffi- . | Coeffi- . | Coeffi . | Coeffi- .| Coeffi-
ng:lp?:l' cients of nginp?;l' cients of Cloig:]p ic:fl' cients of CS:]P ions | cients of ng:\P ioﬂs:- cients of
el utili;_.a}.ion percent- mili;a:_ion percent- utili?at"lon percent- utili:a}_ion percent- utili;altjon
age |°f of elim- age or of elim- age |°F of elim- age or of elim- age orof elim-
ma.ng maltion ination mation nation
TR0 oz avedrmmamiils 42 8RR A annia i [orsrarera- 505 s 99.647 91.55 99.704 91.31 99.690 91.27 99.742 94.91 29.764 94.38
Manganese.....covvve coer bheniiienannt 0.106 86.76 0.095 88.13 0.109 87.56 0.083 89.29 0.092 88.19
OTliCaR S herraidsia e wiviss “oneramoperorsis s § SaT8 0.048 98.42 0.022 99.29 0.028 99.16 trace 99.60 trace 99.60
SOl im0 os o1 rersIaTs S 5§ 0.073 22.39 0.062 36.29 0.046 56.38 0.065 30.52 0.059 47.86
Phosphorus.... ..oiviivr vinen wuvinenn 0.0055 94.13 0.024 73.71 0.013 87.24 0.0016 98.23 0.009 90.10
CATDON sy s & 5 o oot mretialomies, BRI S 5 ois 0.320 |...cuenns 0:092  |eusimanis o (01 (T S e D01 e et 008D . .S mmtT
Electric Horse Power per Kg. of iron.... 6.00 7.00 6.76 4.94 4.22
Thermic return %......oo0 vovviieinnn.. 45.65 37.07 41.11 55.02 61.33
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From a comparative examination of the numerical data of the pre-
ceding tables A, B, 0, D and E, which are summed up in schedule F, it
clearly appears:—

1st.—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 chambey,
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 limits, and is notably inferior to that
which takes place in the blast furnace. A

3rd.—That with a single operation it is possible to obtain produects
of great purity, eliminating thus (besides the expense of labor or fuel in-
separable from the operation of refining pig) the loss through shrinkage
which takes place during this 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 soff, containing
very small quantities of manganese, a thing which is of eapital importance
for some special applications, as, for example, 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
eagy to conduct operations with a maximum economy of heat, there will
undoubtedly be obtained the high thermic return of 80%, and even 85%,

*NoTe.—I do not think it useless to quote in this regard comparative data obtained by
the distinguished Doctor Giorgio Finzi, in a series of experiments made by him to deter-

mine the hysteresis loss of iron of different countries, data which completely confirm such
a conclusion. The following are the numerical coefficients found by him:

German metallic plates of 0.4 mm Type B............ 0.00162
& o 4 v W I o e . 0.00174
g “ i ‘e O Dneieseneenms 0.00200
£ £ bié o R ek ¢ e 0.00310
Swedish iron (Prof. Goldschmidt)... ............... 0.00142
Italian ‘¢ (Capt. Stassano)..... .... ......... .. 0.00135

See the magazine ‘ Electricity * 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).

Now, as far as I have been permitted, by the narrow limits 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 caleulation 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 employs, 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 system, using the molten metal just drawn
from the blast furnace, and on the hypothesis that the necessary motor
force to operate the converters is produced with the gas from the blast
furnace.

I select therefore as a model that one of the ordinary processes of
making malleable iron which involves the minimum consumption of fuel

Now, Ledebur, as well as Helson, Gruner, 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 lire,

that is:—

BT FU] s 10 15 2 usvef20 5 10 ot o il from 16.00 lire to 28.00 lire

B o) oY 1111 e T < 3.00 « 500 «

For cost of labor and general expenses “ 10.00 “ 15.00 “
Tobal s s o wwme e 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:—

lire.
For ore, 1,700 kgs., at 15 lire per 1,000 kgs......... 25.50
For fuel, cost of labor, &e....coovvvveiia.., 35.00
x Y R i aahor s QD (Ll e S B 60.50

Acecording 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:—

. lire.

For ferro-manganese, at 200 lire per ton.......... 12.00
T Y R e N P S T 5.00
For refractory material ............c.cocivenenn.. 1.50
For maintaining and repairing the works............ 2.50
For maintaining the moulds and diverse accessories. . 3.00
For expense of overseeing and general expense........ 2.50

TOTRL weunest vionbis.od s Mol Girs o opaes 26.50

Therefore, on examination, a ton of malleable product in ingots is
seen to cost 96 lire, divided in this way:—

lire.
For pig 1,150 kgs. at 60.50 lire per 1,000 kgs....... 69.57
For expense of reflning................ooiiiiil, 26.50
Tobtdsvmme b Relemenrdss Aaess ivmobidgs BEDH 96.07

in round numbers, 96 lire.

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
economical and perfect methods, does not fall below 96 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:—

1st.—That the ore employed is similar to that from the Island of
Elba, adopted in the experiments of which I have above given the results.

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 sue-
cessive processes the CO which is generated in the furnace during the
operation.
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4th.—That the electrodes necessary to the operation of the furnace
are produced in the works themselves, at the price of 0.30 lire per kg., in
place of 0.45lire, which is at present their commercial value.

§th.—That the works be provided with an hydraulic electric plant of
not less than 5,000 effective electric horse-power, and that accordingly it
may have a capacity of 30 tons of iron in 24 hours.

6th.—That each rotating furnace installed requires 1,000 effective
electric horse-powers, and produces accordingly 6 tons of ingots a day.

7th.—That the hydraulic electric plant costs in the neighbourhood
of 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 performed, whether with the fur-
nace or in the preparation of the mixture, it can be established that the
cost of one ton of iron in ingots under the new process is about 94.40 lire,
that is:—

lire
For 1,600 Kgs.* of ore........ at 15 lire per 1,000 kgs. 24.00
the pulverizing of the same at 3 . 4.80
“ 200 Kgs.oflime.......... at 5 £ & 1.00
« 250 Kgs.of Coke ......... at 45 A “ 11.25
“ the pulverizing of this. .... at 2 £ E 0.50
w 190 Ky oftar ..o uvin s at 70 ¥ ” 13.30

“ the making of the conglomerate mass at 3 lire per
1,000 Kgs. of the mixture . ................. 6.75

“ the consumption of the electrodes (12 Kgs. at
030 lireper Kg.)..........coiiiiiiiivnn.t. 3.60
* the maintaining of the furnace.................. 12.00
e osb 08 JabOR: o v ermen srimmmits 3lm 8 B6E 80 e e ale 6.00
“ maintenance of moulds and different apparatuses...  3.00
« motor force 4,000 H. P. hours at 0.0057 lire per hour 22.80
“ general expenses and overseeing ................. 3.00
TGbaLL. o yrogens, siamsrmints o iy 112.00

Deducting from this the value of the oxide of carbon and

of the volatile hydro-carbon of the tar returned;

that is about 900 cubic meters of combustible gas
which at only 2 cts. per cubic meters makest.... 18.00
Remaining as the actual expense ................. 94.00

* It is worth while noting that in the experiments made, there was always a
shrinkage of ore less than that which was found in the blast furnace.

t From what has been said before. the value of the gas that can be utilized should be
24,55 lire, viz.—the sum of the cost of the carbon and of the tar used in making the mixture,
because such materials during the work of the furnace are simply transformed from solid
combustibles into gaseous ones. Fixing, therefore, the value at only 18 lire is more than is
warranted.
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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 further comment. I shall allow myself only to observe
that, even in case, through exceptional circumstances not often 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 1argely 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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§ Primitive electric furnace adopted in experiments at Rome
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Plate 1I.

ELECTRO-THERMIC PROCESS FOR THE REDEETION OF IRON ORE

Modified 500 1P electric furnace constructgll at Darfo
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Plate HL.

ELECTRO-THERMIC PROCESS FOR THE REDUCTION OF IRON ORE

Flectric fuwrnace with one hearth and 3 pairs of elecirodes
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Plate IV

ELECTRO-THERMIC PROCESS FOR THE REDUCTION OF TRON ORE

Rotating electric furnace

Section. A Section CD
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ORES BY THE ELECTRIC FURNACE.
(KELLER PROCESS.)

BY

M. CH. VATTIER.







215

LECTURE ON THE TREATMENT OF COPPER
ORES BY THE ELECTRIC FURNACE.*
(Keller Process)
Compagnie Electrothermique Keller et Leleux.

BY M. VATTIER.

1t 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-
gcription of the electro-metallurgical works which I had had the oppor-
tunity of visiting, both in Europe and the United States; and at the time
I expressed 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.

You are all familiar with the yet recent history of electro-metal-
lurgy; with the scientific observations of such men as Moissant, Siemens.
Acheson, Minet and other authorities, as a starting point. We have wit-
nessed the strenuous labors of Stassano, Héroult, Laval, Keller,and others,
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 200 tons of copper and manganese ores for the purpose
of making experiments on a commercial scale, on the smelting of these ores
in the electric furnace. The main object of this paperis to give you the re-
sults of these experiments. I shall be as brief as possible, owing to the
necessity of yielding my place to several eminent lecturers.

After a few preliminary experiments, I was authorized to continue
my investigations on this subject, in the works of Messrs. Keller et Leleux,
at Kerousse, in Brittany, under the direction of Mr. Keller. After dis-
cussing the subject with him, we agreed upon the method of procedure,
the form of the furnace and accessory apparatus to be adopted; these
were subsequently put in operation in the Keller and Leleux electro-

* 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-
lurgieal works, had conelusively proved that the problem had been solved
as regards copper ores. ;

On April 21st last, we made a new series of experiments at Livet,
on Chilean copper ores, before 2 Commission composed of the following
members :—

Messrs. Stead, Metallurgical Engineer, Middlesbrough; Allen, Metal-
lurgical Engineer, Sheffield; Reynolds, Metallurgical Engineer, London; -
Pirie, Member of the British House of Commons for Aberdeen; Saladin,
Chief Engineer of the Creusot Works; de la Bouglise, Mining Engineer,
Paris; Renevey, Civil Engineer, Paris; Bougére, Banker, Angers; and
Vattier, Engineer, graduate of the Ecole Centrale.

A report of these experiments, endorsed and signed by the members
of the Commission, accompanies this paper. Mr. Keller had charge of the
electrical part of the experiments, and the writer was directing the metal-
lurgical part.*

* These experiments were conducted in the works of the Compagnie Electro-thermigue
Keller et Leleux at Livet, on April 21st, 1903, in presence of :

Messrs. Stead, Metallurgical Engineer, Middlesbrough.

Allen, do o Sheffield.

Reynold, do do London.

Pirie, Member of the British House of Commons for Aberdeen.

Saladin, Chief Engineer of the Creusot Works.

Vattier, Delegate Engineer in charge of investigations for the Chilean Govt.
de la Bouglise, Mining Engineer, Paris.

Renevey, Civil Engineer, Pavis.

Bougeére, Banker at Angers. :

The experiments were in charge of Mr. Keller, Civil Engineer, technical manager of
the Compagnie Eleetro-thermique Keller, Leleux et Cie.

The smelting was conducted in the double electric furnace, Keller model.

ORrEs:—Mixture of ores from the ¢ Volean,” ¢ Magnere ” and ** Charlin ” mines in the
proportions indicated by Mr. Vattier. The experiment was made on 8000 kgs., which were
smelted in 8 hours.

Powgr.—This was:

Amperes Volts cos.
4750 x 119 x 0.9 = 500 kilowatts.

WoRrgING 0F ApparaTus:—Perfectly normal.

Consvmpriox oF ELroTRODES:—The electrodes used were of inferior quality ; yet the
wear in length only amounted to 6 or 7 kgs. per ton of ore. According to a statement made
by Mr. Keller, in a previous experiment with carbons of a somewhat higher grade, phe con-
sumption was 5 kgs, per ton of ore as maximum. By using graphite electrodes this would
still be further reduced.

Propucrs OBTaINED,—The matte and the slag were tapped separately, tests were
made, the analyses giving:

MBELE:. .« vcreecsie e sonaatinnn Cu. 43%
SI8Gw s <o d e s merdarerarn s 56 Cu. 0.1%
(Signed)
C. Vattier, A. Allen, E. Stead, A. Reynolds, Renevey,
D. V. Pirie, de la Bouglise, G. Bougére, A. Keller.
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Before proceeding, I wish to state clearly the object we had in view.

We are not dealing here with a philosopher’s stone which would, as
by magie, transform any copper ore into a mass of pure metallic copper,
or which would overthrow and supersede the well-known reactions of che
old metallurgy of copper. Nor do we pretend to have discovered a process
which suppresses all the cost of production, and permits of reaping imagin-
ary millions from any kind of ore under any conditions. We abandon the
monopoly of these pretentions to the fancy prospectuses 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.

You 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 roastmg, followed by a remeltmg, either by special treatment
in converters or in Thofern and Saint-Seine reaction furmaces, which
transforms them into copper bars; these are then refined by electrolytic
processes, which produce the pure copper and effect 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, &e.), and all we ask from electricity is to lend
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 os-
tablished in regions favorably situated as regards water powers, and where
coal is costly; it is the difference between the cost of the black coal and
the “ white coal,” which shall constitute the main profit derived from the
adoption of these new processes. It is bearing these conditions in mind
that we made the series of experiments of which T shall now give you a
brief account.

Ore.

Our experiments were conducted on two different kinds of ore.

1st.—Copper ore from the “ Volean ” mine, Chili, belonging to Mcr.
Gregorio Denoso. The copper contents was approximately 7%, present
as copper pyrites. This ore contains from 8% to 9% of sulphur, and the
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gangue comprises silicates, silica, a little carbonate of lime, but mainly
micaceous copper oxide.

2nd.-—Low grade copper ore from the mining regions in the vicinity
of Santiago, Chili, mixed with a small proportion of manganese and lime.

The composition of the charge of the furnace was as follows:

Carboniciadd’ e 50 L8 SSRGS T 4.310
STIHCH feo s T it e S e A A e 23.700
V.Y Le0 10t 1 e e e R B Y e e 4
NEme it SR S e kA B s S A 7.300
Magnetia: 7 5 0 0 Snan it i G0 ST 0.33
Salipliur-, Seati 5 000 B e e e 4.125
A o7t Gl WS b gl e e B, . PO R B TS 28.500
NSO EROGES, 2 vl 25 e 3 i e Bt 7.640
Pl aaPIOTUE ¢ o b x s o et i o U P T 0.046
L8lr) o) o SRl £ i B e RTIE, €1 8 5.100
LT 1V AR e et e o e e el i trace

These ores were crushed partly into large pieces and partly to dust.
The crucible was filled with a hand shovel, indiscriminately, of the coarse
or dust, 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 various phases of the experiments was kept. Rather large
blocks, at first refractory, were soon dissolved 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 mole~
cules by the application of heat, is 2 chamber or crucible built of refrac-
tory bricks, and having the following dimensions : Length, 1.800m. ; width.
0.90m. ; height, 0.90m. Below this chamber we have a forehearth, in which
can be effected the sharp separation of the matte from the slag; the
dimensions of this fore-hearth are as follows: Length, 1.20m.; width,
0.60m. ; height, 0.60m.

At the bottom of the upper chamber there are some openings which
can be tamped at will by means of fire-clay, for the purpose of tapping the
contents into the lower fore-hearth. In the upper chamber two carbon
electrodes, with a square section of 0.30m. on the side, and a length of
1.70m., are introduced, and their height may be so regulated as to either
be immersed in the bath or just clear its surface.

Into the fore-hearth penetrate two carbon electrodes of 0.25m. on the
side, which are used to reheat the bath. Openings are left at different
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levels of the fore-hearth, and which are opened by means of steel rods
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-moulds, 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 cireuit 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 material,
a tap-hole, situated some 0.10m. from the bottom, is unplugged by means
of a steel rod. The molten mass, more or less pasty (quite fluid after a
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 the upper openings, and as soon ag the quantity of underlying matte
is judged to be sufficient, it is tapped off by one of the lower openings. It
is thus 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 converts into matte. The current used for the experiments was
of 4,750 amperes; 119 volis; cos ¢ = 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 2,883 H.P., in round numbers, 3,000 H.P. of
76 kg/m.

Products Obtained.

Mattes of the following composition were obtained :

%
Sl s ipmes fee s Esmmees NS BRI ESE B SuY 0.800
ATIMITA wpw 65 snmin = sos BUSEmmE 40 5 Fammis 0.500
IPOD vx vowmmnii Bisemal &) sEa%Ess SUBLE 24.300
MAToABEEe: cipsosissnns it paEmsiards s 1.400
Blhn e nsx sonins 62 2088 & - nkst Smows 92.960
Phosphorus .............. ... ..l 0.005

COPPOT ¢ ec v mwmans anoiuee saonmnsswmennn 47.900
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And slag of the following composition:

7
Biliea (Bi0 )< o0 il Ao e R 27.200
g Y Fivy - RS M o ead o T L e s 5.200
T e D e R, Gl T e 9.900
Magmesii . 2 wsinsin d Foive S B e s 0.390
TROI o oo R e T R, s R R 32.500
MAnpaneae - /w7570 1 2 b Fa s e s st 8.230
5 110 RSP LS Sy PR T T Ee i e 0.570
PRoSpHGING o0 o G o iln s i e oo o et 0.062
COPPOI .4 5 e Lrnie o 2o ot ey Pt os o LA 0.100

The slags at both the beginning and the end of the operation usually
contain a slightly higher proportion of copper.

The slag has high contents of iron and silica, and could be used 1o
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 pos-
sesses when it is tapped out of the crucible.

If the slag should be high in manganese, it could be manufactured
into ferro-manganese and spiegels.

Remarks.

For good results it is advisable to use a voltage sufficient to cause the
arc or electric current to pass from one electrode to the other, by regulas-
ing their height to just clear the surface of the bath, in order to avoid as
much as possible their coming in contact with the bath. Carbon, at such
high temperatures, has a tendency to reduce the iron oxide into metallic
iron, which gives rise to the following inconveniences:

1st.—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 inconveniences
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-Metallurgy.

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 Cordillera; such a mine is the “ Volean,” the ore from which was
submitted to the experiments of electric smelting; under these conditions
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, extracted from the “ Volean ” 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 seale. :

For the production of a ton of copper we shall have to treat some 16
tons of ore; we shall neglect the figures, which would be the same for both
cases as regards mining of the ore and subsequent treatments, and we shall
restrict ourselves to the comparative elements of the two methods.

1st.—In the present water-jacketed furnace, the production of Lhe
matte, confaining one ton of metallic copper, shall require 8,200 kgs. of
coke, at 100 frs. per ton, that is to say, an expenditure for fuel of 820 fra.

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
80 frs. per kilowatt-year, representing a cost of 1.25 x 30 = 37.50.
frs., say 88 frs. dE -elt Al

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 cost
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
tons of ore would entail a cost of : :

38 + 45 = 83 frs.

and the economy effected, over the water-jacketed furnace, in the funda-
mental element of heat energy, is, therefore:

320 — 83 = 237 frs., or more than £9,

The additional important advantages derived from the use of electric
furnaces are the following :—

1st.~——Suppression of the blowing engines, which are essential in con-
nection with water-jacketed furnaces.

2nd.—The possibility of operating on much more refractory ore than
with the water-jacketed furnace.
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8rd.—Suppression of the manufacture of brique’ttes or of agglomera-
tion of the fines and dust.

4th.—Notable decrease of cost of labour.

5th.—Elimination of the danger of scaffolding 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.

Let us now consider the case of low grade ore, say 4% ; the produc-
tion of one ton of metallic copper in matte shall require:

1st. In water jacketed furnace, an additional expenditure of coke
amounting to
100 (5,000 —3,200)—180 frs
1000 ~ oL y
2nd.—In the electric furnace, instead 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, impossible to arrive at a general average figure re-
presenting the saving effected by the adoption of the electriec furnace; 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 waterfalls,
the economy effected would certainly not be less than £10.

Conclusions.

It is of great interest and importance that our metallurgists should
continue their researches in the practical applications of the electric fur-
nace to the smelting of copper and other ores, and more particularly to
the treatment of those argentiferous blendes which are very abundant in
certain regions (in Bolivia, for example), and which, up to the present
time, have proved refractory to all economical processes known.

The same remark applies to the iron and manganese ores known to
exist in large quantities 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, avoiding the costly transportation of raw materials,
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 processes into certain regions, such as
parts of Chili where the industrial conditions are favorable in every re-
spect, and more especially as regards ore deposits and waterfalls, I feel 1t
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to be my duty to warn my colleagues, and investors in general, against
sangdine expectations and exaggerations, which could not but have dis-
astrous effects. So that, before investing any capital in electro-metallur-
gical plants in remote regions, it would be well to ascertain beyond doubt:

1st.—That you can rely on mines, with property titles clear and in
good standing, which could produce (actually, and not on paper), a suffi-
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 electric energy, there
are available powerful, and more particularly constant, water powers
which could be acquired without fear of subsequent litigation.

3rd.—That sufficient labour and other industrial conditions for the
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 duty to protect the
French savings from the mirage of the more or less fancy and hazardous
speculations which constantly assail the small investor.

In conclusion, let us rejoice that it is in France that the greatest im-
petus has been given to electro-metallurgy, and that once more our country
has taken the lead in a great scientific and industrial movement.
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VALUES OF FOREIGN MONEY
IN CANADIAN CURRENCY.

Swedish ............. Ll 1 Krona = 100 Ore = 27} cents

Freneh-. ... ... ... ROl .1 Frane = 100 centimes = 20 cents

BRRIIAT T i bt A ] .1 Lira = 100 centimes = 20 cents
WEIGHTS

1 Kilogram = 2.2 lbs. Avoirdupois.
1 Metric Ton = 1000 Kilograms = 2200 lbs.

MEASURE OF LENGTH

1 Meter = 10 Decimeters = 100 Centimeters = 1000 millimeters.
1 Meter = 39.837 inches.

1 Decimeter = 3893 «
1 Centimeter

039 «

1 Millimeter 0.039 «
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