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OTTAWA, February 20th, 1907. 

SIR, 

I have the honour to transmit herewith the final report on the experi-
ments made at Sault Ste. Marie, Ont., under Government auspices, in the 
smelting of Canadian iron ores by the electro-thermic process. 

The report contains a detailed statement of the work done and results 
obtained, of all measurements made, of the analyses of the pig and slags 
produced and of the iron ores employed. To facilitate the comprehension of 
the text illustrations are given of the furnace employed  and changes made in 
its construction and of the machinery employed.  Plans are given of two 
commercial electric furnaces which have recently been patented. In an 
appendix a detailed account and description, with illustrations, are given of 
the recent inventions and improvements made in electric furnaces in Sweden, 
also an account by Professor Eichhoff, Professor of Metallurgy of the 
Technical High School at Charlottenburg, Germany, of the advantages of the 
Heroult electric process of making high class steel and cost of production. 

I have the honour to be, Sir, 

Your obedient servant, 

EUGENE HAANEL, 
Superintendent of Mines. 

Honourable FRANK OLIVER, P.C., M.P., 

Minister of the Interior, 

Department of the Interior, Ottawa. 



INTRODUCTION 

In December, 1903, the Government appointed a Commission to investi-

gate the different electro-thermic processes for the smelting of iron ores and 
the making of steel in operation in Europe. The results' of this investigation 
were published in 1904 in a report issued by the Mines Branch of the Interior 
Department, entitled:  "Report of the Commission appointed to investigate 
the different electro-thermic prOcesses for the smelting of iron ores and the 
making of steel in operation in Europe." 

The only experiments for the reduction of iron ores which the Commission 
was able to witness were those conducted by Dr. P. Héroult, at La Praz, 
France, and by Messrs. Keller, Leleux & Co., at Livet, France. Dr. Héroult's 
experiment was only made to show the possibility of smelting iron ores and 
no data in regard to output, etc., could be obtained. 

The experiments of Messrs. Keller, 'Leleux & Co. were more extensive 
and continued for a number of days. During this time two different 
runs were made in different furnaces, but of similar construction. 
The ore used was a porous hematite containing 3.21% of manganese 
and only 0.02% of sulphur, an ore, therefore, easily reduced and desulphurized. 
The electric energy required in the first run was 0.475 E.H.P. years * 
per ton ** of pig iron, corresponding to an output of 5.769 tons per 1,000 
E.H.P. days. The electric energy required in the second run was 0.226 E.H.P. 
years per ton of product, corresponding to an output of 12.12 tons per 1,000 
E.H.P. days. The difference in output of these two experiments was so 
great that Mr. F. W. Harbord, the metallurgist of the Commission, was 
compelled to adopt 0.350 E.H.P. yees, the mean of the two experiments, as 
the probable energy required per ton of product. This would correspond 
to an output of 7.827 tons per 1,000 E. H. P. days. 

Before, therefore, a sound judgment could be formed as to the practi-
cability of the electro-thermic process for the .smelting of Canadian ores, it 

*365 days 
** Of 2,000 lbs. 
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was desirable to establish with some degree  of exactitude the amount of 
electric energy required per ton of product, the consumption of electrode, 
and also the following important points referring to Canadian conditions, 
which were either not taken up or were left in doubt by the Livet experiments: 

1st. Can magnetite, which is our chief ore and which is to some extent 
a conductor of electricity, be successfully and economically 
smelted by the electro-thermie process? 

2nd. Can iron ores with comparatively high sulphur content, but not 
containing manganese, be made into pig iron of marketable com-
position? 

3rd. The experiments made at Livet with charcoal as a reducing .agent 
. in substitution for coke having failed, could the process be so 

modified that charcoal could be substituted 'for coke? This is 
especially important since charcoal and possibly peat coke would 
constitute home products, while coal-coke for metallurgical 
processes requires to be imported into several of the Provinces. 

The settlement of these questions was of such paramount importance 
for the formation of a judgment as to the feasibility of introducing electric 
smelting of iron ores as a commercial process in those provinces of Canada 
which lack coal for metallurgical coke, but are well supplied with water-power 
and iron' ore deposits, that the experimental investigation of the subject 
was authorized and a sum of $15,000 placed at  the disposal of the Mines 
Branch for the carrying out of these investigations. 

An agreement was made with Dr. P. Héroult of . La Praz, France, who 
offered to design the furnace and necessary arrangements, to make the 
experiments. 

LOCATION AND DESCRIPTION OF PLANT. 

The Lake Superior Corporation at Sault Ste. Marie, Ont., offered, on the 
recommendation of Mr. F. H. Clergue, the use of a suitable building in which 
to erect the furnace, and the power of one of their alternators free of expense 
for four months. At the same time the use of an office, their well  equipped 
laboratory, the services of their chemist and machinery necessary for the 
conveyance and preparing of the charge were tendered on reasonable terms. 
As these advantages could not be secured elsewhere, the offer was accepted 
and the plant ordered to be erected under the superintendence of Mr. Erik 
Nystrom, member of the staff of the Mines Branch. 

A plan of the plant as first erected is given in Plate I and a section in 
Plate II. 

The raw material was unloaded from the cars and dumped either on 
the roof of the lime kiln room or directly into the bins provided for this pùr- 
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pose in one of the smaller rooms of the building. In the adjoining lai:ge room 
a motor was installed, driving a small Gates Crusher, and an elevator con-
veying the charge to a bin placed in the furnace room. 

DESCRIPTION OF FURNACE. 

The furnace as first designed by Dr. Héroult (see Plate II) Consisted of 
an irOn casing inch thick, bolted to a bottom plate of cast iron 48 inches in 
diameter. The casing was made in two sections strengthened by angle 
irons and bolted together to facilitate repairs, the lower section being 37 
inches and the upper one 48 inches high. To render the inductance as small 
as possible the lines of magnetic force in the iron casing were prevented from 
closing by the replacement of a vertical strip of 10 inches width of the casing 
by a copper plate. 

Rods of iron were cast into the bottom plate to secure  a good contact 
with the carbon paste rammed into the lower part of the furnace. In an 
extension of the bottom plate a copper cylinder o (see Plate III) was in-
serted and constituted the contact with the aluminium block into which the 
aluminium cables constituting the conductor were cast. This block was 
pressed against the copper cylinder by means of a bolt, as shown in the figure. 
The bottom as well as the sides of the crucible were made of carbon 
paste, the lining of the upper part of the furnace being made of fire bricks. 

The intention of Dr. Hér' oult was to utilize the calorific power of the 
carbon monoxide developed through the reduction of the ore. For  this 
purpose an air pipe provided with holes was put in two feet below the top of 
the furnaces, by means of which air for the combustion of the carbon monoxide 
could be pressed in. 

The electrodes, manufactured by the Héroult process and imported 
from Sweden, were prisms of square cross-section with the corners cut off, 
16 x 16 inches by 6 feet long. One' end of the electrode was planed to fit 
into the steel shoe d (see Plate III), and held tight by means of wedges. The 
steel shoe was riveted to four copper plates, two of which were strengthened 
on top with steel plates and carrying a pulley. A pipe, k, was put in the 
electrode holder, by means of which a current of air was producéd to cool the 
holder. This construction of the electrode 7holder was adopted in the expectation 
that it would permit the electrode to go down into the charge until it was 
practically consumed, leaving only a small stump as waste. The aluminium 
block into which the cables constituting the conductor were cast was bolted 
to one of the copper plates. The overhead work for the furnace consisted 
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of two I beams provided with light rails and a moveable truck with two 
pulleys. The electrode with its holder was supported by a chain passing 
under the pulley on top of the holder and over the pulleys on the truck, one 
end of the chain being fastened to the  will ,  the other end passing over a winch 
operated by a worm and worm-wheel. This formed a convenient arrange-
ment for regulating the electrode by hand. 

When exchanging electrode, the truck was pulled over in front of the • 
furnace, the cables to the electrode holder being of sufficient length to permit 
such movements. 

ELECTRICAL MACHINERY AND ARRANGEMENTS. 

The electric energy obtainable was furnished by one phase of a three 
phase, 400 K. W., 30 cycle, 2,400 volt, alternating current generator coupled 
by belt to a 300 H. P., 500 volt, direct current motor, mounted in the Corn-
pany's power house located some distance from the furnace building. 

A current of 2,200 volts was delivered to an oil cooled transformer of 
225 K. W. cap*acity, designed to furnish current to the furnace at 50 volts. 
The transformer  'was  placed in a separate room in the furnace building, 
close to the furnace. From the transformèr the current was led to the bottom 
plate contact of the, furnace and to the electrode contact by conductors 
consisting each of 30 aluminium cables, g. inch in diameter. 

The measuring instruments mounted on a switchboard consisted of a 
voltmeter, an ammeter, a power factor meter and a recording wattmeter. 
The transformer and electric meters were manufactured by the Westinghouse 
Electric and Manufacturing Company. An additional voltmeter reading 
from 10 to 80 volts, supplied by the Keystone Electric Company, was also 
placed in circuit to serve as a check. The voltmeter and ammeter, which 
had been mounted on the switchboard, Were for convenience of observation 
removed to a position on the wall at the side of the electrode regulating 
apparatus. 

The recording wattmeter had to be sent to the factory for alterations 
and was returned too late for the experiments. In order to ascertain the 
correctness of the remaining instruments, the Westinghouse Company was 
askedto send an expert for their calibration. In compliance with this request 
Mr. Chas. Darrall was sent to Sault Ste. Marie. The volt and ammeter 
were found by him to be correct and the power factor of the furnace to be 
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0.919, * which  figue lias  been used throughout the experiments for the 
calculations of electric energy consumed. 

EXPERIMENTS. 

The experiments were carried out in the following manner: The raw 
material was first passed through the crusher which delivered a product of 
about inch diameter and less (a jaw crusher delivering a little larger size 
and not so much fines would have been more suitable, but none cottld be 
obtained at the time.) The ore, carbon and fluxes were then weighed, mixed 
by hand and delivered at first to the elevator and later charged direct 
into the furnace by hand labour. The number of charges used were marked 
down. The readings of the electric measuring instruments were taken every 
30 minutes. In the tables for each run are given the average figures of volts 
and amperes for the time elapsed between each tapping of the iron, also the 
corresponding weights of slag and iron. A sample of each cast and slag 
produced was collected for analysis. 

Sault Ste. Marie, Feb. 23, 1906. 

Tests made Feb. 23, 1906, at Reduction Works and at Tagona Light and Power 
Plant. 

Readings I, IT, and III were made at the alternator switch-board between lowering 
transformer and furnace. 

Readings IV and V were made at furnace. Observations made at 60 feet distance 
from heavy current to eliminate effect of stray fields on measuring instruments. How-
ever, the presence of magnetic ores in the vicinity would suggest that these readings are 
influenced by same and should be disregarded, and readings obtained at switch-board 
are reliable Èspecially from integrating meter. 

I regard mean power factor of 91.9 as correct. 

' 

	

Weston 	 % 	 % Power 

	

Voltmeter 	Ammeter 	 True Watts 	Power 	 Factor 

	

Readings 	Readings 	Apparent Wattmeter 	Factor 	Inte- 	from Ap. 	No. 

	

Meter No. 	Meter No. 	 No. Weston 	from 	grating 	Watts 	of 
681. 	45870. 	Watts. 	3727. 	True and 	Wattmeter 	and 	Test. 

	

Means. 	Means. 	 Readings. 	Apparent 	Readings. Integrated 
Watts. 	 Watts. 

	

1750 	123.8 	217100 	200500 	92.2 	 I 

	

1760 	121.3 	213800 	197500 	92.3 	195000 	91.9 	II 

	

1765 	122 . 2 	218000 	202400 	92.8 	199000 	91,9 	III 

	

39.2 	5040 	197568 	185500 	94 	 IV 

	

38.7 	5096 	197215 	185090 	93.7 	 V 

Frequenc y 30 cycles. 

Engineer in charge of test: 

(Signed) CHAS. H. DARRALL, 
Canadian Westinghouse Co., 

Hamilton, Ont. 
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For the working of the furnace three men per shift were employed, a 
feW extra men being employed for the preparing and handling of the material 
used and produced. 

The experiments were superintended by Dr. P. Héroult and after my 
arrival at the works on the 25th of January in great part by myself. When 
the furnace was working continuously 8 hour shifts were introduced success-
ively in charge of the following gentlemen: Robert Turnbull and Jean Se-
journet, Dr. Héroult's engineers, B. F. Haanel and E. Nystrom, of the Mines 
Branch, Interior Department, who were responsible for the work and notes 
taken during respective shifts. A few of the analyses were made by Mr. 
M. F. Connor, the remainder by Mr. H. Leverin. 

The following classes of ore were treated:— 

1. Hematite (Negaunee). 

2. Magnetite from the Wilbur mine, Ont., (Wm. Caldwell, Esq.). 

3. Magnetite from the Blairton mine, Ont., (Pierce Co., Marmora, Ont.) 

4. Magnetite from the Calabogie Mining Co., (J. G. Campbell, Esq., 
Perth, Ont.) 

5. Magnetite from the Calabogie Mining Co., (J. .G. Campbell, Esq., 
Perth, Ont.) 

6. Magnetite from the Calabogie mine (T. B. Caldwell, Esq., Lanark, 
Ont.) 

7. Roasted pyrrhotite from Lake Superior Corporation. 

8. Titaniferous iron ore from Quebec (J. G. Scott, Esq., Quebec.) 

• 

PRELIMINARY EXPERIMENTS. 

A number of experiments requfred to be made to adjust the capacity 
of the crucible of the furnace to the energy available and to determine the 
shape to be given to the interior of the furnace. The lower part of the furnace 
being in position, it was decided to put on the current on December 11th, 	' 
1905, to test the contacts and installation in general. 

A low current was first employed to dry the carbon paste and kept on 
for about 24 hours until 10.30 a.m., December 12th, when the furnace was 
charged and a stronger current used. The contact in the bottom plate 
became very hot, however, and the furnace had to be shut down. 

To insure a better contact, holes, r (see plate III) were bored half in the 
copper and half in the cast iron plate and the holes filled with molten alum-
inium. 
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The upper part of the furnace was then put in place (see Plate II), the 
current put on and the furnace charged on December 18th. 

Air, for the combustion of the carbon monoxide developed, was pressed 
in and the furnace worked well for a few hours. After a little, however; the 
electrode started to rise and continued to do so until an arc was established 
between the electrode and the upper layer of the charge, which necessitated 
the melting down of the material in the furnace. The heat developed by the 
combustion of the carbon monoxide was so great that the charge in the 
upper part of the furnace became sticky and would not descend into the 
furnace, nor could this be remedied by stoking, on a,ccount of the narrow 
space between the electrode and the wall. 

The electrode contact did not prove satisfactory. This was remedied 
to some extent by putting a clamp around the steel shoe d (see Plate III). 

Further attempt to introduce air into the furnace was, therefore, post-
poned and the height of the furnace reduced by cutting the upper section in 
two parts. 

On January 3-4, 1906, an experiment was made to produce ferro-nickel 
from roasted pyrrhotite; the shape and arrangement of the furnace is given 
in Plate III. 

The contact • in the bottom plate proved still to be unsatisfactory and 
was, therefore, changed in the manner indicated in Plate IV for the subse-
quent experiments. The copper cylinder was removed and a new copper 
piece, o, provided with a flange on top, was inserted in its place. A number 
of holes, p, were bored through this flange and into the.bottom plate of the 
furnace and filled with aluminium, no farther changes were made in this 
contact throughout the experiments, although its imperfection involved 
a loss of from 4. to 1 volt. 

RUN No. 1. 

A section of the furnace used in this run is given in Plate III with the 
alteration of the bottom plate contact shown in Plate IV. 

Ore treated 	 Hematite 

Reducing agent . 	 Briquettes 

Flux 	 • 	Limestone 

The briquettes, consisting of 80% coke dust and 20% fire clay, were 
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made for the purpose of obtaining a reducing agent which would not be con-
sumed by the air blast when introduced and at the same time lessen the 
conductivity of the charge. The briquette machine employed delivered 
briquettes 4 inches in diameter by 2 1z- inches in height. 'These briquettes, 
after being dried, required to be crushed, producing a considerable quantity 
of fines, which rendered the charge resistant to the passage of the carbon 
monoxide formed. 

ANALYSIS OF RAW MATERIAL. , 

Si02 . 	  5.42% 
1%203 . 	 t 	 88.90 " 	Fe-62.23% 
Al203 	  2.51 " 
CaO.. 	 0.61 " 

Hematite • MgO.. . 	  0.30 " 
Mn. 	  ' 0.16 " 
P 	  0.044" 	. 
S 	  0.002"  
Loss on ignition 

. 
 2.48 " 

---- 
100.426% 

Si 02. 	  1 . 71% 
Fe203  + Al2 03 	  0.81 

Limestone 	CaCO 3 . 	  92.85 " Ca0. 51.96% 
MgCO3.... 	 4.40 " MgO ..2.09% 
P 	  0.004" 
S.   0.052" 

99.826% 

Vol'atile matter. 	  4.05% 
Fixed carbon 	  69.73 " 
Si02 . 	  15.26 " 

Briquettes 	Fe203 + Al203 . 	  8.92 " 

	

Ca0   0.90 " 
MgO.... 	 0.30 " 
	  0.84 " 

100.00% 

The furnace was pre-heated  with  a low current from 11 p.m., January 
5th, to 10 a.m., January 6th; when the full current was put on and the furnace 
charged. 
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The composition of the charge at first was:— 

• 	 Ore. 	 200 lbs. 
Briquettes.  	70 " 
Limestone.   120 " 

13 of these charges were used up and afterwards the limestone was decreased, 
the charge now consisting of :— 

Ore. 	  200 lbs. 
Briquettes.  	70 " 
Limestone. 	 80 " 

26 of these charges were put into the furnace when the run was stopped at 
8.40 p.m., January 7th, and the material not melted down was taken out and 
the crucible cleaned. 

On account of the large amount of fines in the charge the pressure of 
the gas developed was very great and occasionally the slag  was  blown out. 
The charge had to be worked down by stoking and became very sticky, pre-
venting the electrode, which in this run was a short one, from descending. 
It was, therefore, decided to stop the run and put in a new electrode. 

During the run 11 casts were made producing 4484 lbs. of pig iron, the 
slag produced amounting to 3886 lbs. On account of the men employed 
being unused to furnace work, the current had to be taken off every time a 
cast was made, to enable the iron hole to be cleaned and properly plugged. 
The time lost in this manner during the run amounted to 1 hour and 40 
minutes. 

ELECTRICAL MEASUREMENTS. 

On account of imperfect contacts it was found that a loss of from 3 to 4 
volts or on an average 3.5 volts occurred. 

a In the following table are given the volts on the line as read on the volt-
meter and the volts on the furnace, where the loss on the contacts has been 
deducted; the latter are adopted for calculations, since the loss through poor 
contacts can be remedied by proper construction:— 

Time. 
Volts 

on 
Furnace. 

Power 
Factor. 

Volts 
on 

Line. 
Amperes 

	

Jan. 6, 10.00 a.m 	  

	

10.30 " 	  

	

11.00 " 	  

	

11.30 " 	  

	

12.00 " 	  

	

12.30 p.m 	  

	

1.00 " 	  
1.30 " 

	

2.00 " 	  

	

36.5 	40 

	

40.5 	44 

	

39.5 	43 

	

39.5 	43 

	

40.5 	44 

	

39.5 	43 

	

39.5 	43 

	

46.5 	50 

	

39.5 	43 

4,500 
4,500 
4,500 
4,500 
4,500 
4,500 
4,700 
4,500 
4,500 



10 

• 	 Volts 	Volts •
Time. 	 on 	on 	Ampe es. 	Power 

Furnace. 	Line. 	 Factor. 

• 2.30 p.m 	 	40.5 	44 	4,250 	0.919 
3.00 	"  	41.5 	45 	4,250 	ci 

• 3.30 	 41.5 	45 	4,500 	cc 

4.00 	"  	42.5 	46 	4,500 	cc 

4.30 	"  	42.5 	46 	4,250 	ct 

5.00 	" 	 43..5 	47 	4,500 	cc 

5.30 	"  	43.5 	47 	4,500. 	cc 

6.00 	"  	42.5 	46 	4,000 	Cf 

6.30 	"  	43.5 	47 	4,500 	cc 

7.00. 	"  	42.5 	46 	4,500 	ff 

7.30 	"  	41.5 	45 	4,250 	cc 

8.00 	"  	41.5 	45 	4,000 	cc 

8.30 	"  	41.5 	45 	4,250 	CC 

9.00 	"  	41.5 	45 	4,250 	cc 

9.30 	"  	41.5 	45 	4,250 	cc
• 

10.00 	"  	41.5 	45 	4,500 	cc 

10.30 	"  	43.5 	47 	4,000 	cc 

11.00 	"  	41.5 	45 	4,500 	cc 

11.30 	"  	40.5 	44 	4,500 	( e 

12.00 	"  	38.5 	42 	3,500 	cc 

Jan. 7, 	12.30 a.m 	 	36.5 	40 	4,000 	(c 

1.00 	" 	 • 	 38.5 	42 	4,000 	cc 

1.30 	"  	38.5 	42 	4,000 	cc 

2.00 	" 	 • 	38.5 	42 	4,000 	cc. 

2.30 	"  	38.5 	42 	4,000 	cc 

3.00 	"  	36.5 	40 	4,250 	cc 

3.30 	"  	38.5 	42 	• 	4,250 	cc 

4.00 	"  	36.5 	40 	4,250 	cc 

4.30 	"  	36.5 	40 	3,000 	cc 

5.00 	"  	36.5 	40 	• 	4,000 	cc 
 CC 5.30 	"  	37.5 	41 	4, 250  

6..00 	' 	 .• 
	

38.5 	42 	4,000 	Cf 
 

Cf 6.30 	"  	36.5 	40 	4,500 
7.00 	•"  	42.5 	46 	4,500 	ee 

7.30 	"  	36.5 	40 	4,000 	cc 

8.00 	"  	39.5 	43 	4,250 	cc 

8.30 	"  	39.5 	. 43 	4,250 	cc 

9.00 	"  	39.5 	43 	4,250 	cc 

9.30 	"  	39.5 	43 	4,250 	cc 

10.00 	"  	39.5 	43 	4,000 
10.30 	"  	39.5 	43 	4,250• cc 

11.00 	"  	41.5 	45 	4,250 	cc 

11.30 	" 	 39.5 	43 	4,250 	cc 

12.00 	"  	• 41.5 	45 	4,500 	cc  
12.30 p.m 	 	40.5 	44 	4,500 	cc 

1.00 	"  	41.5 	45 	4,500 	cc 

1.30 	" 	z. 	 36.5 	40 	4,000 	cc 

2.00 	"  	38.5 	42 	4,250 	c. 

2.30 	"  	39.5 	43 	4,250 	cc 

3.00 	•"  	36.5 	40 • 	4,000 	ic 

3.30 	"  	36.5 	40 	4,500 	cc 

4.00 	"  	43.5 	47 	4,400 	cc 

4.30 	" 	• 	 43.5 	47 	4,250 	cc 

5.00 	"  	43.5 	47 	4,250 	cc 

5.30 	"  	43.5 	47 	4,250 	cc 

6.00 	"  	43.5 	47 	4,250 	cc 

6.30 	"  	43.5 	47 	4,250 	cc 

7.00 	"  	43.5 	47 • 	4,250 	cc 

7.30 	"  	43.5 	47 	4,250 	cc 

8.00 	"  	41.5 	45 	4,250 	cc 

8.40 	" 	Run terminated 	 
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Effective 	Pig 	Average 	 Average 
Time of Casts. 	Machine 	leng,th of 	Iron 	Volts on 	Average 	Power 	Average 	El. Horse 

	

stopped. 	run. 	obtained. 	Furnace. 	Amperes. 	Factor. 	Watts. 	Power. 

Jan. 6,2.10 p.m.  	 4h. 10m. 	420 	lbs. 	40.16 	4522 	0.919 	166862 	223.67 

5.30 "  	10m. 	3h. 10m. 	487 	" 	42.21 	4393 	cc 	170404 	228.42 

9.25 "  	15m. 	3h. 40 m. 	513 	" 	42.07 	4250 	cc 	164314 	220.26 

Jan. 7, 1.00 a.m 	 10m. 	3 h. 25 m. 	509 	" 	40.25 	4156 	cc 	153730 	206.07 

4.20 "  	10m. 	3h. 10m. 	413 	" 	37.83 	4125 	cc 	143406 	192.23 

7.25 "  	10m. 	2h. 55 m. 	460 	" 	38.00 	4041 	cc 	141120 	189.17 

9.50 "  	10m. 	2h. 15m. 	317 	" 	38.90 	4200 	cc 	150146 	201.27 

1.05 p.m  	10m. 	3h. 5m. 	510 	" 	40.50 	4321 	cc 	160825 	215.5 

5.00 "  	5m. 	3h. 50m 	515 	" 	39.75 	4237 	cc 	154778 	207. 48 

8.20 "  	15m. 	3h. 5m. 	312 	" 	43.16 	4250 	cc 	168572 	225.96 

8.40 "  	5m. 	15m. 	28 	" 

34 h. 40 m. 	 1 h. 40 na. 	33 h. 	4484 	lbs. 	40.30 	4250 	0.919 	157403 	211.00 
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Total length of run . 	  34 hours, 40 min. 
Effective length of run   33 hours 
Mean volts on furnace 	  40.3 
Mean amperes.   4250 
Power factor. 	  0.919 
Watts=--40 . 3 X 4250 X 0 . 919 	  157403 
Pig iron produced. 	 4484 lbs. 

157403 
El. horse power —     211.00 

746 

Output of pig iron per 1,000 El. horse power days 

4484 X 1000 X 24 
7.727 tons 

33  X211 X 2000 

Electric horse power year of 365 days per ton of pig=0 .354 

Slag 	3886 
The ratio  	 0.866 

Iron 	4484 

The amount of slag produced was very great on account of the use of 
briquettes « ,as reducing material and the large amount of limestone added to 
the charge. In subsequent experiments the limestone was decreased. 

The furnace -worked cold throughout the run; the slag contained a large 
amount of unreduced oxide  and  consequently carried a high percentage of iron. 

RUN No. 2. 

After a new electrode had been put in, the furnace without any alterations 
was started up again at 1215 a.m., Jan. 8. 

Ore treated. 	 Hematite 
Reducing agent. 	 Briquettes 
Flux. 	 Limestone 

Analysis of raw material same as in Run No. 1. 

The limestone in the charge was decreased, the composition now being: 

Ore. 	  200 lbs. 
Briquettes.  	70 " 
Limestone. 	 40 " 
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17 of these charges were put into the furnace,  when  it was decided to stop 
the experiment. The furnace worked cold throughout the run and the slag 
produced was high in iron. At the termination of the run at 12.50 p.m., 
Jan. 8, the material in the furnace was taken out and the crucible cleaned. 

ELECTRICAL MEASUREMENTS: 

	

Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 
Jan. 8, 	12.15 a.m. 	Furnace started.. . . 	 

12.30 	"  	31.5 	35 	4,000 	0.919 
1.00 	"  	33.5 	37 	4,250 	cc 
1.30 	"  	35.5 	39 	4,500 	cc 
2.00 	"  	31.5 	35 	4,500 	cc 
2.30 	"  	34.5 	38 	4,000 	cc 
3.00 	" 	 , 	36.5 	40 	4,250 	(C 

3.30 	"  	34.5 	38 	4,000 	cc 
4.00 	"  	36.5 	40 	4,250 	cc 
4.30 	"  	36.5 	40 	4,500 	cc 
5.00 	"  	36.5 	40 	4,500 	îàcc 
5.30 	"  	36.5 	40 	4,250 
6.00 	"  	36.5 	40 	4,250 	cc 
6.30 	"  	36.5 	40 	4,250 	cc 
7.00 	"  	36.5 	40 	4,250 	cc 
7.30 	"  	36.5 	40 	4,250 	cc 
8.00 	"  	36.5 	40 	4,250 	cc 
8.30 	"  	36.5 	40 	4,250 	cc 
9.00 	"  	36.5 	40 	4,250 	cc 
9.30 	"  	36.5 	40 	4,400 	cc 

10.00 	"  	36.5 	40 	̀ 	4,500 	cc 
10.30 	"  	39.5 	43 	4,500 	cc 
11.00 	"  	38.5 	42 	4,250 	If 

11.30 	"  	41.5 	45 	4,500 	( f 

12.00 	"  	41.5 	45 	4,250 	cc 
12.30 p.m 	31.5 	35 	5,000 	cc 
12.50 	" Furnace stopped. 



Effective 	' 	Pig 	Average 	 Average 

Time of Casts. 	Machine 	length of 	Iron 	Volts on 	Average 	Power 	Average 	El. Horse 
stopped. 	run. 	obtained. 	Furnace. 	Amperes. 	Factor. 	Watts. 	Power. 

 	• 

	

Jan. 8, 3.45 a.m 	 3h. 30m. 	354 	lbs. 	33.93 	4214 	0.919 	• 	131476 - 	176.24 

	

7.10 "  	10 min. 	3h. 15m. 	450 	" 	36.50 	4321 	" 	. 	144960 	194.31 

	

10.10 "  	• 15 min. 	2 h. 45 m. 	404 	" 	36.50 	' 4317 	ic 	144792 	194.09 

	

12.50 p.m.  	10 nain. 	2 h. 30 m. 	417 	" 	38.50 	4500 	cc 	159217 	213.42 

	

12 h. à5 min. 	 35 min. 	12 hours. 	1625 lbs. 	36.36 	4342 	0.919 	145111 	194.51 
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Total length of run 	  12 hours, 35 min. 
Effective length of run    12 hours 
Mean volts on furnace 	  36.36 
Mean amperes.   4342 
Power factor. 	  0.919 
Watts = 36.36 X 4342 X 0.919 	  145111 
Pig iron produced. 	  1625 lbs. 

145111 
El. horse power —     194.51 

746 

Output of pig iron per 1,000 El. horse power days-- 

1625 X 1000 X 24 
8.354 tons 

12 X 194.51 X 2000 

Electric horse power year per ton of pig = 0.328 

Slag 	1008 
The ratio 	— = 	 — 0.620 

Iron 	1625 

The ratio of slag to iron being decreased on account of the smaller pro-
portion of limestone used and the output ofspig iron increased. 

On account of the sticky nature of the charge when using briquettes, 
preventing the free escape of the gaseà, it was decided to use coke in the next 
experiment as the reducing agent. 

RUN No. 3. 

Furnace: No alterations were made in the furnace. 
Ore treated. 	 Hematite 
Reducing agent 	 Coke 
Flux. 	 Limestone 

ANALYSIS OF RAW MATERIAL. 

	

Coke: Volatile matter    1.73% 
Fixed carbon 	  90.37 " 
Ash. 	  7.90 " 

100.00% 
Sulphur. 	  0.67 " 

The analysis of ore and limestone same as in run No. 1. 
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After the crucible had been cleaned, the furnace was *started up at  9.45:  
p.m., Jan. 8. 

COMPOSITION OF CHARGE. 

Ore. 	  200 lbs. 
Coke.  	60 " 
Limestone. 	 30 " 

The furnace worked well for a short time, after which the electrode 
gradually started to come up. At 11.25 p.m., Jan. 8, the furnace had to be 
stopped and the iron tapped. 

When using coke as the reducing agent, the charge was sufficiently 
porous to enable the gases to escape without great pressure. The lower part 
of the furnace being entirely lined with carbon paste, at least part of the cur-
rent would disseminate itself through the charge, preventing the current 
at the reducing and smelting zone from attaining such density as would be 
required for the high temperature necessary; thus also decreasing the resist-
ance and necessitating the raising of the electrode, the electrical installation 
not permitting the increase of the current over 5,000 amperes at about 40 
volts. 

Length of run. 	  1 hour, 40 min. 
Mean volts on furnace.   36.5  
Mean amperes.   4500 
Power Factor    0.919  
Watts  = 36.5 X 4500 X 0.919 	 150945 
Pig iron produced 	  264 lbs. 

150945 
El. horse power =   202 . 34 

746 	 
Output of pig iron per 1,000 El. horse power days =-- 

264 X 1000 X 24 
9.375 tons 

1.67 X 202.34 X 2000 
El. horse power years per ton of pig = 0.292 

RUN No. 4. 

FURNACE. 

To prevent the current or part of same from passing through the charge 
to the sides of the crucible, the carbon paste around the crucible was cut out 
and a brick lining inserted (see Plate IV.), the inner lining being made of 
magnesite bricks and the outer one of common fire bricks. 
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The fur.  nace was preheated from 5 p.m., Jan. 11, to 9.15 a.m., Jan. 12, 
when it was charged. . . 

Ore treated. 	 Hematite 
Reducing agent. 	 Coke 
Flux. 	 Limestone 

The analyses of ore and limestone are given in Run  No. 1, and the 'analysis 
of the coke in Run No. 3. 

COMPOSITION OF CHARGE, WHEN STARTING. 

Ore. 	  200 lbs. 
Coke. 	  60 " 
Limestone. 	 30 " 

6 of these charges were put into the furnace. 

The electrode was gradually rising and the carbon was, therefore, re-
duced, the composition of the charge now being:— 

Ore. 	  200 lbs. 
Coke.  	55 " 
Limestone . 	 30 " 

2 of these charges were put in. The electrode, however, continued to rise 
and the experiment had to be stopped. 

The .amount of coke used was a little in excess of what actually was 
needed for the reduction of the ore and the carburization of the iron. This 
excess of carbon accumulated in the crucible and may have had some effect 
on the resistance of the charge. 

The voltage employed was probably also too high for the comparatively 
low resistance of the charge. 

One cast was made at 11.45 a.m., Jan. 12, 391 lbs. of grey pig iron being 
obtained. 

After this cast the electrode rapidly came up and from 12.30 p.m. no 
new material was put in. At 3 p.m. part of the material in the furnace was 
taken out and the balance was melted down and cast at 4 p.m., when 298 
lbs. of pig iron were obtained. This iron was white,' which often proved to 
be the case when melting down the furnace, unless carbon was added. 

2 
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EEECTRICA,L MEASUREMENTS. 

Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

Jan. 12 	9.15  am...  	40.5 	44 	3,500 	0.919 
9.30 	"  	39.5 	43 	4,000 	a 

10.00 	" 	 , 	34.5 	38 	5,000 	a 

10.30 	"  	36.5 	40 	5,000 	et 

11.00 	"  	35.5 	39 	5,000 
11.30 	"  	36.5 	40 	' 	5,000 	a 

12.00 	"  	36.5 	40 	5,000 	a 

12.30 p.m  	31.5, 	35 	5,000 	a 

1.00 	" 	Material in furnace 
being melted 

4.00 	" 	J 	down. 

Only taking into account the first cast, the figures are: 

Length of run. 	  2 hours, 30 min. 
Mean volts on furnace 	  37.17 
Mean amperes.   4583 
Power factor. 	  0.919 
Watts -----• 37.17 X 4583 X 0.919 	 156555 
Pig iron produced. 	 • 	391 lbs. 

156555 
El. horse power 	 

746 
Output of pig iron per 1,000 El. horse power days-- 

391X  1000 X 24 
	  8.944 tons 

2.5 X 209.85 X 2000 

El. horse power years per ton of pig  = 0.306 

RUN No. 5. 

Furnace: No alterations were made in. the furnace. 
Ore treated. 	 Hematite 
Reducing agent. 	• 	 Briquettes 
Flux. 	 Limestone 

The analyses of the raw materials are given in Run No. 1. 

COMPOSITION OF CHARGE. 
Ore. 	  200 lbs 
Briquettes.  	70 " 

, Limestone. 	 40 " 

22 of these charges were put into the furnace. 

209.85 
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The furnace worked very badly throughout this experiment. The 
electrode came up and the material in the furnace had partly to be taken 
out or melted down. 

The furnace in this case, lined with bricks, prevented the current or part 
of same from passing through the charge to the sides of the crucible, the whole 
current being forced through the charge, slag and metal to the bottom of 
the crucible. The resistance offered not being great enough for the com-
paratively high voltage employed, necessitated the raising of the electrode 
until a sufficient resistance was obtained. In this experiment the height of 
the furnace was not sufficient and the electrode continued to rise until an 
arc was established. 

ELECTRICAL MEASUREMENTS. 

	

Volts 	Volts 
Time , 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

	

Jan.•12 	4.35 	p.m. Furnace started . 

	

5.00 	"  	42.5 	46 	3,500 	0.919 

	

5.30 	"  	41.5 	45 	4,000 	CC 

	

6.00 	"  	44.5 	48 	4,250 	cc 

	

6.30 	"  	38.5 	42 	4,000 	cc 

	

7.00 	"  	38.5 	42 	4,250 	, cc 

	

7.30 	"  	38.5 	42 	4,500 	lt 

	

8.00 	"  	38.5 	42 	4,500 	cc 

	

8.30 	"  	40.5 	44 	3,700 	cc 

	

9.00 	"  	38.5 	42 	4,500 	cc 

	

9.30 	"  	35.5 	39 	5,000 	cc 

	

10.00 	"  	38.5 	42 	4,500 	(C 

	

10.30 	"  	36.5 	40 	5,000 	cc 

	

11.00 	" 	 . 	36.5 	40 	5,000 	cc 

	

11.30 	"  	36.5 	40 	5,000 	cc 

	

12.00 	'  	35.5 	39 	5,000 	cc 

	

Jan. 13 12.30 	a.m. ( 	Material in 	) 	36.5 	40 	5,000 	cc 

	

1.00 	" 	1 	furnace being 	34.5 	38 	• 	5,000 	" 

	

1.30 	" 	I 	melted 	i 	38,5 	42 	4,500 	cc 

	

2.00 	" 	I. 	down J 	34.5 	38 	5,000 	cc 

	

2.30 	" Furnace stopped from 

	

2.00 	to 	3.00 	for 
. 	cleaning of crucible. 

	

3.00 	"  	34.5 	38 	4,000 	( C 

	

3.30 	"  	32.5 	36 	5,000 	cc 

	

4.00 	"  	37.5 	41 	4,500 	«• 	• 

	

4.30 	"  	37.5 	41 	4,000 	cc 

	

5.00 	"  	34.5 	38 	5,000 	cc 

	

5.30 	S Material in furnace 
being melted down. 

	

10.45 	" Furnace stopped. 

The furnace was stopped at 10.45 a.m., Jan. 13, and the material left in 
.same taken out and the crucible cleaned. 
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' 	Effective 	Pig 	Average 	 Average 
Time of Casts. 	. 	Machine 	length of 	Iron 	Volts on 	Average 	Power 	Average 	F1. Horse 

stopped. 	run. 	obtained. 	Furnace. 	Amperes. 	Factor. 	Watts. 	Power. 

Jan. 12, 	6.20 p.m.  	 1 h. 45 m. 	212 lbs. 	42.83 	3917 	0.919 	154173 	206.66 

• , 10.30 "  	10 min.- 	4h. 	643 	" 	38.17 	4439 	“ 	155720 	208.74 

Jan. 13, 12.20 a.m.  	10 min. 	1 h. 40 m. 	260 	" 	36.17 	5000 	‘i 	166201 	222.78 

7 h. 45 min. 	 20 min. 	7 h. 25 m. 	1115 lbs. 	39.06 	4452 	0.919 	159782 	214.18 
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Total length of run . 	  7 hours, 45 min. 
Effective length of run    7 hours, 25 min. 
Mean volts on furnace.   39.06  
Mean amperes 	  4452 
Power factor. 	  0.919  
Watts -= 39.06 X 4452 X 0.919 	 159782 
Pig iron obtained. 	  1115 lbs. 

159782 
El. horse power --- 	  214 .18 

746 
Output of pig iron per 1,000 El. horse power days 

1115 X 1000 x 24 
8.431 tons 

7.41 X 214.18 X 2000 
El. horse power years per ton of pig  =  0.321  

Slag 	575 
The ratio 	=-- 	= 0.516 

Iron 	1115 
The magnesite bricks were badly eaten away up to the level of the slag 

hole on account of the slag produced being fairly acid. 

RUN No. 6. 

FURNACE. 

To facilitate the descent of the charge, the lining of the furnace was made 
cylindrical (see Plate V.), the diameter of the crucible being slightly larger. 
Around the crucible a lining 4 inches thick of carbon paste was rammed to 
protect the brick lining from the slag. 

Ore treated. 	 Hematite - 
Reducing agent . 	 Briquettes 
Flux. 	 Limestone 

The analyses of the raw materials are given in Run No. 1. The furnace 
was pre-heated from 1.00 p.m., Jan. 16, until 11 a.m., Jan. 17, when the 
furnace was charged. 

COMPOSITION OF CHARGE 

Ore. 	  200 lbs. 
Briquettes.  	70 " 
Limestone. 	 40 " 

13 of these charges were put into the furnace. 



Volts 
on 

Furnace. 
Power 
Factor. 

Volts 
on 

Line. 
Time. Amperes. 

Jan. 17 11. 00 a.m.Furnace started. 
11.00  " 	  
11.30 " 	  
12.00  " 	  
12.30 p.m 	  
1.00 " 	  
1.30  " 	  
2.00   " 	' 
2.30 " 	  
3.00   " 	  
330  " 	  
4. 00 " 	  
4.30 	̀. 	  

5.30 " 	  
6.00  " 	  
6.30 " 
7.00  " {  Material in 	}  
8.00   " 	furnace being 
9.00  " 	melted down. 
9.25 " Furnace stopped. 

46.5 
37.5 
36:5 
38.5 
36.5 
36.5 
36.5 
37.5 
39.5 
37.5 
38.5  
38.5  
35.5 

 36.5 
37.5 
37:5 
37.5 
37.5 
32.5' 

50 
41 
40 
42 
40 
40 
40 
41 
43 
41 
42 
42 
39 
40 
41 
41 
41 
41 
36 

0.919  
f t 

Ce 

ef 

el 

CC 

el 

le 

el 

C'  

C'  

CC 

lf 

C'  

Ce 

4,000 
4,250 
5,000 
4,750 
4,750 
4,500 
4,750 
5,000 
4,750 
4,750 
4,750 
4,625 
5,000 
4,800 
5,000 
5,000 
4,875 
5,000 
5,000 
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From now on each cast was numbered to enable a proper record to be 
kept. 

ELECTRICAL MEASIIREMENTS. 

Effective 	 Quality 	 Ratio 

	

Cast 	Time when Cast. 	Machine 	length of 	Pig Iron 	of Pig 	Slag 	Slag  

	

No. 	 stoppell. 	run. 	obtained. 	Iron. 	obtained. 	Iron. 

	

1 	Jan. 17, 2.00 p.m. 	 3 h. 	Om. 	425 lbs. 	Grey 	156 lbs. 	0.367 

	

2 	5.40 	" 	 3 h. 40 m 	6311bs. 	ic 	293 lbs. 	0.464  

	

6. h.  40m.  	6 h.40 m. 1,056 lbs. 	 449 lbs. 	0.425  

The electrode started to come up after 7.00 p.m., At 8.00 p.m., 200 lbs. 

of crude ore were put in, which brought the electrode down a little. It was, 
therefore, decided to melt down the material in the furnace and start again 
with a charge containing considerably less carbon. 

At 9.25 p.m., a cast was made and the material left in the furnace was 
taken out. 
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Cast No. Total Carbon. ' 	 Si. S. 

1 	  

2 	  

RUN No. 7. 

3.80 2.50 0.021 

1.55 0.051 
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Average' 	 Average 
Cast No. 	Pig Iron 	Volts on 	Average 	Power 	Average 	El. horse 

obtained, 	furnace. 	amPeres. 	Factor. 	watts. 	power. 

1 	' 	425 lbs. 	38.36 	4571 	0.919 	161127 	215.98 

cc 2 	631 lbs. 	37.64 	4810 	 166383 	223.03 

1,056 lbs. 	38.00 	4690 	0.919 	163784 	219.55 

. Only taking into account the two casts referred to above, the following 
figures are obtained: 

• Length of run. 	  6 hours, 40 min. 
Mean volts on furnace 	  38 
Mean amperes 	  4690 

. • Power factor. 	  0.919 
Watts  = 38 X 4690 X 0.919 	  163784 

. Pig iron obtained 	  1056 lbs. 
163784 

El. horse power --- 	  219.55 
746 

Output of pig iron per 1,000 El. horse power days = 

1056 X 1000 X 24 
8.653 tons 

• 6.67 X 219.55 X. 2000 

El. horse power year per ton of pig  = 0.310 

ANALYSIS OF PIG IRON PROCUCED. 

Furnace: No alterations were made in the furnace. • 

Ore treated. 	 Hematite 
Reducing agent 	 Briquettes 
Flux. 	 Limestone 

The analyses of the raw materials are given in Run No. 1. 
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After •  the  • termination of Run No. 6 the crucible was cleaned out and 
the furnace again started up at 9.45 p.m., Jan. 17 

COMPOSITION OF CHARGE. 

Ore. 	  200 lbs. 
Briquettes.  	55 " 

- Limestone . 	 40 " 

17 of these charges were put into the furnace. The pig iron obtained 
from the first two casts was white, full of holes and high in sulphur. In order 
to produce a better iron . the carbon in the charge  'was  increased, the com-
position now being: 

Ore. 	  200 , lbs. 
Briquettes.  	60 " 
Limestone. 	 40 " 

After 8 of these charges had been put in the furnace, the composition of 
the charge was changed to: 

Ore. 	  200 lbs. 
Briquettes.  	60 " 
Limestone. 	 50 " 

in order to decrease the sulphur in the pig iron. 

14 of these charges  were  put in. The pig iron obtained gradually became 
greyer with lower contents of sulphur and in order to produce a grey iron 
the carbon in the charge was further increased. The composition now being : 

Ore. 	  200 lbs. 
Briquettes.  	65 " 
Limestone 	  50 " 

3 of these charges were put in after Cast No. 8 and the pig iron obtained at 
Cast No. 9, when the furnace had to be stopped, was grey. 

During this run the electrode had no tendency to rise and towards the 
close of the run the furnace worked very well. 
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ELECTRICAL MEASUB,EMENTS. 

	

Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

Jan. 17, 	9.45 p.m. Furnace started. 

	

10.00 	"  	36.5 	40 	4,750 	0.919 

	

10.30 	"  	36.5 	40 	4,500 	cc 

	

11.00 	"  	36.5 	40 	4,500 	cc 

	

11.30 	"  	39.5 	43 	4,000 	cc 

	

12.00 	"  	36.5 	40 	4,500 	cc 

Jan. 18, 12.30 a.m.  	38.5 	42 	4,500 	cc 

	

1.00 	"  	36.5 	40 	4,000 	cc 

	

1.30 	"  	40.5 	44 	4,000 

	

2.00 	"  	38.5 	42 	4,000 	c 

	

2.30 	"  	37.5 	41 	4,500 	cc 

	

3.00 	"  	36.5 	40 	4,750 	cc 

	

3.30 	"  	41.5 	45 	4,500 	" 

	

4.00 	"  	42. 5 	46 	4,000 	" 

	

4.30 	"  	36. 5 	40 	4,000 	cc 

• 	5. 00 	"  	36. 5 	40 	4,500 	cc 

	

5.30 	"  	36.5 	40 	4,000 	" 

	

6.00 	"  	36.5 	40 	4,000 	cc 

	

6.30 	"  	40.5 	44 	4,000 	cc 

	

7.00 	"  	39.5 	43 	4,000 	cc 

	

7.30 	"  	38. 5 	42 	4,500 	- 	if 

	

8.00 	"  	39.5 	43 	4,500 	cc 

	

8.30 	"  	39.5 	43 	4,500 	cc 

	

9.00 	"  	40.5 	44 	4,500 	" 

	

9.30 	"  	42.5 	46 	4,500 	cc 

	

10.00 	"  	38.5 	42 	5,000 	cc 

	

10.30 	"  	42.5 	46 	4,500 	cc 

	

11.00 	"  	36.5 	40 	5,000 	cc 

	

11.30 	"  	41.5 	45 	4,250 	cc 

	

12.00 	"  	37.5 	41 	5,000 	cc 

12.30 p.m. 	37.5 	41 	5,000 	cc 

	

1.00 	"  	37.5 	41 	5,000 	cc 

	

1.30 	"  	37.5 	41 	5,000 	cc 

	

2. 00 	"  	36.5 	40 	5,000 	cc 
l( 

	

2.30 	"  	40.5 	44 	5,000 

	

3.00 	"  	38.5 	42 	5,000 	cc 

	

3.30 	"  	36.5 	40 	5,000 	" 

	

4.00 	"  	36.5 	40 	5,000 	cc 

	

4.30 	"  	38. 5 	42 	5,000 	" 

	

5.00 	"  	39.5 	43 	5,000 	cc 

	

5.30 	"  	38.5 	42 	5,000 	cc 

	

6.00 	"  	39.5 	43 	5,000 	cc 

	

6.30 	"  	39.5 	43 	5,000 	cc 

	

7.00 	"  	37.5 	41 	5,000 	cc 

	

7.30 	"  	36.5 	40 	5,000 	cc 

	

8.00 	"  	36.5 	40 	5,000 	cc 

	

8.30 	"  	36;5 	40 	5,000 	cc 

	

9.00 	"  	35. 5 	39 	5,000 	cc 
CC " 	9.30 	"  	34.5 	38 	5,000 

	

9.45 	" Run No. 7 terminated . 

	

10.00 	"  	36.5 	40 	5,000 	cc 

	

10.30 	"  	36.5 	40 	4,750 	cc 

	

11.00 	"  	35.5 	39 	4,750 	cc 

	

11.30 	"  	21. 5 	25 	5,000 	cc 

	

12.00 	"  	11.5 	15 	4,500 	cc 

Jan. 19, 12.30 a.m. Furnace stopped. 
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After 11 p.m., Jan. 18, the turbines could not deliver enough power, on 
account of the inlets being blocked with ice, and the furnace had to be shut 
down all together at 12.30 a.m., Jan. 19, and the material left taken out. 
Run No. 7 had, therefore, to be stopped at 9.45 p.m., Jan. 18. 

Effective 	 iZtud 	
R 

	

ity 	 Sl
atio

ag 

	

Cast 	TimeWhen Cast. 	Machine  length Of 	PigIron 	ofIng 	Slag 1  

	

No. 	 stopped 	run. 	obtained 	Iron 	obtained 	Iron. 

h. 	m. 	lbs. 	 1114. 

	

3 	Jan.18, 	1.45a.m... 	 4 	0 	501 	White', 	382 	0.762 
with 
holes. 

	

4 	 5.55 "  	10 min. 	4 	0 	455 	cc 	429 	0.942 

	

5 	 10.10 "  	10min. 	4 	5 	911 	White 	390 	0.428 

	

6 	• 	2.15pan.  	.... 	4 	5 	723 	cc 	556 	0.769 

	

7 	 5.55 	"  	 3 	40 	707 	cc 	363 	0.513 

	

8 	 9.45 "  	 3 	50 	709 	FIalf 	405 	0.571 

	

• 	 grey, 

	

half 	 . 
white 

24 hours. 	20 min. 	23 	40 	4006 	 2525 	0.633 

Materialinfurnaceinelt, 
ed down. 

	

9 	Jan.19, 	12.20a.m.. 	. 	 2 	35 	331 	Grey 	191 	0.577 

	

Average 	 Average 
, Cast No. 	Ilg Ircm 	Volts on 	Average 	Power 	Average 	FA. Horse 

obtained. 	Airnace. 	Amperes. 	Factor. 	Watts. 	Power. 	. 
	, 	  

3 	501 lbs. 	37.62 	4344 	0.919 	150185 	201.32 
4 	455 	" 	- 	38.25 	4281 	cc 	150477 	201.71 
5 	911 	" 	39.50 	4389 	cc 	159320 	213.56 
6 	723 	" 	38.37 	4844 	cc 	170799 	228.95 
7 	707 	" 	38.36 	5000 	'cc 	176264 	236.28 
8 	709 	" 	37.00 	5000 	cc 	170015 	227.90 

4006 lbs. 	38,18 	4643 	0.919 	162923 	218.40 

Effective length of run 	  23 hours, 40 min. 
Mean volts on furnace 	  38.  18 

Mean amperes 	  4643 

Power factor. 	  0.  919 

Watts 	38.18 X 4643 X 0.919 	 162923 

Pig iron obtained. 	  4006 lbs. 

162923 
El. horse power — 	  218.40 

746 



Si. Cast No. S. Total Carbon. 

3 	 I 	0.85 
4  	0.07 
5  	0..40  
6 	  I 	0.17 
7  	0.55 
8  	0.48 

0.127 

	

0.132 	 3.14 

	

0.095 	 1.35 
0.066 

	

0.067 	, 	4.40 
0.073 
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Output of pig iron per 1,000 El. horse power days =— 

4006 X 1000 X 24 
9.299 tons 

23.67 X 218.40 X 2000 

El. horse power year per ton of pig=0 .294 

ANALYSIS OF PIG IRON PRODUCED. 

RUN No. 8. 

FURNACE. 

In order to increase the utilization of the reducing and pre-heating action 
of the carbon monoxide developed, the height of the furnace was increased 
12 inches above the height previously employed. The lining of the furnace 
was given the shape of a double cone set base to base to facilitate the descent 
of the charge (see Plate VI). Up to the slag level the lining of the crucible 
was protected by a few inches of carbon paste, all the rest of the lining being 
made of common fire bricks. 

Ore treated. 	 Hematite 
Reducing agent 	 Briquettes 
Flux. 	 Limestone 

The analyses of the raw materials are given in Run No. 1. The furnace 
was pre-heated from 5.30 p.m., Jan. 22, until 9.30 a.m., Jan. 23, when it 
was charged, the composition of the charge being: 

Ore. 	  200 lbs. 
Briquettes.  	60 " 
Limestone. 	 50 " 

The pig iron produced with this mixture was white and high in sulphur. 
The slag was black and contained a large amount of molten oxide and globules 
of iron. 



5.00 
5.30 

. 6.00 
6.30 

CI 

if 

if 

4.00 CC 

4,500 
5,000 
5,000 ' 
4.500 

	

38.5 	42 

	

36.5 	40 

	

37.5 	41 

	

38.5 	42 

	

41.5 	45 	4,000 

	

40.5 	44 	4,250 

	

38.5 	42 	5,000 

	

39.5 	43 	4,500 

	

39.5 	43 	4,750 

	

42.5 	46 	4,500 

	

38.5 	42 	4,500 

	

35.5 	39 	4,500 

	

36.5 	40 	4,000 

	

36.5 	40 	4,500 

	

41.5 	45 	4,500 

	

36.5 	40 	5,000 

38.5 	42 	5,000 

0.919 
(C 

(‘ 

ct 
C'  

rr 
rt 
rr 

rr 

te 

fi 	 • 
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In order to produce a grey iron with lower contents of sulphur, the 
carbon and limestone were increased, the composition of the charge now being : 

Ore. 	  200 lbs. 
Briquettes.  	65 " 
Limestone. 	 55 " 

The  slag became very thick, however, and the limestone was again re-
duced to its former. amount. 

At 11.40 p.m., Jan. 23, a cast was tried. The iron was too cold, however, 
and the material in the furnace had to be melted down. From 11.ao p.m., 
Jan. 23, to 2.10 a.m., Jan. 24, no new charge was put into the furnace. 

In the evening of Jan. 25 the electrode showed a tendency to rise. Some 
crude ore was, therefore, put in from time to time. 

During the latter part of the run the furnace worked very satisfactorily. 
Upon -stopping the furnace it was found that a crust, consisting chiefly of 
lime, had formed on the sides of the crucible. This material being very 
refractory and non-conductive very likely helped in concentrating the cur-
rent and thus increasing the efficiency of the furnace. 

ELECTRICAL MEASUREMENTS, 

Time. 
Volts 

on 
Line. 

Volts 
on 

Furnace. 
Power. 
Factor. 

Àmperes. 

Jan. 23, 9. 30 a.m. Furnace started. 
9.45 " 	  

10.00 " 	  
10.30 " 	  
11.00 " 	  
11.30 " 	  
12.00 " 	  
12.30 p.m 	  
1.00  " 	  
1.30 " 	  
2.00 " 	  
2.30 " 	  
3.00  " 	  

Machine stopped from 
3.20 to 3.45, fixing 
electrode holder. 

Machine stopped from 
4.00 to 4.30, fixing 
cover on electrode. 



FOR 

RUNS 8 - 12 

nePe,  

rn1  ram 
•",  •;1 
	 "'Noe 

• leree 

PLATE VI. 

EXPERIMENTAL 
ELECTRIC FURNACE 
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Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

	

Jan. 23, 7 .00 p.m 	 	41.5 	45 	4,500 	0.919  
7.30 	"  	37.5 	41 	5,000  
8.00  	"  	43.5 	47 	3,800  
8 .30 	"  	42. 5 	46 	4,100  
9.00  	"  	38.5 	42 	4,750  
9 . 30 	"  	40. 5 	44 	4,500 	ii 

10. 00 	"  	41. 5 	45 	4,500  
10.30 	"  	38.5 	42 	5,000  
11.00 	"  	41.5 	45 	5,000 	ii 
11.30 	" f 	Material in 	41.5 	45 	4,500  
12.00 	" 	J 	furnace being 	40.5 	44 	5,000  

	

Jan. 24, 12.30 a.m 	melted 	f 	42.5 	46 	4,000  
1 .00 	" 	down. 	J 	38.5 	42 	5,000  

Machine stopped from 
1.05 to 1.10, cleaning 
and plugging iron 
hole. 

1.30 	" 	f Material in furnace 1 	37.5 	41 	5,000  
2.00 	" 	L being melted down .f 	36.5 	40 	4,000  
2 . 30 	"  	38. 5 	42 	4,500 	it 
3.00 	"  	41. 5 	45 	5,000 	ii 
3.30 	"  	38. 5 	42 	5.000  
4.00 	"  	31. 5 	35 	5,000  
4.30 	"  	38. 5 	42 	4,500  
5.00 	"  	38. 5 	42 	4,750  
5. 30 	"  	34. 5 	38 	5,000  
6. 00 	"  	37.5 	41 	4,500 	it 
6. 30 	"  	38. 5 	42 	4,000  
7. 00 	"  	38. 5 	42 	4,500 	ii 
7. 30 	"  	38. 5 	42 	4,500  
8 .00 	"  	38. 5 	42 	4,500  
8 . 30 	"  	38. 5 	42 	4,500  
9. 00 	"  	41. 5 	45 	4,500  
9.30 	"  	41. 5 	45 	4,000  

10.00 	"  	36.5 	40 	5,000  
Machine stopped from 

10.20 to 10.35, fixing 
motor. 

11.00 	"  	31.5 	35 	4,000  
Machine stopped from 

11.20 to 11.25, clean- 
ing and plugging 
iron hole. 

11.30 	"  	40. 5 	44 	4,250 	ii 
12.00 	"  	38.5 	42 	4,750  

	

12.30  pan 	 	39.5 	43 	4,750  
1 . 00 	"  	37. 5 	41 	4,600  
1. 30 	"  	36. 5 	40 	5,000 	it 
2.00 	"  	36.5 	40 	5,000 	ii 
2.30 	"  	41.5 	45 	4,500 	ii 
3 . 00 	"  	41. 5 	45 	4,500  
3.30 	"  	39.5 	43 	5,000  

Machine stopped from • 
3.55 to 4.25, fixing 
electrode. 

4.30 	"  	37. 5 	41 	5,000  
5.00 	"  	37. 5 	41 	5,000  
5.30 	"  	36. 5 	40 	5,000  
6.00 	"  	42. 5 	46 	4,500  
6 . 30 	"  	46. 5 	50 	3,500  
7. 00 	"  	41.5 	45 	4,500 	ii 



30 

Volts 	Volts 

	

Time. 	 on 	on 	Amperes. 	Power 
Furnace. 	Line. 	 Factor. 

	

Jan. 24, 	7.30 	p.m  	41.5 	45 	4,250 	0.919 
Machine stopped from 

7.55 to 9.20, repair-
ing motor. 

	

9.30 	"  	36.5 	40 	5,000 	cc 

	

10.00 	"  	37.5 	41 	5,000 	a 

	

10.30 	"  	34.5 	38 	5,000 	a 	. 

	

11.00 	"  	34.5 	38 	5,000 	a 

	

11.30 	"  	36.5 	40 	4,500 	a 

	

12.00 	"  	'38.5 	42 	' 	4,500 	a 

	

Jan. 25, 12.30 	a.m  	37.5 	41. 	4,750 	a 

	

• 	1.00 	"  	39.5 	43 	4,500  

	

1.30 	" 	., 	36.5 	40 	5,000 	a 

	

2.00 	" 	. , 	39.5 	43 	4,500 	cc 

	

2.30 	 39.5 	43 	4,500 	a 

	

3.00 	"  	31.5 	35 	5,000 	a 

	

3.30 	"  	34.5 	38 	5,000 	a 

	

.00 	"  	36.5 	40 	5,000 	a 

	

4.30 	"  	37.5 	41 	4,750 	a 

	

5.00 	"  	37.5 	41 	4,750 	a 

	

5.30 	"  	36.5 	40 	5,000 	f f 

	

6.00 	"  	39.5 	43 	4,750 	a 

	

6.30 	"  	40.5 	44 	4,750 	a 

	

7.00 	"  	41.5 	45 	4,500 	a 

	

7.30 	"  	40.5 	44 	4,750 	a 

	

8.00 	"  	39.5 	43 	4,750 	a 

	

8.30 	"  	38.5 	42 	4,800 	a 

	

9.00 	"  	36.5 	40 	5,000 	a 

	

9.30 	"  	38.5 	42 	4,500 	a 

	

10.00 	"  	36.5 	40 	5,000 	a 

	

10.30 	"  	38.5 	42 	4,800 	a 

	

11.00 	"  	39.5 	43 	4,500 	a 

	

11.30 	"  	36.5 	40 	5,000 	a 

	

12.00 	"  	36.5 • 	40 	• 	5,000 	a 

	

12.30 	p.m  	36.5 	40 	5,000 	lf 

	

1.00 	"  	36.5 	40 	5,000 	a 

	

1.30 	"  	36.5 	40 	5,000 	a 

	

2.00 	"  	36.5 	' 40 	• 	5,000 	a 

	

2.30 	"  	36.5 	40 	5,000 	a 

	

3.00 	"  	37.5 	41 	4,600 	a 

	

3.30 	"  	36.5 	40 	5,000 	a 

	

4.00 	"  	36.5 	40 	5,000 	a, 

Machine stopped from . 
4.15 to 4.35, fixing 
electrode contact. 

	

5.00 	"  	36.5 	40 	5,000 	a 

	

5.30 	" 	• 	■  	40.5 	44 	4,750 	a 

	

6.00 	"  	36.5 	40 	5,000 	a 

	

6.30 	"  	36.5 	40 	5,000 	a 

	

7.00 	"  	39.5 	43 	5,000 	a 

	

7.30 	"  	36.5 	40 	5,000 	a 

	

8.00 	"  	35.5 	39 	5,000. 	a 

	

8.30 	"  	34.5 	38 	5,000 	a 

	

9.00 	"  	35.5 	39 	5,000 	a 

	

9.30 	"  	39.5 	43 	4,500 	a 

	

10.00 	"  	36.5 	40 	5,000 	a 

	

10.30 	"  	35.5 	39 	5,000 	a 

	

WOO 	"  	35.5 	39 	5 000 , 	
a 

	

11.30 	"  	36.5 ' 	40 	5,000 	a 

	

12.00 	"  	36.5 	40 	5,000 	a 

	

Jan. 26, 12.30 	a.m 	 - 	 36.5 	40 	5,000 	a 
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Volts 	Volts 
Time , 	 on 	on 	Amperes. 	Power 

	

Furnace. 	Line. 	 Factor. 

	

Jan. 26, 	1. 00 	a.m 	35.5 	39 	5,000 	0.91 

	

1.30 	"  	35.5 	39 	5,000 	cc 

	

2.00 	"  	36.5 	40 	5,000 	cc 

	

230 	"  	36.5 	40 	5,000 	cc 

	

3.00 	"  	38.5 	42 	4,750 	cc 

	

3.30 	"  	39.5 	43 	4,750 	cc 

	

4.00 	"  	38.5 	42 	5,000 	if 

	

4.30 	"  	38.5 	42 	5,000 	cc 

	

5.00 	"  	38.5 	42 	5,000 	cc 
Machine stopped from 

5.10 to 5.15, cleaning 
and pluggmg iron 
hole. 

	

5.30 	"  	42.5 	46 	4,500 	cc 

	

6.00 	"  	42.5 	46 	5,000 	cc 

	

6.30 	"  	41.5 	45 	4,500 	cc 

	

7. 00 	"  	36.5 	40 	4,750 	cc 

	

7.30 	"  	41.5 	45 	4,500 	cc 

	

8.00 	"  	41.5 	45 	4,500 	cc 

	

8.30 	"  	38.5 	42 	4,750 	cc 

	

9.00 	"  	36.5 	40 	5,000 	ic 

	

9.30 	"  	39.5 	43 	5,000 	cc 

	

10.00 	"  	36.5 	40 	5,000 	cc 

	

10.30 	"  	39. 5 	43 	4,750 	cc 

	

11.00 	"  	39.5 	43 	' 	4,750 	, 1 

	

11.30 	"  	38.5 	42 	5,000 	-cc 

	

12.00 	"  	36.5 	40 	5,000 	cc 

	

12.30 	p.m  	36.5 	40 	5,000 	cf 

	

1.00 	"  	
37.5 	41 	4,800 	cc 

	

1.30 	"  	37.5 	• 	41 	5,000 	cc 

	

2. 00 	cc 	 39 5 	43 	4,750 	cc 

	

2.30 	"  	36. 5 	40 	5,000 	cc 

	

3.00 	"  	36.5 	40 	5,000 	cc 

	

3.30 	"  	38.5 	42 	5,000 	), 

	

4.00 	"  	39.5 	43 	5,000 	cc 

	

4.30 	"  	39 . 5 	43 	5,000 	cc 

	

5:00 	"  	38. 5 	42 	5,000 	cc 

	

5.30 	"f Material in 	furnace i 	37.5 	41 	5,000 	cc 

	

6.00 	"1 being melted 	down f 	36.5 	40 	5,000 	cc 

	

6.00 	" Furnace stopped. 



lbs. 

ô 
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Effective 	 Quality 	
Ratio 

 

	

Cast 	Time When Cast. 	Machine length of 	Pig Iron 	of Pig 	Slag 	Slag  

	

No. 	 stopped 	run. 	obtained 	Iron. 	obtained Iron. 

	

h. 	m. 	lbs. 	 lbs. 

	

10 	Jan. 23, 	1.40 p.m. 	" ... 	4 	10 	515 	White 	372 	0.722 

	

11 	 7.35 "  	55 min. 	5 	0 	739 	White 	566 	0.765 
with 

holes. 

	

12 	Jan. 24, 1 and 2 a.m.  	5 min. 	6 	20 	1002 	" 	1160 	1.157 

• 

	

13 	Jan. 24, 	6.15 a.m. .... . 	.... 	4 	15 	658 	cc 	422 	0.641 

	

14 	11.15 "  	15 min. 	4 	45 	780 	White 	656 	0.841 

	

15 	 3.40 p.m.  	5 min. 	4 	20 	854 	cc 	565 	0.661 

	

16 	 7.35 "  	30 min. 	3 	25 	540 	cc 	404 	0.748 

	

17 	Jan. 25, 	2.05 a.m. . 	 lh. 25m. 	5 	5 	778 	cc 	565 	0.726 

	

18 	 5.55 "  	 3 	50 	738 	" 	469 	0.635 

	

19 	 9.00 "  	 3 	5 	670 	Grey 	286 	0.427 

	

20 	12.30 p.m.  	.... 	3 	30 	504 	cc 	222 	0.440 

	

21 	 4.10 "  	 3 	40 	696 	cc 	367 	0.527 

	

22 	 7.40 "  	20 min 	3 	10 	502 	cc 	344 	0.685 

	

23 	11.05 	"  	 3 	25 	719 	cc 	332 	0.461 

	

24 	Jan. 26, 	2.00 a.m. .  	.... 	2 	55 	525 	" 	294 	0.560 

	

25 	 5.05 "  	 3 	5 	501 	(‘ 	261 	0.521 

	

26 	 8.00 "  	5min. 	2 	50 	712 	cc 	289 	0.405 

	

27 	11.35 "  	 3 	35 	701 	“ 	372 	0.531 

	

28 2.45 p.,m.  	.... 	3 	10 	700 	cc 	274 	0.391 

	

29 • 	5.05 	'  	 2 	20 	552 	cc 	227 	0.411 

	

13-29 	63 h. 5 min. 	2h.40 m. 	60 	25 	11130 	 6349 	0.570 

	

26-29 	12 hours. 	 5 pin. 	11 	55 	2665 	— 	1162 	0.436 

	

30 	Jan. 26, 	6.00 p.m. .  	.... 	55 min. 	155 	Grey 	40 	0.259 

RAW MATERIAL CHARGED. 

Composition of 
Charge. Total. 

Bri- 
quettes. •  

Number 

of  Charges. 

Additional 
Material. 

Lime- 
stone. 

Bri- 
quettes. 

Bri- 
quettes. Ore. Ore. 

Lime- 
stone. 

lbs. 
60 
65 

• 65 

Ore. 

lbs. 
48 
40 
26 

lbs. 
2880 
2600 
1720 

2150 
605 

lbs. 
200 
200 
200 

lbs. 
9600 
8200 
5805 

lbs. 	' 
2400 
2200 
1300 

lbs. 
50 
55 
50 

23605 7200 5900 

When the furnace was stopped at 6.00 p.m., Jan. 26, it was partly filled 

with material. Of this 906 lbs. were taken out, but there still remained 

some in the crucible. 
a 
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Output of 
Chst 	Pig Iron 	Average 	Average 	Iknver 	Average 	Average 	Pig;Iron 

	

Volts  on 	 El. Horse 	per 1000 
No. 	obtabaed. 	Ikmaace. 	Amperes. 	Factor. 	Watts. 	Power. 	E. H.P. 

days. 

lbs. 	 Toms. 
10 	515 	39.16 	4445 	0.919 	159966 	214.43 	6.91 
11 	739 	38.30 	4750 	it 	 167189 	224.11 	7.91 
12 	1002 	40.27 	4550 	cc 	 168387 	225.72 	8.41 

13 	658 	37.37 	4781 	ti 	 164193 	220.09 	8.44 
14 	780 	38.17 	4388 	cc 	 153918 	206.32 	9.55 
15 	854 	39.05 	4705 	ct 	 168848 	226.34 	10.45 

it 16 	540 	40.50 	4536 	 168827 	226.31 	8.40 
17 	778 	37.10 	4775 	cc 	 162803 	218.23 	8.42 
18 	738 	36.21 	4857 	ct 	 161626 	216.65 	10.67 

it 19 	670 	39.50 	4757 	 172681 	231.47 	11.27 
cc 20 	504 	37.50 	4829 	 166419 	223.08 	7.75 

21 	696 	36.64 	4943 	( t 	 166441 	223.11 	10.20 
tc 22 	502 	37.67 	4958 	 171639 	230.08 	8.28 
cc 23 	719 	36.07 	4929 	 163388 	219.01 	11.55 
it 24 	525 	36.16 	5000 	 166155 	222.72 	9.72 
tt 25 	501 	38.33 	4916 	 173167 	232.12 	8.41 
it 26 	712 	41.00 	4625 	 174265 	233.59 	12.92 
tt 27 	701 	38.36 	4893 	 172492 	231.22 	10.16 
it 28 	700 	37.33 	4925 	 168958 	226.48 	11.73 
it 29 	552 	38.50 	5000 	 176907 	237.14 	11.98 

13-29 	11130 	37.97 	4812 	0.919 	167912 	225.08 	9.822 

26-29 	2665 	38.79 	4860 	0.919 	173249 	232.23 	11.562 

30 	155 	37.00 	5000 	0.919 	170015 	227.90 	9.00 

Taking the figures for Casts 13-29, thus eliminating the three first and 
the last Cast, when the material in the furnace had to be melted down, the 
results are the following:- 

Effective length of run    60 hours., 25min. 
Mean volts on furnace. 	 . 37.97 
Mean amperes 	  4812 
Power factor. 	  0.919 
Watts = 37.97 X 4812 X 0.919 	  167912 
Pig iron obtained. 	  11130 lbs. 

167'912 
El. horse power --- 	  225.08 

743 

Output of pig iron per 1,000 El. horse power days =- 

11130 X -1000 X 24 
9.822 tons 

60.41 X 225.08 X 2000 

El. horse poweryear per ton of pig = 0.279 
3 



11.562 tons 

34 5 - 

Only taking into account the last 12 hours of the run, when the furnace 
was working well, the results are as follows:- 

Effective length of run 	  11 hours, 55 min. 

Mean volts on furnace. , 	  38.79 

Mean amperes.   4860 

Power factor. 	  0.919 

Watts  = 38.79 X 4860 X 0.919 	 173249 

Pig iron obtained. 	  2665 lbs. 

173249 	• 
El. horse power --- 	  232.23 

746 

Output of pig iron per 1,000 El. horse power days 

2665 X 1000 X 24 

11.91 X 232.23 X 2000 

El. horse power yea': per ton of pig  = 0.236 

ANALYSIS OF PIG IRON PRODUCED. 

	

Cast 	 Graphitic 	Total 

	

No. 	Si 	5 	P. 	Mn. 	Carbon. 	Carbon. 

	

10 	0.50 	0.110 	 4.42 
11 	' 	0.07 	0.193 	 3.42 

	

12 	0.05 	0.149 	 3.18 

	

13 	0.02 	0.175 	 3.13 

	

14 	0.34 	0.122 	0.024 	0.01 	0.14 	 4.10 • 

	

15 	0.11 	0.094 

	

16 	0.01 	0.133 	 3. 04 

	

17 	0.02 	0.094 

	

18 	0.02 	0.173 	 3. 4() 

	

19 	0.61 	'0.017 

	

20 	0.79 	0.055 	 5. 01  

	

21 	1.05 	0.021 	0.062 	0.10 	3.86 	 5.40 

	

22 	1.43 	0.008 	 4.71 

	

23 	0.94 	0.030 

	

24 	, 	1.04 	0.020 	 4:42 

	

25 	0.97 	0.043 	 . 

	

26 	0.82 	0.094 	• 	 3:1515 

	

27 	0.79 	0.044 

	

28 	0.90 	0.022 	0.067 	0.12 	3.80 	4 .64 

	

29 	0.57 	0.024 

	

30 	1.03 	0.019  
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ANALYSIS OF SLAG PRODUCED. 

	

Cast Mi 	Si02 	Al203 P205 	CaO 	MgO 	Mn0 	FeO 	S 	Fe 

14 	29.28 	15.24 	0.281 	35.17 	2.08 	0.22 	16.88 	0.39 	13.13 
21 	30.28 	13.69 	0.027 	46.22 	2.05 	0.18 	4.79 	0.74 	3.72 
28 	33.40 	15.40 	0.020 	45.39 	1.97 	Trace 	1.98 	0.79 	1.54 

(1 encrai  Sample 

	

26-30 	34.12 	15.00 	0.020 	45,32 	2.20 	" 	2.34 	0.76 	1.82 
General Sample 

	

10-30 	29.44 	13.98 	0.119 	42.62 	2.29 	0.12 	7.11 	0.65 	5.53 
' 

The slag obtained when producing the white pig iron was black with a 
high content of iron and with a comparatively high content of phosphorus 
and manganese, showing cold working and resulting in a white pig iron high 
in sulphur. With increased temperature the phosphoric acid and oxide of 
manganese were reduced and the iron obtained contained practically all of 
the phosphorus and manganese present. 

RUN No. 9. 

FURNACE. 

In this experiment it was decided to make a further attempt to utilize 
the gases developed. No change was made in the shape of the furnace em-
ployed in Run No. 8, but an one inch air pipe was put in 12 inches below the 
top of the furnace. 

Ore treated. 	 Hematite 
Reducing agent 	 Briquettes 
Flux. 	 Limestone 

The analyses of the raw materials are given in Run No. 1. 

The furnace was started up at 8.30 a.m., Jan. 30th, and when the gases 
developed began to burn on top the blast was turned on. The heat developed 
by the burning of the carbon monoxide was so great that the charge in the 
upper part of the furnace became fused and would not descend into the 
crucible. The electrode was rapidly consumed by the oxidizing action of the 
blast and the sheet iron covering the electrode was destroyed in a few minutes. 
The electrode had to be raised and the material in the furnace melted 
down twice during the experiments. Any further attempt in this direction 
with the furnace employed was, therefore, abandoned. 



The briquettes contained. 1.05% sulphur 
0.015% phosphorus 
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RIJN No. 10. 	• 

FURNACE. 

The 'furnace employed for this run was the same as in Run No. 9, the 
holes, however, of the air blast tube were plugged with clay. 

Ore treated. • 	 Magnetite from Wilbur mine. • 
Reducing agent 	 Briquettes and coke fines. 
Flux. 	 Limestone and sand. 

Wilbur Ore: 

Briquettes  

ANALYSIS OF RAW MATERIAL. 

Si02. 	  6.20% 
Fe203 . 	  55  ' 42% )- Fe -•.---- 56.69% 
Fe0   23.04% 	 . 
A.12 03 	  2.56% 
CaO. 	 2.00% 
MgO.... 	 6.84% 

. 
MnO. 	  0.258% 

P205. 	  0.023% P=0.01% 
S.   0.05% 
CO2•and undet 	  3,609% 

---- 
100.000% 
---- 

Moisture 	  { 	 0.20% 
Volatile matter. 	  4.54% 
Fixed carbon 	 55.36% 

- 	  Ash. 	 39.90% 

100.00% 

Ash: 

i23.24 - FSie02â3  +  Al203.  
	  14.06 

CaO... 	 1.75 
MgO.... 	 0.51 
Undet' 	  0.34 

39.90% 

Volatile matter. 	  { 	 1.73% 
Coke fines: 	Fixed carbon 	  90.37% 

Ash. 	  7.90% 

100.00% 

Sulphur. 	  0.67% 
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Si02 . 	  r 	 81.71% . 
Fe203 	  0.09% 
Al203 	  14.27% 

[

CaO...  1 . 60% 
MgO.   1 . 11% 
Alkali and undet.   1  .22%  

• 100 . 00% 

The analysis of the limestone is given in Run No. 1. 

The furnace was started up at 11.00 a.m., Jan. 31, with a charge of com-
position:— 

Ore. 	  200 lbs. 
. Briquettes.  	80 " 

Limestone. 	 25 " 

The pig iron produced from this mixture was white, full of holes and 
high in sulphUr. The carbon and limestone were increased, the composition 
of the charge now being — 

Ore. 	  200 lbs. 
Briquettes.  	80 " 
Coke fines  	5  ci 

• 
Limestone. 	 30 " 

A grey iron of good quality was then produced. 

In order to furthermore decrease the sulphur contents, the limestone 
was still further increased, but the slag produced became too viscous and 
after a few charges the limestone was again reduced to the above amount 
and a little sand put.  in at the time to make the slag more fluid. 

At 9.30 p.m., Jan. 31, a caat was tried, but the iron in the crucible was 
found to have set. Some limestone was then put in and at 10.55 p.m. the 
iron was tapped. The electrode was up rather high, however, and after this 
cast the material in the furnace was melted down, some carburet briquettes 
(made of coke and cast iron fines) were added and the iron cast at 12.20 a.m., 
Feb. 1. 

Sand: 

The furnace was then started up with the new charge and worked well 
during the balance of the run. 
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ELECTRICAL MEASUREMENTS. 

The yoltmeter was for this run direct connected with the electrode and 
the bottom plate of the furnace. 

It was discovered toward the later part of the run that the contact of 
the voltmeter wire with the electrode was very poor and at 10.30 a.m., Feb. 1, 
the voltmeter was connected with the line. 

The readings, taken before this change of voltmeter connection was made, 
are, therefore, not giVen. 

Volts 	Volts 
Time , 	 on 	on 	AJnperes. 	Power 

Furnace. 	Line. 	 Factor.  

Feb.1, 10.30 am-  	37.5 	41 	' 	5,000 	0.919 
11.00 	"  	37.5 	41 	 ii 

11.30 	"  	38.5 	42  
u 12.00 	"  	35.5 	39 	 if 

12.30 p.m  	34.5 	38 	ii 

1.00 	"  	37.5 	41 	ei 

it 1.30 	"  	37.5 	41- 	 le 

lf 2.00 	"  	37.5 	41 	 (f 

ii 2.30 	"  	35.5 	. 	39  

3.00 	"  	35.5 	39  

3.30 	"  	36.5 	40 	ie 	 it 

4.00 	"  	37.5 	41  
f f 4.30 	"  	37.5 	41  
ie 5.00 	"  	37.5 	41 	 it 

5.30 	"  	37.5 	41 	it 

6.00 	"  	38.5 	42  
6.30 	"  	36.5 	40 	ii 	ei 

6.45 	" Furnacestopped. 

After 6.30 p.m., Feb. 1, the electric power delivered rapidly began to 
decrease and at 6.45 p.m. the furnace had to be stopped on account of ice 
choking the inlet to the turbines. 

The average volts on furnace during the later part of the run amounted 
to 36 .97, and for the purpose.  of calculation an average of 37 volts has 
been assumed for the part of the run taken into consideration. 
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Effective 	 Quality 	Ratio 
Cast 	Time when Cast 	Machine 	length of 	Pig Iron 	of Pig 	Slag 	Slag  
No. 	 stopped. 	run 	obtained 	Iron 	obtained 	Iron. 

h. 	m. 	lbs. 	 lbs. 
35 	Jan. 31, 2.30 p.m 	 • 3 	30 	605 	white 	349 	0:576 

with 
holes 

36 	" 	6.30 p.m 	 4 	233 	‘‘ 	532 	2.283 
37 	" 	10.55 p.m 	 4 	25 	719 	" 	614 	0.853 
38 	Feb. 1,12.20 a.m... . .. 	10 ru... 	1 	15 	215 	Grey 	104 	0.484 

39 	Feb. 1, 	4.40 a.m.. .. . .20 m. .. . 	4 	.. 	526 	(t 	193 	0.367 
40* 	" 	8.00 	" 	... ..10 m.... 	3 	10 	893 	“ 	262 	0.293 
41 	" 	11.35 	" 	 3 	35 	583 	‘, 	219 	0.376 
42 	" 	4.15 p.m.... .. 	5 m .. 	4 	35 	754 	(i 	409 	0.542 
43 	" 	6.45 	" 	 2 	30 	439 	ce 	168 	0.382 

39-43 	18 h. 25 min. 	35 min. 	17 h. 50 m 	3195 	 1251 	0.391 

*The iron broke through at 4.40 a.m. and had to be ca.st, but on account of the hole 
being a little above the regular tap hole some iron was left in the crucible, which explains 
the large cast obtained in cast No. 40, when the regular tap hole was used. 



RAW MATERIAL CHARGED. 

Composition of Charge. 	 Additional Material. 	 Total. 

Number of 	 

Charges. 	 Bri- 	Coke 	Lime- 	 Bri- 	Coke 	Lime- 
Ore. 	quettes. 	Fines. 	stone. 	 Ore. 	quettes. 	Fines. 	stone. 	Sand. 

lbs. 	lbs. 	, 	lbs. 	lbs. 	 lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
22 	200 	80 	— 	25 	Limestone 	 100 	4400 	1760 	— 	650 	— 

10 	200 	80 	5 	30 	 2000 	800 	50 	300 	— 

Ore 	 200 
200 	80 	5 	35 	Briquettes  	80 	1000 	400 	20 	140 	40 

Sand 	40 

15 	200 	80 	5 	30 	 3000 	1200 	75 	450 	— 

10400 	4160 	145 	1540 	40 
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When the furnace had to be stopped at 6.45 p.m., Feb. 1, it was Partly 
filled with material. Of this 1023 lbs. were taken out. 

Only taking into account Casts 39-43, during which time the furnace 
was in working conditions, the results  are  

Effective length of run    17 hours, 50 Min. 
Mean volts on furnace.    37 
Mean amperes.   5000 
Power factor. 	  0.919 
Watts=--37 X 5000  X0.919 	• 	170015 
Pig iron obtained. 	  3195 lbs. 

170015 
El. horse power --- 	  227 . 90 

746 

Output of pig iron per 1,000 El. horse power days= 

3195 X 1000 X 24 
9.435 tons. 

17.83 X 227.9 X 2000 

El. horse power year per ton of pig=0 

ANALYSIS OF PIC IRON PRODUCED. 

Cast No. 	 Si. 	 S. 	 Total Carbon. 

35  	0.12 	 0.222 
38  	2.54 	 0.033 	 3.28 
39  	3.36 	 0.019 
40  	1.61 	 0.029 	 3.8 
41  	2.49 	 0.042 
42  	2.91 	 0.043 	 4.18 
43  	2.28 	 0.036 	 .... 

ANALYSIS OF SLAG PRODTJCED. 

Cast No. 	Si02 	Al203 	CaO. 	MgO. 	Fe. 	S. 

36 	27.20 	20.61 	18.76 	14.24 	14.15 	0.19 
38. 	 27.18 	28.60 	28.76 	13.91 	0.50 	0.91 
42. 	 35.00 	28.29 	20.00 	10.72 	2.31 	0.80 
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RUN No. 11. 

FURNACE. 

No alterations were made in the furnace. 

Ore treated. 	  j Magnetite from Wilbur mine. 
Hematite (Negaunee). 

Reducing agent 	  Coke 

The analyses of the magnetite and coke are given in Run  No. 10. The 
analysis of the hematite is given in Run No.l. 

The furnace was started up at 8.25 a.m., Feb. 5, when 70 lbs. of Wilbur 
ore first were put in, the crucible not being cleaned from the charcoal used 
for the protection of the electrode during the time the furnace was pre-heated. 
Three charge3 left over from Run No. 10 were first put in, the composition 
being:— 

Ore. 	  200 lbs. (Wilbur ore) 
Briquettes.  	80 " 
Coke fines. 	5  ce 

Limestone. 	 30 " 

The charge  was  then changed to  :- 

Ore.. 	  

Coke. 	  

f 100 lbs. Wilbur ore 
1. 100 lbs. Hematite 

56 lbs. 

4 of these charges were put in and in addition 300 lbs. Wilbur ore and 200 lbs. 
hematite. 

The charge was then changed to :— 

Ore. 	  

Coke. 	  

f 100 lbs. Wilbur ore 
I 100 lbs. Hematite 

40 lbs. 
2 of .these charges were put in and in addition 100 lbs. Wilbur ore and 100 
lbs. hematite. 

The electrode rose steadily however after 1.00 p.m. No new material 
was put in and the material in the furnace was melted down. 

In order to use coke as a reducing agent the current employed must be 
of a lower voltage than the one we had at our disposal. Any further attempt 
with  coke was, therefore, abandoned and when the furnace practically was 
cleaned out at 4.40 p.m., Feb. 5, the next run was started up with charcoal. 



Time. Volts on Furnace. Amperes. Power Factor 

Feb. 5, 8.25 a.m.. . Furnace started. 
8.45 " 	  
9.00 " 	  
9.30 " 	  

10.00 " 
10.30 " 
11.00 " 
11.30 " 
12.00 " 
12.30 p.m 
1.00 " 
1.30 " 
2.00 " 
2.30 " 	  

	

3.00 " 	  

	

3.30 " 	  

	

4.00 " 	  

	

4.30 " 	  
4.40 " Run terminated. 

41 
42 
40 
40 
38 
38 
38 
37 
38 
38 
37 
37 
35 
35 
40 
38 
38 

0.919 
CC 

CC 
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Cl 
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Cf 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

5,000 
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CC 

CC 

it 

el 

CI 
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ELECTRICAL 'MEASUREMENTS. 

The voltmeter  was  for  this  run direct connected with the electrode and 
the bottom plate of the furnace, thus eliminating the loss on the contacts. 

	

Effective 	 Quality 	Ratio 

Cast 	Time when Cast 	Machine 	length of 	Pig Iron 	of pig 	Slag 	Slag  
No. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron. 

h. 	ni 	lbs 	 lbs. 
44 	Feb. 5,11.45 a.m. 	 3 	20 	762 	Grey 	221 	0.290 

45* 	• Feb. 5,4.30 p.m. 	 4 	45 	770 	Grey 	214 	0.278 

*After 1.00 p.m. material in furnace melted down. 

Only taking into account Cast 44, the results  are  

Length of run. 	  3 hours, 20 min. 
Mean volts on furnace. 	 • 	 3957  
Mean amperes.   5,000 
Power factor. 	  0.919  

. 57 X 5000 X  0.919 	 181824 
Pig iron obtained 	  762 lbs. 

181824 
El. horse power --- 	  243 . 73 

746 
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Output of pig iron per 1,000 El. horse power 

762 x 1000 X 24 
	  11 .265 tons. 

3.33 X 243.73 X 2000 

El. horse power year per ton of pig-0 .243 

RUN No. 12. 

FURNACE. 

No alterations were made in the furnace. 

Ore treated. 	 Magnetite from Wilbur mine. 
Reducing agent 	 Charcoal. 
Flux. 	 Sand.. 

ANALYSIS OF RAW MATERIAL. 

The analyses of the Wilbur ore and sand are given in Run No. 10. 

Charcoal 

Moisture 	  14.00% 
{ Volatile matter., 	  27.56% 

Fixed carbon 	  55 . 90% 
Ash. 	  2.54% 

---- 
100.00% - 

Sulphur. 	' 	   0.058% 

• Immediately after the termination of Run No. 11 the furnace was put in 
order and started up at 4.40 p.m., Feb. 5, with a charge of composition:— 

Ore.. 	  400 lbs. 
Charcoal. 	  104 " 
Sand 	  28 " 

With charcoal as the reducing agent the current employed was suitable 
and the furnace worked 'well. At 10.55 p.m., Feb. 5, the iron broke through, 
however, and the furnace had to be shut down for repair. The lining around 
the iron hole was badly eaten away and when the iron broke through part of 
the iron casing of the furnace was destroyed. 

7 charges of the above composition were put in and when the .crucible 
was cleaned 676 lbs. of material were taken out. When starting up, some 
material from the previous run was very likely left in the furnace. 



39 
37 
39 
35 
37 
39 

41 
38 
40 
39 
38 

5,000 

lt 

le 

IC 

" 

0.919 
‘‘ 
tt 

tt 

et 
tt 

ti 

it 

45 

ELECTRICAL MEASTJREMENTS. 

The voltmeter was direct connected with the electrode and bottom plate 
of the furnace, eliminating the loss on the contacts. 

Time. Volts on Furnace. Amperes. Power Factor 

Feb. 5, 4.40 p.m. Furnace started. 

	

5.00 " 	  

	

5.30 " 	  

	

6.00 " 	  

	

6.30 " 	  

	

7.00 " 	  

	

7.30 " 	  
7.55 " f Machine stopped, re-
8.15 "  1  pairing iron hole . 

	

8.30 " 	  

	

9.00 " 	  

	

9.30 " 	  

	

10.00 " 	  

	

10.30 " 	  
10.55 " Furnace stopped. 

	

Effective 	 Quality 	Ratio 
Cast 	Time when Cast 	Machine 	length of 	Pig Iron 	of Pig 	Slag 	Slag 
No. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h. 	in. 	lbs. 	 lbs. 
46 	Feb. 5,7.45 p.m. 	 3 	5 	723 	Grey. 	419 	0.579 
47 	" 	5,10.55 p.m. . .. 	20 min. 	2 	50 	595 	fc 	215 	0.361 

[6-47 	6 hrs. 15 min. 	20 m. 	5 	55 	1318 	Grey. 	634 	0.481 

Output of 

	

Cast 	Pig Iron 	Average 	Average 	Power 	Average 	Average 	Pig Iron 

	

Volts on 	 El. Horse 	per 1000 

	

No. 	obtained 	Furnace 	Amperes 	Factor 	Watts 	Power 	E. H. P.•
days 

lbs. 	 Tons. 

	

46 	723 	38.00 	5000 	0.919 	174610 	234.06 	12.03 

	

47 	595 	39.20 	5000 	0.919 	180124 	241.45 	10.46 

	

46-47 	1318 	38.60 	5000 	0.919 	177367 	237.75 	11.256 

Effective length of run    5 hours, 55 min. 
Mean volts on furnace.   38.6 
Mean amperes.   5000 
Power factor. 	  .0 .919 
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Watts--38.6 X 5000 X  0.919 	  177367 
Pig iron obtained. 	 • 	 1318 lbs. 

177367 
El. horse power --- 	  237 . 75 

746 

Output of pig iron per 1,000 El. horse power days =— 

1318 X 1000 X 24 - 
11.256 tons. 

5.91 X 237.75 X 2000 
El. horse power year per ton of  pigr==0 .243 

ANALYSIS OF FIO IRON PRODUCED. 

Cast No. 	 Si. 	 S. 	 P. 	Totalearbon. 

46. 1.84 	0.054 	0.029 	4.10 

47. 1.21 	0.039 	0.019 	.... 

RUN No. 13. 

FURNACE. 

The furnace  vas  repaired and given the same shape as the one employed 
in Runs Nos. 8-12, the diameters of the lower cone being made slightly smaller 
and the diameter on top a little larger. The height of the furnace was in-
creased three inches and instead of brick lining partly around the tap holes, 
carbon paste was used entirely, as shown in Plate No. VII. The brick lining 
was made of common fire bricks on account of difficulty in obtaining basic 
lining material. 

In order to 'ascertain the consumption of electrode per ton of product, a 
new electrode was put in covered for a distance -of three feet with asbestos 
and sheet iron. 

The electrode weighed when put in 937 lbs. 

The furnace was pre-heated from 12.00 noon, Feb. 11, until 9.30 a.m., 
Feb. 12, when the electrode was taken out and a few loose pieces at the end 
knocked off. The weight of these pieces amounted to 17 lbs. and consequently 
the weight of the electrode when starting the experirnents was 920 lbs. 

Ore treated. 	 Magnetite from Wilbur mine. 
Reducing agent. 	 Charcoal 
Flux. 	 Sand 
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ANALYSIS OF RAW MATERIAL. 

I Volatile matter 	  2 . 02% 
Electrode 	Fixed carbon.   95.78% 

Ash. 	  2 . 20% 

100.00 
Sulphur. 	  1 . 19% 

The analyses of the Wilbur ore and sand are given in Run No. 10, and 
of the charcoal in Run No. 12. 

The furnace WU started up at 9.45 a.m., Feb. 12, with a charge of com-
position:— 

Ore. 	  400 lbs. 
Charcoal. 	  104 " 
Sand 	  28 " 

left over from the previous run. 

The charge was then changed to:— 

Ore. 	  400 lbs. 
Charcoal 	  104 " 
Sand 	  20 " 

The furnace worked very badly and the material in the furnace had to be 
melted down. 

At 3.00 p.m., Feb. 12, a cast was tried, but the iron was cold, only 282 
lbs. being obtained. Some carburete briquettes were put in, the furnace 
heated up and the iron cast at 4.50 p.m. In this cast, No. 48, 816 lbs. of 
iron were obtained. The iron was white and full of holes. 

The production of this white iron  was  occasioned by the cold working 
of the furnace, resulting from the fact that the furnace when starting had not 
been sufficiently pre-heated and the temperature was still further lowered 
by the introduction of the cold charge. 

The carbon in the charge was hardly sufficient and it was found that the 
carbon paste lining of the crucible was partly eaten away. 

The furnace was again started up at 6.30 p.m., Feb. 12, with a charge 
of composition:— 

Ore. 	  400 lbs. 
Charcoal. 	  140 " 
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to insure an excess of carbon being present and a basic slag to be formed 
until the furnace was in good vvorking condition. The excess of carbon was 
regulated from time to time by the putting in of crude ore and the slag was 
made fluid by means of sand added. 

The furnace -worked well from the starting, the -carbon in the charge 
was gradually decreased and the sand increased, in order to arrive at the 
minimum of carbon required and a fluid slag. 

With a charge of composition:- 

Ore.. 	  400 lbs. 
Charcoal. 	  120 " 
Sand 	  20 " 

a white iron was produced and the actual amount of charcoal needed to pro-
duce a grey iron lies between 120 and 125 lbs. for 400 lbs. of ore. A certain 
amount of the charcoal in the charge was burnt on top of the furnace, however, 
not taking part in the rëduction of the ore, and thus increasing the consump-
tion of the charcoal. 

ELECTRICAL MEASUREMENTS. 

One voltmeter was in this run connected direct with the electrode and 
the bottom plate of the furnace. A hole was bored in the electrode and a 
threaded bolt with 2 nuts inserted. The wire to the voltmeter was firmly 
pressed between the nuts and the contact insured against oxidation by char-
coal powder. In the bottom plate a contact was made in similar way. The 
other voltmeter was in the main circuit. 

	

Volts 	Volts 

	

Ilrné, 	 on 	on 	Amperes. 	nuffer 
Furnace. 	Line. 	 Factor. - 

Feb. 12, 6.30 p.m. Furnacestarted. 	 . 	 , 

7.00 	"  	36.5 	40.0 	5000 

	

'ee 	
0.919 

7.30 	" 	-  	32.5 	36.0 	 fi 

8.00 	"  	36.0 	39.0 	li 	 fi 

8.30 	"  	36.0 	38.0 	et 	 et 

9.00 	"  	36.0 	39.0 	ie 	te 

9.30 	"  	38.0 	40.5 	' 	 " 	
te 	- 

' 	10.00 	"  	37.0 	40.5 	ee 	it 

- 	10.30 	"  	37.0 	40.5 	it 	 ee 

11.00 	"  	37.0 	. 	40.5 	et 	 et 

11.30 	"  	37.0 	40.5 	et 	 et 

12.00 	"  	39.0 	42.5 	le 	 ff 

	

Feb.13,12.30 a.m.  	41.0 	45.0 	ee 	ee 

1.00 	"  	34.0 	36.5 	ee 	et 

1.30 	"  	37.0 	41.0 	ee 	et 

2.00 	"  	32.0 	36.0 	te 	ee 

2.30 	"  	34.5 	38.0 	te 	ee 

R nn 	"  	36.0 	40.0 	te 	ir 
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Volts 	Volts 	 I 

Thne, 	 on 	on 	Amperes. 	Power 
Furnace. 	Une. 	 Factor. 

' 

	

Feb.13 	3.30 	am 	35.0 	39.0 	5000 

	

' tc 	
0.919 

	

4.00 	"  	36.5 	40.0 	 cc 

	

4.30 	"  	36.0 	40.0 	cc 	 cc 

	

5.00 	"  	31.0 	35.0 	tt 	 CC 

	

5.30 	"  	31.0 	35.0 	ci 	 cc 
cc 

	

6.00 	" 	 34.0 	38.0 	 cc 
cc 

	

6.30 	"  	33.0 	37.0 	 cc 
cc 

	

7.00 	"  	33.0 	37.0 	 ci 
cc 

	

7.30 	"  	35.0 	38.5 	 cc 

	

8.00 	"  	34.0 	37.0 	cc 	 cc 
cc 

	

8.30 	"  	33.0 	37.0 	 a 
CC 

	

9.00 	"  	32.0 	34.5 	 cc 

	

9.30 	"  	36.5 	39.0 	cc 	 cc 

	

10.00 	"  	34.0 	38.0 	cc 	 cc 

	

10.30 	"  	34.0 	38.0 	cc 	 cc 

	

11.00 	"  	34.5 	39.0 	t( 	 te 

	

11.30 	"  	35.0 	39.0 	. 	 . 

	

12.00 	"  	35.0 	39.0 	tc 	 cc 

	

12.30 	p.m 	36.0 	40.0 	cc 	 cc 

	

1.00 	"  	36.0 	38.0 	cc 	 cc 

	

1.30 	"  	35.0 	38.0 	cc 	 cc 

	

2.00 	"  	34.0 	38.0 	cc 	 cc 

	

2.30 	"  	35.0 	38.5 	cc 	 cc 

	

3.00 	"  	35.0 	38.5 	cc 	 cc 

	

3.30 	"  	35.0 	38.0 	cc 	 cc 

	

4.00 	"  	35.0 	38.0 	Ci 	 Ci 

	

4.30 	"  	34.0 	37.0 	cc 	 cc 

	

5.00 	"  	32.0 	35.0 	cc 	 cc 

	

5.30 	"  	35.0 	38.0 	tt 	 te 

	

6.00 	"  	37.0 	40.0 	cc 	 cc 

	

6.30 	"  	35.0 	38.0 	Cl 	 Cf 

	

7.00 	"  	34.0 	37.0 	cc 	 cc 

	

7.30 	"  	31.0 	34.0 	ce 	 cc 

	

8.00 	"  	35.0 	39.0 	cc 	 cc 

	

8.30 	"  	35.0 	38.0 	cc 	 cc 

	

9.00 	"  	34.0 	37.0 	cc 	 cc 

	

9.30 	"  	34.0 	37.0 	Cf 	 l! 

	

10.00 	"  	32.0 	35.0 	cc 	 CC 

	

10.30 	"  	37.0 	40.0 	cc 	 cc 

	

11.00 	"  	35.0 	38.0 	le 	 f C 

	

11.30 	"  	39.0 	42.0 	cc 	 ' 

	

12.00 	"  	37.0 	41.0 	cc 	 cc 

	

Peb.14, 12.30 	am.  	34.0 	37.5 	te 	 et 

	

1.00 	"  	34.0 	37.5 	cc 	 cc 

	

1.30 	"  	35.0 	38.0  

	

2.00 	"  	35.0 	38.5 	 cc 
cc 

	

2.30 	"  	35.0 	38.5 	 cc 
ce 

	

3.00 	"  	36.0 	39.5 	 cc 
cc 

	

3.30 	"  	33.0 	36.5 	 Cf , 

Cf 

	

4.00 	"  	34.0 	38.0 	 cc 
ci 

	

4.30 	"  	38.0 	41.5 	 cc 
cc 

	

5.00 	"  	39.0 	42.5 	 cc 
ec 

	

5.30 	"  	39.0 	43.0 	 cc 
cc 

	

6.00 	"  	40.0 	44.0 	 cc 
cc 

	

6.30 	"  	39.0 	43.0 	 cc 
ce 

	

7.00 	"  	39.0 	42.5 	 ce 

	

7.30 	"  	39.0 	42.5 	cc 	 cc 

	

8.00 	"  	39.0 	42.5 	cc 	 cc 

	

8.30 	"  	39.0 	42.5 	ce 	 cc 

	

9.00 	"  	40.0 	43.5 	q 	 cc 

	

9.30 	"  	39.0 	42.5 	cc 	 cc 
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Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

Feb.14,10.00 a.m  	39.0 	43.0 ' 	5,000 	0.919 

	

10.30 	"  	37.0 	41.0 	‘, 

	

11.00 	"  	39.0 	42.0 	a 	 a 

	

11.30 	"  	34.0 	38.0 	a 	 a 

	

12.00 	"  	35.0 	39.0 	a 	 a 

12.30 p.m  	34.0 	37.0 	a 	 a 

	

1.00 	"  	36.0 	38.5 	a 	 a 

	

1.30 	"  	38.0 	41.5 	a 	 a 	. 

	

2.00 	"  	38.0 	42.0 	a 	 a 

	

2.30 	"  	38.0 	42.0 	if 
	

CC 

	

3.00 	" 	. 	 37.0 	40.0 	a 	 a 

	

3.30 	"  	37.5 	41.0 	a 	 a 

	

4.00 	"  	36.0 	40.0 	CC 	 a 

	

4.30 	"  	36.0 	39.5 	a 	 a 

	

5.00 	"  	36.0 	39.0 	te 	 f f 

	

5-.30 	"  	38.0 	42.0 	" 	
a 

	

6.00 	"  	39.0 	43.0 	If" 	 if 

	

6.30 	"  	39.0 	43.0 	a 	 a 

	

7.00 	"  	38.0 	42.0 	le 	 CC 

	

7.30 	"  	37.0 	41.0  

	

8.00 	"  	36.0 	40.0 	CI 	 if 

	

8.30 	"  	36.0 	39.5 	le 	 CC 

t 

	

9.00 	"  	36.5 	40.5 	a 

	

9.30 	"  	36.5 	40.5 	a 	 a 

	

10.00 	"  	36.0 	39.5 	a 	 a 

	

10.30 	"  	37.5 	41.5 	a 	 a 

	

11.00 	"  	35.0 	38.5  

	

11.30 	"  	37.0 	40.5 	fi 	 et 

	

12.00 	"  	38.0 	42.0 	a 	 a 

Feb.15,12.30 a.m.  	34.0 	37.5 	a 	 a 

	

1.00 	"  	34.0 	38.0 	a 	 CC 

	

1.30 	"  	37.0 	41.0 	a 	 a 

	

2.00 	"  	37.0 	40.0 	a 	 a 

	

2.30 	"  	37.0 	40.0 	a 	 a 

	

3.00 	"  	35.0 	38.0 	a 	 a 

	

3.30 	"  	35.0 	- 	38,0 	a 	 a 
a 

	

4.00 	"  	36.0 	39.0 	a 

	

4.30- 	"  	36.0 	40.0 	a 	 a 

	

.5.00 	"  	33.0 	37.0 	a 	 a- 
a 

	

5.30 	"  	31.0 	34.0 	a 

	

6.00 	"  	32.0 	36.0 	a 	 a 

	

6.30 	"  	37.0 	40.0 	a 

	

7.00 	"  	34.0 	37.0 	a 

	

7.30 	"  	.33.0 	36.0 	a 	 a 

	

8.00 	"  	31.0 	34.0 	ff 	 a 
CC 

	

8.30 	"  	35.0 	38.5 	a 

36.5 	a 	 a 

	

9.00 	"  	33.5
,  

	

9.30 	"  	,33.5 	36.5 	a 	 a 

	

10.00 	"  	38.0 	41.5 	a 	 a 

	

10.05 	" Furnacestopped. 

During the morning of Feb. 15 the volts dropped on account of the 
motor driving the generator being out of order and at 10.05 a.m., the 
furnace had to be stopped for repair of motor. 

Mean volts on furnace.   35 . 70 
Mean =volts on line. 	  39 . 18 

. Loss on contacts. 	3.48 volts. 
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Effective 	 Quality 	Ratio 

;ast 	Time when Cast 	Machine 	length of Pig Iron 	of Pig 	Slag 	Slag  

■To. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h. 	m 	lbs. 	 lbs. 
49 	Feb. 12, 	9.35 p.m.  	3 	5 	577 	Grey. 	23 	0.040 
50 	Feb. 13, 12.45 a.m. ....10 in .  	3 	690 	" 	258 	0.374 
51 	 4.30 	" - 	.... 5 in  	3 	40 	726 	" 	234 	0.322 
52 	 8.50 	" 	.... 5 Pu  	4 	15 	325 	" 	238 	0.288 
53 	 12.55 p.m. 	. ...10 m .  	3 	55 	849 	" 	278 	0.327 
54 	 4.55 	" 	....  5m   	3 	55 	804 	" 	249 	0.309 
55 	 8.55 	" 	.... 5 m .  	3 	55 	778 	" 	229 	0.294 
56 	 12.00 	" 	. .. .10 m .  	2 	55 	619 	" 	190 	0.307 
57 	Feb. 14, 	3.30 a.m. . ... 5 m  	3 	25 	646 	" 	262 	0.405 
58 	 6.15 	" 	.... 	Sin  . ,  	2 	40 	518 	" 	254 	0.490 
59 	 9.30 	" 	....10 m  	3 	5 	771 	 280 	0.363 
60 	 1.00 p.m. 	. .. .15 m .  	3 	15 	636 	white 	208 	0.327 

with 
holes 

61 	 5.10 	" 	.. . .10 m  	4 .. 
	

764 	Grey. 	190 	0.248 
62 	 8.50 	" 	....  5m   	3 	35 	815 	" 	234 	0.287 
63 	Feb. 15,12.10 a.m . .... 5 in.  	3 	15 	755 	" 	254 	0.335 
64 	 3.15 	" 	.10  in  	2 	55 	656 	" 	239 	0.364 
65 	 6.15 	" 	. „ .10  in 	2 	50 	647 	" 	262 	0.405 
66 	 10.05 	" 	....  5m   	3 	45 	782 	" 	313 	0.400 

■ -60 	63 hours, 35 min. 	2 h. 10 in. 61 h. 25 in. 	12858  	4195 	0.326 

RAW MATERIAL CHARGED. 

Additional 
Material. 

Total. 

Ore. 

Number 
of 

Charges. 

Composition of 
Charge. 

Charcoal. I Sand. 	Ore. Sand. Ore. Charcoal. Sand. 

lbs. 
200 

50 
100 

lbs. 
50 
20 
15 
40 

lbs. 
560 
140 
390 

2125 
125 
600 
240 
500 

'250 
1625 

lbs. 
50 
30 
60 

380 
25 

125 
40 
80 
50 

351 

lbs. 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 

lbs 
140 
140 
130 
125 
125 
120 
120 
125 
125 
125 

lbs. 
1800 
450 

1300 
6800 
400 

2000 
800 

1600 
800 

5200 

21150 I 	6555 1191 
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Output ot 
Cast 	Pig Iron 	. Average 	Average 	Power 	Average 	Average 	Pig Iron 

	

Volts on 	 El. Horse 	per 1000 
No. 	obtained 	Furnace 	Amperes 	Factor 	Watts 	Power 	E. H. P. 

days 

lbs. 	 Tons. 
49 	577 	35.83 	5000 	. 	0.919 	164639 	220.69 	10.18 
50 	690 	38.00 	id 	 di 	174610 	234.06 	11.79 
51 	726 	35.13 	ii 	ii 	161422 	216.38 	10.97 0 
52 	825 	33.00 	it 	 ii 	151635 	203.26 	11.46 
53 	849 	34.62 	if 	 it 	159079 	213.24 	12.21 
54 	804 	34.88 	ii 	di 	160273 	214.84 	11.48 
55 	778 	34.25 	ii 	ii 	157379 	210.96 	11.32 
56 	619 	35.43 	di 	 ii . 	162801 	218.23 	11.69 
57 	646 	34.57 	id 	 ii 	158849 	212.93 	10.67 
58 	518 	38.00 	di 	 ii 	174610 	234.06 	9.98 
59 	771 	39.14 	id 	 di 	179848 	241.08 	12.46 
60 	636 	36.29 	it 	 di 	166752 	223.52 	10.50 
61 	764 	37.06 	it 	 it 	170290 	228.27 	10.06 
62 	815 	37.57 	di 	 di 	172634 	231.41 	11.80 
63 	755 	36.64 	id 	 di 	168360 	225.68 	12.35 
64 	656 	35.67 	dd 	id 	163903 	219.71 	12.31 
65 	647 	33.83 	ii 	dd 	 155449 	208.37 	13.16 
66 	782 	34.37 	dd 	ii 	157930 	211.70 	11.82 

49-66 	12858 . 	35.70 	5000 	0.919 	164042 	219.89 	11.424 

Effective length of run    61 hour_s, 25 min. 

Mean volts on furnace. 	• 	 35.70 

Mean amperes.   5000 

Power factor. 	 0  919 

Watts---35.7 X 5000 X 0.919 	  164042 • 

'Pig iron obtained. 	  12858 lbs. 

.164042 
El. horse power --- 	  219.89 	• • 

746 . 	. 

Output of pig iroff per 1000 El.  horse power daysT=. 	• 

12858X 1000 X24 
	  11.424 tons. 

61.42 X 219.89 X 2000 

El. herse power year per ten of pig=-0.239 

Chare"oal used per ton of pig=1020 lbs. 	• 	' . 
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ANALYSIS OF PIG IRON PRODUCED. 

Graphitic 	Total 
Cast No. 	Si. 	S. 	P. 	Mn. 	Carbon. 	Carbon. 

49. 	 1.30 	0.020 	0.029 	.... 	.... 	5.18 
53.  	1.41 	0.012 	0.024 4.65 
55.  	2.23 	0.024 	0.019 	Ô.27 	3.76 	4.51 
59. 1.03 	. 	0.034 	0.021 	0.21 	3.56 	4.64 
60. 0.04 	0.075 	.... 	.... 	.... 	.". 
61. 1.03 	0.029 
65. 3.29 	0.020 	Ô.Ô17 	15.2() 	3.53 	3.92 
66. 3.70 	0.015 	.... 	.... 	.... 	.... 

ANALYSIS OF SLAG PRODUCED. 

Cast No. 	Si02 	Al203 	P205 	CaO 	MgO 	MnO 	FeO 	S. 

	

55... . 	42.20 	14.15 	Trace 	16.57 	23.90 	0.08 	1.21 	0.51 

	

59... . 	38.20 	14.42 	" 	13.25 	27.26 	0.20 	5.45 	0.29 

	

65... . 	39.48 	18.39 	(C 	13.56 	25.43 	0.21 	1.21 	0.47 

	

49-66... . 	39.30 	18.87 	" 	15.55 	27.06 	0.35 	1.21 	0.32 

RUN No 14. 

FURNACE. 

No alterations were made in the furnace and the same electrode as in 

Run No. 13 was used. 

Ore treated. 	 Magnetite from Blairton mine. 
Reducing agent. 	 Charcoal 

Flux. 	  f Limestone 
Sand 

Blairton  ore: 

ANALYSIS OF RAW MATERIAL. 

SiO2. 	  6.60% 
Fe203 	  60.74% 
FeO... 	 17.18% 

 }55 85% 

.A1903 	  1.48% 
CaO... 	 2.84% 
MgO 	  5.50% 
MnO 	  0.13% 
P205 	  0.037% P=0.016% 
S.   0.57% 
CO2  and undet 	 4  923% 

100.00% 



Ore. . 
Charcoal. 

400 lbs. 
125 lbs. 
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The analysis of the charcoal is given in Run No. 12, of the limestone in 
Run No. 1, and of the sand in Run No. 10. 

When the furnace was stopped at 10.05 a.m., Feb. 15, it was filled with 
the mixture previously used, amounting to practically one charge. After 
the motor had been repaired the furnace was started up again at 3.00 p.m., 
Feb. 15, with a charge of composition:- 

In order to reduce the contents of sulphur in the pig iron the limestone 
was increased. The high contents of magnesia made the slag very infusible 

•and in order to clean out the crucible 50 lbs.. of sand were added and the 
material in the furnace melted down during Cast 74a. A little sand was 
afterwards added to the charge and the limestone further increased in 
order to obtain a greater proportion of lime to the magnesia. Towards the 
close of the run the carbon in the charge was reduced, the composition now 
being:- 

Ore. 	  400 lbs. - 
• Charcoal. 	  :  120 " 

Limestone. 	 . 	 25 " 
Sand 	  6 " 

The iron produced was still grey, showing that with this ore 120 lbs. of 
charcoal to 400 lbs. of ore was sufficient. On account of the comparatively 
large amount of slag produced and the infusible nature of the slag, the:output 
was correspondingly smaller than in the previous run. 

ELECTRICAL MEASUREMENTS. 

Volts 	Volts  
Time. 	 on 	on 	Amperes. 	Power 

Fienace. 	Line. 	 Factor.  

Feb.15, 3.00pan.Amnacestarted. 
3.30 	"  	38.0 	41.0 	5,000 	0:919 

u 4.00 	"  	35.0 	38.0 	 it 

tt 	 tt 4.30 	"  	37.0 	40.0 
u 5.00 	"  	36.0 	39.5 	 u 
u 5.30 	"  	35.0 	38.0 	 u 
u 6.00 	"  	38.0 	42.0 	 " 
u 6.30 	"  	35.0 , 	39.0 	 u 
u 7.00 	"  	36.0 	40.0 	 u 

7.30 	"  	35.0 	39.0 	lc - • 	 tt 

it 8.00 	"  	37.0 	41.0 	 u 

8.30 	"  	36.0 	40:0  
u 9.00 . 	"  	38.0 	42.0 	 u 	. 
u 9.15 	"  	28.0 	32.0 	 u 
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Volts 	Volts 
Time. 	 on 	on 	Amperes. 	Power 

Pinnace. 	Line. 	 Factor. 

	

Feb. 15, 9.30p.m. 	 	40.0 	44.0 	5,000 	0.919 
10.00 	"  	43.0 	47.0 	cc 	 cc 

10.30 	"  	40.0 	44.0 	cc 

11.00 	"  	39.0 	43.0 	IC 	 cc 

11.30 	"  	36.0 	40.0 	cc 	 cc 

12.00 	"  	35.0 	39.5 	 CC 

it 

	

Feb.16,12.30 a.m. 	 	33.0 	38.0 	 cc 

1 	 cc.00 	"  	37.0 	41.0 	 cc 

1.30 	"  	34.0 	38.0 	cc 	 cc 

2.00 	"  	35.0 	38.0 	cc 	 cc 

2.30 	"  	35.0 	39.0 	lc 	 IC 

3.00 	"  	10.0 	15.0 	3,000 	cc 

3.30 	"  	35.0 	41.0 	5
' 
 000 
  4.00 	"  	36.0 	40.0 	cc 	 cc 

4.30 	"  	36.0 	40.0 	CC 	 If 

5.00 	"  	36.0 	40.0 	cc 	 c: 
5.30 	"  	36.5 	41.0 	-cc 	 cc 

6.00 	"  	37.0 	41.0 	cc 	 cc 

6.30 	"  	37.0 	41.0 	cc 	 cc 

7.00 	"  	36.0 	41.0 	cc 	 cc 

7.30 	"  	36.0 	40.0 	cc 	 cc 

8.00 	"  	36.0 	40.0 	cc 	 cc 

8.30 	"  	36.0 	40.0  
9.00 	"  	37.0 	40.0 	Cf 	 Cf 

9.30 	"  	35.0 	39.0 	cc 	 ee 

10.00 	"  	35.0 	38.0 	cc 	 cc 

10.30 	"  	34.0 	38.0 	cc 	 cc 

11.00 	"  	34.0 	37.0 	cc 	 cc 

11.30 	"  	34.0 	38.0 	CC 	 CC 

12.00 	"  	35.0 	39.0 	cc 	 cc 

	

12.30 p.m. 	 	35.0 	38.0 	cc 	 cc 

1.00 	"  	32.0 	36.0 	If 	 C: 

1.30 	"  	37.0 	40.0 	cc 	 cc 

2.00 	"  	37.0 	40.5 	cc 	 cc 

2.30 	"  	38.0 	41.0 	cc 	 cc 

3.00 	 "  	 38.0 	42.0 	cc 	 cc 

3.30 	"  	38.5 	42.0 	Cf 	 CC 

4.00 	"  	37.0 	41.0 	f t 	 CC 

4.30 	"  	37.5 	41.0 	cc 	 cc 

5.00 	"  	38.0 	41.5 	cc 	 cc 

5.30 	"  	39.0 	42.5 	f t 	 CC 

6.00 	"  	39.0 	42.5 	cc 	 cc 

6.30 	"  	31.0 	35.0 	cc 	 cc 

7.00 	"  	34.0 	37.0 	cc 	 cc 

7.30 	"  	33.0 	36.0 	cc 	 cc 

8.00 	"  	34.0 	37.5 	cc 	 cc 

8.30 	"  	32.0 	35.5 	cc 	 cc 

9.00 	"  	35.0 	38.5 	cc 	 cc 

9.30 	"  	31.0 	35.0 	e 	 cc 

10.00 	"  	37.5 	41.0 	c 	cc 

10.30 	"  	36.5 	39.5 	cc 	 cc 

11.00 	"  	35.0 	39.0 	cc 	 cc 

11.30 	"  	37.0 	40.5 	cc 	 cc 

12.00 	"  	38.0 	42.0 	ft 	 CC 

	

Feb.17 12.30aJn. 	 	 c 36.0 	40.0 	 cc 

1.00 	"  	35.0 	39.0 	cc 	 cc • 
1.30 	" 	 cc r 	Material in 	37.0 	41.0 	 cc 

2.00 	" 	1 	furnace melted 	39.0 	43.0 	cc 	 cc 

2.30 	" 	down 
Machine stopped from 

2.25 to 2.40. 
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Volts 	Volts 

	

Time. 	 • 	on 	on 	Aniperes. 	Power 
Furnace. 	Line. 	 Factor. 

	

Feb. 17 	3.00a.m.  	34.0 	38.0 	5,000 	, 	0.919 
cc 	

• 

	

3.30 	"  	35.0 	39.0 	 cc 

	

4.00 	"  	36.0 	40.0 	cc 	 cc 

430 34 	38.0 	cc 	 cc 

	

5.00 	"  	35.0 	39.0 	cc 	 cc 

	

5.30 	"  	34.0 	38.0 	cc 	 cc 

	

6.00 	" 	 • 	 34.0 	38.0 	ff 	 Ci 

	

6.30 	"  	34.0 	38.0 cc  

	

7.00 	"  	,39.0 	43 	cc
.0. 	

cc 

	

7.30 	"  	38.0 	43.0 	Cf 	 fi 

	

8.00 	"  	39.0 	43.0 	cc 	 cc 

	

8.30 	" 	›' 	35.0 	39.0 	cc 	 cc 

	

9.00 	"  	35.0 	39.0 	cc 	 cc 

	

9.30 	"  	39.5 . 	43.0 	cc 	 cc 

	

10.00 	"  	390 	42.0 	If 	 Ci 

	

10.30 	"  	40.0 	43.5 	cc 	 a 

	

11.00 	"  	- 36.5 	40.0 	.a 	 a 

	

11.30 	"  	39.0 	42.0 	cc 	 cc 

	

12.00 	"  	36.5 	40.0 	cc 	 cc 

	

12.30pan 	 	34.0 	37.5 	cc 	 cc 

	

1.00 	"  	36.0 	39.0 	cc 	 cc 

	

1.30 	"  	36.0 	39.0 	" U  

	

2.00 	"  	35.0 	39.0 	cc 	 cc 

	

2.30 	" 	' 	35.0 	39.0 	cc 	 cc 

	

' 	3.00 	"  	35.0 	39.0 	" 	" 

	

3.30 	"  	35.0 	38.5 	cc 	 cc 

	

4.00 	'  	35.5 	39.5 	il 	 il 

	

4.30 	" 	' 	33.5 	' 	37.0 	cc 	 a 

	

5.00 	"  	34.0 	37.5 	cc 	 cc 

	

5.30 	"  	
cc 

	

' 	 37.0 	40.5 	 a 

	

6.00 	"  	38.0 	41.5 	l‘ 	 fi 

	

6.30 	"  	37.0 	40.9 	cc 	 cc 

	

7.00 	"  	38.0 	41.0 	cc 	 a 

	

7.30 	"  	38.0 	41.0 	cc 	 cc 

	

8.00 	"  	36.0 	40.0 	cc 	 cc 

	

8.30 	"  	37.0 	40.0 	cc 	
. 	

a 

	

9.00 	"  	40.0 	43.5 	cc 	 cc 

	

9.30 	"  	39.0 	42.5 	cc 	 cc 

	

10.00 	"  	38.0 	41.5 	ie 	 ft 

	

10.30 	"  	37.0 	40.0 	cc 	 cc 

	

11.00 	"  	36.0 	39.0 	cc 	 cc 

	

11.30 	"  	36.0 	39.0 	if 	 if 

	

12.00 	"  	36.0 	40.0 	fi 	 fi 

	

Feb.18 12.30a.rn 	 	35.0 	39.0 	a 	 cc 

	

1.00 	a  	35.0 	39 	cc 
	

cc 

	

1.30 	"  	36.0 	40.0 	cc 	 cc 

	

2.00 	a  	36.0 	39.0 	ft 	 Cf 

	

2.30 	"  	36.0 	39.0 	ff 	 if 

	

3.00 	"  	36.0 	39.0 	cc 	 cc 

	

3.30 	"  	36.0 	40.0 	cc 	 cc 

	

4.00 	"  	35.0 	38.0 	Ci 	 if 

	

4.30 	"  	36.0 	40.0 	cc 	 cc 

	

5.00 	"  	35.0 	39.0 	cc 	' 	cc 

	

5.30 	"  	36.0 	39.0 	cc 	 cc 

	

6.00 	"  	36.0 	40.0 	cc 	 cc 

	

6.30 	" 	 • 	37.0 	41.0 	if 	 fi 

	

7.00 	" 	' 	 • 	38.0 	42.0 	cc 	 cc 

	

7.30 	"  	37.0 	41.0 	cc 	 cc 

	

8.00 	"  	350 	39.0 	cc 	 c 

cc 

	

8.30 	" 	 . 	36.0 	40.0- 	 c 

	

9.00 	"  	36.0 	40.0 	cc 	 c: 
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Volts 	Volts 
Time , 	 on 	on 	Amperes. 	Power 

Furnace. 	Line. 	 Factor. 

Feb. 18 	9.30 a.m.  	36.0 	39.0 	5,000 	0.919 

	

10 . 00 	"  	35.0 	39.0 	(c 	ci 

	

10.30 	" 	Material 	 35.0 	39.0 	ce 	 ee 

	

11.00 	" 	 in 	 35.0 	- 	39.0 	ec 	 ce 

	

11.30 	" 	furnace 	 35.0 	38.0 	cc 	 ee 

	

12.00 	" 	nAted 	 35.0 	39.0  

	

12.30 pan. 	down 	 35.0 	39.0 	te 	 f f 

	

1. 00 	" 	 Furnace stopped. 

Mean volts on furnace*   35.88 

Mean volts on line* 	  39.60 

Loss on Contacts 	 • 	 3.72 volts 

* Not including Casts Nos. 74a and 84. 

	

Effective 	 Quality 	Ratio  
)ast 	TirnewhenCast 	Machine 	length of 	PigIron 	ofIng 	Slag 	Slag 

-c:b. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h. 	m 	lbs. 	 lbs. 
67 	Feb 15, 	8.00p.m.  	5 	.. 	928 	Grey. 	283 	0.306 
68 	Feb.16, 12.10 adn. 	.... 	5min. 	4 	5 	811 	 298 	0.366 

cc 69 	" 	4.10 	" 	5 " 	3 	55 	653 	 165 	0.253 
70 	" 	9.00 	" 	.... 5 " 	4 	45 	910 	ce 	 284 	0.312 

ee 
71 	" 	1.00 p.m.  	4 	.. 	802 	 301 	0.375  

“ 

79 	" 	5.00 	' 	 4 	.. 	804 	 308 	0.383 
ce 73 	" 	9.15 " 	 4 	15 	650 	 244 	0.375 

74 	Feb. 17, 	1.00 a.m. 	....10 min. 	3 	35 	557 	. 	" 	252 	0.452 

" 74a 	" 	2.20 	" 	....20 min. 	1 	0 	124 	 106 	0.864 

75 	" 	6.10 	" 	....15 	" 	3 	35 	644 	ec 	 313 	0.486 
76 	" 	9,45 	" 	....10 	" 	3 	25 	664 	ce 	 337 	0.507 

it 
77 	" 	 12 . 45 p.m.  	3 	.. 	622 	 229 	0.368 " 

	

te 	 “ 78 	"- 	4.00 	"  	3 	15 	525 	 167 	0.318 
ce  79 	" 	7.45 	"  	3 	45 	689 	cc 	 262 	0.380 

80 	" 	11.40 	" 	....10 	" 	3 	45 	659 	f t 	 289 	0 . 438 
Si 	Feb. 18, 	3.00 a.m 	 5 	" 	3 	15 	636 	 281 	0.441 
82 	" 	6.30 	"   5 	" 	3 	25 	608 	" 	318 	0.523 

cc 83 	" 	10.00 	"  	3 	30 	703 	ee 	 455 	0.647 

17-83 65 hours,40  min. 	1h lOrn 	64 h 30 in 	11865 	Grey 	4786 	0.403 

84 	Feb. 18, 	1.00p.m 	311. .. 	410 	" 	283 	0.690 

*Material in furnace melted down. 
1-Not including Cast No. 74a. 
1:Material in furnace melted down. 
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RAW MATERIAL CHARGED. 

Additional 
Number 	Composition of Charge. 	MateriaL 	 Total. 	_ 

of 
Charges. 	Char- 	Lime- 	 . 	Char- 	Lime  - 

Ore. 	coal. ' 	stone. 	Sand. 	Sand. 	Ore. 	coal. 	stone. 	Sand. 

lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
.. 	 .. 1 	400* 	125 	.. 	27 400 	125 	 27 

15 	400 	125 6000 	1875 	 .. 
7 	400 	125 	10 	

.. 	.. 

.. 	.. 	2800 	875 	' .7() 	.. 
2 	400 	125 	20., 	 800 	250 	40 
1 	400 	125 	20 	3 	âlt 	400 	125 	20 	â 
4 	400 	120 	20 	3 	.. 	1600 	480 	80 	12 
6 	400 	125 	20 	3 	.. 	2400 	750 	120 	18 
3 	.400 	125 	30 	3 	.. 	1200 	375 	90 	9 
2 	400 	125 	25 	3 	.. 	800 	250 	50 	6 
11 	400 	120 	25 	6 	.. 	4400 	1320 	275 	66 

20800 	6425 	745 	191 

*Wilburore. 

At the termination of this run some material was still left in the furnace. 

• 
Output of 

Cast 	Pig Iron 	Average 	Average 	Power 	Average 	'Average 	PigIron 

	

Volts on 	 El. Horse 	per 1000 
No. 	. obtained 	Furnace 	Amperes 	Factor 	Watts 	Power 	ZILE'. 

days 

lbs. Tons. , 
67 	928 	36.30 	• 	5000 	0.919 	166339 	222.97 	9.98 
68 	811 	37.27 	cc 	 cc 	 171256 	229.56 	10.39 
69 	653 	31.87 	4750 	" 	' 	139112 	-186.47 	10.74 
70 	910 	36.35 	5000 	cc 	 167028 	223.89 	10.27 

cc 71 	802 	34.25 	 cc 	 157378 	210.96 	11.40 
cc 72 	804 	37.63 	 172909 	231.78 	• 	1040 
cc 73 	650 	34.62 	 cc 	 159079 	213.24 	8.61 
cc 74 	557 	35.75 	 cc 	 164271 	220.20 	8.48 

75 	644 	34.57 	 cc 	 158849 	212.93 	10.13 
cc 76 	664 	37.07 	 cc 	 170336 	228.33 	10.23 
cc 77 	622 	37.50 	 cc 	 172312 	230.98 	10.77 
cc 78 	525 	35.36 	 if 	162479 	217.80 	8.90 
cc 79 	689 	36.50 	 cc 	 167717 	224.82 	9.80 
cc 80 	659 	37.38 	 ( t 	 171761 	230.24 	9.16 cr 81 	636 	35.71 	 ef 	164087 	219.95 	10.67 

82 	608 	35.86 	" 	cc 	 164776 	220.88 	9.68' 
cc 83 	703 	36.14 	 cc 	 166063 	222.60 	10.82 

67-83 	11865 	35.88 	4985 	0.919 	164374 	220.34 	10.018 

84 	410 	35.00 	5000 	0.919 	160825 	215.58 	7.60 
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Not taking into account Casts 74a and 84, when the material in the 
furnace was melted down, the results  are  

Effective length of run    64 hours, 30 min. 
Mean volts on furnace.   35.88 
Mean amperes.   4985 
Power factor. 	  0.919 
Watts=35.88 X 4985 X 0.919 	 164374 
Pig iron obtained. 	  11865 lbs. 

164374 
El. horse power --- 	  220.34 

746 

Output of pig iron per 1000 El. horse power days---- 

11865 X 1000 X 24 
	  10.018 tons 

64.5 X 220.34 X 2000 

El. horse power year per ton of pig-----0.273 
Charcoal used per ton of pig=1036 lbs. 

ANALYSIS OF PIG IRON PRODUCED. 

Graphitic 	Total 
Cast  No. 	Si. 	S. 	P. 	Mn. 	Carbon. 	Chrbon. 

68. 	 0.332 
70. 	 4.51 	0.120 	0.033 	Ô.Ô7 	2.72 	3.54  
73. 	 4.98 	0.027 	0.037 	0.11 	3.46 	3.80 
75. 5.15 	0.057 	 .... 	 .... 	 .... 

76. 3.75 	0.090 	 .... 	 .... 	 .... 

77. 3.60 	0.046
3.1Ô 
... 	 ... . 

78. 3.30 	0.030 	0.030 	Ô.115 	 4.16 
79. 3.05 	0.056 	 .... 	 .... 	 .... 

80. 3.53 	0.042 	0.034 	... .3.73 
81. 3.54 	0.039 	0.024 	0.10 	2.78 	3.98 
82. 3.36 	0.052 	 .... 	 .... 	 .... 

ANALYSIS OF SLAG PRODUCED. 

Cast No. 	Si02 	A2103 	P205 	CaO. 	MgO. 	'MnO. 	FeO. 	S. 	. 

	

70. ... 	37.48 	11.82 	0.018 	18.21 	30.57 	0.01 	0.41 	2.20 

	

73. ... 	33.46 	10.40 	0.023 	26.58 	24.58 	0.01 	0.65 	3.15 

	

78... . 	33.56 	8.95 	0.018 	30.23 	24:86 	0.02 	0.82 	2.40 

	

81.... 	33.12 	8.48 	0.016 	25.80 	30.21 	0.02 	0.90 	2.13 

	

67-84... . 	36.16 	18.21 	0.018 	23.14 	20.44 	0.05 	0.42 	2.00 



Calabogie ore: - 
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RUN No. 15. 

• FURNACE. 

No alterations were made in the furnace and the same electrode as in 
Runs  Nos. 13-14  was used. 

Ore treated. • 	 Magnetite from Calabogie* 
Reducing age-nt 	 Charcoal and charcoal breeze. 

f Limestone Flux. 	  
Sand 

ANALYSIS OF RAW MATERIAL. 

Si02 	  3.80% 
Fe203 . 	  56.24% 1.Fe-59.38 
FeO... 	 % 25.76%i 

-  Al203 	  3.73% 
CaO... 	 2.00% 
MgO. 	  3.42%  
Mfi.O. 	  0.27% 
P205 	  0.85% P=0.371% 
S.   0.20% 

 002  and undet    3.73%  

100.00% 

The analysis of the charcoal is given in Run No. 12; of the limestone in Run 
No. 1; of the sand in Run No. 10; of the charcoal breeze used no analysis 
was made. 

The furnace was started up at 3.10 p.m., Feb. 18, when 20 lbs. of charcoal 
first were put in and afterWards the charge of composition:— 

Ore.. 	  400 lbs. 
Charcoal. 	  125 " 
Limestone. 	  30 " 

The pig iron produCed with this mixture was white and high in sulphur. 
The carbon and lime in the charge were, therefore, increased and the iron 

•produced became grey and  with  low content of sulphur. 

* Calabogie Mining Co. 
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At 3.15 p.m., Feb. 19, the machine had to be stopped for repair of the 
motor. The furnace was cooled down considerably during this time and 
when starting up again at 5.45 p.m. the iron in the crucible froze up and the 
material in the furnace had to be melted down. 

At 12.40 a.m., Feb. 20, the furnace was again charged with a charge of 
composition:- 

Ore. 	  400 lbs. 
Charcoal breeze. 	  135 " 
Limestone 	  45 " 

The iron produced became gradually white and the carbon was, therefore, 
increased. The charcoal breeze which was wet and consisted mostly of fines 
did not prove satisfactory and to-wards the termination of the run a charge 
with 145 lbs. of charcoal (in lumps) was put in and a grey iron produced. 

ELECTRICAL MEASUREMENTS. 

The carbon around the bolt screwed into the electrode for thé voltmeter 
contact was partly eaten away and when putting the electrode in place this 
bolt broke. The readings were, therefore, taken on the voltmeter connected 
with the main circuit and from these readings the average loss, 3.72 volts, 
on the contacts, ascertained in the previous run, are deducted. 

Volts  
Thne. 	 on 	Amperes. 	Power 

Une. 	 Factor. 

Feb.18 	3.10p.m.Furnacestarted... 
3.30 	"  	43.0 	5,000 	0.919 
4.00 	"  	41.5 	cc 	 cc 

cc 4.30 	"  	38.5 	 cc 

5.00 	"  	41.0 	cc 	 cc 

5.30 	"  	40.0 	cc 	 cc 

cc 6.00 	"  	40.0 	 cc 

cc 6.30 	"  	38.0 	 cc 

cc 7.00 	"  	38.0 	 cc 

7.30 	"  	39.0 	cc 	 cc 

8.00 	"  	41.0 	cc 	 cc 

8.30 	"  	41.0 	 cc 

9.00 	"  	42.0 	cc 	 cc 

9.30 	"  	42.0 	cc 	 cc 

cc 10.00 	"  	42.0 	 cc 

10.30 	"  	41.5 	cc 	 cc 

11.00 	"  	41.5 	cc 	 cc 

11.30 	"  	41.0 	cc 	 cc 

12.00 	"  	42.0 	fi 	 CC 

Feb.19 	12.30a.m.  	 C( 41.5 	 cc 

1.00 	"  	41.0 	cc 	 cc 

1.30 	"  	40 	cc.5 	 cc 

2.00 	"  	41 	cc.0 	 cc 

2.30 	"  	41.5 	cc 	 cc 

3.00 	"  	40.5 	cc 	 cc 
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Volts  
Time. 	 on 	AJnperes. 	Power 

Line. 	 Factor. 

Feb. 19 	3.30 a.m.  	40.5 	5,000 	0.919 
4.00 	"  	39.5 	et 	 et 

4.30 	"  	40.5 	te 	el 

5.00 	"  	40.5 	et 	 et 

5.30 	"  	41.5 	et 	 et 

6.00 	"  	41.5 	et  
6.30 	"  	41.5 	et 	 el 

7.00 	"  	
if 42.5 	 et 

7.30 	"  	41.5 	ee 	et 

8.00 	"  	40.5 	if 	 ee 

8.30 	"  	40.5 	u 	et. 

9.00 	"  	37.5 	ee 	it 

. 	9.30 	"  	36.5 	it 	 et 

10.00 	"  	37.0 	ee 	ee 

10.30 	"  	39.0 	ee 	te 

. 	11.00 	"  	39.0 	u 	et 

11\ 	
te 

30 	"  	38.0 	 le 

12.00 	"  	38.0 	ee 	et 

12.30p.m.  	37.0 	ee 	te 

1.00 	 37.0 	et 	 ee 

1.30 	"  	37.0 	ee 	te 

2.00 	"  	38.0 	te 	et 
ee 

2.30 	"  	39.0 	 et 
,  3.00 	"  	38.0 	u 	 ee 

Machine stopped from 3.15 p.m. to 	.. 
5.45 p.m. for repair of motor. 

5.45 	"  	38.0 	et 	 f6 

6.00 	"  	37:0 	et 	 et 

6.30 	"  	'39.0 	te 	u 

- 	7.00 	"  	37.0 	et 	 te 

7.30 	"  	38.0 	it 	 -te 

8.00 	"  	38.0 	et 	 ee 

8.30 	"  	37.0 	te 	te 

9.00 	"  	38.0 	ee 	te 

9.30 	" 	1 Material in furnace melted down 
Feb. 20 12.40 a.m. f 	and furnace cleaned. 	 . 

1.00 	"  	42.0 	4,500 	te 

1.30 	"  	39.0 	4,750 	te 

2.00 	"  	40.5 	5,000 	et 

2.30 	"  	38.5 	u 	et 

et 3.00 	"  	40.0 	 ee 

3.30 	"  	39.0 	et 	 el 

4.00 	"  	40.0 	te 	ee 

4.30 	"  	40.0 	te 	et 

5.00 	"  	39.5 	ee 	te 

5.30 	"  	40.5 	te 	 re 

6.00 	"  	39.5 	et 	 te 

6.30 	"  	40.5 	te 	 ee 

- 7.00 	"  	39.5 	ee 	et 

7.30 	"  	39.5 	-tt 	et 

8.00 	"  	39.5 	et 	 “ 

8.30 	"  	38.0 	te 	te 

' 	9.00 	"  	37.5 	it 	 tt 

. 	9.30 	"  	40.0 	et 	 iC 

10.00 	"  	40.0 	u 	tt  

10.30 	"  	40.0 	et 	 et 

11.00 	"  	40.0 	te 	tt 

11.30 	"  	38.0 	te 	et 

12.00 	"  	40.5 	it 

12.30 p.m  	40.5 	- ee 
1_00 	"  	40.0 	'ee 	ee 
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Volts 
Time. 	 on 	Amperes. 	Power 

Line. 	 Factor. 

Feb. 20 	1.30 p.m.  	39.5 	5,000 	0,919 
2.00 	"  	39.5 	cc 	

" 
cc 2.30 	"  	38 . 5 	 cc 

3. 00 	"  	39.0 	cc 	cc 
cc 3.30 	"  	38.0 	 cc 

4.00 	"  	38.5 	cc 	cc 
cc 4.30 	"  	38.5 	 cc 

5. 00 	" Run terminated. 

Mean volts on furnace during first part of run (3.10 p.m., Feb. 18, to 3.15 
p.m., Feb. 19) :- 

40.01-3.72=36.29  

Mean volts on furnace during second_ part of run* (12.40 a.m., Feb. 20, to 
5.00 p.m., Feb. 20) :- 

39.49-3.72=35.77 

Effective 	 Quality 	Ratio 
:ast 	Time when Cast 	Machine 	length of 	Pig Iron 	of Pig 	Slag 	Slag  
qo. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h. m 
85 	Feb. 18, 	7.35 p.m. 	 4 	25 	870 lbs. 	white. 	292 lbs. 	0.335 
86 	" 	11.35 	" 	.... 5 min. 	3 	55 	784 	" 	" 	154 	" 	0.196 
87 	Feb. 19, 	3.35 a.m. 	.... 5 	" 	3 	55 	750 	" 	Grey.... 188 	" 	0.250 
88 	" 	6. 55 	" 	.. . . 5 	" 	3 	15 	670 	" 	" 	193 	" 	0.288 
89 	" 	11.00 	"  	4 	5 	804 	" 	" 	323 	" 	0.401 
90 	" 	3.15 p.m 	4 	15 	642 	" 	" 	185 	" 	0.288 

5-90 24 hours, 5 min. 	15 min. 	23 h: 50 m 4520 lbs   13351bs. 	0.295 

91** Feb. 20, 12.20 a.111. 	.. 2h. 30 in. 	6 h. 35 in. 1012 lbs Grey 	 584 lbs. 	0.577 

92 	" 	5.00 	" 	....20 min.. 	4 	20 	729 	" 	" 	299 	" 	0.410 
93 	' 	" 	9.05 	" 	.... 	5 	" 	4 	.. 	695 	" 	white.. . 235 	" 	0.338 
94 	" 	1.00 p.m. 	 3 '55 	765 	" 	" 	278 	" 	0.363 
95 	" 	5.00 	" 	 4 	.. 	533 	" 	Grey 	80 	" 	0.150 

2-95 16 hours, 40 min. 	25 min. 	16 h. 15 m. 2,722 lbs. 	 892 lbs. 	0.327 

*Not including Cast No. 91. 
**During part of this run, the material in the furnace was melted down. 



RAW MATERIAL CHARGED. 

Additional 	 Total 
Composition of Charge. 	 Material. 

Number 	 
of 	 Charcoal 	Lime- 	 Charcoal 	Lime- 

Charges. 	Ore. 	Charcoal. 	breeze. 	stone. 	Sand. 	Charcoal. 	Ore. 	Charcoal. 	breeze. 	stone. 	Sand. 

lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
6 	400 	125 30 	 20 	2400 	770 	 180 	.. .. • • 	• 	 ... 
2 	400 	125 	... 	• 	35 .. 	 800 	250, 	... 	70 	.. 
1 	400 	130 	... 	35 .. 	 400 	130 	... 	35 
2 	400 	130 	... 	35 	 800 	260 	... 	70 	ià 
6 	400 	135 	... 	50 .. 	 2400 	810 	... 	300 	30 
6 	400 	135 40 	 .. 	 2400 	810 	 240 	.. 

• 7 	400 	... 	i.35 	45 	 .. 	 ... 2800 	 945 	315 	.. 
2 	400 	... 	140 	45 .. 	• 	800 	... 	280 	90 	.. 
2 	400 145 	40 	 800 	 290 	80 	.. 
1 	• 	400 	1. 45 	... 	

.. 	.. 
40 	 400 	1:45 	... 	40 	.. 

• 14000 	3175 	1515 	1420 	40 
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Output of 
Cast 	Pig Iron 	Average 	Average 	Power 	Average 	Average 	PigIron 

	

volts on 	 El. Horse 	per 1000 
No. 	obtained 	Furnace 	Ainperes 	Factor 	Watts 	Power 	ELIT.P. 

days 

	

lbs. 	 Tons. 
85 	870 	36.17 	5000 	0.9194 	166201 	222.79 	10.62 
86 	784 	37.78 	cc 	 cc 	 173599 	232.70 	10.34 
87 	750 	37.34 	cc 	 cc 	 171577 	230.00 	10.00 
88 	670 	37.11 	cc 	 cc 	 170520 	228.58 	10.80 
89 	804 	35.61 	cc 	 cc 	 163628 	219.34 	10.78 
90 	642 	34.03 	cc 	, 	 cc 	156308 	209.60 	8.65 

85-90 	4520 	36.29 	5000 	0.919 	166752 	223.52 	10.183 

91 	1012 	34.03 	5000 	0.919 	156368 	209.60 	8.80 

92 	729 	36.11 	4917 	cc 	 163171 	218.72 	9.23 
93 	695 	35.59 	5000 	cc 	 163536 	219.21 	9.51 
94 	'765 	36.15 	cc 	 cc 	 166109 	'222.66 	10.54 
95 	533 	35.06 	cc 	 cc 	 161100 	215.95 	7.40 

92-95 	2722 	35.77 	4979 	0.919 	163673 	219.40 	9.208 

1st part of run. (Casts 85-90). 

•	 Effective length of run 	 23 hours, 50 min. 
Mean volts on furnace.   36.29 
Mean amperes 	  5000 
Power factor. 	  0.919 
Watts-36.29 X 5,000 X 0.919    166752 

. Pig iron obtained. 	 4520 lbs. • 
166752 

El. horse power --- 	  223.52 
746 

Output of pig iron per 1000 El. horse power days-- 
4520 X 1000 X 24 

	  10.183 tons 
23.83 X 223.52 X 2000 

El. horse power years per ton, of  pig-0.269 

2nd part of run, (Casts 92-95) :- 
Effective length of run    16 hours, 15 min 
Mean volts on furnace. 	  35.77 
Mean amperes.   4979 
Power factor . 	  0.919 
Watts=35.77 X 4979 X 0.919 	  163673 
Pig iron obtained. 	  2722 lbs. 

163673 
El. horse power --- 	  219.40 

746. 
5 
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Output of pig iron per 1000  El. horse power dayS-= 

2722 X 1000 X 24 
	  9.208 tons 

16.25 X 219.4 X 2000 

El. horse power year per ton of pig=0.297 

Charcoal and charcoal breeze used per ton of pig=1136 lbs. 

ANALYSIS OF PIG IRON PRODUCED. 

Graphitic 	Total 
Cast  No. 	Si 	• 	S. 	P. 	Mn. 	Carbon. 	Carbon. 

85 	 0.78 	0.222 	0.392 	0.11 	0.12 	' 	3.51 
86 	 0.122 	 
87 	 0.90 	0.045 	 
88 	 1.18 	0.024 	 
89 	 0.89 	0.023 	0.491 	0.14 	2.38 	3.68 
96 	 1.17 	0.016 	0.457  	 3.43 
92 	 0.73 	6.011 
93 	 0.53 	0.031 	0.520 	0.22 	0.08 	3.78 
95 	 1:44 	0.013 	0.490 	0.19 	2.72 	4.00 

ANALYSIS OF SLAG PRODUCED. 

Cast No. 	Si02 	Al203 	, P205 	CaO 	MgO 	' MnO 	FeO 	S. _ 	 
85 	31.40 	21.82 	0.098 	28.12 	9.70 	0.69 	4.37 	1.08 
89 	23.80 	19.91 	0.109 	39.42 	11.12 	0.02 	2.15 	1.66 
93 	23.40 	18.14 	0.109 	39.42 	13.84 	0.02 	1.66 	1.58 
95 	19.60 	21.62 	0.072 	44.55 	10.70 	0.05 	0.95 	2.19 

85-95 	24.88 	22.09 	0.072 	38.39 	10.86 	0.04 	0.82 	1.69 

RUN No. 16. 
• 

FURNACE. 

No alterations were made in the furnace and the same electrode as in 
Runs Nos. 13-15 was used 

Ore treated. 	 Magnetite from Calabogiee . 	. 
Reducing agent 	 Charcoal 	. 

- 	 f  Limestone ' 
Flux. 	  1 Quartz 

* Calabogie Mining Co., shaft No. 4. 
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ANALYSIS OF RAW MATERIAL. 

	

• Si02. 	  6.06%  
Pe203 . 	  
FeO... 	 25481  ... 7008:% fiFe--59 85%  

	

Al203 	  
0 . 40% 

	

Calabogie ore: Ca0. 	  

	

Mg 0 	  6.00% 

	

P205 . 	  00 01746%% 

3 . 544% P=0.020% CO2  and undet 	  

100.000% 

Moisture    2 . 20% 
Charcoal: 	Volatile matter. 	  20 . 60% 

Fixed Carbon. 	  74 . 40% 
Ash. 	  2 . 80% 

The analysis of the limestone is given in Run No. 1; of the quartz used no 

analysis was made. 

The furnace was started up at 6.20 p.m., Feb. 20, when it was filled with 
one charge of the mixture employed in the previous run. 

The composition of the new charge was:— 

Ore. 	  400 lbs. 
Charcoal 	  125 " 
Limestone. 	  50 " 
Quartz...  	5  c‘ 

Later the charge was changed to:— 

Ore. 	  400 lbs. 
Charcoal 	  130 " 
Limestone. 	  45 " 

The electrode rose, however, to a position too high above the crucible; 

the iron became cold and the crucible filled up with a scale, preventing the 

charge from going down, which resulted in the very small output obtained 

in Cast No. 101. To reduce the excess of carbon in the furnace some crude 

ore was put in, the carbon in the charge was decreased and a little quartz 

added to the charge. _ The electrode came down, the output increased again 

and a fluid slag was produced. At 9.00 a.m., Feb. 22, the furnace had to 
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be stopped on account of .power giving out, the inlet to the turbines being 
blocked with ice. 

ELECTRICAL MEASUREMENTS. 
• 

• 

The volts were read in the same manlier as in the previous run and 3.72 

volts deducted for the loss on the contacts. 

"fflts 
'rime. 	 on 	Amperes. 	Power 

	

Une. 	 Factor. 

	

Feb.20, 	6.20p.m. Fienacestarted. 

	

6.30 	"  	42.0 	5,000 	0.919 

	

7.00 	"  	39.0 	cc 	 cc 

	

7.30 	"  	40.0 	" 	
cc 

	

8.00 	"  	39 	cc 
-.0 	

if 

Cl 

	

8.30 	"  	39.0 	 fi 

	

9.00 	"  	41.0 	cc 	. 	cc 

	

9.30 	"  	40.0 	cc 	 tt 

	

10.00 	"  	40.0 	te 	 a 

	

10.30 	"  	39 	cc :0 	 a 

	

11.00 	"  	' 	39.0 	a 	 fe 

	

11.30 	"  	40.0 	Cl 	 cc 

	

12.00 	"  	-' 	41.5 	cc 	 cc 

Feb.21 	12.30aan.  	40.0 	fi 	 ft 

	

1.00 	"  	40.0 	fi 	 cc 

	

1.30 	"0  	41.0 	.a 	 cc 

	

2.00 	"  	40.0 	cc 	 a 

	

2*.30 	"  	40.0 	it 	 ( t 

	

3.00 	"  	39.0 	Il 	 cc 

	

3.30 	"  	39.0 	a 	 a 

	

4.00 	"  	- 40.0 	. 	 cc 

	

4.30 	"  	38.0 	cc 	 cc 

	

5.00 	"  	38.0 	 cc 

	

5.30 	" 	 . 	 cc 39.5 	 cc 

	

6.00 	"  	40.0 	a 	 cc 

' 	6.30 	"  	40.0 	cc 	 cc 

	

7.00 	"  	39.0 	cc 	 cc 

	

7.30 	"  	39.0 	 ,cc 

	

8.00 	"  	39.0 	a 	 cc 

	

8.30 	"  	38.5 	a 	 cc 

	

9.00 	"  	38.0 	cc 	 cc 

	

9.30 	"  	
cc 

37.0 	
cc 

	

10.00 	"  	38.0 	a 	 cc 

	

10.30 	"  	39.5 	a 	 -cc 

	

11.00 	"  	41.0 	 lt 

	

11,30 	"  	41.5 	 cc 

	

12.00 	"  	41.5 	cc. 	 cc 

12.30p.m.  	41.5 	cc 	 a 

	

1.00 	"  	• 	38.0 	cc 	 cc 

	

1.30 	" 	 41.5 	cc 	 cc 

	

2.00 	"  	42.0 	cc 	 if 

	

' 	2.30 	'  	42.0 	t ( 	 cc 

	

3.00 	"  	41.0 	cc 	 cc 

	

3.30 	"  	41.0 	cc 	 ft 

	

4.00 	"  	 4' f ' 	 41.5 	 cc 

	

4.30 	"  	41 	cc :5 	 cc 

	

5.00 	"  	41.5 	cc 	 cc 

	

* 	5.30 	"  	
cc 41.5 	 cc 

	

6.00 	"  	42.5 	a 	 cc 

cc 

	

A 20 	u 	 sn m 	 ‘‘ 



5,000 

CC 

CC 

CC 

C' 

CC 

CC 

CC 

CC 

CC 

CC 

Cl 

CC 

4,600 
4,800 
5,000 

CC 

Cl 

CC 

CC 

CC 

CC 

CC 

41.5 
40.5 
42.0 
44.5 
43.0 
42.5 
43.5 
43.0 
42.5 
40.0 
39.5 
44.0 
42.0 
42.0 
40.0 
39.0 
37.0 
38.0 
37.0 
37.0 
40.0 
40.0 
41.0 
41.0 
33.0 
35.0 
34.0 
39.0 
41.0 

0.919 
CC 

CC 

Ci 

CC 

CC 

CC 

it 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 

CC 
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Volts 
on 	Amperes. 

Line. 
Power 
Factor. 

Time. 

	

Feb.21 7.00pan. 	  

	

7.30 " 	  

	

8.00 " 	  

	

8.30 " 	  
9.00 " 	  
9.30 " 	  

	

10.00 " 	  

	

10.30 " 	  

	

11.00 " 	  

	

11.30 " 	  

	

12.00 " 	  

	

Feb.22 12.30 aan 	  

	

1.00 " 	  

	

1.30 " 	  

	

2.00 " 	  

	

2.30 " 	  

	

3.00 " 	  

	

3.30 " 	  

	

4.00 " 	  

	

4.30 " 	  

	

5.00 " 	  

	

5.30 " 	  
6.00 
6.30 
7.00 
7.30 
8.00 
8.30 
9.00 

CC 

CC 

CC 

CC 

CC 

Cl 

Cf 

The furnace had to be stopped after the cast at 9.00 a.m., Feb. 22, on 
account of power giving out, the inlet to the turbines being blocked with ice. 

Mean volts on furnace=40 .06-3.72=36.34. 

	

Effective 	 Quai. 	 Ratio 
Cast 	ThnewhenCast 	Machine 	length of PigIron 	of I'ig 	Slag 	Slag  

No. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h 	ni 	- lbs. 	 lbS. 

96 	Feb.20 10.00p.m. 	 3 	40 	627 	Grey. 	153 	0.244 
97 	" 	21 	1.45 am 	3 	45 	771 	" 	153 	0.198 
98 	 6.00 	" 	....15min 	4 	.. 	697 	" 	233 	0.334 
99 	 9.40 	"  	3 	40 	695 	" 	211 	0.303 

100 	 12.50p.m.  	3 	10 	600 	" 	119 	0.198 
101 	 5.05 	"  	4 	15 	611 	" 	139 	0.227 
102 	- 	9.00 	"  	3 	55 	900 	" 	529 	0.587 
103 	Feb.22 	1.00 am 	4 	.. 	777 	" 	115 	0.148 
104 	 5.05 	" 	.... 5min 	4 	.. 	789 	" 	488 	0.618 
105 	 9.00 	"  	3 	55 	683 	" 	416 	0.609 

96-105 	38 hotus, 40 inhl. 	20 min. 38 h.20 m. 	7150 	Grey. 	2556 	0.357 



RAW MATERIAL CHARGED. 

Composition of Charge. 	 Additional Material. 	 Total. 
Number 	 . 

of 
Charges. 

Ore. 	Charcoal. 	Limestone. Quartz. 	Ore. 	Limestone. Quartz. 	, Ore. 	Charcoal. 	Limestone. Quartz. 

lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
1 	 400* 	145 	40 	.. 	.... 	.. 	.. • 	400 	145 	40 
6 	 400 	125 	50 	5 	.... 	._. 	.. 	2400 	750 	300 	30 
9 	 400 	130 	45 	 .... . 	3600 	1170 	405 
2 	 400 	125 	45 	.. 	200 	1.Ô 	15 	1000 	' 250 	100 	15 
1 	 400 	120 	45 	.. 	.... 	.. 	.. 	400 	120 	45 	.. 
1 	 400 	125 	45 	.. 	.... 	.. 	.. 	400 	125 	45 	.. 
2 	 400 	125 	45 	3 	.... 	.. 	 800 	250 	90 	6 
2 	 400 	120 	45 	 .. 	.. 	800 	240 	90 	10 
2 	 400 	125 	45 	 .. 	.. 	800 	250 	90 	10 
2 	 400 	125 	45 	2 	.... 	.. 	.. 	800 	250 	90 	4 

	

11400 	3550 	1295 	75 

* Same ore as employed in Run No. 15. 



Total 
Carbon 

4.40 

4.44 

5.06 

4.52 
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Output of 
Cast 	Ing Iron 	Average 	Average 	Power 	Average 	Average 	IngIron 

	

Watson 	 El. Horseper 1000 
No. 	obtained 	Furnace 	Amperes 	Factor 	Watts 	Power 	RI-LP. 

days 

	

lbs. 	 Tons. 
96 	627 	36.28 	5000 	0.919 	166706 	223.46 	9.19 

u 97 	771 	36.35 	 u 	167028 	223.89 	11.01 
u 98 	697 	35.56 	 u 	163398 	219.03 	9.54 
u 99 	695 	34.92 	 ti 	160457 	215.09 	10.59 
u 100 	600 	36.78 	 u 	169004 	226.54 	10.02 
u 101 	611 	37.39 	 u 	171807 	230.20 	7.49 
u 102 	900 	38.28 	 u 	175896 	235.78 	11.71 
u 103 	777 	38.40 	 cc 	 176448 . 	236.52 	9.85 

104 	789 	35.03 	4925 	 158548 	212.53 	11.13 
105 	683 	34.28 	5000 	u 	 157516 	211.14 	9.92 

96-105 	7150 	36.34 	4993 	0.919 	166748 	223.52 	10.014 

Length of run. 	  38 hours, 20 min. 
Mean volts on furnace.   36.34 
Mean amperes 	 "4993 
Power factor. 	  0.919 
Watts-----36.34 X 4993 X 0.919- 	 166748 
Pig iron obtained. 	  7150 lbs. 

166748 
El. horse power    223.52 

746 

Output of pig iron per 1000 El. horse power days ,---- 

7150 X 1000 X 24 
	  10.014 tons 

38.33 X 223.52 X 2000 

El. horse power year per ton of pig-0.273 

Charcoal used per ton of pig---993 lbs. 

ANALYSIS OF Pm IRON PRODUCED. 

Cast ni 	Si 	s 	r 	Mn. 	Graphitic 
Chrbon 

97 	 1.72 	0.007 	0.088 	0.11 	4.08 
98 	 1.70 	0.008 	0.084 	  
99 	 2.03 	0.007 	0.093 	0.12 	4.12 . 

101 	 1.60 	0.007 	 
102 	 1.95 	0.007 	0.047 	0.11 	4.55 
104 	 1.75 	0.007 	 
105 	 1.22 	0.006 	0.055 	0.07 	3.87 
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ANALYSIS OF SLAG PRODUCED. 

. 	 . 	 . ' 
Cast No. 	Si 02 	Al203 	P205 	: CaO 	MgO 	, MnO 	Fe 0 	S 

	

96 	16.60 	20.37 	0.055 	46.22 	12.38 	0.10 	0.31 	2.14 

	

99 	34.32 	9.86 	0.009 	37.29 	17.25 	0.20 	0.49 	1.32 

	

102 	28.42 	8.83 	0.009 	31.90 	25.71 	0.24 	0.82 	1.14 

	

105 	31.82 	12.20 	0.055 	30.17 	-23.82 	0.20 	0.32 	1-.03 

	

96-105 	30..88 	9.67 	0.014 	36.14 	20.82 	0.14 	0.73 	1.23 

RUN No. 17. 

FURNACE. 

No alterations were made in the furnace, but a new electrode was put in. 

Ore treated. 	 • Magnetite from Calabogie mine* 
Reducing agent. 	 Charcoal 

Limestone Flux. 	  
( Quartz 

ANALYSIS OF RAW MATERIAL. 

Si02. 	  4.00% 
Fe203 	  55.31% } 

Fe=58.29% FeO... 	 25.20% 
Al20 .3 	 • 2.24% 
CaO... 	 2.40% 
MgO. 	 4.00% 
13205.  . 
	

0.95% P=0.415% 	
•  

S. 	 0.45%• 

CO2  and undet 	•- 	5.45% 

100.00% 

Calabogie ore: 

The analysis of the charcoal is.given in Run 15; of the limestone in Run 
No. 1; of the quartz no analysis was made. 

The furnace was started up at 9 a.m., Feb. 26, with a charge of com-
position. 

Ore. 	  400 lbs. 
Charcoal. 	  130 " 
Limestone.   10 " • 

* Owner, T. B. Càdwàl, Esq. 
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Three of these charges were put in and the composition of the charge changed 
to:— 

Ore. 	  400 lbs. 
Charcoal. 	  120 " 
Limestone.   10 " 

Two of these charges were put in. 

The electrode came up very quickly after starting and the iron in the 
crucible, when trying to tap same at 12.30 p.m., was found too cold. 100 
lbs. Of crude ore was then put in and the iron again tried at 2.00 p.m., but was 
still too cold. At 2.30 p.m., 100 lbs. more of crude ore were put in and the 
material in the furnace had to be melted down. Some limestone and car-
burette briquettes were added from time to time and at 8.30 p.m. the iron 
was hot enough. During the melting down, iron came through the slag 
hole every time the slag was tapped. The weight of the iron obtained at 
8.30 p.m., (Cast 108), including that which was previously obtained through 
the slag hole, amounted to 1333 lbs. The weight of the slag was 642 lbs. 

The furnace was again started up at 8.30 p.m., Feb. 26, with a charge of 
• composition:— 

Ore 	  400 lbs. 
Charcoal. 	  135 " 
Limestone. 	  45 " 
Quartz. 	 “ 

to insure an excess of carbon being present. After the furnace was in work-
ing condition the carbon was reduced and later the limestone was reduced 
and the quartz omitted, a pig iron with low contents of sulphur still being 
produced. 

During the night of Feb. 27 a few charges with Wilbur ore were put in 
by .mistake. A very infusible slag was produced and the electrode started 
to come up on account of the excess of carbon used in these charges. Crude .  
ore was put in and quartz added to the charge until the furnace was again 
in its proper condition, when the composition of the charge was made the 
smile as the one employed before the Wilbur ore was put in. 

ELECTRICAL MEASUREMENTS. 

In this run the connections for the voltmeter were made in the same 
manner as in Run No. 13, one voltmeter being connected with the electrode 
and bottom plate of the furnace and the other put in the main circuit. 
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Volts 	Volts 
Time. 	 on 	on 	Aanperes. 	Power 

Furnaee. 	Une. 	 Factor.  

Feb.26, 8.30p.m. Furnacestarted. 

	

9.00 	"  	37.0 	40.5 	5,000 	0.919 

	

9.30 	"  	38.0 	41.5 	" 	" 	gg 	. 
10 	

gg 
.00 	"  	39.0 	42.0 	 u 

10 	
gi 

.30 	"  	38.0 	41.0 	 cc 

	

11.00 	"  	39.0 	42.0 	(g. 	cg 

	

11.30 	"  	39.0 	42.0 	“ 

	

12.00 	"  	40.5 	44.0 	gg 	gg 

	

Feb.27 12.30a.m.  	38.0 	41.0 	gg 	 cg 

	

1:00 	"  	38.0 	41.0 	gg 	 m 

	

1.30 	"  	36.0 	39.0 	gg 	gg 

	

2.00 	"  	36.0 	39.0 	gg 	 gc 

	

2.30 	"  	.34.0 	37.0 	cg 	 gg 

	

3.00 	"  	36.0 	39.0 	gg 	 cg 

	

3.30 	"  	37;5 	40.0 	gg 	 gg 

	

4.00 	"  	36.0 	39 0 " 	gg 

	

4.30 	"  	38.0 	41.0 	gg 	• 	cg 

	

5.00 	"  	36.0 	39.0 	• 	" 	gc 

	

5.30 	"  	36.0 	39.0 	Ci 	 if 

	

6.00 	"  	35.0 	38.0• 	gg 	 gg 

	

6.30 	"  	37.0 	40.0 	gg, 	 kt 

	

7.00 	"  	38.0 	41.0 	cc 	 gg 

	

7.30 	"  	37.0 	40.5  

	

8.00 	"  	37.0 	. 	.40.5 	if 

	

8.30 	"  	35.0 	39.0 	cc 	(g 

	

9.00 	"  	37.0 	40.5 	 gg 

	

9.30 	"  	38.0 	41.5 	,gc 	gg 

	

10.00 	"  	37.5 	41.0 • 	gg 	 gg 

	

10.30 	"  	38.5 	41..5 	gg 	u 
gg 

	

11.00 	"  	37.0 	. . 	40,0.. 	" 
' 11. 	

'f
30 	"  	38.0 	41.5 	cc 	cc 

, 

	

12.00 	 38.0 . 	.41.5 - 	g( 

	

12.30 pan'.  	35.5, 	, .39.0 	. 	," - 	gg 

	

1.00 	"  	35.0 	39.0 	' gc 

	

1.30 	"  	37.0 	41.0 	gg 	fg 

	

2.00 	"  	36.0 	40.0 	gc 	cc 

	

.2.30 	"  	38.0 	41.5 	gg 	gg 

	

3.00 	 37.0 	41.0 	 gr 

	

3.30 	"  	37.0 	41.0 	e 

	

4.00 	"  	38.0 	41.0 	u 	ig 

	

4.30 	"  	36.0 	40.0 	f i 	 if 

	

5.00 	"  	36.0 	39.5 	cc 	 gg 

	

5.30 	"  	39.0 	42.5 	gg 	 gg 

' 	6.00 	"  	40.0 	44.0 	gc 	.gg 

	

6.30 	"  	, 39.0 	43.0 	gg (g. 	. 

	

7.00 	"  	38.0 	41.5 	gg 	gg 

• 	7.30 	"  	37.0 -: 	40.0 	gg 	gc 	. 

	

800 	"  	' 	.37.0 	40.5 	 .gg 

- 	8.30 	"  	36.5 	40.0 	 gg 

	

9.00 	".  	 gg 36.0 	40JD 	 .gg 

	

9.30 	"  	35.0 	39.0 	t 	f ,  . 

	

10.00 	"  	
gc 39.0 	43.0 	 gg 

	

10.30 	" 	 , 	40.0 	43.5 	gg 	 cc 

	

11.00 	"  	38.0 	42.0 	gg 	 gg 

	

11.30 	"  	38.0 	 gg 41.5 	 gc 

	

12.00 	"  	37.0 	40.5 	gg 	 gg 

Feb.28 12.30 aan 	 gg 37.0 	40.5 	 gg 

	

1.00 	"  	38.0 	 gg 41.0 	 cc 
. 

	

1.30 	"  	37.0 	40.5 	gg 	cg 

2.00 	"  	36.5 	40.0 	if 	 if 

2.20 	- "  	 37.0 	40.5 	gg 	 gg 



Loss on contacts. 3.51 volts. 
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Volts 	Volts  
Thne. 	 on 	on 	Amperes. 	Power 

Furnace. 	Une. 	 Factor.  

Feb.28 	3.00adn.  	37.0 	40.5 	5,000 	0.919 
ce 

	

3.30 	"  	38.5 	41.5 	 cc 

	

4.00 	"  	37..5 	41.0 	cc 	 ce 

	

4.30 	"  	36.5 	40.0 	cc 	 cc 

	

5.00 	"  	36.5 	40.0 	cc 	 cc 

	

5.30 	"  	36.0 	39.5 	cc 	 cc 

	

6.00 	"  	36.5 	40.0 	cc 	 ce 

	

6.30 	"  	38.0 	41.0 	cc 	 cc 

	

7.00 	"  	38.0 	41.0 	cc 	 cc 

	

7.30 	"  	36.5 	40.0 	cc 	 ec 

	

8.00 	"  	36.0 	40.0 	cc 	 cc 

	

8.30 	"  	35.0 	39.0 	cc 	 cc 

	

9.00 	"  	34.0 	38.0 	cc 	 cc 

	

9.30 	"  	34.0 	38.0 	cc 	 cc 

cc 

	

10.00 	"  	34.0 	38.0 	 cc 

	

10.30 	"  	36.0 	40.0 	cc 	 cc 

	

11.00 	"  	35.0 	39.0 	cc 	 cc 

	

11.30 	"  	36.0 	40.0 	cc 	 cc 

	

12.00 	"  	39.0 	43.0 	fi 	 Cf 

12.30 pm. 	35.0 	39.0 	cc 	 cc 

	

1.00 	"  	33.0 	37.0 	ff 	 If 

	

1.30 	"  	34.0 	38.0 	cc 	 cc 

	

2.00 	"  	33.5 	37.0 	cc
' 

	

2.30 	"  	34.0 	38.0 	cc 	 cc  

	

3.00 	"  	33.0 	37.0 	cc 
	

cc 

	

3.30 	"  	33.0 	37.0 	cc 	 cc 

	

4.00 	"  	35.0 	38.0 	cc 	 cc 

	

4.30 	"  	34.0 	36.0 	fi 	 cc 

	

5.00 	"  	36.0 	40.0 	cc 	 Cf 

	

5.30 	"  	36.0 	40.0 	cc 	 cc 

	

6.00 	"  	39.0 	42.5 	cc 	 ce 

	

6.30 	"  	35.0 	39.0 	cc 	 cc 

	

7.00 	"  	35.0 	39.0 	cc 	 cc 

	

7.30 	"  	38.0 	41.5 	cc 	 cc 

From 7.40 p.m., Feb. 28, to 2.00 a.m., March 1, the material in the fur-
nace was melted down. 

Mean volts on furnace (8.30 p.m., Feb. 26 to 3.45 p.m., Feb. 28)=36.75 

Mean volts on line (8.30 p.m., Feb. 26 to 3.45 p.m., Feb. 28)=-40.26. 
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Effective 	Quai. 	 Ratio 
Cast 	Time when Cast 	Machine 	length of Pig Iron 	of Pig 	Slag 	Slag 
No. ' 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

h. 	m. 	lbs. 	 lbs. 
109 Feb. 26, 	11.30 p.m  	3 	.. 	558 	Grey. 	257 	0.460 
110 	" 	27 	3.30 a.m 	4 	.. 	728 	" 	171 	0.235 
111 	 7.20 	"  	3 	50 	683 	" 	378 	0.553 
112 	10.20 	" 	 3 	.. 	613 	(c 	250 . 	0.407 
113 	 1.20 p.m. ....10 min 	2 	50 	543 	" 	147 	0.270 
114 	 4.15 	"  	2 	55 	631 	" 	245 	0.388 
115 	 7.15 	" 	 3 	.. 	541 	ce 	206 	0.380 
116 	10.15 	" 	 3 	.. 	486 	" 	114 	0.236 
117 	Feb. 28 	1.30 a.m 	3 	15 	643 	" 	317 	0.493 
118 	 5.00 	"  	3 	30 	733 	4! 317 	0.432 
119 	 8.30 	"  	3 	30 	701 	"* 	301 	0 429 
120 	11.45 	"  	3 	15 	' 611 	" 	290, 	0.474 
121 	 3.45 p.m  	4 	.. 	832 	" 	272 	0.326 

109 - 121 43 hours, 15 min. 	10 min 	 43 h. 5 m . 	8303 	Grey. 	3265 	0.393 

122** Feb. 28, 11.30 p.m. 
Mar. 	1, 	2.00 a.m.  	10 h. 15 m 	1128 . 	Grey. 	611' 	0.541 

*Whiter than previous. 

**Material in furnace inelted down. 



RAW MATERIAL CHARGED. 

Composition of Charge. 	 Additional Material. 	 Total. 
Number 

of 
Charges. 

Ore. 	Charcoal. 	Limestone. Quartz. 	Ore. 	Limestone. Quartz. 	Ore. 	Charcoal. 	Limestone. Quartz. 

lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
2 	 400 	135 	45 	 .. 	.. 	800 	270 	90 	10 
2 	 400 	125 	45 	 .. 	800 	250 	90 	10 
2 	 400 	125 	45 	.. 	.... 	.. 	.. 	800 	250 	90 	.. 

12 	 400 	125 	20 	.. 	.... 	. • 	.. 	4800 	1500 	240 	.. 
2 	 400* 	125 	20 	.. 	.... 	.. 
1 	 400* 	125 	20 	3 	.... 	 215 	

800 	250 	40 

	

5
5 	

iÔ 	

. . 	 400 	125 	20 	23 
2 	 400* 	125 	20 	 40 	800 	250 	40 	50 . 
4 	 400 	125 	20 	 3 .  0. 	15 	1750 	500 	110 	35 
7 	 400 	120 	20 	5 	200 	20 	20 	3000 	840 	160 	55 
el 	 400 	125 	20 	.. 	.... 	.. 	.. 	1800 	562 	90 	.. 

15750 	4797 	970 	183 

* By mistake a few charges with V■rilbur ore were put in. 
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. 	 . 
Output of 

Cast 	Ing Iron 	Average 	Average 	Power 	Average 	Average 	Pig Iron 
Volts on 	 FA. Horse 	per 1000 

No. 	obtained 	Furnace 	Amperes 	Factor 	Watts 	Power 	E.  H. P.  
days 

lbs. 	 Tons. 
109 	558 	38.33 	5000 	0.919 	176126 	236.09 	9.45 
110 	728 	37.00 	cc 	et 	170015 	227.90 	9.58 
111 	683 	36. 	cc 57 	tc 	cc 	168039 	225.25 	9.51 
112 	613 	36.91 	 ce 	169601 	227.34 	10.79 
113 	543 	37.00 	te 	et 	170015 	227.90 	10.10 
114 	631 	37.17 	ee 	cc 	170796 	228.94 	11.36 
115 	541 	38.00 	it 	“ 	 174610 	234.06 	9.24 
116 	486 	36 	et .75 	 et 	168866 	226.36 	8.59 
117 	643 	37.86 	ce 	et 	173966 	233.19 	10.18 

te. 118 	-733 	37.07 	 ct 	170336 	228.33 	11.00 
119 	701 	36. 	te 

57 	et 	cc 	168039 	225.25 	10.67 
120 	611 	34.83 	 cc 	160044 	214.53 	10.51 

ce 121 	832 	34.31 	 cc 	157654 	211.33 	11.81 

109421 	8303 	36.75 	5000 	0.919 	168866 	226.36 	10.217 

Length of run. 	  43 hours, 5 min. 
Mean volts on furnace 	  36.75  
Mean amperes   5,000 
Power factor. 	  0.919  
Watts-=36.75 X 5,000 X  0.919 	  168866 
Pig iron obtained. 	  8303 lbs. 

168866 
El. horse power -- 	 226 . 36 

746 

Output of pig iron per 1000E!. horse power days-- 
8303 X 1000 X 24 

	  10.217 tons 
43.08 X 226.36 X 2000 

El. horse power year per ton of pig=0. 268 
Charcoal used per ton of pig=1017 lbs. 

ANALYSIS QF PIG IRON PRODUCED. 

castivo. 	Si 	s 	r 	Mn 	Graphitic 	Total 
Carbon 	Carbon 

109 	1.99 	0.021 	0.456 	Trace 	2.12 	3.71 
110 	1.75 	0.021 	 ù 

111 	 1.53 	0.012 	0.645 	Trace 	2.46 	3.60 
112 	2.20 	0.017 	 
113 	1.39 	0.009 	0.476 	Trace 	3.00 	3.70 
114 	1.10 	0.054 	 
115 	1.99 	0.009 	0.512 	Trace 	3.00 	3.47 
116 	 1.65 	0.007 	 
117 	1.51 	0.006 	0.102 	Trace 	3.30 	4.02 
118 	1.46 	0.011 
120 	 0.078 	 
121 	1.43 	0.045 	0.465 	Trace 	1.10 	3.28 
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ANALYSIS OF SLAG PRODUCED. 

Cast No. 	Si02 	Al203 	P205 	CaO 	MgO 	MnO 	FeO 	S 

109 	36.21 	15.40 	0.014 	34.42 	13.22 	0.26 	0.26 	1.07 
115 	28.10 	18.80 	0.096 	34.51 	17.00 	0.38 	0.26 	1.55 
117 	41.00 	9.07 	0.018 	25.60 	23.22 	0.28 	0.39 	0.93 
121 	33.18 	16.15 	0.009 	32.21 	17.00 	0.22 	0.39 	1.17 

109-122 	33.06 	15.22 	0.016 	33.00 	16.92 	0.32 	0.37 	1.17 

RIJN No. 18. 

FURNACE. 

No alterations were made in the furnace. 

Ore treated. 	 Roasted pyrrhotite* 
Reducing agent. 	 Charcoal 
Flux. 	 Limestone 

ANALYSIS OF RAW MATERIAL. 

Si02. 	  10.96% 
Fe203 	  65.43% Fe=45.80% 
Al203 	  3.31% 
CaO... 	 3.92% 

Roasted Pyrrhotite MgO 	  3.53% 
	  1.56% 
	  0.016% 

Cu. 	  0.41% 
'Ni 	  2.23% 

The analysis of the charcoal is given in Run No. 16 and of the limestone in 
Run No. 1. 

The furnace was started up at 2.15 a.m., March 1, with a charge of com-
position:- 

Ore. 	  400 lbs. 
Charcoal. 	  120 " 
Limestone. 	  120 " 

* The pyrrhotite came from the mines near Sudbury, Ont.. and was finely crushed and 
roasted at the Lake Superior Corporation's plant at Sault Ste.Marie for the production of 
sulphuric acid gas. The roasted ore was afterwards briquetted with some lime. 
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The ferro-nickel pig produced was very low in sulphur. The limestone 
and charcoal in the charge were gradually decreased until the composition 
was:- 

Ore. 	  400 lbs. 
Charcoal 	  105 " 
Limestone. 	  40 " 

When decreasing the limestone in the charge, the silicon in the pig in-
creased, but the sulphur was still very low. The large amount of slag pro-
duced naturally decreased the output and for a commercial production of 
ferro-nickel pig from this ore, when the silicon contents have to be kept 
between 2 and 2.5%, necessitating further addition of lime, the output will 
decrease still more. 

After the conclusion of the experiments the plant was bought by the Lake 
Superior Corporation, and the furnace was employed for the production of 
ferro-nickel pig during several months. The results then obtained are given 
later. 

ELECTRICAL MBAS UREMENTS. 

The same electrode and connections with the voltmeters as in the pre-
, vious run were employed. 

	

Volts 	Volts 
IIMe. 	 on 	on 	Aanperes. 	Power 

Furnace. 	Line. 	 Factor. 

Mar. 1, 	.2. 15 a.m. Furnace started. 	 • 
2.30 	"  	38:0 	42.0 	5000 

	

' it 	0.919 
3.00 	"  	37.0 	41.0 	 it 

3,30 	"  	37.0 	41.0 	cc 	 ce 

4.00 	"  	38.0 	42.0 	ii 	it- 

4.30 	"  	37.0 	41.0 	ti 	ti 

5.00 	"  	36.5 	40.0 	" 	t( 

5.30 	"  	36.0 	' 	39.0 	it 	 ii 

6.00 	".  	36.5 	'39.5 	ii 	it 

6.30 	"  	36.0 	39:0 	>ti 

7.00 	"  	37.0 	41.0 	ti 	it 

7.30 	"  	35.0 	39.0 	ti 	• 	it 

8.00 	"  	35.0 	39.0 	it 	 ii 

8.30 	"  	36.0 	40.0 	ti 	it 

9.00 	"  	37.0 	40.0 	it 	 gt 

9.30 	"  	37.0 	40.0 	ii 	it 

10.00 	"'  	35.5 	39.0  

10.30 	"-  	35.0 	39.0 	it 	 it 

11.00 	"  	36.0 	40.0 	it 	 it 

11.30 	"  	38.0 	42.0 	it 	 it 

12.00 	"  	39.0 	42.5 	it 	 it 

12.30pan.  	38.0 	41.5 	ii 	(g 

1.00 	"  	37.0 	40.0 	 ti 

1.30 	"  	38.0. 	41.0  
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Volts 	Volts  
Thne. 	 on 	on 	AJnperes. 	Iknven 

Fmnace. 	Une. 	 Factor.  

	

Mar. 1, 	2.00 pan.  	38.0 	41.0 	5,000 	0.919 
cc 

	

2.30 	"  	37.0 	40.0 
 

	

3.00 	"  	38.0 	41.0 	cc 	 cc 

	

3.30 	"  	36.0 	40.0 	cc 	 ce 

	

4.00 	"  	35.5 	39.5 	cc 	 cc 

	

- 4.30 	"  	35.0 	39.0 	cc 	 cc 

	

5.00 	"  	36.0 	40.0 	CC 	 CC 

	

5.30 	"  	38.0 	42.0 	cc 	 cc 

	

6.00 	"  	38.0 	42.0 	cc 	 cc 

	

6.30 	"  	37.0 	40.5 	cc 	 cc 	• 

	

7.00 	"  	35.0 	39.0 	ce 	 cc 

	

7.30 	"  	37.0 	41.0 	ce 	 Cl 

	

8.00 	"  	36.0 	40.0 	cc 	 et 

	

8.30 	"  	38.0 	41.5 	cc 	 cc 

	

9.00 	"  	39.0 	42.5 	cc 	 cc 

	

9.30 	"  	37.0 	41.0 	cc 	 ic 

	

10.00 	"  	38.0 	41.5 	ic 	 cc 

	

10.30 	"  	37.0 	41.0 	cc 	 cc 

	

11.00 	"  	37.0 	41.0 	 c! 

	

11.30 	"  	38.0 	42.0 	cc 	 ci 

	

12.00 	'  	36.5 	40.0 	cc 	 cc 

	

Man 2 	12.30 S.M.  	37.5 	40.0 	cc 	 ci 

	

1.00 	"  	38.0 	41.5 	cc 	 cc 

	

1.30 	"  	37.0 	40.5 	it 	 ct 

	

2.00 	"  	37.5 	41.5 	cc 	 ic 

	

2.30 	"  	38.0 	41.5 	cc 	 cc 

	

3.00 	"  	36.0 	39.5 	cc 	 cc 

	

3.30 	"  	35.5 	39.0 	cc 	 cc 

	

4.00 	"  	35.0 	38.0 	cc 	 cc 

	

4.30 	"  	36.0 	39.5 	cc 	 cc 

	

5.00 	"  	35.0 	39.0 	et • 	 cc 

	

5.30 	"  	33.5 	37.5 	cc 	 cc 

	

6.00 	"  	34.0 	37.5 	cc 	 c , 

	

6.30 	"  	36.0 	40.0 	cc 	 cc 

	

7.00 	"  	37.0 	40.5 	cc 	 cc 

	

7.30 	"  	36.0 	39.0 	cc 	 cc 

	

8.00 	"  	36.0 	39.0 	cc 	 cc 

	

8.30 	"  	37.0 	40.0 	cc 	 cc 

	

9.00 	"  	36.0 	39.0 	ci 	 et 

	

9.30 	"  	35.0 	39.0 	cc 	 ic 

	

10.00 	"  	36.0 	40.0 	cc 	 cc 

	

10.30 	"  	37.0 	40.5 	cc 	 cc 

	

11.00 	"  	38.0 	41.0 	cc 	 ic 

	

11.30 	"  	36.5 	4o.o  

	

12.00 	"  	38.0 	41.0 	cc 	 cc 

	

12.30 p.m. 	 	37.0 	40.0 	cc 	 cc 

	

' 	1.00 	"  	35.0 	38.5 	cc 	 ci 

	

1.30 	"  	37.0 	40.0 	cc 	 cc 

	

2.00 	"  	36.0 	39.0 	CC 	 CC 

	

2.30 	"  	35.0 	38.0 	cc 

	

3.00 	" 	
. 	 36.0 	39.0 	cc  

	

3.30 	"  	35.0 	38.5 	cc 	 ic 

	

4.00 	"  	35.5 	39.0 	cc 	 ic 

	

4.30 	"  	35.0 	38.5 	cc 	 cc 

	

5.00 	"  	36.0 	40.0 	" U 
 

	

5.30 	"  	36.0 	40.0 	cc 	 ic 

	

6.00 	"  	37.0 	41.0 	CC 	 CC 

	

6.30 	. cc 	 37.0 	40.5 	CC 	 CC 

	

7.00 	"  	37.0 	40.0 	cc 	 cc 

	

7.30 	"  	37.0 	40.0 	cc 	 cc 

	

8.00 	"  	37.0 	40.0 	cc 	 cc 

6 
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1 	Volts 	Volts 
Thne. 	 on 	on 	Amperes. 	Power. 	. 

Furnace. 	Line. 	 Factor: 

	

, 	  

Mar.2, 	8.30pan  	34.5 	38.0 	5,000 
te 	

0.919 
9.00 	"  	33.0 	36.5 	 a 

9.30 	'  	34.5 	38.0 	a 	 a 

( t 10.00 	"  	35.0 	39:0 	 a 

a 10.30 	"  	35.0 	39.0 	 a 
tt 11.00 	"  	36.0 	40.0 	 Cf 

CC 11.30 	"  	36.0 	40.0 	 a 

12.00 	"  	35.0 	39.0  

	

Mar. 3, 12.30 a.m.  	34.0 	• 	39.0 	a 

. 	1.00 	"  	34.0 	39.0 	a 	 a 

1.30 	"  	35.0 	39.5 	a 	 a 

2.00 	"  	34.0 	39.0 	a 	 a 

2.30 	"  	36.0 	40.0 	a 	 et 

3.00 	"  	35.5 	39.5 	a 	 a 

3.30 	"  	39.0 	42.0 	• 	" 	
a 

• 	

te 4.00 	"  	37.0 	40.0 	a 

4.30 	" 	. 	 36.0 	40.0 	a 	 a 

5.00 	"  	35.0 	39.0 	a 	 a 

5.30 	"  	35.0 	39.0 	• 	a 

6.00 	"  	34.0 	38.0 	• a 	 a 

6.30 	"  	36.0 	40.0 	a 	 a 

7.00 	"  	36.0 	40.0 	ef 	 it 

7.30 	"  	36.0 	40.0 	a 

8.00 	"  	34.038.0 	a 	 a 

8.30 	"  	34.0 	38.0 	a 	 t 

9.00 	""  	33.0 	37.0 	a 	 a 

9.30 	"  	33.0 	37.0 	te 	 a 

10.00 	"  	33.0 	36.5 	a 	 • a 

, 	10.30- 	"  	31.0. 	34.0 	a 	 a 

11.00 	"  	36.0 	39.5 	a 	 a 

11.10 	" 	Rini -terminated. 

Mean volts on furnace.  = 36.12 
Mean volts on line 	= 39.76 
Loss on contacts 	-- 3.64 volts 

Effective 	. 	Qmahty 	Ratio  
Cast 	Tirnewhent 	Machine 	length of Pigiron 	ofIng 	Slag 	Slag 
No. 	 stopped 	run 	obtained 	Iron 	obtained 	Iron 

. 	h 	ni 	lbs. 	 lbs. 
123 	Nhin 1 	' 6.15 aan 	4 	.. 	546 	Grey. 	377 	6.690 
124 	. 	10.15 	" 	• 	.- 	4 .514 	" 	332 	0.646 
125 	- 	3.10p.m  	4. 	â 	596 	a 	 472 	0.792 
126 	 8.10 	" 	.... 5 min 	4 	55 	717 	" 	486 	0.678 
127 	Mar 	2 	1.15 a.ra 	5 	5 . 	612 	" 	512 	0.836 
128 	, 	5.25 	"  	4 	10 	505 	" 	410 	0.811 
129 	 9.15 	"  	3 	50 	500 ' 	" 	371 	0.742 
130 	 1.15p.m  	4 	476 	" 	362 	0.760 
131 	 5.10 	"  	3 	55 	541 	" 	338 	0.624 
132 	 9.30 	" 	.... 5min 	4 	15 	610 	" 	554 	0.908 
133 	Mar. 3 	1.55 aJn. 	.,.,...5 min 	'4 	20 	634 	" 	345 	0.544 
134 	 7.40 	" 	..:..20 min 	5 	25 	677 	 344 	0.508 
135 	 11.10 	"  	3 	30 	408 	" 	157 	0.385 

' 

	

mn 	56 	.20 m 	7336 	Grey. 123135 56 hours; 55 min: 	35i 	h . 	 5060 	0.689 



RAW MATERIAL CHARGED. 

	

Composition of Charge. 	 Additional Material. 	 Total. 
Number 

of 
Charges. 	 . 

Ore. 	Charcdal. 	Limestone. 	Ore. 	Charcoal. 	Quartz. 	Fluorspar. 	Ore. 	Charcoal. 	Limestone. Quartz. 	Fluorspar. 

lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 	lbs. 
10 	400 	120 	120.. 	.. 	 4000 	1200 	1200 

	

.. 	.. 	
.. 

12 	400 	110 	100 	 2i1 	
.. 
.. 	4800 	1320 	1200 	2é1 	.. 

3 	400 	110 	75
.. - 	

1200 	330 	225 	.. 
2 	400 	110 	60 	515 	

.. 	.. 	
2à 	850 	220 	120 	 2i) 

3 	400 	105 	50 	50 	 2i) 	.. 	1250 	315 	150 	215 	.. .. 
1, 	400 	105 	40.. 	 400 	105 	40 	.. 

	

.. 	
.. 

5 	400 	110 	50 	 i I.) 	
.. 	. . 

5 	2000 	560 	250 	.. 	5 

14500 	4050 	3185 	40 	25 
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Output of 
Cast 	Pig Iron 	Average 	Average 	Power 	Average 	Average 	Pig;Iron 

	

Volts on 	 El. Horse 	per 1000 
No. 	obtained 	Furnace 	AJnperes 	Factor 	Watts 	Power 	IB.JI.P. 

days 

	

lbs. 	 • 	Tons. 
123 	546 	37.00 	5000 	0.919 	170015 	227.90 	7.18 

cc 124 	514 	36.06 	 cc 	' 	165695 	222.11 	6.94 
cc 125 	596 	37.40 	 ct 	 .171853 	230.36 	6.32 
cc 126 	717 	36.35 	 f t 	 167028 	223.89 	7.82 

127 	612 	37.60 	" 	
cc 	. 172772 	231.59 	6.24 

ec 128 	'505 	36.25 	 cc 	 166568 	223.28 	6.52 
cc 129 	500 	35.69 	 cc 	 163995 	219.83 	7.12 
4.4. 130 	476 	- 36.56 	 cc 	 167993 	225.19 	- 6.34 
cc 131 	541 	35.69 	 if 	163995 	219.83 	7.55 

132 	610 	35.89 	 ‘c 	 164914 	221.06 	7.79 
cc 133 	634 	35.00 	 ( f 	 160825 	215.58 	8.15 
cc 134 	677 	35.79 	 cc 	 164455 	" 	220.45 	6 81 
c( 135 	408 	33.43 	 cc 	 153611 	205.91 	6.79 

123485 	7336 	36.12 	5000 	0.919 	165971 	222.48 	7.024 

Length of run. 	  56 hours, 20 min. 
Mean volts on furnace.   36.12 
Mean amperes 	  5,000 
Power factor. 	  0.919 
Watts-36.12 X 5000 X 0.919 	  165971 
Ferro-nickel pig obtained. 	  7336 lbs. 

165971 
El. horse power --- 	  222.48 

746 

Output of Ferro-nickel pig per 1000 El. horse power days-- 

7338 X 1000 X 24 
	  7.024 tons 

56.33 X 222.48 X 2000 

•  El. horse power year per ton of pig=0.390 
Charcoal used per ton of pig-----1104 lbs. 

ANALYSIS OF FERRO NICKEL PIG PRODUCED. 

	

Cast 	 Graelitic 	'Altai. 	 . 

	

No. 	Si. 	S. 	P. 	Mn. 	Carbon 	Carbon 	Cu. 	Ni. 

, 

	

123  	0.009 	 

	

124  	0.012 	 

	

125 	4.83 	0.006 	0.059 	0.10 	3.05 	3.23 	0.72 	3.68 

	

128  	0.005 	 

	

129 	3.83 	0.004 	0.042 	0.12 	3.30 	3.40 	0.71 	4.39 

	

130 	4.50 	0.006 	0.037  	 3.38 	0.87 	4.12 

	

131 	4.91 	0.006 	0.043 	0.10 	2.95 	3.40 	0.67 	4.10 

	

132 	4.03  	0.042 	0.10 	2.00 	3.15 	0.62 	4.10 

	

135 	7.34 	0.006 	0.035 	0.09 	2.10 	2.60 	0.70 	3.70 
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ANALYSIS OF SLAG PRODUCED. 

Cast No. 	5102 	A l203  P205 	CaO 	MgO 	MnO 	FeO 	CuO 	NiO 	S 

125 	17.56 	10.91 	0.002 	48.21 	8.20 	0.11 	0.26 	0.01 	0.02 	3.37 
129 	17.70 	11.05 	0.003 	53.86 	6.98 	0.12 	0.26 	0.02 	0.02 	4.28 
131 	26.40 	13.00 	0.001 	47.41 	7.96 	0.10 	0.26 	0.01 	0.01 	4.81 
132 	22.64 	10.97 	0.002 	49.10 	11.51 	0.09 	0.39 	0.015 	0.02 	5.57 

123-135 	22.84 	12.07 	0.002 	49.60 	9.27 	0 10 	0.26 	0.02 	0.02 	4.30 

RUN No. 19. 

FURNACE. 

No alterations were made in the furnace. 

The acid brick lining used was badly eaten away by the limey slag used 
in the previous runs and the furnace was in a very bad condition. On account 
of the necessity of closing up the experiments no time was allowed for the 
relining of the furnace, however, and no figures in regard to output could be 
obtained. 

Ore treated. 	 Titaniferous iron ore 
Reducing agent. 	 Charcoal 

Limestone 
Flux. 	  

Fluorspar 

ANALYSIS OF RAW MATERIAL. 

Titaniferous iron ore 

7 Si02 .  	.12%  
30.30% }Fe-43.59% 

Fe203 . 	  

28.78% Fe0. 	  
7 Al203 	.00%  

CaO 	  1.00% 
MgO 	  4.14% 
P205 .. 	  0.064% 	028% 
S.   0.04%  
TiO2    17.82% 
Cr203 	  2.50% Cr---.-1.42% 

99.684% 

The analysis of the charcoal is given in Run 15; of the limestone in Run 
No. 1; of the fluorspar no analysis was made. 
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The furnace was started up at 11.30 p.m., March 3, with a charge of 
composition:— 

Ore. 	  400 lbs. 
110 " 
50 " 
80 " 

The slag Produced was very fluid and the fluorspar in the charge was 
decreased to 50 lbs. The slag ,was still very fluid, but further experiments 
had to be abandoned on account of the bad condition of furnace. • 

ANALYSIS OF PIG IRON PRODUCED. 

CAST No. 137. 

Si 	  5.89 
S. 	  0.011 
	  0.144 

Mn. 	  0.12 
Total Carbon 	  2.95 
Graphitic Carbon 	  2.72 

•Ti 	 0.43 
Cr.   0.34 

ANALYSIS OF SLAG PRODUCED. 

Cast No. 137 Casts Nos. 136-138 
SiO2. 	 18.70 	19.34 
Al203 , 	 12.39 	12.64 
FeO, 	1.40 	0.72 
CaO 	24.96 	23.90 
MgO.. 	 7.04 	9.28 
MnO. 	 Trace 	0.27 
Cr203 .  	Trace 	Trace 
Ti02 .  	17.72 	17.34 
P205 	0.002 	0.002 
S.  	0.67 	0.60 
Fi....  	9.22 	8.28 

• Mr. A. J. Rossi, of New York, has made extensive experiments with titaniferous ores. 
See Vol. III. Transactions of the American Institute of Mining Engineers and Tests of 
Titaniferous Slags, by C. N. Cox and L. C. Lennox. Electro-chemical and Metallurgical 
Industry, Vol. IV., Dec., 1906. 

Charcoal. . 
Limestone. 
Fluorspar. 
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THE SMELTING OF MAGNETITE. 

It was expected that considerable difficulty would be experienced in 
the smelting of magnetite, on account of its conductivity. It was thought 
that with  the furnace in use, in which the electrode was immersed in the 
charge, the current would disseminate itself laterally from  the sides of the 
electrode through the charge, preventing the current at the reducing and 
fusion zone from attaining such density as would be required for the high 
temperature necessary for reduction and fusion. With charcoal as a reducing 
agent this difficulty was not experienced, nor was the inductance of the 
furnace increased by the presence' of magnetite. 

It should, however, be mentioned that the phenomenon of rapid tem-
porary decrease of ohmic resistance of the charge, described by J. Br.onn  in 
his article entitled " Zur Anwendung lose geschichteter kleinstückiger Leiter 
fiir electrische Heizwiederstânde,"* was occasionally observed in some of 
the runs made. By adding a few shovels of iron ore, omitting flux and 
charcoal, it was sometimes possible to cause the electrode, -which to keep 
the current constant had by hand regulation been elevated, to return to its 
normal position. In some instances, however, this method failed, especially 
when the furnace was choked with fines and the gases evolved escaped under 
great pressure. Since the electric installation did not permit the compen-
sation of the temporary increase of conductivity of the charge by decrease 
of voltage with constancy of current, the electrode in such case rose to the 
top of the furnace and it became necessary to melt down the charge and start 
anew. 

If the explanation offered by Bronn is correct that the decrease of the 
ohmic resistance during the " Anheizungsphase" is occasioned by the more 
intimate contact of the conducting pieces of the charge diie to pressure of 
escaping gases from the pores of the carbon and the carbon dioxide evolved 
from the limestone, it is evident that preheating the charge, which might 
be effected by utilizing the carbon monoxide resulting from reduction, would 
entirely overcome this difficulty, if the charge were sufficiently porous to permit 
the gases evolved to escape at low pressure. Under such conditions the electrode 
would maintain its normal position throughout the operation, requiring to 
be lowered only to keep step with its consumption. 

The ores treated, with the exception of the hematite and the roasted 
pyrrhotite, contained a high percentage of magnesia, producing a very in-
fusible slag. When the furnace had been running for some time this infusible 
material formed a scale around the crucible, the electric energy available 
not being sufficient to keep it in a molten condition. The crucible and lower 

* "Electrotechnische Zeitschrift," 1906, Heft 9. 
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part of the furnace were, therefore, partially filled up, preventing easy access 
of the charge to the reducing and melting zone. This slower feeding left the 
charcoal on top of the furnace exposed to the air a longer time, thus increasing 
the amount of charcoal required and decreasing the output. With a greater 
current than was available and consequent higher temperature, the formation 
of the scale would have beesn prevented and the output correspondingly 
increased . 

The electric installation at our disposal was far from ideal for electric 
smelting experiments. Aside from the drop of voltage due to the frequent 
slipping of the belt connecting motor and generator, it was impossible to 
increase the current beyond 5,000 amperes at from 35 to 40 'volts. This 
inelasticity of the system prevented the determination of the most suitable 
current and voltage for a given charge in the ftirnace. 

THE USE OF CHARCOAL AS A REDUCING AGENT. 

It wAs of great importance to , ascertain whether charcoal without 
being briquetted with the ore could be used instead of coal-coke. 
No difficulty whatever was experienced, in fact so admirably adapied 
was charcoal, when crushed to pass a inch ring, as a reducing agent 
in the electric furnace that coke and briquettes of coke with clay 
were abandoned and all the experiments with magnetite and roasted 
pyrrhotite described were made with charcoal. Some of the charcoal avail-
able was of very poor quality, being little better than charred wood containing 
only about 56 per cent. of fixed carbon. This and the fact that a considerable 
quantity of the charcoal was consumed on top of the furnace account for 
the large quantity of charcoal used per ton of product. A modification of 
the furnace, protecting the upper layer of the charge from the atmosphere, 
and the use of charcoal properly carbonized would decrease considerably the 
amount of charcoal which was actually used in the experiments and conse 
quently reduce the cost of production as given. 

POWER FACTOR. 

The power factor of the furnace was found by Mr. Chas. Darrall, of the 
Canadian Westinghouse Company of Hamilton, Ont., to be  0.919. This 
high power factor is due to the construction of the furnace cas,ing, as pre-
viously described. 

Since the true electric power is the apparent electric power multiplied 
by the power factor, it is evident that any error made in the determination 
of the power factor which tends to decrease its value will appear to decrease 
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the consumption of energy per ton of product. The large output of 12.12 
tons per 1,000 electric horse-power days, i.e., the small amount of electric 
horse-power absorbed per ton of product in the second Livet experiments, 
was obtained in a furnace with the abnormally low power factor 0.564.  
Whatever doubt may be engendered as to the correctness of the figure ob-
taii-ied for the absorption of electric energy on account of this low power 
factor of the Keller furnace, such doubt cannot arise regarding the figures 
obtained with the Héroult furnace for the absorption of electric energy in the 
Government experiments on account of its remarkably high power factor, 
0 . 919. 

Moreover, since the cost of alternate current generators increases with 
increase of capacity, furnaces with high power factors (which can utilize a 
high percentage of the capacity of the generators) will be more economical 
as regards the first cost of the electrical installation of an electric smelting 
plant than furnaces with low power factors. 

CONSUMPTION OF ELECTRODE. 

A new electrode was put in on February 11. The weight of same was 
then 937 lbs. After having used the electrode for preheating the furnace 
it was taken out of the furnace and a few loose pieces at the end knocked 
off. The weight of these pieces was 17 lbs. The total -weight of the elec-
trode when starting was, therefore, 920 lbs. 

In the following table the weights of the iron produced and the time 
consumed are given in detail:— 



_ 

	

Time Consumed in . 	Material in 	 Pig Iron Produced. 

	

Date. 	 Furnace 	 Producing. 	Furnace 	Total Timet 	 Total 

	

Preheated.   	Melted 	 "  	Pig Iron 
Grey Iron. 	White Iron. 	Down. -: 	 Grey Iron. 	White Iron. 	Produced. 

	

hours 	min. 	hours 	min. 	hours 	min. 	hours min. 	hours 	min. 	lbs. 	lbs. 	lbs. 
RIJN No. 13— 

	

Feb. 11 	12 	0.. 	.. 	 12 	.. 	...; 

	

 1098 	1675 

	

12 	9 	30 	5 	20* 	5 . 	15 	l • 	515 	21 	55 	577 

	

13 	 23 	20 23 	20 	5291 	 5291 

	

14 	.. 	.. 	19 	50* 	3 . 	15 	.. 	.. 	23 	5 	3514 	. 635 	4150 

	

15 	 9 	40 	 .. 	.. 	9 	40 	2840 	.... 	2840 

	

RUN No. 14— 	 ' 

	

Feb. 15 	 8 	55* 	.. 	.. 	.. 	.. 	8 	55 	928 	. 	. 	928 

	

16 	.. 	 23 	40.. 	 23 	40 	4630 	.... 	4630 

	

17 	 22 	0 	.. 	.. 	1 . 	'Ô 	23 	0 	4484 	.... 	4484 

	

18 	.. 	.. 	9 	55 	.. 	.. 	• 	3 	0 	12 	55 	3257 	.... 	2357 

Rux No. 15— 

	

Feb. 18 	.. 	.. 	 8 	40 	 8 	40 1654 	1654 

	

19 	 là 	2:5* 	 0 	21 	25 	2.1356 	 2866 

	

20 	 8 	20 	'7 . 	5. 5 	20 	16 	35 	2274 	14 .  . 

	

60 	3734 

Rux No. 16— 

	

Feb. 20 	.. 	5 	40* 	.. 	.. 	.. 	5 	40 • 	627 	.... 	627 

	

21 	.. 	23 	45* 	.. 	.. 	 23 	45 	4274 	.... 	4274 

	

22 	 8 	55 	.. 	.. 	.. 	8 	55 	2249 	 . 	2249 

ADD. RUNI- 

	

Feb. 23 	 4 	15 	.. 	.. 	3 	0 	7 	15 	952 	.... 	952 

Total.  	21 	30 	192 	0 	25 	5 	12 	10 	250 	45 	37863 	4848 	42711 

- * Part of this time used for the first cast on following day. 
t Balance of time current taken off. 

The furnace was run on Feb. 23 to enable measurements for the calibration of the instruments to be Made. 
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Total pig iron produced  = 42,711 lbs. 

The electrode was taken out on Feb. 24 to enable an estimate of the con-
sumption of same to be made before the experiments with the roasted pyrrho-
tite, recyfiring a very limey slag, were commenced. 

The weight of the electrode when taken out was 472 lbs. The upper 
part of the electrode, not having been protected from the atmosphere, was 
badly Éaten away. This loss can easily be prevented and in the following 
calculation only the consumption of the lower part of the electrode is taken 
into account. 

In Plate VIII Fig. 1 represents the electrode when put in, and Fig. 2, the 
electrode when taken out. The shaded part in Fig. 2 represents the electrode 
consumed. 

Volume of electrode when put in  

2 X 2 	 10 
16 X 16X 70-4 (--X 60)-2 X — (1.25 -I- 2) X 16=- 

2 	 2 

16920 cub. in.-9.7916 cub. feet. 

Specific weight= 

---  1,535  
62.32X9.7916  

Weight of one cub. in. electrode-0 .0554. 

The original length of the electrode was 70 in. Deducting from this the 
27i. in., (A+B), which may be considered to be left intact (see Fig. 2, Plate 
VIII), we have only to deal with the remaining 43.1. in. 

The weight of piece A 	= 94 lbs. 
cc 	cc 	" B+C = 310 " 

• 	cc 	cc 	" D 	=  68"  

Total weight of electrode when taken out=4721bs. 

Volume of piece B- 

16 X 16 X 14-4 X 
2 X 2 

X 14=3472 cub. inches. 
2 

Weight of piece B--3472 X  0.0554=192.35  lbs. 

Weight of piece C-310-192 .35=117 . 65 lbs. 

937 
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Volume of electrode consumed= 

16 X 16 X 42 . 5-4 X 2 X 2X 42 . 5—volumes of C + D-
2 

10540—volumes of C+ D cub. inches. 

Weight of electrode consumed-10540 X  0.0554-185 .65-17*--381 .26 lbs. 

Consumption of electrode per ton of pig iron produced-- 

381 .26 X 2000 
	  ---  17.85 lbs. 

42711 

MODIFICATION OF EXPERIMENTAL FURNACE FOR 

COMMERCIAL PRODUCTION OF PIG IRON. 

Probably the largest unit which can at present be constructed on the 
model of the experimental furnace will not exceed 2,000 horse-powent The 
construction of the experimental furnace to fit it for the production of pig 
iron on a commercial scale will require to be modified in the following impor-
tant particulars:— 

(1) The top of the furnace requires to be modified to permit of the ap-
plication of labor-saving machinery for charging. 

(2) Provision requires to be made for the collection and utilization of 
the carboh monoxide produced by the reduction of the ore; this involves also 
the protection of the charcoal of the charge from combustion on top of the 
furnace. 

(3) The regulation of the electrode should be effected automatically. 

(4) The shaft containing the charge should be sufficiently high to permit 
the heated CO to effect maximum reduction of ore and the electrode should 
not be immersed in this shaft but contained in a side chamber supplied with 
the charge from the main shaft. 

For the successful operation of an electrfc furnace constructed on the 
lines of the experimental furnace employed it is essential that a certain current 
density pass through the magma formed beneath the electrode, consisting 
of unreduced and partially reduced ore, slag and carbon. In using a carbon 

* 17 lbs. knocked Off lower end. 

t A furnace of this capacity is now in process of erection at Baird California. 
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crucible in electric communication with the outer case, it is manifest that the 
cunent will distribute itself over the whole area of the crucible and pass out 
through the case and bottom plate, preventing the requisite rise of tempera-
ture immediately below the electrode for the proper working of the furnace. 
In a number of experiments made it was observed that the furnace worked 
best when a scale of limey, very infusible slag, containing calcium carbide, 
had been formed against the sides of the crucible, preventing the dissipation 
of the current laterally and forcing the current at the requisite density .  to 
pass through the magma and melted iron into the bottom plate, which con-
stituted the lower pole. In a new construction of furnace this condition, 
necessary to successful smelting, should be met by lining the sides of the 
crucible with magnesia or silica brick, depending on the nature of the slag 
to be formed, leaving only the carbon bottom in electric communication with 
the base plate of the furnace, These suggestions are incorporated in the 
2-shaft-furnace represented in Plate IX, recently patented. 

Moreover, the capacity of the crucible should be adjusted to the energy 
employed to insure the proper current density for effective working of the 
furnace. The greater capacity insuring less loss of heat by radiation and the 
modification of the furnace to permit of the utilization of the carbon monoxide 
will materially increase the output beyond that ascertained by the experi-
mental furnace. The experiments indicated that under normal conditions 
about 11.5 tons were produced by an expenditure of 1,000 electric horse-
power days. It is, therefore, not unreasonable to assume that under similar 
conditions with a properly constructed plant the output per 1,000 horse-power 
days would certainly reach 12 tons. This figure has been adopted in calcula-
ting cost of production per ton of pig. 

The protection of the charcoal of the charge from combustion on top of 
the furnace will materially decrease the amount of charcoal necessary for 
reduction and consequently lessen the cost of this item. This saving has, 
however, not been taken into account in the estimate of cost. 

PRODUCTION OF FERRO-NICKEL PIG. 

The Lake Superior Corporation has acquired the Government plant by 
purchase and has employed it for the semi-commercial production of ferro-
nickel pig. The furnace operations were left entirely in the hands of the 
workmen, who had been trained during the progress of the Government 
experiments. The furnace worked with admirable regularity, the regulation 
of the electrode requiring hardly any attention, and the output was of ex-
cellent and uniform quality. 

On account of the value of the product, the smelting of roasted nickelif-
erous pyrrhotite by the electrothermic process, as carried out with the Govern- 
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ment experimental plant, admits of immediate commercial application with-
out other modification of the furnace than increase of its capacity. 

Mr. E. A. Sjelstedt, Chief Metallurgist of the Lake Superior Power Com-
pany, who has had charge of the smelting operations, reports regarding the 
production of ferro-nickel pig as follows:— 

"During the first few weeks of our experiments minor changes in the shape 
of the furnace were made, also in the electrode holder, the lime charges were 
purposely kept low .(from, 15 to 18 per cent. of the ore charge) in order to 
observe the influence and efficiency of the lime in the elimination of the sul-
phur and silicon. During this time the furnace product averaged 2,700 lbs. 
per diem of ferro-nickel  with  0.01 per cent. S and Si contents, varying from 
5 to 11 per cent. Returning to our old practice and running on 50 per cent. 
lime charge,the product decreased somewhat (yielding from April 4 to May 5 
on an average 2,456 lbs. per diem), but the Si contents were reduced to about 
3 per cent. The further increase of the lime charge tended to further decrease 
the Si contents, but at the sacrifice of the production. Finally we settled 
down to an ore charge of 400 lbs. of briquettes (carrying from 1 .5 to  2.25  
per cent. S), 140 to 150 lbs. limestone of the composition given in Run 
No. 1 and about 120 lbs. charcoal. 

Up to August 1 about 168 short tons of ferro-nickel pig had thus been pro-
duced. Omitting the first few weeks and taking into consideration only the 
four full months, April to July, inclusive, during which time the furnace was 
in continuous operation,  with  the exception of such unavoidable interrup-
tions as were caused at the power plant and for the changing of electrodes, 
the following average results were obtained:— 

Total product. 	  154 short tons. • 
Total working time, 114.8  days of 24 hours. 
Average product per working day. 	 , 	1.3415 short tons. 
Mean volts on furnace 	  38 
Mean amperes 	   4,800 
Power factor. 	  0.919  
Mean electric horse-power on furnace, .approx 	 . .225 

Output of ferro-nickel pig per 1,000 E. H. P. days,—.– 

1 . 3415 X 1,000 
--  5.96 short tons. 

225 

DUring this period the following average amounts of raw material were 
consumed for the production of one short ton of ferro-nickel pig (of an average , 
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composition of about 2.75 per cent. Si; 0.01 per cent. S;  0.03 per cent. P; 
4 per cent. Ni; and 0.8 per cent. Cu) :— 

Roasted pyrrhotite (about 2 per cent. S content) 	2 tons. 
Limestone.   1,500 lbs. 
Charcoal, 60 bushels at 20 lbs.   1,200 " 
Electrodes.  	40 " 

THE ELECTRIC FURNACE AS COMPARED WITH THE BLAST 
FURNACE. 

The tendency among iron manufacturers for some time has been to in-
crease the size and capacity of blast-furnaces until the enormous capacity 
of 600 to 800 tons per day with a furnace stack 100 feet high has been 
reached. 

But for the economical working of a blast-furnace there is a point beyond 
which the furnace can be neither increased nor decreased in size. It seems 
to have been established that furnaces with a height of 90 feet and corres-
ponding output prove the most economical. While fuel is cheap and ore of 
good quality and high iron content is still aliundant, any disadvantages of 
such large units will not be felt. It may, however, be of value to call atten-
tion to some of the disadvantages connected with the employment of large 
units. These are as follows:— 

1st—Large first cost of furnace. 
2nd—Excessive cost of charging machinery and upkeep of same. 
3rd—Large .expense and probable idleness throligh break-down. 
4th—Cost of and difficulties of rhaking repairs, relining, etc. 
5th—Serious complications resulting from scaffolding, involving loss 

of fife and money. 
6th—Financial loss resulting from wrong composition of charge, in-

volving many tons of iron before correction can be made. 

-l'et, with even these drawbacks the blast-furnace of to-day, representing 
the result of a hundred years' experience and inventive skill, must be pro-
nounced a perfect machine, hardly permitting further improvement, and if 
the electric furnace, which is yet in its infancy, is able in its present state of 
development to compete with a blast-furnace under the special conditions 
of cheap electric energy and high price of metallurgical fuel, what may we 
not expect of its performance when all the calories available in an electric 

• furnace will have been utilized by proper design, as the result of years of 
experience? 



96 

It is, therefore, scarcely to the point to speak of faults or disadvantages 
of a new invention, which, as they are realized, may be corrected, but it is of 
great importance to point out any advantages a new apparatus may possess 
over a long-tried machine. The following are some points in favor of the 
electric furnace:— 

lst—Original small cost of furnace. 
2nd—Absence of bulky or costly charging machinery. 
3rd—Small expense involved through breakdown. 
4th—Small cost and ease with which repairs may be made. 
5th—No serious complications arising from scaffolding. 
6th—Loss due to wrong composition of charge reduced to a minimum. 
7th—Perfect control of the temperature in the reducing and melting 

zone. 

In reviewing the advantages arising from the introduction of the electric 
furnace, it must be understood that a smelting plant operated by electricity 
is composed of several small units, the disablement of any one of which will 
not render the plant idle. Again, in case of accident, such a furnace will 
cool down in a comparatively short time, permitting repairs to be made in 
the least possible time. 

It is well known that blast furnaces, producing cyanide of potassium, 
yield a bad quality of iron. The formation of cyanides in the blast furnace 
is effected by the nitrogen of the blast in presence of a basic slag, and con-
currently the nitrogen combines with the ferrite to form nitride of iron, 
the presence of which in the iron renders it brittle. This fact has only 
lately been discovered, and since then we must reckon nitrogen a new 
enemy of the metal, iron. All processes, therefore, which employ in the 
production of iron and steel atmospheric combustion as the heating agent, 
may lead to the introduction of nitride of iron in the resulting product, 
and hence injurionsly affect the mechanical qualities of iron and steel. 
This explains what has so far been regarded as inexplicable—that certain 
iron and steels with low sulphur and phosphorus show 'great brittleness. 
It is for this now known reason that electrically produced iron and steel 
are superior to that made by the old process, since nitrogen is eliminated 
from the process. 

GENERAL REMARKS. 

The far-reaching consequence of the gratifying results achieved by these 
experiments will at once be apparent, Many of our magnetites are too high 
in sulphur to be handled by the blast-furnace and consequently have so far 
been of no commercial value. But the very best of pig iron, as has been 
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proven, can be made from ores which contain as high as 1.5 per cent. of sul-
plmr. A blast-furnace will not usually handle an ore -which contains more 
than 0 .1 per cent. of sulphur and requires, therefore, an ore which cannot 
be obtained at a low figure. 

Regarding the water-power required for the application of this process 
it may be stated that many water-powers exist in Ontario and Quebec, 
surrounded by iron ore fields, in localities ill adapted for the application of 
electric energy for any other purpose, which could be developed to furnish 
an electric horse-power year for from $4.50 to $6.00. With such a 
price for the energy required, the small consumption of electrode, 
the cheapness of the ore employed and the peculiar excellence of 
the pig iron produced, electric smelting of iron ores in Canada in properly 
constructed furnaces, using charcoal or peat-coke made from our peat bogs 
of enormous extent, rnay be pronounced commercially feasible. Under the 
prevailing conditions in Canada it now only remains for the engineer to design 
a plant on a commercial scale, say of 100 to 150 tons daily output, with all 
the necessary labor-saving appliances. Just as in the case of the blast-
furnace so likewise with.  the  electric furnace, experience gained will result in 
further economy and the day may not be far distant when the carbon mon-
oxide, which is of high calorific value and which at present as a product of 
the reaçtion taking place in the electric furnace is allowed to escape without 
utilization, will be employed for increasing the output by something like 
one-fourth. When this is accomplished, the blast-furnace could not compete 
with the electric furnace, even under conditions where coke might be cheaper 
than at present quoted in Ontario and Quebec. 

With the present advance which has been made in the transmission of 
electric energy, batteries of electric furnaces could be set up at various iron ore 
deposits, which could be fed with electric energy from some centrally located 
water-power, thus effecting a saving of the transportation costs of the ore 
from the mine to the furnace. 

The following is a summary of the results of the experiments which have 
been made under Government auspices at Sault Ste. Marie:— 

lst—Canadian ores chiefly magnetites can be as economically 
smelted as hematites by the electrothermic process. 

2nd—Ores of high sulphur content can be made into pig iron contain-
ing only a few thousandths of a per cent. of sulphur. 

3rd—The silicon content can be varied as required for the class of pig 
to be produced. 

7 
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4th—Charcoal which can be cheaply produced from mill refuse or 
wood which could not otherwise be utilized and peat-coke can 
be substituted for coke without being briquetted with the ore. 

5th—A ferro-nickel pig can be produced practically free from sulphur 
and of fine quality from roasted nickeliferous pyrrhotite. 

6th—Titaniferous iron ores containing up to 5 per cent. can be success-
fully treated by the electrothermic process. This conclusion is 
based upon an experiment made with an ore containing 17.82 
per cent. of titanic acid, yielding a pig iron of good quality. 

The results of the introduction of electric smelting into countries possess-
ing iron ore deposits and water-powers, but lacking metallurgical fuel, may 
be summarized  as follows:— 

lst—The utilization of water-powers which cannot at present be 
profitably employed for any other purpoSe. 

2nd—The utilization of peat bogs for the production of pet coke, to 
be used as reducing material for the operation of electric furnaces, 
and utilization of mill refuse and sawdust, for which there has so 
far been no practical use. 

3rd—Rendering. such countries independent of fuel import for metallur-
gical processes. 

4th—Enabling them to produce their own pig iron for home consump-
tion and consequently retaining in their country the money 
which otherwise would have to be sent abroad to purchase pig 
iron in the crude and manufactured state. 

5th—The development of steel plants and rolling mills using only 
electric energy. 
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Estimate for a 10,000 Horse-power Plant Producing 120 Tons of Pig Iron 
per day of Twenty-four Hours. -e 

Furnaces, contacts, overhead work 	 $ 24,500 
Bins, chutes, elevators 	  14,000 
Crushers 	4,000 
Hoists and regulators 	  10,500 
Instruments.  	1,400 
Cables for conductors 	8,400 
Building. 	 10,500 
Mixer and casting machine. 	 10,000 
Travelling crane and tracks.  	5,000 
Ladles.  	1,500 
Slag trucks 	3,000 
Ore bins 	3,000 
Repair shop 	5,000 

$100,800 
Charcoal plant  50,000 
Power plant (assuming cost of developing one 

	

electric horse-power-850.00)   500,000 

$650,800 
Electrode plant.  	6,000 
Unforeseen expenditure 	  43,200 

$700,000 
Amortization: 5% 
Depreciation: 5% 15% on $700,000 	 $105,000 
Interest:, 	5 % 1 
On a production of 43,200 tons per year of 360 

days per ton of pig iron. 	$2 . 43 

Cost of Production -  of Pig Iron per Ton. 

Ore (55% metallic iron) at $1.50 per ton. 	 $  2.70   
Charcoal, one-half ton at $6.00 per ton . 	 3 .00 
Electric energy, amortization, etc 	2 .43 
Labor.  	1.00   
Limestone. 	 0. .20 
Eighteen lbs. of electrode at 2 cents per lb.  	0.36   
General expenses 	 1  .00  

Total. 	  $10.69 

* This estimate is given on the authority of Dr. P. Héroult. 



101 

APPENDIX 

New Inventions of Electric Smelting and Reduction Furnaces. 

In Sweden, where conditions in regard to the raw material for the iron 
industry are in many respects similar to the conditions in several Provinces 
of Canada, the question of utilizing electric energy for smelting purposes has 
lately been given considerable attention. The attempts so far have been 
made to improve the induction furnaces and at present extensive experi-

ments are being carried out in Sweden, for which a sum of 200,000 kronor 
($55,000)  lias  been appropriated by Stora Kopparbergs Bergslags 
Aktiebolag. 

These inventions were made by Messrs. A. Grônwall, A. Lindblad and O. 
Stitlhane and for their exploitation a company, "Elektrometall," address 
Ludvika, Sweden, has been formed. 

Induction Furnaces for Steel Smelting. 

The principal disadvantage in earlier induction furnaces has been the 
great phase displacement, which prevented the construction of furnaces for 
larger charges. Different inventors (Kjellin, Frick, Schneider, Colby, etc.) 
have made certain improvements and also at several places erected furnaces 
intended for commercial production. The difficulty with the phase dis-
placement still remained, however, and in order to work their furnaces these 
inventors have been forced to employ a current of exceptionally low fre-
quency. For smaller furnaces a current of 12 to 15 periods and for larger 
furnaces a current of 5 and even 3 periods has been proposed. This low fre-
quency of the current necessitates the instalment of special machinery, in-
volving a heavy outlay, and prevents the connection of these furnaces with 
already installed power plants erected for ordinary purposes. 

The position of the primary coil around the leg of the transformer sur-
rounded by the bath of the metal to be smelted was another disadvantage, 
which, by the inventions described later, has been overcome, and the in-
ventors previously mentioned now claim that induction furnaces for com-
mercial production and for any charge can be constructed. 
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If: 

• ço=  angle of phase displacement, 	- 

C  =-- constant, 

ci) == frequency, 

-= area of bath of metal to be smelted, 

1 = length of bath of metal to be smelted, 

p= specific resistance in ohms of the bath, 

1478— magnetic resistance around the secondary (the bath), 
cc 	cc primary coil. 

we have for the tangent of the angle of phase displacement :— 

c. cn a 	(1 	i\* 
Tang ço = 	 —+ 

1? 	W, W 2, 

From this formula it is evident that if cos çe-----power factor, it is increased by;— 

lst—decreasing the frequency, 
2nd—increasing the ohmic resistance of the bath, 
3rd—increasing the magnetic resistance of the two leakage fields. 

Decreasing the frequency of the current causes, as previously explained, 
so great disadvantages that such a course ought to be avoided. 

The only means left to decrease the phase displacement are consequently: 
increase of the ohmic resistance of the bath and increase of the magnetic re-
sistance of the two leakage fields. 

The inventions by Messrs. Grônwall, Lindblad, and Stiilhane to accom-
plish this are fully described in the accompanying patent specifications. 

Attention is here called to the fact, however, that by giving the bath the 
form of a groove,t surrounding one leg of the transformer and provided with 
parallel extensions in connection with each other, and not the customary 
circular form, the following advantages result from such construction:— 

lst—a greater ohmic resistance of the bath, 

2nd—an increased resistance for the leakage fields, on account of the 
closeness of the circular part of the bath to the iron core of the 
transformer. 

3rd—A further increased resistance for the secondary leakage, because 
the extensions of the groove form a so-called "bifilar " winding. 

* According to Lindblad. 
f See further Patent Specification No. 4. 
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The invention described in patent specification marked No. 1 and further 
in patent specification No. la is of special importance and consists of two coils, 
which are not connected with the primary current (or connected in the man-
ner described in spec. No. la). These two coils, so called  "compensation 
coils," are connected with each other in such a manner that the electromotive 
force induced in the one is counteracted by that in the other. The details 
of this invention are fully described in the patent specification, from which it 
also is evident that the position of the primary coil relatively to the bath is 
of no importance regarding the leakage, which is of great advantage—in fact, 
if smelting plants with induction furnaces are to be erected on a larger scale, 
the plants must be so constructed that the furnaces can be direct connected 
with the transmission lines from the power plant, in order to obtain economic 
conditions of working. If a large amount of power is required first to be 
passed through a transformer, the efficiency of the installation is decreased 
and the cost and maintenance increased. 

The present method of placing the primary coil around the leg of the 
transformer surrounded by the bath will undoubtedly, even for comparatively 
low voltage, result in considerable difficulties and for higher voltage it will 
probably be impossible to obtain the necessary insulation, on account of the 
high temperature of the bath, which has a destroying effect on the delicate 
insulation of the primary coil, and the use of water-cooling between the coil 
and the bath is not likely to prove effective. 

From what has been said it is evident that no earlier construction of any 
induction furnace can without risk for the insulation be direct-connected 
with a power-transmission of high voltage. It is only through the invention 
of the compensation coils, which makes the position of the primary coil re-
latively to the bath indifferent, that such a connection is possible. 

The accompanying Plates Nos. X–XIII of an 8 ton steel furnace of 750 
horse-power at present being erected show the utilisation of these inventions. 

The primary coil is placed around that leg of the transformer which is 
not surrounded by the bath, in a specially made well, where it is exceedingly 
well protected from the heat and all danger to the men attending the furnace 
of coining in contact with the high voltage transmission is excluded. 
The leakage field developed around the primary coil produces no direct 
phase displacement, as the leaking lines of force are forced, on account of the 
arrangement of the compensation coils, to again produce effective lines of 
force through the compensation coil placed around that leg of the transformer 
surrounded by the bath. In order, therefore, that a phase displacement 
shall be produced due to the primary leakage, it is necessary that a new 
leakage field shall be developed around the compensation coil last mentioned. 
The leaking lines of force due to the primary are consequently forced to 
pass through the air around the primary and also through the air around the 
compensation coil placed inside the bath. The distance which these leaking 
lines of force have to travel has, therefore, been greatly increased and con- 
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sequently also the magnetic resistance which they have to overcome in order 
to produce a phase displacement. 

Another very effective way of decreasing the primary leakage proposed 
by the inventors refers to the construction of the transformer core. This 
invention is fully described in patent specification No. 2. The effect 
of this invention in combination with the compensation coils is that 
the leaking lines of force, which, as already explained above, in order 
to produce a phase displacement must pass through the air both around the 
primary coil and the compensation coil placed inside the bath, are forced to 
pass four times through the side surfaces of the iron core and thereby en-
counter a greatly increased magnetic resistance. 

Patent Specification No. 3 refers to an invention also intended to de-
crease the magnetic leakage in transformer furnaces. This invention 
consists of the use of a short circuited conductor or conductors of 
low resistance, which are placed in the way of the leaking lines of 
force, but not in the way of the effective lines of force of the transformer. 
The invention is fully described in the patent specification and will in certain 
cases be used by the inventors. 

Electric Furnaces for the Reduction of Ores. 

Transformer Furnace. 

The arrangements of this.type of furnace are described in patent specifi-
cation No. 4. 

The necessary electrical machinery and arrangements are based on the 
same principles as for the steel furnace previously described. The 
parallel extensions of the groove are drawn into the hearth or lower 
part of a shaft furnace (or other similar furnace). Thus the hearth of the 
shaft furnace will consist of a part of the smelting groove of the induction 
furnace and the material heated or smelted in the shaft furnace will directly 
drop do wn into the smelting bath of the electric furnace and will there be 
submitted to further treatment by means of an electric current. The 
smelted pig iron may by means of these arrangements be brought 
to continuously flow out from the shaft furnace into the smelting groove of 
the electric furnace. The groove is given such cross sections in its different 
parts that the principal heat is developed inside the shaft furnace. The 
groove outside the shaft furnace is completely bricked in, forming a closed 
canal. 

The inventors further propose to use part of the gases developed for 
heating and reduction purposes in a manner similar to the one proposed by 
Henri Harmet. 



Plate XIV. 

TRANSFORMER FURNACE COMBINED WITH SHAFT FURNACE. 
PLAN. 
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Plate XV. 

TRANSFORMER FURNACE COMBINED WITH SHAFT FURNACE. 
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Plate XVI. 

TRANSFORMER  FURNACE COMBINED WITH SHAFT FURNACE. 
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To the charge for the shaft furnace only enough carbon is added as is 
necessary for the reduction of the ore. The gas (or part of same) from the 
furnace is pressed by an exhauster or other suitable arrangement through 
a suitable heating apparatus and further through the canal formed by 
the covered part of the smelting groove into the furnace a little above the 
hearth. The gas is consequently kept in continuous circulation and as new gas 
is constantly formed through the reduction of the ore and air excluded, the 
percentage of nitrogen in the gas will gradually decrease to an insignificant 
quantity. As a result of this a great part of the reduction will be effected 
by the gases. 

An experimental furnace of 600 to 700 h.p. is at present being erected in 
accordance with this invention, the construction of which is shown in 
Plates Nos. XIV—XVI. 

Contact Furnace. 

The same inventors also propose to employ a furnace of the contact 
type for the direct smelting of ores. 

This invention is described in patent specification No. 5 and one form 
of the construction is shown in Plate No. XVII. The lower part of a shaft 
furnace is divided into two parts by means of a wall of fire proof material, 
so that two grooves are formed, which extend through openings in the brick 
work outside the furnace. The molten material in these grooves forms the 
electrodes for the current, connections being made by carbon blocks or 
other suitable arrangements with the transmission lines, at the end of each 
groove. The electric current passes from one of the terminals through the 
molten product in one of the grooves, across the charge in the furnace and 
out to the other terminal through the material in the other groove. The 
charge in the furnace through its resistance to the current is heated and 
smelted 

Rotating Furnace. 

This invention, also proposed by the same inventors, consists of an 
electric furnace in combination with a series of rotating cylinders and is fully 
described in patent Specification No. 6. 

This invention may prove of value especially for finely divided ores, for 
instance for the treatment of concentrates of the iron sands in Canada, which 
in this case do not need to undergo any briquetting process. 
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Specification No. 1. 

Improvement in Transformer Furnaces relating to the arrangement of 

Compensation Coils for the decrease of the Magnetic Leakage. 

The present invention relates to electric smelting furnaces  of the trans-
former type. In such transformer furnaces of the construction hitherto 
known one of the greatest difficulties has been the great magnetic leak-
age and the resulting phase displacement, which has caused the necessity 
of a relatively great and expensive machinery and thus heavy original costs. 
In order to avoid or reduce these di fficulties different methods have been 
tried for reducing the magnetic leakage. Every invention intended for that 
purpose and carried out in practice has been based on the principle to render 
it more difficult for the leaking lines of force to close themselves or meet 
through the air. Thus it has been attempted to lessen the area through 
which the leaking lines of force may close themselves through the air for 
instance by placing the primary coil within the area enclosed by the 
smelting bath. This disposal of the primary coil, however, on account of 
the high temperature of the smelting bath, which is placed near by, is con-
nected with great difficulties, especially if, as usually is the case, the primary 
coil is supplied with alternating current of relatively high voltage. 

The present invention has for its object a device by which the disad-
vantageous leakage is limited to the space within the smelting bath, inde-
pendant of the position of the primary coil relatively to the smelting bath. 

In order to more fully explain the idea of this our invention, the follow-
ing description of it is given with reference to the accompanying schematical 
drawing, in which is shown a vertical section of a transformer furnace em-
bodying the present invention. 

1 is the iron core of the transformer, 2 the smelting bath and 3 the primary 
coil, which in the form of the furnace shown in the drawing is located around 
that leg of the transformer core, which is outside the smelting bath. 4 and 5 
are two other coils, which are not connected with the primary source of cur-
rent. Of these latter coils the one, 4, surrounds the same leg of the trans-
former core as the primary coil and the other, 5, is placed within the smelting 
bath and surrounds the same leg of the transformer core as this latter. These 
two coils, 4 and 5, are connected with each other in such a manner that the 
electromotive forces induced in the same counteract each other. If tnese 
two coils have the same number of windings or turns, the electromotive forces 
induced or excited in the same should completely neutralize or nullify each 
other, provided that no primary leakage is developed in the transformer. 
If, however, not all of the lines of force generated by the primary coil, 3, 
pass through the smelting bath, 2, and the coil 5, but instead of this a part of 
them in longer or shorter curves close themselves through the air, moré leak-.  
ing lines of force will pass through the coil 4 than through the coil 5, wherefore 
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the electromotive force induced iu the former will have a value greater than 
that induced in the latter. In consequence of this an alternating current 
will flow through the two coils 4 and 5, connected with each other, the strength 
of said current being dependent on the number of lines of force leaking around 
the primary coil. From this it follows that if the coils are connected with 
each other in the manner above stated, the coil 5 will magnetically co-operate 
with the primary coil. On this account the lines of force which are leaking 
around the primary coil 3 will be forced to generate useful lines of force by 
means of the coil 5. 

Evidently there arises also around the coil 5 a disadvantageous leakage, 
but this leakage, being limited to the space enclosed by the smelting bath, will 
not be very great, provided the said space be sufficiently small. As the coils 
4 and 5 may be made with only a few windings, it follows that the tension 
induced in the same will be relatively low and it is obvious that the insulation 
of the same also may be relatively slight or thin, whence it finally follows 
that the space between the smelting bath and the leg of the transformer core 
surrounded by the same may practically be made as small as if there were no 
coil. Obviously it is not necessary that the iron core 1 has the form shown 
in the drawing, neither is it necessary that the primary coil be placed as 
shown in the drawing, but this latter may be located on the transformer core 
in any other suitable manner. The primary coil may also be subdivided in 
two or more sections or parts located in any suitable manner. Nor is it 
necessary that the coil 4 be placed in the manner shown in the drawing. It 
may instead be located around, above or underneath or in any other suitable 
manner near the primary coil, provided it always be so ananged that all or a 
part of the lines of force leaking around the primary coil 3 act inductively 
on the same. The coil 5 may also, of course, be located otherwise than shown 
in the drawing, but preferably it is placed within the area enclosed by the 
smelting bath. The coils . 4 and 5 may, of course, be made with any suitable 
number of windings' and may also be divided in several sections. 
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Specification No. la. 

Improvements in Transformer Furnaces relating to the arrangement of 

Compensation Coils for the decrease of the Magnetic Leakage. 

One of the greatest difficulties with transformer furnaces has up to the 
present been the great phase displacement produced by the generally con-
siderable magnetic leakage. 

The principle of the invention previously made by the inventors for the 
decrease of the magnetic leakage (see patent Specification No. 1) consists of 
suitably placed coils, char&ed from the outside with the required current, in 
such a manner that their magnetomotive force compensates the magnetomo-
tive force with which the leaking lines of force try to force their way out 
from the iron core of the transformer. 

The present invention has reference to a certain modification of that in-
vention, which in an essential degree facilitates its practical application, on 
account of the decrease in the required number of coils and consevently also 
the decreased amount of copper required. 

The accompanying drawing shows this form of the invention. Fig. 1 
is a vertical section of a transformer furnace provided with the said invention. 
Fig. 2 is also a vertical section of such a. furnace provided with another form 
of the invention. 1 and 2 are the two vertically placed legs of the iron core 
of the transformer, united above and below by the two parts 3. 4 is the 
melting bath and 5 the primary coil with its two terminals 6 and 7. 8 and 9 
are two other coils designed in accordance with the present invention to 
counteract the primary leakage. 

Fig. 1 shows the terminal 10 for coil 8, connected with the terminal 11 
for coil 9. The other two terminals, 12 and 13, for these coils are intended 
to be connected with an outer source of current. The two coils 8 and 9 have 
such a winding, that the electromotive forces induced in same from the lines 
of force in the iron core are directed against each other. 

If no primary leakage is produced, i.e., if all of the lines of force produced 
by the primary coil 5 in the leg 1 pass also through leg 2, the electro-motive 
forces produced in coils 8 and 9 are equal, (providing the number of windings 
in the two coils are equal). There will be no difference of potential between 
the *terminals 12 and 13. If, on the other hand, a primary leakage is 
produced, then a greatei: number of lines of force pass through leg 1 than 
through leg 2 and consequently the currents induced in coils 8 and 9 are no 
longer equal. 

Assume that in leg 1 a number, a, lines of force are produced and in leg 
2 a number, b; in such a case the electro-motive force induced in coil 8 is 
proportional to a and in coil 9 proportional to b. On account of the two coils* 
8 and 9 being connected in such a manner that they counteract each other, a 
difference of potential is produced between the two terminals 12 and 13, 
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proportional to a-b, but a-b represents the number of leaking lines of force 
around the primary coil 5 and, therefore, it is evident that the difference of 
potential produced between the terminals 12 and 13 by the primary leakage 
is equal to the difference of potential which would be induced in a coil with 
the same number of windings as coil 8 or 9, if all the primary leaking lines of 
force were forced to pass through it. The coils 8 and 9 act consequently as 
one coil, through which all the primary leaking lines of force are forced to 
pass. From this it follows that if a suitable current is passed through the 
coils 8 and 9 of such a strength that the magnetomotive forces in the said 
coils are made equal to the magnetomotive force with which the primary 
leaking lines of force try to force their way out of the iron core, the primary 
leakage is prevented. 

It is to be noted that when this case happens the difference of potential 
between the terminals 12 and 13 is equal to 0, i.e., the coil system 8 and 9 is a 
non-inductive winding and to force the required current through same only 
enough electromotive force is required to overcome the ohmic resistance. 

This condition, that the coil system 8 and 9 is non-inductive, is a matter 
of great importance. 

The current for the coil system 8 and 9 can, of course, be taken from the 
same source delivering current to the primary coil, providing the electro-
motive force is suitable. If that is not the case, the voltage can by means of 
a small transformer be made suitable. Evidently the ,çoil system 8 and 9 
can also be supplied from some other source of current, provided that the 
current is in phase or at 1800  phase displacement from the current with 
which the primary is supplied and that the frequency is the same;  

In case the coil system 8 and 9 is supplied with current from the same 
source as the primary coil, and a transformer is necessary to obtain a suit-
able voltage, instead of a separate transformer, the transformer coupling 
invented by Hick may then be used with advantage. The arrangements in 
this case are shown in Fig. 2. 

The primary coil is as before supplied with current through the terminals 
6 and 7, but the terminal' 12 of coil 8 is now connected to the terminal 7 of 
the primary coil and the terminal 13 of coil 9 connected to such a point 14 
on the primary coil that the prevailing difference of potential between ter-
minals 7 and 14 wffi just be sufficient for the coil system 8 and 9. 

It is evidently not necessary that the primary coil 5 be placed as shown 
in the drawing, since its position is indifferent in regard to the iron core. 
The primary coil can also be divided up in a number of arbitrarily placed 
parts. Evidently also the coils 8 and 9 can be placed in some other way than 
shown in the drawing and be divided up in different parts. 
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Specification No. 2. 
• 

Improvements in Transformer Furnaces relating to the Construction of the 

Iron Core of the Transformer for the decrease of the Magnetic Leakage. 

In electric smelting furnaces of the transformer type before known 
one of the greatest difficulties in practice has been the considerable electro-
magnetic leakage and the shifting of phases arising therefrom, which takes 
place on account of the position of the primary coil or coils with regard to 
the secondary coil, in this case consisting of the smelting bath. 

In other transformers, for instance such as are used for the transmission 
of power, this difficulty does not arise, as in such transformers the primary and 
the secondary coil may without any inconvenience be placed near to each other, 
for instance in such a manner that the one coil be placed concentrically 
around and near to the other coil. In transformer furnaces, however, such 
an arrangement is, on account of the furnace construction, not possible, 
for even if the primary coil and the smelting bath be placed concentrically 
relatively to each other, the high temperature of the smelting bath makes it 
necessary that there should be a relatively great space between the primary 
coil and the smelting bath, in order that a sufficient insulation against heat 
may be secured. Therefore, in transformer furnaces other means must be 
used for reducing the leakage, so that the power factor (cos ço ) may not be 
too small, making the use of massive and expensive machinery necessary. 

According to observations made by us in transformers of the construc-
tions hitherto used, the leaking lines of force emanate chiefly from the edges 
of the sheets or lamellae of iron of which the transformer core is composed. 
Thus, when  the transformer core is formed with rectangular cross section 
the most of the leaking lines of force emanate from those sides of the core 
-which are formed of the edges of the said sheets or lamellae, while only a 
relatively small number of the leaking lines of force emanate from the other 
sides of the core, or, in other words, the leaking lines of force pass more easily 
along the side surfaces of the sheets of iron than across the same. This is 
also in accord with the theory, as the leaking lines of force which try to pass 
across the sheets of iron necessarily must be counteracted or restrained by 
the "screening  action,"  which the iron sheets themsel -ves exercise. 

The present invention has for its object an iron core for use in trans-
former furnaces, which iron core is constructed on the base of the said ob-
servations for the purpose of reducing  the  leakage as far as possible. 

The principle of the invention is, broadly speaking, as follows: The 
transformer core should be so formed that its surfaces, as far as possible, be 
formed not of the edges of the iron sheets of which the transformer core con-
sists, but consist of the iron sheets or lamellae of which the transformer core 
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is formed and so arranged that wherever the leaking lines of force try to 
escape or emanate from the iron core they are forced to pass across a smaller 
or greater number of the said sheets of iron. In order to make our invention 
more plain, it is described in the following with reference to the accompanying 
drawing in which, as examples, different forms of the same are illustrated. 

Fig. 1 is a front view of a rectangular transformer core, constructed in 
accordance with this invention and Fig. 2 shows a horizontal cross section 
of the same. Fig. 3 is a horizontal cross section of another form of a trans-
former core, also constructed in accordance with this invention. 

According to the form of the invention illustrated by Figs. 1 and 2, the 
iron core is composed of a number of parts or sections, 1, of triangular section, 
said sections being put together to complete the iron core, so that 
the iron sheets, of which a certain section 1 is formed, will be 
parallel with that side-surface of the complete transformer core, which is 
formed of the same part or section. In order to prevent the production of 
disadvantageous currents within the iron ore, the several sections or parts 1 
are separated from each other by means of a layer 2 of insulating material. 
To secure the effect aimed at by this invention, i.e. the " screening action" 
of the iron sheets, by which the reduction of the leakage is attained,  the. 

 vertical legs of the transformer core may suitably be connected also at the 
corners with its horizontal parts in the manner shown in Fig. 1. 

According to the form of the invention illustrated by Fig. 3, the sections 
1 are formed with such cross sections that when said sections or parts 1 are 
put together, passages or canals 3 are formed, through which a suitable cool-
ing medium may be led for cooling of the iron core. 

Obviously it is not necessary that the transformer core be formed with 
rectangular cross section as shown. in the drawing, but it may also be formed 
with any other suitable section and it ought also to be understood that the 
iron core may even be formed by another number of sections or parts than 
that shown in the drawing and that in such case all or a part of them may be 
formed with other cross sections than the triangular one. The *iron core 
may also  be  composed of sheets of iron, placed concentrically or spirally 
around each other, in which case, however, the sheets must be insulated 
from each other in such a manner that no disadvantageous currents can 
develop within the iron core. 

8 
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Specification No. 3. 

Improvements in Transformer Furnaces relating to the arrangement of 
Short-circuited Conductors for the decrease of the Self Induction. 

The present invention relates to improvements in electric • furnaces of 
the type where the crucible is formed of an endless groove intended for the 
reception of the material to be treated, which material alone or together with 
other conducting materials placed in said groove forms the secondary coil of 
an electric transformer. 

In transformer furnaces of the said type and of the construction hitherto 
known the disadvantage has appeared, that; owing to their construction, the 
self induction becomes very great and thus they work with a relatively small 
power-factor (cos so), which makes expensive machinery necessary. 

The present invention consists in such improvements in transformer 
furnaces of the said type by means of which the self induction may be con-
siderably reduced. For this purpose, according to this invention, a short 
circuited conductor or conductors of low resistance is placed in the way of 
the leaking lines of force but not in the way of the effective lines of force of 
the transformer, in which conductor or conductors by the action of the leak-
age flux cunents are induced, which directly counteract the said flux. 
It is to be understood without further explanation that the said short 
circuited conductor or conductors may consist of an endless conductor or of 
annular discs or of mantels of conducting materials cut open in one or more 
places and formed and arranged in a suitable manner. This conductor 
or conductors may be located in non-insulated condition,- at a little 
distance from the smelting bath, so that they may, without damage, 
be exposed to a high temperature. The less the ohmic resistance of these 
conductors is and the greater the number of the leaking lines of force that 
are caused to pass through the same, the more effective will the action of 
the same be. 

In the following this invention is described with reference to the accom-
panying drawings, forming parts of this specification. In these drawings 
are shown as examples several different forms of the invention. 

Fig. 1 is a vertical section and Fig. 2 a plan view of an electric smelting 
furnace embodying a form of the invention. Figs. 3, 4 and 5 are horizontal 
plan views of smelting furnaces embodying some other forms of the invention. 
In the different Figures corresponding parts are indicated with the same 
numbers of reference. 

Referring to Figs. 1 and 2, 1 is the transformer core, which is sunounded 
by the groove 2, intended for the reception of the material to be treated (or 
the material forming the secondary coil) and by the primary coil 3. The 
said core, the whole or a part or parts of it, is furthe-  r, according to this in-
vention, surrounded by a mantel 4, of conducting material, which mantel is 
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cut open at one or several places, for instance at 5, in order that the effective 
lines of force of the transformer may not act inductively on the same. 
By[means of this mantel 4, which may enclose the whole transformer 
core or only a part thereof, the primary leakage is decreased with increase 
of sectional area and conducting power of the mantel, and also with increase 
of length of the transformer core enclosed by the mantel. The said 
mantel or envelope may also be of the form illustrated by Fig. 
3. According to this form of the invention, the said mantel 4, which is made 
of conducting material, is formed of two or more turns of the conducting 
material wound around each other spirally and insulated from each other. 
The said mantel may also be employed as a cooling device in such a way that 
a cooling medium is forced to flow between the said mantel and the trans-
former core. According to the form of the invention illustrated by Fig. 4, the 
short circuited conductor 4, enclosing a part or parts of the transformer core, is 
placed within the groove 2, intended for the reception of the material to be 
treated in such a manner that the leaking lines of force may act inductively 
on the same. According to the form of the invention illustrated by Fig. 5, 
the said short circuited conductor or conductors shown in Fig. 4 consist of 
or are replaced by one or more annular discs or plates 4 of conducting material, 
cut open at one or several places, for instance at 5, so that the effective flux 
of the transformer may not act inductively on the said disc or discs, while 
the diffused or leaking lines of force excite local eddy currents in the same, 
which counteract the said leaking lines  efforce.  Obviously these conductors 
or dises or mantels may be placed either within the area enclosed by the 
smelting bath, or above, beneath, or around it, or simultaneously in two or 
more of these different manners. 
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Specification No. 4. 

Iniprévements in Electric Transformer Furnaces and Transformer Furnaces 
in connection with a Shaft Furnace. 

, 	The present invention relates to improvements in electric furnaces of. 
the type where the crucible .is formed of an endless groove intended for the. 
recep.  tion of the material to be treated, which .material, alone o :r_ together 
with other conducting. materials placed in said groove, forms the secondary 

• coil of an electric  transformer. 	 • 	 . . 
The invention consists of. a special form of the said groove  or  canal, which. 

is intended  for the •reception of the material to be treated, which material, as 
above said, during the smelting or heating process forms the secondary coil 
or conductor of the electric transformer. The invention further consistà in 
the combination of two  such grooves or canals .with each other . in such a 
way that  the material may be tapped off from the one into the . other for 
further treatment. The invention also consists in the combin.ation of the 
smelting groove or canal with a blast furnace or other similar furnace and in 
a certain arrangement of the primary coil of the electric transformer or trans-
formers used, and in certain arrangements of said _transformers and -grooVes. 
In the use of electric smelting furnaces of the above mentioned type and of 
the constructions hitherto known certain difficulties.have ben  experienced, 
consisting partly therein that *a great phase-displacement takes place which 
becomes greater the greater the area is which is enclosed by the said gtoove 
forming the hearth or crucible and partly therein that only an electric current 
of relatively low voltage can be used. 

Through the present invention these difficulties are overcome thereby, 
that the said endless groove (or grooves) intended for the reception of the 
charge to be heated or smelted and which as usual surrounds a part of the 
iron core of the transformer is partly bent around the said core but provided 
with (Me or more relatively long extensions formed in such a way that certain 
parts or branches of said groove (or grooves) are arranged parallel to each 
other and as near each other as is practically possible. These extensions - are 
connected with each other in such a way that the same together with the 
parts  bent around the core form an endless groove or canal. By giving the 
greove this particular shape, the advantage is gained that it will  have a great 
volume, but enclose a relatively srnall area,: .BesideS this the further advan-
tage is gained that a higher voltage may be used than by any other construc-
tion. The voltage  may be the greater, the longer the said extensions of the 
smelting groove are. On account of the relative smallness of the area en-
closed by the said gro'ove, the periods of the alternating electric current 
erriploYed may be of greater frequency, hence the electric machinery necessary 
will be considerably less costly than with constructions befOre known. 
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An electric smelting furnace of this construction can suitably be com-
bined with a blast furnace or another similar furnace in such a manner that 
the extensions of the groove of the electric furnace, or i»  general words, the 
parts of the groove arranged practically parallel to and near each other, are 
drawn into or through the hearth (the lower part) of the furnace. Thus, 
the hearth of the blast furnace will consist of a part of the smelting groove 
of the electric furnace and the material heated or smelted in the blast furnace 
will directly drop down into the smelting bath of the electric furnace and 
will there be submitted to further treatment by means of an electric current. 
Preferably two grooves of the form above stated may be combined  with  each 
other either in such a way that they belong to one and the same  transformer,,  
or in such a way that each of them is provided with its own transformer or 
transformers. These grooves are so located relatively to each other, that the 
one is placed higher than the other so that the smelted material may be 
tapped off from the former to the latter for refining treatment or puddling. 

In order to facilitate the cooling of the primary coil of the transformer 
and to reduce its leakage, it is, according to this invention, placed not around 
the part of the iron core of the transformer which is enclosed by the smelting 
bath, forming the secondary coil, but around one of the other parts, pre-
ferably around the lower one of those parts, by which the vertical legs of 
the said core are connected with each other or a piimary coil may at the same 
time be arranged both on said part and on the vertical leg not enclosed by 
the smelting bath, by which arrangement the leakage from these parts of the 
transformer is practically overcome. 

In the accompanying drawings examples of some forms of construction 
of the invention are shown:— 

Fig. 1 is a vertical section of a transformer furnace in accordance with 
the present invention. Fig. 2 is a plan view of the same seen from above. 
Fig. 3 is a vertical section through the line C-D in Fig. 4 of such an electric 
furnace combined with a shaft furnace. Fig. 4 is a plan view of the same 
seen from above and partly in section through the line A-B in Fig. 3 and 
Fig. 5 is a transverse section through the line E-F in Fig. 4. Figs. 6, 7 and 8 
illustrate in the same manner a somewhat modified form of the furnace shown 
in Figs. 3-5. Fig. 9 is a vertical section and Fig. 10 a horizontal plan view 
of another form of the invention. Fig. 11 is a vertical section and Fig. 12 a 
horizontal plan view of still another form of the invention and Fig. 13 is a 
vertical section and Fig. 14 a horizontal plan view of still another form of 
the invention. In the several Figures the same parts are indicated by the 
same figures of reference. 

Referring to the Figs. 1 and 2, 1 is the endless groove or canal arranged 
in a frame 2 of brick work or the like and is intended for the reception of the 
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material to be treated. Said groove encloses as usual a part, 3, of the core 
of the transformer and 4 indicates the primary coil of the transformer, which 
coil for the purpose stated above is placed on the lower one of •those parts 
of the said core of the transformer that connect the vertical legs wiÙi each 
other. The groove 3 is partly bent around the one leg of the iron core and 
is provided with one or several relatively long extensions 5 arranged parallel 
(or practically parallel) and as near each other as possible, the said extensions 
being at their outer ends 14 connected with each other so that an endless 
groove is formed. In transformer furnaces where alternating electric two-
or poly-phase current is used, the groove may also be provided with such 
extensions, in which case the ends of the same may be connected to a neutral 
point. When the groove intended for thereception of thematerial to be treated 
is given the form above stated the advantage is gained, as above said, that a 
part (for instance at 14) of the extension of the same may be placed within 
the hearth of a blast furnace or another smelting furnace. Such an arrange-
ment is shown in the drawings, as for instance in Figs. 3, 4, 5, and in Figs. 
6, 7, 8. In these Figures 5 indicates the parts of the groove that form the 
extensions. Said parts enter into the hearth of the blast furnace 6, where 
they are connected with each other in the manner shown in Fies. 4 and 7. 

The material heated and reduced within the blast furnace may thus in 
smelted or heated condition directly drop down into the said groove of the 
electric furnace,where it is submitted to the action of the electric current. In 
this  case the electric current will pass through the hearth or through the 
smelting zone of the blast furnace, thereby generating a quantity of heat 
sufficient to make up for all or at least a part of the quantity of coal or other 
fuel that otherwise would be necessary for the smelting of the ore within 

the blast furnace. The smelted iron may by means of these arrange-
ments be brought to continuously flow out from the blast furnace into the 
melting bath of the electric furnace where it is further heated or refined. 

The said arrangement of the electric furnace, viz.: that the groove is 
provided with extensions or parts arranged practically parallel and near 
each other may also be used in electric furnaces of the type called  "contact 
furnaces" or "resistance furnaces." 

In some cases another groove, 9, (which may be called " fining groove") 
similar to the first mentioned one may be arranged at the side of this latter, 
which groove, in such cases, forms the "steel melting groove" proper. This 
groove, 9, is, as may be seen from the figures 5 and 8, arranged lower than the 
other groove, 1, so that the smelted mass may be tapped off from the groove 
1 into the groove 9 through suitably arranged canals or the like (not shown). 
The said grooves 1 and 9 may have a common electric transformer (or trans-
formers), as shown in the figures 3 to 5, or be provided each with its own 
transformer, as shown in the figures 6 to 8. The groove 1, which, to dis-
tinguish it from the groove 9 in this  case,  may be called the " blast furnace 
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gfeleve," ià Suitably' ciiVered with •  a vault or .with Plates' 7; of fire-ipreof or  
refraCtorjr_ material, so that a canal or  passage 10 is forinéd, through which 
gases:  containing carbon'. monoxide  or  other Oxidizable gaseS suitable for the 
reduction or heating of the material charged inte. Ihe blast or smelting furnace 
May be introduced  Into  this latter-through the pipé 8. Such an arrangement 
permità the introduction of gases into the .blas't  or  smelting furnace in a very 
simple and .practicaI 'Manner: This construction has  the  additional advan-
tage, that when the saictgases pass through thé passage 10 over the smelted 
mass in thé . groove 1, the gases absorb heat that radiates from' the slag cover .- 
ing the snielted iron in the groove.' This heat May bé utiliied for the prb-
ééss-  'going' on in the blast' or  smelting furnaéé. The said  gales contàining 
Carbon- inonoxide, which are introducéd into  the blaàt or  snidting furnace 
through'the . Pipe 8; are preferablV generated'in  thé  'manner Stated in àriether 
application filed sinnataneOusly herewith, vii.: that the gases issuing  from 

 the:said furnace; whiCh gases  are relativéljr rich in carbon dioxide; are con-: 
tinuously' léd through a heating device' and there heated to a sufficiently 
high temperature and thereafter in a' heated conditien led thrmigh or  over  a 
layer of càrbbn, 'whereby; the  carbon dioxide through the redùéing action of' 
the càrbon is reduCed to carbon monoxide  while at thé same tiMe carbon  is 

 oxidized to carbon monoxide. The gases thus received, or a part of them, 
which are relatively rich in carbon.  monoxidé,  are  then led -ihfough the 'pipe 8 
and passages 10 into the smelting furnace, where the carbon.  monokicié either 
by méans of air introduced in said  furnace - or principally' by•  means  of the 
Oxygen contained  in  the material:to be treated is oxidized to carhon dioxide, 
which together  with  the ether gasés are, in the manner abeve stated, led from 
the blast -or smelting furnaCe through the heating 'device and  over  or -through 
the carbcin for regeneratienof carbon nionoXide, which latter gas is then again 
introduced into thé furnace' and so forth in a Continuous circulation with 
alternate okidation of carbon monoxide to carbon diOxide and decàmpr osition 
or reduction of this  latter by means of Carbon tà .  carbon 'menoxide'. 'Canals 
or passages 12 aie also  provided  for cOnveVance': of air to thé transformer 
for the puri)ose of cooling the sâme. 

It must be understood that in the case illustrated by the figures 1 and 2, 
i.e. when the electric furnace is not combined with a blast furnace or another 
similar smelting fùrnace, a speCial "fining groove" may also be provided in 
the same mannér as shown in the figures 3 to 5 or -6 to 8. 

In the figures 9 to 14 scime other forms of the invention are shown. 
Àccording to the form illustrated  by  the figures 9 and 10, the furnace is 

proVided with two transformers 3 placed each af the Opposite ends of the 
groove 1 intended for the reception of the material. This groové may have 
the form shown in figures 10 and 12, i:e., its end portions partly bent concen-
trically around a leg of the coreS of the transforiners and its middle portions 
àrranged substantially parallel to and as near each other as possible. The 
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fast named parts May be straight,  as  shoWn in Figures 10 and 12, or they 
may be -curved fer«  instance, as shown in Figure 14, or in any other suitable 

« In Figures 13 and 14 there is shown a form of the invention where two 
legs of the core of the transformer  are'sunoundect by the groove in a manner 
that may be seen from  Figure  14. By these arrangements the advantage 
is gained, that the core of the transformer may be of smaller dimensions 
than if only one transformer is used or a transformer  of which only one leg 
of the  core were enclosed by the Smelting bath, besides which the area 
enclosed by the groove is with regard to its capacity relatively small. If the 
electric furnace is to be combined with a blast furnace or a similar furnace, 
these latter may suitably be placed at the middle, 15, of said groove. 

In some cases it may be useful to expand a certain part of the groove 
into a well for collecting the smelted iron or material in question, in which also 
the temperature may be kept lower than in other parts of the groove. Such 
an arrangement may suitably be provided in the forms illustrated in Figures 
9-14 in such a manner that said well for collecting the smelted material be 
made a neutral point, for instance at 15. (See Figure 10). These latter 
forms also of the electric furnace may be combined with a blast furnace in the 
manner before stated, in which case the blast furnace or smelting furnace is 
placed over the neutral point (see Figures 11 and 12). The employment of 
two transformers for the same smelting bath or groove has the advantage 
that if a fault occurs in one of the transformers this transformer may be cut 
out and repaired while the smelting bath is kept heated with the aid of the 
other transformer. The electric furnace, as illustrated for instance by 
Figures 3 to 5, or 6 to 8, works in the following manner:— 

The ore charged into the blast furnace and there reduced by the action 
of the carbon monoxide is, in that part of the groove of the electric furnace 
which extends into or is placed within the blast furnace, heated to the smelting 
temperature by the passage of the electric current, reaching a temperature 
of about 1600° C. Into the smelted iron bath contained in said groove drops 
from the blast furnace both smelted iron and also partly reduced pieces of 
ore. These latter pieces when they have fallen into the iron bath are very 
rapidly reduced and melted. The smelted iron which fills the groove of the 
blast furnace is tapped into the other groove (the fining groove) which, as 
before stated, is placed for this purpose somewhat lower than the first 
groove. Some smelted iron must, however, be retained within the "blast 
furnace groove" in order that the electric current may not be broken. The 
fining process is carried out as usual by adding scrap iron or ore to the smelted 
pig iron. The fining work may conveniently be carried out in those parts 
of the groove that are ananged parallel to each other. When the fining work 
of a charge is finished, all the charge may be tapped off and the "fining groove" 
again charged from the "blast furnace groove." Evidently a very high de- 
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gree of efficiency may be obtained in an electric smelting furnace, constructed 
as above described. In the blast furnace itself the smelting zone where the 
highest temperature takes place may be restricted to a small space, for the 
high temperature is, as described, obtained in the iron and the heat is 
led from the interior of the mass outwards. This electric transformer furnace 
is, as before stated, from an electric point of view of a most advantageous 
construction. 

It ought to be understood that even more than two grooves, each sur-
rounding a leg of a transformer core, may be combined with each other in the 
manner described, by means of grooves arranged parallel to and near each 
other. 
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Specification No. 5. 

Electric Contact Furnace for the Production of Metals from their Ores. 

For the production of metals from their ores by means of the electric 
current, as for instance for the reduction of iron ores, furnaces have been 
used in which the electric current is brought by means of contacts to the 
material which is to be heated or melted. The heat developed by the electric 
current is produced in the material through its electric resistance. 

One difficulty with these furnaces has been the conveyance of the cur-
rent, i.e., in the arrangement of the contacts themselves. Up to the present 
the contacts have generally been so arranged that eith-er both or at least one 
of the electrodes have been placed inside the furnace shaft ( in a vertical or 
more or less inclined position) and surrounded by the charge. The gases 
produced by the reduction in combination with the high teMperature have in 
such cases led to destructive corrosion of the contact. 

This present invention has in view a furnace-construction in which the 
above mentioned difficulty is eliminated. 

The accompanying drawing shows, as an example, a furnace according 
to this invention. Fig. 1 is a vertical section through line E-F in Fig. 2. 
Fig. 2 is a horizontal section through line C-D in Fig. 1 and Fig. 3 is a vertical 
section through line A-B in Fig 1. 1 is the furnace shaft, in which the ma-
terial to be smelted is charged. The lower part of the shaft is divided into 
two parts by means of a wall of fire-proof material, so that two grooves, 6, 
are formed, in which the melted materials collect. These grooves extend 
through the openings, 2, in the brick work outside the shaft. The material 
forming the conductors in the parts of the grooves extending outside the 
shaft is in a molten or half molten condition and in some suitable manner 
connected with the terminals of the electric current, for instance, as shown 
in the drawing, by two carbon blocks, 5, which are placed at the ends of the 
grooves, which here are widened out and made deeper. 

In order to keep the molten bath inside the furnace at a constant level, 
the molten product, as shown in the drawing, can continuously be run out 
through openings 7 into a fore-hearth 8, from which it can be tapped through 
the tap-hole 9. 

For a furnace of above described construction the continuous working 
from an electrical point of view will be as follows:— 

The electric current passes from one of the terminals 5 through the mol-
ten product of the furnace in groove 6 and across the wall 3 through the 
charge to be smelted and out to the other terminal through the material in 
the other groove. The charge in the furnace through its resistance to the 
current is heated and melted. 
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The molten material in the grooves 6 inside the furnace performs con-
sequently the function of electrodes. The parts of grooves 6 outside the 
furnace can be made of such cross section that the ternperature will be 
comparatively low, which enables the contacts to be made more easily. 

When starting the furnace a suitable electrode material of the same kind 
as the product to be produced is placed in the grooves 6. 

This class of furnace construction can, of course, be adapted for poly-
phase currents. For a three-phase current, for instance, the grooves are 
arranged as shown in Fig. 4 and if the shaft is circular as shown in Fig. 5. 
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Specification No. 6. 

Rotating Smelting Furnace. 

Experiments with rotating furnaces have been made during late years 
at several places for roasting ores, for cement fabrication and also for the 
production of pig iron. 

The construction used has consisted of one or more inclined or horizontal 
rotating cylinders, into which the ore is charged and slowly brought forward, 
gradually meeting gases of continuously increased temperature, and at last 
melted down in a special part of the furnace, or in a separate chamber, ar-
ranged at the side of or in the lower part of the rotating cylinder. In this 
part of the furnace the heat is generated by the combustion of generator gas 
by means of an air blast. 

The difficulty, however, has been the sintering together of the ore before 
it gets down to the smelting chamber, on account of the impossibility of 
preventing the heat, when gas firing, from rising to the higher parts of the 
furnace, and the consequent clogging of the relatively narrow cylinders. 

This difficulty can be altogether avoided by employing the construction 
constituting this present invention, which is based on an electric furnace in•

combination with  a rotating reduction furnace and eventually also a rotating 
roasting furnace. Throughout the extent of the reduction and smelting 
chamber combustion by means of the oxygen from air is precluded. 

In the accompanying drawings are shovvn as examples two different 
constructions of the invention. 

Fig. 1 is a vertical section of a construction, including both roasting, 
reduction furnace and an electric .furnace. Fig. 2 is a vertical section of a 
similar furnace construction, but in this the roasting furnace is omitted. 

The furnace shown in Fig. 1 consists of a series of inclined rotating cylin-
ders, 1, 2, 3, 4, communicating with each other, constructed of some suitable 
material. The two upper cylinders, 1 and 2, constitute the roasting furnace 
and the two lower ones, 3 and 4, the reduction furnace. The upper end of 
cylinder 1 communicates with a cha,rging apparatus, 5, for the ore. 
The lower end of cylinder 2 and the upper end of cylinder 3 communicate 
with another charging apparatus 6 for the carbon and eventually for such 
material as may be required for the reduction and smelting processes. In the 
lower end of cylinder 2 a tuyer 7 (or eventually more than one) is inserted 
for the introduction of air into the roasting furnace. 

The lower end of cylinder 4 communicates with a suitable chamber 8 
constituting an electric smelting furnace, in which the charge is melted. In 
this chamber or in the lower part of cylinder 4 one or more tuyers, 9, are in-
serted for the introduction of reducing gases, which may be generator gas. 

The electric furnace can be of any suitable construction, as, for instance, 
a transformer furnace or a contact furnace‘ 
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In the accompanying drawings the electric furnace ià a contact furnace 
of the folloWing construction:— 

•In the lower part, 10, of the furnace chamber, 8, are arranged two 
grooves; 11, (orie only shown  in the Fig.), extending outside the furnace and 
conneCted with the contact blocks, 12. The electrodes in this case are formed 
(during the continuous working) by the môlten material in these grooves, 
which convey the electric current respectively to and from the furnace. 
The ends of the grooves Connected with the blocks 12 are suitably made 
wider and deeper in order to obtain a lower temperature in these parts and 
in order to keep the molten material in the grooves at a constant level these 
grooves are provided with tap holes, through which the melted product 
continuously flows out into the fore-hearth 15 and from there is tapped 
through the tap hole 16. The rotating cylinders are on the inside provided 
with longitudinal projections 17, which during the rotation agitate the 
material and insure a better effect of the gases. These projections can be 
formed by bricks laid in the lining. 

With this furnace the working process is as follows: Ore in suitable 
form is charged through the charging apparatus 5 and passes through the 
rotating cylinders 1 and 2, constituting the roasting furnace, and is there 
meeting hot air, pressed in in sufficient quantity through the tuyer 7. 

The heat required for the roasting of the ore taking place in cylinders 1 
and 2 is derived from the combustion of the combustible gases coming from 
the reduction furnace by the previously heated air passing into cylinder 2 
through the tuyer provided for this purpose. The amount of air pressed in 
is regulated in such a manner that no sintering together of the ore can occur. 
The ore after being roasted drops from cylinder 2 down into the stati -onary 
hopper 18, where it is mixed with carbon and other required material. 
The mixture then passes through the cylinders 3 and 4, constituting 
the reduction furnace, where it is met by the hot reducing gases pressed in 
through the tuyer 9. In order to prevent too high a temperature in the 
reduction furnace, no air is here let in, but only reducing gases suitably pre-
heated to a temperature of 800°-1000° C. The preheating of the gases can 
be accomplished in an electric heating apparatus, as shown in Fig. 2. 

• The highly heated material drops from cylinder 4 down into the furnace 
chamber 8 and is there smelted by means of the electric current, as previously 
described. 

The electric furnace can also be used in combination with only a reduc-
tion furnace, as is shown in Fig. 2. The principal difference in this construc-
tion from that represented by Fig. 1 is that the cylinders 1 and 2 constituting 
the roasting furnace have been omitted. 

The ore is charged together with carbon and other required material 
through the closed charging apparatus 18 and passes through the rotating 



136 

cylinders 3 and 4 down into the furnace chamber 8, as previously-  described. 
With furnaces thus constructed, a considerable saving in carbon can be 
effected, by forcing the gases developed to continuously circulate through 
the furnace system. This can be accomplished by means of an exhauster, 
20, which draws the gases from the charging chamber 18, through pipe 19, 
and presses them through pipe 21 into a heating apparatus of suitable con-
struction, -where the gases are heated to a temperature of 8000-1200° C. 
From the heating apparatus the gases (or only part of same) are pressed 
throUgh pipe 23 and tuyer 9 into the smelting chamber 8 and further through 
cylinders 4 and 3 back to the charging chamber. 

In this  case  only enough carbon to  combine  with the oxygen of the ore 
needs to be added. The excess of gases resulting from the reduction can be 
used for other purposes. The gases -which circulate through the furnace - 
system will, when the furnace has been in operation for some time, consist 
nearly entirely of carbon monoxide and dioxide. The carbon dioxide is 
reduced by the carbon in the lower parts of the furnace to monoxide, which 
in the upper parts of the furnace again is oxidized to dioxide by the oxygen 
of the ore. Possibly part of the carbon dioxide is also dissociated in the 
smelting chamber 8 into carbon monoxide and oxygen. 

The heating apparatus for the gases can be of any suitable construction, 
but preferably such that the heating is done by electricity. Such an ap-
paratus is shown in Fig. 2. In a chamber, 22, of a suitable material are a 
number of tubes, 25, of conductive and fire-proof material, arranged in such 
a manner that the gases which are to be heated are forced to pass first through 
and latei around the tubes before being conveyed to the furnace. 

Another method, which perhaps is preferable, is to let the gases first 
pass around the tubes and then through the whole length of the tube system, 
when a higher temperature can be obtained. The rotating cylinders, in 
order to facilitate the passage of the ore, can. be  made conical. 

In the constructions shown, both the roasting and reduction furnace 
consist of two cylinders each, but it is evident that instead of two only one 
or a number of cylinders can be employed. 

When treat'ing a material which only needs roasting, for instance for the 
production of copper, the whole furnace system is arranged as a roasting 
furnace, i.e., air is pressed in through tuyer 9 instead of reducing gases. (See 
Fig. 1). 
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Results obtained with the Héroult Steel Furnace at Remscheid 
in Germany. 

At the meeting of the Verein Deutscher Eisenhüttenleute at Düsseldorf 
on the 9th of December, 1906, Professor Eichhoff, of Charlottenburg, read a 
paper* on the manufacture of electrical steel, in which he revie -ws in a general 
way the progress made in the application of electricity to steel-making, and 
describes and criticises the principal furnaces employed. 

With regard to the Héroult system he gives the following statements:— 

The plant at Remscheid was started on the 17th of February, 1906, and 
has, since the 22nd of March, been operated by the firm Richard Lindenberg, 
G.m.b.H. 

The demand for the steel has been so great that it has proved necessary 
to double the plant and an additional furnace and rolling mill consuming 
1,400 h.p. have been ordered. Up to the present the electric furnace has 
been  running continuously without any interruptions for more extensive 
repairs. The Wellman furnace used for preheating and smelting of the raw 
material has caused some interruptions, which, however, when necessary 
experience has been • obtained, will be avoided. No change of the 
hearth in the electric furnace has up to the present been required 
and the roof, which consists of one layer of small bricks, lasts over 
100 charges. The electrodes last from 70 to 80 hours with a consump-
tion in height of about 1 cm. per hour. The average power consumption is 
about 250 K.W. and the consumption per ton steel, 385 K.W. hours. 

Since up to the present the plant has been unable to meet the demand 
for steel, it has been impossible to experiment with other classes of steel and 
soft iron not included in the Firm's line of manufacture. 

One experiment was made, however, with silicon steel and the results 
obtained showed that only a very small percentage of the silicon was lost. 

On account of these few results obtained, the investigation made by the 
well known experimenter L. Guillet in Paris, the results of which were read 
by him at the Congress for Technical Chemistry in Rome, 1906, will perhaps 
be of interest. 

* From Stahl und Eisen, 1907, No. 2. 



1. Soft Iron. 2.  Steel.  

Top 
Mid- 
dle. 

Bot- 
tom. 

Saudi. 
Ingot 

Middle. Top. 
Mid- 
dle. 

Bot- 
tom. Top. 

Mid- 
dle. 

Bot- 
tom. 

Large Ingot Large  Ingot Small Ingot. 

Carbon.. 	 
Silicon 	 
Manganese 	 
Sulphur. 	 
Phosphorus 	 

0.084 
0.036 
0.233 
0.019 
0.008 

0.069 
0.034 
0.230 
0.020 
0.008 

0.068 
0.038 
0.240 
0.022 
0.009 

0.070 
0.030 
0.230 
0.022 
0.008 

1.015 
0.103 
0.144 
0.021 
0.010 

1.016 
0.101 
0.148 
0.019 
0.009 

1.022 
0.103 
0.158 
0.021 
0.010 

1.018 
0.098 
0.151 
0.020 
0.011 

1.022. 
0.101 
0.146 
0.019 
0.010 

1.013 
0.100 
0.150 

ij.1511 
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EXPERIMENTS MADE BY L. GUILLET WITH HEROULT STEEL. 

UNIFORMITY OF COMPOSITION IN THE INGOT . 

EXPERIMENTS MADE BY L. GUILLET WITH HEROULT STEEL. 

Mn Si 
Strength 

hl 
2 

Elongation 
in % of 
original 
length 

Contraction 
in % of 
original 

cross section. 

0.044 
0.089 
0.107 
0.140 
0.230 
0.293 
0.207 
0.285 
0.700 
0.880 
1.19 
1.30 
1.38 
1.49 

0 
0.076 
0.105 
0.320 
0.250 
0.320 
0.380 
0.480 
0.125 
0.080 
0.110 
0.160 
0.190 
0.187 

0.075 
0.003 
0.040 
0.140 
0.220 
0.050 
0.060 
0.465 
0.035 
0.148 
0.065 
0.129 
0.090 
0.148 

0.005 
0.016 
0.01e 
0.006 
0.006 
0.009 
0.009 
0.021 
0.015 
0.006 
0.004 
0.017 
0.011 
0.007 

0.007 
0.006 
0.010 
0.012 
0.015 
0.024 
0.026 
0.010 
0.007 
0.009 
0.003 
0.006 
0.005 
0.009 

39.00 
36.00 
38.00 
43.00 
49.00 
53.00 
48.00 
57.00 
68.50 
86.00 
69.50 
76.20 
82.90 
73.30 

30.00 
31.00 
33.50 
30.00 
28.00 
26.00 
28.00 
28.00 
18.00 
13.00 
17.00 
18.50 
11.00 
15.00 

70.6 
74.6 
72.6 
55.0 
49.0 
48.0 
59.0 
50.0 
40.0 
29.0 
36.0 
23.0 
23.0 
29.0 



COMPARATIVE EXPERIMENTS WITH DIFFERENT CLASSES OF STEEL MADE BY L. GUILLET. 

Mechanical Tests. 

	

. Chemical Analyses.  	Number 
Treat- 	 Contrac- 	of taps 

Produced in 	ment   	. 	Strength 	Elastic 	Elongation tion in % 	in 

	

of 	 in 	limit in 	in % of 	of original 	tapping 
sain- 	C 	Mn 	Si 	S 	P 	Cu 	As 	k/. 	ko./ 	original 	cross 	tests. 

	

ple. 	 g/ Min 	mna 	length. 	section. 

L f Electric furnace .... 
1 	

çj 	0.030 	0.000 0.100 	0.015 	0.008 	0.053 0.064 	32.2 	 32.5 	65.0 	23 
2- 4.  •. 5.  Crucible  	k 	0.050 0.256 0.178 0.023 0.015  	36.5 	 30.5 	50.0 	22 

r- 
oo 

Electric furnace .... 	2 	0.051 	0.184 0.047 	0.024 0.011 	0.053 	0.100 	37.5 

	

50.0 	

50 

	

24.5 	

34.0 	71.5 
.?, 	Basic open hearth . 	..c 	0.062 	0.325 	0.095 	0.018 	0.021  	35.3 	21.2 	29.0 	54.3 	23 

36.5 	

25.5 
{ 

Crucible 	- 	- ',îb> 	0.050 	0.250 	0.178 	0.023 	0.015  	 30.5 	 22 
e 

	

G) 	 . 

Electric furnace -.. 	41 	0.136 	0.297 0.070 0.007 0.016 0.040 0.082 	40.8 

	

29.0 	

69.0 	48 

	

23.3 	

34.0 

39.9 	

23.5 
3 	Basic open hearth . 	0.142 0.330 0.055 	0.052 0.023  	 39.5 	22.5 	27.0 	48.2 	24 { 

Crucible 	 e 	0.139 0.225 0.125 	0.028 0.010  	 52.4 
	

25 
o 

:-..  

{
Electric furnace -.. 	'' 	0.220 0.399 	0.070 	0.008 	0.007 0.043 	0.073 	48.2 	28.0 	27.5 	56.5 	25 

I 	Basic open hearth . 	0.205 0.445 	0.152 	0.062 	0.091  	 47.5 	26.3 	26.0 	43.6 

	

27.0 	48.9 	
20 

Crucible 	
rn 	 23 

	

o 	0.230 0.327 0.180 0.030 0.020  	 40.9 	25.4 
-4. 

f Electric furnace -.. 	É 	0.218 0.385 0.360 	0.012 0.017 0.043 	0.073 	50.4 	32.7 	27.0 	61.7 	28 
5 r Basic open hearth . 	' 	0.205 0.445 0.152 0.062 0.091  	 47.5 	26.3 	26.0 	43.6 	20 

Crucible 	 0.230 0.327 0.180 0.030 0.020  	 46.9 	25.4 	27.0 	48.9 	23 
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The source of the materials for these tests is not stated, but very likely 
they were obtained from the works in France and date back to a time when 
the process had not reached its present development. 

The investigations by Guillet correspond partly with the results obtained 
at Remscheid, viz.:—that by the Héroult process a steel can be produced 
fully comparable with and with the following advantages over crucible steel:— 

1—With equal toughness it permits of a carbon content from 20 to 40% 
higher and consequently.  offers a greater resistance to wear. 

2—Very high elastic limit and contraction. 

3—Freedom from blow-holes. 

4—Steel completely deoxidized and containing no emulsion of silica or 
manganous oxide. 

5—The presence of copper and arsenic has no injurious effect, so long 
as practically no sulphur is present. 

6—Segregations of phosphorus and sulphur do not occur. 

7—The steel forges better and stands a higher heat better than crucible 
steel. 

8—A cost of production far below that of crucible steel. 

9—Independent of the raw material. 

10—Manufacture coupled with less exertion for the workmen than that 
of crucible steel. 

11—A purity excelling nearly all crucible steels. 

12—The process makes it possible to produce any kind of alloy steels. 

Steel produced may be kept for hours under a neutral slag without 
changing its quality and a part of the heat may be worked over to another 
grade—a matter which is of great importance to steel founders. The steel 
may be allowed to chill and be melted over again without hurting its quality. 

Cost of Production. 

The cost of production varies greatly according to conditions and the 
quality of the raw material. 
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Professor Eichhoff  lias  compiled the following tables of the power and 
time required for the different operations, assuming the impurest raw material 
and the highest purity of product, taking a series of weights of charges:— 

TIME REQUIRED FOR OPERATIONS, IN MINUTES. 

No. 	Weight of Charge in kg. 	500 	1000 	1500 	2000 	3000 	5000 

1 	Repair of hearth, cold charge.  	10 	14 	16 	18 	20 	22 
2 	Repair of hearth, hot charge 	 8 	10 	12 	14 	17 	20 
3 	Charging, cold charge. 	12 	15 	18 	21 	25 	30 
4 	Charging, hot chargé.  	15 	15 	15 	15 	15 	15 
5 	Melting charge, cold charge  	100 	135 	170 	180 	200 	238 
6 	Drawing off first slag, cold charge. 	7 	9 	11 	12 	14 	15 
7 	Melting slag, cold charge 	12 	14 	16 	17' 	19 	20 
8 	Melting slag, hot charge. 	27 	30 	34 	36 	40 	44 
9 	Drawing off second slag, cold, or hot 

charge...  	7 	9 	11 	12 	14 	15 
10 	Melting slag, cold or hot charge  	12 	14 	16 	17 	19 	20 
11 	Drawing off third slag, cold or hot 

charge...  	12 	13 	14 	15 	17 	20 
12 	Melting slag, cold or hot charge 	18 	20 	22 	24 	28 	30 
13 	Melting slag, hot charge  	30 	35 	40 	42 	46 	55 
14 	Converting slag to white slag, cold or 

hot charge 	15 	15 	16 	17 	19 	20 
15 	Smelting carbide. 	30 	35 	40 	40 	40 	40 
16 	Smelting  additions. _ . 	5 	8 	10 	10 	10 	10 



Weight of Charge in kg. 
No. 

	

500 	1000 	1500 	2000 	3000 	5000 

Total time required for cold charge, in hours. 

1 	When drawing off slag 3 times 1, 3, 5, 6, 7, 9, 10, 11, 12, 14, 15, 16   	4.00 	5.00 	6.00 	6.38 	7.08 	8.00 
2 	cc 	cc 	twice 1, 3, 5, 6, 7, 11, 12, 14, 15, 16 	3.68 	4.63 	5.55 	5.90 	6.53 	7.42 
3 	 cc 	cc 	once 1, 3, 5, 11, 12, 14, 15, 16  	.3.37 	4.25 	5.10 	5.42 	5.98 	6.83 

Time of current expenditure for cold charge, in hours. 	
. 

4 	When drawing off slag 3 times 1 5, 6, 7, 9, 10, y, 12, 14, 15, 16 	3.63 	4.55 	5.43 	5.78 	6.40 	7.22 

5 	cc 	cc 	twice 1 5, 6, 7, y, 12, 14, 15, 16 	3.32 	4.17 	4.98 	5.30 	5.85 	6.63 

6 	cc 	cc 	once 1 5, 1.21 , 12, 14, 15, 16 	3.00 	3.78 	4.53 	4.82 	5.30 	6.05 

Total time required for hot charge, in hours. 

7 	When drawing off slag twice 2, 4, 8, 9, 10, 11, 12, 14, 15, 16 	2.48 	2.82 	3.18 	3.33 	3.65 	3.90 
8 	cc 	cc 	once 2, 4, 8, 11, 12, 14, 15, 16  	2.17 	2.43 	2.73 	2.85 	3.10 	3.32 
9 	With only one slag 2, 4, 13, 14, 15, 16  	1.72 	1.97 	2.22 	2.30 	2.45 	2.66 

Time of current expenditure for hot charge, in hours. 	 ' 

10 	When drawing off slag twice 8, 9, 10, V, 12, 14, 15, 16 	. 	2.00 	2.29 	2.60 	2.73 	2.97 	3.15 

11 	 cc 	ce 	once 8, ibl, 12, 14, 15, 16 	1.68 	1.91 	2.15 	2.24 	2.42 	2.57 

12 	With only one slag 13, 14, 15, 16  	1.33 	1.55 	1.78 	1.82 	1.92 	2.08 
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PRODUCTION PER YEAR OF 280 DAYS-6720 HOURS IN TONS. 

1 

	

No. 	Weight of Charge in kg. 	500 	1000 	1500 	2000 	3000 	5000 

	

1 	Cold charge, drawing off slag 3 times. 	841 	1345 	1680 	2120 	2860 	4210 

	

2 	Cold chaige, drawing off slag twice.. 	 914 	1450 	1820 	2280 	3080 	4530 

	

3 	Cold charge, drawing off slag once. . • 	999 	1585 	1980 	2480 	3380 	4920 
4 

	

5 	For consumption of energy see fol- 

	

6 	J 	lowing table 	  

	

7 	Hot charge, drawing off slag twice. .  	1358 	2380 	3170 	4050 	5520 	8620 

	

8 	Hot charge, drawing off slag once  	1550 	2770 	3700 	4720 	6500 	10120 

	

9 	Hot charge,  only one slag  	1955 	3420 	4540 	5840 	8230 	12620 
10 

	

11 	Consumption of energy, see follow- 

	

12 	J 	Mg table. 

10 



'5ss 
410 
357 
325 
294 
265 

POWER ' EXPENDITURE, 

COLD CHARGE (SCRAP). HOT CFLŒGE (SOFT IRON). 

Gener-
ator 

capa-
city 
in 

ILW. 

Aver-
age 

power 
con-

sump-
tion 
in 

K.W. 
hours 
per 
ton 
steel 

K.W. 
hours 
per 
ton 
steel 

K.W. 
hours 
per 
ton 
steel 

K.W. 
hours 
per 
ton 
steel 

K.W. 
hours 
per 
ton 

steel 

Charge 

Drawing 
off slag 
3 thnes. 

Time  
of 

power 
expend. 

per 
charge 

4 

Drawing 
off slag 
twice. 

Time 
of 

power 
expend. 

per 
charge 

5 

Drawing 
off slag 

once. 

Time 
of 

power 
expend. 

per 
charge 

6 

Drawing 
off slag 
twice. 

Drawing 
off slag 

once. 

Time 
of 

power 
expend. 

per 
charge 

11 

Time 
of 

power 
expend. 

per 
charge 

12 

Aver-
Gener- age 
ator power 
capa- con- Time 

	

city sump- 	of 
in 	tion 	power 

K.W. 	in 	expend. 

	

K.W. 	per 
charge 

10 

With only 

1 slag. 

K.W. 
hours 
per 
ton 

steel 

500 
1000 
1500 
2000 
3000 

. 5000 

465 
333 
296 
363 
233 
219 

1.33 
1.55 
1.78 
1.82 
1.92 
2.08 

1.68 
1.91 
2.15 
2.24 
2.42 
2.57 

700 
493 
433 
396 
360' 
324 

218 	175 . 	2.00 
265 	215 	2.29 
312 	250 	2.60 
362 	290 	2.73 
456 	365 	2.97 
643 	515 	3.15 

1200 
945 
906 
844 
778 
725 

3.00 
3.78 
4.53 
4.82 
5.30 
6.05 

1330 
1040 
996 
928 
859 
795 

3.32 
4.17 
4.98 
5.30 
5.85 
6.63 

1450 
1135 
1086 
1010 
940 
868 

250 	200 	3.63 
310 	250 	4.55 
375 	300 	5.43 
440 	350 	5.78 
550 	440 ' 6.40 
750 	600 	7.22 
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The operation of the furnace calls for two men and one boy.  When  cold 
material is charged one or two chargers are required, according to the sise of 
the furnace. 

The consumption of electrodes ranges between 75 cents, and one dollar 
with a cold charge, and 25 to 62 cents with liquid charge. 

The waste, with the purest product, is 6% in cold charging and 3 to II% 
with liquid charge. 

The consumption of lime and ore is not greater than by other processes - 
and there is a saving in ferro-manganese and ferro-silicon. 

The cost of repairs and the consumption of refractories are much lower 
than by the open hearth process. 

Improvement in Electric Furnace Construction suggested by R. Turnbull.* 

This furnace is shown in sections and plan in Plate XVIII and consists 
of a smelting groove communicating through shoots with a central shaft. 

The electrodes carrying the current are suspended -vertically between 
the shoots in the smelting groove, the bottom of which is made of carbon 
paste in communication with one of the terminals for the current. 

The top of the central shaft is arranged in such a manner that the gases 
(or part of same) developed through the reduction of the ore are utilized for 
the preheating of the ore and the calcining of the limestone. 

The ore, limestone and other required slag-building material are charged 
into a rotating cylinder, in which the gas is burnt by means of an air blast, 
the quantity of air being regulated so that a suitable temperature is obtained. 
The gases resulting from the combustion are drawn out through a chimney 
by means of which the pressure in the furnace is also to some extent regulated. 

The carbon is charged through a closed charging Apparatus and in the 
furnace shaft mixed with the ore and slag-building material. 

The bottom of the shaft is made in such a manner that the charge has 
an easy descent through the shoots into the smelting groove. 

Electric Smelting Plant in Canada. 

The first electric smelting plant in Canada for the production of pig iron 
and later of high grade steel and steel castings is at present under construction. 

This plant will be located at Welland, Ont., on a piece of ground facing 
the Welland Canal. 

The first installation will consist of one 3,000 h.p. furnace of the latest 
type brought out by Dr. Héroult and his associates. This furnace is ex-
pected to produce 35 tons of pig iron per day, when not utilizing the gases 
produced by the reduction, and 40 tons when the gases are used for preheating 

* Worked out and drafted by E. Nystrom, M.E. 
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and reduction. The power will be furnished by the Ontario Power Co., of 
Niagara Falls, at a voltage of 12,000 volts, and then transformed to the re-

quired voltage. 
The transformers, furnished by the Packard Company, of St. Catharines, 

Ont„ will be of the oil and water cooled type, of 750 K.W. each, and arranged 

with taps on the secondary sid.e to allow a range from 30 to 40 volts on the 
secondary. The furnace is arranged in such a manlier that a three-phase 

•current can be employed. 
This first furnace will be Used for the purpose of demonstrating that pig 

iron can be coinmercially produced by the electro-thermic process even at 
siich an unfavorable site as Welland, -where the price of power is high and the 
nearest ore supply about 150 miles distant. Some of the ore used will be 
brought from Port Arthur, containing as high as 1-1% sulphur. Other ores 
of a very refractory nature will also be Used, the intention Of the promoters 
being to employ exclusively Canadian ores. - 

The first furnace will be followed by a second one of probably larger 
capacity. A Héroult steel furnace will be put down at the saine time and 
the entire production of the second furnace, will be used for the manufacture 
of high grade steel castings, which are at present not made in Canada, and 
also for a limited nmnber of ordinary steel castings. 

The electrodes will be manufactured by the Héroult secret process, a 
plant with a capacity of 18 electrodes per week being constructed. 

The organization of this demonstrative plant is due to the efforts of Mr. 
R. Turnbull, Canadian representative of the Héroult processes and furnaces, 
and also to 1Vh-. R. H. Wolff, American representative' of same. These gentle-
men, along with some friends also interested in the above processes, are in-
vesting their own private capital in the enterprise, thus proving that not only 
are they certain of the results that can be obtained by this new process, but 
are now leading the way for others by taking the first risk and building the 
first commercial plant. 

Electric Smelting Plant in the United States. 

At Baird, California, .an electric smelting' plant for the production of 
pig iron is at present under construction and is expected to be in operation 
in May, 1907. 

•The first installation will be a 2,000 h.p. furnace with a guaranteed out-
put of.20 long tons per 24 hours. If successful, this plant is to be enlarged 
to a capacity of 600-800 tons per day. ,  

The ore which will be employed is a very rich magnetite, containing only 
a very small percentage of sulphur and phosphorus. The reducing agent 
will be charcoal and for the production of the charcoal a plant has already 

• been erected. 	 • 
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Electric Steel Works. 

France. 

Société Electrométallurgique Francaise, at La Praz ; one 400 h.p. 
Héroult furnace. 

Société des Hauts Fourneaux et Forges d'Allevard, Allevard ; two 500 
h.p. furnaces built, two building. 

Société des Hauts Fourneaux, Forges et Aciéries du Sant-du-Tarn, Saint 
Juéry; one Héroult furnace building 

Jacob Holtzer & Cie, Unieux; one Keller furnace. 
Société Anonyme Electrométallurgique Ugine; one Girod furnace. 
Schneider & Cie, Creusot; one induction furnace. 

Spain. 

Viuda de Urigoita e Hija, Araya;  one  Kjellin furnace. 

Germany. 

Richard Lindenberg, Remscheid; two Héroult furnaces. 
A. Krupp, Essen; one Gin furnace. 
Roechling, Volklingen a. d. Saar; one Gin furnace. 

Switzerland. 

Allgemeine Calcium Carbid Gessell, Gurtnellen; one Kjellin furnace. 
George Fischer, Schaffhausen; one Héroult furnace building. 

Forni Termoelettrici Stassano, Turin; one Stassano furnace. 
Arsenal of Turin, Turin; one Stassano furnace. 

England. 

Vickers, Sons & Maxim, Sheffield; one Kjellin furnace. 

Sweden. 

Aktiebolaget Héroult's Elektriska, Stal.Kortfors; one Héroult furnace. 
Metallurgiska Patent Aktiebolaget Gysinge; one Kjellin furnace. 

United States. 

Halcomb's Steel Co.: Syracuse, N.Y.; one Héroult furnace. 



Electric Furnace just after Metal has been tapped.. 



Electric Furnace showing measuring instruments in place and method of regulating electrode. 
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Exhibit  of two- thirds of the pig iron produced during the Government experiments. 



Experimental Electric Furnace as modified by the Lake Superior Corporation 
for the production of Ferro-Nickel pig-. 



Ferro-Nickel pig produced by the Lake Superior Corporation during April-July, 1906 (168 tons). 


