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[The application of the electric current as a source of heat energy in
'!!the reduction of iron ores would but a short time ago have scarcely been
:Seriously considered . Its possibility has however been more than demon-
!Strated . In this paper, Dr. Richards describes the work of several investi-
gators in the development and operation of this method of manufacturing
pig-iron on a practical commercial scale .]

TFSIS topic is one which a few years ago could only have been
discussed in a speculative manner . and by one with the prophetic
gift highly developed . The reduction of iron ore by means
of the energy of fuel, in blast-furnaces, is carried on on such
a stupendous scale and with such great economy that the blast-
furnace has been frequently called our most perfect furnace, and
the possibility of electrical energy taking any part in this
industry appeared highly visionary . When electric furnaces
commenced to be developed on a commercial scale, it was
generally admitted that if they entered the iron industry at all
their best chance was in the production of highly expensive
special quality steels, costing $goo to $1000 per ton, and that
their poorest chance would be to compete in the manufacture of
pig-iron costing $to to $T5 per ton. Yet inside of five short
years, those who have watched the development of the electrical
iron and steel industry have seen small furnaces turning out
fine steels succeeded by larger ones manufacturing successfully
common steels, such as steel castings and rail steel, and finally
the operation of a larger electric shaft furnace manufacturing
pig-iron on a practical commercial scale .

Confining ourselves this evening to the electrical production
of pig-iron, most of the credit for the recent advances should
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be given to the far-sighted interest of the Canadian Government
in this subject, principally, under the influence of its active
Director of the Department of Mines, Dr . Eugene Haanel, of
Ottawa, and to the enterprising Swedes, principally Assar Gron-
wall, Axel Lindblad and Otto Stalhane, who have founded the
company " Aktiebolaget Electrometall " of Ludvika, Sweden .
If to these we add the names of IT . H. Noble, of the Northern
California Power Company, and his able assistant, Prof . D. A .
Lyon, who have constructed and operated an electric pig-iron
furnace in California, the list of active workers in this field is
nearly complete.

EXPERIMENTS OF 771E CANADIAN COMMISSION IN EUROPE .
When, in January, 1904, the Canadian Government sent a

conullission, under Dr . Ilaanel, " to investigate the different
electro-thernlic processes for the smelting of iron ores and the
making of steel in operation in Europe," the commission found
and reported upon a number of different electric-steel furnaces
in commercial operation, but found not a single electric pig-iron
furnace at work . From the voluminous and most valuable re-
port of this Commission (published by the Canadian Govern-
ment, August, 1904) we learn that, being interested in seeing
what might be accomplished in this direction, several of the
European works were persuaded to make some experiments on
the production of pig-iron . Some of these tests are described
briefly in the following extracts from the report :

At La Pras, France .-" Mr. Hcroult was good enough to
make some experiments for us in smelting iron ores . The fur-
nace employed was exceedingly simple ." . . . " These ex-
periments were made for us by Mr . Heroult for the purpose
of demonstrating the simplicity of the process of reducing iron
ores by the electric process and it was not intended to demon-
strate a figure of cost per ton of pig-iron produced by this
process." It appears from the data given that this test was
very crude and poorly arranged. Too little carbon for reduction
was used in the charge, the furnace was run too cold, and the
power consumption ran up to 0.~2~1 h. p. year per toll of pig-
iron obtained .

At Livet, France.-The works of Keller-Leleux et Cie . pos-
sessed furnaces constructed for the reduction of ore, and used
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for manufacturing ferro-silicon and ferro-chromitun . These
were placed at the disposal of the commission, and two long
runs made of 55 and 48 hours each, with all the data carefully
controlled and checked . The complete details of these runs can
he found in the report of the commission . Illustrations of the
furnace used may be seen in the report . It is of the resistance
type, with two shafts, each with its vertical electrode em-
bedded in the charge, and connected by a well in which metal
and slag collect. The current passes froth the electrodes to
carbon blocks embedded in the base of the furnace . The lining
was a ratnnled-in mixture of dolomite and tar, similar to that
of a basic-lined Ressetuer converter . The electrodes were square,
28o mm . (II inches) on the side and 1400 nun. (56 inches)
long . The J5-hour run was interrupted to put in a wattnteter,
and the metal set in the furnace, so that the power consumption
for this run 0.52 11 . p . year per metric tot] of pig-iron, was
abnormal . In the second run (If 48 hours no interruption oc-
curred, the furnace "working quietly, and without the slightest
accident : the gases discharging on top in flickering flames,
showing that the gas resulting from the reduction of the ore
escaped at low pressure . The workmen were ordinary Italian
laborers, without any special training ."

This second run was successful in producing, at will, dif-
ferent classes of pig-iron, gra}, white, and mottled, and in
setting a definite figure for the amount of electric energy re-
quired per ton of pig-iron produced . The furnace was nominally
of 300 It . p. capacity, but running' pith g5o h- p . ; it consumed
0.25 h, p. year per metric ton of pig-iron produced . rising 41
per cent. of fuel . This is a satisfactory figure, and is partly
attributable to running the furnace hard, i.e., over its normal
capacity .

EXPERIMIE.NTS OF THE CANADIAN GOVERNMENT AT
SAULT S. MARIE .

On the return of the Canadian Commission from Europe .
and the publication of its report, the Canadian Government placed
at the disposal of Dr . Haanel and his staff $15,000 for in-
vestigating the suitability of the electric process for reducing
Canadian iron ores . The experiments were carried out early
in r9o6, and may be found recorded in detail in the report
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published by Dr . Haanel in February, 1907 (Ottawa, Mines
Branch, Department of the Interior) . An analytical discussion
of these experiments and the results obtained was presented by
the speaker to the American Electrochemical Society, at its
meeting in New York City, October 18, 1907, and published in
the Transactions of that Society, vol . xii, p. 81 . The furnace
used is shown in Fig. I . The following conclusions from the
author's analysis may here suffice :

I . Too much carbon was used in every case, not allowing a
good utilization of the heat of oxidation of carbon in the furnace .
A smaller proportion of carbon, more perfectly consumed to
CO, would have generated more heat and thus have helped the
furnace more .

2. The electric current furnished about two thirds of the
energy required for all purposes, the carbon one third .

3. The consumption of fixed carbon was 24 to 38 per cent .
of the weight of pig-iron, giving ratios of CO to CO2 in the
gases of 4 .5 up to 9 (by volume) ; whereas a ratio of i is
possible, would require far less carbon, and would produce more
heat in the furnace. For the details of this analysis, the reader
is referred to the original paper . Some of these figures will be
used in the comparative tabulations at the end of this paper.
One thing is particularly worth noting : the Sault Ste. Marie
furnace was small and was worked hard, a condition favorable
for small conduction and radiation loss, and economy of power .

RUNNING OF THE SWEDISH SHAFT FURNACE.

The experiments at Sault Ste. Marie bore fruit first in
Sweden, by inciting experimenters there to construct a large
electric shaft furnace for the regular commercial production
of pig-iron. Messrs. Gronwall, Lindblad and Stalhane con-
ducted preliminary experiments at Ludvika, Sweden, in the
summer of 1907, with a small furnace of 300 h . p, capacity ;
in the summer of 19o8 a larger furnace of different type was
constructed, and in the autumn of 19o8 a still larger furnace,
embodying the results of all their experience, was Completed .
This furnace was designed for r5oo kilowatts, and may he truly
termed the pioneer electric pig-iron furnace . The best descrip-
tion of this furnace and its working are to be found in a paper
by Dr. E. Haanel in the Transactions of the American Electro-
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Experimental furnace used at Sault S. Marie .
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in Octobei - , igog, tnutlc',l " lie e tigation of an R eerie Shah
htn -nace at i)ouriarf%ct . SRUlcli . The followm l, details and
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illustrations l Figs. 2 nod 3) are taken from Dr. Haanel's
publications_

The total height above the ground-level is 25 feet ; the

L

	

OrdinaryBrcH "f'r Fare Bric.Y '3r-~ Maynesch

crucible is 7 feet high, the shaft iS feet . The entire weight of
the tipper shaft is carried on six cast-iron columns none of it
rests on the arch covering lie rrncible . This arched roof has
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openings for the three electrodes, each composed of two carbons
it in. square by 63 in . long, making each electrode ii in . by 22
in. by 63 in. The electrode holder is a steel frame into which
the electrodes are fastened by copper wedges . The electrodes
pass through water-cooled stuffing - boxes . The crucible is lined
with magnesite-brick-a material never usable in blast-furnaces .
Some of the escaping furnace gas is pumped hack by means
of a fan into the free space under the crucible arch, for the
purpose of cooling off that arch and so preserving it from the
intense radiated heat .

The electric current is supplied as three-phase current to
the three electrodes by three transformers of goo kilo-volt-
amperes each, transforming the current down to t/i4 its primary
voltage, and capable'of regulation between 2o and 85 volts.

The especially novel features are the arch over the crucible,
the projecting downwards of the electrodes through this arch
into contact with the charge as it spreads out froth the central
shaft into the crucible, the magnesia lining, and the return
of part of the throat gases into the crucible under the arched
roof. It can readily be seen that a large amount of thought
and experience are embodied in the details of this furnace .

A trial run was made under Dr . Haancl's inspection, start-
ing with the cold furnace . Besides the handicap of starting
cold, and with all the masonry fresh, the furnace was insuffi-
ciently supplied with power . Instead of the i5oo kw. which
it AN-as designed for, only, about 400 could be gotten . Under
these circumstances, the losses of heat by radiation and con-
duction were probably almost so great intrinsically as they would
have been with full power, which means that they were relatively,
or proportionately to the energy used, probably three or four
times as great . The result of the test is therefore far from
indicating the maximum commercial efficiency of this furnace .

In spite of these adverse conditions, pig-iron was made
from the ore at the rate of 0.40 electric horse power year con-
sumed per metric ton of pig-iron. The fuel consumed for re-
duction was 27.5 kg. of coke per ioo of pig-iron, and of elec-
trodes 5 kg. It is altogether reasonable to assume that the
power consumption, when in regular running, will not exceed
0.3 e. h . p. year, and on this basis, counting power at $12 per
e. h. p. year and charcoal (83 per cent . carbon) at $8 .oo per



metric ton (2204 lbs.), Professor Odelstjerna, of Stockholm,
has estimated that pig-iron can now be made, in Sweden, in
this furnace, at $I .So per ton less than in Swedish blast-furnaces .
It is my opinion that this furnace, if run at 3000 kw., could
make pig-iron at 0.2 e- h. P. year per ton of output, making a
further saving of $1 .20 per ton . With a prospective saving of
$2.50 per ton, the Swedish blast-furnace industry stands a good
chance of being superseded by the electric furnace, as soon
as the latter gets into proper working order .

Accompanying diagrams are intended to illustrate the fun-
damental principles of electric furnace reduction of iron ore .

. *.SIG
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FIG . 4-

variation of fuel regi :ired and heat evolved, with composition of waste gases produced .

They are entirely dependent upon the rate at which the furnace
is run and the proportion of CO to CO, in the gases . In the
latter respect, a proportion of I : I by volume is entirely prac-
ticable and should be attained in electric smelting, although 2 : I
is the usual ratio in blast-furnace practice . A kilogramme of
oxygen burning carbon to CO gives up 1820 heat units (calories),
but if burning (only half as much) carbon to CO, it gives up
3075 calories . Since there is a definite amount of oxygen to
be removed per ton of pig-iron made, more assistance is obtained
from the combination of carbon and oxygen the more CO 2
and the less CO is formed . Fig . 4 shows the heat evolved, in
units of rooo calories, as the ratio of CO : CO, varies from all
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CO t.o ratio, of ('O to ( .( ) y 2 and t, and extended to the
supposed case of all being formed . Ttt shows graphically
the fact that the smaller the amount of carbon used the more
heat ohtained lit in its uxidtttion, ltecanse it is being btu -ut by
it lued yuantitc of oscgenI

txperinteuts on llte reduction i,t iron oxides in currents of
(' I gas render it impn bablc- that a lower ratio „f CO :CO.
than i : r can he obtained in practice . even under the iuost favor-
alde electric luntace conditions. 'This corresponds to 0,26 toll
,o carhnn per ton of pig iron made, and a thermal assistance
(tontthe carhop of 1,1I l, ;oo calories (1, ;o horse-power-hours)
per ton of iron .

att
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l'i- . sliot~s the ranatio of horse power required per tom.
of pig,-inm with the ratios of CO : CO, in the gases . It shows
distinctly 1uon wastetul ul po~~er it is to run a furnace with toll
much carbon ; with a certain amount of carbon charged it I,
practically mtpossihle to utilize it except it burns mo,stl_v to CU .
and then the high poccer constmiption is the result oof the lad :
of proper thermal assistance from the carbon . The power cnrvc
of the Swedish furnace is above those of the S . S. Marie rune .
for the same fuel consumption or ratio of CO : CO .2 . because
the former furnace was being run at not over one-fourth, po,-
sibly nearer one-sixth, of its proper power supply, while the

JO.un~
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latter furnace \\a, snrlll and eras pushed hart!. The difference
of o.i 11 . p. tear per ton of pig-iron wade is probably entirely
ascribable to lligll radiation anti c-tnductiun losses, due to the
relatively slot,- running .

TIIERAIAI, AN .U .)' .a5 OP RCN nF ;AVEuISI[ sIIAPI FiiRV .tcp" .

Dr. tlaanel give .: snfhclent data for forming a good idea
of the heat disc ibution in the large Swedish furnace . The
data are as follows :

Composition o ,re	F, - 62 .o(, per cent .
C= S5. per celli .
S - n ., ; per cent .

1 .1,-14.4 ; I'll "Ill

SiR:- 26 .54 per cent.
CaO =54.48 per cent .
S- 0.78 tier ceut-

Fe = 0 .35 per cent.

-I't' - 4-485 I'll cent .
C- Sao per cent.

1

	

roll-

	

b1-- 0.075 per cent.
61n= 0.33 per cent .
i' l .oo per cent .
S- o.or per cent .

Ci)_=25.00 per cent . Ity voluma-
Conlposition of garcs_	Ct1=6; .w per cent . by volume .

It =mo.oo per cent . by volume .
(barges :

	

(lie, 240 :

	

1 1 1tc. 37-4 :

	

l .mre, 4 .4 .

f ntm the above data it can be calculated, assuming the
gases escaping at ado' and the pig-iron and slag at a little
al), \c blast-furnace temperature . that the energy received and
distributed by the furnace is about as follows, per ioo kg . of
pil'-iron nmcerned :

71CS'r 1 ,1,% J!t1111 .

l.u'bult oxidized to CO	2 ,318 calories .
CO oxidized to CO-	44,785 calories .
Funuatiuu of slag	2,058 calories,
Carlmrization of iron	2,256 calories .

I dal heat of chemical reactions- . . . 101,417 calories=31 per cent .
hear energy of 0.041 e . 11 . p. year_ . . 223. 171 calories

	

60 per celli .

"P'tal :available energy	- 324,588 calories .
.Avcrtl ;;e required ill blast-fnrnnces .,

	

trx;0oo calories .

141
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It1:n DlaTKill[rnoN .
Reduction of iron oxide	15;121 calories

	

48 per cent .
Reduction of other osab,	10,174 calories= 3 .5 per cent .
Evaporatimt of }valor	1,025 calories= 0 .3 per cent .
Sensible heat in ,caste gses	4.075 calories= 1 .3 per cent .
Sensible heat in pig-iron	32,5no calories

	

0.0 per cent .
Sensible heat in slag	s,ooo calories= 2 .7 per cent .
Radn and cond'n Io ; : I,diIf.) . . . . 112,850 calories =33 .2 per cent .

The Kist item of the aLuce schedule is 1-erV much larger
titan it should be. 8Vnle ntoolern blast-furnaces run with one-
tenth that nmcli . 'I he trouble with this furnace was that it was
riot univ about one-tenth as fast as it should be for heat econouiv .
11 we assume that this furnace is run fast anti carefully, so as
to get a ratio- l0 : CO. n1 the uses of I : t, we can estimate
what will he the pninbi le running of a lame electric pig-iron
furnace, such as will undonbtetll he in steady operation ill the
near future. The requirement for power will be that rtccessarr
to f nrni .sh the needed heal, less that furnished by the chemical
reactions . These will be, per loll of pig-iron produced :

Vecsled I. .r rcdncuona	055.000 calories=2Loo li . p . Lours .
Sensible Lcat of pig -iron	300,000 calories= 470 It . p . hours.
Sensible heal of slag	6o,ooo calories= too It . p . hours.
Radiation and unuluctiuu .

	

- 100.000 calories- 16012 p . hours .

2.115,000 calories = 3330 h . p . hours .
Furnished h} chemical reactions i,11] .500calories -1750h .p.hours,

seeded from electric current . . ,003 .51x1 calories=1580 Ii . p hours .

eThe following is therefore the conclusion of this iucestiga-
tion :

1l a larger electricslrnf t furnace is run rapidly, ,"dth abundant
po,eer. and the cases csca/nug contain fit least as much CO,
(by volume) is CU, the ninunntin potter requircincltt which

l be uppras-irmatec is 1 .;So ft. p . hours, or 0.18 It . p . 'tears,
per -metric to-t (2204 lbs.) of pi -iron produced .

One ton per 0.226 h . p. rear has already been reached in
an experimental run .
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