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ABSTRACT 

Four different methods werdinvestigated 

for the extraction of iron from a lewm.grade siliceous 

iron ore from the Port Arthur, Ontario  area Th9 

methods used were (1) direct smelting of the ore in an 

electric furnace; (2) magnetic concentration followed by . 

sintering of the concentrate and smelting of the sinter 

in an electric furnace; (3) preheating and prereduction 

-of the ore in a rotary kiln, followed by smelting; mi 

(4) à two-stage smelting process. The last-named 

method appeared to offer important advantages compared 

to the first three. 
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INTRODUCTION 

In a program performed in the Mines Branch laboratories 

in the spring of 1958, iron ore from the Monpre Mining Company Matawin 

property in the Port Arthur Mining Division, N.W. Ontario, haà been 

treated by a process of fine grinding, magnetic concentration, sintering 

of the magnetic concentrate, and smelting of the sinter in an electric 

furnace to produce pig iron. The results of this investigation are 

described in Internal Report MDT-58-24 dated August 7, 1958. Since the 

results obtained in treating the ore by the above method were not as 

favourable as had been hoped, the Company wished to investigate another 

process for producing pig iron from the ore. In a letter dated 

September 4, 1958, Mr.  W. D. Paterson, Secretary-Treasurer of the 

Monpre Mining Company, outlined the second experimental program which 

the Company wished to have perforned with the same ore in the Mines 

Branch laboratories. 

In the new process the ore would be passed through a 

rotary kiln where it would be preheated, and prereduced to some extent 

à
------- 	  

Senior Scientific Officer, Scientific Officers, and 	Head, 
Chemical Metallurgy Section, Mineral Dressing and Process 
Metallurgy Division, Mines Branch, Department of Mines and 
Technical Surveys, Ottawa, Canada. 

eburgoyn
Declassified



2 

beforebeing fed to the smelting furnace. Itwaa hoped 1;hat the kiln 

could be Monnted above the electric smelting furnace) se that the fioi 

prereducectore cotild be fed directly to the furnace, end that the , 

eavinge  in  energy achieved by this technique would lead to a signifiCantly 

. cheaper pr000ss  for  extracting iron from this ore° 

O  " • 	At a nutriber Of subsequent meetings'between effiCials of 

the  Company  'and senior. officers of the Mineral DreSsing and ñOoe'ss 

Metallurgy Division, decisions Éete made regarding the detailà  of the 

experimental program. The rectangular shell of the fuenage was 

replaced with a cylindriCal.  Shell, and the electrode arrangement changed 

from a'three .in-line to a triangular configuration. Since the inforMation 

would be of sane valUe to . both the Company and the,bepartment of Mines 

'and Technical Surveys, it was decided to try to ascertain whether or not the • 

cylindridal shell with the triangular electrode configuration was more 

efficient than the rectangular Shell with the three-in-line electrode 

.arrangementé To make this comparison, a short test was performed in which 

eveey effort was made to duplicate the procedure used in one of the 

periods of the previous work (Period  No 0 5 9  described in Internal 

Report.MDT-58-24). Matawin ore was ground to minus 100 wee and 

magnetically cencentrated. The concentrate was sintered to produce two 

types of prodUct with CaO:Si02  ratios of 008:1 and 0.4:1 respectivelY, • 

and these  were  smelted in the 250 KVA furnace to produce pig iron. 

After this test had been cempleted, another short test was performed in 

.which unbeneficiated Matawin ore was smelted in the 250 KVA furnace to 

determine the requirements of electrical energy, flux, reductant, etc. for 

the production of pig iron from this ore by direct smelting. The above 

smelting tests are described in Part Iof this report. For the sake of 
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clarity, the work described in Internal Report MOT-58-24  is referred to 

in the present report as Test No. 1, and  the experiments outlined above, 

as Test No. 2. Subsequent experiments, described in Parts II and III 

of this report are designated as Tests 3 to 13. 

Although it was hoped that the process of preheating and 

prereducing the ore in a kiln, followed by electric smelting, might be 

suit able  for treating the low-grade Matawin ore, it was realized that 

such a process would probably work better on a higher grade ore. It 

was decided to have some high-grade iron ore available during the tests 

for blending with the lew-grade Matawin ore. If the results of the 

tests indicated that the process worked better with a blend of ores 

than with the pure Matawin ore, consideration could  thon  be given 

by the Company to the use of some such blend of ores if and when the 

process was to be put into commercial practice. Accordingly one 

carload of high-grade ore was obtained from Steep Rock Iron Mines 

Limited, Steep Rock, Ont. 

Experiments on the reduction of the ore in a gas-fired 

rotary kiln were begun early in January. Two tests, (No. 3 and Nb. 5) 

were performed on the Natawin ore, and one test (No.  4) was done on the 

Steep Rock ore. During these tests the smelting furnace was not 

operated, but the hot products from the kiln were quenched in water 

and sampled for analysis to ascertain the amount of reduction which 

had occurred. 

After some experience had been accumulated on the 

reduction of the ores in the kiln, the smelting furnace  and  kiln were 

operated simultaneously, the ore being preheated and prereduced to 

some extent in the kiln before it passed into the furnace. In tests 

No. 6 and No. 7 Matawin ore only was used; in test No. 8 the ore was 



aI: I biend of Mdtay-râ,sl ou°G, ra^x^ .^•incp xt'.ock bx°e Mid .b1à "Ce ."A Nob 9

Steep kook oro aiont3 oâ€a u^,od« Thooe two s4^,r3,aq^. of exralrivmnt*¢jp 1i10" a

to I^^m q fiiofila.t,va^ are dcase:*-:L•i:ted in k'ïiX1. "zk'l:3x,:^, 130T4 0

Tho csor,€iii•ï€^.^d

y3OId as â°avrorro,blo had beeaa the

rrjaid , prodUcod ooaxt aâ.ll0d too muck•a oilic;can2 and the ai€i.oQiWu,a of o:rctr.!cA

en.ergyO gas f®r the . kila v and ..^ ime; toLae Ibr flux Ivenj v«ry E•d^.Na.o Another

pkoces6 for treating the IlMce.wl.s, ore 1,761a t an tx°iedq :I:€a wi.aic^^' t-he ore

was-sinelted ci.irect-37 Ito produce pig iron with a bigh-silicon content, no

attempt being made to c6napleix; -ly zte-atral,:i.ze The highly siliceoza^ .,i^ago ,

The amôutat of iiIiIePfioAi_Q roeRuired was •ihul ynuoh je;^s tYAaid in the o6râ.ier

tests. This higa.-sâ.licosa' xnetal, was reacted ui-i;h hip1r.-grade (we in the

hope. that t ho silicon in the mata;R, ltsou:R,d be oxidized $xy, the heznatitQ in

the ore and that 0, loPa-silicon ^,'i;al would Y,-,esulta .,S^:ffic:^.^r^ 3_fxcb

was. â.ddeâl in the second stagd ^ea j-b;uc •L-1zo e3,lica pz oduoe d by the

oxidation of the sil3cvai g and a higtaly basic slag was maf.ntaia.•aedF, The

tota7, lime required in thâ,;^ tw©a,staR;e Prooo-Sa tM. s thus mrch losa than

in. the one-stage prcic;^sas because it was necessar3r tcs w.ai^iLain, a basic

sla.g only in the second stage, when the rio of s:R..ag'to imotal, vras^

relatively.:Lovr, Three tests were per.forzr^.̂ ad in tx1°jicRY higRa-^.^j:ic®iz

matal was producedy 'tests Noa 10 :i.ô and 3.2o In teat No, 1,3 the. high^

silicon metal was reacted. iAth RaiR;Ya-grade Stea*p 1zools ore to p$odu6e^

1ox-osf.licon, nbetal, This test was màderadae3y satcce.3UFU'la but it was.

believed that better results IV00.d ha*ve been c€lfR:ained i â' the frrnaca,
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are described in Part RI of this report*

SMMARY OF RESULTS

The more important conclusions • from this investigation

may be summarized as follows:

Part I. Direct Smalting of Sinter, and Matawân Ore

(a) Production of, Sinter from Magnetic Concentrate

1. A concentrate produced from the Matawin ore by

magnetic concentration, and containing about 41

percent Fe was readily sâ.ntered on a Dwight-Lloyd

sintering machine,

2• The re sult s were very similar to those obtaine d

previoûsly in sintering a similar grade of concentrate

made from the sar,o type of oreo A lmw-grada semi-

anthracite coa1,, having a fixed carbon content of

about 75 percent, was found to be a satisfactory

fuel; the moisture content of the feed was found to

be quite critical, the optimum value being between

10 and 11 percent; and the addition of limestone to

the feed to increase the ratio of CaQ:Si42 in the

sinter, increased the amount of fuel required.

(b) Smalti.ng of Sinter

No significant difference was observed in the

smelting operation or results, which could be

attributed to the change in furnace shape and

electrode configuration. Any comparatively sma:ll

differences were masked by the effects of different

sinter bul1c densities, different depths of dry top



and different percentages of the limestone burned 

into the sinter° 

(o) Smelting of Raw Matawin Ore 

1. Pig iron containing about 3.5 percent silicon was 

produced by direct smelting of the raw Matawin ore 

in the 250 KYA furnace, using a CaO:5i02  ratio in 

the slag of about 1:1. 

The  requirents of ore, limestone and electrical 

energy  per ton of metal obtainod wore about 8500 lb, 

6900 lb, and 7700 kwh, respectively in this oPeration• 

These values are very high, mainly because of the 

low Fe and high SiO2  contents of the Matawin ore. 

The data obtained in this operation provide a useful 

basis for evaluating other methods of treeing the 

ore, such as sintering of a magnetic concentrate 

followed by smelting; kiln treatment followed by 

smelting; or a two-stage smelting process. 

Part  IT. Prereduction and SmelIi2L!ILIrm  

(a) Reduction of Matawin Ore and Steep Rock Ore, in a 
Rotary Eiln 

1. Both Matawin and Steep Rock ores were reduced to 

a considerable extent when mixed with coal and passed 

through a rotary kiln having a maximum temperature 

of about 1000°C. 

2. In the most successful of the experiments with the 

Matawin ore the greatest reduction was about 17 

percent; and an average of 11 percent reduction was 



obtained over a period of about 36 hr. 

3. The greatest reduction obtained with the Steep Rock 

ore was about 34 percent, and an average of about 

24 percent reduction was obtained in a 42 hr test. 

4. In each case the greatest reduction was obtained when 

the highest temperature in the kiln was kept just 

below the softening point of the ore; and when the 

longest possible hot zone was maintained in the kiln. 

5. Tho composition of the kiln gases fluctuated very 

widely during these tests, and no correlation was 

found between the gas composition and the degree of 

reduction of the ore, 

6. The amount of fuel used in heating the kiln during 

these experiments was very large, mainly because 

the kiln had only a relatively thin refractory 

lining (41-1- in.) and the heat losses were very high. 

(h) Combined Prereduction and Smelting of Matawin and Steep 
Rock Ores 

1. When  Mat awin ore was preheated in the rotary kiln 

under oxidizing conditions, and the hot material 

was smelted, using a CaO:Si02  ratio in the slag 

of about 0.6:1 1  pig iron containing about 12 percent 

silicon, was produced. The amount of energy 

required in the electric furnace was about 13 percent 

less in this operation than when snelting the raw 

Matawin ore directly, after  an  approximate allowance 

was made for the differences in the slag:metal 

ratios and the metal compositions in the two tests. 
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However this saving in electrical energy was more 

than offset by the large amount of gas required 

• in the rotary kilno This was equivalent to about 

4600 kwh per ton of metal produced, or about 60 

percent of the energy used in the furnace when 

smelting the raw ore directly0 This large heat 

requirement in the kiln was believed to be mainl,y 

due to the high heat losses through the thin 

refractory lining. 

2. When 'Matawin ore was prereduced to the extent of 

about 506 percent in the rotary kiln, and the hot 

material was smelted using a CaO:Si02  ratio in the slag 

of about 006:1 9  pig iron containing about 5.8 

percent silicon was produced° The amount of 

electrical energy required in the furnace was about' 

25 percent less in this operation than when smelting 

raw Matawin ore directly 9  after an approximate 

• allowance was made for the differences in slag:metal 

•ratios and the metal compositions in the two tests. 

•Again this saving in electrical energy was more than 

• offset by the large amount of gas required in the 

rotary kiln. This was equivalent to about 7300 kwh 

per ton of metal produced or about 95 percent of 

the energy used in the furnace when smelting the 

raw ore directly. Again this high heat requirement 

was believed to be due largely to the high haat 

Josses from the kilno 
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3. When a 1:1 mixture of Matawin and Steep Rock ores 

was prereduced in the rotary kiln and the hot material 

was smelted using a base:acid ratio in the slag of 

about 0.95:1, pig iron containing about 4.3 percent 

silicon was produced. The amounts of electrical 

energy and other materials such as fluxes were very 

much less in this operation than when treating 

Matawin ore alone, because of the higher iron content 

of the Steep Rock ore. 

4. A good grade of pig iron was made from the Steep Rock 

ore by prereducing it in the rotary kiln  and  smelting 

the hot prereduced material in the furnace. The 

amounts of electrical energy and other materials used 

per ton of metal were much less in this operation than 

in any of the three previous tests, because of the 

high iron content of this ore. 

Part III.  Production  of Low-Silicon Iron 

(a) Production of High-Silicon Iron from Matawin Ore 

1. Pig iron containing up to 20 percent silicon was 

readily produced from  the  Matawin ore, while operating 

with a Ca0:5102  ratio in the slag of about 0.6:1. 

2. Rhen the silicon content of the metal was jn the 

range of about 16 to 20 percent its sulphur content 

was less than 0.01 percent, and the FeO content of 

the  slag was only about 2 percent. 

3. In all cases the amount of electrical energy 

required was very high because of the high silicon 
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content of the metal produced. In two experiments

(b)

t'he amount of energy required, and also the weight

^ •
of electrodes used, were f•ux~t:her increased by the

fact that the furnace was operated without a roof,.

and the heat losses and the oxidation of electrodes

were quite severe.

4. When the "cold dry top" smelting technique was

employed, paper mi1l bark being used to.incréase the

porosity and dgcrease the bulk density of the charge,

the â.mount of energy used was only about one-ha4

and the. amount -of electrodes considerably less thâ,n

one -half of the corresponding amounts used in the

two former tests.

Reaction of High-Silicon Iron with High-Grade Ore to
Produce Low-Silicon Iron

1. H1eta1 containing less than 0.4 percent silicon was

obtained by reacting r,igh-sil.icon metal with high-

grade iron ore, in both the 250 KVA and 60 KVA

furna.ce s.

2. The carton and.sulphur contents of the meta.ls

obtain.ed were quite low in both cases,, due to the

low carbon and

mata.ls used.

sulphur contents of the high-silicon

3. A short period (9^ hr)

in the 250 KVA

75 lb of metal

indicated that

of •good: operâtion was obtai.ned

furnâ.ce, using a charge, containing

and 105 1b of ore. The results

if this.charge had been used throughout

the test, and if the furnace had béen equipped with

a basic lining rather than a carbon lining, this

period of good operation might have been extended

ti

t
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considerably. 

4. The experiments performed in the 60 KVA furnace 

indicated that the silicon was oxidized quite rapidly 

and completely by the high-grade iron ore when an 

oxidizing slag and a basic-lined furnace were used. 

The analyses of the slags ottained in these 

experiments  indic  ated  that some magnesia (MgO)  

was removed from the lining. 

5. The data obtained for the requirements of energy 

and materials in the production of pig iron by the 

two-stage smelting process, could not be compared 

accurately with the data obtained by other methods, 

because the period of good operation in the 250 EVA 

furnace was too short and large amounts of metal 

and slag remained in the furnace from previous 

operations. 

GENERAL CONCLUSIONS 

The reduction of the Matamin and Steep Rock ores in the 

kiln was only moderately successful, and it is believed that some of the 

difficulties resulted from the fact that the kiln was not designed 

sPecificallY for this operation, but was used because it was the only one 

which was available. Heat losses  were  particularly high; thehot zone 

was too short; and the composition of the kiln gases fluctuated widely 

because of variations in burner operation, air leakages and imperfect 

pressure control. Recent experience in these laboratories has confirmed 

that, in operating kilns of this type with reducing atmospheres, the 

kiln gas composition is strongly affected by slight  changes in pressure. 
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These cause changes in,the amount of-air lealcing into the kiln.

Equipment. for precise regulation of kiln gas pressures is being procured,

and this, it 3.a antic3.pated, w3.1.1 result in considerable. iinprovement in

these operations.

The results obtained in the.combined kiln treatment and

smelting operation were not as fa.vourable as had been hoped. In this

case the saine difficulties were encountered in the operation. of the ki].n

as outlined above, andin addition other 'problems arose when tr3•atri.g to

-operate the kiln and furnace together. For example, variations in . the :

amount and temperature of the gases passing through the duct from the

furnace to the kiln, affected tha.kiln operation and sometimes caused

blocking of the chute; alsô the hot dischar.ge from the kiln often

accumulated to a considerable depth in the furnace and s.melted very

slowlyt even though large amounts of electrical energy were supplied to'

the furnace. Throughout the se tests, the furnace roof deteriorated rather

rapidly because of thé high.temperature and thé corrosive action of the,

iron-bearing dust contained'in the'furnace gases. Electrode consumption

was excessivel,y high duo to oxidation by the air which was drawn into

the furnace around the-el.ectrodes. It appears that coupling a.kil.n and

furnace together in this manner for. large-scale operation might. involve

appreciable difficulties in.design and operâ,tion. Nevertheless. much

valuable information-was obtained in these experimentst and it is

bel3.eved that using properly designed equipment, this prôcess i or a

modification of it, could be operated more successfully. Modifications'.

which might be advantageous could include scrubbing of the furnace gases

rather than trying to conduct them,directly into the kxln, the-use of a

deeper furnace in an effort to obta.in lower roof temperatures, and

perhaps the cooling of the kiln discharge to some extent before it was

fed to the furnace.

Metal having low contents of*,silicon and sulphur.wâ.s

produced from the.low-grade siliceous Matâwin ore by the two-stage

k

A
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smelting process, in both the 250 KVA and 60 KVA furnaces. The 

phosphorus contents were in the range of those of commercial grades of 

pig iron but the carbon contents were often intermediate between those 

of pig iron and steel. This however might not be a disadvantage, as 

metal of somewhat similar composition is being produced and marketed by 

a Canadian company at present (Quebec Iron and Titanium Corporation). 

Unfortunately the data obtained for energy and electrode requirements 

in this operation were excessively high because of the short duration of 

the experiment 	hr), and the carry-over of metal and slag from the 

previous tests. Nevertheless metal having attractive composition was 

obtained, and it is believed that this process, or some modification of 

it, could be operated more successfully in a plant specifically designed 

for this operation. In such a plant the high-silicon metal from the 

first stage could probat1y be transferred in the liquid state to a basic - 

lined furnace used in the second stage. 

MATERIALS USED 

Early in November 1958 three carloads of Matawin ore and 

one carload of Steep Rock ore were received at the Mines Branch. The 

Matawin ore was crushed to minus 3,8 in. and a head sample was obtained. 

A portion of this ore was then ground to minus 100 mesh and magnetically 

concentrated to yield a concentrate similar to the minus 100 mesh 

concentrate used in test Nb. 1. The Steep Rock ore did not require 

crushing, but was sampled and stored. In addition some Mesabi ore, 

containing 52 percent iron, was obtained from the Mineral Dressing Section 

of this Division and was smelted on one occasion while bringing the 

furnace up to equilibrium temperature, in order to conserve the supplies 

of the other ores for the main experiments. The analyses of these two 

ores, and of the magnetic concentrate, are shown in Table 1. 
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Table 1 

Analyses of Ores and Ma etic Concentrate 
percent 

a awin 	Magne lc Concen ra . 	eep  Roc. 
Ore 	 from 	 Ore 

Hatawin Ore  

Fe 	 27.06 	 41.49 	 60.90 

S102 	 45.72 	 34.20 	 4.34 

Al203 	 4.13 	 3.34 	 1.96 

MgO 	 2.70 	 1.55 	 0.16 

CaO 	 1.86 	 0.63 	 0.27 

Na
2
0 
	

1.24 	 .. 	 0.06 

1(2° 	 1.40 	 0.11 

Ti02 	 0.35 	 0.16 	 0.03 

Mn 	 0.17 	 0.09 	 0.092 

S 	 0.07 	 0.030 	 0.025 

P 	 0.10 	 0.07 	 0.017 

Loss on ignition 	1.46 	 w 	 6.80 

Insoluble 	 51.20 	 . 

H
2  0 
	 7.12 	 . 

A portion of the head sample of the Matawin ore was 

also submitted for semi-quantitative spectrographic analysis, to 

ascertain those elements present in minor amounts. The results of this 

analysis are shown in Table 2. 
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Table 2 
el>9..111,:ele•MAP.,,11111,  

Semi-Quantitativo S era raphic Analysis of Matawin Ore 
perconUr--  

ICBM Ba 	Cu 	Cr ---17-7-1 
al .15 	 .09 	.03 	.009 	.005 

*doubtful 
The limestone used as flux in most of the tests was 

obtained from the Michigan Limestone Division, United States Steel 

Corporation, Rogers City, Michigan.. As was the case in the previous 

work (test Nb. 1) this limestone was chosen because of its high purity 

and favourable location with respect to the Monpre orebody. This 

material was crushed to minus 3/13  in. and sampled. During  some  of the 

tests some dolomite obtained from  the  Mineral Dressing Section and 

crushed to minus 6 mosh,was used to supply part of the required flux. 

The analyses of these two materials are àhown in Table 3. 

Table 3 

Analyses  of Limestone and Dolomite 
percent 

Limestone 	Dolomite 

CaCO3 (by cliff.) 	97.3 	55.5 

SiO
2 	 0.88 	0.40 

MgCO3 	 1.08 	41.12 

A123,3 	 0.63 	 - 

Fe 	 0.36 	 - 

S 	 0.10 	0.083 

P 	 0.01 	 . 

Loss on ignition 	43.16 	 . 
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The screen analyses of the Matawisi ore p the Steep Rook

ore and the limestone are shojm in Table 4.

T able 4

Screen Analyses of Ores and Limestone
n M

Part^c e
Siae

Mataivïn
Ore

fflop Rock
Ore Limestone

in. 20.6 21.4 44.0

-q, in•.+ 4 me sh 21w 5 14,*2 13.7

.4 + 10 mesh 34.5 23.6 21.1

-10+ 28 " ; 11.2 23.6 7.1

-28+ 48 4.4 7.0 3.5

-48+ 65 n 1.5 2.5 1.5

-65+ 100 n 1.3 1.8 1.8

-3.00 n 5.0 5.9 7.3

As. was the case in the previous work, (test No, 1) a

'low volatile coal obtained from Caiunore Mines Ltd. I Cacimorer Alberta,

was used as reductant. This material was obtained from a local fuel

supplier as required. Two samples were taken at different times for

analyses, the re sult s of which are shown in Table 50

Table 5............_.

Ana1,yso9 of Csjimon3 Coa7......_._^ ....,..R= ....:....
^i^rcC^11tT-

^s,xnp' A:os 1
(b.s re+cld)

^Sầing - o.
as rec1d).

Proximate analysis:

Moisture 2.4 2.5
Ash 7.1 6.9
Volatile matter 1406 17.3
Fixed carbon (by.diff. 75.9 73.3

Ultimate analysis:

Sulphur 0,; 9 0.9

L

-4
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The screen sizes of the two coal smnples are shown in

Table 6

Screen Sizes of Canmore Coa1 Sazn21Qs

Sample No. 1 Sample No. 2

+ 1/`2 in. 7.1 9.2

-1/`2 + 3/S in. 35.7 33.9

-3/8 + 1/4 in. 28* 6 27.7

-1/4 + 1/$ in. 14.3 12.3

-1A + 1A.6 in. 5.6 7*7

-? A6 in, 8.7 9.2

^
PART T. DIRECT SrICLTING OF SINTER AM MATANIN ORE

(a) Production of Sinter from Magnetic Concentrate

Experimental Work:

Sinter was made from the minus 100 mesh magnetic

concentrate in the same manner as in the previous work (test No. 1)*

A Dwight-Moyd sintering machine having a width of 12 ine and a length

of travel over the windbox of 4 ft was used. Ignition was accomplished

with a natural gas burner, and the windbox was connected to an exhaust

system capable of producing a vacuum of about 20 in. of water. The

ingredients of the charge were mixed in a mul7.er-typo mixer and fed

onto the grates from an overhead hopper. A layer of sinter returns,

approximatexy ^j ine in size, was used on the grates to protect thein

against overheating, and to prevent excessive loss of fines into the

exhaust system.

In, all, about 12 tons of concentrate were sintered, in
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two periods of operation. The analysis of this concentrate is shown 

in Table 1. Limestone from the U. S. Steel Co. shipment, crushed to 

minus 6 mesh, was added to the charge to adjust the ratio of lime to 

silica (CaO:SiO
2
)n the sinter; and Canmoro coal, crushed to minus 6 

mesh, was used as fuel. The analyses of the  limestone and coal are 

shown in Tables 3 and 5 respectively. The moisture content of the charge 

was found to be quite critical, the optimum value being about 10 to It 

percent. 

Tho sinter obtained was crush3d to minus 3 in. and 

screened on a double-deck vibrating screen fitted with 3/4 in. and 

1/4 in. screens. The plus 3/4  in  material, and soma of the minus 

3/4 plus 1/4 in. material were stockpiled for furnace feed while the 

balance of the minus 3/4 plus 1/4 in ,  material was used for grate bed 

layer. The minus 1/4 in. material was recirculated by being blended 

into the charge in the mixer. 

Results 

The results of the sintering operation are summarized 

in Table 7. In this summary the operation has been divided into two 

periods, according to the grade of sinter produced. In Period  I sinter 

with a lime:silica (CaO:3102 ) ratio of 0.8:1 was made, while in Period 

IX sinter having a CaO:Si02  ratio of 0.4:1 was produced. 
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Table 7 

Suaummof Sintering Operat  ion  

	

Period 1 	Period II 

	

CaO = 0,.8 	CaD = 0.4 	Overall 

	

Si0 2 MY 	siù 	77U 2 	• 

Concentrate fed 
(dry basis)(1b) 	 18,400 /. 	 5150 	23,550 

Coal fed (dry basis)(1b) 	2345 	 500 	2845 

Limestone fed 
(dry basis)(1b) 	 10,131 	1030 	11,161 

Sinter produced(lb) 	21,703 	4914 	26,617 

Average Fe content 
of sinter (%) 	 32.2 	85.4 	32.8 

Recoveriof Fe in 
sinte  ring (%) 	 92 	 82 	 90 

Materials used per ton 
(2000 lb) of sinter 
produced 

Concentrate (lb) 	1696 	2096 	1769 

Limestone (lb) 	934 	 419 	839 

Coal (lb) 	 216 	 204 	214 
Natural gas 
(cu ft) 	 604 	 698 	621 

Sampling of the sinter for analysis was accomplished 

by removing one complete cae from the end of the machine  each hour. 

These cakes were subsequently put through the same crushing and 

screening circuit as was the bulk of the sinter. Samples for analyses 

were prepared from each of the two main sizes, and the results of these 

analyses are shown in Table. 8. The coarser sizes (-I- 3/4 in.) are 

identified as Types I C and II C respectively, while the -3/4 4- 1/4 in. 

sizes are identified as Typas I F and II F. 



Table 8 

Analyses of Sinters 
(percent) 

	

Type I C 	Type t F 	Type II C 	Type II F 
• 	 (+ 3/4 in.) 	-3/4 4. 1/4 in.) 	(+ 3/4 in.) 	(-3/4 + 114 in.) 

	

CaO . 0.8 	CaO . 0.8 	CaO = 0.4 	Cd) . 0.4 

2  

Fe 	

MG 	InT 	SiO 	T..-U 	STU2 1.0 	SiO2 -1.7 

	

32.1 	 32.26 	 35.'48 	 3'5.14 

CaO 	 21.90 	 21.80 	 15.09 	 14.99 

SiO
2 	

27.28 	 26.60 	 29.20 	 30.44 

Al203 	 3.16 	 3,22 	 3.06 	 3.26 

14g0 	 1.60 	 1.50 	 1.80 	 1.40 

S 	 0.089 	 0.085 	 0.083 	 0.083 

P 	 0.063 	 • 	0.068 	 0.082 	 0.042

• 

	

0.68 	 0.62 	 0.57 	 0.45 
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Strong porous  sinter was obtained when the charge 

contained the optimum contents of fuel and moisture. Under these 

conditions the plus 3/4 in,  material had a bulk density of about 45 lb 

per cu ft and the minus 3/4 plus 1/4 in. size a bulk density of about 

58 lb per cu ft. These values are approximately the sanie as those 

obtained in previous work for similar sinters. During this operation 

an accurate record was made of the gas used in the ignition burner, 

but it was realized near the end of the test that the minimum amount 

of gas needed for ignition had not always been used. The heating value 

of the gas p  as quoted by the gas compnny was 1030 BTU per Cu  ft. 

Discussion  

The amounts of concentrate, limestone and coal used in 

making a ton of each of the two types of sinter are shown in Table 7. 

These values are similar to those obtained in previous work (test No. 1). 

Again, more fuel was required when extra lime was incorporated to nee 

a sinter with a CaO:Si02 ratio of 0.8:1 than when making sinter with a 

ratio of 0.4:1. 

As was the case in previous work, some dust was lost 

in the exhaust system. This is believed to be the main reason for the 

relatively low recovery of Fe in the operation (90 percent). 

(b) Smalting  of Sinter  

Experimental Work: 

The cylindrical shell which was installed on the 250 KVA 

fürnaco was 8 ft in diameter, and was lined with fireclay brick next to 

the shell, with carbon brick surrounding the hearth. The hearth was 

formed of ranunad carbon paste, and was 44 in. in dianeter. The electrodes 

were 5 1/8 in. graphite, set in an equilateral triangular configuration, 
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with 19 in. between centres. The metal tap hole was located at the 

hearth level, the slag hole 	in. above this, and a drain hole was 

installed 2-1. in. below it. Eleven tharmocouples were installed in the 

furnace lining to indicate the temperature at various locations. 

. After the carbon paste had been rammed into place, a 

bed of coke was placed on the hearth and the paver was turned onto 

supply heat to bake the carbon lining' When this was completed, the 

coke was not removed, but an estimate was made of the amount present, 

and feeding was begun, using Mesabi ore without any ,  additional reductant 

for the first few , hours'until the excess coke was all used. No roof 

wee used on the furnace. Feeding of Mesabi ore, with Canmere coal as 

reductant, and limastone as flux was continued for about 60 hr to bring 

the furnace up to a stable operating temperature. This point was 

judged to have been reached when the thermocouples in the furnace lining 

ceased to show any further increase in temperature. During this 

"Warm-up° period the furnace was operated at about 200 KWH input, and 

the CaO:Si0
2  ratio in the 

slag was maintained at about 1.25:1. Small 

amounts of sinter returns were fed on a few occasions. The optimum 

tapping schedulowas found to be 2 metal taps for each slag tap, and the 

matai  was taken on a preheated ladle and poured into pig moulds. The 

slag wea tapped into large conical shaped slag pots. Samples of metal 

for analyses were taken from the flow in iron spoons, and slag samples 

were usually obtained, by dipping a rod into the pot after the slag had 

had a few minutes to settle. Metal samples were prepared by drilling 

when this was possible, but samples which were too hard to be drilled 

were sometimes prepared by pulverizing. Slag samples were prepared 

by pulverizing the material to minus 100 mash, and cleaning with a 

small magnet to remove any particles of nntallic iron which might be 
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present. 

After the furnace had reached operating temperature, 

feeding of Type  I sinter was begun. The objective in the test was to 

reproduce as closely as possible the procedure used in Period No. 5 

of test No. 1. Some limestone was added to increase the CaO:Si0
2 

ratio in the slag. The energy input to the furnace was kept at about 

250 kilowatts and a dry top 12 to 15 in, deep was maintained in the 

furnace. The metal produced contained about 3.9 percent carbon and 

about 2.4 percent silicon. The FeO content of the slag averaged about 

2.2 percent. 

The results obtained in test No. I had shown the the 

energy required to smelt sinter depended upon the depth of the dry top 

which was used, and also to some extent on whether most of the limestone 

required was burned into the sinter or added directly to the furnace. 

In the experiment just described about 80 percent of the teal lime-

stone had been burned into the sinter whereas in Period No. 5 of 

test No. 1 only about 60 percent had been introduced in this way. 

Accordingly, a new experiment was begun in which an appreciable portion 

of Type II sinter (CaO:S10 2  e 0.4:1) was used in the charge. This 

meant that a large proportion of the total limestone required had to be 

added directly to the furnace, since the sinter contained less  lime. 

 Also a shallower dry top was maintained in the furnace. The energy 

input was kept at about 220 kilowatts, and very little change was 

noticed in the operation except that the silicon content of the mortal 

increased to about 2.7 percent, the corbon content decreased to about 

3.8 percent, and the tapping temperatures were somewhat higher  • han in 

the previous experiment. 
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The results obtained in the two periods when sinter 

was smelted t .are shown'in Table 9. 
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Table 9

Results of Smelting of Sinter and of liataw3.n Ore (Test No. 2

Period I
(Sinter)

Period II
(Sinter)

Period III
( Mat awi.n: Ore

Duration (hr)' 18.68 42.12 62.50

Charge

Ore ( lb ) 16300
Sinter Type I n 9000 9300
Sinter Type II " a 6204 --
Coal it 1350 2383 1950
Limestone 1026 2538 13188

Products

Metal (1b) 2930 5268 38.14
Slag 5538 9530 17036
S1ag:metal ratio 1.89 1.81 4.47

Averagd metal analyses
C 3.90 3.83 3.23
Si 2.38 2.73 3.50
S 0.059 0. 053 0.047

Average slag analyses (%)
FeO 2.24 2.29 5.13
CaO 46.3 46„0 41.2
Si02 40* 6 42.1 42.2

CaO:SiO2 ratio 1.14 1.09 0.98

Ener&X

Total energy input (kwh) 4442 9297 14732
Average energy input ( lccdx/fi.r) .238 221 236
Av. tapping temp. ( °C) Slag 1488 1525 147G

Metal 1248 13 50 1376

Recover.y of Fe (%) In metal 94.5 94.5 79.6
In slag 3.3 3.3 15.2
Tota3. 97.8 97.8 94.8

Reguirezrmont s^ep2r ton (201b)^_.__.._r
of ineta 2roduced

Ore (lb ) -- 8547
Sinter of 6143 5887
Coal it 921 905 1023
XAmestone it 700 964 6916
Energy (kwh) 3032 3530 7725
Electrodes (1b) 42 46 47
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To evaluate the overall operation, it is of interest 

to compare the requirements in the combined sintering  and  smelting 

operation, for the production of a ton of met  al from the magnetic 

concentrates. These data for Periods I and II of test No. 2 are shown 

in Table 10 along with the corresponding data from Period No. 5 of 

test No. 1. 

Table 10 

algl1nel-MJIMÉLE2!1  o f Meal for  Production  of 
Pa_zzlro.n...fx_p_ronMaetYcCoitrate_s 

ir -277707-  	 lest No. 1 	. 
Period 	1 1 	Period 	2 	Period 5 

, 

CaOsSi02 ratio 	 1.14, 	1.09 	 1.10 

Concentrate (lb) 	 5209 	5463 	 5166.  

Coal 	st 	 1584 	1526 	 1540 

Limestone 	u 	 3569 	3106 	 3349 

Energy (kWh) 	 3032 	3530 	 3328 

Percent of limestone 
burned into sinter 	 80 	69 	 61 

Fe0.in slag (%) 	 2.24 	2.29 	 4.4 

Si in metal 	" 	 2.38 	.2.73 	 2.51 	- 

Slagmetal.ratio 	 1.89 	1.81 	 1.97 
<.......-....... 

Discussion 

As mentioned earlier, the main objective in these 

smelting experiments using sinter was to determine whether the round 

shell with the triangular electrode configuration was more efficient 

than the rectangular shell with the electrodes in a three-in-line 

arrangement. Unfortunately it was not possible to reproduce the 

conditions used in the previous work as closely as had been hoped. 
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Because the sinter used in the present experiment s did not have as long 

a period of storage as the sinter used in the previous work, it did 

not disintegrate as much and consequently had a louer bulk density and 

greater porosity at the time it was fed to the furnace. Also it was 

difficult to maintain exactly the same depth of dry top in the furnace 

as had been used in the previous work, and it was found that the amount 

of limestone which had to be added to the furnace to maintain the 

CaO:Si02 ratio in the slag nt the desired level was not as large as had 

been expected, and consequently the percentage of the limestone burned 

into the sinter was higher than was intended, particularly in Period I. 

For these reasons no firm conclusion can be drawn as to whether the 

round shell was more efficient than the rectangular shell, because the 

energy required per ton of metal produced was lower in Period  I, and 

higher in Period 2 than in Period 5 of test No. l e  but it would appear 

that there was little, if agy, difference between the two. 

(c) Smelting  of Raw  Mat  awl  Ore  

Experimental Work: 

When the smelting of sinter was completed, the furnace 

was shut down for a few heurs and the roof was installed.  This roof 

 was equipped with several radiamatic heads designed to indic ate the 

temperature of the molten bath, and also of the roof. Smelting of the 

unbeneficiated Natawin ore was then begun using a charge containing 

about 80 lb of limestone and 10 lb of coal per 100 lb of ore. 

Adjustments were made in the proportions of coal and limestone from 

time to time in order to keep the Fe0 in the slag as low as possible 

and the CaO:SiO2 ratio at about 1:1, Because of the low grade of the 

ore (27% Fe) the slagmetal ratio was very high and a suitable tapping 
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schedule was found to be 3 slag taps for each metal tap. The furnace 

was operated at about 235 kilowatts with a phase to phase voltage of 

90 volts, The silicon content of the metal increased to about 3.5 

percent and the carbon content decreased to about 3.2 percent. The 

FeO  content of the slag remained rather high, about 5 percent, in spite 

of the high silicon content of the metal. The results of this smelting 

operation are dhown in Table 9. 

Discussion  

The most significant features of this experiment were 

the high requirements of limestone and electrical energy per ton of 

metal obtained. These results were of course not unexpected in view 

of the low Fo nad high 5102  contents of  the  ore. The CaO:S10 2  ratio 

in the slag was kept at about 1:1, because previous work had indicated 

that at lower CaO:S102 ratios an excessive amount of silica was 

reduced and the silicon content of the notal was too high. Even at 

a CaO:Si02 ratio of 1:1 in this experiment the silicon content of the 

metal was about 3.5 percent and the Fo0 content of the slag was about 

5 percent. This high FeO content in the slag, ead the high slag:metal 

ratio (4.5:1) resulted in a rather high loss of iron in the slag. If 

a larger proportion of the iron had been recovered in the metal instead 

of being lost in the slag the requirements of ore, limestone and 

electrical energy, etc. per ton of metal produced would have been 

considerably lower. However to lower the Fo0 losses in the slag would 

have required a much more basic slag which vould have increased the 

amount of limestone required still further. Nevertheless the data 

obtained provide a useful basis for evaluating other methods of 

treating the ore, such as concentration followed by sintering and 

smelting, or kiln treatnent followed by smelting. 
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PART II. PREREDUCTION AND SMELTING OF ORES 

(a) Reduction of Matawin  Ore and Steep  Rock Ore in a Rolmmilln 
Experimental Work: 

Tho kiln used for the reduction experiments was 

20 ft long, 2 ft inside diameter, lined with q-in. of acid-resisting 

fireclay brick, and heated by means of a combination gas-and-oil burner 

mounted in a brick-lined head at the discharge end. A graphite ring 

about 3 in. wide was installed on the face of the discharge head to 

provide a gas seal between the head and the rotating portion. The kiln 

was set with a slope of 5 in. in 20 ft, and rotated by mans of a 

variable speed drive. At the feed end an additional tubular section, 

6 ft long, was installed to serve as a preheating zone for the feed. 

This section was made of light gauge steel, with no refractory lining, 

but with lifter plates installed on the inside which lifted the feed 

and permitted it to drop back through the hot gases as they passed 

outwmrd toward the feed end of the kiln. At the upper end of the kiln an 

automatic feeder was installed which permitted feeding of the charge at 

a controlled rate while maintaining a reasonalay good gas seal. The 

exhaust gases were drawn off at the feed end by means of an exhaust fan 

operated in such a manner as to maintain a slight vacuum in the kiln 

at all times. The kiln is illustrated diagramatically in Figure 1. 
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A number of thermocouples were installed  ai  various 

places along the kiln. These thermocouples are designated as Numbers 

1-X, 2-X, 3-X, 12 and 13, and their locations  arc  shown in Figure 1. 

At a later stage in the program two air inlets were installed part way 

up the kiln to admit extra air. These inlets were 1 in. diameter pipes 

inserted to the centre of the kiln, and their locations are also 

shown in Figure 1. Samples of the exhaust gases were withdrawn for 

analysis, from the  food end of the kiln. 

The charge of ore, limestone  and  coal was mixed by 

hand and fed into the hopper of the automatic feeder. After passing 

through the kiln the hot material was discharged down a vertical pipe, 

the bottom of which was submerged in a tank of water, so that the hot 

material was quenched to prevent re-oxidation of the iron. Samples of 

this discharge were removed from the tank (usually once per hour), 

dried, and pulverized for analysis. In all, three tests were performed, 

the first on the Matawin ore, the second on the Steep Rock ore, and the 

third on the Natawin ore. These are designated as tests 3, 4 and 5, 

respectively. 

Test Nb. 3 	The charge used at the start of this test contained ---------- 

about 80 lb of limestone per 100 lb of ore, which was calculated to yield 

a product with an average CaO:S102 ratio of 1:1. Canmere coal was 

used as the reducing agent. At the start of the test a screw feeder 

was used to feed the charge into the kiln, but this was soon found to 

be unsatisfactory for handling this relatively coarse material. A new 

feeder was then designed and built, which, although not entirely 

satisfactory, did feed the charge into the kiln at a fairly uniform 

rate while  maint  aining  a reasonable gas seal, 
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During this operation natural gas was used in the 

burner and the temperature of the kiln was controlled by means of 

thermocouple No. 1.X. It was found that, to keep this temperature at 

about 900
oC, it was necessary to operate the burner with an oxidizing 

flame, and consequently the CO content of the kiln gases was not as high 

as was desired. Observetions through a sighting port in the head of the 

kiln showed that the flame of the burner was relatively short, and that the 

zone of maximum temperature was also very  short and was located close 

to the discharge end. 

Sampled of the discharge were analyzed for their contents 

of metallic, ferrous, ferric and total iron, and the degree of reduction 

was calculated from the data obtained.  The  amount of reduction obtained 

in this test averaged about 4 percent, i.e. about 4 percent of the 

oxygen associated with iron in the ore was remove& The best reduction 

obtained was about 7 percent. After about 20 hr of operation the 

propôrtion of limestone in the charge was reduced from 80 lb to 5 lb 

per 100 lb of ore. This charge was used for only a short period of 

tine as the head of the kiln became plugged with fused material about 

2 hr later and the test was stopped. 

The results obtained are shown in Table 11. 
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1 	 Table 11 

Results of Kiln ReduOtion Tests on Matawin  and Steep Roclf Ores  

Test No. 3 	 Test No. 4 	 Test No. 5 
Mat awin Ore 	(Stee* Rock Ore) 	 Matamin Ore 

Duration (hr) 	 22.2 	 42.6 	 36.8 

Materials fed: 
Ore 	(1b) 	 3500 	 8500 	 7800 
Limestone 	" 	 2275 	 635 	 3120 
Coal 	n 	 525 	 3160 	 1950 

Feed rate (lb charge per hr) 	 288 	 288 	 349 
Rotation of kiln (RPM) (Av.) 	 0.8 	 0,8 	 1.6 
Natural gas used: 

Total (cu Et) 	 19590 	 ...- 	 21210P.), 
Cu ft per hr 	 882 	 ..... 	 576%1)  

Product analyses: (%) 
Metallic iron 	(Av.) 	 ...... 	 ..... 	 .... 
Ferrous 	" 	n 	 7.2 	 34.7 	 14.2 
Ferric 	n 	n 	 10.4 	 14.5 	 9.2 
Total 	0 	n 	 17.6 

1 	

49.3 	 23.4 

Percent reduction (Av.) 	 3.9 	 23.6 	 11.3 
. n 	" 	(Best) 	 7.1 	 33.7 	 16.9 

	

Kiln temperatures ( 0C). 	Min.Av. 	Max. 	Min. 	Av. 	Max. 	Min. 	Av.   j.' 
1-X 	 7g----er---7ge 
3.X 	 (1061)(2) 	926 (s) 	988(3 ) 1065( 3 ) 	954 	991 	1052 
12 	 410 	517 	620 	375 	551 	685 	670 	730 	770 
13 	 240 	262 	300 	90 	140 	195 	230 	248 	275 

Stack gas analyses (Av.)(%) 
CO 	 4.31 	 1.94 	 0.07 
CO2 	 10.87 	 8.02 	 7.85 
02 	 2.71 	 8.52 	 9.43 

Some oil was used With the gas during part of this  test.  The amount of oil 
used was not measured. 

(2) This value Was estimated  front  several pairs of readings of the thermocouples 
1-X and 3-X. Facilities were not available to obtain simultaneously a 
continuous record of each temperature. 

These temperatures are only approximate values, as other thermocouple locations 
were being tried on a few occasions during this test. 

(1) 

„ (3) 
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Test No. 4 

• , The resets obtained in test 3 sitggested that  botter 

 reduction might be obtained if the chargé could be kept 'at.. a higher . 

average temperature,. for a longer period of time, while avoiding localized 

•overheating which.caused the charge to fuse. In an attempt to increase 

the average retention tinie of the charge in the• kiln, a brick retîAning 

ring or nip,' was installed at the discharge end so that a mini:min depth 

of 4-1- in. of charge was maintained at this end of the kilno TO increase 

the length of the hot zone in the kin,  a longer flame was obtained from 

the burner by using fuel'oil instead of ga,s. Because the Observations 

during test 3 had indic ated.- that thé maximum tomperatUre  iii the kiln 

occurred near the diacharge end, thermocouple No. 3-X, which was 

located one foot from the end, was used for controlling the teniperature 

instead Of No. -  I.-X.. 	 • 

The charge used in this test contained Steep .Rock ore s 

 limestone and Canmore coal. BecaUse of .the Itigher grade of ores  the • 

proportion of limestone. in the charge 1.M.s much lewer s, ànd, that of -Coal 

much higher /  than:Was the case with the Matawin ore, The teMperature• 

at  the  -discharge, end  of  :the :kiln (No. 3.-X) 1  was kept jUet below 1000°4 

as it waa found that: the charge 'began to soften and- fuse ,when.the • • 

.temperature  rose  just . aboire , 1000°C.  The use  of oil instead. of natural 

gas in the burner resulted..in a longer  hot  zone, in the kiln.  As  in the • 

previous test s  it Was found that  an ekcées  of  air had te be reed' in • 

the burner te keep the kiln temperature up at the desired' level4 ,alse 

the .composition  of  the stack-'gasea. fluctuated' considerablr. and it was 

not possible , to maintain as high a retie of CO:CO 2  as  had been hoped. 

The amount of reduction . obtained In this test wass on the aVerage s  much. 

greater than in' te st . 3 1  reaching  values  as high.' as 34 percent,  but • • 
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fluctuated considerably, and no sustained period of good operation 

was obtained. The results are shown in Table 11. 

Test No. 5 

Since considerable experience had been gained in the 

operation of the kiln in tests 3 and 4, and because the modifications 

made at the end of test 3 had resulted in considerable improvement, 

another test was performed using the Matawin ore to try to get better 

reduction of this material. Before the test was begun two air inlets 

were installed at 9 ft 4 in. and 12 ft 6 in. respectively from the 

discharge end. These inlets are indicated in Figure 1. It was hoped 

that the length of the hot zone could be extended by this means. 

The charge used contained Matawin ore, limestone and coal, but the 

proportion of limestone used was somewhat less than was the case in 

test 3. Again the maximum temperature, as measured by thermocouple 

No. 3-X, was kept just under 1000 °C to avoid fusion of the charge. 

During most of the test both oil and gas were burned simultaneously. 

The introduction of the extra air at some distance from the burner appeared 

to help in lengthening the hot zone, as the temperature of thermocouple 

No. 12, located 14 ft 8 in. from the discharge end, was considerably 

higher than in either of the previous tests. The composition of the 

stack gases again varied widely, and the ratio of CO:CO2  was on 

the average very low. The degree of reduction however was considerably 

higher than in test 3, reaching 17 percent on one occasion. 

The results are shown in Table 114, 

Discussion  

A significant amount of reduction was obtained in both 

the Matawin and Steep Rock ores in these kiln experiments, but in 

neither case was a sustained period of good operation obtained. It was 
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believed that if the charge could have been kept at the optimum 

temperature For a longer period of time, and if a strongly reducing 

atmosphere could have been maintained in the kiln much better results 

would have been obtained. The length of the hot zone was extended 

considerably by burning oil, which gave a much longer flame than that 

obtained by the use of gas; also the provision of the two extra air 

inlets at  sont  distance from the burner resulted in an increase in 

temperature in these regions and helped to extend the length of the hot 

zone. Unfortunately this particular kiln had a very thin lining 

(4 l- in.) and the loss orheat by radiation, convection, etc. was very 

high. As a result the burner usually had to be operated at maximum 

capacity, with a fairly oxidizing flame, to maintain the desired 

temperature, aad when attempts were made to operate with a reducing flan 

the amount of heat obtained was insufficient to maintain the desired 

temperature. 

The composition of the kiln gases fluctuated very widely 

in all experiments, and a high ratio of CO:00 2  was seldom obtained. 

Variations in the burner adjustments, and air leaks around the head of 

the kiln, were two factors which contributed to these fluctuations. 

Also changes in the bammatric pressure of the air in the furnace 

room appeared to affect the kiln operation. The kiln gases were expelled 

to the stack by a fan operated so as to keep the pressure in the kiln 

slightly lower than that in the room, the difference in pressure being 

usually about 0.2 in. of water, Mith such a small difference in pressure, 

a slight change in the pressure of the air in the room made an  appreciable 

difference in the amount of air which was drawn into the kiln by leakage. 

After test No. 3 was discontinued because the kiln had 

become plugged with fused material, a number of samples were removed 
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from the region where the fusion had occurred. These samples, and also 

a sample of the untreated Matawin ore were examined by the Physical 

and Crystal Chemistry Section of this Division, using microscope 

and X-ray diffraction techniques; also the softening temperatures of 

all the samples were determined* The softening points of the samples 

removed from the kiln were found to range from1210 to 12500C, and 

that of the untreated Matawin ore was found to be 1280°C. These'data 

indicated that the maximum temperature at the discharge end of the kiln 

must have been in excess of 1210°C when the trouble occurred. The 

temperature of thermocouple  No. 1-X at that  time  was 960°C„ which 

confirmed the visual observation made during the test that the maximum 

temperature in the kiln was very close to the discharge end, rather 

than at the location of thermocouple No. l-X. 

A pyroxene-like material was found to be present as a 

minor constituent in the untreated ore, and as a major constituent 

in several of the samples from the kiln. It was believed that this 

mate dal  would melt at a temperature slightly above 12000C. Also  soue 

 melilite was found in a number of the samples, usually occurring with an 

excess of lino (CaO) and it was believed that this material was probably 

formed by the reaction of CaO with the pyroxenee The samples in which 

the melilite was found had higher softening points than those in which 

the pyroxene was the major constituent. It seems probable that the 

reduction in the proportion of limestone in the charge, from 80 lb to 

5 lb per 100 lb of ore, which was made about 2 hr before the shutdown, 

may have contributed to the plugging by permitting the formation of sone 

material containing a lower proportion of lime. In the melilite solid 

solution series the melting point decreases as the percentage of CaO 

decreases. The details of this investigation are given in the report 
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4ur.59-3o, by Arnout Jongejan and John Fo Rowland of this Division. 

It was expected that greater reduction would have been 

obtained at higher temperatures and at higher. ratios of CO:CO 2  in the 

kiln gases. The degree of reduction of each sample was plotted against 

The kiln temperature e  and also against the CO:CO2 
ratio of the gases. 

The points were found to be very widely scattered e  particularly in the 

case of the CO:CO2  ratio. The five samples having the best reduCtion e  

and the five samples having the poorest reduction were then chosen from 

each of the tests, and compared with the corresponding temperatures and 

gas analyses. This comparison indicated that in each test the five 

best samples were obtained at a significantly higher average  tempo rature  

than the five poorest samples. No correlation was found between the 

•degree of reduction and the gas analyses. This is believed to have been 

due to the wide fluctuations which occurred in the kiln gas composition 

in each of the tests. 

(b) Combined Prereduction and SMolting of Matawin  Ore an 
• 12,21J...2,ro'' 

Experimental Work: 

For this operation the kiln and the furnace were coupled 

together to permit the hot solid material from the kiln to be discharged 

directly into the furnace. A brick-lined chute was installed between 

the bottom of the kiln head and the centre of the furnace roof so that 

the material dropped into the furnace in the centre of the triengle 

formed by the electrodes. In addition another brick-lined duct was 

installed, which joined the side of the kiln head  and a hole in the 

furnace roof near the periphery. This duct permitted some of the gases 

from the furnace to by.pass the feed chute, thus preventing the gas 

velocity in the feed chute from becoming so high as to carry .  an  
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excessive amount of fine material back up the chute. A sampling device

was installed in the discharge chute, by mans of which samples of the

kiln product could be s,r.ithdraiTn without 1.etting air into the chute.

Three charging ports near the periphery of the furnace roof were fitted

with small hoppers, each having a ba.ll-cock type stopper in the bottom,

which could be operated by hand. Through the se ports additional feed

could be added to the furnace when desired, while maint aining a good

gas se a1.

Four tests were performed in which t he kiln and furnace

were operated together; -these are designated as No, 6, 7, 8 and 9

respectiv^ely.

Test No. 6

In this test Hatairi.n ore was treated, and the kiln was

used only to preheat the ore, without doing any prereduction. Gas was

used as fuel in the burner, with an oxidizing flame, and the coal or

coke required for reduction was added directly to the furnace. The

furnace gases were allowed to escape to the atmosphere, instead of being

taken through the kiln. The temperature at the discharge end of the

kiln was kept at about 950°C, although some fluctuations did occur and

the discharge chute became plugged on one occasion. Analyses of the

samples of kiln product taken from the chute showed that the ore was

being oxidized to some extent in the kiln.

The main dif'ficulty encountered in this test was in

trying to match the throughput of, the ki7n withthat of the furnace«

A. feed rate of about 225 lb per hr was used in the 1ri1n in the early

stages, and the furnace was operated at 90 volts phase to phase, with a

power input of about 200 to 225 kilowatts. Under these conditions a rather

unstable furnace operation resulted. At tines the arcs at the electrode tips
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were quite 1ongj and a large amount of heat was rrydiated onto the roof,

while at other times one or more of the electrodes became deep7.y

3inmersed in the s1ag. A lower voltage (78 volts). was tried but the

electrodes dipped very deeply into the slag; the character of the

smelting changed from arc resistance to slag resistance v and a very

thick bed of unsmelted material accumulated in the furnace. At about

this time the furnace bottom began to cool dcwn, -and a salamander

developed. The voltage was again increased to J0,, volts, the rate: o£

feed to the kiln was decreased for a time , and the pâi,rer input to the

-furnace increased to try to get the. two units to operate in balance-.,

Toward the- end of the test'tkie feed rate to the kiln was again increasedp

the furnace volt age, was increased to. 130 volt s and the power input

was decreased to about 150 kilowatts. Thô furnace roof remained very

hot throughout the test, and considerable erosion occurred at the point

xheré the feed chute was 3oâned to the roof.

The data and zesult s which pertain to the kiln operation

during this test are shown in Table 12. . Those 'which perta3xi to the

furnace operation are given in Tab]s 13^ and the ms,teriaxs and energy

used • per ton 0 £ metal obtained in Tab1.e 14.
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Table 12 

I2.a_:_ta_5aZe_sj.zltij:2E_Eij_a_Operation  during Tests 6 t  7, 8 and 9 

Test No.  6 	Test No. 7 	Test No. 8 	 Test No. 9 
Matawin 	Matawin 	Mixed Mataein 	Steep Rock 

	

Ore 	 Ore 	and Steep Rock Ores 	 Oro 
50:50 

	

Duration (hr) 	 63.0 	 135.1 	 72.0 	 24.0 

Materials fed: 
Ore (Matawin) 	(lb) 	8961 	 24970 	 9000 	 -- 
Ore (Steep Rock) 0 	180 	 -- 	 9000 	 7000 
Limestone 	It 	3609 	 9988 	 4623 	 560 
Dolomite 	tt 	-- 	 2694 	 1800 	 -- 
Coal and coke 	0 	1638 	 4593 	 4326 	 2013 

Feed rate (lb charge 	 228 	 313 	 399 	 399 
per hr) 

Rotation of kiln (RPM) 
(Av.) 	 1.1 	 1.3 	 1.6 	 1.8 

Natural gas used (cu ft) 	32596 	 74699 	 15930 	 5400 
It 

	

	II 	It 	 517 	 533 	 221 	 225 
(cu ft per hr) 

Product Analyses (%) 

Metallic iron (Av.) 	-. 	 0.1 	 -... 	 2.0 
Ferrous 	u 	m 	 6.2 	 13.6 	 14.8 	 37.6 
Ferric 	tt 	It 	 22.6 	 15.9 	 20.4 	 10.0 
Total 	0 	It 	28.8 	 29.6 	 35.2 	 49.6  

Forcent  Reduction (Ay) 	-3.81* 	 5.67 	 9.20 	 29.31 
It 	tt 	(Best) 	-3.04 	 13.98 	 16.58 	 39.27 

Kiln temperatures (°C) 	Min. Av. 	Max. 	Min. Av. 	Max. 	Min. Av. 	Max. 	Min. Av. 	Max. 
3-X 	 760 	947 	1065 	885 	976 	1024 	815 	938 	1024 	927 	985 	1094 
12 	 425 	637 	735 	510 	620 	730 	425 	567 	675 	510 	664 	1020 
13 	 160 	202 	265 	125 	164 	220 	100 	150 	175 	115 	156 	205 

Oxidation 
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Table 13 

Data and Results for Furnace Operation during Tests 6, 7, 8 and 9 

Test No.  6 	'est No. 	Test No, 8 	Test No. 9 
Matawin 	Matawin 	Mixed Matawin 	Steep Rock 
Ore 	 Ore 	and Steep Rock Ores 	Ore 

(50:50)  

Duration (hr) 	 66.5 	148.5 	 86.4 	 26.1 

Materials fed directly to 
furnace: 

Ore (Matawin) 	(lb) 	2940 	100 	 300 	 -- 
Ore (Steep Rock) 	" 	 -- 	 957 	 500 	 100 
Oro (Steep Rock) 	" 	 -- 	 -- 	 1200 	 -- 

(Test 4 product) 
Limestone 	of 	 1307 	 90 	 220 	 -- 

. Dolomite 	 H 	 -- 	 10 	 60 	 -- 
Coal and coke 	H 	 678 	 18 	 200 	 -- 

Products: 
Metal 	 (lb) 	4240 	6162 	 8123 	 4254 
Slag 	 Il 	7976 	23410 	 9004 	 1378 
Slag:metal ratio 	 1.88 	3.80 	 1.11 	 0.32 

Average metal analyses (%) 
C 	 1.44 	2.37 	t 	2.64 	 2.58 
Si 	 12.07 	5.80 	 4.26 	 1.61 
S 	 0.018 	0.074 	 0.087 	0.148 

Average slag analyses (%) 
FeO 	 2.35 	8.81 	 7.98 	 4.0 
CaO 	 3106 	28.1 	 32.8 	 34.9 
Si02 	 51.6 	47.7 	 41.3 	 39.4 
11g0 	 -- 	 -- 	 6.14 	 -- 
Al203 	 ..- 	 ..- 	 12.9 
CaO:Si0 2  ratio 	 0.61 	 0.59 	 0794 (1) 	0.89 

Energy: 
Total energy input (kwh) 	12727 	16447 	 16205 	 5135 
Av. 	" 	" 	(kwh/hr) 	191 	 111 	 188 	 197 

Average tapping temp. ( °C) Slag 	1397 	1345 	 1423 	 1393 
Metal 	1268 	1276 	 1273 	 1283 

	

Recovery of Fe: In metal 	95.7 	70•9 (2) 	 87.3 (3) 	93.7 
In slag 	 3.8 	22.1 	 6.5 	 1.0 
Total 	 99.5 	93.0 	 93.8 	 94.7 

(1) In this case the base:acid ratio was calculated as CaO + Mg0  instead of CaO 
SiO 2 	 ri76

2 

(2) In calculating the recovery of Fe in this test allowance was made for 1037 lb 
of dust and unsmelted feed which was cleaned up at the end of the test. 

In calculating the recovery of Fe in this test, allauance was made for 1163 lb 
of dust and unsmelted feed which was cleaned up at the end of the test. 

:3) 
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Test No o 7 

In this test Matamn ore was prereduced in the kiln 

before it  • as discharged into the furnace to be smelted. To obtain 

the reducing atmosphere in the kiln coal was mixed with the charge 

before it was.fed and the hunier  of the kiln was operated with as 

little excess air as possible* Natural gas was used as fuel in the 

burner. The furnace gases were drawn into the kiln through the feed 

chute and the extra gas chute, by maintaining a slightly lower pressure 

in the kiln than in the furnace room. This slight pressure difference 

was controlled mainly by adjusting the speed of the exhaust fan. 

Considerable difficulty was encountered in this test in 

trying to achieve several objectives simultaneously, i.e. maintain in the 

kiln a strongly reducing atmosphere, a long hot zone, and a stable 

temperature just below the softening point of the ore; match the 

throughput of the kiln with that of tho furnace; and obtain from the furnace 

metal and slag,  of the desired composition. It was found that if the 

pressure difference between the kiln and the furnace room was too large, 

an excessive amount of air was drawn into the furnace around the electrodes, 

causing excessive electrode consumption. Also, under these conditions, 

much of the carbon monoxide in the furnace gas was burned in the chutes, - 

causing the temperature in the chutes to increase to the point where 

dust and ore began to fuse and stick. The discharge chute became 

plugged on several occasions during this test. In order to keep the 

temperature at the discharge end of the kiln close to 1000°C, it was 

often found necessary to admit extra air by removing the small clean-out 

door which was situated directly below the burner. Nhen this door was 

removed the atmosphere in the kiln became oxidizing instead of reducing. 

Samples of the kiln gases from the feed end, and from the discharge end, 
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were taken for analyses each hour. It was fôund that the composition

of these gases varied very widel,,v throughout the test. Samples .of

the kiln product were removed from the discharge chute each hour and

analyzed. It was found that the degree of reduction of the ore in the

kiln varied.widel,y throughcut the, test ,' but values as high as 14 percent

wer. e, obt aine d.

In the '.early part of the test the power input.to ihe

furnace was kept at about 150 M+t and the feed rate to the. kiln at -about

300 lb per hour• Under theso conditions the furnace roof becamm^ quite

hot, and .the furnace apPeaked to' be. underfed. Consequently the pmfer

input to the furnace was reduced to about 100 IN and kept at that

level for the rema3.nder of the test. The mat a1 obtained in the e0r3,y

stages eonta3.ned about 3 percent carbon and 3 percent ^si1ieon, and the

s1ag. eontained about 4 percent FeO,. but as the -test progressed the carbon

content 'of the metal decreased, the silicon content increased, and the

FeO content of the slag increa.sQd to values as high as 16 percent. The

charge cont ained 40 lb of lime stone per 100 lb of oret and in the early

ratio in the slâ.g was about 0.5:1, but as the amountstages the Cao'-S'02

of silicon reduced from Si02 increased, the Ca0:Si02. ratio increased

to values as high as 1:1. As the CaO:S:i02 ratio increased the. sulphur

content 0f the metal decreased and the FeO . content of the slag

decreased. These effectsare in agreement with those found in the

smolting of the ss.ntered magnetic" concôntra.tes in test No. 1. However

after about. 6 days of operation, it became evident that even with a

fairly high CaO:Si02 ratio, e.g. 0.8:1 or .0.9:1t the silicon content

of the mta1 was too high. and the : c arbon content tdo 1(:r ^ and the

test was discontinued. The operating data and the results of this

"test are given in Tables'12, 13 and 149
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During this test an attempt was made to measure the 

average retention time of the charge in the kiln by the radioactive 

tracer technique. The tracer used for the first test was Ag-110, four 

millicuries of which were added as silver nitrate solution by sprinkling 

it over successive layers of mixed charge before it was fed to the kiln. 

Samples were then taken ,of the discharge from the kiln, and also the 

slag tapped from the furnace, for radioactivity measurements. 

The average retention tine in the kiln was found to be 

about 4.5 hr, and that in the furnace about 5.8 hr. The latter figure 

however is strongly influenced by the tapping schedule and the amount 

of material contained in the furnace during this particular interval. 

The results suggested that all the constituents of the 

charge were not moving through the kiln at  the  same rate. Accordingly 

two more tests were performed later, during Furnace Test No. 8 in which 

tracers were added separately to the coal, and to the iron ore. These 

tests showed that the iron ore was moving through the kiln faster than 

the coal. 

These tests are fully described in Mines Branch 

Investigation Report IR 59-25 "Measurement of Kiln and Furnace 

Residence Times by Means of Radioactive Traces" by G. G. Eichholz. 

Test NO. 8 

The charge used during this test contained one-half Matawin 

ore and one-half Steep Rock ore and, as in test No. 7, the material was 

prereduced in the kiln before being discharged into the smelting furnace. 

The kiln was operated in the same manner as in test No. 7, i.e. the 

reducing atmosphere was obtained by mixing coal with the charge, and the 

burner was operated with as little excess air as possible using natural 

gas as fuel. About 1200 lb of Steep Rock ore, which had been partially 
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reduced in test No. 4, were smelted in the furnace to increase its 

temperature before feeding of the kiln was begun. 

The sana operating difficulties were encountered in this 

test as in test No. 7. The difference in pressure between the kiln and 

the furnece room was found to be quite critical and difficult to stabilize; 

the electrodes were severely oxidized by air drawn into the furnace; 

combustion of furnace gas often occurred in the discharge chute causing 

sticking and blocking due to overheating of the charge; the amount of 

air admitted at the head of the kiln often had to be varied to maintain 

the desired kiln temperature, and wide fluctuations occurred in the 

composition of the kiln gases. Consequently the mnount of reduction 

obtained also vnried quite widely, but values  up to 16 percent were 

obtained. 

The rate of feed to the kiln during this test was about 

400 lb per hour, and the furnace was operated with an energy input of 

about 200 Mir. The volume of gas produced in the furnace  *as  much 

higher than in the previous test, due to the higher iron oxide content 

of the feed, and both the feed chute and the extra gas chute becane 

plugged much more frequently than in test No. 7. The plugging and 

subsequent cleaning of the feed chute disrupted the smooth flow of 

feed and probably contributed to the erratic results obtained in the 

furnace. The Fe0 content of the slag varied very widely, ranging 

from 2 to 20 percent, and the base:acid ratio also varied widely. In 

this test some of the limestone mas replaced with dolomite in the hope 

that the mixture might be superior to limestone alone, consequently 

Ca0 Mg0 
the base:acid ratio in this case was calculated as 	 The 

SiO - 2 
amount of limestone used in the charge was adjusted several tines in an 

attempt to maintain a constant base:acid ratio, but in spite of this 
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the ratio fluctuated from about 0.7:1 to about 1.2:1. The average 

carbon content of the metal was a little higher  and the silicon 

content a little lower than in the previous test. As in test No. 7 

the temperature of the furnace roof remained very high and severe 

erosion occurred where the feed chute was joined to the furnace roof. 

At the end of the operation several holes in this area had to b 

patched in order to continue with test No. 9. The data and results 

are shown in Tables 12, 13 and 14. 

Test  No. 9  

The charge used in test No. 9 contained only Steep Rock 

ore, limestone and coal and, as in the twe previous tests, the ore was 

prereduced as much as possible in the kiln before it passed into the 

smelting furnace. The same operating difficulties were experienced 

in this test as in tests No. 7 and 8, but because of the higher grade 

of the Steep Rock ore, and also because of experience gained in the 

two previous tests, the degree of reduction was much higher. Because 

of the large volute of gas produced in the furnace the desired temperature 

in the kiln was maintained much more easily, without having to admit 

as much air around the head of the kiln. A much longer hot zone was 

obtained in the kiln which helped to promote the reduction of the ore. 

The degree of reduction averaged 30 percent, and values as high as 

37 percent were obtained, with as much as 7 percent metallic iron. 

The feed rate to the kiln was about 400 lb per hr and 

the furnace was operated at about 200 Mi. The silicon content of the 

metal mas significantly lower in this test than in the previous three 

tests, having an average value of 1.6 percent, but the carbon content 

was also rather low (2.5 percent). The FeO  content and the CaO:Si02 

 ratio of the slag varied rather widely. The furnace roof remained 
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hot throughout the test, erosion at the feed chute becazra progressively

worse and; after about 24 hr of operation, the test was discontinued.

The data and the results are shown in Tables 12, 13 and 14.

d



Table 14  

Mhterials and Enerer  Used per Ton of Metal Produced 
in Tests 6, 7, 8 and 9  

	

Test No. 6 	Test No. 7 	Test No. 8 	Test No. 9 

	

Matawin Ore 	Matawin Ore 	Mixed Matawin 	Steep Rock 
(preheating only) 	(prereducing) 	and 	 Ore 

Steep  Rock Ores 	(prereducing) 
(50:50) 

1 	(prereducing)  	 

Matawin ore (lb) 	 5614 	 8137 	 2287 	 -- 

Steep Rock ore (lb) 	 85 	 311 	 2336 	 3338 

Steep Rock calcined ore 
(Test  No 	4) (lb) 	 -- 	 «el» 	 295 	 -- 

Lirestone (lb) 	 2319 	 3271 	 1190 	 263 

Dolomite (lb) 	 .— 	 878 	 457 	 -- 

Coal and coke (lb) 	 1092 	 1497 	 1113 	 946 

Energy (kwh) 	 t 	6003 	1 	5338 	 3990 	1 	2414 

Electrodes (lb) 	 151 	 197 	 100 	 76 

Natural gas (cu ft) 	 15375 	 24245 	 3917 	 2539 



50 

Discussion 

The results obtained in this series of ex:periments were 

not as favourable as had been hoped for. In no case was metal of the 

desired composition obtained, and in all cases the amounts of electrical 

energy and electrodes required were much greater than was expected. It 

had been anticipated that a large saving in the electrical energy 

required for smelting would result *hen the ore was preheated and 

prereduced in the kiln before it was fed to the furnace.  The data given 

in Tables 9 and 14 show that in the case of the Natawin ore the amount 

Of energy required did decrease from about 7700 kwh fer the smelting 

of the raw ore to about 6000 kwh for the smelting of the preheated ore, 

and to about 5340 kwh when the ore was prereduced to about 5.5 percent. 

• 	 The metal produced during these tests ( IO. 6 and No. 7) 

contained 12 percent and 5.8 percent silioon respectively while that produced 

when smelting the raw Natawin ore (Test  No. 2, Period 3) contained about 

8.5 percent silicon. Also the slag:metal ratio in the latter test 

(4.5:1) was much higher than in tests 6 or 7 (1.9: and 8.8:1) 

respectively.) In order to compare the two methods of producing pig 

iron from the cTe, an allowance should be made for the above differences, 

since more energy was expended in reducing silicon in tests 6 and 7 than 

when smelting the raw Natewin ore, whereas more energy was used/in slag 

formation in the latter case. When  an approxiMate allowançe is made 	. 

.for these differences, the energy requirements are altered from 6000 kWh 

.to about 6700 kwh for test No. .69 .and from 5840 kwh to about 5780 kwh 

for test No. 7. 

Although these amounts of electrical energy were 

considerably lower'than that used when smelting the raw ore erectly, they 

were still much larger than was expected, and in addition, the amounts 
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of natural ga.s used in preheating and prereducing the ore were very

large,. When the high-gra.da hematite (Steep Rock) ore was used in whole

or in part instead of the low-grade Matawin are the amounts of el.ectrical

energy and natural gas required were both significantly less. These

results were not unexpected since the higher grade ore contained much

less gangue material and the s].ag:neta1 ratio was much lower than was

the case with the Ma.tawin ore.

Cons:iclerable difficulty was experienced in operating the

kiln and the furnace together' particularxy when the furnace gases were

being fed back into the kiln to aid in the preheating mid prereduction•

of the ore. Under these conditions neither the kiln nor the furnace

could be controlled independently, 3.eo when a change was made in the

operation of one piece of equipment this automatically had an effect on

the operation of the other unit. For example when the degree of reduction

in the kiln decreased, more reduction had to be done in the furnace:

this caused an increase in the amount of carbon monoxide going to the

kiln, which in turn altered the temperature and the atmosphere in the

kiln. Manual ad3ustnxent of the amount of air admitted at the discharge

end of the kiln was often necessary to control the temperature, but

these adjustments caused wide fluctuations in the kiln gas anal.yses.

Unfortunately this kiln had a relatively thin refractory

lining (4 in•) and a large amount of hea.t was lost from it by radiation

and convection. Also the loss of heat through the furnace roof was veay

high even when the power Input was reduced because the furnace appeared

to be underfed. In conventional. electric snnlting much of the heat

radiating from the molten bath is absorbed by the cold feed descending

along the furnace walls. In this series of tests the feed entering the

furnace was already between 900 and 1000 oC and consequently did not
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absorb much additional heat but alleged it to radiate onto the roof. 

However in spite of the fact that the  food  was very hot and to  soma 

extent prereduced, it was necessary to supply a largo amount of electrical 

energy to complete the smelting. Nhen the energy input to the furnace 

was reduced without a reduction in the feed rate, a thick layer of 

unsmelted and semi-smelted material accumulated in the furnace, and the 

energy input had to be increased again to smelt this material* 

In tests 6, 7 and 8 in which Matawin ore was used,  •  in whole 

or in part, the silicon content of the metalwas too high, the carbon 

content too low, and the Fe0 content of the slag was higher than 

desirable. These tests were all perfMrmed using a base:acid ratio 

of less than 1:1, and the above results  are in general quite similar 

to those obtained in previous work. For example, in test No. 1 in 

which the sintered magnetic concentrates were smelted, it was found 

that the silicon content of the natal  was too high, the carbon content 

too low and the Fe) content of the slag was too high when low CaO:SiO., 

ratios were used. Similar results were obtained in smelting the raw 

Matawin ore, as described in test No. 2 in this report. It had been 

hoped that when hot partially prereduced ore was fed to the fUrnace 

better equilibria might be obtained between the metal and slag, and that 

the silicon in the mot ai  and the FeO in the slag might have been lower, 

and the carbon content of the metal higher. Unfortunately this was not 

the case and these results aepear to confirm the conclusion reached 

after test No. 1 was completed, that in order to obtain metal of 

acceptable composition from this ore, a rather high base:acid ratio, 

e. g. 1:1 or higher, is required. Unfortunately the uso of high base:acid 

ratios for smelting this  ore  would be uneconomic because of the excessive 

amounts of limestone which would be needed. For this reason this 
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investigation was restricted to an exploration of the process when 

using acid slags. 

PART III. PRODUCTION OF LOU-SILICON IRON 

In ail  the previous tests in which Matawin ore was used, 

the metal produced contained too much silicon, and it appeared that in 

order to obtain metal with au acceptably low silicon content by direct 

smelting, excessively large additions of limestone would be required. 

Consequently it was decided to investigate the possibility of producing 

an acceptable grade of iron from this ore by a two-stage process. In 

the first stage of this process the raw Matawin ore would be smelted, • 

using an acid slag and an excess of reductant, to produce metal with 

a high silicon content, e.g. 15 to 20 percent. In the second stage, 

this high-silicon metal would be smelted with high-grade iron ore, 

to produce metal with low silicon content. 

(a) Production  of Hi  -Silicon  Iron from Matawin Ore 

Exyerimental Mork: 

Three teàts were performed in which high-silicon meta1 

was produced freml4atawin ore. In one test (No. 11) the ore which had 

been prereduced in test No. 5 was used as furnace feed, in order to 

conserve the supply of raw Natawin ore. In another case (test No. 12) 

paper-mill bark was added to the charge to investigate  the "dry top" 

smelting technique for this particular operation. 

Test  No, 10 

In this operation raw Matawin ore was smelted, using coal 

as reductant, and an acid slag. The furnace was operated without a 

roof. The objective at the start of the test was to produce metal 

containing 20 percent silicon e  while operating with a Ca0:510 2  ratio 

of 0.5:1, but it was soon found that slag with this CaO:SiO 2 ratio was 
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very viscous and difficult to handle. The furnace voltage was 

increased to about 130 volts, and although the fluidity at the surface 

Of the bath increased somewhat, the slag remained difficult to tape 

Attempts were  made  at this time to establish a "hot dry topo type of 

operation in the here that heat los  ses might be reduced and a hieer 

slag temperature obtained, but these were not successful, as the bath 

persisted in frothing and the electrodes rose to the top of the charge 

each time. More limestone was thon added to the charge to bring the 

CaO:Si02 ratio up to about 0.6:1, and soue fluorspar was added to the 

bath just before tapping to increase the slag fluidity. These procedures 

resulted in sono improvement in furnace operation. 

During this test limestone was calcined in the kiln, and 

when a sufficient supply was available the limestone in the charge was 

replaced with burnt lime, in the  hope that the amount of emergy 

required in the furnace might be somewhat reduced when electrical energy 

was not required for calcining  the  limestone. No significant reduction 

in the electrical energy required was observed. Near  the end of the 

test the electrodes were moved closer together to reduce the effective 

size of the hearth, and get more power per unit of hearth area, but no 

significant improvement was noticed in the operation as a result of 

this change. 

The results of the test: are sherWn in Table 16. 

Test Nb. 11  

In this test the Matawin ore which had been prereduced in 

the kiln in test No. 5 was used as furnace feed in order to conserve the 

supply of rnw Matawin ore. The analysis of this material is shown in 

Table 15. 
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Table 15

.

Anal,ysis of Proreduced Hatawin Ore from Test No, 5
(PCircG•11"i,.)^

^ . ..» ^ .._._.^._.,

Constituent Percent

Total iron 20.28

Ferrous iron 121.87

Ferric iron 7.41

l^bta1..lic iron Trace

S3A2' 41..4

CaO 9.8

1ig0 5.7.

CO2 2.1

Fixed carbon 9.7

Again the furnace was operated without a roof. At the

start of the test the objective was to obtain met al with about 20 percent

silicon while operating with a CaO:Si02 ratio in the slag of about

0.7:1.. Unfortunately too much coal was used in the early hours and an

excess of reductant accumulated in the f urnacer. Under these conditions

an excessive amount of silicon was reduced, the silicon content of the

motal reaching 28 percent on one occasion, and the CaO:S?c02 ratio in

the slag increased very marlcedly. For a timu the s ize of the molten

bath decreased very appreciably and it was suspected that a carbide-type

slag was present in the furnace. In order to enlarge the bath it was

necessary to feed a number of charges without any reductant. The

results obta.ined are given in Table 1Ge
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Table 16 

Results of Productio____,  n of Hi 

es 	No, 	• 	es 	o. 	71r0$ FNO .  

	

(Raw Matawin 	• (PreredUced 	(Matawin.Ore 
'Ore) 	 Matawin 	.Hog Fuel) .  

Ore) 

.. 	,. 	. Duration mr, 	 91.20 	 50..58 	 61.63 
, 

:Charge 	. 

Raw Matawin ore 	(lb) 	11600 	 750 	 14405 
Stéep Rock ore 	 0 	 400 	 --, 
PreredUced Matawin ore 	" 	 , (from  Test 5) 	 MM 	 .7000 	 -- 
LiMestone 	 n 	 . 1120. 	 , .. 	 1531 
Burnt limo 	 li 	 1239 	 441 	 1624 
Coal 	 Is' 	 2920 	- 	 545 - 	 2521 
Bark (70%  1120) 	 n 	 -. 	 -- 	 14730 

Products 

Metal., 	 (lb) 	 2219 	• 	' 	1757 • 	 • 	4672 
Slag 	 n 	• 	'. 7156 	. 	 2470 	 8703 .  
Slag:metal ratio 	. 	• 	 1.87 . 	 1.9. 7 	 1.86 .  

, Average Metal:analysis 	(g) 	 . 

- 	C 	 - 0.69 	 .0.44 	 0.39 	' 
'Si 	 16.4 	, 	 21.1 	 16.9 
3 

	
0.008. 	 0.006 	 .0.008 

P 	.• 	 0.26 	 0.12 	 0.12 , 
Average slag.analYsi$ 	(%) , 

FeO 	 -2.21 	 .1.69 . 	 2.0 
CaO 	 20.3 - 	 .28.2 	 30.5 , 
Si% 	 50.1 	 52.4 	 50.4 
14g0 	 4.57 	 6.20 	 Ha' 

Caffli0 	ratio 	 0.60 	 •.54 	 6461 

Energy: 	 • 	 . 

' .Total energy  input (kwh) 	 22232 	 12591 	 15255 
Average 	" 	" 	(kwh/hr)• 	 244 	 248 	 248 
Av. tapping:temp. ( 0C) 	Slag. 	1478 	 . 	1572 	 1566 

• 	, 	- 	. 	 Metal 	-1282 	 1220 	 1286 

Recoviny of Fe ,(g). 	In metal 	 92.7 	 83.1 	 95.9 
In 	 . àlag 	 2.6 	 ' 	2.7 	 .2.5 
Total 	 96.2 	 85;8 	 99.4

• .Reuiegetl-S,--""I°23,-,(a2M-L2.--b) 	
• 

of  metal -produced

•ltellataen  ore 	(lb) 	 6074 	 854 	 élàe • 
' Steep Rock ore 	 n 	 209 • 	 ... 	 .... 

Calcined Matf,twin ore . 	11  
(Test 5) 	" 	 .. 	 7968 	 ..... 

-Limestone 	 h 	 586 	 ...,- 	 . 	655 	. 
Burnt lime 	 n 	• 	 • 	649 	 502 . 	 • 	695 
Coal 	 o 	 1529 	 620 	 1083 
Energy (kwh) 	 11642 	 14264 	 6530 
Electrodes 	 (lb). 	,211 	 315 	 82 
Bark '. 	 n 	 dimm 	 6305 	. 

----------::-.4,-,- 
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Test No. 12  

The furnace was operated under cold dry top conditions 

during this test. Paper-mill bark, obtained  from  the  E.B. Eddy ComPany, 

Hull, Quebec, was mixed with tho charge to reduce the bulk  den  sity  and 

increase the porosity. The CaO:Si02  ratio in the slag was kept in the 

range of 0.5 to 0.6, and the slag was found to be very viscous and hard 

to tap from the furnace. The "dry top" operation worked reasonably 

well although there was some tendency for the furnace to froth in the 

early stages when the Ca0:S102  ratio was very low, e.g. less than 

0.5:1, and also soue difficulty was experienced with bridging of the 

charge in the furnace. A period of bridging was usually followed by 

a sudden collapse of the charge, with frothing of the bath, vigorous 

evolution of furnace gases, and a temporary loss of the "dry top" 

ope ration.  

The results of this test are dhown in Table 16. 

Discussion 

Metal with a high silicon content was obtained without 

difficulty in each of the above tests .  Also the carbon and sulphur 

contents of the metals were low, and so also were the Fe contents of 

the slags. The amounts of limestone and/or burnt lime used as flux 

were considerably less, per ton of metal obtained, than in previous 

tests because very siliceous slags were used in each case. The amounts 

of energy used per ton of metal obtained, were very high in tests 

No. 10 and No. 11, whore an open-top furnaco was used, but the amount 

was much less in test No. 12 where the furnace was operated under 

"cold dry top" conditions. These results are in accord with those of 

previous smiting operations in these laboratories, where it has 

always been found that large savings in energy are obtained in "dry top" 



53

operations. The hi.gh silicon contents of the metals produced in these

tests were also partly responsible for the large energy requirements

since about 5 times as much energy is required to reduce a pound of

silicon from SiO 2 as to reduce a pound of iron from F6, 30V

Another factor which made the requirements of energy

and materials per ton of natal appear very high 'in soma cases was the

carry-over of metal in the furna.ce from one test to anothér. Considerable

difficulty was encountered in tapping the materials from the furnace

in these tests v particularly thô . high],y viscous slags, and at timas

considerable metal remained frozen or entrapped in the ;E'urnace. In

test No, 11 in particulan. considerOl.y more material was fed to the

furnace than was removed • as the recovery of Fe was only 85 percent.

If all the iron had been tapped, the yield of mQtal would have 'been

considerably higher and the calculated requirem3nts of energy etc.

per ton considerably lower. - This motal remained in the furnace until

the xatter:stages of test No.. 13 when it finally becacne m01.texi and

was removed causing the yield of iron in this test to exceed the, input.

The electrode consumption in te st g No. 10 and 11 was

very high, partly because of the factor described above, and partly

due to the fa.ct that no roof was used on the furnace, and oxidation of

electrodes was quite severe. The elec.trode consumpt3 on in test No. 12

was much Iaaer because the fun-iace was operated under "cold dry top',

conditions.

(b) Reaction of High -Silicon Iron with Itih-G.ra,de Ore to..^....._....._
Produce Low-Silicon. Zron

(1) Expa rimenit a1 T1ork in the 250 IOTA Furnace :

The objective in this test was to produce loi-silicon

rratal by reacting Steep Rock high-grade ore zd:th the highMsilicon metal
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produced in previous tests. The furnace mas operated with a roof on, 

and with its existing carbon lining, although it was appreciated that 

a basic lining would have been more desirable. Before commencing the 

test the furnace was warmed for about 40 hr by smelting Steep Rock ore. 

During this warm-up period the CaO:Si02 ratio in the slag was adjusted 

to about 1:1 and  fluor spar  was added frequently in the hope that the 

residue of highly siliceous slag frtbm the previous tests might be 

removed. This technique was only partially successful, as heavy banks 

persisted in the furnace, and some effort was devoted to chipping these 

banks with bars in the'later hours of this warm-up period in order 

to have the furnace as clean as possible before beginning the test. 

The metal obtained in this warm-up period contained about 2.5 percent 

silicon and about 3.5 percent carbon. The recovery of Fe in this 

period was about 103 percent  indic ating  that more materiel was removed 

from the furnace than was fed in. The data from this warm-up period, 

along with those from the two succeeding periods of this test which 

are designated as Periods  I and II, are shown in Tables 18 and 19. 

Period 1: 

At the beginning of this period sone high silicon motel 

which had been produced in test No. 6 was used as feed. This material 

had been broken with a sledge hammer to pieces about minus 2 in. in 

size, but was not brittle enough to be crushed to a smaller size in 

a jaw crusher. Hence itwas appreciated that this material would 

probably not react as well with the ore as would finer mtal. However, 

because of the short supply of high silicon :Intel which could be 

crushed to minus 3/8 in., this coarse materialwas used for the initial 

exploration of the process. Later in the  period motel  from  test  No. 10, 

and some from tests 11 and 12 were  used  The analyses of these three 
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lots of metal are shoWn in Tabla 17. The analyses given for the 

test No. 6 metal were calculated from the analyses of the individual 

•taps. The metalà from test No. 10, and from tests 11 and 12 combined, 

were crushed to  minus 3/13 in. and a sample  of  each Of these two  lots. 

waS obtained by riffling, hence thé data giVen for these two lots , are 

based on actual sample analYses. 

. Table 17 

Analyses" of Three Lots of .ili  i-g_icon Metal, Used in Test. Nb.  13 
percen 

. 	No. 	• 	No. 	. 	No. 
Test No. 6 	Test No. 10 	(Tests 11 and 121 

C 	 1.44 	• 	0.68 	 0.48 • 

• Si 	12.1 	16.16 	,18.39 	. 

$, 	• 	0.018 	0.010 	, 0.010 

— 	 0.27 • 	' 	0.12 

The charge used while feeding the test No. 6 metal contained 

75 lb of Steep Rock ore and 50 lb of burnt  lime per 100 lb of metal. 

hy calculation this WAS sufficient  lime  to yield a slag mith a 

Ca0:Si02  ratio of about 1.7:1. A small amount of coal was added to 

the charge in the hope that this reductant floating on the bath, 

would keep the'FeO in the slag down to a very low level. The furnace 

was operated at about 240 kilowatts input, and for most of the period 

a fairly high voltage was used. The reaction between the ore and the 

large, pieces of metal appeared to be rather slow; a good fluid bath 

was seldom obtained except when some addit ional raw Matawin ore was 

added occasionally to increase the fluidity. This waè made necessary 

by the fact that the silicon in the metal was not all being oxidized 

by the ore, and consequently less 8i02  was being produced than was 
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expected and slag with a very high CaO:Si02  ratio was obtained for a 

tine, e.g. 1.9:1. 

A smoother furnace operation wae obtained when the 

test No. 10 metal was fed. The charge used at this tine contained 85 lb 

of Steep Rock Ore and 47 lb of burnt lime per 100 lb of metal. The 

addition of coal to the charge, to try to keep the Fe0 content of the 

slag at a low level, was continued. The CaO:8i0
2 

ratio in the slag 

varied between 1.46:1 and 1.83:1 1  and although a larger and more fluid 

• bath was obtained,  soma  difficulty was again experienced with crust 

formation in the furnace. Additions of Matawin ore were necessary on 

several occasions to restore sufficient fluidity. The silicon content 

of the metal remained relatively high (4 to 5 percent) and the FeO 

content of the slag varied between 2 and 4 percent. 

The charge  used when feeding the metal from tests 11 and 

12 contained 95 lb of Steep Rock ore, 40 lb of burnt lime, 30 lb of 

dolomite, (unburnt) and 12 lb of coal per 100 lb of matai.  It wae 

hoped that the dolomite  might help to increase the slag fluidity. Again 

the slag remained rather viscous and considerable difficulty was 

experienced with crust formation in the furnace. The remedy used in 

this case was the addition of extra Steep Rock ore occasionally, and 

small amounts of fluorspar, particularly just before tapping. The 

silicon content of the metal produced mmained relatively high, from 

3 to 7 percent and the FeO content of the slag remained quite high, from 

5 to 20 percent. Near the end of the period the amount of coal in the 

charge was reduced from 12 lb to 6 lb, and shortly afterward the 

proportions of metal: Steep Rock ore in the charge  were changed from 

100:95 to 75:105. Shortly afterward a distinct change occurred in the 

character of the operation. The results obtained are given in Tables 

18 and 19. 
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Table 18 

Result  s of  Smelting  of 	 Metal wit  h  Hi h-Gi____:ALLe Delon 

0■•■•••....*M1e,*•111eaaew■■■••■••••••■•••••••••■••■■■ \ 

Warm-up' 
Period 	Period 1 	Pente  II.  

Duration (hr) 	 .40.58 	40.77 	9.65- 

91.1àE2 
. 	. 

Steep Rock. ore 	(113) 7700 	7929 	 2100 - 
.,Matawin ore 	 tt 	 , Imo.. 	 825 	 -- 
Metal  (Test  No. 6> 	II 	

..... 	 1765 	 ow» 
. 

Metal (Test No. 10) 	li 	 -. 	. 	2700 	 -. 
Metal (Tests No. il 

and 12) 	•fr. 	 .. 	 3825 ' .. 	- 1500. 
LiMestone 	 n• '998 	• 	.....- 	 -..,, 
Rurut lire. 	 o • 	 3448 	 470 ' 
Dolomite 	 si 	 --- 	 1200 . 	 600 
Coal or coke 	 .0 	'2032 : 	962 	- 120 

Products 	. 
-71.1-e-fil 	 (lb) 	5012 	11822 	 2936 

Slag 	 . II 	 1857 	5614. 	 2100 
Slag:metal ratio- 	. 	 0.37' 	. 0.47 	• 	0.72. 
Average metal analyses (.%) 

C - 	 2.61 	2.59 • 	.0.86 
. 	Si 	- 	 .3 •44 	5.65. 	• 	. 	.0.23 ' 

5 	 0.112 	' 0.019 	'  '.0.085  
.P 	 -- 	• 	.0.242 	• 0.119 
.• 

., Average slag analyses 	(%) 
FeO 	• 	 10 . 3 	8.9 • 	• 6.9 
CaO 	 . 37.0 	' 4645 . 	3e.2 

• 34.3. 	32.9 	 38 ■■ 3 • ' 
, 

	
MgO 	 .. 	• 	7.7 	' , 6.5 
Al 03 • 	 U. 	 5.2 	 4.5 

	

a "ratio• 	 1.08 	1.41 	• 	. 400 CaOiSi2 • • . 	• 	• 

,Ensrgy 	. 

Total energy  input'  (WI) . 	. 9807. 	. 9796 . 	• 19$4 
Average 	41 	0  ,..(lorh/hr) 	 .242 • 	240 	 200 	• 
Av. tapping -teMp. *( 0C) 	Slag. 	•1509: . 	1582. 	 1443 

'Metal. 	':1365 	1379 	• 	.1405 

	

' Recovery 	(%) 	In metal 	• 99.8 	99.6 	 116.0.  
In élag 	 3.2 	 3.2 	 4.5 
Total 	 103.0 	93.8 	12045 
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per Ton  of Metal 
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Table 19 

Narm-up 	Period 1 	Period II 

Steep Rock ore 	(lb) 	3072 	1341 	1430 

Mat  awin ore 	0 	-- 	140 	-- 

Metal  (Test  No. 6) 	" 	MO« 	 298 	-- 

Metal  (Test  No. 10) " 	-- 	457 	-- 

Metal (Tests 11 
and 12) 	it 	 Ma.* 	 647 	1022 

Limestone 	 0 	- 	398 	-. 	Mffl 

Burnt lime 	 0 	-- 	583 	320 

Dolomite 	 II 	 MO »a 	 203 	409 

Coal  or coke 	II 	 811 	163 	82 

Energy (kwh) 	 3913 	1657 	1317 

Electrodes 	(lb) 	78 	49 	42 

Period II  

This period of operation was very short, (94, ( hi') and 

only 5 taps of natal  were obtained,but the silicon content of the natal  

was quite lowl vanying only from 0.06 to 0.33 percent. The charge used 

contained 75 lb of metal from tests 11 and 12, 105  Th of Steep Rock 

ore, 20 lb of burnt lime, 30 lb of dolomite and 6 lb of coal. In spite 

of the higher ratio of ore to metal and the lower amount of coal, the 

Fe0 content of the slag decreased from an average of 8.9 percent in 

Period I to an average of 6.9 percent in this period. The bath was much 

more fluid than in the preceding period and the power input to the 

furnace had to be reduced to about 200 kilowatts. Most of the crusts 
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and heavy banks which had been present in the fvixnacé during the previous

operation were malted out, and the eroéi on around the ►► B ►► tap hole

became so severe that this hole could no longer be usadb The metal and

slag were then tapped from ►►C" tap hole.which was originally dosignéd

as the drain hole_. At the end of the test the furnace was drained, a9

dry as possible.

After the,.furnace had cooled down the metal and slag which

had remained in the furnace were dug oizt e separated and analyxed4 From

the data obtained it was calculated that the natal and slag cont a3.néd

1895 lb, and 5 lb, respa'ctâ.vely of Fe. A decision was made to apportion

these materials among the yields of inetal and slag of the 'three periods

of test No. 13, The materials were divided attzong the three periods

-according to the relative weighte of iron containad in the metal and slag

origina7.l,jr tapped iii thésé periods. The data, given in Table 18 for yields

of natal and slag in the three periods of this test, thus include the

proportional amounts from this clean-up operation, as well as the amounts

originaxly tapped from the furnace.

(2) Experiansntal Work in 60 KVA Furnace:

It was suspected that the difficulty encountered in txyiza.g

to produce 1ow-s313.con iron by reacting hxgh-grade ore with high-six3.con..

iron in the 250 KVA furnace had been due, in part at least, to the facf

that this furnace was equipped with a carbon lining. For this reason

four experiment s were perférnpd in the-60 KVA furnace y'uo3.ng magne s3.te '

-1inings, to determine whether the silicon could be removed more

thoroughly from the meta7, under these conditions.

The experâ.ment sare designé,ted as Numbers It 2, 3 and 4

respectively. In experimants 1, 2 and 3 the high-sili.con m9tal used

was that produced in tests 11 and 12. In test No. 4 some metal

.

containing only 6.6 percent silicon was used to dotornd.ne whether this
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material could be treated as successfully as the material containing 

18 percent silicon. In all cases Steep Rock ore was used as the 

oxidizing agent, and burnt lime and dolomite  were  added to flux 

the silica produced by the oxidation of the silicon. In Experiment 

No. 1, no coal was added to the charge. In Experiment No. 2 the amount 

of ore used was about double the amount required to oxidize the silicon 

and sufficient coal was added to reduce the iron from the additional ore. 

In Experiment No. 3 the amount of additional ore used was about 40 percent 

greater than that required to oxidize the silicon, and again a suit able 

 amount of coal was added to reduce the iron from the additional ore. 

In Experiments 1, 2 and 3 the hiàh-silicon metal, 

which was all minus 31t in., was mixed with the other ingredients before 

charging. In Experiment No. 4 the metal, in the form of two large pieces, 

was melted first, then the mixture of ore and flux was added to the furnace. 

In this case no coke and additional ore were used. In all cases the 

materials smelted readily end the slags obtained were very fluid. When 

it was estimated that the reaction was completed the metal and slag were 

poured together into a preheated cast iron pot and separated after cooling. 

In en cases the slag was crushed and magnetically cleaned to remove fine 

metal-shot before a sample was removed for analysis. The metals obtained 

were all found to be ductile and samples were readily obtained by drilling. 

The results obtained in the four experiments are shown 

in Table 20. 
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Table 20 

Results of Production of Low-Silicon Iron in the 60 KVA FUrnace 

	

Exp. 	Exp , 	Exp. 	Expi 

	

No. 1 	No. 2 	No. 3 	Ne, 4 

Charge  

Metal (Tests 11 & 12) (1b) 	11.25 	11.25 	11.25- 	..... 

Metal (Test No. 7, 
TaP 37)* 	, 	tt 	 .- 	-- 	, 	-- 	15.56 

Steep  Rock ore 	o 	10.5 	' 	20.5 - 	14.5 ' 	5.25 

Burnt  lime 	 ii 	 2.0 	' 2.0 	2.0 	4.0 

Dolomite (unburnt) 	n 	 3.0- 	3.0 	3.0 	1.5 

Coke 	 It 	 2.2 	0.88 	-- 

, 	Silica 	 0 	 ..... 	-- 	-- 	1.5 

Analysis of metal obtained (%) 

C 	 0.19 	0.09 	004 	1.06 

Si 	 0.33 	- 0.02 	0.01 	. 0.39 

S .  . 	 0.010 	0.04 	0.037 	0.014 

P 	 0.21 	' 0.084 	0.15 	0.15 . 

 Analyàis of nag obtained (%) 

FeO 	 2.20 	8.88 	9.13 	3.73 

CO 	 20.64 	18.24 	16.29 	26.28 

Si02 	 37.20 	35.44 	32.84 	32.44 

Me 	 32.60 	36.28 	86.28 	30.20 

This metal contained 6.6% Si; 2.2% C; and 0.07% S. 
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Discussion 

Low-silicon metal was successfully produced by reacting 

high-silicon metal with high-grade iron ore in the 250 KVA furnace, but 

the period of good operation was relatively short (9.5 hr). During 

Period  I,  which lasted for about 40  hi', the metal produced contained too 

much silicon. It is believed that several factors contributed to theSe 

results. As previosuly mentioned, the furnace had a carbon lining 

during this operation and this tended to maintain reducing conditions 

in the furnace bottom rather than oxidizing conditions which were more 

desirable since oxidation of the silicon in the metal was the major 

objective in the tests. An indication that the presence of the carbon 

lining had an important effect on retarding the oxidation of the silicon 

is given by the results obtained in the magnesite-lined 60 KVA furnace, 

where low-silicon metal was readily obtained in all four experiments. 

Another factor which probably contributed to the poor 

results obtained in Period I of test 13 was the fact that when this 

test was begun a considerable amount of high-silicon metal was present 

in the furnace. At the end of each smelting operation it was never 

possible to drain the furnace completely of all metal and slag; a 

certain amount of each always remained frozen around the walls of the 

crucible, and on the bottom, and was carried over into the succeeding 

test. It was obvious feom visual observations at the start of test 13 

that a considerable amount of metal and slag were carried ovee from the 

previous tests. It was suspected that the reection between the high. 

silicon metal and the iron ore in the feed, which under equilibrium 

conditions should have yielded low-silicon metal, was being retarded 

by the reservn of relatively cold high-silicon metal frozen on the 

bottom of the furnace. In Period II of test No. 13, this reserve of 
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high-silicon metal appeared to have been all removed from the furnace, 

because the bath at that time was large and very fluid. 

The coal which was used in test, No.. 13 in the hope of 

keeping the FeO content of the slag  dom  to low values, did not appear 

to have been very effective for this purpose, as the Fe0 contents of 

the slags remained rather high (7 to 10 percent). In addition the 

coal may have had a detrimental effect by maintaining a reducing 

atmosphere and reducing conditions in the slag, when oxidizing conditions 

were required for removal of the silicon from the metal. It is probabIy 

significant that the amount of coal used in Period Ii of test No. 13 

when low-silicon metal was obtained, was only about one-half of that used 

in Period  I, and in addition the ratio of ore to metal was higher in 

Period II than in Period I. The conditions in the fàrnace might thus ' 

be described as much lésa strongly reducing during Period  II,  when 

good results were obtained, than during Period I when high-silicon 

metalwas produced. 

Low-silicon metal was obteined in. each of the four 

experiments•performed in the magnesite-lined 60 KVA furnace. The 

use of coke in Experiments No.2 and 3 appeared to make little 

difference in the silicon content of the metal obtained, but apparently 

increased the FeO contents of the slags rather than decreasing them 

as was expected. These results are in accord with those obtained in 

the larger furnace, the Fe° content of the slag being lower in Period 

• II where conditions were less strongly reducing than in Period I'where 

more coke was used. 

The results obtained in Experiment  No 4 suggested that 

good equilibrium could be obtained between the silicon in the metal and 

the iron oxide of the ore if the slag was fluid, since in this case 
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the metal and ore were not mixed before they mere fed to the furnace, 

but rather the reaction must have taken place across the slag:metal 

interface. 

In all cases the sulphur contents of the  net ais  were 

quite low. This was due largely to the low sulphur content of the 

high-silicon iron, and is an attractive feature of the process. 
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