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Experimental Electric Smelting of Manganese Ores 
AT TH E DEPARTMENT OF MINES AND TECHNICAL SURVEYS, OTTAWA 

By R. A. CAMPBELL , G. E. VIENS and  R.  R. ROGERS .  

(Annual General Meeting, Quebec City, April, 1956) 

(Transactions, Volume LIX, 1956, pp. 174 - 180) 

ABSTRACT 

The electric smelting of five low-
grade Canadian manganese ores has 
been investigated at the Mines 
Branch, Department of Mines and 
Technical 'Surveys, Ottawa. Ferro-
manganese, silicomanganese, and 
spiegeleisen were produced iby spe-
cial smelting processes from these 
ores since the latter were too low 
grade to be treated by conventional 
smelting methods. In one case the 
results were considered to be suffi-
ciently promising to justify the con-
struction of a pilot plant, by the 
Company concerned, for the further 
development of the process. 

INTRODUCTION 

1 il  ANGANESE is the most im- 
portant of the non-ferrous 

elements used in steel making, and 
large quantities of it also are re-
quired in the production of non-fer-
rous alloys. At the present time, 
North America is largely dependent 
on foreign countries such as Turkey, 
India, Africa, and Brazil for its 
supply of manganese ore. This sit-
uation is highly undesirable because 
it might ,be difficult to obtain ade-
quate supplies of the ore in an emer-
gency, and because the manganese 
ores in Canada and the United 
States are not being utilized. 

Unfortunately, the ores available 
in Canada and the United States 
are low-grade and thus cannot be 
treated successfully by standard 
processes. Accordingly, it is neces-
sary to develop new, economically 
sound processes for their treatment. 
The manganese used .by the steel 
industry is mainly in the form of 
ferromanganese, silicomanganese, 
and spiegeleisen, and accordingly it 
is quite possible that the production 

*Published by permission of the 
Acting Deputy Minister, Department 
of Mines and Technical Surveys, Ot-
tawa. 

tScientific Off leers and §Senior 
•Scientific Officer, respectively, Min-
eral Dressing and Process Metallurgy 
Division, Mines Branch, Department 
of Mines and Technical Surveys, Ot-
tawa.  

of these ferro-alloys by smelting the 
low-grade ores or their concentrates 
may prove to be the most satisfac-
tory solution to this problem. 

While not neglecting other ap-
proaches to the problem, the Mines 
Branch,. Department of Mines and 
Technical Surveys, Ottawa, has in-
vestigated the electric smelting of 
low-grade manganese ores or con-
centrates from the following loca-
tions in Canada: 

L—Woodstock, New Brunswick 
II.—Brigus Bay, Newfoundland 

III.—Madoc, Ontario 
IV.—Steep Rock, Ontario 

V.—Knob Lake, Quebec 

The purpose of the present paper 
is to summarize this work. The an-
alyses of the ores investigated are 
given in Table I. 

A continuously-operating, 3 -phase 
250 k.v.a. arc smelting furnace and 
a batch-type single phase 60 k.v.a. 
arc smelting furnace are available 
at the Mines Branch for this type 
of work. Although there have been 
cases in which the smelting of the 
ore has been investigated in the 
large furnace without any prelimin-
ary work in the. small furnace, the 
following procedure is preferred: 

(1) Determine the most satisfac-
tory pre-treatment. In some cases 
beneficiation is advisable and in 
others the ore must be agglomerated 
before it can be used as a furnace 
feed. Calcination frequently has 
proved to be beneficial, particular-
ly when the ore contains consider-
able quantities of carbonate, or com-
bined water. The pre-treatment ex-
periments are performed in co-op-
eration with the Mineral Dressing 
Section. 

(2) Perform a number of smelting 
experiments in the small furnace to 
determine the feasibility of the op-
eration from a chemical standpoint, 
and to obtain some preliminary 
qualitative information regarding 
the conditions which are likely to 
give the most satisfactory results. 

These small-scale experiments have 
the advantage of being quickly per-
formed and inexpensive. 

(3) Providing that the results ob-
tained with the 60 k.v.a. furnace 
were promising, perform a continu-
ous experiment with the 250 k.v.a. 
furnace of sufficient length (usual-
ly- at least a week) to obtain, quan-
titative data on the process. These 
data are useful in determining 
whether the process is sufficiently 
promising to justify the erection of 
an expensive pilot plant. Much val-
uable information regarding the de-
tails of the process and preliminary 
cost figures are obtained. 

The facilities for electric smelting 
research at the Mines Branch, and 
the various types of experimental 
work which have been done since the 
250 k.v.a. furnace was installed in 
1953, will be described in consider-
able detail in another paper which 
will be published shortly. 

PART I 

SILICOMANGANESE AND FERROMAN- 

GANESE FROM WOODSTOCK ORE 

(N.B.) 

In this investigation, the objec-
tive was the production of silico-
manganese and medium-carbon fer-
romanganese from low-grade ore 
from Woodstock, N.B., iby electric 
smelting. Since the ore did not have 
a sufficiently high manganese : iron 
ratio for the direct production of 
ferromanganese (4 : 1), a three 
stage process was used for its treat-
ment. In the first stage of this pro-
cess, sufficient iron was removed 
from the slag by means of a carbon-
aceous reducing agent to give a man-
ganese : iron ratio of at least 4 1. 
In the second stage, part of this 
high -grade slag was treated with a 
carbonaceous reducing agent to pro-
duce silicomanganese. In the third 
stage, slag from the first stage was 
smelted to produce medium-carbon 
ferromanganese, silicomanganese 
from the second stage being used 
as the reducing agent. 
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PER CENT 
CONSTITUENT 

IN 1%1ETAL IN SLAG 

Mn 	 
Fe. 
Si 	  
	 Ire 1.11 

42 
34 
17 
0.15  

• 4 
0.2 

Table  1-Ana1ysis of Manganese Ores Used in Smelting Experiments (%)  

	

)ibedstock. (NA.) 		Brigua Ray 	Mete 	Steep Rock 	Knob Lake 
Constituent 	A 	B 	it 	 (Nfld.) 	(Ont.)* 	(Ont.) * 	. 	(Que.) 	*  

Mn 	 0.7 	12.30 	22.14 	2.16 	8.68 	13.6 

Fe 	 11.9 	29.50 	 4.9_ 	• 	41.9 	32.3 	 53.6 

Ca0 	1.7 	7.27 	 1.2 	24.4 	... 	 N.D. 

M0 	7.2 	2.60 	 1.8 	11.4 	-- 	N.D. 

Si02 	38.2 	20.80 	 23.2 	1.63 	39.7 	 3.2 

Ai.203 	12.2 	11.20 	 13.8 	-_ 	-- 	1.2 

3 	 0.38 	-- 	 0.18 	-- 	-- 	 _ 

P 	 0.27 	0.98 	 0.06 	-- 	- 	 0.2 

eure 	 . 
Ratio 	1:1.2 	122.4 	4.5:1 	1:19.4 	18.8  

* Calcined ore 

N.D. Nome detected 

Preliminary • experiments, per-
formed in the batch-type 60 k.v.a. 
smelting furnace, showed that the 
desired chemical reactions actually 
can take place. In view of these fav-
ourable results it was decided to in-
vestigate the process in the 250 
k.v.a. furnace in order to obtain 
quantitative information which 
would be of service in evaluating the 
process, and would be of assistance 
in designing a pilot plant. 

60 k.v.a. FURNACE EXPERIMENTS 

The ore (ore A in Table I) was 
prepared for the first smelting ex-
periment by calcining a mixture of 
ore and lime at about 1,100 °C. The 
lime was added to increase the base 
: acid ratio. The calcined material 
then was smelted using a basic lin-
ing, an arc-resistance type of heat-
ing, and coke as the reducing agent. 
The resulting slag contained 10.6 
per cent manganese and 3.8 per 
cent iron (manganese : iron ratio of 
2.8 : 1). 

In a second experiment, the third 
stage of the process was simulated 
by smelting this comparatively high 
grade slag with silicon as the reduc-
ing agent. The base : acid ratio of 
the slag had been increased by the 
addition of more lime prior to the 
.srnelting. The analyses of the metal 
and slag produced are shown in 
Table II. The high silicon content 
of the mutai  was due tu) the excess  

of silicon reducing agent which was 
used in making up tlje charge. 

TABLE 11.-ANALYSES OF METAL AND 
SLAG FROM THE THIRD STAGE OF SMELTING 
WOODSTOCK ORE IN THE 60 k.v.a. FURNACE 

These results were considered to 
be excellent in view of the fact 
that the experiments were batch-
type and were operated on a very 
small scale. It was believed that 
much 'better results would be ob-
tained when using the comparative-
'y large 250 k.v.a. continuous smelt-
ing furnace. 

250 k.v.a. FURNACE EXPERIMENTS 

Ore B (Table I) was used in the 
smelting experiments in the 250 
k.v.a. furnace. It will he noted that 
this ore contained considerably 
more iron and phosphorus than did 
ore A, which was used in the ex-
periments with the 60 k.v.a. furnace.. 

Calcination 

Ore 11 was calcined in an oil-fired 
rotary kiln at 1,000-1,100°C. prior  

to smelting. The weight loss during 
the calcination was about 8 per cent. 

Smelting: First Stage 

In this stage about 30 tons of cal-
cined ore was smelted with coke as 
reducing agent, and with lime added 
to increase the base : acid ratio of 
the resulting slag. Graphite elec-
trodes and a basic furnace lining 
were used, and the furnace was cov-
ered with a firebrick roof. The heat-
ing was accomplished mainly by arc 
resistance. 

During the first few days, the 
furnace had not reached thermal 
equilibrium and the operations were 
somewhat erratic, resulting in rather 
wide fluctuations in the slag and 
metal compositions. However, dur-
ing the latter part of the operation 
much more stable conditions and 
much more uniform results were ob-
tained. 

The data obtained during this 
first stage are summarized in 
Tables III and IX. It will be noted 
that the overall results are given in 
the first column of Table III and 
that the results obtained after the 
furnace conditions had become stab-
ilized are given in the second col-
umn. Although the information giv-
en in both columns is of considerable 
importance, it is obvious that much 
greater weight should be given to 
that in the second column. 
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The results presented in tabular 
form in Table III and graphically 
in Figure I show that the main ob-
jective, i.e., the production of a slag 
with a manganese : iron ratio of 
1 : 1 or higher was achieved. 
Particularly during the last part of 
the experiment, the manganese con-
tent of the slag remained in the 
range of 20-24 per cent and the 
manganese : iron ratio was well 
above 4 : 1 almost constantly. Dur-
ing this part of the experiment, the 
manganese in the metal usually re-
mained well below 1 per cent, in-
dicating comparatively little loss. 

The slag and metal analyses re-
ported for the first stage (and also 
for the second and third stages) 
are weighted average values calcu-
lated from the analyses of the in-
dividual taps. At the end of the first 
stage, all of the slag produced was 
crushed to - 3/8-inch, magnetically 
cleaned, mixed, sampled, and an-
alyzed. The results obtained ln this 
way agreed very closely with the 
calculated data shown in Table III. 

Smelting: Second Stage 

In this stage of the operation, 
silicomanganese was made from 
part of the slag prodnced during the 
first stage, coke being used as the 
reducing agent and lime being added 
to maintain the base : acid ratio at 
about 1.5 : 1. During this stage the 
furnace  vas  lined with carbon. The 
data obtained are sutnmarized in 
Tables IV and IX. 

Since the amount of material 
smelted was much Iess than that in 
the first stage, the total length of 
time required was much less. For 
this reason, the furnace did not 
reach thermal equilibrium and the 
operating conditions never became 
stabilized. Doubtless, if data could 
have been obtained after a steady 
condition had been reached, they 
would have been superior to those 
actually obtained. 

All of the silicomanganese 'pro-
duced was crushed to -%-inch, 
sampled, and analyzed, and the re-
sults thus obtained agreed closely 
with the calculated data presented 
in Table IV. 

Smelting: Third Stage 

In this stage, some of the remain-
ing slag from the first stage was 
smelted to produce medium-carbon 
ferromanganese, silicornanganese 
produced in the second stage being 
uFfed as the reducing agent, and suf-
ficient lime being added to increase 
the base : acid ratio to 2.3 : 1. A 
basic furnace lining was used. The 

Table Un--Results of First Stage Smelting of Voodstook, N.B. 
Ore in 280 KTA Furnace. 

Period 2 

	

Overall 	 (pest results) - 

Total ore fed (lb.) 	 61,111 	 31,910 

Total slag produced (lb.) 	36,300 	 20,949 

Total metal produced (lb.) 	17,822 	 8,598 

Duration (hours) 	 228 	 122 

Average power input 
(Imo) 	 188 	 181 

Slag analysis (per cent) 	 Min. 	Av. 	Max. 

Eh 	 21.5 	20.3 	22.0 	23,9 
Fe 	 5.4 	2.4 	5.4 	9.6 
P 	 0.44 	0.15 	0,48 	0,95 

MnsFe Ratio 	 4.0 	2.5 	4.1 	8.5 

Basicityk  of elag 	 1.4 	 1.4 

Metal analyais (per cent) 	 Min. 	Av. 	' Max. 

1fn 	 5.2 	0.26 	0.90 	4.2 
P 	 2.1 	1.4 	1.9 	2.7 
C 	 24 	1.2, 	,1.7 	2.2 

Percentage recoveries 	In Slac  In Metal 	In Slag 	in  Notai  

Mn 	 89 	1.0 	99 	1.8 
P 	 26 	60 	31 	50 

, 

Basicity ■ xol ratio Caffligfflao  
Si02 

5 	16 	« 	17 	18 	19 	20 	1 	21 	22 	123 

a» nun am 
Ilile.411:6-normork, .... 

--seleiMeiptiorimw 	 1_ »ZIP rd.dim ‘, .iii:  
MM..» ---li etratriParteg . . 

	

- 	ir 	 (-) ..4 4. - „a_. 
I-I- 	 ! 	. 

- - 	110111101M11011111. 
361 -_5 -ipsi  

110111•111111Fillirej  
• Mgt" r diliii• 

Irgggiririaleirà 	" -Ftil  r 

Figure 1.-Chart of analytical results and other variables covering the 
first stage of smelting. 
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Max.  

10.5 
4.48 

In 81ag 

14 
11 

8.7 
37.8 

15.8 
1.1 
0.08 

17.8 
52.3 
20.7 
1.8 
1.1 

2.5,1 

Min. . 	Av. 

1.2 	4.3 
0.19 	0.94 

1.5 

In Metal 

Table ff. -Results of Second Stage Smelting  of  Woodstock, H.3. Table Y.•-llesults of Third Stage &renting of Hoodstock, 
Oro in the 250 WA Furrsace. 	 N.B. Ore in tho 250 KYA Furnace 

28.9 
81.5 
32.2 
2.1 
1.9 

Total slag fod 	(lb.) 	 14,200 

Total eilicomanganose produced 
(lb.) 

Total elag produced (lb.) 

Duration (houre) 

Average elver input (MA) 	 225 

Rote analysis (per cent) 	Min. 	Av. 

Si 

Fo 

Betio HnsFo 

Slag analysis (per cent) 

Fe 

Basicity of alag 

Peroentage recoveries 

51 
65 
79 

Iln 
Fe 
Si 

lineo Ratio 

Slag Analysis (per cent) 

lin 
FO 

Basicity of slag 

56 

158 

Av. 	Ilex. 

	

52.9 	57.1 	58.8 

	

33.4 	35.6 	36.2 

	

2.9 	4.7 	5.7 

	

2.10 	2.11 	2.30 

	

1.52 	1.81 	2.37 

1.5 	1.6 	1.6 

Ilin. 	Av. 	Max. 

2.20 	5.90 	9.75 
0.39 	2.09 	4.23 
0.010 	0.035 	0.075 

2.3 

3,057 
9,937 

87 

it  
re 

Total slag fed (lb.) 	6,700 

Total forrenzeganose produced 
(lb.) 	2,631 

Total slag produced (lb.) -- 11,167 

Duration (hours) 

Wax- 	 Average paver input (MIMI) 

listai  analysis (per cent) 

data obtained are summarized in 
Tables V and IX. 

Since this stage required even less 
time than the second stage, it was 
not possible for the furnace to reach 
thermal equilibrium and for steady 
conditions to be attained. IIere 
again, if it had boen possible to op-
erate the furnace after proper op-
erating conditions had been ob-
tained, the results would have been 
considerably better than those re-
ported in Table V. 

It should be mentioned that part 
of the difficulty in maintaining 
stable conditions in stages two and 
three was due to unforeseen diffi-
culties which arose in handling the 
molten products. In many cases it 
was 'necessary to tap metal and slag 
together and separate them by hand 
after cooling. It is anticipated that 
difficulties of this nature will be 
reduced to a minimum in the future 
due to equipment alterations which 
recently have been completed,. 

An attempt was made to produce 
high-carbon ferromanganese f rom 
part of the slag resulting from the 
first stage of smelting. However, the 
operation was too short for the con-
ditions to .become. stabilized. The re-
sults, though promising, were not 
sufficiently reliable to permit an ac-
curate evaluation of the process. 

While the smelting operations 
were in progress, analytical results 
and other variables of interest were 
plotted on large wall-charts. These 
graphs, by permitting the ready de-
tection of trends in the operations, 
aided materially in conducting- the 
experiments, and served as useful  

records for future reference. One of 
these wall-charts, produced during' 
the first stage of smelting, is shown 
in Figure 1 as an example. 

Discussion 

Most of the commercial grades of 
medium-carbon ferromanganese re-
quire a manganese content of 80 to 
85 per cent, and a maximum of 0.20 
or 0.25 per cent of phosphorus. The 
ferromanganese produced in these 
experiments did not meet these spe-
cifications, the manganese content 
being too low and the phosphorus 
content too high. Hovvever, the re-
sults obtained indicated fairly clear-
ly the sources of the difficulties and 
the methods for overcoming them. 

The desired manganese : iron 
ratio of 4 : 1 or higher was obtained 
in the slag produced in the first 
stage of smelting. However, the 
ratio was only 2.5 : 1 in the silico-
manganese produced in the second 
stage. Two factors appear to have 
been mainly responsible for this de-
crease. The first factor was that the 
slag from the first stage contained 
fine globules of metallic iron which 
had not had sufficient time to set-
tle out during the smelting opera-
tion. These globules were not consid-
ered in the analysis of the iron con-
tent of the slag. Hence, the total 
iron contctit of the slag was higher, 
and the manganese : iron ratio was 
actually lower, than is indicated by 
the analyses shown in Table III. 
This can be remedied, in a large-
scale plant, by running the slag into 
a holding furnace where the metallic  

iron globules will have an opportun-
ity to settle out, also by producing 
slag having a ratio much greater 
than 4 : 1 in the first stage smelt-
ing. Toward the end of the first-
stage smelting, it was shown that a 
much higher ratio actually can be 
obtained. 

The second factor in causing an 
undesirably low manganese : iron 
ratio in the silieomanganese was the 
loss of manganese by volatilization 
during the second-stage smelting, as 
shown by the occasional change in 
colour of the furnace gases; also by 
the fact that the dust collected from 
the superstructure above the furnace 
at the end of the experiments con-
tained about 10 per cent of man-
ganese. It is anticipated that this 
loss due to volatilization would have 
been considerably less after the 
furnace had reached thermal equili-
brium and operating conditions had 
ceased to fluctuate. 

Whereas the manganese : iron 
ratio in the silicomanganese was un-
desirably low (2.5 : 1), it was low-
er still (1.6  :1)  in the final ferro-
manganese. This was to be expected. 
because the raw materials were 
silicomanganese of low manganese : 
iron ratio and slag from the first 
stage of smelting which contained 
globules of metallic iron. In addi-
tion, there was a further loss of 
manganese by volatilization, which 
loss would have been considerably 
less after the operating conditions 
had ceased to fluctuate. 

The phosphorus content of the ore 
was comparatively high. In addition. 
some phosphorus entered the furn- 
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TAI3LE VI.--COMPARISON OF COKE AND SILICOMANGANESS REDUCTION 

RATIO IN ORE 

Mn :Fe 
Mn :P 

IN SLAG 

Coke Reduction 
Silicomanganese 

Reduction 

6 : 1 
275 : 1 

1:  2.4 
12 : 1 

4 : 1 
45 : 1 

Table V11.—Reaults of Smelting of Brigus Bay Ore (Mfld)  

. 	 Best Period of 

	

Overall 	Operation  

Total ore fed (lb.) 	 16,840 	 9,260 
Total silicomanganese produced (lb) 	4,177 	 2,550 
Total slag produced (lb) 	 8,751 	 5.460 
Duration (hours) 	 108 	 59 
Average paver input (Fel) 	 185 	 179 
Silicemanganese analysis (per cent) 

Si 	 14.7 	 14.4 
Mn 	 64.4 	 64.4 
Fe 	 17.2 	 17.3 
C 	 1.98 	 1.98 
r 	 0.20 

Rn:Fe Ratio 	 3.7 	 3.7 
S1ag analysis (per cent) 

Mn 	 2.60 	 2.92 
Fe 	 0.53 	 0.55 

Basicity of slag 	 1.3 	. 
Percentage recoveries 	 In Metml In Slag 

Ha 	 71 	6 
Fe 	 82 	5 
S 	 1 	87 

. 	P 	 68 	11 

, 

ace as a constituent of the coke. Al-
though much of  tins pho.sphorns was 
removed with the iron produced in 
the first stage of smelting. the 
amount remaining in the slag was 
much higher than desirable, since 
most of it entered the final ferro-
manganese. No doubt a considerable 
proportion of the phosphorus in the 
slag was contained in the fine glo-
bules of metallic iron. This would 
be eliminated by the use of a hold-
ing furnace, as already explained. 

T•o other modifications in the 
process, in order to permit the use 
of ores having a high phosphorus 
content, have been envisaged. In the 
first modification an excess of iron 
would be added in the first stage 
of smelting to absorb and remove 
more phosphorus. 

In the second modification, silico-
manganese, instead of coke, would 
be used as the reducing agent in the 
first stage. The iron originally in 
the silicornanganese, and the iron 
produced by the reduction of the 
iron oxide in the slag by the sili-
con and manganese, would carry 
down the phosphorus with them. 
Since manganese oxide is produced 
when the iron oxide is reduced by 
the manganese, the 'ratios of man-
ganese : iron and manganese : phos-
phorus in the slag would be mate-
rially increased. In addition, there 
would be no additional phosphorus 
pick-up froin the coke. 

An experiment in the 60 k.v.a. 
furnace demonstrated that the phos-
phorus content may be lowered by 
the latter method. In this experi-
ment, a mixture of iron, silicoman-
ganese, and ore was smelted and a 
slag was produced containing 30.2 
per cent manganese, 5.4 per cent 
iron. and 0.11 per cent phosphorus. 
The improvement obtained is shown 
clearly in Table VI. The data on 
coke reduction, which are included 
in the Table for comparison, were 
obtained from an experiment in the 
250 k.v.a. furnace. 

The scale of these experiments in 
the 250 k.v.a. furnace, although 
considerably larger than that of the 
batch-typ e  experiments in the 60 
k.v.a. furnace, was quite small com-
pared to that in a commercial plant. 
It is anticipated that, in commercial 
operations, the furnaces would be 
at thermal equilibrium, less severe 
fluctuations would occur  in  time  s l ag  
and metal compositions, handling 
lossc.s would be much less, and pow-
er and  ('Ii 'et  consumptions would 
be  iii uni  lower than in these present 
experiments. 

PART II 

SILICOMANGANESE FROM BRIGUS 

BAY ORE (Nfld.) 

The objective in this campaign 
was the production of silicomangan-
ese from a low-grade siliceous man-
ganese-oxide ore from Brigus Bay, 
Newfoundland, by a process which 
we call 'cold dry-top snielting'.* The 
main feature of this process is the 
use of a porous low-density furnace 
charge which is obtained by supply-
ing part or all of the carbon require-
ment in the form of wood waste ma-
terials such as chips, sawdust, shav-
ings, etc. The deep bed of charge•
maintained in the furnace prevents 
bosses of heat and volatile metals 
from the top of the furnace, and yet 
is porous enough to permit the es-
cape of the furnace gases. The 
charge descends in the furnace at 
a rate largely governed by its bulk 
density. 

EXPERIMENTAL WORK 

The composition of the ore used 
in this campaign is given in Table 

*Cold dry-too smelting is consid-
ered to take place when the molten 
bath is completely covered with a lay- 

I. It will be noted that the mangan-
ese and iron contents of this ore 
were about the same as those of the 
enriched slag produced in the first 
stage of smelting the Woodstock 
ore. 

During this operation the furnace 
lining was of carbon, and graphite 
electrodes were used. Limestone was 
added to the charge to adjust the 
base : acid ratio of the resulting 
slag. It was possible to operate the 
furnace without a roof, which fa-
cilitated the feeding of the bulky 
charge and permitted easy observa-
tion of the progress of the smelting. 

The results obtained in this cam-
paign are summarized in Tables VII 
and IX. 

Discussiox 

The results of this campaign 
showed that the cold dry-top meth-
od of smelting  may be used success-
fully for the direct production of 
silicomanganese from this ore. One 
of the most popular grades of silico-
manganese  lias the following com-
position: 

er of porous solid charge, and when 
this layer is deep enough so that it 
approaches rcom tetnperature on top. 



EXPT. 
NO. 1 

CONSTITUENT EXPT. 
NO. 2 

Fe 	  
Mn 	  
Si 	  

	

80.3 	80.5 

	

12.0 	9.2 

	

5.3 	6.2 

	

3.2 	2.7 

	

0.2 	0.3 

	

0.007 	0.016 

ntanganese 	UZ —  I 	ipci Lent 
Silicon 	  17-20 	PP Pt 

Carbon 	 I  5 (max) " " 

Near the end of the campaign the 
s ilicornanganese produced met these 
specifications except that it con-
tained only 62.3 per cent manganese. 
It is  belb that, if the mangan-
ese : iron ratio in the ore had  been 

 slightly higher, the silicon content 
of the metal produced could have 
been maintained in the range of 17- 
20 per cent without depressing the 
manganese content below the speci-
fied 65 per cent. It is possible that 
the 65 per cent figure could have 
been reached in a commercial-size 
furnace operating with maximum ef-
ficiency. 

Near the end of the operation, 
when the silicon content reached 18 
per cent, the carbon content of the 
product was depressed to .values  be-
low  the specified  maximum of 1.5 
per cent. 

A short period (8 hours) of par-
ticularly good furnace operation oc-
curred near the end of the campaie, 
when a mixture of wet, stringy bark 
and fine anthracite coal was substi-
tuted for the mixture of chips and 
sawdust. Since this coincided with 
the time when the furnace had 
reached thermal equilibrium and 
when the optimum proportions of 
ore, reductant, and limestone had 
been fairly well established, it was 
impossible to decide whether or not 
the improved operation was due to 
the use of the bark-anthracite com-
bination. The limited supply of ore 
did not permit a more thorough in-
vestigation of this interesting point. 

As in all other experimental work 
with the 250 k.v.a. furnace, the fig-
ures  for  power and electrode con-
sumption doubtless were consider-
ably higher than they would be in a 
large-scale commercial operation. 

• 	• 
l'ART lîl 

S PIE GELEISEN Fnom M ADOC ORE 

(Ont.) 

The ore from Madoc, Ontario, 
'vas  essentially siderite containing 
about 1.4 per cent of manganese. Its 
anal sis  is given in Table I. It was 
anticipated that pig iron and spie-
geleiseti could be produced from this 
Ore by the following process: 

(I) Calcine the ore to decompose 
the carbonate and remove any corn-
bincd water that might be present. 

(2) Smelt the calcined ore to re-
move a large proportion of the iron 
a s  pig iron ,  and produce a sla g  hay- 

ing a manganese : iron ratio ot 1 : 3, 
or possibly even I : 2. 

(3) Re-smelt the slag produced 
in (2), with an added amount of 
lime, to produce spiegeleisen. 

EXPF:RIMENTAL WORK 

A small-scale exptriment in the 
batch-type 60 k.v.a. furnace was 
performed to determine the feasibil-
ity of producing pig iron and en-
riched slag from the calcined ore. 
The calcination, performed at about 
950 ° C. in an oil-fired rotary kiln, 
resulted in a loss of 34 per cent in 
the weight. This loss was approxi-
mately equivalent to the percentage 
of CO2  in the original ore. 

In the smelting operation, a basic 
furnace-lining and arc-resistanoe 
heating were employed. Coke was 
used as the reductant. Since the ore 
contained very little silica, quartz 
was added to adjust the base : acid 
ratio. The slag produced contained 
4.3 per cent manganese and 9.1 per 
cent iron. The metal contained 3 
per cent manganese. 

Discussio x 

The manganese : iron ratio was 
increased from 1: 19 to 1 : 2.1 in 
this smelting operation.- In view of 
the experience gained in the smelt-
ing of the Woodstock ore, there 
seemed to be little doubt that this 
enriched slag could be re-smelted to 
produce spiegeleisen. Accordingly, 
it was decided to discontinue the 
work with the 60 k.v.a. furnace and 
perform the complete process, (2) 
and (3) above, on a larger Scale 
in the 250 k.v.a. furnace at a 
later date. 

PART iv 

SPIEGELEISEN FROM STEEP ROCK 

« WALL PAINT' ORE (Ont.) 

The ore from Steep Rock, On-
tario, known as 'Wall Paint', is es-
sentially a low-grade iron ore con-
taining about 3 per cent of mangan-
ese. It was anticipated that pig iron 
and spiegeleisen could be Produced 
from this material by a process 
similar to that used in the case of 
the siderite ore from  Madoc. 

The results obtained in prelim-
inary experiments in the 00 k.v.a. 
furnace were sufficiently , ncourag-
ing to justify experimentat;''n in the 
250 k.v.a. furnace. As .this article is 
being written ,  this larger-scale work 
is in progress. It is -hoped that it 
will be possible to report the re-
sults obtained in a later article. 

PART r 

S PIEOELE/SEN FROM KNOB LA K 

Olt E (Que.) 

The ore from Knob Lake, Que-
bec, was a inanganiferous iron ore 
containing about 13 per cent man-
ganese. The analysis of the material 
after calcination is shown in Table 
I. Since the manganese : iron ratio 
in this material was I : 3.9, it was 
hoped that a standard spiegeleisen 
containing 16-19 per cent mangan-
ese, 6.5 per cent maximum carbon, 
and 3 per cent maximum silicon 
could be produced in a single smelt-
ing operation. This investigation is 
still in progress and it is possible 
to report only the reaults of two 
preliminary experiinents in the pres-
ent article. 

EXPERIMENTAL WORK 

Two small-scale batch :type ex-
periments were performed in the 60 
k.v.a. furnace. In each case, coke 
was used as the reducing agent. 
Since the ore contained only small 
amounts of slag-forming constitu-
ents, both lime and silica were add-
ed to the charges. A higher base : 
acid ratio was used in the first 
experiment than in the second one. 

The results of these experiments 
are shown in Table VIII. 

TABLE VI I I.-ANALYSES OF SPIECELEISEN 
PRODUCED FROM KNOB LAKEPRE (70) 

The slag from the second ex-
periment contained 6.8 per cent 
manganese and 4.2 per cent iron. 

Di sec ssi o m 

Although spiegeleisen having the 
desired manganese content of 16 per 
cent was not obtained in either of 
these experiments, the results ob-
tained indicated the probable sources 
of the difficulties and pointed to 
methods of overcoming them. Some 
manganese was lost by vaporization 
in the first experiment and a con-
siderable amount of manganese  vas 

 left in the slag in the second ex-
periment. The spiegcleisen produced 
in the second experiment (lower 
base : acid ratio) had a lower man-
ganese content and a higher content 

279 



Table TX.—Haterials Used and Energy Consumed per Ton of UsefUl Product 
in 250 KYA Furnace Ebcperimente. 

Woodatock, N.B., Ore 	
11 Eric.= Bay 

U111,1im. 
Ueeful 	Product 

}atonal 	 Enriched 	Silica- 	Ferro- 	Silico - 

	

Slag, 	manganese 	manganese 	manganese 
(First Stage) 	(Second Stage) 	(Third Stage) 	(15%  Si) 

Ore (n.) 	 3046 	 7263 

Eariecd Slag (lb.) 	- 	 9290 	 5294 
Lime (lb.) 	 114 	 604 	 3600 

Limestone (lb.) 	 2905 
Coke (lb.) 	 361 	 1635 
Wood uaste (lb.) 	 10818 
Silicomanganese (18: Si) 

(lb.) 	 2415 
Electrodes (lb.) 	 45 	 277 	 180 	 192 

Energy (EWE) 	 2110 	 12820 	 6980 	8267 

of silicon, phosphorus, and sulphur 
than the metal produced in the first 
ex periment. 

It is planned to perform further 
experiments with ore from Knob 
Lake, paying particular attention 
to the maintmiance of an optimum 
base : acid ratio in the slag and to 
methods of reducing the manganese 
loss due to volatilization. It is hoped 
that spiegeleisen having a mangan-
ese content of at least 16 per cent 
tan  eventually be produced in a sin-
gle-stage operation, 

SUMMARY 

(1) Experiments at the Mines 
Branch, Dept. of Mines and Tech-
nical Surveys, Ottawa, have shown 
that a number of Canadian mangan-
ese ores, which are too low in grade 
to be treated by conventional meth-
ods, can be treated by electric smelt- . 

 ing to produce ferromanganese, sil-
icomanganese, or spiegeleisen. 

(2) Very large laboratory-scale 
experiments on a low-grade mangan-
ese ore from Woodstock, N.B., have 
shown that the production of fenro-
manganese and pig iron from this 
ore by a three-stage smelting pro-
cess is feasible, and the results ob-
tained have been sufficiently prom-
ising to warrant the construction  of  
a pilot plant for the further devel-
opment of the process. 

(3) A very large laboratory-scale 
experiment on a low-grade ore from 
13rigus Bay, Newfoundland, has 
shown that silicomanganesc can be 
produced from this material in a 
single-stage smelting process. 

(1) Sinaller-scale experiments on 
a low-grade siderite-type ore from 
Madoc, Ontario, and on a low-grade 
iron  ore  (known as 'Wall Paint') 
from Steep Hock, Ontario, indicated 
that spiegelcisen and pig iron could 
lie  produced from each of these  mua- 

tenais  by a two-stage process. In 
both cases, the results were consid-
ered to be sufficiently promising to 
warrant further experimental work 
on a larger scale. 

(5) Preliminary small-scale ex-
periments on a manganiferous iron 
ore from Knob Lake, Quebec, indi-
cated the'possibility of producing a 
4tandard grade of spiegeleisen from 
this ore by a single-stage smelting 
process. 

The results of these experiments 
clearly show the value of electric 
smelting for the treatment of low- 
grade maimanese ores. If the man-e,  
ganese : iron ratio in the ore is suit-
able ., silicomanganese or spiegeleisen 
may he produced by a single-stage 
smelting operation. If this ratio is 
particularly low it may be prefer-
able to use a two-stage or three-
stage smelting operation. 

In Table IX, a summary is given 
of the materials used and the pow-
er consumed in producing one ton 
of useful product in each stage of 
the smelting of the Woodstock ore, 
and in the smelting of the 13rigus 
Bay ore. 

While a great deal has been ac-
complished in the researches report-
ed in this article, much still remains 
to be done. It is planned to experi-
ment with manganese ores from 
other parts of the country and an 
attempt will be made to solve the 
problems which will arise in each 
particular case. In addition, it-is 
planned to  continue the investiga-
tion of problems such as the effects 
of manganese : iron ratio and base 
: acid ratio, methods of treating 
high-phosphorus ores, methods of 
reducing manganese volatilization, 
and the use of wood .  waste as a 
reductant. 

Tlie excellent co-operation of the 
companies which have submitted 
their problems for investigation has 
been particularly noteworthy and 
the authors wish to take this oppor-
tunity to express their appreciation. 
A number of these companies have 
contributed the services of special-
ists from their own staffs. The ad-
vice of these men, including H. V. 
Glunz, L. J. Lichty, R. T. C. Ras-
mussen, and M..1. Udy, lias contri-
buted materially to the success of 
the various smelting campaigns. 


