


The Leaching of Manganese
from Pyrolusite Ore by Pyrite'

G. THOMAS? and B. J. P. WHALLEY?

A new method of leaching low-grade manganese ore (< 5% Mn)
ntilizing pyrite as a reagent was developed. By heating an aerated slurry
of ore and pyrite and by recycling the leach liquor at controlled acidity
to attack fresh ore, a manganous sulphate solution free of iron was
obtained which when heated to about 175°C., yielded manganous sulphate
monohydrate. During the leaching process, iron in the liquor was alter-
nately oxidized by the pyrolusite and reduced by the pyrite. In an
alternative leaching procedure, the heating of an aqueous slurry of
pyrile in an autoclave first under oxygen pressure and then in the
absence of oxygen produced an acidic ferrous sulphate solution suitable
'for the subsequent leaching of pyrolusite ore at ambient temperatures.

N conjunction with a major iron

mining operation in Ontario, .a
large annual tonnage of manganiferous
low-grade iron ore is brought to the
surface as waste material. The average
composition of this material is 50%
silica, 409, iron oxides, 6% clay and
accessory minerals and 4% manganese
oxides, principally pyrolusite, MnQO,.
If the manganese could be recovered
from this waste material, the amount
available would almost satisfy Canada’s
annual manganese requirement of
30,000 tons. During a Mines Branch
investigation of this material, a new
process for leaching manganese was
developed. This paper describes the
development and chemistry of the
leaching process.

There is an abundant literature on
processes for the recovery of manga-
nesc from relatively high-grade pyro-
lusite ore. Of the many processes, the
most interesting approach for the re-
covery of manganese from this low-
grade material appeared to be that
based on the use of pickie liquor from
the steel industry. Hoak and Coull ()

have shown that pickle liquor, which
contains free sulphuric acid and fer-
rous sulphate, would give a 989
extraction from ores contairting 15 to
25% manganese. There are many
literature references (2% stating that
sulphuric acid and ferrous sulphate
are formed, in the presence of water,
by the air oxidation of the relatively
cheap and abundant mineral pyrite,
FeS,. It seemed reasonable therefore
to determine if manganese could be
leached from an aerated slurry of
pyrolusite ore using pyrite as thé
leaching agent.

Experimental leaching of
manganese dioxide

The initial experimental work to

test the feasibility of leaching pyro-
lusite ore by pyrite was done using
pure manganesc dioxide. When a
slurry of pyrite (809% minus 200
mesh) and manganese dioxide in
water was treated at 175°C. and under
100 psig oxygen pressure for two
hours in an autoclave, very little
manganese was dissolved. Although
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manganese dioxide is insoluble in
dilute sulphuric acid, the addition of
this acid was found to accelerate the
dissolution of manganese dioxide by
pyrite. For example, when 19, v/v

H,SO, was subsututed for water in

the above experiment, the manganese
was dissolved completely in two
hours. :

Additional experiments were done
to determine the effect of lower tem-
peratures on the dissolution of man-
ganese dioxide. The experimental
conditions. and results for these ex-
periments, given in Figure 1, curve 1,
show that the dissolution of manga-
nese by pyrite in 19, v/v H,SO, was
complete after two hours at 110°C.
Analysis of the leach liquors from
these experiments showed that high
manganese:iron ratios of from 8:1 to
42:1 were obtained.

A pachuca was used for many of
the subsequent experiments. It con-
sisted of a glass cylinder fitted with a
sintered glass disc in its conical base
for air dispersion. In an experiment
-using the pachuca, air at atmospheric.
pressure was bubbled through a
slurry of 2 gm manganese dioxide
and 2 gm pyrite in 500 ml 2% v/v
H,SO, at 90°C. Under these leaching
conditions with the open vessel, the
MnO, was completely dissolved in
six hours.

Experimenlal leaching of
pyrolusite ore

To determine if pyrite could be
used to leach manganese from the
low-grade pyrolusite ore, samples of
ore containing 3.7% Mn were treated
at various temperatures in an auto-
clave for two hours with 19 v/v
H,SO, and 100 psig oxygen pressure.
The results of these experiments are
shown in Figure 1, curve 2. A com-
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Figure 1—Effect of temperature on the extraction of manganese from ore and
from MnOQ: in the presence of pyrite.
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Figure 2—Rate of extraction of manganese from ore in the presence of pyrite.

parison of these results with those for
the leaching of manganese from pure
MnO,, curve 1, shows that the leach-
ing of mangancse from the ore was
somewhat slower bu: nevertheless
promising.

Additional cxperiments on the
leaching of pyrolusite ore were then
done in an open vessel. The leaching
experiments were done with pyrite
and 2% v/v H,SO, in a pachuca at
temperatures of 80°C. and 90°C. and

with acid to ore ratios of 3:1 and 4;1
with results as shown in Figure 2%,
By the combined use of the higher
temperature and the higher acid to
ore ratio, a more rapid extraction of
manganesc was obrained. After sev-
eral hours, the percentage extraction
of manganese was approximately the
same in both experiments. The two
experiments show that ‘with an ade-
quate amount of acid and with suit-
able reaction conditions of time and
temperarure, open vessels can he used
for leaching operations.

Having produced manganous sul-
phate liquors by single-stage leaching,
it was necessary to determine if re-
cycling would build up the concen-
tration of manganese in the liquor.
An acrated slurry of 200 gm 4.39
Mn ore and 10 gm pyritc in 800 m}
29% v/v H,50, (pH 0.4) was heated
in a pachuca at 90°C. for four hours.
After separating the leach liquor
from the ore, some water was added
to the liquor to compensate for that
which adhered to the ore. The pH of
the liquor was restored from approx-
imately 1.0 to its original value of 04
with about 25 gm conc. H,S0O, and
the liquor was recycled with fresh
ore and pyrite to the pachuca. The
process was repeated for 11 cycles
with the acidity of the leach liquor
adjusted only for the first six cycles.

Figure 3 shows that during the first
six cycles, when H,SO, additions
were made, there was a build up in
the manganous sulphate concentra-
tion of the leach liquor to about 100
gm MnSO,/1. Although the average
manganese extraction was 65%, in
certain cycles the extraction was as
high as 90%. Subsequent to the sixth
cycle, the manganese concentration
of the liquor increased slightly and
then decreased. The decrease was
probably due to a combination of the
lower manganese extraction during
the last few cycles and the dilution
involved at each cycle in restoring
the volume of the liquor to its initial
value. During the cyclic leaching ex-
periments, about two moles of sul-
phuric acid were required for every

. mole of manganese that was leached.

After six cycles, the leach liquor
contained 3 gm Fe+++/1 and 7 gm
Fe++/1. An important fact noted
during later cycles was that when
the pH increased to above approxi- :
mately 1.5, the iron was precipitated
by hydrolysis; after cycle 8, no iron
was detected in the leach liquor.
Hence, the cyclic leaching of manga-
nese from the low-grade pyrolusite
ore produced a strong manganous
sulphate solution that was free of iron.

*In all graphs where pressures are not indicated,
the cxperiments were done at atmospheric
pressure in & pachuca.
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Evaporation of the recycled leach 100 T LA S e I I T I
liquor gave a hydrated manganous
sulphare. The main impuritics were
Al, Ca, Mg, and Si, and these com-
prised less than 49 by weight of the
manganous sulphate. Manganous sul-
phat monohydrate, the solubility of
which decreases at high temperatures,
was recovered by heating the re-
eyveled leach liquor to about 175°C.
in a closed tube, using a thermal pre-
cipitation method developed at the
Mines Branch.*

200 gm Ore MnS0,
10 gm Pyrite
800 mi 2% H,SQ,
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Study of the leaching reactions

To clucidate the chemistry of the
lcaching process, a number of ex-
periments were done with ore or pure -
MnO, using a glass pachuca and a
reaction temperature of 90°C.
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The effect of pyrite in the leaching
process

To demonstrate that the leaching 20}— ’ el
of manganese involved more than a '
simple acid leach, the following ex-
periment was done. An aerated slurry
of ore in 2¢, v/v H,S0, was heated
for two hours in the absence of pyrite. o [ | 1 . {
The extraction of manganese was o L l . 4 . ry . ry 10 12 °
about 79%. (Possibly this represents . CYCLE.
the percentage of the manganese that
is present in the divalent state in the Figure 3—Cyclic extraction of manganese from ore in the presence of pyrite.
ore). As soon as pyrite was added,
the percentage extraction of manga- _ .
nese from the pyrolusite ore was
greatly increased as shown in Figure 10
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Reactions of ferrous sulphate in 200 gm Ore

the leaching process 800."" 2% Y K80,
Since ferrous sulphate is probably sot¢
i the main leaching reagent in the pro- 80— ]
3 cess, a study was made of its relevant
reactions and their comparative rates.
The reaction by which manganese
dioxide is dissolved by an acidic
ferrous sulphate solution is usually
written as (0)

S
I
J

MnO, 4 2FeSO,; + 2H,S0O, — MnSO; +
Fe;- (SO;); + 2H10 (1)

The rate of this reaction was very
rapid at 90°C. as shown by Figure 5,
with the dissolution of the manganese
dipxide being complete in about one
minute. In agreeinent with Equation
1, the curves of Figure § show a
change in pH and in ferrous ion con-
centration during the dissolution of
the manganese. 20— .

Although the reaction of ferrous

sulphate with manganese dioxide is
fast, the formation of ferrous sulphate 2

EXTRACTION (%)

Mn
H
(o]
|
|

°In preparation for publication. | - I |
®®When pyrrhotite, Fe,S,, was substituted for 0 ] 2 3 4 L]
Pyrite, no significant change was observed in . TIME (HOURS)
the leaching reaction rate. Sce also recent
paper by DBjorling(11} on the autoclave
leaching of manganese ore Ly pyrrhatite, Figure 4—Eflect of addition of pyrite on extraction of manganese from ore.
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Figure 5—Rate of reduction of MnO; by ferrous sulphate..
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Figure 6—Rate of o::Idation of ferrous sulphate by air and by oxygen.

from pyrite %) is known to be slow,

FeSs + 3140: + 11,0 — FeSO, + n,s(o.

.......... 2)
For example, only 5% of the pyrite
was oxidized in four hours when a
slurry of minus 200 mesh pyrite in
dilute H,SO, of pH 1.0 at 90°C. was
acrated with oxygen. No significant
change in the reaction rate was ob-
served when an H,SO, solution of
pH 0.4 was uscd.

The ferrous sulphate formed by
reaction 2 may be oxidized 4% by
oxygen according to
2FeSOy 4 140. 4+ H.S0, — Feq (S04); +

1LO. . (3)
The removal of ferrous ion by this
reaction might be expected to inter-
fere with the leaching of pyrolusite
by reaction 1. However, Figure 6
shows that even when copper sulphate
is present as a catalyst, the oxidation
of ferrous sulphate by air or oxygen
is relatively slow. Hence the air oxi-
-dation of ferrous ion in acidic solu-
tion is not likely to impede the leach-
ing operations.

Although equations 2 and 3 indi-
cate that ferric sulphate could be
formed when pyrite is oxidized, no
ferric ion was detected when acidic
slurries of pyrite at 90°C. were
aerated at atmospheric pressure. Any
ferric ion that was formed must have
been reduced again by the residual
pyrite, possibly by a reaction such
as (2)

FeS: + 7FE: (804)3 + 8H.0 —
15FeSO, 4 8H,SO. .(4)

The rate of reduction of a ferric
sulphate solution by minus 200 mesh
pyrite is shown graphically by Figure
7. Although this is a slow reaction, it
might be, for liquors containing ferric
sulphate, the main source of ferrous
ion for leaching pyrolusite ore.

The effect of acid concentration
and of ferric sulphate addition on
the leaching process

In the first experiment, a slurry of
MnO, and pyrite in an H,;SO; solution
of pH 0.4 at 90°C. was aerated with
oxygen. Figure 8 shows that the man-
ganese was dissolved at a uniform
rate; after four hours approximately
80% of the mangancse had reacted
with the pyrite to form manganous
and ferric ions. The initial rise in the
pH of the solution was probably due
to the impurity siderite, FeCO,, that
was present in the pyritc and the
subsequent progressive rise in the pH
was likely due to the dissolution of
the manganese dioxide.

When dilute H,SO, of pH 1.0 was
substituted for acid of pH 0.4 in the
above cxperiment, the results shown
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in Figure 9 were obtained. With the 30 T I i I
dilute acid of this experiment, most
of the acid was soon uscd up and the
remaining was insufficient to kecp
ferric ion in solution. The curves 30 gm Fey(S0,)g 6 H,0
show that for pH valucs above ap- 10 gm Pyrite

i r 1.7, the rat dissolu- ___
proximately 1.7, the rate of u 500 mi 2% % K, S0, 3
tion of manganese was very slow.

The effect of adding ferric sulphate s0°¢
to an acidic aerated slurry of MnO, 20}
h and pyrite, as shown by a comparison
of Figure 8 with Figure 10, was to
increase the rate of dissolution of the

MnQ,. Evidently the ferric sulphate
/ was reduced by the pyrite to form
ferrous sulphate which reacted rapidly
with the MnQ,. The ferric ion con-
tinued to be reduced by the pyrite
after all the MnQO, had dissolved.

Fe'""REDUCTION (%)
{
~N

Autoclave-produced acidic ferrous
sulphate solutions

Fo** CONCENTRATION (GMA)

s Since the leaching of pyrolusite ore
by pyritc consumes acid, an alterna-
tive-procedure was investigated. The
objective was to adapt the oxidation
of an aqueous slurry of pyrite in an
autoclave (719 for the production of | i | )
an acidic ferrous sulphate solution. 0 I 2 3 2
Hoak and Coull (D have shown pre- TIME (HOURS)

viously that pyrolusite ore can be
leached rapidly at ambient temper-
atures with acidic solutions of ferrous
sulphate.

In one experiment, a slurry of
pyrite in 29 v/v H,SO, was heated
' mn an autoclave at a temperature of
110°C. and under an oxygen pressure 100 T T T T T !
of 300 psig. The acid was added to
decrease the precipitation of ferric
ion by hydrolysis in the initial stages 10gm Mn O, .
of the reaction. About 609, of the 10 gm Pyrite Mn
pyrite was oxidized in five hours with ool 600 ml 2% ¥ H,50, (pH 0-4)

h nearly 709% of the pyritic sulphur 90°¢C

Figure 7—Rate of reduction of ferric sulphate by pyrite.

being changed to sulphate sulphur and
309 being recovered as elemental
sulphur. This autoclave trearment
produced an acidic liquor containing
predominantly ferric sulphate. To
obtain a ferrous sulphate liquor, the
same experiment was repeated but the
oxygen was released after three hours
and replaced by nitrogen.

Figure 11 shows that the treatment
of pyrite in an autoclave produced
quickly a liquor- containing both fer-
\ rous and ferric sulphate. When a high
% oxygen pressure was present, the iron
A was changed niainly to the ferric state.
When the oxygen was replaced by
flitrogen, the reduction of the ferric
lon by pyrite produced an acidic
liguor containing approximately 200
gm ¥eSO,/, 60 gm Fe,(50,),/1 and
0 gm H,SO,/1. This autoclave q
liquor is similar in composition to L 1
pickle liquor which has been reported
M to be suitable for leaching pyro-
lusite ore at room temperaturc.. The
autoclave process appears .o be a con- Figure 8—Rate of dissolution of MnO, in 2% v/v H.SO, in the presence of pyrite.
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Figure 9—Rate of dissolution of MnO: in 0.3% v/v H.SO, in the presence of
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Figure 10—Rate of dissol=tion of MnO: in 2% v/v H.SO. in the presence of

venient method of producing an
acidic ferrous sulphate liquor for
leaching purposes.

Summary and Conclusions

Manganese was extracted from a
pyrolusite ore (4% Mn) by heating
an aerated aqueous slurry of ore and
pyrite. A rapid extraction of manga-
nese was obtained by leaching the ore
in an autoclave at high oxygen pres-
sures and high temperatures. It was
found that satisfactory extraction
could be obtained, at a slower rate,
by using open vessels and relatively
low temperatures. A temperature of
90°C. was used for most of the
experimental work since adequate
extractions could be obtained in a
relatively short time, e.g. manganese
extractions of up to 909 were ob-
tained within four hours. For com-
mercial operations, prolonged leach-
ing periods at lower temperatures
might be more economical.

‘Recycling the leach liquor at con-
trolled acidity to leach additional ore
gave a concentrated solution contain-
ing about 100 gm MnSO,/1. Approxi-
mately two moles of sulphuric acid
were required to dissolve one mole of
pyrolusite from the ore. Evaporation
of the recycled solution gave an iron-
free hydrated manganous sulphate of
which the main impurities, Al, Ca,
Mg and Si, comprised less than 4%
by weight of the product. Manganous
sulphate was recovered using substan-
tially less heat when evaporation was
replaced by heating the recycled
solution to about 175°C. to precipi-
tate manganous sulphate monohy-
drate.

Although many chemical reactions
are undoubtedly involved, the leach-
ing of pyrolusite ore by this process
is essentially the reduction of MnO,
by ferrous jon to acid-solution diva-
lent manganese. The ferrous ion i1s
obtained from the reaction of pyrite
with air or with ferric ion. During
the dissolution of manganese, the iron
is alternately oxidized by the pyro-
lusite and reduced by the pyrite, as
shown by

MnO,
Fet+t &——= Fet++
FeS,

ie. the ferrous ion is continuously
regenerated .during the leaching pro-
cess,

By heating an aqueous slurry of
pyrite at 110°C. in an autoclave, first
under oxygen pressure and then in
the absence of oxygen, a concentrated
acidic solution of ferrous sulphate
(200 gm FeSO,/1) was obtained.
Hoak and Coull M found that solu-
tions of similar composition were
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suitable for leaching pyrolusite ore at 100 T T T T
room temperature. Hence, for large-
scale leaching opcrati(ms with the
low-grade ore used in this investiga-
tion, two leaching procedures mighe
be feasible. In the one process, the
leaching would be done by heating 80— 5
acrated slurries of ore, pyrite, acid 0."" N e
and water in pachucas. In the altern- to*e

ative process, pyrite and water, in N>~ — "
amounts small in comparison with
that of the ore, would be treated in
autoclaves to produce acidic solutions -
of ferrous sulphate for the subsequent
A leaching of ore at ambient temper-
atures.

500¢gm Pyrite

v, -
1500 ml 2% Y WSO, on e
300 psig °z 5\)\;// Fort
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