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The following specification deseribes the nature of this invention.

Tr1s 13 sv INVENTION BY THIRUMANGALAM RENGASWAMI VENKATASUBRAMANIAN Bewior LaBORATORY
AgarsTant, aNp VEERARAGAVA ARAVAMUTH AN Sgnior Scientiric OFFICER, ALL oF TEE UENTBAL
EvLrcThocHEMICAL. RpsBarom  INsTrTutE, Arscarra Colikce, P.0. Karavpi, 8. Roy. Inpia, Bora INpian

CITIZENS.

This invenlion relates to utilization of waste sulphate
pickle liquor from iron and steel industries for the pro-
duction of manganese sulphate and ferric oxide.

The invention has particular reference to improve-
ments in or relating to the wtilization of waste sulphate
pickle liquor from iron and steel industries for the pro-
duction of manganese sulphate and fervic coxide trom
manganese ores with special reference to the treatment
of low grade ores of high iron and silica contents.

Although the use of waste pickle liguor for the pro-
duction of manganese sulphate from manganese dioxide
{or pyrolusite ore) or manganese carbonate (natural or
synthetic) is covered by an L.dian Patent No. 42281, ne
mention is made there regarding the use of low-grade
manganese ores for the said purpose. The process des-
cribed here is different from the one described in the
Indian Paten{ 42281. In the presnt process ferric sul.
phate and manganese sulphate ave produced initially and
ferric oxide is obtained hy preferential thermal decorn-
position of the mixed sulphates. Manganese sulphate
remains undecomposed., The carlier patent referred to
above relates only io the reacfion between waste pickle
liguor and manganese dioxide or pyrolusite ere for the
production of manganese sulphate and ferric oxide in ome
stage. If this method is applied to low-grade, ores, ironm
oxide suitable for use as a pigment cannot be directly
obtained as a residue because it will be contaminated
with varying proportions of different forms of iron oxides
present initially and unacted upon in the ore, silica, eto.,
besides ferric oxide formed 28 a result of reaction.
Henece it haz to be further purified if the pigment grade
of ferrie oXide iz tu be obtained,

In che present process which is applicable not only
to pyrolusite ore but also to low-grade, high iron silica
ores coniaining omly about 30 per cent. manganese,
manganese sulphate and ferric sulphate produced by in-
teraction hetween waste pickle liguor and ore is leached
out first, This initial leaching step is not included in the
patent 42281 but is considered eossential in the present
process to get kigh purity ferric oxide and manganese
sulphate in subsequent steps.

The method evolved hy us consists in reacting —100
mesh size low-grade manganes ores with pickle liqugr in
proper proportions at 85-95°C., filtering off the ferric sul-
phate-manganese sulphate solation evaporating it to dry-
hess and decomposing the eolid at 650-700°C. The sul-
phurous gases expelled can he collected and utilised.
Pure manganese sulphate is leached out from the residue
feaving behind pure ferric oxide, if necessary with the
addition of small amounts of manganese carbonate,

In a typical experiment the following results were
ohtained :

B0 gms. of manganese ore containing 33-51 per cent.
nianganese and 22-8 per cent. iron was ireated with
pickle lignor containing 167 gms, of ferrous sulphate
FeB0,. TH,0) and 36 gms, of sulphuric acid in 411 ccs.
of water, 225 ccs. of manganese sulphate solution com-
taining 6 per cent. manganese and less than G-1 per cent.
iron was gob. This represents more than 80 per cent.
extraction of the mangahese originally present in 50 gms.
of the ore. 33 gms. of ferric oxide containing 66-04 per

cent. iron was obtained as a valuable byproduct suitable
for nzse as a pigment, The quality of iron oxide thus
ohtained satisfes the requirements preserihed for iron
oxide pigment by the Indian $tandards Institution,
The manganese sulphate solution has been found to be
suitable for the production of hattery grade manganese
dioxide,

An additiona) advantage (the important advantage
being the utilisation of low-grade high iron-silica mange-
nese ores} of our process is that hesides waste pickle
lignor mixtures of waste pickle liguor and the cell
efffuent (a mixture of manganese sulphate and esulphurie
acid) from electrolytic manganese dioxide plants can alse
be utilized for the production of pure manganess sul-
phate from low-grade manganese ore.

Modified procedure for wtilising pickle liguor in com-
bination with cell efluent from  electrolyfic manganese
plants:

The production of pure manganese sulphate and pure
iron hydroxide from low-grade manganese ores and waste
pickle liguor can alzo be carried ount using pickle liguor
in conjunction with the cell effluent from eletrolytic
manganese plants, The following modification of the
procedure is necessatry hecause of the presence of ammo-
niam sulphate in cell efuent from electrolytic manganese
plants. After obtaining a mixture of manganese and
ferri¢ sulphates in solution by treating lowgrade ore
with pickle liguor as deseribed earlier iron is eliminated
as hydroxide by adding manganese carbonate. The man-
ganese carbonate neeessary for the process is obtained
from the cell effluent from the electrolytic manganese
plants (containing a mixture of manganese sulphats,
ammonium sulphate and sulphurie acid) by neutralising
it with ammonia and then reacting in the presence of
carbon dioxide and ammonia. Manganese carhonate is
precipitated and ammonium sulphate iz obtained in
solution as a valuable byprodoct. Conclusions on the eaid
lines were arrived at as a result of numerons experiments
with artificially made cell effluent from elestrolytic man-
ganese producing plants,

The process deseribed here is also different from the
method of Hoak and Coul {(Chemica! Engineering Pro-
grass (19500 Vol. 46, No. 3., pp. 158-162) for utilizing low
grade manganese ores by reacting lhem with waste pickle
liquors. Hoak and Coul concentrated their attention om
preventing the formation of ferric sulphate along with
manganese sulphate during the leaching operations.
Contrary to this we find it advantageons to leach out
manganese as manganese sulphate along with  ferrio
sulphate which is subsequently used for recovering pure
manganese sulphate and iron oxide. Hoak and Coul
eliminated iron by the addition of precipitated chalk and
concentrated their attention only on the production of
manganese oxide concentrates from low-grade ores
through the intermediate formation nf manganese sulphate
and chloride. Thus the valuable sulphate content of
pickler liguor eliminated as a product of low value,
viz., calcium sulphate and m a country like India which
iz deficient in sulphur resources such a method cannot be
economical,

From the shove it will he clear thal the process des-
cribed here is superior to other methods patented for the
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production of pure manganese sulphate and pigment
g_rade ferrie oxide from mangapese ores and waste pickle
lighor and has wider application hecause,

(1) it utilises low-grade manganess ores;

(2) it utilises waste pickle liquor as such;

{38) it utilises waste pickle Iiquor in conjunction with
the cell effluent from electrolytic manganese
dioxide plant; and

|

(4) it utilices waste pickle liguor in conjunction with
the cell efffuvent from electrolytic manganeso
plants,

R. BHASKAR PA!l
Patents Officer,

COUNCIL OF SCIENTIFIC & INDUSTRIAL
RESEARCH.

Dated this 7th day of February, 1957
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This invention relates to utilization of waste sulphate
pickle liguor from iron and steel industries for the pro-
duction of manganese sulphate and ferric oxide,

The invention has particular reference to improwe
mentg in or velating to the utilization of waste sulphate
pickle lignor from iron and steel industries for the pro-
duction of manganese sulphate and ferric  oxide from
manganese ores with special reference to the treatment

of low grade ores of high iron and silica contents,

Although the use of waste pickle liquor for the pro-
duction of manganese sulphate from manganese dioxide
for pyrolusite ore) or manganese carbonate (natural or
synthetic) is eovered by an’Indian Patent {No. 42287,
Do mention is made there Tegarding the use of low-grade
manganese ores for the said purpose. The process des
cribel here is different {rom the one deseribed in the
Indian Patent 42281, Awcording to the present inven-
tion, ferric sulphate and mangsnese sulphate are pro-
duced initially and ferrie oxide is obtained by pre-
forential thermal decomposition of the mixed sulphates.
Manganese sulphate remains undecomposed. The earlier
pateni referred to above relates only to the reaction
between waste pickle liquor and manganese dioxide or
pyrolusite ore for the production of manganese sulphate
and ferric oxice m one stage. Tf this method is applied
te low grade ores, iren oxide suitable for use as a pig-
ment cannot be directly obtained as a residne because it
will be contaminated with varying proportions of differ-
ent forms of iron oxides present initially and unacted
upon in the ore, silica, besides ferric oxide formed as a
result of reaction. Hence it has to be further purified
if the pigment grade of ferric oxide is t0 he obtained.

In the present process which is applicable not only
to pyrolusite ore but also to low-grade, high iron siliea
gres containing low percentages of manganese, manganese
sulphate and ferrie sulphate produced by interaction be-
tween waste pickie liquor and ore is leached outb firss.
This initial leaching step s not included in the patent
42981 hut is considered essential in the preseant process
to.get high purity ferric oxide and manganese sulphate
in subsequent steps.

The method evolved by us consists in reacting —100
mesh size low-grade manganese ores with pickle liquor
at 85-95°C. in the stoichiometric proportion required by
the equation Mn0,+2 FeS0,+2H 80,=Mns80, + ey
(80),+2H 0. After filbration of the slurry ferric sul-
phate-manganese sulphate solution is evaporated to dry-
ness and the wsolids decomposed at 660-700°C. The sul-
phorons gases  expelled can  be eollected  and utilized.
Practically pure manganese sulphate is leached out from
the residue, leaving behind pure ferric oxide. Traces o_f
iron present in the mangzanese sulphate solution is elimi-
nated hy boiling with small amounis of manganese car-

bonate.

ExaMrie 1.

Tn a typical experiment the following results were
obtained :

5) grams of mangawese ore containing 335 per cent,
manganese and 22-3 per cent, iron was leached with 500
ml. pickle liquor containing 167 gms. of hydrated terrous
slphate (FeB0O, 7 H,0) and 36 gms. of sulphuric acid
at 85.85°C. The reaction was carvied out in a pyrex
glass beaker of 600 ml. capacity. Heating was done by
immersing a glass coil into which steam was passed,
The elurry was mechanieally stirred during the reaction
and water was periodically added to maintain the 1olnme
contstant. After the reaction was over (30-40 minntes)
the slurry was filtered by employing a water suction filter.
400 mwl. of filtrate containing 34 per cent. manganese
and 585 per cent. of iron (as manganese and ferric sul.
phates} was obtained., This was evaporated first in a
gilica dish to dryness and then sintered at 650°-700°C.
for an hour by a nichrome wire wound electric resis-
tance furnace, The rezidue which was in the form of a
cake was powdered and leached with boiling water for
15 to 20 minutes, The slurry wag filtered. 225 cos, of
manganese sulphate solution containing 6 per cent,
manganese {w/v} and less Jhawa 01 per cent. iron (w(v)
was thus obtained. This represents more than 80 per
cent. extraction of the manganese originally present in
80 gms. of the ore. 33 gms, of ferric oxide containiug
66-04 per cent. iron was obtained as a byproduct. The
quality of iron oxide thus obtained satisfied the require-
ments prescribed for irom oxide pigment by the Indian
Standards Institution. The manganese sulphate solution
was found to be suitable for the production of battery
grade manganese dioxide,

The same experiment was repeated on a larger scale
uzing the following modifications. Instead of a pyrex
glass heaker, a lead lined vessel {(of internal dimensions
60 cm.x 30 cor, x 30 em.) waz used as leaching tank and
4 Kgms. of ore was Ieached using 36 litres of pickle
Hguor contaiving 15 per cent. FeS(0, and 5 per cent.
H. B0, (wfv). A silica sheathed electric immersion
heater was used for heating the solution and the sturry
was stirred by means of a 1/12 HP electrically operated
gtirrer, “Denever’’ filter was used im conjunction with
taboratory water suciion pump for filtering the shary.
Vessels made of naturally occuring stome  available in
adjoining areas of Salem in South India were used for
evaporating the extract and sintering the solid. Same
results were obtained ag in the Iaboratory scale experi-
ment—that is, from 4 Kgms of ore 18 litres of manganese
sulphate solution (containing & per cent. Mn (w/v) or 3
Kems of solid MnS0,) and 26 Kgms of red ferric oxide
were obtained,

An additional advantage (the imporfant advantage
being the utilisation of iow-grade high jron-silica manga-
nese ores) of our process iy that besides waste pickle
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lignor mxtures of waste pickle liquor and the ecell efflnent
(a mixture of manganese sulphate and sulphuric acid)
from electrolytic manganese dioxide plants can alsg be
utilised for the production of pure manganese sulphate
from Fow-grade manganese ore.

Modified proeedure for ulilising pickie lhgwor in eom-
bination with cell effiuent from electrolytic manganese
planis:

The production of pure manganese sulphate and pure
iron hydrezide from low-grade manganese ores and waste
pickle liguor can alse be carried out using pickle liguor
in conjunction with the cell efluent from electrolyiic
mauganese plants, The following modification of the
procedure 35 necessary because of the presence of ammo-
ninm sulphate in cell effluent from electrolytic manganese
plants. After obtaining a mixture of manganese and
ferric sulphates in solution by treating low-grade ore with
pickle Iiguor as described earlier, iron iz eliminated as
hydroxide by adding manganese carbonate. The manga-
nese carbonate necessary for the process is obhtained from
the cell effluent from the electrolytic manganese plants
{containing & mixture of manganese sulphate, ammonium
sulphate and sulphuric acid) by mneutralising it with
ammonia and then reacting i the presence of carbon
dioxide and ammonia. Manganese carhonate is preci-
pitated and ammonigm sulphate s cbtained in so]uifion
as a valuable byproduct, Conclusions on the eaid lines
were arrived as a result of numerous experiments with
artificially made cell effluent from electrolytic manganese

producing plants.

Examrie 2.

(i) An sartificial mixtare of manganese _sulphate,
ammonium sulphate and dilute sulphuric acid corres-
ponding to the composition of cell effluent of a typl?al
electrolytic manganese plant, was prepared. The mix-
ture had the following composibion.

Manganese (as sulphate)
(NH,) 80,

10 gms/litre.
135 gms/litre.
H,B80, &0 gms/litre.

1 litre of this misture was takem, and peubrahsed by
adding liguor ammoma until the f_ree a.cld_ was com-
pletely neutralised. To this neutralised sclution 22 gms.
of ammonium bicarhonate (solid) was added to completely
precipitate manganese 3s manganese ”carbona,te. The [?}"J;;
cipitated manganese carbonate was nlt.ere.d, washfed wi
water containing dissolved  carbon dioxide  dried ‘and
weighed 20 gms. of manganese carbopate was obtained
corresponding to 95 per cent, recovery of the manganese
originally present.

(i) 700 eces. of a mixture of manganese
and ferric sulphate containing 55 gms of rFlanganese per
litre and 112 gms, of iron {both Molar with respect t:g
manganese and ferric sulphates) was taken sand hea111
to BD® to 90°C. 241 grams of finely powdered fres 5
precipitated manganese carbobate was a_dded to preci-
pitate iron as hydroxide, the slurry was filtered a.n(.] the
extract was evaporated, heated to dryness and welg;ed
as anhydrous manganese sulphate. 350 grams of Mn ({4
were obtained, The washed sturry of hasic fex;nc Su(i
phate and ferric hydrozide was sintered to 7{}0‘0. a.g
washed with water and dried. 106 grams of ferric oxide
waz obtained.

The process deseribed here s aiso different from the
method of Hoak and Coul (Chemiesl Engineering Pro-
gress (1950) V1. 46, No. 3, pp. 158-162) for utilizing low-
lgra\,cle manganese ores hy reacting them with waste pickle
liquors. Foak and Coul concentrated their attention on
preventing the formation of ferric sulphate along }vith
manganese sulphate during the leaching  operations.
Conirary to this we find it advantageous to leach eqt
manganese as manganese sulphate along with fer'rw
sulphale which is subsequently nsed for recovering
pure manganese suiphate and iron oxide. Hoak and
Coul eliminated iron hy the addition of precipitated
chalk and concentrated their atteation only on the pro-
duction of manganese oxide concentrates from low-
grade ores through the intermediate formation of man-

sulphate
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ganese sulphate and chloride. Thus the valusble sul-
phate content of pickie liquor was efiminated as a Tro-
duet of low value, wir., calcium sulphate and in &
aountry like India which is deficient in sulphur re-
sources such & method cannot be economical,

From the above it wmill be clear that the process des
cribed here is superior to other methods patented for the
production of pure mangsnese enlphate and pigment
grade ferric oxide from manganese ores and wasle pickle
liquor and has wider application because, '

(1) it utilises low-grade manganese ores;

(2) it utilives waste pickle liguor as such;

(3} it utilises waste pickle liguoer in conjunction with
the cell effiuent from electrolytic manganewe
dioxide plants; and

(4) it utilises waste pickle liguor in  conmnction
with the cell efiluent from electzolytic manga-
nese plants,

We claim:

o 1. A procesg for the productim} of manganese sulphate

om manganese ores which consist in reacting the ore
with waste pickle liquor to produce ferric sulphate and
manganese sulphate and subjecting the mixed sulphates
to thermal decomposition ta  obtain ferric  oxide
manganese sulphate remaining undecomposed. ’

2. A process as claimed in Claim 1 wherein the man-
ganese ore comsists of pyrolutite ore or highly ferrage.
nous silicicus low-grade manganese ore,

3. A process as claimed in Claim 1 or 2 wherein a mix-
ture of ma..ganese sulphate and forrie sulphate ig first
p_roduced in solution by interaction bewteen waste pickle
hql‘wr and ore and separated out from the unreacted
residue by filtration.

4. A process as claimed in any of the preceding claims
wherein -100 mesh or any lower particle size low grade
manganese ore iz reacted with pickle liguor containing
5-15 per cent, FeS80, and 0-5 per cent. H,B0,, filtering
off the ferric sulphate-manganese sulphate solution,
evaporating it to dryness and decomposing the solid at
650-700°C., resulting in expulsion of sulphurous gases
which can be collected and utilized, and a residue.

5. A process as claimed in Claim 5 wherein pare man-
ganese sulphate is leached oub from the residue leaving
behind pure ferric oxide,

6. A process as claimed in Claim 1 wherein a mixture
of waste pickle liquor and the cell effiuent {a. mixture of
manganese sulphate and sulphuric acid) from electrolytic
manganese dioxide plants is used,

7. A process ac claimed in  Claim 6, wherein after
obtaining & mixture of manganese and ferric sulphate in
solution, iron is eliminated as hydroxide by adding man-
ganese carhonate.

8. A process as claimed in Claim 7, wherein the man-
ganese carbonate is obtained from the cell effuent from
the electrolytic manganese plant (containing a3 mixture
of manganese sulphate, ammonium sulphate and sul-
phuric acid) by neutralising it with ammonin and then
reacting in the presence of carbon dioxide and ammo-
nia, whereby manganese carbonate is precipitated and
smmonium sulphate is obtained 1n solution sz a valuable
hy-produet,

9. A process for the produection of manganese -ul-
phate from mangunese ores svhstantially as deseribet 1m
the examples.

10. Pure manganese sulphate and high grade | on
oxide oblained from manganese ores, particularly iow-
grade mauganesr ores. according to a process suhstan.
tially as hereinbefore described.

K. BHASKAR TAT
Patents (Hficer,

COUNCTL OF SCIENTIFIC & INDUSTPYAL
RESEARCH,

Dated this 27tk doy 3 November 1937.



