Electrolytic Manganese & Manganese Dioxide
from Low-grade Indian Ores
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The National Metallurgical Laboratory has developed a method of producing electrolvtic manganese which
can effectively deal with almost all kinds of low-grade manganese ores, securing 99.95Y, pure man-
ganese metal.  The authors discuss the method and contend that with low-grade ores having not more
that 309, manganese, the cost of production of electrolytic manganese in India in a 1l-ton-a-day plant
is not likely to exceed Rs. 1,001 a ton. The work being done at the Laboratory to produce electrolytic-
batrerv-active manganese dioxide from low-grade Indian ores, is discussed separately; it is stated that labo-
ratory-scuale experiments have successfully been completed and a semi-pilot plant is under develop-
ment. The production cost of electrolytic manganese dioxide is reckoned at about Rs. 6//) per ton, allow-
ing margin for various factors; the price of the imported product is more than Rs. 1000 per ton.

N the past five years (1951 to 1956) a total
amount of 6,06,4000 tons of manganese ores
have been exported from India and foreign exchange
equivalent to Rs. 853,200,000/- has been earned.
Deposits of manganese ores are widely distributed in
Important deposits are located in Madhya

India.

Pradesh, Orissa, Bombay, Mysore, Bihar and
Andhra. About 85 to 95%, of the ores mined are
exported. Production at present is largely depen-

dent on the demand in the foreign market; never-
theless, in recent years the production has shown a

definite tendency to go up.

TABLE I—PropucTIiION OF MANGANESE ORES

1950 883,000"
1951 1,292,000¢
1952 1.462,264°
1953 1,902,238
1954 1.413.847°

These production figures mainly refer to the
metallurgical grade ores which have an export
market. But during mining, almost an equivalent
quantity of low-grade ores come up which are un-
suitable for production of ferro-manganese. These
in general contain less than 409, of manganese and
are practically without any market. Table IT shows
the relative price and quality of the ores. Tt is ob-
vious that ores containing 309 or less of manga-
nese are at present without any value whatsoever.
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TABLE II—QuaALity AND ExporT PRICE
OF MANGANESE ORES*

Ores Price (F.O.B. per ton)
Rs.
Manganese Dioxide ore 90, 560-600/ -
-do- -do- &0, 280-290/-
High grade, 46-48, 245-250/-
Medium grade, 42-449, 185-200/-
Low grade 38-40, 140-150/-

Assuming that in mining for high-grade manga-
nese ores the low-grade ores are produced in al-
most equal quantity the annual accumulation of the
latter on the mine site is about 1.5 million tons
per year involving about 0.4 million tons of manga-
nese metal. If this amount of metal could be
extracted as electrolytic manganese, it would be
valued at nearly hundred and twenty crores of
rupees according to present quotation of the com-
modity. This colossal wastage of national resources
is eating into the vitals of the manganese mining
industry every year. It should be well to remember
that the known reserves of low-grade manganese ores
in our country are estimated above 70-80 million
tons.

At present about 85 of the high-grade metallur-
gical manganese ores are exported and the rest are
mostly utilized by the iron and steel industries.
Because of the high phosphorus content of Indian
coals. the ferro-manganese produced in the country
also contains high phosphorus and this is one of the
reasons which stand in the way of production of
standard-grade ferro-manganese. The high iron
content of the manganese ores is another reason
which makes ferro-manganese production difficult.

69



Db ooy . 7L

As a result the development of the ferro-manganese
industry in India has not been proportionate to the
country’s manganese and iron resources. Produc-
tion and import figures in Table III reflect the
present state of the ferro-manganese industry.

TABLE III—PRODUCTION AND IMPORT OF FERRO-

MANGANESE’
Year.. Production Import (ferro-
alloys)
1952-53 *34,900 1,293
1953-54 * 1,221 3,447
1954-55 43,513 3,567

*Including spiegel

Of the two handicaps mentioned above, difficul-
ties due to high phosphorus in coal may be mini-
mized by using electrical energy for heating. In
persuance of the targets for second Five Year Plan
licenses have been issued for seiting up of plants to
nine parties for the production of 171,800 tcns of
ferro-manganese per annum. Actual production
by 1960-61 is expected to reach 160,000 tons a
year, of which 100,000 tons are meant for export.
The major raw materials required for the same are
given below.’

TABLE 1V
1. High grade manganese ore 320,000 tons
2. T79% fixed carbon coke, low
in silica, iron & phosphorus 92,000 tons

3. Electrical power .. 650,000,000 KWH
Electrical power consumed per lb of ferro-
manganese calculated on the above estimate comes
to 1.8 KWH. This point is important because elec-
trical power is a compulsory substitute for coal.
Further, only high-grade manganese ores can be
used for this purpose and coke of satisfactory
specification will have to be used. Producers of
ferro-manganese will have to face these handicaps.

The Krupp-Renn and Basset process for pro-
duction of ferro-manganese claims certain very at-
tractive features, regarding quality of coal, ore and
by-products. Since not much information is avail-
able‘ on the process, the relative advantages cannot
be evaluated. Claims put forward indicate possi-
bilities of utilizing off-grade manganese ores and
coking coal for the purpose of producing ferro-
manganese.

Ore-dressing methods are capable of upgrading
certain kinds of low-grade ores and making them
suitable for ferro-manganese production. But these
methods have limitations and are not of much help
in case the gangue materials are closely associated
with manganese minerals. Thermal beneficiation
method depending upon production of manganese
rich slag is applicable to certain varieties of ores
but the high phosphorus content of Indian coals is
again a disquieting factor to be faced. ’

Some methods of upgrading manganese ores are
based upon chemical treatment of the ore with
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sulphur dioxide, oxides of nitrogen, ammonium
sulphate and the like whereby the manganese is
dissolved out from the ore and precipitated out as
oxides which are capable of being used in place of
standard-grade manganese ores. In following these
methods, a question naturally arises since manganese
is to be used either as metallic manganese or as
ferro-alloy in iron and steel industry—is it not
advantageous to precipitate out metallic manganese
instead of oxides from the chemical solutions ob-
tained from ores? This change in chemical dress-
ing methods will do away with the disadvantages
associated with reduction of manganese oxides to
ferro-manganese. This is exactly where production
of electrolytic manganese steps in with definitely
advantageous features.

Some pioneering work on production of electro-
lytic manganese has been done in the U.S.A. from
low-grade manganese ores by U.S. Bureau of Mines
at Boulder City, Nevada. and by the Electro-
manganese Corporation at Knoxville, Tennessee.
Electrolytic manganese is being produced there on
a pretty large scale. The metal produced is highly

pure. A typical analysis of it is given below :—

Mn e 99.99

Fe — 0.0015%
Cu — 0.0010;,
As = 0.0005%,
Co — 0.0025°
Ni — 0.0025%
Pb — 0.0025%,
S — 0.01709,
C 5 0.00201%,

ELECTROLYTIC MANGANESE IN INDIA

Work on electrolytic production of metallic
manganese was taken up by the Standard Metal
Company of India at Bombay, and an account of
their work was published in 1947. They examined
the recovery of manganese from various Indian ores
and studied some of the conditions of electrolysis.
But the work was not continued further. The
National Metallurgical Laboratory, immediately on
its establishment, took up the work with a view to
evolving a method which could be utilized - for
commercial production. Central Electro-chemical
Laboratory has also reported some work on the
subject.

The process developed at National Metallurgical
Laboratory®,” can work with almost any grade of
ore and finally produce manganese metal of purity
99.959% or better. The manganese ore is ground
to fine powder and mixed with saw dust in the
ratio 1: 1. This mixture is then added to the
spent liquor containing free acid and the liquor
heated with steam under stirring for eight hours.
The free acid reacts with the manganese oré reduced
by saw dust and pH of the mixture rises. The
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supernatant liquor is run off to a second digesting
vessel and charged with only small amount of
dioxide manganese ore. By this treatment pH rises
enough to cause precipitation of iron and the excess
organic matter is destroyed. Arsenic and phos-
phorous are also eliminated at this stage. Next the
decanted liquor is treated with sulphuretted hydrogen
to precipitate out any copper, cobalt or nickel.
Finally the liquor is adjusted for manganese and
ammonium sulphate content and the pH is brought
down to 2 and sulphur dioxide gas passed up to a
concentration of 0.1 to 0.4 gm per litre. This liquid
is then used as feed liquor. Alternatively, the spent
liquor is treated with gas reduced manganese ore
and subsequently purified as before to obtain feed
electrolyte of desired composition. Any of the two
methods can be used for regeneration of spent
liquor depending upon the facilities available.

Next stage is the electrolysis of the purified
electrolyte in suitable cells. Cells as developed in
National Metallurgical Laboratory are of lead
lined wooden tanks mounted on M.S. frame, fitted
with anode diaphragms of canvas. The anodes are
made of 19 silver lead alloy and cathodes are of
stainless steel. There is arrangement for continuous
feed of fresh electrolyte into cathode chambers and
removal of spent liquor from anode chambers.
During operation, the cell temperature is regulated
by circulating water through lead coils; several
anodes and cathodes can be accommodated in a
cell and a number of cells can be worked simul-
tancously for greater output. Fig. 1 shows the
cell plant in the semi-pilet plant now in operation
at National Metallurgical Labocratory.

e
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The photo shows two cells each accommodating
2 cathedes and 3 anodes. The angle iron frames
behind the cells hold the various pipe lines in posi-
tion. On the high platform purified elecirolyte for
feeding the cathode chamber is placed along with
the cold water reservoir for cooling purposes. The
cells are connected to the low tension power line
through the switch boards. Empty space on the
right is reserved for more cells to be added to the
plant. The cells and the plant are designed to run
24 hours a day continuously for days. The output
of cach of the cells shown in the photo is 7-8 lbs. a
day. Table V gives the particulars about the
working of the cells.

TABLE V—DATA oN THE WORKING OF SEMI-PILOT
PrLaNT FOR ELECTROLYTIC MANGANESE

Anode — 1%  Silver-lead alloy,
1/87 %197 % 15"
Cathode -— Ti-stabilized stainless steel
17167 %X 19" x 15"
Diaphragm — Cotton canvas white
Current density -— 33 amp./sq.it.
Cell voltage — 45V
Current efficiency —  60-63%
Power consumption -— 3.6 KWH/Ib
Composition of feed Manganese sulphate—105
electrolyte — gm/L
1 Ammonium sulphate—177
gm/L

Sulphur dioxide—0.3
gm/L

Fic. 1—A photographic
view of the cell plaat in
the semi-pilor plant at
the National Metallursical
Laboratory. :
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TABLE VI—COMPOSITION OF MANGANESE METAL
PRODUCED IN SEMI-PILOT PLANT

Manganese — Above 99.95%

Heavy Metals — Absent in spectrographic test
Sulphur —  0.01-0.0295

As & P — Absent

The present capacity of the plant is about 15-16
Ib of metal per day.: The plant will be extended
and its capacity doubled in near future.

PROSPECTS OF ELECTRO-MANGANESE

Technical superiority of electrolytic manganese
as a manganese addition agent to steel and non-
ferrous alloys has been now widely acknowledged.
It can be used without any technical difficulty in
almost all cases where ferro-manganese is generally
added, with definitely equivalent results everywhere
and with superior results in majority of the products.
The superiority of electrolytic manganese is linked
with the high purity of the material. The only
impurity is the occluded hydrogen gas which is re-
moved by heating electrolytic manganese at about
500°C under vacuum before its addition to steel.
Because of the high purity, no undesirable impurity
enters the charge during manganese addition which
contamination is likely tc happen with any other
form of manganese. The possibility of such con-
tamination necessitate scrupulous selection of raw
materials and elaborate caiculation for making up a
charge. These troubles are absent if electrolytic
manganese is used. It can also be added in accurate-
ly weighed amounts. Storage convenience is another
advantage. Extensive tests have been made by U.S.
Bureau of Mines regarding use of electrolytic
manganese in steel industry. The results of the
tests indicate that pure electrolytic manganese can
be substituted for any grade of ferro-manganese in
electric furnace and open-hearth steels with no dis-
advantage to quality.

LIGHT METAL ALLOYS

Manganese enters into the composition of almost
all aluminium and magnesium base alloys. The
amount of manganese in such alloys is generaily
small and can be introduced into the alloy by put-
ting pure manganese oxide or manganese dioxide
into the electrolytic bath for aluminium or
magnesium. Use of electrolytic manganese in such
cases is more convenient and is not likely to
introduce impurities. Aluminium alloys containing
1.2-1.5% manganese shows improved corrosion
properties and tensile strength.

NEW ALLOYS

In US.A. a number of new alloys are now
being produced using electrolytic manganese. Table
VII gives the composition of the more important of
them.  With the availability of -eclectrolytic
manganese, production of high manganese alloys is
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possible. These alloys have important applications
i modern scientific and industrial equipment. The
high expansion alloy, containing about 72)%
manganese, have found wide application in produc-
tion of thermostatic bimetals.

TABLE VIl

Alloys.
High Expansion Alloy

Composition
72% Mn
18% Cu
10% Ni
509% Mn
45% Fe
5% Al
60‘;'() Cu
209 Mn
20% Ni
801, Mn
20% Cu

It is well known that reserves of copper and zinc
ores are very unsatisfactory in India. At the same
time our utensils in daily use are made mostly of
copper and zinc. Whatever scientific and economic
arguments are given in favour of our using utensils
made of some other metal, the habit of using brass
wares is going to last indefinitely. With the help
of clectrolytic manganese, it is possible to substitute
a part of those two metals in brass. It has been
found that if percentage of copper is kept at 65 the
remainder can be made up with 309, manganese
and the rest with zinc. Such an alloy will maintain
alpha structure even at a low temperature. A
composition of 659, Cu, 259, Zn and 109, Mn can
be used as a substitute for common brass with
significant advantage. This will effect a lot of
saving in these metals in short supply. Yet one
more application of electrolytic manganese lies in
its use in production of substituted stainless steels.
It is now wellknown that in the stainless steels of
18 : 8 type the nickel can be replaced by manganese
without seriously affecting its rustless properties.
These substituted stainless steels have somewhat
lower resistance towards acid corrosion. This
deficiency can be made up by adding small amounts
of molybdenum to the alloy.

It is, therefore. clear that from technical point
of view electrolytic manganese is acceptable in lieu
of any other manganese addition agent in almost
all metallurgical processes and there is no technical
difficulty in substituting any grade of ferro-
manganese by electrolytic manganese. Tt is definite-
ly more advantageous in case of low carbon alloys
and non-ferrous alloys. Since a somewhat especial
situation obtains in India in as much as some
important minerals are wanting. it is imperative to
use manganese, wherever it is possible, in substitu-
tion of the metals the country is deficient in. In
India. manganese minerals are an exportable com-
modity. And she can derive the best advantage’

Low Expansion Alloy

Age Hardening Alloy

High Damping Alloy
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from her resources by exporting electrolytic-
manganese or ferro-manganese instead of raw metal-
lurgical-grade manganese ores. Lastly some solu-
tion has to be found for the vast dumps of low-
grade manganese ores which have no buyer in India
or outside.

Technically, electrolytic production of manganese
from low-grade ores and production of ferro-
manganese from the metallurgical grade ores will
provide adequate solution to the points mentioned
earlier. Ore-dressing methods will aid ferro-
manganese production.

Considering only the financial aspect of these two
propositions, production of ferro-manganese is
expected to present no special difficulty. Since both
electrical enmergy and manganese ores are available
in India, the product should be competitive in price
and should be in a position to find market overseas.

The situation is a little more complicated in the
«case of the electrolytic manganese. At present no
electrolytic manganese metal is produced in India
and therefore, there is nothing like any figure for cost
of production or market price for Indian electrolytic
manganese. In U.S.A. the price of electrolytic
manganese is about 30 cents per 1b. of metal.
Calculated in terms of Indian currency it comes to
about Rs. 30/21 = 143, taking the exchange rate
at 21 cents for a rupee. Therefore. price of one
long ton of electrolytic manganese comes roughly
to slightly over.Rs. 3,000. The standard-grade ferro-
manganese is now selling at Rs. 1,280 per gross
long ton. The difference in prices is very wide and
these cost considerations indicate that electrolytic
manganese metal cannot be expected to replace
-standard-grade ferro-manganese. The price of low
carbon ferro-manganese is considerably higher and
of the order of Rs. 3,000 per ton in America.

It is worthwhile to consider if the various factors
which go to determine the final price of electrolytic
manganese are the same in India as in America.
“There are good grounds to think that the position
is better in India. The cost of power, chemicals.
and equipment in India will be almost at par with
that in America. But the cost of ore and labour
will definitely be much lower in India. A preli-
minary costing done by the National Metallurgical
Laboratory shows that cost of production of
manganese metal from low-grade ores will be about
annas seven per lb. corresponding to Rs. 1,000 per
ton of electrolytic manganese metal. This cost is
competitive definitely with that of low carbon ferro-
manganese and possibly with the price of medium
carbon ferro-manganese tco. Further, the need for
a huge amount of electric power is often a
common argument against production of electrolytic
manganese metal. It has been shown ecarlier that
already sanctioned schemes for ferro-manganese are
going to use electric smelting, and energy consump-
tion per Ib. of ferro-manganese is expected to be
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about 1.8 KWH. In electrolytic manganese metal
the consumption will be a little over twice this
figure but the product will increase considerably in
market price. Taking into consideration the pecu-
liarities of Indian mineral resources—for instance
high phosphorous in coal, low manganese-iton ratio
of manganese ores, and wastage of low-grade ores—
it seems that production of electrolytic manganese
will be a right step towards the country’s industrial
development.

PART II—MANGANESE DIOXIDE

Manganese dioxide plays an important role
in dry cell technology, chemical industry, and
manufacture of glass and ceramics. In Leclanché-
type dry cell it mainly acts as a depolarizor.
A very high-grade product containing 85 to 90
per cent manganese dioxide is used for this
purpose. Besides the high percentage of man-
ganese dioxide its structure is also very im-
portant in determining its cell activity. X-ray
diffraction studies™®" combined with differential
heating curves have revealed the fact that there are
five types of manganese dioxide depending upon
the source of the natural ore and the method of
preparation of the atrificial oxide by electrolytic
and different chemical methods*. These types
are : (1) well-crystallized pyrolusite, (ii) ramsdellite,
(iii) cryptomelane, and (iv) delta manganese dioxide
believed to be the poorly crystallized cryptomelane.
Of these gamma manganese dioxide has been found
to be best in electrochemical performance®. A
Leclanché-type dry cell consists of a zinc container
which also serves as a negative pole and a carbon
electrode which along with the depolarizing mix
forms the positive pole. The depolarizing mix
consists of calcined petroleum coke, graphite and
manganese dioxide and is impregnated with am-
montum chloride and zinc chloride. The exact
electrochemical reactions in the dry cell are not yet
clearly known and also the part played by manga-
nese dioxide. Extensive research has been carried
out since some years prior to the last world war to
study the characteristics of manganese dioxide used
in dry cells but it has not yet been possible to
specify exactly the physical, chemical and other
properties on which its depolarizing capacity
depends. As a result of these investigations, how-
ever, the materials and reactions have been better
known. Further dry-cell research is still in progress.

The battery-grade manganese dioxide can be
obtained in the natural state or can be synthetically
prepared. The most important source of battery-
grade ore at the present time is the well-known
Nsuta Mine in Gold Coast, West Africa. Different
grades of battery ores are now being produced from
this mine but most of the exported ores belong to
the grade B (86 per cent manganese dioxide). The
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detailed chemical analysis of a typical ‘B’ type ore
is : active oxygen as MnO.-86.8%. MnO-3.49.

8i0,3.2%, FeiOy-146%., ALO:-2.50%, TiO,-
0.08%,. Ba0-0.06%, Ca0-0.129,, Mg0O-0.061%.
Na,O+K.0-0417%,, Mo-0.001Y;,,  Cu0-0.0129%,

Bi,0:-0.005%,, As.04-0.002%, Sb,0;-0.0029%, SnO.-
0.0659,, Ni0-0.0454,, Co00-0.005%,, P.O;-0.25%.
No;-0.0057,. The ore consists chiefly of gamma
variety of manganese dioxide with some pyrolusite
and cryptomelane.

India is now on the threshold of her industrial
development. The main problem of the dry cell
industry in India is the difficulty of cobtaining the
necessary raw materials namely manganese dioxide.
graphite, carbon rods, zinc sheets and other chemi-
cals. The growth of national production of dry
batteries is now based on expensive imports. It is
high time that serious efforts should be made to
produce these raw materials in the country. At
present there are four companies™, namely, National
Carbon Company (India) Ltd.. Estrella Batteries
Ltd., Sunbeam Electrical Industries Ltd.. and Solar
Batteries and Flashlights Ltd., who manufacture
dry batteries in India. Their total rated capacity
has been estimated to be about 285 million cells
per annum whereas the present requirement is of
the order of 320 million cells®. This demand will
increase during the second Five Year Plan period.
Duc to want of materials, these companies are not
able to work at full capacity. India imports more
than 5500 tons of manganese dioxide of which
more than 4000 tons are used in dry-cell industry.
Although the country is rtichly endowed with
manganese deposits—both of the high and low
grade—unfortunately the deposit of peroxide
ore having battery-active properties is very meagre.
Small quantities are available in Keonjhar (Orissa)
Shivrajpur (Bombay), Keshapur (Mysore} and
Dongri Buzurg (Madhya Pradesh). The exact speci-
fication of these battery-grade ores is very difficult
to make. Recently, however. Indian Standard
Institution' has made a brief specification of battery-
grade manganese ores of India to serve as a guide
for evaluating different grades of ores. Detailed
specification, however, warrant further studies in-
cluding X-ray, electron microscope. and differential
thermal analysis. Very small amounts of Indian
ores are now being used in dry cells manufactured
in India. It is. however, possible to improve the
quality of the Indian ore by suitable treatment.
Work has already been undertaken by the National
Physical Laboratory along this line. Tt has been
found that fairly satisfactory results are obtained
bv mixing equal amounts of imported and indige-
nous orés. The difficulty in obtaining raw materials
for making dry cells in India can be obviated to a
considerable extent by producing the raw materials
in the country. Apart from saving foreign exchange
it will guard against the period of national emer-
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gency. The purpose of this survey is to demons-
trate the scope of development of the indiginous.
commercial production of active manganese dioxide
which is one of the strategic materials for the
Indian dry-cell industry.

As the natural battery-grade manganese ore is
not available in many countries and the demand for
dry batteries as easily portable source of. electric
supply is constantly increasing, synthetic manga-
nese dioxide is now being used by many battery
industries.  Japan. Germany, Italy and other
countries have developed a number of proprictory
processes to produce synthetic active manganese
dioxide. These artificial oxides can be produced
by different methods—thermal. chemical and electro-
chemical. A detailed study of the different varietics
of manganese dioxide obtained by these methods
indicate that electrolytic process gives better pro-
duct which is mostly gamma manganese dioxide
suitable for dry cells. A large volume of work has
been done "in some countries, especially in U.S.A..
to produce synthetic battery-grade manganese di-
oxide by electrolytic process but the technical
details of these processes are mostly covered by
patents. The Electrochemical Co. of the United
States has evolved a new process'® by which battery-
grade manganese dioxide can be produced on a
commercial scale from low-grade domestic ores.
They are now producing in their plant at Hender-
son. Nevada, electrolytic battery-active manganese
dioxide at the rate of 10 tons per day.

The National Metallurgical Laboratory has al-
ready undertaken to produce electrolytic battery-
active manganese dioxide from low-grade Indian
ores. Laboratory scale experiments have been
successfully completed.” Fig. 2 shows the HAow-
sheet of the process developed at the National
Metallurgical Laboratory. The process may briefly
be described as given below.

Pure manganese sulphate solution containing
about 200 to 250 gms manganese sulphate per litre
was prepared from the low grade manganese ores.
The orc was crushed, ground to —35 mesh and
leached with spent electrolyte containing sulphuric
acid. The manganese sulphate solution was then
purified by suitable process and after purification
it was electrolyzed. The optimum conditions of
electrolysis are :—

Manganese—65 to 70 gms/litre:
Electrolyte \, as the sulphate.
[ Sulphuric acid—15 gms/litre.
Temperature—80°C.
Anodic c.d.--7.5 amp/sq. ft.
Cell voltage—3.1 V.
One anode-lead alloyed with 4.
antimony.
Two cathodes—1/16”
stainless steel. -

sheet of"
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FIG. 2—Flow sheet for production of electrolytic
manganese dioxide by gas-reduced ore method as
adopted by National Metallurgical Laboratory.
2 ORE
JAW <CRUSHER
ROLL CRUSHER
BALL MILL
“OVER SIZE —-a——— CLASSIFIER
-35 MESH
STORAGE BINS
REDUCING KILNS —=—— COKE OVEN GAS
COOLER
CALCINE STORAGE BIN
—————®————— L_EACH TANKS -=——— SULPHURIC ACID
CLARIFIER
FILTER

IRON-ARSENIC
PRECIPITATION TANK ——— MANGANESE DIOXIDE

FILTER
BARIUM SULPHIDE
SULPHIDE PRECIPITATION TANK
KAOLIN
FILTER
SULPHURIC ACID

CELL FEED TANK

ELECTROLYTIC CELL ——> MANGANESE DIOXIDE

SPENT LIQUOR

The current efficiency was 99 per cent and a good
deposit of battery-grade manganese dioxide was
-obtained. The deposit was grey and hard and
easily stripped from the anode. It contained very
little lead which was not detrimental to its battery
-activity.

India should now undertake producing com-
mercially her requirements of synthetic battery-
‘grade manganese dioxide from low-grade ores. After
the successful completion of the laboratory scale
experiments, the National Metallurgical Laboratory
is going to carry out development-scale experi-
ments in a prototype plant with an output of 100
Ib. a day. For the present, to be self-sufficient in
‘battery-grade manganese dioxide, India should
produce more than 15 tons of dioxide per day.
Initially a 10 ton per day unit may be set up. On
‘the basis of the data available at present. it is
possible to make tentative estimates of the cost of
‘construction and operation of a commercial plant of
‘daily capacity 10 tons under Indian conditions.
One of the authors (B.C.K.) has visited an electro-
Iytic manganese dioxide plant in U.S.A. and in
making this estimate, information collected by him
‘has been of great help®. Tt is considered necessary
to point out that these estimates are not the last
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words but they do indicate the economic feasibility
of setting up commercial units for the production
of electrolytic manganese dioxide from low quality
Indian ores. It may be noted that production of
electrolytic manganese dioxide does not require
any heavy machinery and equipment. Most of the
plant equipment can be fabricated in India from
indigenous materials. Also the process developed
does not require very close control of operations
like electrolytic manganese. On the basis of this
estimate a capital outlay of the order of Rs. 35 lakhs
is necessary for the construction of a 10 ton/day
electrolytic manganese dioxide plant including
equipment for (i) crushing and grinding, (ii) roast-
ing, (ii1) leaching and purification. (iv) electrolysis.
(v) other miscellaneous general equipment and
(vi) installation and building. The breakdown of
the capital cost is given as follows : —

{Approx.)
Crushing and grinding equipment (installed) ... Rs. 127400
Roasting 45 o5 o 332500
Leaching = 5 50000
Clarifiers 182500
Purification 3 3 69000
Filtration i =5 124000
Electrolysis = % 836600
Miscellaneous general 300000
Land and buildings with electrical ﬁttm-rs
and furniture 700000
Rectifier 500000
Sub-station 200000
Engineers and contractors 80000
Freight 25000
Total installed cost .. BRs. 35.27,000

The cost of operation (recurring cost) including
labour, power and supplies per day for a 10/ton
plant has been estimated as follows : —

Ore (2569% Mn)—30 tons (g Rs. 28/- per Cost per day
short ton including freight and handhurr
charges ete. is. 840
Crushing (including labour, power & supplies) 24
Grinding i 59 & =2 58
Roasting o 5 135
Leaching and punf’mtxon 5 » 1008
Elecbrolvsxs 896
Mechanical service (mcludm« labour & supphes) 69
Electrical service o i 46
Ware house 5 - 13
Packing 304
Research 30
Office and supervision 115
Total operating cost exclusive of interest,
Rs.- 3538

depreciation, tax and plant insurance etc.

Total processing cost including interest and
depreciation but excluding tax and plant insurance
etc. is estimated as follows :
Total operating cost exclusive of interest.

depreciation, tax and plant insurance Rs. 3538
Interest per day (@ 6% on the vml\mg

capital of Rs. 35 lakhs 600
Depreciation, 20 years of Rs. 35 lakhs

less 109, scrap value 438
Total preduction cost of 10 tons of

manganese dioxide Rs. 4576
e a8 75



The cost of production of 1 ton of electrolytic
manganese dioxide exclusive of taxes, plant -insur-
ance, labour insurance, etc. comes to Rs. 458. This
cost will decrease as the capacity of the plant
increases. Giving a margin for various factors
including the cost of equipment, the production
cost may be safely put at about Rs. 600 per ton.
The present price of imported product is much
higher than Rs. 1000 per ton. So it appears that
the production of active manganese dioxide from
low-grade Indian ores by electrolytic process has
great potentialities, apart from the importance that
manganese dioxide has as a strategic material for
the dry-cell industry in India.

The demand for dry batteries greatly increases
during the war to meet defence as well as civilian
needs. because a large number of electrical gadgets
and instruments for defence purposes are operated
by portable source of electric power supplied by
batteries. So it is obvious that for national security
the country must have the necessary raw materials
for the manufacture of dry batteries. The most
critical materials for dry-battery production are
active manganese dioxide and graphite or carbon
black. Both these ingredients are not present in
sufficient amounts in India to meet the internal
demand. Production of carbon black which is also
used in rubber goods, paints and printing inks has
already begun in India and two plants are now
functioning with a capacity of 2.4 million 1b.* per
annum. Other materials, namely., ammonium
chloride, zinc chloride, various kinds of card boards
and papers etc. are gradually being indigenously
produced. So the production of suitable grades of
indigenous manganese dioxide which is of major
importance should now be taken up and for this
purpose the electrolytic process developed at the
National Metallurgical Laboratory can be utilized
either by the public or the private sector.
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