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(C. 204-05) 6 Claims. 
Our invention relates to a continuous cyclic 

process for the extraction of manganese from 
its Ores and the recoVery, 
deposition, or substantially pure metallic man 
gaineSe. 
We are aware that processes for the extrac 

tion of manganese from its ores and the Subse 
quent electro-deposition of metallic manganese 
from manganous sulphate electrolytes have been 
the subject of exhaustive investigation for a num 
ber of years. Until recent years, however, it has 
not been feasible to apply electro-chemical 
methods on a commercial scale, due to the lack 
of fundamental knowledge of essential operating 
conditions, the difficulty in maintaining the elec 
trolyte substantially free from impurities which 
tend to inhibit the deposition of manganese, and 
the low current efficiency which increases the cost 
of the manganese above economic limits. 
We are also aware that manganese has been 

electrolytically deposited from electrolytes formed 
of a solution of manganous sulphate-ammonium 
sulphate as exemplified by Allmand and Camp 
bell, (Transactions of the Faraday Society, 1924); 
by technical literature, such as the article by 
Fink and Kolodney, "Electrodeposition of 
Metallic Manganese Using Insoluble Anodes' 
which appeared in Transactions of the Electro 
chemical Society, 1937; and by Shelton in his 
U. S. Patent No. 2,119,560. 
One of the principal features of Our invention 

resides in the manner in which We continuously 
electrolyze a separately cycling electrolyte formed 
of a solution of manganous sulphate and am 
monium sulphate, in the cathode compartment 
of an electrolytic cell, while maintaining, in the 
anode compartment, an entirely different elec 
trolyte consisting of an aqueous Sulphuric acid 
Solution. The two compartments are separated 
from each other by means of a porous dia 
phragm; the anolyte and the catholyte do not 
intermix except to the extent to which there is 
a transfer of ions through the diaphragm dur 
ing electrolysis, and to the extent to which sul 
phuric acid enters the Catholyte from the anolyte 
as the result of diffusion. The additions to the 
anolyte and catholyte, necessary to maintain the 
electrolysis, are made Separately and each elec 
trolyte is separately discharged from its respec 
tive Compartment. 
A further feature of our invention resides in 

the manner in which we continuously produce 
sulphuric acid in the anolyte and, maintaining 
it at a predetermined concentration by the addi 

through electro 

O 
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tion of water, use the Solution thus generated 
for the subsequent leaching step of the process. 

Further features of our invention reside in the 
manner in which we continuously purify the 
solution from the leaching step and obtain there 
from hydrated manganous Sulphate crystals in a 
highly purified condition and also in the manner 
in which we use these purified crystals to re 
plenish the spent catholyte. By the addition of 
the hydrated manganous sulphate crystals to 
the depleted catholyte, we form a solution which 
is suitable for returning to the cathode compart 
ment as feed solution. The concentrations of 
the constituents of the replenished solution are 
controlled within predetermined ranges which 
have been found essential to maintain optimum 
operating conditions. 
The manner in which we operate our process 

to realize the above and other features will be 
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apparent from the following description and 
accompanying drawing in which the various steps 
of the process are illustrated diagrammatically. 

Like reference characters refer to like parts 
throughout the specification and drawing. 
The numeral indicates a diaphragm type 

cell in which the Cathode compartment C is sepa 
rated from the anode compartment A by means 
of the porous diaphragm 2, formed of such 
material as alundum. The cathode may be 
formed Of iron, aluminum or of a suitable chro 
mium iron alloy or stainless steel. The anode is 
preferably formed of lead. While the cell shown 
has only two compartments, one compartment 
containing the anolyte and the other, the 
catholyte, other types of cell, such as a cell 
divided into three compartments with an anode 
compartment on each side of the cathode com 
partment, Would be suitable. - 
The electrolyte circulating through the cathode 

compartment consists of a compound manganous 
Sulphate-ammonium sulphate solution. The 
electrolyte in the anode compartment consists 
of a Sulphuric acid solution. Each of the elec 
trolytes is constantly maintained within a pre 
determined range of concentration. 
Water is continuously added to the anolyte 

at 7. The rate at which the water is added is 
regulated so that Sulphuric acid of a desired 
concentration is formed on reaction of the water 
With the Sulphate ions entering the anolyte from 
the cathode Compartment. 
The numeral 3 indicates the leaching step of 

the process wherein manganous oxide or man 
gainous carbonate is leached with the sulphuric 
acid solution withdrawn from the anode com 
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partment. Additional sulphuric acid from other 
sources may be added, if necessary, during this 
step to replace losses of sulphuric acid which 
may occur in this or in the subsequent filtering 
step of the process. 
The solution obtained from the leaching step 

is filtered at 4 and the filtrate is purified to re 
move impurities such as nickel, cobalt, zinc, lead, 
iron, arsenic and antimony. While we do not 
wish to limit the scope of our present invention 
to any particular purification step, we have found 
that the use of hydrogen sulphide for the precipi 
tation of metallic impurities present in solutions 
containing manganese is particularly suitable in 
this step of the process, after removal of iron 
by standard methods. The purified pregnant solution is passed into 
crystallizer 5 wherein hydrated manganous Sull 
phate is crystallized by heating. We have found 
that the crystallization step may be readily ef 
fected by taking advantage of the fact that, With 
in certain limits, the solubility of manganous 
sulphate in aqueous solution decreases with an 
increase in temperature. During this step, some 
water is removed by evaporation. 
The mother-liquor from the crystallizing step 

may be added to the fresh solution from the 
purification step and thus re-circulated through 
the crystallizer or, if the impurities in the mother 
liquor should build up to an undesirable extent, 
they may be removed by returning the Solution to 
the circuit ahead of the purification step. 
The crystallized hydrated manganous sulphate 

is mixed at 6 with spent catholyte withdrawn 
from the cell. The rate of addition of hydrated 
manganous sulphate crystals to the spent catho 
lyte is sufficient to replenish the solution ade 
quately before being returned as fresh pregnant 
feed solution to the cathode compartment. The 
rate of addition of manganese, in the form of 
hydrated manganous sulphate, to the Spent Cath 
olyte is equivalent to the rate at which manganese 
is deposited on the cathode. 

Referring now to specific operating conditions 
we have found that the concentrations of an 
monium sulphate and manganous sulphate that 
may be used in the electrolyte may be varied 
through a relatively wide range. We have found 
that these two salts may be used in the elec 
trolyte in such relative amounts that the ratio 
of the weight of ammonia present in the solution 
to the weight of the manganese present is, as 
low as 0.2. As the use of this minimum ratio 
is not commercially practicable, we prefer to use 
concentrations of ammonium sulphate and 
manganous sulphate such that the weight of 
ammonia present is not less than 1.4 times the 
weight of the manganese present. Using our 
preferred ammonia-manganese ratios, the actual 
concentrations of ammonium sulphate. and of 
manganous sulphate may be varied within wide 
limits, which are governed by the maximum 
solubility of each of these two salts when in the 
same solution, at temperatures of about 25 C. to 
35° C., and by the lowering of the cathode current 
efficiency to the point at which operation of the 
cell becomes uneconomical on a commercial 
scale. When operating the cell with an ammonia 
manganese ratio such that the weight of am 
monia is at least 1.4 times the weight of the 
manganese, we prefer to use, in the feed solu 
tion, concentrations of the order of 50 grams of 
ammonia, as NH3, per litre and of 35 grams of 
manganese, as Mn, per litre, the corresponding 
concentrations of ammonium sulphate and man 
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gainous sulphate being approximately 94 and 96 
grams per litre respectively. 
The catholyte, as it flows through its compart 

ment of the cell, is depleted of manganese by the 
electro-deposition of that metal. The rate of 
flow of the Solution through the cathode com 
partment of the cell, and also its composition 
at entrance and exit are readily regulated to 
give the most satisfactory results. As elec 
trolysis proceeds, however, the pH of the catho 
lyte, unless suitable provision is made, will drop 
from the preferred value of about pH 8 to a 
point where no further deposition of manganese 
can be obtained. - 
The drop in pH value of the catholyte is caused 

by an accumulation of sulphuric acid as a result 
of the diffusion of sulphuric acid from the ano 
lyte and it is necessary, therefore, to control the 
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the depleted solution. 

pH value of the catholyte by the addition of 
ammonia. 
We have found that when the pH of the solu 

tion drops below a value of about 4, the manga 
nese deposits are unsatisfactory, and therefore 
we prefer to maintain the pH value of the solu 
tion within the range of from pH 4 to pH 8 by 
the addition of ammonia. 
We have also found that very satisfactory re 

Sults are obtained when the rate of flow of the 
catholyte from the cell is so regulated that the 
fresh pregnant solution contains about 50 grams 
of ammonia, as NH3, per litre, and 35-40 grams 
of manganese, as Min, per litre, and the depleted 
Solution contains about 55 grams of ammonia, 
as NH3, per litre, and 20-25 grams of manganese, 
as Mn, per litre. 
An increase in ammonia content of the outlet 

solution over the inlet solution is caused by the 
addition of ammonia to control the pH value of 
the catholyte, as outlined above, and it will be 
apparent that the ratio of the weight of am 
monia to the weight of manganese is much 
higher in the depleted solution than it is in the 
fresh pregnant solution. In the present illus 
tration, for example, the ratio is approximately 
1.4 in the feed solution and from 2.0 to 3.0 in 

As set out above, ammonia is added to the 
catholyte to maintain the pH value thereof 
within the range of from pH 4 to pH 8 which, in 
forming annonium sulphate, adds to the am 
monium sulphate already present. If necessary, 
the spent catholyte may be treated to render the 
excess ammonia content available for recircu 
lation. 

In the anode compartment, the concentration 
of Sulphuric acid in the anolyte is maintained 
sufficiently high so that the solution obtained 
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from the leaching step, on entering the crystal 
lization step, is nearly saturated with manganous 
Sulphate at ordinary temperatures, and contains 
from 150 to 200 grams of manganese per litre. 
The Sulphuric acid solution in the anode com 

partment is continuously formed by the reaction 
of the sulphate ions which migrate into that 
compartment with the water which is added 
thereto. The total amount of sulphuric acid pro 
duced in a given time, of course, depends on the 
amount of manganese deposited on the cathode 
in the same time; theoretically, for each pound 
of manganese deposited, 1.78 pounds of sul 
phuric acid are produced. We prefer to intro 
duce water into the anode compartment at a 
rate Such that the withdrawn solution contains 
from 10% to 35% sulphuric acid by weight. Hav 
ing regard to evaporation losses, losses arising 
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from the formation of hydrogen and oxygen at 
the electrodes, and also to the amount of acid 
that is neutralized in the cathode compartment, 
the amount of water introduced into the anode 
compartment is readily adjusted to give a desired 
concentration of sulphuric acid in the effluent 
solution. 
The temperature of the eaching step is pref 

erably maintained within the range of from 25 
C. to 35° C. and an excess of manganous Oxide 
or manganous carbonate is always present in 
that step to ensure that all the sulphuric acid 
present is neutralized. 

Both manganous Oxide and manganous car 
bonate, when prepared artificially, react readily 
with sulphuric acid of practically any strength, 
at temperatures as low as 25' C. On the other 
hand, manganous carbonate, if available in the 
form of an ore, requires to be leached with hot 
acid, and we have found it preferable to leach 
such an ore at a temperature of about 70° C., 
to ensure that the manganolis Carbonate will 
react readily with Sulphuric acid. Leaching at 
this temperature will produce a Supersaturated 
solution, and it will therefore be necessary, after 
cooling this solution, to agitate the solution for 
a Sufficient period to dissolve any manganous 
Sulphate which may have Crystallized out. When 
the manganese Ore is composed of a higher oxide 
which is not soluble, the ore is first reduced by 
conventional methods, such as by a reducing 
roast, to a lower oxide which is Soluble in Sull 
phuric acid, 
The purification step of the process is operated 

within the temperature range of from 25 C. to 
35° C., within which range the manganous Sul 
phate is most Soluble. 
The conditions under which the Crystallization 

step is operated depend upon the rate at which 
hydrated manganous sulphate crystals must be 
added to the depleted catholyte solution to main 
tain the rate of feed of fresh pregnant Solution 
to the cathode compartment. We have found by 
introducing the purified solution into the crystal 
lizer at about 27 C., the Solution contains the 
greatest concentration of dissolved manganous 
Sulphate. The crystallizer is preferably main 
tained within the temperature range of from 
80° C. to 102 C. 
The mother-liquor from the Crystallizing step 

may be recirculated through that step, or, alter 
natively, it may be passed to the purification 
step to permit the removal of impurities. 
The manganous sulphate crystals leaving the 

hot crystallizer are presumably combined with 
one molecule of water of crystallization as ex 
pressed by the formula MnSO4H2O. If the crys 
tals are permitted to cool while exposed to the 
atmosphere, they absorb moisture until their 
formula may be expressed as MnSO4.4H2O. 
While sufficient Water must be added to the 
catholyte to replace that lost by evaporation and 
by electrolysis, the addition of water in excess 
of that amount should be avoided, otherwise the 
catholyte will be diluted to an undesirable ex 
tent. We have found, therefore, that the hy 
drated manganous Sulphate crystals on leaving 
the crystallizer should be introduced immedi 
ately into the mixing step. 
The hydrated manganous Sulphate crystals are 

passed to the mixing step of the process into 
which also flows the depleted catholyte solution 
withdrawn from the cathode compartment. The 
mixing can be effected either as a batch process 
or continuously as desired, The rate of addition 

O 

5 

30 

40 

60 

65 

O 

75 

3 
of hydrated manganous sulphate crystals to the 
spent Catholyte is controlled in such a manner 
that the effluent solution from the mixing step is 
of the composition desired for the fresh pregnant 
Catholyte entering the cathode compartment, as 
set out hereinabove. ' 
The cell is preferably operated at a current 

density of from 20-35 amperes per square foot 
of cathode surface and the temperature of the 
electrolyte is maintained at about 25 to 35° C. 
Under these conditions, we obtain a current efi 
ciency of about 50%, substantially the remainder 
of the current being consumed in the generation 
of hydrogen at the cathode and oxygen at the 
anode. 
We have found by operating our process in the 

nanner set out above that the continuous op 
eration thereof is effected on a commercial scale 
to result in a compact, coherent deposit of sub 
stantially pure manganese and at the same time 
permitting economies in the process which here 
tofore have been considered impossible to realize. 
For example, by maintaining a separately cir 

culating manganous sulphate-ammonium sul 
phate electrolyte in the cathode compartment 
and in the anode compartment an electrolyte 
consisting of an aqueous sulphuric acid solu 
tion, we increase the conductivity of the anolyte, 
thus making possible increased power efficiency. 
Furthermore, we avoid the formation of man 
ganese dioxide at the anode which, in addition 
to increasing the circulating load on the SyS 
tem, necessitated shutting down the former type 
of cell at frequent intervals to remove the pre 
cipitated manganese dioxide. 
We have found that economic advantages re 

Sult from the smaller volume of ammonium 
Sulphate and manganous sulphate Solution re 
quired. Also, the crystallization step effects ad 
ditional purification of the electrolyte. 

It will be apparent, of course, that the proceSS 
disclosed hereinabove is not limited to the ex 
amples Set out. Various modifications of the 
preferred method may be made to meet Specific 
Operating conditions without departing from the 
Scope of the appended claims. 
What we claim as new and desire to protect 

by Letters Patent of the United States is: 
1. In a continuous process for the electro 

deposition of manganese in a diaphragm type 
cell, the steps of feeding a manganous Sulphate 
ammonium Sulphate electrolytehaving a pH value 
Within the range of from pH 4 to pH 8 into the 
cathode Compartment, the anode compartment 
containing an electrolyte consisting of an aque 
OS sulphuric acid solution, continuously with 
drawing depleted manganous Sulphate-am 
nonium Sulphate electrolyte from the Cathode 
compartment and replenishing the Inanganese 
content thereof by the addition of Inaganous 
sulphate and continuously returning the repen 
ished electrolyte to the cathode Compartment, 
continuously feeding water into the anode CO 
partment in amount sufficient to Combine 
with the Sulphate ions migrating through the 
diaphragm to form an aqueous Sulphuric acid 
Solution, and continuously Withdrawing aqueous 

Euric acid solution from the anode Compart 
e. 

2. In a continuous process for the electro 
deposition of manganese in a diaphragm type 
cell, the steps of feeding a manganous Sulphate 
annonium sulphate electrolyte having a pH 
Yalue Within the range of from pH4 to pH 8 into 
the cathode compartment, the anode COmpart 
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ment containing an electrolyte consisting of an 
aqueous sulphuric acid solution, continuously 
withdrawing depleted manganous sulphate-am 
monium sulphate electrolyte from the cathode 
compartment arid replenishing the manganese 
content thereof by the addition of manganous 
sulphate and continuously returning the replen 
ished electrolyte to the cathode compartment, 
maintaining the pH value of the catholyte within 
the predetermined range by the addition of alm 
monia, continuously feeding water into the anode 
compartment in amount sufficient to combine 
with the sulphate ions migrating through the di 
aphragm to form an aqueous Sulphuric acid solu 
tion, and continuously withdrawing aqueous sul 
pauric acid solution from the anode compart 
ment. 

3. In a continuous process for the electro-depo 
sition of manganese in a diaphragm type cell, the 
steps of feeding a manganous sulphate-ammoni 
um Sulphate electrolyte, in which the ratio of the 
weight of ammonia to manganese is maintained 
above 0.2 and having a pH value within the range 
of from pH 4 to pH 8, into the cathode compart 
ment, the anode compartment containing an 
electrolyte consisting of an aqueous sulphuric 
acid Solution, continuously withdrawing depleted 
manganous Sulphate-ammonium sulphate elec 
trolyte from the cathode compartment and re. 
plenishing the manganese content thereof by the 
addition of manganous Sulphate and continuously 
returning the replenished electrolyte to the cath 
ode compartment, continuously feeding water in 
to the anode compartment in amount sufficient 
to combine with the Sulphate ions migrating 
through the diaphragm to form an aqueous sul 
phuric acid solution, and continuously withdraw 
ing aqueous Sulphuric acid Solution from the 
anode compartment. 

4. In a continuous process for the electro-depo 
sition of manganese in a diaphragm type cell, the 
steps of feeding a manganous sulphate-ammoni 
um sulphate electrolyte having a pH value within 
the range of from pH 4 to pH 8 into the cathode 
compartment, the anode compartment contain 
ing an electrolyte consisting of an aqueous sul 
phuric acid Solution, continuously withdrawing 
depleted manganous Sulphate-ammonium sul 
phate electrolyte from the cathode compartment 
and replenishing the manganese content thereof 
by the addition of manganous sulphate and con 
tinuously returning the replenished electrolyte to 
the cathode compartment, continuously feeding 
water into the anode. Compartment to combine 
with the Sulphate ions migrating through the 
diaphragm and in amount sufficient to form an 
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aqueous sulphuric acid solution containing from 
10% to 35% sulphuric acid by weight, and con 
tinuously withdrawing aqueous sulphuric acid so 
lution from the anode compartment. 

5. A continuous process for the electro-depo 
sition of manganese which comprises electrolyz 
ing a manganous sulphate-annonium sulphate 
electrolyte, in which the ratio of the weight of 
ammonia to manganese is maintained above 1.4 
and having a pH value maintained within the 
range of from pH 4 to pH 8 by the addition of 
ammonia, in the cathode compartment of a dia 
phragm type electrolytic cell, the anode compart 
ment containing an electrolyte consisting of 
aqueous Sulphuric acid solution, continuously 
withdrawing depleted manganous sulphate-am 
monium, sulphate electrolyte from the cathode 
compartment and replenishing the manganese 
content thereof by the addition of manganous 
sulphate and continuously returning the replen 
lished electrolyte to the cathode compartment, 
continuously feeding water into the anode c0m 
partment in amount sufficient to combine with 
the Sulphate ions migrating through the dia 
phragm to form an aqueous Sulphuric acid solu 
tion, and continuously withdrawing aqueous sul 
phuric acid solution from the anode compart 
ment. 

6. A continuous process for the electro-depo 
sition of manganese which comprises electrolyz 
ing a manganous sulphate-ammonium sulphate 
electrolyte, in which the ratio of the weight of 
ammonia, to manganese is maintained above 1.4 
and having a pH value maintained within the 
range of from pH 4 to pH 8 by the addition of 
ammonia, in the cathode compartment of a dia 
phragm type electrolytic cell, the anode com 
partment containing an electrolyte consisting of 
an aqueous sulphuric acid solution, continuously 
withdrawing depleted manganous Sulphate-am 
monium sulphate electrolyte from the Cathode 
compartment and replenishing the manganese 
content thereof by the addition of manganous 
sulphate and continuously returning the replenn 
ished electrolyte to the Cathode compartment, 
continuously feeding water into the anode Com 
partment to combine with the Sulphate ions mi 
grating through the diaphragm and in amount 
sufficient to form an aqueous sulphuric acid solu 
tion containing from 10% to 35% sulphuric acid 
by weight and continuously withdrawing aqueous 
sulphuric acid solution from the anode compart 
ment. 
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