Patented Apr. 20, 1943

2,317,153

UNITED STATES PATENT OFFICE

PROCESS FOR THE ELECTRODEPOSITION
OF MANGANESE

Reginald S. Dean, Washington, D. C., assignor to
Chicago Development Company, Chicago, Ill.

No Drawing. Application July 14, 1938,
Serial No. 219,163

‘(CL 204—105)

5 Claims.

This invention relates to the production of
electrolytic manganese. It relates more particu-
larly to improvements in the process for produc-
ing electrolytic manganese from its ores by a
cyclic process.

In the processes known in the art, manganese
is deposited from solutions containing manganese
sulphate or chloride and ammonium sulphate or

chloride. Other substances such as perchlorates,

nitrobenzene, thiocyanate and sulphur dioxide
have been suggested as addition agents to the
electrolyte to improve the nature of the deposi-
tion. Diaphragm cells have been necessary to
obtain control of the acidity of the electrolyte
surrounding the cathode.

I have discovered that, if the electrolyte con-
tains a substantial proportion of water-soluble
hydroxy amines having the property of forming
a complexion with manganese as, for example,
alcohol amines or alkylolamines or related com-
pounds, manganese may be deposited from sul-
phate or chloride solutions without the use of a
diaphragm cell and without the use of other
addition agents such as those heretofore known.
A diaphragm cell may be used in the practice
of my invention and when it is used addition
agents sueh as sulphur dioxide or other reduc-
ing agents may be added to the catholyte with
some improvement in the nature of the deposi-
tion. When my invention is employed, however,
without the use of a diaphragm cell, the addi-
tion agents heretofore employed are essentially
of no value since they are very quickly oxidized
at the anode. ‘T have found, however, that water-
soluble alcohols such as ethyl alcohol or amyl
alcohol may be used to advantage when deposit-
ing manganese from a non-diaphragm cell. It
is my conception that these alcohols are slowly
oxidized at the anode to form aldehydes which
then function as reducing agents to prevent the
building up of manganic salts in the solution.

‘When my invention is used in connection with
a cyclic process, the spent electrolyte may be
regenerated by treatment with manganous oxide.
Manganous carbonate is not entirely satisfac-
tory. In using manganous oxide for the regen-
eration of the spent electrolyte, my invention
has an advantage over the known art in which
ammonium salts are used due to the fact that
the amine which is regenerated by the action
of manganous oxide is not volatile and, there-
fore, not subject to loss as in the case of am-
monia. _—

As in the known art, the manganese solution
which s used for the practice of my invention
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must be purified from such materials as copper,
zine, iron, arsenie, cobalt and nickel. While the
known methods may be used for this purpose,
I have found it particularly advantageous to
purify the solution containing a salt of a hy-
droxy amine in addition to the impure manga-
nese salt by agitating with finely divided man-
ganese which may be produced by my process
or by known processes. I have found that finely
divided manganese used in this way completely
removes copper, zinec, iron, arsenic, nickel and
cobalt by agitation from five to twenty minutes
at a pH of from 7 to 8. While this method of
purification may be used on solutions containing
ammonium salts as employed in the prior art,
its use is not so efficient due to the greater tend-
ency of manganese to dissolve in ammonium sul-
phate with the evolution of hydrogen. I wish
it to be understood, however, that its use with
ammonium salts comes within the practice of
my invention.

Having described in a general way my inven-
tion and its advantages over the known art, I
shall now describe in detail and with illustrative
examples the method of practicing my invention.
I have found that, in the presence particularly
of triethanolamine salts, manganese can be
maintained in solution up to a pH of about 8
and that an excess of triethanolamine can be
added without an increase of the pH above this
value. As a result of this behavior, manganese
solutions can be purified in the presence of com-
paratively large amounts of triethanolamine or
the like and the electrolysis carried out with
much less drop in pH for a given amount of
manganese deposition than with ammonium
salts. The spent electrolyte can then be regen-
erated by treatment with MnO to liberate free
triethanolamine or the like and restore the pH
to its original value. I have found that dieth-
anolamine, hydroxylamine, monoethanolamine,
diethylamino-ethanol and other water-soluble
hydroxy amines having the property of forming
a complex ion with manganese, preferably of
relatively low molecular weight, may be substi-
tuted for triethanolamine. I have found that
triethanolamine is particularly satisfactory and
this, as well as the other hydroxy amines, may
be employed in pure, impure or commercial form.
It will also be understood that any two or more
of such hydroxy amines may be employed in
admixture with each other.

In order to more completely explain my inven-
tion, I give the following technical examples of
my process, it being understood that these are
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given only as illustrative and in no way limita-
tive of the full scope of my invention.

Example 1

An electrolyte was made up of 200 grams of
diethanolamine, 60 grams of sulphuric acid, 50
grams of manganese sulphate, and 1 liter of
water. This solution had a pH of 7.9. Elec-
trolysis was carried out in a non-diaphragm cell
through which the electrolyte flowed. The cath-
ode was stainless steel and the anode lead. The
rate of flow of the electrolyte was adjusted so
that the pH thereof dropped from 7.9 to 3.5 on
passing through the cell. The current density
was 11.1 amperes per square decimeter. A bright,
dense plate of manganese was obtained with a
current efficiency of 53%. Regeneration of the
clectrolyte to the original pH of 7.9 was readily

accomplished by shaking with manganous oxide -

and finely divided manganese.
Example Il

An electrolyte was made up containing 200
grams diethylamino-ethanol, 45 grams sulphuric
acld and 56 grams of manganese as sulphate per
liter. This electrolyte had a pH of 7.12. Elec-
trolysis was carried out in a non-diaphragm cell
at a current density of 12 amperes per square
decimeter. The line of flow of the electrolyte
through the cell was so adjusted that the pH fell
to 5.0 in the passage through the cell. The cur-
rent efficiency was 60% but the manganese ob-
tained, while dense and metallic, was slightly
dark.

Ezxample 11T

The electrolyte contained 200 grams tri-
ethanolamine, 50 grams sulphuric acid and 56
grams of manganese as sulphate per liter, elec-
trolysis being carried out in a diaphragm cell.
The original pH of the solution was 8.05 which
remained practically constant in the cathode
compartment. In the anode compartment, the
‘PH was allowed to drop to approximately 1.5.
The current density was 10 amperes per square
decimeter and the cwrrent eficiency was 60%,
the plate obtained being bright and dense. Re-
generation of the electrolyte was accomplished
by shaking with manganous oxide and powdered
manganese.

Example IV

In this example, the manganese was plated on
an aluminum surface using an insoluble lead an-
ode.. The electrolyte contained 250 grams di-
ethanolamine, 68 grams sulphuric acid and 60
grams manganese sulphate per liter. The pH of
this solution was 7.58, plating was carried out at
a current’ density of 12 amperes per square
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adherent. The pH during electrolysis fell to 6.21.

It will be understood that the above examples
are merely fllustrative of my invention. Various
changes may be made by tliose skilled in the art

5 in the light of my teachings herein without de-
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parting from the spirit of my invention as more
particularly pointed out in the appended claims.

What I claim as new and desire to protect by
Letters Patent of the United States is:

1. A process for the electro-deposition of high
purity manganese comprisihg introducing an
electrolyte into an electrolytic cell containing an
insoluble anode, the electrolyte consisting essen-
tially of an aqueous solution of alkylolamine and
manganese salts, the salts being selected from
the group consisting of sulphates and chlorides,
the solution containing at least 5 grams per
liter of manganese, the concentration ratio’ of

: al!wlolamin‘e to manganese being greater than

about 3 to 1, and then electrolyzing wtih a mini-
m cathode current density of about two am-
DPeres per square decimeter.

2. A process in accordance with claim 1 where-
in the regeneration of the electrolyte is effected
by the addition of manganous oxide thereto.

3. A cyclic process for the electro-deposition
of high purity manganese comprising introduc-
ing an electrolyte into an electrolytic cell con-
taining an insoluble anode, the electrolyte con-
sisting essentially of an aqueous solution of al-
kylolamine and manganese sulphate, the solu-
tion having a minimum concentration of about 5
grams per liter of manganese, the concentration
ratio,of alkylolamine to manganese in solution
being not less than about 3 to 1, and electrolyzing
with a minimum cathode current density of
about two amperes per square decimeter while
causing the electrolyte to circulate through the
electrolytic cell at such a rate that the pH fis
maintained at a desired value. ,

4, A process of electrolytically depositing
manganese to form a bright metallic deposit
which consists in introducing an electrolyte con-
sisting essentially of an aqueous solution of
manganese sulphate and a salt of an alkylol-
amine into an electrolytic cell containing an in-
soluble anode and carrying out the electrolysis
at a pH between about 8.0 and about 3.0.

- 5. A process of electrolytically depositing
manganese which comprises conducting the elec-
trolysis in a non-diaphragm cell, having an in-
soluble anode, the electrolyte consisting essen-
tially of an aqueous solution of an alkylolamine
and at least about 5 grams of manganese in the
form of manganese sulphate per liter and the

.current density being at least about 2 amperes

‘per square decimeter.

decimeter, and the plate was dense, bright and -

REGINALD S. DEAN.



