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This invention relates to processes for the elec-
trowinning of manganese whereby improved op-
erating results are obtained by controlling the
molybdenum content of the solutions and this

application is a continuation-in-part of our co~

pending application, Serial No. 704,510, ﬁIeJ
October 19th, 1946, now abandoned.

In this art, electrolytic cells are empleyed in
which the electrolyte is divided into separate
parts called anolyte and catholyte, respectively.
Sometimes there are a plurality of catholyte
chambers, each containing a cathode, arranged

in a row and separated by porous diaphragms

from the remaining space within the cell, con-
stituting the anolyte chamber in which the anodes
are disposcd in spaced relation to and between
the several cathode chambers. Sometimes this
relation is reversed, i. e., the catholyte chambers
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are substituted by anolyte chambers and the re-

maining space in the cell constitutes the catholyte
chamber, the cathodes being disposed in this
chamber In spaced relation to and betwecn the
several ancde chambers. Other arrangements
may be used. In any event, the anodes and
cathodes are respectively connected in parall.l
electrically and the two groups cohnected elec-
trically in series and current is passed from the
anode group to a cathode group to deposit man-
ganese on the cathode.

- For the purpose of simplicity of description the
anolyte and catholyte will each be assumed to be
a single body of liquid, these bodies being sepa-
rated by &a porous diaphragm through which
spent catholyte passes from the catholyte cham-—
ver to the anolyte chamber.

In the catholyte chamber the electrolyte, con-
taining for example from 130 to 200 grams of
ammonium sulfate per liter, is partially stripped
of its manganese content from a value which may
e, illustratively, 25 to 35 grams per liter of man-
ganese as manganous sulfate, down to a value
which may be about 15 grams per liter in 2 typical
case, The catholyte is alkaline and may have a
pH of about 7 to 9. The spent catholyt. passes
to the anolyte chamber and becomes anoelyte, the
pH undergoing a marked change from the alka-
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line tc the acid condition due to electroch-mical

¢changes.

In order to regenerate catholyte, anolyte which
is acid and may have a pH of about ¢.5 to 2, as
an llustration, is commonly withdrawn from the
cell and submitted to a serics of treatments hav-
ing two primary purposes (1) the addition of
- manganese in soluble form and in the manganous
condition and (2) the purification of the solution
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obtained by the enrichment step. After these
reatments, the liquid is returned to the catholytem

compartment or compartments of the cell,

It wiil thus be seen that a path of liquid cir-
culation is established beginning, let us say, in
the catholyte chamber and ending there, the pur-
pose being to continuously supply the catholyte
chamber with properly conditioned liquid to pro-
vide a sclution from which manganese may satis-
factorily be plated on the catliode or cathodes.

While the process sounds simple and easy, actu-
ally it is extremely complex in respect to the
known and unknown elcctrical, electrochemical
and chemical reactions occurring. If a pure man-

ganese salf, e, g., pure manganous sulfate were

commercially available at a sufficiently low cost,
it would be greatly simplified. However, when it
1s appreciated that the raw materials are man-
ganese compounds associated or combined with
other materigls, e. g., a manganese bearing ore
containing many other elements and compounds,
and the final product is metallic manganese hav-
g a purity of over 99.9 per cent, some of the
difficultiecs become more apparent,

Ordinarily, manganese bearing ore is the source
from which the liquid withdrawn from the cell is

enriched in its manganese content although other

sources may be employ.d, e. g., manganese bear-
ing solutions obtained as a by-product in the
chemical arts where manganese dioxide or ores
containing higher oxides of manganese are used

as oXidizing agents, e. g., in the oxidaticon of
aniline to make quinone or hydroquinocne.

It will be seen that the liguid in its path of cir-
culation constitutes a body or reservoir, that at
one point in the cyclic path manganese is re-
moeved (In the cell) and that at another point or

points manganese is added.

There are many elecments and compounds asso-
ciated or combined with manganese in ores and
other manganese bearing raw materials, e. g., iron,
arsenic, silicon, molybd.num, cobalt, nickel and

copprer, to mention seme of the more common ele-

rents.
The control of these elements so as to obtain

catholyte from which manganese may be read-
ily and satisfactorily deposited is an important

consideration. I{ will be understood that some

of the elements associated with manganese oc-
cur, as for example in the ore, in considerable
quantities, others in smaller or even minute pro-
In view of the nature of the process
above described, the concentration, in the body or
reservoir of circulatory liquid, or elements occur-
ring even in minute proportions 111 the source of
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manganese, will result in an accumulation of

those elements in the electrolyte in the cell unless

proper control is exercised.

The problem is not merely one of preventing
contamination of the manganese cathodic deposit
by the impurities. Some of the elements exer-

cise a far more serious and subtle effect, i. e.,
they tend to inferfere with the electrochemical
reactions, more particularly with current efii-

ciency and satisfactory deposition and in some

cases actually inhibit deposition of -m'anggqes'e;
Molybdenum has been found to be a particu-
larly insidious enemy fto economical and suc-

cessful plating operations in manganese elec-
Its source is in the manganese con-

trowinning.
taining ore or other material used to replenish

the spent anolyte. It occurs in various valence
forms and combinations with other elements, and
in widely varying proportions depending on the

source of the molybdenum bearing material. :

Its effect on the plating of manganese varies as a
fuhiction of numerous variables including the
source, the plOpOI‘tIOl’l of molybdenum in the
source and the teatment, if any, to which that
source, e. g., manganese bearing ore has been
submitted prior to contact or admixture with
spent anolyte. In the absence of proper control,
the presence of molybdenum in the electrolyte
is a source of erratic results and phenomena dif -
ficult to explain or understand such as black-
ened plates accompanied by marked decrease in
current efficiency, and in some cases by charac-
teristic striations in the metallic surface, usually
followed by complete cessation of manganese
deposition. |

With short plating cycles the bad effects of
molybdenum are less marked than when plating
cycles of 24 to 48 hours, necessary in the com-
merical electrowinning of manganese, are em-
ployed.

Notwithstanding the numerous variables affect-
ing the behaviour of molybdenum as related to
manganese electrowinning, it has been found
that its deleterious effects can be obviated by

controlling the proportion thereof in the solu- .

‘tions used for plating, so that that proportion
does not exceed a maximum critical value. The
invention therefore provides & method of con-
trol whereby dependable and uniform plating re-

sults may be obtained, insofar as the effects of .

molybdenum are conceined, notwithstanding
wide and uncontr ollable variations in the factors
above-mentioned including, for exambple, the Kind
of ore, the form or forms of molybdenum there-

in, the proportion of molybdenum therein, the -

treatment of the ore prior to extractlon of the
manganese content thereof, etc.

It has been found that if the holybdenum con-
tent of the solutions employed for manganese

electrowinning, more specifically the molybdenum

content of the catholyte which is fed to the elec-
trolytic cell is soO contirolled as hot to exceed a
critical value of about 0.0015 gram per liter that
the above-mentioned deleterious effects are avoid-

ed and adequate control of molybdenum effected. ..

One of the important considerations is the
ratio of manganese to molybdenum in the ore.
It is not so much the absolute percentage in the
ore of molybdenum which is 1mp0rtant as the
ratio of manganese to molybdenum This is so
because a certain proportion of ore has to be
,d1gested with the anolyte withdrawn from the
cell in order to replenish therein the content of
manganese from the relatwely low concentra-
tion of the manganese in the anolyte as with- 7
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drawn from the anolyte chamber to the highet
concentration which is necessary in order that

the solution may be satisfactorily used as cath-

olyte. 'The proportion of ore which 1s necessary
to eifect this increase in manganese concentra-
tion varies with the manganese content of the

ore. Therefore a relatively low grade ore con-
taining a relatively low proportion of manganese
and a relatively low proportion of molybdenum
will introduce as much molybdenum into the
solution as a higher grade ore containing a
higher percentage of manganese and a higher
percentage of molybdenum. A ratio ofi man-
canese 10 molybdenum of 25,000/1 may e re-
garded as high (dow Mo) and a ratio of man-
ganese to molvbdenum of 500/1 may be regarded
as low (high Mo). It has been found that cer-
tain methods which are effective in the case of
a, low molybdenum ore are quite ineflective in
the case of g high molybdenum ore.

A principal object of the present invention
is to provide processes which will be generally
efiective in the case of all ores which may he
encountered and except as hereinafter specifi-
cally noted the methods of the present inven-
tion are effective to control the molybdenuni
content of ores In general containing manga-
nese and molybdenum.

The principles of the invention will be defined
in the claims and cervain typical or specific meth-
ods will be described in order to illustrate those
principles.

In the description of the invention reference
may be had to the accompanying drawings where-
in Fig. 1 is a flow sheet outiining three methods
which illustrate the principles of the invention
and Fig. 2 comprises a flow sheet outlining two
additional methods illustrating the principles of
the invention.

In accordance with the invention spent anolyte
contalning manganese suliate, ammonium sul-
fate, and sulphuric acid is withdrawn irom the
anoivte champers of one or more cells and is
sent to a digester or tank where it is treated in
aeeordance withh the present invention, that
treatment including the addition of conditioned
manganese ore and a reagent which 1s composed
of cell siudge or raw manganese ore or a mix-
ture thereof to produce a digest siurry. The
anoliyte, as it comes from the cell, is *“spent,”
and in a typical case contains from about 8 to
18 grams per liter of manganese as manganous
sulfate, about 100 to 180 grams per liter of am-
monium suifate, and has a pH of about 0.5 to
2.0. In the digest tank the anolyte is mixed
with conditioned ore, primarily for the purpose
of increasing the content of manganese to the
value which 1is desirable in order that the 1e-
sulting sclution may be used as catholyte, that
increase in value being equal to the decrease in
concentration of the manganese in the electrolyte
_caused by cathodic deposition of manganese,
Specific examples of such decreases are 15, 20
and 25 grams per liter. The proportion of ore
to accomplish this purpose depends upon the
pereent of manganese in the ore and the soli-
bi’ity in the solution of the manganese com-
round or compounds in the ore. The acidity
of the solution is due to the presence of sul-
phuric acid in the anolyte and additional sul-
phuric acid may be added. In a typical case
2100 pounds of ore are digested with 8,000 gal-
lons of anolyte containing 15 grams per liter
of manganese as manganous sulfate and having

a pH of about 0.5 to 2.0 and about 700 to 800
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S5
pousids of 60° Bé. sulphuric acid i added to

complete the extraction of the manganese at a
maximum pH of about 4.5. In that typical case

99 per cent or more of the manganese 13 [2:$
tracted and the resulting digest solution con-

tains 30 grams per liter of manganese as man-
ganous suifate. In accordance with the present
invention the major portion, e. g., abouf 95%
and preferably over 99% of the manganese con-
tent .of the ore, is soluble in the acid solution
which might perhaps better be termed slurry
or digest solution, those being fterms emploved
in the art. Such solubility is rare in a native
or raw ore. Most ores contain manganese in
a higher state of oxidation, that is, higher than
corresponds to a valence of 2, and the manganese
in those ores is difficultly soluble or insoltible.
To transform the manganese therein to a solu-
ble condition, it is necessary to give the ore a
conditioning or heat treatment. Suitable condi-
tioning treatments will be seen by reference to
Wanamaker, et al.,, U. S. Patents 2,397,824, April
2,1946, and 2,384,862, September 18, 1945. : The
treatment described in those patents mcludes

heating the ore to a high temperature in the -

presence of carbon. However, some ores do not,
require said treatment because the manganese
1s found therein in nature in the form of a: salt
Oor compound, e. g., MnCO3 which is readily sclu-
ble in dilute sulphuric acid. The invention is
applicable to the electrowinning of manganese
from those ores. Indeed, the invention is not
Iimited to the electrowinning of manganese solely
from ores but extends to the electrowmmng of
manganese from any source thereof capable of
providing manganous sulfate, where the prob-
lem of molybdenum control arises. One of such
sources- is represented by the solutions obtained
as by-products in the chemical industries, e. g.,
where pyrolusite or other products containing
higher oxides of manganese (associated with

olybdenum) have been used as a reagent. EX-
amples of such by-products are aqueous solu-
tions obtained by the oxidation of aniline by
means of pyrolusite or other ores containing
hlgher oxides of manganese associated with

molybdenum, said by-product solutions conta,m-i

ing cnmuonents a8 shown below:

Solution NOw-—ooomooom 1 2.

Ratio Mo/Mo——— .1 22000/1| 60001
Manganese (s MS Oy oo g./l__. - 107.5} .107.8
Molyhdenum. .o egfl__| 0.0049 1 0.018
Ammonium sulfate_ _____ ... ———man g.f1._ Hd a0

it is to be noted that in accordance Wit’fi the

present invention the source of electrodeposited

manganese is material in which the manganese
exists practically wholly in the manganous con-
dition as for example, an ore in which at least
95% of the manganese and preferably 999% or
more is in the manganous soluble condition.
Neverthe.ess it is an essential feature of this
invention that the reaction mixture including
the anolyte contains a measured but appreciable
guantity of manganese components in stages of
higher oxidation and which are insoluble in the
anolyte. In accordance with the present inven-

tion deliberate addition of such components, e. g., -

raw or unconditioned ore is made. I{ is recog-
nized that the inftroduction of these manganese
components which are unconditioned represents
a deliberate inefficiency in the extraction of
manganese and its conversion into soluble form.
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This inefficiency i{s however fiore thati domperig-
ated for by the resulting advantages. The above-
mentioned manganese components in which the
inanganese has a valence higher than two are,
preferably, added to the spent anolyte at a pH
range (of said anolyte) of 0.5 to 2.0.

- The molybdenum controlling rea,gents em-
ployed herein include either cell sludge or raw
ore in which the major portion of the manganese
is in g state of oxidation higher than corresponds
to a valence of two, or 2 mixture thereof, that is,
said cell sludge or raw ore are the preferred
forms of the above-mentioned manganese com-
ponents in which the manganese eXists in. a
state of oxidation corresponding to 'a. valence
greater than two. [Cell sludge is sometimes re-
ferred to as anode sludge or anode mud. It is a
product formed as a result of anodic oxidation.
The anodes employed in manganese electro-
winning commonly conftain a preponderating
proportion of lead. Some of the anodes contain
such preponderating proportions of lead along
with other elements such as tin, antimony, and
cobalt. Others may consist wholly of lead or lead
with a small proportion of silver. The anode
sludge or cell sludge consists largely of manga-
nese dioxide together with the peroxide or di-
oxide of the element or elements of which the
anode is composed. It is necessary to remove said
sludge from the anode compartments fo main-
tain satisfactory operation of the cells and as
this material is removed it commonly contains
about 70% by weight of dry solids and about
30% by weight of water. It exists in the form of
granules or aggregates the size of which is indi-
cated by the fact that in a typical case about ¥
passes through a 200 mesh screen and 25 is re-
tained thereon. When this material is ground,
as for example in a ball mill, slurry is formed
and in a typical case the fineness of the particles
thereof is indicated by the fact that over 97%
passes through a 200 mesh screen, indeed, the
major portion, €. g., over 80 per cent, passes
through a 400 mesh screen. The ground anode

. sludge is preferred because its action is more

vit)
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rapid than that of the unground material. In
respect of the raw ore containing higher oxides
of manganese which may be employed as one of
the reagents of tne present invention, this ma-
terial preferably is in accordance with the inven-
tion ground to a fineness comparable to that of
unground cell sludge, i. e., such that at least
about 13 passes through a 200 mesh screen. The
products of the grinding operation are commonly
delivered to a cyclone separator. The portion
thereof which does not settle out in the separator
and remains suspended in the air is collected in
filters known as bags. This material is known
as “bag-house dust” in the art. The particle size
is so small that practically all of it passes through
a, 200 mesh screen, the major portion, e. g., over
90 per cent, passes through a 400 mesh screen,

As above-mentioned, the ore contains in ad-
dition to manganese numerous other elements
among which iron, arsenic, nickel, cobalt and
copper may be mentioned. Owing to the prev-
alence of iron in ores, the result of the condi-
tioning treatment involving the use of carbon as
reducing agent may introduce ferrous iron into
the digest solution or slurry in amounts of from
0.1 to 0.3 gram per liter of ferrous ion. Should
however the ore be deficient in iron then from
0.1 to 0.3 gram per liter of ferric or ferrous ion,
preferably in the form of ferrous or ferric sul-
fate, are added as hereinafter described. |
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In the five-methods deseribed specifically helow
there is: a series of steps generic to-and found in
all- methods and: that series-of: steps may- be de-
scrlbed as fellew,l
- Spent anelyte he,vmg a pI-I of 0 5 to- 2.0. is re-

acted with cendltmned ore and 2 molybdenum-

controlling reagent which is generme,lly 2 Manga-
nese compound containing on . a dry basis not less

than.50 per cent by weight of manganese dioxide

and. may be anode sludge or raw ore. Other
species. are. the manganese dioxide predueed for
use.in dry batteries and the manganese: dioxide
produced as.a by-product in zinc electrewmmng
The reaction is carried out in the presence.of iron
sulfate in an. ameunt to premde a. cencentratmn
of from 0.1 to. 0.3 gram per liter ef an ion of the
group cens:mtmg of ferrous and ferric ion. The
molyvbdenum contr olling reagent is used in the
proportion of from 25 to 100 pounds. of sald re-

agent calculated on a dry basis, per 8,000 gallons

of dlgest solution. The conditioned ore is used in
a proportion which wiil effect an increase in the
concentration of manganese in the dlgest solu-—
tlon equal to the decrease in cencentratmn of
inanganese in the electrolyte caused by cathochc
depos1tmn of manganese.

The above-mentmned reaction is completed :a,t

pH not exceedmg 4.5 and w1th1n the range. of
2 0 to 4.5. At a subsequent stae‘e of the process
the pH of the solution is 1alsed to 5.5 te 6. 5 a and
insoluble matter is separated within that pH
range that, insoluble matter including insoluble
residues of the molybdenum controlling reagent,
molybdenum coi mpounds and insoluble iron com-
pounds. Thereaiter the pH of the solution is
raised to 6.8 to 7.8 and the solution is treated
with a sulfide ion supplying material in that pro-
portion which is supplied by 30 to 100 liters of
commercial ammoniur sulfide (containing 40 to
45 per cent (NH4)2S) per 10,000 gallons of solu-
tion. The result of that treatment is not only to
precipitate the sulfides of cobalt and nickel buf
also to complete the treatment for the precipita-
tion of molybdenum to the required extent. In-
soluble material including said nickel and cobalt
sulfides is separated and there is obtained a solu-
tion containing nof more than 0.0015 gram per
liter of molybdenum, said solution being: ready
for feeding to the catholyte chambers of the cells.

Five spszcific methods will now be described

falling within the above described genus and em- .

ploving the principies of the above descrlbed
e'enerle method.

Method No. 1

- This meinhod is applicable {o ores wiiere the |

Win/Mo ratio varies from 25,009/1 to 1500/1.

Spent anolyte is reacted with conditioned ore
and a molybdenum controlling reagent which
imay be raw ore or anode sludge. The reaction 1s

carried out in the presence of iron sulfate in an
amount to nrovide a concentration of from 0.1
to 0.3 gram per liter of ferrous iron or ferric iron.
The said molyvkdenum controlling reagent is used
in a proportion of from 25 to 100 pounds of said
reggent, caleulated on a dry basis, per 8,600 gal-
lons of solution. The condifionad ore is used M
sufficient proportion to effect an increase of 1o
erams per liter in the cencentration oi man-
sanese in the digest f:elutlen, i, e., concentration
of mangonese 28 Mangancus eullate ﬂ'leeter than
the concentration of that manganese in the spent
anolvte to the extent of 15 grams per liter. The
reaction as above described is carried out so that
the necersary increase in manganese concenira-

tion is effected. at a pH _nof exceeding 4.5 gnd

Al

10

15

20

b
ot

30

10

Gt

e
k]

60

69

70

within.the range of 2.0 te 4.5, it being understood
that.the.pH of the.spent a,nalyte may be less than

2.0, e. 2., 0.5 up.to.2.0. Thereafter the pH of the

slurry is raised: to.5.5 to 6.5 and then within that

range insoluble materigl is separated hy filtra-

tion_or- otherwise, the.insoluble material includ-
ing gangue, reagent. residaues, molybdenum com-
pounds. and iron precipitate and the resulting
solution having a pH of 5.5 o 6,5. Then the pH
of that solution is raised to 6 81017.8 and is treated
to pleelpwtate the sul‘ides of cobalt and mckel
lmt also as the ﬁnal step in the series of steps to
decrease. the eoncentre,tmn of molybdenum in the

qullthIl to be obtained to a value not greater
than 0. 0015 gram per llte_r The proportmn ei’,

equlvalent to that supplled by flom ?0 to 100
lltEl.S of commerclal ammonium sulﬁde (centam-
ing 49 to 45 per cent (N'I-T4) 2S) per 10 000 gallens
of solutmn The 1nsc:-luble materlal p1 oduced by
that, treeztment is then separ ated e,nd the result—
ing selutlon eontems not more than 0. 0015 gram
pe]. liter of melybdenum and is ready to be fed
to th \e catholyte chambels of the solutmn

Method No. 2

This method is applicable to the treatment of
ores w hele the Mn-Mo ratio varies frem 25,000/1
to 560/1.

This methed differs from Method No. 1 in the
rollowing respects, such dlffelences being readlly
ascertainable not only by the descuptmn of this
methed but also by 1eferenee to the accompany-
ing flew sheet

AItel the c-'pent anolyte has been reacted with
the ore in the presence of a s;eluble iron cem-
pound as deﬁcmbed in Methed No. 1 so as to pro-
duce the etated increase In cencentlatmn of
manganese to the extent of 15 grams per l1te1
and after said 1eact10n has been completed at a
pI—T 10t exceedmg 4. 5 and wit hin a range of 2.0
to 4.5 and after the pH of the slu1ry has been
1raised to 5.5 to 6.5 and insoluble compeunds sepa-
1ated then prior to the step of raising the pI-I
of the solution to 6.8 to 7.8 and treating Wlth a8
sul:1de ion eupplymff material the solution is glven
a second treatment with said molybdenum con-
trolling reagent within the same range of pro-
portions as described in Method No. 1 and at &
pPH not exceeding 4.5 and within the range of
2.0 to 4.5, then insoluble compounds including
residues ef said reagent are separated at a pH
not exceeding 4.5 and within the range of 2.0 to
4.5. The pH of the resulting solution is then
rajsed to 6.8 to 7.8 and treated with a sulfide ion
supplyving material as in Method No. 1.

Method No. 3

This method is applicable to ores having
Mn/Mo ratio varying from 25,000/1 to 500/1.

This method differs from Method No. 1 in the
following respects:

After the reaction or digestion of the spent
anolyte with conditioned ore, molybdenum con-
trolling reagent and ferrous or ferric ion has been
comrpleted so as to eifect an increase in the con-
centration of manganese as manganous sulfate
in the digest solution to the extent of 15 grams
per liter (i. e. 15 grams per liter greater than the
concentration of said manganese in the spent
anolyte) and said increase in manganese con-

centration has been completed at a pH Imt
greater than 4.5 and within the range of 2.0 to
45, and after the pH of the digest slurry has

it B e 0w ol ——— gt gt Tkt o w—— 'u‘ o e el el
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been increased to 5.5 to 6.5 and insoluble com-~
pounds separated within that pH range, then be-
fore increasing the pH of the solution to 6.8 to
1.8 anhd treating with a sulfide ion supplying ma-
terial the following steps are carried out, as de-
scribed herein and also as clearly indicated on
the accompanying flow. sheet for Method No. 3:

The solution having a pH of 5.5 to 6.5 is given
an intermediate treatment with sulfide ion sup=
plying material at a pH not exceeding 6.5 and
within the range of 1.5 to 6.5, the proportion of
sulfide ion supplying material being equivalent

to that supplied by 25 to 75 liters of commercial

ammonium sulfide having a content of 40 to 45
per cent of (NI4)2S. The insoluble material
produced is separated at a pH not exceeding 6.5.
Then the pH of the resulting solution is raised to
6.8 to 7.8 and treated with sulfide ion squlymg
material as in Method No. 1.

Method No. 4

This method is applicable to the treatment of
ores where the Mn/Mo ratio varies from 25,000/1
to 500/1.

. This method dszers from Method No. 1 in the
following respects:

- After the reaction of the spent anolyte with
conditvioned ore and molybdenum controlling re-
agent in the presence of ferrous or ferrie ion has
been completed at a pH not exceeding 4.5 and
within the range of 2.0 to 4.5 s0 as to effect an in-
crease in the concentration of manganese as
manganous sulfate to the extent of 15 grams per
liter (such increase having been effected at a
PH not.exceeding 4.5), then instead of inereas-
ing the pH of the digest slurry to 5.5 to 6.5, in=
soluble material resulting from such.reaction: is
separated at a pH not exceeding 4.5 and within
a range of 2.0 to 4.5 and the resulting solution
having a pH within the range of 2.0 to 4.5 is
given a second treatment with molybdenum con-
trolling reagent within the same range of pro-

portions that was used in the first treatment.

Said second treatment with said reagent occurs
within a pH range of 2.0 to 4.5. Then, without
separating insoluble material the pH of the re-
action mixture is raised to 5.5 to 6.5 and insolu-
ble material is separated within that pH range,
that insoluble material including residues of said
molybdenum controlling reagent, molybdenum
compounds and insoluble iron compounds. Then
the pH of the resulting solution is raised to 6.8
to 7.8 and given a treatment with sulfide ion
supplying material as in Method No. 1, i. e., by
using a proportion of sulfide ion material equal

or equivalent to that supplied by 30 to 100 liters

of commercial ammonium sulfide (containing 40
to 50 per cent (NH4)2S) per 10, 000 gallons of

solutmn
Method No. 5

This method is applicable to ores where the
Mn/Mo ratio varies from 25,000/1 to 500/1.

-This method is the same as Method No. 4 ex-
- cept for the following, the differences being de-
scribed herein and also being clearly shown on
the accompanying flow sheet:

- After the second treatment with mo]ybdenum.

controlling reagent at a pH within the range of
2.0 to 4.5 insoluble material is separated within
that pH range, that insoluble material includ-~
ing residues of said reagent, then the pH of the
resulting solution is raised to 5.5 to 6.5 and insol-
uble material is separated within that pH range,
that insoluble material including insoluble iron
compounds. Then the pH of the resulting solu-

5

10

15

20

25

30

4(}

o0

09

60

- 65

70

10

tion is raised to 6.8 to 7.8 and given a treatment
with sulfide ion supplying material as in Method
No. 4 (and also as in Method No. 1). - .,

- What is claimed is:
1. In the electrowinning of manganese from

ores containing manganese in a state of oxidation
higher than that corresponding to a valence of
two together with molybdenum and other im-
purities, and employing an electrolytic cell con-
taining anolyte and catholyte liquids, the pas=
sage of the electric current between the anodes
and cathodes and through said liguids contain=
ing manganous sulfate and ammonium sulfate
causing the deposition of metallic manganese on
the cathodes, and employing the use of steps in«
cluding heating said raw ore with g reducing agent
until a conditioned ore is obtained in which at
least 95 per cent by weight of the manganese
therein is soluble in dilute sulfuric acid and using
spent anolyte having a pH of about 0.5 to 2.0;
about 8 to 18 grams per liter of manganese a8
manganous sulfate and ammonium sulfate to ex-
tract manganese from said conditioned ore, the
process which comprises reacting the spent
anolyte together with conditioned ore and g
molybdenum controlling reagent which is g man-
ganese compound containing on a dry basis not
less than 50 per cent by weight of manganese
dioxide, the reaction being carried out in the
presence of iron sulfate in an amount to provide
concentration of from 0.1 to 0.3 gram per liter
of an ion of the group consisting of ferrous and
ferric ion, the said molybdenum controlling re-
agent being used in the proportion of from 25
to 100 pounds of said reagent, calculated on a d¥y
basis, per 8,000 gallons of digest solution, the said
conditioned ore being used in s proportion to
effect an increase in the concentration of man-
ganese in the digest solution equal to the decrease
in concentration of the manganese in the electro-
lyte caused by cathodic deposition of manganese,
completing the above mentioned reaction at a
pH within the range of 2.0 to 4.5; thereafter
raising the pH of the solution to 5.5 to 6.5 and.
separating insoluble material within that pH
range, and thereafter raising the pH of said solu-
tion to 6.8 to 7.8 and treating said solution with
that proportion of sulfide ion supplied by 30 to
100 liters of commercial ammonium sulfide (con-
taining 40 to 45 per cent of (NH2)2S) per 10 000
gallons of solution, separating insoluble material
and obtaining a solution containing not more than
0.0015 gram per liter of molybdenum. -

2. In the electrowinning of manganese from
raw ores containing manganese in g state of
oxidation higher than that corresponding to-a

valence of two, together with molybdenum -and

other impurities, the Mn_to Mo ratio lying within
a range of about 25,000/1 to 1500/1 and employing
an electrolytic cell containing anolyte and catho-

lyte liquids the passage of the electric current -

between the anodes and cathodes and through
said - liquids containing manganous sulfate and
ammonium sulfate causing the deposition of
metallic manganese on the cathodes, and employ-
ing a series of steps including heating said raw
ore with a reducing agent until a conditioned
ore is obtained in which at least 95 per cent by
weight of the manganese therein is soluble in
dilute sulfuric acid, and using spent anolyte hav=
ing a pH of about 0.5 to 2.0, about 8 to 18 grams
per liter of. manganese as manganous sulfate, and
ammonium:sulfate, to extract manganese from

76 said condltmned ore, the process which comprises
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reacting the spent :anolyte together with condi-
Yigned ore and:a molybdenum controlling reagent
of the group consisting of ‘said raw ore and anode
sludge, the reaction being carried out in the pres-
ence of iron sulfate in an amount to -provide a
concentration of from 0.1 to 0.3 gram per liter
of an ion of the groun consisting of ferrous and
ferric 'ion, the said molybdenum controlling re-
agent being used 'in the proportion of from 2o

{0 100 pounds of "said reagent, calculated on a 1

dry basis, per ‘8,000 gallons of digest solution, the
said conditioned ore being used in a proportion
to -effect an increase 0of 15 grams per liter in the
concentratiocn of manganese in the digest solution,

completing the -above mentioned reaction at 3 pH -

of :2.0 to 4.5, then raising the pH of the digest
slhurty to 5:5 to-6.5-and separating insoluble mate-
rial within that pH range, then raising the pt
of the'resulting -solution to 6.8 to 7.8 and treating
said -solution with that proportion of sulfide ion
supplied by 30 to 100 liters of commercial am-
monium -sulfide (containing 40 to 45 per cent
{NH31)2S) per 10,000 gallons of solution, -separat-
ing insoluble material inciuding nickel -and cobalt
sulfides and obtaining a solution containing not
more than 0.0015 gram per liter of molybdenum.

3. In the electrowinning of maganess-from raw
ores containing magnanese in a stateof oxidation
hlgher than that corresponding to a valence of
two, together .with. molybdenum and other im-
;.purities, the Mn-to Mo ratio lying within g range
of about 25.000/1 to 500/1 and employing an elec-
trolytic cell containing anolyte and .catholyte
liquids, the passage of electric current between
the anodes and cathodes and through said liquids
containing manganous sulfate and ammonium
sulfate causing the deposition of metallic man-
ganese on the cathodes, and .employing a series
of steps including heating said raw ore with a
reducing agent until a conditioned ore is obtained

in which at least 95 per cent by welght of the

manganese therein is soluble in dilute sulfuric
acid and using spent anolyte having a pH of
about ‘0.5 to 2.0, about 8 to 18 grams per liter of
manganese as manganous sulfate, and ammo-
mum sulfate to extract manganese ‘fl om said
reacting the spent anolyte together with condi-
tioned ‘ore -and ‘a molybdenum controlling re-
ngent of the group consisting of ‘said raw ore and
anode sludge, tlie reaction being carried out in
the presence of iron sulfate in an amount to
provide g coricentration of from 0.1 to 0.3 gram
per liter of ‘an icn of the group consisting of fer-
rous and ferric icn, the 'said molybdenum con-

trolling reagent being used iIn the propor tion of
from 25 to 100 pounds of said reagent, calculated
'on ‘a ‘dry ‘basis, per 8,000 ‘gallons of :digest solu-
#ion, the said conditioned ore being used -in ‘a
proportion to effect an increase of .15 grams pay
liter in the concentration of manganese .in the
digest solution, completing the above mentionea
regction at 2 pH of 2.0 to 4.5 then raising the pH
‘of the digest slurry to 5.5 t0'6.5 and separating in-
soluble -material within that range, then dgde-
creasing the pH of the resulting ‘solution fto a
value 'of 0.5 t0'4.5.and again digesting said solu-
tion .at & pH not exceeding 4.5 with the above
mentioned proportion of molyhdenum: controlling
reagent, then separating insoluble material at a
pH not exceeding 4.5, then raising the pH of the
resulting solution to 6.8 to 7.8 and treating said
solution with that proportion of sulfide ion sup-
plied by 30 to 100 liters of commercial ammoinum
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per 10;000 gallons ‘of ‘solution, separating insolu-

ble material :iﬁcludin'g nickel 'and cobalt sulﬁde’s
and obtaining ‘g solution containing not more

than 0.0015 gram per liter of molybdenum.
‘4. In the electrowinning of manganese from

Faw ores containing manganese in a state of

oxidation higher than that corresponding to a
valence of two, together with molybdenum and
other impurities, the Mn to Mo ratio lying within
a range of about .25;000/1 to 500/1 and employ-

ing an ‘electrolytic c¢ell containing anolyte and
catholyte liquids, the passage of electric current

between the anodes and cathodes and through
said liquids containing manganous sulfate and
ammonium sulfate causing the deposition of
metallic . manganese on ‘the cathodes, and ‘em-

ploying a ‘series ‘of steps including heating said

raw ore with a reducing agent until a condi-
tioned ore is obtained in which at least 95 per
cent by weight of the manganese therein is solu-
ble in dilute sulfuric acid and using spent anolyte
having a pH “of about 0.5 to 2.0, about 8 to 18
&rams per liter of manganese as manganous sul-
fate and ammonivm sulfate, to extract man-
sanese from said conditioned ore, the process
which comprises reacting the spent anolyte to-
vgether with "conditioned ore and a molybdenum
controlling reagent of the group consisting of said
raw -ore ‘and anode sludge, the reaction being
carried out in the presence of iron sulfate in an
amount o provide a concentration of from 0.1

10 0.3 gram per liter ol‘ an ion of the group con-

sisting of ferrous and ferric.ion, the said molyh-

denum controlling reagent being used in the pro-
nortion of from 25 to-100 pounds of -said reagent,
calculated on g dry basis, per 8,000 gallons -of
digest solution, the said conditioned ore being
used in a proportion to effect an dincrease of 15
orams per liter in the concentration of man-
sanese in the digest solution, completing the
above mentioned reaction at a pH of 2.0 to 4.5
then raising the pH of the digest slurry to 5.5
to ‘6.5 and separating insoluble material within
thatpH range,.then treating the solution-at a pH
of 1.5 to 6.5 with that proportion of sulfide ion
egjuivalent to that supplied by 25 to 75 liters of
commercial ammonium sulfide (containing 40
to ‘45 per cent (NH:y2S) per 10,000 gallons of
solution, then ‘separating insoluble material
pwduced by that treatment at a pH not exceed-
ine ‘6.5 then raising the pH of the resulting solu-
tion to0 6.8 to 7.8 and treating sdid solution with
that proportion of sulfide ion supplied by 30 to
100 liters of comimercial ammonium sulfide (con-
taining 40 to 45 per cent (NH4):zS) per 10,000
gallons of solution, ‘separatiig insoluble mate-

rial.including nickel and cobalt sulfides and ob-
taining ‘a solution containing not -more than

0.0015 gram per liter of molybdenum.
5. In the electrowinning -of manganese from

dation higher than that corresponding to a va-
lence of two, together with molybdenum and
other impurities, the Mn to Mo ratio lying with-
in g range of about 25,000/1 to-500/1 and em-

ploving an electrolytic cell .containing anolyte

and.catholyte-liquids, the passage of electric cur-
rent between the anodes and .cathodes -and

through said liquids containing manganous sul-

fate and ammonium:sulfate causing the deposi-

tion of metallic manganese on the cathodes, and
employing a series of steps including heating
said raw ore with a reducing agent until a con-
ditioned.ore is obtained in which at least 95 per

sulfide (containing 40 to 45 .per cent (NH4)29)- 75 cent.-by weight of the manganese therein is solu~
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ble in dilute sulfuric acigd and using spent anolyte
having a pH of about 0.5 to 2.0, about 8 to 18
orams per liter of manganese as manganous sul-
fate, and ammonium sulfate, to exiract manga-
nese from said conditioned ore, the process
which compriscs reacting the spent anolyis ic-
gether with conditicned ore and o mgolybdenuin
controlling reagent of the group counsisting of
said raw ore and anode siudge, the reactvion be-
ing carried out in the pres.nce of iron suifate
in an amount to provide a concensration of from
0.1 to 0.3 gram per liter of an ion of the group
consisting of ierrous and ferric ion, the said
molybdenum controiling reagent heing used in
the proporvion of from 25 to 180 pounds of said

reagent, calculated on a dry vasis, per §,000 gal-

lons of digest soluvion, the said conditicned ore
being used in a proportion to effsct an increase
of 15 grams per liter in the concentration of
manganese in the digest solution, completinge the
above mentioned reacticny at a v of 2.0 10 4.5,
then separating insciuble material within a pH
range of 2.0 o 4.5, then again digssting the re-
sulting solution with the above mentioned pro-
portion of molybdenum controliing reagent at a
p of 2.0 to 4.5, then, without s_parating in-
soluble material, raising the pH to 5.5 to 6.5 and
Separating insoluble compounds within that pE
range, then raising the pH of the resulting sciu-
tion to 6.8 to 7.8 and treating said soiution with
that proportion of sulfide ion supgclied by 30 1o
100 liters of commercial amimonium sulfide {(con-
taining 40 to 45 per cent (NHa)28) per 10,005
gallons of solution, separating insoluble material
inciuding nickel and cobalt sulfides and obtain-
ing a soludion containing not more than 0.0015
cram per liter of molybdenum.

6. In the electrowinning of manganese from
raw ores containing manganese in a staie of oxi-
dation higher than that corresponding fo a va-
lence of two, together with molybdenum and
other impurities, the Mn to Mo ratio lying with-
in a range of about 25,000/1 to 500/1 and em-
ploying an electrolytic cell containing snolyia
and catholyte liquids, the passage of eleciric cur-
rent hetween the anodes and cathedes and
through said liquids containing manganous sul-
fate and ammonium sulfate causing the deposi-
tion of metallic manganese on the cathodes, and
employing a series of steps including heating
sald raw ore with a reducing agent until a con-
difioned ore is obtained in which at least 95 per
cent by welght of the manganese therein is solu-
ble in dilute sulfuric acid and using spent ano-
lyte having a pH of about 0.5 to 2.0; about 8 to 18
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grams per liter of manganese as manganous sul-.
fate, and ammonium sulfate, to extract manga-
neSe from said conditioned orz, the process
wihlcii comprises reacting the spent anciyte to-
onther with conditioned ore and a molyvbdenum
conirolling reagent of the group consisting of
said raw ore and anode sludge, the reaction be-
ing carried out in the prsesence of iron suifate in
all amount to provide s concentration of from
0.1 to 0.3 gram per liter of an iocn of the group
consisving of forrous and ferric ion, the said mo-
lybdenum controlling reagent being used in the
proporticn of frcmm 25 to 100 pounds ¢f said re-
agent, calculated on g dry basis, per 8,000 gal-
Ions of digest solution, the said conditioned cre
being used in a proportion 1o efect an increase
of 10 grams per liter in thie concentratvion of man-
ganese In the digest solution, completing the
above menticned reaction at a pI of 2.0 io 4.5,
tien separating insoluble material within said o=
range of 2.0 0 4.5, then again digesting the re-
sulting solution with the above mentiched pro-
portion of moiybdenum controiling reagent at a
pH of 2.8 to 4.5, then separzting insolhiible mate-
rial within said pE range of 2.6 to 4.5, then rais-
g the pH of the resulting solution to 5.5 tc 6.5,
then separating insgiuble compounds atb said pHE
range gf 5.5 to G5 then raising the pE of the
resulting solution to 6.8 to 7.8 and treating szid
soiution with thiat proportion of sulfide ion sup-
pited by 30 te 100 lifers of commercial ammonium
sulfide (containing 40 to 45 per cent (WNHa) 28)
ner 10,040 gallons of solution, separating insclu-

and obitaining a sclution conidaining not more

than 8.0012 gram per liter of molybdenum.
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