[err]

1, 134575
7 In Table 1 it will be noted that anode which manganese di oxi de
can be plated, heat. current efficiencies increase with increasing

_ ¢ontents of the cell to a tenperature 45 tenperature. It wll
_also ‘be noted that the of from75[err]Cto 100[err]C, and causing a '

current surface area of the Mi(Jerr] decreases fromabout to flow
bet ween t he anode and the cat hode. . 5. 142 sq. net per gm at 45 to

.lndex at acceptance:—C7 B(1L, 2F) -
lnt.a. —001g45/02,czzd' 22
' COMPLETE SPECIFICATION

! Sumultaneous Electrolytlc Production of Zine aml -
- -Ma,nganeste Dioxide o

' f
"LIMITED of:: ~the, .Zinc sulphate solutlorn for. the purpose 0

] ferrous iron
L Avenue E Province of oxidizing and prec:pttatlng any
-'.;"'lz'staufgléinp:da aveComuep organized under:: - that -may:be ‘present in the’ solu;?sulA;a tz
' lav;s of Ca;lada, do' hereby -declare the resuit, a. small amount of mangan p.

We, UNION:: Cmmn CAN

olution, In 50
is present in thezinc sulphate ‘s

U be txortlédfoiowil;,cha;vg ;t,ray by the convention . cell; zinc is plllated g:z

N Ite lgsra?o b performed, ‘to. be- pamcularly on an aluminium cathode while & small amo

" " déscribed in'and by the foilowing statément: —  of manganese dt97t1de comes ¢ out as a shme on
~ This invention relates .10 electrolync pro- theo :nc;d;um s ot occaswns attempts pave 55
) cesases - th:s:’ I:ill‘:)l:;crl!e d-has to"d i- been made to.utilize the manganese fdnox(tﬂ;

B &r?;an%va:lth an eleptrolytic process for prod _..;_i‘t_n_-mg the zinc, mﬁ‘;‘;‘g 0; siled,
aneously producing;battery grade MnO, but these attemp ys | ‘
'acceptable zinc, ’ .

amma-rho structure,
the product “undér the
be. itable for battery.




sq. nmetres per gm at 85[err]C. The higher the

or titanium

heating tenperature of the cel
in terns of the nunber

| oss
graphite

being 90[err]C to 100[err] C when the

further

t he surface area,

50

the anode is graphite,
the | ower the apparent density.

being 75[err]C This results

| ead

to 100[err] C when the anode nmateri al
of grams of Mn(Jerr] that can be packed into a or
10

cell of given size.

is
1 ead and
Lt wilkl

ilL4Lﬁq

45[err] C and—iMCTEASES
sul phat e con

agai n
decr ease. 3

be noted anode material is titanium t hat the cathode current
eff|C|ency |$'very | ow 3 :A process. a§B¢k51ned intctlaiml or 2 in at
Tne Lternperature 11 ses V\IIII L,I 'L' Ile margdaricsc -~
?P oxrcggn the glz)\m{nb ﬂﬁb cﬁgrfcerp ghout }mpun.wgl\zgh %l;aghmgly. s
% m’ d to: _
tenperature tNg pa ebh fhurldQhat itis B&J&r to . to C@onphﬂf &16cttbl }?ﬁ tﬂgn@i"
St ar t prddoce battefy acfive[Bamme e Mnghiedi ne rge rnnﬂﬁxy o fzin€ | pogbilly: would Dot
dioxide and zinc simuoltaneously in an electro- appear totbg tl{g thing taidp.c [Mo;en@r, zlperec |00n .
concentr at i ori,y?c cell, afglg“‘,ﬁf@"l‘lﬂ?’f"h@r PrRcipply 4 ﬁﬁ‘ §§§ ‘rl‘m %‘Fsedfg;;i 20 fr_om
0.4 N0l ar to TADGHDYigHy the sinultanddie Plod@ion ﬁ?iﬁ uoé’s'fgx' agm.
5. Afphoc ewsrigs mighainoeeppea? ©| i ningl zino nando)z, wﬂl be cl efrofnr esh:

cel |.

el ectrol yt ¥ jfeasibleq Mpngeness dioxide apanpame veryheTableddbelowh concentration is from

0.4 to 1.1

conpart nent,

in any of clains 1

where the zinc

Is renoved from . ‘nol ar:

120

it and plated out on the cat hode. The'EW@hlro- 6. A process as,ghalned
_ - Manganese Dioxide
ch Platzng R Platmg

Temperature % — 45°C. . 9 — 9%°C.
‘Electrolyte © 2 molar ZnSO, © ‘1T =2 molar MnSO, -
_Current Dens:ty . 30— 50 amps/sq.ﬁ. '._7 — 20 amps/sqft
Percent Stnp - 50% - : - 40%

. {as hereinafter deﬁned) . :

-Anode Materral S " -lead graphrte, lead trtamum

35

Cathode Material aluminiu

: graphrt_e,- lead '

~ The germ of the present mvennon was the
discovery that in the usual electrolytrc cells for
the production of zinc, the manganese dioxide
will start to form an adherent plate on the
anode at a temperature of about 45°C. Below
this temperature the manganese . dioxide is
formed as a relatively amorphous slime on the
anode, showmg no particular crystal pattern.

" Above this temperature and up to the boiling

point of the electrolyte, the plate is substanti-
ally of the gamma form.
dioxide parncles will oxidize and dissolve the
zinc plate, it is desirable to form and immobil-
ize the MnO, as a solid plate on the anode.
Generzlly speaking, the higher the tempera-
ture the better the’ MnO; plating conditions.
X-ray diffraction patterns reveal that the
degree of crystallinity of the MnO, increases
with increasing témperature, Also the current
efﬁc1ency at the anode steadily increases with
increasing temperature ‘and decreasing current
density. Theoretically, it should be possible
to operate up to the boiling point of a 2-

* normal manganese sulphate solution (approxi-

55

mately 120°C.) and if one were to consider
only the quality of the MnO,, the full range
of from ‘about 45°C. to about 120°C. ‘would

~ be satisfactory.

However, other consrderatlons, partrcularly
having to do with the zinc, conspire to restrict
the temperature range to one of from 75°C.
to 100°C, " In the first place, at temperatures
below about 75°C,, the efficiency of the cathode
is low due to manganese dioxide particles and
graphite particles in the electrolyte reacting

Since imanganese -

with the zinc plate 'I‘he graphlte partlcles
adhere to thé zinc, cathode sheet, set up local,
corrosion cells and. thereby reduce the current -
efﬂcrency of the cathode. . The current effi-
ciéncy. improves up to about 75°C. as the
character of the MnO, plate improves, but at
75°C. the elﬁmency again starts to drop off

due to the. increase rate at which the sulphuric: . - .

acid terids to dissolve the zinc, Above 96°C.
the problems of material handling, evaporation,
corrosiofi, and redissolution of ‘the zinc become
increasingly severe; although it is believed pos-
sible  with improved cell constructions - to
operate satisfactorily at temperatures up o
100°C. - .

For the process accordmg to this mvenuon,
the concentration .of the manganese sulphate
should lié from 0.5 molar to 2.6 molar, the
preferred range being from about 0.7 molar to
about 1.6 molar. The zinc ion (zinc sulphate)
concentration should lie from 0.4 molar to
2.6 molar, -the preferred range being from
about 0.4 molar to about 1.6 molar more pre-

65

\\

0

e

(]

‘85

ferably from 0.4 to 1.1 molar. There must be

a’sufficiently high concentration of both zinc
sulphate and manganese sulphate to limit con-
centration polarization, and this is the conside-
ration upon which the lower, concentration
Eimits” given' above are based. = Beyond the
upper limits _given above, restrictions are met
with due to solubilities. ..

‘Anode materials; ‘that have ‘been mvesngated
are graphlte, léad and titanium. With regard
to the use of titanium, there are certain con-
ditions which should be observed in order to

%



| yte then diffuses through the fabric separator
cathode material is bag into the anode section where the
alumipum 65 manganese i s renoved from
the electrolyte by 7. A process as claimed in any of claims 1 bei ng
plated on the anode as nmanganese to 6, in which the anode current density

to 5, in which the

and MnO, has been ‘¢arried out. This table is

el ect T oI yt Léd. aMah. ranqﬂa rniateﬁui mﬁnemﬁsom,emwlmm withy witiéh sumsfﬁlml%mg of Zn

30

35

95

* 100

< 105

but tends to contaminate:the’ ‘manganese diox-
ide. It might be practical to-use*léad, however,
provided the anode could be protected frorn
corrosion above the, solution line.- »* -
Graphite is the most oommonly used subst-
ance commercially, and is-quite- acceptable as
an anode material for the ‘persent process.
It will be appreciated that. other matetials
such as platinum could be used as the anode
as would be apparent to those skilled in the art.
The cathode material is usually High purity
aluminium. Presumably, zinc’ sheets could be
used. However, the zinc plating’ cycle is usu-
ally -limited to 24 to 36 “hours,’ __due to a
lowering of the hydrogen over-voltage caused
by impurities in the electrolyte. : As a result,
strippable aluminium cathodes appear con-
siderably -more economical. - : -
The current densities employed do not

appear to be critical as far-as‘the quality of ..

‘However, as the

the products is concerned.

current -density--goes- up, the”anode efficiency -

goes down and the cathode. eﬁicxency goes- up.
Thus, the economic operatron of the. process
will require that *current ;densities’ be:
tained within certain ranges. : It hag:been found
advisable to restrict the anode ]
to 4 range of between about 5 and ‘about 25
amps/sq. ft., and cathodic current " dénsities
in the range between 5 and: 50,. preferably
between 10 and 50 amps/sq ft. are ‘considered
permissible. .

A further consideration i ""p'ortant ‘to~the
process according to this mvenuon i§ .solunon

t'density

not necessanly 10 be taken as represénting the
maximum impurity. levels with which:the pro-
cess of this mventxon can ‘be successfully

: worked
1.5 mg/l
Cd 5.0 mg/1
Pb . 0.5: mg/l
Fe- trace
Ni : trace
As and® Sb -trace ;

Accordmgly, .thls mventwn involves a pro-
cess for the simultancous electrolytic; produc-
tion of battery. active manganese dioxide and

- zic comprising - the steps-.of; charging an

aqueous solutmn of .manganese sulphate and
--:.concentrauons sufficient to
-polarization into an electro-

1ytic cell haﬁn_ a-cathode upon which zinc

catt be plat fnd an anode upon which
manganese-dioxide ccan- be plated, the anode
material usually.being chosen from among:
(1) ‘graphite, (2):lead, (3) titanium, (4) plati-
mum, (5) palladrum—ntamum alloy heating the
cell:and its conténts to a temperature within a
range of which:the upper limit. is about 100°C.
and of which the lower limit is (2) about 75°C.
when the anode material is chosen.from among
(1) graphite and. (2) lead, and (b) about 90°C.
when the anode’material is titanium, and caus-
ing a current:to ﬂow betwcen the anode and
the cathode. ~ = " =

The overall “ce 'reactlon can be wrrtten

MnSO, +ZnSO + 2H20 ——————> Zn+Mn02+ ZHgSO

The cathode reaction can be represented as:

Zntt+2e - Zn

The anode reaction can be represented as:
Mo+ +2H,0 ————> MnO,+4H*+2e

It is normally necessary to stnp the zinc
off the aluminiun cathodes évery 24 hours.
Thls length of time is limil :
of time that the zinc can be _
Trace impurities in the electrolyte “collect on

-the zinc and reduce the over-voltage to : :the

point where hydrogen 1s evolved '.-‘.mstead of ]

zinc being plated _Cathodic 1mpur1t1es also
" " accélerate the . corrosion of ‘the zin¢ in the

acid electrolyte, with the result that the zinc
already plated will dissolve,

‘The anode;: onthe other hand, need not be
stiipped as:: frequently Once 'a week is
usually sufficient.. The plating time is not
critical, plating times up to 30 days having
been reported commercially.

The removal of ‘plated materials from the
electrodes is usually a hand operation. With a
little scraping, the zinc can be peeled from the
aluminium sheet quite easily since the deposit
1;;‘ %kexrble and is only approxmately 1/16 inch
thick: -

Is 25 dioxide. It is probable that a reduction in acid between 5 and 25
anps. per- sq. ft. concentration at the cat.hode coul d be effected -8.
A-process as claimed in any of cl &il3s7¢ by .this nethod.
to 8.1 mnlcqn ne_cal ggd %rre Te f d

s X ThSonvehtlonal 7inc platinf it ik fec@. Preferre
e T A I
been W¥ sq aﬁ%ﬁb 1S€chiidIy, W, te M)ﬁ'émﬁk:bﬂcd&ned coppeacohﬂlt,ramannemmamﬂ@dnm i claim8
iin mh1chﬁﬁh1wmwihemam@mﬁ#ﬂaappmébl Mﬁ*ﬂﬂ : ey pgesssfully latedy Puki  hode
currenﬁ_t,“;cﬂ i1 gl Oy, fee iy Qﬁgana s ‘gﬁﬁﬁ /6 therein
W thout Rl a “% iR & b ¢mqmmmmdéhﬁmi‘ the SQOpe-ornthls
i nveﬂt | ormasammgﬂ%% £ Qﬁﬁ&&aﬁ@;ﬂa&t--he siFon sccotdengtnoothe pregent: 55 defi ned
int ea g i a- titanium-angde’"at”
o e e S e o B ;ﬁﬁ’f St é’;i%@g@f;ﬁt Ty
"as herel rﬁ&ﬁu ﬁf&{éﬁm f)\ed' Afum-pallagium 0. &e@@a&m mhé)e
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production of manganese di oxi de and zinc going Exanples. whi ch
conpri ses chargi ng an aqueous solution 11. Manganese di oxi de whenever

produced 80 of nanganese sul phate in a concentration of by a process
as herein described and clained. - from 0.5 nolar to 2.6 nolar. B
and 12. Zinc whenever produced by a process 40 zinc sulphate in a -
concentration of as herein described and cl ai ned. 0.4 mol ar .to

2.6 nolar into an _ W P. THOWSON & Co. el ectrolytic
cell having 4 cathode upon 12, 1,OWM78h Street, leerpool 1, -

whi ch zinc can Qﬁ gg N Qde upo ea Par e T -
en's” e Rk e e E R et .
hb:ﬁ

Couri er Press,thikleanitn: graphite  phate.per 1tk @nt,;.
Ofice 25 Séut 'Hg?sdﬂ N fmnng!stal eIl_@ll'ﬁ!!lm”IbY\N‘@ Z2S0f wnd 19 vhélesof MnSO would be, i

: aping, . referred to.as-a:20% stri Follo the, 15 -
copies may be & percent strip refets to the stripping; the' electrolyte 1sprecycledmtgrgough;
percentage of zinc or marnganese removed from  the: ore. leachmg reaction. In the following . .
the electrolyte -in one cycle. -If; for example, example 1, the, percent strip is the percent .of .

10 the electrolyte mmally contamed approxt- manganese removed in one cycle

Bledtrolyte (aqueous) -— i50- gms-. MnSO; 4161
S gmsZnSO4perhtre h
Anode current density 10 amps/sq fi. '
 Anode current efficiency -_i_— 7. 5% |
Anode material ' | .
Cathode current densrty-': v
-.Cathode matenal : I _
Percent strip "f . .l. | ”F;ﬁgréé%ffuit
- Eﬂmmurzfilﬂ:"'
' Temperature . o — _94 96°C
' Electrolyte (aqueous) . - . 1M 2080, + lM Mnso4
Anode current density '- I — 12 amps/ﬁ
B --Anode current eﬂierency o : .:— 79 5%
Anode mateual ST ' -..— Graph!te .
' Cathode current densrty o s amps/sq.ft.
Cathodematenal . ' | '_“—Alumrmum
 Pecemtswip . . —15—25%




1, 134,575 7 In Table 1 it will
be noted that anode which manganese di oxi de can be pl ated, heat-

current efficiencies increase with increasing—i-ng-the_contents of the cell -
to a tenperature 45 tenperature. It will also be noted that the of
from 75[err]G to 100[err]C, and causing a current surface-area of the :
“MJ err] decreases fromabout to fl ow between the anode and the cathode. 5

- 142 sq. metres per g . at 45[err]C quﬁggut 116 2. A process aséclalned
=SR-854 m.__at: RRrprr]C The_ highér the

titani um the — - surface area, the Iower

frlhg tenperat ure of the cell being 75[err]C 50
ExampiE 3

»i'n cali N T whith

. the gnode is “graphite,
:the gpp

g 4

arent “density.

: iM ""n-so,- + 1M MnSO,

oty
-—Tl'wmum — palladium alloy

Cathode current dens1ty ' -f_.:"12 a:xhps/ﬁ.a
'Cathode currcn g:ﬂi -cy ReL L e e
Cathode mauenal

'lfi'me

=t 24 hquxs- B

. Table 1 summanzes
several test runs ¢onducte
from 45°C. 10 85°C th_.

_ _atg recorde_@ fq}r tures below 75°C being outside the scope of 15
- the present mventlon




This results in a loss in terns of the nunber to 100[err]C when the anode

material is graphite of granms of M2 that can be packed into a or
| ead and heing 90[err]C to 100[err]}C when the 10 cell of given size. It
will further be noted anode material is titanium t hat the cat hode

current efficiency is very low 3..A process, as clainmed in claim1 or 2in
at 45[err]C and increases as the tenperature rises whicht he nanganesé '

sul phate concentration is 55 to about 75[err], above which tenperature
the fromO.7to 1.6 nolar. cat hodglggwent ef fi ciency again. starts to
4. Aprocess-—as—ci—al—lmh—ﬁ—a-ny—of—c-l—ahfsl t5—decrease: ——
to 3 in which the zinc ion concentration is , A further possibility:for
the process of this fromO0.4 nolar to 1.6 nol ar. i nyention would be* .
the use of a diaphragmcell. 5. process as clained injclaim4 in which’
60 The fresh electrolyte is f@dd#nto eacd cathode tHe. zinc ion
concentration is from0.4 to 1.1 geconpart gent, g/\/nere tthe zinc is renopved
from nolar 20 it and pl ated 6@_@ @ thescaﬁhode The Blject r.o- 6. A
process as clainmed in any oto)ﬁleaﬁs 1 4l yEe &h ﬁlfﬁHses t hrough the
fabric separator to 5 in wwclgs e‘gcﬁhédeomﬁe aglﬁ bag into the
anode section where the alumnum- - . -
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7. A process as clainmed in

nese is renoved fromthe electrolyte by _ _
any o to 6, in which

any of clains 1 being plated on the anode as naenganese
t he anode current density is 25 dioxide. It - :
in acid between 5 and 25 anps. per sq. ft. concentration at the

cat hode, coul d be effected 8. A process as clained in any of clainms 1
by thi s net hod: to 8 in which the cathode:
current density is 70 While a preferred enbodi ment of this in- ,
between 5 and 50 anps. f1134,575 vention has been discl oged herein;

per 5q.

. Cess as cla |nC|a|m%|r|wn|b||ou |ntheart
\chIOIS;E?&;!&EKIrﬁi&ﬁi lf%éf o Wﬂﬁ %teg tgat d% e g‘%z %‘Eo (Ripted, t‘| sﬁbet ween 10
and . * tqmpeknthrecaltlvﬁm&lsm n&(-:ﬂ ﬂﬁd&etfwre,hﬁsdmﬂ curbdbt’ SO. ft.
depar aﬁ%"fﬁel\@@@g@r : "ﬁm%’wtnwerﬂbwm the 'aﬂﬂeaﬂfhém for the
si rrul% esHe éﬁrﬁg‘sso b"&'e’[hpnedzlﬁnl’f?‘}g%;% 0o dﬂlleﬂllammhlch s
| yti C. peudetCirta) BheOlb ﬁ,ggaﬁg@sw g ‘wﬁ
zi nc SuﬂbiSatrsuitsahlaeo:sg.Bl taes OF e @libeR mﬁlbm?g ghipies Of the

Si rruI Iﬂae Pﬂ@ke@hp ar tor (ead and b@fgeeoeﬁae 1009Cawh¢n ﬂfewtnhehf or e-
| es. I C

product Eh%pi azaza‘ém 1P i %ﬁ?

conpri sgs4st aﬁcgiha@se@asﬁgté& t he mangancy gg‘ﬁ?oﬁnﬁm i€ sghenever

produced al®Gt 75°, above which témperature the

'1"5
20

:25

.-3_,5'

::. cathode’. current _efficiency” again<‘starts to

decrease,

A further possibility for the process of this
invention would be the use of a diaphragm cell.
The fresh electrolyte is fed into-edch, cathode
compartment, where the zihc is renioved: from
it and plated out on the cathode. " The
lyte then diffuses through the fabric separator
bag " into the anode section “whereé the
manganese is removed from: the - eotrolyte by

- being plated on the anode as:- manganese

dioxide. It is probable that a redction in acid
concentration at the cathode could be effected
by this method,

While a preferred embodiment: of thxs in-
vention has been disclosed herem, ‘those skilled
in -the art will appreciate that ‘changes and
modifications may be made therein without
departing from the scope of thxs mvcnuon as
defined in the appended claims, . .

WHAT WE CLAIM IS:— :

1. A-process of the simultanecus: eleotrolytlc
production of manganese dioxide: and - zinc
which comprises chargmg an aqueous solution

: . of manganese sulphate 1n a concentration of

from 0.7 to 1.6.molar.

4. A process - aimed in any of claims 1
to 3 in which the zinc ion concentration is
from 0.4 molar to 1.6 molar.

5. A process as claimed in claim 4 in which
the zinc ion concentration is from 0.4 to 1.1
molar, :
6. A process as: claimed in any of claims 1
to 5, in which the cathode material is
alummum '

7. Aprocessasclamedmanyofcla:msl
to 6, in which the anode current density is .
betweenSandZS amps. per sq. ft.

8. A process. as claimed in any of claims 1
to 8 in which the ‘cithode current density is
between 5 and 50 amps. per sq. ft.

9. A process as claimed in claim 8 in which
the cathode current density is between 10 and
50 amps. per sq.. ft..

10. A process fo; _t'h_

Iytic production of: ‘manganese dioxide and
zinc substantially as" hereinbefore described
with particular referenice to any of the fore-
going Examples. -

11. Manganese dioxide whenever produced
by a process as; herein’ described and claimed.

e s *from 0.5 molar 2.6 -molar ' and 12, Zinc whenever-produced by a process
40 zinc sulphate in a concentration of as herein described and claimed,
© 04 molar to 26 molar: " into’ an W. P. THOMPSON & CO,

electrolytxc cell having a cathode upon
which zinc can be plated and an anode upon

12, Church Street, Liverpool, 1
Chartered: Patent Agents,

Printed for Her Majesty’s’ Statlonery Oﬂicc by the Courier Press,:
Published by the Patent Oﬁioe. 25 Southampton Buildings,
coples may be obtamed.

2 mington Spa, 1968.
London, WC 2, from which
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of manganese sul phate in a concentration of

by a process as herein

O fice, Z;eggﬁgﬁgggigggéﬁF

copi es may

10
15

20

30

35

b
@““ 1ab§az)
B ndbksgen @4, at 85°C. The higher the
surface area, the lower the apparent demsity.
This results in a loss in terms of the
of grams of MnO, that can be packed into a
cell of given size. It will further be noted
that the cathode current efficiency is very low
at 45°C and increases as the temperature rises
to about 75°, above which temperature the
cathode current efficiency again starts to
decrease.

A further possxblhty for the process of this
invention would be the use of a diaphragm cell.
The fresh electrolyte is fed into ‘each cathode
compartment, where the zinc is rembved from
it and plated out on the cathode. The electro-
Iyte then diffuses through the fabric separator
bag into the anode section where the
manganese is removed from the electrolyte by
being plated on the anode as manganese
dioxide. It is probable that a reduction in acid
concentration at the cathode could be effected
by this method.

While a preferred embodiment of this in-
vention has been disclosed herein, those skilled
in the art will appreciate that changes and

modifications may be made therein withour

departing from the scope of this invention as
defined in the appended claims,

WHAT WE CLAIM 18:—

1, A process of the simultaneous electrolytic
production of manganese dioxide and zinc
which comprises charging an aqueous solution
of manganese sulphate in a concentration of

from 05 molar to 2.6 molar and
zinc sulphate in a concentration of
04 molar to 26 molar into an

electrolytic cell having a cathode upon
which zinc can be plated and an anode upon

n,’ ZWSJ::%?;@E %d"“ ng?hf in which

the anode is graphite, lead or titanium, the
heating temperature of the cell being 75°C
to 100°C when the anode material is graphite
or lead and, being 90°C to 100°C when the
anode material is titanium.

3. A process as claimed in claim 1 or 2 in
whicht he manganese sulphate concentration is
from 0.7 to' 1.6 molar.

4. A process as claimed in any of claims 1
to 3 in which the zinc ion concentration is
from 0.4 molar to 1.6 molar.

5. A process as claimed in claim 4 in which
the zinc ion concentration is from 0.4 to 1.1
molar,

6. A process as claimed in any of claims 1
to 5, in which the cathode material is
alummum

7. A process as claimed in any of claims 1
to 6, in which the anode current density is
between S and 25 amps. per sq. ft,

8. A process as claimed in any of claims 1
to 8 in which the cathode current density is
between 5 and 50 amps. per sq. ft.

"9, A process as claimed in claim 8 in which
the cathode current density is between 10 and
50 amps. per sq. ft.

10, A process for the simultaneous electro-
Iytic production of manganese dioxide and
zinc substantially as hereinbefore described
with particular reference to any of the fore-
going Examples.

11. Manganese dioxide whenever produced
by a process as herein described and claimed.
- 12, Zinc: whenever produced by a process
as herein described and claimed,
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