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This is an invention by Veeréraghava Aravamuthan, of III B/3,:
VSSC Housing Colony, St. kaviér?s College Post,'fallithura,
Tfifaﬁdrum—ﬁ,:Chathangat Cherroolil Gopalakrishnan, of Kerala
Minéréls and ﬁetal Ltd., Quilon, Rengéchari Srinivasan, Srinivasa
tyer Visvanathan, Sillanatham Chockalinga Reddiar Chockalingam,
-8avari Kulandaisamy and Jeevahandham Praphakat Rethinaraj ot: the
Central Electrochemical Résearéh Institute, Karaikudi,.Tamiinadu,!
india,.all Indian nationals and relate to a process for the.
'preparation of manganes?2 dioxlue'cxnm;coated titanium an%gtﬁ‘
-~ Iﬂ./wdeJHON.of'ﬂhdnoégﬂ‘ an’amwzaamnﬂh

"‘$h1s i1s used as an effective cathodic depolariser in dry cell

industry.

Hithertn it has been prdgoscd to produce ménganese dioxide by
electrodeposition froﬁ an aqueous solutioﬁ containing sulphuric
acid in;the range 0.2 - 0.5 and manyancse sulphate 0.5 - 1.0 M
using lead or lead based‘alloyé or gygraphite as anode, Such -
deposited manganese dioxide, usﬁally to a thickﬁess of 2.5 cm on
the anodé is harvésted by stripping suit&bly. Platinum and
‘platxnum plated . titanxum electrodes have been trxed as
‘alternatlve to graphxte. lead or. lead based alloy anodcs.

 Th1s is open to the foilowing objectlons namelys

»it has been found (1) to be impossible to obtain the resultant
electrolytlc manganese dioxxde product free from harmful
contaminatlon (containing at 1east a small quantxty of the
impuraty) of substrate material of lead or lead alloy anodes,
Even tracesvof lead is eStablished to be a deleterious 1mpurity
in electroiytic. grade manganﬂse dxoxlde, espec1ally for use in

.dry cells;
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(ii) to be extremely difficuit to avoid the loss of substrate
anode mater1a1 particularly graphite, as the depositedi
electrolytic manganese d10x16e is tenac1ously adherlng onto the
anode surface, the adhes1on 1ncreasing more, with successive
remeval and deposition'of electrolytic manganese dioxide, with.

increase in acid concentration and anode current density;

e

(11i) to be dltflcult“fo avdid the,breakage ot graphite under
thevsaid conditions,‘while harvesting the electrolytic manganese
dioxide deposits, necessxtatxng periodlcal replacement, thereby
increasing the manufacturzng cost of tesultant electrolytic

‘manganese dioxide.

The cost of production ot electrolytic manganese dioxide using

platinum or platinum plated anodes is prohibitive.f

"Alternativeiy,‘electrolysis of manéanede ehlerlde (1 M to 0.64 M)
- hydtochlorxc acid (0-0. 7M) has been adopted using platanum
-plated titanium or hxghly corrosxon—tesxstant graphxte electrodes
with some success. “Such a ptocedure has resulted in the
productlon ot electrelyt1c grade manganese dioxide ot greater
;purity and more useful crystalllne structure associated with
physical, chem1ca1, catalytxc and electro~chemical propertxes;‘
Wlth proper graphite anodes, #n addltxon to said favourable
features of the manganese dxoxxde, the consumptxon ot graph1te

anode has been established to be very low in comparlson w1th the

conventional sulphate electrolysls.

2
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‘ReCently, the utilisatiOn of titaniun in rod or plate torm, or
titanium metal chips or powder in compacted form as anode in such:
‘ele trodeposition has - resulted in the avoidance of the
contamination of impurities in electrolytic manganese dioxide
'depnsit, but this procedure s1multaneously paved the way for newl
difficulties to creep in during post-operative steps of theé
electrolysis such as passivation of anode, poor adherence of theT
- deposit,  loss of mechanical strength,»as described hereunder atf
appropriate places,‘culminating in frequent stoppage of ther

electrolytic cell etc.

Hore'recently; 1t .has been found that utilisation of expandedn
titanium metal anode solves the above problems to a large extentf

and found to be better than sand-blasted anode, >

The drawbacks connected with hitherto known processes are that:
(i) It is difficult to increase the ‘anode current density
’_greater than 1.4 A/dm2 (based on solid plate area) at 4l g/lu

’sulphuric acid concentration,

(1) It is difficult to increase the acidity greater than 14 g/l
for a higher current densxty of. l 80 A/dmz (based on solid p&ate
.area) in prolonged electroly31s without pa331vation and enhanced

electrical energy consumption and

(iii)_ It is difficult to avoid the frequent removal of anode.

from the cell and pre—treatment of the same and loss of titanium,

*

metal.



161980

The mazn ebjeot of thie invehtion,' inter‘elia, ie to obviate v
_theee dieadvantagee: .'7’;v, ‘; | “‘ J |

fﬁhie 1nventien providee an ‘improved process. for the preparetien
3of Sensaneee dioxide coated titenium anodee for uee in the
jpreperetion of exeotrelytic nanganeee dioxidese B R

;1h9 following pretreetnent proeeduree have been adonted 4n the
order given below: B i '

1) expansion of the metal Bheet :

di) cleantn@ 1n caustic eoda by chemical/electrochemical or both

111) eoating of nanganeee dioxlde by chemieal/electrochemical or
~both ueing manganeee ealt like nitrate. e .

The method adopted here eoneieta in (i) treating titanium netel

'by euitable methods for expaneion.r" o ' |

:(1) cleaning the expanded metal in caustic soda by
chemical/electrochemical or both and 5e”-f. R L ,.
.Tii) coating of nanganese dioxide by chemieal method neing

-

manganese ealt like nitrate.n;f B

T

’The process makes use of titaium eheet-soft medium grade—euitable
for expansion and chemicals of IR grade.-f‘"”' | S
The anode naterial used ie to be expanded euitably eo ae to have
an- 1ncreaee 1n the exposed area in the range. of 10-75¢ preferably
25%. | | | |

Buch an expanded material is cleaned eathodically at a current

v dennity between 2#79 to 5 6 A/dm2 in alkali of - 4.5 M (eodiun
'hydroxide) for about en hoar empleying auitable enode,_tho
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temperature range being 25-359C. "Alternatively
blchemically/elentrochemically’cleaned in fused sodium hydroxide orf 

' godium nitrate and or sodium'n}trite for m to several minutes,

Subsequently the treated electrode is quickly coated withk‘_

‘vmanganese dloxlﬁe uaing a concentrated manganese nitrate solution.>o

,.by thermal method the conditlons belng.a'
4. Temperature 200-350°C

2. 4-5 times coating

3,  Every time the coating being dried for 5 minutes to 4/2 hr.

. Accordingly this invention prcvideé a process for the preparation'
of manganese dioxide coated titanium anode for use in the
-productidn~of electrolyte manganese dioxide which comprises
expanding the titanium used as anode suitably to 1ncrease the

4R fhe Nowgl Fl0-T6Ve .
eXposed are%( ~Leaning tne expandea anode by onem*ea&—eﬂé+e¢
VA, o

electtochemieat—methoa—usinsfard alkali 'salt and coating the
) cleaded’anodefhy—a—ehem&caf-mvtﬁvﬁfancfvr~e%ectfoeheméea&—aeﬁbod

with a manganese salt solution.

Accoréicgvto a'feature of’the invent1on the electrochemicci;
.method.fon cleaning the anode consists in treating the sameﬁ
Icafhodically with a,ebiution of sodium hydroxide at a current
- densgity of 2.79 to 5.6 A/dm% at a tempserature range of 25-35°¢C

for 2 period of abouﬁ 4/2 an hour to one hoor.

According to another feature of the invention the alkali salt

used is %*-4.5 M of sodium hydroxide.e

¢
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Accordlng to a: still ancother teature of the invention the coating

of the c1eansed anode is effected by treatment in a concentrated

manganese nitrate solution at 200°C to 300°C 1-5 times.

Aceotdinglto a fnrther feetnte-ef the‘inventien”the cleénSing
6peration'of tne endde7is.preferably*earried out in an
electrolytic bath comnrising'l.lM aqueous sodium hyﬁroxide at a
eutrent density of 3.23 A/dm2 and'a temperature of 30°C fornd
.period of 30 m1nutes and the coatlng thereon is carrled out in a
thermal chem1ca1 process by treatment with a solution of 900 g/l
1}5.2M}‘maqganese'nltrate.at:aitemperature range of 2009-220°C.

e
i

The titanium metal is expanded suitably so asito_inerease the
~exposed area in the range of ;0~7S%, 'Such'an expanded'titanium'
electrode'is cleaned in fused sedium hydroxide (orvfused sodium -
nitrate‘and/or sodium nitrite for 1 to several minutes) or
’-employed as a cathode in en electrolytic cell containing aqueous
‘lr4.5 M of sodium hydroxide using a suitable anode such as mild
steel, nickel coated mild steel and cathodically cleaned at 2.79
- 5.6 A/dm2 for half an hour to one hour, the temperature beiné
25-359C. The treated electrode is to be quickly coeted with
manganese dioxide using a concentrated manganese nitrate
.seiution. The process of coating- and subsequent decomposition te
obtain the manganese dioxide deposit in the temperature to 200~
350°C is done tor 1 to 5 times, every time the doating being

dried for 5 minutes to half an hour. .

7
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ﬁrhe electrode‘so treated is employed as'an anode 1n tbeo
%deposition of manganese dioxide from manganese galt solutions for
/100-700 hours.._._‘"" " LT e

;Employment of erpanded, pretreated and manganese dioxide coated

tltanlum anode (TSMD) prepared by the process described:in thls

'ir'. R
SR .

Speciflcation 5<resulte in uniberrupted electrolysis tor"a'-
prolonged duration with 1ower energy consumption. This procedﬂre
7ilso avoids the USe of costly orgq&c and inorganic chemical

'etchants like phosphoric acid, nitr1c’acid. glacial acetic acid.

hydrofluoric acid,eethylene glycolrip

A considerable concentration of cations like Baz+ C 2+ ﬁa o
NH4 either alone dh301nt1y may be allowed to be present in the,uv
electrolyte wlthout affecting apprecxably the crystallinel‘
structure of electrolytlc manganese dioxide.fxd*" ‘

As a result of this inventfon. we havefound that homégeneous.f
very-pure,'thick (thlckness belng approxzmately 30 mm) dep031t°y
of electrOlytlc manganese dxoxxde can be produced under hlghf}
current densities. wlth a low energy consumptxon and w1thout thei
occurrence ofpassivation by usxng the TSMD anode,; By thisi:d
procedure, the adhesion oi the deposxted elcctrolytlc manganeseﬁ'
-dloxide is facllltated to the desxred lxmxt therebj 1ncrea51ngdgn
the lite ot the anodeand at the same time any cracklng or peellngd:
off of the electrocrystalli51ng electrolytxc manganese dloxxdet"y

: deposlt by its electrodepos1t10n stress is largely avoxded.

. g
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AC heating ccald be adopbed (using a 10w vcitage. bigh amerhge
.‘transformer and graphite rods/piatcs as electrodes) in place} ot
(a) conventxonal steam neating using suitabie coils, which avoids
the possib]e contamination of the eiectroiyte end EMD deposit
‘with the mater’ﬁal of conltruction of the ooil, lpetiodxcrl
’cleaning and maintaining the steam coil (for effective heat '
transfer) and (b) silica caséd immersion heaters thereby avniding
the breakage of costly silica sheathsdue to the aalt
‘ctystalliaatxon at ‘the electtolyte level and avoidinq leakage of
high‘voltage (ZQOV) a.C, - passing through the qgli._

Overall %ﬁdnmpltion is reduced in the éfoéeds" by effecting
:nodifications in various steps/stages. likeanodg preparation,

”preservation of heat ot the eiectrolyte.__;"

The efficacy of the ptocess could be appteciated from the
examples of Tables IA, IB, IIA ® IIB.; . '

q
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The treated electfode is coated with manganese dioiide ueing’kl
concentrated manganese nltrate solution by thermal method thej
”?coatig belng repeated for 1-5 times and dried for 5 minutes to;;
1?1/2 hour each time, in the temperature range 18.“35'°cfi

ddpreferably 200-220%. .

dA higher acid concentratloanor example\sulphuric acid of
;éapproximately 48 g/1 and hlgher anode current density of 1. 2 -A
51 & times, preferably 1.4 times can also be used.‘ N
'iThe anode functions effxcxently with easy strippability of the.

jdeposited EMD from the anode and has a longe lifes.gfﬂ"

-

‘fThe method vaides for a saving of 15-2!% in the ILC. electrical

,‘energy consumptlon.

3
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3The following are the main advantages of the ‘invention: -
Production of eiectrolytic manganese dxoxide by Using
manganese ‘salt solutxons like manganese sulphate, - ch;otide,
'nltrate, either_alone_or in .admixture at various acid

2+ Bat,

2. ‘Tolerance of cations like Ca 2+ Na+' Ns4f with special
reference “to chloride electrolyte. . | A o

3. Employment of valve metal llke tltanxum as an anode forl
continuous electrolysxs on prolonged duration after simple and
effectlve pretreatment procedures, namely ” '
(i) expansion of the metal sheet

({i) cleaning in caustic soda by chemical/electrochemicel or
pboth -~ . - - _ .

(iii) coating manganese dioxide by chemical/eiectrochemical or
_ both usino manganese seﬁ, like nitrate:evoiding the sand/shotV.
\biasting method and costly chemicals like noble metal salts,

-

inorganic and organic and noble metals like platinum.

'4;d4minimnm'metal.reéuirement‘neving mechanical strengtn:and
geom&ry suitable for the porpose. |

5. economical size of the anode material, if conformity with the
optimum dimensions of a standerd commerital sized sheet and ceil

tank and mechanical characteristics of the anode;r7r4,

6. bringing down the capital investment by using titanium as
anode by this procedute comparable to that. ot graphite and whicnd
also incidentally results in recovering a more valuable sc¢rap.

7. the preparation of a homogeneous electrolytic manganese

S
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dioxiie of greater purity free from substrate materlala 1ike
vlead graphite,_carbon.i'

‘8. efficient Tunctioning of Lhe anode and easy strinpabllity of
the depoqited EMD from the anode reslting in longer life.'fu”'
9. permitting a higher acidity 1n the electrolyte co the extenh
of approximately 3 times and higher anode current density in the
range of 14 to 1.6 times (without gett1ng the anode passivated},’
of the hitherto known condxtione. : :‘ ; i’
:10g; achieving higher “space-tlme yield" by applying h;ghaf
anodic current density. - : | Ny - FEE A
11.ﬁva saving of 15-20% in tﬁe:bC'electfical energy consum§tion
~ in fhe preparationvdf eieetrolytic manganese dioxide at nigher
‘acid concentretion and current densiiy as claimed in 9 above.
12, utilisation of TSMD anode facilitates the adhesion of the
manganese dioxide dehosit to the desired limit, thereby leading

to the mechanisa.ion at tne stage of harvesting the deposit.

The pparatus used consiets efadoption ef ac neating ‘using a
1OW-voltage; high amperage trahsforme ahd graphite tods/plates as
electrodes) in place of (a) conventionai sieam heating usxngi
suitable coils, which avoids the possible contamxnatxon of the
'-electolyte and EMD deposit with the material of construct;on of
the coil, periodical cleaning and maintaining the steua coil (for
effective neat tranafer) and (b) silica cased-immersioﬁ
(eiectrical) heaters thereby avoiding the.breakage of costly
gilica sheaths due ti'the salt cryetalliaation at the electrclyte
level and avoidxng leaxage of hlgh voltape (23OV) a.C, pa831ng
through the cell.<

IS
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* An improved process for the preparation of manganeee dioxide
coeted titanium anodes for uee 1n the production of electrolytio

Sheel-’
manganese dioxide which comprises expa. ding tme~titanium us»d a8

Py & G-le O
anode euitably o increaee thn eurfaoe area,z omeaning tre:

éuom,. w.o,/t.

oxpanded anode by}L 1—method—uetag‘an

alkali salt solution and coating the oleaned anode hy*x-ehem*ebi

remie ;_methoé with & manganese salt solution- ],5

2;  An improved process a8 claimed in claim t wherein the
fcleaning of the anode conelete in treating the anode cathodically
'with a solution of sodium hydroxide at a current deneity of 2‘79
'1to 5.6 A/dm and at a temperature range of 25 359C for a period

/2 an,hour to about an hour.

?3 An inproved process as claimed in claims % & 2 wherein the;}V

“alkali salt solution used 18§ i«d 5 M of eodium h,droxide.,us‘

-

w4 An improved process a3 cla1med in claim &, 2, & 3 wherein the

'coating of the cleaned anode is effacted by treatment with

Aooncentrated manganese nitrate solntion.-‘fv-"'

5. An improved process as claimed in clainms #;2,3 & 4 wnereio~the

coating of the cieened anodevislcarqied‘out oetween_200—30Q9C:ﬁ7g_ L

6. An improved proceee as claimed in claim 5 wherein the coating

is done repeetedly ¥ to 5 times.

‘a
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T¢ A improved proceea as clalmed in any of the preoeding olaimqge :f
wherein the oleening of the anode is carried out 1n au;
electrolytic bath comprising PRy aqueous sodium hydroxide at ai
current deneity of 3,23 A/dm2 and a temperature of 3000 for a'
period ot 30 minutes ‘and the coating thereon is oarried out by,

treatment with a solution of 900 g/l (5 2!) manganeae nitrete at13

a temperature range of 200°-220°c.

8. ‘An iuproved proceea for the preparation of manganeao dioxide'

-coated titanium anodes for use in the production of electrolytio"

manganeee dioxide eubotantially a3 herein described.: U

Dated thie 27th day of June t985.~~

_ . (N.R. SUBBARAM)
~ +"JOINT ADVISER (PATENTS) - o
-couucn. or sczwr:vxc AND INDUSTRI AL RESEARCH
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