
^ 

/ 

TRANSLATION 

MüWS  IN RrXilONS OF iLiCTHOCHAMICAL SYNTHÄIS OF CXIDIZüÄS 

By 

V.   G.  Khornyakov and M.   Ya.   Fioshin 

FOREIGN TECHNOLOGY 
DIVISION 

^ICT-.V. ■.•.;■. 
AIR FORCE SYSTEMS COMMAND 

WRIGHT-PATTERSON  AIR  FORCE  BASE 

OHIO 



Best 
Available 

Copy 



CLEARINGHOUSE FOR FEDERAL SCIENTIFIC AND TECHNICAL INFORMATION CFSTI 
DOCUMENT MANAGEMENT BRANCH 410 II 

LIMITATIONS IN REPROOUCTION QUALITY 

ACCESSION  a 

PI    I      WE REGRET THAT LEGIBILITY OF THIS DOCUMENT IS IN PART 
UNSATISFACTORY    REPRODUCTION HAS BEEN MADE FROM BEST 
AVAILABLE COPY 

£3   2      A PORTION OF THE ORIGINAL DOCUMENT CONTAINS FINE DETAIL 
MIHICH VAY MAKE READING OF PHOTOCOPY DIFFICULT 

□ 3 THE ORIGINAL DOCUMENT CONTAINS COLOR. BUT DISTRIBUTION 
COPIES ARE AVAILABLE IN BLACK-AND-WHITE REPRODUCTION 
ONLY 

Q   4      THE INITIAL DISTRIBUTION COPIES CONTAIN COLOR WHICH WILL 
BE SHOWN IN BLACK-AND-WHITE WHEN IT IS NECESSARY TO 
REPRINT 

□   5    LIMITED SUPPLY ON HAND: WHEN EXHAUSTED. DOCUMENT WILL 
BE AVAILABLE IN MICROFICHE ONLY. 

Q   C      LIMITED SUPPLY ON HAND: WHEN EXHAUSTED DOCUMENT WILL 
NOT BE AVAILABLE 

□   T      DOCUMENT IS AVAILABLE IN MICROFICHE ONLY 

Q  6     DOCUMENT AVAILABLE ON LOAN FROM CFSTI ( TT DOCUMENTS ONLY). 

D» 

PROCESSOR: 

T^-ICMO S4 



/ y 

rOAEWORO 

Thia doeuaent 1• • machine translation ot Ruaa1an 

teat which has b ~en pr o ces~ed by the AN/GSQ-l6(XW- 2) 

Machine Tran · • o r. o wneJ a nd operated by the United 

~ tales Ai r fo rce. e ma chi ne cutput has been tully 

poet-edited. Ambiguit o f meanin~, vords aissin« from 

the machine's d1ction r y . •~d w rds out or the co~text 

of meanin« have een c o rre c trd. The s~ntence vord 
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tmiS D R!liiONS OF Pl.EC'rB:>CHDIICAL SlNTKESIS OP' OXIDizms 

V. G. ~oy and M. Ya. Fi oshin 

Production ot Olddhera 18 one ot the 110st. illportant branches of i ·1 ~· ,.. 

eleetroctte.18tr,-. •- .orka on elect.rosynthesb of ozidiaers basically con ~ ,.. ... 

ettect.i .. conat.ructiona ot electrol7aera, t.pro....nta in flow charts, ~ o 

t.enaitlcation of eleetro~b proceaa. 

Majorit7 of GJ~;YSen c~anda of chlorine preaentiftl technical interest ar :"'~ -

duced b7 eleetroctt.lcal .._. 

In tut.Ue and paper lndutr,-, tor bleachinl !Odiua hYpochlorite is wi 1 ... : ... 

and for a loq U• .u17 ractoriea operated inatallationa to obtain it by ele :: , l -

sh ot table aalt. Row•er, in connection with increue of production or li ui•' 

chloriDe Uld appearance ot MW bleachinl ..ana [1] int.ereat. in elect.rochemic 1 ro-

duction ot h7Pochlorite ia loat., aince it 1a a1«rdf1cant}7 liON upedient. to obta.!.n 

thia product b7 ch.-lcal Mana froa liquid chlorine am al.Jcall. Data published re

c•t.l7 on eleet.roch.tcal 8Jftthnla of h7Pochlorite are not n.erou [2-5]; they 

eoncem .echani• of aDOde proc••- (2] and conetructiona of eleet.rol7sers or t he 

tilt~• tJ'IMI, produclJII .all quant.it.iea of aocliua b,ypochlorite for at.erill

ut.lon of •t• [4, 5], and al8o other t.JPM of elect.rol7sera L6]. 

Coaaiderable .ork 1a carried out. late}7 on electroch..tcal 87fttheaia of 
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chlorates.    Investigations war« conducted for the purpose of more precise definition 

of conditions of electroiTsii for achieraoent of optima jield of product [7],  is- 

proveaent of flow sheet of production and derelopaent of new constructions of elec- 

tro lysert. 

Much in this direction has been done bj Japanese researchers [6-16],    It is 

established that reaction 
cio- + 21100 -» 007 + 2»l* + JQ- 

is reaction of first order [8], for which is derived equation of -clocity constant 

[9] 

rfhore K •— constant for reaction in absence of NaCIC,; 

P and ?9  — vapor pressure of HC10 in absence and in presence of SaClCL re- 

spectively. 

During electrolysis of chlorides for the purpose of obtaining of chlorates, 

there occurs separation of a certain quantity of chlorine from the vat and for pre- 

servation of definite pH of the electrolyte it is necessary to introduce froo 50 to 

100 kg  hydrochloric acid per 1 t of obtained sodium chlorate. Apparently, chlorine 

is lost due to reaction 
MCI i-MCIO — Cl,-MV) 

and to evaporation of hyperchlorous acid. However, real losses exceed calculated 

[11]. Author (Inagava) considers that additional cause of losses of chlorine is 

leaks in vat. 

There are interesting data in literature about distribution of products cf 

electrolysis in reaction volume of chlorate electralyser [12]. 

There «as studied corrosion of magnetite anode in chlorate electrolyter [13], 

and also possibility of using for neutralisation of alkalis not hydrochloric acid, 

but chlorine from waste gas [lA]. 

A necessary condition in electrosynthesis of chlorate with high yield of 



product ia protection of hypochlorite and chlorate from reduction on cathode.    This 

usually is attained by means of introduction into composition of electrolyte of 

small quantities of bichromate which will form on surfaces of the cathode a film, 

preventing penetration of ions of CICT and CIO" and their electroreduction.     How- 

erer, this adiiticn contaminates chlorate and elimination of it leads to large ^cssea 

of product.    A proposal to chrome-plate steel cathode [15J has beer, pubilshea,   and 

is similar addition of bichromate indicated obtainable with this effect. 

Obtaining of chlorate of potassium directly from salt water or carnaliitc las 

been reported  [16].    For pH ■ 2,  obtainable by means of acidification of salt  water 

by hydrochloric acid,  on carbon anode chlorate of potassium is obtained;  however, 

product is strongly contaminated by sulfate of magnesium and solium chloride.    Or 

ste^l cathode is precipitated hydroxide of magnesium, which does not occur durir^ 

direct obtaining of chlorate of potassium by means of oxidation of 35l hydrous so- 

jtion of carnallite. 

lately there have appeared descriptions of constructions of electrolyzers and 

flowsheets obtained on various foreign enterprises.    Thus,  for example,  in [17j, 

is given short description of constructions of 9 to 12 thousand amp electrolyters. 

In other literature source are flowsheet and construction of 6-thousar.d amp elec- 

trolyter used in India for production of chlorate [18]. 

Kain efforts on improvement of constructions of chlorate electrolyters are 

directed to increase of their productivity and lengthening of service life of anodes 

[19]. 

Construction of electrolyter with revolving (2,500 - 3,000 rpm) graphite anode 

is proposed and certain results of test of semi-industrial model [20] are given. 

Authors indicate that this electrolyner can operate during anode current densities 

up to 6,000 Mmp/ar, volume concentrations to 6u amp/l and to obtain sodium chlorate 

with 78 - BLt current efficiency;     expenditure of graphite here is 3 times less than 

is used on stationary anode,  but expenditure oi   electric power is higher by 20 - 60t. 



SifrnlficAnt attention Is allotted the maintaining of thermal conditions of 

electroIjsers.    For that are used cooling coils [21],  and also hollow cooled anodes 

[17,  22].    For increase of ssrrice life of graphite anodes,   it is proposed to im- 

pregnate then with artifi lal resins  [15] or by linseed oil  [23].    As is mentioned 

above,  in order not to introduce bichromate into electrolyte,  cathode is chrome- 

plated.     To aroid reduction of anode products on cathodes it is recomnended to pre- 

pare the latter from stainless steel  [22] which turns out to be sufficiently effec- 

tive.    Actempts are made to obtain chlorates on anode of  lead dioxide  [21*]. 

A nraiber of iaprovenents of flowsheet are proposed.    For example,  conditions 

are selected of obtaining of chlorate of potassium with minimum contents of im- 

purities as a result of exchange reaction of sodium chlorate with chloride of po- 

tassium [25].     Flowsheet and conditions of electrolysis are developed,  ensuring 

greatest transformation of hypochlorite into chlorate,   lowered losses of chlorine 

and miniaum current drain on yield of oxygen [21,  26]. 

There are interesting methods of synthesis of chlorates of aUcali earth metals 

by direct oxidation of corresponding chlorides on anode.     It is indicated  [2^] that 

during electrochemical oxiiation of chloride of calcium it  is expedient to use an 

amalgamated copper cathode,  on which hydroxide film,   hampering passage of current 

will be formed in smaller degree.     In this case chlorate of calcium can be formed 

with current efficiency exceeding 70*. 

Chlorate of magnesium it is possible to obtain by oxidation of chloride of 

magnesium [28].     It is expedient to use steel chrome-plated or tinned cathodes, 

from which film of hydroxide of magnesium is ranoved easier.     Concentration of so- 

lution of chlorate of magnesivn it is possible to bring to U00 - 500 g/1 at 70* 

current efficiency. 

Lately, the role of the compounds of cnlorine — perchlorates richest in oxy- 

gen has -rown, and its region of application has been expanded. Investigations of 

process of their electrochemical synthesis basically concerns attempts at replacement 



or pl&t1Jl._ anocl .. , 1Jrt.roduet1on or certain Chal\«el 1n technolopcal conditions and 

d.nlo~ or new conatructiona or electrol7sera. A steel electro.l7aer tor ob

ta~ perchlorate•, d•i«ned for 12 thousand UIP8 and aeasurin« J , OOO x 2, 100 x 

1, 00 • 1a de1cribed [17]. 

A slicht}7 acid .edi\& 1hou.ld be aaintained in t he electro}7te during e lec 

t!"OS7ftthelh of perchloratel. I! not salt, but perchloric acid is added for th.l s 

p ,ole (29], then eeparation of chlorine on anode 11 eliminated, e.xperw:Ut ure o : 

acid 11-r.duced b7 10 t1MI, pH 1a stabilised and content or bichroMte can be d.,

crealed rroa 15 to J II!· 

The high potential with which occurs oxidation of chlorate into perehlora~ e 

11aited the •election or Mteri&l for manufacture of anode ; on}7 plat. in\1111 •e con-

lidered ueetul. 

anode or lead diodde, d..,olited on baae or nickel or tantal• [JO, 32]. Here i n-

troduetion of bietuoo.ate iJlto electro}7te 1a not pel"'lissible, aiJlce it. · 1.11 t om a 

fila on eurtac .. ot anode, thUI l.owri.n« current yield of perchlorate. Instead o f 

introduction of bict.ra.ate, it il NCQ-Inded to Ule cathod .. of lteel- ruat-re-

silturt. or nickel plated b7 ch..tcal Mthodl. Perchlorate of .->nita, obtained in 

such condition~ froa IOdiua perchlorate .zchaftle reaction, po11e1aes hi«h degree 

or purit,. [31]. 

At 10,000 ..,/wil curret denait.J' on anode or diozide or lead, in presence of 

0. 5 &/l IOdiua fluoride aad at a t-.perature or 30- ~5° it i1 poatible to receiYe 

lodiua perchlorate with 9U C\IITWlt ettieiencJ'. It 1a reported [)0] that anode of 

lead diodde operated tor .3,000 houn; here expenditure or electric powv wa• 2 . 2 

Db per q or IOCiiua perchlorate with a tinal content or )0 Ill or lodiua chlorate 

1D elec:tro}7te. 

Dur1nc uae or &DOCie rroa diozicle or lead, it 1a propoeed (JJ] to conduct elec

tro~il to ~It tull uhult.ioD or elec:tro}7te with re1pect to aodiua chlorate. 

Por that., tor a tall ot content of 10Cl1• chlorate 1D slectrol.7te be low 100 !/!, 



1t. 1.8 nc w ded \o illt.rod11ee .all qaut1t.1• (to 10 Ill) ot eodi\8 pernltate. 

At 3SO and anode cvr.t d_.it7 ot ),000 Ulp/.l-, awnp c\ll'l"eftt 71•ld ot eodi\8 

perchlorate 1.8 73.)., e._ W.. CODtent ot chlorate talla to 7.1 Ill· 

It ia DOted that oc nw anod.. troa cl1ox14e ot lead, Jielcl ot perchloratH 1a 

lowr, thaD on anod•, to..-r ill .oric [34]. 

llectroc:"-ical -.thod of obt.ain1JII of chloric acid preaenta ai&niticant in

t.ereat.. 'ftd.a acid it. 1a poaaible t.o rec:ei'ft b7 ch.-ical -.thod rroa aodia perch

lorate b7 tree~ ot concentrated tv"dJ'o<:hloric acid. 

nect.roch.-ical ..t.hod of Qntheaia or perchloric acid 1a baaed on cmidat.ion 

or diluted h7dJ'ochloric acid on pl&tima anode 05]. Yoltace on electrol7sv 1n 

thia procHe ia bi«h due to low electrical conductiri.t7 or elect.rol7te ()6), which 

howftl" can be ailrd!1C&Dt}7 iDcreaaed b7 -.na or wiclitlon ot aul..turic acid to 

h1'dJ'ochlor1e acid. Now perchloric acid can be obtained with anode current yield of 

4~ at. a current denait.7 or 2,000 Ulp/a2, and t...,...atve or JrP. Concentration of 

~chloric acid ahould not. a.c:Md (J?] 0.006 N. It. ia propoaed to •ubject t.o 

elect.ro}T81a a 25 - 4~ aolutioo or perchloric acid, precooled to rP and aatvat.ed 

b7 chloriDe ()8]. Total reactiol'l occurrbl here can be abowl b7 equation 

Por a 2. 000 - J, 000 Ulp/.l- curret d_.l t7 on pl&t.ima anode, lt. 1• poa•ible to 

rec:ei'ft ~ HClD4 or h1&h d._.... of purit7, containtna 1n all 2 - 3 Ill chlorine. 

Cvr-.t Jield 1a oear}7 ?aft at. a total apemS tun or elect.ric powr or 9 - 10 

tho....t btl per 1 tor l~HClD4• 

t.port.ant bleachinl u;ra- ca.po\lllda or chloriDe are chlpd• cU,opde and 

!OCliw chlF1$,e. 

At pnaent., 1D 1Ddutr1• clionde or chloriDe 1a obt.aiDed b7 trea~ or 

aodi\8 chlorate b7 nl.tllrlc acid [1]. u a renlt, chloric acid w1ll be ronled 

dvi.nl W.O•e decCIIIIIOwltioD dSonde or chloriDe w1ll be liberated. M.t.hod• are 

c&rried out aJ.8f) or obt-ainin& dSonde or chloriDe b7 redaction or aocli\8 chlorate 



b7 aultvou , .. , [1] or b7 t.reat..lt of chlorate b7 b,Jdrochloric acid with aub

aequent ue of the .--in~ later OD .--,ftl, of chloriDe dioxide of aolut.ion in 

chlorate batha [J9]. 

At one of En&liah factories, diox1de of chlorine and aodiua chlorite are o~ 

t.a1ned b.r electrochaaical ..ana (40]. For that process it ia possible to use c. lo

ride-c:blorate aolat.i.)na, obtained in production or sodiua chlorate (41 ]. Japanese 

researchera propose to receift diozide or chlorine in a th.""ee-chaaber electro~~er, 

the central apace or which ls separated rroa anode by anion-exchan~e diaphl'a~. but. 

rroa cathode, b.r a cat.ionem::han«e diaphl'ap (42]. In central space 1a flooded so

lution or llaCl03, in anode - concentrated aolutlon of chloric acid, and a soluti n 

or IIIOH serft8 as catbo~e. Porou uaph.ite 1s used u anode, and cathode 1a pre

pared or at. .. l. Durin« electrol.7wb, )Vdro~en chloride is bl.om through a.nolyte 

or porou anode. llow reaction proceeds 

2f-tCJO. + 2HCI - 2CIO. ' Cl1 - Hp 

In anode apace Cl02 containing 10% chlorine 1• contlnuoual,y obt&ined. In 

cathode space b at.ored alkal.1, free rrc. NaCl. 

InatMd or h;Jdrolell chloride in anode apace it la poaaible to lin sulfur 

d10Jdde in quantit7 equt.alent t.o qunt1t7 or chl.oric acid !o~ in anode space 

duri.ft« electrol.7wla (43]. Reaction with aulfur dlozide can be apreased b7 

equation 

Role or electrol.7wla in «iftn cue conalats in obt~ ch.l.oric acid in anode 

apace. M.t.hod is co~eat beeaue •Willt.anaou~ with diozide of chlorine in 

cathode space wUl be to~ alkaU, but .-q product• are abeent. sodiua eultat.e 

and table a&lt, at.ored cil&r1nl prodac:tion or diold.de or chlorine b)' chaaical Mtbod. 

A r..-.r or ..thode or o~ ot diozide or chlorine anticipate• aodlua 

chlorite u inlt.ial product. It is propoe.S t.o conduct ozidation or aolut.ion or 

sodi• chlorite or 100 r./1 1n anode apace on M«nat.lte electrode [44]. 



Dioxide of chlorine 1a ..-ond fro. anode apace b7 inautflation b7 &1\1 inert 

IM• 

Dioxide of chlorine obt.alned b7 electroch..tcal Mthod ao.et!Ma contain• ·~

nificant 1Jipurity or chlorine which lMde to undeelrable proceaeea or chlorination 

d111"1n1 ue of c102 u olddber. In ol"dC" to a~id thle electroch.-ical oxidation of 

aodi• chlorite it ie reec•lftded to conduct proceaa in preaence or aocti• aultite 

[45]. Diozide of chlorine, blowl fro. anode apace by inert IU containa in this 

cue Oftl7 tree• of chlorine. 

An int..-..t~ •thod [46] or obt.aininl of dioldde or chlorine rroa chlorite 

1a 1., tm electro17Mra, each or which 1a di Tided into tm sections b7 a diaphrap 

fro. cation GICban«e 1'88in. In anode epace or firat electro1.7Hr .ons 25~ solution 

or aocti• chlorite. Eleetro178ie ia conducted with sraphite anode; in anode space 

wi.ll be toNed dioxide or chlorine, beift« blotm ott b7 inert. IU at a 5. 5~ Cl02 

concentration. R-.1n1.n« .olut.ion, cont.~ 15~ II&Cl02 and 6. 5% Cl02 , vill over

flow into cathode apace or aecond electro1.7Mr, where occura reduction or dioxide 

or chlorine into chlorite. 'nlen this aolut.ion 1a cc..,letel7 aaturated by sodiua 

chlorite and returns in anode epace or tint electro.lJser. Sia&l.taneousl.y in 

cathode apace of tint electro.lJser proceed• a WINk aolut.ion or NaOH (4 ~1), where 

ite concentration is increued to 1~. !ben thla aolut.ion will onrflov into anode 

space or second electrol7ser and &lain ret.urna into cathode apace or tint. 

Dioldde or chlorine ie a .tron« ozid1Hr, but it ie ~eeible to transport 

it either in Uquitied or in c~reeeed et.ate due to sreat uploei.wteas. Therefore 

intereet ia dn.loped to another oxidiHr, eodl• chlorite, which 1 » transportable 

aDd 1a eate ill ci.reulation. ID1tial raw •teri&l for obt&1.nin« aodi• chlorite by 

the ct~eal Mthod ie eod.i• chlorate .tllch ie reduced b7 sulfur diold.de, alnc, 

or 80Cl1• -1..- [1]. 

ltt..pt.e to reeeln chlorite b7 dlreet od.d&tion of aoctl• ~hlorite on 

ftl"lou anod• did not haft nee•• [47 j. Raw •teri&l for electroch..tcal srnthesia 



of chlorite ia dioxide of chlorine. 

For obtai.nin« aodia chlorite a thre-chaaber electrol.7ser is propoaed. Central 

apace or electrcJ..7ser 1a separated froa anode by a diaphra811 of cation exchange 

resin and froa cathode, by a diaphr~ of anion ach&nge resin [48). 

Chlorite will be fonlled in cathode apace during electroreduct.ion o! diold f' 1 ·· 

chlorine on graphite cathode. For that, in cathode space is flooded solution, cor.-

tai~ 88 • .3 5% NaCl02 , 7. 21% NaC103, and 4. 44'1> NaCl. Central space is filled by a 

solution of NaC10.3 and anode, by a solution of NaO!i. 'Through cathode space b O'f'!J 

a a1.xture of diozide of chlorine with air containing 6. % Cl0
2

• From central !'!>a.C " 

solution enriched by sodium chlorite is brought out. athooe current yie ld BO . t, ~ 

at 62( utilisation factor of Cl02 . 

It was also proposed to receiYe sodium chlorite by reduction of dioxide of 

chlorine in cathode space of dual chaaber electrolyzer, separated from anode by 

dia.phr&811 from cation exchange resin [49). A solution or sodium c hlor 'j~ serves as 

anol.yte. Initial cathol.yte contains 87% NaCl02 , 6% NaCl03 , 7% NaCl and is enric hed 

dur~ electrolYsis to 96 . .3% NaCl0
2

. Concentration of NaClO.J accordingly fal ~ to 

).JS, and NaCl -- to 0.4%. 

Persul!uric Acid and ""rsulfate of U.Oniua 

These coapoll!\ds are obtained only by electrocheaical oxidation "f sulfuric acid 

or bisulfate of ~niua. Main quantity of pe.raulfuric acid and persul!ate of ~-

ni.- goes to production of peroxide of )Vdrogen (bT h.TdrolJsis of these products h 

obtainedrv80S of all perorlde of hydrogen [1, 17, 50)). 

Large part of .orks published in literature recently concerning e ectrosrntheis 

of persul!atea, is deYOted aainl,y to new constructions of electrol,yaers and aec han-

isaa of anode processes. 

Works on t.pro.-.nt of constructions of electrol,y&ers are conducted basicall,y 

in direction of increaae of anode and 9'0lu.t of current density, lowerin@ of otaic 

resistance of anodes, increase of effectiYeness or coolin@ of electrol.yte, and 

q 



replac .. nt or plat in• anodes. 

There is described, for exa.pl e 7 ,000 a.p electrolyser conaisti~ . r little 

sep&J"ate cells connected 1n parallel [51, 52). Electrolyte, ted iJ'Ito fl!h ·~rol.yaer 

containe 500 U! ~so4 , am what flows rroa bat h (with speed 0.9 .1/ai.!:) cont .u.1s 

340 - 34 5 U!· Current yield of persulturic acid is 74 - 7 5~; tfJIIPerature .., e l e" 

trolJte equals 1~; ~lu.e concentration of current is high and attains 1,000 -

2,000 UIP/!; ~lt~e to bath is 4 . 5 v. It is rec~nded to prepare anodes from 

.. tals which conduct current well , for example froa al uainum or silver, coating them 

by a la,yer ot platinua. In one cylindrica l diaphrap i t is possibl e to place buncH 

or anodes having rona or narrow t apes. 

Construction or electrolyser 1n fonD of pipe in which cathode is made also in 

the fo .. of lo~ pipe b proposed. In center of latter is placed anode [53 . Elec 

trodes are dirided by diaphrap. Length of electrol,yaer is calculated on attainment 

by electrolrte of a concentration (with respect to persulfuric acid) vtdch 

allow ~iate h,ydroJ.rsia. There are proposals to cool anodes for decrease o f 

deca.poaition of persultate and increase of current efficiency. It is possible t o 

cool, for exampl e, by flooding l ow-boiling liquid [54] in a hollow anode. Cooling 

is achieved due to evaporation of liquid ~ae vapor heads for refrigerator and 

after condenaat.ion returns to internal carlty or anode in the fonD or liquid. 

In other .-ork there are data about dependence or yield of peraulfate of .->

ni• on t.-perature or anode (55 ). It 1a deterained that yield of persulfate of 

__,ni_ 1a increased with decrease of te.perature of anode' am ita constant temp

erature it is increased with decrease of ta.perature of anolJte. 

It 1a proposed to receive peraultate of ~ni• in electrolyser with re~lrlny 

plat.in• anode (56 ) . For a 100,000 Ul/fJ/rl- anode current. density current efficiency 

or penultate o! ~ni• can attain 00%. 

AI anode, appanntl-7, the appropi&te !OJ'S J:reJIIftid dioxide of lead ( 5? J is ace~. 

To la.ar e&thode potenti&l durin~ electroayntheaia ot peraultate ot .-,n1ua , 

/ 0 



and consequently, to .uwer YOltage on electrolyser, it •s proposud to replace lead

en cathode by a porous ail nr one (58]. 

Ox;.uen Compoums of Manganese 

To a number of oJcy"gen c0111pounds of aanganese, obtained by electrolytic means 

belon«s pen~~an~anates of potassium and sodium, and ":iioxide of :nanganese. 

There exist two industrial methods of obtaining pel'!IIA118&n&te o!' po a~s ium 

oxidation of manganate of potassium or sodium on anode and anO'ie isso l ut ion of 

ferroaanganese. 1£tely in literature 1110re attention is given to t he seconc: me c. h ... -: . 

Works pertaining to first me ~ haTe as a purpose inc rease of chemica ' s • b~ . · 

ity of steel nickel plated anodes , for whic h before their use i n e ectro y~is, t he 7 

are subjected to thermal trea tment a ):'()<' for one h ou r , and t hen a~ o r;o- , CX'0° f or 

20- 60 llin. (59). At t i kne~s o f nic~e ] coating, stabi l i y of hea t 

treat.aent anodes approac hes stability of Dickel anodes. There are reported a l so 

conditions of obtaining pel"''llang&nate of potassium of high purity from .: , l ute so l u

tions of Mng&n&te of potassium ( 60 ] . 

Method of obtaining permanganate by anode ctiss alut i on of metallic manganese or 

of its alloys •s known long ago , but i t s realization is ombined with a number of 

difficulties, the SUJ'W>unt ing of which i n significant degree has been managed only 

lately. During anode dissolution of pure metallic ~anese in solutions of K2CO 

or KOH it is possible to obtain peraanganate of potaasiua with 80 - 90% yield a ar 

expenditure of electric power of 11 kvb per ~ o! product ( 61 ]. When using solu

tions of NaO H or Na2oo
3 

as electrol.)-t.e, &node dissolution of ung&n'!Se according 

leads to !o~tion o! aodiua peJWan«&n&te (62 ] . 

It 1s 110re ezpedient, howenr, to ue as anode aateri.a1 not pure a&n«aneae, 

which ia deficient, but !e~anese, utilised in large quantities in .. ta lur~. 

Such att~ta were begun repeatedly; howenr they claahed on one essential diffi

culty: dur~ anode diaaolution o! fer~aneae in alit&li solutions occurs paaai

ntion or anode•; on their aur!ace appears fila froa dioxide of a&n«an••• and 
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eftnt.ual.ly, process or dissolution is replaced by liberation or Qq«en. 

In the United States was process or electrochemical synthesis or sodiu. per

un«anate by anode dissolution of ferroaanganese containin« 80% Mn set up [17] on a 

... u i.Mustrial scale. In approrlaately 24 hours or wrk, anode was passivated am 

process had to atop. 

On the basis or wrks of R. I. Agladse with collaborators, in USSR there is 

or«ani•ed industrial production of peraanganate of potassiua by anode dissolution of 

re~aneae ~63 ]. Process is carried out in solutions of 1200/300 g/!) [64] or 

lOR (m) [65] at a t-r>erature of 16- l SO. At an anode current density of l, 500 -

1,800 UlfPI.l- in solutions of potassilm! carbonate, or, at 4,000 a.p/rbl. in solutions 

of caustic potash, anodes rroa cast carbonic ferroman«anese ( 71.18% Mn, 1.4. 57% Fe, 

6.47% C) are not passiYated. Current efficiency is 40 - 45% according to substanc~ 

- 80 - ~ at an expe...titure of electric powwr in carbonate solutions or 11 - 12 

kwh per k« or pe~anate, and in alkali - 9 - 10 ~ per kg. Consider b1e 

works a.re dewt.ed to the •ro.-ent of process or electrocheaical obtai.n1.ng of 

d1ozide of ~aneae. 

As it is knolft'l, dioxide o f manganese in industries ia proiuced by electro

ch4&1cal oxidation of sol utions of sulfate of ~anese (100 g/,!) in sulfuric acid 

(35 ,/!) [1]. For a lo~ tiae, l ead waa used as the anode. Lately anodes !1"011 

~phite haYe becoee widely used. There is described [ 66] wrkshop in which are 

setup 33 electrolysers (1, 500 X 2, 700 X 1,400 -> with 600 graphite anodes in each; 

aernce lite of anodes was 1 mnth. lniti&l anode current denaity waa 100 U/P/m2; 

lowS on bath was 7, 000 - 9,000 aap; electrolysis is coMucted at 90 - 94°; expeooi-

ture or electric power •s 2.2 kwh for 1 kg ~2. Workshop «in• 10 t Mm>2 in 

t..aty-rour hours. 

There are published [67] propoaala to co...tuct electrolysis of sulfate or aan-

,... .. e with craphite anodes in presence of .-all qliUrt.itiea of nitric acid. As 

anode, it ia poaaible to use electrol7tic diox14e of ~ae, which 1a preaaed on 
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current lead rod [68]. To obt&in d ioxide or aan«anese or hi«h purit7 and not con-

tainin« illpuritiea C, Pb, Ni, and Co, it 11 rec~nded [69] to uae titanic anod• 

and to .ork current denaities or 100- 200 amp/a2 • PassiYation or titanic anod e can 

be prennted by introduction of • 5 - 0.4 g/];, NaF into composition of electro yte . 

Current erticienc7 for MB>2 attain 75 - 90%. Removal of film of Mn02 from s ur . ,. . 

of anode is possible by re.ersing current, by transmission of a lternating current, 

or b7 transfer of anode into bath with sulfuric acid where during electrol.ysh rum 

is ..-oftd by o.x;nen [70) which 11 being giwen off. 

Aclditiona ot 80di\8 tl\IOrid e show influence during use of Pb02 or Pt a s anod , 

incre&ain« potential eftn in the presence of layer of Mri)2 on surfaces of anode and 

increasin« current )"ield of dioxide of manganese [71] . Additions o f sodiUIII fl ori d 

do not intluence potential of graphite anode. 

In patent literature [72] it is propoaed to conduct electrcl7sis in bath with 

diaphrap tro. canna or other tilterin« Mterial and to uae in anode '.S pace an elec-

tro:qt.e which contaiua, besides sulfate of n&n~anese and sulfuric acid, an oxidising 

- reduciq addition [FeS04 + Fe2 (so4 )3 ]. Electrol7te continuously !low through 

diaphr._ into cathode space. On cathode occurs partial reduction or Fe -M+ to Fe, 

Then rroa cathode space the e l ectrol7te so•• to tank with aixer, where pyrolusite 

ia introduced. ++ Under the influence of Fe iona there occurs reduction of Mn02 

to Mra), which during reaction with sulfuric acid gives MnSJ4, directed to elect.rol

.YSb. 

There is denloped also a •thod of obt&inin« dioxide of aanganeae rroa lean 

orea [7) ]. 

Ricbrollat• 

Bichl'oa.ate ia uaed in l&r1e quant.itiea as old.diser in orpnic ch.tat17. As a 

r .. ult ot reactions of oxidation carried out in a sulfuric ac i d medium, sulfate of 

triftl.rt. chrom.\8 ia obtained. To oxidise the latter back into bi chromate, and 

also to obtain bichro.ate b.Y anode dissolution or ferrochrome, electrolysis is used. 
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llec:troc~cal reaenvation or bichromate rroa wrked aolutiona •• uaed in in

clutri• lone aco and had Y&riou conatructin and technoloaical reaolut.iona. 

In one or published wrka [74] there are defined optiaua corditiona or c&J"I'7inl 

out thb proceaa 1n bath without ciiaphrap and with ciiaphrap, uin« the e&U~Ple or 

regeneration of bichroaate from industrial acid filtrates containing er2 (504 )3 

and H2so4• Essentia l problem during regeneration of bichromate 1a increase of sta

bility of lead anodes. During anode polarisation 1n solutions or sulfuric acid, 

surface of lead anode is conrad by rum of Pb02• Howenr, this fila 1a porous, and 

in eolution there is al.,.s present or ganic compound, under whose influence the l ead 

base or anode is destro7ed 75 ). Various methods of increase of stability of anode 

are propoaed, in particular electroch.-!cal precipita tion of Pb02 on perehlorTiJvl 

fabric clrawn aeroaaa a l ead pipe [76]. Such anodes r-.ain in good condit ion even 

after aiz .,nths or uae, whereas the usual lead anodes sern for all or 3 weeks. 

'!'here 1a d .. eribed cell for electroch.teal oxidation or salts or ehromia vith 

horbontal diaphrap (77 ] . 

'!'here are reported col'kiitiona of tranaronaation or ettro.ate into biehro .. te 

under the influence of electrolysis in electroqser with diaphra~ [78]. 

El.eetrocheaica l obtaining of bichrollate by anode dissolution or ferrocttro.e is 

rec• nded inatead of JNltistage and i.nau!fieiently erfeetin ch.Ueal aethod 

(79, 80]. To anode dissol ution is subj ected an all.o7 contai.ning about 74.5% Cr , 

22.~ Fe, O. 7% 51, and 2. 7% c. A sol ution or rw>H (100 - 200 g/!) can ser-Ye as 

eleetroJ.7te. At a 400 - 60CJ amp/rr?- anode current densit7 current yield of bichro

•te ia 55 - 64%, and expel'kiit ure of el ect ric power is 7 - 8 kwh per kg of bich

~te. It 1a poaaible to .ork b7 ea.bined .thocl, i.e., to reeein aocli• ehroute 

by the U11&l ehtm.eal Mthod , and then to aubjeet it to electroqaia uain« anodu 

or rerroctuoc.e. 

Aa eleetroqt,e durin« anode diaaolution of ferroehroel it 1a re~nded to 

ue &lao eolut1on of NaCl and to reeeiw eocli• bie~te td.th 73• c111'1W!t 
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efficiency [ 81]. 

B7 anode dissolution of ferrochroM it is possible to receift bichJ'oaat, of 

.-oniwa [82 ] and ch:rolliua anhydride [83 ]. The latter product is obtained al~o by 

..ana of electrocheaical oxidation of chromium sul fate (prepared f~ chro~~~ or~ , 

on lead anode co.-ered by dioxide of lead [84, 8 5]. 

Bro.a~es, I odate, and ! odic Acid 

Lately in literature rather considerable attention ia given to the e l ectro·· 

ch..tcal obtai.nin@ of b~tes. There is a description of a small wrkahop start ea 

in Japan [86]. Ira wrkshop ther e are 24 st eel el ectrolyzers setup, MUuring 

900 X 500 X 400 •· Anodes were prepared f rom electroljrtic l ead dioxide, and t ht: 

cathodes from stainl ess steel . It ia stressed t hat use of graphite anodes wor,e . 

quality of bra.ate. The soluti on, cont aining 210 - 220 g/1 KBr, 19 - 24 g/1 KBro3. 

and 2 r/! K2Cr~ was electrolysed. As a result of. electroly'81a at a 2,000 - 2, 200 

u.p/.tl anode current dens! ty and t.aperature of 65 - 72° a solution ont aini.n« 

260 - 2£K> r/! KBJo03 and tK> - 100 g/! KBr •• fonaed. Current efficiency •s 90 -

9~. Deeti'Uction of anodes •s insignificant and conatitutet! 57 - 60 a/t KBr<>J. 
higher content of brcaide of potaaeium, lower te.perature and anode 

current deaity, it is poaaible to increase current yield of ~te of potuaiu.t 

to ~ (87]. 

In USSft teehnoloo of obt~ b~tea of potusi1a and calci• is denloped 

by M. N. Machul.ldn [88 ) . Author liats opt.iaua comitiona f or electroaynthesia of 

bra.atea. To eleetrolywia 1a subjected a solution containing 200 Y! IBr, 

2 ~/! 12ero4• At a 600 .-p/~ anode current density, on «raphite anodea the~• ia a 

current efficiency of 92 - 95~. The ..ana d ... lopea to increaae atability of «ra

phite anodea conaiated in their t.pre~tion by petrol•• bit~ with aubaequent 

fi.rin« at 350 - 400°. 

Ill literature proc•• of eleetroctM.ical aynt,beaia iodic acid potuei1a on an 

indutrial inat&llation [89 ) ia described. Oxidation of iodide of potuai• 1a 



prochaced on uaphit.e anode at a 226 UJp/a current density and t..-perature of ')(I'. 

Hen curnnt eff1cienc7 reaches 94 - 96%. Electrolysers with a capacit7 of 700 ! 

an calculated on load or 500 up. 

'ftl_.. 1a conaidered also aethod of obtai.ning iodic acid by M&na of ozidation 

ot 801\lt.i.on or iodine in diluted }Vdrochl.oric acid on anode of lead dioxide (90). 

Durin« use of diap~ whic d irldes the cathode and anode apace, a.r¥i anode current 

deuity of 1, 500 up/-.2, it is pos ible 0 at.t&in 95 - m current yield or product . 

Perborate, Percarbonatea, Tetra Acetate of Lead 

Fw new wrks are publish on ectroc ecic 1 synthesis of perborate. In 

literature there is informa ion bout electro~zer n 7 , amp for obtaining per-

borate (17 ]. ·In e l ectro er t ere are 2 platinum-ir ium anodes and 22 cathodes 

ot nickel-plated steel s. s produced with the elp of aluainua refrigera-

ton, thro~ which t ere circulates an aqueous so l ution of gl,ycerine, coo~ed by 

.-onia. C7cl e is continu houn, after which fro. 1,200.! of electrol.Jte 

240 q perborate wlil be si V1 off. Electrol,yais 18 cordueted at ll - UO and anode 

current denaity is urren eff iciency ie 5~ , expenditure of 

electri c power · s 3 . 7 - 3 . t ous.:1nd r borate. 

87 other data ( ) , perbor t.e of potaa i\8 can be obt&i.J\ed by eleetrol7ab of 

conc..trated eo l utiona of mixture of potuh a.r¥i bort4X at a 5,000 ~/-.2 current 

deaU.7 on platina anode, wit current e!ficienc7 up to 93%. n..re are aelected 

condit10D8 tor production of pol.uai• perc&rbonate b7 oxidation or potuh \lftde 

hich ADOde current dc.itiea (9 ) . 

Of other proceases of electroch-.ic aynt. eais ve wlil consider obtaini.nl of 

tetra ac-.at.e of lead. 1bia ondisv poa• .. ••• a nu.ber &dftllt.aC" u ca.pared with 

Pb02 , which 1a rat her wide}T u.aed in orpmc eb~at.ry. 

nectroeh.-ieal Mthod of obtaininl tetra acetate of lead 1a baaed on anode 

omd&ti.on of diac.t.ate of l ead in 1lac1&.1 ac.t.ic acid on plat.tm. anode [93, 94). 

!lectro}Tt.e couiata of 80lutiona of 2.1 N Pb( Cft:3COO >2 and 0.6 N C"JOOOK 1n 
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anh,Jdroua acetic acid. Cathode and anode should be separated b7 diaphrap. With 

anode curreat denait7 and cooli.ng with wter cir ulated through refri&erator, c\&ITtll'lt 

7feld of tetra acetate or l ead is 95 . 5~. Product is obtained a t a high de,ree of 

purit7. Good results are attained on anode of Pb02 (95 ) . 
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