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tlan xe pliabie appliosiors for lecal irr&ﬁia&i@n@.
ienweRchauge processes in the teschnology 0F stulveont
demincraligatiseg ean (ix unpy cawes Lo significently moeder-
nized if lon~exchange recing are raplecsed by oadlese ribhony
of ien-sxehange nespbrane materdial, Thie soncept allows the
ivp~ereliange procegs Lo be placed op 2 sopbinuong hagle
with Lull sutomatiosg,
Figursd I chowy cpe of the posmible moheusntie patiern:
Epainring Sovn-excharge nosbranens in ¢he Foyd of continus
ribbops,

Unwigdiang from roll L, the aatiom-oxobange ribbon )
paogey throogh o vedharpey solutiocn in bagin %, then throeugh
the werkiog ssiutior im basin 2 and baek on roll L. ]

The suion=ogshange ribboy unwinds fror voll 5, pRunes
throaglh the recharyg gar geilation in bagin &, 1nto the working
geivtios in bagin 3, and then rewinds outoe roll 5.

The motlion of the riblbons can be parallel and ovppo-
giteky=dirested, Seversl riblone car be made to pess through
she weriing felutise imstosd 9f jfust one paiyr,

Thus , 27 the workisy bapin contaling s wWeTer B0Lv . Lk
Lo ba frend ¢f a gﬁwam sett %A, then the peusdge
it of m enbticon~ sud emidn-ex ana@e pafe af ribbopr
a gimnlisnaoun aatiamiwm? ton and aniondmation

On the cmilunvexnelnnge Fibbon wa have:

BB 4 BV Be-g® o+ Hha™
And on the aniova-eyohangd ribbon:
N O i m'%‘\.,.m w e
B3 ET b H OB zemr BeAd™ 4 ﬁ;ﬁﬂ
The @06t extsngivs and promising aves of isun-exchange
usnbrans spplieadtics, however, lies 1u fhelr uvse am aciive

partiticus for slecireiyte kaths in slaetroshesionl proaszm- .
3. whieh are in the seip of the electrodinlytic typwe.
: ¥

Prauesa 1. & ook g owal Lo She foeionlie of solaw
tigps whith wf lopesnohangs ribbonsg,




A8 Iz Enowh, el@ctrmdialyaﬁﬁ ig o eomplex procese
involving » conbination of elascirolvitic, dizliytic, and elege
tro-ogmotic phenomena. The studies of O,¥. Grigorev et al.
(project supervisaor =« 1,1, Zhukow) (1) zerved t¢ fundicatse
tlhat the chayacter nf Lhis procoss iz basically ﬁwﬁarmimwﬂ
by the properties of the ﬁz.:hr&gm&?i“ partitians
clage o1F fthe solutisn in thoe centrsl compsrinsnt
setyvoeds araesz. The use of lom-exchange nenbranss in placs
F povovs diaphveges dn this process o o congidersblo exe
tent alters the guantiifstive and gualitative chavacter of the
process, since The basic precess producing slectyodl ilveis
3 el
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v ot

he poassoge of lons fnw en electyric & A Shrough thea
mashrane sarving as the partition, and which has & mpocifis
effest on ion poassags, :
The foregoing Car ke 1)lustreted by 4dhe following oni-
anpleilelt we isagine an eilsctrodialviic patiers for an
dilaphragy
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In acditicn, the reverss diffusion of Wa and 36;"
ions out of the electrode sreax inito ithe centyal compavte
ment which sceures In the cess of porows wnoumbranag 1e sctuw
aliy reduced to & minimum wien ion-exthunge msmbranes ar-
uged, ag @ result % the high density of the latter,

: ¥ S ‘ )
| (.’?‘i\ E / u-‘{ggg
i \
& = goluotion
i
i }
L ' ; v [
By S0, - o L e NE O
Figure 3, A gohergtlie diagram for the olsciredislysis of
an-. Naald, nelution with the ald of don-umchange diaphraghns.

1t may Ls ween frow this example thet the effeativa-
ne#s 0f 2leclrodianliytic produszes mey be fucreansd sonsidags
ably thyough the uss of louwexehangs menbranes; this faet
in of grest theoretical eud pracitical sigpificaunte.

Ovviounly, <he offeetivannss of using lon-eschange
menbranes wilk in the last snalyeis be ewveluated with refn-
rence to elovtrical energy sxpendituves,

Phe sencaept of euryent consumption In the elzetro-
dislytie pyrocwse maey Lo aptly vendered through the intro-
dusticn of a notion of appevent ourrent efficienscy whiob
is datinsd ag the watie of thevreliocally reuuirved energy
conganpiisn {aseording te Faraday's law) %te 2he asctual
amount of eleetrical snergy ezpended:
€ﬁ3-ﬁE}*V“%ﬁ%0ﬁ

Y =
\ 1%

where ﬁH snd o, are the inlilal and final slestrolyie con-
eeuvyasi g in the middie coupartmesns:
T ds wue volume of the compartment;
YIET is vhe msount of slectrieity,

The theoretieal eofficiensy {1n %' scourding 1o cuwe

rent with the voe o7 Lon-asghouge ronbranws wzy he calowne
Iated by veans of the encatiors gugremsyd By A.¥. Yarkevieh
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ing to inorease galt concentration in the sentral sectlion,

In addition to the purely elecivo-vsuotic transfere
ance of water from the central comparieent inte the sleg-
trode areas, water la aleoe carried aisng by the moving ioaw
iag the form of wator laz skels, The anount of water Lrangporis
3 by electro-oswonis depends on the sonoeniration of the
avternal solution (water Yransference incersosses with raduasd
coneagtration?, the meture of the moving ions, ourreat depe
sity, physical aopd phyalo-chaenical properties of the o~
wraunes, and other fTastors,

Rigctrochenical processss using ion-exchonge wenbraones
are performed in appavatus (sleeireliytlc baths) of warisus
deriga. The giunplest type is a two-cowmpartoent s€ll, 1.@.
sathude and ancde areas separated oy o wembrape. In suoh
a gell it iw whﬁﬂﬁhiwy for ezasple,to osbiain a free anid
Toum one of 1is sait If & cation-exchange menbrane is
uFad sg the partitien, the gselt zoelutism passes lutoe the
ancde compariment. Thio ie the netbsd weed at the pr- Lt
time Loy ebfaining sebarie soid from sedlum sobagl
The sodium Locg migrate Traw the anode ares £ ?%f :
sde compartpent, sud Lthe frze gebacic aolid prosipitaten I
the Zera 2f a rofe, evkite precipliate ag the acidity of :
ansizlte inores 3g; sz alkall forme in fthe outhods eumpari-
ment,. The advsutage of this mothod of shiasining sebiglice aonid
sensliety in the faot thoet There 18 noe nesd o add gsulifugle
Aagidé to the aﬁq-um‘&#rwﬂ innte, the product 13 nnt oontaule
nated by sodlon suvifate; ancther ndvantage 14 that & uwaeful

% aige pyeduvesd in the procsse,
garivation of free anines from thoeir sality, such

i L dismipe, through the use of sp aniva-exchangs
senbrans s pertiticn haz siss besen deseribed,
ia the simulispeasvs vbilisatiovn of eaxtion~ sl anlion~

p N X
base 4

exchzage Borbranes, the sisctrolytic evll ie divided ints
thres geationsy 8 wig desoribed sbove, The welutilss €0 wn-
davgn dialysiz 12 plaoed Lo The centyal compartuest. This
in Lthe nost extengively-vaed type of electreolytiec sell,

Fiwaily, &%t % pereible teo uge eleciroiviie hatle
with o lewvpe cisnber of sllsraatiasag vsticn- and amﬁ@am@ﬂ&h&mg&
nenbrares (Pioore 4y,
Mulii-couparinant olestrsdialynsrs srs presently be-
1ag usred in Tio fresnzniry of aclt weisr fiusluding sea and
neean waterld,

The easonticd prosves 43 the tdeo Toshonieal aeth
of veter Lvasitocing in & maltiesomus o tas o3 6215 with e
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the most economical, This methed of freshening has several
distinet adventages: it iz highly efficisn’ mnd can be eani~
ly automated without requiring large~scale squipment and
nemerons operational personnsi, '

A , ' : Qfgﬁ{%am ‘
ﬁa@ﬂw ‘ b, P S

Angpelane
e i toinl D)
b = Q
[ : !
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Figure 4. A schematie disgran for a nmulti-compartuent elecw
trodialvzer, ’ '

b= Alkaline goluntien,

- Bai¢ melution,

Bali~fras watayr.

Chiorinated wataer.

XTI soliution.

T
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it should be mentioned, however, that the eiectri-
cal msmbrane methed of galt water freoshening 12 not univer~
nally apolicable.

Humercous studies en the sloctrochomisal freghe - 48
of malt water with the asid of iop-exchange wmonbranss {(S~17)
provide some baalg for the consluzicon that this met .oy is
wiet profitable in desalinating water wiith » malt contont
of 2-10 gramasiiter down o e concantration of 300-~300
niliigrams/liter, Im froshening water with a 10«30 gran/
liter sult content (aea and ocean water), oiher meithods can
compete suceossfully with the eleatrical ionmexohanp® MO
brane precess, Finally, 1t is covzidersd unprofitable to
eaploy this technigus 4n ¥reghening vater containing over
30 gramsg of #alt por liter, :

it is 2leo not expedient to perfornm deep degalina-
tion down to a malt conventration of 100 milligransfliter,
since in this case snergy cXpsnditures rise cengidevably,

Cna of thke first saomi-industrial installations of
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ERY kWthwﬁ For water of modivm galil~

{18 graugfilitsrd), ab
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ity €7~i0 praxs/l ’
low malinity (&~4 g 1frlter),

1t is coznonly heid that %itﬂ -3 i@%tall@timm GBI
bie of nreducing 1 cuble meter o ¥
She veanbraug a" i;@@g For freshen
alianid De y &
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tn oaddition to galb-water fresnening, obher oy

vl mombirane sppliortion are dssoribesd in the Literstars,

Por wksmple, it has b&@n propvsed thet mambrensg be used

Gy alactresdes, as wall us #ﬁw-ééﬁﬁrmﬁﬂimﬁ ithe adtivily of

fvva dens {(30~%3). Manecke {(235) hay suggested the aon=
g

ﬂ??uﬁ%iﬂu ar a mnanbeane aa%umula_&? $@gm}wu&mg af tra
Pl oner

Ve

Lrun@33 widlie ?mgtﬁ {2%} waﬂpugﬁ A mambPane gensrntor
Tor peodusing #iscteical suergy based ox the eriaclyle of
the eravgy releared 3u $he mixiug of g6z watar

& 15\

Wi Eh owator,

Thare are heds for rexpoving mius-
ruts frow srparis iﬁfizﬁyzﬁBQ congentirating radion
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carrisd cut in a multi=~compartment cell haviang ionnexcaaugé
mecbraned as partitiocns (Figure §), Bhe NeHH solution 2on-
taining an admixture of Hafll ie introduesed inte comparicsents
1,2, and 5, Compartmenisy 2 and 4 are filled with distilled
watexr,  facmbop - . '

T A . .
- oNaoi, <2§) e e egen < o m g SIS 4
- codeparauiud { Wéz (8

{
C2-6% Na(1TT - 7 1
g. L ¥ % z B (]
NaOH - 4-Naoti
- : m - -5
”e AEN s .
z Wi 7z @
%wm&w
; ; = NaoH
’ f- 4 clobodemd om el

Figure 5, & pchematie diagrase for the ogmotic ramsval of
¥aCl admixture from NaOF solution with the ald of Lom-oX-
changes nembranes, Nunberes of 1«8 indiecate conparimeants.
Ha0H solution containing 23~4% NaCli,

Zistilled vatex,

: HaOH golution Zree from Nafl,

Membranes,

Tauwe
T O

Both slegirolytes in compartsents 1,3, and 8 will
diffuse into sections % and 4; due to the great difference
in the concentrations of the electrolytes in the additio-~
nal golution, however, compariments 2 sad 4 will be Tillad
rainly with Na®H free from chlorides, The purifisd Nagn
solutien ig them drawn off.,

Thig primeiple nay also be uged for obiaining freak
vater from ges and ocean water, 28 well as for obiaining
varioug purifled substances (both mineral and organiad.

lon~2xchange menbranes are a new plagtic material,
Thay are not being extensively used a3 yot, but sven at
thisc stage 1% pay be confidently asaeried that im the future
the applicatious for these materials will be bLoth varied =
BUBCPOUS, ’
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