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2 1 37658 METHOD OF ELECTROLYZI NG DI LUTE CAUSTI C ALKALI AQUEQUS SOLUTI ON
AND _APPARATUS THEREFOR Thi s i-nvent.i.on relrates to a nethod of electro-

|y y a dilute caustic al kali aqueous solution and an apparat us t herefor. '
5 Solutions containing caustic alkali are dis- charged from
various industrial production and treatnent processes. Exanpl es of such

sol utions include reaction waste solutions fromvari oglg{u?rsﬁss reaction
processes, waste solutions fromtreati-ng netals with YVedste 10
sé#dtions fromregenerating ion exchange resins, alkali- treatnent waste
sol utions from petraEeuppr oFi Bi B8 TRORIEIRBS paPGTR! KRhsrfEcat ment waste

sol utions from mughear aeuengy EBCUTONEAND AbPARﬁTU@d?ﬁiﬁi‘%éy Inportant to
recover caustic alkali fromthese waste solutions in 15 Vview of both the

econom cs of the pr@bésseésvandibhereeadeisotpr avaathpd! beité Dier e these
reasons, various nmethods for recovering or detoxicating caustic alkali by
treating thég@if8stedddriei 6AYShaveahkeRdr naubeen soledion Avbstarmf these 20
al kal i - cont ai ni_n mas%e sol.uti ons are aqueous solutions of a relatively |ow
concentrati8ﬁpéﬁgt88n 8PReABRY ot her co-existing inorganic or organic
subst apces. There . Lutions are often_ discharged after

2 é.gisu{bng 29n g'nlgﬁd“’ﬁffhbﬁtagk?]g% et ViSeat ment, 25

det oxi Cation by, e. neu ral rzatton
for techni cahaPgeBCORORI GaF€889NSndustrial production and treatment

™

processes. Examples of such solutions include reaction
waste solutions from various chemical reaction processes,
waste solutions from treating metals with alkali, waste
10 solutions from regenerating ion exchange resins, alkali-
treatment waste solutions frcm petroleum refining
processes and alkali-;reatment waste solutions from
nuclear energy facilizies. It is industrially important
to recover caustic alkali from these waste solu;ions in
15 view of both the econorics of the processes and the need
to prevent pollution.

For these reasons, varioﬁs methods for recovering
or depoxicating caustic alkali by treating these waste
solutions have hitherto been tried. | Most of these
20 alkali-containing waste solutions are aqueous solutions

of a relativeiy 1bw'ccncentﬁa:ion and contain many other
co-existing inorganic or organic substances. Therefore,
‘the solutions are often discharged after detoxication by,
e.g. neutraliization an< without a recovery treatment,

25 for technical or econcmic reasons.



12- Electrol ytic methods using a cation exchange nenbrane are known as
representative nethods for effect- ively recovering caustic alkali from _
t-hese waste solu- tions. For exanple, a nethod of treating an al kaline 5z
wast e wat er which conprises sepdrating and recovering an alkali fromthe
al kal kFne waste water by electrodial ysis using a cation exchange nenbrane

and di scharging the waste water as neutralized water is described in
Rubl i shed Unexam ned Japanese Patent Appl kcation 16859/1977. 10

Howéver, such electrolytic nethods are disadvan- tageous since material

whi ch is highly durabl e i rElarctooigdncgasshadengsieaca iatian reeghiang® as an

el ectrode, particularly as an anode, and-expensive noble netal or easily
exhaust ed graphi t e™eRT2PE AR KNAWSuSSdireRagaaetative nefdwds fosr eddeciton.

and operati on, nustvb Q§ed. Aacordinglg, i ii,dgsirqaggvgo deveLoR an
econoni ¢ and i ndust¥Faf | \E6PEah & CBLSE FOF;F? 1t Ectho . WASER, SAittRel
and their base all uch i | ess ' : Y .eqsy to
process, and have §%§n§~thdﬂﬁb§§% ggd gsmg gg%r%@é?“%ﬁﬁﬂg?égt%&%&gﬁggof a
caustic al kalg aquegsise S tdr QGildh cRmPrisedt SEp&tLCidPIIT TecdIWPYRE, an

these materials can only be used in an aqueous sol ution having a high
caustic .alkali congkkdXitfroom et alkaline waste water by electrodialysis
using a cation exchange membrane and discharging the
waste water as neutralized water is described in Published
Unexamined Japanese Patent Application 16859/1977.

'10_ However, such electrolytic methods are disadvan-
tageous since material which is highly durable in an
oxygen generating reaction is required as an electrode,
particularly as an anocde, and expensive noble metal or
easily exhausted graphite, which has various disadvan-

15 tages in production and operation, must be used.
Accordingly, it is desirable to develop an
economic and industrially-operable electrolytic téchnology.
Iron, nickel and their base alloys such as stain-
less steel are inexpensive and easy to.process, and have
20 thus been used as eiectrodes for electrolysis of a caustic
alkali aqueous solution in, e.g., water electrolysis.
However, these materials can only be used iq an aqueous
solution having a high caustic alkali concentration and
at a relatively high temperature. They cannot be used
25 for electrodes when eiectrolyzing a low concentration

caustic alkali aqueous solution because deactivation



at .a relatively high tenperature. They cannot be used 25 for

el ectrodes when electrolyzing a | ow concentration caustic al kali aqueous

S £i.on because deactivation -3- occurs by formation of an oxide on the
s@@éﬁce of the el ectrode due to considerabl e oxidation of the anode by
-elvation of the electrolytic voltage, or because, at a | ow caustic alkal
concentration of about 10 wt% or 5 | ess, particularly 5 wt% or |ess, PN
di ssolution of the surface of the @nede occurs. Furthernore, in the case of J
el ectrolysis of a waste sol ution containing various organic substances and
heavy net alascuntfedy ifigmmaitiiioss oft eachxide amdtipe esudfhce f piHate onto, the

i on exchange nenbrane, el ectrode or gipemnfk, and nmake el ectrolysis -
difficult. WA AYIYe &° SOnEdAebROL ROt dakNN | ol cvhe (ﬁmirdaeto ovechma

t he above-descr.i hed .probl_e ang t ovide a novel electrolysis netho

whi ch can (rjbé’cc?vleerv §%n °€ag§tei EqﬁFgﬁgiyEWeﬁﬂW%ﬁ BF AR yzing a

dilute causld G adalla 30uOUSIASLULLA T B SLADLE JAINET,d O Long peri od

of time using I nexpensive electrodé nateri

according t1es¥e pasReelu1dP1y sOoLtkhbs 1HYENTE AL SRR JSesT SRl Ying a
di lute caustic ' : _
. surface of the anode occurs.

Furthermdre, in the case of electrolysis of a
waste solution containing various organic substances
and heavy metals, these impurities attach to, and pre-

10 - cipitate onto, the ion exchange membrane, electrode or
pipework, and make electrolysis difficult.:

Accqrdingly, an object of the present invention
is to overcome the above-described;problems and to
provide a novel electrolysis method which can recover

15 caustic alkali effectively by electrolyzing a dilute
caustic alkali aqueous solution in a stable manner for
a long period of time using inexpensive electrode
materials.

The electrolysis method according to one aspect

20 of this invention combrises supplying a dilute caustic
alkali aqueous‘sdlution to one electrode compartment
of an e;ectrolytic cell partitioned by a cation exchénge
membrane, electrolyzing said solution therein and
recovering concentrated caustic alkali aqueous solution
25 - from the other electrode compartment, wherein iron,

nickel or - a base alloy thereof is used as an electrode-



al kal i aqueous solution to one el ectrode.conpartnent of an electrolytic
cell partitioned by a cation exchange nenbrane, electrolyzing said solutlon_
therein and recovering concentrated caustic al kali aqueous solution 25 ¢
fron1the ot her el'ectrode conpartnent wherein iron, nickel or a base al X
: thereg? I's used as an el ectrode- -4- formng naterial and el ectrolysis
is-conducted with reversals of the polarity of the el ectrodes such that an
ectric current is passed per|0d|calIy-thefebetmeen |n a di rection
g%péslte to the electrolysis directi Qreferred

enbodi ment, the d|F%@FP&h@aGFr%EprV?nﬁl%ﬁﬁrﬂ}%ﬁﬂﬁﬂiﬁ ﬁ@“FHé SFeUfFBIyte are
peri odi c- aIIy reversed thus COongo ant rnatiops.in. the
direction in whi cH &35 95i % Bur?e ylggp@s&se FOOSR fshlgplce%‘?t 1%

The electrol ysis 3ARRRANS careandi 19 595§@aspéw<?&t ,3‘3 ycm%sséwa n in
electrolytic cell partioned by a cation exchange nmenbrane into at [east two
conpartments each LL@ilriciidg appekecer oslechOrebsk tifollysan, direkehionr a base
all oy thereof, electrolyte supply and di scharge 15 means which are

symmetri cal d&bout a pl aneldehi pedfeyreteemiaddimerexcharegedimenbianse of in the

case of a bipolar electrode type cell, a central nenbrane or el ectrode,
_ supplying and dlscharglng the electrolyte are perlodlc-

ally reversed thus permitting concomitant alternations
in the direction in which electrolysing current is passed
through the cell.

10 B The electrolysis apparatus according to this
invention comprises an electrolytic cell partioned by a
cation exchange membrane into at least two compartments
each containing an electrode formed of iron, nickel or a
base alloy thereof, electrolyte supply and discharge

15 means which are symmetrical about a plane defined by the

| cation exchange membrane or in the case of a bipolar
electrode type cell, a central membrane or electrode,
means for reversing the polarity of the electrodes,
and means for reversing the direction in which electro-

20 lyte is supplied to and discharged from the cell.

This invention gives excellent results and
makes it possible to conduct electrolysis of a dilute
caustic alkali aqueous solution in a stable manner for
a long period using an_inexpensive electrode such as

25 iron °or nickel.

The electrolytic apparatus according to this



means for reversing the polarity of the el ectrodes, and neans for reversing

‘the_direction in which electro- 20 lyte is supplled to and di scharged
frﬁ@%}he cell. This invention gives excellent results and-nakes it possi bl e
to nduct electrolysis of a dilute caustic alkali aqueous solution in a

stabl e manner for a |l ong period using an inexpensive el ectrode such as 25

iron or nickel. The electrolytic gparatus according to this - 5 -
i nvention conprlses an electrolytl cell partitioned by a cation exchange
menbr ane and w ow be described, together with various nethods of

operatlng %Bgﬁ"EéP?sc°VPThs?%f%ﬁeﬁ&ﬁfﬁ(?Hﬂ%&caéééﬁpaﬁyFhﬁlﬂFﬁQnngs in which

| f | trol t
Sccording P8 EnfEtfod SPONE A EHATIE oo V1T ROV BeYhafefPEdN 1S
el ectrol ytigg@PRar & ¥én W&j@%é&é&y f

di agram show ng t he general current- aégPEkQHg Ekgern 'n the

ConventlOnaht&|QGfé@éﬂ@éStdmﬂﬁéxhccdﬁﬁidﬁﬁiﬁr@?aﬂlkgs7lﬁr@hpéﬁCk di agranms
showi ng current- applying patterns in electrolysis nmethods according to

this bnvention.  Figure 1 shows one example of an electrolytic

10

15

20

25

apparatus according to this inventioh;'

Figure 2 shows another example of an electrolytic
apparatus according to this invention;

Figure 3 is a block diagram showing the general

current-applying pattern in the conventional electrolysis

.method; and

Figures 4 to 7 are block diagrams showing current-
applying patterns in electrolysis methods according to
this invention.

The foliowing reference numbers are employed in

Figs. 1 and 2:=-

1 : Cation exchange membrane
2,3,7 : Compartments

4,5 : Electrodes

6 : : Bipolar electrode

8,8 : Tanks

9,9' oo Pipes

10,10° : Pumps

11,11 : . Solution supplying pipes

12,12 : Exhaust pipes

Hrgeflés a bl ock

\J



.15 The follow ng reference nunbers are enployed in Figs. 1 and..
2:- [err] ‘The el ectrolysis apparatus shown in Figure 1 is a basic _
gonopol ar -el ectrode-t-ype el ectrolytic cell, in which conpartnents 2 an(EE};
.are formed by a partitioning cation exchange nenbrane 1, and el ectrol ysts"
I's conducted 5 by applying an electric current through electrodes 4 and
S5~-Figure 2 shows an exanple of a bipolar electrode- type electrolytic

cgll, in which the cation exchange nmenbr&ne 1 and a bipolar electrode 6 are
placed between 10 term nal electrodes 4 and 5. The m ddl e conpart nent

i s shown as 7 and a pl uralThg efeqtinpdive iSoyPRRrAEHE sSkaWn bl Higunred tie
forma multi-conpartnent thoIar el ectrode- %gge electrolytic cell. . Since

the sane e!ectrodearﬁﬁiﬁqaﬂ Qﬁﬁf%ﬁ§lﬁﬁﬁf%£§dﬁ BRoBecahP gﬁ*ﬁxﬁﬁl%¢ﬂ¥9 15
e e AP om0 U ESE S B4 B o
different material Saf fod UFBHA ML tan@! Gt bAGCe1ec YL FOIW &Y | Ylucted
cation exchange nenbrane durable under the electrolytic conditions can 20
be used as thg catpprphiaganeliEycaidccl currehtothAtuglt Gdlied fridtk s €51 NS,
such as an al kali-resistant perfluoro

and 5.

Figure 2 shows an example of a bipolar electrode-
type electrolytic cell, in which the cation'exchange
membrane 1 and a bipolar electrode 6 are placed between

10 ‘terminal electrodes 4 and 5. The middle compartment is
shown as 7 and a plurality of middle compartments can be
- arranged to form a multi-compartment bipolar electrode-
" type electrolytic cell. Since the same electrode
material c¢an be used as‘the anode and cathode, this
15 invention.is advantageous, particularly in the case of a
bipolar electrode-type.electrolytic cell, due to the lack
of need for combining different materials to form the
bipolar'electfode. Any conventional cation exchange
membrane durable under the electrolytic conditions can
20 be used as the cation.exchange membrane 1. Fluorine-
containing resins, such as an alkali-resistant perfluoro
ion exchange membrane, are particularly preferred.

Iron, nickel or their base alloys are used as

the material of the electrode 4 or the electrodes 5 and

25 6. For instance, carbon steel, Fe-Ni alloy, stainless

steel, alloys with Co, Cr or Mo, can be used as the



| ong.exchange nenbrane, are particularly preferred. Iron, nickel or their

ba |l oys are used as the material of the electrode 4 or the electrodes 5
an 6. For instance, carbon steel, Fe-N alloy, stainless steel,
alloys,with Co, Cr or M, can be used as the alloy material s. Each

el ectfode can be conposed of the sane material or of a conbination of
different materials. The electrolytic cell is usually equipped with supply _ -
and di scharge devices for supplytrf 4he electro- 5 lyte and discharging
t he product. In addition, ‘the electrolytic apparatus of this invention

symet ri cal 24boYit MR &1 % of k3 RHESodRcRaRgkeneanpaped 10Drthhe

el ectrode 6, _and the direction of application_of an electric current and -
t he directiﬁﬂmﬁfmTPﬁﬁ}ﬂ{f?6w? eﬁ1Qﬂﬁganaﬁé°Pn9§rFéﬁf%fe%ﬁym%??ﬁ%als1 n the

it -comart et biggl are el entjee-tume 1o BELLOLyt ke, eEldaShoun 0 Figure

2, the mddl e cation exchange rane "béCones try in the

case of usi 5pgly ofka TWIDSKae GAIRASLFERARAR, IFIRE A0S o AAh A1e N dl €

bi pol ar 15 el ectrode becones the plane of symetfy in t ase of using
an eves nunbgte odndadischexghmngmerdHanes. Fon adsielse, fhe electrolytic

apparatus is arranged symmetrically about the plane of the cation exchange
menbr ane 1,eh¢n$m¢lvtinaannﬁr$mmmed'maﬂhsievandion is symmetrical
about the axis of the cation exchange membrane 1 or the
. electrode 6, and the direction of application of an
electric current and the direction of liquid flow can
10 be inverted at any time. In the multi-compartment
bipolar eledtrode-type.electrolytic cell shown in
Figure 2, the middlé cation exchange membrane becomes
the plane of symmetry in the case of using an odd number
of cation exchange membranes, and the.middle bipplar
15 electrode becomes the plane of symmetry in the case of
using an even number of cation exchange membranes.

For instance, the electrolytic apparatus is
arranged symmetrically about the plane of the cation
exchange-membrane-1,'wherein the'same-shaped tanks 8 and

20 8', pipes 9 and 9' and pumps 10 and 10'; which can supply
- . or discharge the electrolyte, are respectively provided
for the left-hand and right-hand comparﬁments 2 and 3;
-optionally, solution-supplying pipes 11 and 11' and
ex haust pipes 12 -and 12' are provided’if desired.
25 - . The electrodes 4, 5 and 6 have good electro-

conductivity, can be of any suitable form such as rod,



20 8, pipes 9 and 9' and punps 10 and 10', which can supply or
di scharge the electrolyte, are respectively provided for the left-hand and™
Li ght -hand conpartnents 2 and 3; optionally, solution-supplying pipes 111;1

and 11' and ex haust pipes 12 and 12 are provided if desired. 25 -
The el ectrodes 4, 5 and 6 have good el ectro- conductivity, can be of aﬁgﬁ)
sui'table formsuch as rod, = plate, nesh or porous plate, and are

i Rexpensi ve. However, in the conventiona@ ®lectrolysis nethod, particularly
i f Such an electr%gg IS useg in electro-.| il ute aqueaqus sol ution
i

[ d
or vaste sol ut) on At BRER SPnBOERHE PRI KATY TohtiIRIRA YA ¢ he
electro- Iysis begoprg i fiicubl beRoURE: Sy ISR s NGeRade IS
n Oor OoXl aes a-

deactivated by the Tormat’i o due to oxi ion, and T rpurities

are deposited and RH8Ied 20050 i FRBYCROLA | O16c Hodd 8 £1aEd Qlny S18cappar at us,
such as the 10 cation exchange nenbrane, cathode and pipes, thereby

making it difficulllystie edntai aieuekeayuedysi solutiomeiradsafe apQlutiing an

el ectric current of this invention is now explained in detail. Figure 3
shows t he netthod ofondpdniinggcelsttici glisli, centignatdomn et itbealellgcénptoyed -
for electrolysis. An electric current is applied through the anode in a
positive directiot¥&isabgcegesi Bl éantbnfesAife g srurface of the anode

. is deactivated by the formation of oxides due to oxida-
tion; and impurities are deposited and adhered onto many
portions of the electrolysis apparatus, such as the

10 _ cation exchange membrane, cathode and pipes, theréby
making it difficult to continue electrolysis.'
The method of applying an electric current of
this invention is now explained in detail.
Figure 3 shows the method of applying electric
15 current conventionally employed for electrolysis. An
electric current is applied through thé anode in a
positive direction at a prescribed current value A for
a time T.
On the other hand, according Eo this invention,
20 as shown in Figs. 4 to 6, an electric current is applied
in a reverse direction at prescribed current values aq,

- a, and aq for prescribed times t1, t2 and t3, with the
polarity of the electrodes being inverted after each
period of electrolysis effected by applying an electric

25 current in a positive direction at the current values

A1’ A2 and A3 for prescribed times TT' T2 and T3.



atimne T. On the other hand, according to this invention, 20 as shown in
" Fig8.N\4 to 6, an electric current is applied in a reverse direction at

bed current values al, a2 and a3 for prescribed times t1, t2 and t3,
e polarity of the el ectrodes being inverted after each period of

: electrolysis effected by applying an electric 25. current in a positive
direction at the current values Al, A2 and A3 for prescribed tinmes T, T s
and T 2 3 - 92-T3. The reason that the ' \“Ji
above-nentioned effects are achieved by this nethod of operation is not
“entirely clear. Fbeeveasont that beh¢ eyker e trantinnede ®fiflecasi eneof t he
el ectrodes is prevented and further that their 5 activitX I's restored by
P _

the periodiPChieYEAsBYapPLFscBEFBRD 0P tPRERA 1N i iS At eptire

articularly,

it has been.confirngd: that, at {he anode, . the oxides forned as electrolysis
eﬂ%c a.g tg?ﬁf éﬁ'

proceeds di‘d8fpear BYYERE

rest or ed.
general ,

17R° Jc?‘f%ch e S FRATELYAFE8Re E _
ofFUhENEARRE Roadl 1s G | I8 S YRR a8 pakal ions, in

e
re uctlve?y preci pitate and adhere onto,?%e surface of the

cathode, thet3witgcesi pest8ae@UbPYr @D 1 BN ralvGisll GppliE8PLohN. @
reverse direction. This clean- ing action is also effective in renoving
obstructi omes the electric current. Particularly, it has been

10

15

20

25

confirmed that, at the anode, the oxides formed as
'électbolysis proceeds disappear by the reductive action
and an active surface is restored. Furthermore,
although impurities such as metal ions, in general,
reductively pretipitate and adhere onto the surface éf
the cathode, the surface is cleaned by applying an
electric current in a reverse direction. This clean-
.ing actiah'is also effective in removing obstructions
which precipitate and adhere onto the cation exchange
membrane.

The current-applying time in the positive
direction is desirably as long as possible in view of
the basic object of achieving'électrolysis. However,
if the time is too long, the electrode is deactivated
and restoratibn.of'activity becomes difficult. There-

fore, the time is limited to a certain value. Usually,
it is safe to set the time at about 15 minutes or less,
whereby the activity of the electrode can.be easily
restored and electrolysis can be conducted in a stable

manner for a long period of time.

£}



15 whi ch precipitate and adhere onto the cation exchange menbrane. The _
current-applying tinme in the positive direction is desirably as long as »x=,

possi bl e in view of the basic object of achieving electrolysis. Howe A
20 if the tinme is too long, the electrode is deactivated and resto n
of activity becones difficult. There- fore, the tineis limted to a
certain val ue. Usually, it is safe to set the tine at about 15 m nutes or

ﬁQ§§, whereby the activity of the el ectrpgle-can be easily 25 restored

and” el ectrol ysis can be conducted in a stable manner for a |ong period of
tine. - 10 - The currenfhanounteappimednt rapgkiadver s@edreeersen i s
desirably kept as snmall as possible, because the application in the reverse
direction reduces thH&estipni éacgedirahly |krrhdesl smaddt rel possibbe, but

must be sufficient to restore the activity of electrode. 1t has been
confirmed that the %55P46E GPet APRLIFREHRR olP cHif B¢ vansieeddaeet 8Bt i vel y by

Sohtor e careant <huEe” e, REEREESO, LUE SRV AR S AL AR L
typical pattern of RRPhYsEIbe sufficient to restore the activity of
electrode. It has been confirmed that the object of
this invention can be achieved efféctiveiy by settihg
the amount of current passed in the reverse direction
at about 3 to 30% of the current passed in the positive
10 directon.
Figure 4 shows a typical pattern of applying
an electric current in the electrolysis method of this
invention. Electrolysis is conducted by applying an
electric current in a positive direction at a fixed
15 current A1 for a prescribed time T1 and then applying
an electric current in a reverse direction at the same

current (a, = -A,) for a prescribed time t Electro-

1 1°
lysis is continued by repeating the above-mentioned
operations. In this case, the current amounts are

20  represented by A, x T, and -4, x t, (the area of the
hatched portion in the Figure), respectivély, and the
‘'ratio is determined only by the ratio of each current-
applying time.  Thus, operation is.simple because only
control of the'time for inverting polarity is required.

25 For example, if T1 is 10 minutes, the current-applying

time in the reverse direction t1'is about 18 seconds to



an electrlc current in the electrolysis nethod of this invention.

= .=ronS|s is conducted by applying an electric current in a positive

d| V Ton at a fixed 15 current A for a prescribed time T1 and then

-ap llng an electric current in a reverse direction at the same current (al
-Al) for a prescribed tinet . Electro- lysis is continued by repeating

" fhe above-nentioned operations. In this case, the current anounts are 20 ..~<
represented by Al x Tl and -Al-x1t1-(the area of the hatched portion in the
Figure), respectively, and the ratio is determned only by the ratio of

each curreﬁ@ﬂuépélyﬂﬂgt?ﬁﬁe Th?ﬁussebbbﬁéiqpﬁxl§U5@ﬁprépﬁéééﬁse only

control of the ti for |nvert|n o arlh% i's, required. 25 For exanpl e,

if Tl is. 161mﬁ1H6P &0 Bhe ﬁB?Y%n %ﬁry? ti h i Y%ehe Lreddrse direction t1
| s about 1%a C?Qdé?hQuc§h398 Erglggfytﬁﬁﬁer éﬂyghatﬁ%tkng{Ei to an

approprlate ove i's easy to
conduct el ggt obyaks HBQ?EeaPBPnﬁﬁéCe?é%%ﬁéﬂyéﬁcf%é%%“%& sedhse for the

el ectrolytic cell by neans 5 of an automatic tinmer so as to invert the
pol arkty obftha ehechaode acmerdsagasotsd hnwdrasameyollaritieos
current-applying pattern shown in Figure 5 is an exanple of electrolysis in
whi ch bot htber eéattagdendccordensg- apptlyé nghasare ayzlien -t he reverse direction
are

\

The current-applylng pattern shown in Figure 5 is
an example of electrolysis in which both.current a, and-
.current-applying time t2 in the reverse direction are

10 changed against current A2 and current-applying time T2
in a positive direction.

Figure 6 shows an example of electrolysis in
which the current-applying times in the positive
direction and the reverse direction are the same:

15 (ﬁ3 = T3) and the applied current in the reverse
direction a, is smaller than in the positive direction
A3.
Thus there may be employed in this invention
any current-applying method in which the current_amouht
20 in the reverse direction becomes periodically from 3 to
30% of that in the positive direction.

Another current-applying method of this invention
is explained in detail by reference to Figure 7.

- First, one compartment is employed as an anode
25 compartment and an electric current is applied in .a

reverse direction at a prescribed current value a, for



direction. Figure 6 shows an exanple of electrolysis in which the:
current-applying times in the positive direction and the reverse directi
are the sane 15 = (t3 = T3) and the applied current in the reverse
direction ais smaller than in the positive direction A3. Thus there may be
énpl oyed in this invention any current-applying nethod in which the current

10 changed agai nst current A2 and current-applying tinme T in a posit2§2;

unt 20 in the reverse direction-begores periodically from3 to 30% of
t in the positive direction. Another current-applying nmethod of this
invention is expla reteIaridedaitiimey ty eh€tenceatn Heumelysifsi petfoomed
conpartnent is enployed as an anode 25 conpartment and an el ectric

current is applledPXrPQP%%ﬁﬂﬁw§§ 8#FééfF6ncﬁf”%Fbrﬁtd%|Rﬁ§}tédﬁréﬁfeﬁgFeé a4
appl ying an ol bot T TUERE AT o CBEEFPE VERHT e | G & PLSICESEFRbEGe
current value A4 fpr a Qg%%?rbgﬁguéhggg hhe abbiélo éygyggllygrthe %ng
operation for a certain perio e Conpart i's ‘convert &
cat hode conpat nerger iy @ ,e&hki comphFeRbnt Sls'?lpé)éd\%jrﬂe'?:l 3d @eatRode
compartment, an electric current is applled in a reverse
direction at a prescribed current value a', for a
prescribed time t'4 by inverting the.polarity after
each electrolysis performed by applying an electric

10 current in a negative dire;tién for a prescribed time
T'q, with inversion of the supply and discharge direction
of the electrolyte, and this operation is conducted for
a certain period L°'. Electrolysis is continued by
repeating the above-described cycle.

15 - . As in previously described embodiments,
deactivation of the eléctrode is . prevented and,further,
its activity is restored by applying an electric current
in the reverse direction periodically. Moreover, the
current-application in the.revefse direction is also

20 effective for the removal or cleaning of the impurity
metals which reductively precipitate on the abode
surface and the accretions which precipitate and adhere
ontp the caﬁion.exchange membrane.

On the one hand,.the above-mentioned electro-

25 chemical action becomes more effective and, on the

other, removal or cleaning of the scale deposited

on the membranes, pipes, etc. is effectively performed



~e

direction at a prescrlbed current value a'4 for a prescribed tine t'4 by
'nl ng the polarity after each electrolysis performed by applying an

Myi c 10 current in a negative direction for a preseribed time T 4,
wi t -1 nversion of the supply and discharge direction of the €lectrolyte,
and this operation is conducted for a certain period L'. Electrolysis is
continued by repeating the above-described cycle. 15 As in ez
previously described enbodi nent-s,13deacti vation of the electrode is \¢)(
prevented and, further, its activity is restored by applying an electric
current in phetherhwsianlk @qtion 9T itHgi @éFkyaf‘d %PEOVérth? he

current- appllcatlon in the reverse direction is ef fective for
the renoval Sttt ¥L RS HIe ‘W@ r:f'ﬁlfl’r |dﬁyeﬁ1§118f‘s°ﬁh?% F’éﬂui‘?’r‘&"e’r?"

preci pitat e od an r n C recipitate and
adhere ontol? r}latt on eglxe ang %ngﬁa%& ?% W g%\ggg hg?\% t he

above- ﬁent'@mde@é-eﬁm,,]@ dlpe@aei@ncals 2vbPRleoRRsa TR eL Pl fect i ve and,

on the other renoval or cleaning of the scale deposited on the
menbr anes, fpoPpes.rvtdd dimeef fectively perforned -13- by the physica
action of the backward flow of the solution because the flow direction of
all the solution Although long current-applying times T4 and T'4
| at prescribed current values A4 and A'h in the positive
direction or the negative direction are desirable for
the purpose of électrolysis, ;he times should be limited
10 because electrolysis for too long a time causes deacti-
vation of the eleétrode and also makes the restoration
of activity by applying an electric current in the
reverse direction difficult. Usually, it is safe to
set .the time at ébout 15 minutes or iess, whereby the
15 activity of the electrode can be easily restored.
On the other hand, it is preferred that .the
current amount in the reverse direction should be as
. small as possible compatible with restoring the activity
of the electrode-sufficiéntly, because current applica-
20 tion in the reQerse direction at current values a, and
é'h and current-applying times t4land t'4 reduces the
effiéiency of the intended electrolysis. - It has been
confirmed that the objects of this invention can be
achieved effectively by setting the current amounﬁ

25 in the reverse direction a X t! at

4 4 4
about 3 to 30% of the current amounts in the positive

L
X tq or a
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n the positive
is conducted for a fixed period L and then electrolysis

is similarly conducted for a.fixed period L' after

inverting the supply and discharge direction of electro-

lyte. .These operations are then repeated to give a
long period of electfolysis. The period L or L' for
whiqh the electrolysis in one diréction is continued
can be optionally determined but, usually, iﬁ is
preferred to be between 100 and 1000 hours in érdef to
achieve the effects of this invention.

In the current-applying péttern shown'in Fiéure
7, operation is simplest when the current vaiues in_the
positive direction and'negative direction are the same
(A4 = A'A = -a, = -a'4) and eacﬁ current-applyihg time
is constant (T4 = I'4, t, = T'4, L = L') because then
only control of the period for inverting the polafity
is required. However, it is possibie to change each
curreﬁt value Aq, A'Q, a, or a'q, each current-applying
time Tq, T'4, t4 or t'4 and each electrolyzing period

L or L' within the scope of the invention.



- 14- direction or negative direction A x T4 or- A4 x T'4. For exanple,
W a4 -Ad4d and T4 is 10 minutes, t4 is about from 18 seconds to 3
ﬁ£§§2es in this invention. 5 As previously explained, -
el rolysis with periodic current-application in the reverse direction is
conducted for a fixed period L and then electrolysis is simlarly conducted
for a fixed period L after inverting the supply and di scharge direction of .~

. electro- 10 | yte. These opendti-ons are then repeated to give a |long \*)f_
period of electrolysis. The period L or L' for which the electrolysis in™
one direction is cdié MaldadndExgppilesarry deevidedelobut, usually, it is
preferred to be between 100 and 1000 hours-in order to 15 achi eve the

ef fects of W ustrafehts AHrAdFahenCuréntPappl YrhglpeRtd®th Shown in Figure

7, operatiopn, is sinplest wh he current .values in the positive direction
and negat i vﬂ“ﬁ’r’r e iFB% Q[efnhetth alfE SCRA T 15&%’29519%4 = -a'4) and each

current-applying tine 20 IS amstgnt (T4 =T'4, t4= T4, L = L') because
then only control of the perroéﬁgﬁr—rnverting the polarity is required.

Howevey, it is possiblElddrdhgnde @aah GHer gakt Vel s®edVoy A batdbnOr a' 4,
each current-applying tine T4, T'4, t4 or t'4 and each el ectrol yzing period
- 25 L or dxchdrdgde médteramoparraidet hamen¥efionn315, manufactured
by Dupont) and a stainless steel plate (SUS 316) of
6 cm x. 6 cm size and 1 mm thickness wés used as the.
electrode maférial for both the anode_and cathoﬁe.
10 A 0.5% Naoﬁ:aqueous solution was supplied into the anode
compartment and ;he electrolysis.was_;ondgcted at.60°C
at a current density of 30 A/dm2 by changing the current-
épplying ﬁihe in the reverse direction according to the
current-applying pattern shown in Figure 4, The cathode
15 compartment was at first filled with a 10% NaOH aqueous
solution, then a 0.2% NaOH équeous solution was dis-
charged from the anode compartment and a 12% NaOH
aqueous solution was discharged from the cathode
éomparﬁment. The results oﬁtained are shown in
20 Table 1.
Electrode ;ife was judged at the point of 2.0 V

elevation of electrolysis voltage from the initial

value.

25



-15 - The foll owi ng Exanples are provided for illustrative purposes and are
in no way intended to limt the scope of the present.invnetion. Exanple 1 ’52
An el ectrol ytic cell -was partitioned by a cation exchange menbrane (trade
name Nafion 315, manufactured by Dupont) and a stainless steel plate (SUS
316) of 6 cmx 6 cmsize and 1 mmthi ckness ‘'was used as the el ectrod@
material for both the anode and cat hode A 0. 5% NaOH agueous s i on
vugﬁsuppl ied into the anode conpart nent gnd the el ectrol ysis was conducted
00C at a current density of 30 A/dn2 by changing the current- applying
time in the reverse direction according to the current-applying pattern

shown in Figure 4. The &gt hode 15 conpartment was at first filled with
a 10% NaOH aqueous sol ugi@r], then a 0.2% NaOH aqueous sol ution was dis-
charged fromthe anode goghant nent-ang a 18% NaOgaqugpusysol wion was
di scharged fromthe catioslg onpart nent. The results obtai ned are shown
in 20 Table 1. ElectZogd |life was judged at the point of 2.0 V elevation
of electrolysis voltageaf@dmthe initial value. 25
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_-16- -17 - As clearly shown in Table 1, the electrode life is greatly
nxggxed by the periodic current applica- tion in the reverse direction.

Mo the elec- trode life increases but the efficieney of electroly 5 ,

sis decreases as the current anount in the reverse direction increases.

Therefore, the current anount in the reverse direction should be about 3 to

30% of that in the positive direction in order to maintain the efficiency .-

of the entire electrolysis to be130% or 10 nore. Exanple 2 An .

el ectrolytic cell was constructed in the sane manner as in Exanple | excep

that a NI plate Aascleedlorshosich imeTabbeelantheaiederoBeetifel ysis was

15 simlarly conducted by suppl I ng a 4% NaOH aqueous solution into the
anode conpaiﬁnﬂﬁ@atéNSdﬁEﬂa /ghacneaqoéésscycrsntonppﬁona -t he anode
conpart nent and di st argln%Fa 12@’thH agueous solution fromthe cathode

conpar t ment . L1qhe Mosthe s TEBLLIFRe il Moreover, the elec-
trode life increases but the efficiency of electroly-

> sis decreases as the current amournt in the reverse
direction increases. Therefore, the current amount in
the reveiée direction should be about 3 to 30% of that
in the_positive'direction in order to.nmintain the
efficiency of the entire electrolysis to be 50% or
10 more.
Example 2 -

An electrolytic cell was constructed in the same
manner as in Example 1 except that a Ni plate #as used
for both the anode and cathode. Electrolysis was “

15 similarly conducted by supplying a 4% NaCH é.qﬁeous
solution into the anode compartment, dischafging a

2% NaOH aqueous solution from the anode @ompartment

. and discharging a 12% NaOH aqueous solution from the
_cathode compartment. The results obtained are shown

20 in Table 2.



20 in Table 2. [err] -19 _ Exanple 3 An electrolytic cel
partitioned by a cation exchange nenbrane (tradenane Nafion 315,
manufactured by Dupont) was constructed in the manner as shown 5

Figure 1 and a stainless steel plate (SUS 316) of 10 cmx 10 cm si ze
2.5 mm t hi ckness was used as the material for both electrodes 4 and
First, the left-hand conpartnent 2 was used as anode conpart - nent and

L.

a NaCH aqueous sol ution was supplied ds e 10 el ectrol yte.
E}\eCtroI ysis was conducted by applying an electric current in the reverse
direction periodi- cally according to the current-applying pattern as shown
in Figure 7. Next, an ebegtirolyte was supplied to the right- 15 hand
conpartment 3 by val ve gp@ratl on and electrolysis-was simlarly continued
with invertion of the dgr@ctgon of the Qiquig flow and the direction of the
current- application usnrfg conpartment 3 as the anode conpart -
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ment. The conditions were as follows: 20
-. NaOH aqueous sol ution Sol ution discharged fromthe anode conpartment: 0.5%
aqueous sol ution Sol ution discharged fromthe cathode conpartment:

Cugrent density Ad=a4:

|gueous sol ution 25

seconds

time L=L':

periodi c reverse current-application,

El ectrol ysis tenperature:

-20- Reverse direction t4=tt4:

El ectrol yte supplied:

550C

30 Aldm Current-applying tinme T4=T 4:. 60
6 seconds Electrolysis

300 hours As 1@ -result, electrolysis treatnment could
be continued at a total current efficiency of about 71%5 for 3000 hour
wi t hout any problenms. On the COﬂtrEkﬁmEﬂe ghe case of electrolysis wthout

the Current efficiency was about 86%

but the el ectrol yni celectagdytincr ecgkll Partirtiomed dbyi ng adwtitorl00 hour s
10 of electrolysi's and it W?S | npossi ble to continue further

el ect r ol ysi £XBaRgs dv
al kal i ne vvasr;t e BOl ut
Yy Dup

5

10

15

20

25

fon of a Merox procgess in.LPG
on£? was cons rugteg fh the manner as shown

in Figure 1 and a stainless steel plate (SUS 316) of
10 cm x 10 cm size and 2.5 mm thickness was used as
the material for both electrddes 4 and 5. First, the
left-hand compartment 2 was . used as anode compart-
ment and a NaOH aqueous solution was .supplied as the
electrolyte. Electrolysis was conducted by applying
an electric current in the reverse direétion periodi-
cally according to the ¢urrent-applying' pattern as
shown in Figure 7.

'Next, an electrolyte was supplied t& the right-

hand compartment 3 by valve operation and electrolysis

was similarly continued with invertion of the direction

of the liquid flow and the direction of the cﬁrrent—

- application using compartment 3 as the anode compart-

ment. The conditions were as follows:
Electrolyte supplied: 2% NaOH aqueous solution

Solution discharged from the anode compartment:

0.5% NaOH aqueous solution

Solution discharged from the cathode compartment:
' 12% NaOH aqueous solution

Electrolysis temperature: 55°C

Current density Ay=a,: 30 A/dm2

Current-applying time T4=T'4; 60 seconds

Nasfian o%i%snamcﬁa@md rom an

2%

12%

-~

._——

%

L3



15 refining using an electrolytic cell partitioned by a cation exchange
menbrane (trade name Nafion 324, manufactured by Dupont) and constructed
jn the manner as shown in Figure 1 wherein a pure nickel plate of 10 cm e

10 cm size and 3 mmthickness was used as the 20. material for both

el ectrodes 4 and 5. The analytical data of the al kaline waste so- lution
was as follows: NaCH 6. 0% T%:* _ 20 g/l 25

Ga++ : 20 ng/ | My T €Y Sng/ | Mh++ , 5 nmg/l so4
20—fig/ | * Total Organic Carbon -21- Using this alkaline waste sol ution

as an el ectro-- |yte an®eygFseydigertipnt §4Fﬁé4tef.t-harﬁjmqnﬁistrre3t 2d
whi ch was used-as the anqde_coppartnent, el ectrolysis was conducted under
periodic cur-rent appli gﬁc&ﬁo sésm%l ﬁeﬁ‘ﬁeflerse AteREF according

oot o ol om0 VR0 aPELESTL Ml B aens i "Be
~operation and el ecldotipued'@t a total current efficiency of about 71%
5 fér 3000 hours without any problems.

On the contrary, in the case of electrolysis
wi;hout periodic reverse current-application, the
current efficiency was about 86% but the electrolytic
voltagé increased 5 V or more during about 100 hours

10 of electrolysis and it was impossible to continue
further electrolysis. |
| Example 4

A NaOH aqueous solution was recovered from an

alkaline waste solution of a Merox process in LPG
15 refining using an electrolytic cell partitioned by
a cation exchange membrane (trade name Nafion 324,
manufaqtured by Dupont) and construcﬁed in the manner
. as shown in Figure 1 wherein a pure nickel plate éf
10 cm x 10 cm size and 3 mm thickness was used as the

20 material for Both electrodes 4 and 5.

The analytical data of the alkaline waste so-
lution was as follows:

NaOH 6.0%

TOC* 20 g/2
25 o ca*®t 20 mg/2
Mgt - 5 mg/2
mntt S mg/2
s0,”" 20 mg/2

* Total Organic Carbon



simlarly continued with invertion of the direction- 10 of the Iliquid
- flow and the direction of current application using conpartnent 3 as the
; ‘conpart- nment. Only a pure NaOH aqueous sol ution was recovered by
nlng t he concentrated NaOH aqueous solution to the original waste

S lon for 15 m nutes™from 15 the time when electrolysis had been
started after inverting the polarity of the conpartnents. - The
electrolytic conditions were as2fotlows: NaOH concentration of the -
el ectrol yte suppli ed: 6. 0% 20 NaOH concentration of the

sol ution di scharstily ftipis tdlkaAioke waekeakbMBRion as an ¢.=:le<9t3.60/Q Sol ution
from di schar ged -- cat hode conpartnent: 2% 25

NaCOH aqueob:ﬁt% odnd | i mlﬂmg dltytintot ehmeelatftrhand comparﬁﬁék& Qurrent
density Ad4=a4 0 AVdi2 - -22- Current-applying time T=T
60 seconds"?é%%rgésdpﬁﬁétFént@3 anpdg: compartmsntecgha@tznbx51$|yt|c peri od

' | ect.r.ol is Ireatnment
' totld be waslggngﬁgie ﬁg%r)perloéic currenteS%pllcégion in

5 the reverse direction according tO"fhe; current- -
| applying pattern shown in- Figure 7. Next, ~ the
electrolyte was supplied to the right-hand compart-
ment 3 by wvalve oﬁeration. and electrolysis was
similarly continued with invertion of the direction
10 of the 1liquid flow “and the direction of current -
application using compartment 3 as the anode compart-
ment. Only a pure NaOH aqueous solution was recovered
by returning the concentrated NaOH'aQuéaus solution
to the original waste solution for 15 minutes from
15 the  time when electrolysis had been starté& after
inverting the polarity of the compartments. -
The electrolytic conditions were as follows:
- NaOH concéntration of the -
electrolyte supplied: 6.0%
20 NaOH concentration of the ~~
solution discharged from
the anode compartment:- 0.6%

Solution from discharged —-

cathode compartment: 12%. -
25 NaOH aqueous solution
Electrolytic temperature: ~ 55°C -
Current density A4=a4: | "30 A/dm2



5 continued at a total current efficiency of about 73% for 4500 hours
W thout any problenms. Further, the deposition of precipitates on theg %
cation exchange nenbrane was hardly observed. On the contrary, in theffi..
of electrolysis 10 wherein periodic current in the reverse dire on
was nat applied, the current efficiency was about 88% but the electrolytic
vol tage increased 5 V-or nore during abqout 100 hours of electrolysis and

Ait was inpossible to continue further é?eCtronsis. 15 In the
o where periodic current in reverse direction was applied but the

polarity of the conpart gRrrentasppliihgveinedr, thert of alec\yecomdsef ficiency
was about 73% and el ectrolysis could be, at fiq'st, dbnducted for about 1500

hours w t hout 20 an}iepembbedﬁréutibhetgl %ctré)i ytic v tsegengisadual |y
i ncreased. Upon di smounting the cell, the Tormation of a small anount of
non- conduct i ve oxi dati oFleEcsgadytiaspebsedveTLbnh t he arddde hougse (Lvweekler,

“Weste ol ution Suppli eaReube SEREIY Gl ERAYSG: bEesPeRE canidh Be
rer; ﬁ{‘aggg ngei”tr)é ?22’5 ggﬁg:gg&tgﬁg a[-él‘re% g%:SELii %u&?éh%t %%?c?&n&?eoﬁa%8ﬂt?¥§§lange
' : for 4500 hours without any problems. Further, the
deposition of precipitates on the cation exchange
membrane was hai:dly observed.
On the contrary, in the case of electrolysis

10 wherein periodic current in the reverse direction .
was not applied, the current efficiency was about 88Y%
but the electrolytic voltage increased 5 V or more
.during about 100 hours of electrolysis and "it was
impossible to continue further electrolysis.

15 -.In the case where periodic current in reverée
direction was applied but the polarity of the
compartments was not inverted, the total current
- efficiency was about 73% and electrolysis could be,
at first, conducted for ‘about 1500 hours without

20 any problems ‘but the electrolytic voltage gradually
increased. Upon dismounting the cell, the formation
of a small amount of non-conductive oxidation product
was observed on the anode plate. Moreover, precipi-
‘tates which were presumably the impurities in the

25 alkaline waste solution supplied, were adheréd onto
the surface of the cation exchange membrane, whereupon |
the electric resistance of the cation exchange mem-

brane increased about 2 times.



-23 CLAIMS 1. A method of electrolyzing a dilute caustic alkal

opg sol ution, which nethod conprises (a) supplying a dilute caustic
aqueous 5 solution into one el ectrode conpartment

€l ectrolytic cell partitioned by a cation exchange menbr ane and

-—having el ectrodes fornmed of iron, nickel or a base alloy thereof; 10
(b) passing current through the cell to electrolyse the solution cont ai ned - ._
therein and reversing the polarit3zof the electrodes to pass current kuj
periodically through the cell in the opposite direction to the 15 - -
el ectrolysis direction; and (@QL&overing concentrated caustlc al kal i
aqueous solutlon fronlthe ot her el ectrode conpartnent. 2. A
met hod as clained i Q?Eﬂ?ﬁ]?fvﬁkﬁQ£W?¥ﬂ%%"§|PuFélééﬁs%?%s%}kall aqueous

| ut dh | trati 10 wt % | . 3. A
igtﬁohogssggg+ﬁgﬂ ?%E%$€?ﬁ§ﬂ %?“%PHC gfé?ﬂeggog c?ﬂ%rﬂ??%[e g:astic aqueous

sol ution supplied ig,a e Soldtd W11LARMCabERLL LIRAIENLLdd,@ petrol eum

refining
5 : solution into one electrode compartment

of an electrolytic cell partitioned by
a cation exchange membrane and having

electrodes formed of iron, nickel or a
base alloy thereof;

10 (b) . passing current through the. cell to
‘electrolyse the solution contained therein
and reversing the polarity of the electrddes
to pass current periodically through the
cell in the opposite direction to the

15 _ _electrolysis direction; and

(c) recovering concentrated caustic alkali
aqueous solutien from the other electrode

compartment.

20' 2. A method as claimed in Claim 1, wherein the
dilute caustic alkali aqueous solution supplied has an

alkali concentration of 10 wt% or less.

3. A method as claimed in Claim 1 or 2, wherein
29 the'dildte caustic aqueous solution supplied is a waste

solution from alkali treatment in a petroleum refining

___;_____;_________

O



Y 24 - process or nuclear energy process facility. 4. A net hod as _
claimed in aimi1, 2 or 3, wherein the electric current is passed in the’ ..
electro1y5|s 5 direction for 15 minutes or less. 5. A nethod as ..
clainmed in any preceding claim wherein the anount of the electric cur
passed in the reverse direction is from3 to 30% of that passed 10
the el ectrolysis direction. 6. A net hod as clainmed in any precedi
Ia m and further conprising perlodlcaI?9 reversing the direction of

)l yi ng and di schargi ng el ectr.ol an rev rsj q:the direction in

V\:hl ch the el ectrol®sis %r? erﬂuﬁlse%afé’gﬁggow@gﬁﬁﬁd i)l o 7. A

nmethod as clainmed in Caim6 and which is perforned for a total period of

from100 to 1,000 hours. 8. A met hod as clained in Clainll and
substantially 25 4 -as hepeiRtf6achsbedaimed - fﬁsﬁfﬁlm pethog P ein
el ectrolysing a dil'ute caustic al kali aqueous sol ution substantlaP y a

herein des- cribedhs tehecerdceraerentany pissed i Ghe 41eRtholysis

5 direction for 15 minutes or less.

5. A method as claimed in any preceding claim,
wherein the amount of the electric current passed in
the reverse direction is from 3 to 30% of that passed

10  in the electrolysis direction.

6. A method as élaimed in any preceding claim

and further comprising periodidally reversing the

direction -of supplying and discharging electrolyte and
15 reversing the airection in which the'electrolysis

current is passed correspondingly.

20
7. A method as claimed in Claim 6 and which is
.Performed_for a total period of from 100 to 1,000 hours.
8. A method as claimed in Claim.f and Substantially
25 as herein described.

| O A VA



Exanples 1 to 4. 5 10. Apparatus for electrolyzing a dilute caustic

al | aqueous. solution conprising an electrolytic cell partitioned by a
04§2§h exchange nenbrane into at |east two conpartnents each containing an
el rode fornmed of 10 iron, nickel or a base alloy thereof, electrolyte
supply and di scharge neans mhlch are symetrical about a plane defined by
t'he cation exchange nenbrane or 'in the case of a bipolar electrode type
cell, a central nmenbrane or eleggrade, neans for reversing the polarity QL//

the 15 el ectrodes, and neans for reversing the direction in which
el ectrolyte.is supplmemhdd)qﬂuﬁh@n$cbaygedgfao@al&ﬁa(nadstltl Appar at us
as clained in daim10 and substanti - ally as herein described. 12.

Appar at us Pékaé+e%%¥%ﬁ%§n%3}%§hﬂnl§Péséaﬂé%§%1%1%ﬁﬂheﬁﬁﬁﬁe5ﬁ§ =sol uti on

subst anti al | eln es- crlbed th reference,t gyre 1 or Figure 2
of the 25" LaBORFUR, g pein ohe! S HEESLS

Examples 1 to 4.

10. Apparatus for electrolyzing a dilute caustic
alkali aqueouspsolution comprising an electrolytic cell
partitioned by,a cation exchange membrane into at least
two compartments each containing an electrode formed of

10 .iron, nickel or a base alloy thereof, electrolyte supply
and discharge means which are symmetrical about a plane
defined by the cation exchange membrane or in the case
of a bipolar eléctrode type cell, a central membrane or
electrode, means'for'reversins the polarity of the

15 electpodes, and.meané for reversing the direction in
which electrolyte is supplied to and discharged from

the cell.

11. Apparatus as claimed in Claim 10 and substanti-

20 ally as herein described.

12. Apparatus for electrolyzing a dilute caustic
alkali aqueous solution substantially as herein des-
cribed with reference to Figure 1 or Figure 2 of the

25 accompanying drawings.
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