72200652 -1- ELECTRCLYTIC CELL BACKGROUND OF THE | NVENTI ON Thi's invention

-'r.el at€s ‘general | y. t 0% electrolytic cells and particularly to such cells

1mh|£ﬁ&are suitabl e for the el ectrocheni cal

~of hydrosulfites.
-.el ectrochen cal

path within the cell. Many unsuccessful attenpts have been nmade at

“ #evel opi ng a process for manufacturing alkali netal hydrosul fites, such as
-.sodi um hydrosul fite or potassium hydrosul fite,

gonpete commercially with conventional zinc reduction processes using
ei ther sodium amal gamor netallic iron. The el ectrochem cal process for
- maki ng hydrosul fite involves the reduction of bisulfite ions to
-hydrosul fite ions. For this process to be econoncal, -~ < 2--current
densities nust be enployed in a cell which are capable ‘of producing

concentrated hydrosul fite solutions at high current efficiencies.

where the solutions, which are -- strong reducing agents effective as

bl eachi ng agentss,

‘byproduct formation of thiosulfate as an inpurity fronlhydrosulflte nmust be

are to be used in the paper industry, the undesirable

nlnlnlzed At high concentrations -1-

-
L]

ELECTROLYTIC CELL

BACKGROUND OF THE INVENTION

This invention reiafes genérally to electrolytic cells
and particularly to such_cellé which are suitable for the |
electrochemical manufacﬁu:e of aqueous solutions of
hydrosulfites. More particularly, the present
invention relates to an electrochemical membrane cell

‘for the commercial production of concentrated

~hydrosulfite solutions at high current densities and to

the catholyte flow path within the cell.

' .Many unsuccessful attempts héve-been made at
developing a process for manufacturlng alkali metal
hydrosulfltes, such as sodium hydrosulf1te or potassium
hydrosulfite, electrochemically that -can compete
commercially with conventipnai zinc reduction piocesses
using either sodium amalgam or metallic iron. The
electrochemical process for making hydrosulfite
involves the reduction of bisulfite'ions to
hydrosulfite ions. For this process to be economical,

manuf act ure of aqueous solutlons
More particularly, the present .nventio Zﬁggﬁ %2

menbrane cell for the commerci al productlo rated

ﬁhydrosufflte solutions at high current densities and to the catholyte fl ow

el ectrochem cally that can

Further



of hydrosulfite, however, this byproduct reaction, becormes nore difficult -
to,control. Additionally, prior electrochem cal rout es t o hydrosul fite*have
' (prbduced aqueous sol utions which are unstable and: deconpose at- a rapﬁﬂgrate.;

this high deconposition rate of hydrosul fite appears to increase as the pH

decreases or the reaction tenperature increases. One approach to contro

- the-deconposition rate is to decrease the residence time of the solution
in the cell and to maintain the current_gensity as high as possible up to d

critical current density above which sec ndary reactions will occur due to

pol ari zation of the cathode. Sone of the processes of the prior art, which

claim t o Mk ietne dhd A Sl ekl S ARIETRRILLY o (R0 CRstReagE Of

~wat er-m sci bl e organi c_solvents, such as nethan duce the solubility

of the hydrosSARIREE £ BRQARFING conrepdTarad hydrossldd tene cel | . The -
costly recoveasdrwiidde Je iRy | ety @fEidifdriciesmkes this route

unecononi cal . The use |nc as.a stabilizin ent { drosulfltes in

el ect rochemi cal procesg‘te% &sr'al"'s?be""beegﬁ1 &1’&& sbulwfhgggaéé'g of _
envi r onment als treng S eflucing egents Qﬁﬁamdﬂeowgelblre@uhﬁngl agenptpract i cal” or
desi rabl e. Nt%[:?er %Hlli/settji% &?é%ﬁpéib iln‘&usl: 148 %ﬁﬁ%@ Mabe 13 1979

to B.-Leutner descri bes, an ectrochem cal process

| produci ng hy(}?mqq‘f"e foAmALinR qfy tzi‘r?-"é”écftar"(ﬁ P @“m.imu&ﬂéYcéFPm The

hydrosulfite must be minimized. At high concentrations
of hydrosulflte, however, this byproduct-reactlon
becomes more difficult to control. - -
' Add1t1ona11y, pr1or electrochemical routes to \
hydrosulfite have_produced agqueous solutlons which are
‘unstable and decompose at a rapid rate. This high
decomposition rate of hydrosulfite appears to increase
as the pH decreases or the reaction temperature o
.increases. One approach to control.the"decomposition'
rate is to‘decrease thé'residehce_time of-the‘solution
in the cell and to maintain the current density as_high
as possible up to a critical current density above
which- secondary reactions will occur due to
polarization of the cathodez '
Some of the processes of the prior art, which :
claim to make hydrosulfite. salts'electrochemically, - Q;i
require the use of water-miscible organic solvents,
such as methanol, to reduce the solub1l1ty of the -
hydrosulfite and prevent its decomposition inside the
cell. The costly recovery of the methanol and
hydrosulflte makes thls route uneconomical._. o
The use of zinc as a stabil;z1ng agent for
hydrosulfltes in electrochem1ca1 processes has also
~ been reported, but becaise of env1ronmental -
'con51deratlons, this is no longer commerclally _
practical or desirable.
~ More recently, U.S. Patent No. 4, 144 146

issued March 13, 1979 to B.-Leutner et al describes an



-.process enpl oys high circulation rates for the cathol yte which is passed
“through an inlet ,in the bottomof the cell and renpved .at the.top of the
cel{'t@ provi de for the advant ageous renoval of gases produced during .the
“ireaction. Catholyte flow over the surface of t he cathodes i s maintai-ned at
“a.rate of at least 1 cm per second and the cathode is forned of fibrous
”nats of conpressed sintered fibers with a medh spacing of 5 mmor |ess. The
“process is described as producing concentrated sol utions of alkali et al
- "hydrosul fites at comrercially viable current densities; however, the-cel
'vol t ages reqU|reélacﬁrnpynmlseingrpﬁesﬁefP§n§§°§ﬂc5anhm@nmﬂuliltﬁh|s

Lesults in exces§b1ﬁt§aﬁ§9xncaasu&a&ealydeefn@mb%am idadhcat ipgg of the
concentrations of thiosulfate inpuyrity product sol uti ons. Therefore,

there is still aPROS&SFoPMRIEY SPaFFﬁcﬁf’-QEt’-PEaFaé‘leéctft%cW&ﬁ cal cell _
~desi gn for produeamnoaweowmi&hl i passell ehiralighmanalinled daulthiet es having -

| ow concentratiopns of aI i t hiosul f at es _as uriti t hi
current densitie o%k8 aP hﬁ o] &eFPdVSFP8§8 a§UﬁbEﬁ %I _
- According to onetaspeovide tfioe mhneaﬁwantagbens mempwmQJdﬁﬁgmmeslectrolytlc
cell- having a to%rgﬁgr e&%&-‘lg\; ch'& E} Q}éﬁbﬁn f@%otﬁ%l?[l@ 3@1%»?‘}%? the

catholyte to flo rough,
anode; (b) a casugﬁasgcnéng@ewsnmhaﬁes éﬁ]aéénﬁaﬂned at a rate of at

least 1 cm per second and the cathode is formed of

.flbrous mats of compressed 31ntered fibers with a mesh
spacing of 5 mm or less. The process is described as
producing concentrated sblutiqns'of alkéli metal
hydrosulfites at commercially viable current densities;

' however, the cell voltages required are high, being in
the range of 5 to 10 volts. This results in excessive
‘energy consumptlon. There is no indication of the
concentrations of thlosulfate impurity in the product
solutions. ' . .

Therefore, there is still a need for a
commercially practical electrochemical cell design for
producing aqueous solutions of alkali metal
hydrosulfites having low concentrations of alkali metal
thiosulfates as'impurities ét high current densities

Y] - . and at reduced cell voltages.

SUMMARY OF THE INVENTION

According to one aspect of the'invention; there is_
provided an electrolytic cell having a top and a bottom, with
proulslon for an anolyte and a catholyte to flow therethrough,

comprlslng in comblnatlon




_ anode; (c) separator neans between t he anode . and the nenbrane to

p;ﬁvent the nmenbrane from touchi ng the anode; (d) a porous cat hode pl ate _ '

ing a first surface adjacent the merrbrane and. an opposi te second
surface; and (e) a cathode backpl ate ad] acent "t he opposite second surface
of the cathode plate having a substantially horizontal flow barrier .
ext endi'ng t hereacross defk bvng anP&E’ﬁF cat hol yte chanber and a | ower
cat hol yte chamber, the f}dWw b&Pr Mt errupting the catholyte flow ng-
bet ween .t he top ‘and t he b{t} orrao&atﬂencekbhauqy R@enbidiel dP ddent ety the
cat hol yte to cha{geef! ow direction and pass twi ce through the porous
cathode plate, transverse to the first surface and the opposite second
surface of the cathode plétk, seppaasobemenus t betddepiv barritere anbded exit
the cell. Accor, rIglely agpe h n re r.ovi ded
an electrol yti cﬁtagg.[ﬂﬂaw n &ﬁ? 28 ggeQLBTSt t@lg% \)\‘\'ni?#r(p;rrhc?v %% &&&d’
anol yte and a c"é't%cﬂ'&qli;e-‘to flow theret hrough, conprisinng in conbination (a)

a plurality of adjacently @PS' agﬁfﬁ udl Eﬁjfgﬁdﬁebipt&%dh‘i?i?ng pgﬁbg_,g\g ding an -

anode backpl ate and a cat ode ural ads cat hode
pl ates each hafiHfgass qu,ia%%ﬁ¥aﬁheaﬁﬁmhﬁaﬁﬁp6§ﬁt an s@m#ﬂt%umad the

- opposite secorni:rmrdacqﬂaal ng adj acent the cathode backpl ate; (c) a

cati on exchange. marrbrane er rredl e ajr of adjacently:- positioned
~anode surfaces and catho n)pl f SR e?ea’a??geiéteaﬁé @epntsé &r%ﬂ%ﬁlﬁéans
"bet ween - mmcﬂﬂ:face of t:he cathode plate having a substantially

horiznntal flow barr:.er extending thereacross defining an upper
'_.catholyte chamber and a lower catholyte chamber, the , o/

flow barrier interrupting the catholyte flowing between

the top and t:he bottom of the cell causing substantially

all of the car.holyte to change flow direction and pass
twice t:hrough the porous cathode ‘plate, transverse to the

first surface and the opposite second surface of the

cathode plate, to pass beyond . the flow barrier and to

exit the cell. '

According to another aspect of the invention, there
is provided an electrolytlc cell having a top and a buttom
with provision for an anolyte and a catholyte to flow

| t:herethrcugh_, comprising in combination

(a) a plurality of 'a.djacem-.ly positioned "

bipolar cell bodies each providing an anode ba.c:kpl'a.t.e'
and a cathude backplates ' ' )

(‘b) a plurality of porous cathode plates each
having a first sgurface and an opposite second surface,
the opposite second surface being adjacent the cathode
' backplate- o _

(¢) a cation gxchangé membr;ne intermediate
each pair of adjacently positioned anode surfaces and
cathode plate first surfaces; and

. (d) separator means  between each anode



surfaceg.and nenbrane to prevent the nenbrane from touching the adjacent
an'og- --@'face, t he-separat or nmeans having a nmesh portion adjacent each
anode surface and nenbrane; wherein each cathode backpl ate has an upper
cat hol yte com partnent adjacent the top of the cell and a | ower cathol yte
conpartment adjacent the bottom of the cell separated by a flow barrier to
interrupt the direct flow of the cathol yt&< herebetween causing
substantially all of the catholyte to change flow direction and pass

t hrough each porous cathode plate transverse to the first surface and :
opposi t e secosdrfadsd aR8 MémankOts phidvadit! BSe Gimbrate ffirbht tRRRINREI Ng bel ow -
the flow.barrier and a second pass being above the flow barrier. According
to anot her asbg%tac{}‘ﬁ':?ﬂ%_ mnﬁl-lbﬁgcﬁ.’hégé $aPaRabeF qeRengnhaying somgsh ¢ cel |-

having a top poftidndadifEnt Bhcip dNHde Qirflae aRd deRbyase;and a catholyte to
fl ow t heret hr ough _con%m ng 1n conbination (a) a plurality of adjacently
posi ti oned gelfdTRRye pds hackghate hasoPArURPSE| Caldwlyte s provi di ng

an anode backpartmentnsd jaceAthewls topCkp! B cetBdhocat e Bagiglyake having
an upper cathol yte conpartmnment adjacent the top of the electro- lytic cell
and a | ower c%‘?'%@?ﬁ%”"c@ﬁi&ﬁ?ﬂbnth%@ﬁ@hwﬂ kBeeRYlo SPBATAtES el ectrol ytic

cel | Separ at esy a/ Faobafacdes! {31k B8 I LEBBLE IFLaDH hor eby obstructs -

the direct flow,0 at hol yte en t upper cathol yte conpartnment and
the |'ower. cat‘?%h?ﬁ'ﬁg%oﬁmﬁpﬁ@mer( [FRuUSHNG RitsEnbialdy, 8Lk ofebbeal Iy

vertically alda;hemyt@tﬁao@ﬁaﬁb@tfq_§u; R Pty P2 BRd q;as\ghkﬁfb@t boliyte is.caused

to flow by sajd barricer and each having a first surface and an opposite

secg&d sur f adETPHR Pt elaks dr@nsuersr $op Ehe, J 128 8&kf@cehe cat hode

bac at e; and opposite second surface prior to exiting the cell,
a first pass being below the flow barrier and a second pass

- being above the flow barrier.

-Accnrding 'i:a another aspect af the invention, there
is provided an electrolytic cell having a top and a bottom
with provision for an anolyte and a cathalyte to flow
therethrough, comprising in combination S
(a) a plurality of adjacently positioned generally
- vertically aligned bipslar cell bodies each providing an anode
- backplate and a cathode backplate, each cathode backplate having
' an upper eatholyte compartment adjacent the top of the electro-
‘lytic cell and a lguzr catholyte compartment adjacent the bottom
of the electrolytic ceil sgparated by a barrier that extandé
~ horizontally and thereby obstructs the direct flow of catholyte
betueen the upper catholyte compartment and.the lower gatholyte
| (b) & plurality of porous generally vertically aligned
cathode plates through each of which catholyte is.caused to flow by
said barrier and each having a first surface and an opposite second
surface, the opposite second surface being adjacent the cathode backplates

_ (e} a vertically aligned cation exchange membrane
intermediate each pair of adjacently positioned anade surfaces
-and cathode plate first surfaces; and :



- (c). a vertically aligned cation exchange menbrane internedi ate each pair of -
- gdj acently positioned anode surfaces and cathode plate first.surfaces; Jand

d) vertically aligned separator means between each cat hode’ pl ate first
surface and nembrane to prevent the nenbrane from touching the adjacent
cathode plate first surface. the separator means " further having a

frame  portion about its exterior and-g nmesh portion interiorly connected
theret o adj acent each cathode plate first surf ace and nenbrane. It should -
be noted-that certain of the subject nmatter of the present applicationis .

al so descri bed .and,c alnec- Vi ons Nos. 9101705. 3
and 9101706.1. The(#@ g 1£¥1 ?\ﬁﬁ%%amsl % Eﬁese appﬁ?é‘fﬁ?’bns are:- A
conpress@can&quage fﬁif'ﬁ;g&iogﬁrﬁw and nembsans|tacpravemtnikel cel |
wherein i rises 1n co nati on, at e%% I ta support | ayer
f or med 01"%&% diten Houching the3d a secon ﬁ r?g‘ffe'rs stop of
- the suppaie sey@fatg Q'thean ml?ﬁegmg\dnba;eﬁrm ﬁntﬁm abtdhist fitsers be| ng
smal | er Iarg]ttglp materdtt an' 1 h be;fﬂ BP'?I mg&géﬁ ﬁ nd Qe g
position @nd; acmasit AOF d) ﬁp’ atop ‘the
third | agpeh eila,d‘dgu ]_ﬁ tcgﬁpn'aa and avenpbranecreen: and An el ectrol ytic
cell having a top ttom rov o] noI nd a .
o tgg Sé%‘ﬁpc?fén%“%&{‘ 671“%/ %F plurali ty

. catholyte to flow
. of adjaceft rtyemlasemrmlbmc@tﬂcm J.sealsdadeseslt@alcand qiawedjlmg an anode

backpl at 133d16hAhaede BASKRIAENs Nos. 9101705.3 and 9101706.1.

The'_réspect.ive main' claims of these applications are:-
T A comprcssed and sintered clectrode for use
m an electrochemzcal cell, where.m it comp;:zses
in combznat:on at least: - S
(a) a support layer formed of perforated mater:.al'

{b) ' a second layer of fibers atop of the support layer;
(c) ' a third layer of fibers, the fibers being smaller in -

diameter than the fibers of the seccnd layer and being positioned
atop of the second layer; and '
(d) a fourth layer atop the thz.rd layer, the f‘nurth layer
) compr:.smg a wire ‘SCIreen.
: and : : :
| An electrolytic cell ha.ving a top and a
bcttom with provision for an anolyte and a catholyte to flow

theret:hrough. compr:.s:.ng in combination ,
(a) a plurality of adjacem:ly positioned

bipolar cell bodies each prov:.ding an anode backplate

o

‘and a cathode backplate; _

(b) a plurality of porous cathode pla.:es each
having a. f:.rst surface and an gpposite Ssecond surface.
the opposite seccnd ‘surface being adjacent the cathode
backplate: o _ .
o - -(c) a ca’,gior_; exchange membrane between
' each pair of adjacegztly positioned anode surfaces and



(b) a_ plurality of porous cathode plates each having a first surface and
an igpQ%ite second,surface, the opposite second surface being adjacent

t heXcat’hode backpl ate: (c) a cation exchange menbrane between each pair . of
adj acently positioned anode surfaces and = cathode plate first surfaces;
and (d) separator neans internedi ate each anode surface and nmenbrane to
prevent the nmenbrane fromtouching the adjgcent anode surface, the
separator nmeans further having a frame portteon about its exterior and a
hydrophilically treated mesh portion interiorly connected thereto adjacent
each anode surface_and nenbrane. A ns_and features of the preferred forns

of the i nventG®wRerecplace ﬁér’-&iﬁwzﬁ‘!’éﬁa?ﬁﬁu@i (1) An el ectrochenmical

menbrane cell for produggyg Qigﬁl‘ﬁﬁd’kﬂéhnseﬁdtdisﬁ&mtéieachoanbaens
having | ow eoncentrations of alkal

metal thiogulfates as inpurities. (2)
An el ect rochéﬂ’c%ﬁcwaem@é'ﬂn%\kﬁ%rpﬁﬁg?ﬁ%% l?ﬁ”&‘f?%'ﬂ?;Tg:ﬁ‘?’“densi ties
to produce CQoftnschi eghglgaahdgngﬂaﬁuaeosurﬁunai 8 sepatacodrompans
menbrane cell_that utilizes an_inproved catholyte fl pat.h %gi'v .
mul ti pl e pas$fSFahenhavisg %ofﬁ@%ﬁ%ﬁ%"?rﬁﬁg@& é’%\gt 8%5#’2‘3#1‘ { %f t he
cat hode. (4) 0l 4t i Mest 'purition htdriordy begroleztedel | body or
backpl ates be@rgggﬁ‘gjbjﬁ caﬁ%ﬁéra(%ag si ngl ela'g_-i ece,of metal. (5) The . -
cet hol yte f| dhepatth adjecest téasft-anﬁﬁ_!!y@‘éff _er’rﬁ?% WFH?E passes through
the nultilayered por Ouﬁin?satamd?egt%‘i'ggdopfth@ ‘gﬁgreegemﬁmstdsfartds- held in
plrace between a - .
. invention described hereinafter include:- | -
o/ ' (1) An electrochemical membrane cell for producing
agueous -alkali metal hydrosulfite solutions having low
concentrations of alkali metal thiosulfates as impurities.
(2) An electrochemical membrane cell which operates
at high current densities to produce concentrated alkali met;l :
hydrosulfites. _ '
(3) An electrolytic membrane cell that utilizes an
improved catholyte flow path to achieve multiple passes through
‘the poraus cathode transverse to the surface of the cathode._

"~ (4) A monolithic cell body structure with the bipolar
éelllbody or backplates being fabricated from a single piece of
metal. o . _ o

(5) The netholyte flow path forces the catholyte to
' make multiple passes through the multilayered porous cathode
formed of sintered wire strands held in place between a
"perforated plate and a mesh screen. = ; .
- (8) A cathode flow barrier is employed to direct the
catholyte flow stream through the cathqde. _
(7) The anode employs a plurality of parallel smooth
"surfaced, vertically positioned wire rods.
(8) The anode emplays a separator screen or mesh with
a hydrophilically treated surface to separate the anode rods from
the membrane. - \
(9) The membrane is maintained in position against

the separator screen or mesh during operation by hydraulic



per.forated plate and a nesh screen. (6) A cathode flow barrier is enployed
" o direct the catholyte flow streamthrough the cathode: (7)-The anode« -
npl oys a plurality of parallel snooth surfaced, vertlcally p05|t|oned3MFre-
rods. (8) The anode enploys a separator .screen or nmesh with a -
hydrophilically treated surface to sgp®@ate the anode rods fromthe
menbrane. (9) The menbrane is maintai n®d in position against the separator
‘screen or nesh durlng operation by hydraulic 8 pressure and the total

anol yte conpartnent volune is between the anode wire rods and separat or
'screen or PRessuranandyithii totaleannlyiss coapartent 1pluse  ieohebwesresh. (10) Even
current d I | | e I pR{pARe cell .

(11) A ca%ﬁ%ldﬁgéc%r}e §?€§@{n g?%v%t\ggssuén%‘épeéﬁﬁeéﬁliﬁdsﬁ%rt cetf'P' resi dence
time for %'h‘éET@éFFE?eloécth@tﬁcé‘ee'arﬂF meghsequent |y, |ess product -
decorrp05| tion and I(qmtguﬂ.ﬁ%i.ﬁé& igIBEFitutibAT T bR evddl ddradie the! | design
results in reduced gas bubbl uild-up on the menmbrane surface which ai ds
in reduci ﬁbﬂglré’&ﬁ:tccﬁ'ﬁmﬁm cebhsunption and results in | ower actual

cat hode current derryya é%l%mbbfmﬁmtceﬂlcﬁl g61unPesleiciny esul ts in
| ower el ectrical . e loss durin ceII op whi | e the machi ned
- fluid di s?‘?‘?%FF% rgsaggneﬁ timadiex E%?Pg)ﬁt%%raf‘em on. (14) An

- .electrol ytmsamehtmelésélprbeuct Meo%hwﬁﬁiiﬁoncwleal tlﬁrdaduﬁéﬂé)n of an

. al kali et al derpsultkte by the . _

impur. on, . :
(12) The cell design results in reduced gas bubble
build-up on the membrane surface which aids in reducing Q_)

electrical power consumptlon and results in lower actual cathode -
current density., ' '
(13) A monollthlc cell electrode design results in
" lower electrical voltage loss during cell operation, while the
machlned Fluid dlstrlbutlon slots or conduits reduce erosion
corrosion, '
(14) Ah'eleotrolytic.membrane cell for the electro-
chemical pfoduction of ‘an alkali metal hydrosulfite by the
reductlon of an alkali metal bisulfite component of a circulated
agqueous catholyte solution in a cell havxng an 1mproved extended
surface multlpass porous cathode, an improved catholyte flow
path, an improved ancde con51sting of a plurality of parallel = Q‘J
vertically positioned wire rods-that are separated from the
~cation exchange membrane by & separator mesh that ‘is hydro-
philically treated on its surface to produce the alkali metal °
hydrosulflte at a low cathode current density and by passing ;
at least 30 percent by volume of the catholyte solution through
the porous cathode.



~reduction of an alkali metal bisulfite conponent of a circul ated agueous
_scathofyte solution in‘a cell having an inproved extended surface nultipass .
jpoﬁgh? cat hode, an inproved catholyte flow path, an inproved anhode:
~consisting of a plurality of parallel vertically posi.tioned wire rods that
are separated fromthe cati on exchange nenbrane by a separator nesh that is
fghydro- philically treated on its surface to produce the al kali netal
rhydrosul fite at a | ow cathode current dens gy and by passing at |east 30
.~percent by volunme of the catholyte solution through the porous cathode. .
.. ‘BRI EF DESCRI PTI ON OF THE DRAW NGS Preferred enbodi nents of the invention
‘Wi |1 now be described by wagrotFepsBSOREPTION O fTHESRAWRNGIE acconpanyi ng
drawi ngs wherein: - FIGURE 1 TS a di agranmmati c expl o f an
electrolytic cell - showing the electrolyte flow paths and theion flow
paths; FIGURE 2 is a side elevational view of the anode side of the bipolar
‘cell el ectrode showing a portion of the anode rods that cover the anode
backpl ate, further havin one of these sho rods br.aken y; FIGURE 3 is
an -enl arged parti al sect?ﬁ&Fr%ﬂﬁ?%ﬂgiloﬁﬁh? ﬁ‘é“’?’i’tﬁé’g ‘%181\?@['8‘1’ 88 GURE 2
show ng t he anodeeseribedshy ey cfr exédmplecuiith refdreace| @ tthe decompdayRig4 is a
side_elevationaldvh9%4gfm&£%.gathode side of the bipolar electrode; FlIGURE
" 5is a side-sect|5%§rgVLem/o% the bipolar el ectrode el enent of the
electrolytic cell showi ng FRGUREOW paté diagimmmatimlexpladed wglew et

an electrolytic cell showing the electrolyte flow

. paths and the ion flow paths;
U . FIGURE 2 is a side elevational view of the
' anode side of the bipolér célL electrode showing a
portion of the anode rods that cover the anode
backplate,_further having some of these shown rods
broken away: _' _

FIGURE 3 is an enlarged_pa:tialksectional
view taken along the lineé 3--3 of FIGURE 2 showing the
anode rods as they are fastened to the elecﬁrode:
| | FIGURE 4 is a side elevational view of the
cathode side of the bipolar electrode:

~ FIGURE 5 is a side seCtional view of the
bipolar electrode element of the electrolytic cell
showing the. flow path of the catholyte through the
— porous cathode in the cathode compartment from the
| catholyte distribution slots to the catholyte
collection slots or conduits: and '

FIGURE 6 is a side elevational view of the
séyarator screen that is positioned between the anode
rods and the membrane.



_'porous cathode in the cathode conpartnent fromthe catholyte dlstrlbutlon
" é{ptg to the catholyte collection slots or conduits; and FIGJRE 6 is aside
> - e{evdtional view of the separator screen that is. p05|t|oned bet ween t hé~
anode rods and the nenbrane. - 10 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS As seen in the exploded and partially ditfagranmatic illustration
in FIGURE 1, a filter press nenbrane electrolytic cell, indicated generally
by the nuneral 10., is shown consisting of an anode backplate 11, separator
¥ means 21, cation sel ective menbrane 25, a porous cathode plate 26, and a .

.0 cathode backpl ate 28. The anode backpl ate.gl and cat hode backpl ate 28 form
t he opposing sides of a bipolar electrode, which can be nmachined froma -
stainl ess steel plate or can be cast stainless steel. The stainless steel
plate can, for exapBralLE® DESCRIPPLIOSOdE THE SPRESERRED CcEMBODIMENTSAS t hi ck
as 1 1/4" which is™resistant to corrosion and IS sinply Tapricated by

machi ning the flat plate to create chambers through which the anolyte and
cat hol yte fl ui ds can passAs reeen Hgi rtheegxpdioded amd pagtdad lyat hol yt e
chanbers. The 4 ,?.f DA AP ERls 31, D FYgo pBbih | eSS

and an extrenely preC|se atness fo the struct ure. 'The“cathod ate 26 is.
mount ed to t he ReABFRRE ALAFDBLYRLS Goddy ARG cated geperad 1y BYSE?‘Swed

_into cathode suppétaper®stid shbwn Widsdstingar@ian @dab? baryphaceel ded,
' SUCh as by TWCEfT”‘“rBEr ébéﬂﬁggthi'“Mgation selective membrane 25, a

porous cathode- plate 26, and a cathode backplate 28.

The anode_backplate 1l and cathode ‘backplate - Q_J_
28 form the'opposing sides of a blpolar electrode,
'whlch can be machzned from a stainless steel plate or
can be cast stalnless steel. The sta1n1ess steel plate
" can, for example, be formed of 304L. or 316 stalnless
. steel as thxck as 1 1/4" which is resistant to
corrosion and is 51mply fabrzcated by machlnlng the
flat plate to create chambers through which the anolyte
and catholyte fluids can pass into their respectlve
anolyte and catholyte chambers. The thlckhess of the_
stainless steel plate provides stiffness and an
extremely precise flatness to the structure. The
cathode plate 26 is mounted to the cathode plate 28 by _
" 8CTrews (not shown) which are screwed into cathode : L,i
' support pedestals 31, while the anode rods l2 may be
welded, such as'by TIG welding, in place without
warping the .stainless steel plate.
| The anode structure can be seen in greater
. detail in FIGURES 2-4. As seen in FIGURE 2, the anode
backplate 11 has a plurality of parallel'positioned,
vertically extending anode rods 12 welded at the top
and bottom portions of the rods to the anode backplate
11. These rods 12 extend across the entire width of
'the anode backplate 11, although for simplicity of
illustration the continuous side-by-side arrangement
has not been shown in FIGURE 2 since rods in the
central portion of the anode'backplate 11 have been



" farping the stainless steel plate. The anode structure can be seen in :
"gregt.er- detail in FIGURES 2-4. - As seen in FIGURE 2, the anode backplate 11
'hasgd\ﬁlurallty of “paral |l el p05|t|oned vertically extendlng anode rods 12
wel ded at the top and bottom portions-of the rods to the anode backpl ate
“41. These rods 12 extend *across the entire width of the anode backpl at e

'iil al though for sinplicity of illustration the continuous side-by-side
ﬁarrangenent has not been shown in FIGURE 2 since rods in the central
jportion of the anode backplate 11 have been omtted entirely. These

.._.'_rods are, for exanple, 1/8" dianeter nickel-lire rods spaced apart from
each other to create an anode inter-rod gap 20 of approximately 1/16"
bet ween adj acent rods. These anode rods 12 can be. f or ned fron1n|c? 200,

- or any other corremiird @AtkLakY coFhese FOISpREGdERG PESATBYEr v gag

- characteristics. &'ﬂiné/@ézt Pk 410N ilrieOHiods ebaceda apade Eeda édch bbhéhe
anode inter-rod gvg é see bri ef FIGU °§h %ro?hd% cle rxfl fgannels
from the bottom of° tFe"3! dfgefl &re nSP? 3 FF @ ¥nters
via anol yte entrylfust sbésﬁveerx @djacens] y:bdscll sThelset appdgr vode 18 cap t he
.top. Anolyte fl U'%ff&é’ﬁea’eﬁtéﬁ?q{ égg\ﬁ%d' $brl anyﬂ%tmedaok%eaoﬁod gaps 20

to the anolyte collection groove 16 foré the I Tqu exits the cel
t hr ough t he anolyﬁ%ﬁ%ﬁﬁﬁnﬁxﬁQﬂPQE}tiﬂﬂaBﬁﬂ“?ﬁé&ﬁ &GgiPVGﬁvﬁétéﬁethe anode
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_FIGURE 3, provides clear flow channels from the bottom

U ' of the anode backplate 11, where the anolyte fluid
enters via anolyte entry ports 18 into an gnolyte _
distribution groo#e 15, to the. top. Anolyte fluid
flows vertlcally upwardly in the anode inter-rod gaps'
20 to the anolyte collectlon groove 16 before the
liquid exits the cell through the anolyte exit ports
19. The vert1ca1 positioning of the anode rods 12
prov1des even current distribution across the anode and
avoids gas bllndlng that can occur from the buildup of.
gas bubbles, which can consequently reduce the current
-den51ty in the operating cell. _

Both the anolyte entry ports 18 and the
anolyte exit ports 19 have transition slots 18' and
19', respectively, that are machined into the stainless
steel plate. The anolyte entry port transition slots
18' are machined into the anolyte distribution groove

- 15 to provide a smooth transition surface that is
tapered anq‘éﬁoids erosion corrosion which can
interfere with the smooth flow of the anolyte into the
cell 10 and which will provide metal contamination as
the erosion and corrosion occurs. The anolyte exit

" port transition slots 19' are both similarly positioned
and machined.



. density in the operating cell. Both the anolyte entry ports 18 and the/ .
: olyte exit ports 19 have transition slots 18 and 19", respectively, Lhat
‘- g?e:hachined into the stainless steel plate. The anolyte entry port T
transition slots 18 are machined into the anolyte distribution groove. 15
to provide a smpoth transition surface that is t ap€red andavoi ds erosi on
corrosion which can interfere with the snmooth flow of the anolyte into the.

cell 10 and which will" provi de metal contamination as the erosion and
corrosi on occurs. The anolyte exit port tfansition slots 19' are both
similarly positioned and nmachi ned. An anode gasket: groove 14 is machined.

into the anode backplate 11 about the entire periphery. The groove, for
exanmple, is 3/8" wide b;ArB/al'ﬁSdejwktett grosivee 14 niechmachinad dnede gasket

(not shovvn) t P .w3.ENI k e gpatrip of
mat eri al , suchwas C%Herl at ]%%1% a %g: ttp-agdg?lxét%eﬁo?teég)ég ‘?%X of %‘EFLO\I
poSi'ti oned oveerQfée-gésﬂé'ete&@R:l@ve ilsnt3d96'om1§@t by 8/ 16fcdeepstoc separat or
neans 21 when gdie Gd la irfe xﬁs&eénam- FaskEk QﬁothﬁonthEhatseear at or

“nmeans 21 is fq gdﬁr{%r]n anw# g‘;*le’%tag t 0 .anol corrosi,on, and
preferably pol e gagkes ﬁé?h‘ﬁé’ﬁyﬁ'r 85FBne fabri c
“with an apprommaerﬂﬂ%)cmmhasama}mMersoadcmtulthp erpdenede as has
a tltanlunldl (§?§%H# ?§ﬁ¥aq5:?% Snea’ %e§eQﬁra§ggngagg 21 has a
separator franmg 2 IS SO t e perip and 98 a separator nesh
24 on the ,ntegqmg into contact with the plastzc separator means 21
" when the cell is oompressed and assembled. _
' The plastic separator means 21 is formed from W/
_any mater1a1 resistant to anolyte corroszon, and © : -
'“preferably polypropylene has been employed . An 8 mesh
polypropylene fabric with an approxlmately 40% open
area has been successfully employed, as has a titanium
dioxide fllled polyethylene mesh. The Separator means
21 has a separator frame 22 that is solzd about the
perzphery and a separator mesh 24 on the 1nter10r of
the separator frame 22. The mesb 24 is treated with a
hydrophlllc coatlng to prevent gas ‘bubbles from
adher1ng to the mesh and the adjacent membrane by
capillary action. A coating of titanium dioxide
applied to”the mesh 24 has been successfully employed _
as the hydroph111c coatlng. Preventing the buildup of o/
gas bubbles on the membrane and in the mesh avoids cell
voltage fluctuat1ons durlng operation.
The use of the separator means 21 also has
successfully prevented the buildup of reglons of
-locally high ac1d1ty in the adjacent membrane where the
membrane touches against the nickel anode rods 12.
Having_the membraneazs touch against the nickel anode
rods 12 can create'pockets of high acidity because the
sulfur species become oxidized to sulfuric ac1d due to
the slow migration of the sulfur species back through
the membrane during operation of the cell. The nickel
oxide coating on the anode rods 12 breaks down and

P



_the sqparator frame 22. The mesh 24 is treated with a hydr ophi | i ¢ coating
’ vent gas bubbl es from adhering to the mesh and the adjacent nenbrane
- Ilary action. A-coating of titaniumdioxide applied to the nesh 24
;has been successful ly enployed as the hydrophilic coating. Preventing the
:abU|Idup of gas bubbl es on the nenbrane and in the nesh avoids cell voltage
fluctuatlons during operation. The use of the separator neans 21 al so has
’successfully prevented the buil dup of regions of locally high acidity in
- The adj acent nmenbrane where the nmenbrane tog?hes agai nst the ni ckel anode .
~rods 12. Having the nenbrane 25 touch again t he ni ckel anode rods 12 can
ereate pockets of high acidity because the sul fur speci es becone oxidized

through t he menbr ape: g wﬁ‘&m{wﬁi OTpHig ool G HeanaRBtkea |

t hrough the menbr eration o e cell. e
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Chpani e o sapp yigEE A8 FEREE Anaier S memrSRecul o5 L0 ¢ he cat hode
conpartnent. Suitable as @ yrexlaitas foeen @eaigined so that the _
' - anolyte which is electrolyzed in the cell 10 is any
o - suitable electrolyte which is capable of supplying
| alkali me;ai'ions and water molecules to the cathode.
compartment. Suitable as anolytes are, for example,
alkali metal halides, alkali metal hydroxides, or
alkali metal pefsulfates. The selection of anolyte is
~ in part dependent on the product desired. Where a
halogen gas such as chlorine or Brohihe is wanted, an
aqueous solution of an alkali metal chlor1de or bromide
is used as the anolyte._ Alka11 metal hydroxide
solutions are chosen where oxygen gas. or hydrogen
peroxide is to be produced. If persulfuric acid is the
desired product, an alkali metal persulfate is
. empioyed. However, alternative materials of
- : constructlon, such as t1tan1um group metals for the
anolyte wetted parts with an alkali metal chloride
anolyte, would be necessary for each part1cu1ar anolyte
utlllzed. _

In any_case.'concentréted solutions of the
electrolyte selected are employed as the anolyte. For
example, where sodium chloride is selected as the
alkali metal chlor1de, suitable solutions as anolytes
contain from about 12 to about 25 percent by weight of
NaCl. Solutions of alkali metal hydroxides, such as
sodium hydroxide, contain from about 5 to about 40
percent by weight of NaOH.



" - alkali netal halides, alkali netal hydroxides, or alkali netal persulfates..
) The sel ection of anolyte Is in part dependent on the product desired. A
. §herig: a hal ogen gas such as chlorine or bronine-is wanted, an aqueous ”'
solution of an alkali metal chloride or bromde is used as t he anol yte.
Al kali metal hydroxide solutions are chosen where oxygen ‘gas or - hydrogen
peroxide is to be produced | f persulfurlc aC|d is the desired product, an
: alkali netal persulfate i's enpl oyed. me alternative materi.als of .
& .construction, such as titanium group netal for the anolyte wetted parts
--with an alkali netal -chloride anolyte,  would be necessary for each -
particul ar anolyte utili a a S he .
el ectrol yte sel ected areagﬁﬁf%ﬁgaqgg th%ér%BP§e%E% E%gn 8%%&#9Q§wﬁ£tﬁ
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the anolyte conmajd, st @Rrched amd1geoE1Wia eellkmledﬂl;buaccﬁest of the

anolyte fluid %9'L”E2J'éﬁN‘§§%Hé rods 12 and within the

- ' L
: hydrophlllcally treated separator mesh 24, The sodium W/

ions migrate across the membrane, being produced as a
~result of the electrolys1s reaction formlng oxygen,
water and sodium 1ons. ’

4NaOH ———-) 0, + aNat + 2H,0.

Depleted caustic passes out with oxygen and water_
through the anolyte collection slots 19.

. - The cathode backplate'28 is best seen in
FIGURE 4, while the monolithic nature of the electrode
that is machined from the solid stainless steel plate
can be seen in FIGURE 5. since the cell is bipolar,
the cathode is on one side of the stainless steel plate o/

- on the cathode ‘backplate 28 side, while the anode '
backplate 11 and the anode is on the opposlng side. As
seen best in FIGURE 4, the cathode backplate 28 has -
catholyte entry ports 35 on the opposing sides of the
bottom portion of cathode backplate 28 that feed in
catholyte into the catholyte distribution groove 32.
Catholyte distribution groove 32, catholyte entry ports
35, and the machined;catholyte transition slots 35' are
positioned just above the correspondiﬁg anolyte
dxstrlbutlon groove 15, anolyte ports 18 and the
anolyte transition slots 18', but are on the OppOSlte
‘side of the solid stainless steel electrode plate.




-~between the anode rods 12 and within the hydrophilically treated separator
_i;mesh 24,  The sodiumions mgrate across the nenbrane, being produced as a
- rei?k? of the electrolysis reaction form ng oxygen, water and sodi um i ons,
[erT] Depleted caustic passes out with oxygen and water through the anolyte-
_-.collection slots 19. The tathode backplate 28 is best seen in FI GURE 4,
“zwhil e the nonolithic nature of the electrode that is nmachined fromthe
4%SO|Id stainl ess steel plate can be seen in FIGURE 5. Since the cell is
"bipolar the cathode is on one si-de of the againless steel plate on the
“cathode backpl ate 28 side, while the anode Bdckplate 11 and the anode is on
_the opposi ng side. As seen best in FIGURE 4, the cathode backpl ate 28 has

catholyte entry ports 35 orp {FercaI 2 3§éd%54y5 gabt% ggkggé§g§a of

-cat hode backplate 28 that fe nto the ca ribution
groove 32. Cat holimrediatelp ahaye dheoratholyte: I@Glsytﬁébe‘ﬁtlpy gope¥e3s5, and

the machined cat rs):byt erid aBwdd c&at&idlty&e?:%haaiberpw tmoae arHtbaabpyg the

~correspondi ng anol.yte distrib tloqgg %%ﬁ- 3 i 18 and the
anol yte . tranS|t|o S IERRe Fat hﬁﬁ & 3p§8§ ge Pﬁ@ &¥ the solid
st ai nl ess st eel dhecizmugatppsltlohdd)mm:@h(ﬂlpwebaha&ber388 | Blow

positi oned | miedi ol o 4o 20RY S UendiP N® oo Beld1UL Galhogucedz.  The

| ower catholyte C 38 i s separ rom-t he up e chanber 39
-by a gener al I'ﬁ horathatyte \chrmher andd pratrodest mﬁwm’rinlweufrgm theow

‘ plane of the catholyte backplate 28, as can be seen
3 also in FIGURES 1 and 5. Cathode flow barrier 30
U _ interrupts the vertical flow of. catholfte fluid
'upwardly from the. 1ower catholyte chamber 38 into the
eupper catholyte chamber 39, thereby causing the -
catholyte fluid to flow in a path shown by the arrows
- in FIGURE 1 that takes it twice through the cathode
- plate 26 enrbute to the upper catholyte chamber 39.
This flow path results in a cathcde'with.a highly
effective surface area, but requireé the use of a very
porous cathode plate that will permit at least 30% by
volume of the catholyte fluid to flow through the
porous cathode plate 26 rapidly to hold to a minimum .
-the residence time of the catholyte in .the cell. As
~ will be described in greater -detail hereafter, once the
A _ : catholyte f£luid has reached the upper catholyte chamber
' " 39 it enters the catholyte collection groove 34 and
" exits the cell through the machined catholyte exit
transition slots 36' and catholyte exit ports 36.

Weep holes 17, as seen in FIGURES 4 and 5,
can be used in the cathode flow barrier 30 to permit
hydrogen gas to rise from the lower catholyte chamber
38 to the upper catholyte chamber 39. Alternatively or
concurrently weep holes 33, seen in FIGURE 5, can be

| used to permit the hydrogen gas to pass out of the
interelectrode gap between the walls of the lower and



barrier 30 extends across’the entire width of the catholyte chanber and
: protrudes outwardly fromthe plane of the cat hol yte backpl ate 28, as cgp—be
.sfpnfﬁlso in FIGURES 1 and 5. Cathode flow barrier 30 interrupts the ™
vertical flow of catholyte fluid upwardly fromthe Iomer cat hol yt e chanber
38 into the upper catholyte chanber 39, ‘thereby causing the cathol yte f|UId
to flowin a path shown by the arrows in FIGURE 1 that takes it tw ce

t hrough 't he cathode plate 26 enroute to th? upper cathol yte chanber 39.

Thi's flow path results in a cathode with a ﬁrghLy effective surface area,
but requires the use of a very porous cathode plate that will permt at

| east 30%.by vol une of the_catholyte flu to.f orous -
cat hode plate ZEPPgﬁlGPﬁgpéyﬁﬁlﬂhgﬂbﬁrﬁihg # 8 g%%c%?? of the
catholyte in..tplatel R6 anstnbE1bs dheceaﬁhddenfgoeabsrrtbr630 &nﬂeafter
once the cat hol f fC holk y 39 it
enters the cath%ﬁg eL§8?| ?ggvég 159% Q% éﬁ%ﬁ?fg¥ﬂﬁgigh t he-
machi ned catholyﬂ@heiyﬁetca&ée¢t09nsg§@9V8634and cathol yte exit ports 36.

Weep holes 17, as seen IHTEEGUBEﬁoéeaﬂﬂaée ﬁenlbehsﬁediﬁqpiQ@eQﬁih&ﬂ? flow
barrier 30 to permt._h dr gﬁgas tgsrlse fromthe | ower “cat hol yte chanber

38 to the upper S&&PRE Fe gre3 bﬁ]?e?%%f?%ﬁ?¥ of TRAF Ty weep
hol es 33, seen shoWwh®UBhakt, sear wéthimdthe pruralitpeobycsciysde gas to pass

out of the |nter§h§%E ggdgggaggtgge gg?%mgﬁés we{kghécwgge@ﬂd - -16-

upper catholyte C e cat
: catholyte chambers 38 and 39.

' The cathode plate 26 is a hlghly porous \_) -

mu;tllayer structure. It comprlses a support layer
formed of perforated stainless steel, This support
layer forms the mountlng base and protects the -
'1nnermetal fiber felt layer that is formed of, for
‘example, 15% dense, very fine 4 to 8 micron fxbers and
15% dense 25 micron fibers laid on top of one another.
A wire screen of, for ‘example, 18 mesh with a .009 inch
wire diameter is then placed atop_the fiber felt to
form a cathode that has a poroéity of preferably
‘between 80 and 85%. The cathode plate 26, thus, is a
four layeredISintered composite with all of the
materials made of stainless steel, preferably 304 or

316 stainless steel, and in the-appropriatefsheet _ ) 'Q,J

size. The highly effective surface area of cathode
plate 26 is achieved by the use of low density metal
felt formed.from very: f1ne elements.
A cathode gasket groove 29 is seen in FIGURE
'4 extending about the perlphery of the cathode
- backplate 28. Although not shown, -a 3/8" round EPDM,
ethylenehpropylene-diene monomer;'gasket is used to
seat within the cathode gasket groove 29 to effect
_fluld-tlght seallng.

Q-



Jate 26 just below the cathode flow barrier 30 and t hen back through the
.Cat h dé\plate 26 opposite the catholyte collection groove 34. The cathode
ptat 6 is held in pl ace on the cathol yte backplate 28 by a plurality of
.screws (not shown) that seat within the plurality of cathode support
ﬁedestals 31 within the | ower and upper cathol yte chanbers 38 and 39. The
éhthode plate 26 is a highly porous nmultilayer structure. It conprises a
sUpport | ayer forned of perforated stainless steel. This support |ayer
forns t he nounting base and protects the |nnagnetal fiber felt layer that
.is forned of, for exanple, 15% dense, very 1 4 to 8 mcron fibers and

r 15% dense 25 micron fibers laid on top of one another. A wre screen of,

for exanple, 18 nesh with a ,0 re diame i s.then ,placed atqp the
‘fiber felt to form-a cat hodeR?‘g‘A‘Eéh%'é LAY ftkbﬁ %}%ﬂa& t%‘@t \ﬁ&é‘ﬁf -
"and- 85% The cat hbdebypl the @becthokysis affanhuﬁﬂgnaﬂaiqnednsrs@lum¢p05|te_

uth all of the mberkal sygnde gbest YioAalceln WA Honci0e0n308

-st.ai nl ess steel, e approprrate si ze. |gh ectlve
surface area of cafablewprate 26 is achi eved by the use of Iom1den3|ty
metal felt fornmed fromvery fine elenents A cathode gasket groove 29 is

A though not ShordNEREpE™* "88nc EfAY TF NaS 3oy e acite SaRomer .
gasket is used to seat within the cathode gasket groove 29 to effect
fluid-tight sealingepieted caustic and sulfur dioxide are mixed to form
' | t' _ NaHSO, that is fed into the catholyte distribution
—/ - groove 32 via the catholyte entrance porgs.35 and the
' .catholyte transition slots 35'., This Eathdlyte liquid
then rises vertically ﬁpwardly'until it passes out
through-the cathode plate 26, as best séen'in_F;GURES 5
or 1. The cathode flow barrier 30 acts as a block to
the straight vertical flow of the catholyte fluid
‘"upwardly from the lower catholyte chamber 38 into the
upper catholyte chamber 39. There is an approximately
1/8" interelectrqde cathode gap between the walls of the
lower and upper catholyte chambers 38 and 39 and the
cathode plate 26 that is seated on the cathode support
pedestals'3l. The catholyte fluid then passes through
the cathode plate 26 and continues flowing upwardly
through the cathode-membrane gap until it passes.the
cathode flow barrier 30. At this point the catholyte
fluid passes back through the highly porous cathode '
plate 26 into the upper catholyte chamber 39 and then
into the catholyte collection groove 34. The cell
product solutlon containing Na,S,0, (dithionite)
exits the cell 10 through the catholyte exit transition
Slots 36' and the catholyte exit ports 36. |
" A buffer solution containing from about 40 to
about 80 gpl of bisulfite is utilized with the catholyte
because of sodium thiosulfate formation resulting from



.= Reduction occurs at the cathode. in the cell 10 by the electrolysis of _a
..?.qgffﬁﬁed.aqueous solution of an alkali metal bisulfite. A typical reégplon
U i% asfollows: [err] Depleted caustic and sul fur dioxide are m xed to ¥orm
[err] that is fed into the cathol yte distribution groove 32 via the S

cat holyte entrance ports.35 and the catholyte transition slots 35'. This
catholyte liquid then rises vertically upwardly until it passes out through
the cathode plate 26, as best seen in Fl S 5 or 1. The cathode flow -

“ “barrier 30 acts as a bl ock to the strai ght*“vertical flow of the catholytef,t
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fluid upwardly fromthe | ower cathol-yte chanber 38 into the upper cathol yt

chanber 39. ThegRei fedlic@PBhOXhHBEELIMBSS! £ 1ok 6 £ 1BFdFosia £atdode gap _
between the walls . o upper. cat hol yte ‘chamhers 38 and 39 and -

| | .the | ower _and _ _
t he cat hode p} aﬂ'@‘i%‘?ﬂé’r'e?sag‘éa’f’éﬂ ehnge i Phdhe R HRIAR al s 31.
- The catholyte fbisdfibenipassnsunédoand s$bkfies hxlcEfqdméd® akcsrdimprdc nues
. flow ng upmardlghahgggggiéﬁe’cathodejnenbrane gap until it passes the
~cat hode flow barrrer . this point the catholyte fluid passes back
t hrough the highly porous cathode $Iate 26_into the upper catholyte chanber
39 and then intgalBeocathatVte 29 ectimgasgmma Ja. s, celdnigyiugt 1 0.
sol ution containi ﬁgz[%rr] (dithionite) exit$ the cet 12 13_) t_hrOl?gh dhe 27 _
catholyte exit transition slots 36' and the catholyte exit ports 36. A
buffer solution containi Mhéreseabdud mdnobivthizitcdll WawS tHawlifs tae is-
EL{SL: tzfdng""; ﬁ gmtﬁfpéii‘&POJ:Xif _198&9”89 BloRSH v f U 4 $:20:€ 4 U R ON
h : _ platg of stainless steel machined to form an anode

" backplate on one side and a cathode backplate on the o/
opposiné side, provides several significant inherent
:operatiﬁg_advantaées. “Initially, there is_nO'shifting
or dimensional inétability because of the joining of two
separate pieces of matérial to form the electrode.

There is a_réduction.in the number'of actual cell.
components from the use of a single macﬁined plate.
.Lastly, and perhaps most significantly, there is the
elimination of eléctric&l loss from the contact between
two separate anode and cathode elements that would
otherwise have some.spacing and sizing differences.

.. This paﬁticular configuration contfibutes to lower cell _
_electrical energy. consumption. K ' ' ‘ ",
_ ' The hydraulic pressure in cell 10 is
established so that the membrane 25 is kept pressed
against the separator means 21 and off of the cathode
plate 26. Keeping the membrane 25 so positioned also
permits the flow path through the cathode plate to be
'accomplished. The cathode flow barrier 30 further
‘contributes to the hydraulics of the cell 10 by
achievihg a uniform pressure across the entire height of
the cathode due to the flow inversion characteristics _
achieved by the multiple flow paths through the cathode
‘plate 26, e o




“.{he reduction and deconposition of hydrosul fite (dithionite) and the pH
- ehange~of the catholytée as bisufite is consunmed and sulfite is fornmed :
“aEC_rHth to the reaction [err] The use of a nonolithic cell body, that is
a-bipolar cell body or backplate formed froma single plate of stainless
~steel machined to form an anode backpl ate on one side and a cathode
_igackplate on the opposing side, provides several significant inherent
.»gperating advantages. Initially, there is pg4shifting or di mensional
.4.nstability because of the joining of two separate pieces of material to
~.Formthe electrode. There is a reduction in the nunber of actual cell
qonpongntsffroanhe use of & rejlectnndyivied qelldt 0 dssopgrasmd perhaps
‘nost significantly, L S, i snad i : Caly | omt he
--contact between t\/\%ugs{%:gfea#e}éair}?d% ﬁ&@atﬁ%&dgﬁgﬁ%ﬁgﬁ&% ?hak’es\’gﬁ%%

- ot her wi se ‘have sorgokyekonfy oh@Liatihpanal dydrosulrites havipgurae |
configuration contédhddrosrd ©idny\Riesitldd. el ¥&r iexamplesr gheeensugptimon. The

hydraulic pressure ipn cel]_10 is establi ' SQ _that t enbra 25 is
kept pressed agai ?EYQ‘E?I%“‘ fe’p%?'af%rpﬁﬁﬁe%%%zfnf%ﬁgtr&i%‘ihggg%f hggg pl ate
26. Keeping the nesdlenibonrs conyris tfmomedbduto 126 riot abous L68wgpama per

through the cathodg; pLal € #Q,dfeC MY SR a1kan € dichade nivaoushartier 30
further contributes fo the hydraulics of, the cell 10a3§ achi.eving,. a_uniform
¥ R 1akeq P

pressure across theobpeions wpkhicopnangialdihdfe Hee lpe RECFEi on
characteristics achs&yechdye tdE1ERE tdqlebdd @ylailths yanigllsihbecprbddeed

- directly by the process. _ :

I\ : Current densities of at least 0.5 kiloamperes
per sguare meter are gmploYed. Preferably'the current
density is in the range of from about 1.0 to about 4.5,
and more preferably at from about 2.0 to about 3.0
kiloamperes per square meter. At these high current
densities, the electrolytic cell 10 operates to produce
the required volume of high'puri;y7alkali metal
hydrosulfite solution which can be employed coﬁmercially
without further concentration or purification. -

| The electrolytic membrane cell 10 employs a
cation exchange membrane between the anode and the
cathode compartments which prevents any substantial
migratiod of sulfur-containing ions from the cathode

\v/ o compartment to the anode compaftment. A wide variety of
cation exchange membranes can be employed containing a
variety of polymer resins and functional groups,
provided the membranes possess the requisite sulfur ion
selectivity to prevent the deposition of sulfur inside
membranes. Such deposition can blind the membranes, the
result of sulfur species diffusing through the membranes
and then being oxidized to create acid within the
membranes that causes hydrosulfite and thiosulfate to
decoméose to sulfur in acidic conditions. This
selectivity can be verified by analyzing the anolyte for

sulfate ions.



pI ate 26. - The electrolytic cell 10 is operated at current densities’
'-*mh(? are sufficient to produce solutions of alkali metal hydrosulflte&’c

’ H; the concentrations desired. For exanple, where sodium hydrosul fise€
~. is produced for comrercial sale, the solutions contain fromabout 120 to
#,z about 160 grams per liter. However, since the al kal i* net al hydrosul fite .
% solutions sold comercially are usually diluted before use, these dilute
.%t aqueous sol utions can al so be produced-directly by the process. Current
=~ densities of at least 0.5 kil oanperes~gr- square meter are enpl oyed.
Preferably the current density i.s i'n the range of from about 1.0 to about

" 4.5, ‘and nor e preferably at fromabout 2.0 to about 3.0 kil oanperes’ per

- square meter. At t heSeihabheccation ebclsaﬁgesmeﬁﬂi&:%§(afé)|6ﬁd§e cell 10

oper at es t oy u t u u f u [ kal i et al
L hSdrosqulteﬁgﬁiusge bﬁeféq figﬂt#IQ rghé)%ﬁbéﬁﬁégiﬁkﬁ& RRenvdRust urt her
~ concentratibf.bpe &Y@??@&?ﬁ“ﬂ’ﬁc flew 9 cthe)lq&tecxmmrarad:a:lﬂe 10 enploys a ;

cation’ excmmgmrﬁfagesbpfmg hOd%aa:Q ngrtn}ents . :
ns fromthe'

o
e YA i o 5 i g
exchange neMbieNEE groups @Fqﬁcgahmrirwmmmaﬁ le¥chadigeP gy eI resins
and funCtIQﬂ@éléﬁénughdrgiéﬁéggaf :%pe%gﬁossess he requisite sul fur !
i on sel ectlé':/%mgl to]r£ e}ént t eposi ti on dOUXERbr anes.  Such .
deposi tion mmgnenmr@ne has as a matrix or a
S cross-linked polymer to which are attached -
charged radlcals, such as ——503, —C00~ ,'——PO3, -—HPOZ, 4—As0;,\“)
aand —-Seo3 and mlxtures thereof. The -resins - _ '
whlch can.be used to produce the membranes 1nc1ude, for
example, fluorocarbons, vinyl compounds. polyoleflns,
and copolymers thereof.. - Preferred are cation exchange
membranes such as those comprised of fluorocarbon
polymers hav1ng a plurality of pendant sulfonlc acid
groups or carboxy11c acid groups or mixtures of sulfon1c
acid groups and carboxylic acid groups. The terms
“sulfonic acid'group“ and “carboxylic acid groups" are -
meant to include salts of sulfonic acid or salts of
carboxylic acid groups by processes such as hydrolysis.

Suitable catlon exchange membranes are sold commercially S
by E. I. DuPont de Nemours & Co., Inc. under the o/
_ trademark "Naflon“, by the ‘Asahi Glass Company under the
trademark “Flemlon", by the Asahi Chemical Company under
the trademark "Aclplex". Perfluorlnated sulfonic acid
membranes are also available from the Dow Chemical. |
Company. _
The membrane 25 is pos1t1oned between the
anode and the cathode and is: separated from the cathode
by a cathode-membrane gap which is wide enough to permit
the catholyte to flow between the cathode pPlate 26 and
- the membrane 25 from the  lower catholyte chamber 38 to
the upper catholyte chamber 39 and to prevent gas



'[Tesult of sul fur speci es di ffusing through the nenbranes and” t hen bei ng
-pxidjzed to create acid within the nenbranes that causes hydrosulfite and
Fthll h#Tate to deconpose to sulfur in acidic conditions. This selectivity
can be verifi'ed by analyzing the anolyte for sulfate ions. Sui t abl e
,cation exchange nenbranes are those which are inert, flexible, and
“Jsubstantially inpervious to the hydr odynam ¢ fIOM/of the electrolyte and
i*he passage of gas products produced in the cell. Cation exchange
jjnenbranes are wel | -known to contain fixed a PDIC groups that permt
_intrusion and exchange of cations, ‘and exclu%e anions, froman external
gource. GCenerally the resinous nenbrane has as a matri x or a cross-1linked

‘pol ynmer to which ﬁi%&iﬁgcrﬁ&%%@hé S £S5 WibdAadlail 2% creade and

m xtures thereof. sins which can be used to roduce the nbr SS '

i ncl ude, for exanﬁlec"-ﬂ%%o’éﬁb%?ﬁnc%n e d§‘ °rr¥se a&?f&'

eopol yrm(rjs ]Ehflreoblategzéeﬁged afﬁf]a&am@@aimq > rmara;zr;arm as dils tancehose

conprised o uorg gr on ngrSs Nayi ngb @ Mg ald )bro M@t fonlc
C3EPRoaBRNY i ‘ore

acid groups or caP gt oup m xt'ur'es oni ¢ “aci groups
and carboxylic acabiogrolipso aﬁhett%rmslltmﬁﬁanﬁ<:z&hQiQﬁthﬂﬁewmﬁ?brane

[carboxylic acid geginss Becniibaplihea HF el o Pledildons acid of

salts of carboxyl Fc aC| groups by processes, such as _hydrol ysis. i table '
cation exchange nBfEhaRésal reansyd Pkt ieign apd QIQiﬁﬁﬁi urs &
Co., "Inc. under t pathr pdefpey am&senaubqftmemoxgwssl@mmmo under '
the :
: contact the active aréa of the cathode. Further, with
o ~ this design the majority of the electrolytic reaction
occurs in the cathode area nearest the anode.
Suitable porous cathode plates 26 used in the.
- cell 10 have at least one layer with a total surface
area to volume ratio of greater than 100 cm2 per

cm3, preferably 250. cm2 per cma, and more

preferably greater than 500 cm2 per: cm3. These
structures have a porosity of at least 60 percent and
preferably from about 70 percent to about 90 percent,
where porosity is the percentage of void volume. The
ratio of total surface area to the projected surface
area of the porous cathode plaﬁe 26, where the projected
surface area is the area of the face of the cathode
\,/ o : plate 26, is at least about 30:1 and preferably at least
| " from about 50:1; for example, from about 80:1 to about
100:1. B
Current is conducted intd the cell 10 through
anode and cathode current conductor plates (not shown).
Plates of'cdpper the size of the electrodes are placed
agaihst the end cathode and end anode in each cell 10.
Electrical connections are made directly to these copper
plates. An insulator plate made, for example, of
polyvinyl chloride or other suitable plastic, and a
compression plate (both not shown) made for example, of



trademark "Fl emion", by the Asahi Chemi cal Conpany under the trademark_
E: "€gig£ex". Perfl uorinated sul fonic acid nenbranes are al so avai‘l abl e From
Tt Bow Chem cal Conpany. The nenbrahe 25 is positioned between the ansde
. and the cathode and is separated fromthe cathode by a cat hode-nenbrane gap
which is wi de enough to pernmt the catholyte to fldw between the cathode
- plate 26 and the menbrane 25 -fromthe |lower catholyte chanber 38 to the
: upper catholyte chanber 39 and . to prevent gas.  blinding, but not w de
enough to substantially increase electri cglé resi stance. Depending on the
formof cathode plate 26 used, this cathéte-nenbrane gap is a di stance of
- from about 0.05 to :about 10, and preferably fromabout 1 to about .4
mllimeters. T - r apscan.he I Ntaal | aylisc
pressure o meciia A SHEY 3° SRR Trt” gl ce} st KRR e
~ permits -al nost the asll 3O hefere s |lisqaisgembledntac forme aasapdwighea of -
the cathode. RS .chid (deditied RS U eTRIRELMEOkhRREagbeCt rol ytic
_ reaction occurs_ in the gﬁt ode_ area nearest the anode. Suitable porous
‘cat hode pl at es BRFARIQNS “??‘Féet?@“l"ef(?'ha've at |least one layer with a total
surface 2 area to vol une That iceldf off ehiecrirveatidr)@ocld pdeo3
2 - 3 [ern ; L. [errl]. s pk r great er
than 500 [err] ﬂepégr%%ﬁq-&Q?‘%gg?o[si%’fdc%ﬁ%&gﬁg’\?g%ggﬁo%g’%ﬁt %Qéfx’sagﬁl east

60 percent and 9¥ dtRinLesso PtRsduPlAsepbecddentdcaldyt meghjnedeand

that half electrodes be used as the end electrodes in

the assembled cell. The current conductors in the _
monopola;'design would then be_sﬁandard'copper o/
electrical terminals for each electrode. - |
Additionally the cell of the present invention
could be utilized in electrochemical reactions other
then the production of hydrosulfite. Typical.is the
production of organic products by elect:échemistry, such
as the electrochemical transformations of pyridines
through oxidation or reduction reactions in a
_cation—ekchange'memb;ane_divided cell of the above
design. | -
._ | Employing the novel design of the cell 10,
concentrated alkali:metel.hydresulfite'SOIutions are
produced having low ccneentrations of alkali heta1
“thiosulfates as an impurity in electrolytic membrane
cells operating at high current densities, substantially
~ reduced eeli_veltages, and.high current efficiencies.



ﬂymere’porosity.is.the percentage of void volunme. The ratio of total surface

“aregd o the projected surface area of the porous cathode plate 26, where

1€heip j ected surface area is.the area of the face of the cathode plate 26,
is at | east about 30:1 and preferably at |east from about 50:1; for .

<exanple, fromabout 80:1 tb about 100:1. Current is conducted into the cell

“40 through anode and cathode current. conductor plates (not shown). Plates

%.0f copper the size of the electrodes are placed against the end cat hode and

_%énd anode in each cell 10. Electrical connegﬁi—onsare made directly to

. these copper plates. An insulator plate made, for exanple, of polyvinyl
‘ghl oride or other suitable plastic, and a conpression plate (both not
shown) nade for exanple, of -~ stainlesExampleck steel, are placed against

- each end of the cell 10 before it is assenbled to forma sandw ch around

- the desired nunber of electrodes that are positioned therebetween. The cell
of the invention could al s& 158ldeSfg P8 X¥PROABOYRaAN FEGURESNnY~% He@sS hot h

sides of each staigdamsied ﬁonp|tair%ebethdﬁnh'seab|t§elangh!hﬂed Which heérdal f
el ectrodes be used as ttﬂe end _el ?:Cf;r o%es in the a |
d

d I, T
current conduct or® THShEMSh ISt a ?F&n%u?&??sﬁZﬁaB§°gggﬂﬁé’Fﬁ ‘@gﬁ)’er
el ectrical terni redsiverelensircsiec areadwasAdboutofalli2 shjuarel hevérs he

present invention£ayl d g glue'eée%mﬂea! RGb AaBPTeGakEBAEL] 083 04 her than
t he production of hydrosulfjite. Typical 1s the production _of organic
products by el ect and, the gther an anode, sandwiched about a '

_ bipolar electrode with opposing anode and cathode
_ ' -~ faces. The outside dimepsions of the electrode plates
were about 17 inches wide by about 18.5 inches high and
‘about 1.0 inches thick. - | _ .
The anodes were comprised of about forty-seven
(47) 1/8 inch diameter nickel 200 rods welded onto the .
anode backplate, as shown generally in FIGURE 2, with
approximately 1/16 inch separatidn between the rods.
The anolyte collection and distribution grooves were
about 1.25 inches wide and about 0.61 inches deep.
The cathode plate was formed from a four
layered sheet cut to size. The first layer was a
support layer formed of perforated stainless steel 0.036
.inches thick with 1/16 inch holes on 1/8 inch 60°
\_J ' ~ staggered centers_having a 23% open area. The second
' . layer was a 0.62 pounds per square foot layer.of 304
staiﬂless steel fibers about 25 microns in diameter.
The third layer was a 0.12 pounds per square foot layer
of 304 stainless steel fibers about 8 microns in
diameter. *The fourth layer was an 18" x 18" mesh of
about 0.009 inch diameter wire cloth. These layers were
compressed together and bonded by-sintering in a
- hydrogen atmosphe;e'tb form a single sheet with a
thickness of about 0.155 inches. The cathode sheet was
cut to form a cathode plate of about 18.5 inches by
about 17 inches.



g -as the el ectrochenical transformations of pyridines through oxidation or
A ugtion reactions in a cation-exchange nenbrane di vi ded c¢el |l of the'ﬁﬁbve *
L-d si gn. Enploylng the novel design of the cell 10, concentraied al kal
met-al hydrosulfite solutions are produced having | ow concentrations of
alkali metal thiosulfates as an inpurity in electrolytic menbrane cells
operating at high current densities, substantially reduced cell voltages
¢! and high current efficiencies. Exanple 1 A cell of the type shown in
# "FIGURES 1-5 was assenbled fromthree stai géess steel - plates which were
“.. mounted on a rack to formtwo anode/ catho airs whose active el ectrode
. area was about 0.172 square neters each. The pl ates forned two hal f
el ectrodes, one a cat hoda'm'd:dﬂ’l&:diét lpia c2 waiso dduntdd wnebedhabout a

bi pol ar electraq 03| n aode f.ace The outside _
di mensi ons of th alerffe% 3§%%rea§%<8uaqf7‘ﬁsr§8ﬁegomfﬁge5§ ggout 18.'5
i nches hi gh andﬂammmul:E(anhﬂﬁxamﬁnaﬂ<thEWesandadsiwapetbsnpathedeof about
forty-seven (47%udddd dudtiaim eﬁeﬂﬁk%émtﬁm t\éebﬁsﬁbgeso tge anode

backpl ate, as shown generally i.n Fl proximately 1/16 i_nch

RE 2,
separation bet iR} IRPIGRI %é%&%%lqléﬁqrgﬁa&né%Pﬁ FrPEPLBA
grooves were. ahf@ig dsetb omadins ﬁhma%nebfaw s@:x@&si atdea deaﬁcoﬁhe cat hode
plate was formed:fro ra t e'Thestt | ayer was
a support Iayercﬁnb?nrﬁsd?aé %plieré%yav% ai ne(eégs % SG5§W to preve Sht
' : the screw from becomlng an actlve part of the cathode

assembly. o : - : o
 Six (06) 1/6 inch diameter holes were drilled o/
_in the cathode plate to permit gas bubbles trapped '
within the cell to escape. Three of the holes were
drilled near the top of the1ce1i opposite the catholyte
collection groove and three just below the cathode flbw
barrier. - ' _ '
' Separator means were formed from polypropylene

mesh treated with a coating of titanium dioxide. The
separators were mounted in 1/16 inch thick separator

frames cut to fit just inside the gasket groove in the

cell. } | | -

Gasket grooves about 0.375 inches wide and

.abouﬁ 0.187 inches deep were machined into both the

‘anode and cathode backplates. On the anode side of the v/
cell about a 0.375 inch square gasket was used with

about a 0.5 inch wide strip of about 0.060 thick
GORE-TEX@’gasket tape placed on top. In the cathode
'gasket groove a rubber O-ring of about a 0.378 inch

diameter was used. The cell was assembled using a

portable hydraulic assembly system described in U.S.

Patent No. 4,430,179 that compressed the cell together

so that approximately a 1/8 inch gap between'the'anode

‘and the cathode plates remained. The cell was then |

secured by retaining nuts. '



“dnches thick with 1/16 inch holes on 1/8 inch [err] staggered centers
.-havingia 23% open area’ The second |ayer was a 0. 62 pounds per square foot
“kayQr~ef 304 stainlfess steel fibers about 25 microns in.dianmeter. The third
layer was a 0.12 pounds per square foot |ayer of 304 stainless steel fibers
~-about 8 microns in diameter. The fourth |ayer was an 18" x 18" nesh of
f{ﬁbout 0.009 inch dianmeter wire cloth. These | ayers were conpressed together
jﬁgnd bonded by sintering in a hydrogen atnosphere to forma single sheet :
"M th a thickness of about 0.155 inches. The cat hode sheet was cut to forma. -
~cathode plate of about 18.5 inches by about 26+ i nches. The cathode pl ate
yas nounted onto the stainless steel cathode backplate using 20 screws of
about 1/8 inch diameter that seated into the cathode support pedestals

Wi thin the cathol yte chanbefise célkmwad apeatateg cfongimuomsilyt ogl d2trical
.joint conmpound wa ed 1 ’@?ﬂﬁf e\ F oS silicon cenent
\ %%yi dﬁg? Q&#}h&s e étHo 4prevent thggd;?r()é%

was placed over t ea eac w from becom ng

an active part ofpenéleerhorieed snenhnanesshapaiast soakad i ahousr 280| es

were drilled in thgacahReCrokide dSLRETGH tfdnath Wadsas 4 haured pribki kot he
.cell to escape. Three gf the holes were drilled near the.top of the cell
opposite the cat h8F§eBRLLM¥ection groove and three just bel ow the cat hode

flow barrier. Separator nedbiseweskl fwasrsrpdramd @ty @ oyepipera tweh ofr eat ed
wth a coating Ofaﬁb&éﬂiﬂ&lgifxﬁgpb witf a total catholyte flow rate of

about 6 gpm and a total anolyte flow rate of about 4

o gpm. Excess anolyte containing about 19% sodium

N\ hydroxide was continuously purged and added to the

. ' catholyte circulation while the anolyte was continuously -
replenished with the addition of about 69 grams per
-minﬁte of about 35% sodium hydfbxide solution. About

230 milliliters per minute of deionized water was
continuously added to the catholyte,'as was sulfur
dioxide to the catholyte to maintain a pH of between' _
about 5.4 and about 5.8 and a sulfite to bisulfite molar
ratio of about 1:3 to about 1:8. _

Product catholyte was drawn from the cell
continuously at a rate of about 287 milliliters per
minute and was analyzed periodiéally during each day.
.The product cztholyte reflected in the following Table I
.was'ahalyzéd'from samples taken at the same time each '
day. These data'are'représentative of the operation of
the cell during 4 days of operation under optimized
conditions. The catholyte was analyzed for sodium
hydrosulfite, sodium thiosulfate, sodium sulfite and
sodium bisulfite content.



sobution for at |east 4 hours pr|OB t8

separators were nounted in 1/ 16 i'nch thlck separator frames cut to fit just

i i ge the gasket groove in the cell. Gasket grooves about 0.375 |nche5”»
e*and about 0.187 inches deep were machined i.nto both the anode and"

f1 Cath0de backpl ates. -On the anode side of the cell about a 0.375 inch
1 -Square gasket was used with about a 0.5 inch wide strip of about-0.060
i thiek - GORE- TEX[err] gasket tape placed.on top. In the cathode gasket groove

©arpber Oring of about a 0.378 inch dianetegfwas used. The cell was

‘@ffassenhled using a portable hydraulic assenbly system described in US.
f:,jPatenx No. 4,430,179 that conpressed the cell together so that ~
apprQX|nater a 1/8 inch gap between the anode and the cathode plates

fj-renalned The cell was.then secured by retaining nuts. The cell was .
“operated continuously for 42 days. Thej cell enployed a NAFION[err] NX 906

"pPerfluorinated menbrane that was s@ak#d in about 2% sodi um hydroxi de
assenbl i ng. The cell was operated at

t4 awt okal wcat hol yte fl ow rate of
tg OZ anuE 4 gpm -Excess anolyte
s continuously purged and added to
| yte was- conti nuously repl eni shed

m nute of about 35% sodi um

- a-tenperature of approxi mately [erg]:
- about 6 gpmand a total anolyte fl @@ g
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-contlnuously added'to the catholyte, as was sulfur dioxide to the catholyte
“tD ngi.nt-ain a pH of between about 5.4 and about 5.8 and a sulfite to -
'blsutf?fe_nnlar rati o of about. 1:3 to about 1:8. Product cathol yte was
~drawn fromthe cell continuously at a rate of about 287 mlliliters: per
-nqnute and was anal yzed periodically during each day. The product cathol yte
teflected in the follow ng Table | was anal yzed from sanpl es taken at the
,Shne time each day. These data are represent ive of the operation of the
~¢ell during 4 days of operation under opti ed conditions. The cathol yte
“vis anal yzed for sodium hydrosul fite, sodiumthiosulfate, sodiumsulfite
~and sodiumbisulfite content. . [err] gxagdreEzanple 2 Acell sinilar to
~the design of Exanple 1 was assenbl ed utTTTZéﬁg‘ﬁlne bi pol ar el ectrode
-plates. and two hal f el ectrode pl ates, one an anode and one a cat hode,
“having approximately a 0. 0% eeﬂ.:hrsﬁmﬂa mtuhee & sieyn mfemanzalbou waeh

The same type of I )

except that the a%%%%ggnﬁg %%M pla t <:V\q"/'evgr;"ree'ea]'t)é ettq"o% gria%x y
about 13.5 |nchestuﬂdhab§u€1qcﬁkﬁﬁ¢rﬁ%ﬂ&ﬁﬁkﬂQﬂ@ an;&aqaauandh&m@dasulfon|c
~acid menbrane, W &lcHodd| Ckaeity Mpptiinatdly S VLG5 sylidireamritervei ght of

active electrode area for each. _The_same type of

- cathode plate and anode rods were used as in Example 1,
- ‘'except that the anode and cathode backplates were about
. 13.5 inches by about 13.5 inches and about 1.188 inches
E - - thick. A perfluorinated sulfonic acid membrane, with a
| thickness of about 2 mils and an'equivalent weight of
about 1000 (grams/gram-mole equivalent exchange |
capacity), available from the assigrnee of U. S. Patent
No. 4,470,888 was used.
The separator means were a mesh made from
-tltanlum dioxide filled polyethylene, the mesh being
about 0.07 inch thick with approximately 0.38 inch
openings and about 60% open area. The separator was
treated with a mixture of chromic and sulfuric acids,
available from Fisher Scientific under the name
CHROMERGE to obtain the necessary hydrophilic surface.
The separator mesh was mounted on a 1/8 inch separator
frame that extended about 1/4 inch beyond the edge of
"the cell. |
The cell was sealed using about 0.290 inch
diameter O-rings in both the anode and cathode backplate
- gasket grooves. A strip of about 0.875 inch GORE-TEX
tape was used between the separator frame and the
membrane. _
The cell operated with a total catholyte flow
i o rate of 13 gpﬁ and a total_anolyte'flow rate of 6 gpm.
The anolyte had continuously added to it 93 grams per
minute of 35% sodium hydroxide solution. Excess anolyte
containing about 15% sodium hydroxide was continuously
purged and and added to the catholyte circulation



<; dbout 1000 (grams/ gram nol e equi val ent exchange capacity), available from
R &Kf assignee of U S Patent No. 4,470,888 was used. The separat or neaﬁE _
1wl e<a mesh made fromtitaniumdioxide filled polyethylene, the nesh befng
‘about 0.07 inch thick with approximately 0.38 inch openings and about 60%
% open area. The separator was treated with a mxture of chromc and sulfuric -
aci ds, "avail able from Fisher Scientific under the name CHROVERGE to obtain
t he necessary hydrophilic surface. The separator nmesh was nounted on a 1/8 -
i nch separator frane that extended about 1/4 inch beyond the edge of the
: cell. The cell was seal ed using about O. 22@4 nch di aneter Orings in both
the anode and cat hode backpl at-e gasket grdoves. A strip of about 0.875 inch
GORE- TEX tape was used between the separator frame and the menbrane. The
cel | operated wiydtem.t omaﬂdmatdmallylye Bbowtr 326 mﬁ.llislgﬁeranﬂeﬂ nbhate

:'._'anolyteflowrt y d.coptin it 93
“.grams per m nuta° #’JL‘?&% sod WLQ%hrag'%gx%nga (ét @’%ﬁ Hgg.ﬁg aﬁoﬁhgge
.cont ai ni ng abouwuhiumsﬁygmmﬂehy@@oxmxmginagueémtaﬁéedst9 pbegeuﬁhquyaad added

‘to the cathol yt&, GidiGidaAld @ pit ¥/ PetWeeddbbuenNslhY co2lBBhe3808Mhhaiditers
per mnute of deioni zed water .wgs added to the catholgte while sulfur

di oxi de was cort4ifidfsIsP é’d’&é’&ft"(‘}ec melaz: FardPcCfoPREFRLR APGUEHLE? BRt ween

. about 5.4 to almdut5id&and a sulfite to bisulfite molar ratio of between

-about 1 3 to about 1:8. ‘The cell was operated at a temperature of

about 25°c with a total catholyte flow rate of about
- 13 gpm and a ‘total anolyte flow rate of about 6 gpm. \U}
The cell was operated continuously for over 30 days
- without 51gn1f1cant change in voltage coefflclent or
product composition.
' : Product catholyte was contlnuously w1thdrawn
. from the cell at a rate of about 350 milliliters per
'm1nute and was analyzed periodically during each day.
The product catholyte reflected in the following Table
'II was analyzed from samples taken at the same time each
. day. ‘These data are representative of the operation of
the cell during 4 days of operation under optimized
conditions. ' The catholyte was analyzed for sodium
hydrosulfite, sodium thiosulfate, sodium sulfite and
sodium bisulfite content. - = . e\;)’



The ceII was operated at a tenperature of about 25 Cwth a total catholyte
flo te of about 13 gpmand a total anolyte flow rate of about 6 gpm The
. cell operated continuously for over 30 days without significant change
;|n Vol t;age coefficient -or product conposition. Product catholyte was
J-conti:nuously withdrawn fromthe cell at a rate,of about 350 mlliliters per
. mnute .and was anal yzed periodical ly during eagﬁ day. The product cathol yte
< reftect:ed in the following Table Il was ~anal yzed from sanpl es taken at the
-%saﬁe tgne each day. These data are representatlve of the operation of the
: cell durlng 4 days of operation under optim zed conditions. The cathol yte
was analyzed for sodium hydrosul fite, sodiumthiosulfate, sodiumsulfite
‘ang 'sodium bisulfite content.  [err] -30- While the preferred
sttucture in which the principles of t hg pm sent invention have been *
.;1ncorporated as shown and described aboge, gt is to be understood that the
.,|nvent|on is not to be linited to.the pardi ular details thus presented, !
“but,. in fact, widely different neans naﬁ emplqye@ |m the practice of the
. broader aspects of this invention. Forg e, “whiy et he anode backpl at e
s shomn and descri bed as enpl oying rouﬂh? re rods on its surface, flat
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i rect angul ar bars or ot her appropr| ate geonetrically shaped structures, such

{'% as teri angul ar, pentagonal, hexagonal , ‘octagonal, etc. could be equally’ﬁbll

_ tﬂlllzed Addi tionally - the separator nesh could be exposed to hydropﬁﬁlic
. containing additives or such additives could 'be in the electrolyte The

“:..Z:;. separator nmesh coul d al so be assenbled in the cell between the nenbrane and
- the cathode plate, in conjunction with the hydraulic pressure being changed_

so that the nmenbrane is forced off of the anode rods and agai nst the
‘ separat or nmesh’ CLAIMS 1. An electrolyfic cell having a top and a

.- bottom with provision for an anol yte and' “catholyte to fl ow therethrough,

- conprisi-ng in corbination (a) an anode:. (b) a cation exchange menbr ane, .
.adj acent the anode: (c) etween de and the

" ‘merbrane to prevent the X arfé'? rpé'rﬁaftr;c‘fﬁa’i ﬁé‘rt"‘r‘l’é"%ﬁo&é‘ ""P &h8or ous:

cat hode pl ate" Ipmim.gxplés rafl the foesent daventtilon hawver beenand an opposite

SEETRE T A S el i Y 86T
‘ext endi ng t her RRIFALRS i¥h 81SW tdgnhdisy netc kenber 1imdted| sqer

cat hol yte chambgie éﬁ{émfoaéﬂaqusl Ehels’ pldsGitled AklOlnt gabkowi ng

~ between the top and {0 BOLIQT Yealt® ndY be® Wp0ded 15! 20L' Bbhltice

. ' of the broader aspects of this invention. For example,

e_whiié'the-anode backplate is shown and described as | |
_employing round wire rods on its_sufface;_flat _ ) -~
rectangular bars or other appropriate geometrically W/

~ shaped structures, such as triangular, pentagonal, |
hexagonal, - octagonal, etc. could be equally well
ﬁtiliéed. Additionally the separator mesh could be

' exposed to hydrophilic containing additives.or such
additives could be'in'the_electrolyte. The separator .
mesh-coﬁld also be_éssembled in the cell between the
‘membrane and the cathode plate, in conjunction with the
hydraulic_p:essu:e being chahged so that the membrane is
forced off of the anode rods and against the separator -
mesh.




al | of the cat hol yte to change flow direction and pass tw ce through the
por %9 cat hode plate, transverse to the first surface and the opposite
sec surface of the cathode .pl ate, to pass beyond the flow barrier and to
exit the cell. 2. The cell according to Claim1 wherein the catholyte flow
I's generally vertical fromthe bottomof the cell to the top of the cell.

3. The cell according to Caim?2 wherein the;*thol yte enters the cell
t'hrough at | east one catholyte entry port that*'@eds into the |ower

~eat holyte chanmber. 4. The cell according to Caim3 wherein the at |east

ofie catholyte entry port further feeds into mhol yte di'stribution slot
'._\rlaa tapered transition slot. 5. The cell ding to daim2, 3 or 4
wherein the catholyte exits the cell through at | east one cathol yte exit

port. 6. The cell accordingito ghlieTeaeMeiiix téa g further
passes through a c$t hol yte,col | ecti on gr ooV r}g ast tga eraéﬁi
transition sl ot prP3F=P8s WLt PrAYitiAe BeT |an,gpolyte ﬁoF ?(?tt°p5-'|='-'t‘" 7

ghe cel | fac;:(ﬁrdl Rgthefe'lah:e?ghpf csh@lrligiagﬁ 1@9@1,%{& dwt hol y'ltle flow
arrier further has at |least,o ol e extending generally
vertical l'y therethrough di re&??y 36nﬁ&8§%ng the | ower cathol yte chanber to

the upper cathol yte chamber (b)peam.:h:gaa efchange! RmdiraneyJRaRcehe et |
according to any ofgo®i.C ains-2-7 wherein the cathode plate has at Ieast

one gas vveep hol e 1 me |atel :
%/c) separator means  betuween the anode

| and the membrane to prevent the membrane from touching
Y ' ' '_ the anode: ' ' _
- (d) a porous cathode plate having a first
surface adjacent the membrane and an opposite second
surface: and o
' (e) - a cathode backplate adjacent the opposite
second surface of the -cathode plate. having a substantially
horizontal flow barrier extending thereacross defi J.m.ng an upper
catholyte chamber and a lower catholyte chamber, the
flow barrier interrupting the catholyte flowing between
the top and thé bottom of the cell causing. substantially
all of the catholyte to change_ flow direction and pass
twice through the porous cathode plate, transverse to the
first surface: an3 the opposite second surface of the
cathode plate, to pass beyond the flow barrier and to
exit the cell.

2. The céll'écccrding to Claim 1 v)here:.n the
catholyte flow is generally vertical from the bottom of
the cell to the top of the cell.

_—

O



bel ow the catholyte flow barrier and at |east one éas weep hol e above the

caigolyte flow barrier to pernit gas to pass transversely therethrough
enfpuse between the | ower catholyte chanber and the upper cat hol yte

/-\
N~

chanmber.  -33- 9. The cell according to any precedlng claim wherein the
anode further conprises an anode backplate with at I'east one anolyte entry
port for the entry of anolyte.into the cell gnd at | east one anolyte exit
port for the exit of anolyte fromthe cell 7”20 . The cell according to

Claim9 wherein the at | east one anolyte entry port further feeds into an
anolyte distribution groovg V|tht Leas

“slot.

11 .

The cell accordin alm %88'\%1%& eEgdCilQ?‘lnyé ewﬁé ﬁ]t&%‘ |

n t he anol

‘passes through af2&helyte EBFFEEtFBﬁ gﬁbbvéhﬁﬁﬂgh PapéPéﬂtaﬂe¢y¢%ﬁh°1yte _
transition slot phie@y berentRatNgebls Phtbeehé DHReRANSAYRS1 XS lcOhber 12 -

The cel

and vertically ali

according to Caim1l1 wherein the anode further conprises a
plurality of anode neans extendi ng between the anol yte distri-bution groove
and the anol yte col |l ecti on4gr oThe. céBl adhberdihy tocClding twhéiedm die

‘wherein the plurghi i¥agh gaeds?ﬁeﬁamfrs%&gego@?09@&99? F08ls g by all el

e ce accor alm1 erein

the plurality ofCagheéyﬁéaﬁésFEFPH§ﬂ°ﬁa§é°a 3&? petaperedatrangiviemt pair
that forns a fl ogiekannel for the anolyte between the top and the botton1of

the cell.

15 .

The cel | accordlng to any precedlng claim

5.. The cell according to Clalm 2, 3or 4 wherem
:the catholyte exits the cell through at least one catholyte J
exit port. .

‘Be The cell accbrding-to Claim 5 wherein the
catholyte further passes through a catholyte collection
groove and at least one tapered exit transltlon slot

' prlor to enterlng the at ‘least one catholyte exit port.

7. The cell according to any one of Claims 2-6
_ mhereln the catholyte flow barrler further has at least one gas
weep hole extending generally vertically therethrough
directly connectzng the lower catholyte chamber to the
upper catholyte chamber to permlt gas to pass | _
therethrough T - P _ \o/

8. The cell according to eny one of Claims 2-7 wherein
the cathode plate has af. least one gas weep hole immediately
" below the catholyte flow barrier;and at least one éas
weep hole above the catholyte flow barrier to permit gas
to pase transversely therethrough enroute between the |
lower catholyte chamber and the upper catﬂolyte chamber.

I

'



wherein the catholyte is present and conprises a buffered aqueous sol ution
of gan -al kal i metal bisulfite. 16 The cell according to Caim1l5 wherein
‘th&skkali metal bisulfite is sodiumbisulfite. 17 The cell according
to any preceding claimwherein the anol yte ﬁgnprises a m xture of sodium
“hydroxi de and dei oni zed -.water. 18. An el ecfrolytic cell having a top and a
bottom wi th provision for an anolyte and a catholyte to flow therethrough,

<conprising in conbination (g) I a : lat d . hi ar
cell bodi es- each provi di ng an ano&q %Eéﬁ(r‘a}a?gﬂoaﬁ@n égt égeé'g%?ﬁﬁﬁgf%n
(b) a pluralitythd apode fartbehcdsprisascan eaotﬂe trackpipte wittsetslaaséce and
?R opp?ﬁi Ej e bsetlz@ad anbigee, ehleyopepei £6r sseoeﬁ:ﬁyréﬁ%% a.g ﬁf&&cﬂfé
e cat hode bac on_exc rane_ipter i ate e
pai.r of adjacentgfaéogpg éﬁegeaﬁ%dEngu??ﬁgggeaﬁﬁ a?ﬂ%ﬁ qg f?*%ﬁ
surfaces; and (dpnodgper £rom wbensellbetween .each anode .surface and
“menbrane to prevent the nenbrane fromtouching the adjacent anode surface,

t he separator means having a mesh portion adjacent each anode surface and
menbrane; wherein each catlfode BhekpeilcaaaardingpperChaimolS whagsin

partment adj aceninihget 9Bagt bh@ Sﬁbiyégdeﬁtf V?égeva%xgﬁtﬁf %E%ﬁtt

adj acent the bottom of the at ed
Che i rect {1ow BF BROLYAENERS t5IBREL BhCTFEONS CHIR| 4 LIARY RS LAl
t he catholyte toanbagge transdeient sbotand pass through. each

11 « The cell according to Claim 10 wherein
NG . the anolyte further passes through an anolyte collection
- ' groove and a tapered anolyte transition slot prior té:
entering the at least one anolyte exit port.

12 . The cell according to Claim 11 wherein
tﬁe anode further comprises a plurali:ty of anode means
extending between the anolyte distr.iﬁution groove and
the anolyte collection groove. | '

13 . The cell according to Claim 12 wherein
the plurality of anode means comprises anode rods
‘that are parallel and vertically aligned.

14 . The cell accoi'ding to Claim 12 or 13 wherein
the plurality of anode means further have a gap between
each adjacent pair that forms a flow channel for the
anolyte between the top and the bottbmiof_the cell.

1S . The cell according to any preceding claim _
wherein the. catholyte is present and comprises a buffered aqueous
solution of an alkali metal bisulfite. -

16 . The cell according to Claim 15 wherein
the alkali metal bisulfite is sodium bisulfite.

-
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por.ous cathode pIate transverse to the first surface and opposite second
surface prior.to exiting the cell, a first pass bei ng bel ow the fl ow
barrier and a second pass bei ng above the flow barrier. 19. The cell ™~
according to Caim 18 wherein the separator neans has a frane portion about
Its exterior and the mesh. portion is ingeriorly conflected to the frame
portlon 20. - The cell according toé%hﬁrn118 or 19 wherein the nesh
ortion of the separator nmeans is hydrBphilically treated. 21. The cell _
akcordlng to Claim 18 or 19 wherein the nesh Eortlon of the separal_i .means
is coated with titani uqt,dl oyhdecell. ac'c'hﬁ:lmgl Oaﬁﬂ)’opdﬁ 1DB & ag:ed.p 19 -
wherein the mesh portion of the separat d | -
et R RS

pol yet hyl eneth@ RnolyteccempFises & any one o 2 wherein
the anode sq&éggglggatagﬁefonprlses a plurality of 'vertically positioned
substantially parallel flow directing neans having a gap between each
adj acent pair to thereby forma plurality of flow channels for e anolyte
bet ween the top and theabotnﬁneabcmmehﬁﬂﬂc cpdl haﬁi?ﬁxﬁlt93x§g£ gto

d ai m 23 wherein_ the.plural f | sridivYe parad ti catreblyti@stoafddw| | y
paral l el fl oW HFP Rt % RN gxgﬁefﬁéé % Y The, cel | according to Oaim
23 or 24 \/\hethenetheopghvat:mréﬁl\?&r tilnc&'l“]“?’%’ﬁrbned substantial ly

parallel flow.directi nganeagspa_rheaq_fldy e lad Rcentisy (p}.‘bélmdjl ng to’ any

one of . O ai rrg:.;glgg cell bodies each providing an anode backplate

and a-cathode backplate; _ _
(b) a plural;ty of porous cathode plates each | g_)_
hav1ng a first surface and an opposite Second surface,
.l the oppos:.te second surface being adjacent the cathode
backplaﬁe: | _
' ' (c) a cation exchange membrane 1ntermed1ate
'each pazr of adjacently 9051t10ned anode surfaces and
cathode’ plate first surfaces; and |
| (d) separator means between  each anode
" surface  and membrane to prevent the membrame from touching.
the adjacent anode surface, the sepafator means having a mesh
portion adjacent each anode surface and membrane; o
mherein each.eathode backplate has an upper catholyte com- |
partment adjacent the top of the cell and a lower catholyte \_j-
.compartment adJacent the bottom of the cell separated
by a flow barrier to 1nterrupt the direct flow of the
- catholyte therebetween causing substantially all of the
catholyte to change flow direction and pass through- each
porous cathode plate transverse to the first surface

and. opposite second surface prior to exiting the cell,
. a first pass being below the flow barrier and a second pass

being above the flow barrier.

19. The cell according to Claim 18 wherein the
separator'means has a frame portion about its exterior and

the mesh portion is interiorly connected to the frame

R R Y

portion.



wher ei n each bi pol ar cell body is formed of stainlesé'steel. 27. The cell
accofding to any one of Clainms 18-26 wherein the catholyte is present and

i s @Neuf fered aqueous sol utian of sodium bisul {igde. 28. The cel!l according
to any one of Cains 18-27 wherein the anol yt &s#e8+present and conprises a
m xt ure of sodi um hydroxi de and dei oni'zed water. -36- 29. An

electrolytic cell having a top and a bottom with provision for an anol yte

_-'*andacatholyteto.flowthe - throu ?IEB | R F{LiGORPI qon (a) a
- plurality of adjacently pos#cf'i ongéeg%ﬁ'%r% y%@r {%lgc% J'3G/10a _icgﬁtég bi pol ar
“cell bodies each yheprinlithg mastapositidraok pthet eepar@tar eEASJIES backpl at e, each

.cat hode backpl at avi.ng.an, Uupper hol yt e conpartnent adjacent the top of
the electro- |yt ﬁ‘é%%?frlq-éﬁ%“apﬁsmfea&dat hol yt e conpart nment adjacent the

bottom of the electrolytic cell separated by a barrier that extends:

hori zontal |l y and thereby obgt r uctget §10id@rbidd @ claimatbaiyne bet ween t he
‘upper cathol yte conpartnent”and the 1ower cathalyte co arlment'ng]b) a

plurality of por otergimehal mashy gortinm P s §PRATESE | sp’rsalcégﬁ rough
each of which catpehyifidnSufdisagoe o flow by said barrier and each having a
first surface and an opposite second surface, the opposite second surface
~bei ng adj acent the.cathode backplate; (c). a vertically aligned cation
exchange nenbrane internedigie eggd dralrasfordihcadentlaimpd8idi 68ed anode

eparat o means. BEETEDR BRI PREHETDOR the PP SL} 1 FL B anbr ane o
prevent the nenbrdRRids FMiey Polpettylenad) acent cathode plate first surface
23.  The cell according to any one of Claims 18-22
wherein the anode surface further comprises a. plurality of
vertically positioned substantially parallel flow
directing means having a gap between each adjacent pair
to thereby form a plurality of flow channels_for' the
anolyte between the top and the bottom of the cell.

24 . The cell according to Claim 23 -wherein
the plurality of vertically positioned sub_stantially.
‘parallel flow directing means are rods.

'\_/. ' ' 25 . ‘The cell according to Claim 23 or 24 wherein
" the pluralicy of vertically positioned substantcially
parallel flow directing means are of nickel.

26. The cell éccording to any one of Claims 18-25
wherein e_a;h bipolar cell body is formed of stainlees steel.

27. The cell according to any one of Claims 18-26
- wherein the cathdly'te is present and is a buffered agueous

solution of sodium bisulfite.

28. The cell according to any one of Claims 18-27

wherein the anolyte is present and comprises a mixture of

e

sodium hydroxide and deionized water.



.~ the separator neans further havi ng a frame portion about its exteri or and a
) rstsh portion interiorly connected thereto adjacent each cathode plate fiTst

rface -and menbrane. 30.The cell according to d.aim29 wherein the fl o
barrier causes substantially all of the catholyte to.change flow direction
and pass through each porous cat hode pl J ransverse to the first surface

- and opposite second surface prior to e g the cell. '31. The cell

according to any one of the preceding clalnB wherei n said por ous cat hode _
plate is nultilayered, the second surface thereof being a support |ayer of

perforated materi al avi. se f r f ol third _
| ayer of fibers les ﬁﬁ&ﬂﬂyé@/%&g %éde]?@atso%é)%g%sec%%?qﬁéyer a.

fourth Iayﬁtmfprmihﬁfh vnd:eaﬁl ghdlyteardhe ¢ ytayte fdouf thers- and -

form ng at Ieas a ort.ign of, the er urface that is adjacent the

menbr ane. 3% TisingAfi g™ %lgﬁm 31 wherein the second |ayer of

fibers has a denS| ty(ﬁ))c %beﬂbrﬁlﬁﬁf rofu radijacentlyy gasitioned gedexaidyf i ber s
have an i ndi vi.dual d nmet-er of bou 5 3 cell ordlng to
d ai m 31 oyems gned bape ngfﬁ'é%erbr%ghhémwﬂéﬁ S|g'lt‘y about |

0.12 pounoﬁa@@la%guaﬁde g RQalkhaas 5§1ﬂ<ﬁﬂdter,semmmdmcbad<dmate d1amager of
about 8 merons. 34, he cell accord_e&% %r?ﬁmﬁhg Sﬁ)qul&ﬁl ]t}:
‘wherein t R MPRSS Fa?féﬁléfrteoﬁ"ﬂ@?m Eent - open

area. 35. 1yfie edhl &Y qbggﬁt@aa{mwacahpﬁmm &Jabénmmeluuﬂtbm fibers

- of the second | ayer and the third | a re f t SS steel
' o of the >e.‘l.et:*l:::l:)lyt:;.c ce]l.l sepgl te% oy 4 l&%"ﬁ;@} 1§1 %I extends

horlzcntally and thereby obstructs the direct flow of catholyte v
between the UDPE" cathclyte ccmpartment and the lower catholyte o~

campartment,,_ -
(b) =& plurality of PDIOUS generally vertlcally aligned
cathode plates - through each of which catholyte is caused to flow by
said barrier and each hav1ng a first surface and an opp051te second
N surface, the opp051te second surface being adJacent the cathode backplates;
(c) a vertically aligned cation exchange membrane
intermediate each pair of ad jacently Pcsztzaned anode surfaces
" and cathode plate first surfaces; and _ '
(d) wvertically aligned separatcr means betueen
‘each cathode plate first surface and membrane to prevent the
membrane from touching the adjacent cathode plate first surface, N
the separator means further having a frame portion about its
exterior and a mesh portion interiorly connected thereto-adjacent
each cathode plate.first surface and membrane. | : | .

30.The cell according to Claim 29 wherein the flow
‘barrier causes substantially all of the catholyte to change
flow direction and pass through esch porous cathode plate
transverse to the first surface and' opposite second surface

prior to exiting the cell.

M) O O



36. An electrolytic cell substantially as hereinbefore described with
refergnce to the drawi ngs. :

31

31.l The cell according to ény one of the preceding
claims wherein said porous céthode plate is multilayefed,
the second surface thereof being a supporf layer of perforated
material having a second layef of fibers atop of it , a third
layer of fibers less dense than the second layer atop the

~second layer , a fourth layer of meshed wire cloth atop the
third layer of fibers and forming at least a portion of the

first surface that is adjacent the membrane.

32. The cell according to Claim 31 wherein the
second layer of fibers has a density of about 0.62 pounds per
o : square foot and the fibers have an individual diameter of

about 25 microns.

33. The cell according to ':laim 31 or 32 wherein
the third layer of fibers has a density of about 0.12 pounds
per square foot and the fibers have an individual diameter

of about 8 microms.

_ 34. The cell according to any one of Claims 31-33
wherein the support layer of perforated material has about

23 percent open area.

N\ _ ' 35. The cell according to any one of Claims 31-34
' wherein the fibers of the second layer and the third layer -

are fibers of stainless steel.

36. An electrolytic cell substartially as

hereinbefore described with reference to the'drawings.

A



