2240988 ELECTROLYTI C CELL BACKGROUND OF THE | NVENTI ON This invention
rel,ates.generally to electrolytic cells and particularly to such cells .
whi ch are suitable for the el ectrochen cal manufacture of aqueous

of hydrosulfites. Mre particularly, the present invention rel 4@%8%
el ectrocheni cal nmenbrane cell for the commercial production of concen te
hydr-osul fite solutions at high current densities and to the catholyte flow
path within the cell. Many unsuccessful attenpts have been nmade at
devel opi ng a process for manufacturing al kali nmetal hydrosulfites, such as
sodi um hydrosul fite or potassium hydrosulfite, electrochemcally that can
conpete 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 economni cal, -2- current
densities nmust be enployed in a cell which are capable of producing
concentrated hydrosulfite solutions at high current efficiencies. Further,
where the solutions, which are strong reduci ng agents effective as

bl eachi ng agents, are to be used in the paper industry, the undesirable
‘byproduct formation of thiosulfate as an inpurity from
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ELECTROLYTIC CELL

BACKGROUND OF THE INVENTION

This invention relates generally to electrolytic cells
and particularly to such cells which are suitable for the
electrochemical manufacture 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 have been made at
developing a process for manufacturing alkali metal
hydrosulfizes, such as sodium hydrosulfite or potassium
hydrosulf.:a, electrochemically that can compete
commercially with conventional zinc reduction processes
using either sodium amalgam or metallic iron. The
electrochemical process for making hydrosulfice
involves the reduction of bisulfite ions to

“hydrosulfite ions. For this process to be economical,



hydrosul fj te must be minimzed. At high'concentrations of hydrosulfite,
however, this=-byproduct reaction becqnmes nore difficult to.control.
Additionally, prior electrochem cal routes to hydrosul fite have produced
aqueous sol utions which are unstable and deconpose at a rapid rate. This
hi gh deconposition rate of hydrosul fite appears to i ncrease as the pH
decreases or the reaction tenperature increases. One approach to contro

t he deconposition rate is to decrease the residence tinme of the solution in
the cefl and to maintain the current density as high as possible up to a
critical current density above which secondary rLgactions will occur due to
pol ari zation of the cathode. Sonme of the processes of the prior art, which
claimto nake hydrosulfite salts el ectrochemcally, require the use of

wat er - ni sci bl e or gani cesot erettdansitdbsanusetharaipldyedr édusecélie widlchbaket y

of the hydrosulfite an ' i The
costly recovery of t hegnééfgﬁo £ g%%dﬁggﬂggﬁﬁélét%}a o ﬂ?ﬁl S roﬂt"45
uneconomical . The use &9 %#*RP%%?tahéa bFP¥§$¢E)Qﬁﬁ%ﬁ:°PS efydrosul fites in
el ectrocheni cal processes has alFuechee) wieaod tuith sdluchefid)Séhith are
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to B..Leutner et al de§%¢|tnﬁbqamsed in the paper industry, the undesirable
byproduct formation of thiosulfate as an impuzity £rom
hydrosulfite must be minimized. At high concentrations

U of hydrosulfite, however, this byproduct reaction
becomes more difficult to control. _

B Additionally, prior electrochemxcal routes to
hydrosulfite ‘have groduced aqueous solutions which are
unstable ah¢ decompose at a ragia'rate. This high
decomposition rate of hydrosulfite appears tb increase
as the pH decreases or the reaction temperatu:é
increases., One approach to control the decoﬁposition
rate is to decrease the residence 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
polar:zat;on of the cathoae.

&yj | Some of the proeesses of the prio: art, which
claim to make hydrosulfite salts electrochemically,
require the use of watqr-misciblg organic solvents.
such as methanol, to reduce the solubility of the
hydrosulfite and prevent3its_décomposition inside the
cell. The costly recovery of the methanol and
hydrosﬁlfite makes this route uneconomical.

| The use of zinc as a stabilizing agent for
hydrosulfites in electrochemical processes has also
been reported, but because of environmental
consideratlons, this is no lcnge: commercially
pract:cal or desirable.

More recently, U.S. Patent No. 4,144,146
issued March 13, 1979 to B, Leutner et al describes an



-3- el ectrochem cal pr.ocess for prodUcing hydrosul fite solutions in an

el ectrolytic nenbrane cell. The process enpl oys. high circul ation rates for
t he cat holyte which is passed through an inlet in the bot t om ofw# he cqll
and renoved at the top of the cell to provide for the advant ageous renoval
of gases produced during the reactions Catholyte flow over the surface of
the cathodes is naintained at a rate 8T at least 1 cm per second and the
cathode is forned of fibrous mats of conpressed sintered fibers with a'nesh

spaci ng o;lgcgg 1 gg%i&f égﬁ%ﬁ?%&spﬁ%}ﬂ}% as%:?rgg%%['g. ally viable

concentrate
current d%ﬂbﬂtneas ﬁnweneeldutromjﬁiouidmhpeneeﬁpnxed mye high, being in

the rangepp T essi ener gy consunption.
There i s OEIG% | cag‘gl&gg i["ﬁg rc‘yoi?fcée‘’ﬁ't%géi't I ons %& if? ®ate inpurity in the
product septhedyce whéchfdsepashadethgaughIaﬁiiu&ghffﬁ @gomercially
practicaly rQeheqi.c elylhgd agueous sol utions of

al kal i s*gﬁélld?gsgﬂ; ?es&haw n&gﬁ% concer#mjatct}ﬁs ﬂf el netal
th|osulfaﬁ%spﬁsvidputozlsbeaadNBgmaaﬂqu!ﬂrennznl|o£;g&g&gﬂ reduced cel

vol tages. pibBARRY 8hrIhG WHYEYEaRNion. 4 AR Pd %1, NG A5ESt Of the

|nvent|on there
su:faoe of the cathodes is maintained at a rate of at

least 1 cm per 'second and. the cathode is formed of
fibrous mats of compreseed_giggered fibers with a mesh
spacing of 5 mm or less. The process is described as
produoing concentrated solutions of alkali metal
hydrosulfites at oommeroielly viable current densities:
however, the oell voltages required are high, being in
the range of 5 to 10 volts._ This.:eeults in excessive
energy consump:ion. There is no indioation of the
concentrations of thiosulfa:e impurity in :he product
solutions.

Therafore, there-is_stillca need for a
commercially practical electrochemical oeil'design for
producing aqueous solutions of alkali metal
hydrosulfites having low concentrations of alkali metal
thiosulfates as impurities at high current densities
and at reduced cell voltages. | : o’
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is provided an electrolytic cell having a top ‘and a bottomwith provi si on
for an anolyte and a catholyte to flow_therethrough, conprising in
oonblnéflon (a) a plurality of - adjacently “posi tioned bipolar cell bodies
each providing an -anode backpl ate and a cathode backplate; (b) a '
plurality of porous cathode plates each having a first surface and an
oppesi te second "surface, the opposite second surface being adjacent the
cat hode backplate; (c) a cation exchange menbrane internedi ate each pair
of adjacently positi onecﬂca:nmdmgum‘ acerm anaspachofe thratrvention, sinetaces;

and (d) separ i_nte ach sa fage, and rrenbrane
to prevent th?%@ng?g@%' ﬁi?% %@8 %11 ?ﬂgggré t aan&Ws 5%€ t he
separ at or neansithuprinetsionv Ffeg &n fanatpteand encathwnlytetto loarior and a

hydr ophi I'i cal | ¥§t reated nesh pardon int erl 0 onnect ed thereto adjacent
each anode sur OWghyr SREPAESIRE; AD Fé%ﬂﬁr" hspect, the invention

provides an electrolytic (ag | & 1ﬁga§1typam¢&§du§ﬁﬁyvpégiﬁ&yéal on for
o e ool “°'€éa$ohzoqiaq%“oé€e g o f itde FackRTars an
Opposi t e seconghd & tatiadd &ckpga_ggtlon exchange rrenbr ane between the anode
| | (b) a plurality of porous cathode plates each
‘having a first surface and an opposits second surface,
the opposite second surface being adjacent the cathode
backplate:; |
' (c) a cation exchange membrane intermediate.
~each pair of adjacently pos'i:ioned anode surfaces and
cathode piate firse surfaces; and ' :

(d) separator means intermediate each anode

’
P




and said cathode plate first surface; and (d) separator neans between the
anode and t’he menmbrane to prevent the nmenbrane from touching the anogg,
sai d separator neans having a frane portion about its exterior and a
hydrophilically treated nmesh portion interiorly connected thereto adjacent
the anode and the nenbrane. It shoulg.be noted that certain of the subject
matter of the present application is also described in parent application
No. 8729405 (GB-A-2,200,652) and divisional application No. . 9101705.3. The
respective main clains of these applications are:- An electrolytic cel

having a t gruririhe it fBmbYahle Q@\ptéméothenmenhlrm aixbzp cat hol yte to

fl ow t herethrough, conprising in conbjnati anode (b cation
exchange m&ANGHHAG Jthecadiacest e(%3€§§§§ar§5 &z i ﬁég

the anode Qﬂ*éﬂﬁ&rﬁﬂ@iﬁgeat%ﬁ@ﬁﬂl ifﬁnnehbnandtkremﬁenﬁdrrzndhe anode
(d) a porous cathode pl ate havi ng i gt fac gﬂj iﬁ? t%he menbr ane
and an oppob)‘d@p.t‘é&bmﬂ-buh%ﬂﬂ'@d &Hﬁh(%ﬂ%" °5 k%f & Jacent t he
opposite sqﬁg ‘g ﬂc@n@f S aﬁaagoggfgbetmdhaueubgamsubst antially

arr

hori zont al er ex endlng t hereacross defining an upper catholyte

e 2 ol ok Rebtding, £ UBEher oshEet. e Biehelod HrBlLdl ' N9 the

-an electrolytic cell bav1ng a top and a bottom with proulslon i

for an anolyte and. a‘gatholyte to flow therethrough, comprlslng

in combination: ar 3 , : - _ S o
(a) an aﬁode: ' . : : o/
(b) a porous cathode plate having a first surface .

and an opposite second surface; '
(c) a cation exchange membrane between the anode

and said cathode plate first surface; and

..  (d) separator means between the anode and the

membrane to prevent_the membrane from touching the anode, said

separator means haviﬁg a frame portion about its exterior and

a hydrophilically treated mesh portion interiorly connected '

thereto adjacent the anode and the membrane.
It should be noted that certain of the subject

matter of the present application is also described in parent

application No. B729405 (GB A-2,200,652) and d1v1510nal : \;J

application No. 9101705.3.
The respective main claims of these aﬁplications ares-

An electrolytic cell having a top and a
bottom, with provision for an anolyte and a catholyte to flow
therethrough, comprising in combination

(a) an anode:

(b) a cation exchange membrane, adjacent the
anode: |

(c) separator means between the anode
and the membrane to prevent the membrane from toﬁéhing'
the anode; ' ' | |



1 he top and the bottom of the call causing substantially all of the
catholyte to change flow direction and pass tw ce through the porous
sathodet pl ate, transverse to t-he first surface and the opposite second
surface of the cathode plate, to pass beyond the flow barrier and to exit

the cell. and A conpressed and si#Bered electrode for use in an

el ectrochenmical call; wherein it conprises in conbination at |east: (a)

a support |ayer formed of perforated material; (b) a second | ayer of
fibers stop of the support layer; (c) athird layer of fibers, the

fibers being smalle(q)n @i yBrsis IéfFhoae plaves }afv;,tdgé Seeppgle | ayer and
bei ng p03|t| ned Séachf t he second | ayer a fourth | ayer

d.
atop the ?"?ﬁ Lot 2\ BRE tif (BPRDTRR cﬁﬁﬁrn (%gpQS&FFe 7 A ns

.and -f eat unpsfadei hgngr ef erred forms of the invention descrl bed her ei nafter
i nclude:- (1) An electrochem_ca e_cel l, for ro u0|n oafueous

al kal i netal hydroskl itd QWHQ‘iﬁ]gﬁﬁéyﬂﬁtFoﬁdé & (5’H TRl kal i
metal t hiswedddt $6r 88ckBY idHe oatidde Aplatechavingeai Wﬁsﬁaﬁﬁﬁﬂbhe cel |

whi ch op rates at. high current densities to oduc oncentrated_al kal i
net al dzprtale Slow Harpierc pXERRHNG: ?‘E ’Fﬁfﬁ‘&l’gﬁeg%fglqm?hﬂ? Y¥PEFi zes an

i mpr oved cxttiulyte chamblat Rnd ftowas cathollysepabamisert hr otlgd
~ flow barrier interrupting the catholyte flowing between
the top and the bottom of the cell causing subszani:iall'y
all of the catholyte to change flow direction and pass
o/ twice through the 'pc_::m_is cathode plate, transverse to the
_ girse su:féce and the opposite second surface of the
_ca.:hcde piax_:e_, _td pass beyond the flow barrier and to
exit the cell. |

and g :
A comprcssed nnd sinterad clectrode for use

in an electrnchamcal cell, uwherein it comprises
in combination at least:

(a) @ support layer formed of perforated material;
) 8 sccond 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 second layer and being posi ‘tioned

\/’ atop of the second layer; and
~(d)  a fourth layer atop the third layer, the fourth layer

comprising a wire screen?-



t he porous cat hode transversé to the surface of the cathode. (4) A
"nonoli4hic cell body structure with the bipolar cell body or backpl ates.
being fabricated froma single piece of netal. (5) The catholyte floWw*path .,
forces the catholyte to make nmultiple passes through the nmultil ayered

porous cat hode forned of sintered wire strands held in place between a
perforated plate and a nesh screen.. (6) A cathode flow barrier is enployed

to direct the catholyte fl ow stream ifrough the cathode. (7) The anode
enploys a plurality of parallel snooth surfaced, vertically positioned w re
rods. (8) The anode enpl oys a separator screen or nesh with a _
hydrophilically treated,surface sepa e the anode rods fromthe

menbrane. (9) The nenbpéﬂ’r%apé g‘r‘r"te'zfi ﬁégﬁ" gg’flﬁdoﬁ"%fﬁa‘?fhé’f‘ethe separator
screen or rreshid\um'tﬁlgw agpsczibed rhergidafdendnciudecessure and the total anolyte

conpartment volume is bﬁ yeqn éﬁ%;;?&ﬁg&éﬁflrtﬁenfbi@ﬁe agﬁk%gaﬁif%%eﬁcreen or

nmesh and within the interstices SCreen or current
di stribution i 8NP AMalhMesak hyArosul Biker B‘I’l;!‘ttF-E“SnEMnbOHCeI . (11) A

](c:at holhyt e ﬁ)rrp?asﬁdmaliaﬁfané F amallifﬁndtas Lﬁrﬁasumaség)l’a& ﬁr@hgﬂl‘é%dence time

or the cell electrolyt conse ess, product onposi tion

and | ow thiosul fate i rrpE? @ f%]r"‘ﬁﬁf‘f gﬁmat(ai %n%EF}PHaé?rgﬁp? Bfts in

reduced gas bubbl"t-,lgbmurdenxpdemsitthes rtenmca!nee s:antmteahdrd alkalidsetad reduci ng
hydrosulfites.

- (3) An electrolytlc membrane cell that utilizes an
lmproved catholyte flow path to achieve multiple passes thrnugh
the poruus cathode transverse to the ‘'surface of the cathode.

(4) A monolithic cell body structure with the blpolar
cell body or backplates being fabrlcated from a single piece of
metal. i

(5) The catholyte flow path farces the catholyte to
“'make multiple passes through the multilayered porous cathode
formed of sintered wire strands held in place betusen a
perforated plate and a mesh screen.

(6) A cathode flow barrier is employed to direct the
catholyte flow etream through the cathode.

(7) The anode employs a plurality of parallel smooth
surfaced, vertically positioned wire rods. . '

(B) The anode employs a2 separator screen or mesh with &;;/
a hydrophilically treated surface to separate the anode rods from
the membrane.

(8) The membrane is maintained in position against
the separator screen or mesh during operation by hydraulic
pressure and the total anolyte compartment volume is between
the anode wire rods and separator screen or mesh and within the
interstices of that screen or mesh.

(10) Even current distribution is achieved across the
electrolytic membrane .cell.

(11) A catholyte eompartment of low volume results in
short cell residence time for the cell electrolytes and,



$
el ectrical power consunption and results in |ower ‘actual cathode current
densityij(13) A nonolithic cell electrode design results in |ower
efectrical voltage |6ss during cell operation, while the machined fluid
di stribution slots or condui.ts reduce erosion corrosion. (14) An

el ectrolytic nenbrane cell for the electro- chem cal production of an

al kali nmetal hydrosulfite by the reduction of an alkali netal bisulfite
conponent of a circul ated aqueous cat Ngl yte solution in a cell having an
i mproved extended surface multipass pd&ous cathode; an inproved cathol yte
fl ow path, an inproved anode consisting of a plurality of parallel

vertically positi®Rsshushtsy,m Qgs;s Fpaaucer@ecsﬁﬁb%rimﬂaa& Q&L EHoGRAlFaL exchang
a y

menbrane by a separa%g; FESh i I's hydro- philically treated on its :
surface to produc@PYHeYal9¥aPHMet al hydrosulfite at a | ow cathode current
density and by passing at (12hsthe3€elledesigh fesultd inerepiicéd gas adubble/t e

sol ut i on_ thr ough e, A" 3 Sg AehBile surrcBThEE, QESCHPILOY, GF THE DRAWNGS

Preferred enbodi nents of the invention w now be descri y way of
exanpl e with ref &lBHEdCab Pouer £eRAPAIRN ABC deavtisgdn Jieweriastual] caitiede s a
di agrammati ¢ explcodgshtviawiey. an el ectrolytic cell show ng the

el ectrolyte fl ow paths angaét

el evational view of the a e’%If“g'g"lgfkgﬁgg%{];S?E)'F%I%ERE‘E%%‘{!“ZE??%?%OW ng a
lower electrical voltage loss during cell operation, while the
machined fluid distribution slots or conduits reduce erosion
corrosion. _ )

(14) An electrolytib membrane ceil for the electro-
chemical production of an alkali metal hydrosulfite by the
reduction of an alkali metal bisulfite component of a circulated
aqueous cathblyte solution in a cell having an improved extended
surface multipass porous cathode, an improved catholyte flow
path, an improved anode consisting of a plurality of parallel
vertically posiﬁioned wire rods that are separated from the
cation exchange membrane by a separator mesh that is hydro-
philically treated on its surface to produce the alkali metal
hydrosulfite at a low cathode current density and by passing
at least 30 percent by volume of the cathdlyte'solutiqn through
the porous cathode. | | -



portion of the anode rods that ‘cover the anode backplate, further having
sonme of these shown rods broken away; FIGURE 3 is an ‘enl arged partiahky
sectional view taken along the lines 3--3 of FIGQURE 2 showi ng the anode
rods as they are fastened to the electrode; FIGURE 4 is a side el evational
view of the cathode side of the bipolar electrode; FIGURE 5 is a side
sectional view of the bipolar electrode el ement of the electrolytic cet
showi ng the flow path of the catholyte through the porous cathode in the
cat hode conpartment fromthe catholyte distribution slots to the catholyte

collection slots or conduits; and FI 6 is a.side elevational view of-
the separator screen that is positioned{between the anode rods and the
menbr ane. . DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As seen in
t he expl oded and partially diagrammatic illustration in FIGURE 1, a filter
. press menbrane el ectrol yaree® ahgscrrrvditoft ot ggPchRAWIMNGY the nuneral 10, is
shown consisting of an anode Dackprate 1I, separator nmeans 21, cation

sel ective nenbrane 25, a porous cathode plate 26, and a cat hode backpl ate
28. The anode backplate 11 and cat hode backplate 28 formthe opposing sides
of a bipolar electrode, which can be machined froma stainless steel plate

or can be cast stai ”'ﬁ%?aﬂa%%mbaﬁ%er&%%f‘ 'tﬁésin%ﬁ&onpmﬁl now be
described by way of example with reference to the accompanying
drawings wherein:

FIGURE 1 is a dzagrammat1c exploded view of
an electrolytic cell  showing the electrolyte flow
paths and the ion flow paths: ' :

FIGURE 2 is a side elevational view of the
anode side -of the b;polar cell electrode showing a
portion of the anode rods that cover the anode
backplate, further having some of these shown roés
broken away:; | |

FIGURE 3 is an enlarged partial sectional
view taken along the lines 3-=3 of FIGURE 2 showing the
anode rods as they are fastened to the’ electrode,

FIGURE 4 is a side elevatlonal 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 carhode cohpartment from the
catholyte distribution slots to the catholyte
collection slots or conduits: and

FIGURE 6 is a side elevational view of the
separator screen that is positioned between the anode
rods and the membrane.. -
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can, for exanple, be formed of 304L or 316 stainless steel as thick as 1
1/4" whigh is resistant to corrosion and is sinply fabricated by machining
tthe flat plate to create chanbers through which the anolyte and cathol yte
fluids can pass into their respective anol yte and cathol yte chanbers. The

t hi ckness of the stainless steel plate provides'stiffness and an extrenely .
preci-se flatness to the structure. The cathode plate 26 is nounted to the
cat hode plate 28 by screws (not shown) which are screwed into cathode
support pedestals 31, while the anode rods 12 may be wel ded, such as by. TIG
wel ding, in place without warping the stainless steel plate. The anode
structure can be seen in greater.detail-inJFI RES 2-4. As seen in FlI GURE
2, the anode backplate 11 has a plurality df\parallel positioned,
vertically extending anode rods 12 wel ded 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 hsmismrabepkdcrebiNdE e PREPERREDY ERdODIMENTS! T at i on

t he conti nuous si de-Dy-3Tdg arrangenent. nas not._ peemrm stowr T FSURE 2
since rods in the central portion of the anode backplate 11 have been
onmitted entirely. These rcks swen inothexermpleded/#id Gaxrwdamedyni ckel wire
rods spaced aparhig&?ﬂhﬁé@*ﬁ(%ﬂfﬂéékgtﬁsﬁaiﬁ PIGERPOE 12§ bP O, g0 20 Of
approximately 1/ 16" "between adj acent rods. , These anode roas 1B*Cah be

f or med fron1nickgﬁmﬁﬁﬁ?eoﬁl%ﬁﬁAQk £ EBitosipficated generally by the

numeral 10, is éhown*consisting of an anode backplate
11, separator means 21, cation selective membrane 25, a
% porous cathode plate 26, and a cathode backplate'zs.
: The anode'backplate'll and cathode backplate
28 form the opposing sides of & bipolar electrode,
which can be machined from a stainless steel plate or
can be cast stainless steel. The stainleés steel plate
- can, for example, be formed of 304L or 316 stainless
steel as thick as 1 1/4" which is resistant to
corrosion and is simply fabficated by'machining'the
flat plate to create chambers through which the anolyte
‘and catholyte fluids can pass into their respective
anolyte and catholyte chambers. The thickness of the
stainless steel plate provides stiffness and an |
extremely precise flatness to the structure. The
o cathode plate 26 is mounted to the cathode plate 28 by .
screws (not shown) vwhich are screwed into cathode
support pedestals 31, while the anode rods 12 may be
welded, such as by TIG welding, in place without
warping the stainless steel plate. B
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



resi stant composition providing Ioﬁ/oVervoItage characteristics. The
vertical positioning of the anode rods 12 with the anode inter-rod ggp 20,
see briefly FIGURE 3, provides clear flow channels fromthe bottom of the

anode backplate 11, where the anolyte fluid enters via anolyte entry ports

18 into an anol yte distribution groove 15, to the top. Anolyte fluid fl ows
vertically upwardly in the anode inter-rod gaps 20 to the anolyte
col l ection groove 16 before the liquid exits the cell through the anolyte
exit ports 19. The vertical positioning of the anode rods 12 provi des even
current distribution across the anode and avoi ds gas blinding.that can
occur fromthe buildup of gas bubbl es, j ch can consequently reduce the
current density in the operating cell. h 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 sl einitt@a a8heifEDYPi NeThdsd xodbeanapl Foe ékfupgldyulLi/am groove 15

i d D transiti , a880! gor exiglelul/e |
corfos on whi Jraeter RUPFel WY A qHC sblea, Spt 0 E MAOURNER T 0T (e

cell 10 and WHCSTRRER proynele iwar-cof: gAPnd? | of apprardmeced¥on and
corrosion occu/a6” Haewass! adfacefid rasl !THESE lasué s 19’ cane both

simlarly posifé: -oggegngrggcﬁcq‘ee . 2°°'Agraggge°&g§ el Rqye 14 is machi ned

into cam
rééiétant cgmpqSition providing.lpw overvoltage

chafacteristics. . The vertical positioning of the anode

rods' 12 with .the anode inter-rod .gap 20, see briefly o/

FIGURE 3, provides clear flow channels from the bottom
of the anode backplate 11, where the anolyte fluid
enters via anolyte_ehtry ports 18 into an anolyte -
distribution groove 15, to the top. Anolyte fluid
flows vertically upwardly in_the anode inter-rod gaps
20 to the anolyte collection groove 16 before the
liquid exits the cell through the anolyte exit'ports
19, The vertical positioning of the anode rods 12
provides even. current distribution across the anode and
avciag'gas_blinding thé:'can'occur-ﬁrom the buildup of
gas=5§bb1es. which can consequently reduce the current
density in the operating cell.

L4

Both the anolyte entry ports 18 and the - o/

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 and avoids erosion corrosion which can
interfére-hiﬁh'the-sﬁoo:h“flow_of the anolyte into the
cell 10 and which wiif:provide metal'contaminétibn as
the e:osion'aﬁd corroéion occurs. The anolyte exit
port transition slots 19' are both similarly positioned
and machined. |



t he anode backplate 11 about the entire periphery. The groove, for
exampl g, ;is 3/8" wide by 3/16" deep to receive a rectangul ar anode gasket
(*not shown) that is 3/8" wide by 3/8" deep. This gasket can have a strip -of
material, such as material sold under the tradenane of GORE-TEX or TEFLON,
posi ti oned over the gasket to conme into contact with the plastic separator
means 21 when the cell is conpressed and assenbl ed. The plastic separator
means 21 is forned fromany nmaterial resistant to anolyte corrosion, and
pref erably pol ypropyl ene has been enpl oyed .. An 8 nesh pol ypropyl ene fabric
wi th an approxi mately 40% open area hasnae n successfully enpl oyed, as has
a titaniumdioxide filled polyethyl ene The separator neans 21 has a
separator franme 22 that is solid about the periphery and a separator nesh
24 on the interior of the separator frane 22. The nmesh 24 is treated with

ahhydépphilic coating LOAﬁrSﬁB?é gggkng@hbeszflenlﬁdﬁiwﬁiugdwgnkbe gpsh_gnd
t t . ' t {

bpol Lo Lot ho e Atpgey bEBReLafE M GHatE: pe, SBRLEE pRimes T, bl 1 ¢

coating. Prevergdanyeshdobuekanpled igas/Blbpide by 3/t6heldspare and in the

nmesh avoi ds celdeceiivieaderbbishy@idOnhode’ gRgkeRE(Abt Odhowt)E thae 95 the

separator nean Z%L'a! 0 pas- ccessful |y .preve tgd thqlbuildu f regions
of locally hi gf‘i’ ci (‘fl% ¥ ?Zg H%en nﬂ?ﬁ%g whaP 3R a‘rré?rﬁ?ﬁne t ouches
agai nst the ni ckeimaxerdel; osisci 2as iaterdaihsodkdninder the ttyadenagai nst t he
ni ckel anode r Qs GhRECHBXCHEMFEFMAEK Pob 1+2bnBlOBvasi €hd Ygdukeauss the sulfur
spect es becone c%)gedlii(ta:g E:gngglci uwril.t(il-%%edpqggtgg' sepératoi’: means 21 '
~ _whén the cell ié compressed and assembled. _
' " The plastic sepa:atdr'means 21 is formed from
any materiél resistant to anolyte cd:rosion, and
'prefe:ably polypropylene has been employed . An 8 mesh
polypropylene fgbrié with an approximately 40% open
~area has been éuccessfully employed, as has a titanium
dioxide filled polyethylene mesh. The separator means
21 has a separator frame 22 that is solid about the
periphery and a separator mesh 24 on the interior of
the separator frame 22, The mesh 24 is treated with a
hydroPhilié.coating_to prevent gas bubbles from
adhering to thé mesh and the adjacent membrane by
capillary action. A coa:ihg of titanium dioxige
. applied to the mesh 24 has been successfully employed
o -as the ﬁyd:ophilic'coating. Preventing the buildup of
‘gas bubbles on the membrane and in the mesh avoids cell
voltage fluctuations during operation. o
The use of the separator means 21 also has
shccessfully prevénted the buildup of regioﬁs of
. locally high acidity in the édjacént_meﬁb:ane where the
membrane touches against the nickel anode rods 12.
Having the membrane 25 touch against the nickel anode
rods 12 can create pockets of high acidity because the
sﬁlfﬁr species become oxidized to sulfuric acid due to
the slow migration of the sulfur species back through
the membrane during oberacion of the cell. The nickel
oxide coating on the anode rods 12 breaks down and



the slow mgration of the sulfur species back through the nenbrane during
operation of the cell. The nickel oxide coating on the anode rods 12,

br eaks down and hi ckel corrosion occurs. This corrosion is transported *
t hrough the nmenbrane to the cathode side of the cell 10. There this nickel
corrosion is reduced to the netallic state by the hydrosulfite sol ution..
This nmetallic state nickel adheres tightly to the nmenbrane on the cathode
side and will inpair the transport. of ions and fluid through the nmenbrane.
The anode has been designed so that the anolyte which is electrolyzed in

the cell 10 is any suitable electrolyte which is capabl e of supplying :
al kali nmetal ions and water nolecules t T%Sﬁ cat hode conpartnent. Suitable .
as anolytes are, for exanple, alkali netal™halides, alkali netal

hydr oxi des, eor alkali netal persulfates. The selectlon of anolyte is in

part dependent on the product desired. Were a hal ogen gas such as
chl orine or r‘Sf'ﬁe]' °§’p TROSION, OSAULE e ot AAFEP8ACB! LAnEERNERITTA o
chloride or bronmkegh XHes aidmbTahbetanthy teathodek slidemdEathd ysk i de

Solutions are $80SAIeG9XHIERe S Sotod I 1473 ARLRY' (S (i 10 DO

pr oduced. Eers uri c Aaci red pro d?kall met al -
persul fate | s StaGRe Py thy PE?&‘E‘*W%F@FP&#Q’*N Wit ruct i on,

such as tltanlnetgttnu)sﬂaﬁalaiEREItbdhéwes)ﬂﬂghﬂ&yted ERé( Redhddheln al kal i
metal chiorideoangly G, niA-g 188 BSESSPAL Yidli-°300. e@gggggz'é‘fo@m' yte
"ions and fluid~¢hrough the membrane. _

The anode has been designed_so that the tw)
anolyte which is electrolyted in the cell 10 is any
suitable electrolyte which is capable of supplying .
alkali metal ions and’ water molecules to the cathode
compartment.' Suitable as anolytes are. for example.
alkali metal halides, alkali metal hydroxides,_or
alkali metal persulfates. ‘The selection of anolyte is
in part dependent on the product desired. Where a
halogen gas such as chlorine or bromine is wanted, an
agqueous solution of an alkeli.metal chloride or bromide
is used as the anolyte. Alkali'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 : "
employed. ﬁowever, elternetive materials of
construction, such as titenium group metals for the
anolyte wetted parts with an alkali metal chloride
anolyte, would be necessary for eech particuler anolyte
utilized. o '

In any case. concentrated solutions of the
electrolyte selected are employed as the anolyte. For
example, where sodium chloride is selected as the
alkali metal chloride. 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. '



‘utilized. In any case, concentrated sol utions of the el ectrolyte sel ected
-are enpl oyed as the anolyte. For exanple, where sodiumchloride is
gs'elect-\.e'd as the alkali netal -chloride, suitable solutions as anol ytes
contain fromabout 12 to about 25 percent by weight of NaC . Solutions of
- al kali netal hydroxides, such as sodi um hydroxi de, contain fromabout 5 to
.about 40 percent by. weight of NaOH. The cell 10 preferably has been
operated with caustic soda. Were caustic soda (NaOH) is used, water and
the caustic soda enter through the anolyte distribution slots 18 and the
-solution flows along the high velocity fl pat h between the ‘adj acent anode
;rods 12 and the anode inter-rod gaps 20 atf Whe rear of the anolyte
 conpartnent toward the top of the cell 10. Thus, nost of the anolyte fluid
vol ume flow occurs between the anode rods 12 and within the hydrophilically

treated separator nesh 24TheTQ§.'h€0fB Whd FaRapil,Ohak Codéd JalR8a"R bR ane,

bei ng produced as a result of t el ectral S|§ reaction formng oxygen,:
wat er and sodi urffAYRTdC ERRRF DFherR &f‘b‘é&gft’ Baigﬁgabu’cs sed. o¥p58h and
wat er through trendndleycauseltesédorerdext shidughihthe ddamiscdoackpl ate 28 is
‘Dest seen 10 Pl dffringtibhCsides "B Udd glhgt BahuEgoR’ e1dife G1BRG" eHE that TS

machi ned from the soli stai nl ess stee
high velocity flow path between the adjacent anode rods

12 and the anode inter-rod gaps 20 at the rear of the
anolyte éompartment.toward the top of the cell 10.
Thus, most of the anolyte fluid volume flow occurs

N4 between the anode rods 12 and within the
hydrophilically treated separator mesh 24. The sodium
ions migrate across the-membrane, being produced as a
result of the electrolysis reaction forming oxygen,
water and sodium ions,

4NaOH ————y 0, + 4¥a' + 2H,0.

Depleted caustic passes out with oxygen and water
through the anolyte collection #;o:s 19. .
' The cathode backplate 28 is best seen in
FIGURE 4, while the monolithic hatu;e ©f the electrode
_ that is machined from the solid stainless steel plate
L’/ . can be geeh'in FIGURE'S} Since the cell is bipolar,
the cathode is on one side of the stainless steel plate
‘on the cathode backplate 28 side, while the anode
backplate 11 and the anode is on the opposing side. As
seen best in FIGURE 4, the cacthode baékplate 28 has
catholyte entry ports 35 on the opposing sides of the
bottom portioh 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 ¢atholyte transition slots 35' are
positioned just above the corresponding anolyte '
distribution groove 15, anolyte ports 18 and the
anolyte transition slots 18°', but are on the opposite
side of the solid stainless steel electrode plate.



can be seen in FIGURE 5. Since the cell is bipolar, the cathode is an one
side of the stainless steel plate on the cathode backplate 28 side, while
't he anode backplate 11 and .t he anode is on the opposing side. As seen best
in FIGURE 4, the cathode backplate 28 has catholyte entry ports 35 on the
opposi ng 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 nachined catholyte transition
slots 35 are positioned just above the corresponding anolyte distribution:
groove 15, anolyte ports 18 and the anolyte transition slots 18, but are
on the opposite side of the solid stalnL s steel electrode plate A

| ower cathol yte chanber 38 is positione Sgnnediately above the catholyte
di stribution groove 32. The |ower catholyte chanber 38 is separated from
the upper catholyte chanber 39.by a generally horizontally p05|t|oned

cat hode flow barrier 30A RowerbaathelyS® chamhers 38ciesposieicmndd r e vm dt h of

the cathol yte phaddfieeard a%%ruﬂsseaaawsﬂ mfs&eab&égog iﬂ%‘g th
cat hol yte bac at €,.28, °as can. 86 seen .a gPFIGU E Cathode
flow barrier 1 ntels dower: fathelYEe f af”ﬁ?:ﬁﬁ d5t ABPIFated FXPMpnar dl y

fromthe | owerthmtmm cachailpce SRanben &%dbyuppgsnenahp} yt e chanber 39,

ther by caus! it {1ty Yot s Ehithéla ' 6a Sl flch BREDIEPOIE, Dpsdip a1 os

in FIGURE 1 tﬁgt ta w ce throu
1er 0 exten:t acros the entire width of the

‘catholyte chamber and protrudes outwardly from the :
plane of the catholyte backplate 28 as can be seen \\J
also in FIGURES 1 and 5. Cathode flow barrier 30

. interrupts the ve:tical flow of catholyte fluid
upwardly from the lower catholyte chamber 38 into the
upper catholyte chambé:'39.'théreby 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 enroite to the upper catholyte chamber 39,
This flow path results in a cathode with a highly
effective: surfaée éﬁea, but :équires the use of a very
porous cathode plate that will permit at least 30% by
volume of the catholyte £1u1d to flow through the
porous cathode pla:e 26 rap1dly to hold to a minimum _
the residence time of the cé:hdlyta_inﬁthe celi.' As N/
will be described in greater detail hefeafter, once the

' cathblyte fluiad haé'reached the ugpéf héthdlyte 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 seéh ia:FIGﬁRﬁs 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 cham_b_er 39. Alternatively or
concurreﬁtly weep holes 33, seen in FIGURE 5, can be
used to permit the hydrogen éaé,to pass'out of the
interelectrode gap between the walls of the lower and



E

plate 26 enroute to the upper catholyte chanber 39 This flow path results
ina cathode with a highly effective surface area, but requires the use of

& very porous cathode plate that will permt at |east 30% by vol une of the
catholyte fluid to flow through the porous cathode plate 26 rapidly to hold
to a mninumthe residence tine of the catholyte in the cell. As wll be

described in greater detail hereafter, once the catholyte fluid has reached -
t he upper catholyte chanber 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 1 s seen in FIGURES 4 and 5, can
be used in the cathode flow barrier 30 to permt hydrogen gas to rise from
the | ower cathol yte chanber 38 to the upper cat hol yte chamber 39.

Al ternatively or concurrent we oles e in FLGURE 5, can be used
to permt the hyé‘PBﬁ% °§§1§ Jt%“bfg‘% §E80f ﬁ‘égiﬁ]érﬁé@ﬁ&&é had® het ween
the walls of - thepﬂemar2énmh5t'hqﬂmM'ﬂhatbatyaéecﬁhﬂbem&raﬁraad Qﬂaand t he

cathode plate 26uhuatbbsi%£ dligtf Tha0dachbal! PRiLd Y6 Hhodld.LheR, Dack
t hrough t he cat hode g#ate $?03|te ig lyte co |on groove 34.
The - cat hode pl at- §25BOFET A ﬁﬁqgcgrSHV?h tat hol yte backplate 28 by a

plurality of screws (not Sfhawdathode ptatevRé his) Hdlal [dinupahté Yo ftwat hode
support pedest al gaifoltdhdnilah@"2b Bpa pREFarAly e be-aNETPELE 38 and

'shown) that seat within the plurality of cathode
. support pedestals 31 within the lower and upper
k,/ - catholyte chambers 38 and 39.

: The cathode plate 26 is a highiy porous
multilayer structure. It comprises a support layer
formed of perforated stainless steel. This support
layer forms the mounting base and protects the
innermeral fiber felt layer that is formed of, for
example, 15% dense, very fine 4 to 8 micron fibers 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 porosity of preferably
between 80 and 85%. The cathode plate 26, thus, is a
four layered sintered composite with all of the

U - materials made of stainless gtéel. preferably 304 or

316 stainless steel, and in the appropriate sheet

~ size. The highly effective surface area of cathode
plate 26 is achieved by the use of low density metal
felt formed from very fine elements. _

A cathode gasket groove 29 is seen in FIGURE

4 extending about the periphery of the cathode
backplate 28, Although not shown, a 3/8" round EPDM,
ethylene-propylene-diene monomer, gasket is used to
seat within the cathode gasket groove 29 to effect
fluid-:1ght seal1ng.



The cathode plate 26 is a hi'ghly porous nultilayer structure. It conprises
a support layer forned of perforated stainless steel.” This support |ayper
forms the nounting base and protects the innernetal fiber felt |ayer that
is formed of, for exanple, 15%dense, very fine 4,to 8 micron fibers and .
15% dense 25 micron fibers laid on top of one another. A wire screén of,
for exanple, 18 mesh with a .009 inch wire dianeter is then placed atop the
fiber felt to forma cathode that has a porosity of preferably between 80
and 85% The cathode plate 26, thus, is a four |ayered sintered conposite
with all of the materials nade of stainless steel, preferably 304 or 316
stainless steel, and in the appropriate 3 t size. The highly effective
surface area of cathode plate 26 is achi dvedl by the use of |ow density
metal felt formed fromvery fine elenments. A cathode gasket groove 29 is
seen in FIGURE 4 extending about the periphery of the cathode backpl ate 28.
Al t hough not shown, a 3/ Bednotien FFIGUTsc@ky thRccpthpde cine-theegelipnoner,
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bisulfite. A tyisldgwseeaction is as follows: [ERR] -
4NaHSO, + 2e” + 2Na' —» Na 5,0, + 2Na,S0; + 2H,0.
Depleted caustic and sulfur dioxide are mixed to form U
NaHSO, that is fed into the catholyte distribution
groove 32 via the catholyte 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 FIGURES 5
or 1. The cathode flow barrier 30 acts as a bl&ck to
the straight vertical flow of the'catholyte £fluid
upwardly from the lower cathblyte-chamber'Be'into the
upper citholyte chamber 39. There is an approximately
1/8" interelectrode 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 31, Thg.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 solution containing Nazszo4 (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
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Depl et ed caustic and sul fur dioxide are nixed to form[err] that is fed

into the, catholyte distribution groove 32 via the catholyte entrance ports
35 and The catholyte-transition slots 35. This catholyte liquid then
rises vertically upwardly uptil it passes out through the cathode plate 26,

as best seen in FIGURES 5 or 1. The cathode flow barrier

30 acts as a block

to the straight vertical flow of the catholyte fluid upwardly fromthe

| ower cat hol yte chanber 38 into the upper catholyte chanber 39. There is an
approximately 1/8" interel ectrode cathode gap between the walls of the
Lower and upper cathol yte chambers 38 and 39_and the cathode plate 26 that

Is seated on the cathode support pedestals . The catholyte fluid then
- passes through the cathode plate 26 and contihues flow ng upwardly through
t he cat hode- menbrane gap until it passes the cathode flow barrier 30. At

this point the Caﬂ'i'@'ﬂé&éﬂi‘&ndaﬁasaééow:.éiw&@ Bh‘foghgﬁit/e porous

cat hode plate 26 *@% he, upper a%h98¥ chanbe en into the -
cat hol yte col | ect (§#?ﬁiﬁ§ 3andrRhe PR |c £BeurREROLYHR A%ing [err]
(dithionite) exitbisuiiweelils tansbmedgundrsnliﬂﬂeﬂigtéosmed d¢cesiingoros! ot s
36' and the catho@yge&éﬁggi oports 36. A buffer solution containing from

about 40 to about 80
because of sodlun1th|osulfate fornallon resul ting from

of. bisulfite is utilized with the cathol yte
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catholyte as

AN

\ The use of a monolithic cell body, that is a
' bipolar cell body or backplate formed from a single

plate of stainless steel machined to form an anode

" backplate on one side and a cathode backplate on the
opposing side, prov1des several significant inherent

operating advantages. Initially. there is no shifting
or dimensional instability because of the joining of two
separate pieces of material to form the electrode.

There is a reduction in the number of actual cell
components from the use'of a single machined plate.
Lastly, and perhaps_most_significantly, there is the

elimination of electrical loss from the contact between
two separate anode and cathode elements that would

L otherwise have some spacing and sizing differences.

/ ' This particular configuration contributes to lower cell

‘electrical energy consumption.

‘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
achieving a uniform pressure across the entire height of
the cathode due to the f£low inversion characteristics
achieved by the multiple £low paths through the cathode

plate 26,



bisufite is consumed and sulfite is fornmed according to the reaction [ ERR]
The use of a nonolithic cetl body, that is a bipolar cell body or bacgplate
formed froma single plate of stainless steel machined to-form an anode
backpl ate on one side and a cathode backpl ate on the opposing side,

provides several significant inherent operating advantages Initially,
there is no shifting or dinmensional instability because of the joining.of
two separate pieces of materical to formthe electrode. There is a reduction .-
in the nunber of actual cell conponents fromthe use of a single machi ned
plate. Lastly, and perhaps. nost significagt€f, there is the elimination of
electrical loss fromthe contact between two'separate anode and cat hode -

el enents that woul d ot herw se have sone spacing and.sizing differences.

This particul ar configur Elon contrjbutes t Iomer cell electrical energy
consunption. The hydraul FeepPEEEEFRIYH T H911130 dsceparrtedhat so that the

mermbr ane 25 i s dunreny dencdtigai wisich rnemﬂeeeweaespiéa@m off of the-
cat hode pl ate | ed, al s ermts the
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flow path through the catho accong t hode flow
barrier 30 furt %FF?BBPeQe?B’?% BRF #¥Rmedeof where oszddiuto by -
achi eving a unityinosmledser ¢saprodscéd efarnicompebei §its@fe [ RGecat hode due to
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ter. However, since the alkali metal hydrosulfite
solutions sold commercially are usually diluted before
use, these dilute aqueous solutions can also be produced \4/
directly by the process. :
' Current dens:ties of at least 0.5 kiloamperes -
per square meter are employed. 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 purity alkali metal
hydrosulfite solution which can be employed commercially
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 ) \,/
migration of sulfur-containing ions from the cathode
compartment to the anode compartment. A wide variety of
cation exchange membranes can be employed containing a
variety of polymer resins ‘and functional groups,
provided the membranes possess the reguisite 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
decompose to- sulfur in acidic conditions. This
'selectiv1ty can be verified by analyzing the anolyte for
sulfate ions.



L)

19 The electrolytic cell 10 is operated at current densities which are
suff|C|ent to produce solutions of alkali metal hydrosulfites having the
COncenfTatlons desired. -For exanple, where sodium hydrosulfite is producgd
for coomercial sale, the sol.utions contain fromabout 120 to about 160
grans per liter. However, since the alkali nmetal hydrosulfite solutions
sold commercially are usually di luted before use, these dilute aqueous I
sol utions can al so be produced directly by the process. Current densities.
of at least 0.5 kil oanperes per square neter are enployed. Preferably the
current density is in the range of fro out 1.0 to about 4.5, and nore
preferably at from about 2.0 to about gbggkiloanperes per square neter. At
these high current densities, the electrolytic cell 10 operates to produce
the required volune of high purity alkali metal hydrosul fite sol ution which

can be enpl oyed conmmesgieibye Vdddim eﬁc&hhhgé ﬁemnésaureneabseurlflcatlon

The el ectrol nbr ane ce enpl o Sg nbr ane
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sel ecti vi t y andopigvgnoups ethbep quermicn im:rgaﬁmmmmsemange of
cations, and exclude anions, from an external source.

\ - Generally the resinous membrane has as a matrix or a
cross~linked polymer to which are attached -
charged radicals, such as —-so;. —C00", ——Po;, -—HPo;, ——Asoz.
and —Se0, and mixtures thereof. The resins _
which can be used to produce the membranes include, for
example. fluorocarbons, vinyl compounds, polyolefins,
and copolymers thereof. Preferred are cation exchange

membranes such as those comprised of fluorocarbon
polymers having a plurality of pendant sulfonic acid
groups or carboxylic acid groups or mixtures of sulfonic
acid greups and carboxylic acid groups. The terms
"sulfonic acid group” and carboxylic acid groups" are
meant to 1nclude salts of sulfonic acid or salts of
carboxylic acid groups by processes such as hydrolysis.
\— " Suitable cation exchange membranes are sold commercially
byIE.'I._buEent de Nemours & Co., Inc. under the
"trademe:k “Nafion", by the Asahi Glass Company under the
trademark “Flemion”, by the Asahi Chemical Company under
the trademark "Aciplex". Pe:flub:inated sulfonic acid
memexenes are also:available trom the Dow Chemical
Company. | ' '
. The membrane 25 is positioned 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 flqw between the catheee plate 26 and
the membrane 25 from the lower catholyte chamber 38 to
the upper catholyte chamber 39 and to prevent gas



menbranes. Such deposition can'blind the nenbranes, the result of sulfur
speci es diffusing through the nenbranes and then being oxidized to cregte
acid within the nmenbranes that causes hydrosul fite and thiosulfate to"
deconpose to sulfur in acidic conditions. This selectivity can be verified
by anal yzing the anolyte for sulfate ions. Sui t abl e cation exchange :
menbranes are those which are inert, flexible, .and substantially inpervious
to the hydrodynam c flow of the electrolyte and.the passage of gas products
produced in the cell. Cation exchange nenbranes are well-known to contain
fixed anionic groups that permt intrusion and exchange of cations, and
excl ude anions, from an external source. nerally the resinous nenbrane
has as a matrix or a cross-1linked pol yne®to which are attached charged
radi cal s, such as [err], and [err] and m xtures thereof. The resins

{1hor ocar bons. BeendEnd BHE bad % BTRRBIER & gebeuanrinive hegsens
Preferred are CABFSFieat rerisuanse.anbependingon thee formpotseathbde .
fl uorocarbon pelygarsehasddd chid E&%hb&¥iﬂénﬁﬂﬂﬂ§QﬁQ§qkfQnagsggﬁgeQFOUDS or
carboxylic aci fg%ggﬁzagr md(;#ér g3 Og05?|%§£“ C . c%oups_ axr) car boxy|-_|9
acid groups. The {e Wt rom>c “qcf 5 oup” . 6%9V|§ @Bi d groups
are neant to | AEPUtel sto tabayft $umidiivenersi. orTlomidazholiesnehbrane c aci d
groups by pr0C§5§e§a§L§$‘iﬁiﬂ9ﬂ¥HQHYS§Shyd:§ulic'piessure_o: '
me:hanical means. This design ana'the'dathoiyte £low .
path permits almost all of the catholyte liquid to \‘/
contact the active area of the cathode. Further, with
this design the mﬁjority'df 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 cm® per
cn®, prefe:ablyrzso'cmz-per'cma; and more
preferably greater than 500 om? per cm>. 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’platg 26, where the projected U
surface area is the area of the face of the cathode
plate 26, is at least about 30:1 and preferably at least
from about 50:1; for example, £r§m'about 80:1 to about
100:1. - S B
' Current is conducted into the cell 10 through
anode and cathode current conductor plates (not shown).
Plates of copper the size of the electrodes are placed
againstfthe end cathode and gnd'ahode'ih'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 fo:'example. of



Sui tabl e cation exchange nenbranes are sold commercially by E. |I. DuPont de
Nennurg;& Co., Inc. under the trademark "Nafion", by the Asahi d ass
Conpany=under the trademark "Fl-em on", by the Asahi Chenical Company under
the trademark "Aciplex". Perfluorinated sulfonic acid nenbranes are al so
avai |l able fromthe Dow Chem cal Conpany. The nenbrane 25 is positioned

bet ween the anode and the cathode and is separated fromthe cathode by a
cat hode- nenbrane gap which is wi de enough to permt the catholyte to flow
between the cathode plate 26 and the nmenbrane 25 fromthe | ower catholyte
chanber 38 to the upper cathol yte chanber 39 and to prevent gas

bl i ndi ng, but not wi de enough to substanti @ |y increase el ectrical

resi stance. Depending on the form of catho | ate 26 used, this .

cat hode- nenbrane gap is a distance of fromabout 0.05 to about 10, and
preferably fromabout 1 to about 4 millineters. The cathode-nenbrane gap
can be nmi nt ai nestdinleal @reed presseel, carergriaanedc againanseachllemd adsi gn

and t he cat hol ytghglggipq@bgggﬁt §taigo§§séggléa‘ t@%oﬁﬁtb%ﬁdﬁvid}ﬂu' dto
.contact the active area of ﬁécathode ?#s? i s design the
C

majority of the %?%%ﬁ?cﬁ§ﬁ|49s &d; PRAPSE ﬁ?ﬁﬁ?@eéaP BERL® ea nearest
t he anode. Suit apbeipiomad thariebdewpent es 26 used in the cell 10 have at

| east one layer with a totmle s._gli%aég gaiﬁ %@dd‘%ui&"tah.gn of greater than
100 ferr] per [err] éﬁéﬁéﬁ”@g monopofgl, req 1J{Jg E%at both sides of

: each stainless steel plate be identically machined and

\~/ ~ that half electrodes be used as the end electrodes in
' the assembled cell. The current conductors in the
monopolar'design would then be standard copper

electrzoal terminals for each electrode. |

Additionally the cell of the present invention
. could be utilized in electrochemical reactions other
than the production of hydrosulfite. Typical is the .
production of organic p:oducts_by'electroohedistrj, such
as the electrochemical transformations of pyridines
through oxidation or reduction reactions in a
cation—exchange membrane dxvided cell of the above
des1gn.

Employzng the novel design of the cell 10,
concentrated alkali metal hydrosulfzte solutions are
produced having low ooncen;gations of alkali metal
thiosulfates as an impurity 1n'electro;ytio membrane
‘cells operating at high cﬁ:rent densities, substantially
reduoed cell voltages, and high current efficiencies.

-



preferably greater than 500 [err] per [err]. These structures have a
porosi.ty of at |east 60 percent and preferably from about 70 percent %9
about 90 percent, where porosity is the percentage of void volunme. The
ratio of total surface area to the projected surface area of the porous
cat hode plate 26, where the projected 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 to about 100:1. Current is
conducted into the cell 10 through anode and cathode current conductor

pl ates (not shown). Plates of copper the~sége of the el ectrodes are placed
agai nst the end cathode and end anode inésgéh cell 10. Electrical
connections are nade directly to these copper plates. An insulator plate
made, for exanple, of polyvinyl chloride or other suitable plastic, and a

conpression plate (both not shown) nﬁgg\agﬁre' gxanpl e, of stainl ess steel

or steel, are placed against each en ell 10 before it is assenbl ed
to forma sandw ch around the desjred nunber of electrodes that are
posi tioned therebet ween.A Bellcelfl the thpei shown iim RIGUREsalsS bes desi gned

as nonopol ar, agaEhbiéd £uH dhdlee Shdefue&s %bf&ﬁ g;'egsaﬁsﬁ L ate be

identically nachlned and hat _hal f el ectrodes @l ectrodes’

in the assenbl BgUREsE © H’e Ak & fEBHdEB‘Po?‘%m??{Qaﬁé‘%GpeFar"m gn woul d

t hen be standaadtceppelectrode area was about 0.172 square meters

each. The plates formed two half electrodes, one a
cathode and the other an anode, sandwiched about a : \_/'
bipolar electrode with opposing anode and cathode
faces. The Out51de dimensions of the electrode plates
were about 17 1nches w1de by about 18.5 inches hlgh and
about l 0 inohes thzck.

The anodes were comprised of about forty-seven
:(47) 1/8 inch dlameter nickel 200 rods welded onto the
anode backplate, as shown generally in FIGURE 2, with
approximately 1/16 inch separation between the rods.
The anolyte collection and diStributxon 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° </
staggered centers having a 23% open area. The ‘second
layer was a 0, 62 pounds per square foot layer of 304
sta;nless steel fxbers 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 einter1ng in a
hydrogen atmosphere to 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.



-

electrical termnals for each el ectrode. Additionally the cell of the-
present, i nvention could be utilized in electrochem cal reactions other than
tthe prﬁﬁﬁction of hydrosulfite.. Typical is the production of organic
products by el ectrochem stry, such as the el ectrochem cal transfornations.

of pyridines through oxidation or reduction reactions in a cation-exchange -

nmenbr ane divided cell of ‘the above design. Enploying the novel design of
the cell 10, concentrated al kali metal hydrosulfite solutions are produced
havi ng | ow concentrations of alkali metal thiosulfates as an inpurity in
el ectrolytic nenbrane cell s operating at higl current densities,
substantially reduced cell voltages, and h current efficiencies.
Exanple 1 A cell of the type shown in FIGURES 1-5 was assenbled fromthree
stainl ess steel plates which were nounted on a rack to formtwo

anode/ cathode pairs whose , gctiyv lsect out 0,172 square
neters each. The plates f€h3n§§%P%ggh§igg§Ig%fﬁ%%@%f%gﬁgta Eéfhode and t he
other an-anode, Stainlesmdtesducaghpipobaskplate nsdagw0hscpewsiofy anode
and cat hode facegboud hE/®Ulndhl@idneRas st Hedtd Ante! kAL RLRESS Vere

about 17 inches wide by abput 18.5.inches hi and .about 1.0 inches thick.
The anodes were EBB%?‘r'\s/eEF t&é‘aufif‘gi?yg %\%}LYP e F aPﬁEﬁsdi dhet er |
ni ckel 200 rods smatkccenning iof appropriate electrical joint compound

was used on the threads_of_the screws and a silicon

cement was placed over the head of each screw to prevent

\ the screw from becoming an active parﬁ of the cathode
assembly. :
" six (06) 1/6 inch diameter holes were drilled
in the cathode plate to permit gas bubbles trapped
" within the cell to escape. Three of the holes were
drilled near the top of the cell opposite the catholyte
collection groove and three just below the cathode flow
barrier. ' |
Separator means were £ormed from polyp:cpylene
mesh trea#éd with a'coating_of titanium dioxide. The
separafozs were mounted in 1/16 inch thick separator
frames cut to fit just inside the gasket groove in the
| cell. o o |
. Gasket grooveé about 0.375 inches wide and
about 0.187 inches deep were machined into both the
anode and cathode backplates. On the anode side of the
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. |



anode backpl ate, as shown generally in FIGURE 2, with approximately 1/16
I nch separation between the rods. The anol yte col |l ection and distri button _
grooves were about 1.25 inches w de and about 0.61 i nches. deep. The ca¥hode « -
plate was formed froma four |ayered sheet cut to size. The first |ayer
was a support |ayer formed of perforated stainless steel 0.036 inches thick
with 1/16 inch holes on 1/8 inch [err] staggered centers having a 23% open
area. The second |ayer was a 0.62 pounds'per square foot |ayer of 304
stainless steel fibers about 25 mcrons in dianmeter. The third | ayer was a
0.12 pounds per square foot |ayer of 304 stainless steel fibers about 8
mcrons in dianmeter.. The fourth | ayer E;an 18" x 18" nmesh of about 0.009
inch diameter wire cloth. These | ayers x conpressed together and bonded
by sintering in a hydrogen atnosphere to forma single sheet with a

t hi ckness of about 0.155 inches. The cathode sheet was cut to forma

cathode plate of about i déi(ih%isbki ab ]% {ﬁ-{lﬁ: 1y Ifﬁhe&%at hode plate
e s

was nount ed onao t he ,@{m nl.ess st eel cat screws of

about 1/8 i nch“& aneter® 98t §@§F€H‘§n?dmpﬁgmb t S &0 §upport pedestal s
wi t hin the catheffluorirated memhranal thaoatamgsoikeaoahoagba{, ea¢l ectri cal
j oi Nt conpoundsd@fusl IRk ¥x 1lgae t nd_a siJicon cenent
was pl aced over_the head ofltdle&achﬂgg?%\?v?% pr&gvl} Wi %gﬂfivﬁ"f Ym¥econi ng
an active part®%f® R&rt hode . .

: - The cell was operated at a temperature of

approximately 25°% wzth a total oatholyte flow rate of j
about 6 gpm and a total anolyte flow rate of about 4 \‘/
~ gpm. Excess anolyte containing about 19% sodium
hydroxide was continuously purged and. added to the -
catholyte circulation while the enolyte was continuously
replenished w;th ‘the addition of about 69 grams per
_minute of about 35% sodium hydroxzde 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 oell

continuously at a rate of about 287 milliliters per
minute and was analyzed periodically during each day. v/
‘The product eatholyte reflected in the followzng Table I

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

hydrosulfzte, sodiunm thiosulfate. sodium sulfzte ‘and

sodium blSh fite content.



assenbly. Six (06) 1/6 inch dianeter holes were drilled in the cathode
plate to permit gas bubbles trapped within the cell to escape. Three of the
holes Wére drilled near the top of the cell opposite the catholyte

col l ection groove and three just bel ow the cathode flow barrier. Separator
means were formed from pol ypropyl ene nmesh treated with a coating of
ti-t.ani um di oxi de. The separators were nmounted in 1/16 inch thick separator
frames cut to fit just inside the gasket groove in the cell. Gasket grooves
"abolit' 0.375 inches w de and about 0.187 inches, ¢deep were machined into both
‘the, anode and cat hode backplates. On the ano tgide of the cell about a
0.375-i.nch square gasket was used with about a 0.5 inch wide strip of about
0. 060 -thi ck GORE-[err] gasket tape placed on top. In the cathode gasket
groovexa rubber Oring of about a 0.378 inch diameter was used. The cel
was--assenbl ed using a portable hydraulic assenbly system described in U.S.
‘Patent .No. 4,430,179 that conpressed the cell together so that
approxinmately a 1/8 inch gap betwee# tshe anode and the cathode pl ates

remai ned. The cell was then securedgbygretaining nut s. The cell was
operated conti nuously for-42 days. "'"Sho gel o empl @yed a [err] NX 906
perfluorinated nenbrane that was sog i o -
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sodi um hydroxi de solution for at least 4 hours prior to assenbling. The
cell was operated at a tenperature of approxinmately [err] with a total™
catholyte flow rate of about 6 gpmand a total .anolyte flow rate of aﬁﬁut 4
gpm Excess anol yte containi ng about 19% sodi um hydroxi de was conti nuously:
purged and added to the catholyte circulation while the anol yte was

conti nuously replenished with the addition of about 69 grans per m nute of
about 35% sodi um hydr oxi de sol ution. About 230 milliliters per mnute of

dei oni zed wat er was continuously adde t he catholyte, as was sul fur
dioxide to the catholyte to maintain Lﬁ of between about 5.4 and. about
5.8 and a sulfite to bisulfite nolar rati'o of about 1:3 to about 1:8.
Product catholyte was drawn fromthe cell continuously at a rate of about

287 milliliters per mnute and was anal yzed periodically during each day.
The product catholyte reflected in tEg_Enlggiﬁng Tabl e I was anal yzed from
sanpl es taken at the sane tine each day. These data are representative of

t he operation of the ceé{ &élng days o O%ﬁ tlon under optim zed
conditions. The cathol $t SehksS LRL}3% &P = Gi8mh AF dFermpYS tle Wasodi um-

t hi osul f at e, stsEemhled| ﬁ:ﬁ&iaﬁdgsniheuhﬂpqmarlBdecunbeetplatedlaﬂm
two half electrode plates, one an anode and one a
cathode, having approximateljja 0.051 sduare meter
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 et
13.5 inches by about 13.5 inches and about 1.188 inches
thick. A perfluorinated sulfonic acid membrane, with a
thickness of about 2 mils and an equivalent weight of
about 1000 (grams/grau-mole equivalent exchange
capacity), available from the assignee of U. S. Patent
No. 4,470,888 was used.’ ' _

The separator means were a mesh made from
titanium dioxide filled polyethylene, the mesh being
about 0.07:inch thick with approximately 0.38 incﬁ
openings and about 60% open area. The separator was
treated with a mixture of chromic and sulfuric acids,
available from Fisher SCien:ific 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 ce11 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
rate of 13 gpm 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 continuocusly
purged and and added to the catholyte circulation



Exanple 2 A cell similar to the design of Exanple 1 was assenbled utilizing
ni ne bmpolar el ectrode plates and two half el ectrode plates, one an anode
dnd one*a cat hode, having approxi mately a 0.051 square neter active

el ectrode area for each. The sane type of cathode plate and anode rods
were used as in Exanple 1, except that the anode and cathode backpl at es
wer € about 13.5 inches by about 13.5 inches and about 1.188 inches thick. A
perfluorinated sulfonic acid nenbrane, with a thickness of about 2 mls and
an equival ent wei ght of about 1000 (grams/gramnol e equival ent exchange
capacity), available fromthe assignee of U S. Patent No. 4,470, 888 was
‘used. The separator neans were a nesh madefgomtitaniumdioxide filled

pol yet hyl ene, the nesh being about 0.07 i thick with approxi mately -0.38
inch openings and about 60% open area. The separator was treated with a

m xture of chromc and sulfuric acids, available fromFisher Scientific

under the nane FKI; e r lc_sS . The
separator nesh %QBQ¥§Unteé8%§;%§%§%¥ %geggéa #¥é§§¥ REF g&%@ﬁ%ed '
about 1/4 inch of dedonhgedigrten WQQEQQéP# =¢h§h9e¢$thQ%¥t§eawbdles|ng about
0.290 inch di an&tuﬁrf& giBsgsae m&ptébﬁdiauaaedﬁ\ added dd a3 b.-aeisahﬁe gasket

grooves. A strl bout 0. EX S sed g
separator_frane ﬁ&aiﬂnb °£¥h$ W&gpllope%agédw@? t onte
fl ow sulfzte to bisulfite molar ratio of between about 1 3 to
about 1:8, '
. _ . The cell was operated at a temperature of
N\ :

about 25°C with a’ total catholyte flow rate of about
13 gpm and a total anolyte flow rate of about 6 gpm.

 The cell was ogerated continuously for over 30 days
without significant change in voltage coefficient or
product composition.

-~ Product catholyte was continuously withdrawn
from the cell at a rate of about 350 milliliters per '
minute and was analyzed periodically during each day.
The product catholyte reflected in the following Table
Il 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

. condi;ioné. The catholyte was analyzed for sodium
o/ hydrosulfite, sodium thiosulfate, sodium sulfite and
sodium bisulfite content. '



rate of 13 gpmand a total anolyte flowrate of 6 gom The anol yte had
continuously added to it 93 grans per mnute of 35% sodi um hydroxide ™

sol ution. Excess anolyte containing about 15% sodi um hydroxi'de was - ~
continuously purged and and- added.to the catholyte circulation system
Additionally, about 320 mlliliters per mnute of deionized water was added
'to the catholyte, while sul fur dioxide was conti nuously added to the
catholyte to maintain a pH of between about~Ng 4 to about 5.8 and a sulfite
. to'bisulfite molar ratio of between about QJZ3 {to about 1:8. The cell was
~operated at a tenperature of about [err] with a total catholyte flow rate
-of apout 13 gpmand a total anolyte flow rate -of about 6 gpm The ceII was
.openated continuously for over 30 days w thout significant change in
‘vol-t:age coefficient or product conposition. Product catholyte was
continuously withdrawn fromthe cell at a rate of about 350 milliliters per
. mnute and was anal yzed periodically duti ng each day. The product catholyte

_ -reflected in the fol | owi ng TabIeII uanalyzed from sanpl es taken at the

cell during 4 days of operatlon undeg &q t@nlgﬁdocogdltlons The cat hol yte
was analyzed for sodlunlhydrosulfltq,a mgﬂn:hupsulfate sodiumsulfite
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[ ERR] - 30 Whil.e the preferred structure in which the principles of the
present inventi on have been incorporated as shown and descri bed above, it
isto understood that the invention is not to be limted to the
.particular details thus pr.esented, but, in fact, wdely different neans may
be enpl oyed in the practice of the broader aspects of this invention. For
exanpl e, while the anode backplate is shown and descri bed as enpl oyi ng
round wire rods on its surface, flat recta kﬁr bars or other appropriate
geonetrical 'y shaped structures, such as tr ul ar, pentagonal, hexagonal,
octagonal , etc. could be equally well utilized. Additionally-the separator
mesh coul d be exposed to hydrophilic containing additives or such additives
could be i.n the el ectrol yWhile tHe\preferved StruetnIe in sthichaheg a top

and a bott om wi i {HcA 1N be Ynd prlind AN CLER KV adet oW
‘ough, cdnprising 1 n conblrmation (a) a J{_#Prgllt of adjacentla/
posi ti oned bi polificarmararefl as shavn i %&}p nAK AP Pe

understood that the invention is not to be limited to
the éarticular details thus presented, but, in fact,
~ widely different means may be employed in the practice
- of the broader aspects of this invention. For example,
while the anode backplate is shown and described as
__employing-rohnd wire rods on its surface, flat
\— - rectangular bars or other appropriate geometrically
shaped structures, such as triangular, pentagonal,
hexagonal, octagonal, etc. could be equally well
uctilized. Additionally the separaior mesh could be
'exposed to hyd:ophilic-eontaining additives or such
additives could be in the electrolyte.



and a cat hode backpl ate; (b) a plurality of porous cathode plates eash

having a first surface apd an opposite second surface, the oprS|te\second

. sur fsace bei ng. adj acent the cat hode backpl ate;. (¢) a cation exchange
menbr ane between each pair of adjacently positioned anode- surfaces and

cathode plate first surfaces; and (d) separator neans internedi ate each

anode surface and nenbrane to prevent the nmenbrane from touching the

adj acent anode surface, the separator means further having a frame portion

about its exterior and a hydrophiljgally treated nesh portion interiorly
connected thereto adjacent each surface and nenbrane. 2. The cell
according to Caim 1 wherein the nesh portion of the separator neans is

coated with titaniumdioxide...3 . The cell according to Claim 2 wherein

the mesh portion of the separator is titaniumdioxide filled polyethylene.
4 The cell according to any of&AHfS O ainms 1-3 wherein the anode surface
further conprises a plurality of vertlcally p03|t|oned substantlally

parallel flow directing nmeans havin @ﬁg agﬁatapalr to
thereby forma plurallgy-of"‘l‘lﬁﬁ? &%@ for n%%v% n the top .
and the bott gPeebmt hﬁtﬁed;:}ovismn The %PFU%EO? Hg""? wherein the
plurality of %%&LE hpOébnggggnéu@ﬁtéﬁﬁbfﬂdﬁﬁon
(a) a pluralicy of adjacen:ly positioned
b-ipola': ‘cell bodzes each prov:.dmg an anode backplate

and a cathode backplates ) . , \‘/
_ (b) a pluralicy of porous cathode pla:es each
having a £irst surface and an opposite second surface,
" the ppposite ‘second surface being adjacent the cathode
backplate; . ‘ L
(c) a cation-exehange*mahb:ane bemmen
each pair of adjaceptly positioned anode surfaces and
cathode plate first surfaces; and
(d) separator means intermediate each anode
" surface and membrane to prevent the membrane from
touching the adjacent anode surface, the separator means
further having a frame portion about its exterior and a
hydrophilically treated mesh portion interiorly connected .
thereto adjacent each anode surface and membrane. _ SN/

2 The cell according to Claim 1 wherein K
the mesh portion of the separator means is coated with
ticanium dioxide.

l3 . The cell according to Claim 2 wherein
the mesh portion of the separator is titanium dioxide
filled polyethylene.

A, O O I
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parallel flow directing nmeans are rods. 6. The cell according to Claim4 or
5 wherein the plurality of vertically positioned substantially parall el

fl ow directing neans.are of nickel. 7. The cell according to any one of
Cl ainms 1-6 wherein each bipolar cell body is formed of stainless steel. 8.
The cell according to any one of Clalgi*ér7 wherein the catholyte is
present and is a buffered agueous sol n of sodiumbisulfite. 9. ‘The
cel I’ according to any one of Claims 1-8 wherein the anolyte is present and
conprises a m xture of sodi um hydroxi de and dei oni zed wat er. The cel

according to any one of the preceding. clains ein said rous ca hode
plate is nultilayered, thedseche s‘Eﬂ-’f-&c%‘-‘QW?'@ém‘%@PMg"%e prle r of

perforated mat Qﬁhﬁeiha&hé‘%naﬁéemaeamﬂrﬁr tomsrrisest applirall tpruF a thl rd

| ayer of fibers_le i dense than the second Iager atop the second | ayer, a
fourth | ayer of VREEREBLMY: Posinienad seuhetantiallyy parsdliels fiowind

form ng at |easameaeahgo&eahst hﬁﬂ:{ét Sgagsasseﬁaah Whieidj %@ew;ﬁu

menbr ane. 33t11 The cel|l accord aim.1 ereln
| ayer of fibers ﬂaEhE:GPHsﬁPyubﬂ a%ﬁgm efufdow chaspeda: fiamithed t he

fibers have an amdlytduBkeftegn wrtﬁ amuah85b6k£6ﬂ“§ the q%%_ icel |
as

according to claim 10 or 11, wherein e third layer of fibers ‘a
density of about O. 12 pounds per. square f.oot. and t-he fibers have an

| 5. The cell according to Claim 4 wherein
| .the plu:ality of ve:tically positioned subscan:ially
_i - parallel flow directing means are rods.

6. The cell according to Claim 4 or 5 uwherein
the pluralicy of vertically positioned substantially
parallel flow directing means are of nickel.

7. The cell according to_any one of Claims 1-6
mhergin each bipolar cell body is formed of stainless steel.

8. The cell according to any one of Claims 1-7
wherein the catholyte is present and is a buffered aqueous
- solution of sodium bisulfite.

QLf The cell according to any one of Claims 1-8
'whereln the anolyte 15 present and comprlses a mixture of
sadium hydrnx;de and deionized mater.

v 10. The cell according to any one of the preceding
clains , ‘wherein said porous cathode plate is

multilayer.d, the second surface thereof being a support layer
of perforated material having a second layer of fibers atop of
it and 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 fibres and forming at least a portion of

the first surface that is adjacent the membrane.
-
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i ndi vi dual di aneter -of about' 8 microns. 13. The cel | accordi ng to any one
of clainms 10-12, wherein the support |ayer of perforated material has about

23 percent open area. 14. The cell according to any one -of clains 103,
wherein the fibers of the second |ayer and the third |layer are fibers of

stainless steel. 15. An electrolytic cell having a top and a bottomwi th
provision for an anolyte and a cat ho[;&tp to fl ow therethrough,

in conbination: (a) an anode; (b)

conpri si ng

ous cat hode plate having a first

surface and an opposite second surface; (c):-a cation exchange menbrane

bet ween the anode and said cathode plate first surface; and (d)

means between the anode afdl.tHenseblanecerdingtonclafin Bubrane from
touchi ng the anadereisualﬂms%%r@aoq,;:ansf hgatieis Rakr _3”33)?9{{;{ YE e ot §2
e

teri d il | | t
Theret o ad aconPEERER o Slipbe 758
REERT Rk 1B

cl ai m 15wher ei n™t

titani um di oxi de. 17. The, calHe 2822 Sédwrdingcitol Eléﬁr’(\hgrﬁf' R4t he nesh
' yle

portion of the 3a0aAKAL AR 143 ELt anylt-a-li'mm('.fj 'fY 98 Hdo .laege'lPstl.ltzet

de.

of about 0.12 pounds per squarc foot and the fibers have an

individual diameter of about 8 microns.

13. The céil_ according t_o any one of claims 10-12,

wherein the suppert layer of perforated material
has about 23 percent open area. -

14, The coll acuordi.n_g' to any one of claims 10-13,

wherein the fibers of the second layer and the
third layer are fibers of stainless steel.

15.- An electrolytic cell having a top and a bottom with
provision for an anolyte and a catholyte to flow therethrough,

c_ornpr_ising in combination:
(a) an anode;

(b) ._.a porous cathode plate having a first surface and an

opposite second sﬁffac_e;_

{e) acation exchange fherrybrané between the anode and

'said cathode plate fi_rst, surface§ and

- (d) " separator means between the anode and the membrane
to prevent the membrane from touching the anode, said separator means

- having-a frame portion about its exterior and a hydrophilically treated
mesh portion interiorly connected thereto adjacent the anode and the

membrane.

16. The cell according to claim 1Swherein the mesh
portion of the separator means is coated with titanium dioxide.

17. .. The cell according to claim 1Swherein the mesh
portion of the separator is titanium dioxide filled polyethylene.
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