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ELECTROLYTIC CELL APPARATUS

BACKGROUND OF THE INVENTION

This invéntion relates to a separator for use
between an electrdde and a membrane in an
electrochemical membrane cell. More particularly the
present 1nvent10n relates to the separator structure
and constructlon used for the commercial production of
concentrated hydrosulfite solutions in an

-electrochemical membrane cell.

_ Many ,unsuccessful attempts have been made at
deveioping a process for manufacturing alkali metal'
hydrosulfites, such as sodium hydrosulfite or potassium
hydrosulfite, electrochemically that cah_compete
commercially with conventional zinc reduction pgoéesses
using either sodium amalgam or metallic iron. The - .4

.electrochemlcal process for making. hydrosulf1te

involves the reductlon of bisulfite ions to _
hydrosulfite ions. For this process to be economical,



becomgs nmore difficult to control. Additionally, pribr el ectrochem cal
routes to hydrosul fite have produced aqueous sol utions which are unstable

:*an :ﬂ onpose -at: a rapid rate. This high detonposition rate of
’ “hydrysulflte appears to increase as the. pH decreases or the reaction

tenperature i'ncreases. One approach to control the deconposition rate K§ _
{8 decrease the residence tine of the solution in the cell and to maintarn *
Ihe current ‘density ‘as high as possible up to a critical current density
above whi ch secondary reactions wll ageur due to polarization of the

cat hode. Sonme of .the processes of the prior art, which clai mto nake
hydrosul fite salts electrochemcally, require the use of water-mscible
organi ¢ solvents, such as nethanol, to reduce the solubility of the
hydrosul fite adfrgiicdentitiés dasanpesenplsyddishde ¢d¥l adlich agde costly

-:--reﬁevery of the, meh%@oggm%c%um S KgaLIL QU e uneconon cal

The*use -0f zinc. as a st agent FOSUTTItes in electrochen1ca
-processes hassat &t Peeptr B (HFFeBGr e %&ﬁ%ﬁﬁ?‘&? envi r onnment al
cansiderations; ‘this. i Funthénngdereothersulatipngy adtichalarer desirable.. I\/br e

recently, U Sttﬁgﬁéﬂyéauexné-éé%&tk4@ftéé¢¥¥Llwarsbeéé%in§9l eLQsB Leutner et
al” describes an 1?- $ { $ﬁ§n1ca rocess ;ﬁ% prad uclng ydrosulflte
-sol utions i AFaFePEEFST 1T RBPERH WS FFY . gFEEEIEaRIDI oys hi gh

leculatlon rhypgpdqgt themat1on of thxpsulfate as an 1mpurity from -
- ) ydrosulfite must. be m1n1m1zed.. At high concentrations
of hydrosulﬁlte,.however. this byproduct reaction
becomes more difficult to control.

Additionally, pr1or electrochemical routes to'
hydrosulf;te have produced agueous solut;ons which are
unstable and decompose at a rapid rate. This high
decomposition rate of hydrosulﬁite appears to. increase
as the pH decreases or the reactioﬁ temperature
increases. One approach to control the decomposition
rate is to decrease the residence time of the solutionr
in the. cell and to maintain'the_current density as high
as possible up to a critical current density above
which secondary reactlons will occur due to '
polarization of the cathode.

Some of the processes of the prior art, which.
claim to make hydrosulfite salts electrochemically,
require the use of water-miscible organic solvents,
such as methanol, to reduce the solubility of the
hydrosulfite and prevent its'decomposition'inside the
cell. The costly recovery of the methanol and
hydrosulfite makes this route uneconomicai.

:The use of zinc'as a stabilizing agent for
hydrosulfites in electrochemical processes has also
been reported. but because of envxronmental
considerations, this is no longer commercially.
practical or desirable. _ | .

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




rcat hol yte which is passed through an inlet in the bottomof the.cell and

rennded ‘at the top of the cell- to provide for the advantageous renoval of.
‘produced during the reactioh. Catholyte flow over the surface of the

s maintained at a rate of at least ‘1 cm per second and the

at. is formed of fibrous mats of conpressed sintered fibers with a nesh

'aC|ng -of 5 mMmmor less. The process is described as producing '

pncentrated solutions of alkali metal hydrosulfites at conmercially viable

FEurrent densities; however, the cell. vol tages required are high, being in

‘the range of 5 to 10 volts. This results in excessive energy-consunption.:

There is no indication of the concentrations of thiosulfate inmpurity in the
product solutions. The availability of electrodes with a high nmass transfer
surface area having a high surface area to volune ratio and sufficient

-por.osi ty haveelédatirioetienheallqualcepaetitr gircductnyeniraisuy £ ptact.i cal :

el ectrocher cals (L0 £ 1%tk BEy IO WGERRS cée:]aqueeué sol uti ons of

alka_ll netal sulfites wth |.ow concentrations of kal i  met al thlosulfates

"_'.as i rrpurl ] ePrORRFScPERLPYY Y MuSE TSR iaF 100 FatRs | fom&heni fornl y spaced |
apar t-,“ gasi’| ycagedyteeshichl isopassed rulmmshtonthele[tr édutheé on of ‘thiosul fate - .

LITDUT i 1763, pogdm SeVBRY £11T Rl NUERDVANeAEROT i Gl g Rgodanvent | on,
there is prodeed anfi§ gct rtgleytl c_cell havi a bottom wi-t h
t

P ovi-si i Qi f.or"APTaYs agé{?ﬂ?ﬂ%ﬁ%‘st 59'??‘6% t‘%e?gfﬁ? ough, conpri si ng

-,—u--produced during the reactzon. Catholyte flow over the —:~-"
" surface of the cathodes is maintained at a rate of at.
least 1 cm per second and the cathode is formed of

-/ . fibrous mats of compressed sintered fibers with a mesh

' spaclng ‘of 5 mm or less. The process is described as
'producing concentrated solutions of alkali 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 consumption.. There is no indication of the
concentratlons of thiosulfate 1mpur1ty in the product
.solutions. - _ . '

The availability ‘of electrodes w1th a hzgh
mass transfer surface area hav1ng a hlgh surface area
to volume ratzo and suff1c1ent poroszty have limited
the development of a commerczally pract1ca1

: . electrochemical cell design for the productlon of

~ : aqueous solutions of alkali metal sulfites with low

' concentrations of alkali metal th1osu1fates as '
impurities. The electrodes must aiso_seal well, be
uniformly spaced epart.'easily:essembled'ead not
contribute to the production of'tﬁidsﬁ?fﬁfev}méordties.'




= therewithin and is fasten

in conbination:. (a) an anode; (b) a cation exchange nmenbrane adjacent the
anode; (c) a porous nultilayered cathode plate having a first surface

adj acent the menbrane and an opposite secofd’ surface; (d) a cathode
backpl at e adj acent the opposite second surface of the cat hode pl at e haV|ng
top, bottom and side peripheral portions and at | east one central chanmbér;

‘through which catholyte fluid flguwmpremE (BE IWENTIONr neans internedi at€

the anode and the nmenbrane to prevent Tﬁ menbr ane 1rom touchi ng the anode,
the separator neans further conprisin perlgheraa frame portion and a
central mesh portion fast 8aeerding: e ther LpHRatapns RES PG PFRidsE @nfi r st

side, the centradlegRsdn Rkt éON RELNG Iayéwmaulacbdmﬁr WieAt pidva sParh | dup - of
gas. bubbl es and the peripheral franme portiaon Eg soljid and nmasking the

top, bottom and ‘9rd@e" Fnalyke and aorﬁeﬁheﬁxt%ftq ﬁBﬁfé’rBae'kvaat“erwm
cat hol yte and el gcebmsidagis®nt so that electrical current-only flows
through the central mesh pgytiOranddas peri pheral frame portion. having a
recessed portion on the fi t Si SOt I sh portion fits
| i t hi [ t%e‘iagtt% n &xﬁsanébq?éei%tg%?‘gs ‘(E)rf“ﬁ{g‘ & erred
forms of the i nv®M4&n described hereinafter include:-"(1) "An |nproved
separator for use i.n an ellertd gsdrssCaliletidyered camoamm&dhsemagator

whi ch prevents tbefﬁr;%rgbggpgae‘g%%g Bacghggméiﬁﬁgogﬁﬁa{h angéggir wved

el ectrocheni cal .cel ction of aqueous a

“hydrosul fite soliﬁ995955“65?°9¥1| nproved separator that pernits the

el ectrical : , (d) a cathode backplate. adjacent the opposite
second lu:face_of the cathode plate having top, bottom
and side periphefal poreions'and at least one ceéntral
chamber through which catholyte fluid flows .and

(e) separator means intermediate the ancde and

'the:membrane to prevent the membrane from touching the
anode, the separator means further comprising a
peripheral f:ameﬂpertion-and a central mesh pqrtibn
fastened to the peripheral_frame-portioneon”alfirst,
side, the central mesh portion being hydrophilic to
prevent'the builaup oflgas bubblies and the peripheral
frame portion being solid and masking the top, bottom
and side peripheral portions of the cathode backplate
from catholyte and electric current so that_electrical
current only flows through the central mesh portion,
the peripheral frame portion having a recessed pertion=cn
the first side so that the central mesh portion fits

- therewithin and is fastened thereto.

Aims and features of the preferred forms of the
invention descrlbed here1nafter 1nclude'

(1) An improved separator for use in an

 electrochemical cell, B

(2) An im:voved separator which.prevents the membrane
from centacting the anode in an impfoved electrochemical cell for
the production of aqueous alkali metal hydrosulflte solutions.

(3) An improved separator that permits the electrical
current to flow to the cathode only in those areas where
catholyte fluid is actlvely circulated in an electrochemlcal -



.

current to flQw to the cathode only in those areas where catholyte fluid is
actively circulated in an el ectrocheni cal -5- nmenbrane cell producing
_bqueous al kali metal hydrosulfite ‘solutions. with | ow.al kal i _
ﬁBtaF“thOSU|fate impurity concentra- tions at high current densities. (4)
AR rﬂpjoved separat or positioned between the anode and the menbrane and
_prOV|d|ng uni f or m spaci ng bet ween adj acent anodes and cat hodes in the _
“dssenbl ed el ectrocheni cal nmenbrane cell._(5) An inproved separator easily
_sealed wi th the adjacent nenbrane by hav?ng a central nesh portion and a
‘peripheral solid frane portlon agai nst mhlch a seallng gasket or strip can

seat. (6) An inproved eparal haV|n L ed and

recessed on theq'%o pa(?sel € S|p58 5 e%ce ﬁ‘}& g’erﬁ"tegai §Hs IJ'FFOH which is .
heat seal ed towhetmnanmtt't hemeaiyahumedahg:moa@tfasarinmuest)t ltatcerdirat ear t he
menbrane. (7) f%@rﬁig{ cﬁﬂ&ﬂdb%ﬁﬁﬁgnd the external periphery of the

eel |l el ectrode Separ at' or centfal” nesh portion
. ei.ther . coated w- t h titanfdm Bm depgevest sepanaégrmqsnutmrtednbmeenomaje ‘and

_then fastened La4hndCRu AbRbrdrcosRd peaolcﬁng FBER" ts the
“adj.acent ‘wetted nenbrane during assenb ectro yt|c mendbr ane cell.

1(10) A separ at-GPIFANEhaAdeFeARE cahhadas, i'&lgﬁhﬁgaﬁﬁeﬁ'ﬁi%@éﬂ??mhﬁ@e%en
.adj acent ‘el ect m\eﬂ@rga@ck@nat es and by extending- beyond t he peri phery of

ad) acent, el ect 002 Dackilel < HBYGN? sEiSist Ity 0l degninel eTent s

by netalfic adjacent membrane by having a central mesh portion and a
-perlpheral solid frame portion against which a8 sealing gasket

— - or strip can seat. ' _

(6) An 1mproved separator hau1ng its frame portion
beueled and recessed on the opposite side to receive the central
mesh portlon mhlch.ls heat sealed to the frame, thereby avoiding

" rough surfaces that can tear the membrane. o

(7) A separator extendlng beyond the external perlphery
of the cell electrode backplates. '

(8) A separator central mesh portion either coated
with titanium dioxide or filled with tltanlum dioxide and then
fastened to the separator frame.

(9) A separator which supoorts the adjacent wetted
membrane during assembly of the electrolytic membrane cell.

N\, ' - (10) A separator which prevents salt bridging from
occurring between adjacent electrode backplates and by extehding
beyond the per;phery of adjacent electrode backplates prevents '
shortlng betueen adjacent elements from occurring by the
1nadvertent contact of adjacent electrode backplates by metallzc
'obJects." ‘

‘ .: ' (11) A separator which is hydrophilic and prov1des a
more wettable surface. ' - _

(12) An electrolytic membrane cell that electrochemi-

: caliy produces an alkali metal hydrosulfite by the reduction of
an aikali metal bisulfite component of a circulatedtaqueous
catholyte solution in a cell having an improved seoarator
positioned between the adjacent anode backplates and membranes.



.objects. (11) A separator which is hydrophilic and provides a nore wettable
surface. (12) An electrolytic nenbrane cell that electrochem - cally
produges an alkali netal hydrosulfite by the'reduction of an alkali netal
+ Di. SOLfS e conponent of a circul ated aqueous catholyte solution in a cell

haVtng-an i nproved separator positioned between the adjacent anode’ u
backpl ates and. menbranes. - BRI EF DESCRI PTI ON OF THE DRAW NGS Pref erred™
enbodi nents of ‘the invention will now be described by way of exanple with

,__“ref erence to the acconpanying drawi ngs wherein: FIGURE 1 is a diagranmatic
: 'Eé(pl oded view of an electrolytic cell show ng the electrol yte fl ow pat hs
~and the ion flow paths; FIGURE 2 is a side el evational view of the anode
si de of the bipolar cel | ‘el ectrode show ng a portion of the anode rods that
cover the anode backpl ate; further havi ng sone of. these shown rods broken
away; FIGURE 3.is an enlarged partial .sectional view taken along the |ines
3--3 of FIGURE 2. show ngBtRIjgpaﬂmlrpqqgnagFtﬁ@/mmﬁ@tened to the

el ectrode; FIGURE 4 is a”srtde elevatronal VIiew or_the ctat hode. si de of the"
bi pol ar. el ectrode; FIGURE 5 is a side sectional view of the bipolar

el ectrode el ement of the electrolytic cell showi ng the flow path of the
cat hol yte through the por ous . cat hode in the cathode conpartment fromt he
cat hol yte di stri-bution $fireferney emeodiments pfethe invention will now

. be descrlbed by way of example mlth reference to the
I X accompanylng drawlngs ‘wherein: _,._;

FIGURE 1 is a dlagrammatxc exploded v1ew of

an electrolyt1c cell show1ng the electrolyte. flow S . o/

. paths. and the ion flow paths,
_ FIGURE 2 is a side elevational view of the _
anode side of the bipolar cell electrode show1ng a'
port1on of the anode rods that cover the anode
backplate. further hav1ng some of these shown rods
broken away: . ' - '
FIGURE 3 is an enlarged part1al 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 elevational view of the
cathode side of the blpolar electrode, h
' ~ FIGURE 5 is a side sectzonal view of the
bipolar electrode‘element of the electrolytlc cell

£

showing the flow path of the catholyte through the - .

‘porous cathode in the cathode compartment from'the-
" catholyte d1str1bution slots to the catholyte . -
collection slots or condu1ts, o o

FIGURE 6 is. a side e1evat10na1 view of the
separator screen that is posxtioned between the .ancde
rods and the. membrane;

FIGURE 7 is a s1de elevat1onal v1ew of an
alternatlve embod:ment of the separator means showing
the central mesh portion partlally broken away. the
supporting per1phera1 frame and the central reznforcing
'str1p. o
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coIIectlon slots or conduits; FIGURE 6 is a side elevational view of the
separator screen that is posptioned bet ween the anode rods and the
wenbrane; FIGURE 7 is a side el evational view of ~an alternative enbodi nent
of f'he. separator neans showi ng-the central mesh portion partially br oken
“awdy, whe supporting peripheral frane and the central reinforcing strip; .
-7- FIGURE 8 is an enlarged partial sectional view taken along the |ines
828 of FI GURE 7 showing the bevel ed and recessed portions of the separator
“Hd%ame and the relative positioning of the nmenbrane against the separator;
and . FIGURE 9 is a side elevationg_view of the.... cathode side of
‘an al ternative enbodi nent -of the bipol ar e]ectrode'mﬁth maj or portions of
t he menbrane, porous cathode plate and the separator central mesh portion
br oken away showi ng how the separator franme and central reinforcing strip

mask the areas of poor QFIGURECH!IWiH @nthfged FareDal réegalonatiri cal flow
- 8- DETAI LED DESCRI

FERR the .
expl oded and pafFVaF%y d|a°P§nE% %Ene E%rﬁFlon n kﬁéﬁﬁﬁ LQ filter
press nenbraneh@PeéF¢oR%RJ§9°8§F?d RQﬁﬁleaﬁeeﬁgﬁhﬁeFSP?EaQEF #ﬁéme

and the relative positioning of the membrane aga1nst

[ T,

the separator. JEY - D Core
. FIGURE 9 is a side elevational view of the..

cathode side of an alternative embodiment of- the

| bipolar electrode with major portions of the membrane,
.porous cathode plate and the separator central mesh
portion broken away show1ng how the separator frame and
central reinforczng strip mask the areas of poor or no
catholyte circulation from electrical flow.



nuneral 10, is shown consisting of an-anode backplate 11, separator neans
21, cation selective nenbrane 25, a porous cathode plate 26, and a cat hode
backplate 28. The anode backpl ate 11 and cat hode backplate 28 formthe
.Qpﬁ&&r sides of the bipolar electrode, which can be machined froma
Stalnfess steel plate or can be cast stainless steel.  The stainless st¢el
-plat-e-can, for exanpl e, be formed of 304L or 316 stainless steel as thick

~as:11/4" which is resisstant to corrosion and is sinply fabricated by

ﬂqgﬁlnlng the flat plate to create chanmbers through which the anol yte and
Gﬁﬁholyte fluids can pass into their respective anolyte and cathol yte
chanbers. The thickness of the stainless steel plate provides stiffness and
an extrenely precise flatness to the stra@ure. The cathode plate 26 is
mounted to the cathode backpl ate 28 by screws (not shown) which are screwed
into cathode support pedestals 31, while t he anode rods 12 may be wel ded,
such as by TIG wel di |_a . - S steel plate _
~The. anode structurebggﬁrééhjs ' = ; N Tand 3 As
Séén’im Fl GURE 2, the anode backplate 11 has a plurallty of paraIIeI

“posi ti-6ned, vertically exhgnsled ianede éfplﬁodjea mhd@},ﬁtaltl e top and bottom
 portions: of ‘the rpods to Jhes ds 12 extend
across the-enti ré W (?tmﬁ'artgg ﬂie]ﬂgs }(%%E I ateRfll' at. fﬁn(} ﬁ PoTe%i nplicity
of ikl ustrati on Rembrame pARBLEOLYtIE 59151 dé‘dd'lclaéﬁ@mraﬁéy Ryt theeen -shown:

.in F GURE 2 Si ncmﬁada 0, t he SN 2bnpistingn ot ai f&&todﬁcbﬁra(ﬂl ate-11-
haVe .

11, separator meéans 21, catlon selective membrane 25.-
porous cathode plate 26, and a-cathode backplate 28. S
o The anode backplate 11 and cathode backplate . o/
28 form the opposing szdes of the bipolar electrode, o
which can be machlned ‘from a stainless steel. plate or
can be’ cast stainless steel. The’ stainless steel. plate .
.cah, for example, be formed of 304L or 316 stalnless
steel as thick as 1 1/4" which is resistant to .
corrosion and is simply fabricated 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
cathode plate 26 is mounted to the cathode backplate 28
by screws (not shown) which 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.

The .anode structure can be seen in greater

.deta11 in FIGURES 2 and 3. As seen in FIGURE 2, the
anode backplate 11 has a plurality of parallel .
posltloned. vertically extending anode rods 12 welded
‘at the top and bottcm portions of the rods to the anode
backplate 11. These rods 12 extend across the entlre
.w1dth 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 1l have



—

" 9- -been-omtted entirely. These rods are, for exanple, 1-/8" dianeter
ni ckgl W re r-ods spaced apart fromeach other to create an anode inter-rod
¢gap. 20 of approximately 1/16" between adjacent rods.- These anode rods 12

- ..can be formed from nickel 200, or any other corrosion resistant conposition

pr—@vr/s) ng | ow overvol tage characteristics. The vertical positioning of the .
~arode rods 12 with the anode inter-rod gap 20, see briefly FI GURE 3, '
. provides clear flow channels fromthe bottom of the anode backpl ate 11,
-iWhere the anolyte fluid enters via anolyte entry ports 18 .into. an anal yte
st ri bution groove 15, to the top. Anolyte fluid flows vertically ,
upwardly in the anode inter-rod gaps 26890 the anol yte 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.
di stribution across the anode and avoi ds gas blinding that can occur from
- the .buil dup of begers dmilsbedsentivedly.cafhesmyodaentey foxdagameiry current Cele
density:in thel—,@@erdﬁifahQGeEQHokeBOHﬂr& heoad @Y ted eifary PPoh Seakdh and the - :

anol-ytelexit po 9 haye,transi n s 18 respectlvely, that.-
ate machihed |ﬂ§16e5 18 SFETHT 8% 28¢ dgl ié'%q.lioﬁ %‘6‘ ano? entry port”

transition.sl OEBPWI“‘aFell’ra’cﬂ%eGeFH?%“ tafd2gRBE EX 5 s fﬁltal‘m‘?egr oove 15 _
tor provrde 'a speds N2 cansbé i formedr face rivateli 200 aper edyaothawoi ds erosion .

- €01 T'os1-6N whi cp, :Lloﬂt ?EL%%A’M tc@m#@?:.ﬁrg?xob?oﬂﬂ’i’xgoﬁohhe anol yte into the

cel.) .10 and whrc rovi netal ,contam natio qz t e erost on and-
Cor 1osi-on occu?%ervwg&nSP?f%c%fllftbﬁ?t tEn¥eTt Pgitieping o bot h
siml- arI y posi bf otted aapnde needs riddwith the anode. mter-rod gap 20,

O see briefly FIGURE 3, provides clear £low channels “from
the bottom of the anode backplate 11, where the anolyte
fluid enters via anolyte entry 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 throngh the anolyte exit ports
19. The vertical positioning of the anode rods 12

. o

provides even current distribution across the anode and
_avoids gas blinding that can occur from the buildup of
gas bubbles, whieh can consequently reduce the current
density in the operating cell.
Both the anolyte entry ports 18 and the
anolyte ex;t ports 19 have transition slots 18' and _
U/ ' 19, respectzvely,_that are machined into the sta1n1ess
'steel plate. The anolyte entry port transxt1on s;ots ) o
18' are machined into the anolyte distribution groove -
15 to provide a smooth transition surface that is o
tapered and avoids erosion corrosion which can T
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.



-107 An anode gasket groove 14 is machined into the anode backpl ate 11
about the entire periphery. The groove. for exanple, is 3/8" wde by 3/16"

deep tio receive a rectangul ar anode gasket (hot shown) that is- 3/8" w de by

3/ 8"..deep. This gasket can have a strip of material, such as material sold

understhe tradename of GORE- TEX or TEFLON, 'positioned over the gasket t.-
~‘come*-into contact with the plastic separator neans 21 when the cell is T~
..cghpressed and assenbl ed. The plastic separator neans 21 is forned from any
mEterial resistant to anolyte corrosion, such as polyners and preferably

pol ypropyl ene has been enpl oyed. An 8 nesh pol ypropylene fabric with an
approxi mately 40% open area has been suegessful ly enpl oyed, as has a
titaniumdioxide filled polyethyl ene nesh. The separator neans 21 has a

“separator frame 22 that is solid about the periphery and a separator nmesh

24 on the interior of the separator frane 22. The nesh 24 is treated with

a hydrophilic coating toApraneds. -ggaakebubbdmee fildols aimdrineg tinotoéhe nesh and -

the adj acent -meplg aiRdeY peakRbld € 1128bbeE thePeh@eEé N Qlonbilani-Hm di oxi de

| . appli-ed-to-the mesh 24 has been sugcessiylly.-eopl gyed, as the hydrphilic |
coating. " PreveRFONGS 1 A& HETT -e'ogsggzgbdﬂéeeggogy%%eaaﬁﬁﬁbf&ne"and in the

_-.agai'nst the nic

mesh avoi ds cel fecgiivengereftanandaropnoderdarkespénat ishewnfhthateinf the
separat or ‘neanss2d" alige .B@s3gerc eyl Ul INiPrRsRatedad Navaual dupipf regions
of 1 ocally. hi-ghoaq iy i 106, 30 fCeRt (PRGN hel REaBBRRIGNE LouChes
of_GORE-TEx or TEEﬂON;?positiohédnover'the gasket to ': 
come into contact with the plastic separator means 21 _
when the cell.iS'compressed_and'aSSembLed;_'.-g'f,-.  (_)'
The plastic separator means 21 'is formed from
-any material resistant to anolyte éorrosiqn.'such as
polymeré'and.pteferably;pdlypropylene-haS-béen ' '
-employed. An 8 mesh polypropylene fabric-ﬁith~an
approximately 40% open area has been successfully
. employed,'as_has;a-gitapium'diOxide ﬁilled-polYéthylene
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 a7hydfophilic coating to preﬁgnthas
bubbles from adhering'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 uLydrcphilic coating. 'Preventing the N "/
‘buildup of gas bubbles on the membrane and in the mesh
- avoids cell voltage fluctuations ddriné'dperﬁtidn.

_ The use of the .separator means 21 also has
successfully prevented the buildup of regions of -
locally high acidity in the adjacent membrane where the
membrane touches against the nickel ancde rods 12.
Having the membrane 25 touch against the nickel anode

' rods 12 can create pockets of high acidity beéauée~the
sulfur species become oxidized to sulfuric-acid due to
‘the slow migration of the sulfur species back through
the membrane during operafion of the celll- The nickel
oxide coating on the anode rods 12 breaks down and



Havi ng the nenbrane 25 touch agai nst the nickel anode rods 12 can create '~ =
pockets of high acidity because the sul fur species becone oxidized to

fsul fufic acid due to the slow migration of the sul fur species back through .
_the nenbrane during operation:of the cell. The nickel oxide coating on the .
- Fods 12 breaks down and -ni ckel corrosion occurs. This corrosion
'|s.¢Tansported t hrough 't he nenbrane to the cathode side of the cell 10.

There this nickel corrosion is reduced to the metallic.state by the

hBydrosul fite solution. This netallic state nickel adheres tightly to the
Fﬂenbrane on the cathode side and will inpair the transport of ions and

fTuid through the nenbrane. The anode hasg_been designed so that the anolyte -
~which is electrolyzed in the cell 10 is any suitable electrolyte whichis

capabl e of supplying alkali metal ions and water nol ecules to the cathode

conmpartment. Suitable as anolytes are, for exanple, alkali netal halides,

al k;’ilit et al hy&{&eeldeszré?éltcm i&%%:]l:rapt aﬂéuse&syiéﬁt&.s is Iiﬂﬂué?;ﬁ:lﬂlehl on. of
.anolyte is in p pepdent _.on pr.oduc al ogen gas

such as chlori né“ﬁ’r“g gﬁfn’% "fbs‘a\ﬁﬁn {heaﬁ % ﬁ% S SeOF\é\?I on %?ﬂan al kal i

metal chhori-de 0. biTherdethis MB%SWW@S&%I 8 crednicrd| tongheal hydr oxi de .
. sol gt i ogs ia:: € c.{a&saql ][1i‘MTQEEtQWQlﬁegﬂﬁdﬁsdl}EﬁltégﬁlmmxI dehis to be - -
- produce per syl tyei r _ He-metal - L

persulfate is M ES, gt%éé q'm:r%,et"' % na %9!#{;{@? ?‘gp“‘%{‘)‘gr% ruction, such -3

Gt ant Um gr o W ahsnede S ane VI vepei %ﬁamﬂr%mfal cali metal -

.ChIOfIde 1ons and fluid through the membrane.
. The anode has been designed so that the

K,; ' aoolyte which is electrolyzed in .the cell 10 is any
' suitable electrolyte which is capable of supplying
alkali metal ions and water molecules to the cathode
compartﬁent. Suitable as anolytes are, for example,
alkali metal halides, alkali metal hydroxides, or '
alkali metal persulfates. The'eelection.of anolyte is
in part dependent on the product desired. Where a
halogen gas such as ‘chlorine or bromine is wanted, an
agueous solution of an alkali metal chloride or bromide
is used as the anolyte. Alkali metal hydroxide
solutions are chosen where oxygeh gas or hydrogen
peroxide is to be produced. If persulfuric acid is the
desired product, an alkali metal persulfate is
employed. However, alternate materials of
/ ‘ébﬂStruction;-euch'es titanium group metals for the
'anolyte wetted parts w1th an alkali metal chloride
anolyte, ‘would be necessary for each partzcular anolyte
utilized. ) ' .
inﬁedy'cise. concentrated solutions of the
electrolyte selected are employed as the anolyte. For
example, where ‘'sodium chloride is selected as the . s
alkali metal chlorzde. suitable solutions as anolytes '
contain from about 12 to about 25 percent by weight of
NaCl. Solutions of alkali metél hydroxides, such as
sodium hydroxide, conta1n from about 5 to about 40 i
percent by we1ght of NaOH _ CouT



-anol-yt-er-wwoul-d

be necessary for each particular anolyte utilized.

I n any

case, r[|c0ncent rated solutions of the electrolyte selected are enpl oyed as

the a
met al-_chl ori de,

FEbout - 25 per cent -by wei ght of NaC . Solutions of alkali netal hydromdei_.i

such as sodi um
wei ght of NaCH.

“TEaustic soda.
“sdda enter- through t he anol yte entry ports 18 and the solution flows along

ol yte. For exanple,

sui tabl e sol utions as anol ytes- contain from about

where sodiumchloride is selected as the al kal i

12 to

hydroxi de, contain fromabout 5 to about 40 percent by
-12- The cell 10 preferably has been operated with
Wiere caustic soda (NaOH) is used, water and the caustic

the high velocity flow path between the-bj acent anode rods 12 and the

anode inter-rod gaps 20 at the rear of the anolyte conpartnent toward the

top of the cell

bet ween the anode rods 12 and within the hydrophilically treated separator
mesh..24. The sodi um i on¥hei ¢pkk dCapreferatly RemvPeshe oRsERfgdpYbidiced as a-
resul t- of the etswdwiel goha.r citedreorahot it ngpdax {§aoH ) viat ersedndwabsl um i ons,
hagﬁlevﬂcﬁr tehggggp the .anol yte

Segen 1 n

[errt Depl et ed gr?&%ée cRASEES Ul %wroew&aa
exit or collection

10. Thus, nost of the anolyte-fluid volume flow occurs

| at e

Th b o
FI.GURE 4, - whi | eP? nBP%tTﬁ‘ ¥ 9‘%38“0?1?‘7% B'ngt?lb%léliﬁﬁagzﬁgc%hl ned

fromthe SO|Id

glqy|ﬂa¢bsbgtu§§n;ﬁh&ted]acent anode rods 12 and the
anode inter-rod gaps 20 at. the'rear of the anolyte _
compartment toward the top of the cell 10. Thus, most
of the anolyte fluid volume flow occurs 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 —————> 0, + 4Na
Depleted caustic passes out With oxygen and.water
through the anolyte exit or collection ports 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

_”on the cathode_backplate 28_side¢_while_the,anode

backplate 11 and the anodé is'on,the_opposing 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.f_

Catholyte distribution groove 32, catholyte entry ports

35, and the machined catholyte tranSition slots 35' are
pOSltloned ]ust above the corresponding anolyte L
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.

2
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can be seen in FIGURE 5. Since the cell i-s bipolar, the cathode is on one
side of the stainless steel plate on the cathode backplate 28 side, while
et he 4node backplate 11 and the anbde is on the opposing side. As seen best
inFL-GURE 4, 't he cathode backpl ate 28.has catholyte entry ports 35 on the
~ oppoging S|des of the bottom portion of cathode backplate 28 that feed in
.catzhol'yte into the catholyte distribution groove 32. Cathol yte di stribution
“grooove 32, .catholyte entry ports 35, and the machined catholyte transition -.
=8&0t S 35' dre positioned just above the corresponding anol yte distribution
groove 15, anolyte ports 18 and the anolyte transition slots 18, but are
on the opposite side of the solid staillless steel el ectrode plate - 13-
A | ower- cat hol yte chanber 38 is positioned i medi ately above the cathol yte
~distribution groove 32. The |ower catholyte chanber 38 is separated from
the upper catholyte chanber .39 by a. generally horizontally positioned
cat hode fl ow barrier 39:lowerogrtRekiter chamkex 38&idsapeektianed entire width

' ofIthe‘ ;:at Bol%edggegmramd aﬁ@tdadmyeatmﬁilusuuemgmval ane of the
cat hal yt'e ba o} Cat hod
&' ke Houdl® Eiflobf: %%@Pﬁﬁ 3 " Qggﬁftte%p ode

flaw barrier erru the r oW -Of Uld upwar dl y
ffom the | owérhec&Pﬁ%!’ ﬁ%tb(ﬂ"'ré(ﬁﬁe? amber 38 PR @ﬁiéfaya‘f hol yt e ‘chamber 39, .
'thereby causiHurikbateniyhq@ogtieibhed ccathofibofilow) arpaéh IhowlRlby the arrows . -

n glr GURtEhll tl{ﬁtr E?ngé éﬁtetn\%céc}éysméﬂ@ LiEifalhaER oF ale 26 enroute to the %
.Luop catho y ath olyteqéhamber and protrudes outwardly from the.

plane of the catholyte backplate 28, as can be seen
\_ _ also in FIGURES 1 and S. Cathode flow barrier 30
- interrupts the vertical flow of catholyte fluid
upwardly from the lower catholyte chamber 38 into the
upper catholyte chamber 39, thereby causing. the
. catholyte fluid to flow in a path shown_by'the arrows
in FIGURE 1 that t&kes it twice through the cathode
. plate 26 enroute to the upper-catholyte chamber 39.
This flow path results in a_cathode with a highly
effective surface area, but requires the use of a very
porous céthode_plate that will permit at least 30% by
volume of the catholyte £luid 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
\/ .catholyté £fluid has reached the upper catholyte chamber
39 it enters the catholyte collection groove 34 and
exits the cell throﬁgh 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. Alternately or -
ébncurrently 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 lowgr and



This flow path results in a cathode with a highly effective surface area,

but requires the use of a very porous cathode plate that wll permt at

| east ;30% by vol ume of the catholyte fluid td flow through the porous

cathodb plate 26 rapidly to hold to a mninmumthe residence tine of the#\
,catholyte in the cell.  As will be described in greater detail hereaftef
-onge-t he- catholyte fluid has reached the upper cathol yte chanber 39 it =

. enters-the catholyte collection groove 34 and exits the cell through the
--meehined. cat hol yte exit transition slots 36' -and-catholyte exit ports 36.

\ep.-holes.17, as seen in FIGURES 4 and 5, can be used in the cathode flow.

barrier 30 to permt hydrogen gas to ri g-fromthe [ower catholyte chamber
38 to the upper catholyte chanber 39. Alternately or concurrently weep

hol es 33, seen in FIGURE 5, can be used to permt t he hydrogen gas to pass
out of the interel ectrode gap between the walls of the |ower and -14-

upper cat hol yt.gp s@armhm%%eaeﬂa&%&n@ataﬁdw faaéetﬂéaé‘-&r%@a ust bel ow the

cathode,hon bellLer SRl Bk A e cellioth algt e 20 oppos e

on t'hé: cat hol ythendedqh dhaopghbthey qsithede | platsf 2§cpev®51(ﬁ¢otthe shown)" t hat
seat - within theaphstydd Tcyalmfect}i)éxh@i%oSprrt pedestal s .31 vm thin the | ower
‘and- upper cat hol yte charm%r gaég d@g:l%%e elscq‘ Iigdg p#fat ;l__}s1 a-highly
porous mul til ayer structure ? I'ses a sup ? A h
: _ catholyte backplate 28 by a pluralrty of screws (not . '

shown) that seat within the plurality of cathode
: support pedestals 31 w1th1n the lower and upper

catholyte chambers 38 and 39. = ' \o/

The cathode plate 26 is a- hlghly porous
multilayer structure. It compr1ses a support layer
formed of perforated stainless steel. Th1s support
layer forms the mounting base and protects the
1nnermetal fiber felt layer that is formed of, for
example, 15% dense. very fine 4 to 8 micron fibers and
15% dense 25 mzcron fibers laid on top of one another.
A wire screenfof} for example, 18 mesh with_a'.OOQiinch'
wire diameter is then placed atop the fiber felt to

. form a cathode that Has a poros1ty of preferably
between 80 and 85%. The cathode plate 26, thus, is a
four layered'sintered composite with all of the o
materials made of stainless steel, preferably 304 or
316 Stainless'steel,:and in the appropriate sheet '
size. The hlghly effective surface area of'cathode
plate 26 is achieved by the use of low den51ty metal
felt formed from very f1ne elements. '

z<: A cathode gasket groove 29 is seen in FIGURE
4 extend1ng about the top, ‘bottom and side peripheral
portions: 23 of tgg;gathode 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 f1u1d tzght seallng. '

.o



“formed of perforated stainless steel. This support |ayer forns the
nmounti ng base and protects the innernetal fiber felt layer that is forned
jof , for exanple, 15% dense, very fine 4 to.8 mcron fibers and 15% dense 25
nlcrgh fibers laid on top of one another. A wre screen of, for exanple, 18
méshiwith a .009 inch wire dianmeter is then pl aced 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 layered sintered conposite with all of
_the materials nade of stalnless steel, preferably 304 or -316 stainless
“Steel7 and in the appropriate sheet size. The highly effective surface area
of cathode plate. 26 is achieved by theadise of |ow density netal felt :
formed fromvery fine elenments. A cathode gasket groove 29 is seen in i
FI GURE 4 extendi ng about the top, bottom and side peripheral portions 23 of
t he cat hode backpl ate 28. Al though not shown, a 3/8" round EPDM '

et hyl ene- propyl ene- di enred®®OI®RY ocgaskeit itsxeuaeehédze aeatthw &&iin the cathode . .

gasket groove %)ek}]p tg%f EE‘EC{#&%@@ gbt, sne&lfe “fege] uglion occurs at t he

cathode in the ¢ |'ectrolysis o ere a Ueous sol ution
of an alkali nRfan B%ﬁﬂh%tal Rispbfits- réaéYPb?Pli sreaetfewcﬁmsa.s [err]
Pepl et ed caust fellamws:sul fur dioxide are m xed to formJ[err] that is fed
into the catholyte distribution groove 32 via the catholyte entrance ports

35 and the catmllystoe g_r nsi i [ (Hnsl ots “?52;52°Ih| S, t&ol ¥t gHI | qU| d

.

_ Depleted caustic and sulfur dioxide are mixed to form
W, | 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 rlses vertlcally 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 block to
the straight vertical flow of the catholyte fluid
upwardly from the lower catholyte chamber 38 into the
upper cétholyte 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. The catholyte £luid then passes through
the cathode plate 26 and cont1nues flowing upwardly
o/ through the cathecde-membrane gap until it passes fhe
' . 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 cbllectibn'grooVe 34. The cell
product solution containing Na2s204 (dithionite)
exits the cell 10 through the catholyte exit transition
slots 36' and the catholyte exit ports 36.
' A buffer solution contalnlng from about 40 to
_ about 80 gpl of bisulfite is utilized with the catholyte
'because of sodium thiosulfate formation resulting from



then rises vertically upwardly until it passes out through the cathode

pl ate 26, as best seen in FIGJRES 5 or 1. The cathode flow barrier 30 acts
as a block to the straight vertical flow of the-catholyte fluid upwardly
fromthe lower catholyte chanber 38 into the upper catholyte chanber 39.
There i s .an approxi mately 1/8" interel ectrode cathode gap between the wglis
of the | ower and upper catholyte chanbers 38 and 39 and the cathode plate -
26 that "is seated on the cathode support pedestal's 31. The catholyte fluid.
-t hen.-passes through the cathode plate 26 and conti nues fl owi ng upwardly

t hrough the cat hode-nenbrane gap until - it passes the cathode flow barrier
30. At this point the catholyte fluid padfses back through the highly
porous .cat hode plate 26 into the upper catholyte chanber 39 and then into
the catholyte collection groove 34. The cell product solution containing
Na2S204 (dithionite) exits the cell 10 through the catholyte exit
transition slotstiFeredngtion ang Kerpreowigionyaft bydrpsudfitef er sol ution
cont ai ning from ahiamioAfté) £ uheSPH gfamfe biESthd idatholytkiaszed Wit h the
cat hol yte becau di I eq.f tign I

t he reduction an sgjefclgg %gr@t%@#‘?ﬂ% Eﬁ%rso&s I?'Ft éQ(%ﬁS O%F?gfaitg%nttohe pH
change of the ca‘i}ffolrﬁa #8"pisufite i's consuned and sulflte is forned
according to the reaction-[err] This hydrosulfite deconposition reaction is

el ectrolyticall yuaﬂzrdzbgmbye—t-he_zwaés.engﬁaﬁosug_ I t‘ﬁé)zrssz-o + 2Na S0, + H,0.

2773

, Tth hydrosulflte decomp051tlon reactlon is
electrolytlcally driven by the presence of electrons. ' -Q_J
When the.potentla;_1s increased, so is the_current.
density and to a point, the reaction rate'of'this

i undes1red thlosulfate produc1ng reaction. .

' The value of the multlple layered cathode
plate 26 is part1cular1y evident in its selectivity.
Because_the mult;pleﬁlayered.electrode has an increased
surface area, it_requiree less voltage or a lower
potential to drive the primary reduction'reaction that
produces the desired hydrosulfite product and, thereby,
reduces the amount of the uhdeSired.thiosulfate produced
by the hydrosulfite_decompbsition reaction. .The

incréased surface area permits the potential to be.
maintained at the lower level where the primary or

"desired hydrosulfite producing reaction predominates and- \U

generally below the level where the hydrosulfite
decomposition reaction becomes a factor. .

_ . The use of a monolithlc cell body, that is a -
‘bipolar cell body or backplate formed from a s1ngle '
plate of stainless steel machined to form. ah anode
backplate on one side and a cathode backplate -on. the
opposing slde, prov1des several s1gn1f1cant 1nherent
operating advantages._ Inltially, there is no shlftlng
or d1mens1onal 1nstab111ty because of the joining of two
-separate pieces of material tolform the_electrode.
There is a reduction in the number of actual cell

components from the use of a single machined plate.



When the potential is increased, so is the current density and to a point,
the reaction rate of this undesired thiosul fate producing reaction. The

ival ue-of the nultiple |ayered cathode plate 26 is particularly evident in
its select|V|ty Because the nultiple | ayered el ectrode has an increased

sur f- fcearea, it requires less voltage or a |ower potential to drive the’

primary reductian reaction that produces the desired hydrosul fite product
and, thereby, reduces the anount of the undesired thiosul fate produced by
t he hydrosul fite deconposition reaction. The increased surface area .
pernmts the potential to be maintained at the | ower |evel where the primary -
or desired hydrosul fite produci ng react+bl+ predom nates and- generally :
bel ow the | evel where the hydrosulfite deconposition reaction beconmes a

factor. The use of a nonolithic cell body, that is a bipolar cell body or
backpl ate formed froma single plate of stainless steel machined to forman’
anode backpl at eLast ke apddpesimbs nesthotanificrpt iy e therehdésobposi ng si de,

provi des sever aby s atlibaast éIH&&QGElOHEHsathrBG a1t/ in2@eS . betdwehi al 1 y,
there is no shi U&nége&%rra@en?!ﬂéé 0%% EQ{?‘&?% le'lte)ée{? ?*%%Tﬁguwe j oi ni ng of

t wo separate pi eces to for ere is a reduction
in the number ofthe¥Wife bave THMHSREALRI f%ﬁﬂﬁé“%s@'f&ﬁrﬁng?ﬁgl e machined
pl ate. - -17-. fasé Ipartdedlperdmafigupst ici gontributds/ tol hewer icelilhe

el i mination of gl &t diaal e{,g,_s?y fcrogghhpgl&pnt act between two separate anode

and cat hode el enents that_-wout
Th 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
élete 26. Keeping the membrane 25 so positioned also
permits the flow path through the cathode plate to be.
aceomplished. The cathode flow barrier 30 further
contributes to the hydraulics of the cell 10 by
ach1ev1ng x uniform pressure across the ent1re he1ght of
the cathode due to the flow inversion characterlstlcs
achieved by the multlple flow paths through the cathode
plate 26. .
FIGURE 7 shows an al;ernative embodiment of
the separator means, indicated generally by the numeral
4], that can be used in an enlarged design. Separator
means 41 is longer,“bqt_;s_etill surrounded. by a
peripheral frame 42 which has'appropriately fastened
'\_/ ' thereto the centra;,pertion. the separator mesh 44.
Mesh 44 and this frame 42 are reinforced by the central
reinforcing strip 45, which also serves to mask a .
generally vertical area'on'the enlarged cathode
backplate 28 where current flow is not desired. .
FIGURES 7 and 8 show ‘how the inner edge
portions 48 of the frame and the reinforcing strip 45
are beveled toward the separator mesh 44. This permits
the membrane :25, best seen in FIGURE 8, to be gradually
and evenly brought into contact with the mesh 44. As is
‘also seen in FIGURE 8, the separator frame 42 has a
recessed port1on 49 to receive the central mesh 44. The
mesh 44 is appropriately fastened to the recessed.



ot herwi se have sone spacing and sizing differences. This particul ar
configuration contributes to |lower cell electrical energy consunption. The
hydraul ic pressure in cell 10 is established so that the nenbrane 25 is
kept- pressed agai nst the separator means 21 and off of the cathode plate
26. Keeping the nembrane 25 so positioned also pernmits the flow path N

~through-the cathode plate to be acconplished. The cathode flow barri er 30

further contributes to the hydraulics of the cell 10 by achieving a uniform

'-'pressure across the entire. height of the cat hode due to the flow i nversion -

characteristics achieved by the nultiple flow paths through the cathode
plate 26. FIGURE 7 shows an alternative-esbodi nent of the separator neans,

i ndi cated generally by the nuneral 41, that can be used in an enl arged
design. Separator nmeans 41 is Ionger but is still surrounded by a .

peri pheral franme 42 which has appropriately fastened thereto the central
portion, the sepalrhittm 492shudd as\iyhhaat osrhlimgs Abowe 2 sngirei nf orced by

the central rei Pé@ééaeragf,ampﬁeﬂﬁ,OMhehfaans@ 42€aHESaishdTRbe. BeNEREY @l |y
vertical area op_th ar ggd caggmde backpl ate 28 where current flowis

not desired. FI *¥RoW "how t he inner ‘edge portions 48 of the
frame and the reinf OI’CI n@'lggﬂ;p‘? 43 lgserateehoy theafrrmend2sapdrthor nesh
44. This pernitegeitnlmeeingoccdy stelp Lot isephk & Mhanls0 4hemgaiadual |y

and evenly brougl de@t&egogié’ﬂ é’%htt‘ﬂet BE B 5 339. of\saxl %E'e?ﬂaéﬁ%‘ In

FI GURE 8, the separ at or as a recesse to receive the
central mesh 44embodidentsREthe LIRGIREPeftHoFer 5§?‘érﬂé&?qsb‘rﬁh§°recessed

cell electrolyte and electr1c current, with major.
portions- of the membrane 25, porous cathode .plate 26, W/
separator ‘central mesh portion 44 and central . _
reinforcing strip 45 broken away. Vertical reinforc1ng :
strip 50 in the cathode backplate 28 is masked by
.central reinforcing strip 45. These areas are thus
effectivelyzshielded from the flow of electric current.
-The'current?only-passes through the mesh portion 44 of
the separator means 41 where there is good catholyte
circulation and not where there is poor or no :
circulation. The current.does not flow directly into
the top, bottom or side peripheral portions of the
cathode backplate 28 or where the cathode plate 26 rests
on the cathode plate support shoulder 27 in the

_ backplate 28, which would cause unde31rable thiosulfate
contaminant to be produced.. The separator means 41 \/

. similarly masks. the top, bottom and side perlpheral
portions. of the anode backplate 11 outside of the anode
rods 12 to prevent undesired corrosion- from occurring.
'Thus, by the design .of the.separator means 41 and its
central mesh poztibn“44, electrical current is allowed
to flow to only those areas of the cell where the most
efficient and desired electrochemical reaction occurs.

An additional benefit is obtained from the

solid ‘separator frames 22 and 42 since they forﬁ a good
seal with the adjacent membranes 25 to prevent leakage.
A strip of, .-for example, polypropylene foam or material
's0ld under the tradename GORE-TEX about the frames 22
and 42 cooperates with the previously mentioned EPDM
gasket and with the separator frames 22 and 42 to form
an effective seal. | '



portion 49, such as by heat sealing, about the entire recessed periphery of
the. frane 42 and along the central reinforcing strip 45. FIGURE 9 '
zlllus(rates how t he frane 42 and the central reinforcing strip 45 of
separ at,or neans 41 mask the desired areas of the cathode side of an
alterﬂgtlve enbodi ment of the bipolar electrode fromexposure to cell.
el ectrolyte and electric current, with major portions of the nenbrane 25,
por ous cat hode pl ate 26, separator central nesh portion 44 and central
reinforcing strip 45 broken away. Vertical reinforcing strip 50 in the
cathode backpl ate 28 is masked by central reinforcing strip 45. These
areas are thus effectively shielded fromghe flow of electric current. The
current only passes through the mesh portion 44 of the separator. nmeans 41 :
- where there is good catholyte circulation and not where there is poor or no -
- circulation. The current does not flow directly into the top, bottom or
si de peripheral portions raGukbs Taiddodeshew kdpakratds fuppyier eabdieseat hode

plate 26 rests gf Lhe calnads, Baks SYPRRLE SOWLEST (2 Ldbolbe packn ate

28, whi ch woul d cause undesira i‘osul Tate contant nan to be roduced
‘The separator mESRITHOLMeRPEr #1 I SKBPPRE FoPnebst trah aﬁ‘i‘&%?d@"p@rl pher al
portions of theazaode dmpeisihgt eidels @ft shdecalfll L0etanaskeigtoda 12 to prevent

undesir ed Corroaggaméff@nQC@Erfémn Iﬁusas%fnﬁﬁa gepl WurQhgl Ne separat or

neans 41 and its central nes orti-on ect rlca curre is allowed to
flow to only t hGBETatial of‘nf’ﬂ% Ragkplake Ll and fathods mackehate P desir ed
eIectrochen]caIhaeacsuxnaboecalentnm¢aaddom+¢nnﬂucbémgfbxoqks olst ai ned fromthe

material (also not shown) ‘bolted to- their. -opposing sides

\_/ o in the same relative position as the separator support
tabs 46 to permit the electrode elements to be similarly
assembled .and supported. Vertically assembling the cell
10_in this manner permits the pretreated, wet membrane
to be placed against separator means 41 and remain
supported by separator means 41 during the assembly
process. '

The electrolytic cell 10 is operated at
current densities which are sufficient to produce
solutions of alkali metal hydrosulfites having the
concentrations desired. For example, where sodium
hydrosulfite is produoed for commercial sale, the
solutions contain. from about'120 to about 160 grams per

_ liter. However, since the alkali metal hydrosulflte
- solutions sold commercially are usually. d11uted before
use, these dilute aqueous solutions can also be produced
dlrectly by the process. '
" Cugprent densities of at least 0.5 klloamperes
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 h1gh purity alkali metal
hydrosulfite solution wh1ch ‘can be employed commerczally
without . further concentration or purification.



sol'id separator frames 22 and 42 since they forma good seal with the
adj acent nmenbranes 25 to prevent |eakage. A strip of, for exanple,

pol ypr,opyl ene foam or material sold under thé tradenane GORE- TEX about the i
frane§‘22 -and 42 cooperates with the previously nenti oned EPDM gasket and

wi'th the separator frames 22 and 42 to forman effective seal. Fl GU

and 9 show separator support tabs 46 on: the separator nmeans 41 that are

.used to support the separator means 41 on support channels (not shown)

whi ch are on opposing sides of the cell 10 to assist in assenbly and to

retain the assenbled cell during operation. Anode backplate 11 and cathode
backpl ate 28 have suitable el ectrical n0[5d;3nducplng bl .ocks of materi al

(al so not shown) bolted to their opposing sides in the sane relative

position as the separat.or support tabs 46.-to permt the electrode el enents

to be simlarly assenbl ed and supported Vertical ly assenbling the cell 10

in this manner permits: thendraldRabe umiemwéanéaé'@lf Qob%mgg%}seda agai nst

separ at or neans 4 n suppo rat or neans during the -
asgerrbl y process> ]tf'ﬁ'é’ sf‘ggﬂ?%el %eﬁgr%%?] el%’efg 2rate apdcth® ent densities
whi ch are suf fi cGadiedeocprRrRERENSs| which Prevent kadny mebakahytkosul fites
havi ng the concariigrati 6 soflasivat -chvta NAgPEens Wit thedbatpdugdrosul fite

“about 160 gr ans SAPREFeRt 8F ho. hhSas RotkhRBRafOr) X fapa RO oF i 1 o

about 160 grans
sol utions sold c%%?ﬁ??c?é?W%Pﬁﬁ’@eﬂgﬁiﬂ?%/Q&PIHPe%FRkQMﬂdecontalnlng a

variety of polymer resins and funictional groups, -

- provided the membranes possess the requisite sulfur ion
--selectivity to'prevent the depcsitioh of sulfur inside . o/
membranes.  Such-depositicﬁ can blind the membranes, the '
result of sulfur species diffusing through  thé membranes
and then being oxidized to create acid within the

membranes that causeés hydrosulfite "and thiosulfate to
decompose to sulfur in acidic conditions; 'This "
selectivity can be verified by analyzzng the anolyte for
.sulfate ions. ' o ' _
Suitable cation exchange membranes are those
which are inert, flexlb;e, and substantlally 1mperv1ous
_to the hydrodynamic flow of the electrolyte and the
 passage of gas'products.producedlin the cell. Cation
-exchange . membranes'are well-known to contain'fixedﬁ

anionic groups that permit 1ntruszon and exchange of
cations, and exclude anions, from an external source. .
Generally the resinous membrané has as a matrix or a
cross-linked polymer to which are attached
charged radicals, such as —-SO3,-—-COO , —PO, '5-Aso§,

3’ 2

—HPO_,
and --—SeO3 and mixtures thereof. The resins a
wh1ch can be used to produce the membranes include, for
example, fluorocarbons, vinyl compounds, polyolef1ns.
and copolymers thereof. Preferred are cation exchange

membranes such as those’ comprlsed of fluorocarbon

"polymers_hav1ng a plurality of pendant sulfonic acid
groups or carboxylic acid grcups=cr-mixtu:es.cf'sulfonic
acid grodps.and,carboxylic acid groups. ‘The terms
"sulfonic acid group” and "carboxylic acid groups" are



~use, these di{ute aqueous solutions can al so be produced directly by the
process. Current densities of at least 0.5 kiloanperes per square neter are
¢enpl oyed. Preferably the current density is in the range of fromabout- 1.0
tb about 4.5, and nore preferably at fromabout 2.0 to about 3.0 -
klloagperes per square meter. At these high current densities, the
electrolytic cell 10 operates to produce the required vol une of hi gh purity
al kali metal hydrosul fite solution which can be enployed commercially

wi t hout further concentration or purification.  -20- The electrolytic
menbrane cell 10 enpl oys a cation exchange menbrane-between the anode and
the cathode conpartnents which prevent $2any substantial mgration of

sul fur-cont ai ni ng ions fromthe cathode conpartment to the anode
conpartment. A wide variety of cation exchange menbranes can be enployed
containing a variety of polymer resins and functional groups, provided the
menbr anes poss&®&&nthee r’élﬁk"élet galtp rafr spbforig ecdpver ysaléspedvent t he
deposition of sakbotyl s iadd drgrdupn as. pBocssskapeach | £¢) @t oblyE sl t he

menbranes, {Ne sueeibie Watidh! Ukcidiffd Genftd{dls a2l LOI& WhaledE IEIPT anes and

t hen belng oxidi zed to create ac nbr anes at ca
hydrosul fite af¥ Ehibs iWeRrs 88 YW TSoke v §EPFf'u'tm‘?5h‘ &&edi ¢ condi ti ons.
Thi s sel ecti vi ttyadematie Vbrflzbnéd ty theahyahi(Flialse Compariye uhdersthd at e i ons.

Sui tabl e cati oarsa&h@memm%@ﬂesoyartﬁetﬁm Whieflledl Cdrpahl: ufdéxi bl e, and
SUbStanhlally Igge€ égmark "Aciplex". Perfluorinated sulfonic acid

' membranes are also available from the Dow Chemical

U 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 flow between the cathode plate 26 and
the membrane 25 from the lower catholyte chamber 38 to
the upper catholyte chamber 39 and té'prevent gas
blinding, but not wide enough to substantially increase
electrical resistahce.' Depending on the form of cathode
plate 26 used, this cathode-membrane gap is a distance
of from about 0.05 to about 10, and pfeferably from
about 1 to about 4 millimeters. The cathode-membrahe
gap can be maintained by hydraulic pressure or

_ mechanical means. This design and the catholyte flow
U , path permits almost all of the catholyte iiquid to
contact the active area of the cathode. Further, with
this design the majority of the electrolytic reaction
occurs in the cathode a;éa 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'<_:m2 pet qm3, and more
preferably greaté; than 500 cm2 per cm3. These
structures have a porosity of at least 60_pefcent and
preferably from about 70 percent to about 90 percent,
'where.po:osity is the percentage'of void volume. The
ratio of total surface area to the projected surface



to the hydrodynamic flow of the electrolyte and the passage of gas products
produged in the cell. Cation exchange nenbranes are well-known to contain
fixedtani onic groups that pernit intrusion and exchange of cations, and
excl ude ani ons, from an external source. General'ly the resinous nmenbrang,
has as a matrix or a cross-linked polymer to which are attached charged\;
radical s, such as [err] and [err] and mixtures thereof. The resins which
can be used to produce the menbranes include, for exanple, fluorocarbons,
vi nyl conpounds, .polyol efins, and copol yners thereof. Preferred are cation
exchange menbranes such as those conprised of fluorocarbon pol ymers having
a plurality of pendant sulfonic acid growps or carboxylic acid groups -or
n1xtures of sulfonic acid groups and carboxylic aC|d groups. The terns

"sul foni ¢ acid group" and "carboxylic acid groups" are -21- neant to
include salts of sulfonic acid or salts of carboxylic acid groups by
processes such asehydfothsiporoSei catiimlecalabe xchdege Heeipraiestade sol d .

-gﬁlan}mrcg' al Ly PK ﬁrfhceagwtlsd%huem sof&tf;e faééwof 'ﬁﬂdeéﬁgfﬁé raglerrgr kt ]

i on y ass Conpa er, _ on y the
Asahi Cheni cal gGUﬁH%FtFEgB F 3%§ cﬁn é¥' k? Yd%rﬁﬁﬁfgd |
sul fonic acid néhbmaﬁbeutuﬁ9 3lis éoavewamﬂﬂee fF@anbﬂytDéﬁrIiﬂnnahﬂutCOHpany
The nmenbrane 25 jip9:posi ti ened: bet ween. t he-anode and the cathode and is

peparated fromthe cat hodg, DY 2n8aL AR e SO b AN Ay Wk Dordg iede enough
of four layers.- Thé First layer 1s a support layer of

perforated stainless steel plate- apprqx1mate1y_0.036 _
inches thick with 1/16 inch holes on 1/8 inch 60 degree \
staggered centers. Theserholes in the firSt layer 41 ' |
-give the perforated stalnless steel plate an open area
of approximately 23 percent. The second layer is
preferably formed of 304 stainless steel fibers that are
about 20 to about. 100 microns in diameter and, .
preferably, about 25 m1crons in diameter. The second
layer has the den51ty of approximately 0.62 pounds per
square foot. Alternately, the second layer can be a
woven screen mesh with a 30 fibers per inch by 30 fibers
per inch square weave and eﬁout'a'23% open area. The
third layer'is.much less dense than the second iayer and
is comprised of 304_stainlesslstee1 fibers of about 4 to

about 16 microns in diameter and, preferably, about 8
microns in diameter. The density of the third layer is
about 0.12 pounds per square foot. The limiting factor
in the diameter sising'of the fibers of the seCOnd'leyer_
and the third layer is that the fibers of the second
'iayer can't extend up through the fibers of the third
layer. The fourth layer is a mesh wire cloth that is

preferably 18 x 18. mesh with about a 0.009 inch dlameter

of the individual- w1res in the w1re cloth. The four

! - layers are. compressed together and bonded by sintering
in a-reducing'atmosphere. such as hydrqgen,fammonia or
carbon monoxide, to form a single sheet with'e'preferred
thickness of about 0.155 inches, plus or minus about
0. 008 inches.’



the catholyte to fl ow between the cathode plate 26-and the nenbrane 25 from
. the lower catholyte chanber 38 to the upper catholyte chanber 39 and to
iprevegt gas blinding, but not widé enough to substantially increase _
el ectrical resistance. Dependi'ng on the formof cathode plate 26 used, .this
' cdtthé-nenbrane gap is a distance of from about- 0.05 to about 10, and
preferably fromabout 1 to about 4 mllinmeters. The cathode-nenbrane gap
can be maintained by hydraulic pressure or mechanical means. This design
~and the catholyte flow path pernits alnost all of the catholyte liquid to
contact the active area of the cathode. Further, with this design the
majority of the electrolytic reaction ocgyrs in the cathode area nearest
the anode. Suitable porous cathode plates 26 used in the cell 10 have at
| east one layer with a total surface area to volunme ratio of greater than
100 [err] per [err], preferably 250 [err] per [err], and nore preferably

Teact 60 percont (and DL o erab by F o A e A A Yercent
east 60 percent, refera romabo perc 0 ou nt,
where porosity ?’slg‘Fh%é)spsert%eaﬁtsgé’é %@%&?b%o‘ﬁﬁ%’?e ‘grﬂ’e sf‘%ﬁﬁaa(?eo?_.rf%t al

surface area toofhkh¢refjastredesin ftheesame purfagecared used gorous cat hode
plate 26, whereetbetpsnisdet.edpecadsac@nar eaendae peadé ez afs the face of the

cat hode plate 2 eﬂa?i@él;} RAsh, a%o?qugiés a"{]q‘f%é%ﬂ%‘ley ;e}_te' [ gast from about
50:1; for exanple, from about 80:1 t'o abou ): 1.7 The &itRod® plate 26
referably i s Coﬁﬁ}yg%xfatlo, thereby creating a high total surface
area. This is especially applicable to the third layer
which is the most actiyeﬁlayer,and,is-critical-in ' .
Y determining the chargétéristics of the cathode. The
- high surface area of the catﬁode.plate.26 ié measured as
the ratio of the total surface area of the individual
fibers to the supe:ficial or projected'suifaCe.area of
the total éathode plate 26. The relationship between
these parameters can be expressed as £he'thickness of an
individual layer in the cathode piate 26.time§ the
surface area to volume ratio equals the superficial
surface area. The selection of the fibers of the second
layer with a greater individual diameter than- the fibers
of the third layer and an equal porosity provide a
structure that has a greater surface area near the
membrane 25. The fibers of the second and third layers
- can equally well be selected from-different grades of
(N : stainless steel, nickel, steel, copper, carbon graphite
or ferrous and non-ferfous-alloys.i The cathode plate 26
,could have an electroactive coating;msugh;as ruthenium .
oxide or platinum, added to the surfagg,p;éa to obtain a
more active electrode surface area.
Current is conducted into the cell 10 through
anode and cathode current cdnducto: plates (not shown).
Plates of copper the size of the electrodes ére biéced--
against 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



of four layers. The first layer is a support |layer of perforated stainless
steel plate approximately 0.036 inches thick wwth 1/16 inch holes on 1/8
~inch,60 degree staggered centers.” These holés in the first |ayer 41 -give
~the perforated stainless steel plate an open area of approximately 23 _ .
percent. The second |ayer is preferably formed of 304 stainless steel ~ gy~
fibers that are about 20 to about 100 microns in diameter and, preferably,
about 25 microns in dianeter. The second |ayer has the den5|ty of

approxi mately 0.62 pounds per square foot. Alternately, the second |ayer
can be a woven screen nesh with a 30 fibers per inch by 30 fibers per inch
square weave and about a 23% open area. Ige third layer is nuch | ess dense
than the second | ayer and is conprised 0f2%504 stainl ess steel fibers of

| * about 4 to about 16 microns in dianmeter and, preferably, about 8 microns in

dianeter. The density of .the third | ayer is about 0.12 pounds per square-:

Lo Theoh! M M-3R OBeddh (e aBbBTo e 0208 Shaiblf, LABE!Sbloct N

second | ayer an ers_of the second

can't extend up T G684k tRePs Qﬁﬁfé ofst?ﬁ§ﬁﬁﬁﬂﬁ 8 toyfqrm argandwigh h l'ayer s

‘a mesh wire clotdraundt the ¢esifredabhybd8 of e3embrddes tthagbeve a 0.009 inch
di aneter of the ddditibdual eidretivBehle Wire cloth. -The four |ayers are

conpressed together and b nded erln in a reduC|n sphere, such
"as hydrogen, ammonia or.c lﬁnﬁgxgﬂ% aPSrh?%F%ﬁﬁ%Slg°gié?)lﬁﬂ th a

preferred thi ckr%§eeﬂ9a9®ms @\oxxssomchwqupmsgothah othabbdes Q08 -
i nches. -23- 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 o/
monopolar design would then be'standard:copper
electrical terminals for each electrode.
. . 'Additionaliy_the'Cell"of thejpresent'invention
could be utilized in electrochemical reactions other
than the production- of hydrosulfite. Typical is the
- production of organic products by electrochemisfry, such
as the electrochemical transformat1ons of pyrldlnes
through oxidation or reduction reactions in a
cation-exchange membrane d1v1ded cell of the instant
design. - . _ ' a -
Employing the novel'design of the'cell'ld,
concentrated alkali metal hydrosulflte solutlons are
produced having low concentrations of alkali metal -
thiosulfates as an impurity in electrolytic membrane
cells’ operatlng at hlgh current densities, - substant1ally
reduced cell voltages, and high current efficiencies.
_In order to exemplify the results achieved,
the follbwing examples are provided without 'an intent to
Iimit the scope of the 1nstant 1nventlon to the.
discussion ther=sin. '



The cat hode plate 26 of this design provides a high mass transfer
- capability because the surface area of the electrode is the sane surface
area used for electrolysis. Because the cathode plate 26 is relatively
thin, it requires a high surface area to volunme ratio, thereby creating a
high fotal surface area. This is especially applicable to the third |ayer
whi ch™'s the nost active | ayer and is critical in determning the
characteristics of the cathode. The high surface area of the cathode plate-
26 is neasured as the ratio of the total surface area of the individual
fibers to the superficial or projected surface area of the total cathode
plate 26. The rel ationshi p between these2yaraneters can be expressed as the
thi ckness of an individual layer in the cathode plate 26 tines the surface
area to volune ratio equals the superficial surface area. The selection of
the fibers of the second layer with a greater individual dianeter than-the -
fibers of the third layer and an equi*3¥®8slty provide a structure that
has a greater surface area near t.he nenbrane 25. The fibers of the second

and. third layers can equal kyiyebi the $¢b&CRAml LR HIUREY €06 GLades of
st ai nl ess steeL,_nlcﬁg%% stee]..  coppetr..carbon gr rgé<aw I %errous_and
non-ferrous al | B§EERP fﬁa?hfkﬁ?ﬁﬂsg?éh%ﬁfﬁxﬂgfa h§§% an §F8 tYoti ve
coating,. such -meuntadhemni anrask de dorpl twé ramede ddalichbdey patics swhdsece area to
obtain a nore agtiive @1RckE88e Saf @488 AR oCUYL efdudre meBdpsted into the
cell 10 t\hro_ugh a ople nd ga}__hod orcuargn(t) Igaqr}duggcqgargé af es%not shown) .
Pl at es of coppe?af e sivePof “the BMeCt r'dde¥ 4r pf ce dggp st the end
cat hode and endcathrfie iandetbe @idier 20, amPdsyt spadvichathebordnd are made
directly to thepepsnp@ilepkabd®s. withnoppssim) anope adml radeiodéor exanpl e, of
- ' faces. The outside dimensions of the elgctrode plates
weré about 17 inches wide by about~18.5 iriches high and
about 1.0 inches thick. - = ." ' '
The énodeS'weré'ébmﬁriéed‘of about forty-seven
(47) 1/8 inch diameter nickel 200 rods welded onto the
anode backplate, as shown generally in FIGURE 2, with
"approximétely'r/lé‘inch'separation between the rods.
The'aanYtE“coliection and distribution grooves were
about' .25 -inches wide and about 0.61 inches deep.
N The cathode plate was formed from a four
iayered sheet cut to size. The first layer was a
support layer formed of perforated stainless steel 0.036
iriches thick with 1/16 inch holes on 1/8 inch 60°°
\~/ o stgggered centers hav?ng a 23% open area. The second
layer was a 0.62 pounds per square foot layer of 304
stainlesssteel fibers about 25 microns in diameter.
‘The third layer was a 0.12 pounds per square foot layer
“of ‘304 stainléss 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. togéthér and bonded by sintering in a
hydrbgen'atmosphere to form a single sheet with a
thickness of about 0.155 inches. The cathode sheet was
cut to form a cathode plate.pf'about 18.5 inches by .
about 17 inches. ' '



pol yvinyl chloride or other suitable plastic, and a conpression plate (both
not shown) made for exanple, of = -24- stainless steel or steel, are .

_pl aceq agai nst each end of the cell 10 before it is assenbled to forma
sandwi. ch around the desired nunber of electrodes that are positioned:-

t her ebet ween. The cell of the instant invention could also be designédéé}
nmonopol ar; requiring that both sides of each stainless steel plate be

i dentically machined and that half el ectrodes be used as the end el ectrodes
. in the assenbled cell. The current conductors in the nonopol ar design
woul d then be standard copper electrical termnals for each el ectrode.
Additionally the cell of the present i Nv&&Tti on.coul d be utilized in

el ectrochem cal reactions other than the production of hydrosulfite.

Typical is the production-of organic products by el ectrochenistry, "such as

t he el ectrochem cal transformati ogns of pyridi nes through oxidation or
reduction reactions in aTBRtFUMELcRAPER s BCURESYiRPedPeel | of the
i nstant desi gn. stznpllegsngtédle carheledesciplask thingddd st@ewsootentrat ed

al kal'i metal hygrasguhf/et ens9ldildnaReratRaPrRA¥ead; Mayidd@ kavhsencentrations
perat i ng A hi PHPRETE BRGCTRAA FLEL LA LR SRRPATES THARYEEA cebl vol tages,
and hi gh curr ersnalf)f contbing exf appropdiate @lecénpéalX yjaing respdursl achi eved,
the foll owing exATRisea 8hCcH¥ Qhrdads Wbt N seewsidHd al @ilicon |
‘ . | cement was placed over the head of each screw to prevent
the screw from becoming Sn active p§rt-of.the cathode
assembly. R . RS . ' : -
' - 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 éeil opposite the catholyte
. collection groove and three just below the cathode flow
barrier. _' _ 3 _' .
Separator-means.were formed from.polypfopylene
mesh treated with a coating of titahium dioxide. The
- separators were mounted in 1/16 inch thiék separator.
frames cut to fit just inside the gasket groove in the
cell. o _ .
Gasket grooves about 0.375 inches wide and
about 0.187 ihghes'deep were machined ingo both the

'anode;gnd cathode backplates,_ On. the anode side of the ' \~)':

cell about:a 0.375 inch square gasket was used with
about'a'O.S_inch:wide strip of about 0.060 thick
GORE-TEX® gasket tape placed on top. In the cathode
gasket grébve,a'rubbér O-ring of about a 0.378 inch
diameter was used. -Thefcell'was dssembled.usipg a -
portable hydraulic. assembly system described in U.S.

* Patent No. 4,430,179 that compressed the cell together
so that.approximately{a21/8oihch gap between the anode

- and the cathode plates remained. The cell was then
secured.by.retaining”nuté.



limt the scope of the instant invention to the discussion therein:. - 25-
Exanple 1 A cell of the type shown in FI GURES 1-5 was assenbled fromthree
istai n] ess st eel plates which were"nounted on a rack to formtwo
anodefcathode pai rs whose acti've el ectrode area was about 0.172 square
neteggpeach The plates formed two half electrodes, one a cathode and the
ot her an anode, sandw ched about a bi pol ar electrode W th opposi ng anode
and cathode faces. The outside dinensions of the el ectrode plates were
about 17 inches w de by about 18.5 inches high and about "1.0 inches thick.
The anodes were conprised of about forty-seven (47) 1/8 inch dianeter
ni ckel 200 rods wel ded onto the anode bhaekpl ate, as shown generally in
FIGURE 2, with approximately 1/16 inch separation between the rods. The
anol yte collection and distribution grooves were about 1.25 inches wi de and
- about 0.61 inches deep. The cathode plate was fornmed froma four |ayered
sheet cut to si ze The faHeSkeh 8VWs \@sraggajmm{ttml,ayﬂy fryrmad of perforated

st ai nl ess steel OSGI,}llen%QﬁB%}‘l% oére‘@ ghmH,l](%]e v ges on 1/8 inch [err]

st agger ed cente?gshaV|n ond | ayer was a 0. 62

pounds per squ&Péf!B@EIWQ£férmeﬁbQRFG $haknvas sapked| inaRawt gBout 25 nmicrons
in dianmeter. Thedﬁ.blhrlﬁ&dr&:}k&ﬁe%ltﬂ:l@nl?oﬁumdsaper4Sl€p1msepﬁ'®6f tayer of 304 -
st ai nl ess Stee%s%b??iﬁu?bOUt 8 mcrons in dlaneter The fourth 'l ayer was

an 18" x 18"
' The cell was operated at a temperature of

Y . approximately 25°C with a total catholyte flow rate of
' about 6 gpm and a total anolyte flow rate of about 4
\/ gpm. Excess anolyte contgining about 19% sodium
hydroxide was continuously purged and added to the
catholyte circulation while the anolyte was continuously
replenished with the addition of about 69 grams per
minute of about 35% sodium hydroxide solution. About
230 milliliters per minute of deioﬁized water was
continuously added to the'cathdlyte, as was suifur
- 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
contlnuously at a rate of about 287 milliliters per
minute and was analyzed periodically during each day.
The product catholyte reflected in the following Table I

&v/ E was_analyzed from samples taken at the same time each
.day. ‘'These data are representatzve of the operation of
the cell during 4 days of operation under optimized
conditions. The catholyte was analyzed for sodium
hydrosulfite, scdium thibsulfate, sodium sulfite and
sodium bisulfite content. |



about 0.009 inch diameter wire cloth. These |ayers were conpressed

t oget her and bonded by sintering in a hydrogen atnosphere to forma single
sheet with a thickness of about 0.155 inches:. The cathode sheet was cut to
forma cathode plate of about 18.5 inches by about 17 inches. -26- The
cat hode plate was nounted onto the stainless steel cathode backplate usipg
20 screws of about 1/8 inch dianmeter that seated into the cathode support -
pedestals within the catholyte chanbers. A28aumll coating of appropriate
~electrical joint compound was used on the threads of the screws and a
silicon cenent was placed over the head of each screw to prevent the screw
from beconmi'ng an active part of the cathode assenbly. Six (06) 1/6 inch '
di aneter holes were drilled in the cathode plate to permt gas bubbles -
trapped within the cell to escape, ree of the holes were drilled near
the top of the cell opposite the gatlﬁ | yte coll ection groove and three just
bel ow the cathode flow barrier. Sfpa&htor nmeans were formed from

pol ypropyl ene nmesh treated with aSchali ¥y & 3 t&hi um dioxide. The
separators were nmounted in 1/16 igc_%ghi"ckﬂsepara!orjfrarres'Cut to fit just
i nsi de the gasket ‘groove in the c@® $| Gasket grooves about 0:.375 inches

w de and about 0. 187 i-nches deep ! &| machi ned into both the anode and

cat hode backplates. On the anode 'si 8t of the o '
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cell -about a 0.375 inch square gasket was used with about a 0.5 inch wide

strip of about 0.060 thick [err] gasket tape placed on top. In the cathode
igasket groove a rubber Oring of about a 0.378 inch dianeter was used. The
. cel_l,«was assenbl ed using a portable hydraulic assenbly system described in

i3

PR el Patent No. 4,430,179 that conpressed the cell together so that
'ap'f)"r oximately a 1/8 -inch gap between the anode and the cat hode pl ates _
-+ epai ned. The cell was then secured by retaining nuts. -27- The cell was

--operat ed continuously for 42 days. The cell enployed a [err] NX 906 '
perfluorinated nmenbrane that was soaked in about 2% sodi um hydroxi de -
solution for at least 4 hours prior taxgssenbling. The cell was operated at
a tenperature of approximately [err] with a total catholyte flow rate of
about 6 gpmand a total anolyte flow rate of about 4 gpm Excess anol yte
cont ai ni ng about 19% sodi um hydr oxi de was conti nuously purged and added to
the catholyte circulation while theg&agbyéeg was continuously replenished -
with the addition of about 69 grams per mnute of about 35% sodium
hydr oxi de sol ution. About 230 nilliliters per mnute_of deionized water was .

continuously added to theftid FdPpilar &g thesdesign CLiEFRPREL tlo ¥PRe cathol yte -
to--maintain a afﬂéeﬂblbetmeﬂnzalngumﬁe bipadaabelictxodeapliatess@ndi te.t o Y
bisulfite mol g,d l@.fau@ eismboule 1idedd, WQULn ladbaaadUshe Gt N0l yt e was

_drawn fromthe c%

ode, having approximately a 0.051 square meter
T active electrode area for each. The same type of
~ cathode plate and anode-rods were used'as in Example'l{
AL except that the anode and cathode’ backplates were about
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 equivalént weight of
about 1000 (grams/gram-mole equivalent exchange
capacity), available'frém 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 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.

st The separatot 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 ﬁhe separator frame and the
membrane. . |

The cell operéted with a total catholyte flow
rate of 13 gpm and a total anoiyte flow rate of 6 gpm.
The anolyte had continuously_added to it 93 grahs per
minute of 35% sodium hydroxide solution. Excess anolyte
containing about 15% sodium hydroxide was cpntinuously
purged and and added to the catholyte circulation



continuously at a rate-of about 287 milliliters per  mnute and was anal yzed"

peri od¢cal ly during each day. The product catholyte reflected in the
- followkng Table | was anal yzed from sanples taken at the sanme tine each

ays:i"These data -are represéentative of the operation of the cell durlng 4.
75.7of operation under optinized conditions. The cathol yte was analyzeqd—

sodi um hydrosulfite, sodiumthiosulfate, sodi um sul fite-and- sodi um
'@-blsulflte content. -28- [err] --29- Exanple 2 Acell simlar to the
design of Exanple 1 was assenbled utilizing nine bipolar electrode plates
and two half el ectrode plates, one an anode and one a cathode, having
approxi mately a 0.051 square neter actiygpel ectrode area for each. The
sanme type of cathode plate and anode rods were used as in Exanple |, except
that the anode. and cathode backplates wer e about 13.5 |nches by about 13.5

_rrEnbragce)Qow(th @%ﬂﬁ.knﬂaﬁleiomqlﬁ, abau sshmammlﬁﬂwﬁéalpe&t mm?&.glt 0]1: .
about gra mol. e:-eguj varen change capac ilable from
-1 he-assi-gnee- of. cgeslao"ﬁazteen?aﬁ%‘l Y2547 %d?ﬁ ugﬁgh fﬂ%’)sé’ é @t or” means

mere a ﬂESh nadgu}ﬁqgngroxzde was cont1nuous1y added to the catholyte
to malntaln a pH of between about 5.4 to about 5.8 and a

su1£1te to bisulfite molar rat1o of between about 1:3 to
about '1:8. .
S The cell was operated at a temperature of -

) about 25°c wirh a total.catholyte flow rate of about .
13 gpm and a total anolyte flow rate of about 6 gpm. . </
The cell was operated contlnuously for: over 30 days : . h
without 51gn1f1cant change in voltage coeff1c1ent or
product comp051t10n. '

_ Product catholyte was contlnuously w1thdrawn
from the cell at -a rate of about 350 mill111ters -per
minute and was analyzed perlodlcally during each day.’
.The product catholyte reflected in the follow1ng Table
Il was analyzed from samples taken at the same time each
day. ‘These data are representatiVe of the operation of
the cell durlng 4 days of. operatlon under optlmlzed
condltlons. . The catholyte,was analyzed for eodrum
hydrosulflte;'sodiuﬁ_thiosuifaéefzéodiuﬁfeuifite'and o
sodium bisulfite content. | '



titaniumdioxide filled polyethyl ene, the nmesh being about 0.07 inch thick
wi th approxi mately 0.38 inch openings and about 60% open area.: The.
‘separgtor was treated with a mxture of chromic and sul furic acids

avai l abl e from Fi sher Scientific under the name CHROVERGE to obtain the
-neces_ﬁry ‘hydrophi l'ic surface. The separ at 351 mesh was nounted on a 1/8 inch.
_Separator_ frane that extended about 1/4 inch beyond the edge of the cell.
_The cel't-*was seal ed using about 0.290 inch dianeter Orings in both the
“anwde -and cat hode backpl at e gasket grooves. A strip of about 0.875 inch
[err] tape was used between the separator franme and the nenbrane. The cell
- operated with a total catholyte flowrate of 13 gpmand a total anolyte
flowrate of 6 gpm The anolyte had confg nuously added to it 93 granms per
m nut e of. 35% sodi um hydr oxi de sol ut on4 Excess anol yte contai ni ng about '
15% sodi um hydr oxi de was conti nuousl ged..and..and - added to the cathol yte -

circul ation -30- system Additioga8ly, sab&t B2@ mlliliters per mnute
of . dei oni zed wateer was added to the gag 'lyst—e,uvvhlle«sul fur di oxi de was o

-c@nttnuously added to the catholyte. l%’o'a'n"'."l nt'ain"a pH of between about 5.4
toabolt=5.8 and a sulfite to blsulflgt °._I_Iar rati o of between about 1:3 to

--aboyt:~1: 8. The cell was operated at & erature of about [err] with a
total catholyte flow rate of: about 13 gpm and a total

anolyte flow rate- of
about 6 gpm . S SR o~ :
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~ The cell was operated continuously for over 30 days wi thout significant
~change in voltage coefficient or product conposition. Product catholyte was
continuobusly withdrawmn fromthe cell at a rat'e of about 350 mlliliters per
m nut e and was anal yzed: periodically during each-day. The product cat hol yt
reflected in the followng Table Il was anal yzed from sanpl es taken at ¢t e
sane tine each day. These data are representatlve of the operation of tﬁ?
cell during 4 days of operation under optinized conditions. The catholyte
was anal yzed for sodi um hydrosulfite, sodiumthiosulfate, sodiumsulfite:
and sodium bisulfite content. - -32 - Wiile the preferred structure in
whi ch tHe principles of the present invention have been incorporated as
shown and descri bed above, it is to beg#derstood that the invention is not
to be limted to the particular details thus presented, but, in fact,
wi dely different means may be enployed in the practice of the broader
aspects of this invention. For exanple, while the anode. ‘backpl ate is shown
and described as erml Oy'wn!lé Qitied e E6r el B tOGc tlife surt;awh theat rectangul ar

bars or ot her a?Pr gt £ 96 r%gggléﬁégggpgg %Eyggg+ such as’
triangul ar, exago FEe0ctagona d be equal 'y wel |
utilized. 1ncorporated as shown ‘and descr1bed above,_1t is to be

'understood-that the invention is not to be limited to
the partidular'details thus presénted, -but, in fact,
widely different means may be employed in the practlce
of the broader aspects of_thxs 1nvent10n._ For example,
while the anode. backplate is shown and descrxbed as K_)

employing round wire rods on its surface, flat
rectangular bars or other appropriate geométrically
shaped structures. such as: triangular, pentagonal,
hexagonal, octagonal. etc._could be equally well

utilized.
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-34- 2. The apparatus according to claim1 wherein the peripheral frane
portion of the separator neans has an opposite second side which is
aadjacént t he ‘menbrane and-which i $ bevel ed downwardly fromthe peripheral .
frame portion toward the central mesh portion. 3. The apparatus according
to claim 1 or claim2 wherein the separator neans is of plastics material.
4. The apparatus according to claim3 wherein the separator neans is of

pol ypropyl ene. 5. The apparatus according to any preceding clai mwherein
the central mesh portion has at |east about 40% open area. 6. The apparatus
according to any preceding claimwherein the central nmesh portion has a
hydrophilic coating applied thereto. 7. The apparatus according to claimb®6

~Wherein the hydrophilic coating is titarBasn di oxi de. 8. The apparat us
according to any one of clainms 1-3 wherein the central mesh portion-is
titaniumdioxide filled polyethylene. 9. The apparatus according to any
precedi ng cl ai mwherein the anode has top, bott om and si de peri.pheral
portions and at |east one2ceWbe aAprarasberacdardigh VM|QN$Lanblyte flows.

-33- CLAI M5 wherein the peripheral frame portiop_pr'the separator

means has an opposite second side’ ‘which.-is” adjacent the
membrane and which is beveled downwardly from the
peripheral frame portion toward the Eentral mesh
portion.

3.'The'apparatus according to claim 1 or claim
2 uwherein the separator means is of plastics material.

_ 4, The apparatus according to claim 3
wherein the separator means is of polypropylene.

5. The apparatus according to any preceding claim
wherein the central mesh portion has at least about 40%
open area.

6. The apparatus according to any preceding claim
wherein the central mesh portion has a hydrophilic '
coating applied thereto.

7. The apparatus acedrdihg to claim §
wherein the hydrophilic coating is titanium dioxide.

8. The apparatus according to any one of claims 1-3
wherein the central mesh port:on is titan1um dioxide
filled polyethylene.

) 9. The apparatus acéording to any preceding claim
wherein the anode has top, bottom and side perlpheral portions
© and at least one central chamber through mhlch ‘anolyte flous.



1.. An el ectrolytic cell having a top and a bottom with provision for an

;aﬁET?FE_aﬁﬁ“a‘Catho+y%e to flow therethrough, conprising in conbination:

| (a) a cation exchange nenbrane ‘adj acent the anode; (c) a -:--
-poer'ﬁM "H MCat hode plate having a first -surface adjacent the .

site second surface; (d) a cathode backpl ate adjacequ
the opposite second surface of the cathode plate having top, bottom and
si de peripheral portions and at |east one central chanber through which
catholyte fluid flows; and (e) separator neans internediate the anode and
t he nenbrane to prevent the nenbrane from touching the anode, the separator
means further conprising a peripheralsfrane portion and a central nesh

. portion fastened to the peripheral frame portion on a first side, the

central nesh portion being hydrophilic to prevent the buildup of gas
bubbl es and the peripheral frane pBrAIMSn being solid and masking the top,
bottom and side peripheral portions of the cathode backplate from catholyte
and electric current so that electrical-current only flows through the
central nesh portion, the peripheral frane portion having a recessed

- portion on the first side so that the central mesh: portlon fits therewithin’

and is fastened thereto. - 35- 10. The “appar at us accordlng toclaim?9
wherein the peripheral frAﬂ”@le"c‘%&Bi?&coEeif%a%i‘ﬁé‘r 3%8;5 and a bottom,

_ulth provision for an anolyte and a catholyte to flow ‘therethrough,

comprlsing in combination:
. (a) an anode:

(b) a cation exchange membrane adjacent the </
ancde; '
.(c) a porous mult:layered cathode plate having
a first surface adjacent the membrane and an oppos;te '
second surface; _ E :

' (d) a cathode backplate adjacent the opposite
second surface of the cathode plate havxng top, bottom
and side peripheral portions and at least one central
chamber through which catholyte fluid flows: and
} - (e) separator means 1ntermediate the anode and
'the membrane to prevent the membrane ‘from touching the
anode, the eeparator means further comprlsing a
peripheral frame portion and a central mesh portion
faetened to the peripheral frame portion on a first

'51de. .the central mesh portion being hydrophilic to : ' N

- prevent the buildup of gas bubbles and the peripheral
frame portion being solid and masking the top, bottom
and side peripheral portions of the cathode backplate .
from catholyte and electric current 80 that electrical
current only flows through the central mesh portion,
the peripheral frame portion having a recessed portion on
the first side so that the central mesh portion fits
therethhin and is fastened .thereto,



R .
_means masks the top, bottom and side peripheral portions of the anode to—— -

-permt electrical current to flow to the anode only through the central
s.mesh(portion. 11.  The apparatus according to any precedi”l |Imm mﬂlml
t he cat-hode backpl ate further -has a flow barrier extendi l lI
horizontal Iy thereacross adjacent the opposing second surfate bf the *
cat hoﬁ{a plate thereby defining an upper catholyte chamber and a | ower
cat hol yte chanber, the flow barrier interrupting the catholyte fl ow ng
bet ween the top an,d the bottom of the cell causing substantially all of the.
catholyte to change flow direction and pass tw ce through the porous ..
cathode plate to pass beyond the flow barrier and to exit the cell. 12. The
apparatus according to claim1l wherei+48s-he cat hode backpl ate has a
substantially vertical reinforcing strip that bisects the flow barrier. 13.
The apparatus according to claim12 wherein the separator nmeans further

conprises a central reinforcing strip that masks the substantially vertical -
reinforcing strip. 14. 10An THecepparatus ageprdinmhdwoaniain|y as herei nbefore

descrl bed W t hykefeineRRE péxiigheral afdai@s portion of the separator

- means masks the top, bottom and side peripheral
portions of the anode to permit electrical current to
flow to the anode only through the central mesh portion.

11. The apparatus according to any preceding claim

wherein the cathode backplaﬁe further has a flow
‘barrier extending substantially horizontally thereacross
adjacent the opposing second surface of the cathode
plate thereby defining an upper catholyte chamber and a
lower catholyte chamber, the flow barrier interrupting
the catholyte flowing between the top and the bottom of
the cell causing substantially all of the catholyte to
change flow direction and pass twice through the porous
cathode plate to pass beyond the flow barrier and to
exit the cell.

12. The apparatus according to claim 11
wherein the cathode backplate has a substantially vertical
reinforcing strip that bisects the flow barrier.

- 13. The apparatus according to claim 12
wherein the separator means further comprises a central
reinforcing strip that masks the subSténtially vertical
reinforcing strip. ' '

14. An electrolytic cell substantially as hereinbefore

described with reference to the drawings.




