220839 1 -1- PROCESS FOR TREATMENT OF SEPARATOR FOR ELECTROCHEM CAL
MEMBRANE, CELL 5 10 BACKGROUND OF THE | NVENTION This invention relates to a
sgparator for use 15 ‘ between an el ectrode and a nenbrane in an
el ectrochem cal menbrane cell. Mre particularly the present invention
relates to the coating and the process used to treat the polyner ?uzfeggg‘\
of the separator to nmake it hydrophilic. 20 - Many
unsuccessful attenpts have been made at devel opi ng a process for
~manufacturing al kali nmetal hydrosulfites, such as sodium hydrosulfite or
pot assi um hydrosulfite, electrochemcally that can conpete commercially
w t h~eonventi onal zinc reduction processes 25 usi ng either sodi um
amal-ga or netallic iron. The el ectrochem cal process for naking
hydrosul fite involves the reduction of bisulfite ions to hydrosulfite ions.
For this process to be econom cal, 2 current densities nust be enpl oyed
in a cell which are capabl e of prodUC|ng concenﬁrated hydrosul fite
solutions at high current efficiencies. Control of undesirable
el ectrochemical 5 - byproduct thiosulfate formation in hydrosulfite
produced for use in the paper and pulp industry as a strong reduci ng agent
or bleaching agent is essential. At the high concentrations of hydrosulfite
previously . PROCESS FOR_TREATMENT OF

- _SEPERATOR FOR_ELECTROCHEMICAL

MEMBRANE CELL

"/
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. ' - BACKGROUND OF THE INVENTION

N\ ' This invention relates to a separator for use
15 " between an electrode and a membrane in an
- electrochemical membrane cell. More particularly the
present invention relates to the coating and the
' process used to treat the polymer surfaces of the
separator to make it hydrophlllc. .
© 20 ’ Many unsuccessful attempts have been made at
developing a process for manufacturing alkali metal
hydrosulfites, such as sbdium hydrosulfite or potéssium'
hydrosulfite, electrochemically that can compete
commercially with conventional zinc reduction processes

25 using either sodium amalgam or metallic iron. The
electrochemical process for making hydrosulfite
involves the reduction of bisulfite ions to
hydrosulfite ions. For this process to be economical,



produced by the el ectrochem cal route, however, this 10 byproduct
reaction is nore difficult to control. Additionally, prior electrochem cal.
routes to hydrosul fite have produced aqueous sol utions which are unstable *
and deconpose at a rapid rate. This high deconposition rate of hydrosulfite
appears to increase 15 as the pH decreases or the reaction tenperature
I ncreases. One approach to control the deconposition rate is to decrease
the residence tinme of the solution in the gell and to maintain the current
density as-high as possible up to a critica&l current density above 20

whi ch secondary reactions will occur due to polarization of the cathode.

Sorre of the procaﬁ&%tofaewset%s%uaetbeV\éu.ﬁibfé@'im taoc@&Kewm/QﬁO&Qf'\k,.
salts electrochen1c I ui.re ,the use of water-m scible organic et
sol vent s, %ﬁf@ﬁ‘%? n@@ﬁ&ﬁﬁ?“gt?99iﬁﬁﬁﬁ?ﬁﬁﬂah§8FBBPFFP§eof t he

hydrosulflte ancsgpnahioms jatshdgboaposent onf firsieteritelse cell. The costly
recovery of the methanol @Bﬂt9¥§r8fuﬁﬁd%§3£§%%§5éﬁ@ Bgugﬁ%gggconon1cal

The use of zinc as a stabil |2|ng rosu Ites in
el ectrochen cal DRFQEUGEs thiosyLiate cEorpatinn dn Wtﬁ‘t‘-'%é‘éét!ée of
envi ronnment al cc:_m:idiﬁemt ifors usehif the NEapangaid gulpEiadakyypascii cal or

desirable. More Jecant libad:fie EBLED! oMo dudidh g 4helR 1o cabSapEH MY T

13, 1979 to B es an roChém ca ocess
for produci ng hy dhe filgh sgngenrbratienarrt hudneaulfitenprpraeesty| | . The

process enpl oys ;h!d]ihd‘ed Gy dhieOB1Eat £ScH@fiddIE ridi)l YoweWirghth$s passed/
through %% |nIetb§r}J uct reaction is more difficult to control.
.Additionally, prior electrochemical routes to
hydrosulfite have produced agqueous soclutions which are
unstable and decompose at a rapid rate. This high
decomposition rate of hydrosulfite appears to increase

15 as the pH decreases or the reaction temperature
increases. One approach to control the decomposition
rate is to decrease the residence time of the solution
in the cell and to maintain the current density as high
as possible up to a critical current density above

20 which secondary reactions 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-mlsc1b1e organic solvents,

25 such as methanol, to reduce the solubility of the
hydrosulfite and prevent its decomposzt;on inside the
cell. The costly recovery of the methanol and
hydrosulfite makes this route uneconomical.

' The use of zinc as a stabilizing agent for

30 hydrosulfites in electrochemieal processes has also
been reported, but because of environmental
'considerations, this is no longer commercially
practical or desirable.

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



5 bottom of the cell and renoved at the top of the cell to provide
for the advantageous renpval of gases produced during the reaction.

Cat hol yte fl ow over t'he surface of the cathodes is nmintained at a rate of
at least 1 cm per second and the cathode is forned of 10 fibrous mats
of conpressed sintered fibers with a nmesh spacing of 5 mMmmor |ess. The
process is described as producing concentrated sol utions of alkali netal
hydrosul fites at commercially viable current demksities; however, the cel
vol tages required are high, being in 15 the range of 5 to 10 volts.

This results in excesgi n tion. There.is, i.ndl catign _of the
concefitrati ons of thi%%%$¥§§§§éﬁ%é§w ?&G&ﬁsghgogr§5§€?é§é§nH¥4¥ﬁ§ﬁifﬁée
avaitT®e ity of el ectsoliesions hHira an gliez@rolytigusembramsfaallsur ffhee area

havi ng a hi gh surfacep@58€§%q?%%#égﬁwgﬁ%igiggqlﬁgg ﬁc'gggspgﬁpqhﬁy have
didsis

limted the devel opnent o y practical electrochemcal cel
design for the producfrERPbYte igoPaepeAsthroughk An Rdel i®uthptes
with low .25 5 consettomt o Hnchedfcedlikanid remaled ha®sthd s S the cell

' ities. Th I I | ,
| mpuri ties e el ect{gdgs, Ml t%rsc{hietiﬁgwgkzgaegﬁs “Péx&f&a{t?h)/oé%l%%%geapa”

easily assenbl ed and not” contr|bute to oduction O | 0S

impurities. There is BEQRVFeR ANy the Foprsier. hySrbpplyte Bpw over the
separator between thesantaee antl it curhodase isnnabrtebhéd tat (r quiitee ofnat
al kal i metal hydrosul {j T f I 4. _hydr [ )4
without the traditi on%%g&d.lt%%f%g sge%g’z'rd?aa@tdg%ﬁgt Sa-%ﬁ%aee_l %%tfr)%yyétde%c'?r
coatThg the séParat or §iboeysenats Af fepmpregised sisteredefikens &viddest mesht

i's susceptible to bei Bgagdng! ye SIEGONfes@. 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
15 the range of 5 to 10 volts. This results in excessive
~energy consumption. There is no indication of the
concentrations of thiosulfate impurity in the product
solutions. .
The availability of electrodes with a high
20 mass transfer surface a:ea'having a high surface area
to volume ratio and sufficient porosity have limited
the development of a commercially practical

.\./ | eléctréchgmical cell design for the production of
_ aqueous solutions of alkali metal sulfites with low
.25 concentrations of alkali metal thiosulfates as

impurities. The electrodes must also seal well, be
uniformly spaced apart, easily assembled and not

contribute to the production of thiosulfate impuritieé;_

There is describéd below an improved hydrophilic

30 separator between the anode and the membrane in the cell to

produce an alkali metal hydrosulfite. The surfaces are made



5 t he surfaces. SUMVARY OF THE | NVENTI ON According to one aspect of
the invention, .there is provided a process for applying a solution to a 10
pol ynmeric mesh material and converting the solution to a hydrophilic '
coating while on the polyneric nesh maté¢¥ial to increasé the wettability of
the surface of the polyneric mesh naterial, the mesh material having a

pr edet er m ned OIOeHydfloﬁﬂiiﬂc' ﬁf%;go'ﬁt aﬁ?e %&f&f&;‘is%%l ﬁggfs:p(l)gg and a

separator in an elecé tic Menbrane ween
nenbr ane, the profBEE2 ?lEﬁrﬁPQPE;QRQﬁEQXﬁ‘ oFarorLAngi khesurf ace

cont ani nantshf ronseherabbyherpamﬂmwfﬁes 3th a surface activd) -
contacting the po sh_ nat er | a ueous. acidic titanium ,
hal i de sol ution él%Eri‘;f)y&‘mygl %g o qﬁteirbviﬂatl@r %eg §uFF§E€§n’(’,‘3P?‘? PFE PR

~ hal i de anc® an aci Bhecserfaces s om hydrochl ori c, hydrobrom c and hydrof | uoric

. to forman 25 internmedi ate acidic titaniumsolution and then addi ng an
al kali netal hydroxide to the’inteéﬂﬂﬂéﬁﬁpﬁinﬁﬁiNv Nition until the pH
is in the range fromabout 3.0 to about 4.0; (c) drying the titanium halide

sol ution 30 onto the Schagendlo! e RLYEEHCHP WhvERL S, Alndra (oM a

coating thereon: and (d) converti the coating to a ani'um’dr oxi d
coating by cont acP?Wﬁ-quead??zE’FPﬁﬁ \RIEt ﬁp%ﬁrYlﬁﬂliilsPﬂ-Hﬁl%éﬁtasel ected from 35
sodi um hypechl ori peiyﬁam: Uie ) PREEE PLa1 Cand)VEBmai 11 PHeleANE 150! Q5 g€
di oxi de. The pref ed tiifnlun1h llc“iif tltﬁglunlchlorl e particularl
titanium+trichl or rophilic coat e e polymeric mesh materia{~/
to increase the wettability of the surface of the
polymeric mesh material, the mesh material having a

predetermined open. area in its surface and being usable as

15 a separator in an electrolytic membrane cell between an
electrode and a membrane, the. process comprising the
steps of: ' -

(a) removing surface contaminants from the
polymeric mesh material;

20 (b) contacting the polymeric mesh material
‘with an aqueous acidic titanium halide solution made by
mixing together water, a surfactant, titanium halide -and
an acid selected from
hydrochloric, hydrobromic and hydrofluoric to form an Y,

25 intermediate acidic titanium solution and then adding an
alkali metal hydroxide to the intermediate titanium
solution until the pH is in the range from about 3.0 to
about 4.0; |

_ (c¢) drying the titanium halide solution

30 - onto the surface of the polymeric mesh material to form
a coating thereon: and

(3) converting the coating to a titanium
dioxide coating by contacting the coating with an
oxidizing agent ‘selected from

35 sodium hypochlorite, calcium hypochlorite, hydrogen
peroxide and chlorine dioxide. The preferred titanium
halide is titanium chloride particularly titanium trichloride.



Accor di ng to anot her aspect of the invention, there is provided a

transl ucent and hydrophilic coating of titanium dioxide covering at | east
5Q percent of the surface of a polyneric nme mat eri al formed by oxidizing
5 on said surface titaniumsalts of a 7 ed coating formed froma
titanium sol ution of about 100 parts by weight water, about 0.05 to about

0.5 parts by weight of a surfaq‘tcggi. Jbrgﬂqaa;}m{},e,} %gete@%# the mgaﬁl&y there

wei ght of titaniumtrichl oride an t 0.1 0 part
wei ght  hydrochl ori c 1S £Epyiged antxenplusers @ed B ErPB‘F'leEnC‘P?ﬁJé\QnEGIl ate

aci di ¢ _titani um sol ut tPE‘aﬁPqu@xi&e@@%ﬂ:?"‘é’t At W Yerdehit 20 the20
parts.Ay wei ght of about 56gercent sodi u

i de to tain a pHin.the
range ¥ aboBbr§2ge gt %bra‘a’fmeb ‘Fn“'? ‘Tﬁﬁ%ﬁﬁ{ﬁ] med by,oxidizing
during the oxi@izing. odcsaidi sgrface titdmiumaspioot off & kirliedveochitdng ttbemed
is provided a prOcessfﬁémaQDLi/t&?i@ahXQi@Pi‘éA'&f Cﬁ?&dé’@.)dd)ph%ss dedqft @

substrate conprising t

contani nants fromt he"%ﬁ?*ac%b%‘l‘ttq‘le‘%u?ﬂt?téﬁ'ét L) R?o'rﬁsa(l?ﬁ’ wei ofr Race

with an aqueous aci di gutfdétan®) tindhdsueiel Sed Wbout MEipatEs by Weight of
t oget her water, a sur :

d
sel ected from hydroch{:bﬁ%.gu'hﬁf:’%ﬁ? r;rj:gt éﬁ%%g‘é#gpugé]%b% %%?gr %arﬁcb
i ntermedi at e ath di ¢ twedghtum meirachlnriand am Fkddimigcesh toigieghiermtbalform an

hydroxide to the inte{ eeiRb®ifCd MEidid 30 dRAM WIIWEIGA it hh@.cBH:.bSthEn

t he range from about r th
titafumtrichl oride ﬁ)‘?‘ﬁi?oﬂg‘gﬁ‘% 4‘?‘?:'&‘: %r'f%c%b%‘ft 13 pﬁfté‘t?b g\étig%': %1 a
coating thereon; and degutofivperdent t$odtwmthydraxids e mimigubspﬁaﬂ-a the
a titani um di oxi de coaaj,@g &®F contacti o 3.0 tbhe s¥uiit Ag OMinh thid titanium

oxi di 2!ng agen%ssel ECt flut{on during the oxidizing. :
| According to a further aspect of the :.nvent:.on,

there is provided a process of applying a hydrophilic
coating to the surface of a substrate comprising the

steps of:
20 (a) removing contaminants from the surface of

the substrate;
(b) contacting the surface with an aqueous
- acidic titanium trichloride solution made by mixing
_ together water, a surfactant, titanium trichloride, and an
o 25 ‘acid selected from hydrochloric,
hydrobromic and hyd:otluoric’ to form an intermediate
acidic titanium solution and then adding an alkali metal
hydroxide to the intermediate acidic titanium solution
until the pH is in the range from about 3.0 to about 4.0;
30 (c) drying the titanium trichloride solution onto
the surface of the substrate to form a coating thereon;
and

(d) converting the coating in situ on the
substrate to a titanium dioxide coating by contacting
35 the coating with an oxidizing agent selected from

sodium hypochlorite, calcium hypochlorite, hydrogen peroxide
and chlorine dioxide.



sodi um hypochl orite, cal cium hypochlorite, hydrogen peroxide and chlorine

di oxi de. Features and advantages of the preferred enbodi nent of the
i nvention described below include:- 1. an inproved sepgarator for use in -an
el ectro- chemcal cell; 5 -6~ 2. a separatdr which provides

i mproved wettability in alkali metal hydrosulfite solutions; 3. a

separator coated with titani,um di oxj i réace = 4. ca titaniym
di oxi de coat ed separ at or %@r??o%ylgg\'%aﬁé$y°§tj8 @lpé:%g?r%e_d emb "'Eﬁgt ed
separ at or surf a®fsthe dnugmbiophdésaribed belpeinmlatet separ at or surfaces have
I mproved wettability and high_ab e?%ﬁg\‘ﬂf [ the,surface_
tensi on of the el ectrol th’; 139 ﬁﬂﬂ&@g&% . f&teﬂ%%cg'gtﬁnngl%#rtoﬁe i
separ at or surfa&B8mjaalnweells adhering and uniformso that it does not Wash

ff; 8. o th t act , ihRdd i1
0 c the contact ange s%&étﬁr tr&ﬁgél’a”ﬁ-ogidé@tﬂng{r’z#\lédt Vef¥ability |

spreadability, Qf the electrolyte wtt separator s ace |
from about 100 dBgtida@ditmetadshygrpsulfitegalelionsss degrees; and 9. an

el ectrol ytic nenbrane cel3, thgtsilaateP cosbeath! v4tRRAGN B Ak ahkal |
metal hydrosul fi,te by the reduction of an alkali nmetal bisulfite conponent

of a circula- té&8S s4FE8ERSscat hol yte solution in a cell having an i nproved

25 separator positiongd bgtyrenildetiafide ebhted QdBaPRtPhadL FraRd
menbranes_by th froces of coating the pol ypropyl ene separator surtaces

with a wePl -adhg? YRFOPY48R%3f titani um dioxide that is applied by spraying a
titani umsolution on the Mqr eviigd Topted Peparaodr surfiek ERDRYEFPHIESE; \o/
drying the solution, truy%.tre té'%%ated separétor surfaces have improved
wettability and'higﬁ absorbency without reducing the surface
tension of the electrolytes -
15 ' 7. the coating on the separator surfaces is well .
adhering and uniform so that it does not wash off;
8. the contact angle, used as a measure of
wettability or spreadability, of the electrolyte with the
separator surface is reduced from about 100 degrees to less
20 than about 5 degrees; and |
8. an electrolytic membrane cell that electro-
chemically produces an alkali metal hydrosulfite by the
reduction of an alkali metal bisulfite component of a circula- \;) '
tgd agueous catholyte solution in a cell having an improved
25 separator positioned between the adjacent ancde
backplates and membranes by ﬁhe.proceag of coating the
polypropyléne separator surfaces with a well-adhering
£ilm of titanium dioxide that is aﬁplied by spraying a
titanium solution on the previously washed
30 polypropylene mesh, drying the solution, then treating
the coated mesh with an oxidizing agent to convert the
titanium salts to titanium dioxide.



the coated nmesh with an oxidi zing agent to convert the titaniumsalts to

titani um di oxi de. -7- BRI EF DESCRI PTION OF THE DRAWNG 5 The drawing is
a ©i agrammati c. expl oded view of an electrolytic cell in which a coated
separator of the present invention is used, showi ng the electrolyte flow 10
pat hs and the ion flow paths. -8- DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT As seen in the exploded and partially diagrammatic illustration
in the drawing, a filter press menbrane el ectrolylic cell, indicated
generally by the 5 nunmeral 10, is shown consisting of an anode

backpl ate 11, separator neans 21, cation sel ective nembrane 25, a porous
cathodg plate 26, and a cathode BRIER|I BESCREPTIOR GRRHE RamiNate 11 and
cat hodé backpl ate 28 formthe opposing sides of the bipolar electrode, 10
whi ch can be nmachined froma stainless steel plate or. can be cast
stainless steel. The stainless steel plate can, for exanple, be forned of
304L or 316 stainless steel as thick as 1 1/4" which is resistant to
corrosion and is sinply fabricated by machi ning the 15 flat plate to
create chanbers through which the anolyte and catholyte fluids can pass
into their respective anol yte and cat hol yte chanbers. The thickness of the
stainless steel plate provides stiffness and an extrenely precise fl atness
to the structure. The

.The drawing is a diagrammatic exploded view of
W _ an electrolytic cell in which a coated separator of the
- present invention is used, shouwing the electroclyte flow

10 paths and the ion flow paths.



20 cathode plate 26 is nmounted to the cathode backplate 28 by screws
(not shown) which are screwed into cathode support pedestals 31, while the
anode rods 12 may be wel ded, such as by TIG welding, 'in place without ok
war pi ng the-stainless steel plate. 25 The anode structure
includes a plurality of parallel positioned, vertically extendi ng anode
rods 12 wel ded at the top and bottom portions of -the rods to the anode
backplate 11. These rods 12 extend across_ghe entire width of the anode
backpl ate 11. These rods 30 are, for exanple, 1/8" dianeter nickel
wire rods spaced apart fromeach other to create an anode inter-rod gap
(not shown) of apprDBTRELED DESCRY PTIIONWeEN THE| BREFERRED EMBODIMENTINOdE_LOods
12 can be forned from nickel 200, or any other corrosion resistant -
conposition provi ding | ow overvoltage characteristics. The vertical
positioning of the anode P8d§een Wt Ehe expkwied iamdeparsdagdy provi des

cl efirtfl gw chanr@laarfgmar&beibphéeﬂa?{?ﬁ hien afHEjGer-lgt %@tﬁl&&r pﬂaggfa :he
anol yte id enters. vi 0 eng r rt.s in anol yt e
distribution gr d’b“\?i"ﬁ?&t eiﬁSM??yﬁgct%%f}bp{n egfparaﬁr%&x 81 call y
upwar dl ysin t he rametali Aler isodhgupscensiskinnalfyaa esbecbackpirb@ve (not
e P S T R R T
Surrent di stribRATANEACAEEEdEBIARE S » RS, B, GRENPAE BARKRIAGS A&t can -
occur fromthe buil dup of Thesabofel backplatd Kammbrsthodert backplhce t he/

current densily Jd) 4t QRSI 8pbBAiA§! b1ddD of the bipolar elBEtioabe anolyte
entry ports 18 an he anol yte exi rts 19 have fransition_slots (both

{
not showH) that "é"rcié’m&éﬁ‘l H&deﬁPB“Fﬂegﬁ?‘&iﬁl% nliesg steel plate or.

can be cast stainless steel. ' The stainless steel plate

can, for example, be formed of 304L or 316 stainless
steel as thick as 1 1/4" which is resistant to
corrosion and is simply fabricated by machining the

15 flat plate to create chambers through which the anolyte
and catholyte fluids can pass into their respective
anclyte and catholyte chambers. The thickness of the
stainless steel plate provides stiffness and an
extremely precise flatness to the structure. The

20 cathode plate 26 is mounted to the cathode backplate 28
by screws (not shown) which are screwed into cathode W,
support pedestals 31, while the anode rods 12 may be
welded, such as by TIG welding, in place without
warping the stainless steel plate. '

25 - _The anode structure includes a plurality of
parallel positioned, vertically extending anode rods 12
welded at the top and bottom portions of the rods to
the anode backplate 1l. These rods 12 extend across
the entire width of the anode backplate 11. These rods

30 ‘are, for example, 1/8" diameter nickel wire rods spaced
apait from each other to create an anode inter-rod gap
(not shown) of approximately 1/16" between adjacent
rods. These anode rods 12 can be formed from nickel -
200, or any other corrosion resistant composition



plate. The anolyte entry port transition slots are machined into the

anol yte distribution groove to 20 provide a snooth transition surface
that is tapered and avoi ds erosion corrosion which can interfere with the
snmooth flow of the anolyte into the cell 10. This erosion corrosion al so
wi || cause netal contam nation as the erosion and corrosion occurs. The
anol yte exit 25 port transition slots are both simlarly positioned
and machi ned. An anode gasket groove 14 is machiyed into the anode

backpl ate 11 about the entire periphery. The groove, for exanple, is 3/8"
wi de by 3/16" deep to 30 receive a rectangul ar anode gasket (not
shom)_‘gfhat is 3/8" wpeonid BB lakeoyervhlsagasthdraciehiatd os.st The of

mat eri'd® such as mategial; sl A a ~TEX. LON
RTM posi ti oned over th%ég'é% et %dglggkgapﬁt %Ecgﬁ%]géc%% t':%atgﬁe]:5 I%Ség%'i gﬂ: :
separator neans 21 35 anode jnpter1edc GRP P5CRHARS cakear fipwashenpedd. from

;10- Tlhetpl astic separgi@ bdetis ofl the Eﬁb&?db%émbﬂwl 1r11|8,t %ieatlel l&ﬁéifﬁﬁamte
o anol yte corrosion, as. .pQ rs_and prefera 0 qQpyl ene has
been enpl oyed. 3An 8 rreg_#gg%]%/npr?(#ﬁ’yylr‘;gﬁeaf'gg?’?ﬁ B W%"%s e ”éﬁp?gx?%}%'f?
40% open area has beendbskxidytrign gregyeoyadt showmk: £q ithenitow.di Arplrte

filled polyethyl ene mespuid he1seDMeditabalR@NGpidrdBy h S aMAe Lhage-234

uhi oh 13 sol1 8 about tDe,erd MY Xefsd 28004300 THRANA! (R DRl O

hydr%;pi lic coating torpfenertheyddauidbesdtsr the ackkt i thrqugh khenssnlahel

the adj acent ngﬁgrane Y1 Cq AN ,ACh@Nve ft 021 | Pkl Of 1 Ir ilrNidEMe e 0XhE8&e

applied to the’fesh 24:&2? fﬁg}éﬂ¥%%%$2tgk|Xurrent distribution across the
anode and avoids gas blinding that can occur from the
buildup of gas bubbles, which can consequently reduce
the current density in the operating cell.

15 _ Both the anolyte entry ports 18 and the
anolyte exit ports 19 have transition slots (both not
shown) that are machined into the stainless steel
plate. The anolyte entry port transition slots are
machined into the anolyte distribution groove to

'20 provide a smooth transition surface that is tapered and
avoids erosion corrosion which can interfere with the
~smooth flow of the anolyte into the cell 10. This
erosion corrosion also will cause metal contamination
as the erosion and corrosion occurs. The anolyte exit

25 ' port transition slots are both similarly positioned and
machined. -i

~ An anode gasket groove 14 is machined into
the anode backplate 1l about the entire periphery. The
groove, for example, is 3/8" wide by 3/16" deep to

30 feceive_a rectangular anode gasket (not shown) that is
3/8" wide by 3/8" deep. This gasket can have a strip
of maﬁeria;, such as g%terial sold under the tradename
of GORE-TEX or TEFLON,) positioned over the gasket to

come into contact with the plastic separator means 21
35' when the cell is compressed and assembled.



enpl oyed as the hydrophilic coating.- Preventing the 15 bui | dup of gas
bubbl es on the nenbrane and in the nmesh avoids cell voltage fluctuations
during operation. The use of the separator means 21 al so has successfully»
prevented the buil dup of regions of locally high acidity in the adjacent
menbr ane where the 20 menbr ane touches agai nst the nickel anode rods
12. Having 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 sulfuric acid due to the sIOM/nigraHTiPTﬁ t he sul fur species back

t hrough 25 - t he nenbrane during operation of the cell. The nickel

oxi de coating on the ano b Sgﬁg y ckel urs
This corrosion is transp g?feg ?ﬂé%cu% t s regﬁg ?5' Fﬁe &O‘H{%Sjé

the cell 10. H#¥F é‘at*'-ﬁFféaﬂn ERéFSE‘%ﬁ‘F ok cﬁnqut@emééeswnt haudp as

netal | ic state gotymeeshudaopoefei£oBppdly@ropylene tREabées state nickel

Cransport of i SHPis e ToRE' B Ee Rl SRR BB wlhn TS T 11

successf ul enplappreringtelne48y open pensthas begar &Féﬁeﬁ‘éé%lizl i s the
process by whi Gagdiltgea, aﬁdﬁﬁﬁhé|tﬁtéﬂfﬁmrﬁidﬁidépﬁﬁiigdtﬁoi ﬁ&ﬂéﬂgﬂ
?

surfaces of the s ar%ﬁ nmeans, 21. rst
prepared for tH®%vati'R§ Bﬁpﬁégﬁ?ﬁf?W%%ge%ﬁg FQEBFg‘gPﬁn f‘?f%l noves
surface cont amwldidhois Solid absuthths phisipheryf ianderpsepasator cidslr

- contamnants. %‘?z' 3.51' O'in‘égilié‘f”éf‘gtﬁé)dééﬂHWQEQﬁbt 82. So'f‘ﬁé”ﬁeshExcess

tri pol yphosphat e, a surtactant has been successfully e
det er ge¥t sol ut%%ﬁweﬁﬁéﬁ Ba thad NeYA AR e ﬂ?@%ghtBrEFEY%'F yI&then

dried. The surftatbiefs ttremmedhefingsyo bhthelhesh andowpbeaadabynbuffing with
a wre brush t‘%éﬂﬂygyéeb@dggﬁkgﬂary action. A coating of titanium
dioxide appiied to the mesh 24 has been successfully
employed as the hydrophilic coating. Preventing the
15 builéup of gas bubbles on the membrane and in the mesh
avoids cell voltage fluctuations during operation.

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

20 membrane touches against the nickel anode rods 12.
Having the membrane 25 touch against the nickel anode
rods 12 can create pockets of high acidity because the O
sulfur species become oxidized to sulfuric acid due to
the slow migration of the sulfur species back through

25 the membrane during operation of the cell. Tﬁe nickel
oxide coating on the anode rods 12 breaks down and _
nickel corrosion occurs. This corrosion is transported
through the membrane to the cathade'side of the cell

, 10. There this nickel corrosion is reduced to the

30 - metallic state by the hydrosulfite solution. This
metallic state nickel adheres tightly to the membrane
on the cathode side and will impair the transport of
ions and fluid thtough the membrane.

The key in this successful employment of the

35 plastic separator means 21 is the process by which the



A light coating of an internedi ate aqueous acidic titaniumsolution is
applied to the pol ypropyl ene nesh, such as by inmersing or spraying, .and
dri ed using a hot air blower until the coating 15 turns fromblue to a
light yellow color. The internediate acidic titaniumsolution is prepared -
by m xi ng together water, a surfactant, and titaniumhalide stabilized in
an acid halide, to which is slowy added an al kali netal hydroxide to
control the pHin 20 t he range from about 81D-to about 4.0. This pH
range is essential as it appears to maintain the pH range necessary to
permt the titaniumdioxide, formed during the subsequent oxidizing step,
to preipitate direct | By dEopivel i figakd ngn 18harpbi §dekd ctheypolymes. spgfaces
fThe titani um hal i _dle LSofpcwchétaaﬁﬂa&lﬁig_mahasi RYS OrhgIFolY p&%@ﬁtehht gggugm |
romtitaniumnetal by,mxin e shawi nas granul es.in a a,30% by
wei ght acid selected fTo %?é}gﬁﬁﬁﬂgrfgngggt?ha Bre %ﬂﬁ(ﬁ%ﬂ%ﬁ%ﬂi?gh§8r8bronic
or hydrofluoric acid, d®tergentyscimidionhphirtcheneves isnnfiarepcongamédatidne
resulting mxtuyre has shdanid! Mgt e £i3q¥abeRes SéAlGthey RopkaniREndbkal A

nmet al hydroxi de used to achi eve the .desired.pH range .i di um hydroxi de. A
preferred preparation ?ﬁfﬁﬁé?qiﬁﬂﬂ%ﬂiﬁlgg s°d?“Tr$¥§h?ﬂ$§ﬁ§ dIﬁP?ﬁHmhas -

fol lowed the steps of tRigPhyphosgeatrer anthausunlTtpat thashyeanesytressfullat employed.
about 0.05 to about 0.g& e@Qddégcéféﬁtng%uﬁﬁﬂ%ﬁaﬁtﬁen RRY {iSsHRY Y& QF& the mddi

surfactant, about | to about @ by welght” of titaniumtrichloride and
abou{_0. 1 to about 1.(PEeAPFaDlLyy then griedw dlBR IAUEFRcE QEi the AREh sfePRr 881 y
about 10_parts 10f aboufoudhéhddy bpasFing IWidAi 4Wite| WiUsAr tdl @rombtabadiesitn by

A light coating of an intermediate aquecus
acidic titanium solution is applied to the
polypropylene mesh, such as by immersing or spraying,
and dried using a hot air blower until the coating

15 turns from blue to a light yellow color. The
intermediate acidic titanium solution is prepared by
mixing together water, a surfactant, and titanium
halide stabilized in an acid halide, to which is slowly

_ added an alkali metal hydroxide to control the pH in

20 the range from about 3.0 to about 4.0. This pH range
is essential as it appears to maintain the pH range
necessary to permit the titanium dioxide, formed during
the subsequent oxidizing step, to precipitate directly
as the coating on the polymeric substrate.

25 The titanium halide is formed by using
shavings or granules of titanium from titanium metal by

- mixing the shavings or granules in about a 30% by
weight acid selected from the group consisting of
hydrochloric, hydrobromic or hydrofluoric aciqd,

30 - although hydrochloric is the preferred. The resulting
mixture has titanium in the +3 valence state. A
preferred alkali metal hydroxide used to achieve the
desired pH range is sodium hydroxide.

o A preferred preparation of the titanium

as trichloride sclution has followed the steps of adding
together about 100 parts by weight of water, about 0.05
to about 0.5, and preferably about 0.1, parts by weight



5 wei ght hydrochloric acid. About 5 to about 20 parts of an al kal
met al hydroxi de, and preferably about 10 parts of about 5% by wei ght sodi um
hydr oxi de, are slowy added with rapid stirring until the pH of the .
resulting solution is between the desired range of 10 about 3.0 and
about 4.0. This solution is permtted to stand with stirring for about 1
hour prior to being contacted to the separator nesh 24 to inprove the
coating properties of the solution. Thejsalution changes froma reddi sh
purple to a blue purple during this standing tine. |If the solution is
allowed to stand for too long, it apparently is altered, changing-fromthe
bl ue purpl e tosaréactantcplabowrtnd |tosiabguthd destsdut(cvwitgmgqfropertkgg,

After the Litapiyghpohuld:anGaakbithd Sudld 61 @Paboyt 1H%ealgyl Mesh 1

contacted with an oxi di zi 3 agent tq convert titanium sa o titanium

di oxi de. This ¥8hGRE h¥r Qiéﬁﬂﬁﬁ§ﬁplP§ﬁe8‘5§efﬁ¥%ﬁﬂﬁ9R?§MHﬂlPGFtPnnerS|ng
in a solution of aboutin28% malweighthyicahioni teicblomireuin 3Moobrifebyr at i on.

Any ot her 25 | | 1ge U§&ﬂ‘ ro--
“exanpl & hydr 033%1 ﬁgr%iﬂd&%éjlc'zso td?onao {mh?orl ne di oxl dréb q‘%x EQ
oxi di zi ng agen®Paf %%ﬁf!&ﬁ%*nhﬂﬁﬁPﬂ&éema§HGdPB?f°T?R;¥n§H?9§n& he nesh i s
t hen dri ed. Thpaeﬂatbﬂgawmc% ‘mWpwedghtt soltunugdsatide S3GQre in

provi ding a m)ggo n‘% 3 %J)f@%ﬁ‘?dt Qq_lﬁrgﬁgu&ﬁgg]h ‘9_% f&cq .ensi on of

| iquids comng in o contact” Wi ara apparently due to-a
reacti on bet weEfsuhbingsseintiqn tlémblﬁﬁwek?cﬁherﬂmr%&%ﬂ%&f Sone \/

rfeact I @S i’ire kBeqti 360 éxlﬂi hibqs s Ju.e hnivesolabtforsSis perdiiticaai g and t he
e e o O i
contacted to the separator mesh 24 to improve the
coating properties of the solution. The solution
changes from a reddish purple to a blue purple during
15 this standing time. If the solution is allowed to f-
stand for too long, it apparently is altered, changing
from the blue purple to a white color and—iosing the
desired coating properties. : - B
After the titanium solution coating is dried,
20 the coated mesh is contacted with.cn_cxidizigg agent to
convert the titanium salts to titanium dioxide. This
conversion can be accomplished by drenching with or \;)
immersing in a solution of sodium or calcium
hypochlorite of about 3% concentration. Any other
25 suitable oxidizing agent may be used, such as, for
| example, hydrogen peroxide or a solution of chlorine
dioxide. Excess oxidizing agent and surfactant may be
washed off the mesh and the mesh is then dried.
The coating process appears to be successful
30 in providing a more wettable surface without reducing
the surface tension of liquids coming into contact with
the separator mesh 24, apparently due to a reactzcn .
between the unstable titanium oxychlorides and oxygen.
Some reacticns are theorized to be possible between the
35 titanium and the plastic polymer. It is also theorized
that some of the oxygen nécessary_for the reaction is
present by being ‘adsorbed on the surface and inside of



-13- the polyner conprising the separator nmesh 24. The reaction of the
titaniumsolution on the surface of the polymer of the separator nmesh 24
causes a strong surface bond to formand a well adhering filmis 5
obtained. Wiile all of the variables of the reaction in the coating process
are not conpl etely understood, it appears as though neutralization of the
titaniumchloride appears to be an essential first step. Also 10
essential is the apparent use of a surfactant tf'help stabilize the
titaniumsolution so that it will have a usefuT*$Tfe of fromabout 1 to 3
days before it deconposes to forma titani um di oxi de suspension. Any
approptiate surfactan i khegt Ld&nd Oobyti o One
t hat ™~ Irtes specificalIybmgﬁ%ﬁgﬁvgfﬁgwggagggﬁ-?%ﬁ]%ééﬁﬁégﬁﬁzﬁ%f%égr' uﬁﬁé t.he
tradename Triton RTM S@agfion (of §h&I§6tﬂB§§Pb?%4??kﬁntQ&aﬁﬂﬁaPPﬁgaS?oeésghe
]g:an betihrfprovtﬁdzgy giﬁmﬁz%\g dfhehexkeparatos hesh nd4 i cdusdsha pekpngr t hat
or s e nes o] e epar.at or : . Is ocess
t hus descri bed hereins%$%§ﬁ?x93ﬂﬁeifiggﬁpuﬁ? i%gﬁee 5¥ﬁg%ﬁ&%?kﬁgg ? e dried
titani um sol utsion coa®b¥ainedsitu on the nesh 24. of the separator neans 21

and produces a resulting surfagmid? all okEhghei Gartiisles sy thier eenetiahl &n

t han non-coated surfaces. Utilizing Young' s copcept of tact | e,
[err] between the dro 2T i B &egssgffdnﬁ aﬁgm%ﬁ?ﬁgkiqg§@%s§§ggﬂrétof
wettability of the suappexrs cemtthougly hevbtradizahior ok ridie FSRNABMt i on 24

wer g 30 obser vedeh LD Fhpud f2OWe' bli 8R0E6988L 1AL NeMas 1A skepl.achlasgl e
of | &ss than-about 5 degrees an arent |

contact anglel0s a us®f “Hﬂ/]erissea pa?@?ér\éf’%gggtﬁaéggél% a%:t%%%' eb"Relp
: stabilize the titanium solution so that it will have a
useful life of from about 1 to 3 days before it
decomposes to form a titanium dioxide suspension. Any
~appropriate surfactant may be used in the titanium
15 solution. One that has specifically worked well is a
non-iog}c surfactant sold under the tradename
Triton}X-100. It is also possible that the coating
process can be improved by diffusing the oxygen or

chlorine into the polymer that forms the mesh 24 of the

- .20  separator means 21. _
The coating process thus described herein
W, : creates the titanium dioxide by converting the dried

titanium solution coating in situ on the mesh 24 of the
separator means 21 and produces a resulting surface

25 that is measurably more wettable than non-coated
surfaces. Utilizing Young's concept of a contact
angle & between the drop of liquid and a solid plane
surface as a measure of wettability of the surface,
coated surfacesof the central mesh portion 24 were

30 obsérved'through'aiSO power microscope to have a
contact angle of less than about 5 degrees and
apparently about 1 or O degrees. The contact angle is
a useful inverse measure of spreadability or

. wettability of a liquid on a surface since as the
35 contact angle decreases, the tendency for the liquid to
| spread increases. '



wettability of a liquid on a surface since as the 35 contact angle .
decreases, the tendency for the liquid to spread inc¢reases. - 14-

M croscopi ¢ exam nation al so showed that the translucent coating of *
titani um di oxi de preferably covers about 80% but at |east about 50% of
the surface of the separator nmesh 24. Tests conducted on 5 t he
separator nesh 24 where the titaniumcoating had not been applied to the
mesh verified that the surfactants used to wash the mesh did not remain on
the mesh and were not effective by thenset¥®s to reduce the contact angle.
10 The anode of the cell 10 using the coated separator.

means 21 has been deSigne%ﬁ%??%Fg&éaaﬁf%#F%QQf%ﬁx§£%§ %?°§%§C%£9Lygﬁ (Dl he

cell 10 is any suitable electrol ch i's capabl’ plyr ng ar kat
nmetal ions and Vetarslisentuiceatingt A thtapibem hioxide prefarahint .
Sui t abl e as anol adwir Arabout0808¥aBhtcat al &dt BB 508l,1 dgstnal kal i net al

hydr oxi des, or | metal .persulfates. The | eg{iqn of ano eisin
part dependent ggn"k?%a‘eceprcogal?(}:1 SSEFFE{&?‘%%?% %Phaﬁtoeg%ﬁ é’ggggﬁ%éagnchl orine
or brom gie is wathederaratgr meshgadcwnereotha j witasfiwm copking hed al
chloride or bromdéke deen!a@pprieadl B8 8RO Nésn vekptiedRimale Rwdr oxi de

sol utions are chosen where oxgaen gas_or h%dro en peronge s to b%é
produced. |If per®AFaf%antsNFeAs tPhE3tRsFhe PHIOAME POHTEPRAR] Oeth?

persul fate.i s 25mesh amshplerpcdot  eiffeotiye aby cthamse Ivescitioalredote the

construction, Sngh@gE%JQ&yliqnmgroup metals for the anolyte wetted partsw/
metal  chl ol d

wi th an al kal i de anqgl yte, woul d be necessary for each
particul 3 anol yte - . The anode of the cell 10 using the coated

separator means 21 has been designed so that the
anolyte which is electrolyzed in the cell 10 is any
suitable elecfrolyté which is capable of supplying
alkali metal ions and water molecules to the cathode

15 compartment. Suitable as anolytes are, for example,
alkali metal halides, alkali metal hydroxides, or
alkali metal persulfatés. The selection of anolyte is
in part dependent on the product desired. Where a
halogen gas such as chlorine or bromine is wanted, an

20 aqueous solution of an alkali metal chloride or bromide

' is used as the anolyte. Alkali metal hydroxide
solutions are chosen where oxygen gas or hydrogen o/
peroxide is to be produced. If persulfuric acid is the
desired product, an alkali metal persulfate is

25 employed. However, alternate materials of
construction, such as titanium group metals for the
anolyte wetted parts with an alkali metal chloride
anolyte, would be necessary for each particular anolyte
utilized. '

30 ' In any case, concentrated solutions of the
electrolyte selected are employed as the anolyte. For
example, where sodium chloride is selected as the
alkali metal chloride, suitable solutions as anolytes
contain from about 12 to about 25 percent by weight of



utilized. 30 In any case, concentrated solutions of the
el ectrol yte selected are enployed as the anolyte. For exanple, where sodium
chloride is selected as the alkali metal chloride, suitable solutions as

anol ytes contain fromabout 12 to about 25 percent by wei ght of NaCl .
Sol utions of alkali netal hydroxides, such as sodi um hydroxi de, contain
fromabout 5 to about 40 percent by weight of NaOH The cell 10 preferably
has been operated with 5 . caustic soda. ere caustic soda (NaOH) is

used, water and the caustic soda enter through the anolyte entry ports 18
and the solution flowsael ongdive ibnghotehDraly hé€uy paidrdeieReNstbE as

adj agént anode rods 12 and the anode inter-rod.gaps.at the rear o e
anolﬁPE 10 _ conpa??§§h1tqi§ﬁ§fagfhec?8 2bF féhéiﬂﬁqutl .toTﬁEg9£n%€t of
the anolyte fluid volpegcdntowyoredobtbefWa@Ht he anode rods 12 and within

the hydrophilically treated sepfeatbellMe6hpLéseddlyS HdisBeleANSpELHEEd Gyith
across the nenbrane, be|Q%é?ro uced_as a resul{ of "the 15 , electrolysis
reaction forn¥ng oxyd®Hs Wit &°98nd ¥BAFENFRRAEIC Aefdy (NaCH) is used, yater

Depl et ed caustic passasd cilte wiatlstdxy godaaentemt thraughonile ahelghel gherexit
or collection ports 20 18 and th tidhCeL&td GER! Rk En28ei 0
machi ned from a soli clig%zf aln esasn st egl 'SEilgt:é. Sf nce'?ﬂ%n%gl I sag}lxpo?aéfﬁ!f%e

cathode is on one sidB1Yf Ratd desvgeasthe;adjagsny anqde FodgatRogrd the
backpl ate 28 side, - wimdde tirearadd bapkphtt £hd Iremd dfhahanateliygeon t he

oppesyng 25 ., = Si d?compTal}%”tnFeﬁ&h%ﬁaQaCKRLa{:&%?@? Nage GMOhYLE #RELY ROLE S
35 on. the opposi ng sides .of the bottom portioh o
: - : 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
15 ' electrolysis reaction forming oxygen, water and sodium

ions,
4NaOH ———> 0, + 4Na® + 2H,0.

Depleted caustic passes out with oxygen and water
- ’ through the anolyte exit or collection ports 19.
20 ' The cathode backplate 28 is also machined
VU ' - from a solid stainless steel plate. 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 ancde is on the opposing
25 side. 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 a
catholyte distribution groove (not shown). The
catholyte distribution groove, cathélyté entry ports
30 35, and the machined catholyte transition slots (not
shown) are positioned juSt'above the corresponding
anolyte distribution groove, anolyte ports 18 and the
anolyte transition slots, but are on the opposite side
of the. solid stainless steel electrode plate.



cat hode backplate 28 that feed in catholyte into a catholyte distribution
groove (not shown). The cathol yte distribution groove, catholyte entry

ports 30 35, and the machined catholyte transition slots (not shown) *
are positioned just above the correspondi ng anol yte distribution groove,
anolyte ports 18 and the anolyte transition slots, but are on the opposite
side of the solid stainless steel electrode plate. -16- A | ower

cat hol yte chanber 38 i.s positioned i medi aggky above the cathol yte

di stribution groove 32. The | ower catholyte chanber 38 is separated from
the upper catholyte chanber 39 by a generally 5 horizontal I'y

posi tioned cathode flow bak riever3@athplytebshankber 338 ei@ cisi tdomesls t e, -

entire wdth of iﬂﬂe&ﬁf@i{t&&}lﬁ@ﬁr caeﬂo@{,e&ra'ii@érpsumxﬂg&ofowm the™
pl ane of the cathglyte b | ate Cat hode Tl ow barrier 3 |nterrupts t he

vertical flow of 3¢at hDrSt cath°ﬂVﬁFd°HBRB?HI§8f+§nﬁ?9ﬁfQWﬁﬂerr@&tholyte
chanber 38 into the upper axtifudlytiec chhabker 389y t degeribyr alaysi ng the

catholyte fluid f.eruﬁme ﬁ,a;rsast &%*A%\H“cﬁ!h%ﬁ& @i&@‘”@aif’i{ QRE Fib

takes it "twice throu cat ho enrg i e upper catholyte'
chanber 39. 15 bParr mwmar- O§Ft theneqtioe netatRidh theni ghl y
effective’ surfaceaahehyténuhamri e plretradesf catwerglypofroms wat hode pl ate

(hat wi il perm teShab o8Bty dihol YrdBallot BEe 038101 ol thddd gl I OW

t hrough the porolUs cat hode pl ate to a mninmum 2 -
the resi dence tlhér6¥e¥h%°c%ﬁ?ﬂﬂﬁﬂﬂ§slﬁ FhEeEéFFal e Q?m?%ﬁhQ%Mﬁfte f1 i
has reachgd the epped epwdwdly erdmanner 13%ekt c@TREI Pt & hehd0l38 Gnto

col l'ection groovey, (nQl, gD OMVn AWt e inbtinkd€ 35S LnbPLBYIla 1dEndBHY ned
catholyte fluid to flow ih a path shown by the arrows
in FIGURE 1 that takes it twice through the cathode
plate 26 enroute to the upper catholyte chamber 39.

15 This flow path results in a cathode with a highly
effective surface area, but'requires the use of a very
porous cathode plate that will permit at least 30% by
volume of the cathdlyte fluid to flow through the
porous cathode plate 26 rapidly to hold to a minimum

20 the residence time of the cathpiyte in the cell. Once
the catholyte fluid has reached the upper catholyte
chamber 39 it enters the catholyte collection groove - \;/
(not shown) and exits the cell through the machined
catholyte exlt transition slots (not shown) and

25 catholyte exit ports 36,

Weep holes (not shown) 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. Alternétely or concurrently

30 additional weep holes can be used to permit the
hydrogen gas to pass out of thé interelectrode gap
between the walls of the lower and upper catholyte
chambers 38 and 39 and the cathode plate 26 just below
the cathode flow barrier 30 and then back through the

35 cathode plate 26 opposite the catholyte collection
groové.



catholyte exit transition slots (not shown) and 25 catholyte exit
ports 36. Wep holes (not shown) can be used in the cathode flow barrier 30
to permt hydrogen gas to rise fromthe | ower catholyte chanmber 38 to the
upper catholyte chanbber 39. Alternately or concurrently 30 addi ti onal
weep holes can be used to permt the hydrogen gas to pass out of the

I nterel ectrode gap between the walls of the | ower and upper cathol yte
chanbers 38 and 39 and the cathode plate 26 just7+hel ow t he cat hode fl ow
barrier 30 and then back through the 35 - cathode plate 26 opposite the
catholyte coll ection groove. -17- C | .at Iy [ ce
on the& cathol yte backpl ate 28 gf/‘eazaf:;lggg i%gg?ezséér%véeﬁ'gotﬁsﬁgém% ??12‘1[}%
seat ‘Wrthin the plur a‘F"i“il}Pdetec&’Pﬁiseg%apB%rby precekna 14 t31 ofi BRFAWS hEndbwer

ﬁndh:Jpper'S - c?tmw)e thazngent WBtRiW e ﬁiﬁ:aqattbodel ahah&faaG iz af
i ghly porous nultil ructure.  Lt.co | ses,.a support l.ayer forned o
perforated stainIessa%§§§§§t!ﬁ%Q§s§5%50? ?gé%&nf%ﬂ?;?qﬁég ﬁ8&n¥Pﬁarbase and
protects the 30 ¢athalwhealchppbersf aBtandyd®. that is fornmed of, for

exanpl e, 15% dense, very fine 4ne0c8tAbaeOpLitdEIS iNdE RiYnd9np8rdls M Cron
fibers laid on top of_one another. A wre sgéeen of,, for exanB F,118 mesh’
with a .009 inch w re““b#%yé" SETPRERTBr actt SR 19RE A SEPPPEF: 13¥°%1s5
forma cathode that hésrmedeiperfoshtpdestrimlesdhaitesdn 80Thdmdseppprihe
cathode plate 26, thufayds forimalUitnka8aRei Ry L& b PRt sWehl al | of

thegmterials mde of, stal a3 f1b28 el L8P 404 sornea of, for
example, 15% dense, very fine 4 to 8 micron fibers and
15% dense 25 micron fibers laid on top of one another.
A wire screen of, for example, 18 mesh with a .009 inch
wire diameter is then placed atop the fiber felt to
15 ~form a. cathode that has a porosity of preferably
.between 80 and 85%. The cathode plate 26, thus, is a
four layered sintered-composite with all of the
materials made of stainless steel, preferably 304 or
316 stainless steel, and in the appropriate sheet
20 size. The highly effective surface area of cathode
- ' .plate 26 is achieved by the use of low density metal
. felt formed from very fine elements.
W/ ' _ A cathode gasket groove 29 extends about the
top, bottom and side peripheral portions 23 of the
25 cathode backpléte 28. Although not shown, a 3/8" round
EPDM, ethylene-propylene-diene monomer, gasket is used
to seat within the cathode gasket groove 29 to effect
fluid-tight sealing.
Reduction occurs at the cathode in the cell
30 10 by the electrolysis of a buffered aqueous solution
of an alkali metal bisulfite. A typical reaction is as
follows: |

- + '
4NaHSO3_+ 2e + 2Na — Nazszo4 + 2Na2803 + 2H20.

Depleted caustic and sulfur dioxide are mixed to form



-

316 stainless steel, and in the appropriate sheet 20 size. The highly
effective surface area of cathode plate 26 is achieved by the use of |ow
density netal felt formed fromvery fine elenments. A cathode gasket groove’
29 extends about the top, bottom and side peripheral portions 23 of the 25
cat hode backplate 28. Although not shown, a 3/8" round EPDMV

et hyl ene- propyl ene-di ene nononer, gasket is used to seat wthin the cathode
gasket groove 29 to effect fluid-tight sealPng. Reduction occurs at the

cathode in the cell 30 10 by the electrolysis of a buffered agueous
solution of an If| y folloms
[err] Depleted 2%%ﬁ%¢3f$§? a%%glgggagégﬁ#l é;é¥}1ﬁ%€§ RaHso Ldat
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rises vertically upwardl N unt.|I | ate 26.
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e A L
10 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 fluid then passes through the cathode plate 26
and continues flowing upwardly through the
15 cathode-membrane gap until it passes the cathode flow
barrier 30.: At this point the catholyte fluid passes
back through the highly porous cathode plate 26 into the
upper catholyte chamber 39 and then into the catholyfe
collection groove. The cell product solution containing
20 Na,S,0, (dithionite) exits the cell 10 through the
catholyte exit transition slots and the catholyte exit
ports 36.
' A buffer solution containing from about 40 to
about 80.gpl of bisulfite is utilized with the catholyte
'25 because of sodium thiosulfate formation resulting from
the reduction and decomposition of hydrosulfite
(dithionite) and the pH change of the éatholyte as
bisufite is consumed and sulfite is formed according to
the reaction

: _ + |
30 Na28204 + 2e + 2Na + 2NaHSO3 ——%>N328203 + 2Na2803 + HZO.

This hydrosulfite decomposition reaction is
electrolytically driven by the presence of electrons.



barrier 30. At this point the catholyte fluid passes back through the

hi ghl'y porous cathode plate 26 into the upper catholyte chamber 39 and then
ipto the catholyte collection groove. The cell product solution containing
20 Na2S204 (dithionite) exits the cell 10 through the cathol yte exit
transition slots and the catholyte exit ports 36. A buffer solution

contai ning fromabout 40 to about 80 gpl of bisulfite is utilized wth the
catholyte 25 because of sodiumthiosul fatel®wrmation resulting from

t he reduction and deconposition of hydrosulfite (dithionite) and the pH
change of the catholyte as bisufite s consuned and sulfjite_is forne

according to the reacthem Wie potential 18 infyeRdrdy 199 &H&DENFYEFEREN
reacti™n is el ectrol yaessdty ahd wen abpotihe, ptikhe eresctofore lratier offisthis - 19-

Wien the potential i s?'ggglela%a;q:,hi%%uitl%iatggﬁf,?gé&gm%cdiﬁmg%nqnd to a point ,.

the reaction rate of 'S undesire e produci ng reaction, The
value of the nultiple | ayered &ehy@dus of the pultipke jlavered; cakhpres
evident in itsg sel ectpvaty.28ayaatikalavlyi ptedémyeired v acileedeviiag. an

i ncreased surface areg, it regui rm?ﬁ.tli?%%t Y%&E?@E Qz[?cﬁteéogié{%a@%ﬁ;gh@l:e%gﬁe

drive the primry r edtictd on reaction _produces I red rosu
product and, thereby, sepface aresgjudds regeizasubessfvekiadmh®Esidr d@wer
thiosul fate produced Bytéieidl ioasifviet ehdeppipasy tieTudtiant ireactIbe that

i ncr rf ] ' : ' '
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predom nat es aead reduces the amount of the undesired thiosulfate produced
by the hydrosulfite decomposition reaction. The
increased surface area permigs the potential to be
maintained at the lower level where the primary or
desired hydrosulfite producing reaction predominates and

15 generally below the level where the hydrosulfite

deéomposition reaction becomes a factor.

The hydraulic pressure in cell 10 is
established so that the membrane 25 is kept pressed
against the separator means 21 and off of the cathode

20 plate 26. Keeping the membrane 25 so positioned also
permits the flow path through the cathode plate to be
accomplished. The cathode flow barrier 30 further

~/ : contributes to the ﬁydraulics of the cell 10 by
achieving a uniform pressure across the entire height of

25 the cathode due to the flow inversion characteristics
achieved by the multiple £low paths through the cathode
plate 26, '

An additional benefit is obtained from the
solid separator-frame'22 since it forms a_good seal with

30 the adjacent membranes 25 to prevent leakage. A strip
of, for example, polypropylene foam or material sold
under the tradename GORE-TEX about the frame 22
cooperates with the previously mentioned EPDM gasket and
with the separator frame 22 to form an effective seal.
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15 generally below the | evel where the hydrosul fite deconposition
reacti on becones a factor. The hydraulic pressure in cell 10 is established
so that the nenbrane 25 is kept pressed agai nst the separator nmeans 21 and’?
of f of the cathode 20 plate 26. Keeping the nenbrane 25 so positioned
al so permts the flow path through the cathode plate to be acconpli shed.
The cathode flow barrier 30 further contributes to the hydraulics of the
cell 10 by achieving a uniform pressure across the entire hei ght of 25

the cathode due to the flow inversion char¥®teristics achieved by the
multiple flow paths through the cathode plate 26. An additional benefit is
obtained fromthe solid s raf or ' 2 I,n Lt for a. good seal (it h
30 t he adj acent nenb‘r?g%egiez%t{%ﬂ&ﬁecvéﬁﬁll égkg%e‘?pegg%ﬁ ?apt of , fo\\r")'lfl”I
exanpl e, pol ypr spyrent dewsibiesrmhdidhalareolsaffiadéent hbot peeituyrae GORE- TEX

about the franmegg2ue2eR8r gEes1vdis ﬂé&m&g@:&%hﬂe&etﬁw%w gasket and
wth the separator -fr ective_seal

ne, 22 to_forman h - é? The
electrolytic celanfﬁnggaBb%‘P%t%%Flaﬁef'ur St SFBRBLLY ERGRP TP suf fi ci ent
to produce sol uhydrnosuolfitkais pundicdd dicos gommegcihdvaajei hehe

concentrations dgiuke8nsFeén€xtiPton WA 1201 UB) Bbout 16GYe¥Osd!Iddrte is

produced for co rcial_sale, the solutions cqQntain {romabout 120 to about
60 orams per | AMEFE- HBAROLST, (THIGP (H15 AUEALA Refar RYRFosHHHite

sol utions sol d colmeiohal byldreommardiallyi larecdsheldyedibeted Hostordi | ut e
agueous sol uti P%%e?a@héLF'Odeqgé %fﬁ%lxslqsolutiogisr gah! ¥10¥ HOSRRGRSS ~
Current densities of at- [east 0. I | oanper es
10 directly by the process. _
Current densities of at least 0.5 kiloamperes
per square meter are employed. Preferably the current
density is in the range of from about i.O to about 4.5,
and more preferably at from about 2.0 to about 3.0
15 kiloamperes per square meter. At these high current
densities, the'électrolytic cell 10 operates to produce
the required volume of'high purity alkali metal
hydrosulfite solution which can be employed commercially
without further concentration or purificatien.

20 The electrolytic membrane cell 10 employs a
cation exchange membrane between the anode and the
cathode compartments which prevents any substantial -/

migration of sulfﬁr-containing ions from the cathode
compartment to the anode compartment. A wide variety of

25 cation exchange membranes can be employed containing a
variety of polymer résins and functional groups,
provided the membranes possess the requisite sulfur ion
selectivity to pfevent the deposition of sulfur inside
of the membranes: Such'deposition_can blind the

30 membranes, the result of sﬁlfur species diffusing _

| through the membranes and then being oxidized to create

acid within the membranes that causes hydrosulfite and
thiosulfate to decompose to sulfur in acidic
conditions. This seiectivity can be verified by

35 analyzing the anolyte for sulfate ions.



per square neter are enployed. Preferably the current density is in the
range of fromabout 1.0 to about 4.5, and nore preferably at from about 2.0
t.o about 3.0 15 ki | oanperes per square neter. At these high current
densities, the electrolytic.cell 10 operates to produce the required vol une
of high purity alkali netal hydrosulfite solution which can be enpl oyed
comercially without further concentratiepier purification. 20

The el ectrolytic nenbrane cell 10 enploys a cation exchange nenbrane

bet ween the anode and the ca%ho e conpartnments which prevents an
ipL Rrd

y
substantial migration of SUFFAPIR SRR RECHYIES MEBRFRRRS Afithslese
conpgftment to tWBighotre dosphr t feribla, wand subsitengiailpSimpervionsi on
exgh]@‘fée _rrerrblr_anea €10 HiAroaphayns Qeat 3ENtNY de¢dEbey¥e Andahgner res: ]ps
and functional g e n SSess requi,site sul fur
lon selectivity ng%? %Eﬂfgége d%g%?%?gg%a%$§%3$¥éggiﬁé?gb §$&%§3
nmenbraness Such B¥PRATIS FEMPEANSS IaF® WRAlSnown tonsapkairestixede result of
sul fur species dahiosingrionbeuthat Hecomeebi atwss ianld ahbcexdedny®e @%i di zed to

create acid wi t higeidig RN BRERuddIAnIBANS Crdly rOSUELLLS ah-Ll 05U Fat e

to deconpose ‘to sulfur_in acidic, con I's selectivity can be
verified by 35 CeReLILYX FRAGTERAEAUNMHMPPRZRRT NAR PaPREFHRST @ - 21-
Sui t abl e cati on exesrmijakednbelymer dice whhoheanshiatitaghedi nert, flexible, and
substantigl |y i npRE&vgenIsaldachbe, herodgnanie?, f I-owoof',_thepg,ecuwbgt by,
the, passage of 935aPLOSPY Sufl UG AnbbECES! lmeCabiohs xchang

menbranes are we nown % o cont ar I Xed anioni c_groups that permt
i ntrusi on and ex¥RAARLHT Beatipedsto Areduge| thr BaRbEAes | IRpAude e £0Er nal

source. example, fluorocarbons, vinyl compounds, polyclefins,
‘and copolymers thereof. Preferred are cation exchange

15 _ membranes such as those comprised of fluorocarbon
polymers having a plurality of pendant sulfonic acid
groups or carboxylic acid groups or mixtures of sulfonic
acid groups and carboxylic acid groups. The terms
“"sulfonic acid group" and “"carboxylic acid groups" are

20 meant to include salts of sulfonic acid or salts of
carboxylic acid groups by processes such as hydrolysis.
Suitable cation exchange membranes are sold commercially
by E. I. DuPont de Nemours & Co., Inc. under the

' trademark "Nafion®, by the Asahi Glass Company under the

25 ' trademark “Flemion", by the Asahi Chemical Company under
the trademark "Aciplek“. Perfluorinated sulfonic acid
membranes are also available from the Dow Chemical
Company. . :

| The membrane 25 is positioned between the

30 anode and the cathode and is'sepa;ated 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 to prevent gas

35 blinding, but not wide enough to substantially increase



Generally the resinous nenbrane has a matrix or a cross-linked polyner to

whi ch are attached 10 charged radicals, such as. [err], and -SeO and

m xtures thereof. The resins which can be used to produce the rmenbranes

“include, for exanple, fluorocarbons, vinyl conpounds, polyolefins, and

copolynmers thereof. Preferred are cation exchange 15 menbr anes such as

‘those conprised of fluorocarbon polyners having a plurality of pendant

"sul fonic acid groups or carboxylic acid drpyps or m xtures of sulfonic-acid

groups and carboxylic acid groups. The ternms "sul fonic acid group” and
carboxylic acid groups” are 20 meant to include salts of sulfonic

acid or salts ofeleathdenl eeaesdageoups:épermn@emeaheuebmsaﬁyﬁmg&xs,..x
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menbranes are al sQ avalkg glngggkégqﬁgqghgnﬁﬁé gny The nenbrane 25.

i s posit?oned b&e&H nd%i s separ at ed
fromthe cat hod@eshanicsilhsganfenbfaie %&)igﬁhlacmi @weéhehmaghf%qw permt
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e |l ower catho 0 e u e C 0
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-22- electrical this stemiga. th@ememdrngrcm’tﬁ’me fedremtablysibodeapt fire 26 o/
used, th CathQﬂﬁn?ﬁﬁqraQﬁegﬂgthédé-QQéﬁfﬂgéiéHtfHHH“a%QQQt 0. 05 to about

10, and prefera
: Suitable porous cathode plates 26 used in the

cell 10 have at least one layer with a total surface
e s

area to volume ratio of greater than 100 cm per
 em3, preferably 250 em® per cm3, and more
15 preferably greater than 500 cm-2 per.cm3. These

structures have a porosity of at least 60 percent and
preferably from about 70 percent to about 90 percent,
where porosity is the percentage of void volume. The
ratio of total surface area to the projected surface

20 area of the porous cathode plate 26, where the projected
surface area is the area of the face of the cathode
plate 26, is at least about 30:1 and preferably at least Y
from about 50:1; for example, from about 80:1 to about
. 100:1. | |

25 Current is conducted into the cell 10 through
anode and cathode current conductor plates (not shown).
Plates of copper the size of the electrodes are placed
against the end cathode and end anode in each cell 10,
Electrical connections are made'directly to these copper

30 plates. An insulator plate made, for example, of
polyvinyl chloride or 6ther suitable plastic, and a
compression plate (both not shown) made for example, of

- stainless steel or steel, are placed against each end of

the cell 10 before it is assembled to form a sandwich

35 around the desired number of electrodes that are
positioned therebetween. |



about 1 to about 4 mllineters. The cat hode-nenbrane 5 © gap can be
mai nt ai ned by hydraulic pressure or nechani cal neans. This design and the
cat holyte flow path permits alnost all of the catholyte liquid to contact
the active area of the cathode. Further, with this design the mgjority of
the electrolytic reaction 10 occurs 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 volume ragio of greater than 100
[err] per cnB, preferably 250 [err] per [err], andnore 15 preferably
greater than 500 [err] per [err]. These structures have a porosity of at
L\Eas;_,i@:o per cent anﬂ pref er abl yrie’ @@1abett tHe pREcEE Irvedtddn QBum&rSB?kB,
ere porosity is the,pe v Qi ung, rati.o .o tal .surface

‘area to the project edbgué‘?%{g%r?% a%f mogggggg(%f n?ﬁﬁﬂl’gjf%sthcaaﬁ tt'i’(‘)%g‘ 5%’3? g 28,
where the projected serfacktaindesss stgelapdatefbe hidentdcadin macbinpddend
plate 26, is at |easttndpall elettdodesf Bealb¥daois| Gstlend elekiteBuabouh

50:1; for exanple, frgm about .80:1 tqQ.,abo 100:1. 25
Current is coggucted oa??ﬁ?éiﬁdﬁcfglfhrgﬁﬁhcgﬁfﬁﬂfeﬁﬁfqgﬁﬁﬂfgeiguFPﬁnt

conduct or pl ates (notnehepedar Besign wpuddpphentbe starwiad doppekect r odes:

are placed against thg)&dgrfdhadamndigndoanedeni sréachhaesl | 10.
El ectrical connections are nad jngptgﬁ to f hese
on 1HOF

fqgger 30 pl.ates. .
An insulator plate nade, for e §i R§H At I PTHE B EhdpVention
sui {abl e plastic, andeceubdnps egsildzed dnecelbothorvenitmivreartdonsopther

exanpl e, Qf S&&!”'esstﬁaﬁeihéw éﬁéﬂﬂbioﬁr%fph9699s§9§iﬂél ‘ﬁyﬂld%&digftﬁge
cell 10 beforé’it is assenbled to forma sand%ncp 3§¥ aro nd.t@e h
desired nunber of eleEf?ik@%‘?ﬁuﬁfeﬁﬁ?aﬁé§iPF8 BEP HRY chief nemistry, suc

as the electrochemical transformations of pyridines
through oxidation or reduction reactions in a
‘cation-exchange membrane divided cell of the instant
‘15 design. '
Employing the novel design of the cell 10,
concentrated alkali metal hydrosulfite solutions are
produced having low concentrations of alkali metal
thiosulfates as an impurity in electrolytic membrane
. _ Zb cells operating at high current densities, substantially
reduced cell voltages, and high current efficiencies.
W,  - - In order to exemplify the regulFs achieved,
the following examples are provided without an intent to
limit the scope of the instant invention to the
25 discussion therein.



-23- The cell of the instant invention could also be designed as nonopol ar,
requiring that both sides of each stainless steel plate be identically
machi ned and that half el ectrodes be used as the end electrodes in 5

t he assenbled cell. The current conductors in the nonopol ar desi gn woul d
then be standard copper electrical termnals for each el ectrode.
Additionally the cell of the present invention could be utilized in

el ectrochem cal reactions other 10 'thgq_the production of

hydrosul fite. Typical is the production of organic products by

el ectrochem stry, such as the electrochem cal transformations of pyridines
t hrough oxidation or reduction reacti onggamppe Cati on-exchange nmenbrana A’
di vided cell of the instant 15 destgn. Enpl oying the novel desigh’%f
the cell 10, concentrated al kali netal hydrosulfite solutions are produced
havi ng | ow concentrati ons &dfcelkaf the diypehisbowhf dnddeadravingrgasrity in

el ectrol ytic menjsgagnzedd from Céldce WRYVideds §Ee2i9§1§gé£ Gt dE Rl €S,

substantially reduce el |l voltages nd hi gh curren Iciencies. In
order to exeﬁpliﬁ?u g88r8§u?t§a rﬁ1ﬂ£§im t FBPFSzFﬂbh% AR LS hose

provi ded sni t hout agmivat ehectrode rAnes hwassabostoP .12 sgsteetmeyrmntion to

the 25 di scYazhon Therpidees fordfba BN Hag tAetBbtroial N de/RE Shown in
the drawi ng was assembl ed fromthree stainless steahagéates whi ch were

mounted on a racEaFB°ﬁ8rﬁP%mbh%rﬂ)ﬂb?rc§t'h(?d‘€ ai P80 ed about a

bipolar electrode with opposing anode and cathode
faces. The outside dimensions of the electrode plates

10 were about 17 inches wide by about 18.5 inches high and
about 1.0 inches thick. _ '

The anodes were comprised-of'abput forty-seven:
(47) 1/8 inch diameter nickel 200 rods welded onto the
anode backplate, as shown generally in the drawing, with

15 approximately 1/16 inch separation between the rods.

The anolyte collection and distribution grooves were

about 1.25 inches wide and about 0.61 inches deep.
The cathode plate was formed from a four

layered sheet cut to size. The first layer was a

20 support layer formed of perforated stainless steel 0.036
inches thick with 1/16 inch holes on 1/8 inch 60° )
staggered centers having a 23% open area. The second
layer was a 0.62 pounds per square foot layer of 304
stainless steel fibers about 25 microns in diameter.

25 The third layer was a 0.12 pounds per square foot layer
of 304 stainless steel fibers about 8 microns in
diameter. The fourth layer was an 18" x 18" mesh of
about 0.009 inch diameter wire cloth. These layers were
compressed together and bonded by sintering in a

30 hydrogen atmosphere to form a single sheet with a
thickness of about 0.155 inches. The cathode sheet was
cut to form a cathode plate of about 18.5 inches by
about 17 inches. '
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5 active el ectrode area was about 0.172 square neters each. The
plates forned two half el ectrodes, one a cathode and the other an anode,
Sandw ched abaut a bi polar el ectrode with opposi ng anode and cat hode faces.
The outside di mensi ons of the electrode plates 10 wer e about 17 inches
wi de by about 18.5 inches high and about 1.0 inches thick. The anodes were
conpri sed of about forty-seven (47) 1/8 inch dianmeter nickel 200 rods

wel ded onto the anode backpl ate, as shown genEWég ly in the drawing, with 15
approximately 1/ 16 inch separation between theé 90ds. The anol yte coll ection
and distribution grooves were about 1.25 inches w de and about 0.61 inches

deea;rjhe cat hode plate was forfedcdtwsad didite hAkemRUntBBELAEY t1hO S ZE.
The ™ ™Tst |layer was a 2 S rt_layer forned of rforated stainless
‘steel 0.036 inches ttﬁ‘@g"\h&?ﬁ T;’Jgg?iﬁ%ﬂ‘% é?%ﬁfﬁg Pﬁgﬂ%é Sl
centers having a 23%pbout 3/8ainghedtamafinr |thadr ssated Oné@ phencistipste

square foot layer of g3 piEaFEHS§§a§§eﬂt}HrpQ:rh% FaeHbirgReNLRAMDISIE N 2
di aneter. 25 The rd Ta pounds pefi, square foot |ayer

| er s a0.12 Al €
of 304 stainlf%ss steéFnaﬂr"bEPgtgﬁgu‘\?A?SaPﬁi‘?%qen edieghkEicpl JRENE FRRBPUNSY er
was an 18" x 18" neslwasf uskdubnOtheothreddglicidher soreeschndha dikkmod ayers
wer e conpressed together an o] VurSd N8I 3N d
at nrosphere to form atcglﬁ'ﬁalﬁeggﬁegggg\f$h°§é{]hﬁi%sag 8? gggﬁt sﬁ?%é?%%%evs@t
The cat hode sheet wa$hCUECEBW EFARPIAMARE 3N At 1ye BBSE: o fsthe | srhed ey
abqut, 17 inches. ad3embllg.cat hode pl ate was nmounted onto the stainless

st eel Cathod%DbaCkaate using ngS€6€M51fE inch diameter holes were drilled
in the cathode plate to permit gas bubbles trapped
within the cell to escape. Three of ghe holes were
drilled near the top of the cell opposite the catholyte
collection groove and three just below the cathode flow
15 - barrier.

Separator means were formed from polypropylene
mesh treated with a coating of titaniuﬁ dioxide in the
specific manner previously described. The separators
were mounted in 1/16 inch thick separator frames cut to

. - 20 . fit just inside the gasket groove in the cell. The mesh
was first washed in a detergent solution containing
U ' sodium hypochlorite, sodium tripolyphosphate and the
surfactant Triton X-100. The surface of the mesh was
roughened by buffing with a wire brﬁsh._ A light coating
25 of the specific titanium solution previously described
was sprayed on the mesh and then air dried with a hot
air blower. The light yellow colored coating was then
.drenched with a solution of about 3% sodium hypochlorite
to convert the titanium salts to titanium dioxide.
30 Excess hypochlorite and surfactant were washed off the
mesh and the separator mesh was dried.
' Gasket grooves about 0}375 inches wide and
~ about 0.187 inches deep were machined into both the
anode and cathode backplates. On the anode side of the
LL cell about a 0.375 inch square gasket was used with



about 1/8 inch diameter that seated into the cathode support pedestals
within the catholyte chanbers. A5 smal | coating of appropriate
joint conpound was used on the threads of the screws and a

el ectri cal

silicon cenent was placed over the head of each screw to prevent the screw
from beconing an active part of the cathode. assenmbly. 10

Six (06) 1/6 inch dianmeter holes were drilled in the cathode plate to
permt gas bubbles trapped within the cell-tg-escape. Three of the hol es
were drilled near the top of the cell opposite the catholyte collection
groove and three just bel ow the cathode flow 15 barrier. Separator .
neans were for me@¥mp & -Ppioehl videnethip refitakbuti th 66 dhtickg of A
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cel |

perfluorinated membrane that was soaked in about 2%
sodium hydfoxide solution for at least 4 hours prior to
assembling. | | _

The cell was operated at a temperature of
approximately 25°C with a total catholyte flow rate of
about 6 gpm and a total anclyte flow rate of about 4
gpm. Excess anolyte containing 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 deionized water was
continuously added to the catholyte, as was sulfur
dioxide to the catholyte to maintain a pH of between
about 5.4 and about 5.8 and a sulfite to bisulfite molar
ratio of about 1:3 to about 1:8.

Product catholyte was drawn from the cell
continuously at 'a rate of about 287 milliliters per
minute and'was analyzed periodically during each day.

. The product catholyte reflected in the following Table I

was analyzed from samples taken at the same time each
day. These data are representative of the operation of
the cell during 4 days of operation under optimized
conditions. The catholyte was analyzed'for sodium
hydrosulfite, sodium thiosulfate, sodium sulfite and
sodium bisulfite content.

-/



-26- about a 0.5 inch wde strip of about 0.060 thick GORE-[err] gasket
tape placed on top. In the cathode-gasket groove a rubber Oring of about a
Q.378 inch diameter was used. The cell was assenbl ed2¥rsing a 5

portabl e hydraulic assenbly system described in U S. Patent No. 4,430,179
that conpressed the cell together so that approximately a 1/8 inch . gap

bet ween the anode and the cat hode plates renmained. The cell was then
secured by retaining nuts. 10 ' The cell was operated
continuously for 42 days. The cell enployed a |ON [err] NX 906
perfluorinated nmenbrane that was soaked in about82% sodi um hydr oxi de
solufion for. at least 4 hours prior to assenbfl ng. 15 The
cel I"Was operated at a tenperature of approx?ﬁ IonSQC wth-. a total
catholyte flow rate of about 6 gpmand a totd _Igte-flgw r"ete of about 4
gpm Excess anol yte contai ni ng about 19% sodi dfoxi'de was conti nuousl y -
purged and added to the 20 - cat hol yte ci rga ion while the anol yte was
continuously replenished with the addition of gdgut 69 grans per m nute of
about 35% sodi um hydroxi de solution. About 230 mlliliters per mnute of
dei oni zed water was continuously added to the cagholyte, as was sulfur 25
dioxide to the catholyte to nmaintain a pH of bet$geen about 5.4 and about
5.8 and a sulfite to bisulfite nolar ratio of abdit 1:3 to about 1:8.

Product catholyte was drawn fromthe cell contig usiy sat b rite of about

284 milliliters per 30 mnute and was anal yged Sperd ocE cdhly during
each day. The product catholyte reflected int ol lowing Table | was

anal yzed from sanples taken at the sanme tinme each day. These data are
representative of the operation of
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the cell during 4 days of operation under optimzed 35 condi tions.

The cat hol yte was anal yzed for sodi um hydrosul fite, sodiumthiosulfate,
sodium sul fite and sodi um bisulfite content. -27- [err] [err] [err]
[err] [err] [err] [err] [err] [err] [err] [err] [err] " -28- Wiile the
preferred structure in which the principles of the present invention have
been incorporated as shown and described above, it is to be understood that
the invention is not to be limted to 5 -28~t he particular details thus
presented, but, in fact, wdely different nmeans may be enployed in the
practice of the broader aspects of this invention. For exanple, while the
anode backpl ate i s shown arthikectherRrafersed sgrugtusenin which de on{i(/(_s

~surface, flat 10 princ{Sfdéa 6t e Bcsedt TnDBhLABR" RIVE ALepieONEL i CalTY
shaped structuresingg§£5§§EééI§gllﬂéﬁﬁ J%%n%% g@?Léd.above, it is to be
understood that the invention is not to be limited to
5 the particular details thus presented, but, in fact,
widely different means may be employed in the practice
of the broader aspects of this invention. For example,
while the anode backplate is shown and described as
employing round wire rods on its surface, flat W/
10 rectangular bars or other appropriate geometrically
shaped structures, such as triangular, pentagonal)
hexagonal, octagonal, etc. could be equally well
utilized. The separator mesh could also be assembled in
the cell between the membrane and the cathode plate, in
15 conjuhction with the hydraulic pressure being changed so
that the membrane is forced off of the anode rods and
against the séparator mesh. The process of this
invention could also equally well be used to prepare
hydrophilic titanium dioxide coétings on polymer fabrics
20 such as nylon; polyethylene or polyester to produce
hydrophilic surfaces. Such hydrophilic properties can
be useful in clothing or filter applications, for
example.
Further details of the preferred cells are given

25 in our copending UK Patent Applications Mos. 8729405 (GB-A-
2,200,652) and 8817129 (GB-A-2,207,685).

)
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hexagonal , octagonal, etc. could be equally well utilized. The separator
mesh coul d al so be assenbled in the cell between the nenbrane s

cathode plate, in 15 conjunction with the hydrauli '
changed so that the imenbrane is forced off of the anodemmgm HW’&E’

t he separator nmesh. The process of this invention could &

be used to prepare hydrophilic titanium di oxide coatings on polyner fabrics
20 such as nylon, polyethylene or pol yest®®2%to produce hydrophilic
surfaces. Such hydrophilic properties can be useful in clothing or filter
applications, for exanple. Further details of the preferred cells are given
25 . in our copending UK Patent ApplicatiGudM8los. 8729405 (GB- A-

2, 2007%52) and 8817129 (GB- A-2, 207, 685). 0 CLATMS 1. A process for
applylng a solution to a polyneric mesh naterial and converting t he
solution to a hydrophilic coating ile on t nnterlal to

i ncrease the wettability of'th£ uxh &PPXY1"9p6| $EOhS, 2
materi al, the nmesh negbdymekibanesiy matﬁziki(and renveptingr the i solutsi aurticaae
and being usabl e as ﬂy&%BBﬁ%‘i?& é@a@{hfltﬁﬁtlreplo‘ﬁt 'tﬁewsaieyaaﬂfe&ésxp%%ﬂaan

el ectrode and a nenb rang rocess co S|n ste
(a) removing surfac&°cSREEARA anefY?ﬁﬁﬁ the ABSRacRttithe (b)
contacting thg pol ynmpoilymeesh na#brma&emﬁanmaﬁhea@eebumaaerﬂab'havtnglun

hal i de sol ution ”adepQEdm:ékﬁgnL&’gﬁﬁ&?raf’ﬂ O 1%sS8ub2aba8Nand (idiAQ! Wible as
haki de and 15 an acid selected from
a separator in an electrolytic membrane cell between an

electrode and a membrane, the. process comprising the
_ steps of: ' .
10 (a) removing surface contaminants from the

polymeric mesh material;

(b) contacting the polymeric mesh material
with an agqueous acidic titanium halide solution made by
mixing together water, a surfactant, titanium halide and

15 an acid selected from
hydrochloric, hydrobromic and hydrofluoric to form an
intermediate acidic titanium solution and then adding an
- | : alkali metal hydroxide to the intermediate titanium
. solution until the pH is in the range from 3.0 to
—/ 20 4.03 :

(c) drying the titanium halide solution
onto the surface of the polymeric mesh material to form

~a coaﬁing.thereon: and

(@) converting the coating to a titanium

25 dioxide coating by contacting the coating with an
oxidizing agent ‘selected from
sodium hypochlorite, calcium hypochlorite. hydrogen
peroxide and chlorine dioxide.

2. The process according to claim 1, wherein the

. 30 agueous acidic titanium halide solution is an aqueous acidic
titanium trichloride solution.



hydrochl ori c, hydrobrom c and hydrofluoric to forman internmedi ate acidic
titani um solution and then adding an al kali netal hydroxide to the
internmediate titaniumsolution until the pHis in the range from
3.0 to 20 4.0; (c) drying the titanium halide i § he
surface of the polyneric nesh material to forma coimﬂmﬂmmmmm (d)
converting the coating to a titanium 25 g%oxide coafi ng by ocontacti ng
the coating with an oxidizing agent sel ected”from sodi um hypochlorite,
cal cium hypochlorite, hydrogen peroxide and chlorine dioxide. 2. The

process according to cl aim b vhggebBoblgs Hocord AW $12Ta2C WHebATHYT
- halide solution is _an aqueols acidiC titaniumtrichloride solution. =~ .
C L M S * -30-the aqpeousy geddicatisprning tHichblaridersohiden rarkachif@®ous
acidic titanium t rihehlpaliyteriel meshnmatet bali iy plepax@d/mr i ¢ mesh materi al
I's prepared by (i) mxing t t ' parts wei_ght .5 of
water with 0. 05 to?q(i H‘ﬂciBIgStog?%%Q%y wei hlt%ofpazf% uPVa(‘E’FéﬁPF
1to 5 5 partef WRtRE yhEhof tit’aﬂ'rB?n t®richl ord«fe PA¥®=0bY weigh® phirts
by weight of an aeai duxeiaecned,from hydreehl oric,s hysirdbmynive 1and o
hydrof l uoric to fqQipa.aqukO0 trichibffdy gﬁgicﬁqet@qi.gb\gall%t@pi um sol ution, and
then (ii) adding to 0 parts by I'ght of an alkali neta
hydroxi de to the Whighte@fara aéﬂéiéeiﬁﬁgﬁ¢uﬁ¥%%lution until the pHis in
the range of fromhydrochldrlct Ohydrobrofii®. and hydrofluoric to form an \~)

10 intermediate acidic titanium solution, and then
(ii) adding 5 to 20 parts by
weight of an alkali metal hydroxide to the intermediate
acidic titanium solution until the pH is in the range of

. from 3.0 to 4.0.

4. Thé_process according to claim 2 wherein
the aqueous acidic titanium trichloride solution contacting
the polymeric mesh material is prépared by

(i) mixing together about 100 parts by weight

5 of water, about 0.1l parts by weight of a surfactant, and
about 10 parts of about 25 percent by weight titanium
‘trichloride in about 5 percent by weight hydrochloric acid
to form an intermediate acidic titanium solution and then

(ii). slowly adding 10 parts of 5

10 percent by weight sodium hydroxide to the intermediate
acidic solution until the pH is in the range 3.0 to
4.0.

o/

5. The process according to claim 1,2, 3 or 4
wherein the intermediate acidic titanium solution is allowed

to stand with stirring for about an hour prior to use.

6. The process according to any preceding claim
wherein the coating of intermediate acidic titanium solution
is dried until it turns from blue to a light yellow color.



"4. The process according to.claim?2 wherein the aqueous acidic titanium
trichloride solution contact'ing the polyneric nmesh nater I’Hﬂ'ﬂﬂlmmﬂw m y
¢(1) m xing together about 100 parts by wei ght 331~ of f "

parts by weight of a surfactant, and about 10 parts of about © 25" pet cént *by

wei ght titaniumtrichloride in abou‘[“ 5 percent by wei %ht hydrochl oric acid
to forman internediate acidic 7itaMeuRFATRSH FLHFTAHA (RPN PrFceding Fipim
ﬁdgi ng ; th par ferthir comprisiry &lQ)lling th@Q:foéélmg EY ma&médmdeEd
ydroxide to the inte i Ldic,.so |0 |.I the pHis in the range
3.0to 4.0.- 5. The p?%&%@a}gggﬁg‘%ﬂnéﬁt%&cgaﬁ?#%%j 3 or 4 wherein the
Intermediate acidic titaniumsolution is allowed to stand with stirring for

abou?™an hour prior to use. 6., Ther r RFGRS | o) [
clai mwherein the coating of iBnt'.er.rerrer%i ate _agi di cﬁ%@r&?uﬂéf%&gﬁgié}%&ﬁ ed
until it turns from bf4RNER GEMPE §$ikngy Bemaingounface contgminants from the

*C L M S * 7. 4 C ' ;1.0 | clai mfurther
conprising drying the gﬁg?‘?ﬁggﬁ?ﬁ%lﬂ@(%q&cemgg?‘d%%g#‘ﬁ%’éoﬁﬁrgi&? 5‘;‘7 a
using hot air. 8 . TRREPFIREs SN containhpapsadium hyrachilaritey her

conpri sing renovi ng seediue oijclypradhateodndhe surfaceaé. t he pol yneric
mesh materi.al by washing in a detergent solution containing sodium

hypochl orite, sodiumtripol yphpsph u O.. 4L

according to claim8 wherein the s?&%a?ﬁggs?hégggkgﬁé?i g‘)n%lé%ﬁ"rr;é[ gﬁ’leezrlseif‘s
fugther prepared by rBR@hewR¥fRce 10f thePQlvdesds Aeshr Bpkerial clsfurther
further conprising waghepdr&& O Scolafrrdanf. sol ution fromthe

10. The process according to claim 8 further
- comprising washing excess detergent solution from the
polymeric surface of the polymerié mesh material.

11 .+ The process according to claim 10 further
comprising drying the surface of the polymeric mesh
material after washing off excess detergent solution.

12 . The process according to any preceding claim
wherein the polymeric mesh material is formed from polypropylene.

13 . The process according to any one of claims 1-11
wherein the polymeric mesh material is formed from nylon,
polyethylene or polyester.

14 . The process according to any preceding claim
-wherein the surf qctant in the intermediate acidic titanium
solution is non-ionic.

15 . The process according to any preceding claim
wherein the titanium dioxide coating covers at least
SO percent of the surface of the polymeric mesh material.



pol ymeric surface of the polyneric nmesh naterlal The process according t.o
claim10 further conprising drying the surfae of the polynerlc mesh
material after washing off excess detergent solution. . The process
according to any preceding claimwherein the polynerlc

formed from pol ypropyl ene. 13 . The process accor ne of clalns
1-11 wherein the polyneric nesh material is forne ’ﬂmwm yet hyl ene
or polyester. 14 . The process according to=-sy precedi ereln the
surfactant in the intermediate acidic titaniumsolution is non-ionic. .
The process according to any precedi ng claimwherein the tltanlun1d|oxude
coating covers at |east 50 reef) t of Are=1s 152X

mat eri al . - 32 - 16. Eproé'@sgr %:‘%%r%ég ? qIfc’ Emfg?\é/\h@réglé%t eI}r
titani um di oxi de caﬁtarﬁgmom'muise atoaltemtcoaBWtatBDeﬁ?é‘r gepnt 8P mereest Fface of
the polyneric ”E‘Shtlﬁ@ts%%té’ée of "th T%ﬁﬁ%é}@_@Sﬁe@pﬁ.Qﬁﬁi@g to any precedi ng

cl ai mwherein the contacC gle o e polyneric nmesh material with the
coating thereon is |ess than 5 degrees. 18. A translucent and hydrophilic
coating of titanium dioxide 1<70V€Tﬂé1@raéeéseaséoﬁﬁngelmcany pxfecediings atdkme of

a polyneric nesh materi al forrred S n
salotsyof a dried cyBeTH§ Fop meatac ¢ angle c&o% Ol?@%#ﬁmﬁ{é%rﬁg F%)Ilr%taa LR

100 parts by wei ghthwedddting thereor).i@5léss than S degregsparts by wei ght of a

surfactant, and l1to 15 parts by weight of titanium

trichl orlde and 0.1 to 1 .0 parts by weight hydrochloric acid all mxedJ
together to forman 10 it ernedranslugsnt and hydroprhddiat Foating v@f ch
Is then

titanium dioxide covering at least 50 percent of the
surface of a polymeric mesh material formed by oxidizing
on said surface titanium salts of a dried coating formed

5 from a titanium solution of 100 parts by weight
water, 0.05 to 0.5 parts by weight of a
surfactant, and l to 15 parts by weight of

titanium trichloride and 0.1 to 1.0 parts by

weight hydfochloric acid all mixed together to form an
10 intermediate acidic titanium solution to which is then

slowly added 5 to 20 parts by weight of

about 5 percent sodium hydroxide to maintain a pH in the

range of 3.0 to 4.0 in the titanium

solution during the oxidizing.

ot

18. A process of applying a hydrophilic
coating to the surface of a substrate comprising the
steps of: _

(a) removing contaminants from the surface of

5 the substrate; - . -

(p) contacting the surface with an aqueous
acidic titanium trichloride solution made by mixing
together water, a surfactant, titanium trichloride, and an
acid selected from hydrochloric,

10 - hydrobromic and hydrofluoric to form an intermediate



tsI_ova y added 5to 20 parts by wei ght of W
3.0

sodi um hydroxi de to-maintain®a pHin the range of to 4.0 in the _
titaniumsolution during the oxidizing. 19. A process (ﬁ ﬂuym"

hydrophilic coating fo the surface of a substrate conpri® " m:#m##!%)f
(a) renoving contam nants fromthe surface of 5 the subbtrttes («
contactirng the surface with an aqueous acidic titaniumtrichloride solution

made by mixing together water, a surfactant, tf33¥hiumtrichloride, and an
acid selected from hydrochloric, 10 hydr obrom ¢ and hydrofluoric to

forman internedi ate -.33- idic titanium solution t hen addi an

al kali metal hydroxi 86 ﬁé'%%ﬁgé'?néa?"é?%g%c?%‘% t:gfel'} g%lggﬁ?sspu#gﬂfgrﬁﬁal
“the PHis in the randwdnaxkde to the igtermediate acifliz tdgprndppi agletion
titaniumtrichloride &yl ithia @At @51Pn the fdwgs Urcace, of theosugstrate § @;
forma coating thereon; and (d opverting the coating J ' n.,.t.he
substrate to a titani um di oxi décgogf?’ﬁﬁgbghﬁowt%i"taii%%}h%lé%%% %ﬁl%ltoﬁ %nr;co
.oxi di zi ng agems sel edthed surdac20of thessubstratedshiforim @, coakinganthereon:

hypochl orite, hydroggpgoeroxi de and chlorine dioxide. 20. The process

according to claim19 wherein thS aqueous,acidic titgniumtrichloride
sol ution contacting the surfacdd?sCBREBEFERT 5] 9°akitRSNd N B4ERNRR the
100 parts by wei ght Bubstratef toahetivabium dioxidd) ddatiing by cont8cbimmprts

by weight of a surfaghNieoating with Al oxidiziny Rfent R%108LERT £P5n

~ 20 sodium hypochlorite, calcium hypochlorite, hydrogen peroxide -

and chlorine dioxide.

20. The process according to claim 19 wherein
the agueous acidic titanium trichloride solution contacting
the surface is prepared by

(i) mixing together 100 parts by weight
5 of water with 0.05 to 0.5 parts by weight of
a surfactant, l to 5 parts by weight of ‘

titanium trichloride and 0.1 to 1.0 parts by
weight of an acid selected from

hydrochloric, hydrobromic and hydrofluoric to form an
10 intermediate acidic titanium solution, and then
— (ii) adding 5 to 20 parts by
weight of an alkali metal hydroxide to the intermediate
acidic titanium solution until the pH is in the range
from 3.0 to 4.0.

21. An electrolytic cell comprising a polymeric
mesh separator prepared by a process according to any one of
claims 1-17.

22. A polymeric mesh separator for an electrolytic
cell, prepared by a process according to any one of claims 1-17.



titanium trichloride and 0.1 to 1.0 parts by wei ght of an acid sel ected

from hydrochl oric, hydrobrom ¢ and hydrofluoric to Torman 10

internediate acidic titaniumsolution, and then (i 5to

20 parts by weight of an alkali netal hydr oxi de tc”mm i@“ﬁlil”me acidic

titaniumsolution until the pHis in the ramge fro 4.0. 21
An el ectrolytic cell conprising a polyneric nesh separator prepared by a

process according to any one of clains 1-17. 22. A pol yneri c nesh

. separator for an electrolyti@3cel IA s@aepamedacbyrtiirpr te edeim Ao sdistgnt baldny

one of clainms 1-17. M S * 23. A separator
according to clai m"’fz su%%ec‘t]fr?i he %.S 8escr| bed in the Exanple. 24.

el ectrolytic cell according to clal m 21 substantially as described in t7
Exanpl e. 24. An electrolytic cell according to claim 21

substantially as described in the Example.

pom



