" ;ae3e3b3_ L 032417, PCT/ EP02/ 10493 Method fo gas
di ffusion e%?@mﬂ%e invention relates to a net hod f%?q#r)g%@?‘%a gas
di ffusion el ectrodes which consist at |east of an electrically conductive

- catal yst support and a sheet-like 5 structure produced by rolling owder
.m xture. The powder mixtures contain at-least one cat al ystmmmmmmﬂ\mmw
m xture and a binder. DE-A 37 10 168 and EP-A 297 377 desc

production of gas diffusion electrodes by rolling dry powder mixdissres
terlal for exanple silver(l)
Sa binder. After the rolling of

containing a
t he powder nlxture to give a sheet-llke structure, the latter is applied to

oxi de, and g
or rolled ina (REhAM 93%&% Yo '}x{etl'wa £ 0}%‘38&%%% dﬁff@s%ry 'eﬂagtrgh'és ﬁmcht o or

conducti ng current awa rom ani cal  sup may be
for exanpl e,coasife@ah|leasttof ﬁbrﬂm@nb{e@(ﬁlduﬁta‘m catalyst \wapRart rﬁéﬂaih Sfﬂaﬁf ik or a

carbon net, s%%ctw@muﬁ&dw@gmgf@ww&r Alix HYRY Q‘Be S8Wa mbARE! Contdifl Gt least
application of the sheet-Iike strucéikl g to the mechani cal support can be

ef fected, fdMeSR F@aﬁ%}aﬁ?téggﬁnﬁﬁ BI9ET-ng. The properties of the
sheet -1 i ke structures which are produced by rolli ng t he powder 20 m xtures

har actori SUPEGR (Henbcl Foand ithag 2o R AACHFES: (b sioducling o B ATobing

geonet ry anceleddssubf aoBinghdny amdveder shixoseo torthiaingod Icempbinmi sp ¢led ca:talytth e

bear i ngidon PEHE, B RumblE 0GR AR, RFRoIvEREndidvhe (B Finder®, .
and the cl anfieigthegplimgor! thaepomsier sixture tq giveexshest-tike stactiest thanlagens

varies great Apxphé& Ed Hrol1Be i Qkﬁécﬁﬂn@il%ﬁﬁ%% whithRéfeb Gt @hﬁ'gﬁéur}énk% or
structures whose k n? gqen?ous are

a hi ckness and g suffi CI
obt ai ned. | f€O1 HCt{ C%qué@wﬁﬁrféomtt TrP "nnla‘el weghay %Ca § may
const ant, i nexagipld, auhetnl dy, mm&s&ta&&bbhdﬁblg\hoﬁérﬁﬂﬁiangabfrﬁr&% caﬁhﬁl net,

el ectrogdgs exhibit ry di.s orti,onate volta |ncr ses

W th |ty eachiy et ceoRdaf By waNe saPRARBR e Befedfon 3 sl F5GHRT g 20
oper ati on. FRinchee hotks nexbassil vaabport v beagftectals Hanexahply, hyns;treslsing or
sheet -1i ke st F.thures cannot be used for further processing. Regarding the
t echni cal hanc} ng properties, for exanple for use as gas diffusion

el ectrode for the el ectrochem cal production of chlorine from aqueous

sol utions ofTid ﬂﬁ@‘Ferue@bﬂihecshéamk@%m@wé& Wiiee htel (8dRded I‘éllﬁfg tﬁb'?)bwﬁéxve a
| engt h from o 3 .neters and th o from30to

stabi | i tY rBHEGHES psofenepdent on, w@tlmﬁnyn pargingers- Jp a4 ’618? tadﬁ]% @ngere
dianeters  chéfactsisG3himsellesyHosEPBAEEAD thebfdepaintsttalibStherpedmetipragd the

Shoet - | ke o s RAEATIRE, 8PN WCERed 8 R rBRE MGpribon e iiRed £
gas di f f usi owsed] the truthdefgunniog nﬁther’c&men&m the panhan ancktafdhheokis calthaethewi ty .

This greatl Yhdnﬁcflﬁar%ﬁsm aﬂdﬁﬁé rcla?rﬂ:n‘i’é fortO 81 AREF ! THY £6:0 fPQé tfe eoi 'hﬂJ ySI S
cells and the |ike e el ectrochem cal ;activity 1s insufficient

exanpl e2di f an@s eﬂr%"’(t,]tyr enthe mollng progegssy ag@aﬁwuméheez Ike\styictuges, m’hP@nt
?enSI t ydof _ AthloRhess. Oela_na]tcdensityaa}e &b} aqﬁmeﬁtljz h@mbgetﬁﬂﬁs ?re dbfhl]l?lﬂcp;l’f 6{3 the ﬂmbxhodl |

or r oaucl a | LSL ans 0 1 C el ec em ca
hot i e shoet B bl i i Bkt s SoaEE camdi BBttty B Stresibanare, “and”
smal | t hi cknelsmpingr foatd, othe degirdies paxbihits adter Talie, gasy diidphomirtonatd eoltagae
must furtherapresdav, %%QQasﬁJgte it Halé%}cg@&érvéléé‘:roacﬂgm%%ﬁ 'A@t%&ﬁhu?%t

stabili té e paraneters o r ol 0sen ’so

during P8I | i ergrasfont Hurthewaere, rﬁXRQSﬁWGIYt éhlgk \aidg megharicaliyk ungablg csheetelike

opti mum el ecyRaR&TEmAbt BE luked For ﬁ?th@lcﬁio%gﬁﬁlgﬁmg%hr% ffet ﬂel!lhﬂlé'al'h%n@l%? .
(o} e

adversely affected during 15 | i cation e, sheet-|ike structure
cat al yst ysupEfBP?rgE)sy fgbp}c%ﬂ e t%r use as gas dlfofuswn electro for the electrochemica

production of chlorine from aqueous solutions of alkali metal chloride, such sheet-

like structures must have a length of from 2 to 3 meters and a width of from 30 to
35 40 cm.

For stability reasons, commercial rolls having a width of about 40 cm have diameters
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" The obj ect according to the invention, by t

claim1 or W&?Bg)ogggﬁ na first: preferred enbodi nent ofp&ﬂjéfﬁ&ﬂt@gg
according to the invention, the sheetlike structure is produced by rolling
- a powder m xture which contains at | east one catal yst or a catalyst m xture
.and a binder. According to the invention2-the clanping force of the rolls
i-s kept constant in the range fromO 2 kNcmto 15 kN cmduring the rolling
process of the powder m xture. is particularly preferable to provr de a
25 clanping force, ipn the rang KN cmto 0 k N/ era from
0.2 ki om T oo A0 Lhetn BER ?e&r@rsrnétawgaw B 5epfiocin 15 crm
Parti cul ar | yIitgasdourekthht shewtelile sivctuireseshivh eerd m@dmtezalrm]thcmcmﬂeaMawefeept in
the range fr i
gener at ed hylgéaa F% nyg?aﬁr} %Pgd&%m}z Ie-gnﬁic Iﬁ%cﬁgﬂﬁrrg‘[ ol af’;ﬁ\r&t’b%}tu has
t he advant aggretthaincrepsess impgrtiglar, dhe eperetmgerqstmﬁdmt;olm? gssltsmtdethe likke a
second psef erheelceiR Mg actity! REnsRTiERA, "f&cé%(a%r%& Mnet H@ctfd@é%%'ao &l roll's

35 whose diameter I.s not_| ess than 8 ¢m and not re than cm preferably
not nore t hatelege OfPYEE-HYrat A CHITERt AenHettc oY not nor e than 11 cmare

used. WO 031032417 -3 PCT/EP02/ 10493 In a third preferred enbodi nent of

t he nmet hod cordi t.o e |nv ntlon e sheetlike structure duced by
rolling is at'gd a(?oﬂ%&‘ét dhfoma 8t1?r°¥§FI%/nt?§?P61:JE°t'rR78 i 671 %bf@“m l'i ng.
Rolling is eéltacides| Mndmmﬁomwmch@ﬂ@&odiemlcﬂm fctive lshiéatrtikdeosti ctabésCimvirlg A
combi natjon I | to
the | nyage offeh bOfoRidi ot i By afT B MRGRslark o B BRERE TV

i nvention i sgashéiftusionoglegtradie ampstniyrthemmeaze hage goed glgatioshemigaldastivily amsl | i ng
in the case ﬂ@cl&nﬁ!ﬁ?kﬂaﬁﬂltﬂ PHES #AmEtbrst STQHE bt pFoLéss nﬁ%@cﬁoﬁseﬁ’@h%hﬁne

specific operating rang e for each rqll diameter wth regard to the cl anping
force and th‘é“rtltgsu‘i’lﬂlpﬁgot thec PAWAE FH¥UR A Biyje F SheRt- %‘ﬁegf“q“irﬁ’e OBHMYER ur e.

For exanpl e, eleétrdchemidal pABSyId$ BcHiévedrand deid aatiSite Btndt lakﬁrﬁh{ ug‘eaé@dtmg Pg g
i i ianeter of 1

t hi ckne of035mﬂ d.a sity.of 4.4 usi ng.a
cm and igcl amﬂhﬁﬁmflb? eﬁlteeggﬂ?L?tg}/Wé?ﬁhef%‘ag’Sf gupiggggygpﬁmgm y in the case
of a smaller roll dianeter. It was surprisingly found that, under the

condi tions agfopRings bohiby r@bt g[:\()emaé ?gtthfeq%gn%hl tHe€a C}B&\é‘%‘? Llafth 4t & £p ?r L ent

sheet-like structures are al ne i ch electrodes having suf
mechani cal s#ability and el ectrochenical activity can be produced. 20 The
sheet-1ike structure for gas dlffu5|on el ectrodes which is produced vmth

the aid_of the he inveption_has h honog :

e poss?Bl e on ReshiPeete o REPOG el o LhE sHa PG 1 HheRERROBerPEsH ¢ 0. 2
tot 0.5 g/ nBke Ermdttirerlmr@iuced byollingd pbwder hixtiireeviathl cofitaink et N@fshofle
according to e _inve rod g hee 5,.St.ruct.ure

t hi ckness va(rzarlt"!'ai (lstoor%s %gdrhj% rI;r‘lx fhe 2 ggl% ‘%ccoré‘]@g g) R t@%%&?ﬁ%ﬁn cal
activity of fdree ef Betrolsies k@ttconsjeltundbtr sangodrams OrlNicngto 1 hkMabd diuong t o
the voltage g xﬁllﬁ%e;%rbfzés‘:? of Yhd Esrvda%ﬁattrx ntltt?)aﬁttgrrtgrg a;gefettb?e v&tto%&e &t

hi gher current de i es and as_and |1 qui

oper at i 3. Wlﬁwpalgstr“g‘}dBéPeellaB&ft freraé) 2 KNGt Y mr%rpéefeah%%ora
hi gh current tgdekN/cin &5 pa?rdcdlmy pﬁetetragsz froand. 2tdNy cin6 2@y eml Pax’tlbﬂaﬂy) gbage on

Lot rol v, LSRN bE SO v 8 cBining RS 1as Rt in B iRm0 KB eq a

t he anode anth @&kdéemi s consuned and sodi um hydroxi de sol uti on |s formed at
t he cat hode, can be operated at a current density of 4 KA/An2 35 with a
voltage of less than 2.5 V. Ideally, the electrode allows no gas to pass

t hr ough 30r onThéeclagaping j fgecei parp behgenetaged dydrsabieallyn dnd/en meshewitally tqui d

into the gaspsR@ffically. This has the advantage that the clamping force is very exactly
adjustable.

In a second preferred embodiment of the method according to the invention, rolls
35  whose diameter is not less than 8 cm and not more than 15 cm, preferably not more
than 13 cm and particularly preferably not more than 11 cm are used.



WO 03/ 032417 2/ 10493 The preferably dry powder m t he
mat eri al of }\(éﬂ?ﬁé@ﬁo i ke structure may consi st of a bi R@ﬁi{b@ﬂ’@aml e a
pol yner, such as pol ytetrafluoroethylene (PTFE), a catal yst or a catalyst
-mxture. It is also possible for one of the conponents of the powder
.mxture to be carbon or a carbon-contai nBng compound. The powder mixture 5

nay al so contain additives, such as, for exanple, anmoni um bi carbonat e,
which acts, inter alia, as a pore former. The catal yst or the catal yst

R I e e )

conmpounds  of like mcauref podiced bheolbing db ybso. canneéted & so gleddcdilyecemiumtse

m xt ures of a n Oto
netals. Sil Viﬂig ft %ygltr(c)imﬁ% h%llﬁlr uggéﬂ}%) (?/éefr?%slp oxXl Iagcgfgﬁé%s pﬁ\t)ielﬁ/cgn IS
or are prefe %Inused as the catal yst. A Tefl on powder from DYNEQON, type
2053, iS5preferabI y used as the binder. The m'xture of binder and catal yst
or catalyst mxtur.e can i1l ed, exanpl e descri bed in DE- 2 941
774, using oArgmbia eeoofﬁ%%rﬂmwmﬁef smbRimsals ofrihe Tghad arordina e

t he powder nirwtamtceus@amnlaﬂgrpeeféﬁem 15 0.5% by wei ght of H20, prefer abI y
not nore than 0.3% by wei ght of H20. The rolling of the powder m xture can
be effected using comercial roll shells, as used in the production of such
sheet -1 i ke sAraubstemtéd clemenhof the imempiar is that ofoweowkimping Hihee mustibeiapphed r ol | s
may havegdi f ﬁﬁﬁh S run
at di ffgrent 8%@1{%% ?Te éitar ’Z’%@ésr (ﬁ% %?Pbﬁggerf)% r%ﬂl}gh%lgtels&at ‘?}(Nﬁx(?e h the
powder m xt uﬁléfcﬂ'@rp@fqtllng rwedfpamh rellgtiarpetey withwegsed tp thw&anmlm feyce and

pr Iololuce abhoﬂig%ﬂﬂgx@ﬂﬁé]@gés-éddk&ﬁ%{/ 'éﬂﬂérﬁle(tet]_lﬁl&f ﬁi{h‘ﬁﬁﬁ@eﬁmcg%%ﬁﬁts& lefnots he o

rol |l can be adapted accordin e erty. o e po r xture noo

fol | surf aceROSIRLS 9 o %swglé%&%mglcw?%ha B8t USRS OF Uo” AER WdE o

coar se structemsity dihd.dsg/nfl agsing cwgdslmmwm%r aff themr ahd ,a RRagpingdoas bhe Ra

nunber, ,i.S pkef I her araneters which
may i nf Ilaenccﬁe%tlﬁ\gagrgl\}\gl%&%gﬁéev?ngi%{ﬁ %ﬁse %roé\/&?gqq?eﬁ{oj ‘i} ‘n addition to

t he propertles of the powder m xture itself, are, for exarrple the speed of

the roll or g {]ﬁlrb ﬁ@xsea?@&ha& h&&?@ﬁa mﬁamsoicc@rdﬂiﬁo%htlxvegﬁmn for

par aneters. owder mxtures I s carr

such a way t mgﬂ)@wsd@aﬁe@uffetsww Fﬁeu@wsm plfaingd érdwuww%ct@des
speci fic val Hgyingsifficienmbdhanieal Qilittwdreddrioblenfic A1GRE Sity ddifbd grobiudddp set
shoul d ?@ chosen according to the powder characteristics, the surface
roughne of the rolls, the speed of the roll and the dianeter of the roll,
so 35 that t ke shieetliké sthe:tls*brfmcgasrd&ﬁpnimdeleﬁcbdlaawha:htmpnjdneatwﬂh ther @dnod. 05

to 0.7 nm Tha xﬁ%e Eﬁﬁlsdn?%tot@g 1%% V\éré hbsk}ﬁ ?g&{eﬁxv\% ;sggfl%%{eal%la\éhle(l? ics.

0.15to 0.5 r an aracteris
the roll ni pdmrtyaz@hateqnsW@Icmereandherangm@m#@s‘zzwlﬂ053/ ERERNhoR4 §3s

thicknesses ghssiiewitharé ald é‘fethé feitddHaRotdin Qfoetfh@ rlﬁ@nﬁoﬁ k& B}chuEé’ shkegfikgm in

particular fromO. Oogtoo mm Thereafter, ry mxture Is

met er ed 29nt oSTYFRINTES VROSH thicknesy VPH%W‘HI"P“%%‘?KB#% i @rm@nd conpacts it
to a sheet-like structure. Si nce accordl ng to the invention, the clanping
L)C:E);ﬁ dlssslklegtfl;Pg %Tec{rgggerrggal a vty Sof t?l Q&oﬁsﬁéﬁ% gﬁ nc{&r% cgcf esetea&xﬁ{g:, 99 'p
during the r@dldltlmg tmﬂhmeeleagecmaenphcn@: owrrertt edeasityy rthe ahangshir thet eoliageiats of
the powder ”ﬁ%ﬁ&' @lrretlf ARt ana_ rfl’f‘e %ée%l %dgicgl(l:dé gérgﬁﬁbﬂlﬂl @urﬁg]&ferétfoﬁnwmpaOS. to

~ 0.2 mm_ 10 For car%éangou ngtot I‘nvention, 1t is
advant agfous gegd elgetr rthqwgleenr@lymefcamt@ opexatedh gk hirghl enrragt demsitien pad jlaw

smal |, i.e. it eaﬁ@@ﬁé ﬁﬁ?eaﬁé &l tﬁ@v61t9%eb&aﬁﬁdﬁéhsﬁi§aﬁhe0€uneﬂf a&@sﬁ@bﬂsy@nl ess
than 0.06 nm a run e rolls

n um an
preferably offgin ?% aam& ) B &?ficeﬁlyeer? fea S?ﬂumh%eﬂ?ﬁ 6@%@%}% Witk enel y
hi gh preci si ehiotifs 1seavsa1mbl at THe snodliepdridesx ypeh 1@r¢busmdt hel &&dlbmahydigxxﬂb ay of

t he bearings_and beakrin cks .used but pre ahl ar mhlch
the bear | ngs “APAohBIRrEad ih i rtp 3 oal hrperfed i) ofrf deful pha ™ o
35  with a voltage of less than 2.5 V. Ideally, the electrode allows no gas to pass through
from the gas side into the liquid space and, conversely, no liquid into the gas space.



" 1f the sheet ture is connécted to an electrica jve
support by twd)lrﬁg (ﬁgafgccordl ng to the invention, on the&)g:ry}'éﬁﬁggd&ﬁ e
sheet-like structure is 20 connected to the support so firnmy that it has
- lowresistant contact with the support and can no | onger be detached
.therefromand, on the other hand, the pofle system of the sheet-like

structure is not destroyed, so that sufficient electrochemcal activity is
ensured. The electrically conductive support is, for exanple, a netal net,

metals ny atboPECEE ity oL RuRTO o 6 el of R hRF BB,
ni ckel - pl at econsist af a bindpn derkxamplawpoipnat, sc@rmwﬂudstxaﬂmomm @TEE),oon.
The support pgif gr &, EF&%IJsP Bkt IPTs ﬁ?&gagsﬁm f&l Gile! bk Yom BPé‘nté‘B?'ﬂ't ati 08

of the electroc em cal I ve sheet e structure to t eeectrlca
conduct i ve SDPWERIIXSIE ép be carber et & garberrcontziais @mpouss. Hie pevdes myiyture

However, srol jaolftRsonthia adivivsasecht fatfort B}@a e, Qhﬁioﬁﬁin@fblcﬁhﬁﬁthfeo%tétﬁn be
produced in a.canti ngous proc di stgmbut ed.

;
The force whieh INET &l e aPomformg™ ”fgrrcr%vs @ﬁ&@ it P e e S
greater the sesipls]damoninetaliic cmﬁp’dundebf :aﬂﬂtan Iﬁﬁnﬁm@tﬂe@atatyseot of misvass oHf t he

Totals i n Wik QS AepBEEfis SRR o el AT BE chER L R BR e e
mesh w dt h bpossihde teasé rrgxtmeels afrdiffkreat metals WOmesil @8mpodindss pFKﬁnhEl?Omblf{MQB
112D ShSr Bl ADGRICHR  ouide 6 1! GELGPRSHEC e MBRAER) 5 GOt o

mechani cal I'y an n an eIectrlc conduct gas- perne Ie

netal | i ¢ basesferelly wsed asdide qafalmrﬁ Teflay p@wdengemeDtYﬁ\Bi%c engi 2083,

st a?l i It y of Fie'f&aﬁl@ﬁlsgd bd ]gel tﬁﬁkle?' Blid 1Pdere ofendeA8Rd bah@lipfvﬁtaﬂys& nlnrtture
particular o or. o a ni cKe ver

has a nul ti pF‘i“b %hﬁd &9 g?scﬂii%fﬁ%‘lleﬁdgatgglgﬁh?ﬁl%a ’Fgld SpB lﬂg
t hrough t he mthctbeamn lgdees. The mstareccc&inére dfttke pupder tixture fsenctupmerthan

A ovi deqani ¢ < RASERNRLPILONGCAEARY B UR 1 £54, S MElr o 1 S def or med

during Pon can- be "avoi reduced if,
preferably, different circunferential speeds are chosen for the t wo roIIs

10 The tenpemgt %mngfofttﬂ@ étrgeimbtttﬁ% catrb@fe}ff&edqrt EorRinetclM 1 §heﬁ 1p agl ly

conductive catalyst sup urin ess IS prefe romb5
to 70C. In oMersyintthe mdﬁetaelhoftwpb Sl[“??ﬁrﬂﬂé? atr'eﬁ%res ahgtethetcra@pﬁﬁmga& efsol |

shel I's ar e prag e;rcﬁbltiuamﬁsl mal}hevethferéﬂedlhﬁet@fse Itrtelatsrévysds@tblet foe tatlege of a
cool i ng heatl S articul arl referg@Belf t h8lls
oo coar Dl aim ab iRt oerdr, Tikotdl Bttser, Shi bl B 2Bt VBB & up
t he powder dpewtler fixtotel camabtilf dbe cleswn Thet runiﬂnsn rspgedo (heoainl 1sytoapreodudzea
heated at th

cated at LNBoREALBLO Gl kBSrhali! o BALESS.Iesd GRARIBE bRB:ORGHEH! N0

terrper ature ernost a an e eva erature
shells are pﬂm@éa t¢ thernrepariytofthe ppwvder mixdure abimeethiell swdpqes sraprsteratlyie

EO}"’der tzg m %ﬁ?[@e@lq @%ufi@éds%léﬂlaé n@ﬁha?f"eghﬁ&iﬁsets@ruwﬂ@ef cﬁ@ﬁ: suffdcd RIMR ; ﬁitiﬁ% ure
efore the rol rocess e 0 is abl e
within cert ai"#"l"hr"'ar eeeast&rmsagf‘d f‘lhes %6&5@%’ %’?"‘ﬁ?‘hmg ‘%“ H’&Arggéf'ﬁ%ousl y
by the rolls. Particularly preferred however, are 25 circunferenti al

S peeds of t h?gﬁg%lp%r%vr\%étgrg w ﬁl% may ueé(gengxe dffr o thav or otf %}% 'Hw”&er m Lilre

particul ar f & ot aaced by
t he nmet hod adt @dditiwtgtq e phepertinsenfith powedar ntmetlus gekelf, raretrfoet:)e\mpioltlye ppeed

process, in Bﬁfﬂe' o?f e'rBlltan? & P e’ BlnbHlatioR o ghﬁ Sﬁ? ar etgb ution of

sodi um chl ori de. eet e structures Ion el ectrode
whi ch welle produced accordl ng to the foll ow ng exarrpl es were used in the

chloral kal i ghgeéias )6$'t1’i% dré ot der rmxtﬁtbsq@eﬁhéa o6t @fsueh adn8Oasbedistaid,
separated by an ion exch g{g e rr&[uF E hode ace ‘\;\%s used for this
purpose. A s8EWEH 38 PRRUstS ttmiseﬁm G4 ’c%ﬁc Areote 3Bgng, 1
and was reacpastess mewelloﬁﬂa Gt shouRk baclﬁostaﬂnamdmimgxo dke powtladctta'ratcaeﬁstias,
el ectrode wag, U3edod PhublfesdBPHE R spElf of e 10N nd AR RMER: SFRETA, §8
35  that the sheet-like structure produced has a thickness of from 0.05 to 0.7 mm. The
thickness of the sheet-like structure is preferably from 0.15 to 0.6 mm. Depending on

the powder and on the powder characteristics, the roll nip for achieving the above



WD 03/ 032417 PCT/ EP02/ 10493 fromthe anode space by a cation exchange
menbr ane fr oWN@OBOIR41T ype Nafi on 982. Between gas diff uPCIHEROZ30493de and
cation exchange nenbrane was an el ectrolyte gap in which an approx. 32%

- strength sodi um hydroxi de solution was circul ated by punping. Behind the

.gas diffusion el ectrode, pure oxygen havsng a 5 content of 99.9% was passed
i.nto the cathode half cell. Anode area, nenbrane area and gas diffusion
el ectrode area were each 100 cn®. WO 03/032417 _g_ Exanple 1 (Conparative
exanpl e) PCT/ EPO2/ 10493 A mi xture of silver(l) oxide and PTFE in the wei ght
ratio 9:1 wathighnessesiobthermbastdiksfstrictirgis-rypleeably famed P30 mmy rparigulan ype

M20, at intef¥al 6004 td 0.26am0 Tﬁ&%@ﬁ@t}ﬁe&?%(ﬁr ‘M&t‘ﬁr@%%bt@fbd A ?héT}dﬂt ure
was rolled onaroII m 1| from Wt zel r|S|ng{PZ r ol I1's having a

wi dth of 40 Bify apbth aralul Srssdn thy pq‘@dmfwmpactw aﬁhfﬁtdﬂ(eﬁt@@“?ﬁnsm%f a

Wi dtg of 22 gdgb%mg’alt& hl@d;ﬁ!{vgﬁllJrQrtB@ cmhlp@ng)?ctﬁﬁm ﬁléi?t cm@tfaﬁu amhrg greemmrag "
spee wa an I'o e.ro aC a a u er
o °55. 505 - ot g iReses rolf wintPARG Hiebtly i arhging, Bhe 85 Ae BaeRalmd
sheet -1 i ke stariest tshghtll;o diyingi rbel todlinga pxbcesk;m@emfmg dnrrtheamhoms and
mechani cal | ycﬁ’a?@fer&ﬂéé gkl h% quifer @Dal‘?&{ah 'dk‘a‘%wf . ‘ﬁﬁe% lfes’lﬁt ¢ &BRY ed

W t hout destruction a ni c havi ng a nickel
W re thi ckneé;QQﬁftOG:(MHm and a mesh size of 0.5 nm Productl on of a gas
di ffusion el ectrode was theref ore not possible. 15 Exanple 2 (Conparative

exanpl e) A nixture of silver( oxi de . and PTFE in the weight ratio 9:1 was
mlled B) mebpiscarying ﬁpbﬁwsw@@e ReseEing iq the inveniionkal isy ydyantggepus 4f the

interval s of béeﬁhn ey @ﬁaebaﬁl@emm@ksg tive trbl1L1@ @bdallGi.e. Th!h% behrkigdnBedBsve 0l | ed

30 om and & YISO 8F THSERn W GaR 5170 Ribask 20rs A BUeF oh de of 20
cmat a cl anpd pm fand o€ thé reBs IpNéfemblyTbﬂgmatecﬂmheraep:totda¢t1cmpemtsmas who85

e & CBrogayereaterlly g [RbliaS LAc el Pl BHEPaE: Shiss e ~m

The tenperat urin r'0CEeSS Was

structudé obb@ﬁmnedalﬁaqf ﬁletbﬁaﬂkgﬁe&:mi bﬁan@g Phodkmusert bulerrefesabin alse 40 |p9rts imbl e.

The sheet - | i kBicAhSbémls bR hAMIEH RanéRNl diath, Y thEPHiuBERRhE B ﬁlg
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shells having a w dt cm an | ameter o aroll nip of
0. 13 nm over the sheeftlkegtruptyre i nat dgsteqygpinthat sffieicnl elactpcheqnica] actiyity is
ci rcunf er ent bdur&lD T86 electrically conductive support is, for example, a metal net, a nonwoven
metal fabric, a woven metal fabric or a metal foam. Expanded metals may also be
25 used. The support preferably consists of nickel or nickel-plated metal compounds or
nonmetal compounds, for example carbon. The support performs the function of a
current distributor.

The application of the electrochemically active sheet-like structure to the electrically

30  conductive support could be effected, for example, also by pressing. However,
rolling has the advantage that the gas diffusion electrode can be produced in a
continuous process and the forces are uniformly distributed. The force which is
applied during rolling depends on the support. The greater the mesh size of the metal
net and the smaller the thickness of the metal wire, the lower the force required. The

35 same applies to expanded metals, in which the required force decreases with
increasing mesh size and mesh width but decreasing web thickness.
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one catal ystprresa. 5 catal yst m xture and a binder and then the sheet-Iike
structure is connected to an electrically conductive catal yst support by

rolling by rre ns of a pair _of rolls, characterized in that the clanping
force of thelhespesd;af thegollcisrseehn selpetably evithin gertrinoranges Trovided that The

kNcm 10 2. d\vd@i‘h@@ﬁ“ﬁﬂh Wﬁédﬁ@ly@l@&h@'ri)lﬂyFaﬁfbuﬁr%réfé%é hdwevRRIakd cul ar
for use |5ne ctrlzﬂzism ce B 1Y\/n irst_a shee e structure.is
produced by HEHfersnial spse ?ﬂ‘t £ &ltSs Wﬁvh@mm the rﬁlgﬁoéﬂéro(?ﬁ%’t 14 @/mignini ni ng
at | east onepatitdbrySémdrl @ amahinst m xture and a bi nder and then the

sheet-like structure is connected to an electrically conductive catal yst

support by rolling 11)./1 nmeans of a pair of
The gas diffusion electrodes produced by the method according to the invention can

be used in an electrolysis process, in particular in the electrolysis of an aqueous
30  solution of sodium chloride.

The sheet-like structures for a gas diffusion electrode which were produced
according to the following examples were used in the chloralkali electrolysis. A cell
which consisted of an anode space and, separated by an ion exchange membrane, a
35  cathode space was used for this purpose. A sodium chloride solution which had a
concentration of 200 g/l and was reacted to give chlorine at a ruthenium oxide-coated
titanium electrode was used in the anode space. The cathode space was separated



15 rol s, as claimed-in claim1, characterjzed hat t he
di-anet er of &6§E§Fglndependently of one another, is RS?VEgqugﬁEh 8 cm
-and not nore than 15 cm 3. A method for producing gas diffusion
.electrodes, in particular for use in 20 electrolysis cells, in which first
.a sheet-like structure is produced by nedns of a pair of rolls by rolling a
powder m xture containing at |east one catal yst or a catalyst m xture and a
bi nder and then the sheet-like structure is connected to an electrically
conductive c taI st support by rol nmeans _of .,a pa |ls, in
particul ar a il? &% YRS Y1 2 of’at?% tf% ARE oPEmbRane tffPHth&‘ﬂPgm&eitﬂbe 25
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particularly prefera as c

in any of cl#idgasgifiu saonelﬁﬁ?oo@@ta&wmemh }¥08mt he di aneter of the rolls,

i ndependently of one another, is not less than 8 cmand 35 not nore than 13
cm in particular not nore than 11 cm WO 031032417 -11 PCT/ EPO2/ 10493 6.
The nethod as claimed in any of clains 1 - 5, characterized in that the
circunferential speed of the rolls during rolling of the powder m xture,

i ndependently of one another, is fromO0.05 mMmn to 19 mmn, preferably
fromO0.1 mMmn to 15 mMmn. 5 7. The nethod as clained in any of clains 1 -
6, characterized in that the circunferential speed of the rolls during
connection of the sheet-like structure to the support, independently of one
another, is fromO0.1 mMmn to 12 mMmn, preferably from0.8 mimn to 2
mmn, 10 8. The nethod as clainmed in any of clainms 1 - 7, characterized in
that the sheetlike structure has a thickness of from0.05 mMmto 0.7 mm
preferably from0.15 mmto 0.6 mm 15 9. The nethod as clainmed in any of
claims 1 - 8, characterized in that the tenperature of the sheet-Ilike
structure and/or of the catal yst support during the rolling processes is
from5C to 70C. 10. The nethod as clainmed in any of clains 1 - 9,
characterized in that the rolls, 20 independently of one another, have a
surface roughness of fromO0.05 p,mto 1.5 ~cm 11. The nmethod as clained in
any of clains 1 - 10, characterized in that the electrically conductive
catal yst support is connected to a gas-perneable, 25 netallic basepl ate.
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10% & () - msaghells-having a w1dth of 40 cm an a diameter of 13 cm with a roll nip of 0.18 mm
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109%4& () - %{i %))m/b M r?bg}aq&s t e rOQIAH&faggs had a Ra number of 25-30 um.
The temperature durlng the rolhng process was 22°C. The sheet-like structure
10  obtained had a thickness of 1.1 mm and was mechanically very unstable. The sheet-
like structure could not be applied without destruction to a mechanical support, a
nickel net having a nickel wire thickness of 0.14 mm and a mesh size of 0.5 mm.

Production of a gas diffusion electrode was therefore not possible.

15  Example 2 (Comparative example)

A mixture of silver(I) oxide and PTFE in the weight ratio 9:1 was milled by means of
a high-speed beater mill, from IKA, type M20, at intervals of in each case 15 seconds
with cooling. This mixture was rolled on a roll mill from Wetzel, comprising 2 roll

20  shells having a width of 40 cm and a diameter of 13 cm with a roll nip of 0.18 mm
over a width of 20 cm at a clamping force of 18 kN/cm. The circumferential speed
was 1.35 m/min and the roughness of the roll surfaces had a Ra number of 25-30 um.
The temperature during the rolling process was 22°C. The sheet-like structure
obtained had a thickness of 0.19 mm and was mechanically stable. The sheet-like

25 structure could be applied without problems to a mechanical support, a nickel net,
having a wire thickness of 0.14 mm and a mesh size of 0.5 mm. The voltage of the
electrolysis cell was 2.45V at a current density of 4kA/m’. This voltage is
substantially too high for technical applications.

30 Example 3

A mixture of silver(I) oxide and PTFE in the weight ratio 9:1 was milled by means of
a high-speed beater mill, from IKA, type M20, at intervals of in each case 15 seconds
with cooling. This mixture was rolled on a roll mill from Wetzel, comprising 2 roll
35 shells having a width of 20 cm and a diameter of 10.8 cm with a roll nip of 0.13 mm
over a width of 20 cm at a clamping force of 1.0 kN/cm. The circumferential speed
was 1.35 m/min and the roughness of the roll surfaces had a Ra number of 25-30 um.
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5  electrolysis cell was 2.35 V at a current density of 4 kA/m?.

Example 4

A mixture of silver(I) oxide and PTFE in the weight ratio 9:1 was milled by means of

10  ahigh-speed beater mill, from IKA, type M20, at intervals of in each case 15 seconds
with cooling. This mixture was rolled on a self-designed roll mill, comprising 2 roll
shells having a width of 40 cm and a diameter of 10.8 cm with a roll nip of 0 mm
over a width of 15 cm at a clamping force of 0.5 kN/cm. The circumferential speed
was 1.35 m/min and the roughness of the roll surfaces had a Ra number of 25-30 um.

15 The temperature during the rolling process was 22°C. The sheet-like structure
obtained had a thickness of 0.35 mm and was mechanically stable. The sheet-like
structure could be applied without problems to a mechanical support, a nickel net,
having a wire thickness of 0.14 mm and a mesh size of 0.5 mm. The voltage of the
electrolysis cell was 2.15 V at a current density of 4 kA/m”.

20

Example 5

A mixture of silver(I) oxide and PTFE in the weight ratio 9:1 was milled by means of
a high-speed beater mill, from IKA, type M20, at intervals of in each case 15 seconds

25  with cooling. This mixture was rolled on a roll mill from Wetzel, comprising 2 roll
shells having a width of 40 cm and a diameter of 10.8 cm at a roll nip of 0 mm and a
clamping force of 0.5 kN/cm over a width of 30 cm. The circumferential speed was
1.35 m/min and the roughness of the roll surfaces had a Ra number of 25-30 um. The
temperature during the rolling process was 22°C. The sheet-like structure obtained

30  had a thickness of 0.42 mm and was mechanically stable. The sheet-like structure
was rolled on said roll mill onto a nickel net having a mesh size of 0.5 mm and a
wire thickness of 0.14 mm so that the resulting nip force was 1kN/cm. The
circumferential speed was 1.3 m/min. The voltage of the electrolysis cell was 2.28 V
at a current density of 4 kA/m>.
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- OPPYQRATeTf TxVH. 'a(i)agr'of }Qlllﬁ)y rolling a powder mixture containing at least one catalyst or a
5 catalyst mixture and a binder and then the sheet-like structure is connected to
an electrically conductive catalyst support by rolling by means of a pair of
rolls, characterized in that the clamping force of the rolls is kept constant in

the range from 0.2 kN/cm to 15 kN/cm.

10 2. A method for producing gas diffusion electrodes, in particular for use in
electrolysis cells, in which first a sheet-like structure is produced by means of
a pair of rolls by rolling a powder mixture containing at least one catalyst or a
catalyst mixture and a binder and then the sheet-like structure is connected to
an electrically conductive catalyst support by rolling by means of a pair of

15 rolls, in particular as claimed in claim 1, characterized in that the diameter of
the rolls, independently of one another, is not less than 8 cm and not more
than 15 cm.

3. A method for producing gas diffusion electrodes, in particular for use in

20 electrolysis cells, in which first a sheet-like structure is produced by means of

a pair of rolls by rolling a powder mixture containing at least one catalyst or a
catalyst mixture and a binder and then the sheet-like structure is connected to
an electrically conductive catalyst support by rolling by means of a pair of
rolls, in particular as claimed in claim 1 or 2, the sheet-like structure being

25 applied to the catalyst support by rolling, characterized in that the rolling is
effected under a nip force of from 0.1 kN/cm to 2 kN/cm.

4. The method as claimed in any of claims 1 - 3, characterized in that the

clamping force of the rolls during rolling of the powder mixture is in the

30 range from 0.2 kN/cm to 10 kN/cm, preferably from 0.2 kN/cm to 5 kN/cm,
particularly preferably from 0.2 kN/cm to 2 kN/cm.

5. The method as claimed in any of claims 1 - 4, characterized in that the
diameter of the rolls, independently of one another, is not less than 8 cm and
35 not more than 13 cm, in particular not more than 11 cm.
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preferably from 0.8 m/min to 2 m/min.

10
8. The method as claimed in any of claims 1 - 7, characterized in that the sheet-

like structure has a thickness of from 0.05 mm to 0.7 mm, preferably from
0.15 mm to 0.6 mm.

15 9. The method as claimed in any of claims 1 - 8, characterized in that the
temperature of the sheet-like structure and/or of the catalyst support during
the rolling processes is from 5°C to 70°C.

10. The method as claimed in any of claims 1 - 9, characterized in that the rolls,
20 independently of one another, have a surface roughness of from 0.05 pm to
1.5 pm.

11.  The method as claimed in any of claims 1 - 10, characterized in that the
electrically conductive catalyst support is connected to a gas-permeable,
25 metallic baseplate.



