; OPe3eC@6, T"WO/MY/9P2®|1297 -1 PCT/ EP98/ 07974 Met hod of el PETVIORIRIOTI
proceSS| ng of HCl gas to high-purity chlorine The invention relates to a
met hod for the el ectrochenical processing of HO gas to hlgh qugq t:;gﬁz
chlorine in which HO gas-phase electrolysis is conbined wth
hydrochl oric aC| d el ectrolysis, with or WIthOUt a consunabl e oxygen
cat hode, to fMethodofetectroshemicahprocassing of gas toshigh-purity ehloriife nuner ous
di fferent chem cal reactions, is comonly converted to chlorine gas which
can then be passed back jnto the tE}@gé}uctl on cycle 10 again. In _one known

such met hod Hde igxention relgies dp aggethgd dey Blﬁ%@Ugaée%valgmcep%ﬁlag@f#@cgasdpys. s.

T][leHa esul ti ngnghbmﬁtynehlgﬁﬁe fowehieti , Hall Waasspliabéd | Ele@pulysd n;s doBinkdl Wwithmount
0] ga

S. not one onversi on.
Separ at o4 r wirBioaRRGH SEELERBith e RGP e REGRFHR e HETp .
I n the coursen®Clhiegfeling@asure |iquefaction, cooling results in the
production not only of the 15 purified quuid chlorine but also of the HO
gas as "overhead gas". High-pressure distillation of the liquid chlorine
expel s furt h&Cl gas, cudy-prbdudCl ofgmeménonsn differenth chermicel r@at—iomsis péomsponly

el ectrolysis ﬁflvé}%ﬁrﬂgbﬁibrﬁl@ hAgcH Qarf@ grﬂfnﬁas%?ibdcngﬁ :ﬁ?@&{lcuﬁ)ﬁ cycle

exanple in the patent SpeCI | catl on nown se rat|0n
met hod dé@cr jaBaig. Eenedkneya &Uﬁb mfthodiliGh gagyls convgrtedvip shlarineigge bmes-phaje and

reheating opefeirbReR, trhe r%@lﬂﬁﬁgﬂtchﬁﬁ‘m@f dsh%o{i’g'erg%ﬁwi)rsoé'ﬂlt laentﬁiakoar Ice@alhs

hi ghly energy-inten i cat ed nd th\a)({5 t he se i 0 i's
ol ot o, EmoRaGOE (HE! ER WISCT s ot BIngoiEgng ol R d heoPEd 87 i

I a}r ge anaﬁ nt semurated dnmdﬂmm}ﬂbmmgasnby)wdhnolagy w@:ﬁdhylstlalolaen mhbxﬁadi}ﬂe Shathe t he
process whic r G ducy

B Cernat i ve SobSEthinediel q'a%gﬁi“g a5 £5uREAng B Pibirbor ohiCot s,

| ess attid&ct mueﬁeéﬂluquei chiommmbutcdse \thmHﬁlggaer%pmsﬂmaegamﬁlglwmsmbpyed
in order to lgidigfidn Sﬂﬁeﬁ 1d%§mr§%x3§§ﬂ?r% P%(ﬂl%§6f HeE BadloRRELHIGNG. | C

met hod in which agueous drochlaric acid avi n X1 mum concentration

of 20%is r eéfé\@e@smha%ﬁ elgftrolysiy, of Hivdragse %menmac HB¢ #A% 1% decribed.yior s

cell. This r@g@hp]@mnltﬁepﬂem@peaﬁcmdnqm salll 4w th a consumabl e oxygen

cat hode. The current density which can be achieved in continued operation

of this nethod is limted to about 4 kA/ng. 35 On the basis of the

above- deg@ri Mk lthmrseaaration methefdodescribdestwve haa the disadwntage shatpivengeo hod

of processin I ed
p %hd &h&?@ g?or C Gﬁéﬂtlcﬁﬁ the b%%:a%h%‘?tﬁé’ﬁtﬁi?# REMCBERhiorR

Ilquefactlon orlne can oper at a conS| era
hi gher curreft x.qnyrgw@teﬁwe jug, sompligated ﬁn@eﬁhﬁ‘e ths separatign nHGimm on

and, nor eOVﬁEncorr@&@Qﬂ additidn] it is 1mpnssa1f>1e~tb bvoid handling &mgvemaﬂgy abﬁuﬁt@%ﬁlj%d—
onto any ot r |nu0us oce S Qbtaln as_ a,. pr.o

The oy et 1 SauehPUbBHE I, FGCHIRIT.OBE Rolfite FRT e rReeds e Etle S o
5 el ectrdg hehvdla)gerpphioeés AN1g bdfprb«mct gHise alterhdtiyle--pahydrpgahthioride lighiddas f or =
t e subj ect Qforﬁgl aélméﬁ T leQéh fb@ga&ﬁcWEﬁ)@é & th3eEhsk Qy&rbﬂi?lx&{}?reﬂGl'esgﬂ&t' S

acted in a_fiIrst hase el ectr dI's stage to give orine gas
Whl ch conpri §§§“1Rt9ye€jé!§°rdfbt°iliﬂuﬁﬂ’atpe & - conprising chlorine gas is
scrubbed extractively in a second stage of a with depl et ed quui d

ryoroctl o sREH A8 ADSRH Brlb e Rl SR R R S sl =
hydr ochl 80 i c hacing a mmaXinoke nontentration af 208orisl reztc&gearmﬂldallgmo dhlohae @as in a
el ectrol ysi Srﬁe@l’ib?mﬁ%lg%og)zsﬁg@alhm Jgaétl%lhrmgin&gteafcaﬂx%mcgilﬁq'étﬂyad@%g\%x%l' ¢

acid, and, especla a consumabt e "ox
chl ori ne gas oammmﬂ@de The qumeent dﬂﬂélt)d @li!ilcélt@d bigad IGWﬂ isrdoptinesddoperationss ed

back into theniaRRaidatis il 398bout 4 kA/m?.

35  On the basis of the above-described prior art, therefore, there is a need for a simple
method of processing HCI gas to elemental chlorine which avoids the complicated
liquefaction of HCI and/or chlorine, can be operated with a considerably higher
current density, is more favourable in terms of energy consumption, and, moreover,
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» 20 and in that the chlorine streams generated in the gas-phase electrolysis
stage and in the |iquid-phase electrolysis stage are drawn @fgf,,}p,g):zﬁhned if
desired and dried if desired. 25 The chlorine streans can s béé‘c‘f(u'b -y be
passed again to a chlorine-consum ng chempcal process. Purified HO gas,
which is obtained, for exanple, as a by-product of nunerous chem cal
processes, such as the manufacture of isocyanate or polycarbonate, is 30
reacted in achhkadilyYeadapRl o¥RY ahy UtBdt cortinfiids peeiesdet waierd BCH g&ﬁk eblagifeline
and hydrogen. The feaction can be operated at high yields with | ow
pressures or aé\?é’ﬁ‘)‘iﬂ“'at nospheric pressure. The chlorine produced by the
reaction is freed fromunreacted HOJ gas fractions in a relatively snall
HCl absorpti uni.t .. Thig.absorption . unit i onnected in a circui.t to a
downst r eam h O%F%tl‘ 15c2 ?v&§e1neg?cr06qa§1§‘esw1§1?é§% IW?"EIOB %ﬁsmfﬂ%ek%S Sxygen
cat hode, b6r tetectnclenacilr piogessmgsofdiCIwgasc ko deghepuaity schddriner whécha fmisytheogen
and which is L 0. princi ol prior art. In this stage, thin
hydr ochl ori c sa@?}g{bv{/id?ﬂmg&@%%c@rqﬁ% %@4}%&%&&%}% particular, of 12-14% (e.g. the
anol yte fromthe O ;~ LIAR 2~~2 -3 downstream el ectrolysis), is passed
count er cur r end @ i By is QRIddSh RIRSEALAHASe SiRSrolFgs 5H8E td Hi%e GRhiotRAET:
hi gh chl orine-content hydrochloric acid can be passed to the second
el ectrol ysi s 23% Which copwrisea HE] 838, gas, which is wet but virtually free of
HCl owi ngoto its subsequent purification with the | owstrength hydrochloric

acid, can be.5 S n as.a first. substreamfor drving. OMng . to th

mot hod' o 1 < if PRE TR CerRRriShg, chiBing et s SRTbrEeyactfld in Septe day
saage and/ or at mathl idgplettdpliqsd bydrothlofiy sacid sasage pbsfreerblty fonml enkichedt
only chlorin SQ Qi . - ar, r HC fraction not
reacted in tm&#}rﬂgbégflggge‘ﬁlﬁésel%gl%?g%n% a%@c}\%s rlgg% hydr ochl ori c acid
el ectrolysis stage likewise to formhigh-purity chlorine (the chlorine

content iis ain hRadle APicRA hydhdchlorid RIE I WOk ddivt fifa BH NGO MRuY-phdseam

fromthe firsf stage,. can be freed fyomdisruptive fractions of steamin a
downst r eam dFEﬁcﬁﬁﬁ’g‘Fa‘Q@. 2}118"1‘?1 gas,pw{i éIEPBﬁ‘%g&SEﬁe‘Fﬁg‘WWfH qpicppadeand,

el ectrol ysi s esperipdlyavtbh@singhcopaaniblaseygeheathodt, 16 famsigtnagae/and wape) at ed
wi th a consumabl e oxygen cathode. In particular, the water which may be
formed in the |iquid-phase electrolysis stage in 20 the case of the

cat hodi ¢ r eadn thahthegleplgteddiydrngbloricracil is passhg backdntoohe abseeptibnostageui t of t he
absorptiggp stage. In one variant of the nethod of the invention the

el ectrolysis conditions in.the gasphase elecirolysis stage are set sych
That € he’ HO. 00 81 s chirine SrBoRenErassotn the 98 Fhase I‘?L‘*Fgﬁlryé‘ﬁé?argéd‘“ ®hod
i s char act er ifeeHquid-phhasd eledteoledie efape layes deawa0ofl] torbined Nf déxtrel iamdi dhiedhiise

el ectrol ysi Sdgéi?ege are set such that the concentration of the depleted
hydrochloric acid is fromb5 to 19% in particular from12%to 14% and the
concentration of the enriched hydrochloric acid is from6 to 20% in

pyrti cul a5 TRE Hiorim”4ttéamE5%n amseq%mapcuen?agséa BSin ABL 4 THIBrAk!BhAMRhE
conductivity. The anount of hydrogen generated in"the first stage can be
regul at ed by “BEBISPIRREESS: | arger or smaller excess of HO to the gas-phase
el ectrolysis. As the |l evel of the excess increases, increasingly nore

favourabl e el,ect.rol.ysi s _caonditi.ons. ar t abl i shed 35 and .so the energy
requi r ement Bthﬁé‘Y(gog%sl’ N%C%Q%roﬁbaélhe%b?-grpf’(‘ﬂﬁ@f” P .'pﬁofiu?tsogﬂg?‘gfoél e
possi bl e t o cheuical prackssesnaucht asothehpuinoufpeture e asetyavatd yoropalycarbomptd, nist he
second sk@ge .\ . P i C : sed ~~P
2oz 4”380y ket b JEHRTREGY st AR RHIROIR R 1 9 CRLHAEEN) hydioger

by- product  offhereachemean bmonsratedat hugh prisriscuith low prgervees aneyefent atmpspherie
protons that pragsre! The AldrnbE Hro®iEed HyLthel Batnels. fréddl FBmi Snreki&i BRY da8 the
form of weak h%droc.hl orjc, alm d i:ﬁ (V%t? 5 Sone . of this water can be passed
back into t h&aRyRRsIBR Tkatively smallCE shsommtiondyiit dHisAbSOTPHPN URK 1 FORNEFAS of
wat er di schaigedirobit o &iowalsirednh hed@oRlotibracidodledtitysiesthgerwith a’sondumetsiel t

t | f_chlori HCl in |ow ifi t o | ible b
Thi's moard t SXeEERecst LR el el ke SV Rsh seeeraler shicnBranB B dtpksBhase
el ectrol ysi s andhmdtichaiséknawapini pdirsdple) fromt the psiep art.alni this svdget Hen hydroohleric 10

The drying of, hhekhh %h@&tiaﬁ%&s irP'Ipﬁﬁf’cuia?, af pfz%@/%’“{egﬂctﬂgpﬁo ngrorf.%e .
exanpl e, two Stages. e 1nitral drying can be carr out 1ima colum with
di lute sul phuric acid, whereas the subsequent drying can take place in a

bl ower configured as a liquid ring punp, which for this purpose is fed with
concentrated sul phuric acid. The sul phuric 15 acid discharged at this stage
then feeds the abovenenti oned col um. The concentrated sul phuric acid can
of course be fed into a secondary-drying columm in accordance with the

met hod known fromthe prior art.



v In this variant the blower nerely has the function of overcom ng the
pressure | osses 20 to the chem cal plant which is upstream imﬁtm‘@Rq_iggguit.
Ih viéw of the excellent chlorine quality obtained with the nethod
according to the invention, the otherw sejcustomary chl orine conpression
and |iquefaction stages can be omtted. The run-up buffer for the supply of
chlorine to the main plant is preferably the store 25 of the hydrochloric

g_ci d ci rcuidt defvnbtheans ?Ibl@ﬁdlysf%)l%gﬁzpa%? Qbuﬁt@{]cmfﬁhgtdouﬁrﬂsgac@mpﬁsdibglchlotﬁnel _

I "Tensi oned appropr i ely. or.l rom rac or.,Cc acl el ectrol ysis
Can be ueed E35s0ha: teeishied hagt fHorine bt pO R GHs SLig5eR bh BaSHE e
first of all steonfedediolysis styge. (Mhe dhiwinebgey phichnisofettte vieealydfred agEQINt i |
the rising producti roduc saf f. ci ent ., H st.art.the first,stage.
50011 at s DRl B0 sBisPANEFBudhlelibf SO i v itk 1 RIchicAcacld i 2

hydr ogen $§ or pessedionab afustsobsizcamt faedifyings Ovana tpethe awetlzd dsio isofeeeopfarxagad with a

consunmabl e oxygen cat hode, which constitutes a further marked energy
savi ng. 35 Further advantages of the nethod of the invention are as

fol l ows: Rel dhppeodustscofitherdap-phase alegtrohisisystageandirobe diquid-phase elesiyelysiget hod
has a | ower Qué Bldfer8M9 iR iudeSsbt ohS Bhlbrine Be alib eiiRd IRaRBes 8pwatkr.excel | ent
chlorine quality (the O;af i,"l; 5~~~2-s purity being, in
particular, greater than or equal to 99.9% . The nethod does not involve
any | abot® ouThel HEhi fraktiph onstSfeacted Tiaether Gpsdr stagen inredeyedr @ ahe i downdgeddn oduct
can be controlled wi.thin certain.|imt down to.zerp. i f desired., Thtough
The conat r ucYORERPHE i (N kg S 1 CrofE) Bigh ppE feing (e
e,liect rode andhlopndrcantent issatr feast 99:0% ) whiche dogethrer i witta thee tldotin® medre streamhi ch
according to I t r . Welie]s I to
12 ke andohy e LAR, Cub SRR ROR Rt SRS B G if SRR edtD
relative to @DMEHEE%Nal el ectrolysis, to achieve a | ess conplicated
construct4on and hence | ower capital costs. 10 The nmethod features very | ow
net |osses of chlorine. Litt,l st ter i rodyced from wat er aof
reaction andEI? AoPfefseds s Hhedy wgﬂﬁ%ﬁe teif@gﬂg’ﬁ’ﬁr%{?%e, Yo eHIE BLIPRSE

hydr ochl ori celectrolysiastigé re/idagdrhted mathraxdonsumétie oxpgenrcathodef i cation i s
small, since the catholyte in the first stage is operated nerely as

appr oxi mat el %/]hl- nor mal hydrochl oric acid and the catholyte pressure is

hi gher than #mparticplag she Wates which reay be formpd imhediquid-pase slectralysis stagein ne

i mpurities i theldaSe bY HeQABDIR Radtithn & Pased Hack Mtafke hpirofISiAhdid Girkhig ofet hod
of the invention can be operated, advantageously, with high flexibility as
an auxi | i aryh52RsePhgn s‘éﬁ‘g desired chl ori ne-consuni ng chenical process. 20
In a preferred variant of the nethod, the nethod is started with the

| i qui d- phase kS J . m chl.qf S . sjr.ed
chor cal pr oliolt viriint B The Bebll o difiohhabrbll A0 f*§22¥?§%%%sned.
The HCO gas Bhasgiclestiolysis stagn arcpet such dapt eheaCE eonvisrsirreis frong 49%orta 90%F. a11

ngi ded past the first stage, the gas-phase 2s electrolysis, and passed
difrectly int he absarption stage. It is. fed into the first stage, fhe
gas- phase el gc%?&%"iegﬁr‘%grfp?hﬂ# éﬁglﬁlaf?é%ﬁﬁ? %leﬂé@yﬁ B%Qfﬁ%%‘%i g tf‘%tr ge
enough t o obliquid-phasd sleettolgsiy stageraae isegsunhnthiat ttensorventeatiohhef thevdgpléted i S
el uci dated i tajd . b Y, of I | fer e.t 0 Fig.
1. Exanpl es ﬁydggél-ﬂg_(gsagidell%g?%syé \Q@é’él?’ ﬁé@g@?gtﬁéggﬁ gl[jaétfrs}ogp?ﬁbrap‘?:) tﬁe
pressure andcecentrationoefithe endehed hyfirechblozicaagidors fiag 6cto20%6, io partauiadronvi a a

reservoifg 2 yd.h,dké | j : of the product
gas and ¥Oor %Zhgggéggﬁg%gg?ﬁg'ﬁlcg{h'regglﬁ%lg’l éfﬁé?%%ﬁgﬁté@%'o 5 ~I,QR 2002 to

the anol yte chanber of a | aboratory cell 5 which operates wth a consumabl e

oxygen cat hoyiRe bvhftofHydAspeh \tenérbilell 3¢ thedfiBBstOfe &h bdfeguibid ByedpphyMgEe in
t he gas-phasg el ectrol ySis cell aﬁ} s .kept constant at, 7210 XIE} a hﬁat
exchanger wi BRESFHE SHlepexesss o HbIS e Brrhaa shietaivma: &5, Jevs! g the
thr och: ori Cem'ssjmcfea?a% ignraasi?'ghymmtf&;ouﬂabla' Blecitelpsis bdMditioisare ksthbléshad i ﬂ : 3
the ano e | (6] e_C -~ a con e 0x en a e S e
o Thoeid S8 he FretddreiBisement o \n8 ARRRIBYASeR baaToRE IR0 138, 1P
cel | ip eachtheederespostiblertatregiiate sho ampuntf ofHGidregen gentrated bynopenatingainethe oi r
was convert egkehfq Lige MHARCEAN- vt olsuflatit BEdeR|Kitoge Wi LN L e

ode. e"tenpera

consunabl E oxygen ¢ ure 1n tmis circuit 3, 4 was kept
constant at 57C by neans ~of a beat exchanger. . , , 7. .y ~~n = ~
~n ~'."' . ~ .o ~ i, 14", ~~ "Tlie~ctiiiv~rsions

i nt he pas-p~i ase-electro~ysis 1 were determ ned by anal ysi ng product
gas obtai ned by neans pf sa~n~l ang; the incom ng' amount of |I~C was
nmeasured with 1 S ~ "a rotaneter. 'the twQ chlo~n~ $tre~s were conbiined in
the drier 6, and the initial chlorine eoncentratiora~was deierinined: ~ ~



The liy-products 'of the reaction - hydrogen from'the gas-phase
electrolysis and water ' of reaction ‘and condentsate frpni bggdfiﬂl wth
t he consumabl e oxygen cathode 20 were discarded. ~ ~ ' The 5 wn in
Table 1 were achieved in three runs. In ih4e existing arrangenent, with
hi gher current densities, it vvas possible to achieve a conversion of only
4%% i n the gas-phase electrolysis without a disproportionate increase in
the '- ~ 25 voltage. TabDe 1 Current Vol tageHC Current Vol t agel ni ti al

chl ori nedensity ini lconv Si. ty inin cell
sconcent rat 1 choerel i ahe SHESR EleEFalBs Hiackici RBtioplar ot b barmapguct of the
161. 60832. Slrmﬁén oRtie 28hodisaly. Eaucdt. @326n 8RINtHE prans that pasBthreuphdthel. 36

99,9 V0 SUNEST PRHERIRLOIORein MBYoPGFNER koS TRid (<1 o0

for the elec processi ng
char act er  ze@omei af tthist watee qaal bgamwied betéccmetd the bytyadﬂpthasasldelceemt dby5| S

stage (1) 10 chinkendiechh hd BEcAS IRl GHFIACRite Adrind tnd U ufie

HA - conpri si ng orine gas_iIs scru ext ractl vely | n an

stage (2) wi fFneEpRce s Fashlli ret AQaseoehehienine/HE aeraent )8 Bb@dsmafemt is al§0f or m

enriched hydg QﬁBIQTUFy{CthﬁCin@ansst@ dongfnSde umes:hbﬂnheecatwefcmm ‘ofendGhs- 0as,
in that the enr

' aochloric,a converted.in a.liquid-phase 15
el ect 1 ol ysi 3 PERRGLCTalySI VoL AEGRIARiAGLLith By FPRGTARLT R HSHTogdhl et b
hydrochl @i de acid, in that the depleted hydrochlorlc acid is passed back

e R OB RO e ) 98
éect rol ysi s segesgd'he hitigh dryihgacan b carried il wedl columpewith ei@lumlmmwcnd,
desired. 25 Gheat médsﬂg&f%ﬁ’t' (ﬂ?m%(bagtﬁderﬂldoe if Q%l@ﬁ&le& n?l%Qre'drhs Lauid e UCt S

formed in addition_to chlqrine gas-p trolysis stag

) and/or in PHEP} W&lﬁhdbbﬂ'ﬁsﬁu@P%tsrfS‘il yg;hsc%gg@tnggulg?@c r?“mh%t er
3. Met hogls acagiddidiighrged &i mm& stafar thei efeeds cthe naISch%tnehh&leldl (tuhﬁkuphmﬁe 30
el ectrolysis stag g&) fB ?t ed th abc&n(?grt{a (ggjyaﬂg cat hode. .

Met hod accor 8PHERided seipgpn 8Pu’f§e EHET JUP &r5°% TYHfg column in

HCl cont ai ni ngceoadance shithahesdthod knbendednhddipriar@gct i on in the |iqui d- phase
el ectrolysis stage (S) i s passed back into the hydrochloric acid circuit of

the 3S absorgttllon sta . 5. Method according to one of Clains 1 to 4,
char act eri zedp this varian tthf‘ebls‘é@t pistede hes e dppgtion; of qescoming hermaesurefossss o

C?néumbh@]-OWWCmﬁthld flant whith £ op hdtﬂehxﬂh&f ’Efe' ar&ut e thed c&tmeréilcaqhxﬁ ohone
0 ai ns t Lacher t hat, t.he erS|o s- phase
ol ect rol ysi s cReRe S et Tuh doe BRbwyseedlne RS iieotioh.dnr, gt 5Re o
Clains 1 to 6Gustaharyatiainexethpressiohand ligeefectinemtdges tambe ahittede depI et ed
hydrochloric acid fromthe |iquid-phase electrolysis stage (5) is from5%
to 19% in particular from12%to 14% and the concentration of the

enri ched hydbeEmsrp Suffer forithe supply ebehierinenn,the maym plant is| peferabbnihe stere o
13% 10 85 Mef hﬁ%}@%‘dhﬂ&i&ﬂ:ld euaﬂeopfhetaeasﬂusstaget evhich ﬁi‘x‘&hﬁqiuﬁidsé%st Bet hat

t t hod tart th.t , d- h t d

o form onl oFTRERiRRe aEPiopgiiaht (GHiPtHE BPPahe U oshipri i Scenuni bap e "
process i n wasahtoHart gbs magn plantrixdtialhyd HG gdsadbtaihed hiGiie @asﬁmbbﬁalrhdad fedom
the att aChEdd Bﬁ?@ a{fﬁ%pglgn 0 Z}‘Pe g&gncg gﬁg@ nﬂﬁlethglrﬁ%g ]S)llo)ﬂﬁét%nsprggl?ceg 1).

CACALCAA L AA fy
sufficient HCI gas to start the first stage.

=

phase

30
If at a particular site it is not possible to deploy the resulting hydrogen for chemical
purposes, the first stage can also be operated with a consumable oxygen cathode,
which constitutes a further marked energy saving.

35  Further advantages of the method of the invention are as follows:
Relative to conventional HCI recycling processes, the novel method has a lower
overall energy requirement. The method produces an excellent chlorine quality (the
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Th00n e () g Porebs atidbang the calhivic pgesyare is biglh than fhe BIC) gas pressure on

15  the anode side, so that chlorine impurities in the hydrogen are unlikely.

The plant for operating the method of the invention can be operated, advantageously,

with high flexibility as an auxiliary plant for any desired chlorine-consuming

chemical process.

20

In a preferred variant of the method, the method is started with the liquid-phase

electrolysis in order to form chlorine gas for any desired chemical process in which

chlorine gas is employed and HCI gas is formed. The HCl gas obtained from the

attached chemical process is first of all guided past the first stage, the gas-phase
) 25  electrolysis, and passed directly into the absorption stage. It is fed into the first stage,

the gas-phase electrolysis, only when the amount of HCI] gas produced is large

enough to obtain satisfactory operating conditions here.

The invention is elucidated in more detail below by way of example with reference to
30 Fig. 1.

Examples

A gas-phase electrolysis cell 1 operated at atmospheric pressure and with an active
35  surface area of 109 cm? is connected, via a reservoir 2 with dilute hydrochloric acid
for the passage of the product gas and for the adsorption of the residual HCI content,
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circuit of the cell 5 with a consumable oxygen cathode was held in the range from 12
to 14% HCl by adjusting the current density in this cell in each case such that the
amount of HCl absorbed in the reservoir was converted in the hydrochloric acid
10 electro]ysm with the consumable oxygen cathode. The temperature in this circuit 3,4

was kept constant at 57°C by means of a heat exchang_er.

i

L\

) 'I'he converswns m the gas-phase electro]y51s 1 were determmed by analysmg product

gas obtamed by means of samplmg, the i mcommg amount of HCl was measured with

15 a rotameter The tWo chlonne streaxns were combmed in the drier 6, and the initial
chlonne concentratton ‘was determmed g

-

The by—products\'of the reaction - hydrogen from the gas-phase electrolysis and water -
of reaction and condensate from the cell 5 with the consumable oxygen cathode -

20  were dlscarded

The results shown in Table 1 were achieved in three runs. In the existing
arrangement, with higher current densities, it was possible to achieve a conversion of
only 45% in the gas-phase electrolysis without a disproportionate increase in the

r 7y 25  voltage.

Table 1

Current Voltage HC1 Current Voltage | Initial chlorine
densityin | incell1 |conver | densityin | incell 2 | concentration
cell 1 -sion cell 2
I(kA/m?) | U (V) (%) | 1AM | UW) (% total)
Run 1 6 1.60 83 2.8 1.18 99.9
Run 2 8 1.68 76.5 3.6 1.27 99.8
Run 3 10 1.73 84 4.4 1.36 >99.9
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1. Method for the electrochemical processing of HCI gas to high-purity chlorine
characterized

in that the HCI gas is reacted in a gas-phase electrolysis stage (1) to give a
chlorine gas which comprises HCI gas,

in that the HCl-comprising chlorine gas is scrubbed extractively in an
10 absorption stage (2) with depleted liquid hydrochloric acid as the absorbent,
to form enriched hydrochloric acid, so freeing the chlorine gas from the HCI

gas,

in that the enriched hydrochloric acid is converted in a liquid-phase
15 electrolysis stage (5) into chlorine gas, with formation of depleted
hydrochloride acid,

in that the depleted hydrochloric acid is passed back (3, 4) into the absorption
stage (2)

20
and in that the chlorine streams generated in the gas-phase electrolysis stage
(1) and in the liquid-phase electrolysis stage (5) are drawn off, combined if
desired and dried if desired.

25 2 Method according to Claim 1, characterized in that products formed in
) addition to chlorine gas in the gas-phase electrolysis stage (1) and/or in the
liquid-phase electrolysis stage (5) are hydrogen or water.

3. Method according to Claim 1, characterized in that the liquid-phase
30 electrolysis stage (5) is operated with a consumable oxygen cathode.

4, Method according to one of Claims 2 or 3, characterized in that HCI-
containing water obtained in the cathodic reaction in the liquid-phase
electrolysis stage (5) is passed back into the hydrochloric acid circuit of the

35 absorption stage (2).

5. Method according to one of Claims 1 to 4, characterized in that the gas-phase
electrolysis (1) is operated with a consumable oxygen cathode.
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the concentration of the enriched hydrochloric acid is from 6% to 20%, in

particular from 13% to 15%.
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8. Method according to one of Claims 1 to 7, characterized in that the method is
started with the liquid-phase electrolysis stage (5) in order to form chlorine
‘) gas as a starting material for any desired chemical process in which HC1 gas
is formed and in that the HCI gas obtained from the attached process is fed
15 into the gas-phase electrolysis stage (1).



