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WD 2004/ 005584 FLUORI NE CELL PCT/ GB2003/ 002758 5 The present invention
relates t ruction of fluorine cells and parti ly to the
ik B PR3} e fess

construction re Ing to the closing of the anode conne

fl uor'i ne producing conpartnent in such a cell. 10 Fluorine generating cells
produce both gaseous fluorine and hydrogen by' the electrolysis of
hydrogen fluoride. Fluorine and hydrogen expl osively reconbi ne when they
contact each other, therefore, it is necessary to keep themconpletely
separate when generated during 15 electrolysis. Fluorine cells are
generally constructed such that the two gases are collected in two
separate FEBHERIMAefEdIabove the surface level of the electrolyte. The
compartments are often separated by neans of a so- called skirt, the skirt
often being part of and depending 20 from an upper, generally horizontal
wal | of5 t hEheel preasdt elmesmtheoni molahes eltert tdleyt E0RRE W GUhdiodg t he

anode. Ho . the _skiirt @%§ 5?%?¥. LLeiyi | yepeut Lah st 18spect
to the anoggﬁﬁgﬁgﬁ ifﬁg&ﬁroun S dn ﬁgnﬁke %at ode mhich.ig ofte%qforned
by the inneelatiihgofta hehes cdelsingornedi tidve \aredsd . conniest iicher e oiche
necessary at _.the skirt .is electrically ins t he anode (and

cat hode) a%gu?SFthgrgﬁggéngb%ﬁgtﬁ%ﬁgécﬁt%ﬂ #% e??e%é?gl as the "stud") to
pass through the skirt or be connected thereto whilst conpletely sealing

the fluorine 30 conpartnment against | eakage o uorine. It :h n the
pr acti@e tgfﬂﬁyénﬁ W?%ﬁ'lrb%nﬁgiﬁﬁoﬁﬁ%ég‘f%egg%lgdeqaasn%o%i ggagggggpasses
t hrough anghasu@iidgen TERberhandisearoleftien sAdayefrqydast Etaomitier.i al
such as 1 WO 2004/ 005584 PCT/ GB2003/ 002758 f.fluor?ﬁlasto r rugger in

t he upper BdEPFdREal 2BR| rhydrogen explosively recombine when ey

contact each other, therefore, it is necessary to keep
them completeiy separate when generated during
15 eélectrolysis. Fluorine cells are generally constructed
such that the two gases are collected in two separate
compartments above the surface level of the electrolyte.
The compartments are often separated by means of a so-
called skirt, the skirt often being part of and depending
20 from an upper, denerally horizontal wall of the cell, and
extending into the electrolyte and surrounding the anode.
However, the skirt must remain electrically neutral with
respect to the anode which it surrounds and to the
cathode which is often formed by the inner wall of the
25 cell container vessel. It 1is, therefore, necessary that
the skirt is electrically insulated from the anode (and
cathode} and for the anode connection (often referred to
as the “stud”) to pass through the skirt or be connected
thereto whilst completely sealing the  fluorine

30 compartment against leakage of fluorine.

It has been the practice to have a stud for connection to
the anode and which stud passes through an insulating

member and seal, often made of plastics material such as



wal | portion. However, due to the high currents which are inherent in.

fluorine ration by electrolysis a considerable anou H&%tﬂ ]
QJE{/%P §§4°§ 4 gg?&fgmex acg}rsgat ed

gener at ed nce 5 heating, this condition often
by poor electrical connection between the stud and carbon anode which-is
generally used. The effect of this heating can be to cause a runaway .

chem cal reécﬁ%rg,%tl\é%%mtehze st | C3nsadle MapsELahoand el | gRiipe with
which it is 10 in direct contact and which may result in a fluorine |eak.
I n extreme wakkspevbhonhellevadeket dlemdp ithselbiohy FH TeRkhe/Bichrabe gas

streamin t ti I in 3l edy; St Wd Lk e 1k s Qas
been sonemﬁgﬁhégfﬁgvig edeﬁgu?%gH%ongfﬁﬁﬁﬁ?%ﬁhghoﬁ% in WO 96/ §%89 1%
wher e, i nsteewsdferhblancgdewdnnett iheptst dd psinafed hbyugre s iaReeat i ng

seal ingth irt wall . _t tud is J i ARSTDSL S 0N
ei t her gi dgh%%&%{%%' lstbllrst f};\;\% ?l,&s%ﬁtﬁgﬁzgﬁgg%elq?/gsm%%g{:ﬁ%é{é%ghol e, %ﬁﬁ
closing theléttoicad compactrient byteeennibeatitvg gasdetcarbmst ea2oder om

t he anode stud.. However, even in this nstgAct. a ALl ' enment

on earlier ‘COhSEr Gt ig(?ﬁlse,rat\ﬂﬁé/ EE ngﬁ%asekfe#éclt% gsl‘fi F?%]ﬁ. ?‘%&aﬁqf dgg% acted

by the flussins gasuaed bs sthblvagusckpmibkeé tpeattaock kspeeenl | yhehen

there is an unexpected te rature rise . 25_for_any reason, .l n t case of

t he seni corﬁllﬁ:?gfc? naﬁgirg‘gﬁﬁ&la e-hej :Fiﬁl%?]e%%eﬁﬁ%gl whigh éﬂg DY ocess

pl ant yopi | ish n@itr@dic ebnbazar dous gasiesh swak asedhlioriine, af ofl woabpee,

possesses 30 the _nost stringent |evels of |eak tightness since,the

maj ority oflRbpl dMOPKFRYIE n GFET pPARES %‘eﬁﬁ\l?‘y et ’E.‘J"ny_Jnib"?“?‘r]aﬁE

non- pr ot ectyhyen Cligt Y. FitliorSndn 98k et fant henpregentesaYeihigonL &8k

provide a 35 fluorine cell construction where sjignificant areas of 2 WO

2004/ 005584 FETLER26030¢EEed “stud fire”. This has been somewhat
alleviated by the construction shown in WO 96/08589

15 where, instead of the anode connecting stud passing
through an insulating seal in the skirt wall, the stud is
formed by welding stud members on either side of the
skirt wall, so that there is no through hole, and closing
the fluorine compartment by an insulating gasket remote
~20 from the anode stud. However, even in this construction,

whilst an improvement on earlier constructions, the
sealing gasket is still directly contacted by the
fluorine gas and is still susceptible to attack

especially when there is an unexpected temperature rise

25 for any reason.

In the case of the semiconductor industry, for example,
it is essential that any process plant utilising toxic or
hazardous gases such as fluorine, for example, possesses
30 the most stringent levels of leak tightness since the
majority of people working in such plants generally wear

only normal non-protective clothing.

Tt is an object of the present invention to provide a

35 fluorine cell construction where significant areas of

2



pol yneric sealing nenbers exposed to direct contact with fluorine are

el.im nate i glsed. f It is a further object of the _present invention
to 5 prog‘lj(géwg)oﬁsg%ri ne cell construction having a very *GI§rB20MEY2EE of

iFntedgrity against fluorine |eaks. According to a first aspect of the

present invention, there is provided an arrangenent for sealing an anode
enment

-10 within i i lLectrolytic cell,., the arran |
conpri si ng: ﬁg%%&?cﬁﬂg%ﬁéoﬁgﬂngﬁgér cxpyegd 4 oa%llé%cﬁﬁeEPPBHgﬁeﬁﬁéﬁl
. passi ng t hr §dghrimeapera @ldnimatedkor tminalmi asd. being in el ectrical
connection with a skirt wall closure nenber wherein the skirt wall closure
15 nmenber is sealingly engaged with said skirt wall to seal said aperture
and is el eclticablyai nSutthed tdiejedtoms the aprar@eAeNtinkRR9on to

characteyis non:zconductive . _spacer nenber being interposed between
the cl ogtrjr eﬁ?r%n%gr% %an f?ﬂﬁlgﬁi FEMal FORTFYGE 1o BRELBAL 4 nveRY | bAgbhe

skirt wall dé¢gseeeoffedbergrdtyseatdingty rrmgened wihsthe skirt wal |
around the aperture and electrically insulated fromthe skirt wall by
means of an electrically non-conductive spacer nenber such as, 25 for

exanpl e, a Recontifngpacer aTEAPest HHeRRACEE MBELrARY1SUELoLNd; Lhe anode
connecti on qﬁnber” The spacer. nenber is essentially non-porousS In the
sense that tHer® 1% REOLLGRF: i BAnRLIGR ST IHecEed prrakiny whi cinatikows

t he pad9agesiofhimacgepirapbe;gdantydy f 1 uord { i ffuse
t her et hr ough. Exanpl es of cér.am' tg rraet"a%rtiqglgfs mécﬂ&rr%?%legut%%g’ed ‘L‘lﬁﬂcl ude
al uni na, caTIAMIPIE0FI GOMPrisd NgEigriss| amedé uorndect 1Bhe meathery al s@fdt he

spacer menkg{oddIstoRfebesbit A 395@%%9904{,1993?81% P&t /a%%%: %%/eooizrz 5a8 '

- skirt wall and being in electrical connection with a
skirt wall closure member wherein the skirt wall closure

15 member is sealingly engaged with said skirt wall to seal
sald aperture and is electrically insulated therefrom,
the arrangement being characterised by a non-conductive
spacer member being interposed between the closure member
and the skirt wall.

20
In the present invention the skirt wall closure member is
sealingly engaged with the skirt wall around the aperture
and electrically insulated from the skirt wall by means
of an electrically non-conductive spacer member such as,

25 for example, a ceramic spacer member. The spacer member
may surround the anode connection member. The spacer
member is essentially non-porous in the sense that there
is no significant interconnected porosity which allows
the passage of unacceptable quantities of fluorine gas to

30 diffuse therethrough.

Examples of ceramic materials which may be utilised
include alumina, calcium fluoride -and magnesium fluoride.

The material of the spacer member must be resistant to



the effects of fluorine gas containing hydrogen fluoride at concentrations:
of up to I n one enbodi nent of the arrangene ent

i nventi or}%gtzﬁ&‘(@g%gm c spacer is of annular formwth ﬁg%ﬁ@%@gio%géf aces
and surrounds both the aperture through which the anode connection nenber -
extends and the anode connection nenber itself. 10 It is further preferred
that the ce r sgRdwi-ghed jhatue ﬂMﬁéﬁ*ﬂ%ﬁérl@@e on
each radlal{ﬁglgfﬁgﬁggeo ﬁL%F%E%fgrre enbodlnent of e arrangenent of
the presentatneencéphrahéogaskst sivate 6. cwlumespiral  wound gaskets which
are supplied by many different 15 manufacturers. Spiral wound gaskets

conprise a spiral wnding of a strip of at |east one material which may be

of "V' shapkd osross esdxidiowerand ckihoviineas artrangiemdinig oé| e'ﬁb‘ﬁt Preggient |y,
t here | a secon ele t of |n1Iar S cLic0 a
seal i ng eleﬁ%ﬂ?ngf eaocgﬁ mic QEQE J%feéf Qﬁhl FEBMVY, 25h

|ps bt ng nes toget er an wound
t oget her sofbst}o sé@lnm@ltﬁaoase shdnestsronedsvi kol | ther ospeseetréon.

The w nding ele genperal | a met al ,which ¢
suf fici ent HatPre chéﬁB EE eﬂﬂ3§c%%lﬁfvﬁgﬁlca et %éﬁlfﬁ? .

anneal ed orzgehd wenkediidhb ﬁ@mb%xamMsalﬂand conpati bl e mnth quorlne such
as stainless steel or nickel, for exanple. The sealing elenent strip may
be of a non-netallic material such as PTFE, expanded graphite or asbestos,

for exagpl ery of s NPy rtRErOprarairhel t3eft alhdeicdarsiue hsptcap ppatiber of s
exanple. 30 The spiral wound portion of the gasket may ga&ad .nner __and/ or

outer keepepangwgsheg bﬁ@&@ﬁ%‘t%@osﬁﬁﬁ§ﬁtﬁmuﬁH“3p%?t?@ﬁ i Fffg or

deform ng. Mhgrg,spi wound dasket smhadi Rgniebal |ﬂ1~1%: ol eifdndit 8B their
constructloﬁﬁareoeonoyed a non-conductive spacer 4 WO 20041005584
PCT/ GB2003/ €8@75gesent invention the gaskets are so-called spiral

wound gaskets which are supplied by many different
15 manufacturers. Spiral wound gaskets comprise a spiral
winding of a strip of at least one material which may be
of “V” shaped cross section and known as the winding
element. Frequently, there is a second element of similar
cross sectional shape known as a sealing element, the two
20 strips being nestled together and wound together so as to
form alternate elements when viewed in cross section. The
winding element is generally a metal which can be any
metal of sufficient ductility and in any suitable
metallurgical condition, e.g. annealed or cold worked,
25 for example, and compatible with fluorine such as
stainless steel or nickel, for example. The sealing
element strip may be of a non-metallic material such as
PTFE, expanded graphite or asbestos, for example, or may
be of another, softer metal such as copper, for example.
30 The spiral wound portion of the gasket may have inner
and/or outer keeper rings to prevent the spiral wound

portion from unwinding or deforming.

Where spiral wound gaskets having metallic elements in

35 +their construction are employed, a non-conductive spacer

4



menber such as the ceram c spacer nenber, for exanple, is necessary to

pr.ovi de e
the latte
exanpl e,

i i nsul ati on of the anode fromthe skirt |1 to _render
w(g%@éﬁ’ﬁ%sgtgl ly neutral. 5 In the present i nventPFE\ZEW%@,zﬁsor
the sealing elenment strip may be PTFE for exanpl e, because of the

geonetry of the gasket only a very small area of PTFE is exposed to the

fluorine gas, wever. spiral wound .10 S UOf L he- st ant _al
metal constTu ?6nSH89 aﬁet %ngfggg%éﬁgﬁnéﬁgﬁ%%h%%%hdﬁ%gsiégﬁbgé'aég
cont enpl at eflecasthey picesendvideenflieot rdromlbyindelathabuoé gdrerahbgieof 15

annul ar shape and .constructio nd their ,size.may.b chosen to.suit the
f adi al faceEH?WEﬂg?%n§ 6F%tH@§lfngﬁﬁaf?ﬂaegpgég? ﬁ@%ﬁgF. %ﬁ C%ﬁbﬁ%iiy
connecti on peabeslmy be welded to the inner 20 surface of the skirt

cl osure

nber. However, for reasons of dinensional accuracy, it is

preferred that the anode connection menber is a nmachined nenber whic
attached torhhenskiprleserid iG-St Bomeiherepy foRcRaringale, fiasd esessing t hat

it and the anode may be easily remved 25 for

air mai nt enance.

. re
const ruct i oRLGBRABE al98F 1R eBaYr &8 t RAFEt NrVgR%A é@fbg‘:r’%%llés? n%hetBR

val I cl osusoRBPET 0@NG HicASRNIS asvsehewnahiar e pPAssik
holes to | oCate in suitable Treceiving holes 1in the anode connection
nenber. 1t €5ppasdi bte t hpr odilyerine: haasast SRV HoansSOH ¥l waéPerd whi ch

seal agg) nsho o POLESH 0Tl Rakape s Juard gL i hrRYAh hmdasiansl heg

hol es via cO-operating screw

exanpl e. However, in the

wal |
his
Such a
irt

hr ough

ation

interests opesefplyyet.is preferred that the anode fastening nmeans may
t hensel ves 35 be sealed fromthe anbi ent atnosphere with an auxiliary 5

15

20

25

30

35

Such spiral wound gaskets as are contemplated in the
present invention are by their nature generally of
annular shape and construction and their size may be
chosen to suit the radial face dimensions of the

insulating spacer member.

The anode connection member may be welded to the inner
surface of the skirt wall closure member. However, for
reasons of dimensional accuracy, it is preferred that the
anode connection member is a machined member which is
attached to the skirt wall closure member by mechanical
fasteners so that it and the anode may be easily removed
for repair or maintenance. Such & construction generally
requires that through holes be made in the skirt wall
closure member and fasteners such as screws for example
pass through holes to 16cate in suitable receiving holes
in the anode connection member. It is possible to provide
the fastening means with washers which seal against
egress or leakage of fluorine through the fastener
location holes via co-operating screw threads for
example. However, 1in the interests of safety it is
preferred that the anode fastening means may themselves

be sealed from the ambient atmosphere with an auxiliary

5



WO 2004/ 005584 PCT/ GB2003/ 002758 cl osure menber which is sealed to the.

skirt “alﬁm)oﬂﬁﬂfﬁm menber by means of a further gasket phrgR604ido9KRds the
anode conhect on Renmber fasteni ng neans. Such a further gasket may al so

advant ageously conprise a spiral wound 5 gasket. Wilst spiral wound
gaskets have proved to be exceptionally effective in the sealing
arrangementopfsthe mBhBSENHiEN s Osedlber tbypee efkigaskedl acdkosuom sheet

10 nmetal such as copper, copper-nickel aIIo s 0 for exanp may
be used i n BEOPBr RYoMSARDsIE d b At Utk 9$ew % Qﬁé% te

surroundi ng; posE | @BR N Q1S aRRYe aﬁfas%iﬁqs@eduéarﬁ@ asrrehala sheethapd
whi ch beads are then conpressed during asse to provide seal . 15 The

anode connedsbat mEwberahay Felvasit %Qﬁﬂﬁﬁ%yn&OWB¥&SesébaﬁBﬁ¥ otitu8tch as
a carbom anpgde, by any known nmeans or may itself be integrally formed with
an anode portion which is adapted to be at least partially imrersed in an
20 electrolyte in the cell. According to a second aspect of the present

invention, \ANELE 1Sg &H 1de Sl Qje@éeal IhAGly | psbaldd ngran paode in

a quorlne generatln ectro tlc ce the 25 nmethod conprising the steps
of : provi dlevgcaptkonalﬂmnbéifect@ﬁfealﬂl &"m meaganet |yranesneert @yt hecel |,

the skirt %’&5 b% pe&(ﬁ%e}qxﬁggsgf g%]é%t‘!"hfnﬁﬂe wWhes | Bnedge, a

| ower extr sal open en rse electrolyte and fornms a
closed]ﬁolum@taiosuchgaandﬁppﬁnyt@mppen-sacﬂeékaiﬂ0w§MQﬂ Feeglr nferan

menber 1o BRLFL Nar| o8| B8RFe thermsr oA Hearar od Pend frakeern "
said skirt wwérecbmmwgammnbeadsbwqrxnumﬁrqgaporeagnaanSQQ|$@@led
non-electriggélgmbggsgan %tlve ? QEersheQPeandhﬁkgg%FW§§gas are then
_compressed during assembly to provide a seal.
15 '
The anode connection member may be for connecting to a
separate anode such as a carbon anode by any known means
or may itself be integrally formed with an anode portion

which is adapted to be at least partially immersed in an

20 electrolyte in the cell.

Bccording to a second aspect of the present invention,
there is provided a method of sealingly installing an
anode in a fluorine generating electrolytic cell, the
25 method comprising the steps of: providing a skirt member
for a fluorine generating electrolytic cell, the skirt
member being of open-ended construction which, when in
use, a lower extremity of said open end is immersed in an
electrolyte and forms a closed volume; forming an
30 aperture in said skirt member to permit an anode
connection member to pass through; suspending said anode
connection member from a skirt wall closure member and
sealing said aperture with said skirt wall closure member
.by providing at least one sealing, non-electrically

35 conductive spacer member therebetween.

6



6 WO 2004/ 005584 PCT/ GB2003/ 002758 | As descri bed herei nabove, the at

| east one i on- electrically conductive nmenber may_conprise a
ceramc gﬁg%@%%%g er which is electrically non-conducti&gﬂngﬁ°§mpﬁg
i'nterests of safety further sealing nmay be effected by suitable gaskets
such as spiral wound gaskets, for exanple, preferably on each radial face
of said spacer nenber. 10 The skirt wall, skirt wall closure nenber and an

auxiliary closure nenber,, where fitted, may be held together by
convent i onafSnEEFsHiilad theremarveansheual lessthraneiesealids, nohs and

bolts and theekikecallg aehem:@hgefrﬁg@gk%%g& iiéeueg} -Bsgg%iOf t he

anode 15 sealing arrangenent may be ma ret e kriown and usé i'f t he
fl uorine gefBREEFnguamber Acdurdi ngst cokecthn ek Bspe aonsfconigiriesent In
inventign {HEr 8 S ANHVd d ri rati cel | _having_the 20
anode sealing arsangeﬁgﬁi %f ?ﬁ%gggrg?ﬁgggggtgé?gg%gdg?yiﬁﬁ? %ﬁ%eﬁFgéent

i nvention' BHy 936 tarke f galsketsndenshoeds epamplesvovihd pawkee sjesgoirbed by
way of illugirajLon i ref erenge th conmpapyi n 25 draw ngs,
of ~whi ch: F?gurgﬂi's Omﬁea%&% v§ ioenacl%n %gg:s"ét?‘s ?5%n° fsfgdscﬁ%?rﬁ‘?f:c

el ectrol yt imefbaori ne generating cell having the arrangenent of anode
installation according to the 30 present invention; Figure 2 shows the
arrangenent of anode sealing installation of Figure 1 at a |arger scale;
and 7 W0 20TH& 005584 tPCHaGB200¥ 0027 587a Fi gUE@o3udhi Clher®RaWs #hd! agy Vi ew

of the arrangenent of
a&kfflary closure member, where fitted, may be held

together by conventional mechanical fastening means such
as threaded studs, nuts and bolts and the 1like. The
materials from which the constituent parts of the anode
15 sealing arrangement may be made are those known and used

in the fluorine generating art.

According to a third aspect of the present invention
there is provided a fluorine generating cell having the

20 anode sealing arrangement of the first aspect.

In order that the present invention may be more fully
~understood, examples will now be described by way of
illustration only with reference to the accompanying

25 drawings, of which:

Figure 1 shows an elevation in cross section of a
schematic electrolytic fluorine generating cell having
the arrangement of anode installation according to the

30 present invention;

Figure 2 shows the arrangement of anode sealing

installation of Figure 1 at & larger scale; and



Figures 1 and 2 in the direction of arrow 3 of Figure 2 Referring nowto

t he dram‘pgﬁg‘%rfbgsgﬁ@ere the sane features 5 are denoted M’EE@@“"%C erencei

nuner al s. shows an elevation in part cross section o ematic
el ectrolytic fluorine generating cell 10 having an anode sealing : -
arrangenment 12 according to the present 10 invention. Mst of the cell is

convent i Onak‘i?[!&el 3 ophYchshowwangd geser beds t erphace 4:eaRfodenseald ng
arrangenent _of the present invention in context. The cell 10" includes an
outer cell ¥eg¥gesid vk disdheslixpesiameotaneee 160anHigenealns t he
electrolyte 18; a skirt nmenber 20 which conprises a generally horizontal
top plate 22 and a depending gas separating skirt nmenber 24 which extends
bel ow t he sBffg&&ipg @PWlﬁ@(ﬁhﬁﬂ@%ﬂ%ﬁ&gs]§ﬁ¢uﬁh@%ﬁ¢ﬁh@e$§menﬁéﬁthessan

anode 30 and,aNedRc2ecL eANLhhdh TIMALerte Atk Al Anode seal ing
arrangenment' 12, Pn th?@ncase accordlﬁgﬁ%% t e:%$g%ént i nvention. The

construction of the cell fornms two separate conpartnents 40, 42, ‘each

closed at thgghower ebdohy bhe ASHLOlY! en YUdACE 0 Audilichr 4
conpartnments Fecei ve hydrogen and 2 uori neé, respectively upon
el ectrol ysi schemphec electrollytd cl&lorppassiganerauinentel het @t haviigy.

Qutl et congyi Vi n tQ cantrol_ the, fl ow
of gas are %#o%ﬁgéé %%%dﬁﬁgP?%%a%%%%%éﬁ%ggésgCé$Eg§§ﬁo§§)g@%?i%ﬁesent

i nst al 11& i obnt@nhionk diMugtt oof heh80 geldseint coneant bonalksaner avs deslyhe
anode connegt i 56, A heating jacket (n sho is nornmal ly proyided
around the d%ﬁﬁ veRd 5%%?@%%£r ?8lnﬁia?%emg%g%traPﬁgg\Mﬁ%%fl?g
normal | y sohrdangemahitent teappraswng inhkenhdain g Joagkstt may conprise a
steam jacket or an electrically 35 heated bl anket for exanple. A plate 58,°

usual ly of a non 8 WO 2004/ 005584 PCT/ GB2003/002758 electrically
conductive Thastets nMHt ein@ludss f axedutert k211 vessel 14 which also

15 forms the cathode 16 and contains the electrolyte 18; a
skirt-member 20 which comprises a generally horizontal
top plate 22 and a depending gas separating skirt member
24 which extends below the surface 26 of the electrolyte
18 and completely encircles an anode 30 and anode

20 connection member 32; and, an anode sealing arrangement
12, in this case according to the present invention. The
construction of the cell forms two separate compartments
40, 42, each closed at the lower end by the electrolyte
surface 26, and which compartments receive hydrogen and

25 fluorine, respectively upon electrolysis of the
electrolyte 18 on passing a current therethrough. Outlet
conduits 44 and 46 having valve means 48, 50 to control
the flow of gas are provided for the two compartments.
The anode sealing installation 12 according to the

30 present invention also provides the anode connection 56.
A heating jacket (not shown) 1s normally provided around
the cell vessel 14 in order to melt the electrolyte which
is normally solid at ambient temperature; the heating
Jjacket may comprise a steam jacket or an electrically

35 heated blanket for exampleé. A plate 58, usually of a non-

8



cell bottomto prevent hydrogen from being forned on the cathodic area

bel ow t he onpartment 42 and consequently rising into the fluorine
gonpartneX@g%%&Qﬁﬁﬁg expl osively reconbining with the fl &&HR2003R78y; r ¢
20 i's electrically neutral being insulated fromthe cathodic vessel 14 by
an insul ating gasket 60 and fromthe anode sealing installation 12 by

means whi chewikk he.a0aSL1dRRM o Hiv O el &Y é’@?xﬁé&ef’f&?"‘%s' gi%&t iﬁagtﬂgsket
60 is not in 10 contact with fluorine and skirt 20 is held to the top of
the cell wafflbybrddieahitalrreenhi hjdredns Crom Sledwy  formed exmnphe.

Referring nepth8akcdurfse2 apdi dwWehe thﬁl&ﬁ‘é’decéﬁ@' IR e do | st ag%\gti on
according to the present invention is shown in nore detaiT. The sed I'ng
ar r angenent Ca2sgUEn§dve X2 5ing drseetthe Slopginke dampartnergf 42 gand 3.

The anode : | merel iS4l d | I ONAEC o] de 30, which
is at | gastﬁé}g‘g’;‘l?%f’%yi mrer S%Hdl%l#l# he eﬁe)ééthr%ol yt e(g%gn%B gggsﬁsg?v%re‘f nggi gure
1, however,1petifpecripeldyodeuiorl bedngorstsuictienh fiovm sehéocathogipart of
the inventi d e of . ktabl e gaonstructign or teria

accordi ng tgg?ﬁgﬂt 3}%3%0\? ?r?ucl)ﬁlgl%]égg!é%lg 973 ePcché(li'lt apg tf%onbngtli%eﬁm%e
anode connegtdbhngenbetaldlatibawl 2 rimncetads 2&hinhFiwddrle B @essesbédr ough

an aperture; 70 _i ri.zont top.plate. 22 of the skirt ,nmenber 20. The
anode conﬁggtggga#%%béggﬁﬁﬁkgb$i?%d F§53&§§Ff¥ld%ﬁﬁ 2t o8r &5 Rbetn72 by
means dff sccmvsadd pashi fjuohiaeghrlLas A6 20 nis hboaaded hel asoySin a
boss 80 of t.he connecti.gn,30 nenber, 32, however, any nmeans of connection of
the nenber ?%E?hga&ﬁo§ﬁ?§‘ C%g ﬁ%@tﬁﬁlﬁﬂppéﬁgépeﬂﬂ¥ howhhenent
descri bed pfowvietesmpteuracy for the depending anode 30 in naintaining the

anode. 30 out of contact with the depending skirt wall nenber 24, but
provi ding that 35 accuracy can be assured, the connection nenber 30 may be

9 Referring now to Figures 2 and 3 where the anode sealing
15 installation according to the present invention is shown
in more detail. The sealing arrangement 12 of Figure 2 is

a section along fhe, line 2-2 of Figure 3. The anode
connection member is ultimately connected to the anode 30
which is at least partially immersed in the electrolyte

200 18 as shown in Figure 1, however, neither the anode nor
its construction per se form any part of the invention

and may be of any suitable construction or material
according to the type of fluorine cell in which it is to

be used. The anode connection member 32 (shown truncated

25 in Figure 2) passes through an aperture 70 in the
horizontal top plate 22 of the skirt member 20. The anode
connection member 32 is fixed to a skirt wall closure
member 72 by means of screws 74 passing through holes 76
into threaded holes 78 in a boss 80 of the connection

30 member 32, however, any means of éonnection of the member
32 to the closure member 72 may be employed. The
arrangement described provides accuracy for the depending
ancde 30 in maintaining the anode. 30 out of contact with

the depending skirt wall member 24, but providing that

35 accuracy can be assured, the connection member 30 may be

9



WO 2004/ 005584 PCT/ GB2003/ 002758 wel ded, for exanple, to the underside.82
of the cl er 72. Alternatively, the end of the i menber
32 may bealg)ru@\sﬂl With a screw threaded mal e portion, Fglﬁl@g@%@g’{%and
screwed into a co-operating 5 hole in the closure nenber 72, for exanple. y
The closure nenber 72 is insulated fromthe skirt 20 by a non- conductive -

annul ar spagerdedng A Wi &ho1s, Pesi tdhenathdd pé edaedbatsr tiie agNdkake
gaskets 92. In this_case the gaskets 92 are spiral -wund gaskets having
i nner keepeReHBeE| ngs - 94A4RATBAE eV ek¥epefDRi n§BY060TWiFNSt ERBNGSEREDS 92

are el ectrigahbyrcomugliveprbheyr-AFLaseparidiedabsd ey ROFGRRAUCKEYE
spacer ring 90 which, in"this case, is mnade of non-porous alum na ceramc.

The spacer PPHEL00, afel g@xiesiseo2 pRevi Herewrdl ditsedl | AY-@BAFASLNFeakage
15 of f'suofﬁagea&% e SPREShLE! RGrBR Py dﬁéreta%%h{ 168l ridsyh gkea of

the anode 30 fromthe S.kl rt 20. However, .the existénce of the holes 76 .
may provi denermbperent? alis pdnisuleiied udrione thakagleinhd 4% the BntBPBStS of

conplete s s guXi L | Qsi 1 ISy 420, PEQVi s Whj is
itself sea?%(gﬁ%ige?ﬁggcl%ﬂéﬁé%agre%er&%mgggﬁneggs “g}l?‘% f t:JLr%t h}ggg%%??ggdmund
gasket 102.imteewedsateOitvs pnovilded gaskabsaBddi any Ehbsucaseenbke 100

to acconmp e he o] S¢ 74 ayxil.iary: ... cl.os nber
100, the C|€§%§%{:$ﬂ§9 e?ad%, LP%gg%pg}(’?gl\r{)ﬁjz.%asr’g%gs Qgék%lggke nsnelgrcz) g%gp%z are
all hell® t ogahger 9bhyandeanseal kekpeadad rstsudis 108 ask nths d49keThe%8t uds

are insulated from,the clpsure er_72.and auxiliar | osur e er 100

by i nsul at i%esleeleeﬂfe%r]ﬁ%fYn Ctoﬁ)i%%%&svee oFgWI a?re(tﬁ'eﬁ&r%aﬁ) A gggbcs

materi al, exd®ndbngucBival angadde lramgt hoo herteieth andnt hehiwit gakH) ais

insulated fromthe auxiliary closure nenber tog face 114 %F i nsul a&' ng
) n

washers 1167296 O SYYSROTBES pRMEHNE HaFar: aka g9 trade
name), for gxamgbeketle 92 provide complete sealing against leakage

15 of fluorine and the spacer ring 90 provides electrical
insulation of the anode 30 from the skirt 20. However,
the existence of the holes 76 may provide a potential
path for fluorine Ileakage and in the Iinterests of
.complete safety an auxiliary closure member 100 is

20 provided which is itself sealed to the closure member 72
by means of a further spiral wound gasket 102. A recess
104 is provided in the auxiliary closure member 100 to
accommodate the heads of the screws 74. The auxiliary
closure member 100, the closure member 72, the spacer

25 ring 90, gaskets 92 and 102 are all held together by
means of threaded studs 108 and nuts 110. The studs are
insuiated from the c¢losure member 72 and auxiliary
closure member 100 by insulating sleeves 112, in this
case of Mylar (trade name) plastics material, extending

30 along the length thereof and the nuts 110 are insulated
from the auxiliary closure member top face 114 by
insulating washers 116, in this case, of phenolic

material such as Tufnol (trade name), for example. The

spacer ring 90 and gaskets 92, 102 all lie within a pitch
35 circle 120 defining the axes of the studs 108 and, of

10




spacer ring 90 and-gaskets 92, 102 all lie within a pitch 35 circle 120

defi ni ng 0f the studs 108 and, of 10 WO 2004/ 00 .
PCT/QBZOO?%S@@éég&Q% course, within a circle 122 definingéﬁﬁ%B%ﬂﬂ@Pﬁﬁ%t
eéxtent of the stud 108 dianeters thus, the insulating sleeves 112 and
washers 116 are not subject to contact with fluorine. An electrical

connect or 5@oug sk, oV aatid o @ R-POS122Ve8e£0ADAEt tRE §AnkRAICBROER thham a
power source and controller (both not shown). [n the enbodi nent shown the

auxiliary cPésuree mefer 10D dizmgdedsdieihe ther malahbre gleeMerough

holes 76 in3130 thRqCl RsskrersemIes &3 d OhothesShs8WE 7o SRUHHAG t g tranode
connection nenber 32 thereto and which could pOssibly be a source o

fluori ne | edRagaingoneder elepfctyicednsEPUREFBATI $ fenpf opE@vilidede FOTt Br ough

hol es are  Bpavkded bl GsuEs FREDSNAR 1lon> S0 g t BeuTBecanpect | on

menber 32 thereto, the auxiliary closure er Wou not be required.

One i npor t apenageaseagdbadh tied cdmstrluct i on shown with reference to the
Figures is that accurate angular |location of the anode 30 within the
skirt wall portion 24 is automatically achieved. 20 In the enbodi nent
descri bed sphr &hewsuibdiasket sshawve theenuxddd any seladsuie hemlesrofl00he

spacer ring;90 t r ngi f o] h irt to , «closure
menber and égxP%%g%y C ogﬁ%e%%ggbg?gg%he %%%s%%%c?ﬁ%?ug% fgggﬁiﬁﬁgaéﬁets is
wel | knldiwn thet helgsune aramisd TBeyfare thear sbecabar | V4 ssidablismgwheheused

dual i ndi ABCSP nEPRr SRk ol JRER ornt o Ui e WRSorTBEHT hEPELRabove
are used, opbysabierpesnml koapdefl ate flheeribie 30ekhagend Hefwddea Wwolihdagasket
s potentiaééxsgé 8%§%ntois employed where no through holes are
provided 1in the closure member 72 for securing the
15 connection member 32 thereto, the auxiliary closure
member 100 would not be required. One important advantage
of the construction shown with reference to the Figures
is that accurate angular location of the anode 30 within
the skirt wall portion 24 is automatically achieved.
20
In the embodiment described spiral wound gaskets have
been used to seal the faces of the spacer ring 90 and the
corresponding faces of the skirt top plate, closure
member and auxiliary closure member. The construction of
25 such gaskets is well known in the prior art and they are
particularly suitable when used in the present invention.
Where spiral wound gaskets constructed with a dual
winding of metal and polymer elements such as described
hereinabove are used, only a very small end face area at
300 the end of the wound gasket 1is potentially exposed to
fluorine gas. Where keeper rings are employed even this
area is substantially eliminated. However, other types of
metal gaskets may be used such as embossed bead gaskets

where beads are embossed into an essentially flat metal

11




fluorine gas. Were keeper rings are enployed even this area is

substantl Ils%gmgé%nated. However, other types of rretalpgﬁgﬁ%ogmﬁ%gsbe

used such™2 ed bead gaskets where beads are enbosSed into
essentially flat nmetal Il WD 2004/ 005584 PCT/ GB2003/002758 plate and
sealing is achieved by conpression of the beads by the tightening |oads.

The pfesentegij[a{‘e@néﬁ@nsééiﬁﬁ&l y8! ¥cheakedt by Uoupriaweidn echmad maddof the
fluorine c w thout the néed to place |arge areas of polynmer gasket

material s by coe aetghpprhng| 46RAfe and thus the risk of degr adat i on
causing fluorine | eaks and the possibility of stud fires is greatly
reduced conpared with prior art sealing nethods. 10 In the enhodi nent shown
and descri BEte tpwesgibe inoeRriekeR orf fetvebyi s5¢3k3 herhr ditRF W th a

hol e 13Q t ORI fofQSEli QRO f@u&ﬁﬁ.ﬁb”'@learw:L(ﬂ'lﬂiutShQW@) néd@r etdir ough
for use when | specting, servicing, 15 replacing seals and the |ike or

repairing tiheadé ubarge aceds. ofh@elyeerngaekebarpigriadtaliPaGRFact s
di sassenbl q.ﬁ]tt_l?r VIR n%%l%ciighge Bn0de; agseipl YooudRe:ohi fdadk faef ore

r emoval sure e the retaining barf inserted in the hole
130 and r esﬁbdomessl@@m hearski rohet opOfsaaelithtYo pfevahndt Hel E@®del 80 from

dropping into the ves af, HHREENt
i nvention, 9H& %ﬁ%d]ée %Sﬁﬁ %%ﬁ%r%eangg?h E’gb%tql n%%tgtl pé’ﬁ 'Ehl%al ly formed as
an 25 it egral part of the-closure nenber 72 e. g. as a spigot depending

from the | ner gentral %; fndfieregfoand they ajode, eé@ed d theretiodeor

exanpl e, - ad8d°€0l | & co- opera threa
on the anqgten@@@ﬁﬂ@ﬁl fABmpett i3an iat ﬁdneth@]pepremﬂdaddwathhrae@@é@ 303&nd on

a rod Connetcéedpéromﬁ_rr afgggrgfg er Pt éhereli%l\fﬁlng bar {not shown)
therethrough for use when inspecting, servicing,

15 replacing seals and the like or repairing the fluorine

cell. When the anode sealing installation 12 1is
disassembled for servicing etc. the anode assembly may be

lifted beéfore removal of the closure member 72, the

retaining bar inserted in the hole 130 and rested across

20 the skirt top face 22 to prevent the anode 30 from

dropping into the vessel bottom.

In another embodiment of the present invention, the anode
connection member may be at least partially formed as an
25 integral part of the closure member 72, e.g. as a spigot
depending from the inner central part thereof and the
anode 3joined thereto, for example, by an internally
threaded collar co-operating with threaded ends on the
anode connection portion at the upper end and a threaded
30 end on a rod connected to an anode hanger at the lower
end. Thus, in this embodiment the auxiliary closure
member would not be required. Furthermore, the closure
member and the anode connection member are a unitary

item.
35
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end. Thus, in this enbodinent the auxiliary closure nenber would not be
required. vﬁy&&ﬂ péRye, the closure menber and the anode I menber
are a unitary ﬁ%en1 35 12 WD 2004/ 005584 PCT/GBZOOS/OOZ’%gﬂgﬁﬁ%%ﬁﬁxg cells
constructed according to the present invention have been found to have
very high integrity against fluorine |eaks and have |eak tightness

sufficient Flepass aclelsuntbaskrieskdat abeideriddrandO0-thsCChredent
(standard cubic centlnetre mn). The types of seal nenbers which ma be

enpl oyed i iR HPRs &RV nbeaRi d‘?PLFHéI G8e BT arveniot Niphi tEetegrdl

netal seal s @sr1h8Pih8i NEskBRAadf haResheals « iitkRlss J@uﬁ@?@fént
Acopper-nlcke all oys and alum niunm spiral wound joints usin aII net al
wi ndi ngs; drRl, DT i Pe PBiAEE Shark destheabeabetps gekeaet sl@dsceedrd

herelnagovqStdﬂaég@aéﬁyg&yceﬁgiﬁegggahlﬁﬁals may be enpl oyed and nay
include but are not Iimted to: ring joints made from 15 soft sealing

materials where the sealing material is encapsulated in a groove or tongue

and g 0OVEe:TRP! £ fho sVt d 01 MhSmbBEQ' RAHH NPl a&agﬂer)gga GoMyined wi th

soft seal ing wi ndlngs; and envelope joints conp envel ope
Wit hi n whi @resdnt | enveatdonal inglude @xtapeubatredt 13111\1@621)0%@05&51321

anode it AR (100 ne Ot o Thg SPBREFoPyEe FEi o e araathiment
conprli@ngcqppaﬂuxmnppenenicbalna&ﬂ@ws a8ul da humoitei cmpanegtival neydred
passi ng thro%g% using all metal windings; and, profile joints such
as the bead type gaskets described hereinabove.
Alternatively, part metal seals may be employed and may
include but are not limited to: ring Jjoints made from
I5 soft sealing materials where the sealing material is
encapsulated in a groove or tongue and groove; spiral
wound Jjoints incorporating metal windings combined with
soft sealing windings; and envelope joints comprising a
metal envelope within which a filler material is

20 encapsulated.
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aperture in a skirt wall of the fluorine cell and being in electrical

connect i i _skirt wall I i j : :
connec 18‘%]030@%(%% cl osure nenber wherein thePéF)dﬁgg%b£75§I osure

_ _ gly engaged with said skirt wall to sed aperture
and is electrically insulated therefrom the arrangenent being P . .
characterised by a non-conductive spacer nenber being interposed between -

t he Closu&?ﬂﬁﬁﬁ?er and the skirt wall. 15 2. Al i

( . . . . An anode seal i ng arrangenent
according to cfaim1l wherein the spacer menber is nade of a ceranig. 3. An
anode seal ing arrangenent according to claim2 wherein the ceramc is

sel ected fyomthe gro risipngs i [ : uar izde aned
nagne5|unf{20 f#ﬂo%ﬁ&é&gfﬁgﬁﬁ 5%%gelg§g??38§%i??%feﬁg%%%gggg?ﬁing t% any
one preceding ﬁiahmnwhemﬁumnﬂnﬁs@@m%ratsngfe&ﬁﬁ%F&ﬂYqﬁﬁrﬁ st®ounds

both the aperture through, whi A no. IR Jdenel wmehies
the andde 25 c%ﬁﬁ@?gﬁggnﬁeﬁﬁégni SZFF. %& %ﬁeggggggggafin arranggﬁeﬁPd

accordi ng to anyaode apodeedcognetbionwheesbart hpaspaser RBRBBEN A0

sandw ched between two gaskets A de s i n e t [
( : d
o claim5 30 SREFERRS AR choRliE At B g e R T e e

A et Foeibebit iyl O
the gaskets conptPSBLE nggﬁrpwgggeﬁ§bﬂ%§ﬁ§ﬂ&5§§§§%gtg%%%ggg%a$ﬁ%§3§ﬁhe;2'n
:’\g gf)glﬁ/m 0255\%1 PCT/4R2003{ 0P22hGaged Ani@nodeidealking: awpdhgdirenseaécor ding
ereln the spiral wound gaskets pLe.pravifigd hbulatea
therefrom, the arrangement being characterised by a
non-conductive spacer member being interposed
between the closure member and the skirt wall.
15 2. An anode sealing arrangement according to claim 1
wherein thée spacer member is made of a ceramic.

3. An anode sealing arrangement according to claim 2
wherein the ceramic is selected from the group
comprising: alumina, calcium fluoride and magnesiuﬁ

20 fluoride.

4. An anode sealing arrangement according to any one
preceding ciaim wherein the spacer is of annular
form and surrounds both the aperture through which
the anode connection member extends and the anode

25 connection member itself.

5. An anode sealing arrangement according to any one

preceding claim wherein the spacer member is

sandwiched between two gaskets.

6. An anode sealing arrangement according to claim 5
30 wherein the gaskets are spiral wound gaskets.
7. An anode sealing arrangement according to claim 5

wherein the gaskets are metal bead gaskets.
8. An anode sealing arrangement according to claim 7
wherein the gaskets comprise a metal plate having a

35 bead embossed therein.
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i-nner- and/ or outer keeper rings. 10. An anode sealing arrangenent according
to any ong im? &%gping cl ai mwherein the anode connection nenber isS

vel ded to {QEOUPEST e member. 11. An anode sealing ar r an§SHER20G037%i ng t o
any one preceding claimfrom1l to 9 wherein the anode connection nenber
is attached to the skirt wall 10 closure nenber by nechanical fastening

means, the garrapgemiddd uskheing Netahfément awdddIdh ¢! 88Ul a e nger
which is sealed to the skirt wall closure nenpber by nmeans of a further

gasket whi ch surFBERELT (HE aRBAERLoMIRdES PR FEFHRr 2F &8s RN HlSfhakdthis 12

An anode seal i ngi ahkangaapalr _-(AiINRGEJ0- GHigigg 11 wherein the gasket is a
spiral wound gasket. 13. A nethod of sealingly installing an anode in a

fluorine geh@ratPRg 1R r §PFLARIC ATL2RFRFRRE hGFCOLEHIT shPg dWe 8heps of :

providimg a skirpraBEBehg2Qif0m ayhé MOl h NEhdeRBLAL bl &I Yhésbee! |
4 he skirt nmenber belng of open-ended construction which, when in use, a
| ower extrenity f Yaldcdpér &h¢ i ogunTeMEEWPSH an el ectrolyte and forns a

closed volye; AQr HAHANsBRESH reaffzfr%@érge%ia TRl 19, 23rRerght an .
anode connection menber tospas§ ?hrou ;~suspen an sgﬁh 5%0 éﬂﬁonn%ction
menber from a skP¥ecedahy chésime Foaberlantosell ivgersaid apleet ureodit h

said skirt vell chosupesBRTOREBLPIOY diihdled C28f cARe DpDzel egtijcally
conductive spacer nenber 30 therebetween.” 14." A fluorine generating cel
havi ng 10he anodectestiag membreangbyennedhianhyabndasftarigupdinegnesl, ai el to

12. 15 A fluoripe.gengrati ng. o8ll, NaybadaanAngpe,geah 00, s ADGEIENt

when nmade by the ne clai
. member which 1is seazled to the skirt wall closure

member by means of a further gasket which surrounds
the anode connection member fastening means.

15 12. An anode sealing arrangement according to claim 11
wherein the gasket is a spiral wound gasket.

13. A method of séalingly installing an anode in a
fluorine generating electrolytic cell, the method
comprising the steps of: providing a skirt member

20 for a fluorine generating electrolytic cell, the
skirt member being of open-ended construction which,
when in use, a lower extremity of said open end is
immersed 1in an electrolyte and forms a closed
volume; forming an aperture in said skirt member to

25 permit an anode connection member to pass through;
suspending said anode connection member from a skirt
wall closure member and sealing said aperture with
said skirt wall closure member by providing at least
one non-electrically conductive spacer member

30 therebetween. l

14. A fluorine generating cell having the anode sealing
arrangement of any one of preceding claims 1 to 12.

15. A fluorine generating cell having an anode sealing

arrangement when made by the method of claim 13.

15




