WD 2004/ 005584 PCT/ GB2003/ 002758 FLUORI NE CELL 5 The present invention
relates to the construction of fluorine cells and particularly to the
const r uct waneoo4/@lssd4i ng to the cl osing of the anode connad/@BRODEOMRNS
fluorine producing conpartnment 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

conpart nengguyehRene thernsurface level of the electrolyte. The conpartnents
are often separated by neans of a so- called skirt, the skirt often being
part of and depending 20 from an upper, generally horizontal wall of the
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for the anddeocdnreptodnciopt eenpefrsmead @ sy Fe O&dtlud”) to pass through
the skirt or be connected thereto whilst conpletely sealing the fluorine
30 conpartnent agai nst | eakage of fluorine. It has been the practice to
have au$tudlbomlmenmmmﬂmnt1mg thdlangdedune Woeh SRSEGOP&ES Oﬁ%ﬁ%ugh an
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them completely separate when generated during
15 electrolysis. 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, generally 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
75 cell container vessel. It is, 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



consi derabl e anobunt of heat is generated by resistance 5 heating, this
condition often being exacerbated by poor electrical connection between

t he st ud woaoeobisa anode which is generally used. The PefrfGa2003afo2138i s
heating can be to cause a runaway chem cal reaction between the plastics
seal material and the fluorine with which it is 10 in direct contact and

which may result in a fluorine leak. In extrenme cases even the stud netal
may itself @ bEkROrpet Astemehr itbPgas st ehifi HPPRE MtH 29 HG } e8kiTEausi ng
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construction shown in WO 96/08589 15 where, i ns%ead of the anode connecting
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formed by el figeShuit TeRBERE Ot ChbbE! i dgeRlrbbEq 9 rketBlianga that
there is no throug ole, and closing the fluorine conmpartnent by an
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exanple, i1 is essential that any process plant utilising toxic or
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seal i ng merErs éﬁ?po@b@d ?ﬁ)ua?f%a& Foht ﬁgfeﬁi“t Hof 8rﬁ1eesL§TZ°elrbqi Thated or

mni m sed. causing a so-called “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 1s 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.

It is an object of the present invention to provide a

35 fluorine cell construction where significant areas of



It is a further object of the present invention to 5 provide a fluorine
cell construction having a very high degree of integrity against fluorine
| eaks. Acwordi4n®s3se a first aspect of the present i nvenPCBGB200IOLTESI S
provi ded an arrangenent for sealing an anode 10 within a fluorine
generating electrolytic cell, the arrangement conprising: an anode
connection nenber, said anode connection nenber passing through an
apertureer%QY@%¥%@ ﬁﬁﬁﬂlaﬁdmbébﬁgsl@Xﬂqaﬁd|%@Jdcnm©ECCDOhamtthlah skirt

wal | cl osurge; pepber wher gi iggtégl %mEEQ gure 15 nenber is sealingly
engaged with said skirt wall to seal said aperfure and is electrically

insul ated therefrom the arrangenent bei ng characterised by a
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and the skirt wal sent inventio e irt
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non- conduct | spacer a ceramc spacer
menber. The spacer nmenber may surround the anode connection menber. The
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fluorine ga nt ai ni ng, hydrogen fluoride at concentrations of up to 10
vol uned. g r5ﬁ£ éﬁﬁ%ﬂ?%%%%no?g?ﬁﬁrapﬁéﬁééﬁeﬁ@r8P9@hé”br%Eﬁﬁﬁure in a

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
said 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



5 invention, the ceram c spacer is of annular formwth flat, sealing
faces and surrounds both the aperture through which the anode connecti on
menber exweorndet/@nit4t he anode connection nmenber itself. PCO/GR2003002158t her
preferred that the ceram c spacer nenber is sandw ched between two
gaskets, one on each radial face thereof. In a preferred enbodi nent of the
arrangenment of the present invention the gaskets are so-called spiral
wound gaske’@léemﬁféﬁcgﬁe0§urfdﬁoe¥df® drhyCentabrbny hpdaaaenaélupadisle Spiral

wound gaskeis CONPLhELaRiSRLTEE uY Pdi NG 9b18nshklip Of at least one
material which may be of "V' shaped cross section and known as the w nding

el ement. Frequently, there is a second elenent of simlar cross sectional

shape knownras &, SealjifiiGleMenbr t Phet Wor 20n SEALRE 'n&r{é_esb!rgg_emget her

and wound together so as to forn1a ternate efenents en viewed in cross
section.5 Thenvenhiddng dhenenerinigesmagdy asneafal anhhdéhrcafemye @aygh net al

of sufficie uctili ndc | ny. it ak] urgi cal. c Ltiaon, e.g.
anneal ed orf%% ad w%éi%%?&Zgﬁ%%?gefgﬁ%Iéﬁggﬁﬁuggipg##gle%%fthgpgggkgﬁe such
as stainl eslsrsugel wbichi thel anpde exanprLéioThmenbeali rytesbdenand shei p may

be of a nonéggéghéégn%gEféhake ﬁgp 254 E}FE, expanded graphite or asbestos,
y bée ér, "so

for exanple; 0 of ano er netal such as copper, for
exanple. 30 The spiral wound portion of the gasket may have inner and/or

cuter KAEP5T1 198, oopLEXEDLC Lhe,SPhLR! HBUM - eCC g1 OB dno of
construct i ofandeienpopedweannanrcofaisicétye spacein «<hddD 28044005384
PCT CB2009 002TE8:, THIE (oueh.asd Tseial e, specer EIbers fon Xl e,
wal | to rengge thedeaitt einebeioncCathley 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 “W” 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



neutral. 5 In the present invention where, for exanple, the sealing

el ement strip may be PTFE for exanple, because of the geonetry of the
gasket orwg eoamsi84snal | area of PTFE is exposed to theCTlGRwIIm®2Tas.
However, spiral wound 10 gaskets of fluorine-resistant all netal
construction may be enployed. Such spiral wound gaskets as are
contenplated in the present invention are by their nature generally of 15
annul ar shapeken ssoistaudtiorcarmnihapacsz aneiebe EnoseRRBL8ui 5t he

radi al face dinensions_ o i 1.Nng. Sp I r el n

connection nr?&r?fesgsrﬁgyé%eg\fépggg %?L%%fl?%nlerfﬁ%dlés‘ﬁr gcgfoﬁﬁeggﬁg?t wal |
cl osure nenbhem tbeewsirtf owaliedsonseofledi nemsi dnglteaccetacyricaliy
preferred thattt e anode connection nmenber is a nmachi ned nenber which is
attached t3'THe%Kirt wall closure menber by mechanical fasteners so that
it and the anode nmay be easily renoved 25 for repair or maintenance. Such a

constructi neral | equires.tha rou Q made, i Kirt
wal I cl osﬁbgﬁ%ﬁm@fe%‘?ﬁ fé@f’%rﬁg%gnsh&%@% g}érrgm%sﬁ?n(ﬁr{eee'xanp ege%ggrslat hr ough
hol es to | edaireerith suirtipblneyr ebei \BTRE hbbes examptllss apedeusenmedct tha
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seal agai nﬁeonged:rreyssogrtllleéa‘ﬁﬁﬁkegf SPL¥ofi NE thrdiig t%reeaf\z,a\é% e%%fﬁ ?(E)cati on
hol es via cmpsicat ity Seiew fhieadse f ogas exanpheveHoweyeirain wbend
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t hensellles T HREScaf eGLPPEMBRECSABEER Wih ]é‘ﬁcgh%l?lﬁyy 5 WO
2004/ 005584, PCHRAMB/ 002758 cl osure nmenber which is sealed to the skirt
wal | closure nenber by neans of a further gasket which surrounds the

Such spiral wound gaskets as are contemplated in the
present invention are by their nature generally of
15 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
20 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
25 for repair or maintenance. Such a 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 locate in suitable receiving holes
in the anode connection member. It is possible to provide
30 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, in the interests of safety it 1is
preferred that the anode fastening means may themselves

35 be sealed from the ambient atmosphere with an auxiliary



anode connection nenber fastening neans. Such a further gasket may al so
advant ageously conprise a spiral wound 5 gasket. Wil st spiral wound
gasket s hwoeoprossd to be exceptionally effective in tReTEGRDIING2758
arrangenent of the present invention other types of gasket nade from sheet
10 netal such as copper, copper-nickel alloys or steel, for exanple, may
be used in the form of enbossed bead gaskets where el ongate beads

surroundi nFlTarofeeke hewldgheds sPel8ADISsddS it Et neal She&trand

whi ch beadsyafifet hep meaRRr @ysesl gurtR8ragsenBlky Wil i oyihfeo@ndeakneld The
anode connection nenber may be for connecting to a separate anode such as

a carbon arfSREDyCanyeRhdRR MRSERST or2 TP 1S ePEaBE - | MUY & | YUFSRRED with
an anode poyddidt WAL Chiso adaphadabols1gt deasti farbi aldyrdnmResad in an

20 electrolyte in the cell. According to a second aspect of the present
i nventi en, 9a%&%e i s provided a method of sealingly installing an anode in
a fluorine generating electrolytic cell, the 25 nmethod conprising the steps

of: providing a skirt nenber for a fluorine generating electrolytic cell,
the skirt Wenbsr bePigadf opeinendedasbnseructdavsh WL edhhedS n Pase, a

| ower  ext r efl ty0f o, 53 £, OPERe £ 4 Sih MPRE Sggﬁiﬂr&&narﬁéﬁ%&ﬁehi{tSfaﬂﬂef orns a

cl osed volune; formng an 30 aperture in said skirt nenber to permt an
anode conmgset nenbentionpasherhrioirge elisperdelig edlal Gredeshessnecti on

menber 1br OMA 2KI LioMant ELagure ré%gg%&-m%keaea%ﬂl sabd aperiureqith
said skirt wall closure ne r by oviding at |east one sealing,
non- el ect riecsnpyle 35nxpnekictsee Spatke Fenbeplt dppebeedebnadogpekets

2004/ 005534, PCT/ GB2003.002188, 145 g3 6L RS NS By e ot i, 2L cLeast one

seal ing, no
are embossed into a metal sheet and which beads 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.

According 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.
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el ectrically conductive nenber may conprise a ceram c spacer nenber which
is electrically non-conductive. In 5 the interests of safety further

seal i ng MuQ 2bet/@fs8ect ed by suitabl e gaskets such as spiPcalGBrowsnd21iasket s,
for exanple, preferably on each radial face of said spacer nenber. 10 The
skirt wall, skirt wall closure nmenber and an auxiliary closure nenber,
where fitted, may be held together by conventional nechanical fastening
means such as threaded studs, nuts and bolts and the |ike. The wmaterials

from whi ch AhedeopsibédentrpanbBboot, t RBcanedea b tSamd NG A1 1 3HJCABAL By be
made are those kno and used .in the fluorine generating art. According to
a third asge@CHit Tkl hr SOBFUGHIVEN MERPSEhPRY | CPIRFiSRed 2a FREBRE fe

gener at i ng giRldehamen®etrheyh 26h anedes & i 1@a BI § an@RRn Ricdife fi Fat
aspect. _In order that the present invention may be nore fully understood,
exanpl e2 withe nbW-BESaES c Ptb R ARE ¥nali Bt he ¥ | FR3LEREI HRvorry FERCEREer ence

to the accypanyiREb125> GUMENYS sulh W CRp;FQUr fodng Qs 1t £1 eyglion in
cross section of a schematic electrolytic fluorine generating cell having
the arrang&TeMPIst: aRG8ECTARLHI 104t | @RCRc&BAdPAg fare hef 3Brish espacer
invention; J&dHye 2 shows the arrangenent of anode sealing installation of
Figure 1 at a larger scale; and 7 WD 2004/ 005584 PCT/ GB2003/ 002758 Fi gure
3 which shows a plan view of the arrangenent of Figures 1 and 2 in the

directign ofnAr TN S Of £} gur ey - BET GERING AQULQ TR HIAM Ngay ang, wher e

the same features 5 are denoted by common reference nuner gure 1
shows an elatlii@ry n Partuny ogenbeat,i owhefrea féthennt i vagl eber ohgtdc

fluorine g%ﬂﬁﬁﬁﬂhﬂ@ ﬁflkoﬁgeﬂéygﬂgl mechanical fastening means such
as threaded studs, nuts and bolts and the like. 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 a larger scale; and



an anode sealing arrangement 12 according to the present 10 invention. Most
of the cell is conventional and is only shown and described to place the
anode seawpDrego4/@msisangenent of the present invention in ®omtGBe03/0DkEscel | 10
includes an outer cell vessel 14 which also 15 forms the cathode 16 and
contains the electrolyte 18; a skirt nmenber 20 which conprises a generally

hori zont al .0 | afe 22 and a dependi ng gas separating skirt nmenber 24
whi ch ext englslgglerf)eos\;gtwgl§ﬁr SRCYS262 oPLeRe Vdledct 9Bl fhe araaugmemiplefel y

encircl es amigmaes 30 al Angde:- 20 &i%&%tdrp%ﬂ%vhgﬂz;o@rﬂ}ﬂm anode

sealing arrangenent 12, in this case according to t prese I nvention.
The construction of the cell forns two separate conpartnents 40, 42, each

cl osed at tReflkowanherbwod h:@leekﬁ(é{vfif(ﬂl@ét @nBYHAE d& Wl el e s

conmpartnents recei ve hydrogen and 25 uorine, respectively upon

el ggt r oIrT§si 8L6f dFﬁ’\?teré?é‘t SRR 18 fer spssinvgnexradurr ent  t her et hr ough.
Qutlet conduits 44 and 46 having valve nmeans 48, 50 to control the flow
of gas are provided for the two conpartments. The anode seallng
instalIatio%lgﬁr&cébrﬁhﬂﬁstéWﬂﬁi%ﬂﬁRﬁ%&eﬁ@ pﬁW@MﬂRﬂﬁ%ﬂsechOMIdﬁS}Ehg
anode connegtl eating 1 :nat i r JRrovi de

ar ound the@t(?(talI@Iﬁa\%gscsgi5 14 | rjfygrllgggéi?tgr(r%@l%t g%ﬁ% e télgt%roqi y]tnjfa1 lv%l}%hv“}%
normal | y soPPda&C9gntsissntine mperangenent hk2 heatpndingatkett heny reorgirtd se a

st eam | pgket n~al e j y te I for a Ien A pl.ate 58,
dsual 1yt S e EReR AT 5 R R A A
conducti ve pha¥dni csamdt edesicriidefd xetot o pillece celtEelboteﬁxodrs:Méo ryde%\mmig
hydr ogen fr i r ned t hadi ¢c.area.be ow, t anode
cgnpa?tnentgggggggﬂeggnggqﬁg%tFggﬁfggnégy% Slpﬁelplﬁ8PFﬁ§%conpaytnent 42
and 5 explosively reconbining with the fluorine. The skirt 20 is

electrical l y,peutnal feing 1 0gul ated fromth fxgggggf 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 dinstallation 12 according to the

30 present invention also provides the anode connection 56.
A heating jacket (not shown) 1is normally provided around

the cell vessel 14 in order to melt the electrolyte which

is normally solid at ambient temperature; the heating
jacket may comprise a steam jacket or an electrically

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

8



vessel 14 by an insulating gasket 60 and fromthe anode sealing
installation 12 by neans which will be described in greater detail bel ow.
I nsul at i yogaskwsssd0 is not in 10 contact with fluorinePemGERIF0228 is
held to the top of the cell wall by nechanical fastening neans (not
shown), for exanple. Referring now to Figures 2 and 3 where the anode
sealing 15 .installation according to the present invention i s shown

more det ai 1SS @ bh AR R ast 1FS Agupeial &s 51§%€tF8nt5Fong t he

line 2-2 ofcd'iJths@tﬁomT’@@ phedent capaesyian f%ﬁb%elr? Ut d iy eby €manect ed
to the anode which is at least partially imersed in the electrolyte 20

18 as showft3 qgkﬁweaﬁeaho ver, & hetPHe afodaR3FEMeNL s tonstPdct i on

per se formameqanitof fheihdiventboBhea®d uday nlke m@PWensdtitt abp eang
construction or material according to the ty Ee of fluorine cell in which
e

it is to BERISSEVEhE BREGEPEBARECHIGR retbet 130T L8Rowd NEr Uitk ed295 in

Figure 2) passeedtyougin @maperd Urgeifly i thdhBat &@r F ZoRt ehet 8RtRbALE 22 Of
the skirt menber. 20. The anode connection nmenber 32 is fixed to a skirt

wal | cl osur@Ssidnbkd b¥ By rwnd a5 g rgmkes pAssnfg fawbuge hanede 76
into thr ea@%&ﬂ@igeslr?@témétﬂ%slﬁobgf mEQ%sC%&%@% WP B EegLEE r BBed

however, any neans of connection of mber 32 to the closure nenber 72

my be enplidyedreaher é?Féﬁée#@ﬁpwdesk?ﬁ%%?%vgﬂégebcéﬁrd@y FQF ihe
dependiipg @RRARt30,4 th "R BE AL M Ngr ki hgkapedey %% Uy Pfe SR ACE Y &? the

depending skirt wall nenber 24, but providing that 35 accuracy can

assured, tHdecormiekt Vahl nebaecBeniay lbdasy epndbneoypes5820t shown)
PCT/GBZOOSQQQ?@@i ded, for exanple, to the underside 82 of the closure
menber 72. Alternatlvely, the end of the connection nenber 32 may be
provided with a screw threaded nale portion, for exanple, and screwed into

a CO'OperaQéﬁirring 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 the 1line 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

20 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
anode 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



5 hole in the closure nenber 72, for exanple. The closure nenber 72 is
insulated fromthe skirt 20 by a non- conductive annul ar spacer ring 90
whi ch i s wo=0t4massd | nternediate two annul ar gaskets 92CTIGB2¢/®2158se t he
gaskets 92 are spiral wound gaskets having i nner keeper 10 rings 94 and
outer keeper rings 96. Wilst the gaskets 92 are electrically conductive

they are separated hy the nqn-conductive acer, ri 9 ich, in this
case, is rfg%ed%‘?' NORT p&FETe L&y utihater i E.rs“]’ﬂg 58%0%8 ﬁt‘]ﬁgcéﬁsuﬁﬁd
gaskets 92 pmvé de Tonplete sealivg woaivsd lerkagg 1bhef tbuaeicheoand the

spacer ring 90 provides electrical , insulation of the anode 30 fromthe
skirt 20. %Wé‘?/%? 32 h%aﬁxﬁ%ei eRERVAFACEhe"Hot & 78CHBY privvidiedh Patenti al

path for fluorinen) edeagecanslpis, t hthd nkerestesl 0fint60MP! ebeopat-atyngn
auxi liary closure menber 100 is 20 provided which is jtself sealed to the
cl osur e menete 720 hRenEdiS e a8 her 2spifPdl SHAIIRL GraskBe F2SUASr ecess

104 i's provigigger n 1e 18UXi hbAL Yt 6HOSEF G MBI 5300t 02 0aospMDdaba -t he
heads of the screws 74. The auxiliary c|osure nenber 100, the c¢losure
member 72, $MASPEEER PNV LYRF 9BP2§EEkE D2 2ind" D% arle aPPSRELAREHget her

by neans ofptdrgeded:st yds 108 @ndr NSk dhe stidsnage cddsulated from

the closure nenber 72 and auxiliary closure menber 100 by insulating
sl eeves 1192askekhi 82 case sW1ngd arfopnd adaskams) ety csNhaF eKegPer

ext endijpg 30; 4} n@ﬂé%'@g%? k @9&@%; b@.hf,aﬁ%ll;%otaeggge%lt@,t gd from

the auxiliary Closure menber top face y insulating shers 116, in
this case, afe pledssitivs candltyer tahdsgthvas thenokret r agdeanabeyl, Hor thganpl e.

120 def i nt Y IA e ST O RE R rae 108 o, 51 10 Wb sBod ot 1 ¢
PCT/ GB2003/1002§58f cour-gmraudg hahuaiser clegrab@z .deThai spades | nhey n9dt
extent and gaskets 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 leakage and 1n the 1interests 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 mempber 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 closure 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, 1in 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
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of the stud 108 dianeters thus, the insulating sleeves 112 and washers 116
are not subject to contact with fluorine. An electrical connector 56 is
provi ded Wor2o@&/®538asi ti ve connection to the anode from &Cpasnoxwersse and
controller (both not shown). In the enbodi mrent shown the auxiliary closure
menber 100 is used due the fact that there are through holes 76 in 10 the

closure nmenber 72 for the screws. 74 curing.the anode connectio nmber
thereto andCQWﬁ%%'c%b?@lnp%s§}5?§eb%§§ g%ﬁ? gngf t s?ubPPﬁEmPé kﬁﬁgen mever

if a constgeickhen dsueMbeyed amalea shotiils pughehol esu BA€ingr eYededsi n the
cl osure nenber 72 for securln? t he 15 connectjon menber 32 thereto the

auxi liary ctbsur@d ndaBBRLE00l WouldFSofOhe PBRUPFED. tONEIHFST alit th

advant age pfudPen£ONGhr Uctd o shiowncvhhBctshkersncest @ oha deidguf@s ai s that
accurate angul ar location of the anode 30 within the skirt wall portion 24

i s aut oRat i R@$ 1yl eRhFerRact 20N ROt hECefPediendio s PPl SPRFEP @BHnd

gaskets havgsnpesm disethienhseat thewhpces of the spacer ring 90 and the
corresponding faces of the skirt top plate, closure nenber and auxiliary

cl osure nenber. The construction of 25 such gaskets is well known in the

prior art apd theyeAp8diRdht! %%%I wrwlélﬁbllelwncwﬁﬁiré NmEhSepr €86nt
invention. Were spiral wound gaskets constructed with a dual _w nding of

met al and pbt yneedelugeithe siRdt akhalesthebed arkerdineasty 1@kes uéetdinoniy a
very s to 9&? 1AGR Al Lanalnal H&e epd ofnd he ynd @@S‘%E‘écdﬁrﬁft gnti al Iy

expose uorine gas. ere Keeper rings are enployed even this area
i s substantdmbdy etomheatedn Hoember, od2hekheypes oﬁndnewhﬂcbasﬁéﬂédnay be

cacenti al 1T EoRLL aﬁb%i‘%f%%s%% 3 obiERS RIS e aerkd oo

construction employed where no through holes are
provided in 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
30 the end of the wound gasket is potentially exposed to
fluorine gas. Where keeper rings are employed even this
area i1s 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
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pl ate and sealing is achieved by conpression of the beads by the
tightening | oads. The present invention effectively seals the fluorine 5
conpar t mewo 2064/a0bk%84f | uori ne cell w thout the need to plPat&GH2003@2EBeas of
pol ymer gasket materials in contact wth fluorine and thus the risk of
degradation causing fluorine |eaks and the possibility of stud fires is

greatly reduced conpared with priaor, art sealing nethods. _10 In th
embodi nent Blfdvh HEI Dt FIHE BFSHLY ¢ ??%horﬁe%e?h%;o?§gfurt her

provi ded wigh ehdalyrldbhid® pegde ! insertion of a retaining bar (not
shown) therethrough for use when inspecting, servicing, 15 replacing seals

and the like or repairing the fluorine cell. Wen the anode sealing

install ati amel?2 giesdditsasseidtadf oerFerticeNy ekealkhetngodelassendl y may
be |ifted before renopval of_ the closure nenber 7 retai ni ng bar

2, the
i nserted i FAMBHAL Y 3CTanblPest étPEdtosSeIe tHhetiRPFt tip P&EE 28%t 0

prevent theg,anade; 30,4 r 9hta dr EPHRA yindt0 Jdaete sl e Mt HMn | BoRpgERer
enbodi nent of the_present invention, the anode_connection nmenber may be at
| east partivaitly férpedngs and PBUF ntlGr a1 Par Lo aHRRQAIQT eCARABBE 72,

e.g. as a spigot;depanding brhem the ipoesicentt@l Partstiper eokcandithe
anode joined thereto, for exanple, by an internally threaded collar

co- oper at i rEFsdthy trrdeerd ermrard theth apbHer cofiheted bNPoretpdat t he
upper ggd and a threaded 30 end on a rod connected to an anode hanger at
the lower end. Thus, in this enbodiment the auxiliary closure nenber
woul d not b r egber e¢mbpgimesrtnordiowhe endsupescrdesh arfd e headfgde

connect i on. . JIBMRET; Af &G0kt 85Y i sl ¥8Tcnd32 1Zovided with a hole 130

to permit insertion of a retaining bar (not shown)
therethrough for use when inspecting, servicing,
15 replacing seals and the like or repairing the fluorine
cell. When the anode sealing dinstallation 12 is
disassembled for servicing etc. the anode assembly may be
lifted before 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 Jjoined 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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WO 2004/ 005584 PCT/ GB2003/ 002758 Fluorine cells constructed according to
the present invention have been found to have very high integrity against
fl uori ne woaker@nik4have | eak tightness sufficient to pae3/GB2oeddoarssl eak
test at better than 10-5 sccm 5 (standard cubic centinetre mn). The types
of seal nmenbers which may be enployed in the present invention include but
are not limted to: all nmetal seals such as ring joints made from steels,

ni ckel , 10F3BPBERE cEFPer- nCORSLIAAtEFS AFFAURNI ¢ LS alPRRRYE joints

using all maLahtWoRdingse ®Rdn PEOhAKE Ol RASeSUty aBifhe headhdvpe
gaskets descri bed herei nabove. Alternatively, part net aI seal s may be

enpl oyed aRgaiByt EAUOEISHdLHPe ARGt NAYH tlf-?d“‘i d’)l‘}ritﬁ‘tfﬁsolsrﬁ%flrﬁoee“? rom 15

soft sealipg npigsi @l shehers theagealddy nat epbakels rAgapsyPatastdn a
groove or tongue and groove; spiral wound joints incorporating netal

wi ndi ngs cdabRAEA T Fhlbl§o10@n§é§‘le|tr¥gﬂ Wimdi-ngs; and envel ope joints
conprising a netal envelope within which a filler material is 20

encapsul ated. 13 WO 2004/005584 PCT/ GB2003/ 002758 CLAIMS 1. An arrangenent
for instal Fhag taesseafi Agadn mafRfrs wikheh &ap R | AP heredatiing-he

el ectrol yt egghg 100 1 G ' aRQQRRIY }Ql‘i’frpra‘r% nﬂotarlfi‘ﬁq,(&:l cegneciipn

menber , anode ‘connection menber passing through an aperture in a
skirt vvaI I m@fcatlheefill@oﬂunrél eel Irimgd Jdieitsg madee| ey isddeloonidctkolh with a

skirt ur ﬁ@g vg]%[el skint sure senb S

seal i ngly enghggd \;%VIO said |l miawst%héea hlgglggﬁape fure S\{%st

el ectri cal hypinusulat ed aﬂhemfctadmwjldddn@rsr,amgeimmrm‘iahﬂg Thartactaudlzed by a
non- Conduc'Ealsve FRECEL T bel ng skg{:gosegescrlbed hereinabove.

Alternatively, part metal seals may be employed and may
include but are not limited to: ring joints made from
15 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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bet ween the cl osure nenber and the skirt wall. 15 2. An anode sealing
arrangement according to claim1l wherein the spacer nenber is made of a
ceram c. 80 20m/@nssde seal i ng arrangenent according to clrallrGE2003M0eTs8i N t he
ceramic is selected fromthe group conprising: alunmina, calciumfluoride
and magnesium 20 fluoride. 4. An anode sealing arrangenment according to
any one preceding claimwherein the spacer is of annular form and
surrounds WIS he aperture through which the anode connection nenber
extends and the anode 25 connection nmenber itself. 5. An anode sealing

arrangenment according to any one preceding claimwherein the spacer menb
is sandwilched Aet aseangepedhs Kors . instahl i dande 85ed raarhgaﬁﬁﬁ? °

according to clajmy, 30, MBLehR oG daskels aratspiTaligogatl gagkets. 7.
An anode seal ing arrangenent according to claim5 wherein t askets are

OI'C he
metal Bead gasketsan@emewt anoWRrsEAREAg 38T rFARFSTETRRRRC bt O nﬁe{“gea’ai m 7

wherein the gas C | s& & BidloP! deudeavi &1 headugmboased
therein. 14 WO %%%ﬁ/ 0%2%%4 PC?'?'} GBZOOOSI 002758 Q@En laliﬁjé)_de seuq

| n
arrangenent accapeibtgreoiol @ nsbivhereild tHe EPPr AL URUME oGS tgné?r e

provided with inoner and/ g Quter keepsindiingsn AtrAnaanaderseakiln
arr angenent acc%?%jlg(%g 0 an? one a5 prec%di ng cl ai mvx/ngrei n the anoge
connecti on menbetosusewetnedrt sheheinl bBar ekisibeplll €10AH ENBEEPSEal i ng

anode honnect | bh 1GR9ty ot EEhan To The g ual! T0 ol oaure menber by
mechani cal fastesidg nepestutée 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.
15 2. An anode sealing arrangement according to claim 1
wherein the 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 magnesium

20 fluoride.

4. An anode sealing arrangement according to any one
preceding claim wherein the spacer 1is 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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arrangenment further including an auxiliary closure nenber which is seal ed

to the skirt wall closure nenber by neans of a further gasket which

sur roundswotzher/@sisde connecti on nenber fasteni ng neans. PCI/GR2003002Z80de

seal ing arrangenent according to claim1ll wherein the gasket is a spiral

wound gasket. 13. A nethod of sealingly installing an anode in a fluorine

generating electrolytic cell, the nethod conprising,the ste of :

provi di ng & ski A" néﬁﬁgF RFF % FFESP?ﬁQeBgﬁearcacﬁ i e%?r (F;Cfslyéf]ir% el I,

the skirt nenbeshdedng eheopgrirendesbwonsyaskeion are ghrovidied whthse, a

| ower extremty of said (g};)en end is imersed in an electrolyte and forns a
n

closed vol ume; Y PICRPRFETT fFRPSh BH4%Frt nenber to 25 pernit an

anode connerd j ommeghedet osgEbing haoughgemenspentioglisad dtanadey coneect i on
nmenber froma skirt I i

| ¢ osurehrrerrber nd seacLl ng_sai dta erture with
sai d skPrt wal | RISSEFEFrerbarrtby ﬁrrS\J/Pditﬁt? NG TONOREE ho. BEBBEF cal | y
conducti ve spaceis neabgsd 88 therebesueemerder A fluorine generating cell
havi ng the anode seal i ng arranrcgenent of one of pr ecegiangar claims 1 to

an
12.  15. A ¥} uordhe2geREr Gy ER Prﬁ399ﬁaeéﬁ o Sead i "PangBfrent
when nade by the,retd@th@f €laim Brom 13 to 9 wherein the anode

connection member 1is attached to the skirt wall

10 closure member by mechanical fastening means, the
arrangement further including an auxiliary closure
member which is sealed 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 sealingly 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 1is
immersed in 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. A

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.
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