WD 2004/ 009873 PCT/ GB2003/ 003023 APPARATUS AND METHOD FOR FLUORI NE
PRODUCTI ON 5 The present invention relates to an apparatus and a nethod of
usi ng t hewappevabsrs f or the production of fluorine. SeRCraRey@BI2devi ces,
for exanple, are generally 10 produced in vacuum process chanbers by the
chem cal vapour deposition (CVD) of a plurality of layers of silicon for
exanpl e. The constituent |ayers of material are also etched to provide a
desired pattern on the device during its manufacture. Such etching in a
vacuum 15 chanber results in some of the substrate material being etched,
e.g. silicon, silicon oxide, silicon nitride, for exanple, being deposited

Ceagent 5 SearRy oy adt PETERET RoR KR INE, 2hPBheR oMy ot ocess are 20

exhausted fromthe chanber at each process step, however, sone of these

essentj al unwant ed _reagents, and by- products are inevitably deposited on
t he pr%ce?éech:\é\%%g?ntvdt seréwréuﬁ%léé%sanﬁobe%%wea%%'w%l yht @i nant s.

For exanpkehokt bf postidl eHeor apparadhist hese deposidesn2s 1@t erjals to
fall fron1&he chanber walls and beconme incorporated in the devices

t hensel veSTWRFERSwoul d render them as scrap. Such unwanted deposits and
resi dues nust be periodically cleaned. fromthe process chanber surfaces
bef ore buil di.n to undesirable and potentially harnful 30 |evels.

Al t hough SWG%H&E‘E’FBF dé:g?\éje%e%ave G¥en §paEPEecal 13re r etemestlily above,

CVD i 80 a pebyuwkede! ynenphoyed dasdsgueaind dygld o Many types
of electr%nic 1 W 2004[00987§5PCT/GBZOO3/00§%§3Qﬁge$ﬁ%%sgﬁ%%Pﬂgﬁanple,
CVD i s us¥@PPHTt hdeppotteRon(@fD) of a plurality of layers of

silicon for example. The constituent layers of material
are also etched to provide a desired pattern on the
device during its manufacture. Such etching in a vacuum
15 chamber results in some of the substrate material being
etched, e.g. silicon, silicon oxide, silicon nitride, for
example, being deposited on the process chamber surfaces
over time. Most of the unused chemical reagents and by-
products of the deposition or etching process are
20 exhausted from the chamber at each process step, however,
some of these essentially unwanted reagents and by-
products are inevitably deposited on the process chamber
walls and surfaces and become potential contaminants. For
example, it is possible for some of these deposited
25 materials to fall from the chamber walls and become
incorporated in the devices themselves which would render
them as scrap. Such unwanted deposits and residues must
be periodically cleaned from the process chamber surfaces
before building up to undesirable and potentially harmful
30 levels.

Although semiconductor devices have been specifically
referred to above, CVD 1is a very -widely employed

technique for the production of many types of electronic



thin filmtransistors (TFT) flat panel displays by depositing filns of
material on | arge substrates such as glass panels, for exanple, in the
product i owoabodiaoggrdd 5 crystal displays (LCD). Convent iPemaliB2993/aobe3

cl eaning of undesired materials from the surfaces of CVD process chanbers
was acconplished by wuse of cleaning gases such as nitrogen trifluoride, 10
hexaf | uor oet hane and sul phur hexafl uoride. Wilst these gases work well in

renovi ng dentlamisnarfisr f examplecesyD chamigesg tilgleyclt;@v§rbagcg&ggd\6q_m age of

contri but| to..global warmng if released into the earth's atnosphere.
These gasgg,gni nf&g@, gFémﬁé@Gr?%@seo‘T@F pl 37k BBESS t sliEpPlesteady atomic

fluorine tepbhetphocesd mehaeans Bk i 6h 146t he ' | e
const i tueng. More recently it has been, establ?shegﬁ%%ggﬁfg’s%@?g (%TS t he
convent i oAaPS§aPTBFountST r SFSEEE t olmbshe, nhsidasiiam 26 fllivpridcne gas

may bes usedygthmeai@bugzgl Yrep)as atomc fluorine, after treating nolecul ar
fluorine in a plasma chanber, for CVD process chanber cl eaning. Ml ecul ar

fluorine has the added advantage that it does not contribute to global.

v el o S R O L

renoval of contam nant nateri st EP- A-1
138 802 dFSeusvedagssyeiméhBy procesmachamaeravas ubatoiploshee by itsel f

or treatedsko 80 pP{Q atomc. fl ine js _efficacious.in cleaning CVD
chanbers, there is nogﬁ?lﬁ? a%@t%s hoévt?ésltcﬁaégagégﬁggeﬂ u ﬁlﬁgq‘?&y’-dﬁe
gener tt edhesagiippryeshenamens asulybur plhant £ 12003200 4009873 t hese
PCT/ GB20034083033, - he ghectroni i ces_nmpnufacturing industry, however,
i s not vve%l equi pped to g"it lrérrynegﬁwgﬁé]ﬂi SPHE%‘B%HW‘EH thigPm process
chambers they have the disadvantage of contributing to
global warming if released into the earth’s atmosphere.
These gases, in use, are decomposed by plasma meéns to
15 release atomic fluorine in the process chamber and which

is the active cleaning constituent.

More recently it has been established that instead of the
conventional gas compounds referred to above, molecular
20 fluorine gas may be used either directly or as atomic
fluorine, after treating molecular fluorine in a plasma
chamber, £for CVD process chamber cleaning. Molecular
fluorine has the added advantage that it does not
contribute to global warming. EP-A-1 138 802 describes
25 the wuse of molecular fluorine for the removal of

contaminant materials from CVD chambers.

However, whilst EP-A-1 138 802 discussed above makes it
clear that molecular fluorine in itself or treated to
30 produce atomic fluorine is efficacious in cleaning CVD
chambers, there 1is no hint as to how such gaseous

fluorine may be generated to supply a commercial CVD
plant.



conventional chem cal plant installations which would be required to
generate fluorine in the quantities necessary 5 for the cleaning of the
nunber ofwGVD4gleaser s which exist in a typical nodernPplraB20630003628e
manuf acture of electronic devices. The industry demands reliable, easily
expandabl e on-site production and delivery of a high- purity fluorine gas
stream It is desirable that 10 mai ntenance and expansion of a fluorine

gener at i nGhpl alfectheortial r 1601 08s Glirtldtand ngyf MY EP MRl R, 0r no
chem cal hazarg and.inportant]ly, no | oss of production ~during such

nai nt enant& BPte¥f t]rlsie&’ﬂlpﬂ?é dSpeHERAT BadFaRT BNOY sdeapomiant the sonme
users wi IJ:ohegﬁ't&@nhmabh%%iblagolal%&%@éw&ié%?é%ﬂi’cﬁewbﬂ%e%%ed as the

requi red manufacturing capaC|tK'of.equtron|c vices Tncreases due to
i ncr eased RENbERS 6P EUDSEREADLELYOTTRE dBetbe quaptdsded Mewesisaeyi n

cylindersefor did 9810201562l & CYRAPRY [ Fopnol, pLactd cal .due to
safety concerns andet hé_%ac(?ft hate Fﬁléllﬂﬁn’%%(i (r?rju??n gﬁgntél‘t\y ot f le&}&f:?lne stored
at 28 bar€¥adfe s dnkyricakgmodean tybintl £6€ |iHe emayhfadenre Thigs,

conpresse LRe | : q tit] gquired .at _a.no | co rcial
pl gﬁt 25 ?%%Jr:ggéﬁtg Eaﬁegﬁgggép?ggl %hgﬁ\%#gnﬁgﬁl 5f5a 3%5#’31%3' I‘?ﬁ‘fm;ﬁé' as the
reactivi t§xpanfiphoei menisidreeapesdyceabhny ahén deddmersssed. funtib@rmore, the

t of i di.n r uantjti of fluarine in such nner woul d be
g(r)ghi gi t%g].\‘ligg %%fl-lzllotq%ngegngé]aa%i o%élé?aﬁnr uo&itne Eur r‘iﬁﬂ?%i?st s$hag sone
i ndustd i emaihveraere thd fekpamnis tleéxgejfera?tfngoﬁp@@][ ?éﬂéxabaﬁgbgqa{lgesi gngd
to suit chem i ndustry sta rds_relati to uorine generation an
requires Ilé‘lggﬁ:lp‘?|]‘E:la<_:‘n ?gtonq%lﬁqgf iaﬁlfien%ﬁ‘&@fgnd"%%qméﬁ%méger% oft©

i ntervent¢bemiBal hazard and importantly, no loss of production
during such maintenance or expansion. The aspect of
expansion is important as some users will require that

15 fluorine generating capacity be increased as the required
manufacturing capacity of electronic devices increases

due to increased numbers of CVD chambers.

The use of compressed fluorine in cylinders for large

20 scale CVD applications is not practical due to safety
concerns and the fact that the maximum quantity of
fluorine stored at 28 bar gauge is only 1.4kg in a
typical 50 litre cylinder. Thus, compressed fluorine in
the quantities required at a normal commercial plant

25 represent an unacceptable environmental and safety hazard
as the reactivity of fluorine increases greatly when
compressed. Furthermore, the cost of providing large
quantities of fluorine in such a manner would be
prohibitive.

30
On-site generation of fluorine currently exists in some
industries, however, the fluorine generating apparatus
has been designed to suit chemical industry standards
relating to fluorine generation and requires significant

35 on-site maintenance and Efrequent operator intervention
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WD 2004/ 009873 PCT/ GB2003/ 003023 and often involves handling or sanpling
of chem cals such as the electrolyte fromwhich the fluorine gas is

pr oduced. wolat/qpgrdedure is common in the chem cal i nde€TrGB20WBA108028 he
expectation is that personnel will 5 wear appropriate protective clothing
and use breathing apparatus, for exanple, to protect thenselves from
hazardous fluorine gas |liberated to atnosphere when cell connections are

broken or gellseopengd,oReMRIndl hg oRAPRPIRSTing SonokhamcepLabkachn the
el ectronics 1 ndustry 10 where the expectation is that personnel w, Il not

need to rasy WIe prokesttikyes ot Fre anei¢he Fhke 5%@035%@% af%s hdZar dous
gases wi || :{%?dx‘fé’éﬁ ai negnat abl-obbABSeands nQiomn{drPerﬁ«i e¢hko ahamsphere under

any ci rcurstances. 15 In the absence of a particul ar process benefit
resul ti ng ifduskthe whsweof thel esmegtayiny i ae fratovparssnngleakithd it has

been e pr%&é&f‘ ggﬁgﬁgrﬁgrom 619&c9ivé‘t &%%tm%o"/an&wisde bg egauihgd for

the in ust ry exl sting nmethdods and cl eani ng chem cal s.
Thus, it vasp2fatous gi nﬁd:i:y e&nmpder,ed tchatprdetiCV pewsesvesoolfrainght be

coupled tqg a co vent naI u n I t| o] has
obvi ous a&b 1t].)%n ?El ?‘%gt ‘it er}:%&t%gut% C‘%eér{‘%eé@%%%r?ﬁgﬁcgf%?lnay be
mat ched t0ccbﬂ5]1®e(f:’t|:i.l@ﬂi$ Nearer ehnokenemns @blﬂlse qqaemedul atowendr whitbh si t

supplies. 25 Such an approach wo al so |m fluorine praocess.. piping.
A further %%5?%‘%}9 adv %g@cc§pgﬁ‘§llef aJrIfL Sl B T UST | ABGENEYat or
woul d 1m0t Wl@éblétthé axpéaﬁhtmbde1$mhadomrsmﬁneh whll dooh akedneoCVD

tool. However, reallt t he_ superficia t.i ons ne quorlne 30
gener at or 5%%17(,\9@ tRFPC %ﬁ Bt e éﬁ% bya?‘illu i 2](6}]‘6%“ n%ndﬁe%Bn
di sadvant ageeaﬁaoﬁgc@aaesapmnache E@malfﬂsdorameagenefm@ sodl dlohtave to

have the sane process nodul es and uld thus, nece55|tate unnecessary and
costly liberated to atmosphere under any circumstance

15 In the absence of a particular process benefit resulting
from the use of moiecular fluorine for CVD tool cleaning
it has been expressed that a cost saving of at least 30%
would be required for the industry to change from the
existing methods and cleaning chemicals. Thus, it was
20 originally considered that each CVD process tool might be
coupled to a conventional fluorine generating cell. This
approach has obvious apparent benefits in that the output
of the fluorine cell may be matched to the fluorine
requirements of the particular tool which it supplies.
25 Such an approach would also minimise fluorine process
piping. A further apparent advantage is that failure of
one fluorine generator would not result in a plant-wide
shutdown, only a shutdown of one CVD toocl. However, in
reality, the superficial attractions of one fluorine
30 generator per CVD tool are outweighed by the practical
and economic disadvantages of such an approach. Each
fluorine generator would have to have the same process
modules and would thus necessitate unnecessary and costly
duplication of components and services, including:

35 anhydrous hydrogen fluoride supply, downstream
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duplication of conponents and services, including: 35 anhydrous hydrogen
fluoride supply, downstream 4 WO 2004/009873 PCT/ GB2003/ 003023

puri fi catworeoofoopsre fl uori ne gas, gas conpressi on and PCOIGRPE0FZ06023
generator effluent abatenent. Thus, this proliferation would result in the
distribution of a relatively hazardous chem cal process, including large 5
hydr ogen fluoride inventories and fluorine gas storage across an entire

product i opupliditatAsna 6ONsEMIEHIRcRfinet S, alfadf | B r
operation_and naintenance activities womf7 eblglsm ? gaggtaﬁl E%J ed whi ch

woul d  ha¥e 898 sB"FnpPFPEEERERE f 6F Fprant s%b%‘t?mellt) Adﬁhlttwonailthz_s,e

fluorine ga&lqlfélrlaﬁ:}iohs Qbunar ageuah ¢ | Hﬁorél%@cedielt ning
appllcatloni and quality control is much nore | a%" cShti nuous
on-line &Rapydive Vs %"f‘%ﬁ-"%@tlﬁveﬂ}e@&ﬁﬁnsiwecﬂﬁem senelaﬁlﬂtg ilnstqd | at i ons

woul d pe noavboed andpeldodisedoning gase SAMLLAL from aplurality of

installations has many practical safety %5t to the
one fl uor PRECHENE Bt BRLpEE mﬂduczﬂcapplpb@mh déscra bednabquencéhebﬁl ngl e;

| arge conygrti ongfy \A%‘?Lﬂ%&‘?ntn%r %Qrg?ggr %ttphra% g.l%| L%ég pl uls"?ﬁﬁlt% of CVD

tools has thé overwhel m ng d| vant age of the
gener at or aF6iViEpapr wpuhdi henaoe lamdgul tsstnibheedntwhecpr aigld on

process bging ?ab&%gefﬁ& l%%@%q %e%O&O%ga%ESE%EF%ratOY |'s out of

conmmi ssi on. st aspec rese Hrelates to apparatus
for tHe generatl on of fI uori ne by the el ectrol ysis of hydrogen fluoride,

t he appar r| Si lurality of. jndividual fluorine generating
units; sa'lﬂ die ggg% u flftr}%ﬂrﬁépger%?‘%t | BPLHTY bifngof paramount

importance in CVD cleaning applications and gas quality
control is much more difficult as continuous on-line
analysis is prohibitively  expensive when several
15 installations would be required and periodic fluorine gas
sampling from a plurality of installations has many

practical and safety drawbacks.

In contrast to the one fluorine generator per tool
20 approach described above, the single, large conventional
generator with separate feeds to a plurality of CVD tools
has the overwhelming disadvantage that failure or
shutdown of the generator for fepair or maintenance
results in the entire pfoduction process being halted for

25 however long the generator is out of commission.

A first aspect of the present invention relates to
apparatus for the generation of fluorine by the
electrolysis of  hydrogen fluoride, the apparatus
30 comprising: a plurality of individual fluorine generating
units; said individual fluorine generating unit being
operably connected to a fluorine gas distribution system
for the remote use and consumption of said fluorine gas;

said fluorine generating units being individually



operably connected to a fluorine gas distribution system for the renote
use and consunption of said fluorine gas; said fluorine generating units
bei ng i nowoi2duiobgrs 5 WO 2004/ 009873 PCT/ GB2003/ 003023 PCIaiERDEN08028r om
said gas distribution systemand renovable fromthe apparatus for renote
mai nt enance. |In the above, the word "maintenance" is intended to cover 5
any reason whatsoever for the renoval of the individual fluorine

gener at i ng-seliatabdem t fieomppasaaidis. ghB t i stRf@saiod nvepkian t hg,gord

" mai nt enang 'ng%%{’ f.or %,%rrpl e, include routine maintenance, servicing or
repair of TRAFTEE FXOM GH€ ARNATAET Yt @rd&®Mara maig-enandd. 10 requiring
mai nt enance be renpved fromthe apparatus and taken to a renbte site away

fromthe gl ant, vvhﬁre the fluorine is being consumed such that there is no
i nconveni efc & ecBROERI n&iCo G sHRdnF el tie tind enstartiuss i aywext ant or

per sonfiel and5 denddi swspesbéireat iren e aRAASAILSSES 1’ par%&?i\g]gad. s
fluorine %ﬁnerati ng apparatus. The term "packaged” is 1 Rt ende 1‘{6?} nmean a
pl ant whi CHYPE1BGi | eeaR2EdSEbradtat framf | tloe i PP @t us uppih ercleonpany,

for exanpkeeskast ed a0 nsuEgeef fjgient i f the_apparatus,
cl osed do%\)/n, seal ed and then s.hsppe ég a@%ﬁ%%%@%?ned“ﬁp’ant aﬁodfa

cust oner §FPEPlPer lagamiee roudrings eagintemanfdeyorereriqing her atgdgrer ' s
processi ngr Gapgrally; the apparafl y. .be total sel f contai ned; apart
from cust oner .pr_ov{:dea 25 seer'gi ces Zhue(?g ﬁ%@%l?%%%ritk’fyitt ,Slxli%kﬂe?, crf‘gﬁ’pr essed
air ot0 nireavgeingupplindsndore ekanpeeaoved riander thde apppataies arper at i ve;

cont ai ner CPRCinich Ene SHOS ab0s S W17 S8t HAQ et cvAPTERESuSt omer s
site. fluorine is being consumed such that there is no

inconvenience, contamination or safety hazard to the
production plant or personnel.

15 |
In this specification the apparatus is a “packaged”
fluorine generating apparatus. The term “packaged” is
intended to mean a plant which is built and assembled at
a fluorine plant supplier cémpany, for example, tested to

20 ensure efficient operation of the apparatus, closed down,
sealed and then shipped as a self-contained plant to a
customer site, for example, for use of the fluorine in
the customer’s processing. Generally, the apparatus may
be totally self contained; apart from customer provided

25 services such as electricity, water, compressed air or
nitrogen supplies, for example, to render the apparatus
operative; in a container shippable by land or sea and
that container being the container in which the apparatus
will reside and operate at the customer’s site.

30
Packaged fluorine generating plant or apparatus may be
generally categorised as apparatus intended to produce in
total from 0 to 2.7 kg of F; per hour. There exist
conventional large scale fluorine generating plants in

35 the chemical industry which are capable of producing
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30 Packaged fluorine generating plant or apparatus may be generally
categorised as apparatus intended to produce in total fromO to 2.7 kg of
F2 per howo.20Hm®psI3exi st conventional | arge scal e fl uoPCREGRPEEBA0&I23NQY
plants in 35 the chem cal industry which are capable of producing 6 WO
2004/ 009873 PCT/ GB2003/ 003023 several thousand tonnes of fluorine per
year, where each cell wll typically generate not |ess than 4 kg of
fluorine FeVeRadr thavesadl tonmebebhgt hbdbeite baveyeandi iHdyal Glds |
removed b rsgnnel j nd_using 5 appropriate safety equi pnent, they
are bui l tY:ie?\L?si ?Sﬁor%ﬂﬁ?g%gl i?eilneolfagcceel I n e§§so€?1&?edged’hﬁ prégnt
brought t §lusiciseof peper hvuien abHesssepbhets Sehng! a e ang uqﬁgye f or
exanpl e, iiﬂd&@%dﬂﬁil ear, 4 ndustr?; %OF} the Iproducti on of nucl ear tuel
precur sor & Such as TursHiUin heRaY PloPYd&STEYTIG] dtedping sudh usiimg s are
qui te ¥i f bepenprandedisstiotst eduigmdhe "paskaged” bugggnglgprs%@glh%o@s a unit
t he

fluorine rati.ng appar s formng the subject natter o pr esent
GETRA

i nventi on™ t e tCF Vet ROt Fec hphet aeds irRaptbérooghai ed, for

exanpl e, withi mfa cpatatien had ngsddmoved 2l bughmensians substant al ly not
more than_.a_standard |SO container or |ess as explained rngr &ater detai |
bel ow., | AOFhEETRdE f i at FBR, DR eappamsust monget sebea pradiugtdral i ty of

sel f - cont afnadcflkyer i 19 @t ' h i constituted by
a singl eAEeII nsof ar as %E%t u%l}?:téjhrga%&éf?%—ctﬁf\%ghgﬁlo%@ﬁh@&é%?nd one

anode. PEr RXETReLy, SURE BARRtRapreoapitsedaffereptohrceldist inasof ar as

there mayfbemmiies t PaR RAGEaL hode, 25 jn_that, unit. Thus, the
apparatus according to thge presen? I ngﬁ%?(f;% c%oénp‘rai JHLL Y Ghblpalinﬁy of

fl uori ne generating apparatus forming the subject matter of the
present invention. In the present invention the apparatus

may be contained, for example, within a container having

15 overall dimensions substantially not more than a standard

IS0 container or less as explained in greater detail
below.

In this specification, the apparatus comprises a
20 plurality of self-contained fluorine generating units.
The units may be constituted by a single cell insofar as
that unit has effectively one cathode and one anode.
Alternatively, the unit may comprise a group of cells
insofar as there may be more than one cathode and anode
25 in that wunit. Thus, the apparatus according to the
present invention comprises a Plurality of fluorine
generating units which are isolatable one from another
and from the apparatus as a whole and each unit is
individually removable from the apparatus without
30 interrupting the supply of fluorine from the apparatus as
a whole. In the interests of ease of description, an
individual fluorine generating unit will henceforth be
termed a “fluorine cassette”. Similarly, other facilities
in the fluorine producing apparatus such as fluorine

35 purification units and fluorine compression and storage
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generating units which are isol atable one fromanother and fromthe
apparatus as a whole and each unit is individually renovable fromthe
appar at uswai206w9p8730 i nterrupting the supply of fl uori n@CrrGBmedm@3@ppar at us
as a whole. In the interests of ease of description, an individual
fluorine generating unit will henceforth be terned a "fluorine cassette".
Simlarly, other facilities in the fluorine producing apparatus such as

fluorine 3mipy i hireat h8oUNEd:Eneand Y WQidtn@ LONPEESS 0N aRdrstREags 7 WO
2004/ 009873 PCT/ GB2003/ 003023 units are also termed "cassettes”, e.g.
"_purifi cAASFREt & ssERe" "aAEPTEBRPPRS A SYPTRGS ageseasset'te"Thdhe term

"cassett et | WLHHEd L0 RNV IitdTeRR R R A 158! Fe5ARLAI ned package

havi ng the described feature or 5 facility which may be easiTy renbved from
t he appar &8 ¢ortabnademardecs Repilg abe bédesepibedd feptarrs denti cal

package wiszhQut; {dangey ot 0,REORE ri 0 PO oduction of
fluorine. fo Itlt%z con’(r:rlgnmtggr I?Iai(—:‘no osggﬁl} nj':?ﬁgely?{iug%?ﬁle gene%é]i?ig%]%tu‘? ndustry
to refer tforardigdrdnmnceady "repmioneambtled rewlaeaddry vas sidlehtit cahi ch

vessel ma S lucal f .ano herein {the container jtself

nor mal | y )bg%nsﬁ tuwggﬂtoﬁrg c%%%%%%) .ta%r §§§p§ﬁ 'h uéj(reitﬁ:embeé} s Cftay s

typi cal | y shrepehupraei 86 iseparfatfd vanodes. Thus, in the present invention,
each fluorine cell or cassette may have, for exanple, 6, 12 or 24 anodes
dependi ng upon the custoner's fluorine requirenents. 20 It is also further
i ntend@d that ithecoemoved tEkrmanbhegycasaet tkebefreptased gbhdranohder
substantial ly identical | uor.i ne cagfette such that the fluorine

gener at i ng"CEFAS t §Cof TEhET afar 8t uSTHSTHBE si | c&% | §RenpEEFRH. 25 The
appar at us catterigieng tesddle Hiteseilch Raiid DMndf Pb£eSss a plurality

of anodes therein (the container itself normally
constitutes the cathode). Prior art fluorine cells may
15 typically have up to 36 separate anodes. Thus, in the
present invention, each fluorine cell or cassette may
have, for example, 6, 12 or 24 anodes depending upon the

customer’s fluorine requirements.

20 It is also further intended that the removed fluorine
cassette be replaced with another substantially identical
fluorine cassette such that the fluorine generating

capacity of the apparatus is not significantly impaired.

25 The apparatus according to the present invention provides
a self contained fluorine generation system which has
sufficient fluorine generating capacity for the plant,
for example as a cleaning gas for CVD chambers or tools,
to which it is connected such that the total fluorine

30 demand may be met by less than the total number of
individual fluorine cassettes in the apparatus. Thus, if
one fluorine cassette, for example, requires repailr or
maintenance or servicing then the apparatus may continue
to generate the total fluorine requirement without shut-

35 down of the fluorine generating apparatus according to
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a self contained fluorine generation systemwhich has sufficient H)trjogvge
generating capacity for the pl ant, for exanple as a cleaning %?0?)30200“ v
chanber s wWp 2000109873 to which it is connected such that ?h?@((img pamorine
30 demand nmay be net by less than _the t ot al nurrber of indi V|fua u L
cassettes in the apparat us. Thus, if one fluorine cassette or exanpl e,
requires Egga mai nt enance or servicing then the apparatus nmay

conti nue g%‘f'%?%l‘?’é tifeepstian f puordtter equieerapt 1wt hoat shige 85 down

2004/ 009873
he fl gener p ageLor di 8 WO
IngT; ngoog?ggggzs t hlgé%(?kg%%n?ﬁl{lg%g%ﬁ O o1° tg:t%né?aY nPer ApEcdRteAy not ed

e an suhsSentteafrﬁy bedenmediat el repAased W th a
2Bg\slt?ant P&iiﬂfzgﬁt:}%“&le ant Eie“ al. and ddl mansll%anal respects)
fluorine cassette srﬁ% ?J(h %h%ﬂ? I+ poEEREFLE) f ITUdIatiayeneraet by sapacity is
not iPnpafRad EPtaﬂI pOIt@mtemamﬂlmoﬂJQTe apgres o thsndnav, Qc_{%egs tluorine

| av rage out put “of t eg-cdSSet t es
gener at i ngy g,_§ rma &
will be Ieng t gg% 1ri of L ¥a chPRAEZ S ehavipgakhdesand.

b o) [ eas the two
There;lo;]ef li;Cﬁrile? ge\r}meialasgfelggcaggf% ttr?ta%et Qﬁi tolf‘rg‘?]f pgeagggg?USPgﬁgtdermnd of
'[ﬁga:appl %:ﬁat ?o% vﬁﬁ%ﬁet &S5 Ieéf%f’:‘% sWithpheyi hgss13Buss6a sﬁhgb@aam nt

& farthearp S resen i nvention
ot ure Gfu@lﬂi melmcha‘sﬁ?vm@%f@ ?%eﬁa%%a‘rggiﬁ%sﬂas%e%% no?* OP@ductl on

does Clr)eﬁs tt? o“?@{f}%ty ‘Phé’epeéﬁmegﬁdndf@f BhnyoriemsoR) Ahdiotpgd above,
3 amm&nrmit Ebstlaveiihrad td 91%% i nt.ai ned, serV| ced or
' uor| ed e e I 03| goﬁ‘e‘t ekt | Pank

d - situ ich has necessitate
Eileg?{‘la::lﬁl 0% £emanghieh, tb@cafus@lmatimemmielyhe plant is
supplying.

15  Thus, a single point failure of a fluorine cassette of
the apparatus of the present invention does not result in
shut-down of the apparatus as a whole nor a reduction in

the ability to supply the peak demand of fluorine.

20 Aas noted above, fluorine generating cells have
traditionally been maintained, serviced or repaired in-
situ which has necessitated closing down the cell and
dismantling it in-situ which, because of the exXtremely
hazardous nature of fluorine gas and the electrolytes

25 employed, has meant that all but essential personnel,
suitably attired, must be evacuated from the area whilst
the work is undertaken. Usually the down-time has been
several days to complete the work. This has meant
disruption and lost production time in the plant which is

30 fed by the fluorine apparatus.

With the apparatus of the present invention, it is
intended that the fluorine cassette requiring work is
isolated electrically and by valve means insofar as the

35 fluorine gas aspect 1is concerned, removed from the
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hazardous nature of fluorine gas and the el ectrolytes 25 enpl oyed, has
meant that all but essential personnel, suitably attired, nust be
evacuat edwbDrzoewaobsy3ar ea whil st the work is undertaken. POSGH2043/00B@3
down-time has been several days to conplete the work. This has neant

di sruption and | ost production tinme in the plant which is 30 fed by the
fluorine apparatus. Wth the apparatus of the present invention, it is

i nt ended ‘ap@arahesf | arodt | heatapeetled,r eBy HREIWOE&ri Sxdnfldat eglo a
el ectrical l?ﬂ )i[tval v rrean i nsofar as the 35 fluorine gas aspect is
8 ve& ‘tﬂB

concer ned;” Fom™ 2 FGANGFesY 3 worty GBZﬂ)OBﬁWerappar at us

and transaowteeer by %@Q&cte&éneme%mTeo B s @R € 1RILE WD E{]er required
work is undertaken However, a replacenent fluorine cassette d as a

spare init otePih- SPrEitRay TRY | %@edlrfaft‘%@,’atfhh‘t’allmalhietdtelﬁ appEar at us.

Thus, 3 hergpatating. t|m§on§hg%nt§rgnntohetlrt@fn@oh%c&lyaleﬁ%( t% renmoved
cell to be brought operatl onal again; the ce be wor ked on a site

whi ch is piBBer Fp@ddisspedror Bikh TRIPRVedho hakhr dtos ber odumedititn respect
of those pgap [ tht 10, he _fluorine ,cassette
B R era iy g R b B R Bt 1R L Parit rhe

was renoved; and, there i's no st pro .
appar at uswhéebr dtmgpr@pehhy peaseppednviznt i suclmyzobrk red ahazelrm small in

terns of si:ze. Y, not e r ei nabove,
appr oxi m?%&ﬂ%%gl zlgl of gjersét%anciEf ?%% éé(%?ng? n&pT ?%hagr &hgs&dant
i nt erHht i 6naml yhiege tie pPiveg-iard ¢asespos taas 0oneRbvaanY ahypes Hfrgoods.

Such cont r v erall .size 0 abouyt 44m wi de X 2.44m high X
6. 5m | ong % fis ESQ? rgaug\t/l?n lee tCE ;6 Eong in I nperial

_neasur_errents) . Thus, the fluorine generating apparatus of the present
'nventlonTﬂgya%%g%é%us according to the present invention may be
relatively small in terms of overall size. It may, for
15 example, as noted hereinabove, approximate the size of a
standard ISO container which are used internationally for
shipping and transportation of many types of goods. Such
containers have an overall size of about 2.44m wide X
2.44m high X 6.5m long (or about 8’ wide X 8’ high X 20’
20 long in Imperial measurements). Thus, the fluorine
generating apparatus of the present invention may have a
small footprint and be easily situated in a convenient

location within a customer’s production plant.

25 The apparatus of the present invention comprises an
integrated, self-contained fluorine generating plant
which may be shipped as a unit by land or sea. The
apparatus according to the present invention when based
on an ISO type container may comprise up to three

30 fluorine cassettes, at least one fluorine purification
cassette and at least one fluorine compression and

storage/buffer cassette.

One embodiment of the present invention comprises a

35 fluorine generating apparatus having three fluorine
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smal| footprint and be easily situated in a convenient |ocation within a
,custoner's production plant. 25 The apparatus of the present invention

conpr i sesweareood/qvsrgr at ed, sel f-contai ned fl uori ne gener CIrgp2pd32008023wWhi ch
may be shipped as a unit by land or sea. The apparatus according to the
present invention when based on an |SO type container nmay conprise up to
three 30 fluorine cassettes, at |east one fluorine purification cassette

and at | ea@stsseneeld,uortne coffpression andirstarase butfgr-caggette, One
enbodi nent_.of t.he present invention corg)ri ses a 35 fluorine generating

appar at us HEPEAGS hFEIRHSFSIHe 215 W6 SIH00SRES SICH GO 3/ Q3023

cassett esastsoriftedr i repppmdicatAdn cagsebtes, @ichhiiorihig CO&PE%Si on and
storage cassette and aother assocjated equi prent all enclosed wthin the

outer di TEASTSAORS: OF & @R udsd S maaitrenetHolianaven herleers s anot her

aspect 5 of ashithRirN G Skt hat isnitdia righi #pk ngnat i%anl‘?eorshr'ggali%?r?Pt .
fluorine cassettes; a standard O contai ner may acconmodate p t0 eight
fluorine ERELE t¥s TPRLRESBANE WHOK 19 gaFettRdel § GtandardowEs®@r, this

s 0 vencantadnRxamle LUdhisidde WPdbyl dughel le4olIg 10 Lassalles may be
constructed in a rangé of individual ™ sizes. e cassettes of The Sapparat us
of the pr&&8FE Mngemidsh Sfe apFproximRtalyed . FHimppiheyepackagesi Dyiyirt ue

of their gyten epgl osur &.uhiohs | %nq&np%gt e{l;{?(pair}%i\%jdua kie%tqf%;k:ierfegasset te

a sealed unit and needing no furthe packaging or prot r
shi ppthg. CASERGEGE tmrY f Peor ¢oRs treeed e iftora a rpands caf arirahipar@ials

accordi nggtig.the presentdnuent i qn be forned to rticul ar set of
outer dinmensions and have services 2 %oﬁaﬁa (?trirg(;ecrlllss a g f+0%r iffE BN et s and
hydr ogen abveetdocandre self-contained shipping packages by virtue -

of their outer enclosure which is completely panelled

making the cassette a sealed unit and needing no further

15 packaging or protection for shipping.

Although the fluorine cassette for a particular apparatus
according to the present invention may be formed to a
particular set of outer dimensions and have services
20 connections and fluorine outlets and hydrogen outlets and
the like in predetermined positions so as to ensure
interchangability, the actual fluorine cell within the
fluorine cassette may be varied to suit the fluorine
demand of a customer. For example, the fluorine cell may
25 initially have a fluorine generating capacity of 0 to 385
g/hr and, as demand increases, may be changed for a
fluorine cell having an output capability of 0 to 700 or
0 to 1400 g/hr, for example. Thus, the apparatus
according to the present invention may be upgraded as

30 fluorine need increases.

The fluorine cassettes may be installed within an overall
apparatus enclosure which may house common services for
all the fluorine cassettes within that apparatus

35 enclosure. Such common services may include fluid piping,
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the like in predeterm ned positions so as to ensure interchangability, the
actual fluorine cell within the fluorine cassette may be varied to suit

t he fl uorwoeoosdwosrad of a custoner. For exanple, the fl BomiGRo@aloBo2zaay 25
initially have a fluorine generating capacity of 0 to 385 g¢/hr and, as
demand i ncreases, may be changed for a fluorine cell having an output
capability of 0 to 700 or O to 1400 g/ hr, for exanple. Thus, the apparatus

accor di ngeti@cthechnesemni Oventhok iRy bendpgraded B30 il need
i ncreases. The fluorine cassettes may be installed within an overal

appar at usWéxengshrEnRFSER -may house common services for all the fluorine
cassettes within that apparatus 35 enclosure. Such conmon services may
include fluid piping, 11 WO 2004/009873 PCT/ GB2003/ 003023 el ectrica

cabl e truHREAydanE oleeidi esgrrilgser uienthewifiury e neasesttrgz@fous fluid

ser vi ces %905?8&1' HERNG LABRAI LS ANRe S sterdidast Wi Wdhd selalienyal ves.
Preferably, the hazardous flulid services to the cassettes are provi ded by
doubl e i $dnadi grenmices BRI dhshavesacVigsumreontieetidedi by bivwelen. Thus,

the two ii%'oi‘%i:%n"a'v%ﬁ%e@y “E?Lea osed.and  vAcHUm aFlnge'r?é’céP?rLg Qye

hazar dous contents berore 10 i Nng the connection ween uorine
cassette hetdwethe &bseci dfhed igiimplation tvelvermvway die tdidddicride

cassette fro he rat us,. Th u i,on t fqr_frenoving
hazardousnﬁﬁ e%iaﬁggﬁgjﬁief%?ab??Mggﬁng%géégaggsa §%¥ﬁﬁ%}ﬁb g?%‘%ﬁﬁf(ﬂ
renovifg amdaireéngr ahiesicomnel ivar ifatwersst drhieal Sl udioind azas choittse fdnd d

servi ces be rovidqg by neans of _ quick-connect gcouplin far exanple.
20 Once tﬁgéﬂﬁﬁé§9k9%% s@gPéW%;plg%%nﬁ%cfg qﬁ%;n ﬁe%%e Fuoritle
cassette from the apparatus. The vacuum extraction system
for removing hazardous materials is preferably connected
to a scrubbing system for removing and neutralising

15 harmful materials.

Non-hazardous fluid services may be provided by means of

quick-connect couplings, for example.

20 Once the fluorine cassette is disconnected £from the
apparatus it 1s completely sgealed £from the ambient
environment and constitutes no danger to personnel.
Similarly, a new replacement fluorine cassette is also
harmless until it is connected into the apparatus and the

25 isolation wvalves opened to permit flow of hazardous
fluids.

Spare fluorine cassettes may be stored on-site to enable
guick replacement. Similarly, removed cassettes may be
30 safely stored on site until they can be removed to a
remote repailr or servicing facility off-site, for

example.

The fluorine cassettes may be provided with means to

35 facilitate moving the cassette into and out of the
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apparatus it is conpletely sealed fromthe anmbient environnent and
constitutes no danger to personnel. Simlarly, a new replacenent fluorine
cassette wo 2ab4m9878ar m ess until it is connected into tReTamRasAERIand t he
25 isolation valves opened to permt flow of hazardous fluids. Spare
fluorine cassettes nmay be stored on-site to enable quick replacenent.
Simlarly, renoved cassettes may be 30 safely stored on site until they

can be re a My bl rvicing i) Qff-site, for
xanpl e, TR Toor e e EL R B bR iR (B,
facilitat &oFperagptlie cassette into and out of the 12 WO 2004/ 009873

PCT/ GB2003/ 003023 appar atus encl osure. Suitable neans may conpri se wheel s,
for exanple. In a preferred enbodi nrent of the present invention the 5
fluori ne éassetpreferredeldmisalirant defl Wwheh presdifit dontaitded ersd osure

aroundgth Lhe [ call r | C hat. . any_| eakage of
fluori %e g%féll‘# g%le e%%%%?fée%s n%%ntq‘ éﬁsﬁég wﬁghiﬁrcﬁﬁe&ee%clw&g?}r e? I\ﬁ)erlﬁ;"g“
pr ef er abl gonthéneds sataleosumcd osypendaychee Thmrethedgkeheaatdnyacdaln

extracti ogrisxé%ﬁﬁv\hé&ghi Seid Vita%lyp‘,f%tgﬂsﬁsc-r“b i n}gyﬁmsans to renpve harnf ul

cheni cal s. e apparat us o i nvent ToHCEAER cBRBeth¥ has its
own encl osureppeovi ded byortstnedg mettdid ranhe 15ecastoganel | i ngprdthen
installed_ in thebﬁ_l parat us_t he encl osuiﬁe i S connegged to extraction and

scr ubbi ngPrELRES d&AlS T MY potent Tt e | Baks Peaf@TEREreCo® r ovi des

a seal@d protest exerentliosurystsheniith dasgeidweidedl walpwadniBmd he
apparatus, the tg'ncl osure rovifcliﬁs thhe .20 _dual advantage of constituting

protectioﬁ‘eIaBF‘ ReTremove harm chemicals.

In the apparatus of the present invention each cassette
has its own enclosure provided by a strong metal frame
15 and panelling. When installed in the apparatus the
enclosure is connected to extraction and scrubbing means
to deal with any potential leaks, and therefore, provides
a sealed protective enclosure. When the cassette is
removed from the .apparatus, the enclosure provides the
20 dual advantage of constituting protection for the
cassette during shipping without further packaging and

protection for people handling the cassette.

In a preferred embodiment of the apparatus according to
25 the present invention there is also provided at least
one, preferably two fluorine purification cassettes
through which the output of the fluorine cassettes is
passed so as to remove unwanted particulate material or
undesirable gaseous contaminants therefrom before it
30 reaches any process equipment for which it is destined.
The purpose of having two such cassettes is to allow for
one cassette needing repair or replacement during
fluorine production. Such unwanted material may include
hydrogen £luoride, for example, carried over from the

35 electrolyte in the fluorine stream and which may be
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cassette during shipping wthout further packaging and protection for
peopl e handling the cassette. In a preferred enbodi nent of the apparatus
accor di ngwbDeo042H9¢7he present invention there is al so pr@eirdmRoeooBeast

one, preferably two fluorine purification cassettes through which the
output of the fluorine cassettes is passed so as to renove unwanted
particul ate material or undesirable gaseous contam nants therefrom before
it 30 readtEEethy Provess equiguiknin f @l ushiige | £rhp, destined, o %’_ﬁ)g pur pose
of havi ng d%cﬁyc@eg%f?tées isfto al.l ow for one cassette needing 'repair
or repl ac%ﬁm?t durt Ag T FobF et BFBAGC PY o askdPu miant Bebmimer wat hmy

i ncl ude dgirbdh usnodes ey Bxateheveesayi ad O¥SL e,35

el ectrol yt %O%dq%g{}eoﬁ ISuori ne stream and whi cknld:ylnay be ﬁ%‘g%%o’ﬁ?%’ésm
PCT/ GB20037 0073 passtd T hr ough a sodi um fluoride trap, for exanpl e.
Carbon3tetrafluoride formed by reaction of fluorine with the carbon anodes
may be rempved- by an approprjate known adsorption system 5 The fluorine
purificat ipiglr? cezlLs“%s/OertJtrée rFEVJatIIJsQFtHé)q SsReie nankeesiby Tsshviesbfsom t he
appar at us afngr eapailt abRemoS&A VIR0 thed Si44 r to the fluorine-
cassettes.__ Thus, such isolatjon may be a o%ﬁ%ﬁ%&re?@%ﬁﬂ A 10
doubl e i s6FAL o Fal Vbs® wP R AfT | HeBReENEAg thec filmomite actdeacdagj | ity as

with the fhuer,i neuchasSeldies.iodm iy Upkhey, rr.ed. feature t he
appar :ﬁ? us ac%gr ding to the pr esen}{ i nyenctc'%"?ileltgﬁhee‘?% %ﬁgﬁ@g’&ﬁe B ovi ded
a- 1511 udPERd SpurrIRlaliet t e kmmecwtihi nanhe ifiteaniand o ne gawpst r eam of
the fl uor ererputiibinC a:-an 1¢3s$8t 18 1 e ..the buffer cassette
collects purified fluori ne(@zei ng geng'%laet fefgﬁg%& oGS5 5SS -t anks so as to
provi de a

In a further preferred feature of the apparatus according

to the present invention, there may also be provided a
15  fluorine buffer cassette connected in the fluorine line
downstream of the fluorine purification cassette. In
effect, the buffer cassette collects purified fluorine
being generated and holds it in tanks so as to provide a
fluorine reservoir to smooth out fluctuations in supply

20 and provide fluorine at a constant pressure.

The apparatus according to the present invention may all
be housed within a wmain enclosure framework which is
provided with suitable panelling so as to effectively
25 render the enclosure sealed to the outside ambient
atmosphere. Further preferably, the main enclosure is
provided with evacuation means so that any leakage is
removed and does not contaminate the surrounding area.
The evacuation system may be connected to suitable
30 scrubbing means for the removal and safe disposal of any

harmful substances.

The main enclosure may also preferably be provided with
all of the necessary electrical power supply and

35 electrical control systems 1in known manner so as to
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fluorine reservoir to snooth out fluctuations in supply 20 and provide
fluorine at a constant pressure. The apparatus according to the present

i nvent i orworygo4lobs73be housed within a nmain encl osure fracEEB2R0IMBEE | S
provided with suitable panelling so as to effectively 25 render the

encl osure sealed to the outside anbient atnosphere. Further preferably,
the main enclosure is provided with evacuati on neans so that any | eakage

is renovedfand ddes:mailyond R NGhe hherSYEROWAING A 8. The gyacuation
system ma% be connﬁcte to suitable 30 scriubbi ng nmeans for c‘tthe eroval and
saf e di spoaPSBF aRT THAOFLHE subst ances. The main encl osure may al so
preferably be provided with all” of the necessary electrical power supply
and 35 g%ectrical control systenms in known manner so as to 14 WO

2004/ 009873 PEF BE2083/ (R3ErBLearrect embedimehysi of ofthide appdregers f | uori de

el ect ol yaecoraiggneicationd | yoskag: Aocanding ta.n preferred eabodiment of

the appargtus .5 accordin o the present invention “f the
fluorine taSSetie mEAPIFEUHT | il abet haitddtisede aonnenti oraefhddee

fluorine gehheBriggl | SFW i N :CASS t hus, t nere .installation of
e cl cOrisn lor it b frierind ggﬁﬁec t fﬁ%hﬁ%cgggﬁpflcéﬁﬁbde 10

the cassette wthin the main enclosure € S
connect i of2$3cthe ef@esrolbhia cmewkl bnstellatwbhhioft hthe Casseiciee

Preferably;chhe appansl [ the present invention is further
provi ded Wit h purgi ng ﬁggngﬁggég&ggr%%§$g%ﬁoﬁ: i AFFFSFRE¥t CRERPEE ds such
as moikt werneekieRamel e;he reheqipd hgt bef oedlf loworddiEl swiphiadyged. Such
pur gi ng neasls. By conprise val ve neans connected to apparatus piping for

the introduction of nitrogen, for

Preferably, the apparatus according to the present
invention 1is further provided with purging means to
15 remove potentially reactive fluids such as moisture, for
example, from piping before fluorine is introduced. Such
purging means may comprise valve means connected to
apparatus piping for the introduction of nitrogen, for
example, into the piping so as to purge oxygen, for

20 example, from the piping.

In an alternative embodiment of the apparatus according
to the present invention, each individual fluorine
cassette may be provided with the necessgary facilities so
25 as to enable the apparatus to continue to function even
if some “centralised” apparatus services should fail. In
this alternative embodiment, the self-contained cassette
enclosure may also be provided with a D.C. power supply
unit for electrolysis, fluorine purification and
30 compressor means and a fluorine storage tank/buffer
facility. The cassettes are of relatively large volume
and the fluorine generating unit is housed in the lower
portion of the cassette enclosure leaving sufficient room
to accommodate the additional facilities. Connections to

35 the storage tank/buffer facility may also be by double
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exanple, into the piping so as to purge oxygen, for 20 exanple, fromthe
pi ping. In an alternative enbodi nent of the apparatus according to the
present iwoentd/mpg73each i ndividual fluorine cassette nmegThEB2pe300BE@ad Wt h
the necessary facilities so 25 as to enable the apparatus to continue to
function even if sone "centralised" apparatus services should fail. In
this alternative enbodinent, the self-contained cassette enclosure nmay

al so be phievildédoni t hvalDe€. pawer siiply alibetndeivel ecddigbyshsnt f | uorine

purificati .conpr essor_.neans_and fluorine storage tank/buffer
facility. @%gggglgggtltoéls a?g of el af?%%gigar d%%l ukBe arfPRIHEEYRiori ne
gener at i ngnodpsure hewséd i bet herbawethepostitei: of o herlgassetii@r-ane! osure

| eavi ng s iLcient. room tp acco ate the additional facilities.

Connect i ogékkzb&%ffeﬁe sPBFgge ?%%ferf ¢Sty feyLlal sBebe b§e doubl e
15 WO 200p10098¢3 tRP6H GB2A03/c0a302% s iicsp| Hddan ivalaes .z 4d tdﬂétlaéérﬁr native
enbodi nmen i.sconnection of the cassette fromthe apparatus enclosure

d
woul d be %PS’r'ﬁef:‘ﬁngUt put of the fluorine tank/buffer unit as the fluorine
cell per se, 5 purification and conpression facilities are upstream
therefrom According to a second aspect of the present invention, there is
provi ded ACRBEASAIf drO t Re SGs@nst | APanrd ©of0 the nprrapoe ofnwmpaiat us for

produci ngehbyari ng by, the glecty ol ysi f ro fluaride, the method
conprjsing .the stepéb of : providi ng %ﬁ% urg ?tyggfg f P61 e “"yerf8tat i ng
uni t stbpefabnyersnrectedl epParplusr frr gasoddringi biltuwmm sy sbem s t he

| Corati N oA T aual PP oERArSFhy CAEL PO A Lot fehe
the steps of: providing a plurality of fluorine
generating units operably connected to a fluorine gas
distribution system for the remote use and consumption of
15 said fluorine; providing means for isolating an
individual fluorine generating unit from said fluorine
gas distribution system and from each other; and
providing means for the disconnection and removal of said
isolatgd fluorine generating unit from said apparatus
20 without interruption of supply of fluorine Ffrom remaining

fluorine generating units.

The same definition relating to fluorine generating units
is wutilised in the method according to the present
25 invention as in the apparatus according to the first

aspect of the invention.

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

drawings, of which:

Figure 1 shows a schematic cross sectional representation
of a prior art fluorine producing cell;
35
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gas distribution systemand fromeach other; and providing neans for the
di sconnection and renoval of said isolated fluorine generating unit from
sai d appawetoe/@9873i t hout interruption of supply of fl u®CirGBz0e3wseaemai ni ng
fluorine generating units. The sanme definition relating to fluorine
generating units is utilised in the nmethod according to the present 25
invention_as in the apparatus according to the first aspect of the

i nvent i onFLEHT6r dér SIMS thef o entevaventi owihyube pawke 1ud)Y of

under st ood, f@@lﬁpIee[@o\@ilﬁ{en@o%@earggg‘fdéé@sedaggo%gy of 30.illustration onl y
r

with reference to the acconpanyi aw ngs, i ER: tEeglaesEdhows a

schemat i c*EVB8519B¢t i onal representation of a prior art fluorine producing
cell; 35 16 WD 2004/ 009873 PCT/ GB2003/ 003023 Fi gure 2A shows a front

el evatj on_(w thout panelling) of a first enbodi nent of apparatus accordi ng
to the4 pr8sgh¥e IR embPuR;  Fiegur ee2Bvshbos @t epHeel H¥sd 00, Of Jfehe

appar at usp @&y El gure 2A, Figure 3 shows a side elevation of a fluorine
cassette of ~ Figure 2 w thout enclosure panelling; 10 Figure 4 shows a
front elevation of the fluorine cassette of Figure 3 without enclosure

panel |'i ngg4 &, gUr ¢ .gide el evation_of a_fluorine 15 purification
unit wit hobﬁupanel %‘2‘8&\3% %ﬁéea%]pgyﬁifbgno?f &i Jhrernerrggseteeshbns a
front el ebdgiem 2fwitiopuréhctasuna pantllohgfi gure 5;
10
Figure 4 shows a front elevation of the fluorine cassette

of Figure 3 without enclosure panelling;

Figure 5 shows a side elevation of a fluorine
15 purification unit without panelling of the apparatus of

Figure 2;

Figure 6 shows a front elevation of the purification unit
of Figure 5;

20
Figure 7 shows a side elevation of a buffer unit without

enclosure panelling of the apparatus of Figure 2;

Figure 8 shows a front elevation of the buffer unit of
25 Figure 7; and

Figure 9 which shows a berspective view of a second
embodiment of apparatus according to the present
invention but with main and other enclosure panelling

30  removed in the interests of clarity.

Referring now to Figure 1 which is intended only to
explain the basic principles of the production of
fluorine by electrolysis. A fluorine generating cell is

35 shown schematically in section at 10. The cell comprises
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20 Figure 7 shows a side elevation of a buffer unit w thout enclosure
panel ling of the apparatus of Figure 2; Figure 8 shows a front el evation of
t he buf f ewouni4000873 25 Figure 7; and Figure 9 whi ch shoRETAHE2eIBPACBI ve
view of a second enbodi ment of apparatus according to the present
invention but with main and ot her encl osure panelling 30 renoved in the
interests of clarity. Referring nowto Figure 1 which is intended only to
expl ain the basteipmenti pressel the pwletelst imy ofor flnaFi MDY al1so -

el ectrol ys| A fluorine generating cell is 35 shown schematically in
section a?b%Fle—'Hggce F‘eco%%%%‘iﬁ CfLé7: \F\B%OGQ%@%#B PE BT 003023  a
cont ai nmerepuessel cdZhwiechsmahonn &Ry 1Qt TALS@opCaARSHA Wi the LAt hode of

the cell; . in .thiicagf a _separate gat hode is shown at 14. The top 16 of
the vessel? 17 S EHBERPRVEF oPUGHErSt 3818, 2 D ohdwine g vRaee Megamss 5 f or

fluorife find Mydiegers ardpesiireien, Thesyesseheiy. %{E%{Qéség glectrolyte
22 of hydrgggn.fl uoride.in a _nolten potassiumfluoride salt. separati ng

skirt 24 SgBpEHBE FomelfEtrEIYde 1 8 vl | hvdresen t §1nowédeenth 3@  ext ends

bel ow t hemslitéacepdasdidme reheaticel V58140 of f gebbyglydi V%]giﬂg tbhe volure
above the el ectrol ¥te surface into two separate’ chanbers , 36 for
hydr ogen 9§REREFUSFPRe EhFedissalvdiGp Wil hniea3d gbaelalvky ehd 30

hi gh- denskkyehast r eRilGwar bpa exdsd Nntethes el getrolyte 22 and
generﬁLIy extends bel ow the | owernost 15 extent ofa%e S |e%tt%§’ Y& hough
this ty RofeaFhdesybedivHélrasEheThaolumsel alove s Wemerdidar rpilgtieded Wit h

enneral oriE RIS, N AP OBRAS Syt 80l iuidgud o roon
and fluorineé, respectively. An anode 38 generally of
high-density isotropic carbon extends into the
electrolyte 22 and generally extends below the lowermost
15 extent of the skirt 24 although this may not always be
the case. The vessel 12 is generally provided with means
(not shown) to heat and melt the electrolyte as it is

solid at room temperature. Generally, the electrolyte is
maintained in the range from 80 to 100°C by the heating

20 means when the cell is quiescent. During electrolysis
heat is generated and is generally necessary to cool the
electrolyte by suitable cooling means. Any suitable
heating means may be used and, for example, may comprise
tube heaters extending into the wvessel and passing

25 through the electrolyte, an electrically heated blanket
around the vessel or a steam jacket around the vessel. A
suitable power supply 40 is provided to effect’
electrolysis of the electrolyte. Generally, the voltage
is relatively low at about 6 to 9 volts but the current

30 is high at about 500 to 2400 amps depending upon the
number of anodes in the cassette.

The electrolysis reaction is:

2HF — F; + Hp
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mai ntained in the range from80 to 100C by the heating 20 neans when the
cell is quiescent. During electrolysis heat is generated and is generally
necessar yWoaocwwbsBhe el ectrol yte by suitable cooling meaAGB2008Mp3®AI t abl e
heati ng means may be used and, for exanple, nay conprise tube heaters
extending into the vessel and passing 25 through the electrolyte, an
electrically heated bl anket around the vessel or a steamjacket around the
vessel. A suitable power supply 40 is provided to effect electrolysis of
the electrolyte. Generally, the voltage is relatively |ow at about 6 to 9
vol ts but e 3AHENtO Of¥§°ﬁ%@ﬁ gengbdhedses (6 o anperoepenibmg upon

the nunbeio eheanp@es dd dhie-Lasseile qade; elegtd i LoD 4 s:  2HF
-> F2 + H2 18 WD 5604/ 009873 PCT/ GB2003/ 003023 T St @4_»(?(_{;‘%116“ ne

gener at ed 5165 FURSTEGE RoporTeshicably herapprhed aandemnd Teetgades,
fluori pe angrAvdr0geAto rise:subsiantdally \é%bia%hlesﬁtfgbogbbt}g anode and
a e

cathode 5 surfaces into their respective conpartnents ove t
el ect r ol yae§GFPa¥E e325UThace| && r olhee alaffgciviie tempeeguuakedias not ed

above and e, 05t | - t addi tj on_ of
anhydr ous hydrlgggﬁ %fslt lﬁ%ﬁ}ie&l{‘e%ﬂﬁ;ﬁ\@}ﬁﬂﬁ r%{e(r)\o@vérﬁt)doéﬁf}ﬂ:g]ﬁ%%s dtge‘ée ne wher e
the sane F&atgPddedar ebhendthed bgpdddhion r effer envbyduwesal shydppgsat us
accordi ng ¢49,a4fier st enbodi ment of the present invention is shown at 100;

t he apparatus conprises a main enclosure 15 framework 102 whi ch has
rennvégle panelling (not shown) to forma main sealed enclosure 104 in use

and whi ch Tu%?ﬁh%d nBRc Qs "f‘rl%dx% fFonnecte %r}&) whetd YYia ex atmné'sl C% éé)tpures
are denoted by common reference numerals. Apparatus
according to a first embodiment of the present invention

is shown at 100; the apparatus comprises a main enclosure

15 framework 102 which has removable panelling (not shown)
to form a main sealed enclosure 104 in use and which
sealed enclosure 1is connected to a vacuum extraction
gystem (not shown) via a manifold 124 which in turn is
connected to a scrubbing system (not shown) to neutralise

20 harmful chemicals. Within the main enclosure 102, 104 are
housed three fluorine cassettes 106, 108, 110 which are

all substantially identical in the sense that each may be
substituted for another and have the same positioning of
connection fittings such as isolation valves, pipes, pipe

25 fittings, electrical services and the like, for example.
The fluorine cassettes are connected to a fluorine gas
manifold 114 for off-take of fluorine process gas as it

is produced by the fluorine cassettes via a fluorine gas
standpipe 116 connected to the fluorine compartments of

30 the electrolytic cells in the cassette (see Fig.l above
and also below for more detailed description of the
fluorine cassette). The standpipe 116 is connected to the
manifold 114 wvia double isolation valves 118, 120, the
intervening space between which is connected to the

35 vacuum extraction fluorine manifold 124 which in turn is
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system (not shown) via a manifold 124 which in turn is connected to a
scrubbi ng system (not shown) to neutralise 20 harnful chemcals. Wthin the
mai n enclweunel/@dZ3 104 are housed three fluorine casseCraB200303@38, 110
which are all substantially identical in the sense that each may be
substituted for another and have the sane positioning of connection
fittings such as isolation valves, pipes, pipe 25 fittings, electrical

servi ces aishide-ddkerof orpexany -r]:)b&}’?f‘t ;%é;egq{)%npe eaAsset EE?)%% e cannect ed

to a fluorine gas, manifold 114 fo fluorine™p Ss ggs as it
i s producetFbiraheSingoranie dassduilesgasasa fTher imelmasn spandpicpd 116

Connestod detde lugrtasysounaLt BBk At JE £ SELISLYIL G158 b 10 0

cassette (see above® and a bel ow nore de r°Ption of
the fluorsar ceasetted, The standpipes1béing connected wdat Kidansedi f ol d

i ch s CHAACE ol fo ThE 38 /At PR SF| T | WB-RANFPBRUCESA whi ¢

which i's connected to the um=ext raction Y584 whi ch
in turn i scheldhyibrogen/ 669873 RCEHIEB2A03BER0RME connbataingocERe agcr ubbi ng

system (n ) r ut.r-al i Si ny  har nf,ul ses .Tge dr ggen
produced O%jptfrl ?Fg e?%%tr%??s%gaitsh%pg’%gg ﬁ”\/\%@c v‘flér%@ aWBHF efsx]é@réﬁ‘e each
cassette, filmwst andpiopesdieichgvizonsmectaidlei aallvangeshds | ohét Sshdgnlo a

hydr ogen ni 34 ich _conducts the hydrogen away for either

t r eat ment g(‘gér l%r nsf’lo(r?flgxfj%?lf Oajé,s\,n Hpproprig e 3R | (EP%t hg‘%&“’ﬁgﬂmﬁ}lﬁht he8ugh

whi ch 10 uoritneogdh pwEot sexampie} edo vparmit t pikgivgl e BRggen( AL /shown) to

et punty e Br Ry S aRaRGPS AT SR il tHEE pt BECABFRC BPROPTL O e
i ntroductifiuafind] uorine. Each individual fluorine cassette 106, 108, 110
conpri ses ’
Each individual fluorine cassette 106, 108, 110 comprises
15 a cassette enclosure frame 140 which is able to be split
horizontally into two parts: a lower part 142 which
houses the fluorine generating cells 144; and, an upper
part 146 which houses power supplies for electrolysis and
the like. Splitting of the cassette enclosure permits
20 easy access to the fluorine generating cells after
removal of the cassette from the main enclosure 102, 104.
To aid mobility, the fluorine cassette is provided with
wheels 148 to facilitate removal from the main enclosure
102, 104. The cassette shown in Figs 3 and 4 has one cell
25 producing fluorine but, however, the cell may contain 6,
12 or 24 anodes depending upon required fluorine
generating capacity as explained hereinabove. The total
output of fluorine in éach cagsette is conducted
internally to the single fluorine off-take pipe 116
30 having the double isolation wvalves 118, 120. Similarly,
all hydrogen generated during electrolysis is conducted
to the single off-take standpipe 130. The fluorine
generating cells 144 have a common containment vessel 150
fabricated from steel and forms the cell cathode and

35 which is welded to the lower part 142 of the enclosure
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15 a cassette enclosure frame 140 which is able to be split horizontally
into two parts: a lower part 142 which houses the fluorine generating

cel | s 144woana/ooas73upper part 146 which houses power s®REpIGBR2803®B023
electrolysis and the like. Splitting of the cassette enclosure permts 20
easy access to the fluorine generating cells after renoval of the cassette
fromthe main enclosure 102, 104. To aid nobility, the fluorine cassette

i's provi didame t R4 owheRhss 148ht0 dradiddlatl esLeRY o f150 1,}‘pe OB, ngencl osure
102, 104._The casset%e shown in Figs 3 and 4 has one ce prOSUC|ng

fluori ne BULICRobeVef 0T t hde c¥rPlaniagsntien Bach]gagsepdeamagebadependi ng
upon requitr@dofnlnuqm@e poeRer agdrglgl}ga@ggl t%@scgﬁgkg?_ned ee,[rrgl ﬂg?ove The
I nter

total o ut of flli{)rlneln each cassette Is con fy to the
single fl "F‘?‘f‘%’:bf fLhekBoPrFe FuRPLD RAB ngonheodow st emsolfatd oalyal ves

118, 320. :-fsééthﬁééy ald Telole] erat trolys
conduct ezj(; to the s]mﬁ}é eeoﬁ%{ ake%ﬁd%ﬁpgﬂﬁg{a#ﬁe 4‘?‘5%%? % ié%neratl ng

cel I's 144 A PREEoRABE &6At QfnEs: Tﬂ?@%e&nq]murf@bmz,at:emmmééeel and

forns thewldr£adhgdgsand g@ r,_.par 142 of the
P T A PHI L ot e i s S /e S A ER
encl osur &9 r'édiEch orght RE EhehSdeorioenemdsmttfayr ddwe Gﬂﬂi’t@rh@ctfi@@sﬁﬁte Each

cassetteH@g}h ablr?staiﬁe&vwh& Ghd S nd control system 154,
hovever, the c':hower suppl y and con?}r{\% ns%[g gs‘#% m%aré%s%tt]?i‘égrray be

centr I|§é’d PheEREIABLN daRslestems 1040t Bhewappero par tjulh@ iefn tihex Mai n
encl osurgsk02, 104 houses busbars and main power supplies (not shown) and
the like to which each of the fluorine cassettes are connected on being
installed into the main enclosure by nmeans of plug 10 in el ectrical

connect 0ig (MM eFhgWBle! @2 NG AN-PO¥ e may form the cathode
connection of the apparatus of the present invention.

15 Since the frame is the cathode it also carries the
current which may be up to about 2400 amps with a 24
anode cassette. Thus, the frame is made of substantial
section material in order to prevent undesirably high
temperatures being reached due to resistance heating. The

20 cathode connection is made at 0 volts relative to earth
whilst the anode connection is at 6 to 9 volts. Use of

the enclosure frame as the cathode connection and current
carrier enables the apparatus to be more economically
made with a strong frame due to thicker section materials

25 and without unnecessary extra copper cabling to make the
cathode conductors. Since the frame is a 0 volts relative .

to earth, the apparatus is electrically very safe.

The total fluorine output of the fluorine cassettes 1086,
30 108, 110 is connected to a fluorine purification cassette
170 through which the fluorine is passed to remove
particulate material such as hydrogen fluoride or other
electrolyte constituents which have been carried over by
the fluorine stream and contaminants formed during

35 electrolysis. The purification cassette is shown in more
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158. As noted above the enclosure frame may formthe cathode connection of
the apparatus of the present invention. 15 Since the franme is the cathode
it al so capr2oegopste current which may be up to about 24@0TABRE0IN0BIRIA 24
anode cassette. Thus, the franme is made of substantial section material in
order to prevent undesirably high tenperatures being reached due to

resi stance heating. The 20 cathode connection is made at 0 volts relative

to earthysphilstid heiapade connaedi gn ighat futiorMolds. cHi@edle the
encl osure frame as the cathode connection and current_ carrier enables the
appar at uUSCTBrbESRDra StUHGHINEH | v 72maBeudiing aCRerbeRYL f riiAPHué™ t hi cker

section O%Eéké' St o f eyt %ﬁ%@arxym@aﬁ&@dmgesfis@blﬂ'%to make

the cat e conductors. Since the frame™s a 0 volts relative. to earth,
t he appatheusfivorlret staglaly Ver kixufre. nFRaerot alng | Powilfd caiigm of the

fluord ne e 0 ; i e 0 Hlyar)

pur i fdl ca?%%%ggg%szg#e%aﬁggt %?%&S%E\%ﬁi ?ﬁ%ﬁﬁgﬁﬁ{ugﬁgngﬁc&oﬁ\é e%hteo renove
particul abetaineri al 73ucindas hpdrafehldit uokinderor tot Hete dllactrigleyt e
constituen ich v arr| r t flyqry tr and

cont am ngﬁ%éeﬁgﬁ%\egﬁ%‘u% %g%‘%%geﬁggt?‘%&ﬁ% g}% r?quﬁfi #gga?%oﬁ)ec@@?et teis
shown i ninetell2tiwd 2060400388 ROT/ GB20D8/ PO3AZ3 caddbai Icagsdtiures 5 and

G The purification_cassette npLI co i 172 _h i.ng, chem cal
traps angropi Ictt%%er sa}()ﬁ%iragﬁ%wn %?“or{ﬁ%%rgrjgwf/?%g tLJHr?\%an =Y rré?e%%‘;}gireo% t he
f | uotd newstheaineiei ski@en twaaier molTliegpurification 5 cassette 170 has an
encl osure framework 174 enclosing the container 172 and, in simlar manner

to the fluorine cassettes has a double isolation valve 178, 180 to permt
i nst al | athenplufiFieéd dmicalinef gblse ipupadseat ifoonc adsetdesssette 170

to a fluorine compression cassette 190 shown in Figures 7
and 8. The compression cassette comprises, in this
15 example, three holding tanks 192 having a total capacity
of 650 litres and able to safely withstand 5 Bar pressure
of fluorine although éuch. pressures are not generally
employed with fluorine in the interests of safety. The
output of purified £fluorine from the purification
20 cassette 170 is fed to the compression cassette pump 194
and via a pressure controller 196 to the holding tanks
192. The compression cassette 190 holds a reserve of
fluorine such that if for any reason the apparatus had to
be closed down in respect of fluorine production for a
25 period of time, for example, to change the purification
cassette 170, then there would be a reserve of fluorine
to continue with the process requirements until fluorine
production can be resumed. The compression cassette also
smoothes out fluctuations in fluorine production so that
30 fluorine may be supplied to the process plant at a
constant pressure, for example. In similar manner to the
fluorine cassette and the purification cassette, the
compression cassette has an enclosure frame 200 and
wheels 202. The compression cassette is connected to the

35 fluorine manifold 114 again by double isclation wvalves
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fromthe apparatus when required. The unit is provided 10 with wheels 180
to aid noving. The purified fluorine gas is passed fromthe cassette 170
to a fl uowDreeodwpgyisessi on cassette 190 shown in Fi gur es PCT/GB20033030RAe
conpressi on cassette conprises, in this 1.5 exanple, three holding tanks
192 having a total capacity of 650 litres and able to safely wthstand. 5
Bar pressure of fluorine although such pressures are not generally

enpl oyed Winbh fkhowije kB thethnt erest $10forSafet - ut urified
fluorine fron%thetgurification 20 cassette. 170 is%éggﬁ%gtﬁﬁﬁ%og%ngsion
cassette PURP-18418Ad GRES§CpPesstife chhepsiner a®epuo the halali ng tanks

192. The seppnésprxiassetd o490 bpl dgga e .l uorine such that if
for any rﬁﬁaon the apparatus had to be cﬁggzgﬂ%o&gLPﬁgpgsﬁ%%?lﬁﬁi | uori ne

product i on*fof™ 95kt dtRe PrReessom lemnpiere othhadgectHeepurd f i cati on
cassetd e #80pet igagthere woul d be a reserve of fluorine to continue with
the process requirenents until fluorine production can be resuned. The
conpressi on cassette also snpothes out fluctuations in fluorine production

co,Lhat aRef hupr e TRy e o Nesgr OSCSELANL SR Constant

pressure, for exanple. In simlar nanner’ t'¢ the uori
purificatFaRSeht8et @6, t heor corataRbE on wasSsdid e ihas = encligsurgd rame 200

and wheelsndhg c r (WMo} S e js,connected to the 35 fluorine
mani fol d 114 agai %’b%? b 2 s GrERaslad {02 ©ODBE ik Sntur opesra to
PCT/ d820031beBbeBe Vhbh Eh@thOasthErhcaheettaernne,caa@eMMchan&he

Cont rof L er 158 T the TP var iher hart BFa Cr 4 (Pefehted. Precsesesss pl ant
wher e t hePP¢URdFede PyteBnadlpe toed.the apparatus. The fluorine
generating capacity of the apparatus 100 is calculated
such that the total process requirements of the plant
15 Dbeing served may be met, for example, by any two of the
three cassettes of the apparatus described thus allowing
one cassette to be redundant or removed and replaced as

required.

200 In the example described above the apparatus 100
approximates less than the size of an ISO container in
terms of length, and therefore, may be easily transported
by land or sea. It is Ffurther possible to provide the
apparatus as described above but sgomewhat larger but

25 still within the footprint of a standard ISO container
and having empty spaces therein so as to accommodate
additional £fluorine cassettes for example to provide
expansion of fluorine'generating capacity as need arises.
The empty spaces may be provided with the necessary

30 valves and pipe- connection to the manifolds etc so that
an additional fluorine cassette may merely be connected

into the system as with the existing cassettes.

The main enclosure frame 102 is provided with removable

35 panelling so as to effect a substantially sealed
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As may be seen from Figures 2A, 2B, 3 and 4 the fluorine cassette 106, for
exanple, may be installed in and renoved fromthe main enclosure 102, 104
wi t hout rwecatownodfy3i nterfere with the two ot her cassett @STAIHRP031MB028Ni ch
may continue to provide fluorine for the required processes operated
externally to the apparatus. The fluorine generating capacity of the
apparatus 100 is calculated such that the total process requirenents of

the pl ant eb§ lgsiurg , serived sy, becaretthd oredepl er byr BRy-ix0 of cthe three
cassettes 9{1‘ &ﬁ% apgﬁéat us _d scrl bed thus all ow 23% one cassette to be
redundant oOf renove é’cgéﬂfeas 1f eqGPrEgct2d | nte hetélﬁarrpﬁkret@lescrl bed

above t he eappacatios 1864 a@@r@bﬁbﬂﬁ@ess}}éﬂfe‘intlﬁ@n ﬁ@ﬁtiﬁ?s'@f }?é&
cont ai ner c|hn .terns of and t herefore, be easi ransported by

land or sEASTTEHLE furt ’éjfg]tﬂﬁgg‘i’ﬁ?e t 0 §7¥Qvi def H@rlaﬁpar atwatstei,escrl bed

above Hut pseriEikat ibar geéabuétEé Stahd WcbhibReblg 00t pLiot ef a standard
| SO cont ai_ner, d haV| n ty spaces theréin so as to acconmod ate

addi ti onal f“ll&{?fr e[ s ¥orugkantiibht Bapediive Oeb(pté[reslﬁmnmﬁs fluorine
gener at i ng4capagiat Wl mds@ra§e§o t0he. SURLYABRAGAS TS Proy) ded with
i

t he necessarﬁ 30 val ves and pi pe-connection to t 0 that
an addi ti GREILOPPEERI NE ttHdsetRe may nnersilpsheecoiiRct 204, i nhe theb-syst em as

with the @&b&bb&gescaéﬁé‘ét% 2in g;h%é%ébt?&?l 9%”{ %e{ EF 10533'1%%9{ ovi ded wi th
0 stan V st

r emov 35 panel | i ng so as effect a

2004/ 98?@ PEFFERPODY/ 693623 - enclosure, in use, to the egress of
fluorine, for exanple. The enclosure is connected to the site extraction
and scrubbing systemto neutralise harnful chem cals. Furthernore, each
1 uori ne gé§§§ﬁt§ shows a single perspective view of a fluorine

generating plant 300 according to a second embodiment of
the present invention. In terms of the capacity and
15 capability to produce, process, control and store
fluorine the apparatus of Figure 9 is similar to that
described with reference to Figures 2 to 8 of the first
embodiment. The apparatus 300 again has a main enclosure
framework 302 which is provided with panelling (not
20 shown) to form a substantially sealed enclosure. Three
fluorine cassettes 304, 306, 308 are provided, each
having their own enclosure frameworks 310, 312, 314 with
panelling (not shown) and each being individually
isolatable and removable by means of valves (not shown),
25 as with the first embodiment. Fluorine is passed through
a purification cassette comprising a duty purifier 320
and a standby purifier cassette 324 and then to a
compression cassette comprising a plurality of storage
tanks 326 by means of duty and standby compressors 328,
30 330. The fluorine is then piped to CVD tools, for
example, for use. A supply of liquid hydrogen fluoride is
held in a tank 332. A hydrogen fluoride vaporiser 334
vaporises liquid hydrogen fluoride from the tank 332 and
supplies it to the cassettes 304, 306, 308 to maintain a

35 constant concentration of electrolyte. A fluorine
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5 purification cassette and conpression cassette is simlarly equipped, in
use, with panelling on the frames 140, 174 and 200 so as to form

subst ant iabDI2go4@a87@d sub- encl osures within the main en®CrgB20031102023104,

t he sub- encl osures al so being connected to the site extraction 10 and
scrubbing system Figure 9 shows a single perspective view of a fluorine
generating plant 300 according to a second enbodi nent of the present

i nventi 0Byt BmbAEME a@fsdth@ CARAC] § Ypadhei d&a C‘@@abbinb"vé =@ 1R Hed M Process,
control and store fluorine the apparatus of Figure 9 is simlar _to that
descri be@h@i thlyf BRenEIRRY i gliPe Y gLdHOrREet | FEOM SHRSHORENt . The

appar at %Féﬂoaae%@e@% asme&n@ﬁ%%@@@ foranRwerike 13Q2 i dis. provi ded
with panelling (not 20 shown) té forma substantially seal ed enclosure.

Three fIfaor eFerPadssetares @Gﬂfa%@@n%@ 5+ecpiBei Beld, desthinegaiary their
own egcl iag,egmfeFagﬁ% 340e . Stfe Alpabiakhs RANGH dige (B0hashann) and each
bei ng i ndivi dua ol ata ?e and renovabl e means of val ves (not
shown), 25 dsheni phpewerki reraisdFFehemsk| lﬁﬂf Hey | sxpagsedonhrdiggh a
purificati, 9@b5?§§e§§% qgg) l_sle}ga & 1Quty dfii®ent320 and a standby
purifier casse en to a conpression cassette conprising a
plurality of storage tanks 326 by neans of duty and standby conpressors
328, 30 330. The fluorine is then piped to CVD tools, for exanple, for
use. A supply of liquid hydrogen fluoride is held in a tank 332. A
hydrogen fluoride vaporiser 334 vaporises |liquid hydrogen fluoride from
the tank 332 and supplies it to the cassettes 304, 306, 308 to maintain a
35 constant concentration of electrolyte. A fluorine 24 WD 2004/009873
PCT/ GB2003/ 003023 abat enent cassette 340 is provided to renpve solids from

25



the fluorine supply, to renove fluorine from pi pework when a cassette is
bei ng changed for servicing or repair, for exanple, and extraction of

fl uori ne wot2oeks®psTaed for 5 customer process use. The apparGR2063/@8028i gure 9
has all of the pipewrk purging systens, safety extraction and scrubbing
systens of the first enbodi nent. 25 WO 2004/009873 PCT/ GB2003/ 003023
CLAIMS 1. Apparatus for the generation of fluorine by the electrolysis of
hydr ogen &hnomgde, the apparatus 5 conprising: a plurality of individual
fluorine generating cassettes; said individual fluorine generating
cassettes being operably connected to a fluorine gas distribution system
for the renote C u i 0 f Ld _fluari as; said fluorine 10
generat i ng' caszé% tgggeg%i nga?nﬁéi d%aeﬁeﬁﬁl'é}olnat ggl eEflflgjéfﬁll@ai gé:éle

di stribution s§seerranrdsienoesbl eydrogen t el wppiateat usHor appmi=tus

mai nt epance, a : el: npef ore f L, 2. pat s.accordi tg claim1l
Wnereﬁ t he flﬁgtpﬁﬁégh%g'geﬁer |dr%%§§§§et(€gs %rgéygéﬁlﬁg‘gte 112
apparatus by vahesahdags feassdigesol ashad anthdi-stdmaect iFamordfesai d

to cl ai m 3 wheseraleh RS B GIAR HEf CBEEEELy: St afoes nave o
space ther ebefimeninki gassphice iidbutdonechartdno B EXEr 2ekbea anpd
wnerein the 11 ooy SergRRBRIER £ R PO GHERY 4855 - Chai fod peime & common
appar B us mai ngenetasing. &asdpparAat beiagcau g dwa By QR1BLEA Ng claim
from said gas distribution system and removable from
the- apparatus for remote maintenance, as
hereinbefore defined.
2. Apparatus according to claim 1 wherein the fluorine
15 generating cassettes are connected to the apparatus
by valve means for the isolation and disconnection

of said fluorine generating cassettes from the

apparatus.
3. Apparatus according to claim 2 wherein the wvalve
20 means are double isolation valves have a space

therebetween which space is connected to an
extraction and scrubbing system.
4. Apparatus according to any one preceding claim
wherein the fluorine generating cassettes are
25 installed within a common apparatus main enclosure.
5. Apparatus according to any one preceding claim
wherein all fluorine generating cassettes are
substantially identical to each other.
6. Apparatus according to any one preceding claim
30 wherein said fluorine generating cassettes are
provided with wheels.
7. Apparatus according to any one preceding claim
wherein each fluorine generating cassette is

~provided with an enclosure.
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wherein all fluorine generating cassettes are substantially identical to
each other. 6. Apparatus according to any one preceding claim 30 wherein
sai d fl uowDreo4g@psssat i ng cassettes are provided w th wresIGR2003/008@2par at us
according to any one preceding claim wherein each fluorine generating
cassette is provided wth an encl osure. 26 WD 2004/ 009873

PCT/ GB2003/ 003023 8. Apparatus according to claim4 wherein said nmain

encl osurg is £opnested t&@d&tdl i op eguhpient @Rdrelf aSiCd UbRIIRY system
9. Apparatus according to claim7 wherein each fluorine 5 generating

cassette encleBaleshsecdimetitEeerd ekPr £ATTF SRR prEni PBEAAT 7% scrubbi ng
system 10. A‘(’)Bagats&gug%rctﬂ% ggtga any one preceding claim further

i ncluding at least one urification cassette through which the
f1 uori ne9 out phppratatsaid acggrdmgr tReC4apdy dt MRGTEASs SPCEs Tlai0Fddsed. 11.

Apparat us accgégwgtaa Ny e drecedhngoshabm sfdirtbshnkpelydi ng at | east

one fluorine sette connected in the fluorine |ine downstream of
the at | east enerﬁbumpmn@qgulpmﬁh@aﬁpdnt@a@s§?ﬁ@bb%891§y3}&§ﬁar atus accordi ng

1o claimgl vhgpelichie ubbeh: pasee( e 3/3' hecompieaadd | e, 13

Appar at us~accofti'ing to any one o precedi cl ai to I2 wherein a
fl uorine genefatthgrcelnlclwdnhgnatthéeal’SItu@nenélg}?@réﬁm vy iddswdtitan i s fi xed

(opoart, 20 eOCLORLE UL, o ookt dengt CUBR,
encl pur e i ncEldes iasf pamewatk nhavangedes |lsngassed.

11. Apparatus according to any one preceding claim
further including at least one fluorine buffer
casgette connected in the fluorine line downstream
of the at least one fluorine purification cassette.

15 12. Apparatus according to claim 11 wherein the buffer
cassette holds compressed fluorine.

13. Apparatus according to any one of preceding claims 7
to 12 wherein a fluorine generating cell within the
fluorine generating cassette is fixed to said

20 enclosure such that said enclosure provides a
cathode connection to said cell.

14. Apparatus according to claim 13 wherein said
enclosure includes a framework having panelling.

15. Apparatus according to either claim 13 or 14 wherein

25 the cathode connection i1g at 0 volts relative to
earth.

16. Apparatus according to any one preceding claim
further including purging means to remove
potentially reactive fluids £from piping before

30 fluorine is introduced thereinto.

17. Apparatus according to any one of preceding claims 1

to 16 wherein the apparatus 1s transportable as a

unit by land or sea.
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15. Apparatus according to either claim13 or 14 wherein 25 the cathode
connection is at 0 volts relative to earth. 16. Apparatus according to any
one preceaDregodetoasT  furt her includi ng purgi ng nmeans toPC&aB2e03/ae2anti al |y
reactive fluids from piping before 30 fluorine is introduced thereinto.
17. Apparatus according to any one of preceding clains 1 to 16 wherein the
apparatus is transportable as a wunit by |land or sea. 27 WO 2004/ 009873

PCT/ GB20Q3 003023 ; Appas acgoLaLn . m.17 r el overal |
size of the ap%g%eﬁatlj%si s at l?r%#s&?gtﬁgt, Eg%ﬂg tsl?a%%rxglﬁ S CO«%\'{%{%%? 19.
Appar at us accéiddengft cchmyapperatupr e8edbngoskaitimatl o a osiGanderdi n each

of said indi Viﬁ@'céﬂéﬁ%ﬂé}e generating units are further provided with a
power supply unit at l'east for electrolysis, fluorine purification neans,
f 1 uori ne l@onpregsimature @ criting |wwrame enorefeotrersding fetaiteans. 10 20.

P Do o 1 A AN LT O SEANE 01 L RRAA D TPLL RSSO

fluorine by the electrol'ysis © ydrogen

the steps of ggwexatding anptar alvet ywftHduoproeidg@neiahi g cassett es
oper abl y connes%te to athS fltuorj_i ne.gag gi st%i but%&g sgsteﬂfor.the renot e
use and constipiioh & Sai 8% 1 48P Ke; TBF ovF T R FEARSS f of 1FREHREi ng any
i ndi vi dual f| gardirfel generat nagns¢asSletdend r oomsae ds { bhomid@sgasnd

di stribution system_and from ac%@%h%' and providing neans for the 20
di sconnecti on OV CTRHIS AT T SOt e FS Ui ne  generating cassette

fromigai doappay atmescwvdd hadidr the operation and maintenance of
apparatus for producing fluorine by the electrolysis
of hydrogen fluoride, the method comprising the
steps of: providing a plurality of fluorine
generating cassettes operably connected to a
15 fluorine gas distribution system for the remote use
and consumption of said fluorine; providing means
for isolating any individual fluorine generating
cassettes from said fluorine gas distribution system
and from each other; and providing means for the
20 disconnection and removal of said isolated fluorine
generating cassette from said apparatus without
interruption of supply of fluorine from remaining

fluorine generating cassettes.
21. A method according to claim 20 wherein the plurality
25 of fluorine generating cassetteg are provided with
sufficient fluorine generating capacity such that a
total demand for fluorine may be met by less than
the total number of fluorine generating cassettes

within said apparatus.

30 22. A method according to either claim 20 or claim 21
wherein an individual fluorine generating cassette
may be removed from the apparatus and taken to a
remote gite for maintenance whilst still maintaining

fluorine output to meet demand.
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interruption of supply of fluorine fromremaining fluorine generating
cassettes. 21. A nethod according to claim20 wherein the plurality 25 of
fl uori ne woreeApsrg cassettes are provided with suffi ciPEMGE20e00083028
generating capacity such that a total demand for fluorine may be nmet by
| ess than the total nunber of fluorine generating cassettes wthin said
apparatus. 30 22. A nethod according to either claim?20 or claim 21
wher ei n ags i ndi v Q{:'ﬁxladfé&‘@éf&fm@e@g@r§£¥n8néa_é§e§>§:§ce&%i beiremaved fromthe
apparatus and taken to a renote site Tor maintenance whilst still
mai ntai ni ng ft@o??2nBuskbput coBPHbEiNderaAdSteBs VX 2002V dd9Bg3each
PCT/ GB2003 003024y 230a £ LG oRCCOLALNL: 195 8% 808 f prEgedifig el aims 20
to 22 further conprising the steps of providing each |individual fluorine
generating casseppiywindrpFOwWet Eappty kanslactredstsifor El8Sriseysi s,
fluoriie S pur bl ¢85O BRANRard, U0 B8 £ROPLBRBLRA R éds Lhiteri ne
storage tank/b Ffer neans.

fluorine storage tank/buffer means.

29



