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Vacugn  chamber results in some of the substrate material being

etched, e.g. silicon, silicon oxide, silicon nitride, for
example, being deposited on the process cﬁamber 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
B walls and surfaces and become potential contaminants., For
example, it i1s possible for some of these deposited
25 wmaterials 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 is a very .widely employed

technique‘for the production of many types of electronic
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These gases, in use, are decomposed by plasma means 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

fluorine, after treating molecular Ffluorine in a

atomi.c

plasma

chamber, for CVD process chawmber 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 is no hint as to how such gaseous

fluorine may be generated to supply a commercial CVD

plant.
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15 rel ease atomc fluorine in the process chanber and which 1is the active
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i nt enahee marexpanshan. glhekagpasid okingrpansion g grtant as some
users vv|I .- U|lrehthat 15 fluorine genergt ?ﬁg capam rffga i itr é&%ed as the
reqwred azard and I1mportantly, no loss of production

during such maintenance or expansion. The aspect of
expansion is important as some users will require that
15 £luorine generating capacity be increased as the required
manufacturing capacity of electronic devices increases

due to increased numbers of CVD chamberg.

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 guantity of
;J fluorine sgtored at 28 bar gauge is only 1.4kg in a
typical 50 litre cylinder. Thus, compressed fluorine in
the qguantities required at a normal commercial plant
25 represent an unacceptable environmental and safety hazard
as the reactivity of Ffluorine increases greatly when
compressed. Furthermore, the cost of providing large
quantities of fluorine 'in such a manner would be
prchibitive.
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 frequent operator intervention
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liberated to atmosphere under any circumstances.

15 Tn 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 guch 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 tool. 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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pr od @tl on plant. As a consequence of this, all fluorine generator
~~operation and nmai ntenance activities would be simlarly distributed which

Jwoul d - haveliadesizgayi,npl 16884 ons fgaspl alhrsalet g 1&%0%1' L onalgy,

quorlnegIiEP guallty is of pararmunt nforta cein
appl i cat FBRSTAAGCFas uaVPt ¢leaning applications and gas quallty

control 1s much more difficult as continuous on-line

analysis is prohibitively expensive when several
15 dinstallations 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 pexr 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
S shutdown of the generator for iepair or maintenance
results in the entire pfoduction brocess 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; esaid 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



control is nmuch nore difficult as continuous on-line analysis is
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word "maintenance"” 1s intended to cover 5 -any reason whatsbever Tor the
renoval ofxamele ndinGHEE TPUBERAeMgenErARRAG  uSEEVECANDt e appadat us. I n
t he prese i nt | th rd =i nlﬂ%%h , |l e, .include
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fluorine is being consumed guch that there ig no

inconvenience, contamination oxr 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-contalned plant to a
customer site, for example, for use of the Ffluorine 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 £luorine generating plant or apparatus may be
generally categorised as apparatus intended to produce in
total from 0 to 2.7 kg of ¥, per hour. There exist
conventional large scale fluorine generating plants in

35 the chemical industry which are capable of producing
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in-sigu kg% e@aRbyLal i of |l s _and associated equi pnent t to site
—of operation andbasseﬁbgﬁ)ééld.pl%%lgﬁ p §ntqéllz-‘ree %,re%@@ﬁmt@ndm the
_ hucl ear FREUStHYE f SpadiagudiductranspottABTkeass f wel wpf eCuRSQerS Such as
urani um L.d i
Q@ﬁé{"g{:’?ﬁ{:j eapparatus 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

ISO 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 wunit has effectively one cathode and one ancde.
",) Alternatively, the unit may comprisge 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 dinvention comprises a plurality of fluorine
generating units which are isolatable ocne from another

and from the apparatus as a whole and each unit is
individually removable from the apparatus without

y 30_ interrupting the supply of fluorine from the apparatus as
a whole. In the interests of ease of description, an
inrdividual fluorine generating unit will henceforth be

termed a “fluorine cassetter. Similarly, other facilities

in the fluorine producing apparatus such as fluorine

35 purification units and fluorine compression and storage

7



. 1.0 for exanple. Such plants are quite different and distinct fromthe-
"packaged”, transportable as a unit fluorine generating apparatus form ng
the subject matter of the present invention. In the present invention the
appar at uswo peg/obss7gont ai ned, for exanple, w thin a cont BEHEB2HEOPHGS 15
overal | dinensions substantially not nore than a standard | SO contai ner or
| ess as explained in greater detail below. In this specification, the
apparatus conprises a 20 plurality aof self-contained fluorine generating

uni ts. Thgnupkt SapBY DBs@ORShinkdt edch¥satsknyl e eaf| imspfiari@siddhat unit
has effectively one cathode and one anode. Alternatively, the unit may
conpri se B2GF6LESSf BRI S"COMRGTHLOR ERey eShay2ge nPres¢HaR” ondhaat hode

and anodey 23yl N dnadunid . i%’_hggteh@%dap&@r abHS=9Cc eIt Pndher Ry esent
invention conprises a plurality of fluorine generating unitsS which are

i sol at abl eedifie dorima smed hepckamd Mrasmichethppaleaast afepblEeam each
unit i Endi Vi Y2 t i ut i ruptin
s Epdivbdyally henpyabbe beamihe SRAAA! Beolt ERRUG A% LAl T upti ng

the supply o rine e apparatus as a I nterests of
ease of dferr mptintenaare omdirepddal ahidube merdaredativhgruridentiidal

henceforth_b ternmed. a 'flyorine SS Y im | hey fagilities
in the fIB%FF{ﬁgepr‘%EE‘PHB aapnzgrezft ugésﬁéuéﬁlsef I%uxg]r ﬁ%é%glegtﬁri Pcatton units
and f | uor gmeccanpiesisictr candfstfanagansd .WO 2004/ 009873 PCT/ GB2003/ 003023
units are also terned ''cassettes”, e.g. "purification cassette" and
"conpression and storage cassette". The term "cassette"” is intended to

convel t hecmeani ngomfon sethinohdgy neth padkage hawting: t heerdesatirked
ot nt enandBOBFEREpal D ST Fopl Sccd UTEHIE | QERical 2 pakagd Skt hout
danger tocpaepkiacer vielgdimpt Whithe vessel may possess 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 dinvention, 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 oxr tools,
to which it is connected such that the total fluorine

30 demand may be wmet by 1less than the total number of
individual fluorine cassettes in the apparatus. Thus, 1f
one fluorine cassette, for example, requires repalr ox
maintenance or servicing then the apparatus may continue
to generate the total fluorine requirement without shut-

35 down of the fluorine generating apparatus accoxrding to

8



snmoot’h production of fluorine. 10 It is comon termnology in the fluorine
generating industry to refer to a fluorine "cell" as one netal container
vessel bgg ¥@£ﬁF essel may possess a plurality of anodes therein %the
cont ai ner’q tO&*8brmal 1y constitutes the cathode). PrPGFGE0300198% i ne
cells may 15 typically have up to 36 separate anodes. Thus, in the present
i nvention, each fluorine cell or cassette may have, for exanple, 6, 12 or

24 anodesHiepgrpdi=Rg rup . custoner:s fluorine requirements. 20 It is
al so further ?ntended ?ﬁ‘é%ﬁfjh%ﬁr Stov BERFFuct FRr Tentsien t e Ase nepedced with

anot her $tsStant Fag| remdentli dluodinmr bae gfsse ch,that.the fluorine
TaGsCaee kg, ML %‘f‘“iﬁ‘ﬁ&h% F18d. 25 The

gener at i Rgp7 [ f the aratus is not significan
appar at us gccorgl né’gttgl t fe Sﬁ%ﬂt%%t iislerpriceildesina brbbreont ai ned
I uor i nevgémenatli omndy st mamshival] hassdtfd ci Pl Het e I30e Shans

capacsty | ant for. exanple as a cl eaning S cffanmber s or
tools, igg\r/tmlttcﬁ% Rt eliatiEhe t Aapernbingt akphkueki ngs 30ydenand may

be nmet bympessethhan tdie t ot of g.i.ndividual fluorine cassettes in
USRS ! ok e A

t he appagaf,us. Thus, if  ,one fluorine casse ) ires
repair or - matHfe YA & e RAHa - 2 hent it enappal abye gy %d}ﬁe to
own of the

gener at eof hecHeot 8hrbkusd fiedggui Nty bhout shut 35
fluorine 1g}enerati ng agpar at us acc%r‘f?L i ngbéf(\nolgs\ﬁo | 668873E peak
PCT/ GB2003¥ 883098 ©pRe Fresehte; Aveperén demaotiherhbpb@bidPt ;g As noted

abov®, tdesseppyed,ddyoripe S y-be imediately Trepl aced with a
i denti cal (?n }lgérrp%%ﬂ%gﬁeﬁang?ﬁr i“dlY ah@taPRendilomalktwoespect s)

Substantiall
ﬁfl ;Jori ner‘?f&;{%;z%aiéﬁewaﬁ thﬂTiI l’p?)tahléatof Itmgytihrtq,legeg(?%gii Bgr?%ﬁpa_ci ty is
not i Np@Ei&e; r_gexanpl e [ _apparatus having three orine
generatisrhgp Cfts_settegl,arﬁeoﬁor%r}rlgl %@?éﬁ%ggﬂ’ﬁpd‘tﬁlch the plant ig
plying.

15 Thus, a single point failure of a Ffluorine casgette of
the apparatus‘of the present invention does not result in
shut-down of the apparatus as a whole nor g reduction in

the ability to supply the peak demand of fluorine,

20 1As 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 extremely
hazardous nature of fluorine gas and the electrolytes

25 employed, has meant that all but essential personnel,
suitably attired, must be €vacuated 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 ig
intended that the fluorine cassette requiring work is
isolated electrically and by wvalve means insofar ag the

35 fluorine gas aspect is concerned, removed from the

9



- of the three cassettes will be |ess than 66a of peak output of each

cassette at peak demand. Therefore,

for
peak

Thus,
the present invention does not result in shut--down of the apparatus as a
whol e nor a reduction in the ability to supply the peak denmand of

fluori ne.apdlh Ascot addabommsgdoed ne generatknE il ksahpre,

t he apparat us of

been mai ntained, serviced or repaired in- situ which has necessi t at ed
cl osi ng d%ﬁﬂ*?"%@]e %JetFEF éﬂ&?r% s‘?ﬁ%t | FRgUi¥edn- ¥PEE whechUngeshakenoef the

extremel y
enpl oyed, c%as neant t
nmust be dvacearye f@l@msltrﬂa, amaa whe | smmedie tednk i@suﬁaéﬁdal@eh theual Iy the

domn

dlsruptlo

ut essential personne suita

I | h
&H%%r ost %ﬁ% Bgﬁﬁgﬁx%lﬁgefﬁ&?he %F%n§o Igbség?fegg

@L t TEUQE+ D8 085886 L] heP@iecagog%%gér%F’

attired,

ant
by the

f1uorine tappar atesuidédh foe apb&raﬂ&gmwﬁdthemﬁﬂesemm |heenbroughtt is
i nt ended t ha

r| ne. c et e r s 1sqglate
el ectri cald %%%le%/i Pue hegglé% |ér;1e§% a{rag Ib%ﬁ "y'@ég?# udti Sr?g_‘ g géES
concer nedvhi¢toyed pghioparilye a;mﬁ@@mfaagasm:rpc%ﬂazow Q3231 appar at us

and transpor
work is

ruck for

fSsa e FESEete o HBEE. sl [t ng A ERE oL rBE

ect .is

d as a

spar @@ i NEshRr eh&be SthE, fmﬁ&irbﬁel ramearm@ Wamsﬁ@hdx&ﬂi} Nnahdle Bhappar at us.
there are no tine constralnts on the |ne required for, the renoved

to B BROUt BRI ORITHERI A the REFRCmmy be worked on at a site

Thus,
cel |

15

20

25

30

35

The apparatus according to the present invention may be

relatively small in terms of overall size. It may, for

example, as noted hereinabove, approximate the size of a
standard ISO container which are used intermationally 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
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.

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 IS0 type container wmay comprise up to three
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

fluorine generating apparatus having three fluorine

10

if one 10 cassette needs to be renoved
any reason, the two renmining cassettes will be able to neet the total
f |1 wey 200€0@emand of the application which the pl ankCT/€B20&BHI053 ng.
a single point failure of a fluorine cassette of

15

tyamdigtional |y

ere_.the required
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which is properly equipped for such work; no hazard is. produced in
respect of those people working at the plant 10 from where the fluorine
cassette_was renpved; and, there is no |ost production tine at the plant.
The appald tOVA8% di ng to the present invention may bePCFEBA3P8IN3 snal |
in terns of overall size. it may, for 15 exanple, as noted herei nabove,
approximate the size of a standard |SO container which are used
internationally for shipping and transportation of many types of goods.
Such cont3fers=have tar ovgg-éipp-"l@leze Bﬂraﬁawtizon4mcmme%e£ 44r9 hi gh X

6. 5m | ongr (@6 Aot ¢ %%Q&&%B 2hi9h< X294 ZOCQQQ%{E %L%”h Z)I%gsem

measurenents) . Thus, e fluorine generatrng appa
i nvent i O@W%Wa egrapPmenbot prilnt emzidwdeas&rityh:smt uahed ighrar

convent e ndsaldorl 4 hh e da G| 288" ScpLoduet 6D, plant 2o The apparatus

of the present invention conprisés an In FFTeokRgERed=f | uori ne
gener at | MPheE aghech wfy Peimbippednds thaml 1sby:kﬂear§hp§p§§§ oFhe
apparatu GO gin re Lnvention on an |1 SO type
cont ai ne?'3 nmay cg{frprgl Egatﬁ%%te%tt ﬁﬁeﬁeo?&?l ﬁﬁ??ﬁgﬁ‘éﬁssé‘t 12T 380 one

f1 uori ne qeurtisfinst i may ﬁasemnbéaaadu@t tHeeasiganef fheorhde-5oRREESSI on and

st or age/ SS enbodi rent of the present invention conprises
35 fl awdr% ﬁde }Z‘nﬁa ng%;%p%ﬁ%?%l%‘%ﬁ ‘Ph?"é’é FheweYRE, 100 2504/ 009873

PCT/ GB20@3/&0802% cassetx@msplé waordlywordne tpur | ihggghgﬂagan%B?
fl uo&bne %%J(’Tg‘)etq:[sm on an stora g cassette and other associate eqw prent
—all encl 0S¢ Hi n"“the o‘:Ut EPRSHIFHERSFons? oft drafamdaid 18D chdbal ner .

I)-Iowever gilrese | §he artdertaspecst eheshhppifg-gnd 4ha h;esrépgsgl%pm ng of
spare or re cement flu H}ne cassettes; a standard | S ai ner
accorrrmdé'rfn 6%31061 étght °F orPmetaedefhdpping 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 1like 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 f£luid piping,

11



based on a width of approximately 0.74m however, this is given as an

. exanple only as the individual fluorine 10 cassettes nmay be constructed in
a range of individual sizes. The cassettes of the apparatus of the present
i nvent i oww@p@4sedst3 cont ai ned shi ppi ng packages by virt uRCT&B2003803028 Ut er
encl osure which is conpletely 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

inventioqigg% t PEdPr mediig a tggﬁk&g&laguﬁpt afi ceut8adi /ARRSHOREHRNd have

services onnections and fluorine outlets and hydrogen outlets and the
like in pridererredspesitions so as to ensure interchangability, the
actual fluorine cell within the fluorine cassette may be varied to suit
the fluorine demand of a custoner. For exa the fluorine cell may 25
initiall yazedens| ddriine geneiaesndcapaei £ U@WN@ﬁcﬂ@%%et§¢ﬁra§ﬁd as

d b I t put
Capabt | (oESToEEe TEE EpONARIEH i vEs | bHaELRELSe, | LR FRAM P et s
accordi ngf1wid heeprdoeat tavéehe m'asm}:ﬁw u@g@ad@\@sﬂeCBOb?l donibie need

fl Lal |
i Nncr eases, ﬁgqagﬁggrkg cassg ﬁoésg%%vge 5”5§§Ehﬁﬁ %?5%%%30 vena

appar at us i@ ofmon servi ces he*f4 uori ne
CaSSGtteSb@twééﬂ thﬁhsapﬁaéatus 35ctnchionurelv8acmagobroriseed ead nay
include fluid g §§1MO 200410 987§E CT/GBZOOg/O%BOZ%g;Iectrica
cabl e tr (TRFAGEanBPBREEE: | &8 / TR (oMo 2ag Wy hSPHESEES SFfous f1 uid

SerVil@eS-bi@a}Eﬂ@gftuérbﬂﬁn@aﬁieht patacen the fluorine cassette and
the associated piping prior to removal of the fluorine
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 sealed £from the ambient
environment and constitutes no danger to persomnel.
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 repair 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

12



5 provided with isolation valves. Preferably, the hazardous fluid services
to the cassettes are provided by double isolation valves which have a
vacuum c ﬁﬁ %n bet ween. Thus, the two isolation val ves nag be cl osed
and vac B &4 to remove hazardous contents bef or ePSHGHRUIPHG ¢ he
connection between the fluorine cassette and the associated piping prior
to renoval of the fluorine cassette fromthe apparatus. The vacuum
extraction system for renoving hazardous materials is preferably connected
to a scrUﬁ@@wgﬂaystenﬁﬂcsurennﬁuﬂ;abﬂirmaﬂm&ﬂmsyngoméélgarmhgblgaterials.
Non- hazar £g iéééﬁgserV|ces may be provided by nmeans of qui ck-connect
coupllngs 20 Once the fluorine cassette is disconnected from
t he apparatus it is conpletely sealed fromthe anbient 25 environnment and
consti tut no._d e ersonne mJlarly, a new replacenent fluorine
cassette:ﬁi alsg%ﬂﬁgr g ﬁgFPeFF 3188%%e? EF S ot T alprar Bhgs and t he
i sol abi orf Mabmiass op:arméttt@ peem 1téé:0ﬂv ofe hpzaﬁda@a it ds, <sppLe
fluorine ca%%%%%%ﬁ é be stored on-sjite tg enabl e quick replacenent.

THES

Similarl y°% 8ftEs ﬁﬁ§“53136h§aﬁ P?Qﬂﬂ%wﬁ?@ﬁﬁ%ﬁt@guﬁell they can
be renovesit @edls et repakr ghySerddigddd foxci Idtw.affe sity {:
exanpl e. The fluorine gassettes nmay be provided mnth neans o 35

faci | itatSHHRbshg fife cSSEERLESFNt ow%ﬁt}al%ut tdte t hentd oppre004/ BOBET3
PCT/ GB20Qﬁf&&%%2ﬂyapm@t Y8s8BELESUne1 oSUikaklag TRANSHITAY.COFPLL SE wheel s,

for anp
_ ?6 vacuum extraction system which ig provided with scrubbing

‘-_) ‘"means to remove harmful chemicales.

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
cagsette 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 o©f 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 repalr or replacement during
fluorine productiom. Such unwanted material may include
hydrogen fluoride, for example, carried over from the

35 electrolyte in the fluorine stream and which may be

13



In a preferred enbodi nent of the present invention the 5 fluorine cassette
is itself be provided with a self contained enclosure around the fluorine
generating cell or cells such that any | eakage of fluorine gas for

exanpl e ke znoaisted within the encl osure. Mire pref er BET/¢B2BE0WAE set t e
encl osure may be connected to a 10 vacuum extracti on systemwhich is
provided with scrubbing } neans to renove harnful chemcals. In the
apparatus of the present invention each cassette has its own encl osure
provi ded bgsasst r shgomghal af r ao@idh aftupanét| i tigap Wherod nstal e in the
appar at us encl.Qsw-.e i.s. gconnected to extraction and scrubbi'ng nmeans to
deal wit hcéggoﬁot%geﬁ:t |a;ﬁlqoéf 3 %ﬁ“et el?%fﬁ?%?gb?%vpéeéfl%ré@@ ettt ot ect i ve
encl osur ethvhearthn casshid ands bd eAraMEP=dr BN bhe 5 USe t closure
provi des the 20tdual advantagésof constitut?gg pr o ectﬁgﬁggg?}?ﬁgﬁpcassette
during shfppPhE #wPEnEYEFl-t her packaging and protection for peopl e
"handli ng the cassette. In a preferred enbodi nent of the apparatus
according_to %5 t he present invention there is also provided at |east one,
preferabl?ﬁ?mg PPUSPPNRUBEEiCREAPROR2ERSEEEt BEY BABoude lsiodlattad cout put  of
the fluoran® GassSELdeSdnvadpSe S L u nted particul ate
material or undesi%able gaseougggoﬁ?g%i%%ﬁ?g%?ﬁ%re$§%n1ééﬁ%%€ei %%0
reaches afyrPprotedsi8qd pridhtlaomamiash t@ teedéinpmede cibeenttepqse of
havi ng t whssch gagsel 568ai o] f . tite needi epair or
repl acement during fIuqr?%io%rg%%t?%%ngegﬁgﬁﬂ&%aggfé%r%ééﬁé%gg y include
hydr oden $P#e}E delspdptdranprvalvesr rividovean f r bnteheefingl evtroiyt e i n t he

{1 uori ne st gank-aod pabeDs iY.pe,d3,V0,20041009873 PCT| GB2003/ 003023 passed |

t hrough a sodi um fl uori de &Fruori de formed

by reaction of fluorine with
In a further preferred feature of the apparatus according

ap, for exanp

to the present invention, there may also be provided a
15 fluorine buffer cassette connected in the fluorine line
downgtream of the fluorine purification cassette. In
effect, the buffer cassette collects purified fluorine
being generated and holds it in tamks =o 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 main 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 in known manner so as to

14



t he car-bon anodes nmay be renoved by an appropriate known adsorption
s5ystem 5 The fluorine purification cassette may al so be isol atabl e

easily r
manner t

extracti
feature
al so he

and

( the apparatus for repair and servicing in a simlar
0 EE%@SJ/P{%%{T} ne cassettes. Thus, such isol ati onPGHGBHO3RBEEhpI i shed
preferably by 10 double isolation valves with an interveni ng vacuum
on facility as with the fluorine cassettes. In a further preferred

B F9ErP1YDEF nef bh

| i ne dowtst reamxeftd hepfdasgd ne purification cassette. In effect,

buffer cassette collects purified fluorine
tanks so as to provide a

f-the apparatus accordin to the present invention, there may
S5 Cgcea&g flﬁ gfsebydaw@m ef lounniedd el édr+heyELUoFi ne

t he

bei ng generated and holds it
fluorine reservoir to snooth out fluctuations in

supply 2@cardipeovide £l ' tsa_const.ant pressure. The apparatus
accorgi ng to theggr esent ilt%{/éefr%?:llgerc\i rr&%‘%g MG h8f§iseﬂhw SRR LR e n
encl osur 8SFPEREREr IKWhFes Prespnbvildednnich stlid apkemeanek! 30 SR as to

ef fecti velMo2Bbneendgroddig. £n ure sealed to the outsjide anbien
at mospher e. Further prefer ablcléa,%?t hgerrai%lg‘r?ﬁ ur@® i sther owladdbds t h

evacuat | BAIREER3C80 PRatthey fleskdige | sellenpyedany dogs:1al

the surrgyRdipgear The evacuation system nmay be connected to suitable
30 scrubbing means o?’t@er eﬁ%§§ %i‘fll

subst anc¥sthipe tingi main| esol esury ébfi@c@@ef@{@blllé'cggsgfgvic%g:gl[o ith all"

| AREE

%rét am nat e

BLiPBpRGl e ampededtef ul

in

of the neges | ectri,cal power supply and 35 el ectrical 5 syst ens
~in known man%g#‘ycs’% gs% tﬂohel4efﬁﬁv‘gﬁfbﬁ¥‘8*8§87§1ﬁcwreszﬂom OeBtiR8nefhect

ﬁ%l ectrol §&¥8efet he hydrogen fluoride e

. Preferably, the apparatus according to the present

15

20

25

30

35

invention is further provided with purging wmeans to
remove potentially reactive fluids such as moisture, for
example, from piping before fluorine is introduced. Such
purging means may comprise wvalve means connected to
apparatus piping for the introduction of nitrogen, for
example, into the piping so as to purge oxygen, for
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 Necessary facilities so
as to enable the apparatus to continue to function even
if some “centraliged” apparatus services should fail. In
this alternative embodiment, the self-contained cassette
enclosure may also be provided with a D.C. power supply
unit foxr electrolysis, fluorine purification and
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 casgette enclosure leaving sufficient room
to accommodate the additional facilities. Conmnections to

the storage tank/buffer facility may also be by double

15
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According to a preferred enbodi nent of the apparatus 5 according to the
present invention the framework of the fluorine cassette may be utilised as -
t he cat hode connection of the fluorine cell or cells within the cassette

t hus, th&oene/0998%t al | ati on of the cassette within thePGRGHB2EIOPYIYr e
effects the necessary cathode 10 connection to the electrolytic cell or

cells within the cassette. Preferably, the apparatus according to the
present invention is further provided. with purging neans to 15 renove

pot ent i aligokahtedve fdlsads. sudh asthbsst wld;efmat iexanandodimempi pi ng

before fluor i LS. intro ed uch ur.gi ng ans conprise val ve neans
connect eo&gtéoé&g%%%%ja@%s ?ﬂlfgl n%hgor.?aris?%er od Efjponn@e ni gﬁ’@&fﬁwﬁor

exanpl e, @mtlodires piponbd sdas fxoompurige: oxypggut f af 2heeXx @I idd om t he
pi pi ng. I.n _an,alfernative enbadi nent of e apparatus. according to the

pr esent itna\llrgctli)%#m,e%achu?lntdi vitdual @%Lleuor%ﬂﬁorgggset(f%lfmy & pr &firded with
the nécesgmaryfiextiiohi eando @ompsebpienablectihetappar airds tRseasimnue to
function even _if sonme "centralised" apparatus services should fail. In
this alt $55°8nbodi ment, the sel f-contained cassette enclosure rmay

al so be provided with a D.C. power supply wunit for electrolysis, fluorine

purification and 30 conpressor nmeans and a fluorine storage tank/buffer
faci|ityAHRrdrSetoess afecond, @spgciel 971 &hge RYvtemrt dmyenizddil,uori ne

generatingnit is hgusedakn the | pWelLg PoFd4 onef tgﬁe?gﬁﬁﬁht?a‘iﬁd osure
| eaving sufficient room to accommobdate the additional facilities:

Connd®t i drsinieemmnaede oft RRAE 2 ank/ BOr pTIdeeing y fhmprilso e tredoubl e 15
VO 2004/ QORG/3- 54 {820834003083n S0 A1l VAl e Stmel Aol Nt h-i 85040 1 Ve .
enbodi ment, di sconnecti on” of %%e cassette fromtlﬁe appar a{ﬂgs
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 genevating unit from s=said fluorine
gas distribution system and from each other; and
providing means for the disconnection and removal of said
isolated fluorine generating unit from said apparatus
20 without interruption of supply of fluorine from remaining

fluorine generating units.

The same definition relating to fluorine generating units
is utilised 4in the wmethod 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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encl osure would be fromthe output of the fluorine tank/buffer unit as the
fluorine cell per se, 5 purification and conpression facilities are

upstrea r m According to a second aspect of the present invention,
t here ig%$$%@%§@%9% met hod for the operation and 10 mai RE&GHILW/085023

apparatus for producing fluorine by the electrolysis of hydrogen fluoride,
the nethod conprising the steps of: providing a plurality of fluorine

gener at i ngs dikd S>QPEF y_connected to a fluorine gas distribution system
for the reé%?% use aH%Q%oﬁs3%%%&5&95?mﬁ%9§%ig”%?%@mtnﬂanpibﬂhgbngfneans f or

i sol ati ng* dtr$hdevbadbienit uofi rergenranal i edidnd 1 id_fluorine gas
distritnnﬂdygﬁﬁgﬁﬁﬂﬂ and from each other; and pr&ﬁ%%”%g]ﬁggngrﬁﬁFnkhe
di sconnection and renoval of said isolated fluorine generating unit from

sai d apparatus 20 without interruption of supply of fluorine fromrenaining

fl uorgne tbRg Wnits. The same definjition relating to fluorine
gener at i ﬁ%%&%{ef‘sbﬂi 15 i 88d ‘?Iﬁgt [fe STt g aeforthagappathe e esent 25

i nvent i offigirien 2he apparatus according to the first aspect of the
invention.. In order that the present invention may be nore fully
under st ood, exanples will now be described by way of 30 illustration only

with dr &ongs, 3okhohisch: shakerane ;e c anying Figure 1 shows a
esent at | (#1%01?& ?L%rﬁﬁ%rqa%qﬁﬁ & produci ng

schenati%.§ﬁoss'sec%%ongl repr _
cel | ; 35 18D 2082FBBY57S PPFEm20p3edd029;Fi gure 2A shows a front
el evilt i on (without panelling) of a first enbodi ment of apparatus according

.10 the PLesent
Igtire 4 shows a front elevation of the fluorine cassgette

of Figure 3 without enclosure pPanelliing;

F;gure 5 shows a gide 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;

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

Figure 9 which shows_ & perspective view of a gecond
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 pPrinciples of the pProduction of
fluorine by electrolysis. A fluorine generating cell is

35 shown schematically in section at 10. The cell comprises

17



I nvention; Figure 2B shows an end el evation of the apparatus of Figure -2A;
Figure 3 shows a side elevation of .a fluorine cassette of Figure 2

. Wi thout enclosure panelling; 10 Figure 4 shows a front el evation of the

f1 uori newasmess7s of Figure 3 w thout enclosure panel | PEHGBRIOGHIHZE shows
a side elevation of a fluorine 15 purification unit w thout panelling of

t he 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
buf fer umt sddtelimernclosswel panel lWwinig-lof ralye appamatus nek Fhlebe 2;

Figure 8 shows, a front_elevati on of .the, buff unit of 25 Figure 7; and
Figure 9 W%Eﬂ%%bepef: éﬁ({é‘{/e ieg}f‘Sf %fgtLJei:on‘o‘1 &S F8RE of

appar at Uss@seed el ngatigoddiel pr esenh at nYeNtTion bub Wt Brmeha gadgether

encl osure papellin 30 rermeléo/oed“i n {lhe i nter eSt%}?g' clarity. Referring now
to Figuretd Whi CHOFEY SR onPYPELeteepr af? e Biki ¥a Ve nBERRES of the

produst i ofoef Flllwenieneky eheebeehySisesghdduaripe gaperaiddgy cghl is 35
shown schematically in section at 10. The cell conprises 17 WO 2004/009873
PCT/ GB200ZP0eB023 #tcoft 8FRFehY tfesdel Of2 WATERIRBY Bruemideodnal so

consti t utigsthen clrede o t ReuselBe ighithi SACASSBraSERG at hode is
shown at 14. The%{doﬁp 18 of the vesgel 12 is cl osed'%aj?g@f ?r]ﬁgﬁctlgtgs 18, 20
havi ng vdlsrergdaniron the VEESELn&EoRnFayddégemnd ridspekeverl §ud TRE vessel

12 contaifig &ue! eebhighyt & Okuhydeeoend | ugki deyd) asiectrolyte
10  effectively dividing the volume above the electrolyte
gsurface into two separate chambers 34, 36 for hydrogen

and fluorine, respectively. 2An anode 38 geﬁerally’ of
high-density isotroplic 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 teo 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 vessel and passing

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

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

The electrolysis reaction is:

2HF — Py + Hp

18



nol tén potassium fluoride salt. A separating skirt 24 depends fromthe
vessel top wall 16 and its |lower end 30 extends bel ow the surface 32 of

t he electrq%%te 10 effectively dividing the volunme above the el ectrol yte
surface MAYWIY®Eeparat e chanbers 34, 36 for hydrogen PGHEBROHEII0R:

respectively. An anode 38 generally of high-density isotropic carbon
extends- into the electrolyte 22 and generally extends bel ow the | ower nost
15 extent of the skirt 24 although this may not always be the case. The
vessel 12 is generally provided with nmeans (not shown) to heat and nelt

Lhe ot eotal ol [ bl #1450UL0 e 0amdemeral uie, CeneLa Ly, ;Lhe

electrolyte is naintained in theTtange Trom €&ting 20
means whéip tie cainlisd quirseent . Thurgages) efinokysksankeaydiregaaner at ed

and is gengral t | el ectrol yte sui t abl e cool i ng
means. Anye‘%s%iét%ﬁ‘%ﬁﬁgﬁly%ggengggg a;rgﬁ & Oﬂnsét&leanad?o‘$%ra%§aﬁﬁFEPdﬁay

conpr Pse sunfisedreatiars ekhendi ngesmeotihe vesselrtanshas sidag 251 HAr ough t he
el ectrol ctrj I t ed, bl anket ound the vessel or a steam
j acket a?%tﬁer?ml vesr“sﬂéll'g‘..ﬂiﬁ¥j 2%2?’[ acbhhg p%.\tf\%?tg Ty FEURSTHGedSt o ef f ect
el ect r ol ysigleft ache el remtad| giteve Gandritd Yoohes ol $308ndi S8t agivel y | ow
at about vol ts, but the current 30 is_high at about 500 to 2400 anps
dependi néj%l?t&%r?%l]ﬁ? nG¥ber™ ¥t aRSGEIPR t 1Y ca dgoumhe bydtesenysis
reacti on filstor3ide.- > F2+H2 18 WD 2004/ 009S73 PCT/ GB2003/ 003023 The anmount of

fluorhne generated is in direct proportion to the applied current. The
gases, fluorine and hydrogen, rise substantially vertically fromthe anode

- _And cat haietSnsuriaces imiguddieid HePeatd Whaamard ents above Lhe
electrol %.tr% S%re]}l% ?eds 2'byThecoerz|m?oCrE ' Orlgfteerér?crreperr?&nlﬂerrx?aig - 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 is 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 subgtantially 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 cowpartments of

30 the electrolytic cells in the cassette (see Fig.l zbove

and also below for more detailed description of the

fluorine cassette). The standpipe 116 is connected to the

manifold 114 via 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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regul ated as noted above and the conposition and level is controlled by
the addition of anhydrous hydrogen fluoride. 10 Turning now to Figures 2
to 8 and where the sane features are denoted by common reference nunerals.
Appar at uyo egmpstisng to a first enbodi nent of the presdiiT/EBRIEHIMBBIE s
shown at 100; the apparatus conprises a main enclosure' 15 franmework 102
whi ch has renovabl e panelling (not shown) to forma nmain sealed enclosure
104 in use and which sealed enclosure is connected to a vacuum extraction

system ( hovwny vica a ipni fol.d 42 I ehod daturn s ct 0-a
scr ubbi nggérfllgtem%lpo;t%shov\ﬁI/r;?\:)n téoE neutﬁﬁ\?sﬁo har ( 8?: chsgl%'r‘}‘rcli:]l | s. thin the
mai n enclosurealdeingodary e hahoufedd phees . f | Toei neydossent geratdaed 08, 110

whi ch are S hal.ly i.dent.i ' . Sens t ,eac y. be
subst i £t AT "B SE R g e B sl O TR e 1830 e
fitti ngs sach casésbrat i bhevakbendpipepebeipopechaittad ngs, Mlsectad cal

services and the,lLike, for le. _Th kN assettes ar onnect ed
to af ud}?:h%?s gj'aéb %chniaf Oq%%@%r} i E—“%%ﬁcgi%f E?’%u rﬁlllﬁ%‘ ﬁro&gg‘sc Sgas as it
I s producede byyfthegkthuanviaye fGas seitittes: virveatheénior bre bygasiingt-afdpigze 116
connected_to the,fluori o rtnents of .30 .fhe electrolytic cells in the
cassette ?@%’é‘)&?b‘—.’lgeabé@z Oma}hﬁ ?&%eel%%]fo‘;ﬁﬁ%}lg dmclk‘e(f]ﬂ’é’féﬂept i on of
the fluofises casseidactie siandpipablab vl weonmeshed (hott Rgowiani f ol d

114 vi a doubl e i sol ation'fval ves 118, 120, thﬁx inggﬂversi ng space between
which is BnfectT st net 352 v ATt S5t | oYY udHNE ma d&24 which

in tutg i9id8c4%h2004+-0898131 BCTLEBRE0R/A 003023 160N RECtad/ded =Rl /&5 ubbi ng
system (not, shown) for eutralising any, harnful gases. The hydrogen
produced MAtFFHES eFEOM GRS iIRIRS “ﬁrg%d? B a8 s LR FRIHE t1sH

fluorine.
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
ramoval 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 ghown in Figs 3 and 4 has one cell
25 producing fluorine but, however, the cell may contain 6,
12 or 24 ancdes depending upon required fluorine
generating capacity as explained hereinabove. The total
output of fluorine in each cassette is conducted
internally to the single fluorine off-take pipe 116
30 having the double isclation 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

20



each’ cassette, the standpi pes being connected via flanged 5 joints 132 to a
‘hydr ogen gas mani fold 134 which conducts the hydrogen away for either

treatmenf o ing-off as  appropriate. Al of the pipe work through
whi ch flﬁ}’&#ﬂ@h‘&g]{:’om i s connected via suitable val ve nealSBEHd0%bwn)  to

a source of a purging gas (not shown) such as 10 nitrogen, for exanple, to
permt purging of oxygen and/or noisture fromthe pipe work prior to the
i ntroduction of, fluorine. Each individual fluorine cassette 106, 108, 110
conpr i se$E3ME5 L GasThife &M@ csnpbosuame SpMmenhfotms sthbl edthdm split

horizontabhﬁebaagniwgrpQEES'hgllo o cRee 1 ich houses the fluorine
generati ngﬁcel | s 144; and, gn ugp\gr%ls part%e '1%‘:&%‘%}‘?%5%&?%’0 V&uppl i es

for el ectr®l y8% dnd- Hfwey keurspyi ti5hgant tdunteRssesyerencliesure permts

20 easy m&Ressrt 0 dhe HRnd n rating cells-after.  renpval of the

cassette fromthe nainE%hclosﬁFgg¥gz?é%%4fx) A dSHBbER t59T t R | uor i ne

casset t CFISPEBIFdEdYNii camertbidd8 tio frdnd | mafh echenBYal-of HQW t he main

encl osurgne 1 10 he .gasset.t,e shown in Figs 3-and 4_has_one cell 25

pr oduci ng ?I%%??neégﬁg,gﬁgmgggﬁﬁuiH@a%%l?nﬁg9g36ﬁtépﬁ'6}041@0@ﬁe§4 anodes

dependi rgl&krins r endi medof boveimeupsriered | (gotagaeihy asqexphahigd

her ei nabqye, T, I ut..of fluorine in each cassette is conducted

internalIy.t%l?ﬁeggﬁﬁgFgOEFboﬁ%wO%ﬁqgt%ﬁﬁﬁiﬁﬁ%s1§€ESGOH%@¢thth@ doubl e

i sol ati GEiad vissiaBled 200t i thé amhyn eﬁblobwdé059nmggﬂgrgfe%lggging
307 The

el egyr olaysi g+1i ct to the single off-take standpipe
_mflugPingX§g%%éggggﬁgﬂcéﬁ#@?géifﬁfévznggc6ﬂﬁﬁﬁﬂcoﬁ9aﬁnﬁéﬁﬁﬂﬁé§3eb0350
'f}abricaﬂéﬂ3¢ron1steel and forns the cell cathode and 35 which is welded to
the | ower part 142 of the enclosure 20 WO 2004/ 009873 PCT/ GB2003/ 003023
frame 140. Thus, the enclosure franme forns the cathode
As noted above the enclosure frame 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 wup 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 conmnection 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

o . carvier 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 cagsettes 106,
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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connection for the whol e cassette. Each cassette may have its own D.C
power supply 152 and control system 154, however, the power supply and
control, systemfor all 5 cassettes nay be centralised in the main

encl osur wa.gu4/0098r®e upper part 160 of the main encl osurRCHGB20030%Rbuses
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
encl osure by nmeans of plug 10 in electrical connectors (not shown) to a

junctiopdoxq 138 Asgfioked Bbavg the eltﬁéogaumfﬁbamoﬁaycégsettee cat hode
connection of the apparatus of the present Inventi,o 15 Since _the franme is

t he cat lssa@nises s@ c&PRtadneke 13%” RS TR cIf Cﬁé- up“#B8=abBlt 2400 anps
with a 24 q.anade Gasselfm) TSy teﬁotftﬁgemsfamee fatsiibsianEialh  section

material in order to prevent undesirably high tenperatures being reached
due to rudss sEamowimeat FhgeaThe R0kegiRodea R Rhec 6N PYrHadeahtod volts

relaélve {0 gﬁ%&hr7&hﬁ£$taﬁhgnﬁfggﬁréofféﬁéWQPk'§7@Ie§c1859n§0£h§ Use of

t he BnclGEUT fane aS the cathode connection. and current carrier enables
the apparamttusinar be Tor endconiomi cdimiylaragenapth & sthengtivakindue to

t hi cker section material n e ry, 8t cabling
to make-THe® %%?%g%%s-%oﬁﬁgétgrgs %ﬁggﬁtﬁgﬂfgaﬁzglsl§60£§o?§gﬁ§glative to
earth, thesteqpraatos is elndc treimeatally aferyhe aperifheatbeml caFE6ELERe out put

of the uorr cassettes 0 3 : 0 &g connected 10.a1kLHOri ne
purifi ca% seatl?% E%Hl%h‘r@&olﬁlglhq:vﬁj%q%hr#e *ﬁ%orrﬂne IS pgsge t0 renove
parUmewﬁ&htmmeelal1800hoaamﬁydo0@ag fluoride or other electrolyte
constituents which have been carried over by the fluorine stream and

contam nants formed during 35 el ectrolysis. The purification cassette i's
shown i nr®reu2ic E326046000873aBCTACB2608A0080R3the cassette 170

ro a Ffluorine 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 such. pressures are not generally
employed with fluorine in the interests of safety. The
output of purified £luorine from the purification

70 cassette 170 is fed to the compression cassette pump 154
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 requifements'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, foxr example. In similar manner to the
fluorine cagsette 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 isolation valves
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detail in Figures 5 and 6, The purification cassette conprises a container
172 housing chemical traps and filters (not shown) for renoving unwanted
mat eri al “;djgﬁ]/ B&gsfl uorine streamin known manner. The purification 5
cassette 70 HAY4h enclosure framework 174 enclosing tHel/GBAMBAIHRE 172
and, in simlar manner to the fluorine cassettes has a double isolation
valve 178, 180 to permt installation in and renoval of the purification
cassette frtomthe aﬁparat us, when required. The unit is provided 10 with
wheel s 180 aF2CHD i R TWeEBurheedfihovinee gasséstpassad frem the
cassett e gufd £ ientai dh UQrd {GQpr | O ssette 190 shown in Figures 7
and 8. The conpression cdaés}:geette' cgﬂrr%'lri s%&gl,%)lﬁlﬁlet hi® %P?)ltexéﬁpl ¥lat heee

hol di ng F&rﬂ?&@@rﬁaﬁﬁlﬁg gonstrall leapakds ytoot he5E hid# 85 aRdnaplegt o safely

W thstand 12 Batgpegessurs @k f | al t hough such_pressures are not
general Iy enployed wth ft?lﬁoréff\g;é%é]ngtﬁ%aﬁlﬁt %BEE?S the shfueyinghss out put

of p ifi%é’dbfal d519he fromthe purification 20 cassette 170 is fed to the
conpressi on cassette punp 194 and via a pressure controller 196 to the
hol di ng tanks 192. The conpression cassette 190 holds a reserve of
f1 uori nefSuBRYt he s<erx oiremyFigasea bhe 2appasatuy had.yo f#}?mgjl_ osed down
i n respeehsQL kluorijpe pf8gucé on for a 25 period of time, Tor e&edrrpl e, to
change the purification ~Cassettrert?o, TA¥n RPherinsiul tede inressdve of
f | uori nerergvedntinmoe thict maihe UOTESSré ego: I efrgt @igpbhlt fnleu%{i ne

So - 6t e out

prodyct i . The c ressi on cassette a
~fluctuat ?gﬁgéi@ﬁg I u(”gﬁlﬁgggﬁr BHSCPi% sGAREETLSS fL08or ild i die nsuyppl i ed to

_the proceeBtphast @t mrocidst hUORLESSWE: fi fé@gg{cgg ln. sijm|ar manner

to the fluoripg cassette.and the purification ca H7E ©56itr essi on
cassette asé{é%aen%f%s?ﬁgliyanﬁozodz%d ARPREREUD02. THhe Ednpirdssi on
casset t e9¢Bexahinpgt etiptawitthe 35 ftHeor 4pea PR E Ol d o114, a%%' réuli%lt%%ubl e

i-sol ati g | 2
Qu(‘!l? \E%Satz the total process requirements of the plant
15 being served may be met, for example, by any two of the
three cassettes of the apparatus’ described thug allowing

one cassette to be redundant or removed and 'replaced as
required.

20 In the example described above the apparatus 100
approximates less than the size of an IS0 container in

terms of length, and therefore, may be easily transported

S

by land or sea. It is further possible to provide the
apparatus as described above but somewhat larger but
25 s8till 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 g substantially sealed
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WO 2004/ 009873 PCT/ GB2003/ 003023 (not shown) as with the fluorine cassette
and the purification cassette. The fluorine output is via a second
pressure controller 198 to the fluorine manifold 114 and then to the
process wicamn4/ueerse the fluorine is 5 to be used. As nRGI/GB209&8¥02Y om
Figures 2A, 2B, 3 and 4 the fluorine cassette 106, for exanple, may be
installed in and renoved fromthe main enclosure 102, 104 without need to
10 interfere with the two other cassettes 108, 110 which rnay continue to
provi de fdumiosierd,or ime wegui red ptheessgsesopendt edlexkenaal | ¥oko the

appar at us, E'll'h fl uoﬁine e.r?c nerating,capacity of the apparatus 100 is
cal cul at g $r t hat'®t h& T ot PF océss r F t stef tHee pl §4Ee15 being

served maxtheateion f andexamplisbiby apystaa afo t heurkhnescagsetirgs of the
appar at us descered th%s %kéomdn one C ssettgé%g.be redundant or renoved
and repl SEETHE Fequi FEECSEMrhe e53MPl e dedim& ab6resSek&cappar at us
100 &ppraxtimiesiess tharethe Si 2Ad0f Hind SR L0 ai Nelcddtd ergg of

| ength, and therefore, nay_be easily transported by land or sea. It is

further pOSSiiEY FBHRETR (he USFparits Pagiedddaid eel bbevérbuessonmewhat
| arger buta@5 114 ldndM 2Hd Nsbhesf @@t prd Qb&é&ﬁ@%jfﬁ@%%&?%%ﬂer and
a

havi ng enpty spaces therein so as to accommodat e I ona uori ne
casset t e SHFOORRSF| WLl Br Shrdanaigy perrlesied LPder ilfed, gener atibag

capaci ty IRk | §880 HEIGIPMBLYNSPRESS JIBYLRE %rfi%véagggF%’gégi%ﬁgt

necessary 30 val ves and pi pe-connection to the mani an
addiﬂpon£n¢I%ﬁﬁﬁﬁéiﬁh§ﬁﬁﬁﬁﬁﬂay nmerely be connected into the system as

with the existing-cassettes. The main enclosure frame 102 is provided with

removabl e =~ 35 panelling so as to effect a substantially seal ed 23
Figure 95 shows a single perspective view of a fluorine

generating plant 300 accoxding 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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WO 20041009873 PCT/ GB2003/ 003023 encl osure, in use, to the egress of
fluorine, for exanple. The enclosure is connected to the site extraction
and scru ég@raé%gen1to neutralise harnful chemcals. Furthernore, each
fluorine "CR&PEMBS 5 purification cassette. and conpresBEBERAGH8328 | s
simlarly equipped, in use, with panelling on the franes 140, 174 and 200
so as to formsubstantially seal ed sub- enclosures within the main '
encl osure 102, 104, the sub- enclosures al so being connected to the site
ext r act iaetemerhdoagpabbeng 48y deemrovigiace @ shewsva sbhflle feospective
view of .3 fl ' e i.ng a ' t.0 a second enbodi ment
of "t he s SO RTS T aRE Yk B b BF Vene SBEti ey Shiih 18EB8ABR i ty To
pr oduce,wimipcesssaotte ol s apdisg ockangédofonesereiappgr akugephiligure 9 is

simlar t scrj he Lth.refer to .Figures to,8 of the first
enbodi rreénotq:. %m%g%ar %%gsgi%n a&&%lgﬁ ﬁ%rs]%;%lﬁl eﬁ%‘:l’%sé?ﬁtllf‘? mERBr k 302

- whi ch | spreniede dowbtas panekl.i Mhe rpp20a ishownf Fadiaema sabskantial |y
seal ed encl gsure.. Thre fluorine cassettes 304, 306, 308 are provided,
each  haUi nget hEIP G TorBFOSIRE FARART kS 3165Y 3 BXETAGE A6 hehBanel | | ng
(not  shawyubdrichee aofs s gof nghe | flitedt YembSHlmémbl € and renovabl e by neans
of valves (not shown), 25 as with the first enbodinent. Fluorine is passed
through a purification cassette conprising a duty purifier 320 and a
standby purifier cassette 324 and then to a conpression cassette
conprising a plurality of storage tanks 326 by neans of duty and standby
,ugonpressors 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
fromthe tank 332 -and supplies it to the cassettes 304, 306, 308 to
maintain a

-
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35 constant concentration of electrolyte. A fluorine 24 WO 2004/ 009873
PCT/ GB2003/ 003023 abat enent cassette 340 is provided to renove solids from
the fluorine supply, to renove fluorine from pi pework when a cassette is
bei ng chawew4bHas7servicing or repair, for exanple, anBCEGCBZYUSOPBAS of

. fluorine not destined for 5 custoner process use. The apparatus of Figure 9
has all of the pipework purging systens, safety extraction and scrubbing
systens of the first enbodi ment. 25 WD 2004/009873 CLAI M5

PCT/ GB20@3/x3Qg023 1. Apparatus for the generation of fluorine by the.

el ectrolysis of hydrogen fluoride, the apparatus 5 conprising; a plurality
of individual fluorine generating cassettes; said individual fluorine
generating ca éfgﬁ i perabl ¢t ed i n a

distri bu{ll'on s% tem Ig$ t e]prg:nr%t egﬁfég@gg% Ecoér’l]gu?rfp]tl’luor;ho ;%é'ingPFuori ne
gas; said flueliemdglgeher aof ndichssent es lueimigle, ndichieduapbyrasakat abl e
fromgaid gas di q on sys emyyvabl e the- aratus for
renotg nainteﬁgﬁ§%¥Egg&éheréin%@g%%gqggfiﬁég. E?é%ﬁ%%%%?usf§§§8F8an to
claim| whereigencmemtfingri messtEtgener atand cdsshittiesizdr e €dnoethed to the
apparatus by valve .nmeans for the isol.ation an i sconnectiaon  of said
fluorine geneﬁﬁﬁ%ﬁf%ﬁﬂ%e??gge%FSﬁl?ﬁ%n%nﬁﬁﬁﬁgggy §9nﬂﬁ§%éitﬁpaﬁcording
to claim2 whéleigritdie gatvdis2@ibeansnacgstdedbliord sNatanoval ves have a
space therebetween. whi c?.sgac«i is.go% ected to an ext a%ii on, and
scrubbi ng sys GPAYPRY 4P Us Cac B8/ g YT ATy GIY pFRtedi ngCERaEm

10 generating cassettes being individually isolatable
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 gaid 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
whexrein each fluorine generating cassette isg

provided with an enclosure.
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wherein the fluorine generating cassettes are 25 installed within a comon
apparatus main enclosure. 5. Apparatus according to any one preceding claim
wherein g{cé @4}6 e generating cassettes are substantially identical to
each oth ﬁ%ﬁ ratus according to any one precedi ngPEF4ATEH0IA3¢RRer ei n
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 encl osure. 26 WO 2004/ 009873

PCT/ GB2603/ oma:usxpp@n@mgn@ccmduqi@m é| avheze inherseiinl smadnnai n

encl osure is u a g system
9. Apparatus g-gcf:io%rsg’l{ %’ g&gﬁ%%@e%er(gl tﬁ&gg%%tﬁpuorl elprée’%eng%’* ting
. cassette encltmswr esamblmmgecﬁmdm extraction equi pnment and to a scrubbing
system arat.us accordi t one. precedi ng cl further
i ncl udi r?g at %ﬁpaasr[ i ¢ %%rrllr{% p%r)l n]Ycalfll on” asset?%cghﬂﬂﬁﬁlﬁﬁi ch the
fluofi ne out pneafatsingl d8skktoei nesmgeinenate ngisasseirires-tiead pagsed. 11
Appar at us accaor.di n&lo an one ece %g claim, further including at |east

one ftuorine Bt LYY f T rR T | TS i1"??319 downst ream of
the at [east zxmﬁﬁa{mml rmcmn‘dixi@attr.@n aagsebhe. PdbeddiAppacdbii accordi ng

to claim1l1l ereint fer sette_ hol coppressed_fluorine. 13.
Appar at us acgg} %ﬁﬁ: %i%g%ﬂﬁa?ﬁ FeedPhy gf%?ﬁ££9 PYBLE2CRR&PEI n a
fluorine genejaideit&ethrdirghi mrhtﬁm #HeIOFLnergfaeRlphE cassehlg is fixed
id 20 enclosure such that said enclosure provides a cathode
/Coni@Ctlon t;’ qfqﬁﬂgeneratlng cagsettes 1s passed.

J Apparatus according to any one preceding claim
further dncluding at leagt one fluorine buffer
cassette connected in the fluoxine line downstream
of the at least one fluorine purification cassette.

15 12. Apparatus according to c¢laim 11 wherein the buffer

casgette 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 1s fixed to said

20 enclogure guch that said enclosure provides a

cathode connection to said cell.
~7 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 is at 0 volte 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 is transportable as a

unit by land or sea.
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4. Apparatus according to claim13 wherein said enclosure includes a
framewor k havi ng panelling. 15. Apparatus according to either claim 13 or
14 wherein 25 the, cathode connection is at O volts relative to earth.

16. Appamnado@4aea3 di ng to any one precedi ng claim fur PAEIGH2AEHAGG25g
purging neans to renove potentially reactive fluids from piping before 30
fluorine is introduced thereinto. 17. Apparatus according to any one of
precedi ng cl ai ns I to 16 wherein the apparatus is transportable as a wunit
by 1 and 9% Sﬁg Mﬁ?%%o%%]ﬁﬁ f@é@@@%ﬁ%ﬁ@%@ﬁﬁ tHPRAFALMET accor di ng
to claiml17 Ié’f’geln e overa size of t eagaratusm at nost that of a
standard | SOstent aiméhe ardarppd attisabcBesdi @ai:ooényﬁl gedard ecedi ng
claimse 1 5t ach of said individual fluorine generating units
are further pr90§| %&Q&E&ﬁga power supply unit at |east for electrolysis,

fl uori neispur Bppeatitos meansdificudd melyc omer oS irotedeshimg ac:ﬂdalrfl?p ubri ne
storage tank/ puffer ans.. 10 A et for, Qﬁﬁ[atl

mai n'?%nance ot® agparaefféal or %‘%oduc?ﬁgg%lq&orl ne e:L eI% ro yS| s of
hydr ogen fl uogkteratieagmatrhidds cangnfsm:m@ert @e:oxsidﬁ:rk withprowaiey a
plurality of fluotine ner ssgttes .oper £onne, edIoalS
fluorine gas HPEPI&IYbUP'Pg g ﬂg’?%\g ]ﬁ er%Lo"‘&[)Cec bléysja%’d UMET on of
said fluori nepu@&wt@ita@nna@ézsnsf otfllusmllafel regbragye 8 Aoy i dleahsf lased i ne

generating cassettes fromsaid fluori as distribution system and from
each ot her; aﬁ&uﬁF&ﬁedlsﬁﬁ’rﬁgﬁngaM“tﬂ%fg“ﬁ%’@dnnect| on and rempval of

sai di() sobat edaf | yekid@ for 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 distribufion 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 salid 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 cassettes 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 zremoved from the apparatus and taken to a
remote site for maintenance whilst still maintaining

fluorine output to mest demand.
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generating cassette from said apparatus w thout interruption of supply of
fluorine fromremaining fluorine generating cassettes. 21. A nethod
according to claim?20 wherein the plurality 25 of fluorine generating
casset t eWORBHWOHYi ded with sufficient fluorine gener RATAGBWAPESPI3y such
that a total demand for fluorine may be net by less than. the total nunber
of fluorine generating cassettes wthin said apparatus. 30 22. A net hod
according to either claim20 or claim21 wherein an individual fluorine
gener at i pg. cassgét Bodnaycbedi agovedahiyopntherappacatiiagard stiaken o o a
renote site for nmintenance whil st sti I% mai nt ai ni n% fluarine output to
neet demand. 99 ¥ SBBEPOHISTEPPETLEE266S 665853053 PR VSRS rding to
any one of preggdi,Ng.gh aifT®:ic3A ne Og2ReFatLRGr cematitsd Ngithe pheps of
provi ding each individual fluorine generating cassette w th power supply
means at | easUPBLYelWRAMD| P& sieffliorf®e SIRHIFIGETON FEATEIE vori ne

conprsessi on NBaRsraPRg: i bhUaldAes St fLage1 hanklapiiels iMANS=ard and

fluorine storage tank/buffer means.
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