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1 PURI FI CATFON OF ELECTRONI C SPECI ALTY GASES BY VAPOR

RHASE TRANSFI LLI NG BACKGROUND OF THE | NVE

Field of the Invention. The invention generally relates to a
purification system and in particular relates to a nmethod for purifying
corrosive liquefied gases of metal inpurities. Brief Description of the
Rel ated Art The purification of vapgr phase i mpurities has been-
described for el eqiyQpeadRegl 8F! irietRONIECpRETALYY dhSEe BE!ymeoRhave

t aken advantage o € -gaseous pur "ﬂm t yRANSPREHTIRG Predicted by the phase
di agram equi l'i brium ther rmdynam cs. Additional net hods have used

chem sorption of gaseous i mpu DAL IRG W Al QIN- 71, 1995),

sol vent extr Iei ani ¢ corrpounds ( Sol vent Extr lon Exch. 11(1),
239- 57, 199%&%@-&—%tlvat ed carbon for renoval of C1-C3
chlorinated hydr ocHidmRéntiodaeasrali ketitesTokdpaifiotion sydtem) 386 EHRALADIr relatds to
exanpl e. Atrend in Very Lar | e Integratlon ("VLSI"), e.g.

i nt egr at ed m?&?ﬂl"d( 1 purjlyingcogro 6!"63&‘1“? FiFtyl dmevitiesor very cl ean
reagents used in chenical processes to el | m nate defects in the |IC caused
by inmpurities di ffu5| ng [ nto the sem conductor bul ki This increasing demand
with regard tBrigfiDescy c. Aarhg nore stringent, requiring |n sone

fﬁi?ﬁdéer%ul‘)ﬁﬁaﬁ rﬁ*%ﬁ%d{?“@?ﬁm : ifohic? in{ el bR RURNR,

i ron, nickel ,spehahmgam suvhl as 1€ uThese ayetiexds hmwtgbnemeantageg)fehe gaseowsnd
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Clerr], for Fl&diusﬁﬁ Meftbds Reve hRa thefisorphi6s | ef m @pelﬁeémr%td wetel 2)V%"/Bd

to the user in a steel or stainless steel, Ni - phosphi dé-'coat ed

cyl i nder or cmtmﬁkmmmue@;mfmmcqmm@@nb@@t Exgr. rIQSBXQh gH<Bs 239-
Sem conduct or s TRigyL A o%‘:&' ru? f actv: rrpg:rn{bpt?%rtlj@ﬁo o'i’ ?ﬁ'—(\ffcﬂ drocarbons

substantially frée es as are | purity
I's required |@a;imt1{nlga§‘oldqd Kohwm 0B3RG5503 A2), for exanhgle.i s knovvn that t he
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by BOC,- "What is
elunmate defects in the IC caused by impurities dlffusmg into the semiconductor bulk.

This i mcreasmg demand with regard to purity levels is becoming more stringent, requiring
in some cases very low part-per-billion (ppb) levels of metals. These metals include, but
are not limited to, aluminum, calcium, cobalt, sodium, zinc, iron, nickel, chromium,
molybdenum, copper, manganese, magnesium, and arsenic. .

Semiconductor manufacturing processes have turned to using ultra-high purity
corrosive liquefied gases such as BCl, IiBt, HCI, and ClL,, for dry etching and cleaning.
These gases are typically delivered to the user in a steel or stainless steel, internally Ni-
phosphide-coated cylinder or container which contains the liquid-phase corrosive gases.
Semiconductor manufacturers require that the corrosive gases be substantially free of
metallic impurities, and as a result, higher purity is required in both gas and liquid
phases. | o ' _

It is known that the liquid phase of corrosive géses usually contains much higher
levels of metal impurities in the cylinder. See "Analysis of hydrogen chloride for metals

contamination”, Institute of Environmental Sciences 1996, proceeding by BOC; "What is



2 ‘“the shelf life of electronics specialty gases?", Institute of

Envi ronnmental Sciences 1996, proceeding by Air Products and Chem cals, Inc.
This is because many netal conpound inpurities which are included in
corrosive |iquefied gases have | ower vapor pressures than the corrosive
matri x gases. The netals can be in particle formor dissolved in the liquid
phase of the gas. Sone of these netal inpurities originate fromthe source -
product, and sone cone fromcorrosion of ti® filling systemor fromthe

cyl i nder/contai ner during storage. Normal Iy, high purity liquified
corrosive gases are purified by classical distillation to renove sone

i npurities angde shelf Bfé dﬂbl&trﬁﬁkﬁhpd&iﬁy@a&sﬁc mmmakEﬂvxmnmahﬁabﬂcxéﬂcek 4996,
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i medi ately MM G?XZ‘H% fi}’*y‘?%&g@g ®the final cylinder/container with the
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I n accordance wt h the ?oregm ng obj ectives, the present inventjon_provides
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the |iquid-phase conpoun st “on urirty,
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conmmuni cat i on Wi t, h t rst cont an econd .cont ai ner for
transferring & a%ﬁﬁ‘?fem%twg ?‘3 Her to the second
contal ner. A termqmﬂé&f&@aﬁbajebtedfthé ﬁ%éﬁt'uﬂ@ﬂtﬁxﬂbpi‘&ﬂéﬁhﬁré‘gfﬁhent method
tenperature differential between the f| rst contai ner and the second
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It is another object of the present invention to provide an economlcal method to

effectively purify llqulﬁed corrosive gas of metal impurities, immediately followed by
filling of the final cylinder/container with the purified gas.

SUMMARY OF THE INVENTION

In accordance with the foregoing objectives, the present invention provides an

apparatus for purifying a compound in liquid phase which contains at least one impurity.
The apparatus comprises a first container for holding the liquid-phase compound
containing the at least one impurity, a second container for holding purified compound,
and a first fluid line in fluid communication with the first container and with the second
container for transferring gaé—phase compound from the first container to the.second
container. A temperature controller is provided for maintaining a temperature differential
between the first container and the second container, the temperature controller
maintaining the compound in gas phase when the compound is transferred from the first

contajner to the second container. The temperature controller liquefies the compound



3 ‘*when the conpound is in the second container, so that when the

gas- phase conpound is transferred fromthe first container to the second
container, the at |east one inpurity is not transferred fromthe first
container to the second contai ner. Accordi ng to anot her enbodi nent
of the invention, a transfilling nmethod for renoving at |east one inpurity
froma |iquid-phase conpound conprises the steps of providing a conpound in
| i qui d phase containing at |least one inpuri8y in a first container at a

t enperature above the boiling point of said conpound in |iquid phase and
provi ding a second container in fluid conmunication wth said first

cont ai ner thr whgintlmtcdnqmund ] mithest;ecbndlmhﬁiimeso thatewhenntbe gasiphase tompaindris ed

fromthe firs nt er e st fI id. l.ine,to.the second.
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reduced concentration of inpurity conpared to the conpound in the first
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impurity in tkeondosmainein mgmmm@mmmmrahﬁﬂgbm Teastr figshi ng
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phases of several Awamia'gvcy@aamamer embodimeﬁiogmueemieﬂusn,aam&roti dflrembvigg ahe
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compound in liquid phase contammg at least one impurity in a first container, wherein the

partial pressure of the gas' phase of the compound in the first container is substantially
greater than the partial pressure of the gas phase of the at least one impurity in the
container. A gas-phase compound is generated by maintaining the liquid-phase compound
and the at least one impurity at a temperature above the boiling point of the liquid-phase
compound. The gas-phase compound is then transferred to a second container by a
pressure differential. o

The invention will be more fully i;nderstood with reference to the following

detailed description of the invention and drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figuré 1 is a chart showing Iron concentrations in the gas and liquid phases of
several corrosive gases;
Figure 2 is a chart showing the reduction of Iron concentration after gas phase

recondensation transfilling according to the present invention;



4 Figure 3 is a schematic view of one enbodi nent of a gas phase
transfiling apparatus according to the present invention. . :
- DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS It- has been determ ned that
the majority of metallic inpurities (as used herein, neaning salts of netal
atons, e.g., halogen salts) in corrosive gases are in the |iquid phase of
the corrosive gas. The difference in iron concentration between the liquid
and gas phases of several corrosive gases i$¢ tabulated in Table 1 and
illustrated in Figure 1. Simlar distributions are observed for the other
metals of interest. Oning to the significant difference in netal
concentration bet vvﬁgurd: Bds hischemmtia Nttwyefsonseahodiment of a ganpliase) transfillings phase
decreases the net |c | oncen on levels in the resulting
i qui d phase. aggﬁr? <§B Eﬂ/&’élpf%ﬁél ‘selnﬁéﬁvapor transfer to occur by

control |l ed di fferentlal pressure, rather than punping, a system and net hod

of transfilling corrosive oasqs accordlno tQ thp.-resent l.avention
gener ates substanti al | y DESCRIPTIONOE THE FREVERRED, EMBODIMENTS

-II-_laCFl el It3hla§ beert-Btermined ﬁtsﬂgg ?%f(ﬁ'lty ok hﬂﬁ'ﬂf& iﬁﬁﬁﬁﬁes (as use& tre Te r]
1 meanip@Galts of metal atoms, e.g., halogen sal{p) in corrosive gases are inabe liquid

5336 rison.betwe t .
Pavel s in t he PR ATIRE FOIREE Bl dfg lfrencd th BoR AR En il Helfien dhé bl e, <
i s tabul ated igas pisdsésofZsensral wdwmrgaseeds mbmaeatni&‘aﬂeﬂcundrﬂmsuaﬁd[lﬂrﬁigureand
HBr. The reductlon of iron, for exan'ﬁ_z t?x by at | east a fagtor of 1000,
but depends 0§11§gqr4qmgqug§g;q ghserved for the other metals of interest. Owing to the

significant difference in metal concentration between the liquid and gas phases,
recondensing the gas phase decreases the metallic impurity concentration levels in the
resulting liquid phase. Furthermore, by allowing the vapor transfer to occur by
controlled differential pressure, rather than pumping, a system and mefhod of transfilling
corrosive gases according to the present invention generates substantially no particle or

metal impurities.

Table 1
II Gas m Gas Phase m Liquid Phase I
HC1 '
Cl, -
HBr

A comparison between the liquid phase metallic impurity levels in the source and
the recondensed vapor in the receiving containers is tabulated in Table 2 and illustrated in
Figure 2 for HCl, Cl,, and HBr. The reduction of iron, for example, is by at least a
factor of 1000, but depends on starting material. : ’



5 = Table 2 Gas

Sour ce Cont ai ner Transfill ed Contai ner HC :
10000 400 Clerr] 4369
200 HBr : 5336 200
The conponents of preferred apparatus enbodi nents of the invention will now
be described in detail, conponent by conponent, as well as preferred nethod
enbodi nment s. An illustrative enbodi mdnt of a system 100 for the
purification of gases by gas- phase transfilling according to the present
invention is illustrated in Figure 3. System 100 includes a source

container 102 containing a gas in liquid Phtle2 and a receiving container
104 for receiving purified gas. The corrosive gas nay be any.gas or mxture
of gases. The corroffve gas nay e aiy COTT oSt ve ' P e e o

HBr, Cferr], HO, B ,
Source contai ner 10 OV TITUTT C o T W LT a_0ds | E112. A
val ve 114 may be usf ely colPP® the rfate of f
source contai ner 10p i |1 ne 1%&% and ftdrther damstreamto a gas
|ine 116. Val ve 114ii the co 2i ner valve for urce coift ai ner
102. Gas i g stream pppa val ve {118.
Val ve 118 nay be usee=te=seieets Frey—contret—tlte—rate—af—floweai—gad from
gas line 116, though a gas line 120, and to receiving container 104. Valve

118 i s preferabl e contai her, val ve, for receiving cont.ai ner-104. .
G 110 116 oy obhE GO pretare eRaras cboiibals of 5 FRPRioR il Ry be

particul ate i geyefibéd BSdetdil Coinpondi by chapbriesit, iab wdfl s lpreteredlBethdd lehPudimehiie
filter nust be selected to avoid nore inpurities being generated. As wl|
be readi |y appar enfntibustiative,embedimast of assystem 109 forthe purificationtafgases byrgey- be

chosen to il Lfifce RARHIfhS SccBidifd ¥ Al Prdséfl iVehfiod {s3fhs83fed in Figure 3. System 100

includes a source container 102 containing a gas in liquid phase and a receiving container

104 for receiving purified gas. The corrosive gas may be any gas or mixture of gases.
The corrosive gas may be any corrosive gas, and is preferably HBr, Cl,, HCl, BCl,,
NH;; WF;, or mixtures thereof. T; ' . -

Source container 102 is in fluid flow. communication with a gas line 112. A valve
114 may be used to selectively control the rate of flow of gas from source container 102,
through gas line 112, and further downstream to a gas line 116. Valve 114 is preferably
the container valve for source container 102. '

Gas line 116 leads from valve 114 downstream to a valve 118. Valve 118 mzi_y be
used to selwﬁvely control the rate of flow of gas from gas line 116, though a gas line
120, and to receiving container 104. Valve 118 is preferably the container valve for
receiving container 104. .

Gas line 116 may optionally be provided with a filter 122 for filtering particuiate
impurities from the gas flowing in gas line 116, although the filter must be selected to
avoid more impurities being generated. As will be readily apparent.to one Jf ordinary
skill in the art, filter 122 may be chosen to filter particles of any desired size from gas
flowing in gas line 116, dépending on the needs for the system 100, by selecting a filter
with an effectivq pore size smaller than the size of the particles which must be filtered



flowng in gas |ine 116, depending on the needs for the system 100, by
selecting a filter with an effective pore size snmaller than the size of the
particles which nmust be filtered

6 fromthe gas flowing in gas |line 116. For nmany corrosive gases, it is
preferred to avoid the use of any filter. System 100 preferably is
constructed to maintain corrosive gas flowing fromsource container 102 to
receiving container 104 in only gas phase uétil the corrosive gas is inside
the receiving container. Applicants herein have discovered that maintaining
the corrosive gas flowng fromsource container 102 to receiving container
104 in only gfremptheges flowing it Iges line 116 Fer masy corrosiveigases itds preferiedito gvoid
cont ai ner dra ticatl gﬁgreases t he concentration of netallic inmpurities
in the corrost¥é&sga aﬁ% Tt he source container to the receiving container.’
One appar at us enbO?smuowﬁrefdiaﬂpﬁ@m&udwmmmmvagwﬂw' Hegint hi s
goal is illustrated in Fuagre 3,. al though qther enbodinents_of the present

i nventi on whi $aVreccontaines 192 g seceiving cogtajmes 104 nsonly gas phase until dhe orrogive gas

recei vi ng coniai ' ﬁ&%ﬂ G@tﬁax‘? S ' b oSavelSt eipki Ng
cont ai ner ar eis\?v#%}ﬁ%trl\fe{} e sc%pe 0 &?h‘gp?l%%t%\th%%ﬁl.mém‘}e n ttﬂﬁe&lgelﬁn%gg&hg}\ét
of the presencorrosivergas dlowing fremrsaured contaibier)102ctoJFeceiving contailsd 194 dowply gdses

t he aforenentioned goal by i.ncluding,apparatus which i nt ai as- phase
concent r at i onPE% ?8?%?%‘5 gad B’g%@@ﬁ f%ﬂ%“&%!ﬁ‘-’ﬁ?ﬁ&‘%i@ %ﬁ%ﬂsesqge
recei vi ng congchicatfatibh 4f mideillic Breities ipdhk Corr63ied S48 fidd thiersotted @BntaineAtothe S
whi ch maintains a tenperature differential, and fherefore a_pressure

di f ferenti al , TSEVNBAAMPIGE-c One FRPHPHE Fmbedimanicof the Bregsnh VERAADAVIIER 104, the
apparat us mal E&Bmglﬁiﬂslﬂi@ﬁ&ﬂ‘%s iiRisdted R ‘_’ﬂl%ﬂh&%ﬁ(ﬂf&eﬁﬁ?&ihﬁﬂﬁf&&ﬁ@d from
the source contaiher to the receiving container, and [iquefying the gas
when the gas presenh inveationowhich imagntaiora gas flowingrfremaaisurcetcostaingy ta srdceiving

heat , " i . i1 .t

At or oot  onetpias ip Saly £ o e B9 hoigp g BbcH b Rl b WL S,

invention illsepé of 4@ ihventiogur e 3 preferably includes source container 102
f bl tial i d i heat er, .heat ed bat h.106 whi ch

mei ntains the gas VR bhFRONientel e PRset dpveotion fusiraiOin Figie 3. sustern 108

above the boi idchsiplifeP tHediforemetiodelt ol indliiimg bfpapRaLWHICE niiifhias a@ay-ghase

ranges from about Oferr]F_(-17.8[erc]C) to about .loogerr] F (37,8[err] 0,

nor e pref er abfopcenteation gEadiens of thergap betwgpr: soures) containgp 30} ambreseiving container -

(32.2[err]C), h&gggﬁ)}‘ﬁgfeggfecguﬁ " 5L tEn 00 nARRY tapf b Which (tnedib€ b tdiferatifidt €7

or heated bat
differential, and therefore a pressure differential, between source container 102 and

receiving container 104, the apparatus maintaining the gas in gas phase when the gas is
transferred from the source container to the receiving container, and liquefying the gas
when the gas is in the receiving container. The apparatus may include heaters, insulators,
and chillers, arranged in system 100 sucl{ that the aforementioned goal is accomplished.
The embodiment of the present invention illustrated in Figure 3 preferably includes
source container 102 preferably partially immersed in a heater or heated bath 106 which
maintains the gas within the source container at a desired temperature above the boiling
temperature of the gas. This temperature preferably ranges from about 0°F ¢(-17.8°C) to
about 100°F (37.8°C), more preferably from about 50°F (10°C) to about 90°F (32.2°C),
and even more preferably about 70°F (21.1°C). Heater or heated bath 106 includes
hardware and/or software to monitor, maintain, and control the temperature of the gas

within source container 102.



har dwar e and/ or software to nonitor, maintain, and control the tenperature
of the gas within source container 102. -
7 The enbodi nent of the present invention illustrated in Figure 3
preferably includes receiving container 104 partially immersed in a chiller
or cooled bath 110 which maintains the gas within the receiving contai ner
at a desired tenperature, either constant or variable, to liquify the gas
once it has flowed into the receiving contai’fner. The tenperature is
preferably naintai ned at tenperatures ranging fromabout 14[err]F :
(-10[err]C) to about -112[err]F &QBOC), nore preferably ranging from about

- -22[err] F (-30C) t dhalembodineat-of the present]imyentiom fllustvased inoFiguger prefexibily indhules

-40[err]F (-4 -Chille . I pel ude r and/ or
software to %ﬁ%&%‘i@ﬁwc@ﬁ%&% &ﬁ@%@ﬁ%e@?%r%ifq Wﬁmgas
wi_thihn r](caceihviml_ t8i0 mtlw'hm'rwiﬁﬁ{lthekeediﬁhg_ = critiinérsat prdesired: &elmlpoézramdfa'th&édi!ﬁmnxh 1 '
wei ght of the |iquid-phase,gas within, source container, , and to_thereby
moni t or when PFéﬁc\]‘éﬂ? ’Itpﬁ’@“ﬁ%%@sgﬂ%e ¥t§’6ﬁ1ﬂf’w %&’Gé'e%%%?‘mﬁfo Thcei ving
cont ai ner 104 gingneestiil i ' maintithed i rlﬂéin /E§° :
118, and, V\,hertlén?sed, fl?#)f‘eé‘?raglgz, are prue?g?g%ﬁ“nai nt%?tggldébggt é@eﬁpfgr(?t]tére
sufficient to2beitmlBF ¢3°Gamord prefomably canging frome abaut 22 °Fnl-30°€2 0 pbarg e 76 %K

troll abl b / '  Ofho ° ' h
ol erent s ot A&0erl el ¥vel BRE refurfity B Oy F104qE5° bl B oSRIBE BABTAIRG % e
tgas fl o;mi ng tlinodndgklhaﬂdmmt mgm?omfatmagdmogagamhhggn% cox?ur?l ﬂ:)eltb{ﬁ grature of
~tenperature rgnges resent ed above e vajl v .
_pamtoi cul ar gazhe\_?ﬁﬁséﬁ@%“ffﬁ‘_‘vﬂﬁwn_ﬁ 'a%%{eeﬁgd%EWgﬂgaé?g@aﬁ‘ﬁ‘é%‘@@WOf
I nvention, as i liduidBhdse 34 WithMNGRE icahtdile 102, ARG BEreBy MonBby whid tr{kné;fgl;,jirg;e

art. The illustrative enbodi rent of the present 1nvention i
3 further i ncPfithessas fipm; the; squrce zantainer o reeriving reniiaert 104 is gompletgas | i ne 116

and a valve 126. V, S Hvahy t 110! f f kui 0_.gas
line 124 froma soglﬁ%gn%%gzb? hgg@dtﬁp’oaégiﬁ&aﬂghglé’ iq'%%’ %g%i @ggulrifgéerdlﬁ?{oa%f gas
i s preferabl ypeeferably mminthintd lat 2 temperdtire sgfficiegbe maihtain the gaswithinsthese pidnents

further bel ow, ressur.e uge 132 | s opti.onall royi ded to ]
nmoni t.or and dfns%lf‘l%faf B@”% df @%ogg@aggat?rnéagéxowﬁ%énﬁ%ox (hot show » PR EXPISIRS
134 is in fluti@sd tiemess Wi amitién® Rnvirdninc@ifsre  préteraBly Qused fbrirhdihtd thwgagas
line branches 136, 142. Gas |jne branch 136 connects gas line-134 and a

val ve 138. flowing through these elements in only gas phase. -

The temperature ranges presented above may be varied, depending on the
particular gas which is purified using a system according to the present invention, as will
be readily appreciéted by those of ordinary skill in the art.

' The illustrative embodiment of the present invention in Figure 3 further includes a
gas line 124 in fluid communication with gas line 116 and a valve 126. Valve 126
selectively controls the flow of fluid to g'és line 124 from a source 130 of gas through a
gas line 128. Source 130 of gas is preferably a source of filtered nitrogen gas (N,), as
‘described further below. ' '

A pressure gauge 132 is optionally provided to monitor and display the fluid
pressure in gas line 116. - ' .

A gas line 134 is in fluid flow communication with gas line 116 and includes two

gas line branches 136, 142. Gas line branch 136 connects gas line 134 and a valve 138.

Valve 138 selectively controls the flow of fluid to a vacuum source 140, as described in

more, detail below. Gas line branch 142 connects gas line 134 and a valve 144. Valve



Val ve 138 selectively controls the flow of fluid to a vacuum source 140, as
described in nore detail below Gas |line branch 142 connects gas |line 134
and a val ve 144. Valve

8 144 selectively controls the flow of fluid froma scrubber source 146,
as described in nore detail bel ow. Al'l of the valves in system 100
may be controlled nmanually or automatically under the control of an
automatic control system conputer, or the8 ike, as would be readily
apparent to one of- ordinary skill in the art. A met hod for purifying
corrosive gases of netallic inpurities according to an exenplary enbodi nent
of the i nventid4dnelestiviiyscontiobsctheiffolv ofcflvid éonea saubtiey source31467 lae dessnibed in
container 102 is placed in heated bath 106 and allowed to equilibrate

bef ore startﬂ%&?dgﬁgﬁﬁ' ‘ed bath is preferably set to about 70[err]F
(21.1[err] O, althguehmetvares LESRRIA100 Asy B&Yordodlled ftinidllyhsHutoheitiodlly dfler
fromthe present invention. Receiving container 104 is_cool ed and al so -

al | owed to edhe Fombiohofan Femate FRRirab SYSEm.CogpBteny ¢Rfhy like: as; would be readily
-40[err]F (4 {r&ﬁt%’on@&%ﬁ#%gn% Ehgperatures may be used w thout

departing fro e present . Solrce container 102 and receiving
cont ai ner 104 ar e A methedtferipirifyipgscoltosive gdsés ofmetallicrimpugties accerdingdotaad t o

nitrogen source 130, .to yacuu ource. 140,. and to..scrubber 6. stem 100
i s vacuum qu&%ﬁ%@%@Fﬁé@‘ﬁ%%@%&s g?ﬁcn{’j‘?da‘g‘élé reg?regcfertoééglgﬁai val ve
138. The pressice chitaii®n 101isqlaced i hefici biath 006 .4 alded YR byflibiad before| osed,
val ve 114 is opened, and sone anount ofﬁgas is vented to scrubber 146 to

condi ti on sydtastiag ofhe beased bath &s prefesabily, fieabout, 9o (24 D s althoygh gthgRy ¢ he
gas is all O‘N‘;‘c&nfyé}atgfés!mdgpbei%&%ﬁﬂﬁﬁﬂ&e%hﬂﬁé ﬁ’cﬁ?the??és@ﬁt idPcntioh N RebdiQingand to

enter receiving contain for the"gas to recondense in the receiving
cont ai ner becantainenil04 isecootadand zisoraloved tohequilibrase.y iTig cooled hathds preferablysetunt

of transfilled I So L& _

condensat i onei? ?g%(sfv'@ r]rggﬂgy&lr? %@h&ﬁ%gtso % ?e\é;%gart?r%w% I’ll) e&?&{ ﬁgﬁ(glég;pwhom
Addi t i Onaljl Y ,thé Presehid dN@atiom sﬁmermmmmmrﬁnmgﬁeimgmm@mtlmmm bye
source and recelving caontajners.al so contr t he rat vapor -
condensat i on.82Hlee 1?@-&%’1“ e ilﬁ% i§ conpegied @t’g“?gﬂ‘ SayEY g%@rfﬁt‘@ﬁ%ﬁg}%ﬂb‘? 140,¢
source has bega i s@ibter 148 dBystch 166 istvituuni plrgad Sevetad Sigtes 3 eeriidV@ aSlytedcesof S

vented to scrubber 146 and vacuum purged to renmove all traces of corrosive
gas. Rirchy opesingovalventitei Fheprpasugn is auapitered by nxessuggapgs, 132. o Valve 138

metal -free 96}?&18@&? Qalve 114 is opened, and some amount of gas is vented to scrubber 146 to
condition system 100. Once this is completed, valve 144 is closed and the gas is allowed

to boil in source container 102, enter gas line 116, and to enter receiving container 104
for the gas to recondense in the receiving container because of the temperature in the
receiving container. The amount of transfilled gas is monitored by scale 108.

The rate of vapor condensation is éovemed by the heat of vaporization of the gas.
Additionally, the change in pressure and change in temperature between the source-and
receiving containers also control the rate of vapor condensation. Once transfilling is
complete (or approximately 90% of the source has been transfilled) valves 114, 118 are
closed and the system is vented to scrubber 146 and vacuum purged to remove all traces
of corrosive gas. '

The inventors herein have discovered that the keys to metal-free gas-phase
transfilling include the following:



transfilling include the follow ng:

9 . (1) A eaning of every part which is exposed to both air and the
- torrosive gas before every filling; and (2) Controlling. of
“the flowrate and the tenperature of the receiving container 104 and
gas line 116 so as not to create a substantial anmount of m st in the gas
stream The detailed steps of gas-phase transfilling according to an
exenpl ary embodi ment of the invention inclule the follow ng: (1)
The source cylinder 102 is preferably free of internal corrosion. This can
be checked by netal analysis in the gas phase at the filling flow rate.

(2)  Valves 114, (1)8Cleaningof becryipari athichyis eapased koboth aisiand theneprrasiviegast o

avoid netal conta on._Jj e, gas phase fromeither valves. One
sui tabl e net hod om’%@%h' @m}’% oard cleaning is disclosed in U S

Patent No. 5,591, 2(23 commg dﬂhaﬂowﬁteaﬂ&ﬂe tdmpeﬁmkafrtﬂecrewvmg conteinkr 104ed
Process for Distrib t|n [ h Puri se thM

Cont ami nat i on and al‘ilg P Grea ﬁw t’d&/“‘?@f’%%
(3) - The CO”TE&Hétﬁ'Ibdoitcp%Qifrgﬁﬁ Edééh@ﬁkﬂhﬂgga”ccé 'eﬂ&nﬂl&@ ShOdifeR f the

mashed by appro rLate cl eani ng agent such as those used in
t he on-board imyestion include the following) eani ng process descr.i bed above, before

every filling. .Q)gag@e souﬁ%%?hﬂdeQQOfg%%@fé ﬂ%ﬁf‘ﬂ:&ﬂrﬂaﬁ? progl :?.\Ae‘iﬁivsg&nby

1 kg/cnferr] matri erabply nore
hour s. (5) Re dei chiecked byl metdleanaly@is imtiet gpa phisenae thelfflling) flowdratee

{low rate mst be @bti e 1igr TERSRlt: Haey by G op topi sitebing mediSats 1119

In the case of a HBr 1GwvbidcReareontathindtibarin 1ok astﬂn@setﬁaﬂ%fmérlvalmfmy rate
shoul d be controlled to be less than 3.5 standard | iters/ m nute (slg

(7) Gas line 116 shoW@éW&fW&Y@ETW%mtw discle

sufficiently high to [ T&ﬂdaln i3 1
recei ving contai ner 18?48&1’{11% tsl‘%}?ﬂ% e terrper ai ure 0 ototeta‘i eiitied
recei ving cont ai ner 104Pretess far lblstnbpungrUttijlgh Purity Gases w1thstmmdt he

transfilled gas remainseih, 9a%: R ax P Hitudees Whith'ls EnQ:S ofsts Herie by reference.

(3)  The connection of Isoutce cylinder 102 to gas line 116 should be washed by .

appropriate cleanirig'._agént, such as those used in the on-board valve -
cleaning process deécribed above, before every filling. |

(4  Receiving cylinder 104 should be passivated by 1 kg/cm® matrix gas,
preferably for more than twelve hours.

(5)  Receiving cylinder 104 and gas line 116 should be vacuumed before
connecting gas line.

(6)  The filling flow rate must be optimized for each source cylinder volume.
In the case of a HBr 10 1 source cylinder 102, the transfilling flow rate
should be controlled to be less than 3.5 standard liters/minute (sim).

@ Gas line 116 should be heated up and maintained at a temperature
sufficiently high to maintain the gas in only gas phase until it js in-
receiving container 104. '

(8)  The temperature of the gas in receiving container 104 should be optimized
so that the transfilled gas remains in gas phase until within the receiving

container, yet recondensed when in the receiving container.



cont ai ner, yet recondensed when-in the receiving container.

10 (9) The vaporization of the |iquid-phase gas fromthe source
tont ai ner shoul d be st opped before the liquid is depleted in
t he source contai ner. EXAMPLE

In order to provide netal -free I|qU|d HBr for material evaluation, and al so
as a first step for production-scale gas phase transfilling, gas phase
transfilling was perforned using a 300ni HFOFE coated high pressure vesse

as a receiving container to renove the possibility of nmetal contribution
fromcorrosion of the receiving container. H gh purity liquid HBr
containing a Fe c@)cen‘[‘hatralmmzaﬁonlafshe hq;adl-phﬁe\gas frote the souspe eontaivershowd

perform ng gas-phase tyansfil L,he t tion.
1. Selection and evalu FtBPP"Gfb ﬁgpilaegﬁ 4\5’%8% S%S%ﬁ&g confltE! A hi gh

pressure contai ner was used which exhibited no |nternal | eak at
pressures at |east up to 20 bar, even when exgeriencing t enper at ure change,
~and exhi bited substantially no aching fromits internal

|iquid contact Sué{{ gx??to rovide métal SR TRfufd BBr fthAbr levilifidn| #hPAISY afh ass

Co. Ltd. was sele recel vi ng contal ner because it Is
| eak- proof ufirétGtepdsp prodietion}scalegas phise tiansfilling, igasiphase transfilling was performed

ti ght ness, even aft re .changes

t enper at ur e, USing a 3085&1?&%%%&3 b&%ﬁ'&?&‘i ‘é"g e}ﬁf%?icﬁﬁﬂ%o& al r?g?gun &che

Cq fr r] \Q/ats §8§sﬂﬂhtfylcﬁgnécﬁl dohtrﬂ;)itl@lﬁﬁdonihl@rtdsmn of ttg. reciving containf. eHighQ)humty h a
cooling ba e _contai ner was then heat Vi e

cool i ng bat hlxqaﬁdiBheontmmgMe ﬂgg‘%@m ﬁ%%@vbm@ﬁ 'éf&fa%ﬁ“

was detected ewen gé u?ﬁk?’ @Qﬁy iR BRERICAr € change.

Met al | eachi Rgefg yE Mér the FE | nner .Cup of this receiving
cont ai ner was anally zSsiectiomdndie jof @ mecermme aer e det ected over 1 ppb.
Based on these results e?]n*ﬂ gﬁg}hg at9as-
phase transfilling. Al f&el?lrﬁjgf’f%% a stal nl essg’m ee ﬁ?dsnder avi ng

i nternal coatingspressures atdéastup k20 bho&pd‘n \dlmn dnpemncmgdempﬁmxe chapghendsed,

except when ammonia i s bei i n.whi.ch case, al ym nunz coat ed
cyl i ﬁder s coul d b&xhibited su bsigntlally no mgéi lea from its internal Iaquld coanact sm%ces

A commercial container’ from Taiatsu Glass Co. Ltd. was selected as a receiving .

container because it is leak-proof up to 60kg/cm®. In order to confirm its leak- .
tightness, even after temperature changes between -80°C and room temperature,
CO, was transfilled into the container until COz was solidified in it by cooling it
down to -80°C with a coolinglbath. The container was then heated up by
removing the cooling bath, and the internal pressure was monitored. No leakage
was detected even at 50 bar and after the above temperature change.

Metal leaching by 2% HN03 from the PTFE inner cup of this receiving
container was analyzed, and no transition metals were detected over 1 ppb.

Based on these results, the container was thought to be suitable for gas-
phase transfilling. Alternatively, a stainless steel cylinder having internal coatings
of nickel phosphide, discussed above, may be used, except w_hen ammonia is being

purified, in which case aluminum-coated cylinders could be used. .

2. Gas transfilling procedure



2. Gas transfilling procedure The cylinder val ve of
the source cylinder (10L SS) was cleaned. After the source cylinder was
connected to the gas transfilling line, cycle purge was applied, and then
the whole gas line was purged with filtered N err] continuously. A high
pressure container (Taiatsu dass Co. Ltd.) as a receiving container was
separately evacuated for 30 min. before connecting to the gas line. A
mani f ol d whi ch connects the receiving cpntai ner and the gas |ine was washed
wi th a washing solution which dried quickly and conpletely, conprising

wat er and acetone, and dried with N2 after every experinent. After

connecting the cl eahdeyliddet M@é‘dfﬁx@%oﬁ’é@é}lﬂid&d(mﬁ%%\#}aﬁwm aAﬁefthteO the

gas line, the receiving container was i mrersed [err] C (14 err%
cool i ng bat h upouree exlindprawas esmneqted tocthe gas transhillige ding, ¢yslepage was applieflol d

were heated upohp Rl bhdie GEPHAL bt Q5 NYQfloddiycop Pt 1 on

the HBr in the gas recerving c alner - feck
t her nocoupl e fpresﬂinecduﬁaherr(’l‘amlmr@hssv@m Etdétaalalremtnang cdnmmwamsdparaxhlyt he -

recei vi ng. cont ai ner e val v The sourc cvli.nder, was. l.eft .at ambi ent
tenperat ure. djr? %%A%T&Wlﬁ SR ng

cont ai ner was wudetealtﬁe/rebamg%eﬁtainarax{mchs@ﬁdhﬁagwmmhadmwﬂshh@ Under
this condition, the receiving contdiner's needle valve regulated a | arge -

pressure di ffeﬁ@%@wmbmqwklmmdtcn@pw ccem@mwa&rapéa%%e.tan@n 1 bar
in the receivi E@;nng RSt Iy
cool ed down, ag frequ nt ag%}gte nt %? tmhe need \E/tg?%%ﬁvvas regg’ih?e Thi s
caused condensaYacuated)i'ecaBmg Qonmqermdlcggehm ethfcmof:lvmgd:omamermsde of the
needl e val ve - i kehy r ndenoaddition, cfrequent adi ustment of
t he needl e Va\l'\@%mg%%i . ilbe¢}l‘g‘2§é:8§l?@dbaﬁ%f'§?° %'%Pﬁ?&féé%\%ﬁﬁghﬁﬁjg@s ‘L”E eased
into the gas- phnrsmehﬁmﬁold)were'ﬁmehprwBStQQerEMoamfd thee receiving
contai ner was inc eased égﬁeé&’a ncrea5| n r}s ssyre downstream of the

recei vi ng cont 5‘? psagon, @ eIying CORZIMAT peckn
frequent flow ﬂdmgﬁﬁ%ﬁﬁle ‘P(;r ﬁ@ﬁeﬂﬁ%ﬁ&oﬂﬁﬁs\’ﬁsmﬁ 40 the BHRGde HE@BSSArY.

After the evacuation of the main |ine and the mani fold, gas phase HBr
receiving container needle v. ve The source cylinder was left at ambient
temperature. . )

During the tra_msﬁlling procedure, the receiving container was initially
immersed in the cooling bath at -70°C. Under this condition, the receiving
container’s needle valve regulated a large pressure difference, from 20 bar in the
source container to less than 1 bar in the receiving container, so that the needle

~ valve itself was gradually cooled down, and frequent adjustment of the needle
valve was required. This caused condensation of HBr, i.e., mist generation, and
the inside of the needle valve was most likely corroded. In addition, frequent
adjustment of the needle valve most likely generated metal particles which were
released into the gas-phase HBr flow. Therefore, the temperature of the receiving
container was increased to -10°C, increasing the pressure downstream of the
receiving container’s needle valve to 8-10 bar. Under this condition, frequent
flow adjustment of the needle valve was no longer necessary.

After the evacuation of the main gas line and the manifold, gas phase HBr
was allowed to flow from the source cylinder to the receiving container at the flow

. rate of 0.5 slm. From 100 g to 200 g liquid HBr was transfilled at one time.



was allowed to flow fromthe source cylinder to the receiving container at
the flowrate of 0.5 sIm From 100 g to 200 g liquid HBr was transfilled at

one tine. 12

3. Liquid phase netal analysis After gas phase transfilling,
all of the HBr gas was withdrawn fromthe recei ving container at 300
ccmand introduced into two PFA inpingers, ygach of _which was al ready
filled with 100 m of D water. Al the HBr gas evaporated fromthe
receiving contai ner was hydrolyzed in the two containers, i.e., 200 m of

water in total. T ';nq&*g QIEE e?a'fB g&s.%he recei vi.ng container was then

r enoved from outer body, and the residue in the
PTFE inner cup was AfterVgas phabe \wahsfillifg, call offthe YiBrlige¥ was withdiaen fedm ithe
concentration in the 200 m of HBr .hydrol yzed so i.on,and th

resi due in the wasiFSi%ng SPRfAInEatA00someand; Into two Eﬁémm&&w of

graphite furnace %ﬂgﬁl wal BESIdY AIRA WIRELOU AP 6£DY watdr/ VA1 the HBr gas evaporated
i nductivel y-coupl ed pl asma maSs spectroscopy (I CPM5), or )
i nduct i vel y- coupl efiom the receipimmtameomhﬂg’blymdom the) bwa eantaingsy, ice. CRO\ES)Of

4. Gas phase Sha.. : aEl .at | '
sanpl e the gas w%%lﬁ%@n%%om?ﬁ%mgmgu P of&%ﬁ%%@%&%&ﬂ%&ﬁc&%&&
anal ysi s was condutémdhdytaifieds’stecl ldateb badyg ahd Itheeresidue in the PIFERnerdcaprangs f or -
sanpl i ng were washed, by concentrat ua,J eqgi a, and dr.ied 3

class 100 clean be‘ﬁ’tsﬂ‘.’a/ﬁvﬁg r%%w*?gﬁe %ﬁ@ Wﬁnﬁbflﬁ%dﬁ&@r
filter hol dgdrolf¥edSolufidh ahd tHedtddie R lhé solition veEre séanddly HBr
were trapped, the menbrane filter was washed by dil uted agua regi a,

and this washi ng sqvantifieshby,geaphite furnace atemjc absorpfiomspesiroscopy (GFAAS).i ng t he -

above procedure, i, \Yéﬁ‘i]% C ﬁﬁm{a s“%@b' yc(g@mg i [ WL 0g
contai ner and the lg%s ?lkg:‘dggg& Eam ;gﬁ(s:o tat?ﬁ%lr:](g) ed W t?}’ %ﬁp&%ﬁg&lﬁ%ﬁ@ﬁh@e
when t he recei vi nplasomat atdomizr emissiom specteasteny @OR AES)connect ed. Therefore,

both the manifold and the receiving container were purged with dried N2
through the main transfilling |ine. However, these two parts contain |arge

dead vol une t hemd,ves,Wi |y purged well even if they are
contam nated by air. During the cycle purge of these two
Filtration was applied t0 sample the gas withdrawn from the source

cylinder, and the metal analysis was conducted by GFAAS. Membiane filters .

(PVDF, 47 mm) 'f;)r sampling were washed by concentrated aqua regia, and dried '

in a class 100 clean bench. The prewashed filter was set in a polypropylene filter

holder. After particulate impurities in the gas-phase HBr were trapped, the
membraoe filter was washed by diluted aqua regia, and this washing solution was
analyzed by GFAAS.

During the above procedure, it wds found that the manifold connecting the
receiving container and the gas line was easily contaminated with air and moisture when
the receiving container was connected and disconnected. Therefore, both the manifold
and the receiving container were purged with dried N, through the main transfilling line.
However, these two parts contain large dead volume themselves, and are not easily
purged well even if they are contaminated by air. During the cycle purge of these two
parts, residual moisture and air can be introduced from them into the main transfilling
line. Furthermore, the valves and fittings near the manifold were heavily corroded after

transfilling. Therefore, the manifold was removed from the gas line, and washed with a



parts, residual noisture and air can be introduced fromtheminto the main
transfilling line. Furthernore, the valves and fittings near the manifold
were heavily corroded after transfilling. Therefore, the nmanifold was
removed fromthe -gas line, and washed with a

13  washing solution which dried quickly.and conpletely, conprising water
and/ or acetone. The washed nmanifold was continuously purged during storage.
This cleaning procedure for the manifold wd8 repeated after every
subsequent transfilling procedure. The receiving container was separately
evacuated and purged with N err] before each transfitting procedure.

It has al so bwashiny sojutionrwiich deied quickly and completoly, comprising water and/ot heetdreow

rate of ,the g W t.h m t ) I order oensure onIy
Vapor -phase ¢ Pl et ol %sw%%gvo FBingel dobig otk ” EHEL ol Berud o
cylinder cont fortheGabifold Gvadfr amyswsqueﬁtltmsﬁumgptomerameon The |
flowrate is optimzed dependin the size of the r cyli nder the
anount of HBr TEFFIE FORMINEH Was m%ateqx an wag?dewﬁﬁ‘geb&#ge

Metal inpurityoegmtents in liquid- phase HBr in the source cyli nder and t hat

|n the rece|V|ng contai ner cylinder are conpared in Table 3 as "before" and
"after", r espect i vléhys alyn begnedisnonered tha it is ety imppgiant ¢o mmthﬁowmmmed

gg}M;c: gdzi \rllwt e gas ﬁse&l—@ggﬁ{wqg& mh&?‘he transPIﬂpl [ E&%&ﬁ%ﬁ@

denonst r at ed 0.5eslmlof iHBit canbeeakily supplial frgnsa Iﬂlmyiihdérldonguﬁng 50rkg of HBrpurity
removal . without significant mist generation. The flow rate is optimized depending on the size of
the mother cylinder, the amount of HBr liquid in the mother cylinder, and temperature
control.
Metal impurity contents in liquid-phase HBr in the source cylinder and that in the
receiving container cylinder are compared in Table 3 as "before" and "after",
‘respectively. The Fe concentration m liquid-phase HBr was reduced down to 2 wt.ppb,
which is substaxitially the same as the Fe concentration detected in the gas-phase HBr
flow throdgh the transfilling line. ‘This demonstrated the ultimate capab{lity of gas
transfilling for metal fmpurity removal.



14 - ' Tabl e 3 El ement
Before (wm., ppb) After (w., ppb) Al

12.°60 0. 09 Ca . 35.40

1.81 Co 26. 00 3. 47

Cr 415. 00 0. 43 Cu

N. D. 0. 89 Fe ' 5320. 00

1.87 Vh 15.13%0 7.71

Na 6.19 0.24 Ni

680. 00 0.74 Zn 11. 60

2.24 Whil e the invention has beEibleldscribed in detail with
reference to preferred enbodi nents thereof, it will be apparent to one
skilled in the art that prersosjErorgeSCca e [THOE.— &t fval ents

enpl oyed, wi thout depar ui
15 VWhat is clainmed is:

conmpound in |iquid phasgq t one 0-6%uri t yl(:(r;?rp?i si ng:
a first container for h TarRg s T4 g5 phase| compoupd contlFi ning said at

Co 2600 3.47 “

Cr 415.00 0.43

Cu N.D. 0.89 |

Fe 5320.00 1.87

Mn 15.30 7.71

Na 6.19 0.24

Ni 680.00 0.74

“ Zn 11.60 2.24

While the invéntion has been described in detail with reference to-preferred .
embodiments thereof, it will be apparent to one skilled in the art that various changes can
be made, and equivalents employed, without departing from the scope of the invention.



| east one inpurity; a second container for m u
conmpound; ~afirst fluid line in fluid com"rumllm muuﬂ lglld
first container and with said second container for transferri fhg gast pifasé
conpound fromsaid first container to said second contai ner;

a tenperature controller for maintaining a tenperature differential between
said first container and said second container, said tenperature controller
mai nt ai ni ng the conpound in gas phase when 1said conpound is transferred
fromsaid first container to said second container, and |iquefyi ng sai d
conpound when said conpound is in said second contalner

wher eby when vaiad iDdlainiédise conpound is transferred from said first
container to said second container, said at | east one inpurity is not
transferred fromsaid first container to said second container. 2.

Compr | cea. & hoat or | n HeLRReRS for pUAGHR, £ ohdund RGN pHAG DA Pl a

cont ai ner. least one irfpurity, mmmat us accordi ng to claim2, wherein said

heater is a heated bath, d.firs ai r at | eas rtiall
i mersed in said heated @ﬁf merft"rﬁoﬁi?gsaﬁ %a‘g’gier éfgli‘qﬁﬁn‘?@ at

claim1, V\hermsnoaahﬂpmﬁyperat ure controller corrprl ses a chiller in heat
transfer conmunication wth sai d ,second .containper. 5. An

appar at us accor di ng t o a3es9ns contajper far holding gurified gogwpopadia cool ed bath, said
second contai ner bei ng gfirst AgRAINRAR udd l:dimhﬁ‘ﬂl@dﬁ%ﬁ%ﬂhrhaﬁlaﬁﬂt&ﬁﬂilﬁ&ﬁﬁt%m
er

16 6. An apparatus according to claim4, wherein said
cool s sai d sesishsecond container for transferring gas-phase compound from said first container to

said second container; ,

a temperature controller for maintaining a temperature differential between
said first container and said second container, said temperature controller maintaining the
compound in gas phase when said compound is transferred from said first container to
said second container, and liquefying said compound when said compound is in said
second contdiner; ) .

whereby when sald gas-phase compound is transferred from said first
container to said second container, said at least one nmpun_ty is not transferred from said

first container to said second container. |,

2. An apparatus according to claim 1, wherein said temperature controller

comprises a heater in heat transfer communication with said first container.

3.  An apparatus according to claim 2, wherein said heater is a heated bath,
said first container being at least partially immersed in said heated bath.

4. An apparatus according to claim 1, wherein said temperature controller

comprises a chiller in heat transfer communication with said second container.

5. An apparatus according to claim 4, wherein said chiller is a cooled bath,

said second container being at least partially immersed in said cooled bath.



container to a tenperature ranging fromabout Oferr]Cto a '
7. An apparatus according to claim®6, wherein said chil m“mm‘ﬁ)mﬁwuﬂ"l
second container to a tenperature ranging from about -10[err]Cctotabbuts *
-70[err] C 8. An apparatus according to claiml, wherein said
tenperature controller conprises a heater in heat transfer conmmunication
with said first fluid |Iine, wherein when gas-phase conpound is being
transferred through said first fluid line, 16aid heater naintains said
conpound i n gas phase until said gas-phase conpound has entered said second
cont ai ner. 9. An apparatus according to claim@8, further
conprising a val ves.f or Amapparahisi acgordingitd claim\4, iwhereimsaid chillerodoolsasiaill seeomhd
cont ai ner, wherei.n e as-.phase . u | So b€l rapskerred through
said first fl f a%‘&“ﬁ%ﬁ@‘ﬁ%ﬁi%ﬁ gas‘gf‘;d&%%b@gn‘f& in gas phase
until said gas-phase conpound is downstream of said val ve. 10.

An apparatus according to claiml1, further conprising,a fjrst valve for
control l'ing fluid?%l owARIRPIRES ASEATAEE tg&[aﬁn%’%%i?mjé?f conls saidssecondty

val ve for COfHoh&kde}ﬁgaftédé{se?a:ﬁﬂe il Grofil abotit![100€ 1§ @bkt SRPENd cont ai ner.

11. An apparatus according to clfaim1, further conprising a device for °

nmeasuring the weight of said first container. An appar at us

12.
according to clairg 1, fur Q LS . SEC bl | | |
commruni cation wth sai &l#%pﬁkg{auﬁlawahﬁlg% °@8§qaytﬁg%@n§?¥wb‘8@§“#§%‘%ne; .
13.  An .appasofipriSesod heatetiin Giedtaransfer somdunitationtveith sabdfirst sluiddline, Whietein Wheh d
line in fluid copmunication with said first flujd I|He,, for attachnent to a
scrubber | i neas-phase compound is being transferred through said first fluid line, said heater
maintains said compound m gas phase until said gas-phase compound has entered said

second container,

9. An apparatus according to claim 8, further comprising a valve for
- controlling fluid flow into and out of said second container, wherein when gas-phase
compound ‘is being transferred through said first fluid line, said heater maintains said
compound in _gas phase until said gas-phase compound is dowﬁstream of said valve.

10.  An apparatus according to claim 1, further comprising a first valve for
controlling fluid flow into and out of said first container and a second valve for

controlling fluid flow into and out of said second container.

11.  An apparatus according to claim 1, further comprising a device for

measuring the weight of said first container.

12.  An apparatus according to claim 1, further comprising a second fluid line

in fluid communication with said first fluid line for attachment to a vacuum line.

13.  An apparatus according to claim 12, further comprising a third fluid line in

fluid communication with said first fluid line for attachment to a scrubber line.



urih fruidtine 1 (iU sccording Lo, ot el Lo NRILHY A AR

attachnment to a flushing gas |ine. 15. An appar &t u$ accdrdi*ng*to
claiml, further conprising a device for neasuring the pressure in said
first fluid line. 16. A nethod for renoving at |.east one

impurity froma |iquid-phase conmpound conprising the steps of:

provi ding a conpound in |liquid phase contailfing at | east one inpurity in a
first container at a tenperature above the boiling point of said conpound
in liquid phase; : provi ding a second container in fluid
communi cati on wit hi4ai dAd eppiratasadcerdimy totdiaimul) fadher eamprising & fourtt fuiddine

i ne; and . ] fransferri, sai d,conpound from said first _,

cont ai ner t hr B fiHd somgupicaden W‘E isﬁ‘glgh‘?@‘!‘fﬁ‘ggg‘ﬁ attachment t3, flshing a5 line.
pressure differential, wherein the conmpound in the second contai ner which
has been transferred fromthe first container includes a reduced

concentration of iHpuriAs appamiay tegonding tecclaimnk Sumkpricampriging jardevice dor ai ner .
17. A net hoﬂeﬁﬁﬁﬁé qieg@-eésﬂre%asm%@t ﬂlWﬁ%@.i n said step of transferring
an

further conprises rring said conpound in gas phase only.
18. A nethod according to claim 17, wherein said step of transferring

further conprises e s}ep.of i nt ai. ni sai d gas-.phase ¢ und in said
first fluid.line a’%ve é&%ﬁ%@%ﬁﬁ%&%&%& ﬁa{g‘g'l’ﬁas&ﬁwaw
i n gas phase. comprising the ¥8ps of: A met hod according to claim 17, further
conprising |liquefying said _gas- phase_ conpound in said second container.

20. A nethod accor di rgoviding agompeund imliquid phase containing apleast; angdmpprity in a
conpri ses Coofdofithét £3%eMpasfard BHE Wi boiling point of said compound in liquid phase;
~ providing a second container in fluid communication with said first
container through at least a first fluid line; and
* transferring said compound from said first container through said first fluid

line to said second container by pressure differential, wherein the compound in the second
container which has been transfeired from the first container includes a reduced

concentration of impurity compared to the compound in the first container.

17. A method according to claim 16, wherein said step of transferring further
comprises transferring said compound in gas phase only.

18. A method according to claim 17, wherein said step of transferring further
comprises the step of maintaining said gas-phase compound in said first fluid line above a
temperature sufficient to maintain said compound in gas phase.

19. A method according to claim 17, further comprising liquefying said gas-

phase compound in said second container. .

20. A method according to claim 19, wherein said step of liquefying comprises

cooling said gas-phase compound.



18 21. A nethod according to claim17, wherein sa'm ﬂ '

sel ected fromthe group consisting of HBr, HO, C[err], BCO H “ﬂ“ﬂﬁm lllﬁ““l
and WF[err]. 22. A nethod according to claim 17, wher®irt sdidsat*

| east one inpurity is a netallic salt or ofther conplex of a netal atom the
nmetal atom sel ected fromthe group consisting of alum num calcium cobalt,
sodi um nickel, zinc, iron, chromum nol ﬁgéienum copper, manganese,

magnesi um and arsenic. 23. A hod according to claim 17,
wherein said step of transferring further conprises controlling the flow

rate of the gas-phase co und framsaid first, cantainer to sai d secand
cont ai ner . 3175, S°mRGo0 aesnidioe B pRm Nl VosteR st comeop B gelel T
conpri sing Prey bfdp ofsisting of BB, YC1{ C1,, BOL! NH,! ktWHUi d flow into and out

of said first container, and providing a second valve for controlling fluid
flowinto and out of said second container, wherein said step of

controlling the flLeaw rat BHrBEﬂ.u ' | f

| east one of sai dlz?'l rs?‘ l\g;lg#lve anﬁ%@b@gﬂg@%ﬁ%&ﬁ%i&%@g@ﬂﬂ& %t hod
accor di ng t o nudtalliersdlor dthert ¢omplexoofa metahgtonyithe metal itemt selepied ftont thegdrowmi d

| i qui d- phase conpound abave itg .boili,ng pojnt. . . . 26. A net hod of
renovi ng at Icg?g%%‘ngr?g af%‘&?‘?’t ‘F‘P’Bmcﬁbal%i' 8%4“&%?’.’55%' G SRroRUIDy i si ng t he
steps of: molybdenum, copfi)éﬂ%ﬂigﬁﬁs@; BasResiumd ahd'asséfieli d phase containing at

| east one inmpurity in a first container, wherein the partial pressure of

t he gas phase of said conpound in said first container is substantially

greater than the parti al ;ofEs sttofdiRf td QRind ¥F \Qﬁb?(?iﬁsﬁﬁs Iﬁ%ﬁ&ﬁ‘%&%‘&ﬁ% by |

inmpurity in said contai ner, g€ner at 1 ng gas- phase co
mai nt ai ni ng samgrisasgontieliibg the fhawrpase ofl thergis-phisd campodund Sronp said ifirgtioontajneatto a
tenperature %gg\égc(}nﬁecogt%ﬁeir ng point of said |Iiquid-phase conpound; and

24. A method according to claim 23, further comprising providing a first valve
for controlling fluid flow into and out of said first container, and providing a second
valve. for coxitrolling fluid flow into and out of said second container, wherein said step of
controlling the flow rate comprise'é adjusting‘ the flow rate tprough at least one of said
first vaﬂl\.re and said second valve. |

25. . A method according to claim 17, further comprising raising the temperature
of said liquid-phase compound above its boiling point.

26. A method of removing at least one impurity from a liquid-phase compound,

comprising the steps of: i

providing a compound in liquid phase containing at least one impurity in a
first container, wherein the partial pressure of the gas phase of said compound in said
first container is substantially greater than the partial pressure of the gas phase of said at
least one impurity in said container;

generating gas-phase compound by maintaining said liquid~pha;e compound
and said at least one impurity at a temperature above the boilihg point of said liquid-phase

. compound; and



19 transferri ng sai d gas-phase conpound to a '
container by a pressure differential. 27. A net hodim r”l“rl“"t"'ll "llll
claim 26, wherein said step of transferring further conprises tyansterrungs =

sai d conmpound in gas phase only. 28. A net hod according to claim
27, further conprising |iquefying said gas- phase conpound in said second
cont ai ner. 29. A net hod according to claim 28, wherein said step
of liquefying conprises cooling said gas-p&gse conpound. 30. A
met hod according to claim27, wherein said step of transferring further
conprises transferring said gas-phase conpound through a first fluid line
and mai ntai ni ng' sai d gasnsfeming ssidngasphaseicompaiind thiarsecond| apntainier by agiressurea

t enperature gﬁééicL nt to maintain said conpound in gas phase. 31.
A met hod acc $EP§D claim 27, wherein said conpound is selected fromthe
group consisting of HBr, HC, dJferr], NHerr], BA[err], and WF[err].

32. A nmethod according tQ claim27, erein said at, |l east one inpurity is
a netallic salt oot héy metiep agsording Lo %"A&a?’g‘?ﬁmtsﬂ'é %%fl“aéﬁéwl’é@i”ed
fromthe groyg ﬁg@i%ﬂwsﬁd%&m ift @ACPHASE ot @l t, sodium ni ckel,

ybd

zinc, iron, chroOmum no enum ‘copper, nganese, magnesi um and
‘arseni c. :

28. A method according to claim 27, further comprising liquefying said gaé—
phase compound in said second container. '

29. A method according to claim 28, wherein said step of liquefying comprises -

cooling said gas-phase compound.

30. A method according to claim 27, wherein said step of transferring further
comprises transferring said gas-phase compound through a first fluid line and maintaining
said gas-phase compound in said first fluid line above a temperature sufficient to maintain

said compound in gas phase.

31. A method according to claim 27, wherein said compound is selected from
the group consisting of HBr, HCI, Cl,, NH;, BCL;, and WF,.

32. - A method according to claim 27, wherein said at least one impurity is a
metallic salt or other complex of a metal ‘atom, the metal atom selected from the group
consisting of aluminum, calcium, cobalt, sodium, nickel, zinc, iron, chromium,

molybdenum, copper, manganese, magnesium, and arsenic.

33. A method according to claim 27, wherein said step of transfer’ring further
comprises controlling the flow rate of the gas-phase.compound ftom_' said first container to

said second container.



33. A nethod accordi ng to claim27, wherein said step of tr

further conprises controlling the flow rate of the gas- phase EME Ilu“‘ "flllnl”“l
said first container to said second container.

20 34. A et hod according to claim33, further conprising

providing a first valve for controlling fluid flowinto and out of said

first container, and providing a second va#(ge for controlling fluid flow

into and out of said second container, in said step of controlling the
flow rate conprises adjusting the flow rate through at | east one of said

cl 5 m 27, furt her Horm SFHGY AESHEiAG 1 Flick 3hn e RIS AraviG i Hp AL

conpound abo\fgr tdntrofiftg! fluld fION iiito and out of said first container, and providing a second
valve for controlling fluid flow into and out of said second container, wherein said step of
controlling the flow rate comprises adjusting the flow rate through at least one of said
first valve and said second valve, | |

- 35. A method according to claim 27, further comprising raising the temperature
of said liquid-phase compound above its boiling point.



