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Tl, Th? PROCESS FOR PURI FYI NG PERFLUCRI r\ﬂﬁm CRGCSS REFE%ENQ%&%
RELXTED APPLI CATI ONS This application iority ber? R S.
Provi si onal wapgpr4isat i on 60/ 0b4993, fil ed gg)er 10, 1997, PamAISLE/ 3965

Provi si onal Application 60J086146, filed Ivay 0, 1998. ~ o FIELD OF THE

I NVENTI ON The present invention relat es for separating and
purifying perfluorinated products fromlummmmmmm m xture containing a

vari ety of conpounds by using azeotropic ext ractive distillation

processes, such that perfluorinated produc s of hi gh purity are obtained.
~5 BACKGROUND COF THE | NVENTI ON Vari o %:ous fl uori ne-contai ni ng

conpounds are ‘utilized in manufacturi ocesses that plasma-etch
silicon-type mater PROCESH FORRYRIFYTNGOPERELWOBRENAZE BUCd8vi ces. A ngj or
use of tetrafluoronethane (CF4 or PFC 20 14) is for plasma etching during
sem conduct or devi cegmmm E\ f’ ? rﬂ with the surface
of the |nt%grat ed ci B—Mdovm t he

el ectrical pat hwayEhisapplipationictiimgthe priotityebenefitfci ¢S fRrovisionalad pplicationt hat

define the | nE5esa5edi|sdinbAnfber {0, TOH RS and{ 85,3 qfroﬂélt)ﬁaﬂ litdtloh! uoride (NF3) is
as a "chem cal ‘é osltion (CVD) chanber cleani'ng gas in
seni conduct or® Oéésa(ﬁég’l haf-déP8re. CVD chanber cl eani ng gases are used to

form plasmas which int eract with the internal surfaces of sem conductor
fabricati equi pnent to re t ?wﬁigg%ﬁm ts that accunul ate over
tinme. Perfluorinated chem cgﬁmLﬂ] %’HN% that are used in
sem conduct or nanuf acWrH“hs@“ta’b‘f?F’Wé‘afeil%‘?fstoQsocéﬁséﬁ@r‘iﬁeitﬁfat@gé& PHifyases are

Lmrﬁ so commpﬁrﬂudrmﬁafealpmmuu@ﬁaﬁmmﬁg rtthe o@ﬁﬁﬁﬁngaﬂr&@ﬁ 6@6&1@0&@@65 havi ng
igh purity are critical uct or _devic

appl i bat | ons DY itk gpie P RN E AL ORRT R P e GaL BRI e ¢ s
in these gaseRrodurss ofdvughepuritioare oblaedt or devi ce manufacturing tools can
result injgide line wwdth and thus | ess information per device. Moreover,

the presence of these imMﬁLn ol limted to

particul ates, netals, noi & iy aﬁ}f Olg)gl n the plasma etchant
or cl eani ng gases, ev‘éanonhgasemlfylopn@smnamng cphmowmsmq)ﬂrlmnd inion |evel,

| ncreases t hendelRfliddhiebdls iCHIREOULER meorp{ &Hﬁ%awlgardé%s' ty
integrated S STlTUTE HEET éﬁu E 26) . tﬁt tﬁ rg 2002

PCT/ US98/ 23968bnsate ssmicondygtordeyiges, |4 mai%é‘?%o a@afbwéqm? dGEi siPFdenand for
hi gher puzd tyl4E)tls:f2bapla31ﬁmdcmh§&\mﬂg$egﬁﬁﬁductarﬂivﬂ:ﬂ fabricasb@s i Mgmuar ket val ue

for the mt ergl.8 Al At b LGAHE bEfREd bty ciraﬂp{v;,ffe; Gldhg{ w2 e no

conponents an enov onse
si gni fi cant a‘@ﬁ@b‘im’m‘ thﬁ)F'éﬁi&Ffﬂ m@thtvnzs mdlmwﬂ'@gﬁordbﬁﬁ aqe ﬁg‘%@fﬁb@@ﬁnds for

these appli cathatieine tHe@negrated hafice. amdejoeaf.u df@ltﬂig&ﬁfﬁn@icﬁldBmFJ) i dsy consuned

by seni conducf® nuf act urin r he i ntegrated
circuit fabn%:act aFvap %@ﬂ%’gmp’ (?I n te clc’)%rci aE"X’gtglgons eé“e&? fabri cati on
equi pnent Z%Xhéﬁyw nsﬁmn@am YD ehdmber olearing gags greigeditodorm Blagimast he unr eact ed

per f | uori nat eghich ht&hd RaMithemetntll S§@PicBHofRffdndRbr fABcafibs SquiMidmi N a
variety of reaction tBroduc gepen tﬁm[a‘gc(f:on‘Bonents whi ch i nclude but are not

limted to hyt(ffrr BYF e YoMy ASSVEHRS | ene (C2F4 or PFC- 1114),
met hyl fluoride (CH3PPerfludrii@ed themicals suchas PEGe4rend NK; Gyt drearsedHAC- 23)
chlorotrifl UO:{eﬂ{f&)tnaﬁ‘&@r ,ﬁ.&%ﬁnﬂgaﬁgfea&&)yas@t&&%%elem%%gsaasm@m@n di oxi de,

wat er, net hane, ethane ropane A variety of

[ u oxi d
other fludfti n%‘ﬂb%%ﬁd%a%r‘#cgp% gasssq €lﬁ°t§9§‘|'ﬁ %"SFﬁRPc‘,’ rlﬁr highsPHiF¥ct ur i ng
appl i cat i ons, art odticati fon gudhaemidonducas idedioe mahifadturerapphéatidAo ) It has been

oct af | uor ocyc I %&?eg opane (C3F8 or
PFC- 218) , suI#ogmbI hgga ﬁ%&& Q&l?}gﬁ%&%fﬁfgﬁuor oet ftane W@ﬁ& s _or HFC125),
trifl uor onet higrdcqndytor dsmcmn@anastun@&top&fqaamsa imwisle lineiwigth and gyus HEC 20
134a or HFC- 1B4)infondlatitinl et Q6vadeE NIGtBEver, Cht-présedtce bFthestdmpurifich, inBldimghaust

streans c off..the Qcesses gl e f. h the exhaust
streans f?ggmn@ﬁgogﬂeteﬂsfogﬁ‘a' ﬁ‘ﬁ'gs &e&%ég%lgm%ﬂlgé ‘J’tﬁ %F%aﬁggolﬁnbtﬁ %ed exhaust
st r eam consecplasmd gichantorcraniag gases,wivee whemgaly gresentrip chsrm;g Rgrrehillion
concentrati On@vel%aé&@?f}ﬁlakﬁcterﬁ&% thelpPodiiRHEN ¥PthedehigledGsRPintGYReNd Means
to 25 capture the fluorinated conpounds present in such equi pnent exhaust
streans and to develop options for theit disposition. A preferred

di sposition option is to repurify certain of the fluorinated conponents
fromthese streans for reuse. Separation of several of these val uable
fluorinated conpounds is nmesyYBSTITUTE SHEETUWRULE 28)e variety of fluorinated
conpounds that m ght be present in the conbined 30 exhaust gas stream from
any given manufacturing site, and due to non-ideal




I nteractions that exist between several of these conpounds. Far exanpl e,

sever al, of these conmpounds form azeotropic or azeotr qpe- i ke
W t h"ot her gounds in these streans, nmeking separ at i on by cgﬁggﬁf?adré

di stilltai Bvrt’ 243855t difficult, if not inpossible. 35 The BGTYE23965
I nvention provides conpositions and distillation processes for renoving
fluorinated inpurities froman inpure stream conprising at |east one of

b esent proc ot A5 gvull RE¥REs R el demend or Btbechurtboielnt o T
SUBSTI TUTE SHEECfeaninglgase@eynd andaereqsinig madevabistfar the mytesialsthaving thet hese t wo
conpounds i Nreljuigy ;ﬁh‘ftj/ t Meﬁtmi:ai%ﬁ 5f dttealling @BMPETent anll KR Yor tidMARY OF THE

I NVENTION 5 I n on];e % pIr esent, |nvent|o? provi des a process for
separating t &3P 98¢ H@ttWafﬁ%‘es(eﬁfﬁé signifigantaspeqt of prsearng the flugsiede ( NF3)
conpri si ny déantdihing ngmpoumidx fon these appdicationsg ni trogen trifluoride (NF3) and

tetrafl uoronet hane (ﬂf%ééﬂant&t&asmﬂtgggag age%ttﬁl:}'@cﬂxtséxg&m g agent. 10 In a

second aspect, the present_ I nyention separating a
f1 uor ocorrpou?FéF“%% ductprmanufesturingpragesses. i H@F ly g¥it the imtegratgd cireibnet hane
(PFC- 14) andfabntatmget;uxpﬁvextthmﬁniteleor(cbilﬁﬁnhofxsr OTHege fabﬁednomezfﬁtyzlh@ntOf said

f1 uoroconpou sin cO first
m xture with gﬁg%%?t&c ?ggk%%aﬁ[})gn%ﬁéfmés (%!ﬂﬁ Jrgﬁaé:ﬂetd Bd“fg ‘fm a second
m xt ure, 1&) effkant and qtg&mrtsegaseéc@nmama)aomogw vapiety) Qafrteae;tlem)pnodmts:am
?ZH?J% ropedl | MEcoFanest [with ihf:luﬂélbﬁ’t dré h&ﬂiﬁﬁ&ﬂﬁ@ﬁﬂ%}o Chd%)‘xﬁé n chl ?rl de f

and c¢ coverin ic.or_aze onposi tion o
said fluor oct)gtr?p&glborrto %gﬂﬂg(j?r‘(? gﬁeqﬂllgfmfg‘yz ﬂ'@qf (&?ﬁfgr H'th‘ﬁh ation colum,
over head st ri&dlypromethage( E@rﬁ%ﬂakdﬁpmmromtml(gﬂlmIoaCF6n13c),oI um '
For Separat| bl B e e D B 0t ogen
trifl uor 5a Méﬁdﬁt‘@'ﬁ‘?&f’% %ﬁ'ﬁ’%‘ﬁﬁg C?@P@qdﬂ?m\ﬂlﬁé?r‘@?qtmt he anount of
ni trogen t r | femiamiduieorhisRifacturing fapplicatiets, ickidingehexafluatoathane $6,Fpbr 25 t he
anount of ni ra}?%[o rope-1like
conposi tion I?)I::@.?t?(p 6%%étdo ﬂﬁut&';\!;é} lkl%gao b? @Eﬁl}%ﬁuog@?%ane (PFC-14),
conpri si ng: QFrdF pl'zlisﬂvgf“theh“'F‘Fﬂ‘&“dﬁt@Ee mentaBugreethang(Cailaor HEG-c or
azeot ][ Iope | i KxS),afiflpsesmeihawe (OHR) iof HEQSB)] tefriflusedictitae (@Fgf , BNHFC- )
tetra 0 X recoverlng t he
second rct i SAEEAECE) ditofiorBmaBERl CrEELbiHRG 30 padihe U T ogen
trifluoride SUSRBY ceming offi tbQSPpmt:sseharecﬁqeqwtlbs@mbméwnthahnexaaust26 April 2002

streams from the PFC-14 and NF, processes. The resulting combined exhaust

stream consequently may contain a wide range of compounds and concentrations.

Considerable effort is underway to develop ways and means to

25  capture the fluorinated compounds present in such equipment exhaust streams and
to develop options for their disposition. A preferred disposition option is to
repurify certain of the fluorinated components from these streams for reuse.
Separation of several of these valuable fluorinated compounds is made difficult
due to the variety of fluorinated compounds that might be present in the combined

30  exhaust gas stream from any given manufacturing site, and due to non-ideal
interactions that exist between several of these compounds. For example, several
of these compounds form azeotropic or azeotrope-like compositions with other
compounds in these streams, making separation by conventional distillation at
least difficult, if not impossible.

35 The present invention provides compositions and distillation
processes for removing fluorinated impurities from an impure stream comprising
at least one of PFC-14 and NF; so as to produce a purified PFC-14 and/or NF,
product. The present processes are simple to carry out and are effective for
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In a final aspect, the present invention provides a process for separating
tetrafl uoronet hane (PFC-14) froma first mxture of nitrogen trifluoride
(NF3)¥ and tetrafl uoromet hane (PFC-14) wherein the anount of 26 April 2002
tetrafl uoronmethane (PFC-14) in the first mxture is in excess of the anount
of tetrafluoronethane (PFC-14) in an azeotropic or 5 azeotrope-like
conposition of nitrogen trifluoride (NF3) and tetraf] uoronethane {PFC 14),
conprisi ng: ebtaning either af frese ryasgompopnds ip high pugithindwith lugh degsees of
azeotrope- | i k@owe@yposi tion conprising nitrogen trifluoride (NF3) and
tetrafl uoronet hane (PFC-14) as a second m xture, and i O recovering the
second m xture as a distillation colum overhead stream and

tetraf | uor omet hane ( PFC- 14 SUMMARY OF THE INVENEIONn bot t om stream BRI EF
DESCRI PTION OF THE DRAWNGS Fig | is a schematic diagramof a distillation
system thgt can béan bgedpeh tHe@respitadlentidnjgovddes appeds farfsepdiingr esent process.

Fig 2 is a schenatic dia f.a distillatiaon temthat.c be .used for
b Scti o ng aietagsuenefpedhATL By blegpe ullordF g pahrk i isitan s mintic

repr esent at i @Bmpfisigniedgeo triftupiide @) #d edlaflopeméthioe (PRIPOSH the@resaeB of &l | NQ
essentially of PEC-14 and NF3 at a 2 O tenperature of about -70C. Fig 4 is
a graphi cal BEHYE&MAYi on of an azeotropic and azeotrope-like conposition
consisting essentially of PFC-14 and HC at a tenperature of about -76C
Fig 5is graphi cal representation of an azeotropic and 2 5 azeotrope-I|ike
conposi ti1gn consi g'ﬂi‘ﬁeﬁc’ ASREH e RrgpengAnygRUon froyt apé‘fcesir}?'egﬁ%?tﬁ‘ﬁﬁre of about
-78C. Fig 6 iffioidc@hpahd seidcted dpmakegivas ¢odbistitlg o fetrafl@bméeping (BIT14) and

Fonper atur e ofraBbaRnos A G hsltsgRs et tunho g gbusl g compounds,
PCT/ US981 239&@bmptigng/ i S a graphi cal representation of an azeotropic and

ezectrope. 1 ke Couposl Lan GoR) AbkA R ol ARl o

separ at e18nd pure st fkrea seeudimbitire,pr operti es that are valued for integrated

circuit manufacturin d are typically used in a variety of.the rel ated
manUf act Uri ng. st ed. S {BE foeandmniiliys o (i an s gbuiOuie o e nions Jiks PRPRFRHD® of
the effect such conpaisadsluh@vengund agl iydiogegr ail@dle HEEWadtd 1 o nmanuf act ure
P e ot e B R ek btk SR 203 SR ARRY o B BfFoss e
presence of any other c unds™i he - r I ] I for
nost of the i ntendedanddgdrogditchipinidel(HIC Hén & distilgripx edurhinateriany stoiam, aid skEC- 14
and NF3 gbght in ther[EeI ves b .cor(ljsi.ﬂetred ol ir’rRurit if present in the

other compoungs ifi a distillation column bottom stream, . .
product Stream of the ot ReF o For exarrpfe, even a1 paF"t s-per-mllion-nolar
concentration of PFC-14 ~ 5 would be considered an inpurity in NF, where
that NF3 is to bes | i t Em . o.even a 1
parts-per-mlli on-[nnig)}hgrfl %gpg%b{eﬂﬁ? %g%n?%ﬁaggnkﬁg[dg\gﬁﬁac%%oégé g‘lrah%g‘[é' °&n
impurity in MAFEwotide RB) o h &irst RE@ie 4f nigogep thfuosidé (N Bamdrictetflobamethpreoduct .
Processes th r J . PEC r. r t.S. i
parities t ha?ﬁgghiggﬁ‘g%%g%ﬂf“%ﬁnﬁ e@h@ﬁ@%@r i’t?wfaéﬁiéagggﬁul%é 1"2:,%:8%% 20
processe@5t halie aoroont deitmgen tefladridg NBY 9anmztcropigser ezntropstlike tympasitioalo€ct r oni ¢

gas applicati fekr I F . .gaugi ng such | ow
concentrati oﬁggg?@@ﬁﬁal%t(ﬁg’gg?dnteégﬂoﬁ{eanhe @?h‘%ﬁaﬁ‘@{%g@r e avail abl e. For
exanpl e, net hods faprdigtilbigthé fugt hiowre pricmnan atitops hzdPrFpeilikeznuipasitivarof

148 25 153, Sen c3. 48 8T ek NS PRl doh R PR TN, 1S ARF R PUO°°

t echni ques for anal yaidng the concentrati on of PFC-14 and other inpurities
at | ow cqpcentrations [n. - i.ch.. I b | to,anal ysis
of NE3 and PFC. 14 bgr%‘a‘*ﬁ?f, tg%%%‘?'}ﬁ 'E%F‘Bég% ‘f’%ﬁ‘%&&ﬁ'ﬁ‘.ﬂn‘%‘f g% Skr?%%ttaﬁ%n and
Certification Strat egiregnfiffuokilg@NHLasiatdjstitzied cPlupmdogorGaséam. M cr o Magazi ne,
April 1998, page 30 35. The disclosure of the previous two references is
her eby incorporated by reference. Conventional processes for manufacturing
NF3 often produce PFC- 14



as a conponent in the NF3 product stream Because conventional processes
are not.,able to separate the PFC-14 fromthe NF, product, NF, products
containing |l ess 35 than about 10 ppm nol ar PFC-14 are not avakkﬁﬁzm
spite of the desirability of | ower concentrations of PFC 14 i

product. Furthernore, during their use in integrated circuit manufacturing
processes, neither the PFC-14 nor NF3 el ectronic gases are conpletely
consunmed, 4 SUBST1TUTE SHEET ( RULE 26) WD 99/ 24358 26 April 2002

PCT/ US98/ 23965 and at | east some anounts of these conpounds remain in the
manuf act uri ng process equi pnent exhaust stream This exhaust stream may
contain a variety iah fmﬁldlis;tdcoﬂalprdsémuttvieﬁti@sbrmba@ﬁ)c&ylﬁir@dpaedtmgydr ogen

Comounds. artbigugpREe (REZH G o s i i o alPemm i P T e exhaust

streams from hfiuvomichiss (PFC-11Ywhiiéln e Ampaati of fstratlucasifethdns em?mﬂt) uombxtrgt\n th

each other, but with the exhaust st from eq e a variety
of ot her 11 udhBRHBEERe Baecut YR pe PR o oo o P am

cont ai ni n§ a askad®pé-HRgDMPbsifthof hitrogiBifluaddé (NF)and fetrbfidrdiddietle (FROUI4)f i es i n
a w de range of cancentrations. Typically this exhaust streamalso i o
contai ns rel &M8E hi gh vol une concentrations, typically greater than 50

vol ume % of |nertdtgzmwg|ﬂmrﬁrgasnmrau¢dsrm aadsdtr,oplhfbl‘ h2d6iraPe-like tomyghRition Concer ns
over possible enV|ron a mat er i al t he high.
Ol el e uae comPbER R BinoPBE R M St udRh S ek Brla saeRadmigmre

recovering PFaﬁ‘d14 or NFL fromsaid exhaust streans of such processes ~5
Convent i 5' met hods of cover,ing the gl gpotnentls fron]leéﬁgh stre

Cypi cal 1301 nvol ve favama o winureasn drblaten calimp pxcthastesmy, A 1 and
HCl , then dr yetrflubdomethiied RRCUS) 43¢ distilatidneblumafbotiéh keedsr. Convent i onal

nmet hods for separating and recovering the fluorinated conpounds fromthe
| arge concentrations of inert carrier gases include use of sem -perneable
menbranes or adsor pti on BRIEFRESCRIPTION QK THECDRAMWINISSi nto |iquid

sol vents. However, r ni c
conpounds typi cal I y SW!;%&%QEaRJdn%:H&A(@%s‘S@S [gt%rgiggln%ﬂgat%tdepgé%gh
processihy st ©pprachising WQWOW@PE%C@WFWSS contained within unsuitable for
reuse as electronic qage%aldmemam diagpmt of askpitinadiesyssesh thacan bE u@dNF3

product that substanti al | C- 14 and other fluorinated
|rrpur| ties, p%’?f’m ﬁl%ﬂ/ \‘/’\ﬁa%f&?ﬁr&’s @gﬁfg{oncentratl on in said NF3 product
is prefer ably |ess tHeia31sa gmphica)renreseatation planszeefrapiciandpm ol ar, is of
consi der abl e &Qmemkalcotng&ﬁﬁ&ﬁ&mmﬁmg @bdatially of FFS@paielE, @and recover a
PFC- 14 pyoduct that | s Su SLlﬂp(é' ally free of fluorinated |rrpur|t|es is also
of consi4er abFEPEFMEP AP rest. 30 Many of the fluorinated conpounds
used or that are procﬁjgédsagrapbmlccptmumonpfm@@m@ti ons are extrenely
cl ose- boi | i NGagefhed GIlkEcﬁl’?n 8lickd néte&*n batialPOEF @14 MACMGE exhi bi t

non-i deal behavi or such elr ative volatil ity approaches or even
becomes 1.0 ¢ WB%EF‘%’&WQ?E’&W 61% of P) ~-14 or NF3. Conpounds whose rel ative
volatilities approacl”F@s ie4lgaphidal Gegrevepatiotlofan a3botidpic-adhd or NF3 make their
separat i PEC- 14 NE iyt hation difficult.
Separ atlﬁ of%@%‘:m&gfﬁ?@os‘&“ congif’&y&ﬁ%gé}'lﬁ{%bfggﬁeaﬁgt@ V\#ere it is desired
that the recd@@P@GquﬂIfamuto?sﬂ: product be substantially free of other

fluorinated conpoundsFiafBts Agﬁgbﬁéngmmﬁﬁébﬁvquymat needs to be
SUBSTI TUTE SHEET (R 26 99r 24358 r.ecover r first mxture
with high redBG¥f ‘&’g#‘f’ %V“?@s'ﬂbqﬁqss%ﬁ@?%hwgé [ ¥he present

i nventors hawembaumdnﬁhbmupﬂm%14 and NF3 may be separated froma variety of
fluorinated conmpounds and each ot her such that said PFC-14 or NF3 may be
recover el substantially free of other fluorinated 5 compounds with high
recovery efficiency of said PFC-14 or NF3, and such that the separation is
effected in an econom cal manner, by distilling a mxture conprising at

| east one of PFC-14 and NF3 in the presence of an entraining agent that
interacts in a non-ideal manner with the m xture. Entraining agents act in
a manner so as to increase or decrease the volatility of the PFC 14 or NF,
relative to |0 a fluorinated inpurity. These thus allow a PFC 14 or NF3
product that is substantially free of fluorinated inpurities to be
separated and recovered fromthe initial m xture conprising PFC 14 or NF,
by distillation. In one aspect of this imention, an effective anmount of an
entraining agent is fed to a distillation colum at a point equal to, or
higher than) that at 15 which the PFC-14 or NFL containing mxture is being
fed. The entraining agent acts in a non-ideal manner with at |east one of
the PFC—14 NF3 or thelr respectlve fl uori nated |npur|t|es such t hat the
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3o sufficiently to allow separation by distillation of the inpurity from
the desired product. This definition includes where t e effeﬁidsé unt
may vary dependl on the*pressure applied to the corrp05| tio PHLANZ, o
the azeotrop¥ 2“g?’eotropel i ke compositions or changes in reP@l/P§e23ses
volatility contl nue to exist. . In one enbodi nent of the present invention,
an effective anount of 35 entraining agent is added to the PFC-14 or NF3
containing mxture and..tbe. r ure i st d .upder conditions
such that azeotropic g:r’g Zﬁs %%r?%chall fegkeé;eé‘?)t% aplaﬁéoujo F&formed. The

entrai ni ng ag@ﬁ@otm’?élkﬂnotaptrwwnwdwﬂmmmehalw QﬂH(éltanﬂéb@tat@ne of the

PFC- 14, NF3, Qgmp&igiufe sap0CEdove fluorinated inpurities such that 6

SUBSTI TUTE SHEET (RULE 26) WO 991 24358 26 April 2002 PCTNS98123965 t he
relative volatility between the desired PFC-14 or NF, product and their

respectivesinpurities is increw&mhe m'xture the
fluorinated inpurity rege. L § Mtiﬁ Jt ’Bﬁgf .
product. It is also reco %er ttﬁg S tehat en re at ve volatlllty

of a system fiot aEsvatRddor iptegrated lﬂrem&@ﬁw factpring andyar %welc ywedinag and NF3
and at | east ondetytdidic relamﬁmmdfaapnngoae;ksem d@siret foagreater fredisiex ampl € when

b aveot ope- bﬁgﬂ%&“ﬁe st il Cortpalfias (G Quftf &?%é% B0 Coual to
1.0, such Wef imamifachise basqnadnensemely mgh@uane%pz"é@@lr gptuch gpplicatienst diei ne t he
relative vol at;jrédehdé dTfan BihedoyfduiddGn ERMPPONd %r ]\QF, toraBRVIOr Mostt he PTX

Met hod may be I n hIS roc ure, the r rein a
cell of known 0\% edmfnfi%dt Hﬁ T do@&’ﬁg Qﬁfmveo%gfﬁffegf@@ﬁa“ ous
conposi tions ahightis thmeb/omrt@idﬂedblenmumﬁé pEEErntNe thequiodust stesmrdfbed i n
greater detailthd Sthell1Rs @xaﬁgm leldyrd paadsrbeP&gnﬁﬁsn@ﬁsaoa&mam SHPFER14

I nt ersci ence Publ i sher witte y Har es 124 to
126; hereby i ﬁ’&%‘\lé) %ﬂ"é’d‘e’ﬁQ ap E‘F%H&‘np Sﬁgggﬂrsé‘?éﬁoéfﬁsadg& NBnvert ed
into equili briagentverpduct.aBihilarlgysven & b ppospertroiiBor-motan eore@ntratieh of N¥; usi ng an
activity coeffyqiiepd ccﬁﬂﬂgltehgﬂlrg%gﬁ/ mﬁ’@lﬂ %extel'lﬁatlid@@' AR done so-&‘ﬁ’séﬂf qui d

(NRTL) equation, to represent

noni i es,
activity coef f"l“‘c!‘?%‘rﬁm‘@ﬁ&agfpﬁﬁseséfﬁ’éh"%gqr ‘Ef&%t% b%o‘i @Fx@g@ﬁtﬁbed in
gr g?t eL (cjiet ai |having plifittesthatpeproadchHIH99 masierpepoedt puiriy i@ siesirable; bwedi ti on,
publ i she G ' s I pages 241
to 087, ar r{)@é{\(ﬁ#eg kha&&rowldg gtnlegsy 95@%%enﬁ1g)la?#§%nttﬁ rﬂg%xp %ﬁr&%ﬁ g‘ﬁ!‘she d by
Butterworth P@nph@hen%are pe§sredyAnalytical wﬂ@dafﬂr@umg $igh pages 25 165 to

244. Both af orcamtrhm@fr &ﬁle@ﬁq&:@readmnﬁmodm@wmaa byr reference.
W t hout wi shi ng to . 0#1 ?fﬁ lt %or oex *. tl'4%nd ot'h%r is believed
altilgﬁ 8% ¥ CORFENANPMR 8

that the NRTL "€q ata, can sufficiently
predi ct the rGMWWIVGﬁMhMOﬂu@sﬁQwCKPP@J@M 1R#5:SEMH starglardsy pagesrp#finds, and

c]g)rrtFJ)IF gag boniz arsd SEMI £1.89.9 IRiredd, forNRrog &N THNESRIO A IRFRES techRiguidehavi our
(0}

her and .m x | t.i e aration
equi pment suc |z§’tg| f"f cAneEration ?ﬁ#f?‘é?dc%ﬁ?féﬂ’ﬂ‘% &“gtl |lation is
meant t hat onlcymtdnaramcaisam PE@-I\Y@,Ibthhichirrwadn‘ottefapplmdrtp@ndMSOfd'ﬁthmé m xt ure
to be separat qq:@[ffﬂdﬁﬁ&s ta&cﬁ&ﬂﬁé@ﬁ@fﬁat il P&ﬁf&ﬁonﬁﬁ@hxﬁéﬁ'ﬁﬁﬁ antially

free or substanti re 1s nmeant grven uorlr&at 8d conmpound
ot her than thé“PFf@‘efﬁoro‘TthfS}“WrFf neropess Hds b ’W?ﬁaﬂ‘eo‘f‘l’ B3 %rH?&‘ﬁct is
| ess t han 3])0 p!ér The disclosirt bf the pleyious tworefdrenves isdierebp incorpofdled by

parts-per-m E@% Egél ar (ppmnolar), nore preferably | ess than 1 ppm vol une
or 7 SUBSTI Tu1t A gRULE 26) WD 991 24358 26 ﬁ%ril 2002 PCINS98/ 23965 1

ppm nol ar, nost prefe sntiopal procgsses fon enapufeciripg NFppften pspdusy PEEr 1dve (ppbv)
?r 100 par Ls Qgh-cbin bhedb i ¢ NF, friofict Sedadd. Becﬁséecsmmainmprb@esfeglaﬁetmtl aljl y
ree or substap nt ..t an ripated conmpoun

ot her than thé isl'—' 5’%‘? {‘ﬁll—??& ﬁet??{'éﬂ}eg\i%@é?‘?{\?g %@é”&%%“’ﬂlﬁﬁ" Stuct is

| ess than 350 phanabopielthprni-motar BY Cwidi agtnotapaitablesingbite of thodesirghiityerfabl y | ess
tha{‘ 1 pp”})“ﬂl@\béncoﬁ&“‘nﬁraﬁérﬁfo?l’ﬁ@m ih S41@ N fbdﬁ&o ff
parts-per-billion- recovery. e |C|ency is
neant that greater thﬁ'ﬁmg@'%° LgT“%é}%fB%ﬂ‘P tﬁ?@%?&““fﬁ’gﬁ“ the PFC 14
or NF, in a fipredessesteither thesPR@¢bduerlel, @lxs:upnm(gasr!s asdostplately adnisymkd,ee of a
specific fluorinated inmpurity. By inpurity is meant any fl uorinated

conpound other than the PFC 14 or NF3 thht may be present in the respective
PFC- 14 or NF3 product.
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By azeotropic or azeotrope conposition is neant a constant-boiling m xture

of, two ,or nore substances that behaves as a single Bubstance 2to

character| %030 otropic conposition is that the vapor prg %E'/@b

partial 15 evapora ion or distillation of the |liquid has the sa

conposition as the liquid fromwhich it is evaporated or distilled, i.

the mxture distills/refluxes w thout conpositional change.

Const ant - boi Iandgt leastparae hmowmss afthexehmmomeislremdnasthamufaomnﬁg because t hey

exhibit eit h s Wt h that of
{%We o#t@h%m B t%‘&‘e&hmag%o eotrogtlyc

t he non- azeotro i e sane conmponen
conposi ti ons aéfiéma@@@%%téﬂsélé%@slblé@dﬁﬁt hé(d’iﬁgﬁi‘ ailpnds (HCI }rﬁX‘ﬂfﬁGFm in the vapor

pressur e neaduioside (HE), afl @Hﬂé@' éfFluokifiated@ PGhpdUngs; athofg 6theish e AGPicaFoNponent s

B I
char act eri st mgummeat are rdxgsionpt auly Wltil dagln othen, hut withihe exhayst smqgmofrom
evaporat i on. %ﬁ{&ﬁﬂbﬁng b REriétp BPOmEL iRRo@tboh RReiRAIS! TIMEAIR IS t he sanme

as or substant sane.as the o osi tion. r| ng
boi ling or e/ ﬁ’gtfé‘%/ g W”&W@W’P’Eﬁﬁ‘ ¥ide dﬁ‘ﬂ%sqﬁl“(]ﬁlg’wﬁr T“%gﬁléﬁﬁ dugningted,

changes only impustiesiinavade mngeefgiongrinrhtonsx (Typicallyshisexbaist spemlalsoe

conposi ti@n %Htaﬁls%élatl?&‘elfﬁigﬁ%lhﬁ{e chidniti &n@eg?'ic%ﬂy ph@der thiin 3¢ Q0RAL to the

maxi mum or mini um vapor pressyre in a p 1Ot conposi tion 30 vapor
pressure at &gt \}%W‘Eaé‘ﬁ?f&asa‘isl% a3 Qg halivLef O8SA- nol e fraction of
cgrrp;)nggts mﬁé he corqmser;saverpéssdrbemr&nommmai mpaateﬁtmhpﬁaténdtemgf aLtelr .
abou wei i i or boile
of f o produch %‘BEQ%‘E?%‘?“%°°%r?§5*"gteﬁgﬁhﬁ?ﬁmﬁ’h%a?a%@{ﬁewen ReEor gi nal
conposi tion a{F‘d"’F%@P%f‘ﬁFh@ Wé@le?‘h%tf%ea{“yﬁ giehPiocasesor e t han about 6

wei ght % aid tGduvermidnil méthody Mcavérh@nhab&ﬂpon%nté@oﬁmu% @tfeahﬁwpléﬁl at l ve to

the original .conposition Q I|n azeot

azeot ropi ¢ oS Eot s ‘éaﬁhmgyth%%’%ﬁ%sg SPP%CQ‘FQQ: ﬂ%d{@r f’rﬁ'é‘?gat ure at
any given pr éb%sjreemtttsm mewroénmhqdhecemmamﬂmeﬂwds for separatisg and woul d
separ at el y bbdoviing W8 HuBAOASL ool S RIAT InEUGe SbfekriukiBhl b7 g} VIO

991 24358 26 /USQ;B 3965 | t er nat el %/ h- t{)tgl l'ing

azeot rope. i 5 SHEEHEREN PelBIE 3G O 3F B Brmeas FlDesel REASGRIBRP R Bbn (hat has a
| over vapor ghessaedcanpaunys ptokiquid soipersat prevdnamwulnym@nef of the conpounds

that conpri seuolin¥ed'bitamic RAd flok -c%}ﬁ otlds Iﬁﬂ&all&%m?&ﬁ&h‘ﬁﬁhe @ﬁ)turef ke

| ow boi | i ng-azeotrQpe I s nmeant at a azeo C azeot r
conposi ti on FGF3 after sych prpesssing §isas Making apy %ﬁil ﬁFn cpptaing Y’é‘h’Phan any one

of the corrpoumeiatabreatbrﬁﬁmslehaetrbmcwkd separately boil at that pressure.
Alternately, by |ow abﬂ%{ ﬁ%@&h&@&ﬁd teioﬁ:‘%%'ﬁ g%uéﬁﬁa% Qﬂktﬁ?t%rllx
y given

azeot rope- i ke CO OS 1 ONn or pressure
t enper at e &Rt PRE-Wea9d othsr ﬂserweeddmpaﬁyes@a@warim‘é FoMSII&dL t hat
conprise the caﬂahtrﬁtﬁkﬁﬁn\&@lu|P¢F3tpr6d®6ﬁq:frﬁkﬁbby 1683 \tgand, niohbprefetibBelest ure. It is

Pos sible to % oﬁzbrbls%f%gn%%a;agpe corrm%rgl‘if% CI;'C%P el'kle alﬁﬂltﬁ g)gSp Oz?rlattel on as a

substantial ly con%? arrlrf many gui ses,
dependi ng up@nd refeveramiG-i bardedt dhns is substantially figp OEﬂuqrmeé impuritjes is

corrp05| tion m&@ogﬁémm@&aa@mésiope of two conpounds t 5 because the

term"azeqgtrope" is th . definitiv tati nd requires
effectlv:3(8anounts of ?{5’503% 10 aﬁ’?SF%mB% 83‘?‘? sorf@arfl‘?fosdeﬁerﬁaaue

conposi ti on ckminetdustonphndcess aparatibns are extremely clogmbdilimgyindhgipssparaiedn. * It s
vel | known bynj Qx%%ta?é%'dr bBfdrWiSe LAMhiPhdn-idbdl Behavidr SQélfti'nﬁ’crtﬁé}f relfivPr essur es,

the conpositio of azeotr sition wll

t
‘vary at | east""paél ‘9’0?'Pércii’éené’g€$"g’sbreaﬁ’m?s H)iEOTBB‘FF d‘“ﬁ@f’?}?fc?gﬁﬂér“ét ure. Thus,
an azeotropi NEr Gmmunidzpehdse letative wplatilitiesapprofachi oveqaa ripfbeontparedapr esent s a
.unique type Gpd gl ;#NPWB&%QP&W%L& ﬁo?ﬁasgid??(?lﬂ? ytéoﬂPenYYﬂhaqh depends

on tenperature and Y"onal "ranges, rather
than fixed cdtigsidlatien ¢ SCUItarSéP%?t!@rPflﬁg‘éﬂntxéwa%\s|Pﬁ'é'°512¥ébf“f°8 B@t"and

afzeot rope-li Kﬂlcﬁ&lﬂm&igédlﬂﬁt thé*reédsrveaaﬂmc-mper NIF, protdt besxmsi_am_kmquposi tion
of t<vo conpouyn an chara 0 X

char acter | 7ed BGes AR FORERHA apd Fhertfud Pro 1 NS PR bt be
identifying characteristics W|thout undgl y 30 limting the scope of the
invention by a specific nunerical conposition, whichis limted by and is
only accurate as the anal ytical equipnent available. It is recognized in
the art that both the boili W#@%}t (or nole) percentages of
each conmponent of the azeot% change 35 when the
azeotrope or azeotrope-like liquid conposition is allowed to boil at

di fferent pressures. Thus an azeotrop| c or an azeotrope I|ke corrp05|t| on

_.: b1 . o, . N o, o




By entraining agent is meant any conpound that, when added to a first
mxture, interacts wwth the conponents in that flrst m xture #1 Sﬁi/\zq/othat
changes the relative volatilities of the conponents |n the fi P re
each ot her"9dt#3that those conponents may then be separ at eBCH{S98/23965
distillation. By azeotropic distillation is meant a process in which a
distillation colum is operated under conditions to cause an azeotropic or

azeot r ope- | H@g ﬁ(l;l £ O?tﬂ{m‘“&%‘g{m‘ @&o@&?e‘i‘ﬂn ;,I on t hereof changes the

relative vol ati 0 ea ot her such that the
conponents nay be s-g?FaPriﬁeéHmW‘t%fF%Yq ﬁoﬁ‘i‘q that PEG-ddandFemay Bei | | ati ons may
occur wher esepataedtiffoin & 9y efflivorinhtet Bempdutidsl aid éaoh betheS e tiRdt 4ld ar e

di st i1 ed, BT R he§ W LA 00 AYENall T RUFSH il an azeotr ope

wi th one or Ent r ai ni ng
agents that ceemomﬁswnhblghm@wyefﬁmncwfs%d BEG- 14t°ﬁNFa,faaﬂﬁv%h§zeotrope ~5

wi th one of tmre@:ai‘ontxb@ffé‘em@aeeéoﬁo&icat Menri¥ PyWiRilling DRigaear at ed t hus

ot SIS0 B ISR NGRTR RIS PLeh il bl o o

extractive thabinkdrictst in@monsgdeabmannea withdbemixtira. Whiraihing agents ackima ng agent is
i ntroduced ﬂ{anee?sy%nn&%@op@écwas@&ewﬁnmy%tﬂﬂelﬁfc qmom# Ullasivder eas the
20 m xture r on, is ntqﬁﬁqﬁ'ﬁﬁ ﬁ]ﬁ-‘ thg rre or preferably a
relatively P Hgiynt §e thysealloy SANERRFogRt tat i ng agent. The
ent rai ni ng ag:stahtxqﬂgzsfmaafﬂmmmdihmuhhesaugb s¢pacayesl amd recekred drolrothat ed i n t he
col um and ﬂlél‘?ﬂl*tﬁl%&)ﬁ'lpﬂ%@g??btﬂr@ Pd@s@iﬂat%n nore conponents of the

m xture to e separate esence of the entraining agent, at ,
| east one of the co‘ﬁ‘mﬂﬁéﬁﬂeﬁ“tfdhlﬁe‘vzﬁo“%ﬁ%fzﬁ?@de pBeWHOE ap eMEARiDR |y nore .
vol atil e coageat8ded © adifillatitiecolithnliord puittedusasyee kiphey) thed, thatat m xture, with

that nope Vgx)h%h tAeePEljé 'N?tc%%tal Oﬁ%m&ﬁﬂrte 1§D£entelglfeéi:j%$ exﬁl'a fyre exiting the

agen
col um overhe rarning a 1S %t i on col umm

at a point aci%ianoy-idenl ﬂﬁlﬂ@qﬂe‘ﬂt 34 ipgst onp of the G M, Msmﬂmqorgsmtm: and whi ch
pass down tﬂnm&dtl uﬁﬁésuﬁ&h thitike RIARE voldtiRty PRiWwdeA teiesidd BrC-dysti | [ ati on,

are nore co extrac agent.s or .extractants. I n conventional,
azeotrogic, g{ %‘}Il?cf"% ‘{}gelafeﬂ’cici'\v%ﬁ\’?fﬁ?p dipppurifics i) Wereatsd. BYsti | Tate stream
exiting thedubllhumenmymme tiedfhubeinsted iropirity map ibe eeparatedbfrom dlfd desirabndenser s.

At | easbga ppeliyQpRNE| pfddh& condensed stream can be returns to the top of
the columm as refl ug nd t he ren?l nder, recovered as roduc %‘(ir for
optional 35 processBhgtectiyeamgynt9f gptraining E%ﬁ’fﬂ@ﬁ%"é‘ﬂt?'f’azﬁ’e‘?‘i“é? h s
returned t oondentrbinngadgetithehicly inithia peesence of adedied ploduotednd fivatinatedhoved as

distillate hﬁp&i@,mm@/m%%ﬁm@%fm fﬂfonhge rﬁfn},u?tmue&e of AfcregppoLnds and

entraini ng agent” exitin UMM as e or aqlsti L1 on bottons

stream can PeRtiye Eféthﬁés%’éé pragugt sufficiengy to #O%éfc%ﬁaoliby Moromgf thesHEET ( RULE
26) WS 99In2pliBihSfrain masire&@eau@mwmwymﬁsﬁvmmt bfadntrainingol umm f or
separation i arat ed by ot her
meltohods Q%ggﬁrr&gmca?h%&ht rarn Wi 19'([?&?&&?5&09*}deﬁch’%édlfrag%@gFed back %/o t he
first di stl fluerinatsd impumityrresults in éxsgemanﬁe%@merwhw!w&bw%s whi ch can be

used for pr mbtr@plagr izlae:répawﬂcatcbmpoﬁuaﬁ&m&maeea@emebemmfy affeanet ers,

Separ ati on SparlEEEhopie ] Geirai ordeBias o Al lS e deSR RS o, TUCOR 2
the di sé? || sufficentlyytotabowisegaration e distiaticnhefube mgpurity B0 thesdesirechor mal |y about
50 to 400 pgioductTYRis@@lhi¥ion ﬁi&ldd@s%ﬁ'é& ﬁle'e'PfeEtW% aaa&m%yaoary QEpendiigt I opi ng

agent feed rahlg relativ 50 {hle r}F e to be separated

causes an ifi é’éeéS‘frﬁamﬁ’é o F&}'“B?S“E%‘emﬁ?%?f e%oﬁ%pe LFBPEPRY with regard

to those cohbmmdwﬁmbm orgchargee iewlatiio votetility continue émeiistg t e reflux ratio '

results in increas b e reflux
%Hb lglregt &Qﬂé}ﬁr@%&t’fn‘v&ﬁﬁom A eiﬁ%ﬁ% vht b

rati o ranges between t enper at.ur e of condenser, which |
i s | ocatdd SRifaiERRgentispddedite theiF G- Hbor iy roRtaining WH?‘WﬁIaP theuf fi ci ent to
subst ant i al tegulfitig myxtarerdiktilisd uidee coliditions kadhathdtazédumpic & ageotioperjké r om t he t op
of the colu e t sired

et i rati opeSlioh? b IGnctt TREE LS bERLhEH o Rndh it SET,

convent i onaleaﬂlom pf the PFEnl 46 M. I8 theis | respectiyg ﬂaloan%;@d lmmﬂl%s%hé‘@éss usi ng
entraining agents. This nmethod may be enpl oyed when the conponents of the
m xture have relative volatilities th& do not allow 20 effective
separation of the conponents by conventlonal distillation. In distillation
usi ng enu~ai ni ng agents, an entrainin i s added that causes the
relative volatilities of SHESEBH%EHEET %8 ktarting mxture to be
altered such that the relative volatility becomes sufficient to permt
separatl on of the conponents. The d|ff| culty |n appl y| ng th| s net hod |s

D T T T T F ~ - o .




26 April 2002 WO 99/ 24358 PCT/ US98/ 23965 NF3 and PFC-14, in their separated
and pure states have normal boiling points of -129.,1 and -12§6hp(|;“ 2‘r§§§se

cl ose boili n(gré;)oi nts al one woul d make efficient separation o , . a

PFC- 14 ext MA8134388 fficult by conventional distillation. HoWelV&PI823P8 ures
of NF, and PFC-14 in addition form azeotropic or azeotrope-like

conposi tions which nakes their conpl ete separation by conventi onal
distillation j ssible..lt. is desirabl ur i and recover separate
product str eatllr%gpeg?“véé@ﬁt‘g?' Hskﬁeii‘ea‘{ﬁa"ﬁ_ﬁﬁ_gf{eh@t°’ ﬁrﬁ/é prsoﬁﬁ‘éttaéfa?t?eé‘i ly free of

ot her fl uori regsmedticamparitestis inceasedp Byshistiilingthe mixpes, thaflwofivated! t hat NF3 and
PFC- 14 form AthpRAShiPbY &pstated BnARE AESiIRR PHC- KL o CQPRRSdict ONS over a range

of tenperatures and gressures, and that NF3 and PFC-14 can be partially
purified by using saﬁ&‘slﬁéglrﬂ‘—’é‘-“ﬁfp’&ztg%ﬁ that \Yﬁ ¢ ’(YFI”BEEL'N?{;
conposi ti ons.sysiem, for exguhple, aamixaune enhprisirg) angtiont bf PEC BnandNRyrmd aan be

oper ated at ﬁlﬁr@ : ic or
azeotrope-|i ?Sgﬁgﬁ%%%ﬁﬁg@ﬁ% 0 gfro%]Eﬁéth% E@E l(gua t t,gl%(r)l}’%ﬁf,?é{?gd?ggs PFC-14 in
the t 5 col untPlatiityyisO:f8ar 11Rappch dehings the systemas Sormipg an peotoredikeope- | i ke
conposi tion, dconiyositiph.oWheh theaelathee vobaidiveidfeqaaitd he, duok tefined thetdystemol uMm wi t h
the PFC- 14 co . I in it reduced conpared to the PFC- 14 concentration
in the NF,/ P%ﬁ&héga%ﬂ# ge' m xture initially fed or charged to the
di stillati%n col um, Tedetesmineheselative yolatilityof anegiverine-qompsurdssposi tion is
L Ego\iid from thE[\l"!;%d %\?{]asttﬁlﬂl’f)@klﬁﬁbumy b?%@&ﬂ}lﬁ@{i? ro'tbéqu&éjgaequ&nti :y of

- vVer sus in the.co is gr er, an in the azeotropic or
azeot r ope- | | KEPSUBIPESHIF Jhe ceiﬂ}%ll_c&g\fgvgl?xgﬁd%?leisgwdgga FW&?“\“’FW’EM bott om
of the col unrfopwaripus bempdsitions nbatwatnpounds. | Yserof thedtlck Metipdied to the NF,
Fo the di st 1ol Gt Sebarh it 2R BaBEu K PR el e e T ke o
conposi tibn ilgtefsé?f?ﬁ%@‘bhjiﬁ% '\t% %F@yzéﬁgfd&mfm Efﬁeé%‘ﬁ?gu&; NFs pr oduct
stream wi t h theeebydmmepurated byrefaoéncPFC-14 in it reduced conpared to a first
m xture wth PFC 14 Ml s t : 1 he
concentration, of NF3G%§%§§3G}§§%%§F§§%%&§%¥?%eﬁ?@(‘?ﬁ?‘?‘)\%}’%h F3 in a
singl e di sti If94q ¢amppsitions ingbg F Hecelk by usingpnaetivitycoeliciat sQualian hi gher in NF3
or PFC 30 14 medehsath sahyNbhRandds, TazeDiquith@R T lequation, to@épresent of t he NF3

or PFC-14,re Lvel .4 n L.y, j y - 14

azeot ropez.0 Trs11e &@’ag%%m\é)%%ge_rst ?%??gﬁg%lﬂglrtg? @QF%%‘%&@“Q&%% y a series
of multiple dNBTElepuation isdeseribed imgrgater degait in/ The Bropemieypfciasanand ower
pressua~es t NabuidQa* Edisn, pablitheOMcGesae HilQWorlth by Reid, Prainifr s ur e

azeotropes or eot r ope-lJi.ke NE3 apnd PEC-14. cont ai ni conposi,ti ons
wi thin convertd 8" qy@gﬁﬁlhgéﬁgﬁnw ?me lg(i}"lgb iRy E A léer:!;glflg’changes in
t he NF3/ PFC- Iphblisted toy Buctermbdiblishers, { 9 wotten by Gianley pi.cWslas.@agdy t aki ng

thehozfﬁr [@ad W59 ahi.aﬁ(?h&f&ém@ltieaém&{é&%m% ﬁer% I{:rlgs% Qfgﬁggrrefgﬁgﬁgé.tz |6 ;)ns "o
suc at one conpon IS i.n.excess to (.

99/ 24358 26 April 200 ‘%ﬁﬂ%@‘@‘?%@%@“ﬁ%@%‘?éﬁ?&%‘eﬂe ?‘f%l‘(‘ﬁi stillation),
t hen feedi ng ticheteddha thd NRTE eguatian,cogaiimn vothehaP Exicalindhén, caosudfi¢ienmths such
that the oth : LSIafitEl; fkh ond
distillati on)eif'e‘?ﬁgﬁ%gggf kg’a‘t“ﬁtéegg?g?.é|'?é§§”?’r‘%§n‘ﬁﬁff§’9’§’§‘é‘(‘§a, i stillation to
a col urm wher®mhinatigpeand migmresdhatenfcand cap thersfar prigienthe ‘?%é‘”ﬁlé&?f B&um is
agai n 5 ogver ardeNFy atidtherand ndixtares ismali-diijetsepdrstiohieqsipmentquolnent is in
excess, it isdiﬂﬁféﬁ{n?{zsﬁ produce a bottons product of NF3 from one
distillation and o -14 froma second distillation each of which has had
the concentration of Bywonwertionalsistiblatiemis meantthetdondy theaelatve wlatilities st

M xture conprdfihd\myoRemS o thE frixkdre td B Sepairadd sl td3epate@hié Ur e- sWi ng”
distillation is possible only due to the |10 unusual conposition change of

t he azeotropecoﬂp.oﬂerg%essure or tenperature. However, in these cases, where
‘only the ¥5el ati ve volBst substagtialifr fich or subStaptiudly pureis asantghat aopgpgned t o NF3 or

Ceparat | ons o e L o it o111 at{ on
sep i on, S i ons u , X SV i sti [

col umms, andsrT?f3 HKB‘S'F’HISS‘ESF #}andﬁDPPﬁﬁB%fgﬁﬂ‘:*%"%Vﬂmaz%P@'x@ua‘e ﬂ‘bgfanti ally
pure NF, or Rfa€s-pér-miltich+aioldr (mpm-moMirR hiREFCprEferabdy teas tham ¢ ppmavalimeyomi xt ur e.
The present inventors have found that PFC-14 may be separated froma
variety of fluorinated conpounds to produce a substantially pure NF3 by the
use of entraining agents in an azeotropic distillation process. For

exanpl e, PFC-14 20 can be efficiently separated from NF, by the addition of
HO to a first mixture as aSURSTITHITEISHEEIGERMLE 28r ni ng a second ni xture,
distilling the second m xture under conditions so as to forma azeotropic
or azeotrope-like conmposition conprising HO and PFC-14, and distilling the
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The present inventors have found that HCI and PFC-14 form azeotropic or
azeotrope-|i ke conposi ticg,rw over a range of tenperatures and 25 Srﬁ@ re.
Sur pri si ng%, t he HCUPFC™14 azeotropic or azeotrope-like co Apri have
the | owest WOIPR43E point tenperature at any given pressure PCAAS%SR96h ghest
vapor pressure at any given tenperature of either the pure conponents or
the azeotropic conpositions conprising HCI and the pure conponents shown in
Table 1. By distilling m xtur conprising PFC-14.in th resence of HJ,
and 30 disti PP’H'd“‘i}?ngﬁ”Stcpdﬁuﬁ‘i“E@d‘F%r@é‘ IZ)Q S'PB‘FI?HL}PH'Q)YP@‘%I&’H% %zeot r ope,
t he HCl | PFC1W0gmesipenhillonemolar@pb-nupe).| Akematelypby substantialiyyfrdeerr ecover ed as
overhead di S§db§thﬁtga5(1ytp‘ﬂ?etis hRaftuRs b biveh Mforidafd Bpblif &B&%ﬁaﬂg}q@munds while

d E: ma

t he other co nds’ are [ecover.e romt col um, bot t ons, y .
option~3ly té%%ﬁ@’gr pﬁ‘rté? EaPeeH ﬁé{%&ﬁm%ﬁf'sg‘}?é%%?%?s‘mt er washi ng
or by uses of millieeby-weighp@pmewkight), more peeferably less ihean 1gpooeigit, kivsin

t echni ques 4 eredy. cart al. ] f the present

i nvention cgﬁ@%}eﬁ@eﬁge%r‘%‘u%mgg%ﬁ%&"@éﬁ‘g"r"g‘r‘]‘g@}?gkghgme 1. Figure 1
schematical | 'y il | ustPwuhigh recousry eflieianky is raeant that grseter than ¥BIMst UTE SHEET
(RULE 26)  #fIcOIY @rd@BeSthaB958p bf the PPO21 46 NIUIH 8 idst Hkeubedis rdeavdred 8§ ng one

aspect of the inventive distillatio rocess. A first mxture conprising
NF3 and PFC—llrﬂd‘fcgS‘&fbﬁf'?@d&?ﬁo&aéﬁf&% ﬁuwgadﬁngwtﬁ ation colum 2. At | east
one azeot® opi ¢ agentBy inpyrity is@eant anySluophitedicamppund athgt thagthe®Edi-sti | | ati on

col um 2. The &NF,ahdtinly RPEAEtTRIhe3bdpBERRAPFICY 1D6r F ¢R6duet.t h t he NF3 and
PFC 5 14-contai ning ﬁ}Xt ure

.prior to the di.stillation col unn.and
i mul taneous! y fed i B eRIRIR O AZpotiOPe cRmpOTiEori5masat 4 aBS e hpilE o
condi ti ons smudure bfitwaor noave sutistaintdsript dekayes agpd single substanta: dpres-wayke ni xt ur e
is forned b . - : : i ntially free
betmBeRribdgh ﬁ%&r&pﬁc Io@ﬁi.%ﬁtlsr AR the mmodgge;ﬁt ;@fﬂaﬁi y

of PFC-14 is recovered _out 'the stillatlon ] Via conduit 4.
The di st 19 | 23V8PerateR enistiligtionof tholigid dasthe paoee comppsigion asithe higuid, eot r opi ¢
agegt exijt 3 from whivhdivistevaporatetl orsidtididd tice.,ithemixmirg distill o redieresowitifout P}glrt of the
condense i i t . iy . as reflux via
conduit 7. T‘f}bédﬂro g@%ﬁ%&@ﬁg&‘ E%) ﬂ%&é’})’ﬁ‘ eE?%%bgé‘eé AIS|. %a‘?‘gnggh.p%i ng PFC- 14 and
t he azeot r opAZeotEapithbecaysy tiry exhibil githes @ myrmym:qr spinimum beiling peiatias o

separatel y reapafsd willethiRFdEthnoanted iXoire ofiRRhme témputenexanpl e, where

HCl is ed he. azeot r.opi en .1 Dy pat H y be
renmoved Trom O?aroﬁﬁ&?Tﬁgsdt?As%’[si%ﬁaagioecthﬁrrf‘g%ﬂ%{u %’yapl&/\lfgrﬁrz‘raé‘v%g %ar’fbrgtuﬂeqﬁ drying the
PFC- 14 st r eathf Vanen prossusomersuraensaelatvesiglhe wapor prepsyre ofdbe sfat ei t her NF3 or
HCl . Al t er nadopénetbI Y £P T elli a8 a%ﬁﬁoﬁ%f&&)ﬁ’p@ﬁﬁﬂtﬂQBéxﬁ&nﬁﬁﬁEEraﬁQé. this

process, a stream caquprising an.azeotropic or_azeotrope-like conposition 20
conprising HJ and %zfﬁ“ﬂ%vﬁ‘ﬁés e a\ﬁ%g)pg.ghgﬂ!ﬁ?t 58 .1"§Pﬁ'§gt hen to a
sui t abl e sephatcicostiaoriaterid@ncyenag 1o fractivpath uperebejbpgeravapmation. t , where t he

HC cont ajshi NppeidfdieUth® chpSitiid dFitROyapBE orh¥PisThe £8{Eas of SbsAhGHIB the N
concentration in glbt (HQ -.enriched). 11 gnd Lb?)ﬁ ot her | ower

. n.. HCl
concent r at | oRMeRethepugng lignid gomp H‘gé’éFYﬂPﬂmﬁ‘o’&i@? hqyid; o
m xture. Theconosition,if hebanges @ath changesmplyXs abeinima pe hegligidedxtesita conduit 13
to be. mxed uhbihotice fiRetbulRslb bl A1 AMhaaleHl B T ieq bl sedepl et ed stream

12 may be sent to .ation colum 14 via con ere colum 14

i s operat ed 3HRFER! te SiINIKIPHD Of FURIBIUM KFPORPESIF OIS RIHAS cPRPOSfIgNT  and

PFC- 14. Recaviper pressutdGt a@ivén Rintpetaure an b furetiog ook dacfi@doft 0 t hi s second
distillation_is higher.,in PEC-14 GO ratko A PFC- 14 30
azeotrope, b?’%gj ﬂnntse f%?cf(%{c%'l%ﬁ‘rr% c&?\?ﬁ’@%lt@%%sa# £ %{tggﬁg%g(ﬁégg?%% ol:I}n%az eotropic
or azeot r opeweighteperdent afiap opiginplGompesitipR & evaparated of bailed offteprodusedst antial 1y

free of HO pefralnifdompobifiof,thé EHandObdrEdh thé originaldainposifion dfdghe ol umM _
distillate congr|.5| ng HCl. and PFC-14 exit, ov rhe§d .cpt]lﬂ}lrrrg1 14i a dis fed via
ccp~duit 17 B E‘b’?’ﬁfé’?@é’?‘“ﬁ%.‘swl"q oy mpre than aboyt o weighy PR Rsate i s .
r et ur ned3svi anccmordithan d@ut bweighther less relativaio theétigiral compositiathe remai nder i s

recycled via conduit  oh Dolld | biibid §dztdropepar at or 10.
In Figure 1, the H(:ilg',%frgllrgltl ol %omﬁg?n%{ﬁ%aﬁ%ﬁétel sg:plt to

. . ched strea be
di stillati onikesogpgsition b?&366Hwﬁ}Ffttel?E?mWﬁ%gtémwr‘ﬁPrﬁ“ﬁ“‘? BRY M%d under 15
SUBSTI TUTE SifithelcdnipdubdsXhijt comprisd it 26ukineparaRdiNDHROPp2esBEE PCTNS98/ 23965
conditions to forman azeotrope conprising HJ and PFC-14. Because the HCO
and PFC-14-containing streamfed to thBs second distillation is higher in
HCl concentration versus the HO and PFC- 14 azeotropic or azeotrope-like
conposition, by operating the colum under conditions such that an
azeotropic or 5 azeotrope- SURSTIFUXE BHERT (RWE 26)d PFC- 14 is forned, HCO
substantially free of PFC-14 will exit the columm bottonms via conduit 23.
The columm distillate conprising HCO and PFC-14 exit overhead colum 21 and
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35 These single conponent entraining agents nmay be used alone or in

combi nation with each other as the extractants for .this separ. twﬂ 05
exanpl e, N20 forms an azeotropic or azeotrope-like conpositi h2 ach of
HFC- 23 and W®4%243%e respective NZQ HEC-23 and N20/ HO azeotk®
azeotrope-like 16 SUBSTI TUTE SHEET (RULE 26) WD 991 24358 26 Apr|I 2002
PCT/ US98/ 23965 conpositions may each be enployed as the extractant for
separati ng NF k u i rat es syst em t hat
can be used tohe?'l;!’l ?lg b%h%é"bf %&? % we ?ﬁ@%&t@ﬁ@é&éﬁok 5‘??8% 9 | ation
process. A fucpmosmlm thﬂ@\aserhwqryam pseSF\FG:a&m%ﬁmempﬂgtumqu nnyd vi a
condui t 28 t @néofthelcbRbbudds mal wﬁgpr%S it vduld ?éi:%faté)ﬁﬁa% frafleln é@raﬂﬁ’@m e.g.,

.ethane, is supplied q t 30 to.distillation col.um

ot hi her Lh the CHiIEVPOERZEOPP SIS A S RO REPE PREEPEsTED  be

separ at eds e like compasitioh tmild atNHoweMemperagirt ety @i ehiprésaire tanany bie col umm i s
.sent via con%wu;ec%&,pbw;m@&ﬁﬁﬁ e t‘ﬁa C@@aiény@,afntatmatﬁrﬁ%uﬁondensed

distillate streami.s rne as reflux via conduit 33.

The renmai nde®Al5mately bdg?l‘ﬁ‘iﬁﬁ’é‘& agROLIOPE [SAReANT AN, RZERNORIGPr azFQirapentikei t 34 as
PFC- 14 pr oducbmpodisérnthit lak b highereapod prbﬁﬂreemdnyegivamﬁempéraairé @amtgonpri si ng

ethane and NR3 colum 29
bottons via cogﬁﬂpéggg%kmj%e&g’gc?%lggégse e B %EQ}{S’ e‘;ﬁﬁé@e\% ?el y, the
col um detoﬁﬁPaSQt¢1¥é!ﬁY%thP&§°nb7§ra§§ﬁt to 15 opt| onal cooler 36 and from
there fed to distill élttlbﬁébslbqﬁM@Barﬁ&tenﬂéfﬂr%cdnﬁopﬁm&*a%é&d)pé@zkas to strip

conpounds ot her th n the nin n he .entraini ent The
distillate froWP86 #%7 %@@E&E‘%H‘g‘ﬂl"ﬁ“’ﬁé"a{@%% T'39. From
condenser 39 m@amlsasrdmdmg uamnﬁienmtlmssﬂmstdnabsesml tréeniast urned to the

colum 37 as reflux WimhecoRgstidortln b%hﬁﬁedtdg(inraﬁé&'o 6!‘th0%91 ‘Sﬁx’?di as
product, as,NF3 20 substanti aII freeg&gde&pp d exIractl ve agent,

vi a condu‘?t 41. EPEFUS ?/?"Hgéﬁf’tm%pd at quee, “E’(%’é’érﬁ“fiatl on of
non- et hane corrpoummxresa@ffwewbmmqna;rcé’aﬂldsatwuermommwmom@tfnm in stream 35
is obtained as th & Whi _— 42 may optionally
be fed to cooler %ﬂg%&{lé}%%foggtfﬁ%%ed tgm:l stil é%tsl ongo?g{gumﬁ 29 as
extractant feed, Fe8PeHi%he colum at a feed 25 poi nt higher in the colum
than that feed point *afistweH kiowh by ehdse skiHedsinthe art,ahat, & differedtFC- 14 and NF3,

or may be,optiona &9 owi ng Exanpl es
are prov? ed to |H 2 &’gcceP&gf&rx}\ asge‘;{%‘“W%ﬁ%Eg? s@lﬂit i nvention, and
are not intended FWP@%@W‘H@WL%#%S‘GP spre degrow @6 Mok thepriding goingwi ng

Exanpl es enpl oy t fgngukibbre e Thia, mo&&otréiﬂﬂbt iie@do@ﬁkbﬁ:orﬂpﬂmhb@of ®o owi ng
Exanpl es, each sta?rg bs gasgege on au 000/ P;%?aru%}_lsgg 2 fperac mance
efficiency. The t§ P"nfjabeé’s I B Ra8NSEY Pebo l1 ‘th the cofr
denser counted ascempefitionovhigh dqpnndsm tpmpﬂewwd@mws Tmr@fmer, ates are

gi ven injgounds 350&1}96§1t%hl)raﬁ)§b% rmufthéﬂﬂhédwm iiddls, P GfEenRBEd ddour (nph) ;

tenperatures are ressed i nﬂ%@g & SE“C pressures are expressed
i n pound- per - squa cﬁ?e"&f?%ﬁ ‘E"S‘éﬁps egwlgg hcentrations are
expressed in parts- pérAnszebtmmobmtrgm-th)mqsnmppﬁ}tweicgthlp9mtds can
parts-per-mlliony, i,gg.h Cllqy o%ﬂloﬁéJaﬁHcTéﬁEEd E&hﬁ? Gt 26) I~
WO 99/ 24358 26 r| | 2002 P 898/g2 ] ar%ﬂx heat. f ¥|V ra rermved by
t he condenser or ﬁlﬂ BiVeR RFCISHES Sﬁvf’@r‘ fﬁ“ ing chragtenstics ViRt drditts are
expressedoi n pcu/ hiatitingathe peopk bf the GRS Y a/ﬁ:eEDﬂ&MBhEnﬁallcmnpbmeronpar ative
Exanpl e, a crude I\ Si gfl to a
distillation col uﬁ'n‘ﬁ?% lg%g@g@%ﬁﬁ%@g% b’tﬁﬁe%g?llh%:tg agg?’saﬁg& con%lﬁPl ons (cases)
shown i n Tabl e 2, a¥gilahlet he results of the distillations shown in the

respective col ums. Tﬁ@rddb@ﬁtddhﬁitﬂemtﬁﬂWd)Wﬁlelbmlﬁl@ep%mtE.iﬁﬂﬁémfght(werat ed to

remove a PFC- 14 .product fromthe d a NF3 lo
product as &% WCBCS{‘?%‘?'?BOR?WcﬁglgénT'{g?m?hl S%E&ra'k'%“&gaﬁ gp a crude
100 pph NF, fwhed tlmtaze@tmpsonmpmmdxl@dlqmbcq;mﬁsmrlgmﬂmdIthm!Lal is feed to a

distillation dmﬂrmresah@s Cl‘ﬂuk”maﬂéiﬁr gmr%hae&ﬁmpamﬁe eaﬁﬂ,dsmohaﬁ gQ)el S
approxi mat el y, 500Q: Yo of the NF3

n.in
Fo6d T o the HeRaRa ferms 3R baie FEinetin 105 RS Aonh R BRER F MPrC 14 1 1
the NF3 bottons product is only reduced to 211 ppm wei ght. Conpared to Case
1, in Case 2 of this Conparative Exarrplge t he PFC
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14 concentration in the crude NF3 streamfed to the colum has been reduced

to 1,000 ppm wei ght, the%refl ux rate has been increaged to 529%@9 e?? t he
distillate 20 takeoff rale has been decreased to 0.5 pph, { Ne bo

t akeof f rat¥OPRUM3Peen increased to 99.5. As may be seen in PRIASYELIES the
PFC- 14 concentration in the NF, bottons product is still only reduced to
484 ppmwei ght. Conpared to Case 2 I n Case 3 of th| S Corrparative Exanpl e

t he overhead distid] ate rat. ease an e bottons

t akeof f ratetﬁrélésofjéheoeé‘@ﬁt @?té %erga%‘ %e%%%aghg % fen in this
Case, the NFZobpositios chasdctarizéd by @duc:d baiting pomtcahtaapmﬁcaﬁeq@pm wei ght PFC- 14,
even though 5% of theB;J\!:n%a gefit 1§%eaﬂtdn9%t)m¥>61uﬂh§at0&éﬁén%6€hf3'a3t' | at e. I n

Case 4 of thi argtive istillate colum is a.
o o e PR A ece SALIRE GRS s PSS GG 7 A RPLSt o T

azeotropi & orchangesttheaplatﬂ/e vadatdiliep oS the wmmpémntsanitlie;ﬁrﬁtﬁ&xamtoﬁﬁéh 14 at -75 C
D ShHLe, Of St dihite BARorely bPpciabl bl aiflaidiyoved overhead 1 n

the distilla ere s esse ein ne distillate or
bott oms pr oduct com&bf%@@ﬂﬁ’“&@ﬁﬁb‘éﬁ*’@dﬁ@eﬁépw%d% Cbﬁ igtillatien cr ude f eed

stream 3-5~ I rbomexsipaﬁteahh&ereemﬁmttwmsmmbeoplt beazeotdiferlikefl col um
st ages In

oub nd_.t ref B ded neraa spite of
this, there i smsp? lfmg ‘é'ﬂﬁ"gca? f?l)t'trgansou rgtont -t Lhe rélatw ia}%ﬁll%?pt he
distillat¥ orth@mmmntputcb@mbpﬂ@ombshatt Fl@womnwtsedaxbeaen@a@éhposu tion of

the crude feQﬁstﬁtaﬁ&anAzeta&oﬁbllaﬁmlIﬁ&E nﬁl;l%%arur wigkd dnly fhe comaéneﬁ&rdflmeZOOZ WO
99/ 24358 PCT1US98I

Ca Co 1 h t hat ,
even with nmady™® r%?cﬁ?el Sﬁ?*frﬁtﬁd %Isdgsiﬁlllegtoédlggr @é‘?‘tﬂ'&ve lgxsr#@ﬁgﬁ@tsl 3\)/(v ra'(ti i 0S

it is inpossifpines amazeetape avithconkfed meroolitbe ccbypqngmtveﬁthmnml rixseé. | | ati on frorh

a first m Xt g, ﬁ@x’fﬂ)iéeﬁis%t Nt3n ARdmBhfer ]tﬂat‘M‘t%rs@y SRt Forti 23, dz%otf(sﬁover ed
substantially free 0 The NF3

wth recovery eff enc
product pliri tYtLeRs qfé’%%?/@fée é?'f‘P‘E,‘}eéﬁé‘;fqurf“"%‘ tochessFPa}r?t&é ﬁ’b‘ﬂs is limted
because an azfamhtanpg theGéparativatof djpse torponentspo distillation, are hairéresmbedlyeen NF,
and PFC- 14. parative Exanple do show
t hat by oper at I ng goté&ﬁx?%e% &Fognﬁgégfoﬁtﬁcﬁ)éntﬂ%@k@ ggndl tions suchrr}t)hat
azeotropi ¢ or 1o azedt) exyactvedistdighomnisimqagiaprgsespimwhighapentrainingyr e f or ned
and where salagexwﬁeidaﬁa‘ucké ab@egipenfeed peint sfabodistiptioh cklamapwhasastthons ar e

m g?ﬁtel %%ﬁugpe'&gﬁﬂk %é) @ ft‘%]%’nﬂf@‘%%dat@é E’;F&a Jr%r {}Sﬁ‘ ;{e%{lt,gg) ina first
distilling tH@WNFfS?’q:P@tI!f fhee the rcnﬁﬁ'@ﬁ‘lgraﬁﬁﬁ Thkent@@mggem on f or med

as overhead djasdes Hbﬁﬂﬁayd@ﬂhﬁiﬁ@h trays darpada@g 1oeayd faah¢ ecRMMIaRd erits @esti | | ation
col um bottoms wher oncentration o in_said NF, product

has been reduc?é'g“t% g}sevﬂ %’etoﬁénq’??(g?porﬂc%fﬁfg'e%%evt&beSesqaﬁ%%d sone portion
of the NF3 i nWhileinfthe presemcx ofthe enteainiog agenk,\at leastwneof the componen®Reb 4 r emoved

in the disli lbised ool o RBRNR cnhicti®d BRGNP Rubditedf3 fed in the
L ude NES 1 ocampp RUl ol ki JaR-nat fore veBhl Jluoaneieg corppanep L A | ot i on |

col um. HA iisitial mixtare dxiting thetchbinti everliehds | onraig agants Whechdirsfeditd at i on
colum is Opecﬁﬁlﬁﬁoﬁ &ol \,\%‘ﬁﬁ Qé’a?ﬁmﬁt dqnst td forhighef @ Gle M:R&H: 16 &phiRR as

over head di st uct overe ol um bott ons.
The conditi orf®d é(&’é"htl??és‘i“é‘é'h&{%‘ggfhet‘t? "EI‘?W?F‘P“E?‘P%?}?W‘%&%h Case are shown
in Tabi e ®. |distillatien, hre mbre comutbaly\falled extthcitve apents opefiracants. NF, cont ai ni ng

1000 ppm wei ght of Pk cmgteﬁv&mt *a&&.roﬂfte éé&samefd%%ﬂa tathﬁt av&ﬁ 1 pph

of HO is 30fedtot P ni-ng um has 122
st ages and tr@stﬂletqmammuogﬂwsmmaytrheorﬂp@pdwlagéonvatt@nﬁbreﬂgx pph, such

thﬂ] ?Eprgélc r&h@ééﬁergoft?tefwaq;owﬁ%dfm“t b@d@ﬁsédeuéa@eehnatethrraameemmatt erheadNFB'
W e - | | a resu 0 .S [ on, a
ot tore. pr od i1 Sotishp st PR MR epRaf S5 égﬁ%met}t o Bplbeg ' 55 2 S
Case 2, tife muedsssingf Theohtiomnf the aoruisnsed materiab lsmwwﬂl@tappé@alt of

this distill abjyth adrefliy 1ol fnRRBaReRGUES asidfstiBlaiead afmbllpteferpet9ians 1. 2

ppmei ght PFChéL,Aéﬂm% ?atS U Z'CIHEE,“ ';Ialea%r exgtgxur}ing agezlt exiting the column as

distillate or distillation bottoms stream can then be passed to a stripper or second

10
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26 April 2002 WD 99/24358 PCTNS98/ 73965 In Case 3, the crude NF3 feed
st,ream,i nstead contains 100 ppm wei ght PFC- 14 and tthe refl ungzﬂ |2§0£2 000
pph. As a f this distillation, a NF, bottons produ )2

t hat cont al{‘llil):&&gﬁ%gt 10 ppmwei ght PFC-14. In Case 4, the dféqfn?qsvg akeoff
rate is changed to 20 pph. As a result of this di stlllatlon a NF3 bottons
product is obtained that contains about 5 ppmmei ght PFC-14. The Cases of
this Exanpl egghmy ma Bfofd hidfloPby bﬁf{g wwahﬁﬁartﬁsthﬁhoﬁ noxé}micysg ure

conprising NF3 an en I n he m xture under conditions
sufficient t&FPPAEBE btyr%h"'lblﬁ'édf I-kéjd%% @‘FSB “%Pﬁégqﬂl‘:@aiﬁ hesels repycledpar at ed
from t he NF, backhe tHeHitstklstillatiorecoduran éat reuset he distillate as the HO/PFC 14

Substant 2 Mt oo oRpRLCRS cﬁ%ﬂaﬁ GRS dsfor ety BOUNRGY (e
EXAVPLE 25t 9enepd upeira eymber of parpmetensysieh P%t he diamety of Ftncshaﬂéle@mgt ream
.conpri si ng NeslumndeEfoidtd, nmﬁeedfseﬁaxan&ia&gekhﬂhwmmj amohgtierait ed under

foed' ot ream the ?%O%“%'Pr" shite of wf s GOASEN AR a0 Rm bR 565 304 LD 07 e
as an extr acP$l%éloagdl1tah0nt Hou0Cnsie. Typicallyohruinareaserin thextradanges ar e

operated to aﬁaaﬁy,ﬁng’ dgena-ﬂ-ea Feeldfi9e Mewearﬁte aﬁth@mkm&d b@'séﬁakdté@t e, while
recoveri n@ a NF3 uct The res
0

l.
ot T if onghlssRlingsiee i St B wi ORI to b e ERd WikuSeash eseat i on of
PFC- 14 and Ne@npdundgs) bmngmmmved Normatly] incneasmg the nafluxtratesnesulissin cal cul at ed

versus the tﬂ{ci"@ase\ﬁ{?:hﬂhta e%freem?lp &3ty Obut 'gEferal tﬂ@&ﬂﬁﬁ%atl&a&%&?tbeﬂl&ug? yponly, and

i gnore the wei ract rese
PFC- 218 is p@r% E}oQG'\Sr‘B‘B %%W‘ thSFTo Bhish é%‘@c‘(t&?gbﬁcemﬁp@el% is
per f | uor oet hafihe omlndmmhbumikyebﬁ‘&mr foGabSantial{- Gl ondense the distillate

chlorotri Iu t hane
(CZC1F5), 14 apggkmg?mﬁ}%% F’?orfggt:ﬁ?ane %ﬁlﬁﬁgzt%%ﬂ&q% 8(?1 di oxi de,
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i s fl uor oet hwhen thecpmpynentsof theguisture have rglatxmewlaéllmmhat_@ %mallWC- 116 are

respec~eby feffechie t sxaﬁasﬁ Bﬁﬁ& cMfp@RaRtby cbmnﬁ@memxna{dnomn @istilftlenl4 in the
NF3 col untm bot.t ons é) | essenti al lﬁ‘}ldfgi}??g ed fromthat of the

crude feed sPPERHTIHER nirglng agent 15, PherelatiVesncent rati on
of 10, 000 ppvelatiites of ﬂletchnapcnqmenﬂmremg minwre Whbe dtetddesuﬂFmat_Me

cotncent rati oppdive Ubﬁtngiﬂémn@%bffﬁmlit tospemn% ﬂgg‘rogglégbl ﬁééltngGEr‘lE%_l?Rﬁi Et he
extractive a a

26) WD 99/ g’%@%‘é‘y%a ’quﬁg’g‘?hg&ﬁ\?&‘?f%eﬁ%?@? PRmYE@Y; tracti ve agent.
Cases 1 ahd exmrimentatipgofipicdietiaweich tifrly cshxpumfdtwillwelau@fﬁectateed conmpounds
such as PFC hBiand, RC- 116 are ineffective as extractive agents for
separating PFC 14 Trom ‘NF3. . By contrast, Cases 3 through 2,6 show t heir
respective extracti v@%@éW“EPé%?q%‘P%ﬁQ%@%%@PEW aefEng 4 from NF3,
such that NFgrobey bfshusdeditiéh pradiidey of gehaaed anirtedéondyiristigsatdéasbPhiie 14 ver sus

the crude fegped.i 20 (1BY 8 LEAAYIRY #5:0 b brodbMGackingl) t e

distillation colU effeC|ve es &Xtractive agent s
general | §0 i netferasasben mh@g@yr@arbwouwlimﬂagax brofreduced byyreactisg f act t hat

| ower resi duahmBEi@m YWitte ElBfemhl Midgink (F,). NAltddately Be fiest nliatufeqddh bet r eam are
|l ower extractive a rates on a
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ot e | 1 SR o g Rl B DRI
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6 e hrougts 8 andlopedbivn myual arposis of Ger W&Pﬁeﬁﬂ?@‘f&?f e‘@eq Hah oes
CFC- 115 and NFQeoh%mfxgemaﬁaﬁ\esnﬁybbpmcgdsecﬁm acempace withlthe inVémgivext racti ve
agents of Ca&% effective in the separation)
produci ng an NF 5‘%25& ontinﬁﬁﬁpﬁgﬂk%{%m pprrrml ar PFC-14 or less than
about 0.13 ppm wei ght PFC- 14, and in recovering said 20 NF, product with
greater than 99% recovery efficiency fhomthe crude feed stream The
extractive agent indicated nay optionalty be separated fromthe extractive
distillation colum bottons by distillation or other methods disclosed in
the present specification, and an NF3 product that is substantially free 25
of both PFC-14 and extract SYBSTHAHE RHEEHRYLR2®er ed. EXAMPLE 3 In’ the
Cases of this Exanple, a crude feed stream conprising 99.19 pph PFC 14 and
0.81 pph NF3 IS fed to a di stlllatlon coI um. A d|fferent 30 entra| n| ng

oy o o .. b ~
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this Exanple, a crude fegd stream conprising 45 pph NFL and S&Rghlpgdj’ :

is fed to distillation | uims havi ng the same nunber of sta Py

at the samewpe3ees e, with extractive agent flow rate 5 andPCERS9$2ZIR S i N
the columm chosen to give the desired separation. In all Cases the
distillation is operated so that a NFL product is recovered as distillation
colum bottons with a_PFC pradyct rem)v soverh ad distillate. NZOis
fed as the extractiv&fa QA“’@E}%*P%{H@ B‘HGSWGF avenomgak o as t he
extractive abeilingippinfsasfes2Rl aidd128. l"[heThieesulloksbojﬁng;lsmealdhetvbhlldati ons are

[S)Il?gmclt nstrfglam | n f\IQ\I?H gﬁéﬁ?ﬁgoiﬁg@%ﬁoncen {Am%#cﬁffﬂ%ﬁfy%o%ﬁn?atrlt \?rerfSUS

the NF3 in t Wigtillatione digwexes, mixtures Wr@@&)’&%m ajwatf@m azyetmm or he NF3

originally fegeot ﬁEe é’on@ﬁvﬂux@n{ﬁﬁﬁuﬁ{akes ﬂﬁ@c&ﬂp@meﬁbmtbncbystl | !tﬁt ePlng oilzct
ar ver sus e - I N,

streamin which t EB%n entra.ﬂtbkon IS 1 ppm no
that stream W“feﬂl?‘ﬁ’ fisgiiauop dmRossibles oy ery being about 98% of the PFC- 14
originally fed. Thi sltixdesirable shpuify andregeves aepafate progict steamsrof eaght
b ertpl oyed . br G B B A= 07 or oduce
NF3 subst ant @Fﬁ?s?’}lé@’e@f’“&?&eg éﬁ&ﬁ Wgﬁ f&@’c%\/’é? %F9%ci ency, from
t he sane Ibeedzsitmopaiike emnbozmom/mr ahange sﬁtem;iemadessandqmsswes;taad that hi gh
concentratio ng the

NF g;lc(i: gf‘g IQQHPQé‘fﬁﬁal%Fxhﬁggﬁgésﬁg SQQNVFGW@GIQ azéﬁ gf g

operation of tH nm to a en-recove rlng purity NFL
or higher pun{ gzepireperlike.comppsitions; Forexamnle pegnegotippa) distiliationsglumn t he crude
feed and ext rcacbe seraghdila preade pal Binperaturé that cabesnn azéotiopicng t he feed and -

extractive ageobeRfe BN oh B folind i b bl d’\ffNPerQHsCﬁFé%tm%Q"er

| oweri ng the rac I've agen t PFC14
product réc o@@lwm i&&@a@ytha@l}hﬁﬁslﬂltbﬂgﬂlpﬁéoméﬂ a;gotrqleélkeégmp%mqryg Nfge nt feed

rate, and Cr yaRiubdn baidnoVedRe GRS ST REnR AR IAOATA T O eater
product pur i EXAVP n the crude fee

st ream conpr i éﬁ’cﬁﬁ ?“7%“6?)43\“ T\ﬁi:‘: dct:a?lfs%%&u é)ﬁ?f‘cfgé%g’gf"éﬁ’et 0 one or nore
di stil | ati on N¥e/Plifnkt contagningmikitare émtialbnféd oecharged tothetdistilldtien ¢dhiman,i ons are
shown in Tablyilé t}(ef&é‘dtf‘dibid &aeéou%@tlkét ai&tt)onqmmd@ea' ﬁbtn%&oﬁ%meact Ive

distillation n Tabl e strat ete extractive
distill atzpon) %lg'mﬂr g"é’@g"srse?l”ﬁf:t:l"ﬁﬂ\‘%tye 'tsc}ﬁﬁjrfﬂ f"lr;%b *ng col um and

extract ! ve agesater fhme that aothe pzearopibh omazebmope-Lker contpositipl) aiRFGis4ed as t he
extractive a%?dﬁtuct cgﬁ%@reﬁndv%d ﬁjomth@f)ot{o?n gpﬁﬁ cglum};%tr?théNFV‘h' ch al so used N20

as the extractive agent, In this the Sti] ¢ol um
tails stream OWP'EWO&BN‘&?%C %?grnafﬂgﬁgmﬁlg @E@‘% fRULE 26)
WO 991 24358 Eﬁnmrnglmﬂﬁﬁemﬁﬁﬁy 0@ LR @6d taothe HEﬁHdttbn&nbhnthﬁzhtlsttfeecycl ed back

to the top of éo%p%)ﬁ% %&%{rb;ge{‘m&oéo sig 6 i ?&i ﬁcﬁﬁqhe't&? I%E%@Tﬁmnt he

extracti on cof Feam contal ns versus NF3,
just as it diQbtainingadd, 9f0d‘lf%tl§FféaJEW1¢ﬁ’éﬁ @W?lﬁiﬁlpﬁﬁf%mﬂf‘rﬁl BHduests streami s

fﬁd Eio thleI sbbmpﬂ’edtﬂuapmlsumku%wmﬁmtmou@mmﬂgawrﬁmgmwlz streaer head in
the distilla rea i ni; N , an

nondet ect abl é‘?tgfrtﬁou '&ahf’?lgfﬁﬁ uctel ve gared Fon{ﬁ'gpm%mre W&']bﬁ: illustrates
t he operati ofingle dasn@lagcprr wowd muugsmgmatomﬁmﬂn@p@gw or §F§OSS| ble to
produce N3 nYgeehuedtiv Imthé Mt'séhkilﬁf&%fmem"or‘l??belr4 inpurities

NFL purity 99. 99%0 uses a single
<(1I| sti FI atl)c/)nr?,sB?‘ﬁ YRS Sssgzglé{é a‘“\ﬂ)ﬁ é‘@’F}ﬁE GO, ¢ he totgal number

of stages for the cpffheNé‘glcamﬁerpaﬂtallpnemmledsfromplpn PEC-d &by aseridsof Case 5,
Tabl e 8. No ‘?ﬂtﬂ%ﬁk Hisﬂﬁ’atﬂ)g.?pérﬁ)@é@a@ﬂtgﬁﬁtel%ﬁer]anﬂ %J@Ete@sd/esftﬂa a total

!

condenser re eratl on our rre as the

total combi n&em %?elsif‘iz}'ﬂ*‘&ﬁhéﬁ? %‘BIS’P} ng: ]Hﬁgs}’qué‘t“’ f%70'TRRAS OF A3E0BAPes
st ri ppi ngscolNRyand PRO4A<6fitainjligledmipbsitioscwithin cenventariabdistiltanioher i n Case ~,

Table 8. In C 4 in the overhead
distillate aggﬁmg bt(l&%s)h a%bﬁi{%'ke o?c{?%gé?ﬁfi N?/f)?@q&i%zé?@@gé distillation
produces a NFB‘“B?%‘GRJHN%%F&Y‘H?M@SSBWI Byt taking the avethesskdistillatefiomeant r at i on,
7298 ppm nol aslumnehdt iSoperftedim@erlcbnditivas fichahdt @fe tompdnentds itkxcessltaim f eed
stream 10000 ppmnolar. In 20 Case 2, the conditions are simlar to Case
1, but the distillate takeoff rate is ilRcreased ten tinmes. The NF3 bottons
product in Case 2, however, only decreases slightly in PFC- 14 concentration
conpared to Case 1, from 7298 ppmnolar to 1969 ppmnolar. In Case 3, the
conditions are simlar to GuEsTiTutrsHERT (ROLE®S) condenser duty is
increased ten tines. The PFC concentration in the NF, bottons 25 product in
Case 3 agal n decreases onIy sI | ghtly corrpared to that of Case 1 from 7298
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26 April 2002 WO 99/ 24358 PCTI US98/ 23965 distillations are shown in Case 1,
Tabl e 9. This Case is simlar to Case 12, Table 4, which als %1 5@ as

t he extracty /%ent This Case illustrates the conpl ete ext rac Ive
distillatio 3?8 3&s, including extraction colum, strippi n§CEISAI%Nd
extractant feed cooler as shown in Figure 2, and it also illustrates the

use of the 5 HO /NF3 azeotrope in a NF3 purification process. In the

Exanpl e, the_extracti n col.u erat.ed er..t h sane conditions as in
Cnoe 15, TapHE spectns Vo eF A, BT e P HBHLE o Fims BRerpist

stri ppi ng coldan copditiatsauchthatshe atbercioniponent isinfereass afith¢Eleotbi®: (@azeot r opi ¢ or
azeotrope- | i oﬁ@ﬁﬂﬁfié&o‘n}’ en':f&rdn'iﬂé\rl\ﬁe(:j Eli]'gﬁllét@?mﬁaztﬁ%e'é&m &istﬁfatx@ﬁﬁpé rope-like

conposition allows ere romthe stri colum as over head
distillate sGRIHmayderewe pppatthesgauancs.dhat is, whetedue rfe?(EmQ'?fn%lssatgﬂnpp. ng col um
bot t onms wher eperated uhifér corditibns isudhethatahd\Fst mmpmeﬂtnsaml excessytit is Ipossible

substanti all Yﬁ§§&%%%o&?ﬁ?§¥o%ﬂct ?Rﬁhﬁp@ An'émé{ljlgt?&l P BRE- 1W1ngé %hibz

reduction in concen ream By
recycl ed as ssconddistillationgaeh ofiwhighhhas bad M@P@ﬁ"ﬁ@“ﬁﬂlﬁﬁﬁ eFurther, this

reduces the v&h n@xfedb&acbxhairemﬁ&sghb@ir%aﬁpmgm,tmummwvere renoved
by ot her con i onal ved fromthe NFL

by water was %@a‘fﬂ“ﬁt pFFé%e'B‘ﬁlé‘ﬁ gfgﬂiéatwtl%pqsp] lee%?‘[y %\5 col utm bot t ons
st ream oflo Casausth, congokigiont chaige chhpmng?qmtbpmrpmréemmse 5 in Table

ﬁ’ in m.t ﬁ h N20 is 2@5u36d, ﬁ?hésg@as@é‘WkéFeltdnY)teﬂﬁgéﬁﬂve'vgﬁah?@donﬁ% HCI( >9i9t 9888%
e seen the results in, equlLva roduc ity

with fewer t e{I'p 8€oﬂﬂ?ﬁ°‘§qp§§8‘§p?e‘i%&‘£§g ]fg‘lg)"se H&Weﬁﬁgﬁg}ﬁer t ot al

refri gerati oazedtrbye fsased d3ehecbdsisdart theinsepachtie, rsigip sepgratiohuwrdd agmhireecycl e

cool er (- 41200 AGUkREsNE TR Raic CARMACHIAE houd B bL iddSEicib iigptat o3 the

ef fectiveness azeotrope I n url |ca i on

EXAMVPLE ¥ ThP§“tE}@é¥%‘I13ép‘§éM§m§I PEG-d4 Pf%écfefmf%ﬁ‘éﬁ’dg Fetl4sorainingi c or
azeotrope |i k@rtihgipeeiré.i ons between the binary pairs mxtures consisting
essentially of PFC 1 n i nd HFC- 23;
and HA and 30 NzO %gaéeg?%?ﬁwﬁ’gg% ﬁ‘%‘% 1%{1}? Fl\%emi/égll gfﬂp %e'é@afat%g%% bi nary
pair, the PTR vRuethof fluerinated campoynds k9 Bmé‘l“@@é@h-‘r@“al‘lbpmé byitheatsg pair, the
total absol Ubﬁexﬁfz@tﬁﬁglﬁ nisfin an EESu6mt hlsﬁﬂadﬁﬂ@me%olmmm Peasyy ed at

t ant t Th
measur ondht s SHErEe ety SoniiBieh B SETRD AR APHER S Ak it ag
conposi t i onsawyshtrggning egdiRTorndngiasscond nﬂm@emgdhng)ﬂmesmn@mma@uméa ver sus
the conposit b&ﬂilﬂlcfhstsg‘is 3 %nﬁ@'aieofr@ﬁxcbhﬁ‘z%@tr éjﬁfeyco §iROF coMftisHEoWn i n

Figures 3 th respect.i E SHEET .( RULE 26) WO

99na3sg 26 A%ﬁi%“‘éégg MM@%% gx‘ @f“ gﬁ?ﬁ?"“&ﬁ‘t‘:éorﬁ@?wg‘éﬂ are shown in

each Figure aserhcﬂdlfd)mdlembhmmﬁd"hel?é‘Csm indhd dlstdla'tesmabrﬁuvxmo;btmnaﬂydhd:a

cal cul at gd U§ rﬁllﬁyﬂéﬂ 1&9&}5{&%@)& sELBA d;m Figure 3
grap |ca rna 0 azeo

illustrates the an azeotropi c an trope-1like
conposi ti on Pemsel |“Ff'g“l§%‘§éﬁ‘%‘?haleF rwawm%ﬂ&mt pughyyprspsthe 55

i ndi cat ed byPRCR 4dribyetiet cﬁhmuhly&homi@hﬁﬁ(fesl&xdﬂhd?ﬁ@-lmoﬁv%wﬁ havi ng t he
hi ghest pres h ge of conpositions at this tenperature. Based
upon these f?‘#\g ?"‘rﬁ‘ggﬁy?‘% rod een cal cul ated that an azeotropic or
azeotrope-|ike corrpoﬁqllfm amotrab!@@r azegtraps-BkepompositigRfdvigoa pwnbero, NF, i s

formed ato- 1dPhe FdriflAtePédnth Zfoahd ARhEexRhust @a.ﬁilﬁd?ﬁdd%' i ke
conposition of aboalt 55 rml e % med at -40C

and 645 psi aMG&E! maanag;un?g]%roiﬁs%ege mf‘ﬁk?%?ﬁ%?{m}?? aﬁ%"%rogﬁ?&%eotropi c or
azeot r ope- | i kempenitosithat onay de farmsd betweers HEhandithesg fblbnmtmcmmmmdQO to about

5~ ol e % PReelfiodiith Tl aﬁppau@pnmm?éaqua.paan HipdindFA4s@i d conposi ti on
having a boilin i, bout -110C at 4 |ato ahout -40 ~ 5 C at
545 pai 5. RePURRORY B op BRifaE apeotiaRy: Pz oPi Rk e PR cal 1y t he

f or mat i ons of cmpaﬂﬁg)t}ue@pemﬁadndoleszﬁ@bmpmd ‘Wenndmhqxpsmﬁéd)motcsnﬁi sting
essentially 14 L e of 91 nol e%
PFC- 14 and 993 F&@d 'él a“‘an ngg@&srj%l ghes %Sgﬁggggggﬁgl%%g?et egﬁt{rﬁgﬂenge of
conpositions at this 20 tenperature. Based upon these findings, it has been
cal cul ated that an azeotropic or azeotrope-|like conpositions of about 93
nole % PFC-14 and 7 nole % HCl is formed at -100C and 77 psia and an
azeotropi c or azeotrope-like conpositi & of about 91 nole % PFC-i4 and 9
mole % HCI is formed at -50C and 497 psia. Accordingly, the present

i nvention provides an azeotropic or azeotrope-like 25 conposition
consisting essentially of fSUBSTITUTE SHEETARHLE®E) 91 nole % PFC- 14 and from
about 7 to about 9 nole % HCl, said conposition having a boiling point of
from about -100C at 77 p5| ato about -50C at 497 A5| a. Ref err| 'ng now to
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26 April 2002 WO 991 24358 PCTNS98/ 23965 from about 6 to about 7 nole % HC,
sai d conposition having & boiling point of fromabouty -100C at 79 psia to
about -50C at 487 psia. Referring nowto Figure 6, Figure 6 i RP/APrd2002

gr aphi cal | yMO224388 mati on of an azeotropic and azeotrope-| i RETAHIPBI6E | on
consisting essentially 5 of NCO and HFC-23 at -70C, as indicated by a

m xture of about 94 nole % NCO and 6 nol e % HFC-23 havi ng the hi ghest
pressure over the range of conpositi gﬁﬁlai this tenperature. Based upon
these findings, it has been cal cul at t an azeotropic or azeotrope-like
conposi tions ofompamd 95 noMelen N, O Gomipsundpl e Mples 23 | s TeopnedPmssur®0C and
13 psia and an azgetropi c or«gzeotrope«pgt ke 1o nposi ti e of aboui; 90 nol e
% N20 and 10 rmlﬁ-l 0 -23 é?'formad C a 24 Asi & _ Accordi y, the.
present inventio rovi des &% azeotrdpiclor aze8tk ope- i R@® conposi tion

consi sting essenti3ddlily of from about 95 to about 90 nole % NZ~ and from
about 5 to about ol e % kigC- 23, sayf corrposiggizon havi ngg a boi ling point .
of from about -9 at 13 psira to about 25C at 4 psia. 15 Referring now to
Figure 7, Figure A%l ustrates graphically the formation of an azeotropic
and azeotrope-|i HgEiconpositsne consi sREQP1IE€ssenkisal |y of .20 and HC at
-30.3C, as indi catﬁg by a m xture of about 82 nole % NzO and 18 nole % HCl
havi ng the hi ghest™"pressure over the range of conpositions at this

t enper at ut®e. Bas&flupon t he8®4fi ndi ng¥C-218 has 18éen cal ct?@ted that an 20
azeotropi c or azeg@gpgope-like conpositions of about 76 nole % N20 and 24
nole HC is for at -90C gad 14 psin@)and an %ébegotropi Cc or azeotrope-like
conposition of about 83 nol €% N~4 and“47 nol e HCl is fornmed at 25C and
828 psia. Accordi 332y, the present invention provides an azeotropic or
azeotropeli ke comppggsition c i sting senti al | f fromgapout 76 to about
83 nole % NzO 25“% from ag(gﬁt 24 toggbout 17 2r%b6loe % HCI 1?psai d conposition
havi ng a Koi 1 ng éfnt of from about -90C at 14 psia to about 25C at 828
psia. /' 26 SUBSHCTUTE SHEET7.3 RULE 23,0 WO 99/824358 Tabl20 2 Case
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30  azeotrope, by operating the column under conditions such that an azeotropic or
azeotrope-like mixture of HCl and PFC-14 is formed, PFC-14 substantially free of
HCI will exit the column bottoms via conduit 16. The column distillate
comprising HCI and PFC-14 exit overhead column 14 and is fed via cqoAduit 17 to
condenser 18. At least part of the liquid condensate is returned via conduit 19 to
35  the column as reflux, while the remainder is recycled via conduit 20 to mix with

the streams being fed to separator 10.
In Figure 1, the HCl-enriched stream ]1 may be alternately sent to
distillation column 21 via conduit 22, where column 21 is operated under
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April 2002 PChiyaffifisiSRetha\dRB0rFaaD. ﬁﬁﬁ%h(ﬂﬂaﬁnoﬁ@)mlude methyl chioride

(HCC-40). Oxides include nitrous oxide (N,0), carbon dioxide (CO,), carbony!
fluoride (COF,), and perfluoroacety! fluoride (CF,COF).

25 The preferred single component entraining agents for separating PFC-
14 and NF, by extractive distillation include nitrous oxide (N,0),
chlorodifluoromethane (HCFC-22), difluoromethane (HFC-32), fluoroethane
(HFC-161) and methyl fluoride (HFC-41). Most preferred are nitrous oxide and
HCFC-22 as extractants for the separation. Although HFC-32, HFC-161 and

30  HFC-41 each require fewer theoretical distillation column stages, lower extractant
flow rates, or both, than either nitrous oxide or HCFC-22 to effect an equivalent
reduction of PFC-14 in a NF, product stream, it was found that nitrous oxide and
HCFC-22 are less likely to react in a mixture with NF, than HFC-32, HFC-161
and HFC-41.

35 These single component entraining agents may be used alone or in
combination with each other as the extractants for this separation. For example,
N,O forms an azeotropic or azeotrope-like composition with each of HFC-23 and
HCI. The respective N;,O/HFC-23 and N,O/HCI azeotropic or azeotrope-like
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PFC-14 in PFG { feeli Ybind Hcﬂ'hﬂ the cBitnfh tﬂﬁuh@ fee:izﬂmz of tHe mixfir&Rpe<0. 001 1. 35

0.196.2 37 Fs)ga/ré{es 4 23" %51 %ﬁ Tllq;e over ea-cli stiflate gon)x the column is sent

via conduit 31 to condenser 32. At least part of the condensed distillate stream is
10 returned to the column 29 as reflux via conduit 33. The remainder of the
condensed distillate is recovered via conduit 34 as PFC-14 product substantially

free of NF, and ethane. A stream comprising ethane and NF, substantially free of
PFC-14 is removed from the column 29 bottoms via conduit 35 and may be
recovered as product. Alternately, the column bottoms stream 35 may be sent to

15 optional cooler 36 and from there fed to distillation column 37, which is operated
50 as to strip compounds other than the entraining agent from the entraining agent.
The distillate from column 37 may be fed via conduit 38 to condenser 39. From
condenser 39, some amount of condensed distillate may be returned to the column
37 as reflux via conduit 40, while the remainder recovered as product, e.g., as NF,

20  substantially free of PFC-14 and extractive agent, via conduit 41. Extractive
agent, e.g., ethane, with the concentration of non-ethane compounds reduced
compared to their concentrations in stream 35 is obtained as the distillation
column bottoms 42. Stream 42 may optionally be fed to cooler 43 and then
returned to distillation column 29 as extractant feed, fed to the column at a feed

25  point higher in the column than that feed point of the mixture to be separated, e.g.,
PFC-14 and NF,, or may be optionally mixed with stream 30.

EXAMPLES
The following Examples are provided to illustrate certain aspects of
30  the present invention, and are not intended to limit the scope of the invention. The
following Examples employ the NRTL equations identified above. In the
following Examples, each stage is based upon a 100% operational or performance
efficiency. The total stages include condenser and reboiler, with tl}e ceydenser
counted as stage No. 1. In the following Examples, flow rates are given in pounds
35  (weight)-per-hour (pph) or pound-moles-per-hour (mph); temperatures are
expressed in degrees Celsius (°C); pressures are expressed in pound-per-square-
inch-absolute (psia); stream concentrations are expressed in parts-per-million-by-
weight (ppmw or ppm-weight) or parts-per-million-by-moles (ppmm or ppm-
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overhead distillate rate is increased to 5.0 pph and the bottoms takeoff rate has
25  been decreased to 95.0 pph. As may be seen in this Case, the NF, bottoms takeoff
product still contains 65 ppm-weight PFC-14, even though 5% of the NF, feed is

being lost in the overhead distillate.

In Case 4 of this Comparative Example, the feed to the distillate
column is a 60/40 molar ratio of NF,/PFC-14, which comprises approximately the
30  azeotropic or azeotrope-like composition formed by NF, and PFC-14 at -75 °C.
In spite of allowing more than 50% of the NF, fed to be removed overhead in the
distillate, there is essentially no change in either the distillate or bottoms product
compositions compared to the composition of the crude feed stream.
In Case 5 of this Comparative Example, the number of column stages
35  in Case 4 is doubled, and the reflux rate increased. In spite of this, there is still
essentially no substantial change in either the distillate or bottoms product
composition compared to the composition of the crude feed stream.
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Recovery
of the PFC-14 in said NF, product has been reduced compared to the first mixture.
However, since some portion of the NF, in the first mixture necessarily remains
with the PFC-14 removed in the distillate, only a limited recovery efficiency of
the NF, fed in the first mixture is possible.
20
EXAMPLE 1
In each Case of this Exampie, a crude NF, feed stream comprising
NF, and PFC-14 is fed to a distillation column. HCl is also added to the
distillation column. The distillation column is operated to recover a PFC-14
25  product from the column as overhead distillate, while a NF; product is recovered
as column bottoms. The conditions and the results of the distillations for each
Case are shown in Table 3.
In Case 1, the crude NF, feed stream comprises NF, containing 1000
ppm-weight of PFC-14 and the crude stream feed rate is 100 pph. 1 pph of HCl is
30 fed to the column as an entraining agent. The column has 122 stages and the
reflux ratio is 5000:1. The distillate rate is 10 pph, such that approximately 10 %
of the NF, in the crude feed stream exits overhead with the PFC-14 distillate
product. As a result of this distillation, a NF, bottoms product is obtaized that
contains 85 ppm-weight PFC-14.
35 In Case 2, the number of column stages is increased to 244. As a
result of this distillation, a NF, bottoms product is obtained that contains 1.2 ppm-
weight PFC-14.
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havi ng al'%oi ¥ePargted drom the Nbmm BRsRRC-14 isgecoyered n fhsjdis tilateapthsc - 50C at 497
psia. 10.) AHCHPEO{14QpRédtropE, afd & IF; produdtinksy aagavesetiadtolaiSbaioniyg 35

() and v ak BT AR ek and Bl high te R AR e e (1o,

sai d conposition having a boiling point from about -1OOC at 79 psia to ’
about -50C at 487 psia. 43 SUBSEKKMELEHEET (RULE 26) WD 99/ 24358 26

Apri | 20 PC T/ US98/ 23 79t qeol Lopes like

conposi t | on consi stlg{ﬁ’ %%é@ﬁf’}g’%ﬁ Pé:rrﬁ §B&d?&§l§ am‘é‘bo’ﬁﬁ o nol e
percent nit rNEwandﬁF@el‘( Niﬁétoaﬂﬁtﬂlﬂmmoﬁer@@d uiden thexonditions per cent
trifluoronetans it bk 43)he SdticehtratieR BP@E PFCON indld f6d freafi ik 1H,@0@OI Nt from

about -90C at 13 about 25 azeotropic or

azeot r ope- le?Pé“&?EiS 2\‘%& NSO ‘ﬁz"‘g é‘éﬁ?‘iﬁ“é{?ﬁ‘?ﬂ%”‘i‘?ﬁlﬁ%ﬁﬁuf 76 to about
83 nol e per cewh Casd ridesobming én thd&EQasesmte bparatedivonenogelPFC-14fmat the 7 nol e
hydr ogemychl am&%&@:ﬁead gigiéﬁht&%gmg%&b&mm{&o@m@%é& B&ttdMs, f r om about

-90C at 14 psia to abaut rocess for separating

ni trogen triHregesuliger thedistillationsare showa in 'E‘?‘?]!? fr I tishxamelentien; ¢ r ogen
trifluoride doNechradonlof RRC-24 hndoNByshbwaieedcRioCie chlimnboztmis 8trédngs ianount  of

nitrogen trifldy tédj\eersglNlt:k%)l\t]&%S\v&Eﬁt drinfotds JFPFCU LardNE,Tn %F?rgeﬁﬂcf y.he amount

of nitrogen tr] azeotropi c or azeotro conposi tion
conpri si ng rAndrigrpse thepyaight or malss (’f\ilf‘}’)ex&ﬂ‘éa‘!té’quﬁitl uor omet hane ( PFC- 14) ,
conpri si mg: In Table 4, PFC-218 is perfluoropropane or octafluoropropane

(C,Fy); PFC-116 is perfluoroethane or hexafiuoroethane (C,F;), CFC-13 is
chlorotrifluoromethane (CCIF,), CFC-115 is chloropentafluoroethane (C,CIF;),
HFC-125 is pentafluoroethane (C,HF;), CO, is carbon dioxide, HFC-143a is
trifluoroethane (C,H,F;), HFC-23 is trifluoromethane (CHF,), N0 is nitrous

30  oxide, C,H, is ethane, HFC-41 is fluoromethane (CH;F), HCl is hydrogen
chloride, HCC-40 is chloromethane (CH,Cl), HCFC-22 is chlorodifluoromethane
(CHCIF,), HFC-32 is difluoromethane (CH,F,), HFC-161 is fluoroethane (C,H,F).

In Cases 1 and 2, where PFC-218 and PFC-116 are respectively fed as

the extractive agent, the concentration of PFC-14 in the NF, column bottoms

35  product is essentially unchanged from that of the crude feed stream. For example,
Cases 1 and 2 show a PFC-14 concentration of 10,000 ppm-molar in the crude
feed stream, while the PFC-14 concentration in the column bottoms is 10,100
ppm-molar with PFC-116 as the extractive agent and 9,110 ppm-molar with PFC-
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distilling the first mxture to forma second m xture conprising an 20
azeotropic or azeotrope-like conposition conprisi nd nit rogen, rd fl 6' de
(NF3) and &,g)tg%@g Egromet hane (PFC-14), recovering the secor}qug&r};z s a
distillatio Gfm over head st ream and recovering nitrogen tri MG i de
(NF3) as a distillation colum bottom 25 stream 14.) A process for
separating tetrafl uoronethane (PFC-14) froma first m xture conpri sing

ni trogen triXiBugtHedRurhdWve agetCdsa 1 afd 20 eomphraie: CREGh4 shwivaugy-n t he
anount of tetrafl u‘grorret hgne PFg%é% i n ﬁ’ﬁ 1fll rst.mgxture Is in 30 excess
of the ampurHUoFpated eompaunds Jicheniht-2 peed ?’i 8 ARIngHEAVESDi ¢ or

azeot r ope- | iektragivejagaits foo sepamtipg PECAd fromaNFgen tri fl uori de (NF3) and
tetraf [uoromethane (ffisnbdd; CRAPHSIALE HoRithdid ekl M xture to
forma second m xtur (;or}p | SI ng an zeotrolglc or tgée trope-1like

conposi t Pon a@eRtpatestieetivefor ssparating FEG-46 froguNF nsuoh n8aYIBE 1 af | uor onet hane
.(PFC-14), r aigmifidantly rddacedsficenttations ofl IRFCa$4 aersiisthé érudd feedsteeamuiiiy over head

stream and i SVESYLTUE, SHBRT shthE 2 Rlaio Byl hdyohR02 VO 99/ 2435¢

PCT/ US98123 recover | Etg i uor onet hane as a distillation
col unmm bot t om st r earhheeéegtivaness otihe exurastive aganisgenerally increase figm onet hane

(PFC-14) fr avasks Nikir6upbad, Asihdicated bytie (Nt that dow@residuaPECa4i | 1ing a m xture
he. pr esic dopieAlfonsin ined%; oiut Beiby Yred S pE Bl AT ERR bl 21 '
volatility d¥ and lpweeexteactiveoagonteldvaratssopranalay basis ard requitpdifot €ases Qor i de (NF3)
agent. 17.) ‘*‘A’“?’Eé%?f?%%%%ﬁf‘ﬁ%;gﬁ&‘gﬁgﬁﬁg ?ﬁg ﬁ\%ﬁé‘;@% the

4 t. 3 = s 4 =2, o i ~
gr ?KIES)COP ? Iofg; ffoirr? QaIFeﬁthu@Gtﬁ, rdsi@tiﬁélyomeummdfmdvamdxg Gté}g,e}ﬂF(b-o rrI)loﬂ(r)urjls ,de
conpri sipgg: 1%@195@&&?@923% Itlk,{@rs] tmtoﬁéem,ere eL el WhRBGR: BlArhde (HA) to

forma second. m xture | econd mxture to forman azeotropic
or azeot r opHeriRe tQ@‘GBﬁﬂgs@Wﬂﬁgé’ﬂﬂrﬁFéﬁ drem Gases S dhrguethet and hydr ogenIO
chl oric) e ( Héldpectivety. rEreexeadtive agdnes afCasty Dihraughrl 6arcmirticnfelyl | ke conposi tion
as distillaty : the . 1 I ratin

Cot raf | uor orbipiah keSO BRSSAL NN, Hrobudd BRERAR b0, FRAAT 21! N9

t et r af | uor orfaQIARRCl ppCiesythamahoutd-4 3 pp@rveighttAE o1, gad iInNpepveriegsaid | si ng:

contactizng N prodiust with $tedief thah DPpoliycbvegsTiicibhfronethe kid: féed form a second
m xture, di sgrl |1ing the second m xture and recovering as a distillation

col unm 30 overfBad stream an azeotropic or azeotrope-like conposition
conpri sing hydrogen cHhoekigstiyt-@ent indigatad maygptonally bk senarates ffowr3) , and
recovering afe éxtrhcivd dibtflation cOl@nH BBusiad b BisAN4RAT 8theQAMASsAs | on conpri sing

tetrafl uorongt hane. (PFC-14). ,.35.19.), A ocess f.or. separatjng nitrogen
trifluori de?’fﬁ%f&“&%ﬁ??sﬁt F%"lmf‘??f“k‘f'\ﬂ ?%d %‘bﬁg% ?@?Wé%&?ﬁ@%‘%%‘h&?%ane °
( PFC 14)25ancfrbath BEEH 4tanil Ektaptivelagent may be recovered.

EXAMPLE 3
In the Cases of this Example, a crude feed stream comprising 99.19
pph PFC-14 and 0.81 pph NF, is fed to a distillation column. A different
30  entraining agent is fed as an extractant to the columns in each Case. The columns
in these Cases are operated to recover a PFC-14 product from the column as
overhead distillate, while removing NF, in the column bottoms. The extractive
agents used and the results of these distillations are shown in Table 5. ,
The Cases from this Example show that the extractive agents of the
35  current invention are also effective for removing NF, from a stream comprising
PFC-14 and NF,, such that a PFC-14 product substantially free of NF, may be
recovered with high recovery efficiency.
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(NF,), conprising: 45 SUBSTI TUTE SHEET ( RULE 26) 1 26 April 2002 WO

991 24358 PCT/ US98/ 23965 contacting the first mxturgq with hyd£§a§n %16 oride
(HA) formng a second i xt ure, distilling the second m xture ril 2002
recoveri ngW@99343Bsti |l ati on col unmm overhead stream an aze®aTOYS9s/28965
azeotrope-li ke conposition conprising hydrogen chloride (HCl) and

tetrafl uoronet hane (PFC-14), and recovering as a distillation colum bottom
stream a conposition conprising nitrogen trifluoride (NF3). 20.) A process
for separating nitrogen triflu ) and to tetrafl uoronet hane

§ P-ch[ 14), dcorrpr | Si ngn tl\t@Q‘?\ir@akésrtﬂ'tlﬁs Fkﬁrﬁﬁle,@é&éﬁ&i %e&amtarﬁi é"dnfﬂiis?migt4_r5°93” t
rifluoride a or . - W, an entrai ni ng agen
to forma sé’&’glﬁgg’ﬁ?QfsuPp&ﬁ%bjytﬁfgﬁq &%ﬂ%“@%‘%@&%hﬁ"‘?ﬁ%ﬁ%ﬁ and recoveri ng
a di still at ingmbeodfistagess operalediat the Saneet pressurec with ekiactiye agent fidwuaonet hane -
(PFC-14) sandind fédt pbintd if tehi TR0 e TS UsHRIL ARG S|} €L AL NI NG
agent and nltﬁ({ﬁ%gp Arifluoride (NFgeF 213.6) .The process of Calm 20 wherein
the first m atignisqperated sn thay a NF, groduct js reqovesed tillatign edu®Bsi ti on of
ni trogen tr ibolteros itk a PFCL MAGFbduenebnicved ad dvetlieaddistilme. NREG fhd hs thé2. ) The
process of | % Il el | l.eCt fromthe group
consi sting c%xﬁ‘ %%%g%ég?@o%& L%@r%?‘f’ %mggg&hdﬁ%?%%ﬁﬁ%r%gm& ocar bons,
hydr ochl or o & Frnd 4nJde sesilis efitheseidirtillations apsshaws in Table§. ) The process of
G ai m 22owher ei n:  t A8 nidydleaes); 0akS 108 25edov6rt £9F  BoidhisHRodiicPdteamONSi st i ng

of et hane, nd _pr | ene:, t he hydrefl.uorocarbons are

sel ected f rg%axn%ﬁ %ﬁﬁP%'ﬁg?%ggnt%t—\g&?ﬁ(ﬁP¥?mfff'?lfru‘('§rr %‘ﬁé‘ﬁ}g in C 32),

1,1, 1-trifl as?%tmﬁwbe NErecavegabeingzhoub P60 of thetNareeigdelly MAC G283 and

f I uor oet hanand HF@O?&L rf)mc-ht(;fcavfelmeﬁa ﬁistlilﬁé 9fdduﬁgg€ﬁf21 glowtcﬁrﬂee ﬁg} ecth led fr Ombt he
roup consi rodi f | .uor ome - : e or ocar bons

gr e gel ect e?ibﬂfcrgg[ﬁ%qioﬁgs éj?galﬁ'rg%lﬁrsYeﬁqsﬁlbea%i'fec'r(%l"}'ngﬁt %‘%??‘Br WBQWHO) : and the

oxi des dfe déirecovery being abauy 88%Yrofthe REhi4 stigingllyofedc~c' bon di oxi de (CQz) and

nitrous oxide (NZO) _Thﬁ%xaﬁ'lpl)esiMﬂEQ@ﬁﬁﬁit?Bf@e%s%téﬁhacﬁ@e 19, or 20
wherein nitrogen.tr.ifl uorl‘g}eseg}PIFS or, tetrafl uoronet hane (PFC-14) is
recover ed sgﬁgﬁgfﬂ“ilﬁ‘fwo?’ T e?M‘F“EIF"é‘Q‘.‘ colgma gpps smmeyesoET ( RULE 26)
'~ f 26 Apprddu@OiderVEFOI4 2B Bt AGTidSTME DD pfoddle NF;ISubstpritmtlgTreeof C ai ns
15, 18, 19, { i jnt L. ' f| th
oPPEE e 4 I CORER AREINO i N (01 sh Rt ALk uor oot hane

{PFC-14) is recovere stanti a e’d npurities. s 26.)

The prod®ss €Y Whegisaid fead stregm cempaing high gongestrations af the sgeaponant thatior i de ( NF3)
i s recover edesis sbeemioatd. CHangiag tie dpetatioh bfithe eoRitnas altéhtcbdeen 27. ) The
process of ¢l.gi : [ I tr. tyifluoride 10 (NF,) is
recover ed co_r?tagu nﬁ%%h%%@ #gﬁg%g}ﬁ% p&ﬁgpkair; iﬁ f)se?r-oﬁ\“it 1 %?169 lar inmpurities.
28.) The pr 8EWsbyehangiag the cpmiedpedamd giisacsiva agent fesd @aints orf the celuie, (NF3) i s
recovered cediding the fékdlags sxttddave Aleatfeed foiR@FoSnigepurity NF, rsdd®l ar carbon is
tetrafl Yer O}e%gve(r)ﬁﬁg\irgrﬁ}g' thg' Zeed and extractive agent feed points for high-purity PFC-

14 product recovery, and by adjusting the reflux rate, extractive agent feed rate,

and crude fed rate as necessary to acheive 99.9999% or greater product purity.

EXAMPLE 5
30 In the Cases of this Example, a crude feed stream comprising 98.76
pph NF; and 1.24 pph PFC-14 is fed to one or more distillation columns. The
conditions and results of the distillations are shown in Table 7 (conventional
distillation) and in Table 8 (extractive distillation). -/
Case 5 shown in Table 8 illustrates the complete extractive distillation
35  process, including extraction column, stripping column and extractive agent feed
cooler as shown in Figure 2. N,O is used as the extractive agent. Case 5 is
similar to Case 9, Table 4, which also used N,O as the extractive agent. In this
Example, Case 5. the stripping column tails stream, which contains small amounts
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10%9& () -s109%q& re - 0% & {r
ere sa1d HCI pro ?uct has a NF3 concen ation chh is substantially reduced

compared to the column feed stream. With this reduction in NF, concentration,
this HCI product stream may then be recycled as extractive agent to the extraction
15 column. Further, this reduces the volume of HCI that would otherwise be lost if it
were removed by other conventional methods, such as if the HCI were removed
from the NF, by water washing as might have been done with the extraction
column bottoms stream of Case 12, Table 4.
By comparing this Example with Case 5 in Table 8, in which N,0O is
20 used as the extractive agent instead of HC], it can be seen the use of HCl results in
equivalent NF, product purity (>99.9999%) with fewer total column stages (152
versus 195) and with lower total refrigeration duty for the extraction and stripping
columns and recycle cooler (-41200 pcuw/hr versus -97500 pcwhr). This further
illustrates the effectiveness of the HCI/NF, azeotrope in the purification of NF,.

25
EXAMPLE 7
This Example demonstrates the existence of azeotropic or azeotrope-
like compositions between the binary pairs mixtures consisting essentially of
PFC-14 and NF,; PFC-14 and HCI; NF, and HCI; N,O and HFC-23; and HCI and
30 N,0.

To determine the relative volatility of each binary pair, the PTx
Method was used. In this procedure, for each binary pair, the total absolute
pressure in a PTx cell of known volume was measured at constant temperature for
various known binary compositions. These measurements were then reduced to
35  equilibrium vapor and liquid compositions using the NRTL equation.
The vapor pressure measured versus the composition in the PTx cell
for these binary systems are shown in Figures 3 through 7, respectively. The
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0, ! | 0, 0, R 0, !
10 L 02 oY YP bl e b g p AR iy 4 1 10906 )7
10%m8 () -  !compusitighy gt this emperature. Based upon these ﬁndmgs, it has been
calculated that an azeotropic or azeotrope-like compositions of about 20 mole %
PFC-14 and 80 mole % NF, is formed at -110°C and 47 psia, and an azeotropic or
10  azeotrope-like composition of about 55 mole % PFC-14 and 45 mole % NF, is
formed at -40°C and 645 psia. Accordingly, the present invention provides an

azeotropic or azeotrope-like composition consisting essentially of from about 20
to about 55 mole % PFC-14 and from about 80 to about 45 mole % NF,, said
composition having a boiling point of from about -110°C at 47 psia to about -40°

15 C at 645 psia.

Referring now to Figure 4, Figure 4 illustrates graphically the

formation of an azeotropic and azeotrope-like composition consisting essentially
of PFC-14 and HC] at -76°C as indicated by a mixture of 91 mole% PFC-14 and 9
mole% HCI having the highest pressure over the range of compositions at this

20 temperature. Based upon these findings, it has been calculated that an azeotropic
or azeotrope-like compositions of about 93 mole % PFC-14 and 7 mole % HCl is
formed at -100°C and 77 psia and an azeotropic or azeotrope-like composition of
about 91 mole % PFC-14 and 9 mole % HCI is formed at -50°C and 497 psia.
Accordingly, the present invention provides an azeotropic or azeotrope-like

25  composition consisting essentially of from about 93 to about 91 mole % PFC-14
and from about 7 to about 9 mole % HCI, said composition having a boiling point
of from about -100°C at 77 psia to about -50°C at 497 psia.

Referring now to Figure 5, Figure 5 illustrates graphically the

formation of an azeotropic and azeotrope-like composition consisting essentially

30 of NF, and HCI at -78°C, as indicated by a mixture of about 93 mole % NF, and 7
mole % HCI having the highest pressure over the range of compositions at this
temperature. Based upon these findings, it has been calculated that an azeotropic
or azeotrope-like compositions of about 94 mole % NF, and 6 mole % HCl is
formed at -100°C and 79 psia and an azeotropic or azeotrope-like composition of

35 about 93 mole % NF, and 7 mole % HCI is formed at -50°C and 487 psia.
Accordingly, the present invention provides an azeotropic or azeotrope-like
composition consisting essentially of from about 94 to about 93 mole % NF, and\
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at this temperature. Based upon these findings, it has been calculated that an
azeotropic or azeotrope-like compositions of about 95 mole % N,O and 5 mole %
HFC-23 is formed at -90°C and 13 psia and an azeotropic or azeotrope-like

10  composition of about 90 mole % N,O and 10 mole % HFC-23 is formed at 25 °C
and 824 psia. Accordingly, the present invention provides an azeotropic or
azeotrope-like composition consisting essentially of from about 95 to about 90
mole % N,O and from about 5 to about 10 mole % HFC-23, said composition
having a boiling point of from about -90°C at 13 psia to about 25°C at 824 psia.

15 Referring now to Figure 7, Figure 7 illustrates graphically the
formation of an azeotropic and azeotrope-like composition consisting essentially
of N,O and HCl at -30.3°C, as indicated by a mixture of about 82 mole % N,O
and 18 mole % HCI having the highest pressure over the range of compositions at
this temperature. Based upon these findings, it has been calculated that an

20  azeotropic or azeotrope-like compositions of about 76 mole % N,O and 24 mole
% HCl is formed at -90°C and 14 psia and an azeotropic or azeotrope-like
composition of about 83 mole % N,O and 17 mole % HCl is formed at 25°C and
828 psia. Accordingly, the present invention provides an azeotropic or azeotrope-
like composition consisting essentially of from about 76 to about 83 mole % N,O

25  and from about 24 to about 17 mole % HCI, said composition having a boiling
point of from about -90°C at 14 psia to about 25°C at 828 psia.
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PFFI 10%y! y& () -/ #$%W D4/ | 10%! y& ()-/110%! y& ()-/110%! y& ()-//K-

PFI 10%1 y& ()-/110%!y& ()-/%& ()4;]|\<D4/ 1 10%! y& ()-/110%! y& ()-//K-

PFI 10%! y& ()-/110%!y& ()-/110%!y& ()-/: Bl PW(fCB D4/ 1 10%1 y& () -/ /K-

PFI 10%! y& ()-/110%! y& ()-/110%!y& ()-/110%!y& ()-/flsy ] DA/ K-

PFI 10%! v& ()-/110%!y& ()-/110%!y& ()- /I10°/(y!y&'()-/IlO%/!y&'()-/dDD4/K-

PRI 10%! y&! ()11 10%1 y&! ()11 10%1 y& ()11 10%1y& ()11 10%!y& ()-/1 10%! y&
"()-/t TADA/ | 10%! y& ()-/110%! y& ()-/110%!y& ()-/110%!y& ()-/110%!y& ()-
/1 K- pFW[?D4/I10°/§/!y&'()-/I1 %y y& ()-/110%! y& ()-1110%! y& ()-/1K

PFFI 1091 y&' () -/XX8D4/ | 109! y&' () - /1 109! y&' ()-/ 1 10%! y&' ()-/ /K-

pFI 10°/Iy'y&() J110%! y& ()-/ ' -.<@S3D4/ 1 10%1 y& ()-1110%1y& ()-//K-

pFl 10%! y& () - lllo%/ly&' ()-1110%1 y& () -/ @GNUIVa0sD4/ | 10%! y& ()-// K-

PFI 10%! y& ()-/110%!y& ()-/110%!y& ()-/110%!y& ()-/ahov} / D4/ K-

PFI 10%! y& ()-/110%!y& ()-/110%!y& ()-/110%!y& ()-/110%Ty& ()-/dDD4/ K-

PFI 10%! y& ()-/110%!y & ()-/110%!y& ()-/110%!y& ()-/110%!y& ()-/110%!y&
"()- 1t T4D4/ | 10%! &() | 10%! y& ()-/110%!y& ()-/110%!y& ()-/110%!y& ()-

/K- pF tS2D4/ F'109% & ()- ;109 & ()-110%!y& ()-//K-

PFOI 10%! y& ()-/110%! y& ()-/ *20[ vl 10%!'& ()-"0

hY 101" & ()- s10%!'& ()- 310%!' & ()-10110!10! 3>s10%& ()-[ ] _ac

d p WOvUS/ 10%!'& ()-"0)20 10%!' & ()-"0 10%!' & ()-"0 10%| & ()-
10% 1" & ()-"Op t X | UovUs/  109%!' & ()-"0)?0 10%!' & () -
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10% ! & () -
109 1" & () -

f FvU5/
10% 1" & () -
10%!" & () -
10%!"' & () -
10% ! & () -
10% ! & () -
109 1" & ()-"

"0 10%!' & ()-
"0 10%!"' & ()-
109 !' & ()-"0)?0 10%!' & ()-"0 10%!' & ()-"0 10%!' &

I UOv U5/
"o 10% ! & () -
"0 10% ! & ()-

"0)?0 10%!' & ()-
"0 taleli!mn!!UovUs/

"0 10%!' & ()-
"0 10%!"' & ()-

" 0!

10% " & (

Wov uUs/
"o 10% ! & ()

10% 1" & () -

10% 1" & ()-"0)?0 10%!" & ()-
1111131 U9V U/

"0 1091 & ()55031 7!
"0 109 ! 'TaM

10% 1" & ()-

I() "0 10%9%9%4 %‘302"0
10%@@%4358& ()-70)20%10% ! " & ()-"0 10%!" & ()-"0 1BGFMSIBRR6S 0
"0 10% 1" & ()-

"0) 20

"0) 20 10%!'&'()-

-"0) 20 10%1'&'

1?21 Cl D|]|U9VU5/
§%v0 10% ! & ()-"

)-"0

{Case Number

1

2 3 4 5

6

7

8

Extractive
Agent

PFC-
218

PFC- |CFC-13] CFC- | HFC-
116 115 125

COy

HFC-
143a

HFC-23

|# of Stages

120

120 120 120 120

120

120

120

Extractive
Agent Feed
Stage

10

10 10 10 10

10

10

10

|Crude Feed
Stage

20

20 20 20 20

70

20

20

Column Top
Temperature
59

-82 -82

-63

-82

Reflux
Temperature
(°C)

-82

Distillate

Temperature
|CC)

-82

Bottoms

Temperature
iCC)

32

-18 31 15

Extractive
Agent Feed
Temperature
)

-80

-80 -80

Crude Feed
Temperature
O

-80

-80

-80

Top Pressure
(psia)

165

165 165 165 165

318

165

165

Condenser
Pressure (psia)

165

165 165 165 165

318

165

165

Bottoms
Pressure (psia)

168

168 168 168 168

321

168

168

Distillate
Takeoff Rate

(pph)

1.50

1.50 1.50 1.50 1.50

1.50

1.50

1.50

Reflux Rate
{(pph)

300

300 300 | 300 300

1000

300/

300

Bottoms
Takeoff Rate

(pph)

18900.5

13899.7(10544.4{15545.2112100.7

4499.5

8502.6

7099.9

Extractive
Agent Feed

18802.0

13801.2|10445.9]15446.7{12002.2
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4401.0

8404.1

7001.4




10%!'&'()-"03

20% 10% ! ' & ()-"0 10%!' & ()-"0 10%!' &
10% 1" & () VM

Y3438 | Loy U5/

10%

()-"0

26 April 2002
10% ! ' & ()-"0)20 10%!" & ()-"0 AGWPHERS. "0

10% ! & ()-"0 10%!"& ()-"orrrrrruvus/  10%!'& ()-"0)?0 10%!'& ()-"0
10%!"& ()-"0 10%!"& ()-"0 10%!"& ()-"Oo"""""""uwovUs/ 10%!'& ()-"0)7?0
10% ! & ()-"n;&tégvpﬂgw OO I0% | & (J)F 0 I0WB T & ()- 0 5 THvUS/  10%
10%!" & ()-"0) ?0% 10%}! " & (P-"0 310% !"'1& ()-1'0 109! &()-"0
10% ! & () -"pP5 o =AETFuToeves IO T & (J-0)70 I0% T & ()- 0
10%!" & ()-" ond &1()-"0
NF3 (pph)] 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76
PFC-14 (pph)] 124 | 124 | 1.24 124 | 1.24 1.24 1.24 1.24
PFC-14| 10000 { 10000 | 10000 { 10000 { 10000 { 10000 | 10000 |{ 10000
concentration
in NF3 feed
{ppmm)
Distillate
NF3 (pph)] 1.37 149 | 049 | 047 | 040 | 025 | 0.26 | 0.26
PFC-14 (pph)] 0.127 | 0.0069 | 1.01 1.04 1.10 1.23 1.24 1.24
Extractive| <0.001 [ <0.001 | <0.001 | <0.001 } <0.001 { 0.02 |<0.001 { <0.001
Agent (pph)
Bottoms
NFj (pph)| 97.39 | 97.27 | 98.28 | 98.30 | 98.36 | 98.51 | 98.50 | 98.50
PFC-14 (pph)| 1.11 123 | 022 | 020 | 0.14 | 0.01 }<0.001|<0.001
Extractive|18802.0{13801.2{10445.9]15446.7112002.2} 4401.0 | 8404.1 | 7001.4
Agent (pph)
PFC-14| 11266 | 12488 | 2255 | 2044 | 1425 | 62.8 1.6 0.4
concentration
in NF3
(ppmw)
PFC-14] 9110 | 10100 | 1820 | 1650 | 1150 50.7 1.3 0.3
concentration
in NF3
(ppmm)
NF3 Recovery| 98.6 | 985 | 99.5 | 995 | 99.6 | 99.7 | 99.7 | 99.7
Efficiency
(%)
7
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10% ! & ()-"0d"g")"m'p"qg""WvUs/ 10%!"& ()-"0)?0 10% & () -
10%!" & ()-"0 10%!"' & ()5"0 10% ! & ()-"0"""""""U9vUp 10% '6&?{%& 6).‘)’?0
10% ! & ()-"0 10%!"& ()="0 10%!" & ()-"0 10%!"' & () 0 ?
10% 1" & () V9924358096 1 & ()-"0 10% !' & ()-"0 10% !’ & ()-" 0 PCT/US98/23965
10% ! & ()-"0o"""""""fRrvUS/ 10% 10%!"'& ()-"0)?0% 10%!' & ()-"0
10%!" & ()-"0 10%!"& ()-"0 10%!"' & ()-"0o""""""#UWovUs/ 10%!'& ()-"0)7?0
10%!'" & ()-"0 10%!"' & "0 10% "0.10% ! & ()-" 0##### #5#U9v U/
10% 1" & 8 0) 20 10% ! O ()-"0 13&*%‘?3““‘!?@0% R ()-
10% ! & () -"O5#: #?#D# #J# #WvUS/  10%!'& ()-"0)?0 10% !’ &' ()-"0
10% ! & () - "|CaskOMmber&'| () 9" 01 10%6 ! | &'1¢) - '0_1# #a#lb#c rdApif IFvUS/ | 1Q%
|Extractive N2O | CoHg |HFC-41| HCI |HCC-40|{ HCFC- |HFC-32| HFC-
Agent 22 161
# of Stages 120 120 120 120 120 120 120 120
Extractive 10 10 10 10 10 10 10 10
Agent Feed
Stage
Crude Feed 20 20 20 20 60 20 20 20
Stage
Column Top -82 -82 -82 -83 -82 -82 -82 -82
Temperature
<)
Reflux -82 -82 -82 -83 -82 -82 -82 ~82
Temperature
(°C)
Distillate -82 -82 -82 -83 -82 -82 -82 -82
Temperature
I(°C)
Bottoms -39 -36 -32 -65 -75 -8 -50 -64
Temperature
(¢C)
Extractive -80 -80 -80 -80 -80 -80 -80 -80
Agent Feed
Temperature
|(°C)
Crude Feed -80 -80 -80 -80 -80 -80 -80 -80
Temperature
Y]
Top Pressure 165 165 165 165 165 165 165 165
(psia)
Condenser 165 165 165 165 165 165 165 165
Pressure (psia)
Bottoms 168 168 168 168 168 168 168 168
Pressure (psia)
Distillate 1.50 1.50 1.50 2.00 1.50 1.50 1.50 1.50
Takeoff Rate
(pph)
Reflux Rate 300 300 300 300 300 300 | 300 300
(pph)
Bottoms 2198.2 | 1052.2 | 1048.8 | 940.2 | 1083.8 | 1774.0 | 782.7 | 388.1
Takeoff Rate
(pph)
Extractive 2099.7 | 953.7 | 9503 | 842.2 | 9853 | 1675.5 | 684.2 | 289.6
Agent Feed
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10% ! & ()-"0)?20% 109% !"' & ()-"0 10%!' & ()-"0 10%!"' & ()-
1Q% ! & () - " Oo#tv#} ##t###U9vUS/  10% ' & ()-"0) 20 10%I'&'() %&J#)p/,ﬂ §al)-"
10% ! & ()-"0 10% !" & () -" O#######OVUS/  10% ! & ()-"0)?0 1 ?% "0
109% ! & () WOPIRARI1 ' & ()-"0 10% ! ' & () - " Ou#t#u###OVUS/  109BGTESE ) 20
10% ! & ()-"0 10%!' & ()-"0 10%!' & ()-"0 10%!'&'()-"0######$U9VU5/
109! & ()-"0)20 10%!"& ()-"0 10%!'& ()-"0 10%!" & ()-"0
10% ! & () - "R P§ﬁ$fl-vc15/ TO0% 0% (- Q) 70% J0O%/ T & (T- 9
10% ! & ()-"0 1 %!'&'() 109% ! & () -|" 0$$$"|$" $( $q$Uov U/
10%!"' & ()-"[0)y 70 1091 ()- O I0% T & ()- 0 IO/ & ()- 0
10% " & () - "[BRITPSHASEOHS) $UOvUs/  10% 1" & ()-"0)?0 10%!' & ()-"0
NF3 (pph)| 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76 | 98.76
PFC-14 (pph)] 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24
PFC-14| 10000 { 10000 { 10000 | 10000 | 10000 | 10000 { 10000 | 10000
concentration
in NF3 feﬂ
(ppmm)
Distillate
NF3 (pph)| 0.26 0.26 0.25 0.69 0.26 0.26 0.26 0.26
PFC-14 (pph)] 1.24 1.24 1.24 1.24 1.24 1.24 1.24 1.24
Extractive| <0.01 { <0.01 0.01 0.07 | <0.001 { <0.001 | <0.001 | <0.001
Agent (pph)
Bottoms
NF3 (pph)| 98.50 | 98.50 | 98.51 08.07 | 98.50 | 98.50 | 98.50 [ 98.50
PFC-14 (pph)| <0.001 | <0.001 { <0.001 | <0.001 | <0.001 | <0.001 | <0.001 { <0.001
Extractive| 2099.7 | 953.7 | 950.3 842.1 985.3 | 16755 | 684.2 | 289.6
Agent (pph)
PFC-14] <0.13 | <0.13 { <0.13 | <0.13 { <0.13 | <0.13 | <0.13 | <0.13
concentration
in NF3
(ppmw)
PFC-14; 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
concentration
in NF3
(ppmm)
NF3 Recovery| 99.7 99.7 99.7 99.3 99.7 99.7 99.7 99.7
Efficiency (%)
e
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10% ! & ()-"0 10%!"' & ();"O 10% ! & ()-"0j $n$sHx$} $$$_5vUs/ ) 200
109! & ()-"0 10%!"' & ()"0 10%!"& ()-"0 10%!"& ()4"0 i
10% ! & ()-"033$5$$5d: vUB/ ))20 10% 1" & ()-"0 10% ' & ()-"0 1XPAPIL002 .4
1006 | ' & () WOPRGHS ! & () -"0$$$$$$$d: vUS/ )20 10% ! & () - " PCRIUEMB2365) - " 0
10%!" & ()-"0 10%!"& ()-"0 10%!"' & ()-"0$$$$$$8d: vU5/ ))?0 10%!"& ()-"0
10% ! & ()-"0 10%!" & ()-"0 10%!" & ()-"0 10%!"' & ()-"0$9%e888d: vUs/ ))?0
10%!" & ()-"0 10%!"& ()-"0 10%!" &',ﬁ-" 10% ! & ()-"0
10% " & () -"0%t9$9RBR R %4 ¥8% J* 10% ! l&JL‘E?)-"O) ?0 10%!'" & ()-"0
10%!"& ()-"0 10%!'& ()-"0 10%!'& ()-"0 10% ! ' & () -"03% YAWIOPY %9* 1
10% ! & () - [3e200nte0% ! ' & [)-"D 2 3 4
Extractive Agent N2O HFC-32 | HCFC-22 | HFC-161
# of Stages 120 120 120 120
Extractive Agent Feed 42 25 15 15
Stage
[Crude Feed Stage 90 90 90 90
Column Top -82 -82 -82 -82
Temperature (°C)
Reflux Temperature -82 -82 -82 -82
(&)
Distillate Temperature -82 -82 -82 -82
&%)
Bottom Temperature -34 10 28 31
9
Extractive Agent Feed -80 -80 -80 -80
Temperature (°C)
Crude Stream Feed -80 -80 -80 -80
Temperature (°C)
Column Top Pressure 165 165 165 165
(psia)
Condenser Pressure 165 165 165 165
(psia)
Bottom Pressure (psia) 168 168 168 168
Distillate Takeoff Rate 98.5 98.5 98.5 98.5
(pph)
Reflux Rate (pph) 1500.0 500.0 300.0 300.0
Bottoms Takeoff Rate 2156.5 776.4 1279.9 364.5
Extractive Agent Feed 2155.0 774.9 1278.4 363.0
Rate (pph)
Crude Feed Stream
PFC-14 (pph){  99.19 99.19 99.19 99.19
NF3 (pph)| 0.8 0.81 0.81 0.81
NF3 concentration in| 10000 10000 10000 10000
PFC-14 Feed (ppmm)
Distillate
PFC-14 (pph)|  98.50 98.50 98.50 98.50 7]
NF3 (pph)] <0.001 <0.001 <0.001 <0.001
Extractive Agent (pph)] <0.001 <0.001 <0.001 <0.001
PFC-14 concentration|{ 99.99998 | 99.99999 | 99.99999 | 99.99999
in distillate (Mole %)
NF3 concentration in 0.10 0.10 0.10 0.10
distillate (ppmm)
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10% 1" & ()-"0 10% " & ()-"0 10% |® & ()-"0"%a%e% %% YAL* 1

1Q% 1" & ()-"0)200 10% ! & ()-"0 10%!'& ()-"0 10%!* & ()- oril

10% 1" & () - X‘% 190065409% 1 10% ! & ()-"0)200 10%!" & ()- o #BHP 525

10% ! & ()W‘b B8 & ()-"098RRRARAI0* 1 10% !’ & ()-"0) 200 15675’“8%9”(35’

10% 1" & ()-"0 10%!' & ()-"0 10%!' & ()-"0%8AAOBRAL * 1 10% ! & ()-" 0)'>oo

109% 1" & ()-"0 109% ! & ()-"0 109%!' & ()-"0 10%!' & ()-" 09BAAO0E &vavU4

10%! & () - @ VIUTRE&\d AgdnfUYe0& ()]- 16007 J0T<0.00F LQV8<G.00] -

 10% & () - v 3y 38E&&RERMbHb | L0%! & () - 10%!|& ()~ | [nL0%! &)()- 10e! 10e! 10e! *

S>510%3'& () {?vU4

"t 10%! & () ~TeEYE T 637 T IO % () -/t 10%! & () -/ &&

&&&&] A?vUA ) - /th‘V!&'()-/ylofVe!&'%)-/&&&" v

"t10% ! & () - ITIOET & - /rt1I0v%er& ()-/t10%!' & ()-/""
1" 9% } aA?V (o

"t 10%! & () - SRt Ot O e R b T 2 3 8 9 gGHAt 10%

el & () -/t 10%e+8! O e O %! & ()-/t10%! &

=y ) BT/ E ) 00| !

) Vange v o Bl S T P GBI £ Ol

/110%! & ()-/t10% & ()-/f'g'r' u' x' {' bBgG+at 10%! t 10%! & () -/t 10%! & ()-/t1

0%! & ()-/t10%! & ()-/Ao{' ~ """ _gG+4At 10%! t 10%! & ()t 10%! & () -/t 10%! & ()

-/t10%! & ()-/t10%! & ()-/t10%! & ()-/'"""'"'"'"" i N2+4tt 10%! & ()-/t10%! & ()-/

t10%! & ()-/t10%! & ()-/t10%! & ()-/A0' """ """ N. +4t 10%! & () -/ Aot 10%! & () -/

t10%! & ()-/t10%! & ()-/t10%! & ()-/"""""""" pT84tt 10%! & ()-/t10%!' & ()-/t1

0%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/ """ "" bBpT84t t 1t 1

0%! & ()-/t10%! & ()-/t10%! & ()-/ Aot 10%! & ()-/"'"""""" 784ttt 10%! & ()-/t1

0%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/'"'""""" i N284t 10%

1& ()-1110%! & ()-/t10%! & () - /th%a!&'()-/th%a!&'()-/Ao """" N284t 10%! &

'()-/ Aot 10%! & ()-/t10%! & () /t10%! & ()-/t10%! & ()-/"""""""" t X<4t 1t 10%!

& ()-/110%! & ()-/110%! & ()-/110%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & (

EVARRRRE bBt X<4t 1t t 10%! & () - /tloo/el&() /t10%! & ()-/ Aot 10%e! & ()-/1" ((((((

T 7<4t 1t 10%! & ()-/t10%! & ()-/t10%! & ()-/t10%!' & ()-/t10%!' & ()-/t10%! & (

Y-/ ((S(% &' (((j N2<4t 10%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/t10%! &
"O)-1A0(() (*(+(, (- (2(N. <4t 10%! & ()-/ Aot 10%! & ()-/t10%! & ()-/t10%! & ()-/
10%! & ()-/2(3(4(5(6(7(8(9(tX<4t1t10%! & ()-/t10%! & ()-/t10%! & ()-/t10%

t

& ()-/t10%! & ()-/t10%! & ()-/t10%!' & ()-/9(: (;

(B(F(J(bBt X<4t 1tt 10%!' & ()-/t10% ! & ()-/t10% ! & ()-/Aot10% ! & ()-/I(N(R(V(Z
(M(b(_?<4t1t10%! & ()-/t10%!' & ()-/t10%!' & ()-/t10% ! & ()-/t10% ! & ()-/t10%
el& ()-/b(c(o(p(g(r(s(jN2<4t10%!' & ()-/t10%!'& ()-/t10% ! & ()-/t10% ! & ()-/
t10%! & ()-/Aos(t(u(v(w(x(}(N <4t10%!' & ()-/Aot10%!'& ()-/t110% ! & ()-/t10%
F& ()-/t10%! & () -
e ()-/t10%! &
el & (
el & (

) -/t10%! & ()-/t10%! & ()-
)_

)

t

t I3 (~(((((((tX<4t 1t 10%! & ()-/t10%! & ()-/t10%! & ()-/t10%
/ ()-1 ((bBt X<4t 1t t 10%! & () -/t 10%
/t10%! & ()-/

/ & (

| &

| & Aot 10%e! & () -/ (((((((_? (1§10°/e!&'()-/th%e!&'()-/th%
& ()-/t10%! (((((j N2<4t 10%! & () -/t 10%! &
10%! & ( ((( / Aot 10%! &
((( 0%! &

10%! & ()-/t10%! & ()-/ A t
1
((bBt X<
1
)

)

)
)-1 (N. <4t 10%! & () -/ A
)-1t10%! &
1

- th%e!&'(§
;

/
<

-/t10%! & ()-/t10%! & () /
(
( -/
0,

((
4t
((
) - ((
)-1t110%! & ()-/t10%! & ((
- |

(

)

)

)

t

t t X<4t 1t 10%! & (
10%! & ()-/t10%! & ( el & ()-/t10%! & () -/
1

1

/

) -

(

/

N A~

/ 0
/ -1 (( )
t /t10 ((
t10%! & ()-/t10%! & ()-/ Aot 10%! & () -/ (((((((_?<4t %! &
t10%! & ()-/t10%! & ()-/t10%! & ()-/t10%! & ()-/((
t10%! & ()-/t110%! & ()-/t10%! & ()-/t10% ! & ()-/

/ Aot 10%! & ()-/110%! & ()-/t10%! & ()-/t10%! &

|
|
|
(

( -
()-/ /
4t 1t t 10%! & /
()-/t10%! & ()-/
)] N2<4t 10%! & () -
))) )N <4t 10%! & (
)))tX<4t1t10%3!&' )-/t10% ! & ()-/t10%! & ()-/t10%! & ()-/t10%! & (

& ()-/t10%! & ()-/)))(),)0)bBt X<4t 1tt 10%! & ()-/t10%!' & ()*/t10%! & (
10%! & ()-/0)4)8)<)@D)H) _?<4t1t10%! & ()-/t10%! & ()-/t10%!' & ()-/t10%! &
)-/t10% ! & ()-/t10%! & ()-/H1)T)U V)W X)j N2<4t 10%! & ()-/t110%! & ()-/t10%
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I 10%vB& () - 9 L()=2 ) i DicDr Dy D X2>) 100 - & ()-)10%B& () -
) 10%VB&! ()-.MD{ DDDEY9>R1 182 'rV-RMOM&() ) 31109%vB& () -3
110%vB& () - JRefgs/EangeratpefOPDDDK X @83 311 09BB & () 82110088 ())-) 311098v& () - 311
0%vB&' () - ) DiDBiBRDeXperalre (WBE] ()-83 311 098B& () ~2110%vBR ()-) 3110%B& () - 311
0%VB& () - nheraniré (FS)AL 000 $82 () | 166A0QLOCAML (%882 ) -|" (910%K& () - F@
s10%Q%' () - ( |Grid afure DECFRESE] | [ -pJ < |F1086 $& ()80 F 10% $& ()- F
Z10% $& () - [(F® Ff 109& ()-F F9s[l0% $& [ )-( F3nl0% $& () - [ EYEnEEEEEEEVU4
F109%&s$&& (- F 3T09&SIEX ()- 10 310 310 $ F>S10% 3& () - Fl10% $& ()-( F;
10% $& () - EXfdpPrksure(pfla)) 7 02C JTUUBSSER (155 C| 108RSJEX1§Y - |C 10%&s$&&' ()-' ¢
10%&s$&& () {CdndehSbrdressurs (psia) CEFEHBE0: VU463 ) 7| 0465 1]Uasen& (()-' ¢
10%&s$&&' () TBIoms PSS s~ C Limm TGS Y&& gy - | EFEEEEEd: vUA ))?°
gg;&igggs?m;%%‘ﬁ‘-h a&f}- T T098&s$&&()-' ¢
() [Dikth DCL P AT 0 Y b S
%82;%%% 8 ReF RAETn e HOYfis e H s s fe FFFFFF7FU* ¢ 1c
Bottoms Takeéoft Kate piﬁ)“ 7 98.5 85 98.5 85
Condenser Duty (pcu/hr) 97500 | -97500 [ -975000 | -975000
Reboiler Duty (pcu/hr) 97495 | 97892 | 974995 | 975391
Crude Feed Stream
NF3 (pph)|  98.76 98.76 98.76 98.76
PFC-14 (pph)] 1.24 1.24 1.24 1.24
PFC-14 concentration| 10000 10000 10000 10000
in NF3 Feed (ppmm)
Distiliate
NF3 (pph)] 1.15 13.97 1.03 13.79
PFC-14 (pph){ 0.35 1.03 0.47 1.21
Bottoms
NF3 (pph)| 97.61 84.79 97.74 84.97
PFC-14 (pph){ 0.89 0.21 0.76 0.03
PFC-14 Concentration| 7298 1969 6253 287
in NF3 (ppmm)
NF3 Recovery Efficiency (%) 98.8 85.9 99.0 86.0
7
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1098s$&& ()-' ¢ 109&s$&& ()-' ¢ 109&s$&& ()-' 7F; F?FCFGFHFAFU9* ¢ 1c

10%&s$8&' ()-')? d20c 10%8s$&&' ()-' ¢ 10%&s$&& ()-' ¢ 10%BSSEL' b3 Ayt 2002
109RS $&E ()ngg%g pFt FUFFU9*c 1c 109&s$&& ()-')? d20c 10% %’%‘@f@w S
109&S$&E ()" ¢C $8& ()-'c 10%8s$&& ()-' FFFFFFFU9*c 1c 10% (9§ )"
d20c 1098s$&&' ()-'c 10%&s$&& ()-'c 10%&s$&&' ()-'c 10%&s$&& ()-' FFFFFFF_5*)?
d2c 10%8s$&& ()-'c 10%8s$&& ()-'c 10%8s$&& ()-'c 10%8s$&& ()-' ¢

10%&s$8& () -' FFFFFFFFt J*c 10%&s$8&" ()Tagiegd2sc 10%&s$&& ()-' %

1098s$8&' ()-' ¢ 10%8s$&& ()-' ¢ 10%8s$&L ()-' ¢ 10%8&s$&& ()-' FFFFFFGU9*c 1c

Case Number 5 Case Number 5
Operation Extraction Operation Stripping
Column Column
# of Stages 120 # of Stages 75
N20 Extractive Agent 10 Extractive Agent/NF 3 Feed 46
Feed Stage Stage
Crude Feed Stage 20
Top Temperature (°C) -82 Top Temperature (°C) -82
Reflux Temperature (°C) -82 Reflux Temperature (°C) -82
Distillate Temperature (° -82 Distillate Temperature (°C) -82
&)
Bottoms Temperature (°C) -39 Bottoms Temperature (°C) -34
Extractive Agent Feed -80 Extractive Agent/NF3 Feed -38
Temperature (°C) Temperature (°C)
Crude Feed Temperature -80
(°C)
Top Pressure (psia) 165 Top Pressure (psia) 165
Condenser Pressure (psia) 165 Condenser Pressure (psia) 165
Bottoms Pressure (psia) 168 Bottoms Pressure (psia) 167
Distillate Rate (pph) 1.5 Distillate Rate (pph)’ 98.5
Reflux Rate (pph) 300 Reflux Rate (pph) 1600
Bottoms Rate (pph) 2203.7 Bottoms Rate (pph) 2105.2
Extractive Agent Rate 21052
(pph)
Condenser Duty (pcuhr) -7415 Condenser Duty (pcu/hr) -47752
Reboiler Duty (pcu/hr) 46133 Reboiler Duty (pcu/hr) 52592
Feed Cooler Duty (pcu/hr) |  -42287
(Crude Feed Stream Extractive Agent/NF3 Feed
Stream B
NF3 (pph){ 98.76 NF3 (pph) 98.7
PFC-14 (pph)|  1.24 PFC-14 (pph)[ <0.001
Extractive Agent (pph) 0.0 Extractive Agent (pph) 2105
PFC-14 concentration in| 10000
NF3 Feed (ppmm)
Distillate Distillate (NF3 Product)
NF3 (pph) 0.26 NF3 (pph) 98.5
PFC-14 (pph) 1.24 PFC-14 (pph)| <0.001
Extractive Agent (pph)| <0.01 Extractive Agent (pph)] <0.001
Combined PFC-14 + 0.1
Extractive Agent
concentration in NF3
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1098s$&E ()-')? d20c 109Rs$&E ()-'c 109Rs$&& ()-'c 109%RS$E&E ()-'cC

1098s$&&' () -

'CEEE GG

c 1c 1098s$&& ()-')? d20c
1098s$&& ()-' ¢ 109Rs$&& T)-' ¢ 109&s$&& () -' : G>GBGFGITKG. GUY*

0%&s $&&'

Lz(ea)l,t&ﬁw‘fl 2002

10%&s $&&' (WO PR43F0c 109RS$&E' ()-' ¢ 10%RS$&&' () -' ¢ 10%Rs $&EPETSE/23965

1098s$&&' () -' LGVGNGOGPGQGOG F* ¢ 1c 10% 109&s$&& ()-')? d2% 10%&s$&& ()-'c

1098s$&& ()-' ¢ 109Rs$&& ()-' ¢ 109&s$&& ()-' 0GsGnNG G-GERU9* ¢ 1c

109%&s$&& () -
10%&s$&& () -

T7 U2 TOVESSER ()~ € TQYRISEE () Disullbte Foascds ()~ C
' GEEEEEEU9*c 1c 10%&s$&&'|() ') ? d2c (ppmm)
Overall NF3 Recovery 99.7
Efficiency (%)
Bottoms Bottoms
NF3 (pph)| 98.7 NF3 (pph) 0.20
PFC-14 (pph){ <0.001 PFC-14 (pph)] <0.001
Extractive Agent (pph)] 2105 Extractive Agent (pph)] 2105
PFC-14 Concentration in 0.1

NF3 (ppmm)

40

SUBSTITUTE SHEET (RULE 26)



1098s$8&' ()-' ¢ 10%Bs$&&’ ()-' ¢ 10%@s$8& ()-' ¢ 10%Rs$&&' () -' GAEGEGAUI*c 1c
1Q9&s$8& ()-')? d2c 10%8s$8&' ()-' ¢ 10%8S$E& ()-' ¢ LOVESSEE (o' £ oor
10%&s$&&' () -' GOOGGGE F*c 1c 10% 10%Rs$&& ()-')? d2% 10%&s$<§<§'§ il.20
109%8s $&&' (YO V/H¥HRs$&&' ()-' ¢ 10%Bs$&&' () - ' GGHHHH( HU9*c 1c R 23965) - ) »
d2c 10%&s$&& ()-' ¢ 10%Rs$&& ()-' ¢ 109%8s$&& ()-' ¢ 10%&s$&&' () - (H. HAH
HBHCHUHU9* ¢ 1¢ 109@s$&&’ ()-')? d2c 109%&s$&& ()-'c 10%Rs$&&' ()-' ¢

109%s$88 () - ¢ 10%8s$8& () -' UMVHWXHYHZHASE Frc 1c 10% 10%s$a& ()-')? d2%
10%@s$&&' ()-' ¢

Case Number 1 Case Number 1
Operation Extraction Operation Stripping
Column Column
# of Stages 120 # of Stages 32
HCI Extractive Agent Feed 10 Extractive Agent/NF3 16
Stage Feed Stage
Crude Feed Stage 20
Top Temperature (°C) -83 Top Temperature (°C) -83
Reflux Temperature (°C) -83 Reflux Temperature (°C) -83
Distillate Temperature (° -83 Distillate Temperature -83
C) (°C)
Bottoms Temperature (°C) -65 Bottoms Temperature -28
(°C)
Extractive Agent Feed -80 Extractive Agent/NF3 -64
Temperature (°C) Feed Temperature (°C)
Crude Feed Temperature -80
(°C)
Top Pressure (psia) 165 Top Pressure (psia) 165
Condenser Pressure (psia) 165 Condenser Pressure (psia) 165
Bottoms Pressure (psia) 168 Bottoms Pressure (psia) 167
Distillate Rate (pph) 2.0 Distillate Rate (pph) 101.8
Reflux Rate (pph) 300 Reflux Rate (pph) 400
Bottoms Rate (pph) 939.7 Bottoms Rate (pph) 8379
Extractive Agent Rate 841.7
(pph)
Condenser Duty (pcu/hr) -8602 Condenser Duty (pcw/hr) -13101
Reboiler Duty (pcushr) 14431 Reboiler Duty (pcu/hr) 29289
Feed Cooler Duty (pcw/hr) | -19494
|Crude Feed Stream |Extractive Agent/NF3
Eeed Stream
NF3 (pph)] 98.76 NF3 (pph) 98.1
PFC-14 (pph) 1.24 PFC-14 (pph) <0.001
Extractive Agent (pph) 0.0 Extractive Agent (pph) 841.6
PFC-14 concentration in| 10000
NF3 Feed (ppmm)f J
Distillate Distillate (NF3 Product)
NF3 (pph)]  0.69 NF3 (pph) 98.1
PFC-14 (pph) 1.24 PFC-14 (pph) <0.001
Extractive Agent (pph) 0.07 Extractive Agent (pph) 3.8
PFC-14 concentration 0.1
versus NF3 in Distillate
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1098s$&&' ()-' ¢ 109%8s$&& ()-' ¢ 109%&s$&& () -' dH HoHvH HY HHU9* ¢ 1c
109&s$8& ()-')? d2c 10%s$8& ()-' c 1098s$&& ()-' ¢ 10PBSSEE ()50 ¢
1098s$&&' () - ' HHHHHHHU9* ¢~ 1c 1098s$&& ()-')? d2c 10%Es$&& () - 9 April 2002

109%8s $&& (WO V/UHFRs$8&' ()-' ¢ 10%8s$&&' () -' HHHHHHH 5*) ? d2PCYals8R%5()- ' ¢

1098s$&E ()-' ¢ 109Rs$&E ()-'c 109Rs$&E ()-' ¢ 109&s$&E () -' HHHHHHHHL J* C
1098s$&& ()-')? d2sc 109Rs$&& ()-' %& 109Rs$&& ()-'c 109Rs$&E ()-' C

10%&s$&&E () -[C TOVESSEX () - HITTTTTU9*Cc [IC TOVRS$&EZphthm)]) 7 d20C
10%&s$&& () -] ¢ 10%&s$&&' () -' € 10YRSSEL ([T~ ORerdiPREDIGGvdry- 1 9031 - 1§l 41 <l U9*cC
1lc Efficiency (%))
Bottoms Bottoms
NF3 (pph)] 98.1 NF3 (pph) <0.001
PFC-14 (pph)] <0.001 PFC-14 (pph){|  <0.001
Extractive Agent (pph)| 841.6 Extractive Agent (pph) 837.9
PFC-14 Concentration NF3 0.1
(ppmm)
/
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109%8s$&& ()-')? d20c 10%s$&& ()-'c 10%8s$&& ()-'c 10%Rs$&& ()-' ¢
109%8s$&& ()-' <I=1>121 @AIKIfF*c 1c 10% 10%s$&& ()-')? d2%pslpYlesoed ()-' C
)_
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1) Nitrogen trifluoride (NF,) containing less than 10 parts-per-

million-molar of impurities.
5

2.) Nitrogen trifluoride (NF,) containing less than 10 parts-per-
million-molar of fluorinated impurities.

3) Nitrogen trifluoride (NF,) containing less than 10 parts-per-
10 million-molar tetrafluoromethane (PFC-14).

4) Nitrogen trifluoride (NF;) containing less than 3 parts-per-
million-molar tetrafluoromethane (PFC-14).

15 5) Nitrogen trifluoride (NF,;) containing less than I parts-per-
million-molar tetrafluoromethane (PFC-14).

6.) 99.999 molar percent pure nitrogen trifluoride (NF,).
20 7.) 99.9999 molar percent pure nitrogen trifluoride (NF,).
8.) An azeotropic or azeotrope-like composition consisting

essentially of from about 20 to about 55 mole percent tetrafluoromethane (PFC-
14) and from about 80 to about 45 mole percent nitrogen trifluoride (NF,), said

25  composition having a boiling point from about -110°C at 47 psia to about -40 °C
at 645 psia.)

9.) An azeotropic or azeotrope-like composition consisting
essentially of from about 7 to about 9 mole percent hydrogen chloride (HCl) and
30  from about 93 to about 91 mole percent tetrafluoromethane (PFC-14), said
composition having a boiling point from about -100°C at 77 psia to about -50°C at
497 psia.
7
10.) An azeotropic or azeotrope-like composition consisting
35  essentially of from about 94 to about 93 mole percent nitrogen trifluoride (NF,)
and from about 6 to about 7 mole percent hydrogen chloride (HCI), said
composition having a boiling point from about -100°C at 79 psia to about -50°C at
487 psia.
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recovering tetrafluoromethane (PFC-14) as a distillation column
bottom stream.

15.) A process for separating tetrafluoromethane (PFC-14) from
nitrogen trifluoride (NF,;) comprising distilling a mixture comprising nitrogen
trifluoride (NF,) and tetrafluoromethane (PFC-14) in the presence of entraining
agent.

16.) The process of claim 15 wherein the volatility of
tetrafluoromethane (PFC-14) or nitrogen trifluoride (NF,) is increased, one
relative to the other, in the presence of entraining agent.

17)) A process for separating a fluorocompound selected from
the group consisting of tetrafluoromethane (PFC-14) and nitrogen trifluoride
(NF,) from a first mixture of the fluorocompound and other compounds,
comprising:

contacting the first mixture with hydrogen chioride (HCI) to form a
second mixture,

distilling the second mixture to form an azeotropic or azeotrope-like
composition comprising fluorocompound and hydrogen chloride (HCI) and
recovering the azeotropic or azeotrope-like composition as distillation column
overhead stream.

18.) A process for separating tetrafluoromethane (PFC-14) from
a first mixture comprising tetrafluoromethane (PFC-14) and nitrogen trifluoride
(NF,), comprising:

contacting the first mixture with hydrogen chioride (HCI) to form a
second mixture,

distilling the second mixture and recovering as a distillation column
overhead stream an azeotropic or azeotrope-like composition comprising
hydrogen chloride (HCIl) and nitrogen trifluoride (NF,), and

recovering as a distillation column bottom stream a composition
comprising tetrafluoromethane (PFC-14). o)

19.) A process for separating nitrogen trifluoride (NF;) from a
first mixture comprising tetrafluoromethane (PFC-14) and nitrogen trifluoride
(NF,), comprising:

45

SUBSTITUTE SHEET (RULE 26)



& () F9510% " & ()- n L*10%e!5& ()-m rL*109®"9¢& () -

X! X" X#XSXSxxy(zvU410 Fs 10%3&& ()- ) ASI&I0%" & ()y $r Sf %}&@é)-

{ Sf &10%D&4& ()-yl1l0 " F3>10% " & ()-(zzzzz|vW1l0 F )

A Sf &10% " “@é 4358 F>10%3&& ()- F,y;109D&& ()- F's 10%&' () PCVUSIIDIIERE () -
Nor mal " " Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A
"Def ault Paragraph bl

Font " C- 81 DOCZep3| ~n} %°&“%§‘?>€¥“A’§%@MW8€°&M dorideHEPrmine & ceL 3RV Zhk

szXYZ[\]"_ alsexbed givctpde] rmopqr OfF 0+s! " $% (. &003x7;

TEF]GI] !vlpllﬁ_w] g Ehzﬁ@%ﬁﬁ%@% @%’%WB% /&/\P/B/Bgé/\ %ﬁm‘%ﬁ@? @l r, . .. |

(((2(9(JI(b(s P}'Wl a(i(sgee(ne an azeotropic or azeotrope-like composition comprising

g ) P B AN Cn0n00% 141 HL] 11 1]
1111111?11222)2 2|\/2A5h%4 g’?ﬁ?ﬁiﬂ@@%’%&?%%%%@%@a‘g’%%ﬁ H4] 4q44444444
455' 545] 5y555%5‘5%%'!§5 eaidrdF7)0727P79777777 8886878} 888888

- 9=9C908\ 9c9u99999999: : 6: .

S <(<I<g<<<<j ::::> >NFU>>> OW”?%@%W% BWCCCDDODFDM
Dy DDDDD[ EEEEEF7 Fd FFF?—‘?—’ c% OKbKKKKK+LXLv
LLLL? WWWMW@H@W@PKRMRRRSZS~SSS#TI TTTT7U U} UUWVZVVWW

%/\Y/\Y/\Y/\Y/\Y/\AXXXXYP
HSYE' () * r ﬁgcgn\&mngshmt i RS Arpriing Stk d peRic¥fRlokilie (NF,) and

<:>? @\BCDEFGHTH EW@%@WMWM eRIRIGINE /TP FATBIRTesond MRSUE ) ~

| " #$9%&' () *+, and 0123456789:
<=>? @\BCDEFCGHI J KLMH%@W%@MHM%%&K@ aaﬂsmﬂamrcﬁrmwmza ~6Ti mes

' New RomanArl al Courli er ntr
"H#$oR ()4, strgagy eomprisingdetrafluoromethane ¥PFé 15)0 anlé c{] stillation column bottom

< >? @\BCDEFGkﬂrehlﬂ_MN@P@R@'EhHWﬁ\@[agc}dtgndibm@géxghiﬂubhwaﬂqyst uvweyz{ |} ~
#$9& () *+, - ./ 0123456789

< >’>@\BCDEFG—|I JKLIMNOP STU\/V\XYZ[\]’\ ~abcdef ghi j kl maopqgr st uvwxyz{| } ~
"HSUR () *+, -./01234Bb¥89: ;The process of Claim 20 wherein the first mixture

< >? @\BCDEFGbuuﬁ aa&&r&ﬁ{b’wa&[e&&&pg i edpipBitibkoMmepgnatifiydez { | } ~

" HEUR ( 123456/89:
<= >’?@\B é’&ﬂ?ﬁ%@%ﬁfq 14?aibcdef ghi j kI mopqr st uvwxyz{| } ~

22)) The process of Claim 20 wherein the entraining agent is
selected from the group consisting of hydrocarbons, hydrofluorocarbons,
hydrochlorofluorocarbons, hydrochlorocarbons, hydrogen chloride, and oxides.

25

23) The process of Claim 22 wherein: the hydrocarbons are
selected from the group consisting of ethane, ethylene, propane, and propylene;
the hydrofluorocarbons are selected from methyl fluoride (HFC-41),
difluoromethane (HFC-32), 1,1,1-trifluoroethane (HFC-143a), pentafluoroethane

30  (HFC-125), and fluoroethane (HFC-161); the hydrochlorofluorocarbons are
selected from the group consisting of chlorodifluoromethane (HCFC-22); the
hydrochlorocarbons are selected from the group consisting of methyl chloride
(HCC-40); and the oxides are selected from the group consisting of carbon
dioxide (CO,) and nitrous oxide (N,0).

35

24) The process of Claims 15, 18, 19, or 20 wherein nitrogen
trifluoride (NF,) or tetrafluoromethane (PFC-14) is recovered substantially free of
impurities.

46

SUBSTITUTE SHEET (RULE 26)




10

15

! 26 April 2002

WO 99/24358 PCT/US98/23965

25.) The process of Claims 15, 18, 19, or 20 wherein nitrogen
trifluoride (NF,) or tetrafluoromethane (PFC-14) is recovered substantially free of
fluorinated impurities.

26.) The process of Claims 15, 18, 19, or 20 wherein nitrogen
trifluoride (NF,) is recovered substantially free of tetrafluoromethane (PFC-14).

27) The process of Claims 25 or 26 wherein nitrogen trifluoride
(NF,) is recovered containing less than about 10 parts-per-million-molar
impurities.

28.) The process of Claims 25 or 26 wherein nitrogen trifluoride

(NF,) is recovered containing less than about 10 parts-per-million-molar carbon
tetrafluoroide (PFC-14).
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