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FIELD ornebestcRes : The instant inventlon Farat es
to the field of renoving I mpurities from hexafl uoroet hane
(CF[err]CF[err]), also known as Perfl uorocarbon 116 (PFC-1 16) or
Fl uorocarbon 116 (FC-116), by using azeotropic distillation such
that an overhead product consisting essentially 15 of

‘HCl - hexaf | uor oet hane is fornmed, opti onmonbi ned with a phase
separation step to break the HCl - hexafl t hane azeotropic or azeotrope-
| i ke conposition ther Eurification Process forHexgfilnéroethaneProduéts pure

hexaf | uor oet hane. Unreacted hydrogen fluoride (HF) may be renoved from
hexaf | uor oet hane during the abmﬁwuon with HCl or 20
alternativl®y by an azeotropic n HF- hexaf | uor oet hane
azeotropi c or azeotrope-Théinstahpntiontelatesits tiny fiekicoftemodimgibst anti al |y

o TrE | vENT Pl 1o WRaftbortdBane (GRaCEa) olon 90 MBYS ror
manuf act ur i ng Perflaorecarben hhPFC-116) or Fiysrecdrben 116 (FE-116).byiusing ed

| mpuriti es. Hegablrspiosiaforr dithitfat an overhedPHdhAK! s chiedtialipal [ ng at
| east one of tr &b I‘Otél u roethfme, ] I C I,or‘gte af | uor oet hane

and/ or chlb"rop‘éﬁﬁ MEER 'é‘?rHS&@‘.w% ormed, optionafly,combipedwi I&nuf act uri ng
met hod -of t en pyepdrativm sieptoobreak tiss HEMhexaflforoethahe apeéoteppic gnatdotpe- anount s

of fluorocar bo@‘%?‘?ﬁ"?ﬁ#l P*llgﬁ&%ih; wgiénecovery ofsuﬁgtgnﬂmﬂaﬁfélt to renove

by conventiona Vari ous

gaseous f I uor i hexafiveresthaney Waregeted hydrogen fluarided#F) may be remoyedifrom et ch
silicon-type nih@fhtsethihe itz the abdbeé afcitoptedistnaton With HCI or
20 alternatively by an azeotropic distillation wherein an HF-hexafluoroethane
azeotropic or azeotrope-like composition exits overhead and substantially
pure HF exits in the bottoms stream. '

25 Conventional methods for manufacturing hexafluoroethane
typically result in undesired impurities. Hexafluoroethane can be
manufactured by fluorinating at least one of trichlorotrifluoroethane,
dichlorotetrafluoroethane and/or chloropentafluoroethane. This
hexafluoroethane manufacturing method often produces a product stream

30 containing significant amounts of fluorocarbon and acid impurities which
are difficult to remove by conventional distillation techniques.

Various gaseous fluorine-containing compounds are utilized
to plasma etch silicon-type materials in order to fabricate semiconductor
devices, e.g., A. J. Woytek, J. Fluor. Chem. 33, 331-334 (1986); the

35  disclosure of which is hereby incorporated by reference. A major use of
hexafluoroethane is as a plasma etchant in semiconductor device
fabrication. It interacts with the surface of the integrated circuit wafer,
modifying it so as to lay down the electrical pathways and providing for the
surface functionalities that define the integrated circuit. As manufacturers

40 are continually trying to increase the number of functionalities packed per
unit surface area, the increasing fineness of surface detail in turn requires
greater precision and consistency of the effect the etchant has on the wafer
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15 represents a significant aspect of preparing the fluorine-containing

conpounds for these anplicabio ‘  CROGS: REFERE O RELATED
PATENTS AND PATERAR o ONS 20
Certain aspects of this invention APPLIEIAFIEONS o t he di scl osure of.

comonl y signed U.S. t ' ! |

08/ 208, 258 and_U. S. Pat gé{xﬁn iaoa.sﬁgé,%?g,ﬁ&%ﬁbfﬁgé?%%ﬁpgoﬁnﬁﬁgg%g%gégéggggan

Patent Appl i cof ¢ammouly assigned 1351 Patent Applicatien §exal Nes, 08/05%5,486.ch i s
08/208,256 and U.S. Patent No. 5,258,561, (corresponding to European
Patent Application PCT/US94/04301); the entire disclosure of which is

hereby incorporated by reference.

SUMMARY OF THE INVENTION

The instant invention solves the problems associated with
conventional hexafluoroethane (FC-116) manufacturing methods by
providing an azeotropic distillation method for purifying FC-116. Asa

30 result, the instant invention provides a high purity FC-116 product that is
needed as an etchant in the electronics industry.

In one aspect of the invention, we have found that at least one
of chlorotrifluoromethane (CFC-13), trifluoromethane (HFC-23),
chlorodifluoro-methane (HCFC-22), chloropentafluoroethane (CFC-115),

35 pentafluoroethane (HFC-125), difluoromethane (HFC-32), 1,1,1-

" trifluoroethane (HFC-143a), 1,1-difluoroethane (HFC-152a), and HF,
among others, can be removed from hexafluoroethane by being distilled in
the presence of anhydrous HCI; usually, in the presence of an amount of
HClI that is sufficient to form an azeotropic or azeotrope-like composition

40 with all of the hexafluoroethane. The instant invention provides a process
| whereby an HCl-hexafluoroethane azeotropic or azeotrope-like
" composition, which is substantially free of impurities such as
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THE | NVENTI ON The instant invention solves the
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conposi tion, their azentrapes with H Gl o flbean beramevedsremdhe bottom of WO
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These i npuri t ithsrecovered azeotrope composition, and allowing the cooled composition
' to separate into HCl-rich and hexafluoroethane-rich layers within a
decanter. The latter layer may then be purified by, for example, by
azeotropic distillation thereby yielding substantially pure hexafluoroethane.
25 Optionally, the HCl-rich layer may be purified, for example, by azeotropic
distillation to produce substantially pure anhydrous HCI.

In another aspect, the invention comprises i) removing a
portion of the trifluoromethane (HFC-23) along with the HCI- _
hexafluoroethane azeotropic or azeotrope-like composition from a first

30 column's overhead stream wherein the remainder of the HFC-23 (with the
other impurities) exits in the column's bottom stream, ii) , separating the
overhead stream within a decanter into HCI-rich and hexafluoroethane-rich
layers as previously described, and iii) distilling the hexafluoroethane-rich
layer in a second distillation column and recycling a HCl-hexafluoroethane

35 azeotrope composition, which exits from the second distillation column and

" now contains a portion of the original trifluoromethane, to the first
distillation column. The hexafluoroethane exiting from the bottoms of the
second distillation column will now be substantially free of '
trifltuoromethane and HC] as well as the other impurities.

40 In another case, the hexafluoroethane may contain quantities
of HC! and optionally at least one of CFC-13, CFC-115, HFC-23, among
others. By operating a distillation column under conditions that cause
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and/or their azeotropes wth HCl or HF can be renoved fromthe bottom of
the distillation colum. This invention can consequently produce PFC 116
15 thawogsgeaater than 99.999 % w. PFC 116 based on thecwaisgérizoes all
conponents contained within, e.g., 99.9999 wt % pure PFC-1 16 or
containing |l ess than about 1 ppm of undésired inpurities.

Anot her_agpege gl w&a&xgagc%a%wgp@pk@csﬁ@smnﬁg@nsxstm br eaki ng t he

HCl - hexaf uoroet hane azeo p| C ro& ositions into
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decanter. T %nwef*&eﬁ%éiﬂt Sy BRRRAAS B Bhuliortiide. T 2
azeot ropi ¢ dhsxaﬂmpcmn@ pasy, dbgesjred, bie pyrified further by usmmhee

hexaf | uonget Rfs@mentidRed Methodsal |y, the HC -rich layer may be purified, for
exanpl e, by azeotropic distillati ﬁn t o ,produce substanti,ally pure

anhydr ous HCl . In another case, the hexafiuergethane mas contain qUApEHES on
conprises i) of#andgptionally one qranotecst (OFCt-hlé OFQ-114; ORE* hrdag CFE=C- 23)

along with t ope-like
conposi tion p(rig;n%cf”fsaf CFC?JS% b?@rrgf ﬁfaag-ﬁ@ ga%&]ng&ﬁ%gt he

remai nder of Hmmead(wlaﬁonnelumnundem nsphat aause formation ofn t he

col um’ s (Rot adatedy 1€6thé eikadcthp &xéﬁ‘@onmstm esS¥RidIRAsE HFag@m Wi thin a

S?Si‘f‘éﬁ;'y”é%g?%b&f‘i%g fﬁ#éﬁfﬁeﬁ@ﬁm ﬁﬁs;alfmpﬁﬂiiec?éth

| ayer in a sdddadCBCsl3, HCGFC22, eIFCriv3aand HRGQ-1R5nsuch dz€btropessdaniber oet hane

35 azeotro on col umm
and ’ P\g‘\#ggﬁ g%%%%ﬁ#@ﬂ@%%ﬁaﬁ% Moroﬁaﬁgﬂe t o- ;Jhe '
first be pusifigd.furtirerb sh@saagm%@ rnamo imethgds.r om t he
bottoms @b the ﬁesmmdndmefcédeammmhufmﬂadelm %ﬁ%mnsubstantlally

(60 © " quabdhld SR AR RS RS DT CRP PP iy GBSO OLBRRE L %
of HCl and ojatdistilidtion cofuhe amﬂemmld)ﬁom:thalauselfmﬂm oi—moﬁ'ﬁplmmng
others. By ORgtatdgillife Sompbditiohd Cohsting Wstifitly HIHCI116%0a dnlddr Cause
more of HFC-23 and CFC-13, such azeotropes can be removed as an
25 overhead product thereby purifying the hexafluoroethane. The remaining
hexafluoroethane can, if desired, be purified by using the aforementioned
methods. |

~ In a further aspect, the invention can provide an improved

process for producing hexafluoroethane by fluorinating

30 trichlorotrifluoroethane(s), dichlorotetrafluoroethane(s) and/or
chloropentafluoroethane to produce a hexafluoroethane product stream
containing chlorotrifluoromethane and other fluorocarbon impurities. The
improved process comprises the steps of removing these impurities from the
hexafluoroethane product stream by using the azeotropic distillation

35  processes described above.

The invention also provides a method for separating HF from

a mixture comprising HF and hexafluoroethane wherein the HF is present in
excess of the HF-hexafluoroethane azeotropic or azeotrope-like
composition. The HF is separated by removing the HF-hexafluoroethane

40 composition as an overhead productin a distillation column thereby leaving
a purified HF in the bottoms. Further, the invention provides a method for
separating a purified HF from a mixture comprising HF and a number of
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of azeotyweshofs azeotrope-|ike conpositions consisting Pcrms%ﬁggﬁ ially
of HCl and one or nore of PFC-1 16, CFC-13, CFC-1 15 and HFC- 23,

such conpositions can be renmoved fromth& distillation colum as an
over head product thereb urifyin the af | uor oet hane .

hexaf | uor 08t héﬁ%ﬁé’éﬁ?gﬁt a %ﬁmﬁ Fgﬁ%@W&r‘Fﬁ%‘F%@e}iﬁeﬁgﬂFﬁréﬂ 10

af or enent i onedn ex¢éss o the HF-halocarbon azeotropic onazeotiope+likeaompasition.

more of o gqggﬁg‘x_ﬁg ﬁgﬁ“‘?& SIS obfiiped by remBlipfTme ploiiisiTel ¥ 072 of
HCOFC- 22, HFC- flgserib frepic or azeotrppe-5Ke MIXIAes 8 @ st i | | ati on

col um  under maﬁahd%h%ullﬁi@&;oﬂnﬁhﬁ&hmby tdaving purified HFriaphe or

azeot r ope- b: &S@OSI tion consisting essentially of HF and one or
more of PRE-1P8 C-115, CFC-114, CFC-114a, CFC 113, CFC 113a,
CFC- 13, HCFC- 22, ~HFC- 143a and HFC- 125, such azeotropes can be

removed thereby purifyi ngris 1815 HiReA WaK@gd uor oet hane

can, if de5| red, be pur:Fple oferrentlon d net hods.

20 - In st FISUgdor] e : FRIRSFS 3ont ai n
quantities of behxsb«bfatpmcmmgthﬁﬁvéﬁnv@@ctﬁ among others. By operating

a distill on col um 0 otropic
or . qélzeot ropg 1i Egii@{rerrporsﬂd% isgsdc%ggﬁmgﬁr%&es&g%@ a(ﬁ?l%géﬂ" 116p:31nd
one or and ageqtropsrlikecompesitipns consistingresaentiallynfddCtand BEC rHoved as
an .25 over hpaterpératifre ofaséﬁb.yoggrdé‘gycng t he hexaf | uor oet hane The

remai ni ng hexaf | wor oe desired, be.purjified using the
af or ement i oned m% g‘ “HG.% 1S & gra hlcairepreéeqtgp&l tﬂeﬂ Pitspect - the
i nvention can apdazeotm;mnhkermmpesitxons consistingoessentiably qfrHﬁlJamdlCFC-IB
hexaf | uor g %Jﬁw}é Rabomd Od%%C trichlorotrifluoroethane(s),

uor anek’ ? andl2

di chl or ot e chl or opent af | uor oet hane to
produce a hexafl uor oet h&HEUrgAodiki.4 4s A gzaphical representatigmefageotropic

chl orotrifl uonadabesispealike OompositibHe Ot essentiallyt ofIC] dAMEHFC-23
i mproved process.conprijses e step removing thése inpurities fromthe
hexaf | uor oet h3hBt %9??&3%‘?‘9 cf?g(ﬁrg the azeotropic distillation 35
processes described abo¥Fégure5 - FIG.S5 is a graphical reptieseritatiamof azeotropic pr ovi des
ﬁeg‘:‘; Pﬁgr ‘;et hane%\%ﬁé Strofe- 'ﬁf"rg“ smonsF goﬁsliﬂﬁgﬁ]ékﬁéntfﬂmfﬁcpﬁd‘ﬁl?@ﬂls
at a temperature o about -3?) d%g é
Figure 6 - FIG.6 is a graphical representation of azeotropic
and azeotrope-like compositions consisting essentially of PFC-116 and HF |
at a temperature of about -20 deg C.
30 Figure 7 - FIG.7 is a graphical representation of azeotropic
and azeotrope-like compositions consisting essentially of CFC-13 and PFC-
116 at a temperature of about -45.55 deg C.
Figure 8 - FIG.8 is a graphical representation of azeotroplc
and azeotrope-like compositions consisting essentially of HFC-23 and PFC-
35 116 at a temperature of about -45.55 deg C.
' Figure 9 - FIG.9 is a graphical representation of azeotropic
and azeotrope-like compositions consisting essentially of PFC-116 and
HFC-32 at a temperature of about -19.6 deg C.
Figure 10 - FIG.10 is a graphical representation of an
40 azeotropic and azeotrope-like compositions consisting essentially of CFC-
115 and HF at a temperature of about -20 deg C.
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hal ogenat ed ccuueotropm and.ageotropd-lika compesitiohe censistingessentiallyoo £CEC:
I n excess of t ’ o\ otrope-1like conposition.
e id H Ta‘?egéxﬂg&aﬁﬁ‘é%tfa%hﬁ 20 de%Z@

In this case, novi ng the previously

tal ned
descri bed HF-hal ocar bon(@ﬁ“’&z’@o‘t? 1%?8@%6?56&“?%‘%9 es as an
over head from #zeir6piclandtazetrops-Lke cbi%;ﬁﬁbnﬁ consistihgoesseitially 6FCFQ-the 10

Frgure 1 -1 1200 FE aha femperahis of R0 U 00e B ccs hat can

tess that can be -
used for practicing the Figurenk3 vEI@rlBas;asgraphxqai representation of an  Fi gure 2 -

conpost ti one. 3%'32?5 °r£‘“£”§§§{’?“ JipS cBmpggiiths “@ﬁ%‘“ﬁ”m‘m sgpErope-like
teggerature ofl h?.g eofa out-20cﬂ= Figure 3 - FIG3 is
a graphical representat lEigun:fl‘tazEIG.rldns agglra phical repiésantatién ofan | | ke

Femper at ur B orZARERPI By FpEGRpElick cBmpblitioRS doidisciny e AL CRCy, 4 ¢
gr aphi cal r eprbarandtHE at atemperature of sbout 20 deg C.
Figure 15 - FIG.15 is a graphical representation of an
azeotropic and azeotrope-like compositions consisting essentially of HFC-
125 and HF at a temperature of about 20 deg C.
20 Figure 16 - FIG.16 is a graphic representation of azeotropic
and azeotrope-like compositions consisting essentially of CFC-13 and HF at
a temperature of about -20 deg C.
Figure 17 - FIG.17 is a graphic representation of azeotropic
and azeotrope-like compositions consisting essentially of HCFC-22 and HF
25 at a temperature of about 70 deg C.
Figure 18 - FIG.18 is a graphic representation of azeotropic
and azeotrope-like compositions consisting essentially of HFC-143a and HF
at a temperature of about 30 deg C.

ot her

30 | DETAILED DESCRIPTION
The present invention relates to a method for punfymg
hexafluoro-ethane products containing one or more impurities such as
chlorotrifluoromethane, trifluoromethane, chlorodifluoromethane,
chloropentafluoroethane, difluoro-methane, 1,1,1-trifluoroethane, 1,1-
35 difluoroethane, pentafluoroethane, among others. The present invention
" also relates to a method for removing acids such as hydrogen fluoride
and/or hydrogen chloride, that may be present in the hexafluoro-ethane,
_ e.g., at least one of hydrogen fluoride and hydrogen chioride that may be
present in the hexafluoroethane as a residual reactant or reaction product.
40 An aspect of the inventive process comprises operating a
conventional distillation column under conditions sufficient to form a HCI-
hexafluoroethane azeotropic or azeotrope-like composition wherein the
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and azeotrope-|ike conpositions consisting essentially of HCO and HEC 23
at a tenperature of about -20 deg C Figure 5 - FIG5

is a gr | representation of azeotropic _25 and aze 2|1
F#YeRin FertBahloss

conmposi t1ons consisting essentially of HCl and CFC-1 15

tenperature of about -30 deg C -7 - . Figure 6 - FIG6 is a
graphi cal representation of azeotropic and azeotrope-|like

conposi ti ohs compesitionis sbstantiplly fieesif apirasyonsofithg fojlowing impurities:
terrpﬁ_r at :Jr e Oéhlafﬁlﬁh%m?&néiﬁﬂlf &-tri?u&%methane, chloro%iﬂuoﬁttﬁ%ﬁnéldigﬁét%j I's a
gr aphi cal representat,i,on 0 eot ropi c and az -

conposi ti ons TEHENE: ?q{ﬁrogggt@ﬁpﬁ?q% pentaflygr Fi}q’f'%ﬁ‘mm &t a

t enper at ur e ol,lalifluoroetttaneSHHcgmOng others. The HCl-hexafluorodthanere 8 - FIG 8 i s
‘a graphical r | i i3 P’&E%a =l d.lee

conposi tions %gag{:f ﬁldzggg%% ?EF%&@,&&&E&% ?’fn% - Pagta&g)%ﬂééhat a

t enper at ut® ofireasy trom the top of the distillation column, and the previqyshyidentified F| G 9 i s
a graphical rinpmifitoritheip agdoteopee Wit PHC] and/or HP8gh Bé e&thoPREfrbinkthe

conposi tions sisti,ng.essentially of PFC-116 and HFC- 32 at a.
tenperature Oﬁ&g"d&?&ﬁ!ﬁ@‘?@ﬁﬁé@ .lu}/nn. Figure 10 - FIG 10
is a graphical repre;enAaoﬁllcnamecanfﬂleAﬁvemmmalatpsmandptémmd)prmqnssI i ke
Conpor at e o apbrig o SEAheaminpC pcomoplc o stamepiils * ©

pC‘rF}) US95/ §105gomposlilnon, e.g. the previously discussed azeotropic compositjon being

Fi gure 11 - HeCovdred as an @verhead atreampirms ¢ntindividuad tomponents. 'Cl:'hezeotmloilti4
and azeotropez]] 0 1 ent | - .
and HF-at o CooEPRi MRRRpRRETKE SRRt R Nepled o 16T o OTT,
- FIG 12 i s acampenentsby rcopling and aliquefyurg the azeotropic gempositiondoand :

azeotrope- | i Kse]lo@ bRt L5 €S WithilG &onveniibrall décitefftereby alfdbwing4a and
HF at a tenperature of.about 20 de

Fl G 13" 2 g SAAPORIica )P Seafiats i Ffl-rich and hexaflpogogthans-foRfayers..
azeotrope-|ike conposi tThekexafhwrosthang-rich éayer mdyytheh bepurified by
azeotropic distillation in a second distillation column, wherein any
remaining HCI can be removed as the HCI-hexafluoroethane azeotropic or
azeotrope-like composition in an overhead stream from the top of the
25  second distillation column thereby yielding substantially pure
hexafluoroethane from the bottom of the second column. In other words,
the relatively small amount of HCI is removed from the hexafluoro-ethane-
rich layer by removing substantiaily all of the HCI and a portion of the
hexafluoroethane as an azeotropic or azeotrope-like composition. The
30 remaining hexafluoroethane is substantially pure. .

The HCl-rich layer may then also be purified by azeotropic
distillation in a third distillation column, wherein any remaining
hexafluoroethane can be removed as the HCl-hexafluoroethane azeotropic

or azeotrope-like composition in an overhead stream from the top of the
35 third distillation column thereby yielding substantially pure HCl from the
" bottom of the third column. In other words, the relatively small amount of
hexafluoroethane is removed from the HCl-rich layer by removing
substantially all of the hexafluoroethane and a portion of the HCI as an
azeotropic or azeotrope-like composition. The remaining HCl is
40 substantially pure.
" The instant invention also provides a method for removing
certain quantities of trifluoromethane (HFC-23) along with the HCI-
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113 and HF at a tenperature of about -20 deg C _Figure
14 - FIG 14 is a graphical representation of an 15 azeotropic and
azeot r opgyd ddigd24LMPOSI tions consisting essentially of CFC perrusesnids3a and

HF at a tenperature of about 20 deg C. Figure 15 -

FI'G 15 is a graphical representation of &n azeotropic and _

azeotrope-|i ke conpositions consi.sting essent.jally of. .HFC- 25 and

HE at a ter?peﬁﬁ’@ﬁgmfﬂeﬂ%@fe%q?ﬁé’r .eotrogf-fdce co.1¥1.posm.onas apoyethead "
- 16 is a graphistreaapincthe firsttdistillasionoendomno pAny remaininginifluarerue can ke

conposi tions Ihsdved ﬁ?ﬁferﬁéh@ll frﬂplﬂitiégﬁﬁ'tﬂ@ﬁ?ﬁ@olﬂﬁn%.g bottom s

2 oraphi o eprBALAYGhPASPORtSL SEamL G be separated by being ity Goidios 1719
conposi tions fc(m;an' ek thiyy cavses formation of I-Iﬂﬂﬁﬁh%dim&aﬂﬁproeﬂfanegﬁclﬁlaygs o
tenperaturg o . . Y 18 - FI 18 is
a graphic @epr%@%ﬁﬁ#%ggﬁu‘%?gg{a%ﬂc@ layer m"‘“é‘ﬁa t%ezg%'%ég’& I ke

conposi ti ons coifitioremethane that exited thegopiafthe aelumm dThe-hexafluoro-gthage-

tenperature ofr@pbpier éh Beferntoved fr the decanter and introduced ink$-a4k
DESCRI PTI ON t

¢orld

o yett ge . I | at t t hod
for purifying dlsullatloq]%g}gmpl}glpg_eg{qﬂg&%ﬁ?@gﬁbaﬁ/&gfq'%%,ﬁr%e i eé'leﬁCﬁ-D?g °
i m)uri 1a i fels s ucliexafluoroethane@zbotropicidrazeowops-like eompositionandret hane, )
chl or odi r . g t i - et hane,
1,1, 1-trif uoﬁgﬁ‘@mmﬂ%—“‘h?@w&f}?ﬁ%ﬁéé g%?}%@%ﬁ??l%%ﬁ%ﬁﬁaqe, anong
others. The presiumn. HexaSupeoethane exitsfrem the battems of the sacond distidlatioBnpvi ng
aci ds such as ¢piama%Md is hbofhaltesubstantial RO RiflicPainethatie as wil asithet may P

e e e ok SRS by e g ilaioBglR 07 0 " 05"
hexaf | uoroet hane as a r g’Ehcjhﬂi(aﬂmmthme pnodnemrtﬂeeds_tpclomhﬁ purified by
Conventi orl i pRKER iyiRalty Bak aFleadiont 80 cRBEECONpBoe | (o g
hexaf | uor oet hakexafineraethanes usnallyhasat dgast PgIQéS% ¢ PFSRherei n t he
SUBSTI TUTE SHHfekafldokdetRdne, and normally has at least about 99 organic mole percent
hexafluoroethane.
_ The previously described processes can be employed by using
25 an HF-hexafluoroethane azeotropic distillation process. The HF-
hexafluoroethane azeotropic distillation process can be employed before,
after and/or in some cases as a replacement for the HCl-hexafluoroethane
azeotropic distillation process.
' Hexafluoroethane products or feedstocks that can be purified
30 - by practicing the instant invention may be obtained from any suitable
source. One suitable source is a procéssbomprising reacting anhydrous
hydrogen fluoride with 'any one of 1,1,1-trichloro-2,2,2-trifluoroethane
(CFC-113a), 1,1,2-trichloro-1,2,2-trifluoroethane (CFC-113), 1,1-dichloro-
1,2,2,2-tetrafluoroethane (CFC-114a) or 1,2-dichloro-1,1,2,2-
35 tetrafluoroethane (CFC-114), to form chloropentafluoroethane (CFC-115)

" and hexafluoroethane (PFC-116), among other compounds. Examples of a
suitable process is described in Heterogeneous Catalytic Reactions of
Chlorofluoro-Carbons. Blanchard, M.; Wendlinger, L. Canesson, P. Appl.
Catal.(1990), 59(1), 123-8, the disclosure of which is hereby incorporated

40 by reference.
Any unreacted starting materials and CFC-115 may be
recycled to the reactor to produce additional quantities of PFC-1 16.

(L= (D
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_Corrposi td i ubstantially free of at |east one of the f '
i npuri t ig@bngﬁ chlorotrifluoronethane, trifluoromet haggrﬁiysﬂgmss

chl or odi f 1 uor onet hane, difl uoro- - 9met hane, chl or opent af | uor oet hane,
pent af | uor oet hane, 1,1, 1-trifl uor,get hane I fl uorpet hane, HF,

among ot herSs. Impurites setas chigroigfingramethane (CFg'zléi’E %féﬂ‘i‘%mme ot rope- | i ke
conposi tion cyMAE-28%ehicrddifluczo-methateHiCFC-20), diflueramethane @BRC+ op of the

distillation u ' R / 4k tifi a_ml' Mubhes or
their azeot ro;g‘)’ %ﬁ%ﬁﬁ%ﬁ cadn I%gﬁpéirfgvtgl Zg;oethi e 43¢ “bot t om
of the distil|biidfiucwetiane (HFC-152a), pentafiuoroethang F b ovell 8%t he

i nventi on r.el dirggactfd BIF &R byitaluctIICPRY also be prebertt ingiwar at i ng. an

HCI - hexaf | uorghet ane aéeot royéji}c %r azeot?gpsg- Ieiﬁrg l1§liacorrpogi tion, e.g.,
the previ oi¥sl f .33 ‘?‘P%pi c conposition being ~ recovered as
an over head sltream i nt cCorventionalwdistilidtionccapdrecused .in Dhder to remove &z eot r opi ¢
or azeotrope-|j | 1108 I 7HeOht : onents
by cooling anc}5 @%ﬁg’%@?‘%@‘%@%ﬁ%g‘i @%‘ggﬁ%gldlrﬁebhyt?l?gen ﬂuonde.%glagw about
-50 degrees C highthoiless mghxdmgﬁa&aépp ﬁ@e&p"?ﬁgw@ﬁ&a&!"l%ﬂﬁlﬁ‘ﬁw}l‘% t he
conposi tion t%&ﬂﬂﬁﬁﬁt&astrub@utﬁmofgmmwgbmathumrmich | ayers..

distiilatitn in a secondtdeated iy abaliien S ipipErinihe, e ni ng
HCl can gel Ir Erhnmﬂmm@el-@bdﬂﬁ@nI@Wdiz@uﬁh@bﬁ@ﬂﬂomethﬂm
2SO0 | KRR AR s HBKIRGL T STyt of (he 25
hexaf | uor oet haFRNCERBANGMHEATHbE F é‘F%YWés g??g’ee‘ﬁﬁﬂﬂ’fﬂe ecﬁ%&”%r ds,
ﬁ ihghr ?!aateir Vg' W:t%ﬂﬁi:/ﬂl theoughd disfillatibn tolutmmwhich i§ operatédewtder bhditions et hane- .
| St SR AUt PR Ll ol r ol areqit P o L1
remai ni ng hexadzeotropedikercompositionstasaniaverhead preduct: HCVPFC-116, ~ The
HCl -rich | ayer geerEQs, ACGIAHEC-23Y HEYCFCPM 2 PRC-1 IHFC-23, PFC-
116/CFC-13, PFC-116/HFC-32, HF/PFC-116, HF/CFC-115, HF/CFC-114.
HF/CFC-114a, HF/CFC-113, HF/CFC-113a, HF/CFC-13, HF/HCFC-22,

25 HF/HFC-143a, HF/HFC-125, among others. The previously described
HCl-hexafluoroethane and/or HF-hexafluoroethane azeotropic distillation
processes can then be employed to produce substantially pure
hexafluoroethane.

A key aspect of this invention relates to the relative
30 volatilities of hexafluoroethane and each of its impurities versus anhydrous
HC], and to a lesser extent to the relative volatility of hexafluoroethane
‘versus HF. To determine the relative volatility of hexafluoroethane and
HC], for example, the so-called PTx Method was used. In this procedure,
the total absolute pressure in a cell of known volume is measured ata
35  constant temperature for various known binary compositions. Use of the
PTx Method is described in greater detail in "Phase Equilibrium in Process
Design", Wiley-Interscience Publisher, 1970, written by Harold R. Null, on
pages 124 to 126; the entire disclosure of which is hereby incorporated by
reference. -
40 These measurements can reduced to equilibrium vapor and
liquid compositions in the PTx cell by an activity coefficient equation
model, such as the Non-Random, Two-Liquid (NRTL) equation, to

=
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distillation in a third distillation colum, wherein any remaining
hexaf | uor oet hane can be renoved as the HCl - hexafl uor oet hane azeotropic

Or azeot r QPG véde®y Conposi tion in an overhead stream from t hepc9@sesfy l(g?
35 third distillation colum thereby yielding substantially pure HCI from

t he bottom of the third col um. I'riloother words, the relatively
smal | anount _of . h fl uoroeth re vedfromt H|-I’ICh | ayer
by renoving 3 represeg&ngﬁfﬁﬁF néfl?ﬁg ﬁ‘és rﬁ?%&r%%’f%éf’ﬁ nd a portion
of the HCl as aaquauon, suchoas:the NRITE. esyuation.ds degeritiedida grcntpmetaﬂ m"Thee

remai ning HCO i propeffies &P@%&%Hq.f gmdeum edition, pubhsher McGraw Hilhe instant
i nvention al so IR des a aln. qUﬁPtltles of

trifluoronethan Eﬂﬁﬁnﬁﬁﬂd&ﬁg‘% :9pages 2%09‘%/76
PCT/ US95/ 11053 Equilibria in Chemxcal Engineering, published by ButterwortB Publisifers,

h fl \ d
B SR S ST B P 4, .o
be renoved wi t hof which isderebypincprposated for referenesst col urm' s bott om stream
Jocant o ¢ hat pEOdUZt ?or pate SeReyior SPRArOREA Ririae il SucllysRihe By alie”, ayver s
10 “Wher ef it he DR BALERIAtes Bk pREn ARPROPIATE b Rrngen dhiorde asseriation mogel |
trifluoronet hanm(:dmhnenonwuhttheafmptmﬁtmmﬂ methods as describeddfyl Wor o- et hane-
h | d
ric ayer qgn ?‘Eh&ﬁé“ii{&% emq;rg (rP I%Q'dtwﬁ!? é#conf‘gg;s@? secon

distillation co e over he HCI -
hexaf | uor oet hanémé‘?ébﬁ‘? opIre @W@E@bﬁhﬁfﬁ@f MQQ@% ?fﬁn%d 15

trifluoronmethane; both of Withait wishinl o bR Bound byt dh theotfyldﬁ tioh) i@t i on
col um. Hexaflu e bottons of t di.stillation
cotum and 1. noy SeienEe Bt the RE T 541,%“, Gl i S Eﬂewda
t he i npuquekscamefﬁmndy otedhmyxet bendti hexafldoroethanatand HEb! umm.
The hexafl ug ?Pfhe%ll ek i s Btal vk i fin Meal nidined, N S
process typi cal as a aét aQout of gani c fgg cent )
hexaf | uor oet hanén Gan, SpiticIens. we&sqreba;“@r\gml&xm ®epRpRRents in
such mixmres. |
The resuits of PTx measurements and the above series of
calculations are summarized in Tables 1 and 2 below, giving results for
25 mixtures consisting essentially of PFC-116 with CFC-13 at about -18.55
degrees C. and PFC-116 with HFC-23 at about -45.55 degrees C.

respectively.
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hexaf | uor oet hane, and nornmal |y has at |east about 99 organi c nol e percent

hexaf | uor oet hane. The previously described processes
can be wopsayrd by using 25- an HF-hexaf | uor oet hane -azeptrmsbs10s3
distillation process. The HF- ﬁ;afl uor oet hane azeotropic
distillation process can be enpl oyed be after and/or in sone
cases as repl acenent for the HCl - heMroet hane - azeotropic
distillation p 0Cess. . o exaf roetha %8 ducts or

f eedst ocks t ha e P d PR atiid a3 - entlon
may be obtalnedfrwmm HAutivity. Céefictent t Relativedldlaglitys a

process conpri sing tin ydr o u

one of 111tr|chﬁz }%ﬂlfl ?ﬁ%tha %‘Qﬁk@g
1,1,2-trichloro- 1, -tri r oetl 113)10901 di a

1,2,2, 2-t18t raf | uor 0dtMane (AT 114305 1, macmboebl 1,3.077 35

t et raf | uor oet hane (9Rg 114)9.92 0 f d73ghl or(b,tmgt af1.002 oet haln%'l CFC- 115)

and hexaf | uoroet'ﬁarlg 7PFC-1]5 §.§) g ot hqarlzqonppgmjs Exogsg es of a

sui tabl e process i cri geneg 6b tic Iie@ﬁlons of

Chl or of | uor o- Car boa BI a fé] q\%igndl igé L nessle P. Appl.

Catal . (1990), 59(1 e di gg sur e V\/m s her I ncor por at ed

40 by reference. 32. 43 3209 173.37 Any.004r eab089 st alk98y naterial s
and CFC-115 may be47.97 46.50ycl 42127 t hel)04dct o1.04d prod®43 addi ti onal

quantities of PFC 57%8  55.60 WO 9900RR71 1.026 1058 0.919
PCT/ US95/ 11053

| mpurities such as g@éorot %zauor ane %&; rifl ggog_r'et hane
(HFC 23), chlor odi P ne ( -22) dPr | t ha &ibF

32), chi daﬂopent af | 78:69t hate23 CFC16645) , 11.008- trl f)%loroet(h (HFC- 143
a), , 1- di f Bo@4oet 862 (HFA61%622) . p@dlaf | LdBbet harge8§3HFC- 125) as
wel | as unr ggefged. H3 gnd bygoostuct Iigogray) gus0 be goggpent in the
100.00  100.00 15725  1.000 1.161 0.834 '
25 The "Mole %" column refers to the quantity of PFC-116 that
is in the liquid and vapor portions of the PFC-116/CFC-13 mixture within
the PTx Cell.
Jable2
20 R ] }
0.00 0.00 83.91 3.047 1.000 2.394 '
825 15.18 92.69 2.523 1.008 1.992
35 15.73 2395 97.84 2.164 1.029 1.687
2162  29.01 99.82 1.940 1.055 1.482
3092 35.13 101.62. 1.664 1.115 1.210
46.70  43.04 102.62 1.348  1.273 0.862
50.52  44.81 102.14 1292  1.325 0.795
40 7132 56.11 95.77 1.089  1.731 0514
7392  57.99 93.89 1.073  1.800 0.487
78.66  61.91 9094  1.048 1.940 0.441
85.16  68.84 85.59 1.023  2.167 0.385

86.73  70.88 84.49 1.018  2.228 0372
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10 hexafl uoroet hane product. Convent i onal
distillation can be used in order to renove a portion of the

| mpuri ti §Fo §¢/w3arAs hydrogen chloride, hydrogen fluori de-andecrusesnioss

hi gh-boilers including tars, to produce a_hexafl uoroethane product which
contains at | east about 90 organic nol pé‘?c‘ént hexaf | uor oet hane. 15

If desired,_bulk qu \dies | MpuUgd tehesS | hexgafJ,yor oet hane
pr oduct car® al so beaq}te%ved7€agm t hZJ,'ﬁgxaf I [}0¢ oet hg 60 8:"Ja'?'oduct by
usi ng azeotropic di 6.04 ati&hllFor Ex&fple, LOMR | rTﬁtﬁith 0.30

concentration can bgyg.grucedond Passs g t he \hgomf | upgget hane @9_31 ai ni ng
product through-a distillation colum which is operated under conditions

20 sufficient to permit wthdrawing at |east one of follow ng azeotroplc

or azeot r ope- | i KEhetviptes4d"i coiema sefens tovthelguadtify ofREC-1 116@hatPFC- 1
116/ cFC- 13" pﬁé’% ﬁéa“%fdﬁﬁéé%“%’ G &@ﬁﬁﬁ%}%‘%ﬁ%ﬁmﬁ FC‘
HF/ CFC- 114a, Ge 3 HF/ CFC-1 13a, HF/ CFC- 13, HF/ HCFC- 22,

Eg HEC- 1?|3a HF/ EFC- 125d1/namv|5§ th@]lczlsabo%ethléf“ﬂemw Voﬁﬁﬁ@‘"d@ﬂ?nr

- hexaf | uor ogt hane and/ qt af | u aze St i on

b ocesses can TR BeSEfetpIAGAcs bRt AIR uAfE BriHRl) pretettd whik

hexaf | uor oet hawas measured at the temperature indidatad mﬁmbotv& Tiabies. i Whiethen
relates to, 5“%&&5@%{5&% g?@FC’Q'lGHh'cbﬁﬁ‘éﬁs&ﬁ t&‘@l“?“‘.c i3‘8f AFdleggeand each of

its IITDUI'ItIE,‘S ver

a less to the
rel ati ve vol at yelat Y)?OVHES!WF‘BB? issudficient to perm sgparating %%}&e'éﬁén ne the
relative vol at E%cbﬂvmhohemwmg ahe helative volatility becorhés 1.0fasr29%malele, the

abeol ut o pr ossHrE 1D 3 dantpeed ol 3 ARERES L ie 4643 spsbolind °55

absol ute press

constant t errpebemmcs k.0 as ¢0.0i mole %rRka- Hion is spproaghsdiat r4)51§5 dmeaC imhe

PTx I\/Et hod I n n Process
Desi gn” éﬁlﬁlg{g%ﬁcﬁﬁwﬂgﬁﬁﬁéé ofpﬂlﬂaﬁﬁgrﬁ fHaro R Null, on

pages 124 to 12@0@9?@'%9@03‘?' F&gmpé)smor\nmaém porat ed by
reference. ééinponents of such compdsitiensniefsracticat by usiryconvemienalt o

S04y o e b S e e
Two- Li qui d ( NRdistillaiemecelumn fop their separation. The presence of an azeotropic or
25  azeotrope-like composition will also be indicated where, at a given
temperature, the PTx cell pressure of specific compositions of mixture of
the components is greater than the pressure of other compositions of the
same components and of the individual components by themselves, where
the azeotropic or azeotrope-like composition is that of the cell vapor space
30 inthe maximum pressure region.

Similar to the above examples and discussion, azeotropic or
azeotrope-like compositions have been discovered between PFC-116 and
relatively small amounts of certain halocarbon impurities, e.g., PFC-116
and HFC-32. Vapor-liquid equilibrium tangent pinches have been |

35 discovered between PFC-116 and relatively small amounts of certain other
- halocarbon impurities, e.g., PFC-116 and HFC-~143a, and PFC-116 and
HFC-152a. The presence of such impurities in the PFC-116 product are
barriers to obtaining substantially pure PFC-116 in high yield.

We have similarly found that azeotropic or azeotrope-like

40 compositions exist between PFC-116 and HCl at a variety of temperatures
and pressures. The result of PTx measurements and the above series of
calculations -for mixtures of PFC-116, CFC-13 and HFC-23 with HC] at
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Use of an activity
i s _described in greater eta| |n "The

equation, such as the NRTL equati on.

Properties of Gases and Liquids,

witten by Re
EqU|I|br|

di scl osure
The behavi or

oo AT HpLte

(0]

cal cul ated by H<4¥ oy - 1 g el re
in conjunction W|th the af oremantlonm_gmﬂ;ﬁds as descrl bed by W 15-
Dev. 1980, 19, pp 432-439; the

. Schotte, |ynd. Eng. Chem Process Des.
entire disclosure of
W thout wishing to

bel i eved that the NRLiqud)
nodel s can sufficie
! and/ ormq‘léo

20 m xtures

such m xt yy es
above seri es

bel ow, gi vi ngm; esul t38. g%cbaz Elu 3 gﬂ{'it isﬁgonsll

T o

and can sufficiently9h92dI%201t 129

with CFC- 13 at about44.0B.38507
about -45.55 degr 66526678 50.52

20

35

4.16
0.00

16.33
0.00

At h edildion,

écﬂa@g;@@a@
10 1985, vvrltten by Stanley M Wl as,

of which is hereby J
f[uorlde |n!

publ i sher MG aw H ||,

i JRERS S, el

onJ unciHEh PECH 16

1fag] 4.0

387; and in Phasé
Mbrth Publ i shers,

pages 165 to 244; the entire

be
dodel

hereby i1 ncorporated hy. reference.
M ,Aamm@gsﬁém; Relative Volatilitys
PFCi1 16he otp_gc_[g[g?nced
afluoro 2 ne and HCl

ehave in

i deal manner,

t her
%q%t her

@l at i vd)30ol eﬁt.ﬁlﬁ ties of 4.83 conponents in
7261 63.65 318.0 Thelrmsult

ed in Tab
§ ng esse

"PTx rre?g gigments and t he

an) ﬂyagg I%FC- 116

311.7 deg_rle!)sg Cil28Wd PFC-1 1546t h HFC 23 at -
28457 PECL VY - 1087

181.7
149.9

4.045
4.428

1.002

1.000

0.358
0.222
0.204

The "Mole %" column refers to the quantity of HCI that is in
the liquid and vapor portions of the HC/PFC-116 mixture within the PTx

Cell.

Table 3 shows the presence of an HCVPFC-116 azeotropic
composition consisting essentially of about 62% HCl and 38% PFC-116 at -

20.56 degrees C, with a vapor pressure of about 319 psia.

Mole % HCl Pressure _Activity Coefficient Relative Volatility

Liquid Vapor psia

100.00
92.33

78.79

69.81
61.32
50.00
35.83
8.52
0.00

100.00
82.39
69.80
65.47
62.18
57.77
50.70
21.33

0.00
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215.15
250.10
271.40
276.28
277.29
274.80
263.18
201.93
164.41

JTabled
HCl CFC-13
1.000 5.152
1.014 3.632
1.094 2.290
1.182 1.830
1.289 1.550
1472 1311
1.777 1.137
2.698 1.007
3.117 1.000

HCI/CFC-13
0.291
0.389
0.622
0.820
1.037
1.368
1.842
2912
3.285
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- 11 - Table 1 Vapor - Li qui d
Measur@igasigseTan PFC- 116/ CFC- 13 System at - 18. 55 Deg C pcrmsgs,uosg/bl e %
PFC- 116 Pressure Activity Coefficient Relative Volatility

kiquid Vapor psi a PEC- 116 CFd-413 PFC- 116/ CFC- 13 - 0.00
0. 00 70. 84 1.1 " QOx

171. 58 5 1.174 1.008® N}° P 9°1“mn refers 1 the quAnity °f§§5'zléba“s “172 38
1.149 1. ockze liquid. apgdwvapor pomons of the HEUCF C-135mi&ure withih the PTx 1. 127

1. 004 1. @41, 19 97 20. 32 173. 34 1 110 1.008
1.022 2 173.5 012 1. 006 15
32.43  32.09 173. 3,1gle4 t%e presenge o?ané—lé]é&l?g 13 azeotropxc 47. 97

46. 50 17 2othpositioh. ddAsisting eﬁb@hually of a¥dut 62% HCI and 38%CEG-13 &5. 60

101" 4 oBfREp g e S presugfghou IURE 165 15 1013

1.081 0. 893 74. 69 72.23 166. 45 1. 008 1. 094
0.881 . 89 24 87.62 f ~ 1 001 1.131
94.78  93. §

100. 00 1 57PN 1] he HEl 27 Bing ixture at -20 Deereas C oy
colum refers to tMnlq&'a.Iﬂlty Eﬂ:smﬁ 1Aﬁ1mMnggj§mi s RefativiecVolatilityd and
1
Tabie 58" 50" vapqiainlf Vaner | pix °, O HELCHEC M, o , HECSBMARGE s oo
Deg C mmoeijéﬂ WSC%X 87  prdd00 2.67hct i vi tyzé&lf ficient
Rel ative-Vol atilitg0.05 83.12 241.00i qui 4,013Vapo73 psi aj.838 PFC 116 HFC 23'
PFC-116/HFC23 7191 6678 25026  1.093 1.491 1274
65.75 62.68 262.28 1.134 1.375 1.143
20 60.99 59.66 263.29 1.170 1.302 1.057
56.57 56.90 263.29 1.207 1.246 0.987
5233 5422 262.58 1.245 1.200 0.927
2930 37.39 250.32 1.506 1.050 0.694
8.84 14.56 221.34 1.812 1.004 0.569
25 0.00 0.00 202.23 1.968. 1.000 0.529

The "Mole %" column refers to the quantity of HCI that is in
the liquid and vapor portions of the HCVHFC-23 mixture within the PTx
Cell.

30 Table 5 shows the presence of an HCIVHFC-23 azeotropic
composition consisting essentially of about 57% HC! and 43% HFC-23 at -
20 degrees C, with a vapor pressure of about 263 psia. |

Hydrogen fluoride may also be present in the PFC-1 16
product or feedstock by virtue of being a residual reactant from the PFC-

35 116 manufacturing process. Tables 6 and 7 list vapor-liquid equilibrium
data for PFC-116 with HF and CFC-13 with HF, each pair at a temperature
of about -20 degrees C.
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0. 00 0. 00

83.91 3. 047 1. 000 2.394 8.25 . 15.18
92. 69 2.523 1.008 1.992 35 15.73 23.95 97. 84
2.164 Wo0889271 1. 687 21. 62 29. 01 9PCBS9S/11043 940
1. 055 1.482 30. 92 35. 101. 62 1. 664 1.115
1.210 46. 70 43.04 -102.62° ° 1.348 1.273 0. 862
50. 52 44 .81 102. 14 1.292

56. 11 9g 77

88.11 71.99

e 0.795 40 71. 32

1.00

93. 89 1. 0784 ' i iy S-Lggalo ol o SRl
1.048 1.940 0. 44MQLLALHE Eﬁs&hﬁ A@ﬁxﬁiﬂo&fﬁﬁ:ﬁﬂ 1.023
2.167 0. 385 88 4 018 2.228

& 3o el e 0ooy ldauid  Vaget  ga®° _HE “9pEC-11k
“PCT/ US95/ 11053 100.00 100.00 2.8 1.000 42.16 . qo. 5

92. 08 7. 46 77.599873 1.0083 84460 1.0023332.87 96. 04

. 2.6 . 306 100. 00 100. 00
o i T ods 2 a0g83.95% 0¥29 1451 1029 15.60 ¢

The "Ml e %

colum refers to the quaddPty of.9¢FL54.06 that 1.0430 13@4in the liquid and
vapor portions of the PFfz 16/ & 1320 xturg?\mthl N 1.006 the Pfx Cell.
|

In Tables 1 and 2 above
those rel ative volatllltlé§ cal bl ade

was neasurgd at the terrpeoatureooodusa,tsed onsvm abovieQ0nbl es.

e at|v§ Vol at

Lty" co shows
3by usl4|11(99PTx c]e(wénpressure whi ch
Wil e the

15 relative volatility of PFG-1 16 in conparison to CFC 13 or HFC 23 at
relatively low concentrations is sufficient to permt separating the PFC
by convent i ordbleréishows the preserdesof ancsHF AEE- 1l fragedteopiees 1.0 as

com;ﬁdﬁﬁx&nﬂ@aﬂe Mﬁf@&bﬂ%ﬁtzo 31 ngis a9tk @ vapot rogt s 116/ 13

116
29 nole %
case, .and

-45. 55 degr ee§f@bPHt f%gsxat ih"e‘n? by, quxtures-o

nol.e %

i ndi cate tde [Highanapoppressure than exther pure component at this temperature, with

35

the composition of the vapor in the maximum pressure region being that of
the azeotrope. Samples of the vapor and NRTL calculations indicate that
the azeotropic or azeotrope-like composition consists essentially of about
5.6 mole % HF and 94.4 mole % PFC-116. It is important to note that
azeotropic and azeotrope-like compositions consisting essentially of HF and
PFC-116 are found at a variety of temperatures and pressures. For example,
at a temperature of about -40 degrees C, the HF/PFC-116 azeotrope consists
essentially of about 5.4 mole percent HF and 94.6 mole percent PFC-116
and a vapor pressure of about 79.6 psia, whereas at about 0 degrees C, the
azeotrope has a composition consisting essentially of about 11 mole percent
HF and 89 mole percent PFC-116 and a vapor pressure of about 273 psia.
Consequently, operating a distillation column at different temperatures and
pressures may alter such HF/PFC-116 azeotropic or azeotrope-like
compositions. Such azeotropic or azeotrope-like compositions, however,
differ only slightly in composition and vapor pressure from pure PFC-116
thereby rendering it virtually impossible to recover substantially pure PFC-

116 from PFC-116 and HF mixtures.

Amounts of HF in excess of the HF/PFC-116 azeotropic
composition may be partially separated from PFC-116/HF mixtures by
using a distillation column wherein purified HF exits the bottoms of the
distillation column. and the HF/PFC-116 azeotropic or azeotrope-like
composition exits the distillation column as an overhead product. However,
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azeotropi c or azeotrope-like conmposition, that renders separating the
cofponents of such conpositions inpractical by using conventional

di still awevenegyy necessitates enpl oyi ng an extrenely | ar ge roTioS9SAedE3i Ve
distillation colum for their separation_.The presence of an azeotropic or
25 azeotrope-like conposition will alsd ée‘. i ndi cated where, at a given

tenperature, the PIX.ce i xture of
t he componéhts ér“é‘é t&ﬁgéé H@“g‘i gﬁfﬁeq%ﬁe&?ﬂ&%ﬁtﬁtﬁ%ﬁe PGt { he
same corrponentHFaﬁ'\QtndhePﬁ'g-llrmlmatfopérrponents by t hensel ves, where
the azeotropic or azeot r@ﬂﬁrhoﬁﬁeﬁmﬁapsnémeds foisbfsahuﬁé}mﬂa@?tt-mor

30 th Siml
6 the above cRBIPEELHAMIEERCar), F o F3ampls,the BF may beremoyed fioBhe. | | ke
conposi ti ons hBFE-lkéchy contacting the BRG-1é 6/ PRixtre erithrwater, the HF beingt i vel y
Sal 2O S pHeférRhidllalIRHRCRRROthe N L1uBn cipiCally BRudihg and
I qui riu ? di sco

HFC- 32. Vapor - tanggnt pi nc een vered
bet ween PFC 1 &@eéﬁﬂm"éq{“il%ﬁ/ ¥etount s of certain other

hal ocarbon inpurities, eAfazedthdpid ot Bzevirbpd Flﬂcelg;&;%l% ogition Bri-also Yormnd

HFC- 152a. The e
barriers to obﬁﬁgﬂ g%%?g? %\W E#Q%ﬁggxl ‘fﬂ%xb(%??ﬁx@?;&ﬂfésﬁ
W have sinil a}mwﬁﬁ I3nare showotin b&ﬁ%-r azeotrope-like 40

conposi tiopg exi st between PFC-1 16 and HCl at a variety of tenperatures
and pressures The result of PTx neasur, nts and the above series of
cal cul ations for mxtures of PFC—l 16, 3 and HFC- 23 with HCl at
SUBSTI TUTE SHERfg ] ast : : = 2

PCT/ US95/ 11053

20 100.00 100.00 2.8 1.000  30.73
96.75 10.13 967 1.007  19.29

7773 572 165.0 1.221 437

7594 574 165.6 1251 4.04

| 368 9.01 1664 28.11 . 1015

25 194 224 1663 40.42 1.005
191 216 1657 40.68 1.004

000 . 0.00 164.6 65.28 1.000

Table 7 shows the presence of an HF/CFC-13 azeotropic
30 composition at a temperature of about -20 degrees C with a vapor pressure
of about 166 psia, as indicated by mixtures of HF and CFC-13 having a
higher vapor pressure than either pure component at this temperature,
wherein the composition of the vapor in the maximum pressure region
corresponds to the azeotrope. Samples of the vapor and NRTL calculations
35 indicate that the azeotropic or azeotrope-like composition was about 6.0
- mole % HF and 94.0 mole % PFC-116 at this temperature.

Similar to the above discussion, azeotropic or azeotrope-like
compositions have been discovered between HF and certain other potential
process and product stream components, €.g., HF and CFC-115, HF and

4 CFC-114, HF and CFC-114a, HF and CFC-113, HF and CFC-113a, HF
and HCFC-22, HF and HFC-125, HF and HFC-143a, among others.
" A comparison of the above azeotropes indicates that the
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- 13 - 5 about -20 degrees C are summari zed in Tables 3 through 5.

Table 3 Vapor - Li quid Measurenents on HCl/PFC- 116 Binary M xture at
- 20. 56 Degrees C 10

Mol e % D 9B sur e Activity Coefficient Relive Volat i‘i"r”E’9595’“°53

Li qui d Vapor psia PFC- 116 -17 - PFC- 116/ HCl

100. 00100. 00 211.3 1.000 14.019 . 8.74 91.92 70. 20
298. 6 15 03HCIPRO-4 16 azeotropig 0g 3zeotnape-like composifomsipases® 318. 0

1.266 2.395 rejatively hightt 4apor pressure, i.c., thedz&Rrdiic ¢dmpadifion 9 1.638
e relatively highes 4a fg’? sure, i.¢ dpie ¢dmpésitions are hore® 2

. 707 1 opl 9377 1 .

26.78 50.52 Yelatile, thananyofthe prewiously tabulatgd aggotropes at a given 4.16 16.33
181. 7 4. O4Emperamge. For example Bigured®-18, which are discossedbebdw il 49. 9

4.428 1.000

. e T @HMEI' % lumm refers
to the quanti%rea%e{ﬁ?lall’tsﬁ%vtg?ﬁesvlajrﬁatmn fnvatpﬁépﬁsaﬁﬁeﬁgan v_a{s_%ﬁ;l)iggidljons of
the HCl/ PHC- 1&%“295@%199 or;yariqus bipary mixtures, suclyas thosepgnsisting Table 3
shows the preessaﬁﬁalqu o_ﬁHOﬂCHFPPFEl%ﬁS,ml?.BQ@ﬁ%CFC-B. TheRBiguréy ,
Coorese € o BBt Rl b G i Mg vapbt phbsie founa 20 °°
Table 4 30 amengthe PECrH 6MHEL azeoteopie onazeaioperlikei®mpositionsidnxt ure at - 20
Degrees C comparison to mé@f&i%ﬁiq_enﬁﬁﬁgzwfgﬁri}ie@ﬁﬁg :&éd&éﬁ?@ﬁ" clent

Rel ative Vol at . .. I gyl po . psia .. HCI CFC-13
NG/ GEC. 185 azeotrope-like COHJRQ‘J.ﬁwsltbetegg 6 present inyenigen utilizesthese o 201
92.33 82.39 differdrtes in ¥afbrdpressubstdb purify PEC339 in3n efficientand /8. 79 69. 80
L0 b o, Subh itreceso o st b Wk 20 s
1. 037 hexafluoroathargofegdstock orpragimct that camtains & Wide range of 1. 368 -
impurities. Depending upon the characteristics of the azeotropic or
20 azeotrope-like impurity composition, these compositions may be recovered.
as a useful product. | '
For essentially complete recovery of substantially pure PFC-
116 from the feedstock being supplied to the distillation column, the
amount of HCI in the distillation column should preferably be sufficient to
25  form an azeotropic or azeotrope-like composition with the PFC-116. Given
the relatively high volatility of the PFC-116/HCl azeotropic or azeotrope-
like compositions, the PFC-116/HCI azeotropes are recovered from the
distillation column as an overhead product. If the amount of HClis
insufficient, the non-azeotroped portion of the PFC-116 may exit the
30 distillation column either with the overhead stream or the bottoms stream or
both, depending upon distillation conditions. If the amount of HCI present
in the distillation column is in excess of the quantity sufficient to form the
PFC-116/HCI azeotropes, the excess HCI will exit the bottom of the column
along with other impurities and/or their azeotropes. .
35 The specific conditions that can be used for practicing of the
invention depend upon a number of parameters such as the diameter of the
distillation column, the location of feed points. the number of separation
stages in the column, the reflux ratio used. among other parameters. In
addition to the hexafluoroethane product or feedstock to be purified, recycle
40  streams from other points in the overall purification process may be fed to
the distillation column, preferably at a feed point most nearly matching the
composition flowing past that point in the column. The operating pressure
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35.83 50.70 263.18 1.777 1.137 1.842 40 8.52 21.33

201.93 . 2.698 1.007 2.912 0.00 0.00 164.41
3.117 wo%e@o2m 3.285 . SH@@BSIH]ﬁs,SHEET
( RULE 26) WO 96/ 09271

- PCT/ US95/ 11053 - 18 - - 14 -

The "Ml e % f h
i gw d aﬁa vaéﬁ"r’ ﬂlﬁ%ﬁé%%xgﬁrﬁgy_&%%?% u{;ﬁﬁé Q%’ Pﬁliahn?%ale X ‘e
Cel I". about to 350 psiab(Typicallyoan ingreasgrinsbe reflus rasio reultsda@n 13

azeotropi ¢ jncreascipthe uht;oafﬁchmcglpsssﬁm@bl butOfen@Rly the2% HA and

gg:%aCFC- 13 A e flux ra]tlo rangegﬁ%;z{a‘f/?l {6’ abaut EOﬂ 1%5 géssuf(ﬁl agglrjt L|ZZ|Z| d

Measur enent s temperaturei@f/thé-coridenBen avhiciMsdooated atjacefit ioethe ¢as of the

E/lblgﬁl OdA) \I-/lzcaigor °€[‘ﬁﬁﬁ%?‘°‘m@&“fﬁde'ﬁﬁﬁfs%ﬁh%11y Rﬂ-_)@df@fﬁ% fie! I-|ICWFC 15

100. 00 100. od ggegtyope exiting shetopraf the column, g about -60 deg C to alymtos 83, 12
241. 00 1.101degl, @f @bout 80.6 to dbSii®81 psmr dectwelé 71.91 66.78 259.26

1.093 1.491 18%55 azeotmmio%gé?l 1.375

1.143 20 eoﬁ‘ﬁ'ﬂ?élyeg%’ﬁs‘é@le at

56.57 56.90 ageotegpe-like tompasitiong 48 separated)irdg their components so thas2. 33 54. 22
262.58 15 1.safistantialfyPPure anhydfbu3{Cl and PFC-116 can be marketed

individually. While such separation could be achieved by extracting the
HCI with water, this would require drying the purified PFC-116 to remove
even traces of water. More importantly, water extraction would generate an
aqueous HCI stream which has a lower market value than anhydrous HCI.

20 We have discovered that HCI/PFC-116 azeotropic or
azeotrope-like compositions may be separated into an acid-rich layer or
phase and organic-rich layer or phase by cooling the compositions within a
commercially available decanter to a temperature below about -50 degrees
'C, with the separation efficiency increasing with lower temperatures. The

25  separated layers can then be decanted. The composition of the acid-rich
and organic-rich layers is determined primarily by the temperature to which
the azeotrope composition was cooled.

The effects of temperature upon the azeotrope composition

during decantation were measured. Azeotropic or azeotrope-like |

30 compositions of HC] and PFC-116 were added to a stirred pressurized cell.
The stirring was then stopped, thereby allowing the mixture to achieve
equilibrium at a given temperature. When the mixture had separated into
two phases, samples were withdrawn from each separated layer for analysis.
Samples of the vapor space within the pressurized cell were also taken in

35 - order to provide more accurate data, where the vapor space composition

- represents the azeotrope composition at that temperature. Tests showed

substantially only a single liquid phase was present at a temperature of
about -40 degrees C. At about -50 degrees C and -60 degrees C. two liquid
phases formed, with the results tabulated in Table 8 below.
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29.30 37.39 250. 32 1.506 1.050 0.694 8.84 14.56

221. 34 1.812 1.004 0. 569 25 0.00 0.00 202.23

1.968 {y@hfszrn  0-529 | The "Ml e % rcarosesiiedsers to
the quantity of HCl that is in the Iiquid and vapor portions of the
HCl / HFC- 23 nixture within the PTx - 111, 30 Tabl e 5
shows the _presence of an HCl/ HFC 23 a reOpi C conposi tion consisting
essenti al Py of about 57% HCI

and 43% at - 20 derees C with a
VapOI’ pressure A"ll..‘lll” - . eh L B rray

al so be present in the PFC—l 16 product or feedstockby Vi rtuef
being a residual reactant fromthe PF(i-“ €5 116 Emlf acturing process. -
Tables 6 and 7 list vapor-liquid equil a for PFC- 116 with
SF and CFC- 13 with HF, each pair at -80idegyees & ur-60 degrees@ about - 20
egrees - '

deo! USQSﬁgloéspwéWq?ﬁé%]iw rich layer) 0.5080 03029 .

Table 6 Uppevdiguid (HGhrighlaves)ir ench8%2%n the MP¥EC 1 16 B nary Mxture
at -20 Degr eagador (azeotrope composmon) My.6182 HE  0.6199essure Activity

Coeffi ci ent Li qui Vapor PS4 HF PFC- 116
100. 00 100. dgessuge,psia 1 oo 42 g%“ 83.8 98.73  17.83
54. 8 1.002 32.87 93.95 8.29 145. 1 1.029

| %5330 $0s 152 4 @gsﬂgws gl%éel@és@bstanﬁalliiﬁé@nceﬁ&v%n Y

. . 41
153. 3 41. tbgcompogmgggo theltgvo liquid layers, with the efficiency _agg]dfgie_e:-)of 57 63
1.000 HCVPFC-116 separatitilinereasing@sshé teenperamenisdowkrah -/ PFC- 1 16

azeotropic addition, there is a substantial difference among the composition of each of
the liquid phases in comparison to the original azeotropic composition. The |

20 PFC-116-rich liquid layer can be withdrawn from the pressurized cell,
which functions as a decanter, and separated further by being supplied to a '
distillation column wherein HCl can be distilled overhead as HCI/PFC-116
azeotropic or azeotrope-like compositions, leaving substantially pure PFC-
116 recovered from the column bottoms. The substantially pure PFC-116

25  may then be given a final purification to remove trace impurities by being
passed through ion exchange beds or other known means to achieve even
higher purity. The HCVPFC-116 aZeotropic or azeotrope-like compositions
distilled overhead may be recycled to either the first distillation column or a
decanter.

30 Similarly, the HCl-rich liquid layer can be withdrawn from
the pressurized cell (decanter) and separated further by using a distillation
column to distill azeotropic or azeotrope-like HC/PFC-116 compositions
overhead thereby leaving substantially pure anhydrous HCI recovered from
the column bottoms, e.g., the anhydrous HCl is a valued product for a

35 variety of food and pharmaceutical applications. When HCl is present in
excess of the amount required to form low boiling azeotropes with organic
components, such azeotropes are useful in that they can be used for
removing the organic components by distilling the HCl/organic azeotropic

' or azeotrope-like compositions overhead thereby leaving substantially pure

40 HCL The HCI containing azeotropic or azeotrope-like compositions that
can be formed consist essentially of one or more of the following mixtures:
HC] and PFC-116, HC! and CFC-13, HCI and HFC-23, HCl and CFC-115,
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corrposition at a tenperature of about -20 degrees C with a vapor pressure
of "about 154 psia, as indicated by m xtures of HF and PFC-1 16 having a

20 hi ghg¥o yégpat1 pressure than either pure conponent at thipctrespaiedsur e,
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30 azeotrope conposi t1on’ consi st | Ssent | about
per cent quid it gecpme asomponenpplCthe 3zeolroRic,OR22sotropedikeyr e of

gb]?]yt 27? ItOSI aco ositions Whiiegreastovered fonatteBrst distitiation abmmHF/ g)%urr? 6at

i fferen enp S re es

azeotropi c or P@ ‘ﬁ%}( Any excest'd %ﬂ?gﬁgﬁéﬁ@n&g‘zt& Ft %

azeot rope-11i ketlm)ﬁq:sbsbhmunwmlﬁbmvgamc impadtiesdi ffer only sli ght ly in
conposi tiofgand vapor preRg ﬁx&-h Hdd@nttion t&fh@erature is es&ﬂﬁéﬂ?)inre”de“ ng

It V|rtuaIIy I npossiple {0 r ove st ant ) 116 from
PEC. 116 and HF CRPBAMIGdecision, Wherein e?ﬂghef deﬂeeﬁ%&ﬁ?@%’f’ bepvesn hecess of

t he HF/ PFC- 116 PFC2016 and EIC] which is achipeed v iatreasingbelower téempemtigepar at ed

TP 10, ol e i 08 g 5

HF/ PFC- 116 azé&efrigepationor azeotrope-|i ke conposition exits the
distillatigg colum as awmv%sbeadomme&m{eecéiﬁmwgnm PFC-116, and at

SUBSTI TUTE SHE';T !(.ﬁllyCE"g azlthouzh Figure 2 and Figure 4 show a substantial difference
among the vapor pressures of the PFC-1 16/HC] azeotropic or azeotrope-like
compositions and the HFC-23/HCl azeotrope, further tests have indicated
that this difference is essentially nullified when the amount of HFC-23

25 remaining in the PFC-116 product approaches zero because of the activity -
coefficients at this low concentration. That is, while it is possible to
somewhat separate the PFC-116/HCI and HFC-23/HCI azeotropes by
distillation, it is not possibie to remove substantially all of the HFC-23
from PFC-116 in a single distillation column. This difficulty can be

30 overcome by increasing the concentration of HFC-23 by recycling any
HFC-23, which exits the distillation column with the PFC-116, back into
the distillation column until the HFC-23 concentration is sufficient to
permit separation by azeotropic distillation. For example, the overhead
stream containing the PFC-116/HCIl azeotropic or azeotrope-like

35  compositions, and the remainder of the HFC-23 or azeotropes thereof can
be cooled and fed to a decanter to break the recovered overhead stream into
its individual components, e.g., a PFC-116 rich phase or layer. The PFC-
116-rich phase may then be transported to a second distillation column
where the HCV/116 and HCV/ 23 azeotropes may be distilled overhead

40 thereby producing substantially pure PFC-116 out the column bottoms.
This distillate may then be fed back to the first column, thereby producing
the desired effect of increasing the HFC-23 concentration in that column.
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tgxgw(pge{qteﬁ g%gem‘a{ﬁr%g hbout h_ab o bﬁo Sezge. B WieSenilied °
composition is supplied to a commercially available decanter 5. The
decanter 5 is operated at a temperature less than -50 deg. C, normally at
least -50 to -60 deg C, thereby causing the azeotropic composition to be
separated into two liquid layers or phases. The lower layer comprises a
PFC-116-rich phase and the top layer comprises a HCl-rich phase. While
the top layer is HCl-rich, a relatively small quantity of PFC-116 can be
present in this layer. The HCl-rich layer is withdrawn from decanter 5 and
recycled via conduit 6 to column 2. The recycled HCl-rich layer becomes a
source of HCI that is employed to form additional HCI/PFC-116 azeotropic
or azeotrope-like compositions in column 2. The PFC-116-rich layer is
withdrawn from the bottom of decanter 5 and supplied via conduit 7 to a
second distillation column 8. An overhead product stream containing the
HCVPFC-116 azeotropic or azeotrope-like composition is removed, under
reflux, from column 8, and recycled via conduit 9 to the first distillation
column 2. Similar to the HC//PFC-116 compositions supplied via conduit
6, the HCI/PFC-116 azeotropic or azeotrope-like compositions in conduit 2
also becomes a source of HCI to form additional quantities of the HCI/PFC-
116 azeotropic or azeotrope-like compositions formed in column 2. A
substantially pure PFC-116 product exits the bottom 10 of column 8,

' While the best results are normaily obtained by operating the
inventive process under conditions that maximize formation of the
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nmole % HF and 94.0 nole % PFC-1 16 at this tenperature.

Simlar to the above di scussion, azeotropic or azeotrope-like

conposi t @ fsgese been di scovered between HF and certain otﬂmggg;,ﬁggi al
process and product stream conmponents, el_pg HF and CFC-1 15, HF an 40
CFC-114. HF and CFC-114a. HF andCFC- 113, andCFC- 113aHF _ and HCFC- 22,

Compar | sonsor HGIPEGTS BBt o 7RAb A REL Eomppsiigus and minimize

SUBSTI TUTE SHEermgtien of h@bocarbon/haw;aglmmmlropxc or azeotrope-like

Egn 3235/1 1%253%1 ositions, sgrch El;;l%ao(;:ﬁboolﬁx)x(/ahalocarbon azeotroptc or azeatr 6-like °©
relatively hi§ %ﬁ% Ipugfy $?Gg?g€éﬂ PBBB%"E i??qadb'ﬁg‘ are
nor e V(ﬁx the latter casant}mnktaloéarbbﬂhptm:arhnm lagedtedpit ar adeatropetlikpes at a
gi ven | scussed
below in 0 B %Ei@{ogé @%n EQE@@:@H ﬁt%giegéﬁﬁ?&borjﬁl%mpopﬁ%& sure as a
function of | relatively lange or b auantisiesof impyrities &rom the-Rexafluorpethanes uch as

those consi st pﬁsﬂuct that in aEf*ah belprcebed id acddFdadBE@vxitiﬁxe ME@nQB and

CFC- 13. These, Y the surpris n expect ed
di fferences i FP mg%chr?ggﬁ%log&%on “59%59#8"‘95@1 EE?—EP azeotropic
or azeot rope- Icomposmopsﬁlancmbqunned consm@s;mmaﬂyroftonetdtanmemﬂthelsl y
i denti fi e%iﬂ' W&ﬂéM%&ﬂre@szﬂW &dCFC- 1 PF@A?B%&@?@# PREPOSI tions

t her eof . 3 gse ntion utlllzes thes erefices in vapor
pressure to pud i@@?ﬂ&ﬁﬂ’&ﬁl cient and econoni cal manner.

Such differences in vaplyisgesisable eo psvyoletanyUHF] whith i8 recovered by -
hexaf | uor oet NaRg.{cRRf e Yileritlon? FRYdile A Pheab iRt 8 Rindrathdi® PFCY16°"
However, it is generally undesirable to simuitaneously recycle trace-

20 organics with the HF because such organics tend to become concentrated in
the PFC-116 product stream. While the best results are normally obtained
by operating the inventive process at process conditions that minimize
formation of HF-containing azeotropic or azeotrope-like compositions, such
compositions may be used to purify recovered HF, as a PFC-116 pre-

25  purification step and/or to recover a useful product. The HF-containing
azeotropic or azeotrope-like compositions that can be formed consist
essentially of one or more of the following mixtures: HF and PFC-116, HF
and CFC-13 , HF and HCFC-22, HF and CFC-113, HF and CFC-113a, HF
and CFC-114, HF and CFC-114a, HF and CFC-115, HF and HFC-125, HF

30 and HFC-143a, among others. Such HF-containing azeotropic or
azeotrope-like compositions may be used to separate HF from the other
components, when, for example, PFC-116 is produced by the reaction of
HF with CFC-113, CFC-113a, CFC-114 and/or CFC-114a.

Whenever used in the specification and appended claims the

35 terms below are intended to have the following definitions.

By "azeotrope" or "azeotropic" composition is meant a
constant boiling liquid admixture of two or more substances that behave as
a single substance. One way to characterize an azeotropic composition or
mixture is that the vapor produced by partial evaporation or distillation of

40 the liquid has the same composition as the liquid from which it was
evaporated or distilled, e.g., the admixture distills/refluxes without

- compositional change. Constant boiling compositions are characterized as
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i npurities. Depending upon the characteristics of the azeotropic or 20
azeotrope-like inpurity conposition, these conpositions nmay be recovered.

as a usegyglogmemguct . For essentially pomuseos/piosecovery
of substantially pure PFC 116 fromthe feedstock being supplied to
the distillation colum, the MO “of HCl in the distillation

| hoyl d f fd
azeotrope-T1 ﬁ@%&@#&ﬁ%ﬂ%&h ?E#l@rf ek r R BEPROLRE 0T
hi gh vol ati ||pmfastq¢mp¢®m@/ thay ofthe oncazeptropicanibdures fthe same | j ke

conposi tions, csxﬁgoEEn@s JA%EE&&@!@ebmgaﬁﬁoﬁr&nram@éma&emd isethe
distillation columm as . an. overheaddﬁ_rodu gq .t he m)u.nt 3f HCl

i nsuf fi ci ent, MAFUTHBHLIAEY FPYRe ratWé’“Ef—eC? 4 8VHR XEQ?IP“Fﬁe 30
distillation uwdenplotted dsca functxbntdfélqmcbmwaﬁ'asmomam or the bottoms stream

or oth. dependi g ook dHeskikd! GBSO bR cdra BRI O

HCl presen? In t atiron c I S |g excess of the quantlty
suf ficient toOf sihstantially constanbmhztgshm@ﬂ %ﬁ@&‘-}fﬁ EWOIORMPRCcess HCl wil |

exit the bott gibstdnced that behidives as a singie!stbstaittd. lomimy 16 oparattetigs aand/ or

their azeotro The ons that can be
used for prac qﬂqpéaeiﬁce[%nposmon ‘%W\% V&R%gﬁ Aei‘i‘&g% g%qgﬁ unber of

par anet er s suevapnsatioreoridistilatéon of theHiquid has Suhatmtial the sameol urm, t he
Lgfﬁ%ont ?\ge ‘;gﬁxﬁgaﬁhﬂhfasﬂféq H%m%hxél?w&sté orated or dﬁhﬂG&,Se gn the

,ratlou anon d|t|on
to the hexafl ﬂ'tﬁ' 5 uges g’é&& E‘”BBP?‘PPE@ d\”@&?’c‘gﬂ
streams from atéwmeclikae‘omﬁosnﬁenomalsblbemharafcterezedcbthemeassvmdyldoe fed to

the oG coffitti by By SBrinhg prsfuctin BrveifpibRdtad B ABRRbR BT DL 20 g

pressure n;m) domoleofraction, that is adjacent to the maximum or minimum vapor

PCT/ US95/ ;?. - 18 - of
the distil on syste e from.abqut 15 to ,350.psika, ,nor ILy

about 50 to 350 psi a. Tg {céhyy, CQWPPF?@PBa‘%z?quﬁeﬁ?%Ff’)&h#%‘?9‘8%esul ts in
an | nveiglitdsiof thé\eompositipn d$ remevddIuchEbY evaperativnrarbeoilitg)t

generally t he?ﬁ'ethe changE 'betiWedrthle drigifil Sonlgotiick 2nd fleRBfiPositionl- normally

>/1 to 1071 remaining is less than about 6% and normally less than about 3% relative to
25 the original composition.

By "effective" amount is intended to refer to the amount of
each component of the inventive compositions which, when combined,
results in the formation of an azeotropic or azeotrope-like composition. This
definition includes the amounts of each component, which amounts may

30 vary depending on the pressure applied to the composition so long as the
azeotropic or azeotrope-like compositions continue to exist at the different
pressures, but with possible different boiling points. Effective amount also
includes the amounts, such as may be expressed'in weight percentages, of
each component of the compositions of the instant invention which form

35  azeotropic or azeotrope-like compositions at temperatures or pressures other
than described herein. Therefore, included in this invention are azeotropic
or azeotrope-like compositions consisting essentially of effective amounts
of at least one of PFC-116 and HC], of PFC-116 and at least one fluorinated
molecule, of HF and at least one fluorinated molecule, of HCI and at least

40 one fluorinated molecule such that after about 50 weight percent of an
original composition is evaporated or boiled off to produce a remaining
composition, the change between the original composition and the
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tenperature of the condenser, which is |ocated adjacent to the top of the
10 columm, is normally sufficient to substantially fully condense the
HCl / PFOWO 96/09271 116 azeotrope exiting the top of the col war/usesgiessabout
-60 deg C to about 10 degC, atng$out 80.6 to about 681 psia
respectlvely It is desirable that the

HCl / PFC- 1 ézﬁ Hﬁg@, par at ed
into the|r conpo ? sononlsty %ﬁ‘ggﬁéﬁ I rgg?%sgﬁﬂa ro sﬁ§| and
PFC- 116 can HBOF& RE?B@“”A’0”"'%558!"’6“’815%1?%/0“% PRt g%par ation could be
achi eved by extracting It isepossible to dlfaractetize, inefficct, altorstantibeilingqui re dryi ng

the purified quur C

i mportantly, "W [ e%racﬁﬁg%ﬁ&aﬁwde&@ér/@%ﬁxg@s ﬁépa{dﬂghﬁﬁ%#m stream
whi ch has a |Qﬂndmlon§rqhesenabyl§§vernhﬁnmydr ous HCl . Ve
have di scgvered that HGE TiFéomp &lﬁéﬂ%ﬁ%ﬂ'd&ﬁ%dasanazeot?éﬁ%f% lig<e

or gan o1 ch Ry FIARER0 b SERRCPNE e A JubGhmEd Fialogapben ” - °

commercially (élDé),on!mlfodé‘Eé{)mﬂra Fhuozinatedod alocarben(EF HyworbSHC1-(BG"Yegr ees
_C with the ?183{ gﬂoﬁﬂaﬁﬁ ﬁ%ﬁfﬁﬁbﬂg_ﬁme};‘ b'eez‘ﬁEE tﬁ@fg} atures. The

separate rs can t tign the acid-rich

and organi c-r |36FP¢%B?e A% af ancg @wvsramidrmng/nw aﬂﬁé"*@‘@ﬁ%@%’*’é to which
the azeot rsor)m@umgaf ALB(r'¢p eBfFest G H) for this umque compositidief ef f ect s of

tenperature u rope uring decantation were
nmeasured. Az ﬁmﬁpﬁﬁ% ﬁ@?gﬁgmgwp%‘msmlons of HCI and

PFC-116 were added to d‘Buswcﬂdcmmbwthosedkdbldlmtheart,that,'ﬁlhdlﬁ’enent| ng was
then stopped, &iﬁ&@@m@éd\%&sﬁ@?{i 6fa mo&%ogeg@w?n%@ /ot leastto a®qui librium q

at a given t erat ure epar t wo

phases, sanpl apd ﬁbﬁ&?ﬁamrwm‘@ﬂl;hlseé a%&,éa%aaversomﬁ degree.ysi s.
Sanpl es oo t Ithe bojling paiarempetdture. Thas pareazaotiop edf@ﬂd 106 ('tAY @ t aken in

epr osent s. ¢ HACRL B0 SR 3&%3"@“&&%?1%%% iR DR SHE L "

subst anti al | ("EM) snda E uﬁgm@tﬂdlﬁidmaqhmiéﬂ/hsr of BEA(YGA)xand 2 enper at ur e of

about -40 de Sinéte S&aebdn 3P g,ﬁ @p tdfo l'iquid
phases for neglnﬁﬁa t ?QM ull%cs t gtﬁggt §&“g %
relatio tha vanab e composmon w depen on temperature

25 and/or pressure. Therefore, compositional ranges, rather than fixed
compositions, are often used to define azeotropes.
* The composition can be defined as a particular weight
percent relationship or mole percent relationship of PFC-116 ("A") and HCl
~ ("B"), or PFC-116 ("C") and a Fluorinated Halocarbon ("D"), or of HF
30 ("E") and a Fluorinated Halocarbon ("F"), or of HC1 ("G") and a _
Fluorinated Halocarbon ("H") among others, while recognizing that such
specific values point out only one particular relationship and that in
actuality, a series of such relationships, presented by A,B (or C,D or E,F or
G,H) actually exist for a given azeotrope, varied by the influence of
35 pressure.
* An azeotrope of PFC-116 ("A") and HCI ("B") or of PFC-
116 ("C") and a Fluorinated Halocarbon ("D") or of HF ("E") and a
Fluorinated Halocarbon ("F"), or of HCI ("G") and a Fluorinated
Halocarbon ("H") among others, can be characterized by defining the
40 compositions as an azeotrope characterized by a boiling point at a given
pressure, thus given identifying characteristics without unduly limiting the
scope of the invention by a specific numerical composition, which is limited
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PCT/ US95/ 11053 - 19 -

Tabl e 8 W096/09271 \apor - Li qui d- Li qui d Equi | i bri um Measur-ene®CI/URISA 1053

HCl / PFC- 116 System _ - 25 . Mol e Fraction
of HC -50 degrees C -60 degrees

' IC 1Qd (h(C):\I&e; iughﬁl&;aiger) ngﬁg%tg?ﬂiéoﬁgag@cﬂeégﬁ%e\rlgagéﬁ le. ot ropLeJIOIoer

i qui - : i . . .
co(rqrp'os'i tion)  0.6182 The 2ggeigope or aze?gpggguﬁe&o%sg{fox?s °6¥Ztﬁe present 53 4
83. 6 15 invention may be forimiad By eperating hatonvbmtienal distillation mpparanls,
the of 1151 ency meat practicing “%‘?ﬁv@ﬁ‘mﬁ%?‘?g HAOIE sty il g s
t he tenper at u,egfaepgw GR%QPEH.O_fIthe componenis &y gny onverieat mstheddneluding i al |
oI 1 er enccoarmmigig combisiog mong othetmch of | Lhe |1guid phases in
conparison to the origi i . . - -
liquid layer can be wit @Fgﬁsafm}ﬁg%@s%@g@}&HMé ~_ Wwhich
functions as simuelaneously erdadividuallytbsiusing theaforsmentiongdsazeptropid and a
distillation gokstidhestiRe %ﬂgbﬁioﬁ?ﬁa_i’ rotedd g{ak E6m ﬁ?éﬂ%ﬁ%in@u\@ y/ PFC-1 16

azeotropi c or azeotr.opes;li ke conpositions,, |eaylng substant pure PFC
116 recover ed #F%?R‘HS“GBF‘ERHPPS ©FRmPesitions Withitha Fanysptionak pPFc- 116 25
may then he gidistillatiohicohimmuFof exanplentiteconsemiondl distillatioh\olirhgeeaky bei ng
assed t hrough.l i eve even

Ei gher puri ty!BCWF@%ﬁ%ﬁé?&r)hﬁblgéu%;m%{z‘b@gg%or%’e%#§§ggo%osi tions

di stilled ovemdeettonealikeeompesitiprawhishaontains a desitable compound,itaform col urm

or a dekera i ; wlrbimdid | QUi d
| ayer can be w g‘gjrfbmermﬁmrﬁ?grﬁemqval qu;hgee?%l?}f)zgcsggﬁ?%%ytchglt ! (‘ggicegrfé lglr and *
separat ed furthEe ?Rju@'r r‘iglte&nﬂﬁ‘%et]ﬁ dif#lation colurp Icﬂ%tetoﬁefﬂt pnger

azeot r opi @0or canditions fhat icause dCizeBtropiclér azeomropé-likeremposition to\ber head
thereby |eavi pgriatPiidi i itlpu¥iey Wifer&RMHE ity ot RAME bR is -
removed by distillation. Depending upon whether the azeotropic or
azeotrope-like composition has a maximum or minimum boiling point, the
composition will be collected, respectively, in the bottoms or as an
25 overhead product. For example, when the quantity of PFC-116 is relatively
- large in comparison to undesired impurities, the PFC-116 can be purified by
introducing the PFC-116 to a distillation column wherein one or more
azeotropic or azeotrope-like composition consisting essentially of, for
example, HCY/PFC-116, PFC-116/CFC-13, PFC-116/HFC-23 can be
30 collected overhead as an overhead product in a distillation column thereby
leaving substantially pure PFC-116 as a bottoms product. -

A key aspect of the invention relates to recovering
substantially pure PFC-116. In many cases. the PFC-116 possesses a purity
that was heretofore impossible to achieve. The instant invention permits

35 obtaining PFC-116 that is at least 99.999 pure on a weight percent basis
whereas commercially available PFC-116 is typically only 99.99 wt% pure,
e.g., the instant invention can produce 99.9999 wt % pure PFC-116. Sucha
purity is desirable for use in electronic industries as an etchant, e.g.,in a
plasma environment. Even very small amounts of impurity in a plasma

40 etchant are believe to be undesirable, e.g., the market value of the etchant is
related to its purity. Consequently, the instant invention provides a high
purity PFC-116 product that solves the problems associated with
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the col um bottons, e.g., the anhydrous HCl is a valued product for a 35
variety of food and pharmaceutical applications. Wien HCl is present in
excess oo ddm2aount required to form |l ow boiling azeotr opSI/usIsn1a83gani c
conponents, such azeotropes are useful that they can be used for

rénovi ng the orgam c conponents by dist FBI ing the HCl/organic azeotropic

or azeotraope-l1iKe &?‘i&?ﬁbﬁxléﬁﬁ@PPﬁe”@ad t hereby | eaving substantially pure
40 HC . e ni ng}l zeotr El Cc .or azeotyope- I“ke co osi tions that

can be forned COI’ISI st ekBefalioying €S &e prpyidegrod g m xtures:
HCl and PFC J&E@ctsldﬂtha ﬂeséi’&@nﬂ:&mdxﬁbuandt lifngi-ths scofis ofithe aﬁﬁéhdedlS

SUBSTI TUTE SHEEE:{ 'Bdks péPhnillion (pifh) 426 893%¢ight based upon only the,

PCT/ US95/ 110 5
anong ot her s. fluorocarbons present, and do not irglude thesweights,ef any) aqads;nrep%ter can
al ternatejgy b the calculatitintuiilészdthérvase indecaied. ameefou@mng Exufiipde to the

first distillati h |
can be enpl oy%IHP&y tﬁﬁ Hﬁhéﬂfﬁﬁ'@“m parz%néte&@,epﬁhe@%@gﬁ Jﬁqﬁ &owfnﬁ Ve
azeot rope- | i kExmptes,sead:me is based diporsa 100 6 ioperational or pa'ﬁ)nnanlcurm I n

put

other words, L#gidehOoThe & 1& Eﬂrﬁ bR HRBLIEATRDGE woul d
in turn becone a cqQ onen cC or a i ke
conposi ti ons eANventigral emosmmﬂb mrg@esa#%?fﬂ%mv AUeRfOfmn as an

overhead py odv&ious/)ﬂmeﬁwym-uemmmu FiGbrovatboh ieapiritieselbalt t om of

1 qui d- 11 qu oSt dnf BmBeripe ot saPbafion 63 s by og fhe conventiop, (0.
deci si on, V\heﬂlatthetdlmdbnsﬁnes calmjed as stage apmber iloFasgunpeses ofie

PFC- 116 and I Qwer, t
must be bal anceta st G?ﬁ, ‘%%ﬂ' af%gég‘fﬁ%ﬁﬁgr%aés?\ggffh ?61 l«seksrrperature

or less xmpun as been chosen as a goal.

20

- Examples
In this Example, conventional distillation is used in a column

with 62 stages for purifying a feed stream containing 500 Ib/hr of |

25  hexafluoroethane (PFC-116) and 0.5 Ib/hr of chlorotrifluoromethane (CFC-
13) (a nominal concentration of 1000 ppm). The feed stream is introduced
onto stage 25. The feed is introduced at a temperature of -25 degrees C,
with the column condenser pressure set at 124.7 psia and the column base
pressure 3 psi higher. The column distillate/feed ratio is varied to get the

30 specified product recovery, and the reflux ratio is varied to approximately
meet the hexafluoroethane specification of 1 ppm of chlorotrifluoromethane
in the column bottoms. In this Example the distillate/feed ratio refers to the
ratio of the total moles of all species being removed in the distillate to the
moles of PFC-116 being fed to the column. The bottoms‘temperature is -26

35 degrees C and the distillate temperature is -27 degrees C. The

- hexafluoroethane product leaves from the bottom of the column; the

chlorotrifluoromethane and some of the hexafluoroethane leave in the
column distillate. The results are shown in Table 9 below.
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refrigeration. 20 Wth respect to a m xture containing
HCl, PFC-1 16, and at | east HFC-23, although Figure 2 and Figure 4
show a wawstoazii al di fference anong t he vapor -preyenresdsaioszhe
PFC- 116/ HCI azeotropic or azeotrope-liKk conpositions and the

HFC- 23/ HCI azeotrope, further tests ha rndicated that this

di fferencg Is essentially nullified Me anount of HFC 23 25

remai ning“in the PFC- 116 product appr zero because of the activity
coefficients at thi Ristdieed Readhixr 3 Lbhr REQ-316 t %PBCxd36bl e to
sonmewhat separ ate t he RElie- 11®atel 3RWBons?3/ Hift Baaeais op S%Q&P&nﬁ
distillation, s n osmﬁqetore ve subst tlaIIy al the HFC- 23
fromPFC1 16 |n a mﬁéjll dis Iatl col um. dlffICU|?(8 can be 30
overcone by increasi nd).0he cotentratli®n of HFC47H by recycl9ng any

HFC- 23, ich exits t I Stiylshgt i on lum wi t lygihe PFC 1 back into

t he di st},yPI ation col ux gntl Ilsthﬂe HF&CQ3 concent rat lon is sutficient to
permt separation by azeotropic distillation. For exanple, the overhead

stream cont ai ni ng the PoavéitdndTidistikeion@ahtecovepabout 9898 ofith€PFC- 35

be Cool ed_and 1584 e e SR EouBned Bodtiet Sith BhofE FBRPHECREE 67 cam i i o

its indivi duéﬂBﬂg@MWﬂﬂ? of oyer 180(Predl. Sudlea reffux ratiswould neqw: The PFC

1 16-rich M% rhélﬁw%tﬁttcbeoxﬁ iyt fh agd% E I urm
wher e the HCI 3 aze E e er hea 40
t her eby prodﬁﬁm le ﬁt"?%vlew kllﬂ gﬂ Isdimied bRCaISE @8ns .

Thi s di sti | | azeotrapic ohezedtmopedikdeoip tbsmmh!s formetl beowvesmPFChEIGeand pr oduci ng
the desired @Pe@qs far biitd ﬁ:%sdo'itﬂnh*lﬁtﬂ: &ishiflae SR EARAL. Howdla, cof um:

WO 96/ 09271
PCT/ US95/ 1104%us Example illustrates how the concentration of CFC-13 can be paduced 5

One syst g§ t frim adiis6r fée8 thikfiire RoAPrishigPFCNA 6 di’f @RE-13 b usmg' nvention is
shown by the sc ematlc i?] ﬁaramln Firgure 1. Referring now - Figure

1, a hexaflu Q Bt or feedstock is supplied by condwt 1
cont aining PFC-1 16, HCl and at |east one nenber selected fromthe group

In this Example, conventional distillation is used in a column
25 with 62 stages for purifying a feed stream containing 500 1b/hr of
hexafluoroethane (PFC-116), 0.5 Ib/hr of chlorotrifluoroethane (CFC-13)
and 0.5 Ib/hr of trifluoromethane (HFC-23) (a nominal concentration of
1000 ppm each). The feed stream is introduced onto stage 25. The feed is
introduced at a temperature of -25 degrees C, with the coiumn condenser
30 pressure set at 154.7 psia and the column base pressure 3 psi higher. The
column distillate/feed ratio is varied to get the specified product recovery,
and the reflux ratio is varied to meet the hexafluoroethane specification of 1
ppm of CFC-13 plus HFC-23 in the column bottoms. In this Example the
distillate/feed ratio refers to the ratio of the total moles of all species being
35 removed in the distillate to the moles of PFC-116 in the feed to the column.
" The bottoms temperature is -19 degrees C and the distillate temperature
varies from -21 to -25 degrees C depending on the distillate/feed ratio and |
reflux ratio. The hexafluoroethane product leaves from the bottom of the
column; the HFC-23. CFC-13 and a portion of the hexafluoroethane leave
40 inthe column distillate. The results are shown in Table 10 below.
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consi sting of chlorotrifluoro-nethane, trifluoronethane, chlorodifluoro-
10 net hane, chl oropent afl uoroet hane, pentafl uoroet hane,
1, 1, 1- t rywblogémet hane, 1, 1-di fl uoroet hane, HF, .anmopgrRisesifss! S
i ntroduced to distillation colum 2. An anhydrous HCl pr oduct t hat
contai ns other i npurities is renoved ~ 28 - fromthe bottom of colum 2.
An HCI/ PFC.l1 16 azeotropic or azeotro | i ke conposition is
3 p@?‘P"‘S‘J‘gr head

renoved under reflux fromcolum 2 as 15 roduct. At | east
a portion of th&istdEeedReflux cpRIECECALS sppaFGads bmmw

the top of the Colm as RudiedengaBdiRiths/x - jhBotfdhs 0 ofj COREBHIGY
material, which is turngtoth qurm éq‘ére am)unt
the y

mat eri al renoved f?(} ol um ' commnl erred to t he "re?pux
rati 0". The materi@0Sexi 8Vhg the tbP of the <bOLM that 4% not refl@%ed may

. 20 then bggt ranspogiged vigmeconduity g to a cagppicially ayg | abl e prgghiller

4 ~that is operated at a tenperature of about -50 to -60 deg. C. The
chilled conposition is supplied to a cormercially avail abl e
decagt er 5 The Tablenl @ shdws thavties abiticy ﬁﬁol@tatne:mtnefamxnmﬁl(v pugss than ]
-50 deg. C n C i ng the
azeotropic coﬁ@ h 8@“1%“%%’°°3542§%§8%'§?§%3%&g‘?@?%? P @‘rag
phases. The | dheprasages ofChiGrl3Uimits the efficiengyrof the psoedssh naﬁmwghj the t op

layer conpisi sqRe FREMD3 chf 'Beﬁéﬁ:%@ed Yg‘télﬁtlvely low le&él?b&%xﬂgad% ' - “ ch,
resent b n t

?a;glratlrxgl %CI%%PZE‘ X‘é VW‘SF thk Lﬁ&ﬁb@'ééamlé?e “QHHC recycled

via conduit 6 ratio oﬁhbmt 1500T0d meequaﬂtd—ﬁhie\reuin owerall xﬂnpuntyebval of 30

source of HCl és{(%%aﬂ %&Hﬁl rﬁ%hcgg‘/orr&mgg, E’}}E?Ep]:@c' i—gg;‘e&%gﬂ_}gzeot ropi .c '

or azeotrope-ITKe conp05|t ons 1N col rich yer is
wi t hdr awn f r orefiieieneyof the FfC-dd 64s limitesl berguseipzaotiopic orazeetrapetike to a

SHEIC;)gngH ?’gl L'céhi 1tfdﬂsg?égcﬁmeﬁfb&weéﬂPg¢cgl@ﬁﬁ&tm-ﬂsgdﬁrcgpm!;eglFG mad t ?e
N0 PRC 116 agg ot oR 35 E g Sale P T Bl the dohdeshaRt S

distillation 23 can be mediicathfram sfeedstocktor firsemixtutetamprisifg PF@d36t i ons
suppl i ¢d Vi a Gt HEC.23 b ushlleasdohioBECuiifadgol op! ¢ or

azeotrope-like conmpositions i al so becones a source of
HCl to form additional quantities of the HCI/PFC— 116 azeotropic or
azeot rope-2i ke conpositions formed in substantially pure

Ui 16 the best results ARG o e&ﬁ‘%@“w&%{mc{ gasedina.
i nventive procelumnmdth 62 stages forpurifjiing arfeedrsitreany containing 5
hexafluoroethane (PFC-116) and 0.5 Ib/hr of chlorotnﬂuoromethane (CFC-
13), the same composition as Comparative Example 1. To this is added 250
30 lb/hr of anhydrous HCl. The feed stream is introduced onto stage 41. The
feed is introduced at a temperature of -30 degrees C, with the column
condenser pressure set at 264.7 psia and the column base pressure 3 psi
higher. The column distillate/feed ratio is varied to get the specified
product recovery, and the reflux ratio is varied to approximately meet the
35  hexafluoroethane specification of 1 ppm of chlorotrifluoromethane in the
 column distillate. In this Example the distiilate/feed ratio refers to the ratio
of the total moles of all species being removed in the distillate to the moles
of PFC-116 and HCl in the feed to the column. The distillate temperature is
-27 degrees C and the bottom column temperature varies from -26 to -21
40 degrees C depending the distillate/feed ratio. In this Example, the
hexafluoroethane product leaves in the column distillate stream as an
azeotropic or azeotrope-like composition with HCI; the remaining HCI and
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HCI / PFC- #igo96209e1tt r opi ¢ or azeotrope-li ke conpositions and RAAVE892410S3
formati on of hal ocarbon/hal ocarbon azeotrfpi c or azeotrope-|ike

conmposi tions, such hal ocarbon/ hal ocarbon “azeotropi ¢ or azeotrope-like
CONPOSi ti 0N MEYiohStrifGBFbrh@hRlE biY irPHHe-cbidfin doftofis, Oftie¥esulisakshownoduct s.
In the latter pa,fe, tﬂag al ocar bon/ hal ocar bon azeotropic or azeotrope-like
10 ‘conpositi oHs ablg 1 %%1 oyed as a pre-purification step for renoving
relatively large or bulk quantities of inpurities fromthe hexafl uoroethane

product that in turn can be processed t rdance with the instant
i nvention. The hal ocarbon/ hal gcarbon aze QpRi ¢ _or trope-|i
conposi tions that caw&ﬂ%nsﬂﬁi i m&g or 2o t he

15 fol | owygig mi xt ur es: REfE- 11RaB6d CBRefikadPFC- LiHOeAttFC- 2

116 and HFC- 32; anong rs. I s desipable to
recycl e any HF, which f&s eco\%‘r"ed by L1 pracﬁ(%:i ng the ?ﬁvention, for
reuse as a reactant to G8hufatddre PFA.1 16. 475 However , 99t is

The IF bocause such or o cs ted to bigons concenated in oo o the
PFC-1 16 product st reaﬂq-ai/\hi I ig e begt' results a)ﬂg nor mal | yggbt ai ned
by operating the inventive process at process conditions that m ninmze
conposi {1 ons may be. used 106 6674 ESRPBICARIRA PRE: Id Ba BGackals: e
purification swithamimpuritydevel ofless thansbout| 1 ppro@i&GEC-idandm yisld of ni ng
azeotropic or )3 () o) agdmt can be fornmed consi st
essentially of 922;;;5%9519. . f ol g‘V\;I?W ' res: HF and PFC-1 16, HF
and CEC.13. HE and HCRC. 3Be B - 6 abgta2gotoped O ‘&ﬁ‘t?‘i‘ilsa,m# and
CFC-1 14, kb avempérarutd below-kbautdSCdegrees & andtherteroHEers 36parafed in@0 . and
HFC- 143a, anpn - KayMy | LAiRE At
azeotrope-|i keggg#g%rslsgecs)ggeng;% %g%igec .ger%%g%g@jgi?ﬁiﬁ:% é_oé d fo;
conponent's, wh&moviag the semaiaing¥HEl as ag averhend agetsons; i of
HF with CFC 113payGhen betecycledtolthd fasedigtillafdn doldmn. The PFC-116 from the

bottoms of the second distillation column is then given any final

25 purification steps required by using procedures well known to those skilled
in the art, e.g., passing the PFC-116 through a resin bed for deacidification.

Example 2
Example 1 is substantially repeated but with the addition of
30 0.3 Ib/hr each of HCFC-22 and HFC-125 to the previous feed mixture of
PFC-116 and CFC-13. The results are substantially identical to the
previous Example 1 except that the removal of HCFC-22 and of HFC-125
to the bottom stream is even more efficient than that of CFC-13. The
overhead product PFC-116 in this case contains only 0.001 ppm each of
35 HCFC-22 and HFC-125 along with the previously reported amount of CFC-

13.

Example 3
In this Example, azeotropic distillation with HCl is used ina
40 first column with 62 stages for purifying a feed stream containing 500 Ib/hr
of hexafluoroethane (PFC-116), 0.5 Ib/hr of chlorotrifluoromethane (CFC-
13), and 0.5 1b/hr of trifluoromethane (HFC-23), which corresponds to the
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Whenever used in the specification and appended clains the 35 terns
beI ow are i ntended t o -have the fol l ow ng definitions.

" azeowiodeR92Ar "azeotropic" conposition is neant a - PCIPE4SH 75
b0| ling liquid adm xture of two or nore substances that behave as
si'ngl e substance. One way to characteri-z3 an azeotropi c conposition or
mxturelsth ap | eva istillation
of 40 tRe | %HW&“W&%‘H@“E%‘#@ gﬁ%ﬂﬁﬁ? ?oﬁluaéntaﬁaeghaﬁm Pgm which it
was evapbydnoesl HEI. dihe: feed stream. iy intraduecd dntocstage 4dliofthe fimstr ef | uxes
wi t hout dléiﬂﬁ%ﬁ'cbhﬁﬁﬁ‘ht s?eﬁg@ranﬁiee?waeaeeé CNA FRISiekda's 27 €

(I;h:_la_/r %ggglr 'ﬁgg éi'om a secox}go dlsn{lanon column containing 604 1b/hr PFC- b, <0.015

azeot ropi ¢ bedbths EFGY, 2.91ibhir HRC-LBer487 lbﬂxlmmscihtrﬁdﬂd:dmlthelﬂr!'FtHQ

poi nt, as ,5oMaAARtilh 0 e_same

corrponent s A r%%?‘léﬁgg"%“i F gat@%tﬂéo%?ii aggfaé?giaﬁgﬁrgggolu@q he

maxi mum or m ﬁpﬂ@ﬂﬁsmﬂﬂﬁé%wraé 2647 psiavand theefirst colugin/basetprassareB ur e

- when plotted psikighet)CThefirse tolunttt!isloprhted at R0/ PReflux rhfio. The column By
"azeot rope- | i sition,s const ant 4 or

substantial |y F&l(@fegﬁge ﬁoYalrﬁeFlgfo ‘Hetquéavé’o‘?ﬁzﬁﬂ?tél ?bri/\g’gfﬁd tadhe

subs: ancesgt anldnuhmsowedmsthegioéumnbhstdtme . THdistiatettempbrataetieti ze an

azeot r ope-ki g}@?l YeToT o c

evaporatlgn 027% tl Iéathl?d;n CSB ?ﬁﬁ f’fﬁ%‘?/c na D{uﬁ’%gét g%t&%r%gcgh@esane 15

conposi ti ons EESWIRO m&m%ﬂlﬁpﬁm%$mw¢iﬂ'\fﬁbkel\?aporat ed or distilled, e.g.

the adm xture distills/refluxes WI t hout substantial conpositional change.

An azeotrope-|i ke conposi n,53%. al so.be characterized by the area,

which is shown by plotti t given tenperature as a

“function of IRefhixd ppm@RG-dBtppm HFG@G&l3 |L<b/hnzll’56eﬂt6 %PIFIGBII@XI mum or
0 %onpom tion
osi-tion is

m ni mum vaggor 20 !
is azeotrope-like, i arter g Weght - 6 0

removed such as by edBpor at i®H or boi$93%] 899, the cﬂﬁhée bet ween
the original conposition and the conposition

The 99.5% PFC-116 recovery is calculated as the percent of
total PFC-116 in the column (feed stock plus recycle) which is recovered in
25 the distillate. In the first column the majority of the hexafluoroethane exits
in the column distillate stream as an azeotropic or azeotrope-like
composition with HCI along with a portion of the HFC-23; the remaining
HCIl, HFC-23 and the CFC-13 leave in the first column bottoms. On an
HFC-23 basis, 0.5 Ib/hr of HFC-23 enters the first column as the feed stock
30 and an additional 9.9 lb/hr with the recycle stream. Leaving the column,
0.5 Ib/hr of HFC-23 is in the bottoms stream and 9.9 1b/hr of HFC-23 is in
the distillate. By increasing the total HFC-23 content in the first column,
the relative volatility of HFC-23 is such that all the HFC-23 entering the
first column as a feedstock is forced to the bottom of the first column and
35 removed in the bottom stream. The remainder of the HFC-23 exits the first
- column via the distillate, but is recycled back to this first column by way of
the decanter and second column the overall system as detailed below.
The HCl-hexafluoroethane azeotropic or azeotrope-like
composition is then cooled to -55 degrees C and fed to a decanter for ph~
40 separation. The results of the decantation step are given below in the "
13:
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remaining is | ess than about 6% and normally | ess than about 3%relative to

25 the original conposition. . By "effective" anmount is
i nt endewotsgropEier to the anount of each conponent @CTIUSSSAmssNtive
conposi tions which, when conbi ned, results in the formation of an
azeotropi c or azeotrope-like conpositioﬁl‘Thls definition includes

t he anpbunt,s of each conponent, ' y 30 vary dependi ng on
the pressdre applied to_the conp azeotropic

or azeotrope-|ike conpo%‘?’?%r%or%o?ﬁtnue Itlgl'&t‘f‘lt?h%ﬁe thé’ﬁﬂ'ﬂi@&ﬂl Phase
pressures, but w th posSbluntn DistiiRtent bPidm MDicAment s. Ei'drﬁ@édéﬁtei\munt

per cent ages, pdicE ‘TSR IR 15 SR RUTER! TBRES Sirfin fbem,

i nvention whiB@l form 35 48Zeotropi c or3Hkeotrope-1ike lﬂarrp05| tions at

t enper at upes _qr3essures ath el thpgy descri bed hgpgn. Therefore,
i ncl uded 1'n L.nvention Zé?g azeotropic . or azeo%rope i ke
conposi tions @t i ng ess ially of ef fla@tive anmounts of at

| east one of PEE-11616 andié®®, of PFC- 11birnd at | east 989 fl uori nated
nol ecul e, of HF and at | east one fluorinated nolecule, of HCl and at |east
40 one fluorinated nol ecul e such that after about 50 weight percent of an
ori gi nal corrp05| tion i Thedebrishahase, whichdarms in the uppetitegiomof theai ni ng

gagg%siTUT 8", SEET ha@gauﬁeawa%\&/%qegﬁhahrtalth&ﬂm%mmﬂn and the
PCT/ US95/ 11053 (R 'l%n) hexaﬂuoroethane-néx %hase which forms in thg,bottom 5
remai ni ng conpgisntdfdhe decanyer| isathen fed tow secondatistiitation diftuandvitdesdal |y no

more than abgyt ?réﬂ/ezﬁrsdﬁ wiftEtrt fe¥&’ a %la&{] f02 FI*hQ's@?éncf&gH Q§l ddnQBnser

It is possible er|z

admi xt ure whiPEeSSHES/1S86hatad24, 7 ki, Meggnééelumwﬁg ab@ﬁeﬂwerauo

20 of 3/1. The distillate temperature is -20 degrees C and the bottom column
temperature is 7.5 degrees C. In this second column, the purified
hexafluoroethane leaves the bottom of the column, and the recycle stream to
the first column leaves in the overhead. The results of this distillation are
shown in Table 14. In this Example, the bottoms/feed ratio is the ratio of

25  the moles of PFC-116 exiting the column in the column bottoms to the
moles of PFC-116 being fed to the column.

Table 14 (Second Column)
Ppm PRI ppm Lb/hr
30 DBott/Feed Reflux CFC-13  HEC-23 HCI PFC-116 % PFC-116
0.5 3 <0.01 <0.01 <0.01 494 50

The bottoms stream from this second column is the product
35 PFC-116, which may then be sent on to further purification if desired. The
~ PFC-116 recovery in the second column is 50% because the remaining
approximately 50% of the PFC-116 is recycled to the first column. The
overall recovery for the system (first column, decanter, second column) is
however 99.0 %. This Example shows that substantially pure PFC-116 can
40 be obtained at a high rate of recovery by using azeotropic distillation. The
. product PFC-116 obtained from the bottoms of the second column from this
overall system is substantially free of both halocarbons and HCl. This
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conditions chosen, by several criteria: 10 * The
conposition can be defined as an azeotrope of PFC-1 16 ("A") and
HCl (" B'woeemez7ri PFC- 116 ("C') and a Fluorinated Hal ocar boRCT/US95/11058" D" )
or of HF ("E")and a Fl uorinated Hal ocargfn ("F"), or of HO("G")

and -a Fl uori nated Hal ocarbon ("H') anong“others, because the term

“azeotrop es
 effecti Ve% %ﬂplggﬁquﬂﬁtr{hgo -Je’ﬁ'n Sgngﬂgﬁ;&eéa EFE) Y)f% E;é fs ﬁ@gisr

conposi ti on dgreater than 993 /%Bfghikﬁahaﬂfréq{l@éﬂﬁ‘&h‘t(’ } eompoReHOsi ti on.
* It is well d@m@wmﬁgse skilled in the art, that, at different -
pressures, the conposition of a given azeotrope wll vary at least to a

degree, and changes in pressure will_also change, at |east to some degree',
20 the boiling point terrperature Thuampled azeot rope of PFCG-1 16 ("A') and

HCI ("B") ,j00r PFC-1 16 (In¢hik Badthrle,the Qi £Of CRCOFDERGHEC D3)are o Of HF

("E") an aFIuorlnted Hal.ocar bon 0 and a
Fl uori nat ed HBSTS R tmes1p cammgl%{lﬁ%lﬁémpé % @hé%cqijﬂ?%getype of
rel ati onshi p dsséntiailylthesame. Theeesulsiofthisi Exanpie abe listedbdtowin Tabjesr at ur e
25 and/ or prl%s'?gragp 'l}herefore conpositional ranges, rather than fixed

t

conposi tions, en used to define azeotropes. *
The conposition can be defined as a partlcul ar wei ght per cent

rel ationsfgi p or nole percent I efrabj it @olinmy 1 16 ("A") and HC
("B"), or PFC 116 ('.Cu .and a

'-a rb ) o 30
("E") and a Fluori ﬁﬂéﬁ@%@w

Fl uori nat ed Hal ocar bRatio" I—In)Qmmnmouhﬂx::hﬂd |_in Overhgad~i rideddvaty such ‘

speci fic val ues poi nt gut on ne part ar rel at ship an hat in
actuality, a series o such b)gggtlonshljp@'dbpresent é39%y A B (grtSC Dor EF

or G H actually exist for a g| ven azeotrope varied by the
i nf | uenceygof 35 -pressure. * An azeotrope of PFC—l

16 ("A") and KiCl [ PECs ; S fl& )ﬂ Hg \2§|F| uﬁrlllgﬁt

Halocarbon(gmm on ("F"),

or of HC ("@€land a F48fri nat ed 301 Hal ocarboh83"H') anong ot hers,

can be characg Bed by gepining the  4gpjconpositigngias an azeotrope
Kl

characterize boilip p0|nt at a giyven ssure, thus given
I denti fying eri st3€§ W t hout undu?r limting 5‘572 scope of

t he i nvenisi orPEQ-1a6spet098.8 nuneri cal mmpom tion, 98806h is limted

The top stream is recycled back to the first distillation
column, and the bottoms stream fed to the second distillation column as in

Example 3.
» .
Table 17 (Second Column)
PR Ppm PRM Lb/hr -
Bott./Feed Reflux CFC-13 HEC-23  HCI PEC-116 %PEC-’
- Ratio Ratio inBottoms inBottoms m.Bommsm_&mgms&e_c_o.v
35 - 05 3 <001 <0.01 <0.01 494

The distillate stream from the second column is recycle
to the first column as in Example 3.
This Example demonstrates that PFC-116/HCI aze
40 distillation can be used for purifying a PFC-116 feedstock or f
has ten times the amount of CFC-13 and HFC-23 as Examp!
Comparative Example 2. The product PFC-116 obtained *
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PCT/ US95/ 11053 - 25 - 5 by and
iIs only wfodeg@efite as the anal ytical equi pment avail abl e. perusesriioss

The azeotrope or azeotrope-like conpositigns of the present

I nvention may be forned by operating a tdAventional distillation appar at us,
when practigin he | nventlve distid |l ari Lol L #U

ef fective aﬁouﬂqéegféw&é%%ngtﬂgﬁ?@s@ye aﬁysﬁ%@gg?u&'. “rtr@p?l’o%dégl) ‘#c‘%‘ﬁ& ng 10
m xi ng, conbi nhalgearhersapdokidr The overall recovery of PFC-11Rds 89 &pcdhis=C- 1 16,

HCl, and HF Caﬂxﬁgpwshbws%t the invenSiofiltah 6@ &/ PPC- 1 Ieproddetthhyisoy usi ng

br ocess. tnat cORRET LA 35,0 15 % RECs116 balle e IfFeiah( Se Al BmBopeaitc. | o

conposi ti ons véantdinedwithinvent i onal 15 distillation colum. For exanple,
the conven{4 onal distillation colum can be operated at a '
tenperature and pressure that causes an azeotropic or -azeotrope-like .
conposition, which contains a desirabl und, to form t her eby

per m.ht ti n? renoval of tha t}iﬁmﬁlbpﬁze_oﬁfo@iq distiHatiorpisnised ¢5 pufiffipHCL 4 und
20 condi ti onsd el lf s# siaddS, Hudiceed il BRI TBARGLCCI T O 0 e
formed with ananhydeoustiChH&0dbMriafhexafiuotoethane (PECrI 1), @5rpawiofi on i s
gggg;/regpgy}sﬂéémg}&ggﬁ?bon as OI%CaHiF?:?,”argﬁcy 5 %Bﬁb?%%&??h}ﬂm%i QFC-t he
composi i on wiZd)- e tsed sTeam is iseoshiced Paf stage, 10 dhe dead iidnfspoucsd gt o5
?)ver head pr odugstemperatueeofifdSadegrbesC} withahie odluimn ocli:ndaﬁﬁ‘erlpréﬁuie s&t@‘rt ?]E : \e/ Sl %
|t Poduci ng | ket Beta erp g Shfin AR bty 3 b Righef The el AR, 7 Y
azeot ropi ¢ or heldsonstaat ati3kkwhilesbs icolumn bowemsifeedjrasiods varied) Yhef . f or
20 temperature of the bottoms stream is -21 degrees C; the temperature of the
overhead is -6 to -9 degrees C depending on the bottom/feed ratio. In this
column, substantially pure HCI exits the column bottoms stream and the
HCV/PFC-116 azeotrope leaves in the overhead stream along with the other
impurities (CFC-13 and HFC-23). In a fully integrated system, the feed to
25 this column would be similar in composition to that of the acid-rich phase
from the previously described decanter, and the overhead from this
distillation column would be recycled back to the decanter or the first
distillation column to improve the overall recovery rate of all ingredients.
The results are shown in Table 18 below.

30

Bott./Feed ppm CFC-13 ppm HFC-23 ppm PFC-116 Lb/hr HCI
%HCl | )

Rati B B i B . K

35 0.65 <0.01 <0.01 <0.01 163 65
0.70 <0.01 <0.01 <0.01 175 70
0.75 <0.01 <0.01 <0.01 188 75
0.80 <0.01 0.02 <0.01 200 80
0.85 1894 1618 45354 210 84

40

Table 18 illustrates that the impurities in the product HCl can
be substantially removed by performing a distillation operation under
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exanple, HC/PFC-1 16, PFC- 116/ CFC-13, PFC- 116/ HFC-23 can be 30 «collected
overhead as an overhead product in a distillation colum thereby

| eavi ng wolsssarti al |y pure PFCG-1 16 as a bottons product. PCI/US95/11053

A key aspect of the invention relates to,Jfecovering substantially
pure PFC-116. In many cases. the PFC-171 possesses a purity that

was her et OEng_%gkgB%?ﬁf% Péﬁlﬁgnﬁa%@mgx ég mt&mentawsem py&r

obt ai ni ng east a wel g ercen ba5| s
wher eas conmeths bettomf 96‘??3&19’(5’??’@35311 g@%ﬁ&ﬂ,b W&Qe % pur e,

e.g. ; the :jnStrﬂilé of abeutt0. XﬁlﬂW1ﬂhMﬁt€exﬁ${®Bﬁ&hmo%mt@cﬁFﬁoﬁ the. SUCh a
uri i s desi S 0 Just £ 8
M a ) S OB B s eliatBER D 3h8 A iniBldy a8 Aindhe HQ BRIy O

pl asma 40 etxmraaaesaa en padesitable levgh 'ﬁh@luspuam @oncsnganom icreaseket val ue
of the etqpantyhen the amount 8f HCdnitke disﬁll&tiéﬁ Eatunﬁptseleweﬁhltua: the instant

I nvention provides a hi C1 16 product at sol ves the
probl ens assodFSHSEN fﬂfm the PFC-PREHC] azesirdpit or'dz eaitpes] PFEJTE SHEET (RULE

26) - WO 9gbffpivsitions, e.g., less than about 62 mole percent of HCl. The overall
PCT/ US95/ 11053¢y

commerci al | y g—\II il xiecgyeryr_gﬁté thz_;L  gan be achieved by using the procﬁses o%ﬂnow ng
Exanpl es are pR¥SAtioRdn@s integrated systemei-eanvith recycle ofdhe everhspd sueatpf esent

i nvent i on;jsbutwdifld beingat 100%. scope of the appended clainms. Parts per
mllion (ppm are by weight based upon only the fl uorocarbons -
present, and do not include the weights of any acids present 10 in the
cal cul ation unl ess ot herw se i ndCompatativehExdmpleadvi ng Exanpl es

enpl oy the NRTL interac 'y ig d1§tilfﬂw?ﬁ9‘(ﬁed tdob fol |l ow ng ‘
S e e O
20 havmg 62 stages. The feed stream contains 1900 Ib/hr of anhydrous HF and
690 1b/hr of hexafluoroethane (PFC-116) . The feed stream is introduced
onto stage 25. The feed is introduced at a temperature of -25 degrees C,
with the column condenser pressure set at 164.7 psia and the column base
pressure 3 psi higher. The reflux ratio is held constant at 2/1 while the
25 column distillate/feed ratio is varied. The temperature of the bottoms
stream is 104 degrees C; the temperature of the overhead is -17 to -18
degrees C depending on the distillate/feed ratio. In this Example the
distillate/feed ratio refers to the ratio of the total moles of all species being
removed in the distillate to the moles of PFC-116 in the feed to the column.
30 In this column, the substantially pure HF exits in the column bottoms
stream and the HF/PFC-116 azeotropic or azeotrope-like composition exits
in the overhead stream. The results are shown in Table 19 below.

Table 19
35 - Dist/Feed ppmPFC-116 Lb/hr HF Lb/hr PFC-116 Lb/hr
- HF in %HF
Ratio in Bottoms _in Bottoms in Overhead Overhead Recovery
2.0 0.0 1800 690 100 94.7
1.5 0.0 1850 690 50 97.4
40 125 0.0 1875 690 25 08.7

1.1 0.0 1890 690 10 99.5

This Example shows that the HF/PFC-116 azeotropic or
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efficiency. The follow ng Exanpl es conpare the application of .
conventional distillation methods with the processes of this invention for
15 variW09M93% ures of PFC-1 16 with other fluorocarbon | REGUSOFELS3 | n al |
exanpl es, the nunbering of separation stgges is based on the convention
that the condenser is counted as stage nunber 1. For purposes of

conpari sons a #28étropsslike cympbsitionshavenk kelatively WREICvAlhGilicoii compagsoh Ppm

g(alme)lsz of | MRYHF thePéby Q%ﬁn%@ﬁﬁ?tﬁn@ﬁlfal@%g he PF(?OI 16 tgxbe removed from

In this Exanplthe HFoa8amazegtrape gomposition; drhis ﬁrqsrséﬁ qrmsmeahwd Wit h
62 stages for speamfthanepmsisteesdentisl B‘gﬁﬁf PPO! HiMHPFInfiR®re. bihérdet to 25

13" (. nontnateurt B PECFATe 2. SO GlRHABATCuced

onto stagd025 willhwatesed i s introduced at a tenperature of-25 degrees C,
with the colum condenser pressure set at 124.7 psia and the colum base

pressure 3 psi higher. The colu distillate/feed ratio is varied to get
t he 30 specified product rec lux ratio is varied to
appr oxi mat el y minithls Ecample,fdzaotroplbhﬁstdlamas fusedito purifyf PRCppm of

chlorotrifl uorgwo re rew '}ﬁ]wgcﬁfﬁM1@%i§}H€e ﬁ%@egl l e the

distillatel/fee es of all

speci es bdSng coRtARSH WWW@NU%HE ($ snalps) and 13, 112 eéheef of PFC- 116
being fed to thegafigéresthand hchotmr@s DRITEH! AHE fRed Streifl is intdotluce@or ees C

HHACR U MRS U S A ey
chl or ot ri f | uomdtiethecsolumndondensen preskuretsekatf 1647 psiatemdethe eolumn bagehe
colum di sti | lnpdRure¥ Bsi'fightr STHY IR Mo idheidofistAnCE M while the
20 column distillate/feed ratio is varied. The temperature of the overhead
stream is -17.7 degrees C; the temperature of the bottoms is -16.4 to -16.9 -
degrees C depending on the distillate/feed ratio. In this column, the goal is
to take the HF/PFC-116 azeotrope overhead and recover a purified PFC-116
in the bottoms stream. In this Example, the distillate-to-feed ratio refers to
25 the ratio of total moles of all species being removed in the distillate to the
moles of HF in the feed to the column. ' The results are shown in Table 20

below.
Table 20
30 Dist/Feed ppmHFEin Lb[hLBEC.J.lﬁLbLhLBEQ.Ll.QI&ZhL.HE ALBECLJLL&
Ratio Bottoms o inBottoms  in Overhead
Overhead Emrx
5 3683 10,094 - 3018 63 77.0
4 4640 10,698 2414 50 81.6
35 3 5493 11,301 1811 38 86.2
- 2 6258 11,905 1207 25 90.8
1 6948 12,508 604 13 95.4

This Example shows a low d_egx"ee of purification when
40 operating the distillation column under these conditions because the
volatility of the HF/PFC-116 azeotrope is similar to PFC-116.
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SUBSTI TUTE SHEET (RULE 26) WD 96/ 09271

PCT/ US95/ 11053 - - 27 -

Tabl e 9 wo 96/09271 Di st/ Feed Reflux ppm CFC-13  Lb/ IrCYP6$9shiéss %
PFC- 116 Ratio Rati 036i n Bottons in Bottons
Recovery ' 0.10 1707 1.0 451 90
0. 05 40 1.0 476 Ezmmplga 10 0. 02
1520 1.%0 : 491 Convent i onal

. 98 e e ent e s
distillation can recoverlndBisfExampleopzeotopig-distillation is used tp sepagater ced whil e
pr0duci'Pg a preEpd 6vrdm mnirthrelwithrHP by GdgingHO! to the m_ixtuﬁé.n.go@lmfxl ux |
rati o of over t . . [ g | rel ative
| ar ge equi pmen‘&ﬂg%g %ﬁg{éﬁéﬁo‘&uégﬁ y ‘ﬁ‘g‘hhﬁ‘e‘é%jé]‘g%s%c%% Tlrxlel?eed Y
energy |oad. Tyeam:eontaing 1896 ilbiheof anhydrons HFH(SOimeles), 6,904 lhlgl' oEcause an
e 13, har e A B T o0 pever
this Exanple i ‘F‘Pf?éﬁ'ril’%?e%i?%%&‘&?ﬂc?éﬁttFﬁ‘PFWWfOfICEE-dfgr%gﬁ’ﬁng@mced’
20 from a fi rcdlumn dondenser presserecsetpt 1 64.7 psigFandithe columBasd fressuresS ng
azeotropi c di std: |.ORs hi rative
E>Z<arrpl ep|2 | S]thﬁ@ie& The r.eﬂ.ux f?]“‘% ﬁihse]ggrr]rspt?%t,at%lnygltei%ﬁg Istil : \z;t lon is
used in a col uditillatpeed ratio is adiustesto respver i9.9%s ofghe PFEed 16 ovethead. |
C(r)”nt ai tni _n]g}ﬁoold tthid Exdifhiple éht::L gjstm%ﬁlfded%gstﬂém@gd HECi'ah %iotlﬁ"_)the fotal l’nbldgf of
chlorotrifl uorggthane. - 13 - r ' met hane
(HECL23) (a"nofh AILAPREiSh Hetng thmoypdn the Wiscafefondmdles bEPFCIRIEREA17CF o
i s introduced HO dnshefred16 thd helumredThe temperature of thedovertiead steeaneisper at ur e
of - 25 degrees 4 6 iehfhk 12 i} E8PBR boncifls iR dedeE. ek 7 PSi 2

and the col um RQase®pressur SI . . colum |
di'sti| | at el feceplumm the goal ig todake i Elﬁ‘rf&-é&genmsmpﬁmtr%mw,
20 composition overhead and leave the pure HF and remaining HCl in the

bottoms stream. The results are shown in Table 21 below.

Table 21
25 Overhead inOverhead in Overhead  in Bottoms Recovery
0.0 2960 6894 6.9 99.9 '

In contrast to comparative Examples 3 and 4, where HF and

PFC-116 were virtually inseparable, this Example shows how the separation

30 of HF and PFC-116 may be effected by forming an HCI/PFC-116
azeotropic or azeotrope-like composition. Best results are obtained when
the quantity of HCl is sufficient to form the azeotrapic or azeotrope-like
composition. The HCI/HF mixture in the bottoms stream can be separated
by distillation. If the amount of HCI is minimized, the HF can be recycled

35  to a PFC-116 manufacturing process, i.e., a relatively small amount of HC1 |
will not interfere with the PFC-116 reaction. The HCI/PFC-116 azeotropic
or azeotrope-like composition is readily separable into its individual
components by the previously described decantation and distillation '
Pprocesses.
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and the reflux ratio is varied to neet the hexafl uoroethane specification
of 1 ppm of CFC-13 plus HFC-23 in the columm bottons. In this

Exanpl e W 86/09271 distillate/feed ratio refers to the:ratPormwkedivass ot al
mal es of all species being 35 rem)veds;n the distillate to the noles of
PFC- 116 in the feed to the colum.- B The bottons tenperature is -19
degrees C @nd the distillate tenpghahii:e aries from-21 to -25
degrees C dependi ng on i{&%&dﬁsti at t T0..and | reflux ratio.
The hexaf | uor oet hane pr Xampiss convantional distillatiemis ysed in a columpol um;
the HFC 23. Cinthl62 stagesofopputifying affeéd stréanabhtsdingts00ne/mreoFve 40 in the

gg} 8g27i“ St hetfuolbénifSPFCE 1365 asd 8. i/t oF R hSoromdBat (HFC-32) S
PCT/ US95/ 1105Bominal concentration of 1000 ppm). The feed stream is introd2éed onto 5

Table 10 10  stage 25PThe fédtERAnired PRnideta ) %F?;% PFC- 116
% PFC-116 8 Rati o nBsRall'E“’i:e(gi a I_n Beg?tt&%trfsp@#: ofct:’o‘hs%%ei n

Bot t ONTE Re ng}gw: condenser pressurgset @t 264.dpsia and thecojumn base presgung3

2&733 pgi higher. The column disiillat@Tékd ratio is viri€d to get the s%&éﬁéd 49
o8 product tdeovery, and t sfluk 2eflo s varied b afprorimptels Tt he,

subst ant i al | yhgtafluoroethane specjfication aftlrppmiof difluarosmethane irethescoiumm i n
Conpar ati ye Eyetegths. Inithis Bx@dinple the distillStele6d F&:ﬂ‘gs%%&%m‘éé BFlme the

Ffici f . Evén though 15 1t d t
el atively | ol BleR SE3 saecits beg Simoypdin the distillale 30 e BOISPE when i n

conbi nati on WPF@-10/6Cir the faed tothecoduimnal Thecidttoms temperatups iaadahe about 1500
to 1 is requig; ' [ R | ess than
about 1 ppm aalgﬂls!) t&t?lgl %@gﬁ-e oF ﬁ@%ﬂ%mﬁé‘eﬁ‘%ﬂ%@wyaﬂé Pr°du°é1l"?§v8§ency of
‘the PFC-116 i&om thebego § column; thesliflueromethane asisksame of thepo

conposi tizns keafluorostihredeawein the Columf divifllatd: CrilSresaié afth: s‘ﬁo’m@ﬁ} and
HFC- 23. Homev.gébéarzﬁlrb%mExarrpl e illustrates how the concentration of HFC

23 can be red YW feedstock or first nixture conprising PFC-1 16
and at |east HFC-23 by using azeotropic distillation.

Jable 22 R
Distillate ______ Bottoms _%PFC-116
25 Dist/Feed Reflux 116 32 Temp 116 32 Temp  Recovery

0.10 13.2 487 050 -1.8 451 1.0 0 903
0.05 288 23.7 050 -29 476 1.0 0 953
0.02 75.6 87 050 -52 491 1.0 0 98.3

30 001 151 37 050 -63 49 1.0 0 99.3

Conventional distillation can recover about 99% of the PFC-
116 in the feed while producing a product with about 1 ppm of HFC-32 by
using a reflux ratio of over 150 to 1. However, such a reflux ratio would
35 require relatively large equipment and an uneconomically high heating and
~ cooling energy load. The recovery efficiency of the PFC-116 is limited
because an azeotropic or azeotrope-like composition is formed between
PFC-116 and HFC-32 that exits the column as the distillate in this
Example. However, this Example illustrates how the concentration of
40 HFC-32 can be reduced from a first or feed mixture comprising PFC-116
and HFC-32 by using azeotropic distillation.
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25 Exanple 1 In this
Exanpl e, azeotropic dlstlllatlon wth HCl is used in a colum with

62 stageswbdsopirii fying a feed stream containing 500 | b/-hr @&fcTrus9esiioss3
hexaf | uor oet hane (PFC-116) and 0.5 | b/ hr %( -chl orotrifluoromethane (CFC

13), the same conposition as Conparativé £xanple 1. To this is added 250

30 | b/ hr gf anhydrous HCQ . The feed £ 4 s i ntroduced onto stage 41.
The eed is introduced_at a oI -30 degrees C, with the
col urm condenser ﬁﬁ@%@-\é’nﬁ& aaﬁomcﬂlﬁé ation1a usedta-saPamAte base

pressﬁre 3 IOS:c PFC-116 ﬂmhmxnﬁbavmormmamb?taddneg HOleodhe aiixaré. SAvar i eddto

get the specifi Ci ari e

t o approxi mat eFSﬂlﬁ%%Wq’h“ef&gg% is urg ﬁ%%getﬁgghﬂé%%uggé X ca{él%%ﬁ%‘f §-Jh.l" pm of
chlorotrifluor &ndtstmamcmtam 500 lb/hroférsmﬂuor@cﬁtanﬂl(BFG-llﬁi {0:§ B/ixefpl e

21 speci nghim‘?éﬁﬁé“ 250 S/B¢ SELTCL, e fBed & iniroduced & a ieiperitue of'3 2, ©1
16 and Ho i SHdeREE G ovidh e Gyliamg CondEnter pPesshth StaLase asin e

;127 degr eezI C aolﬁmﬂlbaiaqircssmreGlpsnhxgl'lercp?hetcoimahstd!;atélfeed ratio isheld21 40
egrees C depe

hexaf | uor oet ha?uéull,ﬁ"lp?od‘bﬁl{léi ;&Q@Qﬁﬁ{léﬁe co‘?a‘f HI{ gx% e st rg@ﬁg&@&%
azeotropic or a&t&)ﬁfﬁp%tqué’aﬁ,@ﬁﬁglﬂ QOinﬁHQkSHfEﬁISPe@RS} giagaemovgd Tl and

WD 96/ 092735 the distillate to the moles of PFC-116 and HCI in the feed to the column.
PCT/ US95/ 11053

- 5
chlorotrifi uor SRELFmReratyreofithe pyerhead stream ds r26,8 degres Fegﬁ? [CPATANES, 5\
in Tabl e 11 belofthe bottoms is -12.0 degrees C. In this column, the goal is tdaike-thel

Di st./Feed Ref k—R’,‘VPC@@ Wgtrow J}&zggﬁ eéel ﬁk&c&&i\?:og’u]ohesoverhéa% and leave

Rati o Rati o
0. 83 12 5 the HFC-32 in the bottoms stream. Thegesults are shown in Table 23 . 88

13. 2 128 below. 475 95

Jable 23
Dis}i]]mg ' Bottoms %

PEC-116
25 - Dist/Feed Reflux 116 HCL 32 16 HCL 32 Recovery

0.95 10 500 231 <01 <01 19 0.5 100
0.95 3 500 231 <01 <.01 19 0.5 100
0.95 1 500 231 <01 <.01 19 0.5 100

In contrast to Comparative Example 5, when HC! is added to
the 32/116 mixture, essentially complete separation of the HFC-32 and
PFC-116 may be effected. The PFC-116/HCI product exiting as the
distillate may be separated by decanting and subsequent azeotropic

35 distillation. The HFC-32/HCI mixture exiting the bottoms may be separated
" by conventional distillation.

Comparative Example 6
, In this Example, conventional distillation is used in a column
40 with 62 stages for purifying a feed stream containing 500 Ib/hr of
hexafluoroethane (PFC-116) and 0.5 Ib/hr of 1,1,1-trifluoroethane (HFC-
143a) (a nominal concentration of 1000 ppm). The feed stream is
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0.91 14.6 1.0 490 98 0.92

16. 4 1.0 495 99 15 The above
Exanpl e whos992Mat PFC- 116 may be recovered wi t-h aRCINgsesiioss| evel
of less than about I ppmof CFC 13 and:% yi el d of 99% by using HC
as an azeotropi ng agent. il - The PFC-116 and azeotroped

the two | oy or AdEEed B sgeds. TREREIFHAGL AR AtMperatle L SRS, & 110
ont 19 B LeCasaroRs Gr Mithah SR GRGnSE: pressure ot AT RS ARG hrmi i ng TG
as an over heacolamrrbasepeessuie3 periighere dT Iddteflux ratio is fixgd ahé théeolummycl ed to
the first diSkis ' : R { of the
second distil {ﬂeslﬁlg{r?yfgg? gﬁ%&@ﬁgﬁo v&glr? ]s&gcff{elﬂ[péw&ct "z’;";°""'5¥rri %hctgl i on
steps requi r e8o3lyta ehtain pmaxipumef PPRh@g\Wﬂl@r?ﬁbé@e incthe BRC-116 in

g he ar t  Ro prodase s thib ExBiripld thedistill stedbediratios réfeRd thetatio of the
eacliditi catl

. . . . e |
Evammi e 1 ;s lemales ofalspeeigs being rmovsd in the distilarete Shf RIS B0 o 3
| b/ hr each ngFCFtMZin ee @ tinscalumnh €Tl bottarns temeparawirs tanddhe f
PFC-1 16 . . rat e e
previ ous E)r:a ﬂ?gﬂﬁt%et?? E}t thatﬁré?ﬁgﬁ%ﬁ'u\ﬁkq%%hﬂ%%Fggﬁg 6@#“?—%&?25
to the bottoneRB&IP o %Wmtlaq?{%%ﬂ?m@%ﬁndme@aﬂ@ -13. The

over head ps odhexaffdiofoethsne leavé irstheasviurnabotionss. OTHe/reSultdark shownsiach of
35 HCFC- 22 a’i‘&[@':ﬁ'ﬂﬁéwal ong with the previously reported amount of CFC

13. Exanpl e 3 _
In this Exanple, azeotropic distillation with HCl is used in a 40 first
colum with 62 stages for purifying a tream cont ai ni ng 500 | b/ hr

T2y “and 05 Lbinr of 11111 wbromethed SHIRE. 53} vhi AR cHHELIE {he
20 Dist/Feed Reflux 116 143a Temp 116 143a Temp Recovery

0.98 100 490 551 -455 10 0.23 -44.2 98.0

0.90 100 450 346 -455 50 034 -443 90.0

0.50 100 250 187 455 250 045 443 50.0

25 0.10 - 100 50 264 -45.5 450 049 -443 10.0

0.02 100 10 336 455 490 050 -443 20

At these column pressures and temperatures, conventional
distillation cannot produce the desired 100 ppm HFC-143a in the product
30 PFC-116 at a reflux ratio of 100:1 because of the vapor-liquid equilibrium
tangent pinch which exists between PFC-116 and HFC-143a. Moreover,
column operation to obtain the separation requires extremely cold
temperatures and high reflux ratios, the combination of which are
extremely expensive to provide. ‘
35
Example 8
In this Example, azeotropic distillation is used to separate
PFC-116 from a mixture with HFC-143a by adding HCl to the mixture. A
_ - column with 42 stages is used with the feed introduced onto stage 28. The
40 feed stream contains 500 Ib/hr of hexafluoroethane (PFC-116), 0.5 Ib/hr of
- HFC-143a, and 250 Ib/hr of HCI. The feed is introduced at a temperature of
-30 degrees C, with the column condenser pressure set at 264.7 psia and the

SUBSTITUTE SHEET (RULE 26)



WD 96/ 09271 : .

PCT/ US95/ 11053 - 30 - 5
conposi tW@AR6BN27Conpar ati ve Exanple 2. plus an added 250 | bPRT/USHS/11053
-anhydrous HCI. The feed streamis |ntrod§§ed onto stage 41 of the first
distillation colum at a tenperature of degrees C. A recycl e stream

froma secend Fhihh |bh§ép&§ 9'3%§'I'hi3ﬁi&arﬂhbn€o ﬁ% &Eﬁﬁiteﬁg&‘ii‘a :l Fst

| b/ hr CFC- 13, 7.1 b/ hr, HCI t

10 rd| still atqowaBBWEHﬁ%ﬁﬁ%@ﬁmﬁ%f V?Fdé%r ?E Eh%n&qe?g g’é first
col um - ratiodefersto thegstio of thestataltmales 264l Apeeiea baing nekrmvfedrmt col um
base pr essure fgf.d‘s“uf“e tBSthe mcﬂgseng?be lfd éﬁmllﬁl% fédqﬁﬂg%le?l""g a 10/1

reflux ratio. ate I1s vari e T 99.5 % of

the total PFCHhetemperaturs qfithe overhead égr:%mns r%6 Balegrres g the tempergtire m
distillateao The thé bbttdrheis-12cIeseesOe Inhis coldxﬁn the giﬁgise:@&aﬁé ged the

3?;% ?m gf : (L)”r:n ﬁg@ﬁgw %e?g'gpglclrd;z%oﬁope- (4 composmon overﬁea& antf Ieave Tabl e
12 (First Col ¢heHFC-143a in the bottonfestream.phe CROItS arpsowir (h Tablel@hr PFC- 116

% PFC- 116  2Qyelow. Ratio in Overhead in Overhead in Overhead
Recovery 10 0.14 8927 1099

99.5 - The 99.5% PFC-116 recovery is calculated as the
percent of1s t ot al PFC—l 16 in tHEghleRdMm (feed stock plus recycl e)

which is recovered in t he di Stlgkﬂlﬁl In t he f'@@ﬁ ﬁglu e
maj ority of the hexafl uoroet u?:? .%&@

stream as an W Rﬁﬂl-lx rﬂC.LLke.l&la 116 conplCli 1 i d43ai t Réd@verst ong

V\nthaportlongﬂ‘%d MH&“H%GIW@:
CFC-13 leave in e fir coI s ”% an - asl s
| b/ hr of HFC 23 '? ters 'jhe f| ?égm <§ he<'péed s’t%ck andozgn

addi ti onal209. 9 085hr wi Bh the500,=cycl2615t|<de €.6dvi ngl2 he c@.sim, 100 :
0.5 I b/hr of HFg923 is ifn thegfptto str 99 / hr fHFC- s in
the distillate. G y | ncrela5| ng5 eto él 3?23 c%nten*é)l n t(r?e fi rstzl% ol umm,
the relative volatility of HFC-23 is such that all the HFC 23 entering the

; 13 rst col ugﬂ as a f eedsmebnmtﬁomﬂpmtlvaaém le?m Wher FICIfi§ baded®) ULm and
frrst e ! g 0aai0) 6 SRt @Rt SRR Eoption Wahp SHC AR ARY 1/ 1 st
col um by 2say RHC-116 may b¢effected, and maamltnast:torﬂompammetﬂmmple Gathlis #syst em
as detailed bgieymplished with both higher temperature and lower reflux ratio
' operation. The PFC-116/HCI product exiting as the distillate may be
separated by decanting and subsequent azeotropic distillation. The HFC-
143a/HCI mixture exiting the bottoms may be separated by convennonal
30 distillation.

-

Comparative Example 7
In this Example, conventional distillation is used in a column
with 62 stages for purifying a feed stream containing 500 Ib/hr of
35 hexafluoroethane (PFC-116) and 0.5 1b/hr of 1,1-difluoroethane (HFC-

- 152a) (a nominal concentration of 1000 ppm). The feed stream is
introduced onto stage 25. The feed is introduced at a temperature of -15
degrees C, with the column condenser pressure set at 64.7 psia and the
column base pressure 3 psi higher. The reflux ratio is fixed and the column

40 distillate/feed ratio is varied to get the specified product recovery, with the
goal to obtain a maximum of 100 ppm of HFC-152a in the PFC-116
product. In this Example the distillate/feed ratio refers to the ratio of the
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The HCI - hexaf | uor oet hane azeotropic or azeotrope-like conposition is

then cooled to -55 degrees C and fed to a decanter for pha 40 separation. -

The r esutigseemd21ihe decant ati on step are given bel ow i n the PCTUS95/11653

WQ 96/ 09271

PCT/ US95/ 11053 -4 - - 31 - 5

Tabl e 13 (DRec Rl ch Phase
PEC-1 16 Qe qgﬁgg%oles of all species being remov%) nelﬂ@dgtﬁ{&{ d t?& molEf’ o

Decant er Frﬂﬁﬁ-@ééa&ﬁttbﬁ feed to the colymame dthe bottgms te@paTatyns/ ﬁﬂq thPop Stream

(Lb/ hr) Bott orgistili4té fenk dili'é are as showrCl The hexaﬂuoroethad&ﬁroduct leaves

' §(1)001 Heqm she }op of the column,gt;ig trifluoroethane and sgr%. of the <0.0 513 9
PFC- 116 hexafla6roethane leave in the calbinn bottoms. The results@g®shown in

The HCI -ri gh PRdiE26 BRiow forms in the upper region of the 15 decanter,
IS returne |narecycestreamtotheflrst col um. -
The hexaf |l uor oet hane-rich phase, which fornms in the bottom regi on of
the decanter, is then fed to a second Pableidél ati on col um with 52
t heoretical stages with the feed at s@gggli The sec | u ser
pressure Is set at 324.7 psi Iuwrsﬁﬂg@g‘dw

16 egr

ratio 20 ofw&ﬂﬂxﬂlﬁl at elﬁZ&peImnre

bottom colgm Ratio t b | Bprh O E%sughf
the purified II uor oet ha eav he of t coI u
the recycle st r 38 o ‘{é)%e fit jé ves t he \}er hezTé7 ﬁ

results of thisQdostil IIGOI ond42 e 1065 sHs5wn i r51Tab0.6214 -#4.3t hi s BBl e,
t he bottons/fee tio t ati He o 1 16499 ting
. ﬁsroa 108 [‘? 49 ?3?% 455 *28[165 PFCE§§

the colum in t e colunn botTons t 16 beln T ed
to the colum. 0.1 50 1339 455 T4ibe Q4 (Sectfd Col utR)

20 0.02 100 10 1271 455 490 049  -443 2.0

At these column pressures and temperatures, conventional
distillation cannot produce the desired 100 ppm HFC-152a in the product
PFC-116 at a reflux ratio of 100:1 because of the vapor-liquid equilibrium

25 tangent pinch which exists between PFC-116 and HFC-152a. Moreover,
column operation to obtain the separation requires extremely cold
temperatures and high reflux ratios, the combination of which are
extremely expensive to provide.

3 Example 9 |
' In this Example, azeotropic distillation is used to separate
PFC-116 from a mixture with HFC-152a by adding HCI to the mixture. A
column with 42 stages is used with the feed introduced onto stage 28. The
: feed stream contains 500 Ib/hr of hexafluoroethane (PFC-116), 0.5 Ib/hr of
35 HFC-152a, and 250 lb/hr of HCl. The feed is introduced at a temperature of
430 degrees C, with the column condenser pressure set at-264.7 psia and the
column base pressure 3 psi higher. The column distillate/feed ratio is held
constant while the reflux ratio is varied. In this Example the distillate/feed
ratio refers to the ratio of the total moles of all species being removed in
40 the distillate to the moles of PFC-116 and HCl in the feed to the column.
The temperature of the overhead stream is -26.8 degrees C; the temperature
of the bottoms is -11.9 degrees C. In this column, the goal is to take the
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ppm ppm ppm Lb/ hr 30 Bott/Feed Refl ux CFC- 13

HFC- 23 HCl PFC- 116 % PFC- 116 Ratio Ratio in

Bot t ons wan9dd®etons i n Bottons i nBottons Recovery : POT/US95/11053 3
<0.01 <0.01 <0.01 494 50 The
bottoms streamfromthis second col um |3 the product 35 PFC-1 16, which
may t hen R tﬁ?@- PFC-1 16
recovery ﬁ t ed’if@ ?ﬁ:&ﬂf ¢I:§H£é%%9 e éJme rté?é??;?%?d and leave

appr oxi mat el ysdIEGrl ;ﬁﬁtﬁ“f’ §"F%‘By d'ef 15,478 spepain dabled? The

overal |l recoveglgw{or the system (first coI um, decanter, second colum) is
“however 99.0 % This Exanpl e shows that substant lally pure PFC- 116 can 40
be obtained at a high rate of recover% b% usi ng azeotropic distillation.

The product PFC-1 16 obt ai ned e bottonms of the second col um
fromthisjyg overal | syst em s smhsilgiéi al |y fre®opfoniiot RelpRE@Qagbons

and HCl . Thi 9 -

Ao Usos/ 11ocmistFeal RS ITE  HCL 1522 116 HCl 4,152 5 Regqueny,
show t hat the Ratienti ®atioan Ib/hduckbhrPegmi 16 Lwhmugpht hatLbAr  Distillate
greater than 99 ¢P9 wjg¥ PFCshol6 beged on t he gyei ghygof aldscorrpo:g
contai ned within le 4 0

Exa e
In this Exanpl @95 he amount s380 cFE33 <y HF&QI3 ar d9 &Bi ncre d ten

times in gonpa.9Hn tad Exanpls@)3. Q@Ilex.@ondi kKigins ang 0.5 essertogal |y

the sane. The results of this Exanple are listed below in Tabl es 15,

16 and 17. 15 Table 15 (First Col um)

Ref | ux ppm CFC- 13 ppm HagorgastioHcomparative Exapmde 71 svhen HCl is addedto  Rati o ‘

6”60/“ head thg 1998/1NGaHixnire, E34eAHAM comBREE ¥&patation of the HFC-152a andl0
9 13198 01916 may be effecte% without expegm?/e low temperature and high
20 reflux operation. The PFC-116/HCI product exiting as the distillate may be
separated by decanting and subsequent azeotropic distillation. The HFC-
152a/HCl mixture exiting the bottoms may be separated by conventional
distillation.

25 _ | Example 10
| This Example demonstrates the existence of azeotropic or
azeotrope-like compositions between the binary pair mixtures consisting
essentially of HCI and PFC-116; HCI and CFC-13; HCI and HFC-23; HCl
and CFC-115; HF and PFC-116; PFC-116 and CFC-13; PFC-116 and HFC-.
30 23; PFC-116 and HFC-32; HF and CFC-115; HF and CFC-114; HF and
CFC-114a; HF and CFC-113; HF andCFC-113a; HF and HFC-125; CFC-
13 and HF; HF and HCFC-22; HF and HFC-143a. To determine the
relative volatility of each binary pair, the so-called PTx Method was used.
In this procedure, for each binary pair, the total absolute pressure in a PTx
35  cell of known volume was measured at a constant temperature for various
- known binary compositions. These measurements were then reduced to
equilibrium vapor and liquid compositions using the NRTL equation.
Samples of selected vapor and liquid sets were obtained and analyzed to
verify their respective compositions.
40 The vapor pressure measured versus the composition in the
PTx cell for the HCI and PFC-116; HCI and CFC-13; HCl and HFC-23;
HCl and CFC-115; HF and PFC-116; PFC-116 and CFC-13; PFC-116 and
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20 Tabl e 16 (Decanter) Conmponent Feed

Stream Lb/ hr Top Stream Lb/ hr Bottom Stream Lb/ hr HCl 486
301 WO 96/09271 185 CFC- 13 <0.01 : PET/U595/11053
<0.01 HFC- 23 34. 1 - 43 - 3.4 30.7 25
PFC- 116 1098. 8 109.9 988. 9

Thg E ﬁp Et ?fam@-mwd{em thm%@I}tczxslzmemaln(rjld_scF_ctLmts;!Hlatah@ltch-l 14; H¥ol umm,
an e bottons [ Q | QREQ i

Exanpl & 3. Tha CFEATUh A R GOV ME Sid E:}'QD?L&%;H]E‘ and JECA25, )

ppm pp@FC-13 and gy HF and HCEO22; HF and HIC+/43esystRats are slieen 13
gFtCt 23 HCBJ tm Figures 2 throIBEE:‘Zb,lﬁzs ez%fgspelfﬁ"il'?he ezyetirré%ntaﬁd’%th goints B g In.
<8. Ogm; ‘N <8_s gWh in gaagi‘g%rngaé Qolgggoi(ljlrtrsson edch Figure and the cupye isdapm | ot e

stream fram t lfirons datarcalaulatedwsing theYRTE equation. to the first colum as in
Exanpl e 3. _ : ' . 116/ HCI
aze 40 distjillation (l:{aerf;erglggun:sggi('ij E@B%)rbi %ﬁ%ﬁzf‘@@qﬁw@‘é’@gﬁ or r
has ten ti mes femeationefan azeotropiciandazeomope dikegompesition consistingConpar at i ve

Exanpl e 2. Thessehtidllg of BFCHahdIPFOIE 4t290.56 deg\l) £6n8R4tH by a mixture
PCT/ US95/ 11053

second col urm of PR3- "&}Er‘y&ﬁc‘?gf’é’t%’n{’ F%°‘§%§’F&h#9|“?¥iﬂéf Ehéﬁheﬁgt h
hal ocar boris aptessiite. oven theoramgelaf compositions at thits @mpératre Paded uons
SXATPLE hone s, R sSRIEPtR B Boifop kL |

compositions of about 60.5 mole % HCI and 39.5 mole % PFC-116 is

formed at -60 deg C and 80.6 psia and an azeotropic or azeotrope-like

composition of about 64.1 mole % HCI and 35.9 mole % PFC-116 is

20 formed at 10 deg C and 681 psia. Accordingly, the present invention
provides an azeotropic or azeotrope-like composition consisting essentially

- of from about 60.5 to about 64.1 mole % HCI and from about 39.5 to about
35.9 mole % PFC-116, said cbmposition having a boiling point of from
about -60 deg C at 80.6 psia to about 10 deg C at 681 psia.

25 ~ Referring now to Figure 3, Figure 3 illustrates graphically the
formation of an azeotropic and azeotrope-like composition consisting
essentially of HCl and CFC-13 at -20 deg C, as indicated by a mixture of
about 62.4 mole % HCI and 37.6 mole % CFC-13 having the highest
pressure over the range of compositions at this temperature. Based upon

30 these findings, it has been calculated that an azeotropic or azeotrope-like
compositions of about 62.0 mole % HCI and 38.0 mole % CFC-13 is
formed at -50 deg C and 101 psia and an azeotropic or azeotrope-like
composition of about 61.9 mole % HCI and 38.1 mole % CFC-13 is formed
at 25 deg C and 866 psia. Accordingly, the present invention provides an

35 azeotropic or azeotrope-like composition consisting essentially of from

" about 61.9 to about 62.4 mole % HCI and from about 38.1 to about 37.6
mole % CFC-13, said composition having a boiling point of from about -50
deg C at 101 psia to about 25 deg C at 866 psia. '

Referring now to Figure 4, Figure 4 illustrates graphically the

40 formation of an azeotropic and azeotrope-like composition consisting
essentially of HC1 and HFC-23 at -20 deg C, as indicated by a mixture of
about 56.9 mole % HCI and 43.1 mole % HFC-23 having the highest

of the
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contai ned w thin. 10 ' Example 5

Ih this Exanple, azeotropic distillation is used to purify HC in a
col um WPPHRI1st ages. The feed stream contai ns 250 | b/ hr PEA/US95/11053
anhydrous HCl, 100 I b/hr of hexafluoroejhane (PFC-1 16), 0.5 | b/hr of 15
chlorotrifl uororret hane (CFC-13), and 0.5 Tb/hr of trifluoronethane ( HFC-

23% The feeﬂrﬁisﬁt@&ﬁeg&ld ﬁhg@dﬁ@@ﬁh @é‘&ﬁn§'faﬁflﬁsﬂéh petiiird. adel pbAt rodu;:edt at
a tenperatur e ol umm con enser ure set a
314.7 psia a ﬁé‘%tftﬂsuﬂ#aﬁsﬁﬂﬁéggfﬁ@&%gﬁ%ﬂ?ﬁt q%&F ratio is
hel d constancompositmnsmfabmtlié olokerfr. HﬁltanMO‘&mblc%I-B"G-QBusirl ed. The

20 tenperat Rfrﬁ}] ngdggﬁwgiz?ﬁg iEBFate nflerrperat ure of
t he over I ng oni f eed
ratio. In thpgmposmon 0{@ 9'\1&149 &'fg and g@génﬂel‘yeﬁa: 3H§ col um

bot t ons lsa r efornmexdcht 25edeg C and SHGIﬂsFHZG;ébbde both@pnbsbmanemtilgn tge oYer head
stream al ong e - HEC . Ina
fully int egrg%%)a&s aﬁ:roﬂ'ﬁhxc RS az&o%rbﬂ?tl'% Wg&gﬁﬁﬁ%ﬁ %‘%@hgl mlar in
conposi tion Qﬂt 59k?et°aﬂhmllt AP mete%eHCl and fram ghoutd0.§ teabouts| v
descri bed desalstrame %nmgsosaeab o§ﬁi@mﬁamr§zaboumg pUiAt frbiPdHduie - col umm

woul d be recygl,ed he,decanfer or the Tirst distillation
colum to i n%ﬁ C?ﬁ?% i\ flb‘?'gcovery rate of all ingredients. The
results a5e 2hdegC at 8psia.18 bel ow. 30

Tapi e 18 Bot t/ FR@fémHQ?ig)Q:l_fé FiduRPS) Fighse’s ﬂﬁ’&k‘f?a?éceréél?calrl%the

Bottoms in fRsmatien ofian azsewrapic andazeouppe-like compasition consisting. 01 ‘
<0.01 <Essedtially of HCl@8d CFC-115 £530 deg C, a9 iridicated by a mﬁ&u&]of <0.01
;g '891 gl}oﬁ 96.3 nﬁ)l% &0 HCI and Clgg ]af having d};ﬁaggest press%-: ?)‘ff'r the ;800 1
80 20 0. s@ge of compositdps at this tempdmture Basedsga these findifigs) it has 84

4? duct HOl been calculated-'l-:ﬁbﬂ &2%%0# r &ob@ gflggtéb?n ?Br{]istndﬁ'ﬁohf‘ the

gi gt :J|C| at | ongggéPﬂlel ‘!é,H&ﬁ = -lelrrSDm formed at -50 deg C%nd 75 '

psia and an azeotropic or azeotrope-hke composition of about 99.9 mole %
HCl and 0.1 mole % CFC-115 is formed at 25 deg C and 690 psia.

25  Accordingly, the present invention provides an azeotropic or azeotrope-like
composition consisting essentially of from about 95 to about 99.9 mole %
HC1 and from about 5 to about 0.1 mole % CFC-115, said composition
having a boiling point of from about -50 deg C at 75 psia to about 25 deg C
at 690 psia.

30 Referring now to Figure 6, Figure 6 illustrates graphically the
formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and PFC-116 at -20 deg C, as indicated by mixtures of HF
and PFC-116 having a higher vapor pressure than either pure component at
this temperature, with the composition of the vapor space in the maximum

35 pressure region being that of the azeotrope. Sampling of the vapor space

- and NRTL calculations show that the azeotropic or azeotrope-like
composition was about 6.8 mole % HF and 93.2 mole % PFC-116 at this
temperature. Based upon these findings, it has been calculated that an
azeotropic or azeotrope-like compositions of about 4.2 mole % HF and 95.8

40 mole % PFC-116 is formed at -50 deg C and 54.1 psia and an azeotropic or
azeotrope-like composition of about 15.1 mole % HF and 84.9 mole %
PFC-116 is formed at 8 deg C and 343 psia. Accordingly, the present
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appr opr i WO di ti ons. The Ievel of i mpurities remuins rePSI/NR9A1053 W as
the bottonffeed ratio is increased fromQs65 to 0.80, but at a bottonl feed
rati o of about. 0.85 there is insufficient HCl in the colum to carry off

t he 3 npimventiers providésanazeotropit siidzesfopéHitte cbmpositioni donsising! i n the

HCl sharply . fa@&_ﬁ ' I N6k T | mpuri t
concentration ?sﬁg?%%@gés %bb\%&el% t#h%g)%i%gﬁt‘%f}#e Kﬁﬁr‘. Qfﬁfﬂn &ﬁg?ﬁ *fﬁt i on
colum is | esstorabgyt 84 Simole % PFGrdd 6ssaid gompositiom havingeboiling peint of
azeotropi c or femaiboapssd dégeC at 54 psiémt lons, e.g., |less than about 62
nol e percent o$ Ch%yaﬁ overal | HCl recovery rate that can be
achi eved by us Hgg F¥ses of this invention in an integrated
system i.¥., wth recyd®efening hewdo Figead, Rigwa illusttates graphically thear
100% f . . CRIRARRY | CAND] . .
In this Exanpl g,rmgtzlogfifg:éﬁaéw@‘o tlc];gda?lz %n [ sa{ﬂlgéegglﬁgggégggicﬁnﬁﬂmg purified
HE from a m xtsentadlyof (Fed Fﬂfd G-1h6 #i-A585Heg €, asdndisatedbyan 20
gg\éi ng Ez S]E agnixtuf&tﬁ'dbeadzmzrmam%@lfteéil% a_?f}%%.!% hgd]é % CFCWY HaVitiy QF agd
hr o hap - : e .f.eed streamis introduce
onto stage 25%#2'@4%% ST §F§€§§J@H~%ﬁ%’f 3°W8%épﬁst ﬁtrtl“%tFm-pfSatBE"gr ees C,
with the cHl unBasedipondbesefinslings, it hasibeen caleulated shat aarateotrepicorurm base
pressure 3 psiazZeb@be-likd B6mp8: b8ui 1.8 R rHEE Ll e the
25  colum dlé?d;égéé/f ?eré‘br .gif[tiléﬁs F’gt"?g‘r"i Eld. %f‘ﬂ% @eﬁpepgtaﬁl?elﬁ$%g bot t ons
streamis 104 Qddrees®d Ql'ﬁ\&dtaéng%ﬂas anGl 3msiagnd arazgeqteopiaert o - 18
degrees C depeazeotrgpetike cemgosition|oftabohie53.4rmble% CFCII3 snd46BRh6let%Be
g;f;'g' late/f e%é-altlboisrﬁﬁﬁéé at £9 HBE C @id 6 bsih" A dhgliP i pibed | SPEC €S
20 invention provides an azeotropic or azeotrope-like composition consisting
essentially of from about 18.8 to about 46.6 mole % PFC-116 and from
about 81.2 to about 53.4 mole % CFC-13 and, said composition having a
boiling point of from about -60.deg C at 41.3 psia to about 19 deg C at 464
psia. o
25 Referring now to Figure 8. Figure 8 illustrates graphically the
formation of an azeotropic and azeotrope-like composition consisting
essentially of HFC-23 and PFC-116 at -45.55 deg C, as indicated by a
mixture of about 60.2 mole % HFC-23 and 39.8 mole % PFC-116 having
the highest pressure over the range of compositions at this temperature.
30 Based upon these findings, it has been calculated that an azeotropic or
azeotrope-like compositions of about 59.5 mole % HFC-23 and 40.5 mole
% PFC-116 is formed at -60 deg C and 58 psia and an azeotropic or
azeotrope-like composition of about 65.8 mole % HFC-23 and 34.2 mole %
PFC-116 is formed at 10 deg C and 503 psia. Accordingly, the present
35 invention provides an azeotropic or azeotrope-like composition consisting
- essentially of from about 59.5 to about 65.8 mole % HFC-23 and from
about 40.5 to about 34.2 mole % PFC-116, said composition having a
boiling point of from about -60 deg C at 58 psia to about 10 deg C at 503
psia.
40 Referring now to Figure 9, Figure 9 illustrates graphically the
formation of an azeotropic and azeotrope-like composition consisting
- essentially of HFC-32 and PFC-116 at -19.6 deg C, as indicated by a
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removed in the distillate to the noles of PFC-1 16 in the feed to the.

col um. 30 In this colum, the substantially pure HF exits in the colum
bot t ons WO9/09274 r eam and the HF/ PFC-1 16 azeotropic or az@CAE9sAISRe
canposi tion exits in the overheadggtream The results are shown in
Tabl e 19 bel ow. Tabl e 19 35

Di st./Feeds pmixtire-ofabout 26.8 mole ¥HFC-8% and 7_3!9.blg1ﬁle ‘Pmélﬁdaﬁ}{‘}i%% q

1 0
gljelr Eea q é‘;c'tfl&girg&est pr@?sﬁﬁ'é) gver the 'rgngeoct)f go”x%pg#igonsoétttﬁggsépgrameet 290
100 - 94. Based upon thess findings, it has bgen calculated g@%@n azeotropic 690

gg , 97. %zeot(’ébe-ﬁk@éompositions 8f Qboult818.3 moté %P HF 32 and®%7 mojs 25
09. 5 % PFC-116 is formef}a2 -89, drg Gt 6 Psiaatnd Atassomopis an
azeot r opi d0or azeotrope-like composition of about 27.3 mole % HFEUBIAndRE7 Sible ¥4 ( RULE

26) WO 9 . . .
BCT/ US95/ 110 Sgi@ﬁé is formed at 10 deg C and 412 psia. Accordingly, g';oe present

azeot r ope- | i k&NVEBHOBProYides am ageoteopie psazeasraperlikmcampesition consistimgnpar i son
t g HEFt her eby e@smtﬁhlly@fﬁm thiSlit: 1?.3 Yo abéutcz‘s.% 23"5’?%?%?21%%393 tgggv ed from
tream tnat cORRCLt! SR 8O0 2 e opPEC- DA pobemiuon haviBider 1o
recover ti& Phailingpeist of fromeaboudedd deg Chat 146 psial6 aboud 1D teg Catdaled 10
w th water psia. Conpar ati ve Exanple 4
Referring now to Figure 10, Figure 10 illustrates graphically
the formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and CFC-115 at -20 deg C, as indicated by mixtures of HF
20 and CFC-115 having a higher vapor pressure than either pure component at
this temperature, with the composition of the vapor space in the maximum °
pressure region being that of the azeotrope. Sampling of the vapor space
and NRTL calculations showed that the azeotropic or azeotrope-like
composition was about 25 mole % HF and 75 mole % CFC-115 at this
25 temperature. Based upon these findings, it has been calculated that an - -
azeotropic or azeotrope-like compositions of about 17 mole % HF and 83
mole % CFC-115 is formed at -60 deg C and 5.5 psia and an azeotropic or
azeotrope-like composition of about 24 mole % HF and 76 mole % CFC-
115 is formed at 50 deg C and 287 psia. Accordingly, the present invention
30 provides an azeotropic or azeotrope-like composition consisting essentially
of from about 17 to about 24 mole % HF and from about 83 to about 76
mole % CFC-115, said composition having a boiling point of from about -
60 deg C at 5.5 psia to about 50 deg C at 287 psia.
Referring now to Figure 11, Figure 11 illustrates graphically
35 the formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and CFC-114 at -20 deg C, as indicated by mixtures of HF
and CFC-114 having a higher vapor pressure than either pure component at
this-temperaturé, with the composition of the vapor space in the maximum
pressure region being that of the azeotrope at a specific temperature and
40 pressure. Sampling of the vapor space and NRTL calculations showed that
the azeotropic or azeotrope-like composition was about 67 mole % HF and
33 mole % CFC-114 at this temperature. Based upon these findings, it has
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In thls Exanpl e, azeotropic distillation is used to purify PFC 116
froma mxture with HF in a colum with 62 stages. The feed stream 15
cont ai nswbd@/b2mihr of anhydrous HF (5 nol es) and 13,112 | b/doTMU895/11053
hexaf | uor oet hane (PFC-1 16) (95 noles). e feed streamis introduced

onto stage 25. The feed is introduced at a terrperature of - 25 degrees C,

with the cgl U'Héﬁﬁ thaf 29 s %& oﬁhzé'tﬁ -méé @?xﬁ sxhpﬁigﬁs% base

3 e cons ile the .
ggesiglrﬁrm 3|SI 8 %’ éﬁdpétmﬂé‘g’ i"a t 988@%‘? 16e overhead
streamis -17 pileeﬁuopheoxtaep&opwﬂe am‘inﬁdmndsmbf aboutiso m&fé% to -16.9

d C de ?ﬂﬂhﬁ? | . nfé?i 739 t he goal

[ ggr = P ke ﬁgqﬁlﬁ—l?#cécgt ié#fé%élJ £t§1vtdgr gahﬁfz er purified
PFC-1 16 Accordingly, the presentdayentian prﬁwdﬁsgn@zangpmc Qrmeouope-hke

di stil | at qet ocbripdsitivhi consistifg esientially Df fFdift abolif 68 & abslit30 Mblen BF 2l |

Teed to the capdmpe phol 106 shoth oD B RO, seidsompoSon rivg s

Tabl e 20  30botling poiptaf from aloutn50Q dep C AF06 psia tolabiout PECTCdeg € atid2r HF %

PFC- 116 psﬁ?‘t I 0 Bott ons i n Bottons I n

Over head Overh R 3683
10%92a 3018 Referrigg nebrw (tacgi lqlgp?'é?\zleFlgure }2 1llustrates graphically

10,698 15 theifotmation of an az8otropic andlaz€otropé:liké composmon cons&ﬂiﬁ%

11,301 bsehtially of HF ang EFC-1143,8"2(F deg C, as isfdicated by mixpusss o

12. 508 §F1and CFC-114a having a highe vapor pressure than either pure  Thi s Exanpl e
col urm- under - CHEpenes: difhis wihppiafitel 4R the tampeRRIA e 9°*"%P3%ﬁ F PRC-
116 azeotr Opeil; emaximum pressups-region peing tﬁat of the azeotrope. Samp ing of

20 vapor space and NRTL calculations showed that the azeotropic or
azeotrope-like composition was about 63 mole % HF and 37 mole % CFC-"
114a at this temperature. Based upon these findings, it has been calculated
that an azeotropic or azeotrope-like compositions of about 65 mole % HF
and 35 mole % CFC-114a is formed at -25 deg C and 6.8 psia and an

25 azeotropic or azeotrope-like composition of about 57 mole % HF and 43

- mole % CFC-114a is formed at 100 deg C and 365 psia. Accordingly, the
present invention provides an azeotropic or azeotrope-like composition
consisting essentially of from about 65 to about 57 mole % HF and from
about 35 to about 43 mole % CFC-114a, said composition having a boiling

30 point of from about -25 deg C at 6.8 psia to about 100 deg C at 365 psia.

Referring now to Figure 13, Figure 13 illustrates graphically
the formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and CFC-113 at -20 deg C, as indicated by specific molar
mixtures of HF and CFC-113 having a higher vapor pressure than either

35  pure component at this temperature, with the composition of the vapor

" space in the maximum pressure region being that of the azeotrope.
Sampling of the vapor space and NRTL calculations show that the
azeotropic or azeotrope-like composition was about 93 mole % HF and 7
mole % CFC-113 at this temperature. Based upon these findings, it has been

40 calculated that an azeotropic or azeotrope-like compositions of about 94
mole % HF and 6 mole % CFC-113 is formed at -25 deg C and 3 psia and
an azeotropic or azeotrope-like composition of about 73 mole % HF and 27
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Exanpl e Gvo 96/09271 In this Exanpl e, azeotropic ®crhisesaioson i s
used to separate PFC—116 froma mxture with HF by adding HCl to the
m xture. A coI um with 62 stages 1$ 8used with the feed I nt roduced
onto stage 0 0 hydr ous HF
(50 nol es), 76, %‘lel}ﬂﬁﬁpc (}fl3 15 i?f"%%ﬁ%mz% &&a‘;taﬂgr]?g'q( §B’ ?ﬁbef es), and
3,646 | b/ hr of prﬁen( inyention provides an jzeontapid eemzaosrqmtltmmgpbamom

L enper al u;gl gf §3 Sﬁ%n@all%’ofﬁ‘ohi‘ﬁbout 310 Aution ﬁ&@dﬁ'}ﬁﬁg?&ﬁ%ﬁ ure set
ratio is held & ﬂ'étt qffi,ﬂi?f/pq%%glfigq %%C°mp°51%°8|‘?f'ﬁ?8 a,beitingoq rati o

i s adj usted topbunmfe&oxﬁabé% el5 dag CPRG fisid 6o abeuthi2iddeg C 1 441 psiahi s

Exanpl e theasdistillate/f t t | es

of gFI spegloes bei ng rem‘fgég'%:‘i-ﬁl#@]v@%?&%r{ﬁ4 ?%ué@lh?llﬁé@g?%:;aﬁbg&llgom and
HC in the feedheformationAf gmazeotepicandazsotippe-bikeiomROSHINNRANSIINGam i s -

41. 6 degrees Cesdentially Hf¢{Pand CRT-115€ab20 HegT, ia§ mcﬁ@at@d@?@p@@iﬁc@nolaﬂ this

20 composi 1 on gbReAGHEdpd CRCEH Ik hayife R e e°”° st U5ed Cfthe o

bottons str eampﬂheompenﬂnts’.t thie terhpesatura, Withitke Qomlpe’sutmn of the vapor

Tabl e 21 lln%.h o+ C 116 %

PFC— 116 ¢ Zlg gm N Pﬂégghcre ree rUeuF @a%%@thé—%eﬂ&o E Recovery
29 p g O tbg yapor space an

calculanons xg that

I n con_t r?st | It 0 1ﬁbrmdﬁﬁpﬁ9hb§c&n ositién wisesboutiE9 ansle %HF and IPEC- 1 1}?
were vir a

HE and PFC. 11%%?%% gﬁbggf ggé E"JEF 'ﬁgﬁ%%%%?‘\gﬁ%ﬁi@ﬂgg W hifbeen™®
azeotropi c or that aR @zeotnopicioriageotrepsstike cempositians of pboutrRdd when

20 mole % I-IF and 6 mole % CFC-113a is formed at -25 deg C and 3 psia and
an azeotropic or azeotrope-like composition of about 70 mole % HF and 30
mole % PFC-113a is formed at 125 deg C and 455 psia. Accordingly, the
present invention provides an azeotropic or azeotrope-like composition
consisting essentially of from about 94 to about 70 mole % HF and from

25 about 6 to abut 30 mole % CFC-113a, said composition having a boiling
pomt of from abut -25 deg C at 3 psia to about 125 deg C at 455 psia.

Referring now to Figure 15, Figure 15 illustrates graphically
the formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and HFC-125 at 20 deg C. as indicated by a mixture of

30 about 14 liquid mole % HF and 86 mole % HFC-125 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 11 mole % HF and 89 mole % PFC-125 is formed at
-50 deg C and 13.4 psia and an azeotropic or azeotrope-like composition of

35 about 15 mole % HF and 85 mole % HFC-1235 is formed at 50 deg C and

" 388 psia. Accordingly, the present invention provides an azeotropic or
azeotrope-like composition consisting essentially of from about 14 to about
15 mole % HF and from about 86 to about 85 mole % HFC-125, said
composition having a boiling point of from about -50 deg C at 13.4 psia to

40 about 50 deg C at 388 psia.

Referring now to Figure 16, Figure 16 illustrates graphically
the formation of an azeotropic and azeotrope-like composition consisting
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the quantity of HCl is sufficient to formthe azeotropic or azeotrope-like
conposition. The HCI/HF nmixture in the bottons stream can be separated

by distilyw@bosmery1!f the anount of HCl is minimzed, the HF pefinaesigsycl ed
35 to a PFC-116 manufacturing process, i.e,, arelatively small anount of
HCl will not interfere with the P#8-116 reaction. The HCl/PFC- 116

LS natvi aday esseatibly 3R BRECTCS £R2BA5 U, B8 indjekER LY mmbRRALAL 2, 1 o'
and distillati @bout 6 mole ri3E and 4 mole %0CFC-13 hayipgtiwohighest pressure

PCT/ US95/ 11053 gyer the range of compositions at this temperature. Based upén these
Conpar ative Ex

.e 5, In this Exanple. conventi onal
distillation i %&5 it-has begn galculated that\m‘taﬁe%’i°%‘f’a?§é‘§np‘?‘6‘?l’e' $fying a feed
st ream cont ai nicompositidns/dfiaboit 3 mole % B afd 3r meteh¥nE€F CPFEsfoffipd ahd 0. 5

e

| b/ hr of di | = . ' f 1000
ooy The- fBed SUELC AR 60IFSEa aid ad reotropic pp AZAdIAneBREEROGHLIGH of
i ntroduced at Zboutibbmale eHstand 82 male o EF(rildnistipamed at 25 deg Cuand

psi higher. The col um,.di sti £ . ratio is. yari-ed to, get,the specified
pr oduct recoveraf,eom'!lﬁg c?‘@PPﬁi‘opé:toPBlsFlgg\?ﬁﬁnzlﬂﬁyc?féi o8 89&%&3[ & %b et the
hexaf | uor oet harld mplec¥ HE and drorofaboupP it abalitiddumote eCFErRL3, isaid he col umm
15 bottons,e | LeGes : aell St akj eratio
of the 13 F@&Wﬁg glﬁﬁggiﬁg?igg%gg{oﬁgﬁg%ﬁ%éggeg? tgl{ﬁe0 E?g{tﬁ late to
the noles of  about2pdeg € aE2lPSihe feed to the col um. The bottons
tenperature and the Refeliritig ﬁd\&&@al;:jlﬁQﬂ@ﬁgL&e\l&ﬁuuﬁﬁat@gmphic_ﬁn
e

g
i 1 uor omet handi rRialiph Qfi Epotropis and 4AABhoRE IR CoRBRld SonsilE" . o) o
distillate. TheessentiallyofdIeand HEFCr22 at 70 degr€bhsinzticated byva mixture of
Table 22 25  about 9.9 mole % HF and 90.1 mole % HCFC-22 having the highest vapor
~ pressure over the range of compositions at that temperature. Based upon *
these findings, it has been calculated that an azeotropic or azeotrope-like
compositions of about 14 mole % HF and 86 mole % HCFC-22 is formed at
-50 deg C and 10 psia and an azeotropic or azeotrope-like composition of-
25 about 10 mole % HF and 90 mole % HCFC-22 is formed at 70 deg C and
458 psia. Accordingly, the present invention provides an azeotropic or
azeotrope-like composition consisting essentially of from about 14 to about
10 mole % HF and from about 86 to about 90 mole % HCFC-22, said
composition having a boiling point of from about -50 deg Cat 10 psiato ..
30 about 70 deg C at 458 psia. -

Referring now to Figure 18, Figure 18 illustrates graphically
the formation of an azeotropic and azeotrope-like composition consisting
essentially of HF and HFC-143a at 0 deg C, as indicated by a mixture of
about 12.6 mole % HF and 77.4 mole % HFC-143a having the highest

35  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 13.8 mole % HF and 86.2 mole % PFC-143ais
formed at -25 deg C and 38.7 psia and an azeotropic or azeotrgpe-like
composition of about 5 mole % HF and 95 mole % HFC-143a is formed at

40 70 deg C and 595 psia. Accordingly, the present invention provides an
azeotropic or azeotrope-like composition consisting essentially of from
about 13.8 to about 5 mole % HF and from about 86.2 to about 95 mole %

condenser pres %mepss@.tA@Horaﬁgllyz tﬁs/s%'a@sﬁmoinb&ﬁi&pbwwués%wwaﬁwcﬁ 3
al ce
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Distillate Bottons % PFC-116 25 Dist./Feed Reflux 116 32

Tenp 116 32 Tenp Recovery Ratd o Rati o Lb/ hr Lb/ hr Deg
C Lb/hwodéleb27r Deg C in Bottons 0.10 13.2 PCI/USIS0IER -1.8
451 1.0 0 90. 3 g 05 28. 8 23.7 0.50 -2.9 476
1.0 0 95. 3 0002 "% 87 050 -52 491 1.0
0 8. . . . . . . 0
0.3 3 HRChdl Ml omprgiion ik Aol TRRPCH B PR E RS, 0ov,
of the PFC- at38.7 Pi‘@éoiahok‘%ﬂ) 5@%@ PePsB-oduci ng a product with about 1
ppm of HFC- 32 by using a reflux ratio of over 150 to 1. However,
such a reflux ratio would 35 require relatively |arge equi pnent and an
unecononi cal |l y high heating and cooling energy |load. The recovery
efficiency of the PFC 1 16 is limted because an azeotropi’c or
azeotrope-li ke conposition is fornmed between PFC-1 16 and HFC- 32
that exits the cQlum as the distillate in this Exanmpl e. However,
this Exanple illustrates how the concentration of 40 HFC 32 can be
reduced froma first or feed m xture conprising PFC 116 and HFC- 32
by using azeotropic distillation. WO 96/ 09271 _ '

PCT/ US95/ 11053 - 38 - 5

Exanple 7 ' In this Exanple, azeotropic distillation is
used to separate PFC-1 16 froma m xture with HFC 32 by addi ng HC
to the mxture. A colum with 42 stages is used with the feed

i ntroduced onto stage 28. The feed stream contains 500 | b/ hr of
hexaf | uor oet hane (PFC-116), 0.5 I b/hr of- 10 HFC 32, and 250 | b/ hr of
HCl. The feed is introduced at a tenperature of- 30 degrees C, with ‘
t he col unmm condenser pressure set at 264.7 psia and the col um Base

pressure 3 psi higher. The colum distillate/feed ratio is held

constant while the reflux ratio is varied. In this Exanple the
distillatel/feed ratio refers to the ratio of the total noles. of al
speci es being renoved in
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15 the distillate to the noles of PFC-116 and HCl in the feed to the

cal um. The tenperature of the overhead streamis -26.8 degrees C,

t he t enpwO26M09271 of the bottons is -12.0 degrees-C. PCTIUS9S/11088umm,
the goal is to take the HCl / PFC- 1éff‘ azeotropic or azeotrope-|ike
conposi tion overhead and | eave HFC-32 in the bottons stream The

Tonle 537 3 STCHEAS Tadle 23 - 20 el o usurllllllllIIIIIIIIIlIJIIEIJHIHns
% 25 D st/ THEEQLEOWINGJS CLAIMERY 116

Recovery Rati o Ratio Lb/Lb Lb/hr ppm Lb/ hr Lb/hr in

1D|ogt 'I1ate 0. 95 0. 951 Ag%gcess fgg%coveﬁéhexagﬂgﬁoetha&gﬁom 61>goduct0 5

0.95 1 strgam comxng@tdgast one impurity seJected fragn the groupxosistigg

!32/ i igt raslP tmf@@m&mwﬁnﬁml gltmﬁrodi’ﬂﬁardtfﬁ‘éthhﬁe afieladrdriethane, 4 the
m Xture esse a onp eSsepar.atl on

PFC- 1 16 may (SRIGP FPF‘H@P?!%F %y&?sqﬁu%gq-ﬁﬂe

distillate rra)prbeesscpmpmismgﬁhy.smpsaoﬂl ng and subsequent azeotropic . 35

distillation. The Iiﬁwlﬁgih%&%&% icpgdﬁ?ﬁlaﬁ%tcgﬂﬁnﬂay be separ at ed

by conventional dis Conparative

Exanpl e 6 tilling the prodyct streans-in, the presense\af snhypdeous HEL j | lation is
used in a 180l yemovinga liﬂk:@ﬁuéfmef&éoﬁdpicfdﬂ d’zﬁo@oﬁ@ﬁﬂe %bﬁiib%

cont ai ni ng 50 lar . of oroet ane ). .and I b/ hr of
1,1,1 -trifl odrest "H ?W—‘Edlwlﬂ&mn °Px Sioving atJEAt ARUHPR BEtS 100
ppm) . The f eedmwrlw&nr gzeotropic or azeotrope-hke composmons thereaifR@th HCIE SHEET
(RULE 26) and/or HF from the bottom of the distillation column,

separating the HCl-hexafluoroethane azeotropic or azeotrope-like

20 composition into its individual components; and recovering
hexafluoroethane.

2. A process for purifying a hexafluoroethane product
containing at least one impurity selected from the group consisting of
25  chlorotrifluoromethane, chlorodifluoromethane, chloropentafluoroethane,
pentafluoroethane and hydrogen fluoride, the process comprising the steps
of: o
introducing the product stream to a distillation column,
distilling the hexafluoroethane product in the presence of anhvdrous
30 HCl,
removing a HCl-hexafluoroethane azeotropic or azeotrope-like
composition, which is substantially free of said impurities, from the top of
the distillation column and remdving the impurities, or azeotropic or
azeotrope-like compositions thereof with HCI from the bottom of the
35  distillation column, and;
' purifying the HCl-hexafluoroethane azeotrope to yield substantially -
pure hexafluoroethane.
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WO 96/ 09271
PCT/ US95/ 11053

i nt r oduWRPNEY stim|||!ﬂ||“m}m\lm. s introduced at a Eeﬁg%‘;”éﬁ’%?-"éllw 15

degrees C, with the *colfumh condenser prgssure set at 64.7 psia and the
colurm base pressure 3 psi higher. The Féflux ratio is fixed and the col um

di stillatg/feed ratio i% Agroesstor Sekdut IRRARUbIAMLRIET) Blor@aRYer Y, W th

t he goal obt.ai Xi mum 0] fI uorget hane in the
PFC- 116 ftB&b‘& w@ﬁ%ﬁ%&ﬁ%‘?%ﬂ’%@ﬁ%ﬁ ¥ ratio refers to
the ratio of ohlm'opentaﬂuombahan@tmpmdhcaIalhexpﬂuomﬂMclmodmmonmmngt he

distillate t
bottons tenperatu
hexaf | uor oet

n@?ka&:ﬁi from the Ef?ﬁgkoh@xs‘nﬁ Uf%ﬂ&%ﬁxﬁﬁbrbﬁﬁﬁfﬂe . The

il e morovipuh ilns B pos s e

“trifluoraet hahehexaﬂwouhmie prozluct in theeredende of ahhpdreus Hﬁlerexﬁo\hhg acol um

bot t o, The fEfHELMASeth A0y frdotrope ﬁomm{o%&éﬁgﬁlgﬂgmn columpand =

Tabl e %

PFC- 116 20 removingsameportion ofthe impygties ms-ﬂqsxr azeotropes with43Gl1 fromenp

S_ec?vﬁr yt the bottétn! of the dﬁ%"ll‘aﬁon'ebhﬁﬁn, ﬁie HEW hr - Lb/ hr. ng g
St al e - .

98. 0 hﬁxéfé“me&fﬁs aze‘;‘&% to Yo*ﬂ@‘ S“"Many PiEe he"%{)“é’ﬂﬂgﬂ% 3 90.0

0.50 = 1800 250 187 -45.5 250 0. 45 -44.3 50.0 25 0.10

100 >0 264 ) 45 i A f‘ %ss thAé%gucfnéé-le%aﬂuoﬂo%ﬂ&ne by fluorirhtion 100

10 336 -4

At these

col um press é@cﬂﬁﬁ’ mm; dichlaretatraflueroethane(s)and/on | at i on cannot

produce the ¢htord

reflux ratio.of 1l

o BB e, i A chiggtifigFomeiane ang) "

pi nch which

péntaffoferethidré tol frodutce aﬂi&ﬁaﬂﬁ&‘dﬂéﬁiane%@odﬁ?@oﬁtaﬂn t a

oper at i or2ot o chlorediflucnemethane Athie imprevpmentcompirisimg the stepsiof distilling
te trrpg;r;t ures e ﬂm&:&&pﬁg{ﬁwﬁ: the re el b @hhydtoll HEY! fdnéVifig a
Y '?f& ilexatiuoroethane azeotrope substantially free of these impurities from
the top of the distillation column and removing the impurities or their
azeotropes with HCI from the bottom of the distillation column, and _
25  purifying the HCl-hexafluoroethane azeotrope to yield substantially pure
hexafluoroethane.

S. The process of any' one of Claims 1, 2, 3, or 4 wherein the

HCl-hexafluoroethane azeotropic or azeotrope-like composition is separated

30 by liquefying and cooling the composition at a temperature below about -50
degrees C and allowing it to separate into HCl-rich and hexafluoroethane-
rich layers, and purifying the latter layer to yield hexafluoroethane.

- 6. The process of any one of Claims 1, 2, 3, or 4 wherein the

35 HCl-hexafluoroethane azeotrope is separated by liquefying and cooling the
' azeotropic mixture at a temperature below about -50 degrees C and
allowing it to separate into HCl-rich and HCl-hexafluoroethane-rich layers,
and purifying the former layer to yield hydrogen chloride.
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35 ' Exanpl e 8 I n
thi s Exanpl e, azeolﬂlmuﬂl{mumlmﬁmon is used to separate PFC-1 16
froma WoQemoe7I t H}HHE ing HCl 'to the m xture . POY/US5/110830] umm
with 42 stages is used with the feed intg,oduced onto stage 28. The 40
feed stream contains 500 | b/hr of hexa‘r’l%"of oet hane (PFC-116), 0.5 I b/hr of

HFC-143a, gnd 250 | bl Nt 70fElphocelG s BRg bnk SCIARANIOES, 8 4twhgEiEmEL U o Of

-30 degrees C, with con r pressure set 64../ psia and the
SUBSTI TUTE SHempup ﬁeégsat cast thq pmopnkesayired to form an azeotropic or

PCT/ US95/ 11058zeotrope-like composition with the hexafluoroethane present #fsaid 5 col urm
base pressure %ﬁsﬂaﬁt}er' The columm distillate/feed ratio is held
constant whi |8 € refllix ratio is varied. In this Exanple the
distillate/feed ratio refers to the ratio of the total noles of all

T n e faed o he ol egrocess oFaty ohElof 1Bl B3, Bp e e .
streamis - 26?@%@5‘?@@ eorrgqpé)npg ﬁ%gp%q&ébgmo?%{h&fmpﬁge%ﬁgh@cfs -12.2

degrees C. | nhexdflioroéthane. t he goal is to take the - HCl / PFC-1 16
azeotropi c or azeotrope-like conmposition overhead and | eave t he
HFC-143a in the bottons_stream The results are shown in Tahle 25

bel ow. 15 9. A process for purifying a hexaflygreethane product

Distillates containfeg trifldorofifettiane kbnprising thedtéps ofdishllingfthex 116 HC
143a 116 Cl 14 Rq%ﬁove.r'yth Ezaattltll OdroRaHd, Lb/ hr Lb/hr ppm
Lb/hr pph L exaflugro productin’the presence o ydrous removing a

HCl-hexafluoroethane azeotrope with a reduced amount of trifluoromethane

from the top of the distillation column, removing a portion of the

trifluoromethane or its azeotrope with HCI and/or HF from the bottom of

20 the column, liquefying and cooling the azeotropic mixture at a temperature
below about -50 degrees C and allowing it to separate into HCl-rich and
hexafluoroethane-rich layers, and purifying the hexafluoroethane-rich layer

to yield substantially pure hexafluoroethane.

25 - 10. A composition consisting essentially of hexafluoroethane
in combination with an effective amount of hydrogen chloride to form an
azeotrope or azeotrope-like composition containing from about 36 to 40
mole percent hexafluoroethane and 64 to about 60 mole percent hydrogen
chioride, said composition having a boiling point from -60 degrees C at 81

30 psia to about 10 degrees C at 681 psia. .

11. A composition consisting essentially of hydrogen fluoride
in combination with an effective amount of hexafluoroethane to form an
azeotrope or azeotrope-like composition containing from about 95 to 85

35 mole percent hexafluoroethane and 4 to about 15 mole percent hydrogen
" fluoride, said composition having a boiling point from -50 degrees C at 54
psia to about 8 degrees C at 343 psia.
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<. 01 19 0.5
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) 100 PCT/US95/11083 |

contrast to Conpar &t i Ve Exarrpl e 6, whengHCl is added to the 143a/116
m xture, essentially conplete separation of the HFC 143a and 25 PFC- 116

eronpl § shedovit h-bath & wﬁée‘?‘ﬁ%“ﬁg‘}‘f?g?egm cisendatly'Bt By frogel Muoride
operari on. TiRcompiiaign Y S cHERRE Sndhte S ShupfifipbEmdiadd o Srm.
separ at ed by an@zestropecpr-azeorops-dile somposistnn epitainingsfrom aboub A7 1989 HFC-

Lasa/ HCl 1 Xingig peeht élflofdiffiReidAEMafiE i@ 15 2BBAI Prholy péregient | onal 30
distillation Ve nple 7

. . .o . ar at
'n"thi s ExanBydrogen shlagideosai cormosition having & hollind poak KoM rith Wi th
62 st agesof odegrees Cyit6§ psid toeabmit 25adegresst@iah 52 psidd | b/ hr  of 35
hexaf | uor oet hane (PFC-116) and 0.5 I b/ hr of 1,1-difl uoroethane (HFC
152a) (a nom nal concentration of 1000 ppm). The feed streamis -
i ntroduced onto stage 23. Arprocesscforisspamatingdydragenifluoridefsoma ure of - 15
degrees C, Wtﬂiﬂtdr@@iﬂﬂhé#ﬁﬂu@f&&iﬁﬂﬁ%oxﬂﬁiﬁﬁﬁ%ﬁﬁd&gén Auofide n BX¢edsafd t he

X T

col umm base pressure 3 psi_ hLgher,. The,.reflu atiq.is fixed., and the colum
20 distil ! ati $4SoHopis ¢mpaSiton. iy distllaion paderonditons WHRS Bt [ ecovery.
with the1s hexaflupre¢thane-hpdmigen flucridenis rembvéd Overhead andithe pfrified n t he
PFC- 116 sa s ] =30 feed ratio refers
Dot e rati olygrdgeddhiokide &éﬁb%@ﬁ%ﬁl’hﬁﬁ&%ﬁrﬂbﬂﬂé.@@#] TUTE SHEET (RULE
26) :

14. A substantially pure product made by the process of any
one of Cla_i_ms 1, 2, 3, 4, or 9 wherein the hexafluoroethane is at least
20 99.9999 wt% pure. '

15. A product consisting essentially of 99.9999 wt% pure
hexafluoroethane.
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WD 96/ 09271

PCT/ US95/ 11053 - 41 - 5 total
nol es ofwalekee@Peci es being renoved in the distillate to teansekefossf
PFC-116 in the feed to the colum. The bottons tenperature and the
distillate tenperature are as shown. The hexafl uoroet hane product | eaves

fromthe top of the colum; the triflquﬂ
hexaf | uor oet hane | eave in the col um bott

t hane and some of the

nms. The results are shown in 10
Tabl e 26 bel ow. Tabl e 26
Distillate Battons 00 PEC- 116 Di st./Feed Reflux 116 152a
Tenp 116 Tenp Recovely 15 Rati o Ratio Lb/ hr ppm Deg
C Lb/hr Lb/jor Deg C te 0.98 100 489 1013
-45.5 11 0. 01 -4h. 3 97.8 0.90 100 449 1065
-45.5 51 0. 02 - 89. 8 0.50 100 249 1318
-45.5 251 |[0.17 -4p. 3 49. §° 0.10 100 50 1339
-45.5 475 [0.43% -4h.3 S Q/L 20 Gorel2 L0082 &0 1271
-45.5 490 |0. 49 -4p. 3 2.0 t these col umm
pressures and tenper at onventi onal distillaty annot produce

PFC- 116 at a refl ux
25 tangent pinch
col um

t he desired
rati o of 100:
whi ch exi sts
operation o

00 ppm HFC-152alin the product

1 because of thgq vapor-liquid equilibrium

bet ween PFC- 116 ang HEC— 152a. Nbreover,
obtain the separation fequires extrenely cold

t enper at ureS_fand hi.gh reff’ux ratio t he conbi nation of which are

extrenely expensive to priai ;;30

Exanpl e 9 . IIn ®h|s Exanple, azeotropic distillation is
used to separfate PFC- 114 frojna m xture with HFC 152a by addi ng HC

to the mxturfe. A col unTp=w=th 42 stages is used with the feed
i ntroduced od?o“%tage 28] The feed stream contains 500 | b/ hr of
hexaf | uor oet ané\(PFC—l [6), 0.5 | b/ hr of 35 HFC-152a, and 250 | b/ hr of
HCl. The feed is i|ntrodusedrat-da tenperature of
<
7/ ) .
Y - WM
[
Lo
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-30 degrees C, with the colum condenser pressure set at 264.7 psia and the

col um base pressure 3 psi higher. The colum distillate/feed ratio is held
const ant i he refl
djstlllév§?ﬁ®§a{

HCl in the feed to the col um.

ux ratiois varied. In this
ratio refers to the ratio of the
speci es being renoved in

40 the distillate to the noles of PFC-1 16 and
The tenperature of the overhead

streamis -26.8 degrees C, the tenperat@/t8

degrees C.. In this colum, the goal is to take the
PCT/ US95/ 11053 .
HCl / PFC- 116 azeotropi c or azeotrope-|like conposition overhead and | eave
the HFC-152a in the bottonms stream The results are shown in Table 27

bel ow. " Table 27 10
Distillate - Bottons % PFC- 116 Di st/ Feed Reflux 116 HCI
152a 116 HCI 152a Recovery Rati o Ratio Lb/hr Lb/hr
ppm Lb/hrL ppre To7 hr DrStrnl 0. 95 10 500
231 <. 01 §. 01 19 100 0. 95 3 500
231 <. 01 .01 19 0.5 100 15 0. 95 1 ]
<.01 <.01 19 0.5 100 I'n contragt to
Conpar ati ve Hxanpl e &, when HCl is added to the 152a/116 mj|xture,
essentially qonpl et separation of the HFC- 152a and PFC- 1 ﬂ@anay be
effected wi tjout eqpensive | ow tenperature and high refl ux ration.
The PFC- 1164HCI prfoduct exiting as the distillate may be q4epar at ed”
by decantingjand sjibsequent azeotropic distillation. The HFC
152a/HCl m xtjure efiting the bottons nmay be separated by convent i ¢hal .
di stillation. 2 Exanpl e 10 © B
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Exanpb’gf}éﬂg%f’%’s of all

of the bottonms is -11.9
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Thi s Exanpl e denonstrates the existence of azeotropic or

aZeotrope | i ke conpositions between the binary pair

essent i f¢d yg/69h71HCl
and CFC-115; HF and PFC-116; PFC-116 and CFC-13; PFC-116 and HFC-

PFC- 116 and
14a; HF and

HF and HCFC-22; HF and HFC- 143a. To dES%
volatility of each binary pair,
In this procedure,

and PFC-116; HCI and CFC 13; HC

HFC-32; HF and CFC-115; HF and CFC-114; HF and
CFC-113; HF andCFC-113a; d HFC-125; CFC
i ne the

for each binary pair, the total

m xt ures consi sting

and pEfrusesn s

30 23;
CFC-1
13 and HF;

relative
the so-called PTx Met hod was used.
absol ute pressure in a

SUBSTITUTE SHEET (RULE 26)

PTx 35 cell of known volune was neasured at a constant tenperature for
vari ous known bi nary conpositions. These neasurenents were then
reduced to equi | i brium vapor and liquid conpositions using the NRTL
equati on. Sanmpl es of sel ected vapor and liquid sets were obtained
and anal yzed 10 verify their O
The vapor pfessure neasured ver e conposition in the {PTx cell
- for the HClIjand PFC-1 16; HCL~and CFC-13; HCl and HFC- 23; HCl and
CFC- 115; HFfand PFC-1 16; C-1 16 and CFC-13; PFC-1 16 and o
SUBSTI TUTE BHEET ( RULE WD 96/ 09271 o
PCT/ US95/ 11p53 - 43 - 5
HFC- 23; PFQ 116 and C32; HF and CFC-115; HF and CFC-114; HF |e and
CFC-1 14a; HF and CF#-1 13; HF and CFC-1 13a; HF and HFC 125 e CFC-13
and HF; HF pnd HCFCG{22; HF and HFC- 143a systens are shown in Figures
2 through 2P, respegtively. The experinental data points are shown
in each Figgre as lid points on each Figure and the curve is d eym _Jlo
fromdata chl cul at ¢d usi'ng the NRTL equati on. ::
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Referring nowto Figure 2, Figure 2 illustrates graphically the
formati on of an azeotroplc and azeotrope-li ke conposition consisting
essent i alwgoabe2riCl and PFC- 116 at -20.56 deg C, as indi cat@ernhsbsagds Xt ure.
of, about 63.0 mole % HCI and 37.0 nole % PFC-1 16 having the hlghest 15
pressure over the range of conpositions at this tenperature. Based upon
these findings, it has been cal cul ated %gﬁ% an azeotropic or azeotrope-like
conposi tions-of about 60.5 nole % HC 9.5 nole % PFC-116 is

formed at -60 deg C and 80.6 psia and an azeotropi c or azeotrope-Ilike
conposition of about 64.1 nole % HCl and 35.9 nole % PFC-1 16 is 20
formed at 10 deg C and 681 psia. Accordingly, the present invention

provi des an azeotropic or azeotrope-like conposition consisting essentially
of from about 60.5 to about 64.1 nole % HCI and from about 39.5 to about
35.9 nol e % PFC-116, said conposition having a boiling point of from

about -60 deg_C.at 80 6 pnsia to about 10 dedg t 681 a. 25

Referring now to Figure 3, Figure 3 illus es graphically the
formati on of|'an azeotropi c and azeotr -1 i ke conposition consisti
essentially pf HC and CFC- 13 at deg C, as indicated by a m xt
about 62.4 le % HCI and 37.6 e % CFC- 13 having the highest
pressure ovef the range of coppositions at this tenperature. Based
30 these fihdings, it has en cal cul ated that an azeotropic or |e
azeotrope-|i sitions of about 62.0 mole % HCl and 3§ rmole %
CFC- 13 is -50 deg C and 101 psia and an azeotropijc or
azeotrope-|i nposition of about 61.9 nole % HClI and 38,1 nole %
CFC- 13 is fo at 25 deg C and 866 psia. Accordingly, thd

ng
e of
=)
upon

i nvention pr 35 azeotropic or azeotrope-like conpositi
consisting e of from about 61.9 to about 62.4 nol
and from abo about 37.6 nol e % CFC- 13, said conpq

senti al |
t 38.1t

Sgreﬁgnt
U.

e % Hel

L&tiz

xe

4, f=
¥ c &2d
e H 23
% Hu=and

havi ng a boi of from about -50 deg C at 101 psia ut
25 deg C at Referring now to Figurd
Figure 4 ill formati on of an azeotr
azeotrope-|i ~essentially of HC a
at -20 deg Q. about 56.9 nole

43.1 nmole %

i ng poi
B66 psi a. _
strates Yraphically the 40
it i on consisting

as indicgted by a m xture of

g the hi ghest

0.2 0.3 0.4
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WD 96/ 09271
PCT/ US95/ 11053 _ - 44- 5 pressure
over thavoosmge7iof conpositions at this tenperature. BasefcyRedsiioss t hese
fiindings, it has been cal cul ated that an azeotropic or azeotrope-Ilike
conpositions of about 59.2 nole % HClI and 40.8 nole % HFC-23 is

formed at -50 deg C and 92.7 psia andﬁaaazeotropi c or azeotrope-like
conposition of about 49.2 nole % HCl 50.8 nmole % HFC-23 is 10 forned
at 25 deg C and 866 psia. Accordingly, the present invention

provi des an azeotropic or azeotrope-like conposition consisting essentially
of from about 59.2 to about 49.2 nole % HCI and from about 40.8 to about
50.8 nole % HFC-23, said conposition having a- boiling point fromabout -

50 deg C at 93 psia to about 15 25 deg C at 897 psia.

Referring now to Figure 5. Figure 5 illustrates graphically the

formation o pic_and azegtrope-ljike conposition consisting
essentially] of HCl andf CFC-115 at -30 deg C, as indicated by a n}xture of
about 96. 3 |l e % HCI g@nd CFC- 115 havi ng the hi ghest pressure ovgr the 20
range of c ositions ;t this tenperature. Based upon these findjegs, it
has een cal cul hted that an azeotropic or azeotrope-like [o
conpositio of about 95.0 mole % HCI and 5.0 nole % CFC-{115 is
fornmed at -0 deg C and 75 psia and an azeotropic or azeofdgope-|ike
conposi tiory of about 99 9 nole % HCI and 0.1 nole % CFC-1f&p is
formed at deg C and §90 psia. =~ 25 Accordingly, the present | nvention
provi des anl azeotropic Q azeotrope-like conposi tion consfsting
essentially of fromabou}y 95 to about 99.9 nole % HCl and %-r om pbout
5 to about 0.1 mle % CF® 1 15, said conposition havi ng aT oi [Wng
poi nt of frjom about -50 g Cat 75 psia to about 25 deg C at 590 .
psi a. 30 : - WReferring nowto Figure 6, Figure 6 i 1} Bst =B es
graphical I yf t he for\rati on of an azeotropic-and azeotrope-|Pke
conposition consisting essentially of HF.and PFC-1 16 at [ 20 C,
as i ndicat G#d by m xtures of yHF and PFC-1 16 having a hi ghgs? v r .
pressure tHhHan either pure coyponent at this tenperature, th e
conposi tiorf of the vapor spacg in the maximum 35 pressure region ke ng
that of the eotrope. Sanpli of the vapor space
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and NRTL cal cul ati ons show that the azeotropic or azeotrope-Ilike
conposition was about 6.8 nole % HF and 93.2 nole % PFC-116 at this

t enper aMrw/09Based upon these findings, it has been cal RCEUSS1IG5at an
azeotropi c or azeotrope-like conmpositions of about 4.2 nole % HF and 95.8
40 nmole % PFC-1 16 is forned at -50 deg C and 54.1 psia and an azeotropic

or azeotrope-like conposition @yigbout 15.1 nole % HF and 84.9 nole
% PFC-1 16 is forned at 8 deg C and 343 psia. Accordingly, the

pr esent SUBSTI TUTE SHEET (RULE 26) WO
96/ 09271 '

PCT/ US95/ 11053 - 45 - 5

i nvention provides an azeotropic or azeotrope-like conposition consisting
essentially of fromabout 4.2 to about 15.1 nole % HF and from about 95.8
to about 84.9 nole % PFC- 116, said conposition having a boiling point of
from about | T i
Referring n

: ure 7, Figure 7 illustrates graphically the
formation ¢qf an az®tropi c and azeotrope-Ilike conposition consi qtjng
essentially of CFGJ3 and PFC-1 16 at 45.55 deg C, as .indicated
m xture of Jabout 2%8}2 nole % PFC-1 16 and 76.8 nol e % CFC- 13 hayi
t he hi ghest] pressurg¢ over the range of conpositions at this tengerature.

15 Based {pon thes¢ findings, it has been cal cul ated that an azestropic or
azeotrope-|li ke conpgsitions of about 81.2 nole % CFC 13 and 18. § ol €0

% PFC- 116 ifs fornmedlat -60 deg C and 41.3 psia and an azeotropiq or +_
azeot rope-lli ke conpqsition of about 53.4 nole % CFC-13 and 46.6 |fMle
PFC-1 16 i4 forned gt 19 deg C and 464 psia. Accordingly, the prj&@en 20
i nvention ﬁrovides dn azeotropi c or azeotrope-like conposition qonsi t ng

N PFC
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essentially of fromabout 18.8 to about 46.6 nole % PFC-1 16 and from
about 81.2 to about 53.4 noble % CFC-13 and, said conposition having a

boi l'i ng ggj&;ogg,fl fromabout -60 deg C at 41.3 psia to abopEriSosiigessC at 464

psi a. Referring now to Figure 8. Figure 8 illustrates
graphically the formati on of an azeotropi c and azeotrope-Iike
conposi tion -consi sting essenti al+)/ of HFC-23 and PFC- 116 at -45.55
deg C, as indicated by a m xt ur /08 about 60.2 nole % HFC- 23 and
39.8 mole % PFC-1 16 having t he highest pressure over the range of
conpositions at this tenperature. 30 Based upon these findings, it has
been cal cul ated that an azeotropic or azeotrope-like conpositions of
about 59.5 nole % HFC-23 and 40.5 nol e % PFC-1 16 is formed at -60
deg C and 58 psia and an azeotropic or azeotrope-|i ke conposition of
about 65.8 nole % HFC-23 and 34.2 nole % PFC-116 is forned at 10 deg
C and 503 psia. _Accordinaly, thegpresent 35 invention providese.an
azeotropic or azeotrope-like composition consisting essentilal |y of
from about .5 to about 65.8 ngle % HFC-23 and from about |40.5 to
about 34.2 le % PFC-1 16, saifl conposition having a boi | if@y poi nt
of fromabout -60 deg C at 58 gsia to about 10 deg C at 503 <psi a.
40 Referring noy to Figure 9, Figure 9 illustrates
graphically fhe formati n of an azeotropi c and azeotrope-| if e
conposition gonsisting ssentially of HFC-32 and PFC-116 affe 19.6
deg C, as indicated by a SUBSTI TUTE $HEET]
(RULE 26) WD 96/ 09271 - ~ T
PCT/ US95/ 110p3 - 46 - S O
m xture of apout 26.8 nole % HRC-32 and 73.2 nole % PFC-116 havi ng %
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~the highest pressure over the range of conpositions at this tenperature.
Based upon these findings, it has been cal culated that an azeotropic or
azeot r opivg deld2gonposi tions of about 18.3 nole % HFC 32 a¥iErdosA 1648

%.PFC-1 16 is formed at -80 deg C and 14.6 psia and an azeotropic or 10
azeotrope-li ke conposition of about 27.3 nole % HFC-32 and 72.7 nole %
PFC-1 16 is forned at 10 deg C and 412g@i$a. Accordingly, the present

i nvention provides an azeotropic or az ope-1li ke composition consisting
essentially of fromabout 18.3 to about 26.8 nole % HFC-32 and from

about 81.7 to about 73.2 nole % PFC-1 16, said conposition having a 15
boiling point of fromabout -80 deg C at 14.6 psia to about 10 deg C at 412

psi a. Referring now to Figure 10, Figure 10 illustrates
graphical ly the formati on of an azeotropi c and azeotrope-Iike
conposition consisting essentially of HF and CFC-115 at -20 deg C

as indicated by nmxtures of HE 20
pressure thgn either pure conponen
conposition jof the vapor space
t hat of the fjazeotrope. Sanpli
cal cul ati ong showed that t
conposi tion jwas about 25
t enper at ure.] Based upon
azeotropic gqr azeotrop
nol e % CFC- 3§15 is for
azeotrope-| ijke conposi
115 is forngd at 50

CEC- 115 having a higher vapor
this tenperature,
t he maxi mum pressure regj on being
g of the vapor space and N
azeotropic or azeotrope-like
le % HF and 75 mole % CFC- 115 at this
hese findings, it has been calculated th
1 ke conpositions of about 17 nole % HF

i on of about 24 nDIe % HF and 76 nole %
g C and 287 psia. Accordingly, the present

30 provideg an azeotfropic or azeotrope-li ke conposition consisti L
essentially off from about 17 to about 24 nole % HF and fr abokt 83
to about 76| le % CFC-1 15, said conposition having a boi}T:ng i nt
of from aboyt - 60 deg - C at 5.5 psia to about 50 deg C at 7 a
Referring nqw to Figyre 11, Figure 11 illustrates graphically t e
formati on off &A azeof opi ¢ and azeotrope-like conposition consistifig &
essentiallyjo ofpHF ant\CFC- 114 at -20 deg C, as indicated by m xtuf®es é HF
and CFC-114 hgalng a My gher vapor pressure than either pure conp ent. kit
this tenperctﬂ?e wi t h\t he conposition of the vapor space in the sixi gym
pressure redi on being tRat of the azeotrope at a specific tenperat@mre d
40 pressuré.:ganpllng o\ the vapor space and NRTL cal cul ati ons sjhowe hat
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the azeotropic or azeotrope-like conposition was about 67 nole % HF and
33 nole % CFC-1 14 at this tenperature. Based upon these findings, it has
WD 96/ 0

PoT/ USon T S TELE! PCypsosmesy
cal cul ated that an azeotropic or azeotrope-like conpositions of about
68 nmole % HF and 32 nole % CFC-114 is é@aﬁed at -50 deg Cand 1.6
psia and an azeotropic or azeotrope-li conposition of about 50 nole %

HF and 50 nole % CFC-114 is fornmed at 100 deg C and 427 psi a.

Accordingly, the present invention provides an azeotropic or azeotrope-like
10 conposition consisting essentially of fromabout 68 to about 50 nole %

been

HF and from about 32 to about 50 nole % CFC-114, said conposition

havi ng a boi l'ing point of fron1about -50 deg C at 1.6 psia to about
100 deg C at 427 psi a. Referring now to Figure
12, Figure J2illustrat aphically 1o __the fornation of an azeotropic

e-like co Sition conS|st|ng essentially of HF and
20 deg & as indicated by m xtures of HF and CFC- 114a
her vgfor pressure than either pure conponentj@ this

CFC- 114a at
havi ng a hi

tenperature} w tef the conposition of the vapor space in t he maxi mum
pressure regionfeing that of the azeotrope. Sanpling of the 2P vapor
space and L Lal cul ati ons showed that the azeotropic or |
azeotrope-|}) ke fconposi tion was about 63 nole % HF and 37 nole % [BC

114a at thip te¢nperature. Based upon these findings, it has been caléﬁ at ed

t hat an aze
and 35 nol e
azeotropic

mol e % CFC-

trgpi c or azeotrope-like conpositions of about 65 noj %
% ¢FC-114a is forned at -25 deg C and 6.8 psia and afis ;gf
r dzeotrope-like conposition of about 57 nole % HF apd 4
148 is fornmed at 100 deg C and 365 psia. Accordingly ot h

present inventitn provides an azeotropic or azeotrope-|ike conpo ¢|
consisting fssefgtially of fromabout 65 to about 57 nole % HF and™ f.r
about 35 toj aboyt 43 nole % CFC-114a, said conposition having a poil ikg
30 point of ¢r about -25 deg C at 6.8 psia to about 100 deg dQt éﬂ?
psi a. ©o - ©
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Referring now to Figure 13, Figure 13 illustrates graphically t he
formation of an azeotropic and azeotrope-|ike conposition consisting
essent i awowewod27tlF and CFC-1 13 at -20 deg C, as indi cat edp®pusisasissi ¢ nol ar
m.xtures of HF and CFC- 113 having a higher vapor pressure than either 35
pure conponent at this tenperature, with the conposition of the vapor

space in the maxi mum pressure region bgmg that of the azeotrope.

Sanpl i ng of the vapor space and NRTL cal cul ati ons show t hat the

azeotropi c or azeotrope-like conmposition was about 93 nole % HF and 7

nole % CFC-113 at this tenperature. Based upon these findings, it has been
40 calcul ated that an azeotropic or azeotrope-|like conpositions of about

94 mole % HF and 6 nole % CFC-113 is formed at -25 deg C and 3 psia
and an azeotropi c or azeotrope-like conposition of about 73 nole %

HF and 27 WD 96/ 09271
PCT/ US95/ 11§59 °
% CFC-1 13 js for
present invéntion
consi sting ¢ssenti
about 27 to}about

poi nt of fr¢m abou
10

-4 —5 nole
at 125 deg C and 441 psia. Accordingly, the
rovi des an azeotropic or azeotrope-Ilike conpodition

Iy of fromabout 73 to about 94 nole % HF and®rom
nmol e % CFC-113, said conposition having a boill®ng

-25 deg C at 3 psia to about 125 deg C at 44% psi a.
eferring nowto Figure 14, Figure 14 illustrat|®

graphical ly the formation of an azeotropic and azeotrope-|l®keyny
conposi tionjfconsi s{i ng essentially of HF and CFC-113a at {20 deg C,
as indicater by spé¢cific nolar m xtures of HF and CFC-1 18« haﬁlng
a higher vapor pregsure than either pure conponent at thij
tenperature} wth ghe conposition of the vapor 15 space in the natbnum
pressure reg%on beifng that of the azeotrope. Sanpl i ng of Qae vapor
space and NRTL cal

ul ati ons show that the - azeotropic or

azeotrope-| {ke compositi on was about 89 nole % HF and 11 nDleEaFC-
13a at this|tenper@ture. Based upon these findings, it has been
cal cul at ed 1 an azeotroplc or azeotrope-|ike conpositions of egéutﬁé4
20 mole % %%@nd $ nole %CFC-113a is. formed at -25 deg C and 3 [pSi af&nd

CFC-115 - HF AT -
0.2 0.3 0.4
LIQUID MOLE F
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T e ste el

an azeotropic or azeotrope-like conposition of about 70 nole % HF and 30
mole % PFC-1 13a is fornmed at 125 deg C and 455 psia. Accordingly, the
present wowemd2zpn provi des an azeotropi c or azeotrope-|.i kecmusysagssi on
consisting essentially of fromabout 94 to about 70 nole % HF and from 25
about 6 to abut 30 nole % CFC-1 13a, said conposition having a boiling
point of from abut -25 deg C at 3 psi 31 H)aabout 125 deg C at 455 psia.
Referring now to Figure 15, Figure 15 illustrates graphically t he
formation of an-azeotropic and azeotrope-|ike conposition consisting
essentially of HF and HFC- 125 at 20 deg C. as indicated by a m xture of

30 about 14 liquid nole % HF and 86 nole % HFC- 125 having the hi ghest
pressure over the range of conpositions at this tenperature. Based upon
these findings, it has been cal culated that an azeotropic or azeotrope-like
conposi tions of about 11 rml e % HF and 89 nole %PFC— 125 is formed at

-50 deg C anpe s St S : soRpest | on of
35 about 1§ and 85 m)l e %HFC— 125 is forned at 50 deg and -

388 psia. A( the present invention provides an azeotrop]c or
azeotrope-|i i isti 0 about
15 mole % H

conposition psia to
40 about 5( ia. ot 0

Figure 16, Kigurd 16 illustrates graphically the formati ofeof «gn
azeotropi c dnd aZeotrope-li ke conposition consisting WO 96/P927 b=
PCT/ US95/ 11953 - 49 - ~5 T
essentiallylof H] and CFC- 13 at -20 deg C, as indicated by a mi xf¢gt e @f
about 6 nolg¢ % HH and 94 nol e % CFC- 13 havi ng the highest pressurg E;

over the range off conpositions at this tenperature. Based upon th?@e
findings, it] has Jbeen cal cul ated that an azeotropi c or azeotrope- gkeg
conpositiong of gbout 3 nole % HF and 97 nole % CFC-13 is forned ft. - n-l_-_q
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10 50 deg C and 60 psia and an azeotropic or azeotrope-like conposition of
about 11 nole % HF and 89 nmole % CFC- 13 is forned at 25 deg C and

521 psi awossmezdi ngly, the present invention provides an wAARekffiss OF
azeotrope-like conposition consisting essentially of fromabout 3 to about
11 nole % HF and from about 97 to about 89 nole % CFC-13, said 15

conposi tion having a boiling point of faqg about -50 deg C at 60 psia to

about 25 deg C at 521 psia. Referring now to Figure
17, Figure 17 illustrates graphically the formation of an
azeotropi c and azeotrope-|ike conposition consisting essentially of
HF and HCFC-22 at 70 deg C, as indicated by a m xture of 20 about 9.9
nmol e % HF and 90.1 nole % HCFC-22 havi ng the hi ghest vapor pressure

over the range of conpositions at that tenperature. Based upon

these findings, it has been calculated that an azeotropic or azeotrope-like
conposi ti-ong o2 Q LR G At

-50 deg C anqd 10 psia Zeotropi c or azeotrope-|like conposi|tion of

25 about 1Q nmole % HF and 90 nole % HCFC-22 is forned at 70 deg}C and

458 psia. Adcordingly] the present invention provides an azeotrof® or
azeotrope-|ilke conposftion consisting essentially of fromabout 3&to about
10 nole % H} and fromabout 86 to about 90 nole % HCFC- 22, said
conposi tionlhaving a poiling point of fromabout -50 deg C at 10|®ia to

30 about 7Q deg C at}458 psia. Referring nq@t o
Figure 18, RFigure 18 |llustrates graphically the formati gn of «an
azeotropi c gnd azeotrppe-li ke conposition consisting essentiaﬁry of
HF and HFC- 343a at 0 Peg C, as indicated by a m xture of  [ePoue12.6
nmole % HF ajd 77.4 noj e % HFC- 143a havi ng the hi ghest 35 pr¢ssurg;over
t he range off conpositjons at this tenperature. Based upon o hese
findings, it has been] cal cul ated that an azeotropic or azeotropeﬂ};kegg
conpositiong of about} 13.8 nole % HF and 86.2 nole % PFC-143a is| . =
formed at -25 deg C gnd 38.7 psia and an azeotropic or azeotrope-h;kets
conposi tion 0¥ about mol e % HF and 95 nole % HFC-143a is forned at < 40
70 deg C an @5 psi & Accordingly, the present invention provid ?arﬁn
azeotropi c ¢r_azeotrgpe-like conposition consisting essentially of fr
about 13.8 ffotabout 9 nole % HF and from about 86.2 to about 95 e Eﬂ
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SUBSTI TUTE SHEET (RULE 26) WD 96/ 09271 _ -
PCT/ US95/ 11053 - 50 - 5

HFC- 143awo9e0at7ronposi tion having a boiling point of fromcahsesnsss deg C
a} 38.7 psia to about 70 deg C at 595 psi a. WO 96/ 09271

PCT/ US9S/ 11053 - - 51 - 5 CH 2396
THE FOLLOW NG I S CLAI MED: 13718 1. A process for recovering
hexaf | uor oet hane from a product stream contai ni ng at | east one
impurity selected fromthe group consisting 10 of

chlorotrifluoronethane, chlorodifluoronethane, trifluoronethane,
chl oropent af | uor oet hane, pentafluoroethane and hydrogen fluoride, the

process conprising the steps of: - introduci ng the product
streamto a distillation colum, distilling the product
streamin the presence of anhydrous HCl , 15 renoving a

HCI-hexafIun%n*haﬁe—aieotznp=a-y~ﬁﬁm5++ep9444&heeﬁ§eehHHy+——-w- from
the top of {he distillatifpn col um and renoving at |east a portign of the
inmpurities ¢r azeotropic for azeotrope-|i ke conpositions thereof With HC
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and/or HF fromthe bottom of the distillation col um,
séparating the HCl - hexafl uoroet hane azeotropi c or azeotrope-Ilike 20

conposi tyweyyeladdr | tS i ndividual conponents; and recover.i NeCTUS9S/ 11053
hexaf |'uor oet hane. 2. A process for purifying a

hexaf | uor oet hane pr oduct containing at |east one inpurity selected
fromthe group consisting of 25 chl 0{4)}1@ f 1 uor onet hane,

chl or odi f I uor onet hane, chl or opent af | uor oet hane, pent af | uor oet hane
and hydrogen fluoride, the process conprising the steps of :

i ntroduci ng the product streamto a distillation colum,

distilling the hexafl uoroethane product in the presence of anhydrous 30
HCl , renovi ng a HCl - hexaf | uor oet hane azeotropic or
azeotrope-like conposition, which is substantially free of said .
inmpurities, fromthe top of the distillation colum and renoving the
inpurities, } ; bt »e Of
with HCl fronp the bottdm of the 35 distillation colum, and;

purifying theg HCO - hexaf]l uor oet hane azeotrope to yield substantially

pure hexaf| uoy oet hane. . SUBSTI TUTE | SBEET
(RULE 26) i
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- 562 - 5 3. A process for produci ng hexafl uoroet hane by
fl uori navoe&09271 of trichlorotrifluoroethane(s), . PCT/US98/11053

di chl orotetrafl uoroet hane(s) and/ or chl oropent af | uor o- et hane to
produce a hexaf | uoroet hane product contai ni ng inmpurities selected
fromthe group consisting of chloroti§}ieﬂoronethane and

chl orodi fl uor oret hane, the inprovenent conprising the steps of distilling
10 t he hexafl uor oet hane product in the presence of anhydrous HCl,
removing a HCl - hexaf | uor oet hane azeotrope fromthe top of the
distillation colum and renmovi ng sonme portion of the inpurities or
their azeotropes with HCI from the bottomof the distillation
colum, and purifying the HC - hexaf | uor oet hane azeotrope to yield
substantlally pure hexafluoroethane 15 4. A process

a e Q n-F P

for producg 2
trichlorotfi dlchlorotetrafluoroethane(s) and/ o
chl or opent pf | uorfo- et hane to produce a hexafl uoroet hane product gontai ning
inpurities)selefted fromthe group consisting of chlorotrifluor ¢t hane and
20 chl orofli fl ugronet hane, the inprovenent conprising the steps|®f
distilling t he hexafl uoroet hane product in the presence ¢f anhydrous
HCl , renovlng a HCl - hexaf | uor oet hane azeotrope substanti §&y free of

these inpufitie$ from the top of the distillation columjend
renoving the inpurities or their azeotropes wth HCl frofm t heSbottom
of the distillagion colum, and 25 purifying the HCI-hexaqunﬁoetﬁéne
azeotrope fo yi ¢l d substantially pure hexaf |l uor oet hane. o

5. The progess @§f any one of Clains 1, 2, 3, or 4 wherein the : .
HCl - hexaf | bor oefthane azeotropi c or azeotrope-like conposition i§egpeparated
30 by I'i puefyilng and cooling the conposition at a tenperaturefgpl about
-50 degrdes C and allowing it to separate into HCl-rich and

hexaf | uor ogt hane rich layers, and purifying the latter o]

RECTIONEHF

yi el d hexa]l$for okt hane. ' 6. The process of qu
Clainms 1, Lg?, ®r 4 wherein the. 35 HCl-hexafl uoroethane azeptro
separ at ed DY, i qiefying and cooling the - azeotropic m xtufe at
t enper at ur g <xel oy about -50 degrees C and < Eﬂ
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allowing it to separate into HCl -rich and HCl - hexaf | uor oet hane-rich | ayers,
ahd purifying the forner layer to yield hydrogen chloride.

SUBSTI TWoBe8#ZET ( RULE 26) WD 96/ 09271 - PCT/US95/11053

PCT/ US95/ 11053 . - 53 - 5

7. The process of any one of Clainms 1, 2, 3, or 4 wherein the

anmopunt of HCl is at |east the anmount $6#48ired to form an azeotropic or
azeotrope-li ke conposition with the hexafl uoroet hane present in said
product stream 10 : 8. The process of any one of C ains
1, 2, 3, or 4 wherein the anount of HCI corresponds to about 62
nole of the mxture of HCl and hexaf | uor oet hane.

9. A process for purifying a hexafl uoroet hane product 15 containing
trifluoromethane conprising the steps of distilling the

hexaf | uor oet hane product in the presence of anhydrous HCl, renoving a

HCl - hexaf | 4 .
fromthe tdp of thedistillation colum, renoving a portion of the
trifluorongthane or Jts azeotrope with HCI and/or HF fromthe b J;nnof
20 the coljum, |iqugfying and cooling the azeotropic m xture att g

t enper at ur ¢ ' :

9.2 0.3 0.4 0.5.0.6 0.7 0.8
LIQUID MOLE FRACTION CFC-13
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bel ow about -50 degrees C and allowing it to separate into HCl-rich and
Rexaf | uor oet hane-rich layers, and purifying the hexafl uoroethane-rich |ayer
to yiel svoedawpanti al |y pure hexafl uor oet hane. 25 - Pcr/usesnioss 10. A
-conposi tion consisting essentially of hexafl uoroethane in
conbination with an effective anount of hydrogen chloride to form an
azeotrope or azeotrope-like conpositiquggntaining fromabout 36 to 40

nol e percent hexafl uoroet hane and 64 t out 60 nol e percent hydrogen

chl oride, said conposition having a boiling point from-60 degrees C at 81
30 psia to about 10 degrees C at 681 psia. _ 11. A
conposition consisting essentially of hydrogen fluoride in

conmbi nation with an effective ambunt of hexafl uoroethane to form an
azeotrope or azeotrope-like conposition containing fromabout 95 to 85

35 nol e percent hexafl uoroethane and 4 to about 15 nole percent hydr ogen
fluoride, sald aVassta Lon havina . a hoilinag noin am -850 _dearee C at 54
psia to aboyit 8 de¢ffrees C at 343 psi a. WD 96/ 09271

-54 - 5 12. A conposition consisting essentially of hydrogen
fluoride - fn conmbination with an effective anmount of o '
chlorotrifl glor ongt hane to form an azeotrope or azeotrope-|jde
conpositionjcontdining fromabout 97 to 89 nol e percent
chlorotrifl yiorongf hane and 3 to about 11 nol e percent hydr
chloride, said coyrposition having a boiling point from-50 10
at 60 psia §o aboyt 25 degrees C at 521 psia.

process for |separadting hydrogen fluoride froma m xture w
hexaf | uor oefhane #ont ai ni ng hydrogen fluoride in excess of
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hydrogen fluoride is renoved fromthe bottom of the col um.

14. A substantially pure product nade by the process of any ‘one of
Cl ai s w0 9@0928 4, or 9 wherein the hexafl uoroet hane i sperusesaabss 20
99. 9999 w % pure. 15. A product consisting essentially
of 99.9999 w % pure hexaf | uor oet hane.
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The disclosure relates to removing impurities from hexafluoroethane (CFiCF3), also known as Perflucrocarbon 116 (PFC-

116) or Fluorocarbon 116 (FC-116), by using azeotropic distillation such that an overhead product comsisting essentially of HCI-

\&exaﬂuoroemane is formed, optionally combined with a phase separation step to break the HC1-hexafluoroethane azeotropic or azeotrope-

composition thereby permitting recovery of substantially pure hexafluoroethane. Unreacted hydrogen fluoride (HF) may be removed

hexafluoroethane during the above azeotropic distillation with HC1 or altemnatively by an azeotropic distillation wherein an HF-
afluoroethane azeotropic or azeotrope-like composition exits overhead and substantially pure HF exits in the bottoms stream.
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