; ede- t Decenber 2003 Progess for the separation of a mxture
corrprl l,m,mmmmmmm one hydr of | uor oal Ri ine and hydrogen fI yori d gcesses

for the prg aration of a hydrofl uoroal kane and azeotropl '%%ﬁﬁ@@f£$%%s The
present |nvenf|on relates to a process for the separation. of a mxture

conprising a-hyProtésior fet kiine sesh i ogedt fd upl ktlere asomet i sdsgt Ot
processes for th of a hydrifluoro [ Kane and tQ azeotropic

conposi tions. Hye ydrogen: fdmoxd

appropriate chl @rﬁd@@tse@sprfeeurtﬁer pwebarax%age@ &l %%'r@%lu%%o@'l%ln%sed for
exanpl e, in-Patent Applications EP-AI-T, b99 649 and. WO AT-977 15540 (0

beh ) aid in Pat®EM 20T SRSiDemE089. I n such a

pr oc| h%'ﬂ@m m outlet of the reactor, the m xture of reaction products
conp d|t|on to the desired hydrofl uoroal kane, hydrogen chloride
ori gi nat'B®Y2f rom t he rheo\RessNt hinvenbiomeralohesr tat GepEooesshdor

starting chl ordpat edg FSEH{:%% hy&r Ogﬁ?ofl up chI O(fo?rﬂﬁgl teda

i nt er medi at es, genera y unconverted c rlna{ed precurso’, possi bl y i nert
di | uents, and hycﬁinocﬁlslou;q@rldxaamxet @arnd lsy@td>ganmuﬁﬂ1her1&eyerast hadll hasoper ati on

I's usually caryr.j Qut. with n fI r|de th respect to
t he chlorinatéﬁk%gggﬁﬁegk% &%%o v§§§§8t208r§g V&gP EOFE g&ﬁ@Fa

present in th¢QMaMEauramid%ﬂﬂMpo&dtﬂmmducts Wher eas the majority of t He
constituents of the nkg ? t on q?cts can eaS|I .and

conpl etel y separated by &CEH? PF?\? ﬁne%o‘ﬁ%’?e ® REShRE %ﬁ FEARER R
hydrofluoroalbmneapptdﬁnidnak(ﬂhﬂbﬁﬂnuredkapsegwﬁemﬁlIylvnryhgdﬁbqaﬂt to
achi eve by di Iag thlzﬁgeu@giegﬁaus% t hese congounds often form
azeot r opi ¢ n13$%ﬁ%§ ddepat it 5 RE- 977 ¥3BRE° di scibses3&SPltocess
for: the purif ppatliieatdfonky dEH-ghl-ar,®99,fdapr caddangs-A1R9pALE540! ar(oh 21

1, 3, 3pentaf opane or FC- 245fa) from azeotropi c m xtures -
11 Decenber g@%%% aXior i Py ahnazeBFFéﬁFc dPepilicatien

techni que como-wln@ﬁmoe@ccqsﬁls\(erﬁt@%éésﬁl st | £19¢1 90t Bk dbkf enent

tenperatures and at different
reactor, the mixture of reaction products comprlses, in.

addition to the desired hyd;ofluoroalkane, . hydrogen
chloride originating from the removal of the chlorine
atom or atoms from the sta:ting.chlorihafed precursor,
hydrogen fluoride, chlorofluorinated intermediates,
generally unconverted chlorinated precursor, possibly
inert diluents, and various byproducts in small amounts.
Given that the operation is ueually carried out with an
excess. of hydrogen fluoride with respect to the
chlorinated precursor, uhconverted hydrogen fluoride 1is
generally present in the mixture of reaction products.
Whereas the majority of the constituents of the mixture
of reaction products can be. easily and completely
separated by distillation, complete separation between
the hydrofluorocalkane and the hydrogen fiuoride is
generally very difficult to achieve by distillation, this
being because these compounds often form azeotropic
mixtures. _

. Patent Application WO-Al1-97/05089 discloses a
_process for the purification of hydro-
(chloro) fluorocalkanes (in particular 1,1,1,3,3-

pentafluoropropane or HFC-245fa) from azeotropic mixtures



pressures.. However, this azeotropic distillation technique exhibits the

di sadvantages of requiring a large difference in tenperature or in pressure
bet ween the two columms, so as to have available a sufficient separation
‘potential (difference in conposition between the | ow pressure/tenperature
azeotrope and the high pressure/tenpefature azeotrope), ‘ARgCeNPei#&®3ci ng a

hi gh recycl,i f at e hetween the two columms. Patent Application
WO- Al- 97/ 1&5&8 ﬁg‘%%%ee% gﬁﬂf%&g& Yr Ahe? 8ePEFAR TN ﬁﬁ&lr]é@&}é}ry of
hydrogen fteachndguer oncbinprisiagt r opws) Nsxykde8sivvet h, sitlgb@rs al i

hydr of | uor ggl?ﬁggﬁgﬁcorrpri sidgggf roml to 6 carbon atonms (in particular

HFC- 245f a) | tiPedfs GHRPTi HEBPESALHEESWRPR &% SliEdfisrend al
fluoride (pnepautesul ar, potassiumfluoride or caesiumfluoride) solution

and the organic phﬁse i S segﬁr_at ed fromthe phase conprising the hydrogen
fluoride and the afREFYShet &P1f| BEPPEECPTRr gk ilhRs LoRove ,

cont am nat eghibitkhe tiegand £s M fyed heoROt s flgior hde esi um
fluoride aad %he ri sk, of deconposi t‘_ip%n of Ot he hy rof]] ij(;rogl kal(r%g:sg%ahi ch this
cont ani nat FOALRFGRES bR nECBRRAt WES e FrodyRaB SN dmtaveen Hdwe talkal i net al

f | uorides, cantniiBy esashi €0l vy LALPIANL IUQN A AU \Bloh BARYST Ve, AN
r

object of the present invention is to provide a process € separation
of a m xt uPeteBkbRLsi (i Ehenanest dne domprariticmoabkameenprefier dlw

conpri si Ngp{£98h Be V PeffnSA ato drogep .fl uoride which, does not
exhi bi t tﬁ% di sadsg_n?ageség‘gg? he g%%(\a/g@rrgcr’l%gonedgggocesgbg Th@li%enti on
consequent P§ef &nae fsempe pa pune exzediorondle sephraef iporodifcimgriax thirgh
conpri si ngrat,Leas h f r nd €ro en fluoride,

her ei naf t e]rr Y: 3 & ?Pﬁ%%%%b%%‘g%g%%mﬁd%sg% "&ﬁ”g% uor oal kane/ hydr ogen
fluoride m xture, Batenti Mprldastiicn t HO-AYdPGf LBDN0al kel dyels ogen
fluoride nix i a d w t. |l east one organic ¢ ound capabl e of
reacting u%tﬁgi§%r§a%§ ?F%or%%%.r%%%PQeé%?fOHGS?g?ﬁ¥ of Mhydroged

hydr of | uor Hhiikadd hxhmogers f(lareoitdepticxt mi gt wiéd with casttane argani c

compound ¢ reacting with hydrogen flyoride nakes it possible to
consune atﬁ?(ggéflg(gf)%??g%rﬁe%f c?’ﬂgrﬁgﬁ?%ggﬁofﬂl tiorticc‘.le.6 PREPLBp&TAMON process
according {intperthvebboNFCRRY5EEOV dRe aniHEURY €18f breaghton pduct s
which is dc?&@éc?@ in ydrogeg fluoride. This is of advantage i.n the context
of a hydrofltuoroal KATE Sht SRSl Petadi dgysssidenl éiroparid cadiad imi xture to
be used i ropaads curh af 1dsr Bdd ractdays isol VAnRior it WMot i®fadEeasd on
products obtained i,s also highly sujtable as starting material when it is
subj ect ed (?%g%l?l‘f SR D ﬁ%?e‘éf@rd IGomydhsr Ahass ROmPLifiddda o recover
the hydr ofh yuiwepdik afituo Hydks ofhaiorieal kanel essanil bl Yo deyoi d of hydrogen
fluoride can thus ,ﬂg obt ai ned. A specific advantage ari ses when the

hydr of | uor oal kane _r%‘é%bt} %fW iR 8P Saz Eovtame nert ipge o ot r ope
wi th hydr ogeyardicorgidasdeegusentt pocOSHR! erttorRiSakr SUgh Anfzeot rope,
that is to a%v:%?at the separatiQn process according to the invention is
capabl e of f}} Y ng 3R Xt e FASKhi A t heerpaPeniitdodal kafie dme the
hydrogen fHybrd flenci sa eSSt wh e’ OROE t LORSafli hELLEAT (bR thase for which
they form %n atzeotrope or a pseudoazeotrope.

abou may be feared. Moreover, these alkali metal

fluorides, and more particularly caesium fluoride, are

very expensive.

An object of the present invention is to provide

a process for the separation of a mixture comprising at

least one hydrofluoroalkane, preferably comprising from

3 to 6 carbon atoms, and'hydrogen fluoride which does not

exhibit the disadvantages of the abovementioned

processes.
The invention consequently relates to a process
for the separation of a mixture comprising at least one

hydrofluoroalkane and hydrogen fluoride, hereinafter



The term "hydrof | uoroal kane" is understood to denote the hydrocarbonaceous
conpounds corresponding to the general fornula CaH(2a+2)-bFb in which a =1
to 6 and b =1 to 2a + 1. The hydrofl uoroal kanes which conprise from 3 to
6 carbon atons are preferred. The hydrofl uoroal kanes whi ch conprise from3
to 9 carbon atons are particularly prefeBred. Mention ney Dezembee206

exanpl es of hydrofl uoroal kanes whi ch can be separated from m xtures - 4 -
~f December 250%"W 37 hgéﬁjé’@éllruplreéﬂi‘ééekSDYﬂﬁ@g@@paﬁ’JaMIbirdeprmie@sur@ccordi ng

to the inventa®for®ing, 1.tb 3, 3pephal | ups oprh%@qjg EC-
1,1, 2,2, 3pent af | uor op%opane (HFC- 245ca), 1,1,1, g,lggggtagﬁﬁ%&%)/g rdc]):}:()) e

(HFC- 245eb), Gluonide smigsrapl dsr oppapked WHEC=236f3st one organic

1,1,1,. 2,3, 3hexmbdwos ops FG e‘ﬂ% ALy 3. 3. 3hept af | uor opr opane
(HFC-227ea), 1,1,1,3,3- plgﬁ?g |§J€|rl(c)é-%éﬁeé&f %fr%%a‘iyﬁm% 3‘{;"51&%%0"3
1,1, 1, 3, 3-pent af | uor cbag areacHECn38ENT the hydrdfluéréaideakl/ hgcadieane

HFC- 356nf f t de 1,203,.4, 4, 5.5, 5-decaf | ugr opent ane (HFC- 43-1 Onee) .
,(Am)ng these) c]gir}pg%%lfl((}jes, 'n%xit,u%e& gggrelntagfl Ei&a:)é%r o%& e Q%%SFWPQH@

1,1, 1, 3, 3- pergapakubs oft aneaHEGg 364t c) haddeopent | ELhariye prefiess ed.t

1,1, 1,3, 3-Pe byt a FC-365nfc) .is ver articularly preferred.,
-The organic g%)‘?rgpéo%s Eéegglrl%t'{n eagegjgra)zftti ¢h %‘?%%jg%% %gcgsﬁi %‘gdtrS‘?fteﬁ’e
invention aref bapaide. of Theacsepgratidn hydrogessf | seebdeing gasi ¢ taMpound
exanpl es are,; | cali |i near ,qr branched al kapes conprising from1l to
10 carbon at ol&{sﬁv%llcc% a?réuf)r EFSP’éaF;? EnIMrt TS P nH?BFEEPBnPﬁé‘F’é’@ténd
optional |y suldsitch utied, dapdeoptli onhal hydxdestn t gladrabkenesn £oNprd Sigrg from
2 to 10 carb A chl orinat ed og chl oraof l uori nat ed organi ¢ conpound

t .
is often errp%‘gad‘%? ogfat dd'%l eFPRESXEucRTas 2 hl B¥AxREdYOrPRAéANSat ed or

chl or of | uor i retrechesd e | st IseiDlly aSos S D51&x2HP! €he VERYH GbkenLEeroVibY! i dene
chloride, trichlpraethyl ene, aﬁgrchl or oet hyl ene, vinylidene fluoride and

chl orotrif1 udtoet myft S i st 1oay e 1xents. o Thex aviptare of

hexaf | uor opr aeans i@t epyelhcsyi betaihey exanphse Hl%hqrégaé‘ﬁf gotpound is
preferably a chl grinated or, chlorofluorinated precursor o t%e
hydr of | uoroalﬁjﬁ%.l%é“i‘%?ﬁ%ajch‘f’]&?‘i‘ natedSorsuiester ot i atat bdapteomesor of

Lhe hydr of | uanealdanait | stugdecst O%éﬁn&?@o&ﬁtébf&égcmoorﬁ%ég@éfs tg;'%d
ydr ochl or of L uor oal kanes, that is to say, respectively, chlorinated and
chl or of | uorii M@%%%cmr%mwmwalw deveid ||
Decenmber 2003f hydrogen fluoride can thus be obtained.

A specific advantage arises when the
hydrofluoroalkane is capable of forming an azeotrope or
bPseudoazeotrope with hydrogen fluoride - because it is
possible to “break” such an azeotrope, that is to say
that the separation process according to the invention is
capable of providing a mixture in which the
hydrofluoroalkane and the hydrogen fluoride are present
in proportions different from those for which they form
an azeotrope or-a pseudocazeotrope. _

The term “hydrofluoroalkane” is understood to
denote the hydrocarbonaceous compounds corresponding to
the general formula CuH(zas2)-pFp in which a.=_1 to 6 and
b =1 to 2a + 1. The hydrofluorocalkanes which comprise
from. 3 to 6 carbon atoms are preferred. The
hydrofluoroalkanes which comprise from 3 to 4 carbon
atoms are particularly preferred.

Mention may be made, as examples of

hydrofluoroalkanes which can be separated from mixtures



at, | east one chlorine atomand at | east one hydrogen atom the sanme nunber
of carbon atons as the desired hydrofl uoroal kane and at | east one fluorine
atom | ess than the desired hydrofl uoroal kane. The desired hydrofl uoroal kane
-can be obtained, starting fromat |east one chlorinated or
chlorofluoririated precursor of the h§drofluoroal kane, by Decembett2003 of
this precuyr.sqr with hydrog fluqride. ' ntion may, pbe made, as exanpl es
of chlori lré{ajt%gld \(I)Y!?y%ﬂ?%?%f I EEPPﬁégad %ﬁec&h@%rssﬁ?aﬁ%'ﬂ’r%‘f‘l uBrB85FREnes whi ch
can be usectdardingy sepajcat i orhey ocessvagdadlsi,ng teft he nnyent zon,- of

hydr ochl or oal kanes, such as 1,1,1, 3, gﬁent achl or opr opane_( HCC- 240f a) ,

1,1, 2,2, 3ps WHPHHESREE (HOC- 24085F~28°5£21 12, 3pent adhLofopr dpane

( HCC- 240dipen th o sk opgwachl or opregene 46366-230fa), 1,1,1,2, 3-

1,1, 1, 2,3, 3hexafch| or opr opane (HCC-230da), 1,1, 1, 2, 3, 3, 3hepf achl or opr opane
( HOC- 220d &Nt ueEppEgRatieachl or o- Gt AASedpane (HOL: 360) As B, 3-

1,1, 1, 3, 3+RentAacid 1 e (HCC 3p@pdar36dal ; 1, 4, 4, 41hexqchl qr ghut ane
(HCC-350jff) and 1,1,1,2, 3,4, 4,5, S?g?decach?gir opent ane'?l’-lCC— llg()jgdd) , and of
hydr ochl orsHafdriaqpnfeanssuch as(HFE+2d6ea) 4, 3, 3-t 8t fadhReBeBuBane

( HCFC- 361 lfed)ta 3-4d hel et ?a%%l or gbyt gne GHCEC ' o

1, 1-difl uore?f,a& 3- trt%ﬁjpgrobu(t ane2 H &-’3 2 f'g)',%’ SRt AR bbb

1, 3-di f | uded-hy Ipr3mansnl tiBbud @breps$ HCFE, 362k Bh B-pentafluorobutane

3, 3-di f | uong-al.skgshigdychl prpbyut an {_ - i % _

1, 1-di chl gr o-1, 3,%% rcg)f'l ug'rgbﬁf g’ng' ng’%gg‘%ﬁ@ atane (HFC-356mff)

1, 3-di chl @ng- 1,1, 3t 2i Bl Yo 0bubabhed ¢ GILE 136G M) ane3, GHRY-AB-A0med) 1;

1trifluor e - 36 -chloro-1,1, 3_ r or.obut ane
( HCFC 3641# c; 5andégg:ggl oro- I, 1u,.ri, t et ?éﬁl’ éér%ééu?%ﬁteta?gkééoggg%aﬂf In an
al t er nat i V& HCo245 fiahe anet th, "1 Hl, &, idratead adil woldobutfaneo r(HFg-86é Smfegur sor  of

(hydr 5) chEStorracr nar ks  BEREFE PR, 010y 1° peas BEhE b o RoR RS Pt od and
chl or of | udHEAat3&bndar)bdrraceans pearmiciridarly préfddaeenber 2003 conpri sing at

| east one chl orineg,atom and.optionalllba/ at | east ,one hydrogen atom the sane
nunber of carbon g“tl}?rrsoﬁgapﬁg e dP5%Uor Bal Wine SERATAE 1PBast one

fluorine aprowdsass adwmrdihe desi r ethehydnafdntaroeal kaee. cMpabilen gy be nmade,
for exanpl e, of. (hydrp)chloraq(fluoro)pnropenes, such as, for exanple,

1chl or 0- 33%5" | ubt roﬁy%&tgﬁgnas Uég’ifr r offganic — compound

1,1,1, 3, 3epantdfdsuoaopy ofaresr andiaf (L) cbronofdddrs®) bukaenes, such as,

for exanple, di.chloraqdiflyorobutenes, such as, inh particular,
1, 1di chl oFS™PL354PE gSP{S‘bEt £9-ghe‘?a e o CUPS OB fARFortstesR@dY such as,

in particahdbrihatldord/dr3btbinihios@bathd 268NN S PrMFS YT of,
1,1,1, 3, 3pent af | uor ohut ane. I n the separation process according to the

i nvent i on 2EhERERNE Y thRiet Y iRd iy likeresioF oRPRERERGY 8F8BeR ttlouori de

m xture ang t barBb@anheoR9IPOANEH Ko f{tesablor Cahfibed raubriihathe 1 iquid
phase. In the separation process according to the invention, the reaction

bet ween t R&E IR CoACTRCHRK diFe /OGN0 §EW 1Ovieshi did Lvigenatedand efiaser gani ¢

conpound g@RhbeasardiiRetiitdd) t BeuBEeRaReR Ar achabab¥iliorihhtedn al so be
carried out in the absence of catalyst. Wen the reaction between the

hydr of | uoPS&FRBfe/ FidPogEN FPHoPKEEP e xt Uit Y hnehkawei dsr garinyl islemsound i s
carried oghliorildee prese@]ngcpiogog@ﬁfigﬁé, use g@)ﬁcpﬁoggg%h flefRtal ysts
y a

whi ch can pronmote the substitution of a chloriné at'om ["'uori‘'ne at om
Menti on niynhdigene afbweride cand ysthlomdthi fhmobectisgbienef derivatives
of met al s ;ghesen he al_s. fr s 1 La,, ) and b, and
VIb of the Peri ggio?%%tbsl'e o tﬁ%’Elf%?e%tx%%gﬁg't ﬁ%xraf\r@xo'?&?}é:s :pe}él%t’ani um

t ant al um amel yieddnsmitest,ofont iexampleant i nony derivatives are nore
especially sel ect egl. i referabl y .made titaniu r _tin derivatives.
Titanium - ~ - ﬁeog%&%‘ér&f@&?%‘é‘ﬂy\}ﬁ RFEE SRR LYa A i PA A ESE | sui t ed.
Mention may bélowdd]luas idertiedaprees rglort e rtenlhs d roff 15@iros 1&g enor e
particularly of halides, The qb:%i ce.is preferably Hgde anong chl ori des,

fluorides and chl or'$tI ucF Bes. htCIrGhethd ?Fn ShLOFPdedoENGsAdes and
chl or of | uprriedes sand dheitthdn hiydireS laioe dakan@r arky Wef st &sd calal ysts in

the procegs for the preparation of a hydrofl uoroal kane according to the
i nvention’ eﬁ‘f)gﬁnitkl)’rﬂlf%qﬁﬁa%‘?ﬂ@r]ﬁfée%nﬂnd fivAroshlgeritdregeadkanssnt i cul arly
wel | suitedat is to say, respectively, chlorinated and

chlorofluorinated hydrocarbonaceous compounds comprising



Mhen the reaction between the hydrof | uoroal kane/ hydrogen fl uoride m xture
and the organic conpound is carried out in the liquid phase, it is
preferably carried out in the absence of catal yst, which makes it possible
to draw of f the reaction mxture in the liquid phase and, if appropriate,
to carry out one or nore easy subsequent®dfstillation stWdesembae20ad ar
rati o of the drogen fluoride to the, _hydrofl|uoyrogl kane in. the

hydr of | uor oal anelf%%gar og&h FP@%’H‘&% f:‘ht?%‘ur’f’é1 O?nge Sar 3o d yplrogen
separation pracess aheorghmyy hembé&e ofiveidriuh | stymsi ald eehdhaehydeepen
fluoride can be in §xcess W th respect to the hydrofl uoroal kane in the

hydr of | uor oal REME? F iR buehianciornde 3t xkqASE t BNBe FHalohiMeda byt Hess

separation proiggss aweor duegitadt henydveit h&Fba lhSepardd 0N RIS _
according to the inventiqn is highly suitable when the hydrofl uoroal kane is
capabl e of f ?fgﬁ‘taln@p@aBrbS pRbwiReGect tel i thrathethldasden

fluoride. Theosepahabir@RapPeaCasS AREOHFEENGot Prihedi PraRii AR d Sopr &fgy ably
applied to a hydrof] uoroal kane/ hydrogen fluoride m xture with the

azeot ropi ¢ conpoRtiMrenlkanendsiai prretiee 06 thésapsschspos with

conposi tion. HHerSeRaretidn g4 ocess according to the invention finds an .
advant ageous use in the separation of the m xture conprising

1,1, 1,3, 3-pent af | uor drAGHN (MAC-1365n4dy, adsl dyanpyea bfuchildeinateal
pressure of 3,paryy ihe G @}9§fatt{??2n§£eégf?ors.' de ! h?ﬁ%%ﬁ%ror%%ﬁztﬁnﬁ%{dr ogen

fluoride/1,1,1,3, 3-pentafluorob azeotropi c mxture is ap ely
60/ 40% by weiwihich jcan ke hyalrddgen theuseipdelalt ibnl p3odepantaaidorarioluttane

i ar ratio ofy APALABLE! ol bRl o A eferted erbadiment, of the

i nvention, the m xture conprising -pent af I"'uo ydr ogen
fluoride i s Rgraghkkomyprdmmneacti on dHOAh@40£fa), 1,1,2,2,3-

1,1,1, 3, 3-pe drogen fl i deymxture ' w th.a_precursor of
the 1,1,1, 3, %‘%@n@?ﬁ%&%%ﬁe& prefer(glg{dy(}%,ofa /3, 3- pent ctjrl’(}r’gb ane, in
t he absence dferczdcystaoprigharie 3, 3- Pentach2di0atyt,ane caniha,ahtgined, for
exanpl e, by te ri zation of chlorin ounds, suc s,, for exanple,
2-chl oropropehnée}?E[v1§1§%]|r1o caroen tet r achl of’l&(g(g"%?gg?hyl i dene Bhl orirde Wit
1,1, 1tri chl orreetdeny raprddenegr esenceHOE-230dHUs cat al Ystis,1,2yq) /- in
particular, ira t acarbonyl or. co r.salts._i onbi nati on with an
amine. In t.hehe eqb‘%ﬁgiﬁroor?r&p s(ch,Cc_%&g)l%é 1t &'llhg'%m\?’éﬁlein&ﬁ?htlﬁéfo"z"
hydlrof I goroalni@n‘rglltmftrp)sgﬁfl iHOtﬁ%Bd@jm’sM iJllelarldBT, he @h%a&iﬁqgci@m@?% ar ed
enpl oye ian%{o_r'.n suc t the nolar ratio of the rogen uori de
to the or gani{: con{)éo(ﬁ]réa)i’s geﬁwefaﬁg' %Th?’é%%?fﬁ‘ﬁb%?’]‘%l( CCRe 0gfdrat i on
is preferabl yarahrr} edlpRf 30} b, 8, 5P -adeEakh Do Bpéhea iy drggen afo4erdyde to
the. organic coC{rpog d of  at Ifast nol /nole. In a nore particularly

he

preferred way:" pel YT AP RIRE 1P RRP HERNGR ¢ h BURRI aPSr atid latonde

hydrogen fl uar,iides t3-ddter aitgasidburamround @fcret-3eaagta)3 nol Am1gerdL a very
particularly preferred way, the operation is carried out with a nolar ratio

of the hydrogjlgﬁl'f]i'tﬁ)‘rqqféatcdﬂﬂfé’%t@d’rﬁ c ({H&FSoddd idblat ledsdif lwsinaml e.
The nol ar r atii,@,0f- e HNEHQERR L(;erdE@esfsQﬂff&G; ,Orlgémd(if?.%@%wlq el oyed

f
general |y does not exceed 15 nol/nole. |t is preferable for this nolar
rati o not to SIQEPIRPHAY DI e. (HEFE-BSFFEPLAVUr e 3t SwkildA e Tledotlion

bet ween the mmyéﬁﬂdgﬁﬁﬁkﬁﬁpe/hw@kggﬁgsbg%gbude M Xhuye ad LN ¢ gani c
conmpound is carried out is generally at [east
trifluorobutane (HCFC-363kfc), 1,3-dichloro-1,1, 3~
trifluorobutane (HCFC~3631fhb), 3,3-dichloro-1,1,1-
trifluorobutane (HCFC-363mfa), l1-chloro-1,1,3,3-
tetrafluorobutane (HCFC-3641fc) and 3-chloro-1,1,1,3-
tetrafluorobutane (HCFC-364mfb).

In an alternative form, the term “chlorinated or
chlorofluorinated precursor of the hydrofluoroalkane” is
understood to denote (hydro)chlorocalkenes and
(hydro) chlorofluorcalkenes, that is to say, respectively,

chlorinated and chlorofluorinated carbonaceous compounds



- 9 - w Decenmber 2003 60C. The tenperature is preferably at |east 80C. In
general, the tenperature does not exceed 160C. It preferably does not
exceed 140C. The reaction between the hydrofl uoroal kane/ hydrogen fl uori de
m xture and the organi c conpound in the separation process according to the
invention is preferably carried out 7% the |iquid phase.ll December 2088e, the
pressure i 0_as.,to keep the reaction mxture in the liquid form
The pressu?gﬁgﬁg%g?§da&a#ﬁ@f%aa&ﬁwﬁ 9%9%Iﬁ?qmﬂﬁﬂéeﬂRﬁ%PQﬁlkmea?eaction
m xture. |tfeastgener Alydyobeasatbap oheeguae HomdOr baf . cdtbds Prefierably
articularly advantageous way, the

| ess than qr, equal t,o 35 har, In p

pressure i§SIeggethgﬁsteaquﬁdeBg%BOB%?leH% prdsurle ikeaghereadey greater
than or eqddlioran® bajom ThesPr EBSHT €hiS FIBHIAD Va8 RIS 0 4 Qr equal to
10 bar. T\t)ﬁgg%gar ation process according to the i'nvention can be carried

out bat chw Pfcont MYous| yoe _V\herlmil%r sepafati on greowde.accorafng to the
i nvention i(ayeael bﬁdo%t(f@ab%w??spehés, dupa %,Ogo@%ia%gﬂé om bet ween

t he hydroflggroalkane/h dr ogen uori de’ m-xture and the ordani’c conpound
general |y GarPE8Prdm 16 AfAuPEOBrAP-FheBedur &9 on psepreberabl yo@t | east

0.5 h. Thi g,gjl,lrlagi,gnpgﬁtggyaggggggﬁéglat least 1 b, This duration :
general ly does not exceed 4 h. Thi's duration preferably does not ‘exceed 2.5

h. \Wen.t hdh¥epa) shileropfbeese) huterdsng suchhe aspverfidon éxamate ed out
cont i nuoushYchtiBe 1 ' of regctants _in,the.reactor.is
o OepUETLRRERuL LS “Ret Whcrantinthetyy fokr

generally at |eas ' usual | y does”nbt “exc rcally
varies frofitshieroslp3-difpuefebabty-enejes from 10 to 20 h.afddwot erm

"residencept,i : ts i he reactor” . is understood to denote
the ratio Syétgﬁce)g%%)%g@rr%f o? %%[eésf’egc%t&‘o%sm %Fupgrifbc‘tlﬂ%rf I gWO}Fg?’éo'by vol ume

of the reattleoA-hriflnerabuth2-ent) etaf preeursaetorof | L thel case- where the
hydr of | uor gal kage,,j z - ~ ~ Decenber 2003 1,1,1, 3, 3-pent af | uor obut ane
and the or%an?c g%h%gﬁﬁgaﬁg'l,1,1,3,3-pentach|orobutane, good results are

obtained with a nolar the¢i osepatdteidydrmgereds uaiddterdind heco  the
1,I,1,3,3-€§gégfyggrobutanﬁhof | ess_than,15 nol/mpl e, preferably varying
from5 to nol Thol e, with S react F6RCEERPer at ur ®SF¥EE™Mg froB to 140C,
pr ef er abl yhydoof 1d0rbal R20€/ hadireagen essUn6r08e5 MOx4Qrkar anRr efigtabl y of 15
a residence tinme of the reactants in the reactor of 0.5

to 25 bar,, Lth |
to 25 h. fg&%%%‘%t‘f%lﬂp%‘é?%le% Rt SRR o | SR ok & 51 Hyirident 94t i de
m xt ure arpha$e. organi ¢ conpound in the process according to the invention

can be carried out_in an reactor, constructed froma material resistant to
the tenperature, to'th¥ %r SRAE TP t PEMLTaAWERAMM cEar £hised, in

parti cul aritwvetyiswgen fl upréede. reaction between the
hydrofluoroalkane/hydrogen fluoride mixture and the
organic compound can be carried out in the presénce of a
catalyst. It can also be carried out in the absence of
catalyst.

When the reaction between the
hydrofluoroalkane/hydrogen fluoride mixture and the
organic compound is carried out in the presence of a
catalyst, use may be made of catalysts which can promote
the substitution of a chlorine atom by a fluorine atom.
Mention may be made, among the catalysts which can be
used, of derivatives of metals chosen from the metals
from groups IIla, IVa and b, Va and b, and VIb of the
Periodic Table of the Elements and their mixtures.
Titanium, tantalum, molybdenum, boron, tin and antimony
derivatives are more especially selected. Use is

preferably made of titanium or tin derivatives. Titanium



Advantageously, all or part of the hydrogen chloride forned by the reaction
is continuously renoved. Generally, at |east 80% of the hydrogen chloride
is renoved. In an alternative formof the process according to the
-invention which is preferred, the m xture of reaction products obtained in
the reaction of the hydrofl uoroal kane/ hydrogen fl uori de jiiDetemben2008 at

| east one organic conpound capable of reacting wi,th hydrogen fluorjide is
subj ected to %?r+%%Ef$%ﬁmfEﬁkéhﬁﬁkﬁﬁi%9k¥uWﬁik %H%%ﬁg'iﬁéggﬁgﬂ f'8Yr 8€over
the hydrof | uahadt kaae. dexd pltesedf df eahdenkbtstages MLt Laandemdged are,
inter alia, treatpents which can . be used to separate hydrofl uoroal kane from

the residual DY bgere¥HYioPfd82ldqeR -adhe gthdbshpt @, PRASSFRPLBNT8RE,

solid, such asmdadr, cNBSH dds M tTudE®ds AH SHIALAIAD rARRsat TQRand@RAr ati on
by an appropriate nmenbrane, extractive distillation or at |east one

di stillation.@2foridnt heBéoridas menfkuonidas | padi oth ke fiuar drod ansul ts.

In an alternaghderf A MuBekh8@ YAGS cuTardtly ~phé rdREEIDER i
distillation is eﬂployeg.eA Eirsﬁsdisf?iﬁ%tﬁgﬁjstage (I)gigg?gggﬁdég to

recover at |eale BRecepactiosn enppyeraiptien resi dudivdnpdlogenaikasei de. A
second distil L PR St a hlo) 4.5.d e % t sone fyaction
conpri si ng tH%é%%ﬁ@t%§a??Igq%%ﬁﬁ?%é%£§th?%??%Bgﬁs?%F?é%#g§§%?§g§n&II) i's
i ntended to retoveetaachkasidensré rpatt benbonppseel bfsuitedssential |y pure

hydr of | uor oal kane. Al guenc f thes i.stillatio e be adopt ed
whi ch gives a satisfg%?%ﬁy Sepg¥§?ion rgggF?&ghd whi ¢ e%%}%g possgbgé t he

recovery of atydrafiuonealkamei/bydrogemprfsuogidssenikality pand the

hydr of | uor oal . n i Lch fir e a L ), bhsequently
the stage (117505mCsSER0E0E0 15 PRERTRHL00E: 11 Pt Ehabnl pBiRRRadss vin
good resul ts.is$npaefpeebiyc menhmididreott tihe tiheyexbseamce oofequagrtllpstr,el at es
to a process f eparation of,a mxture c risin t. | east_.one

hydr of | vor oal RaHEh aTRS a ogerET TS | T AT STEH 'S G S He otk
mxture is reactede Wwiduiad dreast aonk dil apppapedlace, chd osanf Ay andthaired

recursor of the hydrofluoroal kane and, subsegquently, the
Eydrofluoroal%ﬁﬂ8?¥%e%?%¥eﬁu ﬁeﬂﬁﬁ?nghs?+ﬁ§?gﬂ%? ?%59%%0vered, preferably

by subjecting the m xthsemofatheateacbironhpr agdebgeabiranoed deo tat dreast. one
distillation.hln %ﬁf alte{native,forn1of t he separation process according
to the i nvent?EArAht LATPRLEAR? i edTout PR t R Hiseiar 51t Inptrogete

reaction nixtfleotrsdadwaikigeoudy deawBephbateamibe dieact@pdiatim |iquid
formand then subjected to at | east one distillation stage, Another object

of the presem®TPRVENt IAGFILIRY pLbvi HRC a IGIELLT of St N Bt apEF at iB1F of a

hydr of | uor oal kpdieogéar El06ri HeMcancHeorimat gce 5 whtRr obkpettNa@ledhe
precursor of th hﬁfrofluoroalkane and from hydrogen fluoride. The
i nvention coﬁg%gﬁ% POreathiRe tda pFBeesd b sredddna/iboiirroen

hydr of | uor oal kperi @ECAiht\erd O to be separated by the separation
process according to the invention. The separation
process according to the invention is highly suitable
when the hydrofluoroalkane is capable of forming an
azeotrope or a pseudoazeotrope with the hydrogen
fluoride. The separation process according to the
invention is preferably applied . to a
hydrofluorcalkane/hydrogen fluoride mixture with the
azeotropic composition or a composition close to the
- azeotropic composition.

The separation process according to the invention
finds an advantageous use in the separation of the
mixture comprising 1,1,1,3,3-pentafluorobutane
(HFC-365mfc) and hydrogen fluoride.

At a pressure of 3 bar, the composition of the



12 - | | Decenber 2003 which, in a first reaction stage, at |east one
chlorinated or chlorofluorinated precursor of the hydrofl uoroal kane is
reacted with hydrogen fluoride and, in a subsequent reaction stage, at
l east a portion of the products formed during the first stage is reacted
wi th hydrogen fluoride, one of the re&ction stages opti dh@lecymbengoo3si ng a
separati on 9rocess §gcordin2 tf the invention. CGenerally, in the

b to

B Gredelstineside lihe3 TRertd i Biorolutraie (AAentinamiec i s f or med

prepar ation

in the firstixteastiop Sépﬁ@oﬁﬂxﬂaﬁé‘l%h%@}“@@;?q%)ﬂt WAt on stage.; A
conver Si OnP%aﬁ‘%dr of | uor oal kane of the sum of tthe chlorinated or

chl or of | uo 8N pt beRr k4l el Sy Sepentasénosphybane melarasitio nol %is

of ten mai nbai ApProkRacNVEi$i AP /RoRI € of ten maintained at at |east 10
nol % The conversion is pref erabf‘y mal ntai ned at at least 20 nol% In a

particularly pref eﬁ‘leé wag fermedcembedimenti o fimditet dimehtdtorgt dremst 50
mol % The ﬁQﬁV@fé'O”céﬁpPYQiﬁé'“ffP?GKﬁﬂ%gwﬁﬁég%fﬁg?éﬁu£§§%fggfr nated or

chl orof |l uorinated precursors enploye age is pr di fferent
in the firBYdregeni Sdusrige arml sepahatsdbbyquere reactiom sftagehe In this

case, a. CONyejshos. : j j n paintained in the first
st age and a.seﬁo%d? ﬁ?gﬁg??ﬁ%gﬁggﬁgﬁ%ﬁh#érﬁééﬁta%ﬁgarﬁﬁeth@ugﬂﬁgéﬁuent
stage. Thi¥itkcohd rosmrerssionodf tie slyrb,df, 3,18e-pehiterd nadebaiane,
chl or of | uokj ors -enpl oyed.in this second stage is often at

| east 70 %*%ﬁﬁ%ﬂég’gfdé ’c%ﬁ?%ﬁ%%ﬁgil?rﬁhg*’@?ﬁbl v athe et i % The
content ofcayaipgen fll,doni,de 3-Penltachdacbbomafiexteke be agserialdy, different

inthe fir r stage than jn the subsequent stage. This content is
pr ef er abl yf ng?%l%ég%’ ¥ g‘fei%%%’fjr%ﬁt%‘?%g%?dﬁgl%ﬂ}?q%?t%muent
stage. Theswecht eas, of fbydr egamplleyor Rdenild ropeopeaet | GitH Xtdd@Hf the
first reac{éfp éﬁf&g.is generall% ft | east 5% by weight. The content is
preferably Af T E4sT-10% by ™ - vidylidegep, rdg003heh ghtl s e cont ent
i s gener altyichloms¢t2ioe py ineittlt .pldsdricdref ekvablivuat qmsh % by wei ght.
The conten%u&}‘13 r‘%dro en fluqgride in the reaction mxture of the subsequent
age 1s’

reaction s geher 3N 15 adast 1490, MPISICGRPOMHe @BNnICaRPS &

preferabl ysalts ehstc&f¥b iyt ¥eh ot th The &RMent is generally at nost 750 by
weight. It is pr effr ablilelg%at nmost 70% by wei ght. The preparation process can
conprise catal ytic® retfet i HPTHHG aRYBreTra@Iordimes T arttieed out in

the ansencenafncaig) ystshdn afyldnmdaa o mpticlnd S RUSlad, the

preparation, process according to the invention east one
reaction ﬂﬁg’éu’&%r r#RQ otfei norgenaBseredPOindat argst eapd cated edst one

catal ytic peaedioiosd ag@chFehatl Md ChbYart Q%t%nté?li@hieo%ﬁrotg%%
description rel ates solely to this preferred formof the preparation
process a Nl t©°t hBeji R¥gRNien camnditut | ihodeverallyniati dgaste scope

ther eof ¢ irko Pii@ B I ednborBe S {6921 S hesd,2AA OB, 5L2g8 Gary i ed out

in the absence of catalyst, the preferred reaction con I onsS correspond to
t he condi tY GesBPidEd icve Pér the hemttdgsm béiweendeheto the

hydr of | uorcadeaine/ RydiLed f[ﬁloréﬁe adre glgq/}nlael\eqr gfgi c, c?nrg)roeund in the
separation process according to the invention.
particularly preferred way, the operation is carried out
with a molar ratio of the hydrogen fluoride to the
organic compound of at least. 3 mol/mole. In a very
particularly preferred way, the operafion ié carried out
with a molar ratio of the hydrogen fluoride to the
organic_compound of at least 5 mol/mole. The molar ratio
of the hydrogen fluoride to the organic compound employed
generally does not exceed 15 mol/mole. It is preferable
for this molar ratio not to exceed 10 mol/mole.
The temperature at which the reaction between the
hydrofluoroalkane/hydrogen fluoride mixture and the

organic compound is carried out is generally at least



The two reaction stages are preferably carried out in the liquid phase and
t he hydrofl uoroal kane/ hydrogen fluoride m xture is drawn off fromthe

catal ytic reaction stage in the gaseous form generally in the formof an
‘azeotropi c composition. The hydrofl uoroal kanes whi ch can be prepared by the
preparati on process according to the i ivénTion are the YaMRcembbNE003

hydr of | uor oal %@J&gs ich can be separated fromtheir m xtures \(/,\,1 th hydrogen
fluoride by t ‘eparat itGAPFrELEEs dctoPaPRgrablyna@t nkeast o803Rd Wil ch are

ment i oned abg o [ r | or,of | uori pated precursof - 14 - p
Decenber ZOOSg%?%%Pbanm}ﬁée [}%é% i tt"%% cataryt P8eanﬁxﬁ§ﬁ§ca{§$ﬁs‘i ¢ Teaction
st ages of thq;pép@%l%%c)ég’l%ﬁ eparadd ofygeef. a hydrofl uoroal kane according
to the invention are the sane as the chlorinated or chlorofluorinated

precursors whi ch can Beeused reactiosepar abebrepnocesstaecor di mydm- he

e Do e M £ P I O0eh 2PPUS - JBC GRS Phe oroastict er abl y

chl or of l uori nat ed precursor I e ca
conpri ses a néonpeenadf ichl bhef |smyd retiash | precesdi ahesotaingd t& the

noncat al ytic ion. stage. by t reacti.on, of at, | east .a partiqn of the
hydr ogen fl UO{I’I ge %Jf&}i Jh% r'ot euroall}agtéll KRR S ¥ Iecg’(ﬁ ildéf%it Mth a
chl orinated ofncbhdsotheeri hatedrpssaunesdrs afhdden hyslr 8§ | vor galklangie t he
non- cat al yti ti.on stage of .the preparati,o ocess then corresponds to
the reacti onc% ae?ﬁleé%ep PR Toh procdd a%%#g%&mt'heﬁﬁ/erﬂqe‘&? cri bed
above. The vammplusydd eatardris shagesdihgchtcarhe temferattibe separ@aid on
process accordi nc’?%]f’o t he inventat' on, al so ag iiil if apgropri ate, tq the
present process foro} H%l’fﬁ‘é’b%'r Folrfoge%e 5 ¥t 148 0&NRANET TAPr difar at i on
process accordl ngad.0 Hhd s predeiraBliyS1835t LEsh a6 Ye@id1 GieMs igh i hery
preparation of 1, ent af | uor obut ane. When the preparati on process

1,1, 3, 3-
according to& hBaFm@H{LFBﬁYi SLAFHEREEOUS tWRY pr EP&r RyGFWe is less

1,1,1, 3, 3pentafdruoebubangl the pregdrsor rak thee hydreof Iibpr%%lnlgazrgqll&sed in
the catalytic reaction stage can be 1,1,1, 3, 3pentachl orobutane, a mxture
of chl orof | uGHiFRI | TR e at@E >t atei xPuberef Thesepgessuces viig h

1,1,1, 3, 3- pergachlanobptana e g Qofddieri nas ed, igger nedi ates formed in

the non-catalytic reaction sta%e of the process are essentially isoners of
HCFC- 363 and HCFC- 364h& aparatignspyosessdrenbed bra 143, Ge i frnvantobut ane

( HCFC- 363Kf C)ganl b dHLoh st p-chatd, i s t -(f{-@ﬁ -3631f b) , -
3, 3-di chl oro-(-jla, 1, 1trifl ulg%bﬁta§§d§$%% ag , 1 C Lf;olr%g'- 1,1,3,3 - 15 -

( | Decenber 2003 t et ubhebuterrr{HORC- PeAies)s oaccording to the
3-chl oro- 1, Lihillica! | uorobul ane (HCNC: 3641 b Ofna BLALHI8Oh < Nase
onal Ty preseht "are

conpounds. Qther internmedi ates opti
(hydr o) chl or FEAAUGrW) Rateteen thee hysk o floo reedijeing /hydrogen fluoride

1, 1di chl or o- hi3etdidd U @bUhe 20288 n2Rd Rhnpbi il 4 &idrdr B " LELYQEORM!;2- ene.
10 min to 5 h. This duration is preferably at least
0.5 h. This duration is advantageously at least 1 h. This
duration generally does not exceed 4 h. This duration
preferably does not exceed 2.5 h.

| When the separation process according to the
invention is carried out continuously, the residence time
of the reactants in the reactor is genérally at least
0.5 h. It usually does not exceed 30 h. It typically
varies from 5 to 25 h. It preferably varies from 10 to
20 h. The term “residence time of the reactants in the
reactor” is understood to denote the ratio of the volume
of the reaction mixture to the flow rate by volume of the
reaction mixture at the outlet of the reactor.

In the case where the hydrofluoroalkane 1is



Wien the preparation process according to the invention is applied to t he
preparation of 1,1,1, 3, 3pentafl uorobutane, the precursor of the

hydr of | uor oal kane used in the non-catalytic reaction stage of the process
is preferably 1,1,1, 3, 3-pentachl orobutane. Use nmay be nade, as catal yst of
the reaction of the catalytic reacti stage of the prodéPecémbert2003
preparation, pfi a3 hydsafd gﬁﬂp@ﬁ C i t . Lnyention, of, for
exanpl e, the cat ai)%/-gés néeﬂl?%%le alg%/egrg% glg?a$§é$§l(\%\h¥§ﬂp8gﬂdbésused in
t he separ ati bnl p? otesen tachleiolptand hegbodentdswit sTherambntiakdcat al yst
enpl oyed iy dhe £ i acti@n ge .of the process . for_th reparation
of a hydrof} uorgala{gg!rl]ékagrc%t?l I ngcg)?t oé%%e%lyr?\fé’r?teinonh?‘éﬁrﬁg?y 5 t EPE w de
limts., Itlik hehed-apentathl@astuthte molf% 1éési charef esahby /ablkeast 2

| % | f. d el to] | east 5 nol % 1t Il
does ot SRCCETr SOOI TE Sreter abyhonsl Mt x Bl 20 H3esiom o more
than pref etd@gse ¥ird tvad8AHgFrofX 0880194 U‘&,%L?ﬂéfeg%l&atf‘i]oﬁiﬁor eaction

t such that e '

stage, hydrogen fluoride’is enployed in an anpoun . mol ar
ratio of ttre IRQfiCogert &l parisdarkooths ¢bl ani paredpeerekbengf byonisnat ed
precursor ,of gpgqh drof | uorqal kane is generally at |east 3 nol/nole. The
operation 7% % AP ¢t i TSRS 4 ie &E the sesrtantpedst 5

nol / nol e. tHe sceadtesy ret i@, Pgenerad Iy, does not exceed.15 nol/nole. |t
preferably does nqgt. exceed 10 npl/nole. The tenperature at which the
reaction of the cat™ ytic FeRCHIYh st ageetfeehe protkes is badrped out is

general |y flludeastkHThdrdgedr ef @52D4Y Alixk63st HRC the- o%@ah'l: !
Decenber 2003 It cge,nerally oes not exceed 160C. It preferably does not
exceed 14GC"PRRY dact6nPEEEREENAERRIARY deerthie daniand igmd celmebenl or i nat ed

or _chlor ofdaiaridatégk PLRCHGOealotbhe dlnalddipatkane, OhatRe 63t al yiic

reaction stage of the proceSs is preferably carrie iquid

phase. | n 4%iiStEde tq Hdeprtesparativgeehdoetheopasssurkeapdt e thact i on

m xture i nddrdddtaui ¢rferm e JYLpsuL ' e tign of the
catal ytic reaction stage ofat e pre?geséﬁvgé?%gﬂg‘g%%ﬁdittn%g bgggﬁggflerrper ature
of the reddti¥ideixture. It is generally less than or equal to 35 bar. In a

particul arly advangag, he_pressure_ is | es an or .equal to 25
bar. The pressure i's genera sylﬁ}g’r 3t ?ﬁanp%ﬁst eqoule * 5 SRBgFgg‘?He pressur e
i s pref er &Mlprgidsatf@mrmesa i yort hequala ctd ob0 ilbacontheucasalytremoredct i on st age

of the preRaratign, proge okdibng to.the inyention can be carried out
bat chwi se or con?‘lr}rfuoggl f/l.seﬁ'gn%tgﬁeg%%t gﬁ“ﬁifaygﬁ%%??oﬁ: it +he
prepar at i @¢MPvEsbss according to the invention is carried out- batchwi se,

the duration of t reactq er al varpes, from10 mn to 5. h. This
duration is prefera Iag?faazltl %ar%{e@%% #ﬁlmfh?% %ﬁ?a?if%ﬁeisg ﬁﬁﬁaﬁgéﬂgousl y at

| east 1 htoThtBeduiraterdniqgenwghakhy e redie rexdeedtde hmikitiwrslubgt i on

pr ef er abl ot 2.5 . h._.\Wen the catalytic reactign stage of the
pr epar ati%ﬁ%%r%gggssp?éc%glr%g’lsng O%Ogatlﬁé?%i nv8nt fg’gﬁ i $SBSFAPBY Bt Ebﬁti nuousl vy,

t he resi daydeoffiimeroblkhreyradtrants fludhield eacitird vigenakallkysat | east

0.5 h. It u does _not exceed 50 h. It typically varies from10 to 40
SRR N i SURUIRCTICCAERE G

fluoride is subjected to at least one subsequent .
treatment stage = intended to recover . the
hydrofluorocalkane. Examples of treatment stages which can
be used are, inter alia, treatments which can be used to
separate hydrofluoroalkane from the residual hydrogen
fluoride, such as, for example, adsorption on a solid,
such as NaF, washing with water, an extraction operation,
separation by an appropriate membrane, extractive
distillation or at least one distillation. Among these
treatments, distillation has given good results.

In an alternative form, a three-stage



When the preparation process according to the invention is applied to the
preparation of 1,1,1, 3, 3pentafluorobutane, the catalytic reaction is
preferably carried out in the presence of titaniumtetrachloride or of tin
tetrachl oride as catalyst, nore particularly in - 1~ - ~ ~~ Decenber 2003
the presence of titaniumtetrachloride: Xood resul ts havié Deeembeb2Gi3ned at

a tenperature t0.140C, at pressure, which, varies from10 to 25 bar
and with a reg? Eﬁg%agﬂﬁﬁ of ?ﬂ%f?%%itd¥t€?§§Ft TR F@ds ofllof 1 to
5 h. The reactisointkntied ¢at akybiverr adctliean tStoage fafadtiend R rald iy
process accorghng to 'tcgfa‘ i nvention C%Egbe carried out in any reactor

construct ed frof & FBAkl DYfresen s tlusrifgnt A oserenfleietdildatian the

pressure and boaghe (Tgactiantisntwhibel 8perdeeder RtPaAlkistUlHe G rfgen
fluoride. A mxture of hydrogen chloride and of hydrofl uoroal kane/ hydrogen
fluoride is dFSRATSFENGt " tHeE outioBr Ve attid ecat Alpirétieacti oh sttdgedf the

process, prefeaigbhiy1hBibhes8agePErE) id APRIARA AlS MiddyAn AZeQiIQpi

conposition, which mxture feeds the non-. catalytic reaction stage of the
prepar ati on pPBEessiBREBERM ng GWRAFET nvelfit i ohheoptéssrntiakly er mumar at i on

of the hydrogg0aeblenbdsalkbd. | hnGOId e e AUXBELANAALS InBENLE
consists in carrying ' out the catalytic reaction in a boiling reactor at a
t enper at ure afiifa B5¥ e3dapteduathitdhat gives hydr egehsEatbeiye saphnatd on

hydr of | uor oal kgsa1¥hbal #hEch HhaREL 35 OASROUne }'%éﬁ%oﬁ?eg# U Gagals. and

n
other reaction products are essenti y In ate. oﬁ ing
reactor is ad9Bft ageofsigtiom mounteemnyyising sti | letdeorticdllym, i pureer to

conpl ete the j event cunul ati on. .of pon-vol atile.
Cpar i es 1 g REof LdPea T Ralib P OR TeeiEn Rl I B O £ The U RBSC A9kt e
reactor of théltatsupsiequesatyi dheststgeyeof (I11HE) pandesabiseqadviantagamis! y
provided with e A_specific enbodinent of the preparajijon process
according to ?ﬁ%a%ngg%%i%%gr%?ﬁfb%gt%p%.%ﬁ%c%%%e?09°$%e %?@%%?ation of a
hydr of | uor oal kane, acfordiag tspewhifdk, | ambodainahyfi c tlgact iiovesitaigsm at

| east one chl Q1] chlorofl upri nated precuyrsor  of the .
hydrofluoroalgéggé&sgn€£y f??fg%%nggra286§cg§srEgét&@em%ﬁPQﬁf&ﬁﬁﬁé@f
fluoride in tahempreseaceonprastayahysiieasd, onke Ayl URQHKadY tarid

reacti on stage, hydr of | uor pal kane/ hydrogen fluorjde m xture originating
fromthe cat a]i?\}??%gér/ aﬁ‘f%rrf et’a&é”f?%@ﬁcg@dw&/ﬁ:ﬂ the| 33kt BRELEI orF nat ed

or chl orofl uoreaated predutsor at theldyalr of | yaeoal kaREoALERFEHNT tr t he
separation proc ffcordin o the invention described above, at |east a

ss
portion of th& chf T+ HAEH G BHeGHEFPEoPEnhPedhpfEREt SO éndm t he
catal ytic stagebsesudritng faremilaeoraneabahl¥hhe, Si89€eted in hydrogen

‘fluoride, is recovered, preferably by subjecting the
mixture of the reaction products obtained to at least one
distillation.
In the alternative form of the separation process
according to the invention which is carried out in the
" absence of catalyst, the reaction mixture is
advantageously drawn off from the reéctor in the liquid
form and then subjected to at least one distillation
stage.
Another object of the present invention is to
provide a process for the preparation of a
hydrofluoroalkane starting from a chlorinated or
chlorofluorinated precursor of the hydrofluoroalkane and
from hydrogen fluoride.
The invention consequently relates to a process

for the preparation of a hydrofluoroalkane; according to



When the catalyst is a titani umconpound, it proved possible to synthesize
t he hydrofluoroal kane in a single reaction stage. A third subject-matter of
the invention is consequently a catalytic process for the manufacture of a
hydr of | uor oal kane, whi ch can be used A5 cat alytic reaction stage in. the

- process according to the invention, iT which process the||@@caﬂn§)srt200§ a
titani um coppenpd. i¥ten, fin-dihe AN C Progess aecondiag. to?mﬁt he .
invention, the reaction is carried out in the Tiquid phase and the titanium
conpound i SPECFIRARPEM kAl | dilgrafleratinatied arpresurtenchbéri dée The

condi ti onsh@gss£1 HELoaPRYKe f LL féﬁ%??ﬁEWﬂ@§fh%&?ﬁgéd“}fﬂ&¥¥aé”I&Pe
preparation process also apply to the catal yti¢ ocess accor di ng to the

i nvention.lThe tWpeequent prassddonastegei ngtt beade & nveritiam afs theghl y

suitable f h y LS 40f .hydr.of | uor kan copprising fram3'to 6
carbon at o?r%?agﬁgﬁ gé?ﬁggr O@%altﬂ Ié:?lelﬁl,xg%,%%%i? a??ug?gﬁ}:%ﬁlaﬁqel%’nd

1,1, 1, 3, 3-praregéenof bhot b, e i of paid imdarion widgesuidpad dra1ile

synt hesi s , 3pent_af | uor. Qbut ane referably in one stage from1, 1,
1, 3, 3- pe‘g{mé%ﬁ%%%%gut gne.seRafrc?J’ﬁ% SUDj% ‘?Si%t?%‘?gﬁ?l?%e bPes i nvention
is a processvémtiohe synthesis of a hydrofluoroal kane, according to which
at | east one chl or&nat ed ﬁr chl ogﬁfl uor i nat ed\?Br ecursor of the

hydr of | uor oal kane, STRTRERhY £/ €8 LPEnPESPAFRSIRPt RERCERS FCSORNEMI of | ess

- 19 - ~1 Gecdiieer iR983titan hydrs fMeatioad kanet hes | ifpdin@dphase tid h
hydrogen fluoride in.a liquid nedium .n i ch diumis continuously .

nai nt ai nedéjag%%ntre%ﬁcwr{/\/e?&ﬁgeofa@q edter t ﬁans‘gs%‘liﬂ%ﬂttéfe@{?%l@f“

fl uori nat esttage chhokohlveesibat ad O g K1 CROURGT exhi Phéi 8am QF aver age,
an F/ C1 attm'c rftio of gt | east 1, preferably of at least 1.2, with
particul ar le‘? PRt RRtRALRd £ |%&Jﬁrq$@°mm%t%%qur@%@@ﬁqy§qor eferably

carri ed ouin dadH i dtthdd B atchle@isicnat RY1R €6USBOEn Aha £1e: ey Offior oal kane
in the absence of catal yst. For the purposes of the present 1nvention, the

term"fl udrPMEREH R thiees | orsh e terigad @tcatpdwadd” 1i0s mpdder st ood to
denote | n T tidushalrdith desi roek AYEIOT | Unl0aldeane And: CRLOT gidugri nat ed

internedi ates of the hydrofl uoroal kane.” The intention I's also to denote,
opt i onal | 20 d®1%i nl? eh RIGH BAR DU Aze fanyest weaht dihe iorpoension

i nt roduced PImd 116 PLLELYT SOTa €M QYT N d e, synthetic process. The content
by weight of fluorinated or chlorofluorinated organic conpounds in the
liquid mixture i s Prefeaniansisn teabydsqiahoroalbsne |of thparsimcwifar |y
preferred way,chiotshled east t % I not, exceed
99% by weight. It pref ee? ably K oes nfolt&eég]egetc#(%ég%%q{f?o\fé %ﬁn?ﬁ %éi operating
condi ti onst oeahe péaeei ohs desafidxablin did fegpatat inn Preocdissaccor di ng
to the i nvedddonar hLegthys applLC e ss for the
synthesis of a hydr% or%g(#kéﬁe?hbﬁgﬁbgﬁéﬁf#gsg%%%g’?g)%e%rst%%%r‘ tIﬁle

synt hesi s @¥is Bpdeof | orcsaiviensd drs &6l |damor iyed habdivet i 14 atdfarerst ages
descri bed gy 4 sepangt i pr S rding, to the invention, the
operating condt{hﬁ' ons é?le Ep)tﬁlj%f eﬁgrb%%y gg%ﬁet Hat- ar eI ni %Eé:'Mi ch
conpri ses dEsengibwgéa fhdotkdeetihdam ithd hsubydgoéhtioseabkanahiydr ogen
fluoride pi I xtuyre is.drawn off in_the liquid phase. This process
advant ageous yl{d;pﬁ%neivs?)%tsgot %8y nthesi®dithf of, 1‘,‘?}1‘?3, -]pcéﬁtnﬁtt%r &ut ane from
1,1, 1, 3, 3pdritcacii orabinansd pre2sors beapeshed 2003 dMien tdaedwdocess is

applied t e synthesis of .1;,1,1_3, 3-pentafl uorobutane, preferably, at
| east SOa%g;a%%gLﬁ ioglﬁheﬁl raga&FiaS?? Kﬁx{“afé'iﬁh%oﬁﬁ% nversion 1s
1,1,1, 3, Sparetfafhalnlphat alea endo 0 seaes s of HCFC- 363 -and HCFC 364.

The content of hydrogen fluoride in the reaction

mixture is generally different in the first reaction

stage than in the subsequent stage. This content is
preferably low in the first reaction stage and high in
the subsequent stage.

The content of hydrogen fluoride in the reaction
mixture of the first reaction stage is generally at least

5% by weight. The content is preferably at least 10% by



This synthetic process is advantageous because the presence in high
proportions of the desired hydrofluoroal kane and of its chlorofluorinated
internediates in the liquid reaction m xture has a solvent effect on the

M xture of the hydrogen fluoride and of the chlorinated or

chl orof l uori nated precursor of the hydrdfd uvoroal kane, whi Decefberc2003akes it
possible to ingc se f.he productivity of t reactionp, ..i articul ar
because sone VE%JF%? Tltlb i%%?té%nti: n%%r%%ﬁ?ﬁ?ggyvﬁi:cﬂoﬁpezﬂgt gyef”?lfg@é'rcti ve,
whi ch accunmul B eis npidfeFatyrex inbdthel sIRNGR iQfhtt.he hydrof | uor oal kane,

seemto be fornmed in puch nore limted anounts under the conditions of the
synthetic process accordiFPtert f itKAnngesh fnee idey di ithe &egstiomates to

azeotr opi C oML AZL O HeD P 1 SEHRAN LN IGRHTRSRE %%Sgghie%lallﬁ.(}pfatl- 5

mol % to 27.5 ol % of 1,1,1,3,3-pentafluorobutane and of 72.5 nol%to 98.5
mol % of hydr oget § | 40 i Be. Werh‘éhghe?'%d‘iﬁaﬁﬁ’ét siat Brefegablyi gti deast
fundanent al | yeakef bpedebyht ourhienicendependant é&?erﬂﬂbﬂfsatt,?S Bro8guLy . (P),
t he tenperatg\[e,(%ét,agle. conpoﬂs%ti]&n Oc”IIet hec‘ii%uigpphase Xﬁ and t

conposi tion dfekFE- gakt phagergigrakil i rafe restot tpdy svel@dpeci fic system
conprising two or norg,conpanspLEibar [ j : t and .at
a given pressure, the corrggsPt ngll%? F\r%%clgigguiaédargh(ggﬁésgl%gnggggtl&&ngual to
t he conpositiARBILAThes tg@e splaasiéoy. raaptbonoakayes operyisch wyrstiemthe
conprising 2 g anent or i_ch, i er at ur nd at a
gi ven ' pressur eﬁé?(éﬁ?sggubst antsfs'aﬁ'l yﬂgg]&a %E??n?%ﬁ;?aéf%%e,%ﬁ}g %egans

t hat the confiefigmitedof thechpagpetrrtppo apdopsss doezemtdiop ¢ ty's ttéwrs
cannot be easj PR i stil Lpn o] he.purposes of the present
i nventi on, tﬁled‘%/eer m 'pgé%ggse%% r%{bi %ggrlnégt 8?%" Eﬁégﬁ%gg %%?Fﬁr &6 i

21 - ( 1 Decexfferire(l® edsshiceuellt satahgsboahd ngt phéadt afnemdatialiatica gi ven
pressure) dif f boiling point of the true azeotrope by a maxi num
of 0.5C. M xt{e%[e%lvél?kr?%;' 01 | | ng point differing fromthe boiling point of
the true azeotrope byFear madimphiefity.,2C ahe predetiedat Mixt ures withiz a
boiling point,djiffering fromthe bailin int of the true azeotrope by a
maxi mum of O.dfécarrleotp]a(%f i sﬁ?}eeflé'r ?céjg.%hf‘l‘?epf efreds Iodm & but ane
and the hydr ggespddatirdrde faransa duidtaral iy et toRe igfvpsauwdgazaehepe when
their m xtur cor;prise . a Qr.oxi telg/ from72.5 to 98.5 pol % of- hydrogen
fluoride. Under's ’esiﬁﬁng bf’glr{%‘ﬁ, THRE blt??ﬁirﬁo%orﬁ?bs}:??ﬁnpir§f@6r¥6’633ed
essentially dforapproximately 91 to 98.5 nol % of hydrogen fluoride and 1.5
to 9 nolo of 1,1, 1, 3,%3;3- p%aa%oroegut ane and sﬁ:ﬁé;ifgio%;rae%muglum b)(%ihl i ng

poi nt of approxi mat ely® I8¢ L18ChOWs fay y-ne
conmposi tion isbscorgeosed essaniisal | whyf pfetor8& mekYeofohy dagn ifdror i de
and 15. to 22 nmol % of 1,1, 1,3, 3-pentafl uorobutane and exhibits a m ni num
boi | i ng poi nt“0t* i Bt eilf ofendikdensa Rtk opbEYepator t Kb nary
Conmposi ti on ireaeariees ek wasan il Inydfo ARYTEE 1R My dge r84 1) %0
hydrogen fluoride and 16 to 25 nol % of 1,1, 1, 3, 3-pentafl uor obut ane and

exhi bits a ntH¥HhSoid g thsi nPrefnafprexMpeafly Yy C thre seRakad igkange in
the concentr gidces ddenitgd iddadis Qivdiieigzeotrope with the pressure is
entirely unexpected. It is thus possible, by using the process according to
the invention, to isdiif et¥pereassénni Atagqsurareonsefenahly chntied
azeotrope angygzeotrogic fragtions aj; qven p re enrighed either in
hydr ogen f1 u%{yiﬁg:e M aglidclauéﬁbgi pejﬁ%g??ﬁorobu?g%gg The g:f)l(rariposi tit(%lples
according to q q negedy  Floro rdempliect ey dtshelnauwn fdfcfat i on
of 1,1,1,3;3 féﬁ@rQQHSfQEicwgggck&ohsé%g%ggﬂnaghgurgggo for

1,1,1, 3,3-pentaf | uorobut ane” conpri sing I npurities Peh9assoy3 ( Ty
Decenber 2003ede¢nsdtly dimmtdre azeot rahemid4ediydsmige ncdrpme i tieoror - whi ch have

an azeotrope with hy ' hibiting.a boili oi nt rkedly
different fromthat ghoefgﬁ@%%énj%%ds? ?%nléa%%s(’:onlgjr%]& Fa™t ﬁg E’r’f\%’ﬁ‘triq%nl,%ylt is
possi bl e to tde thespaompbsnt ponsess sepavatiegl,th 1tBe 3pantathvar ey ane

Ay 1,202 e Qold® 2 Ok A28 £ D0 PRENE DA LB L B paddifi e e

from their mixtures with hydrogen fluoride by the

separation process according to the invention and which

are mentioned above.

The chlorinated or chlorofluorinated precursors



a.use' is the separation of 1,1,1,3,3-pentafluorobutane ' and of hydrogen
fluoride froma reaction mxture obtained in a process for the synthesis of
1,1, 1, 3, 3pent af | uorobut ane by hydrofluorination of a chlorinated precursor,
*such as, for exanple, the process nentioned above. In this use, it is
preferable to enpl oy a conpositi on “adéordi ng to the invdahDecembériz®@3i s rich
inl11.,1, zipe f lLuor ane. I.t.ion neral ly, c i ses at

| east 10 n‘gTjﬁg/g}gf Q%:ﬂl,kjjl?:s?g%éngg'f I%@%o%ﬁ%ﬁg&tl?hea%%ngg i—tclg(gﬁ(i:%tlé: of ten
conpri ses atatehon dbages % Hfthe IploGeSs pfot athaopobphaaeioht ofr ef er abl y
conpri ses .l east 20 | % of 1 1,3, 3pgnt af | uorobut ane. Figures 1 to 4
respect i veﬁd]il?ﬁ%qrroﬁl a%eéFFPEéa%o n@?ﬁ SLISEEHEh ARG S0 GaMene

separ at i ora®f tlee eI otr I DFDIJ 1S idhd oo flle@sti nere dh ydieeflrsereakimare and
hydrogen fluorjde, of the process for, the nmanufacture of a

hydr of | uorSHt kKBRe 'SRt he fe SRR 100 RIARFS AEFOBIENE 0bPodhE ons i n
accor dancei mréit ide dMESAMCH MR @it i chle@U®obel.| MKe! A8 1A ternati ve
formof the separatiqn process according to the invention in which the
reaction b%’{vvé?g’grotq?élh‘?dﬁlé‘ﬁftﬁér RF FGEF PG dUEGE iNudhle catetduitdcand t he

organi ¢ corpeitibn i Nsthis caserarabhori Rk i¥schl or ok yepinat g precursor
of the hydrofl uoroal kane, is carried out in the absence of catalyst. In the
pl ant as reptecehter matdmttemediatesi gieamad thB chheri mened or

chl or of | uakd thed Wk Pr 8ENESPER O d I ; rigi LRg froma
tank (1) is '-Y%ZES - ~1 D%ceﬁ%gg ggo%ﬂ{en%agﬁécle \e/?g %grggtgge(f) into a
react or (3TN hydrof | uor bl kanehngreagen f| Gdupdédai xt ued to lee

separ at ed RAERS i } i OF} gl iLng fir. t 3) s

i ntroduced Vvia %%%%%%{W%dﬁgpr eg%?%?ﬁéé) . “Iln Ige rgxg@t:%r (aS) , the
hydr ogen fe¢huopiideatodd t herhydhdbirodloalriianskhly dogsrufdaior i dé nitkieur e reacts
with the i or uori.n ursor .of the

hydr of | uorarg% %fn%& 0 ég;{]f/ée%ma’ mgﬂ;l(%uggho?g?galgtﬁ%n L;S)eraocotulccfns St%%ﬁprolfsi ng

hydr of | uortdeg Keirena za trisshu et crasuthenf dopdresgpends tar ithe, deyadrtagen

chl ori de, I fl I ed. i [ i at es 0ssi bly unreacted. chl orinated
or chl or of uo(relgl%at%egsglplﬁ%%luogqsOEE§H$%onQ%coq%¥Iq% fb‘ u?uri“?i éél.veﬂjfé‘%dr ogen
chl ori de idesirmiwedfdbdvet he gaseous formfromthe mxture of the other

reacti on products M he raoute eparated,, in the separator, (7), from
the other reacti onTV}%)e?o‘}c?urgtosu%ptggseg‘g%‘?ngn??%‘?%%dw%%%’ a‘?%ﬁf’%f%sgﬂoaﬂ he route
(8). The dthwersepacétbonppoduets pessirbliygenta atinedinetdehoho all react or
(5) via the route,(9). The m xture of_the other reaction products is
conveyed iaﬁ)q]hye' I I%uiag’pfr(())lpr’ﬁl\?it&'t &é’ r ORE e PEESF o RFQFRIT | FAEI &M%t age
(11). A nipdapaeraoimg st g Hydbaflusrealdane, and hydrogen fluoride is
collected at the t@g of the di gtillation (12), which m xture is optionally
recycl ed to the redatt or PEEPAYREPRe MIRTFETEL2) 2CKOKNRNGre P pridifuct s

mai nl'y conpriesitigrhyidr plaracaakkapee f eht 08t | Uorimatgebddiarigdicot es of the
hydr of | uor unreacted precursor and nonvolatile inmpurities

oal kane,. possi b
is coll ect]égl’;]t’nf%-%%ﬁ BT aRSst i1l ation (13). Figure 2 illustrates

the alternative farmerof thhe fepanaidion pﬁBQ@@é§s- i t Qot Rgd Nventi on
in which the reaction between the hydrofl uoroal kane/ h¥dhg en fluoride
i rat

m xture arnd{HE Hyahfc o i hhenirrepaatd o o d Gk 3-

chl or of | ugdriRtftRRitas!, Che! PBBYFESE! 80T OB K Erof SuSAS{T echout in the
presence of a catalyst. The parts of this plant which are 1dentical to

those of t4eSDlHmt té@s@ﬁltﬁééftiiﬁ Fieg@tdon oxrage t denshee 1,1,1,3,3-
pentachlorobutane, a mixture of chlorofluorinated
intermediates or a mixture of these products with
1,1,1,3,3-pentachlorobutane. The chlorofluorinated
intermediates formed in the non-catalytic reaction stage
of the process are essentially isomers of HCFC-363 and
HCFC-364, that is to say 1,l—dichloro—i,3,3—
trifluorobutane (HCFC-363kfc), 1,3-dichloro-1,1, 3-
trifluorobutane (HCFC-3631fDb), 3,3-dichloro-1,1,1-
trifluorobutane (HCFC-363mfa), l-chloro-1,1,3,3-



« .29 - | |~ Decenber 2003 reference nunbers. These parts will not be
described again. In this alternative form the reaction products of the
reaction are drawn off in the gaseous formvia the route (14) and are
tonveyed to the separator (15). The hydrogen chloride is drawn off via the
route ( 16 ) . The other reaction products are conveyed!vPacerberr20G8e (17)

to a distillatj A m r i sing rqf | uor.ogl kane and
hydr ogen fl ui‘?%@ga%&%ﬁ 4%%1 Y a??*?ﬁ*é ?8%?%% hSQdi giv‘%ﬁci&rioo&'(ﬂz )'g whi ch
m xture i s optébonaflyoreoyicdme H(HCEFOe36dacbOr (15) avird tthera ovf e thkze A

m xt ure of prgglﬁgés gai nly .conprising hydrofluoroal kane, chlorofl uorinated
i nt er medi at es” 01T T He %ydrofl uor oal kane, possibly unreacted precursor and

nonvol atile inpuritiedthsrcoliheetrpddattbbe hgittiamaiflyt hepdésént! atiren (13).

To prevent the accupul atio f t on-volatile inpurities in the reactor
(5) and to rral?lﬁ}’(gf%%goﬁ%ﬁﬁi‘%&g?uqﬁ{éestfat%}%ﬁs't %rr i)t rils
provi ded wi t hdachieed-1, 3843 f1ddeoipitochssend or ahBgopr eAacilioad-af, it, e

hydr of | uor oal anﬁ in two reaction stages according to the invention is
illustrated by +htueEdRYE ohHi%gram given in Figure 3. The parts of this

plant which are identigah t@et IsHHfathe PhaBtedssHdRad iy FLEURGEL carry
the sane reference nunbers. These parts wll not be described again. The

m xture of prodURREICRAI APy AP BY KPEr AR IQ@Me T cAl:drdfI3uci nat ed
i nter medi at esp &t 4 FRuYEHAIAHOr @RLKRRE PSS Qkyﬁggrﬁﬁ&}@ﬁlﬁdﬁa&éﬂe and

nonvol atile inpurities collected via the route (13) Is intro d 1nto the
di'stillation $3999.irhEhesBeprFrarelyplcerpapardbpnustagekafe the egldasstsed at

the top of thesdpséibiabipm (20),3/5 et en COMULELLQ. hydr o Tuoroal kane,
chl orof l uori nated i nternedi ates of the hydrofl uoroal kane, non-vol atile

inpurities and possi bV§e mayobg made} peceabatysbogfutheadradtjoacwisor is
col l ected at fit f.t istillat] 1) i Xt u i onveyed
o ek b, %ttiag:?t?zcz)?‘gigj?nf%ur%dﬁpgﬁ?sitn%gmh;bgrgggﬁé £2F khE

doroa
chl or of | uori neareplerateemedifat @s bfdrhélhypdrslkaneoah&anedamg possitiey

t ed Ny I istillati 23). Th
unneacted, b eyt ids, o] saiedahgdle LR BLADS L SILELIEN 2y The
(24) and are @$ schizalyest$ rvdm chhecagl ae .uskhe Im xthe esegfa gartddc tpr akeidect ed

at the top of | SLI i on. is conveyed to a catalytic.reactor (25)

via the route addition, unlTke the plant described in Figure 1,
the m xture of hydrof Theraradkeneo fanch tof 1 yetd reogeln iddudini dehecaldtedtyad at t he

L0p OF the copium{dd) stag8' 8% CRYYBARLI ' "R BLebARAcYLR b L OV
. hydrofluoroalkane according to the invention can vary
within wide limits. It is generally at least 0.5 mol%. It
is preferably at least 2 mol%. In a more than preferred
way, it is at least 5 mol%. It generally does not exceed
30 mol%. It preferably does not exceed 20 mol%. In a more
than preferred way, it does not exceed 10 mol%. In the
catalytic reaction stage, hydrogen fluoride is employed
in an amount such that the molar ratio of the hydrogen
fluoride to the éhlorinated or chlorofluorinated
precursor of the hydrofluoroalkane is generally at least
3 mol/mole. The operation is preferably carried out with
a molar ratio of at least 5 mol/mole. This molar ratio
generally does not exceed 15 mol/mole. It preferably does
not exceed 10 mol/mole.

The temperaturé at which the reaction of the

catalytic reaction stage of the process is carried out is

generally at least 60°C. It is preferably at least 80°C.



The reactor (25), which conprises a catalyst, is fed via the route (28)
with hydrogen fluoride originating fromthe tank (27). The hydrogen
fluoride reacts in the reactor (25) with the products originating fromthe
tolum (22). A hydro.fluoroal kane/ hydrogen fl uoride and hydrogen chl oride
mxture is drawn off fromthe reactorr§ 25) in the gaseoub Decemberi 2003he
route (29)_ and introduced into a separator (30). The S

hydr of | uorHaldefyahldr 6ges hptioexeredidXiGdr By epreffilde deiest 0PE i s
conveyed via th %@g;e (31) to the reactor (5). The other reaction products
return to $HEETLactGr(25) via the route (32). To prevent the accumul ation

of the non-volatilend mpuaLti 88 bRthBen' @3E Hydwhd® MRhdEAHS hhe activity
of the catal yst, the reactor (Zgi is provided with a bleed (33) . The
Rded

exanpl es v%ﬁ%hchéPFé%ééﬁé iGH e reflueripatad e PrwEUsEeset i Alention
wi t hout , rﬁyﬁ¥6¥luéféﬁikéKbtJ¥*€H€”3%5é¥?5¥§-réd&t@%ﬁ”ﬁk%gé Bel @We the

degree of conversion (DC) of the 1, 1, 1, 3, 3-pentachlorobutane (PCBa) is
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reaction mixture in the 1liquid form. The pressure
empldyed in the reaction of the catalytic reaction stage
of the process varies according to the temperature of the
reaction mixture. It is generally less than or equal to
35 bar. In a particularly advantageous way, the pressure
is less than or equal to 25 bar. The pressure 1is
generally greater than or equal to 5 bar. The pressure is
preferably greater than or equal to 10 bar.

The catalytic reaction stage of the preparation
process according to the invention can be carried out
batchwise or continuously.

When the catalytic reaction stage of the
preparation process according to the invention is carried
out batchwise, the duration of the reaction generally
varies from 10 min to 5 h. This duration is preferably at
least 0.5 h. This duration is advahtageously at least
1 h. This duration generally does not exceed 4 h. This
duration preferably does not exceed 2.5 h.

When the catalytic reaction stage of the
preparation process according to the invention is carried
out continuously, the residence time of the reactants in
the reactor is generally at least 0.5 h. It.usually does
not exceed 50 h. It typically varies from 10 to 40 h. It
is preferably from 10 to 30 h.

When the preparation process according to the
invention is applied to the preparation of 1,1,1,3,3-
pentafluorobutane, the catalytic reaction is preferably
carried out in the presence of titanium tetrachloride or

of tin tetrachloride as catalyst, more particularly in



Exanple 1 was carried out in a plant in accordance with Figure 1. 5.02 nol

of hydrogen fluoride, in the formof a mxture with an azeotropic
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pressure was TR HRAFC aCoFRoFdtiome Yohehomigginontesdsustyer e®mm th 0. 1

mol /'h of 1,1 dathBpeid achleitalid ageaged drmobhd i dpyrogesn flydsde, The

reactor was continuously degassed, sO0 as to keep the |evel of "the reaction
moxture in tIRFETUHLIT _skhei APV§nEsast arPLtiPRalaNp@fitest separation

1,1, 1,3, 3- perd i ROTIORUE 3eh | dh 116 gRs@si i awn offepLgesponded to a yield,
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yreld was stafit€. the catalytic reaction in a boiling reactor at a

' temperature and a pressure such that - the hydrogen
chloride and the hydrofluoroalkane which are formed are
gaseous, whereas the reactants and other reaction
products are essentially in the liquid state. The boiling
reactor is advantageously surmounted by a distillation
column, in order to complete the separation. To prevent
the accumulation. of non—volatile' impurities in the
reactor and to maintain the activity of the catalyst, the
reactor of the catalytic reaction stage of the process is
advantageously provided with a bleed.

A specific embodiment of the prepafation process
according to the invention relates to a process for the
preparation of a hydrofluoroalkane, according to which,
in a catalytic reaction stage, at least one chlorinated

or chlorofluorinated precursor of the hydrofluoroalkane
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catalytic stage.

When the catalyst is a titanium compound, it
proved possible to synthesize the hydrofludroalkane in a
single reaction stage.

A third subject-matter of the invention is
consequently a catalytic process for the manufacture of
a hydrofluoroalkane, which can be used as catalytic
reaction stage in the process according to the invention,
in which process the catalyst is a titanium compound.
Often, 1in the catalytic process according- to the
invention, the reaction is carried out in the liquid
phase and‘the titanium compound is a titanium halide,
preferably titanium tetrachloride. The conditions
described above for the catalytic reaction stage of the
preparation process also apply to the catalytic process
according to the invention. The catalytic process
according to the invention is highly suitable for the
synthesis of hydrofluoroalkanes comprising from 3 to 6
carbon atoms, such as, for example, 1,1,1,3,3-
pentafluoropropane.and 1(1,1,3,3—pentafluorobutane. It is
particularly wéll suited to the synthesis of 1,1,1,3,3-
pentafluorobutane, preferably in one stage from
1,1,1,3,3-pentachlorobutane.

A fourth subject-matter of the present invention
is a process for the synthesis of a hydrofluoroalkane,
according to which at least one chlorinated or
chlorofluorinated precursor of the hydrofluoroalkane,

with an F/Cl atomic ratio within the precursor of less



2. Separation process according to Claiml1, in which the organic conpound
Is a chlorinated or chlorofluorinated organi c conpound, preferably a
precursor conpound of the hydrofluoroal kane. 3. Separation process
according to Caim1l or 2, in which the reaction between the

hydr of | uor oal kane/ hydr ogen f| uor| de nixtfre and the or ghnPecerahps@0Rd is .

carried out |t|i)latnhell | ggl q: ure olﬁi ﬁggar q—‘i“ﬁo%np@?%gésﬁ%ﬁor@&%é&‘a aim

3, wherein the reaction m r éeac

hydr of | uor oalflare/iledr dgen & | ddrgudel mmeiddiom, and.rit hevhdrgganinedionpoubsl i s
drawn off in the.liqui hase. 5. Separatjon process cor to any one
of (0t 1 COREIG I FAE AR dOH TGy | SoeaPEnE GTETBrSH ny an
azeotrope or thapseuideanact lt@peow bh fl\h&ﬂiﬂ@@@dféﬂ%hﬂ@rofl@orﬁ@&@é@t i on
process according .,to any one of ( ains i n which thggm xture of the

reaction pro@FgeiShCarReynas EHBFE&F\E’&Q{ooﬁtaY%’é%?eon%“sﬁ e RELc

treatnent stageiontenaded teagecpye réh@rmﬂyo&tuaeoqlelé@me 1 72 Riogess for
the preparation of a hydrofluoroal ane, accord in a first

reaction st a§@r H M edstPHHE IS i Aat 8% oreaH o?o?kugﬁ%ﬁat%ﬂn’b}?%’éh‘?sor of

the hydrof | ugnealdsane iiss b@@(ﬁe@ghl?" tBahydeqoesut | ugksdeifgd, fridma a
subsequent reaction stage, | eas portion of the products forned during

the first st&fdardnassct srofepsor h9ar6@@n hydoef Heoreatkanet H& ERacti on

stages conprizidig,ca S{PAL %tall tprocess according to any one of Clainms 1 to
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is understood to denote in particular the desired
hydrofluoroalkane and chlorofluorinated intermediates of
the hydrofluoroalkane. The intention is also to denote,
optionally, certain reaction byproducts and/or certain
impurities introduced by the precursor employed in the
synthetic process. The content by weight of fluorinated
or chlorofluorinated organic compounds in the 1liquid
mixture 1is preferably at least equal to 70%. In a
particularly preferred way, it is at least equal to 80%.
It generally does not exceed 99% by weight. It preferably
does not exceed 98.5% by weight.

The operating conditions for the. reaction
described in the separation process according to the
invention are directly applicable to the present process
for the synthesis of a hydrofluoroalkane. When the
present process for the synthesis of a hydrofluoroalkane
is followed by the distillation stages described in the
separation process according to the invention, the
operating conditions are preferably such that a reaction
mixture which comprises less hydrogen fluoride than in
the hydrofluoroalkane/hydrogen fluoride azeotropic
mixture is drawn off in the liquid phase.

This . process advantageously applies to the
synthesis of 1,1,1,3,3-pentafluorobutane from 1,1,1,3,3~

pentachlorobutane.



31 1 -~ Decenber 2003 10. Process according to Caim9, in which the
reaction is carried out in the liquid phase and the catalyst is a titanium
hal i de, preferably titaniumtetrachloride. 11. Process according to any one
of Cainms 1 to 10, in which the hydrofl uoroal kane conprises from3 to 6
carbon atons. 12. Process according t2® any one of d ai ndl Pecembar 2008 whi ch

the hydrofluoroal kgne is 1) 1,1,3,3:pentaf|ugrobutane. 1 Azeotropi c or
pseudoazeot ropic ¢ s?@?cﬁ@?%%ﬁ%o%%da%% th i5?|§ﬁ8fSXP§hﬁﬁF@aPS 27.5 mol %

of 1, f, I1,31&,@mﬁéwmbwmwg@,ofpr‘ézaframly‘i/o?)h@ 98a8tNMBO% ﬁffdhydrogen
fluoride. ., 14, ,Conpositions according to aim conprisin ydr ogen
1 uoride ahf 1149918 F JBEHRGNAS! RORHRAEDGRE 1/ 1, 1,3, 3%
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mol /mol at a pressure of 3 bar.
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hydrofluorocalkane and of its chlorofluorinated
intermediates in the 1liquid reaction mixture hés a
solvent effect on the mixture of the hydrogen fluoride
and of the chlorinated or chlorofluorinated precursor of
the hydrofluorocalkane, which effect makes it possible to
increase the productivity of the reaction, in particular'
because some chlorofluorinated intermediates which are
not very reactive, which accumulate in the mixture in the
absence of the hydrofluoroalkane, seem to be formed in
much more limited amounts under the conditions of the
synthetic process according to the invention.

The dinvention also relates to azeotropic or
' pseudoazeotropic compositions composed éssentially. of
1.5 mol% to 27.5 mol% of 1,1,1,3,3—pentafluorobutaﬁe and
of 72.5 mol% to 98.5 mol% of hydrogen fluoride.

The thermodynamic state of a fluid is
fundamentally defined by four interdependent variables:
the pressure (P), the temperature (T), the composition of
the liquid phase (X) and the composition of the gas phase
(Y). A true azeotrope is a specific system comprising two
or more components for which, at a given température and
at a given pressure, the composition of the liquid phase
X is exactly equal to the composition Qf the gas phase Y.
A pseudoazeotrope is a system comprising 2 or more
components for which, at a given temperature and at a
given ‘pressure, X is substantially equal to Y. 1In
practice, this means that the constituents of such
azeotropic and pseudoazeotropic systems cannot be easily
separated by distillation.

For the purposes of the present invention, the

term “pseudoazeotropic mixture” means a mixture of two
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with a boiling point differing from the boiling point of

the true azeotrope by a maximum of 0.1°C are particularly

preferred. _

The 1,1,1,3,3-pentafluorobutane and the hydrogen
fluoride form a binary azeotrope or pseudoazeotrope when
their mixture comprises approximately from 72.5 to
"98.5 mol% of hydrogen fluoride. Under a pressure of
1 bar, the binary composition is composed essentially of
approximately 91 to 98.5 mol% of hydrogen fluoride and
1.5 to 9 mol% of 1,1,1,3,3~pentafluorobutane and exhibits

a minimum boiling point of approximately 18°C. Under a
pressure of 10 bar, the binary composition'is composed
essentially of 78 to 85 mol% of hydrogen fluoride and 15.
to 22 mol% of 1,1,1,3,3-pentafluorobutane and exhibits a

minimum boiling point of approximately 90°C. Under a
pressure of 12 bar, the binary composition is composéd
essentially of approximately 75 to 84 mol% of hydrogen
fluoride and 16 to 25 mol% of 1,1,1,3,3-pentafluorobutane
and exhibits a minimum boiling point of approximately
97°C.

The marked change in the concentration of the
constituents of the azeotrope with the pressure is
entirely unexpected. It is thus possible, by using the
process according to the invention, to isolate the.
essentially pure constituents of the azeotrope and
azeotropic fractions at a given pressure enriched either
in hydrogen fluoride or in 1,1,1,3,3-pentafluorocbutane.

The compositions according to the invention can
be used, for example,‘for the purification of 1,1,1,3,3-
pentafluorobutane. When it is desired to purify

-1,1,1,3,3-pentafluorobutane comprising impurities which
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10b 10b do not form an azeotrope with hydrogen fluoride or which
have an azeotrope with hydrogen fluoride exhibiting a
boiling point markedly different from that of the
compositions according to the invention, it is possible
to use the compositions to separate 1,1,1,3,3-
pentafluorobutane and hydrogen fluoride, on the one hand,
and the impurities, on the other hand. An example of such
a use’ is the separation of 1,1,1,3,3—pentaflubrobﬁtane
and of hydrogen fluoride from a reaction mixture obtained
in a process for the synthesis of 1,1,1,3,3-
pentafluorobutane by hydrofluorination of a chlorinated
precursor, such as, for example, the process mentioned
above. In this use, it 1is preferable to employ a
composition according to the invention which is rich in
1,1,1,3,3-pentafluorobutane. The composition generally
comprises at least 10 mol% | of 1,1,1,3,3-
pentafluorobutane. The composition more often comprises
at least. 15 mol% of 1,1,1,3,3—pentafluorobutane. It
preferably comprises at least 20 mol% of 1,1,1,3,3—'
pentafluorobutane.

Figures 1 to 4 respectively illustrate specific
embodiments of the process for the separation of a
mixture comprising at least one hydrofluoroalkane and
hydrogen fluoride, of the process for the manufacture of
a hydrofluoroalkane and the azeotropic or
pseudoazeotropic compositions in accordance with the
present invention. |

Figure 1 illustrates the alternative form of the
separation process according to the invention in which
the reaction between the hydrofluoroalkane/hydrogen
fluoride mixture and the organic compound, in this case
a chlorinated or chlorofluorinated precursor of the
hydrofluoroalkane, is carried out in the absence of
catalyst.

In the plant as represented diagrammatically in
Figure 1, the chlorinated or chlorofluorinated precursor

of the hydrofluoroalkane originating from a tank (1) is
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separated according to the invention originating from a
tank (3) is introduced via a route (4) into the reactor
(5). In the reactor (5), the hydrogen fluoride of the
hydrofluoroalkane/hydrogen fluoride mixture reacts with
the chlorinated or chlorofluorinated precursor of the
hydrofluoroalkane to give a mixture of reaction pfoducts
comprising hydrofluoroalkane, a reduced amount of
hydrogen fluoride, hydrogen chloride, chlorofluorinated
intermediates, possibly unreacted chlorinated or
chlorofluorinated precursor and non-volatile impurities.
The hydrogen chloride is drawn off in the gaseous form
from the mixture of the other reaction products via the
route (6), separated, in the separator (7), from the
other reaction products possibly entrained and drawn off
via the route (8). The other reaction products possibly
entrained return to the'reactbr (5) via the route (9).

The mixture of the other reaction products is
conveyed in the liquid fofm via the route (10) to a
distillation stage (11). A mixture comprising
‘hydrofluoroalkane and hydrogen fluoride is collected at
the top of the distillation (12), which mixture is
optionally recycled to the reactor  (5) via the route
(12). A mixture of products mainly comprising
hydrofluoroalkane, chlorofluorinated intermediates of the
hydrofluoroalkane, possibly unreacted precursor and non-
volatile impurities is collected at the bottom of the
distillation (13). ,

Figure 2 illustrates the alternative form of the
separation process according to the invention in which
the reaction between the hydrofluorocalkane/hydrogen

- fluoride mixture and the organic compound, in this case
a chlorinated or chlorofluorinated precursor of the
hydrofluoroalkane, is carried out in the presence of a
catalyst. The parts of this plant which are identical to

those of the plant described in Figure 1 carry the same
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again.

In this alternative form, the reaction produéts
of the reaction are drawn off in the gaseous form via the
route (14) and are conveyed to the separator (15). The
hydrogen chloride is drawn off via the route (16). The
other reaction products are conveyed via the route (17)
to a distillation stage (11). A mixture comprising
hydrofluoroalkane and hydrogen fluoride is collected at
the top of the distillation (12), which mixture is
optionally recycled to the reactor (5) via the route
(12). A mixture of products mainly .comprising
hydrofluoroalkane, chlorofluorinated intermediates of the
hydrofluoroalkane, possibly unreacted precursor and non-
volatile impurities is collected at the bottom of the
distillation (13).

To prevent the accumulation of the non—volatilé-
impurities in the reactor (5) .and to maintain the
activity of the catalyst, the reactor (5) is provided
with a bleed (18).

The process for the preparation of the
hydrofluorocalkane in two reaction stages according to the
invention is illustrated by the reaction diagram given in
Figure 3. _

The parts of this plant which are identical to
those of the plant described in Figure 1 carry the same
reference numbers. These parts will not be describéd
again.

The mixture of products mainly compfising
hydrofluoroalkane, chlorofluorinated intermediates of the
hydrofluoroalkane, possibly unreacted precursor and non-
volatile impurities collected via the route (13) is
introduced into the distillation (19). The essentiélly
pure hydrofluoroalkane is collected at the top of the
distillation (20) . A mixture comprising
hydrbfluoroalkane, chlorofluorinated intermediates of the

hydrofluoroalkane, non-volatile impurities and possibly
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distillation (21), which mixture is conveyed to a third
distillation (22).

A mixture comprising hydrofluoroalkane,
chlorofluorinated intermediates of the hydrofluoroalkane
and possibly unreacted precursor is collected at the top
of the distillation (23). The non-volatile impurities are
collected at the bottom of the distillation (24) and are
discharged from the plant. |

The mixture of products collected at the top of
the distillation (22) is conveyed to a catalytic reactor
(25) via the route (23). In addition, unlike the plant
described in Figure 1, the mixture of hydrofluoroalkane
and of hydrbgen fluoride collected at the top of.the
column (11) is also conveyed to the reactor {(25) wvia the
route (26).

The reactor (25), which comprises a catalyst, is
fed via the route (28) with hydrogen fluoride originating
from the tank (27). The hydrogen fluoride reacts in the
reactor (25) with the products originating from the
column (22). A hydrofluoroalkane/hydrogen fluoride and
hydrogen chloride mixture is drawn off from the reactor
(25). in the gaseous form via the route (29) and
introduced into a separator | (30). The
hydrofluoroalkane/hydrogen fluoride and hydrogen chloride
mixture is conveyed via the route (31) to the reactor
(5). The other reaéfion products return to the reactor
(25) via the route (32). ,

To prevent the accumulation of the non-volatile
impurities in the reactor and to maintain the activity of
the catalyst, the reactor (25) is provided with a bleed
(33).

The examples which follow are intended to
illustrate the present invention without, however,
limiting the scope thereof.

In Example 1 below, the degree of conversion (DC)

of the 1,1,1,3,3-pentachlorobutane (PCBa) is the ratio,
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amount unconverted on completion of the reactlon,_to the
amount employed.
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accordance with Figure 1.
5.02 mol of hydrogen fluoride, in the form of a
'mixture with an azeotropié composition comprising
0.475 mol of 1,1,l,3,3—pentaflubrobutane (HF/1,1,1,3, 3~
pentafluorobutane molar ratio of 10.6 mol/mole), and
. 0.739 mol of 1,1,1,3,3-pentachlorobutane were introduced
into a 0.5 1 stainless steel reactor equipped with a
mechanical paddle stirrer, a temperature probe and a dip
pipe allowing samples of the liquid phase to be withdrawn
during the test. The reactor was subsequently immersed in
a thermostatically controlled bath, maintéined at a
temperature of 120°C, with continuous stirring. The
pressure was regulated at 25 bar. Samples were withdrawn
after reacting for 1 h, 3 h and 30 h. The results are
shown in the Table below. The degree of conversion of the
1,1,1,3,§—pentachlorobutane employed varied from 94 to
100 mols, respectively, between reacting for 1 h and
30 h. The HF/1,1,1,3,3~pentafluorobutane molar ratio fell
from 6 to 1.8 mol/mole, respectively, between reacting
for 1 h and 30 h. The amounts of 1,1,1,3,3-
pentafluorobutane (HFC-365mfc) and of the
chlorofluorinated intermediates (HCFC-361, -362, -363 and
~364) present in the reaction mixture after withdrawing

the various samples are also shown.

Table
Duration of reaction, h 1 3 30
DC PCBa, % 94 >99.9 100
Amount of HFC~365mfc, mol 0.51 0.64 0.99

(in the reaction mixture)

Amount of the HCFCs-364, mol 0.30 0.35 0.074

(in the reaction mixture) .
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G& () - Amount of the HCFCs-363, mol

(in the reaction mixture)

0.09 0.13 0.10

Amount of the HCFCs-362, mol 0.16 0.04 <0.007

(in the reaction mixture)

Amount of the HCFCs~361, mol 0.007 <0.007 <0.007

(in the reaction mixture)

HF consumed, mol 1.94, .2.70 3.20
HF remaining, mol 3.08 2.30 1.80
HF/HFC-365mfc, mol/mole 6.0 3.6 1.8
Example 2

5.0 mol of hydrogen fluoride and 0.053 mol of
titanium tetrachloride were introduced into the same
reactor as in Example 1. The reactor was subsequently
immersed in a thermostatically controlled bath and
maintained at a temperature of 135°C with continuous
stirring. The pressure was regulated at 25 bar. The
‘reactor was continuously fed with 0.1 mol/h of 1,1,1,3,3-
pentachlorobutane and 1 mol/h of hydrogen fluoride. The
reactor was continuously degassed, so as to keep the
level of the reaction mixture in the reactor essentially
constant. The amount of 1,1,1,3,3-pentafluorobutane in
the gases drawn off corresponded to a yield, with respect
to the amount of 1,1,1,3,3-pentachlorobutane emplpyed, of
97%. ’ ,

The reaction was carried out over 30 hours under
these conditions and the yield was stable.

The gases drawn off were a hydrogen
fluoride/l,l,1,3,3—péntafluorobutane mixture in a molar
ratio of approximately 5/1 which can advantageously be

. employed in the separation process according to the
invention.

Examples 3 to 5 in Figure 4 represent the

vapour/liquid equilibria of binary compositions of
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Example 3 is given by the curves corresponding to a
pressure of 1 bar. Example 4 is given by the curves
corresponding to a pressure of 10 bar. Example 5 is given

by the curves corresponding to a pressure of 15 bar.
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 fluoroalkane/hiydrogen fluoride mixture is reacted i in the absence of catalyst with at
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least one orgamc compound capable of reacting with hydrogen fluoride.

2, Separation process according to Claim 1, in which the organic compound is -
a chlorinated or chlorofluorinated organic compound, preferably a precursor
compound of the hydrofluoroalkane.

3. Separatlon process according to Claim 1 or 2, in which the reaction between -
the hydroﬂuoroalkane/hydrogen fluoride mlxture and the organic compound is
carried out in the liquid phase.

4, Separation process according to Claim 3, wherein the reaction mixture of
the reaction between the hydrofluoroalkane/hydrogen fluoride mixture and the
organic compound is drawn off in the liquid phase.

"5, Separatlon process accordmg to any one of Claims 1 to 4, in whlch the

hydrofluoroalkane is capable of fomung an azeotrope ora pseudoazeotrope w1th
hydrogen fluoride.

6. Separation process according to any one of Claims 1 to §, in which the
mixture of the reaction products obtained is subjected to at least one subsequent
treatment stage intended to recover the hydroﬂuoroalkane '

7. Process for the preparation of a hydrofluoroalkane, according to which, in a

first reaction stage, at least one chlorinated or chloroﬂuormated precursor of the

Ihydroﬂuoroalkane is reacted with hydrogen ﬂuonde and, ina subsequent reactlon SRS
stage, at least a portion of the products formed dunng the first stage is reacted with

hydrogen fluoride, one of the reaction stages comprising a separation process-
according to any one of Claims 1 to 6.

8. Process according to Claim 7, in which hydroﬂuoroalkane is formed in the
first and the second reaction stage. '

9. Process according to Claim 7 or 8, comprfsing at least one catalytic reaction
stage.
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10.  Process according to Claim 9, in which the reaction is carried out in the
- liquid phase and the catalyst is a titanium halide, preferably titanium tetrachloride.

11 Process according to any one of Claims 1 to 10, in Whlch the
' hydroﬂuoroalkane compnses from 3 to6 carbon atoms.

12. Process according to any one of Claims 1 to 11, in which the
hydrofluoroalkane is 1,1,1,3,3-pentafluorobutane.

13. Azeotropic or pseudoazeotroplc compositions composed essentially of
1.5 mol% to 27.5 mol% of 1,1,1,3 »3-pentafluorobutane and of 72.5 mol% to
98.5 mol% of hydrogen fluoride. |

14, Compositidns according to Claim 13, comprising hydrogen fluoride and
L1L1,3 3-pentaﬂuorobutane in a hydrogen fluoride/1,1,1,3,3-pentafluorobutane
molar ratio of approximately 11 mol/mol at a pressure of 3 bar.



