TI TLE PROCESS FOR THE PREPARATION OF 1,1, 1, 3, 3-
PENTAFLUOROPROPANE AND , , , 3, 3, 3- HEXAFLUORCPROPANE
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synthesis of , , ,3,3- pentafl uoropropane and
1,1,1, 3, 3, 3- hexaf | uor opr opane. BACKGROUND A nunber of
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céwﬁ;i? HTeroRoRene Eastut'ﬁ M B fsrinashant apdas 2
frreﬁmgermtgroup consi sting of (| ) con‘posn tions
conprising ZnCr % 'mt. cheom um oxi de,

(ii) conpositions—¢t *"s o e e and a-
This invention prowdes a process for the manufacture of1,1,1,3,3-

pentafluoropropane (HFC-245fa) and 1,1,1,3,3,3-hexafluoropropane
(HFC-236fa). The process comprises (a) reacting HF and at least one
halopropene of the formula CX3CCI=CCIX, wherein each X is
independently selected from the group consisting of F and Cl, to produce a
product comprising CF3CCI=CF, and CF3CHCICF3, wherein said
CF3CCI=CF, and CF3CHCICF 3 are produced in the presence of a
fluorination catalyst comprising at least one composition selected from the
group consisting of (i) compositions comprising ZnCr,0O4 and crystalline o-
chromium oxide, (ii) compositions comprising a zinc halide and o~
chromium oxide and (iii) compositions of (i) or (ii) which have been treated
with a fluorinating agent (e.g., anhydrous hydrogen fluoride); (b) reacting
CF3CCI=CF5 and CF3CHCICF3 produced in (a) with hydrogen (H,),
optionally in the presence of HF, to produce a product comprising

1




chrom um oxide and (iii) conpositions of (i) or (ii)
whi ch have been treated with a fluorinating agent
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CCl =CF and CF CHCI CF produced in (a) with hydrogen (H

), optionally in the presence of HF, to _produce a
pCEQGttz%tﬁmandsCEgCtkzﬁF@madﬂ@c)ar@@ovwmp%g Hokehiz anyd
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p 85iean @)%@GIEC@IXtWhéréF@@BthQ iBUndEpdrdendy selected

G112
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8 pioeisicefa 54 GEY mIFUIC@EEARIB OF ;0@I=CF, (BECEE215xC)
napg%é@qék%fq G EEodh ~Rbbf gy R i fon provides a
obradess fonﬂ'@npneparatml QfdﬁlXEHe&@ﬂ Cf3@;€If@FZ¢Q;F £-1215xc) and

( @%Ec} d%l:? E35olo SHrfingRarErals.
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PrGIL‘IgC@&@CIZt (Ihe:(aelﬂotcpwpeﬁe , HFCR), ta naiXtupes t#eref.i s
carri e
react on(b h%ﬁ 4{’%"%&9&3 TS con Png rat f1%ﬂg&gpélh@r
pmlgﬁm:Cth@uadyomrop@m R@RB) Aty thegprefgrred starting
Ofm@%@rs'fem Fo'&@sé BRHeOhvemsbrli f ferent nodes of

O o0, I O, PRI Bt
O'lﬁ’e Qﬁ’[@@ﬂpﬁ@ﬁ incd heated tiBllar rdwctbral Apuogtsrefseactor ng
e ehs % PR D il G BB 8 PP B2 Bfefifon of
mehe réadtos andajffarent modesbf gontapting ﬂmjhalngrqp@@etséa»ftlng

' %ﬁgtte?lal(g)swﬂﬁﬂﬁsﬁ’referably the HF is substantially anhydrous.

In one embodiment of step (a), the halopropene starting material(s)
may be fed to the reactor containing the fluorination catalyst. The
halopropene starting material(s) may be initially vaporized and fed to the
reactor as gas(es).

In another embodiment of step (a), the halopropene starting
material(s) may be contacted with HF in a pre-reactor. The pre-reactor
may be empty (i.e., unpacked), but is preferably filled with a suitable
packing such as Monel™ or Hastelloy™ nickel alloy turnings or wool, or
other material inert to HCIl and HF which allows efficient mixing of
CX3CCI=CCIX and HF.

If the halopropene starting material(s) are fed to the pre-reactor as
liquid(s), it is preferable for the pre-reactor to be oriented vertically with
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n anot her enbodi nent of step (a), the hal opropene

starting material (s) may be contacted with HF in a
WQe@®s5/08Ees or . The pre-reactor may be enpty (i .RCT/US2004/034455

unpacked), but is preferably filled with a suitable
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30 lys Higher Hikk (I rdtBE VAR td R t%@oilfo%%uon of HCFC-226da
30 relative to CFC-1215xc.

In a preferred embodiment of this invention, in step (a) of the
process, the halopropene starting materials are vaporized, preferably in
the presence of HF, contacted with HF in a pre-reactor, and then
contacted with the fiuorination catalyst. If the preferred amount of HF is fed

35 in the pre-reactor, additional HF is not required when the effluent from the
pre-reactor contacts the fluorination catalyst.

Suitable temperatures for catalytic fluorination of halopropene

starting materials and/or their products formed in the pre-reactor are within
3



not particularly beneficial. Lower ratios of HF to
hal opropene result in reduced yields of CFC 1215xc and

woigeso22éda. Typically, for a given catal yst, PCO82004834455
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feed ratios will tend to favor formati on of HCFC-226da

relative to CFC-1 15xc. Breferred embodi nent of .
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Ooarl"golrjnmpgrcen‘teo# H’le cmromlurFR it ﬁe' 88m'pom%ﬁ S’%\Iso SFnote are
such chromium-containing catalyst compositions which comprise ZnCr,O4
and crystalline a-chromium oxide wherein the ZnCr,04 contains at least
about 90 atom percent of the zinc in the composition. Also of note are
such chromium-containing catalyst compositions comprising zinc chromite
and crystalline a-chromium oxide wherein greater than 95 atom percent of
the chromium that is not present as zinc chromite is present as crystalline
o-chromium oxide. Also of note are such chromium-containing catalyst
compositions which consist essentially of ZnCr,04 (zinc chromite) and

crystalline a-chromium oxide.
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ZnCGr O or crystalline a-chrom um oxide. Also of note
are chrom untontai ni ng catal yst conpositions, prepared
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and crystalline a-chromi umoxide with a fluorinating
agent . _ﬁ_liso‘ of note are such chrom um cont ai ni ng
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c @dEntN@r)2dH2906]zi nc in the aqueous solution is from
about I H@écgue% LsBH b?tﬁe’@ﬁ'r@m?@n‘?{llrlf%}?d bRk ¥alts may then
concentratj on .of zinc and chrom um he solution.”
%‘@ﬂ?éﬂtteldaﬁ'ﬁ@ﬁ usteE vaGHN R At elevated tleenpajatsado give a

scolid miich & theRioaddihed.i n the range of 0.3 to 3 noles
per lit
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) id Hohitbred during the addition of base. The final pH is typically in the

range of 6.0 to 11.0, preferably from about 7.5 to about 9.0, most
preferably about 8.0 to about 8.7. The precipitation of the zinc and
chromium hydroxide mixture is typically carried out at a temperature of
about 15°C to about 60°C, preferably from about 20°C to about 40°C.
After the ammonium hydroxide is added, the mixture is typically stirred for
up to 24 hours. The precipitated chromium and zinc hydroxides serve as
precursors to ZnCryO4 and a-chromium oxide.

After the precipitation of the zinc and chromium hydroxide mixture is

complete, the mixture is dried. This may be carried out by evaporation in
5



The aqueous solution of the chromun(lll) and zinc
salts may then be evaporated either under vacuum or at
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calcined. t is preferred to treat the aqueous sol ution
of the chromunm(lll) and zinc salts with a base such
aseRRIhPamonyaineiplate Qrsfeambathomniman)oven qrferiasetaitee

t fs‘%utébréeteﬁ{ﬁéréhdré’ mswhs@ téﬁ‘\?et’é‘tg Fé%xl BRRie t@ atures from

tal s su as Sso ot assi um

cont ai

ok BORY o5 abaut 43is5itas exemes aeowsﬁao Futo bt 120°0).
pridfeznatbly, the daﬂd tstem Zb@mﬂeumuhmﬁd@%vmm uking, for
a qs},g {g} romun(ll1l) and zinc salts
sg(?%)l%’a éj b’o%q Ut gradual |y over a period of 1
to 12 Imtrmallyhﬂaemﬂeoipltaied And and chromium hiydaxek mixture

d H’ﬁé}ﬂ Be %ﬁe&@g'édg‘)g c{éfswggs\ﬁasﬂ—%be\nﬁtb wl?lﬁ%d alatté(rpdé;&? y

e ran om abou

t (S‘Qé.'ﬂeutprg%(ﬁablbh%@ pﬁ@plata%zmm@h@mummgwdesnrxture is
Th@tWa@ﬁbglgr@trrt@[h@a rhfstébnc and chrom um hydr oxi dfe
m xt ur S lcaII carr.i ed out tureo
about  Peter i Zit andefiremmrhyiligxide misia s bess dsadh the
amitrate4als ahé tieen tiseoraposed byrhbaﬂm@meieolicsfral@\dahbu_lt_ﬁﬁe%
m e

o8 Bt 450°¢ il redfitd SO e KB ertdt @R tatylSF of
prf@mm about40Q° Gitadalbe wHOSeP Gnpreterably fridmeabautd00°C to about
progpei tation of the zinc and chrom um hydroxi de

m Xt ur conplete, the mxture is dried. This_may be
carri ejr%ﬁle H}r}gﬁva%@? anithmzing @Qrﬁ@ﬁ@\ﬁurﬁmn&p%ﬂm useful

plfet hispinve hsrsosrolided mrlut 38 Patent N;belgc,tah?g?@(ﬁ1l 853
¢ dH2AF SBRRR ﬁﬁé@s@ sadcefod AhlhSiebiReqparated by

exaiqnerme béein inlitHedirety @betaisdécﬁrr@podnféhm@tMatnallehgl,
t t er vacuum usl ng,
*)JFpp%Eém&PN% %ﬂp‘éz%tuﬁa”' ef out un g

for "exa Optionally, the
pr eci pthh@t feajCIaﬁd@lrmw@hr@mt@m-ghﬁqwummd@ qmmqwt@nw the

?Jréé%dtw&ﬁloﬂﬂﬁa bk it 8§ééoeiﬂto%$cﬂﬁéjs SRInOM B&ibts for

wat er, before é Pr ef era?}@ |tated Zl nc

aﬁ@edﬂlpé‘ﬁk'ﬂﬁwrﬁ? i Henay alsg LFS:?%'BtP ef@"Bfl or to

t he dr Wypﬁ;aﬂilgeﬂhe dHidined t:bmpbsm@ngmll bérpw:twétéwolrtﬁ@ de
en.dried, the al t.s

G obbHhSultdge it h i Se Ay Rt St E i e B e content
alod halageat@d Jarbonaeohpdungss by pidaliysthiséuoriratinigreegndis HF
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fluorlde and fluorinated carbon compounds such as
trichlorofluoromethane, dichlorodifluoromethane, chlorodifluoromethane,
trifluoromethane, or 1,1,2-trichlorotrifluoroethane. This pretreatment can
be accomplished, for example, by placing the catalyst in a suitable
container which can be the reactor to be used to perform the process in
the instant invention, and thereafter, passing HF over the dried, calcined
catalyst so as to partially saturate the catalyst with HF. This is conveniently
carried out by passing HF over the catalyst for a period of time, for
example, about 0.1 to about 10 hours at a temperature of, for example,
about 200°C to about 450°C. Nevertheless, this pretreatment is not
essential.



Further information on the zinc and chrom um _
conpositions useful for this invention is provided in

wWOR200503P3¢ ent Application 60/51 ,353 [ CL2244 UXCPRYJ004/034455
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filed Cctober 14, 2003, and hereby incorporated by
reference herein in its entirety (see al so
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fluorinafing agent Is er na érlals nay be

usRi§ %aew M b2 atem%rte @bpHt 20 atanpen @ f nata&re de,
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| orofl uor,o chlo od|fluoronet

s B SRR FraTably: 118 oo batbiunh fiaEgs prefdred
, 2aqaordihg do &t. /8. Raientolo h%,086, UBB: sPrptreahnemmlth lacfmt@rlhﬁting
I d i [
: SRR AR eartigh o2X A dicatd ARoRE o IGRea AR
usdHomiefsechmmitmexige soamositionshe i nstant i nventi on,

and the(‘)@r% bBhds Bﬁt%r@%rd‘éﬁ;c@ﬂ% tﬁé‘ﬁuéﬁh@tfbn ?@c@’sé‘ﬁfjsteﬁ (a)

FandiiS g %FZZ%%QF (OFp- 421 ang T 45 Ik (HCFE-3260a).
over t healoptapayet by-producietiaving thlghéfﬁ:ieg‘réé of flabRhation

o Bh, @Ci"’%g%?ﬂbazﬁﬁte‘\’#v{ﬁ%ﬁ%maedt Bes tudb ks raicrers
tr(i(?é:(hﬂé?b@ht ment is not essential. 6Qther catalysts
SU' t ablygy IBEFoda'ﬁ% 6)) gﬂfdu%%t ﬁeﬂﬁﬁ‘g %fl?\ﬁéﬁﬁeé%)e &rfﬁlorination than

ositio

o>J-| ECa#rbdaingd mam bﬁ@ormﬁanﬁ&p (7) in¢lude @?HC%@I@FQ
C QMTTFC122868). COMRST Hd | Broparé BY- ;nahu@te viHleh ?né?)hHSé’ RarkiBd

S oo trabrB LSBT bR e of “such catalysts. The

a_rmunt Hdlopropenediyaprodectsohdviey hiddbwer dég@brafrﬂumlghs?m than

0. QFGi o YiatifRn BRUBHEEd 1 SieBL Rl Rl L a8T 2 ey b

f renGOIRUCIE (6! 2d x0)ansuC F g€ GIRQC L C R 213xa).

ESEDS?{*@WV.“QW"”GW%@#&{F () DASSHIPEFIC 115K, End
%‘EFGn@QﬁH%ﬂ“Q@H ionaHy iy isgseparatedi fremilewer balingat ent

%on’ipcﬁ%t@,?nﬁamﬁf €drhPASIAGMCIVMIbMy Hith! Sedié Baét-MGorinated

products such as CFC-217ba and azeotropic HF, and from the highér
boiling components comprising the under-fluorinated components such as
HCFC-225da, C3Cl4F 4 isomers, and CFC-1213xa.

In one embodiment of the process of this invention, the reactor
effluent from step (a) may be delivered to a distillation column in which HCI
and any HCIl azeotropes are removed from the top of column while the
higher boiling components are removed at the bottom of the column. The
products recovered at the bottom of the first distillation column are then
delivered to a second distillation column in which CFC-217ba, and some

HF, are separated at the top of the column and the remaining HF and
7
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process in step (a) include the F CCI =CF (CFC-1 5xc)
ane b - product s

d CF CHClL CF (HCFC-2
P Aot Brodue, crraas S sHOI e AR IR For e besa
t Homiilingegorbygoriantsesrei rensived fiam the bbuem @Fthé?@bﬁﬂfn The

dPaseSpeaoust ABP IR Forthn Bt Socantf i @Fatwoi@m are

f dhm delivered ép a(third idistillatien GFuGHCNGThiIEh CGRIEHRRTR

%ITE{]C@%EF% gﬁg %E%%g?%é Y“ﬂi_eét{&g’ﬂﬂh@%o u%ﬁ%d any

bye'ﬁ\%@& %m/uﬁgeraﬂwme@égm@nen Sfar@demmredo‘rpm litae
CiGttdbnbatctheleiuripy be forned in step (a) include E-

(Crc. 12D Ure\ g cEaG e GatiGIgr o PoFAR diprp dpe top of
c dingp third digtilzRionlcdxmnanay b%lﬁ?@dao steysl (l9)dri ma@bbﬂonally
?@ﬁp(ﬁlgéﬁe%a% 88@&8%%@@@3&0Vg@taﬁ?ggg%ﬁﬁg{ag%re% Ade
pﬁéaatat@nﬁm @fgaarceumlmad ahdse asdtarold FeridhHjquich phasam
t h%ehﬂlgméh dHisk! gy BRMaIeals r& r'I-'FIL%%gm ggen recygled to

LSy & re;s?faéa%a? ' Biase maibsr b sislHerad ersten ) or may

plbeQleﬂledftoth§pré|/I_€|mF|0132(?dé1Qng (3: 0 _4|1|21 tsf«fsl uenlt from

t e aellvye 0 a distillation col um

ohr o o RBXodifenl 8F 68 rbeSet ofihis il Saidditens

tcﬂponmatedlammwpmntssuueahll-mm 226ida| Gg Ctzcﬁxpagdnts are
oduct s

rec eregba%r?: %J%&R%%q% rst g?ésl? &f)r ation

col um ras@pt(lbéﬁf the prosessl the GF &40 panrd QH3§1(3|56F2d

cpred h“e"étdé‘"“ﬁ%ﬁ%ﬁéﬁﬁ?@ﬁ“ﬂ%@%ﬂ@ﬁm’ SpfiofaRhe

78 F%%%C@CB ducts, conprising CF CHCICF , CF CCl =CF ,

and hi ghene koilddimendopsteptby a mixurcedBivBiisihg @FUWCICF

oAb &R ot - Bnll Thrighafl AFoRiReltmt rsS'%P?ﬁeﬁ"ase
daldngewiéhi hydm@enr(Hzid, tai ssreialctcatfalonicated fnom nickehiiroh, @anium,
ir all Qgrlbec?fhdu"g Pafe?]tﬁ@)@r LI R hE MEadtiRgs of

of t eco remal ni n
uifie ﬁiaciqwm Ak woamfatﬁdemrglrhbse fﬁ?f@fﬁm@d A reasitionevessel of

bérigsermateriale(e:§), aetal tube) optionally packed with the metal in
suitable form may also be used. When reference is made to alloys, it is
meant a nickel alloy containing form 1 to 99.9% (by weight) nickel, an iron
alloy containing 0.2 to 99.8% (by weight) iron, and a titanium alloy
containing 72-99.8% (by weight) titanium. Of note is use of an empty
(unpacked) reaction vessel made of nickel or alloys of nickel such as those
containing 40% to 80% nickel, e.g., Inconel ™ 600 nickel alloy,
Hastelloy™ C617 nickel alloy, or Hastelloy™ C276 nickel alloy.

When used for packing, the metal or metal alloys may be particles
or formed shapes such as perforated plates, rings, wire, screen, chips,
pipe, shot, gauze, or wool.

The temperature of the reaction in this embodiment can be between
about 350°C and about 600°C, and is preferably at least about 450°C.
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The m xture of CF CHCICF CF CCl=CF , and HF, fromthe
top of the third distillation colum may be delivered

W0 20080&P44 b) or may optionally be delivered t oPEI/US2004/034455
decanter nmaintained at a suitable tenperature to cause
separation of an organic-rich |iquid ghase and an

HF- r i chThe maler gtiass hydregenrorthe v iffrd2d SxelyiGfC-226da
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ST U PEBClF OFRy Cob SPaHIET b2 MU b s of H
aﬂpie@ﬁ&elﬂ]@i(bﬂ 21 50H @F@?Zﬂemnhixw ret heore Ipwfesablybffrorr]n
t Y I
5 oot ST 40 QB e R Ao B 2T R 22045
meiXierer et urned to step (a). n step (b) of the
process rgblg‘ﬁ = r |
(a). ar elnréedg)g?%gew t ﬁe@%tgpﬁe)sgﬁget%gﬁﬁy (?Tn}ﬁ;tdﬁe en
pr & e CEC- LT 5%e/dGE CeaBoen Fuirespraskisad il pteps(a), and
m d@tldr@lll (Hfﬁ ll’lzé §éﬂ@d@t@ﬁ@l§ﬁre%@flﬁ@5f &Hydtdgenziof clzatalyst.
opt,i ona . el iyered in the vapo ase, ng
10 o bdRBaPSidh crtalyets putabis Sorufbet Nt At bp BT pfude
ni celysts camprising ahlaast one métal selattedyfrom dise demqr cdresisting
in . 6540 933: ' . i
o Qs L rubBnifn o eoblf, hBARIR. TG, gk,
r ep@ladirmyvand platipim. nSaid eadalytic metal@ongponeant istypically
{ opoRPomRLITE collie SR B tarboh of ot & RisthR(de
15 Ly Wy Bated medel iR, of TP BLENOTHS WO HeRATIRGMER S 1
t0 ozé]@ctaarof(d@%; thiee g @hip) ccr]ﬁstétmlg, ofaﬁagrléémum_l alRyninom, ﬁtam’im,
.2.10.99. | ron, and a titanium all oy
coﬁrﬁﬂdﬁé’rﬁga#?g"gé%m@?ﬁbép’w@ﬁ%&ﬁ tanium O note is
use of @fhneterare darbpaskppdriedaatnlysts newkieh thedarkxin support
ni Fouggc) I L Qi 0
205 Soghuend St ad %59|hr?§a%?9§9é§@§885%%€%§“@1 % by
20 g wesgh_t-rﬁydmge@;ay@mca&lﬁte REPPRIteGON oW ashsiasbemAre
C2dé&soribelish LBS! PYtentR) 5Up3811 { DrtheaskdHifgs b whithtabk or
nmetal all o% ma% be parti cm or_faornmed spﬁe'pes such. as
pelFBPLr G ?ﬂeé? Dby teiergace, Algp okrotggle cg S Comptising at
shietst grrtalaelosed frofithd gronpraahsistingfof pgﬁaaiiam; tplatimum,
in | n : n
o3 s TR g R S BRREIAIGS. MBHbertdRIbmlE o
25 gTalemimuafluoside ¢Afs)hydr ogen to the
CFC 121 fflidg ' .
shoul d ﬁ?%ﬁ(ﬁg&fan emané Ig%tgurb%%‘b&%ﬁeﬁﬁﬁd%ngegﬁ
CF'@BR@%WGF@JQQ@(!ES%U@% Py imBreghnatien of the caieswith a
soluble salt of the catalytic metal (e.g., palladium chloride or rhodium
nitrate) as described by Satterfield on page 95 of Heferogenous Catalysis
30 in Industrial Practice, 2"d edition (McGraw-Hill, New York, 1991). The
concentration of the catalytic metal(s) on the support is typically in the
range of about 0.1% by weight of the catalyst to about 5% by weight.
The relative amount of hydrogen contacted with CFC-1215xc and
HCFC-226da when a hydrogenation catalyst is used is typically from about
35  the stoichiometric ratio of hydrogen to CF3CHCICF3/CF3CCI=CF5, mixture
to about 10 moles of Hy per mole of CF3CHCICF3/CF3CCI=CF5 mixture.
The stoichiometric ratio of hydrogen to the CF3CHCICF3/CF3CCI=CF5

mixture depends on the relative amounts of the two components in the
9



per nole of CFC- 1215xc/ HCFC-226da m xture, nore
preferably fromabout 0.4 to noles of H per nole of
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t he process the contacting of hydrogen with the
CFC: 1215x¢c/ HCFC- 226da, m xture produced in step (a)
arfdXWer othe sipighiometiicameynty oz reauines tercoswebd16FCa

hym&taemd ccm qau GG CFwﬁl%gggraaw@m LCRALBHFS! 8re one and
or us in this odinment include Catal ysts
cgtk‘{? Sﬁ?gr%stpq I@’ one netal selected fromthe group
consi st$lmgal:dé temperanmmesﬁomm;e catalyeohydnogesatiomare typically
C t
poﬁnﬁhl éh nad)%u'i‘%@bgﬁnto t'ab{)g Ip?%@a\b n%ﬂjoh??b&rﬁ 1[2331% to gRout
supfb & eBeraﬁe@atucﬁSramvesahqut 3502G tenshtooresgitin ﬂefluomatmn
Nedidd réxdtidRs; fénﬁi@éfaﬂﬁw%ew QI!JOLQWZFC Wil rggﬁlﬁ n incomplete

fI carrier  netal ect ed rom
| rtgﬁ%@t‘ﬁﬁar @f'n% t@&'waﬁrﬁas fﬂ?ﬁ repetigns ake typically
vaomrdiuotad athatnrospieric Ipmssu@éldr bapera@nosphéic prissusy. e

has boeht BRIES, F8i ki i) iRkt 2olfe SEhntduy B,
abdGt, QF sCH T 36iigBt236f) ChaEiipGHin, (i @+346fs), and small
SRR A5 BB G O e
uFé'éx%'erFedHﬁé‘réZZﬁ , Eoaed &ricBsCRFSHRHGH &234ze), and/or
Ce(BIa:LGYISE@H qmpo zsm»aénd ﬁ@ﬁbr EBiﬁn@‘bPradroéabl%Cdlﬁﬁ from

ot Oy g el FESERFEsH (Trbrier soaor

a|@F@@nacmdﬂFg|(|um|=mm5diawasden(a§ 5@9 undbvevestaapstattivg

MhatorBf Ad 8ho HXaREARNVEP fbfflstR) );gfnvent i onal

npr egnati on of
t he carlpistep @)t th&ad@wadmreds@tstarefrecm@redu Rrgducts frormstep

( qbY mayly Héﬂ)e%féj%‘%%fé ‘éi’vatfb’n drh%' r‘éEb?ér‘CPé €M efrr and

r Satter r o en
céf'g gH?a mCﬂu@yﬁHy AS aanu%tyr% or astheis dik ﬁéﬂOtheS
(MG awdttiblly ciievindietkcord@shionts $tiéh 88 MEIPCIZ85daMmay be

Il
BRI of (he catalyst Lo

about 5SPhebreantorgdistillation callimnisyvand thminassucidtgd fegrlines,

L i L e
t HRveyt @n&h%ﬂﬂabemnsﬁuct@d@ﬁ mgtarl@géasstanhtahud@geo fluoride
aw hy@bgén ehlorldee 'Tyi!ﬁﬂa? nﬂiteﬁ%ﬁs %%tru%n%eﬂ%own to
i X hestmcmmi | ratio of drogén to th
cit %ﬁ@p@fta tioRagdn stainless steels, in pa ular of the austenitic
type, the well-known high nickel alloys, such as Monel™ nickel-copper
alloys, Hastelloy™ nickel-based alloys and, Inconel™ nickel-chromium
alloys, and copper-clad steel.
The following specific embodiments are to be construed as merely
illustrative, and do not constrain the remainder of the disclosure in any way

whatsoever.

10



m xture depends on the relative anounts of the two
conponents in the 9m xture. The stoichionetric anmounts

w@boostosBaqui red to convert HCFC- 226da and CFC- BQUI/BX2004/@34455

10

15

20

25

30

35

CF CH CF and CF CHCHF , are one and two nol es,
respectively. Suitable tenperatures for the catal ytic
hydr ogenation are typically fromabout 100 C to about
350 C, preferably from abpyaMRlGFEst 0o about 300 C
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. t
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ARG Was POWSCHRIY SYAPoISEng dispes Angectinia at 120°C. The
c drizd sulidedas mmDMFﬁggd 311; alf(rr aQSIOHEE,Qh%?@b dal_f_iﬁg)SoEG (\:Neigrjhed

r red.and [ ecyc . ,
LTS o Tl SR WeS PeflBfised 12 18 habithest] 17 458 Ba om))

efadndi2® e d (Aem]) avas usesido iCarepanative £xasgaleiln appl yi ng

the processegiphRATIVEMSREPARATIBN ExpRyspEY. ruct ed
ials
hydr ogen chl oPreraratigpptdie dinceon Alusina Casalyst uct i on,
e TR R L4108 o, S8, S s
m@q%_eg;{gﬁqsﬁpggn HF éﬁ&s %Zpgés(’%. o disgcﬁvéd in EGO mL of
Nt]ﬁaetilll(sdrvyatbcmtemmevaﬁdra?e@, from the mixture with stirring and
. b .
LRSI e o st o
straesh, (T168 tod).Béwnmy) anpk21 f1i g (3hmbd wasrusedaineCompbrative

cqnglhsied as nmerely illustrative, and do not constrain

the remai nder of the disclosure in any way what soever.
PREPARATION EXAMPLE 1

Preparation of 2% Zinc chloride supported on Chromium oxide

A solution of 1.20 g ZnCl, (8.81 moles) in 60 mL of deionized water
contained in a 125 mm X 65 mm glass dish was treated with 60.00 g
(0.357 mole) of 12-20 mesh Cr,03. The dish was placed on a warm hot
plate and the slurry allowed to dry with occasional stirring. The resulting
solid was then dried overnight at 130°C; the resulting solid weighed 60.42
g. The catalyst was pelletized (-12 to +20 mesh, (1.68 to 0.84 mm)) and
41.5 g (30 mL) was used in Example 1.
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10EXAMPLES LEGEND 215aa is CF CCl CCIF 216aa is CF CC

CF 217ba is CF CCl FCF 225da is CF CHCICCI F 226da is CF
WQERHOsB774213xa is CF CCl=CCl 1214 is C C F 128GRUS1084/034455

CF CCl =CF Cat al yst Preparati on COMPARATI VE PREPARATI ON

EXAMPLE 1 Preparation_of 00% Chrom um Catal yst (400 C)

A sol ution of 400 FREPARATIONEXAMPLE20 nple) in

1000 L of delrémraﬁ@ln BROSYOMEMilrAAIE ikl eamhaﬁ (#507T)

5.5, ik salpp, s FNO e BRI & el bl FERHY o
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Ty T
t H‘e'ld redde pneathenccwrse af onebour;tthe pHeingredsed fearnild7 to pH
ey, @h%e@uﬁy’?—’v&s sTﬁr%dCé}trab aif&?é bgk ﬁq rﬁsdlt%eh‘?jned

+2 . .
568 &55%@ aqvan. mé %i?é‘?ﬁﬂ"é‘fe feRwRafkan oN
EXaldthéd i &r apas0td for 20 hé&%sZthrewscre@l:iltvﬁg%1 Wwlid aveighad Y6172 g

10 B GHENBEWA Jelelthe Pr 2l o D380 e Cphimgans

mA8d gdR6gol-vwds iused BOExample @i stil |l ed water. Water

was evaporated fropgfeaBNFiONEXAMPLIE B ring and then

dried at C for thr was pelletized

(-12 to +2@rapanatiop of @Qg/q Ghooremnwm)g 4ing Qatalysg(205C)

nl) wag gseton @f@epn%rggpr(gxg)@nc % oléﬁ%ﬁ% E@%g Zg
15 ANOmaBlD A0 408 nsleh Wap Prosere 'zn@%%(rgf

i waiér. nThekotigiopwasttestedevittc 450 ailnefi7 4M aq &é’@usffmn}hcﬁﬁum

Tl 159, R B84 el ko P

pl&d e Thadlumewais stimpdaatiroomdempedatyravoverigitasiddheh dried

Stdt r128'5’® in Tfﬁ@pféés%ﬁké 'O’Fglrg ?@eﬂirY&?sﬂngi %\dcéﬁf@%@lﬁ%ﬁr at
20 ca%09| Gder 3adoyes: itae resafiting q@ldwelggsdr?@sﬁ 9( ﬂ@acatalyst was

0 pRfletizdd (-aRdo 420Tmési,39.68Lb 0184 ntpPand4E8a @ EmL) was

used in Example 8.
PREPARATION EXAMPLE 4
Preparation of 95%Chromium/5% Zinc Catalyst (900°C)

25 A solution of 380.14 g Cr(NO3)3[9(H50)] (0.950 mole) and 14.87 g
Zn(NO3)-[6(H20)] (0.050 mole) was prepared in 1000 mL of deionized
water. The solution was treated with 450 mL of 7.4M aqueous ammonium
hydroxide over the course of one hour; the pH increased from 1.7 to pH
8.4. The slurry was stirred at room temperature overnight and then dried

30 at 120°C in an oven in the presence of air. The dried solid was then
calcined in air at 900°C for 20 hours; the resulting solid weighed 70.06 g.
The catalyst was pelletized (-12 to +20 mesh, (1.68 to 0.84 mm)) and
25.3 g (14 mL) was used in Example 7.

PREPARATION EXAMPLE 5

35 Preparation of 98% Chromium/2% Zinc Catalyst (900°C)

A solution of 392.15 g Cr(NO3)3[9(H>0)] (0.980 mole) and 5.94 ¢
Zn(NO3)7[6(H20)] (0.020 mole) was prepared in 1000 mL of deionized

water. The solution was treated with 450 mL of 7.4M aqueous ammonium
” 12




11PREPARATI ON EXAMPLE 2 Preparation of 95%Chrom unm 5%
Zinc Catalyst (450 C© A solution of 380.14 g C(NO)

WO 205100734 (0. 950 nol e) and 14.87 g Zn(NO ) [ 6(PCTD$2004/034455
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(0.050 nole) was prepared in 1000 L of deionized
water. The solution was treated with 450 nL of 7.4M
aduesbeida aven thecoiae 6% 08 bew: theeHdacieased frooma .67 to pH

haiBs. rmn% Qb‘rr¥ mxfa”seam% At'r8B teniperitufe %vem?u%rﬁf {h¥én dried
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)gtl g £a_12to +20_nmesh é 0. 84
é gnk) Wagised i EXARPIS Anpl e B PREPARAK ON
EXAI\/PLE 4 Prepar at IRREPARSTIGONEXAMPALFYZI nc Cat al yst

o e)” and FrabalAB 2l el Sty ol Bl Gblyet (ot

pr epar Al solution @ 56.46¢ g Ge(ND3 )z Hp@) (1. 2T meles)land D81 g

rox, CRAUBE101] 06206 Thol@] whs HHL ACHROH SN B Rtiled water

i r\'&r eakef Feyting on @ hopplage.4 Themaixtirg was kh@@ teansfereed to a

atPyreem™ émmeatahaeth@\é@mym}tmm ihheerurﬁéb@dmé cB Pau%r
I n an ove resence o

t M SR fidin ot e 6t e Te°Coat TRt ag then heid at
r d5°Ci fngss{dk)ujs VEheggbattainer Wastheatée froat 4§ toV350°C at

3T A8 S8 it el
EXmwrRs SC to 550°C at 1°C/min and then held at 550°C for 24 hours. The
catalyst was pelletized (-12 to +20 mesh, (1.68 to 0.84 mm)) and 29.9 g
(20 mL) was used in Examples 3 and 4.
EXAMPLES 1-8 and COMPARATIVE EXAMPLES 1-3
General Procedure for Fluorination
A weighed quantity of pelletized catalyst was placed in a 5/8"
(1.58 cm) diameter Inconel™ nickel alloy reactor tube heated in a fluidized
sand bath. The tube was heated from 50°C to 175°C in a flow of nitrogen
(50 cc/min; 8.3(10)-"m3/sec) over the course of about one hour. HF was
then admitted to the reactor at a flow rate of 50 cc/min (8.3(10)-"m3/sec).
After 0.5 to 2 hours the nitrogen flow was decreased to 20 cc/min
(3.3(10)"m3/sec) and the HF flow increased to 80 cc/min (1.3(10)-
5m3/sec); this flow was maintained for about 1 hour. The reactor

temperature was then gradually increased to 400°C over 3 to 5 hours. At
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Preparation of 98% Chrom unf 2% Zi nc Catal yst (900C) A
solution of 392.15 g OG(NO) [9(H O] (0.980 nole) and
wWG284/087740(NO ) [6(H O] (0.020 nol e) was preppCEUSI004/034455

1000 nL of deionized water. The solution was treated
bh 450 n. of 7.4M aaueous amoni um 12h¥dr oxi de over
t HBe &hrafdhistpasiosig theotlF flovhwap sterpeshard the mact@ooled to

D%(ﬁ)@%nd’é@(ﬁédﬂnﬁ X/S 3@150)‘57%3% rﬁ‘l?ogjéfpffé\l/eﬁpétﬁiw& was

ht h
ST A e R N T
a| 12 1axa9mp)o€v\iasrcomb|hedl wath mbeappespﬂldte mgolap fattbsvﬁl Hhirda

> 5080y O A AR A S

Bldapeld™ surnirep r@)@ﬂveasta@tsvtrammmremth@freao% the
Z'db?\téél'tfhﬁé %sa@&aohag u‘h‘ibQEtHH}vH ﬂ?ﬂleaeé S9! %Tabf??h
in 300 m dejl oni ze er

nol e
cdfﬁ%r&. 993@%461% iy pominakPoessHie §f 258 admesPhere. t Thantasylts of
V\II(IIF\CSKZﬂSkag‘Idoﬁnéﬁﬂn ﬁvéreﬂwe@“evé?al&tél?ﬁb dr& sRown iR able 1;

d I d the sl
10 iR B S AolRaB R AR, g e resul ting

sol id was then dried overnight at 130 C, the resulting
solid wei ghed 65.02 g. The catal yst was pelletized
(-12 to +20 nesh, ( .68 to 0.84 mm) and 37.5 g (25 nl
) was used in Exanple 2. PREPARATI ON EXAMPLE 7
Preparation of 98.1% Chromum 1 . % Zi nc Catal yst
(550C) A solution of 516.46 g C(NO ) [9(H O] (1.29
nmoles) and 7.31 g Zn(NO ) [6(H O] (0.0246 nole) was
prepared in 500 L of distilled water in beaker resting
on a hot plate. The m xture was then transferred to a
Pyrex(tmcontai ner and the container placed in a
furnace. The contai ner was heated fromroom
tenperature to 125C at 10C/ min and then held at 125C
for six hours. The container was heated from 125C to
350 Cat 1C mn and then held at 350 C for six hours.
The contai ner was heated from 350 Cto 550 C at 1C/ mn
and then held at 550 C for 24 hours. The catal yst was
pelletized (-12 to +20 nesh, ( .68 to 0.84 m)) and
29.9 g (20 nm.) was used in Exanples 3 and 4. EXAMPLES
1-8 and COVWPARATI VE EXAMPLES 1-3 General Procedure for
Fluorination A weighed quantity of pelletized catalyst
was placed in a 5/8"

14



TABLE 1

o SRAXKE Q
o\\

(1.58 cnm) dianmeter Inconel (tm nickel alloy reactor
tube heated in a fluidized sand bath. The tube was
wheasos77is om 50 C to 175C in a flow of nitrogePCT/582004/034455

cc/mn; 8.3(1 )- msec) over the course of about one
hour. HF was then admtted to the reactor at a flow
rate of 50 cc/mn (8.3(1 ) m/sec). After 0.5 to 2
hours the nitrogen fl ow was decreased to 20 cc/mn
(3.3(1 )- msec) and the HF flow increased to 80
cc/mn (1.3(1 )- m/sec); this flow was nmai ntai ned for

out 1 hour. The reactor tenperature was then

adeal | y~i ncweased tg 408 Crwvero3d t9 5 hoursy At

t h& endsof ©hi s®per¥od,™t heé®HF ‘Pl owPwas ‘st ofped and
the reactor cooled to 300 C under 20 seem (3.3(1 )- m
[$ec) nitrogen flow CFC 1213xa was fed froma punp to
ﬂvag‘pri ZBr n@i nt@i ney atMabdgt IZC. Fhe CFC- 213xa

por was—conbi ned wi'th the appropriate nolar ratios
of HF in a 0.5 inch ( .27 cm dianmeter Mnel (tnmnickel
?i{l oR tuhg pagked.witjy Mogel (tmturnings. The gn xture

react afit s Lhenoentceir edst he:reagtor; the cowrfact

f¥me was seconds unl ess otherwise indicated. All
reactions were conducted at a nom nal pressure of one

mospherg. The resulfs of CFC 1213xa fluoringtion

er St he Q:;eve'r‘al QTat a‘Pyst‘@ are sHewn ®n Tﬁbl ed;
%al ytlca dafa is gi Yen Tn uRits of GC afea %
14TABLE Exa. HF/ 1213 Tenp Products, GC Area % No.
Ratio C Catal yst 1215xc 217ba 226da 216aa 225da 1214's
13%a | 20/ 12602% ZnC o/ G0 6. 9 = 199 0.9 1.60
3 & 8 256/ 13280=10%ZnGr / G 0 A2. £g3 132 0sh4 2.8
. 4737.7 3 20/1 300 Cr/ n981/19550C20f03
4.2 9.1 1.6 1.6 0.8 4 20/1 350 Cr/zn 98.1/1.9 550 C
0.4 77.2 11.2 0.2 0.7-0.4 5 6/1 280 C/Zn98/ 2 900
4.8 - 1.1 00432.5,16.3 44,6 6,6/ 12280 ,Cr/ Zh 95/5
C1.30.0173.06.50.41.31.57 30/1 320
n,95/5 900 C 79.0 5.9 0.3 4.0 8.7 8 20/1 280 Cr/Zn
Q,90Q.70.3 - & 10,2 1,0 3.1 §.1 .6 C, 20,1 300
%r i3 0o9 89.7 .8 — 8.{0} 6.6 CZ>d28/1 300 100%

(HSAU 0.9 - 94.5"3.9 C3'6/1 280 2% zn/ Al 2.5 0.02
5 0.02 1.4 1.4 3.2 a. The contact tine was30
0

mz,

Products, GC Area %

(o2}

Tha
HNQ(»@

d. High surface area chromium oxide from a commercial source; the catalyst was activated with HF prior to use following the general procedure.

conds. b. Pcr)oduc%t cont ai ned 12. 8GC area% CFC- 215aa.
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c. Conparative Exanple. d. Hi gh surface area chrom um
oxi de froma comerci al source; the catal yst was

w@eiswst7ed withHF priorto use foll owi ng the gePer/Ek2004/034455
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procedure. CLAIM5 What is clainmed is: . A process for
t he manufacture of , , 3, 3-pentafl uoropropane and
1,1, 1, 3, 3, 3- hexaf | uor opr op€h&lMSonpri sing: (a)

r bt Bldimeanid: at | east one hal opropene of the

¢ R ° ; peEmt

el oot o b BT9GERS for tIRBRuBCERE b 1 7 3 EREREEHprbpane

prasglitd., b3 @ dhesafluwaprdpaneg c@RPUSINGCF and CF CHCI CF

her ei J .

the presente (RGO ahBcatiCast ?ﬁ"ﬁf?@&?ﬁ%ﬁ"?ﬁ&dﬁ}“‘a

| east one cowﬁa@@laﬁ%i Whee £aghv Kdn Rnglently selected

consi sting of fioh theogieepidonelssing @MPT arkd CY t&prbdwdila

e T X

t( :r ieiaz egovnv'ip?ﬁi WI”@nein@i‘ailic( C_F36|CI=GCF% gn?i(bﬁg@iﬂ@&i)%@am

G0 20 and. CFPERY R o Bredas 0555"“_)@{“%*‘%’9&%&?3 to

prgdl(Jc;e a proﬁgwrﬁg‘%@pﬁﬁgaﬁ@@@pﬁgj:@b tzg:th?

an Cc recov i 'Qﬂj.‘,in i

pr oduct produg%ﬂ?% éﬁ;é 9(2\‘?1_":<'|I)he ﬁ% ss,..of %ﬁgp?n 1Cr204

Wherei n 1 n (apnreRaliap eEhromiug @idedi} FRRIPOHEORS oup

consi sting of comprieingre ginci tatigle cmupd-ichrargivdmdxide and (iii)

oo e SERBEHERS 28 LB AT bhef BEBR G0

3. The procesé§luofinding agentwherei n t he anount of zinc
lati . . ; . _

Lotaer (B R ORI O 0E bl o

25 atom % 4. Withensireganto prodaraiaRredupkeRArsing

catal yst is s@@@%mp:é)ghg '@:3@%3@%@ stirng of (i)
i 2 h ) .
oxi o viher) n ORDEBR S Hok e ATk A6 Ao e

percent and 6preduntppeduoedtingb).t he chrom umin the
composig i o5, AR 8Ls LEBRIMPPRErR iR (D ThBYEAPLt i9seldifed

zinc in'the
from the group consisting of (i) compositions comprising ZnCrp0O4 and

crystalline a-chromium oxide and (iii) compositions of (i) which have been
treated with a fluorinating agent.

3. The process of Claim 2 wherein the amount of zinc relative to
the total of chromium and zinc in the catalyst composition is from about 1
atom % to about 25 atom %.

4. The process of Claim 2 wherein the catalyst is selected from
the group consisting of (i) compositions comprising ZnCro04 and
crystalline a-chromium oxide wherein the ZnCrpO4 contains between
about 10 atom percent and 67 atom percent of the chromium in the
composition and at least about 70 atom percent of the zinc in the
composition, and wherein at least about 90 atom percent of the chromium
present as chromium oxide in the composition is present as ZnCrpO4 or
crystalline a-chromium oxide and (iii) compositions of (i) which have been
treated with a fluorinating agent.
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conposition, and wherein at |east about 90 atom
percent of the chrom um present as chrom um oxide in

W0 b@sogimposi tion is present as or crystalline PCT/US2004/034455
a-chrom um oxi de and (iii) conpositions of (i) which
have been treated with a fluorinating agent. 165. The

- processo.of Th@ pragess wih &1aim1 whegain inlf@) hatcatglyst isselected
Seﬁr@rﬁttﬁg SrOPTEEMSSEHPHif 88&?65@8?3 ggrrgiri% ng a rglnc hallde and

np sitjons conprj sing
rQIRlM pxide %ﬁﬂasqomnﬂ%tl%\s qf.(ubwtmhmvmmerb@@ﬁe
trwmﬁ gcﬂuurmbt"ag ébgmrl nati ng agent . 6. The pr ocess of
Claim5 Mﬁelnthe nt50f Z|n rel ati t-h?e.
total of %H{%ﬁﬁﬁr‘? 'Pﬂ: W‘PG{WE E%P&“%’t °é6lﬂfor§ ativgfo
| sthirtotal abchronturm aricbameoin theatatatyspSomposition i froffhabout 0.1

éo)t%ﬁfz f&%tﬁ@'z@éi Wr ein the catalyst is selected

g_l_oup cons | conposli tions wherein

a zi nc ha %pf®e§a@§&laleu5whealelgdbg@atalxsi@sebpt@ from

a- mer%aupl BbANEHRY éf‘@? bbmdosﬁi%ﬁEQﬁiéréWé z% Hdlidk |§‘@Uﬁb’brted
have been treated h

uori patin
10 (73 8IPPRE COMRTING -G armidTa oA G Gampes Bonsof (i)
c hwhich thavergeni treated withea daddativig agemosnd inbereia the amount

ab&lginczre%t% t%’thg tgt%?gf clﬂloﬂm.n%’ arf'd7zinc in the catalyst

composition is from about 2 atom % to about 10 atom %.
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