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FIELD OF THE I NVENTION This invention relates to the
synthesis of 1,1, ,3,3,3- hexafl uoropropane,
1,1, 1, 2, 3, 3-hexaf | uoropropadéLEand 1,1, 1, 2, 3, 3, 3-

hﬁr)t 2 L PROCESS FOMR r bon mve}w@glzs%éﬂégjf% be

chl or,i,pne- |

det v %Wﬂ%@%ﬁ@\"\%ﬁwg AT 4Fer ONE OF Thare2 -
wWHEXARL_ DO ROPROPANEJENBI ’D,IED,10&66,344II§P11AFLUJ@RQPF{OPANE
ozone depl eti on potenti4l H I I s effective
repl acenents. For exa carbon, 1 1,

,2- t efThisfinuention relates(tolie spathpsisofiel AgB,88d as a
" ABkaRIrBBiogaR, 9111120 SEHAERBRIBANS A1 11 3 314)3-

refrjgera systéns. 'There Is
nsﬁeéag@?[ﬁﬂrﬁ@a'b?-ocesses t hat provi de hal ogenat ed

hydrocarbons that cont aBACKESROCND®ri ne or no _
compound i & ARG Py RRS BAOCA A gidered to be
f Hetimerdp| tonaesd liee Eatthés sszjeeIayellofTI@@eSis dﬁnlaﬂdj-ﬁvid% eﬁ?rt to
i . | roduct s

| BeeEB e B K PO UBI b M FapEer U6k as
c PHasfiveyepipaementae Fos @D(amp&ﬁ; éhe Apdrofluneaaarbom,kfl &, 2-
nRdiaAuofbeth8Ré I'LIF_@}-1S §4dlﬁs Eéﬁfgﬂi‘ﬁ*éoeé?ﬁtrépl%gn%ﬂ‘f‘%r

ool e taon sysoms. Tare s
erbéd for rﬁhﬂmac&nﬂ@rrogef?sr ﬂhgﬁ ﬂﬂ/iduet Plalio eng%edahydrocarbons
rlgﬁl %8@@'?1?33@: r’int'le_?(’)r 8‘% 98?’@'?9'— %@PFHB&%PBpane has
ubydrofiyomsatbdris ¢ es adnmpurslsasuntainihgasnip carbape Ihydrigen
S&’ﬁ%ﬁ&i% FE‘E b'ewEthg'sgybeH‘ bﬁ?bﬁh\f&é\%b%nin%r%{ #5Srofide
process ' The manuracture o _
1envioranentally, dearabiespdugiafier yseres selseals, hiawing ageats,
b L
| legtiicss T g Lishans aparmoNareycierveryng s pissess
cexampleed, 1,4)3,3 Sawdxafluotdprofine has atikty r?s;'éliﬁfe Xhguishant
a8 B ool P18 B AP R AR ke B ¢ ¢
aredriggrant, aner bd ;2,333 Brhptafiuaropropaserias utility as a fire
extinguishant and as a propellant.
SUMMARY OF THE INVENTION
This invention provides a process for the manufacture of
1,1,1,3,3,3-hexafluoropropane (HFC-236fa) and at least one compound
selected from the group consisting of 1,1,1,2,3,3-hexafluoropropane (HFC-
236ea) and 1,1,1,2,3,3,3-heptafluoropropane (HFC-227ea). The process
comprises (a) reacting HF, Cl,, and at least one halopropene of the
formula CX3CCI=CXj, wherein each X is independently selected from the
group consisting of F and ClI, to produce a product comprising
CF3CCI,CF3 and CF3CCIFCCIF,, wherein said CF3CCI,CF3 and
CF3CCIFCCIF; are produced in the presence of a chlorofluorination
catalyst comprising at least one composition selected from the group
consisting of (i) compositions comprising ZnCr,0,4 and crystalline a-
1
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conposition selected fromthe group consisting of (i)

conposj tions conprising and crystalline a- lchrom um

oghermium pxide ot sempiositions eepiirisingya &ina halidecanidie- and

(O B I et T 1 (R habb e regted

(it 3 Rt RGtageny e Spenmeis mefroaen lupude); gearting

CCF ;CEsE; ehd mmemr:g@mmf Hédn? (&) Wﬂgmdfb&@%ﬂo?ally
' ' r ce o Q_produce_a.pr aduc

o8t b iendnoglol 4P ¥ BRANEE Fordduc HBrBuRiti FirscBbbEoand

f Bbteasheng compotiod sielrdted from thieFgroHp@ensisting ofF CHFCF

; ' . r [ ,

TR ChE RPLEAGHITCES: ah8 (8] palsrhiotoffits phod

gPERiIced R () Glig G2 (dranghptisaghanerompoond sefscted frem the

DERSUR EOHSREnGHfCHPYEAFIOF), afPeFdesiFory ocess for the

preparation of CF ( )
(HFC- 236ea). This '1 I DESCRI oMes a process

for th&hjsrinpemtatn pmmvesHF@fs forathe pﬁépﬁdlfiﬁﬁ of

C LS .
| aeF LT ire-2o8R i G s B e RannRe) ol —cx
, Inyeatien alseaunvidesa priogepe frdhe pyeparhtion of Hﬁ%}ﬂﬁsfaeand
g | g -and C, are reacted wt
IOFIDHITT] fHF@@Z‘?%aZ

e nd hydrogen fluoride (HF) to produce a
pr oducpn ﬁt%i?t(ag Qfa@@rﬂiy Fe$sgf 1bis inrenitgn, cecerneEhalgptppene

Ceofipbals EXCEI=CX bwhere‘?ﬁ@r@gﬁi)?ﬁli?(d%éé}?tckgtlv\é@l%dst@% from
TR ArRIsBAS B ghe F B SRt il (oL om

r bydogen dvaritie $HE) ta praducg mpﬁorelubhhﬁe;tu@@rapﬂeigg _

DELCULETI R ol I RS oD 21 Rk dingy,
( thiginventigm provigescmiprasgss(fortbeiprepaegtioncd rrixgees of
(GF@W@GF@%65@%ﬁ@@|=§6%ﬁﬁc¥ﬁ#}:§§rc-@mb om readily

opene,” HCP) or xtures t'hereo

CCI:.gﬂ éhexachl ropr (
PR tagf{qg(ma?@l terials for the process of this
i nvent Soitalsle strtinGohatEthls(foFhel@rbduss ofithis Bybnfish fifelide

g§§§§%¢$§ﬂ;€8%5w 2. §AP LRI ERUAF @R 1214xb),
CF3CCI=CCl; (CFC-1213xa), CCIF,CCI=CCl, (CFC-1212xa),
CCIloFCCI=CCl, (CFC-1211xa), and CCI3CCI=CCl, (hexachloropropene,
HCP) or mixtures thereof.

Preferred starting materials for the process of this invention are
CF3CCI=CCl, (CFC-1213xa) and CCIl3CCI=CCl, (hexachloropropene,
HCP) based on their ready accessibility.

Preferably, the reaction of HF and Cl, with halopropenes
CX3CCl=CX; is carried out in the vapor phase in a heated tubular reactor.
A number of reactor configurations are possible including horizontal or
vertical orientation of the reactor and different modes of contacting the
halopropene starting materials with HF and chlorine. Preferably the HF
and chlorine are substantially anhydrous.

In one embodiment of step (a) the halopropene starting material(s)

are fed to the reactor containing the chlorofluorination catalyst. The
2
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configurations are possible including horizontal or
vertical orientation of the react or and different
mbatepropenssiaging materfad(sh maybe rétirllystaporizad andtfed ta ke

Wiréébtgﬁsggg?(i%gkorl ne. Preferably the HF and chl orine

are s anhydrous. n one enbodi nent of  step

(a) thdnpaPHer @ﬁm@l@@m ofi sigp kak dhe hrloprorane stading
t Wiatéﬁal%é)orhay‘ %to@lnﬂédiéd Wi 9Pl agreyesactont TRE pre- reactor
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terial inert taq
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Vam C ?jﬁ@llhdixgéhtérmgetﬁe ®dp bhtheh@laeturepenaesieuted HF vapor

eact r is used, it is
pr"étf%d%ﬁ%egtft%‘? bPH%”ﬁ?’gth?éﬁé?BF to be or: enlt ed
verti c8uitabld temp@xalDBes- X thapee-reactohare withiofthe mange of

eﬁ%‘f‘ﬁ %Boﬁf?’%e reé\g@}t%ohﬁ F?eﬁ‘?faﬂlﬂrB&déWﬂ 1¥0°ENG eﬁ)out

bottom o atures for

pr2807 €addnsler dhesecenditionsdor @Fﬁj@P@f exahlepiRPe® i€ t o
akonyere@Piéa rﬁ’&ﬁfr@rcéﬁfeﬂnlﬁb ARiHaniP GF ¢ 2akeat TRROC.

] Qsta?%ngErﬁit%agffée'gtr%x%iﬁéLﬂeigr@aﬁ@inﬁ'tﬁs IR G iAep of the

dCl'Fté‘adtailahé teﬁﬁbeﬁﬁuw tandghﬁaltegreeabf ﬂlL&:&maltla? eleisired within the
et ermi

Y

ddimie add wendtoninctemsprtbe mgaeurdof cghuesiorf efdhe ﬁé@l@gg anatgrial

g'a‘ﬁ%ﬁn&%&%@tﬁ% %gré@ of fldd“rﬁ'nra%ﬁ f ?I?é‘hﬁﬁuc% me and tend

to I ncreas | converS|o e start IW?
mat er i Alheaieam ﬁeg%@f f!Ur?é'naE@F eegns the sxienkie whick fluorine

t QaQorWsQ@ldFébé chidtmet fUDBtitESEs ﬁeth@fcx @grdcmg stalﬁflng‘rﬁﬁiférlals
H__kegext ent t8 v@{:’ﬁgpékurorl ne g']ljs dJ ace th rlnqi
{%ANRIeCFa! epreseRts £ dlahstsiire of Tiefinalign
exaanlcmmgecm@@@n*a CEpCEsBH sreprédsaiien higheradegrée of
E‘%‘@gﬁ{’@%%@w&%‘ ECle onCI f ?Bgr FEatCFIonC{:han CCl F
CCI CF The molar ratio of HF fed to the pre-reactor, or otherwise to the
reaction zone of step (a), to halopropene starting material fed in step (a), is
typically from about stoichiometric to about 50:1. The stoichiometric ratio
depends on the average degree of fluorination of the halopropene starting
material(s) and is typically based on formation of C3CloFg. For example, if
the halopropene is HCP, the stoichiometric ratio of HF to HCP is 6:1; if the
halopropene is CFC-1213xa, the stoichiometric ratio of HF to CFC-1213xa
is 3:1. Preferably, the ratio of HF to halopropene starting material is from
about twice the stoichiometric ratio of HF to halopropene (based on
formation of C5ClyFg) to about 30:1. Higher ratios of HF to halopropene
are not particularly beneficial; lower ratios result in reduced yields of
C3ClsFg.
3
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typically from about stoichionmetric to about 50:1. The
stoichionetric ratio depends on the avera?é\:t degree of
f | uor i Hthedwalefropere ﬁwr&m o1dewdals mae contpctad with &R i) a pre-
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ene are not particu

| YRS, aqiwa @@benxorw pematerinlyneit & &4 k- cang=Cl, which

t Bﬂoﬂ§|e$ﬂi&'@tﬁ’terﬁ&|r@ @ff(BXQOCIEE)Qﬁ 'HFSarﬂi glcontacted with
HFlnq_ or, the, eff

f t ct
i s cont é(B{cgjﬁ%ﬂeﬁsgmp&r’QI%O* %1%05[’895@?#&'63%‘2 erial(s)
surwct(sa)wnmcgand HHiF wethqu*eneabtombytdm&iﬂwm@ﬁﬂ)lzm thé biefinic

AR Bp8ERCa Sphoteathdlfbiabaf slyellls BF EGHATbARCH ledet

( ia. partionwp vk etisybgiituents irpthef kalaproprépaneandor hatkopropene
S%gtlﬂbisﬁlt?&%éﬂge%lﬁﬁ%s%r W@le(-ﬁégc%r in thls embodlment of the
el ni cke

T T Tt ML
V\ﬁ’pwf@ré’dly ﬁ‘éﬁn QBéutC1 mc tﬁﬂabdw 200° @Xfl-ﬁ??]e@ﬁrr} perfturéd ebsult
0 e .hal opr opene
SimpreatS! Eivatsiah o 5 haBpfderiat B Shterg 114 ISR
pisaturateck prodoygtseadl 4 gozatef d€yreecoftiatogeretioniaf the sthrting

gin)(ae[?ﬁ?ﬁ %lfﬁé‘@féjse{?ﬁleo&rl-?p HE & r¥@ bt gl?t?r#ﬁb)ﬁep will also

'a’ por |on 0
s insgease ghbighenprenecariordpmperafysess and/ or hal opr opene

by F. Jele %@dégf&e(?]ﬁ{% efti%"h'i@ar%rtﬁere&?&{t‘ib witich

this enmbodi nent nventi on are W|t in
DY ArER AR iRDtEn § DalsSarbam A Depl remaned by haioen and
akartionlearbontdoubi®bbnddRate bk iseturbmmmﬂaharog@nr eRarl t

R or S Gl Ee el ot Hea iR Raigibalith Hharly ..
ofCngﬂQ:lg@n@iﬁ i BlsopCHR3BECIECERKthas higher dagreewofthaéogenatlon

C‘P—[ Ei the degree of fluorination will also
|ncreasé dhe {Jre reactor tenperatures. The term

"degred r@fmﬁwr@g@]g Chrfedie dhe prevecastes of otherwisecte the
hx‘éié&m&@éﬁétéﬂw %o hAlopréjFa e stahiy Marktidhefied in step

' ?%l ?sc t%l%lc%){lyt}rom %Bout ‘F q to about 10:1. Feeding Cl, at less than a
1:1 ratio will result in the presence of relatively large amounts of
unsaturated materials and hydrogen-containing side products in the
reactor effluent.

In a preferred embodiment of step (a), the halopropene starting
materials are vaporized, preferably in the presence of HF, and contacted
with HF and Cl, in a pre-reactor and then contacted with the
chlorofluorination catalyst. If the preferred amounts of HF and Cl, are fed
in the pre-reactor, additional HF and Cl, are not required in the reaction

zone.
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a hi gher degree of hal ogenation than CF CHCICF . The
molar ratio of C fed to the pre-reactor, or otherw se
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7 Seoten, @ iation et ik Biavise feaydleslaisk o the reagipn
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nor e tl@"taﬁ) %[ cPJ@rS%&Rl% fé \%ljﬁo?kf)?\%e?e%o% r@nfP8Hhis

400 C ur €s
mmlgndnawbetln &eaarrgel afpors takout hdo rabput 8@agmospheres.

a'l'\fé%\c‘i&r%ﬂeksur'ésfd? ra'%gt Q%tr%s% - eE'tH %bbg??@gm%@ﬁh%%. may

such as contri uce

" beadvastageaiisly emplpyed to fiacilitale perRaration of biGifiam pther

teamroemtpmubma%tépﬁ(@mw@ptodéeeendent on the
acti vi ur es |

about . Fhschialipndiorato SN Eh 48 ussdt dne Aibess of the
Cpeszr aventionaare gréefedalsly @otripogitionsexonap risiteg 2n Q404 (irsc

hayi ng: £ [
"X AROERind L ORR B AIRLol B LRl
pobiained byittaatvepbef gaidconwassioneerapriging Kn§r204 (zmc
' '&H%]ﬁité’)”aﬁﬂihf ?alhrﬂe &f@r Q&ﬁcﬁforﬁlﬁ%ﬂaéwntﬂ a ffucathg
30 at m)_ig eres. act or €ss ?
P985 EPE aMQintish Ance) Wﬁﬁgﬁm 43! Qi egiim and zinc in
am@w egepusitigne ipprefe@dblydfréracibout &teﬁome%&baibdmm 2efatom %.
(56? ot her rcﬁaoCtl'uon $rodect% n F.ho(c\fho d fisin
proces "8 AR COIBPHTEPYINAINTIA CR 1°0% a?F?e" 9
ugadrp@, (hiecphooreis) aifd ctyetajlnlj@_efmromntax_tde wherein the
PIZ&C, @R lcbnERRP BEMN SO AR dtdhT'PercBit ahd 67%tom 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
ZnCry0y4 or crystalline a-chromium oxide; and also of note are chromium-
containing catalyst compositions, prepared by treatment of such
compositions comprising ZnCr,04 and crystalline a—chromium oxide with
a fluorinating agent. Also of note are such chromium-containing catalyst
compositions which comprise ZnCr,04 and crystalline a-chromium oxide
wherein the ZnCr,04 contains between about 20 atom percent and about
50 atom percent of the chromium in the composition. Also of note are
such chromium-containing catalyst compositions which comprise ZnCroOy4

and crystalline a~-chromium oxide wherein the ZnCr,04 contains at least
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crystalline G-C O (a-chromiumoxide) with a
fluorinating agent. The amount of zinc relative to the
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o SPTERArAt G PSS bsent as zina Chrom 16
| s pr esathile aliffereptziat isalie mighttheoeimpinyexd foe prepasatiest of said
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(O] tl ons essent Zl nc
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t ypi cal-ﬂ&%aﬁ\"%%ﬁ)?‘?ﬁf?’bﬁ g\eo%ga @%(Igﬂ Fel ts may then
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1on o ) , ou ion

| Sammgn@m tpypregqipitate the zinc and chromlum as e hy rox1 es Bases
containing alkali metals such as sodium or potassium hydroxide or the
carbonates may be used but are not preferred. The addition of ammonia
to the aqueous solution of the chromium(lll) and zinc salt is typically
carried out gradually over a period of 1 to 12 hours. The pH of the solution
is monitored 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 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 ammonia
6
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chromum(lll) nitrate or its hydrated forns such as
[C(NOGs) (HO ], are the nost preferred chromun(lll)
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evapor af\fjcally, the calcined compositions will be pre-treated with a
fluorinating agent prior to use as catalysts for changing the fluorine content
of halogenated carbon compounds. Typically this fluorinating agent is HF
though other materials may be used such as sulfur tetrafluoride, carbonyl
fluoride, 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
7




Optionally, the precipitated zinc and chrom um
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Prior to step (b), CF3CCl,CF3, CF3CCIFCCIF5, (and optionally HF)
from the effluent from the reaction zone in step (a), are typically separated
from the low boiling components of the effluent (which typically comprise
HCI, Cl,, HF, and over-fluorinated products such as CF3CCIFCF3) and the
under-fluorinated components of the effluent (which typically comprise
C3ClsFg isomers, C3Cl4F 4 isomers, and/or under-halogenated
components such as C3ClyF4 isomers and CF3CCI=CCly). The higher
boiling components may be returned to step (a).

In one embodiment of this invention, the under-fluorinated
components include CFC-215aa and CFC-215bb, which are converted to

CF3CHoCHF, (HFC-245fa) and CF3CHFCH,F (HFC-245eb) as disclosed
8



conposi tions obtained by treatment of said
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amount of zinc relative to the total of chrom um and
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bﬁ‘ﬁs&ﬁé@ era Tegd e aine RoRRm ARbe S EASn solumn

| oV prbelgickeecofefdduooinrthe ibottoamel the sesbod elisfillation colwmn
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fl
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emﬂééﬁﬂtwﬂf h h'TMSYini #8ecdritereareen zbheor Thet ed
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( HRGattas theirazabtropesseith BiFn U. S. Patent Application

60/51 , 284 I Skindatneht SiR¥p (8)! i8R BMmptfing CF3CCIoCF3
and CF3CCIFCCIF2 is delivered in the vapor phase, along with hydrogen,
to a reactor fabricated from nickel, iron, titanium, or their alloys, as
described in U. S. Patent No. 6,540,933; the teachings of this disclosure
are incorporated herein by reference. A reaction vessel of these materials
(e.g., a metal 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.
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2003 (see al so correspondi ng I nternational Application
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in Industrial Practice, 2" 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.

Suitable temperatures for the reaction zone containing said

hydrogenation catalyst are in the range of from about 110°C to about
400°C, preferably from about 125°C to about 350°C. Higher temperatures
typically result in greater conversion of CFC-216aa and CFC-216ba with
fewer partially chlorinated intermediates such as C3HCIFg isomers. At
reaction zone temperatures in the range of 125°C to 300°C the primary

products of the hydrodechlorination process are HFC-236fa and HFC-
10
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made of nickel or alloys of nickel such as those

containing 40%to 80% nickel, e.g., Inconel (tnm) 600
al | oy, POT/US2004/034447
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236fa and HFC-236ea. At temperatures in the reaction zone of about
275°C to about 350°C, the product mixture contains predominantly HFC-
236fa and HFC-227ea. Thus, the content of the product mixture is
adjustable by manipulation of C3CloFg/HF/H, feed ratio and reaction zone
temperature.

The effluent from the step (b) reaction zone typically includes HCI,
unreacted hydrogen, CF3CF=CF> (HFP), CF3CH,CF3 (HFC-236fa),
CF3CHFCHF, (HFC-236ea), and CF3CHFCF3 (HFC-227ea), as well as
any HF carried over from step (a) or step (b). In addition, small amounts
of CF3CF2CHaF (HFC-236¢b), CF3CCI=CF, (CFC-1215xc), and partially
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216ba is CCIFQCCIFCF3 217ba is CF3CCIFCF3
226ba is CF3CCIFCHF, 226da is CF3CHCICF
226ea is CF3CHFCCIF, 227ea is CF3CHFCF3
236¢b is CF3CF,CH,F 236ea is CF3CHFCHF
236fa is CF3CH,CF4 245¢b is CH3CF,CF3
254eb is CH3CHFCF 1213xa is CF3CCI=CCl,
1215xc is CF3CCI=CF, 1225 is C3HF5

1234 is C3HoF 4 HFP is CF,=CFCFj
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e crigrcpt 400 o Bies Hprs The. Stask iR peligirsiE 2 to +20
priness (1668 10 84imNgyand21 Sho(@aintiy wassdediint @omphrative

rrﬁ:_:erl a] resistant to hydrogen fluoride and hydrogen
Typ| cal materials of construction,

20 wel | - knovvn to t he BREPARATION BXAMRIHENude st ai nl ess
steel s, ﬁreﬁ%?@o‘h%iaé P %11{: BﬁloﬁHéts%EbBHSd oHREhroriBm oxide

vel | - kno
Nonel (tmﬁml.@lnmofao%{bnglﬁlg §1 mmoles) in 60 mL of deionized

Hé\ﬁét%'r eBhtalimBdninck &b5 baned 65|H1W§Ia§@dlsh was treated with 60.00 g

e g = s R T R e e

25 Cqbiater aredi trasslomy eillywetl!tum aith\azcasiodatistiring. dhesesaiting
EDERRRL B arfla S\t Gt 336°C; the rBRNiNG$oHE AeighiePbo 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 10.
PREPARATION EXAMPLE 2
30 Preparation of 95%Chromium/5% Zinc Catalyst (450°C)

A solution of 380.14 g Cr(NO3)3[9(H-0)] (0.950 mole) and 14.87 g
Zn(NO3),[6(H,0)] (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

35 8.4. The slurry was stirred at room temperature overnight and then dried
at 120°C in an oven in the presence of air. The dried solid was then
calcined in air at 450°C for 20 hours; the resulting solid weighed 76.72 g.
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LEGEND 214ab is CF CC CCl F 215aa is CF CC CCIF
215bb is CCl FCCl FCF 216aa is CF CCl CF 216ba is CCF

W@B0E@s77217ba is CF CCl FCF 226ba i s CF CCl FCHFPCRE8204/634447
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CF CHCI CF 226ea is CF CHFCCIF 227ea is CF CHFCF 236¢ch
is CF CF CHF 236ea is CF CHFCHF 236fa is CF CH CF
2 hecatalysiwas pelietizetep 12 o €20 opesty (1.68300.84 nup)) and

%&@9( %at ?«ﬁaguggén{:gx; % HF 1234 HF HFP is CF

CF"12 repa ration C(]VPA | VE PREPARATI ON
EXAMPLE 1 Prepar at DAL ' Zat al yst (400

Q) A sol ut IP@%%?}%uéﬁf@O% ENRHi BPTinc(CatBIyee (800°0)
a77 i Apotin el il THo ERERON AR Set e 75 o
8.Zn(NUag[8(HyO) (0dH0shole) easgirepared in diddOrmat wf eleionized
OW’:Q} gﬂle ﬁéfuttlﬁh v{’lgs ﬁgéféﬁt\hlﬂ9456‘ %ITDB\‘ ¥ Ql\lﬁaau%&ﬁg‘ammomum

evapora

d.fyldw'@mevarr iheopquﬁsepf 1a1t hqtﬂsj ﬂ)e phhincieased ﬁ@m t9dapH
t '894‘ TAGINRHWa8 stirfedadt I'éQIQI t@mﬁé’r‘é’tuf@é\‘éh@l& & thén dried

28 HRBE In e ntbencs of AP di SAICGS 587 paipingal airat
umm"crfomom@uaé ithie résuiting eolii w@gueamsmz/g PRIEPERATSONas

BT %9%@ P23 TS M yes

Cusedsn &ocmples Sargbb.ut i on of 20.85 g ZnCl (0. 153
nol e) di ssol ved i nﬁm@gﬁow EXAMF’?LCE wat er. Water

was evaporated fr i ng and then
dried at 0 Ereraration @&%%@ﬁmm@n@aéal%@awxst (900°C)

pelletig §6Iu(|oﬂ%f'380*129g (077 [9(ﬂ§ot) 00951341111316))&&0@'4 B7g
ek B ST 5 A o UL
supgiter.t THe rsnluﬁhhonasltreateddmtb(\%mmt pb7.40 agjueéug admTdnium
(ytofR 581 i sl br She JELRTE FAL R AIcRORYE) 7% b

8.4. The slurry was stlrred at room temperature overnight and then drled

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 Examples 1 and 2.

PREPARATION EXAMPLE §
Preparation of 98% Chromium/2% Zinc Catalyst (900°C)

A solution of 392.15 g Cr(NO3)3[9(H20)] (0.980 mole) and 5.94 ¢
Zn(NO3)5[6(H,0)] (0.020 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 0.58 hour; the pH increased from 1.67 to pH
8.35. The slurry was stirred at room temperature overnight and then dried
at 120°C in an oven in the presence of air. The dried solid was then
calcined in air at 900°C for 21 hours; the resulting solid weighed 66.00 g.

The catalyst was pelletized (-12 to +20 mesh, (1.68 to 0.84 mm)) and
44.9 g (23 mL) was used in Example 7.
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(0.357 nole) of 12-20 mesh & O . The di sh was pl aced
on a warm hot plate and the slurry allowed to dry with

woecwasswnl stirring. The resulting solid was PCEIS2004/034447
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35

dried overnight at 130 C, the resulting solid weighed
60.42 g. The catal yst was pelletized (-12 to +20 nesh,
(1.68 to 0.84 mm)) PREPARATION EXBMPLE §as used in

o5okchr ot R0, o148 W&é@m E‘ff‘u?ﬁaﬁf"”{" oxide
380. 14 Aysaptiorof 6[099 4ngl; 4(40ﬂggde$}dn of flegpniged water
Z%N@%ﬂ B 112D miPX Go0mAP |a§swﬁ;ﬁ wwma&sﬂ with _139&@04?
OB aS o6 12l imeahiio B HyGURS deSIBFST AB e dot
g}‘plai'eariddhe ﬁ'mﬂ"f afided to dpswith bcmloﬁaltsilrmg 8THe rasudting
ﬁ%ﬁ &q\gatgleﬁtdr%geocg/e?ﬁighgg Vééﬁ@?ﬁﬁé&ﬁt@&&f& \%th%ﬁ%S 02
Tige Thei cadalysi wals palietizes(- tata 2@ mesh, éi £84p U&bmmy)and
catﬁ?y &5 rﬁlb)ewé %H ,rpgx,q,lfqéjgv\m ghed 76.72 g. 13The

st was pe etlze 2 to +20 h, (1.68 to
0.84 mm)) and 38. 5PEREPARMNIONGEXAMELE 7 Exanpl e .
PREPARATI %MhE:f@BPr%mair@tmmn/’pngmc@mtamsu (8500%)

Forrt ot Sebiont napdl arais s BlERoN s mhichiid 7.91 o
( ZnNOHFBEH, DA L0 PRdBaneld) as poepaned in &00delmfidistiled water
V"% ‘1[ beHkSr ?é’étfh# ﬁ?g%? p C?; i&atrhd rﬁkad?em fﬁ'enQFarZFfé‘%d toa

eous anmoni over
ex™ mtpmaﬁ@mdatbe@ontemr Haged in sfurnagee Thpranjainer

‘é"?f?%s;ﬁéét(e@qrcﬁh rb O ehyERRUA t £25°CENM Gt /nR @ntltRén held at

t he presence of air
wak2 o 939r g fLQ%QT foamiangs Wesdreates g H?éré to Sﬁﬁ% ot
I ed/mimana therdhalel f850°CTFodSix houfd el Imt@itasterm heated

PSHsRUIsDEE thsbbol bt 28 Mo el &t 35645 T80 24 ABEs. The

PRERAR WP ENGYARIE- 12 fy €PAumasho1.68 t098%hnum))wand28.9 g

rdePir) oy Bheg WE zﬁi%ﬁﬂit é?”g%njﬁf’o e OT
(O 050 nol e) was pi2 8dei oni zed
\ggh :LusTge mﬁﬂl u?éﬁUhd&g@O%Cﬁﬂirﬁidlrﬂmb% Zﬁn@swétaﬁfst {8019C)
hour - TheOpRon i Rels 128 of GrNGoels a3t G- Eod el ane
WeBD. 49 igr Zre(N G, [601 50Y | 01200atoled warseprepgred mntDAGheh. of
drdeelgnlzed water. The solution was treated with 450 mL of 7.4M aqueous
ammonium hydroxide over the course of one hour; the pH increased from
about 1.7 to about pH 8.4. The slurry was stirred at room temperature
overnight and then dried at 120°C in an oven in the presence of air. The
dried solid was then calcined in air at 900°C for 22 hours; the resulting
solid weighed 75.80 g. The catalyst was pelletized (-12 to +20 mesh, (1.68
to 0.84 mm)) and 41.7 g (25 mL) was used in Examples 3 and 4.
EXAMPLES 1-11 and COMPARATIVE EXAMPLES 1-4
General Procedure for Chlorofluorination of CF;CCI=CCl,
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
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at 120C in an oven in the presence of air. The dried
solid was then calcined in air at 900C for 20 hours;
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angolderchel 9. 2homeGolfoidd by freBHES withS mixture of HF (80
sccm) and nitrogen (20 sccm) at 200-400°C for 3.5 hours. The catalyst
was then purged with nitrogen at 200C. The CFC-216aa/216ba mixture
was fed from a pump to a vaporizer maintained at about 65-70°C. The
CFC-216 vapor was combined with the appropriate molar ratios of HF in a
0.5 inch (1.27 cm) diameter Monel™ nickel alloy tube packed with
Monel™ turnings. The mixture of reactants then entered the reactor; the
contact time was 30 seconds unless otherwise indicated. All reactions
were conducted at a nominal pressure of one atmosphere.
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TABLE 1

catal yst was pelletized (-12 to +20 nesh, ( .68 to
0.84 mm) and 29.9 g (20 nL) was used in Exanple 9.

WOREEARATI ON EXAMPLE 8 Preparati on of 80%Chr onPCviSDWE/034447

Zinc Catalyst (900C) A solution of 320.12 g of Cr(NO)
[9(H O] (0.800 nole) and 59.49 g Zn(NO ) [6(H O]
(0.200 nole) was prepared in 1000 nlL of deionized
water. The solution was treated with 450 nL of 7.4M
aqueous ammoni um hydr oxi de over the course of one
ohour; the p increased fromabout 1.7 to about pH 8. 4.
<The ©l 1@ wassstirned aN rooB) tenper at 8 & overni ghty
gand Phéh Tried at 120 C Pn anco®nSin tde Ppresédce @&
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Sf or 22pnhowrs; the rasultd\.ng sg icsl wlqghed 75.8@,g. The
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1215xc 217ba 226da 216aa 216ba 215aa 215bb 214ab

T Catalyst

HF:1213:Cl,

EX.

EXAMPLES 12- 18 Hydrodechlorination of a CF
CA 2CF3(49. 7%/ CCA F CCI FCF3(50.3% M xture The results
wo@toosia77y dr odechl ori nati on of a m xture of CFRPCZUSIOR4/034447
and CF CCIF CCIF over a commercial 1% Pd supported on
fluorided alum na catal yst are shown in Table 2. The
product analytical datais given in units of GC area
% The nom nal' catal y@@ bed vol une was ni; the contact
time was 30 seconds. FBior to beginning the
hydr odechl ori nat icdn, t@e catal yst was activated by
treatment with 2@seem air at 400 C for two hours. The
cat al yst was thelgredé%ed in a stream of 25 seem
hydrogen at 150- 290C fbr 2.2 hours fol | owed by
treatment with agri xt @e of HF (80 seem) and nitrogen
(20 seem) at 200<&00 ©for 3.5 hours. The catal yst was
t hen purged vvith*g]itrcggen at 200C. The CFC-2l16aal/ 216ba
m xture was fed figom & punp to a vaporizer maintained
a%about 65-70 CR TheuCFC-216 vapor was conbi ned with
t appropriate wblarfratios of HF in a 0.5 inch (1.27
cn) di anmeter Monej (tnjS nickel alloy tube packed wth
el (tm turnings. THe m xture of reactants then
eptered the react®dr; @e contact tinme was 30 seconds
unl ess ot herwi sedy ndi gated. Al reactions were
conducted at a n@ naks pressure of one atnosphere.
1§;ngBLE 1 EX. HFE213: & T Catal yst 1215XC 217ba 226da
286aa 216ba 215aa; 215Bb 214ab NO. C 1 30:1:10 280
Cr/Zn 95/5 900 C®.03g#t. 7 0.1 7.2 13.1 42.6 27.1 3.3 2
38:1:10 320 O/ Zr£ 95/ £ 900 C 0.05 7.5 0.2 16.2 18.4
38:521.7 0.5 3 2:1:4£280 C/2Zn 80/20 1.6 0.3 0.4
11.0 10.5 34.8 3886 1D 900 C 4 20:1:4 380 Cr/Zn 80/20
0.4 3.6 0.2 35.9889.2¢8.2 0 0 900 C5 20:1:4 300

O7{Zn 90/10 0.3 ®6 14 2 1.8 8.6 52.4 13.8 0.2 900C 6
36 1: 10 300 Cr/zw 9Q/ 0.1 0.8 0.5 16.9 10.3 54.9
15.2 0.2 900C 7 ﬁ): ; 330 Cr/Zn 98/2 900 CLI 1.2 0.5
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F3 0.2 0.110.8FB.9 47.4 26.0 9.5
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. 20:1:4" 300 C/Zn 98/2 550 C T.6 16.8 1.3 24.1 10.2
39.2 14.8 0.5 10 20:1:4 280 Cr/zZnCl 2%0.4 3.1 0.9
wQa2008/03%41 62.6 1.6 - 11 20:1:4 320 Cr/Zn 95/ 5pdB0S1004/034447
0.3 1.21.7 28.6 14.2 52.8 - 0.04 Conp. 20:1:4 320
Zn/ Al 0.3 0.07 31.0 23.3 2.4 42.2 - 0.02 Ex. 1 Conp.
20:1:4 300 C O900 C0.6 5.9 0.3 22.5 15.4 26.8 25.8
0.2 Ex. Conp. 20:1:4 320 C O00.2 12.4 2.4 30.3 18.0
34.5 - 0.02 Ex. 3EX. HF:1213:Cl T Catal yst 1215xc
2Fba 266 21823, 246Ba 215aa 215bb 214ab NO Conp.
26214% 0R GraOHSA 909 0.1 11.7 25.9 1.6 59.2 - -
tes for TABLE . a . The contact tinme was
ggonds. b. The contact tinme was 5 seconds. c.
aI yé’l g g)a?’ea*fﬁoﬁ"? pyrol yzed ammoni um di chromat e
cakei Q‘DO@C see U. S. Patent No.
5 36,036). Pre-treated with HF according to the
gewmeral procedure. d. Hi gh surface area chroni um oxi de
okﬁalné‘aé cial source. Pre-treated with HF
a&ordir ngTt o the general procedure. TABLE2 EX. H
:216: HF C C H HFP 236¢cb 2b4gb 227ea 236ea 236fa 226ba
2%ea gzagaglgb%sl\g B E1ZR5 12 2:1:0 125 - 0.2 - 0.1
8 8 F1l-ld S6H Y6 13 2:1:0 175 0.3 0.2 0.1
0S8 9.1 27.3 1. O 11.6 6.8 .23.2 14 2:1:0 225 0.5 1.1

z_'g

99 -.27.840.01.48 % 18.35712:1:02501.7 2.0
-@. 9 gﬁsggmggzgl@ £ 6510.0 2.6 16 2:1:2 250 0.3
2% o. 0N2 B594 H3B301.@ 2 9.7 1.8 17a 2:1:2 300
3.619552520337§399909249.44218212
3@2%290@&&6“2232‘_23;) 34.8 0.5 2.0 10.0 7.9 a.
TS preslust I/go oma«rred-d GC area % 245ch, 1.5%
1284, and 1. CH and C § .§b. The product also
~fQptained 0.4 GC area %@5{;, 0.9% 1234, and 2.0% CH
L CH.CLAIM WaR it &l &ned is: . A process for
7 manufacture & N, ‘3° 37 3- hexaf | uor opr opane and at
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conprising: (a) reacting HF, C , and at |east one
hal opropene of the fornula wherein each X is

wo paspertdent |y sel ected fromthe group consi st PEmUSI00F034447
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and O, to produce a product conprising CF CClI CF and
CF CCOFCCIF , wherein said CF CCl CF and CF CClI FCCl F
are produced in the presenCEANISa chl orofl| uorination

t r..sing at |east one corrp03|t| on sel ected
f&gﬁ%e{%glaaﬁ{oggpécony sting of (i) conpositions

conpr i si.nd\ grecesaifer theysanufaciiee af &1, bﬁm%ﬁwr@xaﬂ@orow@gane
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e and npositi o i'ch have

1148 KAUOFORIOPRIB ANl - Acbanen asixor%%repan@
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rYrO0En, (8Pt LB o LR B g P
conpound sel etarsuld CoyQGeCopwherzinsashiXiy inde@Hidently
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2. The process of Claim 1 wherein the halopropene reactant is
contacted with Cl, and HF in a pre-reactor.

3. The process of Claim 1 wherein the halopropene reactant is
contacted with HF in a pre-reactor.

4. The process of Claim 1 wherein the reaction of (b) is conducted
in a reaction zone which is unpacked or packed with a nickel alloy at a
temperature of from about 350°C to about 600°C.

5. The process of Claim 1 wherein the reaction of (b) is conducted
in a reaction zone containing a hydrogenation catalyst at a temperature of
from about 100°C to about 350°C.

6. The process of Claim 1 wherein in (a) the catalyst is selected
from the group consisting of (i) compositions comprising ZnCr,04 and
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11. The process of Claim 9 wherein the catalyst is selected from
the group consisting of (ii) compositions wherein a zinc halide is supported
on a support comprising a-chromium oxide and (jiij) compaositions of (ii)
which have been treated with a fluorinating agent; and wherein the amount
of zinc relative to the total of chromium and zinc in the catalyst
composition is from about 2 atom % to about 10 atom %.
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