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container whrch can: be the: reactor to.be used to perform’ the process in:

. thelinstant: mventlon and thereafter passing HF over the drled calcxned

catalyst soasto pa:tlally saturate the: catalyst w1th HF. Thisis convemently

S carrred out by -pagsing HF over the catalyst-for.a penod of time, for -
| _ . -about’ 200"0 to about 450°C. Neverthetess this pretreatment lS not
'essentlal R e

example about 0.1 to about 10 hours at a temperature of, for exampte




for this invention is provided.in U - S. Patent.
Application 60/511;353 [CL2244 US PRV] filed Cctober
14, 2003, and hereby incorporated by reference herein
inits entirety (see also correspondi ng International
WO 288877t i on No. PCT/ US2004/ ): 20 The JMFEPFEMH/034455
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. components, mainly comprising HCI along W|th some over—ﬂuortnated
. .-.- products such as CFC-217ba and azeotroplc HF, and from the hlgher _
30 - boiling components comprlsmg the under-ﬂuonnated components such as

- HCFC-225da, CaCleF 4 isomers, and CFC-1213xa. o
L ln one embodlment of the process of this mventlon the reactor .
_' ' '-effluent from step (@) may be delivered to: a dlstlllatlon column in whach HCl - ,'

) _' and.any HCI azeotropes are removed from the top 6f column whlle the

e : 35 '. hlgher bomng components are removed atthe bottom of the column The s

products recovered at the bottom of the first dlstlllatlon column are then e
_ delivered to'a seoond distiltation- column in whlch CFC—217ba and some

e _HF are separated at the top of the column and the remammg HF and




chrom te/ a-chrom um oxi de conpositions. Conpounds that
are produced in the fluorination process in step (a)
15 include the CF3CCI =CF2 (CFC-1215xc) and CF3CHCI CF3
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.. a!loy contamlng 0210 99 8% (by welght) iron, anda tttamum alloy
30 - ,containlng 72-99 8% (by welght) titanium, Of note is.use of an empty

.(unpacked) reactlon vessel made of mckel or alloys of nickel such as. those, .

: contalnlng 40% to, 80%. nlckel e. g Incone! ™ 600 mckel alloy,
- Hastelloy“*" 0617 mckel ailoy, or. Hastelloy““ 0276 mckel alloy
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the third distillation colum nmay be delivered to step
(b) or may optionally 10 be. delivered to a decanter
mai ntai ned at a suitable tenperature to cause.
separation of an organic-rich. liquid: phase and an
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" in Industrial Practlce 2nd edition (McGraw-HrlI New York 1981). The
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* The relative amount of hydrogen contacted with CFC-121 5xc and *

g ‘HCFC—226da when a hydrogenatlon catalyst is used i is typlcally from about | ‘- -
the sto:chlometnc ratio of hydrogen to CF3CHCICF3/CF3CCI CF2 mlxture .
- to about 10 ‘moles of Hy per mole of CF30HC[CF3/CF3CCI CF2 mlxture

-~ The stoichiometric ratio of hydrogen to the CFCHCICF3/CF3CCI=CFy.
' ;mlxture depends on the relatlve amounts of the two components in the .
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about 0.4 to 10 noles of H2 per nole of '
CFC- 1215xc/ HCFC- 226da  m xture. |n -another enbodi ment
of the process, the contacting of. hydrogen with the
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m xture. The.stoichionetric anmounts of H2 required to
convert HCFC- 226da and CFC-1215xc to CF3CH2CF3 and

- CF3CH2CHF2, are one and two noles, respectively.
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PREPARATION EXAMPLE 1 .
Preparatlon of 2% ch chloride supported on’ Chromlum omde

. no strain.t ER
: "miﬂ fhﬁ%ﬁ%@&?emm)i@nd@ 21)95(3@@7)4@33@@@32@@:111@%%

A solutlon of 1.20 g ZnCl2 (8.81 moles) in'60' mL of delomzed water S
'contamed in a 125 mm X 85 mm glass dlsh was treated WIth 60. 00 g
{0.357 mole) of 12-20 mesh Cr203 “The dish was placed on'a warm’ hot

plate and the slurry allowed to dry with occas:onal ‘stirring. The resu!tmg

_'solld was then dried. overnlght at 130°C; the' resultmg solid wexghed 6@ 42 '. -
g. The catalyst: was pelletlzed (-12 to +20 mesh (1 68 to 0. 84 mm)) and " - '
41.5 g (30 mL) was used in Example 1 e o
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215aa i s CF3CCl 2CCl F2 216aa is CF3CCI2CF3 5 217ba is
" . CF3CCI FCF3 225da is CF3CHCI CCl F2. 226da i s CF3CHCI CF3
1213xa is CF3CCI=CCl 2 1214 is C3Cl2F4 1215xc is

wo 2005/63734C1 =CF2  Cat al yst Prepar ati on COVPARATYME$2004/031455

PREPARATI ON EXAMPLE 1 10 Preparation of 100% Chr om um
Catal yst (400C) A solution of 400 g Cr(NO3)3[9(H20)] '
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' 33 LYY . Water was evaporated from |
‘ wﬁgzsr"n}nx?uraeéjuvmgfétqw‘ St rrwﬁr&and then dried at- 110C for .
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' Zn(NO3)2[6(H20)] {C. 050 mole) was prepared in 1000’ mL of delomzed
- water. The solution was treated with 450 mi.of 7 4lVl aqueous ammonium '
_ fhydrcxtde over the course of one hour, the pH mcreased from- 1 740 pH: '
- 84..The slurry was st:rred at rdom temperature overmght and then drled
: at 120"0 m an oven in the presence of air.-The dned solid, was then. :

. calclned in air at. 900°C for 20 hours; the resultrng solrd werghed 70. 06 g

€ 450@) - PREPARATION EXAMPLE 4 |
Preparatlon of 95%Chrom1uml5% Zinc. Catalyst (900°C)
A solutron of 380 14 9 Cr(NO3)3[9(H20)] (0.950 mole) and 14. 87 g

' _' '- The catalyst was pelletrzed (-12fo +20 mesh (1 68.to: G 84 mm)) and -
: .'-25 3 g (14 mL) was used in Example 7 e

. . PREPARATION EXAMPLE 5 : SR
Preparatlon of 98% ChromlumIZ% ch Catalyst (900°C)
A solution of 392.15 g Cr(N03)3[9(H20)] (0 980 mole) and 5.94 g

"Zn(N03)2[6(H20)] (0.020 mole) was prepared in 1000 mbL of detomzed

C water The solut;on was treated wrth 450 mL of 7 4M aqueous ammomum '- ‘-

12




A solution.of 380.14 g C(N03)3[9(H20)] (0.950 nole)
and 14.87 g 2Zn(N03)2[6(H20)] (0:050 nole) was
prepared in 1000 nL of deionized 5 water. The sol ution
was treated with 450 nL of 7.4M aqueous anmmoni um

WO 28508 T%4 de over the course of one hour; the PEI/US2004/034453
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g 20 in 1

© a0

- (1 58 cm) diameter Inconel™ nlckel 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(1 0)-7m3¥sec) over the course of about one hour. HF was

increased from1.7 to pH 8.4. The slurry was. stlrred
erature overmght and then dried at 12

ﬁ% fag'%g\é’e m?'he cRUrserAd Jevlt BOUK, the pH ingeaged dipra d) 57dtQ/\%|§

81380 Theadloimgagad stirfed attoofbREpaaIRE dwewnght ét'i@then d ried
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A 2 e
wag)ysedandommple §) and 29. 7509 15 o
Zn(N03)2[6(H20)] RREPARATON EXaMmrEpar-ed i n 1000 .

of dei Qni zed .. wat er utron reated with 450
mL of. TraRAERAStS Ua@m %ﬁlﬂaﬁ@@ oy {irofryam oxide.

" cour s& sofutibn4ofied gZnClh §4p hholesyrir 30edi i delorfizédward
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e”cat al ys

. .‘s@ngawe@sdrnd ovemiGhip 13N Ao sogiis Salld yiesshed 6582

d. THexeatalyst &asRERARATY @\' EXA0RhésH: (Prosnar @Bl eamef and

€h 5% tal yst 900¢)° 25 A sol ut f
;%5'6’91%%{“ ep@?mﬁ%a %050 ol %) ond e 87 g o
Zn( N03) 2[ 6( H2O) ] F(l@EBABtAtTd)DN)EMAMRHEﬁared in 1000 nL . .~
| °f de' oﬁiﬁgratmt&r% ir%ecﬁl%ln%ﬂﬁﬂqggaiwte rgﬁéﬁ%{tmédkci% N
: courébseluti@ﬁé}fﬁdﬁr‘lﬁﬂlﬁ?é(ﬁb@b)lsfﬁi Xk .29 omlas)andb7Shg

20,1418 H%GHr(ﬁ 0048 rﬁBle {2d ﬁépéi%ﬁghtm[%f%ﬁmed V\{]ater'

over.nl rle 30 at i‘n an.oven I N

Br A §stngon " Rkt plat Rd Thednidiire wias theariransfecediiqa
FPyreﬁW c@’ftaﬁ’@?@nﬂcthe 20nbmesrladdiind € futhabag Thel doftainer
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WCJSEﬁXIhDIESﬂW eomtaireRERSRASEICGI IBMAVREEC Fo 35035 at

e bSO HAT

25

feprg 35§°C 1w GROBS 21t LB ancbihendheld iné forr 2phouss. iThe

-cla@él t%a@f)eﬂiﬁiz%ﬂ' ?tho Yo ﬁfeshmqgt?ﬁ ) 'ﬂtSIPH'IrH\ﬂsantdrﬁQ%d '

gueous a

- (% )was useg in Ex mp s 3 and 4

EXAMPLES 1-8 and COMPARATIVE EXAMPLES 1~3 ‘ |
, s General Procedure for F!uormatlen '
CA welghed quantity of pelletized catalyst was placed ina 5/8"

- then admltted to the reactor at a flow rate of 50 cclmln (8. 3(1 0)y7m3/sec)..

35

- 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)"
. 5m3isec) this flow was mam’calned for about 1 hour. The reactor. -
o '_.-.:temperature was then gradualiy mcreased to 400"0 over3tob heurs At "

M 3 '




W02005/ 037744 PCTI US2004/ 034455 hydr oxi de over the
course of 0.58 hour; the pH increased from1l.67 to pH
8.35. The slurry was stirred at room tenperature

WO 2003 }ay.ﬁrpl ght and then dried at 120C in an 8@@#@"%{@%“

10

resence of air. The dried solid was then
a| r at 900C for 21 hours; the resulting solid weighed

the@@ldQQ‘ tErs p'_bn-Blaeﬂ'ﬁsaH If %% ddﬁ:léﬁﬁ&ﬁfe I% rtc%ofe?ooto

was used

300" idsroiccsasm GRabiky e ey GhGr E41 9 WAS 10%

. fedTione aqmmp itslg vapbﬁﬁértrﬁdmaing@ BPBbBI X8 ThAGREUt i.on

ZnCl 2 300 f d t ‘
12 e ol ot W3R angionime mler s Hd in’s ©'
0.5 ihaag e wi) idi D160 MoreTStikelailie) tobe L2cRéd weh

NofE9 fmioERe Shes s ¥ SE e Ry JRERIRE LAl S0
-~ confad timewastliSregcoads ius Qﬁ&sﬁhﬂl@'ﬂs@ indicatede Al rglactions |
_ werétcéﬁfﬁ@tedétea A&t b?&gﬁ?& ?P'oﬁ‘@ 'a ggﬁtgé'eozrheg%eg-ﬁﬁ@ of

I elleti
CFéq’sﬂS f&loanap orygvayhe sgvera cmglvsta@rweawnnn Eeblmpie
ana&ttc&ﬂﬁﬁé%ﬁi\@i IXMBICEGE Brpeg.ati on of 98.11%
- Chrom unf 1. 9% Zi nc Cat al yst (550C) A sol uti on of -
. 516.46 g Cr(N03)3['9(H20)] (1.29 iples) and 7.31 g _
Zn(NCB) 2{6(H20)] (0:0246-nole) was prepared.in 560 rrL

| “.of “distilled water 20 in 1L beaker resti ng on a-

' hotplate The ntxture was' then transferred to-a:
Pyrex" container.and-.the cont ai ner- placed. in a _
~furnace.- The contalner was heat ed fron1roon1 Co
tenperature to 125C at 10C/ nin and then hel d at” ©125C
- for six hours. The cont ai ner - was -heat ed fron1125C to
. 350C.at | Cm.n and then held at 350C for six hours:;
‘The cont ai ner was. heated 25 fram 350C to 550C at - 1
¢/ mi’n ‘and- t hen hel'd at -550C for' 24 hours." The-
A.catalyst was peIIetlzed (-12 to +20 nesh,- (1. 68 to.
0.84 nn)) and 29.9qg . (20 m-) was. used in Exanples 3
:and-4." EXAMPLES '1-8" and : "COVPARATI VE EXANPLES 1-3: '
"~ General - Procedure faor - Fluorlnatlon 30;- A MEIghed
,_quantlty of . peIIetlzed catalyst was placed in:a. 5/8
~. (158 cm)’ dlaneter I'nconél TM' ni ckel - aIon ’reactor .
tube heated ih-afluidized: sand bath.:The. :t.ube was.

' ~heated from.50C te 175C in.a flow of nitrogen, (50 .
. ce/mn; 8. 3(10) 7rTB/sec) over the.course of . about one . ..
~~hour .- HF was then.admitted to ‘the reactor at‘afllow -

rate: of 50 cc/mn (8. 3(10) 7rrB/sec) 855 After 0.5 to
2 hours the mtrogen flow vvas decreased to 20 cc/mn -

®




TABLE1 .

" Products, GC Avea %

217ba

Catalyst B 12 .

‘Bxa. HF/1213 Temp. -
Ratio

(3.3(10)-7nB/sec) and the HF flow increased to.80
‘cc/mn (1.3(10)- 6nB/sec); this. flow was maintai ned
for about 1 hour. The reactor tenperature was then
radual |y increased to 400C over 3. to 5 hours. At 13 -
WO OGS, . WO 2005/ 037744, PCT/ US2004/ 0344 BET/USH®4/@HASS -
of this period, the HF fl ow was stopped and the
reactor cooled to 300C under 20 sccm '
(3.3(10)-7nB/sec) nitrogen flow CFC 1213xa was. fed
froma punp to a vaporizer maintained at about 1;18C.
‘The CFC- 1213xa vapor was.conbined with the
appropriate nolar ratios of HFin a 5 0.5 inch (1.27
mcn) di anet er - Monel TM ni ckel al'l oy t ube packed with
CMoITRY " Tt ur B ngE - TiRRe nixt: ur-e ok reactants then
entereof:ﬂt he reactorg the'  cBntalt- tPre was f% .second
unk-ess' - ot herwi se indicated. Al reactions were
conduct ed -at, a nom naI Eressure of one atm£here T
r esdll t s~of ._JCFCQ12 2 | naki-ongover, 't hé; sever al
cat al ys‘f‘s ar e showr™ |n Tabl e 1; 10 anal ytical data i
given in-units of GC aréa % 14 WO 2005/ 037744
PCﬁUSZ:GO4/\Q,344.,55 M.oghod \NOmht0tQ. NNh
0' "o KiIM ;6 ~654 mitn: S4 6'0/6m4 06 06' Cdw=i N V~ t
CdCDlnCIOCN.,,,~O O. i Q'lp OO N'NOO ON ¢
.0mv.. orn o" CZ)oo oH;mUoNUUo
X N t
¢
o

1214's

225da

foldwing the theraI Frocelfire.

=y

to OQu-OC%-toCI y -

4c Q
UZ’})O @ OOO\tng 0RQE '8

- —'216&&

i
.
i

5.9
10.2
94.5
90.5

.12
50

" 226da
19.9
642
77.2

04"
0.9 o
002

0.3

1215%c
2.4
20.1
348
13
79.0
7030
0.3
25

Cr/Zn 90710 900°C

CrlZo95/5450°C

CriZn 98.1/1:9550°C 7
CHiZn982.900°C -

Cr/Zn98.1/19 550°C " 20.1.

100% Cr,0, @SA) -
2%Zn/A1203 | )

Cuznos/so00°¢ o 90 . L

2% ZuCl/Cr05
10%ZnCly/Cr0y 424

300
3

300

2

260

28

32
280,

; _C_'_-C_‘-.

2001

6/1

20/1

2071

6/1 oo

6/1 ‘
30/1

20/1

20/1

‘The contact tim wes 30 seconds.

. Comparative Example, = S e o .
d:- High surface area chrontium oxide from a commercial source; the catalyst was activated with HF prior to 123

b. - Product confairied 12.§ GC area % CFC-2152a. =

Cza,c,d 2:(;/1_'._1f , ‘-:
ce 61 a0

No
1a
%8
3b
40
5 A
gb
.
8
Cle
o
o

45
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o the total of chromium and zinc m the catatyst composmon is from about 1 SR

2005/ 037744 PCT/ US2004/ 034455 CLAIMS 1. A process for
the manufacture of 1,1,1, 3, 3-pentafl uoropropane and
1,1,1., 3,3, 3-hexaf | uor §iAlpthe, conprising: 5 (a)
reacting HF and at | east one hal opropene of the

|
el B AP St&%r ST i dranlBRAGI LR E St AR GRBRE Y
anéﬂohﬂr@&é heyaBuaropreRans, COMMISTRBCCI =CF2 and
«;F?reacmgfneahoeaﬂ |éa§F&mré|§5Porpen@ dPtRERErhida

,.‘are 10 pr gﬂngh %}éﬁeﬁ%c&;&sdg%w f}?&%@?@@ged

" catal yst
fromthe fomite goup aineitﬁm@fof(ﬂ ang Qo Prodets a

conprisin nd y n
~oxide,, (i %rg@o%r%gﬁmr%m%&%éég ¢§2 ﬁﬂgg;h ﬁg‘f&?de and-
“a- chr om uwhsteitesaith CFOGKCES andrPlosCCHRE; afe (i) or -
(i) “whic i ng
St () %ﬁ%@ﬁg”%t’t%’%%ﬁa‘ MtinghisH s o
'~ produced CRAMPAIRING,il Inasheneernpesiipn salestedirpindbect ‘_ .
compr i Si ngro G SRR ITBRBSI orABikiRg A0,
~recover.i n% &L@ECHZ F CF3CH2§?F3 frorr‘rthiaﬁl g 6 ﬁct -
~ produced PfS (o&sta ne prehigryuRLide, (i) comPesifiARs e
-~ ( a) t he cebatpnstng aszmel teditiedind o-chromium oxide and (m) :
compositions of (l) or (i) which have been treated wrth a -
- fiuorinating agent;

(b) - reacting CF3CCI-CF2 and CF3CHCICF3 produced in (a)
© with hydrogen to produce a product compnsmg '
S CF3CH20HF2 and CF3CH20F3, and o

. +(c). - recovering CF3CH,CHF; and CF3CH20F3 from the
i ' product produced in (b). o
i 2, The process of Claim 1 wherem in (a) the catalyst is selected

. from the group consrstmg of (i) composmons comprisirig ZnCr204 and
L crystalllne oc-chromlum oxide and (i) composztrons of (r) Whlch have been :; L

treated with a ﬂuonnatlng agent. : : :
¥ 3 The process of Clalm 2 wherern the amount of zinc relatlve to

o atom % o about 25 atom %.

130

4. The process of Claim 2 wheretn the catatyst is seiected from

' thegroup consrstrng of (i) composrtrons cornpnsmg ZnCr204 and Lo
. ciystalling o-chromium oxide wherein the ZnCraOy4 contains between S
' about 10 atom percent and 67 atom percent of the chromlum in the .

= _composrtron and at Ieast about 70 atom. percent of the" zrnc inthe

- composrtron and wherein’ at least about 90 atom percent of the chromrum
: present as chromlum oxlde in the composrtron is: present as ZnCr204 or . SR ;
B crystallme a~chromium oxide and (m) composrtrons of. (r) which have been N el
o treated wrth a ﬂuonnatmg agent S '

(R

inin &~ -




.fromthe group consisting of (i) conpositions:
conprising ZnCr204 and crystalline a-chrom um oxide
.. and (iii) compositions: of (i) which have been 25
treated with a fluorinating agent. The process of
WO 208537122 wherei n the anount of zinc. rel at.i vRCT/ES2004{@34455
total of chromi umand zinc in the catal yst corrp05|t| on
m %,t o about 25 ato

f b t
% or B0 TR Pelontn ' i 41 s R AL 4 el
frbm)the @oup leensigtiog pf () weimdsitpnefcotipristepaiictiadide and

Dt Rt O Alfine S QL e B R A

“{ﬂérﬁ:@mﬂ%ﬁlm@g@atom percent of the chromum’in the
5 CO"’F’SS' Th@'ﬂ)r@é&s%f disRe s \ﬁ‘l*?é}éfn th aﬁ’ﬁ&iﬂt%?&l?ﬁq‘ela?fvettae

g)% tog . oslI t1 on, wher el n: about -
3 ﬁf‘ﬁ’é?‘&'@h?“ £inge tbﬁpatﬂlxﬁwgmpgﬁ@gw frag about 0.1 -
' atdmemmab@m%eatbm the conposition is present as

ol A W e e

tha gr@uprmﬂsmgngigé (o). con@mmmmmamc halide is supported

0 o St h AR R
o &h@%ﬁ b@erbtreqhed)w@bﬁﬁlﬂ@rmafmsa@qmncgw.hgrean hevamount B
ohgiht dslagislto metha@@fem&muﬁﬁaﬁd@m&'m the &RERRPI ti ons -of

 oippahelSs Kromabaifarom o bbalin'd A0 ei n (e anount

~of zinc relative to the total of chromiumand zinc in
‘the catal yst- conp05|t|on is fromabout 0.1 atom%to .-
about - 25. atom % 7. ‘The process of Claim5 wherein
‘the catalyst i s sel ected from the group consisting.of
(i;i ) - conposi tions - wherein a zinc halide is supported"
.10 on ‘a support’ conprising a-¢hrom um oxide and (iii).
conposi ti ons of (ii)" which have been treated,with a
. fluorinating agent; and wherein the anount of zinc
. relative-to the total of chromi um and zinc in the ‘
catal yst conposition |s fron1about 2 aton1@6to about ,
f,lO atonw@b 17 S S .




