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BACKGROUND OF THE INVENTION

5 Field of the Invention

The present invention relates to a method for the production of
1,1,1,3,3-pentafluoropropene, and particularly to a method characterized by
high conversion, ‘yield and selectivity by contacting 2,2-dichioro-1,1,1,3,3,3-
hexafluoropropane with hydrogen in the presence of a metal-containing catalyst.

10  The 1,1,1,3,73-pentaﬂuoropropcnc then can be reacted with hydrogen in
the presence of a metal-containing catalyst to produce 1,1,1,3,3-

pentafluoropropane.

Description of the Prior Art

Numerous methods are disclosed in the prior art for the

15 preparation of 1,1,1,3,3-pentafluoropropene (CF,CH=CF,). These methods
vary widely, due in part to the different starting materials involved. The
present invention provides a novel method for the preparation of
1,1,1,3,3-pentafluoropropene via the treatment of 2,2-dichloro-1,1,1,3,3,3-
hexafluoropropane (CF,CCL,CF,) with hydrogen in the presence of a catalyst.

20  The reaction is characterized by high selectivity, conversion and yield, and

offers significant economic advantages over prior art preparations.



20 The reaction is characterized by high selectivity, conversion and yield,
and offers significant econom ¢ advantages over prior art preparaiogg; 268
AUG 2003 WD 00/59850 PCT/ US00/09000 -2 1, 1, 1,3, 3-pentafluoropropene 1s a
known chem cal, and has found use as a valuable internediate in the
prepar at i oRy@ho/ssgsgari ety of useful conpounds. For exanplRyradsedegsacr i bed in
Bull. Acad. Sci., USSR Div. Chen. Sci. (Eng. Transl.), 1312 (1960) and in
Chem cal Abstracts 122:132564, 5 treatnent of 1,1,1, 3, 3-pentafl uoropropene
wi th hydrogen in the presence of a catalyst produces 1, 1, 1, 3,3
- pent af | uor opr opane, a conpound useful as a solvent and bl ow ng agent.
1,1,1, 3, 3-pent af | uoropropene has been produced via the dehydrochlorination
of 3-ch|oro-1,1,1,3,3-pentaf|uoropropggq (CF3CH2CF2CI) 10 with base as
described in J_ Arer. Chem Soc. 68, 496 (1946). 1, 1, 1,
3, 3-pent af | uor opr opene has been prepared via dehydrofluorination of 1, 1,
1, 3, 3, 3- hexaf | uor opr opa L.t.n activated carbon or | uor.i nated chrom um
oxi de (JP 09067281: Cherr b 3B '?:hﬂ‘}'%‘?pi‘)e, Is 3 Bnipim, cheriBal, a8 g ¢ o
pot assi um sal tfo@fid dset 4si 4 Vahnblrintehinddiate i, Be bigﬁirhﬁkﬁf@fm ORiefbfCusdfl aci d with
ethyl acetate as described in JP 08325179; em Abs. 126: 143890).
1,1, 1, 3, 3- pent@Mpewidsp FOparEPlsads deseibes incBrt dgad;iSsi.. HSSMPDér iGhami on of
2, 3-di chl or o- : , P t u r - )97 Wi hydrogen in
t he presence (j)q&a(%r?g't’gﬁagggi gj‘elbcg?a ygllg.bagf %%ﬁ%%@ 122 4]

5  treatment of 1,1,1,3,3-pentafluoropropene with hydrogen in the presence of a

cataiyst produces 1,1,1,3,3-pentafluoropropane, a compound useful as a solvent

and blowing agent.

1,1,1,3,3-pentafluoropropene has been produced via the
dehydrochlorination of 3-chloro-1,1,1,3,3-pentaflucropropane (CF,;CH,CF,Ct)
10 with base as described in J. Amer. Chem. Soc. 68, 496 (1946}.

I,1,1,3,3-pentafluoropropene  has been prepared via
dehydrofluorination of 1,1,1,3,3,3-hexafluoropropane with activated carbon or
fluorinated chromium oxide (JP 09067281; Chem Abs.126:277171), and via
treatment of the potassium salt of 2-trifluoromethyl-3,3,3-trifluoropropionic

15 acid with ethyl acetate as described in JP 08325179; Chem Abs. 126:143850).

1,1,1,3,3-pentafluoropropene has been prepared via
dechlorination of 2,3-dichloro-1,1,1,3,3-pentafluoropropane (CF,CHCICF,Cl)
with hydrogen in the presence of a metal oxide catalyst as described in
WO 9429251.

20 - WO 9837043 describes the treatment of 2,2-dichloro-
1,1,1,3,3,3-hexafluoropropane (CF,CCLCF,;) with hydrogen in the presence of

a metal, metal halide or metal oxide catalyst supported or alumina or a metal



WD 9429251. 20 WD 9837043 describes the treatnent of 2,2-dichloro- 1, 1

1, 3,3, 3-hexafluoropropane (CF2CCL12CF3) with hydrogen in the presenqq;gﬁ 2@”
nmetal, netal halide or netal oxide catalyst supported or alumna or a ne?a
26 AUG2003 WD 00/ 59850 PCTI USOQ' 09000 3 fluoride to produce a m xture of
1,1,1, 3, 3- mandoabdsoor opr opene and 2-chloro- 1, 1, 1, 3,3 -pperisaddestar opr opene
(CF3CA =CF2). Selectivity to CF3CH=CFI is |low, wth substantial anmounts of
the chlorine-containing olefin CF3CC1=CF2 being co-produced in all cases. 5
Al t hough the above descri bed nethods serve to produce 1, 1,

1, 3, 3-pent af | uor opropene, these prior art preparations are characterized by
numer ous di sadvant ages, includi ng expensive raw materials, poor yields and
poor selectivity which preclude their use on a commercial scale. Summary of
the Invention 10 Briefly describing one aspect of the present invention,
there is provided a nethod for the production of

2. 2"l ohi of 0. 1 HONRSBRERELS ARhCer LD S PR RRE s a2 Pty ot

tenper at ur e i n11hg3BrrRacseropiopeneqEFCHSICF,pnd thereafter recovering the
resulting 1, 1, 1, 3,3 -pentafluoropropene fromthe reaction m xture. 15 It
Is an object of the present invention to provide a nethod for

Selectivity to CF,CH=CEF; is low, with substantial amounts of

the chlorine-containing olefin CF,CCl=CF, being co-produced in all cases.

5 Although the above described methods serve to produce
1,1,1,3,3-pentafluoropropene, these prior art preparations are characterized by
numerous disadvantages, including expensive raw materials, poor yields and

poor selectivity which preclude their use on a commercial scale.

Summary of the Invention

10 Briefly describing one aspect of the present invention, there is
provided a method for the production of 1,1,1,3,3-pentafluoropropene which
inchades reacting 2,2-dichioro-1,1,1,3,3,3-hexafluoropropane and hydrogen at
elevated temperature in the presence of a catalyst, and thereafter recovering the

resulting 1,1,1,3,3-pentafluoropropene from the reaction mixture.

15 It is an object of the present invention to provide a method for
the production of 1,1,1,3,3-pentafluoropropene from readily available starting
materials. The starting material 2,2-dichlore-1,1,1,3,3,3-hexafluoropropane
is itself a known compound, and is readily produced in high yields via the
treatment of propane or propene with chlorine and hydrogen fluoride as

20  described in U.S. Patent No. 5,057,634, hereby incorporated by reference.



the production of 1,1,1, 3, 3-pentafluoropropene fromreadily avail able
starting materials. The starting materi al 7 6 AUG 2003
2,2-dichloro-1,1,1, 3, 3, 3-hexaf | uoropropane is itself a known conpound, and
is readily produced in high yields via the treatnent of propane or propene
wi t h chl or iweomsessohydr ogen fluoride as 20 described i n Uxgtnitaseodo NO.

5, 057,634, hereby incorporated by reference. 26 AUGR003 WD 00/ 59850

PCTI USOO 9000 4 A further object of this invention is to provide a nethod
whi ch has high conversion, high yield and high selectivity for the desired
product, 1, 1, 1, 3,3-pentafluoropropene . It is another object of the
present invention to provide a nethod 5 as described which does not
produce significant amounts of undesirahle by- products. Further objects
and advant ages of the present invention will be apparent fromthe
description of the preferred enbodi nent which follows. Description of the

Preferred Enbodi ments 10\ figthed diechbf BRSA%nabn RO BRIVIRG @éholEESt andi ng of
the principles of the invention, reference will now be nmade to the

preferred embokisrhigh cenversionpbigh fyiedd pathipigl seleapivity faydhe desired pradueicr i be t he
sane. It wll \ derstood that no limtation of the scope
gﬁ. 1:358,5-332 Ltgﬁtgorg]ﬁﬁ?éﬁg.

of the inventi er epy ended, such further nodifications in the
i nvention, and such further applications of the 15 principles of the
i nvention being contenplated as uld normally occur to one
g P lta“:s another object 0? the present i1¥vent(i:0n to provide a method
5 as described which does not produce significant amounts of undesirable by-

products.

Further objects and advantages of the present invention will be

apparent from the description of the preferred embodiment which follows.

Description of the Preferred Embodiments

10 For the purposes of promoting an understanding of the principles
of the invention, reference will now be made to the preferred embodiment and
specific language will be used to describe the same. It will nevertheless be
understood that no limitation of the scope of the invention is thereby intended,
such further modifications in the invention, and such further applications of the

15  principles of the invention being contemplated as would normaily occur to one

skilled in the art to which the invention relates.

The present invention is based upon the discovery that
1,1,1,3,3-pentafluoropropene may be produced via the reaction of 2,2-dichloro-
1,1,1,3,3,3-hexafluoropropane and hydrogen at elevated temperatures in the

20  presence of a catalyst. The conversions and selectivities for this process are

very high, rendering the process applicable to commercial scale production.



skilled in the art to which the invention relates. The present invention is
based upon the discovery that 1,1,1, 3, 3-pentafluoropropene may be produced
via the reaction of 2,2-dichloro- 1, 1, 1,3, 3, 3-hexafl uoropropane %ﬁﬂﬁU5“m3
hydrogen at el evated tenperatures in the 20 presence of a catal yst. e

conver si onswghgsded ectivities for this process are very H{Eg %ﬁﬂpering
the process applicable to commercial scal e production. 26Al %08 WO

00/ 59850 -5 PCTI USOQ 09000 The basic nmethod of the present invention

i nvol ves the reaction of 2,2-dichloro- 1, 1, 1, 3,3, 3-hexafl uoropropene
and hydrogen in the presence of a catalyst, preferably a netal -containing
catal yst, according to the following reaction (1): 5 CF3CC12CF3 + 2 H2 -4
CF3CH=CF2 + HF + 2 HCl (1) The reaction. (1) is carried out by contacting
2,2-dichloro- 1,1,1,3, 3, 3-hexafl uoropropene and hydrogen at el evated
tenperatures in the presence of a catalyst. Al though preferred ranges for

contact tines and nolar _rati.os ar ated hereafter, these ranges are not
critical. In addition, tH¥ ai‘ﬁ)"ﬁe@‘ﬁ&f’féﬁp?ﬁ"iptUB’CE‘éﬂnr'f"é?J"ﬁdﬁc 'é??dﬁﬂbi ent or

el evat ed pressif89. qidkI6rol ENREY, 8 hetfRbrdphpenicati fyafodes iR Pra@kh¢ Oone whi ch
is high enough to provide a desired anbunt and rate of conversion of the
2, 2-di chl or o- of a ¢atalyst 3prafe@blyametalrontaipingsabyst, assardingfodhpiopwing avoi d

del et eri ous effecPs .
reaction (1):

5 CF,CCLCF, + 2H, = CF,CH=CF, + HF + 2 HCl O

The reaction (I) is carried out by contacting 2,2-dichloro-
1,1,1,3,3,3-hexafluoropropane and hydrogen at elevated temperatures in the
presence of a catalyst. Although preferred ranges for contact times and molar
ratios are stated hereafter, these ranges are not critical. In addition, the

10 reaction may be carried out at ambient or elevated pressures.

The temperature of the reaction is generally one which is high
enough to provide a desired amount and rate of conversion of the 2,2-dichloro-
1,1,1,3,3,3-hexafluoropropane, and low enough to avoid deleterious effects
such as the production of decomposition products. The reaction is therefore

15  preferably carried out at a temperature between about 100°C and about 800°C.
A more preferred range for the reaction is about 300°C to about 500°C. It will
be appreciated that the selected temperature for the reaction will depend in part
on the contact time employed, in general, the desired temperature for the

reaction varying inversely with the contact time for the reaction.

20 The contact time will vary depending primarily upon the extent
of conversion desired and the temperature of the reaction. The appropriate

contact time will, in general, be inversely related to the temperature of the



such as the production of deconposition products. The reaction is therefore
15 preferably carried out at a tenperature between about 100C and about
800C. A rore preferred range for the reaction is about 300C to abdu AWDIHES
It will be appreciated that the selected tenperature for the reaction wll
depend in peotossgse t he contact tine enployed, in general pcrhsosi®edsr ed
tenperature for the reaction varying inversely with the contact tinme for

the reaction. 20 The contact time will vary depending primarily upon the
extent of conversion desired and the tenperature of the reaction. The
appropriate contact tinme will, in general, be inversely related to the

tenperature of the 26 AUGR003 WO 0/ 59850 PCTI USOO 09000 -6 reaction and
directly related to the extent of conversion of 2,2-dichloro- 1, 1, 1,
3, 3, 3-hexaf | uoropropane. The reaction will typically be conducted as a
continuous flow of reactants through a heated reaction vessel in which

heating of theei@Rat Mt SirddBY rolalk® ¥ QRY ckefti 8 YorRblsRmt §d2 2leBsrot hese
circunstances, the residence tine of the reactants wthin the vessel is

desirably betwebd..abdchexgluoropeeienel and 200 seconds, and is preferably
about ‘10 seconds. An advantage of the reaction is that short contact tines
may be enpl oyed, thereby reducing the equipnent size and cost associ ated
wi th producing 1,1, 1, 3, Theeaitvhlvid typimaliypbnendidiel QG comamibanfler 6Ry be
preheat ed before conbinin o] ttsh!%; as they

pass through tTRSARESERONEh g\hﬁ%ﬁﬁ%ﬁ@ﬁ@%ﬁﬁ%ﬁ%ﬂ?@@%%%}%&% y
5  be very rapidly effected. Under these circumstances, the residence time of the
reactants within the vessel is desirably between about 0.1 second and 200
seconds, and is preferably about 10 seconds. An advantage of the reaction is

that short contact times may be employed, thereby reducing the equipment size

and cost associated with producing 1,1,1,3,3-pentafluoropropene. The

10 reactants may be preheated before combining or may be mixed and heated
together as they pass through the vessel. Alternatively, the process may be
carried out in a batch process with contact time varying accordingly, although

this is less preferred. The reaction also can be carried out in a multistage
reactor, wherein gradients in temperature, mole ratio, or both temperature and

15  mole ratio are employed.

. The molar ratio of the reactants may vary widely and is not
critical to the inventive method. Limitations on this ratic are more determined
by practical considerations. For example, a molar ratio of hydrogen to
2,2-dichloro-1,1,1,3,3,3-hexafluoropropane which is extremely low will simply

20  require greater recycle of the 2,2-dichlore-1,1,1,3,3,3-hexafluoropropane due
to the low conversion, whereas a ratio that is very high will be wasteful of
hydrogen. A preferred range for the molar ratio of hydrogen to 2,2-dichloro-
1,1,1,3,3,3-hexafluoropropane is between about 0.1 and 30, with a ratio of

about 2 to 8 being more preferred.




carried out in a batch process with contact tine varying accordingly,
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recycle of the 2,2-dichloro- 1, 1, 1,3,3,3 -hexafl uoropropane due to the

| ow conversion, whereas a ratio that is very high wll be wasteful of
hydrogen. A preferred range for the molar ratio of hydrogen to
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with aratio of about 2 to 8 being nore preferred. 26 AUG003 WD 00/ 59850

PCTN500r 09000 -7 The i nveii indentRtnOpiodiass @ RbQSE s Eﬂfduﬂﬁé)ql,lﬁil,@%-L 1,1,3,3-
pent af | uor opropene_using 2,2-dichloro-1,1,1, 3, 3, 3-hexaf | uor opr opane and
i nvol ves the upentaflucsepreneng gesings 2.Jdighleror bl 13 dthgraflioreprppanemnd enpl oyi ng

a metal catal yRbned e uRlh i BbiShreRERE SLADLY chrbogh EEhel Hham the oroup

5 consisting of a neta neta 8% de, and
m xtures thereefal caalyat. s ihponttal patafserpaéienbly i© aeleoed St ahd gréapi t abl e

o A OO &l 1 O EADRYIRERS ol H 48 IS e HED) i, S mimra™® &
thereof, on a support, preferably a carbon support. Suitable metal-containing
components include metals such as Fe, Cu, Ni and Cr; halides such as FeCl,,

FeCl,, CuF, CuCl, CuCl,, CuCIF, NiF,, NiCl,, NiCIF, CrK,, CrFC}, CrE CJ;
oxides such as CuO, NiO, and Cr,0;; and/or oxyhalides such as copper

10  oxyfluoride and chromium oxyfluoride.

The catalysts of this invention may contain other components,
some of which improve the activity and/or useful life of the catalyst. Preferred
catalysts include catalysts which are promoted with compounds of molybdenum,
vanadium, tungsten, silver, iron, potassium, cesivm, rubidium, barium or

i5 combinations thereof.

The catalyst preferably is supported on an active carbon support.
The active carbon can take the form of any of the numerous active carbons
available commercially, for example the commercial guide product produced
by Takeda. Typically the solid catalyst is packed into a reactor tube, although
20 fluidized bed technology can also be employed.

The process of the present invention has several advantageous
aspects in addition to those described above. The reaction involves readily

obtainable reactants, namely 2,2-dichloro-1,1,1,3,3,3-hexafluoropropane and



Fed 3, CuF, Cud, CQud 2, QuClF, NNF2, N2, NCF, CF3 CFd2 CF2C;
oxi des such as CuO N O and Cr233; and/or oxyhalides such as copper
oxyfluoride and chrom um oxyfluoride. The catalysts of this inventigﬁiéﬁ§mm
contain other conponents, sone of which inprove the activity and/or useful
life of thwooasedsyst. Preferred catalysts include catal pgrassdobseh are
pronmoted with conpounds of nol ybdenum vanadi um tungsten, silver, iron,
pot assi um cesium rubidium bariumor 15 conbinations thereof. The

catal yst preferably is supported on an active carbon support. The active
carbon can take the formof any of the nunerous active carbons available
comercially, for exanple the commercial guide product produced by Takeda.
Typically the solid catalyst is packedginto a reactor tube, although 20
fluidized bed technol ogy can al so be enpl oyed. The process of the present

I nvention has several advantageous aspects in addition to those descri bed

above. The reqgibgdh, | THOX @0 pRARIEY i the@éirdanabh 8, 1-safifidtspropease! v
2,2-dichloro-1, 1, 1,3, 3, 3-hexafl uoropropane and 2 6 AUG 2003 WO 00/59850
-8 PCT/ US00/ 0%@a0hiply wicldg efithe Fesired praduct @re Wiimaiely tattpigahie,cand dheirgfors 1, 1,

1, 3, 3-pent af | yor opr epene. ery. hi [ f | re uct are
ultimately at #i}iei ﬁ%ﬁ'lup, lsar?cfiﬁ‘%{%dérlgf gggsgtlﬁieg]r%e%gg%ﬁ(}g \lg"s?ﬁdé# qugl é’ﬁ% inits use
of the react antisceMrdebesutungdsirablei Byg products, and is a highly efficient and

5  advantageous method for the production of 1,1,1,3,3-pentafluoropropene.

The 1,1,1,3,3-pentafluoropropene product is separated from the
product mixture via conventional means, for example distillation. The reaction
stream can be treated with water or an aqueous solution to facilitate removal of
inorganic acids, and the organic portion of the product mixture can be subjected

10 to fractional distiliation to allow recovery of the product and recycle of the

starting material 2,2-dichloro-1,1,1,3,3,3-hexafluoropropene.

The efficacy of the process of the present invention is illustrated
by the following specific examples. The following specific embodiments are
to be construed as illustrative, and not as consiraining the remainder of the

15 disclosure in any fashion whatsoever.
EXAMPLE 1: Catalyst Preparation

NiO/active carbon: Nickel (II) nitrate hexahydrate (1.9 moles) was dissolved
in distilled water (250 mL). The soluticn was then
added to 550 g of Takeda active carbon pellets, the

20 catalyst dried with nitrogen and activated at 450°C.




m scel | aneous undesirable by products, and is a highly efficient and 5
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The 1, 1, 1,3, 3-pentafluoropropene product is separated fromthe Ei 003
m xture via conventional neans, for exanple distillation. The reaction
stream canyasodidegat €d Wi th water or an aqueous sol ution 5@Tﬁ@ﬁhh&kate
renoval of inorganic acids, and the organic portion of the product m xture
can be subjected 10 to fractional distillation to allow recovery of the
product and recycle of the starting material 2,2-dichloro- 1, 1,

1, 3, 3, 3- hexaf | uoropropene. The efficacy of the process of the present
invention is illustrated by the follow ng specific exanples. The foll ow ng
specific enbodi nents are to be constrged as illustrative, and not as
constraining the remai nder of the 15 disclosure in any fashion whatsoever.
EXAMPLE 1: Catal yst Preparation 20 Ni O active carbon: Nickel (lIl) nitrate

hexahydrate ( . | Sso] ve o distill.e ter, (2 ). The
sol uti on was EW]‘E’AEBQZ%@& %obg 0 ¢ glllxq"'lrglgg 5&3@%1}%&%?@’%@9%%&9%#%, t he
catalyst dried with nitrogen and mdlé) andtppert(Il nitfate Rerflipldkhydf3 WO
00159850 PCTI USOO' 09000 9 5 10 ) o
(0.95 mole) was dissolved in distilled water
(320 mL). The solution was added to 500 g of
5 ' active carbon pellets. The catalyst was then

dried with nitrogen and activated at 450°C.

CuCl,/active carbon: Copper (II) chloride dihydrate (1.9 moles) was
dissolved in distiiled water (325 mL). The
soiution was then added to 550 g of active carbon

10 pellets. The catalyst was then dried with

nitrogen and activated at 350°C with hydrogen.

EXAMPLE 2: Preparation of 1,1,1,3,3-pentafluoropropene

A 10 inch diameter by 24 inch long Inconel pipe was packed with

the desired catalyst and heated with an electric heater. A 0.5 inch by 8 inch

15  empty pipe heated by electrical heating tape was connected to the inlet of the
reactor and served as a vaporizer. A water scrubber and a molecular sieve

drier were attached to the reactor outlet and were employed to remove acids

from the product mixture and to dry the organic products. Hydrogen gas (200
mL/min} and liquid 2,2-dichloro-1,1,1,3,3,3-hexafluoropropane (0.3 mL/min)

20  were fed into the vaporizer and the vaporized mixture passed through the

reactor. The product mixture was washed with water, dried and collected.



Ni O CuQ active carbon: A mxture of nickel (Il1) nitrate hexahydrate (0.95
mol e) and copper (11) nitrate hemi pentahydrate (0.95 nole) was di s36IAUSA0N0NI
in distilled water (320 nlL). The solution was added to 500 g of active
carbon pellets. The catalyst was then dried with nitrogen and activated at
450C. CuCl2waabsesse car bon: Copper (I11) chloride di hydrat epéifsdiioboss) was
dissolved in distilled water (325 nL). The solution was then added to 550
g of active carbon pellets. The catalyst was then dried with nitrogen and
activated at 350C with hydrogen. EXAMPLE 2: Preparation of 1, 1,

1, 3, 3-pent af | uor opropene A 10 inch dianeter by 24 inch |ong Inconel pipe
was packed with the desired catalyst and heated with an electric heater. A
0.5 inch by 8 inch 15 enpty pi pe heatedgby el ectrical heating tape was
connected to the inlet of the reactor and served as a vaporizer. A water
scrubber and a nol ecular sieve drier were attached to the reactor outl et
and were enpl orestiibf rés@iPN safmindfized ihOblehe Lﬁ’é’&ﬂﬁ%lomdftzui 8icRigp-to dry the
organi ¢ products. Fwdrogen gas (200 nL/nln) and liquid

2, 2-di chl or o- 1144, 1.3 3,Bheaxafleorapropase oyas 6y5antiaily quantitativei n) 20 were fed into
the vapori zer and the vaporized m xture passed through the reactor. The
product m xture was washed with water, dried and collected. 2 6 AUG 2603 WO

00/ 59850 TABLE 1: Preparation of 1,1,1,3,3-pentafluoropropene

Catalyst Reaction T (°C) % Selectivity CF,CH=CH,

5  NiO/CuO 350 89
NiQ/Cu0O 500 %0
NiO 350 81
NiO 425 80
CuCl, 350 90

10 EXAMPLE 3: Preparation of 1,1,1,3,3-pentafluoropropane

A 0.5 inch by 24 inch stainless steel pipe was packed with
a catalyst consisting of 0.5% Pd on alumina pellets and heated with an
electric heater. A mixture of hydrogen (128 mL/min) and 1,1,1,3,3-
pentafluoropropene, prepared as in Example 2, was fed to the reactor. The

15  product stream was washed with water to remove acids and cotlected. Results

are shown in Table 2.




PCT/ USO0/ 09000 - 10 Reaction results are summarized in Table 1; th;[:
conversion of 2,2-dichloro- 1, 1, 1, 3,3, 3-hexafl uoropropane was 6 AUG 2003
essentially quantitative. TABLE 1: Preparation of

1,1,1, 3, 3-pentafl uoropropene 5Catal yst Reaction T (C) % Selectivity
CF3CH=CH2 Nvexe@35089 Ni O CuCb0090 N C35081 N O42580 CuGkaAisi®erod0 EXAMPLE
3. Preparation of 1,1,1, 3, 3-pentafluoropropane A 0.5 inch by 24 inch
stainl ess steel pipe was packed with a catalyst consisting of 0.5% Pd on
alum na pellets and heated with an electric heater. A m xture of hydrogen
(128 nL/mn) and 1,1,1, 3, 3- pentafl uoropropene, prepared as in Exanple 2,
was fed to the reactor. The 15 product stream was washed with water to
renove acids and collected. Results are-shown in Table 2. 26 AU62003 WD
00/ 59850 PCT/ USO0/ 09000 - 11

TABLE 2; Preparation of 1,1,1,3,3-pentafluoropropane

Reaction T (°C) % Selectivity
Lights CF,CH,CF,H Heavies
50 2.7 ' 94.4 2.9
5 35 2.6 95.0 2.4

While the invention has been described in detail in the foregoing
description, the same is to be considered as illustrative and not restrictive in
character, it being undersiood that only the preferred embodiment has been

described and that all changes and modifications that come within the spirit of

10 the invention are desired to be protected.




TABLE 2: Preparation of 1,1,1, 3, 3-pentatl uoropropane Reaction T (C) %

Sel ectivity Lights CF3CH2CF2H Heavies 50 2.7 94.4 2.9 5 35 2.6 95. 072 -5 2003
Wil e the invention has been described in detail in the foregoing
description, the sane is to be considered as illustrative and not
restrictive in character, it being under st ood t hat only the preferred
enbodi nent has been described and that all changes and nodifications that
come within the spirit of 10 the invention are desired to be protected. 2
6 AUG 2003 -12 CLAIM5 1. A nethod for the production of

1,1,1, 3, 34 fl uor opr opene whi ch conprises contacting 2,2-dichloro- 1,

1, 1,3, Ségﬁiﬁie%aafl uoropropane with hydrogen in the presence of a netal -
containing catalyst carried by a carbon support, at a tenperature in the
range from 300C to 800C and recovering the 1,1,1, 3, 3-pentafl uoropropene
fromthe resul ting r éamethod ferrtheiproductionradrlel, h3 Srrentatiugroprenene vhiohgompriaesy st
carri ed by comtactingrd®dichloppdcl,1,8 8, shdxaflnepfopans with hydrogen inahepiesdrica gf ainctal-
metal , net abnthinirgitatalyse cadried by dearbon sappory uh@denperatan dn the rngeaidn 860°C to

t her eof lafid ét@vériigathe Qfl,I,F,Bz”eﬁ{aﬂhﬁﬁ)brdp&né&bﬁ%@fbsﬁlﬁﬁ@kéahﬁoﬂﬁ&dﬁct,
consi st i ng yiereitethetHetalMbontAfiflg Chtalyst calti&] BYPhE @4kbeA sEipditTs delectdiffr&inthd Bdup
carbon o2t Shialins Wi thdn B B! fibeas 8536 etar oxb R AP Chrbinons Meteof,
wher ei n saiofaGhd 1 the EAAY4Esetébted forft the"A6hP Lonsisting of Fe, Cu, Ni, and Cr.

2. The method of claim 1, wherein the carbon catalyst support is activa'tec'll
carbon.

3. The method of claim 1, wherein said contacting is carried out in a reactor
for a period of time between about 0.1 and 60 seconds.

4, " The method of claim 1, wherein the molar ratio of hydrogen to 2,2-

dichloro-1,1,1,3,3,3-hexafluroropropane is between about 0.1 and about 30.

S The method of claim 1, wherein the reaction pressure is in the range of

ambient to about 200 psi.



for a period of time between about 0.1 and 60 seconds. 4. 'The nethod of
claim1, wherein the nolar ratio of hydrogen to 2, 2-

dichloro-1,1,1, 3, 3, 3- hexaf | uroropropane is bet ween about 0.1 and ab&AUEE0
5 The method of claim 1, wherein the-l&action pressure is in the range of
anbi ent to about 200 psi. 2 6 AUb '1003 -13 6. A nethod for the productlon

of 1,1,1,3,3-pegtaf | NORARPRARR of ﬁﬂi&ﬁda%bf‘gl(ll? af@ﬁlhﬁﬁérbﬂ%p&le;cﬁﬂﬁﬁi@ o- 1,

L %infwgswtice%?ﬂgggm WLe et e ot
the range ?f ?e%ﬁﬁw%a, mperanie irtthe 4IRS ffom) 3
fromthe ri800 r@%ﬂf’@?% PF“ \"RioP ne-from 1he bIA&

- an
1, 1,3, 3- pERcantacinedhe eV ,tlﬂ hideeaiuoroproppre w}éhﬁk@sﬂbm the presence of a
met al - cont wietalwcgntaining eatalyst aarried by bgarhon anpremt togpoesbice 11lol .2 dgptaduoropropane.
1,1,1, 3, 3-pent af | uoropropane. 7. The nethod of claim®6, wherein the
met aI -cont aining catalyst is selected fromthe group consisting of a
netal, netal halide, nmetal oxide, nmetal oxyhalide and conbi nations
thereof . The nethod of claim6, wherein the carbon catal yst support is
activated carbon. 9 . The nethod of claim?7, wherein the netal of the
netal -containing catalyst is selected fromthe group consisting of Fe, Cu,
Ni and Cr. 10.. A nethod for the production of 1,1,1, 3, 3-pentafl uoropropene
which conprises contacting 2,2-dichloro-1,1,1, 3,3, 3-hexafl uoropropane with
hydrogen in the presence of a netal -containing catalyst carried b
carbon support, af-a t@hﬁ@ﬁﬁ‘@dpécﬁamléﬁ‘é’ hergithe gretalise é—‘mﬂgcatalyﬂls selected

from the group consisting of a metal, metal halide, metal oxide, metal oxyhalide and

combinations thereof.

3. The method of claim 6, wherein the carbon catalyst support is activated
carbon.

9 .  The method of claim 7, wherein the metal oi‘ the metal-containing
catalyst is selected from the group consisting of Fe, Cu, Ni and Cr.

{0. A method for the production of 1,1,1,3,3-pentaflucropropene which
comprises contacting 2,2-dichloro-1,1,1,3,3,3-hexafluoropropane with hydrogen in the presence
of a metal-containing catalyst carried by a carbon support, at- a temperature in the range of about
350°C to about 800°C, and recovering the 1,1,1,3,3-pentafluoropropene from the resulting
reaction product, wherein the metal-containing catalyst carried by a carbon support is selected
from the group consisting of a metal, metal halide, metal oxide, metal oxyhalide and
combinations thereof, wherein the metal of the catalyst is selected from the group consisting of

Fe, Cuy, Niand Cr.



350C to about 800C, and recovering the 1,1,1, 3, 3-pentafl uoropropene from
the resulting reaction product, wherein the netal -containing catal yf)é 003
carried by a carbon support is selected fromthe group consisting Azgh
metal , netal halide, netal oxide, netgi oxyhalide and conbinations

t hereof, wherein the netal of the catalyst is selected fromthe group
consisting of Fe, Cu,N d .2 atJl i 2003,-14 The nethod of. cl gim
10, wherein the sdr bon@a@%ﬁ?@& %lﬁf}b@r‘fwrhie‘smé icgEhon pa BSH’PO’%?E‘GPH@Q t hod
of cIaim%O, wherein said contacting is carried out in a reactor for a
peri od 67°%%-nme between about 0.1 and 60 seconds. 13. The method of claim
10,. wherein the nolar ratio of hydrogen to 2,2- dicloro-1, 1,

1, 3, 3, 3- hexaf | uori@pr opEreemethod of visiem! Glveheteif) said ammtacthplis ca&died ddt in Beadi®t hod
of - claim 10, wherein the nolar ratio of hydrogen to 2, 2-

di chl or gorhpkridd 3f Bmé bk ek Akl OO AAF0Gedongbet ween 2 and 8. 1S, The met hod

of claim 10, wherein the reaction pressure is in the range from anbient to

about 450 psi. Thg, nmethod o | aiym 1 er.ei,n t reactlion pres eisin
the range from aﬁﬁn’i en ?W%‘Bgﬁfc%%ps‘f.erTVth“ﬁgﬁHﬁ]&Pfjﬁ‘gflmEﬂét ’é'duction
of 1,1,1, 3, 3-pentafl uorgopropane conpri sing 1) contacting

2, 2-di c21}“‘13}}‘%'-1ﬂ,}%é;@}%‘?@‘lﬁémwbﬁﬁ”@ﬁ%ﬁ@‘-\h&)tlrﬁlﬁﬁbﬂﬁb@a in the presence of
a netal-containing catalyst carried by a carbon support, at a tenperature
in the range of abiput ThSMethod ofiblaim | 808kereia ik melno vatid ofthydrogen to 2,2-

1,1,1, 3,3-pentafl uoropropene fromthe resulting reaction

dichlore-1,1,1,3,3,3-hexafluoropropane is between 2 and 8.

i

I5.  The method of claim |0, wherein the reaction pressure is in the range from

ambient to about 450 psi.

16.  The method of claim 1O, wherein the reaction pressure is in the range from

ambient to about 200 psi.

17. A method for the production of 1,1,1,3,3-pentafluoropropane comprising,
(1) contacting 2,2-dichloro-1,1,1,3,3,3-hexafluoropropane with hydrogen in the presence of a
metal-containing catalyst carried by a-carbon support, at a temperature in the range of about
350°C to about 800°C, and recovering 1,1,1,3,3-pentafluoropropene from the resulting reaction
product, wherein the metal-containing catalyst carried by a carbon support is selected from the
group consisting of a metal, metal halide,‘ metal oxide, metal oxyhalide and combinations
thereof, wherein the metal of the catalyst is selected from the group consisting of Fe, Cu, Ni and
Cr, and (2) contacting the recovered 1,1,1,3,3-pentafluoropropene with hydrogen in the presence

of a metal-containing catalyst to produce 1,1,1,3,3-pentafluorcpropane.




product, wherein the netal -containing catalyst carried by a carbon support
Is selected fromthe group consisting of a netal, netal halide, ”?tﬁaéU"[lUJ
oxi de, netal oxyhalide and conbi nations thereof, wherein the netal o IJt£r1e
catalyst is selected fromthe group cgmsisting of Fe, Cu, N and Cr, and

(2) contacting the recovered 1,1, 1, 3, 3-pent af |l uoropropene wi th hydrogen in

the presence of nmet gl - cont ai ni talyst to produce, . )

1,1, 1, 3, 3- pent af | (ot opr GBI .0%??épa%62i’ot¥5gf9.‘féi‘e %‘a?'c?%fém%&%%fs glested 17,
wherein the nmetal -containing catalyst is selected fromthe group consisting .
of a netEHm thegreup spasisrg ofametal, axdtal dalide metal oxighanetdboxyhdlideambi nat i ons
thereof. 19. The nethod of claimwherein the carbon catal yst support is

act i vat egmbarations thefgof. The net hod of claim 17, wherein the nolar ratio of
hydrogen to 2,2- dichloro-1,1,1, 3,3, 3-hexafl uoropropane i s between about

0.1 and about 30. 1. n{@% . cjhal : ' . r.at f
hydr ogen to 2, 2- (‘:Ill?'chl Eﬁg-l, ®?§%3?hg%%ﬁ1u%§g%?§%g%%j%&s%é@&v@ea%{lgﬁgﬁd 8.
22: The cgﬁqtggod of claim 17, wherein the reaction pressure is from anbi ent
to about "psi. 23. A nethod for the production of 1, 1,

1, 3, 3-pentafl uoropropene, with a selectivity of at |east 80% which
~conprises contact g 2 Theapethadnislaim! 7] wherithe meolarfratio o6 hydrpgendoRi2-h
hydrogen in the presence of a netal-containing catalyst carried by a

car bon dlighdenot1,1,413,3%3-hexgilmoripropent is betweenzbget i1 andabbut 360C t o about 800C,

and recovering the 1,1,1, 3, 3-pentafl uoropropene fromthe resulting
reaction product, Zmer €Fle théiRod'61 Ahint PN witieRik the molar ratio of hydrogen to 2,2-
| dichloro-1,1,1,3,3,3-hexafluoropropane is between 2 and 8.
22.  The method of claim |7, wherein the reﬁcﬁon pressure is from ambient to
about 450 psi.
23, A method for the production of 1,1,1,3,3-pentafluoropropene, with a
selectivity of at least 80%, which .comprises contacting 2,2-dichloro-1,1 ;] 3,3,3-
hexafluoropropane with hydrogen in the presence of a metal-containing catalyst carried by a
carbon support, at a temperature in the range of about 350°C to about 800°C, and recovering the
1,1,1,3,3-pentafluoropropene from the resulting reaction product, wherein the metal-containing
catalyst carried by a carbon support is selected from the group consisting of a metal, metal
halide, metal oxide, metal oxyhalide and combinations thereof, wherein the metal of the catalyst
is selected from the group consisting of Cu, Ni.
2%.  The method of claim 23, wherein the carbon catalyst support is activated
carbon.
'25.  The method of claim 23 wherein said contacting is carried out in a reactor

for a period of time between about 0.1 and 60 seconds.



catal yst carried by a carbon support is selected fromthe group consisting
of a netal, netal halide, netal oxide, netal oxyhalide and conbi nqtﬂ R0S 1003
t hereof, wherein the netal of the catalyst is selected fromthe group
consisting of Cu, Ni. 24. The nethod gfe claim23,. wherein the carbon

catal yst support is activated carbon. ?5. The net hod of claim 23, wherein
said contacting ig,carried out in a reactor for a period of tine between
about 0.1 and 60 ééfcona'bf?HE&OALQGSKN‘JBZ-Q\Ghereiﬁ.thél'melanmtfwufhyﬂragbﬁlm,z-3,
wherein the nolar ratio of hydrogen to 2,2 dichloro- 1, 1, 1,3,3,3

- hexaf | ulichiqro-dplah®,3{3shdxafluaeprophse it betweeABBNARDAUINd3Pouh. The met hod of

claim 23, wherein the nolar ratio of hydrogen to 2, 2-

di chl oro" 1,1, 1.3, 27 3- NSKaLIRLORL ARG, LiciOR HERBY AT, Gy sAlen 108 1ot G

of claim 23, wherein the reaction nperature 1's 0 about

500C. 29, .The f alaim23, wherein_the reaction pressure is in the

range f 15 orgﬂbnﬁivﬁg(’jjfgex&ﬁmﬁ@mn%’éimwp2‘FH§8rret hod of claim2-3, wherein

the reaction pressure is in the range of anbient to about 200 psi. 31. The

net hod of cl ai m 22 whedbe methng of eladmtZSvivhereinsthé reattion reapgmtot i8HEMtabo@0%

32.. A method for the production of 1,1,1,3, 3-pentafluoropropane, with a
350°C to about 500°C.

29.  The method of claim 23. wherein the reaction pressure is in the range from

ambient to about 450 psi.

30.  The method of claim 23, wherein the reaction pressure is in the range of

ambient to about 200 psi.

31. The method of claim 23, wherein the selectivity is in the range of 80% to
90%.

32, A method for the production of 1,1,1,3,3-pentafluoropropane, with a
selectivity of at least 75.52%, comprising (1) contacting 2,2-dichloro-1,1,1,3,3,3-
hexafluoropropane with hydrogen in the presence of a metal-containing catalyst carried by a
carbon support, at a temperature in the range of about 350°C to about 800°C, and recovering
1,1,1,3,3-pentafluoropropene from the resulting reaction product, wherein the metal-containing
catalyst carried by a carbon support is selected from thé group consisting of a metal, metal
halide, metal oxide, metal oxyhalide and combinations thereof, wherein the metal of the catalyst
is selected from the group consisting of Fe, Cu, Ni and Cr, and (2) contacting the recovered
1,1,1,3,3-pentaflucropropene with hydrogen in the presence of a metal-containing catalyst to

produce 1,1,1,3,3-pentafluoropropane.

INIMAN2 £78178v1



selectivity of at least 75.52% conprising (1) contacting
2,2-dichloro-1,1,1, 3,3, 3- hexafl uoropropane with hydrogen in the;pbx ﬁﬁl?ﬂﬁ]f
of a netal -containing catalyst carried by a carbon support, at
tenperature in the range of about 350G7to about 800C, and recovering
1,1,1, 3, 3-pentafl uoropropene fromthe resulting reaction product, wherein

t he netal - cont ai ning tal ys rri a carbon support is selected from
the group consi s?—%’ g o %mﬁé‘f)épff‘g]ﬁ’é‘ﬂggw%?mgﬁcma t SUPPOFS agtivated
oxyhal i de _and conbi nati ons thereof, wherein the netal of the catalyst is
sel ect egabP®Bm t he group consisting of Fe, Cu, Ni and Cr, and (2) contacting
the recovered 1,1,1,3, 3-pentafl uoropropene with hydrogen in the presence
of a netal -contaiBkng ThE Aleih®l of BlairBD dMlegeih tHe r%a@rio%‘t@ﬁﬁ&ﬁﬁiré’ﬁrﬁ%ﬂﬁ%@tﬂe-

| Nl MAN2 678178Yl 2 6 AUG 2003 -17 33. ‘The nethod of claim 32, wherein the

car bon LEURO t is activated carbon. 39-. The nethod of clainB2,
wher ei ng?ﬂ?%:‘%)gﬁl on Tenperature is fromabout 350C to about 500C.



