Office de la Propriete Canadian CA 2960177 A1 2016/03/10

Intellectuelle Intellectual Property
du Canada Office (21) 2 960 1 77
(Lj’,[‘ng[%?rfi“esgaena i mjgtf;‘éyaﬁ; i 12y DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2015/09/03 (51) Cl.Int./Int.CIl. CO7C 17/00 (2006.01),

Co7C 17/20 (2006.01), CO7C 17/26 (2006.01),
Cco7C 21/18 (2006.01)

(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2016/03/10
(85) Entree phase nationale/National Entry: 201//03/03

(86) N° demande PCT/PCT Application No.: US 2015/048239 HONEYWELL INTERNATIONAL INC.. US
(87) N° publication PCT/PCT Publication No.: 2016/036909 (72) Inventeurs/Inventors:
(30) Priorités/Priorities: 2014/09/05 (US62/046,340); WANG, HAIYOU, US;

2015/09/02 (US14/843,076) TUNG, HSUEH SUNG, US

(74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : PROCEDE DE PRODUCTION DE CHLOROTRIFLUOROETHYLENE
(54) Title: PROCESS FOR PRODUCING CHLOROTRIFLUOROETHYLENE

(57) Abrege/Abstract:
he present invention relates, at least in part, to a process for making chlorotrifluoroethylene (CFO-1113) from 1,2-dichloro-1,1,2-

trifluoroethane (HCFC-123a). In certain aspects, the process Includes dehydrochlorinating 1,2-dichloro-1,1,2-trifluoroethane
(HCFC-123a) In the presence of a catalyst selected from the group consisting of (i) one or more metal halides; (i) one or more
halogenated metal oxides; (lil) one or more zero-valent metals or metal alloys; (lv) combinations thereof.

B

.

'

e
ok [ [ f
RO . e s
. M "c'-'-.n:‘-:{\: .«me . m s
.
.

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




WO 2016/036909 A 1| [HJ ]! HH 000 VRSO O AR R

CA 029601777 2017-03-03

(19) World Intellectual Property
Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

[nternational Bureau — . o
?:_f/)) (10) International Publication Number
(43) International Publication Date ...na/ WO 2016 /036909 Al
10 March 2016 (10.03.2016) WIPO | PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C07C 17/00 (2006.01) CO07C 17/26 (2006.01) kind of national protection available). AE, AG, AL, AM,
C07C 17720 (2006.01) C07C 21/18 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
51y Tnt tional Apolication Number- BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(41} ‘nternstignst Appication Number: DTS00 /048730 DO, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT.,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
3 September 2015 (03.09.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
N | PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(26) Publication Language: English IR, TL, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: (84) Designated States (unless otherwise indicated, for every
62/046.340 5 September 2014 (05.09.2014) US kind of regional protection available). ARIPO (BW, GH,
14/843,076 2 September 2015 (02.09.2015) Us GM, KE, LR, L5, MW, MZ, NA, RW, SD, 5L, ST, 52,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71) Applicant: HONEYWELL INTERNATIONAL INC. TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
[US/US]; 115 Tabor Road, M/S 4D3, P. O. Box 377, Mor - DK, EE, ES, FI. FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ris Plains, New Jersey 07950 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(72) Tnventors: WANG, Haiyou Honeywell Inemational lno,  SM% TR). OAPI (BF, BI, CF, CG, CL, CM, GA, GN, GQ,
Patent Services M/S AB/2B, 101 Columbia Road, P. O. ’ ’ ’ , NE, SN, TD, TG).
Box 2245, Morristown, New Jersey 07962-2245 (US). Published:
TUNG, Hsueh Sung; Honeywell International Inc., Patent . ,
Services M/S AB/2gB, IOIYgolumbia Road, P. O. Box WIS infermational searce repors (Ark. 21(3))
2245, Morristown, New Jersey 07962-2245 (US).
(74) Agents: BEATUS, Carrie ct al.; Honeywell International

Inc., Patent Services M/S AB/2B, 101 Columbia Road, P.
O. Box 2245, Morristown, New Jersey 07962-2245 (US).

(54) Title: PROCESS FOR PRODUCING CHLOROTRIFLUOROETHY LENE

(57) Abstract: The present invention relates, at least m part, to a process for making chlorotrifluoroethylene (CFO-1113) from 1,2-
dichloro-1,1,2-trifluoroethane (HCFC-123a). In certain aspects, the process mncludes dehydrochlorinating 1,2-dichloro-1,1,2-tri-
fluoroethane (HCFC-123a) in the presence of a catalyst selected from the group consisting of (1) one or more metal halides; (11) one
or more halogenated metal oxides; (111) one or more zero-valent metals or metal alloys; (1v) combinations thereof.




CA 029601777 2017-03-03

WO 2016/036909 PCT/US2015/048239

PROCESS FOR PRODUCING CHLOROTRIFLUOQROETHYLENE

CROSS REFERENCE TO RELATED APPLICATIONS
The present mnvention relates to and clamms the priority benefit of US. Apphication
62/046,340, filed Septeraber 4, 2014, which 18 mmcorporated herein by reference mn its entirety as

18 fully set forth below,

FIELD OF THE INVENTION
The present invention relates, at least in part, to a process for
makingchlorotritiyorocthylene (CF{-1113) from 1,2-dichioro-1,1,2-trifluorocthane (HCF(C-

i23a).

BACKGROUND OF THE INVENTION

{-chiorp-1,2,2~trifluorocthylene {alse named as chiorotritiuorocthyiene (CTEE) or CFO-
1113} 1s commoniy used as a refrigerant in cryogenic apphications, CFU-1113 has a carbon-
carbon double bond and so can be polvmernized to form polychlorotnitluorocthyliene or
copolymenzed to produce the plastic ECTERE. Chiorotrifluoroethylene (CFO-1113) 15 currently
manufactured commercially by dechlornating 1,1, 2-trichiorotrifluoroethane (CFC-113} via
reaction with zing in the presence of methanol as a solvent. A major drawback with this process
15 the formation of 1,2-dichloro-1,1,2-trifluorocthane (HCFC-123a) as a major byproduct, which
greatly reduces the vield of CFO-1113 and 18 also costly to dispose of.

Applicants have come to appreciaie that it would be desirable to develop a method which

.

1s able to convert HUFC-123a t0 a more usefuld product, including specificaliy CFO-1112. One
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routc which has been contemplated by apphlicants for producmg CFO-1113 from HCFC-1234a 18
through 1ts dehydrochlornation cither m the presence of g caustic solution m a hquid phase
reaction or more prelerably n the presence of a solid catalyst m a vapor phase reaction. One
potential problem that may be associated with certain vapor phase processes 18 the formation of
by-products such as trans- and/or cis-1somers of 1,2-dichlore-1,2-difluorocthviene {CFO-1112)
which can be formed via a competing dehydrofluorination reaction. The formation of these by-
products m sigmificant quantaties can negatively reduce the vield of the deswred CFO-1112
product and can negatively effect the process etficiency due to additional requirements for
product scparation. Applicants have therctfore comet to appreciate that it would be advantageous
to develop processes and systems, including catalyst systems, that are able to reduce or suppress
the extent of undesirable dehydrofluorination reactions and to mcerease the productivity and yield

of the desired tluonnated olefin, namely, CFO-1113,

SUMMARY OF THE INVENTION

in certain non~limuting aspects, the present 1nvention provides processes for making
chiorotrithuorocthylene (CFO-1113) from 1,2-dichioro-1, 1, 2-trifluoreoethane (HCFC-123a). In
certain embodiments, the processes include dehydrochiorinating 1,2-dichlors-1,1,2-
trifluorocthane (HCFC-123a) 1in the presence of a catalyst selected from the group consisting of
{1} one or more metal hahdes; (11) one or more halogenated metal oxides; (111} one or More 2ero-
valent metals or metal alloys; and (v} combinations thercof. This reaction can be depicted

schematically as follows:

CLFC-CHE,
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Preferably, the processes provides a conversion percentage of HUF(C-1234a that 1s at least
about 5 wt.% , more preferably m certain embodiemtns at least about 10 wt.% , and even more
preterably i certain embodiments at teast about 15 wi%. In certamn preferred embodiments,
include 1 accordance with ¢ach of the preferred conversion percentages mentioned hergin, the
selectivity of the process to chlorotritluoroethylienc 1s at icast about 70 wt. %, more pretferably in
certain ernbodiments at icast about 80 wi. %, and ¢ven more preferably 1n certain embodiments
at least about 90 wt, %.

The reaction product stream of the dehydrochlorinating step, that 18, prior to any
distiiiation or purification, in certain cmbodiments preferably includes less than about 1( wt. %
of organic by-product impuritics, more preferably in certain ernbodiments iess than about 7 wt.
% of organic by-product impuritics, and in even more preferably in certain embodiments less
than about 3% organic by-product impurities. In certain embodiments, the reaction product
stream, prior to any distillation or purification, prefcrably mcludes less than about 10 wt. % of
the organic by-product mmpurity CFO-11 12, more preferably 1 certain embodiments less than
about 7 wt. % of CF(3-1112, and m ¢ven more preterably o certain embodiments less than about
Swt. % of CFO-1112. As used herein, the term “organic by-product impurtties” means organic
products other than the the starting reactants, including HCF(C-123a but does not include by-
product acid gas, such as HCl or HFE.

The dehydrochioninating step may be conducted under reaction conditions, mcluding
temperature, pressure and reaction time conditions, that results m the desired CFO-1113 product
and preferably one or more of the advantages discussed herein. In certain preferred
embodimens, the process comprisces conducting the dehydrochlorination at a teraperature

greater than about 400 "C, more preferably in certain embodiments greater than about 425 "C,

i)
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and even more preferably in certain embodiments greater than about 450 °C.. In certain aspects,
at lcast a substantial portion of the dehydrochlorination reaction, and preterably mn certain
embodiment substantially the entire dehydrochionnation reaction, 18 conducted within a
temperature range of from about 400 "C to about 550 "C, and more preferably in certain
embodiments within a temperature range of from about 425 °C to about 550 "C, and even more
preferably in certain embodiments within a teraperature range of from about 480 °C to about 550
"C. In certain preferred embodiments, at least a substantial portion of the dehydrochlorination
reaction, and preferably m certaim embodiment substantially the entire debydrochlornination
reaction, is conducted within a temperature range of from about 480 "C to about 525 °C.

in certain preferred embodiments, the catalyst includes mono-valient metal hahide, bi-
valent metal halide, tri-valent metal halide, or a combination thereof. The catalyst can be
supported or unsupported, altthough supported catalyst systems are preferred in certaimn
ecmbodiments. The component metal 1n such preferred embodiments may mclude one or more of
Cr' Fe', l\flgzi Ca® Nit', Zn" P4, Li" Na , K, and Cs'. The component halogen may
melude one ormore of 7, C, By, and I'. Non-hmiting examples of such catalysts mclude one
or more of Lib, NaF, KF, CsF, Mgk, Cal,, 1], NaCl, KU, and Cs{Cl. In certain
enbodiments, the catalyst includes an optionally supported combination of Mgh,and onc or
more of CsCl, L1, NaCl, KCi, LiF, NaF, KF, and/or CsF. In certam preferred cmbodiments of
the toregomyg combination, the one or more of CsC, LaCl, NaCl, KCi, LiF, NaF, KF, and/or Csh
18 present in an amount of about 5.0 wt.% to about SO wt %, based on the total weight ot the
catalyst in combination with Mgk,

In further embodiments, the catalyst may include one or more of an optionally substituted
haiogenated mono-valent metal oxade, halogenated bi-valent roetal oxide, halogenated -

4
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valentmetal oxade, or a combination thercof. In such embodiments, the component metal may

)

include one or more of Cr' ', Fo' ', Mg™', Ca®', Ni*', Zn"", Pd"", Li', Na, K, and Cs'. Non-
mting examples of such catalysts include at icast one optionally supported halogenated metal
oxide selected from the group consisting of fluormated or chlormated MgQ, fluormated or
chlorinated CaQ, fluorinated or chlorinated L1,0, fluorinated or chlorinated Na; O, tluorinated or
chiorinated K,0O, and fluormated or chlonnated Cs>O. In certam aspects, the catalyst mchudes an
optionally supported combination of tluorinated Mg with one or more of a fluormated Cs,0, a
Hluornated L1, a fluormated Na. {3, and/or a Hluormated K (. In certam aspects of such a
combination, the one or more of a fluornated s, 0, a fluorated L1,0, a thuonnated Na,(,
and/or a Hluornated K, may be present 1 an amount of about 5.0 wi.% to about 50 wt %, based
on the total weight of the catalyst in combination with MgQ.

in even further embodiments, the catalyst comprises an optionally supporied zero valent
metal, a zero valent metal alioy, or a combination thereof. In such ecmbodiments, the component
metal may imclude one or more of Pd, Pt, Rh, Ru, Ir, Os, Fe, Co, Ni, Cu, Mo, Cr, and Mn. Zero
valent roetal alloys may mclude one or more stainless steel alloys, Monel alloys, lnconel allovs,
Hastelloy alloys, Incoloy alloys and combinations thereot, Catalyst supports may include, but are
not iimited to, MeQ, fluorinated Mg(), MgkF,, carbon materials such as activated carbons and
carbon molecular sieves, and «-AlyOs. In certain preferred embodiments, the zero valent metal or
zero valent metal alloy comprises one or more of Pd, Pt, Ru, Rh, and/or Ir supported on MgO. In
certain preferred embodiments of such a preferred combination, the one or more of Pd, Pt, Ry,
Rh, and/or Ir may be present in an amount of about 8.05 to about 5 wt %, based on the total
werght of the catalyst in combination with MgQO. In further embodiments, the catalyst 1s a zero

vaient roctal alloy that 1s contamned within the walls of the reactor,
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Additional embodiments and advantages will be readily apparent to one of skill in the art

on the basis of the disclosure provided heren.

DETAILED DESCRIPTION OF THE INVENTION

in the present invention, 1,2-dichioro-1,1,2-trifluorocthane (HCF(C-123a} 18
dehydrochiorinated 1 the presence of a catalyst to form a product comprising
chlorotrifluorocthylene (CFO-1113).

In the process of the present invention, the catalysts are preferably selected to to achieve
the seicctivity and/or conversion of HOF(C-123a to CF0O-1113 according to one or more of the
preferred embodiments described herem. The processes of the present invention preferably utilze
catalysts as described herein smce applicants have found that such catalysts are capable,
cspecially and preferably under the other reaction conditions specified herein, of providing
advantageous sclectivity for the dehydrochiorination reaction than for competing reactions,
ncludimg dehydrotluorination side reactionds).

There are three preferred classes of catalysts that apphicants have tound to be especially
uschud in the present mvention: (1) metal halides, {11} halogenated metal oxides, and (114} zero-
vaient metals/metal alloys.

The first class of catalysts 1s metal halides. In certamn preferred embodiments, the metal
halides include mono-, bi-, and tri-valent metal halides and their nuxtures/combinations, and
certain more preferred embodiments mono- and bi-valent metal halides and their
mixtures/combinations. Component metals include, but are not limited to, O, Fe'l, Mgz'*', Ca’
Ni*", Zn  Pd®, Li  Na' K, and Cs . Component halogens include, but are not hnuted to, F,

Cl, Br, and I'. Examples of preferred mono-~ or bi-valent metal halides include, but are not
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limited to, LiF, Nak, KF, Ust, Mgk,, Cal,, LiCl, NaCl, K, and CsCL The catalyst may be
supported or unsupported, such as with one or a combination of catalyst supports discussed
heremn. In certain embodimaents, the catalyst s a combination of Mgh; with one or more of CsCl,
L], NaCl, KCL LiF, Nab, KF, and/or CsF. In certamn aspects of such embodiments, {CsCl,
FaChH NaCl, KC1, LiF, NaF, KF, and/or CsF are present in an amount of about 5.0 to about 50 wt
%, based on the total weight of the catalyst.

The second class of catalysts 1s halogenated metal oxades. In certamn preferred
embodiments, the halogenated metal oxides include halogenated mono-~, bi-, and tri-valent metal
oxides and thetr mixtures/combinations, and m certain more preferred embodiments halogenated
mono- and bi-valent metal oxides and their muxtures/combinations. Corponent metals melude,
but are not limited to, Cr ', Fe™ ', Mgz*,, Ca*" Ni*" Zn®' Pd? L Na', K, and Cs'
Halogenation treatments can include any of those known i the prior art, particularly those that
empioy HE, by, HCL, CL,, HBr, Bry, Hi, and 1, as the halogenation source. Examples of preterred
halogenated mono- and bi-valent metal oxides mclude, but are not limated to, fluormated or
chilormated Mg, fhuormated or chlonnated CaQ, fluormated or chlonnated L, fluonnated or
chlorinated Na,{(3, fluorinated or chlornated K-, and fluorinated or chlorimated Cs;(3. The
catalyst may be supported or unsupported, such as with one or a combination of catalyst supports
discussed herein. In certain embodirents, the catalyst includes 4 combination of fluorinated
Mg with one or more of a tluoninated Cs; (3, a Huormnated L0, a fluormated Na; (O, and/or a
fhuorimated K3, In certain aspects of such embodiments, the tluormated Cs, (3, fluorinated Li{},
fluorinated Nay(, and/or thuorinated K (O 1s present in an amount of about 3.0 to about SO wt %,

based on the total weight of the catalyst.
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The thard class of catalysts 15 neutral (1.¢., zero valent) metals, metal alloys, and theiwr
mixtures. The zero valent metals may include, but are not irmied to, Pd, Pt, Rh, Ru, Ir, Os, Fe,
o, Ni, Cu, Mo, Cr, Mn, and combmations of the foregoing as alloys or mixtures. The catalyst
may be supported or unsupported. Usetul supports mclude, but are not limited to Mg,
fluorinated MpQ, Mgk, carbon materials such as activated carbons and carbon moilecular sieves,
a-AbOs. In certain embodiments, the catalyst mncludes 4 combmation of MegQO with onc or more
of Pd, Pt, Ry, Rh, and/or Ir. In certain aspects of such embodiments, Pd, Pt, Ru, Rh, and/or Ir are
present im an amount of about .03 to about S wt %, based on the total weight ot the catalyst,

Non-limiting examples of metal alioys inciude stainicess steel alioys (344, 316, 3161,
ctc. ), Monel alloys (400, 401, 404, ctc.), Inconel alioys (600, 617, 625, 718, ctc.), Hastelloy
alloys (B-2, C-4, C-22, C-276, etc.), and Incoloy alloys (R0, 825, etc.). In certamn preferred
crbodiments, the metal alloy catalyst 18 an Inconel alloy. In certain preferred embodiments, the
catalyst 18 an Inconel 625 alloy. In one preferred embodiment, amaersuriace of a metal alloy
recactor vessel, and in preferred embodiments an inner surface of the vessel can serve as catalyst
for HCFC-123adehydrochlonnation,

In addition to CFO-1113, the reaction product mixture may aiso have unconverted
HOFC-123a and hydrogen chioride. In certam aspects, the final reaction product contains, prior
to any distillation or purification, less than about 10 wt.% of organic by-product impuritics, less
than about 7 wi. % ol organic by-product impurities, or less than about 5 wi. % of organic by-
product umpurttics, based on the total weight of the {inal product. Such organic by-product
impurities may mnciude any one or more compounds that ihibit the ability to convert HCFC-
i23a and/or the production {¢.¢. sclectivity of) chlorotrifluorocthylene (CFO-1113), particularly

at the levels discussed 1o greater detail below. In one embodimment, such organic by-product
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impuritics include, but are not hmited to, CFO-1112 1somers {¢.g. |,2-dichloro-1,2-
difluorocthyicne), HFO-1123 (1,1, 2-tritluorocthene), CFC-13 {chlorotritluoromethane), CFC-12
{dichlorodifivoromethane), and G-124 1somer (2-chloro-1,1,1,2-tetralivorocthane). In certan
preferred embodiments, the organic by-product impurtiies mchude CFO-1112 1somers,
particuiarly 1,2-dichioro-1,2-difluorocthyiene

According to certain preferred embodiments, the reaction product stream , prior to any
distillation or purification, includes less than about 10 wt.% ot CFO-1112, more preferably less
than about 7 wit. % of CFO-1112, and even more preferably less than about 5 wt. % of CFO-

2, based on the total weight of the components in the reaction product stream . In certain
preferred embodiments, the reaction of the present invention 1s conducted under conditions
ctiective to ensure that the amount of orgamc by-product impurities, and preferably m certamn
cbodiments, CFO-1112, 18 reduced prior to any purification or distdiation, relative o the
amount of umpurities produced by recaction conditions that l1¢ outside cach of those preferred
reaction conditions disciosed hereim.

(Greately enhanced or improved selectivity tor CFO-113 15 an unexpected but hughly
advantageous feature of the preferred aspects of the present invention. The dehydrochlorination
reaction 1s, in cortain preferred embodiments, preicrably carried out under conditions efiective 1o
obtain 4 sclectivity of at least about 70%, more preferably at least about 80%, and most
preterably at least about 90%. The dehvdrochlormation reaction 18, in certain preferred
cmbodiments, preferably carried out under conditions etfective to obtamn a conversion of at lgast

about 3%, more preferably at least about 10%, and even more preferably at lcast about 15%. In

certain highly preferred ernbodiments, the dehvdrochlorination reaction 1s carried out under
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conditions cifective to at once obtain a selectivity and a conversion according to any one of the
preferred aspects described herein,

The dehydrochiorinating step may be conducted at any temperature and pressure that
results 1 the product and pretferably the advantages discussed herein. In certain aspects,
dehydrochiorimation may be carried out at a toemperature range of about 200 °C to about 840 °C,
and in certain ernbodiraents from about 300 °C to about 600 °C. In certain ermabodiments, the
temperature s about or greater than 400 °C, about or greater than 425 °C, or about or greater than
450 °C. In turther embodiments, the temperature 18 within the range of from about 425 °C {o
about 525 °C 1n the presence of a catalyst. In certain aspects, the dehydrochiorinating step 1s
conducted within a temperature range of from about 425 °C to about 550 °C. In further aspects,
the debydrochlorinating step 1s conducted within a temaperature range of from about 480 °C to
about 350 °C, and in further aspects, the dehydrochlorinating step is conducted within a
temperature range of from about 480 “C to about 525 °C.

it 1s conternplated that a vanety of reaction pressures may be used, such as
superatmospheric, atrnospheric, and subatmospheric, In certamn aspects, atrmospheric pressure 18
preterred.

Dichydrochiorination may optionally be carried out in presence or absence of an oxidizing
agent, Usctul examples of oxidizing agents iclude, but are not hirntied to, oxygen and carbon
dioxade. Use of an oxadizing agent can exiend the e of the catalyst. The oxudizing agent can be
pure or duuted with an mert gas such as nitrogen betore being mitroduced nto reactor. The level
of oxidizing agent 1s gencrally from about 1% to about 10% by volume and pretferably from

about 2% to 5% by volume based on the volume of the organic feed.

10
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it may also be advantageous to periodically regenerate the catalyst after prolonged use
while m place n the reactor. Regencration of the catalyst may be accomplished by any means
known 1 the art, Une method s by passmg oxygen or oxyvgen dibuted with matrogen over the
catalyst at temperatures of about 200 °C to about 600 °C (1n certamn preferred embodiments from
about 350 °C to about 450 °C) for about 0.5 hour to about 3 days followed by either halogenation
treatment at temperatures of about 25 °C to about 400 “C (in certain preferred embodiments from
about 200 °C to about 350 °C) for halogenated metal oxade catalysts and metal halide ones or
reduction treatment at temperatures of about 100 °C to about 600 °C (preferably about 200 °C to
about 350 °C) for metal catalysts.

Dichydrochlorination 1s preferably carried out in a corrosion-resistant reaction vessel.
Examples of corrosion-resistant matenals are Hastelloy, Inconel, Monel and tluoropolymer
linings. The vessel may have a fixed and/or a thuidized catalyst bed. If desired, mert gases such

as nitrogen or argon may be emiploved 1n the reactor durning operation,

EXAMPLES
The following are examples of the present invention and are not to be construed as

lmiting .

BExample 1

About 40 mi of 10% CsClU/Mgl, catalyst was charged mto a 747 X 0.0357 tube Inconel
625 reactor. The reactor was mstalled i the nuddle of an eclectric 3-zone sphit furnace. Process
temperatures were recorded using a multi-point thermocouple placed mside the reactor and
withun the catalyst bed. The reactor was {irstly heated to desired temperatures m mitrogen fiow,

11
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and then a stream contaming 94.6% pure HCFC-123a was {cd nto the bottom of the vertically
mounted reactor at a feed rate of 12 g/h to start a reaction. The reactor pressure was sct at 1 atm.
The reactor cffluent was penodically sampled and analyzed by GC-MS and GC for s
compositions to determine raw mailerial conversion tevel and product selectivity.

As shown i Table 1, both HCFC-123a conversion and CFO-1113 selectivity were
mereased with mmcrcasing temmperature over the 10% CsCEMgE, catalyst, At 500°C, on average,
the HCFC-123a conversion and CFO-1113 selectivity were 16.2 and 96.7%, respectively. As a
comparison, the empty Inconel 625 reactor provided a conversion of about 6% and a CFO-1113
seiectivity of about 94% at the same 300°C.

Tabic 1 - HCFC-123adehydrochlorination’

'""""“""""“"""" Catalyst | Temperature, °C """"ﬁ?'?E""i'§';';"'ESI{{?“"'EZT"""""'§5'1'5§££{§E§Z"€§ """"""
CHO-1113 Others”
""""""""""""""" % U(E\«IOPQZE-\O 50"”?22 28
480 5.8 2.9 17. ]
S R R T S T %32 """""
tnconel 625 (empty tube) SHE 6.3 3.9 6.1

' Other reaction conditions: 0 p 1 sig, 94.6% pure 12”«@ feed, 12 g/h feed mtc:
> Others include CFO-1112 isomers, HFO-1123, CFC-13, CFC-12, G-124 isomer, cto.

The above experimental protocol 18 performed using the following catalysts:  10%
LaClMgh,, 10% NaCl/Mgk,, 109% KCUMgh,, 10% LiF/Mgl,, 10% Nabk/Mgk,, 10% KF/Mgh,,
and 10% CsF/Mgl,. At or above 480 "C, cach of these catalysts exhibits substantially the same
conversion and scicctivity percentages as the 10% CsCUMgE, catalyst and exhibits similar

impurity levels,

12
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Example 2

About 40 ml of fluorimated 15 wit% Cs,0/MeO catalyst 1s loaded mto the same 747 X
.0357 tube Inconel 625 reactor as described m Example 1 for HOFC-123adehydrochionnation.
The reactor 1s heated to 480°C i mitrogen Hlow. Atter the temperature 1s stabihized, 94.6% pure
HOFC-123a feed 1s then passed through the catalyst bed at a rate of 12 grams/hour {g/h). The
reactor pressure 15 set at 1 atm. As shown in Table 2, on average, the 15 wit% Cs,0/MgQ
catalyst provides a HOFC-123a conversion of about 15% and a CFO-1113 selectivity of about
35,

Table 2 - HCFC-123adehydrochlorination’

{Catalyst - Temperature, °C | HCFC-123a conv., (%) | Selectivity, %

e

- CPO-1113 | others’

N
L

fluorinated 15 wt% | 480 15.3 952 1 48

C%? (/M gO

h i y :
-------------------------------------------------------- &-------------------------------------------------------------l.---------------------------------------------------------------J—--------------------------------*---------------------------- |

i " T : : P P
{ther reaction conditions: O psig, 94.6% pure 1238 teed, 12 g/h teed rate;

* Others include CFO-1112 isomers, HFQ-1123, CFC-13, CFC-12, G-124 isomer, etc.

The above expermental protocol 1s performed using the following catalysts: {luorinated
15wt Li0/Mge(} | tluormated 135 wit% NapyQO/MgQ, and fluornmated 15 wt¥% K, O/Mg(3. Ator
above 480 "C, cach of these catalysts exhibits substantially the same conversion and selectivity

percentages as the fluormated 15 witt CUsO/MgO and exhubits stmidar impurity levels.

L

‘xample 3
43 mi of | wt% Pd/MgQ catalyst 1s Ioaded into the same 747 X §.0337 tube Inconel 625

reactor as described in Example 1 for HCFC-123adehvdrochlorination. The reactor 1s heated to
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4534°C in nitrogen tlow. After the temperature 18 stabilized, 94.6% pure HOFC-1234 feed 1s then
passed through the catalyst bed at a rate of 12 grams/hour {g/h). The rcactor pressure 18 set at |
atm. As shown 1o Table 3, on average, the 1 wt% Pd/MgO catalyst provides a HCFC-123a
conversion of about 10% and a CFO-1113 selectivity of about $7%.

Table 3 - HCF(C-123 adehydmchi,arinati@nj‘

{Catalyst - Temperature, °C | HCFC-123a conv,, (%) | Selectivity, %
. ' CP(O-1113 | others’
I wi% Pd/MgO | 450 10.1 971 1 29

| ] : e : , | ~ PR iy :
{Other reaction conditions: O psig, 94.6% pure 123a feed, 12 g/h feed rate;

* Others include CFO-1112 isomers, HFO-1123, CFC-13, CFC-12, G-124 isomer, etc.

The above experimental protocol 1s performed using the following catalysts: 1 wt%
Pt/MgQ, Twi% Ru/MgO, 1 wi¥ Rh/MeO, and 1 wi% I/MgQ. At or above 450 °C, cach of
these catalysts exhibits substantiaily the same conversion and selectivity percentages as the |

wito Pd/Mgl) and exhibits stmdar impurity levels.

14
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CLAIMS

What is claimed is:
A process for producing chlorotrifluorocthyiene (CFO-1113) comprising:

dehydrochlonmating 1,2-dichlore-1,1,2-triflyorocthane (HUFC-123a) m the
presence of a catalyst selected from the group consisting of (1) one or more metal halides;
{11} on¢ or more halogenated metal oxides; (111} one or more zero-valent metals or metal
allovs; {1v) combinations thercot to produce 4 reaction product comprising CFO-1113.
The process of claim | wherem the conversion ofHCFC-1234 15 at least about 5 wt.%,
the selectivity to chiorotritluorocthyiene s at {east about 70 wt. %, and said reaction
product compriscs less than about 10 wit. % of CFO-1112.
The process of claim 2 wheremn a substantial portion of the dehydrochlorimating step 1s
carried out at a temperature of from about 480 °C to about 550 °C.
The process of claim I wherein the catalyst comprises at least one metal halide wherein
the component metal is selected from the proup consisting of Cr ', Fe'', Mg, Ca”™', Ni”,
Zn ' Pde, Li, Na', K, and Cs', and the component halogen 1s sclected from the group
consisting of ', Cl, Br, and 1.
The process of claim 1 wherein the catalyst comprises Mgk, and one or more of Cs(l,
{1C1 NaCl, KCI, LiF, NaF, KF, and/or CsF.
The process of claim 1 wherem the catalyst comprises at least one halogenated metal
oxide selected from the group consisting of fluornated or chiorimated MgQ, Huorinated
or chlorinated Ca0, fluorinated or chlorinated L0, fluorinated or chlornated Na,Q,

tluorinated or chlormated K O, and tluorninated or chlornated Cs, 0.

15
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The process of claim 1 wherein the catalyst comprises a zero valent metal, a zero valent
mctal alloy, or a cormbination thereot,

The process of claimn 1 wheremn the zero valent roetal or zero valent metal alloy s
optionally sgpported and comprises at {cast one metal sclected {rom the group consisting
of Pd, Pt, Rh, Ru, Ir, Os, Fe, Co, Ni, Cu, Mo, Cr, Mn, and combinations.

The process of claim 1 wherem the zero valent metal or zero valent metal alloy comprises
one or more of Pd, Pt, Ru, Rh, and/or Ir supported on MgQ,

The process of claim 1 wherein the zero valent metal alloy 1s selected from the group
consisting of stainless steel alloys, Moncel alloys, Inconcl alioys, Hastclioy alloys, Incoloy

alloys and combinations thercof.

16
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