TITLE COMPOSITIONS COMPRISING 2,3-DICHLORO0-1,1,1- TRIFLUOROPROPANE,
2-CHLORDMW A 2807RIFBE Y OROPROPENE, 2- CHLORO-1,1,1,2-TEHRAKUQRQFRBROPANE OR
2,3,3,3- 5TETRAFLUOROPROPENE BACKGROUND 1. Field of the Invention. The present disclosure
relates to the field of compositions which 10 may be useful as heat transfer compositions, aerosol
propellants, foaming agents, blowing agents, solvents, cleaning agents, carrier fluids, displacement
drying agents, buffing abrasion agents, polymerizatiEedia, expansion agents for polyolefins and
polyurethane, gaseous dielegtri inguishi ents, and fire suppression agents in liquid or
15gaseous form. In particul%%%oéﬁm%%%%%e%%@ b@ﬁt%ﬁsmhich may be useful as
heat transfer compo$Rititd) SROPRORAINE 2 etiafhrmpropen HEBESArthpeiR34y0 or
compositions comprising 2,3;dl ro-1,1,1-trifluqrop -243db qr 243db),
2-ch|or01,1,1-trif|uoroprop%ﬁ'é‘dﬁ§§ Ifgjl’%??%ﬁ% %&%%h%@% f:}g 5325 ”?étrafluoropropane
(HCFC-244bb}. 2. Description of Related B NelWepRitstrismEaiEegulations have led to the need for
new compositions for use in refrigeration, air-conditioning and heat pump 25apparatus. Low-global
warming potential compounds are of particular interest. SUMMARY OF THE INVENTION Applicants

> A

have found that in preparing such new low gloBAGK GREAMMBhotential compounds, such as 1234yf,
that certain additiopal 30 co &Cf/%n%éa? present in small amounts. Therefore, in accordance with the
present disclosure, there is g%p CEE Sm‘gﬁon comprising HF0-1234y1 and at least one
additional compound sel@tedrzsentttisgjosursoetsisting HEHER b234z@08ons 2d3gh HCFC-243db,
HCFC-244db, HFC: : - FO-12334 HCF0-1233zd, HCFC-253fh, HCFC-234ab,
HOFC-2431e, Bty SEk CHLE IS 2o PEA GO R P S o600 S B,
HCO-1130, HCO-EE80ts, BPOIIB3serE ROVESRS, HERDP BYENtH CHOt 18 HSHFC-1141,

HCFO-12427f, HCRQ2@3xdnkisrh; -m,@%ﬁ‘g—%%a%ﬁgf;éﬁgﬁ%&%o%omposition contains

less than about 1 We|8.ht percent of the at least one addition ompaositions comprising

HCFC-243db, HCIERR4835xpasine Paeieiopeiycipinsand noiysetans gapeake HF0-1234y1.

Therefore, compoﬁwmﬁm&aﬁﬁm_ma@@mgrgggmﬁ%ﬁ@%ﬁ%, HCFO0-1233xf,
and/or HCFC-244db, in ad?ition HO other ckomrﬁ%gnds.‘,The,refore, in accordance with the present
disclosure, th&re i§15 BHVIRED & %gﬁ‘{ﬁ% o CoRTPRRIT G FRieREre A8@raria SRRARRS additional
compound selectedfifichmibe beasgitbasistay todrefeyeoapdFifor3 sGiHed 3, 415.€-143a, HFC-152a,

HF0-1234yr, HFO- - f 051330, HCO-1130a, HFO-1234ze, HFQ-1336,
HCFC-244bb, HCI%F-%A% D O e Bl AL, B S ST ek . 20 111,
HCF0-1233x1, HCE8-di28kya: HECEGioapptoptor (=532 4R0b@r L2238k, HEHGe233ab,
HCFC-226ba, and{Hif 4R (Spldie R0 THROSHO IR SPRER,A WK from greater than zero weight

percent to about 99 weight percent of HCFEC-243db. In addition, in accordance with the present
disclosure, théte <8RS 9B BPGRRIEE G CorAtton comprising HCF0-1233xf and at least one
additional compound selected from the group consisting of HCF0-1233zd, HCF0-1232xd,
HCF0-1223xd, HCEC-253fb, HCFC-233ab, HFO- é34yr, HF0-1234ze, ethylene, HFC-23, CFC-13,
HFC-143a, HFC-152a, HFO%%PWE(?—%%%‘%%&] ©-1130, HCO-1130a, HFO-1336, HCFC-244bb,
30 HCFC-244db, HFC-24Efw, ¢tFtadGeiha HEF 8 Sah #1E F&t A5 £l nded-fod h3d, HCF0-1242zf,
HCFO-1223xd, HCE(1433a0Bns G Gs296ha800 HFC-22 \ C ition may contain anywhere
from greater than zerogvojg‘ight percent to abo%t 99l wéiﬁig@éiﬂﬁ(@?o%%’f%%@

25 apparatus. Low global warming potential compounds are of particular

interest,

SUMMARY OF THE INVENTION

Applicants have found that in preparing such new low giobal
warming potential compounds, such as 1234vf, that certain additional
30 compounds are present in smail amountis.
Therefore, in accordance with the present disclosure, there is

provided a composition comprising HFO-1234yf and at least one



In addition, in accordance with the present disclosure, there is also provided a composition comprising
HCFC-2448bBAY%3EAE one additional compound selected from the grod- E0EMy B
'HCF0-1233zd, HCF0-1232xd, HCF0-1223xd, HCFC-253fb, HCFC-233ab, HF0-1234y1, HF0-1234ze,
ethylene, HFC-23, CFC-13, HFC-143a, HFC-152a, HFO1243zf, HFC-236fa, HCO-1130, HCO-1130a,
HFO-1336, HCFCx - =  HEC- - -254fb,
HCPC1131, HOFG AN Heod oo e sy (s b SR CE e he
composition may ¢ apRwner s rebifer thar 4érohiiioit percera4bbut 99 weight percent

of HCFC-244bb. Hdre-figimsneck thersisarevites sseempesiion comprigipg HRQ-1234341 and
less than about | weight percent HFQ-1234ze. In a second as&ect, there is provided the use of the

23
composition as defil¥EABoVE a€PefrigerdntdiTC -t 33niaas tHerk i8t8vidEE the use of the
composition as defipei,ahoveiaS@ rfQerapt) aFcorsitonersciregzersaetigemtors, heat pumps,

water chillers, floo \/ t illers, direct expansi illers,, centrifugal chillers, walk-in coolers,
heat pumps, mobi%%ﬁf%@%%qo %Ig z!ﬁ?rg chEr)f .ﬁ%ﬁmﬁﬁ% Hég%gnrgﬁ%ﬁé%ﬁareof. In a fourth
aspect, there is prokidéd2bebasarat theCeéihfmssititreangfindtalkont s detosokprogeltants. Ina
fifth aspect, there is proyi g E}éﬁt"(ﬁeﬂ?é Hﬁ’ com it in ve as foaming agents. In a
sixth aspect, there is p?%f\k/? eél a method of €lj's(_%ngﬁa%;se c?@r%%%%ﬁ%rrﬁ gg%t?@ﬁned above comprising the
composition carrying heAtropaEiReatcss0pes g dihd=t-ghidb, HRRCsa78aMT, ansdet, there is provided

a method of uging thsrenmResities asfalingdoboveas Araldggrant A LyeRsamprising the
composition undergoing a phase change from a liquid to a gas and back’ BRIEF DESCRIPTION OF

THE DRAWINGS “CMiaops CoEaRaing de ety FRUARY SR e M S0 fd8EEINg HFO-1234yf
from 243db. DETAHIZD, RESCRIRTION ffol HEFRREFAGRRE RIEMBAOHHENTS HF0-1234yf has
been suggested for use as a refrigerant, heat transfer fluid, aerosol propellant, foam expansion agent,
among other uses.c?trﬂ%%ugi]:sd, advantageously, been found that HF0-1234}4 has a low global warming
potential (GWP) as repditeidibsy, \h GcPmipactimithiow, pedsal: insBbysicalzhemistry Chemical Physics,

2007, volume, 9, Paggadtd & KLl deafdng qeptoandigale ol [eplagg he higher GWP

saturated HFC refrigerants. - In one em e present disclosuré provides a composition
comprising HFO-1298HoaRtcaMmeash erieasirtofiamcin porul csleisting fedeiieneotir Gonsisting of

HF0-1234ze, HFO243b HEFE2A3dh, HEE G4 dibirSa205 ek 4l 6234BiAcHCFO-1233x1,
HCF0-1233zd, HC£C-25 fb, HCEFC-234ab, HCFC-243fa, ethylene, HFC-23, CFC-13, HFC-143a,

HFC-152a, HFC-2980Hits8:-1138; HEB- 1130 Tire £356e HeE1 8382 HIEER4%, HCFC-1131,
HFO-1141, HCFO-H24#Z-L 4461 HEZ23% 81 BFC-283ab, HTHEC41226baidfEC 82 caOrmne

embodiment, the t [ iti o d(s)int iti prising HFO-1234yf
ranges from g#%atg rt%{gnrﬂ;&éﬁaé %%?g%%’p%%@t fg%ggcsq ’t@n%ﬂ%%g’p%%ﬁ%%& rH§ %%fbodiments, the
impurities present 2 23 H 8EEC2433bh SHCFO-2283xf aard HACRRZ 7244 bhwitlompesitidntact during the
reaction to make HEQ;123dyk TS, Higy atinguged i itional - another
embodiment, the pre%ent disclosure providesréa}lcomp%%itigfggyng%%%%ﬁg%}%gga&ﬂd at least one
additional compoul&'8BIRGESHSh W §raddeBnsisting of ethylene, HFC-23, CFC- ioHFC-143a,

HFC-152a, HFO-L234y HERkR 432k i 6236011504 130 HEOrA303 HEO-1234z6, HFO-1336,
HCFC-244bb HCFC-Z@% b, HEC-245fa HFC-245§_?(¥EL§}E§C%-%§§a HCFC-254fIi:), HCFC-1131, HCFO-

12334 HCFO-T23 30 VISEE8- G0 R59F TAREOrBBHRY! 406 BEISAEIHHCFC-226ba, and
HFC-227ca. 15In aaeidomabdimet,tidests tadtadbomt thbaypiditip nahsietingosing (5 @ theemposition

comprising HCFC A3t 1au8cs ipimgleatandhagaeiomeaignt peicentig abauh 8 wepht percent. In

another embodiment, the tota t of addition mpoufds ranges from about ight percent to

about 80 weight pétEéhil AiERotBY et ddiiren®, PeGotal et 2FaddivmatitOmpound(s)

ranges from about{bysighimersesio-rboLt Fweishl PRIEE AR ARaken embogiment, the total
amount of additional cgmgg#nd(%)gg\ggfs fr@im about 1 weight percent to about 30 weight percent. In
another emb&&iméﬁ@ the gpa At oF G E&Qﬁéﬁﬁnﬁ&%@(@?ﬁnb@ frofPabeftah eight percent
to about 10 weight2ZdetER0-1 24 az$oRErRDA I RRIME NS e EE PPl e4UrSOrCEBROsES to HCFC243db
contain impurities r in-the HCFC-243dhb, In other embodiments, the additional compounds
are formed by reaéﬁ%n 0 th%éel}glr%ccl?r% P F‘H%Sﬁn’t%é‘i%né?h”e‘?” h&g@ r@ﬁ?éf?ﬁ%t% fbn conditions
under 30 which th&$iCReigit s deprisdabedt 88ovprotiuee tanbod HIFOBZBAKEN is meant alternative
reaction pathways may produce additional compounds depending upon the particular conditions under
which the HCFC-243db is produced. In another embodiment, the present disclosure provides a
composition comprising HCF0-1233xf and at least one additional compound selected from the group
consisting of HCF0-1233zd, HCFO- 1232xd, HCF0-1223xd, HCFC-253fb, HCFC-233ab, HF0-1234yf,
HFO1234ze, ethylene, HFC-23, CFC-13, HFC-143a, HFC-152a, HF0-1243zf, HFC-236fa, HCO-1130,
HCO-1130a, HFO-1336, HCFC-244bb, HCFC244db, HFC-245fa, HFC-245ch, HCFC-133a,
HCFC-254Th, HCFC-1131, HCF0-1242zf, HCF0-1223xd, HCFC-233ab, HCFC-226ba, HFC-227ca. In

one embodiment, the total amount of additional compound(s) in to the composition comprising
HCEN-1222vf rannec from Aaraatar than 7arn weiaht nercent to ahniit 00 weiaht nercent In anonther



15 weight percent. In another embodiment, the total amount of additional compound(s) ranges from
about 1 weight percent ' GHBhBerGraigrrcere ditTere Srsdosembetiriverto the total amount of

additional comp@md@sﬁmngmﬁ@ﬁmabommiwmmm abd@l@wmg@t percent. 20In some
embodiments, CERALALPEHFSONSAMAAUALS IRHGED (233K coniaindmpuiiies sha gppear i the
ot itional cc?m to

HCF0-1233xf. In other embodiments, the a pounds are formed by re c%“bn of these
precursor impuritiés: Mn'gfheide MBbHirn ABX B GEAEESF o tiich S Bdater MiTeh 286y CFO0-1233x(f is

produced also p@d@g@@gzgfqg %QW@%?@@ 1ean ) \Y Ctiof.p /ays may produce
additional compounds dependi#ﬁug‘]%p the articuIgi%nﬁﬁgég%%ggﬁﬁ%hgﬁ%m-1233xf is

produced.  In'#déHer ehiBolimett thé e sdrtenstRiauidprolities Hebmpdddbn comprising
HCFC-244bb andrat leastzore aditenal- 3Ccerapauniselerisd franrthe graupeonsisting of
HCFO0-1233zd, HCEO- 1232xd, HCF0-1223xd, HCFC-253fh, HCFC-233ab, HF0-1234yf, HFO1234ze,
ethylene, HFC-23! %%Eﬁ%ﬁ?@ﬁ%ﬁ%ﬁ%&%@éﬂ: Ei%ﬁﬁﬁfﬁ%%%?é%@dnso, HCO-1130a,
HFO-1336, HCFAFZAZ ;41 FGie 245iasditte0-245dn it s2dbelerb €56 4330 HeEnC-254fb,
HCFC-1131, HCEQ-12427f 2 -233ab. H Fﬁﬁ%@ -227ca. In one
embodiment, thef?% ;\ﬁ ééﬁfﬁ%%%éééﬁg{tcﬂgmﬁf% ng%g)rtfﬁﬁg comp@gzlég'g%omprising HCFC-244bb

ranges from greater than, ze0.5pWeighiPRreRRIG abe) 8&%‘i&i%;ﬁ%ﬁﬁg@ryﬁl1@5’@%&“%‘%’3&?&%@%&‘& I
the total amount g{g&dd@égq%gB%%ugds ranges from about 1 weight percent to about 80 weight
percent. In another embo iment, the 1otal amount of additional compound(s) ranges from about 1
weight percent to about 5eeepsibtipprr et 14 nraridti eheambddimentpthiitatal @medntef-adeitionalld
compound(s) ranges fromaRosbcvaightpaant @ahoul 3Q weightinsrcentan.another embodiment,

g
the total amount .of adcgitiggrgl om roun%g% ranges from about 1 weight percent to about 10 we‘%egrfﬁilt1 !

percent. In soma embodINTantS Zanaily PASEUTSor ConBBEh dEeer ERES (209081 wsntain et diect
that appear in tierEERC Rk chntother elnbodimelits; theladdittenahconpoitidsdredanecbyile air
reaction of these.pagRRISORIMPUALSSHIRAtheeodiments, the reaction conditions under which the
HCFC-244bb is produ%led ?Igghprodutce by-products that then appear in the HCFC-243db
compositions, by which'i§ BN AE S & KO pRIRWATE MaIeRiics semerartorpsmds
depending uporrnsijsaiticular conditions under which the HCFC-244bb is produced. The
compositions disclosed, hereingamprising KEAA2Ad LA HAR M lohalRINg potental

.5 0L agents,
(GWP) heat transfer chePos%ons, aerg;eo propellant, foamlng agents, blowing agents, soR}er%ts,
cleaning 25 agents, cafrier Hi & High SEEMENEARIRAY &gRiieed tifig auPasromeastines shoRfinetizhtion
media, expansisrragentstio cpobpolafnssantpoiyifrethahe gaseous: dielesitics, extinguishing agents,
and fire suppression aﬁ%&&%‘élﬂéﬁ&&[ @1@3%3@'-}5?0@%9& aTﬁ%§%p§ﬁggqgm&%ﬁ;g89§ncand&1cr}c 2Sve as a

working fluid used to carry heat from a heat source to a heat sink. Such heat 30transter compositions
may also be uséTiISE 3 %efarié%cﬁgr?f’ THPE A S SRR e REFEERIRa SritRss S inadeerinlinged thatdes and
from a liquid to daglas and back or vice versa. Examples of heat transfer systems include but are
not limited to air conditioners, freezers, refrigerators, heat pumps, water chillers, flooded evaporator
chillers, direct expansion chillers, walk-in coolers, heat pumps, mobile refrigerators, mobile air
conditioning units and combin&is A B WIONAS refrigeration apparatus,
mobile air conditioningrsmekils beaingRPBRING SRiRIm A% EalioRTatuaIngonditioner, or
heating apparatus incorporated into a transportation unit for the road, rail, sea or air. In addition,
mobile refrigerat’ig?l%f]% 4&'5Ff8fﬁb%dé$q8units, include those apparatus that are independent of any
moving carrier and are known as "intermodal” systems. Such intermodal systems include "containers'
(combined sea/land transport) as well as "swap bodies" (combined road/rail transport). As used herein,
stationary heat transfer systems are systems 15associated within or attached to buildings of any
variety. These stationary

R RS ER1P TION: QFJHER




applications may be stationary air conditioning and heat pumps (including but not limited to chillers,
high temperature heat pumps, residential, commercial or industrial air conditioning systems, and
including window, ductless, ducted, packaged terminal, chillers, and those exterior but 20connected to
. the building such as rooftop systems). In stationary refrigeration applications, the disclosed
compositions may be useful in equment |nclud|ng commercial, industrial or residential refrigerators
and freezers ice mathiad B - 3 g Bl FRREF&R RifdD &MBYB eI hillers, direct
expansion chillrs, Walhqm@ﬂéﬁmwb%%ﬂ'%[f%aé&aﬁ Beezers. Ayl eaEhaon systems. In some

embodiments, the disclosed compositions maybe used In supermar rlgér ator systems. The
compounds makfF@"ﬁf?'fﬁ@”éﬁs%%@‘é@ EWEM&Q@%@W@MJ@TW@@DE 1 Code Structure

Chemical name @d2= qzHaﬁ@wmgﬁ@é&@w&m@mw{ag{@m@l@%ﬁ RECs 43 HF3
trifluoromethane I-lIC% 133a CFE‘% éﬂlgé\&gloro 1,1,1-trifluoroethane HFO-134 CHF2CHF2 1,1,2
2-tetrafluoroeth 8 AR HEE 1 5%LEES ) ,i’sfet@%%g%gtﬁaﬁé’ﬁlﬁﬂ@“iﬂ% Gk3cH3

1,1,1-trifluoroethan@hybical S2eGisiR2Chisricat dPifiicoctt@Te ka7 pagds3CH2CHF2
Thus, HFO-1234yf is a good candidate for replacing the'higher GWP
saturated HFC refrigerants.

In one embodiment, the present disclosure provides a composition
comprising HFO-1234yf and at least one additional compound selected
from the group consisting of HFO-1234ze, HFO-1243zf, HCFC-243db,
HCFC-244db, HFC-245ch, HFC-245fa, HCFO-1233xF, HCFO-1233zd,
HCFC-253fb, HCFC-234ab, HCFC-243fa, ethylene, HFC-23, CFC-13,
HFC-143a, HFC-152a, HFC-236fa, HCO-1130, HCO-1130a, HFO-1338,
HCFC-133a, HCFC-254fh, HCFC-1131, HFO-1141, HCFO-1242z1,
HCFO-1223xd, HCFC-233ab, HCFC-226ba, HFC-227ca.

3a



1,1,1 ,2,2,3,3-heptafluoropropane HCFC-233ab CF3CCI2CH2CI 1,2,24richloro-3,3,3-trifluoropropane

HCFC-234aB Sfhd¢ed2H2F 2,2-d ichloro-1,1,1,3- tetrafluoropropane HRS 23Rk defsaiz$2CF3 1,1,1
,3,3,3-hexafluoropropane HCFC-243fa CF3CH2CHCI2 3,3-d ichloro-1,1,1-triflucropropane

HCFC-243db CF3CHCICH2CI 2,3-d ichloro-1,1,1-trifl uoropropane HCFC-244bb CF3CFCICH3
2-chloro-1,1,1,2-tetrafluoropropane HCFC-244db CF3CHCICH2F 2-chloro-1,1,1,3-tetrafluoropropane
HFC-245fa CF3CH2CHIRD ¢l shnBRHperitafitetofabpanetiBCagdbichh £ EGOPACHSS i, 1

’2’Z'pe”taﬂ“OrOP{F?%FBEEB:s%&“_?&RP%E% Wﬁ%‘ﬁ%@é&%g%éé‘%ﬂ’@%%ﬂ%?@r&'CFC‘253fb

CF3CH2CH2CI 3-chloro-1,1,1-trifluoropropane HFC F3CH2CH2F
weight percent to less than 1 weight percent.

in some embodiments, the impurities present in the HCFC-243db,
5  HCFO-1233xf, and HCFC-244bb will remain intact during the reaction to
make HFO-1234yi, thus they are included in the additional compounds.

In another embodiment, the present disclosure provides a

“composition comprising HCFC-243db and at least one additional
compound selected from the group consisting of sthylene, HFC-23, CFC-

10 13, HFC-143a, HFC-152a, HFO-1234yf, HFO-1243zf, HFC-236fa, HCO-
1130, HCO-1130a, HFO-1234ze, HFO-1336, HCFC-244bb, HCFC-244db,
HFC-245fa, HFC-245ckb, HCFC-133a, HCFC-254fb, HCFC-1131, HCFO-
1233xf, HCFO-1233zd, HCFO-1242zf, HCFC-253fb, HCFO-1223xd,
HCFC-233ab, HCFC-226ba, and HFC-227ca.

15 in one embodiment, the total amount of additional compound(s) in
the composition comprising HCFC-243db ranges from greater than zero
weight percent to about 99 weight percent. [n another embodiment, the
total amount of additional compounds ranges from about 1 weight percent
to about 80 weight percent. In another embodiment, the total amount of

20  additional compound(s) ranges from about 1 weight percent to about 50
weight percent. In another embodiment, the iotal amount of additional
compound(s) ranges from about 1 weight percent {o about 30 weight
percent. In another embodiment, the total amount of additional
compound(s) ranges from about 1 weight percent to about 10 weight

25  percent.

In some embodiments, certain precursor compounds to HCFC-
243db contain impurities that appear in the HCFC-243db. In other
embodiments, the additional compounds are formed by reaction of these
precursor impurities. In other embodiments, the reaction conditions under

30 which the HCFC-243db is produced also procuce by-products, by which is
meant alternative reaction pathways may produce additional compounds
depending upon the particular conditions under which the HCFC-243db is
produced.



1,1 ,1 ,3-tetrafluoropropa ne HCO-1130 CHCI=CHCI E- and/or Z-1,2-dichloroethene HCO-1130a
CCI2=CHZsLiddehipegethene HCFC-1131 CHF=CHCI E- and/or Z-1-chigggrdfiugyagipane
HFO-1141 CHF=CHZ2 fluoroethene HCF0-1223xd CF3CCI=CHCI 1,2-d ifl uoro-3,3,3-trifluoropropene
HCFO0-1233zd CF3CH=CHCI E- and/or Z-1-chloro-3,3,3- trifluoropropene HCF0-1233xf CF3CCI=CH2
2-chloro-1,1,1-trifluoropropene HF0-1234yf CF3CF=CH2 2,3,3,3-tetrafluoropropene HF0-1234ze
CF3CH=CHF E- and/or!Z 48B3 ctotraflisaeoh tbpariese GRHSTERZE QONMISH=CH2

3-chloro-3,3-diflugranueRRps Eishfg Al EES 9Pk 2t Lt HUUGRERIGRRBRA TFP)
compound selected from the group consisting of HCFO-1233zd, HCFO-
1232xd, HCFO-1223xd, HCFC-253fb, HCFC-233ab, HFO-1234yf, HFO-
5 1234ze, ethylene, HFC-23, CFC-13, HFC-143a, HFC-152a, HFO-1243zf,
HFC-236fa, HCO-1130, HCO-1 130a, HFO-1336, HCFC-244bb, HCFC-
244db, HFC-245fa, HFC-245¢chb, HCFC-133a, HCFC-254fb, HCFC-1131,
HCFO-1242zf, HCFO-1223xd, HCFC-233ab, HCFC-228ba, HFC-227¢a.
in one embodiment, the total amount of additional compound(s) in

10 the composition comprising HCFO-1233xf ranges from greater than zero

| weight percent to about 99 weight percent. In another embodiment, the
total amount of additional compounds ranges from about 1 weight percent
to about 80 weight percent. In another embodiment, the total amount of
additional compound(s) ranges from about 1 weight percent to about 50

15  weight percent. In another embodiment, the total amount of additional
compound(s) ranges from about 1 weight percent to about 30 weight
percent. In another embodiment, the total amount of additional
compound(s) ranges from about 1 weight percent to about 10 weight
percent.

20 In some embodiments, certain precursor compounds to HCFO-
1233xf contain impurities that appear in the HCFO-1233xf. In other
embodiments, the additional compounds are formed by reaction of these
precursor impurities. In other embodiments, the reaction conditions under
which the HCFO-1233xf is produced also produce by-products, by which

25 is meant alternative reaction pathways may produce additional
compounds depending upon the particular conditions under which the
HCFO-1233xf is produced.

In another embodiment, the present disclosure provides a
composition comprising HCFC-244bb and at least one additional

30 compound selected from the group consisting of HCFO-1233zd, HCFO-
1232xd, HCFO-1223xd, HCFC-253fb, HCFC-233ab, HFO-1234yf, HFO-
1234ze, ethylene, HFC-23, CFC-13, HFC-143a, HFC-152a, HFO-1243zf,
HFC-236fa, HCO-1130, HCO-1130a, HFO-1336, HCFC-244db, HFC-



HFO-1336 C4H2F6 E- and/or Z-hexafluorobutene HCFC-243db, HCF0-1233xf, and HCFC-244bb

are availaklg,fesn spgetalty chemical manufacturers, including SynQuest p@heraipigssine. (Alachua,
FL, U.S.A.) or may be made as described herein. For instance, 5 HCFC-243db, HCF0-1233xf, and

HCFC-244bb may be prepared by non- catalytic chlorination of HF0-1243zf, as described in
" International Patent Application Publication No. W02008/054782, published May 8, 2008. Also,
HCF0-1233xf an@4+iGF BEA 485 ¢hal be-Bidsardichbaiptititidrmatth bCH3d0 &k described in

nternational Pataqt ApplisasianiePublissien NerW200B/034Ee1spublished Mayd, 2008. The

additional compounds present in each disclosed composition will depend upon the method of

manufacture.  In sone GHRERRRIMEN PR IR tBHERIPSEH BHAMSBIATR EOMRIEASEIHD, HCFO-1233x-1,
or HCFC-244bb ¢raigimisapiseiasthatshien-ppeardlibas angitonancompeutitnindie described
compositions. In other embodiments, these precursor compounds may themselves, react during the
243db formation {%efsh%%a‘&‘?ﬁgﬁ%ﬁt%%§§u¥‘%§%§§ﬂﬁ$ﬁ‘a§%é@9 ?H%Syrp%g@'i%ﬁﬁ)ecompositions. In
other embodimeritsatreneadtaredoiidita s updenddhichgts HEFa-248H waHIDIEOeIOIBxf, or
HCFC-244bb are c0piog goéﬁglgé%m_e Py RRRAUF B HRISH 1D 6GF aeigeRtitipus reaction

pathways may occur simultan to produce compounds other than HCFC-243db, HCFO0-1233xf or
HCFC-244bb ancrsiliguaitrynantndntianeeisas agarichHah BeFRY (iR BRigerl upon the

particular conditiqps AdENHDRGIER Ertdcd e C e 18 3BshsUNCH GddiHa25are produced. In
one embodiment, HF0-1234yf may be produced jn a{singég stet% from Hcgﬁp@g . In another

d
embodiment!the FRERRINSEHBREBSHRY BRI RE B REEEEIQREaYh i another
embodiment, HCE@rck283xfanaihbegpnoddoedrfrahe HiTH GradGatbodaddhienad CFO-1233xf may be

converted directly to HFO-1234yf. In yet angther embodimen - e produced from
HCFC-243db anacﬂﬁné%otlﬁ%éé%%egﬁyﬁ% ér)'ﬁ%tf/{t?ewé%%ﬁggéﬂéﬁﬁk%ﬁ%?ﬁgﬁ%@g?ochIorination of
HF0-1243zf Ipewerd.embodiments, HF0-1243z1 may be used to make HCFC243db,

HCFO-1233x1, HCFC-244gh andipiddfRAR34uk i HEbarashiarinasinisri-Addaz! is commercially
available from E.I. DuPont de Nemours and Company &V}\é”min ton, DE, USA). The

fluorochlorin&tion #&4pBGRMALY BerestiasdRAlaRRER (e b1 WEbor45ieRsd? eBIRquid phase
embodiments of thg ipdntians, the mantionatbihPolAds drwidrinédandre2otmydieresaducted in a

liquid-phase 15reactor operating.in batch, emi-q?t h, semi-cantinugus, or cantinuous modes. In the
batch mode, HFOPI%%@E, rdTE,‘%H%ISHIﬁ-’ag LD H@Hﬁﬁ”ﬁr 5%1?({8%{\:/'e08rcg{ﬂ18e'r*%ﬁsltg € reaction vessel
and heated to thevdesirétbteifpEr-aditeb lis proziecebclbnentcints maptietussciaidbasut in semi-batch

mode 20 by feedig CI2 0 7 UGuc-BhABS fEASHRLEAMIAIAY b and HEQH24el ey feecing

HF0-1243zf and to a liquid-phase reactor containing HF, or by feeding CI2 to a mixture containing
HF and reacibn pREGUER BakEY by RtRISHHEa RS HING! mRe efEIIRPAYAREHEP @ mbodiment, HF

and CI2 may be fegktpAiSiis-RIRaa0RAGCHIF WHRINIRG MOPAUreHHERrdddaad 25and reaction
products formed by reacting HF, C12, and HF0-1243zf. In another erﬁg ql{?%?:{ff the liquid-phase
S

process, HF, 02, and HFOE SR8 FRA0 B2 HES' OB RL [kt A eSS fiétric ratio to the
reactor containinguaafiixtgrewfdiibandaesiotorommoikl ¢EWIPfeebbyraeafmmidpodtihsand

iauic-phase react o BIOR B oS R Bont BB e e e el er
embodiment2fronegeust ¢ca0Ertduids, displacement drying agents, buffing abrasion agents,
polymerization media, expansion agents for polyolefins and polyurethane,
gaseous dislectrics, extinguishing agents, and fire- suppression agents in
liguid or gaseous form. The disclosed compositions can act as a working
fluid used to carry heat from a heat source o a heat sink. Such heat
30 transfer compositions may also be useful as a refrigerant in a cycle
wherein the fluid undergoes a phase change; that is, from a liquid to a gas

and back or vice versa.



about 150C. Higher temperatures typically result in greater conversion of the HF0-1243zf. A
suitable m@jayfaua P F to total-amount of HF0-1243zf fed to the liquid-phep@ sameiessifsin one
embodiment, at least stoichiometric and 5in another embodiment, is from about 5:1 to about 100:1. Of
note are embodiments wherein the molar ratio of HF to HF0-1243zf is from about 8:1 to about 50:1. A
suitable molar ratio of CI2 to total amount of HFO1243zf fed to the liquid-phase reactor is from about
1:1 to about 2:1. The rebsanpassstireah taesign RipREsEPROsESBUS FTetRltitalled&tdiin batch
reactions is usually JhGRHAIe RRUSIEE PeHIGP IS, THSIEPLATIE SrERF UM EPETRBERRME. The pressure

of the system increases as hydrogen chloride is formed by:replacement of hr)%rogen substituents by

chlorine, and by réMaRYHOACHIIERo AR FISRTRATY Ao kA reYelRi G A RIENBR and
intermediate reactipBHREOAGRrHorsCondisiLONS ragrBBIdSUHRiPansibieribisgtidhe pressure of the
reactor in such a wa th?t the lower boiling products of the reaction, such as HCI,
HFO-1234y1(i:F381‘—‘°}/:r?,‘Hz), E/Z-1234ze (E/Z-CF3CH=CHF), and HFC-245cb (CF3CF2CH3), are
vented from the reactor AspiaEafigrino nghbaepadieer stdoraparetridenseike laithis manner, higher

boiling intermedi - ini [ ved. Typical reactor
pressures are o0 Sck 0B a0 e B A 000 e (6 ey ey on Bl e
embodiments, in aMIeHieRE U dRAING ARRIBHEE HSRTGUAIGHINIhASE PPEEESEORa1AI &S which may be

used include carbgn,Adk3r B Se & 8% ahaduhisre mcbiPehigerdsupaerted@ncraibon, SbCI3,Fa,
25 AsF3, MCI54,Fb (where b=0to 5 an = . Ta, or Mo%fuand M'Cla,F, (where ¢ = 0 to 4, and

d M = Sh, Nb,
M’ = Sn, Ti, 2%, oMaiS IINGHOREPERBRRRATFEVE, PAATRIBIEPENERALE RPN S8T Sfe MC15 bFb
(where b = 0 to 5 antlavk: krisloyriNds tintBahodal” sybleamotiSrabniniiecimdal stamadtionds HF and CI2
with HFO3012432 5 carred outin ihe vangr phase Jupioally 8 neeteg [eagiglis-used. A number of
reactor configurations are possible inclu mg%orizon? of vertical orientation of the reactor as well as
the sequence of reastipnast raasiFdrapaeftvith HF and C12. In one embodiment of the invention, the
HF0-1243zf may be initiglly ¥ap@iizemh agd H@a{%ﬁ%@s?%@% haspthenembodiment of the

invention, HF0-1243zf may be contacted with HF, optionally in the presence of C12, in a pre-reactor

prior 5 to redStionBPSARERDMItRLARRABH T BHE BRRIAMENE e préheRR &IRHR9SYe empty. In
another em”bOdimél*ﬂi'élliﬁéﬁd@@ﬁﬁ@E/iﬁéiﬂﬁiiﬁl‘ﬂﬁ}}a@uﬂ@m s@amgrwg@m@mapum@seq;{ hg@lpohﬁrgall?jys )
commercially avajlable from Speci etals.Corp. (New Hartford, New York) under the trademar
Monel , (hereinaft@lJ 'ﬂ?@@%ﬁ@k&@%&%ﬁ@%&r&# er?chﬁ@; g\‘fﬁ%%lée%%ﬁgrha%aynes International
(Kokomo, Indiana:)mnnimmmmra@dépsmiaiI—m'stmwmn'(ﬂrgesgkmﬂa 'aﬂdsit_m_lov'(m)j'_)nmdﬂmr nickel alloy
turnings or wool e, efhes MRIRA! NERIGH G ANAHEMA) Al elilaalgpiing of HFO1243z2f and

K
. e :
HF vapor. Suitable temperatures for the%re-reactor in one embodiment are 15 from about 80C to

about 250C, 3t arkRABEERTHEHIRGRiI B MsOLASLIREQD SeMedot. Stalp8iitures greater than

about 100C result- g gRecPBYBlickibAS theetitidd4d 2biaampny pasy sy ingsaunigher degree of
fluorination. Higher temperatures result in great r,catrga?@on of the HF0-1243z1 enteripg the reactor

and a greater degfSHBPROLAIFHSAIFOB T gha A SHAR BHEPIRERIE M itions, for
example, a mixturecebkts, ICd 2§ 4243t atedrveitad tha miahars dipddedng predominantly

HCFC-243db and HCEC- F The d . inafi th b
of fluorine su bz?itl?gﬁpso %ﬁéﬂéﬁ)ﬁ%&e i%%ﬁ%%ﬁﬁ é: R@%t%ﬁﬁ?ﬁ%ﬁﬁpﬁgﬁgschI?)rri]rl: z:\rt]ec? r

products. Foriexarnsl&aeGrs 253w rebrsismsysitgiseegne esnfiodimeiisnttitan HCC-250fb and
HF0-1243zf repregepisaliganasasas AldHosnatianRapditirbeAzeratdigsnata ratio of HF to

the total amount of HF0-1243zf in the pre-reactor is in gne embodiment, from about the stoichiometric
ratio of HF to 30 the totaTWHP%?W—&dWY%%ﬁF‘%?ﬂ FRARSEHESREBARIBRE the molar ratio
of HF to the total anpapn af HF0-1243zf in the pre-reactor is from about twice the stoichiometric ratio
of HF to the total amount of HF0-1243zf to about 30:1. In another embodiment, the molar ratio of HF

to the total amount of HF0-1243zf is present in the pre-reactor, and no additional amount of HF is
added to the vapor-phase reaction zone. In another embodiment, the HF0-1243zf may be
contacted with CI2 in a pre-reactor, optionally in the presence of HF, prior to reaction in the
5vapor-phase reactor. Suitable temperatures for the pre-reactor for this embodiment of the invention
are from about 80C to about 250C, preferably from about 100C to about 200C. Under these
conditions, at least a portion of HFO1243zf is converted to HCFC-243db. Higher temperatures typically
result



ioin a higher degree of halogenation of the HF0-1243zf.

The degree of halogenation reflects the

total numbgiPfdaalpggigsubstituents (chlorine plus fluorine) in a halopropgie aR4Ms A PRropene
product. For example, HF0-1234y1 has a higher degree of halogenation (i.e., 4) than does HF0-1243zf

(i.e., 3). 15The molar ratio of CI2 to the total amount of HF0-1243zf is, in one embodiment, from about
0.5:1 to about 2:1. In another embodiment, the molar ratio of CI2 to the total amount of the HF0-1243zf

is from about 1.1:1 to about 1:1.

the 20presence

of HE, and fed to

In one embédibteht, the HF0-1243zf is vaporized, optionally in

a_pre-reactor or to g

vapor-phase reactor along with HE

nd C12.

Suitable temper

58S for the vap

oriplididereaction a

EChBM'eBARMS0C to about 500C. T¢

rmperatures

of from about 25
25 of from abou

OC 10 about 350
350C. to.about

Cdayering formatior

50C _favor the forma

g’[ﬁ;}@h&zswt and HFC-Z45¢h. Ten
ion of HEQ-1234ze HEC-245fa and

peratures

HCF0-1233zd. A

\(GEfperatures g

f&iotirlabout 250C t¢

SHORUHE RIS RENFCF0-1233xf is

Aalso

produced. Highg
fluorination and
vapor-phase rea

rHempeyatures ré

TeYalTali!
1OR-H

SIHAN greater conv

1Q r\nn\lnrfnd r‘nm nn

rafeibeihEteahd4 3zt and higher degt

QﬂQlllfahlo

ees of
raactor nracclirac ff‘
COUT TGO RJIJIUT O

sfar the

ay @from

Qgém% about 30

g

%@ﬁpré:’%? about 15 to about

25 atmospheres
products, and th
about 5 to about

vapor-phase redctioi§48eone el

m&y)bmadvanta

gii g e_cigniﬁs ﬁ':esm

geﬁFSJ&!employed to

fact;tkt,ateesaﬂatﬂbeman‘rHCI from othe

b reaction

| 1] |?y Val y fl U
ofar ratio of H

F to’'the

rabo

B

SEeCcot |da pre erably from
F0-1243zf for the

0!’0
moun

3
a

Mbbgdiient, from abq

amount of HFO-12
In one embodim

3 I,!I. bout5
ent, a catalyst is

c"ffzg’ﬂs .
used in the reaction

Ut tietsifbiohiethatic 5rat|o of HF to jh
=l e o
zone for the vapor-phase reaction of

e total
30:1.
F and

Cl2with HF0-124
include carbon;
carbon; aluminu

lgFRRIES g

| 3HF CePddrstluorir

1&5}1@5&@“@5 whic

hlmlay. be.dskbaptaivvmpoppinse re

action

fluoride suppot

& HRrEH gy

ted aon (‘arhon fluori

fluoride supporte
halides, and/or @
fluorided alumin
Suitable metals

A6 Ghsthaam fl

ther metal salts);

fg ; FsetatiRatalysts %@Wﬁ/ s;u ppol

L@F&Ch@fﬁdg (inclu

metals supported o

AU O3 S R IR R

Argrdnespthiniedals, metal oxides,
ntaltEniep fbienide; metals 15suppo

t“g'taqlsgs%%ﬁ?g,d on-carbon; ||||;_;tu|e

SXLHMARIPRHSoride, fi

éd ona

bd on
agnesium
metal

ted on

of metals.
norided

alumina, or carb

onﬁﬂdmwﬁron

Iae:ls. mthm‘umq rhoﬁiumop&bkmhem

Iha

DSMium,

N

20iridium, platini

hafnium, copper
lanthanide metal
will be from abol
another embodir

RESE;

ing,

IORJFYTIEChalt, ni¢

%f%?ﬂ%@%@h avir

Y
0

2LI3 I
g 3D

h IC?‘I’Jf‘JIbeI’

, and
L (i.e., the

LGIIIUIII ZIFeon IIU

BB Blgh 7

SI){-OE @*Méiﬁnbod

+ N\ 1 4+ I~

IiGEpG ISR used of

. MYy
1] U Z

); t0 about}ﬁ

nent from about (

g RErceE

1a@nppnnu1the2ttﬂahmwm@pm off

s
by Welqht

the catalyst
atalyst; in
1t of the

base welqt

catalyst. Suit

aifeCeBieriefluorin

a@inQtabi@NEts for thelvapot-phrestefegcapreiiddude

chromium-conta
magnesium hali

THEECGEYSTS e

es or zinc 30hali

|w£@p§@qmlumuu

des suoonrtpd an. Ci

2@“10'? 3 GT s SpPE A REET TETe

chromit

s such as

m(111) halides suppaorted on

carbon; mixtures
halides, and/or @

bfékmétaRn anc

| GGttt Rinclud

iyl ele?ntReN AR

@Pfﬁ@%%mdes metal

tp@p@eﬁ@lﬁglts)

luding.elemental

opfoielcspported

pfnlc metal-oxide

Qﬁcﬂf@ﬂﬂ'ﬁﬂ , Angriprayiepaenhromiy

s _metal

m and

other metals (in
optionally suppo

ot ihite,

aﬁfn%ﬁézgfléfummur

1h&ﬁd%§e§f@é

es,-and/or other metal-galts)

WYORORERE M fluoride.

Chromium-contg
precipitation me
in Heterogeneou

ﬂ'\nde or imnraans

InoECalysts ar

COPRITECHIDN in the 3

tion..metho

At Bheyony Sheidiepsseeny either

anaralhs rlcecrl ad

hyv. S attarfiald fa¥al

5 A%< Ind

ST Bt etce, 200

tice, 2nd

d g?é'@ﬂ\ﬂ'&%ﬁ@\?ﬁl” New York, 199

Jes 87-112
1). Of note

faYal
A Ll UL TTTOTOOT1 PM

are chlorofluorin

A tHITFCATEIPSts thaiGieRq@idElat least ¢

e and/or Z-1-chlorp-2-fluoroethene

HFO-1141

CHF=CH;

fluoroethene

HCFO-1223xd

CFsCCI=CHCI

1,2-diftuoro-3,3,3-trifluoropropene

HCFO-1233zd

CFzCH=CHCI

E- and/or Z-1

trifuoropropene

~chloro-3,3,3-

HCFO-1233xf

CF3CC|;CH2

2-chloro-1,1, 1 -triflucropropene




chromium-containing component selected from the group consisting of 10 crystalline alpha-chromium
oxide whe{edrafpalasg0.05 atom cio to about 6 atom % of the chromiunpatemsdfelies11s
alpha-chromium oxide lattice are replaced by trivalent cobalt atoms, and crystalline alpha-chromium
oxide where from about 0.05 atom % to about 6 atom hi of the chromium atoms in the alpha-chromium
oxide lattice are replaced by trivalent cobalt atoms 15which has been treated with a fluorinating agent.
These catalysts| HEDdi&g4ineir préfafafiotHaave beerk dischésthiurograpatent Application
Publication US2065/0228202- Qptiongiy,the-metakc Ti talystsdescribedabgve can be
pretreated with Iiﬁ.?gﬁ??%?gﬁeatm%ﬁ%ﬁ%ﬂpaccompTEhge%ll, o‘lrze%(g%%, 20by placing the
metal-containing catalyst in a suitable container, and {HifaHHAIOREEAY HF over the metal-containing

catalyst. In one ETRBERITERGFUCTCEREIEICIAL be 118 PRSIR R e pripangTe chiorofluorination

reaction. In one emhadiment_the pretreatment time i$.from about 15 to about 300 minutes| and the

pretreatment tep&fathd 725 fromt BBTCEBOC to abdit A80EororRPsAe Eifbddiment, the product
mixture comprisegiFdhid a3k ch, HiS AT, HFO-123fEf., Dol 234aexfideButeaddzd and

HCFO0-1233xf. In.one-embodiment,-halopropane-By-preducts-that-may-be-fermed-in-the

L

chlorofluorination reactions having higher degrees of halogenation 30and/or fluorination than
pentafluoropropanes inti@ieCCHE3AE; | BICF8{ CHRGxR boad) CHE3ACLH (0HileAdBha),
CF3CCIFCF3(CFC-217ba), CE3CF2CCIF2 (CEC-217¢C -2 CF3CF2CHF2
(HFC-227ca), cF%‘E?(?iﬁ%&?ir’ﬂﬁgﬁ@'ﬁ‘étgﬁ%}fe&é%%?g@%%ﬁg%:S%i%ﬁ@%HC|CF3
(HCFC-226da), CAEROIZCHEUHOR 00 0B cCrRBECIF dpsciEqe aFen2Bpa))stance.,

CRCFCHO2(H GG 3286) REACERALIER (GRE-21500) CRACE BERIRE(GFGsR1500).
CF3CCI2CCI2F (HCFC-214ab), CF3CCI2CHCIF (HCFC-224aa), and CF3CCIFCHCI2 5

(HCFC-224ba). Ccai@\isccaienainesh HioprégehepyissethrednHataral datdratettin the
chlorofluorination sgarésmsnRybng=tidiobe vereend hatoge patinsh bl seteafRag®propenes include

CF3CCI=CHCI (HCFO- ne i t, the product comprises HCEC-243db and at
toleast one additi %ﬁ’%ﬁ%%g’é%@&‘ggﬁgg%f&%ﬂ%chﬁﬁgﬁjnagreo %}'h%ﬁé%%?cf—lFC-ZS, CFC-13,
HFC-143a, HFC-162eansted- b2 343 fbHiE @2 2d3rédHiF DHRBE HoMC a8 G\ Etion30a, HF0-1234ze,
HFO-1336, HCF ARG “FC-1333, -25Ath, HIGEC1131,
HCFO0-1233xf, H8%%6@%3@%@3@@??%%@@%%{%%@&@%23)( ,%@8-233%,
HCFC-226ba, an§MeaTiEcaresentinceres Jifkes th Coprmrrtienixiirdepeni e e processes of
this invention compgises: (br praduei-egapounds HFC-245cb, HFC-245fa, HF0-1234yf, HF0-1234ze,
HCFO0-1233zd and HCFQ-1233xf, (H) HF, HCI, andec%,fgig hégher boiling b Eﬁg cts such as
CF3CHCICH2CI (HCFCN AP35y R SR e R TN il% ihated by-products
such as C3HCI3FA44 3ZBHIBRRS,1C38KE | 6OHEFTL2EEH A nd &30 [PH G rites sbphitatio s yresesses, such as
distillation, may be em ed,to recov Su oduct mixture.
25FiLoNMAtON of B B0 oo B o oo R B, eRbe Lsed o make
HCFCHCF0-1233%hhaCR@Hadtiesamiasu o0 Copaaganey Ry ifanese Neferard 46t are shown in
FIG. 1. The fluorination saRGHan May REGRHNSHRIHE bedisiidarMapaicRhass:47ah liguid phase

embodiments of the 30 invention, the reaction of HCFC-243db with HF may be conducted in a
liquid-phase reactdFbserdmaly FPRRERISBMIlBANST SEARCCINEALR 28 SraINieRRA B es. In the

batch mode, startingyGhiticR4R¢ bigrd HE3ae, lombiried dnfaorailedagedpbaiher suitable reaction
vessel and heated to #he %es'ired temEerature c!ncggn emRicg%iment this rea%;gn is carried out in
esdmg 3 Yt

semi-batch mbde %@9 ?ﬂ:plr(?%u SL%'-BWase raactor confﬁiﬂ‘.ﬁa%%‘ii’& or by 5 feeding
HCF(;-Z43db to arhqutdaqplma@r@mmamqnmﬁmmWneomﬂme@r@m @mm’unﬂ@@bﬁfaining HF and
reaction products formeg by nifially eatiag BGHE-PARdRaRAME AR ARgEs ampadiment, HF may be

fed to a liquid-phase reactor containing a mixture of HCFC-243db and reaction products formed by the

reaction of HF, ani§gnmoidhesh aflitoaabaasrraHBesivik dese iR dosRAEDMEEess, HF, and

HCFC-243db may-Brdpgronsyeremtivinibedssires sinichigretnig Jaticoto0e ceagtytcontaining a
mixture of HF and reaction products formed by reacting HF, and HCFC-243db. Suitable temperatures

for the reactioh of 34 RIRAYSESC-243db in 15 the liquid-phase reactor are, in one embodiment, from
about 80C to about 180@; imarstihedenanodiffent, F8dyf atzoubd PATitosabold $5QE. stegher

temperatures typically fespit B HeateT, SORYRLS QM BLMIG AL i 74BN sequence may



A suitable molar ratio of HF to HCFC-243db fed to the liquid-phase reactor is, in one embodiment, at
least stoickhiemgihiG #sh in another 20 embodiment, is from about 5:1 to aheptdsclesf@ote are
embodiments wherein the molar ratio of HF to HCFC-243db is from about 8:1 to about 50:1. The
reactor pressure in the liquid-phase process is not critical and in batch reactions is usually the
autogenous pressure of the system at the 25 reaction temperature. The pressure of the system
increases as hydhsgearnddoviderisafelened deyrepliaes nie anotivd enreodithentudgftisBy fluorine in the
HCFC-243db and Suskedipte [SeEUADP IO lers 3 ARINIBHARATRRase t spRosible 1o set the

pressure of the reactor in a way that the lower boliling products of the reaction, such as HCI,

CF3CF=CH2, an8seamrertgdstitgetyrip-Ha@-Véated o daeismbessnan: irdigh a packed
column or condengabdniBisHaaoaichiohenheing MisHpefiateeramaindr thesaasnstor and the
volatile products are removed. Typical reactor pressures are from about 20 psig (239 kPa) to about
1,000 psig (6?994”@a?9|ﬁ%%%ﬁ1%m:s ﬁ@/%ﬁ?ﬁ' the reaction is conducted using a liquid- phase
process, catalysts which may be used include carbon, AIF3, BF3, 5FeC13.aFa (where a = 0 to 3),
FeX3 supported 3 ak CI5_bFb (where b =0to 5 and M = Sb, Nb, Ta, or
Mo), and M'Cla_%n oo %nﬁgg ,E [ ’—ZMn, Ti, Zr, or Hf). In one embodiment, catalysts for the
liquid phase process ardM\3C18 dsrpdimentsbOtd & 3aid e y=bsii398 o mexe ii-ene embodiment,
the reaction of HR iy, HGEEo2fBi is fapted AdndRe yaPRaRhaseyflypically a heated reactor is

used. A number of reactor configurations are possible including horizontal or vertical orientation of the

reactor as will adHEQEhiRIREOBr IAECHoAYSEE R RImRyTRERAdaRIm TR FrloRRMbodiment, the
HCFC-243db maydeidpiniitalhneapsripademifathtpdheDEactonas a gas. In another embodiment of
the invention, the HCFC—Q%Mde me% be ctontacte .with HFbin a Prre%eafftor rifr ﬁodrgraction in the
vapor-phase reactor. Th Br U8k ?rmg)}ogereearﬁd?ﬁ Bvis %rce%e‘r% I?/u iIIRd With 4% itable packing
such as nickel-copproraiugseconuEncidily asa tabiediore?s & pecialvemdials Donga@enw Hartford, New
York) under the tr&qqg@rblg@ﬂ%@‘ ngﬂbt@g%@lpgm%%hpgtﬁggm(@hgggther nickel alloy

turnings or wool, or other material inert to HCI and "HF which allows efficient mixing of HCFC-243db
and HF vapdf. SuRasleterfiaiagiieae theeptsbrisBiciemiorRN ERYSERIRERPEFEUES$rom about 80C to

about 250C, in angiriseMbadipaih frerbabres 100640 @bosk?BRCard eBRBiRidrRssgreater than
about 100C result in some conversion, of the HCFC-243dpb to compounds having g higher degree of
fluorination. High@r“f@ﬁ%@é’[ﬁ?&ef%ﬂi?ﬂl\edr%%ﬁ PRLYFTET %d&%ﬂ%ﬁ%ﬁ%gﬁﬁsgentering the reactor

and a greater degegepairfituoeination 30in the converted compounds. Under these conditions, for

il HGFGoo3d, HORE D s TR e B S o R R T rinaion
reflects the fmbey HteRive ke Sosiawh i eRa repfdeeconiGimB:tbsERgdRtOn HSFH CFC-243db and

their fluorinated pEydugkinEIRsAPRSs HEDGI 244 KAREesRAL Adigbet siagieR@tiiugrination than
HCF0-1233x-f. 5The molar ratio of HF to the total amount of HCFC-243db in the pre-reactor is, in one

embodiment, fronP kRS S edR RiGH IR FREBIM9HD BNe (SEFUGRATAY TR CFBES A¥ab to about
50:1. In another embgigirmestinigelrmlar43tioafdHiHo hertotabasrobediofdiC HE-243di.in the

pre-reactor is from about twice the stoichiometric ratio of HE to the.ig total ugéﬁ CFC-243db to
about 30:1. In angﬁg;ﬁ)eenf%%%?rﬁeﬁ u'f% A FHE T THE Aot m%ﬂHPCQ - él?(ljb is present in

) molarratio o € amount of t
the pre-reactsr, andceeadiioprakiaie (emafdHey icadtiegl t-tHdv apdrtifasef&attibm zone. In
one embodiment, the AICECEaRAR AN HE RIGIYARALESEAd iR & adiepagtor or to a
vapor-phase reactor. Suitable temperatures for the vapor-phase reaction are from about 120C to

about 500C. TempefRirB@nbP EFRRRCEIRDIY Kok depiedsiahatienstie ralerte®sormation of

HFO0-1234yf and h&Le13Aeehtamthhl & ntixkad e HFeanpeataibnes mréaadergeidgm about 350C to
about 20 450C favor the %dgitiénal forr‘%é jon.of HF0-1234ze, HFC-245fa, and HCF0-1233zd. Higher
er

temperatures resURAR1GE BnOBFSISR-5F ACRE -243db and greater degrees of fluorination in the
converted 30 Suitable temperatures for the reaction of HF and Cl, with HFO-

1243zf in the liguid-phase reactor are, in one embodiment, from about
80°C to about 180°C, and in another embodiment, from about 100°C to
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products. Reactor temperatures of from about 150C to about 275C favor the formation of HCF0-1233xf
as the majgigPinRuGts2oSuitable reactor pressures for the vapor=phase rgaeiaraydgffom about 1 to
about 30 atmospheres. A pressure of about 15 to about 25 atmospheres may be advantageously
employed to facilitate separation of HCI from other reaction products, and the suitable reaction time
may vary from about 1 to about 120 seconds, preferably from about 5 to about 60 30seconds. The
molar ratio of HFabdie1&6fauntafaClEGRA3tives tyibisalhpws ph s gresdetioarigeisighefembodiment,
from about the stfp‘igq_i%gri%%io of HF to the amount of HCFC-243db to about 50:1 and, in another
embodiment, from about 10:1 to about 30:1. In some embodiments, a catalyst is used in the

reaction zone for the vap&ujipbiseneaetsicaiifit adeiatareesnsebh Fddiiarbifedfalysts 5 which
may be used in thes\RpM-PRASE FEAGHPT NG 0EE sarsMmeraphitRiRlIRRIdHetideshalumina;

aluminum fluoride; alumina supparted on carbon, aluminum fluoride suppgrted on carbon; fluorided
alumina supportel Bﬁoéa%wgggﬁ%%dﬁm%%é}i’é’@& 5%@(&%#3@1%@? §rRi&; metals (including
elemental metalsgmistairzittesyimeetal tralidesaardioniddither Midal 248 jnfetalsisopported on
aluminum fluorid '_m(e)t%l)s ﬁ?%@?{?e)&' tgg%ri%%%gﬁggr&@q;qf@lgtgygp%ﬁﬁg g mina; and metals

supported on carbon; mixtures of metals. e metals for use as catalysts (optionally supported
on alumina, alumirddifitesitetfuitideokaamisacior fson abeiidel 9dmewiidh, iron, cobalt, nickel,

ruthenium, rhodium, pakagiugysmkgEs FHgiHmMenlaliRUERBRPaRASSs SRR aFEARIUM, Yitrium,

lanthanum, titanium, zirconium, and hafnium, copper, silver, gold, zinc, and/or metals having an atomic

number of 5&thrdt §FP1 FRCUNS Iiﬁﬁtﬁ‘éﬂm&h%@iﬁ@?ﬂ?%ﬁf@%ﬁﬁ%ﬁmﬁ@rﬁ?%ﬁbﬁt {%d on a support,

the total metal corggeic e ealialystndlbheshiom eitbetl)stdm aboreb28spey cgabdneweight based on
the total weight of %hegata%st in ‘iﬁ&?the{ embod%m nt, from athgJSttE 1 g%s bOLﬁ%lo eercent by weight

based on the totaf fit'd ?ﬁ@% f?t(.) acerqe;bigapﬁg%o TAtigh ca %?ys ¢ %r'\?apor-phase

reactions in this ianertiorepiataieerh afimilonire atdisitoeota dly Steariohuttitigectastingm(111) 25oxide
(Craos); Craoswiip aLheiyurieinieHARAS RREB MdRldes of zisnAldes shrRadadon Craos,

chromium(lll) halides supported on carbon; mixtures of chromium and magnesium (including
elemental métalsPassibleoiaces thscreesruiiged AR ARSCIINEY $HEER YMs TNEPE0R N &upported on

graprlli;]e:lznd mixglénﬁﬁﬁg%é:%fwﬂw}?@?e%?@h%%@{,” sdnetudingelemaniaCroreis lsz)rpete}l OXidfsf-d
metal halides, and/or other metal salts) optio S rted o e, ajJumina, or alyminum halides
such as aluminurfrffudfide?e E%Fﬁﬂﬁ#’[%#t@ﬁt%ﬁ‘#é%%é@@?@ gﬁi}) ?/@gll&ﬁé A tREISH: They may be
prepared by eitherg@retipitatiotometiiodsigrthmporgiy agtmrk ecetbansrasrgendeaisedesctibed by
Satterfield on pa 87-112 in Heter lysis.in | tri i ition
(craw-Hil, nes TV T B S b e e e
chromium-céhtairiraficein pom exneshsbtdy/Mionh PRCIOMIS TBHSB ARG 6PErpoRINiH® 8fifa-chromium

oxide where fromalg i, O, 2050 %, S /B8 @ 3®ITkek Of the chromium atoms in the alpha-chromium
oxide lattice are replaced by trivalent cobalt atoms, and crystalline alpha-chromium oxide to where

from about 0.05 atom %dTcABELRERABIMALSF h MsFoIRR RN S FAREUSTLEAID fhium oxide lattice
are replaced by trivalenseaiafiratess vhinhshaahensmaeaiedvathinclldericating,agert. These
catalysts, including.their preparatign, have heen disclpsed in U, $. Patent Application Publication
US2005/022820ggﬁ‘%gﬁ%ﬁ%ﬁﬁ/{?ﬁﬁé{éﬁ&a—l-é’gﬂ%}hﬁ]eg égFﬁyageéi%%%éng%égéﬁ%n%e pretreated with
HF. This pretreatishs, ddibsFadebenglisiied (ddr axd Mot byNitadiagomdencaat ddikthisiag catalyst in a
suitable container, and herealier, pasSIpa-HE, o¥er e megjaltaRiRiiRG cAGHYSlAR one embodiment

of this invention, such container can be the reactor used to 20perform the fluorination reaction in this

invention. TypicalfRtehessr&rdamiBHidinne s REvResSAIE M b-albdisd Rimbiiesd 8R8 Me pretreatment
temperature is fromgapeus, 200G o about 450C. In one embodiment of this invention, the product
mixture comprises HFC-245ch, HFC-245fa, HFQ-1234yf, HFD-1234ze, HCFO-1233zd and 25
HCF0-1233xf. FluorinatiShBPEReEBmesgigient, hs & gogrﬂgg%-z b ﬁi@z%ﬁ&}‘f 33xf may be used to
make HCFCHCF@2244bls, cantitat blF01884vbby fhesealippic@ihe schecheti oascive is

used. A number of reactor configurations are possible including horizontal

or vertical orientation of the reactor as well as the sequence of reaction of
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30shown in FIG. 1. In one embodiment, the reaction of HCF0-1233xf to HCFC-244bb may be

carried outyiythadicasgphase. In another embodiment, the reaction may Rg-¢argamaisiaghe vapor
phase.  In one embodiment, the reaction of HCF0-1233xf to HCFC-244bb may be carried out in

batch mode. In another embodiment, the reaction may be carried out in a continuous mode. In one
embodiment, a liquid phase reaction of HCF0-1233x1 to 5 HCFC-244bb may be carried out in the
presence of a cathig$1FD-02éambittinfeanditd:cdtatyst emapdsiinaeneafidaciveatiaysthen one

embodiment, the ﬁﬁ@y%wwﬁﬁﬁeﬁ?mgﬁﬁ%@lm 'ﬂé&‘fﬂ?m@r@é‘&mg‘ﬁ the catalyst may be

at least one catalyst selected fro roup consisting of antimony halides, tin halides, thallium

halides, iron io halides ah@rhdicmreiiBetlef dhpeivrenteresi - FbiREM@nbBdiment, the catalysts
may be at least opgneatalyshseiartashiianaipinanyassiaehip s (58GIe)rattisrgmpirichloride
(SbCI3), antimon¥ pentafluoride (SbFHS{), bin tetrachlorid g,.ncrlﬁg titanium tetrachloride (TiC14), iron
trichloride (FECI3 a8 LR HHEE AP HERa8seIPE5RE eﬁﬁ O R&.‘,ﬁm%"i S9RHf6n may be carried out
with any known flreitaticncatabraptor ligudopmaserbadinoast, the resotte Enfilbed|initng, the reaction of
HCF0-1233x1 to -244 e ' ' ; bodiment, a
vapor phase reac%@\gggﬁaiﬁébg% ?(% a&‘@?—%&%@%ﬂ%ﬁsﬁ @Er%rﬁ%ﬂ%#ﬁ tﬁ%&:ﬁqc()?rtlt}apsence of a
catalyst. In one efriadatatn & esactiendteariosd dlevn'erk pradenteedragentaifium- based catalyst,
an iron-based Caﬁ&é&l@rggmmé‘ﬁgpﬁﬁéhglm%i&&%%%@ﬁ%ﬂﬂ%@iﬁmuméﬁéed catalyst is a

chromium oxide (e.g. Cr203). In one embodiment, the iron-based catalyst may be FeClI3 on 25carbon.

In one embotimeliPiHaaYASS pisRaiRNA (ER MR FSies 3 3UPRS HEE Ee8#AHBKs carried out in the

absence of catalystdReioyaroeblefirsideraistiioE=2 44 bth 801 TissinmBogralrattigaantsiool,

dehydrochlorination of HCFC-244bb is u to prepare HFO-1234vt . In.one e iment,

dehydrochIorinati8F103%?[@%52&88%9—%@1%@4@? il gé%iggog\ﬂ érﬁ%%“\}a”ﬁ%‘}“ %g]'émg: WO

2009/137658PCTIR&R080¢0HB MR Or. In one embodiment, vapor phase dehydrochlorination is carried

out in the presence of c@&%ﬁel%mﬁﬂpﬁgg%}eﬁg H?&F@é@%?ﬁrﬁ%%@%@éf%@%@on and/or metal
P !

based catalysts. In one embodiment, the cataLySt may be selected from an activated carbon, a

nickel-based!ScatffataBqvhfRifate BREH 2R BrethprcamtsdinentofaReddkalysts. In one
en:lb?jdiment tflle @@mty%r%@dd@%@*@gta@ﬁﬁwiﬂﬁ@f@%@nﬁm?@fﬁwmmmIaﬂifum on carbgn,
palladium on aluminum oxide, or combination reof. In one embodiment, HEQ-1234yf is prepare
by thermal 10 demﬁﬁﬂaﬁﬁ'ﬁﬁﬁ%&iﬁ%%ﬁ%&H@BM&%“EQ@Q%%ﬂon occurs in the
absence of a catalysirde airfeiennatidimeigidCleByagidhivas misol utgdemite gomadtiionadssel which

temperature is majiaesl o AsemperaiedIanenoudh s elect e hepsl deligplorinaton of

HCFC-244bb. Inone e e teémperature is highenoug he thermal
dehydrochlofatidrecionGFEedaapbasiipe oAt CHIOSEremIE HPas I as eXauR th ARbtd€embodiment,

the temperature ishigh enousl igreiacids IbespAAaYSRMaIRASRAAHEFC-244bb 0 a percent

conversion of at least 65%. In yet another embodiment, the temperature is high enough to effect the

thermal dehydrocRIGAREHREY M@F@%@%dﬁ@%g’i%%‘ﬁ% Gelsitir o8t least 80%. In yet another
embodiment, the temperrigredgrbigbfeneotpbtionefidet thenthaumaledel ydrotidorination of HCFC-244bb

to a percent conversion of at Ieast 70% for gt least 1.2 hours of continuau tion, In.one
embodiment, HCI'—Sg%iﬂblﬁgﬂlsS%] ?&885%3 i%fﬁ)ognreegg |(S)§t vgsige{ﬁrflh oggsjg?:%%%v}g&;ghe Which
temperature is maihi@inatedtracdnsierdtoreian@dadnGe 6fandk speass0s € ighbout 700 C. In
another embodimga, thetampsratys Ainpeadtign st omaipeineddsiitsange from about 500
C to about 650 C. In"yet another embodiment, the

higher degree of fluorination than HCO-1240zf.

The molar ratio of HF to the total amount of HFO-1243zf in the pre-
reactor is in one embodiment, from about the stoichiometric ratio of HF to
30 the total amount of HFO-1243zf to about 50:1. In another embodiment,
the molar ratio of HF to the total amount of HFO-1243zf in the pre-reactor
is from about twice the stoichiometric ratio of HF to the total amount of

HFO-1243zf to about 30:1. 1n another embodiment, the molar ratio of HF
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temperature of the reaction vessel is maintained at a temperature high 30 enough to effect the

pyrolysis Q§l5Ghied4db to HF0-1234y1 with a selectivity of 80% or greaiqf¢yebAaher
embodiment, the temperature of the reaction vessel is maintained at a temperature high enough to

effect the pyrolysis of HCFC-244bb to HF0-1234yf with a selectivity of 85% or greater. In one
embodiment, the reaction zone is a reaction vessel comprised of materials which are resistant to
corrosion. In one Bembodhrenpuhiese-hatettdsdosrprserdlioybe swekreactickandased alloys such as

HasteCloy(n). nickglghiomisip.aliode seTaaeirialy ave labls finm SneqiabMetls Corp. under the

trademark Inconel(r) (hereinafter Inconel(r)) or nickel-copper alloys commermatg/ available from

Special Metals Corp. (NEV@ a0 RMPRAIMESiK B da enarRaRERFIedmiBsSlIs having

tofluoropolymers §ningie-reactst As1etisRENQGINEea brdiehte loF +RA Ablvis preeadadrnre vaporizer to a
temperature of from about 30 C to about 100 C. In another embodiment, the HCFC-244bb is

preheated in 2 vafttZer 855 {ERTRFature of from about 30 C to about 80 C. 15In some embodiments,
an inert diluent gas is usedaisateaperagas$ooHEE Gredddtiotfanbiembbddineat thidtearrier gas is

selected is nitrog n i r iQxide. it fLr ratjon, it is believed
that one skilled in h%%gr%cgﬁr%eﬂgmg%@dge@%%?g %%r%?ﬁvﬁﬁ@g%%%ﬁ(ggﬁ%%\%&ﬁon to its fullest

20extent. The follbVg paksfit etkbbdirades Hreserrsreddiensoaidceshstnastonsoiidrdly illustrative,
and do not constran sbeicemalRdereb e AISYASHEE INigRY EY HhASRRVEDIERAMEBLES 25 General

Procedure for Product Analysis The following general procedure is illustrative of the method used

for analyzindthe Prédligteofaatsa-atibAoeseaEne oLt Sifihk etdEeactor effluent was sampled
on-line for organic produticadiedysis aisiap§cpigas reflepmategicehreauteped hilbgammass selective

detector (GC/MS). The,gas, chromatogr utilized a 20 ft. (6.1 m) long x 1/8 in. (0.32 cm) diameter

tube containing pé?ﬁ&&%ﬁégﬁ%gﬁg@ﬁg}(%ﬂ%%e r'thd traa{(a%%%%?fg%?ﬂ%g? rﬁg%)%r_o YiFPont de

Nemours and Copmpengt. (rereimaftere DdPORt 23l IWikaimtiighe Didgresrefdregénatiacarbon support.

The helium flow vypg 3% %HTHBJQQP@WMQ%{?SC)SP&S chromatographic conditions were 60C for an
B : e/3%

initial hold period 0 e minutes followed bétemperature programmin%to 200C at a rate of
56C/minute. Preparatior! 6¢ 9RECHEMAlRI2lodn iat atagust of HRQoldfer!o% 78439 grams

Cr(NO3)3[9(H20)b(lca8 imateskancabaiid Frants £e0Y03)2[8 (kAR areig)was prepared in
mmonia Ut 14 BHPFEAURGH GBADEREO RS S BLESHIFRY LOAFAIgh B R HeIndratune an
then evaporated tip dbymesisin air at 110-120C. The dried catalyst was then calcined in air at 400C for
24 hous i o e 15 SOSMRIRIRN SRIRUEICIRS AR RIS
Z-CHF=CHGCF3 1p®8%1¢¢ Bf HRdAICAS0R8 G Orea pREI K 1o YRIF i asesreactor along
with HF and Clo.
Suitable temperatures for the vapor-phase reaction are from about
120°C to about 500°C. Temperatures of from about 250°C to about
350°C favor the formation of HFO-1234yf and HFC-245¢h. Temperatures
25 of from about 350°C to about 450°C favor the formation of HFO-1234ze,
HFC-245fa, and HCFO-1233zd. At temperatures of from about 250°C to
about 450°C, some HCFO-1233xf is also produced. Higher temperatures
result in greater conversion of HFQ-1243zf and higher degrees of
flucrination and halogenation in the converted compounds.
30 Suitable reactor pressures for the vapor-phase reactor may be from
about 1 t0 about 30 atmospheres. A pressure of about 15 to about 25
atmospheres may be advantageously employed io facilitate separation of
HCI from other reaction products, and the suitable reaction time may vary
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244db is CF3CHCICH2F 2451a is CF3CH2CHF2 1233xf is CF3CCI=CH2 233ab is CF3CCI2CH2CI

226ba is GF3GeMd7iskEg 227ca is CF3CF2CHF2 244bb is CF3CFCICH3 ROBXAMbB4EPd -6
Chlorofluorination of HF0-1243zf The 98% chromium/2i cobalt catalyst prepared above (21.4 grams,

15 mL, -12 to +20 mesh, (1.68 to 0.84 mm)) was placed in a 5/8" (1.58 cm) diameter Inconel(r)
(Special Metals Corp. (New Hartford, New York)) nickel alloy reactor tube heated in a fluidized sand
bath. The catalystramsapredflgriabost 1B0teeatmdat witfetdbladréol @bouThdccamlysbWas heated from
45C to 175C in aé@g&mgjitrogen (50 cc/min) over the 5 course of about 1.5 hours. HF was then
admitted to the reactor at a flow rate of 50 cc/min for 1.3 hours at a temperature of 175C. The reactor

nitrogen flow was decredbedn@adaigafitiade the iatatenaretei st 863 fPiihthis flow was

maintained for 0.3 Ay o Bserearitsfampesakl Eprvagithen arsetatyneieasserinddde over 1 hour.
After this period, the 10HF and nitro%en flow was@g;;% and the reactor brought to the desired

operating temper5&iPeCTA ot BreiRR) 48P UAFY- itd C13RERU @ tHPough the reactor. Part

of the reactor efflaentiveas@batjizesht)yrom lﬁmm@mﬁoﬁmmso&s of the chlorofluorination of
HF0-1243zf over the 98{ &g‘c?é/ ogﬁt%xfztaaw%gg#j%qpseégﬁw%%eggg{igw%ﬁ g%jr itrp]gicated molar

ratios of HF, HF0-1243zt an are shown in 27 analytical data is given in units of GC area /0.
The nominal catakapdseghestureeciies atiEcane@onidcHirhe & Brivdshigeidaitiiidxamples 1 and 2

were carried out iEé@%@QﬁﬁHﬁEﬁ _m@:yhgé:a@a% e VAR RaERaR NG RERTMOBRATIRN Of HFO-1243z7f
25 30 Ex. No. HF/1243/C12 Ratio T, C 140 140 300 325 350 375 1243zf 243db 244db 1234vf 245cb
1233xf 1 31¥4c@aphite; alumina; fluorided alumina; aluminum fluoride; alumina

supported on carbon; aluminum fluoride supported on carbon; fluorided
alumina supported on carbon; magnesium fiuoride supported on aluminum
fluoride; metals (including elemental metals, metal oxides, metal halides,
and/or other metal salts); metals supported on aluminum fiuoride; metals

15 supported on flucrided alumina; metals supported on alumina; and metals
supported on carbon; mixtures of metals.

Suitable metals for use as catalysts (optionally supported on
alumina, aluminum fluoride, fluorided alumina, or carbon) inciude
chromium, iron, cobalt, nickel, ruthenium, rhodium, palladiurm, osmium,

20  iridium, platinum, manganese, rhenium, scandium, yttrium, lanthanum,
titanium, zirconium, and hafnium, copper, silver, gold, zinc, and/or metals
having an atomic number of 58 through 71 (i.e., the lanthanide metals). In
one embodiment, when used on a support, the total metal content of the
catalyst will be from about 0.1 to about 20 percent by weight based on the

25 total weight of the catalyst; in another emboediment from about 0.1 to about
10 percent by weight based on the total weight of the catalyst.

Suitable chlorofluorination catalysts for the vapor-phase reactions
include chromium-containing catalysts including chromium(lil) oxide
(Crz0s); Cr;Os with other metals such as magnesium halides or zinc

30  halides supported on CroQOs; chromium(lll) halides supported on carbon;
mixtures of chromium and magnesium {including elemental metals, metal
oxides, metal halides, and/or other metal salts) optionally supported on
graphite; and mixtures of chromium and other metals (including elemental
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metals, metal oxides, metal halides, and/or other metal salts) optionally
supported on graphite, alumina, or aluminum halides such as aluminum
fluoride.

Chromium-containing catalysts are well known in the art. They may
be prepared by either precipitation methods or impregnation methods as
generally described by Satterfield on pages 87-112 in Heterogeneous
Catalysis in Industrial Practice, 2™ edition (McGraw-Hill, New York, 1991).

Of note are chiorofiuorination catalysts that comprise at least one
chromium-cantaining component selected from the group consisting of
crystalline alpha-chromium oxide where from about 0.05 atom % to about
B atom % of the chromium atoms in the alpha-chromium oxide lattice are
replaced by trivalent cobalt atoms, and crystalline alpha-chromium oxide
where from about 0.05 atom % fo about 6 atom % of the chromium atoms
in the alpha-chromium oxide lattice are replaced by trivalent cobalt atoms
which has been treated with a fluorinating agent. These catatysts,
including their preparation, have been disclosed in U. S. Patent
Application Publication US2005/0228202.

Optionally, the metal-containing catalysts described above can be
pretreated with HF. This pretreatment can be accomplished, for example,
by placing the metal-containing catalyst in a suitable container, and
thereafter, passing HF over the metal-containing catalyst. [n one
embodiment, such container can be the reactor used to perform the
chiorofluorination reaction. In one embodiment, the preireatment time is
from about 15 o about 300 minutes, and the pretreatment temperature is
from about 200°C to about 450°C.

In one embodiment, the product mixture comprises HFC-245c¢b,
HFC-245fa, HFO-1234yf, HFO-1234ze, HCFO-12332zd and HCFO-1233x1.

in one embodiment, halopropane by-products that may be formed
in the chiorofluorination reactions having higher degrees of halogenation
and/or fluorination than pentafluoropropanes include CF3CClCF3 (CFC-
216gza), CFzCCIFCCIF» (CFC-216ba), CF3CCIFCF3 (CFC-217ba),
CF3sCF,CCIF, (CFC-217ca), CFsCHFCF; (HFC-227ea), CF;CF,CHF;
(HFC-227ca), CF3CCIFCHF; (HCFC-226ba), CF3CFCHCIF {HCFC-

15



No. Ratio C 1233zd 1234ze 245fa 1223xd 233ab 226ba 227ca 1 1011/4 14077 1.06.300 2a10/1
/1140 1.4,@ 36360 §:4§ 3b 10/1/1 300 4.1 2.1 1.3 20.2 ~  PCT/US2009/043118

226ca), CFsCHCICF; (HCFC-226da), CFiCCl.CHF; (HCFC-225aa),
CF3CCIFGHCIF (HCFC-225ba), CF3CF2CHCI: (HCFC-225¢a),
CF3CCl.CCIF, (CFC-215aa), CF3CCIFCCI:F (CFC-215bb), CF3CCl.CCILF
(HCFC-214ab), CF3CCIL,CHCIF (HCFC-224aa), and CF3CCIFCHCI

5 (HCFC-224ba).

In one embodiment, halopropene by-products that may be formed
in the chlorofluorination reactions having a higher degree of halogenation
than tetraflucropropenes include CFCCI=CHCI{HCFO-1223xd).

In one embodiment, the product comprises HCFC-243db and at

10 least one additional compound selected from the group consisting of
ethylene, HFC-23, CFC-13, HFC-143a, HFC-152a, HFO-1234yf, HFO-
1243zf, HFC-236fa, HCO-1130, HCO-1130a, HFO-1234ze, HFO-1336,
HCFC-244db, HFC-245fa, HFC-245ch, HCFC-133a, HCFC-254fb, HCFC-
1131, HCF(O-1233xf, HCFO-1233zd, HCFO-12422f, HCFC-253fb, HCFO-

15 1223xd, HCFC-233ab, HCFC-226ba, and HFC-227¢a.

In cases where the product mixture produced by the processes of
this invention comprises (i) product compounds HFC-245¢cb, HFC-245fa,
HFO-1234yf, HFO-1234ze, HCFO-1233zd and HCFO-1233xf, (i} HF, HC,
and Cly, (iii) higher boiling by-products such as CF;CHCICHCI (HCFC-

20 243db), CFz:CHCICH,F (HCFC-244bb) and (iv) chiorinated by-products
such as CsHCIsF4, CsHCIsFs, C3HCIFs, CiClaFs, and CaClaFs, the
separation processes, such as distillation, may be employed to recover the
product compounds from such a product mixture.

25 Fluorination of HCFC-243db
In some embodiments, HCFC-243db may be used to make HCFC-
HCFO-1233xf, HCFC-244db, andfor HFO-1234yf by fluorination. These

reactions are shown in FIG. 1. The fluorination reaction may be carried

out in the liquid or vapor phase. For liquid phase embodiments of the

30 invention, the reaction of HCFC-243db with HF may be conducted in a
liguid-phase reactor operating in batch, semi-batch, semi-continuous, or
continuous modes. In the batch mode, starting HCFC-243db and HF are
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combined in an autoclave or other suitable reaction vessel and heated to
the desired temperature.
In one embodiment, this reaction is carried out in semi-batch mode
by feeding HF to a liquid-phase reactor containing HCFC-243db or by
5 feeding HCFC-243db to a liquid-phase reactor containing HF, or by
feeding HF to a mixture containing HF and reaction products formed by
initially heating HCFC-243db and HF. In another embodiment, HF may be
fed to a liquid-phase reactor containing a mixture of HCFC-243db and
reaction products formed by the reaction of HF, and HCFC-243db. In
10 ancther embodiment of the liquid-phase process, HF, and HCFC-243db
may be fed concurrently in the desired stoichiometric ratio to the reactor
containing a mixture of HF and reaction products formed by reacting HF,
and HCFC-243db.
Suitable temperatures for the reaction of HF with HCFC-243db in
15 the liquid-phase reactor are, in one embodiment, from about 80°C to about
180°C, in another embodiment, from about 100°C to about 150°C. Higher
temperatures typically result in greater conversion of the HCFC-243db.
A suitable molar ratio of HF to HCFC-243db fed to the liquid-phase
reactor is, in one embodiment, at least stoichiometric and, in ancther
20 embodiment, is from about 5:1 fo about 100:1. Of note are embodiments
wherein the molar ratio of HF to HCF(C-243db is from about 8:1 to about
50:1.
The reactor pressure in the liquid-phase process is not critical and
in batch reactions is usually the aufogenous pressure of the system at the
25  reaction temperature. The pressure of the system increases as hydrogen
chloride is formed by replacement of chiorine substituents by fluorine in
the HCFC-243db and intermediate reaction procucts. In a continuous
process it is possibie 1o set the pressure of the reactor in such a way that
the lower boiling products of the reaction, such as HCI, CFi:CF=CHg, and
30  E/Z-CFsCH=CHF, are venied from the reactor, optionally through a
packed column or condenser. In this manner, higher boiling intermediates

remain in the reactor and the volatile products are removed. Typical
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15 a. 243db and 244db confirmed by 1H and 19F NMR. b. 245cb and 1233xf confirmed by 1H and

19F NMR & Anlditiepad products were 215aa, 216aa, 216ba, 225aa, 225par32666/¢3002.
20EXAMPLES 7-11 Fluorination of HCFC-243db The 98% chromium/2% cobalt catalyst prepared

above (21.4 grams, 15 mt., -12 to +20 mesh, (1.68 to 0.84 mm)) was placed in a 518" (1.58 cm)
diameter Inconel@ nickel alloy reactor tube heated in a fluidized 25sand bath. The catalyst was
pre-fluorinated byasstanmeassithsHFetdoleheltiHbnsigdRs? wHs)HeabaurdRMbBESI® 175C in a flow of
nitrogen (50 cc/rr*(i@bgge;(rptg)e_ course of about 1.5 hours. HF was then admitted to the reactor at a flow
rate of 50 cc/min for 1.3 hours at a temperature of 175C, The reactor nitrogen flow was decreased to

20 cc/min and the HF 3t f50PRTEreeRIEINSVEISRNR FeAFISN WP ARAURIEHYRE IS hour. The
reactor temperatyiawapriter grasiusiidnerersesdin 4 Qiedveitidedroéitexithisgrayiod, the HF and

nitrogen flow was_stopped and the reactor Jr t to the desired operating.temperature: A flow of HF
vapor and HE:Fé%ﬁgdga( W@@ﬁémﬁ%‘&?&%@%@%ﬁ? %gﬂqhgq%%@?ﬁ_ %ﬁ?’of the reactor
effluent was analjeid /5y twhiime GEMS 5 andibie=r 8y kéboiTeheofl i inatdMOERIFR:-243db over the
98/2 Cr/Co cataly(%haetrgadfig#sté)ge?wW@r@ﬁerﬁt%F%p ingicated molatraties of 5 HF and

able’ ’  in uni ’

HCFC-243db are'shown in '3; analytical'data’is giveh in units of GC area %. The nominal
catalyst bed volugfdalyats fer dbetheutd REaaairiecesT Al Ch-sbcomiryeexari preS7aR@d tarried out in
the absence of the ggtalyst,ABLE 3 10Fluorination of HCFC-243db Ex. No. HF/ 243 Ratio Temp.

(Q) 1243 243 244i 1234 2451233 1233 1234 245 zfdb , _ .
10 In one embodiment, the reaction of HF with HCFC-243db is carried

out in the vapor phase. Typically a heated reactor is used. A number of

reactor configurations are possible including horizontal or vertical

orientation of the reactor as well as the sequence of reaction of the

starting materials with HF. In one embodiment, the HCFC-243db may be
15 initially vaporized and fed to the reactor as a gas.

In another embodiment of the invention, the HCFC-243db may be
contacted with HF in a pre-reactor prior to reaction in the vapor-phase
reactor. The pre-reactor may be empty, but is preferably filled with a
suitable packing such as nickel-copper alloys commercially available from

20 Special Metals Corp. (New Hartford, New York) under the trademark
Monel®, nickel-based alloys such as Hastelloy®, or other nickel alloy
turnings or wool, or other material inert to HCI and HF which allows
efficient mixing of HCFC-243db and HF vapor.

Suitable temperatures for the pre-reactor in one embodiment are

25 from about 80°C to about 250°C, in another embodiment, from about
100°C to about 200°C. Temperatures greater than about 100°C result in
some conversion of the HCFC-243db to compounds having a higher
degree of fluorination. Higher temperatures result in greater conversion of
the HCFC-243db entering the reactor and a greater degree of fluorination

30 in the converted compounds. Under these conditions, for example, a
mixture of HF and HCFC-243db is converted to a mixture containing
predominantly HF, HCI, HCFC-243db, HCFC-244db (CF3CHCICH,F), and
HCFO-1233xf.
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The degree of fluorination reflects the number of fluorine
substituents that replace chlorine substituents in the HCFC-243db and
their fluorinated products. For example, HFO-1234yf represents a higher
degree of fiuorination than HCFO-1233xf.

5 The molar ratio of HF to the total amount of HCFC-243db in the
are-reactor is, in one embodiment, from about the stoichiometric ratio of
HF to the total amount of HCFC-243db to about 50:1. In another
embodiment, the molar ratio of HF to the total amount of HCFC-243db in
the pre-reactor is from about twice the stoichiometric ratio of HF to the

10 total amount of HCFC-243db to about 30:1. In another embodiment, the
molar ratio of HF to the amount of HCFC-243db is present in the pre-
reactor, and no additional amount of HF is added to the vapor-phase
reaction zone.

in one embodiment, the HCFC-243db and HF are vaporized and

15 fed to a pre-reactor or to a vapor-phase reactor.

Suitable temperatures for the vapor-phase reaction are from about
120°C to about 500°C. Temperatures in the range of from about 300°C to
about 350°C favor the formation of HFO-1234yf and HFC-245¢b and
HCFO-1233xf. Temperatures in the range of from about 350°C to about

20 450°C favor the additional formation of HFO-1234ze, HFC-245fa, and
HCFO-1233zd. Higher temperatures result in greater conversion of
HCFC-243db and greater degrees of fluorination in the converied
products. Reactor temperatures of from about 150°C to about 275°C
favor the formation of HCFO-1233xf as the major product.

25 Suitable reactor pressures for the vapor-phase reactor may be from
about 1 to about 30 atmospheres. A pressure of about 15 fo about 25
atmospheres may be advantageously employed fo facilitate separation of
HCI from other reaction products, and the suitable reaction time may vary
from about 1 to about 120 seconds, preferably from about 5 to about 60

30 seconds.

The moliar ratio of HF to the amount of HCFC-243db for the vapor-
phase reaction is, in one embodiment, from about the stoichiometric ratio

-19-
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6.636.3 19/l 339 XAMPLE 12 Reaction of HFC-243db with HF in thepiRsgReRAkd aFd 15A
210 mL HasteHoy(r) C tube was charged with 10.0 grams (0.0599 o

of HF to the amount of HCFC-243db to about 50:1 and, in another
embodiment, from about 10:1 to about 30:1.
In some embodiments, a catalyst is used in the reaction zone for
the vapor-phase reaction of HF with HCFC-243db. Fluorination catalysts
5 which may be used in the vapor phase reaction include carbon; graphite;
alumina; fluorided alumina; aluminum fluoride; alumina supported on
carbon; aluminum fluoride supported on carbon; fluorided alumina
supported on carbon; magnesium fluoride supported on aluminum fiuoride;
metals (including elemental metals, metal oxides, metal halides, and/or
10 other metal salts); metals supported on aluminum fluoride; metals
supported on fiuorided aiumina; metals supported on alumina; and metals
supported on carbon; mixtures of metals.
Suitable metals for use as catalysts (optionally supported on
alumina, aluminum fiuoride, fiuorided alumina, or carbon) include
15 chromium, iron, cobalt, nickel, ruthenium, rhodium, palladium, osmium,
- iridium, platinum, manganese, rhenium, scandium, yttrium, lanthanum,
titanium, zirconium, and hafnium, copper, silver, gold, zinc, and/or metals
“having an atomic number of 58 through 71 (i.e., the lanthanide metals). In
some embodiments, when used on a support, the total metal content of
20 the catalyst will be from about 0.1 to about 20 percent by weight based on
the total weight of the catalyst; in another embodiment, from about 0.1 to
about 10 percent by weight based on the total weight of the catalyst.
Typical fluorination catalysts for the vapor-phase reactions in this
invention include chromium-containing catalysts including chromium(lil)
25  oxide (Cr203); Cro03 with other metals such as magnesium halides or zinc
halides supported on Cr,Oz; chromium(lll) halides supported on carbon;,
mixtures of chromium and magnesium {including elemental metals, metal
oxides, metal halides, and/or other metal salts) optionally supported on
graphite; and mixtures of chromium and other metals (including elemental
36 metals, metal oxides, metal halides, and/or other metal salts) optionally
supported on graphite, alumina, or aluminum halides such as aluminum
fluoride.
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mole) of HCFC-243db and 25.4 grams (0.040 mole) of tantalum pentafluoride. The tube was then

charged Withy43 43, g5aks (2.0 moles) of hydrogen fluoride. The tube was waRRd jeyA2HGsand held at
149C to 150C for eight hours with shaking. The tube was then cooled to room 20 temperature and

treated with 100 mL of water. The contents of the tube were discharged and a small organic layer was
collected and neutralized. The sample was 91.1% unconverted HCFC-243db; the GC-MS analysis of
the converted products WerenzisrfetionisiniABtaaly sGoanpovalhknGO Ardaedart. They mayHFC-245ch

39.34.5.5 C3H39é':p¢egpargc)?'5k38{ﬁ§ %7(3@&'5’%5&\' %5@’&%8590r impregnation methods as
generally described by Satterfield on pages 87-112 in Heterogeneous
Catalysis in Industrial Practice, 2" edition (McGraw-Hill, New York, 1991).

5 Of note are fluorination catalysts that comprise at least one
chromium-containing component selected from the group consisting of
crystalline alpha-chromium oxide where from about 0.05 atom % to about
6 atom % of the chromium atoms in the alpha-chromium oxide lattice are
replaced by trivalent cobalt atoms, and crystalline alpha-chromium oxide

10 where from about 0.05 atom % to about 6 atom % of the chromium atoms
in the alpha-chromium oxide Iattice are replaced by trivalent cobalt atoms
which has been treated with a fluorinating agent. These catalysts,
including their preparation, have been disclosed in U. S. Patent
Appilication Publication US2005/0228202.

15 Optionally, the metal-containing catalysts described above can be
pretreated with HF. This pretreatment can be accomplished, for example,
by placing the metal-containing catalyst in a suitable container, and
thereafter, passing HF over the metal-containing catalyst. In one
embodiment of this invention, such container can be the reactor used to

20 perform the fluorination reaction in this invention. Typically, the
prefreatment time is from about 15 to about 300 minutes, and the
prefreatment temperature is from about 200°C to about 450°C.

In one embodiment of this invention, the product mixture comprises
HFC-245cb, HFC-245fa, HFO-1234yf, HFO-1234z¢, HCFO-1233zd and
25 . HCFO-1233xf.

Fiuorination of HCFQ-1233xf
In some embodiments, HCFO-1233xf may be used to make HCFC-
HCFC-244bb, andfor HFO-1234vyf by fiucrination. These reactions are
30 shown in FIG. 1.
in one embodiment, the reaction of HCFO-1233xf to HCFC-244bb
may be carried out in the liquid phase. In another embodiment, the

reaction may be carried out in the vapor phase.
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HCFC-234ab 8.6 HCFC-243fa 6.9 EXAMPLE 13 Fluorination of HCF0-1233xf to HCFC-244bb 5The

contents ofyg, SRl B7EEE Vvial containing 20 grams-of viscous SbF5 were peyiad i9@diy 400 mL
Hastelloy(r) shaker tube. The tube was closed and was pressurized with nitrogen for leak testing. The

shaker tube was then cooled to less than - 40 C with dry ice, slowly vented, and then evacuated. 75
grams (3.75-moles) of anhydrous HF was condensed 10 into the shaker tube followed by 165 grams
(1.26-moles) of HCFO-1R838x& dibcsiimket, tiiecramsiptactld G @ HadDdde A0 SHaddibg was started.

The shaker tube yag gaialed 8 @BOLIEMBSIAWELAAZIDN AN IR PISSULeAAS 21 to 25 psig.

After 2 hours, shakirig was stopped an ) of water was ca y pumped into the shaker tube.
The tube 15 was Mefyove GGG iRencepsBtPHs 0@ASC in an ice bath before depressurization and

transferring the contentg{QAdANSHARIRINEN G RASEBRENERSHHERE D I833xT tof he container
contents were poured intcgh EQEOW ropylene separatory funnel containin?@some ice. The lower organic
[ ;5%%‘

layer was light 20 4rfitfer L5ceaiRe Ovh hiEsREsqEe Ksaratelthtd iR dia bottle made of
a glass sold undegrifishifiasiannane ehRyyexdnppéannings(kolelhtdl/A). (hemisafter "Pyrex ) containing
-50-mL of 4 molar_(pH_7) phasphate buffer and ice (-100-mL). The grganijc layer was again separated
and poured into aeég)?@j?g%(ﬁ) Erhn%a?éagyost 182 dr?aﬁw?rqggg éﬁr%hazﬂe g%%ﬁ%? olna%rﬁ@é‘%us magnesium
sulfate. Crude yiedinhaginesi3thearataptiouel o-aileBaw)e cataltAdsabédeooritie material showed

that it was mosty G ECaAdRh OUISH SATAPREIREHAEA A e eRs RO G45ED, 0-16%

512334 and other’byproducts totaling 12.2%. EXAMPLE 14 Fluorination of HCF0-1233x1 to
HCFC-244bk° ThEaEieR ARISEIRANIS O WRIFSHRIM G20 g eI erRBReHNSBIis were poured

into a dry 400-mLjitnsielinwés) shakey ukesT baduhewasserststiarshnagin@spurized with nitrogen for
leak testing. The shaker tube w. n cqoled to less than -40 C with dry ice, slowly vented, and then
evacuated. 53 gra%@tff.ré rﬂ%l@%&]f aHH%‘r%‘détﬂFﬁ%Qa%&i&g%%‘%@ o gﬂﬁﬁfﬁﬂ%‘é followed by
227 grams (1.74 (Ril€s), thHEReH@R8x{ IrCMastitamidenschahtioritie Chilllayl 8bhaker tube. The shaker

tube was placed i heiGads aof sbaiR RS AR, 1y helikei e uapagiated a

ambient temperature the pressure was psig. Atter 2 hours, shaking was
stopped and!200 fREGIPWANEY RaSedied Myt pithsed tewhdlsperaiqnsataye fapbopitwas left
overnight and coqlgdde R iRRérdn an ice bath before venting and transferring the contents to a plastic
container. The container was kept on_ice. The container contents WerelFrﬁofured into a polypropylene

separatory funnel contailiR§ & GHEIEL S e RRVEGHTARE Y ERS T HEA e iR Y% Qppearance. The
organic layer wasrsepaeateairiatooa Ry ex(sbswedia bbtheabmitaining about 50 mL of 4 molar (pH 7)

phosphate bu_ffer and Ic?r{(b]h%oém I_C}C.H'l[qhen organic. %a géSVéaF% again gﬁge@&q%}tq( Eg/ured into a dry
Pyrex(r) media bottle containing a small"arhount of anhydrous magnesium sulfate. Crude yield was

238.8 gramsz()aboﬁﬂfm&ﬂﬁbsmy be caBEMSIONtHE crasemsatetaicdiyatedntivasit was mostly
HCFC2440b. OthgreQmRRORNISADEAEH & LAV AR Bl AR 7S HCFO-1233:x,

and other byproducts totaling 9.7%. SEXAM Example 15 demonstrates the conversion of
HCFC-244bb (2- ERRA\- 923 B8 ARNdBRRERARY & AFerTIingiens3nesqbtaMiSropropene) in the
absence of a catalysbomRMDindngeoslthiueedd/cdrti0b ) withbaeatnshiaareyof about tol2 inches
was heated to a tgm esat re between 500C and .6262g and H ?-?QMbb Was fed at 0.52 mL/hour
through a vaporizet Set/at AGEUER ogiRps Ty &p'61'2 ,ﬁssec ﬁ?%‘@ r%y@%iﬁ Lreactor effluent was
analyzed usirg arcamdine GCMS, with the results being reported in mole percent.

In one embodiment, the vapor phase reaction of HCFO-1233xf to

HCFC-244bb is carried out in the absence of catalyst.

Dehvdrochiorination of HCFC-244bb
30 In some embodiments, dehydrochlorination of HCFC-244bb is used
to prepare HFG-1234yt.
In one embodiment, dehydrochlorination of HCFC-244bb to HFO-
1234yt is carried out in the vapor phase.

22.
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15

20

25

30

in one embaodiment, vapor phase dehydrochlorination is carried out
in the presence of catalyst. In one embodiment, the catalyst is selected
from carbon and/or metal based catalysts. In one embodiment, the
catalyst may be selected from an activated carbon, a nickei-based
catalyst, a palladium based catalyst, or any combination of these catalysts.
In one embodiment, the catalyst may be selected from the group
consisting of Ni-mesh, paliadium on carbon, palladium on aluminum oxide,
or combinations thereof.

In one embodiment, HFO-1234yf is prepared by thermal
dehydrochlorination of HCFC-244bb. In one embodiment, this reaction
oceurs in the absence of a catalyst. In one embodiment, HCFC-244bb is
intfroduced into a reaction vessel which temperature is maintained at a
temperature high enough to effect the thermal dehydrochiorination of
HCFC-244bb. In one embodiment, the temperature is high enough to
effect the thermal dehydrochlorination of HCFC-244bb to a percent

conversion of at least 50%. In another embodiment, the temperature is

~high enough to effect the thermal dehydrochlorination of HCFC-244bb to a

percent conversion of at least 65%. In yet another embodiment, the
temperature is high enough to effect the thermal dehydrochlorination of
HCFC-2440b to a percent conversion of at least 80%. In yet another
embodiment, the temperature is high enocugh to effect the thermal
dehydrochlorination of HCFC-244bb 1o a percent conversion of at least
70% for at least 12 hours of continuous operation.

In one embodiment, HCFC-244bb is introduced into a reaction
vessel into a reaction vessel which temperature is maintained at a
temperature in the range of from about 500 °C to about 700 °C. In another
embodiment, the temperature of the reaction vessel is maintained in the
range from about 500 °C to about 650 °C. In yet another embodiment, the
temperature of the reaction vessel is maintained at a temperature high
enough to effect the pyrolysis of HCFC-244bb to HFO-1234yf with a
selectivity of 80% or greater. In yet another embodiment, the temperature
of the reaction vessel is maintained at a temperature high enough to effect
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the pyrolysis of HCFC-244bb to HFO-1234yT with a selectivity of 85% or
greater.
in one embodiment,'the reaction zone is a reaction vessel

comprised of materials which are resistant to corrosion. in one

5 embodiment, these materials comprise alloys, such as nickel-based alloys
such as Hastelloy®, nickel-chromium alloys commercially avaiiable from
Special Metals Corp. under the trademark Inconel® (hereinafter “Inconel™)
or nickei~copper alioys commercially available from Special Metals Corp.
(New Hartford, New York) under the trademark Monel®, or vessels having

10 fluoropolymers linings.

In one embodiment, the HCFC-244bb is preheated in a vaporizer to
a temperature of from about 30 °C to about 100 °C. In another
embodiment, the HCFC-244Dbb is preheated in a vaporizer to a
temperature of from about 30 °C 1o about 80 °C.

15 In some embodiments, an inert diluent gas is used as a carrier gas
for HCFC-244bb. In one embodiment, the carrier gas is selected is
nitrogen, argon, helium or carbon dioxide.

Without further elaboration, it is believed that one skilled in the art
can, using the description herein, utilize the present invention to its fuliest

20 extent. The following specific embodiments are, therefore, to be
construed as merely illustrative, and do not constrain the remainder of the
disclosure in any way whatsoever.

EXAMPLES
25
General Procedure for Product Analysis

The following general procedure is illustrative of the method used
for analyzing the products of fluorination reactions. Part of the totai
reactor effluent was sampled on-line for organic product analysis using a

30 gas chromatograph equipped with a mass selective detector (GC/MS).
The gas chromatography utilized a 20 ft. (6.1 m) long x 1/8 in. (0.32 cm})
diameter tube containing perfluorinated polyether sold under the

trademark Krytox® by E. |. du Pont de Nemours and Company
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{hereinafter “DuPont”) of Wilmington, Delaware on an inert carbon

support. The helium flow was 30 mL/min (5.0 x 10-7 m3/sec). Gas

chromatographic conditions were 60°C for an initial hold period of

three minutes followed by temperature programming to 200°C at a rate of
5 6°C/minute.

Preparation of 98%Chromium/2%Cobalt Catalyst
A solution of 784.30 grams Cr{NQOs)s[9(H20)] (1.96 moles) and
11.84 grams Co{NO;)},[6(H,0)] (0.040 mole) was prepared in 2000 mL of
10 deionized water. The solution was treated dropwise with 950 mL of 7.4 M

agueous ammonia until the pH reached about 8.5. The slurry was stirred
overnight at room temperature and then evaporated to dryness in air at
110-120°C. The dried catalyst was then calcined in air at 400°C for 24
hours prior to use.

15

LEGEND

243db is CF3CHCICHCI 244db is CF:CHCICHYF

245cb is CHCF2CH3 245fa is CF3;CHCHF;

1234yf is CF3CF=CHz 1233xf is CF3CCI=CHz
20 1243zf is CHy=CHCF; 233ab is CFaCCICH,CI

1233zd is £- and/or Z-CHCI=CHCF;  226ba is CF:CCIFCHF;
1234ze is E- andfor Z-CHF=CHCF3 227ca is CF3CF,CHF,
1223xd is E- andfor Z-CF3CCIl=CHCI 244bb is CF:CFCICH;
1141 is CHF=CH;

25

30 EXAMPLES 1-6
Chiorofluorination of HFO-1243zf
The 98% chromium/2% cobalt catalyst prepared above (21.4

grams, 15 mL, -12 {o +20 mesh, (1.68 to 0.84 mm)) was placed in a 5/8"
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626 6.92.00.20.08250.70.21.45.9 EXAMPLE 16 20Example 16 demonstrates the
conversiorRy@f 5iedrG7¢4dbb (2- chloro-1,1,1,2-tetrafluoropropane) to HFO-328Ah (8o Brs

tetrafluoropropane) in the absence of a catalyst. An empty Inconel(r) tube (1/2 inch OD) with a heated
zone of about 12 inches was heated to 575C, and HFC-244bb was fed at 0.35 mUhour 25 through a
vaporizer set at 40C using a N2 sweep of 3.6 sccm (6.0 x 10-8 WO

2039/137?58PC1(/1§{2@@9@4&M@ ManElR (Soettal Wesatp Exarted fiemaHatifood, 19ehours continuously,
and samples Wer?ﬁ%jr}gﬁsﬁﬂwcm?&?d ?%a%y%eeéj[eg deée‘ff zeé‘@a%%@%‘r? %ﬂé’f HFC-244bb, and

selectivity to HFO S TOACTST TNt was analy 'USihg AN on- MS, and the data in
Table 6 below is aatabeévw;epoe éutﬁmtﬂﬂd)wﬁﬁﬁﬁéﬂﬁ]’éw@hﬁﬁtéﬁ @U@W%oﬁ@@éﬁ?&%’fpercentages

are mole percent, LARLE G/HOWS$I13 to 175°C in a flow of nitrogen (50 co/min) over the

5 course of about 1.5 hours. HF was then adrnitted to the reactor at a flow
rate of 50 cc/min for 1.3 hours at a temperature of 175°C. The reactor
nitrogen flow was decreased fo 20 cc/min and the HF flow increased to
80 cc/min; this flow was maintained for 0.3 hour. The reactor temperature
was then gradually increased to 400°C over 1 hour. After this period, the

10 HF and nitrogen flow was stopped and the reactor brought to the desired
operating temperature. A flow of HF vapor, HFO-1243zf, and Cl then
started through the reactor. Part of the reactor effluent was analyzed by
on line GC/MS.

The results of the chlorofiuorination of HFO-1243zf over the 98/2

15 Cr/Co catalyst at various operating temperatures and indicated molar
ratios of HF, HFO-1243zf and Cl. are shown in Table 2; analytical data is
given in units of GC area %. The nominal catalyst bed volume was 15 cc;
the contact time (CT) was 15 seconds. Examples 1 and 2 were carried out
in the absence of the catalyst.

20
TABLE 2 (Part A)
Chlorofivorination of HFO-1243zf
Ex. HF/243/Cl, T,
25 No. Ratio  °C  1243zf 243db 244db 1234yf 245ch 1233xf
1 10/1/4 140 3.0 542 98 57 0 14
2° 10/1/1 140 313 482 118 28 0 15
3° 10/1/1 300 5.9 0 0 5.9 222 307
30 4° 10/1t/4 325 0 0 0 0 0 0
107411 350 9.1 0 0 11.3 11.3 25.2
10/1/1 375 128 O 0 11.6 8.3 206
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TABLE 2 (Part B)
Chiorofluorination of HF(Q-1243zf

s Ex. HFM243/Cl; T,
No. Ratio °C  1233zd 1234ze 245fa 1223xd 233ab 226ba 227ca

1 10/1/4 140 7.7 - - 1.0 83 0 0
28 10M1/1 140 1.4 - - 0 13 0 0
w  3° 10/1/1 300 41 24 13 202 O 0 0
4° 10/1/4 325 O 0 0 0 0 238 139
5 10/1/1 350 124 47 19 181 0 02 0

101111 375 176 6.5 23 1641 0 02 C

15 a. 243db and 244db confirmed by 'H and "°F NMR.
b. 245cb and 1233xf confirmed by 'H and '°F NMR.
¢. Additional products were 215aa, 216aa, 216ba, 225aa, 225ba, 226ca,
226da.

20 EXAMPLES 7-11
Fluorination of HCFC-243db
The 98% chromium/2% cobalt catalyst prepared above (21.4

grams, 15 ml, -12 to +20 mesh, (1.68 to 0.84 mm)) was placed in a 5/8"

(1.58 cm) diameter Inconel® nickel alloy reactor tube heated in a fluidized

25  sand bath. The catalyst was pre-flucrinated by treatment with HF as
follows. The catalyst was heated from 45°C to 175°C in a flow of nitrogen
(50 cc/min) over the course of about 1.5 hours. HF was then admitted to
the reactor at a flow rate of 50 cc/min for 1.3 hours at a temperature of
175°C. The reactor nitrogen flow was decreased to 20 cc/min and the HE

30 flow increased to 80 cc/min; this flow was maintained for 0.3 hour. The

| reactor temperature was then gradually increased to 400°C over 1 hour.

After this period, the HF and nitrogen flow was stopped and the reactor
brought to the desired operating temperature. A flow of HF vapor and
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HCFC-243db (CF;CHCICH,CI) was then started through the reactor. Part

80.00.30.0

of the reactor effiuent was analyzed by on line GG/MS.
The results of the fluorination of HFC-243db over the 98/2 Cr/Co
catalyst at various operating temperatures and indicated molar ratios of
HF and HCFC-243db are shown in Table 3; analytical data is given in

units of GC area %. The nominal catalyst bed volume was 15 cc; the
contact time (CT) was 15 seconds. Example 7 was carried out in the

absence of the catalyst.

TABLE 3
Fluorination of HCF(C-243db

PCT/US20059/043118

Ex. | HF/ | Temp. | 1243 | 243 | 244 | 1234 | 245 1233 | 1233 | 1234 | 245
No. | 243 | (& z do | db | M | cb | XA zd ze fa
Ratio
7 51 140 0.1 884 . 74 0 0 3.9 0 0 0
8 101 275 0 0.2 0.6 1.3 4.8 | 90.0 0 0.7 1.0
9 201 325 0 0 0 19.1 | 114 617 2.3 3.1 1.9
10 | 20/ 350 2 0 0 322 1 81 | 453 4.7 7.9 0.8
11 | 20/1 | 400 0 0 0 179|868 363 197 144 | 36
EXAMPLE 12
Reaction of HFC-243db with HF in the presence of TafFs
15 A 210 mL Hastelloy® C tube was charged with 10.0 grams (0.0599
mole) of HCFC-243db and 25.4 grams (0.040 mole) of tantalum
pentafiuoride. The tube was then charged with 40.0 grams (2.0 moles) of
hydrogen fluoride. The tube was warmed to 150°C and held at 148°C to
150°C for eight hours with shaking. The tube was then cooled to room
20  temperature and treated with 100 mL of water. The contents of the tube

were discharged and a small organic layer was collected and neutralized.
The sample was 91.1% unconveried HCFC-243db; the GC-MS analysis of

the converted products were as follows:
TABLE 4

Component

GC Area %
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HFC-245ch 39.3
HFC-245fa 55
CsH3CIF4 8.2
CsHsClIF, ' 27.6
HCFC-253fb 2.9
HCFC-234ab 8.6
HCFC-243fa 6.9
EXAMPLE 13
Fluorination of HCFO-1233xf o HCFC-244b0
5 The contents of a small PTFE vial containing 20 grams of viscous

SbF s were poured info a dry 400 mL Hastelloy® shaker tube. The tube
was closed and was pressurized with nitrogen for leak testing. The shaker
tube was then cooled to iess than — 40 °C with dry ice, slowly vented, and
then evacuated. 75 grams {3.75-moles) of anhydrous HF was condensed

10 inio the shaker tube followed by 165 grams (1.26-moles) of HCFO-1233xf.
The shaker tube was placed in a barricade and shaking was started.

The shaker tube was agitated at ambient temperature (~20-23°C)
and the pressure was 21 to 25 psig. After 2 hours, shaking was stopped
and 150 mL of water was carefully pumped into the shaker tube. The tube

15 was left overnight and then cooled to 0 to 5°C in an ice bath before
- depressurization and transferring the contents to a plastic container. The

container was kept on ice.

The container contents were poured into a polypropylene
separatory funne! containing some ice. The lower organic layer was light
20 amber in appearance. The organic layer was separated into a media
bottle made of a glass sold under the trademark of Pyrex® by Corning
(Lowell, MA) (hereinafter “Pyrex”™ ) containing ~50-mL of 4 molar (pH 7)
phosphate buffer and ice {~100-mL). The organic layer was again
separated and poured into a dry Pyrex® media bottle containing a small
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amount of anhydrous magnesium sulfate. Crude yield was 164.3 grams
{(about 120-mL, 86%).

GC/MS of the crude material showed that it was mostly HGFC-
244bb. Other components included 0.13% 245¢b, 0.09% 245eb, 0.16%
5 1233xf, and other byproducts totaling 12.2%.

EXAMPLE 14
Fluorination of HCFO-1233xf to HCFC-2440bb
The contents of a small PTFE vial containing 20 grams of viscous

10 SbFs were poured into a dry 400-mL Hastelloy® shaker tube. The tube
was closed and was pressurized with nitrogen for leak testing. The shaker
tube was then cooled to less than — 40 °C with dry ice, slowly vented, and
then evacuated. 53 grams (2.65 moles) of anhydrous HF was transferred
into the shaker tube followed by 227 grams (1.74 moles) of HCFO-1233x{

15 was condensed into the chilled shaker tube. The shaker tube was placed
in the barriéade and shaking was started.

The shaker tube was agitated at ambient temperature (~18-21°C)
and the pressure was 16 to 20 psig. After 2 hours, shaking was stopped
and 100 mL of water was carefully pumped into the shaker tube. The tube

20 was left overnight and cooled to 0 to 5°C in an ice bath before venting and
transferring the contents 1o a plastic container. The container was kept on
ice.

The container contents were poured into a polypropylene separatory
funnel containing some ice. The lower organic layer was light amber in
25 appearance. The organic layer was separated into a Pyrex® media bottle
containing about 50 mL of 4 molar (pH 7} phosphate buffer and ice (~100-
mL). The organic layer was again separated and poured into a dry Pyrex®
media bottle containing a small amount of anhydrous magnesium sulfate.
Crude vield was 238.8 grams (about 170-mL, 91%).
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10EXAMPLE 17 Example 17 demonstrates the dehydrochlorination of HCFC-244bb

(2-chloro-Ixkaherataftgoropropane) in the presence of an activated carb@g-gaigdygiosdidgconel(r)
tube (1/2 inch OD) was filled with 4 cc (1.99 gm) of acid 15 washed PCB Polynesian coconut shell
based carbon from Calgon (6-10 mesh). HFC-244bb was fed at 1.04 mL/hour through a vaporizer set
at 40C using a N2 sweep of 2.4 sccm (4.0 x 10-8 m3) giving a total contact time of about 32 seconds
while controlling the reaGlofMéngpérattiedat moGCaboTisetadthat Tase mesibindGhereactor effluent

composition in meleyRErcaptdPEUNBHMBRESHEHRILAT anepgirated sasben calalys to make
HFC-1234yf via HO elimination over th%%e%rlod of 7 hours of operation. TABLE 7 Hours 245cb 1234vf

245eb 1336 2440499 ALHYHKHCFOJ foaye other byproducts totaling 9.7%.

5 EXAMPLE 15

Example 15 demonstrates the conversion of HCFC-244bb (2-
chloro-1,1,1,2-tetrafluoropropane) to HFO-1234yf (2,3,3,3-
tetrafluoropropene) in the absence of a catalyst.

An empty Inconel® tube (1/2 inch OD) with a heated zone of about

10 12 inches was heated to a temperature between 500°C and 626°C, and

HFC-244bb was fed at 0.52 mL/hour through a vaporizer set at 40°C using
a N2 sweep of 2.4 scom (4.0 x 10® m?). The reactor effluent was analyzed
using an on-line GCMS, with the results being reported in mole percent.

15 TABLE 5
Temp., Mole Percent
°C | 23 | 1141 | 143a | 248cb | 1234vf | 254eb | 244bb | 1233xf | Unks
500 |102| 01 | 00 | 04 | 142 | 10 | 826 | 12 | 00
550 (18} 08 | 041 | 00 | 570 | 17 | 354 | 12 | 186
574 (27 1411 01 00 770 | 19 | 130 | 14 | 28
603 68 24 | 02 | 00 8.0 | 14 13 | 07 | 22
626 169 20 | 02 | 00 , 825 | 07 | 02 | 14 | 38

EXAMPLE 16
20 Example 16 demonstrates the conversion of HCFC-244bb (2-

chloro-1,1,1,2-tetrafluoropropane) to HFO-1234y{ (2,3,3,3-
tetrafluoropropane) in the absence of a catalyst.
An empty Inconel® tube (1/2 inch OD) with a heated zone of about
12 inches was heated to 575°C, and HFC-244bb was fed at 0.35 mbL/hour
25 through & vaporizer set at 40°C using a Nz sweep of 3.6 scem (6.0 x 107®
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m?). The reactor was operated for a total of 19 hours continuously, and
samples were taken pericdically and analyzed to determine % conversion
of HFC-244bb, and selectivity fo HFO-1234yf. The reactor effluent was
analyzed using an on-line GCMS, and the data in Table 6 below is an
5 average of at least two on-line injections at a given condition; the
percentages are mole percent.
TABLE 6

Hours | 23 | 1141 | 245¢cb | 1234vf | 254eb | 244bb | 1233xd | 1223 (2 | Unk
isomers)
3 19|08 01 |688 |35 178 ;51 0.5 1.3
4 14107 100 |8&15 |42 (227 |74 i1 1.0
8 00103 1006 611 26 |150 141 3.9 2.8
12 00|05 100 601 |20 [137 1164 |EO 13
5 [08:08 |00 668 17 (145 (120 |27 1.0
19 0007 00 |674 00 |70 (166 82 0.0
10 EXAMPLE 17

Example 17 demonstrates the dehydrochiorination of HCFC-244bb
{2-chloro-1,1,1,2-tetraflucropropane) in the presence of an activated
carbon catalyst.

An Inconel® tube (1/2 inch OD) was filled with 4 cc (1.99 gm) of acid

15 washed PCB Polynesian coconut shelt based carbon from Calgon (6-10
mesh). HFC-244bb was fed at 1.04 mL/hour through a vaporizer set at
40°C using a N, sweep of 2.4 sccm {4.0 x 10° m®) giving a total contact
time of about 32 seconds while confrolling the reactor temperature at
400°C.

20 The data in Table 7 shows the reactor effluent composition in mole
percent for this process run with an activated carbon catalyst to make
HFC-1234yi via HCI elimination over the period of 7 hours of operation.
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TABLE 7
Hours | 245ch | 1234yf | 245eb 1338 | 244bb | 1233xf Unk
1 0.0 522 0.2 0.0 22.4 103 | 14.9
2 0.0 445 0.2 0.1 24.6 13.4 17.3
3 0.0 38.0 0.2 0.2 31.9 14.8 15.0
4 0.0 25.9 0.2 0.1 41.8 15.7 16.3
5 g.0 155 0.3 Q.1 49.4 17.9 6.7
6 0.5 7.4 0.3 0.1 53.8 18.0 @ 20.2
7 8.6 2.9 0.3 0.1 542 17.3 24 .5
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CLAIMS
What is claimed is:

1. A composition comprising HFO-1234yf and less than about 1 weight
percent HFO-1234ze.

10

15

20
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What is claimed is: 1. A composition comprising HF0-1234yf and less than about 1 weight percent
HF0-1234ze. 5 10 15 20 2. Use of the composition of claim 1 as refrigerants. 3. Use of the
composition oj.clalﬂgé_ asa e(efrl%eran%m ai g%r?r%lylpners fr.eezer?%I refrigerators, heat pumps, water

chillers, floodéd evaporator cﬁ(ﬂerg?airgc %xpansmn%wﬁéﬁ@%% fugal chillers, walk-in coolers, 5heat

pumps, mobile refrigerators, mobile air conditioning units and combinations thereof. 4. Use of the
composition ¢t.claidse abtherosotpesiteinnts!Bnutasiatefcigesodiiinaintetalifichassfoaming agents.

. A method of usin it f.claj ISl osition 10carrying heat from a heat
source to a heat &%é@%ﬁ%ﬁé%ﬁﬁf@%@ coﬂé@iﬁlrﬁ%épo%@a%}rg’lﬁ g%%grjeﬁ\%grée[r%% a cycle
comprising the corabiisitiouadeeypnnsiopradsiechanertfifoge diilzr soveaasarmblzack.

5 heat pumps, mobile refrigerators, mobile air conditioning units and

combinations thereof.
4,  Use of the composition of claim 1 as aerosol propellants.
5. Use of the composition of claim 1 as foaming agents.

6. A method of using the composition of claim 1 comprising the composition

10 carrying heat from a heat source to a heat sink.

7. A method of using the composition of claim 1 as a refrigerant in a cycle
comprising the composition undergeoing a phase change from a liquid to

a gas and back.
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