EP 0 552 303 Bl Description BACKGROUND OF THE I NVENTION 5 1. F| eI d of the
| nvention: This invention concerns-a process for the production of .

pol yfl uorool efins by the catal yti g%gg%\,ﬁ@ of pol yfluoroal tylic: fl uorl des: -
to tluoroethylenes, 1:’'1 and 1:2 Add has F- pent ene-2-and F-"hgjt ene- 3
can~ge fornmed selectively and reduced further to- di hydrm",,d’-i‘“ g ?:i{L

tri hydr oprbatipuser oal kanes, which are useful as HFC 10 cl'eati ng ‘ageini
H gher boiling products, e.g., boiling points above 100 [err] C, are:useful -
as sol vempaekamouns aibee INVENTIOR, particularly after the double bond has been
saturat ed by hydrogenation, fluorination, or chlorination. 2. Techni cal

Revi ews 15Field of thédinveotios: Cat aI ysts for the addition of polyfluoroallylic :
fluorides to fluoroethylenes are knomm. G G Belen' kii, E.P. Lur"e, and L.S
Ger man, UDJhEEM@oRNn 250ema 2 prdc@ss fon the jpradpation) pf M‘wvbﬁfgahw the asmmason of
Acadeny @phviepgiicdlyorides foHlworomtifienes, i3 A1 12 Dddusts syphcas Etpemfonge? aqd Edpetpnpsd canor
cafrying bB(?(‘“‘t"rf@'eﬁtl"R' ot 'ieﬂ‘f?e'!)f““'i!%é’ Q'WVHGFUWF'PW'FWEW’E?F which preciseful ag i"'ﬁﬁ

e e e T

Hi gher %fhl orofluorool efins and Their Reactions with Nucl eophiles and

El ect r ophi i Joel‘J"re‘F']aI of Fluorine Chemistry, 46 (1990) 491-506), teaches

the alkali viahillQThblfst e e gHMEA ffpgfym%Fohﬂ}i?c R«Bnd’és biekbrbliyedédiC knowd N€ PT esent

i nvention eg! BYieni@N ed. Ukid) UiRd NES | Glemdnd Qsatshﬁ41%d®lis&tht@rbqu|et@6bré&hky|

f 1 uor i de CoMpduhdéOABEMY bSaRBnced 5F tﬂ%é%Rmo%w TidEs) LRI b \batd@t 1Y QFARY out the

I nvent i ORIkpP&oY bideSiudroIBMANES offeﬂfyleh&&mmemﬁowpwwmmd poikpéfiiistepredlend.| Ns

havi ng at |GhagMibg Ea,rHuO Diu ahd A&QCX) Reacions @f Paehdrsfidgo orhpausds ) Gleytfahgedieardtef i n
of ™ heo s Highert Reroblo®fuofcelefils €38 Their Reactions with Nucleophiles and Electrophiles (Journplesf F}:omuher e:
[err] i s Chemigly, 46-{1990) 4941506). tddghes the alkalk Alwofide an ifducegl formptiop iof § BrE/FPagduc. i s F,
G, or H, [Wemjesprs ievefiion rempjogs Bh alyminainkhplide toselalyzeatht \addiiant ofiani aliy fluorfdecip 1
Cl; R4 i8uqoetwlefeerr] or where [err] together with R2 is [err]wherein nis -

1, 2 or 3U w th a_second pol yfluoroolefin of structure [err]CF = CF2 and
\/\herezﬂSMEE]w&‘b; in the presence of a catalyst of the
structure X3 wherein I S, .one or nore I ded t ha
cannot be gl oo ooy € Skl e ea"%acgg e T o s

_ tenperat Uf e°"ra°r'f'se prising (Patg @ i “$he invention also
~ concerps the productlon of ol efins of the structures 50

[err] Terr] R,\ R,
/c=c
R .

35 2 CF2R4
P where:
Ry Ry isF, Cl, Hor Ry;

40 Rz is F, Cl, H or Ry;

Rs is F, Cl, or H;

R is a Cz to Cy2 perfluoroalkyl, optlonally oontammg 1Hor1Cl;
R4 is F or R; or where Rs together with Rz is
-{CF2),~; wherein n is 1, 2 or 3; with a second polyfluoroolefin of structure Rs CF=CF. and where
45 Rs is F, H, or Ci;
in the presence of a catalyst of the structure AlX; wherein X is one or more of F, Cl or Br, provided that X
cannot be entirely F; wherein said process is carried out within a temperature range of -20*C to 150°C.
The invention also concerns the production of olefins of the structures

50 RiR2C=CR3CFRy

CFRsCF3
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55 2 EP O 552 303 Bl and [err] 5
[err] [err] or structures derived therefromby further "m gration"” of the
doubl e bond. By "migrgtion" is nmeant a shift in 10 the double bond
posiTion in the nol'ecul e acconpani BIPBH PB BLation of fluorine. The
| nveation al so concerns ol efins of the structures: [err] [err] [err] 20 or
rearrangemenj,qProducts resulting froma shift of the double bond. (These
| ater olefins result where[err] together with [err] is [err] in the
starting 25 [err] [err] 30 .. [err]
compound) where n is 1, 2 or 3. BpBEG(Rs)=GFBesiti ons in accordance with
the present invention are clainmed injd ains 28-30. 35 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON The equati on for t?ﬁ, aggition reaction which is clained is
as follows (where [err] is F): [err [Ré P [err] 45 : [err]
F where [err] are as defined in the Summary of the Invention. so The -
al | yl'i ¢ f lughugtares detlyecctherbfeom Byfyrthet Treigrationef therdeublshieans Byr"migrationljaifobant oéhift in
rear F arfgi thg dowble band pesition, intthe molepyle fabagmpanied by relaeatien gf fxokinen i n t he presence of
a catal yst. ThRinvetigpieieorcopeeins glefing obihe Feriu®&ve t he structure shown or a
structure resulting fromfluorine atommgration. In some cases isoneric
products, such as '

R - |
15 ‘\ /Ra Rl\ /83
/C="-C\ | and CF-C
- (CFa)q—— CFCFRCF; (CFa)n --->ccr=t=tscr=3

or rearrangement Products resulting from a shift of the doui;le bond. (These later olefins resuit where R:,
together with Rz is -{CFz2),- in the starting

? R
1 R
N\ 73
/C...—_C
R
% : CF2R,
compound) where nis 1, 2 or 3. :
Specific compositions in accordance with the present invention are claimed in Claims 28-30.
35 .
DETAILED DESCRIPTION OF THE INVENTION
o/ The equation for the addition reaction which is claimed is as follows (where Ry is F):
40 ' . '
R1 R3 Rs ' ) Ra H.s
AN 7 AN AlX,
/C-—- C\ + C=CF2 St R1R2C=CCFzCCF3
45 Rz CF3

F

where Ry, Rz, Rs and Rs are as defined in the Summary of the Invention.
50 The allylic fluoride may either have the structure shown or be capable of rearranging to that structure
by fluorine atom migration in the presence of a catalyst.
The product may also either have the structure shown or a structure resulting from fluorine atom
migration. In some cases isomeric products, such as
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55 3 EP 0 552 303 Bl [err] [err] are fornmed. The catalyst used is of the
structure [err] where X is one or nore of F, C or Br, with a proviso that
X cannot be entirely F. Active ' be preforned, as in nost _
exanpl es, or can be fornmed in s%@%ﬁ%&cﬁgartial hal ogen- F exchange with
al N i c fluorlde as In Exanples 9 and 20. Preferred catalysts are [err]
(m xed al um num hal i de), where the tg taI nunber of atons of halide, x plus
y equals 3, where x ranges fromO to 2.95 and y ranges from3 to
about- .05. The [err] where y is greal er than 0, may be prepared by
pretreating [err] with reacti wrecFcaeReepds such as [err] Tenperatures
range from-20 C to 150[err] depending on t & reactivity of the reagents
but are 15 preferably in the range of 20 [err] Cto 85[err] Pressures nmay
vary framfdmeds than 101.3 ‘KPa (1 atm) to over 5 1 I\/Pa (50 atm), but a

pr ef er r ed ThaFRjRlyst used F%‘@Cﬂ’“‘a"’?{ﬁa@ "I‘e‘&t °f“b°’2“ §b°’aﬁ‘ ith epFoyise “‘Pb’l‘
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mn. Ti d1a qu; alf %ggﬂm ' 1o 35FanoRs, from
reactan pret A%‘ﬁ) s' ’c- Fz.cgE .mazd)epurepaniug|

reacti on’ | % ggai eofctﬂ&r Yt 49
several o §m @hﬁﬁ 96- dwoda aclﬂé l'.|r9§]m PR 8 en ﬁgﬁo :
r eact or ypRlb A masmeaqarrgea&%moisrnpsr(aram% e P S on of

one or  Ragting MACYA kdm BBYut ©RiM. hy/ st Abyai daBendin Bk Wléh diZdl Pimds ¥R S Trtinuous
cont ai Nisadiok by lanskonddbduton2 tb 120 inlTBihes PAaBERECto vafyaRpéridnG upcRtiltdntity loEthe OF .

er NU Gpdcanisy thp &dipbratyrel pressin@and amdudt df patatyser abl y at | east partly liquified,
opT1 emal | yheweattion &t Eistyenductel rir a djduidptrage aridi can bg oardgd anhincavesdl swodespbétabwiae | y
cont ai nyitrcalditionyof treactitte abatalysidb g seactkoucold dnd waimingde teagtion teinperpipracsemibatchbxt ur e
or the iniselion iobenezan heth imactants prtigeally, centaining datalyidato a yessel sentainiug-catalypitandr e
ratios eherapaopnt;at rqapton rterareratuse; (pr c°'?*| s by PR3siig thegpestants (prafegbly atrfeast Pé'ﬂh var y
fr om 5 iq“t"éd PPB‘IB""‘"VR&'EW ‘E?éa'ﬁsﬂ tarpyigh cp !LeaF‘ n f°'f r”"ﬂ' é's%lP@' Y\é’P "I' ci'l%:i

atlos

hi §‘?3F'é’
e i %ﬁi"%gq%% vuse%ﬁ:. ; @if%’ié g
8. ° ecgﬂ or raf lﬁftb

% gher
b
from é‘b%tbe ané ‘{HJJbo %, aS %r ¢h Pa re%Q ar ge
of reacta ﬁents VgeRdrally Hof e&@.‘ﬂﬁ ¥ :.ﬂ&”phé%é € Dée#uﬂ o fa fithto Fo ci.aﬁ' 1WIfRg | S
usef ul tnetea‘a%cmhtl &éh& doRdbhbdd RIS redcBVi BRdiitidnS IsINBHS bletisd Usbiall foPEcRUsIMG any
condens ggalbRGIRGm 8K bically & Odh bi ATSinurP@hivRLB] 1 usddan alisgs staRfréletidnO Relatively
cont r ol Inbr @nafRyls ivhichi ridy B QEICESTSVUERR AciGdR! iRkafiGdrobeRi1dhd) BEhexbrisTICIBRITF:CI,
chl omé d80,GIF; CESGRICHT),, LICRCEEHECIALE CHEQREGFICE,, CIRICHFGHSCFACFS, IGFs CHCHEGH:CR, S
whi ch MEICFIGFCU s éXifs G, SCHC0BCHR, IGFeCiiCle FreRdiMethpiysibbuianen €CLF-OCLh@&CRIFEHC] er 1 |
35 [ er CF:0he0f DIGHOFICEAINGHFCHRae ((EFa 2UTEIFGF46Fn (OFs)SCRCE = CECRy (F-peptete-3r EBhepr r ed.
F.{E_g nt etepe-3, F-opiene,cangh IGefan, |v§1e@gp§c§ tal 15y Highly fluorinated olefins are praferred solvents and
Baud perﬂuoroolefins CofF2n, Wherein n is 5 fo 15 are most preferred. F-pentene-2, for example, is especially
40 preferred for the reaction in which it is also the product, i.e. the condensation of CF3CF=CF2 with
CF2 =CF2, since the reaction mixture can be over 95% CsFi0, and therefore easily purified. Selectivity in
this procedure is high because CFaCF=CF2 is much more reactive than CFaCF = CFCFzCFs and, when
present, reacts with CF; = CF2, almost exclusively.
Table | shows various examples and reaction conditions. it should be noted that some of the entries in
45 Table I, in which large excesses of tetrafluoroethylene (TFE) over hexafluoropropene (HFP) were used,
resulted in appreciable condensation of TFE with itself to yield even numbers of carbon atoms in product
fluoroolefins. Also, as muiltiple additions of TFE to HFP increase in number, branching in the product olefins
becomes more pronounced. Thus, GsFio and C7F1¢ are linear products, CsF1g is mainly linear, Ci1F22 and
higher have increasing amounts of structures of the type (R)2C=CFR, These mixtures of high-boiling
so liquids are converted to even higher boiling, stable liquids by hydrogenation, chlorination or fluorination.

The synthesis described herein can be used to form 1:1 and 1:2 adducts such as F-pentene-2
(CF3CF = CFCF2CF3) and F-heptene-3/F-heptene-2 mixtures which can be reduced to form HFC cleaning
agents. It can also be used to form higher adducts useful as a source of unreactive solvents, vapor
degreasing agents, and stable liquids by chlorination, fluorination or hydrogenation of the double bond.

are atlos from
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40 preferred for the reaction in which it is also the product, i.e. the " .
condensation of [err] with [err] since the reaction m xture can be over 95%:.:
[err], and therefore easily purlfl(ﬁ; V|ty in this procedure is hi gh"-_.--
because [err] is nmuch nore reactive t%an %rr] and, when present, reacts '
with~{err] al nbst exclusively. Table | shows various exanpl es and reaction
condi ti onsgxAMpLeoul d be noted that some of the entries in 45 Table I, in
whi ch | arge excesses of tetrafluoroethyl ene (TFE) over hexafl uoropropene
(HFP) wer eCatgystprepagion + Adis + OF-ZPPICELCI abl e condensation of TFE with itself to
yield even nunbers of carbon atonms in product fluoroolefins. Al so, as
mul ti pl & addiAtsiuonof 90 gTEES o)) $IAICH (Aliricha8%0% pure)umBdmL db CEla mas stiyed ondedrdtrogen
product ol edpnes-8ptE eandenserorhile 21 @ (Mg mob@f CHaGHTS CF{ wasrleddn ever il A% b Squvenuhreatted
[err] is nﬁ(ﬁwowrpwearwhlcp wpg lffesaﬁdﬂ Hip grrbandiaysad thﬁé%’a@tu Arop 4N °E. wis bled off,
structuresa’Gf"‘et . P'é%‘ ‘6\9(‘?\‘?7 Cﬁ °§€)°"°TF€]H1R9§°dar
rﬁl %8 ux

converted ¥

i " h F mph @i, CFaCF=CF.
Form 1 o) yq,r uf‘%afgs 0. Eﬂ"‘%%: : '138 8&??@%& hton] e

F- hept emazatgf"‘i—o %e gy

Xt ur 85 2 can be reduced to form HFC cl eani ng

agents. Itg pJe tiB6- M9 kS, form h| gher adducts useful as a source of
unr eact i,g/e"ag@r%‘ve'n%—mpvr—gvgr easi ng agents, and stable |iquids by
chl ori nat i ongog %'Mtof RIB1, PidrA-9690 568Pal AhroimobaRicSHP URIGR ND RN, ik fhiod witEP
0 552 303 Bho St Wil RSP ML (P3620 8 inkdDIdf CEQ Wds ddded over’s Fis-BH delloddReabft i)
(0. 75 nol ) veaf exbﬁérfn}c it AethaiyC flages) Fo Q0ditoN 6EGFOIsNwab Gldw it firstfid Grtiér]tyVRsep Mol térfipehture .
under ni t riepenescOdaen eapid3ecesujting susgaiBe was\ktire a2 Bdditiogd) 3 hits whilb volatiles|(6F.ICk)
vvaé“‘bl eeh | wer@alidved. to/&scépe. thiSgiraheuwarmert ¢apdenisar X Tie| condoossr erpethen roplacediwithassimple
present at stiitead, @andimasi df he GSke tras dislilledeumgder reducaderesaurelimalytbp 38 * C(190kRa @O0ramNif f |
and the mi Knally,dhenast tages ok vplatilys wereren@vedipiowanaing the desidug)soligi to 3?9:3@ Q8 05 Par{pP5
of [err] o8 a 1 hr period resulted in an exothermto S'Egrr Cont i nued
sl ow addi t i ofihefoalsd rhsask W‘Sfﬂ’?d @G’VQWWF)“"'B?‘M g‘@r? fe P Rolfig: 340 g of
resul te® .fﬁthf;' 1"§‘¥ §1"\9Fﬂ V?“%Y '89(" ?5’?“’ P ef@a catalyst yerq maighed put in 819 ARy S 3p Boageds
transferre cake sed
with 2 X 5 F%g, siis wgay %gﬁdp% A R R
gr eeni sh, 2ée°1”f“o<7\n¥’1 a1 yst Preparation[err] 15 500 g (3.75 -
“nmol) of 3J ebtAmp Aldr i ch 99% pure) was stirred nechanically under N2 in a
r.b. flask=fTtted with a -80 [err] condenser while 1750 nL (-2625 g, 19

ol ) of [err 408mL e Sb®URFged with T5.4Y oiliBéraReld AIBE &L ANCFEE;), 00 Y (RXMbINH joC
i N the eartiphicrd-88i8-Fifludicprapdal, ahd50 §f(0.508méN of¥BtFafiSorddend wis dghited Bt 2506 £Shr.
keep t he tEragierabdnlor thelliqli® protiiet ﬁxtuiel'gafb 53y ([@5%) 10 Rectvemed ICFi C= 60IS,ANNSIZ.0 G (38%S
sti rr edssanyiadjpt E-i,02@ichidrobsntensiin bpe63/68* 8] B80cBa (100 fmm)2 [MeviiécE by IR, NMR] atdoGeMmSape
t hrough t hiurtherrirmetdnation dttordselr 23.3Td) ¢ 5% P ofckariscerericVaixtukeaf F-T, Eottachidropbritéhoa. and Fpl e
1,1,1-2-tetrachloropentene-2, bp 86-898°*C, 980 Pa (100 mm), identity indicated by IR, NMR and GC/MS.
i Some higher boiling 2:1 adducts were also present.
A The equation for the reaction is shown below:

CF;CC]=CC]2 + CF::(}'z AlFxC]y

CF3CF,CF,CCl=CCl,
s + CFyCF,CFCICCI=CCl, + CF;CF,CF=CACC,

EXAMPLE 2
50
A 400-mL metal tube charged at -20°C with 8.0 g of AlF5Clo2 (prepared from AlCla + CFGh), 75 g
{0.50 mol) of hexafluoropropene (HFP), and 50 g (0.50 mol) of tetrafluoroethylene (TFE) was shaken for 30
min. while the temperature rose sickly to 20°C and the pressure dropped to 55 KPa (8 psi). Distillation of
the product afforded 88.0 g (70%) of F-pentene-2, b.p. 23-26 * C, identified by IR, NMR and GC/MS. NMR
55 showed the product to be 89% frans—isomer and 11% cis~isomer.



still head, and nost of the [err] was distilled under reduced pressure
[mainly bp 38[err] (1961 Pa (200 m"r))] F| nally, the last traces of -
-volatiles were renoved by warm nggdh ?5 gipal solid to 30-35 * C at 0.5 Pa
(0.05 mMm The sealed r.b. flask was ransferred to a dry box and unloaded
intd/a [efr] FEP bottle; 340 g of 25 rather fi nel y divided yel | owgreen -
solid. PexAmmes of the catal yst were weighed out in the dry box as needed- - -
and taken out 1n plastic bottles with pressure-seal caps. Analysis for

f | uor i neRexctidnlve CRICE e BEL/GFFICBInIr2dRatis at i on of this type indicated the :
conposition to be [err] 30 EXAMPLE 1 A 400-nL netal tube charged with 16.4
g of fs uor iAHRf-ad nietal fupe g@meg og@wgh ol of Ali{Clyl(fluprinated aluminum chioride catalyst prepared
trichl orb\CBeaS"GBa'WF'W"I' gileridp figh). 4ha 027 ')(%;l%ﬂ%P pese. and (5P gf 05O mobohene
was agi t%ﬁ'ﬂ“@ﬂ‘“yﬁaﬁe s 3 ‘ﬂ“f 257G fr ﬁr“’ a’F’r“‘é\ ot frofnelysis pitke 'iqP‘egmgr"@@uct
mxture B M8 '" %ﬂ}%“ﬁf P’P??E‘f?\/ Pe‘ﬂ” %P*?'fg ’a§§8%
35 yi el d %“”ﬁ""f"efe % PRchl 64 éﬂ‘t“ oy exen ¢

Idegtlh f atl n affor rl%?g "’&'ﬁ“@ @%ﬁs% t:fte@f
(15%  of ,afholof p%gﬁt(}eA - %i ajor
11, 1- 2- PEheet oqre PERIERGche e . s . m

I ndi cat eghciidhatoR aff 1’9@ g %y eﬂl@%n&bgmsresb@d '1&1;9 P& (#5094 }JQ o%n\igﬁﬁa SO

present . NMA% &ﬂéiéﬁtiaﬂf}oi%nstﬂaﬁluér&i%ﬁéde%n& SrafidpeiiorbiRdhens. 40 [err]
[err] EXAMPLE 2 50 A 400-ni metal tube charged at -20 Cwith 8.0 g of [err]

(prepar eexAmraBd[ err] 75 g (0.50 nol) of hexafl uoropropene (HFP), and 50 g
(0.50 nol) of tetrafluoroethylene (TFE) was shaken for 30 mn. while the

t enper at Beagtion 06€F:EF e kKFyCH2 5 CPDIndMrRatiand t he pressure dropped to 55 KPa (8
ps’T“)/ 2pi stillation of the product afforded 88.0 g (70% of F-pentene-?2,

b. p. 23-26AG00-midybeichdrgad col WitiR5.0 NIRAK &k mm7"WN®@fiwwm"%ﬂ@5ﬁmd@}ﬁbt to
be 89% t methe'-tpteafivasgethylope wasghakes gt 2pifefor 30 mipvhile e presgymp tB&PPE(M\PEE (G psi)-
React i on"'ES’f“‘%q 9 {050 'E?‘)r ft?"ﬁ"“f “‘W "E?s spdded, and therixyfe Wastagitatad foy

col d wi t i i"{“&‘ r:t? 3 g
: "ﬁwﬁ?ﬁ@} * %@?E‘é‘lﬁ% RPN bee T o

treat Fhg"
2 hr

an P s
ang 2? g egtrf igd:c; l;a Mat ﬁ%ﬁ 15 qia {}'Egnl) emcaveiﬁd gﬁﬂ& Lrize %t‘ wgid M5

., indicate a ﬁPJdﬁé%fﬁﬁ‘g Sl 71 ns.&E‘Jf ditfAt- &a.ﬁ%hﬁaé?ﬂugmhéb?eng-a ani 48%
of pepf| #Qfsoﬁrﬁp&ls-ﬁ&fldoﬁ%ﬁén%a 3|th7veﬂy Q:ﬁa({) arfdunt3 F blaktR6d DIGRS NEg.! @ﬁa@?{(ﬁcﬁf Q79
(199 of GCesrdr.) RS Proda@Cvith bp 74-80°C, 1961 Pa (200 mm) was found to be mainly staight-chain
trans-perfluorononene-4 and trans-perfluorononene-3, with perhaps 50% of branched perfluorononenes
present in a fraction bp 74 °C, 1961 Pa (200 mm) dropping to about 5% branched olefins-in fractions bp 76-
80°C, 1961 Pa (200 mm). The mixed perfluoroundecenes with bp 70-77 * C, 490 Pa (50 mm) were shown to
35 be mainly branched structures of the type (Ry)2C=CFR;y, with linear olefins R{CF=CFR, as minor compo-
nents.

EXAMPLE 20

40 Reaction of Equimolar CF3CF = CF; with CF2 = CF2 with AICkz Catalyst in CClz = CClz Solvent

A tube charged cold with 5.0 g of aluminum chloridé, 100 mL of tetrachlorosthylense, 75 g (0.50 mol) of
hexafluoropropene, and 50 g (0.50 mol) of tetrafluorosthylene was shaken at 25-30°C for 4 hr while the
pressure dropped to 476 KPa (89 psi). The reaction mixture was then heated at 60°C for 10 hr while the

45 pressure fell to 310 KPa (45 psi). The liquid product, two phases, was distilled to give a foreshot of 4 mL
followed by 58.4 g (47%) of perfluoropentene-2, bp 10-25°C, nearly 100% pure by GC.

Tetrachlorosthylene is a preferred solvent because of its availability, relative inertness under reaction
conditions, and ease of separation from low boiling 1:1 and 1:2 adducts.

s0 EXAMPLE 21

Addition of CFz =CF2 to F-Cyclopentene

A 1-L. stirred autoclave was charged with 30 g of AIF,Cl, and 118 g (0.56 mol) of F-cyclopentene.

55 Tetrafluoroethylene (47.3 g, 0.47 mol) was pressured in and the vessel was heated slowly with stirring to
80+ C, where roaction rate was appreciable Tetrafluoroethylene was added in portions at 80° C until a total

of 114.4 g (1.14 mol) had been added over 14 hr. Reaction was continued another 7 hr. Volatiles obtained

by beating the crude reaction product at 100°C, 2.2 Pa (0.3 mm) were 122.6 g of liquid. Fractionation

6



10 traces of higher oligoners, with very small anmounts of perfluorohexene
and perfluorooctene al so detected. Fracti onati on afforded 21.9. g (32% of
per fl uoropentene-2, bp 24-26[err] élph 34.1 g (39% of
per f+uor ohept enes. bp 69.5-71 * C TA 5 SIS of a center cut, bp 70.9[err]
by MR and: NVR showed the maj or corrponent to be trans-perfl uoroheptene-3
W th onl y afididddl96 215056%)%f Bf1-ofhiyBflopbntdat B $4486 € RBktified By TRiaRdIRMRTahdslsl onat i on
afforded 1.2 g (2% of perfluorononenes, bp 66-68[err] 1471 Pa (150.m),
shown by ERaPKEZS NVR to consi st mai nIy of trans-perfluorononene-4 and
trans-perfluorononene-3. EXAMPLE 4 Reaction of [err] in 1:4 Ratio 20 A
400- L % ulddditichaf QExd- GFa F(GFMEHSCBIQF)0f [err] 40 g (0.27 nol) of ;
hexaf | uor opr opene, and 50 g (0.50 rml% of tetrafl uoroethyl ene was shaken at:
25 C for 30 Avnpial tyie dhargec with 5 gaf Alfix@ly. Gﬁb'@d“‘ﬂ)d’f @FaPePFe-@%éii%a (030 sobh o F(CR)-
(0.50 nol )‘C'zbfct'(&fzr)efmwﬂ@ AYASShdor A B AkRp |Ang digjifled g‘%ql\teapéd
for 4 h’F’ S E& %{d‘%ﬁﬂ T‘@@&lﬁg "é[@a'id?f“'ﬁ‘?gl qy q%"% Tﬁﬁ"’(’@' i5¥ne BOAR §5% s s
of the Ti cal ed 25 the presence of
%I"’ 2 :gr‘f FggF’g%é%% 3’%’ 'A/Bgy%a'la)@'% of perfl uorononenes,

34.5 g (37%

22.2 g (1%%@mefe Rer fl uoroundecenes, and 2.0 g (1% of perfluorotri decenes
with 0.5- rfl uor ool efins haV| ng even nunbers of carbon atons.

[err]al,§oUg@gf%;@ﬁcﬁaF%,islagggly&p afforded a series of fractions, bp
66[ err] 10I73 " KPa (T atnj to boC, 177 Pa (18 mm), which were characterlzed
by GC, | R and4ddvi. aRal ¥bs Tharf¥dOkinC3.0 §OUR,CIND.AY of TFAH=OFCE, OFa.S755¢) @80 théd of
consi st OFsIA=aUFgHhd 6018 (060tnicHIVE CRETF, way SBMevarmetiter0 C. rbm RPealcdiéisure,
ci,s-per f | 8ot Kiee(dtSopsin) 2t 161iCt the pmesuresialbtapidig nD 183t KPad$ piig) awtdib @cilight estothesn ¢aeried. |,
[eFT] [2er the temmeeatme to 2Br G tefore subsiding 5227 G, &0n Chr. Hesing 80 ( pOdurey navshef sigmal t 0
be mai nl y rezctioh. (33 anslysis nf the grde predutt 1R9rgp indinalerkthal 13htg (88%) of CsFio had been formed.
t rans- per Onigmafhasaenie oRy-pipdupis pueh hafipsafgeroprerend fiACYREIIPTRRENT | uor ononenes
present in a fraction bp 74 [err] 1961 Pa (200 nmm) dropping to about 5%
branched olefins in fractions bp 76- 80[err] 1961 Pa (200 nm. The m xed
perfl ud? oundecenes with bp 70-77 C, 490 Pa (50 mm) were shown to 35 be
mai nl y branched structures of the type [err] with linear olefins [err] as
m nor conpo- nents. EXAMPLE 20 40 Reaction of Equinolar [err] with [err]
~ Catalyst in [err] Solvent A tube charged cold with 5.0 g of al um num,
- chloridg, 100 nmL of tetrachl oroethylene, 75 g (0.50 nol) of '
hexaf | uor opr opene, and 50 g (0.50 nol) of tetrafluoroethyl ene was shaken at
25-30[err]for 4 hr while the pressure dropped to 476 KPa (69 psi). The
reaction m xture was then heated at 60 C for 10 hr while .the 45 pressure -
fell to 310 KPa (45 psi). The liquid product, two phases, was distilled to
give astoreshot of 4 nL followed by 58.4 g (47% of perfluoropentene-2, bp
10-25[err] nearly 100% pure by GC. Tetrachl oroethylene is a preferred
sol vent because of its availability, relative inertness under reaction
condi tions, and ease of separation fromlow boiling 1:1 and 1:2 adducts. 50
\WPLE 21 Addition of CF2 = CF2 to F-Cyclopentene A 1-L stirred autocl ave
was chd#fged with 30 g of [err] and 118 g (0.56 nol) of F-cyclopentene. 55
Tetrafl uoroethylene (47.3 g, 0.47 nol) was pressured in and the vessel was
‘heated slowly with stirring to

45

55



80[err] where reaction rate was appreciable Tetrafl uoroethyl ene was added
in'portions at 80[err]until a total of 114 4 g (1.14 nol) had been added
over.- 14 hr. Reaction was conti nug}, (259% 7 hr. Vol atil es obtai ned by -
beati-ng the crude reaction produ r] 2.9 Pa (0.3 mMm) were 122.6°g"
of NAQui d. Fractionation 6 EP 0 552 303 Bl afforded 96.2 g (55% of -

- F-1-ethyl cycl opentene, bp 64-66[err] identified by IR and NVR anal ysis.
EXAMPLE 22 5 Addition of [err] netal tube charged with 5 g of[err] 50 g -
(0.50 nol) of [err] and tE.A"BO mol ) of F(CFE)- [err] was shaken at

25[err] for 17 hr. The xture was filt d and distilled to give
90.5 o6 (54% of 1:1 add =®ry 1,196 ®a n:) identified by

GC/ M. The maj Or | SONEr ol uthe o.t.aﬁ was shown to be [err
by IR and NWR anal ysi s. e’ as-SoI vent A 400-nL
nmetal tube charged with ].75%(0 50 nmol) of [err]
and 50 g (0-50 nol) of Wa.\:rred over Oferr].From
a peaK%pressure, 894 KP§ e:p.ﬂe sre fell rapidly to’
163 KPa (9 psig), while 20 tTie tenperature to
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Claims 1. A process for the manufacture of pol yfluorool efins having at.

| east 5 carbon atons conprising reactlng a first polyfluoroolefin. of  the-
structure 5 [err] [err] [err] mherE [err]is F, O, .Hor [err]
[erFT-is F, O, Hor[err] [err] is EP%?"B?BH; [err] is a [err] g
pert?uoroalkyl optionally containing 1 Hor 1 d; [err] is For [err]. or - .
where [err] together wth [err] is -(err) -whereinnis 1, 2 or 3; 20 -
with a second polyfluoroolefin of structure [err}, CF = [err] and where.
[err] is F, Hor d; in tjhe presence of a catal y§ wherein the catalyst is
of the structure [err] erein Xis @ne or nore F, d or Br, provided
that X sannot be entirel¥ F, wherein®said procﬁs is carried out within a
tenperature range of -2Q%ferr] Lo 1ﬁb efr] 25 2% Ehe process of Claim1l
wherein the tenperature ;s_Oﬁegrf o UO[e:r] The process of Caim1l
carried out at 101.3 KPa] (2 Stk rgsgurev 30= 5 The process of Caiml
carried out in a batch aceﬁsgf 20 &non. 2§d y& 5. The process of

Claim 1®carried out in gn?l E r@ces§ fo 1&. minto 120 min. 6. The
process of Cl aim1 wher eiri a tgntjs afid cg Igs: are placed batchw se
in‘a cold reactor then 31 0 d° Y re§cti gnﬁerature 7. The
process of Claim1 whereijnsth ‘r“aﬁtﬁb i s@car | dgogt semi batchwi se by

I nj ectign of one or both @ oné t sBifté a Bessélbconﬂalnlng catal yst at
reaction tenperature. 8. The process of Claim1l wherein the reaction is
carried out sem batch s by i§jection of one geactant and catalyst into a -
vessel containing the er regctant off gopt ai § &g t heqot her reactant and
aqdi;tional catalyst. @* he Prficess fﬁcﬁaﬁntl'mgereingthe process is run
as a caltinuous reactigon Pagsi r% r;ha HegctaMt & 45, 2 %t hrough a reaction
zone contai ni ng cat al yst | O« Fhe ProcdsE & CRBalm 9Rwherlein the reactants
d. 11. The process of Claim1l wherein the process
acti @ by passing at' least partially 50 l'iquid
| yst hrough a reaction zone. 12. The process of
gast artially liguid reactants also contain

are at least partly |iqui
is run as a continuous
react ants contai ni ng @at
Caim® wherein the §t:

catal yst. 13. The proge :Of Ctalnrl CHFFIEd*On :n a¥sol vent. 65
n ~— ﬂ ° °-- .
T . 0§ 3 §2°° °3
- H - &« K828 R H
30 -~
o
>l
= ¥ - 5
€ & $ bl
2 & + T
-y N o~ N o L
-
s AR L
e > .
g-a E 5 § §8_8
" O [ ] "
O & o o
. NEDHEHT
e ™ Y
288 B22BIHETLTES
- - ®
g & 8 _ . =& ¥
45 o [ ™ < < L ) >
© 'G '6 ] " 88 'a
¥ & & & 8T £& &
< < < < < < 2 <
50 L] : -t - 3 ﬁ« by

Although preferred embodiments of the invention have been described hereinabove, it is to be

65 understood that there is no intention to limit the invention to the precise constructions herein disclosed, and

it is to be further understood that the right is reserved to all changes coming within the scope of the
invention as defined by the appended claims.
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14. The process of O aim13 wherein the solvent is SEW
552 303 Bl

hexaf | uor obenzene, F-n-hexane, [err] [err] 12 EP O

* C L M S * dinethyl cycl obut ane, ‘gerr] V\her.em,Jmml’L nd
[err] [err] 15. The process of CIER 9PR2B30RB% ei n the so mﬂmmm
“wherein niis 5to 15.-5 16. Process of O aim 14 wherein“th® sol vents | s
[err] 17qahocess of Claim 14 wherein the solvent is F-pentene-2. 10.18.
The process of Caiml1l wherein the reactants are: [err] [err] 15 F2 20

where: [grrd fd)rb&asf for fhb mahifdeturd & béiYfiuBletinehaving btSedst 5 &arbon latoME cdnfpriSihg rb&kting'

process of oiudrodibiB o sthubref | st fl uoroolefin is hexafl uoropropene
(HFP) eand the second 25 polyolefin is tetrafluoroethylene (TFE). 20.
Process of Claim 19 wherein an excess of TFE over HFP is used. 21. The
process of Claim1l wherein an echs firBg pol yfluorool efin over second
pol yfl uorool efin i.s used. 30 22. Th roc s of daim19 wherein the ratio
of HFP to TFE varies from5:1 to 1:5 The process of Caim 22 wherein

the rda¢io of HFP to TFE is from 1R to 1: and wherein sonme of the product
f1 uor ool efi ns contain even nunbers-of car bo fFaRans. 35 24. The process of
Claim 22 wherein the ratio of HFP to TFE is from2:1 to 1:50 and wherein
sone of the groduct fluorool efins contain branching. 25. The process of
daiml whef & atﬁtl yst is [err] 40 26. The process of Caim1l wherein
the cdfal yst hzb erel n the total nunber of halide atons x plus vy

equal s 3, and x ranges from O to 2.95 and y ranges from3 to .05.
27. Isomeric ﬁ%@%? totd:1 BeviuRfoakl pRdnbily Chthifg 1 H or 1 Ci;
o/ R4 is F or R; or where Rs together with Rz is «(CF2),-; whereinnis 1, 2 or 3;
20 with a second polyfluoroolefin of structure Rs CF =CF2 and where
Rs is F, Hor Ci;

in the presence of a catalyst wherein the catalyst is of the structure A wherein X is one or more of F,
Cl or Br, provided that X cannot be entirely F; wherein said’ process is carried out within a temperature
range of -20° G to 150°C.
25
2. The process of Claim 1 wherein the temperature is 0°C to 100°C.

3. The process of Claim 1 carried out at 101.3 KPa (1 atm.) pressure.
30 4. The process of Claim 1 carried out in a batch process for § min. to 2 days.
8. The process of Claim 1 carried out in a continuous process for 1/2 min. to 120 min.

6. The process of Claim 1 wherein the reactants and catalyst are placed batchwise in a cold reactor then
35 warmed to reaction temperature.

7. The process of Claim 1 wherein the reaction is carried out semibatchwise by injection of one or both
'\\/_/ reactants into a vessel containing catalyst at reaction temperature.

40 8. The process of Claim 1 wherein the reaction is carried out semibatchwise by injection of one reactant
and catalyst into a vessel containing the other reactant or containing the other reactant and additional
catalyst.

9. The Process of Claim 1 wherein the process is run as a continuous reaction by passing the reactants
45 through a reaction zone containing catalyst.

10. The Process of Claim 9 wherein the reactants are at least partly liquid.

11. The process of Claim 1 wherein the process is run as a continuous reaction by passing at least partially
50 liquid reactants containing catalyst through a reaction zone.

12. The process of Claim 10 wherein the at least partially liquid reactants also contain catalyst.

13. The process of Claim 1 carried on in a solvent.
55
14. The process of Claim 13 wherein the solvent is selected from hexafluorobenzene, F-n-hexane,
CICF2CF2Cl, SO:CIF, CF3;CF,CHCl2, CICF,CF2CHFCI, CFsCHFCHFCF,CF3;, CF3CHFCH,CF,CF3, F-
pentene-2, CF3CH2CHFCF.CF;, CICF2CFCl, CF3;CCl;, CFaCClCF;, CF3CHCl:, perfluoro-1,2-

12



45 [err] [err] 50 [err] [err] wherein [err] and n are as defined in Claim
1. 55 28. Liquid phase m xtures conprising perfluorinat es “mﬂl I“mm‘“\ﬂll
formula [err] where mis an integer from9 to 15, as prell w

process of laim19. 13  EP 0 55BP 9352303 B1

* & L M S * 29. A conposition of the structure [err] 30. A conposition

Pol yf | uor of CELRBIEY géoj%sn&gg FEe SRR b ol B ae s o B g FaftsBraitions”
Urset zung el RES "eérst én Pol yfl uorool efins der Struktur 10 R \~R C=C 15

CF2R4 wor iqg, E Cg 13 Qﬁ\rth iverlt ..Fn.% spi2 O F O, H odor
R steht, ﬁié&éss“ oder 'ﬁ st efso R?stt? T elerﬁmézls gl S Cl2- Perf | uoral Kyl

st eht, daasgﬂgs'éa@a&ﬂénahk%h&eihheda&en&sGhzcrr&tohckzmm fO F odor Rl steht
odor worin R4 zusammen mt R2 -(CF2)n- bedeutet, worln n ffr 1, 2 oder 3
steht, 25 17. Prot8s$ ofedidie 1% wHé&dih BB séianyit Fpemede@f i N der Struktur Rs CF = CF2
worin Rs fOr F, Hoder O steht, in Gegenwart eines Katalysators, worin der
Kat al ysmat dB. Theerdsbssiok Claim 1AWhéBsirbtbe reeaténts asor | N X ei nes oder nehrere von F, C
oder Br bedeutet, mt der Ma~gabe, daB X nicht ausschliefflich F bedeuten
kann, wobel das genannte Verfahrd&q_ i nnerlfl b ei nes Tenperaturberel chs von

-20 * Cbis 150 * C durchgefUnrt 30 wird. 2: Verfahren nach Anspruch 1,
bei dem die Tenperatur 0 * C bis 10 betragt.
Fy
~
20 where:

R: is F, Cl, H or Rg; and
Rs is F, Cl, H or R,.

19. The process of Claim 1 wherein the first fluoroolefin is hexafluoropropene (HFP) and the second
25 polyolefin is tetrafluoroethylene (TFE).

20. Process of Claim 19 wherein an excess of TFE over HFP is used.

21. The process of Claim 1 wherein an excess of first polyfluoroolefin over second polyfluoroolefin is used.
30 '
22. The process of Claim 19 wherein the ratio of HFP to TFE varies from 5:1 to 1:50.

23. The process of Claim 22 wherein the ratio of HFP to TFE is from 1:2 to 1:50 and wherein some of the
product fluoroolefins contain even numbers of carbon atoms.
86
24, The process of Claim 22 wherein the ratio of HFP to TFE .is from 2:1 to 1:50 and wherein some of the
product fluoroolefins contain branching.
N

256. The process of Claim 1 wherein the catalyst is AICl,.

26. The process of Claim 1 wherein the catalyst is AIFCly, wherein the total number of halide atoms x plus
y equals 3, and wherein x ranges from 0 to 2.95 and y ranges from 3 {o .05.

27. Isomeric compositions of the structures:
45

R R
N A N
=C and _ }:F -G
. (GF )~ CFCFRsCF, (CFa)n -—\\CCFRSCF:g

wherein Ry, Rs, Rs, and n are as defined in Claim 1.
55

28. Liquid phase mixtures comprising perfluorinated olefins of the formula CyFa, where m is an integer
from 9 to 15, as prepared by the process of Claim 19.

13



3. Verfahren nach Anspruch 1, durchgefahrt bei einem DW _
atm). 35 4. Verfahren nach Anspruch 1, durchgefUhrt als :
di skontinuierlicher ProzeB for ‘5 Mnuten bis 2 Tage. ;{mm '
Anspiuch 1, durchgefUhrt in ei nenER®OHSRSA3BA| i chen Verfa ”m ﬂmw
odor™20 M nuten 40 6. Verfahren nach Anspruch 1, bei dem dfe Re

und der Kﬁ,gt Y ?ots@fm& c@urebfs%ﬁp%ciéﬁﬁﬂgkalten Reaktor gegeben und
e

anschl i eBen £ ons u¥gehei zt werden. 7. Verfahren :

nach Anspju h (%ka;utl nui erlich durch Einteiten

von ei nerrgoogg?aﬂogm%ﬂ?&g%ﬁeg%a dFO e'nelbllr&\ge ﬂeaktlonsgefgSB das den .

Kat al ysatratenbfisptiemd<t i onst enper at ur ent hilt, durchgeflhrt wird. 8.

Ver f ahren nach Anspruch 1, bei dem di e Reaktion hal bdi skontinuierlich durch

Ei nl ei t ent. everabreReakBd@stelluste vonUFol e dleifonkk %MM@VSSK&Bn%ﬁwB&aK:M%&’%f aB,

das den andémsatzullpeikdsantnrPolyfi@roleficsdensilRiuen 50 Reakt anden und

zusat zl i chen Katal ysator enthalt, durchgeflhrt wird. 9. Verfahren nach

Anspru€h 1, bei dem das Verfahren al's kontinuierliche Reaktion betrieben

wi rd, indem di e Reaktanden ei ne kaf'a ysat or ti ge Reaktionszone

durchl aufen. 55 10. Verfahren nach An 9, bei dem di e Reaktanden

weni gstens teilweise flGssig sind. J Ver ahren nach Anspruch 1, bei dem
Kti Sﬁt_.

das Verfahren als kontinuierliche i on F{jeben wird, indemdie
weni gsf’ens teil weise fl Ossigen Reaktanden, e Wen Kat al ysator ent hal ten,
ei ne Reaktionszone 14 ~~~~~~~~~~~ EP O 552 303 B1

I I O I B S 1 durchlaufen. 12. Verfahren nach
Angpyuch 10, (}e@ ﬁb&’e stens teilweise flUssigen Reaktanden

ebenf ahl s Kat%xﬁ@i@mg&g::a;féhg 5 13. Verfahren nach Anspruch 1, das in

el nem Losungsmrfd,elmq,ugrq.hgg,il hrt wird. 14. Verfahren nach Anspruch 13, bei

dem das Losungsfat éih €}- m%&m&&a‘lkyw:dhdd%a% Jd@?fe?qfahélpﬁ 86473 @) enthEn - Hexan,

Cl CF2CF2Cl,  RSERE dder R, sEhakdoRwtial R, zusa @R bedourde Ak @ROE 34, 10
CFQCHFCHZCF@CE?B, F- Penten-2, CF1C7- 12CHFCFZCFa, Cl CF2CFC12, CFsCd 3,
CF3CCl22 CF3, migpigenCri@liten PdRdindrélefio erlStlkiahi RFBE AQF.on0tih obut an, CCk2 = CCk2, CC2
=CHCI, C1F2n, Baii FrH pdek Crstédt,bi s 15 steht, und CF3 CF2 CF2 O[ CF(CF3 ) CF2

O NCHFCF3. i Slegapsert alnpsKetelvsers Aneriordet Katdigsatob i Stalsturchis besingsimixt dineb o@OF2n

i st, worn rmehegre gonpF.<Cl pderdfr dygdoutet, anit|dpr MgBgabe Isle X nicht fussahliaBlich dhbetidyterbieinn, dem
* das Lbs u ngs"fﬂbP‘tdéf genete-Veralreninnethajb.gines Temperaturbereichs von ~20 *C bis 150 C durchgefiihrt

2. Verfahren nach Anspruch 1, bei dem die Temperatur 0 *C bis 100 *C betriigt.
3. Verfahren nach Anspruch 1, durchgeflihrt bei einem Druck von 101,3 KPa (1 atm.).
4. Verfahren nach Anspruch 1, durchgefiihrt als diskontinuierlicher Proze8 flir 5 Minuten bis 2 Tage.

U 5. Verfahren nach Anspruch 1, durchgefiihrt in einem kontinuierlichen Verfahren flir 1/2 Minute oder 120
Minuten.

6. Verfahren nach Anspruch 1, bei dem'die Reaktanden und der Katalysator chargenweise fn einen kalten
Reaktor gegeben und anschlieBend auf die Reaktionstemperatur aufgeheizt werden.

7. Verfahren nach Anspruch 1, bei dem die Reaktion halbdiskontinuierlich durch Einleiten von einem oder
45 beiden Reaktanden in ein ReaktionsgefdB, das den Katalysator bei Reaktionstemperatur enthilt,
durchgefiihrt wird.
8. Verfahren nach Anspruch 1, bei dem die Reaktion halbdiskontinuierlich durch Einleiten eines Reaktan-
den und eines Katalysators in ein ReaktionsgefiB, das den anderen Reaktanden oder den anderen
50 Reaktanden und zusitzlichen Katalysator enthiit, durchgefithrt wird.

9. Verfahren nach Anspruch 1, bei dem das Verfahren als kontinuierliche Reaktion betrieben wird, indem
die Reaktanden eine katalysatorhaltige Reaktionszone durchiaufen.

§5 10. Verfahren nach Anspruch 9, bei dem die Reaktanden wenigsfens teilweise fliissig sind.

11. Verfahren nach Anspruch 1, bei dem das Verfahren als kontinuierliche Reaktion betrisben -wird, indem
die wenigstens teilweise fllissigen Reaktanden, die den Katalysator enthalten, eine Reaktionszone
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17. Verfahren nach Anspruch 14, be! dem das LosungstheJ_.«l:_P& ep—2—+st-
20 1& Verfahren nach Anspruch 1, bei dem di e Reaktanden Al 25
F ((F2+ CF2 CF 25  ~~~~~ ~ ~ Fl~~~ F, 30 l l WjMMﬂ
F. €, Hoder R steht, und Rs fUrEP0&R303Bddor R steh
nach—~Anspruch 1, be! dem das erste Fluorol efin Hexafl uorpropen (HFP) und..
das zweite 3a Pol yol efin Tetrafluorethylen (TFE) ist. 20. Verfahren
nach Anspruc 'i@a"f Be! "dem ein Oberschull an TFE gegenUber HFP verwendet
wird. 21. n Pfpu b t '
Pol i | uor 01 %gag’eﬁ holf SRR CAe B0 o, W6, 5GBS TR A63E, FESoBic, e
wrd. 22. ren nac "Anspruch 19, bei dem das Verhaltnis von HFP zu TFE
von 5:1 b'ﬁL J/eréﬁrewa&chmﬁfgmch 2 3aY B SR8 Eungaattsl Asgbitieiwid2, bei dem das
Verhaltnis von HFP zu TFE 1:2 bis 1:50 betragt und be! 45 demein Tail
der Produkfs: Wérkafwes Ingdhi A€pradhNes, @i aidmadab ILgsungsith husyewanikeird gus Herdflietbenad, F-n-
ent hal t en. 2#exaver f GIOF€R.GLac hSAACHEPr UCH(XFZCHE I R CREHAGY hatH; OHECHFOR, ORE,P
zu TFE #! 1 biCE:CHFER:A5eGH: agE-Pemeh-2)e ! CRa@aCHFORTB, | QiitF:Cilio d WEIGTH, U @Fet@fars.e
el ne Ver zwei GEua@YiCnRanivot- b2rdimiflylcyeBhutdie CClah€ein OGaeICHAINSFen wérinn, flilkbis tRstetder
Kat al ysat or MdEFCERCRQUEF(CRYGRAREHTCFRach Anspruch 1, bei dem der
Kat al ysator Al FXCly ist, bei demdie Gesantzahl von Hal ogenatomen, x plus
y, 3 en}tss pt5i E{'Pffahfﬂhﬂa°bé\r‘sl’6€h11§e bpiifem iz |HisHngsm el Falen it yorpm f&‘r&P'V"’I WhBer ei ch
von 3 bi®s 0,05 |iege EP 0 552 303B1 11 '11111 11H111 [ 111 27.
[ soner ¢ 2 8% YAveteR T Ageeh Gl kil

R3 g C (CF2)n- CFOFR5CF3
GEZ/)/ Cdgl_?%fgreribac\?\ﬁ'r‘slpﬁuc I14b emlggs angﬁmge'elj%gtle" ﬁ%pruch 1 gogebenen

Def i ni t}, onﬁnvggﬁge K%w“ﬁ%%ﬁ“‘“ Fl RpsPRbaskAndeim sche, unfassend perfluorierte

Q efine der Forne rin melne ganze Zahl von 9 bis 15 bedeutet,.
w e durch das Verfahren von Anspruch 19 hergestellt 15 29. Zusammenset zung

der Struktur CF1CCl =CCl CF2CF2CF3R. R
% F2 F2 + CFz = CFZ
F,
30 sind, worin

R¢ flir F, Cl, H oder R; steht, und
Rs flir F, Cl, H oder R; steht.

19, Verfahren nach Anspruch 1, bei dem das erste Fluorolefm Hexafluorpropen (HFP) und. das zweite
35 Polyolefin Tetrafiuorethylen (TFE) ist. :

20. Verfahren nach Anspruch 18, bei dem ein UberschuB an TFE gegeniiber HFP verwendet wird.

21. Verfahren nach Anspruch 1, bel dem ein UberschuB des ersten Polyfluorolefins gegentiber dem zwetten
40 Polyfluorolefin verwendet wird.

22. Verfahren nach Anspruch 19, bei dem das Verhaltnis von HFP zu TFE von 5:1 bis 1:50 variiert.

23. Verfahren nach Anspruch 22, bei dem das Verhiltnis von HFP zu TFE 1:2 bis 1:50 betréigt und bei
45 dem ein Teil der Produkt-Fluorolefine eine gradzahlige Anzahl von Kohlenstoffatomen enthalten.

24, Verfahren nach Anspruch 22, bei dem das Verhéltnis von HFP zu TFE 2:1 bis 1:50 betréigt und bei
dem ein Teil der Produki-Fluorolefine eine Verzweigung enthalten.

s0 25. Verfahren nach Anspruch 1, bei dem der Katalysator AICl; ist.
26. Verfahren nach Anspruch 1, bei dem der Katalysator AIF,Cly ist, bei dem die Gesamtzahl von
Halogenatomen, x plus y, 3 entspricht und bei dem x im Bersich von 0 bis 2,95 und y im Bereich von 3

bis 0,05 liegen.
65
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30. Zusammrenset zung der Struktur CF2CF2CF200CCI ~CF2CR2CEs—-20 :
Revendl cations 1. Un proc6de pour |a production d ol efi nes pol yfl uorees
ayant au moins 5 atomes de carbone, consistant a fai rerﬁmmummlﬂ)nmmle
ol 6fine pol yfluoree de I's struct UFR038280BBt=c 30 s T R !

R7 &F2R4 Rl est F, d, Hou R; 35 Rkest F, d, Hou R est IE,CJ.
ou H Rf _est un groupe perfluorqQalkyle en C2 a C, 2, contenant

facul t at izge'ﬁ%‘ilﬁ“’ ”sﬁmg‘ﬁ"sgtz@ﬁ?" ?%5%"5%" |

a Rkest -(CF2)- ob n est 1, 2 ou 3; avec une seconde ol dfi ne pol yfl uoree de
structure AS CF = G2 et 00 4§ R5 est F,oH ou O ;_en presence d' un
catal ygeur, |le catal S/‘s\eur ayan? | a structure AIBQ,\OO X ["un ou
plusieurs de F, O ou B+ conditionygue | es X ngpogént pas tous F ;

| edit proced6 dtant exfcuteMans un intervalle desre rature de -20 C a

150 1C. 45 2. Le piCoibste—cteCF&FRaGEadi cation 1,{Chaps—caspploEa . tenperature
est de 0 * Ca 100 * C. 3. Le procede de |la revendication 13 e%ecut 6 a une

pression de 101,3 kPa. 4. Le proc6de de |l a revendication 1, execute en
op4r ati on dwaio &ntRanBeundardialyel AdsprothiUgegsbeperDefigitionen bekize®. Le procede de | a
revendi cation 1, ex6cute en operation continue pendant 1/2 mn & 120 mn.
6. Le pr @8ellissigahapen-Gamjsshrlu@issonhperiiuoipstn Olefiaaise FormakCnfew wari i ganza Zahl et
| e cat al yse\Pp 99isri5 bgextas diedyrch as YpEahrey vep Apaprugh tsheraesteitun react eur froid,
puis chauff6s a |a tenperature de reaction. 55 7. Le proc6de de |a

revendi c &% Bseamengefaes dar il el s LPCR e conduito en node
sem - di sGon Loty 3L BLESLLAD AEPUn B Ghacn fles deux corps r6agi ssant s
a

Pcf—'. .
ns, un rdcTplent contenant un ca Seur a#é Enperature de reaction. 16
|

d

EP 0 552 pdQshaRliion : L | 8. Le procede de la
revendi cation 1, dans | equel la reaction est conduite en node _
sem - di sQONYA pHHcsBd bodr T B6dubtRR d@iskHas polylSEdsQpaht 8 Mbihs Shtorés dedarblodic; BaHsistaNS
un reci pi end raROdhdLimd bremisrd biérife peNNRGEd ®AGStRGRRL Ou contenant | ' autre corps
reagi ssant et un suppl enent de catal yseur.

25 .
Ft1\ Ry
/C =C
Rz
20 ) CF2R4
oll :
Ry estF, Cl, Hou R;;
35 Rz estF, Cl, Hou Ry ;
Rs estF,ClouH;
; R; est un groupe perfluoroalkyle en C> & C2, contenant facuitativement 1 Hou 1 Cl ;
\_/ Ra ost F ou Ry, ou bien Ry joint & Rx est -{(CF2),-olinest1,20u3;
avec une seconde oléfine polyfiuorée de structure Rs CF=CFz et oll

40 Rs est F, Hou Cl ; .
- en présence d'un catalyseur, le catalyseur ayant la structure ADG ol X est I'un ou plusieurs de F, Cl ou
Br, 2 condition que les X ne soient pas tous F ; ledit procddé étant exécuté dans un intervalle de
tompérature de -20°*C & 150°C.

45 2. Le procédé de la revendication 1, dans lequel la température est de 0°C a 100°C.
3. Le procédé de la revendication 1, exécuté & une pression de 101,3 kPa.

4. Le procédé ds la revendication 1, exécuté en opération discontinue pendant 5 minutes & 2 jours.
50
5. Le procédé de la revendication 1, exécuté en opération continue pendant 1/2 min & 120 min.

6. Lle procédé de la revendication 1, dans lequel les corps réagissanis et le catalyseur sont placés en
charges discontinues dans un réacteur froid, puis chauffés & la température de réaction.
55 : _
7. Le procédé de la revendication 1, dans lequel la réaction est conduite en mode semi-discontinu par
injection de I'un ou chacun des deux corps réagissants dans un récipient contenant un catalyseur & la
température de réaction.

16
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6 9. Le proc6d6 de |a revendication 1, dans |equel |le procede est—condurt
come une r6action continue en faisant passer |ea corps

travers une zone reactionnelle contenant |e catal yseur. mﬂlﬁmamw“"m,
| a revendication 9, dans |oquel |e&Pb9§230BEyi ssants sonb*au moi

par tvel.l errent |iquides. 10 11. Le procede de la revendication 1, dans

| equel le procg6de.est conduit.c e re ant . passer
6200 e Rei el & d@gﬁggﬂ’i ekl b e
catal yseur & ritéh\é |§ut#d sshift BikéhdnEde ck |ys oce

revendi cati on 10, dans eque es corps reagi ssants au nD|ns partiel | ement

l'i qui deg cgntp iﬁfb@é’d@tde GoRVABBALN ¥ HakPibqel1S Pricsds b3t cohdiit BEMBE G réRtidnontinue en

revendi cat i OReisht pasd chriadtipisstits AQfaVekdline 20 rédbtionhéle BErRmEH & ABlybsr.
revendi cation 13, dans |equel |le solvant est choisi parm :

| ' hexaf | uotmlhe nreesds, dé & fevendicdiox ANdans ledubiCle? ChriairdagissBaIR Gbiit, au mﬁﬁsﬁﬁ%ﬁrﬁ?
Cl CF2CF2CHFCliiquides.CFBCHFCHFCF2CFS, CFsCHFCH2CF2CF3, | e F-pentene- 2,
CF3CH2CHFCF2CF3. CI CF2CFCi 2, CF3CC13, CF3CC12CF3, CR3CHCI 2, le

per f | uor o- 1 pdton@léwylla:wen@mrah@anm@l le pOGRIE oS(QORGEit con@pOINe r€3EHih cogtinuere st
de 5 a 15 et fapEygERsseCle c@néemﬁeymm@nmwamz@ww coptanafy uscastalyseue 2 travers
revendi cat i offne1zene agtiennelijuel | e sol vant est CnF2n ou n est de 5 A 15 16

Proc6de de ,la re d| catlon 14 da e sol vant est

Cra. 50" 17 Lppong et rendcdigh 1 ipi M 2 e REHHOIR o s eefeleman ey o

F- pent ene- 2. c‘l'gennﬁ'é B?%eg ‘é“’&&yf%' revendi cation 1, dans |oquel |es corps

_ ngig aszg‘nt:‘ﬁczg B&%édé ée la revendication 1, exécuté dans un solvant. Ri 5 OUyRRIerSt F
H oy Ryg. L@bro%e @8 lia 5ven@l:atio“(9UarBfle é%e dotvantlest dﬂﬁlQ(b‘é‘ﬂf? IiRafhibrobenzane, lo F-n-

revendl catit @ékade, daisF.6RGHEl sb ?cu@reruggm%ca tof | NcH,CE2HEE, ©SEFCHFCHFCF,CF,,

| * hexaf | uor orFapEeR, GRER) 18t F-hentdne-20 TFECIRICAFCM EFp OLIgF.ICHOE, € €FET, | GF:CCLCF,

t 6t r af | uor 6t loFidHOR, o Pelfijioro-2.0-dinfdihweydibbutar®, Lol £ 601g0ti,GHICYH B,FL.9%0 rdésnde & agBet

on utilise uCFeoFeOROF(CHEFICHFERport a HFP. 50 21. Le procdd6 de |a

revendi emtion 1, dans |lequel utilise un excbs de |la prem ere ol efine

pol yf | uor ets- peprogédh do fatrevendicationciSodarie legieblisplranbest Gffbupdmesst deBR 18.¢ procd6 de

| a revendi cation 19, dans |lequel |e rapport de HFP a TFE varie entre 5:1 et

1°50. 55 28, PLoeédﬁrdedaareeeneeaupm Eane faakel o et 931 CFRERSFPEGRRl | o rapport de

* HFP a TFE est et dans |equel certaings des ol fines fluorees

d
produi t & yoﬁché‘?r?@rlﬁ’%beé‘g'cﬂ% dans lagpql le sgivant gghiar-pAsteRssE-hone.

18. Le procédé de la revendication 1, dans lequel les corps réagissants sont :

ou:
Ry estF, Cl, Hou R ; ot
Rs est F, Cl, Hou R;.
45
19. Le procédé de la revendication 1, dans lequel la premigre oléfine fluorée est I'hexafluoropropéne (HFP)
et la seconde oléfine polyfluorée est le tétrafluoréthyléne (TFE).

20. Procédé de la revendication 19, dans leque! on utilise un excés de TFE par rapport & HFP.
50 .
21. Le procédé de la revendication 1, dans lequel utilise un exciés de la premiére oléfine polyfluorée par
rapport & la seconde oléfine polyfluorée.

22. Le procédé de la revendication 19, dans lequetl le rapport de HFP & TFE varie entre 5:1 et 1:50.
55

23. Le procédé de la revendication 22, dans lequel le rapport de HFP & TFE est de 1:2 & 1:50, et dans
lequel certaines des oléfines fluorées produites contiennent des nombres pairs d'atomes de carbone.

17
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Le proc6d6 de ia revendication 22, dans |lequel le rappor’@!ﬂ“ﬂﬂﬂ"ﬂ@“ﬂ,t
de 2:1 a 1:50 et dans |l equel certaines des olefines fluo

- conportent “une ramification. 25. BP0 §520%08¢H de | a revendication 1, dans

| oqirel Ie catal yseur est AI.C3. 26. Le proc~dd de Ia revend| catl on 1, dans

| equel _S: t al Seur est AI FX ob Ie nonbr e "hal o 6nure”

s yE 4 1 Foindigion 32, o cooci T 16 ST 3G o

Composi { O%P pe‘ogéf (s 8o SEInB I fgils oot e hes " R
(CF2)n

CcC
CFCFRSCF 35 Le procédé de la revendiCdtion 1, d?r&!%cguel le %@%&%EAE& RI, R3, Rs et n sont

tel s queydl Q.E'pFHc@déd&nﬁ révendiéldindigsRtidas uelca:aﬂe@%st Mﬁlbartmqg nsrnbrs"?cﬁa‘i%alohgy' de

conprenant g#ham, é&fn@xldﬂﬁseﬁt@gﬁla@m&ﬁ@eoﬁh 95 iy dé?ﬂ; mest un nonbre
entier de 9 A 15, tels que prdpar~s par le pr ocdd6 de Ia revend| cation 19.

29. Une zompopddtiomisdhrdsaies btfudtiletlt € CFSCCl =CCl CF2CF2CFs. 25 30. Une
conposi tion de la structure CF3CF2CF2CCl =CClI CF2CF2CF3. 30 36 40 45 50 55 18

"R R - Ra -
N s N /3
C=—=C et CF-C
15 CF / \\ :
(CFp);— CFCFRsCF, (CF,)a — CCFRSCF,
A ol Ry, R3, Rs ot n sont tels que définis dans la revendication 1.

20
28. Mélanges en phase liquide comprenant des oléfines perfluorées de la formule CpFam o0t m est un
nombre entier de 9 & 15, tels que préparés par le procédé de la revendication 19.

29. Une composition de la structure CFzCGl=CCICF; CFzCFa.

30. Uns composition de la structure CF3 CF,CF,CCl= CCICF,CF,CF;.

30

36

45

60

55

18



