Title: FUNCTI ONALI ZED HI GH VI NYL TERM NATED PROPYLENE

BASED OLI GOMERS | nventor(s): Patrick Brant and Donna J
WO 2@909t4be@er PRI ORI TY CLAI M [0001] This appl i cap¢DnsS1089/647912

continuation in part of USSN 12/143,663 filed June 20,

2008, which is incorpdiEtEOMINVENEI@NCce herein. FIELD

OF THE I NVENTI ON [ 0002] This invention relates to

o ELLM&%‘FW@B&”&E&?@?%% MBI

t er m nat ed 0|I%) %%gﬂ}@
[ 0003] Al pha-ole specially those cont al n| ng
5 about 6 to about 20 car bon atons, have been used as

i ntermedj ates in.the manuf.actur ter Is,.or
g R RIS
hag ¢/0743 98 beFO745PY an8 BTPOURY1SHile§IDREIZD Do N | i near
| ow density pol yethyl ene. Commercially produced
al pha-ol efins are typically nmade by oligonerizing
ethyl ene. Longer_chain alpha oleflns such as
vi nyl - t er mi nat eBAGKERAUND OF THE INVENT
be useful as buil ding blocks foll ow ng

10 f unct i ohigld ofithePiselossiremcr ononomers. [ 0004] AHy!

term na | a | qui ds;. of
ety endigPreR S RE BT %Zie&ﬁf%ﬁ S raspoptane
t ypopbbiyioh9of BSE1 As4 AIAREREFGro-2PBlteAR! | zat i on
reactions. See, for exanpl e, Rul hoff, Sascha and
Kam nsky, ("Synthesis and Characteri zation of Defined
Br anche 05 th Different
M cr ost Fbgg?hﬁ'gh %o%g @#ﬁl zation of Propyl ene and
15 Li near Etdmylledmtﬁlas bave bee WorkingX8) tha pdst few decades to find

LASPIAGE0)S A eGhB di@nﬁetlnq“%”’ Hepraarsons{afhskiad
of hﬂr%%ﬁlo%% nﬁ%oﬁ@ TNet@Féb%%arHep%qfal%l%

Seghents by Co nat| n of generatlve Trans
Coemgilayedi iora W@IqmmgemtanpohcmmSAtrmdemgatma‘lrewse?asl aeedsol

Pol nol. 38 2005, 5425-5435
OBt el refved®s GBNIES Soffse Fudat e 38RRk et hy
20 CYfHePRRpiatt emd therRbSt IR MIsC hé@trtréiresferbm&(j@e@b@a@wyl

cycl opent adi enyl ) zirconium di chl ori de and
bi diglentiicméiregklinguishing apdauppeersien aagnts, pewar oygle working

S BRLBr e T R RIS ),y berioes

tebufnngte&ﬂam@ pygkatse ahd ismacarnert rymgvagente. Idibe search
degr ee of ¥ner|zat|on of 2-10. These ol igoners do

no OrHQFJ'@CﬂWﬁ a\i@r§h%vw§e@eeftom%1d89mna| 'F?W’[Be% Naye

rs | ack cononormer
25 angﬁggg?%#@;ld%éég#@wrﬁgl#%?gg%ct i(VI t g's with a large
excess ?BﬁezHFL(D@damt Ctmir@uter tt the desti@tiéh bli/tstrMosEiheric

Hf ) . Adltlona han 60. % ol.ven

( sBFHOUL ap 8’[)9% tQ)t RS CBPE@% ”5—? Igr%?”*ffl%se

exéﬂ@éteﬁ e lt%g)%n{frﬁﬂ}?@fb %Lpaﬁ%a MY g ré?tﬁl%f thés

1990, 277-87) used [ Cp*2 (THT) | +[BPI1 4] Zr and
;comtubMtq)gI@py'll waeMioig; g“thng trave Mm:e Zlndar scratioy, and

d d b h 336
30 b B icRBicad e Sy e nf i iRgh Jpe Rub & b heres
onh¥ed s (Qinﬁf[ﬁﬁsn‘i’oﬁ'@wé}/ﬂoh@@ BbRINBURNG thB&ldstiueBon of

4, 6-di met hyl -1 -heptene were forned. The dom nant

t eplipteaPheic areMaANd Msedeve low globaewameiagmstentials (GWPs).
transfer fromthe growi ng chain back to the neta
center, as was denonstrated by deuterium | abeling
studies. [0007] X. Yang, et al. (Angew. Chem Intl
Edn. Engl. 3 1 1992 1375) di scl oses anorphous, |ow
nol ecul ar wei ght pol ypropyl ene nade at | ow
tenperatures where the reactions showed | ow activity
and product having 90% allylic vinyls, relative to al
unsaturations, by 1H NVR Thereafter, Resconi, et al.
(J. Am Chen1 Soc. 114 1992 1025 1032) disclose t he

S Y ' T o o o o

and can



(which likely equates to an Mnh of about 1890), and an
estimated Al content of 90,000 ppm The activities
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tenperature (Tg) are neasured usingD fferential

Scanning Calorinmetry (DSC) using comercially
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| east one Qis a heteroatom alternately at |east two
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friom 10'Q o 50/ ml 6/ hyl bne, wP468Pn thp ()I | 00rr9151|9§§

at| | eas20 90%lal 1 y10.8®aj n|ends, 04898 of about 184008

about 130) 000 g/ nol4.8@nd an i sobdyD chai n end t0.4830
alll yliaoinyl| gregpogati 0 of 00%3342to0 1.2:1.0, plasssi n
nononersy having fzgigq4or nore cguEBep atons are ppeagst

at frOI"BOJ I_O 5 I'TD3§®6WHG e tneo(p\)gggroato COﬂI aqql‘sqg

grioup TPTTSES us sz vie IICQ%BSEL o DCI ect cd 443 m

tlﬂg arno oen ot
Ic—gt COoRStHSt

orB H thel fu tﬁﬁnnl i 7pd Pq695.’1n;"r‘r’er hnc ﬂ 93%

1.110 £ 8kt i onjal P#6hs per chadH258 A flincti onBid74Rd

prlopy!l 8@ ol ilgondP7.7donpti si ngd.688& reaction prO3EEP

of| 1) a10unct| ondB3@4doup, and @pB784 ol i goner 0.3238

conpri sppg at| | eaghh 20 nol % progpene, from 0. 19i2®145

ol % ey Byl ene, aRggfgs0m 0. T T0p548pI % CA|T0 CIZg 2509

ol efi ll¢|5 Terern S?d.g I g()IIBf HG%747l east UU‘V061|2¥-)I3

Clﬂal ” ? 4- 14 (WaNlaVYaVal

UUl. LIV UUUL Ly, UUU y
ar\rl ahn nhllf l| ﬂ'i7 nnrl to 90987 013

I" \II h l| ar ol I fa)
of 0.8:1to 1 35:1.0, where the heteroatom gontal ni ng
group c W tedd
The. o o0t LR e, ARoREpEKE GORGI B Torh g 2FC 1 358mz2
or aiy 2agtdornopeoganectiayradsa ke dorowedl Sgdmﬁzed:mm}li% to

1. 10 fungctional r_chai n. ctlonll
o SRpPERLont ke CaRicPg SRS it Fahe s fents
of ofiézébtﬂﬁeeﬁk%aé&ﬁbéélﬂér@é Breig:tE8d W?Pabl@rfﬂ §dmé”ﬁnore

ol i goner conprising at |east 50 nol % propyl ene, from

0. embediraenis % ezrgirepelika 6ammosiions Bre §s&drn | Tabie Ene,
wherein the oligoner has: at |east 90% allyl chain
ends, an Mh of about 150 to about 10,000 g/nol, and an
i sobutyl chai n emdbles AlzbgirbgeVik@ ybngoeltipnsat i o of

0.7-1 to 1.35:1 0 where the heteroatom containing

grqup conprises one or nore heteroatois |[seMélg Bargantrge

t he group con O S, N, a, F, d
or |B, and the&@\?‘]cpwona]-l zed co-oli gfr(rze)r has OR'J:}%&%o
1. 10 functional groups per chain. 10} Thel ol i gb#r96-99
any _of par aphs 1 to 9, wherein the olfigoner is a

IiClﬂECa13:&%‘@ZZ/Z§h|°fﬁ@rQﬂa”&orrer of an§Oof palaffaihsd3
1-10, wherein the M is about 500 tp about 7g5Q0 4 o3
g/nol, the Mvis 1,000 to about 20,000 g/ nol, and t2h
Mz |[i s about 1400 (alternately 1700)|t0 ?jgout 130399

/1 1 tlonallzed co)ol i goner of f
gar?gi;gpﬁ?' %%5 TDIOrQRENENE F -(l- V? +gVE* > @éa% '%Izl-

VE)[) rﬂ?’ er of Vv {jgrou PO
car bzoﬁgngj% ?sdhmrh‘gﬁoﬁé%gow nyl i de%0 ar oupglsg? 0%9
car bRe-f3g6rmrw2whtaroptopanal | zed ol | gtOrer, VIT-9BA-9Ge

nurber—of—\vi n\/l mrnllnel1ﬂﬂﬂ carbopnstandVE* s the

LI g AT

nurrt?él’:co?%ﬁrﬂﬁ/?d@l@%%@/ 1000 caf Bhs| for +RE/1-99
f
it Gl T S e IOPHERERE, ot bons. | 130 fThe. of Pgones

of |ahiCof33Bmag P aphsroprolbanewher ei n 1 H80ol i goneO9Ha89 no
bl Lt . I ol .

det
anbi ent tenperature for at |east 48 hours. 14. The

ol i gomer of any of paragraphs 1-12, wherein the

ol i goner has a nelting peak of from about 600C to
about 1300C. 15. The functionalized oligoner of any of
par agr aphs 1-14 wherein the t er oat om cont ai ni ng
group conprises sul fonates, ani nes, al dehydes,

al cohol's, or acids, preferably the heteroatom
cont ai ni ng group conprises an epoxi de, succinic acid,
mal ei ¢ acid or maleic anhydride, alternately the
heteroaton1conta|n|ng group conprlses one or nore of

o s o s



one netal |l ocene conpound represented by the
formul ae: where H is hafnium each X is,

W0 pepswagent |y, sel ected fromthe group consi seCTGSHI/047912
hydr ocar byl radi Ga vin fr? 1 to 20. carbon atons,
hydri des, ~ani des; ZHAUODEKE © phi des,

hallogens, di enes, am nes, phosphi nes, et herl\?f?leqi‘eréentage

combi nati on ther eof, preferably nethyl, et propyl
bulyl , phenyl C%R@NENESI ori de, bran{’fe, | Odl dRange

(alteunatc.y +Wo—X-S fray forma part—of }

or la ring system; each Qis, independent|l 32@6%339
a het pcopdapmzApehtirablopake N P, S (M@fer abdn.0815-23
least one Qis a heteroatom alternately |at | east two

Qs ZaF@ t&?@r&mwbrdplfdpenent het er gat Ons, al t&PhA-82y

aact P £ £ o

et & Bt Db STIRPRINPAge | oast T quitty s arQ Q090

samy-pC- mﬁgﬁﬁﬂkhiﬁbﬁfo@h@“) each Rb 1s, 10-90/10-90
i ndependent |y alkyl group, prleferably a G

to Q'SFCr‘n'b'iﬁmazl/RJphlcgommanpr ef er abl y &k hy| éOI@OMO -90

e C2Ee DIPRA Lo HPPTe0oRs: cach d 120'|  T0-00/1660
| NSOEAORTEzz & Hlorb@rdgBngl kYT 0T 0UID{ 60T T €7 B0y16-90

tolC8 linear alkyl group, preferably nethyl
propyl, butyl, pentyl, hexyl heptyl or octyl

P SRR g Pt BB i 0L S

u nééﬁl@btd(QtrﬂétHng%rﬁbﬂefg O I@z@@h‘b@@ drz2Bbfopé-like

carbon atons pre er ab car bon at ons,
5 pr eo@paditions, érot;battertrmmedh@relah\semcsltatllututOé@hls:ublrtatyQslr the

puP YR b ieS i pBoie BB Ustal e o ahsaiu Rbiys i @

t hRTx c)l otkhoivhweluing watmeas grededtioonstamt té’r)tpélfatureRor
groups are not hydrogen and at |east one R3 group is

CoValpuSEDISaBseITIHeBHOY. IRSaIYePEUPEENY Wepe Hagyfeduced to
or e AR By o8 Ty e s, e ST N T

10 hydgoatiorbyl ); each R4 is, |ndependently hydrogen or a
substituted or unsubstituted dr oc
o or oal B VBPOR IS0 BieasuimLaies T amBoS i fube,PTx
a éé‘lpt%tr'ZLF’CePbéb"mMEQ@I%M(Q%QE@MQWMe)91”1|512HJ?e is shown

having from 1 carbon ato er abl
cainbolfs. a3, whsch rjiuetreteatgrgptalceub&te focrmatiomof an azeotrope and

bstit @] bI
TR ARG CGPBRSHONS Bl o111 dehivA MOFEILpro2HEER And
15 OCbéﬂ'ﬂuoﬁd(Q%éﬂM 8hephgibHe J(a?e lé%Bu%O Prgn\ds |ﬁ6l@ﬁbé|d) by a
he silyl, 'substituted silyl, (such as CH2Si R

\ahmi}éU’Fe of @baut@2.¢ mdea %o 14rd rb&df‘bﬂthexmdﬁrcag bwtensand 17.3

Forte 1 gMarogeheloy BaRirond e ng W B Prefhle

gr @e7 psrae)foeeatﬂeyramgtetoﬂcmqtdsxtlonsmtomsIterrtp@tature
pentyl, hex heptyl or oct dro%en Qr

to b aBRged gpeu;shes;ﬁmn%uih%s beon gelch ot ihnt ZaF gl
20 9" ‘?g@?m%g}t?r tBP% moérth%gat %rllt*an ﬁPQJ}m é’iétdfrloplc
| nd@rppoellennt; yangwgi lfrogeabomir6839 @noleqnemralttayalbogt énd, mole

DR L1 S3Bb R an o o iyn ok Berdenf i eeutty 1
Ochible pefcent BeHIUBRIRVSEHIBlpetahGRY (WHRY PR RTa Aot

are not hydrogen, ternately at st el ght R/ groups
are not hydrogen, alternately al | R7 groups are not
hydr ogen, (preferably the R?_g%oups at the 3 and 4
positions on each Cp ring of romula 1V are not
hydrogen);Nis nitrogen; T is a bridge, preferably, S
or Ge, preferably Si; each Ra, is independently,

hydr ogen, halogen or a d to C20 hydrocarbyl, such as
met hyl , ethyl, propyl, butyI pentyl hexyl heptyl

L Y 1 - S ~
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(1, 3- D net hyl benzi ndenyl ) (pent anet hyl cycl opent adi enyl)
Hafiiiundi halide, (2,7-Bis
W@ 2(b)u)t1§5490 uor enyl ) (pent anet hyl cycl opent adi enyl BCT/US2009/047912

( QC%‘PH? PP%&?PE‘HQ@ ErEmPsratRg PEFeMpReHtaP effyp)about 140

(2,7
)
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(D 'a'nH'Hi

-Tri met hyl fl uor eny

Haﬂ% kRawi Fed ex@enple3at

'e”

e m abou psia a) to abou psia
iN\Seks88me GFTFbM about 0.2 (14kP )t bout 250
pent anet hyl cycl opent adi enyl

*Praygbainaespheny poessure (14 7
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ef erably at

cess.

| east 95% 24. The process of an
par agr apRBe1gMpadpmentGof pEeetFepip coRwsitionsarg
pro

stk ioTable

25. The process of any of paragraphs 17 to

24, where in the heteroatom containing group conprises
one Orable7e Awdotropsd Compesitieated-HG-dB86mezzemauPerfluoro(2-

consisting of P, O S, N ad, F, and or B. 26.
The process of any of P2RREARON&), 25 wherein F +
qoVI'* +VE* > (0.80(VI+ VE)), wherein VI is the nunber of
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[ 00128]

In a preferred enbodi nent,

t he

co-ol i gomers described herein (particularly in

par agraphs 1-26 above) are one or

nore propyl ene

co-oligonmers having froman M of from 1500 to 11, 000

a/

nol ,

and a neso di ad conten{
aIternater 50 to 95% aei

altern

rangi ng from45 to 98%
ely 60 to 90%

preferably the co-oligonmers have a Tmof up to 145C,
alternately from50 to 145C, alternately from80 to
1400C. EXAMPLES [00129] The foregoi ng di scussi on can
be further descrr bed wi th reference to the foIIovvr ng

e .

-~ 1 a o,

o, NN A ST



met al | ocenes. The ionic activators used were: 1 =

di met hyl ani |'i ni um perfl uorotetraphenyl borate, 2 =
wa2q0enss4but yl ani | i ni um PCT/US2009/047912
bi s( pent af | uor ophe i s(perfl.uoro- t hyl ) bor at e,
b Cpentof uoroniepdd i ShRerL St

entafluoro henylJIris(perfiyoro- 2- napt hyl)borate, §
(:pdi met KU) (P T (°C) Ieloley ercentage

tetrakils(perfl uoro-2-napthyl)hborate, |5 =
di met hyl ani | i ni umtetraki 3(3 3

{715 pardTGorSPHERPoUbAZ T o196) *Cat ary <8 Edboun
d

Synt heswgeth'{]yglp@]ltarﬁtme)box procedure for synthesis pf

air-sensitive rnnnnundq were flol | owe Sol vents were
pur chaseslri paadiids keRA AT Ijed @vel  2A6aigy/esae

I ndene (was purc ase from Al drli ch and

pent anetmgzlwyamsqunm)ene wasg purchased from

Nor quay—hMet-atHeecenres—A—BandCweretpurchased{+om
Boul der| Z2€0:n83drnez/perfiiobe(2ar | le. 20he| act ievaI1 39ner e
pur chased from Al bermarl e or Glace Dayi son. Catal yst

( CpMe5) (met@yfv@mmqtif%z [00140] Li C9H7 was gener at

In Et2C)}T—35 the Teactigm of 29 g T ndene (0. 25
mol ) wi|t&FC é&éﬁmaﬂ@ﬁfﬂl@fo(ﬂ BuyLi 4010\ M ©h&RHE¥ ladde
sl owy. soI ated by reduction of the ethef
sol uti or{%@gggtq\%ﬁa exane gnd filtration over a
medi um The uct washe
addi ti o%?m&éémzy@ew ). LBBoHy gz\ééé@é‘laved n
Et 20, dqf Fﬁ@d Bhe n%%%r%;)d reactled vvit1 excess Mel
s .

(0. 375 |nD After 2 Hours the reaction

m Xt ur e Lant |te ratur H7
was isolz\?g;d)f\g%é.@g%@ o?‘{ggd% “lilqui b/ aqg'eo%% WOr k- up
and et hanewl-8qmntamshe)Si m | ar|ly 1, 31 Me2COH6 was
synt hesi It hiati COH/ | lpethylation wth
Mel and aqueous work-up. [Li]J[l,3-Me 2COH5] was

synt hesi zed by rﬁ g% ; I@%!kﬁ 6@5@ |F@[ exane wth
excess nBuLi bld @ABhtrd & EV\/m te soI i d
was fil|t n hedvvlthc he

dried i rﬁé@%@\leg\?% eld pure [L Jc%)l M%% ,
(14.5 q) 1H NVR ( THF-d8, 300 I\/Hz) dl ppm Raﬁ§e7- 10
(m CBFM, 6.45-6.30, C6HA, 6.10 (s,
2-indeny Rﬁﬁéﬂ%i/.?%r;ﬂuar § (s, -1103'\’92C9'7'5L95§§|"i?9

[00141] D.; Baenzi ger ;
Jor dan, nﬁethyU3 pedtanomal) of the Anerican Cheni cal

Soci et / 1001) 112( /I\ 1455 457\ / 10 A4 n) WaS

.I.\I\I.I.} ] .I..I.\J\ } = Sy X W W | _l'\Jl} U

r eact ed Z0FCk1 336rhz4/pe@ubi2oHS] (8. 7 g, 24-$5/6988 ) i
Et 20 (100 mR for 12 hours. The yellpw product was

col | ect| &eethyl-3iPentanansh over a glass|frit and dried {o
yi el d ¢rude (CpMeS) (1, 3=-We2CoH5) HCr2(8-6 Uy) as a

m xt ur & ZAFEHT 3_360122/pe)tfﬂ1uﬂz;(21H NMEO ( 0D2C) B1-916-3%Hz) ¢
ppm 7.5 17 (s, R-indenyl proton),
2.32 (s éﬁ@'l\%f&é%bo(’%%yog (s CoMeS) . [00143] Crudeé

(CpMeb)(( HfCIZ was sl urr

t ol uene Z}Eéo% e’F'HQEq %Ol\/le g@ 5456/8 412 1
equi v hW.4. ﬁ’éa%@n The rectcti on m xture was heat ed
to 800(%J rMS gurs ter cooling the volatiles wereg

renoved sol i gywhj ch thgct ed
with hee%éﬁg'%%p%@)%%kare %%s reno%ggﬁéor%at he
conbi nednetky-3pehtzroned yi el d solid yellow

( CpMe5)L{1,3- Me2COH5) Hf Me2, (1.6 g). 1H NVR (CsD6,
300 MHz ) d ppm 755748(m CoH4, 2H), 7.20-7.16
(m C9H5, 3H), 2.00 (s, 1,3Me H5, 6H), 1.76 (s,
CoMe5, 15H), -0.95 (s, Hf-l\/le, H). Catalyst D
(CpMe4) (1, 3- Me2C9H5) Zr Me2 [00144] zZr 4 (36 g) was
slurried in CH2A 2 (200 nm.) and then reacted with Me2S
(19.2 g) for 1 hour. CpMed4HSIi Me (34 g) was added

sI ovvly to the reactlon mxture YeIIow SO|Id began to

b oa Y o r
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[ 00154] Propyl ene oligonmer batch or continuous
pol yneri zati ons were carried out for this study using
W@2®/15u4P0 red aut ocl ave reactor are descri bed PCI/Ustsb®047912
1. Cat gbyst—selutions—were prepared+hr—a—drynitrogen
pur ged %Eamaﬁmmﬂp@muem(dry boppoby| addidpg31888 vy
equi nollar yg@ ally 1,00:1.0% quantities of
net al | oéeg8y egtaiofglor to 4 nml dry toluene in a 10
nL gl assviat—The mxture was stirred for severat
m nutes and then transferred to a clean, oven dried
cat al gsﬂ'he ;alzleftréplc&xwmba?pé Ilkbeoqusaiqmequn?e blzeﬁe'rmh
procedure follows: 2 of 256 W% tri-n-octyl-alum num
( o'”d@?“%” £y berPraRREEdy aRY seRvRItigRlMakedin éUPdDQ mixing or
Pr BRI R Gedtilednbnishfh 658 EhitlogiMe{ of R IRFERIH, an
was heated to the selected polynerization tenperatureé
5 andzeaitaig st Azettroed-bke sampdbitioh@dnfoeopnepheed by alejgting the
tuhQe into the reactor with 100 propyl.ene. :
S SR e S AR tlter FoatRuES Taemn ek
of apPropPialdEhtalner! N sonme cases, hydrogen was al so

added from a ballast tank (see Table 2A). Hydrogen
par ti al The egsairepiwas agzeolipper-lise CQmHQ§iltt§Pn§t0ftth% peesent

oomyefign Ban B2 B ST aHB8 of 2RBLEAliRE, icRioing ek use

10 deas @erayol peshellants, egreigenté\tsdiVurts, mvezmmg gead, bkatiag
product typically . cont ai ned some residual nmononer. The

r eagettw(fqasm] SeaNTen @Qﬁﬂt’séthrdhefrﬁolP'ﬁét'%ﬁB@ thermgset foams,
| ”hé%:tat‘réﬁ’sféreﬁ%g%d g%ee%‘?ater@dthé@ fire BRIARNYNAGSHY t he
sanpl e hea e oven urder "nitYogenpurge or

f osupprebsioh dgenmts, wot/\tera:ppllel wdkmsg:ﬂuuds; ;ﬁﬂyraentattdtemedla

| owest | ecul ar, wei ght o omer may be | ost
al BRGCHiA S rerReval é(%t%é’la”tﬁfrfﬁt‘@r buj St‘!&%”ts and
15 I egisBlURen B APRAg iagedt detected |n the product in
1H ﬁ%R spectras 9g@ord%d at 300C (but is not detected
when sp@a:rereambocdamm of thesl irventiad @) vidés atpnecdssbioe preparing

bel P I [ EP .

or B0 BRI G BB SSERT. The AR RS using an

t egpsstrdpiE 6r aE’eét'rcS& ﬁ[@@&ém@@bifﬁﬁrdsza?‘b!oﬂﬂné bgBnt, Werein said
means catal yst, Act neans activator, means degree

of apentioRie Pk azeiroperhke @omposuﬁﬁwppsets e&esmtualéh@ Z-

Po hi t 0 { r ,

20 KM e Rl praRRIie i amoMRBRY Rélssted tamute ggoue
cobbdmgistrgsodietyl emerf 2edicropapday, e efRBis@Imethyl-3-
Propyl ene- et hyl ene co-oligomerizations, carried out
f oPeht@nenatudy using a 2L stirred autocl ave reactor,

are des}éﬁbtﬁ%ﬁi egfbomLeﬁt &f th@tﬁ@é%@dr{g@v%és Az{ﬂéodt%{eg for

prepared I'n a ni trogen purge cuum spher és

dr prdamclrt@/remghragome'ﬁtd proeges n:ohmrls(es yphdenhsiyg an azeotropic
1.00:1.05 nt|t|es of tall ocene and activator to
25 4 ﬁia%ﬁ%ﬁr R&AH i €OPROSItqY aﬁg tyeresder pugPOraHRg sAlt %ﬁfeé’tmp'c
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application in the foamform ng process. Such change
in conposition could detrinmentally affect processing
Woeroogasseo poor performance in the appli cat| on. PAYI/E62009/047912
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herein can be used in the practice or testing of
enB8UEREAEL of the present invention, suitable nethods
and materials are described bel ow. Al l publ i cati ons,
pat ent applications, patents, and other references
mentioned herein are incorporated by reference in
their entirety, unless a particul ar passage is cited.
In case of conflict, the present specification,
including definitions, will cgntrol. In addition, the
materials, nethods, and exanples are illustrative only
and not intended to be limting. Z-FC-1 336nzz is a
known compound, and its preparati on nethod has been
di scl osed, for exanple, in U S. Patent Publication No.
2008/0269532 hereby |ncorporated by reference |n its
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has constant boiling characteristics or a tendency not
to fractionate upon boiling or evaporation). Hence,
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conpositions, if they change at all, change only to a
m ni mal or negligible extedLAMME s is to be contrasted
W th non-azeotrope-like conpositions in which during
boi | i n1g or eva&gr_ati on, the vapor and |iquid

conpos]t AoPRMESIHeR corsigling 8ssiE ¥ degr ee.

Addi ti opplZ2-y,1, aaentrexefllioke2-Gamgrasiandons exhi bit dew
poi nt p{tﬁ%ﬁé‘tﬁ | SREr s tﬁ%‘d?échf@tﬁ%HTsepl‘_é‘bet in an effective
virtually no pressure differential. That is to say

t hamouhetadioffeareazeotropic bemidinationi with fheed<ut.é,4md4-
bﬁﬁbl% 0i tbqressure at a given tenperature will be a
smaf XV E P E"Bhi s i nvention, conpositions with a

di fference in dew point pressure and bubbl e point
pressure of less than or equal to 5 percent (based
upon tZleAb(l;t_bhb@SiF@h BON$IEEISE BsSONtiadly ©ONS| d;a!relddt ohbe
azeotrope- e IS . recoanize nthis field that
when thg 'ht%]tj\?‘{’\A/'_'cneé(?ﬁ\"ﬁgr%i?fjgeaﬁesgggem approaches_
1.0, t hDSRPusReraMiarRisinEIIFBVhehET SPEsent Ngp eriestive
az s 4 L 4d ki i1+ Wtay1igq he
e OUBPR o AFRAR - oOTIRALYE Wil oy 11450
vohexafluorg-2atputeneponent 2 . The ratio of the nole
fraction of a conponent in vapor to that in liquidis
the volatility of the conponent. To determ ne the

relatiye ,v L ar nds, a nethod
known %‘sA\ﬁ%ﬁ%{'%Fﬁéﬂ%g%@en&%&gﬂThe vapor - | iquid
equi | i b(d)ufl (IVLE)4 .4 dneckafleornce2elkend; wadvol atility, can
be det etb)iZeldompropane;satdreimthlel 3-chlororopahe @8 presemhid an
i sot hermal nethod requires neasurenent of the total

pr 84e¢lvE Fnowniie Py %&aw\ﬂﬁ'%@ﬁfﬁg@?ﬁ'%W'@tthé%é,ﬂahﬁ,”f,”f'
t eARRIRIMED-pltBnEhi s procedure, the total absolute
pressure in a cell of known volunme is neasured at a
constant tenperature for various conpositions of the
two conpounds. The isobahc nethod requires nmeasurenent
of thedt éngmpositien eonsisting essendiellxbwn conposition at
const anLa)pZ-q’?I%ﬂJ,W?l,41Héxtahu§r_o°2-%?éf+€; @ndt he tenperature

in a ce : : :
preasur OAenbRERER ierh S thBroatbBafE bRkt in an
cogfiectivadsamblset toffotrhanPizediiebbdikel condsinatiorbadthithe Z-
detail in "Phase Equilibriumin Process Design",
Wﬂéyl,ﬂrﬂ’@ﬂ%?‘ﬂ%@r@%mqr@ﬂer, 1970, witten by Harold

R Null, on pages 124 to 126; hereby incorporated by
reference. These nmeasurenments can be converted into

equi | i B iAEBHPENTioRBENSIbEHY BssatRAoR Oons in the PTx

cell by n tivi coefficient equation nodel,
such as(q%rsr}é%oﬁ%@%ﬂ‘tﬁ’r‘ﬁh%ﬁ?:ilb&ﬁﬁr@;@NﬂT.L) equation, to
r epr esetlt) parduere(dpmetyinbacai@apne); a¥nereethgfoestuoro(2-
activi £t ol ont tian.
caisthi-FETahbi PR oseRR b el ortEle o OB 2 o
Gasesoteopsic combirdsion withtredr 11, on 4, pubhéeiiiedrd-2-ddiénaw
Hll, witten by Reid, Prausnitz and Poling, on pages
241 to 387, and in "Phase Equilibria in Chem cal

Engi negering, " puplished by Butterworth Publishers,
1085, G {t CARPESaR SANSI5UIY Sveaely Ghges 165 o 244.
Bot h af (a)edvént, 1 divkd-hexbfiuens2butare; aadeby i ncor por at ed
by reference. Wthout w shing to be bound by any
theory or explanation, it is believed that the NRTL
equation, together with the PTx cell data, can
sufficiently predict the rel aH've volatilities of the
Z-1, 1, 1 ,4,4,4-hexafl uoro-2-butene-containing
conpositions of the present invention and can
therefore predict the behavior of these mxtures in
mul ti-stage separation equi pment such as distillation
colums. It was found through experinents that Z-FC 1
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(whi ch form azeotropic conpositions boiling at a
tenperature of from about -50 OC to about 160 OC and

wa@rooy1puessure of fromabout 0.2 psia (1 .4 kRa)/US2909/047912
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and at niD el forb e bantaopel ergiy tﬁbaa%%@wo&
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4, 4, 4- hexaf | uor o- 2-but ene and :
cham@mpﬂawfeecorsbmtlemm timent-4, bﬂ 4a¢kéd1®<@ﬁuero -2-butene.
conpositions are listed in Table 4 . Table 4 .

Azeotropi c Conpositions: Z-FC-1 336nzz and 2-
Chl or opr epaidedssiidripeparing aareeicmastd dkeernoBstsohirons
contai ning Z-FC-1 336nzz and 2-chl oropropane may al so

be for me€OMBNISINCISRE PO FZEPIRBICCHRFSOOPBIKeHaNRosition as a

around a t f
oot rop S g oG AP 2o PP ERe I R EERE e
Sone nor eoepiosifionesunsistd eag@tialipéZH-1 K el w,mpoexaﬁhme 2-
are listed in Table 6 . Ta otro

COMposi tE’HF%’T%%“ aéoﬂi%ﬁnééé'epegé Egrwrbﬁew%t'rwaef
found th [ ngq{e ;

perf | uorg%{%eﬁﬁgle%%en anone %Pgﬁsrﬁ]ffzg%g rﬁnpeﬁgﬂocsr
azeot r opeehtat®nednpositi ons. To determne the relative
volatility of this binary pair, the PTx nethod

descri bed above was used. The total absolute pressure
in a RIXAclocesd fdrrvluding l#@ﬁg\é’?eﬁldﬁ%‘?#;ﬁr%in@boﬁ@é\%ﬁ@bn
tenperature for various bi nary onposi tions. These
measur eméAeetropic O izeatropetlise gomposdion! ansr theneaftgsor

cauat | on e RGN AR PP Rl e G2t AR bafphEon inthe

conposi t viyirsityl of the ®ody Xo ®el dodiedt, wheréinlsaid azeotroplc or
336nzz/ perfl uor o? 2-nmet hyl - 3- pentanone) m xture is

shown i napeerope-lisy cempositigatconsists geeginiatuof ¢-t.he 4.4.4-
formatio

conpos  NSnanroZF §achBith A oRERkntRgepietirom the orou
and per f kconsietiig Uédiemw 2thern2 ahtorepragtaneband pet udbré@-
as indicated b eof about 82.7 nole %Z-1 ,1
o1, 4, 4MetRds 'PP[] ”Q ‘but ene and 17.3 nole %

perfl uoro(2 met hyl - 3- pent anone) havi ng the hi ghest
pressure (26.7 psia) over the range of conpositions at
t hi s t@npepracass compsiethguysing aheazeotrbpi@iow%eotropeaike
been cal cul ate t hat Z-

per 11 or SoBPREL PSSR SalEah A SPar d78ePripios azeotrope-

conposi t jiRgeofpasitidd donaBtsBeskntily 9f 0] & PLUcLRbxaMioro-2-
about 87.4 m)lg?dper cent Z-FC-1 336nzz and from about

12. 6 nol Suipnec atC@rrmetnt selectedninpra thegrewp consisting of

perfl uor

azeotr Oplﬁéeﬁgqeettﬁ t’| on *Rg@kwé}‘? g&@e&ﬂﬁ%@ i'h?thyl

from aboqg)tanta(iﬁm@g: to about 140 OC and at a pressure of
fromabout 0.2 psia 1.4 kPa) to about 250 psia

(1724 P& procesy f%@iﬁﬁlﬂ@ngé‘ﬁ agyogol Rroget Wﬁ%’l‘ﬂa%'@g an
pressure, t

oS ¢ 1 &ééltrgp@?r%zeéﬁap %é fb!:h%ogﬁﬁ)ﬁ A'JSZQ Rfopellant, wherein
hexaf | uosaid2aiudtepi amaizdo'tro@edﬂdeec%posmon consists essentially
perfl uoro(2-pethyl - 3- en ano e) . Sonme enbodi ments of
azeotr opF’&% Eﬁ‘ﬂo%ﬂt‘}zag %@tgaelquﬁgp@p?nenqeaegp%ted
7 . Azeof &ﬁp

Perf | uoro grptkf‘e %”Ele?ﬁp ﬁéﬁé&@lk&lﬁ%ﬂ@éﬁé y’ropane, and
azeot rop@erﬂuoeo(é’emﬂpdmlﬂrwﬁan@m)au ning Z-FC 1 336nez
and perfluoro(2-nethyl-3-pentanone) may al so be

formed. Such azeotrope-like conpositions exist around
azeotropi c conpositions. Sone 8en‘oodl ments of
azeotrope-li ke conpositions axe listed in Table 8 .

Sone nore enbodi nents of azeotrope-like conpositions
are listed in Table 9 . Table 8 Azeotrope-like
conpositions Table 9 Azeotrope-Ilike conpositionsThe
azeotroplc or azeotrope I|ke conp03|t|ons of the

e o o o e



extingui shing or suppressing a fire. The process
conpri ses using an azeotropic or azeotrope-like

W@roposi4pe on as a fire exti ngui shing or suppr eBGr/Um009/047912
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agent, erein said azeotrqg or ageotrope &
compos! T AgHoeBsE PafoMEBdui: A FzgP ok of izepipeike

, 4, 4, 4- heyaipdodfion-o& HUbaNPaRsTE ﬁle‘a‘i)é'fﬂ/@rﬁ@@h S84 eeb8fopic or
from the group consisting of diet t he

hyl
2- chl or o pEEPHORS- Ilbeudom@ps|tloam@,zls|heeﬁ@ent@“p@ﬁzahfbrﬂef} 4,4-

brocess Herai A odlene s BFbbugH: BN Tor me group
conmposi t icensisting bty ietiser, Medlctbpraping, 8A€ PeFTRIre(20r
azeotrope-like cog&géltlon consi sts essentlally of Z-

1, 1, 1methy-3pg NGdr o- 2- but ene and a conponent
selected fron1the group consisting of diethyl ether,
2-chl oropr opane, and perfl uoro(2-nethyl -
pent antthé) p@b&%rbxtiﬁgubhmsenélmpressﬁsg atfiragomprising
essenti al | éﬁ%:znl , 1,1 N ,

.4, 4, 4- h&sl |‘%Ib1%l [QRi¢ BhazefRPe-life aP@pPRyitior@se fire
wher ei n I n f
amoUnt |t SRy o BB R bR S oY or
, 1, 1 pzedirdpe-tikxgabmposiion- dmmssiﬁeeséentlaAyobzrpbélﬂ4ém
consi st e sent of : ., (a) Z-1 1 1

o 2. nBexeTiP-Blishedins & BhmPobphtsebRe famdpe grove
wher ei n tcBﬁs@tn‘?gﬁ Bf/H|e@rWT‘%EhérSthﬁ‘ﬁrgﬁFoda'heaﬁn@b%ﬁmdr&ﬁ
anobunt to forman azeotrope-like conmbination with the
Z-1 , 1 methyl4g3-peataneefyf | uor o- 2-butene. 3 . A
conposition consisting essentially of: (a) Zz-1, 1, 1

, 4,4, 4- hexaf | uor o- 2- but ene; and (b) 2-chl oropropane;

wher ei 18, Aherodesh omppisipgaing an Rizeseopicior exeoebpedikeve
anount to forman azeotropic conbination with the Z-1

, 1, 1 campositioneasdiplastrirsy Wher@in Saidazeqiroiepb azeterpe-
consi st I
a4, a- nISFPIBEBIBNStrSts Sertly of el o i bpgaluor2
wher ei n bheer2 ard arwmmnmmeselecmbe&@nmtthergramp etbrhssmmg/ef
annunt to. form an trope-like conb nation m%th t he
Z- 1, 1 dlejghyl@t}zfer,,f Qop qpezag uorg(2-methyl-3-
conposi ti gﬂuﬁgmggstlng essentially of: (a) z-1, 1, 1
,4,4,4-h xafluor 2-but ene; and (b)
perfluoro(2 net hyl - 3- pent anone) ; wherein the
perfluoro(2- nethyl-3-pentanone) is present in an
effective anbunt to form an azeotropic conbi nation
with the z-1, 1, 1 ,4,4,4-hexafluoro-2-butene. 6 . A
conposition consisting essentially of: (a) Zz-1, 1, 1
, 4, 4, 4- hexaf | uor o- 2- but ene; and(b)
per fl uoro(2-nethyl -3-pentanone); wherein the
perfluoro(2- nethyl-3-pentanone) is present in an
ef fective amount to form an azeotrope-|i ke conbination
wththe Zz-1, 1, 1 ,4,4,4-hexafluoro-2-butene. 7 . A
process for preparing a thernoplastic or thernoset
foam conprising using an azeotropic or azeotrope-like
conposition as a blow ng agent, wherein said
azeotropi c or azeotrope-like conposition consists
essentially of z-1, 1, 1 ,4,4,4-hexafluoro-2- butene
and a conponent selected fromthe group consisting of
di et hyl ether, 2-chloropropane, and
perfluoro(2-nethyl-3- pentanone). 8 . A process for
producing refrigeration conprising condensing an
azeotropic or azeotrope-like conposition and
thereafter evaporating said azeotropic or
azeotrope-like conp05|t|on|rHéhe vicinity of the body
to be cool ed, wherein said azeotropic or
azeot r ope- Ilke conposition consists essentially of Z-1
1, 1 ,4,4,4- hexafluoro-2-butene and a conponent
sel ected fromthe group consisting of diethyl ether,
2 chloropropane and perfluoro(2 nethyl 3 pentanone).
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