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CONTAI Nl NG POLYMERS DERI VED FROM SYNTHESI S GAS FlI ELD OF THE | NVENTI ON
N~~~ wihe/ieBmwention is directed towards terpol ynmers of polbgkbinorgear bon
nonoxi de and at | east one vinyl nononmer wherein the carbon nonoxide is
derived fromsynthesis gas. The inventien-al so enconpasses a nethod for
produci ng the ol efi n-carbon nonoxi de-vinyl nononmer polyners using free
radi cal polymerization. BACKGROUND n~s~rw o Terpol ymers of ethyl ene-carbon
monoxi de- X ("E-CO-X"), mhqg Nﬁ) &) 4, A o1 vinyl acetate or
met hyl nmethacryl ate arg .-- . 2 e, carbon nonoxi de
("CO"), and vinyl acet=a X ‘ SSHS> P e pol yners are
«prepared using free radlcal |n|t|ators at hlgh pressures and tenperatures.
Furthernore, these polyners are random whi ch are gene NMMWM W&E@ult to
make usi ng BIEIgDrORERE INVENTaOKsts. The E- CO- X terp&ﬂ ed from
+free radical porynerization are useful as PVC nodifiers angdwslegradabl e
films. Unfortunately, using pure feeds to produce these polyners i ncreases
t he cost, which can fg Qductlon t QO COH#H% nthes as f eeds which
contain carbon nonoxfAeDHFAtRNds dFesied oW H“E% a?“ S8Rver si on
processes, Andodld A h9eaRuAdanty rﬁUﬁ&nfe?%%r%‘?hé’Eﬁx%%n%ﬁSﬁloyziﬁé fr oduci ng

cheni cal s are cons Mer| zation becau

i nsuf Fi ci enfepédd frivm 2 MR G26HC3TRe Irﬁlelfi%ﬁlaiso%%ﬂe 8&s 4 Rtthod Rsire is a

need for providing a ow cost nethod to produce ol efin-CO vinyl nononer
t er pol yner sproducily tHeARfitx atbdiENohoRidedany hmibaotner podyrhesusingiticdes
ol ef i n- CO- vi nél nonomner, terpoly nmer s which are derlved froman olefin

feed, a synt Ipofprserizatipiand at | east one
AT

*159159%

BACKGROUND

Terpolymers of ethylene-carbon monoxide-X (“E-CO-X"), where X
is third monomer such as vinyl acetate or methyl methacrylate are generally
made from pure ethylene, carbon monoxide ("CO"), and vinyl acetate or methyl
methacrylate feeds. These polymers are prepared using free radical initiators at
high pressures and temperatures. Furthermore, these polymers are random
which are generally difficult to make using organometallic catalysts. The
E-CO-X terpolymers formed from free radical polymerization are useful as PVC
modifiers and degradable films. Unfortunately, using pure feeds to produce

these polymers increases the cost, which can make production too costly.

Synthesis gas feeds which contain carbon monoxide and hydrogen
are formed by various gas conversion processes, and are quite abundant. Such
feeds are often used for producing chemicals but are not considered for poly-

merization because of insufficient purity.



vi nyl nononer feed. These terpolyners may be used as effective plasticizers
in polyvinyl chloride conpositions. In one enbodinent, the invention is a
conposi ti onoornm3rs si ng an ol efi n-carbon nonoxi de- X t er pol yper/dies@kd
carbon nonoxide is incorporated via a synthesis gas feed and X is at | east
one vinyl nononer. In another enbodinent2.the invention is a polynerization
nmet hod conprising reacting an olefin feed, a synthesis gas feed and at

| east one vinyl nmononer feed under free radical polynerization conditions

to forman olefin c L, de- . V- ' i t |east one

vi nyl nononer. Thesgngl%gt%%}ﬁggh?‘egggé@&%as&gg&f@,&g%%kgnaégﬂ‘?ggggocﬁ"&t he
present i nvgREhOOOMiny] BRERMRerisijotymepder stood with regard to the

«fol | owi ng description and appendéd cl ai mrs. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The invention relates to a conposition conprising a terpolymer of
olefin, CO and at |east one vinyl nononmer wherein the COis derived from
'synt hesi s g3y} NoQF dNDEER é&i ated by those skilled in the art that
the term"terpolyner” is used herein as nmeaning a nacronol ecure forned from
at | east V1' O 02/ (1C378 PCT/US01 /2028( -3 three nonomer sources.

Simlarly, the termqg %?qﬁ - herelsa aesqrdi i ad
meani ng of a nacrong%gﬁg or%%éﬁpmq%dv%g Ogéﬂnrm%r?(g rlr&]l(r}%é)lpBIggh?%@égaAl so,
the term " pleyywhich sreuizeidet drahmnasiefindead) af YniicsiPsBoReavatiatfeRf ofe
macronol ecul e formed from at | east one nonomer source. The term "synthesis

gas" (a. k. avinyl mongmeer)feedf dhese terpolymersinaybeusedrgsreffeatiyeplastimzeram | y of
CO and hydrogen, irf mlg?us proqpqrti ons and may contain other conmponents in
| esser quanPP¥VEY! CRITEHIBPPIHANSy, syngas can be nade by many processes,
t he nost comon being partial oxidation and steamreform ng. Feedstocks can
vary fromcoal (in which case the partial oxidation process is often
referred to as "gasify L ABadi n : a(;%fﬁg' ! : pal

oxi dation and steamlfrde@g%ﬁgga,hn?%}t’ feﬁfgfr%gélmet&gﬁﬁsot her &T’ihlr)g;&gr gnnsgl?égirle of ten
used to optolefinecdrben enmtoxdde-i eopelynger avisyreigasarbdn apewixidcisdacmpgoirdtedn.

- The specific conposition of the syngas fromthese conversion technol ogi es
will be i nfVigenhvadhesis gasdredandrX is gt kesstone viaghmeoneasst r at i ons of
co-reactants, including steamand C02. The watergas shift reaction is often
"used to adjust the H2/CO ratio of the syngas conposition. Separation
technol ogi es are al SRlé{ﬁgeﬁ&nﬁgdi&ﬁéntﬁﬁegﬁerﬁm%;}idlgfherﬁﬂ of YRtASd
conpositions can be varied in an infinite manner by the conbination of

t hese react¢amprisidgyepetint awoldfecteed| agiethesik @ae ftedcant atsigagasmei winybual |y
made by application of the fewest process steps, such that syngas ratios
bet ween H2/monemenfeednade fageradses Dojymedzatiroemnditions toofosmoatuelefinthese

processes and, conbi nat.i,0 as, well as the .mapr conponents that are

present in ‘E%BOP&QHW%B@%%P%‘%@E@}H ﬁklﬁ ap%oxﬁxémg?{qoqqgnq:rhe present
invention, the ratio of H2/CO is between 10:90 and 90: 10. Mre preferably,
the ratio of H2/CO is between 2S :7S and 7S:2S. Most preferably, the ratio

of H2/ X0 is between TReQacothe: fdtures, aspects and advantages of the present

invention will become better understood with regard to the following description

and appended claims.

DETAILED DESCRIPTION OF THE INVENTION

The invention relates to a composition comprising a terpolymer of
olefin, CO and at least one vinyl monomer wherein the CO is derived from
synthesis gas. It should be appreciated by those skilled in the art that the term

"terpolymer" is used herein as meaning a macromolecure formed from at least



WO 02/ 0G378 PCT/ US01/ 2028G -4 Tn one enbodi nent, the invention is a
conposition conprising an ol efin-CO vinyl nononer terpolyner derived from
an ol ef i nWeetlyp63a synt hesi s gas feed and at | east one vinypcimRenmksd eed.
The olefins (i.e., olefinically unsaturated conpounds) useful in the
invention typically contain up to about.2Q carbon atons and preferably up
to 10 carbon atons. They may contai n heteroatons; however, it is preferred
that the olefinically unsaturated conmpounds are hydrocarbons. A preferred

class of olgfinically unsaturate drocarb@ns_are a)iphatji,c nmono-ol efins,
T par 1 cul GredingRamerSon ety Sulatty TR aCEa Rl WA P Ref For “one
of the ol ?fﬁfg tb§8%toad\tnd 1n%8?a?ﬁél%m%hé‘&ﬂé’fd‘rﬁfé‘&(ﬁém ol 'o!ré’i’i‘}d?ﬂm%re
preferred: 1-butene, propylene, styrene, vinyl acetate, and acrylates. O
these 1-butsecesndABoothd teng "potymertis asedhéngimmacioedingtto i isrodd Myéanidgponer
feed may contain at |east one free radical pol yneri zable vinyl conononer, or
va cof eed cooff amacremelechleafasmedfoomrat deast bre pwmdmeri soyrceroh g useful in

the inventipn include,g-olefins (preferaply C3 to C3p ol efins) such as
propyl ene, g”é(f‘@"r?é}s &@SOZ?&%’, J'sy_ngégé& Ehi© Xg%%/%’%lr% P HEne deri vati ves

such as a- . . VAN ¢\

chi or  de. wrsorhahafy6r BRIt IR Faribt RGPOR G G cobbdie.

1-vi nyl pyr r @heflen@poasits lih tesaér guantRidgacryl ic acid, nethylacrylate,

met hyl met hacryl ate, acr5~lonitrile, acrylam de, acrolein, allyl alcohol,
allyl chloride, allyl acetate, m ~-tures thereof, and simlar materials.
Wil e the vinyl nongner concentration in the feed nmay range from zero or
trace anpunts to abdVorespessfiealdy, syngaseass ke made by faany pragessess theg@ost r om

bout 5 nole %to .80 nole. % The. .ol ight (") of

he copol yrigramid il Pt o it AmA s B RO R, FEMEieReallerh Aimd poun
100 to ab i - 00. Z
 proferred i DORACHE e B el RSN AR I A 1 o st e
i nvention cipont)its eandfl g4k nOombinationy lofpartial -okddavivreartd staamoeforaniay) ftie, and

-5-60 nole % vinyl nononmer. The ratio of the nunber of nononmer units

ori gi nat i ngeXampleautothermal refommagnanetsdtencsed 4 ppHinzze tlee oot gif paeduring n
carbon nonoxi de is re%&.r ab(g_x at. .m)srl. about.f99: 1 an .m)rfg_g efera |¥%i n the
range of fi2SHEASALSPEEIT Garpestien 1 The SRrEHCOMPOsFion of By RgRs oty m
about 95:1 e 1 : ' , I [ vides a
pol yneri zattirhg?]@rge 65%‘021 (}F&Ehecg@gl fegg&%%ﬁgk Pﬁ e%%aﬂ) égéﬁ{}%’e@{é %ﬂgg’sé eed and
at | east ongntefitthtioMNONES-réftshisNidefudineseimtindaCOs0 K/ Watdrgat éft
conditions to produce the ol efin-CO vinyl nononer teéerpolynmer conposition
described akavon efiéd ased ROAdjast tROIHICO Abibl NThP kP EEScAAPSsiAbHANI C
peroxides as a free radical initiator according to conventional nethods

wel | known Sepdrindseteskinblopded sretdisd ageld tofeijuse sengat corepogitibhadml syrigas| ude,
but are not limted to, dialkyl peroxides such as ditertiary-butyl

peroxi de, X@npesitonscarpbe varied in paigiinie manp@rrwmfes@nbl,na@mmﬁtﬁeqfer oxi de;

| kyl id terti - but.yl d ide, .terti tyl
Pyl oper oxi FaSC LA SOPRFAR OB SO o e St s e Sl s &y

| de: v . ’ .
or i ary. boAoEnRE oF e A chBodcRt SRttt SRS KR RUBR 112G 1 o,
F Ui LG : . e .
temper at ur a2t Sy il SR 2 RAgRSeR FpRBlse THRSord BRI oo,
t-butyl pergpibinuebas,as vl af themaporttdnipdrehs thht aeQtbsdntGn figdFeuBtings6C, i s
preferred. Typically copolynerization will occur at tenperatures ranging

from about $Mgas abovsll dnthearf &n die presemwrinuention, 3d€ratio abblp!COGSC.
Pressures can range from about 100 to about 30,000 prig and preferably from
"about 100 pitgeen 18R Land900d0. Ploge pferably, slee ratipeopdbi@ris batwesn 2575
acconplished in the presence of a free radical initiator having an
,appropri at eantdal §:25i Most preferablyothexrgorET1CSDis betores 40s60me @461 y, the
reaction occurs in the presence of a solvent. Suitable solvents include

t ol uene, benzene, di oxane, pentane, heptane, hexane, propyl ene oxi de,

cycl ohexane, supercritical carbon dioxide, and the |ike. Hexane is
preferred. The terpolyners prepared in accordance with this invention nmay
be recovered using conventional nethods. For exanple, filtration or
evaporation of the diluent nay be used. Further, the terpolyners may be
brought into the desired shape using standard form ng techni ques, such as
cold or hot pressing. Alternatively, the polynerization is carried out in
such a way that the terpolyner is formed in the desired shape, such as by
solution polynerization in a thin | ayer and subsequéent renoval of the

di luent, which yields the terpolynmer in the formof a film The invention

- r e . o o p—



Exanmpl e 1: Synthesis of ethyl ene-CO al pha-olefin terpolyners using syngas A
300-nL aut ocl ave engineer's reactor was charged wth 150 nL pure n-hexane
and 0. 64 wv@é/m3®% sol ution of t-butyl peroxypivalate in prrvesel2034s rits.
The reactor was seal ed and purged with purified nitrogen. The reactor was
then pressurized with ethylene and syngag.m xture (ethylene: carbon
nonoxi de: hydrogen 70: 15: 15, respectively). Then 10.8 g of 1-butene was
added, the tenperature was raised to 66C while stirring, and the pressure

was nmai ntai ned for hour se#he react.or was .al |l owed tﬁ cool to.room

tenperature WO 02/’]%1'(%“?686’?3 ey WS ARVSTHOR 15 RGPIRRONUQL GPMPESINEH#E hexane
. 1 F | N I R

epect r um o IEAnTCOELY nfO AR oLy nERUb e AP PUICHIFBATA UhedBE |

carbony! grgapfeedlaud at ashafe bEBN moesn@ofead eGherbléfis @redslefinichlly NVR of
t he product suggests that the polymer has 25.8% CO i ncorporation. The NWR

-spect r um of unsaturatedpaimpeunds) ggefsl snthenaventiomypiddly. Grainnghesatmert 20000
car bons versus 65.5 branch%% %%r! 100Q .carpons for the control _experinent
(see Exanpl @rbonafans angd prefgrably ypdede cagbororioms: . They mayseatain hietsso-

| ncor por at | s APRERE, InhrefRa PR Y bt darBothiareor 1000
and Mw of %%H}oeﬁ%ﬁ.txgﬁe&rfédaagﬁr&%eﬁfﬂeaﬁg?bﬁ@ﬁh}ate&?amcﬁr%ns%st rol
Experiment -" Synthesis of ethyl ene-CO copol yners wi thout 1-butene: A 300-nL

autocl ave edlgpteRrmeno-Aefing, inpartivubarasdlsfinsrofhoRichlethylese fis patienRirpnd 0. 64
g of a 75% solution of t-butyl peroxypivalate in mneral spirits. The

react or wasprefartred farahepof thewlefin feadar A ifentheiatheryelafin Thed(spdbe follawis t hen
pressurized with an_ethyl ene and syngas m xture (ethyl ene: carbon

monoxi de: hydgdge prefigrred: 1=puteng @é‘éﬁlﬁ@ s FIYTERReVIR ateand aerylates. s@f to
66G while stirri and the pressure ) intained for 24 hours. The
react or wast&PY Z-E@.Heqeoa%%mog%gel}eogﬁﬂ%ﬁ%g@Breg'elérﬁ "then depressurized. The
hexane was renoved on a rotary evaporator |eaving 9.3 g of product. The IR
- spectrum of the product shows a very strong peak at 1709 cm ~ due to the
carbonyl group. ThusThé&inydsndreener fieed npeyr edreaini at 1¢dse ope drbeatidichhe NVR of

t he product suggests that the polyner has 33.9% CO i ncorporation. The NWR
“spect r um of PelyEerizaplsy yinyl camggenesPrieafeed copfaingsg such poopmmpmersany

Ec%uf?i’l%g%?ﬁ i hCrBf 1B %%%Osy@??iﬂéirgv?ﬁﬁaﬁ%@ﬁﬁqhﬁo% o5 tefer Bl o
3: S [ - - [ ' 300-nL
aut OXPLVES;%?%&%; %'Lﬁﬁﬁ%ﬁ?ﬂ&&i%%gﬁé'eﬁéﬂéﬁ ﬁgléégﬁ%i’l-ééfﬁﬁgﬁe}fﬁﬁgﬁi and |
0.64 75% ' - ' ' ' irits. T

react or wasenEsy EhelierauRss bod 1 ol istiretl: Sl BERE o Or st non

pressuri ze i I ! r : ;

ronoxi . by SE oo By Tav E05) G GRS el RobER ARG AR e
added, the vigpReétans) B-waglpyaiotiddné,acogic aéid] metacrylicgeidandthiylacrylatssur e
was mai ntai ned for 24 hours. The reactor was allowed to cool to room

t enper at ur emgHylmgthacaelste astilpnisdle, Terylaraidenacrpdeiny dbd\adeoknl, allylot ary

evaporat or LGAMh0L 0l 8L NGRS MEDs AHAShRPRIEIH il G RgH !
monomer concentration in the feed may range from zero or trace amounts to
about 95 mole %, the preferred concentration ranges from about 5 mole % to 80

mole %.

The number average molecular weight ("Mn") of the copolymers
formed in accordance with the invention can range from about 100 to about

1,000,000 with a preferred range from about 200 to 100,000. In a preferred



| 711 cni ~ due to the carbonyl group. Thus, CO has been incorporated in the
product. The NMR of the product suggested that the polyner had 29. 6% CO

i ncor por alw@oe/o6dte NVR spectrum of the terpol ynmer suggestepctigbi/icegdhras 101
branches per 1000 carbons versus 65.5 branches per 1000 carbons obtained in
a control experinment without the 1-butené-ternononer. This observation

i ndi cates that increased branching may result from al pha-ol efin
incorporation in the polyner. The GPC of the product indicates a Mh of 500

and Mv of 1 S , | . ; thesis
of ethyl eneg%%o éﬁ‘g?‘?’ %ﬁéj@ﬁnﬁéﬁggﬁﬁre Islt-{glgf:?fglp \éfjsggg%(s) %ggé ﬁiélééi@é‘%f ave
engi neer' s 5.eaCkhole YRSarbBAMIGtbxE, AndF60malers vidylnavasgeand 0.64 g of a
75% sol ution of t-butyl peroxypivalate in m neral WO 02/ 06378

PCT/ USOL/ 21128( -9 spirits. The reactor was sealed and purged with purified

nitrogen. The reactor was then pressurized with an ethyl ene and syngas
m xrture (ethyl ene: chhpatiophthe menbgra{dgenomer unity griginatingdn the pigfinsThen

i) oo, PR E b PRI H FelR Bh S EREGaMY M
al | oned to goal aﬁ@utrﬁg‘ahﬁ'ﬂ?&rej{rgi;e?alﬂgqn%r#%%ﬁ@f%%ﬂf 96.3% am%hexane

was renoved on a rotary evapor avi ng € product . e IR

spectrum Oflilt‘@n&rsﬁﬂl&ﬁbr§§&\fﬁdb@ fyemyabdiut 050 eedoutt]:1.711 cm 1 due to the
carbonyl group. Thus, CO 'has been incorporated in the product. The NWR of

t he product suggested that the polynmer had 17.5% CO i ncor porati on. The NWVR

spectrum of the terp}fc;l}yme[1 su ge ted that it has 72, brariches. er 1000
carbons versus 65.5 %‘ée‘g PG g ARYTEIOPIOVIGSS 4 Polymesizetgn

. ¢ with ¢ | . . . L ndi cat
That 1 nor eabisihg} SnoRfrBiE Ry ORI rrarF BAERsis b Pt R AAM 0o ARG B,
pol ymer . Thg(&Em&f febdanBECHES FadidilicepbBan it onf cor@fti cHitoro@hcel 8120

(pol ystyrene standards, THF sol vent). Exanple 5: Synthesis "of

et hyl ene- COoRifiph@avafsil mndeome terroigmes compsyitipasdescibéd abowt Dht fiee
engi neer's reactor was charged with 150 nl pure ~z-hexane and 0.64 g of a
75% sol ut i orpdd¢altpalymerizpéenRYQSEsEYSEs OTEANIFIDSEPEHACS p§ # dies radical HeOBr was

Weh an ot nphang e rRshtopd b El i B EaR gBR aBD 75 s
respectivel R)ap{éegéﬁ%'{f]ﬁe iﬁn&@or%_(}’n&uae,q{jut %‘ré’H&ﬂ%iﬁé@%?&‘iﬁﬁﬁg rp%i’tﬁgi&l%f‘dhaé#r e

was raised to e stirring, and the pressure was tained for 24
hours. The dregiaey-biegl parbeider?2 Sediamthyl?, Srdicsrtibgrpetydiperexydrstahdadi-
depressurized. The hexane was renoved on a rotary evaporator, leaving 6.7 g
of the prodcamyl pewxide/alkylperoxidepsyabrassotiaryopitsl ydroprrapeattetiaryt t he

?L‘JS?CEOZE2&’5%;5%?4%55%@828@5%%@%&8%&%«5%@9 TRErRe S Bl |
0/ - i i T .

he t or pol yRGP I FE U EeRRoh s SR SR pR R Bl Pl KR RRE Ler sue

65.5 branc hﬁérbl@ﬁﬁoét@@%ﬁl g@ﬂgxggﬁnmwh%chﬂofbia—imiitﬁﬂini&ﬂé.eFréﬁimtlicvsilt hout

2-but ene ternononer. ervation indicates that increased branching
may resul t initiatoss prith an eppropriatedradblife atowaction teenprshipwes ranging TPm of t he

Corvent ) | THROHEE Gty 240 g by vt OF thsebol BFiv| POV TAIeG) SRS

terpol ynmers r 02/ 0C378 -11 CLAI M5
PCT/ US( 11128%@@&%&%8????%ﬁa%s(s)ér{rprgrb?gi {ns agerg de{\ﬁ n- car bon nonoxi de- X
Typically copolymerization will occur at temperatures ranging from
about 50 to about 230°C and preferably from about 50°C to about 200°C.
Pressures can range from about 100 to about 30,000 psig and preferably from
about 100 psig to about 3,000 psig. Of course, the polymerization is accom-

plished in the presence of a free radical initiator having an appropriate half life.



terpol ynmer wherein carbon nonoxide is incorporated via a synthesis gas feed
and X is at |least one vinyl nononer. 2. The conposition of claim1l wherein
sai d terpulgeaes® nunber average nol ecul ar wei ght ranges fpomshmetss200 to
about 100, 000. 3. The conposition of claiml wherein said olefinis

et hyl ene. 4. The conposition of claimil-ékherein X is selected fromthe
group consisting of C3 to C30 al pha-olefins, styrene, styrene derivatives,
tetrafioro thylene, vinyl chloride, vinyl acetate, isobutyl vinyl ether,

met hyl vinyl ketone, 1-vinylpyrrolidone, acrylic acid, nethacrylic acid,

met hyl acryl ate, nethylethacrylate, acrylonitrile, acrylamde, acrolein,

al Iyl al cohol, allylpreferatilydthe rehétidn 86ira i€ the@seticet o LolV R Mfitable The
conposition of claiml whefein the conposition conprises 40-90 nole %

et hyl ene, 3olentoireltdectalvane, bemzenicddioxand, Ferftnayhieptaiteyhexdnenpropydene 6. A
pol yneri zatiqQn et hqd conprising, reacting_,an olefin feed, a synthesis gas
feed and atoxlaasqycmxanwupmg%f%@@a dipwide, andthe lakg. CHex#8 isner i zat i on
conditions to.forsman ol efi n-carbon nonoxi de- X terpol yner wherein X is at

| east one \Hrﬁfﬁ“er‘?onorrer. WO 02/ 0G378 - 12 PCT/ U 50112U286 7. The net hod
of claim®6 wherein the polynerization conditions range in tenperature from
about 50 to about 230C and range in pressure from about Z00 to about 30, 000

psig. 8. The nethod Tfe tetilymersynepared infezcoridned veitptidy inantivaenapdecal
initiator selected fromthe group consisting of ditertiary-butyl peroxide,
2, 5- di met hyecoydedusimgtdamvgnbonalimedodsy Hex axampls, {diation prevapatation of

teriary-butyl hydroperoxide, tertiary-oct hydr opey oxi de, cunene

hydr oper oxith fiﬁééﬁtﬂg‘?y%ﬁé’%ﬁi Egrt Ertt!‘F g‘?lygbﬂ’ﬁl%/ﬂs IB&F B??ﬁ‘i’%té?@,tge
tertiary-b - : (.S EOnt L ! reof 9.
The. mot hod U5t ugft ShafEedRk Slaret Reniidp stiis Shotfaf g B R RERIIET °C1 5
to C30 al phateinativel, tied Yol9Rfrerizativh $NearwiRdi otitih ¥86h a valy thht HeaeiibIVRRE,

vi nyl chloride, V|nyf acetate, isobutyl vinyl ether, méthyl vinyl ketone,

1- vi nyl pyr riptfonetkin therdelsired abapk, sueh haby sbluticacpalymesizatibn dn glthindayer

met hyl met hacryl ate, acrylonitrile, acrylamde, acrolein, allyl alcohol,
al lyl chl oran@éubmb}ﬂnta@amlé?t! taﬁdhlhm{ avaiughryﬁréaéa?e. terpplymes 1t ® f or ned

by the net I}ﬁda ﬁl‘mcl aim 6.

The invention is further described in the following non-limiting

examples.

Examples

Example 1: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

A 300-mL autoclave engineer's reactor was charged with 150 mL
pure n-hexane and 0.64 g of a 75% solution of #butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. The reactor
was then pressurized with ethylene and syngas mixture (ethylene:carbon
monoxide:hydrogen 70:15:15, respectively). Then 10.8 g of 1-butene was
added, the temperature was raised to 66°C while stirring, and the pressure was

maintained for 24 hours. The reactor was allowed to cool to room temperature
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F10% & () - product. The NMR of the product suggests that the polymer has 25.8% CO
incorporation. The NMR spectrum of the terpolymer suggested that it has 134.9
branches per 1000 carbons versus 65.5 branches per 1000 carbons for the control
experiment (see Example 2 below) without 1-butene termonomer. This
observation indicates that increased in branching may result from alpha-olefin
incorporation in the polymer. The GPC of the product indicates a Mn of 1000
and Mw of 2000 (polystyrene standards, THF solvent).

Example 2: Control Experiment - Synthesis of ethylene-CO copolymers without

1-butene:

A 300-mL autoclave engineer's reactor was charged with 150 mL
pure n-hexane and 0.64 g of a 75% solution of #-butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. The reactor
was then pressurized with an ethylene and syngas mixture (ethylene:carbon
monoxide:hydrogen 70:15:15, respectively). The temperature was raised to
66°C while stirring, and the pressure was maintained for 24 hours. The reactor
was allowed to cool to room temperature and then depressurized. The hexane

was removed on a rotary evaporator leaving 9.3 g of product.

The IR spectrum of the product shows a very strong peak at
1709 cm™ due to the carbonyl group. Thus, CO has been incorporated in the
product. The NMR of the product suggests that the polymer has 33.9% CO
incorporation. The NMR spectrum of the terpolymer suggested that it has 65.5
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branches per 1000 carbons. The GPC of the product indicates a Mn of 1600 and
Mw of 3200 (polystyrene standards, THF solvent).

Example 3: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

A 300-mL autoclave engineer's reactor was charged with 150 mL
pure n-hexane and 0.64 g of a 75% solution of #-butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. The reactor
was then pressurized with an ethylene and syngas mixture (ethylene:carbon
monoxide:hydrogen 70:15:15, respectively). Then 5.9 g of 1-butene was added,
the temperature was raised to 66°C while stirring, and the pressure was
maintained for 24 hours. The reactor was allowed to cool to room temperature
and then depressurized. The hexane was removed on a rotary evaporator leaving

7.0 g of the product.

The IR spectrum of the product showed a very strong peak at
1711 cmi™’ due to the carbonyl group. Thus, CO has been incorporated in the
product. The NMR of the product suggested that the polymer had 29.6% CO
incorporation. The NMR spectrum of the terpolymer suggested that it has 101
branches per 1000 carbons versus 65.5 branches per 1000 carbons obtained in a
control experiment without the 1-butene termonomer. This observation indicates
that increased branching may result from alpha-olefin incorporation in the
polymer. The GPC of the product indicates a Mn of 500 and Mw of 1000 (poly-

styrene standards, THF solvent).

Example 4: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

A 300-mL autoclave engineer's reactor was charged with 150 mL

pure n-hexane and 0.64 g of a 75% solution of -butyl peroxypivalate in mineral
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" (a((x*y* z2*ag the@e8shr8UGNK hn ethylene and syngas mixture (ethylene:carbon
‘ monoxide:hydrogen 70:15:15, respectively). Then 5.9 g of propylene was
added, the temperature was raised to 66°C while stirring, and the pressure was
maintained for 24 hours. The reactor was allowed to cool to room temperature
and was then depressurized. The hexane was removed on a rotary evaporator,

leaving 7.6 g of the product.

The IR spectrum of the product showed a very strong peak at
1711 cm™ due to the carbonyl group. Thus, CO has been incorporated in the
product. The NMR of the product suggested that the polymer had 17.5% CO
incorporation. The NMR spectrum of the terpolymer suggested that it has 72.8
branches per 1000 carbons versus 65.5 branches per 1000 carbons obtained in a
control experiment without the propylene termonomer. This observation
indicates that increased branching may result from alpha-olefin incorporation in
the polymer. The GPC of the product indicated a Mn of 500 and Mw of 1000
(polystyrene standards, THF solvent).

Example 5: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

A 300-mL autoclave engineer's reactor was charged with 150 mL
pure n-hexane and 0.64 g of a 75% solution of -butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. The reactor
was then pressurized with an ethylene and syngas (ethylene:carbon
monoxide:hydrogen 70:15:15, respectively) mixture. Then 10.8 g of 2-butene
was added, the temperature was raised to 66°C while stirring, and the pressure
was maintained for 24 hours. The reactor was allowed to cool to room
temperature and then depressurized. The hexane was removed on a rotary

evaporator, leaving 6.7 g of the product.
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The IR spectrum of the product showed a very strong peak at
1711 cm™ due to the carbonyl group. Thus, CO has been incorporated in the
product. The NMR of the product suggested that the polymer had 18.2% CO
incorporation. The NMR spectrum of the terpolymer suggested that it has 93.2
branches per 1000 carbons versus 65.5 branches per 1000 carbons obtained in a
control experiment without 2-butene termonomer. This observation indicates
that increased branching may result from alpha-olefin incorporation in the
polymer. The GPC of the product indicated a Mn of 590 and Mw of 1120

(polystyrene standards, THF solvent).

The above examples clearly show that olefin-CO-alpha olefin

terpolymers can be formed using a syngas feed.
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CLAIMS:

1. A composition comprising an olefin-carbon monoxide-X
terpolymer wherein carbon monoxide is incorporated via a synthesis gas feed

and X is at least one vinyl monomer.

2. The composition of claim 1 wherein said terpolymer's number

average molecular weight ranges from about 200 to about 100,000.

3. The composition of claim 1 wherein said olefin is ethylene.

4. The composition of claim 1 wherein X is selected from the group

consisting of C3 to C3() alpha-olefins, styrene, styrene derivatives, tetrafloro-

thylene, vinyl chloride, vinyl acetate, isobutyl vinyl ether, methyl vinyl ketone,
1-vinylpyrrolidone, acrylic acid, methacrylic acid, methylacrylate, methyl-
ethacrylate, acrylonitrile, acrylamide, acrolein, allyl alcohol, allyl chloride, allyl

acetate, and mixtures thereof.

5. The composition of claim 1 wherein the composition comprises
40-90 mole % ethylene, 3-40 mole % carbon monoxide, and 5-60 mole % vinyl

monomer.

6. A polymerization method comprising reacting an olefin feed, a
synthesis gas feed and at least one vinyl monomer feed under free radical
polymerization conditions to form an olefin-carbon monoxide-X terpolymer

wherein X is at least one vinyl monomer.
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range in temperature from about 50 to about 230°C and range in pressure from

about 100 to about 30,000 psig.

8. The method of claim 6 wherein the method employs a free
radical initiator selected from the group consisting of ditertiary-butyl peroxide,
2,5-dimethyl-2,5-ditertiary-butyl-peroxyhexane, di-cumyl peroxide; teriary-butyl
hydroperoxide, tertiary-octyl hydroperoxide, cumene hydroperoxide; benzoyl
peroxide; tertiary-butyl peroxypivalate, tertiary-butyl-perbenzoate; azo-bis-

isobutyronitrile and mixtures thereof.

9. The method of claim 6 wherein X is selected from the group
consisting of C3 to C3( alpha-olefins, styrene, styrene derivatives, tetrafloro-
ethylene, vinyl chloride, vinyl acetate, isobutyl vinyl ether, methyl vinyl ketone,
1-vinylpyrrolidone, acrylic acid, methacrylic acid, methylacrylate,
methylmethacrylate, acrylonitrile, acrylamide, acrolein, allyl alcohol, allyl

chloride, allyl acetate, and mixtures thereof.

10. The product formed by the method of claim 6.



