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‘POLYMERI ZATI ON PROCESSES USI LTI - COMPONENT FEEDS FI ELOY @UW@

| N\VENTION  The invention is mmm WM f%fards a pol ynerization process for
maki ng copol yners from f eeds , carbon nonoxi de nd east one
viinyl co g’ﬂ%@" the feeds pr ef@?"%f ly teeing derived frdifil mpﬁtoé{’ bon
conver si on processes. BACKGROUND OF THE | NVENTI ON Et hyl ene copol yners with
CO, and anot her vinyl conmononer are prepared at high pressure hi gh

tenperature fromhigh purity nononer strea streams having a
| ow hydrogen concentration. H@LW@‘?&'E}QNSP éiﬁs géﬁ( cont ai ni ng

et hyl ene, carbon nonoxi de, hWEEErMHhH'WOMHQNBHTFﬁIBSne are forned
from vari ous gas conversion processes, and are becom ng i ncreasingl y
abundant. Using such feeds for polynerization would be ben ci al

such feeds ar EIED QB THEENYENBIONve sufficient purity fo@@‘m MUMM&M’Ml on
because they contain substantial anobunts of reactive speci

hydrogen and acetyl ene. There is therefore a need for a processisfigr form ng
car bon nonoxi de cont ai ni-Rg- E i . I I N
7003 WD 00l 43430 -2 suﬁlﬁ%rﬁ%ﬁ%?{lriﬁfékﬁ%%%rﬁﬁ%%ﬂbﬁﬁ&rrfven OR

is a method fgg cﬂ?ﬂnﬁéf?frbﬁl'f’égdseéf‘éth?l&ﬁeC@drb@xﬁ‘rﬂﬂﬂ@%cdﬁld/\httll?as@'fo&%w} cone

vi nyl nononer (X) Such pol yners nay be desi gnated B/ CO X The nethod
conpri ses for mongmenpthé fesmis prefedehly bemg darbred Aedm dydrooartioniconyefsiaom a f eed
of ethyl ene, carbon nonoxide, hydrogen, carbon di oxi de, nethane, and at

| east one vi nPTOCE¥EBnoner sel ected fromthe group consisting of free

radi cal polynerizable vinyl nononmers. More specifically, the feed contains
et hylene in an anmount ranging fromabout 5 to about 40 nole % carbon
monoxi de i n apg AAMPGRIOVTRMORSTHEAERYION t 0 about 40 nole % hydrogen in
an anount ranging from apbout 4 to apout 5b nole % carbon dioxide in an
anount ranging fromabout 3 to about 10 nole % and nethane in an anount

rangi ng from about 4 to ut 85 le %, The feed may al sp include
acetyl ene in an amount E‘g’b{gﬁ“ﬁgf"&rﬁ yreers pgth Cﬁ) apgpgg&pr Balyy GINPRGMELAC
condi tions ranaga.led & FEHCHRLMHEE, KibR TAPEAture 4rdr high purity monomer streams,

especially streams having a low hydrogen concentration.

Muiticomponent syngas-type feeds, containing ethylene, carbon
monoxide, hydrogen, carbon dioxide, methane are formed from various gas
conversion processes, and are becoming increasingly abundant. Using such feeds
for polymerization would be beneficial. However, such feeds are not considered to
have sufficient purity for polymerization because they contain substantial amounts

of reactive species such as hydrogen and acetylene.

There is therefore a need for a process for forming carbon monoxide

containing copolymers from multicomponent feeds.



about '230C, range in pressure fromabout 100 to about-30, 000 psi, @ﬁﬂﬁ
‘include a radical initiator having an appropriate half l|ife. it
DESCRI PTI ON OF THE | NVENTI ON The invention is based on the discovery that
et hyl ene- carbon nonoxi de pol ynmeri zati on processes using i ent
syngas fe¥Q9Y443 |itate copol ymerization with other Vinyﬁﬂhkﬁ§§@3§& For
exanpl e, ethylene and octene are difficult to copolynerize under free

radi cal polynerization conditions. The reagctivity ratio for ethylene is 3.1
and the reactiviy ratio for others is 8. ~ p (I'UN 1D0O3 WO 00l 43430 -3
PCTNSO0/ 01040 Consequently, both ethyl ene and octene woul d rat her

honmopol yner i zg)\ReR $O0R I DE TNAENTRYgVer, when MCS is used as a source of
et hyl ene, inCorporatton of at teast one vinyl conononer is enabled, Wthout
wi shing to be bound by any theory, it is believed the ECO radical is nore
reactive than an ethylene or octene radical would be toward ethyl ene or
octene. Mreover, RCO Thelinwension iamethutfocpolythemzing@thylenercarbonof oct ene

is facilitated wi thin exc] uded sequences of CO reover, it i.s believed
that the hydfmsgexids edhat }qasr ANyl IBEROBEEY): &12’934 polymiess maydedasignates n

transfer agenmt, e in t.he i f e jpventiQn conprise at

| east one ol E??gﬁga%ﬁﬁé% ﬁpxglpgaesc@%‘gﬁogy@%&a%#ﬁt °£’§§’5I°ﬁ‘&gﬁ?'&m about
5 to about 4@oimtiendrofmPd RRA dl‘éﬂ?lét‘x’@ chibofi'mSABMAE, Kyritaget cdaftsum dibRide, 1 tO
about 40 nole % hydrogen in an anount ranging from-aboUt 4 to about 55

mol e % car bomretlinexantkati least ona vinyi tcommngmeg sélecteddbamith8 graupadmsistih@ ofol e
% and net hane in,ét?g anount, rangi n? fromabout 4 to about 85 nple % The
feed may al s&ee rrdical@olymerizable winy BWBPMCIRi cal | y unsaturated conpound in
an anount ranging up to about 10 nole % The feed may contain at |east one '’
free radical -pol yneri zabl e vinyl conononer) or a cofeed containing such a
conononer can .be use ifiCHIRO i i A i e

et hyl ene, a-ol efins (dc%dﬂ'{%)fk%gl suéﬁ%c%?%%ngnég?§%ﬁfeﬂné,ﬁ%ﬂdggggn ,

1- oct adecenefrost aboand tamatost 40 mote %Us carbohimesoxide in as amomnt hatgitg frone,

pret hyl styrene, tetrafl oroet hyLene, vinyl chloride, vinyl acetate, isobutyl
vinyl " et her , 2baut fyip abput40 male e hydregenyn gnamnum sarging dramabouic4 tp, about

met hacrylic i t cryl at e t hyl net hacr ¥l at e | gni tnil e

acrylam de. 3% Pt P cAAR Pt On ool kg KBl Boqiiy to SRl paole %
m xtures theggphettand if hﬁ‘ahﬂiimfr%gid%%ém aldut £ 1¥iaByht §5WRIEYE! The feed may
concentration in the feed may range fromzero or trace anobunts to y p

JU ~ 2003 WIe6 inthudadeGieniSindrDdidint-ranging up to about 10 mole %.

Polymerization conditions range in temperature from about 50 to
about 230°C, range in pressure from about 100 to about 30,000 psi, and include a

‘radical initiator having an appropriate half-life.

DETAILED DESCRIPTION OF THE INVENTION

The invention is based on the discovery that ethylene-carbon
monoxide polymerization processes using multicomponent syngas feeds facilitate
copolymerization with other vinyl monomers. For example, ethylene and octene are
difficult to copolymerize under free radical polymerization conditions. The

reactivity ratio for ethylene is 3.1 and the reactiviy ratio for others is 8.



about 95 nole % the preferred concentration ranges_fromabout 5 nole %to
-80 nole % The olefinically unsaturated conpounds (i.e., olefi nsi/ tj ﬂ@ﬁ in
the invention typically contain up to 20 carbon atons, preferabl 0 @ 10
carbon atons. They nlay contain heteroatons; however, it is preferred that
the ol ef WPEYMIY0 unsat ur at ed, conpounds are hydrocar bons. %%ﬁ%’ﬁ@w“éd cl ass
of olefmcally unsaturated hydrocarbons are34aliphatic nono-ol efins, i
particul ar a-olefins of which ethylene is particularly preferred. The
acetyl enical ly unsaturated conpounds useful in this invention preferably
contai n up t oCorosesmendy, bath ethylener andoecsers wionld rathardontoppdymenze thars .

e

Preferably th re hydrpcarbyl conpo s, and they may.vary widely in.
structure. Thﬁgp‘ﬁﬁ?‘eﬁg%o mvsf,wcfm’ﬁﬁscgﬁé@épﬁm of g eaﬁie‘f‘(}?éﬁf"é’é’lnl y
unsaturated c frpﬂg q@ ic group attached to the

et hynyl gr oup§. %g%f)lrge }Z‘Lﬁ’@?h’ﬁg%g‘?{ﬂqﬁi cally unsaturated conpound is
of the general fornula RC=CH where R denotes a hydrogen atom or~a

hydr ocar byl group. Hydrocarbyl groups R may be aryl groups, such as phenyl;
4- met hoxyphenyl ; 3- chl oWithoah wishingl toz ba pbumd by gny thegry -t iis belyeved)thé EQO-

groups', such ~ as.,iriethyl, ethyl, 2-piopyl, 2 1 butyl; cyclohexyi an
2- met hyl hexyl mﬁl@i &umore regetivs thap aa ethylene precteng mﬁpali\xm&drhmqwar@ EBYENgen

t he acetyl enica unsat ur ) dis pr , rand. when the Re.aroup is
hydr ogen’ t hentt Rebneic R R ePOARRAI Ao BRARYRT  TRAE indBEertlifn G SEeRHe
mxture of acptybigpiteRbithin BRALEPIRRAOIAUNGS MBredver, iMBelRded Bkt i
singl e acetylenically unsaturated conpound is preferred. Feeds used In the
practice of thydrogereptesent inauothafeeda beneficiakyl at® asradmildehain wansfendgeat.i on of
no:nore than about 35 nole % The preferred feed is ~ 0 Jt)N 20D3 WO

00/ 43430 -5 PCT/ US0O0/ 01040 derived from hydrocarbon, preferably from gas

conver si on processes) d.stild . no fer .from natural conversion
processes. Xxidative cgfiqfﬁfjf H@ei{%w %tﬂ%ﬁ?ﬁ‘&"p@m’(HP"“—&W&&PP&PS&?“?}“S%“C

met hane- cont %l@ﬁﬂ&aﬂ?%mﬁﬁ&a@%&'orﬁ?mﬁid‘ﬁ% ﬂHSﬂﬁﬂaﬁéﬁlgeﬁ‘&HFHbféﬁt 8tto abEH 40
reaction. A mxture of feeds resulting fromsuch processes is also wthin

t he scope of mible Y canbbnamondxidenhdint amountorangimigdinordi about! & to iabeut 4@imoleiA, s
such as nethane, can pe present in the feed in anpunts rangg ng from,abqut 4
mol e to abouthysyogen & ap amewsrapging Jrom abaut 4,8xaboyt 35HBols s Cahenghoxide in

i nvention may_c i 5 9 &f e . t aj 5to
55 nmole % hy%%@hﬂ%&g%éﬁoﬁ r?gg'!’t?‘;nléawr?euttﬁgﬁg&’&eﬁ %@%ﬁ%&gﬁbﬁh&m
synt hesi s r eaghibg. frdfbEBL 4 86 S5 831 MbIRP/L0 Fhe MK d RfayPalss indlade SPleagtione
synt heti c gas. cont ai ning polynmers of the present “i nvention are forned

in free radi cadetyliigathr irsaturated gompeysd ¢n as ianpunt ganping pptoaboutsl mole Yo ee
radi cal initi oteégccordi ng. to.conven iona(g get r]ods.. presentative
initiators i ntPutféednay R?ﬂt%ﬂeqté?ﬁsﬂgge GE RS2SR AEMENZA Ve pIRYA CPRNMFOF 2
2, 5-di net hyl - s it oLt - HexhanCused Wi i des

peroxi des Zuc%fges&i{t:&exﬁtl a%- cgtt%/?ldrﬁ?{ddr?gper oXl des,eqt ﬂ%bfﬂ%@%% fiofuPintht

hydr oper oxi dejnvertith Bcliae cARAE X idiequm’sth t® )i iR a8 'Ppedpydend) Hutehe, 1-
per oxi de; peroxy esters such as tertiary-butyl "peroxypival at e,

tertiary- but ybctowy, hesutaddcene, atgten® and styténesduivative  suchoasseiraethylsyyrend, tp-i | e.
Free ;. , " radical initiators with an appropriate half life at a reaction
t enper at ur e rmathylstyrenetetafdonoe8ylane; vimybohtorRie) vinyt acctbte, isobutylannylsther,

t hese, t-butyl peroxypival ate, . which has a half |ife of abaut ] O hours at
66 C, is pr ot Btk vinkl keropselrvinylayrolidans, 6?@515@9({;%? feryBF aekhni i ng

rangi ng 1 rom BBaLEg Al ARERRARSRTE, APl alrer s e bR S Bh e

100C, pr essurgeolicidliylEhidrid®, allyl acetate, mixtures thereof, and similar materials. While

vinyl comonomer concentration in the feed may range from zero or trace amounts to



~ 0 JIJN 2003 WD 00143430 -6 PCT/ US00/ 01040 about 100 to about 30 Ogglgﬁi,

.preferably from about 100 'psi to about 3,000 psi, and in the prébgﬁ a
free radical initiator having an appropriate half life. Preferably, the
reaction occurs in the presence of a solvent. Suitable solvents include

‘t ol uene, MSEM#3438 di oxane, pentane, heptane, hexane, proB§TaRY¥AYK0e,

cycl ohexane) and the |ike. Hexane is prefedred. The term "pol yner" as used
herein is a macronol ecule formed fromat |east one nonomer or nononer
source; the term"copolyner” is a nmacronol ecule formed fromat |east two
monomers or @BAWRY m&cj%etbg preferzed eprgeptranion sarpes dTqmabeutpr mole %cto; §0
accord with this%;nvention may be recovered fromthe pol ynerization of
m xture usin&“ﬂ% dentional nethods, for exanple, by filtration or by
evaporation of the diluent. They may be brought into the desired shape by
t he usual form ng techniques, such as cold or hot pressing. Alternatively,
the polynerization is qkldlefniedlly iisaiaRedPcotByounda!(i.t NElcERABPhRMinithe
formed in the desired shape, such as by solution polynerization in a thin
| ayer and sulmsentienttypieally abntain upto 20 caxboin, atons,cpprefarably siptthd Ocapadnyner i n

b0l yor 8§ orAlEnS. T e A OB BEIe TGS HENEY it RO ob b RleBgals
or ot or abl'y 1 Pmgeutsted G5 EbARtyark RRARERfRHS LR plJerk i RSO LRERBAY o) ) o

chains and t W { 0Ll ol Nat. | a#i\ﬁ:l ( ith

pol yneri zabl gﬂ%ar On_tégérgg%%&}ﬂggﬁﬁrlg%@gg%%}d;ﬁe\k}g%%\% e nﬁﬁ%g’?@g (}(:Ylar bon
atoms ori gi nahi¢loethylenari pardoanaly prefardd. both, at least in part, determ ne
the regularity of the polyner chains and thereby ~ a ~~i N zoo3 WO )
00/ 43430 PCT/ US00/ 01040 al so sonme of the properties of the copol yner, for
exanpl e the crystallinlrhy and. sol iIitT\(iE TBe rati o,of the numher of

mononer units origi nat 1 H§ acetyiencallyamsaturated,compoynds usesu 1RIRISIBYRPUAR]
present, the fcqgﬁ [l | s on
atons origi ng I ngﬁli)tn&(’:ar o%’ mnoéﬁgﬁﬁgmgggﬁ g%&&#ﬁ%‘%lp% ggmgg%aﬂ@ng%a% nor e

prererably i Rréfeablytiey 2t hiydavardyd ¢omPounds, andhbey mhy varypoddely in btrigtoee.
preferably fromabout 95:,1 to about 1:1. However, where the presence of
addi ti onal cWbey maysalsacentginsheroatonys. Resferablyathe acstylenieslbr unsgturatede of

tyl i i | d be | than 1.O% T | d
Bccor di ng t coRRBSHRdsIAvecAgHoS RBE OREREN BRTPAEhe 4 TR SR BANERS Mt ng
total nunb : P ehef £
wbout 300, BPArAPA RN Hnit iR FabR AR AU A0 o e (AR A PohulaR-{ ©
chl or of or m ugkMH ¥Hekd Reh¥notes' £hiadtaf P atont) 81k hydRRarbyligpsupdfH obﬂwczhes

per 1000 carbon atons was neasured at about 20.1 ppm the nunber of

branches, pegrops® maybbe antl @reupsasucheassphenylat-metioaxyphenyd, prshloropkenylinber
f 14. 7 h f h
(r)re agﬁr \ggs atms i {3@6 ) tlzgrgggé, or (cy'clgf)aﬂylagrllgﬁés;esu&lugp r%ret}%ll, ectﬁylt,) rz?pr}'gp)e'f s

butyl; cyclohexyl and 2-methylhexyl-1'groups. For example, when the R group is a

if

|

methyl groupthen the acetylenically unsaturated compound is propyne, and when
the R group is hydrogen then the ‘acetylenically unsaturated compound is acetylene.
A mixture of acetylenically unsaturated compounds may be involved, but a single

acetylenically unsaturated compound 1s preferred.

Feeds used in the practice of the invention contain a combined CO

and olefin concentration of no more than about 35 mole %. The preferred feed is



The pol yners prepared in accord with this invention are paraff,’m Jﬁﬂ%ﬁ?l e.
-The term"paraffin" as used herein is a normal, iso, or straig arn

al kane.- The invention is further described in the following non-limting
exanpl es. WO 00/ 43430 PCT/ US00/ 01040 g EXAMPLE 1 A 300 ml autocl ave was
“char.ged. WPtOB4330 i pure n-hexane and 0.b09 grans of a ?594/EBIHM8n of
t-butyl peroxypivalate in mneral spirits.5-The reactor was seal ed and
purged with purified nitrogen. The reactor was initially spiked with

et hyl ene by pressurizing to 170 psig and subsequently pressurizing with
mul-t i corrponai)ﬁnvggirﬁmn hyNr®arkan poeferably frpine gas somegsiompimessesnand stdl hodeq

e o il P B s B ki b
R Y
hours. The ré&@g sdPs%cﬁ'a'r@!‘@d’oﬁ.OA‘iﬁﬁlmﬂécbﬂf@@dEﬂe@tﬂﬁﬁg%diﬁ‘%u&i‘ﬂrdﬁ@ﬁe%&en

depressuri zed. The hexane was renoved on rotary evaporator to obtal ned 2.58

g the produciso withimpthedieope vfithedhsestidre r inzatdition iR arbon @RXidd lirerF dilRents
spectnun of the product showed a very strong peak at 1718 cm1 due to
car bonyl gr sugh as meithanei 095 bepresens ia theofecdfin amaysrs rapaing fiemiabouhd molodact .

The GPC of the,progduct l,ystyrepne standargds,,, THE sol vent). showed t he M
0406 and 1vebPUESERol e HEpLYARET, REALOSEH nd biacde ST indamticrimay
relatively dighid ayq1.u ' ' 5 ° 2 In
this exanpl g:',ohﬁ]z uﬁ;ﬁéﬁ?‘% a{ ??)%ﬁéﬁc){e?%lﬁyﬁég fI&ngagHs} %Q%égﬁg g m&g%“’
repeat ed wi tdndds forgtedy inl 2methané-detilvgd dpdrovarbongynthes reattion. nThe Alethiaect or

z o ~aN zoo3 WD 00/ 43430 .
containing gas may be a natural gas or a synthetic gas.

CO-containing polymers of the present invention are formed in free
radical polymerization processes using organic peroxides as a free radical initiator
according to conventional methods. Representative initiators include dialkyl
peroxides such as ditertiary-butyl peroxide, 2,5-dimethyl-2,5-ditertiary-butyl-
peroxyhexane, di-cumyl peroxide; alkyl peroxides such as tertiary-butyl
hydroperoxide, tertiary-octyl hydroperoxide, cumene hydroperoxide; aroyl proxides
such as benzoyl peroxide; peroxy esters such as tertiary-butyl peroxypivalate,
tertiary-butyl-perbenzoate; and compounds such as azo-bis-isobutyronitrile. Free
radical initiators with an appropriate half-life at a reaction temperature ranging from
about 50 °C to about 200 °C can be used, and of these, r-butyl peroxypivalate, which
has a half life of about 10 hours at 66 °C, is preferred.

Such feeds and initiators are useful for forming CO-containing
polymers under copolymerization conditions at temperatures ranging from about 50

to about 230°C, preferably from about 50°C to about 100°C, pressures ranging from



_g_ PCT/US00/ 01040 pressurization conpared to 170 psig reactor
‘pressurization in exanple 1, in order to gauge the effect of eﬂﬂy-l@rmm
concentration on product nolecul ar weight. The product was characterized by
IR and GPC. The FTIR spectrum of the product showed a very strong peak at
1718 cm WQIMMSY car bonyl group, indicating incorporati oP@GVUREPHA

monoxi de in the product. The GPC of the pr-éduct (polystyrene standards, THF
sol vent) showed the M of 1000 and Mw of 2550. The higher product nol ecul ar
wei ght relative to the nol ecul ar wei ght of the product of exanple 1 shows

t hat et hyl enebewti Kintp atmons 3 0jG00psi cprebarablydrome ehout ¥afy psivd ebobtad, 00@psihand
control. EXAMPLE 3-7 Carbon_nono ige cont %ni ng pol yners i\{laf §ynt hesi zed
using an MCS HPIasEAchAf afies mdical gnwiater having any appropreate Mrlfddey neri zat i on.
These exanpl es show t hat et hyl ene-carbon nonoxi de copol yners can be forned
with a vinyl conononer and that nol ecul ar wei ght can be controlled.

Pol yner i zati on 1 eact | OPréfRgly, BB TesktioR teufshlil Breséit dNLALR! ShirBRN!
with the vinyl acetate was renoved by passing the vinyl acetate through an
i nhi bi tor regsivetsdntlude tétueie) behzens, didxane, pansie) heprne, divxage,chropylene

sol vent (n-hexane) and a t butyl peroxypivalate initiator. Purified vinyl
acetate was auidedcyslohexasiey and th&ﬂplkmeHamndeMC(TQd-arrpl es 3 and 6) or added
into bonb with the MCS feed (exanples 4,5 and 7). The reactor was seal ed
and purged with purified nitrogen. The reactor was . ~ ~0 .~tfN

2003 V0 001 43430 PCT/ U040 4R01 b= PALSSMAIAEH] i 8 rZoffoicbull i from o

relatively inpure (or ' m xt ure ene carbon nonoxi de

21. 5% car boleagh éne shéndnie¥or Myshopgsobfce? B tefn Ctopoinnes. € Wmagrotholesulane
3.069%9. The tenperature was raised to 66C while stirring, and the )

t enper at ur e fermeddromaitieast two mendmers oF manomensAULERs.t he react or was
allowed to cool to roomtenperature and was depressurized. The hexane was
renoved on rotary evaporator to obtain the product. Table-1 sets forth

pol ynmeri zati on detail s- = : . ol .

D T GNEaCo- S0l vent Torhe eapoiyitiels and palymers prepared in accord with this invention .
but yl (g) Vi nymlagibepetovereddRing ifdpol 24t 6 d Dm0 udidd BopMintidasl methods,
bonb4210125660. 61410. 7VA_added wi t AMCS, with bonb525125660. 6186. 7VA added
wi t hMCS,  wi t forissample tyofikrationar yvevaperationnfithe dilved s Theygray bmbranghtl wi t h

~MCS, with bo feed,2: FEthylene,Q 2% rbon Monoxi de . 5% Car bon

i oxi de. 3. oviHe i Sipinrdsbape by e BRYAl e SRR Ry TIEhIA3 79T O ROk PrESSITE
Alternatively, the polymerization is carried out in such a way that the copolymer is
formed in the desired shape, such as by solution polymerization in a thin layer and

subsequent removal of the diluent, which yields the copolymer in the form of a film.

"

: -
i The number average molecular weight ("Mn") of the polymers formed

in accordance with the invention range from about 200 to about 1,000,000. Mn

preferably ranges from 300 to 100,000 and more preferably from 500 to 50,000.

The degree of branchiness of the copolymer chains and the number of
monomer units originating in the monomers with polymerizable carbon-carbon
unsaturation relative to the number of carbon atoms originating in carbon monoxide

will both, at least in part, determine the regularity of the polymer chains and thereby



2 0 JUG 2003 WD 00/43430 -1l Table-2 sets forth characteri zatir?gf m\f/@@ots
_for these polynmers. TABLE-2 PCTNSO0/ A 040 Exanpl e Number NVR \J-J m
osi'ti onGPC (MGPC (Mw) 3E: 26; VA 70; CO 4139061804E: 22; VA: 76; CO
3177073805E: 32; VA: 63; CO 5132043606E: 39; VA:55; CO 5107032707E: 56;
“VA: 35; G 084343801620 I n exanpl e 4, NVR neasurenents rewsalésdo/a10ddubl e bond
consistent with acetyl ene nononer incorporation and nonlinear (branched)

pol yet hyl ene segnents. EXAMPLE 8- 10 Car bon_nonoxi de-cont ai ni ng pol yners
using a relatively dilute MCS cofeed with-Styrene or 1-octene were

synt hesi zed using free-radical polymerization as follows: An inhibitor
renoval colu rean inhibitor in the sfyrene. The pol rization
condi ti ons V\gg@ SeM%iq 69"51? OH%E%O’IS&F copplYmErToEexAPle ‘-Iﬂe CW%%gE‘r‘ﬁia& t ocl ave
was charged r |.at N
2003 WD 00| 4¥J§g‘l§§2ﬁg§‘f‘&dgmb%?'M&bﬁy yaffs &%‘g‘i“ﬁ@ g‘ﬁ“ ?F@?"’it(]e in

exanpl es 9 anpgkahitafdCoIfpAIR Y, SFPeReR, B a W@@hﬂﬂ:‘iﬂ? ﬂﬂsﬁfbr?t@ﬂ‘égg{ggﬁﬂdwl e

8) in the autoclave or was added i'nto bonb al dng wi
(exanpl es 9 thechuhiber oftvarbaraatoms c@nmlmd:asbtm mun@adempx’equhlyfdtenbst
nitrogen. The reactor was pressurized to 700 psig with t MCS m xture. The

t enper at ur e #ait 98; ks aporepregreablyiin dhesrange pﬁéonampmfa?g lnm ahoai Ada anérsnizl4

h h | d
opr essur | 2 Hore st HABLAROREE 95008 abite 0 OGERT, Bbeieibe BR5eBEE af 0 ne
product. Tablgtifosfichrd Sitdshark MesiPed ¥PBérefididl e ‘i‘;‘?éi%hk& range of acetylene

incorporation should be less than 10%.

The polymers prepared according to the practice of the invention are
non-linear polymers having a total number of branches per 1000 carbon atoms
ranging from about 60 to about 300. Branchiness is measured by *C solution NMR
in deutero chloroform using a Cr(AcAc); relaxation agent. The number of C,
branches per 1000 carbon atoms was measured at about 20.1 ppm; the number of C,
branches per 1060 carbon atoms was measured at about 11.3 ppm; the number of C,
was measured at about 14.7 ppm; and the number of C, branches was measured at

about 14.2 ppm.

- The polymers prepared in accord with this invention are paraffin-
soluble. The term "paraffin” as used herein is a normal, iso, or straight chain
alkane,

The invention is further described in the following non-limiting

examples.



TABLE- 3

. Exanpl eMCSCo- Sol vent Tenp. |hi ti at or Yi el dConment sNunber‘F'eedrmngrpeMﬂe%Q@ne( Ot-
butyl (g) () peroxypi val at e81Cct enel50660. 6302. 9W t hout 20

gbonb91St yrenel25660. 6121. 5St yrene added5 gwith MCS with

"bonb101Stwo ensesh2Hb660. 6061. 9St yrene added 1,1 g, w th MCS, manussem940MCS f eed
1: Ethylene 5.4% Carbon Mnoxide 1.3% Carbon D oxide 7.4% Hydrogen 4.6%
and Methane 81.3% Table-4 sets forth characterization results for these
pol yners. 2 0J UN 2003 WO 00/ 43430 -138FABLE-4 PCT/ US00/ 01040 Exanpl e
Nunber NVR nol e % Conposi ti onGPC (vh) GPC ( Mv) 886010109E: 30; sty: 70; CO
trace2380345010E: 59: sty: 41; CO trace590780 No doubl e bonds indicating
acetylene in were observed in the NVR results, consistent with
the MCS feed enpl oyed. EXAMPLE 11 Car bon nonoxi de contai ni ng pol yners using
an MCS feed with a styrene cofeed was synthesi zed using free-radi cal

pol ymeri zati on as A@bb%%%ﬂb%ﬁ&gd FABVES0 (P by -hERIYESh PEB09 grams

inhibitor in the styrene. pol ymeri Zation conditions were simlar

those set fordfta 75%MEhitidncof3-butylFeeoxiipivalhrechanmerad apirits. Tisreabor e Wit h
sol vent n-hexane and t-butyl peroxypivalate initiator. One gramof purified

styrene was isnaleddndqurgest with purifiedinitsegenh Jheircactoruwas indtialdyl spiked withvcs
feed. The react(i fied nitrogen,., The reactor

was pressuri £y %@%B@%@?@WE% '?cﬁé 'Ef([%\glﬁf"gﬁgﬂ%}‘@EPﬁiﬂsBﬂél" with car bon

Vet hane. 3. opdguItiRmBpH P Re MG kR Qe s 400 ooa68) HoBRig L3 ae

mai nt ai ned f Qarbdth dioXide 7. 4%EhydREEPE. 6% and mMéhat $ 0399 500 fsiMn all -
examples, relative component concentrations are in mole %, unless otherwise noted.

The temperature was raised to 66°C while stirring and the autoclave was

pressurized with MCS feed to 700 psi, which was maintained for 24 hours. The

reactor was allowed to cool to room temperature and was then depressurized. The

hexane was removed on rotary evaporator to obtained 2.58 g the product.

The product was characterized by IR and GPC. The FTIR spectrum of the
product showed a very strong peak at 1718 cm"1 due to carbony! group, indicating
incorporation of carbon monoxide in the product. The GPC of the product
(polystyrene standards, THF solvent) showed the Mn of 406 and Mw of 845.

This example shows that an ethylene feed and a relatively dilute MCS feed

are useful polymerization co-feeds.
EXAMPLE 2

In this example, the polymerization reaction described in Example 1 was

repeated with a higher level of ethylene spiking, 412 psig initial reactor



2 ~ JUN 2003 WD 00143430 PCTNS00/ 01040 -14 tenperature, and ?@%UNU%H
_depressurized. The hexane was renpved on rotary evaporator to obtain the
product. The IR spectrum of the product showed a characteristic carbonyl
peak at 1715 cm 1 along with pol ystyrene peaks. The carbonyl peak in the IR
shows t hwoO WaB43n nonoxi de has been incorporated into thBC%¢E ped0 ~ o
JUN Z003 WD 00/ 43430 PCT/US00/01040 -15 CLAIMS: 1. A polynerization nethod
conprising reacting a feed under copol ynerjzation conditions, the feed
containing an ol efinicially unsaturated cb%bound in an anount ranging from
about 5 to about 40 nole % carbon nonoxide is an anmount ranging from about

1 b 40 mol e % hyd ' . ' f b 4. b
55 ol e 5 cFOOWLEALIR AERACRIP LADBNE P MG TBAIABONERST S bijbgrdago
ol e % et Na8Eed e ATy IAR Ak R HHbd el AoRARNE PiighPl e %0 and

at | east one®v conononer - sel ec m group consistifg of free
radi cal polynerizable vinyl nononers. 2. The nethod of claim 1 wherein the
copol ynmeri zation conditions range in tenperature from about 50 to about

230C, range in pr &beprediot svasaharacterized by IRmand GBCE. 00e FEIR spactruimef thée a
radical initiator having an appropriate f life. . 3. The nmethod.of, claim
2 wherein therqcﬁlsa?mm %WWM&HQ@FW ?ﬁpeawyrb@ﬁg BTAuR: BWlicatingound
in an anount . ' le 9 T- f i,m3
wherein the %%%’%?#%P?’Sﬁhf@%%g%@a 6%%@%@'?%? @;e@nggm%fprghggl vent

selected fr 0@6]9%&%@!‘@5‘, THM®1¥nt) SHoWeEtheMIRAZIR00HIRIONE of PSSY.aNe,
hept ane, hexane] propyl ene oxi de, cyclohexane, and m xtures thereof. 5. The

rrethgd of claim4 wherein the free radical initiator selected fromthe
group consi sting of giitertiary-butyl per oxj

d
2, 5-di met hyl - 2, 5- dhe &igheapyodsist molﬁf@!aamsmaﬁe?&ﬁvaa tothemoleeulasweight of the
tertiary-but iﬂ'oci&%f)g?d}r?ﬁ“: qeshokv%rtfmﬁtaerﬂ\{}"lgﬁé X}!)ildng level is an effective method for

molecular weight control.

EXAMPLE 3-7

Carbon monoxide containing polymers was synthesized using an MCS with a
vinyl acetate coféed using free-radical polymerization. These examples show that
ethylene-carbon monoxide copolymers can be formed with a vinyl comonomer and
that molecular weight éan be controlled. Polymerization reaction conditions were

as follows;

Any inhibitor present with the vinyl acetate was removed by passing the

vinyl acetate through an inhibitor removal column

A 300 ml autoclave reactor was charged with solvent (n-hexane) and a t-
butyl peroxypivalate initiator. Purified vinyl acetate was added with solvent in the
autoclave (examples 3 and 6) or added into bomb with the MCS feed (examples 4,5

and 7). The reactor was sealed and purged with purified nitrogen. The reactor was
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MCS feed 2: Ethylene 9.2%, Carbon Monoxide 21.5%, Carbon Dioxide 3.0%,
Hydrogen 55.23%, Acetylene 8.01%, and Methane 3.06%
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In example 4, NMR measurements revealed a double bond consistent with

acetylene monomer incorporation and nonlinear (branched) polyethylene segments.

EXAMPLE 8-10

N Carbon monoxide-containing polymers using a relatively dilute MCS cofeed
with styrene or 1-octene were synthesized using free-radical polymerization as

follows:

An inhibitor removal column removed any inhibitor in the styrene.

The polymerization conditions were similar to those set forth in Example 1.

A 300 ml autoclave was charged with solvent (n-hexane) and r-butyl peroxypivalate
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initiator. Purified monomer (styrene in examples 9 and 10 and octene in example 8)
was added with solvent (example 8) in the autoclave or was added into bomb along
with the MCS feed (examples 9 and 10). The reactor was sealed and purged with
purified nitrogen. The reactor was pressurized to 700 psig with the MCS mixture.
The temperature was raised to 66°C while stirring, and 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 to obtain the

product. Table-3 sets forth the pol'yxﬁerization details.

TABLE-3
Example | MCS Co- Solvent | Temp. Initiator Yield| Comments
Number | Feed | monomer | Hexane | (°C) t-butyl (®
(ml) peroxypivalate
®
8 1 Octene 150 66 0.630 2.9 | Without
20g bomb
9 1 Styrene 125 66 0.612 1.5 | Styrene added
5g with MCS,
with bomb
10 1 Styrene 125 | 66 0.606 1.9 | Styrene added
lg with MCS, © /
with bomb

MCS feed 1: Ethylene 5.4%, Carbon Monoxide 1.3%, Carbon Dioxide 7.4%,
Hydrogen 4.6%, and Methane 81.3%.

Table-4 sets forth characterization results for these polymers.
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TABLE-4
Example NMR mole % GPC GPC (Mw)
Number Composition (Mn)
8 860 1010
9 E: 30; sty: 70; CO: trace | 2380 3450
10 E: 59; sty: 41; CO: trace 590 780

No double bonds indicating acetylene incorporation were observed in the NMR
results, consistent with the MCS feed employed.

EXAMPLE 11

Carbon monoxide containing polymers using an MCS feed with a styrene

cofeed was synthesized using free-radical polymerization as follows:

An inhibitor removal column removed any inhibitor in the styrene. The
polymerization conditions were similar to those set forth in Example 3. A 300 ml
autoclave reactor was charged with solvent n-hexane and t-butyl peroxypivalate
initiator. One gram of purified styrene was introduced into the bomb so that it
could be added with MCS feed. The reactor was sealed and purged with purified
nitrogen. The reactor was pressurized to 200 psig with the MCS mixture (Ethylene
9.2%, Carbon Monoxide 21.5%, Carbon Dioxide 3.0%, Hydrogen 55.23%,
Acetylene 8.01%, and Methane 3.06%). The temperature was raised to 66°C while

stirring, and was maintained for 24 hours. The reactor was allowed to cool to room
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temperature, and was then depressurized. The hexane was removed on rotary

evaporator to obtain the product.

The IR spectrum of the product showed a characteristic carbonyl peak at
1715 cm-1 along with polystyrene peaks. The carbonyl peak in the IR shows that

carbon monoxide has been incorporated into the product.
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hydroperoxide, cumene hydroperoxide; benzoyl peroxide; tertiary-butyl peroxypivalate,
tertiary-butyl-perbenzoate; azo-bis-isobytyronitrile and mixtures thereof,

6. The method of claim 5 further comprising forming the feed in a

. hydrocarbon conversion process.

7. The non-linear polymer product formed by reacting a multicomponent
feed under copolymerization conditions with at least one free radical polymerizable
£ vinyl monomer in the presence of a free radical initiator wherein the multicomponent
feed comprises an olefinically unsaturated compound in an amount ranging from about
5 to about 40 mole %, carbon monoxide in an amount ranging from about 1 to about 40
mole %, hydrogen in an amount ranging from about 4 to about 55 mole %, carbon
dioxide in an amount ranging from about 3 to about 10 mole %, and methane in an

amount ranging from about 4 to about 85 mole %.

8. The non-linear polymer product of claim 7 wherein the
copolymerization conditions range in temperature from about 50 to about 230°C, range
in pressure from about 100 to about 30,000 psi, and include a free radical initiator

having an appropriate half life.

9. The non-linear polymer product of claim 8 wherein the multicomponent
feed further comprises an acetylenically wnsaturated compound in an amoumt ranging
up to about 10 mole%.

10.  The non-linear polymer product of claim 9 wherein the
copolymerization is conducted in the presence of a solvent selected from the group
consisting of toluene, benzene, dioxane, pentane, heptane, hexane, propylene oxide,
cyclohexane, and mixtures thereof.
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13.  The non-linear polymer product of claim 7 wherein the free radical

polymerizable vinyl monomer is selected from the group consisting of ethylene, o-
olefins (Cs to Csp), butene, 1-octene, 1-octadecene, styrene and derivatives thereof, p-
methylstyrene, tetraflucroethylene, vinyl chloride, vinyl acetate, isobutyl viny ether,
methyl vinyl ketone, 1-vinylpyrrolidone, acrylic acid, methacrylic acid, methylacrylate,
methylmethacrylate, acrylonitrile, acrylamide, acrolein, allyl alcohol, allyl chloride,
allyl acetate, and mixtures thereof.



