1 7 MAR 2005 - | NOVEL PCLYVINYL CHLORIDE RESINS FIELD OF THE | NVENTI ON 5
[0001] The invention is directed towards novel carbon nonoxide conthiMARGI0S
conpositions effective as plasticizers for polyvinyl chloride resins.
BACKGROUND to [0002] Polyvinyl chloride. {PVC) is a versatile polynmer which
is used in many applications such as water piping, floor tile, exterior
vinyl siding, electrical wre insulation, shower curtains and synthetic

| eat her. Pl asticizers ar Cpﬂ@@ EW“ﬁWﬁhi HIN® and therefore
processability, as mell<§s to ?E%uue tte lelt?ggﬁtgggggsthe product. A
plasticizer is a material incorporated in a plastic to is increase its
workability and its flexibility or distensibility (i.e., elongation). This
i s achi evedFIELDdWerTiHg INVENTHIN transition tenperature ("Tg"), thereby
produc- ing a change in properties fromthose of a hard, brittle, glasslike
solid to those of a soft, flexible, tough material. The vast majority of

pl asti CI zer d tod are _nononeric .ester Pht hal at es, such as
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m xer such as a Banbury. The plasticizer content varies w dely dependi ng on
the end use of the material; however, typically plasticizer content will be
appr oxi mat eBACK GRQIgbilbxi nat el y 50% by wei ght. 25 [0003] When eval uating
whi ch plasticizers should be used for a particular application, the

permanence of the plasticizer, in additionto mscibility with the PVC is
he, s hi n t.he
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many applications such as water piping, floor tile, exterior vinyl siding, electrical

wire insulation, shower curtains and synthetic leather. Plasticizers are added to

PVC to improve flow, and therefore processability, as well as to reduce the

brittleness of the product. A plasticizer is a material incorporated in a plastic to
15 increase its workability and its flexibility or distensibility (i.e., elongation). This

is achieved by lowering the glass transition temperature (”Tg"), thereby produc-

ing a change in properties from those of a hard, brittle, glasslike solid to those of
a soft, flexible, tough material. The vast majority of plasticizers used today are
monomeric ester-types. Phthalates such as diisononyl bhthalate, diisodecyl

20 phthalate and di(2-ethylhexyl) phthalate (dioctyl phthalate, DOP) are well
known and commonly used plasticizers. Further, plasticizers are usually added
to PVC on hot rolls or in a hot mixer such as a Banbury. The plasticizer content
varies widely depending on the end use of the material; however, typically
plasticizer content will be approximately 5 to approximately 50% by weight.

25

(0003] When evaluating which plasticizers should be used for a particular
application, the permanence of the plasticizer, in addition to miscibility with the
PVC, is crucial. Permanence refers to the stability of plasticizer within the

blend. More specifically, plasticizers, especially those with low molecular



1 7 MAR 2005 -L weights, tend to be mgratory in that they tend to nove to
the surface of the blend where they subsequently evaporate and/ or frgyMAR 2005
renoved by soapy water, solvents, oils, etc. These problens are mnim zed
by using high nolecular weight polynersz-Unfortunately, very high nol ecul ar
wei ght 5 polyners may present processing and conpatibility probl ens, cause
poor low tenperature flexibility, and becone costly. [0004] Copol yners of
et hyl ene, caeiphis, M benhpehterytiarthanbse tde)to meueto ar surfiagk oficied at e, have
been used as plasticizers in blends with PVC to io produce flexible filns,
as wel | as,blendjinhean theyenibsequgndlynemaporait snd/Phesyy bpteasovead essapr e
conpatible with PVC, |ower the Tg and possess .adequate perpanence. However,
whi | e t heseVrhstl tiiterailshatre Theseaoblsmsaremiaunizgd byt wie highe prepar ed
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SUMVARY OF tkiNYEPMH N1 bIIR90S1d Bbsorhessant i nvention provides novel
pol yvi nyl chl oride conposi- tions having CO containing polymers which act as

pl asticizers. Depending on the particular plasticizer(s) used and the type
of PVC, percentage m ., advantages of the instant invention include:

, t
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conposi t'i on "Conprising po%yV|ny plrast’i ci zer Wher ei n sai d
pl asti ci zerligicizers are compatible with PVC, lower the Tg and possess adequate

permanence. However, while these plasticizers have proved to be effective, they
are prepared using pure feeds of the individual monomers which can be costly.
Hence, there is still a need to investigate other PVC plasticizers which are

15 compatible with PVC and sufficiently lower the PVC resin's Tg. Additionally,

less expensive avenues to produce known plasticizers should also be pursued.

SUMMARY OF INVENTION

20 [0006] The instant invention provides novel polyvinyl chloride composi-
tions having CO-containing polymers which act as plasticizers. Depending on
the particular plasticizer(s) used and the type of PVC, percentage mix, etc.,
advantages of the instant invention include: lower plasticizer volatility and
accompanying lower migration; lower cost than conventional monomeric

25 plasticizers; improved processability and compatibility; and effective lowering

of the PVC resin glass transition temperature ("Tg").

[0007] In one embodiment, the invention is a PVC resin composition

comprising polyvinyl chloride and a plasticizer wherein said plasticizer is



1 7 MAR 2005 selected fromthe group consisting of i) a non-linear,
paraffin-soluble olefin-CO copolyner; ii) a non-linear olefin-CO CI)JOMAREZUBS
derived fromnon-pure feeds; iii) an olefin-CO X terpolymnmer derived from
non-pure feeds ; and iv) a non- linear C®-X terpolyner; and m xtures thereof
and wherein X is selected from5 the group consisting of free radically

pol yneri zabl e vinyl nononers and m xtures thereof and wherein a non-pure

feed conpri sgectad ffitdnsthd eemipCiBistipigtd: iPh abhlitheantharaSre osldbleee@figompr i si ng
car bon nonoxi de and wherein when sard polynmer is (ii) and (iii) the anmount

of carbon noommiyoier;and aoloatimearariblimétO copolyaiat deoivep fremfmeedpurs feeds t han
or equal to 95% and wherein said olefins in said 10 first feed conprising
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conpounds are commonly referred to as co-plasticizers. The conposition may
al so furt heslefiasrpnd sisegord $¢eabidmpesingrcaftidn monsgidecineldwheeim twhengaodip
consisting of calcium barium cadmum zinc, |ead, calciumcarbonate,
clay, and nPoymesds 00 amkliabfthe povog} of parkaatheroxde ead mefin comdings/ant i on
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fromthe group consisting of. i) a non-linear, paraffin-soluble olefin-CO

[0008] The composition may further comprise a compound selected from
the group consisting of dialkyl phthalate, dialkyl isophthalate, dialkyl

15  terephthalate, trialkyl trimellitate, tetraalkyl pyromellitate, monoalkhyl benzoate,
dialkyl azelate, dialkyl sebacate, dialkyl adipate, and mixtures thereof. Such
compounds are commonly referred to as co-plasticizers. The composition may
also further comprising a stabilizer or filler selected from the group consisting of
calcium, barium, cadmium, zinc, lead, calcium carbonate, clay, and mixtures

20 thereof.

[0009] In another embodiment, the invention is a product prepared from
the PVC resin as described above wherein said product is selected from the
group consisting of a film, a sheet, an extruded item, a molded item a cast item

25  and mixtures thereof.

[0010] In yet another embodiment, the invention is a method for a
preparing a PVC resin comprising blending polyvinyl chloride with a plasticizer

selected from the group consisting of: i) a non-linear, paraffin-soluble olefin-CO



1 1 MAR 2005 -4 copolyner; ii) a non-linear olefin-CO copolyner derived from
non-pure feeds; iii) an ol efin-CO X terpolyner derived from non-puré MARPS05
and iv) a non-linear CO X terpolyner; and m xtures thereof and wherein Xis
selected fromthe group consisting of f4ee radically polymnerizable vinyl
nmononers and m xtures 5 thereof and wherein a non-pure feed conprises a
first feed conprising olefins and a second feed conprising carbon nonoxi de
and wher ei rcopogymeniit) ednLiimear olefigiCD capdlymhdd Jerivieet fesmuwdh-wiredfaedon
nonoxi de and ol efin conbined in said non- pure feed is | ess than or equal to
95 nol e % anj antvdelen1€ QX terpbbmersderived ramfmionspure ffessts; endrpv )i & nomrlivleef i ns
are selected fromthe group consisting of linear and to branched C, to C30

ol efins, diePekitpodracrisndunedutesdhaspt andwhereinmm 5 ssEqcksiireay teur t her
conprise the step of .blending a o und.selected fromthe group consisting
of "8 al kyl BAthaparsitgariestadicai ABRAReaM P PR Ao Sl T ol ky)
trinmellitat : el |4 . : il Kyl
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These and qfnldes sdcvatiuees comppiSioscabsh afbrari®oas whelehe wheasant poliyfy@nt i on
wi || becone better understood with regard to the follow ng description 20
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[0011] This method may further comprise the step of blending a

compound selected from the group consisting of dialkyl phthalate, dialkyl

isophthalate, dialky! terephthalate, trialkyl trimellitate, tetraalkyl pyromellitate,
15 monoalkyl benzoate, dialkyl azelate, dialkyl sebacate, dialkyl ad‘--~te, and

mixtures thereof.

[0012] These and other features, aspects and advantages of the present
invention will become better understood with regard to the following description

20 and appended claims.

DESCRIPTION

[0013] The instant invention relates to novel PVC/plasticizer blends and
25 the method of producing such blends based on carbon monoxide ("CO")

containing plasticizers. As used herein, a non-pure feedstream is a feedstream

comprising a first feed comprising olefins and a second feed comprising carbon

monoxide where the amount of olefins and carbon monoxide combined is less



than or equal to 95 nole % The non-pure feed can be either a conbination of
the first and second feed or a co-feed of the first and second feed] 7[HQR42005
Hence, for the non-pure feeds, it is possible for either of the first
olefinic feed or the second COfeed to be-a pure feed so | ong as once the
feeds are conbi ned, the amount of olefin in conmbination wwth COis |ess than
or equal to 95 nole % Additionally, when the feed conprising CO contains >
90 nol e %tKAA ot bgudleo@smhol B0% ef ndmputefddwahlbeigice aabdimbiaetipn ofe at

| east 90 nol e hydrogen. It is also, therefore, possible for each of the
first ol efitng Grftaed ssadnd feedserconerfexl obehg first anhsedonddeedr conponents. For
exanple, while the first olefinic feed nay be a pure feed of vinyl

nmononers, including olefins, the CO feed may conprise synt hesi s gas

cxanpt e, | AIOUD ey GG R R e DI e TrBaL TR FR B e one
ol efin, Cab@é’fﬁuﬁ?@@d‘bgﬁres@égﬁ@@@fe G200 Bl ella 5030 %%@ef}ﬁdg&eyona"y

acetyl ene or paraffins. Typically t conp Ising o Ins wl

contai n C3at®céMbiierll tisambugl @ﬂ’l@l%ﬁnhﬁ dobthi6¥Pi dreaitht COaAmledsshaRbr pyugl and
cont ai ns conmponents other than CO it will typically contain up to 90-nole
% CO, pref o Ablngolepot cA(%ltlnnaléy Wﬁﬂl g feed r6nprisese CCOewainsi nPAgnelsl yner s
are |l ow nol ecul ar weig &gl yners. .Low MWV neans | ess than 50, 000,

pref erabl y b 643, tbﬁaﬁn@mlosﬁ()a(ﬁef thﬁ) dpyidk RrefasRBlyromRiase et 9@0@0&%

30, 000. It, ld b Kil,l f
he generéf PE a0 O RAET BLfer st tBE G o FE Tt Bieplstic KSR TS °
having \yar | pe: aceni)fe@attb%ﬁta@ﬁ ofHerf c%hgi&leﬁgnmre@m 18 while gr: RQul d al so be

appreci ate at the term "pol yvinyl l'oride" or "PVC' neans honopol yners

of vinyl chblefididécedsnayebt aquire Cequodfyviag snionereed, inondaidolgingptheoC Oabout
20% of ot her nononers including, but not |[imted to, vi nyI acet at e,
propyl ene feadhyhg rempsiseyay nthastd gast (Heyngagi "eethynultedarapenendisyethieyls gasmar at e,

E;[ gs et al ?ﬁ\%s"‘ﬁ' A tze?xlxozlit?ve }g’r olr re]:xgrrn% g e rdé) ?ndayI é'nclrf‘ﬁ’at%aftr&%tM%é) %gedgll to
which contain at least one olefin, carbon monoxide, hydrogen, carbon dioxide,
is  methane and optionally acetylene or paraffins. Typically the first feed
comprising olefins will contain C; to C4olefins or dienes. If the CO feedstream

is not pure and contains components other than CO, it will typically contain up

to 90-mole % CO, preferably up to 95-mole % CO

20 [0015] These CO-containing polymers are low molecular weight ("MW")
copolymers. Low MW means less than 50,000, preferably less than 30,000 and
most preferably between about 200 to 30,000. It should be appreciated by those
skilled in the art that use of the general term "copolymers" includes terpolymers
and other polymers having various combinations of different monomer units. It

25 should also be appreciated that the term "polyvinyl chloride” or "PVC" means
homopolymers of vinyl chloride, as well as, copolymers thereof containing up to
about 20% of other monomers including, but not limited to, vinyl acetate,
propylene, ethylene, butyl vinyl ether, diethyl maleate, dimethyl fumarate, etc.
CO feeds utilizable herein are described in US Patent 6,049,011 to Kiss et al.



1 7 MAR 2005 -6 Preferably, the feedstreamconprising COw Il be syngas or
mul ti conponent syngas. The non-pure feeds will typically contain qt7|n@§t2005
about 10% CO, preferably at |east about 15% and at | east about 50% ol efin,
preferable at | east about 60% 5 [0016]6The plasticizers of this invention
may be synthesized using well known free radical polynerization techniques.
For exanple, the CO containing polyners are forned in free radi cal

pol yner i zatireferpblyc dssedsistang congaisirg COewikbelepngs oz rivleeompdineat
initiator according to conventional nethods. 10 Representative initiators
i ncl ude, buwynges rdte nampursdfeeds wdll 4y gellpeordrinddeastghowtsl 0%iC@r t i ary- but yl

peroxide, 2,5-dinethyl-2,  5-djtertiary -butyl- oxyhexane, .di - cunyl

per oxi de; &rﬁgﬂralggr%i?%ééb%%#‘%sa“fi@ﬁ X‘?aéF ;b%{lj'é@% R %Béerr}g%ibgee?t fe@st i ary-
octyl hydro%cﬁrgébge, cunene hydroperoxi de; aroyl peroxides such as benzoyl
per oxi de; ﬁ’ 8 y e%ters such as tertiary-butyl peroxypival ate,

tertiary-butyl 15 perbenzoate; and conpounds such as
azo-bi s-isobutyronitrile. Free radical initiators with an appropriate

hal f-1ife goorejacti orThephsrieizersest thangiagidn @ay babgtthesRedgirgbarl] 230C can
be used. O these, t-butyl peroxypivalate, which has a half-lite of about
10 hours atkn®®®, fres ratiedleralpmerizatipEGrihigeeshFbeexampled thenCO enrdaming e

useful for formng coné ai ni ng _pol yqers under copol ynerization conditions

_ g

at t enper atAX WECISATGIIAGNES Sirirap oidiCalsiplyGICHEHAN PARSCESCS B BIeRTBAIC fr om about
50 to about 100, C _pr.essures,r ing . fromab 00 to 30, 000 psig,
preferably plgf%’fhfigsp%g frfﬁdgggaggliﬁ%toé,gﬁ%dmﬁsﬂ%d%%%ﬁ Kfrhéltnﬁegggﬁal sence of a
free ragi calerricdht AR initfRoORe Rl B&: 4redt GRRA WBfalkA sSddBeS&ENas
according to'its broad neani ng

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 peroxides such as benzoyl

peroxide; peroxy esters such as tertiary-butyl peroxypivalate, tertiary-butyl-

15 perbenzoate; and compounds such as azo-bis-isobutyronitrile. Free radical
initiators with an appropriate half-life at reaction temperatures ranging from
about 50°C to about 230°C can be used. Of these, t-butyl peroxypivalate, which

has a half-life of about 10 hours at 66°C, is preferred.

20 [0017) Such feeds and initiators are useful for forming CO-containing
polymers under copolymerization conditions at temperatures ranging from about
50 to about 230 OC, preferably from about SO to about 100 0 C, pressures ranging
from about 100 to about 30,000 psig, preferably from about 100 to about 3,000
psig, and in the presence of a free radical initiator.

25

[0018] The term co-polymer is used herein according to its broad meaning
of a macromolecule formed from two or more momomer sources. The term
polymer as used herein according to its broad meaning of a macromolecule

formed from at least one monomer source.



of a macronol ecule forned fromtwo or nore nononer sources. The term

pol ymer as used herein according to its broad neaning of a macr onol bduMAR 2005
formed fromat | east one nononmer source. 1 7 MAR 2005 [00191 Preferably the
reaction occurs in the presence of a solvent. Suitable solvents include

t ol uene, benzene, dioxane, pentane, heptane, hexane, propyl ene oxide,

cycl ohexane, etc. Hexane is preferred. 5 [00201 The pol yners and co-pol yners
utilized herein may be recovered using conventional nethods, for exanple,
filtration or evaporation of the diluent. They may be brought into the

desi red shdp@lQsi ng slfraﬁfdabb/ uhorrﬁmtg)m@mhm iquibs presnch odis sobletor hot
pressing. Alternatively, the ynmerization. is carried out in w such a way
that the c&@bqaykﬁ'eﬁvolvgntﬁdnﬂ@éeﬁwu@% ttféémeedh@mﬁepe%tae% heptane, §sKans. on

pol ymeri zatio & ﬁé qa uent %%nnval of the diluent, which
yi el ds the pggmggpg,,%} %Gt ef‘%ﬂ%e{ﬁ X FOSHER The nunber average

nol ecul ar wei ght ("M") of the copolynmers 15 utilizable in accordance with
the invention can range from about |ess than 50,000, preferably about 200 to

about 30, 09092(G]0022] TFiepolyathrs ahd RelpyRpmezARiezed Wetktin@Ag R rscongtdde Vi nyl
mononers useful in the invention include styrene and styrene derivatives

such as 20 uammtmy/lemlpnehm,etkp}dsefdnﬁlmﬂwﬂ@rfdtratmnyolr exeperatien ofithydilobhtor i de,

i sobutyl vinyl ether, methyl n ket one, 1- V|nylpyrroI|done acrylic
aci d, net hddeyimay Qé.bdoughﬁemmh&ccéwra@ éhanﬁslfswg Frandacd §ﬂrat1@¢ teRy A tri | e,

acr yI am de, acet at e,

| | d
T xtures t ReSLE Cgkfn‘%r R es o Alitrag el and BsBlmedzaioli effd Al
i nventign HP:L ?tH nﬁﬂ&ﬁﬂ@? YfRhedd 'tl‘?é‘de§19:df§f ﬁb' @y | near

copol ymsrs t| ng near copolyners may a be characterized
as being n@@h@bh@"d’l?trteﬂgatlon in a thin layer and subsequent removal of the diluent,

which yields the co-polymer in the form of a film.

[0021] The number average molecular weight ("Mn") of the copolymers
15 utilizable in accordance with the invention can range from about less than

50,000, preferably about 200 to about 30,000.

[0022] Free radical polymerizable vinyl monomers include Vinyl
monomers useful in the invention include styrene and styrene derivatives such as
20 a-methylstyrene, p-methylstyrene, vinyl acetate, vinyl chloride, isobutyl vinyl
ether, methyl vinyl ketone, 1-vinylpyrrolidone, acrylic acid, methacrylic acid,
methylacrylate, methylmethacrylate, acrylonitrile, acrylamide, acrolein, allyl

alcohol, allyl chloride, allyl acetate, mixtures thereof, and similar materials.

25 [0023] Because the instant invention employs free-radical polymerization
to form its non-linear copolymers, the resulting non-linear copolymers may also

be characterized as being non-alternating.



1 7 MAR 2005 -8 [00241 The instant invention provides novel polyvinyl

chl ori de conposi- tions having CO containing polyners which act as 17 MAR 2005
pl asticizers. These CO containing polynmers are | ow nol ecul ar wei gh

copol ynmers. Depending on the particular8plasticizer(s) used and the type of
PVC, percentage mx, etc., 5 advantages of the instant invention include:

| ower plasticizer volatility; |ower cost than conventional nononeric

pl asti ci zer[@02#pr ovel@hpimtas savidtidnypranities aomplasolpyinyl ghlcaiid «ffipsdii ve

| omering of the PVC resin glass transition tenperature ("Tg"). to [00251
The conpositiensrhafing R&-can@mingmpolymearspvidchast # plastd¢izesntidiase GO- novel

pl asticizer. Mire specifically, thiﬁplasth'zer is selected fromthe
fol | owi ng: COPUANHURPPEYMEE ArelanamolGridas) Weigat IRAYREBo Kepdidingrn temore 15
det ai | ed desgcyl.i.pt.i f. - I f in. at ent

6 156, 872 Mangrar Phslei tgﬂgf gﬁﬁ%@%‘%ﬁ%ﬁ%ﬁﬂg%ﬁr%ﬁ%‘? rrrﬁﬁé’gr%t%r efin-CO
copol ymar %\»axﬁa%eéro(f@mm]grawIi@vefn@i%ﬁ%nglaae%“/éﬁ Msﬁ%li&r@@l&ﬁlfrffl%%e}f”ef ,
derived fromnon-pure feeds. Here again, it shguld be noted that defining
this copol yoset thas dugivegtiokeryesmefic lastioizepyimpfeedsprocedsabsitpraadt to al so
i nclude co-feeds. For exanple, one feed could be syngas or nulticonponent
syngas whi |compasitotinyenant edigclive doweneg 06thei MY rasistglass. transetiomo f eeds

conbi ned are the non-pure feed described herein. These copol yners may

i ncl ude paﬂ@@@?ﬁﬁgﬁq@ﬁgelas wel | as paraffin insoluble varieties. Typical
nol ecul ar weights wll be in the range of about |ess than 50,000, nore
typically about 200 to about 30,000. In a preferred enbodi nent,

10 [0025] The composition of the invention is a PVC resin which contains a
novel plasticizer. More specifically, the plasticizer is selected from the

following:

) A non-linear, paraffin-soluble olefin-CO copolymer. A more
15 detailed description of these co-polymers can be found in US patent 6,156,872

herein incorporated by reference.

2) A non-linear olefin-CO copolymer derived from non-pure
feeds.

20
3) An olefin-CO-X terpolymer derived from non-pure feeds.

Here again, it should be noted that defining this copolymer as being "derived
from non-pure feeds", it is meant to also include co-feeds. For example, one
feed could be syngas or multicomponent syngas while the other feed is a pure
25 vinyl acetate. The two feeds combined are the non-pure feed described herein.
These copolymers may include paraffin-soluble as well as paraffin insoluble
varieties. Typical molecular weights will be in the range of about less than

50,000, more typically about 200 to about 30,000. In a preferred embodiment,

the olefin is ethylene.



the olefin is ethylene. 1 7 MAR 2005 - 9 4) A non-linear CO X copal r
where X is a free radically polynerizable vinyl nononer. s 5) M xt1u¥re§t\ﬂ)f2005
the plasticizers defined in 1-4. The conposition may optionally contain, in
addition to the plasticizers defined abave, a dial kyl phthalate, or other
sui tabl e nmononeric esters such as dial kyl isophthal ates, dial kyl

terepht hal ates, benzoates, trialkyl to trinellitates, and the |ike.

Preferred dial kyl phthalates are those having al kyl groups with
approximately 4 to 20 carbons. In a preferred enbodi nent, the ratio of

pl asticizer to dial ky4) phtiail-bnesr GDHK dopolymehehergnges affreg:radically: 9 and t he
m x of these plastjcizers will account for about 0.01 to 75 wei ght percent
of the PVCPY¥EeHZablepdsYkMEROMERUs, in this preferred enbodi ment, the

pol yvinyl chloride 15 will nake up approximately 25 to 99. 99 wei ght percent
of the PVC resin conposition. The conposition may al so further conprise

stabilizers, fillers, gy & = i.1kves that are comonl
5 5) Nﬁl@t&eﬁ{"lﬁ% e@@étlm%ﬁ?ﬁg’g,ﬁﬁ%iﬁ!\&? y

used in the art. Suitdble a S in t are not limted to,
calcium barium cadmum zinc, lead and m xtures thereof. Preferably, the
stabilizers will make up approximately 20 0.01 to 7 wei ght percent of the
PVC resin. Suitable fThe¢ eomspositibndeay bptiomally ewsttaini, im‘acdcgdoncsp thal ci um

car bonat e,

appr oxi mat é’l(f‘!yset%‘%g @&éé%ﬁ@%%&ﬁ%@ﬁ@%ﬁ{aﬂ%&@éﬁ l%dsiteaﬁ?.?e nyb{;%@iebrﬁqq_ anot her
e e e BT SR O U U BRI EY G RTT,
coul 15, THIRQReRsEa A i STRIERLS U chsags B ebimans o), | ) e
for preparigngups WUG appsoxincoehyrd 8> 20 carbons. In a preferred embodiment, the ratio
of plasticizer to dialkyl phthalates will be in the range of 9:1 to 1:9 and the mix
of these plasticizers will account for about 0.01 to 75 weight percent of the PVC
resin composition. Thus, in this preferred embodiment, the polyvinyl chloride
15 will make up approximately 25 to 99.99 weight percent of the PVC resin
composition. The composition may also further comprise stabilizers, fillers,
and/or other well-known additives that are commonly used in the art. Suitable
stabilizers include, but are not limited to, calcium, barium, cadmium, zinc, lead
and mixtures thereof. Preferably, the stabilizers will make up approximately
20 0.01 to 7 weight percent of the PVC resin. Suitable fillers include, but are not
limited to, calcium carbonate, clay and mixture thereof. Preferably, fillers will
be approximately 0.01 to 6 weight percent of the PVC resin.
[0026] In another embodiment, the invention is an article produced from
the PVC resin composition described above. For instance, the PVC resin

25 composition could be made into a film or a sheet. Articles can also be extruded,

molded or cast from the PVC resin composition.

[0027] Also provided for is a method for preparing a PVC resin compris-

ing blending polyvinyl chloride with a plasticizer, as defined above. The



i ng bl ending polyvinyl chloride with a plasticizer, as defined above 7T 1
7 MAR 2005 -10 nethod may further include the step of blending a di lal ka 2003
pht hal ate. Additionally, stabilizers and/or fillers may al so be bl ended.
Standard PVC pl asticizer bl ending technpgues, well known to those skilled

in the art, may be used such as adding the plasticizers to PVC on hot rolls

or in a hot mxture 5 such as a Banbury. Typical tenperatures for such

bl endi ng t eghuih 84 @say@hiftted indIBe 1RNGS 6f bRAAI: 28ialls/ | Ialater ef erred
tenperature ranges are fromabout 50 to 230C" Typi cal pressures for these

bl endi ng t egthligores g atabiAnge and/tbelfylerd mam adduobdt bibaGed.o SEAOd psi . Preferred
pressure rang/es are in the range of about 100 to 30000 psi. Processing
ai ds, such &Y (Gipasticezeadblendingicchpiqueparvely kbewndodsess. skitled in dreadrt, mapunt s

of these processing .aids, may, or may. not, 0 i ncorporated into the
Conpos: £1 bnbeaial Bghar AgImEens plafEYizaRdh FYC R L aisPBSh 456 sHRtiTse

copol yner a : i e i I g wth
CoPOL TS S5 RELYBRES, B9 AL S ORAE SRS oM 1S,
described i md he bQla@Wng0 ROBOGIT PidTBre@X@NPératire FAMIBLES froff) dbvafpbe 1:
Synt hesi s of et hyl ene- CO pol ymers usi ng MCS feed [-0029:] CO containing
pol ymer s usta@3ecdi MypecaVpsterd fuadesy bichdiigzedhnigaeotat rangeowidate- r adi cal

pol ymeri zati on techni ques as follows: 25 [0030] A 300 ml autoclave reactor
was char gedfieint Abawol (4 top®R@)0npsihdegirirethipressige ganges£ry By4otamgesri of

t-butyl peroxypivalate ih m.neral spirits. t - But yl peroxypival at as a 10
nour bt F-1 PSR BdTtp%. Brifesticiids sugh it roic aheh mcrgamally be
Per oxi des, y | " 1.5 , h tor nts
seal eddlgnd ég%e%%bl\nse%éﬁﬁgﬁ?ﬁﬁg ?‘3‘8 O%?t[?%é Xﬁ#e&?‘ﬂ%’ #g%gt%r‘ o\rlvgrga)y m-)rt’ Betbie
incorporated into the composition. Additionally, as illustrated in the examples
below, the copolymer and terpolymers can be dissolved in organic solvents

along with the PVC and then cast to form a film.

15 [0028] The invention is further described in the following non-limiting

examples.

EXAMPLES

20 Example 1: Synthesis of ethylene-CO polymers using MCS feed

[(0029] CO containing polymers using a dilute MCS feed was synthesized

according to free-radical polymerization techniques as follows:

25 [0030] A 300 ml autoclave reactor was charged with 150 ml pure #-
hexane and 0.6 g of a 75% solution of #-butyl peroxypivalate in mineral spirits.
(+-Butyl peroxypivalate has a 10 hour half-life at 55°C in a 0.2 M benzene
solution, Swern, Organic Peroxides, John Wiley and Sons, 1970, Vol. 1, pp. 82,

87). The reactor w:s sealed and purged with purified nitrogen. The reactor was



1 7 MAR 2005 then pressurized with the MCS m xture (ethylene 5.4 rml? 0
carbon nonoxide 1.3 nole % carbon dioxide 7.4 nmole % hydrogen 416 nMRz 24105
and nethane 81.3 nole %9 to 700 psig. The tenperature was raised to 66C
while stirring and the pressure was muilht-ai ned for 24 hours. The reactor
was allowed to cool to room5 tenperature and was then depressurized. The
hexane was renoved on a rotary evaporator to obtain the product. [0031] The
product washarhpreastiezdd edthitjte M ShivViRtared etBRCGneThé mdleRo, sgrboh muenofide he
product showed a very strong peak at 1715 cm 1 due to carbonyl to oup,
i ndi cat i ng lihewpdratarban 610>ﬁé¢ Mnm&m%( |hdércrg¢nt4h@ mrledoend nMetbane g:l 3NNR of

non- i near THFAAE ba00 FoiEy S0y FBRE AT URE B8 (PG TANE By SAh B -
At 206 21 Pf&smiew@@zé*‘?@s%eﬁ%%zﬁ f?fhme&gg*f‘a%’f%fa““a PR, ?@"at?efg““' o

320 andsa %’}‘ngérat&r@ AR0w aEURAR Prssusyéd. eRé ﬁef?efneerBN {'&H@WQQJA a?61a

t er pol yrrers [ 0029] CO containing polynmers using a dilute MCS as co- eed W th

20 1- oct enevapsrasyttbhesaingte peodiradi ng to free-radi cal pol ynerization
techniques as follows: [0030] The pol ynerization conditions were simlar to
those set forth in Exanple I. A 300 ml autoclave reactor was charged with

150 m pur - hexane .25 an of a 75‘V of y.
per oxypi vae[‘%‘ﬁeﬂi n m netsPro gBFtrY"f‘gChEEGCQSHZi Ignm %{i@gg} JFlhff FdReact or .
The reactor 4y n. g@&{ r was
then pr essuPl ze tﬁgPW%\g% ‘é‘rJgPy EQ%Péﬁga 150 q)y-mgacﬁa nonoxi de
1.3 molig %crr&gi’ b@@lcdu T%lu@tﬁ)rﬁoﬁtmlcﬁ“c%borhm@h@gma ift tﬁe ffmcﬁxc% Ind 'fet hane 81.3
nole %9 to psi g. e tenperature 1 7 MAR

NMR of the product indicated that the polymer had 5.1% CO incorporation and

a non-linear (branched) polyethylene structure, as indicated by a broad multiplet

in the °C NMR for the alky! region at 9-48 ppm and a multiplet at 206-218 for

the CO resonance. The GPC of the product indicated a Mn of 320 and a Mw of

15 420.

Example 2: Synthesis of ethylene-CO-1-octene terpolymers

[0029] CO containing polymers using a dilute MCS as co-feed with

20 l-octene was synthesized according to free-radical polymerization techniques as
follows:
[0030] The polymerization conditions were similar to those set forth in

Example 1. A 300 ml autoclave reactor was charged with 150 ml pure n-hexane
25 and 0.6 g of'a 75% solution of #-butyl peroxypivalate in mineral spirits. 20 g
1-octene was added in the reactor. The reactor was sealed and purged with
purified nitrogen. The reactor was then pressurized with the MCS mixture
(ethylene 5.4 mole %, carbon monoxide 1.3 mole %, carbon dioxide 7.4 mole %,

hydrogen 4.6 mole % and methane 81.3 mole %) to 700 psig. The temperature



- 12 was raised to 66C while stirring and the pressure was naintai ned for 24
hours. The reactor was allowed to cool to roomtenperature and was{thMAR 2005
depressuri zed. The hexane and unreacted octene was renoved on a rotary
evaporator to obtain the 2.9 g of produgp.- 5 [0031] The product was
characterized by IR, NVMR and GPC. The FTIR spectrum of the product showed a
very strong peak at 1715 cm -1 due to carbonyl group, indicating

i ncor por at ivoas @fiseclatoEr? Owh g isdeindand thepiroshuet wabhgaioRined forthehpuduct
indicated a Mh of 860 and a Mv of 1010. 10 Example 3: Synthesis of

et hyl ene- CG'hd meprtaacetsaalpwet otooite s0¢ro08Rpeatireomdavas thgnpol ymers using a
dilute MCS as co-fee ith vinyl acetate was synthesized according to
free-radi caﬂepﬁ%ﬂsyﬁé?&z%i? GexeRscan] ﬁ@fééCtﬁg ocfegier¥ay IRRRCVadoerBa 1otrRE

pol ynmeri zati on conditi,Qns eySimlar to those set forth in Exanple 1. A
300 nl aut oeé’IaBQIéa? reté)c?%ﬁl gzc%ﬁrogl 5N 150 M pure n-hexane and 0.6 g of
a 75% sqQlution of t-butyl peroxypivalate in mneral spirits. 2 g 20 vinyl
acetate was added in the reactor. The reactor was seal ed and purged with
purified ngnoyg]en- THEh¢ pakiuet m@shﬁﬂaemri@e@%?qlzi, MR OGP THSFTRt ur e
(ethylene 5.4 nole % carbon nonoxide 1.3 nole % carbon ldi oxide 7.4 nole %
hydr ogen 4.spectolim dbthagrodudtahewsd a3 empkeosg peak 2007 bsg. dieetat earpenylt ur e
was raised to 66C while stirring and the pressure was naintained_for 24
hours. 25 BREUP.SAEIGHNEABCUPPENEE QLsaghis) ”‘toéo?‘ﬁ{?rﬂf‘;,\{gﬁlﬁ’é‘?@{%f d hgaP el t hen

evapor at or BoPEE: ARA% 3 SR DEV $P308RR 2005 o " T

10
Example 3: Synthesis of ethylene-CO-vinyl acetate terpolymers
[0032] CO containing polymers using a dilute MCS as co-feed with vinyl
acetate was synthesized according to free-radical polymerization techniques as
15 follows:

[0033] The polymerization conditions were similar to those set forth in
Example 1. A 300 ml autoclave reactor was charged with 150 ml pure n-hexane
and 0.6 g of a 75% solution of r-butyl peroxypivalate in mineral spirits. 2 g

20  vinyl acetate was added in the reactor. The reactor was sealed and purged with
purified nitrogen. The reactor was then pressurized with the MCS mixture
(ethylene 5.4 mole %, carbon monoxide 1.3 mole %, carbon dioxide 7.4 mole %,
hydrogen 4.6 mole % and methane 81.3 mole %) to 700 psig. The temperature
was raised to 66°C while stirring and the pressure was maintained for 24 hours.

25 The reactor was allowed to cool to room temperature and was then
depressurized. The hexane and unreacted octene was removed on a rotary

evaporator to obtain the 2.5 g of product.



[ 0034] The product was characterized by IR, NVMR and GPC. The 13C NMR of the
product indicated that the polymer had 9 nole % CO 56 nole % ethyl dnMARNR0S
35 nole %vinyl acetate. The GPC of the product indicated a vn of 730 and a
Mv of 1620. 5 Exanple 4: Synthesis of etjgyl ene-CO vinyl Neo-10 ester

terpol yners [0035] CO containing polyners using a dilute MCS as co-feed with
neo vinyl ester (ExxarTM Neo-10) was synthesi zed according to free-radical

to pol yneri@agupn t eciifé @rssicvas Ahbeisericd36IR, MR ehy GFE ZRikd BT
conditions were simlar to those set forth in Exanple 1. A 300 m autocl ave
react or wasNbRodehe praducl 50licdtegthag the helyarer hadrfimdl69gCef, 5 MbY¥% %ol ut i on
of t-butyl peroxypival ate ion m neral spirits, 5fg neo i 5. vinyl ester

( Exxar TM NeBhilene\iad Jaqaete vovinpbagdalet oe GRE ofehe pardughsndisdicd @ Mand
purged with jfiednitr . The reactor was then pressurized with the
MCS ni xt ur @%@@W{?@Hg{%o@e % carbon ronoxide 1.3 nole % carbon
dioxide 7.4 nole % hydrogen 4.6 nole % and nethane 81.3 nole %9 to 700
psig. The tenperature was raised to 66C while stirring and the pressure was

20 mai nt ai Ne¢hrhple £L4SHetesis oflRkehyieae Cu-vwad Néd-00Rdtet GerpoBIméQ room
rhpke VRmeSis of Rehy ek GerpoBim

t enper at ur € was t hen depressurized. The hexane and unreacted neo vinyl
ester was renoved initially on a rotary evaporator and then on Kugel rohr
apparatus to _obtain the 1.9 g of product. 25 5 0037]. The 13C NWR of the
product i ndP83Pkd t hat O tratysIgRelyRds ¥siee andlute HES asa-fasdevh @eRy| ene

and 47.4 nol.e % neowin t er~(Exxar TM . Neo-10),. The .GPC gf the product
i ndi cat ed a‘“m’/]i ?ftgf(%gma Soglq%(k,vacﬁsyél{ .IZ'}J’I% aﬁ%"%é‘bgeﬁ%&@? rrplg 5:
Synt hesiys Qfo) GBYi,806n (RnUIqUES adeondQsester terpol yners

[0036] The polymerization conditions were similar to those set forth in
Example 1. A 300 ml autoclave reactor was charged with 150 ml pure n-hexane
and 0.6 g of a 75% solution of ¢-butyl peroxypivalate in mineral spirits. 5 g neo
s vinyl ester (Exxar™ Neo-10) was added in the reactor. The reactor was sealed
and purged with purified nitrogen. The reactor was then pressurized with the
MCS mixture (ethylene 5.4 mole %, carbon monoxide 1.3 mole %, carbon
dioxide 7.4 mole %, hydrogen 4.6 mole % and methane 81.3 mole %) to 700
psig. The temperature was raised to 66°C while stirring and the pressure was
20  maintained for 24 hours. The reactor was allowed to cool to room temperature
and was then depressurized. The hexane and unreacted neo vinyl ester was
removed initially on a rotary evaporator and then on Kugelrohr apparatus to

obtain the 1.9 g of product.

25 [0037] The C NMR of the product indicated that the polymer had 4.6

mole % CO, 48 mole % ethylene and 47.4 mole % neo vinyl ester (Exxar' ™

Neo-10). The GPC of the product indicated a Mn of 1450 and a Mw of 2100.



[ 0038] CO containing polynmers using a dilute MCS as co-feed with n?o? M’AR“ZhBS
ester (ExxarTM Neo-10) was synt hesized according to free-radical

pol ymeri zati on techniques as follows: [0039] The pol ynerization conditions
were similar to those set forth in Exadple 1. A 300 ml autocl ave reactor
was charged with 150 ml pure n-hexane and 0.6 g of a 75% sol ution oft-butyl
peroxypivalate in mneral spirits. 2 g neo io vinyl ester (ExxarTM Neo-10)
was added ifixamige feattrdhesiTheethydarteet Onmmys debeld) esierteppaolystrsi t h puri fi ed
nitrogen. The reactor was then pressurized with the MCS mxture (ethylene
5.4 nole % carbon nonoxide 1.3 nole % carbon dioxide 7.4 nole % hydrogen

4.6 le % h 81.3.mMol e & 700 i g. i sed
o 66C whi IGVSH 1 ng-Qmaniins hlbmet: feiSe 1Tk MGS sedorerd sitRatls. The
react or_was il ANEIENR.CUAed 90] QOTLARELEH b orahich RS LhgRydepr essur | zed.

The hexane a unreacted neo vi er was r Inittrally on a rotary

evaporatso'rvlg@[bqngﬁgﬁi@nte&ygiqhe@m felppag.atus to obtain the product. [00401
The 13C NMR of the product indicated that the polyner had 7.9 20 nole % CO,

55.6 nole % ethylene and 36.4 nole % neo vinyl ester (ExxarTM Neo-10). The
GPC of the product indicated a My of 970 and a MN.?f 1300. Exanpl e 6:
Synt hesi s d90% 1- octldRaP A6 gAReN sendinignd pvere swilan toghpscsevielthdBct or was

d
h d w - . f 759 | ut i f t-b |
e 0o W 14501 RUGE e IO, B B TTASOARR dl
The react o, Wass 3&f1Erh %%@llﬂ%ﬂ%@% B ;%ﬁrgﬁ'&k)f\}a%{e W HiReeN spiHls, J gaflor was

then pressurized™wth COto si Q. enperature was rai sed to 66C
whil e sbirRimg esnd (Ekeadt'agsii 0) was addedtaimeadadtor. WHARr2Q0A6r whs skoled24

hours. The reactor was allowed to cool to roomtenperature and was then

and purged with purified nitrogen. The reactor was then pressurized with the
MCS mixture (ethylene 5.4 mole %, carbon monoxide 1.3 mole %, carbon
dioxide 7.4 mole % hydrogen 4.6 mole % and methane 81.3 mole %) to 700
psig. The temperature was raised to 66°C while stirring and the pressure was

15 maintained for 24 hours. The reactor was allowed to cool to room temperature
and was then depressurized. The hexane and unreacted neo vinyl ester was
removed initially on a rotary evaporator and then on Kugelrohr apparatus to
obtain the product.
[0040] The C NMR of the product indicated that the polymer had 7.9

20 mole % CO, 55.6 mole % ethylene and 36.4 mole % neo vinyl ester (Exxar ™

Neo-10). The GPC of the product indicated a Mn of 970 and a Mw of 1300.

Example 6: Synthesis of CO-1-octene copolymer

25 [0041] A 300 ml autoclave reactor was charged with 150 ml pure »-
hexane and 0.6 g of a 75% solution of ¢-butyl peroxypivalate in mineral spirits.
10 g I-octene was added in the reactor. The reactor was sealed and purged with
purified nitrogen. The reactor was then pressurized with CO to 700 psig. The

temperature was raised to 66°C while stirring and the pressure was maintained



depressuri zed. The hexane and unreacted octene was renoved on a rot‘laijm 2005
evaporator to obtain the 1.33 g of product. 5 [0042] The FTIR spect'r A?f

t he product showed a very strong peak at 1711 cm' due to carbonyl group,

i ndi cating incorporation of carbon nonexbde in the product. The 13C NWR of
the product indicated that the polyner had 27 nole % CO and 73 nole %
1-octene. The GPC of the product indicated a vn of 965 and a Mv of 1175. 10
Exanpl e 7: f&t 24 thioarz alhereastardyasslimgedtasdolad zesm temperataref araimvisethdrD043]

In order to denonstrate in a sinple manner the effect of plasticiza- tion,
films of tKleprgeuriead.nThehexprepit earcastet ociepgsvasi@mpvRI©mpOFgtaey 5

(Al drich, 233,000) was di s?lol v,eéj ir% 150 m THE and the solution was stirred
at 1 roomSRRYREAE QrePiRg ths .38 gOTPEOYKtai n a stock solution. 2.5 m of PVC
solution W as mxed with appropriate concentration of plasticizer (as THE
solution) to give plasticizer content from10 to 50% The m xer was stirred

for 12 bourgegd) roOMKERPER Spusifudnd b Bro@BiiaAnd 20k LipbhpBuied: on to

hori zontal "al um num or 20 gl ass cont ai ne The sol vent was al o]

evapor at e d7¢Mcyn Unde o rhtboage proupAiiditathi imeorporatien bf tasbonanenpeedkbed away
fromthe container. TheK were dried in a vacuumover at 50C for 12 hours.
The fl exi biit theypusrducheThe | He NMR ofctbaparditt bydipataditiaj thapklyaner hat 2/ bet ween

the fingers; also.their_glass transi- tjon atures ("Tg") we

eval uat ed tﬁ%(?lﬁé)zap(éialf@e7r3e’ﬁ‘t°?ea% i’é&l‘ﬁﬂeﬂg‘} %@k&%&l&pro%tcn&%@z@_a f"&’)@ﬁ]
Rel axati on iﬁ? aﬁ?{% i(ﬁ} 1f1r7gm glassy to the plastic state and effect of
vari ous chg cal” plasticizers was neasured calorinetrically using a DSC

The Tg,;was evaluated fromthe step change in heat capacity, Cp (value at
half 1 7 MAR 2005
Example 7: Plasticization Study using plasticizers derived from MCS

[0043] In order to demonstrate in a simple manner the effect of plasticiza-
tion, films of the PVC resin were prepared as follows: 10 g PVC polymer

15 (Aldrich, 233,000) was dissolved in 150 ml THF and the solution was stirred at
room temperature for 24 hrs to obtain a stock solution. 2.5 ml of PVC solution
was mixed with appropriate concentration of plasticizer (as THF solution) to
give plasticizer content from 10 to 50%. The mixer was stirred for 12 hours at
room temperature and the resultant solution poured on to horizontal aluminum or

20  glass container. The solvent was allowed to evaporate slowly under nitrogen.
After 12 hours the films were peeled away from the container. They were dried
in a vacuum over at 50°C for 12 hours. The flexibility of the films was
compared by bending back and forth between the fingers; also their glass transi-

tion temperatures ("Tg") were evaluated using a differential scanning calorimeter

25 ("DSC").

[0044] Relaxation in PVC resin from glassy to the plastic state and effect
of various chemical plasticizers was measured calorimetrically using a DSC.

The Tg was evaluated from the step change in heat capacity, Cp (value at half



-16 ACp is reported),

rate of | OK/min. Al sanples analyzed were treated to similar therpgl
history prior to neasurenent. The filnms obtained fromthe PVC and carbon
nonoxi de contai ni ng pol yners descri bed 1gabove were transparent. Table | -

when the sanple was heated at a controlled heati

MAR 2005

Ef fect of plasticizers on the Tg of PVC Exanple Sanpl e PVC Pl asticizer A Tg
Number Descri pti onTg (C) Concentration (C (w% PVCAldrich (Mv 233, 000) 82-

- 1ECO 3 - DAt
(MRep 1511%_8@%%1&%{5@%%%%2@5 tRA2Q AECEHtPATRY At s

(MCS) - Neo- 10 ‘este -2012 Pht hal ate- -204
decrease i n0KigmidgAdfsahiHePMialvrédhwesas hemednockhier thenhal his

provi des evidence that these conpositions are active as PVC plasticizer.
Exanpl e 8: m¢esusymentedhs fdmsetthigined drad®tho pOIG ard satboinmyosokeene and syngas

2880 PECO

o [0045] The

edeier s

"5 [0046] A 300-nL autoclave engineer's reactor was charged with 150 m

containing polymers described above were transparent.

Table 1 - Effect of plasticizers on the Tg of PVC

Plasticizer

Example Sample PVC | Concentration | A Tg
Number Description Tg (°C) (Wt%) (°C)

PVC Aldrich (Mw 233,000) 82 - - - -

1 ECO (MCS) - - 10 19

2 ECO (MCS)/Octene - - 20 20

3 ECO (MCS)-VA -- 20 28

5 ECO (MCS)-Neo-10 ester -- 10 12

6 CO/1-octene - - 20 12

Phthalate .- 20 40

0 [0045]

The decrease in the Tg of the PVC with carbon monoxide-containing

polymers provides evidence that these compositions are active as PVC plasticizer.

Example 8: The synthesis of ethylene-CO copolymers using ethylene and

syngas

[0046]

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

pure n-hexane and 0.64 g of a 75% solution of f-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

20 monoxide:hydrogen 50:25:25, respectively). The temperature was raised to

66°C while stirring, and the pressure was maintained for 24 hours. The reactor



pure n-hexane and 0.64 g of a 75% solution of t-butyl peroxypivalate in
mneral spirits. The reactor was seal ed and purged with purified niltf i 2005
The reactor was then pressurized with an ethylene and syngas m xture

(et hyl ene: carbon 20 nonoxi de: hydrogenl1%0: 25: 25, respectively). The
tenperature was raised to 66C while stirring, and the pressure was
mai nt ai ned for 24 hours. The reactor 1 7 MAR 2005 -17 was allowed to cool to

room t enpekaislRvantid & t6 epsrassmpezetke ahdehbeYap@ssuteedr EMVigskags a rotary
evaporator, leaving 7.8 g of product. [0047] The 1R spectrum of the product

shows a vempsgemavgdppmakrataryseviipotatomidavdog 7tfg ofigraducbony! group. Thus, CO
has been incorporated in the product. The NMR of the product suggests that
t he pol yner has 39.5% CO incorporation. The GPC of the product indicates a

Vh of 1100 Mv 2300 | t apdard TH | t). io Ex
o Synt nesAQDH ot nyFErE e FOBLRL e PRUR AB0Bo Ry <TheTaNa PEghabs [ 00481 A
300-nL t - ' ! t h L4 -h
and 0,65 g o0 oy oRRe sy TSRO AR EOS Yl into e dtife " P

The react opryifet S TR @AV Ef B Odu¥d SullgButs khdt@He Bblyn@&ans 3Dhsr@actor is was
then pressurized with an ethyl'ene and syn.-as m xture (ethyl ene: carbon

monoxi de: modrpoanor0:THe: GBC sfahpecoductliydicatEhe NMaridrl 8 wnd Masof 23¢kd t o
66C while stirring, and the Ipressure was nai ntai ned for 24 hours. The
reactor weelastyssnestandards| 1 b spb@mtk enperat ure and then depressurized. The
hexane was renoved on a rotary evaporator |leaving 9.3 g of product. 20
[0049] The IR spectrum of the product shows a very strong peak at 1709 cni

e\ o PeESAEBINN, SRR T D SO EEL RSB AR AR oA

[0048] 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
15 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.

[0049] 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 GPC of the product indicates a Mn of 1600 and Mw of 3200
25 (polystyrene standards, THF solvent).



i ncorporation. The GPC of the product indicates a M of 1600 and Mwv of 3200
25 (pol ystyrene standards, THE solvent). 1 7 MAR 2005 -18 Exanpl e 1b7 MAR 200%
Synt hesi s of ethyl ene-CO copol yners usi ng ethyl ene and syngas [ 0050] A
300-nL autocl ave engineer's reactor was I@harged with 150 ml  pure n-hexane
and 0.64 g of t-butyl peroxide in mneral spirits. The reactor was 5 seal ed
and purged with purified nitrogen. The reactor was then pressurized with an

et hyl ene arkikaypigald):ndyxtthess (Od ety eme CEacbpslymenoxsidg etiyldnoged syRgdss: 15,
respectively). The tenperature was raised to 120C while stirring, and the
pressure was mai ntained for 24 hours. The reactor was allowed to cool to

t ' d,t i zed. The h . t

oo evapor d0BR] Saut va DO BiEE R shEimerdoteat or ey e geTivitng o mine O "
duct sh - CIF t Q. L | )
Phoe Cto halite B NElahe SANgs Bt Rl pdbkickiTim il QuiRE TR RARG, (HOUP

roB@gvi&?pwﬁQ@nkéo&éﬁp OT IROFeat iR vasTihen FrlssatizEdgyipy oduct

suggest § H&@hmﬂ%ﬂg@ro
i ndicates a Mh of 590 and Mwv of 1100 {pol ystyrene standards, THE sol vent).

Exanpl e 11:anRithgleneiandtsiyapasSinixiyireiséthgleat eyt tememchopidediidiogat 30der |1 ved from
syngas 20 [0052] To denonstrate in a sinple manner the effect of

pl asti ci zatregpectively) nsl heftempsragore wes saised 0 piEpawddessirfing) avsthel0 g PVC

pol ymer (Aldrich, 233,.000 %% dj ssol Vlﬁlg in 150 m THE and the sol ution
was stirredr&SUrodi® “B%Hﬁ’éﬁ)‘ 14 ours 4 [hGgractppWasrlowed 9ok I BRI on.

Then 2.5 1o fbeRY 2R AREH ULBAMGRE T KROLLIR. A1 BRREORT HRES FRYCent rati on

of plasticize sonet I nes on) to’give
pl asti ciyzerevaphtathit lehvia@ 49 of & product.

[(0051] The IR spectrum of the product shows 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 suggests that polymer had 19.3% CO

15 incorporation. The GPC of the product indicates a Mn of 590 and Mw of 1100
(polystyrene standards, THF solvent).

Example 11: Plasticization Study using ethylene-CO plasticizers derived from
syngas

20
[0052] To demonstrate in a simple manner the effect of plasticization,
films of the polymers were prepared as follows: 10 g PVC polymer (Aldrich,
233,000) were dissolved in 150 ml THF and the solution was stirred at room
temperature for 24 hours to obtain a stock solution. Then 2.5 ml of PVC

25  solution were mixed with an appropriate concentration of plasticizer (as THF
solution, sometimes hot THF solution) to give plasticizer content from 10 to
50%. The solvent was allowed to evaporate under nitrogen. After 12 hours the

films were peeled away from the container. They were dried in a vacuum oven



50% The solvent was all owed to evaporate under nitrogen. After 12 hours I%}he
films were peeled away fromthe container. They were dried in a vacdu?nMA 005
1 7 MAR 2005 - 19 at 50C for 12 hours. Filmflexibility was conpared by
bending the filnms back and forth betweéb-the fingers; also, their Tg was

eval uated. 100531 Rel axation in PVC fromglassy to the plastic state and the
effect of 5 various chem cal plasticizers were neasured calorinetrically

usi ng a DSGt STRE fog | Do uey aF imt fekibiloypwadieostipeped babgeding thedilnsdpati ty, Cp
(value at half ACp is reported), when the sanple was heated at a controlled
heat i ng rata@ddprthcretyveen theafingeranglsestheidigywasicvidpatedxposed to a similar
thermal history before neasure- nent. The filnms obtained fromthe PVC and

car bon- nonoxi de- cont ai ni ng 10 pol yners descri bed above were transparent.

[ 0054] Tabl e 2. shows e decrease ipn the Tg of PVC upon addition_of various
| evel s of égﬂ?ﬁene- céi‘\l‘;\afs%ﬂw Y Criiemglasr iths PRSHESHr 281 Uas cffeet dfecyl

Gt nyt ené. ctprusenEnde BB iR PefeERAERing Tl Sk aRSl “Fhe s o
of PVC + quoxtva? y@alﬁagﬁ%&ﬂttﬁ@%{e‘ﬁ%}ﬁ}@e Tn et capacity, Cp (value at half ACp is
reported), when the sample was heated at a controlled heating rate of 10K/min.
All samples analyzed were exposed to a similar thermal history before measure-
ment. The films obtained from the PVC and carbon-monoxide-containing

10 polymers described above were transparent.

[0054] Table 2 shows the decrease in the Tg of PVC upon addition of

various levels of ethylene-CO copolymers. The commercial plasticizer di-

tridecyl phthalate (DTDP) is also plotted as a reference.

Table 2 - Effect of ethylene-CO plasticizers on the Tgof PVC

Plasticizer Tgof | Tgof PVC+ Tgof PVC + Tgof PVC +

Concentration| pyC + | ECO polymer | ECO polymer | ECO polymer

(wt%) DTDP | of Example 8 | of Example 9 | of Example 10
0 82 82 82 82
10 60 63 61 52
20 43 47 46 34
30 27 29 33 21
40 - - 27 13
50 10 - - 4

20 [0055] The decrease in the Tg of the PVC with ethylene/carbon monoxide

copolymers provides evidence that these compositions are active as PVC

plasticizers.



ECO pol ynmer (wt % DTDPECO pol yner ECO pol ymer of Exanple 10 of Exanpl e 8of
Exanpl e 9 82828282 1060636152 2043474634 3027293321 40--2713 5010- -4 12MAR 2005
[0055] The decrease in the Tg of the PVC with ethyl ene/ carbon nonoxide

copol ymers provi des evi dence t hat thesé*‘édrrpositions are active as PVC

pl asticizers. 1 7 MAR 2005 Exanpl e 12: Synthesis of ethyl ene-CO al pha-olefin
terpol ynmers usi ng syngas [ 00561 A 300-nL autocl ave engineer's reactor was
charged with 150 mM 5 pure n-hexane and 0.64 g of a 75% sol ution of t-butyl

ur 1 ed nieeaih a8 fhedPhr it Rk R et BedSrfis P eneRng
syngas m xture (ethylene: carbon nonoxide: hydrogen 70: 15: 15, respectively).
Then 10.8 g of 1-butene was added, the tenperature was raised to 66C while

stirring, amesd)he press@oemMasitbclav@entiabaatreheror Mhshdufged Wi Ir@aglor was
allowed to cool" to roomtenperature and then depressurized. The hexane was

r enoveds on parg athexgnevagdr @t grof a 158avbhgioh. & epwif] pérexppodlate in (Ei067#! The IR
spectrum of the ;%r oduct shows a very strong. ﬁeak_ at .

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

to  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 4.9 g of the product.

[0057] The IR spectrum of the product shows a very strong peak at

{5 1711 cm’ due to the carbonyl group. Thus, CO has been incorporated in the
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 a control
experiment without 1-butene termonomer. This observation indicates that

20 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 13: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas
25 |

[0058] A 300-mL autoclave engineer's reactor was charged with 150 ml

pure n-hexane and 0.64 g of a 75% solution of t-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



15 1711 cm 1 due to the carbonyl group. Thus, CO has been incorporated in
the product. The NVR of the product suggests that the polymer has D3. M&R Q005
i ncorporation. The NWR spectrum of the terpolyner suggested that it has
134.9 branches per 1000 carbons versus 485.5 branches per 1000 carbons for a
control experinent w thout 1-butene ternononmer. This observation indicates
that 20 increased in branching may result from al pha-olefin incorporation in
the pol ymemondhidedydrogen Tl priddmspectndily at €seras Frg of 1 400eneawds kided, 2000

(pol ystyrene standards, THE. sol vent). anple 13: Synthesis of )
et hyl ene- CON&IHTRASTRIGHE WAt Bs561t9 r?éré \Mgﬁﬁgm‘srwgagd e PISESHE VAsIm@inm

g of a7 SapEsa0r o TR Bt PR AT B R R e el e Tre
r eact or A, s Abaks S QU BRA M WAL iR RAH, VBB rAiBRRing vas L hen
W th a (et Hyl ene:

pressuri ze n ethyl ene and syngas m xture carbon 1 7 MAR

2005 -Lis mooexsftidehyrddegen 70:15:15, respectively). Then 5.9 g of 1-butene
was added, the tenperature was raised to 66C while stirring, and the
pressure was mai n- tained for 24 hours. The reactor was allowed to cool to

roomtenperature and _then depressurized., The hexane was renoved on a rotary
evapor at or [P8a9) ng 5 Tholkyspsctium of thgpraduct sheyeqd anery strabpeatudt of t he

product sh a very stron eak at 11 'l due t.o the carbonyl group.
Thos. oo had Thadn Hit b sis ateBiTedhe. TSGH ReiiGmebbp it 8 Mt
suggested t her ROy FR T, sl it p WaTaN gjts/ll\/% spectrum
of the ter pd(g??/trlr(gr ersuggest ggﬂﬁfﬂg@ut ?%a?e%%f Hmng{]ﬂmperaqgg 8ar%ons
ver sus 165. Snérpoedinm. PEhe MBIR spacdomso bt aéme hér sugcesst that ieKpeN Drent
Wi thout the 1-butene ternonomer. This observation indicates
‘ 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

15 (polystyrene standards, THF solvent).
Example 14: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

[0060] A 300-mL autoclave engineer's reactor was charged with 150-mL
20 pure n-hexane and 0.64 g of a 75% solution of t-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 propylene was
added, the temperature was raised to 66°C while stirring, and the pressure was
25 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.



that increased branching may result from al pha-olefin incorporation in the

pol ynmer. The GPC of the product indicates a Mh of 500 and Mv of 1000 15

(pol ystyrene standards, THE solvent). Exanple 14: Synthesis of 17 MAR 2005
et hyl ene- CO-al pha-ol efin terpol ymers using syngas [0060] A 300-nL autocl ave
engi neer's reactor was charged with 150<di- 20 pure n-hexane and 0.64 g of a
75% sol ution of t-butyl peroxypivalate in mneral spirits. The reactor was
seal ed and purged with purified nitrogen. The reactor was then pressurized
with an et j§d&He and Bymhspartminoé teptoduehshovead buary stoongperk athydr ogen

70: 15: 15, res;i)ect_ilvel y). Then 5.9 g of Er opyl ene was, added, the tenperature
was rai sed [Wdlear dHetethe ¢arbpny sraHB. Thiss, §r@dad beeninrcopporgtihtiised for 24

opr ossur | PEUCHnd AN ol piship Bt ettt B s BB B8 P3% R 10T 6
of the pro o%t%nwpﬁliﬂg%ﬁ'sﬁgit&@&%the]- oiw)?nﬁrgﬁ?gr%gt@i attipﬁaPVQ%Sts, o

showed a very Strong pea cml due'to t onyl group.

has beep | %@Qf&l@ﬁ?’éfE(ﬂO@)@cér!’hﬁms@/re@ﬁ!-sl(aij bhgic &f 100ecabodsiebtasheadbrsd ed t hat
the polymer had 17.5% CO incorporation. The spectrum of the terpolyner
suggest ed thatrol ¢xpeasn®. 8ithbutahe pespylene @@ noardrohiy ebsarsaén 5 br anches

per 1000 carhbons obtained in a control experinent. wthout the propyl ene
t er mononer INAIRRtES B dpcrgaseshbranpluinganay reswil rpmca! Bhaele tHy HsORRGTgLinaynr esul t

| ndi cat ed_ P e0q A e o meutel BRI Mo Eadh i b G Ven )
to Exanpl e@yiég%éﬁﬁﬁ&rggbﬂ‘{pygo%T@ al pha-ol efin terpolyners using

syngas [ 00 aut ave engineer's reactor was charged with 150 m
10

Example 15: Synthesis of ethylene-CO-alpha-olefin terpolymers using syngas

[0062] A 300-mL autoclave engineer's reactor was charged with 150 ml
pure n-hexane and 0.64 g of a 75% solution of t-butyl peroxypivalate in mineral

15 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

20 temperature and then depressurized. The hexane was removed on a rotary

evaporator, leaving 6.7 g of the product.

[0063] 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

25 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 ex.periment without 2-butene termonomer. This observation indicates

that increased branching may result from alpha-olefin incorporation in the



pure n-hexane and 0.64 g of a 75% solution of t-butyl peroxypivalate_in

m neral 15 spirits. The reactor was seal ed and purged with purifi ed T MAR 2005
nitrogen. The reactor was then pressurized with an ethyl ene and syngas

(et hyl ene: carbon nonoxi de: hydrogen 702315:15, respectively) m xture. Then
10.8 g of 2-butene was added, the tenperature was raised to 66C while
stirring, and the pressure was nmaintained for 24 hours. The reactor was

al | oned t o pedahet. OThO QPO tRMmedatiindicand 4 Mano i8R0 ead Mwzsdl12The hexane
was renoved on a rotary evaporator, |leaving 6.7 g of the product. [0063]
The | R spedpolyntyoéng stengardslitHF slobvead). a very strong peak at 1711 cmt due
to the carbonyl group. Thus, CO has been incorporated in the 25 product. The
NMR of the product suggested that the pol yner had 18.2% CO incorporation.

1000 car borkepiIE 6: s ARt ARG T Lk i ARt i Qo ol

experinment w t hout 2-put r. This observation indicates that
i ncreasrrgd br anchi ng é@?ﬁﬁﬁﬁ%ﬁ pha-ol efin incorporation in the 1 7

MAR 2005 -L3 polymer. The GPC of the product indicated a Mh of 590 and Mwv of

1120 (pol ystyrene standards, THE solvent). Exanple 16: Pl asticization Study

usi ng et hyl[@dtet]CO al dhedaheditratpims siroplzenannes thieeffeatdo f plasticyatgas [ 0064] To

denonstrate in a sinple manner the effect of plasticization, filnms of the
8

pol yners wéiias o dhapely resys Meire prgpara®ay ieleey s dOygB Y { ppbimeHAldpisk, 000) were
0 2501 ve0, 05 08 et 00 R DT B ) BRI Gpdme re
e M L S i R TR R S S PR S A ST P

solution was mixed with an appropriate concentration of plasticizer (as THF

solution, sometimes hot THF solution) to give a plasticizer content from 10 to

50%. The solvent was allowed to evaporate under nitrogen. After 12 hours the

films were peeled away from the container. They were dried in a vacuum oven

15 at 50°C for 12 hours. Film flexibility was compared by bending the films back

and forth between the fingers; also, their Tg was evaluated.

[0065] Relaxation in PVC from glassy to the plastic state and the effect of
various chemical plasticizers were measured calorimetrically using DSC. The

20 Tgwas evaluated from the step change in heat capacity, Cp (value at half ACp is
reported), when the sample was heated at a controlled heating rate of 10K/min.
All samples analyzed were exposed to a similar fhermal history before measure-
ment. The films obtained from the PVC and carbon-monoxide-containing

polymers described above were transparent.

[0066] Table 3 shows the decrease in the Tg of PVC upon addition of

various levels of these terpolymers. The commercial plasticizer, di-tridecyl

phthalate (DTDP) is also plotted as a reference.



50%

films were peeled away fromthe container.
15 at 50C for
back and forth between the fingers;

12 hours.

The sol vent was al |l owed to evaporate under

ni trogen.
They were dried in a vaclunMaRe2005
Filmflexibility was conpared by bending the filns

atge,- their Tg was eval uat ed.

After

12 hours the

[ 0061

Rel axation in PVC fromglassy to the plastic state and the effect of

vari ous chem cal

20 Tg was evaluated fromthe step change in heat capacity,

ACp is

a reported),

when the sanp

pl asticizers were neasured calorinetrically using DSC. The

Cp (value at half

| e was heated at a controlled heating rate

M|mmnMWM%%@WW%%@M@WWMmmm&%Wﬂmmw

before neasure- nent. The filns obtained fromthe PVC and
car bon- nonpxi-de w..m' .Hrﬁg ped yr"““’cd SEf+ L‘N‘C i HFaRsp B "'éﬁ 25
100661 Tab|e 3 shows dgc dad iV, th?&%ﬁg\? VEIVHJ%%E gd di th®R By C vari ous
| evel s of these terpo frgP .| The tonmmeyci altplasticizer, di-trideécyl
pht hal at e [IBTEESP)SIZIGS al sV of t&goBsna [ eérpoBmas. Iterf)ol\ﬂ‘)&ﬂolgﬁe% yiabl ¢ 3 -
Ef fect of ptGyheneaCO al pha-oheEkin [easb'fgkg@f@ DB EREmPl Of oP¥kakdpl© [of
PVCTg of PNGigh @#tR C ﬁ%} C Tg,Of +++ 5 5
Pl asti ci zerP\/Cter p oy nar plcl \lrmrf ar n lvrerter p | vrer—-Conclentra—+of
Exanpl eof Exanpl eof Exa&ﬁl eof E>8§rrp| e t| o8 wt % DTDP82131415 08%82828282
10605563. 6663. %564. 16 29634250 75%48 .07 1'6:5?66 6325 64 16

20 43 42 50.79 48.07 51.12

30 27 31 4091 41.1 399

40 - 25 31.7 29.7

50 10 20 28.4 24.62 23.35

5
[(0067] The decrease in the Tg of the PVC resin with ethylene/carbon

10

monoxide copolymers provides evidence that these compositions are active as

PVC plasticizers.

[0068]

The foregoing examples clearly demonstrate that the instant

invention provides compatible CO-containing platsticizers for use with PVC.

More specifically, the PVC resins of the instant invention have decreased Ty.

Additionally, the compositions produced in the non-limiting examples showed

no evidence of phase separation which suggests adequate compatibility. Finally,

the instant invention can be synthesized using relatively inexpensive non-pure

fees such as syngas and MCS. Hence, the desirable characteristics (e.g., low Tg,

compatibility and lower cost) discussed in the background section are satisfied

by the instant invention.

20

Example 17: Synthesis of ethylene-CO copolymer




30273140. 9141. 139. 9 40-2531.729. 7 50102028. 424. 6223. 35 [00671 The decrease
in the Tg of the PVC resin with ethylene/carbon nonoxide copolymer$ 7 MAR 200%
provi des evidence that these conpositions are active as PVC pl asticizers.
10 100681 The foregoi ng exanpl es cl earl)s denonstrate that the instant

i nvention provides conpatible CO containing platsticizers for use wth PVC
More specifically, the PVC resins of the instant invention have decreased
Tg. Additjousd)!y. the300mbsutédnve PhodeeRArdaRtdM®ag @Ratdell #ifhd ] S aAP! es
showed no evi dence of phase separation which suggests adequate

conpat i bi | parg. n-Berand ynd 05 ghd' rimgylaptroxdee Thearactan vos sptadhasd pedgadsi ng
rel atively inexpensive non-pure fees such as syngas and MCS. Hence, the
desi r abl e whthr avtifledsniteegepe Ide, rqastorTeyas thenppicsBirizedy Wit etloiene cast )

g meuseed LBy he REE B IS SoELAn T8 BRLRETsPhalle GUELAL JGEDL 0
300- It AUt 45k e ROGHOSELS At BACLOLINIRR.ENRTHO G Y 3D, DY Sedlifexane

and 0.5 g o r oxXi he reac ed”and purged "W

purified nihtogefyedN® EEACHONroWAS tERPRrARSIHH dgsteWilrivedt NLRAR ansk
carbon nonoxi de (80:20) m xture. The tenperature was raised to 120C while 5

stirring, mntbidieugingasoraey wasparaion} khved @91 g0 theipgodwt. 24 hours. The
reactor was allowed to cool to roomtenperature and depressurized. Hexane
was renoved using a rotary evaporator, |leaving 6.91 g of the product.
[0070] The

I pectr the pro t sh d.a very strong peak at, 1706 10
1 due UL car bORG IR GPELEETTHICE FERTHSTBUEN 3 HeSrTone Bk 6 LT
pr OdUCFO' cm™! due to the carbonyl group. Thus, CO has been incorporated in the product.
NMR of the product suggested that the polymer had 25.9% CO incorporation.
The NMR also suggested that there are 96 branches / 1000C. GPC of the product

indicated a Mn of 350 and Mw of 750 (polystyrene standards, THF solvent).

15 Example 18: Synthesis of ethylene-CO copolymer using syngas feed

[0071]) A 300-mL autoclave engineer's reactor was charged with 150 ml
pure n-hexane and 0.5 g of +-butyl peroxide. The reactor was sealed and purged
with purified nitrogen. The reactor was then pressurized with ethylene and

20 syngas (ethylene:carbon monoxide:hydrogen 70:15:15, respectively) mixture.
The temperature was raised to 120°C while stirring, and the pressure was
maintained at 700 psig for 24 hours. The reactor was allowed to cool to room
temperature and depressurized. Hexane was removed using a rotary evaporator,
leaving 4.3 g of the product.

25
[0072] The IR spectrum of the product showed a very strong peak at 1709

cm”’ due to the carbonyl group. Thus, CO has been incorporated in the product.
NMR of the product suggested that the polymer had 19.3% CO incorporation.
The NMR also suggested that there are 172 branches / 1000C. GPC of the



NMR of the product suggested that the polyner had 25.9% o CO incorporation.
The NMR al so suggested that there are 96 branches / 1000C. GPC of thg MAR 2005
product indicated a Mh of 350 and Mwv of 750 (pol ystyrene standards, THr
solvent). 15 Exanple 18: Synthesis of etldg! ene-CO copol yner using syngas
feed [0071] A 300-nL autocl ave engineer's reactor was charged wwth 150 m
pure n-hexane and 0.5 g of t-butyl peroxide. The reactor was seal ed and
purged W tfropuet fridicateita M SHteak@adiobf Va8t (peRysBirefé Wkdrikeddyv THE

et hyl ene and 20 syngas (ethyl ene: carbon nonoxi de: hydrogen 70: 15: 15,
respectivelsolveritkt ure. The tenperature was raised to 120C while stirring,
and the pressure was nmintained at 700 psig for 24 hours. The reactor was
allowed to cool to room tenperature and depressurized. Hexane was renoved
using a rotﬁlr e,rt? ..l eaving 4C g of the Ell‘du. g [0072] The IR
spect rum of =244 RPN DG ot FUHPYISHRSINE SYREB 184 . 1 due to the
carbonyls group. Thus, CO has been incorporated in the product. NWR of the
product "suggested that the polyner had 19.3% CO i ncorporation. The NWR al so
suggest ed B[!UB%} here Ar®0dfz. bueddesehgih&OCreactte Whs therpkd AwlYAR APGH - 26
product indicated a Mn of 590 and Mwv of 1100 (pol ystyrene standards, THE

sol vent) . BEaapil-bexfe SyhOegiod 07 5% miteor-o€@ wopbpgrorypivaiatg isyngasalf eed 5
[00731 A 300-nL autoclave engineer's reactor was charged with 150 ml_ pure
n- hexane arf@imiss Ifeqragiorvessnaled and grirgedurith ppefisd ypiroasmt 89 winer al

irits. T .seal ed, and W th i fied,ni . 4.89 f
17" but one wEERHES 20PD EBFRIET R BRaia Yo Pl e od i Reada™y o e

reactory,  The reactor was then pressurized with syngas (carbon monoxide:hydrogen

50:50) mixture to 700 psig. The temperature was raised to 66°C while stirring.
The butene was then introduced into the reactor from the addition vessel and the
pressure was maintained at 700 psig for 24 hours. The reactor was allowed to
cool to room temperature and depressurized. Hexane was removed using a rotary
15 evaporator, leaving 0.98 g of the product. The IR spectrum of the product
showed a very strong peak at 1709 cm™ due to the carbony! group. Thus, CO has

been incorporated in the product.

Example 20: Synthesis of ethylen-CO-butene terpolymer using syngas feed

20
[0074] A 300-mL autoclave engineer's reactor was charged with 150 ml
pure n-hexane and 0.64 g of a 75% solution of f-butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. 5.93 g of 1-
butene was added into stainless steel addition vessel and attached to the reactor.

25 The reactor was then pressurized with ethylene and syngas (ethylene:carbon
monoxide:hydrogen 70:15:15, respectively) mixture. The temperature was raised
to 66°C while stirring. The butene was then introduced into the reactor from the

addition vessel and the pressure was maintained at 700 psig for 24 hours. The



io The reactor was then pressurized with syngas (carbon nonoxi de: hydrogen
50:50) mxture to 700 psig. The tenperature was raised to 66C whil¢ 7 MAR 2005
stirring. The butene was then introduced into the reactor fromthe addition
vessel and the pressure was naintai nedyat 700 psig for 24 hours. The
reactor was allowed to cool to roomtenperature and depressurized. Hexane
was renoved using a rotary 15 evaporator, |eaving 0.98 g of the product. The
I R spectrumfRhor Was RIIOHEE 0 cBBPMER o7 Y&@hYerahilr®Rd dRRPKesBhiri 2D HEMRE WHe to

t he carbonyl group. Thus, CO has been incorporated in the product. Exanple
20: Synt hesé¢mooéd esinglamtCPdvapeneor, éravody A gisf thg mypdgets feed 20 100741 A
300-nL aut ocl ave engineer's reactor was charged wth 150 ml  pure n-hexane
and 0.64 g of a 75% solution of t-butyl peroxypivalate in mneral spirits.

The reactor seal nd.purged . with purified nitrogen. 5. g of 1-

but ene was [%@d i nt Pﬁﬁﬁ%%r%@%%@a%tﬁi&ﬁ% BPg'é’Pl‘H g@‘?i@h@oﬁ’ gé) t he
reactor. 2% t i Lt h, et

(et hyl ehe: kiR Tbe R Ui BLERRY! FER ba o 1Y MGG SIDBRE. e
tenper at ur gpraSHfl HeSQbduc® i@lifeatdt e Mt i dfr 50@- anth @ IRULENB 0B SpSI8F rene
introduced into the reactor fromthe addition vessel and the pressure was
mai nt ai neds@ahda@@, Peifgsdleent24 hours. The 1 7 MAR 2005 -27 reactor was
allowed to cool to roomtenperature and depressurized. Hexane was renoved
using a rotary evaporator, leaving 7.01 g of the product. [0075] NWR of the
product suggested . 8% CO incorporation. The NMR al so
suggest ed thé ‘het e dre iy bianches RRBECT GPC of the product indicated
a M 01‘]0500 and Mv of 1000 (polystyrene standards, THE solvent). Exanple 21
Synt hesi s of 1-butene-CO copol yner

1 [0076] A 300-mL autoclave engineer's reactor was charged with 150 ml

pure n-hexane and 0.64 g of a 75% solution of r-butyl peroxypivalate in mineral
spirits. The reactor was sealed and purged with purified nitrogen. 10.172 g of 1-
butene was added into stainless steel addition vessel and attached to the reactor.
15 The reactor was then pressurized with carbon monoxide to 350 psig and the
temperature was raised to 66°C while stirring. The butene was then introduced
into the reactor from the addition vessel and the pressure was increased with
carbon monoxide to 700 pisg and maintained at 700 psig for 24 hours. The
reactor was allowed to cool to room temperature and depressurized. Hexane was

20 removed using a rotary evaporator, leaving 1.4 g of the product.

[0077] 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.
NMR of the product suggested that the polymer had 24% CO incorporation. The
25 NMR also suggested that there are 223 branches / 1000C. GPC of the product
indicated a Mn of 470 and Mw of 600 (polystyrene standards, THF solvent).



io [0076] A 300-nL autoclave engineer's reactor was charged with 150 n

pure n-hexane and 0.64 g of a 75% sol ution of t-butyl peroxypivalaheli 005
mneral spirits. The reactor was seal ed and purged with purified ni J@H%R.
10.172 g of 1- butene was added into staBnless steel addition vessel and
attached to the reactor. 15 The reactor was then pressurized with carbon
nonoxi de to 350 psig and the tenperature was raised to 66C while stirring.
The but ene Brasmplbea: Sphthedisasftbroppleaetd® copelingyr from the addition vessel
and the pressure was 1 ncreased wth carbon nonoxide to 700 pisg and
mai nt ai ned at 700 psig for 24 hours. The reactor was allowed to cool to

room t enper e and depressuri zed. Hexane was 20 remgved using . a rotary
evaporator,[‘%-&vi ng IAES%Q' gpiec Scﬁﬁgt”?eeféd?ai‘]toq'ﬁ%aslW%&%&!Wlﬂ}nlép Mhe

product showed very st peak 1711 e to the r bonyl| oup.
Thus. oo nauraediceht ahb el et B iden ST bl BR B R geri e
that the p r 9 i i : : 4 ed - that
there. are 304 b LERea ! 0000 Eha bP IR e oy T 8 8RR Pt a0
and Mv of Gashyloed wedsy aédel Shmndainlsss Itdel adlitmt yesstl AnMARIZIRE t28héxanpl e
22: Synthesis of propyl ene-CO copol ynmer 100781 A 300-nL autocl ave engi neer's
react or waseashen. @péld rgictr Y86 thin ppessarinehentdnerbonl ndorgxkide of 350 PSig awd ut i on

of t-butyl peroxypivalate in mneral 5 spirits.. The reactor was seal ed and
purged wi t FUFPPFEHIS; Viaddakscd i 3@289 le Hirgimg ehe RESP YRR IV Rhtthen

stainl ess stee di tjon Vv a o] react or. The reactor
was th_en p?rgg%duurcl%gelcf’.td\?\,i {P}ﬁ: g%%g%rn%%g@%dg@(ﬁgog%é%g gangin ejtpr{%sstu ?rp‘é’?%t ure
was raigedii.A86 Wh!@ridd HdddkideT RE 700 PR SAE nYBStalf@Nat 700 P@@Uf&dm nto

the reactor fromthe addition vessel and the pressure was to increased with

car bon nonaaude Tthe ré@étopivey @ltwveditacadnedroaim 7€ ppsitgref ord dépressurized.

Hexane was removed using a rotary evaporator, leaving 1.5 g of the product.

{0079] The IR spectrum of the product showed a very strong peak at 1711

15 cm’ due to the carbonyl group. Thus, CO has been incorporated in the product.

Example 23: Synthesis of CO-containing polymer from Raf Il and CO feed

{0080] A 300-mL autoclave engineer's reactor was charged with 150 ml
20 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. 10.475 g of
RAF II mixture (mole% cis 2-butene: 17%, trans 2-butene 17 %, Isobutylene
5.51%, 1,3-butadiene 5237 ppm and remaining 1-butene) was added into
stainless steel addition vessel and attached to the reactor. The reactor was then
25  pressurized with carbon monoxide to 350 psig and the temperature was raised to
66°C while stirring. The RAF II was then introduced into the reactor from the
addition vessel and the pressure was increased with carbon monoxide to 700 pisg

and maintained at 700 psig for 24 hours. The reactor was allowed to cool to



hours. The reactor was allowed to cool to roomtenperature and
depressuri zed. Hexane was renoved using a rotary evaporator, Ieavipg HAR 305
of the product. 100791 The IR spectrum of the product showed a very strong
peak at 1711 15 cm due to the carbonyl -@%up. Thus, CO has been i ncorporated
in the product. Exanple 23: Synthesis of CO containing polynmer fromRaf 11
and CO feed [00801 A 300-nL autoclave engineer's reactor was charged with
150 M 20 routre temipexane and Qepés@rtfeda HoRarmoMus egmoted -upitiyla rotary
peroxypi val ate in mneral spirits. The reactor was seal ed and purged with
purified nigvapgeior, leavArg 1 3og of Frpriodugi. xt ure (ol e% cis 2-butene: 17%
trans 2-butene 17 % |sobutylene 5.51% 1, 3-butadiene 5237 ppm and
remai ni ng 1-butene) was added into stainless steel addition vessel and

attached t react gﬂgt r r i on
nonoxi de tgogggl psi g_@%%lnt{%geét meo&&?%\?go%}ggpégggge\f%y s&éﬁ%\&%aﬁatgﬁlﬁri ng.
The RAFsI1 ugs dt,Beh thdEdBEHGES oupt %ﬁi\,&:@%@v&énﬁﬁw@bﬁ@ed afdietjreauyessel
and the pressure was increased wth carbon nonoxide to 700 pisg and

mai ntai ned at 700 psig for 24 hours. The reactor was allowed to cool to 1 7
MAR 2005 -29 room tenperature and depressurized. Hexane was renoved using a
rotary evaporator, leaving 1.33 g of the product. [00811 The IR spectrum of
t he product showed a very strong peak at 1711 s cm1l due to the carbonyl
group. Thus, CO has been incorporated in the product. 1 7 MAR 2005 -30
CLAIMS: 1. A PVC resin conposition conprising a polyvinyl chloride and a
liquid plasticizer selected fromthe group consisting of. i) a non-Ilinear,
par af fi n-sol ubl e ol efi n-CO copolyner; ii) a non-linear ol efin-CO copol yner
derived fromnon-pure feeds; iii) an ol efin-CO X



terpol ymer derived fromnon-pure feeds; and iv) a non-linear olefing ﬁ
terpolymer and m xtures thereof; wherein Xis selected fromthe grl) AR 2005
consisting of free radically polynerizable vinyl nononers and m xtures
thereof, wherein the liquid plasticizer has about 65.5 or nore branches per
1,000 carbon atons, and wherein a non-pure feed conprises a first feed
conprising olefins and a second feed -88npri si ng carbon nonoxi de and wherein
when said polyner is (ii) and (iii) the amount of carbon nonoxide and

ol efin conmbined in said non- pure feed is |l ess than or equal to 95% and

wher ei n s&ldMSefins in said first feed conprising olefins are sel ected
fromthe group consisting of |inear and branched C2 to C30 ol efins,

di ol efins and m xtures thereof, and wherein said PVC resin conposition has a
gl ass trarsiti gnPVEeryiecampasiionp Tampriging & ackyvingoehiasideand adiquidnilastigizest  sai d
pol yvi nyl sgbkQr ﬁ&ﬁthe?%rou-ﬁ%nﬁéi‘l@%?'dé R4h- lﬂfeaxcEﬁ-hfﬁh%omfﬂl%ro?éﬁﬂ-@(ﬂb&l)oiy'nﬁw d

pl asticizer is a non-1inear, paraffin- soluble olefin-CO copolynmer. 3. The
conposi ti dih aononclingpmplefindGSr eqpqlyaner detivedfrem ploapuieciesdst iii)sam olg§rrdQ-Kear

ol efi n- COuerb AR e Férh 6 6lphie ARABOBARYY £ndeffittr ofbrin-FOEX GEPRGRLL 4 Of
claiml n said |1qui )?astlmzer i's an of efin- CO er pol yner
derived fminnisdrihgrenfe wheesis X 5s sqlneteds diopodhet gtonp ofongiptingneli figherditallysai d

|1 qui Dl B5tyhieliZ8lc Vi hoRferd kbifn s Ghdrbr Sbercty fh@thQihébﬁE@ ficize® has dB6ut

conposi ti n accor to claim1 further conprisin i asticlzer

sel ect ed @ﬁmrpebrgmb%p)etbﬂ@ earton gtogs, adid avhieein apmnl-mllr%lf%d ccmpallswl first

i sopht hal t t t | kyl
pyrormel | i ?éaetgeco‘qhonoa%’ ﬁﬁ’ﬁ ggﬁz%ﬁ%@, 1%%1 coﬁglrﬁhg}z{ier %1{}391% de agﬁ‘?vhe algegt e,

di al kyl adm@a@lémelaﬁﬂl)m&(imté@ath efgarboy monmdq:@drpbﬁmcm@wnatmmdmg to claim
6 wher EI n ﬁ%‘&%dcl %Qﬁ%OF%ﬁhﬁx|95%ra919g\§1e1%ﬁ10§3id chéﬂﬁ@ dﬁ‘pa(?&'hrsflfet:&) C&Q%ﬁ%bon.

at ons. he conposi tion according to clarm erein the
wei ght ratoie@ns)faressgiegtequlm the group consisting of linear and branched C, to Cj olefins,

diolefins and mixtures thereof, and wherein said PVC resin composition has a glass transition

temperature (Tg) at least 15% lower than the Tg of said polyvinyl chloride.

2. The composition of claim 1 wherein said liquid plasticizer is a non-linear, paraffin-

soluble olefin-CO copolymer.

3. The composition of claim 1 wherein said liquid plasticizer is a non-linear olefin-CO

copolymer derived from non-pure feeds.

4. The composition of claim 1 wherein said liquid plasticizer is an olefin-CO-X

terpolymer derived from non-pure feeds.

5. The composition of claim 1 wherein said liquid plasticizer is a non-linear olefin-CO-
X terpolymer.
6. The composition according to claim 1 further comprising a co-plasticizer selected

from the group consisting of dialkyl phthalate, dialkyl isophthalate, dialkyl terephthalate,
trialkyl trimellitate, tetraalkyl pyromellitate, monoalkyl benzoate, dialkyl azelate, dialkyl

sebacate, dialkyl adipate, and mixtures thereof.

7. The composition according to claim 6 wherein said compound’s alkyl groups each

have about 4 to 20 carbon atoms.



pl asticizer to said co-plasticizer is in the range of about 1:9 to !91.(1 A§
The conposition according to claim®6 wherein said co-plasticizer an M 2005
liquid plasticizer conprise about 0.01 to 75 wt% of the PVC resin
conposition. 10. The conposition of claim1l or 6 further conprising a
stabilizer selected fromthe gr oup consisting of calcium barium cadm um
zinc, lead, and mixtures thereof. 11.-3The conposition of claim 10 further
conprising a filler selected fromthe group consisting of calcium
carbonate, clay, and m xtures thereof. 12. The conposition of claiml or 6
further cénpri )slflhﬁgoalp?ﬁlthne?ccgrélnécloe%lalﬂ? &nivhanein ghey isight satie; ef paig) lighidcal ci um
car bonat e 146t @ér 1030 HIplabitiRPistinBE 8RAke oflBout 17F09QMPOSI tion of claim 1
wherein sal d polyvinyl "chloride conprises fromabout 25 to 99.99 wt% of the
PVC resin and said liquid plasticizer conprises fromabout 0.01 to 75 W%
of the PVG resime c%pos%naarcédr&ihﬁ t Qfal?i?@ xfzﬁe?éﬁ t0E BYfashiGst An€ QAW IRLAI ON
according to claiml . reparing a PVC resin conprising

bl endi ng ®laptéstizey eampriseatont - Qj'eto\ﬂﬁt“ﬁ"ooéthlelp GiresipPnosiEPer to | ower the glass
transition tenperature (Tg) of said polyvinyl chloride by at |east 15%
wherein said liquid plasticizer is selected fromthe group consisting of. i)
a non- |id8ar, Tharcempgsiionif ghaina lodred fusthesasmpising estabilizen sefected fram thear

ol ef i n- CO.epy g%}éﬁﬁﬁ &k%ic}ﬁﬁ{?baﬁuh{)%dﬁﬁﬁ}n %celeﬁc?%ﬂﬁmlx'tdrés)thé’i%w' efin-CO X
terpolymsrg rlved rom non-puré feeds; and I'v) non-I 1 near ol efin-CO X
terpolymer; and m xtures thereof and \/\herel n X |s selected fromthe group
consi stingqof f | ey, Iwrﬁﬁghglag;nﬁ, I d res

t her eof , q\}vher g:hﬁ%?lﬁg&%ﬂ df claglﬁlastl Cl zer hgslhgéoglggpr&gl@%%rf&ﬁlotrhg%é gnches per
1,000 car sensistipgefsalcamparagnite.¢iay, admiruisaherepbed conprises a first feed
conprising olefins and a second feed conprising carbon nonoxi de and wherein
when said polyner is (ii) and (iii) the amount of carbon nonoxi de and

ol ef i n corBi nedhf nompgstioneficlpun & of 6derthies cqnepsising lacfillep pelestpd ffom the @FMpand
wherein s st qf sing olefins are selected from
the gr oup%%gﬁéﬁsﬂtc:a%lguhg% @?ﬁgga&angng%gﬁgﬁlgﬁﬁb to C30 olefins, diolefins
and m xtures thereof. 1 7 MAR 2005

13. The composition of claim 1 wherein said polyvinyl chloride comprises from about 25
to 99.99 wt% of the PVC resin and said liquid plasticizer comprises from about 0.01 to 75
wt% of the PVC resin.

14. An article formed from the PVC resin composition according to claim 1.

15. A method for a preparing a PVC resin comprising blending a polyvinyl chloride with
a liquid plasticizer to lower the glass transition temperature (Tg) of said polyvinyl chloride by
at least 15%, wherein said liquid plasticizer is selected from the group consisting of: i) a non-
linear, paraffin-soluble olefin-CO copolymer; ii) a non-linear olefin-CO copolymer derived
from non-pure feeds; iii) an olefin-CO-X terpolymer derived from non-pure feeds; and iv) a
non-linear olefin-CO-X terpolymer; and mixtures thereof and wherein X is selected from the
group consisting of free radically polymerizable vinyl monomers and mixtures thereof,
wherein the liquid plasticizer has about 65.5 or more branches per 1,000 carbon atoms, and
wherein a non-pure feed comprises a first feed comprising olefins and a second feed
comprising carbon monoxide and wherein when said polymer is (ii) and (iii) the amount of
carbon monoxide and olefin combined in said non-pure feed is less than or equal to 95% and
wherein said olefins in said first feed comprising olefins are selected from the group

consisting of linear and branched C; to C;, olefins, diolefins and mixtures thereof.



-32 16. The nethod according to claim15 further conprising the stfg
bl ending a co- plasticizer selected fromthe group consisting of dfdl E{}R 2005
pht hal at e, di al kyl isophthalate, dialkyl terephthalate, trialkyl
trinelliate, tetraal kyl pyronelliate, nonoal kyl benzoate, dialkyl azelate,
di al kyl sebacate, dial kyl adipate, and m xtures thereof. 17. The net hod of
claim15 or 16 further conprising the33tep of blending a stabilizer

selected fromthe group consisting of calcium barium cadm um zinc, |ead,
and m xtures thereof 18. The method of claim 15 or 16 further conprising
the step dpf. bl dihdimrthod dcpdriliag s elage tlé durtlier gpmpriringgthe spcyrdémslingrg cof  cal ci um

car bonat e, S e . urt her
conpri si né) lagL?égtsggaemﬁ Si%{g%ag%?{s?neglgf d-m?t ggﬁlp rlgm(gﬁcalkﬁi %OP?‘ e %onm sting
of cal ci urdiatiert tﬁmpath@latecﬂnalyyl tamdllinﬁextbma&yl pvemelbidte, moalkﬁé)emﬂqo‘ﬂalmdcor di ng
to claimlp, M%%Eaﬂé scp@afd Jh!ilggl'aq Rle Ak kiRl th:er%ofa non-linear,

paraffin-so |n car nOXI e copolyner. 21. The rret hod accordi ng
to claim15 wherein said liquid plasticizer further corrprl ses

acetyl eni gal ly r . ' T t he

met hod of qgl ai r# ?%@E%ﬂg’&%%h‘gqgggﬁﬁfﬁ%ﬁ%e i t?% Bfehdll;'? gl|hr9né§16 24.
The et hodelestabfren ke goug kersistidgof mlqimmbaoompcadmlmg mexr, mad,gardnnammscl e from
t he PVC r%eir&f 25. The nethod of claim1 or 15 wherein said second feed

conpri sing carbon nonoxi de contains conponents selected fromthe group
consi sting of hydrogen, carbon nonoxide, nethane, acetylene, paraffins and

m xtures tl%.e r ec’l'fhé method of claim 15 or 16 further comprising the step of blending a filler selected

from the group consisting of calcium carbonate, clay, and mixtures thereof.

19. The method of claim 17 further comprising the step of blending a filler selected from

the group consisting of calcium carbonate, clay, and mixtures thereof.

20. The method according to claim 15 wherein said liquid plasticizer is a non-linear,

paraffin-soluble olefin carbon monoxide copolymer.

21. The method according to claim 15 wherein said liquid plasticizer further comprises

acetylenically unsaturated monomer units.
22, The product formed by the method of claim 15.

23. The product formed by the method of claim 16.

24, The method according to claim 15 further comprising forming an article from the
PVC resin.
25. The method of claim 1 or 15 wherein said second feed comprising carbon monoxide

contains components selected from the group consisting of hydrogen, carbon monoxide,

methane, acetylene, paraffins and mixtures thereof.



