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Specifically, it is desirable to provide a grafted copolymer, which achieves the
previously described attributes.

In its preferred embodiment, the present invention yields a coagent-mediated,
grafted copolymer prepared from a free radical-mediated reaction of a mixture
comprising (a) a first free-radical reactive organic polymer, (b) a second free-radical
reactive organic polymer, and (c) a coagent selected from the group consisting of
allyl, vinyl, and acrylate coagents, wherein the first and second organic polymers are
chemically dissimilar polymers as determined by at least one physical property yet the

organic polymers have similar reactivity in radical-mediated additions to the coagent.
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Figure 5 shows the relative yield of allyl benzoate grafting to four polymers,
polypropylene, polyethylene, polyethylene glycol, and an ethylene/vinyl acetate
copolymer.

DESCRIPTION OF THE INVENTION

In a preferred embodiment, the present invention is a coagent-mediated,

grafted copolymer prepared from a free radical-mediated reaction of a mixture

comprising (a) a first free-radical reactive organic polymer, (b) a second free-radical
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Heterogeneous linear ethylene polymers include linear low density
polyethylene (LLDPE), ultra-low density polyethylene (ULDPE), very low density
polyethylene (VLDPE), and high density polyethylene (HDPE). Linear low density

ethylene polymers have a density between about 0.850 grams per cubic centimeter

and about 0.940 grams per cubic centimeter and a melt index between about 0.01 to
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Ethylene/styrene interpolymers useful in the present invention include
substantially random interpolymers prepared by polymerizing an olefin monomer
(i.e., ethylene, propylene, or alpha-olefin monomer) with a vinylidene aromatic
monomer, hindered aliphatic vinylidene monomer, or cycloaliphatic vinylidene
monomer. Suitable olefin monomers contain from 2 to 20, preferably from 2 to 12,
more preferably from 2 to 8 carbon atoms. Preferred such monomers include

ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene, and l-octene. Most
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unsaturated comonomer. Copolymers also include terpolymers, tetrapolymers, etc.
Typically, the polypropylene copolymers comprise units derived from propylene in an
amount of at least about 60 weight percent. Preferably, the propylene monomer is at
least about 70 weight percent of the copolymer, more preferably at least about 80

weight percent.
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The selection of the first and second polymers depends upon the polymers
having similar reactivity in free-radical-mediated additions to the coagent. For
example, when the selected coagent is an allyl coagent, a suitable method for
determining a polymer’s free radical reactivity is by measuring the polymer’s allyl
benzoate graft yield. This quantity can be evaluated by spectroscopic measurements
of the aromatic ester content within the purified product of a peroxide-initiated
reaction of allyl benzoate and the polymer of interest. Those polymer derivatives that

contain a relatively large amount of bound aromatic ester are more reactive with

respect to the radical-mediated addition of allyl coagents.
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formed r%n a varle{y of ways. For exam%;ﬁ oxygen-centered free radicals may occur

through the use of organic peroxides, Azo free radical initiators, bicumene, oxygen,
and air. In this regard, the mixture may further comprise an organic peroxide, an Azo
free radical initiator, bicumene, oxygen, or air. When an organic peroxide is used, the
organic peroxide is generally present in an amount between about 0.005 weight

percent and about 20.0 weight percent, more preferably, between about 0.01 weight



The coagent woul d preferably be present in anmount in
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prior to gr n t he coagent nstra
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by functionalizing the | ess reactive material prior to
the dopslapatber epbedimenis theTiessentigyentionnan pragessdar preparing the
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polysietiuate abmpletely i miscibloror agayidibt eniguiblepst. thEhigmfting reaction
temperature. The process may also occur in solution. When the process occurs in
solution, preferably the selected solvent will render the first organic polymer, the
second organic polymer, and the coagent fully soluble to form a single-phase mixture.
However, a person skilled in the art would recognize that the in-solution process may
occur when the mixture components demonstrate at least partial miscibility in the

solvent.



functionalization process transforns the | ess reactive

pol ynmer into a nacronol ecul ar coagent, which when
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the highly reactive polyner preferentially to generate

the desired .copolyner product in goad yield..ln yet
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Any nunber of processes can be used to prepare the
rigid Wepdevwprtapea pir Bettine dsespeenstiustipn yanﬁgae Ponppsitss ésgewvood

. A . . i on .
cHBBANED. bIHEE bR TR, ot 5bS (AR RE AR TR and elastc
fibksywol di ng, powder coating, Banbury batch m xers,
fiber, spi.nning, and cal epdaring. Suitable exanples of
the EPE@?JF\EO%%ES@P% il ?fefoeé(gﬂwp}ee ﬁéwfleé&la?rg@plasﬂc polymer
£ WhBLAQNSoly bt fraRd @Ga%ﬁ%ﬁarﬁlﬁme‘%f?é?ﬂfégfabﬁcefoﬁﬂBe%h?,%xpanded
W re-and-cabl e coatings ‘and jackets, cable
thegmeplesitd foem hohdse expesinded and fised thermeplatic fedmbeads| exl various

i.nc I NG [ di.fferen ensities and type .
oReBrferob R AL KRS o alneeieh® RGneRe R defS sPe gt physica
confifudlationg rsacht aywshéapeoundy Birhddgedrhétdy, 08 LE31R plank, laminated

construction panels, conposites (e.g., wood
p@&E{f&@ epesshstrapq plaak, rrefles andbynstoek s, and fi bers
(i ncluding binder fibers and elastic fibers). Suitable
foam products include, for exanple, extruded
t her nopl astic pol ymer fdafMPitHSuded pol yner strand

f oa e ndabl e f.hernopl astic..foa eads, . expanded
t her BB IEPTRE piE e e eda e tr ey
thermopl asti c foam beads gxandlevri ous types of
crosslinked foans. The foam products nay take any

knowd gafisopelymenyvhs gigbarer diom bomppalsmeh@sstactichpelstpropylene
ard ﬁn@ﬂgﬂgf?&ﬁarv}/ng Etorgnn‘t?egla{vgra%% e}ﬂlo(l’ecélgrm.w%?gtlfdof 1700 through a
peroxide-initiated cografting of triallyl trimellitate (TATM). The polypropylene was
an experimental reactor isotactic homopolymer polypropylene powder (PP) made by
The Dow Chemical Company. The properties of this resin were as follows: Melt
Flow Rate (MFR) of 3.14 g/10 min; DSC Melting Point of 167.1 degrees Celsius; and
a Bulk Density of 0.47 g/cc.
PP (1 gm), PE (1 gm), and trichlorobenzene (20 ml) were heated to 150
degrees Celsius in an oil bath, resulting in a clear solution. TATM (0.06 gm, 3 weight
percent) and dicumyl peroxide (DCP) (0.002 gm, 0.1 weight percent) were added and



pl ank, coal esced strand pl ank, profiles, and bun
stock. EXAMPLES The follow ng non-limting exanples
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Celsius which is consistent with PE-g-TATM (Figure 2).

Example 2
As previously described, the preparation of coagent-mediated, grafted

copolymers is dependent on the relative free-radical reactivity of the organic
polymers, particularly toward allyl group addition. The reactivity of four materials of
interest has been assessed by a series of peroxide-mediated addition reactions of allyl
benzoate (AB). TIsotactic polypropylene homopolymer and polyethylene (PE,
Mn=1,700, Sigma-Aldrich) were purified prior to use by dissolution/precipitation
(xylenes/acetone). Polyethylene oxide (PEO, Mn=5000, Alfa-Aeser) and an ethylene-
vinyl acetate copolymer (EVA, 25 weight percent VA, Scientific Polymers Products)
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that, of the Ig of PE charged to the reaction vessel,
approxi mately 0.29g of PE was rendered insoluble as a

wo emalose16f t he grafting process. This indi cat eBCT/N81006/042981
the PE/PP ratio was 0.29 in the swollen solid phase.
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integration of 1H NMR spectra was acconplished by
char gi ng known anounts of tetrabutyl anmoni um brom de
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peak from bound coagent (d 4.20-4.35 ppm was
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PEO- EVAF. ©qagents Sed%qt?CL\f&n ttHat 2Pl CRETEING; Pﬁ alyk genyl, and
di ff gr80ESeodeBntieactivity towards allyl group addition
wi Il not form copol ynmers as readily (e.g., PP/ EVA or
videradE@e fiwstandssecomdorganie podogrs wee ghshyg digdithiliwepolymers as

SRRt S0 s O b St
rédcelpiay Btralliceimadibfed additidhe th@&fﬂ?@lﬁted reaction of a
m xture conprising: (a) a first free-radical reactive
Zor garkie caIphErda) wisd condymeset Eiimch ek e lpest one of
. - l e . .
e e
tleomgents of adygeecentthe ffek raticano memondnergifitecradicals.

I re, chemcal | i ssimlar I, rs as
Hot orthe romy i rafsfleSpy et af CE s ot lep one of
IR B8RP HIBYS oAMR SdlPinbAIis IsGBjebt 11 frdb-labical formation when

radi cal -medi ated additions to the coagent. 2. The
seljagfedto thedi heee thergpledneesy, eordiafiner of Caim 1 wherein

2 8o . AR LA PORTLRLT LRI, o i

stlbetedr fs@ndlee afroox ygeBistent & edalfyl eginiéliagal Giallyl phosphate,
carbon-centered free radicals, 3. The .
pearatr ik diatylegthery rmaéﬁvt@%b ek eshercpantasrythiiel eirgallyl
I 3 - [ : ' or gani c
T e B A R P, Pon when
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4..
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osphat e,
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trimethylolpropanetriacrylate,  1,4-butanediol  diacrylate, ethylene  glycol
dimethacrylate, and 1,6-hexanediol diacrylate.

7. The coagent-mediated, grafted copolymer of Claim 1 wherein the free-radical
reactive organic polymers have similar coagent graft yields.

8. The coagent-mediated, grafted copolymer of Claim 7 wherein the free-radical
reactive organic polymers have similar allyl benzoate graft yields.

9. The coagent-mediated, grafted copolymer of Claim 1 wherein the free-radical

reactive organic polymers have graft yields differing by about 100 percent or less.
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15. A process for preparing a coagent-mediated, grafted copolymer comprising the
step of reactively coupling a mixture comprising
(@ a first free-radical reactive organic polymer having grafted thereto a
coagent selected from the group consisting of allyl, vinyl, and acrylate
coagents; and
(b) a second free-radical reactive organic polymer,
wherein the first and second organic polymers are chemically dissimilar polymers as
determined by at least one physical property yet the organic polymers have similar
reactivity in radical-mediated additions to the coagent.

16. The process according to Claim 15 wherein the step occurs in a melt state.
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