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Metc) ., REHEEL

MeAc) . BU%RTH

MAA) . B% KT

WHEEHEL | 280 337 342
BHEEL |81l 359 367
SWEEHEEA |32 367.5 381. 2
49EEHEE | 3% 373. 8 387.5
BEEEL 3425 379 391
BEEL | 364 390 401
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Yo R |1 2 R |3 4
PP-g— (MMA—co-MeAc) 67.7 |66.0 |64.3
PP-g— (MMA-coMAA) 67.7 | 66.0 |64.3
BMWD PP 3.8 | 3L0 [30.2 |38 |3L0 |30.2
PR 0.0 2.5 5.0 0.0 2.5 5.0
ATT VWA TN 0.1 0.1 0.1 0.1 0.1 0.1 10
fe{ B IEA 0.4 0.4 0.4 0.4 0.4 0. 4
MFR (230°C, 3.8 kg) 12.0 | 8.2 8.0 14.8 7.2 7.8
(g/10 min)
FEEDMMA (ppm) 2938 | 937 601 2071 | 904 858
PEEAMMALRIR (%) - 63 79 - 56 58 20
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[4%:/711/ FHHEL |1 2 3 XHHE2 |4 5 6
| PP—g— (MMA- 67.70 | 67.36 | 67.00 |66.70
[

[ | coMeAc)

[

: PP—g— (MMA- 67.70 | 67.36 |67.00 | 66.70
L] coMAA)

[

. | BMWD PP 31.80 | 31.60 |31.50 |31.30 [31.80 |31.60 |31.50 | 3130

[ ..

[jt_ama 0.00 |0.50 |1.00 |1.50 [0.00 |0.50 |1.00 |1.50
Cl 277U fe [0.10 |0.10 [0.10 |0.10 [0.10 |0.10 [0.10 |0.10

[

(| s

[

[ﬁé‘z{hﬁﬁtﬁﬂ 0.40 |0.40 |0.40 |0.40 [0.40 |0.40 |0.40 |0.40

[

[

[ | MFR 2.2 119.6 |18.0 [15.2 |13.2 |13.2 |10.0 | 1L.2

[

[ (230°C. 3.8 kg)

| (/10 min)

[

[ | FEEMMA 3739.0 | 2094.0 | 1256.0 | 977.0 | 1384.0 | 948.0 |724.0 | 591.0

[

[(ppm)

) reemaiERe) | - 44.0 |66.0 |74.0 | - 32.0 [48.0 |57.0

[

[

[

O
googoogogogoooogogoooygoogopooopbogooyooygppDygpoDUoo oDy oo oo
goooogooooopouofoofoooctoouo oDttt oo oDuooooao
Oo0oo0ooogaod

ooogad
goooocoocoouopouotoogoooo oo bbbt oDooobDo o oo
goooooooooooooooooo0ogogoootouoooooooooooogoogoo

10

20

30

40

50



(17) JP 2004-537631 A 2004.12.16

uboobooboboobdoobouobooboobood

OO

L], e

: (2. 5%) g 73 AT BB R~

L 7 =i 180 1

[

(| 77— 145 2

o

[j('_FL‘/EH 123~140 3

il 123 4

[

AR BVa i 90 5

[

| Sl 50 6

H A 10 7

[

[

[

(]
goooooooooooooo0Q0Q0Qo0Qo0gggoooootuoOopooooooooooogogogoo
googoogogogoooogogoooygoogopooopbogooyooygppDygpoDUoo oDy oo oo
gogooocgooooopouotooogo oo oo pbooto0ocyooooo Dottt oo o oo
gooooooooooooooOo0Oo0Qo0o0ogggoouotooooooooooooogogoo
goooogogogooooooogooygoyopoDoopboooyo oDty oo oo o oo
goooocoocoouopouotoogoooo oo bbbt oDooobDo o oo
goooooooooooooooooogoggooouoooooooooboooooogodo
goooocgo0oooofouotoogootoo oo pbootooyooooo oDty oooopDoo oo
goooooooooooO0QQ0Q0Q0Q0Uy0 OO0 popopopoooooao
Oo0oo0ooogoooDooao

oo0ooOood

O0oogaod
goooogogogooooooogooygoyopoDoopboooyo oDty oo oo o oo
goooogoocooopootoogoocopoDuo bbbt Ubobooboooao
O 00000 o0ooo0ogoouooooooooooaoao

gbooobooboobooboobooboobooobooboboobooboooboobooboao
oooooooobooooooooooobooooooooao

oo

10

20

30



(18)

JP 2004-537631 A 2004.12.16

[ T T e T s T e T e T e T e T e B e T e T e B e B

Oooooooogoljoooao

L T e T e T e T e T e B e B e B e B e B T e T e T e T e O e |

ooooooob

BEHEE (B8%) |HmUATFL, WEL | AU AFL L + 2. 5%5KEH
1 352°C 379°C
2 379°C 394°C
4 391°C 407°C
6 398°C 413°C
8 402°C 417°C
10 409°C 427°C
goooouoogoogopouofbouoogoyooogo bty oDy Dby ooy oo oboo
Ooo00o0o0oao
Ooo0o0ooaod
O0d
gooooooooooooooo0o0Q0Qo0gggooooooOooopoooooooogoggo
goooogogogoo0ogfoofooogoyopoDUoDoyUooDyg oDy Dby ooy oDy ogooao
goooooogooopooofbouogooctoooo ooty oD Dbyt ouUooo oo
Ooo0Od00d0 OooO0oQ0oQooQ0 oooogogoooooooopooooooooao
goooouoogoogopouofbouoogoyooogo bty oDy Dby ooy oo oboo
goooooouooopouobofooctooopoDuopoDotUoouoouooDoDooo
O
BERES (8% R (a-AFNAFL | R (a-AFI :
B BE% B (a J B (a-AFIVAT L)

V). THEEL + 2. B%R T
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2 2RK7°C 273°C
3 270°C 295°C
4 281°C 209°C
5 289°C 303°C
10 307°C 315°C
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L | PP-g-Ps e ap Eie =X

[

r | ER{RA IR SErn Eip SE N ate

.

| RE CESAANNNICE VAN =L At

[

[

[ | MFR 64 70 28. 8 18.8

[

[ | (230°C, 3.8 kg)

" (/10 min)

[

[

[

0
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[ - .,

: e (E8%) | PP-gPS + Irganox PP-g-PS + 2. 5%FE +

[ B-225, Mg Ed Itganox B-225

[

rl1 348°C 382°C

[

L2 377°C 402°C

L4 393C 417C

[

L6 402°C 421°C

[

18 408°C 124°C

Ll10 411°C 427°C
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[

[
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WAV % S HE 1
PMMA 99.5 98.5
T i 0 1
ATT VY 0.1 0.1
fe{ B IEA 0. 4 0.4
MFR (230°C, 3.8 kg) (g/10 min) |30 34
MFR (230°C, 2.16 kg) (g/10 min) | 15 16
PEMMR (ppm) 643 227
FEEMMRIEIR (%) - 65
0o

RE (C)
HEHA O PMMA, T ET PMMA + 1% 7 ==
1 303. 6 324. 7
5 343. 2 351
10 356. 3 356. 5
25 375 382. 4

O — ™ ™ ™ M /.o s s
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T w1 *fHE2 |2 XfHE3 |3

PP-g— (MMA—co-MeAc) 79.41 |77.29 | 79.41 |77.29 |79.41 |77.29

BMWD PP 14.54 |14.16 |14.54 |14.16 |15.54 |14.16

= 5 5 5 5 5 5

ZZTERN 1. 05 1.05 1.05 1. 05 1. 05 1. 05

KE M - 2.5 - 2.5 - 2.5

MFR (230°C. 3.8 kg) 8.8 4.8 14. 8 8.4 23.2 13.2
(g/10 min)

FEEMMA (ppm) 5082 1492 5485 1112 6407 2294

FREEMMA(ERR (%) - 70 - 79 - 64
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=

(a) olefin polymers, (b) polymers of vinyl aromatic

(c) polymers of substitured acrylic esters, and (d) graft
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WO 03/014214 PCT/IB02/03083

RETARDING THE THERMAL DEGRADATION OF POLYMERS USING
UNSATURATED ALIPHATIC COMPOUNDS
Field of the Invention
This invention relates to a process for ma.\f:ing thermally stable polymers, including graft
copolymers comprising a backbone of a propylene polymer material.
Background of the Invention

All polymers, natural or synthetic, generally undergo thermal degradation at high
temperatures, both in the presence and in the absence of oxygen. The degree of degradation
varies for different polymers and can arise not only from the wide variety of chemical
structures, but for a given polymer, from differences in crystallinity, morphology, or the
nature and amount of catalyst residue that is present. Degradation of the polymer results not
only in increasing melt flow index or color, but also affects the melt processability of the
polymers at elevated temperatures and their mechanical properties over time.

One type of polymer that is particularly susceptible to thermal degradation at
relatively low temperatures is polymers that are substituted at the alpha-carbon atom such as
poly(methacrylates), poly(methacrylonitriles) and poly(alpha-methylstyrene). Of these,
poly(methacrylates) and particularly poly(methy! methacrylate) (PMMA) are the most widely
used in commercjal applications. However, their use is limited by their poor thermal stability
at processing temperatures. Copolymerization with a minor amount of non-methacrylate
monomer such as methyl acrylate, ethyl acrylate, butyl acrylate or styrene is often required to
improve stability for processing in commercial applications. If a comonomer is not used,
PMMA could depolymerize readily at high conversion (>95%) above 300°C. However,
copolymerization affects the mechanical and molecular properties of PMMA.
Depolymerization during processing also raises safety and health concerns due to monomer
exposure, and odor associated with the monomer. The free monomer in the polymer can also
lead to surface irregularities called splay, as well as odor in the finished product.

U.S. 6,046,273 describes a method for increasing the thermal stability of alpha-substituted
acrylate graft copolymers by pgrafting to the backbone of propylene polymer material
monomers comprising (a) an acrylic acid substituted at the alpha-carbon atom by a 1-3 C
alkyl group and (b) an ester of an acrylic acid substituted at the alpha-carbon atom by a 1-3 C
alkyl group. International Patent Publication WO 00/08078 describes a methed for increasing
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the (herr:nal stability of acrylic-grafted propylene polymérs by graft polymerizing in the
presence‘of a 4-vinyl-substitllted 5-12 C cyclic 1-alkene, which acts as an end-capping agent.

Polymers that are unsubstituted in the alpha-position such as polyethylene,
polypropylene, polystyrene, and polyacrylonitrile, generally degrade by random scission at
temperatures higher than those at which depolymerization of alpha-substituted polymers takes
place, resulting in rapid loss of molecular weight and mechanical properties. In the presence
of oxygen, degradation can also proceed via formation of hydroperoxide species, causing
further decomposition.

U.S. 5,914,194 discloses vinylidene chloride compositions having enhanced thermal
stability lind a decreased tendency to degrade while being extruded by using certain fatty acid

derivatives, particularly fatty acid derivatives of castor oil, as a stabilizer in amounts up to

one aliphatic un
]

composi‘ﬁons agz!inst radiatiq‘;)n-induced degra@ation is disclosed in U.S. 6,017,986.

|

;
about 4.0% by wjight, along with up to about 2 weight percent of a plasticizer. Use of at least

aturated compound, e.g., soybean oil or safflower oil, to stabilize polyolefin
I i

here is “still a need for a method 'to increase the thermal stability of polymers,
including graft copolymers of propylene polymer materials, under melt processing conditions,
compared with that achievable with methods currently used for this purpose.
Summary of the Invention

”fhe process of this invention for improving the thermal stability of polymers
compn's;s blendihg, before melt processing, (1) a polymer selected from the group consisting
of (a) olefin polymers, (b) polymers of vinyl-substituted aromatic compounds, (c) polymers of
acrylic esters selected from the group consisting of (i) an ester of an acrylic acid substituted at
the alpha-carbon atom by a 1-3 C alkyl group, and (ii) a combination of (i) and at least one
monomer capab! ‘ie of being polymerized by free radicals, and (d) graft copolymers comprising
a backbone of a propylene polymer material having graft polymerized thereto a monomer
selected| from the group consisting of (i) an ester of an acrylic acid substituted at the alpha-

carbon atom byé 1-3 C alkyl group, and (ii) a combination of (i) and at least one monomer

capable of being polymerizéd by free radicals, and (2) about 0.1% to about 5%, based on the
weight of the polymer, of at least one aliphatic compound having at least one site of
unsamri;tion, the compound having a molecular weight of at least 200 and an iodine number

of at least 10.
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Also dgisclosed is a composition comprising (1) a polymer selected from the group
consisting of (a) polymers of vinyl-substituted aromatic compounds, (b) polymers of acrylic
esters selected from the group consisting of (i) an ester of an acrylic acid substituted at the
alpha-carbon atom by a 1-3 C alkyl group, and (i) a combination of (i) and at least one
monome‘r capable of being polymerized by free radicals, and (¢) graft copolymers comprising

a backbone of ai propylene polymer material having graft polymerized thereto a monomer
selected Jfrom the group consisting of (i) an ester of an acrylic acid substituted at the alpha-

carbon afom by a 1-3 C alkyl group, and (ii) a combination of (i) and at least one monomer

capable of being i:olymerize:d by free radicals, and (2) about 0.1% to about 5%, based on the

weight &J_pf the polymer, of at least one aliphatic compound having at least one site of
unsaturaﬁon, the compound having a molecular weight of at least 200 and an iodine number
of at least 10.

I;‘he aliphatic unsaturated compound retards degradation of the polymer during melt
processihg. The improvement in thermal stability of the polymer is indicated by a lower melt
flow rate (MFR), a shifting of the weight loss vs temperature curve generated by
thermogravimetric analysis (TGA), towards higher temperatures, and/or lowering of the
amount of the residual monomer in pelletized samples.

Brief Description of the Drawings
igure 1 is a plot of temperature (°C) against the % of the original weight of the
grafted polymer [a:.nd shows the weight loss during TGA and therefore the thermal stability of
(1) a graft copcflymer comprising a. backbene of propylene homopolymer, to which was

|
grafted |L01)f(n1e§hyl methacrylate-co-methyl acrylate) without the unsaturated additive, (2) a

l

graft copolymer ‘comprising a backbone of propylene homopolymer, to which was grafted a
copolym‘er of methyl methacrylate and methyl acrylate, blended with 5% soybean oil, and (3)
a graft cbpolymer comprising a backbone of propylene homopolymer, to which was grafted a
copolyn::ler of methyl methacrylate and 5% methacrylic acid, blended with 5% soybean oil.
In all of the figures, sufficient broad molecular weight distribution propylene homopolymer
was added to the graft copolymer compositions used to generate the TGA data to adjust the
effective add level to 50 parts of polymerized monomers per 100 parts of propylene
homopolymer.

Figure 2 shows the effect of various oils (2.5 wt. %) on the residual methyl

methacrylate cop‘csntration (ppmy), the % reduction in residual methyl methacrylate, and the

3
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MEFR of ‘E graft copolymer comprising a backbone of propylene homopolymer, to which was

grafted poly(methyl methacrylate-co-methyl acrylate).

igure 3|ishows the effect of various oils (2.5 wt. %) on the residual methyl

i
methacrylate corlcentration tppm), the % reduction in residual methyl methacrylate, and the

MFR of 2 graft copolymer comprising a backbone of propylene homopolymer, to which was
grafted a copolymer of methyl methacrylate and 10% methacrylic acid.
Detailed Description of the Invention

The process of this invention for improving the thermal stability of polymers
comprises blending, before melt processing, (1) a polymer selected from the group consisting
of (a) olefin polyﬁlers, (b) polymers of vinyl-substituted aromatic compounds, (c) polymers of
acrylic esters selected from the group consisting of (i) an ester of an acrylic acid substituted at
the alpha-carbon atom by a 1-3 C alkyl group, and (ii) a combination of (i) and at least one
monomer capable of being polymerized by free radicals, and (d) graft copolymers comprising
a backbone of a,propylene polymer material having graft polymerized thereto a monomer
selected [from thy ‘ group consisting of (i) an ester of an acrylic acid substituted at the alpha-
carbon atom by a 1-3 C allgyl group, and (ii) a combination of (i) and at least one monomer

capable pf being‘i‘polymeliz‘ed by free radicals, and (2) about 0.1% to about 5%, based on the

weight of the polymer, of at least one aliphatic compound having at least one site of
unsaturation, the compound having a molecular weight of at least 200 and an iodine number
of at least 10, preferably at least 25.

S“uitable olefin polymers that can be used in the process of this invention include, for
example, polyethylene and polypropylene.

Suitable polymers of vinyl-substituted aromatic compounds include, for example,
polymers of styrene, alpha-methylstyrene, para-methylstyrene, and other ring-substituted
styrenes.

\ENhen the polymer used in the process of this invention is a polymer of an acrylic
ester, th];e ester i§ an ester of an acrylic acid substituted at the alpha-carbon atom by a 1-3 C
alkyl group. D}[ethacrylic acid is the preferred substituted acrylic acid. Suitable esters
include,| for exiample, the methyl, ethyl, butyl, benzyl, phenylethyl, epoxypropyl, and
hydroxypropyl ééters. Estérs of 1-4 C alkanols are preferred. Methyl methacrylate is most

preferred.
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‘When the acrylic ester is a combination of (i) an ester of an acrylic acid substituted at
the alpha-carbon atom by a 1-3 C alkyl group and (ii) at least one monomer capable of being
polymetij,zed by free radicals, the monomer capable of being polymerized by free radicals can
be any monomeric vinyl compound capable of being polymerized by free radicals where the
vinyl radical HyC=CR-, in which R = H or methyl, is attached to a straight or branched
aliphatic chain or to a substituted or unsubstituted aromatic, heterocyclic, or alicyclic ring in a
mono- oir polycyclic compound. Typical substituent groups can be alkyl, hydroxyalkyl, aryl,
and halo; Usually the viny! monomer will be a member of one of the following classes: (1)

vinyl-substituted . aromatic, heterocyclic, or alicyclic compounds, including styrene,

vinylnap‘nthalene,‘ vinylpyridine, vinylpyrrolidone, vinylcarbazole, and homologs thereof, e.g.,
1

alpha- aid para-methylstyrene, methylchlorostyrene, p-tert-butylstyrene, methylvinylpyridine,

and eth; wiuylpy“'dine; 2) ;viuyl esters of aromatic and saturated aliphatic carboxylic acids,

including vinyl formate, vinyl acetate, vinyl chloroacetate, vinyl cyanoacetate, vinyl
propionate, and vinyl benzoate; and (3) unsaturated aliphatic nitriles and carboxylic acids and
their derivatives, including acrylonitrile; methacrylonitrile; acrylamide; methacrylamide, and
acrylic a!cid; acrylate esters, such as the methyl, ethyl, hydroxyethyl, 2-ethylhexyl, and butyl
acrylate esters; methacrylic acid; ethacrylic acid, and methacrylate esters such as the methyl,
ethyl, butyl, benzyl, phenylethyl, phenoxyethyl, epoxypropyl, and hydroxypropyl
methacrylate esters. One or more of these monomers can be used.

Oilefm polymers, polymers of vinyl-substituted aromatic compounds, and polymers of
acrylic esters are all commercially available.
The propylene polymer material that is used as the backbone of the graft copolymer can be:
(a) a crystall%ne homopolymer of propylene having an isotactic index greater than 80,
preferably about 85 to about 99;

(b)a crystall"j 5 copolynier of propylene and an olefin selected from the group consisting
i .

of ethylene and 4-10 C alpha-olefins, provided that when the olefin is ethylene, the
maximum polymerized ethylene content is 10% by weight, preferably about 4%, and when
the olefin is a 4-10 C alpha-olefin, the maximum polymerized content thereof is 20%,
preferably about 16%, by weight, the copolymer having an isotactic index greater than 85;

(© al crystalline terpolymer of propylene and two olefins selected from the group
consisting of ethylene and 4-8 C alpha-olefins, provided that the maximum polymerized 4-
8 C alpha-olefin content is 20% by weight, preferably about 16%, and, when ethylene is
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one of the olefins, the maximum polymerized ethylene content is 5% by weight, preferably
about ;4%, the terpolymer having an isotactic index greater than 85;
(d) an: olefin polymer composition comprising:

J(i) ab0u$ 10% to about 60% by weight, preferably about 15% to about 55%, of a
crystalline propylene homopolymer having an isotactic index greater than 80,

J

Preferab‘i;y about 8§ to about 98, or a crystalline copolymer of monomers selected

om ﬂqugroup congisting of (a) propylene and ethylene, (b) propylene, ethylene and
a 4-8 C‘ alpha—oleﬁn, and (c) propylene and a 4-8 C alpha-olefin, the copolymer
having a polymerized propylene content of more than 85% by weight, preferably
‘about 90% to about 99%, and an isotactic index greater than 85;
(ii) about 5% to about 25%, preferably about 5% to about 20%, of a copolymer of
ethylene and propylene or a 4-8 C alpha-olefin that is insoluble in xylene at ambient
temperature, and
(iii) about 30% to about 70%, preferably about 20% to about 65%, of an elastomeric
copolymer of monomers selected from the group consisting of (a) ethylene and
propylene, (b) sthylene, propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a
4-8 C alpha-olefin, the copolymer optionally containing about 0.5% to about 10% of
a diene,gf and containing less than 70% by weight, preferably about 10% to about
60%, mExst preferably about 12% to about 55%, of polymerized ethylene and being
soluble "n Xylene at ambijent tempergture, and having an intrinsic viscosity of about
1.5 to about 4.0 dl/g,
wherein the total ‘ amount of (ii) and (iii), based on the total olefin polymer
composition, is about 50% to about 90%, the weight ratio of (ii)/(iii) is less than 0.4,
preferably 0.1 to 0.3, and the composition is prepared by polymerization in at least
two stages, and has a flexural modulus of less than 150 MPa; or

() a thermoplastic olefin comprising:

(i) about 10% to about 60%, preferably about 20% to about 50%, of a crystalline

propylene homopolymer having an isotactic index greater than 80, or a crystalline

copolymer of monomers selected from the group consisting of (a) ethylene and

propyle?e, (b) ethylene, propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a

4-8 C allpha-olefin, the copolymer having a polymerized propylene content greater

than 85% and an isotactic index of greater than 85;

6
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(if) about ‘20% to about 60%, preferably about 30% to about 50%, of an amorphous
opolymér of monomers selected from the group consisting of (a) ethylene and

propylene, (b) ethyiene, propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a
;4—8 C alpha-olefin, the copolymer optionally containing about 0.5% to about 10% of
a diene and containing less than 70% polymerized cthylene and being soluble in
éaylene at ambient temperature; and

(iii) about 3% to about 40%, preferably about 10% to about 20%, of a copolymer of

ethylene and propylene or a 4-8 C alpha-olefin that is insoluble in xylene at ambient

temperature,

wherein the composition has a flexural modulus of greater than 150 but less than 1200

MPa, preferably about 200 to about 1100 MPa, most preferably about 200 to about

1000 MP3

Room or eunbienl‘temperalure is ~25°C.

4-8 C A pha—olefms useful in the preparation of (d) and (e) include, for example, butene-1;

pentene-1; hexen"e—l; 4—metdylpemene~1, and octene-1.
The diene, when prei:sent, is typically a butadiene; 1,4-hexadiene; 1,5-hexadiene, or
ethylidenenorbornene.

Propylene polymer materials (d) and (e) can be prepared by polymerization in at least
two stages, where in the first stage the propylene; propylene and ethylene; propylene and an
alpha-olefin, or propylene, ethylene and an alpha-olefin are polymerized to form component
(i) of (d) or (e), and in the following stages the mixtures of ethylene and propylene; ethylene
and the alpha-olefin, or ethylene, propylene and the alpha-olefin, and optionally a diene, are
polymerized to form components (i} and (iii) of (d) or (e).

The polymerization can be conducted in liquid phase, gas phase, or liquid-gas phase
using separate réactors, all of which can be done either by batch or continuously. For
example, it is poésiblc to carry out the polymerization of component (i) using liquid propylene
as a diluent, éd the polymerization of components (ii) and (iii) in gas phase, without

intermediate stages except for the partial degassing of the propylene. All gas phase is the

preferre'll method.
The preparation of propylene polymer material (d) is described in more detail in U.S.
Patents :5,212,.7/46 and 5,409,992, which are incorporated herein by reference. The
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preparatilon of propylene polymer material (€) is described in more detail in U.S. Patents
53 02,451‘1 and 5,409,992, which are incorporated herein by reference.
Propylene homopolymer is the preferred propylene polymer backbone material.

The monomers that can be graft polymerized onto the backbone of propylene polymer
material ‘,are selected from the group consisting of (i) an ester of an acrylic acid substituted at
the alphd-carbon atom by a 1-3 C alkyl group, and (ii) a combination of (i) and at least one
monomey capable of being polymerized by free radicals.

Qne of the monomers that can be graft polymerized onto the backbone of propylene

polymer material is an ester iof an acrylic acid substituted at the alpha-carbon atom by a 1-3 C

alkyl group. M‘;ethacrylic 1acid is the preferred substituted acrylic acid. Suitable esters

include, for example, the méthyl, ethyl, benzyl, phenylethyl, Iphsnuxyethyl, epoxypropyl, and
hydroxybropyl esters. Bsters of 1-4 C alkanols are preferred. Methyl methacrylate is most
preferred.

‘When a combination of an ester of a substituted acrylic acid and at Jeast one monomer
capable of beiné polymerized by free radicals is used, the monomer capable of being
polymerized by free radicals can be any of the monomeric vinyl compounds described
previously in connection with the polymers of acrylic esters.

The preferred combination of an ester of a substituted acrylic acid and a monomer
capable :0f being polymerized by free radicals is a combination of methyl methacrylate and
methyl, gethyl, of butyl acrylate; a combination of methyl methacrylate and styrene, or a
combinawltion of “ethy] methacrylate and methacrylic acid.

q‘he total pmount of polymerized monomers used to make the graft copolymer is about
20 to about 240 parts, preferably about 30 to about 95 parts, per hundred parts of the
propy]en‘re polymer material.

The graft copolymer can be made according to any one of various methods. One of
these methods involves forming active grafting sites on the propylene polymer material by
treatment with a peroxide or other chemical compound that is a free radical polymerization
initiator, or by irradiation with high energy ionizing radiation. The free radicals produced in
the polymer as a result of the chemical or irradiation treatment form active grafting sites on
the polymer and initiate the polymerization of the monomers at these sites.

]5uring the graft polymerization, the monomers also polymerize to form a certain

amount bf free or ungrafted polymer or copolymer. The morphology of the graft copolymer

)
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is such that the propylene polymer material is the continuous or matrix phase, and the
polymerized monomers, both grafted and ungrafted, are a dispersed phase.

The last |step of the process for making the graft copolymers is removing any

unreacted grafti ng monomer from the resulting grafted propylene polymer material,
decomp(ising any unreacted initiator, and deactivating any residual free radicals in the
material. |

Preparation of graft copolymers by contacting the propylene polymer with a free
radical polymerization initiator such as an organic peroxide and a vinyl monomer is described
in more detail in U.S. 5,140,074, which is incorporated herein by reference. Preparation of
graft copolymers by irradiating an olefin polymer and then treating with a vinyl monomer is
described in more detail in U.S. 5,411,994, which is incorporated herein by reference.

The degree of retardation of polymer degradation was found to depend on the degree
of unsaéuration of the unsaturated aliphatic compound and its concentration in the
formulation. The degree of unsaturation is indicated by the iodine number of the unsaturated
compound. A r}ninimum amount of unsaturation (iodine number of 10) is required. A
compound having multiplé unsaturation sites will typically be more effective than a
compound havij\g a smgleiunsatm'ation site. In general, from about 0.1% to about 5%,

preferably abouti;in% to e#bout 2.5%, based on the weight of the polymer, is added. The

molecuiar weigﬁt of the unsaturated aliphatic compound is typically at least 200, and
preferably at least 350, to avoid volatility problems during extrusion of the polymer.

Suitable unsaturated aliphatic compounds include, for example, fatty oils, squalene,
polybuta“diene, a tertiary amine having at least one aliphatic, unsaturated substituent derived
from a fatty acid, oleamide, calcium oleate, erucyl erucamide, and glycerol monooleate.
Many of these compounds are commercially available.

The fatty oils are composed largely of glycerides of the fatty acids, chiefly oleic,
palmitic; stearic, and linoleic acids, although they are typically described in terms of their
fatty aciél content. The presence of free acid in edible oils such as safflower oil is undesirable.
Thus, su§ch oils aire refined to ensure that there is little or no free acid present.

Soybean pil, safflower oil, and linseed oil are particularly preferred fatty oils for use in

the practice of ﬂﬁs inventiot}. Soybean oil is a drying oil extracted from soybeans and has an
iodine v%lue of 123-140. Safflower oil is a drying oil extracted from safflower (carthamus)

seed and has an iodine number of about 145. Linseed oil is a drying oil extracted from
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flaxseed ‘and has an iodine value of about 180. The oils are readily available and less
expensive than adding antioxidants to the polymers or adding comonomers in the case of
substituted acrylic acid esters.

Squalene is an aliphatic hydrocarbon having six unconjugated double bonds, has an
iodine number of ébout 310, a molecular weight of 423, and is found in shark liver oil.

The polybutadiene can have significant unsaturation (e.g., an iodine value of about
470) and can contain a variety of cis- and traps-upsaturation. These polymers are
commerz;ially available, e.g., a polybutadiene containing 70% 1,2-vinyl double bonds, 20%
1,4-trans‘ vinyl bg}lds, and 10% 1,4-cis vinyl bonds.
" Suitable aliphatic, unsaturated amine compounds include oleamide and erucyl

erucamide, in addition to tertiary amines having at least one aliphatic, unsaturated substituent

derived from a fatty acid. ' An example of such a tertiary amine includes a commercially

available mixturg of cump(})unds having twd methyl groups and a mixture of substituents

derived from fatty acids comprising about 22% saturated Cy and Cig, 53% oleic acid, 22%
linoleic acid and 3% linolenic acid. The mixture has a calculated iodine value of 86.

The improvement in the thermal stability of a given polymer can be confirmed by
lower MFR, shifting of weight loss vs temperature curves towards higher temperatures using
TGA and/or lowering of the amount of residual monomer in the pelletized samples.

Another embodiment of the invention is a composition comprising (1) a polymer
selected from the group consisting of (a) polymers of vinyl-substituted aromatic compounds,
(b) polymers of acrylic esters selected from the group consisting of (i) an ester of an acrylic
acid substituted at the alpha-carbon atom by a 1-3 C alkyl group, and (i) a combination of (i)
and at least one monomer capable of being polymerized by free radicals, and (c) graft
copolymers comy ising a backbone of a propylene polymer material having graft polymerized
thereto 2 monormer selecteid from the group consisting of (i) an ester of an acrylic acid

substituted at thej a[pha~carb:0n atom by a 1-3 C alkyl group, and (ii) a combination of (i) and

at least one monomer capal‘;le of being polﬁneﬁzed by free radicals, and (2) about 0.1% to
about 5%, based on the weight of the polymer, of at least one aliphatic compound having at
least one site of unsaturation, the compound having a molecular weight of at least 200 and an
iodine number of at least 10. The polymer components and the unsaturated aliphatic
compounds are the same as those described above in relation to the process for improving the

thermal stability of the polymers.
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The compositions of this invention can easily be impact-modified by the addition of
one or more rubber components selected from the group consisting of (i) an olefin copolymer
tubber, (i) a monoalkenyl aromatic hydrocarbon-conjugated diene block copolymer, and (iif)
a core-shell rubber. Any of these rubber components can have acid or anhydride functionality
or can bg free ofjthese functional groups. The preferred rubber components are (i) and (ii),
either alone or in Ecombination.

Suitable alefin copolymer rubbers include, for example, saturated olefin copolymer

i

rubbers |such as ethylene/propylene monomer rubbers (EPM), ethylenefoctene-1, and
i

ethylene/butene-1 rubbers, and unsaturated olefin terpolymer rubbers such as
ethylene/propylene/dienc monomer rubbers (BPDM). The preferred olefin copolymer rubbers
are cthy]éne/propylene, ethylene/butene-1, and ethylene/octene-1 copolymers.

Tlle monoalkenyl aromatic hydrocarbon-conjugated diene block copolymer can be a
thermoplastic elastomer of the A-B (or diblock) structure, the linear A-B-A (or triblock)
structure, the radial (A-B), type where n = 3-20%, or a combination of these structure types,
wherein each A block is a monoalkenyl aromatic hydrocarbon polymer block, and each B
block is\; an unsaturated rubber block. Various grades of copolymers of this type are
commercially available. The grades differ in structure, molecular weight of the mid and end

blocks, gnd ratiojof monoalkenyl aromatic hydrocatbon to rubber. The block copolymer can

also Le nydroge::‘ated. Typical monoalkenyl aromatic hydrocarbon monomers are styrene,
L P y yr

ring-substituted g1-4 C linqar or branched alkyl styrenes, and vinyltoluene. Styrene is

preferre: L Suitféble conjujgatEd dienes in}clude, for example, butadiene and isoprene.
Preferred block copolymers are hydrogenated —styrene/ethylenc-butene/styrene triblock
copolym‘ers.

The weight average molecular weight My, of the block copolymers generally will be in
the rangg of about 45,000 to about 260,000 g/mole, average molecular weights in the range of
about 50,000 to about 125,000 g/mole being preferred because they produce compositions
having the best balance of impact strength and stiffness. Also, while block copolymers
having unsaturated as well as saturated rubber blocks can be used, copolymers having
saturated rubber blocks are preferred, also on the basis of the impact/stiffness balance of the
compositions containing them. The weight ratio of monoalkenyl aromatic hydrocarbon to
conjuga 2cd diene rubber in the block copolymer is in the range of about 5/95 to about 50/50,
preferably about 310/ 90 to about 40/60.
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The coredshell rubber components comprise small particles of crosslinked rubber

\

phase surrounded by a compatibilizing shell, normally a glassy polymer or copolymer. The

|

core is rT'pically diene ru‘t;fber such as butqﬂiene or isoprene, or an acrylate. The shell is

typically
and acrylonitrile. Particularly preferred core-shell rubbers have an acrylate core.

la polymer of two or more monomers selected from styrene, methyl methacrylate,

Suitable impact modifiers include, for example, Engage 8100, 8150, and 8200
ethylene/octene-1 copolymers, commercially available from DuPont Dow Elastomers; EPM
306P random ethylene/propylene copolymer, commercially available from Miles Inc., Polysar
Rubber Division; Kraton G 1652 styrene/ethylene-butene/styrene triblock copolymer,
commercially available from Shell Chemical Company; Exact ethylene/butene-1 copolymers,
commeréially available from Exxon Chemical, and KSO80 and XS350 heterophasic
polyolefins, commercially available from Basell USA Inc.

ihe impact modifier, if present, is used in an amount of about 2% to about 30%,
preferal;‘ly about §% to about 15%, by weight, based on the total weight of the composition.

rhe com‘positions of this invention can also contain a broad molecular weight
distributjon (Mw/ll‘\/l,,) propyl«jene polymer material (BMWD PP). The BMWD PP has a My/M,
of abouti5 to about 60, preferably about 5 to about 40; a melt flow rate of about 0.5 to about
50, preferably about 1 to about 30 g/10 min, and xylene insolubles at 25°C of greater than or
equal to'94%, preferably greater than or equal to 96%, and most preferably greater than or
equal to 98%. The propylene polymer material having a broad molecular weight distribution
can be a homopolymer of propylene or an ethylene/propylene rubber impact-modified
homopolymer of propylene, wherein the propylene homopolymer has a broad melecular
weight distribution.

The BMWD PP can be prepared by sequential polymerization in at least two stages, in
the prese;nce of a Ziegler-Naita catalyst supported on magnesium halide in active form. The
peolymerization process occurs in separate and consecutive stages, and in each stage
polymerizalion tgkes place in the presence of the polymer and the catalyst coming from the
preceding stage.

’JWThe polymerization process can be carried out in a batch or in a continuous mode
according to known techniques, operating in liquid phase in the presence or not of an inert

diluent, or in gas phase, or liquid-gas phase, preferably in gas phase. The preparation of the
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BMWD PP is described in more detail in U.S. Patent 5,286,791, which is incorporated herein
by refercince.

The BMWD PP, if present, is used in an amount of about 5% to about 90%, preferably
about 10% to about 70%, based on the total weight of the composition.

Either one or both of the rubber component and the BMWD PP can be added to the
composition.

The polymer compositions can also include other additives that are conventionally
employeL in thé art, such as pigments, slip agents, waxes, antiblocking agents, and
antioxidants.

T‘he melt|flow rate of the graft copolymers is measured according to ASTM 1238 at
230°C ar‘Ld 38 kgll The mclt‘ﬂow rate of propylene polymers is measured according to ASTM
1238 at 230°C and 2.16 kg.

The porosity of the propylene homopolymer used as the backbone polymer in the
manufacture of the graft copolymers is measured as described in Winslow, N. M. and
Shapiroﬂ J. I, “An Instrument for the Measurement of Pore-Size Distribution by Mercury
Penetration,” ASTM Bull., TP 49, 39-44 (Feb. 1959), and Rootare, H. M., "Review of
Mercury Porosimetry," 225-252 (In Hirshhom, J. S. and Roll, K. H., Eds, Advanced
Experimental Techniques in Powder Metallurgy, Plenum Press, New York, 1970).

Isotactic index is defined as the xylene insouble fraction. The weight percent of olefin
polymerlk soluble in xylene at room temperature is determined by dissolving 2.5 g of the
polymcriin 250 ml of xylene in a vessel equipped with a stirrer, that is heated at 135°C with
agitation for 20 thinutes. The solution is cooled to 25°C while continuing the agitation, and
then left|to stancjrwithout agitation for 30 minutes so that the solids can settle. The solids are
filtered yith ﬁltér paper, the remaining solution is evaporated by treating it with a nitrogen
stream, ‘1nd the solid residué is vacoum dried at 80°C until a constant weight is reached. The
percent by weight of polymer insoluble in xylene at room temperature is the isotactic index of
the poly“mer. The value obtained in this manner corresponds substantially to the isotactic
index deétermined via extraction with boiling n-heptane, which by definition constitutes the
isotactic index of the polymer.

Intrinsic viscosity was measured in decahydronaphthalene at 135°C.

Molecular weight measurements were made by gel permeation chromatography.
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Polydispersity index (PT) is defined a‘s the inverse of the cross-over modulus obtained
from a éequency scan as described in G. R. Zeichner and P. D, Patel, “A Comprehensive
Evaluation of Polypropylene Melt Rheology”, Proc. 2" World Cong. On Chem. Eng,, Vol. 6,
p. 333, Iomreal,hl%l.

Residual | methyl methacrylate (MMA) was determined by gel permeation

chromatography (GPC) using acetone ultrasonic extraction.

In this specification all parts and percentages are by weight unless otherwise noted.
Example 1

I‘his example describes the effect of soybean oil on the thermal stability of a graft
copolym:er comprising a propylene homopolymer backbone, to which was grafted a methyl
methacrylate copolymer. The graft copolymers are designated as PP-g-(MMA-co-MeAc) and
PP-g-(MMA-co-MAA) in Table 1.

In this and the following examples the propylene homopolymer used as the backbone
polymer had the following properties: spherical form, a MFR of 9 g/10 min, a porosity of
0.45 emi/g and 2 My, of 170,000.

”[“he moni?mers were grafted onto the propylene homopolymer backbone at a grafting
temperature of 115°C using the previously described peroxide-initiated graft polymerization
process. Ninety};ﬁve parts by weight of monomers were added per 100 parts of propylene
homopolymer. ‘For the methyl methacrylate/methyl acrylate copolymer (MMA-co-MeAc),

the methyl acrylale was 54.4% by weight of the total monomers. For the methyl
methacrylate/methacrylic acid copolymer (MMA-co-MAA), methacrylic acid was 5% of the
total mdnomers. Lupersol PMS 50% t-butyl peroxy-2-ethyl hexanoate in mineral spirits,
com.mericially available from EIf Atochem, was used as the peroxide initiator. The monomers
were fed at a rate of 1 pph/min. A monomer to initiator molar ratio of 120 was used. After
the grafting reaction was complete, the temperature was raised to 140°C for 2 hours under a
nitrogen purge.

The soybean oil was added to the graft copolymer and a broad molecular weight
distribution propylene homopolymer (BMWD PP), and the mixture was allowed to stand
overnight. Calcium stearate and the Irganox B-225 antioxidant were then added. The
BMWD| PP was}added to adjust the effective add level to 50 parts of polymerized monomers
per hundred parts of propylene homopolymer. It had a polydispersity index of 7.4, a MER of

1 ¢/10 min, and‘xylene solubles at room temperature of 1.5%, and is commercially available

14
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from Baell USA Inc. The amounts of graft copolymer, BMWD PP, soybean oil, calcium
stearate, ‘Lmd antioxidant are'shown in Table 1. Irganox B-225 antioxidant is a blend of 1 part
Irganox ‘ 1010 antioxidant and 1 part Irgafos 168 tris(2,4-di-t-butylphenyl) phosphite
antioxidant, commercially available from Ciba Specialty Chemicals Corporation. All
amoumsi in Table 1 are given in weight per cent unless otherwise noted. Residual MMA is
given in parts per million parts of the total composition.

The blends were homogenized prior to compounding to disperse the oil, either by hand
shaking or tumble blending, and then extruded on a Leistritz 34 mm twin screw extruder at
230°C au‘: a feed rate of 20 Ib/hr and a screw speed of 300 rpm.

'he thermal stability of the pelletized samples was assessed by TGA using a Perkin-
Elmer ’J’.jGAJ aﬂalyzer. About 7.5 mg of sample was scanned at 10°C/min in nitrogen from
30°C to [900°C zlnd the weight loss was monitored. The weight loss/temperature curve of

selected ;samples‘is shown in Figure 1 and numerically represented in Table 2.

Table 1

Sample Contro! 1 2 Control 2 3 4

1
PP-g-(MMA- 67.7 66.0 64.3
co-MeAc)
PP-g-(MMA- 67.7 66.0 643
co-MAA}
BMWD PP 31.8 31.0 30.2 318 31.0 30.2
Soybean[oil 0.0 25 5.0 0.0 25 5.0
Calcium 0.1 0.1 0.1 0.1 0.1 0.1
stearate |
Antioxidant 0.4 0.4 0.4 04 0.4 04
MFR (230°C, [ 12.0 8.2 8.0 14.8 7.2 78
3.8 ko) | (/10 :
min) )
Residual MMA | 2938 937 601 2071 904 858
(ppm)
Residual MMA | - 68 79 - 56 58
reduction (%)

15
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Table 2
Temperature (°C)
PP-g-(MMA-co- PP-g-(MMA-co- PP-g-(MMA-GO-MAA),
i MeAc), No oil MeAc), 5% Soybean | 5% Soybean oil
i ol
% Weightioss || 280 337 342
2% Weight loss | 311 359 367
3% Weigit loss | 325 367.5 381.2
4% Weight loss | 335 3738 387.5
5% Weight loss 342.5, 379 391
0% Weight loss 364 390 207 |

|

The improvement in the thermal stability when soybean oil was present was confirmed
by the lowering of the MFR of the pelletized samples, by a lower residual MMA level in the
compounded samples, and by weight loss at relatively higher temperatures by TGA.

Example 2

Graft copolymers comprising a backbone of propylene homopolymer, to which were
grafted tMMA-co-MeAc) and (MM-co-MAA) were prepared as described in Example 1,
except bat 10% MAA was used instead of 5%. The components of the compositions were
combined as des[‘cribed in Example 1. The same BMWD PP was used as in Example 1 and
was added to adjust the effective add level to 50 parts of polymerized monomers per hundred
parts of 'propyleq[e homopolymer. The amounts of graft copolymer, BMWD PP, soybean oil,
calcium-v stearate: and the hntioxidant are shown in Table 3. The BMWD PP and the
antioxidant are the same as in Example 1. All amounts are given in weight per cent unless
otherwise noted.

The blends were homogenized prior to compounding to disperse the oil and were then

extruded as described in Example 1.
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Table 3

Sample Co ‘tml 101 ¢ 2 3 Control 2 | 4 5 8
PP-g-(MMA- 67170 67.36 | 67.00 66.70
co-MeAc)
PP-g-(MMA- 67.70 67.36 67.00 66.70
co-MAA)
BMWD PP 31.80 31.60 | 31.50 31.30 31.80 31.80 31.50 31.30
Soybean oil 0.00 0.50 1.00 1.50 0.00 0.50 1.00 1.50
Calcium ; 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
stearate
Antioxi-dant 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
MFR (230°C, | 212 19.6 18.0 15.2 13.2 13.2 10.0 11.2
3.8 kg) {g/10
min)
Residual 3739.0 2084. | 1256.0 | 977.0 1384.0 948.0 724.0 591.0
MMA (ppm) § 0
Residual - . 44,0 |66.0 74.0 - 320 48.0 57.0
MMA  reduc- .
tion (%) '

Residual MMA reduction was realized at 0.5, 1.0, and 1.5% oil. The MFRs were also
lower than the respective control samples without the oil.
Example 3
This example demonstrates the effectiveness of various oils in controlling the
degradation of graft copolymers comprising a propylene homopolymer backbone, to which
were grafted two different methyl methacrylate copolymers. The oils selected and their

iodine numbers are given in Table 4.

Table 4
Qil (2.5%, lodine Number Ranking (high to low)
Linseed ojl ' 180 1
Safflower pil ‘ 145 2
Soybean il ﬁ 123-140 3
Com oil j i 1128 4
Peanut ol i 90 5
Palm oil 50 6
Coconut oil 10 7
17
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The effect of these oils on the MFR and the residual MMA concentration are
represented in Figures 2 and 3. The graft copolymer tested in Figure 2 had a backbone of
propylenie homopolymer to which was grafted a methyl methacrylate/methyl acrylate
copolymer, wherein the amount of methyl acrylate was 4.4% of the total monomers. The
graft copolymer tested in Figure 3 had a backbone of propylene homopolymer, to which was
grafted .a methyl methacrylate/methacrylic acid copolymer, wherein the amount of
methacrylic acid was 5% of the total monomers. Both graft copolymers were prepared as
describe(‘i in Example 1. In each case 2.5% of the oil was used.

It is evid'rm from these data that oils having a higher degree of unsaturation, i.e., a
higher iodine nur ber, were more effective in retarding the degradation of the poly(methyl
methacrilate) (P] .) MA) in the graft copolymer.

Exaﬁlgle 4

This example shows the effect of soybean oil on the stability of polystyrene as
determined by TGA. The polystyrene had a M,, of 280,000 and is commercially available
from Aldrich Chemical Company.

The polystyrene was first ground and then mixed with 2.5% soybean oil. ﬁ.‘he data

from the weight loss/temperature curve obtained by TGA are given in Table 5.

Table 5
Weight loss (wt. %) Polystyrene, No oil Polystyrene + 2.5% Soybean
‘ oil
1 352°C 372°C
2 379°C 394°C
4 ! 391°C 407°C
5 o 398°C 413°C
s 402°C 417°C
10 i [409°C 427°C

In the presence of the soybean oil, any given % weight loss occurred at a higher
temperature than without the soybean oil being present.
Example 5
This example shows the effect of soybean oil on the degradation of alpha-
methylstyrene, which is less thermally stable than polystyrene because of substitution by the
methyl group in the alpha position of the phenyl ring. The poly(alpha-methylstyrene) had a

M, of 113,000 and is commercially available from Aldrich Chemical Company.
18
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The poly(alpha-methylstyrene) was first ground and then mixed with 2.5% soybean
oil. The data from the weight loss/temperature curve obtained by TGA are given in Table 6.

Table 6
Weight lobs (wt.%)] Poly{o-methylstyrene), No oil | Poly(c-methyistyrene) + 2.5%
Soybean oil
1 : 235°C 245°C
2 257°C 273°C
3 270°C 295°C
4 281°C 299°C
5 ‘ 289°C 303°C
10 307°C 315°C

In the presence of the soybean oil, any given % weight loss occurred at a higher
temperature than without the soybean oil being present
Example 6
This example shows the effect of soybean oil on the degradation of a graft copolymer
having a backbone of propylene homopolymer, to which polystyrene was graft polymerized
(PP-g-PS).

| ‘
The propylene homopolymer used as the backbone of the graft copolymer was the

same asl in Exa‘mple 1. The monomers were grafted onto the propylene homopolymer
backbonL at a grafting temperature of 120°C using the previously described peroxide-initiated
graft polymerization process. Eighty-five parts by weight of styrene were added per 100 parts
of propylene homopolymer. Lupersol PMS 50% t-butylperoxy-2-ethyl hexanoate in mineral
spirits, commercially available from EIf Atochem, was used as the peroxide initiator. The
monomer was fed at 1.0 pph/min, and a monomer to initiator molar ratio of 105 was used.
After completion of monomer and peroxide addition, the temperature was raised to 140°C for
60 minutes under a nitrogen purge.

Four different samples were extruded on a 34 mm Leistritz twin screw extruder with
and without 2.3% soybean oil and 0.2% Irganox B-225 antioxidant at a barrel temperature of
280°C, :BOO pm, and a throughput rate of 20 Ib/hr. The MFR of the samples after

compounding is shown in Table 7.
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Table 7

Sample ! 1 2 3 4

PP-g-PS Yes Yes Yes Yes

Antioxidant No Yes No Yes

Soybean oil No No Yes Yes

1
MFR (230°C, 3.8 | 64 70 288 18.8
kg) (g/10min}

The weight loss/temperature data from TGA. are numerically represented in Table 8.

Table 8

Weight Iss (Wi, %)

PP-g-PS + Irganox B-225, No

PP-g-PS + 2.5% Soybean oil +

oil Irganox B-225
1 348°C 382°C
2 ' 377°C 702°C
1 i [393°C 217°C
8 402°C 427°C
B 408°C 24°C
10 #11°C 427°C

The presence of the soybean oil resuited in a drop in MFR from 64 to 28.8 dg/min

without stabilizer and from 70 to 18.8 dg/min with stabilizer. In addition, the weight loss vs

temperature curve from TGA shifted towards higher temperatures.

Example 7

This example shows the effect of soybean oil on the thermal stability of propylene

homopolymer (PP) using TGA. The propylene homopolymer used as the backbone polymer

in Example 1 was mixed with 2.5% soybean oil. Propylene homopolymer without oil was

used as .Jli control‘ and the temperatures at which polymer weight loss occurred were compared.

The resuilts are giiven in Table 9.

20
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Table 9
Weight Loss (wt. %) PP, No oil PP + 2.5% Soybean oil
1 363°C 391°C
2 385°C 408°C
4 411°C 423°C
6 426°C 430°C
8 435°C 435°C

lhe temperature at which the propylene homopolymer lost up to 6% by weight shifted
upwardjin the piiesence of spybean oil.
Exainple 8

This example shows the effect of soybean oil on the thermal stability of poly(methyl
methacrylate) (PMMA) using TGA. The poly(methyl methacrylate) was Plexiglas VS,
commercially available from Rohm & Haas, having a My, of 82,700.

The formulations containing PMMA, calciwm stearate, and Irganox B-225 antioxidant,
with and without 1% by weight of linseed oil, were extruded on a Leistritz twin screw
extruder at a barrel temperature of 230°C, 300 rpm, and a throughput of 20 Ib/hr. The
amounts’ of each component, the MFR, the amount of residual MMA by GPC, and the %
reductioﬁ in residual MMA are given in Table 10. All amounts are given in weight % unless

otherwise noted., The weight loss/temperature data from TGA are numerically represented in

Table 11|

' Table 10
Sampls | ‘ T Control 1
PMMAT 595 985
Linseed dil 0 1
Calcium stearate 0.1 0.1
Antioxidant 04 0.4
MFR (230°C, 3.8 kg) (g/10 | 30 34
miny
MFR (230°C, 2.16 kg) (g/10 | 15 16
min)
Residual MMA (ppm) 643 227
Residual ‘MMA reduction (%) - 65

21
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Table 11 :l
Temperaiure (°C)
Weight lo;ss (%) T PMMA, No oil PMMA + 1% Linseed oil
1 .(303.6 3247
5 " 3432 351
10 ! 356.3 356.5
25 375 382.4
Example 9

The graft copolymer consisted of a propylene homopolymer backbone to which was
grafted a MMA/MeAc copolymer and was prepared as described in Example 1. The
components of the compositions were combined as described in Example 1. The BMWD PP
was the same as in Example 1 and was added to adjust the effective add level to 70 parts of
polymcrized monomers per hundred parts of propylene homopolymer. The amounts of graft
copolym,:er, BMWD PP, rubber, UV stabilizer masterbatch, and soybean oil are given in Table
12. All amounts|in Table 12 are in parts by weight unless otherwise noted.

"lihe rubbgr component was Engage 8150 polyolefin elastomer and is a copolymer of
ethylene| and ocfene contai‘ning 25% octene, commercially available from Du Pont-Dow
Blastomers. The UV stabilizer masterbatch contained 0.05% by weight Pationic 1240
modified calcium salt derived from lactic acid, commercially available from Patco Polymer
Additives Division, American Ingredients Company; 0.10% Irganox 1010 antioxidant; 0.10 %
Irgafos 12 phosphite antioxidant; 0.30% Tinuvin 328 antioxidant, which is 2-(2-hydroxy-3,5-
di-tert-amylphenyl-2H-benzotriazole; 0.25% Tinuvin 770 antioxidant, which is bis(2,2,6,6-
tetramethyl-4-piperidinyl) sebacate, and 0.25% Chimassorb 119 antioxidant, all commercially
available from Ciba Specialty Chemicals Corporation.

The samples were homogenized prior to compounding to disperse the oil and then
compoupded on a 40 mm co-rotating, intermeshing Werner-Pfleiderer twin screw extruder at
a tempeature of 210°-270°C, 475-500 RPM, and a through-put rate of 110-170 Ib/hr. Each
sample was extruded as pellets.

22
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Table 12

Sample Control 1 1 Control 2 2 Control 3 3
PP-g- 7941 7729 79.41 77.29 79.41 77.29
(MMA—co—‘
MeAc)
BMWD PP | 14.54 14.16 14.54 14.16 15.54 14.16
Rubber 5 5 5 5 5 5
Stabilizer 1.05 1.05 1.05 1.05 1.05 1.05
Soybean oil | - 25 - 25 - 25
MFR 8.8 4.8 14.8 8.4 232 13.2
(230°C, ?.s
ko) (a0
min} )
Residual’ 5082 14‘82 5485 1112 6407 2294
MMA (ppm)
Residual - 70 - 79 - 64
MMA
reduction
(%)

The improvement in the thermal stability when soybean oil was present was confirmed
by the lowering of the MFR of the pelletized samples and by a lower residual MMA level in
the compounded samples.

Other features, advantages and embodiments of the invention disclosed herein will be
readily aélpparentito those exercising ordinary skill after reading the foregoing disclosures. In
this regzird, whilF specific embodiments of the invention have been described in considerable

detail, Vlhxia\‘joné and modifications of these embodiments can be effected without departing

from the spirit and scope of the invention as described and claimed.

23
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Claims:

1.

A process for improving the thermal stability of polymers comprising blending,
before melt processing, (1) a polymer selected from the group consisting of (a) olefin
polymers, (b) polymers of vinyl-substituted aromatic compounds, (c) polymers of
agrylic esters selected from the group consisting of (i) an ester of an acrylic acid
sTbstitute@ at the alpha-carbon atom by a 1-3 C alkyl group, and (ii) a combination of

(1) and at;least one monomer capable of being polymerized by free radicals, and (d)
graft copolymers comprising a backbone of a propylene polymer material having graft
p}olymeriied thereto a monomer selected from the group consisting of (i) an ester of an
acrylic acid substituted at the alpha-carbon atom by a 1-3 C alkyl group, and (ii) a
combination of (i) and at least one monomer capable of being polymerized by free
radicals, and (2) about 0.1% to about 5%, based on the weight of the polymer, of at
least one aliphatic compound having at least one site of unsaturation, the compound
having a molecular weight of at least 200 and an iodine number of at least 10.

The process of claim 1 wherein the polyolefin is a propylene homopolymer.

The process of claim 1 wherein the vinyl-substituted aromatic compound is selected
from the group consisting of (a) styrene, (b) alpha-methylstyrene, and (c) ring-
spbstiluted styrenes.

".Ii‘ he process of claim 1 wherein the polymer of an acrylic ester is poly(methyl

methacrylate).

The process of claim 1 wherein the propylene polymer material backbone of the graft
cppolyme“r is selectmji from the group consisting of:

(a) a crystalline homopolymer of propylene having an isotactic index greater than 80;
(b) a crystalline copolymer of propylene and an olefin selected from the group
consisting of ethylene and 4-10 C alpha-olefins, provided that when the olefin is
ethylene, the maximum polymerized ethylene content is 10% by weight, and when the
olefin is a 4-10 C alpha-olefin, the maximum polymerized content thereof is 20%, the
copolymer having an isotactic index greater than 85;

(c) a crystalline terpolymer of propylene and two olefins selected from the group
consisting of ethylene and 4-8 C alpha-olefins, provided that the maximum
ﬁolymerized 4-8 C alpha-olefin content is 20% by weight, and, when ethylene is one
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of the ol;éﬁns, the maximum polymerized ethylene content is 5% by weight, the
1 ‘rpolyme'r having an isotactic index greater than 85;
(d) an olefin polymer composition comprising:
(i) about 10% to about 60% by weight of a crystalline propylene homopolymer
having an isotactic index greater than 80, or a crystalline copolymer of
monomers selected from the group consisting of (a) propylene and ethylene,
(b) propylene, ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-8 C
alpha-olefin, the copolymer having a polymerized propylene content of more
than 85% by weight, and an isotactic index greater than 85;
(ii) about 5% to about 25% of a copolymer of ethylene and propylene or a 4-8
C alpha-olefin that is insoluble in xylene at ambient temperature, and
(iii) about 30% to about 70% of an elastomeric copolymer of monomers
selected from the group consisting of (a) ethylene and propylene, (b) ethylene,
pﬁopylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
tﬂe copolymer optionally containing about 0.5% to about 10% of a diene, and
céntaining Iess than 70% by weight of polymerized ethylene and being soluble
iﬂ xylene at ambient temperature, and having an intrinsic viscosity of about 1.5
to about 4.0 dl/g,
wherein. the total amount of (ii) and (iii), based on the total olefin polymer
composition, is about 50% to about 90%, the weight ratio of (ii)/(iii) is less than 0.4,
and the composition is prepared by polymerization in at least two stages, and has a
flexural modulus of less than 150 MPa; and
(¢) a thermoplastic olefin comprising:
(i) about 10% to about 60% of a crystalline propylene homopolymer having an
isotactic index greater than 80, or a crystalline copolymer of monomers
selected from the group consisting of (a) ethylene and propylene, (b) cthylene,
ptopylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
tﬂe copolymer having a polymerized propylene content greater than 85% and
aﬁ isotactic index of greater than 85;
(ii) about 20% to about 60% of an amorphous copolymer of monomers
selected from the group consisting of (a) sthylene and propylene, (b) ethylene,
propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
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the copolymer optionally containing about 0.5% to about 10% of a diene and
containing less than 70% polymerized ethylene and being soluble in xylene at
ambient temperature; and
(iii) about 3% to about 40% of a copolymer of ethylene and propylene or a 4-8
C alpha-olefin that is insoluble in xylene at ambient temperature,
wherein the composition has a flexural modulus of greater than 150 but less than 1200
MPa.
he process of claim 5 wherein the propylene polymer material is a propylene
hJomopolYmer.
The process of claim 1 wherein the monomers graft polymerized to the backbone of
p!ropylené‘}polmner material are methyl methacrylate and methyl acrylate.
The process of claim 1 wherein the monomers graft polymerized to the backbone of
p‘ropylene polymer material are methyl methacrylate and methacrylic acid.
The process of claim 1 wherein the monomers graft polymerized to the
backbone of propylene polymer material are methyl methacrylate and styrene.
The process of claim 1 wherein the unsaturated aliphatic compound is selected from
the group consisting of fatty oils, squalene, polybutadiene, and unsaturated aliphatic
amine compounds.
The process of claim 10 wherein the fatty oil is selected from the group consisting of
(a) soybean oil, (b) safflower oil, and (c) linseed oil.
The product produced by the process of claim 1.
A compdsition comprising (1) a polymer selected from the group consisting of (a)

polymers of vinyl-substituted aromatic compounds, (b) polymers of acrylic esters

s;elected from the group consisting of (1) an ester of an acrylic acid substituted at the
alpha-carbon atom by a 1-3 C alkyl group, and (ii) a combination of (i) and at least
one monomer capable of being polymerized by free radicals, and (c) graft copolymers
comprising a backbone of a propylene polymer material having graft polymerized
thereto a monomer selected from the group consisting of (i) an ester of an acrylic acid
substituted at the alpha-carbon atom by a 1-3 C alkyl group, and (ii) a combination of
(i) and at least one monomer capable of being polymerized by free radicals, and (2)
about 0.1% to about 5%, based on the weight of the polymer, of at least one aliphatic
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compound having at least one site of unsaturation, the compound having a molecular
weight of at least 200 and an iodine number of at Jeast 10.
The composition of claim 13 wherein the polyolefin is a propylene homopolymer.
The composmon of claim 13 wherein the vinyl-substituted aromatic compound is
selected from the group consisting of (a) styrene, (b) alpha-methylstyrene, and (c)
1ing- subsntuted styrenes.
The composition of claim 13 wherein the polymer of an acrylic ester is poly(methyl
methacrylate).
The composition of claim 13 wherein the propylene polymer material backbone of the
graft copolymer is selected from the group consisting of:
(a) a crystalline homopolymer of propylene having an isotactic index greater than 80;
(b) a crystalline copolymer of propylene and an olefin selected from the group
consisting of ethylene and 4-10 C alpha-olefins, provided that when the olefin is
ethylene, the maximum polymerized ethylene content is 10% by weight, and when the
olefin is a 4-10 C alpha-olefin, the maximum polymerized content thereof is 20%, the
copolymer having an isotactic index greater than 85;
( ) a cry‘stalline terpolymer of propylene and two olefins selected from the group
qonsmtmg of ethylene and 4-8 C alpha-olefins, provided that the maximum
polymen%ed 4-8 C alpha -olefin content is 20% by weight, and, when ethylene is one
of the olefins, the max1mum polymerized ethylene content is 5% by weight, the
terpolymer having an isotactic index greater than 85;
(d) an olefin polymer composition comprising:
(i) about 10% to about 60% by weight of a crystalline propylene homopolymer
having an isotactic index greater than 80, or a crystalline copolymer of
monomers selected from the group consisting of (a) propylene and ethylene,
(b) propylene, ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-8 C
alpha-olefin, the copolymer having a polymerized propylene content of more
than 85% by weight, and an isotactic index greater than 85;
(ii) about 5% to about 25% of a copolymier of ethylene and propylene or a 4-8
C‘ alpha-olefin that is insoluble in xylene at ambient temperature, and
(iii) about 30% to about 70% of an elastomeric copolymer of monomers

selected from the group consisting of (a) ethylene and propylene, (b) ethylene,
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propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
the copolymer optionally containing about 0.5% to about 10% of a diene, and
containing less than 70% by weight of polymerized ethylene and being soluble
in xylene at ambient temaperature, and having an intrinsic viscosity of about 1.5
to about 4.0 di/g,
wherein the total amount of (ii) and (iii), based on the total olefin polymer
composition, is about 50% to about 90%, the weight ratio of (ii)/(iii) is less than 0.4,
and the composition is prepared by polymerization in at least two stages, and has a
flexural modulus of less than 150 MPa; and
(¢) a thermoplastic olefin comprising:
(i) about 10% to about 60% of a crystalline propylene homopolymer having an
isbtactic index greater than 80, or a crystalline copolymer of monomers
sqlected from the group consisting of (a) ethylene and propylene, (b) ethylene,
pf;opylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
the copolymer having a polymerized propylene content greater than 85% and
an isotactic index of greater than 85;
(i1) about 20% to about 60% of an amorphous copolymer of monomers
selected from the group consisting of (a) ethylene and propylene, (b) ethylene,
propylene, and a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
the copolymer optionally containing about 0.5% to about 10% of a diene and
containing less than 70% polymerized ethylene and being soluble in xylene at
ambient temperature; and
(iil) about 3% to about 40% of a copolymer of ethylene and propylene or a 4-8

C alpha-olefin that is insoluble in xylene at ambient temperature,

whercin‘lhe composition has a flexural modulus of greater than 150 but less than 1200 MPa.

18.

19.

20.

The composition of claim 17 wherein the propylene polymer material is a propylene
}lomopo]ymen

'[:‘he composition of claim 13 wherein the monomers graft polymerized to the
l;acl(bone of propylene polymer material are methyl methacrylate and methyl acrylate.
The composition of claim 13 wherein the monomers graft polymerized to the
backbone of propylene polymer material are methyl methacrylate and methacrylic

acid.
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21.

23.

24.

25.

The composition of claim 13 wherein the monomers graft polymerized to the
backbone of propylene polymer material are methyl methacrylate and styrene.

The composition of claim 13 wherein the unsaturated aliphatic compound is selected
from the group consisting of fatty oils, squalene, polybutadiene, and unsaturated
aliphatic amine compounds.

I
The composition of claim 22 wherein the fatty oil is selected from the group

consisting of (a) soybean oil, (b) safflower oil, and (c) linseed oil.

The composition of claim 13 which further comprises from about 2% to about 30%,

b‘}ased on'the total weight of the composition, of one or more rubber components
sélected from the group consisting of (a) an olefin copolymer rubber, (b) a
monoalkenyl aromatic hydrocarbon-conjugated diene block copolymer, and (c) a core-
shell rubber.

The composition of claim 13 which further comprises from about 5% to about 90%,
based on the total weight of the composition, of a broad molecular weight distribution
propylene polymer material having a My/M, of about 5 to about 60 and a melt flow
rate of about 0.5 to about 50 g/10 min.

The composition of claim 24 which further comprises from about 5% to about 90%,
Based on the total weight of the composition, of a broad molecular weight distribution
propylene polymer material having a My/M,, of about 5 to about 60 and a melt flow
r,‘:ke of abfout 0.5 to about 50 g/10 min.
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