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CONTROLLING THE MOLECULAR WEIGHT OF GRAFT COPOLYMERS
USING POLYMERIZABLE CHAIN TRANSFER AGENTS

Field of the Invention

This invention relates to a method for controlling the molecular weight of polyolefin
graft copolymers.

Backeground of the Invention

Polymer molecular weight and its distribution are critical parameters affecting the
final properties of a graft copolymer. During free radical polymerization, the molecular
weigﬁt of the polymer is mainly determined by the reaction temperature, the concentration of
free radical initiators, and the monomer concentration.

In a gas mixed reactor, a lower polymierizatipn temperature will usually reduce the gas
phase fouling due to a lower monomer vapor pressure in the gas phase. The main issue
associated with a lower reaction temperature is that graft copolymers prepared in this manner
have an undesirably high molecular weight. Although increasing the initiator concentration
will help to reduce the molecular weight, the molecular weight dependence on the initiator
concentration is less pronounced due to the very low initiation efficiency observed for graft
polymerization. In addition, graft copolymerization is carried out using a pure monomer feed
and therefore the monomer concentration is not an adjustable parameter for polymer
molecular weight control.

Using a chain transfer agent in free radical polymerization can reduce the polymer
molecular weight by its chain-breaking action. This results in a decrease in the size of the
propagafing polymer chain. The effect of chain transfer on the polymerization rate is
dependent on whether the rate of re-initiation is comparable to that of the original propagating
radical. Organic compounds such as mercaptans or alkyl bromides have been widely used in
polymerization processes to control polymer imolecular weight. For example, U.S. 4,000,220
discloses the use of chain transfer agents such as mercaptans, thiopropionic acid, carbon
tetrachloride, and dimeric alpha-methylstyrene in the production of thermoplastic graft
copolymer resins. U.S. 4,001,349 discloses the use of chain transfer agents such as
mercaptans for the preparation of grafted products of styrene and saturated polyolefinic
elastomers. U.S. 4,308,354 discloses the manufacture of transparent, impact-resistant

polymer$ from polybutadiene rubber and a mixture of methyl methacrylate, styrene, and

1
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methyl or ethyl acrylate by polymerizing in the presence of an initiator and a chain transfer
agent su;:h as an alkyl mercaptan. U.S. 4,427,826 discloses polymerizing 1,3-diene rubber
and one or more vinyl monomers, with or without a solvent, in the absence of a free radical
initiator and in the presence of a mercaptan chain transfer agent. The chain transfer agent
ofteniprc duces arii undesirable odor or color in the final product. Removing chain transfer
agent residue in the polymer% could also be a déifﬁcult task.

There is therefore a need for a chain transfer agent that can effectively reduce polymer

moleculdr weight without Jeaving an undesirable residue in the final product.

Summary of the Invention

The process of this invention for reducing the molecular weight of graft copolymers
comprises, in a substantially non-oxidizing atmosphere,

§)) treati@g a propylene polymer material with an organic compound that is a free

radical poiymerization initiator,

(2) treating the propylene polymer material over a period of time that coincides with
o!r follows (1) with or without overlap, with about 2 to about 240 parts per hundred
parts of tﬁe propylene polymer material, of at least one vinyl-substituted grafting
monomer papable of being polymerized by free radicals, in the presence of about 0.5%

tﬁ’ about 5%, based on the total weight of monomer, of a polymerizable chain transfer

agent that is a derivative of allyl alcohol, and

DN

3) remoxf!ing any unreacted monomer from the resulting grafted propylene polymer

|
material, {decomposing any unreacted initiator, and deactivating any residual free
radicals in the material.

Carrying out the gréft polymerization reaction in the presence of an allyl alcohol

derivativ!e that is polymerizable by a free radical initiator effectively reduces the molecular
weight of the graft copolymer. The concentration of chain transfer residue in the final product
is low bécause the chain transfer agent is incorporated into the polymer chain.

i

Detailed Description of the Invention

“Substantially non-oxidizing environment” is the environment or atmosphere to which
the oleﬁin polymer material is exposed during the preparation of the graft copolymer and
means enviroglment in which the active oxygen concentration, i.e., the concentration of
oxygen in a fo | that will react with the free radicals in the polymer material, is less than
15%, pr ferabl;T

less than 5%, and most preferably less than 1% by volume. The most
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preferred concentration of active oxygen is 0.004% or lower by volume. Within these limits,

the non-oxidizing atmosphere can be any gas, or mixture of gases, that is oxidatively inert

toward the free ryldicals in the propylene pol};mer material, e.g., nitrogen, argon, helium, and

carbon dioxide

can be:

The propylene polymer material that is used as the backbone of the graft copolymer
|

() a crystalline homopolymer of propylene having an isotactic index greater than 80,
preferably about 85 to about 99;

(E)) a crystalline copolymer of propylene and an olefin selected from the group
consistiné 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

]

ontent tkliereof is 20%, preferably about 16%, by weight, the copolymer having an
1sotactic index greater than 85;
(¢) a cryStalhne telpolymer of propylene and two olefins selected from the group

cons1st1ng 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 one of the olefins, the maximum polymerized ethylene content is 5%
by weight, preferably about 4%, the terpolymer having an isotactic index greater than
8%5;

(c}i) an olefin polymer composition comprising:

(i)j about 10% to about 60% by weight, preferably about 15% to about 55%, of
a crystalline propylene homopolymer having an isotactic index greater than 80,
preferably about 85 to about 98, or a cfystalline copolymer of monomers
seiected from the group consisting of (a) propylene and ethylene, (b)
prfopylene ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-8 C
atha—oleﬁn the copolymer having a polymerized propylene content of more

tth 85% by weight, preferably about 90% to about 99%, and an isotactic
than 85;

1ndex greater
(11) 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
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(ii1) 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) 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% by weight,
preferably about 10% to about 60%, most preferably about 12% to about 55%,
of polymenzed ethylene and being soluble in xylene at ambient temperature,
Li having an intrinsic viscosity of about 1.5 to about 4.0 dl/g,

wherein nLhe total amount of (i) and (iii), based on the total olefin polymer

composition, is abouit 50% to about 90%, the weight ratio of (ii)/(iii) is less than 0.4,

preferably 0.11t00.3, and the compos1t1on 1s prepared by polymerization in at least two

stages, and has a ﬂexural modulus of less than 150 MPa; or

(e;:) 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,
ora crystalline 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 having a polymerized
pr(:)pylene content greater than 85% and an isotactic index of greater than 85;

(i1) about 20% to about 60%, preferably about 30% to about 50%, of an

am:orphous copolymer of monomers selected from the group consisting of (a)

—*

e liylene and propylene, (b) cthylene, 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
etflylene and lbeing soluble in Xylene at ambient temperature; and
(iil) -about 3% to about 40%, preferably about 10% to about 20%, of a
coiaolymer 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 MPa.

|
Room or ambient temperature is ~25°C.
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418 C Alpha-olefins useful in the preparation of (d) and (e) include, for example,
butene-1 pentene-l; hexene-1; 4-methylpentene-1, and octene-1.

¢ The diene;, when present, is typically a butadiene; 1,4-hexadiene; 1,5-hexadiene, or
ethylidenenorb orriene

Propylene polymer rrlaterrals (d) and (e) can be prepared by polymerization in at least

I
=Y
C

alpha-olefin, or propylene, ethylene and an alpha-olefin are polymerized to form component

two stages, wher in the ﬁrs,t stage the propylene; propylene and ethylene; propylene and an

(1) of (d). or (e), and in the following stages the mixtures of ethylene and propylene; ethylene
and the élpha-oleﬁn, or ethylene, propylene and the alpha-olefin, and optionally a diene, are
polymerigzed to form components (ii) and (iii) of (d) or (e).

T%he polymerization can be conducted in liquid phase, gas phase, or liquid-gas phase

using separate reactors, all of which can be done either by batch or continuously. For

example,t it is possible to carry out the polymerization of component (i) using liquid propylene
as a dih‘lent, and the polymerization of components (ii) and (iii) in gas phase, without
intenpediate staées except for the partial degassing of the propylene. All gas phase is the
preferred method.‘

1

Patents 5,212,24l6 and 5,409,992, which iare incorporated herein by reference. The

preparation of propylene polymer material (fe) is described in more detail in U.S. Patents

{
" The prepe“ration of propylene polymer material (d) is described in more detail in U.S.

5,302,454 and 5,409,992, which are incorporated herein by reference.

Piropylene‘ homopolymer is the preferred propylene polymer backbone material.

T;;he grafc‘ copolymer is made by forming active grafting sites on the propylene
polymer ématen'al'by treatment with a peroxide or other chemical compound that is a free
radical pplyrnerizetion initiator. The free radicals produced in the polymer as a result of the
chemical treatment form active grafting sites on the polymer and initiate the polymerization of
the monomers at these sites.

The pol}rmerization initiator is one that has a decomposition half-life at the
temperature emp;loyed of about 1 to about 240, preferably about 5 to about 100, and most
preferably aboutlilO to about 40, minutes. Organic peroxides, and especially those that
generete alkoxy ;radicals constitute the preferred class of initiators. These include acyl

peroxides, such a’ benzoyl and dibenzoyl peroxides; dialkyl and aralkyl peroxides, such as di-

tert-butyl perox1de dlcumyl peroxide, cumyl butyl peroxide, 1,1-di-tert-butylperoxy-3,5,5-
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trimethylcyclohexane, 2,5-dimethyl-2,5-di-tert-butylperoxyhexane, and bis(alpha-tert-butyl
peroxyisopropyl-benzene); ‘peroxy esters, such as tert-butylperoxy pivalate, tert-butyl
perbenzolate, tert-butyl peroctoate; 2,5-dimethylhexyl 2,5-di(perbenzoate), tert-butyl
di(perphthalate), ,  tert-butylperoxy-2-ethyl hexanoate; and 1,1-dimethyl-3-
hydroxybutylperoxy-2-ethyl hexanoate; and peroxy carbonates, such as di(2-ethylhexyl)
peroxy (flicarbonate, di(n-propyl)peroxy dicarbonate, and di(4-tert-butylcyclohexyl)peroxy
dicarbonate. Peroxy esters are preferred.

’[}he grafting monomers useful in accordance with this invention can be any
monomefm v1ny1) compound capable of being polymerized by free radicals where the vinyl
radlcal H,C=CR} in which R = H or methyl, is attached to a straight or branched aliphatic
cham{ orjto a substltuted or unsubstltuted aromatlc heterocyclic, or alicyclic ring in a mono-
or po?lycyclic compound Typlcal substltuent groups can be alkyl, hydroxyalkyl, aryl, and
halo. | Usually the! vinyl mon{Omer will be a m@mber of one of the following classes: (1) vinyl-

substituted ~aromatic, heterocyclic, or alicyclic compounds, including styrene,

vinylnaphthalene, vinylpyridine, vinylpyrrolidone, vinylcarbazole, and homologs thereof, e.g.,
alpha- arild para-methylstyrene, methylchlorostyrene, p-tert-butylstyrene, methylvinylpyridine,
and ethylvinylpyridine; (2) vinyl esters of aromatic and saturated aliphatic carboxylic acids,
including vinyl formate, vinyl acetate, vinyl chloroacetate, vinyl cyanoacetate, vinyl
propiona"te, and vinyl benzoate; and (3) unsaturated aliphatic nitriles and carboxylic acids and
their derivatives, including acrylonitrile; methacrylonitrile; acrylamide; methacrylamide, and
acrylic acid; acrylate esters, such as the methyl, ethyl, hydroxyethyl, 2-ethylhexyl, and butyl
acrylate esters; n}'ethacrylic acid; ethacrylic acid, and methacrylate esters such as the methyl,
ethyl, butyl, ‘Eenzyl, phenylethyl, phenoxyethyl, epoxypropyl, and hydroxypropyl
methécrylate estefs, and maleic anhydride. One or more of these monomers can be used.

The amount of grafting monomer used is about 2 to about 240 parts, preferably about

5 parts to about 190 parts, per hundred parts of propylene polymer material.

uring the graft potlymerization, the monomers also polymerize to form a certain
amount of free or ungrafted polymer or copolymer. The morphology of the graft copolymer
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.
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Preparation of graft copolymers by contacting a propylene polymer with a free radical

polymeri%ation 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.
The polymerizable chain transfer agent that is used to control the molecular weight of
the graft\copolymer is polymerizable by a free radical mechanism and is a derivative of allyl
alcoh’bl, i.e., an Eether or ester. The ether allyl propoxylate is preferred. Other suitable
derivatives of all]

1 alcohol include, for exaniple, allyl acetate and allyl butyrate. The chain
transfer agent copolymerizeé with the grafting monomer(s) and is incorporated into the graft

copolymer chain: The chain transfer agent is present in an amount of about 0.5 to about 5%,

preferably about 0.5% to about 2%, based on the total weight of monomer.

Addition of the polymerizable chain transfer agent in a graft copolymerization system
provides| a tool to control the graft copolymer molecular weight and molecular weight
distributi?on. The polymerizable chain transfer agent makes it possible to prepare graft
copolymers with a desired molecular weight at a lower reaction temperature, which frequently
results in reduced reactor fouling. The molecular weight can be controlled by adjusting the

|
reaction; temperature, the monomer to initiator ratio, and the chain transfer agent

concentréﬁion. A lower grafting efficiency was observed when the chain transfer agent was
added. No odor %rom the chain transfer agent was detected during and after polymerization.
he last ,;tep of the ﬁrocess for reducing the molecular weight of graft copolymers is
removing any ul:eacted grafting monomer from the resulting grafted propylene polymer
material,ldecomgllosing any :unreacted initiatojr, and deactivating any residual free radicals in
the material. | f |
Isotactic index is defined as the per cent of olefin polymer insoluble in xylene. The
weight percent of olefin polymer soluble in xylene at room temperature is determined by
dissolvir%g 2.5 g of the polymer in 250 ml of xylene in a vessel equipped with a stirrer, that is
heated at 135°C with agitation for 20 minutes. The solution is cooled to 25°C while
continuiflg the agitation, and then left to stand without agitation for 30 minutes so that the
solids can settle. The solids are filtered with filter paper, the remaining solution is evaporated
by treatilng it with a nitrogen stream, and the solid residue is vacuum dried at 80°C until a
constant l]v:eight is reached. The percent by weight of polymer insoluble in xylene at room

temperature is the isotactic index of the polymer. The value obtained in this manner
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corresponds substantially to the isotactic index determined via extraction with boiling n-
heptaﬁe, which b}; definition constitutes the isotactic index of the polymer.

trinsic vﬁ'scosity wa;s measured in de?ahydronaphthalene at 135°C.

;olecular? weight was determined by gel permeation chromatography.

i

The porosity of the propylene homopolymer used as the backbone polymer in the

1nanufacﬁ1re of the graft copolymers in the examples was measured as described in Winslow,
N. M. axlid Shapiro, J. J., “An Instrument for the Measurement of Pore Size Distribution by
Mercury Penetration,” ASTM Bull,, TP 49, 39-44 (Feb.1959), and Rootare, H. M., Ed,
Advanced Experimental Techniques in Powder Metallurgy, Plenum Press, New York, 1970.

Bulk density is determined using ASTM D-1895.

In this spéciﬁcation, all parts and percentages are by weight unless otherwise noted.

| Example 1

*.

. In this and the following example the propylene homopolymer used as the backbone
polymer |for the graft copoiymer had a porosity of 0.51 cm’/g and a bulk density of 0.37
g/em’, and is conimercially available from Basell USA Inc.

The graft copolymezr was prepared as follows. The methyl methacrylate, methyl

acrylate, |initiator, and the amount of AP-137;5 chain transfer agent (CTA) shown in Table 1
were premixed and fed iﬁto a 2 gallon ‘semi-batch reactor containing the propylene
homopolymer at a feed rate of 1.0 pph/min. The monomer to initiator ratio (M/I) and the
grafting temperathre are shown in Table 1. Ninety-five parts by weight of monomers (90.9

parts methyl methacrylate and 4.1 parts methyl acrylate) were added per 100 parts of

propylene homopolymer. Lupersol 11, t-butylperoxy pivalate, commercially available from
Atofina, was used as the polymerization initiator. The AP-1375 chain transfer agent was allyl
propoxyiate, commercially available from Lyondell Chemical Worldwide, Inc. After addition
of monomers wa;é complete, the reaction temperature was maintained for 30 minutes. The

temperat:ure was rthen raised to 140°C for 90 minutes under a nitrogen purge.
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| Table 1
Sample No. Reaction Tempera- | M/IRatio (molar) CTA (wt. %)
‘ ture (°C)
1 105 120 4.24
2 105 60 0
3 85 60 0
4 | 85 120 4.24
5 1 85 120 0
6 105 60 4.24
7 : 95 90 2.12
8 ! i 85 60 4.24
N 1105 120 0
10 . ' 95 | 90 2.12
11 ! 95 | 90 2.12

T}he graft copolymers were analyzed for total add level of poly(methyl methacrylate)
(PMMA} under various reaction conditions by Fourier transform infrared spectroscopy
(FTIR) l}sing a BioRad FSS-7 analyzer. The add level of PMMA per hundred parts of
propylen]‘e homopolymer (pph), the reaction temperature, the M/I ratio, and the wt. % CTA
added are given in Table 2. Statistical analysis showed that the variables and their
interactions were not statistically significant for the polymerization conversion. The
polylnerfzation conversion was high under all the conditions investigated, although the

polymerization r{ite was different.

| ‘ Table 2
Sample No. | Grafting M/1 Ratio | CTA (wt. %) | PMMA (pph)
- Temperature (molar)
&)
1 105 120 4.24 87.7
2 105 60 i 0 88.5
3 85 ‘ 60 0 83.7
4 85 120 4.24 87.7
5 } 85 120 0 86.8
6 ; 105 60 4.24 88.6
7 | 95 90 2.12 89.2
8 " 85 60 424 91.8
9 105 120 0 90.9
10 95 90 2.12 87.7
11 95 90 2.12 84.8
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The influence of the reaction conditions on the molecular weight of the graft
copolym;rs is shown in Table 3. Statistical analysis showed that all three factors, reaction
temperature, monomer/initiator ratio and chain transfer agent concentration, had a significant

. w i .
influence on the polymer molecular weights.

i Table 3
Sample No. | Grafting || M/I  Ratio | CTA Mw (10°) Mn (10%)
Temperature | (molar) (Wt/ %)
' {9)

1 ; 105 120 424 159 56
2 105 60 0 180 64
3 85 60 0 365 97
4 ! 85 120 4.24 306 87
5 ‘ 85 120 0 495 129
6 . 105 60 4.24 126 43
7 * 95 90 2.12 226 82
8 85 60 4.24 267 75
9 105 120 0 217 72
10 95 90 2.12 227 73
11 95 90 2.12 235 73

~ The molecular weight of the graft copolymers is a stronger function of the reaction
temperature and : TA conceintration than of the initiator concentration. The molecular weight
decreased as the rl%eaction ten%perature or the dTA concentration increased.
The molecular weight distribution (MWD) of the graft copolymers under various
conditiOI}s is shown in Table 4. Statistical analysis indicated that only the reaction
temperatﬁre had a significant impact on MWD. The MWD was narrower with an increase in

grafting femperature.

10
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: Table 4
Sample No. Grafting M/1 Ratio | CTA (wt. %) MWD
Temperature (molar)
: (C)
1 j 105 120 4.24 2.84
2 ; 105 60 0 2.81
3 85 60 0 3.76
4 85 120 4,24 3.52
5 , 85 120 0 3.84
6 ‘ 105 60 4.24 2.93
7 95 90 2.12 2.76
8 85 60 4.24 3.56
9 105 120 0 3.01
10 195 90 2.12 3.11
11 95 90 2.12 3.22
Example 2

e graftf‘copolymer; was prepared in' the presence of a polymerizable chain transfer
agent as] described in Example 1, except that Lupersol PMS (50% t-butyl peroxy-2-ethyl
hexanoate in odorless mineral spirits), commercially available from Atofina, was used as the
peroxide% initiator and the chain transfer agent was ARCAL AP 1.6, allyl propoxylate,
commerc%ially available from Lyondell Chemical Worldwide, Inc. Since the grafting
temperature was higher than in Example 1, a more thermally stable peroxide initiator was
used. |

he grafting temperature, M/I ratio, and the amount of CTA for each sample are

shown in Table 1.

11
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‘ Table 1
Sample No. Grafting M/I Ratio (molar) CTA (wt. %)
: Temperature (°C)

1 130 140 4.24

2 130 100 0

3 , 100 100 0

4 i 100 140 4.24

5 | 100 140 0

6 ' | 130 100 4.24

7 C 115 120 2.12

8 * 100 | 100 4.24

9 i 130 140 0

10 ) 115 120 2.12

11 115 120 2.12

Table 2 shows the PMMA add levels analyzed by FTIR under various reaction

COnditiOIElS. The variables and interactions were not statistically significant for the
polyrnerization conversion. Polymerization conversion was high under all the conditions

investigated, although the polymerization rate was different.

Table 2

Sample No. ' Grafting M/I Ratio | CTA (wt. %) PMMA (pph)

| ' Temperature (molar)

| o -
1 130 140 4.24 89.3
2 130 ; 100 0 91.1
3 1100 100 ! 0 95.0
4 1100 140 o 4.24 95.5
5 100 1 140 0 92.7
6 130 100 4.24 90.2
7 115 120 2.12 92.8
8 100 100 4.24 95.4
9 130 140 0 91.0
10 115 120 2.12 95.1
11 115 120 2.12 96.6

The influence of the reaction conditions on the molecular weight of the graft
copolym"ers is shown in Table 3. Statistical analysis showed that the reaction temperature had
the most; significant influence on the molecular weight, followed by the chain transfer agent

concentration.

12
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? : Table 3

Sample No. | Grafting M/I  Ratio | CTA (wt.%) | Mw (10%) Mn (10°)
Temperature | (molar)
0) |

1 130 140 4.24 69 26

2 130 ‘1100 0 64 25

3 100 100 0 250 63

4 100 140 4.24 196 53

5 100 140 0 271 74

6 130 100 4.24 59 23

7 115 120 2.12 107 32

8 100 100 424 178 51

9 , 130 140 0 73 29

10 | 115 120 2.12 112 37

11 115 120 2.12 113 37

The molecular weight distribution (MWD) of the graft copolymers is shown in Table
4. The|results of the statistical analysis indicated that only reaction temperature has a

significant impact on MWD. The molecular weight distribution is narrower with an increase

in the reaction teﬁlperature.

| . & Table 4
Sample No. Grafting M/1 Ratio | CTA (wt. %) MWD

| Temperature (molar)

/ (C)
1 ‘ 130 140 4.24 2.65
2 E 130 100 0 2.56
3 100 100 0 3.97
4 100 140 4.24 3.70
5 100 140 0 3.66
6 130 100 4.24 2.57
7 115 120 2.12 3.34
8 | 100 100 424 3.49
9 | 130 140 0 252
10 115 120 2.12 3.03
11 115 120 2.12 3.05

13
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Other features, advantages and embodiments of the invention disclosed herein will be
readily a?parent to those exercising ordinary skill after reading the foregoing disclosures. In
this regarfd, while specific embodiments of the invention have been described in considerable
detail, variations and modifications of these embodiments can be effected without departing

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

1.

Al process for reducing the molecular weight of graft copolymers comprising, in a
sutlbstantially non-oxidizing atmosphere,

(3) treating a propylene polymer material with an organic compound that is a free
radical poﬁymerization initiator,

(b) treati g the propylene polymer material over a period of time that coincides with
0 followsj (a) with c;)r without overlaI:J, with about 2 to about 240 parts per hundred
parts of the propylgne polymer material, of at least one vinyl-substituted grafting
monomer capable of being polymerized by free radicals, in the presence of about 0.5%
to about 5% by weight, based on the total weight of monomer, of a polymerizable
chain transfer agent that is a derivative of allyl alcohol, and

(c?) removing any unreacted monomer from the resulting grafted propylene polymer
rrjlaterial, decomposing any unreacted initiator, and deactivating any residual free
rgdicals in the material.

’Iéhe process of claim 1 wherein the propylene polymer material is selected from the
group consisting of:

( i) a crystalline homopolymer of propylene having an isotactic index greater than 80;
(b) a cryistalline copolymer of propylene and an olefin selected from the group
consisting of ethylepe and 4-10 C alpha-olefins, provided that when the olefin is

ethylene, '%he maximim 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
c6polymer having an isotactic index greater than 85;
(<§:) a crystalline terpolymer of propylene and two olefins selected from the group
cjonsisting of ethylene and 4-8 C alpha-olefins, provided that the maximum
p;olymeriz’ed 4-8 C alpha-olefin content is 20% by weight, and, when ethylene is one
of the olefins, the maximum polymerized ethylene content is 5% by weight, the
terpolymer having an isotactic index greater than 85;
(d) an olefin polymer composition comprising:
(1)-about 10% to about 60% by weight of a crystalline propylene homopolymer
héving an isotactic index greater than 80, or a crystalline copolymer of
mtynomers selected from the group consisting of (a) propylene and ethylene,

(b‘ propylené, ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-8 C

15
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C

al
- fl

~
D

exural mbdulus of 1;ess than 150 MPa; or

) a thermoplastic oieﬁll comprising: -

alpha-olefin, the copolymer having a polymerized propylene content of more
tha?a 85% by weight, and an isotactic index greater than 85;

(ii)f about 5%4%'(0 about 25% of a copolymer of ethylene and propylene or a 4-8
C ailpha-oleﬁﬁ that is insoluble in xylene at ambient temperature, and

(111) about 30% to about 70% of an elastomeric 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% by weight of polymerized ethylene and being soluble
in xylene at ambient temperature, and having an intrinsic viscosity of about 1.5

to about 4.0 dl/g,
|

wherein ‘éhe total amount of (ii) and (iii), based on the total olefin polymer
)mpositi‘én, is about 50% to about 90%, the weight ratio of (ii)/(iii) is less than 0.4,

nd the ¢ :mpositiont is prepared by polymerization in at least two stages, and has a

1

(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) ethylene,
propylene, 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;

(11) 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,
thé 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
a !bient temperature; and

(ii;li) 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.
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The process of claim 2 wherein the propylene polymer material is a propylene
h%omopolymer.
”fhe process of claim 1 wherein the polymerizable chain transfer agent is an ether of
allyl alcohol.
The process of claim 4 wherein the ether is allyl propoxylate.

he process of claim 1 wherein the grafting monomers are methyl methacrylate and
n?ethyl acrylate.
A compoéition comprising
() a propylene polyr:ner material containing active grafting sites,
(b) about 2 to about ?40 parts per hundred parts of the propylene polymer material of
at least oﬁe vinyl—suﬁstituted grafting fllonomer, and
(ci:) about 0.5% to abéut 5%, based on the total weight of monomer, of a polymerizable
chain transfer agent that is a derivative of allyl alcohol.
”Ijhe composition of claim 7 wherein the propylene polymer material is selected from.
t}yzle group consisting of:
(é) 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
efthylene, the maximum polymerized ethylene content is 10% by weight, and when the

oieﬁn is a 4-10 C alpha-olefin, the maximum polymerized content thereof is 20%, the

[¢]

opolymér having an isotactic index greater than 85;

¢) a crystalline terpolymer of propj;lene and two olefins selected from the group

~

[¢]

onsistiné of ethylene and 4-8 C alpha-olefins, provided that the maximum

polymeri%Ed 4-8 C alpha-olefin content is 20% by weight, and, when ethylene is one

of the olefins, the maximum polymerized ethylene content is 5% by weight, the
terpolymer having an isotactic index greater than 85;

(d) an olefin polymer composition comprising:

(1) 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

17
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alpha-olefin, the copolymer having a polymerized propylene content of more
than 85% by weight, and an isotactic index greater than 85;
(it) 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
se‘iected from the group consisting of (a) ethylene and propylene, (b) ethylene,
propylene, aﬂd 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 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
Alexural modulus of less than 150 MPa; or
(¢) 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
se fected from,: the group consisting of (a) ethylene and propylene, (b) ethylene,
propylene, a:rid a 4-8 C alpha-olefin, and (c) ethylene and a 4-8 C alpha-olefin,
the copolymér having a polymerized propylene content greater than 85% and
an isotactic index of greater than 85;
(1) 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
(ii1) 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,
jll;erein the composition has a flexural modulus of greater than 150 but less than 1200

ra.
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10.

11.
12.

e com;éqosition of claim 8 wherein the propylene polymer material is a propylene
hpmopol}‘finer.
T‘[he composition of claim 7 wherein the polymerizable chain transfer agent is an ether
of allyl alcohol.
Tfhe composition of claim 10 wherein the ether is allyl propoxylate.

The composition of claim 7 wherein the grafting monomers are methyl methacrylate

and methyl acrylate.

19



INTERNATIONAL SEARCH REPORT In ional Application No
PCT/IB 02/03082

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 CO8F255/02  CO8F2/38

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 COSF

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (hame of data base and, where practical, search terms used)

EPO~Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X GB 1 217 231 A (ASAHI KASEI KOGYO 1-3,7,9
KABUSHIKI KAISHA)
31 December 1970 (1970-12-31)
page 3, line 4-6

A US 3 687 849 A (ABBOTT FRANKLIN PAUL) 1
29 August 1972 (1972-08-29)
column 3, line 28-32

A US 4 877 834 A (LIU CHRISTOPHER S ET AL) 1

31 October 1989 (1989-10-31)
example 2
A US 4 012 461 A (VAN BREDERODE ROBERT A) 1

15 March 1977 (1977-03~15)
column 5, line 26-32

Sy

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents :
P ¢ s 'T* later document published after the International filing date
or priority date and not in conflict with the application but

*A" document defining the general state of the art which is not cited o understand the principle or theotry underlying the

considered to be of particular relevance

invention
*E" earlier document but published on or after the international *X* document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another

citation or other speial reason (as specified) Y* document of particular relevance; the claimed invention

cannot be considered to involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious o a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
10 December 2002 20/12/2002
Name and maliling address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 H)V Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Meulemans, R

Form PCT/ISA/210 {second sheet) (July 1982)

page 1 of 2



INTERNATIONAL SEARCH REPORT

Ir lonal Application No

PCT/IB 02/03082

C.(Cantinuation) DOCUMENTS CONSIDERED TQ BE RELEVANT

Category °©

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

DE 196 07 430 C (DANUBIA PETROCHEM
POLYMERE) 24 April 1997 (1997-04-24)
column 4, line 38-51
EP 0 866 081 A (KANEGAFUCHI CHEMICAL IND)
23 September 1998 (1998-09-23)

claims 8,22

DE 196 29 429 A (DANUBIA PETROCHEM
POLYMERE) 29 January 1998 (1998-01-29)
page 4, line 10-14

Fomm PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

pmoy

In

ional Application No

PCT/IB 02/03082

Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 1217231 A 31-12-1970 DE 1720256 Al 13-04-1972
FR 1564548 A 25-04-1969
US 3687849 A 29-08-1972 DE 1929811 Al 08-01~-1970
FR 2011123 A5 27-02-1970
GB 1244435 A 02-09~-1971
JP 49019112 B 15-05-1974
JP 51028288 B 18-08~1976
US 4877834 A 31-10-1989 CA 1337602 Al 21-11-1995
us 4780230 A 25-10-1988
EP 0363501 Al 18-04-1990
US 4012461 A 15-03-1977 BE 844961 Al 07-02-1977
CA 1061498 Al 28-08-1979
DE 2635301 Al 17-02-1977
GB 1556424 A 21-11-1979
JP 52019758 A 15-02-1977
DE 19607430 C 24-04-1997 DE 19607430 C1 24-04~1997
EP 0792894 A2 03-09-1997
EP 0866081 A 23-09-1998 JP 9157335 A 17-06~1997
JP 9176478 A 08-07-~1997
EP 0866081 Al 23-09~-1998
WO 9721745 Al 19-06-1997
DE 19629429 A 29-01-1998 DE 19629429 Al 29-01-1998
EP 0821018 A2 28-01~1998
us 6136926 A 24-10~2000

Form PCT/ISA/210 (patent family annex) (July 1892)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

