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{54) Title: CONTROLLING THLI MOLECULAR WLEIGHT OI' GRAI'T COPOLYMURS USING POLYMLURIZABLL CHAIN

~ (§7) Abstract: The molecular weight ol a grall copolymer is reduced by carrying oul the [ollowing steps in a non-oxidixing at-

003

mosphere: (1) treating a propylene polymer material with an organic compound that is a free radical polymerization initiator, (2)
treating the propylene polymer material with about 2 to abour 240 parts per hundred parts of the propylence polymer material, of at
Icast one vinyl-substituted grafting monomer in the presence of about 0.5% to about 5% of a polymerizable chain transfer agent that

3 s a derivative of allyl alcohol, and (3) removing any unreacted monomer, decomposing any unreacted initiator, and deactivating any

residual Iree radicals in the malerial.
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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.

Background 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
weight of the polymer is mainly determined by the reaction temperature, the concentration of
free radical initiaors, and the monomer concentration.

In a gas mixed reactor, a lower polymerization 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
propagating 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
polymerjzation processes to control polymer molecular 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. TU.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

polymers 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 sujch 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 tﬁe presence of a mercaptan chain transfer agent. The chain transfer agent
ofteniproduces akl undesirable odor or color:in the final product. Removing chain transfer
agent residue in t:l'}e polymer;could alsobea djifﬁcull task.

ere is tﬁerefore aneed for a chain transfer agent that can effectively reduce polymer
molecul ‘ weight without leéving 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,

(i) treating a propylene polymer material with an organic compound that is a free

radical polymerization initiator,

(2) treating the propylene polymer material over a period of time that coincides with

of follows (1) with or without overlap, with about 2 to about 240 parts per hundred

pfarfs of tﬁe propylene polymer material, of at least one vinyl-substituted grafting

1rf10n01nericapab1e of being polymerized by free radicals, in the presence of about 0.5%

1o about Sr% based qn the total weight of monomer, of a polymerizable chain transfer

agent that is a derivative of allyl alcohol, and

(é) remoi{ing any un:teacted monomer from the resulting grafted propylene polymer

n‘la’ferial, !"decomposizjﬂg any unreacte(}i initiator, and deactivating any residual free

radicals in the material.

C‘iarrying out the graft polymerization reaction in the presence of an allyl alcohol
derivative that is polymerizable by a free radical initiator effectively reduces the molecular
weight olfthe graft copolymer. The concentration of chain transfer residue in the final product
is low because the chain fransfer agent is incorporated into the polymer chain.

Detailed Description of the Invention

“Substantially non-oxidizing environment” is the environment or atmosphere to which
the oleﬁjn polymer material is exposed during the preparation of the graft copolymer and
means ain enviroy':hnent in which the active oxygen concentration, i.e., the concentration of
oxygen in a forqu that will react with the free radicals in the polymer material, is less than

15%, pr§:ferablylless than 5%, and most preferably less than 1% by volume. The most

2
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prefefred 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
: G

| !
toward the free riidicals in the propylene polymer material, e.g., nitrogen, argon, helium, and

carbon dioxide
The propylene polymer material that is used as the backbone of the graft copolymer
I
can be: ‘

(a) 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
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, preferably

it
about 4%; and when the olefin is 2 4-10 C alpha-olefin, the maximum polymerized
content tbiereof is 20%, preferably abbut 16%, by weight, the copolymer having an
isotactic index greater than 85;

(¢) a crystalline terpolymer of propylene and two olefins selected from the group

comsisting 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
85;

(d) an olefin polymer composition comprising:

(i) 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 crystalline copolymer of monomers
seilected from the group conmsisting of (a) propylene and ethylene, (b)
prigy)py]ene, ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-§ C
alpha-olefin, the copolymer having a polymerized propylene content of more
th%n 85% by: weight, preferably about 90% to about 99%, and an isotactic
inllex greater|than 85;

(ii) about 5%1 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

JP 2004-537618 A 2004.12.16
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(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) ethylene, propylene, and a 4-8 C alpha-olefin, and
(c) ethylene and a 4-§ 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%,
ofi’ ‘polymerized ethylene and being soluble in xylene at ambient temperature,
emic:i having an intrinsic viscosity of about 1.5 to about 4.0 dl/g,

wherein rt‘he total gmount of (ii) and (iii), based on the total olefin polymer

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

p‘eferabl)L 0.1100.3,

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

and the composition is prepared by polymerization in at least two

(¢) 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 crystailine 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;
(i) about 20% to about 60%, preferably about 30% to about 50%, of an

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

ethylene and propylene, (b) cthylene, propylene, and a 4-8 C alpha-olefin, and
(:; cthylene fand a 4-8 C alpha-olefin, the copolymer optionally containing
about 0.5 % tC; about 10% of a diene and containing less than 70% polymerized
eﬂ;ylene and being soluble in Xylene 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,

vs?hetein 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.

4
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4;,—8 C Alpha-olefins useful in the preparation of (d) and (e) include, for example,

butene-1; pentene-1; hexene-1; 4-methylpentene-1, and octene-1.

The dieng, when present, is typically a butadiene; 1,4-hexadiene; 1,5-hexadiene, or
i

ethyliderjenorborhene.

PmpylenT polymer n\!qaterials (d) and (j’e) can be prepared by polymerization in at least
i
two stages, where in the ﬁrs‘t stage the propylene; propylene and ethylene; propylene and an

alpha-olefin, or propylene, éﬂly]ene and an alpha-olefin are polymerized to form component
(i) of (d) or (¢), and in the following stages the mixtures of ethylene and propylene; ethylene
and the z}tlpha—oleﬁn, or ethylene, propylene and the alpha-olefin, and optionally a diene, are
polymerized to form components (ii) and (iii) of (d) or (¢).

The polymerization can be conducted in liquid phase, gas phase, or liquid-gas phase
using se‘parate reactors, all of which can be done either by batch or continuously. For
examp]ei it is possible to carry out the polymerization of component (i) using liquid propylene
as a dih"lent, and the polymerization of components (i) and (iii) in gas phase, without
intermed}iate staées except for the partial degassing of the propylene. All gas phase is the
prefm;‘re(i meﬂmd}.

I e prep;l_;raﬁnn of propylene polymer material (d) is described in more detail in U.S.
Patents 5,212,2{6 and 5,409,992, which ?rs incorporated herein by reference. The

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

53 02,45L and 5,409,992, which are incorporated herein by reference.

Propylene homopolymer is the preferred propylene polymer backbone material.

Tihe graﬁ‘ copolymer is made by forming active grafling sites on the propylene
polynler}material‘ by ireatment with a peroxide or other chemical compound that is a free
radical pjolymerization 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.

T‘ e polymetization initiator is one that has a decomposition half-life at the
temperature employed of about 1 to about 240, preferably about 5 to about 100, and most
prefel;fab y about|[10 to about 40, minutes. Organic peroxides, and especially those that
generate | alkoxy ’mdjcals, cionstitute the preferred class of initiafors. These include acyl
peroxides, such as benzoyl and dibenzoyl peroxides; dialkyl and aralkyl peroxides, such as di-

tert~bmyli peroxide, dicumyl peroxide, cumyl butyl peroxide, 1,1-di-tert-butylperoxy-3,5,5-

5
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trimethylcyclohexane, 2,5-dimethyl-2,5-di-tert-butylperoxyhexane, and bis(alpha-tert-butyl
peroxyistropyl-benzene); peroxy esters, such as tert-butylperoxy pivalate, tert-butyl
perbenzo‘ate, 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 élicarbouate, di(n-propyl)peroxy dicarbonate, and di(4-tert-butylcyclohexyl)peroxy
dicarbonate. Peroxy esters are preferred.

T‘he grafting monomers useful in accordance with this invention can be any
monomeric vinyl' compound capable of being polymerized by free radicals where the vinyl
radical H2C=CRJ;:, in which R = H or methyl, is attached to a straight or branched aliphatic
chaini orfto a sub}(%tituted or unsubstituted aromatic, heterocyclic, or alicyclic ring in 2 mono-
or poflycyclic ol ‘ pound. Typical substituent groups can be alkyl, hydroxyalkyl, aryl, and
halo. ‘ Usually thei vinyl moniL)mer will be a mémber 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- and para-methylstyrene, methylchlorostyrene, p-tert-butylstyrene, methylvinylpyridine,
and ethyylvinylpyﬁdine; (2) vinyl esters of aromatic and saturated aliphatic carboxylic acids,
including vinyl formate, vinyl acetate, vinyl chloroacetate, vinyl cyanoacetate, vimyl
propionéte, and vinyl benzoate; and (3) unsaturated aliphatic nitriles and carboxylic acids and
their derivatives, including acrylonitrile; methacrylonitrile; acrylamide; methacrylamide, and
acrylic azcid; acrylate esters, such as the methyl, ethyl, hydroxyethyl, 2-ethylhexyl, and butyl
acrylate festers; methacrylic acid; ethacrylic acid, and methacrylate esters such as the methyl,
cthyl, 1ti»utyl, f{enzy], phenylethyl, phenoxyethyl, epoxypropyl, and hydroxypropyl
. L

methacrylate esters, and maleic anhydride. One or more of these monomers can be used.

he amou.{nt of grafting monomer used is about 2 to about 240 parts, preferably about
5 parts to about 1}90 parts, per hundred parts of propylene polymer material.

uring the graft poiymerization, 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 contintous or matrix phase, and the

polymerized monomers, both grafted and ungrafted, are a dispersed phase.

JP 2004-537618 A 2004.12.16
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Preparation of graft copolymers by contacting a propylene polymer with a free radical
polymen'éation 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|copolymier is polymerizable by a free radical mechanism and is a derivative of allyl
alcohol, fi.e., an i]ether or ester. The ether allyl propoxylate is preferred. Other suitable
derivatives of allyl alcohol include, for example, allyl acetate and allyl butyrate. The chain
transfer agent copolymerizeé with the grafting monomer(s) and is incorporated into the graft
copolym]cr chain! The chairl transfer agent is present in an amount of about 0.5 to about 5%,
preferabl‘y 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
providesj a tool to control the graft copolymer molecular weight and molecular weight
distﬁbutfon. 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 ftransfer agent
concentration. A lower grafting efficiency was observed when the chain transfer agent was
added. No odor ifrom the chain transfer agent was detected during and after polymerization.
The last fep of the process for reducing the molecular weight of graft copolymers is

removing any upreacted grafting monomer from the resulting grafted propylene polymer

|
material,| decom;"‘f)sing any umreacted initiatqr, and deactivating any residual free radicals in

the material.

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
disso]virig 2.5 g of the polymer in 250 ml of xylene in a vessel equipped with a stirrer, that is
heated a’t 135°C with agitation for 20 minutes. The solution is cooled to 25°C while
continuing 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 treatiing it with a nitrogen stream, and the solid residue is vacuum dried at $0°C until a

constantlweight 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

JP 2004-537618 A 2004.12.16
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corresponds subj“tanﬁally to the isotactic index determined via extraction with boiling n-
heptane, Lvhich by definition constitutes the isotactic index of the polymer.

Iljm-insic iscosity \vés measured in decahydronaphthalene at 135°C.

Molecular"‘weight was determined by gel permeation chromatography.

Tiue porosity of the propylene homopolymer used as the backbone polymer in the
manufacture of the graft copolymers in the examples was measured as described in Winslow,
N. M. ax‘i\d Shapiro, J. J., “An Instrument for the Measurement of Pore Size Distribution by

MercuryTenetraﬁon,” ASTM Bull., TP 49, 39-44 (Feb.1959), and Rootare, Y. M., Ed.,

Advanced Experimental Techniques in Powder Metallurgy, Plenum Press, New York, 1970.

]ﬁu]k dens‘ity is determined using ASTM D-1895.

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

\ Example 1
this an?d the following example the propylene homopolymer used as the backbone
polyﬂler for the igraﬁ copolymer had a porosity of 0.51 cm’/g and a bulk density of 0.37
g/en’, and is co { ercially available from Basell USA Inc.

The gra;;qr:cpclyme‘r was prepared 'c‘as follows. The methyl methacrylate, methyt
acrylate, initiator; and the amount of AP-1375 chain transfer agent (CTA) shown in Table 1
were premixed and fed ihto a 2 gallon semi-batch reactor containing the propylene
homopoLPrmsr at a feed rate of 1.0 pph/min. The monomer to initiator ratio (M/I) and the
grafting temperature are shown in Table 1. Ninety-five parts by weight of monomers (90.9
parts n1émyl methacrylate and 4.1 parts methyl acrylate) were added per 100 parts of
propylanie homopolymer. Lupersol 11, +-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 monoi-ners wa;s complete, the reaction temperature was maintained for 30 minutes. The

tempgrat‘}lre was then raised to 140°C for 90 minutes under a nitrogen purge.

JP 2004-537618 A 2004.12.16



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

27)

WO 03/014175 PCT/IB02/03082
| Table 1
Sample No. Reaction Tempera- | M/I Ratio (molar) CTA (wt. %)
ture (°C)

1 105 120 4.24

2 105 60 0

3 85 60 0

4 85 120 4.24

5 85 120 0

6 105 60 4.24

7 95 90 2.12

8 85 60 4.24

9 . 105 120 0

10 i 95 90 212

11 i 95 90 2.12

The graft' copolymers were analyzed for total add level of poly(methyl methacrylate)
(PMMA) under various reaction conditions by Fourier transform infrared spectroscopy
(FTIR) l:lsing 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
The

interactions were not statistically significant for the polymerization conversion.

polymeri\zation conversion was high under all the conditions investigated, although the

polymerization ra:te was different.

P | ‘ Table 2
Sample No. ' Grafting M/I Ratio | CTA (wt. %) PMMA (pph)
' Temperature (molar)
1(°C)
1 1105 120 4.24 87.7
2 105 60 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 4.24 91.8
9 105 120 0 90.9
10 95 90 2.12 87.7
i1 95 90 2.12 84.8

JP 2004-537618 A 2004.12.16
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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

temperatj.\re, monemer/initiator ratio and chain transfer agent concentration, had a significant

influencq on the golymer molecular weights.

| i Table 3

Sample No. | Grafting || M/I  Ratio | CTA Mw (10%) Mn (10%)

Temperature | (molar) (wt/ %)

(9]
i 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 60 424 126 43
7 95 90 2.12 226 82
B i 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

he molecular weight of the graft copolymers is a stronger function of the reaction
i :

temperathre and CTA conceim'ation than of the initiator concentration. The molecular weight

i .
decreased as the teaction tengperature or the CTA concentration increased.

The molecular weight distribution (MWD) of the graft copolymers under various

conditions is shown in Table 4.

Statistical analysis indicated that only the reaction

temperature had a significant impact on MWD. The MWD was narrower with an increase in

grafting temperature.
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] ‘ Table 4
Sample No. Grafting M/I Ratio | CTA (wt. %) MWD
Temperatore (molar)
(KS)]
1 105 120 424 2.84
2 j 105 60 0 2.81
3 835 60 0 3.76
4 85 120 4.24 352
5 85 120 0 3.84
6 105 60 4.24 2.93
7 | 95 90 2.12 2.76
3 ] 85 60 4.24 3.56
9 [ 1103 120 0 3.01
10 . | 195 90 212 311
SN 95 90 2.12 3.22
Example 2

e graﬂ}copolymen 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
hsxanoaie in odorless mineral spirits), commercially available from Atofina, was used as the
peroxidel initiator and the chain transfer agent was ARCAL AP 1.6, allyl propoxylate,
commeréially available from Lyondell Chemical Worldwide, Inc. Since the grafting
temperature was higher than in Example 1, a more thermally stable peroxide initiator was
used. ‘

Tjhe grafting temperature, M/I ratio, and the amount of CTA for each sample are
shown in Table 1.

JP 2004-537618 A 2004.12.16
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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 ' . 100 140 4.24

5 1 100 140 0

6 ' 130 100 4.24

7 115 ° 120 2,12

8 100 | 100 4.24

9 ! i 130 ¢ 140 0

10 ! 115 120 212

11 115 120 2.12

'llable 2 shows the PMMA add levels analyzed by FTIR under various reaction
conditiois. The variables and interactions were not statistically significant for the
polymerization conversion. Polymerization conversion was high under all the conditions

investigated, although the polymerization rate was different.

i Table 2 ]
Sample No. | Grafting MA Ratio | CTA (wt. %) PMMA (pph)
i | Temperature (molar)
I [(CC) '
1 . 130 140 4.24 893
2 | 130 100 0 91.1
3 ' 100 100 . 0 95.0
4 i 100 140 . 4.24 95.5
5 100 140 0 92.7
6 130 100 4.24 90.2
7 115 120 212 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

fhe 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 mosthiguiﬁcant influence on the molecular weight, followed by the chain transfer agent

concentration.
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' ' Table 3

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

1 130 || 140 4.24 69 26

2 130 100 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

7 115 120 212 107 32

3 100 100 4.24 178 51

9 130 140 0 73 29

10 115 120 2.12 112 37

11 115 120 212 113 37

Tlhe molecular weight distribution (MWD) of the graft copolymers is shown in Table

4. Tthresults i‘of the statistical analysis indicated that only reaction temperature has a

significal

I

|

in the reaction temperature.

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

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

| Temperature (molar)

)

1 130 140 4.24 2.65
2 130 100 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 : 115 120 212 334
8 : 100 100 4.24 3.49
9 ' 130 140 0 2.52
10 115 120 2.12 3.03
11 115 120 2.12 3.05

A 2004.12.16



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(32)

WO 03/014175 PCT/IB02/03082

Other features, advantages and embodiments of the invention disclosed herein will be
readily apparent to those exercising ordinary skill after reading the foregoing disclosures. In
this regaﬁ-d, 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
sébstantially non-oxidizing atmosphere,

(a) treating a propylene polymer material with an organic compound that is a free

—

dical p: ‘lymedzatioll initiator,

(b) Lreatil}é the propylene polymer material over a period of time that coincides with
o fo]low:s: (a) with cjwr without overlap, with about 2 to about 240 parts per hundred
parts of éhe propylejne 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

(¢) removing any unreacted monomer from the resulting grafted propylene polymer
Iﬁaterial, decomposing any unreacted initiator, and deactivating any residual free
rz}dicals in the material.

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

(:) a crystalline homopolymer of propylene having an isotactic index greater than 80;

) a or ijstalline copolymer of propylene and an olefn selected from the group
c nsisting; of ethylene and 4-10 C alpha-olefins, provided that when the olefin is
ethylene, ‘ e maximl‘;m 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
c‘opolymer having an isotactic index greater than 85;

(¢) 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
pblymerized 4-8 C alpha-olefin content is 20% by weight, and, when ethylene is one
o‘f 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:

(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
m‘_,nomers selected from the group consisting of (a) propylene and ethylene,
(bE propylené, ethylene and a 4-8 C alpha-olefin, and (c) propylene and a 4-8 C

15
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alpha-olefin, the copolymer having a polymerized propylene content of more
tha‘h 85% by weight, and an isotactic index greater than 85;

(ii)“‘ about 5%?’(0 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,
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 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

fllexural rrbdulus of lfass than 150 MPa; or

() 2 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) 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;

(ii) 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

—

iif) about 3% to about 40% of a copolymer of ethylene and propylenc 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.

JP 2004-537618 A 2004.12.16



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

(35)

WO 03/014175 PCT/IB02/03082

The process of claim 2 wherein the propylene polymer material is a propylene
h:'omopolymer.

The process of claim 1 wherein the polymerizable chain transfer agent is an ether of
allyl aicohol.

The process of claim 4 wherein the ether is allyl propoxylate.

‘The process of claim 1 wherein the grafting monomers are methyl methacrylate and
methyl acrylate.

A composition comprising

() a propylene po]ymer material containing active grafting sites,

) about ; to about 240 parts per hundred parts of the propylene polymer material of
af least one vinyl-substituted grafting ﬁonomer, and

(c) about 0.5% to about 5%, based on the total weight of monomer, of a polymerizable

chain transfer agent that is a derivative of allyl alcohol.
The composition of claim 7 wherein the propylene polymer material is selected from
tl;le 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
ethylene, the maximum polymerized ethylene content is 10% by weight, and when the
dlsfm is a 4-10 C alpha-olefin, the maximum polymerized content thereof is 20%, the
cppolymer having an isotactic index greater than 85;
(¢) a crystalline terpolymer of propylene and two olefins selected from the group
c‘omsis’cinér of ethylene and 4-8 C alpha-olefins, provided that the maximum
pplymerized 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:
(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

JP 2004-537618 A 2004.12.16
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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;

(ii) about 5% to about 25% of a copolymer of ethylene and propylene or a 4-8
C !alpha—olefm that is insoluble in xylene at ambient temperature, and

(iik) about 30% to about 70% of an elastomeric copolymer of monomers
selected from the group consisting of (a) ethylene and propylene, (b) ethylene,
prlopylene, aﬁd 2 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 tempetature, and having an intrinsic viscosity of about 1.5
to about 4.0 dl/g,
wherein the total amount of (i) 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
‘exural modulus of less than 150 MPa; or
(¢) a thermoplastic olefin comprising:

@ ) about 10% to about 60% of a crystalline propylene homopolymer having an

-

sotactic index greater than 80, or a crystalline copolymer of monomers

se::ected fromi the group consisting of (a) ethylene and propylene, (b) ethylene,
propylene, add 2 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;
(i) 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
(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

.,
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9. T|he composition of claim 8 wherein the propylene polymer material is a propylene
h!omopolfmer.
10. The composition of claim 7 wherein the polymerizable chain transfer agent is an ether
of allyl alcohol.
11, The composition of claim 10 wherein the ether is allyl propoxylate.
12 The composition of claim 7 wherein the grafting monomers are methyl methacrylate

and methyl acrylate.
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