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Propylene Radical Copolymerization with 
Vinyl Acetate, Methyl Acrylate, Dimethyl 
Maleate, and Diethyl Fumarate 

S. M. SAMOILOV* 

Celanese Research Company 
Summit, New Jersey 07901 

A B S T R A C T  

Propylene (Pr) radical copolymerization (in water emulsion) 
with vinyl acetate (VAc), methyl acrylate (MA), dimethyl maleate 
(DMM), and diethyl fumarate (DEF) has been studied and is  
discussed, together with literature data on other P r  radical 
copolymerization reactions. Composition diagrams of the sys- 
tems studied a r e  presented. P r  relative activity is determined 
primarily by polarity and to a lesser degree by resonance 
stabilization of the comonomers a s  described by the "Q-e'' 
scheme. P r  reacts actively and gives alternating copolymers 
when comonomer has relatively high electronegativity (e > 
1.2) and low resonance stabilization (e.g., DMM, tetrafluoro- 
ethylene, maleic anhydride). A decrease of comonomer electro- 
negativity (e.g., VAc, vinyl chloride) and/or an increase of 
resonance stabilization (e.g., MA, DEF, acrylonitrile) result in 
a noticeable decrease of P r  activity and in a lower P r  concen- 
tration in the copolymers a s  compared to the comonomer 
mixture. The mechanism of these effects is discussed. 
Properties of Pr copolymers with VAc, 1MA, DMM, and DEF 
(also with butyl acrylate and vinyl alcohol) are  described. 
Molecular weight decreases rapidly with an increase of Pr 
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108 SAMOILOV 

content in each type of copolymer. Copolymers with different 
comonomers, compared in the series Pr-MA, Pr-VAc, Pr-DEF, 
Pr-DMM, are characterized (in general) by an increase of P r  
content and by a decrease of molecular weight (from - 150,000 
to -8,000). In Pr-VAc and Pr-MA copolymers, glass transi- 
tions shift to lower temperatures (approximately according to 
the Gordon equation) with an increase of Pr content. No transi- 
tions were found in Pr-DMM and Pr-DEF copolymers (in the 
range -100 to +lOO"C). Thermostability of the copolymers (in 
air and nitrogen) does not depend on P r  content and/or molecular 
weight and becomes higher in the series Pr-VAc < Pr-MA z 
Pr-DEF < Pr-DMM. 

Propylene (Pr) copolymerization with functional monomers is an 
interesting problem from both academic and practical points of view. 
The well-known facts that ethylene copolymerization with polar co- 
monomers via ionic mechanism has as yet been unsuccessful as  
compared to the very fruitful radical route for such reactions of 
ethylene indicate that a radical mechanism might likewise be poten- 
tial for the synthesis of P r  copolymers with polar functional comono- 
mers. Indeed, although P r  is  commonly considered a s  a monomer 
which is not suitable for radical polymerization reactions, it was 
recently demonstrated that P r  can effectively copolymerize via a 
"classic" radical mechanism with several functional comonomers 
[ 11. (Pr reactivity in radical copolymerization can be substantially 
enhanced by the so-called "charge transfer agents" [ 21, but this sub- 
ject is  not considered in the present study.) 

The kinetics of P r  copolymerization reactions tend to depend on 
comonomer polarity expressed by the "e" factor in the rrQ-ert co- 
polymerization scheme, Comonomers with a comparatively high 
( > 1.2) "e" factor (high electrophilic comonomers, e.g., tetrafluoro- 
ethylene, maleic anhydride) copolymerize with Pr in alternating re- 
actions that give products with molecular weights up to ,., 200,000. 
On the other hand, P r  copolymers with lower polarity monomers 
(e.g., with vinyl chloride or  vinyl acetate, 
tively) have a noticeably lower P r  content compared to the comonomer 
mixture, and with an increase of P r  content in the copolymers their 
molecular weight decreases rapidly. 

by assuming that P r  easily gives up H' atoms (an explanation of P r  
high chain transfer activity and of low molecular weight of P r  homo- 
and most copolymers), forming resonance stabilized ally1 radicals 
CHZ m r C H - r m C H z  which are  inactive in joining the growing polymer 
chains (an explanation of P r  inactivity in propagation reactions and of 
low P r  content in most copolymers). Also, to interpret a much higher 
P r  activity in reactions with high electrophilic comonomers, we can 
assume that such comonomers can form with nucleophilic P r  biradical 

0.20 and -0.22, respec- 

Difficulties in P r  radical polymerization can be plausibly explained 
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PROPYLENE RADICAL COPOLYMERIZATION 109 

donor-acceptor complexes of the type: CH~-CH'-CHZ@ '"* eCR~Rz - 
C ' a R 4 ,  that these complexes can homopolymerize further into alter- 
nating copolymers, and that displacement of Pr T -electrons in the 
presence of electrophilic comonomers impedes the formation of 
stabilized ally1 radicals. 

generalize the mentioned classification of the comonomers. For 
example, Pr radical copolymerization with acrylonitrile, which can 
be described as  a high electrophilic monomer ("e" 1.20), does not 
proceed as an alternating reaction, and Pr-acrylonitrile copolymers 
contain substantially less Pr than the comonomer mixture over the 
entire range of the monomer composition [ 1, 3, 41. Information on 
the properties of P r  copolymers is also very scarce. 

The prime objective of this paper is to compare the reactivities 
of monomers in P r  radical copolymerization with low polarity co- 
monomers [vinyl acetate (VAc) and methyl acrylate (MA)] and with 
high electrophilicity comonomers [ dimethyl maleate (DMM) and 
diethyl fumarate (DEF; the polarity of the comonomers is specified 
according to the value of "etr factor, Table l)] . It is also of interest 
to describe some properties of these copolymers. Among the co- 
monomers studied in the present research, only VAc has been co- 
polymerized before with Pr [ 11. Radical copolymerization of Pr 
with h U ,  DMM, DEF, and butyl acrylate (the latter has also been 
investigated) are  new reactions. All reactions were carried out in 
water emulsion. 

Still, the data on P r  radical copolymerization are too limited to 

E X P E R I M E N T A L  

Reactions were carried out in a 1-L stainless steel stirred (600- 
1000 rpm) autoclave, placed on a scale to directly measure (accuracy 
f 15 g) the amount of Pr in the reaction mixture. Emulsions were 
prepared in distilled water (30-45%) solutions of nonionic emulsifiers 
(1-3% polyoxyethylene nonylphenols) without or  in combination with 
an anionic emulsifier ( - 0.25% dodecylbenzene sodium sulfonate). 
Emulsions contained stabilizer ( -0.8% hydroxyethylcellulose), buffer 
(-0.2% NaHCQ), and initiator [ -0.2% NazSzOs or (NH4)zSzOs 
without or  in combination with -0.3% NaHSCh or with -0.01% tert- 
butyl hydroperoxide and - 0.05% cyclohexanone peroxide; the concen- 
tration of all components is  given in weight % in relation to the total 
reaction mixture, including P r  and comonomer] . 
with Pr and heated to the reaction temperature that was kept at a 
constant level in the 40-80°C range. Liquid P r  was pumped into the 
reactor at room temperature and/or after attaining the reaction 
temperature. Additional amounts of P r  were introduced during the 
reaction to keep the pressure at a constant level in the 15-120 atm 
range. P r  concentration in the comonomer mixture is calculated in 

The autoclave, charged with emulsified comonomer, was purged 
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112 SAMOIL OV 

relation to the total amount of Pr introduced into the reactor. The 
reaction time was 20-22 h. The phase composition of the reaction 
mixture is not known, but we can suppose that at  the reaction condi- 
tions there was only a limited dissolution of Pr [ 20, 211 and all co- 
monomers (very low solubility a t  atmospheric pressure) in water, and 
also that, besides possibly DMM, the comonomers were miscible with 
Pr (analogy with the miscibility of comonomers and light hydrocarbons). 
In this way we can suppose that during the reaction, Pr and most of the 
comonomers were probably in the form of a homogeneous mixture 
both in monomer droplets and in emulsion particles. 

Conversion of the comonomers (calculated from copolymer com- 
position and from residual comonomer content in the product) was 
in the 30-100% range. There was no clear correlation between Pr 
concentration in the monomer mixture and the reaction rate. The 
products were emulsions that contained 15-50 wt% polymers (after 
correction for  the initial solid components) with -80% particles 
having -0.25 pm and the rest  ~0.90 gm diameter (Joyce-Loebl 
me thod). 

In a special series of experiments the reaction pressure was 
raised and kept constant by introducing N2 into the reactor, f i rs t  
charged with Pr-VAc initial emulsion (Table 2). In these experiments 
the Pr content in the copolymers increased both with an increase of 
Pr content in the monomer mixture a t  constant pressure (Experiments 
A-C) and with a decrease of N2 pressure a t  constant comonomer 
composition (Experiments C-F). The latter effect is probably re- 
lated to a change in comonomer composition in the emulsion droplets 
and micelles as a result of variation in Nz pressure. The increase of 
N2 pressure brought about a noticeable increase in polymer yield 
(solids in emulsion) and molecular weight (Experiments C-F). The 
copolymer glass transition temperature was primarily dependent on 
the Pr content (Experiments A-C) and to a much lesser degree on 
the molecular weight (Experiments C-F). 

Copolymers were separated by coagulation of the emulsions at 
-O"C, purified by dialysis in  distilled water, and dried in vacuum to 
constant weight a t  40°C. Some Pr-VAc and Pr-MA copolymers were 
additionally purified by reprecipitation (at room temperature from 
acetic acid into water; Pr-DMM and Pr-DEF do not dissolve in acetic 
acid) and drying in vacuum. Pr-VAc copolymers that had been boiled 
with a molar excess of aqueous alkali were completely hydrolyzed, 
but had the same molar concentration of Pr  as the unhydrolyzed co- 
polymers. Comonomer concentration in the copolymers was deter- 
mined by proton-NMR analysis (in DMSO solutions, see Fig. I) and 
verified by carbon elemental analysis. The relative concentration of 
the comonomers in dry films, cast directly from the emulsions, was 
determined (NMR) with regard to other components of the emulsions 
and coincided with the composition of the samples purified by pre- 
cipitation. 

Pr-VAc copolymers a r e  tough white res ins  that become softer and 
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1 

FIG. 1. NMR spectra of (1) propylene-vinyl acetate (11.0 mol% Pr) 
and (2) propylene-methyl acrylate (15.6 mol% Pr )  copolymers. 

yellow with an increase of P r  content; Pr-MA are colorless, flexible, 
and slightly sticky; Pr-butyl acrylate (Pr  content 10-12 mol%) are  
colorless, transparent, tough, sticky elastomers; Pr-DMM are  either 
white and hard o r  soft and slightly sticky; Pr-DEF are grey, flexible, 
and sticky; and Pr-vinyl alcohol copolymers are brittle light-yellow 
resins. The later copolymers, depending on their composition, are 
soluble (-J 10 mol% Pr )  or  insoluble (- 20 mol% Pr )  in hot water. 
Copolymers with VAc, MA, DMM, and DEF a re  amorphous (x-ray). 
All copolymeqs studied formed flexible transparent films. 

The molecular weight of Pr-VAc and Pr-MA copolymers was 
evaluated by viscometry (80% acetic acid-20% water solutions at 
25" C) and by GPC (hexafluoroisopropanol solutions) using poly -VAc 
and poly-MA fractions of known molecular weight for comparison. 
In addition, the viscometric data were tested by the equation 

[ 771 dL/g = 6.96 x x M0'78 

useful for the calculation of poly-VAc molecular weight [ 221, The 
molecular weights of Pr-DMM and Pr-DEF copolymers were evaluated 
by GPC (in DMSO, relative to polystyrene standards). JXC was per- 
formed with a DuPont 900 instrument in NZ atmosphere at a heating 
rate of 10°C/min with samples purified by reprecipitation and free 
from surfactants (dialysis in water was  not efficient enough to have 
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0 1 
/ *; 

20 40 60 

Monomers, Pr, mol. % 

FIG, 2. Composition diagrams (monomer mixture-copolymer) for  
Pr radical (emulsion) copolymerization with vinyl acetate ( a),  methyl 
acrylate ( o ), dimethyl maleate ( *  ), and diethyl fumarate ( *). The 
azeotrope line is shown as - so.. 

the DSC curves free from transitions of the residual surfactants). Glass 
transitions of the copolymers were identified by the onset (intersec- 
tion of tangent lines) of stepwise deviations on DSC curves. TGA was 
performed with a DuPont 990 instrument in NZ and air atmosphere a t  
a heating rate of 15"C/min. 

DISC U S  SI O N  

C o m o n o m e r  R e a c t i v i t v  

Composition diagrams (monomers-copolymer) for the systems 
studied a r e  shown in Fig. 2. (The present Pr-VAc composition dia- 
gram (Fig. 2) is very close to the diagram that has been calculated 
from the literature data [ l] ,) It is clear that in a wide range of 
monomer composition (up to -75  mol% Pr content) Pr is noticeably 
less reactive compared to VAc and especially compared to MA (Pr 
concentration in the copolymers did not exceed N 35 mol% for  Pr-VAc 
and 18 mol% for Pr-MA copolymers). It is also certain that Pr- 
DMM copolymers have approximately equimolar composition (48-57 
mol% Pr in the copolymers) and that Pr copolymerization with DMM 
proceeds mostly as an alternating reaction. 

The data for Pr-DEF a re  less  conclusive as  in this case the 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
2
0
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



116 SAMOILOV 

monomer composition range (34-53 mol% Pr) was comparatively 
narrow and the copolymer composition (38-44 mol% Pr) can corre- 
spond to different combinations of comonomer reactivity ratios. 
Nevertheless, it is certain that in copolymerization with DEF the re- 
activity of P r  is substantially higher than in reactions with VAc and 
MA and also that Pr is probably somewhat less reactive with DEF 
than with DMM. We assume for the Pr-DEF system a composition 
diagram (dashed line in Fig. 2) which is closer to the Pr-DMM alter- 
nating one than to the low P r  activity diagrams of Pr-VAc and Pr-MA 
reactions. Although the data shown in Fig. 2 relate to high conver- 
sion of comonomers (see above), the general character of the de- 
scribed correlations should probably also take place at lower conver- 
sions because in all our systems the change of Pr concentration in 
the monomer mixture during the reaction was in the same direction: 
to higher Pr concentration. 

P r  reactivity in different radical copolymerization reactions, 
explored in this study and known from the literature, is summarized 
in Table 1 together with "Q-el' values for the comonomers. We can 
see that our data support in general the approach suggested above: 
to correlate P r  reactivity primarily with polarity of comonomers. 
When the polarity factor "elr is below a certain limit (on the basis of 
our data for the Pr-MA system we can now better define this limit 
a s  -0.6), P r  is  noticeably less active compared to the comonomer, 
P r  copolymers contain less Pr than the monomer mixture and P r  units 
are evidently statistically distributed in macromolecules (the latter 
fact was experimentally proved for Pr-VC1 copolymers). On the other 
hand, P r  copolymerization with most elsctronegative comonomers, 
characterized by a higher "eft factor ( > 1.2), is in general an alter- 
nating reaction although, as  was demonstrated for Pr-TFE, there is 
also a notable probability to have adjoining P r  units in the copolymers. 

At the same time, we have four monomers (AN, TFE, DEF, DMM) 
with approximately the same "elr value (1.20-1.27) and only two (TFE, 
DMM) react with P r  in an alternating reaction as suggested above. 
Our data on lower P r  relative activity in copolymerization with DEF 
are of the same type as those reported for the Pr-AN system. These 
facts confirm each other and need additional explanation. We can see 
that among the studied comonomers both DEF and AN have a substan- 
tially higher resonance factor "Q' (QAN 0.60, QDEF 0.61 compared, 
for example, to QTFE 0.05, QDMM 0.09). We can also notice the com- 
paratively high "&" factor (0.42) for MA and compare this fact with 
the lower Pr reactivity in copolymerization with MA than with VAc 
(QvAc 0.026) and VC1 (Qvcl 0.044). (Pr  reactivity in copolymeriza- 
tion with VC1 is close to that with VAc [ 11 .) Evidently resonance 
factor "Q' of the comonomers has a noticeable effect on P r  reactivity, 
and an increase of the comonomer "Q" value results in lower P r  
relative activity which is opposite to the effect of a comonomer "e" 
increase. 
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To rationalize the correlation between resonance stabilization and 
relative activity of the comonomers, we suggest the following mech- 
anism. The resonance takes place between the free valency and the 
polar substituent both in monomeric radicals and in macroradicals. 
On the one hand, this effect stabilizes the free valency of the mono- 
meric radical and, on the other hand, it destabilizes the free valency 
of the macroradical as illustrated by 

*CHz-CHr;;C=N 'CH2 --CH?;?Cr;sO 
I 

(Resonance stabilization factor "&" relates to the radical formed after 
opening of the double bond, and should not be confused with resonance 
stabilization of the radical formed after separation of the H' atom. 
For example, a high resonance stabilization and, as a result, a low 
activity of the ally1 radical (see above) is a different effect from a 
very low resonance stabilization of the Pr radical 'CH2-'CH-CH3, 
which is another cause of the low P r  activity in radical polymeriza- 
tion.] As a result, the activity of comonomeric radicals becomes 
higher but the activity of macroradicals with comonomer end units 
becomes lower. These effects end in higher relative copolymeriza- 
tion activity of comonomer as compared to Pr. 

C o p o l y m e r  M o l e c u l a r  W e i g h t  

Both solution viscosity and GPC show that for the same Pr- 
comonomer system the molecular weight of all studied copolymers 
decreases rapidly with an increase of*Pr content in the monomer 
mixture and respectively in the copolymers (Fig. 3). There is no 
difference, in this aspect, between high (DMM, DEF) and low (VAc, 
MA) polar comonomers. A similar effect of molecular weight de- 
crease with an increase of Pr content also takes place in P r  radical 
copolymerization with other high (e.g., TFE) and low (ethylene, vinyl 
chloride) polar comonomers [ 11. (Pr-maleic anhydride copolymeri- 
zation is an interesting exception with a maximum molecular weight 
at - 70 mol% P r  in the monomer mixture [ 1, 231 .) 

A decrease of copolymer molecular weight with an increase of P r  
content can in g h e r a l  also be noticed when copolymers with different 
second comonomers are  compared (Fig. 3). Thus, in general, molecu- 
lar weight and P r  content of different copolymers explored in this 
study follow directly opposite orders: 
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Propylene, mot. % 

FIG. 3. Molecular weights ([ q] , viscosity of solutions) of Pr-VAc 
( a), Pr-MA ( o ), Pr-DMM ( A ) ~  and Br-DEF ( * )  copolymers as 
functions of PI- concentration in the copolymers. 

P r  content (Pr-DMM) > (Pr-DEF) > (Pr-VAc) > (Pr-MA) 

Molecular weight (Pr-MA) > (Pr-VAc) > (Pr-DEF) > (Pr-DMM) 

Note that the molecular weight of Pr-MA copolymers (above 
100,000) was noticeably higher than that of Pr-VAc copolymers 

(below 
the molecular weights of Pr-DEF (below - 15,000) and Pr-DMM co- 
polymers (below w 10,000) were substantially lower (Fig. 3). 

All these facts are  evidently due to Pr high activity in chain trans- 
fer reactions together with low activity of P r  macroradicals in chain 
propagation. At the same time, there was no remarkable chain trans- 
fer to the CHs-groups in acetate side units of Pr-VAc copolymers and 
no branching of the copolymers by this mechanism as  no significant 
decrease of Pr-VAc molecular weight after hydrolysis of these co- 
polymers was noticed. 

100,000), and that in comparison with Pr-VAc and Pr-MA, 

C o p o l y m e r  G l a s s  T r a n s i t i o n s  

In the temperature range -100 to +lOO°C, glass transitions were 
determined for Pr copolymers with VAc, MA, and butyl acrylate. 
With an increase of P r  concentration the glass transitions of Pr-VAc 
and Pr-MA copolymers shift from the transition temperature of 
poly-VAc ( 28" C [ 51 ) and poly-MA ( - 10" C [ 51 ) in the direction of 
the poly-Pr glass transition which is at a lower temperature ( - -20°C 
[ 51, Fig, 4). The dependence of T on P r  content approximately fol- 

g 
lows the well -known Gordon equation: 
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- xA xB 

--A+TB Tg Tg g 

(where Tg, TgA, and T a re  the glass transition temperatures of 
the copolymer and homopolymers; XA and X a r e  the comonomer 
concentrations in weight parts), and this is an argument that the T 
decrease in Pr-VAc and Pr-NLA copolymers is mainly due to the pres- 
ence of P r  units. 

We can also notice that most deviations of experimental data from 
the Gordon equation are in the direction of lower T values than pre- 
dicted by the equation. These deviations a r e  evidently due to low 
molecular weight, and this was particularly characteristic for  many 
of the analyzed Pr-VAc copolymers (see above). Thus the increase 
of Pr content in Pr-VAc and Pr-MA copolymers results in a decrease 
of the glass transition temperature primarily because of Pr incor- 
poration into macromolecules and additionally due to a decrease of 
copolymer molecular weight. 

(10-12 mol% Pr) was - -45°C and thus was displaced from polybutyl 
acrylate (-54°C [ 51 ) in the direction of poly-Pr T 
Pr-DEF did not show any noteworthy glass transitions in the tempera- 
ture range -100 to +lOO°C. 

g 
B 

g 

g 

The glass transition temperature of Pr-butyl acrylate copolymers 

Pr-DMM and 
g' 

u 
0 
d c 

Propylene. mol. % 

FIG. 4. Glass transitiontemperature ( T  ) of Pr-VAc ( ) and Pr-MA g 
( A ) copolymers a s  functions of Pr concentration in the copolymers. 
The lines show the relation between T and copolymer composition 
as defined by the Gordon equation. 
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TABLE 3. Thermostability of Propylene Copolymers 

Polymer 

Temperature of 
TGA maximum 
weight loss rate 

Propylene in ("C) 
copolymer 
( m o W  In a i r  In NZ 

Pr-VAc 
Pr-VAc 
Pr-VAc 
Pr-VAc 
Pr-MA 
Pr-MA 
Pr-DEF 
Pr-DEF 
Pr-DMM 
Pr-DMM 
Poly-VAc (5 X lo4 MW) 
Poly-MA (lo5 MW) 

6.7 
10.5 

26.1 

29.7 

6.0 

18.0 

34.3 

40.1 

44.1 

57.4 

0 

0 

350 

355 

360 

355 

400 

400 

400 

390 

430 

420 

350 

400 

365 

370 

365 

3 70 

- 
410 
- 
450 

440 

365 

C o p o l y m e r  T h e r m o s t a b i l i t y  

In  air and in nitrogen, all the copolymers studied a r e  thermostable 
up to  -2OO"C, s t a r t  to rapidly decompose above 3O0-35OaC, and show 
maximum rate of decomposition at  350-450" C (TGA data, the thermo- 
stability of the copolymers was slightly higher in nitrogen compared 
to air). In general, the differences in copolymer thermostability are 
primarily determined by the type of the second comonomer and depend 
much less on the molar composition and molecular weight of the 
copolymers (Table 3). The highest thermostability was found for 
Pr-DMM although they had a much lower molecular weight as com- 
pared to Pr-VAc and Pr-MA copolymers (see above). Pr-VAc showed 
the lowest thermostability with decomposition temperatures being - 70°C below those of Pr-DMM copolymers (in air and N2, respec- 
tively). Pr-MA and Pr-DEF had intermediate and similar thermo- 
stability although the molecular weight of Pr-MA was much higher 
than that of Pr-DEF copolymers. The thermostability of Pr-VAc 
(0-30 mol% Pr) and Pr-MA copolymers (0-18 mol% Pr) was not 
affected by a change in Pr concentration o r  by an accompanying change 
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PROPYLENE RADICAL COPOLYMERIZATION 121 

of copolymer molecular weight. The thermostability of these copoly- 
mers  was practically the same as the thermostability of poly-VAc 
and poly-MA. 

S U M M A R Y  

Pr relative activity in all known radical copolymerization reactions 
(including l i terature data) can be described as the activity which is to 
a high degree defined primarily by polarity and additionally by reso- 
nance stabilization of comonomers, expressed by the "Q-err scheme. 
With low polarity comonomers (characterized by "e" Z 0.6, e.g., 
with VAc, MA), Pr relative activity is low and the copolymers con- 
tain substantially less Pr than the comonomer mixture. On the other 
hand, with higher polarity comonomers (e.g., with DMM, DEF), Pr 
reacts  more actively and can give alternating copolymers (e.g., Pr- 
DMM). Pr activity is' comparatively lower when resonance stabiliza- 
tion of comonomers is high (e.g., DEF, MA). 

DMM, and DEF is accompanied by a noticeable decrease in copoly- 
mer  molecular weight. The same regularity can be seen by compar- 
ing, in general, copolymers of the different comonomers studied. In 
the comonomer series MA, VAc, DEF, DMM, the copolymerization 
activity of Pr (Pr  concentration in comonomers) goes regularly up 
and copolymer molecular weight goes regularly down. 

with an increase of Pr concentration the glass  transitions take place a t  
lower temperatures and the Tg dependence on Pr content approxi- 
mately follows the Gordon equation. There a r e  no glass  transitions 
seen in Pr-DMM and Pr-DEF copolymers (in the -100 to +lOO°C 
range). 

The copolymers studied s ta r t  to decompose rapidly (in air and N z )  
above 300-350°C. Thermostability does not depend on Pr concentra- 
tion and copolymer molecular weight, but i t  is noticeably affected by 
the nature of the comonomer, with Pr-DMM being the most an& Pr- 
VAc copolymers being the least  thermostable. 

An increase of Pr concentration in copolymers with VAc, MA, 

As a result  of Pr incorporation into Pr-VAc and Pr-MA copolymers, 
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