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SUMHA~Y 

Poly(vinyl chloride-~-2-methyl-2-oxazoline) co- 
polymers were prepared by grafting from the allyl 
chloride sites of PVC with KI or AgOSOxCF ~ as co- 
initiators. Use of AgOSOzCFz led to h~ghdr grafting 
efficiencies and higher c~nt~nts of poly(2-methyl- 
2-oxazoline) in the graft copolymers. DTA analyses 
of the P(VC-~-Me-Oxz) identified the thermal transi- 
tions of this copolymer; TGA analyses showed that the 
graft copolymers were less thermally stable than the 
constituent homopolymers. Unlike blends of P(He- 
Oxz) and PVC, the graft copolymers could be molded 
easily; the graft materials exhibited greater flexu- 
ral moduli but lower HDT's than l~rc. 

INTRODUCTION 

The homopolymerization of 2-substituted-2-oxazo- 
line using cationic initiators has been reported by 
various workers (TOMALIA and S~ERTS, 1966,KAGIA, et 
al. 1966, BASSIRI et al. 1967). SAEGUSA et al. 
studied the alkyl iodide (1973a, 1973b, 1973c) and the 
benzyl chloride (1976) initiated homopolymerization 
of 2-methyl-2-oxazoline (He-Oxz) in detail. He (1975) 
also grafted 2-methyl-2-oxazoline from chloromethyl- 
ated polystyrene using potassium iodide as the co- 
initiator. More recently, TOMALIA and ZUBRITSKY 
(1978) claimed the use of allyl chloride,or preferably 
vinyl benzylchloride(optionally with sodium iodide as 
coinitiator) to homo~olymerize He-Oxz. Similarly, 
SAEGUSA et al. (1978) found that the macromolecular 
allyl chloride, 1-chlorobutadiene-butadiene copolymer, 
could be used for grafting Me-Oxz. 

The small concentration of allylic chlorine atoms 
present in poly(vinyl chloride), PVC, has been success- 
fully utilized in conjuction with specific coinitia- 
tors for certain grafting reactions. For example, the 
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PVC/Et~AICI combination was found to be an excellent 
i nitia~ing system for polymerizing isobutylene 
(KENNEDY and DAVIDSON, 1977) and styrene (KWRNEDY and 
NAKAO, 1977). The P~C/AgOBOoCF x macroinitiator 
proved useful for grafting pbly@thers from PVC. 
(DREYFUSS and ~TNEDY, 1976, 1977). 

By judiciously cross-fertilizing the chemistry of 
Me-Oxz with that of PVC, we have synthesized novel 
poly(vinyl chloride-~-2-methyl-2-oxazoline) copolymers. 
This paper describe~ a preliminary study of the prep- 
aration and properties of such materials. 

RYPERIHENTAL 

MeOxz (Aldrich) was distilled twice over Molecu- 
lar Sieves Type 3A (Linde Div. ) and also stored over 
St. DHF (Fisher) was similarly purified. CHoC1 o 
(Matheson Coleman Bell) was distilled and st~re~ over 
iO~C, while TH~ (Fisher) was used as received. PVC 

9300) was dried in a vacuum oven for 2 hours at 
and subsequently cooled and transferred to a 

bottle under nitrogen in a stainless steel dry box. 
KI (Fisher) and AgSO~CF~ (Ozark Mohoning) were dis- 
solved respectively in DHF and THE and the desired 
amounts of them were added last to the reaction mix- 
ture. All transfers were carried out under nitrogen 
atmosphere. 

Poly(vinyl chloride-~-2-methyl-2-oxazoline) co- 
polymers were prepared by dissolving PVC in CH2C1 o or 
D~ solvent or in 2-methyl-2-oxazoline monomer (b~lk) 
in sealed beverage bottles. Coinitiators, if any, 
were added and ~he bottles rotated in a polymeriza- 
tion bath at 80 C. At the end of the desired reaction 
time, the bottles were cooled, opened and the contents 
were poured into a large excess of HeOH with constant 
stirring. For very viscous solutions or for semi- 
solid polymers, first DMF was added to the reaction 
mixture to dilute the solution and subsequently the 
product was precipitated in MeOH. The precipitate 
was left standing in MeOH at least overnight before 
filtering and drying. Since homo poly(HeOxz) is 
soluble in HeOH, it was possible to separate it from 
the graft and PVC by this technique. 

Poly(2-methyl-2-oxazoline) homopolymers were 
prepared according to modifications of existing 
methods (TOMALIA and ZUBRITSKY~9773 Allyl chloride was 
used as the initiator and DMF was used as the solvent. 
The polymerizations were run at 80vC. 

Differential Thermal Analyses (DTA) were carried 
out using a DuPont model No. 900 instrument ~nder 
nitrogen atmosphere and a heating rate of 20 C/min. 
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Thermal Gravimetric Analyses (TGA) were performed with 
a DuPont Model No. 910 instrument u~der a nitrogen 
atmosphere and a heating rate of 10 C/min. 

The m~lling of the graft materials was carried 
out at 140 C, after mixing it with 1 phr calcium 
stearate (Fisher) and calcium-barium laurateo(Fisher). 
Subsequently, molding was carried out at 170 C for up 
to 10 minutes. The molded samples were analyzed for 
Heat Distortion Temperature (HDT) at 66 psi pressure 
(ASTM D-6~8) and flex properties (ASTM D-790). 

RESULTS AND DISCUSSION 

The graft polymerization that we examined is 
shown in Equation (1). N 

<J  - ~oCH = CH --CH--CH 2 --CH-~+ CH 3 / 
i I 
C1 C1 

PVC Me-Oxz 

~-CH =CH -- CH --CH 2 -- CH-vw 

n 

(1 )  

P(VC-~-MeOxz) 

Preliminary experiments showed negligible grafting in 
the absence of coinitiators. Hence, the coinitiators 
KI and AgSOpC1 were tried. (Tables I and II). The 
KI coinitia~or had previously been used to facilitate 

~ rafting of MeOxz from chloromethylated polystyrene 
SAEGUSA, 1975). ~SO~CF~ was the coinitiator of 

choice for graftim~ pdly@thers from PVC (DREYFUSS and 
Z~NEDY, 1976,1977). 

The grafting processes were carried out using 
CH~Cl~ or DNF as solvents or in bulk (Me-Oxz the 
so~ve~t). The inadequacy of the solvent methods is 
clearly shown in Table I, where grafting efficiencies 
are substantially low. 

In contrast, the bulk system was not only con- 
venient but also led to high grafting efficiencies 
(Table I). However, as the bulk grafting reaction 
progressed, the viscosity of the medium increased 
significantly. After about 17%conversion, the 
reaction mixture became semi-solid, due to absorption 
of monomer by the graft copolymer, limiting further 
polymerization. Both the conversion and the poly- 
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TABLE I 

SYNTW~qIS OF POLY (VINYL CHLORIDExK-Me-Oxz ) 
USING El COINITIATOI{ AT 80vC. 

P(Me-Oxz) Grafting 
Grafting Time Conversion In Graft Efficiency 
Conditions hrs. % % Wt. % 

CH2CI 2 Sol. 109 43 13 12 

Sol. 160 34 22 q 2 

Bulk 72 8 31 41 

Bulk 96 14 45 41 

Bulk 120 12 58 81 

Bulk 160 17 61 69 

KI = 1.5 mmole for all experiments 

CH2CI 2 solution: PVC=20 gms, Me-Oxz=55 ml 

CH2C12 = 600 ml 

DMF solution: PVC=15 gins, Me-Oxz =100 ml, 

DMF -- IOO ml 

Bulk: PVC = 15 gins, Me-Oxz = 200 ml. 

TABLE II 

SYNTHESIS OF POLY (VINYL CHLORIDE-g-Me-Oxz) 
USING AgS03CF 3 COINITIATOR AT 80vC IN BULK 

Conversion P(Me-Oxz) In Grafting 
Time % graft, % Wt. Efficiency,% 

15 2.6 15.7 55.8 
20 3-q 21.9 68.8 

39 6.5 ~.9 95.8 

47 9.7 5q �9 6 82.8 

PVC = 15 gins, Me-Oxz -- 200 ml, A~SO3CF3~I59 mmoles 
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(Me-Oxz) content in the graft increased with reaction 
time, (Tables I, II). However, the grafting efficien- 
cy vs. time response was not linear; there was a 
sharp increase in grafting efficiency part way into 
the reaction period, followed by a decrease in graft- 
ing efficiency. This type of behavior might be due to 
inhibition of the polymerization by impurities very 
early in the reaction and competing chain transfer 
processes very late in the reaction. An alternate 
explanation for the lowering of grafting efficiency 
late in the reaction period might be that thermal de- 
gradation of the PVC produces HC1 which initiates the 
homopolymerization of Me-Oxz (SAEGUSA, 1978). 

AgSOxCF x was found to be a much more effective 
coinitiat6r ~han KI for graft copolymerizations with 
Me-Oxz (Table I vs. Table If). Higher conversions 
were obtained for the AgSO~CF~ coinitiated systems, 
even at I/5 the coinitiatof c6ncentrations of the 
KI coinitiated processes. Also, use of AgSO~CF~ re- 
sulted in higher grafting efficiencies and ~re~ter 
poly (Me-Oxz) contents in the graft copolymers than 
in the case of KI coinitiated reactions. 

It is believed that the A~+cation enhances 
P(Me-Oxz) initiation by the formation of AgC1 pre- 
cipitate. In addition, the SO~CF~-anion is expected 
to propagate faster than the I- ~uion because SO~CF~ 
is less nucleophilic than I- (SAEGUSA, 1976). J J 

While a study of the molecular weights of the 
poly(vinyl chloride-~-2-methyl-2-oxazoline) copoly- 
mers was made difficult because of the sparse solu- 
bility of these materials, they were amenable to ther- 
mal analyses. The DTA thermograms of these copoly- 
mers exhibited complex thermal transitions, as des- 
cribed in Table III. 

The Tg Ofothe poly(Me-Oxz) backbone (-81~ 
side chain (50 C) and the Tmoof poly(Me-Oxz)(130 C), 
as well as the Tg of I~C (80 C) are readily identi- 
fiable. A comparison of DTA data (Table III) with TGA 
dat a (Fig. I) suggests that the peaks at 245~285,and 
350 C may represent PVC degradation and/or P(Me-Oxz) 
degradation or cyclization. Also of interest is the 
fact that the Tg of the Pu backbone and the Tg of 
P(Me-Oxz) graft are nearly the same as the consti- 
tuent homopolymers. This lack of compatibility be- 
tween the I~C backbone and the P(Me-Oxz) branches 
may possibly be due to crystallization of the 
P(Me-0xz) branches. 
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TABLE III 

DTA TwI~MAL TRANSITIONS OF HOMOPOLYMERS AND GRAFTS 

ExPSCTemp �9 , LitscTemp �9 

Poly (2-methyl oxazoline) 

-81 
50-80 8O 1 
150-200 200 1 
375 

Poly(vi~u chloride) 

- 812 PVC Tg 

Poly(vinyl chloride-~-Me-Oxz) 

-81 
50 
80 

13o 
2~5,285,350 

1 Ref. 1, 2 Ref. 2 

Type of Transitions 

P(Me-Oxz) backbone Tg 
P~Me-Oxz) sidechain Tg 
P(Me-Oxz) Tm 
P(He-Oxz) degradition (?) 

Fig. 1 also compares the thermal stabilities of 
PVC and P(Me-Oxz) homopolymers with two poly(vinyl 
chloride-g-2-methyl-2-oxazoline) copolymers. The 
hygroscopic P(Me-Oxz) homopo~ymers lose about 10% of 
their weight between 100-2OO C,inpart, by loss of 
water.Yet, the P(He-Oxz) homopolyme~ is generally 
more stable (30%wsight loss at 375 C) than PVC (30~ 
weight loss at 325 C). Despite these~ct~the graft 
copolyme~s are less stable (30%weight losses at 
195, 270vC) than either of the homopolymers. The re- 
duced stability of the graft copolYmers may be due 
to accelerated HC1 loss by P(He-Oxz) or catalyst 
residues (GUPTA et al., 1978). 

Preliminary studies of the mechanical properties 
of PVO, P(Me-Oxz), blends of PVC and P(Me-Oxz) and 
poly(vinyl chloride-g-2-methyl-2-oxazoline) were car- 
ried out. It can be Teen that neither poly(2-methyl- 
2-oxazoline) homopolymer or a PVC/P(Me-Oxz) blend 
gave satisfactory properties. Both materials were 
too brittle to test (Table IV). 

P(Me-Oxz) backbone Tg 
P(Me-Oxz) sidechain Tg 
PVC Tg 
P(Me-Oxz) Tm 
P(VC-g-Me-Oxz) cycliza- 
tion,--degradation (?) 
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P(Me-OXZ) in graft 

I00 ~ PVC WT. % 

80 ~l ~ ~(Me-OXZ) 
60 4 5 / , ' - ,  - _ \ "  ~ . \  

- -  ~.,, 16% 40 t "~'-" 
20 , . . . . .  

0 I00 200 500 400 500 660 
TEMPERATURE, =C 

Figure 1: TGA plots for PVC,P(Me-Oxz) and two 
P(VC-~-Me-Oxz) copolymers with 16% and 
45% P(Me-Oxz) 

Co-initiator 
Used P(He-Oxz) 

Graft %wt. 

KI 51 
AgS0~CF~ 35 AgsO%OF% 60 

Blend 
Allyl Chloride 50 

P(Me-Oxz) 
Allyl Chloride 100 

TABLE IV 

MECHANICAL PROPERTY STUDY OF 
P(u ~ 

Flex Flex 
Modulus Str. Remarks 

psi psi 

a67000 71002 
502000 5300) Could easily 
527000 4200) be molded 

PVC 

Extremely 
brittle 

Extremely 
brittle 

In contrast, the P(VCT~TMe-Oxz) copolymers could 
be easily molded and exhiblted flexural moduli 
higher than that of PVC itself (Table IV). However, 
the flexural strengths of the copolymers were lower 
than that of PVG.This result suggests that P(Me-Oxz) 
behaves as a nonreinforcing filler for PVC. Also, 
despite the fact that the Tm of P(Me-Oxz) is higher 
than the Tg of PVC, graftiugP(Me-Oxz) from PVC 
lowers the heat distortion temperature (HDT) of 

0 395000 11000 Does not 
break 
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PVC (Table V). Apparently, the Tg of P(Me-Oxz) has a 
greater effect on material HDT than the Tm of P(Me- 
Oxz). However, the amount and quality of graft crystal- 
linity may also be important factors because the HDT's 
of the graft copolymers increase as the P(Me-Oxz) con- 
tent of the grafts increases from 35-41%. 

TABLE V 

HDT OF POLY(u CHLORIDE-E-Me-0xz~ 1 
P(Me-Oxz~ In Graft~% wt. HDT vC 

0 82 
15 79 
55 55 
@1 65 

1 HD~ samples prepared using KI coinitiator at 
80 C. 
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