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ABS TR AC T 

Easily modifiable colorless PVC's containing relatively high 
levels of short internal polyene sequences and allylic chlorines, 
PVC(A)'s, have been prepared by controlled chemical dehydro- 
chlorination. The thermal and thermooxidative stability of 
PVC(A)'s decreases significantly in comparison to the original 
resin. The initial dehydrochlorination r a t e  of PVC(A)'s has 
been found to be linear with allylic chlorine concentration. 
Results indicate that nonallylic irregularities, chain-end defect 
sites, and/or initiation of HC1 zip-elimination at regular repeat 
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1034 IVAN ET AL. 

units may also play a nonnegligible role in PVC instability. 
Treatment of PVC(A)'s with dimethylcyclopentadienylaluminum 
(MezCpAl) led to cyclopentadienylated PVC's (PVC-Cp) which 
gelled on drying, and the gel could be solubilized by treatment 
with strong dienophiles. This indicates Diels-Alder addition 
between cyclopentadienyl groups and/or polyene sequences of 
PVC(A). The PVC(A)/BC1di-C4Hn system provided efficient 
grafting of isobutylene and resulted in poly(viny1 chloride-g- 
isobutylene) in which polyisobutylene branches carry tert iary 
chlorine termini. The latter could in turn be cyclopenta- 
dienylated by treatment with MezCpAl and led to networks 
which could be broken by strong dienophiles. 

I N T R O D U C T I O N  

During the past decade many interesting cationic derivatizations 
leading to unique novel materials have been carried out [ 1, 2, 71. In 
the course of these studies, carbocationic techniques proved to be 
eminently suitable for modification of PVC [ 1, 3-61, and it has been 
determined that the chemical transformations take place only at 
labile (tertiary and/or allylic) chlorine sites. The secondary chlorine 
containing repeat units in PVC a r e  reluctant to participate in these 
cationic reactions. Effective derivatizations, e.g., grafting [ 1, 41 
and cyclopentadienylation [ 5-71, require the presence of a certain 
minimum concentration of labile chlorines in PVC. For example, the 
preparation of impact resistant (rubber-toughened) PVC or cyclo- 
pentadienylated PVC, giving thermally reversible networks, would 
require 1-4 labile chlorines per chain in PVC. However, even the 
lowest quality commercial PVC was found to contain less than this 
minimum concentration of labile chlorines. 

relatively high levels of allylic chlorines, PVC(A), by controlled de- 
hydrochlorination and subsequently to study cationic modification, 
i.e., cyclopentadienylation and grafting, of these resins. Parallel to 
PVC modification research, thermal and thermooxidative degradation 
studies on PVC(A)'s have also been carried out. According to experi- 
mental evidence using model compounds, allylic chlorines are ther- 
mally unstable and may provide the main initiation s i tes  of HCl zip- 
elimination during PVC degradation [ 81. However, very few attempts 
have been made to investigate degradation of PVC's containing known 
concentrations of allylic chlorines. Michel and co-workers [ 91 have 
recently studied the degradation behavior of vinyl chloride/phenyl- 
acetylene copolymers and have found a significant effect of such 
structures on the stability of the resin. 

The aim of this research was  to obtain colorless PVC's containing 
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PVC'S WITH HIGH LEVELS OF ALLYLIC CHLORINES 1.035 

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

A carefully purified commercial suspension PVC (Geon 103, from 
B. F. Goodrich) has been used. 

Experimental details of chemical dehydr ochlor inat ion, purification, 
thermal and thermooxidative degradation, cyclopentadienylation with 
dim et h yl c y clopentad ienylalum inum (Me 2 C pAl ), grafting with isobu tylen e, 
and characterization techniques including GPC, W-visible spectros- 
copy, and ozonization of PVC's are given elsewhere [ 5, 61. 

R E S U L T S  AND DISCUSSION 

C o n t r o l l e d  D e h y d r o c h l o r i n a t i o n  of P V C  w i t h  S t r o n g  
B a s e  

The first  phase of our work concerned the preparation of colorless 
PVC's containing relatively high concentrations of allylic chlorines, 
PVC(A)'s, by controlled chemical dehydrochlorination. A series of 
experiments [6], i.e., treatment of PVC with t-BuOK in THF solution, 
under a variety of reaction conditions, yielded PVC's containing in- 
creased concentrations of allylic chlorines in the chain (cf. Table 1) 
at  the same time keeping the number of conjugated double bonds equal 
to or below -3: 

PVC-+-CH-CH~-);;- C H - C H ~ -  - 
I I 

c1  
strong base -nHC1 

PVC-+CH=CH-);;-CH-CH~- - 
I 

c 1  

where n 5 3. The presence of allylic chlorines has been detected by 
ozonolysis, cadmium acetate treatment combined with F T  IR spectros- 
copy, and phenolysis [ 141. These characterization experiments prove 
the reaction scheme above, and indicate that substitution of allylic 
chlorines during base treatment of PVC is essentially absent. Similar 
conclusions have recently also been reported by other workers [ 151. 

Figure 1 shows a representative W-visible spectrum of a PVC(A). 
Absorbances are absent in the visible region and appear only below 
300 nm, i.e., in a region characteristic for conjugated double bonds 
with n < 3 [ 101. A two-parameter kinetic model was constructed to 
describe the dehydrochlorination process in semiquantitative terms 
[6]. Conclusions based on this model are in good agreement with 
experimental findings. 
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FIG. 1. UV-visible spectrum of a PVC(A) sample obtained by con- 
trolled chemical dehydrochlorination. 

Base treatment of PVC is known to result in random $32 elimination 
of HCl from the chain [ 111 and thus to yield randomly distributed 
single and/or conjugated double bonds (polyenes). According to the 
scheme above, both types of unsaturations necessarily produce ran- 
dom allylic chlorine sites. 

T h e r m a l  a n d  T h e r m o o x i d a t i v e  D e g r a d a t i o n  of 
P V C ( A )  

It is widely accepted that subanalytical concentrations of allylic 
chlorines in PVC greatly influence heat and oxidative sensitivity of 
the resin. Thus it was of interest to study the thermal and thermo- 
oxidative degradation behavior of PVC(A)'s. Figures 2 and 3 and 
Table 1 summarize results obtained during thermal degradation 
(190°C, NZ ) of a series of PVC(A)'s. Evidently introduction into PVC 
of a low concentration of allylic chlorines significantly decreases its 
thermal stability. According to the data in Fig. 3 and Table 1, the 
rate of initial dehydrochlorination (VHci)o is a linear function of the 
number of internal polyenes, i.e., allylic chlorines, in PVC, the con- 
centration of which (S) has been quantified by ozonolysis. The rela- 
tively high intercept in the (VHcl)o versus S plot in Fig. 3 may be an 
indication that 1) nonallylic irregularities, e.g., tertiary chlorines, 
are  also present in the resin, 2) chain ends possess unstable structures, 
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PVC'S WITH HIGH LEVELS O F  ALLYLIC CHLORINES 1037 

1 2 3 
hours 

FIG. 2. Extent of HC1 loss as a function of time during thermal 
degradation (190°C, NZ ) of PVC(A)'s containing different amount of 
allylic chlorines (for identification see Table 1). 

and/or 3) the rate of initiation of HC1 chain elimination on a regular 
unit of PVC is higher than commonly assumed. 

for PVC(A)'s at 180°C under an oxygen atmosphere. Thermooxidative 
stability decreases significantly by increasing the concentration of 
internal allylic sites in PVC. According to the "minimal scheme" of 
the mechanism of thermooxidative PVC degradation [ 121, this effect 
may be due to accelerated initiation of dehydrochlorination and fast 
oxidation of polyenes yielding radicals which may induce HCl loss 
by attacking regular repeat units in PVC. 

Figure 4 shows the extent of HCl loss (tHC1) as a function of time 
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0 0.5 1 .o 

FIG. 3. Initial ra te  of HCl loss  as a function of internal polyene 
concentration in PVC(A)'s during thermal degradation (19O"C, NZ ). 

C y c l o p e n t a d i e n y l a t i o n  of  P V C ( A )  

PVC(A) samples have been treated with MezCpAl in dry CHzClz 
solution under a dry nitrogen atmosphere. On the basis of earlier 
studies [ 2, 5, 71, cyclopentadienylation of allylic chlorine containing 
PVC(A)*s is expected to yield PVC's carrying pendant Cp groups 
(PVC-Cp). Similarly to some of the other organoaluminums [ 1-31, 
MezCpAl also substitutes labile, i.e., allylic and/or tertiary, chlo- 
rines [ 71, 

gave insoluble networks provided the allylic chlorine concentration 
of PVC(A) was relatively high. The cyclopentadienylated products, 
however, could be solubilized by the addition of strong dienophiles, 
e.g., maleic anhydride and dimethyl acetylene dicarboxylate. The 
three sets  of equations shown on page 1041 illustrate network formation 
by Diels-Alder addition involving pendant cyclopentadienyl groups in 
PVC and the fact that these networks are thermally reformable. The 
addition of strong dienophiles traps the unreacted pendant Cp groups, 
i.e., permanently prevents their Diels-Alder addition, and thus 
solubilizes the network. 

Cyclopentadienylated and subsequently vacuum-dried PVC (A)'s 
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mole HCI 
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10 1 2 

hours 

FIG. 4. Extent of HC1 loss as a function of time during thermo- 
oxidative degradation of PVC(A)'s ( 180°C, 02). 

S y n t h e s i s  a n d  C y c l o p e n t a d i e n y l a t i o n  of PVC - g -  
P I B - C 1  

Substituted allylic chlorines in conjunction with BCl3 are efficient 
initiators of isobutylene polymerization, and the polyisobutylenes thus 
obtained car ry  tert iary chlorine termini [ 4, 131. Based upon this 
information, a series of poly(viny1 chloride-g-isobuty1enes)-carrying 
tert iary chlorine termini a t  the polyisobutylene branches (PVC-g- 
PIB-C1) have been prepared using the PVC(A)/BCls graft-initiating 
system. According to the data in Fig. 5, grafting efficiency (GE) 
increases with allylic chlorine concentration and approaches 90%. 
Previous cationic graftings of PVC's [ 11 have resulted in relatively 
low grafting efficiencies, most likely due to the relatively low level 
of labile chlorines in the resin, i.e., to the fact that the concentration 
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FIG. 5. Grafting efficiency as a function of internal polyene con- 
centration in PVC(A)'s for PVC(A)/BC13/i-C*H8 systems. 

of labile chlorines in PVC and that of cationogenic impurities in the 
system are commensurate. In the PVC(A)'s used in this research, 
the allylic chlorine concentration is relatively high and the BCls 
coinitiated isobutylene polymerization is free from chain transfer 
to the monomer, which explains the relatively high grafting efficiencies. 

The polyisobutylene branches with tertiary chlorine termini have 
been cyclopentadienylated by treatment with MezCpAl. Cyclopenta- 
dienylation of PVC-g-PIB-C1 yielded graft copolymers in which the 
polyisobutylene branches carry the endgroup PVC-g-PIB-Cp. After 
drying for 2-3 d in the dark under vacuum, these copolymers gave 
networks which could be solubilized by treatment with high concentra- 
tions of strong dienophiles in refluxing THF. Network formation is 
evidently reversible and may be attributed to Diels-Alder addition of 
cyclopentadienyl groups. 
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