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ABSTRACT

The influence of SnCl, as modifier on the copolymerization of vinyl acetate (VAc) with acry-
lonitrile (AN) was studied in bulk using azobisisobutyronitrile as an initiator at 65°C. The kine-
tic results show that the overall copolymerization rates increase with increasing the concentra-
tion of SnCl, in the reaction medium. In addition, higher relative rates were obtained in the
medium containing higher content of AN in the monomer feed. The copolymerization parameters
of the two monomers approach to cach other with raising the molar ratio of SnCl, in the system.
Thus, the presence of SnCl, increases the reactivity of VAc towards the copolymerization pro-
cess and hence it raises the alternating character of the resultant copolymers. Consequently,
the copolymerization of VAc and AN in the presence of SnCl, can be suggested as a multicom-
ponent system, since the monomers can form complexes with SnCl, as was observed from IR
spectra and sixteen elementary polymerization reactions can be considered in the propagation
process. The effect of modifier on the structure of the resultant VAc-AN copolymer as indicated
from x-ray diffraction patterns are very useful in industry, since such copolymers are used for
manufacture of membranes and for preparing fibrous activated carbon of high adsorption ca-
pacity and strength.

INTRODUCTION

, Free »radi_cai pdlymerization is one of the most important methods
of obtaining synthetic polymers. The kinetic parameters.of the polyme-
rization reaction depend principally on the nature of the monomer, the
formed radical and the reaction medium. However, the polymerization
reaction by free radical mechanism cannot be controlled easily, and this
is the main disadvantage of this process. As it is known, the propagation
reaction affects the rate of the overall polymerization process, the mo-
lecular weight of the polymer, the configuration of the macromolecules
and the composition of the obtained copolymer. Recently, extensive
studies have been published on homo-and copolymerization of vinyl mo-
nomers in presence of some inorganic salts, such as: LiCl, MgCl,, ZnCl,,
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AlBr; and SaCl, (Kargin -1971, Seizo- 1976 and Kabanov- 1980). These
salts form complexes with functional groups of such monomers and show
a considerable effect on the reaction rate and the composition of the re-

sulting polymers (Mokhtar 1984).

In the present work the effect of SnCl, as modifier on the copoly-
merization behaviour of vinyl acetate (VAc) and acrylonitrile (AN) in
bulk was investigated. The study was performed by measuring the ki-
netics of the copelymerization reaction, the structure of the obtianed
copolymers and by determining the copolymerization parameters.

EXPERIMENTAL

Materials:

Vinyl acetate (BDH) and acrylonitrile (BDH) were distilled before
use. Azobisisobutyroniirile was purified by recrystallizing from ethanol
(m.p. = 104°C). Anhydious stannic chloride (GDR) was used without
further purification, '

Copolymerization RATES:

Vinyl acetate (VAc) and acrylonitrile (AN) of different molar ratios
were mixed with a calculated amount of azobisisebutyronitrile (Al-
BN) as an initiator and SnCl, as modifier. The mixture was intro-
duced into a dilatometer, flushed with nitrogen, sealed and then
immersed in a thermostat at 65 < 0.1 °C. The decrease in the volume
during initial polymerization was followed as a function of time.

Copolymer Analysis:

Copolymerization was earried out in pyrex ampoules. The re-
action was stopped when 5-10 9, conversion. had taken place. The
obtained polymers were purified by precipitation and dried for se-
veral hours in  vacuum oven at 60°C. The copolymer compositions
were calculated on the basis of nitrogen content of the copolymers.
Nitrogen analysis was performed at the central micreanalytical unit,
Cairo University.

Monomer Reactivity Ratios:

Copolymerization parameters were calculated by Fineman-Ross

method (Ross-1950) and by Kele -Tiidos method (Tiidos-1975).
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Infrared Spectroscopy:

Infrared spectra were measured using PERKIN-ELMER 398 Inf-
rared Spectrophotometer.

X-Ray Diffraction:

X-ray diffraction patterns were obtained by an apparaturs of Phi-
lips (PW 1390 channel control and PW 1373 goniometer supply)
using Cu-Keo beam by the film method.

RESULTS AND DISCUSSION

Fig (1) illustrates the results of the percent conversion-time for the
copolymerization of vinyl acetate (VAc) and acrylonitrile (AN) of 20
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Fig. 1. Percent conversion-time cuiv:s for bulk copolymerization of vinyl acetate with acrylo-
nitrile initiated by azobisisobutyronitrile in presence of SnCl, at 65°C.

([VAe]/ [AN] = 20 to 80 molar ratio).
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to 80 molar ratio, respectively, in presence of different concentrations
of SnCly. It was found that as the concentration of SnCly increases the
overall rate of the reaction increases. Fig. (2) shows the relative rates
of VAc and AN copolymerization in absence and in presence of SnCl,.
Obviously, the relative rate of the copolymerization reaction increases
about 19 times with increasing SnCl; content in the reaction medium
from 0.0 to 0.249 (in molar ratio), i.e., [SnCly]/(VAc+AN) changes
from 0.0 to 0.249. These results indicate that, SnCly is more effective on
the reaction kinetics of VAc-AN copolymerization than ZnCl, (Mokh-
tar, 1984) .Similar behaviour was also observed for the copolymerization
system of VAc and AN of 50 to 50 and of 70 to 30 molar ratio, respectively
(cf. Tigs. 2, 3 and 4). As shown, the copolymerization reaction of VAec
and AN is more efficient to produce copolymer with higher rate with inc-
reasing the contents of both AN and SnCl in the monomer feed. The
same trend was reported previously for the copolymerization of some
vinyl monomers in presence of Lewis acids (Kabonov, 1980).
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Fig. 2. Dependence of the relative rates of VAc-AN copolymerization in presence of azobisiso-
butyronitrile initiator on SnCl, concentration at 65°C.
a) [VAe}l/ [AN] == 20 to 80 (molar ratio).
b) [VAc]/ [AN] = 50 to 50 (molar ratio).
¢) [VAc]/ [AN] == 70 to 30 (molar ratio).
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Fig. 3. Percent conversion-time curves for bulk copolymerization on vinyl acetate with acry-
lonitrile initiated by azobisisobutyronitrile in presence of SnCl, at 65°C
([VAc]/ [AN] = 50 to 50 molar ratio).

The effect of SnCly on the reactivity behaviour of the two monomers
during their copolymerization can be confirmed from IR spectra. The IR
spectrum of VAc in absence and in presence of various concentrations
of SnCl, shows that (Fig. 5) there is a shift in the frequency of the ab-
sorption band of the ester group from 1760 cm™! to 1755 em~!. Also,
SnCl, intensifies the absorption bands of VAc monomer.

Fig. (6) illustrates the IR spectrum of AN in presence of SnCly. As
shown the absorption band of nitrile group at 2270 cm~! undergo shift
to 2260 cm~!. In addition, SnCly intensifies the absorption band of the
monomer. The TR results suggest that, SnCly forms complex with the
functional group of each monomer. Thus, it raises their polarity and hence



14 S .M. MOKHTAR - S.M. ABDEL-AZ{Z and ABO EL-KHAIR B. MOSTAFA

15.90 ] o Y T
a) [SnClgl/{VAC+AN]=0.000
b) - = =0.057
8.0 "
c) " " =0.153
d) " - =0.249
5
S 6.0 ]
n ;
g d C
[
O
© o 4.0 .
* b
a
2.0- A
0.0 /] 1 1 .l
10 20 30 40 50

Time, min.

Fig. 4. Percent conversion-time curves for bulk copolymerization of vinyl acetate wth acry-
lonitrile initiated by azobisiscbutyronitrile in presence of SnCl, at 65°C.
([VAc]/ [AN] = 70 to 30 molar ratio).
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Fig. 5. IR spectra of vinyl acetate: a) in absence of SnCl,, b) in one drop of SnCl; and ¢) in ex-
cess of SnCL. :
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Fig. 6. IR spectra of acrylonitrile: a) in absence of SnCl,, b) in one drop of SnCl, and ¢) in ex-
cess -of SnCl;:

this led to an increase in the conjugation energy of the w-electron of the
(=C of the vinyl group. Consequently, SnCl, increases the reactivity of
the two monomers towards the copolymerization reaction.

The action of SnCl, on the structure of the resulting VAc-AN co-
polymer was studied from X-ray measurements. Figs. (7) and (8) show
the X-ray diffraction diagrams for the copolymer samples obtained du-
ring the copolymerization of VAc with AN of 30 to 70 and 80 to 20 molar
ratios, respectively, with different concentrations of SnCly. It was ob-
served that (Fig. 7) in absence of SnCly strong reflections appear at 20 =
12.3°, 22.3 and 24.8° and small reflections appear at 20 = 28.6° and
29.4° (Fig. 7a). However in presence of SnCl, (Fig. 7b and 7c), the ref-
lection at 20 = 22.3° and above this range disappear and a new broa-
den area appears with a maximum reflection at about 20 = 21°. Also,
a difference in the X-ray diffraction patterns (Fig. 8) was also observed
for VAc-AN copolymer samples prepared from a system of VAc with
AN of 80 to 20 (in molar ratio) in absence and in presence of SnCl,. The-
refore, it was suggested that SnCly affects the structure of the obtained
VAc-AN copolymer., ie., order of monomeric unit arrangements in the
copolymer chains. Consequently, it affects the properties of the resul-
tant copolymers. This is very important and useful in industry, since
VAc-AN copolymers are used for manufacture of membranes (Takao,
1981) and for preparing fibrous activated carbon of high adsorption ca-
pacity and strength (Kazuo, 1981).

The composition of the two monomers and the resultant copolymers
at the initial stages of copolymerization, i.e. < 10 9%, conversion, for the
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Fig. 7. X-ray diffraction curves of vinyl acetate and acrylonitrile copolymer formed during
copolymerization of VAc with AN of 30 to 70 molar ratio in presence of SnCl, at 65°C

using azobisisobutyronitrile as an initiator:

a) [SnCL]/ [VAc -+ AN] = 0.00.
b) [SnCl]/ [VAc + AN} = 0.153.
¢) [SnCl, 1/ [VAe = AN] == 0.249.

copolymerizing system of VAc and AN in presence of different concent-
rations of SnCly are summerized in Table (1) (A-C). Fig. (9) illustrates
the monomer-copelymer composition ‘curves covering the whole range
of composition for VAc and AN bulk copolvmerization in presence of
SnCly initiated by AIBN at 65 °C. The concentration of SuCly (in molar
ratio) to VAc and AN was 0.00, 0.057 and 0.153. It'was observed that the
" contént of VAc in the copolymer in¢reases with increasirig the concent-
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Fig. 8. X-ray diffraction curves of vinyl acetate and acrylonitrile copolymer formed during
copolymerization of VAc with AN of 80 to 20 molar ratio in presence of SnCl, at 65°C

using azobisisobutyronitrile as an initiator:

a) [SnCl,]/ [VAc + AN] = 0.00.
b) [SnClL,]/ [VAc -~ AN] = 0.153.

Table 1. Copolymerization Of Vinyl Acetate (VAc) With Acrylonitrile (AN) In Presence of
SnCl, At 65°C Initiated By Azobisisobutyronitrile. (A) [SnCl]/ [VAc -+ AN] = 0.60

Monomer Composition (9,) N o Copolymer- Composition (%)
No. [VAe] {AN] in copolymer [VAc] - [AN]
1 10 90 22.86 8.69 91.31
2 20 80 19.31 18.44 81.56
3 30 70 21.38 12.62 87.38
4 40 60 20.21 15.85 84.15
5 50 50 16.36 27.44 72.56
6 60 40 15.89 28.96 71.04
7 70 30 19.20 18.75 81.25
8 80 20 - 13.25 37.95 62.05
9 90 10 5.27 71.20 28.80
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Table 1. [Cont.]
(B) [SnCl]/ [VAe -+ AN] = 0.057

Monomer Composition (9%, N9, Copolymer Composition (%,
No. [VAc] [AN] in copolymer [VAc] fAN]
1 10 a0 19.02 19.29 80.71
2 15 85 16.92 25.65 74.35
3 20 80 15.65 30.20 69.98
4 35 65 12.76 39.72 69.28
5 50 50 10.96 46.47 53.53
6 69 40 9.91 50.62 49.38
7 70 30 8.81 55.76 44.84
8 90 10 5.19 71.58 28.42
Table 1. [Cont.} (C) [Sn€l ]/ [VAc - AN] = 0.153
Monomer Composition (%) N o Copolymer Composition (9
No. [VAe] [AN] in copolymer [VAc] [AN]
1 10 90 19.02 19.29 80.71
2 20 80 15.37 30.65 69.35
3 30 70 13.108 38.46 16.54
4 40 60 11.44 44.63 55.37
5 50 50 10.025 50.17 45.83
6 60 40 8.68 55.73 44.27
7 70 30 7.255 61.93 38.07
8 80 20 5.57 69.176 30.24
9 90 10 3.349 80.93 19.07

ration of SnCly in the monomer feed. The data of Table (1) were analyzed
to determine the copolymerization parameters of VAc and AN using
Fineman-Ross method (Ross-1950) and Kelen-Tiidos method (Tiidos-
1975). Tigs (10} and (11 a, b) are the Fineman-Ross and Kelen-Tiidos
plots, respectively, for the copelymerization of VAc and AN in presen-
ce of SnCly. The result of the monomer reactivity ratios r; for VAc and
r; for AN are represented in Table (2). As shown, the copolymerization
parameters are of the same values by applying the two methods. From
Table (2), the value of r; for VAc increases with raising the concentration
of SnCly in the reaction medium. It increases from 0.044 to 0.370 with
increasing the molar ratio of SnCly from 0.0 to 0.153, ie., [SnCl;]/
[VAc+AN] changes from 0.0 to 0.153. However, the value of r, for
AN decreases with the addition of SnCl, in the copolymerizing system.
Moreover, the values of the copolymerization parameters of the two
monomers approach to each other with increasing the concentration of
SnCly in the reactica medium (r;=1r,==0.37), indicating that, SnCly
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Fig. 9. Monomer-copolymer compeosition curves for vinyl acetate with acrylonitrile copolymeri-
zation in presence of SnCl, initiated by azobisisobutyronitrile ([AIBN] = 5 10~° mol
litre) at 65°C.

may raise the alternating character of the resultant copolymers (Kaba-
nov, 1980). The increase in the value of ry and the decrease in the value
of r, indicate that, the content of VAc during copolymerization of VAe
with AN, at the early stages of pelymerization, increases while the
content of AN decreases. Considering these results, we can conclude that
the presence of SnCl, increases the reactivity of VAc towards the copoly-
merization process and the resultant copolymers are of alternating cha-
racter.

On the basis of the obtained results, the copolymerization of VAe
and AN in the presence of SnCl, can be considered as a multicomponent
system, since the two monomers can form complexes with SnCl; and the
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following sixteen elementary polymerization reactions have to be taken
into consideration during the propagation process:

’ Kpl .
(i) ~ VAc - VAc — 22 . ~ VAc — VAc
" : Kp2 ) :
(i) ~ VAc + AN —P< ., — VAc — AN
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Fig. 10. Bulk copolymerization of vinyl acetate with acrylonitrile in presence of SnCl,. Plots
used to determine relative reactivity ratios by the method of Fineman and Ross.
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Fig. 11a. Bulk copolymerization of vinyl acetate with acrylonitrile in absence of SnCl,. Plots used,
to determine relative reactivity ratios by the method of Kelen and Tiidos, ;
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Fig. 11b. Bulk copolymerization of vinyl acetate with acrylonitrile in presence of SnCl,. Plots
used to determine relative reactivity ratios by the method of Kelen and Tiidos.
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Table 2. Apparent Reactivity Ratios For The Bulk Copolymerization Of Vinyl Acetate (VAc)
And Acrylonitrile (AN) in Different Cincentrations Of SnCl, At 65°C

Fineman-Ross ] Kelen-Tiidos
[SnCl, ]/ [VAc-+AN] *VAc ‘ TAN ‘ 'VAc ] AN
B A |
0.00 0.044 2.110 0,045 2.3490
0.057 0.180 0.358 0.180 0.339
0.153 0.373 0.370 0.370 0.370

(i) ~ VAe 4 VAc ... SnCli P2 .~ VAc — VA ... SnCl,

(iv) ~ VAc + AN ... SnCl; Kpt VAo — AN ... SnCl,

[l .

(v) ~ VAc. ... SnCly + VAc KI”A ~ VAc — VAc ... 5nCly

(vi) ~ VAc ... SuCly + AN PC . _ VAc — AN ... SnCl,

7

(vii)~Vac. .. SnCly+VAc. ..Sn€l, T - VAe(SuCl)—VAc. . .SnCly

(viii) ~VAc. ..SnCl+ AN. .. SnCly Kp8 VAc(SnCl)—AN ...SnCl,

(ix) ~ AN -+ VAe P2 AN — VAC

(x) ~ AN - AN BP0 AN AN

(xi) ~ AN + VAc ... SnCl, “PL U AN — VAc ... SnCl
(xii) ~ AN + AN ... SnCly P2 AN_AN ... SnCl,

. - 2 .
(xiii) ~ AN ... SnCl, + VAc kpl 5~ AN — VAc ... SnCl,

Kpl4

(xiv) ~ AN ... SnCly + AN & ~ AN — AN ... SnCl,

(xv) ~AN. . .SnCli+VAc. . .SnCl SP2 . AN ($6C1)—VAc. ..SnCl,



24 5.M. MOKHTAR - S.M. ABDEL-AZIZ and ABO EL-KHATIR B. MOSTAFA

Kplé

(xvi) ~AN...SnCl+AN...SnCl, P ~ AN (SnCl)—AN ...SnCl,

Where VAe, AN, VAc ... SnCly and AN ... SnCl, arc free and
complexed monomers; Kpi is the propagation rate constant and ~ VAc,*
~ AN, ~VAc- ...SnCly and ~ AN~ ...SnCly are free and complexed
propagating radicals.
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