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ABSTRACT
The reaction between acrylonitrile (AN), vinyl-acetate (VA) and nonyl-phenol-oligoethoxylate acrylate (FA) initiated by
potassium persulfate, K2S208 and sodium metabisulfite, Na2S2O5 at 60°C in aqueous medium Is studied.

We have ascertained that the reaction is a tefpolymerization which takes place after the Alfrey-Goldtlnger terminal
model and that the composition and sequences distribution in terpolymers are not significantly influenced by the
conversion degree.

The terpolymers are formed of long AN chains gathered by monomerical unities arising from the other
comonomers .

INTRODUCTION
Continuing research concerning the
copolymerization of some acrylate with
acrylonitrile (AN) as well as their behaviour in
some ternary systems [1-3],andthestudyof
acrylonitrile terpolymerization with vinyl acetate
(VA) and with acrylate of nonyl-phenol-
oligoethoxylate (FA) are undertaken (reaction 1) .

EXPERIMENTAL
The synthesis was performed in aqueous medium
as follows : to 100 g .p. of termonomers 1 .8 g.p . K2S2
0s, 0 .8 g .p . Na 2 S 2 0 5 and H 2 S0 4 up to pH=2.5
were added . For all experiments 100 g of
monomers and 800 ml of water previously
thermostated at 60°C were taken . The reaction was
carried out under stirring and refluxing.

Some compositions of the initial monomer
mixture are presented in Table 1.

The reaction times corresponding to less
than 5% (wt) conversions were of 5-15 minutes
and for conversion of about 80% (wt) were of
50-60 minutes.

The reaction product obtained as a
suspension was filtered off, the precipitate washed
with water, alcohol and acetone and finally dried at
80°C under 20 mm Hg pressure.
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The terpolymer is white and has the
characteristic solubility of AN copolymers.

The terpolymerization products were
analysed by IR and NMR spectral measurements
by using an IR type UR-20 instrument and an
NMR type JEOL-60 instrument, as well as by
quantitative nitrogen analysis.

RESULTS AND DISCUSSION
The spectra show the IR absorptions (Figure 1)
and NMR signals (Figure 2) characteristic of the
functional groups in the three monomers, proving
the terpolymer formation.

Figure 1: IR spectra of terpolymers (t)

Based on ratios between the integral of
signals from 2 .15, 3.1 and 3.6 p.p.m. the terpolymer
compositions were calculated and are presented in
Table 1.

The studies concerning the copolymerization
of AN with FA [1] and of VA with FA [2]

Table L• Substratum and terpolymer compositions
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Terpolymer compositton - experimental (% mol)

AN ( d r) 95 .57 95.23 97.42 9492

VA (m2) 0.89 2.42 1.17

FA (m3) 3.54 2.35 141 0.82

	

.

Terpolymer calculated composition (96 met)

ml 96.46 95.93 97.27 97.47

m2 0 .54 0.60 1.99 2.11
2223 3.00 2.50 0.73 0.41

illustrated that they can polymerize, nantely

according to the Mayo-Lewis terminal model t].
Hence, the ternary system nrj ht be assumed to
have an identical behaviour, s 01.'8 Alftiy-
Goldfinger model was accepte [4] as an

hypothesis and the useability of the composition
equatiotl set tested:
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r32

m 1 +m2 +m 3 =1
Where : M t , M2, M 3 - molar fractions of
terpolymers in the substratum
m i , m 2 , m 3 - molar fractions of monomers in the
terpolymer
ry = reactivity ratios
r ;l has the following accepted values : r 12 = 4 and
r 21 = 0 .06 [51 ;1- 13 = 2 .95 and r3 1 = 0 .76 [1] ; r23 =
0.41 and r32 = 2 .5 [2].
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For examples 1-3 from Table 1, the
terpolymer compositions have been calculated
depending on the substratum and on conversion by
using the mentioned values of the reactivity ratios
and the equation set (2) . It should be noted that
between the valuesof thecalculated composition
and the experimental ones, there are no significant
differences, this fact certifying that the reactivity
ratios are correct and that the terpolymerization
process takes place according -to Alfrey-Goldfinger
terminal model . An additional checking of the
conclusions can be doneb exat ple4 (Table 1),
where the variations of the substrata and
terpolymers composition as a function of
conversion were calculated in conversion steps of
10% by weight (Figure 3).

Figure 3 : Variation of substratum and orterpolymers
composition as a function of conversion degree (for the
example 4 from table t)

The terpolymer composition which is
obtained up to about 80% conversion is

satisfactorily verified by the experimental data.
In Figure 3 the variation of substratum

composition and of terpolymers as a function of
conversion degree is presented.

From this figure it can be soon that, due to
the values of reactivity ratios, the substratum
composition at different conversion degree
presents only small variations . Consequently, the
terpolymers which are formed have approximately
constant composition irrespective of conversion . It
must also be underlined that for the same reasons
the FA, and respectively, the VA concentration in
the substratum increases with the conversion
degree and they are not able to influence
significantly the terpolymer composition.

The compositional structure of the resulted
products in the terpolymerization process (example
4 in Table 1) has been determined by the dyads
percentage (Do) and by the addition probabilities
(P5 ).

The addition probabilities were calculated by
relation 4:

1

	

3
Pt =~ M;+I

rt	-i

	

r;i
J el

Where: M = molar fraction of termonomers in
substratum;
r;i = reactivity ratios.

Analyzing the variation manner of addition
probability as a function of conversion degree, it
can be observed that the variation intervals of each
probability do not exceed 3% . This means that the
products resulted in different conversion stages are
compositionally and sequentially very similar
(Figure 4).

The probability of dyads (DA ) formation was
calculated using the relation [4]:

= P ; .P ;1.100 (4)

in which P ;1 is the probability of a macroradical
existence which should be ended with a unity
arising from the moment i.

P ; is calculated by the relation:
3

	

3

i =	i

The calculation results are presented in
Figure 5 .

(3)
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Figure 5: Sequential composition variation presented
by dyads preportlon depending on conversion degree

Figure 4: Addition probability variation as a function
of conversion degree (example 4)

The analysis of dyads concentration variation
in the terpolymers resulted at different stages of

conversion lead to the conclusion that these are
formed of AN-AN dyads between inserted unities
from other comonomers.

When the terpolymers formed for a
conversion of about 80% wt. the AN-AN dyads are
in a proportion of 90.45%, those of AN-VA 2.08%
and those of AN-FA represent only 0.4%. The rest
of dyads are in a proportion of only 7.07% (D 21 +
D12 + D23 + D31 + D32 + D33).

One observes that the influence of
conversion degree upon the terpolymers
homogeneity is not significant.

The synthesized terpolymers belong to the
statistical type and their structure is made up of
long chains of AN connected by unities arising
from the other comonomers .

CONCLUSIONS
Based on the study of AN + VA + FA reaction
the following conclusions can be drawn:

In the studied reaction terpolymers are
formed at any conversion degree.

The terpOlymerization process proceeds after
the Alfrey-Goldfnger terminal model.

The conversion degree does not significantly
influence the polymer composition or sequences
distribution.

The terpolymers belong to the statistical type
and are composed of AN long chains connected by
very rare dyads unities from the other
comonomers.

Date received: 19th July 1992

REFERENCES
f IjSimiarteactr, Cr., Asandei, N., Nicu, M. "Copolymers

3 . Copolymerization ofAcrylonirrlie with o-Nonyl-
Oligoerhosy Acrylate, Acta Polymerica, VoL34 pp.131
(1983).

[2]Nicu, M., Nicu, V., Asandei, N. "Copolymers XL
Copolymerization of vinyl Acetate with o-Nonyl-

Iranian Journal of Polymer Science & Technology. VoL$ No.l, Jmmray5 1993

	

29



OligoethoxylateAcrylate', Contributiainvatamintului
politehnic la dezvoltarea induatriei din Romania,
VoL15 pp.476 (1988).

[3]Nicu, M., Asandei, N. 'Copolymers VI. The
Terpotymerization of Acrylonitrile with Vinyl Acetate
and Poly (ethyleneglycol)-Nonyl-Phenary-Phosphite

Acrylate", Acta Polymetica, VoL37 pp.21 (I986).
[4]Simionescu, Cr. and Oprea, Cl. 'Tratat de chimia

compusilor macromoleculard", Voll, Ed.Did.Ped.
B*curest (1973).

[5]Brandrup, l., lmmetgut, E.H., "Polymer Handbook'

John Briley, N.Y..; 2nd ed, (1975).

30

	

Iranian Jawnal of Polymer Science & Technoloffic Vot? Nut, Amory, 7993


	page 1
	page 2
	page 3
	page 4
	page 5

