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ABSTRACT: The emulsifier-free emulsion polymerization of vinyl acetate was carried
out in the absence or in the presence of some electrolytes such as sodium chloride,
calcium chloride, aluminum chloride, sodium sulphate, and ammonium phosphate at
50°C using potassium persulphate—sodium bisulphite as a redox initiation system. The
viscosity average molecular weights of the polymers obtained were also determined.
© 1997 John Wiley & Sons, Inc. J Appl Polym Sci 66: 711-715, 1997

INTRODUCTION

The polymerization of vinyl acetate has been car-
ried out in the presence of an emulsifier by many
investigators.'® We have started to polymerize
vinyl acetate without using any emulsifier’ to
study some parameters and to avoid the problem
of getting rid of the emulsifier when the polymer
is subjected to molecular weights or structure de-
termination and also to avoid any probable inter-
action that could take place between the monomer
and the surfactant or between the surfactant and
the initiator; this interaction may affect both the
rate of polymerization and the average molecular
weights of the polymers obtained. In this article,
we explore the effect of type and concentration of
some electrolytes on the emulsifier-free emulsion
polymerization of vinyl acetate.

EXPERIMENTAL

Materials

Vinyl acetate monomer stabilized by 14 ppm hy-
droquinone provided by BDH was redistilled be-
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fore use and stored at 20°C. Potassium persul-
phate and sodium bisulphite were recrystallized
from water by methanol; the final crystals were
vacuum dried. The electrolytes NaCl, CaCl,,
AlCl;, Na,SO4, and (NH,);PO, were obtained
from El-Nile Mining Company. The water used
was purified by distillation.

Polymerization of Vinyl Acetate

The ingredients were mixed in a 250-ml three-
necked round-bottom flask. The order of addition
was water, initiator, and finally the vinyl acetate
monomer. The polymerization reactions were car-
ried out at 50°C in the absence or in the presence
of different concentrations of sodium chloride, cal-
cium chloride, aluminum chloride, ammonium
phosphate, and sodium sulphate in an autmati-
cally controlled water bath. All experiments were
run with mechanical stirring at 500 rpm. This
speed is in the range at which the agitation has
no noticeable effect on the rate of polymerization.
Samples of the reaction mixture were taken at
various intervals. These samples were relatively
small, so that the overall composition in the reac-
tion vessel was not seriously affected. Once the
sample was removed and put on a watch glass,
the reaction was stopped using 7 ppm hydroqui-
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Table I Effect of Electrolytes on the Polymerization of Vinyl Acetate

Number of Concentration Conversion Initial Rate
Experiments Electrolyte (%) (%) (x10* g mol/L.S.) Mv x 1078
1 — — 81.6 2.7600 2.1410
2 0.1 65.0 1.3150 3.7282
3 NaCl 0.3 50.0 1.0465 4.0738
4 0.5 40.6 0.7105 4.3260
5 0.1 65.0 2.2010 2.7621
6 CaCl, 0.3 50.0 0.8740 3.5125
7 0.5 37.3 0.6750 3.9468
8 0.1 54.1 1.7610 4.0090
9 ALCl; 0.3 42.2 1.4907 5.3420
10 0.5 28.5 1.2914 6.6390
11 0.1 65.0 0.8220 2.9982
12 Na,SO, 0.3 47.5 0.7420 3.7282
13 0.5 35.1 0.6220 4.4246
14 0.1 97.5 2.5370 1.3110
15 (NH,)sPO, 0.3 93.0 2.4220 2.1068
16 0.5 87.6 2.2940 2.1902

Materials: 100 ml vinyl acetate (1.162 g mol/L) redistilled in water; K,S,05 (0.014 g mol/L) and NaHSO; (0.076 g mol/L) redox

system at 50°C.

none and the content of the watch glass was evap-
orated at room temperature and then dried to con-
stant weight at 40°C in a vacuum oven. Since sam-
pling time is known, the percent conversion of
the total monomer can be easily determined. The
purification and precipitation of the polymer were
made by the method described by Grassie.®

Determination of the Intrinsic Viscosity

The intrinsic viscosity [n] for each polymer was
determined by the usual method of extrapolation.
The viscosity average molecular weights (Mv) for
the respective polymers were calculated from the
corresponding intrinsic viscosity values (n] by us-
ing Nakajima’s equation:®

[n] = 48 X 107 (M,)*®

The viscosity measurements were carried out
in acetone at 25°C.

RESULTS AND DISCUSSION

Aqueous polymerization of vinyl acetate was car-
ried out in the absence or in the presence of differ-
ent types and concentrations of electrolytes
(NaCl, CaCl,, and AICl;). The conditions and the
data obtained are given in Table I.

From Table I, it is observed that, using differ-
ent percentage of NaCl (0.1, 0.3, and 0.5%) as
electrolyte affected both the rate of polymeriza-
tion and molecular weight of the polymer. It was
found that the initial rate of polymerization de-
creased from 2.7 t0 0.7 X 10 ~* g mol/L.S. and that
the conversion decreased from 81.6 to 40.6%, but
the molecular weight increased from 2.1 to 4.3
X 10® g/mol. The results are represented in Fig-
ure 1. From the figure it is clear that the rate
of polymerization increased slowly with time and

70

|

60 L

s0f

(Conversicn %)

a0 b

o

20

= SV D S | L L 1 L n . I T
10 0 30 40 %S¢ 60 70 80 90 406 110 120 130 140 130 160 170 180

Tiwe {1n)

Figure 1 Effect of NaCl percentage on the rate of
polymerization of vinyl acetate; (O) 0.1% NaCl; (®)
0.3% NaCl; (O) 0.5% NaCl.
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Figure 2 Effect of CaCl, percentage on the rate of

polymerization of vinyl acetate; (O) 0.1% CaCl,; (®)
0.3% CaCly; () 0.5% CacCl,.

that the effect of increasing the concentration is
small at first but is more obvious at higher conver-
sion percentage. Also, the effect of CaCl, and AICl;
as di- and trivalent electrolyte (Ca®", A1**) on the
polymerization processes of vinyl acetate mono-
mer was determined under the same conditions
given in Table I, using different percentages of
CaCl, (0.1, 0.3, 0.5%). The results are presented
in Figure 2. From the figure it can be seen that
the rate of polymerization decreased from 2.7
X 10 *t0 0.6 X 10 * g mol/L.S. and that the con-
version decreased from 81.6 to 37.3%. Using dif-
ferent percentages of AlCl; (0.1, 0.3, 0.5%), the
polymerization of vinyl acetate was carried out,
and the rate of polymerization was determined
and found to decrease from 2.7 X 10 * to 1.2
X 10~* g mol/L.S. and the conversion to decrease
from 81 to 28%, but the molecular weight in-
creased from 2.1 X 10°% to 6.6 X 108 g/mol. The
results are presented in Figure 3.

The plots of the log initial rate of the polymer-
ization for the three cationic electrolytes used
(NaCl, CaCl,, AICl;) against electrolyte concen-
tration are shown in Figure 4. From the figure it
is obvious that the same tendency in the rate of
the polymerization was obtained using different
types of electrolytes, but at different values. The
conversion percentages and rates of polymeriza-
tion decreased with increasing electrolyte concen-
trations.

For studying the effect of anionic radicals of the
electrolytes, the polymerization of vinyl acetate
monomer was carried out under the same condi-
tion given in Table I in the presence of Na,SO, as
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Figure 3 Effect of AICl; percentage on the rate of

polymerization of vinyl acetate; (O) 0.1% AlCls; (®)
0.3% AlICl;; (O) 0.5% AlCl;.

divalent anionic radical and (NH,);PO, as triva-
lent anionic radical, taking into consideration
that NaCl represents a monovalent cationic and
anionic radical electrolyte. Using different per-
centages of Na,SO, as electrolyte, it can be ob-
served that the rate of polymerization decreased
from 2.7 X 10 *t0 0.6 X 10 * g mol/L.S. but that
the molecular weight increased from 2.1 x 10° to
4 x 10® g m/mol. The conversion time curves are
presented in Figure 5. Using different percent-
ages of (NH,)3;PO, as trivalent anionic electrolyte
also revealed a decrease in the initial rate of poly-
merization. This rate decreased from 2.7 x 10 *
to 2.5 X 10 * g mol/L.S., and the conversion in-
creased from 81 to 97%, as shown in the conver-
sion-time curves presented in Figure 6.

Plots of the log initial rate of the polymerization
for the two anionic electrolytes used [NaySO,,
(NH,);PO,] against electrolyte concentrations
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Figure 4 Logarithmic plot of initial rate of polymer-
ization versus the percentage of electrolyte; (O) 0.1%,
0.3%, 0.5% CaCl,; (@) 0.1%, 0.3%, 0.5% AlCls; (O)
0.1%, 0.3%, 0.5% NaCl.



714 MOUSTAFA ET AL.

60 |-

o} e

iy
e

Conversion %

I.ﬂ 2!; J: clo .’;0 6; 7; .‘ﬂ ’.0 1:10 l‘lﬂ l‘20 1\30 :10 IISO l‘hd x;n l‘Bﬂ
(Time / min)
Figure 5 Effect of Na,SO, percentage on the rate of

polymerization of vinyl acetate; (O) 0.1% Na,SO, (®)
0.3% Nast4, (D) 0.5% Na2804

are shown in Figure 7. From the figure it can
be found that the initial rate of polymerization
decreased with increasing electrolyte concentra-
tion and that the relationship is linear.

From the previous results, it is clear that the
presence of electrolyte in the polymerization reac-
tion conditions for either cationic electrolyte or
anionic radical electrolyte in the polymerization
of vinyl acetate monomer caused a decrease in the
conversion percentage and initial rate of polymer-
ization but increased the average molecular
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Figure 6 Effect of (NH,);PO, percentage on the rate
of polymerization of vinyl acetate; ((1) 0.1% (NH,4)sPOy;
(@) 0.3% (NH4)3PO4; (O) 0.5% (NH,)3PO,.
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Figure 7 Logarithmic plot of initial rate of polymer-
ization versus the percentage of electrolyte; (O) 0.1%,
0.3%, 0.5% (NayS0,); (@) 0.1%, 0.3%, 0.5% (NH,);PO,;
(0) 0.1%, 0.3%, 0.5% (NaCl).

weights obtained. This can be explained in the
following way: with respect to the sodium chlo-
ride, calcium chloride, and aluminium chloride,
the liberated chlorine ion reacts with the bisulfite
radicals, giving bisulfite ions and chlorine radi-
cals. The chlorine radicals react with water to re-
sult in hydroxyl radicals, which are responsible
for the hydroxyl groups that are found in the poly-
mers obtained.’

NaHSO; = Na' + SO,H
H

_ |
SO,H + CH2=(|3 + 2H,0 =
COOCH,
CH,—CH,—COOCH, + OH + SO,H + OH

SO.H + CI = SO,H + CI'
CI + H,0 = OH + HCI

The hydroxyl radical’s life time, is less than the
bisulphite radical’s life time, and thus the total
number of radicals is less, resulting in the higher
average molecular weights obtained and decreas-
ing the initial rate of polymerization.

In the case of ammonium phosphate, some of
the bisulphite radicals are consumed by the am-
monium ion formed, and this consumption results
in higher mean average molecular weights.

(NH4)3PO4 = PO47 + SNH;r
NH; + HSO; » NH,HSO;



The effect of sodium sulfate can be explained
in the following way:

Na2804 = 2Na™* + SO4_
2Na + 2H,0 = 2NaOH + H,
NaOH + NaHSO3 - Na2803 + Hgo

Some of the sodium bisulfite initiator is con-
sumed, resulting in less bisulfite ions and finally
less bisulfite radicals and leading to a lower rate
of reaction and higher mean average molecular
weight.

CONCLUSION

The emulsifer-free emulsion polymerization of vi-
nyl acetate using the redox initiation system of
potassium persulfate—sodium bisulfite was stud-
ied in the absence or in the presence of some elec-
trolytes. The electrolytes used resulted in a de-
crease in the initial rate of polymerization and an
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increase in the viscosity average molecular
weights obtained.
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