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A B S T R A C T  

The semicontinuous emulsion polymerization of vinyl acetate has 
been studied. Poly(viny1 alcohol) as a protective colloid and 
ethoxylated cetyl alcohol as a coemulsifier were used. The con- 
version and particle diameter were affected by the s t i r r ing speed 
and the coemulsifier distribution between initial reactor charge 
and continuously introduced monomer. The amount of unreacted 
monomer oscillates with time. 

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

In previous papers [l-51 we have studied the emulsion polymer- 
ization of vinyl acetate (VAc) in the presence of macromolecular pro- 
tective colloids of poly (vinyl alcohol) ( PVA), ethylene oxide-propylene 
oxide block-copolymers, and hydroxyethylcellulose. The results 
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932 DONESCU ET AL. 

pointed out that during emulsion polymerization, graft copolymers of 
poly (vinyl acetate)-protective colloid a re  obtained. The level of the 
grafting reaction is affected by the reaction conditions; by the con- 
centrations of the initiator, the protective colloid, and the monomer; 
and by the presence of chain transfer agents [l-61. Small molecule 
coemulsifiers used in the presence of the protective colloids act a s  
chain transfer agents [6]. In all these studies we used batch tech- 
niques for emulsion polymerization. In addition to frequently studied 
batch emulsion processes, there are semicontinuous and continuous 
processes. Continuous and semicontinuous reactors have advantages 
for large-scale commercial production “7, 81. Papers on the con- 
tinuous polymerization of vinyl acetate a r e  not numerous [9- 111. 
Cyclic variation in the number of polymer particles, monomer con- 
version, and degree of polymerization of the resulting poly( vinyl 
acetate) ( PAcV) were observed. In the semicontinuous emulsion 
polymerization of VAc, the total surface area of the particles and 
the feed rates of the reactants are important factors [12- 141. Snu- 
parek studied the semicontinuous emulsion polymerization of acrylic 
monomers. He concluded that the distribution of the emulsifier be- 
tween initial reactor charge (R)  and the continuously introduced mono- 
mer ( M )  is  another factor affecting the semicontinuous emulsion 
polymerization [8]. 

In the present paper the authors discuss some experimental data 
on the characteristic behavior of the semicontinuous emulsion polym- 
erization of VAc. Polyvinyl alcohol and cetyl alcohol ethoxylated 
with ethylene oxide ( 2 0  mol) were used as the protective colloid and 
coemulsifier, respectively. This system was also used in another 
paper [15]. 

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

M a t e r i a l s  

Vinyl acetate was purified by distillation. 
Polyvinyl alcohol, a commercial product, was used without further 

purification. The polymer had an 88% saponification degree and a vis- 
cosity in a 4% water solution of 15 CP (20°C). 

Potassium persulfate, Austranal grade, was used as supplied. 
Ethoxylated cetyl alcohol, a commercial product, was a fatty alco- 

hol ethoxylated with 2 0  mol of ethylene oxide, 

P r o c e d u r e  

Polymerizations were carried out in a 1-L glass reactor (Figs. 1, 
2, 4, 5, 7, 8 )  and a 2 - L  reactor (Fig. 3). Total reactor charge (g )  was  
VAc = 300, P V A  = 9, coemulsifier = 9, potassium persulfate = 1.4, 
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water = 300. At the beginning of the polymerization, 190-230 g water, 
all the PVA,  and some amount of the coemulsifier were fed to the re- 
actor. After the reactor charge was heated to 65"C, 30 g VAc and 0.7 
g persulfate dissolved in 35 g water were added (Portion I). After 30 
min, 270 g VAc, 0.7 g potassium persulfate dissolved in 3 5  g water, 
and the remaining coemulsifier dissolved in water ( 20% concentration) 
(Portion 11) were fed for 4 h at  70°C. For Fig. 3,  twofold reactants 
and double time for Portion I were used. Emulsion films were ob- 
tained by drying at  room temperature and were subjected to successive 
extractions in water and benzene a t  boiling for 8 h each. The amounts 
of the polymer soluble in water, soluble in benzene, and insoluble were 
established gravimetrically. 

R E S U L T S  AND DISCUSSION 

E f f e c t  of S t i r r i n g  S p e e d  

The effect of st irring in emulsion polymerization is not well under- 
stood [ lo ,  11, 14, 16, 181. The rate of polymerization can be affected 
by the rate of agitation. An intense shear field increases the mechani- 
cal and surface coagulation, thereby reducing the total number of poly- 
mer  particles and consequently the polymerization rate [ 10, 11, 161. 
By studying the semicontinuous emulsion polymerization of ethyl acry- 
late, Eliseeva obtained a very interesting result: The minimum coagu- 
lum content and a monomodal particle diameter distribution curve were 
obtained a t  only one s t i r r e r  speed [17]. Kiparissides et  al. [lo] found 
that in the continuous emulsion polymerization of VAc, an increase in 
the agitation rate induces a decrease in the steady- state conversion. 
Unlike other authors, Daniel and co-workers [14] established that by 
increasing the time of stirring, an increase in the emulsion polymeri- 
zation rate of VAc takes place. 

conditions of this paper is presented in Fig. 1. A minimum conversion 
a t  one' s t i r r e r  speed was obtained. 

The decrease in conversion with an increase in s t i r r e r  speed is in 
good agreement with the above-mentioned literature data [lo, 11, 161. 
What happens after minimum conversion at  400 r/min? We suppose 
that an increase in conversion takes place because diffusion phenomena 
may indirectly affect the rate of polymerization in this region of st irring 
speed. 

Conversion change follows particle diameters (Fig. Z ) ,  in good agree- 
ment with the results of Kiparisides et al. [ lo ,  111. 

The amount of unreacted monomer oscillates as in the continuous 
process [ lo ,  111. A higher amplitude of oscillation corresponds to a 
higher s t i r r e r  speed. These oscillations a re  related to the tendency 
of limited particle flocculation (Fig. 3). 

The influence of st irring speed on conversion under the experimental 

These oscillations can lead to emulsifier levels too small to cover 
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I I I 

500 1000 1500 

FIG. 1. Dependence of the conversion of Portion I and of the final 
conversion (IT) on the st irring speed ( ( R / I v ~ ) ~  = 5/0). 

the polymer particles, resulting in excessive agglomeration. Oscilla- 
tions appear at low emulsifier concentration. 

Because the rate of emulsion polymerization of VAc is proportional 
to the surface of the particles [ 12, 19, 201 , we conclude that coagula- 
tion of the particles occurs. It is possible that, toward the end of the 
process, new nucleation takes place. This phenomenon was observed 
in the copolymerization of VAc with dibutyl maleate [ Z O ] .  

If the diameters of particles in respect to the total surface of par- 
ticles a re  variable with the reaction conditions, then chain transfer 
reactions with the colloid and coemulsifier will be affected. To study 
the modification of the chain transfer reaction, we subjected the poly- 
mer  films to extractions in water and in benzene. In water, small 
quantities of ungrafted colloid and coemulsifier and graft copolymers 
with a very small  amount of poly(viny1 acetate) were extracted, while 
in benzene, graft copolymer with a high content of poly(viny1 acetate) 
and ungrafted polymer were extracted. Insoluble fractions are poly- 
(vinyl acetate) crosslinked with poly( vinyl alcohol). This means that 
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FIG, 2. Influence of st irring speed on particle diameters ( (R/M)E 
= 5/01. 

the polymers finally obtained are semi-interpenetrating poly( vinyl 
acetate) networks. Due to the network structure, films with a higher 
degree of crosslinking, and with a higher content of insoluble frac- 
tions, have higher glass transition temperatures (Fig. 4). 

I n f l u e n c e  of t h e  D i s t r i b u t i o n  of  t h e  C o e m u l s i f i e r  

An important factor affecting the semicontinuous emulsion polym- 
erization is the distribution of emulsifier between the initial charge 
(R) and the continuously introduced monomer (M) [8, 211. Snuparek 
established that if the amount of emulsifier fed continuously with 
monomer is high, the final surface tension of the emulsions is low 
and the final particle diameters are large. 

We studied the influence of the distribution ratio of a constant 
amount of the coemulsifier between initial charge and the monomer 
fed continuously on the conversion and on the particle diameters 

In good agreement with the results of Snuparek [21] at higher 
(Fig. 5). 

( R/M)E values, smaller particle diameters were obtained. 
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FIG. 3. Unreacted monomer versus VAc introduced. 1: (R/M)E = 

5/0, 400 r/min. 2: (R/M)E = 5/0, 1500 r/min. 3: ( R / I v I ) ~  = 0/5, 
400 r/min. 

The conversion is unchanged a t  small (R/M)E values. At higher 
(R/MlE values the conversion is lower. A s  in the case of the other 
coemulsifiers, the rate of polymerization decreases when the concen- 
tration of the surfactant increases [22]. This can be explained by the 
existence of a strong chain transfer reaction of the growing radicals 
to the coemulsifier. Active radicals which appear in this reaction have 
a lower,activity. When a large amount of the coemulsifier is intro- 
duced in the initial charge, the ratio of coemulsifier over growing radi- 
cals is high and the probability of chain transfer is higher. Due to this 
reaction, the level of unreacted monomer is higher during the process 
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FIG. 4. Influence of agitation rate on the insoluble fractions and 
on the glass transition temperature of the films ( ( R/M)E = 5/0). 

at high ( R/M)E (Fig. 3). In the presence of the coemulsifier, the 
rate of splitting of the initiator is reduced [20]. 

If a large amount of coemulsifier is present in the first moment 
of the polymerization process at high ( R/M)E, the decomposition re-  
action of persulfate is smaller. Under these conditions, the probabil- 
ity of initiation may be smaller,  thus reducing the polymerization rate. 

The correlation between the distribution of the coemuisifier and 
the insoluble fraction is plotted in Fig. 6. 

The decrease in the amount of insoluble fraction with (R/M)E is 
proof of the coemulsifier being a chain transfer agent. Due to the 
higher level of transfer reaction to coemulsifier at  higher (R/M)E = 

(5/0) values, the water-soluble fraction is minimum (Fig. 7). Under 
these reaction conditions the polymer obtained had a higher benzene- 
soluble fraction content. The benzene-soluble fraction at ( R/M)E = 

5/0 includes a large amount of coemulsifier in the macromolecular 
chain. 
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FIG. 5. Final conversion and particle diameters in relation to 
( R / M ) ~  (200 r/min). 

A s  in Fig. 4, the insoluble fraction content is correlated to the 
glass transition temperature of the films. A polymer with a smaller 
degree of crosslinking has a lower glass transition temperature 
( Fig. 6). 

C O N C L U S I O N S  

In the semicontinuous emulsion polymerization of vinyl acetate, 
the s t i r r ing rate and the distribution of the coemulsifier between the 
initial reactor charge and the continuously introduced monomer af- 
fect the monomer conversion and the polymer particle diameter. The 
amount of the unreacted monomer oscillates with time. The coemulsi- 
fier acts as a chain transfer agent. 
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FTG. 6. Insoluble fractions and Tgin relation to (R/TVI)E (200 r/min). 
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FIG. 7. Variation of water-soluble fraction on ( R/M)E. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



940 DONESCU ET AL. 

R E F E R E N C E S  

V. Dimonie. D. Donescu. M. Munteanu. C. Hagiopol, and I, Gavat, 
- - I  

Rev. Roum.'Chim., 19, 931 (1974). 
I. Gavat. V. DimonieTD. Donescu, C. Hagiopol, M. Munteanu, K. 

' 

Gosa, and Th. Deleanu, J. Polym.' Sci., Polym.. Symp., 64, 125 
(1978). 
D. Donescu, K. Gosa, M. Munteanu, and I. Gavat, Rev. Roum. 
Chim., 24, 1399 (1979). 
D. Donescu, I. Deaconescu, K. Gosa, M. Mazare, and I. Gavat, 
Ibid., 25, 975 (1980). 
D. Donescu, K. Gosa, I. Deaconescu, M. Mazare, and N. Carp, in 
Emulsion Polymerization of Vinyl Acetate (M. S. El-Aasser and 
J. W. Vanderhoff, eds. ), Applied Science Publishers, Essex, Eng- 
land, 1981. 
D. Donescu, I. Deaconescu, and K. Gosa, Second National Con- 
gress  on Chemistry Preprints,  Bucharest, 1981. 
G. W. Poehlein, Rubber Chem. Technol., 50, 601 (1977). 
Jr. Snuparek, Acta Polym., 32, 368 ( 1 9 8 l r  
M. Nomura, S. Sasaki, and K. Fujita, A s a h i  Garasu Kogyo Gijutsu 
Shoreikai Kenkyu Hokoku, - 32, 301 (1978); Chem. Abstr., - 91, 
74974 (1979). 
C. Kiparissides, J. F. MacGregor, and A. E. Hamielec, Can. J. 
Chem. Eng., 58, 48, 56 (1980). 
C. Kiparissides, J. F. MacGregor, S. Singh, and A. E. Hamielec, 

-- 

L _ -  

Ibid., 58, 65 ( 1980). 
P. Bataille, B. T. Van, and Q. B. Pham, J. Appl. Polym. Sci., 22, 
3145 (1978). 

- -  

K. Schmutzler, Acta Polym., 33, 454 (1982). 
N. V. Daniel, A. V. Klopova, K d  A. F. Nikolaev, Plast. Massy, 2, 
10 (1969). 
G. C. Greth and J. E. Wilson, J. Appl. Polym. Sci., 5, 135 (1961). 
M. Nomura, M. Narada, W. Eguiki, and S. Nagata, - -  Ibid., 16, 835 
(1972). 
V. I. Eliseeva, Acta Polym., 32, 355 (1981). 
A. S. Dunn and A. Taylor, MaFromol. Chem., 83, 207 (1965). 
E. V. Gulbekian, J. Polym-6, z 6 5  (1968). 
D. Donescu, K. Gosa, J. Languri, and A. Cicpitoiu, J. Macromol. 
Sci.-Chem., A22, 941 (1985). 
-k,rAppl. Polym. Sci., 24, 909 (1974). 
D. Donescu, I-Kandosa, Rev. Roum. Chim., In 
Press. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


