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Copolymeric lattices of vinyl acetate-triethoxyvinylsilane were prepared using a
batch, semicontinuous and deferred semicontinuous triethoxyvinylsilane
monomer addition processes. The results showed that the stable latex with 

narrow particle distribution and high monomer conversion could be obtained only by
the monomer addition process of deferred semicontinuous triethoxyvinylsilane. The
experimental results revealed that the copolymerization reaction and the properties of
latex and latex film were obviously influenced by triethoxyvinylsilane content. When
the silicone content was less than 5 wt%, copolymerization proceeded readily and the
obtained latex was stable. As increasing silicone content, monomer conversion and
latex stability were decreased, whereas the water resistance was increased greatly.
The ratio of absorbing water of poly(vinyl acetate) was 32.58 wt%, while copolymer of
vinyl acetate-silicone (5 wt% silicone) was 13.96 wt%. It was obvious that the water-
proof ability of poly(vinyl acetate) modified by low content of silicone was improved
remarkably. IR Analysis of latex polymer confirmed the occurrence of copolymeriza-
tion.

INTRODUCTION

It is well known that poly(vinyl
acetate) (PVAc) lattices have many
specific properties, such as low
cost, easy production, and without
or negligible content of volatile
organic compounds (VOC) [1,2].
So the lattices and their correspon-
ding latex products of PVAc have

been widely used as coatings [3],
paints [4], adhesives [5], and so on.
However, PVAc lattices not only
have poor water and weather resist-
ance because of their chemical
structures, but also their mechani-
cal properties are often temperature
dependent [6].
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Therefore, the wide application of PVAc is limited
due to these existing weaknesses. In contrast, poly-
siloxane has many excellent properties as a result of
its low glass transition temperature, low surface ten-
sion, good water repellency, excellent weather resist-
ance, and thermal stability [7]. A combination of two
lattices with chemically complementary structures
may make copolymers hold both the advantages and
result in some special properties different from those
of original components. 

Monomer of siloxane is easily hydrolyzable and
condensable [8], so it is difficult to prepare a PVAc
latex modified by organosilicon. In the past few
decades, copolymer lattices of silicone and vinyl
acetate have rarely been reported. Herein, the novel
and stable latex of P(VAc-Si) was synthesized by
improving the process of emulsion polymerization
which was deferred by semicontinuous addition of the
monomer of triethoxyvinylsilane. This process can
effectively overcome the problem of instability of
latex containing vinyl silane during the course of
copolymerization. Additionally, this modified process
of copolymer emulsion was easily carried out for
preparations in laboratory as well as batch manufac-
ture in factory. To the best of our knowledge, it was
the first time to prepare vinyl acetate modified by 
silicone through such method. 

EXPERIMENTAL

Materials
Vinyl acetate (VAc, industrial reagent, distilled before
use), triethoxyvinylsilane (TEVS, Huei Wuhan
University Silicone New Material Co., Ltd.), sodium
dodecylbenzene sulphonate (SDS, AR), ammonium
persulphate (APS, AR), polyoxyethylene octylphenol
ether (OP-10, CP) and poly(vinyl alcohol) (PVA,
industrial reagent) were supplied by Tianjing
Guangchen Chemical Reagent Co. Ltd. Water was
deionized and distilled.

Emulsion Polymerization
In all polymerizations (except indicated), the reaction
was carried out using a 200 mL four-necked round-
bottom flask equipped with a reflux condenser, and
drop-funnel. All experiments were run using mechan-

Table 1. Recipe for preparation of poly(vinyl acetate) modi-
fied by TEVS through emulsion polymerization.

ical stirrer with the stirring-vane of polytetrafluo-
roethylene (PTFE) at the range of 170-260 rpm during
the emulsion polymerization. Moreover, the amount
of monomers was controlled in such way that the solid
content of the final latex was approximately 45 wt%
at complete monomer conversion. A typical recipe is
given in Table 1. In certain recipes, emulsion copoly-
merization was carried out using three different
processes to choose the optimal ways of this polymer-
ization system:

1. Intermission process (method A): The whole
amount of water, PVA solution, OP-10, SDS, APS,
VAc and TEVS (Table 1) were charged into a reactor
and emulsified by stirring at 500 rpm for 1 h at room
temperature. Then the polymerization was continued
for 3~4 h at 72°C.

2. Semicontinuous addition process (method B):
After that the PVA solution and surfactants (OP-10
and SDS) and 30 wt% VAc were mixed and emulsi-
fied by stirring at 500 rpm for 30 min at room temper-
ature, two-fifths of a solution of APS was poured into
the reactor. The seeded polymerization was main-
tained at 72°C for 1 h. Then the mixture of TEVS and
the residual VAc, and the mixture of residual APS and
sodium bicarbonate solutions in two different drop
funnels were dropwise added into the reactor simulta-
neously. In the course of copolymerization, the tem-
perature was controlled at 72°C for 3-4 h.

3. Semicontinuous and deferred addition process
(method C): The process of emulsification, seeded
polymerization and addition of the solution of resid-
ual APS as well as sodium bicarbonate were as 
uniform as the method B. However, the remnant
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Ingredient Quantity 

(parts by gram weight) 

Vinyl acetate                  50.00  

Triethoxyvinylsilane  1.50 

Poly(vinyl alcohol)  3.00 

Polyoxyethylene octylphenol ether  0.60 

Sodium dodecylbenzene sulphonate  0.15 

Ammonium persulphate  0.40 

Sodium bicarbon ate 0.10 

H2O                  68.00 



monomers of VAc and TEVS were added differently
from method B. When the entire 40 wt% VAc was
dropwise added, the mixtures of all TEVS and the
residual 30% VAc were added likewise into the reac-
tor. The reaction time and polymerization temperature
were controlled as method B.

Characterization of Latex Properties
Monomer conversion was measured by a gravimetric
method. Polymerization stability was characterized
by using weight percentage of coagulum formed in
the polymerization process to the total amount of
monomers. Storing stability was measured by study-
ing the variation of the viscosity of emulsion in the
condition of 323 K. 

Particle diameter (Dp) and morphology were
investigated, respectively, on a laser scattering instru-
ment (MasterSizer 2000, Malven), transmission elec-
tron microscope (TEM, JEM-100CXII, Japanese
Electron). Viscosity of lattices was determined by a
rotating viscometer (NDJ-79, Shanghai, China). 

Characterization of Latex Film Properties
Latex films (1 mm thickness) were cast from a PTFE
mould at ambient temperature. Saturated water
absorption (Aw) of the films was characterized by
immersing about 2 g of film in deionized water at
ambient temperature for 24 h, comparing the weight
of the film before (W1) and after (W2) immersion; Aw
was defined as (W2-W1)/W1 ×100%, which was char-
acterized as the ability of its waterproofness. Copoly-
merization was confirmed by Soxhlet extraction of
latex film with hexane and tetrahydrofuran as solvent,
respectively, for 12 h. Then as-treated films were used
for IR on the NEXUS670 (Nicolet, America) to deter-
mine the structure of latex film.

RESULTS AND DISCUSSION

Effect of Preparation Method
Emulsion polymerization was a very important
process to produce copolymers with varied composi-
tions for a wide range of applications. It was known
that the behaviour of polymerization and the proper-
ties of latex strongly depended on the type of poly-
merization process. To obtain stable and narrow parti-

(a)

(b)

(c)

Figure 1. Effect of polymerization processes on particle size

and distribution of poly(vinyl acetate) emulsion modified by

TEVS.

cle dispersed latex with a high monomer conversion,
three different copolymerization processes were car-
ried out. In fact, the image of particles distribution,
the results of monomer conversion and coagulum in
copolymerization with 3 wt% silicones are given in
Figure 1 and Table 2, respectively.

Figure 1 shows the effect of polymerization
processes on particle size and distribution of
poly(vinyl acetate) emulsion modified by TEVS. The
latex contained a large amount of particles with big-
ger size and distribution was not very uniform (Figure 

Table 2. Results of different polymerization processes.a

a TEVS content was 3 wt%.
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Process Conversion 

(wt%) 

Coagulum 

(wt%) 

Delamination 

time 

  A 70.38 16.35 2 day 

  B 81.32    5.61 0.5 year 

  C 94.87     0.21 1 year 

 

 



1a), which was delaminated in two days. Although the
size of particles was smaller and distribution was
more uniform than that in method A, the particles dis-
persed widely in Figure 1b. It was interesting that the
stable latex with narrow particle distribution could be
obtained only by the deferred semicontinuous silox-
ane monomer addition process, which can be
observed from Figure 1c.

The other means to determine the particle size and
distribution of latexes was TEM. According to TEM
image (Figure 2), the diameter of particles was
between 0.1 and 0.5 micron. But there were a few
smaller or partially bigger particles except these good
distribution ones. While morphology of the copoly-
mer emulsion particles prepared by methods B and C
(Figure 2a,b) was different, the morphology of the
latex in Figure 2b was more uniform compared to
Figure 2a, the diameters of former one were smaller
and distribution was better. That is to say the deferred
addition mode of TEVS in the emulsion polymeriza-
tion could reduce the particles size and narrow the dis-
tribution. In method B, the reactions of hydrolysis and
polycondensation proceeded possibly after seeded
polymerization, and then the emulsion particles would
conglomerate into big particles, so the diameter of
particles was increased, and eventually came to an
uneven distribution of particles in wider scope. When
the deferred addition mould was carried out (method
C), the reactions of hydrolysis and polycondensation
were restrained to reduce the diameter of particles,
and therefore the properties of the emulsion could be
improved. These results agreed well with the depic-
tion of content in Figure 1.

The other results can be observed from Table 2. In
method A, the coagulated polymer on the wall of the
reactor and stirrer was observed when polymerization
proceeded above 60 min, and the total coagulum
reached 16.35 wt% at the end of polymerization,
while the equilibrium conversion was only 70.38
wt%. The coagulated polymer could not be dissolved
in butanone or toluene, which means that the polymer
was cross-linked [9,10]. Because in intermission
process the TEVS content was much higher than that
for other methods during the former polymerization,
this could facilitate the self-condensation of -SiOR
groups between TEVS molecules, as well as polycon-
densation of TEVS with terminal-SiOH groups origi-

(a)

(b)
Figure 2. Transmission electron micrographs of copolymer
emulsion particles: (a) prepared by method B, and (b) pre-
pared by method C.

nating from the hydrolysis of -SiOR groups [11]. So
this polymerization process was unstable, and precip-
itations in the latex were observed after 2 days of stor-
ing at ambient temperature. In method B, most of the
monomers (VAc and TEVS) and APS initiator were
introduced dropwise, respectively. Therefore, the con-
centration of TEVS in the reactor was lower and the
possibility of the self-condensation of -SiOR groups
between TEVS molecules was reduced, which
increased the possibility of copolymerization between
VAc and TEVS.

In method C, because deferred addition of the
monomer of TEVS was carried out, the chances
among the monomer siloxanes were reduced. Thus
only method C produced slightly blue-coloured and
stable latex, and equilibrium conversion was reached
by 94.87 wt%, accompanied by little  coagulum.

According to the above-mentioned, the deferred
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Figure 3. IR Spectrum of copolymer.

semicontinuous mode of addition was best method for
this system. Therefore, the following results and dis-
cussions were all based on method C if no additional
description was given.

Polymer Molecular Structure
Figure 3 is the IR spectrum of copolymer, which was
demulsified and extracted with hexane and tetrahy-
drofuran for 12 h to remove homo-poly(vinyl acetate)
and homopolysiloxane, respectively. IR Spectrum of
as-obtained products showed characteristic absorption
bands at 1735 cm-1 (C=O); 1240 cm-1 (C-Si); 1120
cm-1 and 1100-1000 cm-1 (Si-O-Si); 2925-2960 cm-1

and 795 cm-1 (C-H) [12,13]. However, the C=C char-
acteristic peak (1640 cm-1) was not observed. These
results indicate that VAc and TEVS are copolymer-
ized.

Effect of TEVS Content on Polymerization and
Latex Properties
Although copolymerization of monomers of VAc,
butyl acrylate, acrylonitrile, 2-ethyl acrylate, ethyl-
ene, and vinyl chloride have been studied [14-18],
copolymerization of these monomers with TEVS has
rarely been reported. Therefore, the effect of TEVS
was explored during the process of copolymerization
in this paper. 

Effect of TEVS Content on Polymerization,
Particle Diameter and Viscosity
The influence of TEVS content on polymerization and
latex properties was studied and the results are given 

Table 3. Influence of TEVS content on polymerization and
latex properties.

in Table 3. On the one hand, monomer conversion was 
slightly decreased with increasing TEVS content;
polymerization proceeded readily, and monomer con-
versions were higher than 94.87 wt% in all runs with
siloxane contents below 3 wt%. Once this content was
attained to 5 wt%, the monomer conversion decreased
to 78.29 wt% and a few coagulums were formed dur-
ing polymerization; the final latex separated into two
phases after 20 days storing at room temperature. This
might be attributed to the self- and polycondensation
of TEVS when its content was 5 wt%. Because TEVS
content was increased in the reactor, the probabilities
of self- and polycondensation of TEVS were
increased and copolymerization with vinyl acetate
was therefore reduced. On the other hand, the particle
diameter (Dp) and the viscosity of the SV series were
larger than those of SV01. Moreover, with the
increase of TEVS content from 0 to 5 wt%, monomer
conversion decreased gradually, whereas particle
diameter (Dp) and viscosity increased. These results
imply that good stable lattices can be prepared when
TEVS content was less than 5 wt%, and these agreed
well with the above-mentioned results of conversion
and coagulum.

Effect of TEVS on Stability of Latex
The effect of TEVS on stability of latex was investi-
gated and the results were presented in Figure 4. The
coagulum was increased gradually when the content
of TEVS increased and resulted in instability of the
emulsion in the course of polymerization as the con-
tent of TEVS was reached 5 wt%. The result agreed
well with the polyacrylate modified by TEVS [19].
Moreover, the emulsion would be demulsified in 20
days.
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Viscosity 

(cP, 25ºC) 

Dp 

(nm) 

Conversion 

(wt%) 

TEVS 

(wt%) 

Sample 

3.0 82 99.32 0 SV01 

3.6 88 98.53 0.5 SV02 

4.1 102 96.81 1.0 SV03 

4.7 104 94.87 3.0 SV04 

5.3 194 78.29 5.0 SV05 

 



Figure 4. Effect of the content of TEVS on the polymeriza-
tion stability.

The stability of emulsion storage was one of the
most important functional indexes. The relative exper-
imental results of the stability of emulsion storage
were presented in Figure 5, where the viscosities of
emulsion were plotted against stored time at different
contents of TEVS (if the ratio of variation changed
more distinctly, the stability of emulsion storage could
be worse). In Figure 5, it is shown that TEVS content
is smaller and the emulsion was more stable. This phe-
nomenon was related to the properties of TEVS.
Because TEVS included three groups of -SiOR which
was apt to hydrolyze and condensate, the opportuni-
ties of appearance of coagulum enhanced when the
content of TEVS was increased.

Figure 5. Effect of TEVS content on the stability of emulsion
storage.

Figure 6. Effect of the content of TEVS on the waterproof
ability of latex Films.

Effect of TEVS Content on the Waterproof Ability
of Latex Films
The waterproof ability of product was analyzed by
measuring the percent of absorbing water of the latex
films, as shown in Figure 6. The ratio of absorbing
water of pure poly(vinyl acetate) was 32.58 wt%,
while that of the modified latex membrane was 13.96
wt%. It was shown that the waterproof ability of
poly(vinyl acetate) modified by TEVS was improved
obviously compared with the pure vinyl acetate poly-
mers. The reason was that the alkoxysilane group of
copolymers as a functional monomer could be
hydrolyzed, condensated and cross-linked to form a
web of compact Si-O-Si and in the process of filming
it could effectively hinder a large amount of water
entering into the films [20].

CONCLUSION

Copolymer lattices of vinyl acetate-triethoxyvinylsi-
lane were successfully prepared using a semicontinu-
ous and deferred addition process when TEVS content
was less than 5 wt%. With the increase of TEVS con-
tent, monomer conversion and stabilities of polymer-
ization and latex decreased. A large amount of exper-
iments showed that TEVS was the key reagent in this
system of emulsion copolymerization and properties
of latex film were significantly influenced by TEVS
content. The water resistance of latex films increased
with increasing TEVS content. That is to say the prob-
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lem of pure PVAc about weak water resistance could
be effectively overcome for present in an actual appli-
cation. 
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