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In this study, physical properties of poly(vinyl acetate-co-ethylene) (VAE) emulsion were investigated by adding different
amounts of di-butyl phthalate (DBP) which is a common plasticizer of VAE. The glass transition temperature (Tg) of the
dried plasticized VAE emulsion film, which measured by Differential Scanning Calorimeter, was decreased with increasing
the DBP contents while the viscosity of the plasticized VAE emulsion was increased with the DBP contents. These results
suggest that the plasticizer in the dried VAE film can prevent the strong interaction between chains, resulted by the decrease
of Te. In the emulsion, however, the particle sizes were swelled by the penetration of plasticizers and then its viscosity in-
creased with the DBP content. When the DBP was added, the mechanical properties of the plasticized VAE films, such as
tensile strength, elongation and creep resistance, were decreased while the water resistance was increased.
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Effect of Plasticizer on Physical Properties of Poly(vinyl acetate-co-ethylene) Emulsion
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Table 1. Characteristics of Various Plasticizers

Chemical Structure Remark Application
Di 2-ethyle hexyl phthalate CsHa(COOsH,7)2 Compatibility Wide use
Diiso nonyl phthalate CsHa(COO9Hi6)2 Low volatility Viscosity stability Cable compounds Silent for auto
Diiso decyl phthalate Ce¢Ha(COO1oH 2)2 Thermal stability Anti-fogging Cable compound In-side parts of auto
Dibutyl phthalate CsHa(COO4Hy)2 Compatibility Operation at low temp. Adhesives Paints
Flexibility Table 2. Basic Properties of DBP
. /W Spec
Color (APHA) 25
AP | ¢ 9 0 0
C=0 C=0 Cc=0 specific gravity (20/20 C) 1.048 + 0.003
= 1 i i
yinyiacetats CHs CHs CH, Acid value (KOH mg/e) 0.05 |
CI3H3 (|3H3 (;.)H3 Ester value 403 + 3
CH,=CH, (IZ—O (I:_O Cc=0 Refractive index (nD25) 1.491 £ 0.003
Ethylene O 0] O Thermal stability (wt%) 0.30 |
/\)\/\/l\)\/ specific resistance (2cm, 30 C) 3.0 x 109 1

Scheme 1. Poly(vinyl acetate-co-ethylene) structure and effect of
plasticizer.
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Poly(vinyl acetate) Homopolymer
with Plasticizer
Scheme 2. Limitations of plasticizer in PVAc homopolymers.
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Figure 1. T, behaviors of VAE emulsions with different weight % of
DBP.
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Figure 2. Viscosities of VAE emulsions with different weight % of
DBP.
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Figure 3. Particle sizes of VAE emulsions with different weight % of
DBP.

Table 3. Particle Sizes of VAE Emulsions with Different Contents of DBP

0 wit% 2wt 4 with 6 wit% 8 w/it% 10 w/t%
of DBP of DBP of DBP of DBP of DBP of DBP

Dn 0.632 0.62 0.635 0.643 0.638 0.637
Dw 0.85 0.842 0.869 0.882 0.881 0.896
Polydispersity ~ 1.345 1.358 1.369 1.372 1.381 1.407

150,000 o

A)

* Swelling
*® Decrease of particle density

(B)
Figure 4. Atomic force microscopic images (A) before and after adding
plasicizer and schematic representation (B) of plasticizer-adding
emulsion particles which lead the increase of flexibility due to the
decrease of intermolecular attraction between the polymer chains.
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Figure 5. Tensile strength and elongation of EVA films with different

weight % of DBP.
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Figure 6. Toluene-insoluble weight % and swelling index of VAE
films with different weight % of DBP.
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Figure 7. Dry and wet peel strengths of VAE films with different

weight % of DBP.

0.600

0.500

M

0.400

e

0.300 e

mm/min

0.200

——Creep Rate (cloth/cloth

@77C), mm/min. H

0.100 /
0.000

3 4 5 6 7 8
% of DBP

Figure 8. Creep ratio of VAE films with different weight % of DBP
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