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Abstract: Poly(ethylene-co-vinyl acetate) (EVA) is a copolymer of ethylene and vinyl acetate (VA). It is important to deter-
mine the VA content of EVA, since the properties of EVA depend highly on the VA content. EVA copolymers have been
used in a wide range of applications appropriate for the different VA contents. IR, NMR, and TGA are generally used for
determination of the VA content of EVA copolymers. Of these, TGA is the most reliable method and can be applied to cured
EVAs. Analytical methods for determination of the VA content and properties of EVA copolymers via TGA were herein
reviewed. Thermal behaviors of EVA copolymers (glass transition temperature (T,), melting point (Ty,), and crystallization
temperature (T.)) determined by DSC were also reviewed. Analysis of the related literature revealed that the T,, Ty, and
T, decrease by about 0.46, 1.36, and 2.08°C, respectively, for every 1 wt% in VA content. A method for determining the
degree of crosslinking of cured EVA copolymers was also reviewed, and the degree of crosslinking tends to increase with

the decrease in the VA content.
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Various Applications of EVAs According to
the VA Contents
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Table 1. Application Fields of EVAs According to the VA Contents.

VA content (wt%) Properties Application Fields References

High melting temperature, . . .

<14 Chemical resistance, Brittleness Film, Asphalt modification 1,2

Medium transparency, Low gas permeation, Food packaging, Agricultural industry,

15-28 . . 3-10

Char production, High softness Intumescent systems
30-33 High transparency, Good insulation Photovoltaic modules 1, 11-15
Low melting point, Good solubility in organic solvent, . . 1, 12,
233 Biocompatibility, Good flexibility, Adhesion property Cable sector adhesives, Drug delivery system 16-21
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Analysis of the VA Contents of raw EVAs
Using Spectroscopic Methods

1. Infrared spectroscopy (IR)
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2. Nuclear magnetic resonance spectroscopy (NMR)
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Analysis of VA Content of EVA Using TGA

1. Analysis of the VA contents of raw EVAs using TGA
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Figure 1. Typical TGA thermogram of EVA.
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Scheme 1. Non-catalytic and catalytic deaceatylation process of EVA.

VA @917 9] olx 2 s} whg-& £ tk(Scheme 1).% 0]
oM 2Ato] F2 APE T, fH 02 ol ibsietaet &
EAZE A E . o] 27t AedtH, EVAS] 471 d&
o S AYE Y EAEC] AT VAR
ol 71 ot st HA o A FA fde St
gheh. FobAE st I of] ozt FAZAt 4 (1) AR5
VARHEE 72 4 o

VA content (wt%) = WL(DA) x [MW(VAYMW(AA)] (1)

A7) A, WL(DA) (Wt%o)= BotA|g3tol ogt FA o),
MW(VA)Y= VA THEER| o] E2125(86.09 g/mol)o] I, MW(AA)
= 24| EAFE(65.05 g/mol)oltt. of F AZIE0] VAR
o] T2 EVAY] VAFFFS TGAR 94314 24T 4= S

& BIefrh
2. Analysis of EVA compounds using TGA

EVA: F947 4a%

ol
A

ol AT Aoy

B 2

Table 2. Improvement of EVA by Blending with the Other Polymers.
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Blending polymer Improved properties Application Fields Reference
Polyethylene (PE) Chemical resistance, Ozone resistance Food p ac.k agIng, Wire and.cable msulatl.on, 30-38
Automotive industry, Multilayer packaging
e . Cable insulation, Fire retardant materials,
Natural rubber (NR) Thermal stability insulation Rubber shoes, Automotive industry 39, 40
Polypropylene (PP) Impact strength Automotive industry 42-45
Poly(styrene-co-butadiene) (SBR) Thermal stability, Interfacial adhesion Automotive industry 34, 46
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Table 3. Improvement of EVA by Reinforcing with Filler.

Filler Improved properties

Application Fields Reference

Carbon black
Metal hydroxide

Electronic conductivity, Elasticity
Gas permission, Thermal stability
Clay Thermal stability

Cellulose Thermal stability, Tensile strength

Rail roads, electronic devices 47-50
22, 36, 51-55

Fire retardant materials 23

Fire retardant materials

Food packaging, Barrier sheet 56, 57
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Figure 2. Typical TGA thermogram of silica-filled EVA compound.
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Analysis of Thermal Properties of EVA
Using DSC

1. Characterization of thermal properties of raw EVAs
using DSC
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Figure 3. Typical DSC thermogram of EVA.
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Table 4. Glass Transition Temperatures (Tgs), Crystallization
Temperatures (Tcs) and Melting temperatures (T,,s) of EVAs
According to the VA contents.

VA content

(Wi%) T, (°C) T, (°C) Tw (°C) References
5 - - 104 61
9-9.5 - - 95,97 35, 61, 67
14-15 - 68, 68, 7, 76.1, 90, 90.2, 35, 61-64,
80.0,82.6,81.9, 91, 91.3, 67-69
84.3 91.7, 92.1
1820 259, -27, 69.4 75.6, 78.1 15, 34, 41,
-30 79.3, 85.9, 58, 61,
86, 86.5, 87 62, 64
22 - 60 85 68
25 - - 72 64
28 . 522 70, 70.5, 61, 63,
71, 73.5 64, 67
33 -36.8 - 65, 58, 64
40 - - 55.5 61

DSCEEE T2 942 5 gl ASE ZAa o]d A9k
2@l Aol o8] gl ol e=rt A ok 4 9l o
o DMACIA] A& tan 534 ©] 83t ZAI7| = et

BoFdnel o] We 2x=wgoA o]§HE EVA:
-40°C o]4te] el Hol =S 7Ha wjo] A1 A SAlo Je
2 7% AR REY A=A Ao 2 JFL 7] Y7
of dure TS ZH= VA I Aeshs o] Fasjch
Table 4= E&|A 2 EVAY T, T, T E7a+ lojw,
Figure 4(a) ©|5-& VA o] wte} £A13H Alo|th. T VA
Fol] uhe} Zhashs ko] 3BT}, Figure 4(2)9] 24
3} Ao y = -0.46x-19.80 (R? = 0.73)°] 22, VA &Fo] 1
wi% Z7H3to]| whe} Ty 0.46°CekE Zhadteh & 4 9let.

EVAE [110]2+ [200]1¢] & 7b4] 239 L 7Hxm), DSC
B2 B3 F 7] ARG T2 AT 5 kO shi
L 14 wi%2] VA @S 71X EVAY] T 7] TE 2Hlst
ATk VA &EFo] 14, 18, 28 wt%?Ql EVASE EA519 S 1], VA
o] £LHE T8} T,o) Wobdtkn Bustdeh” Motta
of up=w, 14-33 W% VA %L ZH= EVAQ] Hio]

-20

[@

-25

O -30 "

-35]

B e S R e e L e s e
6 18 20 22 24 26 28 30 3R H#

VA content (wt%)

105_:(b) . =T

Temperature (°C)
o
1

VA content (Wt%)

Figure 4. Variations of (a) glass transition temperature (Tg), (b)
crystallization temperature (T;), and melting temperature (T,) of
EVA with the VA content.
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Figure 5. Typical DSC thermogram of uncured EVA compound.
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