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Degradation and Stabilization of Ethylene-Vinyl Acetate Copolymers [1IT7]
A Study on the Rate of Oxygen Absorption

Masatoshi Kimura
Noriaki Emura
Masaru Uemura
Yujiro Kosaka

Oxygen absorption rate and weight change of ethylene-vinyl acetate (EVA) copolymers with various vinyl
acetate (V.Ac) contents were discussed in the temperature range of 150—190°C. In addition, the effect of
antioxidants for EVA copolymers was evaluated. The results were as follows.

1. With the increase of the V.Ac contents in copolymers,

a. thermal stability decreased,

b. weight loss of copolymers exposed to hot air increased,

c. gel contents in oxidized copolymers decreased.

2. An activation energy of 17 kcal/mol was obtained for the rate of oxygen absorption of a copolymer

(MI; 1.53, V.Ac content; 16.6%)

3. In the evaluations of eleven typical antioxidants, it has been found that 4.4’-thiobis (6-tert-butyl-m-cresol)
was the most suitable to inhibit the thermal oxidation of EVA copolymers.

4. By the investigation of the combination systems of 4.4’-thiobis (6-tert-butyl-m-cresol) with some dialkyl
thiodipropionates, it was found that these combinations also showed good effects equal to or higher than

4 .4’~thiobis (6-tert-butyl-m-cresol) alone.
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Table 1 Properties of EVA Copolymers

Resin MI Density  [V.Ac (wt%)

PE-A 3.02 0.9234 0
EVA-A 1.53 0.9368 16.6

” B 1.54 0.9415 19.5

” C 20.3 0.9406 18.0

7 D 3.96 0.9496 25.7

7 E 11.5 0.9702 38.0

” F 3.39 — +3.5

” G 2.64 — 13.9

» H 3.30 — 25.3
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Table 2 Antioxidants Used in This Study

No. Composition MW. ’ M.P. ' Appearance

1 Dilauryl-thio-dipropionate 515 42 °C{ White Powder
2 Distearyl-thio-dipropionate 683 67 ” #

3 2,6-Di-tert-butyl-p-cresol 220 70 White Cryst.

4 4,4’-Thiobis (6-tert-butyl-m—cresol) 359 160 White Powder
5 4,4’-Butylidenebis (3—methyl—6—tert—butylphenol) 383 210 / ”

6 N ,N’—di—ﬁ—naphthyl-p-phenylene diamine 360 225 Gray Powder

7 2-Mercaptobenzimidazole 150 285 Light Yellow P.
8 Tri-(nonyl pheoyl) phosphite 365 — Light Yellow L.
9 Lauryl stearyl thiodipropionate 599 50 White Granule
10 1,1,3-Tris (2—methyl—4—hydroxy—5—tert—butyl phenyl) butane 545 188 White Cryst.

11 Organic Chelator — — Clear Liquid

* Supplied by Adeka Argus Chemical, trade name is “Mark C”,
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Fig. 2 Typical curve of oxygen absorption
for polyolefin oxidation at a high
temperature.
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Table 3 Effect of Temperature on the Thermal Oxidation of EVA Copolymers

Resin V.Ac (%) Temp. (°C) T1o (min) IP (min) Rmax (ml/g.min)
EVA-A 16.6 160 70 37 0.294

7 B 19.5 ” 73 — —

v D 25.7 ” 71 — ==
PE -A 0 ” 89 56 0.294
EVA-A 16.6 170 41 18 0.440

7 A 16.6 180 29 15 0.725

v D 25.7 ” 29 15 0.700

v A 16.9 190 21 10 0.933

(58)

T




IF L MRE =V EEROSE L RE( (5 38) 151

190C 180T ?a'c e
m.
100

150°C

n

Oxygen absorption (ml/g. polymer)

—
150 200

[=]

0 50
Time (min.)
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Table 4 Activation Energies of the Thermal

Oxidation
X
. T, Rmax
Resin (Kcal/ronol) (Kcal/mol)
EVA-A (under 170°C) 22 } 17
” A (above 180°C) 12
# A +No. 3 (500ppm) 31 17
# A +No. 4 (500ppm) 31 17
PE-A 24 2
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Table 5 Activation Energies of the Thermal Oxidations of Polyolefins

Resin Temp, Kenee Tkonl o Ref.
High Density Polyethylene 130—180 20 6
Low Density Polyethylene 150—170 21 6
” 130—160 24 7
” 150—160 20
EVA Copolymer 140—170 19 8
” 150—190 17
Isotactic Polypropylene 150—180 11
Isotactic Polybutene-1 130—170 10 6

Table 6 Effect of V.Ac Content on the Thermal Oxidation of EVA Copolymers (at 150°C)

Resin V.Ac (%) T10 (min) L.P. (min) Rmax (ml/g.min)
1 .

PE-A 0 Y amy 138 (120) 0188 (0.170)
137 80 0.158

EVA-F 3.5 136 (135) 75 (75) 0.155 (0.155)
132 70 0.153

EVA-G 13.9 122 (125) 83 (e6) 0-137 (0.159)
124 51 0.138

EVA-H 25.3 TN S NED) 0- 17 (0.145)
127 60 0.147
126 49 0.126

EVA-E 38.0 123 (125) 48 (48) 0.130 (0.127)
126 46 0.125

( ) ; Average
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Table 7 Evaluation of Antioxidants
Antionidant Temp. Tio 1.P. Rmax
Resin
No. (ppm) °C) (min.) (min.) (ml/g.min.)

EVA-A 3 500 160 311 276 0.256
” 3 ” ” 263 224 0.248

7 8 ” ” 175 134 0.236

” 11 ” ” 122 83 0.254

” 9 ” ” 86 49 0.267

” 3 ” 170 105 80 0.384

7 3 ” 180 65 47 0.564

” 4 ” ” 299 281 0.540

” 5 7 ” 188 173 0.620

” 6 ” y 398 373 —_

” 7 ” ” 180 159 0.484

” 10 ” ” 142 126 0.608

” 4 100 190 55 44 0.913

” 4 250 7 110 100 0.903

Y 4 500 ” 136 123 0.780

” 4 750 ” 216 204 0.793

” 4 1,000 ” 240 228 0.807

200
300

200t

Two (min.)

1001

0 200 400 600 800 1000 1200 1400
Concentration of No.4 antioxidant (ppm)

Fig. 16 Effect of 4,4’—thiobis (6-tert-butyl-
m-cresol) for EVA-A at 190°C.
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Fig. 17 Effect of the combination systems
at 190°C.
(1) base polymer (EVA-A), (2) No. 9
(3) No. 4, (4) No. 4~No. 1
(5) No. 4~No. 2, (6) No. 4~No. 9

Table § Effect of Antioxidant Combination Systems for EVA-A at 190°C

Combination of Antioxidants Tio I.P. Rmax
No. 4 (ppm) | No. 1 (ppm) | No. 2 (ppm) | No. 9 (ppm) (min) (min) (ml/g.min)

125 375 0 0 58 47 0.901
250 250 0 0 107 95 0.827
250 250 0 0 118 104 0.753
375 125 0 0 141 128 0.780
250 0 250 0 132 119 0.780
250 0 250 0 127 113 0.713
250 0 0 250 112 99 0.750
250 0 0 250 122 98 0.750
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