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Properties of Ethylene/Vinyl Acetate Copolymers of High Vinyl

Acetate Content.

Part 1

Properties of the Crosslinked Ethylene/Vinyl Acetate Copolymers

Kiichiro OHNISHI
Aizo TAKEUCHI
Nobuhiro ECHIDA

The physical and mechanical properties of the ethylene/vinyl acetate copolymers (EVA) of high vinyl

acetate (VAc) content have been studied, Dicumyl peroxide-crosslinked EVA resin of high VAc content

has good physical and mechanical properties as summarized below :

1) Visual appearance of the vulcanizates is either black, white, light-colored, or transparent, depending

on the additives used.

2) Compression set is very low, especially at high temperatures.

3) Heat aging resistance and weatherability are excellent,

4) Brittleness temperature is quite low (below —60°C),
5) The higher the VAc content of the crosslinked EVA, the better its oil resistance,

6) Resistance to ethylene glycol is very good,

7) Interestingly enough, compression set, permanent set, and abrasion value are minimized and tensile

strength and elongation change suddenly, as the VAc content approaches 509,

1. & 2 8 %

I%Vy—m@E:wﬁEgﬁ(MMJu%ommm
Lo TR KREL Bich, BIAVHRYS 5, Bl ©
SAVEEEPEINTD L L b BNk E <D, =
AR LI 7T X 510/ 52, BRCESE
HTHilORESEET 5,

EALE, EVA ofBgitEom by B e L,
FERR = V& REDOHBIE. EVA 0o 1oee
%44 F (DCP) X 544Eic o\ T#E L, DCP
#inE 0.5 PHR §is CREO MMM B OR, BETO
WL ET S R RV LR,

—JI, BRRE = Vv ERBMSOERY B D L tEmas
ﬁ*@%ﬁmgumahgﬁ<&b,%ﬁ&ﬁﬁ%ﬁo
L5 Te Do FTUE, B E = L EHBE0~60EEY
? EVA DBEEBREHERECO\WTHRE L, 4 Ok
ﬁ%%othﬁﬁﬁﬁﬁﬁBhél&%Ebmbt@
THET %,

2. R B ¥ &

(my =®] #

REEARY =5 U VS v o 2 CHEE S R B ©
= VEEE0~60EEY D EVA AL, F7-thg
DIz, WU w2 CHE S hic HIRIER © = 14

(37)




38  RHHENIEHES 265 15 (1982)

HEOE EVA L #H L1, - EVA % Table 1
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Table 1 EVA for this experiment
Melt index(MI) Vinylacetate content

(g/10 min.) (wt%)

EVA A 4.4 40.0
EVA B 83.0 39.1
EVA C 7.2 44.3
EVA D 3.7 47.9
EVA E 10.0 47.7
EVA F 4.7 57.6
EVA G 4.5 62.2
EVA H 3.9 25.6

Table 2 Fillers for this experiment

Grade

Carbon black HAF, SRF, MT
. Nipsil VN-3
White carbon (Nippon Silica Ind. Co.)
Clay Hard type, Soft type
Calcium carbonate Light type
B-103

Aiminium hydroxide (Nihon Kei-Kinzoku Co.)

Table 3 Additives for this experiment

Additives

Crosslinking agent Dicumyl peroxide (DCP)

Promoter TAIC (Nihon Kasei Co.)
.. Nonflex RD
Antioxidant (Seiko Cemical Co.)
Lubricant Stearic acid
Table 4 Formulation
Formulation -
1 2 3
EVA 100 (PHR) 100 (PHR) 100 (PHR)
Filler Iﬁ?cll:{ ggrbon Non Variable
DCP 1.4 1.4 - 1.4
TAIC 1.0 1.0 1.0
Nonflex RD 0.3 0.3 0.3
Stearic Acid 1.0 1.0 1.0
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Fig. 1 Tensile strength vs cure time

(EVA F, Formulation 1)

note: in Fig. 3, 4, 5, 11, 13, 16, 18, 21, 23
O ; HAF carbon black

O ; SRF carbon black

A ; MT carbon black

@ ; White carbon

B ; Hard clay

O ; Soft clay

© ; Calcium carbonate
X ; Alminium hydroxide

in Fig. 9, 20, 25
® ;EVA A, formulation 1
© ; EVA B, formulation 1
® ;EVA F, formulation 1
O  EVA F, formulation 2
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Fig. 3 Tensile strength vs filler content
(Formulation 3, cured 160°C x 20 min)
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Fig. 4 2002 Modulus vs filler content
(Formulation 3, cured 160°C x 20 min)
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Fig. 5 Elongation vs filler content
(Formilation 3, cured 160°C x 20 min)
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Fig. 6 Tensile strength vs VAc content
(cured 160°C x 20 min)
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Fig. 7 200% Modulus vs VAc content
(cured 160°C x 20 min)
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Fig. 8 Elongation vs VAc content
(cured 160°C x 20 min)
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Fig. 9 Tensile strength vs temperature
(cured 160°C x 20 min)
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Fig. 11 Tear strength vs filler content
(EVA F, Formulation 3, cured 160°C x 20 min)
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Fig. 12 Tear strength vs VAc content

(cured 160°C x 20 min)
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Fig. 13 Hardness vs filler content
(EVA F, Formulation 3, cured 160°C x 20 min)
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Fig. 14 Hardness vs VAc content
(Formulation, cured 160°C x 20 min)
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(EVA F, Formulation 1) (cured 160°C x 20 min)
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Fig. 19 Compression set vs VAc content
{cured 160°C x 20 min)
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Fig. 20 Compression set vs temperature
(cured 160°C x 20 min)
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Fig. 21 Growth of cracks vs filler content
(EVA F, Formulation 3, cured 160°C x 20 min)
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Fig. 22 Growth of cracks vs VAc content
(cured 160°C x 20 min)
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Table 5§ Heat aging resistance of crosslinked EVA
(Cured at 160°C for 20 min. and exposed at 150°C in geer oven.)

45

Heat aging time (Hours)

EVA F lati t
ormulation Property 168 336 504 720
A 1 Tensile strength retention (%) 92 77 67 38
Elongation retention (%) 106 89 73 44
Chang in hardness (JIS) +3 +3 +1 +3
B 1 Tensile strength retention (%) 93 89 74 45
Elongation retention (%) 98 95 68 45
Change in hardness (JIS) +4 +4 +5 +5
F 1 Tensile strength retention (%) 89 70 56 36
Elongation retention (%) 91 71 62 30
Change in hardness (JIS) +7 +10 +9 +16
F 2 Tensile strength retention (%) 78 85 25 108
Elongation retention (%) 128 131 89 2
Change in hardness (JIS) 0 -1 —6 +4
Ref. 1 EPR ; Exposed in geer oven at 156°C for 240 hours,
Tensile strength retention 64%
Elongation retention 37%
Change in hardness (JIS) +12
Ref. 2 CR ; Exposed in test tube at 120°C for 72 hours.
Tensile strength retention 96%
Elongation retention 84%
Change in hardness (JIS) + 6
* Formulation
EPT 100, HAF 50, ZnO 5, S 0.75, M 2, TMTD 0.75
* cured 164°C x 30 min,
* Formulation
SKYPRENE B-30 100, MgO 4, D 2, St-acid 1, SRF 29, ZnO 5, Accelerator 22 0.5
* cured 150°C x 20 min,
Table 6  Oil resistance property of crosslinked EVA
(Cured at 160°C for 20 min. and immerced at 50°C for 7 days.)
Ty . JIS No. 1 Oil JIS No. 3 0il
. EVA *
i O A B F A B F
Change in weight (%) 12 12 2 97 102 31
Change in volume (%) 15 15 2 119 123 38
Change in JIS spring hardness —-12 —-12 - —37 —42 —21
Tensile strength retention (%) 92 98 103 43 46 77
Elongation retention (%) 93 99 108 44 45 80

* Formulation 1
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Table 7 Cemical resistance property of crosslinked EVA
(Cured at 160°C for 20 min. and immerced at 50°C for 7 days.)
L Elongation . Change in Change in
Tensile streangth retention Changelmd weight volume
EVA # retention (%) %) 1ardness (%) %)
A B F A B F A B F A B F A B F
Hydrochloric acid (10%) | 105 104 102 97 97 108 | -2 -1 0 1 1 1 1 1 1
Hydrochloric acid (25%) 121 112 82 68 66 63 7 11 9 -3 —3 -2 —4 —4 -4
Nitric acid (10%) 103 102 97| 114 105 121 | —11 -1 -2 2 2 2 1 1 2
Nitric acid (30%) 13 16 — 53 52 —| —8 —7 —55 4 4 -1 1 1 —
Sulfuric acid (10%) 113 89 80 8 97 111 -2 —1 0 1 1 1 1 1 1
Sulfuric acid (30%) 120 103 81 93 100 105 -2 -11 -1 0 0 1 0 1 1
Acetic acid (10%) 100 98 97 9 100 108| —5 —4 —8 3 3 5 2 3 5
Acetic acid (25%) 97 97 91 97 101 102 -8 —9 —10 4 4 7 4 4 7
Acetic acid (50%) 8 93 76| 82 95 100 | —11 —23 —20 7 8 14 7 8 16
Sodium hydroxide (10%) | 120 118 113 9% 9 107 | —1 -5 1 2 1 2 2 1
Sodium hydroxide (25%) | 123 128 112 98 99 95| —2 1 0 2 1 3 2 3
Sodium hydroxide (50%) | 109 107 106 | 108 100 102| —1 1 1 0 0 0 0 0 0
* Formulation 1
Table § Cemical resistance property of crosslinked EVA

(Cured at 160°C for 20 min. and immerced at 50°C for 7 days.)

R“‘HH Change in weight (%) Change in volume (%)
T~ EVA~x

i A B F A B F
Phenol 238 308 349 — — —
Benzene 226 277 249 296 366 335
Aniline 123 117 260 140 131 304
Ethylene glycol 1 2 2 1 2 2
Methyl ethyl ketone 113 124 176 165 181 262
Ethanol 22 20 51 32 31 76
Xylene 222 268 226 295 356 309
Cyclohexane 130 156 78 193 235 120
Trichloroethylene 448 519 465 357 409 378

* Formulation 1
C 46 )




_ Mk EVA of® (1) 47

x-—"
] _, X/ -
: / - —“'8-_
0.5 A — d
—~ o _/. A—
8 i —_—
£ g -
° x /
5 //ﬁ
g s
5 % ©
F
201 8
i @ i
0.05 .
Q

50 100
Filler content (PHR)

Fig. 23 Abrasion value vs filler content
(EVA F, Formulation 3, cured 160°C x 20 min)
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(cured 160°C x 20 min)
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Fig. 25 Weatherability
(cured 160°C x 20 min)
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