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Studies on F lammability of Ethylene—Vinyl Acetate Copolymers

Kazumi FURUTA
Shuzoh WATANABE
Noriaki EMURA

Flammability of ethylene-vinyl acetate copolymers (EVA) treated with fire retardants has been investigated.
The fire retardants used in this study are aliphatic and aromatic halides, inorganic fillers such as calcium

carbonate, calcium sulfite and aluminum hydroxide, chlorinated synthetic rubbers and antimony trioxide,
The results are summarized as follows;

rubber (CR) prevents effectively dripping of the melt,
5) Compounding of EVA with CR, aluminum hydroxide, aromatic bromide and antimony trioxide is
found to produce fire retardancy superior to a V-0 level by the UL-94 standard.
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Table { Resin

Resin Melt index | V.Ac(%)
UE 625 14 15
4 630 1.5 15
” 631 1.5 19
” 633 19 19
” 680 150 19
” 710 19 27
PE 202 23 0
” 286 1.5 0

Table 2 Flame retardants, and inorganic fillers

Code Compound Halogen (%)
A | Chlorinated paraffine Cl 70
Cl 11.6
B Halogenated phosphate Br 52.6
(P 5.1)
C Alkyl bromide X 70
D Aromatic bromide Br 61
E Aromatic bromide Br 67
F Aromatic bromide Br 83
G | Aliphatic bromide Br 85
particle size
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Fig. 1 Effect of flame retardants on oxygen index

Table 4 Dependence of flammability on melt index

*Compound A **Compound B **Compound C
Resin (Melt index, V.Ac (%)) | Oxygen ASTM Oxygen ASTM Oxygen ASTM
index D635 index D635 index D635
(%) (SEC) (%) (SEC) (%) (SEC)
UE 631 (1.5, 19) 20,2 2738 25.4 22sE 27.6 <1sE
UE 633 (19 , 19 21.9 sy L7 25.9 <1 se 28.5 <lsE
UE 680 (150 , 19) 25.0 NP 29.4 NP 32.5 NP

*Resin/Flame retardant/Sb,0,=100/0/0
**Resin/Flame retardant A/Sb,0,=100/15/5
***Resin/Flame retardant E/Sb,0,=100/15/5

¥+t Not possible

Table 5 Dependence of flammability on V.Ac content

*Compound A **Compound B *¥*Compound C
Resin (Melt index, V.Ac (%)) | Oxygen ASTM Oxygen ASTM Oxygen ASTM
index D635 index D635 index D635
(%) (SEC) (%) (SEC) (%) (SEC)
PE 286 (1.5, 2) 18.9 2188 25.0 >100B 25.9 2.4sE
UE 630 1.5, 15) 20.2 2908 25.9 29sE 27.2 <1sE
UE 6331 (1.5, 19 20.2 2738 25.4 225k 27.6 <lsk

*Resin/Flame retardant/Sh,0,=100/0/0
**Resin/Flame retardant A/Sb,0,=2100/15/5
*kkResin/Flame retardant E/Sb,0,=100/15/5
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Fig. 2 Effect of Sb,0; on oxygen index
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Table § Effect of inorganic fillers

\_' —

Ttem h"““‘-am’ CaC0s

UE 633 100

Flame retardant E 15

Sb,0, 5

CaCo, 100 2 30 50

CaSOs—l/ZHZO 10

Al(On),

App?u-ent Ir‘;)dulus of B ) v o
rigidity (kg/cmz) 124 139 161 204 120

Oxygen index (%)

ASTM D635 (SEC) 20se 35sg >100s >100g7sE
UL-94 Class

e ——

CaS0,-1/2H,0

Al(OH),

20 30 50

10 20 30 50 70 150

140 158 200 123 140 165 195 223 434
28.1 24.1 23.7 21.1 26.8 25.0 23.7 21.1 30.7 32.9 33.8 35.1 35.5 35.5
17.6se 21se >1008/<1sg <lsg <lsg <1se <Isg 26.45p
]HB HB HB HB |HB HB

- - L -_—
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Table 7 Effect of blend ratio of CPE on flammability of EVA/CPE blends
'“""—'—--___________ = N e ——— = ===
Itein — =0 2 2 3 4 5 6 7 8 9
I-_h_hqq_h_“‘ e ——— -
UE 633 100 95 90 80 70 60 50 20 0
Chlorinated polyethylene 0 5 10 20 30 40 50 80 100
Flame retardant E 15 15 15 15 15 15 15 15 15
Sh,0, 5 5 5 5 5 5 5 5 5
Apparent modulus of rigidity
(kg /cm?) 112 97 86 81 69 62 50 | <12 | <12
Oxygen index (%) 28.5 | 28.1 | 27.6 | 27.6 | 25.9 | 26.8 | 26.8 | 30.7 | 37.2
ASTM D635 (SEC) <lsg | 6.8s8 | 8.6sg| 10sg | >1008 | >1008 | 8.6s5 | <lse | <lsE
UL-94 Class v-2 | V-2 | V-2 | V-2 HB HB V-1 | V-0 | V-0
Table § Effect of blend ratio of CR on TENILTHZ LKA —-FRY=—T VY FD
flammability of EVA/CR blends B, COBFIRM. WABERRIORAE I L IR O |
S~ No. N BREH E D IR Lot AR D H
Bem T~ | T | 2|3 *]° HERIZA )~ — 7 LY FOBAEF L,
A g ! ARV =—7 v VORI
UE 633 100l o5 | o0 || 80 | 70 AMLT%%?ﬁm‘+)f 7i/r@m%vouf
X TR TNENE S IR E R LI, T Zhb
Chloroprene 0 s |02 N SO DERMAID IR A M AbeDC Lk b Eh it
Flame retardant E 15 15 [ 15 | 15 | 15 BRELED KR L FHEhD, BR0OMEE, EVA/7r
Sb,0; 5| 5 5 5 5 v LY TASKBET VS = A/BEREERL E/=
- — A7 v 7 v D70/30/10/15/5 DFEr, BhFHETaH25.0,
Apparent modulus| 12| 101| 95| 76| 60 UL V—0 it H MR AR, iC
Oxygen index(%) |28.5 | 28.1|28.5|28.1 | 25.4 DOEESHOI Y AL 65kg/em? THbH, ~—2
EVA o
ASTM D635(SEC) | <1sg| 3.8sx| 7.2sx| 1655 | 3.8s5 ED B TRoR
A CIRERRAYOREL BRI, REERY F
UL-94 Class V-2|V-2|V-2|HB | V-1 R . _ . -
D& LI FECRET Licds, REM, BHME, £tk

oML EVA BIROXBMMEET T3 &, FlmiE
PO TRINC X % R TR LD RIGIEF P E T &
7r & OREAP R IR,
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