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Abstract: To improve the flame-retardant properties of ethylene-vinyl ecetate copolymer (EVA) with aluminum
hydroxide (ATH), a blend of aluminum diethylphosphite (ADP) and ATH was used. The flame-retardant properties of
the composites were evaluated by using vertical burning (UL-94), limiting oxygen index (LOI), and cone calorimeter
(CONE) tests. The results indicated that at the mass ratio of ATH to ADP of 2: 1 and 1: 2, compared to the
EVA/ATH composites, the vertical burning rating improved from no rating to V-0, and the LOI increased from 34.5%
to 37.8% and 42.8%, respectively. Different methods were used to analyze the flame-retardant mechanisms of samples
with these two ratios. For the sample with a mass ratio of ATH to ADP of 2 : 1, the content of phosphorus-containing
compounds released during thermal decomposition was extremely low, and the formation of aluminum phosphate
(AIPO,) strengthened the char layer, made it more continuous and dense, resulting in higher residue mass than
theoretical value. Therefore, the proposed flame-retardant mechanism at this ratio is dominated by the condensed

phase. For the sample with a mass ratio of ATH to ADP of 1 : 2, the char layer had more pores, and the residue mass
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was lower than theoretical value, but high content phosphorus-containing compounds appeared in the gaseous products.

Hence, the proposed flame-retardant mechanism at thisratio is dominated by gas phase.

Key words: aluminum hydroxide; aluminum diethylphosphite; ethylene-vinyl acetate copolymer; flame-retardant
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Raw material drying

EVA, ATH, and ADP are

dried in an oven at 60 ‘C
for8 h

Blending process
Materials were melt blended
via an internal mixer at 140 °C

and 40 r/min for 10 min
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Hot press molding

The composites were

hot-pressed at 170 'C
under 10 MPa

Kl 1 EVA S5 R &R
Fig. 1 Flow chart of EVA composites preparation
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Tablel Formulationsof EVA composites and test
results of UL-94 and LOI

EVA/% ATH/% ADP/%

Sample (in mass) (in mass) (in mass) LOI/% UL-94
EVA1 40 60 0 34.5 NR
EVA2 40 55 5 34.7 NR
EVA3 40 50 10 36.8 NR
EVA4 40 45 15 374 V-1
EVAS 40 40 20 37.8 V-0
EVA6 40 30 30 39.2 NR
EVA7 40 20 40 42.8 V-0
EVAS8 40 15 45 41.6 NR
EVA9 40 10 50 39.8 NR
EVA10 40 0 60 34.0 NR
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Fig. 2 Photos of samples EVAS5 (up) and EVA7 (down) for
the UL-94 test
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Table2 Resultsof CONE test for
EVA composites

PHRR/ THR/ TSR/ Residue
Sample TTUS .  (Mam?)  (mm?)  massi%
EVA1L 75 167.95 72.37 417.74 43.71
EVA5 80 253.00 89.65 928.12 40.22
EVA7 67 399.91 97.30 1895.28 26.92
EVA10 45 498.11 106.14 2586.84 16.71
|
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£ 60
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300l @ TTEVAs
——EVA7
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0 o2 1 1
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Kl 3 EVA 6 MR @MBEBOEFR(HRR). (b) S #REHIE# (THR).
(C) R T 2R (SPR) I (dl) 4 JHRE 532 2 (TSRY) i 26
Fig. 3 (a) HRR, (b) THR, (c) SPR, and (d) TSR curves of EVA composites
Colorful figures are available on website
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% 3 ATH. ADP. EVA 1 EVA £ &M BT 5 Hr 4R
Table3 TG datafor ATH, ADP, EVA,
and EVA composites

Sample  TedC  Toad/C Towal C Zﬁgge@mﬁf Trr]ne_gsrg;al
residue/%
ATH 2507 2797  — 66.2 —
ADP 4008 4668  — 188 —
EVA 3425 3551 4723 0.0 —
EVAL 2062 3249 4708 39.2 39.7
EVAS 3064 3186 4712 318 30.2
EVA7 3225 3265 4675 16.6 20.7
EVAI0 3628 3615  467.3 3.4 1.3
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Fig.4 (@) TG and (b) DTG curves of ATH, ADP, EVA and EVA composites
Colorful figures are available on website
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Fig. 5 Digita images of char after CONE test for EVA1,
EVAS5, EVA7, and EVA10 composites

EVAS

(a) Top view; (b) Side view; (c) SEM images
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Fig.6 XRD patterns of char after CONE test 4000 3500 3000 /2000 1500 1000
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