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Abstract: Using micro Mg(OH), (mMg(OH),), nano Mg(OH), (n
phorus (MRP) as the halogen-free flame retardants and ethylene-
trix, a series of Mg(OH),-MRP/EVA flame-retardant comp S%‘
prepared by melt-compounding. The flame retardancy, me(g&n

MRP/EVA composites were investigated by limiting

analysis, SEM, tensile test and rheological analy:
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») and microencapsulated red phos-
te copolymer (EVA) as the polymer ma-
th different loadings of flame retardant were

ical and processing properties of the Mg (OH),-

index, vertical burning test, cone calorimetry, thermal

results indicate that both flame retardancy and smoke sup-

pression of the nMg(OH),/EVA composite are better than that of the mMg(OH),/EVA composite at the same
loading of Mg (OH), flame retardant. However, the UL-94 rating of nMg(OH),/EVA and mMg(OH),/EVA
composites can not reach V-0 rating when the Mg(OH), loading is less than 60wt%. The flame retardant efficiency

of Mg(OH), is low by itself and there is remarkable synergism between nMg(OH), and MRP on the flame retardan-
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cy of EVA. The loading of Mg(OH), can be reduced considerably when nMg(OH), and MRP are combined at prop-
er ratio. Comparing with nMg(OH),/EVA composite, the nMg(OH),-MRP/EVA composite can produce a contin-
uous and compact char residue layer on its surface, which serves as a barrier against fire and increases fire retardan-
cy. The thermal degradation of nMg(OH), has crucial influence on the fire behavior of the nMg(OH),-MRP/EVA
composite. When nMg (OH), is pre-pyrolyzed and added to the MRP/EVA composite, both flame retardancy and
smoke suppression of the obtained nMg(OH),-MRP/EVA composite decline sharply. When the mass ratio of nMg(OH),
: MRP : EVA is 40 : 10 : 100, the obtained nMg(OH),-MRP/EVA composite shows excellent flame retardant, mechan-
ical and processing properties simultaneously, which can meet t’@md of practical applications.

Keywords: cthylene-vinyl acetate copolymer; Mg(OH), ; retardancy; mechanical property; processing prop-
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Fig. 1 Effect of Mg(OH); loading on limiting oxygen index(LOI)
and vertical burning rating(UL-94) of nano Mg(OH), /ethylene-
vinyl acetate copolymer (nMg(OH);/EVA) and micro
Mg(OH) > (mMg(OH)>/EVA) composites
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Table 1 UL-94 rating and LOI of different Mg(OH),-MRP/EVA composites
. Mass ratio of Loading of flame ) . .
Sample Mg(OH);. MRP and EVA  retardant/wt% UL-94 rating Lov/ %
EVA 0:0:100 0 No rating 20. 8
nMg(OH),60/EVA 60 :0: 100 37.5 V-2 23.6
MRP60/EVA 0:60: 100 37.5 No rating 19. 6
nMg(OH)»50-MRP10/EVA 50 : 10 : 100 37.5 V-0 35.9
nMg(OH),40-MRP10/EVA 40 = 10 : 100 33.3 V-0 34.3
nMg(OH),30-MRP10/EVA 30 : 10 ¢ 100 28.6 V-2 30.0
nMg(OH),120/EVA 120 : 0 ¢ 100 54.5 V-2 39.5
nMg(OH),150/EVA 150 : 0 ¢ 100 60.0 V-0 42. 6
mMg(OH)»40-MRP10/EVA 40 : 10 : 100 33.3 V-2 28.2
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Table 2 Cone calorimeter data of EVA, nMg(OH),/EVA, MRP/EVA and nMg(OH),-MRP/EVA composites

Sample TTI/s PHRR/ AHRR/ , THR/ AEHC/ FPI/’ TSR/
(kWem %)  (kWem 2) (MJem ?) (MJ+kg ") (10 % sem?«kW 1) (m?+em ?)
EVA 67 1097 524 190 49 61 2486
nMg(OH), 60/EVA 52 441 383 141 36 118 703
MRP60/EVA 44 488 329 196 52 90 3970
nMg(OH); 50-MRP10/EVA 55 306 274 143 33 180 2233

Notes: TTI—Time to ignition; PHRR—Peak heat release rate; AHRR—Average heat release rate; THR—Total heat release; AEHC— Aver-
age effective heat of combustion; FPI—Fire performance index; TSR—Total smoke release.
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Fig. 7 Smoke production rate and total smoke red} rves of EVA,
nMg(OH),/EVA , MRP/EVA and nM; lggP/hVA composites

EVA. nMg (()H)Zeso/lm MRP60/EVA  Hl ﬁ@ﬁgm&ﬁ;uwﬂmﬂ, Mg (OH), 4> fif
nMg(OH),50- MRP10/EVA Z &M KHH) TSR 48 pfmmgilk @o XA REFEAR R A W TR
K2 486 m*/m®, 703 m"/m’, 3 970 m’/m” Al 0 B4 %}‘Dﬁ/l\x{r}(mﬂ’]‘ﬂﬁc SRR . T E 4
2233 m’/m’, HMILAI UL, nMg(OHD, Xf EVA £ ik fift M K SRR 05 B B AT R SR AL O, 1k B
B IEAE AT, B A MRP B 23 A K b 3 O% g(OH), 1 MRP [d] i 77 76 B, nMg(OH),
&k M, nMg(OH), 1 MRP PLidE >4 F 461 3 1 s R i B (R K SCRE S 55 20 B 1 AR U IR L e
AHBENS KRB $2 5 EVA 19 B 1 66 Lah M2 S AT A 6 G W BB K LA . 4
RS A MR FE R B IR 9 A0 L DT 45 21 (] 15 BR AW B R 2 i T nMg(OHD, #4
R BH BR P B AR - I R M e 0 B B R A AR HL O %ﬁLuﬁﬁ H Mg(OH), /4y
R fife A2 B MgO RESS 55 B . i R 55 I 17 A Wi i

&3 nMg(OH), # A 3t nMg(OH), 50-MRP10/EVA £ & #F #4 BEIA 14 & &9 5 i
Table 3 Effect of thermal treatment of nMg(OH), on fire retardancy of nMg(OH), 50-MRP10/EVA composite

Sample code LO/vol%  UL-94 rating I:EV};R; o (TSJR./WZ) g\;}{(ké B ?jf-/m*%
Pure EVA 20.8 No rating 1097 190 49 2486
nMg(OH); 50-MRP10/EVA 35. 9 V-0 306 143 33 2233
T-nMg(OH), 50-MRP10/EVA 28.0 V-2 453 142 44 2873

Note: T-nMg(OH),—nMg(OH); treated at 500°C for 5 h in Nj.
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