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Abstract: On the basis of filling magnesium hydroxide sulfate hydrates (MHSH) whisker and aluminium
trihydrate (ATH) blends, EVA/LDPE composites were prepared by adding borax, zinc borate (ZnB) and
microencapsulated red phosphorus (MRP), respectively. The effects of multiple synergistic flame retardant
containing MHSH whisker on the flame retardancy, mechanical and electrical properties of EVA/LDPE composites
were analyzed by thermogravimetric analyzer, cone calorimeter, limiting oxygen index (LOI) meter, scanning
electron microscope (SEM), energy dispersive spectrometer (EDS), universal tensile machine, AC medium
strength tester, and high resistance meter. The results show that the initial decomposition temperature 7, the peak
temperature of weight loss rate 7, and T, and the residual rate at 800°C of EVA/LDPE composites are
significantly increased by adding MRP. Compared with the samples adding borax and zinc borate, the samples
adding MRP show the best flame retardancy, the peak value of heat release rate curve and total heat release value
decreases to 219.86 kW/m? and 19.38 MJ/m?, respectively; and the time to ignition (TTI) and LOI increases to 59 s
and 28.4%, respectively; during the combustion process, the carbon layer of the sample is continuous and compact,

without melting and dropping. The mechanism of MRP cooperating with MHSH whisker and ATH to improve the
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flame retardancy of EVA/LDPE composite is due to the synergistic effect of gas phase flame retarding and

condensed phase flame retarding. The addition of MRP reduces the elongation at break of the composites, but they

still have good electrical insulation properties.
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Fig.1 TGA and DTG curves of EVA/LDPE composites
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SRE R %
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s3 353 329 -2.97 97.35 369 -3.84 92.46 494 ~26.44 51.71 332
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Fig.2 Digital photos of EVA/LDPE composites after
LOI test
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Fig.3 CCT test of EVA/LDPE composites samples
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s /s JKW/mP) /(MI/m?) /(m*/m?) /(m*s/kW) /(m*s/kW)

SO 55 135 31532 23.13 20793 0.1744 23357
S1 45 95 268.28 2136 21680 0.1677  2.8240
S2 45 90 25647 22.64 19795 0.1755 28497
S3 59 135 219.86 1938  418.19 0.2684  1.6286
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Fig 4 Digital photos of residual carbon layer of
EVE/LDPE composites after CCT test
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Fig.5 SEM photos of residual carbon layer of EVE/LDPE

composites combustion head in LOI test
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Fig.6 Morphology and EDS analysis of combustion

carbon layer in S3 sample after LOI test
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G MOEHR I 5 MHSH B 34 f# 7= 90 8 MgO'. 45 &
K1 B S A MR S 38 25 5, At LA ok
JZ T R Z0IR B MHSH #4472 ) B & MgSO,-5MgO
R 2457 fil 7= ) MgO [R5 %)« ATH AT MHSH £
IR 22 G B4y e AR T T R A0 2 T DR L R T
7K 78 S M B: T EVA/LDPE i 14 52 #4443 fift B il 1Y)
AR SR . MHSH & 20 F4 A 7= 1 4k 7K T 400 i
RIITEAS , b PR RE I T2 1) 147 ME R AZ B T IR
GEFY, LE A% N2 A ALO, R . IR 2
ATH FIURL AR =9 (1) PXIR 5 46 B AT 8 8 387, 4
SO A3 o 7N S Wb 1| B N1 9 = P o A
PRI , MHSH . ATH 7£ A Joe i 7% vh kg 1) 1 ~UHH FHA
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HIAE F o110 ke 1ot #2 Hf MHSH L ATH #4 fiff 7=
YA B AR e IS i 55 1 BRI PR R J2 T B0
55 B[R] i, #R 5% 2 18 i MRP 7E 400~450°C I %
AR SV B A B, 8 A A AR BCP,O;, P,Os 5 ATH.
MHSH £ 200 73 fife & T 1) 7K 75 184 Jo 2 THI T B T 56k Bt
P B TR A Tl IR RS O R S B R I IR B R
T 35 BRI BN A TR A K 2 RS v R AR A
REHE BN T 7 A% 3R TH UL 30 F n i 3 AR B Ak , AN (H 3
F& T A2 A% ) LR, T EL 5 2 ATH JB0RE (1) 4
il 77 0 e I A T A )RR R ) B IR R (T 6
Frzm) s AT K 2 J2 A R ) ALO, FIURE AT MHSH i
TSP WK 45 7 — S, 15 MR e A4 SR THD 45 4 i 3K
i ha e PR 3% 2 Cln B 5(d)~6 TR, A Rg 4 1
P AP I ) A8 A AR ) AR T, BHLLE T SR R R R
HEAT, TTIAN ¢ [ 3K, pHRR KRN o R, 3 B
WRFA W [EAE 2 B H 00 S5 1) SR AR BEL R 25 SR 10160
24 EVA/LDPEEE&MHEIINNFEMEESBE MR

EVA/LDPE & & A BHARE 1 77 2% 1 fig F1 v 22 4
REMIR 45 SR U2 4 B

&4 EVA/LDPEEAMAHAMMNIF M REFIER F 1ERE
Tab.4 Mechanical and electrical properties of
EVE/LDPE composite samples

FOMSRIE TR ERIRREE RRE R

R
/MPa 1% /MHA  /(MV/m)  /(Q'm)
SO 10.44 95.54 94.2 33.6 1.31x10"
S1 7.24 163.96 94.2 20.8 1.31x10'
S2 11.08 60.06 92.2 29.9 7.36x10"
S3 10.83 67.66 92.4 333 1.12x10"

M 4 T] LG 5 SO U B iz (e 5 52 10 by 22 {if
K53 519 10.44 MPa £ 95.54% , I8 IR (19 ST
BE 57401 98 P AR & 7.24 MPa, W 240 K R 42T &
163.96%, 51 N\ ZnBMRP ] S2.S3 i A iz {1 558 & s
T TE 2 11.08 MPa 1 10.83 MPa, W7 22 i K S 1k
i 44K 2 60.06% F1 67.66%. 5 SO REEH L, 7>
AN ST 1 B PR AR B2 TG 521, S2 S3 i 11
AR ECAE FEUSAT R B& , 22 W ZnB AT MRP I X i &
FIFE TR AW ATH. SO AT S3 3 FE R B H R 471
26 2% 1 e, S3 aURE (10 H A0 B A AR F B 22 43 031
N 33.3 MV/m A1 1.12x10"% Q-m. S2 i FF () B /< 3
JEE AR AR H B 2 A A o ST RRE 1) FRL A5 B R
AR LB Ze B T B R R R, LR R AR T RD A

HeR R 2 WO 22 1 B AT AN 5T AR v L
TR R AR I A 3 R PR BR 1 Dk 59 5 2 [ 2 TR A TS
HUBER I N, SR 2 M REFEAR

3 %ie

(D TEVR A MHSH & ZiUF1 ATH JE Al 138 il iR
il £ Y1 EVA/LDPE & & 4 K} ST R 800°C 7k FE
RI i (BRI B T, 5 A% . #5n ZnB 1 MRP
XA MORE I S M A P AR AL, FE A A i MRP URE (1
Ty T T dit 2 AT 800°C ik B 2 55 35 4 vy, #h A e 1k
BT o

(2) 55 5% HE 2L A0 % 0 0 0 0 ZnB AR FE AR EL L TR
B MRP %f 42 /5 EVA/LDPE & & £ 8} () BE A 14 it B
A e RCR , H pHRR A1 THR B 23 51 B A% % 219.86
kW/m’. 19.38 MJ/m’, g A BF (8] TTT A1 4 iR 4 4 %4
LOI{H #2175 & 59 5.28.4%, FE S TCIE R 5 L 5, %
JEIELEE % . MRP.MHSH & 20« ATH f 7 2% FH 8%
AP AU IR TS0 FH A 5% 5 AH FE A (1 B
[EE AR

ORE 51 N KR 4% T EVA/LDPE & & 11
o B0 oz (e 58 B2 DR A K B 2 o R I MIRP
ZnB X5 A A R} ) B A 5 0 EC A B 5 e )N
HEEAR T 2 & MR W 240 K2 . 3 in MRP (1)
EVA/LDPE & & M BHAE A R I i 48 2 PE Rg
P B2 M4 F B % 73 1) D 33.3 MV/m AT 1,12
10" Q'm.
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