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Properties of phosphorus nitrogen aluminum synergistic flame retardant
low smoke halogen-free polyolefin materials

WU Songjin', TIAN Guannan®’, HE Hongrui', LIU Xiaobo®

(1. Changyuan Electronics (Dongguan) Co., Ltd., Dongguan 523793, China;
2. Shenzhen Woer Heat-Shrinkable material Co., Ltd., Shenzhen 518100, China)

Abstract: Ethylene-vinyl acetate copolymer/ethylene-a-olefin copolymer (EVA/POE) was used as the base material, and
phosphorus-nitrogen halogen-free flame retardant (HF-601AE) compounded with surface modified aluminum hydroxide
(ATH) was used as the flame retardant system, a halogen-free flame retardant polyolefin material for heat shrinkable tube
was prepared by melt mixing method. The variation of limiting oxygen index, electrical properties, and mechanical
properties of the composites under different ratios were studied, and the flame retardant mechanism of composites was
investigated by thermo-gravimetric analysis (TGA) and the morphology characterization of combustion residue carbon. The
results show that and the 2” sample prepared with 50 phr polyolefin materials, 35 phr flame retardant HF-601AE, and 20 phr
ATH has the best mechanical properties, and the tensile strength is 7.1 MPa, the elongation at break is 502.86%. The limiting
oxygen index is 37.2%, which meets the requirements of EN45545-2 R22 HL3 flame retardant grade. The
thermogravimetric rate at 371.5°C reaches -18.11%/min, the carbon residue is low after combustion, and there are no holes
and pores in the carbon layer, which indicate that the comprehensive properties are the best.

Key words: limiting oxygen index; halogen-free flame retardant; phosphorus-nitrogen flame retardant; aluminum hydroxide
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1.1 EEE#R

LIH-BETR IR IR, 5 A EVA630, A7)
FNH KRR ; 2001518 3L T, 185 4 POE
8150, 4= 7= | 5Ky M IR Ak 2 5 36 T ot A | AL R
(ATH), 5 N MD-9, ¥i 42 D,, <10 um, £/ % N
an BHAE % s o 20 &R PR GRI , B85 9 HF-601AE, 4 77

J R L R R
1.2 #milE

¥ EVA630 POE8150 71 XU 4R T #: AL 1 I filt VR
A Y51, 88 5 2K I\ ATH HF-601AE il I Bl 7]
S % T < B R SA MR IR R FE N 135°C L 4T
“HAJEE 1 mm 6. 0.1 mm 63, F3F N 25
r/min, %8 J5 L 0.3 mm H F . B P AR B AL AL7E
135°C 35 MPa 254 F #l#4 3 min, HEA 2 9K, K S
min, W B = ARSI TR, H43 )R 2 5
1 mm A1 3 mm PRFE . RFERIEL T WK 1 AR .
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Tab.l The main components of sample

By
IUREREES ¥ 2* 3* 4 5*
H 50 50 50 50 50
ATH 40 35 20 20 25
HF-601AE 20 20 40 35 25

mTE AT HT HT ET EHT
VR 13 N EVA630.POESISO R AW, st 401,
In B3R B4R 1010 PE U Al AR TR <5 117 5 &5 FH B 7l
REFP BRI BT ORI E—50 .

1.3 PEEEm

(1) W PR 480 F8 2 (LOD) « JF-3 T 448 B0AX , 7 5T
WL T X AT A ES ), #% EN 1SO 4589-2 47 i
URE ) 8 140 mm*6.5 mm>3 mmo.

(2) F125 M BE - TM4503 B4 75 RE IR ML, R Il =
YRR 3 IR A 7], #% ASTM D638-2014 i
A7, P78 3 Z A 500 mm/min, S2E6 IR E N (23+
2)Co WFE N RIS f, )& B2 24 (1.0+0.1) mm, ]
AR R E A 25 mm, F5 2N 6 mm, B S AR
(PS5 (EAE R TR 4 R

(3) LM BE : TH2684 A #4 &t 25 B [ A , YT 75
) 26 L AT BR A W] L 3% TEC 93-1983 MR K 1) 4R
HLBEL 2, R ST 140 mmx 140 mmx1 mmo

(4)EN45545-2 R22 HL3 PH#R %5 28 75 & 1k«
AR % SGS 2 = 5 AT I

OISR 43 H : SVM-3030 4 - B 4%
10, REET e RIS R A TR A ], WLER 5 Tl 4
15 IR A, FF f HR R G 5 IR |2 TBOR A5 30
500 f% .

(6) IR FE M1 (TGA) : TG 209 F3 AU #k & 43 #r
A i 5l 23 =, P AE AL 2 30 mL/min 1) 03 SUR
W4T, THIR S 2 10°C /min, W3R IR E N 30~
800°C .
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2.1 PEIASH XS #4 ALAR PR &L s B A 220
e PR AU F 0H T PP R4 R 5 S B R 1R RE
URE AR PR S B Ik 2. IR 2 T LA Y, 2
BURE R 4% CBELA R 0 50 55 00D R A PR 4R 4
AF 2 K F oA AR (LA 3% CRE (1 LR 7). A 60
) U B A IR S8 45 B0 A B 2 2 e BELA 771 5 3
FER MGG K. XA IR MBI K 2 H gt
HAEN IR R ER A P X 0. A K2 H
W TS5 R R T, AR PR AU 35 2 2 PR SHUAS n EL 451 £
YIRS N
x2 AHEFHRIREREY
Tab.2 The limit oxygen index of samples

jEv s =R
1* 353
2 37.2
3 36.2
4 37.4
5" 35.7

JERITE T %5 A MR BRI AT 52 ATH 1 HF-
601AE # H.52 i 1] 2 , 24 ATH % & &= i} , ATH 52 #
I R TE K (U A A RHBR G I 7= A I FA 2D VR
AR B Sy AR AR B I 268 4 R AR AL ) 2
RO A MR IR TE 1 1) Tl 18 B0 0 45 T Ak 2 I B
8 70 3 P K B I, R AR A A B2 D o T R A
2, FEE A MBI IR SR EA K.

4 HF-601AE & & = i , HF-601 AE HF () % R BH
R LH 43 =5 B DL ol 1 1R 5 Y 45 I G2 o BHL 4 <A
RO A% 0 2= GEPE K FAAE D 8 = s HF-601AE 111
AR BRI 7y 32 ZL LU R GRS BIFR R R 2
T 4800 B2 VR D o =8, T ATH 4190 T 3% 1 7K (%
O F A AL B IS CRR D R R AN B & o 1f 24 HF-
601AE M & i K, A A BHIR e T 1 1) 1o 12
BRI L VR v BB T R K & (R R  JE
RS R 2, 2 0l PR B R 40 VS i L SR AL R
{147 B BEL SO, X Fh b B BH IR R AN B 2. Rtk , R
A ATH A1 HF-601AE ¥ Il bb 451 3 21 52 A 1ifs 5 Ee 451
I B S = A AR R D R ) R e, B A
MORLBI R BR AR HOA 2 K .

2.2 PRI N E 3 44 1214 GE RS2

MR ARBE 1 A7 22 P B, B FC BRI R & L
TnFf o6t 4 kL =R RE 2, 25 SRR 3 TR .
M 3T LUE Y, 24 R BRI 700N s B AR A5 (1#
TRRE A 3R FEL A 1) 5 60 47 23R Rl 4% R

PEREII B KT ATH. 24 HF-601AE ¥ I &4 40
BB, AR (1 7 24P 2R L I e /B (3D S 27K
FEIR 77 2% P e Chi 8158 52 09 7.10 MPa, B 22 K 2
7 502.86%) 75 5 B AR FE R AL, BH R R &l D
XA A RE 5 P RE 5 N o R BELR R 1)
A 78 B0 ORI ) 2 i 5 e A B 8 IX ) T B
BT
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Tab.3 The mechanical properties of samples

R FLAH 3 /M Pa W A K 22 /%
1* 6.85 500.56
2 7.10 502.86
3 5.78 79.25
4 5.61 381.30
5" 6.30 463.75

B b SH R 0 B 7 s n , 4 45 M 4 IR K
oy FHEE 352 B KRR ), To UKL BEAS T 8. )
&3 RN 43 1B 2 (8] AR I8 30U, 2 A kLT 712
PERER. N (H 1R BE AN 3R e, 3R B )
SR RE I BAK T 1R, HRIBR T 27,47 5
S*BH MR AN 0 S B A, (H ) S M R IR A B
J& R 7E T ATH/HF-601AE & it /& &, ATH &34 %
THD SO A B, JHC AN A 25 PRI A 5 R e o) A R 1
F1 2R B B/, T HF-601AE 5 3% 47 1 422 firh 74
AR ZE, FEH R I & IER T, 1R
3URFEI Sy MR I B v . I 2R AN 4R
X L, A5 HAH R R o 53 A 1 R BELI 3] 1R 42 R
SEVRARSEAELEZ 5, BRI FRLAR AR, RATE
FHEIR G B ) B (R, HERR 2% B A e i, R &
MR YERE R A 5/

2.3 FEETRME AR 4 GRS

T 3 St AR (A B R B R R AT I, AT 7 BELA
TRV 0 < A o A X AR H A 1 R ) S ), 25
ME AR MERATLIE 2908 AR f 2
A 4 RE I R AR H BH 28 B v o BORE () AR LR
225 AR50 P A o 2t 8 B 8] 78 A S AN B I SRR
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Tab.4 The volume resistivity test results of samples

W PEFA LI 26 /(Q-om)
1 6.88x10"
2* 6.49x10"
3" 4.12x10"
4 4.39x10"
5% 7.41x10"
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2.4 EN45545-2 R22 MR LER

30 I R 0 W PR 28048 2 ) 2= ke L B P R
YT, P ik 23R FE 1% SGS M, MR T vk An E S %
EN45545-2,R22 3, 85 RUnFK 5 ffiom. MK 5HALL
B 5 U U (R BELRA TG et SRR S i ek 1 AN R 28U
B 55 % R M 55 5 0 S5 0 2 EN45545-2 R22 2K
HL3 PRA S EEK o

£=5 24 EN45545-2 R22 MK 45 R
Tab.5 The EN45545-2 R22 test results of 2" sample

AR I MARITH  #8ks WG R HE
EN ISO 4589-2 WIRESEH =32 372 OK
EN ISO 5659-2 WEHE <150 1462 OK

NF X 70-100-1 &2 NF X 70-100-2 MZE &M <0.75 0.16 OK

2.5 BEBATRIS M BRIGE % 2k 72 557 O 22 1

N T I ST [F) BEL R R 0 R G L g B A
ERFBEL A 14 & 1) 52 00, SR H SVM-3030 2 -3 214
D52 4SO 55 R BR 08 I 1R R 2 T 30, TR 5 Bk
500 %, 25 R 1 s .

M TR BLE S TR B J5 T B A 551k
(I FR IR TS5, IR J7 AN W ], B ok 3% T A BH S5 1R 3P
TE 1A K ) 2 T AL o IR BEL R R 2 B A
ATH, AR I |7 2 1 LA A BRI 4 32, HF-601AE )
BB, 3 @ I ATH R RS K B 35 | BEL 420 B
fit 147 SEL AR AL 3 I B LR 280 TR0, 2R R e S5 1)
O T AN 1 ARABL (R TSR I &%, k)= B MR ]
2 HF M B 9 o BEL AR 7] ) 52 T 0 281 B A ) T
TE R & 8] () 4804k 45 B 2 O 3 . R R TE T HF-
601AE 1 (1) 1 28 BHJA 71 1% Joe 25 s 1) 1ol 18 60 S i
X ATH R8T F 1 S8 A B0 TS 2 21 o T P [ Bl 48R
1% 43 A TR TR Tl O 2% A B K0 A L B B I
H AR BLRFVRBETE i B S A 2, AT LAk 2
B A MEHR e 2 SR BEIE B A 20 ) 2
i R R B AR S . 3MRFERA RS S 1 2R T E VA TE
R U [ (1 BELZ S SR BRI 2 A B B b
IS} BEL A 771 3 B B 43 N HE-601AE , R H: %0 2 BH #R 77
B BRI BTSRRI B £, B AR B B AR R
TR 2 THT S0 2 TRV F  AEL ) I 2 8 TR Il PR R
BT 4 A A8 B 1) o ] R s T 5 B0 M Rk B
TR BAAE , DR A R B BELR R FE AR I o 4%l RE R
8 J5 TR 5k o T 5 5 56, T R 25 T R AH X 1F
TREE B 5 /N, % 0 HF-601AE H 8 28 BB 77 R B
FE 35 P T TR B AR A 6t ATTHL 2 9 m 33 i 7 ¢ A A

(e)5" it it
1R R B R0

Fig.1 Mico-morphology of sample combustion carbon layer
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Fig.2 TGA and DTA curves of samples
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Tab.6 Thermogravimetric parameters of samples

. At
A 1 ot 3 4t 5t
T,,/C 332.0 3594 3292 3579 359.0
Tt/ C 3759 3715 373.0 3715 3765
551 B BT R e A
-12.69 -18.11 -12.17 -16.89 -12.83
/(%/min)
T,/ C 4744 475.0 481.9 4758 4744
552 B BT a4 R T A
) -10.52 -10.22 -8.58 -8.71 -10.17
/(%/min)
IR /%o 21.50 20.18 2092 19.77 2393

DA e 76 B B S C PR AR R P, X 28 1 B B R
WA AR 762 = B TR A 1 /& ATH A1 HF-601AE o 14
ZRBAIAFLE 5y

143 S U FE7E 56 1 By B 1 % H1 3ok 6 g {E 43l
9-12.69.-12.17.~12.83%/min, # 2 5 & {5 33 K g
KT 29 FE A 448, = B RN 1937 SHRAFRE 5
1 By B2k # 3 F2 v, HF-601 AE 43 fi# A1 ATH 43 il A
RS BN W R . T 2 AR RS 1 BUR &
A, Ui B A TEC BEL AR ) B o R AR B A
Bo H2M B AR EIE(EEE N 4744~481.9C, &
LAY BRI 4 8 e AN SR A 0 A 5 T) Tl S BEL IR 77
rH B 2R AL 53 o R T T A Tl TR A R 9 TR 45 11 AR )
o B2 M B ok H O AR (B SN -8.58~-10.52%/min,
o 300 47 (1) 2R B 0 2 B R AIC T A ik
FE,IX 2N ATH & 2R BT 8. 456 R iD
EL £ /T LB, T, 1 T ATH & B e FE &
.

B ok Bt AL MR AR E 1 — MR e, —
PR 5 e BBk v, AR FARR E MR . T AR BT
TR I, 75 EUVER ST PR A &R, 45 6 FE 1 Lo
WA g5 R, 5% o B A BFE Y LONE i il sy, B
BRIEREBE 4T
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