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The flame retardants of composites in carriage of train

JIANG Cai' ,XIAO Jiayu' ,LIU Jun' ,ZENG Jingcheng' ,TAN Yan'?
(1. College of Aerospace and Materials Engineering, National University of Defense Technology, Changsha 410073, China;
2. Zhuzhou Electric Locomotive Guangyuan Technology Co. Ltd, Zhuzhou 412001, China)

Abstract; Various kinds of flame retardants mixed together will improve the flame retardation significantly. Effects of a mixture of

microencapsulated red phosphorus/aluminum hydroxides/stibium oxides/methyl phosphoric dimethyl on flame retardant performance and mechanical

properties of the matrix resin 9001 were investigated, and a new price-advantages resin system which showed excellent mechanical and flame

retardant performance was determined. The test results showed that the properties of resin 9001 with flame retardant system 12% MRP, 50%

Al(OH) 5, 2% Sb, 05 is the best of all. Viscosity of the resin system at room temperature is about 100mPa -

s, and the gel time of the resin is

beyond 80 min, which satisfies the requirement of RTM and VIMP process for large composite parts. The tensile strength and modulus of the glass

fabric reinforced the resin composites are 215. 4MPa and 13. 85GPa, respectively. The bending strength and modulus are 177. I5MPa and 13.

36GPa, respectively. And the LOI of the composites is 39.7.

Key words: high-speed train; unsaturated polyester; composite material ; flame retardant; mechanical properties
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Tab.1 Weight ratios of constitutes in the resin systems

No. 1 2 3 4 5 6 7 8
MRP/phr 4 4 4 4 8 8 8 8
AL(OH),/phr 20 30 40 50 20 30 40 50
Sh, O,/ phr 2 3 4 2 1 4 3
DMMP/ phr 0O 5 10 15 10 15 0 5
No. 9 10 11 12 13 14 15 16
MRP/phr 12 12 12 12 16 16 16 16
AI(OH);/phr 20 30 40 50 20 30 40 50
Sh, 0,/ phr 34 1 2 4 3 2 1
DMMP/ phr 15 10 5 0 5 0 15 10

—_

Note : Additional group without any flame retardant.

phr — parts per hundreds of resin

x2 EAMHTHRMEKRRELLL

Tab.2 Weight ratios of constitutes in the composites

Weight ratios of

flame retardants

Group Resin C,,H, Co0, M -50

A 100% 8% 50% 3%

1.5 2
9001 MRP AI(OH), Sh,0, %o 2%
B 100% 12% S50% 2%
1. 2
9001 MRP Al(OH), Sh,0, '3% 2%
G 100%  50%AI(OH), o 1L.5%
8175

1.3 Wik 5RAE

ZAR IR T T AL (WDW - 100) : #%
I GB/T 2568 — 1995 144 g e 45 14 11 or e 4
AE, I GB/T 2570 — 1995 4% g 0 5 1Ak 11 25
fi Pk BE s #5018 GB/T 1446 — 2005 i A 1 kHE
P ERE , B8 GB/T 1449 — 2005 K& A #1 K}
1y HhPERE .

AFREAN AL (JF -3) 4% 18 GB/T 2406 - 93
A3 AR B AR R G AR SRR 2L

BT ISR EE T (SNB -2) : 2 GB 7193. 1
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Tab.3 The tensile and bend strength of

the flame retardants systems

No. 1 2 3 4 5 6 7 8
TS/ 36.1 28.4 21.0 14.7 15.4 13.7 24.0 24.2
MPa 1 6 2 5 9 7 5 3
BS/ 29.1 29.9 36.3 21.3 28.7 13.2 37.0 37.8
MPa 6 9 7 0 5 5 1 9
No. 9 o 11 12 13 14 15 16
TS/ 10.1 18.1 17.8 27.9 16.4 23.1 6.8 13.0
MPa 5 4 2 4 9 3 1
BS/ 14.7 28.0 28.6 37.5 26.6 35.8 13.9 19.5
MPa 4 7 3 2 5 6 6 9

Note; The No. corresponding to Tab. 1. TS represents
tensile strength, BS represents bend strength.

3 A i J3E AR5l e B2 DA i e , SR T IE
SRS B BT 12 0 2% BELAA AR B LA A - K i
PAT AL, sk 4 FR

x4 ERBEMECERBEEHRESTR
Tab.4 Tensile and bend strength analysis of the
flame retardants systems:
(a) tensile strength; (b) bend strength
(a)

Weight ratios of flame retardants

MRP Al(OH), Sh, 0, DMMP

K 25.09 19. 56 20. 18 27.81

K, 19.39 20. 88 19. 69 21.75

K3 18.51 17. 44 19. 63 16.92

Ky 14. 87 19.98 18. 36 11.38

R 10. 21 3.44 1.82 16. 43
Best

4%MRP 30%AI(OH), 1%Sb,0, 0% DMMP

ratios

(b)

Weight ratios of flame retardants

MRP Al(OH), Sh, 0, DMMP

K 29.21 24.83 22. 66 34.89

K, 29.23 26.79 27.56 30.79

K3 27.24 28.99 31.22 28.20

Ky 24.02 29.08 28.26 15. 81

R 5.21 4.25 8.56 19. 08
Best

8% MRP 50%Al(OH), 3% Sh,0; 0% DMMP

ratios

Note: The «,, k,, k3, Kk, corresponding to the average
tensile strength of each accessional level of corresponding
flame retardant in Tab. 1.

HIZE 4 AIHI7E 4 PR 4 KPR S+, X
MRP BHARTYR i 4 28 437 (5 5 119 52 000 D3R ek oK
F/MKYK & DMMP MRP Al (OH), ., Sb,0,, X} 25
i 55 JBE 1Y) 52 W P2 R B /MK IRy DMMP
Sb,0, \MRP Al(OH) ;. DMMP Jy{iH B A4 s
NG, SR RE-SG AR NI LI (R T AR RS
LSRR RS, (MR Ty 2 VR RE TR W 5 T B0k 28 B
HITRIAE RS I 1A 2% R ) 20 IR 0 BB AR Ji i R i 5
P, KRR S RS 28 9 B2, 6 g 2P RE T s S2 R
Be ) MRP J2& T4 1 9 58 A A hxh 20 b R B
AT EAT IR A AL BRAG 3], AT B8 B AR ) 45 Rk A
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Tab.5 The Limit Oxygen Index (LOI) of the flame

retardants systems

No. 1 2 3 4 5 6 7 8

LOI
23.3 26.9 30.9 35.7 27.8 30.8 27.2 29.6
/%

No. 9 100 11 12 13 14 15 16

LOI
30.4 29.3 29.6 30.5 28.2 26.5 35.0 34.5

%

Note : The No. corresponding to Tab. 1.
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Tab.6 The LOI analysis of the flame retardants systems

Weight ratios of flame retardants

MRP  AI(OH),  Sh,0,  DMMP
K, 29.2 27.4 29.6 26.9
s 28.9 28. 4 30.0 28.6
ks 30.0 30.7 29. 4 30. 6
K 311 32.6 30. 1 33.0
R 2.2 5.2 0.7 6.1
Eﬁi 16% MRP 50%Al(OH); 4% Sb,0, 15% DMMP

Note: The k,, k,, k3, Kk, corresponding to the average
LOI of each accessional level of corresponding flame retardant
in Tab. 1.
2.1.3 M
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(a) Room temperature viscosity (b) Gel time
L DLt i A 2 00 s SRS BE RIEE R It 1]
Fig.1 The room temperature viscosity and gel time of
the selected resin systems

Note: The group A, B, C corresponding to Tab. 2.
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(a) Strength of the composites
16| MM Tensile modulus
14 N Bend modulus
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g 10F
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5
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(b) Modulus of the composites
K2 ZEFRerke
Fig.2 The mechanical properties of the composites

Note: The group A, B, C corresponding to Tab. 2.
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Fig.3 The limit oxygen index of the composites

and corresponded resin systems

Note : The group A, B, C corresponding to Tab. 2.
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