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Preparation and properties of new halogen-Free flame-retardant high-impact polystyrene
ZHANG Yuliang, WANG Zhiguo, XIAO Xuewen, QIAO Zhichuan, XU Liang, WANG Lujing, LIU Ting, DUAN Jinfeng,
ZHAO Feng, BAO Chuanhao
(Shandong Taixing New Materials Co., Ltd., Jinan 250000, China)

Abstract : In response to increasingly stringent regulations on environmental protection, health, and safety of conventional
bromine-antimony flame-retardant high-impact polystyrene (PS-HI), there is an urgent need to develop halogen-free flame-retardant
PS-HI composites with high properties. In this work, a series of halogen-free flame-retardant PS-HI composites were prepared via
melt blending, using poly(phenylene oxide) (PPO) as the charring agent and silane-coupling-agent-modified mixture of aluminum
diethylphosphinate (ADP) and melamine cyanurate (MCA) (ADP-MCA) as the flame retardant. The effects of the ratio of flame
retardant and charring agent on the properties of the composites were systematically investigated by limiting oxygen index (LOI)
testing, vertical burning test (UL 94), thermogravimetric (TG) analysis, heat distortion temperature (HDT) measurement, and
mechanical performance tests, and the synergistic flame-retardant mechanism was explored. The results show that, when the mass
ratio of PS-HI to PPO to ADP-MCA is 65 to 20 tol5, that is, the total mass fraction of the flame retardant and the carbonizing agent
is 35%, the composite achieves a UL 94 V-0 flame-retardant rating at a specimen thickness of 1.6 mm. The LOI rises to 27.5%, the
tensile strength and flexural strength reaches 43.78 MPa and 74.45 MPa respectively, while the char residue at 600 °C reaches
24.70%. Several mechanical properties and HDT are markedly improved compared with those of the bromine-antimony flame-retar-
dant system. Combined scanning electron microscopy, energy-dispersive X-ray spectroscopy, and TG analyses reveal a triple-syner-
gistic flame-retardant mechanism involving gas-phase dilution, free-radical trapping, and condensed-phase char formation. The
above results demonstrate that PPO combined with the phosphorus-nitrogen flame retardant exhibits excellent synergistic flame-
retardant efficiency, enabling halogen-free flame retardancy in PS-HI while preserving good mechanical properties of the composite,
thus offering a viable alternative to conventional bromine-antimony flame retardants.
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Tab.1 Formulations of PS-HI composites (mass fraction)
%
ADP-MCA  PPO

Samples PS-HI DBDPE Sb,0

3

PS-HI 100

PS-HI-1 84 12 4

PS-HI-2 80 20
PS-HI-3 66 14 20
PS-HI-4 65 15 20
PS-HI-5 64 16 20
PS-HI-6 85 15

PS-HI-7 65 35
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Tab.2 Mechanical properties of PS-HI composites

Notched impact strength/

Unnotched impact

Samples Tensile strength/MPa Flexural strength/MPa (J'm?) strength/(kJ-m %) Density/(g-cm )
PS-HI 29.96 47.90 12.56 75.80 1.034
PS-HI-1 30.18 47.22 4.59 24.41 1.156
PS-HI-2 43.44 69.52 11.02 51.95 1.048
PS-HI-3 41.12 70.19 4.94 25.10 1.097
PS-HI-4 43.78 74.45 4.73 24.04 1.113
PS-HI-5 45.34 75.09 4.42 23.57 1.122
PS-HI-6 33.16 48.53 4.01 25.30 1.106
PS-HI-7 48.93 78.67 13.28 68.19 1.061

2.2 A MR IR AR

UL 94 3 F R B2 FN LOT S EAf A4 4 BELAR 1
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Tab.3 Flame retardancy of PS-HI composites

Dripping ignition:

Samples Yes/No UL 94 rating LOI/%
PS-HI Yes HB 18.2
PS-HI-1 No V-0 28.5
PS-HI-2 Yes V-2 19.5
PS-HI-3 Yes V-2 26.7
PS-HI-4 No V-0 27.5
PS-HI-5 No V-0 27.9
PS-HI-6 Yes V-2 23.6
PS-HI-7 Yes V-2 21.4
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Fig. 1 TG and DTG curves of PS-HI composites
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Tab.4 Thermal degradation data of PS-HI composites

Samples T,,/°C T./°C (]:2]\{2}1/) (;?ZZ):)C‘S’](?/I‘:Z
PS-HI 406 430 0.0259 4.34
PS-HI-2 407 429 0.021 8 10.89

PS-HI-4 395 448 0.013 4 24.70

Notes: T, is temperature corresponding to 5% mass loss; T/ is

max

temperature corresponding to the maximum mass loss rate; MMLR is

the maximum mass loss rate.
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Fig. 2 Heat distortion temperature of PS-HI composites
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Fig. 3 SEM photographs of PS-HI composites
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(a) Images at first ignition

(b) Images at second ignition
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Fig. 4 Digital photos of PS-HI-4 combustion status
2.7 [LHRALEE
1 PS-HI & & M Mgk s i o 1) M B 45 SR T T
FE PS-HI FEAF Fh 88 i 5 5341 20% (1) PPO, A LA
LOTH& Tt % 19.5%, 75 M I Ay 140 &1 78 i o & 0 %
15% A BH AR ADP-MCA 1] fdi £ 81 (PS-HI-4) ) LOI
T 2 27.5%, fie KK R Al PS-HI Y
0.025 9%/°CR#AK 2 0.013 4%/°C, 600 °C %% 7% F Al
PET+ 2 24.70%, ElI545H T PS-HI-4 44 5E)5 1) SEM
KR BE & (L X SIS (EDS) S BHIADLEE . 455
&l Sa FlIE] 5bFE AR 5 5% < 1) SEM ] K g it (A
XML IEEDS)WITR i o] LA, HER T 5 A
HURE A ELB A FLIR , HEDS R A BN T,
X TR ST BELA TR 43+ A N, \NHL SRR
B W AR A R, AR T AR R B T A B
PIVER . BABEJE RIAE R SR B £ 1 P LALFI O,

__mechanism _|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
/

/
+ Flame retardant "

(c) Flame retardant mechanism
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Fig. 5 SEM, EDS, and flame-retardant mechanism of PS-HI-4 after

combustion
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