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Fig. 1 Molecular structures of the flame retardants
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Table 1 Experimental formulations
452053 F 4t /phr
R 44 Bk
PPO PS PX220 ADP

MPPO 50 50 0 0
MPPO-4P 50 50 4 0
MPPO-8P 50 50 8 0
MPPO-12P 50 50 12 0
MPPO-4A 50 50 0 4
MPPO-8A 50 50 0 8
MPPO-12A 50 50 0 12
MPPO-4P4A 50 50 4 4
MPPO-8P4A 50 50 8 4
MPPO-4P8A 50 50 4 8

TEZE IR (35 °CO) e 1 S ML AR AR 2R O B R
N 28 M A —E B JEK B B 38 A CO, N
JEZ 5 MPa, FEARAEMEARF T MO A1 48 h LLiA F] CO,
PRS- 7 O B ok 1) 90 A ) 1) i 22 1 B L C O, BRUHS
P S H B8 28 1A T B ()T VA B TP & 6 3 min, Bl IS K
RULFE SRR AR K TP B e A . K BR i
SR IR K BT
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Fig. 2 Phase distribution of blends
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Fig. 4 Glass transition temperature of blends
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Fig. 8 DTG curves for MPPO and flame retardants and TG

curves for blends
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Table 2 Cone calorimetry test data

RN
MPPO 613 126

PKHRR/(kW -m™) THR/(MJ+m™)

MPPO-8P 547 108
MPPO-8A 432 95

MPPO-4P4A 520 101
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B[] /s

K9 S B P K s

Fig. 9 Cone calorimetry test data
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Fig. 10 Char residue and char residue SEM images from the

cone calorimeter test of MPPO
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Fig. 11 Foaming ratio of MPPO blends
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Fig. 12 Comparison of maximum expansion ratio
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A phosphorus-phosphorus synergistic flame-retardant system for
poly (phenylene ether )/polystyrene composite foams

YANG YuXuan ZHAI YuJiao ZHANG Jing SHI FengHao HE YaDong XIN ChunLing"

(College of Mechanical and Electrical Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Traditional liquid condensed - phase flame retardants struggle to prepare polyphenylene oxide/polysty-
rene (PPO/PS) composite foams with high expansion ratios and excellent flame-retardant properties. To address
this problem this study investigates the effect of the synergistic flame-retardant mechanism of two solid phosphorus-
based flame retardants on the flame-retardant performance of PPO/PS, fabricated using CO,/ethanol composite
foaming technology. The results show that the phosphorus-based compound flame-retardant system exhibits a sig-
nificant synergistic flame-retardant effect dominated by the gas phase and supplemented by the condensed phase.
For unfoamed samples, the maximum limiting oxygen index (LOI) of the sample containing the compound flame
retardant reaches 35. 8%, which is 4. 2% higher than that of the single flame-retardant system, whilst its heat
release rate (HRR) remains relatively balanced. The compound flame retardant maintains moderate melt strength ,
enabling the preparation of composite foams with higher expansion ratios than those obtained with the single flame -
retardant system via temperature-rise foaming technology. For a 12% flame retardant addition, the maximum
expansion ratio of the compound flame-retardant system increased 16. 8-fold. For foamed samples, the LOI values
of composite foams with densities greater than 150 kg/m? are all above 25%; the composite foam with a density of
300 kg/m? passes the HF-1 grade in the horizontal burning test. Additionally, the compound flame retardant effec-
tively reduces the HRR of the composite foam, thereby improving the dripping phenomenon.

Key words: polyphenylene ether; phosphorus-phosphorus synergistic flame-retardant system; synergistic flame

retardant effect
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