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Fig. 1 FT-IR spectra of pyrolysis volatile products of (a) PA 1010 and (b) PA 1010-co-PDB; obtained from the
TG-IR test; (c) proposed pyrolysis process of PA 1010-co-PDB; (d) chromatograms of PA 1010 and PA
1010-co-PDBg¢ obtained from the Py-GC/MS test; (e) illustration of the flame-retardant mechanism of PA
1010-co-PDB!"!
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Fig. 2 (a) Synthesis route and (b) flame retardant mechanism of flame retardant PPB!'¢]
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Fig. 3 Flame retardant mechanism of PBDSil'"]
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AT DB o FCBH A M R AN ) 3 . Mahmud 25123058 5 7 A7 2F 440 2 AR i 4% SRR B (PPS) 9K &F
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HAEME RIKEIN 15 wiolf£F 48R PPS 5 1 wt%[f] AS i, FHER PA6-PPS & &4 KL LOI fH =
ik 33.8%, MABEPHMRSESL N UL-94 V-0 ¢, PHRR F&(K T 17%. & FZEML PA6-PPS &
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Fig. 4 Flame-retarding mechanism of (a) PA6-PPS(S)-AS and (b) PA6-PPS(F)-AS[’!
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THR F1 TSR 43 5l L 45 PA66 BEMK T 55.7%+15.3%F1 65.2%, W] CNC/ALOs 49K 20 ml 12 &1 PA66
VIR B AR PE R o 5L 2 H T CNC/ALO: K A4 AL W35 50 43 BULE PAG6 JEAAk v, E MR B I 2 i fi
W E B « B RTRSE, A RCERE 7 AR R A e, TR & 7 AR BV RE . R,
FURHMANLEE = BN BERABARL, W, Fig.5(h)or. 74k, H T CNC/ALOs YUK R EEA S PA66
TR AR FLAE T ELAE D S U R G TR R I 4 R PERE, AT AE PAG6 A TR A A R
1715 R . PCA-3 [ HLd 58 B4 B 8.28 Mpa, 4l PA66 H& 1 | 47.2%, (HAK 4P 1N S
BT RN KA T T 25%.
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Fig. 5 (a) Optical pictures, (b, ¢) SEM and (d, ) mapping images for the surface of pure PA66 and PCA-3 films
after the combustion for 3 s; TG-IR spectra of (f) PA66 and (g) PCA-3 films; (h) possible flame retardancy
mechanism of PCA films(?%]
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V-0 G H A BRI i T AR AR R e AU R E T R, A SR AR B R, IR T S ARMIE
FARE TRUAR IR THCRE 12 2 o 78 AR R T ELIR IS A 2 R K, B mT AR UM A A ORI kg
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Fig. 6 (a) Schematic illustration of chain extension reaction and (b) flame retardant mechanism between
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Progress on Research of Halogen-Free Flame Retardant High-Performance
Modification of Polyamide
Xiongfei Yang'?, Chun Yan?, Yingdan Zhu?, Haibing Xu?, Dong Liu?, Gang Chen?, Mingda Chen?
(1. School of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211, China;
2. Zhejiang Key Laboratory of Precision Actuation and Intelligent Robotics Technology, Ningbo Institute

of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201, China)

ABSTRACT: The addition of flame retardants typically reduces the mechanical properties of polyamide
(PA). Consequently, enhancing the flame retardancy of PA while maintaining its high mechanical
performance has become a key research focus in flame-retardant modification. This review summarized
recent advances in the high-performance modification of halogen-free flame retardant PA, primarily
including intrinsically flame retardant PA, the addition of macromolecular or nanoscale flame retardants,
and reactive chain-extending flame retardant modification. This article introduced the synthesis of flame
retardants, analyzed the effects of flame retardant structure and content on the flame retardancy and
mechanical properties of PA, and elucidated their corresponding flame retardant mechanisms. The
development trend of high-performance halogen-free flame retardant PA was further prospected.

Keywords: polyamide; halogen-free flame retardant; mechanical properties; flame-retardant mechanism
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