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Abstract : To improve the glow-wire ignition temperature (GWIT) of glass fiber-reinforced polyamide 66 (PA66/GF) compos-
ites flame-retarded by aluminum diethylphosphinate (ADP) synergized with aluminum phosphite, polyphenylene oxide (PPO) was
introduced as a synergistic char-forming component. With the compatibilizer content kept constant, the effects of PPO loading on the
mechanical, thermal, flow and flame retardant properties of the composites were systematically investigated, and the action mecha-
nism was analyzed based on the morphology of its residual char. The results show that PPO simultaneously enhances the thermal
stability and char-forming capacity of the composites. At 20 wt% PPO loading, the quality retention of the composite at 600 °C
increases to 37.5%, and the temperature at 5% mass loss rises to 393.1 °C. PPO serves as a heterogeneous nucleating agent, and rais-
es the crystallization temperature and crystallinity of PA66. However, it causes a significant decrease in the melt flow rate. For
mechanical properties, the tensile strength of the composites shows no remarkable fluctuation with increasing PPO content. By
contrast, the impact strength declines gradually as PPO loading increases. All flame-retardant PA66/GF composites attain a UL 94
V-0 rating. The limiting oxygen index increases slightly to 34.1%. The GWIT of the composites rises progressively with higher PPO
loading. At 15 wt% PPO loading, the composite achieves a GWIT of 775 °C. This loading is identified as the optimal formulation

that balances flame retardancy, mechanical performance and flowability. Scanning electron microscopy results indicate that the addi-
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tion of PPO facilitates the formation of a dense char layer, which blocks the transfer of heat and decomposition products, and thus

improves the GWIT of the composites via a condensed-phase synergistic mechanism.

Keywords : nylon 66 ; polyphenylene oxide ; synergistic system of aluminum phosphite and aluminum diethylphosphinate ;

glass fibers ; glow-wire ignition temperature
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Tab.1 Flame-retardant PA66/GF/PPO composites formulation (mass fraction)

%

Samples PA66 PPO ADP/AL(HPO,), GF PPO-g-MAH Silicone lubricant Antioxidant 1098
Owt%PPO 59 0 15 25 0 0.5 0.5
10wt%PPO 47 10 15 25 2 0.5 0.5
15wt%PPO 42 15 15 25 2 0.5 0.5
20wt%PPO 37 20 15 25 2 0.5 0.5

15wt%PPO-0MA 44 15 15 25 0 0.5 0.5
1.4 HaEm X 1.4.4 i f 4 IR

Fr A 7 888 RE 1 75 7E (23+2) °C L 50%+5% RH
IREE N HY 24 h 5 FHEA TR AR
1.4.1 DSC il %,
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SEM WLEL 5 & b RF22 750 °C Ry 22 R 5 B 5% e
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fift I LOT I 2 A I AA Aok 1y Al B 424 450, 45
51480 mmx 10 mmx4 mm;

1.4.8 PHLK 28 003K

fif 7K 3 BRI BS ML A L UL 94 FH
PRS2, FE 45 R SF R 125 mmx13 mmx1.5 mm, %%
s A
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BHR R, AR AN IAH 25 70) A ek 2% 25 T RERS 5 B I
o B2 pyhr i g it — 20 3R RS A
AR ZR R A 5 B 5 DRy 2 A48 1 B S A A, 2
PAG66 Fll PPO PA AHJE A ] AH 25 1 5 2 1) 43R R

15wt%PPO-0MA

F = i o,

15wt%PPO

L RIARZS ST 5 5 i 4340 15% PPO &4 R BURFT57 H R
FIRA
Fig. 1 Photographs of strands obtained by twin-screw extrusion of 15
wt% PPO composites with and without compatibilizer
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Fig.2 Tensile test results of 15 wt% PPO composites with and without
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Fig. 4 SEM images of the unnotched impact fracture surface of flame-
retardant PA66/GF/PPO composites
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Fig. 5 DSC curves of flame-retardant PA66/GF/PPO composites
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Tab.2 DSC analysis of flame-retardant PA66/GF/PPO composites

Samples 0wt%PPO  10wt%PPO  15wt%PPO  20wt%PPO
T/°C 226.7 227.0 228.4 228.3
T /°C 263.9 264.2 264.4 263.9
AH/Jg) -32.8 -28.4 —24.8 —23.8
AH /J-g™") 41.6 335 32.0 28.2
X /% 36.2 36.6 39.1 39.1

Notes: 7, T,, AH, AH_, and X, denote the crystallization peak
temperature, melting peak temperature, crystallization enthalpy, melting

enthalpy and crystallinity, respectively.
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Fig. 6 TG and DTG curves of flame-retardant PA66/GF/PPO compos-
ites, PPO, and PA66
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Tab.3 TG analysis results of flame-retardant PA66/GF/PPO
composites, PPO, and PA66 resins

owt%  10wt%  15wt%  20wt%
flems  ppo pPO PPO ppo A6 PPO

TJ/°C 368.3 385.3 392.7 393.1 406.1 4309
T,/°C 435.8 455.7 459.8 463.2 4482 466.7
T,/°C 402.8 415.2 416.4 426.6 4522 4525
T,/°C 442.8 462.1 462.9 460.9 - -

W/ 7o 29.0 33.7 359 37.5 2.1 31.7

Notes: T is temperature at 5% mass loss; T, is temperature at 50%
mass loss; T, is peak temperature 1 in DTG curve; T}, is peak tempera-

ture 2 in DTG curve; W is residual mass fraction at 600 °C.
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THiR . Bl PPO & &3, & A MR TR I ol ik
R N RE, 24 PPO i 4350k 10% B, MFR M
19.1 g/10 min [% % 6.7 g/10 min; 24 PPO Jfi it /340 K
20% B}, MFR ¥ 2228 1% T [ % 3.2 ¢/10 min, X J&
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Fig. 7 MEFR test results of flame-retardant PA66/GF/PPO composites

GWIT Z R MNFR 4 FroR . A FE i B I B BR 1 A
# UL 94 V-0 554, 525 b4 #H LOTFE PPO I 51
B n, 2 BN O B8 PPO R RIS AN,
GWIT M\ 725 °CZ #2775 °C. X /& T PPO
B Y BT 40 R IR B 2 = T Al PAGG 42 T T IR
TR R W IR TR IRLIRE | S S K A 22 A2 fok T T 99K
PELL 73 BRI ; (RIS, PPO HLA R itk 1 , HLHSS 34
SEFY T BELAASR 10 23 A 7 ) CRBETR B IRR 50 55 &
A W IF] S HR B, A SR W o B AR AR " A
RELRR ¢ 2, i3E— 0 3 THEE SR B P i 5 5 U BELF
LA

4 A PA66/GF/PPO £ & #H) LOI, UL94 0 GWIT 455

Tab.4 LOI,UL94 and GWIT test results of the flame-retardant
PA66/GF/PPO composites

Samples ~ Owt%PPO  10wt%PPO  15wt%PPO  20wt%PPO
LOI/% 33.1 335 33.7 34.1
UL 94 rating V-0 V-0 V-0 V-0
GWIT/°C 725 750 775 775

Notes: LOI is the limiting oxygen index; GWIT is the glow wire

ignition temperature.
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.
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Fig. 8 SEM images of the flame-retardant PA66/GF/PPO composites
after 750 °C glow wire test
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