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Application of Environmentally Friendly Halogen-free Flame Retardant in PA6 Material
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Abstract : The halogen-free flame retardant-polyamide (PA) 6 composites were prepared by melt-blending with PA6 as the
matrix material, flame retardant aluminum diethylphosphinate (ADP) and melamine cyanurate (MCA) as flame retardants. The

effects of the amounts of ADP"and MCA on. the flame retardant performance, mechanical properties and thermal degradation

behavior of halogen-free flame retardant PA6-were analyzed by using horizontal and vertical burner, oxygen index tester, universal

material testing machine, thermogravimetric analyzer. The morphology of the carbon layer after combustion and the synergistic

flame retardant effect between ADP and MCA were observed by scanning electron microscope. The research results show that
the prepared flame-retardant PA6 composites can reach UL94 V-0 level ; when ADP addition amount is 18%, the LOI can reach
33.3% ; when 14% ADP is added, the LOI of ADP /MCA compound flame retardant system is maintained above 31%. MCA has
a synergistic flame retardant effect on ADP. The addition of MCA reduces the thermal decomposition temperature, accelerates the

carbon formation of PA6 during combustion, improves the carbon layer structure, and make PA6 have better mechanical properties.
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PR BHARR ©, £ 5 R ADP 1R N BHBR R 1,
MCA 1E J BEAR DR 2GR, #R 98 ADP 5 MCA & i Xf
PA6 BHIAYERE K J1 2P RE RS2 5 IR T
BT (SEM) WA be )2 TE S .
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PA6 : G28200, H T i it S LA FRA F 5

MCA : JLS-MC25, M 5 /K BHER 1 T4 KR

NHE]
ADP : XHPFR-1040, #i VI fb bk T 1Ky A FR
VNG

1.2 EZZXEAMNE

SUEATH AL : SHI-35 74 R 50 B B A% 3 AL
il FRA A

IR AL SHR-35 1Y, sk 5 A AIHLA AT PR
NGB

SRR S AL K120V &, 43 1L i 57 XL
ML PR F

SEAR B E AL IF-3 AU, 1 5T VLT X A MY

s

I3 RN . CZF=3 B, [ 50T VLT X 43
GIENE I

AR I HWR-15E B9, - 7 T 46 1 3% AR
Jit;

TTREARHR B HL: CMT4104 Y, BRifg 7 = A%
SR SRR

LA PUHTL: TG/ DTA7300 %Y, H AR T4
Al

SEM : S-3400N %I, H A& H 37/ F] o
1.3 ADP/MCA [}k PA6 S &-##H#] &

AR R 1 FC T PRkl RS AL I i T3 AR 5
B 90°C, St PAG6 S E B HI MRS 1~
2 min, FREEFHELF MCA LA S 3R A 3~ 4 min,
o Je B BHAR 77 ADP 8] TR A 2 ~ 3 min, HRHE B
FEHIAEL) 95°CHVBHR . £5iRAL 1 ~ 9 IXIRLEE 43331

oA 250,250, 250,240, 240,230, 230,240,240 C; #l
SR 240°C, SR K 2 UPRbLIE R, B 722
THRAC R, TR AR AR R BEA TR

Fz 1 [ PA6 EAWMRHRIEEL A %
GECEa PAG ADP MCA HegphH
1* 81.2 10 8 0.8
2* 79.2 12 8 0.8
3 77.2 14 8 0.8
4" 75.2 16 8 0.8
5" 73.2 18 8 0.8
6* 75.2 14 10 0.8
7 73.2 14 12 0.8

1.4 MgemXs E e

M BR A F5 %1 (LOI) 1K I8 GB / T 2046.2—2009 il
ks BRPEFR I GB / T213-2008 it ; 3 BT A bedi
I8 UL94-2006 il 3k, 10 FE JEE & 3.2 mm 5 Fffi 4 fig
#K B GB /T 1040-2006 il k5 e 11 e o 558 44K AR
GB /T 1843-2008 {4,

P T IR B2y 5 mg BES, L 20C /
min A ECR TR EEYE R 40 ~ 600°C .
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2.1 ADP/MCA J & x4 4t IR AR 09 % v

2 2 78 AN [ BC J7 BELEA PAG &2 & B4 R Y FHL
BRVERE. MNFR 2 W] F 1, Bl & PHAA ) ADP o 1
i, B PA6 & A5 A RHT) LOI RR2288 K, s nl ik
33.3%, MMABEIMIEA T . X2 T ADP
FHRRIN, A MR BE TR S RN, AEBER AR
ADP &l T o3 Z IR , ITIE LR r AR
KBRS I, 76 5 TR SR, PR 4625 <5 7ESAH
SR ENS T SUR ot by A il in e -
1 M 7K A 18 7K 28 SR T R AT e SR A IR, ST
T B M PP TR Ak B, BT - 38 BELASR A P B

F 2 BEM PA6 S &H A PESAIERE

FERRS  LOI/%  ETSETE ABEI / (k) g UL94 254
1 28.8 & 29298 V-0
2! 30.3 = 28941 V-0
3 31.3 = 29032 V-0
4 32.1 & 28729 V-0
5* 333 & 28693 V-0
6" 31.6 & 28608 V-0
7 31.8 N 28179 V-0

XFHe 3%,6° 7 RE S T & B, B MCA TR
TN, BAROR A — s P i, RN LOI K,
FEARLREFTE 31% VUL, MRS E R N . HL R
MCA TERRBERT R YA AR, 3 B SR — A
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FEERSSCR o ILAh, BT A 26 MR BEAR S5 90 1 e
53] UL94 V-0 451,

2.2 ADP/MCA A& x4+ /) kb ag % vm

& 3R R[] BHER I PAG & A kMY 12
PERE. 3 3 WA, M BHIA R ADP R i1 K,
SZAAMRHG R A il A i sl A BT R, %
B ADP [ e —E R IE T PA6 A K
() 12 MR, (B MCA R & i, 24k
REARIEAN 35
£3 [RM PAG EAHRIN N H MR
B S PLORIE /MPa 253 /MPa  wiilisii / (k) - m)

1* 62.37 94.99 6.02
2" 57.49 92.36 5.53
3 56.97 92.08 5.70
4 56.49 90.13 5.08
5 54.23 86.26 4.48
6" 57.56 92.71 473
7* 56.70 93.75 4.26

TEB AN B BEIA A1 PAG FH 7 1 25, 283K
W R A AR, S TR 45 0 55 S R 2k
RERFAT "2 DR BER B ADP /MCA & i1
o, PLARER I AL O PR AR LR O B X
JEPN A BEIATI A A | BEREAR T 3L R 75
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MCA & 1 (1) 6" FF Sl (R o B | 25 il 53 2 0 1) 42
5 T 6.14%,7.48%, iX 3 B ADP (1% 7% Jiil 2 fiff BEL AR
PA6 & A MEHE J1 22 HERE T R i i 2, 38 s
MCA 1 B FliEx — M4
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& 1 R BHAEK PAG 52 G A B TG k. MKl 1
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(1) 7ERHAK PA6 5 4RI, Bl ADP il &
S, MOBHRY LON YK, B BHARBCR B 2 48 5 . >4
ADP ¥ Jil 5 24 18%, LOI f5 &, A ik 33.3% ; iR
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SRR ZR Y LOI E IR FRTE 31% LI L.

(2) J9 T RN ADP (TR I & A4k
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(3) ADP 5 MCA Z [ 5 bf my B SRR E
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