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Preparation of High Stability Microencapsulated Aluminum Hypophosphite
and Its Application in Flame Retardant PA6
Qin Mingjun', ZhaiYilin*, Guo Chengxin®; He Xiaochun’, Peng Zhihan'
(1. College of Materials Science and Engineering, Donghua University, Shanghai 201620, China ;
2. Hunan Meilaipo Technology Co. Ltd., Yongzhou 425300, China)

Abstract : Microencapsulated aluminum hypophosphite (MAHP) was successfully prepared by using large-scale hydrogen
bond self-assembly effect and then applied in flame retardant polyamide 6 (FRPAG). The morphology of microcapsules was con-
firmed by scanning electron microscopy (SEM). The flame retardancy and carbon residue of FRPAG6 were characterized by thermo-
gravimetric (TG) analysis , vertical burning test, glow-wire ignition temperature test (GWIT), limit oxygen index (LOI) test and
SEM respectively. The results show that the LOI and GWIT values of the composites increase with the increasing MAHP content
(16%-22%, at same core-to-capsule ratio). UL94 V-0 rating can also be reached when the addition amount is 20%. Besides, with the
increase of the capsule material, the flame retardancy of MAHP with different capsule-to-core ratios (at same addition amount) in-
creases first and then decreases. When the core-to-capsule ratio is 2 : 8, the best flame retardancy is achieved with a 27.1% LOI value
and a 800°C GWIT value which is more than 100°C higher than that of PA6. This phenomenon indicates that the core-to-capsule ratio
has a great influence on the performance of MAHP. Excessive MCA will lead to a decrease in synergy effect which is not conducive
to the improvement of FRPA6 material properties.

Keywords : microencapsulation ; self-assembly ; flame retardant polyamide 6 ; glow-wire ignition temperature
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LA SR, SR S — Tk R R R . T
JE e A I FH AR A B B 8 43 ARk, i ot Ak
2k WA B IR A R N A B A B I AR
M 1~5000 wm B/NERY B R AR,
AHP E b PIRZ il i Uie 2 , mT DLl AHP 55 2405 b
o, JEGE FLA AR, A R0 AHP N TR 4 2 45 )
FUE BN R AR RE N AHP AR B A G
PERER R U,

= R WU UK IR £R (MCA) 2 i = 3R Bk
(MEL) 575URER (CA) i 1 AL SUHE [ 4123500
T 8 4 T AR ) B, MCA & & 2UC X,
SR A K N, AT DA B S SR AT A S AR )
W TR F R AR SR H 8 M. MCA 551 2 BHA
F AT R B — AU R BELR AN, 14— 2 g LR
FIRBEgAE B2

S fif e AHP B20E 22 19 I3, 97K AHP i H
JF, %% L) MEL, CA, AHP W J5URH, ) FH &0k 1
2 %5, i MCA 1£ AHP K1 JE iU 70 7 22 W 45
TR AR BERR S (MAHP), il PSR L
P BT RAE T B i, PRIT IR AT AHP #4523
SEPERE . [FIEE, 283 0 AN R 2E A% TG ) MAHP
I FHF BRI PAG6 w7 5% 7 H X PA6 &AM EHERE
(RIEEIR 75 3 T 255 RO AR DV BEAZIC EE , T 00 4 1
T HIA RASCRR R
1 KEEs
1.1 EZRMH

AHP : Tob g%, g 1B AR A A FRA B

MEL : sk, [ 245 8 A2 G0 A FRA R

CA : Zrtrali, E 25 4L Ak 220 AT FRA R

PA6 : BL3280H, 1 & A i 4k T4 A7 PR A F)
BN /AT
1.2 MBEREE

e B 4 F5 K (LON) A% 2 JF=3 Y, By UM 75 1L %
WA AT

KT BRI I 5402 AL, 5 BHIZ IR JK
AR AA FRAF]

JIALL IR KL - 5112 B F5 M BHIZ IR /R A K6l
HARABR A

W (TG) /X : TG209F1 A , 7 [ i 5 23 ) 5

I o 7 3 (SEM) : S4800 AU, H A H ~7.
o5l

1.3 MAHP %] %

051 g CA AR DY LRI AR, I AGE & 2
B K TE 90 C TR A Pl L i i 4 9 g
AHP 4k 22 i A 209 B, stk 2 hs B
0.49 g MEL TRt is , T I F & A
FBH P, RIS S 7E 90°C T U 4 ho e #ud vk,
FB KBRS TS G EAR ) 3% 5 645
1) MAHP i MAHPL, Sk HARTRI 5, B8 45
JERRHE [(MEL+CA) : AHP=2 : 8,3 : 7,4 : 6
K5 = 5], il 45 X} B ) MAHP2, MAHP3, MAHP4
1 MAHP5.,

1.4 Ak PAG 14

FiBERER 1 IC P BEIATR . PA6 5 R BE (IR
SR, 2R B 0 YRS 2 BEAR Bk
o FTAR A5 2SR ML 2 O T AR A

< 1 FHEA PA6 BL T %

R PAG RELIA I Sl
0’ 99.7 0 0.3
1" 79.7 20(AHP) 0.3
2" 79.7 20(MAHP1) 0.3
3 79.7 20(MAHP2) 0.3
& 79.7 20(MAHP3) 0.3
5" 79.7 20(MAHP4) 0.3
6" 79.7 20(MAHPS) 0.3
7* 83.7 16(MAHP2) 0.3
8’ 81.7 18(MAHP2) 0.3
9’ 77.7 22(MAHP2) 0.3

1.5 HEREME,

LOI : % GB /T 2406-1993 iz,

T BRBEME TR GB /T 2408-2008 izt , jlFE
JRSFR 125 mmx 125 mmx 3.2 mm,

gz . $% GB /T 5169.13-2013 il i, ]
51558 mm x50 mmx 3.2 mm,

TG 4381 : A AH A& 1~ 5 mg, FHi
HAE 10°C / min, iR FIY 40 ~ 650°C .

SEM it : 3 i SEM MEE MAHP i #E I 50
K BAAR IR e 5k e i R THITE S
2 #R5iHe
2.1 [EMRAG oM

AHP 5 MAHP ) SEM & F-tn & 1 frs. M
B 1A LITE A HL B 3], AHP & — RO #0000 (1) £ 2
iy, RS 22 0EE, R )22 B2 S, MTE
MAHP H | JH 3 1 4 K Al /0N B R A0 2, 3 e 2
IR TE 2 B 5 78 AHP 3218 A2 K B9 MCA A
AT LI, MCA B 2 4 1 H B80S 1, X R
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TR ) B 4300 AHP 5% MAHP BRI RS (258
20%), JIr A1 BHIA PA6 2 G M BHI Ty, 2040 BT AR,
H A HEA MCA LB, Toy, T BRI R LB R
i 1" 3 B (AHP / PABG) %] 6" ik K (MAHP5 / PAG)
FE i, Too, M 337.7°CFFEH] 309.6°C. Joi it R 47 %
5 Toy, A2, IR Bl MCA HLBI R 36 K, iR
Ji e PR R AR IR B AR, {H2 3 (MAHP2 / PAB)
() R AR R R H T 27 B (MAHPL /PAG) 5 4
X FE (MAHP3 /PAB), ik 3] 16.9%, # 2 &5 T 1718
FERY 16.1%, S FR LG AT RE A R A2 , 76 e B8 42 LL 451
T, MCA 5 AHP A L & #4 5 A4 0 P [R) 07, e []
e PAG AT I A s , IR BN B AR AR RE . 7E
DTG &% v, #H [t 46 AHP BH % PA6, MAHP / PA6
FHERE B MR T — Ao ff e, FZWEAE i K4y
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16.3% / min [AKF] 12.2% / min, {5 i OB it i
R MAHP 88 AHP 804 47 BHIATERE .
2.3 [EBRHAE ST

1 AR [A) 0B 43 B0 (20%), 98 FAS [A) 8 4% e
MAHP 54l AHP [ AR MEREXS LN 2 firs . A
0"~ 3" K] UL, 4l PAG % 5 ke HLP= A KA 4
JAH , LOI Y 21.5%), T BB 0 55 49¢ , Teik
i3 700 CHIFZZ R RIREE (GWIT) Mk, FEds i
BEAA R J5 , PAG 114 BELIAYE B B2 5. 78 AHP i
SR 20% B BCRERIAT IR 3] UL 94 V-0 4564%, H.
LOI 5 GWIT W [al25 E 7+, MAHP 1% BHAA R4 R 48
AHP MR 58 1, AR BLAREIA S T UL 94 V-0
GG, HAE AHP B LR I, H A 4R R ) oE— 2P
45 %5, LOI{H L 7F 25.3% - 4k 2% 4% =5 3] 27.1%.,
GWIT A4 = f5c o B S, T LG A 800 °C A #h 22 %
fiilt 30 s PNASEHR , X FPOE S K B 22 T 3247 R
PRT AHP ERKBITIC (B SFHLAS LR 2 ], 32

THT AHP fffi 22 4tk B
%2 TR MAHP KIS

v = N UL 94

%’g LOI/% GWIT/C s L/s TiE e
0" 215 698 e ZJe Y
1 25.3 764 15 2.3 N V-0
2* 26.5 785 1.3 35 N V-0
3 27.1 800 0.3 1.1 N V-0
4 26.8 786 1.6 3.9 N V-0
5 25.8 793 45 114 N V-1
6" 25.6 778 5.5 13.6 N V-1

Vs byt SRR R BRI P — U AR B ] AT 1
RURAHE I A FR R A

FEXTHE 4% ~ 6" SREEMERE IS 18 T LA R, R R
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T R RIA500 1)

LR BHEA M RE S A MAHP2 LIS [R] L A7
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RELAZR 00 25 00 2 P 640000, 4k 1 BELASR Pt R 7 44 1 o
EJEAE R BOK T 20% J5 , PAG BHIATERERY - TF
FRURARISAN I 5, ARG i FELBA S i A 2 5
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ke MAHP LOl/ GWIT/ UL 94
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* 20 27.1 800 03 1.1 & V-0
7" 16 245 772 55 143 & V-2
8* 18 25.8 780 29 114 & V-1
9* 22 27.2 802 05 11 & V-0

2.4 ERFGHHH
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800°C, it & KT AR HL A 205K, il FH 22 A
ELE/ oS
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