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Effect of POE-g-MAH on Mechanical Properties of Glass Fiber Reinforced High Temperature Polyamide Composites
Ye Shaoyongl'z, Wang Yaxit?, Yang Shuo*?; Long Jiemingl’z, Jiang Sujunl’2
(1. Research and Development Center, Kingfa Science and Technology Co., Ltd., Guangzhou 510663, China ;
2. Zhuhai.Vanteque Specialty Engineering Plastics Co., Ltd., Zhuhai 519050, China)

Abstract : The PA6T / 66 and PA10T-based glass fiber reinforced composites were prepared by twin-screw extruder (the mass
fraction of glass fiber was 20%)and.the influence of the toughing agent maleic anhydride grafted ethylene-1-octene copolymer (POE-
g-MAH) on mechanical properties of the composites were studied. The results show that the tensile strength and flexural strength first
increase and then decrease with the POE-g-MAH content for semi-aromatic polyamide composites, compared with the continuous
decline of these two strength properties for PA66 composite. For PA6T / 66 composite, its tensile strength and flexural strength could
be improved by 19% and 15% respectively when the optimal amount of POE-g-MAH about 5% is added. For PA10T composite,
its tensile strength and flexural strength could be improved by 25% and 20% respectively when the optimal amount of POE-g-MAH
about 15% is added. With the rheology data, scanning electron microscop morphology observation and the experiment of adding the
coupling agent, it is tested and verified that in glass fiber reinforced semi-aromatic polyamide composites, the POE-g-MAH acted as
the interfacial compatilizer to strengthen the bonding of polyamide resin and glass fiber. Degradation of coupling agent on the surface
of glass fiber caused by the rather high processing temperature of semi-aromatic polyamide is the reason why POE-g-MAH could
have the strengthening effect in these systems, and the POE-g-MAH content for optimal strengthening effect is directly related to
processing temperature of different semi-aromatic polyamide.

Keywords : semi-aromatic high temperature polyamide ; glass fiber reinforced ; toughing agent ; maleic anhydride grafted
ethylene-1-octene copolymer ; interfacial compatibility

BEEUWR : 2RI EEH DL AT H (ZH0111-0405-170037-P-WC)
BIAEE : M0 03 Wk, TR, 2SR AR MM ERT &2 TAF  E-mail : yeshaoyong@kingfa.com
WYe#s B H : 2018-12-28
SI A= nib 5, R, B, 55 . POE-g-MAH X3R5 ke Je 5 A MRH 1 24 MERERY 520 [J]. TA2SRHI T, 2019, 47(3):26-30.
Ye Shaoyong, Wang Yaxi, Yang Shuo, et al. Effect of POE-g-MAH on mechanical properties of glass fiber reinforced semi-aromatic

polyamide composites [J]. Engineering Plastics Application,2019,47(3):26-30.


杨超


/b5 A POE-g-MAH X AT i IR 2 B A MR AP ERE R 2 ) 27

Je e (PA) BXESR CPE £ Zm L W mEr 4tk A
AR RUIR AT SRR A F AR R R UE AT 1Y)
T f 2 PR RN R G T A 3Rk b e i e LS
i 7 e [R] A A L RO R P A
Pl PA WA E R 3G 5 T AR B i HLm
B E AR TE S FhES AT, 58 PA J2 AR L
HEMWAES B AR RL, b B 2 3558 PA #RHZ
MR PA R MR (0 MR RE L 52 L AR 3 P A R i
T, LT RANE T N 0 2 70%, i & T &2 A [
TR E T,

T PA AR B 11 opah M, e R AR
R RE R, PR L, XA ) 1 SR s A I TR ER B
TR, FEEEXT PA MR TR B, T
Y Vg T B4 550 B ok BRI H K 20 — s 4
¥ (POE-g-MAH) X B} £F 3 3% J& ¢ 66(PA66) &
BRI , & B POE-g-MAH & & (81,
PAG6 & A BRI 7 {1 R W A AIG . ] i 4 ©
WFFE T EhoR R I He ks [ =X -1, 4- B F % 0 (TPI-
g-MAH), POE-g-MAH , I 5 Fig i 42 K = 0 & N
Ji& (EPDM-g-MAH) 1 Zh 3§ iR I $2: 6 E 4k AR 20 -
T T - K O SR Y) (SEBS-g-MAH) U Fh 3 1)
FIXF 15% B £F 5% PA 4 RN ) 4 1 e T
AR BN R 1S (R R AR G b R A i
VS i i R B A G0 B SN R R R R
FA B, X1 25 P RFSY T POE-g-MAH Xif 3§ £F 345
PA66 & A #1 BH 1= PERE A R, & B o Bk
10% [ POE-g-MAH fifi A~ [R] B £F & 12 1) PAG6 &
AR R A58 B A 0 S BT, LW SRS & PR RE
% EPDM-g-MAH, POE-g-MAH, SEBS-g-MAH J{]
I L2 PR PA66 & A bR e i 5L
FEEJE TRk, s34 M5 T EPDM-g-
MAH, POE-g-MAH X K B £F 1 51 PA66 & & #1
() 12 PR RE BRI, & BRBRE AR 25570 S s, AR
P A B SR 0 e R

PR TE 3% 27 3 5 A5 i e PA B4k rp 388 1) 5510 /)
YE R B 5E 25 RAFAE—E 7 & , R WA 5% I
K JEHATIHE B H NN H S A FAEE A 8%
MIE LR EH BB POE-g-
MAH X 3% £F 356 2 il PA (1) 124 PERE R0, A fift
B R R e PA AL 807 I 25 SRR (I — 2 S
WA =i PA 22 205 R PA, TR & i 4R fIG
WK % I A RS R SR T2 Pl
8 TR T LA R ST R R 4, 1

H R, 38 90 7000 3 21 3 i e L PA MR8 L it
IR 3 FE T b, 28 3 R F AU AT 55 H AL
T AT PA AR PABT / 66 [ PALOT Ay DY
ZF 380 52 O bR, B EE 2T 4 B R A2 B 20%, BT
7% 7 HE)7) POE-g-MAH X}t 25 B PA & &4k
() J1 2 PR RE A2 I, 45 & B AN AR e T 2
5 (SEM) %4, 9 5 3L T A5 107 1% PA66 H{IN3; 47
SRR AT R 25 R T EL BRI G R R PA
B 2T Y85 5 A MR LR, S 45 5 ] Sk B £ 1
JFEIE PA MEIT & 5 N S S
1 SKIEES
1.1 EZRMH

PABT / 66 : 4 4 310°C, & ARG A PR F 5

PAL0T : #%5 316°C, & A BHE M A FRA F 5

PA66 #fig : R535, 3% [E L THE/\ H] 5

POE-g-MAH +« FUSABONDNA493, 35 [E #1353 7 5

S ARSI - JH-ALL0, FFI M T VEIURS 404k T
AR,

FEYI9 S £T 4k ECS10-03-568H, PA %, 414
HAAW wm, BEAER,

1.2 B B AR E

MURFFFT H L. 40D Y, g 5t Fig 7o 307 4 v 2R
Wik s PR A

ML HTF86 / T AL, T % g KIBHLEE A A
FRAF]

T Be RHR B ML . BT2-FRO20TEW-A50 %4, fi
[ ZWICK /A ;

B4 7E X : LCR-7000 %, 3 [ Dynisco /37 ;

SEM : JSM-6700 £, H 74 JEOL A F] .

1.3 Honhl&

R B L 3] RS o) B 384 4990 390 10 41 7 = TR
HHURATRAE  BERS LR e | F RUZFTBF H HLBF
B R G B B LIS KBRS | 4R ) 1
AT 20% PP HG RIS AR S o o B H IR
FF-4% 3k 300 r/min, .25 -0.08 ~ 0.04 MPa, 1%
R R AR S AN [ Y PA BRI EF T : PAGT / 66 il
TR 270 ~ 330°C, PALOT i T3 i 4 280 ~
340°C, PAG6 [N T A 240 ~ 280°C . SR HR A
1SO bRl I8 ke 5% .

1.4 HERemE,

P B4 15O 527-1-2012 M3, w1 R 4%
ISO 180-2007 M, 25 il 4 GE4% 1SO 178-2016 ik,
IR 1S0 1183-1-2013 1K,


杨超


28

TSR

2019 4F 45 47 ¥ 55 3 W1

B RSN, {f F CZ394-20 RIfY 1A, i
U 320°C, B IR FE A 500 ~ 5500 s,
SEM 3t : i FH wir ks R £ T T4 h SEM WS
FIRE A, B i 22 Bk B S 4 S5 A T RS I 4TI IR, ik
HLE R 5 KV,
2 #ER5iti
2.1 3EWMANARE PA AL AW R
BB LA R PA AR T i R

AR MR AR v Y QS W = 1D a7 B S EOE VA
JIE 25 ol S i s A e LA R B
5T 5 BUAE 20% BE £ 4458 PAG6 1A R+, Fifi POE-g-
MAH B, AR B 25 i 3 R 2 i e A
HE R RR A 1E 20% B 2T 1955 (1) PAGT / 66
ol PALOT 4 = ik PA 1A Z& vy, LS il i b A 1 52 3
SLT B P B K 2 i B 20 S BE POE-g-
MAH &4 5t A FREIA, I3k 1.

* 1 7F[E POE-g-MAH &ERIILTIEE PA HRATIERE

0, s /\
5H 20% B £TH5E PAGT / 66 / 17

20% BE£F 1455 PALOT / 157

20% B £F- 1455 PA66 / 1y

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
FrHsRIE / MPa 125 149 144 135 127 120 128 146 150 143 152 147 133 119 102
IHh A / MPa 188 216 202 192 185 180 189 205 217 209 232 224 204 190 181

PRI R /MPa 7255 6476 5859 5399 5012 7120 6402 5801 5341 4925 6830 6277 5766 5361 4831

GO iR / (kI-m?) 75 92 125 147 171 61 88 134 165 189 93 136 204 251 304
P /(g - cm®) 132 128 125 121 117 129 124 122 120 117 129 125 123 121 118
Xf PABT / 66 & %, POE-g-MAH 7% il £ Xy 160 -

R e o N \ AN
5% I 14 5 RO S L, o7 A ik R S 0 1 970 590 kst s O A g
ff) 125 MPa i &5 2 149 MPa, 42 & [ 19l 7 19%; S B AX S s

e 2 m/ =

25 i 3% B2 )\ 188 MPa 42 15 £ 216 MPa, 42 i L il 2wl o A
A 15%, %f PA10T {& %, POE-g-MAH %S Il & = "

o . L N 100
15% Hif 355 A5 R Fre A0 , oAt 22 A VST 38 57) 3R s o

() 120 MPa & &5 150 MPa, $ & 1512 25% , 45
it 3% E M\ 180 MPa 42 /= 31| 217 MPa, 42 & L 51
20%. ¥ 20% B 25 1G5 e A RHACR B P 2
il 3 B R 25 i SRR 6 POE-g-MAH #5728 1k
BAIRIER, E 1R,

& 1, 7£ PA6T /66 f PALOT 4K & v, hir
i 5 A o B 44 58 B R R R, IF R I E AR
K B AR I 1 POE-g-MAH Nt A 5.3
)25 5, PA6T / 66 14 3 ik 21|38 i i KA (1) POE-g-
MAH RIHE20°4 5%, PALOT 14 28 ik 2158 B i K
i) POE-g-MAH #8244 15%.,

2.2 ¥EIA I LIEIEZ R PA b g4 A AL

TE PA R Z A in A8 $57) 50030 2 ol R IR
AR, WA A B 4T 14 5 = T PA AR g —FpaT
REAE AL 2 38 2o 2 s AR 2R A R0 B, o BB X s 4%
SYUIVE A 24 8UE 38, BEEF /38 / A 2R b 3k
WAL REAS 2 B 42T . XARTR] POE-g-MAH %
MY PABT / 66 iE 17 B 4 8 I A8 ik, LU AE 5
T AR P AR TE BT UIAE A 2 B S LA AR 0, 45
Wi 2 Jis .

0 5 10 15 2
POE-g-MAHE 5t / %

@
240

A\\
A
£ 2 oY
/// x\:: L ‘x@
w200 B
o o o \ﬂii‘;\
= 10l o R
£
160}
0 5 10 15 2
POE-g-MAH& it / %
(b)
7500
< 8\
£ moop v
N N
f ool B
= X0 T,
B L >;:::\
£ 0 &
¥P 5000 - g
4500

0 5 10 15 20
POE-g-MAHZ it / %
©
-PAGT / 66; O-PA10T; /A—PAG6

a— IR 5 b—2 SR 5 c—25 i B ek

Kl 1 AlF] POE-g-MAH I BELT 13 PA S SR T =2 ERE


杨超


/b5 A POE-g-MAH X AT i IR 2 B A MR AP ERE R 2 ) 29

& 2 kI, AR POE-g-MAH & &1 PABT /
66 [MFL 22 AN . BRI, D3 )50 S8 4
RGBS SR ) PR I B $E T

ZhJE / mPa - s
8

60 L
0 1000 2000 3000 4000 5000 6000

YIRS /s
0-0; O-5%; £&-10%; *15%; >—20%
2 KA POE-g-MAH &t PAGT / 66 M4 i A8 £k

& 3 Jy A ] POE-g-MAH 5 & (1) PA6T / 66 #1
BLE rh AR (R BRI R IR TR
il POE-g-MAH (1) pfifi L A5 BT | 1y 3 £F R ARG
LI R PA A I S, UL ZER TR
il POE-g-MAH 114 &1 T PA 1K Z v, B 2T S5k g 2
5] R 45 5 FF AN GF 5 AR N T 5% POE-g-MAH )
PAG6T / 66 1A R IMAE AR BT L, A S0 HLrf iy T T
A7 B Sl R A8 , e BB £ 3R TS A g A 2kt
7. SEM 45Ul POE-g-MAH HYFELE ;5 1 3%
21 5 PABT / 66 MY A4 &, 3 T 5 THAH 25500 1
YEH

a—0% ; b—5%

[#1 3 N[l POE-g-MAH i) PA6T / 66 B LR SEM [&]

KN POE-g-MAH (1) PA66 & 75 b REFE 45
1 SEM &, W&l 4 fios . I 4 ] LR B, TER I
Jil POE-g-MAH [t PA66 14 % H, 3% £F 5 1 Jig = 1]
A RIS G, P 2F B Y PA BRI AL7E .
e i PA PRy 0 TR 2 8 H T 300 °C L, AR5
H, PABT / 66 198 = i TR 248 330°C, PAL0T
PR Fe v 0 T L 24 340°C , 11T PAG6 15 15 il T3k
JEZ)2 280°C. TEAR S Il POE-g-MAH [ PA66 {4
FH IR S Z A R I ZS A AR N
POE-g-MAH 19 = I PA 1R &, 3 2F R i DG, 1%

AW Ne . HE0k, Dk i PA B s r i TR
T AT 2R T AR IBE R A B A %, S O Y B
L E5MNREE BIRE  FERE S T 0Pl SEIR AT, B AT B
DR g g s, R EDEW , mEs N T POE-g-MAH
IR F T, POE-g-MAH 1E R S IAHZS A, 74 171
I A g T 2 s R AR IR VR L AR aE T
P SR Z M4 G ), (H k% POE-g-MAH %
S HE— 25, B0 S B0 R R BE T R AL
BE TS RSP ER PA K ZR BB JE K
RS S oo a = 2 AN S B 1PN e a
TS AF R R R R R G (LCP) B )2 PERERY
SN,k PR AE R A B4, LCP B TR 1L
ErTR PA MR 5 U PALOT N TR A ik
FI| 5t =R ) POE-g-MAH I i thix £,
Ak, INH PABE 1R ZH, i TR 8 AN 23 6 il £F 4%
T PR BB 751 P oA i 2

AR

4 VRN POE-g-MAH (1) 20% B 4F- s PAG6 & 4 k1Kt SEM [l
2.3 RABAARELABILA 2T RE PA KK L SHAA
SRR LA

R G UE S A PR R PA B N TR S B A
FRIPFNI R, (G BRI R IR R bl 2] T
SR BVERT 51T T 7 PAGT / 66 2 PAG6 14
FPEINE IR L0 . 3R 2 AR5
FERE BB RN O BR LT 1458 PA BERTERE .

R 2 AESEFERBEFIRINEMNIELTILE PA AR
By 4T 1458 PA6T / 66 By LT 150 PAG6

i H

0 0.5% 0 0.5%
HIfH5E S / MPa 125 145 152 154
S / MPa 188 236 232 230

25 A /MPa 7255 7793 6830 6902

%ngﬁfﬁ ﬁf’ﬁ 75 9.7 9.3 9.4
HE /(. cm?) 1.32 1.32 1.29 1.29

K BRI X B 41 5 PAG6 1A R 1Y F1 24 1k g
JUT- A 0, TAE PABT / 66 14K & v, B InAH A &
AU S A R B ) RE A B S, %
SRGEERAESL T R R AT 2 (B A A e TR
JE T 2 B fR e B3G5 K i = i PA AR 5 3 4F
(1) S TH AR AP A


杨超


30 TR R

2019 4F 45 47 ¥ 55 3 W1

& 5 N 0.5% A FERELERET ) 20% B £F
Ha5k PAGT / 66 & A HRHAY SEM &, & B H: A 4 3%
L1 R MIHE PA B B 7, 3% (R D6 5] I 35 b 42
T+ T P 0 A A A

R

Pl 5 RIS Y 20% B4F 43R PAGT / 66 S 444K SEM &
3 it
(1) 7E 3% 21 14 58 =5 6L PAGT / 66 11 PA10T 14 %

. B POE-g-MAH &5 5 135, iz i B A0 25 il i

BE¥ISE LIS R B, T /5 PAG6 1K &, Fifi POE-g-

MAH £ I, S A i B2 A 2 24 R R

(2) SEM Z5 2R L B, 1R B 21 B it v Ui PA 1A &

1, POE-g-MAH & 2| | FHr AR ZS R VR, 555 1

LT S0 PA ISR O M2 e #EIR PA BE

PO 30 3 e 2T 36 T ) (S K R Y e i 2k 2

73 POE-g-MAH 7RI R 2 A 8 9RO A Ji

PRl (IR S0 ) 285 RAIE S 1 PR I IR TE

PR 2B A0 2 St 70 14 ot s il PA B i

ST FUAR AP A

S % Xk

[1] SZ3ETL Tt s | SR T —R B [M]. Jbat Ak Tl i
Jit:, 2001.

Peng Zhihan, Shi Zupei.Handbook of plastic industry—
Polyamide[M]. Beijing: Chemical Industry Press, 2001.

[2] Marchildon K.Polyamides-still strong after seventy years[J].
Macromolecular Reaction Engineering,2011,5(1):22-54.

[3] Garciad M, GarciaF C, Serna F, et al. High-performance aromatic
polyamides[J]. Progress in Polymer Science, 2010, 35(5): 623-686.

[4] Toyoki M, Yuto S, Koichi G. On a major cause of strength
improvement in a ramie / PA composite with low fiber contents[J].
Advanced Industrial and Engineering Polymer Research, 2018:
93-98.

[5] Dasari Aravind, Yu Zhongzhen, Mai Yiuwin. Electrically
conductive and super-tough polyamide-based nanocomposites[J].
Polymer,2009,50(16):4 112-4121.

[6] FEAME, QAL MR, 55 B s Je 6 Lryni A [d].
BTl 2003, 31(8):49-50.

Huang Junhui, Liu Jianwei, Tian Guofeng, et al. Application of

new toughening agent to nylon 6[J]. China Plastics Industry,2003,

31(8):49-50.

[7] Ve, ROy BRIEEPUBLE S BT 1T 5 PAGE S5 AR T
7% [9]. BARAREHIN TR , 2015, 27(6):32-34.
Shen Chengying, Song Gongpin. Study of glass fiber reinforced
PAB6 composite material as casing of railway sleeper[J]. Modern
Plastics Processing and Applications, 2015, 27(6):32-34.

[8] JEIEHI, A&, RyEAR, 5 . BOELT AN e e S S AP RER R
BIRAISE [3]. TREAELN L 2014(12):102-105.
Zhou Xuchu, Tang Xinyan, Song Kedong, et al. Study on novel
toughening agent for glass fiber reinforced nylon 6[J]. Engineering
Plastics Application,2014(12):102-105.

(O XUSC, TR, HMITE, 4F .MAH-g-POE M IIEETHEXT 2 T 66 1)
BePERFST [3]. AR 50, 2007, 25(2):138-141.
Liu Yi, Zhang Jiangang, Rong Shumao, et al. Study on modification
of nylon 66 with MAH-g-POE and glassfiber[J]. Petrochemical
Technology and Application,2007,25(2):138-141.

[101 #hWI, BERZAE ORFESEIRIAT R e / A S AR R R ok
WFFE [ PP R 7241, 2011, 25(3):243-245.
Du Gang, Ge Tiejun. Research on different flexibilizer to nylon
glass fiber composite system toughening modification[J]. Journal
of Shenyang-University of Chemical Technology, 2011,25(3):243—
245.

[ 5T XU Bepd e, 55 AHA RIS K B 2T 1g i e e 66 A 2%
PERERIAAEAT R A5E IR [J]. 90kL Tl 2011, 39(1):93-96.
Zhang Yu, Liu En, Duan Zhaohua, et al. The Influence of
compatilizer on mechanical properties and rheological behavior
of long glass fiber reinforced nylon66[J]. China Plastics Industry,
2011,39(1):93-96.

[12] SRALME, 2RO, IR, 45 iR e et se kg (3. TR SRR
F,2012,40(11):95-100.

Zhang Chuanhui, Mai Kancheng, Cao Min, et al. Research
progress of high temperature nylon[J]. Engineering Plastics
Application,2012,40(11):95-100.

[13] S PoKE, ik 3, Wi, 55 . i s i SR BE R 0 0t g [9]. TR
W JH,2009,37(11): 80-82.

Yi Qingfeng, Zhang Yong, Chen Jian, et al. Advance on heat-
resisting polyamide[J]. Engineering Plastics Application, 2009,
37(11): 80-82.

[14] Li Ming, Guan Qingbao, Dingemans T J. High-temperature shape
memory behavior of semicrystalline polyamide thermosets[J]. ACS
Appllied Materials & Interfaces,2018,10(22): 19 106-19 115.

[15]  PAJEEE, FRUE . A [ 360 700 X B 1 5 R SR B A R MR R 1 S
M [J]. TRR¥EARLN FH , 2016, 44(9):113-116.

Sun Zhaoyi, Shen Juan. Effect of different toughening agent on
glass fiber reinforced LCP system's performance[J]. Engineering

Plastics Application, 2016 ,44(9):113-116.


杨超




