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Preparation and Properties of PA6/POE-g-MAH /PE-UHMW Composites
Wu Jinxue, Wang Yajie, Tan Hongsheng, Jing Xinyang, Zhu Kaili, Ma Xiaomin

(School of Materials Science and Engineering, Shandong University of Technology, Zibo " 255049, China)
Abstract : Nylon6 (PA6) / ultra-high molecular.weight polyethylene (PE-UHMW) '/ maleic anhydride grafted polyolyaltha

olfin (POE-g-MAH) ternary composites were prepared by using PA6-as the matrix material, PE-UHMW as the comprehensive

balance component and POE-g-MAH as the compatibilizer.. The results show that the addition of POE-g-MAH could improve the
toughness of PA6, but reduce the tensile strength of PA6. With the increase of POE-g-MAH content, the elongation at break of PA6

increase gradually, when the content of POE-g-MAH reach 30%, the elongation at break of PA6 reach a maximum of 397%, the

tensile strength is 39 MPa. PE-UHMW component not only improve the toughness of the composites, but also improve the tensile
strength and hydrolysis resistance of the composites. When PA6 :POE-g-MAH :PE-UHMW =70 :30 :10, the elongation at break of
PAG6 increase to 477% and the tensile strength is 42 MPa. The microstructure of PA6 was observed by scanning electron microscope

analysis. It was found that POE-g-MAH and PE-UHMW formed a core-shell structure in PA6 matrix, which had the synergistic

effect on the improvement of PA6 toughness.

Keywords : nylon 6 ; ultra-high molecular weight polyethylene ; blending modification ; compatibilizer ; microstructure

Je e 6 (PA6) s H HIT W )™ 7 i K 3R
PR B — A Sy ai o FH A TR0}, LA R
R 1 2E R A R A 2 TiEh
PEGE, By F I T2 U PA6 M A 230°C 4T,
AITE 180 CAATIEH (i M, {HJZ, PA6 fIE2E, i
ZUH ZRAE 100% 2047, TCTA 6 2 i 6T Jl v
PP ABHEIPE T TH A EER . [FIRT, PA6 FE /K TEIR
Wb B K fife L PP RE Y B R B, 523 PA6 oI
FERINE A PR PR

EH K H ORI R O - AL R Y
(POE-g-MAH) 5 #i & 77 ¥ & R & # (PE-UHMW)
X} PA6 AT AR 41T POE-g-MAH X} PA6 [
9 4E F LL & POE-g-MAH 5 PE-UHMW X%} PA6

B R P EIAE T, IT X5 A REY 07 25 PR BE T EE M A
S K P E AT, S8 B UEE (SEM)
AR TS A P17 FAE
1 SCIGERSY
1.1 E&RMH
PA6 : 1022B, 75N = J& T AR FRAA 7
POE-g-MAH : A2616, s it Bl Ag R #] 5
PE-UHMW : 4012, 25 e 0 ( [ ) L TABR
ATIE
UG : 1010, ARZeni i — A BR A,
* 7R ASRFHFIE ST (ZR2011TEMMO12)
WEFR N« I, k% , T R A T bR I T S
Wk H 12 2017-05-01



杨超


RPEE 4 PA6 /POE-g-MAH / PE-UHMW #4845 K PERE 97

1.2 FZREAME

SEATRUBATBF AL : SHI-36 Y, B 50 R SR
AR

AN : SZ-45 / 400DC B, Tk T 4 5 SR HL
WA BRAF 5

BT BEIR IO AL : 5969 1, 55 [F Instron /3] ;

SEM : H-700 %4, HAS H 37\l

BRI K . CH1006 &L, ARG
AR

fai AR IO L . JC—25 R, B RE ff R v iU e
HBRA ]

3 RIS ML . MSH B, 5K 57 1 9k (5 52 5 15
HABRATE
1.3 XAEH &

1 PA6 BT 2 THRFE T T 80°C T4 12 h,
H %k % # = % . ¥ PA6, POE-g-MAH, PE-
UHMW DLt 4% — o LUl G350, 2 WU KT
LT kL, SR AT 3 75 ¢/ min, HrHIAL 1 ~6
XA R 0 B BE B 80, 180,230,245,245,240°C,
BLRIRE A 235°C, FHRLBHITA 80 CHYEL 2=~ 46
WA 12 he RS ARk G SATL ] A AR
FES& IRl 270°C
1.4 MR

(1) JrrEREmi

it GB /T 10402006 I X3R4 ) F Ak J3
WL 3 R 50 mm / min, Z iR 23°C, ik
FER S 150 mm x 20 mm x 4 mm MR RIAE 45

¥ GB /T 1043.1-2008 3 Iy 4y v ol 53
BUAE RS 80 mm x 10 mm x 4 mm, Bl V BT,
BRITEREE 2 mm.,

(2) PSR BRI

82 A M BB R D K Bk, LR SR
J K3 2 2, 3 900 r/ min, I EEF[E] 3 h,
FE 45 R 5 80 mmx 10 mm x4 mm, & F 8 % &
23°C. SCHHT)E , REERTT DI IR S Ve 15, AE L6
FF 50°C T4 30 min, SRJGFREAES i .

(3) T 7K f 2

PR SIR ATRIE N 95°C, pH=3 /KA 121
— BB R AR LT L Ty 2 PR

(4) SEM i,

PR LR P ME T, A 100°C i — H R
W Z o, SR 5 T4, SEM WSS H R iR .

2 H#BER5VHE
2.1 POE-g-MAH 4= % PA6 M AL 8% a

& 1 3 A [ POE-g-MAH & #2 I PA6 b4 K} 4
hrfitkfg. M 1 AT LLE Y, % POE-g-MAH %
SOOI, 52 AR R A R R T AL, D e
KR BB e E TS %18 T R 3%, 24 POE-g-
MAH %10 30% B, PA6 & &b L1 Wi 24 fh | %
KB KAE, N 397%, FiHi58E E N 39 MPa, % Je
i T POE-g-MAH 314 14 53 8 £ PA6 AR TP K
NI EE S Y G A AR Z 14 ), POE-g-MAH
PR R R A TR AR R AR R A, BRI, PAG &2 & 4
BHOFIERG I, B2 e hn . (A1, SbEiAR iy
A, 153 PA6 B G M B FHEMZ S ERE S,
K I, PA6 &4 kLB PSR B T B, {H4 POE-
g-MAH P A ) 35 18 M 3 30% I, 52 & b Rk B
MK F TR, XM T POE-g-MAH &0, 7
B BT, 24372 B4 T B, sk R & A TR AR

P BRI 2 TSR T, AR R A By R i T
PA6 5 A Ak KL
50 \ 1 400
ny
< a6l 1350
£l \ 1300 &
= 2 v 1250 i—
B gl ~ 1200 =
€ 36t {150 =
= R
a0 N e
ol 50
10 20 30 40 50

POE-g-MAH # / %
1 A[H POE-g-MAH % fif PA6 MRHRL R RE

& 2 4 A [F] POE-g-MAH & 12 [} PA6 #4 %} 14
il I 2 AT AR B, AR ORk el e B
fifi POE-g-MAH [t 5345 1) 3G IR 30 1 Se tRas 3 hin
JF#aTHRE . 2 POE-g-MAH ¥ ik #] 30% i}, &
B R s o BE A B S, B POE-g-MAH
S e — DR, S A R wh iR B RS N2
POE-g-MAH HI A, 1 PA6 JL4A rp /5 Sk i Sy v
S AT B aZ B AN S, FE A g s A
W B AR A SR RE B, (A 5 PR ot o B2
AR5 . (224 POE-g-MAH ) & 581k 30% i},
an G ETUING S B DA DA TN S NS EL N
(Y43 TR 32 20 55 U1 7 9 VE IR S e 54 7 A 3R i
PORHEREE SR AR 2E . A, POE-g-MAH &
I 30% B, AR e o R R AN

& 3 N A [A] POE-g-MAH 5 f2 Iif PA6 & & 41
B YE R e s, B 3 W LA i, POE-g-MAH


杨超


08 TR 2017 4%, 55 45 45,55 7 0]
] 42 MPa, W 2L K 45 2 477% 52 4 bR
£ 160 LA Fa 0y A AL i # 5 fr Ao BE A AR [, Y PE-
2 ol UHMW 5 4 10 G5 5, 524 40 Rk B0 07 2 1 < R
B IR S e K AH. X 2 i T PE-UHMW I
R AL TE PAG FEURHUE IR T B - 527 454 7, PE-

| UHMW 4#%, POE-g-MAH J3¢, “#% - 52" 45k

10 2‘0 3:0 4‘0 56
POE-g-MAHT i / %

%2 ANl POE-g-MAH % it il PA6 A4 it ik
UM, 15 PA6 52 G A R 4E R Bk BRAER
W EE I R R, MU KT 10% J5 , B A MBI 4k
RIS REZENE , XJE H T PA6 FEARH A G
PR POE-g-MAH, {§i15 PA6 43 15576 B i T H iz
SARTHAXT Sy, L, 52 G AR e i G AR 1
K. {2, T PA6 HA i if =ik E , 24 POE-
g-MAH & EET 50% B, PA6 VE NI 7EE &
BB BB AR 254, A5 52 6 M RIS D dr 3 e i
e RS
230 -
2254
220 +
215+
210 +

AR AL/ C

205 -
200

0 10 20 30 J4-s0
POE-g-MAHF -/ %
{3 [ POE-g-MAH 7 it PA6 BHBHIOLE KA A
2.2 PE-UHMW 4 & #f PA6 /POE-g-MAH / PE-
UHMW H46%h
4 POE-g-MAH %} 30% ), PA6 &A%
IS, I, [ % PA6 : POE-g-MAH=70 : 30,
& 5% PE-UHMW % & X} PA6 / POE-g-MAH / PE-
UHMW & & A1 BHPERE R 52 e 18] 4 28 K [6] PE-
UHMW & & PA &5 MR ho it g, Kl 4
ATUE S, Z A M B P RSR B PE-UHMW &%
HEIGINRI T S RE 5 B T R, 4 PE-UHMW
TR 10 By EF, SRR LA i B A 3 B R (E

7 4500

o S 1450
£ 40 1400 =
= ~
= 38 1350 >y
i 36F 1300
E 34F 1250 &
=2 4200 %

30 1150 ~

28 L L L L 100

0 5 0 15 20 25

PE-UHMW & it /
Kl 4 AKE PE-UHMW & it PA6 AERH i BE

R BT A AR AR

& 5 3 AR [H] PE-UHMW 5 i} PAG 1K) A &
B, ME 5 ATLLES], PA6 &SRR B R b
# PE-UHMW 5 &2 By 34 i a2 8 AR, ik & il F
PE-UHMW E A RAEM TR EEVEFN B HEE . BEE R
AR PE-UNMW & 380, 52 & A1 RER i 1)
PE-UHMW 42 453 G APk 2 2 BRI, ARk R
) PE-UHMW 255 52 & b4 Rk I ¥ 94 H L AT
REAR T R 52 280, [l ) PE-UHMW AR B A% 1w 14 i J%
PEREAS T 26 MRS 35

1.0

08 -
©
<06 F
= 04 F
e
02+
00 L L L I
0 5 10 15 20

PE-UHMW &4 / {5
&5 A PE-UHMW i PA6 AR 4 %

2.3 PA6 /POE-g-MAH /PE-UHMW # 4t 7K fif 1

& 6 N A A PE-UHMW &5 &1} PA6 B4 LR i
5 B AT K A . D 7 S ASTR] PE-UHMW 5 i B
PAG F LT 24 i R B it K g k. R 6 & 7 AT
DIFEF, X T46 PA6, TE/Kfif 24 h )5, PLAismE TR
29 60% , Wr R T FELY 63% 5 Kk 48 h JT , 7
iR BN B2 80% , TR R TR 95%., X &
1 F PA6 H v & 5L 5 K I Nz, (175 PAG6 JK i, 1
AEFF%. 24 A 30% POE-g-MAH Ji7 , /K f# 24 h 7,
BAMBHRAR SR T REZY 15%, Wi i SR %
25 28% ;5 KAt 48 hJi , PLARGEEE T FEL 20%, Wi
K T 2 33%, POE-g-MAH AL 15 &
BT 2K AR XS T40 PA6 47— ERRE AR &,
XJEH T POE-g-MAH [ TR FRR 5 PA6
LN, BEHCHL T PA6 1 — i Jk, R, PA6
MK AR 2 e . Z AR inA PE-UHMW
J& , 24 PE-UHMW 5 &4 5% I, & & 4 REFE K
5 dJa, e B R W SR AR T B R, 24K
fift 7 d J5 , POARSRIE T FEL 21%, Wi R R 2


杨超


S 45 PAG / POE-g-MAH / PE-UHMW FH19 il 66 K P fig 99

51% ; /Kf# 14 d J5, Fr s BE T B 24 26%, W7 244
KR TFEL) 88%. LA, FrfH5REE N 32 MPa, {514
R KO Wi RN 56%, fIEAE 22, X4 PE-
UHMW iR 10% I, & G RHE KR 5 d J5, 4
Hse AT SR AR A B T I, 24K i 7 d
J& PSR EE R FEZ 16%, W K AR 2 38% ;
IKf# 14 d 5, PLARGE BT B2 18%, Wi i KR
B2 1%, I RiAHER o8 35 MPa, Wi 24K RN
138%, £ & PEREIL LA 550 24 PE-UHMW 5 &
F15% I, AR fEPE A R KR T HE:, A B i
e B LA K W 244 KR i 80 2K T PE-UHMW
T 5% 1 10% B2 G AR B, X2l T
24 PE-UHMW 7 10 15% I, &2 4 61 B} 8 a7 o
FERIWI A RR B T e, XJEE SR B
— FET LEM Y 2 L PE-UHMW 5 PAG6 {4 L T ik
Wads . PRI, 24 PE-UHMW &k 10% B, &
BRI K it f A
80 -
70 Lq
60 |
50 L
40 | = -
30
20 L
oL v
0 2 4 6 8
DICIVAPN
=—PA6; >—PA6: POE-g-MAH=70 :30;
+>—PA6: POE—g-MAH:PE-UHMW=70: 30: 5
~—PA6: POE—g—MAH: PE-UHMW=70: 30: 10;
<—PA6: POE—¢g—-MAH: PE-UHMW=70: 30: 15

E 6 R[] PE-UHMW &5 B PA6 AR AR5 & A4 /K et

PSR / MPa

10 12 14

IR / %
-28888s8¢8

L

0 2 4 6 8 10 12 14
CIEIVAPN

=—PA6; >—PA6: POE-g-MAH=70 :30;

+—PA6: POE-g-MAH:PE-UHMW=70: 30: 5

+—PA6: POE-g-MAH: PE-UHMW=70: 30: 10;

+—PA6: POE-g—-MAH: PE-UHMW=70: 30: 15

&7 ANF] PE-UHMW & fH] PA6 ARk 2L 5 1 i 7K A
32 G MR A PR R 4 v, 32 PR A R R
FE. — & POE-g-MAH X} PAG6 %t 2 3 1) 5t il £ F 5
TIRARMMER R PE-UHMW XK B BE AR -
2.4 F AL M FAE
Kl 8 24 POE-g-MAH A~ [A] 7% 2 B PA / POE-g-

MAH & & # kL & m Z1 5 SEM Bl H El 8a~ &l
8d i LIFE 3, B % POE-g-MAH 1)1, POE-g-
MAH #H B R 3 i 34 K, 24 POE-g-MAH 1 7 &
AT 40% B, FHAS A RS A1 R 57, B R i 81
PR A FLIA , 7T i J2& i T POE-g-MAH AH A1 ik
. 2 POE-g-MAH [ & & ik5] 50% B, POE-g-
MAH # 5H Z B EEE:, B8 T —F RSP E X
FIAFIN A RS . 24 POE-g-MAH A R S|4k
i, A2 2SN 70, 1A 2 RO AR T P2 A ek
P23 7RO, ST SRR A BB | B0k
ﬁf%,xﬁ@TE%ﬁﬂ%ﬁ%@ﬁ%F%o

(© (d
POE-g-MAH it : a—20% ; b—30% ; c—40% ; d—50%

518 PA6 /POE-g-MAH K& AP BRI %15 SEM [

& 9 4 [l % PA6 : POE-g-MAH & 70 : 30,
24 PE-UHMW A [] %% & B} PA / POE-g-MAH / PE-
UHMW 5 & b4 RH T 2] bk 5 SEM [l i &l 9a~
Kl od AT LLFE 2, B PE-UHMW & 88 hn, 4Rk rh
FLIA B RSF R . X4 PE-UHMW % 535 5 5
0y, MR B % — 527 S5, TRlE &2 B, Y4 PE-
UHMW F 8228 5 O3 if, pRk e “4% — 527 S5t
24 PE-UHMW &0 10 A, bkbh “#% — 527 45
Wi Z, B -7 a5 BAET SR R )
SRR DL S EAS B R . SN A 2] PA6 B
PR, Y ADRESZ B AN R T B, SR o 7 A s
TR, P A BRI W MR g, DAL, 4k
ABIPE S P o (ER AR SR S 1 T 2R
RS2 BRI BT Y) 7, X400 R e R AR A
Il FAE SE / 6(E N AR i 47 OB 6 ) I, BeAAcrp
IBAPEIR S R AL, 7 AR B 28 T 2l SRR 1Y)
MORHBRIG , e 2R BB B 2. Y E G AR


杨超


100 TAESR

2017 4F, 45 45 35 45 7 1)

A PE-UHMW i}, POE-g-MAH 4343 H{7E PA6 JE:{A
Y PE-UHMW 43 #UAH 2 [8], £ %% {£ PE-UHMW J&
BL—Fh ¥ — 52" S5t SR BN N T
PE-UHMW £ Xa‘ POE-g-MAH it 2| 32 # 1 /I, By
1F POE-g-MAH 24, DI BE A% 51 47 1 7% 53 HiAH
HHEARNMG N ), e m 2 G MR BI M. 4 PE-
UHMW & il 15 i), 52 G0k I 22 1 fig
TGN, 3% & Ky PE-UHMW 14 & &t 22, S 30b
BEIE B TSR A% - 727 AR b, 2 R
B, HZ A B PE-UHMW 23 LB i) 43 B
& 20 HAE PAG6 A b, 4 &l 9c 181 9d T s, Hi
F PA6 5 PE-UHMW (WA PER 22, Nk 28k T
PR RERY R RE .l 9c & 9d tnT LA B, A1
F I 9a. & 9b, FLIA B R SFAE K BB AR AR ASEL
M, XAl fEJE i TRl % PE-UHMW &5 52 A9 38 Kk,
PE-UHMW #H 1) RT3 K, [ B 5l #5245 PE-
UHMW f#] POE-g-MAH 7 #% Z| 1sh 451 i i) fige, 2%
PE-UHMW — %] il ft ﬁtA‘”Tisdt E’JE‘L{H .

(0) (d)
PE-UHMW 13%0: a—5 {5 5 b—10 ff55 c— 15 £33 d—20 {5
19 PA6 /POE-g-MAH/PE-UHMW & &1k Fm %5 SEM
3 &g

24 POE-g-MAH I35 54 30% I, 54 b

Pk, PE-UHMW BYINA (1552 G4k Hr
il B AR S A5 B4 5, XY PE-UHMW R
Jiie Sk 10 OB, B A P RHGRLAdG8 BRI R i R
SRR T 10% F122%. [FE) PE-UHMW [#iIA
152 A MBI EBIRR T, A EH 4R ik
S POE-g-MAH 5 2 B35 I i & i B, (H 2

> POE-g-MAH B & &/ T 50% I, 525 b kH 4E
RHAL SRR R KO X B85 3Lk PA6 7R

BRI R B ARAS A K
POE-g-MAH XI PA6 3ify 2 % 1) Bt e /E H LA K

PE-UHMW X /K 14 BELF 11 7552 45 A4 R it 7K it

PEAREIRCR A . did SEM R & BLAE PAG 4k

& POE-g-MAH Fl1 PE-UHMW JE i, “K% — 52" 4544,

Xt PAG WITER B e ] 1 MR

8 % 3wk

(1] V%, D, 7oA LR PAG 3BT SCE A I ST Ik [7]. 28
BT, 2015,43(12):1-4.

Xu Jun, Ma Jing, Ding Huili. Study progress in toughening
engineering plastics nylon6[J]. China Plastics Industry,2015,
43(12):1-4.

[2] S#iPH, TIC% UHMWPE /HDPE / PA1012 & &6 RH 4 &
PEREWISE [3]. 2R Tk, 2016,44(10):14-17.

Jing Xinyang, Yu Yuanzhang. Preparation and performance research
of UHMWPE / HDPE / PA1012 composites[J]. China Plastics
Industry,2016,44(10):14-17.

[3] Fu Yan, Song Haihe, Zhou Chao, et al. Modification of the grafting
character to prepare PA6 / ABS-g-MAH blends with higher
toughness and stiffness[J]. Polym Bull,2013,70(6):1 853—1 862.

[4] Zhou Liwei, Yang Wan , Chen Xiumei, et al. Toughening of PA6
nanocomposites by reactive acrylonitrile-butadiene-styrene core-
shell rubber particles[J]. Polymer Composites,2014,35(5):864-871.

[5] kAR IHERG, ST 45 K (A ) BRIELT 4R ek 66
FIRIFSE [J]. TREEERL T, 2006,34(9):12-14.

Zhang Wei, Bie Junmei, Huang Dejun, et al. Study on glass
fiber reinforced nylon 66 with hydrolyzing resistane(alcoholysis
resistance)[J]. Engineering Plastics Application,2006,34(9):12-14.

[6] Kroll M, Langer B, Crellmann W. Toughness optimization of
elastomer-modified glass-fiber reinforced PA6 materials[J]. Journal
of Applied Polymer Science,2013,127(1):57-66.

[7] Yu Suzhu, Yek Weiming, Ho Sookyin, et al. Microstructure and
impact strength of polyamide 6 composites[J]. Materials Today
Communications,2015,4:199-203.

[8] KimJ G, Lee J, SonY G. Toughening of nylon 6 with a ethylene-
octene copolymer grafted with maleic anhydride and styrene[J].
Mater Letter,2014,126:43-47.

[9] Wang Biaobing, Yang Yang, Guo Weinan. Effect of EVOH on
the morphology, mechanical and barrier properties of PA6 / POE-
g-MAH / EVOH ternary blends[J]. Materials & Design,2012,
40:185-189.

[10] Li Lanpeng, Yin Bo, Zhou Yan, et al. Characterization of PA6

/ EPDM-g-MAH / HDPE ternary blends: The role of core-shell

structure[J]. Polymer,2012,53(14):3 034-3 051.


杨超




