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Epoxy-functionalized polyethylene-octene prepared by y-ray radiation and its

application in polyamide 6 toughening modification
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ABSTRACT  Epoxy-functionalized ethylene-octene copolymer (POE-g-PGMA) was prepared by “Co v -ray
radiation, and polyamide 6/polyethylene-octene blend (PA6/POE) containing POE-g-PGMA was prepared by twin-
screw melt extrusion. In this study, the mechanical properties, thermal properties, surface morphology, interfacial

compatibility, and water absorption properties of PA6/POE blends with added POE-g-PGMA were investigated. The
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results showed that GMA was successfully grafted on POE by y-ray radiation. The morphological analysis showed

that the addition of POE-g-PGMA enhanced the dispersion of POE particles in the PA6 matrix. In particular, it

demonstrated that with the addition of POE-g-PGMA, pure PA6 has good interfacial compatibility with POE. The

results of the Molau test confirmed the compatibilization reactions between POE-g-PGMA and PA6. The thermal
analysis showed that the addition of POE and POE-g-PGMA in the dispersed phase had negligible effect on the

melting behavior of PA6; however, the crystallization temperature of PA6 improved by approximately 18 °C during

the cooling crystallization process, and the crystallinity increased by approximately 4.5%. Furthermore, the impact

strength of the compatibilized PA6/POE blend was significantly higher than that of the PA6/POE blend, with the

highest value of impact strength obtained at a POE-g-PGMA content of 3% being approximately 2.75 times greater

than that of pure PA6 under the experimental conditions.

KEYWORDS Radiation grafting, Epoxy functionalization, Polyamide 6, Interfaciale compatibility, Notched
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FISFBEFEM BT oA SO A T2 R . —
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1.1 ER5RF

LW ILE Y (POE) , -5 8150, 25 [E DOW
N E] s R IR 4 /K H B (GMAD , oy 4k, Filg
F AR A R A A B 6 (PA6) , 5
M2400, REETT BT TAHRA R ; oK LB HIR .
THR =R OB M EEA T At A, A

Melt
blending

2502 E A PR A ] A e 8 AT R &t 4t
AL FE

1.2 POE-g-PGMA B %&

% POE 1 Jiii & 43 30 4% ] GMA Jill \ Haake #%
FE R OO AT IR RR B, B AR UG TR N
80 r/min, FL YR [7] 4 7 min, 45 3R J5 2 #el VR 5y
FSCRIURE £ FH o A FH i R 22 B it R A 3 5 P
K] °Co y TR E , 35 5 4.105 x 10" Bq, /£ E IR 2K
IR IR SR, FIE RN 2 kGy/h, B IRIGRI RN
10 kGy . il £ e WA 1

80Co y-ray z Refinement
—> ":::g:d ———| POE-g-PGMA

1 POE-g-PGMA il % Ji F2
Fig.1 Flow chart of POE-g-PGMA preparation

1.3 POE-g-PGMA HZh{L B 35457 2N E

afifl: U2 2 g BRI A 100 mL — H 2R
VR = LRI, 76 120 °C R ABEEIR 2 h, 15 H:
SEAIR G K OB B 2 N 100 mL A
TR R AT OB, DUEE B 25 00 29 () GMA 18
WS F 0T o R TR 34T Sk U, FE VA R 3
R R alifh Ja A RE A AR P LT 2 fE

PR E - FREL 0.5 g $&40 J5 MR B s T
70 mL ZH 2R R IMA 10 mL =& OR-—H R
PR (0.1 mol/L)H, JiFA[=lA 2 h, ff GMA 5§ =
OB PBES, BN 2 M BR TS 7877 (10 g/L)
F1 0.1 mol/L ] KOH- & B A5 HE 1 100 7 246 51, FF
i FtEe ™ .

1.4 PA6/POE-g-PGMA/POE & &%

# POE-g-PGMA 11 PA6/POE #% I8 LL 451 (& 1R
G G RUIBAT 55, & BB IR B ¥ E A 210 °C
-220 °C-230 °C-230 °C-230 °C-230 °C-230°C, M2
BLE BE 12 t/min, B2 FF #4538 60 v/min. B H P44 K
VK G VIR o BREAE 80 °CEL AT 24 h JF FHVE
IRHAE 240~250 °C I A b v s MR 25 R r
e R 2%, MK HTAE 25 B T 23 °CHEIR &M M iEfE
24 h.

#1 PA6/POE-g-PGMA/POE F£iBEC
Table1 Composition of the samples

T b PA6 POE POE-g-PGMA
Sample description /% /% /%

PA6 100 0 0

POE 0 100 0
PA6/POE/PGO 90 10 0
PA6/POE/PG1 90 10 1
PA6/POE/PG2 90 10 2
PA6/POE/PG3 90 10 3

7 : GO, PA6/POE/PGO; G1, PA6/POE/PG1; G2, PA6/POE/
PG2:;G3,PA6/POE/PG3.,
Note: GO, PA6/POE/PGO; G1, PA6/POE/PG1; G2, PA6/POE/
PG2; G3, PA6/POE/PG3.

1.5 RIEFE

1.5.1  Zop iR

{5 F| Bruker Tensor 207 2 {8 HL AR 8 21 Hh e 1%
% (Fourier transform infrared, FTIR) 4= J &f # 20
HEAT POE-g-PGMA 1] 45 16 SR AIE , % 2050 Bl 2 600~
4000 cm™, 7rHEF N 4 em™, FAREKECH 321K
1.52 A& HanE

B F 28 1 150 mmx10 mmx4 mm ) Ff 5% , TEIR
YT HHRIEH LA PR A 7 ETM 503B ZUALH 5 BE R 36
ML B0 5 o o B L b R A 2, T 2 R
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ASTM D638, $i7 {1 2 20 mm/min. % T84 414,
W 5 ANFEAS, FFRE 5 RFEAT HART
153 &S&#HEayHT

1 F Netzsch TG 209F3 %4 #4 & 3 #74% (Thermal
Gravimetric Analyzer, TGA) Jll| 7€ VR ¥ 1) 4 F2 €
P, AR I FE T 100~700 °C , THiRE % 10 °C/min,
2SI % 20 mL/min. {8 A Mettler DSC 3 8 Z7r 45
f#i 8 #4Y (Differential scanning calorimetry , DSC) il
i€ SLIRMIE RSB R, DU B2 ¥ Bl 30~270 °C,
2 A B il 2 S — O I THIE T 22 1 25 10 °C/min,
ZSIE 50 mL/min.
1.54 &&W5mK

AR R T W, IR AE = W R i 21 2 B
POE H o Ff: il W7 1 155 4 40 7 )5 , £ JEOL JSM6360LV
FAH T2 R (H AR 5 JEOL A R 4 7)) F L&
JES, TAEH & 15 kV. f# F Image Pro Plus #1473
HrPOE MK T EAED, .
1.5.5 The Molau Test

FEA AR F0K 29 100 mg B 4 5 20 mL 98%
R TIR & RS WTE I T 1722 ho
1.5.6  BoKFNE

VAR AR TP T3 h ARG B T TS e
oo H 5 SL BRI RR R, S8 5 AE 23 °C IR 7K iR i
768 h, 73 A 7E 24 h.48 h.96 h.192 h.384 h #1768 h
Jati E AR, KT E S I ASTM D570,

2 HER5WR

2.1 POE-g-PGMA HUiEST1ERL

N T $25 POE 5 PA 2 18] (I AH 25 14 , SR F L4
SRR, 7£ POE _EHE GMA 54k IRk 2 75
RAE T RO, % IR i e HAR 4l 5 1 L R )
HEATLL ARSI a2 B, 5 46 POE oK 5 1
LRV LG, FE R R Al 5 SLRYIE 1 714 em ™ b HH
LT GMA Hp i 5 5 AR WROSC U6 [ Bk 258 e A1 g R AL
Ab, 751000 cm™ #1250 em™ 7] 23 T -C-0-C-%
Wlg , Ui B GMA CL# 4 2 POE 43 14 b oo 4lifh 5
(1) POE-g-PGMA HE 474k 245 8 1L e FL e i %, 2
K #R2.8%, Hti (O #A(DIHH..

c(V, = V,)x 142.15
1 000m

G= x 100% (D

o : GMA LIG5> T & 142.15 g/mol; ¢ Abs e i
J B HE R K KOH- £ B AR 1R VA T 47 o (1) =2k 52
mol/L; V, i iE 22 2% s i) {4 #8 KOH- Z BE bR #E 5 VR
(RARAR, mL s V, A a6 € 22 4 RUTH #E KOH-
R UE VAT AR AR, mL s m VR FR B R
JRE, g

1714.63

A

Irradiated

Non-irradiated J dl ’ ﬂ

Absorbance

POE h l

4000 3500 3000 2500 2000 1500 1000
Wavenumbers / cm™

2 POE. K47/ POE-GMA 4 I 5 3 51k
POE-g-PGMA W41 4 itk
Fig.2 FTIR Spectra of POE, non-irradiated-POE-GMA
and irradiated-POE-g-PGMA

22 AEHERSNT

1§ Fif SEM WL 5 10% POE % & 1) PA6/POE & 4=
W T T 5N HIT 72 % %, PAG/POE F: i 75 L &2 i #E 47
T 0, FLIFXS B A 4 0 POE A1, Wik 3 fis o

] 3 (a) {7 HA 4l PA6 AH A if 14 W2 . an 18 3 (b))
BT, %1 1 25 1) PA6/POE £ 4 , 75 W7 1] b Wi %%
AR HUI I FLIF , BT ARG A, A2 A
YEH 7155, 5 30 BB FLAR BR300 A TR 2R 1 5
GG B LT A NN R 52 HEORE B N 56
(1 5 I 220 A v R B 1 43 WORE Bl T SR S5 T UK
LA R RURE o DR b 75 2245 38 1 AH 25 77 R A2 1E POE
WURLTE PAG6 AH o 1) 4 #iL . 7 PAG/POE & & In A
POE-g-PGMA J , [ii & POE-g-PGMA & & [ 34 /1,
5> HUAH POE X B [ FLAR /S L% BE I 2, 1] 3
() (D () F7R , POE FHRLAZ 73 A7 AT 25 R AR 1 B
fiXs2& POE-g-PGMA )14 25 FH I 45 51, 5 8007 IO
5 4 52 B H0 1) R0 FR 5K 77 FRAIRE . PA6 Al POE 2
V) P 25 12 0 T 2H 5 49 30 263 L 36 45 1) PA6/POE
B4R RS A 3 HOHTE A, 1X 52 PA6/POE &
S HUBRE RE 2l 1) 32 B A
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10um

By

B3 PA65A4[A POE-g-PGMA &

2 PAG6/POE &4 [ B TH TESH : (a)PAG6; (b)GO; (¢)G1;(d)G2; (e)G3

Fig.3 Fracture-surface morphologies of PA6 and PA6/POE blends with different POE-g-PGMA contents:
(a) PA6; (b) GO;(c) G1; (d) G2; (e) G3

23 AEMHFEME

Kl 4 () A1 (b) i 75 | A ] POE-g-PGMA 7 &
PA6/POE & <& Fi A I /7 /=5 1 M 7 o i & POE-g-
PGMA FI I ARAE Zi A W AR 35 . B 4 (o) Fl (DD A2
LA o FEE BT SR R gl o R R e o R B
POE-g-PGMA & &3 It A8k i 2k .

SaiREM L , 18 2% 5 () PAG/POE & 4 i RE Ik 24

120
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L 55t 170§
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KR B 4Ce) (D) AT BLE H, AR 88 25 1
PA6/POE & 4 ¥t 1 o i P 189 5 A7 PR, 3 U R T
PA6 F1POE 2 [AJ A 25 M 22 , i1 re B I 3 (b I
Fi7s < SR 1M, 24 POE-g-PGMA 7 Il 3] PA6/POE & 4
o SRS A S R B O R FEBE 35 POE-g-PGMA 7
B I I SR B o R R G3 R S R 1
SR B iA 6.81 KI/m?, 21 N4l PA6 [ 2.75 %

—mB— Flexural strength (d)
70 F —@— Impact strength /5 47
—— o
S 65} 46 €
= )
£ 60} 15 £
= ()]
g 5
2 st { {4 &
© w
3 g
T 50 43 E
\ 1
45} { L Ay T P
il L 1 il il
PA6 GO G1 G2 G3

POE - g- PGMA/ %

4 AN[F POE-g-PGMA & & & i) /1 AR FE R i 5 7022 PR RE T 42 -
) ARBLIFFESE 3 (D) BLAFFESE 5 (OB FE 5 W R A I3 5 (dD 25y 95 2 5 R 1 b it i 2
Fig.4 Schematic diagram of mechanical specimens and mechanical property curves of blends with different POE-g-PGMA
contents: (a) tensile test specimens; (b) tested tensile test specimena; (c) tensile strength and elongation at break curve;
(d) flexural strength and notched impact strength curve
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24 BRI MEE

DR AT A i 80 °CEIE T 4 ho IS BIR T
4l PA6 5 AN [7] POE-g-PGMA 7 & [1) PA/POE 4 411
B AT R THIR DSC M2k . T, AH, T F1 X 45 1 5
45512 2. 5 £ W , POE Al POE-g-PGMA (1% il
Xof A I 2R G 2545 4 vh PAG I T, J LA 52 . 4R
1M, BTG 3R A 4 7 PA6 [ T, 52 75 i POE-g-PGMA
1 ZEFIFLI o 24 POE-g-PGMA {8 I MU B 20 #
0% 34 11 21 3%, 4 25 & 4 PA6 AHIY T. M\ 167 °C |
T+ 185 °C . X 52 i T POE-g-PGMA 1 PA6 2 [&]
B BEFEAS T o B A R s A E A, A R 2
& 7NN POE-g-PGMA #2175 1 PA6 M &5 i J, 4
4.5%. ¥ 6 9 PA6/POE & & i [ TG 1 45, 23 A
— R E ST LRI A S G SR 4G 53 R
TR RE (R E 24 5% X B IR A3 AR FE T 50 FH AR SRV
fF 382 °C_b -3V AR 75 1 400 °CH B VR I 5 5
(1) 405 °C, 54k T #4120 °C. X FEF K, J IR 2% )5
PA6/POE & & fa e b 7 R McE .

POE PAG GO
G1 G2 G3

(@)

Heatflow / mW

Y B
Y
~
.

100 120 140 160 180 200 220 240 260
Temperature / °C

POE PAG GO
G1 G2 G3

(b)

LLLL

L L L L L L L
100 120 140 160 180 200 220 240 260
Temperature / °C

5 IN[FIPOE-g-PGMA % & &4 DSC 2k :
Ca) Rt H 24 5 (b) Bl 45 i i 2 CR2 €8 L I 2% SO
Fig.5 DSC curves of PA6 and PA6/POE blends with different
POE-g-PGMA contents: (a) melting curves; (b) crystallization
curves (color online)

#2 AERAMRRIR
Table 2 Thermal properties of the blends from DSC

Fran T, T AH,  AH, Crystal- T,
Sample /°C /°C /Jg" /(Jg") linity/% /°C
PAG6 221.47 167.82 60.73 5637 2450 382
POE - - - - - 438
GO 221.56 185.89 52.89 62.44 27.14 400
Gl 22198 18532 48.39 60.21 26.17 399
G2 221.40 186.48 52.06 66.66 28.97 401
G3 221.45 185.14 46.82 5588 24.28 405
100 ——POE
——PA
sl — G0
s —— Gt
° —G2
g 60} —a3
c o
S :,
2 !
g &
<) fu
0 g 90
= 20 |
0 [ L 1 il 1
100 200 300 400 500 600

Temperature / °C

6 A[FPOE-g-PGMA & &4 1) TG #h £k
CANNEEIY)
TG curves of PA6 and PA6/POE blends with different
POE-g-PGMA contents (color online)

Fig.6

2.5 FEEEMMR

Molau iR 56 FH #7514 25 1) PA6/POE & 4+
P AR B AR 2 R . B 7 B R T 4l POE. POE-g-
PGMA . 4l PA6. & 1 2% 1) GO F11 G2 Y Molau i 36
gEHL,

El7 AIF POE-g-PGMA & & & i) S A A MR B8 :
(@2l POE; (b)2li POE-g-PGMA ; (¢) 4l PA6;
(DREEGOEE; (QWEG2LEE
Fig.7 Interface compatibility diagram of PA6/POE blends
with different POE-g-PGMA contents: (a) pure POE, (b) pure
POE-g-PGMA, (c) pure PA6, (d) the uncompatibilized GO
blend, and (e) the compatibilized G2 blend

H & 7 (a) « (b) ] M %2 2], 4l POE # 4l POE-g-
PGMA NG fRT R . 4l PAG6 58 & VR il 4E IR h
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B BHVA T (B 7(e)) . B 7(d) B, A2 GO [1)
PAG FHVA R AE F R T, POE AHEE V7 LR VAR 1T 22 1
PAG6 %t J5ii F11 POE 43 #iURH <2 [8] 1) Rl B 4 22 o SR, £
7Ce) & i B 5 # 2% POE-g-PGMA [f] PA6/POE
AEEFRPERIAAOER . X —WREH, £
JLVR I FE R, 38 25577 POE-g-PGMA ¥R 48 % 5 PAG Ui
FE NG 5 A R B R 4L ) POE-g-PAG6 7] LS 31| 7L
AT BIPE R 858 1 A 1) A A

MR 7k 2=t
W& A WL ], PA6 BT — i IOK T, &

2.6

SRS AL AR b A R e 5] RS R R R
POE &t 1 554, BA iK1 - i@ it 3L POE
M3 PAG W /K 1 - /] 8 (a) i 78 T PAG/POE & 4 1E
768 h A I 7K 2 I N [] R AR 4K ] 8 (b) 2 7R 7E 768 h
IF PA6/POE & 4 1) " 7K % i 35 POE-g-PGMA % &
A, K BoR , POE 53 FRAK T PAG6 W /K M , 3
54 BT P& 1K PAG/POE & 4 W /K % . 11T POE
g T K515 PA6 H YT HUE %, POE-g-PGMA
M3 POE 5 PAG6 ¥ R 4F 73k, H 55 PAG6 2 [H] T A
B, 5 BUPA6 H i B T i 5L A E =i, BRI T
PA6 SEIK M

8.8
9F (a (b)
—=—PA

< 8F ——Go0 o
- ——G1 T84t
‘g 7F —v—G2 €
5] ——G3 -g
E 6} &
2 2
o 5 o 80F
ovr KS)
g g
o4l o
6 8
o3l 276}
£ £

2k

1 1 1 1 'l 'l L 1 7'2 1 L 1 L 1

0 100 200 300 400 500 600 700 800 PA GO G1 G2 G3
Time /h

POE - g- PGMA/ %

8 PA6 5[ POE-g-PGMA 7 &t PA6/POE & 42 W /K 28 HH 5«
(2)0~768 h /K F il £k ; (b)768 h AS[7] POE-g-PGMA 5 FEIR /K 3 i £
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