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Abstract: The ENR 50 having the lowest gas permeability was blended with Nylon 6 which exhibits superior gas per-
meability, excellent wear resistance by using a twin-screw extruder. The blended materials showed the increased gas bar-
rier property and physical properties, but did not yield a great synergistic effect due to low dispersion of Nylon 6 to ENR
50. To improve dispersion of Nylon 6 in the rubber matrix, maleic anhydride (MAH) was grafted to ENR 50. The grafting
reaction between MAH and ENR 50 was evidenced using IR spectroscopy. The grafted and blended materials, ENR 50-
g-MAH/Nylon 6 compounds, resulted in an enhanced gas barrier property and physical properties compared with com-
pounds without MAH. The compound at 5 phr of MAH showed the highest crosslinking density and the best per-
formances.

Keywords: ENR 50, Nylon 6, maleic anhydride, graft, gas barrier property.
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M= WAool 2 IE71E 7= 98F-EA epoxidized
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T deelako® TEiZerd ENR 5000 Nylon 62 £33 714 2apeA] w1 vighs 771

50 mol% ©]/¢e] o FA|stoA ZIAAFHA o] THanak] Wi
] ENR 5082 ZAAsI3ict.*

SAEAeke] EREE flaix AALTFE WA=
] olgh JiEE HANT= oA 7] {FRe] SART o
£ £ ENR, maleated natural rubber(MNR), PMMA7} L
YPZEE HATF Fo| At} o]y MEHE AT =S
Nylon 6, poly(ethylene-co-acrylic acid), poly(3-hydroxy bu-
tyrate), cassava starch, poly(methyl methacrylate) 52 <4
IAEY BREATE AFEC] dEA Aok

AR v UA7E 7= dRE S53517] 9
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F8730] Skl BERlEs| ofe]e F 2Alo]l MAH}E &
T e R Agste] £o] 7hssixin o]H g A
%ko 2 EPDM, EPR, NR 59| H|F/] 3759 MAH
HZEA AN G7EA SepiEHe] EREE A XS]
ATFE HH ZZE RESS & AJEollA o]Fofx]
NAIAZE benzoyl peroxide(BPO)7} ARE-H T} 52

2 AFollM = FALEAR] Nylon 62F NEH AAIF-
2l ENR 505 Edl=ste] I, A, Q1Y, A, 71AAF
4 5S S48t 2 F o v B4 2 AR &
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At &/ xE. 2 A fl8] 9S3F= ENR 50(Epoxy-
prene 50, Dynathai)S ARE-31533L Nylon 6(BASF, Ultramide
B36)E A&-313 T} ENR 503 MAHE L ZEA]7]7] ]
3 7] A1 Al & benzoyl peroxide(BPO)E AH&-33 1 &uf &=
tetrahydrofuran(THF)E AHE-3F T 7HA| 2 sulfur(H) g 3h
=), WA stearic acid( A 3}), 7S ZA 2= zinc
oxide(tN sk=), 7FEZIA| 2 tetramethyl thiuram disulfide
(TT), dibenzothiazole disulfide(MBTs), A #| 2 7}&E-2
(Evonik, Corax N550)°] AR&-5] 21t}

ENR 50-g-MAH2| M=, &xA| 9} w77} F2e
2000 mL Fo]d| 2 wh-ZE FH|SFAL, THF 1000 mLS &
2 60 °ColA ENR 50 100 g& =%tk ENR 500] 25 =5
< F dhgxo)] ATt E AR dECA AR Sk T
ol AA A JHAAE BPOE 1 g, MAHS 0~5 phr7}
2] HEgFslo] Wil 25°CollA 24417F B<t 90 rpmOE HESA]
ZAct. ¥hgo] ¢k5d § oplE 9 EE AIFS kal 40 °Col

A 24A7F B AZA AT

Melt Compound. Nylon 62 90 °CollA] 24417} B9t A%
AT} ENR 50-g¢-MAHE 27| Z2}A] Nylon 69} o] o]
=9 =79 7 L5 = 190 °C(zone 1), 220 °C(zone
2), 225 °C(zone 3), 230 °C(die)Z 27 3loIA wistslAct &
J%¥ ENR 50-g-MAH/Nylon 6 8] &E&2 10%7F A¥staL
50~60 °C2] ZA3}ol| stearic acid, ZnOZ ¥ 587+ £&3t
F ZAAI0 AREHS Y 1087 E-3 H 7139} 7F
FEAE WL 5wz sttt EdE g TE 9%
St RS 7 B o ® SR & 2ol 7t
e GEFZHEE 160 °ColA] ZF viFErth #HorHE &
At 1,0 AZFERE S 7ERE 2 43S TSk
o}, FE3F 722 W0 2 Nylon 62] HIEHE UjFore] a3}
& dolr7] fEiA MAHE L ZEAI7IA] 22 ENR 50
o Nylon 65 ZAJHE=E FHsl] &5 Aot wigt=4d
"] Tables 13} 291 YeR A
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Table 1. Compound Formulations for ENR 50-g-MAH/Nylon 6

(unit: phr)
Samples
1 2 3 4 5 6
Components
ENR 50 100 100 100 100 100 100
Nylon 6 10 10 10 10 10 10
MAH 0 1 2 3 4 5
Stearic acid 2 2
Zinc oxide 5 5 5 5

Carbon black 10 10 10 10 10 10
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
MBTS 1.5 1.5 1.5 1.5 1.5 1.5
TT 0.5 0.5 0.5 0.5 0.5 0.5

Table 2. Compound Formulations for ENR 50/Nylon 6

(unit: phr)
Samples
A B C D E F
Components

ENR 50 100 100 100 100 100 100
Nylon 6 0 2 4 6 8 10
Stearic acid 2 2 2 2 2 2
Zinc oxide 5 5 5 5 5 5
Carbon black 10 10 10 10 10 10
Sulfur 1.5 1.5 1.5 1.5 1.5 1.5
MBTS 1.5 1.5 1.5 1.5 1.5 1.5
TT 0.5 0.5 0.5 0.5 0.5 0.5
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o] Fx A4S 98l FTIR(Spectrum 100, PerkinElmer)S ©]

&3to] BIsIATE 5742 4000~650 cm '] W= S

scan= 4, resolution= 8, =42 ATRZ 3} th.
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o] By Z2¥]3 wE ENR 50-g¢-MAH A1Z2] FAolt},

JInUE =M. ASTM 6204 w2 wjdhe 7e] 7lad
=5 A7) $18ked @l 2 E (Myungji TechAl, DMR 200)
ol g3l 43tk SIS 160 °ColA 2087+ =
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QLT o} MEE Y. HF7HE Al dFZE 2T E9
FAE °F 3mmZ 3l] IFHEE A|Z § o] FEE ASTM
D-4129] ©Hd 25 AHE A 2kste] WAl EA1E 7] (United
Calibration, SFM-1)E A&-8t] Z43I3itt. ojwf) Qg
= 500 mm/min ©|Ath. ¢ ME & 7] AAS A 2ste]
7P T A 7P e FRIE ALS ) AE wke
B2 & At

d= =X, ASTM D2240°1] 2Jal] A=k aFe] Axs
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bottom flow 10 mm*/min, % 23°C, bypass time 603,
purge level 1, 8000 & At st on Fa= W
sh&o] 1% PRk Aol 2Hd3] QK E ZAI R R st

ox

1\

1o

ZaH, #3748 A63, 20133

AEE =4317] 93ske] Mooney Viscometer(Myungji Tech,
TH-200)& °l-&-3sted SA skt oldl 742732 100 °Cel

A AGBE 187 AGR F 427 P HEE St

He|M BZ EM. ENR 502 MAH7| 2B ZEHJEA
3elsl] 915l IR-spectrum 74313 1 12| ZE Figure
1ol Jehi9lth. P 2578 ENR 502] ¥|3o|H A, B, C&
ZFz} MAHZL 3, 6, 9 phr 71t 13| ZE BESAIZS wf
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Figure 1. IR-spectra and structure of ENR 50-g-MAH compounds.*!
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Figure 2. Effect of concentration of maleic anhydride on quantity of
grafted maleic anhydride and absorbance ratio.
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Figure 3. Rheograpic curves of ENR 50/Nylon 6 compounds.
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Table 3. Vulcanization Properties of ENR 50/Nylon 6 i ]
Sample ML MH M oo . b = 28
Time(min)
A 1.8 19.7 17.9 6:44 . .
Figure 4. Rheograpic curves of ENR 50-g-MAH/Nylon 6 com-
B 23 20.8 18.5 10:29 pounds.
C 2.4 21.3 18.7 11:37
D 2.6 22.0 19.6 11:44 6.0
E 2.7 23.7 21 11:09 . _\ p L 560
F 28 244 21.6 12:37 ol . V.
§ L 540
= 45 __/' —~
Table 4. Vulcanization Properties of ENR 50-g-MAH/Nylon 6 s i 530 é
S 40- e s
5 ) L 520 &
Sample ML MH M too S y \R. E"
2 33 253 22 11:55 - — 510 (5
= 304 ’
3 34 25.8 224 12:30 g \ 500
25
4 35 26.5 23 12:49 . - . . . . 480
. 0 2 4 6 8 10
5 3.5 27.7 24.2 13:05 Nyich 6 b0
6 39 29.2 253 14:26

Figure 5. Mechanical properties of ENR 50/Nylon 6 compounds.
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Figure 6. Mechanical properties of ENR 50-g-MAH/Nylon 6 com-
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Figure 7. Tear strength of ENR 50/Nylon 6 compounds.
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Figure 8. Tear strength of ENR 50-g-MAH/Nylon 6 compounds.
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Figure 9. Hardness of ENR 50/Nylon 6 compounds.
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Figure 11. Mooney viscosity of ENR 50/Nylon 6 compounds.
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Figure 12. Mooney viscosity of ENR 50-g-MAH/Nylon 6 com-
pounds.
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Figure 13. Oxygen transmission rate of ENR 50/Nylon 6 com-
pounds.
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Figure 14. Oxygen transmission rate of ENR 50-g-MAH/Nylon 6
compounds.
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