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Abstract: The microstructure of nylon/poly(phenylene ether) (PPE)/graphene oxide (GO) composites was investigated.
The major interest was focused on the effect of mixing protocol on the dispersion and localization of GO in the com-
posites. When the three components are blended at the same time or nylon/GO is premixed prior to the blending with
PPE, GO particles were mainly placed in nylon phase. By contrast, when the premixed PPE/GO is blended with nylon,
the state of GO dispersion was remarkably improved to yield an exfoliated structure. Furthermore, some of the GO were
found at the interface of nylon and PPE. In this particular phase structure, the average domain sizes were significantly
reduced and maintained stable after the annealing process. It was found that the shear sensitivity and storage moduli of
the composite were increased and the crystallization of nylon was limited by the GO platelets located at the interface of

nylon and PPE.

Keywords: nylon, PPE, graphene oxide, phase morphology, nanocomposites.

M

rh

237 RAECEE dzelje 28R AR 4

eH Fol EHHOR UAY e T FRE
TRk 2 AR vho) o] HEA A B A
2% 9lste] BASE o) e ¥ IRAS 4849 =
Aol wEsolo} ditk, AFg4e] Aelw A} et e
A A Bse] gesle BE mE 2ezE e T
ZIAE EYAG 74 IRAES] 5312 ALL B3

"To whom correspondence should be addressed.
E-mail: hkim@dku.edu
©2017 The Polymer Society of Korea. All rights reserved.

804

o W3 FE3H WS Folo] olFe] A= Al
A5k, AR 7Fs R 2887 EAA A, A3t
4 o] et 77y Sl o A8t AR

388t PHe A = 3
2 F 2ol thget TFe =g
Z=Qste] WA At Bl 8% B ¥
A g e 710l AEEX Atk e st LA}
e @42 v 2AY
T ohet aRAE} e
AeAgo R Puiglol e
&

o

1o e ox e 4

Fe
s
cﬁ,
lo
g
o,
)
4z
HE

S8 TSk AR TRAS heBYe] TR 24 0
Wo] FhsakA R Mg B



rol

Festel] a5 verd e A vegdert et
AT EAFe] Aol EAlsfiof sk Aol olHg A4
e AEST AV AW Aol ave 2dE f
T glom, ofge] AWe] AEt STk Eabde] ¢
Al (coalescenceys AL T vt AN vi-¢- F838H
thRoj Ao} gtk &, Agste] S ] A A2
7] Ao 2 Hrtshs AL AR 2o tdAlA
AR Txrt drbg KA o2 fAlE  deEAE &
QlEfojof gt} eiivkeld, Huked 3485 Fskd 78 &
AT Rk e AV A7 @A TR 5
71 BRI FolEs G g ol ofste] Az
7} WE Apolls AREA Y Fwe A delo] Brlsst
7] w{o|tt.

Nylon/PPE(polyphenylene ether) £#=+= nylone] T8 <!
Tl o3t BEAHEE BAst & 9low, IfE

-

A
2Rl wgo] 7he ek AsARE oA, kg AWl
3t 4==]e]t}, Nylons} PPE= 8
A AET 83 7o 28] asty, HTAHCEE
MAH(maleic anhydride)= 7]l 2 ¥ SEBS(styrene ethylene
butylene styrene) =5 MAHZ 7J 2% PPES =Y ale] w3
Y& Foto] AlxEt 4, Cao 52 ol v 7N
A WS ARA] 2231 GO(graphene oxide)s ©1-83514] nylon/
PPE Bl=0] 38317} 7Fe ks Halsl%l oM, nylon/PPE/
GO 3ol gk Aol =7] s, dial 7, i 2L
T2k GO9| A5 A Foll thete] @it o] W
e 34 AXA &L 1hds] e
Bl GO -3t 71A1A A=, A
T 5 FAE AN F doke &

)
ro
e

~
O:
ob
X
il
1)
i

rr

ox R rlo k

T A = U
o] e] Ao A nylon/PPE E=0] thdk GO2| 7383}
7t AZRE (AR A} AdollA GO2l A7]eF FAF f1X9]
st ARIT FoIX]R] esit) Huked 3L Faled ALk
= Pl 9] mlAlEEe] tidk AR} ofsl= At &
79 FH3E Q3 A0l Qo) upeha B o)A
= GOE ©]&-3t nylon/PPE £ =9] J-83lolA & =3
of W HEAS A P28} fH B4 HskE ZARIIT

Al =2

MI. 2 Ao ALgd AMFEE AYdstd E2 24 nylon
(PAGYS Zig Sheng A}2] TP4208(dtH3 %= 2.43, 96% A
S A}838193L, PPEE Bluestar AF2] PPE-BLLV(M,=19500,
M,=33200)2 AH&-3F9 . GO Standard Graphene A}
GO-V30-10(C/0=~50/50)y2 AFH&-3lHom 2E AlE= &8
=3 Aol 1F 7Ax71E o83l 80 °CollA 2417F 713
ATk

#H Z710] Nylon/PPE/Graphene Oxide E-3|2] 2730l mx|& Gk 805

£ M0 mE SEH M= B2E 53 uix 94
(Rheocomp, MKE)IA4] 260 °CollA4] 60 rpm .2 #| 23} T}
£ 2571 A= =5 A5 GO W3t Hjle] €
UormE Fo7t sty Ao FYHE i T
50 go] 2 nylon/PPES] H]-&-& /12 FA8IeH, GO2 3
F2 05w/t HEE Arielnh £ A9 93 It
o}alarzl A nylon, PPE, GO Al &S FAo] T3]
1027F £dsk= 271 (218} nylo/PPE/GOE A )S 483}
Aom, PPE/GOE WA A|Z23$t Fof| nylond} EHsk= 271
(©13} nylon+PPE/GOZ HA1)3} nylon/GOS HA| A3t 3
of PPES} £ 3= 27 (°18) nylo/GO+PPE)S F7H= Al
Y319t Nylon+PPE/GO2] AZ2E $15te] WA PPE/GOS
tetrahydrofuran(THF) -&-<}ollA] 4A)7F iyt & wehe-5 ALS-
sl SFAIA 80 °CE FAIE= g A7) 24417 A
ZBFUTE! PPE/GOS] A|Z7} -89 ZJefellA] o] Fofxl o]
£ 88 & H83 A9 GOl walz <lgh obd EA7f
A 4 A7) wZoltt. o]FA] FH)E PPE/GO= BiA] B
Aol HA FYEo] 5E7F 88F nylond] FHH O] 5E7H
EdEsIth 39, nylon/GO+PPES] %3-S Adjal7] $lsied

nylon/GOE WA x| ZA{eA] 587+ &8 Fof PPEE F
Yate] F7HE 5w7F S-sIslth 72F &1 20 wEkA A

7]
X BFAEL 4S8k o= 484371(260 °C, 90 MPa)
AN FA 1 mm, AE 25 mme] tj23 Je|= APt
24 3 X, B30 EA8k= PPE 4] 271 |
3= #Esl) Ydte] A FE A Fa 2E0A JEAA
Fo = FYsF & FAL AR} #nH(SEM, COXEM CX200,
< HEST Fr ] K-S Hke)

7] $18te] AFE Al 220 °CollA 2087+ EXE] & FH)
gto] WslE HAslTh. SEM T2t obx, W Eksk At

[e)

PPEE A o2 AASIATE A HollA GOgl 4t 4
Tof A= AANE FHAHAERH(FE-TEM, JEOL
JEM2100F, 200 kV)< o]-&ate] &4 akdch. zpAl g miAl+
9] B3-S 95kl AA AL oA FA| wlo|AZRF
(Reichert-Jung)© 2 AlH-S FAetslSit. 53419 GOE AZ
st7] f1ste] Q)M -7HA A 33 A (UV-Vis spectro-
photometer, Mecasys 2120 UV)E ©|-&3}o] #4313 T}. ©]
] ENEE AlEE B3A|ES formic acidollA] 1A17F 59t
SHAA AAE EAS ARSI e 58S el
348 #QHE(AR-G2, TA Instruments)S AFE-3I3Ith =
-2 260°CollA 7 1 mm, A5 25 mme] T2 AH-&
283t AldEiiTh. AR E(G), SHBPEG) ¥ &
AR (e SHs] Sl A AR FHERE 1%)e]
A FA Fake 2y AEE Adslnh =3 HAE ()] A
GEE EAGS Tokel] flal B £ %S Xedsisict

3 Wel 2784 Wske dEsb] flell XRD A4S A

Polymer(Korea), Vol. 41, No. 5, 2017



806 o5

Yttt F7z X-A 34 " o]H = Xeray diffractometer
(Ultima IV, Rigaku)E ©]8-3to] F53at9om, 714292
40KV, 300 mA 270l a5k

Zn o £
Figure 19 Al 74 & W o 2 Alxd H3A] st
HE SEMO R #ze AFE AASHATE HAl A3t
1=]

= PPE BAMte m3le] 1RE 5 glon, Aew 9 0
Hol| wag} BAakite]l =717) vl wdelA Halks AL 3kl

Figure 1. SEM images of nylon/PPE/GO composites: (a) Nylon/
PPE/GO; (b) nylon+PPE/GO; (c) nylon/GO+PPE.

Za, A418 A 55, 20174

- RBs

& 4= it} Nylon/PPE/GOS} nylon/GO+PPES] 7490l 217
o] 10 um o] & YA=Eo] FAEARE, nylon+PPE/GO2]
Agolls Eabdel A2717F A AL 1 um ]3]
nAE A=) 7F STk oF 2.5 pm A AleS W
ERNSIEE. PPE #4Hde] Z717F 10 pm Btk & 9= 38
3HA|7F 3R] & nylon/PPE(9/1) BRI =M= 2k

221 nylon/PPE/GOS} nylon/GO+PPEYIA = GO2| “3-8-3}
g37) mjekst Ao FHET) Figure 1914 HlnE 52
AEE] EA == Setol TS EAFe] 7] W3
Figure 20 YERN UL 38371 G344 02 o] Foj=|A]

e

Yoo o

20.0(KV) SP=12.0 wozm.l\mkx 1
- %

Figure 2. SEM images from annealing test of nylon/PPE/GO com-
posites: (a) Nylon/PPE/GO; (b) nylon+PPE/GO; (c) nylon/GO+PPE.
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Figure 3. Effect of annealing on the number-average diameter of
nylon/PPE/GO composites prepared by different mixing protocols.
Bars indicate standard deviation.
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Figure 4. UV analysis of nylon/PPE/GO composites (each sample
was treated with formic acid to selectively dissolve away the nylon
phase): (a) UV absorption spectra; (b) comparison of absorbance at
270 nm.

Figure 5. Photographs of nylon/PPE/GO composites dissolved in
formic acid: (a) Nylon/PPE/GO; (b) nylon+PPE/GO; (c) nylon/
GO+PPE.
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Table 1. Surface Tension of Materials Used in This Study’

Material Y ¥ (mN/m) " (mN/m)

Nylon6 41.7 15.6 26.1
PPE 28.4 222 6.2
GO 49.1 19.8 293

Table 2. Calculated Interfacial Tension and Wetting Coefficient
of Nylon/PPE/GO Compositess

Interfacial tension, Wetting coefficient,

Components ¥ (mN/m) o,
Nylon-PPE 13.4
Nylon-GO 0.69 -1.08
YpPE-GO 15.2
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Figure 6. TEM images of nylon/PPE/GO composites: (a) Nylon/
PPE/GO; (b) nylon+PPE/GO; (c) nylon+GO/PPE.
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Figure 8. Effect of mixing protocol on the XRD patterns of nylon/
PPE/GO composites.
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