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Young Sil Lee, Seul Ki Lee, Jae Hyung Kim, and Kwan Han Yoon'

Dept. of Chemical Engineering, Dept. of Environmental Engineering, Industry-Academic Cooperation Foundation,
Kumoh National Institute of Technology, 1 Yangho-dong, Gumi 39177, Korea

(Received November 16, 2018; Revised January 14, 2019; Accepted February 4, 2019)

X5 B AT E multi-walled carbon nanotube(MWCNT)7} 718 polyamide 66(PA66)/poly(2,6-dimethyl-4,4-
phenylene ether)(PPE) B =% A %3515 t) olnf] £84- =7t t}2 2572 PPE-HES d%)9} PPE-L(&2 Zq‘:)
o] ARE-EIY}. BAl= A|Z Alol 3 phre] styrene-ethylene-butadiene-styrene(SEBS)7F HE2A /A= 2250

2 phre] MWCNTZF ARE-EIQEE, 71A1F Q] A3 171290 JAS 783198 W PA66/PPES] S#H]7} (80/20) 2
(60/40)21 EAI=9] Aol 43I0t MWCNTE] gkl w2} PA66/PPE-L(80/20) Ed=2] 7|AIX A&
MWCNT 2 phe7H< = Z7}slthrt 2 o)ake] dhakoll A= MWCNTS] $-3ol| olall 7+435131th. PA66/PPE-L(80/20)
Bz e] A7) Axkes 7AA -3 FARH MWCNTS] shefol| we) S7F32 MWCNT 2 phroll A AAlE
TE YERITH

Abstract: Polyamide 66 (PA66)/poly(2,6-dimethyl-4,4-phenylene ether) (PPE) blends containing multi-walled carbon
nanotube (MWCNT) were prepared. PPE-L and PPE-H having different melt viscosity were used. During blending, 3
phr of styrene-ethylene-butadiene-styrene (SEBS) as an impact modifier and 2 phr of MWCNT were added. The PA66/
PPE (80/20) and (60/40) blends were considerable in terms of the electrical and mechanical properties. The mechanical
properties of PA66/PPE-L (80/20) blends were increased up to 2 phr MWCNT and decreased at the higher composition
of MWCNT due to the aggregation of MWCNT. The surface resistivity of PA66/PPE-L (80/20) blends was decreased
with the MWCNT composition, and showed the percolation threshold at 2 phr MWCNT.

Keywords: polyamide 66, poly(2,6-dimethyl-4,4-phenylene ether), blend, mechanical properties, electrical properties.
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HEBAEG BIGFORA A2be] HEHE FUND F 9
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2 ApelMe MR HIFEA O R 4olA] %= PA66/PPE
B =0 EsAA T4 E3A 2 maleic anhydride(MAH)
7} Z2ZEH styrene-ethylene-butylene-styrene(SEBS) (MA-
graft-SEBS)E 3 phrZ 37Fsled MWCNTe] 24k 3 -§-59]
FAFS FFR oM By G849 MWCNTE X3sh=
PAGG/PPE ERI=5 Azl Bll=e] A7 w3} 71414
dde SHskinh

4 3

Aot o Mz, 2 AFodA AH8-SF PA66= Solvay SA®]
A T3tk PPEE LG Chem., IncollA] 8] S4jo)
o 2 72! PPE-L(GP 1000D)2} PPE-H(GP 1000A)Z 7+
v she] AL-E-3F31 o™ HIPS S} alloy¥l & B ¢] mPPEC| T}
MWCNT:= Applied Carbon Nano Technology Co., Ltd.2llA]
TFrjEtRoH, 2= 95%, Hit A2 5~20 nm, 4ol
10 um osteltt. PES B3 EAE oM FHRPAZ

Zay, Al4378 A|35, 20193

$ ol SEBSE MAHZF Z# ZE ¥ J e 2 Asahi Kasei
Chemicals Co., Ltdol|A = 3}it}.

MWCNTE Z&sh= PAG6/PPE EHlEQ| XM=, Ed=
< co-rotating twin screw extruder(LG Machinary, L/D=42)
£ o]&sto] Azt ol 4=71¢] &%=+ hopper?]
180 °CEHE] 2d7kollA] 250~260 °CE At the]2] 240 °C
2 I3 screw speed= 50 pmeE 31910 feed rate
+ Skg/hr® }3Ath. PPES] i s 540 mE Eds9
5733 MWCNTS] gl w2 9&= dotrira 1A
MWCNTE Z3sk= PA66/PPE S3I=0)A 2 572 PPES
PA66S} 4o Blasitt. BTt iAo v Ae
PPE-L, =2 Z& PPE-HZ 1313121, PA66/PPE Ed=
o] ZHE 71202 s PPES] o] xhal sl
PPE-L_x =% PPE-H x& #7138l th. MWCNT= 2 phr=
TR on, 48 3A MA-graft-SEBSE 3 phr2 724}
Ak,

MWCNT®| daFs Yotz PA66/PPE-LS 80/209] =
Ju|= 8 3kaL, MWCNTS] 345 0, 0.5, 1.0, 2.0, 3.0 phr
2 st EA=S A=t 4R SEBS| ohd 3
phrZ 3733815

SHEAM. B 714 8E B A7) AxEE 46t
7] §late] BE AJHS AEE7](PRO-WD 80, 52119H)E ©]
£3led AIZ3IL). PAG6, PPE-L 2 PPE-H| §-83EE =
371 918+ rheometer(Discovery HR-2, TA instruments)
£ ARSI 300°C] A4 91718kl HMEES 1%E
73} angular frequency 10°~107 rad/se] HeINA 5293}
Atk MWCNTE 23F8= PA66/PPE Edl=0] BEZA]
ZHS 918t Izod TAAE A1HC] @S FE-SEM (JSM-
6500F, JEOL)S.2 A3ttt AGAEH Z3FA1 P2
UTM(AG-50 kKNX, Shimadzu)g AFH&-3le] S4 A A%
AlgLe ASTM D638 1142 wet 150 mmx12.5 mmx3 mm
o] dog-born FEL] A|HE AREEITE. 50kN ZEA-S Af
8592 crosshead speed= 50 mm/min, gage length=
100 mm= A4 st 2341392 ASTM D790 whet
125 mmx12.5 mmx3 mm®] A]3H-S ARE-31e] 3-point flexural
testS AAIBIATE 50 kKN =4S AR5} 3L support span
S 25mm, crosshead speed= 5.1 mm/minZ 3} %t} HEk
Model 92T(Tinius Olsen)E A3l Izod 54 AlEE AA]
Stk AEF42 ASTM D256 4L u} VA Fel= 7]
o] 2.5 mm =X (notchyE TFEAT € WY 2o 9y
L= =2 7](Model 603 HDTM, Tinius Olsen)E ©]-& 3}
ASTM D648l W} 125 mmx12.5 mmx3 mme] A]H-S A}
8313 3-point bending modeE AFESIATE T2 S
2°C/minZ 3}3L 0.455MPa®] $8S 7ls|& F AlHo]
0.254 mm HEFE A9 228 SA3I%TE MWCNT =9
o A% AVAEA oA B ZF gkl wE A4 54



MWCNT 710l 28+ PA66/PPE Eal=o] 7] 71414 442 333

S Yol 7] 938 2-point probe] ACL 800 Megohmmeter
(ACL staticideys AH&-ste] 9 #1312 543131
21 Y EE

Complex Viscosity. PA663+ =7} TF2 2%7-¢] PPEY]
complex viscosityE Figure 19 YEF 21 TF PA66+= shear
rateo] Wl A=7F A9 HIA] & Newtonian A5 H
0]3Z 9J3. PPE: shear rateo] Wl =7} 743} shear
thinning -5 X.o]3 Ut} AH8-E PPEE= PA66ETE A=
7t E AL L 5 A 2579 PPES HA=9 =)0 ue}
PPE-L3} PPE-HZ %93}

SENE, MWCONTS *3H3l= PA669F 2% 72| PPE ¥
PA66/PPE S =2 &E|SkS Figure 20 LYERNSIT). Figure
2(a)pllA Hod A= AAE MWCONTE Atz o2 31314o)
=& PAG6C] TAte] 2 Ho] SlaL AR FIsPdo] W
& PPEC= #4to] & 9FE| 7 Figure 2(b)$} 2(d)ellA] H.od
T AAY & GojglE gk A B F ) oA
Bz = 2 JeRdal u). Figure 2(c)e} 2(e)ollA He
F%0] PPE-L 203} PPE-H 20¢] Eal= ZAolA] MWCNT
7} PPE EH|¢1A ol = EA)61A] a1 PA66 PHEZ 20wk B
2] e AE E 4 AT

Ealco| 22|X MZE. PA66/PPE El=9] E2)2 AHALS
Z7g3}o] Table 19 YJERNIAL Figure 39| MWCNT®] &HaF
o] 2 phr¢l PAG6/PPE B&l=9] 214 AlE AAES YehiA
t}. Table 20 Eo7 uiel 7ro] H7)2 A1 FA35k
< AlQstare o] 717414 E4¢] MWCNTS] gheo]
2phrd W HZ 9] 3hS VERAAL Q7] wiEe] E=e] B4
< 2phrd WE 71FO =2 3|43 Figure 3(a)ollA] Kol

10¢

o N\

100 f W

o 4

Complex viscosity (Pa.s)

102 b

1o L I
10 10°

Angular frequency (rad/s)

Figure 1. Complex viscosity of PA66, PPE-L and PPE-H with
angular frequency.
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Figure 2. SEM images of (a) PA66; (b) PPE-L; (c) PA66/PPE-L
(80/20) blend; (d) PPE-H; (e) PA66/PPE-H (80/20) blend (All
images contain 2 phr of MWCNT.).
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Table 1. Physical Properties of PA66/PPE Blends Containing 3 phr MWCNT

Tensile Tensile Tensile Flexural Flexural Impact Surface
Polymer codes strength modulus elongation strength modulus strength resistivity
(N/mm?) (N/mm?) (%) (N/mm?) (N/mm?) (J/m) (ohms/sq)(x10)
PA66 62(+2) 2170(x10) 6.8(£0.5) 62(£1) 2090(£10) 72(£3) 1340
PA66/PPE-L(80/20) 47(x1) 2130(=10) 5.9(x0.3) 44(£1) 1580(x10) 41(x1) 2.1
PA66/PPE-L(60/40) 43(x1) 2090(+10) 2.9(x0.1) 46(+1) 1750(£25) 26(%1) 6.2
PA66/PPE-L(40/60) 37(%1) 1920(£20) 3.8(x0.3) 49(x1) 1870(£20) 26(+3) 10.3
PA66/PPE-L(20/80) 39(x1) 1860(£10) 6.8(£0.5) 45(x1) 1610(£10) 29(x1) 325
PPE-L 41(x1) 1910(%10) 11.7(£1.0) 51(x1) 1790(x10) 70(£3) 1850
PA66/PPE-H(80/20) 60(£2) 2130(x10) 7.7(£0.3) 57(x1) 1940(=10) 44(£3) 1.9
PA66/PPE-H(60/40) 56(x1) 2100(=10) 4.9(x0.1) 57(x1) 1950(%10) 28(%1) 52
PA66/PPE-H(40/60) 43(x1) 1950(%£12) 3.4(0.1) 44(x1) 1750(=10) 22(£3) 11.3
PA66/PPE-H(20/80) 46(x1) 1800(%10) 4.9(x0.1) 41(x1) 1360(%5) 27(%1) 34.6
PPE-H 58(£2) 1900(£10) 7.1(£0.2) 48(x1) 1500(%10) 60(x1) 1750
Table 2. Physical Properties of PA66/PPE-L (80/20) Blends with MWCNT Content
Tensile Tensile Tensile Flexural Flexural Impact Surface
Polymer codes strength modulus elongation strength modulus strength resistivity
(N/mm?) (N/mm?) (%) (N/mm?) (N/mm?) (J/m) (ohms/sq)(x10®)
PA66/PPE-L 36(%1) 1870(%10) 7.5(x0.5) 52(£1) 1090(£50) 32(+2) 1x108
PA66/PPE-L(0.5)° 38(x1) 1930(%10) 7.4(+0.4) 50(%1) 1180(£50) 35(%1) -
PA66/PPE-L(1.0) 41(£2) 1990(%10) 7.2(+0.1) 49(£2) 1350(%50) 39(%1) 1350
PA66/PPE-L(2.0) 47(x1) 2130(x10) 5.9(=0.3) 44(x1) 1580(%10) 41(x1) 2.1
PA66/PPE-L(3.0) 43(£1) 2060(£10) 2.9(x0.3) 41(x1) 1460(£50) 36(%1) 0.1
“Blank represents for the MWCNT content (phr).
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Figure 3. (a) Tensile strength; (b) tensile modulus of PA66/PPE-L
and PA66/PPE-H containing 2 phr MWCNT with PPE content. Dot-
ted lines are the values calculated with eq. (1).
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