7Fex 20 diE Tk FMHEUFH(ICNT)E 1991d &7

J. Korean Ind. Eng. Chem., Vol. 19, No. 2, April 2008, 161-167

T

c|oEHINEO IS 20 IEFIELIERE LI=SEiH2| HixE H =Y

IS - FW2 - YBH° - wOis* - DA - Ly

AFisha 34k BK-21 BIN §37]& 79, *d3stn dadggsa), *sdetn b et
(2007 5€ 184 A7, 2007 9€ 27U A

Preparation and Physical Properties of Poly(ethylene-co-ethyl acrylate)/
Carbon Nanotube Nanocomposites

Jeong Ho Kook, Kwang-Un Jeong, Jong Seok Yang®, Dae Hee Park®, Jin Hwan Go**, and Changwoon Nah'

BK-21 Polymer BIN Fusion Reserch Team, Chonbuk National University, Jeonju 561-756, Korea
*Department of Electronic Materials Engineering, Wonkwang University, Iksan 570-749, Korea
**Department of Polymer Science and Engineering, Sunchon National University, Suncheon 540-742, Korea
(Received May 18, 2007; accepted September 27, 2007)

SR E(MWCNT) 7 733t Zeloddlcdol o] E(EEA) YB3 AE €83 S8 oz A
Z3I5lek R R re] e W st mE VA1A, A, A714 E4E ZARISITE MWCNTE] §Hgo] S715tel
g} AL, BEHAE SN, ShAES At @2 FEHe] MWONTZF 4REE ] MWCNTe] H] S|
e JIAAE 2 ShIAES JERA ST MWONT $Hgo] S71ste] wat oF 40 €] dRsll=%e] & Btk
A718 523 8 A9 7P B AVAE 5L eI, SE3 ] B9 LR MWCONTZF &2
MWCNTHT} 52 A4S B3It MWCNTS] gHeo] S718krs dhdhd 912 EZ5E ONT 571 $7Fek5ia, 9%
HY S 7lshd 39 A2 535 ONT 59 Aol7t a4 S7Fisith &85 AlHo] §dE3te) v =% CNT9)
F9} o7k dA3] woprh

Multi-walled carbon nanotubes (MWCNT)-reinforced poly(ethylene-co-ethyl acrylate) (EEA) nanocomposites were prepared by
both melt and solution mixing methods. The mechanical, thermal, and electrical properties were investigated as a function
of type and loading of CNT. The tensile strength and modulus increased, while elongation at break decreased with increasing
MWCNT content. The hollow-type MWCNT showed an improved tensile strength and elongation at break compared with
a conventional MWCNT. The thermal degradation temperature was increased by around 40 C with increasing the amount
of MWCNT. The melt-mixed composites showed the highest volume resistivity. In the case of solution-mixed composites,
the conventional MWCNT was estimated to show much lower volume resistivity than that of hollow MWCNT. The number
and length of extruded CNT onto the fractured surface increased by both increasing the content of CNT and employing the
tensile strain to the sample. The melt-mixed specimens showed much smaller number and shorter length of extruded CNT.

Keywords: poly(ethylene-co-ethyl acrylate), multi-walled carbon nanotube, nanocomposites, morphology
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Figure 1. Chemical structure of selected polymer matrix.
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2.1. X2

B AP AR nRA dEdsze
acrylate) (EEA, Dupont-Mitsui Polychemicals. Co. Ltd), poly(ethylene-
A4 53}3}),  poly(ethylene-co-butyl

poly(ethylene-co-ethyl

co-vinyl acetate) (EVA,
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Table 1. Formulation of Melt-mixed Composites (Unit: wt%)

Sample EVA EBA EEA CB MWCNT Additive C‘;ﬁ;‘f
EVA-CB38 538 - - 387 - 69 06
EBA-CB38 - 538 - 387 - 69 06
EEAMWCNTON - - 989 - 0 13 05
EEAMWCNTIN - - 979 - 1 13 0.5
EEAMWCNT3N - - 959 - 3 13 05
EEAMWCNTSN - - 939 - 5 13 0.5
EEAMWCNTION - - 889 - 10 13 0.5
EEAMWCNT20N - - 789 - 20 13 0.5

acrylate) (EBA, ARKEMA. Co. Ltd)S Agl3lie) & AgoA AL
B Ztzte] R wEg A9 3187-%Z Figure 10 YERSITE 12
F2} A& vinyl acetate (VA), butyl acrylate (BA), ethyl acrylate
(EA)S] A Ak&ol 3%%5101 ATk

AEAS Folsbr] Ast Az E v 7329 7RV eRA
(MWCNT)E NanoKarbon Co. Ltd. (27 30~60 nm, =% > 95%) %}
Iljin Nanotech. Co. Ltd. (27 10~15 nm, =% > 95%) AlFS AME-
stk obzd AEA FHEE(eER 29, CB)E 7 vlug-
07 Aelste] AMg-515lT). 7|24 zine stearate (Zn-St, Songwon
Industrial. Co. Ltd.), Mg(OH), (Duksan Pure Chemical Co. Ltd.), poly-
ethylene glycol 400 (Daejung Chemical & Metal Co. Ltd.), di-n-
butyltin dilaurate (DBTL, 95%)% AME8F311, 7FaA|Z2+= dicumyl
peroxide (DCP, 98%, Aldrich)E A8-3FITH14]. £HE3 A] A8
4-1fli= xylene (purity : 99%, Samchun Pure Chemical Co., Ltd.)] It}

2.2. AlH FIZ=HHY

22.1. 8 =&

S5 S-S o) &% 1A Y BEA|9] Az CB, MWCNT
ok 2 3}o] Table 10 Yehd ZAdn]of wa} Alzsk3ich
Al 7S HoPY <Al WE- AT SR A S|P R
2718150k AR AlE flete] ¢4l B ] Al wiEE
29} ZHAE 80 T oA 24 h AFA]Z] ¥, Haake internal
mixer (Haake Rheocord 9000, Haake Mess-Tcchnik GMBH, German)
= o] 2319 180 C, 60 rppme] F7IA A7te] wWE EWEE B
Fala A 823 A3sIATH15]. IA 1EAE ga a8} )
Yot i3] S8EHY B 4 e AES w, T34
A7HE 21 £ AAS & HFH o Bk 9 g
A& 7R Z3E shlck ﬂli% Ao 7lnA 2] M7= ol
1)(Mixing roll M/C DS-1500R, With Lab. Co. Ltd.)& ©]-€38+1 11, 15
pm . E 5 min 5<% £t Al Tt 9 A EAZE oF
218 7)(CMV50H-15-CLPX, CARVER. INC)E ©o]g-3}o] 4E9] 3o
2180 CelA 20 minzt ¢ A& 8ko] 100x100x1 (mm)<] A EHE)
2 AEE Azsksithi6).
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Table 2. Formulation of Solutiommixed Nanocomposites (Unit: wt%)
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Table 4. Tensile Properties of Solution-mixed Composites

Sample EEA MWENT
NanoKarbon Iljin Nanotech
EEA-MWCNTI-N 99 1 -
EEA-MWCNTI-1 99 - 1
EEA-MWCNT3-N 97 3 -
EEA-MWCNT3-1 97 - 3
EEA-MWCNT5-N 95 5 -
EEA-MWCNTS1 95 - 5
EEA-MWCNT7-N 93 7 -
EEA-MWCNT71 93 - 7
EEA-MWCNTI10-N 90 10 -
EEA-MWCNTI10-1 90 - 10

Table 3. Tensile Properties of Melt-mixed Composites

Elongation at Tensile strength Young’s modulus

Sample break (%) (MPa) (MPa)
EVA-CB38 55 + 37 10 + 1.5 66 £ 33
EBA-CB38 33+ 25 8 £ 1.6 63 = 5.1
EEA-MWCNTON 649 = 9.7 18 + 07 27 + 27
EEA-MWCNTI-N 596 + 12.8 18 + 1.4 29 + 2.1
EEAMWCNT3N 630 + 152 17 + 2.1 28 = 2.8
EEAMWCNTSN 525 + 135 14+ 17 30 £ 1.5
EEA-MWCNTION 521 + 138 16 + 14 40 + 3.0

WA 900 mL xyleneol] EEAE 50 C, 300 rpm Z713}ollA 2 h F<F
wHkEle] EEA €98 A9, 25 TC, 300 rpm 734 2 h B¢

CB% MWCNTE 100 mL xyleneol] ¥AFA]Zt}
300 rpm Z=Z13}elA] 30 min FF WRIAA T3] S35 §, Aol
A1 600 tpm OO 2 ZJstA| WRIAZIHA] of| g 1000 mLE 41413
Gojreg] YEAMWONT FHES A9, o9& S s T
3] AAT & 80 T XA 50 h T3 %% EEA/
MWCNT Wi E53HE Aest 45 A3WE 53l 180 C, 452 7
S & 1 min?t 45 AFS S T/ 04 mme] A EFEE A=

a3tk

o] L= B_ou_CL 50 °C

O

P

23. 7IAM=Y 58
7IAA = S8 A3

ns{‘
N

J(LRX plus, Lloyd Instrument, UK)

5 ARl A, EE 8l 98-S SIStk ASTM
D4128] BRI O T o} BeFe] Al S A=A L, 2ol A crosshead

[

speedi= 50 mm/min, grip F42 20 mmE 3lo] Al 54 43k

of Hakow AR

% %iz%k‘b_"ﬁﬂl(TGA TGA2050, TA Instrument)S A&
slo], A B2)7|sfol] ARHE] 600 CT7HA] 10 CT/ming] & 5o
A 2Eof mE AR A TAE SIS

2.5. M7|MEM =X
EEA/CNT WheiE3he] 7148 548 ERlsh] 8l AlES o5
S E8 F7 04 mme AEFEZE #2513 01, Hiresta-UP

Elongation at Tensile strength Young’s modulus

Sample break (%) (MPa) (MPa)
EVA-CB38 55+ 37 10 £ 1.5 66 + 33
EEAMWCNTIN 597 = 175 20 = 1.2 43 =31
EEAMWCNTI1 397 + 104 11 + L1 44 + 38
EEAMWCNT3N 588 + 129 21 + 1.7 45 + 45
EEAMWCNT31 395 = 164 11 = 06 45+ 09
EEAMWCNTSN 519 = 140 16 = 1.1 51+ 2.1
EEA-MWCNTS5-1 352 + 14.2 11 £ 0.7 51 + 4.1
EEAMWCNTION 357 + 13.1 13+ 19 54+ 35
EEA-MWCNTIOT 254 = 102 10 = 0.4 56 + 12

MCP-450 (Mitsubishi chemical)S o]&38to] A2 A2 vl
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3.1. 71H™ 24
Table 30l MWCNT 32k 3}o]] u}% E3 o] 2|3t EEA 7
9] QJIFEADS AAl dEAlolE W\ Zd%— Algel] Iz o s
AFEE T QlE MRS M) 74Jl~rE(EVA CB38, EBA-CB38)2] &
37 A JERIGITE g o® A ERFo] W EVA-CB38
9 EBA-CB38 74-%- & A7 l|A Al=X 1l 9l MWCNT 7} A}
2L B3l H& EEEAE UER JARE AT 9 skl
A5 ZHoM= 47 8~10 MPa W 30~40% 52 Ho|al gloiA
MWCNT 7} ko) vlg)] 453 @Skrh $hd, EEA/MWCNT
EEEAY] - MWCONT o] 571l we} Q=5 7}
S7Fek Rk, Spl g2 fhaehe A3 EQ Ads Bt §9-
WY 249 7] 77|25 Axkd &2 A8t vl
MWCNT 37} FAak-Erh a8 o2 GhA| vebsth o] H7HA19
shgzatolell A 7]1E @ o Rz skt b, SEAQ] AT
1 Bl Sl s MWCNTS 953 B3 E 3} ufjfof Za)
o] ool vlsf Al ekt
Table 4°ll= FNE3 ol 2]3 EEA/MWCNT YieE-3hAof st
UFEAS YERSIT o)7]el-= MWCNTE] Fejjol] st Y3
a3 S8l 1o E Alxd %‘ET(hollow) 2] Nano-
Karbon A} MWCNTS} 3}l 7|2 o7 Az gutAel v
¥ 51221 Tljin NanotechAt MWCNTE A1 S}ATE AR 02 Fe
o] FHEE S A7t A3REE=ef vls) MWCNT 37F ke =7} 9-=¢t
o]x]—7O]—E \;l _1]_1:]— XI—E =1 L].ﬂ.\,ﬂc}biq. sl MWCNT«] alako] 7]—61—
of met B A 7o) ) B FhAehe AEE 1S
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Figure 2. Thermogravimetric analysis of polymer composites.

Table 5. Thermogravimetric Properties of Melt-mixed Composites

Degradation Temperature (C)

Sample POIZ?;};ZIICW Polymer Re(soi/f)u al
T; Ti Tinax
EVA-CB38 210 434 498 39.6
EBA-CB38 219 418 496 40.1
EEA-MWCNTO-N 229 393 453 0.42
EEA-MWCNTI-N 214 401 480 1.17
EEA-MWCNT3-N 211 400 484 2.7
EEA-MWCNT5-N 228 414 488 5.3
EEA-MWCNT10-N 223 413 490 8.8
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I

sl 11 shckal
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QE FAro® wE )
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Figure 3. Volume resistivity versus MWOCNT content for EEA/
MWCNT nanocomposites: (a) melt mixing and (b) solution mixing.
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Figure 4. Fracture morphology of melt-mixed EEA/CB composites
(%50000): (a) EVA-CB38 and (b) EBA-CB38.
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Figure S. Fracture morphology of EEA/MWCNT nanocomposites without tensile strain (%50000).
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