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Effect of glass beads on dispersion properties of EVA/MWCNT foams
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Abstract: In this study, conductive EVA foams including multi-wall carbon nanotubes (MWCNT), glass beads
were prepared. The electrical conductivity and physical properties of the foams were confirmed with varying
amount of MWCNT, mixing time, and amount of glass beads. The electrical conductivity increased with the
amount of MWCNT. Dispersity of MWCNT in EVA foams were improved with glass beads. It can be
suggested that conductive EVA foams can be successfully prepared with improved dispersity of MWCNT in

ethylene-vinyl acetate by using glass beads.
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Table 1. Formulation of MWCNT in EVA.

2.0 0

21. 00O O OO

St RH e (PR oA Al2E A7 10~
20 nm, Z 0] 10~50 umoj| Thermal CVD-3H o2 A 2=
T 95%01 &t §AU Il RFEMWCNDE AR
sl 27 1~25 pm, 75~150 um <] {2 & o] F o]zl
T (Futoldl oA Az ZepAE]E(JFL-2000,
JB-200)E A3t} ethylene vinyl acetate 4~%|+= 33}
Aol A A xE EVA 1317& AHg-stelch Hids <
Abo] =(Dicumyl peroxide)@} HFEZ AR &) FoFoll A A 2E
Cellcom JTRZ AHE-SFITE E3F 74 H7HA|=A (59)
grdstetol A AlxH g 2% Abstol¢d(ZincOxide) T}
FILGE}Sof| A A 2% 28| oFgd4k(stearic acid)= AFH&-5F
pg

22. EVAMWCNT O OO0 0000

EVAE t5H g2t RfE e EAdAE Azt
7] 98 &< HAAKEAFS] model 001-7775 Rheocord
9000 A}&3}¢ rotor speed 200 rpm, mixing time 5
min® 2 120°Co|A =& 3}3 = mixingol| A/ MWCNT,
Glass beadsE F ¢35} 9] rotor speed 200 rpm, = mixing
5,10, 15, 20 min©. = Z33It}. o9} o] F Ut B
62 dojA compoundE A X3 T

23. EVAMMCNT O0O0O0O 00O OO0
EVAMWCNT  E3AE  HFEHSAol=  (di-
cumylperoxide) 5 minZ}t open-roll mill= Z 7}gtc}. 7}l

A7F 7FE compoundE mold =7|of BHA AE F

Trial REF | 1

EVAL31T

104

MWCHT 0 1

Glasz beads -

DCE(S9%%)

ITR 1.5 1

i

[ ]
[=]
[ ]
(]
[ 5]
L
[ ]
o

Premixing(min)

s

Nlixing (min}

=
L

Roll mill{mim)

-

AdzA

170°C*3 min

Propertiss

MMooney
. B 0.62 0.85 1.03
“iscosity

134 1.60 1.76

Electrical

=E-14 148E-13

b

conduchivity

(8/em)

S5E-13

1 48E-038 3.78E-08

5p. Gr. 0.661 0.655

0.663

0667 0672 0.664

Hd 80 81 82

83 85 26

Th(kefcmt) 624 66.2 68.6

65 .8 71.1 712

Eb{ %o} 350 340 330

330 330 320

Trikeficm) 507 516 518

52.7 334 335
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moldof| 231 170°C2] &%= 9} 150~155 kgfem® 2] ¢F2 o
2 {54 71E ZHYAE o] 851o] 5 ming}k compression
molding$t & 311-2/31¢} 3}o A 5 ming<Qt compression
mold-ingdto] =S A|A S| AT

24. 0000

A=, I 2 ALES AHS KS M 6518
of &35t 3mmuj 9] e] FAR ofFF Al d-S A|Zst
&t UTM(Universal testing machine)2 AF-&3f A7
, e, AdES S AdES SR F
A Aagke Aelw A gol Bee sha
L9 EE I AHE KS M 65189 E3tko] F7
23~28mme =z AFHEL AHsATh UTM
(Universal testing machine)2 Al&3l] JAGW=E =74
SERAL AlHHS SR A gy Hags AR u
7] ko] WS HIHh HEE KS M 6518 o] =
sfo] Fig 1. 3 & 2me4 AR A97)(&old A=
A 7]) Asker C type?| H=AZ S5t Al
S 47 12mm o]ALo 58 vk ZRF T, W
Zk2 sheet skinz 2] A= 2 3T FYH == KS M
ISO 289-1 FZo] Zako] 10040.5°Co]A] 4187t
ML(1+4)E &435l9tt A7 A=A ASTM D257
Aol &sto] ZF Al H F7= 24 1.0mm ooz v
= ZAshge.

08 K

.00 0 4dd

3.1. EVAMWCNT 0000 MWCNT OO0O0O0 Od

Y 7F5-ZA(rotor speed 200 rpm, 20 min, 120 °C)
of A MWCNT o] & A E44S g2lstarx}
MWCNTY &< 1, 3, 5, 7, 9 phr2 Z+2+ 2 7}8) 4.
A O Az ot o A2 AT ZF gt
Hlo] W& &2 543 A7 - == Table 1. oA =<l
& 4 9ok

S FE 7F H7HE ALEAG=A] of| A] 9] percolation
threshold9] F== ILEAFA Y] FF, ©@AhUieFHI
Z50f we} thoFsit). percolation threshold &&= ©]3-9]
A= S7he sty &vtstA S7kgtek[10]
EVAo] MWCNT7} A7}5 42| 9] percolation threshold
T A7l Wt At wol MAEA] okt
Fig 1. oA A7]-=2Jo] MWCNTZ} 5 phr o] 714 =
Ao ®3F7E QlaL S phr o]Foll A FE F45H 57 |
Ao Z RBolx EVA/MW-CNT9] percolation threshold7} 5
phr 2 ZFQIE| Q131 7 phrof| Al FE= A7 A =do] 4F
A= AL 77 319 ch. percolation threshold 2] 7] of A]
48] MEAo] AX L A7 A=Y F7H7F ks |
= AAe MWCNTY] 5 249 = A4sH3laL

=
=

)

Mooney viscosity

\

2 . ] 2 u v
MWCNT content (phr) MWCNT contnet (phr)

Figure 1. (a) Electrical conductivity and (b) mooney
viscosity of EVA/MWCNT composites by MWCNT
content.
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7t=2 Qgt B} Zlentanglement®] &7} o] F Y™ =
7t et Ao ® HekEth. MWCNT/EVA 53141 9] 7
T Asker C 7|&9 2 0 phrd uf 809 4] 10phr &
8o7HA] et A& TE & 4 AL, I ==
MWCNTZ} 0 phrd ] 65 kgdem® 10 phrdd uwf 71.2
kg/em® ZF713H Zlo] mE =tk JIPE EIF
MWCNTZ} 0 phrdd o 50.7 kgd/em?®o]| 4] 10 phrd of 53.5
kgfem® 2 AZ 71519, AAlubc-g-o] MWCNT 7}
0 phrd W= 350%01 4] 10 phr L= 320%= AZE7FA
=t dalueEo] e FHAOl S7HE T B4
Atk EZF MWCNT7} EVAS=R|of] AR o] QI =,
| AT AR VARG EE FEAI7
= AL 4+ Atk
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Figure 2. (a) Tensile strength, (b) tear strength, (c) elongation
break, (d) hardness of EVA/MWCNT composites by MWCNT
content.
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Table 2. Formulation of mixing time in EVA form

Trial 6 7 8 9
EVA1317 100
MWCNT 7 7 7 7
Glass beads - - -
DCP(99%) 1.0
JTR 2.5
Premixing(min) 5 5 5 5
Mixing(min) 5 10 15 20
Roll mill(min) 5 5 5 5
4B=4 170°Cx5 min
Properties
‘IZIS‘:::; 1.68 1.64 1.60 1.57
Electrical
conductivity 1.46E-09 | 3.72E-09 | 1.48E-08 | 2.33E-08
(S/cm)
Sp. Gr. 0.672 0.674 0.672 0.680
Hd 84 85 85 85
Tb(kg/em?) 67.2 68.3 71.1 723
Eb(%) 310 320 330 330
Tr(kgi/cm) 50.3 52.7 53.4 54.3

3.2. EVAMWCNT 0000 00000 o000

o] A3l o)A EVA/MWCNT £33 = o] &3lo] |
23t WEZA = Table 2. of wigu|et B3 A4S
UERY QT Fig 3. ol Al B Z#A|Zte] St
Mol FAE Tt EVAIMWCNT B3Hq o] &
A7t w2 Ee] 2% 542 Table 2. 9} Fig 4. o] Uet
Wlch &) Frtol] 2 RePE 9 e
AL FAreHAl vEbeh G = A= A
S T o] FIhEel| et A% Ftele AL
2 YeldEd o] A2 dA&g viel Zo] MWCNTE)
Aol MAEHA BAATIF SstE AR 3
e o

33. EVAMWONT O0O000 0000 @gr-20000 000 OO OO

MWCNT®] EVA AU o] EAS FA7]7]
o8] S =(1~45 um)& 10, 20, 30, 40 phre 7+7}
A7tk SElH| =8 £33t EVA/MWCNT dhz
A Q] A Zx+= EVAMWCNT HazAet x2S Y
sHA stglem felH|E= MWCNTS} FA o d7}st
&t Table 3. I} Fig 5. o YeElH wpe} Zro] glass
beads &89 23] EVA /MWCNT E&HA| 9] A XA o]
FAE QT o] AL §-2H| =9 ball bearing effecte} 34
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Figure 3. (a) Electrical conductivity and (b) mooney viscosity
of EVA/MWCNT composites foam by mixing time.
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Figure 4. (a) Tensile strength, (b) tear strength, (c)
elongation break, (d) hardness of EVA/MWCNT
composites foam of EVA/MWCNT foam by mixing time.
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Table 3. Formulation of JFL-2000 content and particle size in
EVA.

Trial 10 11 12 13
EVA1317 100
MWCNT 7 7 7 7
Glass beads
(JFL-2000) 10 20 30 40
DCP(99%) 1.0
JTR 2.5 2.6 2.7 2.9
Premixing(min) 5 5 5 5
Mixing(min) 15 15 15 15
Roll mill(min) 5 5 5 5
4Bx4 170°Cx5 min
Properties
x‘;z:f; 1.55 1.73 1.75 1.91
Electrical
conductivity 2.65E-08 | 6.66E-08 | 3.47E-07 | 4.33E-07
(S/cm)
Sp. Gr. 0.672 0.674 0.672 0.680
Hd 85 86 87 87
Th(kgd/em?) 735 774 78.9 79.1
Eb(%) 340 350 360 360
Tr(kgd/cm) 554 56.2 58.6 58.9

150 pm)<- 10, 20, 30, 40 phr& z+zb A 7}5ko] W
= A %3¢t} Table 4. I} Fig 7. o] Uebd BRe} 7o)
FEu = H7lol 28] EVAIMWCNT 2339 M =4
of FFEHAY. FEBE TP mE A= W
obs Ay HET fEH|=e] o] Sl mhet Ak
E7F 2F&Z o R A3 F7Fsitt7E 30 phrE H7F e
e FASHA F7FeERal 71E wi g i) oF 104]
o A7t FAEUT Aoz Ao A 77}
2F2 1B-2000] 20 phrof] M FA3HA 7= o] 7|
A Wk off JFL-2000-2 30 phrof A28 543 4=
Aol AR oA #eul=9 A 277}
EVA/MWCNT 534 o 4 MWCNTS| Z4Hd ol 43
= 71Ae e el Jer 282 or dxa7)
7F 2295 MWCNTO| 24ko] apziel 2oz dd
Hh. Fig 8. of e vpe} o] FHH=o] - 10
phro| A 20 phr7b2] = 54 3HA| 57ttt 7k 20 phro]]
A 30 phr7k A= @ESHA F7EsFRI AL 30 phr o] 4]
A oAl 48 Srbek R = FHAETE SUbekeE
Ao 2 UebH. 7] AA =] ¢ IB-2009] 2
ol F7kgtel mek HA Frbsted sLddE
JFL-2000 2§ wigty} vjued o 7| A4 549 7t
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Figure 5. (a) Electrical conductivity and (b) mooney
viscosity of EVA/MWCNT/glass beads composites foam
by glass beads(JFL-2000) content.
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Figure 6. Physical properties of EVA/MWCNT/glass beads
composites foam by glass beads(JFL-2000) content.

Lol thh HolX= AL & = Utk oA o] Y
AFLZANE F33 & o glass beads 3 7FA] EgHA] 9]
R F7E 7IAA 549 S AFS A
YA 710wkt MWCNTO] £AHd o] 2po] = Il 4
qHeos Hdanrt Fagt Aog g

4. 00 O

o] Lo A= MWCNT/EVA REAE Azt 1}
Ao A F8A] = MWCNTS] BAYS &FAFAI7]7] $)
sto] STAB|ES 2853tk SeAH =9 Y Afo]
of whg} JFL-20003} JB-200 Alo]o Al HEA o] Zpoli=
FEHIEY AL AEeE st F fEvE B
5 AVIHEAel TbsHE AFE W Aom Mol
MWCNTE| #4he A7l A& #dd o ik
ESH ZFEkAH| = 9] Ball bearing effect® ¢1510] MWCNT
BAzke] o3lL s dste] 3B Balo] o]RojFchar
DI o] 5 Qla) FwmA Wk ohel Jekauls b
Aot BA F7hE BA MAEIE BAD S ik of
A= ofddll-n]doAE o] E(Ethylene-vinyl acetate, EVA)
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Table 4. Formulation of JB-200 and particle size in EVA.

Trial 14 15 16 17
EVA1317 100
MWCNT 7 7 7 7
Glass beads
(JB-200) 10 20 30 40
DCP(99%) 1.0
JTR 3.0 33 3.5 3.9
Premixing(min) 5 5 5 5
Mixing(min) 15 15 15 15
Roll mill(min) 5 5 5 5
gl 170°Cx5 min
Properties
xzz:fé 1.61 1.75 1.79 1.92
Electrical
conductivity 1.99E-08 | 5.51E-08 | 8.66E-08 | 2.89E-07
(S/cm)
Sp. Gr. 0.681 0.677 0.684 0.688
Hd 86 87 88 88
Tb(kg/cm?) 72.3 73.6 75.8 76.2
Eb(%) 350 360 370 390
Tr(kgg/cm) 54.5 55.6 56.2 58.7

oA AR 7R R slo] ZhuA|, WA o] 2/dEar 7
A AEAS 7=t 'A% 2 (Multiwall Carbon
Nanotubes, MWCNT), 25| =(glass beads)E ©]-8-5}o] A
54 EVASEAS Azaigrh EY saiesnel
&Fol 5 phro]ifo & H7tey 7| - wAdo] F45H &
AE AT o]F F8 MWCONTZF A7 - =A S AR
= A shelalla EAAITo] kgl uet A7)
Lol F7IetE R ERdAIZte] MWCNTE| &4kl F3F
= 75 AS o Aok fEn=e] H7tol| wet A7
il i ol FEHIE=7F MWCNT 9] A
Uo] BAHEE FAMITIE Ao B 4 R fejul=o
ball bearing effecto]] 2|8l ZFAAZ7IE 23t BA Z71E
sjel o 4= ot SHIES 57 g BavheRy
O] ofddll-H oA E| o] ELf o] EAHY 3
dil-HdotAlHolE A WEES agXor Te

&g Aoz sgee
000 O
B AFE FAUA/IGR S A LAY

Asto @ g5t 9S. [S2596208, EAIF A5 v
st 7l AEElEE F4 A Ala" ]
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Figure 7. (a) Electrical conductivity and (b) mooney
viscosity of EVA/MWCNT/glass beads foam by composite
with JB-200 content.
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Figure 8. (a) Tensile strength, (b) tear strength, (c) elongation
break, (d) hardness of EVA/MWCNT/glass beads foam by
composite with JB-200 content.
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