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L4-butanediol(BD)E HH-3-A1A MWCNT-OHZ A|Z31 . A|1ZE MWCNT-OHol| 3-methacryloxypropyltrimethoxylsilane
(MPTMS)E WFSAIA methacrylate”| 8 =Q3MA T 24 71EE MWCNT, 2-ethylhexyl acrylate(2-EHA), n-butyl
acrylate(n-BA), methyl methacrylate(MMA)2} acrylic acid(AAc)E THAZ sl f3l5FHoZ ofad FFAAE
Azt MWCNT-MPTMSE] $o] 0~0.5 wt%2 S7F2, A, vle)ds 2 d3=e Sorslal, | A3
e Yol = AE FlskiTh

Abstract: In this study, multi-walled carbon nanotubes (MWCNTs) were oxidized with a mixture of H,SO,:HNO;(3:1 v/
v). After oxidation, oxidized MWCNTs were treated with thionyl chloride (SOCI,) and 1,4-butanediol (BD) in sequence
at room temperature to introduce hydroxyl groups on the surface of MWCNTSs. The prepared MWCNT-OH was silanized
with 3-methacryloxypropyltrimethoxylsilane (MPTMS), to introduce polymerizable methacrylate groups to make
MWCNT-MPTMS. MWCNT-MPTMS was used for the emulsion polymerization of 2-ethylhexyl acrylate (2-EHA), »-
butyl acrylate (n-BA), methyl methacrylate (MMA), and acrylic acid (AAc) as monomers to prepare electrically con-
ductive acrylic pressure-sensitive adhesive (EPSA). We found increase of 7,, viscosity, peel strength and tack and
decrease of sheet resistivity with increase of MWCNT-MPTMS contents in EPSA from 0 to 0.5 wt%.

Keywords: MWCNT, silane coupling agent, emulsion polymerization, electrically conductive pressure sensitive adhesive.
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1) Thiony! chloride(SOCl,)

2) 1.4-butanediol(BD)

3) 3-methacryloxypropyl
trimethoxysilane(MPTMS)
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Scheme 1. Schematic diagram of surface modification process of MWCNTs and the emulsion polymerization of EPSA containing modified

MWCNT-MPTMS.
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3 A= = ol2(sodium dodecyl sulfate, SDS)/H] o]
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(Duksan, 60%), 3FAH(Duksan, 95%), dimethyl sulfoxide
(DMSO, OCI materials, 99%), thionyl chloride(SOCI,,
Daejung), 1,4-butanediol(B.D, Daejung, 98.5%), dimethyl
formamide(DMF, Daejung, 99.5%), 3-methacryloxypropyltri-
methoxysilane(MPTMS, >90%, T.C.L), | €F-2-(99.9%, 0.1%
H,O, Duksan), 2-ethylhexyl acrylate (2-EHA, Duksan,
99%), n-butyl acrylate(n-BA, Duksan, 99%), methyl
methacrylate(MMMA, Duksan, 99%), acrylic acid(AAc,
Duksan, 99%), polyethylene glycol tert-octylphenyl ether
(Triton X-114, laboratory grade, Sigma Aldrich), sodium
dodecyl sulfonate(SDS, Sigma Aldrich, 99%), sodium
bicarbonate(OCI materials, 99.5%) % potassium persulfate
(KPS, Sigma Aldrichyg +3te] M=e] A glo] ARE-3t
ATt

MWCNT-COOH HM|Z. 1.5g2] MWCNTS} 750 mLe] 3
AbAAK3:1 viv)e] E4F2 1000 mL #T]o} 3 (media bottle)
o] Yar A7 &<t ALollX bath® Z&37](Mode: Normal,
Power: High, 60 Hz, 820 W)& AR&-3le] E4H51H HES-A]
Atk ¥he & ZAFHIZ biichner funnel 223 teflon
membrane filter(Merck Millipore R3EA06791)E A}-&-3}<
g sl doleFE & 21 AHE £, 70 °C FFL
BoA 12417 &9 A %35t MWCNT-COOHE #2391
]-;]_'18

MWCNT-OH HM|=. MWCNT-COOH 2.0g DMSO
150mL ¥ SOCL, 5mLE 250 mL 47 Subet S2k2~30
B 25A, 71A1A ] 9 AR TE sk g
AN Aa EL718telA 2007F St wRkeaA wkgAIR]
% 10mL DMF$} 4 mL BDE ] #H&-Eo] 71ske] 2041
7F &9t wRkshH v dESAIF TR WS- &, biichner funnel,
cellulose fiber filter paper(Advantec 10720050)E A}-8-3}]
2% o732 DMSO, DMF ¥ acetone L&) o]
TR 02 AIF ALY 70 °Co] FF B 124]7F B9 1
%3l MWCNT-OHE A| %35}t

MPTMSe} Z&HEl MWCNT-MPTMS X|=. MWCNT-OH
1.0 g7 gk 160 g2 500 mL B]o]AY QEg7o] W A
oA 1A1ZF 5t bath type 2201712 A AT EE
250 mLe] H]o]A o] MPTMS 2.0 g, o182 40 gt 354
A1 hydroquinone(HQ) 0.15 g& B3 A wH7| 2 /20
A IAIZE &<F atete] MPTMSE Pl k&8l kit
MWCNT-OH7} #4500 mL B]o]AE WH-g-719] 250 mL
Hlo]A o] @71 mlg] 7rEsE MPTMS &5 %L bath
type 22712 G0l A7 Bt O 259 A E §)
Aok 257 A § 500mL H]oJAE ¥H71E 60 °CollA
200 rpm o2 2417} B9t WHESIITE X A7 vkS- & biichner
funnel, cellulose fiber filter paper(Advantec 10720050)= A}
£3fo] oAt & ek, opAlE 18]l Bol25E A

f
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o7 AREEte] A a4 70°C AF BN 124]7F Fo
AzE] MWCNT-MPTMSZS A %313t}

MWCNT-MPTMS7} =&t EEN MI=. 600 mL H]o]A
of] TAlol thated 0~0.5 wt%2] MWCNT-MPTMS, 2-EHA
106 g(0.57 mol), n-BA 80 g(0.62 mol), MMA 12 g(0.11 mol)
2 AAc 2 g(0.02 mol), &o]& 70 g, SDS 1.0 g, Triton X-
114 0.65 g & Na,HCO; 0.3 g& go] 2 7](homogenizer)Z
2057} 430] pre-emulsionS A Z3FATH THE 500 mL H]©]
g wkg7]o) Eoles= 60g, SDS 1.0 g, Triton X-114 0.65 g
2 Na,HCO; 0.3 g& go] 1027} bath type 2537|224
STk 1087 B4F & 57 w-87] 57, 9] A7),
W77, 2=A 9 71A1A] k7)1 E A8 oil baths ©]
831 80 °C71A] S-231Tt.

S23h= 9 50 mL H]o]# ol KPS 0.4 g3} 2ol 10g
£ ¥o] KPSE §3l11%] tha 2709 A3} 2w 7] (dropping
funnel)E ARE-31] 80 °Coll &3t §] WHg7]ol Eof &3)¥
KPS 7HAIA| 9} pre-emulsionS 1 &4 3417+ 307 <t 2
slelo] Falsge AAET 53 vk 5, uukg whak|
o] FFES =o)7] 9l5le] 50 mL Hlo]A ol KPS 0.4 g7} &
o] 10 g& Yol KPSE 831171 & A3} Zuj7|E A
ste] 9] k7ol Aslstal 1AZF &9t B 54 AAIE
o A4, A W2 Fal vhe7] Wi 2571 40 °C ©]
a7}t EH Whe-S SAsIThe

7171 ¥ 24, MWCNTE E2kA7]17] $18le] bath
type(KODOA}, JAC-5020)] 223715 AR&-31sitt. ¥4 7|
A FHE Azl MWCNTO| =% 28715 glsh] 93t
o fourier transform infrared(FTIR) #3& &%= 7](Thermo
Scientific, iS50)2 AME-3}1th FTIR 3 F=AE A3}
o MWCNT] 7/Md Hrs FgHoz BAs] $Jste] 7t
NEFHNA 28717 =UE MWCNTS} KBrE 1:2002]
FA HEE 4] <F 0.03 g& Fe(pellet) FEZ THE] =
A3} . Deuterated triglycine sulphate(DTGS) F3H o=
4000~400 cm™ HIoA 4 cm™ SIANEE 649 scandle] A
staAch® frst T A=A 1,5 SH 5] 9t
differential scanning calorimeter(DSC, TA instrument, Q20)
£ ARSI DSCE 58 T, 42 Aa B9715kA]
10 °C/min®] 52 £E2 -80~20°C H$9] 2% ZoN =
Ak 22} 718448 ARSsle] EA18I3AT). B8k Fox equation
ol 2] (1) o]&st & AZAL o]& T, 3ts Akt
DSC 2793t AA| T, 33 vwspd ek

Lo IO WD, 1) HG), 1)
Tg Tg(i) Tg(l) Tg(2) Tg(3) Tg(4)

M
Ty T, of copolymer (K)

W(i): weight fraction of component i
T@®: T, of component homopolymer i
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o] 3t -OH 7|9 ]t ¥ A= t)7] F<] 4] MWCNT
52 KBr #allof]| St Yeh= Z0= At (b=
MWCNT-COOH®] ~FEH O 2 9] pristine MWCNTO] A
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Figure 1. FTIR spectra of (a) pristine MWCNT; (b) MWCNT-
COOH; (¢) MWCNT-OH; (d) MWCNT-MPTMS.
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2 1723 em™ol|A C=0 2% FAE YeEPYA T (b)<]
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9} -CH, BIthA A= 9)=9} 1704 cm'olA] C=0 7]¢] A=
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MWCNT-MPTMS ZHERojX = C=0 7| Z=7}F MWCNT-
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208 MWCNT ZFHo| MPTMS7} &334 0 2 HE ked
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2-EHA, BA, MMA % AAc9] 4714 S HAES 1:.0.7:
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Figure 2. FTIR spectra of EPSAs before and after emulsion poly-
merization: (a) before emulsion polymerization; (b) after emulsion
polymerization.

EHME (a)2] 1640 2 1618 cm™l|A YER= methacry-
late B acrylate”]52] C=C ¥ =7} YePIA] oA F3l%
Sol] AR DRFAIE2] methacrylate”] 2 acrylate”] 7} 21t
Z wkg-o g F3hkS 2 MWCNT-MPTNMSS} HE0kS- &}
o C-CZ ¥ste Zo= FetEh T3 S5 A 1725 em’!
A U C=0 A% 327} 3 F 1730 em oA U
Ehbs e 72 @k e] c=C2F MWCNT-MPTMSS] C=C
7} 24 2 w02 SR EHN C=0 Aol C=C 7|
ofe] Fo Fo] FlojAA At T2 TR o5l
Yeh = Aoz 3elHt).

FElFo| 25 &2l MWCNT-MPTMSS SAA & A&
slo] EPSAS #3153 o] MWCNT-MPTMSS} 242} oj
E 2 Alolof] F-fATe] FAEH MWCNT-MPTMS7} 7}
W &S slo] EPSAY 7,7t 71 Ao g dwdEn.
MWCNT-MPTMS®] & Wstol] we} §-31595F EPSA®]
T, W3l= DSCE AH8-ste] 5743 2 2= Figure 31| Lt
RIPsA=

Figure 3(a}= MWCNT-MPTMSE ¥38}314] &S 45 3
A TelH A8 F 7P W T8 -514°CE YElsth
2 (1Y% o]gsled At o] T -53.0°C2A DSCE 3
At -51.4 °CS} w-§- A 7S LFERAATE. Figure 3(b), (c)
2 (dy= 22 0.1, 03 2 0.5 wi%] MWCNT-MPTMSS X
Fhehke AEAY] T Uehlin 498, -48.8 3 -45.6 °C=E 7}
7} Yebdth MWCNT-MPTMSS ¥3telA] &= &4 A3
Alell ¥13] MWCNT-MPTMS $hego] 5715t wket 7,7F 7}
7k 1.6, 2.6 2 58°C 453 Aoz Yeht H2A Y
MWCNT-MPTMS®} 3122} mj Eg]2eto] slakAgte] <3|
FEAR] Aol AT W} 77} A5d oz dAdtssin)

MWCNT-MPTMSE Z&ls HaMe| M &ol. MWCNT-
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Figure 3. DSC curves of emulsion polymerized EPSAs containing
(@) 0 wt%; (b) 0.1 wt%; (c) 0.3 wt%; (d) 0.5 wt% of MWCNT-
MPTMS.
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Figure 4. SEM images of emulsion polymerized EPSAs containing
0.3 wt% MWCNT-MPTMS: (a) 20000x; (b) 50000x.
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FdHFS Sl Fx WskE A3 95k MWCNT-
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=43t Figure 59 YERAATE

Figure 52 B MWCNT-MPTMS?] &3] 0, 0.1, 0.3 &
0.5wt%=Z S7Fste wel FZ& 660, 2200, 6700 =
13000 cPZ F7Fsk= AL ERlstt. & MWCNT-MPTMS
o] FreFo] Fristel wet 3t s AEA Y HErt
MWCNT-MPTMSE 28514 = 2| H) oF 3u), 104)
2 208 2 Ab53FA T EPSA Al %ol AHE-3E MWCNT-
MPTMS®] 3tFo] S7HrS S3E = dEd Y=te] 79
TEE STkt HErt Skl Zo® AdE .

M 24 gol. d71dxd HEAR ARsl7] 918t
A iR, 271 JA3E 3 A7 2450 W
T Faslt) olgld FAA| EAERE AEe} IR
MWCNT-MPTMS®] 3hako] we} g3Fg whr] ujitol
MWCNT-MPTMS 3}l w& &4 WHIES =4ty
Figure 6o LFERASATE.

Figure 6(a)°l WEFA HZA ] ¥2] 73 == MWCNT-
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Figure 5. Effects of MWCNT-MPTMS contents on the viscosity of
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Figure 6. Properties of EPSAs containing MWCNT-MPTMS: (a)
peel strength; (b) rolling ball tack; (c) sheet resistivity.
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