Polymer(Korea), Vol. 39, No. 2, pp. 329-337 (2015) ISSN 0379-153X(Print)
http://dx.doi.org/10.7317/pk.2015.39.2.329 ISSN 2234-8077(Online)

detst Higez #M JHE E Y B /E (MWCNTs)2t
Methyl Methacrylate?| #FalE&lE2 &8 MWCNTs/Poly(methyl methacrylate)
= ¥ O FEisty 8§44

=g Xt N =
AT - wpE - LME - ZX|S* - B - B17|S
Amgeista Fheist g, el e T4

[¢)
(2014 9€ 15¢ A4, 20149 102 13¥€ 54, 20149 109 14 AE)

i)

Preparation of MWCNTs/Poly(methyl methacrylate) Composite Particles via the
Emulsion Polymerization of Methyl Methacrylate Using MWCNTs Modified by
Silanization Reaction and Their Morphological Characteristics

Jaebeom Kwon, Seonghwan Park, Sunghoon Kim, Jieun Jo*, Changwoo Han*, and KiRyong Ha'

Department of Chemical Engineering, Keimyung University, Daegu 704-701, Korea
*KDChem, Daegu 704-801, Korea
(Received September 15, 2014; Revised October 13, 2014; Accepted October 14, 2014)

8 & A7oMe dsy B FEMWCNT)E Ak ko] Exko g 2ksiAlA HHd] FJlZ2E8AI7]E =
A jr—, SOCIZQ]— 1,4-butanediol& /‘FQ—OPC’% MWCNT-OHE A3t} A|Z2E MWCNT-OH+= 3-methacryloxy-
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Abstract: In this study, multi-walled carbon nanotubes (MWCNTSs) were oxidized with a mixture of nitric acid and sul-
furic acid. 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 make MWCNT-MPTMS. The MWCNT-MPTMS
was used as fillers in emulsion polymerization to make MWCNT-MPTMS/PMMA composite particles with 3 kinds of
emulsifiers, hexadecyltrimethylammoniumbromide (CTAB) as a cationic, sodium dodecylbenzene sulfonate (SDBS) as
an anionic and polyethylene glycol tert-octylphenyl ether (Triton X-114) as a nonionic emulsifier. Morphologies of com-
posite emulsions were confirmed by a particle size analyzer (PSA) and a scanning electron microscope (SEM). Mor-
phologies of emulsion polymerized MWCNT-MPTMS/PMMA with SDBS showed more uniform particle size
distribution compared to those of other two emulsifiers used emulsions. MWCNT-MPTMS/PMMA showed 3.4 °C higher
T, compared to pristine MWCNT/PMMA due to covalent bond formation at interface of MWCNT-MPTMS and PMMA.
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1) Thionyl chloride(SOCI,)
2) 1.4-butanediol(BD)

Table 1. HLB Values and Molecular Weights of Emulsifiers

X-114 CTAB SDBS

(nonionic) (cationic) (anionic)
HLB value 12.4 10.0 1.7
Molecular weight 537.0 364.5 3485

(g/mol)
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Scheme 1. Schematic diagram of MWCNT-MPTMS/PMMA preparation through emulsion polymerization.
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3}8} 714+ Z2P9 (catalyst chemical vapor deposition, CCVD)
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dimethyl formamide(DMF, Daejung, 99.5%), 2 &AZHA=
3-methacryloxypropyltrimethoxysilane(MPTMS, >90%, T.C.L),
ethanol(99.9%, 0.1% H,O, Duksan), hexadecyl trimethylam-
moniumbromide(CTAB, >99%, Sigma Aldrich), polyethylene
glycol fert-octylphenyl ether(Triton X-114, laboratory grade,
Sigma Aldrich), sodium dodecylbenzene sulfonate(SDBS,
technical grade, Sigma Aldrich), potassium persulfate(KPS,
Sigma AldrichyE 43t A §lo] ARkt TrakA|Ql
methyl methacrylatea(MMA, Sigma Aldrichyl] €3jj=o] )&
Z3FAIAI2] mono methyl ether of hydroquinone(MEHQ)E-
AAs7] flste] S FAA AlA 2 (Sigma aldrich,
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Ake] fr]xo] 25 (glass transition temperature, T,)5 S35}
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MWCNT-COOH HM|=. 1.5g¢] MWCNTS} 750 mLe]
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of Wi, mpiE 2§, 247 Bt A2elA bath® 25
3H(Mode: Normal, Power: High, 60 Hz, 820 W)Z H2+3}%]
o} BAF &3 ZFEHE ) biichner funnel 28] teflon membrane
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MPTMS 0.1 g& 500 mL H]o]AE vhg-zo] ¥, horn ¥
Z29171(300 W, 20.00 kHz)Z. “d=2-0llA] 1A 7F 53t HakA
k. 3kl ARSS 3714] f3Al= Triton X-114, CTAB
3 SDBSe|™, 7zt f3A1] A7t CMC7t = =5 ARg-3}
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Table 2. CMC and Amount of Emulsifier

X-114 CTAB
(nonionic)  (cationic)

SDBS
(anionic)

CMC (critical micelle

. 2x10°M  9.2x10°M  1.59x10°M
concentration)

Amount of emulsifier (mg)
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Figure 1. FTIR spectra of (a) pristine MWCNT; (b) MWCNT-
COOH; (c) MWCNT-OH; (d) MWCNT-MPTMS.
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Figure 1(c)& MWCNT-OHS] Z~HE o2 1723 cm'ol]A]
C=0 ¥3% YJeh}AvE MWCNT-COOH ~FEH 3} th=
Al 29539} 2584 cm'ol A AFA Ve -CH, T A2 5-E],
MWCNT-OH 3%l BDY] -CHyF =949 S 3Rlsiich

Figure 1(dy= MWCNT-MPTMSS] Z~#HlE® o2 2972 4
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719 €18 wFE50] YeRtl. MWCNT-MPTMS =2 EZ 9]
AE C=07] I=7} MWCNT-OH?] 1723914 1704 cm™ &
vk 9ER ofFele] LER = 212 MPTMS®] methacrylate
71¢] C=0 Agte] Aol A= C=Cell 2J3ll conjugation(F<H)
o] doju}r] wjiFolct, 22]3L 2972 em™ollA YER= -CH,
¥|Z:= MWCNTO MPTMS7H A3 224 MPTMS?] -CH;
of oJ3t Zo 7 e} T3 1036 cm oA Si-0-C7]
A= golsitt. e MWCNT -OHS MPTMS$} HhS-
NZ& W MWCNT-OH %He] -OH7|92} MPTMS Afo]olA]
Aeks} wkgo] gt oz dojut AL & = AATH

JHEE MWCNTS| 25 oFdy =tel. MWCNTS] 712
5o A AL RIst7] flste] AAES]7] oA
TGAE AREsie] A £4S SAsIRlom, 1 44E Figure
20 YJERAATE.

Figure 2(a)= <+ MWCNTS] TGA curve2A 2 74
H|-go] 800 °CollA 1.4%= W7t A2 fle AL I8
om, ol BaTEE H MWCNTS] 24 PgAdS vehb
= Aoz dAdEng s

Figure 2(b)2] MWCNT-OH®] TGA curvei= 202.6 °Cl|A]
AR 7} Lojutr] Alzkste] 602.3 °Colld FA 3 Lot
™, 800 °CollX 41.7%°] A 7H48-8 B} o= MWCNT-
COOHe°| H&¥ BDRE O EA MWCNTE 24 ZAgHc)
doEos d2 egdo] vopr, %02 FRsfEe]
B A Az ddEn s
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Figure 2. TGA weight loss curves of (a) pristine MWCNT; (b)
MWCNT-OH; (¢) MWCNT-MPTMS.

Figure 2(cy= MWCNT-MPTMS2] TGA curveZ* 184.1°C
oAl Gzt o] AlFtsle] 597.6 °CollA T4 sl Y
o, 800°CollA] 514%2] A THAES B o=
MWCNT-OHell MPTMS7F A%t=o] tf &2 &7 747
Ehs Aoz A ik

F5I=8HEl MWCNT-MPTMS/PMMA E83Z, 7 2%
MWCNT-MPTMSE S4AZ AL&-slo], 3714 79| 73}
A9l Triton X-114, CTAB % SDBSE AR&-3l] MMAS}
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Figure 3. Particle size distribution of MWCNT-MPTMS/PMMA by
emulsifier (a) Triton X-114(nonioic); (b) CTAB(cationic); (c) SDBS
(anionic).
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Figure 3(a)ll B]o]& f3kA|91 Triton X-1142 ARE-3]
shagst g tigk 58 A5 JERASITE. Figure 3(a)
o] Z# == ¥ bimodal FEIEA Y%7t 0.6 E 30 pmol)
A 7P ol Bxshs A8 ERIEIIT o=, Triton X-114
o] EAsh= WA 7} MWCNT-MPTMS ¥%3} n-n 2%
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£ YWFe 98 st Aol YIS PIAA Zst
YE=tzrt Bt vehd 202 Aren =
Figure 3(b)2] 4ol 3410 CTABZ f353st] ¢
ERYE A% 282 o (bimodal) FEfOIHA Yr=
0.85 2 45 umollA 7P ol Fxgith= 28 IRl
o], CTABE MWCNT-MPTMSE 42w, MPTMSS]
Si-OH7} 2°] 2314 3o CTABY 344 HE YRy =
A5, RNBr)o]l &2sle] MWCNT-MPTMS W9
CTAB7} @32 ¥43l3, MWCNT-MPTMS %W &&
CTABS] &4 FE3 o8l CTABY] & o] 4
SARgo] U o]FES FAsteiA Y=ot Eddst
Al Yehbs Zlo g ddEn

Figure 3(c)¢] &°l& #3HA] SDBSZ #3ts§std =
A% aZe F9o] 3 =7F 1702 unimodal FolH, Y%=
7} 0.18 umellA] 7Hg Bo| B3 AL RISt o]
=, SDBSE 54 F-2(HEAY, RSONa)e] skt 44
717 Wbl s Ae-S YERlo] 9% 1A S Tl A Ese)
Al H3L, SDBSS| &g HiE2 MWCNT-MPTMS #719]
MWCNTe] =0 w2} §3sled MWCNT-MPTMS/PMMA
o] =& #dsA FsH H= AR ATEL o]
23 YEEFE AHES Table 39 Q.9Fate] eIt
Table 391 YRS dyo, dso, dop PEEZANN H3 2 gholl
disted 10, 50, 90%el dEdh= Pk 271 #he et A
o]t} Table 3& X, CTABE AHe-3le] #3583 dA=
o] JERZ7} 7P Wi, SDBSE AMEsle] #3553t ¢
Ao JERFE7} 7P Fko ™| Triton X-1142 ARE-&}od
35 YAEY] YL EE CTABS SDBSE AH&38f
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Table 3. Effect of Emulsifiers on the Particle Size Distribution
(Volume)

X-114 CTAB SDBS

(nonionic, pm) (cationic, pm) (anionic, pum)
d1o 0.398 2.477 0.136
ds0 7.764 35912 0.170
doo 45.438 178.650 0.216
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Figure 4. SEM images of MWCNT-MPTMS/ PMMA by emulsifier.
(a) TritonX-114(nonioic); (b) CTAB(cationic); (¢) SDBS(anionic).
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Table 4. Effect of Emulsifiers on the Conversion % of MWCNT-

MPTMS/PMMA
X-114 CTAB SDBS
(nonionic)  (cationic) (anionic)
Total conversion (%) 57.9 16.8 78.6
Grafted conversion (%) 335 5.1 49.0

1731

// /6\\\

Absorbance(A.U.)

=
= /A
& ) \ | 1731
\“3 / 1704\3’(,,/ \T
: e
= — .
5 1800 1700 1600
& -1
= ‘Wavenumbercm™)
= o
1704
2814
. : . r :
4000 3200 2400 1600

Wavenumber(cm)

Figure 5. FTIR spectra of (a) MWCNT-MPTMS; (b) MWCNT-
MPTMS/PMMA, an inset showing the amplified spectrum from
1800 to 1600 cm™.
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Figure 6. Dispersion stability of emulsion polymerized products
with (a) pristine MWCNT; (b) MWCNT-MPTMS.
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Figure 7. DSC thermograms of (a) PMMA; (b) pristine MWCNT/
PMMA; (c) MWCNT-MPTMS/PMMA.
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