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Abstract — Eco-friendly acrylic resin/clay nanocomposites containing pristine montmorillonite (PM) or modified clays
(30B and 25A) were prepared from acrylic and styrenic monomers using non-aqueous dispersion (NAD) polymeriza-
tion. Effect of nanoclays on physical properties of polymerization product and resulting nanocomposites was investi-
gated. In view of NAD particle stability, addition of nanoclay at the beginning of polymerization is proved to be good.
Results of gel fraction, acid value and viscosity of the NAD product showed that nanocomposites containing clay 25A
showed better physical properties than the ones with other clays. GPC results exhibit the increase in molecular weight
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and decrease in polydispersity index for the 25A nanocomposite. Increase in layer distance confirmed from XRD anal-
ysis showed good dispersion of 25A in the nanocomposite. Thermal and dynamic mechanical analysis showed that highest
glass transition temperature and storage modulus for 25A nanocomposites. These results indicate that 25A nanoclay gives the
best properties in the process of non-aqueous dispersion polymerization of acrylic resin/nanoclay nanocomposites.
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methacrylate (BMA, Junsei), iso-butyl methacrylate (iso-BMA, Aldrich),
2-ethylhexylacrylae (2-EHA, Junsei), acrylic acid (AA, Junsei), 2-
hydroxyethyl methacrylate (2-HEMA, Junsei), methyl methacrylate
(MMA, Acros Organics), ethyl acrylate (EA, Samchun)S AH2-3}5I Tt
A1 A 2= t-butyl peroxy 2-ethylhexanoate (t--BPEH, Seki Arkema)S
ARESEA AL Bl A Sl vl v sla) ks ]l
FIAZEES E58to] ARSIt ZEd|oli= Southern Clay Product®]
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Stabilizer Acryl resin/nanoclay composites N-0 NPM N30B N25A
SM 15 Stabilizer 32 313 31.3 313
Monomer and n-BMA 7.5 SM 4.8 4.7 47 47
stabilizer iso-BMA 17.2 _ Monomer and 2-HEMA 5.8 5.7 5.7 5.7
. . stabilizer ingredients (wt%)

ingredients (Wt%)  2.EHA 9 MMA 5.8 5.7 5.7 5.7
AA 1 EA 222 21.7 21.7 21.7
Solvent (wt%) 50 Solvent (wWt%) 28.7 28.2 28.2 282
Initiator (Wt%) 0.3 Initiator (Wt%) 0.7 0.7 0.7 0.7

PM - 2 - -

Clay loading (wt%) 30B - - 2 -

25A - - - 2

Korean Chem. Eng. Res., Vol. 54, No. 1, February, 2016



U B RO R Alx

3171 Yol XA 314 F497](X-ray diffractometer, X’PERT, Philips, Cu
radiation 2=0.154 nm)& 1.5~10°H ] A1 0.02° 7+4 ©. 2 2°/mind;
L2 S48t BHRAEE BEFHE U] ARAFAIEE
23 7] (Differential scanning calorimeter, TA Ins., DSC2010, U.S.A.)
& o] g-3lo] A WA Aol A -40 °Coll A 120 °C7HA] F& 5
20 °C/minz 3o} EARe] frejdol s S48t

T3 Fol ey EAJ R4S 9159 DMA (Dynamic mechanical
analysis, SEICO INST., Seiko Exstar 6000, Japan)& ©]-83}310.H,
Al o] 30 mm, F 7.5 mm 2 T/ 1 mme] AlEE A%
3} Tension mode® 1 HZ-/] ZoM 2% -40~100 °C 7HA] &
15 20 °C/min®. sPAA A% 'HIE-S S48

3. 480 & o

3-1. Li=E(ole] HIIAZIH K2 NADSK IEI =4
Zlo| & Z3sl= olm b -Sao DA 9] Ax 3}

IN

el vhegdleol o] HIA717 S8 5} °J°1 g ASF gto]
Elof ofef izl A &3St WA UeEdo]
AA 1 wt%s Erllek 8] 259 v‘i—fﬂfﬁ 5 Al F48H
ot g o)) 7 Al 1% Z71el Fdeke W, 2o o] A3

Al ZA Flahe W, ko] ¢ad - ket W T A
7ol T3l A skl Aﬂﬂ | o R Axd i%@‘xﬂiﬂl
&l gulel] k= o Sl ofTEGA] Ake] =27
Fig. 1o YERASITE.

Fig. 1914 NC-12 Y=Zdlo] & z7]° B A ¢} 7] 73t
739, NC-25= T A3} Aol A7Fek 21, NC-3+= RESo] ¢ # &
H7rska 71414 0.2 wikst Zlo|t}, Fig. 10114 HH NC-22] 7%
AR 2717} ©F 0.5 pm} 10 pm 7 7HEA 2 e T whebA o]
795 YR A7)7F kA hoba kA9 A ik A
x—l ] o]—X] }2 74 o7 .L]—DL}E]CHI:]. NC- 33], gil—o] Tsl— ’6‘oﬂ 3‘::_%1—6‘]—

A YA dLsA R 23 5 e FEo] 7} Ak 25 E
ElEo] Mog el 20 E YERA %ﬂf\] 24 o]-X] A
O 7 P AT F3 AR ol g A 2} 3 o1& 7t
3H= NC-19] A97F A+ 271 0.6 pm Y == ima]o}ﬂl e
FAlOl akuoll tigt FANE F2 A 0% Yyttt uhEba o] %

10

—=— NC-1

—e—NC-2

Volume (%)

0 MNP |
0.1 1 10 100

Particle size (um)

Fig. 1. Particle size distribution of acryl resin/nanoclay composites
according to addition time of clay.
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Table 2. Basic properties of acryl resin/nanoclay composites

Samples Gel fraction (%) Acid value Viscosity (cP)
Stabilizer 47 5.26 6,680
N-0 59 2.25 6,530
NPM 55 240 9,290
N30B 66 2.07 10,620
N25A 67 1.91 12,000

Korean Chem. Eng. Res., Vol. 54, No. 1, February, 2016



124 A9z -onlg - ¥

7h= 2252 YERT 01% AL
o= AA7F BF A ol E3E ] )
EA, MMA, SM, 2-HEMA % 4 2y
AAS] -COOH7} 2-HEMAS] -OHS}
Fo 7 Helr},

N30B W N25A %} o] yYrZFdo]7} 235 NADFA| = 22}
2.07, 1912 S 5o} N-oof| v]&) jEgA 7t S7kst 2102 1
ERth whEbA] N30B 2 N25ALR-SEo]ol] &3] Exfko] Zr1E
207 A7) vhd NPME A7) 2400 2 Y Zeo) S 3
7FA] 948 N-0K.TF obA] PMo] 258 g Al|e} B 7ke] vh
S AAE A 07 YePdt) LhieFeo)7F 71 Yoo
UE -OH7} AAS] -COOHS} HEE-3 =5 gl o] 2 Ql3ste] /HY
A2l PM2] YF7F RS-t Sl ofad Biew ole] AES
A whgjste] Ealgo] AskE Ao F AZbE T 3 eF o]
30B 1= 25A7}F H7HE 1S 7490l 30B B 25A2] WA A7)
PYA 9 539l ok Hinw ko] Hshdo] AA o] &2 A
< FXt] EAo] TV L o & Atelell Yl AAS) 2-HEMA
Aole] HEGE FRIAZ A0 = Hojxl).

FHE NADTA Y A AHE HH s o)E HrtekA] 9
< N-09] AXE+= 6530 cP2 YERITE Y=Edo] PM, 30B 4! 25A
= H7ysl B3kx) 520 NPM, N30B, N25AE 2H2} 9,290, 10,620 2
12,000 cPE S = o] Yie S #o]E H78hA] & 73%2} H| st
o AL7F 7k Al ® Yeksth v Selo] 7+
Tt S7ek ol ®2E T 7HA QRlo] Azt Al e v
o] F71E2S HER Qg AR A9 Srtela FHAE o
wFde]e] Hrtel| oJsl EAfgo] S| whitoltt. A &
7],_ ol-/] )\].7]. =2 01]}‘1 = pj—o]E]O%_‘:_l:ﬂ ]E xﬂa‘;;ﬂ o7 Z/\].g].

7] Sl8te] o ellA] 12l nie} o] GPCE o] &-3te] wAl-S
gato] ®oktt

of| 4] LyeRd vle} o] QYA
3 u}ekA] NAD %] A
w ¢} $H] NEg-o] Fi= Tt
HH-&-510] 4717} 244817 o)

tsl }\] S|

3-3. O} Z20] NAD X[Q| 2XIZF X CHEAKI

Table 30| T3¢ oA} =2w|o] NADFA] o] tisl GPCE ©]
83jo] 243 58 BADMn), A2B 7 BAMw) @ T
AFA]4=(Polydispersity index, PDI)E WERA AT} A3 7 B2
739 N-0i= 98,5750 % S H =]l NPM2] Z3-$1= 95,696 0. %
23] okt 7‘*_/’,:o]-°ﬂ ©1} N30BSF N25A+ 100,4749) 107,875
Z71KI0h. ol SR AT AW} 54 Aol Ak R0
AP N0 Z7H NPMS| 4 Qg Als) ) gl
Zsio] BEApgo) A 210 7 AAZker) 53] TR auke Avks
N25A B3R5 7 o] -9 7P EAleko] =7}Zo| 74:1;1] oA Ak
7} 2t Aaksh AA Bk wATFe] THEA 42 PDIE N25A
2GR 2802 7H HobA] N2sAL] Aol 7 wA B
= A3 % w5 BYH T Y 2% S webd

Table 3. Number average, weight average molecular weight and PDI of
acryl resin/nanoclay composites

Samples M, (g/mol) M,, (g¢/mol) PDI (M,/M,)
Stabilizer 57,749 135,770 2.34
N-0 30,950 98,575 3.19
NPM 20,940 95,696 4.57
N30B 27,490 100,474 3.53
N25A 38,490 107,875 2.80
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Fig. 3. X-ray diffraction patterns of clay and acryl resin/nanoclay
composites ((a) PM and NPM, (b) 30B and N30B, (c) 25A
and N25A).
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Fig. 4. DSC thermograms of acryl resin/nanoclay composites.
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Fig. S. Storage modulus of acryl resin/nanoclay composites.
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