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Free-Radical Polymerization

Hong Hee Jool, Chan Young Palk”-, Tae Kyoon Kimz, Jae Hwan Chuns, Won Kee Leel, and Sang Taek oh’

'Department of Polymer Engineering, Pukyong National University, Pusan 608-739, Korea
’Hwa Seung T&C Corp., R&D Center, Kyoungnam 626-220, Korea
*Korea Institute of Footwear & Leather Technology, Pusan 614-100, Korea
(Received July 24, 2010; Revised August 30, 2010; Accepted August 30, 2010)

o
o

oF: PEGMA macromerS Na-MMTO]

ARSI

3 MMA % MA S|t FFES st
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FAFZE XRDZ FZ3F A3}, Na-MMTOl PEGMAE 43S 7-$- Na-MMT o]
Na-MMT9] HZAC|E F3ARE F718Hth DSC S 02 HE Na-MMT H7hEo]
T BoA= AFES HYTh TGA SAS T3l PEGMA/(Na-MMT)-co-MMA/MA U EFAI S+

Azs s
Z71akel whe}
SOl TS Tg

RL

%+ PEGMA-co-MMA/MAE.T} Aty Aol tha &4ES sy

Abstract: Na-MMT intercalated with PEGMA macromer was prepared using an EtAc/acetone mixture (1/1 by
volume) as a solvent. PEGMA/(Na-MMT)-co-MMA/MA nanocomposites was synthesized by copolymerizing
intercalated compound with MMA and MA, and then characterization was performed. The results of X-ray
diffraction (XRD) showed that in the case of Na-MMT intercalated with PEGMA macromer the d-spacings
of silicate of Na-MMT increased with increasing of Na-MMT loading. As the Na-MMT loading increases Tg
showed increasing trend through the DSC measurement. TGA result showed that thermal stability of
PEGMA/(Na-MMT)-co-MMA/MA nanocomposites improved a little more than the pure PEGMA-co-MMA/MA.
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Table 1. Radical copolymerization of PEGMA or PEGMA/Na-MMT, MMA, MA at 70°C in the presence of chain transfer

agent
. Macromer MMA MA Solvent Chain transfer agent Initiator
Experiment
PEGMA (g) PEGMA/Na-MMT (g) (& (€3] EtAc (ml) DMC (g) AIBN(g)
EXP-1 - - 60 40 100 1.3 0.5
EXP-2 2 - 60 40 100 1.3 0.5
EXP-3 - 4.3 (1.0/2.3) 60 40 100 1.3 0.5
EXP-4 - 5.3 (2.0/2.8) 60 40 100 1.3 0.5
EXP-5 - 6.3 (3.0/3.3) 60 40 100 1.3 0.5
kaolinite 727} A4 T}, kaolinitex= Silica ¥} alumi- 2. A g

na 5°] 1: 1 H&o|X|qF AYAE= 2 : 1 HIER
S35 A=ol we} pyrophylite-tale, smectite, vermic-
ulite, illite, mica 52 E-FHTH10,11].
UrEess 9=A A4, 2EF, 93, 4
TAL HoF 9 Hofoll FHLsiAl o] §H L Ut
B B3t 5= 2A AU 3 (intercalated) - 2
(exfoliated) 0.2 FE3l=d A= AEAE F
ZE FASIHA AgAClE F3toll LEATE A
= FHIQ ¥ 2= AgACIE F3F AR A
3] FAE AEAClE TddTFo] A WEH
of &4kl = FEjolth HigjdE FEi= A
o|ESt NEATE HEE FEo] zornE HYyAolE
A7 o] sdgt A9 Ad el viste] weElgo] B
o 7% 71AA s, WaA, A B8 2 B
FAAAE 2 AR A Juii12-14]. =T
g2 7|E9] nlo|a g F7]9) FHAY| vlste] W
HI A2 S 7™ 7HA133A4 999 378(400~800 nm)
Hoh 22 QA Z7]1& 7HAIBE A& Yo EE 7A A
A, 898 24 7Y Y 2 AL FHE 2
F< FIAA Fe=H15,16].
E Ao A= PEGMA macromer 2 Na-MMTS] %4&
2]3F] magnetic stirrerollA] 24 h aEsle] YAEE] 3
¥ %3t PEGMA macromer’} A4 ¥E Na-MMT
AIUA 47 flaskell EtAc, MMA, MA, PEGMA/
(Na-MMT), chain transfer24 DMC, 7§ A]#] 2= AIBNS
7hated 700CoN A HHS-A|A PEGMA/(Na-MMT)-co-MMA/
MA UY=EBdA5E T390 1822 PEGMA mac-
romer?} Na-MMTS] 9ol wE PEGMA macromer "] E
g2 YojlA HAgACE TdFo 4t AJEie €
U EdAQ5Ee] 28 423 44 44 & AE
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2.1. A=

Na-MMT (Southern Clay)+ 60°Col A 48 h &<t XF
Azx3ste] ALgs T vl 2 AFE-3 ethyl acetate (©]3F
EtAc)= hunseirte] A|oFS ARE-3FAT). methyl methacrylate
(¢I3F MMA)E= Tokyo KaseiAtZF-E], methyl acrylate
(13} MA)+= Tokyo KaseiAtZH-E F31ol AME-3FA
™, poly(ethyleneglycol)methacrylate (©]3} PEGMA, 4G)
+ AldrichAtZRE FFol ARE-3F3th. Ethyl acetate
(©]3} EtAc)s= Junsei ChemicalsZ H-F]), acetone= Junsei
ChemicalsZH5-E] g 1o} AL83}3t}. chain transfer agent
ZE n-dodecyl mercaptan (©]3} DMC, Aldrich), 7}A]A|
E & 2,2-azobisisobutyronitrile (AIBN, Junsei Chemicals)
< JtE A3

2.2. PEGMA Macromer?} Q1= Na-MMT M=

WA 250 ml Ble]A Well EtAc/oMHE(= 1/1 F3H])
100 mlE 713 & AF A=x" Na-MMT 7 g, PEGMA
3 g2 715k magnetic stirrer@ 2ol A 24 h wHHEhe]
AT AL EtAcst oM EC R HhESte] A H g
th olAE AFHETAA 25°CA 48 h & A=
3Fe] intercalated compound?] PEGMA/Na-MMT-& A =
shS T

2.3. PEGMA/(Na-MMT)-co-MMA/MA 28| &
1,000 ml 47 flask Woll €M Z4] EtAcS 23 PEG
macromerZ4] PEGMA T+ PEGMA/Na-MMTE 7}5}¢]
F2ollA 3 h et & wHlkste] EAMAIZ] & SEFA| = A
MMA 2 MA, AEESQAAIE DMC, 7HAIA AIBNS 7}ahed
70°CollA4] 15 h &%} radical T3< 33t Na-MMT7} &
A PEGMA/(Na-MMT)-co-MMA/MA E53HE-S AUtk
olojx FFHEES FElF Hol castingdt ¥ EtAc 2
g SFAIE AASH] 95k 90°ColA T AdEA
# 4 PEGMA/(Na-MMT)-co-MMA/MA Y238 HE
< AAth FFFH =L Table 19 YERNATH
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Figure 1. Schematic diagram of polymerization of PEGMA
nanocomposite.
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X-A 3-8 CuK e radiation®] §-2- PHILIPS
XAl FAHEX7)(X’PERT)E ©]&3t9] Na'-MMT2] +
z2 EAY EFAEW 4H nano-clay T A&
ZAbsIET. o) HtAL-S 35 kV, tube current 20 mAE
&}od Ni-filtered CuK @ radiationS ©]83Fe] 0= 1~10°
(20) HLlA 3" EA43H T PEGMA/Na-MMT %
PEGMA/(Na-MMT)-co-MMA/MA &% @A+ F2l 9
of BFEOZ castste] X-A AW AES AU 181
ErHZ ASEH MMA 2 MA, macromerZ4] PEGMA
EF PEGMA/Na-MMT, 18|31 PEGMA/ (Na-MMT)-co-
MMA/MA copolymer®] 4 &<21st7] Y3t FT-IR
(JASCO/IR 300E)& AR&3tTh =EZH Ui EgHA 9
REEAE EANE=Y s #Eslr] Sdsia HA)
HAa Foll go] &3] €4 HHo] doues WX
3 ydsle] A& Aol ¥He F IEAZ T FA}
Z12F¢ v] 7 (scanning electron microscopy, Hitachi S-4100)
2 0] 83} copolymer matrix Woll EA]3F= claye] &
APSEIE #EETE =3 DSC #412 TA InstrumentsA}
°] DSC-2010 E&47]1& ©]&3te] DSC #4218 copoly-
mer % nanocomposites A EFHF Al panoll ¥l
Balalk 3 2250 ml/min) 7]F3h 2% H9 0~150°C
NA F2E&% 10°C/minl.2 FEAol 2% (Tg)S =4
3ttt Z18]al TGA (Polymer Laboratories, TGA 1500)
£ Ag3Y & L% 20°0/minl 2 Fte] FA AF
stoll Al g7 S BESIT
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Figure 2. XRD patterns of (a) Na-MMT, (b) PEGMA/Na-MMT,
(c) PEGMA/(Na-MMT)-co-MMA/MA nanocoposite, and (d)
MMA-co-MA.
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PEGMA7} A¥ Na-MMT2] A%, PEGMA/(Na-MMT)
o} MMA % MA TEFA<te] iz I35 AA- S
Figure 1] Z+ZF YERNRITE = EtAc/oMH1E(= 1/1 £
H)) Eghgufo] ¥ HEE Na-MMT % PEGMAZS
7Fske] 2o A magnetic stirrerZ wHF 5 A4 E-2] %
& AEZAX3] Na-MMT PEGMA macromer”} 4}
¥ PEGMA/Na-MMT-S A %3}$1 T}

U B3A o] 3t AE 2AH7] A8l Xerays| A
EX715 o] 83t 20 = 0~10°7HA] =A 39T PEG
segment= Na-MMT9] galleryol] &o|3tAl A= 44
4% PEG/Na-MMT compund= Ul-§- SHAsioh= AR
o] RuFITh 1 o]fE Na-MMTel tate] &L X
siel s Zhe we

T Y
&

fr718}gt=<l Hvlste] PEG segment”}t
4 9 2 ¥eE e zh= © 7|98k AoH17,18]. AN
A= Na-MMT2] AEAClE &3+ A8 & XRDE #Z
st 1 A3E Figure 20 YERNATE (a)= Na-MMT
2 AYACIE S AV 122 A 20 =72)US &
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Na-MMTL2.E 20 = 5204 peakE zte=th ol g 2
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170 A2 3713 A& YeRdth. & PEGMA/Na-MMT
9] Z37HA8lE= Na-MMTOl PEGMA EA Al&o]
FHo we} S7tetd=t ol clay’t WlEE 2 2
AALE AROlZ FRE AL WolA= ASE
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E3A =4 Na-MMT2] 53t Agl7) 158 A &= PEGMA
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Figure 3. XRD patterns of PEGMA/(Na-MMT)-co-MMA/MA
nanocoposites; (a) PEGMA/(Na-MMT)=1.0/2.3, (b) PEGMA/
(Na-MMT)=2.0/2.8, and (¢) PEGMA/(Na-MMT)=3.0/3.3.

macromer’} A YH Na-MMT2] ZSHAZ R 12 A 9]
A HSS BT Uk ol A Na-MMT
o} A4 MMA, MA ©aFA| ko] /AF8do] L=
7] w o Na-MMToﬂ A s PEGMAF o] Atz o
2 7143 o 798k Aoz AgETh

Na-MMT 2] oo]:‘% 225l PEGMA macromerE 4+
AlA 24 h nHE 3 AZA|Z] intercalated compound$}t
g ol3dA EPE*ZJIEH FTHOE A2 PEGMA/Na-
MMT-co-MMA/MA Y5348l XRD @& ZAIE
Figure 3ol JEFARITE T1HolA B 213 32o] Na-MMT
o] o] F7tEel wel 20 #H}& FASheE © oA
Nﬂﬂ]O]E«] SUHA 7 S7Hs ovlgit) olef 2

2 AES Kol olff= T4 Na-MMT H71eke]
77}9} U =°] PEGMASHS] %18} o] FTliste] Na-MMT
ol A== PEGMA %ol F7Fg2=4 Na-MMTS
SAAE T S71e AR AsHT

1,000 ml 4 flask ol €24 EtAcS Y1 @
AZA MMA 2 MA, AEA-A = DMC, 7HAIA AIBN
7¥sted 70°Col Al 15 h 5%t radical T2 st
MMA-co-MA copolymerE AAUS™ Figure 4] FTIR
249 AaE Yehth d"HeA B upe) o]
gFAQl (@9 b)NME 1,636 em” FZolA B3}
Ao 9]gk C=C stretching peak”} 2= wWhg-o
A} Aol () TPZANA = o]9} 22 peak’} AbE}
A = o]2HEH FFo] P & F Utk

Figure 5+ S22 EtAcE Y31 GHA =4 MMA
2 MA, macromerZi= PEGMA, AF&EAAAZ= DMC,
NAIA AIBNS 7}ste] 70°CollA] 15 h B<F radical 5%
S Y3+ A3 PEGMA-co-MMA/MA FSHES A
% o]Ae] W3 FTIR 1 ZZE HAZT} (a), (b), (c)
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Figure 4. FTIR spectra of acrylic monomers and copolymer;
(a) MMA, (b) MA, and (c) MA-co-MMA.

-g [Q =]

4000 3000 2000 1000
Wavenumbers (cm-1)

Figure 5. FTIR spectra of acrylic monomers, PEGMA mac-
romer and PEGMA copolymer; (a) MMA, (b) MA, (c¢)
PEGMA, and (d) PEGMA-co-MMA/MA.

e BxsAF 23 1,636 cm oA C=C stretch-
ing peak’} TEE Y (d)olA= peak’t AFRIAI= AL
2 H|Fo] Fgo] doltsS & F Utk

S| 2 A EtAc, GFAZ4 MMA 2 MA, macromer
2+ PEGMA/(Na-MMT),AFEAZAZ DMC, 7HAA]
AIBN<S 7Fate] 70°Cell4] 15 h &<F radical T3S 3
3t} PEGMA/(Na-MMT)-co-MMA/MA U= 5355
A2 3 o)A tig FTIRS Figure 69 YEMN O™
(e)®] 79+ Figure 59 (d)2F AS] Zpol7} YA %34Tt

FAPAFA W] 7 (scanning electron microscopy)< LA}
matrix ol EA8= Na-MMTe] EAMHEE SolR =
g F83tA 24 F Jomz i FgE Fa]
3 Na-MMTE 13 ZEFEH O U= EdA 59
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Figure 6. FTIR spectra of acrylic monomers, PEG macro-
mer, Na-MMT and PEG nanocomposites; (a) MMA, (b) MA,
(¢) PEGMA, (d) Na-MMT, and (¢) PEGMA/(Na-MMT)-co-
MMA/MA nanocomposite.

(d) (e)
Figure 7. SEM photographs of fractured surfaces of (a)
MMA-co-MA, (b) PEGMA-co-MMA/MA, (c) PEGMA/Na-MMT-
co-MMA/MA (PEGMA/Na-MMT = 1.0/2.3), (d) PEGMA/Na-MMT-
co-MMA/MA (PEGMA/Na-MMT = 2.0/2.8), and (e) PEGMA/
Na-MMT-co-MMA/MA (PEGMA/Na-MMT = 3.0/3.3).
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Na-MMT] gtgo] F7heted e ol YAl ve
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Figure 8. DSC curves of (a) MMA-co-MA, (b) PEGMA/
(Na-MMT)-co-MMA/MA; PEGMA/(Na-MMT) = 1.0/2.3, (c)
PEGMA/(Na-MMT)-co-MMA/MA; PEGMA/(Na-MMT) =
2.0/2.8, and (d) PEGMA/(Na-MMT)-co-MMA/MA; PEGMA/
(Na-MMT) = 3.0/3.3.
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Figure 9. TGA curves for (a) MMA-co-MA, (b) PEGMA-
co-MMA/MA, PEGMA/Na-MMT-co-MMA/MA nanocomposites;
(¢) PEGMA/Na-MMT = 1.0/2.3, (d) PEGMA/Na-MMT = 2.0/
2.8, and (¢) PEGMA/Na-MMT = 3.0/3.3.
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