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ABSTRACT : Polymer-clay nanocomposite containing the low amounts of clay shows improved physical,
mechanical properties. In this study, allyl ester prepolymer was synthesised by reactions of the diallyl
terephthalate monomers and the 1,3-butanediol monomers. Nanocomposites of allyl ester prepolymer and
the two kinds of the organically layered silicate were prepared by using the intercalation method as well as
the in-situ polymerization method using. By varying the amount of clay content, curing conditions, and
feeding conditions, the nanocomposite was studied using X-ray diffraction. From XRD results, allyl ester-
Cloisite 30 B nanocomposite made by the in-situ polymerization method shows better exfoliation behavior
compared with the intercalation method. It can be said that the transesterification reaction between func-
tional groups (-OH) of intercalant and monomers results in the increased gallery distance. Also mechanical
and thermal properties indicate that the dispersity of clay is an important factor for improving physical
properties of the nanocomposite.

Keywords : nanocomposite, allyl ester resin, in-situ polymerization, exfoliation, intercalation.

177

A mlelazely 2719 F71FAAE -‘Ef‘fﬁ}ﬂ A8

© LA SRAERE vaE w2 71AA 249 W)

ARE 5 b olgel B4 M ARE Q8 94 59 GAE 2 S4e9E sk HE A
o] AR gt QS TP ofd & 9 A AR g A E oA glnk o3 2k
&Y (mari)H EQAHY (filen o2 8= A HRAEE 72 474 5771 FAAZF AN (ma-
T2 Bz F2] ARk A WAl = aophase) o2 EAE O QlojA FEE B4 4] 4

Z21H, A28 A2E, 2004, pp 177-184

177



178 Paengetal.

A= 30~50 wi% FES WL oFo FAHAZ AN
oJof b0 AT At T WS Ay et 3
9] By o3ty YwmE 379} FATERE oF
© HE (clay)E 28#A sjE 2o F4AA Y 2A
o] F FHe= ub (exfoliation)dhd] A|Zdhe Yk
gAje] A7) Bas] z3=a Qehte

AEE °F 1 nm FA8 2RSS 2= FAFE] Van
der Waals 12/ 2% °F | nm A=°] ZHA0 T #efglon
7kl = Na'e} e ool o] EX3l= HE FEo|vh
olg HES FAES THA R WA 4 oA
HES] IRl 200~2000 AE2] 52 3] (aspect
ratio)ys &3 A2 S FAIN2E 1 oAk 4
PREAS A4S 5 JubY TEAHE U B A
ET g AEE Na'- 2rE3Ue]E (MMD)E 59
oJg By FAo] £ ool 13 FH (CEC : cation ex-
change capacity)©] #Hojut}’ 2 323+ silica tetrahedral
sheetoll A Si*tjAlel] A7V W& AP7)F X35 2, alu-
mina octahedral sheetol] A} AP TjAle]] x}7)7F whe Fe?,
Mg™ o]2e| 2|&=o] Fx7) AAFH o2 SA3lE =
=)o) ofolo] FalEA Hrt/ ErdZ}o]Ex oF | nm
olske] St A=}t A FE2E5 THAAL glojA] EAL
o] F7F ART) o1 7] wiiEel] oFel A7 wE
7 7540 me] FEo g o|Fo|A {U|3AIE o

=

i
g

d, TRl AN £ T4 FAE AL + ok
TRAAE iR abge] dibael Az e 2 AR
o] wEAF AHEE AA)7)E Z=7F A4 (intercalation
method)#} HFAIE HES} 3 & S8k AA 5
3P (in-situ polymerization)d] 5+ 7IA=2 ZA| V& 4
oh! 57 ApEe A0l sk} EAwe] Be
A A 27 AQAPIIE ojee Bae] 9
AA TP Ao AR d=AE S 4
dAZIER wlwd A =7t dejuAnl, AR 7
Qr

[}

30 of

1o

<

FA7) sl o) Qla, Al FA o) B Il
ek ol2|gk whow Axd TEAAE e By
o] EAL 3~10 m%2) HE FHeRs £34 9 &
AZFzel A3} ol A=y B4 Al 5 71AA £4
o] 57k 9HE 2= U @A 5o 93 54 P
FEolY 7RAe] Babeg dAlsks A 4 59 &4
o 2R 7IdE 5 kP

4 ol 2E] FAE o2 wF vl o) =l o
v F3HA 2z SRS ARRete] AzAlA Ax
sk Z1A1A 54, W4, HEsta, uidA, WA,

)

offl

-

178 A% 5

Polymer (Korea), Vol. 28, No. 2, 2004

FIEA Fo| et Zlow deA gl o3t &
AN A= FEAlgY ASA, odx o=y, A
E_ﬁ %%E]_T_’_ %I\E]_‘M,ls

v g = o) E (diallyl tereph-
thalate)2} 1,3-%-%H]& (1,3-butane diol)& T2 1o
oE o2 o] FHAE Ao, dE o F
FAE LA e AR st [r1E A AEE £
AAA S A AR S e r 1 A-A
E YB35 Alxsiglck =3 AEe] TR 3=
AP 27, A3 2702 2Est AR B ARS
g en, Az UxEiAe 744, 44 5495

A&, & AgNA b FHA el AR odE
Al SFAlE DAISOARY] tjgd HeZeEeo|ER 74
=g Ml Ao}, & (diol)e Junsei Chemical
Co., Ltd.9] 13-F9] &5 AMS3Iic)h & o ~F oy
FHAE T8 S8k Sz TCIARY) 9
el 2 HElE] 22lo]= (monobutyltin oxide)S ARE-
3153, 432 $gk NAIAIR Aldrich ChemicalARe] ©]-
o 5-&Alo] T (dicumyl peroxide)E ARE-3tT HES
Southern ClayAFe] &-713} 2j=l AEE AMgsigic) <
ol 335 o] FARBIL F7IFAY TFE 228l
7R &} Cloisite 25A, 30B A E (°]3} 254, 30B)S A48}
Aot 25A+ ©hA 18709 AREE 1) 7X) 3 Qlw, 30B
T -OH71E EISI vk 54 7K 9ok e
NBE AF QB A 70 TAA 12417k oA} Ax & A}
23)5ick

& o2y ) FHA FA. 7 AXE I 1000
mLe] 47 2] ¥hExol ted TekARl g HeE
T o] B9 tgql 13-F80EE 10179 & vER
F Fv) ExFEE S440]E 1000 ppme 5o B4
shack w2208 AL, Ak AellelA A 7157 3l
AZFE 20 T2 SE55E 190 T7HA] w8715 714
SR 190 CTolA &2 d3&9] FEafe] asle] ¢
ol FEHA ¢ow IIWE At vaEd
o dFZEH vk SFAE AAT F RS 9F
sk 3499 dR) FRAIE o R Yrsle] 249
Rgow 3|l vhg-o] AdE)= Fok vh-EE0)
3718 AFEA d=F sk, FdEe] 13-F=r)Ee)
FEEA AEF Fosgict

7 Al 93 Az, A 4 o] o] F
Aol 30B, 25A8) % 71| AE 1, 3, 5 phrZ 2H7} 7}

Ee|M, #2884 A2%, 2004\



Polymer (Korea), Vol. 28, No. 2, 2004

s FTL22oA 70 CTE 71g3te A7 s}t
Sk 7122 A7 sl g FSAeIE 2 prE
73k 130 CollA 18A]7F F-ok Aslalzich

A 3P o AR A olAE Hv] FHAS
A7) sk Aol DAl YL HeEzEyolE
9 13- F9dEE 1179 & vEE 7kgiska 30B,
25A8] 7 7HA AEE 1, 3, 5 phrd] k& 7M7) 7IEE
2979} 255} £37) (750 Watt model)E& ©]- &3 T+
7 A e wursle) Esgict. &, 71418 wyt 9
o] 253 B35 53 HES St DAL AHeE
e 27 t=2A gk E3bo] Bt F vl =
REE SALo|E 1000 ppmg 713hL 4 ol AF] o4
F3AE Ak gAE Ab FEAE A3 =0
gefste] Aspsigled, 7125 AAT Algdd ZxFE
&l 2Abo|= 2 phrE 71BFAL 1 DAIR 130 CollA] 18417k
SoF Az, 2 ©@AIE 90 TellA 1047 A3 &,
140 CollA 12412+ 23233k

4. dodE HYyzgelEs 13-YeeE F%
gle] A2 o o|xE] A FFPAY H=FE FH3P
21304 Brookfield A=A (DV-1I+ Model)2 A3}
AEE 05 mLE AFS) FHsle 2, A shlA
Agalgdel 2WEL AHEY A Cp-s2, A=Y A
CP-40= 28315y, 53] SA% 2AXE Hdsteq Y
visick 3=l 4 oy o] FEAY] FAAAF
BALEE 32915)7] 9135k BIO-RADARY) FTS-3000 &
BAE AHEEH FT-R 48 3l9ich AgE 4R $%
Al A% AAde] Sle AFo]7] wiiEe) KBr ®AE A
2slo] ou] FEAE gk 283 SA3CE 30
=2 4 om!, AR 323 E BT AR EHe Az
278 2Ete] AR YB3l HE A=A
o]E 7} A2|Ql d-spacing®] W3S 437 ¢35}
X-ray 3A #4E& £33}t Mac Science k2] MXP1§
(source : Cu K-a, 4 =154050 A)E AREsle] 714 A
40 kV, 100 mA2] Z7 3o A £ 0509 FA 52
1.8~ 10°7H4] &435et 7141 €410 9@4E, 35 3
=, & 84S, ¢ 75 Hounsfield A+2) H10k-S UTM
(Universal Testing Machine)S ©|-&3l SAsl 2 Ad
2 AoA APsigdcr AP BAEH FE AEs
ASTM D638, &5 B EZ 5 7F=+= ASTM D695l
ule}a] AlsE3lgict Cross-head speeds 27 1 mm/min,
0.5 mm/min ©]$13L, 5 kN2] load-cell& AR5l zls)s}
Aot Ade AH g 7318 At HdX e} 24
E A3 YA 538 HF3ke] YERIgith Teclock
Ake) GS-710 Z&o] 7= A (Shore hardness tester)S ©]-§

N o

ha |

EoH, A28 A2F, 2004

o v

Allyl Ester Resin-Layered Nanocomposites 179

sfef zo] A D ypeo® AWsALE ho] Fxt A
VY Folz el Gzl

7} "Wl 1027t A

e AWsE R, AlEe
9 mm, 14 mm® A7|E
53] §A4%te A
& vebd et

A5e] 47 54 F #e Mol x5 1zl 93
4] Mettler ToledoAF2] TMA 8408 ©|&3ste A3t
Al 2- ball point probes ARE-3} dynamic load TMA
(DLTMA)S] wPEe= SAsisich ¥ (load)y:= 0.05~1
Ne® 3lgx, 2EWUAE 35 TollA 237 A3
71 & 35~250 C7HA 10 C/ming $2&52 AP}
St AR 54 3 mm, 712 Al® ZEE 9, 6 mme] 2]
2 ARk AR S 22517] 3] Mettler
ToledoAF2] TGS0 model TGAS A&5fe] A4 H9)7] 3t
AR ARG ABE 10 me A2 SRow, 30~
600 C2] ZET7kA 10 Tmin®] 71 52 Al
9] 250 uE FF HAE&EE SA433ch

3. 29 9 B2

dod gEzgyo)l e} 13-4 ES 11179 &
v-g2sle] FHuf R xFEE 2A]E 1000 ppme 7}
SIS b Yl dERAe) v&o oA
2 9d dzgo] A= A
2= (130 O)Rc) tha =
140 CollA¥e 8 AR AA FF=7] AP
190 CT7HA] A7) & ubg- 27l oj2e ¢ o|if &
4 G789 7)1 E Aoz Y7s)
3 4 oa¥ dn] FAE Gk 34 o
8] Z3H)9] AEZ Brookfield AEAR £4% 2%, o
o glElzgo)lEx 137 cP, ¢¥] 3= <F 1300
PR FAE Ut o)l YL wElzRe o] Eg} 13-4
glr]go] Bhg-o] zleggel wel pykgo 2 AAE 4
a3go] viEE L, 42 Jd2E db A TR
== ¢+ Yok

FT-IRS E3l] A3 o4 ol 2¥] ou] F8Ae] &
A 5325 Figure 19 Yelgich (A& 1,3-F8t]E9]
C-H B4 93 (2850~3000 em)E, (B): 14 ]9
wrekE 78] E4 =3 (1100~1300 em™)E FHeld
= Slch

49 28 F£A-HE YEFY Az, Az
AREe F2A A4S XRD AFE F3le] 2EAV}

e
s
2
lo
¢

2D )28 £A-F4 LHA)E GRBFAR 179



180 Paengetal

>,

X

olE F7te g AH AEE Yelfigich HES
2] (d001)+ Bragg?] (d=n M2sin 8)°l] &3l +
ot} o7)A A X-A9) shge R 154056 Ao
= X-A% AAHo| o|F& ZholH, n2 129 A
1—% ARSge) WA AR AR AR 72
Az R ™ Figure 20014 2+ vle} o] Na™-MMT
29:7-5° (~11 A)llx 54 J’]i'a‘ vehd= vk
12 9713t 23k 25A, 30BE ZHzF 26=42° (~206
A), S1° (<169 AylA 2 54 52F HeE & 93
o} ojely HE] FH EdA Alx e Y
Wyt AA Sz 747 Dt dE CiEARE
U B3AE Alxsgds A AR bE 545 Hel
= Aoz FarsE|olc)

et o
ox, 4 [N
e )

e e

[

Figure 32 242 ol 28] 25A% 27+ 4klds A4 5
shyel el Az AR XRD ZH ATl () T
A A AEL] S0 A AYAA Az &
7k Aol o 7 A 23k AFolm oF 420004 Rol= 25A
o) £4 sjzs} AlghAT oF 20=2.6°%} 54°9) F 7))

[
801 W

604

401

%Transmittance

201

04 ©)
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 1. FT-IR transmission spectra for allyl ester prepolymer.
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Figure 2. X-ray diffraction patterns of Na+-MMT, 25A and
30B.
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Figure 3. X-ray Diffraction patterns of 25A-AE from synthetic
method. (a) 25A-AE(intercalation method), (b) 25A-AE(in-situ
polymerization), and (c) allyl ester resin.
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Figure 4. X-ray diffraction patterns of 30B-AE from synthetic
method. (a) 30B-AE(intercalation method), (b) 30B-AE(in-situ
polymerization), and (c) allyl ester resin.
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Figure 5. FT-IR transmission spectra. (a) 30B, (b) extracted
clay, and (c) allyl ester resin.
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Figure 7. X-ray diffraction patterns of 25A-AE for curing
conditions. (a) 25A-AE (intercalation method), (b) 25A-AE(in-
situ polymerization), and (c) allyl ester resin.
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Figure 8. X-ray diffraction patterns of 30B-AE for curing
conditions. (a) 30B-AE (intercalation method), (b) 30B-AE(in-situ
polymerization), and (c) allyl ester resin.

Table 1. The Relative Yield Strength of Allyl Ester
Resin-Clay Nanocomposites

sample yield strength relative yield
(MPa) strength (%)
AE resin 8.14 100
25A-AE 9.17 127
30B-AE 11.40 140
25A-AE-S 8.67 107
30B-AE-S 11.49 141

Table 2. The Relative Modulus of Allyl Ester Resin-
Clay Nanocomposite

sample modulus (MPa)}  relative modulus (%)
allyl ester resin 109.4 100
25A-AE 163.0 149
30B-AE 162.8 149
25A-AE-S 143.7 131
30B-AE-S 174.0 159
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Table 3. The Relative Compressive Strength of Allyl
Ester Resin-Clay Nanocomposites

sample compressive relative compressive
strength(MPa) strength (%)
allyl ester resin 97.9 100
25A-AE 107.6 110
30B-AE 1104 128
25A-AE-S 1111 135
30B-AE-S 1114 138

Table 4. The Relative Compressive Modulus of Allyl
Ester Resin-Clay Nanocompoiste

compressive modulus relative compressive
sample

(MPa) modulus (%)
allyl ester resin 1173.0 100
25A-AE 1216.7 104
30B-AE 1224.8 105
25A-AE-S 1218.5 104
30B-AE-S 1248.5 106

Table 5. The Showa Hardness of Allyl Ester Resin-
Clay Nanocomposite

sample Showa hardness (HS)
allyl ester resin 80.98
30B-AE 82.48
30B-AE-S 82.29
25A-AE 81.22
25A-AE-S 81.37
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Table 6. The Glass Temperatures of Allyl Ester Resin-Clay
Nanocomposites

sample T, (T)
allyl ester resin 90.6
25A-AE 114.5
30B-AE 115.7
25A-AE-S 115.8
30B-AE-S 121.6
25A-AE(inter) 108.4
30B-AE(inter) 111.0

Table 7. The 5% Weight Loss Temperature of Allyl
Ester Resin-Clay Nanocomposites

5% weight loss

sample temperatures (C)
allyl ester resin 382.2

25A-AE 3913

30B-AE 403.8
25A-AE(inter) 370.4
30B-AE(inter) 373.5
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Table 8. The 5% Weight Loss Temeperature of Allyl
Ester Resin-Clay Nanocomposites with Different Con-
tents of Clays

5% weight loss

sample temperatures (C)
allyl ester resin 382.2
30B-1phr-AE 398.4
30B-3phr-AE 391.3
30B-5phr-AE 390.9
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