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2 9F: Montmorillonite (MMT) ] 27t poly(e-caprolactone) diol#} 9% 4= &= -COOH
718 41571 98ld 11-aminododecanoic acid&, 283 MMTS] #3tAZE YaF7) 918}
ARAEMAYRE BHEvlo|= (CTMA)E 72 AJA AT oA 7/1d¥ MMTE THF &9
Aol A poly(e-caprolactone) diol (M,=2000)2} 80 CollA 4A17t <t whg-alacth. ¥ ¥,
poly (&-caprolactone) (M,=80000)& o] & H4)8le] Z& 2=olA 12417t St EHIA
th o] £ HIFE BT Fo] 60°C FF LBAM A1 B AR poly(e-
caprolactone)(PCL)/clay Yx=E28A8 &L Axs . XRDe} TEMeoz 13 Az Ha)
Ao E Fo| 33 vl ey UxEg4ade #Asct 28ln MMTe] 9ol o& PCL/
clay YB3 ge 7|43 Adx 493 AAL tensile testere} DSCz #elslgth. MMTr}
PCL wjEg2d Ul Faso] o] ERFAESY J&o] FA=UoL, AT FEo)
Ael gyt zelz MMTel ko] PCLo)| thdte] 3 wt% 74x] F71ge] wiel PCLY 243 2%
7} Z71srch

ABSTRACT: 11-Aminododecanoic acid, to insert the functional group of -COOH reacted with
the end group of poly(e-caprolactone) diol, and cetyltrimethylammonium bromide (CTMA), to
increase the d-spacing of Montmorillonite (MMT), were intercalated into Nat-MMT. The
modified MMT was reacted with poly(e-caprolactone) diol (M, =2000) in THF solution at 80
C for 4 hrs. After reaction, poly(e-caprolactone) (M,=80000) was mixed into the solution for
12 hrs. To prepare the PCL/clay nanocomposite film this solution was cast into the silicon
mold at 60 ‘C in vacuum oven for 6 hrs. From the results of XRD and TEM, it was found that
the exfoliated PCL/clay nanocomposite were prepared. The effects of the amount of MMT on
the mechanical properties and thermal properties of PCL/clay nanocomposites have been in-
vestigated by tensile tester and DSC. Because the MMT was dispersed homogeneously in
PCL matrix, the Young's modulus of the nanocomposite were found to be excellent. However,
MMT dispersed in PCL matrix had almost no effect on the tensile strength of the composites.
The crystallization temperature of PCL increased in proportion to 3 wt% MMT in the PCL
matrix.
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Figure 1. X-ray diffractions of (a) Na*-MMT and
(b) modified MMT.
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Figure 2. FT-IR of (a) modified MMT and (b) the re-
actant of modified MMT and PCL-2000.
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Figure 3. X-ray diffractions of exfoliated PCL/clay
nanocomposite films prepared with PCL-80000 and (a)
1 wt%, (b) 3 wt%, and (c) 5 wt% modified MMT.

Az #dr) 93l XRD2 #asle 1 a3g
Figure 3o Jelli2icl. 28dA Be Aat o)
PCL sjEgxd] E4ts]o] e MMTe Yo #A
glo] MMTe] E49aE AFE 5 AT oA
AAlE Zo] DdEoz 4A3] uEEHd Q=
232y YeBRAsde HoFn g, &, MMT
o] 7o AR PCLo] AHYsle] e MMT
o PCL& &£#3l%& 2% 474 PCLo| HgAlolE
e ddFoz welAe BoFa o dely
Ux=E3AsgE TEMo=z Edt AAE Figure 4
o vekldch 2N e Rz o] PCL HlE
Yo HEAClE Fo] Urar|2 BAEY &S
BojFa gl

Table 12 PCL wjE&2d BAE Y 9l& MMT
o] okl mE 7IAY B4 BEF HAPGE el
Rolt}. w2l® PCL YixcBgA R ol MMT
o] <ol ofgt PCLY AAZ=ES ¥3e A f&
& ¢+ dod, AL 47t Zade v 4&
2 Bol F71EE € =+ U dutdoz g B
718 AZHA7E 38 22 AL HMAY aE
Azte] AgAlol Hoixy| wfEd H Y Fol F
7Hdel we} AARE7 ZaPohE Nicolais] g
dAslx] e U = Uk ol9} o] viglw PCL
VB A MMTY <o) Zrigtel wat
2318 AR F71F AL PCL flEy 2] &

Polymer{Korea) Vol 25, No. 3, May 2001



w23 PCL/Clay U=EgA8 Az B4

St

Figure 4. Transmission electron micrographs of exfo-
liated PCL./clay nanocomposite films containing 5 wt%
modified MMT.

Table 1. Mechanical Properties of Exfoliated PCL/
Clay Nanocomposite Films

stress at break strain at break Young's modulus
blends

(MPa) (%) (MPa)
PCL 17.0 567.0 125
PCL1 174 565.9 140
PCL3 18.0 462.0 150
PCL4 18.0 4470 160
PCL5 18.0 4375 160

* PCL1 : PCL nanocomposite contained 1 wt% MMT.
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Figure 5. The melting point of exfoliated PCL/clay

nanocomposite films prepared with PCL-80000 and (a)

0 wt%, (b) 1 wt%, (c) 3 wt%, (d) 4 wt%, and (e) 5 wt%
modified MMT.
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Figure 6. The crystallization temperature of exfoliat-
ed PCL/clay nanocomposite films prepared PCL.-80000
with (a) 0 wt%, (b) 1 wt%, (c) 3 wt%, (d) 4 wt%, and
(e) 5 wt% modified MMT.

€t} wetA PCL mjEZ 2] #4150 e deH
o|ES] o] 3wt A HAZAM AR¥E ¢ F
A

4 £

Na*-MMT9] poly(e-caprolactone) diol®] Wt
7191 -OH¢} wgd + slE -COOHY& 714 11-
aminododecanoic acid®} MMT¢ Z271Ael& W8
F71 93l CTMAE e 7Hd¥ MMT2YE
ue|d PCL/clay U=EqA8E 434 F,
71&2} 9eld PCL/clay Y=E#x1g2] A=Y

27 AAY MMT22E nEAE I3 MMTd)
At welq PCL/clay Y=ERNEE AZ3}
At AzE 2 =R s PCLY vl 8
MMTY] <o E718el wat &0 ¢3ldon,
53 719 Fr1%iAte A9t vEA HEdez
Age) 71AH 54& IANZE 5 U 28
PCLel o3l MMT2] ko] 3wt%7A+ 8z}
o 238 =9 AT E FVMA Fe YA=
Al ARR-E IR, 11 o] ddlAtE 2388 aEAte] 2

426

At Azl W7t sol 23} 2= AFsET}
A

A 2 B dFE 19998 % §=ded AT
R AT ATHid e ATFHRAI|A
ol ZA=HY

22 g #

1. Y. Kojima, A. Usuki, M. Kawasumi, A. Okada, Y.
Fukuhima, T. Kurauchi, and O. Kamigaito, /. Mater.
Res., 8, 1185 (1993).

2. Y. Kojima, A. Usuki, M. Kawasumi, A. Okada, T.
Kurauchi, and O. Kamigaito, /. Appl. Polym. Sci., 49,
1259 (1993).

3. P. B. Messersmith and E. P. Giannelis, J Polym. Sci.:
Part A: Polym. Chem., 33, 1047 (1995).

4. S. G. Lyu, G. R. Park, and G. S. Sur, Polymer(Korea),
23, 884 (1999).

5. H. K. Choi, Y. H. Park, S. G. Lyy, B. S. Kim, and G. S.
Sur, Polymer(Korea), 23, 724 (1999).

6. S. G. Lyu, K S. Bae, and G. S. Sur, /. Korean Ind. Eng.
Chem., 10, 960 (1999).

7. S. G. Lyy, Y. C. Lee, and G. S. Sur, J. Korean Ind. Eng.
Chem., 11, 512 (2000).

8. P. Aranda and E. Ruiz-Hitzky, Chem. Mater., 4, 1395
(1992).

9. E. P. Giannelis, Adv. Mater., 8, 29 (1996).

10. A. Okada, M. Wakasumi, A. Usumi, A. Usuki, Y.
Kojima, T. Kurauchi, and O. Kamigaito, Mater. Res.
Soc. Symp. Proc., 171, 45 (1990).

11. R A, Vaia, R. K Teukolsky, and E. P. Giannelis,
Chem. Mater., 6, 1017 (1994).

12. C. U. Lee, K. S. Bae, H. K. Choj, J. H. Lee, and G. S.
Sur, Polymer(Korea), 24, 228 (2000).

13. J. G. Ryy, G. R Park, S. G. Lyu, |. H. Rhew, and G. S.
Sur, Polymer(Korea), 22, 328 (1998).

14. H. K Choi, Y. H. Park, S. G. Lyy, B. S. Kim, and G. S.
Sur, Polymer(Korea), 23, 456 (1999).

15. L. Nicolais and M. Narkis, Polym. Eng. Sci., 11, 194
(1971).

Polymer(Korea) Vol. 25, No. 3, May 2001



