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Absgtract: The morphology and thermal/viscoelastic characteristics were investigated for PLLA/MMT nanocomposite
manufactured by incorporating inorganic nanosized slicate nanoplatelets into biodegradable poly(L-lactic acid) (PLLA).
The XRD diffractogram and TEM image may be regarded as a formation of homogeneoudy dispersed nanocomposites.
The melting energy(AHm) was increased during hydrolysis process because of increase of crystalinity. AsMMT played &
role of reinforcing agent, the storage modulus was increase in case of PLLA/MMT nanocomposite, it was well coincided
with our previous results. From SEM image, many tiny pinholes formed by spinodal decomposition were observed on the
surface, and the shape of nanocomposite was maintained during hydrolysis process. In this study, it was shown that the
control of biodegradation rate, thermal/mechnica property was possibile by incorporating MMT.

Keywords PLLA/MMT nanocomposite, hydrolysis, thermal property, viscoelastic property, biodegradation rate.

1. ME =R
ol AW A L S85H] wEt AA WA &
EFol| 220 UER] EFEHPLLA), EB2EZ=HPGA) % &S 283 Farvt =, Oﬂ% EW AY9)8 =HFA]
I FFHAES A %‘H‘é IRAERA, 1 73 4] 2 A9 EEET 2EY St & dAstefof gt = Eelig Tt
S ek 7] ditel] AAZ el g Ao m dElA A% kol vlgte] |y wEd argo] whE Fhiol ©]sto
Aol FEWE 2EE A=, FELE T I3, A T =24 Azl e = F daL, BEE Uy =g S EA
¥} e 98§ A olAARE s S5 Tk 53, 7} &=l (dress shidding) 45 UERo] 59 2249 =g
PLLAE A% fA7]7t0] 671€elx] 1do= a4 B nAdE ¢ A = Aek®
3 & G A AL TeEEEfEr] vl 11 Ak fA7)7be] Ee]o=HEA ALY LEAES A HellA 3 mhe] 9
LTHE Fed B FEE me JEA 5ol o8] ¢t 3 FAREA U= olzEHE Ao TRERdR EeEE AoR o
om T 1 97 BAAS olgste] iV A T 22 A A QUL 53, ol 93k 7eiafel QoA Rl S B &
HA B0 Fafd FeksE o2 o] & #ilo] FolEal A7} o2 Afelle] A folAol JFS A Ak’ aen
2 olyg A Tkl FEgs mAE AEE At
To whom correspondence should be addressed. E-mail: AR, DRA T2, 254 2D AR, §99 pH To] ekt

375



376 o]FE -

TEA AR invivo T inwitro A8l AEEE AL
A, nRA7 BAHEA AE WAE g7t A HE o)
ol pEEe] P& FAY W) sk wel et @
A ARSE AL Qs At Amas olER VA B4S WAl

717 $alo] AAHE B2 AFSSIAL invivo B A1 Bo] §-9

of 3 AHgEIolE ol@Ta Ueld ik oled Byl 3y
2 9l5to] AT theg 7)%0] $-853 glizd, heB AR
A% A% QR HuAE F4TEe] HEFEE the

2Ald ] AEA e 7EAR Blejsle] AL FAo i
o2 HeAd uEA) e JAH B4 IAE Ao
glE o FPATE AZ 7)ol oEt Ve
7] SAA 17 BgtaAuc 4 ool £ SHAE ARk

< - 37|71 B,
A7)5E Fo

¢

_ﬁ
>
)

[

©

N
i ©
lo

TEAS] PLLAC] BTz =
Jol=E Arleiel BEPHS] e gnE Aslel, F7]
ARt H R ThE) A% dA 54, e 54, BE
274 58 2AVEo 24, PLLAMMT L}ii‘%b;}zﬁﬁ-ﬂ ARl et &
A, 71A4 B4 24 7FsAE AAESITh

2. Al

oo

21 A" M=

AR A aLE-2}= poly(L-lactic acid) (PLLA, Mn= 218,000, PDI =
1.55, Shimadzu)E AH&-3F91 21, &1l chloroform (CHCls, Sigma
Aldrich Co)& ARE3IITE 7|V gAs WdT2E 2t 2R
& Z1}o] E(montmorillonite, MMT, [MxAl1xMgx] SigOz0(OH)a, X~0.67,
Southern Clay Production)®] -3 Ale]el] dimethyl dihydrogeneted tallow
quanternary ammonium (2M2HT) o]-2-S 4UAIA PLLASES] 4=
& PPAH o, vlFE 177, /NEA Q] F%=E 95 mey100go] Tl

22 AIE HIZ=

PLLAZ ZR22¥ 29 01gmLe HEE 9 5 43 &
71 5 2M2HTIMMTE 3 wi% A7}sle] 714149 £3-2 3]
SN Aoz Ae Tl Fof AEHE R A% pd
& 7z3te] PLLAM2HT/MMT Y=E53 A 85 A=
AZH 52 150 ume] F7Alo|H o]& 3x3 em HAMAE ] FHHE
Adal] 7] A3l AREsFST

23 712l

53 PLLA®F PLLA2M2HT/MMT U=

ol

A

[e]

A

a

R

BYARE SR
E}

Fol Qi vlolAel Ha 60 TR FAsE FeNN FPow
2wg fAs] Apeie 48 ARG T Ane A3
stel B4 Az7lo1A 24413k AT,

Z2|H, A297 A4%, 200550

24 48 54

7hrEal el 2M2HT/IMMTS] 7kl w2 PLLAS] 94 54&
DSC(differential scanning calorimetry, TA Instruments Ltd., DSC 2910)&
ARg3te] A 297 dlollA £L&4E 10 C/ming 50~250 C7}
2 &3kt

25 ME 54

IAAzro] Afet § Jhpitsl] &l A E Alsel dis)
2M2HT/MMTS] 71 2 PLLAS] ] 54 2 fedel
o] WslE #43517] 215k DMA(dynamic mechanical anayzer,
Seiko Exgar 6000, DMA/S6100) 542 A4 w917] stollA 10 557
o] 3701, 0.2, 05, 1.0, 20, 5.0, 10, 20, 50, 100 Hz)°ll thall 5 C 7+4
o2 50 CHE 150 T7HA 33130tk Tendon/'Snusoidd =5 AF
|3te] Hx 981 mNe| 35 7}l Alﬁg} 7] I E AAssin
o]% 20 mN9] I& 3] sk &5 PLLAS&]— PLLA/2M2HT/
MMT Yie53A5e] AGed g, S E, tands SH3190T

26 BEZX|

AGAIZTo] A F- Thtal] &Ml AFHE Alsel chsf 7F
TR} 2M2HT/MMTE] H7kell w2 PLLAZM2HT/MMT Hhet
P A FEH] e W3S SEM(scanning dectron microscope,
Hitachi S-2140) ©]-&-3to] #&a3ith

ALY Y EE

Figure 1:& 2M2HT/MMT, <573 PLLA, PLLA/2M2HT/MMT L=
LA 59 XRD A2 HE vlaigh A 02, Hi= vk} o] 2M2HT/
MMT2] 3712 (gdlery hdght)= 2.35 nmo]™ 2 =3.76°0l4 ¥ =1
7} B2 283 PLLAZM2HTMMT =gk sl A 2M2HT/
MMT L] 27 AR As & 5 i), o|=5H 2M2HT/
MMT J=7} PLLAG] ¢-43] #Aakso] gle-& & 4 uh?

Figure 2= 2M2HT/MMT7} 3 wit%7}F 7Fel PLLA/2M2HT/MMT
Bk el TEM AR ZA, 2M2HT/MMT7E dhe] 2 Bale)
o d&S EIE 4= et
Figure 3 <573+ PLLA, PLLA/2M2HT/MMT Y=2-3kz)ze] 7}
o] W DSC 22} 7tE=rdoltt 7Hel7F Zade wet &
Sk PLLA®} PLLARM2HT/MMT Wi B3ka5e] 8§l 4] (AH)
Hlwsle] W 747} 3289} 433 Jgoll A 5373} 556 Jgo. &7 S}
2 EEA7F PLLA

2 3tk ALLAE 7Risl 8ol HAlshd =

el 'D‘ >
o o

il

PLLA

Intensity

2M2HT/MMT

16 20

o~
oo
—
N

20

Figure. 1. Wide-angle XRD comparing 2M2HT/MMT, pristine PLLA,
and PLLA/2M2HT/MMT nanocomposite.
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Figure 2. TEM image of 2M2HT/MMT pladetsin PLLA/2M2HT/MMT
nanocomposite containing 3 wt% of 2M2HT/MMT.

3wt% - Sweeks

55.6J/

100.7°C 1065°C
27.90/g

161.6°C

Exeo | 3wit% - Oweek
43.33/

O0wt% - Sweeks

o 1543°C Y 1611°C

Endo 109.7°C
Owt% - Oweek 29.7J1g,

32.8/g

176.9°C

50 100 150 200
Temperature(C)

o

—-50

Figure. 3. DSC thermograms of quenched specimens of pristine PLLA
and PLLA/2M2HT/MMT nanocomposite measured a 10 C/min.
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Figure 4. Plots for storage modulus (@), loss modulus (b), and tan & (c) of
prisine PLLA and PLLA/MMT nanocomposite plotted as a function of
temperature a 5 Hz during hydrolysisreactionat 60 C.
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Figure 5. SEM micrographs of pristine PLLA [(a) before hydrolysis and (b) after hydrolyss| and PLLA/MMT nanocomposite [(C) before hydrolysis and (d)

after hydrolysis] reactionat 60 C.
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