mXNEEE (F130)

TR 14 AL KEERE-L A R
WRABTSER HAIIYRIE
K & 7275 EHwFA FA é‘

@)
S

i SCRE B Studies on Structure and Properties of PLLA/clay Hybrids
(PLLA/Z VA REMELOMEE & Yoik)

RGF/ T ANLTY v Vik, RO 7 7 —RIEHESFES B (Rrogkik~srnay
WPy b)) LHRB L S, BEIRHE, MR SICBVTE LCALET B I LA b, &
NETORITFABLE L —RBESMLETATEMENRDL B, —F., BU LAE (PLLA) 3. £k L
ERESHCBOTENRLEEREDL, bz, BARRN LI 2G5 2 L RHES D, BEHEA
FHELTEWERZEDH TS,

INBZEHRELT, PLA/ 2 LA A7) v K (PLACH) OFBBREHEEZHETL, ZhbORT %
A DBILR %k~ S ERAYTF RS BRIC B Do SN T 528, PLACH DA SH 258, HB WX
TRPTRTREREER S BEL A r P —0Fids 2B Y b SR TORY, Bl & s8> PLACH
ZBRFET L I2DITIL, PLACK I[ZBIT 2 EEHNHROITRE. EREhE, BfrAoY— L ofEs
RN L, TNDHIZ L o TPLACK 07/ & Hlfd 2 e DFBEWEMLT B Z L BB ETH S, A
TiL, PLACH OREBHER U OfE & b E L OBREBRAE L. &b, Thb0T /g
TA—F =L IRt EOBRERLMNIT AL FEM LTS,

AT 7TELLHEREND, §1EITES T, FHEOEHEL R,

5 2 ETIE, PLACH 23R8 2 7 OBRUNEME MR, & bIZERAY - AAEMSHt, Ehe
BREMEENE, ‘
| EI3EOE1HTH, RELBOERD PLACH DRIFARRBIZ SV TRN L, M) AT ¥
FTINT =T A (ML) FREIAFADETI ZFFUATE=T A (M2) IZho THEBME LY
VA ZFAWTPLLARRBAT S &7 LA BT 7 LA T BISH L THWAANL T v RFEEEN, A
FNEANA RO LT FNT I FTVUT Ry ALLo THBLLEY LA (M3) DBEATIE
REHEIWL LD 7 VA O —IROMEEATZ LA O7eFal—L s UBEI-TLESOT, =
U w7 AFEKE VYA XDT LA BELFEL TS, SbiZ, BRELTHARNY LA 0BAR
PLLA &8 LTV 21D PLLA ICIRAT 5 L A AR = - TR BIHR ARV T B 23
>,

£ 3EOE 28T 190CTHAMTZ DT #AERIC X > C PLACH DR T~/ PLLA L&
WLl A OEEMEEBNET D L PLLA PRI VAABEL, 72 LAk >TED (001) |
BFE (do) DEKA~LInm kTS Apofc Z LR SN, DI LIE7 L DZERIC PLLA g0




K & 775 K74 FA

BATRRODEE 2 bR B, PLACH DEILY LA OEEIL. HRREIEOW A AR O PLLA &
27 LA BICHRIET B L RBE B,

HARDOE 1 #i Tk PLACH OBBMEE R L, TOMEE om OAAT ) 7 LA B WA
LB FHO—YAMED DI 10 mm DA —F —%E0F A SRIBEME. & bIci 40umy1 A0
R DRREEE TR LT, X B MEBELORRIC X > T PLACH H10) PLLA S5 KD G e 2 1
T3 EEZDBRD, EbiT, PLLA FIROGMLTODY LA DY XL PLLA ©F 2 T4 Xhb
PLACH O inter-fibrillar #3& 2128 L7z,

554 BOE 28 TIX PLLA BRE D7 LA Do Bad Uiz, Xﬁﬁ!v/r 7 v BT OFERH S PLLA 23
fb T SRFPLLA DIRE T TR LA DREDBEL LRV DFE D 7 Lo BEREOBMA~E = L1373 < .
BREPIE— RO LTWBE T LR’ hot,

55 F T, PLACH BARDRTRMIE L AT Uiz, FRIRESR L 85 BMSE PLLA 2 L1 &,
BN X D LI LT, Bk LOBBRIZ PLLA & 7 b b OBARHERM, X 5ic PLLA &
(L7 LA DB—ARICEHEHEK S (K& aspect ratio; 7 LA DER/Y LA DER) LELBRD, DT
& ¥ Halpin-Tai DB/ CHBRE AL,

% 6 ETIRRRBOMRR & 2RERLBEICIV T PLACH T PLLA DRSS LEBEH e, FRY L
A ERELTORN D) 2AV5 L PLLA DBEEITDTAICEL ot i, THIE LIS LA
BEITE< 2D LD h o7, PLLAICMI M3 #/1% % &, PLACH DIREREEE (G). 2%
{CEBE(Uan)E PLLA & HA~GBL 2ot dd, M2 OBRSTIIBIZL VRN G & 1, iR, ORI
secondary nucleation (OIS CHiEE Lz,

 ETET, ULORERPBIE UL,




WIXPNAEE (FE0)

TR 14 FEAYE  FEEH R RE
WEATET2EE PR T
B & 775 h7A4 FA @

am SCRE B Studies on Structure and Properties of PLLA/clay Hybrids
(PLLA/Z U A @AM B oM & i)

This doctoral work was devoted to study on the structure and physical properties of
PLLA/clay hybrids (PLACHi) for their innovations in practical material production.

The thesis consists of seven chapters. The content of the first chapter is concerned
with the general introduction, which describes the background of this study including the
development of polymer/clay hybrids, recent knowledge of PLLA and clay, and some basic
theories applied. The previously relevant investigations of synthesis and properties of PLACHs
are also briefly commented,

In the chapter 2, the main experiment procedures have been described in details.
Those are melt-compounding process for PLACH preparation, the specimen preparation
conditions, and detailed experiment conditions with the corresponding physico-chemical
methods.

The first part of chapter 3 describes the dispersion behavior of clay particles in the
PLLA matrix. The incorporation of montmorillonite modified with trimethyl octadecyl (M1)
or dimethy] dioctadecyl (M2) ammonium salt into PLLA resultedin intercalated hybrids where
the clay particles dispersed uniformly in PLLA matrix in nanometer scale, while that of
montmorillonite with bis(4-hydroxyl butyl) methyl octadecyl ammonium salt (M3) leads to the
composite with flocculation of clay particles. The addition of natural clay into PLLA matrix
caused strong aggregation of clay particles due to the immiscibility between natural clay and
PLLA. o

In the remaining part of chapter 3, the formations of PLACHS via heat treatment at
190°C without any shear force is examined. The (001) interlayer spacing, doo1, of clay
increased in a limited level with increasing heat treatment time as revealed by X-ray
diffraction and microscopic observations. The proposed formation mechanism for PLACH is
strongly dépendent on organic modification of clay, shear force in processing, and clay content
in PLLA matrix.

The fourth chapter is also divided into two parts. In its first part, the hierarchical
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structures of PLACHS are investigated. Those showed confined PLLA chains in the space of
the silicate galleries of several nm width to the crystalline lamellae of about 10 nm thick and
the spherulitic texture of 40 pum diameter. PLACHS exhibited the structure of less-ordered and
fragmented lamellae as compared with PLLA due to the narrow space surrounded by the
dispersed clay particles and the intercalation of PLLA chains between silicate galleries. A
model of inter-fibrillar structure contained the fragmented lamellae surrounded by the
dispersed clay is proposed.

In the remamming part of chapter 4, the distribution of clay particles in spherulitic
texture of PLLA is studied. The results of X-ray microanalysis indicate constant concentration
of clay particles along the radial direction of spherulites during crystallization of 'PLLA, ie,
those clays still kept in stacked state inside the spherulites without any segregation.

In the fifth chapter, the solid-state linear viscoelasticities of PLACHs as functions of
temperature and frequencies are examined. Both storage moduli (") and loss moduli (E")
showed for the PLACHSs samples a monotonic increase at all frequencies with increasing
silicate content. These strong enhancements are mainly attributed to the fine dispersion of clay
particles with high aspect ratio accompanied with the intercalation of PLLA chains between
silicate layers. The correlation between mechanical properties and structure is discussed with
Halpin-Tai’s theory.

In the sixth chapter, the crystallization kinetics of PLACH:s is investigated in term of
growth rate and bulk crystallization of PLLA crystallites. The nucleation rate of PLLA
crystallites was slightly enhanced by natural clay, while reduced by organoclay due to the
shielding effect and/or miscibility between surface-surfactant and PLLA chains. The
incorporation of small amount of clay M1 and M3 into PLLA matrix showed Jower growth rate
and the lower overall crystallization rate of PLLA crystallites as compared with those of neat
PLLA; on the contrary, that incorporation of clay M2 lead to higher growth rate and higher
overall crystallization rate. The crystallization kinetics of PLACH:s is discussed with secondary
nucleation theory.

Finally, summarized comments and conclusive remarks are described in chapter 7.
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