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FIEML EICT 2 LA THRETEH A 2y : y
| Supercritical
10 F
VVIREE [ B S 8 (Super Critical Fluid; g Solid Liquid :
o 7838- -
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SCE)J & 72 %, SCFIL, K:iE XAz | 2 6l
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Temperature / °C

% 5% (Carbon dioxide: CO,) Il Ml ¥ Fig. 1-1 Pressure-temperature phase diagram
for a pure substance

31.1°C. g SE 77 7.38MPa(Fig. 1-1)LL T

FESCIRAE & 72 0 | 1EDOWE I CIEF IR 72 54 CHE G FIRAE & 72 5 (Table 1-2)72
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C SEIERISHAPEIRFE N TN D[], COMIER, RRFITHFET HXUETH Y | 225

DIFBICES>THLIENTE LI LR, BFOAKEE L s 5 & FIHE ORIER
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2LV, COERIMTTERIZEY B Z LM AJRE CERRES A M AV 722 W i b R 23D S

TWAHEHTH D, Flo. COEHAWTHEIZITRY BRWCOZ IR L, HHRHATHZ &

INFRETH D,

Table 1-1. Physical Properties of gas, liquid and supercritical fluid

Properties Gas SCF Liquid
Density / g-cm™ (0.6 ~2.0) x 10 0.2~0.9 0.6~1.6
Diffusion constant / cm’+s™ 0.1~0.4 (02~2.0)x10°  (0.2~2.0)x 107
Viscosity / pPa-s 10~30 10~90 200 ~ 3000




Table 1-2 Critical temperature and pressure of various substances

Substance Critical temperature / °C Critical pressure / MPa
CO, 31.1 7.4
H,0 374 22.1
Methanol 240 8.1

112, “EBERBLEDT

COEBHTFIRMMTHHE LT, B 0|
[ §
100 |
SFORCOIINC I B, £, %A N
80 | .
WAICRAl & L CORABRZETF OG22 L oy
~ 60 | ‘o
- 5] ZAUE. EERA LI E(scCO)®
40 LN
FECON, £ < OFESFHEHIR LT ! A
20 |
WEfREZ R 22 6 CTh 5, Kazarian b (%
O 1 1 1 1
FT-IR% T, B LR =/(C=0)72 ED 0 0.05 0.1 0.15

Weight fraction of CO, in PMMA
G2 b om g M B E CO 2 Fig. 1-2 T, of PMMA as a function of the

solubility the polymer([7].

Lewisfe- B M BEEMN T2 2 L 2R LT

[6]c %y T2 RIECO, CAEET 5 & COS @A THICEfRE L, Al 2 Z & T, AHIE
FBEDEINT %, A BREBEOHEMIZEN, & FHEO T T AR (T) O db b o
DGEITRMEPME T T 5, CODRE & L T,ORfRIZCondo HIZ K> THRY A X7 U LR
AFILPMMA) & N RIZOWTHRE SN TEY[7] (Fig. 1-2), CODiZidE & & T3 il
BRICHD Z LR L TWVWD, T, HiidmtE&E s F TIICoOxSETRESED
L TRERPCTOREGL & i LT, RIRS L <I3ERH TR 2 Z &R RETH 5[8 -
16], TD72HIZ, THETIZS £ S EREREER D FHEHT S L TCO Z2 1R S H
LS HHED TN TWD, BIFREETIIINETIZ, RV FL 2 2, 677X L — L

(PEN)RRY 7 2= L H L7 7 A REPPSHIZOWTCOMIRIZ L v it b 21T > TEZ[8,
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9], Hirota 5 |XPPS/3CO, % & ATIIRRED TUT OV TRFT L TRV | @/ ECOMLELE KA T
SYTHIE L7278 © CO & & £V KRB & i L TR 30°CIZ ETAME T L TWD Z & &R
L72[8], F£7o. KRR ComMGa b & T 5 & COLLELTITH 40°CIKIR T b [R5 O il
fCERSEOND Z L 2R Lz, EHIT, COABT X v KIR TRt b S §7-5A I2IXSAXS
WE XV ROTEREHLT A TEPRKTOMEES GG LKL Tha<hd 2L
Mbhole, ZIHOMKEND ., Hirota b XCOLLEEZE WD & R F O ftim b & g L
TR CPPSA b S 25 2 &N TE, £72, RIETH LS ELZ LT, FATERE
DREEEY A R /NEL 528, DFEVEL TP —2 B EFLZENARETHL
LEWE L, E£72. AsaibIIPENZCOMIT 5 2 & THEG L S, Sk Licon
THE L TWVD[9], 2 H1E, COLLPRIZ L - TREH TORFE TiIfssaft L22VWMEIRE T
HEENAE T D 2 L &R L, ZRULCOD E 51 HFICIEE LR U ~— o B BRFE 2 50T 5
Mo Th D EfERmfTT T %, Marubayashi & 1278 U -L-FLERIZ K L T, COMLEEATTV 15°C
ZRME & U CRIRAA ClaiS A TR L. IR CIXERE TR T D & D R fh s i
DA & HBELIIEIZ K-> TR LTZ[10], £72. RKUT CRffabd 2 & IEF I RRFH D #L
PR o BE L 5 R Y 13— R A MPOITK L, COLLEET 5 Z & THRIFH TRt I ¥ 5
Z EMHE D Z L A Hatanaka b 23S L CW B[], F72, 5 1FPC E COLFLCSTH OFHK
i< 2 L InsituDHHELIIEIC & o TR L7z, F72. Teramoto H 12 X > TiPPORE &b
WHEEIZ RIF T COD B HONT HHE STV BD[12], iPPTIECOMLEREITEAF L T

EUAEEOLENE 2V | BEOSM T T, 200mfEEDEL - - fEim T A T OHES

op

K& LT, BROEBEDBIRT D2 L am Lic, ZOMICH, SEBAMEDO @AW T A v X
TF It YBLR T FE T TF I (st )PMMAD T L' RT7 4 )V ADAT LA a7
Ly 7 AEER ORI RAE T EECOD B Z O T H AN R I TWAH[13 - 16], ZD
PMMAR T LA a7 Ly 7 ZfEERIE, 1958 FEICFox HIZ K> TAT LA a v F Ly 7 AR
BT 5 2 ENME SNTZ[17]l, PMMAART LA 7 Ly 7 ADOREEIL, it -PMMA : st

PMMA=1:2({Y KL=y M)TEAL, it -PMMAD 9 53+ T 1A HHEAZEL 9/1 b+



I, st -PMMA®D 18/1 HHEADPIY B LHICLTTEL _EHLEAMEEZ L > TEY,
Z DAL 1.84nmTH 5[18], Mizumoto 513, scCOMLEZ HWNZPMMAA T LA a7 L
v 7 AFERTERIZOWNTHE LTV D13 - 15], scCOME AT 5 Z & T, KAHF ToOHEL
HEHBLTEVZDAT VA Ty 7 ARMBTER SN D, 72, Asaibld, FFE
DHBEEFRCOMPIEE BT, PMMART LA a7 Ly 7 AL fringed-micel I it &
T A TR D 2 OB ETTERT 5 Z L a2m L, BlRCI R EtE & ORIk & T
ST LTE[16], iy DOFEEEIZ RIET . CO,DEEIZ DWW T, Takada B 28 E /R 7ZE4E
HEREDSCOMEZANTRY =F LT L7 Z L— MPET)7 & OIREE LISV
THELTH[19-21], 51X, @5 1% EECO, FCOfERbIL, COD AL RIZ X S
TR TR IO, FHERMADK T EZEBRICAND Z L THHTED L Lie, £72. COFRMH
KETOT,DIE T DR PR O T & DR WIT LY | kbbb OIR KT
PEIZ RAE T COLLBRE ) DFLHEN 2 DDOET Mo bivd Z & % r Liz(Fig. 1-3)[20], #F
IZ, Fig. 13 DEKD X H T, DK FOREA W & PHREAR O T O E SV NEIEF CRE O
&R, PR IS B W T 2 FIZiRE L 72COD /LN RIZ LD | 43 F8HDE
LT < 220 bR B R T 5, FhiTst LT, BAEREERSEIK TIECO,D "I ¥ k%)

RIZK Y EEERE < 720 2 &L TR IH ST L E 9 720X s bl E MK T

ERAR
""""""""""""""""" ~._pressurized CO, ——without CO,
- pressurized CO,
o o
£ E
£ g |
3 E
v v
e 2 .
o without CO, © | i
|
: [
T, depression >> T, 0 depression T depressmn T,.° depressmn i
Temperature Temperature

Fig. 1-3 Estimated change in the crystallization rate[20].
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1.2. RYHEE

121 ELfREE S TR

BB ML, ZOMILHEORERLa X MRV LD, @B RKARDE S FIC
BEoLHMErL LT 20 HALISTREERIZHE R L, BETHBMAICIET 7 2F v 7 OWER,
Rk IR M SO RE 2 £ o 7o MR REME = 20 T B EOBRR AT DL TER Y . bivb
NOEFEINIRDPEZRNS D Lo TS, LavL, Gimm FHBHIE % EERE L%
WP ALFERNCZE L TV DT BARBREEICRE RAM D005 Z L3 ME L e -
TW5, I, BREMEAIRT 2 FEBEO—D2& LT, Lot 1 OBR% -0 A

WZHED LN TWBD, INER A M & 5 73 £ 2 Table 1-3 127897[22],

Table 1-3 General biodegradable polymers

aE! R~ —
WA R RUeRaFs 7 F L —h
LG RR RVHEE, RVATaZrb, RITFLohrsr—h
RIE =T va—u, RITF LIy pm—hpd
RKIKFINR  AEMiT 7, B a—R, FRUd

Table1-3 (27~ U753 R oy 1A BED o CIRURH 2 Ak B IRICARTE L 72 W 013 ) Lk
(PLAYE RV B Faxy7F L— MNPHB)B L ORKMHHRTH D, TOH CTLHEZITH
EPHBOD T IR T TH W ILH O G E S FH B OREM B2 BT & W o Blan b
MR O RIEDSIERIZ R &V, 2 LT, PLAIET DY 60°C & A= o3 fiftt: i oy 1kt
TIEHEWEHEICRET S, LLARRL, RV FLorrL 7 L— MNPET)RAR Y ke =

JV(PVC) & T 2 & T3 < . ZAUTFROINEWEZ2 EICRIEDN B 5,

1.22. KRYUHABROESRE

PLLA O&RLIE, 1959 4E1C J.Kleine & H.H. Kleine |2 X - THID T & H[23]. T TIE



FYERATR, A EFREDT VT AR BEIEDLLETE/ ~—ThoOABEAML,

LI A2 ikfE G L CHEA ) I~ —2 7RI, ZORRERICL>T L-77F ReAk
L. SV TEOEREAICEL > TESFEORY -L-AEEPLLAN &K SN 5 (Fig. 1-4), =
NHOHEZ, b3 ¥ BEYERHS Cargill-Dow fEB3 VTV, RFIC Cargill-Dow fhiX7&H
AREEZHWTI Y | PLLA 2 KHIBARET 5 Z EBRAREL e > TE TV D, EOMIZHH
Bz BN KMES SELHELE LT, ZHMEFMARESOBRICY 7 2= —T L %
At & LTS 51E°, Kimura HIXEFAEASIEEZHE LTV 5[24], £72, L-ALBEO

xS Y F A= T % D-AME AR LT 2B Y DABPDLA)E AR 5 ik bIRE

INTWD,
Fermentation
l
Corn —  Starch — Glucose — L-lactide —  PLLA
Yield 100% 61% ) 56% 47% T 38%
Enzymatic Polymerization
hydrolysis
CH; O
| [l
G BAEAES, SR H %o — CH- Cj[ OH + n Hy0
HO— CH— COOH 0 n
20~5mmHg, 180~240C Lactic acid Oligomer
Lactic acid
fEE A, Sb,0,
5~1mmHg , 250~270°C
0
[l
oC- C/;HB CH; CH;
3 EEs | I
w7 FLIBBES, (CH,,C00),5n =J( O_(ﬁ B CH_O_ﬁ_CH%
o -~
HC C},H,,0H, 120~220C  (Vac) 0 !
o Poly Lactic acid
Lactide

Fig. 1-4 Yield and synthesis of poly(L-lactide) by ring-opening polymerization.
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1.23. RUABORKLEE

PLLA O dhi#i&E DOfENTIZ DV Tid De Santis & Kovacs 2% X % FHTHTV, 1968 4EIC
W LTV 5[25], PLLA OfEFEIEIIR T TH Y, 103 AR FHHNOHMEIND o
fa &, 31 LREADTHENLRD BB LUy SNTFFET % (Table 1-4),

Table 1-4 Structure characteristics and properties of PLLA

Crystal form o § Y
Crystal system peseudoorthohombic orthohombic orthohombic
Chain conformation 10/3helix 3/1helix 3/1helix
Cell dimensions/nm
a 1.06 1.03 1.00
b 0.61 1.82 0.63
c 2.88 0.90 0.88

afhlX, PLLAZ K&H, 120°CLL E T
e e b T A E TELNARMET

HD, AIIRO X DT, adblT 103 LHEA%E

28.884

TR L T2 23, AN 722 10/3 &8 At

o=

TR B2 W EIHT S PLLA O #EHEXTE 2>

LRI NIZZ L &0t bEANEN
TWD Z & EE TV % (Fig. 1-5)[26],

AR, 80°C72 EPLLAD T lZ HLB AT

b= 6.164

IREE THRL - miEs kT % 2 & To i P

a = 10,684

D E WD NS D27 - 29], Zd 2 Fig. 1-5. Crystal structure of the a-form of
PLLA. Upper left: ac projection; upper right:
bc projection, lower: ab projection. In the ac

DO HIE DEENI OV T, KA XHR and bc projections[26].

[T (WAXD)HIE TRl S b alire— 2
PLE DIFENRC, TR 2 EA AR (DSC)HIE ORI K - THWr 5 Z &3k 5, WAXD

HIEIZ OV T, i Tl 20=16.7°, 19.1°, 24 FEREHE— 7 DB SN 5D% L, o



fia ClE 20=16.5° 18.9°Z[EIHT °— 27 BRI S 41, of CBUAI S 412 26 = 22.4°D [E141 3811
I\, £7o, DSCRIED BHWrd 2 ke LTiE, FRMEZ1TV N, PLLADS Sl
DREDNEE 170°CHHEICBII SN2 25, ERERTIC B — 27 DAL SEITI3e’ i T
HY ., MARERNCREN R ONRWGEICIZam TH D, Z O’ fh O FIRME R IZBH S
% Z ORMRIERT ORI — 7 13, FILIRSOWAXDHEIE & 0 o’ 5 O flfiE & ol ~0 FEAs i b 3
ZoTWnbE, ZhangH Il L > THE SN TWA[28], £72. B, EH%0, &5

RO, FAWIS T ZBNT RN OO E&21T o 72 & FITHBLT 5 & STV 5H[30],
yhulX, PLLAZA~FH A F AR BUEREAL, p-F UL b LA T L2774 &

HAWTHFr 2 F LT, 140°CTHEMRIL S HZBRICRBT 5 Ll STV 5[31],

512, 1987 41T Tkada H1ZX > T, PLLA £ PDLA %7 L > R$T5Z L1248V PLLA :
PDLA=1:1 CxF U FAY—MOMAEEHIC LY AT vAar 7 vy 7 AiEdE2 N
LT &N ENT2[32], T D PLLA/PDLA 25 LA a7 Ly 7 Ak S O#E Sk E 2o
CTIE, Okihara 512X > T, =R T, PLLA & PDLA 23 1: 1 TEATIC Sy 7L, 3/1

L AMEEEZ &> TWVD Z & 0HE STV 5 (Fig. 1-6)[33].

Fig. 1-6 Crystal structure of PLA stereocomplex[33].

Z DOPLLA/PDLAR T LA a7 by 7 ZfEER X, PLLAXCPDLA HR O f i (Homoif i)
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13. AFwILO HH

ZNETHRARIZL I, COE @G FITER SRS EITIIRA T TofMmbTlifibn
IR A R SR TR L. @ RAE N LT D, E72. COMLER TOREFEBICBT %
WEITHZ N, Ll ZHE TCOMPR L 7= @5y 1 O s R o s (2 B 9 2 it 13
FZEAERN,

Z 2T, AWFFETIEPLLAY « /L AIZCOMFAATV, JERK S0 D b b E 12 DUV TR
L. PLLAY ¢ /L A OfEGEECHEIEIEBICE 2 DCOLB DR ELH LN THZ L& H
BE Lz, £z, CORELTZT 4 VAT, R& T Thadfb L7 7 1V A &R 5 mik i
ERT D, 2T, COMLEELT=PLLAY 1 /L ADOFEIVES T FHEE 72 EOrEI o0
THMRFEITV, PLLAY 4 LV LAOYVEIZ 2 5 COMLBRDEEIZ DWW T LN T H T &
HHME L7z, &5, PLLA/PDLAY L' K7 ¢ /L A ClZ, PLLAEPDLAZY 1 @ 1 TF
13y &% 7 L PLLA/PDLAR T L A a7 Ly 7 AFERBIERT D 2 L mbhTng,
Z 2T, AWFFETIZ, PLLA/PDLAY L' R 7 4 L AT L TCOMLE A S £ S ERIRET
T, AT LA a7 by 7 ARG RIE T COMBL DB ONTH BT 5 2 &

ZHPE L,

14, AFEILOMER

A ST ERm S+ Th R Y Flg 2 mECO R T Ttk S8, RK&fTo
B LD AL S ET2 7 4V A LT D 2 L T COMBT Ko TR S it i i i
O, E PR EAMN LR EPMEIC G A 5ROV THRRT S Z L2 L
L7z,

%1 TFim) T CBEREFESCREICOW TGRS, TEMbRE L &S TICBT 28T
OIFZERe, R Y HBOAFIECHBEEIC O W TE DT, o, KRXOBMIZONT
SNl

552 T s E T RICRSAEL L7 U -L-FLIR 7 ¢ /L L OGS | T, FESIRIE DR
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U -L-$LER(PLLA) 7 « )V A% @ B LR FE(CO)LEET 5 = & T, fdmbEE, COzE A
TEIREER, CO & SERITHLY BRUWVARBE TOCOLMLEE 7 ¢ L A DfE B 2 D\ T it sk
T 4V E LT,

903 TEE B RFLIE LR Y LS 7 4 LV A ORISR ] Tlid, COLEE L 7=
PLLA 7 « /L LD it iE 235§ 25 R B DU T, B2 BIA A XRR BT E RS, COMLEE >
A IV BIZBSLIREATV, a7,

43 [SFE B bRFBUF LAY -L-HEE 7 L 20WME] Tl, H2E, H3ET

Rl
i

o B I C O W TR 21T o 72COMLER L 72PLLA 7 A L LD )5 e R0 B 72 & kI
DNT, MR OBLEEIT ST,

55 wIEE bR BLIE LR Y LA/ AR Y DT L R7 A VADAT LA
YLy 7 AfEERTERL) TiE, PLLAIC=F > F A4~ —Th 5KV -D-FLEE(PDLA)% 50 / 50
TT VLY RL, AT VA ar7 by 7 A DORRIZ S 2 % @ ECOMBL DO BTSN T,
IRE 3 0 LS A XRR B 3T I BB A 1TV BRET L7,

%6 E [k TlE, LEORREZRIE LT,
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Fram CHak~72 K 912, PLLAIZM sk L < TR dh kiR 2 2L ST 551,
IR TITo A L Sl TlRafd 2N BT 5 2 &3 STV 5[1], £72, PLLA
ZCOMLEL U 7= & & OYRREE L2812 o\ Tlid Takada B 23 JE R 2B A R HIE 2
THELTWD[2], #EHiE, KEH &l LT, COH Tl AvramifE v/ NS < 7o TV %
Z L EWE L. CO, FCORE LB A T, T & Pl s O T 285 ik o€ 7 W HL A
ALy Z LT LZ, LU, PLLAZCOLLEE Z VT fhfb L 72 558 DR A G (2o
TOWEIIRED 20,

—7. WA ORI LTS E ISR AEEDN R 50 LTI P F 4 7 F v 7R
U AF L (SPS)MZEIT HALD[3 - 6], sPS Tk, BWEAZ MW THRIMESE 2 2 & Tl 4 i
VIANTEREERG ) EZ BT A2 2 EDRMbNTWD, Ziud, M= EOREELE 7 Ak
fbame LTI IAZBRANICESN SE TR L, Wl e ZERa T Ly 7 A& BT
b, iz, REBOBMMBIZEY a7 Ly 7 ZEFR L TWLEEEOHZZHY H L=
B, T/ A A2 S, TEAH(Mesophase) & 2k d % Z &L 8 fiE ST
%D, ZOHEMIZ, o X o A BRIEX VS, BAIMR 2y T A= a v ERKL
TWnD EHRESNTND[T-10],

ZIT, MECOEZHEELE LTEAD L, @H T LCOMRAIEMNT S Z & TCOZHLY
IABFEREEN LT 2 2 ENRBZBND, LL, @t X OEERCOZ W THES
il SH G AT KRR OBULERIZ X - TH LN D S iE & 1387 D RS 5
bND LV o MEIIRIZEZR VY, £ I TAETIE, @ECOLH A4 AV TPLLA Z bk S
B GAE ORBEEIZONT, 7 4 /L ANIZCO & & ATIREER K UCO, 2 LD Bk EE
DNT, RKF TOBLER L o Tk S 7emflamb 7 s v A L g L, et a1T-

77
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22. EBRFIE
221 Y FAER
2211, FEET 4V ADOIER

k= 2 BEhERR) X 0 2L L TV 2720, PLLA (LACTY#5000 My, =3.2x 10°, My / M,
= 1.73) MW=, XLy MROBREE 2 #oT7 L IBUTEEA, 180°CIZERE LizAh v b
LV ZZ WT, 5 2O TEGE, 20 MPaDE7) T 5 3 IEEREIEMERIE LTz, EARIDKMAKE
AWTEHB L, BEE05 mmD 7 2o F 7 4 NV huER L, (BULEZ7 2 F 7 4 V0%
JRAXBRETHIE L7z R, PLLADRS SIS ER T 2 e — 27 TR 6, o nm—
EOnfaohni, £, REEERENEO/BEND, FIRF ORME L WAENFIFE

L0l ZOT7 4NV LEIFET 4NV E LT -,

2.2.12. COMHT 4 v HOER

COMLIR Y AT L OFEX[K & Fig. 2-1 1ZRT, AREIZIBIT 2 COLLBREM1X, ABE 1%
10MPa, ALERIFRIE 1 Ref, AUERIREE13-20°C ~40°CTH 5,

221 1L TR L 723B64 7 4 L 5% 30 x 15 mm* DR E S2)0 L, KIRIEEMEYELA
NCB-2600 BIRURBM b AR AR - I T Lo 7 ) a— a2 A CRIERE TR
Ff L2 BOS g DO HFIZ AL, PR 7'SCF—Get(JASCO Corp.) % VN TCO & R b
TAHIZERR LTz, EFAEEFRSCF-Bpg(JASCO Corp.) % FW TR/ H A FREE ST 1 FiH
REF LTz, Z20%, RJEETRHITMEL, 74 VA5 T0 H L, CO%E ATECOMLER
TANVEEER LT, F2 MO LY TR SCCOmERET T3 BUL EGE L, £
D4 30°CIZERE L 7o 28 8E% < 7 A DA B 28R 21T\ 7 4 L AINDCO, & 5EAITELY

BrE . COMBET 4 L AAaER LT,
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W2 EE LR BLIE LR Y LR T 4 L b DRSS

2213, WFERILT 1 v b DOIERL

2211 CTHER L7238 7 4 v 5% 30 x 15 mm? i8I L, & v b 2T — Y Mettler
FPSOHT(Mettler-Toledo International Inc.)Z VN T, #&a{LIREE 80°C ~ 150°C, fEdn bR 1
IR (80°CIEAE AR L IRFfH] 22 5 P[] & U TR O Sefh TEMAEE 24T\ fdaib 7 4 Vv A2 AF

7,

22.2. BPIEFE
2221 TEEBEBEDSC)HIE
DSCHllE 1£DSC-50(Shimadzu Corp.) & WV TT o7, #ELEIZ S(= 1) mgs L, &2 71

=AM AN TERERAR FCHEZITo 72, FIEMEEIT 10°C/min, HIEIRE

H

1% 30~200°CTiT o7,

DSCHIFELZ & L v pscPFEHIE, RAZ W,

AH _—AH,
Xepsc = IN?E x100 % e (2.0)

2T AHGFIE X 0SS o TV ORER. AHJZHIE FE T ORGSR GIZHE D 5

BB AH, IZPLLAD SE AR DR R Th 5, AH, 1% 85.82)/gs LCEE LT,

2.22.2. A X BREIYT(WAXD)HIE
WAXDHIE X, RINT-2100(RIGAKU Corp.)% FIVNTIT 572, CuKaf(h = 0.15418nm)% X
JRe LTHW, T 40kV, 40mAE LT, BrR—al) A— g 0T, BELLKIZ S
F77A4 ME/ 7 m A =R ERE LT, WEMAERHE, 20=3~45"TREZHIE L7z,
WAXD JIE X W DN 7ET — 212 LT, Z2R8EL. IR 7, WA T o &4 ik
EAToT2, BFOITEHEL N — 2B W TS B — 27 12%F L TIE Gauss #i#R Gx)& FHV,
FEABELIZ OV TR, AERR 221128V TER L7230 7 ¢ L 50 WAXD JHIENBEH

NI v —2 AN —27 5B #1T>7-, Gauss BI#R % LL FIZRT,

18



—In2-(x-p)’
(w/2) J =

IITAIEE—IEE, plEE— I E, wikE— 2 HEIETH D, O — 7 55D

Gx)=h- exp(

KF D E— 7 ([E % T2 PLLA OFS &I >\ TR 21T 7=,
E72. WAXDHIEIT & 2 #E S ALEE (e waxp) PF T, BRGHICIZ IR DOTRE 2 I(s). & dh

MOLDOREEZI()ET D E, R TFZERTOEOTEIN, KKXD X )72 D,

© 2
N J.Oslc(s)ds (23
7. =t x100(%) =~ (2:3)
SN, +N) IO S*I(s)ds

I T, NBIONIZZNEWIEN, fifbZ2 T 253 ThH 5,

FTo, s ITHELRZ ML OfEHETH Y | RN TR SN D,

S:2s1n(jl9/2) —4)

ZIZT, 2003 EGELATH Y . MITHWE X BORETH D, AREERTIE CuKa fa HV

TWHDTA=0.15418 nm Td 5,

&

LU 6, R TIE 23 N0 &9 fnffidme Sy, LrL, 2oy
FIZ DWW TOFRMIIIER TR =D, LOFHE S 2 EfEThIUE, 5O FIRA SRRE, L
BRAY 40°F2EE DFIPH TH 72 ) ORECTHATE 2, AEBRTIL 23 KELTFTO L H 72 25 K
I L CRILE 2R, REBRTIT 20,=5° 20, = 40°L L CitHZ{T-72,

j;:z 1.(20)d(20)

Aewaxo = “r2g, x 100 (%) 2.9)
) [, 120)d(20)
26,
2223, BERAE
7 4 IV OBV B K OB E @ )T FORE AW TR T,
V = M (26)
Yo
d = Mair — p'Mair (27)
4 Mair _Mwater
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JE AR FRAVER U 7= R Y -L-$LEE 7 1 /L b O s

B, Myel3K P TOREE, plIKOEETH D,

[y
[
A
B
fxs
i
Ely
+
9

BREREIC X DRI e densiyy DL, RAE W=,

d d - damor hous
P X 100(%) e (2.8)

crystal

Z c_density = d d

crystal % amorphous

T 2T eyl TRERDOTEE . dumorphows! TR DBEE TH D, AFETIE, afb Ol

B B derysi = 1.285 glem’ & A2, E72, FEROBEIL 221 1L TIER L7287 4 LV DO

JE % FEH U damorphous = 1.245 g/lem® & L 77,
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23, fERLEBE
23.1. wfERLT Vv AOREREE

FRam Tk 7= & 91T, AR - RS T 4 L b O RS, R IR IIRIET B,
TR LR D TSI WA I B ASTE AR L s i GIR E 28 L RS W IR FE O35 A
ICIXofB TR T 5 2 & VG STV 5, Yasuniwa B 13, I S (LIRE &2 2L S H T,
ERED R IR, SIS DWW THRE 21T o 721, 11, 12], ZORER, R EEEICS
W, IR 7R S oy AR TR 2R SO O IR IR A A R DTk LT
PLLADGEITIL 113°C(Ty) A 5L R IZ, MERIIE LT 52 L 2R Lic, £70, MimfEiElc
W, ZORERZET DIRETH L Tyl & L TRIRMIT, < T) THimb 2179 & o
SR L, @IRANT, < T) TREE S E72HEAITIE, ot BER T 5 2 L2 dE L, %
Bt T OERELRRRIHE O R L AR AR O K B LR TV D, F,
Zhang 130’ BN BT 5 80°C T ORI 7 « /v A ODSCHAIRHIE H D 160°CHHT I Bl =
NDNS RPN — 7 IZHOWTFTIRZR &2 IV THRET 21T 2 72[13], £ OfEHR. T DI

— 7 [ do’ b DR L FIREICofi ~DOFAER LR Z 5720 Db O TH 5 &t T b,

Elo, WHITaHDTERT D 140°COREFRIL T 1 /L A TIXAAFRTNC R R o hnZ b b
WEL TS, ZDZ b, DSCHIE L, s E 5 WB e — 7 AN RN BLI S
NEGEIFCBBIER L TRY ., BllSRWEEIXa@m B R L TnD LNz b,

TERL U 72k b 7 « /L 2 O DSC R & WAXDH R % Fig. 2-2. 2-3 (a). (D)IZZE LIRS
&L BT, Table 2-1 ([ZHEfLEZ £ & 7=, Z Z T, Fig. 2-3 (b)IZFig. 2-3 (a)% % < Dl
B — 7 MBI S D A FEREPHE 10° ~ 25°1ZHER L7 Td 5, 80°C ~ 100°C Tkt b 24T -
727 4 v 5 ODSCHIB T RAFELRT O /N S 2B — 7 BN S LTz, 2, ZNHDIRET
fEd b S 72PLLAY 4 /L AOWAXDHIFR TIX, 16.5°, 18.9°UCET A3 L & 4u(Fig. 2-4). ik
ENTWHMmOEFE—7 L —F L7z, Zaucxf LT, 120°CH ECHmfbmibz1T -
727 4 v L ODSCHIFR EIZTIZH—OflfiF a8 3 gl S v, BEE — 27 138l S o 7z,

F-, INHDT 4 L AOWAXDEIERIZIZ, 16.7°, 19.1°L 2242 @ — 7 BBl SN 5
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2R EE CBLRELIE LR Y L-FLEE T 1 L A ORI

&L HIZ(Fig. 2-5). ZHLIAMTE 124°, 482 LICEITA R 6Nz, ZhboEfre—7
MEIZOWTEIHE SN TV DafbObII e — 7 (@ & —H L, £72. 110°C Tt L
727 4 v A ODSCHEIFR TIL, FERTOFE L — 7 13BN S L2 o 7o 3, lfiEzéEhhs 2 FEl
fif & 72 o572, WAXDHEI#RD DRI E— 7 (L2 DO TH D &, 120°CLL ETmtsiba1T -
27 ANV LDEHFE—=7 B E B LTEY, e L THD EWVWR D, ZhiE, 120°C
PLETHERE LT 7 4 L A TIIAER LB N ZEL L, A RO KE (T AT DREV)EE

EMEDE Ve DB LT TedTh D EEZBND,

23.2. COZBENIET 4 VLK RiIEE

COMLVFRIZZH A, 5°C, K&E FICHGE L7277 4 /v 2 OWAXDHI#R % Fig. 2-6 (a). (b)
R, 22T, WAXDHIGE 21T o 72 & EITIE 7 4 /L AT 50 ~ 90 mg/gpr A D CO M E £
TS Z EMEEREND DI >T2, 30°CLL T TCOMBZIT 727 1 /L ATV TWAXD
fi b 15.1°0 18.9°L 224°%Z v/ — 7 B STz, RIS~z R omfs ki
STHLNDWRDOHFAITIE 16.7°, 19.1°%° 224 2RI E— 7 BB S, o BOBLAITIE
16.5°, 18.9°IZEHr B — 2 I STz, COEBATET 4 /L LTI S 72 18.9°%° 22.4°D
BB — 27 1%, FRE e O 203)ECafn DRI DT & — 7 ffE L 1EF—FH L7, L
L, BFHNTREPTOF Tl bIREDOTEN 15.1°0 E— 7 \LEIZ OV T, 2 E THG X
NTWD 4 DORGEEE(ef. o’ . Bih. yEIC K DA LT —E LR oTo, 2O
BB, 30°CLUTF TCOMILZAT - 727 4 /L L OFE L, ofh & 138 Dt E 2 A
LTS EBEZBND, £72,40°CTCORIRZAT 5727 4 /L LAOWAXDHIFRIZIER T2 &,
30°CLL FCCOMBAAT o127 4 L AT R HALTZ 15.1°, 18.9°%° 22.4°DEIFTIZINZ T, 16.5°
MTIZ HEPTE— 27 BBl Sz, 22T, afiRe i TlE, £ 16.7°%° 16.5°Z [T
E— 7 BB S D Z &R0, S0°CTCOMLIEZ AT - 7o 558 12 o D 16.7°IC BT B — 27 38
MESNT-FEEZBRET DL, 40°CTCORILZAT 727 /L L Tldadh &, 30°CLL T TCOMLER

L7c L ST T D 151 E 2R Of iED 7 A LV ARITIRIEL TS E B BN,
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KIZ, COALERE D7 1 )V LN DCOE DAL LI DAL & DEIFRIZSOWN T, -20°CL
40°CTCORERZAT o 727 4 /L DITHE L TR L7z, -220°C TCORLER AT 727 4 L b
5°CTREE FICHE L2 aI2iE. 7 4 /L ANDCOED 50 ~ 60 mg/gpial 725D &L T D
RICHEVERILL RS RoTe, TD%, 7 4 VL& BZEGRGE O TRIE BT 5 &
7 4NV LNDCOMNRAITID L Tn&E | 1 EHLL EBEGZERET 2 L CO% 7 4 L LA
AR BR< 2 & A HDRTZ, 20°CTCOETVY, 7 1 /L LNDCO & % 284k S ElE %
17> 7-WAXDHI#R & Fig. 2-7(a). (DIZENEIVURT, BIEFEEL 7 1 /L LANDOCO DD
THE BRLMEDORN 15.1°DEHTE— 27 2N 16.2°~E @AEMIZ 7 ML, &0 —7
RN T v — Rz o7, COZMY bR Z & CRIPTE— 7 @A @AMy 7 R LiZZ
LEEBEZDE, COOMBEZ LY, FEfMmEFIME ST EREZXbND, @aTECO,D
FHEAERNZ SV TIE, Kazarian & 1 3PMMA Z U TCO, & VAR = /L 78 Lewis -4 S AH AL
TERH L9 Z E[14] 285 LTz, CO % & ATZPLLA Y 4 L A OFEREEDIZ SN TE 2D
&L PLLAY 4 )V 5 ECOMLEE 5 Z & T, PLLAD 5y 85N D LR = )L ACO, & A AAE

L. fabkEFPIZCOM Y JA IR TR E RMEIEPLLA - CO, = 7Ly 7 Ziffidh)
ERRT D EBEZOND, COEFEAE ALY T Ly 7 AfEREBR LTc72Dic, KEHT5
HILDadh o il & il U CPLLAD S Ak T OBRENR K E S Rofc b B2 bivd, 5°CRA

\HE L7233 A, EERE DR T HCOM 7 4 /L ANIZ 50 ~ 60 mgcoy/gpLiath £ 40,
TOBHBREBDDIZLEA LRI LRV ERDN>TND, L, 2TDEEDCONT T
PLLA - CO 7Ly 77 ZfEEaPNICHAIBICES L TV D L5 2 5 &, WAXDRIED B 15
5D AERALIE (e waxp =30 %) & BB 5 &, PLLADE J ~—HANL T 3 ~4 #IZ% L TCO,
N1 3FOEETHELTWD LEHRE IND, PLLA-CO,2 7Ly 7 AR D adh & 7 U
FEARFE 25 103 DEAZRL TWDH ERET D L, fmAbEALE 1 EEESTZONT 14
T DCOHANBNTES L TV DRIEIZXHIET D, oo 7 4V ANOCO % B4 Y Br
<& EHTE— G0N 16.2°~E 2T 5 2 Lnb . COx G ATIRAE X U s 123

FLLVRD, SHIT, RAPOBLBETHE LN D oo’ it & TR E— 7 (LEN R -
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2w JE LR B U728 U -L-LEE 7 ¢ /L A O fE AL

TWLZEMmb, COEMYRWET 4L ATHafbi e dh & 130E O fifiEiE L & > TV D
EWVR D, TANIANHCOZTERICEY RE . WAXDHIFRD 16.2°1Z[H14 ' — 2 2381
ENDHCOMIET ¢ b A DOFE G 2ol & T 5,

BT, 40°CTCOMELZ AT o727 4 L BT L TRt L7, 40°C TCOMLEL A2 FT» 727
+£ L AOWAXDHI#R % Fig. 2-8 (a). (b)IZRT, 40°CTCOMLBEAZ AT 7 4 VA TH, 7 o
N A DCOBEDIAINE ST, 15.1°DEHTE—7 37 n—RFELo T L L BT 16.5°
DOEHTE— 7 BENHEIMNT 5, EHIZ, CO%E 7 4 /L AN HERIZERY RS & 15.1°%CF
free— 27 3B ST, 16502 e — 7 BBl Sz, -20°CTCOMEELT=T 4 L LD
FEREEERTDE, 40°CTCOHE AT 27 4 VA THCOZ Wiz LV, 15.1°PLLA -
CO,a 7Ly 7 AEENDET E— 7 13 16.2°0" ) ~> 7 b5 &2 b5, £7-. 40°C
TCOMLBEEAT 5727 4 IV AT, COYEF ATORAET 16.5% oI b EIHT B — 27 BB &
Do TORER, COEIY PRz & XIZ1E7 m— K72 162°0EHTE—27 & 16.5°D AT E
—7 DA E—7 L LT, 165927 n— FREFPBIASNIZLEEZZbND, Tobb,
40°CTCORIRZAT o727 /L AT Fadh & o RIE L TV D L& 2 B, 50°CEL EDCO,
BClXadbi DR T 5 2 L 2 BET D L. 40°CH Bl L L CCOMLE L7=PLLAY « /L A D
FEanEIEOZ (0l © ad)PEZDHEEZbND, 2. ZTD X D ITPLLAACOZHY
ANTERE SR A AT D 1%, PLLADS 185 EIZCO L FHAAMER Lo D LR = L k%
ATH5Z L0, ZHRICER L THOE DT LR LTIV Z DCOENET H-DTHD

EEZBND[15],

2.3.3. COLLHT ¢ )V A DR &

S EIERIEE TCOMIEAATNE DRITIHEFZE L. COZ T 4 /L LD IERICTHY
BRUNZCOLBE 7 ¢ /L A DDSCHIAR & WAXDRI#R & & 412 4LFig. 2-9, Fig. 2-10 (a). (b)IZ/R
L. fEda b & 3 EEIE OFE R % Table 2-2 (12 F L b7z, £7°, DSCHIFRIZIWT, T,A% 56°C

B S, ZHIEPLLAER 7 4 WV ADT,EIVMETH Y | 7 4 L ANDOCOMRMIE L
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AW ETRTRYBEIANTVD EWVWR D, £, FRIETICHA L — 7 T8RS 3. B
—DORE Y — 7 OB E N, WERILT 4 VAORERN D ARG o i OREIZ I,
AT IR RS f (o B 2> Do ~ITFE D N S BB — 7 BBl SN D Z & b~z
B, COBEAT ST 7 4V ATIER LN o T, —H . BERNE T, COMLERT 1 v
LD EITCOMBHRE I L B, JEm 7 AV ADEETH S 1245 glem’ LV b KRE o7z,
ZOZENLL, COMIET 4 MFfERILL TS VW25, £72, PLLAOaHDHEE T
0% 1285 glem’ & HWT, BEOFANE L 0 SR LEZFHET 5 &, WAXDHIED S KD
THEEID H/INEL o7 (Fig. 2-11), ZDZ b, COLLELT L A DKE S Xkt &
TERI S5 TWND Z EWRBEIND, £72, WAXDHIFRIZ DWW THD & 30°CLL T TCOLLER
AT 2727 4V A TSR B IRWEIT 16.2°028LH S 41, JE12iR ~72-20°C T DCOLFR# T,
CO&FERICI D BRUN 27 ¢ L A E[ARRICa i 2 TR L T D Z L 2RI LT\ D,

Z 2T, CORERT ¢ L A DS (0N DV TBEE AT 9, sPSOLAITITIAL % B
VIANIZZ T Ly 7 AREEECTH DT T Do T D8k N DA A BV BR & 84k DG
ERFLE YD ET0E, BWEOHIE LT &L ZAILT ) A XOZEABER L., ks
B P ZTERKT 5 Z E R BTV D[S, 9], 2.3.2.DFE R0 5 | COMLEL % 1T > 7-PLLA
7 4V ATIE, CO LY IAA T HEMEE(PLLA - CO2 > 7 Ly 7 AFEEB BT 5 &5
2B D, FDH%, COZIY R & sPSOSE DWEMEA T Y BRUVNZIGE L RIERIZ, COMF

TE LTI TR T D L B A DN D, T DT=DIT, COMBLT 1 /b LDk AR

N

HTHEOLN BRI R R Dk RoTctEZBND, L, T XTOCOML

A

L7 4 )V AOWAXDHIFRIZo it TlER < afd IR 2 224°0 TN R 6=, £72. CO,
LR 7 ¢ )L A ODSCHIAR EICIXo db TR O D BERT DR — 7 BB S e -T2, &
NHEDRERNG . COLLELT 4 /L ADFEREGE TH Do ibiE, i odt (2 VTS i 2

ALTWSEEZBND,
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24, K&

AKETIL, COLLFE L7-PLLA Y o /L ADFEEAEEIC OV THRF 21T - 72,

J£77 10 MPaCO/LEE % 30°CLA TR TIT o727 4 L A TIE, fldbtEIENICCO 2 W AT
PLLA-CO, 2> 7Ly 7 RSB T 2 2 L3 bhote, ZO7 4V hEKRKE, 5°CF
DA T CHOE L7z & X142 50 ~ 60 mg/gpaDCON 7 4 IV ANICIFET D, T D E X DCO T
RTHNT 4 )V ANOPLLAKE (e waxp =30 %) & 2 T Ly 7 AR L TWDH EE X D &
PLLADE /) ~—HANL 3 ~ 4 3 FIZx LT, 1 0 FDOCOMNFEL, ZiuL, fmbtAD 1
BEICK LTI TFOCOMPFIELTND Z LIZx T 5, £72, 2D X 5 IZPLLAACO &
BV A AT A & 2 TR RS 5 DIE. PLLAS 88 FICCO E MAMEA Lo W LR = v
EEATHI R0, TNUCER L THOES LR L TE Y 2 DCOENET 5720 T
bHEBEZOBND,

DT, BERRIZED 7 4 VAN HCOE FERIZIY R Z & T, PLLA-CO,=
Ly 7 A EE e s &R E N LT D, ZAUT, sPSOSEI DI E Y Rz & &
ERIBEIZ, PLLA- CO 2> 7 Ly 7 AFERRDCODHAE L Te & Z AT 7 A XDZE4L
MR S AL, fEEmEIE N EHCmPTER SN B2 biILd, £7o. COMEE A 40°CTiT-
727 4 v L OFEEEEIZ OV TR, ZALLA T DOIRE TCOMBAIT 727 4 VA TR T D
o0fh &L 50°CLL EDCOMERZ 1T 572 7 4 L ARG AL % 120°CLL | CfT - 7= BRIC IR 3
DoapaMIRIEL T e, DI &G, 40°CZBfE & L TCOMLER L7ZPLLA Y « /b D

FEEDZ (0 d © a2 5 & Z ERbhoT,
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Table 2-1 Crystallinity and peak position of cold-crystallized films

‘ Peak position / degree Peak position / degree
T./°C  t/min  yepsc(%)  xc waxp (%)

(110) / (200) plane (203) plane
80 300 42.0 42.4 16.5 18.8
90 30 41.2 36.0 16.5 18.9
100 30 413 37.3 16.6 18.9
110 30 43.2 39.3 16.7 19.1
120 30 52.6 44.2 16.7 19.1
130 30 57.1 42.5 16.7 19.1
140 30 60.2 42.6 16.7 19.1
150 30 65.6 44.1 16.7 19.1

T.: crystallization temperature, ¢: crystallization time
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Table 2-2 Density and crystallinity of CO,-treated films

CO, treatment temperature / °C

Density / g cm™

Xc_DSC (%)

Xc WAXD (%)

-20
-10
0
10
20
30
40

1.2520
1.2524
1.2537
1.2520
1.2508
1.2510
1.2534

44.8
43.2
42.7
42.4
41.0
40.0
40.1

31.6
323
33.1
30.0
259
25.2
28.8
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Cooling-bath

Fig. 2-1 Schematic diagram of CO, treatment system.
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Fig. 2-2 DSC curves of the film cold-crystallized at various temperature.
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Fig. 2-3(a) WAXD profiles of the film cold-crystallized at various temperature.
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Fig. 2-3(b) WAXD profiles of the film cold-crystallized at various temperature.
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Fig. 2-4 WAXD profile of the film cold-crystallized at 80°C.
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Fig. 2-5 WAXD profile of the film cold-crystallized at 140°C.
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Fig. 2-6(a) WAXD profiles of the film treated with CO, at various temperature. The
measurement were performed before evaporation of CO,,.
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Fig. 2-6(b) WAXD profiles of the film treated with CO, at various temperature. The
measurement were performed before evaporation of CO.,,.
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Fig. 2-7(a) WAXD profiles of the film treated with CO, at -20°C. The measurement
were performed before and after evaporation of CO,,.
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Fig. 2-7(b) WAXD profiles of the film treated with CO, at -20°C. The measurement
were performed before and after evaporation of CO.,,.
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Fig. 2-8 (a) WAXD profiles of the film treated with CO, at 40°C. The measurement were
performed before and after evaporation of CO,,.
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Fig. 2-8 (b) WAXD profiles of the film treated with CO, at 40°C. The measurement
were performed before and after evaporation of CO.,,.
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Fig. 2-9 DSC curves of the film treated with CO, at various temperature. The
measurement were performed after evaporation of CO,,.
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Fig. 2-10(a) WAXD profiles of the film treated with CO, at various temperature. The
measurement were performed after evaporation of CO,,.
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Fig. 2-10(b) WAXD profiles of the film treated with CO, at various temperature. The
measurement were performed after evaporation of CO,,.
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Fig. 2-11 The crystallinity of CO,-treated films calculated by various measurement.
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3. MEZRLRBAUE LAY -L-IEE T 1 L L OEBERR
31 &=

VUVH LT F oy 7R Y AF L (sPS) D pa A IEIARE T DUV T Tsutsui H 72 S Lo T
WEINTHD[L -8, FE2ETHLIRRZERBY, sPSIT MU EOBEBE 2 %% 2
DOSPSO T TEMET L LI L TarF Ly 7 AR TH 28mE BT 5, £72.sPS
DT AT BRS &, T/ A ZADZIDBTER SN D, D& & flabiEiEIL8an 235l
NIZHRIEZERT 2 2 LD ME SN TV D, 2 OWBEA BY BRU 72 sPSHE &b oo H AR I
fEERO X0 e HRIMEIX Ze Vs, AR 2 7 4 A= 3 VEIBLTE Y, sPSOTLLE
DOIRFE CTEHMEET 2 LS D(TTGGL ERIL b A T A—a i b Dyf~ LR
T5, ZHE WHEZIRV RS 2L TR SND T/ A AOZELADN, T,LA ETEWLET S
L, SN ERSIT S Z LICER LTV, Ll BULEZERETIT> 2 5E
I, fAREE IS T A XDZELLDFRY | Z Oydbldfbs OELN AR > T LE 9 L RE
INTWVD, £, S HIZHEIRCTRIFMBVLEET 5 & sPSOyaL IR S OELALEA LT <
TERHEINTVWD, ZhuL, M TNICik oo 2 A AOZEHLA, RRFHE O
HIZL o TEBIZEADTHZ LICRRL TV D & Tund,

B2 FEICBW T, COEE LIZPLLAY 4 /L A TIXCO 2 & AR E 2R L, &b
LR LCO & 7 4 VAN BERET D Lo i BT 5 2 L Ak, ZDo”f b . sPS
T2 B FROWTZIGE ERIBRIZ, COZ LY BRWN2 2 &2 K- TT /A ADZELDTEHL
LTV IZENEZBND, E7o, sPSOLEITITEEZERE L7 OBULHIC X > Thibh
MEDIB B SN TWD Z L 25 R 5 & PLLATIERL Lizo it b BB L 7256121,
CODBREIC L VIBRL LT=TF /) A ROZEIDHMEE D | FEmEE N LT D TREENE 2 5
ND, €I TARETIE, PLLAOCOMIIZ L VAL L 7ot e Cd D a il & T,LA Lol
JECEBR A ATV RGO 2 57 &0 ) RIC DN T, ALK EIWAXD

BITE A I CREAMIC B 21T 72
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3.2. EBRFHE
3.21. Y AERL
3211 FERT 4 NLDOVER

22.1.1. L [RERDFIETER LT,

3212, COMHEZT 1 )V ADIER

2.2.12. L [AIRRD TTIETCOMLIE ZAT o T2, ARFETOCOHBERAFIL, COLLBIE i PH &
-20°C ~40°C & L, ALPEET) 10 MPa, ALBREGfE] 2 1 BffH & L7z, COMBZ D 7 (L AT, 1
W, K SCCOBWBBEIZLE L, PLLA-CO,2 > 7 L v 7 AFERBIAL L2 7 4 L 2 & {EHL
L7z, £72. 3 A, K 5°COMEE FICHKE L, CO0D BRI NZE ST %IC 221,
B 1 BTV, 7 4 VAN HCOEERICHY FRE ., o’ bR L72COMLEE T ¢ /L A

VR L7,

3213 FEWET 1)L AOIER
321 2. TR L 72CORLEL 7 4 L A% R kAT —(Mettler-Toledo International Inc.)%

MW THTEIREE(40°C ~ 100°C) T 30 4y HAVLER L, FEVLEL Y ¢ L LA FRIL T2,

3.2.14. BFERILT 4 v AD1ERL

22.13. L [AEED HIETIERIL -,

3.22. BIEFE
3.2.2.1. REEEHEEDSC)HIE
DSC HIEIEH 2 ECTOME L [ DR, WESIECIT-o7m, M bE OB R

DHEEZHWNTITo 7,
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3.2.2.2. JRA X BREIHT(WAXD)HEIE
WAXD HIE L, 5 2 T CTORNE & R UEER X ONIESM TfT- 72, fdbEoR 7

EPHEATICB L T B [RIBRD ik W TIT - 7,

3.2.2.3. EREILA X AREIHP(WAXD)EIE

RE5rE WAXD HIE 1L, NANO-Viewer(RIGAKU Corp. )z W TiTo72, Ry AT —
FP84HT(Mettler-Toledo International Inc.)% W TIRE = > b e — /L Z2470, X#HesE L
CIEAREE 2 T %% PILATUS 100K/RL % fiv 7z,

ey EIWAXDHRE 1%, FRERE R X OVEIRIERE CRIEZ1T > 72, AREE TIE, FiRE
JE 2°C/min G IR LRI 4 30°C ~ 100°CE T& Lz, 7o, WEFEFMIEZ 30 B & LIIE
Eiiol, Fo, HRBE T, FTEDRE(T=55°C, 60°C)T, HIERMMEZ 1050 & L

REEIT- T2, BIEAEEFHIL 20=3°~35°L L7z,

3.2.2.4. BERIE
BERIEL., 52 ECTOREIE LR UEER X OWIESTETIT-o 72,
Fim, W& O TG DR TR FE (oywa) B R D T2

d x damorphous x Zc
amorphous (1 —Xe ) xd

d

3.1)

crystal = d

ZIZT gl IRERALE TH Y | damorphousl ZFEER 7 1 /L D OEEE( = 1.245 glom’), dIZFHIL

7-COMER 7 ¢ )V NDEETH 5.
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33. MRLEBE
331 FHEWHEIZ L HCOMBE T 1)V LD EEIE~ DR

F 2 ORI HCOEEATET 4 VX, PLLA-CO, 2 T Ly 7 AfERE TR T 5 2
EDNTRRENT, £7 . 0°CTCOMIZATY, S°COMBE FT 1 EMKE L. CODERE
WD PNZE LT27 4 VLI LT 60°CT S E S EAeRffH], FEVLEE L 727 1 /L A DDSCH
& WAXDHIHR & Fig. 3-1 & Fig. 3-2 (a), (OIZZNEIRT, COEE AT (/L A TIEDSC
HiAR FIZ T2 47°CICB S iz, F7o, EEAED S B 28.1 mgcos/grLia®®COr % 7 A /L L
NIZEATND Z ERbnoTz, COEEATET 4V A TIIWAXDHIR E 15.1°7 Sl [alr
v— 7 NERI S iz, FEVLEL AT 5727 4 L AODSCHIFRIZIX, COEEHEATET 4 VD
T, (=47°C)LL EDIRETH 5 60°CT 5 M HEUWLER 41T 5 &, PLLAJGR 7 4 VLA DT, Th
% 60°CHRTICT, MM STz, —F7, WAXDHIFRIZIH W T, HEVLEZ{T 5 & B e —2
fLEA 16.7°, 19.1°72 LIZBI STz, ZTNHDORERMNE, COEFTALET 4V L% 60°CT
ALY 2 & COMBRE S AL, SN 2T 2 2 LR Sz, £72. 0°CTCOMAL
HZITWV, 7 4 VAP BCOZ BRI RN T 4 Vb 2DT ¢ )b W% FEVLEE L
727 4 v 5 OWAXDHEHR & DSCHISR Z Fig. 3-3 (a). (b)EFig. 34 ICZNFhaRL, £7-Th
ZRORED S ROI-FESLE A Fig. 3-5 12F &7, WAXDHIRRN D, FHEVLEEE|Z X
SPEPTE — 7 (LB 16.2°0 5 16,7~ L= Z E 35, 60°CK° 80°C T FFEVILHEL L 7-
7 4 /v AOWAXDHIKR B T — 7 (i 2 KD 5 & 140°CTHfsi b L2 7 4 L A TH
T2 20=16.7°, 19.1°, 224 ZEHr B S iz, £z, BEMLBLIRE R ES b L, ©
— R v =T . BT — 7 RESEIN LT, £7o. BMELENREN SR D
&L BT E — 7 BREEASEEIN L 72 72 O WAXDIIE 2> B 3R 8D 72 i B AL (e waxp) 3N L 72, =
DOWAXDRIEDFER I 2 DOFREMENR B X HiLd, £, 1 2H & LTE, HELEIZ X
STHREMENEZ o722 &, ZOHAEITIE, DSCIEZITH & R fE 5 @ o -
AR LEDOWIMA RSN D, b9~ & LTIE, COMLIRIT Lo TR T Ha’dhns,

FAVLEE 21T 5 FTRIGSROENMER L, BT — 7 BE~DOFERRE {hoTeicd
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ThHEEZADBND, TI T, DSCHEDFERIZONTHD & COMELT /1 I & AL
7 ¢ L 5 ODSCHIFRE CIEAl I TIER TR S 4v, DSCRIE D &R D 7o fn b EE I
HEAVLBREIC L 63, I ZERUEE eo7o, F/o, COMBET ¢ L AT, BIEZEL T
COZRELIZZ LIZED, COMFEL TWIZEITT /A RDOZEHNER L TND Z
EMEBZBND, LEDZ END | COMELT ¢V A ZFEWLEES 5 & B8 E ORI v
— RN ¥ — SR D01, fmOENOEENFE R TH D & B R B, COLLET ¢
IVABFERREEZR Z T2 ST EBERTIERNWEWR D, o, BEKBELIZ LY [Efr e —
IPLEPEA L TND Z EEBETDH L, COLEET 4 v ADJTERLERFE TRk L= )/
YA XOZEANFEFLC L > T L, o F8EPFESIT 5 2 L ITER L To dh A adh~
BT 5L 0WR D,

ZITC, SEIEREETCOMBEIT o727 4 V% 60°CTHEMLELL =7 4 /L AD
DSCHi#R & WAXDHI#R % Fig. 3-6 (a), (b)&Fig. 3-7 12, 80°C CHAEMILEL L 7=~ 4 /L A DDSC
HiHR & WAXDHH#R & Fig. 3-8 (a). (b) & Fig. 3-9 22 NEHUTR L, BE R X O%E S L % Table
3-1 B3 L UTable 32 I2F &7z, COLPIREIZ L O, HENFATT S FE T 16.7°, 19.1°%
240N BHFABRI ST, DF D BEWEAITO &, oimDam~ EE LT EWR D, —
7. DSCHIEHFICHEA L — 7 (TR 6N T MREEIOLNZ G b, Fio, BEWEH T (L
LOFAIXCOMLEE 7 ¢ L A L BE LT, IRIEFR CIREICEM Sz, COMLEET 1L A
Tli%., DSCHIEDFIRHIZ, ffmEE N o b2 ba~NEB T 570 B2 615,

FEMLEE T ¢ L DO E L FERLEIC DWW T A D & DSCHITE D> b 3R b 7o #f f LB 1 2L
W ZATS> THIFE A EBL Lo 7o, ZiUE, FERE SIS HEGLEE & [FEEO 2R FE
IS DTZO T D, ZHUTK L TWAXDHEIED & RO 7RG AL IL, COLLBET (L1 &
e 5 & 60°C THEAVEE AT > 727 4 L A TIEDOTITEIM L7202k LT, 80°CTH
BULBL 24T o 72 7 ¢ /L L TIEDSCHIE 2> & 3R D T i fb Ak B D EIZ T < 72 > 72 (Fig. 3-10),
SO CTHAI ZIT - 1L BT, WP adb BT 5 2 LITIMA T, bl DO ELAL ORI

MEZY, BELCFHFGTORMENEIN LI THLLEAOND, £, BEICHEL
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Tlk, 60°CTHEVLEEAZ4T > 727 4 L I TIXCOMLEE” ¢ /L A (Table 2-2) & Ll L THE Y
AL Lighodz, —F . 80°CTHELIR L= 7 1 /L ADEEIZCOMIR T 4 /L &l LT
DENTHEM LT, ZOORENS, BRI 21T 5 LR OELN DRI > T 4
VA DBEFENHINT 5 Z E NI,

ZHETORRND, COMPLT ¢ )V ATFEFLC LD FESEIFZE A LR Z Hlan &
EZHND, HEWEE 80°CTIT o727 4 /b2 & bhills L CWAXDRIE D 6 R o 7o bbb E
PRV D T, COHLBRIZ K W ALT Dol ASCO % B Y B < FE TF /) Yo XDZE L% TERL
L. REQRANEBFATHNDDTHD, T72DH, COMEET ¢ /b NFTAR, 80°C THEA
B ATV, fhdi G 2 5 S8, RO 2 KRS 727 4 /L AOWAXDRIENH
ROT-AEALE L RIREORKMELZ AL TNDHEEX LD, £ T, COLLEE-20°C ~
30°CTIT 2727 4 /L AT, 80°CTHAVLEL L 727 4 v AOWAXDHIE D &R 7= i il L
L H2 BTN LIZCOMILT 4 NV A DFEZ N Co i DEEE 3. 1 A bitET 52 &
BRDT, FORERE, OB 1.264 g/em’(#0.003) & 72> 7-, T, HALK T O KR
CHET D Lafi D 102%REDME & 725, £/o, BRI T ¢ VAL BREBET 4 VLD
WAXDHHRZ L5 &L aftD(110)/(200) 2R E S5 16.7°OETE— 27 L | (203)H I
JRE S5 19.1°0MEHT e — 27 OmEHIE, FELET 4 L LD R 4 VL KD
HRENZ LR DN D(Fig. 3-11), Fo, HEWHLT ¢ L AT 1V A & g
L & E— 7 FIEF D, HBEVLEE T L A TRIFT B S LD DX, (110)/(200)
HICRB EN S 16.7°, QO3)AEICIFESHD 19.1°8 QUDAICIRHE S5 224°THY, £ D
T el & FATRE ORI TH 5 16.7° ORI AEF TS B S Tz, LEDOZ & bHH

A% L. FRVLELT 4 v Ddclh L AT REORAMERESWEEZ BN D,
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B LR FRILPE L 72 R U -L-3LIE 7 1 L A ORGSR

#
gl

3.3.2. ERSEIWAXDEIE & FA 7= COMLIR 7 ¢ L b DGR B DBl 22
o Bl S afh ~DEEE T 5 ZFRENZ OV CEEMIC R ET 24T 5 72912, 0°C TCOLE 24T~ 7= 7

SV A SRR & SRR TR EIWAXDIIE L7,

3321 FiEGER

FIRIEFE(2°C/min) TOWAXD I #E L O'DSCHi#R % Fig. 3-12 & Fig. 3-13 IZZ L E IR,
WAXDHIFRIZI T, 30°CTIZCOMLEL 7 ¢ /L A Do il kD 7 1 — R 2R[E v — 27 2581
Sz, BERENPLLADT, (=57°C)LA L& 7e b b | B — (@D, 16305 16.7°~L 2%
fbL7zZ Lz T, =2 RNy —F e ofe, £z, DSCRIEDOFERNHIZ, Zh
FTORENCC/min) THOLNFRLFEC XL 2IC, FRFOFBEBIA LN eh o7, OF
0. FHERFIZCOMBL T 4 W ADRFER L Z T L A ERZ SN LR bhole, 22T, I
S EIWAXDHE H OFIREIZ BT DRI E— 7 (L& & R % Fig. 3-14 12F & 7=, Z DGR
25| 30°CH SPLLAD TAHE & TIEEHT E— 7 (L& 2 16.3°0 B 2{b83, £/, Bl —
7 R H R E BT h o7, PLLADTLL 0D 60°CHHT A & BT & — &7 A {8 A3 & £ B A
WCRKELS B LT, 2FD, ZORER TP D~ BB L TWDHZ LRV D, o
Fa 2 Dadh s EHER L7210, FHRIC X DRSS T OBIRICHE 5 [El#T & — 2 (LB DAL
WINZ T, BT E— 7 SRR LTz, F£72, 60°CHIUT TIER S 720 T=adi D (203) 1 12
JRIETE 2 19.1°O A 70°CLLEOIRE THH Sz, Zhid, FiLd 2 2 & ORaiE
Do Dofh~E B L% S, MmO ENADN BT 570 ThD LEX bILD, Z Dk
fa DELIVDY, CODBREIZL VBRSNS T /A ZADZEAUICL D EFE 2D L SRR
BWT, /A ZOZEADNBRD LT EFRIFFIZ, #aaE N TO 18O BRI 2N E

ZoTnoeEZXLND,

53



3322 HRER

FHRBIE D HPLLAD T, & 0 O FMICE 60°CHHT THE G 3o i 2> B o~ L #58
D EDPIRENT, £ 2T, PLLADTLL ED 60°C L, T,LA T O 55°CIZHW TR E Ty
Sy EIWAXDIHRIE 21TV, BBZEEIC OV TR 21T 72,

60°C & 55°C TR EIWAXDHIE %17 > 7= & & OWAXDHEHR % Fig. 3-14 & Fig. 3-15 2%
iR L, [\ e — 7 (LB D2 & Fig. 3-16 I F & ® 72, 55°C TEEMIE 21T > 2B AT,
BVLELRE RN > CTRIPFTE— 7 L@ 16.7°~E v 7 LTV & | AEIOHFERER- O 2000 £
UNICESENE T35 Z & 2 TX 2 o Tz, —Ji, 60°CTERMIE L7HA12iE, 500
R CEIT B — 7828 16.3°225 16.7°~ L i Lz, E£72, B — 7 @3 H ik
ZHETIEWINT 225, TO%—EL Rl FRMEDHKENG, TLLEORE TEMLEL
ETHE. o bl EAERENEEE L, FRICE . T A X0 E LT
W EFRIRFICHRE BTN TOR FHHOBRSINEZ o Tnbd EEXbNLD, ZThbDZ L
MH, TLAFD S5°CTHERME L-HE I, MmiE 0wt o g N Tosn1
BHOBESIDE Z D IZL Do TeledlZ, HERRNICEEBS K T LRhoTe b B b D,
—J7. PLLADT, & 0 HF @\ 60°CTHEVLEL 21T > 72551213, o FHOEEME)
K72 TWVBw, FEmEETEBICE D 2 THOFESIAN 55°CTOERME & i+ 25 &
BZVRThoTlc Wz D, LLEORERI G | PLLADG D Hodh~ & BB ITIT T8 0 E#HE)

HERRELSDPDDOTNDZENEZI LD,
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34. 5

AKEETIE, COMLH L7ZPLLA Y o /b LD OV THRET 21T - 72,

PLLA - CO v 'Ly 7 AT 5 CO & & AVTEPLLA Y o L ASCCOMLEE T 1 /L
LTI T Davdbld, ToEEOIRE CEWIET 2 Loafh~ BT 5 Z LR bnoTe, £72,
PLLA - CO, 2> 7 Ly 7 AfEG CII BB AT ) Z Ladb N5 T 228, Zhiud, COM
TANVLHANBRESND RIS, O FHOBESINEZ 277 Thd B2 BILD,
CO&BRE LTz, COMLPET 4 )V ADGEITIE, BIEFBRIC L VRS Iz T /A XD
LA, AL L > T L, o’ Dot ~EBT 5 L B2 biLd, £, 2 OSSR
BAZ IS TN TO R TEO BRSNS 72, 53 T8Oy TESE L BRENSH D &5
2 HID,

B % 80°CTIT o727 4 /L A L i L CCOLLEE T ¢ /L A DOWAXDHIE 7> B3R 7=
FEARALE MR OIE, COMLPRIZ XV AT 2 i 03CO & HL Y B < M2 TF /) A Rp%e
LA L, REREANEEZALTNDOTHD, T7205H, COUEET 1 /L LITAR, 80°C
THAI ATV, s 2 S8, flROILN AR S E2 7 1 L A OWAXDH
ENSRDIAFERCE & FREDHMEZAL TWNDLHLEEZXLND, £ T, 80°CTHE
B L 727 4 /b L OWAXDRIE 2> B3RO 7o d AL EE & COLBE T ¢ v LDFEFE 2 I Ta?
OB AFET D L 1264 gem’(#0.003) & 2o 72, ZAUE. BT OREICHE T S
LoD 102%FEE DE & 72 %, F 72, ofh DO (110)/(200) [ (2 )7 E S D 16.7°DEFr e — 27 & |
QO)DMEITIFE S5 19.1°D T B — 2 OFREE I, FEMLEL Y 4 L LD TR mkEimit 7 «
NEEY B RENWZ EDNDNoTe, o, HELEET 1L L OWAXDHIHR TlImdt >
A IV D LR E— 7 BSIER IS e, FREMLEE T ¢ L A TR AR < BLEI
DL, (110)/(200)HIZIFIE S 41D 16.7°, (203)EHIZIFE S5 19.1°L Q1DEIZIFE S i
5 24°THY, TOPTheflh & HATREOEHIT TH S 16.7°DEIHTHFHEF (5 < Bl S
7o ULEDZENSEZ DL BEVLE 7 ¢ L ATl & EATRmOHBIER SN EZ 2 5

o,
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Table 3-1 Density and crystallinity of the films re-annealed at 60°C for 30min

following the CO, treatment at various temperature

CO, treatment temperature / °C Density / g cm™ Xepsc (%) xe waxp (%)

-20 1.2485 46.2 37.5

0 1.2486 42.7 34.2
20 1.2527 41.5 28.1
40 1.2542 40.7 28.6
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Table 3-2 Density and crystallinity of the films re-annealed at 80°C for 30min

following the CO, treatment at various temperature

CO, treatment temperature / °C Density / g cm’ Xe psc (%) Xe waxp (%)

-20 1.2555 46.2 49.3
-10 1.2519 42.5 37.7
0 1.2539 43.7 44.5
10 1.2533 45.0 36.4
20 1.2543 41.4 353
30 1.2545 43.8 32.7
40 1.2565 41.2 353

58



Re-annealed at 60°C

CO,-treated
at 0°C

«— Endotherm

0 40 80 120 160 200

Temperature / °C

Fig. 3-1 DSC curves of CO,-treated film and re-annealed films. The CO,-treated film
contains CO, gas.
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Fig. 3-2(a) WAXD profiles of CO,-treated film and re-annealed films. The CO,-treated
film contains CO, gas.
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Fig. 3-2(b) WAXD profiles of CO,-treated film and re-annealed films. The CO,-treated
film contains CO, gas.
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Fig. 3-3 (a) WAXD profiles of various PLLA films; treated with CO, at 0°C, re-
annealed at 60°C and 80°C following the CO, treatment at 0°C.

62



16,7° 19;1°

=
S
2 : Re-annealed at
0 ' 80°C
g
=

CO,-treated at

' Q°C

10 15 20 25

20 [ degree

Fig. 3-3 (b) WAXD profiles of various PLLA films; treated with CO, at 0°C, re-
annealed at 60°C and 80°C following the CO, treatment at 0°C.
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CO,-treated at
0°C
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Temperature / °C

Fig. 3-4 DSC curves of various PLLA films; treated with CO, at 0°C, re-annealed at
60°C and 80°C following the CO, treatment at 0°C.
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Fig. 3-5 The degree of crystallinity as a function of re-annealing temperature.
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Fig. 3-6 (a) WAXD profiles of the films re-annealed at 60°C following the CO, treatment
at various temperature.
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Fig. 3-6 (b) WAXD profiles of the films re-annealed at 60°C following the CO,
treatment at various temperature.
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Fig. 3-7 DSC curves of the films re-annealed at 60°C following the CO, treatment at
various temperature.
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Fig. 3-8(a) WAXD profiles of the films re-annealed at 80°C following the CO, treatment
at various temperature.
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Fig. 3-8 (b) WAXD profiles of the films re-annealed at 80°C following the CO,
treatment at various temperature.
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Fig. 3-9 DSC curves of the films re-annealed at 80°C following the CO, treatment at
various temperature.
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Fig. 3-10 The crystallinity by DSC (filled symbols) and WAXD (open symbols) of CO,-
treated films.
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Fig. 3-11WAXD profiles of various PLLA films.
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Fig. 3-12 WAXD profiles of the film treated with CO, at 0°C during the heating.
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Fig. 3-13 DSC curves of the film treated with CO, at 0°C. Heating rate was 2°C/min.
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Fig. 3-14 The diffraction peak position and intensity as a function of measuring

temperature. Heating rate was 2°C/min.
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Fig. 3-15 WAXD profiles of the film treated with CO, at 0°C during the isothermal
process (T = 60°C).
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Fig. 3-16 WAXD profiles of the film treated with CO, at 0°C during the isothermal
process (T = 55°C).
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XU T ERI LT W R REERIER L2 & B 2 Hivd, COMEET 1 L AEfE sk
LTWB 72Dl BPRHIERORE UV T, THE TORTIRIES 7 4 L b L AT
il Sz, T LA EOREER CORFRBMES TIX, o BE BT 5 100°COmERL T 1 L
L EHARTREZEEDENEWVWR D, T, FRAETIC, T TCOMEET 1 L L
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Table 4-1 The mechanical properties of amorphous, cold-crystallized, and CO,-treated PLLA

Sample Crystallization temperature / °C Strain at break Tensile strength / MPa Young's modulus / GPa
Amorphous - 0.27 64.1 111
CO,-treated -20 119 68.1 121
CO,-treated -10 112 68.6 1.20
CO,-treated 0 1.53 67.9 1.30
CO,-treated 10 1.22 65.0 1.30
CO,-treated 20 2.02 65.7 1.28
CO,-treated 30 1.79 67.2 1.30
CO,-treated 40 1.00 66.6 1.34

Cold-crystallized 100 0.15 68.2 1.58
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Cold-crystallized

-10°C 0°C 10°C

20°C 30°C 40°C Re-annealed at 100°C

Fig. 4-1 Photographs of various PLLA films; amorphous, cold-crystallized at 100°C for
30min, treated with CO, from -20°C to 40°C, and re-annealed at 100°C for 30min
following the CO, treatment at 0°C.
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Fig. 4-2 Light transmittance for various CO,-treated films. The dotted lines indicate
light transmittance for amorphous film (upper) and cold-crystallized film (lower),
respectively.
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Cold-crystallized

Amorphous 80°C 140°C
CO,-treated
-20°C 20°C 40°C

Fig. 4-3 Polarized micrographs of various PLLA films; amorphous, cold-crystallized at
100°C for 30min, treated with CO, from -20°C to 40°C.
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Fig. 4-4 Stress-strain curves for various PLLA films; amorphous, treated with CO, at -
20°C, 0°C, 20°C, and 40°C.
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Fig. 4-5 The strain at break as a function of CO, treatment temperature. The solid lines
indicate an error bar of various films. The dotted line show strain at break of
amorphous PLLA film.
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Fig. 4-6 The tensile strength as a function of CO, treatment temperature. The solid lines
indicate an error bar of various films. The dotted lines show the tensile strength of
amorphous (lower) and cold-crystallized film (upper), respectively.
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Fig. 4-7 The Young’s modulus as a function of CO, treatment temperature. The solid
lines indicate an error bar of various films. The dotted lines show the Young’s modulus
of amorphous (lower) and cold-crystallized film (upper), respectively.

99




CO,-treated
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Before breaking

Coéitgg?:ted After breaking
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Fig. 4-8 WAXD profiles of CO,-treated films. These profiles were measured along the
equatorial direction, and the measurements were performed before and after breaking
for tensile test.
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Fig. 4-9 DSC curves of CO,-treated films. The measurements were performed before
and after breaking for tensile test.
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Fig. 4-10 The temperature dispersion for storage modulus (E”) at 10Hz for various
PLLA films; amorphous, treated with CO, at 0°C, and cold-crystallized at 100°C.
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Fig. 4-11 The temperature dispersion for loss modulus (E”) at 10Hz for various PLLA
films; amorphous, treated with CO, at 0°C, and cold-crystallized at 100°C.
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Fig. 4-10 The temperature dispersion for tan dat 10Hz for various PLLA films;
amorphous, treated with CO, at 0°C, and cold-crystallized at 100°C.
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Fig. 4-13 The temperature dispersion for storage modulus (E’) and loss modulus (E”) at
10Hz for PLLA films cold-crystallized at 100°C and 140°C.
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Fig. 4-14 Schematic drawing of the structure model for the semi-crystalline PLLA.
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5. MEZBERIBELELERY -L-AB/ARY -D-ALBIT LU RT7 4V LD
AT VvFarF vy s AfERER
51. &=

RN Y FLER(PLA)I ) S E R IS A F IR B 2 FF>72 8, LIK(PLLA) & DIA(PDLA)®D 2
DTS FH~—0bb, 1987, TkadablZL->T, TNHDOT L RixmF v Ft~—
MOMEMERICE D AT VA a7 vy 7 ARG ETBKT 2 2 Ll Sn7z[1], £ D1k,
B 2P 83 O K 0 AR PO LR TORXT LA a v 7Ly 7 A O
RICKIFT 7 Ly R T EOEENRE SN TVWDH[2-9], FFlo, 7L R 1:1 T
RbObAT VAT Ly AERBBRT D Z E RS> TWBI10-14], 7 4 /b A ERIEE
DOVRERE, HERHE, BPEECPLLAR OPDLAD 3 T BN AT LA a7 Ly 7 AfER
DIRGHEEIZ R & 2B A 525 2 L6, PLLASY 785 % O'PDLA Sy T-8H DL & 43 -84
[l L DEMBEN AT LA 3T Ly 7 A O IRE DOBEERE T Th 5 Z L 237 H
511, 12], ¥y FEOEEIZ OV TCIE, PLLAEPDLAD S FE&AKE WL DOFE L0 7
¥ RTCIFPLLASPDLAR R 7 BHGEEL CLE D 2OICAT LA T Ly 7 A O
R E AN IEF IR 72D, PLLA/PDLAR T LA a7 Ly 7 ZfEE O G R IOV T,
Okihara® (2 L » T, =#4% T, PLLAPPDLA = 1:1 TEATIZ Ny F 7 L, 3/1 b8 A
HEOTNDHZENRMEINTVWA[IS], £/, PLLA/PDLART LA a7 Ly 7 ZfEf
IXPLLAXCPDLA HiL AR 0 i i (Homo 5 it ) O Fil s (170°C 1T ) b~ C O i (225°C i) %
FFo7= o2, PLAOHBIEKRICANS TIEFICHER 2D TS, LA L, Homoif bl O Rl
PUF O E Tk, Homofldl DOff e b EN AT LA a7 Ly 7 iR L0 SNV
ATV Far Ty I AEROBETRRIELZ LFH L, ATV Aa 7Ly 7 A
e DB E TG 5 )71k L LT, Homoffdh DRl LL L TEVLIE LI S & 5 FIENRZE T bh
LM[16]. AT LA AT Ly 7 ARSI EL | Fa 7R b E AR D 12O IIT R
W OBLEE 2 VB L4 5, £7-. Homofkfh Ol A Ll EOIRFE CRIFHF OBULIEZ1T 5 & |

PLAIZEN iR & IR T AT, FEFITHS 2o TLE 9, —FH., COUTAI{bRhRIZ K
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5.2. EBRFIE

52.1. Y ER

5.2.1.1. FEFT 4 L AOMER

PLLA(M,, = 3.2 x 10°) L PDLA(M,, = 2.6 x 10°)% i\ T, 7L > RILZPLLA: PDLA=1: |
L, Zlhm— L& HV 180°CT 15 RS L C, m— A T EER LT, Zor—
YT 2D T IV IR A, 250°CICRRE LTeA v B 7 L A AW T 2 53[0 T EL
%, 20MPa® £ /) T 2 myMVEREME Y LTz, £ D%, KAKEZHWTEHm L, ES 0.5mm
DI EF T ANEEER LT, 72 F 7 )V A TiE, DSCHI#R TR — 7 L E Y
— 7 NS, TNEoe—7 OBBEMIIE KL, £, JZ0F T4V LE
WAXDHGE L7z & Z AR E—27 ZR 6T, HFaDO N \m—DHRi3Gbhi, EoZ L

M7 T F T AN DI T 4V E LTS T,

5.2.1.2. COMLE 7 4 /L LDIER

22.1.2. L [ABRD STIETCOMIL AT o 7o, AETDCOLLBLSAIL, COLLBLIL AL HiPH %
-20°C ~40°C, 160°C & L., ALPHET) 10MPa, ALBLIRFfH] 2 30 706 L <X 1 IFfH & L7z, CORL
B D7 4 L 2IHK 5°COMESE T 3 HMKE L7z, £ 0% 30°CT 7 H M2 R %

FAWTIJTE R TN, 7 4 L AN B COZ SERITERY RN,

52.1.3. ®Esib7 4 v ADER
2213. LR FIETER L, KRETOGRREIL T ¢ /v AORSEIREIL 80°Cl LT

140°C & L7z,

52.1.4. BSLE T 1)L AOVER

52125213 TERL L 72COMLEE 7 ¢ )L A F X OGS L 7 ¢ /v A & Homoff &b O Fill 5.

PLEDIRE CEMLEL 21T > 7=, BVLELE X 150°C ~200°C & L7z,
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52.2. BIEFHE
5.2.2.1. REEEEE(DSC)HIE
DSCHITEITH 2 T CTOHIE LR UEEZ WV, 1To7-, WIESRMIL, FHIEHEE %2 10°C/min

L L. HIEIREEHIPE 4 30°C ~250°C L L7z,

5.2.2.2. JAAA X BEIHT(WAXD)HIE
WAXD HIEIX, % 2 ETOME & A UHEL X ONESHE:TITo 72, fiambED0HE T

ECIATICB L Ch Rk D 51z W TT - T,

5.2.2.3. By EILRA X BREYT(WAXD)EIE

553 ECTORE & 7 CEEE TIT o7,

Ry BIWAXDHIE 1, F-iEfRd L ORISR CHIE 21T > 7o, AEFE T, FiEm
JE 4°C/min CHIE IR EHPH %2 30°C ~250°CE T& L7z, £z, HIERMERZ 15 & LEE
EiTote, £z, HRBETIE, FrEOIRE(T = 180°C) T, HIERRIMREE 157 & LRlE

EATo Tz, WIEMERAIL 20=3°~30°L L7,
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53. MRELEBE
53.1. JEHET 4 VLAOFIRIBRIZEIT S PLLAIPDLA 2T LA a7y 7 AkEER
PLLA/PDLAY L RO T 4 /L LD FIRMERE TORE S & QR fiEEE) 2 1~ 2 7212,
FDT 4V DR R(FIIEE 4°C/min) TR EIWAXDEIE 217 - 72, SRR To
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B — 7 S S 7, WAXDEHFRIZ 38U C IR U iR EE IR CHomo#E i R SR D [al T B — 27 23 16.4°,
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Lz, 1> T, ZOIREE CHomofEdh & AT LA a7 Ly 7 ZfEER DRI Lk
DL ENGND, EHICHIRL TN E, EH60E—7ME SR 72525, Homofk i
HRDETE— V7 BBED LR, AT LA a7 by 7 AfERBROEHE— 7 RE LD 4
< 72 o7z, & LC, DSCHEAR EIZRME & — 2 238U 4172 170°CAHIT iR % Tid. Homo
fim R ORI E— 7 BRI L, AT LA a7 Ly 7 AfE g R ORI & — 7 R
MEIM L7z, ©F 0 ZOIREET, Homoflidt 23ff# L, PLLALPDLAD AT LA a7 L
v I ARERESBEML TS E VWD, SHICHIEL TV &, DSCHi#R T 220°CHHiTic
il v — 27 BEI S A, W CIRE CWAXDEIARIZB W T AT LA a v 7Ly 7 Ak H
KDEFT e — 7 BEENEA L, 240°CHHECRITE— 27 138l S /e roTz, DFED,
20°CHENDB AT VAT Ly 7 AFEEBEMEL TWDLZ R, .
PLLA/PDLAY L > RO I 7 4 /v A% FIREHE 2°C/minT 250°C £ CHIE% ., WAEIEE
2°C/minC 30°C &£ THHI L7223 HDSCHIE & O'WAXDM E % [FIRF 12T - 7245 R & Fig. 5-4 12
9, Fig. 5-3 LIAERIZ 90°CHHIT THomodfiidh & AT LA A 7 Ly 7 Al X S e
— 7 BB S, 170°CHIE THomofE dl 23, 220°CHHECAT LA a v 7 Ly 7 ARG A il
fig L, B e — 78D Lz, EO%ROGBHABRIZIB N T 160CHIETAT LA a7
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XU IZ, 80°CT 2 I, 140°CT 1 IEfH, 180°C T 24 FEfmfab L7 7 4 W A D AT
LA a7y 7 AR O TG 2 T o7, 2O DIRE Tmftmib Lz 11
L OWAXDHHR & DSCHI#R 2 Fig. 5-5 (a). (b) & Fig. 5-6 IZZNZEHrRd, 80°CTHifsmib L
727 4 VA TIE, WAXDENRRIA G AT LA a7 Ly 7 AREFBSRO BT 11.9°120FH
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Prod 11972 EIZR BN, 167 REREHTE—27 BBl S 570 £, KiEsri3Homo
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140°C T L EAT 2 T2 7 AV ADAT LA a7 Ly 7 AR O REITIER I2h T
MENZDHDT, 20 220°CHHEDREFEE — 71X, KB4 AADSCHIRME B L= AT

LF a7y 7 AERIC LA D THLENWZ D, 22T, 180°CT 24 FEOSMETH

113



iy

BSE EEEBLRFBLUE LAY L-IEE/RY D-HBT LY RT A NVLDOAT LA T Ly 7 2GR
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LD, R, Homoflf R DA — 7 23 AL H 41720 180°CLA ECTEMLEE L 7= 7 ¢
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(a) 31.3°C

(b) 92.3°C

[
(c) 100.7°C

(d) 120.8°C o (j) 240.0°C :

(e) 140.90C = (k)250.0C = & =

S
(f) 160.9°C

Fig. 5-1 WAXD patterns of PLLA/PDLA blend films during heating. The heating rate

was 4°C/min.
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Fig. 5-2 WAXD profiles of amorphous PLLA/PDLA blend film during heating. The
heating rate was 4°C/min.
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Fig. 5-3 Temperature dependence of WAXD peak intensity for 16.4° (homo crystallites)
and 12.2° (stereocomplex crystallites) and DSC curve for amorphous PLLA/PDLA
blend film.
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Fig. 5-4 WAXD profiles and DSC curve of amorphous PLLA/PDLA blend film obtained
by the simultaneous measurements of WAXD and DSC during heating.

125



180°C J

Intensity (a.u.)

80°C

o

W

0 10 20 30 40
20 [ degree

Fig. 5-5 (a) WAXD profiles of the films cold-crystallized at 80°C, 140°C, and 180°C.
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Fig. 5-5 (b) WAXD profiles of the films cold-crystallized at 80°C, 140°C, and 180°C.
The dotted lines indicate the peak position of stereocomplex crystallites, and the dashed
lines show the peak position of homo crystallites.
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Fig. 5-6 DSC curves of the films cold-crystallized at 80°C, 140°C, and 180°C.
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Fig. 5-7 DSC curves of the films CO,-treated at -20°C, 0°C, 20°C, 40°C, and 160°C.
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Fig. 5-8 WAXD profiles of the films CO,-treated at -20°C, 0°C, 20°C, 40°C, and 160°C.
The dashed lines show the peak position of stereocomplex crystallites.
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Fig. 5-9 WAXD profiles of the films annealed at 150°C, 160°C, 170°C, 180°C, 190°C, and
200°C for 1 min following the CO, treatment at 0°C.
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Fig. 5-10 The crystallinity calculated by WAXD as a function of annealing temperature.
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Fig. 5-11 WAXD profiles of the films annealed at 180°C for 1min following the
crystallization at various conditions.
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Fig. 5-12 DSC curves of the films annealed at 180°C for 1min following the
crystallization at various conditions.
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Fig. 5-13 The crystallinity of the films annealed at 180°C for 1min following the
crystallization at various conditions.
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Fig. 5-14 WAXD profiles of amorphous PLLA/PDLA blend film during the isothermal
process (T = 180°C).
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Fig. 5-15 WAXD profiles of the film cold-crystallized at 80°C for 2h during the
isothermal process (T = 180°C).

137



£ =180s
= 90
8
> V
KT
C
9
<
MM"A——J\.J M
0 10 20 30

20 [ degree

Fig. 5-16 WAXD profiles of the film cold-crystallized at 140°C for 1h during the
isothermal process (T = 180°C).
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Fig. 5-17 WAXD profiles of the film CO,-treated at -20°C during the isothermal process
(T =180°C).
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Fig. 5-18 WAXD profiles of the film CO,-treated at 0°C during the isothermal process
(T =180°C).
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Fig. 5-19 WAXD profiles of the film CO,-treated at 20°C during the isothermal process
(T =180°C).
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Fig. 5-20 WAXD profiles of the film CO,-treated at 40°C during the isothermal process
(T = 180°C).
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Fig. 5-21 The crystallinity of various PLLA/PDLA blend films as a function of
annealing time during isothermal process (180°C).
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Fig. 5-22 WAXD profiles of the film cold-crystallized at 80°C during heating (4°C/min).
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Fig. 5-23 WAXD profiles of the film cold-crystallized at 80°C during heating (4°C/min);
annealed at 40°C, 150.2°C, 159.6°C, 180.3°C, and 250°C.
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Fig. 5-24 Temperature dependence of crystallinity and DSC curve for PLLA/PDLA
blend film cold-crystallized at 80°C.
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Fig. 5-25 Temperature dependence of peak position for PLLA/PDLA blend film cold-
crystallized at 80°C.
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Fig. 5-26 WAXD profiles of the film treated with CO, at -20°C during heating (4°C/min).
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Fig. 5-27 WAXD profiles of the film treated with CO, at -20°C during heating
(4°C/min); annealed at 40.3°C, 70.3°C, 90.1°C, 140.3°C, 179.9°C, and 240.5°C.
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Fig. 5-28 Temperature dependence of crystallinity and DSC curve for PLLA/PDLA
blend film treated with CO, at -20°C.
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Fig. 5-29 Temperature dependence of peak position for PLLA/PDLA blend film

treated with CO, at -20°C.
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