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Modification of Rheological Properties for Bio-based Plastics
Takeyoshi Kimura

Most of the plastics produced in the world are petroleum-based ones. Since they are used for thermal recycle
after processing, petroleum resources are being consumed at an ever-increasing rate. Against this backdrop, the use of
biomass plastics, which are abundant in resources and are renewable, as an alternative to petroleum-based plastics, is
progressing. Existing plastics have excellent mechanical properties and durability compared to biomass-based plastics.
Therefore biomass-based plastics have not been substituted because of their lack of stability, which is inherent for
biomass-based materials in general. In order to eliminate these disadvantages and make significant progress in substitution,
a great deal of research has been conducted in the plastics industry. For example, cellulose, known as the most abundant
resource on the earth, is modified to provide, good mechanical properties and high heat resistance. In particular
esterification and etherification provided commercially success materials. In addition, poly(lactic acid) (PLA) has been
developed from biomass-based materials, which is currently one of the most famous biomass-based plastics.

In this study, a great effort has been paid for cellulose acetate (CA), one of the most popular cellulose
derivatives, to provide thermos-processability by addition of a plasticizer. Moreover, considering the impact on the
environment, citrate ester, which is also known as a biomass-based materials, was employed. Before rheological
measurements, various citrate esters were blended with CA and their compatibility was evaluated. Among the citric acid
esters employed, triethyl citrate (TEC), which has the shortest alkyl chain, showed excellent miscibility with CA. 40 wt.%
TEC can be added to CA without bleed-out. The temperature dependence of the dynamic tensile modulus indicated that
TEC had no ability to dissolve CA crystals. However, melt extrusion was possible at 205 °C, and the obtained products
showed smooth surface without unstable flow even at high shear rates. The uniaxial elongational viscosity was measured
and strain hardening was detected. This is because crystals remained in the sample at the measured temperature, which
acted as a pseudo-branch point. It indicates the plasticized CA with, TEC exhibits good melt-processability.

Another type of cellulose esters was also used to modify the rheological properties of PLA in this study. PLA
has attracted particular attention among biomass-based plastics. It is produced by fermentation and synthesis of starch
and has advantages such as biodegradability and lower CO, emissions during production and combustion compared to
commodity plastics. However, it has disadvantages such as slow crystallization, low melt elasticity, and limited molding
and processing methods due to the lack of long-chain branching in its structure. Therefore, its substitution from
conventional plastics has not progressed significantly. I attempted to modify PLA to solve these disadvantages by blending
CAP, a commercially available cellulose derivative. For miscible systems, strain-hardening can be imparted by blending
a long-chain branched polymer. Although PLA/CAP is an incompatible system, the temperature dependence of the
dynamic tensile modulus showed that the glass transition temperature (7;) of PLA shifted to higher temperatures with
increasing the CAP content. It suggested that some of the CAP chains are dissolved into the amorphous region of PLA.
Moreover, the frequency dependence of oscillatory shear moduli at various temperature revealed that CAP showed
thermos-rheological complexity. This could be attributed to the crystallinity of CAP; a similar phenomenon was observed
for PLA/CAP. As a result, the viscosity increased greatly at low temperature because some of the CAP chains were
dissolved in PLA. During uniaxial elongational flow, PLA does not show strain-herdening in transient viscosity. However,
by blending CAP, strain hardening was observed. During elongational flow, CAP dispersion was found to be undeformed.
The result indicated that strain-hardening was provided by the dissolved CAP chains in PLA, which have pseudo-branch
points due to the presence of crystals. Extrusion processability was found to be good for the blends. Therefore, CAP,
which is derived from biomass, is an appropriate modifier to improve the processability of PLA.

Keywords: Cellulose deriverd, Biomass-based plasticizer, Elongational viscosity, Rheological properties
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SIS TNV B IR LT R IS EI S NN H D10 | SEE DO PR K ELRD,
Fio, ZORTE Tl AR T/ )Y OB AT DB EICRERIA DD DT | AFEY
AT N O CIZIREE 238D,

KYYUAy K

nyyv
Ny U R » REXAH BoaORYHL

Figure 1-18 7 m—p\JE 15

BIAT—v3av
(REfp 7 0 —TH2)

Ba4AT—2ar
(HU AR

BlxF—ar
(SHTARE)

Figure 1-19 7 o — RS ORERE [ 24
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1-2-3-2 THAEEA TV —var /i

T X AiEEA TV —2a BT 4V DE BN L 28 EITHOWBNDRIEIN LIETH
%, EHOL I IEE A T 203, XA DOIRP R D, BApDZ AL TZ
AF I EJEMULTI=DL  BERVEIT), EHOL 7 AV LERRIET DT EITE IR, K
BIND7 4V LO5FELIR BT R0 D, T # AL, MO ERRR OB EAGMUML, K
B — L EZFKRE THAILRMNS, 74V 2T 5 (Figure 1-20)5, 7V L& RIER .
FAMIRIE (T Lk LITIREZ R HRNHEZIETIZ, HEHF mCEESED T 1 I
F7IFHEHT ] (Machine direction: MD)&F# 57 7] (Transverse dirrection: TD)? 2 J5 [A] [ ZHE i
(2 BICAR) &3 28T, o TP B UREZ SO HiLd 2145, A 7L —a B T,
HULEIZ 22 R A RGA T O A 2 T2 BRR OF A2 -V T RIS, Fio, LU
T IAFT v IIZRIINGZE R R EIAT 2T, O FEETT7 1V 2MEd 5 (Figure 1-21)%, 20
FRIGEE TR, 74V LD EUE S LTS, 23 F DB AN 7R, Fz, S R RS THIY,
B o—H &ML HZE T, WD L AEHN D, B EER BERT L LRET

FI LB 2153,

1.Extrusion 3.Uniaxial Stretching

2.Casting 4.Biaxial Stretching  5.Heat Set

Figure 1-20 T & A LINBGEARIZ LD T 4V LD RIEE 2
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AP 254 A

Figure 1-21 A2 7L —a  il%fE 2

AT L= ar RIER T v — B 7 E DESFBIIE 2N &R TR LW AR E I B W TR
BRI O b2 R T B DD, O AP E 1T, TRl A2 — e L 72 ER o
ZETARGT (M RMGED) D3RI RESRDBIG DL E ), ZO XD BHE, B L 7BRIC
BJ—= 2L NWZENDT 4V AEDOIRO MRS D, £ T # AVETIET /L LIE D
INT DRI AR =LY T U APMEIR T D, 2O XN, RAEE OO Bl A LAk
TEIN LIZ 3B\ CHR B 4 K7z 2728,

13 B FHEROSESE

BT TIBHTIE, AR OEERIEIN LEITHEA & FTLOERERH 52175729
WEEIT > TODRRIEIN AT 030D, %REOHAIIE, BRNTGU T4 72 5 15T
TIAF I DWBEZATIMEEDN DD, T TAF v 7 DERYE AL LT, IBIN IO M
TR AN ORI TR FE 72 & D) B2 832 BHIVD, Figure 1-20 O T X AVEIZL DT 4V LRK

oI, IR0 2 AL AT o Cor A BL S, B TR E 2 @D 2 FIEL W E ThHD,
RIECTBE HEER T D FIEEZ WSR2,

15



i
i
£

1-3-1 HFeREt

ﬁuu
2
g=(1)

SRR EFOFIEELTIL, BIE(1-1-3) TR LT Ev e — 2K O HEA O, T LD
MR E BRI TWD, Br—A KR RE OB RILICE SR 5y T2 in
— A ER(Figure 1-22)EFFOR, Table 1-1 (2R XHIT R #40  BEHAFEO RIS & #H (12

Fo T B —AHERDLINLEDD .

Figure 1-22 &/Lo—RFHEKDOHERE 2

Table 1-1 B/Lu—RFHE(ROEBILOMEIALE DL TR Y

Cellulose derivative R groups
Cellulose acetate H, C;H,;0
Cellulose Sulfate H, SO;H
Carboxymethyl Cellulose H, CH,CO.H
Cellulose Nitrate H, NO,
Methyl Cellulose H, CH;
Ethyl Cellulose H, CH,CH,

Tm— BB A RS2 IR BRI IS T 72V 4 LU, £ DB R
BIIEARTHY, RERICAEFESND L a—ARITEM 2000 ERAZLDIEDZEND, 5
DBED BT P, ZHL T, KBREA B OE BB XM HZL T KERGORESS T
WIEEEEZ AT 0 TR &2990 528 T, f Rt e mx TREHCEM T 2dES ot m
—ZAFEERPEENT, B —ZAFEEROP TH RO ZM CTAEERNZ VDT r—

AT /T —RTHY | FEHECAT RT7 L — A WHFHT VA X2 7 v 22— THOB
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TWa,

1-3-22 & HEEwOEI

S BET, BHHEONEMDTLE, Av—h7r2 | B, QEMRELLDTIAT 7
NERESN TN, ZDIFEAE DIFE | ZREESRRIINFNE A SN TEY, 7725
o 7B 5L OB REHERF PR RE AT BT EIRL TUND 30, FIRF o 213 BRIk D E S
+53 Tl BB LB CEACZE R P DR DT, b B e ERE D, TORER,
AR Sy TR RO R D2 L CL E5, ZNBDOH LML T TAT v D4y 14
WEEYETHE0G . D EDOZEAHZ WIS DT D3N R ORFR ThH D, Zbidfd
HBAIRNZ 3B SS (Table 1-2)°1

Table 1-2 WA D43%E 3!

8 Bt - W A RIS
VT EE | Tk R AR k5 Wy&k, 7x/-VE
il BATEER RRALR 1) Tz AETR
CBAEEN | FIYFR, TIFR
RS R IRHARILH] RV IYTS=NFH, Ry
7x) 7%
HALS NH %, N A F V&, NO-T V¥
W
M EER WY CRIEER | Ca/Zn R, 8%k, A
WIUE CRZER | BahT AR, HR
BeRkfd S0 | Fbkikm L u ¥ 77 VR, YT AF VR
P L PR nay vk, vk, EERR
Bkl k. R YVE b=V, SRR
Y ORI AT VERER
FeHGH FNT, REEANY I A
AL BOeHY, JERUGE
WALH I A ¥ B RRELN
Sl &%) FINNFR, WFF VR
EH ) E EWLH) Y YR AT VERIER, Vv
¥ h—LF%
WRP YRR L | AR LA A AR, T=F7FR
. HFA TR, WtEA VR
Ptk 1 Bl FrifiiE TR
AR 1 AR E&RFR, H—-FKHR
HHkm E g BALKIR, WBEET 3 MR
Eo ¥
P - PiEdEm L | SUER SR, R
E 1] FYRY b=

AR OBEINL, BAIMEE B IO AR EIC RS R B e 52 5, TR TIZID,
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BB LER 2T %, ZNODRIRIT. 0 IR AT8AI D 5 - 8HENICADA T Z
BN T 2, 22U, 5381 IR L O EAE R (53 D DMEIL . E7o/E &
WE MK T2, SBIZ T, ME T T2 2%, FI2F o7 S L Al A0 %<IX, 47
iR o7& T2 I T2 C10~C13 BEDIENIET = — )V BEOIENET ATV ThD, €9
LTz FIAI O T 7 2V % AT AN IR ER LA E SITHIHY | BRIV T FAF v Th
% PVC AT &L COFFEN K 80 %i (5D TVD, T HIVERT AT VT FREEVE, AW
ROMEEFENM: 72 &AM TR | XM E M /kg) T D, Fio, IEM LHIZT TAF v 73
PBET HZ 2T ARBEDV VBB AT VWL ELH D, VBT AT VI,
INEMRF 23R L CU L BRI A T AL CRRREIT 35 L LI, BIKBURSIZED T IAF v/ K ik
IZIRALMZTERL T 5, EHL CIEHECEDMBIT<ed 033, (REM727 AN AT L

LUV BT AT )L % Table 1-3 & 1-4 |27,

Table 1-3 fUFRAR T Z)VlE T 2T )L 5% w] #AFI 3031

i FETR E2Y i gTE | HLERC
DBP 7Y NEET T TN 278.3 1.045
DHP T YNV NTF 363 0.991
DOP TINEERD 2-ZF )V ~F ) 390.6 0.982
DINP TINVEIA V) =) 418.6 0.97
DIDP TINVEEIA VTN 446.7 0. 966
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Table 1-4 RERAYRY LRI AT /L R Al HEA 3031

IR 2 ST | HEST
TCP FYY P T F AT w—k 378 1.165
TPP F)Z7x=VhRAT7z— b 326.3 1.268%¢
TOP M) 2-TFUAFINARTz—b | 435 | 0.92
TXP NESAVES VF 15 S F T 340 1. 14720C
TEP M)ZFNVERAT7z—h 182 1. 07120C

R4t a0 2 RO DG | T TATF 7 EOMEMHITENDLEER DY | ZIUTZ L]
IBFNI I i SIRIU(T V=R TN &3, MErEE 2 FEO Gk CHEET 2L
DPHIKD,

1 -2}, Hildebrand & Scott (Z& > TIRE SV IR E 737 A—4 —(Solubility parameter, SP
E) THY(1-)XTHHDOIND 340,

s =+/(AH — RT)/Vy, = {JAE [Vp, (1-1)

XVE SPAE, Vo ITENARRE, AHITSRONF= RV F— RITKIRER, TIFHERHELE, A

BETRNVX—ThbD, 22T, ZNEND SP s .| s2 &, TWENT TAT 7 LRI

FIEL IRALIZLEDOEBE T R VX =B s, + 5,0 HbbED, ZORME T TRALIZEE
DN —ZE (A Huin) i

$1% 4 532 = 2515, = (51 — $)° (1-2)

EBZDTENTE IRAOWRIEITHE G | ¢ (dr+p=D) B REIZAIL, V, 2V OT/VARTH
EIHE

AHyix = ¢1° ¢V (51 — 52)2 (1'3)
LD, T AT HIZIT A oL — N AR TR WD

AGMiX = AHMiX - TASMiX < 0 (1-4)
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DEDSETE L A TR OEMES I T D72 ASwi 1FIEDE LD, Lo T T4
Smix DFERELOS A Hyix D/ PETIUE A Guin (TR0 FITET D, LIZA T, SP HDZ
DNSTIUT BAFRARER 719 354146,

H9—21X Hansen (L~ THEMB 72 Hansen &M /X7 A— 4 —(Hansen solubility
parameter : HSP)*4750 T%, ZHud, AE BN R85 7 OB - DB IR 52
ETHEENDSIINICED d fledr BART-BFH BAERIZED p sy KFREGIINTED h 55y
D 3 00785, BEETRLF—D d, p, h I NEINEI AEs, AE,, AE,ELT, Z41H
DOFPEE T FLFX —LL ThbbE 5, ZLT(1-5)~(1-9) X3 LT 5L LT,

AE = AE4 + AE, + AE, (1-5)
Sa = JEESTT (1-6)
sp = JAE, [V, (1-7)
1 = JBE Vi (1-8)
s? =5q% + 5,% + 5,° (1-9)

Z® HSP W56, (1-4)XDBRVSLHET 5 &,
1 '¢2Vm{(5d1 - Sdz)z + (5p1 - sz)z + (Sp1 — Shz)z} < TASwmix (1-10)

L725H, £oT d p. h OFREBENZNATNE R OB 6 BAFRMEEE R T
LV 2D, Figure 1-23 2R E91Z, HSP 13K C 3 IRt ZEfMa R TN TE
% 0, ZIUE, WA Sar. Spre SICDY. TTAF I saze Span Sia)s
HFEE Ro DERTRENTWDET D, FIHAILTTATF o7 O EAEMIE R TREM,
3 YL 5 2 A IEIEO((1-1)58) TR T 5,

Ry* = 4(sq1 — Saz)* + (Sp1 — sz)z + (Sp1 — Sp2)? (I-11)
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WIT, (1-12)3 T A =R /LF —ZE(RED) 2 H HH TED, ZiuE, BROSMANT AL
&35 AMAAIRED > 1, RWUER) 1%, 7TAF 7 EOMEMEDMENFE IR,
(2, BROWNMNTAZE D AT HAIRED <1, HWALG KL, 7 TAF 7 EOFENED
BN TWLIEETRT,

RED = ¢ (1-12)

0

s,/ MPa'/?

Figure 1-23 s4. Sp. 5,239 3 {KJT Hansen %£f#] ¥

1-3-3  RYy~—TFVL K

B FIRHT RO HIDIMET, TR, HEAE, mitEt: . RAF N LakZay
thx Tho, ZOLTERYMEA B — D@0 TR EFCH7- T 2L 0 FRE DA E L
B FALEWOWM, £t/ ~—LDLEERE T L T& e, 2oL E FiEIC
R =TV RBRD5, R)~v—T LU REE, Diades 2 Ul Lo s £33t mEG R
DIREWEEFRSIND, TOHMEL T, H—ma0 M EIOWIESE , Ze L7 I A2F >
IRV AINM(BEIET TATF w772 YT LU RIZES, EEIANOHIBEEIROFH A2 E
DT B,

W)~ —T VL URIE, FHERT L REFRBER 7L ORI TE, Figurel-24 1T AHIK
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REROBEERZ7Rd W2 ISR T L NI ERIRER IC B 1T D45 BT IR EE 2N 70 L~ L TH)
—THY, B MR RED, ZOIOSBRMERT VROV Ay —RE3Nb A B WITRE
KBl b, — T MGHERT VU RDSE | B BT EEST 528 TRE —IREA R
720 EREAH DA BTN A, Z DFREES L A 0 — RIS R E e e - 2.5,

AR 7LV R FHYBER 7T LR

% {., Ki~—A
OJ d@ M RY~—B

Figure 1-24 RU~—7 L U ROMIREDOHEEE[X] 5152

R~ —T LU ROMEMECAHE S O IZIE, RE AT OB B ¥ —21 A Gux
ZRURETHMENHD, R~—IZ#EH LB mE LT, & <H>5 Flory-Huggins ZNEHIHALT
N 5154

AGy

_Adem  _ ¢ ¢>
RT(V/Vy) rll Ing; + = ln¢2 + P1¢2x12 (1-13)

ZZ T, RIFEMAREEL. TIHIRE . VIZROERE, VX' A MOE/VARFE, ¢80 i iR
Sy DIRFES RBLOE S T84 720 DB A ML, % 0 1 E& RS BOM BAER AT A—2%
T, (1-13)RUTBW T, AUE 1 EHBIOE 2 ISRy O e —B{b &L, #FiC

combinatorial I (— 4S,)&MX415, combinatorial THIX(1-14) 2 TREND,
—4Sc =22 ing, + 22 ing, (1-14)
L& T2

Fio, (1-13) XD E 3 LT o XA —THE R T, AGu<0 DEFEITRITHIEE /204
BRI — 7R AR IEL 72D, — 05, AGy > 0 DA N EERERD, R ~——R)~—

RBARTIE, @ FHEHIARYTDO'Z AN r 13K 77 J0D K& D, 2D
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BOT U —IIEF NS DG, FHiNE 3 O AANEH /ST A—4 5 1o DIEIZK
DABIRME DN E S, FHAEAER /ST A—% 5 1%

X12 = :T( — 8,)° (1-15)

TROOND, 8 (XKL DIEFREE T A—2Th D, (1-15) &0 RIREE T A—ZDFEN
RELBRDIZONT x 12 DIEIZRELR D, Th0H MEEMHEZ I LS 57D IR RS
TA=BDFEH/NSTHELN, LL72enin, (1-15)KY, x 12 DIEIZIEDEIZ72%, Figure
125 [ R T IS b =3I NSO RADIEL 2D 5, ZDT2b R~ ——RY~—
IRE RIZBW TR ST A—=ZOEPELS TS, 4Gy> 0 ERVIEFIE LR D56 01305,
FERERR) v — A L OEEDMUTND, TROBIEMEE STA—ZDITWRI T A [
KRFMR) T 2T RIZBN T ARIRM THBEST 523 S Tng %6, Lo

T x 2 DIEZE/NESST DT, KFBREE7RE D5 TR AAEA N LB LR DT ENZ W,

_AS(

—0.5
561::?52:0.5
Fri=rs=r
10 50 100
WOFHEL )DL A M (r)

Figure 1-25 — A Sc &m457 T4 720087 A MEEDBIR 5

Figure 1-26 |V~ —7 LU R TRIESNANRIFKRNR 2 DO Z R~ 5, 2RI 5 R
2% 2 FHFEIO EHFITALEL TWAHKITHY | EERER T PR IR EE (Upper Critical Solution
Temperature, UCST)RUAH X &AL TUND, — 7, A3 BUTER S A28 2 FHEEIRO T IS/ EL
TWAHHKITHY, TR LR (Lower Critical Solution Temperature, LCST) ! AH[X] & I+
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T 5,

(a) UCST % (b) LCST 2

14

(0L );z-
LI

LCST

14

MUK () M (¢)

Figure 1-26 UCST M AH[¥ & LCST HUAAK 57

1-4 RNAFTTIFRF v

19 HAEIZTTAF v 7S CUARE, BIEETIZEZ DT IAF v 7 LH#ILSN T,
AN IZEB WD TRV B 225 TS, 2021 RIS O T TATF I EPERIT 4
BRATEL, AEFEEMNRE Om _ES 2050 FI21E 11 B 2R 5 LHEES I TN D 5860,
HEFESIVCWD T TAF w7 DELITAMBRTHY, Bifile C-H #HX C-C fiH TS
T, ZOEVMEFHIZEMDD B R CIIAOMLI, F1E. DRI E
7eRERZ LB LT 5, RN E BRI TAT v 7N ERHENLDIE 2RO % T
BV, ZATBEANC L D= RX —EIUPHNL TUEEL TD 016, 21 fifdIc AD &, IR
APEHNC ZDHERILAL , KPS EEE O Y ~ (/0T TAF v 7L DEM~ DB E |
MBS DI oTe 06465, ZH LT B, BEHET TAF 7 DFNER(~ 7T U7 LY
TATN TNV A7) A I REL T, EIRNE S CHA R N\ A4 RN —R~
TUT N OIERBFFEDNTEFINATOILTND 16366 A= 3Rt (A 72 & OVERIC LY | 53R
THMEE)EZRT, 2L AT N—RE )~ — DB RIND T TATF v I L TAF
TIAF VI LS AT T TAF 7 OHRIZIE, & /~—FEE L Tl L, B4 THE
RRIRER AT D AA AT FAF L T/~ —FUEHD A HRSOREY >k B £
72 R R FE O RN T T AT I N D, TR NAF T TATF % Figure 1-27 12
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34

=14

S

AT Y7, Figure 1-27 TOMNDLINNT, TXTONAF T TAF A G RN LT TR

T RCOEGINET TAF v I D SAF N—=ZTH 0T TRNZEZHREL TRLEN

D,

* Bio-Polyethylene terephthalate

* Bio-Polyethylene

« Bio-Polyamide

* Bio-Poly(trimethylene terephthalate)

NON-BIODEGRADABLE

BIO-BASED
Biodegradable
Bioplastics bloplastics

* Polylacticacid

* Polyhydroxyalkanoates

* Polybutylene succinate

* Cellulose-based biopolymers

+ Starch-based biopolymers

* Protein and lipid-based biopolymers

* Polyethylene

* Polypropylene

* Polyvinyl chloride

* Poly(trimethylene terephthalate)
* High-density polyethylene

* Low-density polyethylene

Conventional

plastics

Plastics

FOSSIL FUEL-BASED

Figure 1-27 AT TAF 7 OFEFL 5350 ¢

BIODEGRADABLE

* Polybutylene adipate terephthalate
* Polycaprolactone

VA EHE T T ATy 7AUTIDERRR A DWEN T TR 870, $90R0RV R %
TEDEITAE SRV T INIC A B2 AT B3 DHFFER N DI 7RSI TG 871, A 55 i

YT TAF 7 DB WAL L0 MRIETHY, HH/K T TOMEY OIEM

HE

=

(RS E O EIRI ENE LD, OV o lc F Tt = — 7 B FIE R RSN,

1 D%, HEKDORFTH I 3 g~ A TF DBADL G TR ESNIARVTIRTHD 89, 5
THEENICE YR VBB AR - CTRY, N7TUTONIRIHC IV BB AT RS, #kbd 5
LTS (Figure 1-28),
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Figure 1-28 JEAA Y FRIZRY T IR DG ¢

HI IO FLIRE O F RIS E ENDTHLEER T L TR TRER AR TINTHD 7,
ZORYTING  FAEENICE R RV BRANEASTERY, HIEBERICIVBIER 028 T
AT D,

1-5 A AFTITRAF I ORELRE

AT T FZAF 7 ORI, AR T IAF v 7 ORI T TREAAHFIES U TERY,
FEROEERBHTETND, 2021 FITHR THEESNI AT T TAF v 713K 180 J7h
VIZSTER, 2027 FEITIE 630 I RATETRSEHEESID 772, LNLRNRG SAA T FA
F 7O RAZIX, FEEERENE S TND, ZIbE TIZEET 72,

AT TIZAF I DEFERITA B KT TATFT 2T 1%z,

W T TAF 7728 DISAF < AR FEBLL TODH IS ER S IZEE A~ 1.5 505

BMUWHDT 5 FRRELZRS>TVND,

AT RATITAF I OYE | ZDFEER B THIUL, &R EG T8N 1 55,

SRR FEOLITOV X, O FRREILBRBE SR T,

AR T T AT o 7\ A TR EE BB THEAN S D,

FriZ, EPEROHEMML TSGR AARDOHIEZ S E#EL T, RO T ITATF v 712> TR
DORERANIREE SR, [FIFREE ORI LHEZ EHLL 2 UE, AR I 2T 7 ORI
IR D3350 LALZRIRG AT =< U AIBNTANAF T/~ —DEAES,
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RIS IEAHEE DXL, RWVRFHZE35, Lo T, IR TYMELE D3 /T REZR FED R D
Sy g

1-6 #FEHEHB

AWFFED B HNE, NAF AT TAF 7 ELTE R Z IR T Db m— AFFERCRY
FLIE (PLA) OV A vy —ReE 2B E L RAFRIEIN L2 AT 542526 ThDH, CA DHT
BN LD BB IN LS R T Z L bl A2 W e, RIS A A~ A SR O R A%
SREL, LA BT RO YE Z1TO &I B MREE LT COMBE D FEBLE H 5
T, Fio, i E TICBITD CA DL Auy —FEA iR+ 5,

PLA (Z#E S ALANE Y BN LR B C OV FBRIE DM | BRI a7 & DR
o TD, 7o, HIREHL TS PLA 135 F R MRS REUNIE R0, Z D%
HEARE DO T L LI RIRITIINT DT OT BB b | 2R STev, Ziud PLA ZRE
M BERCEE 72D, RIBERIIEEL T, PLA ICE#HNIEEL S =T L -Fifige =136
HAEWKREVAZT L RTHIET, HEREOOTAEEEZLT-OL, T a—ERE T
INTAEZZE L YGETEDIEN BRI B, Lol ATMERTHD EVA 2B EIZHWDS
ZliE AMHESR T IATF o 7 ORBENRERINTODLH | SIDLLIRN, 2T, BT
BT a—AT T — 7 uE A % —h(CAP) % PLA OWEAIEL TEHHT 5, Rz, L
ey —fthl @R IC O W TIIE T 5, BT, PLA/CAP O— Bl RX5E O O il
{EHEIZ DWW TR AT,
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BRERE~OELEEDIZON, B u—RAHROFEMITIE A N EE->TND, D
ThEAr—2DT v F U bIZLs TilESN D B —2T BT —k (CAIL, &b I<HD
NIEMBDO—2>ThD 13, CA IT@EWIEE, BAF 2Rtk B &AM R~ 3, Lo
U BRI TE 23 i35 R AN A 230 . 6RO M Sk 7T AF v 7 DR L &
LTORM R —JFET LB Z BTN D, BRI TAEO R, @SS R UR R
FEIZHRR 7%+,

B ESTED CA ITHEHEMICE DL OO0, AIYEAIZ RIS IUZIARUIN T8 ATHET
HY, —E#, TEMITHRHIN TS, SHIZ7 e F =V EBIOT FULEOE AL,
CA DOffifLEAR TS DDA THY , BIE, RN LW REZetrn—A7 27—k
ZaEdr—h (CAP)BLU L e—RT 7 —h7FL—k (CAB)YLLTAFHRETHD 7,
LAl ZIBIFI AR T =~ U AN | R STV, — 5 BRI L AT 6E
IR T ED CA MERINDE, IANT 4+ —< U ABNDTET T2 J1EN B LU
FHIRFEIEN TOD T2 FELL,

Kamide & Saito (%, 7EF /VEHE (Ds)&t/La—RT &7 — ORISR 728 D
BRI O BIR AR ST L T2 4, Ds 1L5ERUICT B F /M bENDHE 312725, 1EDIE, Ds 2369 2.5 D
CA ZBRN T, A FRIREE DSEAS, (Tn) VRN Z L2 BN LIz, S5HIT, Ds282.2—2.5 D CA
I3AE AL EE DMEL | TR TAHED BIFCTHHZEDVRIES L 5510, L, ZhHD CA I,
G FEMES TORER @, AU, AR (Tyhi @<, HL4UE R & LTl
EFET D7D T D, £ D72 | BT EEPERTIR ISP BT DAL TV D N Tk TRl
T DRI A OB,
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2-1-2 BABR—RTRTF O S

Ar—RL T R~NEO4ODOREMIZREZFF DI LB TN 112, T BIIORHER
BR72E DRIRE LB —APRFF O IETHY, TRE [ A2 T VAV | E DTk, 7K
Beiay L CELNAL —a SO FA L — R BIIIESNS, 1RIE TR0 2 FEORS ST
BRI L U CFFES U CE T2, Figure 2-1 (ORTEIIC, ZRHOFRIZS B
JO TR DK ERES THEESNL TS, BAr—20D45 T8N FATIZ A TUODIREE
vam—2 TR A TIZW A TODIKREE /L — XA T A LI 5 12714

cellulose 1 cellulose 11

YYYVYVYVYYYY

Figure 2-1 BE/Lm—ADfE g 1213

F72, IR U 72 I AL 2 RSB 572 | (IEH O KR FE AR ~ 72 B IS Tl AHE A
L7 —RFERIZBW T, fEERIIFTETHIENZ N 1517,

2-1-3 RAF~<RAAHEA|

1-3-2 DIETHIRATZA, BN YOS EIZUIXUIE A WS ND, Z£OHTHY
SN AT )V R AR RALE S TIZHY . AMERRENLE KRS TS, 1
MBI T AL ARATIAS THHZ LD, LEMITESHNGN TV, — kA7 Zv
fie % A 871 % Table 2-1 (7R,
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Table 2-1 fRFRAY727 HZ IVl AT )L 34 n] FEA] 1819

2R E2Y N gTE | HLERC
DBP 7Y NET T TN 278.3 1.045
DHP T NVERT NT T 363 0.991
DOP TINEERD 2-ZF )V ~F ) 390.6 0.982
DINP TINEETA Y ) =) 418.6 0.97
DIDP TYNEETA )TN 446.7 0.966

LINLZR I G | dT - CIEFFIC DINP (3 EDOVRI BB 57-0 thIlDksb bl | AD
FHCHE 55707 T AT w7 LA~ OFI D, BRINZIZIUDHEL TEE LS TG 2, 20
fil, 7 2 VLR A EBAIC RSN T T AT v 7 O— %, MRS DR 3 s
SALTUNG 2126,

BAE, AR T TATF o7 ORELL T AAA R AT TAF v 7 DWFERZL72E T
DI, ZONAF AT TATF 7 OBEIHR LT, WO KO a[ 8851 % AVbH2 &
HFELLTeW, ZD IS0 5D, BUE TIX A A S — 2D A A ORI FEBAFE D AN T
NTCNWLTE, ZOHTH, ZZ T/ =V B AT VIZER L2V, 7= BN =F /L (TEC)
R/ UEN) T F v (TBC), 0-7 v F NI Ul N 7 F v (ATBC)IL, 7 XV ] ¥HAIC
BRI TERZED TND, ZIWHY =V AT LR Al AN EE b E &

TSN TERY, BAEILER G ALY SR OIBEHRFITHEL TWHD 23,
Fo TEHI B AR CRITE DV UL AT R—ADT La— b E RS TEY,
TERIRASAF~ AT TS 3132, £z, ATBC [ T4 MR R 3,

2-1-4  FIRF IO ILEL F ey —DEf%

TIAF v BHEFE O FITR<E TS, Ly MRS R, TS, T2, TRk
DRI LT, 870, TR, T IAF VI DA T AEBIRE (T,). HHWZE

B (T EEEL ., T OOIEE L BTS2 L ClRENRREIC T AL ERH D, £
7o THREN IZBIL T, Bk &2 2B D &R ND 7D 12 B EI720 EE G I H D0 R 375
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VBN DHD, TR TIE, BPEOR S BB B R & 705, TREME Tl AN RO B
oG b E DT | EOHIEN LI THD, 1 TR LML, S, 7=
— BB, AT —al IR S IR O TR ERRIIC, EXMBRI T TWD, £
DIZW | TITAF w7 DL A a— Kb ([ ORI R ORI | Bk B 5 vk
728) OBFRIIAICIN LE BHACBIRL TS ¥, LAY —RptE ORI E LI, MIRIZETE
(0T )52 T, BAETDHEINDOEACZRIE T 5, ST, WIRIZT (577) Z2INA T
EEELDETU(OT B ET 2708 SN HDRIIT T 28 B A RET 5L TH
%o —EDOT HRHHR O AL | OISR ESITES T, ZOIRE OIS
SRIEN IR D, SHITIRERL O, - RFH TOELEBLETHIL T, HHWDHER

IBITOMKDIRDENZHETELONL Ay —]lED B THY, A THDL ¥, L
eV —OREEITITHFAEENO 2 FRHY, FLIERICE> TR ELRN—E O
BFEINT—EIENObET, OFT BB EAWERIET D, BIRRIE L, RERICE> T
b T DIRBVETEATEHI G2 T, ZAUCTV R AETDINEEZ R E T D3R TH D

2-1-5  EERE ST OBERE R

BRI BRIV NMEIE DR 52 526 CL BAETI0TH (nEIEH (0)D
B, ZDOAFEE @)ZRETLILICIY, M EBRLWMMEERZAETDLILENTED
(Figure 2-2), ZAUZEY, XQ2-D)~Q2-HZH LT HILNTED, T2 T, ENIHEFR BN,
EVIHTRRAEPE SR | BRI | tan SITHRIEHE THD, EIIMIROMIELZLL | E”IX
FEMEZFR T, ZbIL, Figure 2-3 (TR BRIE TR DI HND, ATFHZE (0°<8<90°)03
0° [ ZIE WG EVIARD TS B ITHMEIMEE 2R L, 900 [TV B D3 R T/RE
HEMEIE B A7 g 3638,
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Figure 2-2 BIHPRFRIERIEIZB T 20 A (v)EIETT (oML T DALFAZE 3738

E*=a"/y" (2-1)
E' = E*cosé (2-2)
E" = E*siné (2-3)
tans = E" JE' (2-4)

Figure 2-3 3 fED =R D 1% 38
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ATYARIZ TN TZBRIT, B RNE DAL T 2% Bl R T (Figure 2-4)%, ZOFR T,
FUHEALE =L (PVOIZ AHEHA] (7 2R -2-TF L~ 2 L DOPYE RN T\ %, A¥E
F DR FEENFLIRDIEE | BT AL L DWMEROIK T 2RI ARIRMA ~> 7 L TnD
ZEN DD, FTEAITRINC LY 75 F8HE O AAEH MR 5720 RIS 7 L Ty
%o Flz, Ty LA EOIR FEI (2 2R AEI) O ROR T IE AT BAI O N EO R ~—
R DFIRBLONOLHAANWEEDIKL TIZEALDTHS,

101 102

— DOP 0wt%

© , N\

B DOP 10wt% S e ©

; == DOP 20wt% TRy |
3B E B - 1Hz '

102 L& : . : : 107

Figure 2-4 PVC/DOP 7'V > RO ENH 5| SRBEMER O KM

2-1-6 5 TIERMA DB HRL LR

o7 TR OBIRIREFRMEIT, 2-1-5 LRIAR T, UNMEIRO IESXRIREIZMIRIZ 52 &
DIE (SINZERET DD THD, FAETDISTNIOT LIS OAAZEIZLY 3 fiJHIC
FITEND, OFT HEIS S OMAEN BRI =BT D% 1L e BRI IO A O
HDOAAHIZKTL T 90° TG B ITAGTETAR IS FIDOAAHE (00<5 <90°) TN D5ElE.
TEATRPE R EREPEFT RO h I O 28 B AR DR MR R £ 70 %, 2L (2-5)~Q2- )&V T, #
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SEFPER (G, FPRIEMER (G7), HERMER (2R T HILNTES 3373,

G' = g/ycosd (2-5)
G" = o/ysiné (2-6)
|G*]| =VG'*+G'"? 2-7)

2-1-7  van Gulp—Palmen 7’'&2h

w57 TV R OB RE BRI DI E #E R | MEBZATAR 22, BRI G| L T ey bLTZ
% van Gurp-Palmen 7'y hEW) 3 ZiiE, R~ —D o3I oA WA HWr32% 5 ke L CH
WHILTWD, BRI/ 1O 5%, MAHZE 90° DI FEIR 3 HHANTAR F LTV D
72 AR (Figure 2-5)%, LU, iz 325K~ —IZE SR & 55 - L0 b B 23 /2
THNZALEL | (HA7R T ZENHRESILTND 2,

® [inears
*PEC(101)-g-[7]30
&PEC(37)-g- -[23)26
DOPEC(108)-g-[6]12

0 (degrees)

1E+3 1E+4 1E+5 1E+6 1E+7
| G*|(Pa)

Figure 2-5 van Gulp-Palmen 7'tz h 4142
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2-1-8 HHY

IRA A A KD AR E AT CA OLA ey — I B9 B 7E 138D 7e
ARFETIL, B0 itz 5> Ds 78 2.18 D CA i L7z 3, 7= et AT /LIL CA &
B RN FIR A R 372D R DT XN AT L ORIREL TS A~ A D AT
Bl e & 848 mTHEAISY T1E CA DRV~ —8HIZAAT ZENFIHI T D, AIFFET
I3, KRR OB EIZBEL ., BERBIOVERLREEOL 4 ay — Rt A3 i L 7=, FFZ CA ITHR
Ielge7e s = R AT VORI E G R BARE L, 1RO T TAT 7 LIAIRRD BAT 72 5l
INTHEA 592282 ARELT,

2-2 E=47
2-2-1  BEMER

ARFETIE, CALM-80, 7 BT /VEBE 218, X A1/V) EHWZ, 7ok, BOEH ) T &
(M) L BB 5y T8 (M) 1, ZIViREZa~ 857 5500 (GPO) I CTRIEZF T, FEHER
U~—E L TRUAZZUNEAT )L (PMMA) & V2R T & ChD, TN M, = 7.4 x
10* (Da), M,, =2.1 x 10° (Da) CH -7z, A[¥EANZIX TEC (7 =R =F L ; CITROFOL Al
2TV TT—ZAA AG), TBC (/= N7 F)L; CITROFOL BI, =277 Y50
—AAA AG), ATBC (0-7&F /NI )7 F/L; CITROFOLBI, =27 7Y —2A

AR AG)%Z H\ /= (Figure 2-6),
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Figure 2-6 (a) 7= &N =5 /L (TEC), (b) 7= K )7 F /L (TBC),
(¢) o-T|F NI =R T F)V(ATBC) Dk it

TV IR IEIE S IO R 72, £ CA % CH,CL/CH:OH JE&VAE i (H &L
90/10) [ZIAMRL . CA VRIR (4 wt.%)EAERILT=, T2~ TR 27 /L (0—40 wt.%) Z¥RN
LIz, D%, VU BT AT NG T/ B ERD CA 4 WLYIRIRE T TA ¥ — U IZHEE | I
BEAARIE ST DT80 —BRIRE L 72, 80 °C T 3 W E 2SR AT » 7, TABLOFR IS i
X7 NIRAND I =% AN THREI LIz, 7=l AT VO A &=L 0, 10, 20, 40 wt.%
LT, BN Y AT 4V L E W T, HFEOREZIT T2, F12, TEC 2 E ¥ v ALY
IV AT, JEMEREREIZ XD 190 °C(TEC % 20 £721% 40 wt.% & A+ 25:EhBLD
230 °C(fLDFEN) T 20 MPa DJE )% 3 43l 52 TR T 4L A(ES 500um)ZAERLL , £
D% BIDEMERTEREIZEY 25°C THHILTZ, F0Ae 7 4/V A IRE 25 °C BLUMEAS
TR 50 %ITHIE SN2 EIRETAEIC 1 A RE L%, JIEZIToT,

2-2-2  HIE

(1) CA/Y = BT AT L OFHEE M A
CA IZxt35, K7 BT A7 )V OMEEYEZR | HSP i (CUEE) 38 X O+ AR /L LD
S TV =R 7T M AIR AN Lo TA LT,
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(2) A5 BRI SR O R E

HY BT AT VEIND CA OF BRI G2 2 8~ 57 il #RB) B & (4
KL ZEE (Rheogel E-4000, UBM) ZAf FHL | BTN B3 JUMBJCHMER E” DIRE
{KAFMEZ 25—300 °C OFAPH CTRIE L7z, HI7E B E L FIRIEE 1T Z 24 10 Hz & 2 °C/min
Th D, 1E 4 mm, BX 15mm OEMELORER & i,

(3) Jif X BRIEHTHIE

BN T VIRINA CA ORGSR 5 2 DB %5720 12, 2R BI/K AL
HAY X #REHTEEE (Smart Lab, Rigaku) Z FAWTIAA X MREIPHHIEZIT-72, BERBIO
BHLIL 45 kV, 200mA T, 7' T77 74 ML CuKa it 8k~ 4V IS LTz, 8B R RIIE,

6 55E LTz,

(4) AP E
I RN T VRN CA OIS 5 2 B BRI 57010, AR AR
(DSC) (DSC8500, Perkin Elmer)% VT, ZHREFHR FOEKREIOBAREE (T,) %7

L7z, WIEHLFHIE 25-300 °C &L, SR 10 °C/min, 3EHT 10 mg £L7-,

(5) HEAERIEAE DAL

JERERRIEIE CE I TN DT 4V DER OB AR E TR O T B0l %17
72077y T4V AIFZENZEI 190 ° C(TEC % 20 7213 40 wt.% & A 9 DadkEh B8 L O 230 °C(fit
OFEHDIRELL T, 20 MPa D) J)C 3 53 [FIEAMEL . £ D%, BIDOEMEEIH#IZLY 25°C T

WHILT=, 74V BJEZIE 500 pm L LT,

(6) BhEYH AW =R 0D A J8 I B AR
[F#RI L 72— (AR2000ex. TA Instruments) 2 F L . BhAEg AW 220D £ JE I ok

A TIPSR T TIT o7, MIEREEIE, 160—220 °C TITo72, [EAE 25 mm O/ T )L
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7L —he AW, AT 628.3-0.01 rad/s O#EIPH C{To7-, £/, FEEEEZ W TE IR
HIZBT AT AWS L 1= 1 7% 205 °C THIEL -, HIEIZIXEL 25 mm, 2—

VA 4 Da— 7L —Re O,

(7) —Hhfh R ARG R E

R A A—Z|Z Figure 2-7 IR TIRREAREL TYTo70, ZOIH7eWEHF{EIL SER
(Sentmanat Extension Rheometer) {EEFEIZIL TV, HEOT AL 0.1-3.2 s &L, I
TEVREENE 205 °C L7, 18 10 mm, =& 17 mm, JEE 0.5 mm O OFER F 4 v iz,

Figure 2-7 Sentmanat extension rheometer (fif =55 I E15)

(8) JE W HiH AR EE I E

TE AW X, FrETY—1L A A—%(140 SAS-2002, 2 FRSHERUERT)Z WV C
1727 WIEREE X, 205 8L 215 °C LLT-, AT 180° THRE 10 mm, EA 1 mm O
MffiZ A&, S 20 mm, B 2 mm OMEX A% H0,

2-3 RERLER
2-3-1  FEERMEREE

(1-HEBHEHEN =L e—AY T 27 —bhD SP fiiL, 23.0 (MPa)'? Hitk THDH ¥, &
7. TEC @ SP I 21.0 (MPa)"? it THY, RAILKFEDOENNIE SV TR
INSLIRDIZON T AEDVINEL 72D 5052, ZDZ DD, CAITHIL T TEC 23, FRCHIIATEIC B
IWTCWAHEHERITED, CA 1KV U B AT NV ERINILIZ X v AT 4L AOIMBE Figure

42



%2 ' KO M~ A Wic v n—ZGFE ROV A u Y — Rt L UE

2-8 TR Y, TBC LN ATBC ZWINLTZ7 /L ATIL CA DEHEL , —H B LR NH
AL LT, ZAURIEBEOZEFIEEE DR N IR A LT B 2 HD, SHIZ, TBC BLW
ATBC OIMNED 40 wt.%D W7V Tk, 7V—RT U3 E LTz, Ll TEC BIIRIE
1 7 HZIZBWTH, Z7U—R 7D NIRER SN2 o7z, ZORERIT, SPAEE XIS T D,

~ CAITBC (60/40) CA/ATBC (60/40)

AT CATEC (60/40) -

Figure 2-8 &Y AT /L LOSE(JE A 300 um)

2-3-2  EIRYB[EREEROIREKR T

CA/I TR AT NT LR OFRATHEGIER (BB I UHRIKHIER (E7)OIREKAF
% Figure 2-9 (2R3, JIEEH HUE 10 Hz, FIEHEEIE 2 °C/min THD,

43



W2 E RS2 E WL — 2 EROL A — kL S

10 T T T T T
E é é é ;
10 Hz
_ 0 | Sy N N oo .
§ EH
R I s S 4
w
S
R (s s TS T, - Vo 20 S S o
©
o
- USRS SRS S S . -= W . S i
w
= PureCA
e) CA/ATBC (80/20) N
5 “CA/TBC (80/20) ~i i~ ‘ ol
CA/TEC (80/20) O.
4 i i '

0 50 100 150 200 250 300
Temp. (°C)
Figure 2-9 /TP AT VA IINLT- CA D

FIIRITEGRVE SR (B )RR (B°) DR R A

EDI T AT NVIRINRIZEB N T, Ty IS5 4 T KHMESR (E”) o — 271X, KR
HNZS 7 22 LR LT, Fo, FVETEICEND Z &0 RIBS - TEC IRINR Tl Bieb
Ty PMEIRANZ S 7 L TIRY BN /B LENR DN DD LNy o T, ZDZEXD, CA ITx)
LT 7 i 27 /v OHTIE TEC 23 AIAIL L TEL TWDHEF R D, L kb, LU

DOFRERIE TEC ISR TITo72,

CA/TEC 7V RD 10 Hz |28 55 [ IRATEGME R (BB IO RHMESR (B OIREEK
fE1% Figure 2-10 (27”79, TEC OWIIEDIEZ DIZOFL T, CA D T TEREMIZT 7R T
WDZEMNL D, £12. CA/TEC (60/40)I28B T, AL IR AF L (PS), RUHEAL
=/ (PVC), RUAXZYLEEAT )L (PMMA)RE DHERDFBIHTTAFT v 7 X0 @, 7
SR T AT VIRE T, TF VP ELIRDITIEN Ty (IS T DEIREIT EH-+52
EMDINoTND, T7bh, 7L RO T, 1x Fox OFQR-8)DIHTHMIZIZRESILT, M
TEICRE IR BAE 2T D,
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S LERETHD,

TEC O& A EIZBRAR IREN T, 22 THHE IRITEMESR (E)IKTT50L00,
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WEE 2D, TEC I CA FEfbAVEfET DT LN HIRIRN 29 | deGennes HIZL > Tl AL7e
IINT, ZORIITIEMBENT 7L, BT A NEBZ N D BB E SR D 2,
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Figure 2-10 CA/TEC 7L > R®D

G IRATRRHAE SR (E”) AR I MR ) DR FEAR A7
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Figure 2-11 CA & CA/TEC 7'V RDJEF X R 52—
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DT a—Rlg  m—t4Z 80 L 19.1° (220D — 7 &R LT-, Zhbid, ko
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LI ESIL TG P61
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2-3-4  REEEBENE

% CA/TEC 7L R® DSC Hiis#a 77 (Figure 2-12), W NG EMEERIE 7 /L LD

B FIROR R ThD,

1st heating 10 °C/min

.

Pure CA

Exo

Heatflow — »

‘H‘"“\ | CATEC (00110)
“'-“V

hren] CAITEC (80/20)

Endo
<—

Mane—d CAITEC (60/40)

200 220 240 260 280 300
Temp. (°C)

Figure 2-12 CA/TEC (0—40 wt.%) ¢ DSC F-Jili#

Pure CA T 290 °C LT CA OfdbffiE (TR 32— 7 MBI T &7,
240 °C fHE DY =230 T AERBIREITER T 5 X—AFA VTN THLHEE 2 HID,
CA/TEC (90/10)IZ33VNTi&, 281 °C fFiL THREAL — 7 DR K Th-o7o, B =N 7 m—RIC
725 TNHDIE, TEC IINZED CA OREEEMEHINDFIK ThHLH LB b5, £, TEC &
20 wt.% LA EFRINLT=% Tlt, TEC Db (294 °C)DEEET, R—RTA L INBRRIZRD .,

v =23 BRI ST,
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% CA/TEC DJEMERA T 4V DA EATIRIE 5% Tl <72 (Figure 2-13),

Pure CA CA/TEC (80/20)

& CA/TEC (90/10) i I CA'TEC (60/40)

Figure 2-13 BT T CA/TEC D7 4/L A

CA HRICBWTHEMIBILATRE Thho 72208, BARMICIEEIT OFEN R T, 5%
O T HDBFESTNDIENIIND, Tbh | CA IXRAFREFTIBMEZ RS, TEC &H &
DI DITHE BRI TSI D, FEEOT HIME FL, TEC 40 wt.% RN
RCIENEEAE B BITE RS ol BAFRIREIEZ R 2L REBEND,
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CA/TEC (80/20)DEhAt A WrsitESR (A WIFEBIE R (G ERLHMER (G7)DfA
JE I BOREE (o YIKAFMEA Figure 2-14 (2R3, HIE 1m0 A B EA-H1T > TVD, 1 [BIOHRIE
(CLBEZRIFI T 57 SRR Thh o7, AR GER ) I TIE, 6> G ThY, MR &
WZEDDEIRANTIRD B> TNDIENDND, AIREN 157 T G = G7LRHTinb, F
B2 BB OFEFIFIIT 1 BRLEE THHIEN DD, 205 °C TiL, 67, G IEITHGRIC
R TFL TV, GO IR R THD 2 JbH31T/hEV, 2O
JEIBE LRI TN Y | G TE DB B DRI (5 AR ER) D7 AE DS
RIBREND, JEREZAE LB IRV IR T 2720 | K S L DB EI 7 JE MG 1 1 2
R L CTIA TH D,
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Figure 2-14 CA/TEC (80/20)0+ A Wi 7R B SR(G) &
T A WTHE ISP SR (G D JE I B AR 74

CA/TEC (60/40)D B H A WS (VBTN R (G SRR MESR (G7)D A
JE B BORE (o0 ) IKAFE% Figure 2-15 (R T, G = G 725 VMDD AA R FIRER I
0.1 MR THY, CA/TEC (80/20) 12t~ FRFIFMN L o> TWDBIEN D, T2, G
& GCDHNRELIRS>TNDHIENS, TEC NN I FRENIED A ELTWDEF 2 D, FEFIRE
AV NS T AUZE R R IE OB, VAN IOB ) ORPKELILDE A AT =)V %
Pl T 223 CED, Fo, A 0.01s1ZB1TD GfEIE 0.0158 s BT HEIZ I~ DT
PNTHEINU 72, ZAURRE PSR R R LT oD A U T e B 2 Hi s 5354
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205°C | CA/TEC (60/40)

log [G' (Pa)], log [G" (Pa)]
TN

-1
log [o (s )]
Figure 2-15 CA/TEC (60/40)?
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Figure 2-16 |& CA/TEC (60/40)DA R HH#R CdhD, 451 E DOIRE A sEk IR D & n
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_ 4Eq
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Figure 2-16 CA/TEC (60/40)? ()t A KT irE Mt R(G7)&
(b)) AWHR MG DG A #R (FEHEIREE 205 °C)

CA/TEC (60/40)? van Gulp-Palmen 7'® ~ Figure 2-17 12773, CA NESHIRE /77T
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Figure 2-17 CA/TEC (60/40)® van Gulp-Palmen 7'k
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Figure 2-18 38X TF 2-19 |Z CA/TEC (80/20), (60/40)D & &5 yREIRF DL A s — ket 2 7R
T, =T —R e, 205 °C THAWNGTT (0) L5 IERIS 2 (NZRIEL, A
WrsEE (p)WS LTy b Uz, MaEHI B W T y OIS EHIC Ny LoD L=, L
2L, CA/TEC (8020)I28B W Tik, y = 1.2 s 1B 7 Umigh, @R CTE o Tz, =
DFERIG, BEH BB FIW IR EE ORI E IR #ETh oL Ebid, CA/TEC
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JE OFFH CIXE AR EE ORE DS ATRE TH DL RBRIIND,
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Figure 2-18 205 °C {23175 CA/TEC (80/20)DE AW T (0)& 5 —1EME N7 (V)
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Figure 2-19 205 °C {23175 CA/TEC (60/40)DH AW T (0)& 55— MRS N7 (V)
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2-3-8  VARDKSEELFRHIM

CA/TEC (60/40)D & it MR EE (m) SR DOSMELA Figure 2-20 LT 2-21 1T
9, BEHEKEE 71 Figure 2-15 OFE R HQ2-10)REHW TR L, 2. £ (L) 10mm &
20mm, [EEE (D) 1 mm & 2mm O EL A% AT ZTT 72, A W Lt A WKL
1. Bagley i 1E.& Rabinowitsch fifi IEZ4T > TV VRWEER TOAE T 5, CA/TEC (60/40) Tl
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WORE LG R 7 m 'L L RRIRY AT L 728 RO LRI RE72 7 T AT 7 DFEHES L —
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PO RSV E T VW 7" (o) OREHEIL, & AWK E & > THY, Cox-
Merz DOFEERAIZNEH TED, ZNHDOFEERHE RS CA/TEC (60/40)13= ADLSH 721y kY
— IRV~ =TI RGO B2 @iR) ~ — LU CRE T 52 8RStz 667,
BEOFEEN G RELTE N TV D EBbis,

T]* :\/G’2+G”2 (2-10)

w
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Figure 2-20 CA/TEC (60/40)0 & & it AW EE 0D A/ W sk FE AR A4

(a) L/D =10/1

Figure 2-21 CA/TEC (60/40)>(a) L/D = 10/1 &(b)L/D = 20/2 O H¥) D518
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CA/TEC (60/40)0— Bl {th ok B it % Fig. 2-23 (R T, B OEFIT O 7
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19 AL RITHASIL TR, 7 IAT v 713 ORI R EFTED D NFFES BV TR
HRWEEL 72 5T D, £ DOFERIEFE &S 4 4 HINL THY, 2050 FITITBUED 3 50
EFERITRDELFTHLNTND 13, L, AZESITWDT TAF I D 99%LL EiTA b
KTHY, ZOmE\MEFHVL EVEDFEFE T TAT v 7 DB EEZ L L TD, Fiz, 5T
HIC R CTHBLR L CHEIE T T AT v/ b A A REITH T2 FIESHENLL TOZRW 2 |
BEPRAEER T A IME RO ES MRS T, 2B, FFED LRI THR
L. >OEBR A REZR B IR EL T, AAF R—=2T U T IV OIFERANER I T TS 41, %
DOHFTHEREZED TNDONRYEEE (PLA)THD,

PLA 1%, BNV Enas OF 7o 3T 5L THBM A AL, £ D%, iz H
WCTHEATLHIETRIESND 8, U TS MEMEC A MR G, g 3 LOYRBERED
CO, DHEH BN T TATF v IR TO RN ERZEITHND %, PLA 3 5E /~
— WL OHBRITFT LAY THY, L KL D KON FEMARNFELET D (Figure 3-1)'°

CH, HC

HO OH

COOH HOOC
LUtMLsE (d —5l8%) DE)FLE (1 —58%)
AXFNDE LIMEMER 2T, MCFNd & | (3
BERME (d @ BRERMED, ( EREHTO) 2RT,

Figure 3-1 FLERODJEFAEMEIL 10
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BIFEVRIEL TV PLA 1E, 90 %L E L (K TSIV CUVD, PLA I XZ VAR T 5 D
R TN RELSEET DL > TEY, D KRBT EHE<25, TRl D
RO H 725306k DSC F-il #7537, 2003D (NatureWorks #0857 L —R 4%
4.3%. 4032D IZ 1.4%, 4060D 1% 12% T D, D (KELRME T T HEN T AL (T, &M
ST ERH L BFERLIRE (T)NME TFTLTERIELLTRoTNDIERNDID

(Figure 3-2)'!,
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4060D ' X =0.0%
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R 2003D X =4.1%
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E O'O-L T, =150.0°C
E 10ecn X =4.9%
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-0.51

T, =169.1°C
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Exo Up Temperature (°C)

Figure 3-2 D &L R D72 % PLA @ DSC FE AR (FEEEE 5 °C/min)"!

ZHL72 PLA ITH R ADMFAET Do JIFHITHE Y, K S AL 2SR N L IRF O ER AL DM
WZERENRET NG, €D PLA OIGEIFIIROGNTEY  ILH T T AT 7 DRFED
—ECEEES TN, IHOLTEEZ R T 5720 | BN R A Fi7- 87 PLA OWF
Jg 12130 PLA ERFEME DT LU RICEDHE 1 M T TV D, Ll AL TH
WD B E N AIH R ThHHIENEL, i, FRR RS O FHI R IIIIE S
T2, PLA OAEFEROHINLHGIIR, G AN TR T TV D H | I
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fEDBREL A 2 A TOMESCEZAT) FHED RO LI TN D,

3-1-2  RYV~—TVLURDHTREGIEEE

2 FEDOBRILDE S TNV TRA LT VU REFIER TV U RERES, Ty N5
BIE 0T OMBRT L URIE, —RIICH—O T, 2R L OMEIE DOy &7 1O
MOl Z R T ZENFEN TS 18, FU 7 AEARSCAER 7L RO T, 13 LA T O Fox
DXV IZL > TTHIEND,

Wi W W ..., (3-1)
Tg Tg1 Tg2 Tgs

ZITC, T I HFREEBIRETHY ., Ty 1Z7 VR D i B D T, Thb, £z wild 7Lk

T § A DD TR T,

— TR S A TR T D L RIFHIE R AR~ — T LU NIE oD T, Ry RY~
—ZNENERICIREI R T ZENZ W, 127l BRI~ —T L U ROHIZY | $571972
FIAMEZRL, ZNEND T, WHEWNIIESRNHDHI LB HERSILTUND 192,

3-1-3  RU~—TVLURD 2R M0REREMSE

RV~ =TV RO Ty (3 REBENEOMIZE | SEHIBNOF Rz iRE AR LL Th
AT EEDIGTNEENSRNE SN DBHFRIE RO ZETN DI ~DZENTED, [EAREDR
U~ — OB FME R O AR AFIEATE 358, T, Sl THRAHMER E7 #HKIEH tans
DOIRIEREND, FTo T, LT OU TR TIL, W<ODDIW R PBRIS S 2L
W&%. ZIHDRRKRIFIEGIRI, @i 20 o fEfn, B, v RAMEMFELIL, FEEMER
DT DEE. et TyaR T, FHERI~—T L RO T 32N O TERIS NS
728 BRYBRMER O LKA TIE, E" DRI R~ —D T AT 5, SRR
~ =7 LU RTIIERG R~ — DB 7 A NEIB HRIFNICAECLHTZOH—D T, 3720b

E"ORERD, BRI~ —0 T, o ORI B2 172122 (Figure 3-3),
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FIND L TR JE B B P O RGN T — 2 D3G50, ZOBRICHWD R DIRE DT —4
EEPEGDOETT7 %G R (Figure 3-4) 1723, IRFfE]-IR EEH R RN IR EOZE I
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RY~—ELLTRYAF L (PS) & W HURAE T D, CAP OFE L 1260 kg/m® T, T A
HERSIRE (T L 159 °C, il 188—210 °C THDH (I H¥B/ ),

60 °C T 4 WpJFM B2 B AER L 7% | I ALIRRE TIR A L7, PLA/CAP O E &I
100/0. 97/3. 95/5. 90/10, 80/20 L7z, FEMEIEMIZ, 30 cc DAL Z—F/LIFH¥— (Labo-
Plastmill, BPERSHERLVERT 2 VN TIT 272, PLA IZEIETHRRLL9 VN, CAP Ol LD
BV 230 °C TiTo72, 7L —REEEEIE 30 rpm, IRIFFEIL 5 2 Tho7-, fERILIZ7 L
RZ ERER T IZ D | 180°C T 20 MPa D /1% 5 43 [ 52 TR T 4L (/& 1.0 mm)
ZARRL ., € D% BIDERMERIEHEIZEID, 25°C TIHAILTZ,

3-2-2  HIE

(1) PLA/CAP OFRIENERFAM

PLA/CAP OFIEMEZ TR DT6 | $844% - Al JE LR (Lambda 25, Perkin Elmer)Z-fifi
MUVES 1.0 mm JERET /L 2O NERTE R 2 E Uiz, HIE R FHPHIET 400—800 nm,
JEFEIX 25°C LT,

(2) AEAETE T MBI L85

ABERE T BEMEBE (SEM) (TM3030Plus, H SZBUERMZMEHL, 7L RilEH o CAP
Do CRIE AR LT, BRI, IRIRZE S T TR L 723CBt O i 2 90 F ] Pt-Pd TR
N BV T EAT 5T,
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(3) BIAYG | RHAE R OIR BRI E

CAP RS PLA D5 |5EMMERITH 2 2 50 8% 0~ 25 T 8D GR i) R Eh 7R [ (4 Rk P A
(Rheogel E-4000, UBM) Zffi FHL | BB iR B 3 LOMBRHMER E” O R FE% 25
—200 °C OHIFHTRIE LTz, JIE JEEE S FREE X241 10 Hz & 2 °C/min ThHD, 1R
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CAP IRINAY PLA OEVFREIZ 52 D827 T 572012, mEE A =G (DSC)
(DSC8500, Perkin Elmer)%a VT, R FZFIK T THABOT T AERBIRE (TR LW
RLARIEEE (T %Rl L 7=, I EHPFAIL 25-250°C LU, FHRIB L OWRIEEFE X 10 °C/min, 34
BHEX Tmg ELT-,

(5) Jif X BRIEETHIE

CAP " Offi AT+ 5720, 2B FRIZL AR X #RIEIHT4EE (Smart Lab, Rigaku)
ZRWTIAA X REHTEEITo7c, BEBLOEIT 45 kV, 200mA T, 777 7 AR
CuK ol #ta 7 4V DT AT LT, B8R I 10 3 & LTz,

(6) BhAGH AW =R 0D A J8 I B AR
[F#RI L 72— (AR2000ex., TA Instruments) Z-{# F L . BhAEg AWM 220D £ JE I ok
fEMEA B RFPK T 180—230°C TITo72, EAE 25 mm O —2 7L —R e Wz, M3

1% 628.3-0.01 rad/s D#EIPHTITo7=,

(7) — il =R B

[EARIL A A— 5% T, 2 BEE[ARRIZ SER I CRIEZAT o7, O AL 0.2-3.2 5
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i,
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(8) FE Wt AL FE I
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Figure 3-9 & Figure 3-10 (27”3 X512, PLA % CAP HiEHTHY | K 90 % DI ZE =%
LIz, 7L F A OR(G-275 PLA LE#L T CAP DYEHUE I E OILE I 5AMEL |
TP I N ALE 2 D 28

— (ny—nz)? (3-2)
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ZZTE, RIBFRE S THY, TIFEIEHREIE R ng (ZERA T /L LOJEITHR, ny 322D
JRITE T D,
‘7\‘1/:/]\\7/]'/1/\Av6§j:\ CAP @ﬁ%@i‘%j\]ﬂ&}:%b:\ %ﬁéﬁ%i)s\f&«l:bf:o PLA/CAP
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il i % . SEM Z IV ClZL7- (Figure 3-11),
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< »
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Figure 3-11 PLA/CAP 7L > RJEME IR K ifi > SEM (B {4

PLA/CAP 7L ROATIZIUNT, IR I )2 Bt 2 R LT, PLA 2NE4H
(EfEAH) THY, CAP M EAH(G ) TH %D, CAP i OH X1d, PLA/CAP (97/3)T 0.3
um, (95/5) 0.3 um, (90/10) T 0.6 um, (80/20) T 1.4 um Th-o7=, Figure 3-1 DK:HE
OIS OJFIRIE, FHTBEICH R DIEHEL TH D,
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3-3-3 EVSIIREMEROBEKTE

CA/PLA 7L RD 10 Hz (23317 285 [ BRI R OIR R AR A Figure 3-12 12”7,
CAP 135 T EDMESHEN 2D IR AFEITRIE L TR0,
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Figure 3-12 CAP Z¥sNL7- PLA @

FIIRHTERHMESR (B ARRFIER (B )DIR BRI

SIIERTEGRME SR (E)d4) 60°C TIX FL7223, ZAUZ PLA DOHTANLT A~DERFEIZ L
By =7 T AP T TSR (E”)DENE — 22", EEOKRERE T, PLA 2358
BT EBNANT 7 ATHHIEE/RT, 22T, CAP I, E”fEOY — 73 miREikicH 9
N TR ZEIE B T 0 ED DD, HkFER=RL SEM B DA EEHIHLN TS
STATHPNDBT, ZORERITDEDO CAP 23 PLA FRIZIEML TWAHIEE/RL TN,
Tatsushima HI%, CAP |% PLA LFERFMPETHLEREL TND M, LinLenih, Dk, T.&
e AR T O FER 7 BRI 2 X0 . D ED PLA (~3 %) CAP I[ZIEfEL TWHDIENIHS
NIRRT B, AL THWE CAP D43 T BiiE, ZHD AT TR THW O3Bk Hfk
LT7R0R, Z D728 PLA ~0 CAP DIRfRIT %S ThHEF 25, 90°C A DL, M
fEREICXY EIRRFEEEBITHMUT-, PLA (3SR LR EE A b IK D -7, EMEIE, 170
°C C PLA #&ab AN lfiE L CRAMITIK T35 E T, 108 Pa 3L Th-o7-, CAP IE 150—160°C F
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T, Teil X i B DI AMERBRE THY | weap 338 5EFH (PLA VT HH)H D CAP H &
ST,
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PLA

PLA/CAP (97/3)

PLA/CAP (95/5)
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PLA/CAP (80/20)
CAP

PLA

CAP

77
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Figure 3-14 PLA, CAP. PLA/CAP ® DSC -1 — i dhi %t

PLA OG6A | WEMGFE L — 27 53K 170 °C TR SFL, FEVS dbfb e —2 723 110 °C TRt
ST PLA 130 EfE b 57280 . m A FEE B CIEks su b e — 213 a2,
FEEE. A EO PLA Yo 7L OfE i bIZIE 3 °C/min LL T O&EEE RSB TEH -7~ 46,

T L RRB O AR AR, iR — 2 L ke — o Bl S T, s e —2

VX ETRAANZ IR D > T2, Wi b OBIE L, IWfEL 7= CAP $HICERTHEE 25,

Figure 3-15 |23 B9 5 [ IR MR OIR BHRAFMEL TN L TS, CAP D56 (EIHIHRIC

BT T 13K 155 °C Thet S 47z, DSC #ifE Tl A s b EE MR 2 it e — 2 L 81
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SN oTLEZBIND, Flz, CAP IANIHED PLA @ Ty EFITOWTIR, BEARL D
JONCEEMIR B R EITHZ LT TE e o7,
3-3-5 A X RREIT

CAP DJiif X #RElHr/ 3% —> % Figure 3-16 (TR, JEMEIE THONT-aRER A% v

T4, B, Era—RAT AT L OFESNZOWTH REZEBLT-0I1Z, V77 2L T 2 &=

D CA ZHWTWD,
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-~ o
A o
—_~ CA
5
s
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c
]
=
CAP
1 1 1 1
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26 (deg.)

Figure 3-16 CA & CAP 7L RDJEF X #mlffr <7 —

(RN ORI T —H R =)

JRVIEED N2 — DI 8° & 19.1°12 CA LRIBRD2ODRIFTE — 7 &R LT, Lo T,
CAP |Z CA Iz n—R 1 Bl n—2 I RS2 352 L3 bhD, DSC DOF-E
—FEIREIAR T CAP OWRENGIRL — 7| 3R SN2 o122 2B 2 Dl 01T CAP 13#E
{LEEDMEV 26D DSC CRitfEE — 7 Mg S einoTe b 5 2 %,
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3-3-6  EhRYTEA TSRO B UK T

Figure 3-17 & 3-18 {Z PLA XU CAP DIEFELIRAE TOEAMIRTEHIER (6L K
PEER (GO JRIRER (0 EFEMEERT, 180 °C, 200 °C, 230 °C THHIV-fE A M -1R
FEHAR RN FE ST FEYER A 180 °C EL CARRBIARZ1ERR L 7=,

6 ! !
PLA i
— S -Tr=180°C
5‘\; AE,=53.4 kJ/mol A
= 4 Lo 80 ®
© oy
o g N
ST ) S S S i P
/CU\ Gu @g& ‘
o 8 s
gl | S-S s Fua IR S 1
S L 48 2  @180°C
(@)] ' 5 :
2 A Lon | Bpdcncecilofo 2006
L 19 Lz €230 °C
0 i | o .
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Figure 3-16 PLA O ABRTEHMEZR(G) SRR R(G) D
ARHh#R GEYEIREE 180 °C)
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6 ! : .
CAP 0220

_ BTt 180 é.g.ﬁn“’

T AE,=312 kJ/mol 089
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g e 2%l
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Figure 3-17 CAP D AWl itk = (G LR R (G D
ApHhRR GEMEIRE 180 °C)

CAP ® G’BLV G, PLA DENLIVE KIEIZm A o7z, SHIT, ez A US4 T
HELIZICHBEDOL T, A EEIPH X PLA K0S CAP O DNIDINNTIRD T, Zivbid, #l
TEIREN CAP O T, 12, KERAKEL T INAELT-T20 THLHEB ZBND, 7B, KiRE
DY 77775 —I% Table 3-1 1T~ T, TL=U2BO7 U RL—RRUZL> TEHRIZ
FOWMENEHAL = RN F— (UE) =X FIZR LTz, CAP @ AE, 1% PLA X0HIT D0 KEW
ZEDHERRS I, LT30S EE 213 iR /a7 D, X ClE, PLA ORI S
T, LinL, CAP D88 G UK A CF 2R L RIFFFEEMZRL TV,
SHIZ, 200 °C (2B AR WL GEIL D G DfEIE, 230 °C IZRITHMHEIDE mh o7z, TR
LA a o — ARSI AR R O EI A Z E T 5L CAP DR IZER L TWDHEH
ZBID, D EOHKE S ERIAR Y~ — OBTERE MR R &R A 52 52813 k<55
TS Y, SHIZ, B bbb L Ay — R ICH OB E O EE 52 5 et H 5,
Speranza HIZL5&E, 220°C OEVEIEIZ 15 73 LA EXHT & HLERLEET T PLA OREEED D
THIIE T2 %,
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Figure 3-18 |2 PLA/CAP (80/20)DVERIRFED G & G w e AFMEZ R, 180°C., 200 °C,
230 °C THIEZST- TEDIT- A A R -IR R AN S\, FEUER 4 180 °C &L
TARRIBAVER LT, BIREEDY 7 N7 7274 —% Table 3-1 (2757,

Table 3-1 FiREDL 77775 — (ar)

180 °C 200 °C 230 °C
PLA | 0.70 0.25
CAP 1 0.015 0.00025
PLA/CAP (80/20) 1 0.20 0.030
6 T T T
PLA/CAP (80/20)
o
_. 5p-Tr=180 W o
S AE,=132 kJ/mol o
= & a®
- 4 N
O, & .‘»
o) 7 o
e, 3 Q9cz9 -\
= A
6.‘3 1 / 0@%% o..;
= 5 AR ‘/
o, . Lot ot 15 ® 150°
o G o . “ Z_ 180 C
o ° o? A 0
1 pegBednsg = +--#.200 °C -
o ®23 °c
oL i
3 =2 =« 0 1 2 3

log [oa, (rad/s)]

Figure 3-18 PLA/CAP (80/20)Dt AWl i 5-(G) LR MR =R (G D
ARHh#R GEMEIRE 180 °C)

Figure 3-18 7>5 PLA/CAP (80/20)DAKJE  EiE Ik iC 35175 G OEEFIZ2I01TH0MT/hE

<, BRREFEFARIZL TS, GOEL E-, PLA X0b @D o7z, CAP KL D/ HUIHED
EWRMFEMZRITIE, PLA $HEAMRLT- CAP HEDOMBHE WD, RO 1 5 Th

DITFEN2N, Btz 12, 180 °C (ZIHBITDIRJE I E Bk D G° DAEIL, 200 °C 3L TN 230 °C (12
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BUIAHELVE EoTz, ZOBL Aoy —OEMEIIT, fEdk R EITEERL TODIZENRN,
T7bb, LR TEZ, 180 °C TIELWZEL D CAP f N EEL CWEE 2D,

Figure 3-19 (%, G5 3-4) &AW TR LT 180 °C IZB T APt AWK E (n0)% .
CAP G H EIZR L TFav Lz,

"

n, =lim— (3-4)
o0
5 T T T T
4 //
» 3 Experimental s
T data
=
= /
Solid line
calculated values
by Eq. (3-6) Dotted line
g : ———] Calculated values
....... R N by Eq. (3-5)
:

0 5 10 15 20 25
CAP content (wt%)
Figure 3-19 180 °C (255175 CAP G H EOMMEL =Bt AKEEE (170

SRREERIT, TEh 3-5)EX B-6)2 HW-F A THD, )

-

FLHBIN TSI BRAIRKL T DR DI BIR OB AWK (10)l . BLF DX
FLIRTHZENTED,

1y =(1+2.5¢)n,_ (3-5)
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ZZTIEL noe FEFFEO B o WL | gl3 0 BOhL T DR TH D, ZORIT, g3 E
2ZITWG A DI, o Z TRITEDIENHHIL TS, Batchelor 1%, 20 (3-4)% =i FE i [H
BIZ1E 0.15—0.20 IZPEIRT D72DIZLL FOR (3-6)2 422 L7 ¥,

m,=(1+2.50+6.2¢° ), , (3-6)

MR~ —DORMEENFELCTHLHEMEL, X 3-5EX B-6002 T ELEE
Figure 3-19 f#R & AR TR LTz, EBRIEIZX (3-6)0 THHELDVIZAMICFE A>T, CAP ER
WA B PLA ~ N o7 2R oD BET D&, ZORERIT, BARORE | 372
BAHDREE N K EL EFTBHEEERT D, ZIUT, ZOBRETEWKE (0 ~ % 6 x 10°
Pas)Z& /v 9" CAP 85D PLA (ZIRfiELT-72DCTdh% (PLA Dnold 180°C T 4.5 x 10> Pa

S)o

Figure 3-20 (Z 180 °C & 230 °C IZHIFHEBEAWKEE ()T AWHMESRE (GO
Motz JE 5 T ey M7=, 180°C 1235175 CAP @ il PLA XI5 M@ o723,
230 °C TIEIM Y TNV EBRIFRED ' DIEEZ R LT, IRAGIREIZRBIT DR EO—Es, 71
YRHROLE CAP DY AZXD/NEWRK THDHEB 2 HID, 2DDIERFIERY ~ — D N5
NEICTHIUE, B2 BOEHNDZ ST LB TS 9, PLA/CAP (8020)DH 4.
KSR B EEIRIZ 1D G OfEIE, 230 °C T PLA EHHZLCTHIRL , Aoy B 1S (< REE L 7=
RRFERERINAE T DL a2 R L TUVD,
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Figure 3-20 180 °C & 230 °C (2331 F A1 551 AU Wrkh B DOk HME (n7)&
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3-3-7  BAMIRIEE —ERISE

Figure 3-21 (2 PLA/CAP 7L ROEFIREIRFOL Ay —ketkz "7, a—r 7L —h
Z N, 180 °C THEAMIST) (o) eFH—1ERIG T2 (N)ERIEL ., EAWEE (y)IokL T
7ry L7z, PLA IZxL T CAP GA &S HINT 5L, o DEITRRHIC LA L TWD, PLA
<Ny Z AT CAP O —FRBEITIAA TWAZEE B2 DL, GHTHD, 2 N 1
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Figure 3-21 180 °C (235175 PLA/CAP DOHAMKIIGT] (0)& 5 —IEMIG 175 (V)
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3-3-8  —HhBERE

Ht T L O— iR RS EE RS B Figure 3-22 12739, B OO SEHR LB AOE A W7 L
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78 LR AEIRLUTZ, 180 °C CTHEEMFIET D720 REHEDIGRY~—D X570 %68 & R U= L HE
HEID S092, RFRRAYIZ PLA IZBARTHE SN2 I, O Sl bz RS o7z 1653, L
L CAP OWINFBHE R O b A 5 E LTz,

—H RIS 2 O 2 ki, EEIRARY ~ — DN TR IR ~ — 23y
B CTHDM BT L R TRIBENS 16389 | 2D 157 % Tk, o BoRY ~— I3 gl isk
HMERIZETE T2, D% 70 HAH DO O B A o THRHEIR I OB TE D3 RSN D, £
DOfEF:, Slender-body FEialZLo> CTTHISNAINNC 3| WIEMHE S HERDIHNTIRD B 5

57

o

LU, A EOFR T, 180 °C (235175 CAP DHEFEAS PLA O¥EFED 100 UL L TH-7=7=
D, O T BRELDOJF KT I 2> TOBIT T ThD, EBRIC, Sy BCR P OWER L, SEM [Eif%
(Figure 3-23) R 9 dDI2, NS ANSIFEHE T, BRIROEFETH -7z, ZORITIE, IEff
L72 PLA/CAP (80/20)%> 7 /L DRI A FH TS, OB EE 1 0.4 s, IEMBFRTIT 6
B Tdhsd, SEM HifiL, U7 Al (k%773 PP/LDPE &2 CHLN-HDOEITEL /2> TV e

Figure 3-23 #Efi PLA/CAP (80/20)DH§I7 o> SEM g
(OF 2 0.4 51 THERELREL, 6 BHkICREE2HH%,
REICRI AT AIZIR > THIW

WELT. CAP BT, KE S DIFEN B2 0 i 1 2 £ > TUe, TV, RRED
O BT BB RN 2 BT L TODITEW R, — Bl i RASEL IC IS W TONT A filifb 2
FIEEIFTITIREDER)~ =2 3 NpEDVETHTHLIEPRESNTND B, 5
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Bf. CAP % 5 wt% B o7 LR TEZ, BEROT A b i H iz, ZOBLGIZIT CAP
FEDMELEL QURITAUZZR DN | @i, BIZ 1T 230 °C Tl MEREICBIT2 0T
HEALITIR SR N TH A, Ll FH~OBEENASHLD  HIETHZEIER
HCh Db,

3-3-9 R

PLA & PLA/CAP (80/20)DjE it AJMTREEE () &AM 4 D S BLRE % Figure 3-24 351
W 3-25 (2R d, B& (L) 10 mm, B (D) 1 mm O EE A% HWCTHIHE T 72, AW
R S A WPRE FE 13, Bagley fifi IEE Rabinowitsch i IE A1 T> CUWVRWEER COE TH D,
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4 .
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Figure 3-24 PLA 330" PLA/CAP (80/20)0 7E & it A WrkE FE -8 A W sk JE {5 771
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Figure 3-25 (a) PLA &(b) PLA/CAP (80/20)DiA R H ¥ D /ME

PLA TIZ, 1000 s THARLEMEN S ECTIZ, RS ERRME A GEONT, TV UR
P T AZBN T, mE AW Y 2R T T O MM AMBLRIS Au 7z, 7272 $F Rk
eI+ ThDHEF 2D, 72, PLA (AT, TV R L OM ORI R EL 2
S TNWD, FANTOOT FIZIDBIZIEIFZNIMIIR A, & A HY I3\ T 7 a2 Bl 1
FTHZLETODHRE NTAHRELOIN, ZOHFITER L TND, 723, oLy
ADBED A AT 2 )V RS, Figure 3-21 T PLA/CAP (80/20) CIIIERRIE J1 2803\ V-
B, ZOBGUI TSNS, Fo, BIEIEITENTZ CAP MERRICEHZE T, i M3 BETE
fEL7=EBbis, EHIT, Figure 3-18 72bh, 7L RY U7 /LIE PLA IZEITIAATS CAP #4
DPHIHEWIZEY | BVEEFIRH I OFEZ R L Tz, T AT = /LS RELS R DRI
THD, 728, AV HITE AWHEEE 2151 TPLA 1L 0.5, 7L R 1.4 Thote, o,
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AVBNEEE 1000 s T PLA 1E 0.4, 7L RT 1.0 ThoTe,
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n
4 , :
© U J
] PLA/CAP (80/20) o n(y), L/D=10/1
B | @ 1(7), LID=20/2
= — (o)
o z
kel S S i
- s
o o
o Q
.5 i
E 180 °C |
o 2 | i
2 1 2 3 4

log [y (s™)], log [ (s™)]
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