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Control of optical properties for rubber-toughened polymer blends
Shuji Takahashi

Transparent polymers have been widely used in various fields such as industrial, medical, and household
applications. Because most decorating plastics in an automobile interior are painted, intense attention has been focused
on the reduction of volatile organic compounds. In particular, the demand for paintless products is rapidly increasing
these days to reduce the risk of our health and environmental problems. In the field of automobile parts, transparent glassy
polymers are greatly investigated to be used instead of painted products, because they can provide good quality of colors
by the addition of various pigments. One of the most famous candidates among transparent polymers is poly(methyl
methacrylate) (PMMA) because of its remarkable optical properties and good weatherability. However, the improvement
of mechanical toughness of PMMA is inevitable to widen the applications especially for automobiles.

After commercialization of high-impact polystyrene, the rubber-toughened technology was studied to improve the
toughness of plastics. However, it is significantly difficult for rubber-toughened polymer blends to reduce light scattering
owing to the refractive index difference between two phases. In general, both minimizing the refractive index difference
and reducing the size of dispersed particles are required to provide transparency. Moreover, the transparency of a rubber-
toughened polymer blend depends on the ambient temperature. This phenomenon is attributed to the difference in the
temperature dependence of the refractive index, because the thermal expansion coefficient of a rubbery material is usually
larger than that of a glassy polymer. In this study, a modification method of optical properties by adding a plasticizer to
binary blends for PMMA and rubber is investigated.

In the case of immiscible binary polymer blends composed of PMMA and rubber, the transparency and its
temperature dependence are found to be the most important factor. However, the transparency of the binary blend depends
on the ambient temperature to a great extent. The addition of the plasticizer is found to enhance the transparency because
it reduces the refractive index difference between PMMA and rubber phases. Moreover, uneven distribution of a
plasticizer can be responsible for the excellent transparency. The plasticizer addition improves the transparency not only
at room temperature but also in the wide temperature range, even though a simple binary blend of PMMA and rubber
shows the strong temperature dependence of transparency owing to the difference in the temperature dependence of
refractive index between both phases, which is greatly affected by the difference in the thermal expansion behavior. A
plasticizer addition increases the linear expansion coefficient of PMMA, whereas it barely affects the thermal expansion
of rubber. As a result, the difference in the refractive index between both phases becomes small, leading to weak
temperature dependence of transparency.

In this thesis, a new material design of a transparent rubber-toughened polymer blend is demonstrated using
PMMA and rubber. Although the thermal and mechanical properties such as heat deflection temperature, toughness, and
yield stress should be checked in detail prior to application, this will be used for industrial applications, including

automobile parts.

Keywords: ruber-toughened technology; transparency; plasticizer; refractive index; linear coefficient of thermal

expansion
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Figure 1-1 Demands of polymer materials for automobile.
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Figure 1-2 Advantages of paintless process by moulding resin with various pigments.
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Figure 1-3 Chemical structure of PMMA, PS and PC.
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Table 1-1 Physical properties of transparency polymers.
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Eq. 1-7
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Figure 1-5 Heterogeneus structure model of glssy polymer with ruber particle.
23




IEXY | FA0HCRIERSER T FMEHT, LT OREIZL Y £ OB Z
ETE 2 LERIET D,
(1) ARG OGBIHORFEZ/NS T 5,
(2) FEMMESRDFO~ b v 7 A0 E T LG D5y B O JE T2 % /)
=<4 %,

1-3-2 B FHEI OB DR KM

T LHCRE T TMEHE, Rk L7 X 518 = ARy O R HTER RS K OV Bk 1
BAHIET 22 & T, FFaER DT OEIMEL MR L7 £ LM EMEZ M E S
LT ENFRETH LN, BPMEDIREKRFEE CTHHIET 5 Z L IXNEETH
LEBEALNTWD, TOEMIT, EIrRMN R Z R~ 2 LI 572

W, RPN ®¥Ef§{&ﬁ'@s—$ I%. Eq.1-5 ® Lorentz-Lorenz X225, LA F D

TRIND Y9,
N _(hogyrop, L ARl plop Eq.1-26
oT p oT [R] OT p OoT
10
;a_/T) =38, Eq.1-27

ZIT, plaEE, [RIIISTFEIT. BITHREEGKRTH D, BITROEERK

1ML Eq. 127 1 0 ﬁﬁlﬁéoﬁﬁ%‘i@?ﬁfi%m% LBIEIRT SRS OR



E@w% I B, EEBAN TR E 2555 THETIL. ST RO

R EE LSS TN SN T2 BB OIRFE AL DS R HTER O 1R AR A7 1 L)
IR RAE T, MM BT, RIZIRREUIBRIZ RO 3 FL 25T
O, IERAEERES 5 2 & T BT ROREKRFELZEINT 2 2 LR TE 2,
BUZoRkiL, o3 1100 O B IR LIRS EF-§ 2 & oy FEEh 238

422 & THRBIEET 2 DR —RARERTH 2, BMZROFETIE, JEH

MOIRENC L VRS D, DE 0 RT ¥y b L X —OIEFRMEDRFIK T

bhoLEDLNLTND, L= RV a = AROFFHOHEFENRT v

TR F—%, LLTFORITRT 9,

£(r)=¢, l(rﬂn - 2[%’)1 Eq. 1-28

2T, PR TFEERE, €0 X7 4 v T 4 T IRNTA—F =TV RT v b
TRNAX—OWSEFEKT, Fig. 1-6 1, A7 > ¥y /b3 L X—% 5 7R
KL TEKLEKTH D, Fig. 1-6(@)DIEFFCIL, RFMICIREIN K Z 5 & |

EEMETH D 2 L0 IR RIEREN IR E D, EBES LD LIREH LR

TRNF =N EFT L0, FIEN KRR L (C> 7 895, 2F 0

DIRINZ LV BT %,

25



Bl
1k
EN

e(n)

(a) FEFHFNAY (b) FHFn

Figure 1-6 Potential energy and atomic distance of Lennard-Jones model.

% < O F LT IIIESER 3 T B & B RIRES 72 5 728D Fig.1-7 O
AN Lo, FIR=ERTRETRZGDELE LTH, =il b SRk
F CHEAWEIH CHTREZZMR T2 2N L, TORY =T L it
JEHELEAE T B ER DD,

26



Bl
1k
EN

.~ Glassy polymer

—_—yre—

s
-~
~
~~~
~
~
~
~
~

Rubber *~~._ | Bifi®z

Refractive index[n]

Temperature[T]
Figure 1-7 Temperature dependence of refractive index for glassy polymer and rubber.

27



1-4 B FAORI OB R R

BT ZRES TR D T @ TR, BN R BEORBRREE LT
L—=ZXDRENH Y | IR EEEO T RFEHE R TRAERBR TH D, 7
=13, RA REGIEFT PN F IR (74 7 UV) OIS L D%
WTHY, 77y nBHET ZHAICE. A0 0T RV — &R
L. 77 v 7 liamIs hE P EEmT 28 b5 %,

JIEHEFIX. WO FRIBRIZIS 1 2 N A el T2BRIZ, BADOWRIZ I D R Y
Y ONRERPRE S ND LA L, @y TM B et E S IR & D, @
FHBF OTREEERE I SV T, Fig1-8 IC T DA Z R, B FRIG RIS
EHRNELDL L WEICRIS DAL 7 V—XDAEKEFHRT 5, 7 L —
RIZHI2 DI L, 7 4 7T VNEEKT D& TP i, 7
Ty BHEEL, MMEBEEICED Y, o XS ITHMBINEICRET S 7 L—X
1T, THEBEER ) ~—7 Lo R EOMERERGHI W T, HEER)FRMEZ R
g R R N A

= =

fEsaRIs D FEA IL—ADFE 959 DHFE

Figure 1-8 Fracture mechanism of glssy polymer.
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DOEWMEDINT DI, THEEMEO R Z L 725 v ¥ /L E—EHBER I8 19
Im 235 32m ITHIINS 5 Z L AHE LTS 1Y, Bernini H1X., PMMA/EVA
T Ly REMWT, SIMEOIRERFEMEZ M L. PMMA/EVA 7' L 2 R34
50 °C C&EH —AEH OB Z R Z LA LT Lz 819, X512, Errico
5i%. EVA-g-PMMA » 27 7 MEEAKE PMMA O 7 L > R3E R CiEHA
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ThHHZHEALLT, MRICR2 EARAERICRLZ EAWME L, #HlX, 2
DHRZN 7 7 7 MEESIKE PMMA OREITROEERGFEN R D 2 L0 %
BLTWD EfRATTNS D @ﬁ%@iﬁfﬁﬁkﬁﬁg—?&i\ BRI K
XTI DY DT BH T ARG T £V b—RIICKE D | fEo T,
PMMA/EVA 7' L > RO JRHT TR X > T 5, S5I, EVA Off
pePEI T RICEE L B2 | ZORRK. 7L FOEWMEICERE &R 2 H
5., EVA OfEdLEIL VAC R ENEMT 512> TR 2 N, 2,
VAc A EOIEIIZ N F L\ L, fdER R Ch o =F L
R DR D7D TH %,

TR OIBFER NI, A9 72 Lorentz-Lorenz X6, A TFD LBV ITE

F#Iho 2,
o _(n_gfLo, 1 AR oz
oT p ol [R] OT
1 0p
—F__3 Eq.2-2
p OT p a

ZIC, plaEE, [RlIES TR, BITRIEERK TH D, D Lorentz-

Lorenz Tl TR OIREAKFAEDME PRGSO TE S D 0 i & ViR
BRAFT 52 L RENT VD,

ARETIE, RNV ~—7 L ROBERAMR L O ORERFEMEZ HIE9 2 51k
& LT, PMMA/EVA 7' L > RICH BRI Z2 0N L 72 WP el R 2 s 4 5, liE
ANZIE, YomrU 7 Lov (TCP) & E L7z, TCPIXPMMA & EVA LV
HEPTENE < WK LA e A R T, AR, BREV IR EEELE
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BOWTEWERMEZ#ERT 5 HAYT, PMMA/EVA 7' L > RIZTCP ZifsL 7=
BRONFRHEZFHE L 72 H DO TH D, I HIZ, PMMA/EVA 7' L2 RIZHOW
T, ZOFEWEEIEITEZOBRAET L2 LT, Zfa7 Ly RigkiTs
BEHME DI FEARAFIE 2 Ji A LT,
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2-2 FHB
2-2-1 Bkt

ARETHWZFENL, il poly(methyl methacrylate) (PMMA) (11 A& k7
AINy 7 A LG21)TH%H, PMMA OECFE ) T8 L O TEAAIL. My
=4.4x10*, Mw/ M;=189 ThH 5,

ethylene-vinyl acetate copolymer (EVA)I3 VAC & A &7° 14 wt%7)> 5 32 wt% & 2
725 AFEE A o, RETIE, VAC BHAED 14 wthd EVA % EVAL4 & Fr
T, EVA OWMEfE% Tab. 2-1 12779, EVAL4 & EVA2S (ZENEN =T 2K
I INOT T Ly 7 2 EVE50 & EV360 TH YD, EVA20 & EVA32 i
FTNENREY—®-OTLV T8y 637 £ 750 THY ., WIRLTRMLTH D,
nB. HTEOWEIL, FVigEs v~ 8777 4 —(GPC) (R —f, HLC-
8020)% W\ TiT>7, 1.0mg/ml ® 1,24- KV 7 oo X B igiiRaEilEl & L,
RYAF L UARE LV A RDTZ, BT HISHE, TSK-GELEGMHXL % Av
7=o E72. WIEIREIZ 40°C, B AFEIL 1.0 mlimin, 7T > 7 FiElL 0.5
mi/min & L7z, BIEN 5 B2 EVA D4y f-&% Tab. 4-2 1T,

RIYEANZIX, tricresyl phosphate (TCP) (K /\ b7 &2 v 7=, =i CTOJEIrE
X, 1557 £ 705, Uik, RETHWEREIOLFMHEE L, Fig. 2-1 1277,
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Table 2-1 Characteristics of EVA samples.

Sample Code VAc content (wt%) MFR (g/10min)
EVAl14 14 15
EVA20 20 20
EVA25 25 2
EVA32 32 30

Table 2-2 Characteristics of EVA samples.

Sample Code Mn Mw Mw/Mn
EVAl14 4.4 x 10* 22.2 x 10* 5.0
EVA20 3.4 x 10 16.3 x 10* 4.9
EVA25 6.3 x 10* 25.2 x 10* 4.0
EVA32 2.9 x 10* 15.7 x 10* 5.4

HsC 0 =__CH-
AECHZ—CHZHCHZ— CH%— il s /@;
n | /m 0T NOTN

P
7 :4
O=cC - \
Cl:H3 \  7~cH,
EVA TCP

Figure 2-1 Chemical structure of EVA and TCP.
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2-2-2 BHE

VAR H D INIK 3 fif 208 F 2728, 80°C (EVA32 IZFHW\TiX60°C) T3
IR =22 iz U 72 5l 2 W T2, H2 L7z PMMA & EVA Z W% & 60 cc D7)
Bl 2 —F %Y — CREFERTEEUETRL, Labo-plastmil) 1T X 0 #REES
L7z, IBAHRIZERL T, S 7 L Fad PMMA/EVA = 80/20, =4y~
L' K% PMMA/EVA/ITCP=72/18/10 & L7=, %o 7P ARIL60g & L. Fig.
2-2 | TR T & O e TREOM bR A (RiEPEZER, Irgafos 168, Irganox 1010)
#4039 9 oA 7z, IRAIREIEX 200 °C, JRERFMIEL 10 47, 7 L — REIHEEKL
(X 40 rpm & L7z,

Irgafos 168 Irganox 1010

Figure 2-2 Phosphorous thermal stabilizer and phenolic thermal stabilizer.

2-2-3  FY
B L THELONIY T i JERROGHK (T A7 —pEER F BT LR
SA-303-1-S) IZTEE 0.2mm D> — MRICEE L, & HICEMHRIZE Y LT
7 4V BRBRA L LT, EREREIZ. 200°C 12T 10 R TEV L 72, 10 MPa
SEINE LT, ZD%, 20°CITRE LImEigEz T b MmN 41T
-7z,
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2-2-4  JIE
2-2-4-1 REEERENE

RAEESBENEREE (DSC) (METTLER #, DSC822°) % W T, EVA ®
B a2 T o7z, T =0 LD /2H) 10 mg OFRE A L, -80 °C 7>
5 120 °C F CHIRMEE 2 °C/min THIE L T, @S zZHE L=, 7=, 120°C T
34yRkE %, -80 °C % CTRRIEESE 10 °C/min TR LT, FEdLIRE ZHIE L
Tz Ted. WIEITHEAIRIHA T THM L7,

2-2-4-2  JRITRAIE
Ty SEPTEG (7 2 28 NAR-1IT) ZHW T, BITEORE Z1T -7,
AR A A2 25mmx25mm ORE SIZEIVY L, 20°C & 70°C CTHIE L7z, Tab.
2-1 127”7 EVA BB OMIC S . VAC B &2 0wt% & 100 wi% D EVA & LT,
FNERBEARY =F L (LDPE, k78 16P) &V FEg L =/v
(PVAc, Aldrich ) OfEZRIE L7z, 72db, HEMKICIT vfbAF L~
(CH2l2) % v 7=,

2-2-4-3  [EAREEMERE
0.2mmMEDRBRFZ Ammx25mm O KXy HL, 5lERL A A —%
(UBM #L, DVE E4000) (ZC. BhHU5IEMMEROIRERFIEZRIE L=, H

TEIRE1Z-80~150°C, HUEEEEE X 2 °C/min, JHIE)E M EIZ 10HZ & LT,

2-2-4-4 BHEHIE
RU~—T7 L ROBHMEL X O OREEREEZ T 5720, Ay hA

7

7— (Mettlre 8, FP90) & itids & L COBE FHMEE 20 2 72 2 U 758
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WEE (FA4h ~A v AT L8, DMLP) ZHAW-, BRETIZLLTOR
2L o> Tk,

T () =1,/1, <100 Eq.2-3

T, L IEEEERE . 1 I ARG TH S, RIS AEHFPHIT 20~90 °C

2-2-4-5 FEEETIRMSELE

EAE M (A8, S-4100) ZHWT, 7L r RREIO S BHETZIR &2
BlE2 LT, EMERIE L TR OB 2 IRIRE R T Tl Lizob, 1 4
Ay &Y o 7AEE (A8 E-1030) 2 VN THRE T IZds W\ T im 2R i 12
F48/T D0 L TREARE ZITVRER A & LT,

2-2-4-6  HRIERSAERIE
02mm EDEHMERIEY — &2 5mmx5mm O KX X280 L, Bt sy
MriE@E (TMA) (Brucker #. TMA4000SA) % F\NT. #RERE A2 HIE L

7o MIEILEEIT 20~80°C, F-EEA L 2 °C/min & L7,
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2-3 FER - EBR

2-3-1 PMMA/EVA D453y 7 L K
2-3-1-1 EVA OBUEME:

EVA OEVFEZ RS 572010, REEBERENE 21T > 72, Fig. 2-3(a)-(d)
(2 VAC B EDF72 % EVA @ DSC #ift 2 /Rd, £7z. ARMEDHE RS i
KL 5 EVA BBt T 7 AEBIRE (Tg), MfmiLiEE (To). Aus (Tm) %
Tab. 2-2 (27”97, Fig. 2-3 2B SN2 K H 12, Tg AiTias i 28GR D281t
X, VACGHENZWIILEHETHD, VACGHEDZWEVA L, =F L~
ftim 3D 72 S FREER D DLW TD, T IZh T 2B RE <725, Tab. 2-
BITRLIZE DT, T_XTOEVARED Tgld VAC & H BITIK 5726 °C & 72
>7-, RVUEEE =/ (PVAc) @ Tg»#-30°C THDHZ Lt Fox DAL
D VAC EHBDOHIIZEDEVA O Tg N E<L 725 2 EN PRI N, KiER
ClFR o7z, ZORKIE, EVA OfiEREICL VRSN D, fidtEma T T
(XS SR CEE OB R, FEfREIC XV a8 oEBN RS D, £0D7
¥, VAC & A BEDOBNNCHEWFE S EE DR T4 5 2 & TEo 8O HH) S 7
BEND =0, VAC EHBEOHEIMIAAE -7 Tg OELN R Sz noT- &
W2, LT, AfERIL, FEERICIHWT VAC A EMIIZFR L Z & 2R
LTW5s,
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% 2% PMMA/EVA IZX DAY ~—7 L ROIEFRE
(a) EVA14 (b) EVA20
O L T L] L] o T L
o T_70°C 3 T 65°C
= ': 3 — \ ——
o i)
L. — )-J ‘_.1 k- Cooling :
3 Cooling : o Heating
T Heating T
TgT
o] [e]
B = T 82°C
o m L 1 L L
-100  -50 100 150 -100  -50 0 50 100
Temperature (°C) Temperature (°C)
(c) EVA25 (d) EVA32
o T T T L) a
x
2 T_58°C 2
3 3
T T
© T * . =
T Cooling £ 2 Cooling .
Heating ¢ Heating H
T 78°C T, 57°C
m
3 3 A
5 L L L L 5 1 Tg 1 1 1
-100 -50 0 50 100 150 -100 -50 0 50 100

Temperature (°C)

Figure 2-3 DSC curves for EVA samples

(d) EVA32.

Temperature (°C)

- (a) EVA14, (b) EVA20, (c) EVA25, and
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Table 2-3 Thermal properties of EVA samples.

Sample Code Tg (°C) Tc (°C) Tm (°C)
EVAl14 -26 70 90
EVA20 -26 65 82
EVA25 -26 58 78
EVA32 -26 41 57

512, Fig.2-4121ETe & Tm & VAcEAEICH L TF ey kL7, Slayer
SRBRANTME LK OIS, 2F VUGBS T 5720, T & Tmid VA &
AEOEMESLIUERT LW, 7235, [FERIZ DSC ORI E#R 2 HHE LT
PMMA ® Tg (% 105°C TH 5,

100 r r T T
i Tm

8o} . o ]
860 ’ ¢
8 B < Y B
>
§ Tc
840} * -
e
(]
|_

20 | -

0 1 1
10 15 20 25 30 35
VAc content (%)

Figure 2-4 Melting point Tm and crystallization temperature Tc plotted against VAc

content in EVAA; (circles) Tm and (diamonds) Tc.
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2-3-1-2 PMMA, EVA OEH=

PMMA/EVA 7' L > R OISR A D 572912, PMMA, EVA ¢ 20°C
IZB T DR EZ T v ~NJEPTERECRIE Lz, Fig. 2-5 12 EVA O E#T3% VAC
GHEICX LTIy L, ZZ T, LDPE (n =15150) % VAc & F &
N OWt%DORELE Lz, &512, PMMA (n =1.4900) OJEITREZEMRTEL
7o Fig.2-5 28" K 912, EVA OJEFrRIT VAc A EDHINI - THEEIZ
KT L7z, 24U, VAc A &M, B LENMEL 25720 Th
%o 72¥. VACEHENZWEEK, DF 0 40Wt% TiX, IZIFIHERERDTZD,
JEYTERIE VAC B RICHAEI LT, BERICED T2 2 R TRIND, i,
PVAC D JEHT 1T 1.4699 TH V. Z12S VAC & A ED 100 W% Dk & A 7e 3
ZENTED, MEV s L o2, EVA25 X PMMA & ZIEF Uiz R
T, Lo T, PMMA/EVA2S 7L RRZDOENL T+ —IZDLT, &b

ZERNZR D ZENTIRTE D,
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1.52 : ' ,
1.‘ . 20°C
AL — -, -
S 1.50 o] S — -
£ g “eelé . PMMA
o i e /
2 1.49 é —
Q = e Seal
S § e
© ..“- ..... -
T 1.48 R e
1.47 | SR — -
1.46 5 5 i
0 10 20 30 40

VAc content (%)

Figure 2-5 Refractive index of EVA as a function of VAc content. The bold line

represents the refractive index of PMMA.

2-3-1-3 PMMA/EVA 7 L KD

EBERIE TS (SEM) % Hv T, PMMA/EVA 7' L > KOS IR &
BZ2 L 7=, Fig. 2-6(a)-(d) @ 57 Lo RIZI1T 5wk o SEM 23
T EIIZ, VACHEAEICHND BT, PMMA OEFFHIZ EVA OERIRAE /3K
Lo — BI OB E MR S, £, WTPhoRE LB TH 5
EVA ORLFE1E 1 pum 725 10 um OFPANTH D | 7 0 < —FRIZHH L T

Do
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(a) PMMA/EVA14 (b) PMMA/EVA20

(c) PMMA/EVA25 (d) PMMA/EVA32

20.0kYV x1.5éi<'.ia'ég~g,.. 20.0kV X1:2S8K 260.@6rm

Figure 2-6 Scanning electron micrographs of PMMA/EVA (80/20) blends; (a)
PMMA/EVA14, (b) PMMA/EVAZ20, (c) PMMA/EVA25 and (d)

PMMA/EVA32.
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2-3-1-4 PMMA, EVA OEERB I UT L RO SFe&EM

Fig. 2-7 IZJEMERIEIC & 0 15 S 7- PMMA D&l )29 O I8 (A7 &
T, ZIT. ENEHIEORREE L 22 DITEORMESE . BT IR ORI & e DK
PSR 2R, Fig. 2-7 12”9 L 912, PMMA ORTEHEMER E (34 7 AEBIR
J§ (Tg) To 5 105°C 225 & AMICIKT L, T o8& iRe) 72 k5
AT ThHDIENDND, Fio, HEMMERE"ITIX2 DO —7 BiERTE
%o 30°C Hiif& DI 72 B — 7 1% BREFN & PRI, 0 F8H O R P | i K]

LTHEY P 110 °C i O\ — 27 1 IFDHRO T AEBITEK T 5,

10

log [E' (Pa)], log [E" (Pa)]

6
-100 -50 0 50 100 150

Temperature (°C)

Figure 2-7 Temperature dependence of oscillatory tensile moduli such as storage

modulus E’ (@) and loss modulus E” (O) at 10 Hz for PMMA.
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Fig. 2-8(a)-(d) IZJEMERIC X 0 1% 547z EVA OB AR O IR k7
T, BIZART L 91T, EVA IRV 2 RE db ME S 4 - O s B 2 7R T,
TRXTOEVAIL, Tg THDH-26°CEHEZDHEHBEBLTCE METL, ZNZFh
DR A D & =F L RO LY REIETFTLTWD, Tg &#
Z TG R E CORBERTIE, FoR0 S T 2RI R 2t R 4 7R
T, £70. VAC EAENHEMT 51T, =F L s8N < 72 5 T2 DRt
HME T 5, Z2ORE, @A (Tm) METT 5 &2, =RIZBIT 2 E MK
T2, 61T, VACEZHEDHEIMI D Tg IZERT 2 E" 23K E < 2okl
72 %, THFEDRD D OITIEEFE OIS L TR Y . HER < 72 2 8
IR SR IR S NI IR DO OB D = T 5 24,

(a) EVAL4 (b) EVA20

log [E' (Pa)], log [E" (Pa)]
log [E' (Pa)], log [E" (Pa)]

; i i i i i i
-100 -50 0 50 100 150 -100 -50 0 50 100 150
Temperature (°C) Temperature (°C)
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(c) EVA25 (d) EVA32

3 =
S a
S 8
% =
g g
, m
8 g
4 i i 4 i i
-100 -50 0 50 100 150 -100 -50 0 50 100 150
Temperature (°C) Temperature (°C)

Figure 2-8 Temperature dependence of oscillatory tensile moduli such as storage
modulus E’ (@) and loss modulus E” (O) at 10 Hz for EVA samples;

(a) EVAL4, (b) EVA20, (c) EVA25 and (d) EVA32.

Fig. 2-9(a)-(d) |2 PMMA/EVA 7' L > K QBRI DR R EE2 R 3, 72
B, DT DIZ, MR DBIK L 725 PMMA & EVA O 77 7 ZEBIRE (T
T2 T MR E" & OFCTR7, Fig. 2-9(a) ® PMMA/EVAL4 7' L > R
ZHNZET 5, IPEHMERE X, -40°CHHEThTNITR T3 523, i
EVAR DT 7 A — T LERBIZHAS <, S HITE X, 100 °C i1 T PMMA FHD
BT AERBIE DT DIZRMITIR T3 2, Fio, HEBMEEE" ORE R 5
X2 00— BHEGRTE DN, ZHUuI7 Ly REEIBSHSBEL Tnb 2 b %
TELTWS, &5I12, Ty FRBIOE" O v — 7 BENMEN, IR
TORUL SO E" D=7 RENMEL[F—THd I LR brd, 70EB. VAc
GHBENRED EVADT LYy FRBHZIBWT Y, FEROMEM DR L5,
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Vb2 E, EVA ZIBRT5E ) ~—DOEDTH LI TH D VAC O HIRE
ERTH S PVAC 23 PMMA LHIETH HIZH D59 D RIFFECTHEM L7
EVA O3 181X PMMA HIZHEfE L 722 VA L7, 2k, EVAR T &
B AIEEAKRTH D20, 2 7HICPE, ¥ =/LFIC PVAC &4 2HE N B &
MUZK WZ EBHERDOOEDTH D LELET D,

(a) PMMA/EVAL4

[EEN
o

©
J

................................................................

~
rl'l_
~
=
o

log [E' (Pa)], log [E" (Pa)]

Tg of EVA14 ]

6 i i
-100 -50 0 50 100 150
Temperature (°C)
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(b) PMMA/EVA20

=
o

log [E' (Pa)], log [E" (Pa)]

. Tg of PMMA

Tg of EVA20 |
6 i i i i
-100 -50 0 50 100 150
Temperature (°C)

(c) PMMA/EVA25 (d) PMMA/EVA32
10 , . . ! 10 . r
: ' : 10Hz 10Hz
h—— : S
= E \\ = E ——
S -)) A— EA— O g 4
gl F g | F
| Y e s S S S o O Mo 0 ]
T T :
e e =
W ; E”Zf  _— T T S PO 5%
3 £ 2 5 | . Tg of PMMA
Tg of EVA25 Tg of EVA32 j L0
6 i i 6 i i i i
-100  -50 0 50 100 150 -100  -50 0 50 100 150
Temperature (°C) Temperature (°C)

Figure 2-9 Temperature dependence of storage modulus E’ () and loss modulus
E” (o) at 10 Hz for PMMAJ/EVA samples; (a) PMMA/EVA14, (b)
PMMA/EVA20, (c) PMMA/EVA25 and (d) PMMA/EVA32. In the figure,
E” curves around Tg of EVA (a) and PMMA (<) are also shown with

vertical shift.

55



¥ 2% PMMA/EVAIZ L AHRY ~—7 L2 KOG H

2-3-1-5 PMMA/EVA 7' L o R Yt5e4

Fig. 2-10 |Z PMMA/EVA 7 L > R OFE LR OIR FERAEE 2~ 3, JE TR &
JHIX 20~90°C THh 5, 20°C., D FE Y =i fFir Tix. PMMA/EVA25 23 b %
HTH o7z, THULEVA25 DJEHr=R)8, 20°C IZBV T 14902 TH Y, PMMA
(n =1.4900) OESRICHE BTN Eb, BIIh oK THD, Lo
L7285, PMMA/EVA25 Tlik, IRED EH & HITHEEMNME T+ 2 8L
BIN5H, —J T, PMMA/EVAL4 (X, 20°C TREHIZHEDL ST, EiREK
IZBWTCENEN R LT 52 &R bns, ZOBLGE, Lorentz-Lorenz i 5
NS5 PMMA & EVA OBZIRREOE N, $72b b, WS O EIT=ED
T A A4 ICEK L TW5, Lorentz-Lorenz 3. (Eq. 2-1) A%R"d K 9

ﬁ4@mf@ﬁ$——i ENEAE L 4 T JRITD 2 SOR 7 CIRET S

B, TIEINIREIC L VI E A EREEZIT WD), Fio T AR ORI

T, REICIERMEE S T LD bRE WV, EEIC, BITROEEREL. W
EWFEA =514nm EHPEIRET =20°C 2B\ T, £ PMMA T-1.2 X
10“°C?, EVA T-50x10%°C*1TdHh 5 20, oF Y EVA OESTRIL, HED
F L2, PMMA LV 2K T T 5,

RGN, 22 TIE70°CITBIT DIRITRIZONT, By P AT —V %
27T o _IRPTERE CHIE L2, EVA14 OJEHTIL 70 °C T 1.4857 THY |
[FIEE T PMMA OJEH=R (n =1.4853) SIEIETVMEZ R L7Z, £/, 7
Ly RRBIRAREI & 72 -7 20 °C 1281 2 EIT=1X. EVA 23 1.5001 TH Y |
PMMA OJEHr# (n =1.4900) LV &2 0 @WETH 72, #iRkE LT,

PMMA/EVAL14 OF X, IBEDOEINE ERT 5,
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100 T T T .
90 :0 """"""""""""""""""""""""""""" -
S A
0] -
: S
= > < §
] T T
g A
—

(0] T -

50 L L L ]

0 20 40 60 80 100
Temperature (°C)

Figure 2-10 Temperature dependence of light transmittance for binary blends containing
20 wt% of EVA; (circles) PMMA/EVA14, (squares) PMMA/EVAZ20,

(diamonds) PMMA/EVA25 and (triangles) PMMA/EVA32.
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2-3-2 PMMA/EVA/RIBRIO =R 7LV v R
2-3-2-1 PMMA/EVAITCP 7' L v RO

PMMA/EVA O — 437 L > K TiE, PMMA/EVA25 @ L 9 (2SR T3T(20 °C)
THEHATH- LD LT, BEDO EFITHEWVERAMENMET T2 % 14 70,
—J7 T, PMMA/EVAL4 D X H51220°C TREHATH->7ICHBELLTIRED |

WZEWERMER M BT 52 A4 TR enTe, DFE Y M IERER ST &
TLADORY~v—T L KT, FFEDIRECOBZBAMEO AL BT, T ORI
EHEZ ST 2 Z S IR TH D Z L dbh ol

R TR OIEFERENEIL, Lorentz-Lorenz 2 & VW BUEIRIC K& <KfFET 5 7=

B, TREREVEZ T 5 121X PMMA & EVA OBZEN R —I2 72X, 1RiA

VNRFEEFIH CEMEE — IR O Z ENTEDIET THhDH, £ T, AIEAZ
WINT %2 & T, 7L FElBO R E Ol 2 57 72,

AL, ZOAFEIRT L DI, ma T E B LS5 IERS T (0T
w28 500 LLF)DIRIIAITH 2 B9, —fRiziE, Tg D@ &5 TR EHZ RN
L. BRIk, Tg DI, MECKTEZOHRME LTHWLRD, OF
D RYBAIZIRINT D Z LT @ FMEIO BN LSS E M A 1) | S
RS OfE R A AT 2 2 L A ARRICT 2 MiBAl ORI Z R LT Db, &
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Figure 2-11 Temperature dependence of light transmittance for (circles)

PMMAJ/EVA14/TCP and (diamonds) PMMA/EVA14.
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Figure 2-12 Refractive index plotted against the TCP content; (circles) PMMA/TCP and
(diamonds) EVA14/TCP at (open symbols) 20 °C and (closed symbols) 70

°C.
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Figure 2-13 Linear expansion coefficients of (closed circles) PMMA and (open circles)

PMMA/TCP (90/10).
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Figure 2-14 Predicted linear expansion coefficients using the Lorentz and Lorentz
equation for (closed circles) PMMA and (open circles) PMMA/TCP

(90/10).
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Figure 2-15 Relation between Tg and TCP content; (circles) PMMA/TCP and

(diamonds) EVA14/TCP.
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Figure 2-16 Temperature dependence of (open circles) tensile storage modulus E’ and
(closed circles) loss modulus E” at 10 Hz for PMMA/EVA14/TCP. In the
figure, E” curves around Tg of (triangles) EVA14/TCP (95/5) and

(diamonds) PMMAJ/TCP (90/10) are also shown with a vertical shift.
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Figure 2-17 Scanning electron micrograph of PMMA/EVA14/TCP.
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WET, NEVMETHDHIZE, ZOREHNIEBEATH L Z & E2R7,

3-2-4-2 EBRBTHMSEELE
Ty RREIOENL 7 v P— 13, BRI EES 7 IEMEE (FE-SEM)
(JEOL #L, JSM-7100F) # HWTHE L=, TN 7 41 U —BIERITHERT T
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BRIEL TE LR ZIRIREZP TR L7-0b, A4 AR H ) T
EE (B8, E-1030) 2 HWTHEE FIZRBWW T, WrmRmica4e X7 vy
L CHEAREZITORBRA & LT,

3-2-4-3 FHE BV

BERER CGREERSHESL. CAPILOGRAPH10) % MW TC, PMMA & EVA ®
TEFARRBOE AW 2 E Lz, #UBHEIT 89, MNBWEIEIX 200°C & L7z,
FX40mm, B LOmm, JiiAM 180° DM XA 2 Lz, £/=. XAk
HERZ BT DIE I E L 2=, Bagley fiEIZfT-> T\ ey, S 51T,

H=a— F MR 2228, Rabinowitsch i (IE 5472 T 22l

3-2-4-4 REZRERERIE

RAEEABENEYE (DSC) (REti/Eprid, DSC-60) ZMWT, EVA D
ST 24T o702, T = ZO R NTHK 10 mg DB FREE L, 25 °C 2»
5 120 °C F CHIEHEE 2 °C/min THIE LT, FidbEZRE L=, 8. HE

(T EE R IR T L7,

3-2-4-5 EHKRMERIE

20mm EORBR 2 4mmx25mm OKRE 2V H L, SlEXL A A —%
(UBM #, DVE E4000) (Z°C, Rt E' 3o L OMRRMMESRE" OB 5|9k
SRME R O AR 2 E U7z, JETREEI3-80~150 °C, F-EHE 1 2

°C/min, HIEEIEIL 10Hz & L7z,
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3-2-4-6  HIEIRGARERIE

FTHRIERER A 1X TD FIAC5mmx5mmx2mm OKE S TUY H L, 2
BT E  (TMA)  (Brucker 1, TMA4000SA) % HWC., M-I IERREE JIE
U7, BIEIREEIE 20~80°C, FE#E X 2°C/min & L7z, HIEE— KL, 50

mN O—Efif B 2 5 2 f5el 5 EfiT— FTHRIE L7,

3-2-4-7 THEERMAEIE

MEGRBR A 2 MFFHIXY ORETEE L, N ~v—DITRICL > Tl h %
T S EDBRCES D o f L F—2 M IET 5 2 & T, MNERMEAZFMNT 5 v
S Bl ERER A I L7z, BRI 80 mm x 10 mm x 4 mm DK E S THHY
R CARRROBER T AR L, YRE 2mm 0 45 JE V FiE L 72 58]0 RE 1L
AN T e Ule, 21X, TUZNZA TORY A EE 5 &
785>y b B RERREE (L HRTRERMERTRL, No.258-D) Z M\ /o, #ABRiR
JEIX 23°C, B IL 2.9 mmisec, N v —F&EIF2) L Lz,
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3-3 MR EBR

3-3-1 SHHRE CTHRE L7 PMMA/EVA 7' L v RORME
3-3-1-1 ZEHM:

I ER T L RRBI OB 5 2 2 B2 572912, VAc&H
wEDF2 %D PMMAEVA Z W T SRR & ERERIE TS U 72 a5k i 2 3
L7z, ZNHD20°C IZBIF D ~—REEZRE LI % Fig. 3-1 1277,

FFHRCIE Tl EMERRTE L0 b o~—XEME, DF 0V EAERE -T2,
F72. VAC GAEIZL VW ERMENRE <L L. PMMA/EVA25 73k & % T
bole, THUE, H2ETRLIZE DT, EVA25 (n =1.4902) DJEHT=MN
PMMA (n =1.4900) OEHFHFEICHE BTNV LD, TRTELI/ETH D,
—J7. FEMERIBIC X 2 ZBIPRITEHI CE 2 0WER, A& ThH-Tc, WThoT
Ly Rk ~— XET 90 %Ll & 72 %,

5 2 BEOEMRIERER T OB & ik LT, REBRICB T B LA R

F O~—X(EIXBEE I Em -T2, ZOFHIX, LLF® Lambert-Beer D06 &

HINDHRBA OELt OMEIOFEBE ()1 L 0 3T 5 2,

1(t) =1, exp(— at) Eq. 3-3

ZIT, a FHEBRETH D, B2EHEOMBRAITIES 0.2mm TH Y | AFET

JEA20mm L7025, Eq.3-3 0T KOS, ZOREAENGEGHIEIZKRE S B
LTWs EEZBND,
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Figure 3-1 Haze values at 20 °C for PMMAJ/EVA (80/20) blends moulded by (open

circles) injection-moulding and (closed circles) compression-moulding.

3-3-1-2 1AM

RN ~w—T L ROBWMEIL, 28k 28 & MO JEITRICR & KFT
Do WIEHEDENZLY | JBITHENRESENT L2 LITB I WD,
TR 2 3FAG L 7o, BB AL EEANE T BAMEE (FE-SEM) Z AW T, S
JE TR L 72 PMMA/EVA 7' L > RO a 7 BICE T B0tk 2 88 L
7=, Fig. 3-2(a)-(d) DI HAIED SEM BVRT L 912, W oRE S PMMA
DA EVA OERRF 3 53 B L 72l — BRI O B IE Bl S iz, S5
12, BT XTI CTH D EVA ORLFEAY 200 nm A5 500 nm D& FH N
WZhoTe, ANRD LB | EMEIE D281 1~10 ym Th o722 &
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HeE HHEREICHEIT S PMMA/EVA 7 L > RO YL R

5. SHAE OSBRI RN RIS NS S Rolo ZEMNHA LT, Thbb,
SHBIERBR A Tl R FREO YA XAVNSWsd | =iIZR T 5 EANE

DIE,

(a) PMMA/EVAL4 (b) PMMA/EVA20

Figure 3-2 Scanning electron micrographs of injection-moulded PMMA/EVA (80/20)
blends; (a) PMMA/EVAL14, (b) PMMA/EVA20, (c) PMMA/EVA25 and (d)

PMMA/EVA32.
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3-3-1-3 FBE BNV

Fig. 3-3 12, W AMKIE OF AWHEERF 4 ~T, 723, Bagley B8 LW
Rabinowitsch #fi IE(ZfT> T 720, PMMA & EVA (33612, REEE DN O
EHITIETT 5, ABRIT, BBEPMERFICE N =2 — FRIETH
HZ L TND,

4 4
200 °C 200 °C
? 3 [t o = 3ft..
a @] < A
= ° = .
£ O = ®
O [ A
(=] @] ] :
e 2 Q 3 2 -' i 2 " ta,
. A
]
1,
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Figure 3-3 Shear rate dependence of steady-state shear viscosity at 200 °C for (opened
circles) PMMA, (closed circles) EVA14, (closed diamonds) EVA20, (closed

triangles) EVA25 and (closed squeares) EVA32.

BRI DR, BL ISR Taylor DR TR SIS S D),

D=[Coln,xy]x f(1,/7) Eq.3-4
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2T, ClIEH, ol3fmk, nlddketl (= b U v 7 ZH0) OREEE,

YRR OKEE . T AWEETH D, Wu ik, EBEORY ~—7 L v RiZBW
T~ MU w7 A0 E DB OREE L &Pk & ORFREZFHAE L, LT

BER LTS 29,

. 0.84
ﬂDﬂm:4{Qlj (18 >1 o88) Eq.3-5
o 77m 77m
])D —-0.84
"m:=4[ﬂﬁ] s 1 piga) Eq.3-6
o 77m 77m

ZIT, pgid~ b Uy 7 AMOREE, n i Z0HAHORETH L, ZOXLY |

FREEEES LITES<IFE | BB/ NS R B3b0 5,

Fig. 3-3 DHITHE FICEESE . PMMA & EVA O & AWK O H % sk o
72o Fig.3-4 12T X 9iz, JIE L= AWHEEOHEHHENIZE W T, Wiho
EVA k2 W58 . PMMA & O AWK FE i X8 AWREEE 2K 557,
FE—ETHoT=, Lo T, Taylor o Wu DR 5 . HHIRE & EMERRIE T4
BRI PR R E B2 DFNIT, BROEAMNEEDZETH H LR SN
%o DFEV ., BIBFHIEIC X D AMHEEDEWD, EVA O HR F I E L

5.z T\Wh,
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Figure 3-4 Ratio of steady-state shear viscosity at 200 °C between PMMA and EVA
phases for (closed circles) PMMA/EVA14, (closed diamonds)
PMMA/EVAZ20, (closed triangles) PMMA/EVAZ25 and (closed squeares)

PMMA/EVA32.

3-3-1-4 EBRrE

Fig. 3-5 {2 PMMA/EVA 7 L R D5 R fr O E S %2 > v /L ' —1
TR TR L 72/ R A 9, EVA ORINEITE & T O, 10, 20, 30 wtte & L
7o VACEHENERD EVAOWTNDOT L2 RIREHZIBWTEH, PMMA H
KL L Ty b E—EBm S LR L, MEREOR EAR Oz, L
L7725, EVAOTRMENR 30wt% s L TH, ¥ ¥ /L E—HRE I X 2kl/m? T
holz, HIRO T L5 PMMA X, TLAZ2BB L 30WM%NIEEEHLTE
D, FOVX N E—EHERI DK 10KkIM? TH DO L EET 5 & EVA OfiffE
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PR B RITE LARWER o0, £72. VACEHEOEWIZ X B
HEMEOR LRIZONWT S, ZOERNHER TERWVWIETHo7, LLED
fERN D, EVA X PMMA ORISR E R T L0 TN 2 &
AYHEIB L7z,

5 T T T T T
A b i
1 s S S SR S SO -

Sharpy impact strength[kJ/m?]

0 5 10 15 20 25 30
Rubber content (%)

Figure 3-5 Sharpy impact strength for binary blends containing various amount of EVA;
(circles) PMMA/EVA14, (squares) PMMA/EVA20, (diamonds)

PMMAJ/EVAZ25 and (triangles) PMMA/EVA32.
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3-3-1-5 #E%
AU ~—OYHELL, B L1ETRLULE LIS, R R —fEE IR L

THGELA AR 2 R S 7 WHELY,, &0 BRI 72 AR — & I SRR U CHIGEL
AR R TRELY,, & B/ v — BB KO OFRFEICER L7-ok5
BV X DHEGELH, © 3 SORTHHAET S 30, MBS 2 H T8 ~
—7 L RTIE, OBELRFIZH T, JERELREIZ T 2V, DFER KR

VT LRRBATND 3, V,, DIHEIE |, U FORTREN D,

(n*)a’

l,,, o Eq.3-7
v (1+v2q2a2 )2
2
v =2 Eq.3-8
A
4
= Eq.3-9
“ Asin @ a

ZIT (7)) BRITEOFML X0 R, a IHBIE, 4 KO E,

o IFHELR Y M TH D, EITRORED ZI3HE O EITEEZ R L, HERIX
OB E DO KRE SORETH S, Eq.3-7 05, MSEREENKEL 8D, o
F O DHRLFENRKREL 2D & HHELTRE AN Z D 3 A L TRBUIHIN
53,

PMMA/EVA25 D7 L > REEHE, SHROE & EMERIE TERIEICR T 2 %Y
PEIC K& 72725034 U7z, PMMA & EVA25 [ISRIBICE T D JEITREN NS <
SRR & JEMEROE TlI o oh A2 20 BlEE ST, Eq. 3-7 DO GCHGELIRE 2
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R LI, BIAMEOEW IR RO ETH D, OF D, ARIZBWT
%, OB EITEE X
TWNWEEBERT D,

Db LD ERL R ERMEIC G 2 2 ED K
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3-3-2 HHHAERE TR L 72 PMMA/EVA/TCP 7' L FOR§%:
3-3-2-1 ZHHAM
2B TORLIZL DI, EMBIE TIER L7 PMMA/EVALS (3, =i
(20°C) TARBEATH-ICHBADL LT, AIBAITH D TCP 2T 52 &
T, S|AHE7ZT T SRRV E S CEAtE 2 m LS, 2720, Al
FIDIEAEMEAR Y ~—7 L RONFHRHEIC G 2 T BT OV T, EOFE M7 A
H=ARBEIARRATH D, RETHE, EMEIE &1L EVA O HURECH Mk gD
BL732 2 B HBRE TR S £ OBMRFE 2 392 = & C. IO 4 B
T D2 ExEMET D,

Fig. 3-6 (24 AP THEL L 72 PMMAJ/EVAL4 1 1. () PMMAJ/EVAL4/TCP 7' L
¥ ROYEFHRE DR R %2 17, PMMAIEVALS 1%, [ERERE & [RIERIC
TCP ZWNMNT 5 Z & T, 20°CIZBIT DI FMEN M L LTz, LorLeinb,
PMMA/EVA14/TCP O ¢RI ZIRE L&A L Fhi2, 40°C T80% &k & /eo
T, BIRIIET L7c, o0, HHAUE TR L 72 PMMA/EVAL4 7 L > K
%, AR OEINC L0 EBENTCEREEZ R T SO0 EHMEOIRERFIEIT X
DR Ip o7, I HIZ, PMMA/EVAL & [RIBROBAZ R L, JEMERE & 15
72 DB AME DR ERFNEZ R LTz,
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100 . .
8ok PMMA/EVA14/TCP |
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I5 1 OO -
% °
= PMMA/EVA14 ¢
70 1) St sos st ere et SO 4
O 1 1 *
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Temperature (°C)
Figure 3-6 Temperature dependence of light transmittance for injection-moulded

(circles) PMMA/EVA14/TCP and (diamonds) PMMA/EVA14.

3-3-2-2 B

BRI 5 1 DEN D EVA OFESIRIEIC 5 2 2 B ZFHMET 572012, REETRE
BEWEAZIT -7, Fig. 3-7 IZH HRUE & EMERE T G472 EVA @ DSC H-i
H#R &3, 90 °C 1T EVA OFE S ORI LE > WA — 7 N85, B
T DB — 7 1%, JERERE OBV — 27 K0 S IfERA A LT D Z e
Dnd, £ LT, ZNEND EVA OftfiE#E & Ah(measured) (%, HHHIEE T
22.7 kdimol, JEAERH T 28.0kiimol TH 7=, DF V| FHHHAIE TIL. EVA 5

BAROREFEALEIMET LTS RSN D,
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Heat flow

P X0

Injection-moulding

+2 °C/min

Temperature (°C)

Figure 3-7 DSC heating curves of EVA14 samples moulded by (open circles) injection-

moulding and (open squares) compression-moulding at a heating rate of 2

°C/min.

Fig. 3-8 |Z EVA O E ' — 7 (Fig. 3-7) 2 LR 7-FESLE 27, sk

FEIEAR U = F Lo D 5EA s b O g B Ah(100%) % 86.5 kd/mol & L 3, &k

ZHWTHE L %,

2 (%) =

Ahg,,, (measured) <100

@0 % AD (100%)
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Z 2T, Ah(measured) X EVA OFiFEVE ., @ (X EVAIZBIT DT L U ilisy

DEESREZ L TWD, FHHMIE T, VAcEAEICED O3, FERRIE X
D HEERILENMINZ ERDbND, L. FHHERESEMEKE LY LEAB T
HY . oKL LoD Th D EEZ NS,
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Figure 3-8 Degree of crystallization for EVA samples moulded by (closed circles)

injection-moulding and (open circles) compression-moulding.

3-3-2-3  J1FKRE

SRR IE TR L 72 PMMA/EVAL4 & PMMA/EVAL4/TCP O 7 L RikEl o
FEOREFEME & Fig. 3-9 12”9, PMMA/EVAL4 7' L > RO E' X, PMMA fHD A
7 AR EE O 72 12 100 °C (i CRMICIR T %, —4 T,

PMMA/EVAL4/TCP 7 L > RO E' 1%, FIHEAIOTEMZIRIZ L 0 | IR S
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TLTWLOR DD, RERIC, HBEBMESRE" 25 IHKIRM 5 EVAFH &
PMMA D TgIZHKT 5 2 2O E—7 BNHERTE 508, WD —27 § 7]
BRI XV ARIRMANC 7 R LTV 5,
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Figure 3-9 Temperature dependence of oscillatory tensile moduli such as (a) storage
modulus E' and (b) loss modulus E” at 10 Hz for injection-moulded

(open circles) PMMA/EVA14 and (closed circles) PMMA/EVA14/TCP.

S RRE & EAE AR TR L 72 PMMA/TCP & PMMA/EVA14/TCP (20
T, PMMA MIZHIRT 5 Tg (fHE DKM E" % Fig. 3-10 (273, Fig. 3-
10(b) 37~k X 912, PMMA/EVAL4/TCP T\ o EilER i b n A DS
MENFAZ LY . PMMA FHO Tg 2MEIRMICS 7 FLTWD Z & 2R LTV 5,
HEHTREE, FHAEOE— 7 LEOREN 89°C Th Y | JEMEHIE A 84 °C
Thb, bbb, FHHAE CHELNTZRBTIIEMmEE LY & PMMA fEO
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Tg 23FEV, —J7 T, PMMA/EVAL4 TIEE— 7 (IEDIREZEN 2°C L7200 #]
AL BED/NS VN, Ziud, FHEIE D75 PMMA A O RTEAI G A
ERDIRNT EERBELTND, Ko T, PMMA OJRITEOMEEKR AT, H
I D7 S ERERIE L 0 559V 2 E R TR I D,

(a) PMMA/EVA14
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(b) PMMA/EVAL4/TCP
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Figure 3-10 Temperature dependence of tensile loss modulus E” at 10 Hz for (a)
PMMA/EVA14 and (b) PMMA/EVAL4/TCP prepared by (closed circles)

injection-moulded and (open circles) compression-moulded.
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HE L, Bon-#E% 4, Fig 3-11 (2~ ¥, EVAL4 OREEG L, TCP
WINEEEIZIR ST, SHHHRIBEO T BNEMEIE LY b REWZ LRI LN TH
b, Flz, TCP ORI KLY, WTNORMIEFHIETHE L TH EVA O
REBEEM L TN D Z ERA LN TH D, BIEREEOWERE & Lorentz-
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Figure 3-11 Linear coefficient of thermal expansion for EVA14 and EVA14/TCP

(90/10) prepared by injection-moulding and compression-moulding.

3-3-2-5 B

PMMA/EVA14 7 L > R CIESHHH IR O ZBIPE OIREEKAF DS Fig. 2-11 12
AT TERERIZ AR & 13 R 722 2R 2~ LT, Fig. 3-12 IZH AU T b v 72 3tiR
R OO EIr 2 BARIR Lz, =|IETIEL, Fig. 2-15 ™ 20°C 1ZH1F 5
JEITROBERE R RT L 512, EVALL X PMMA L0 BT E L,
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EVAL14 OJEITROIEFERAFIEIL PMMA OZ LK Y b7, PMMA FH &

EVAL4 FHOJErR 2T E A LT L, 7L RRBHIEH & 72D, L
ML S, BB W TR, EVALS ORMERREDSEMRIE L D b &5
[CREWTZD, SRR ROMBERAAES KV < 2%, K- T, HE L
F- LT, EVALA OJEHTFRIR T & W BAZE £ 720 PMMA DR % T 572

O, WHOJEFFRENHBFEBRTRE SR REW LD,
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Figure 3-12 Temperature dependence of refractive index for injection-moulded

PMMAJ/EVA blend.
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SHRE DI NEDEHERNPD IV, Lo T, FHEIFICET 5 PMMA
FROBIEZIRARIN I LR DT L 0 /&< D,

(2) EVA OMIZRGEIL, EMRIE L0 SEHAIEOTT AR E W,
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INHOFER LY FTHEIE TIE PMMA 1 & EVA FH O SRIEIECR SR 5 AN EA L
LV b R&EL 2D, DFE0, WHDEITROEEMRFMEN L VRS 257
B, AERMIZ, PMMA/EVA/TCP 7' L > KOEAVEDIRERFIEITR L 72 D,
Z LT, ZoHRGE, HHEFICEY EVA OFERBENMET L, 20, 5K
I EDEIZ L % EVA OfSEREEN PMMA/EVA 7' L > K OB IHVEDIEFERK
EMEICRE L TS EBEINDL N, FHMIT A TH D,

AR CIX, FTHIEE & BRI L 2 Bre 5 51 X 0 et 1
&L OFERMES DT CHER SN I LEEOR Y ~—7 L2 RIZDOWT
g kRat4 5 2 & T, AEBAINARY ~—T7 L FOBWNEICE 2 DB L 20
AT = X BZONWTHRENECERD G O, AT L RROGEYIM L
Z DOIRFEARAFNE 2 HAE 9 5121%, MR OEITRZ S 27210 T2 <
RERE D I 2 BN B D, AETIL, EUMEOR R AN 2 Sl 36 o 72
moley, BIZIE, FaREEZFIHLIZY , WREANTA—F—Z2FHA LD
T2 LT, K VARWERIZ R DA BRI A 2T S L 2 &

THIEITEX 20O TIERWVWNEEZ TS,

101



¥3E HHEKEICHE TS PMMA/EVA 7 L > RO YEpRM:

Refernce

(1) FRIBALRE. @y TP EHREE D3 C. 2012, S&T HihK.

(2) BN FHE. B RS One Point 7 —#& 1 : R U ~—7 1A, 2014,
LS7 HIRR.
(3) BR Hahn, JH Wendorff. Polymer 1985, 26, 1619.

(4) H Huang, GL Wilkes. Macromolecules 1987, 20, 1322.

(5) L Mascia, A Kioul. Polymer 1995, 36, 3649.

(6) ZH Huang, KY Qiu. Polymer 1997, 38, 521.

(7) FEHISCHE. e RIS IS T 2 & BIMERE. 2004, ©—x A —HIRR.

(8) ARG —. MEBHRFEATE D L7 OB HAR. 2000, + 7~ K.

(9) S Wu. Polymer 1985, 26, 1855.

(10)N Toki, I Pliskin. Rub Chem Technol 1973, 46, 1166.

(11)G Cigna, S Matarrese, GF Biglione. J Appl Polym Sci 1976, 20, 2285.

(12) TA Grocela, EB Nauman. Polymer 1993, 34, 2315.

(13) U Sundaraj, CW Macosko. Macromolecules 1995, 28, 2647.

(14) LW Tang, KC Tam, CY Yue, X Hu, YC Lam, L Li. J Appl Polym Sci 2004, 94, 2071.

(15)JL Pan, ZM Li. J Appl Polym Sci 2008, 108, 287.

(16)P Ma, DG Hristova-Bogaerds, JGP Goosens, AB Spoelstra, Y Zhang, PJ Lemstra.
Eur Polym J 2012, 48, 146.

(17)L Meszaros, T Tabi, JG Kovacs, T Barany. Polym Eng Sci 2008, 48, 868.

(18) AK Gupta, BK Ratnam, KR Srinivasan. J Appl Polym Sci 1992, 45, 1303.

102



¥3E HHEKEICHE TS PMMA/EVA 7 L > RO YEpRM:

(19)ER Vargas, DN Rodriguez, FJM Rodriguez, BMH Martinez, JS Lin. Polym Eng Sci
2000, 40, 2241.

(20)MD Mihaylova, TE Nedkov, VP Krestev, MN Kresteva. Eur Polym J 2001, 37, 2177.

(21)Y Li, L Liu, Y Shi, F Xiang, T Huang, Y Wang, Z Zhou. J Appl Polym Sci 2011, 121,
2688.

(22) Y Wang, L Zhang, S Zhou, D Huang, S Gao, M Gong, Y Li. Polym Eng Sci 2011, 43,
341.

(23) A Lannaccone, S Amitrano, R Pantani. J Appl Polym Sci 2013, 127, 1157.

(24)B Na, Q Zhang, Y Wang, R Du, Q Fu. Polymer 2003, 44, 5737.

(25)B Na, Y Wang, R Du, Q Fu, Y Men. J Poym Sci Part B 2004, 42, 1831.

(26) B Na, Q Zhang, Y Wang, Q Fu. Polym Int 2004, 53, 1078.

(27)CF Bohren, DR Human. Absorption and Scattering of Light by Small Particles, 1983,
John Wiley & Sons, New York.

(28) G Tailor. Proc Royal Soc London A138, 1932, 41.

(29) S Wu. Polym Eng Sci 1987, 27, 335.

@BOBREA. T/ R ~—7 v A O & IRMEO R b, 2011, BT
iz,

(BL)/huFEtE, ZINAHIR. 74 b=y 7 KRV ~—. 2004, 37 HIRR.

(B2)HHISCHE. T 4 AT LA JFT 4 v AOBIFEE)A. 2008, ¥ —x A —HH
Ji.

(33)B Na, Q Zhang, Q Fu, G Zhang, K Shen. Polymer 2002, 43, 7367.

(A ENFHE. B RS One Point 8 — &S 1T E4yFDibsL{k. 2012,

AR

o

\
/
<

103



WA a7 -y VT T v 7 AT AL PMMA O S6 45 Il

BTBAE KRIRAFNANAEZIIV—NaT -z VBT55
JAINZRDRY v —T L FORZERMERE

4-1 &S
HENEONZEIHEH SV TWSIMEIHO 77 AF > 7 DIF L A ERERLE
ENTEY, ZOBEHCE EN A HEREMEAHIEY (VOC) ZHIT 5 Z &2
REQEFERZEDTND, 2O &9 pBEWELERHZ I 1T 5 BB A E O
b HEHEALGERE UG E O NGO E DL S 2D, KT, R b OREEES
BREEIEA~D Y 27 Z RS 5 72012, MEEIEER S 239 2 MR ER AN,
B, BHICEHE->TETWD, HEEE, (2R, BRI TE Y
FIEHE, B OREE L THEMAFRETH D Z &b, IHFRERTTER N
EDHNTWD, TORMIL, B E D THEREERC YL 22 EE AR O 5
BRI 52 LI2E 0, BRI &R Lo RIF 2B AaME2 R &4
(2, WAL LT E R DK, Whw D THEMIK 2T 5 2 ERBEDOT
YA LU RLY RIZwyFLTHDENLTHD, EHESTOH TR A4 THI
BB E OO E D THLRY AFALAZ 7Y L—K (PMMA) X, %7
NEOFREYIME & RAFRIMmME OF) MAEA LTS, Ll 5, PMMA
IZHRFIC B BB BRSO R B 2R &R 72 B S BB & R B 72 I, mSREER &
BHIMEZ MR LoD, Z OB A YWET 5 Z L 03NEE R D Y,
EMEER Y 2F L (HIPS) ik Enznb, I Am{bEdfin 77 A
Fo s OB ELETLIX—T 7 /) nP—L LTHIEShT& =29, Ll
M, TABIELIERY v—T Lo Rid, N—RZ5y & 2 L5000 RO
PrRZEC LV HELNE T BPEOHIEAFRCE# LYy, —&kis, RN ~—
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T Ly OB, CHEORETRELR/NRIZL, Bo. SRR FEO Y
A RENEL T DI ENERIND OO, JTFE, FFEOaT — v VO T
v 7 A 3 LRif (CSL, Core-Shell Latex-rubber particle) 73BH% &iv, BT 24
725 Z & 72 < PMMA OBV 2 U4~ 2 mighAl & L CRsERIcRIf s T
W5, CSLOaTFIFEE SN AT AT 7 ) L— FOIEEARTHR S
THH. PMMA LRI CEITRAFT DA L50E LTIRESD®S 1, —JiT,
CSL DY = VHHIX, XR—=RE D~ ) v 7 AR TELS BT 572012
PMMA THiE &5 ¥, £7-, CSL OV A XiF, =< Pa VEAICBY
T, BEAFMAORECLVHETLIZENTED ),

BUEE T, 27 == VI ANRY ~—7 L ROMEREICS 2 208
AT 5720, PMMA/CSL 7' L > RICBI LT, $% < OMFRRRR @G S
TWb, EIZ, aTHOMS O, a7HE = VHOERIESE D, kYA X
2228 OIS 270 L SFZEE] & LT H D, Wrotecki H X, PMMA
D2 BT 5 DICHE & 725 CSL OH A X% 200 nm 725 250 nm O#iH T
HoHERELTND 2, Lovell bix, Z@oar - = VRIITART L R
BtOBIMEIC 52 5B A2 A L, 3EH D\ 4 8 THERLS IL7e 2 DR 103 i
H PMMA OIifEEM 2 ) S5 OISR THH L aR LY, &6

IR TIX CSL 7 L > RIT X D ifEr M okt & LT, #r L& 32
EINTWD, £t MERTIAFy 7 Z2ar7HE LT, ZOFY DY =
NARZ T LD LD ITHE R WE TIRY P& A A L7z CSL &2 iz =2 A5#dl
Bfi T o, MIEZRMSZ 2 7HIZEAT S Z Lid. HDIEHFIZEWT CSL
ZEILNTARA ROBAA Lo bz, iy & BEG A U 5 NG & 51T 2 5 E
BRI 20, 5F ) Xy T — g L ORENIC XY EES 2RI
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KI5, FERMIC, 2Rz RN X —HERDTIE 72y CHERSND~ R
v J ARIZBT D EAMERRIZE VAT 5,

UL LRy 6, BEIEIME D BB TR 2 7o BFFE N BB STV D ISR Ly
PMMA/CSL 7' L > R OIS 58138 72\, Park HIIAR Y L4
>»7 27U b—1hk (PUA) & PMMA Tl S D 27 — v = VIO I DR+ %
WSIN L7z 2 A58 L PMMA O ) 52853 XU RE 2 55 L7 3D, 4 513
PUASE Y aTHOEITFREZIHETHZ LT, WAL HER S 2 & <ML
BEES e, 6T, Song HIEEWETTREL AT LV E= A Bickn 2
LS ERET D2 & T, TOEFrRZEHO TPMMA LRFELET5ZLICK
DB T Ly RREH AR Z L2 @A LTng 39,

FLAEARY v —T7 L ROFBAMEE, — RO, IREIC XK > TET 5,

ZOBRIT, MR OJEITEROREKRFER R D 2 EITER LTS
DFEY ., T LOEIRREDIERIE S T OBIRRE LY 12 A EDGE
TRENWT EDRE &g 5 3330,

ARETIL, PMMA & CSL THERL S DR U v —7 L ROIEFRIEMEC
%t LC, AIBAIO R 2 A Uiz, IS, RAVWVEE IR CHEM & MR T 2
(21, BUZR ORI N ABF I R IR NWEFR L2 D, AL LT, Ui
FUZ L (TCP) & VTFIAFINT V— | (DOA) O 2 Fi¥E %
L7z, A, 7Ly RRBIOE S 7RGy, 20, PMMAR CSL £V b
TrROBOWNATEFITHY . —FH T, BREZ. @mOTFHD LD bEIROENA
BWRITH D, WThb, RSN T2 BRI OFR TIXETEOR L EV (K
V) RIEEHI L 7e D, B2 BETIL, PMMAJEVA 7L v RICH[ A2 RING 5 2
& T, T Ly FRBI OBV & 2 OREARFIENSGE SN0y, ATEAI DL R
MRV ~—=T L N LTEDEIBRIRERIZLTWLDN, £DR T =
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AL AHTH > Te, AFRTIILEDREZH ST L, S HIT, JEFEREZ R
£ LA NE 2 0] b S 872 2 A BoRIEmME R 7+ OBt O Fadt 2 S5
DI ENEMIERD,
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4-2 EB
4-2-1 ##t

PMMA 1356 2 = CHWE & [RI L TdH 5, F£72. CSL (Core-Shell Latex-
rubber particle) & L C, =</ Vg VEATHEINLETA I THE (BT
L) BDOAHZ 7 A KIM-T01 Z =, > =L@ L 7e s PMMA O EH &M
FREIEIZ30OWN TH 5, —F7 T, T EMRD TLMTIE, FRESNTEATF L
v FNT 7 U L— MEEAK (poly( styrene-co-ethylacrylate)) THERL X4
%o JEHUELYE THIE SN RiAITB B L £ 170nm TH %, CSL OE X %
Fig. 4-1 127”7,

AREETHWZ ¥, tricresyl phosphate (TCP) & di(2-ethylhexyl) adipate

(DOA) TH Y., WIn bR/ TEROTIRMG TH 5, 2 FEHO /[ AR
JOPMMA L CSLDOF ¥ 77 XV EB—a & Tab 4-11ICF &z, FHiRlZ
B DIESTRIT, TCP 28 1.557, DOA 28 1.445 TH 5, F7=. Fig. 42 l2FN<
NG 2R T,

TCP X, RFEMZRY VBET AT VR ERITH Y | HBIECTEE O i
R e+, TORIEE LT, RICREPVCRREMR 7 LA LTE
MEns 3, DOA X, felilk AR X7 L ONREH R HBAITH L, A
BN BAF T, MRS D 728, THEEMERTEA & L TR — AR TF 2 —
Tl &I LMBHTER S5 %9,
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Table 4-1 Characteristics of EVA samples.

Sample Code Density (kg/m?) @ Refractive index ®
PMMA 1190 1.490
CSL 1170 1.496
TCP 1170 1.557
DOA 927 1.445

4 Reported by suppliers.

® Measured by Abbe refract meter.

| 1700m |

core : Acrylic rubber shell : PMMA

Poly(styrene-co-ethylacrylate) (good dispersion )

(high impact strength)

Figure 4-1 Model of CSL.

TCP DOA

Figure 4-2 Chemical structure of plasticizers.
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4-2-2 {BHE

T R OIS 2 88T 5728, 60°C T 3 il E 22 izt U 72 30k 2 H

Woo WM L7 PMMA & CSL ¥Rl HE T nl A1 2 I LI 7 L o B
L7z, IRAHERITEE L T PMMA/CSL/ AT = 80/20/0,5,10,20 THh 5, 72
b, PMMA/CSL DR ZEE LT, AIEAIZR Y ~—maZk LT0 b
20 BB OB TR L7z, ARZECTHW - CSLITEVREMICEN DL A
LTWDH, &DODIZCSL D a7 @Azl < HRT, #H2 mTHWE
H o LA U ZHEORE Al (RWEERL, Irgafos 168, Irganox 1010) % A &Ef
T 0.5 wtWlill 2. 7=,

BRNEA L, BAmEER TR 7 U o e (P Rgasd, KTX-30) % v
TiTo70 A2 U 2 [EEEHIE 40 rpm., /S UL & XA OIREEIE 200 °C IR E L
oo S HIT, PMMA/RIIEF] & CSL/AIBANC DWW T b Ek4 727 L REUIC T
UHECHR L, ABETIE, 32— FoHFE Tphr) TRRT 5, il
iI£. PMMA/CSL/TCP20 (£ TCP % 20 phr & A727 L RidEl, DF D

PLA/CSL/TCP = 80/20/20 % 7~

4-2-3  FRI

RELTHONIZA Ly NI, EMRIEHE (57 AF—fEERM "7
SA-303-1-S) T, JEX 2.0mm D> — MRIZEE L7, 200 °C 12T 10 53] 724
L7, 10 MPa T 1 /MINE L=, ZDtk, 20°C IZRRE LIzmAEE AT

SEm AT o712,
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4-2-4  RIE
4-2-4-1 JERHTEHE

JRITRILT v ~NETEG (72 T8 NAR-1T) AW T, HIRDHERE % 589
nm | JREE A 20°C THIE L7z, 7eds, HEAMIRICIZE vk A F L v (CHal) %

LAY

4-2-4-2 FHHAMERIE

v— bR OBAMET, ~— XA —F (ARG, HZ-2) &AW CE
fili L7zo ~—ZMEIT A EAGERIA A 8 L T 712 2.5° 25 90 © D HiPH THL
LLEBRAOESETHY, UTOXTERIND ¥,

Haze(%0) =T, /T, <100 Eq.4-1

ZIT, Ty EEeEE R, TIeHRERRTH L, DF V. BN

WASN—XfEZ R,
AP DOIR RN 2 53 5 72 D12, eidei B I LIR Tk 2 i 2 7= %84t
St — A R (PerkinElmer #, Lamba25) % FVN T, #k & 73R CHl

E LT, BT I T OXNTRES N D,

T,(%) =T, /T, <100 Eq.4-2
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2T, TEEBEERE, oE 0T, -T, 2L, T I3ARRETH D, ik

WET RAEWVMETH21ZE, ZOREHIEATH D 2 & 2RT,

4-2-4-3 FEEETHEMBEHLE
TVLy RRBIOENT v =%, EBRBGEAE IS (FE-SEM)
(JEOL #4, JSM-7100F) & HWTHIZE LTz, B/ 7 4 1 U — 8IS T,
JEMERIE L TR OB A Z RN ER T T L7co b, A A ARy 2]
v 7AEE (AL, E-1030) ZHWTRE MWW T, Erm &R ic Be/ 37
T L THEREEATORBRT & L,

4-2-4-4  EERERMERIE

2.0 mm JEDEMERIE L7z — MREREA 2 4 mm x 25 mm DR S {281V H
L. gl A4 A —% (UBM %, DVE E4000) (2T, HpPRGHEMESRE I L OME
MRS E" OBRY 5 | SRFRVE SR O AR A 2 E L7, ETREE1E-80~150

°C. HIEEE X 2°C/min, WIEHEHEL 10Hz & L7,

4-2-4-5 BREZIRFRERIE

JEfERIES — R 2 5mmx5mmx2mm OKX XTI H L, Bl
& (TMA) (Brucker ., TMA4000SA) % HW T, #MRIZIRREARIE Lz, H
TEIRE L 20~80°C, FIEEEE X 2°C/min & L7-, #EE— R, 50mN O—

i B & G- 2581 % e T — R CTRIE L7,

i
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4-2-4-6  THETERRAMRIE

MHAETEEME 135 3 7 & [AARIC & v /b B — Rk Cal il L7z, 3B 713 80 mm
x 10 mm x 4 mm DK & SITHHETE TAMROREBA Z/FR L, S 2mm ©
45 EV FHEL I D8I REM LA AN/ v FAHE Ui, HBRIRE T 23 °C,

EEHEEE L 2.9 mm/sec, N —REF2I L LT,
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4-3 FER - EBR

4-3-1 PMMA/CSL/FI#ERIZ v FOEIRIZK T 5EHAM
AR DR D T L v KRB E VLT, 20°C 1281 D ~— R E 2 HIE L
TRER % Fig. 4-3 127, B OEARIL20mm Th D, ~—RfHIL, FEXH
BWIZBWTT 4L LRy — e EDZE ) EZ2FHET 2 BT L SKFIHA SN D,
Willmouth |2 X = TEEHIZFHE STV D K 9 IS HGELEE R & 5612 L 7B v
DHZE 725 Y, Khanarian (ZFFFRERFR Y ~—7 L2 RIZB W T, AL 5%
BELA R LIV EEX ML, ZOENPO~A—XELFHET L LI

—HT DT LR LTND Y,

Wz, FEHE S B

100 l l

0 5 10 15 20
Plasticizer content (phr)

Figure 4-3 Haze values at 20 °C for PMMA/CSL (80/20) blends containing various

amounts of (open circles) TCP and (closed circles) DOA.
114



WA a7 -y VT T v 7 AT AL PMMA O S6 45 Il

AR Z G E Wy 7 L R, 2% Y PMMAICSL (80/20) I,
PMMA(n =1.490)& CSL(n =1.496)DJEfr=2=IZ k4 2 eadELIc L v, ~—
REREMEZ R, 72720, CSLOJEH=RITaTEE v =/VE (PMMA) @
FEECTH D720, ~ b v 7 AfHDO PMMA & CSL D2 7 Jg O =2 L[5y T
(X, EBROEFREN LD RELS 2D, a7 Ee Ty =/VEDRRESREBRET
% &, CSLO a7 BOEYrIL, LT @ Gladstone-Dale D BIFRZK 404D % Hu

T, 1.4986 L EHE CEXHE S,

n=> &n Eq.4-3

ZIZT, IR OEES R, n iR OETERTH D,

Fig. 4-3 1%, FIBAIOWINZ LV RV ~—T L ROBHAERZE{L L TWD D
L AR L TWD, BT, 10 phr LU O AR © B4R 2B 2 R LT
Do ZHUE, B THMICHAT 525, WA H O =REMERR L TWLH 72D T
HD, EEHTREE, TCP Z2IRMULI=T7 Lo REEHT, AEDO RPN T
IINEDEANTFEN BHFRIEEBEE RN L TWD 2 & Th D, £ & 13X
I, DOA ZIRIL7=7 L > REEFCIE, 10 phr 23\ TiE i EE 3 i ME &
RLTWD, Tbb, iNINT 5 BAIORBIZ LY, 7 Lo RElEt ot
O AT BRI AR I LT D,
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4-3-2  PMMA/CSL/FJ¥EH|Z7 Vo F DB /1SR etk

Fig. 4-4(a). (D)IZEMERIEIZ L 0 ST B{KD PMMA & CSL O&E) J1 7 HIMEE O
KA AR, 22T, ENIRAPEEIER, E"ITHEEEERE R,
B, FH2ETIEPMMA ORBRFTEAD 0.2mm THY, ZZTiE2.0mm OF
HORBTZANTWS, EH 50 DMA HI#R G IZIER UEEZRTZ b,
WER R A DT\, £, Fig. 4-40)IT~79 K 912, CSL D E LT AR
DT END AT EON T AEBIRE Tg ((5°C) T, —HIETL, &6
PMMA @ Tg IZHI2k7 % 105°C 22 5 L BRI 5, ok, =7 EIEA
Frr ez FAT 7Y Lb— MEEAERTHRENTND, R RXFL 2 (PS)
D Tg#100°C, KUY =FAL727 Y L—1Ik (PEA) O Tg#%-23°C &L, HLEA
(KD Tg 1T DEELIZ X DMKV SED L RET D & BB XL
D%y FE b)Y PS/IPEA = 15/85 L HEHITX 5,
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() PMMA (b) CSL

10 10
10Hz 10Hz

log [E' (Pa)] , log [E" (Pa)]
(0]

log [E' (Pa)], log [E" (Pa)]
N\
’ 4

-100  -50 0 50 100 150 -100  -50 0 50 100 150
Temperature (°C) Temperature (°C)
Figure 4-4 Temperature dependence of oscillatory tensile moduli such as storage
modulus E’ (O) and loss modulus E” (@) at 10 Hz for (a) PMMA and

(b) CSL.

Fig. 4-5 |Z PMMAJ/CSL (80/20) D %4y 7 L > K OEhH RS O IR FER A7 %
KT, LU RREIOE X, CSLOaTED Tg TH D 0°C (i ThT NI
15, 0%, v~ ) v 7 A&7 D PMMA O Tg 2K % 100 °C I
BOWTERAMICKTT 5, &5i2, E"OfffciE 2 >oA»glsEshs
i, Ly RREHIFSEEL TWD Z ENbnnd, £7-. E'OEY—I %
BEOWREIL, ZNZIMER L TV D BRSO E" O v — 7 (O & I1ZIX[H
—THDIEMBART VY FIIHERRN 2 A CRWIFHERTHD L F R
Do
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log [E' (Pa)], log [E" (Pa)]

N I R R

-100  -50 0 50 100 150
Temperature (°C)

Figure 4-5 Temperature dependence of (open circles) tensile storage modulus £’ and
(closed circles) loss modulus £ at 10 Hz for PMMA/CSL (80/20). In the
figure, £ curves around Tq for (triangles) pure CSL and (diamonds) pure

PMMA are also shown with a vertical shift.

FHR 2Kk 2 7R INE TIRES L7 PMMA/RTEHI 7 L > RicHoW\WT, 7L
REEID Tg I3 2 E" O v — 7 LEOE % Fig. 4-6 I~ 3, XHOERR
1%, Fox DR, (Eq.4-4) #HWCEE LEZEEAEENLTWD,

Eq.4-4
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T, XIRD DO T AGBIRE, WIXiRDOEEDPERTHDL, T L

REED Tg ik, AFEBROFFPNIC W CREAITINEOH I EVME T LT
BY. Fox OXZHWTER LETPREL —HLTWD, 52, PMMA/DOA
Ty ROBEROMEEIL, PMMAITCP 7L ROEFNLE D HREWT L)
%, DOA OEMLIRFEIX-65°C TH VY, TCP OEMLIRE TH 5-35°C LV LKW
ZEMND LA R TH D, PMMA/CSL/FIHEAID =iy 7 L v RiZEW
T. PMMA I EAT 5 a¥AIEIX, ZOROBER» SIS THIT D 2 &8
TE 5,

120 : : :
110 '
100

90

Tg (°C)

80 |
70

60

5

Plasticizer content (phr)
Figure 4-6 Effect of the plasticizer content on Ty for the binary blends: (open circles)
PMMAJ/TCP and (closed circles) PMMA/DOA. The lines represent the

values calculated from the Fox equation.
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Fig. 4-7 |2 PMMAJ/CSL/ ¥ D =[5y 7 L > RIZE T 5 PMMA FHO Tg Z 7R
9, Fig. 4-6 & [FAERIC. PMMA O Tg 13 Al AR & O AN OB T
Lie F72. Fig. 4-6 IR T 7 Ly ROFER L TR Y, =7 Lo R
DOAE X LA OFEFICEK D TIE L A ERl— & 72> 7=, Hansen OIEFEE /NT A
— X —IZNnEN, PMMA T 18.6 MPaY?, TCP C 19.0 MPa'?2, DOA T 17.6
MPa'? C& | TCP X DOA LV & PMMA IZIFfiE LT W2 L2 /R LTV D
), &BIZ, CSL DXL Th D PEA DIEMREE/NT A —F —(% 17.6 MPal?
THY, DOAIZCSLNICHEV T NI LA RLTWS, DFEV, =57
Ly BT, TR ORI MIAR D 3 E L T\ D,

120 T 1 )
O R e -
100 fr-eeeeeemeneees Lty S SR -

[ ]

Q Q0 e 9 ----------------------------------------- -
2 80| g
70 - ---------------------- -------------------- $
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Figure 4-7 Effect of the plasticizer content on T4 of PMMA phase for the ternary blends:

(open circles) PMMAJ/CSL/TCP and (closed circles) PMMA/CSL/DOA.
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Table 4-2 Plasticizer content and refractive index of PMMA and CSL core phases.

PMMA phase CSL core phase
Sample Code Plasticizer content?  Refractive index®  Plasticizer content?  Refractive index °

PMMA/CSL 0 1.4900 0 1.4986
PMMA/CSL/TCP5 4.52 1.4943 0.38 1.5011
PMMA/CSL/TCP10 9.29 1.4985 0.71 1.5028
PMMA/CSL/TCP15 13.88 1.5021 1.12 1.5048
PMMA/CSL/TCP20 18.49 1.5054 151 1.5066
PMMA/CSL/DOA5 4.12 1.4879 0.88 1.4958
PMMA/CSL/DOAL0 7.40 1.4864 2.51 1.4908
PMMA/CSL/DOA15 12.88 1.4845 3.12 1.4892
PMMA/CSL/DOA20 15.73 1.4843 4.27 1.4864

2 Estimated by the peak temperature of E”.

b Calculated by the Gladstone-Dale relation.
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Figure 4-8 Effect of the plasticizer content on Tg of PMMA phase for the ternary blends:

(open circles) PMMAJ/CSL/TCP and (closed circles) PMMA/CSL/DOA.
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Figure 4-9 Relation between total amount of the plasticizer in the ternary blend and the
refractive indices in (open symbols) PMMA phase and (closed symbols) CSL
core phase, calculated by the Gladstone-Dale relation: (circles) TCP and
(squares) DOA. Further, the difference in the refractive index between PMMA
and CSL core phases for (open diamonds) PMMA/CSL/TCP and (closed

diamonds) PMMA/CSL/DOA.
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Figure 4-10 Field-emission scanning electron microscopy image of PMMA/CSL (80/20)

blend.
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Figure 4-11 Field-emission scanning electron microscopy images of the ternary blends:
(@) PMMAJ/CSL/TCP10, (b) PMMA/CSL/TCP20, (c) PMMA/CSL/DOA10

and (d) PMMA/CSL/DOA20.
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Figure 4-12 Mixing torque in the extruder for various samples.
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Figure 4-13 Temperature dependence of light transmittance for the ternary blends
containing various amounts of (a) TCP and (b) DOA: (open circles) 0 phr,
(closed circles) 5 phr, (closed squares) 10 phr, (closed diamonds) 15 phr and

(closed triangles) 20 phr.
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Figure 4-14 Linear coefficient of thermal expansion for (closed symbols) PMMA and
(open symbols) CSL containing various amounts of (a) TCP and (b) DOA:

(circles) 0 phr, (diamonds) 10 phr and (squares) 20 phr.
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Figure 4-15 Refractive indices predicted by the Lorentz-Lorenz equation for (closed
symbols) PMMA and (open symbols) CSL containing various amounts of (a)
TCP and (b) DOA: (circles) 0 phr, (diamonds) 10 phr and (squares) 20 phr.
Further, the difference in the refractive index between PMMA and CSL core
phases for (closed circles) PMMAJ/CSL, (closed diamonds)

PMMA/CSL/plasticizer10 and (closed squares) PMMA/CSL/plasticizer20.
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Figure 4-16 Charpy impact strength for PMMA/CSL (80/20) blends containing various

amounts of (open circles) TCP and (closed circles) DOA.
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& L TCHEBBIEM B2 i LB TR AT 508 Thh T\ b, &
REREHZ., EAMECMME OF) MEICEND R Y AF LA Z 7Y L—Fh
(PMMA) DE#EToH DM, ZDXRMTH HMMEEMEDTZS, BEHEHIE T

=

EAFEHARE SN TV, TLADRBICED 8tz m ESE5 2 & TAR
MEWETE DD, HFHERY ~—7 Lo R TIEOEREE O HIE S R & 72
5, £ TETIE, KOMEL XL OES FHE ORI L TR L 720
b, 7 2ARKEGTE TLEIORY) ~—T L RIZBT 2FWM L £ OWRE
IRAFPEICB U CRANC IR~ T, RY v —T7 L FOFZWAMEZ, Bflms 1R o
HHELUCRE S EA SN D, Hx OFELZDCHEHE RN ST XL 212 oo
JETEE L R —EORE SPNEERR T LD, Fio. BIEDIRERFE
PEIZ, Lorentz-Lorenz 60735 K 912, WGy ORI RGN BB e it %
B’D, AT, T L0HCRIEMIEE D FONFRMEAR L DA T =X
LEWREIZT D 2 LT BT T ZOIRERFEEEZHIET 2 2 & 2 H
&L,

2 HETIX, PMMA & AR A2 BA BT T X h~—Tho=F L v - fif

e = LIEEEK (EVA) THRSNWDIEME R Y ~—7 L ROt
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AR L7z, BAMEIZ PMMA & EVA OO JEITRZEIEFE L, BEICXY
A5 2 LKA Lz, ZHUE. EVA OJRITROIREREMEN PMMA XV
HLREWZ ENFINTH D, Lorentz-Lorenz 2 & 0 | BT R OEFERENE IR
BAREREUC B 25 2 E AR EN TV D O T, W5y I OFRIZIER S I <
X, 7L FOZERAMEDIREKRFENHIE CE 5 L& 2T,

PMMA/EVA 7 L > RIZRTBIRICTH DY Vg R Y 7 Lav (TCP) #IRINT %
LT, Ty FOBRAME L T ORBEKFEENSE SN, ZOBZIE, TCP
DN & 0 OPMMA HH & EVA FHOJEITRZEN A . @PMMA DiRiZRR
MEN, + 2% 2 & TEIRD O ERER X THRITRENED LRk Esnd,
ZORERNE . PMMAEVA 7 L RIZATBANRINC LV . 20°C 725 90°C @
AV NI B i T YL 80 LA AR L, mWaEIMEE R LT,

5 3T TIE, PMMA/EVA 7' L v R&SHHEIE CHEL L, St g~
oo B 2 AT o o JEMERE O FEBRAE R & lURFTT 2 2 & . B HIEDE

W2 RV EVA O BURTEORE BIRIEAN 5872 5 Z L 2V HIB L7z, RIS O
BHZ, EMRIERR L D b @EAMEICEN -, Zhid, FHABIZE T S EVA ©
OSBRI BENERERTE L 0 b/ S W TH Y | BT IEIC X 58 AW E o
EWHERE L TWD ERBEing,

F 7. ATEEID PMMA/EVA 7 L > ROYERIEIZOWT | 52 2 RS2
DA = A L2 T 2 BT, EPPEDORERFEMEICHONTHFHME L7z &
Z A, FHEEKTE & EMERRE C 2 ORI S B o 7o, FHHRIEIE TCP IRINC L v
FRVVRERFMEZ R L, MIRTREW L 2oz, ARERIT, FHEETHE O
7oiBR ATl EVA OFIZIRREDNEMRE M LD b RENWT & S HITE
PMMA 1> TCP & A BNV 2 LICRNT 5 LR ansd, FHEET
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F4ETIE, PMMA L a7 —> o VIS5 w7 235 (CSL) &R ~—pk
YT, 2 RO YA, TCP & 7YV VERY A7 FL (DOA) ZHWT, =4
LR Y ~—7 L ROZIAM & ZORERFEEZFA L7, CSLIZEVA &
B2 IEEVER T LR THY | RS LTV D 2 A50(E PMMA IZIT VO RSy
RMEZ A LTS, EHHDOBAIGL, TORITRNPRERRDHITHED
57, PMMAfH & CSLAHDEITREZ D SELT2D, 7L Bl o=
BT HERMZED D Z N L, Zhud, AN T L R CRE
LIcZ ENRRETHD LR sind, £72, DOA ZIRM L7 L v REET
X, WINEN L5 L CSL OGHMARNFAEL, ZHAMENMET Lz,

RIYERIOWINE, PMMA/CSL 7' L > ROBIHEOIREKRGFHE bSGE LT, &
LOORPEAIGL, —EBEEZWIMNT 52 LT, 20°C /25 80 °C DE A L FiFH
T, MBEED 90 Bl L L 720 | BAFRFEPMEZ R LTc, — 75T, w7
BIND — k7 v r T, SRMEOIRERFEN BV, Zhud, 77 2Ro
PMMA i & = 24K CSL & = 7 J@ 23 Jé 702 2 JE T RO AR E 2 7R, o F
D BZRDIRDFEN SRR D Z LITHRT D, ATEEAIOTEINE. PMMA O#RE
RER IS E L2, CSL OMZIRMAEBUTITIT L A ERE LWz, KR
HIIZ. PMMA 8 & CSL AH DRIZRIRBGE /NS < 720 . BN DIR R
WIS IR D LR IND,

PR, BBV EEIROMESITARE L, TRCKIRT 2720 @E 5 T EHT b
B0 mERlb RO bND, HIZIE, —HORBEEO HEHEH T 7 X1
X, IR TR, FRAMRE > T BHRTTHIRIIE T ¢ v A0 2o
BTN, FRIRFHICHFSOKE 2B 2 BE) 7 L — X HERN DS 7RI
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2020 fRITIFWV K K B ENEIEEE 2 B L BB EL S kS D & TS h
TW5, BENEGRCIEL—F—0 A T CA, B, B, ik &2k
DI, @B ORI T 2 MR E T E T MBI R D L&
X DHITWD, ARWFZETHR DI AT, TSN 2 8eE L@t s 748
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/N X BREGEL (SAXS)
TF LV —ERE = LVEESE (EVA) O R EFE

1. #&

TIAF T AL R SRR SN D ES TR, BEE, KB, E
W, ETRHER 70 E 2T > TRER S, Fx DA & SR D A A RIRF B
Lo TS, HEYERIT OMAFEMLIL, £OZ I NBELINTEY , BE
MOIET LEREAHRIAEY (VOC) DANRICEEBEE 525 Z L RRESh

i

TWb, ZOXHROOE L LT, BWAED T ENER - Ykt 2 B L Tk
Bina a6 T 252 8T, BHRERAFIRDLODBETE LA T 5 TIEN R
ERTng Y,

RYAFNAZT Y L—K (PMMA) (&, &AM Z X T O & LI r Rk
D TET TR < MHEECTH G E MR 8 BAFCThH 0 | IR L AlRelc &
L 2RO O D TH B, 7272 L, PMMAIZME TR C & 2 72 O il B 23
FORSNDEFTNIITEANEL <, BRHETOHRII T P —F =7 J LA
E— RA—=Z OFE I " —70 E—EHIZRE STV D

PMMAZ: EDF T 2 AR & o1 Ot 4 1m) 192 FiE & LT, 1970661
PMMAD~ kU v 7 24T AIHDEHR DR (200~700nm) EA T D = SR 21
RS ED T LB RES N, L LR b, —RIICPMMAL 4D
JRITRNEI2 D Z L s Bl S F RO m TERBELL A U, WM 2R3
D ORKEE T Th o7 2,

mEifE DX, LS AR EEE S TFHMEITH D= F L —FiE Y = LILE S
& (EVA) & L7z = A {EPMMAIZ AR 2N % 2 & ¢, ERERIERER T T

149



Minor research theme SAXS T X% EVA Off sk Ik BEF LA

[0 AR & 72 DEVAD 43 Bobr 7231~ 10pum & AR O R UL oW XT
ZHEL O T, B A S 57200 TR < EORERAE S Fl#E <

EHZEERRM UL 3, ZodrEetEm BiE, WEAMINC LY . PMMAL
LR DJET R L ORI O ZNBD LT Z EDRFRTH L LB 2 B
Ho LINPLZRNRD, ZOFEMR A =X NI LN TR,

Z 2T AR TR, WA IR RS T L v ROYERREIC 5 2 D3R
ZAMEZ T D BT, AlEEAIZ RN L 72 BR O EVA DS SR 18 2 X EITIEIC
I L 7o, FE o FEMEAOE & ST TIZEVAD RS SR AE S B 72 2 vIRBMED &
7o, W THRICRBIOR Y2 i 2 2 & T AP 2 HER UM | 2
Wiz 3 LELPMMADI B GEHES 2155 Z L 2 A E T 5,
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2. EBR
2-1 B}

AWFZETIE, TROTF L —Fifg v = L ILE AR (EVA) ZiEke L THW
7o EVAIZ, RUIRT X 9 ICHRR B =L (VAC) & H &N 72 D4R 4 AV,
Fo. ENENDOEVARENT, VACDO T HEN1AWND S D ZEVALL L L THRT
%o 728, MFROMAIESA13190°CD2.16kgf & 72 %,

F7o, AN R EFRO Ve FL~F 7 X L— NDOP)B L Y=

FIANF T P— NDOA)D2FEFH W, FEMIIZ DWW TIER RS,

Table 1 Characteristics of EVA samples
Sample Code  VAc content (Wt%) MFR(g/10min)  Grade name Supplier

EVA14 14 15 EV550 Du pont-Mitsui
EVA20 20 20 633 Tosoh
EVA25 25 2 EV360 Du pont-Mitsui
EVA32 32 30 750 Tosoh

Table 2 Characteristics of plasticizers

Sample Code Specific gravity (g/cm?) Solubility parameter (cal/cm?)1/2
DOP 0.986 8.9
DOA 0.927 8.5
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2-2 REHERL
2-2-1 IR

WAKIZ K D3V, DK RS 28T 2 72912, EVAZ80 C (EVA32(360C)
CIMFMILL B Zem i S8 TRkl & U TR 2, EVA L AIYEAI A sl i (b
FHRGHE, KTX-30) ICXVERES L. A N7 v RaKgh THmHA L7zgicS
Ly MRICEE Lz, IRA SR ITE & CEVA/R[#EA] = 100/0, 90/10, 80/20 &
L7c, ZNLZEN D7 Ly FilBHiZ, EVAL4/DOP=90/10 CiEM L 7= & O %
EVAL14/DOP10 & #5925, {RMIRAEIZ200 C. 27 U = —[El#E%21%200 rpm, AL H

(X2 kg/hr & L7z,

2-2-2 [

B L THEONR Ly NPT R JEREREHE (7 A 7 —PE¥ER 5 R
L ASA-303-1S) 12T, 2mmE XD ¥ — MRICEE LTz, JEMiRIEIX, 200 ‘Cic
T1043 PEMVM%Z . 10MPaTL EIINE L TIT o 72, 2 D%, mEIHE % H 1 20°CT5%7
WA L7z, OFET, Ry U7 2 5P (FAUNCHEL, ROBOSHOT
S100iA) (2 T2 mm/EDFHEER T (1860 mm X & Z60mm) ZHE L7z, /SLb
JRFEIE200 C, S HIEE 1100 mmisec, 20 ‘CH L < 1360 “CIZ CI0R MM HI 21T
o7z, LN IERBR A 1, EMERIERER A ZEVAL4-CEFRL ., SO R
%20 CTWHIL72 b DEEVALL-IL, 60 CTHH I L7= b DZEVALA-IHE Fid

Do
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2-3 WE Ik
2-3 /N XHREBCELTANE

FEaPER D T CIE AR E L CORMOFEIC L 59, 4807 I
AL FEEAEN AR BIZELIL, Wb 2 REASE A RS Y, REAML (bt
FEERFHDIEZOFN) 1, Wi $ Braggd A vy, /INMEXEREEL (SAXS) (2
BIFOHELE =2 0 bRDDHZENTED Y,

2Lsin(260/2)=nA Eq. 1
ZZTAEXBOWE, nITKFHKREERT, £, BEL~7 ML g iTROK 2
R T LOICERIND,

q=4rsin@/ A Eq. 2

DFED . RO 3 ITRTEIITHEANRZ MAZHET D Z L TRAMEZRD D

L=2x7/q Eq. 3

JERERE & ST AT TG 722 mmEOSEHGRER A 210 mm X5 mmd K & X
(ZEID L ANAEXEREGELIEE (SAXS) (U A 78 R-AXIS IV) Z VT, 45
AUBFOHGEL TR & R A2 E Uic, AREE O A Fig LIRT, X#REIX, &
S0V, EEMIBMAZ EMKIL 1L LTWD, £, BFRIFT. 7 ATER
740 mm, E—2£203mmXx03mm, E—XAA Ky g20mm, 4 A= TS

L — hY A X127 mm X127 mmE L7,
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Detector

| Sample CMF X-ray source
‘ l |
l Vacuum path .:
Vacuum path
Third slit Second slit First slit

Figure 1 Schematic illustration of small angle X-ray scattering apparatus.

2-3-2 Boohr

EVAOFEIRREZF T 572, REEEAEREN SEVAD T L ks
OFELEZRE Lz, fdbERRAL v EE L, 2B, KficHvwsh

TN A SEAHE bl O R EE: AH10001 3. HDPE®™293 ki/mol Tdh % 9,

AH (measured)

7 (%) = x100

H 100%

Z 2T (TR LR, WIZEVAD =F L Ay D EESY R AHIZEE O il
fREVECH D,

F95~10mg DEREIZ T LI =T AR TA LT, RAEERENES
(DSC) (Mettler %, DSC820) Z XV EHRFHX F TG ZIToT-, BB, H
JOEEE L, 10°C/min & L, 25°C7)» 5200 °COHiFH TMEL L 7=,
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3. MRLEBE

Fig. 21ZJEMERRTE & B HARTE T D VT VACE A & O B 72 2 A O EVAR B
DSAXS/NE — 2 e d, W ORES | RAMICER T 2 8E ' — 7 23g=0.6
fHIIZAECTWD Z ERHRTE D, S bIZ, B ORI HiER X O HE
DEVIZ LY | LR — 7 LEN 72 DR PSR S, 7. q=0.2fHkE
ELLDHELE— 271, REE BRI EOMICEATE T 7 o7 o v BITEENR
5747 —ICHRTDLHEDTH D,

(a)EVA14 (b)EVA20
Sl
3 3
& &
Z2 >
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Figure 2 SAXS patterns for the plaque of EVA samples moulded by compression molding

or injection molding: (a)EVA14, (b)EVA20, (c)EVA25 and (d)EVA32.
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Fig. 3ICSAX N — L DI E— J (L& B HE I L 7ZEVAREL O B A 2 7~ 7,
Z OEBRFEITIL, VACEA BN L T, RBJFHNT OB A B 2 E
IR SN2, @REEA60 CLm < LI HBIERER i EVA-IHIZ, Rk
WHEB X OGS LT, RAMNRLEL 2ot T7hbh, &AEEN
EWVIEERFAMNEL R HEMICH D,

—J7. EMERIE BT EVA-CIZ, VACHE A BIZIR ST, SR RER o458
REDREWVEVAIIHE D b REAHE S @RIREMEVEVA-ILE D bRV,
EVA-CIZ.EVA-IL & &RLREEA200C CTRI—IZH B 63 RAMIN K E o7z,
ZORKE LT, EFTEIC L DWEAMREOENAEZ DR D, Thbb, STl
I DTTRNBMIRETH D7D, fEdTH A ANRKEL holc L EBET D,

12 ! !
= TS A N i
£ e
2 e . °
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VAc content (%)

Figure 3 Long spacing of EVA samples with various vinyl acetate contents: (closed
circles) Compression, (closed squares) Injection at low mold temperature and

(closed diamonds) Injection at high mold temperature.
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Fig. 4IZ2F¥ED [ ¥EKI %2 E 210, 10, 20wWt%isin L 7=EVALAD it HAE R
BRI DSAXS/ N Z — % nd, SRR OSRIREIE20 CTH D, Wit
OFREF S . Fig.2 & [FERICR B HNCER T 2 8L e — 7 23q = 0.6 TicA T T
5 2 L DR T E 7, EVAIDOPIZ FIEAI Z AN L T H LR E— 7 fLEITIFIE—E
Toh > 7=DITxF L, EVAIDOAIZFTHAIDOTIN LV | IRIESEEINZ 1k e

— JLEMEARANC 7 R LT,

(a)EVA14/DOP (b)EVA14/DOA

C %
S (vé% ve)
S

Intensity (a.u.)
Intensity (a.u.)

Figure 4 SAXS patterns for the plaque of EVA/plasticizer moulded by injection molding

at low mould temperature (20 °C): (a)DOP and (b)DOA.

Fig. BIZSAXS/RZ — o DIR E— 7 (L& ) bR U7z "I AI 2 i L 7-EVAL4
DOHHRIEREI O E B 2 /~4, DOPEZHRINT 5 LEVAOEFIIZIZIEF—ET
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5. ATEFIOFEIC LY IZEVAOREAH Z K § 2R\ H 5 Z LA LT,
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Figure 5 Long spacing of EVA14 samples with various types of plasticizer: (closed

circles) EVA14/DOP and (closed squares) EVA14/DOA.

Fig. 61T/~ 22 E A EE NI E(DSC)H b & L 72 Al ¥4 2 A0 L 72EVAL4D 5
TG RRE OFE L &2 7~ DOPAZIRIN L T HEVADKE b EIZ b /L b
2o T=DITHR L, DOAZIRINT 5 Z & TEVADRELEN D Uiz, —H
I FEERESN TIE T8 NE A IFANCALS LT 5 —J5 T, FESRERIN Tldr 12
T DT LTV D 72 fldndh & bl U CE DMK < 72 5, Fig 5D R
EPFETHEET DL DOADTINT L0 KEMIAHEMN L7z BH X, AT oR
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IMZ LV FERACEDET L, R OELNEIN L 272d B2 D, ZRH 0]
RN OVRIRIE ST A — 2 —HEVAL T 5 &  EVAZMER T 5 =F L U lisr &
DOADIRIRIEZEE, =F L™ LDOPE OEMEZEL Y L/ &N D, ©oF
D DOAIZDOP L Y HEVAD =F L VIl MCER LT WZ E R LN TH D,
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Figure 6 Crystallinity degrees as a function of the plasticizers content: (closed circles)
EVA14/TCP, (closed squares) EVA14/DOP and (closed diamonds)

EVA14/DOA.
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