JAIST Repository

https://dspace.jaist.ac.jp/

RIIRD#E LT Z ATy MR AR FTRd

Title FERLI T BFFR
Author(s) We/HE, B

Citation

Issue Date 2021-09

Type Thesis or Dissertation

Text version

ETD

URL http://hdl.handle.net/10119/17537
Rights
Description Supervisor: [ Bz, Fedm Bl E At ze R, &+

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology




WL

BRIROFERNET T 2T 7 $FERA
th T 22T T T g )R RIS B9 D F SR

&
i
sy
/0
s
pmy

EfRE#HE n B

At B S At S B i R Be R
SO BT TE R [~ 7V T A = A]
SF1 349 H



H K

BLE T

1-1 KEERMET T AF > 7 3K
1-1-1 Ry 7FmEL
1-1-2 RIAFVAF LV

1-2 77 AF v 7 BBt ORI L
1-2-1 P
1-2-2 7 u—E
1-2-3  SHHpE

1-3 7T AF v 7 BB D )R
1-3-1 A &EOT 7

1-3-2 7T AT v 7 MEOMREE & ik EERC

1-3-3 Mk
1-4 )R DO SE 1

1-4-1 RY~—T7 L Rk srE
1-4-2 RIEMOWIIC X A 8E
1-4-3  FRIEAR ORISR ENC & 5 E

1-5 AKHF5E0 B
1-6 AFa L DOHERL

HITE ZEM

H2E FEMEZFINE LR T 7 25 v 7 MR ORI M L

if{l

N

-1k

2-1-1 s JJAREE &SmO AR EE

15

16

17

17

19

19

21

21

23

25

25

25



2-1-2
2-1-3
2-1-4

2-2 FEEr
2-2-1
2-2-2

2-2-3

N %
AR T A fw—

KUY Fa Lo f)FEEm

Bk
BRI R

e

2-3 fEREEE

2-3-1

2-3-2

2-3-3

2-3-4

2-3-5

TR
X HRIFAT
BURsE
=R TR
|zod 7o 52 5 B

2-4 F L
H25 BHEIM

FHIE b rUMEZAN LIEEET T ATy 7 MBS S

31 fEE
3-1-1
3-1-2
3-1-3

3-2 FEE
3-2-1

3-2-2

B D FA
OV JHE
FEERMET T AT v VB O F

Bk
B (1

R

27

28

29

32

32

33

34

38

38

40

47

48

56

59

60

65

66

68

71

73

73

73



3-2-3 JE
3-3 MR LBE

3-3-1 EhHURLHEME

3-3-2  BVERME

3-3-3 X MrAEAT

3-3-4 TR R L OSBRI
34 FLW

HIF ZEIM

S

I
e

44 3

78

81

81

82

84

89

95

96

101

105

107



- =
Frim

1-1 KRS ZRF v 7Rk

TTAF v 7 OFERIZF VU Vv iED “plastikos” TH Y, “EH@EY OFIZTE
L7 NI EWNRD D, FOREREY 7T AF y 71BN X0 mEitE AR L
HINOBRICHIET 22N TE D, ZORIRTTAF v I MEHIS TE&N
—HULEDRFTHLIRVWOBIRD “E0T" BigHE > TS LTV D,
BINTHERIREE L 2o 7277 2AF o 7 MEHI B o T8N ET) L T D oiREE &
7%, WRLREED DIREAIK T SE L & TEBOR T — LR RA NS < e
%, BIIROWE D E R (To) £ TIRTF L CRELT 288, fdatE7 7 2 F >
7 MBHIRE S OISR N TREG ZTERCT 2 &0 FHH L RS Rh 2 TR L
ROES T GRS 575, B TIEENZENOGTREL | 5T &ICHAh
WD, T 7 AF v 7 THT X TOHFHZ BRI~ Z &%
RHRETH O | S FEIE & FESR PR ANRAE LT 2, Adb fE ik XL fElk oD 7 o
K LTRBLE & TR Y | SRR BAIED & B sy - OELE & 72 %, Fig. 1-
LIZHERRIE T T AT v 7 Ok & 7R3, fidh O fe b/ S 22 18 BT 1T HALAS
FTHY ., BOAS T TEBESLE > TGN & 722, 2O, S F#HIT=x
R —TI b RER AR A=y a vl DR, KL LTIEE->T<
[HOTETE (RAT L) &2 2, WP BEEE £ 2 LTV oo s O IR
DT AT &R0 T ATPRREICHEL D BIDIRICHKE T 5 & Bum OB & 72
Do

T I AF o 7 MELE LR, R e Ly, RV =F Lo, RY A4 F
VAFL R T I RRENET N, TREDOREEET T AT v 7 8EHT,



Ferx OEEICE TR B ASSCHEEBERLIL 2T TR <, Bk B/ SS £ TH
WOMBEWNTECRHH I TWS, LFNICREBH GRS 7 AF v 7 ThD
R 7oLy, RUFFRRAFLUOHBECWHICOWTET,

5 1~1 nm

§ 7
Unit cell
anala
y ~10 nm
3 Microcrystal
L A 10mm ~
Lamellar
A
~ 100 pm
\ 4
Spherulite

Figure 1-1 Typical structure of crystalline plastic®).
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Figure 1-2 Chemical structure of polypropylene.

Table 1-1 Polypropylene production and future forecasts in each country / region®.
(Million tons)

Country Production (2016) Future forecast (2022)
Japan 247 2.58
China 20.9 31.0
Korea 4.09 4.50
Thai 1.72 1.90
Singapore 1.45 1.50
India 4.28 6.10
America 7.26 8.14
Europe 10.2 9.96
Middle East 8.78 10.1
Brazil 1.59 1.57
Africa 0.59 0.96
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Figure 1-3 Chemical structure of polyoxymethylene: (left) homo-polymer and (right)
co-polymer.



1-2 FIZRF v 7 HRtOREIT

7T ATy 7 BN TORERFEIL, W77 i - “EWHd” O=>T
bbo, TTAFy JITEEINT Tl 2L TR W LT I AF v 7 %
SN FHIE LMY TR, @RICRH LT I AF v 7 2 ED 5 MAI TR
RCHIEERE S5, LTICRENR T T AF v 7 BN L Th L2 HBE, 7 1
—E. SRR DWW TERRT,

1-2-1 $FHERE

PHRIEIL 7 4 Vb, = b, 23 7D KL R RRIBAR 2 #i5i ke 5 e
i ThbH, TTAF v 2B RN Y v & (L)L) NTHREMSETAZ Y
2— T L, o1 (&8) TP L KR ETmABEkEES, 14D
FERICE T, 74 v = b, A T 8Ok & T AR O B AR A VR
TLHIENTED, MHBEHEOMIE % Fig. 1-4 12777,

O7F7H Q7 1v—hT7T—A s QA7 VYV —r Wb —H— OHENE ©F A
OBHZ7 7> @A77 Va— @F7vF— OV Z 0 @QBEIKY ¥ 7w b
@R v /— AT R Mz X7 Ly GOu—%—a 142 b OFFEHE

Figure 1-4 Schematic illustration of extrusion molding machine?.
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Figure 1-5 Schematic illustration of blow molding®.
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Figure 1-6 Schematic illustration of injection molding machine?.
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Figure 1-7 Schematic illustration of simple tensile deformation.
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Figure 1-8 Schematic illustration of simple share deformation
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Figure 1-9 Schematic illustration of simple volumetric deformation.
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Figure 1-10 Schematic illustration of three point bending deformation.
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Figure 1-11 Schematic illustration of beam bending deformation.
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Figure 1-12 Typical example of stress-strain curves for plastics.
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Figure 1-13 Temperature dependence of tensile yield stress of polyoxymethylene
(POM) and poly(methylmethacrylate) (PMMA)™.
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DUFHBICBWTRERMEE 25, £ 2T, KETIEIFER FizkiT o+
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TIHIICARDEE B L2 T D Lnd D,

BT B T 8= 27 ) — FEORREIR, £lomin 7 41 LD X
572zl (EF4) /AW, b bl miRic x e y iy o wE %
MMAT5E 2 WO WIS 0. op EIERIETINSY 07 1T G TTRR
pEHERY 0 LIRETED (Fig. 2-1), o0 FD DDA FILIE O J7 M Z 5 7E
THMZAFENOBEHO S MERET 2IRAFTHY ., ZHOT >V VERT,
Tz i (BEA) Hmcil (2-1) THERALNALA0THEZAEL LD, 50Nt
25 LWk 28l (JBA) FFRICIHET 2720 Th D, TORF. IRIZIEMER)
WAL, BEELICS Kb, 722 L, BEIZIT 2 T BENRDBORT Y %)
RICEVIENDBFET D, 2O XKD IREEZ FlEIPRE &5,

7, =% (ox+0y) (2-1)

7 X 2 E G M OB RS . ox 1% X BT [0 DVERRIG T, oyl dy 5l 5 [0 ORI 7]
WIRT Y b, Eldvy 7 RE 57T,

Figure 2-1 Schematic illustration of plane stress state.
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HTE D720, FER TIZRB T 2B 2 KB TE 2 EEN D 5,
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Figure 2-2 Schematic illustration of plane strain state.
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Wz BRI 2 7 BB SN TR Y | A ICB W T — &7

49T %,
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B35
JL>[ijL> (] L
— R B R

Figure 2-3 Example of double-injection molding specimen”.
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‘ Styrene @ Butadiene

Figure 2-4 Schematic illustration of SBS block co-polymer.

2-1-4 RV Fu v L rohZEEEnE

RY 7a L O EEEE N ESED FECOWTE I E TEE S #iis
ENTWDS, ZOFTHLl#EZER LR Y 7 r e L EAMEHZ YW, B
FTIHNZHFFE ST & 72 89, REMEHEICEI L <, Ljungberg & IXE £t 10-20 nm, £
X 1-8um O L v — AL E 6 W% RS T A Y FX 7Ty IR Ta e
L7 4 v AOGIRFREL 2TMPa LR T A Y 2 7 Fy s R T LT
AV E R L TTHI A5 fEzm B D 2 A LTS 19, Pracella ST A
VH IR T e L AR A B A L BRI AT LT, T ORER,
10 Wt%ds J TN 20 wt% ™ L o B L72BRD S RHMERITA) 2.8 GPa TH D, T A Y
B F R 7L BEERE LT 15 FE Rt RAHLE W,
Van de Velde & 3#fifk% 60 Wl S L7277 A VX7 F v 7R Fae Lol
TIPSR B REE ARG LTs, £ O R, i HPESRIT 16.5GPa, i R 1T
129 MPa £ TEK 725 Z L 2L MZ LTS 2, ARlHEICBIL T, Fu b
BEEH 8 UM OH—Ry 7 7 A N"—% WD Z & Ty v /L E— R NK 2.5
BEOSKIMIZEL 725 2 & BERE LTS, F72, Nishikawa 5 1% 20 wt%
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2-2 EB
2-2-1 okt

RETIX, BEERXDEENTHL T T AT v 7ML E LT, T ER RS
THEOTHWROT AV E I F o IR Tae Ly (T A LR ~—H Prime
Polypro™ J-700GP & J108M) % IV 7=, J-700GP % PP.y, J108M % PP.. & 79,
KT E L DRERIv—ThO, A VXU Zy R3RITBNTHD,
Wy & EEEH S RIT SVRE I v~ T T 0 — (Y —8 HLC-
8321GPC/HT) Z AW CEHE L 7=, & T A% TSK-GEL® GMHur-H(20)HT, 11
1,2,4-trichlorobenzene % FH\>, 140 °C OFMTHRIU AF L U HE L W EEZEH L
2o WENSHBESTEBIOMEA =D —00LRENTND AL T a—
L— kK (MFR) % Tab.2-1 12”7, &S HIN— KRBT AV RBRAF L TR Y
DOHIRDOAFIENET T 2 v~— (VAT 27 7 25l Leostomer® EFR9967P) %

FAVN =, 23°CICH1T D BEEIL 890 kg/m?. + = 7 ABEEIL 61 TH 5,

Table 2-1 Characteristics of polymers.

Polymer Mn Mw Mw/Mn MFR
PP 49 x 10 2.5 x 108 5.1 8 g/ 10 min
PP, 2.9 x 10 1.6 X 10° 5.6 45 g/ 10 min

Polystyrene standard
Mn number-average molecular weight, Mw weight-average molecular weight
MFR was measured according to ISO 1133: 97.
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T AR —ORNMEZNTHRY 7L U A EREBRESEDL O TH
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Transverse direction (TD) (XZ AL EFUBINE DAL I7 1 & BHIE DL & T E 7 [\ %
x7,

&R TD 4+— MD
Elastomer

PP,

-— .
100 mm

Figure 2-5 Laminated specimen composed of PP-y and Elastomer.
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K& 2 72 X #REHT (XRD) %@ (Rigaku %, SmartLab) % fv 7z, 3Bk i
45KV B LTV 200mA DT, 77 7 7 A HHALL CuKa ET# B — 2 % 30 B

[FIRER L7, S DICHAA DR EZ KO [BPTFRED 20 70 7 7 A L& 157,

(3) AL T

TRFEEBEEEN EIEE (DSC. PerkinElmer i, DSC8500) % VT, ZE# 55
[T TEA 2 mm OB OBRFEZFEN L7, &R A 72 b EIHI L7249 10
mgD~<Ly R ET LI =7 AR THFRIE L, 25°C 7> 5 190 °C % T 10 °C/min

DERFTHIE LT,

34



4) =R

TR OT # v F A 2 b aAfTT e —iho 5 kB (Shimadzu 2, AGS-
X) ZHWT, 717 A~y RAE— K 100mm/min, & 23°C, {8 50 %D 51
TR 21T o 72, TEIZING 64 mm O R E UACERE L2 ER o
AR Lo, =Rl RBR O E-ZALOfER, BRLOR (2-3) 1 6IsT)
(o). X (2-4) DBOTH () RO, MOELEFEITI0EE L=,

o= 3Fol / 2WH? (2-3)
y=6HS/ L2 (2-4)

Fo X, LIISCRE U HIOHEHEE (64mm) . WIZERER A ObE (5mm) . H IZEER
R DRI, STEMTH S,
S DI HE-EMOMR, BLOKX (2-5) NoMiiTmE (F) ZRKdiz,

Fs = 3Fmax|_ / 2WH2 (2'5)

Frax (3R ETH 5, HIEDFIE%E Fig. 2-6 (27,
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U .
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Specimen

Figure 2-6 Schematic illustration of the apparatus for three-point bending test.
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Figure 2-7 Schematic illustration to evaluate the bending angle.

(5) lzod flEEEAER

Izod B AABRE (CHPEREHETRL, DG-1B) # M\ C. 1EJ¥ 23°C, ¥BJ¥ 50%. #E
D FN2—2T75) DZAC 1zod EBHER 21T > 72 (Fig.2-8), E#& 1, 2, 3mm
DRV 7L AR B LOEL6mmMm 07 I 31— BT PPy DJEAH 2
mm, RN T 2 v —0DEH 4mm) EHW T, £ I H RO RS 50 mm
DOHRERSZF ¥ v F 7 LARY Fr~—3RE S FHOMo s 5 10mm

MR T 2 R0 CTIME L7z, 7 33— FRBA IR Y e L U EHdl
NOEBEM R A AN Lz, SBA 2RI L7z =)L ¥ — & BB AT O D 1
VY —DOAETRLF—OENLRO T, HJEIT 10 BTV, SEEME & AEERE
RO,
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+«~——— Hammer

— Specimen

Figure 2-8 Schematic illustration of the Izod impact test.

(6) ENALTABT—HLE

i R &R A OREIREOBR ZHA T 5720, BiizARm LT 5 5%
O A ER A HE L 7o h | iaBrig s b 2 IV frE . EALT7 BV —
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BHaAm Lo & sod, 7720 BB M RATE Uz o i i 2 8143
L7,

S BT 1zod EEERER 21T > 72 R ORBR A IC OV T H, IRV P ~—nbA
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=R ERERRC 1zod EEEER 21T O AN, SAOEL OB RORERME 2 5 L 72,
WY 7 a L OB S REME RO KA L Fig. 2-9 (2T, oL
(THH AR TH Y BIOT 2B 710 (MD) & SEATIC7e 5 K 9 1ch 2 7,
23 °C OFRATITICI T D PPy DSIIRATEHMER (E) (X PP.LLRFRETHY
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DA EAENFEVIE SIRERIFENIRL 225 Z £ 00D 39, PPy id PPLICH
N TEAMREEN m W ATHESER 5 5,
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-FAEBIZESSBRTHY . TT7 ABBIRE Tg L ARTIENTESH, E”
(IR DI = 2L —DOHRECTIE A2 < | BB 239 &2 1T T2 BRITAE T % B
IHRLXF—THY | ZORTFLX—ZIEBICHLET D 2 L amd, Thbb,
AR AIE 10°C AR TH T ZRD D T LARICHFE L7 Z L 2k L. EHOHEM
BT 70T 70 EENIC L o T RN IRENT 5 Z L TiEfh=
RNF=DIRRIZR T2 WVWR D, HFRBOEERREHVIEE E"OE—7
HRITIRE LD, AFERPDITPPLOFT A PP LV b E— 7 I/ & < fb
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38



10 L] L] L]

E’ i 10 Hz
T
Q.
W
g
T
o
4 7
g
6 I I ' A

-80 -40 0 40 80 120 160
Temperature (°C)

Figure 2-9 Temperature dependence of tensile storage modulus (£°) and loss

modulus (£ ) at 10 Hz for (red circle) PP.4 and (blue triangles) PP._ specimens.

N
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Figure 2-10 Temperature dependence of tensile storage modulus (£°) and loss
modulus (£ ) at 10 Hz for elastomer sheet.
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Figure 2-11. 2D-WAXD images of the injection-molded specimens, (top) PP-
H, (middle) PP_., and (bottom) PP.4 + Elastomer.
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Figure 2-12. 20 profiles for the injection-molded specimens.
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Figure 2-13 Azimuthal distributions of (040) of a-form in 2D-WAXD images
of the injection-molded specimens.
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Figure 2-14 Azimuthal distributions of (110) of a-form in 2D-WAXD images
of the injection-molded specimens.
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Figure 2-15 DSC heating curves of PP specimens.
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Figure 2-16 Stress—strain curves at the bending tests: PP.y samples with
different thicknesses. The solid lines denote the curves of PP specimens: (red)
1 mm, (blue) 2 mm, and (green) 3 mm. The dotted lines denote the curves of
the laminated specimens (orange) calculated with a thickness of 6 mm, and
(blue) calculated assuming a thickness of 2 mm.
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Figure 2-17 Stress—strain curves at the bending tests: PP.. samples with
different thicknesses. The solid lines denote the curves of PP specimens: (red)
1 mm, (blue) 2 mm, and (green) 3 mm. The dotted lines denote the curves of
the laminated specimens (orange) calculated with a thickness of 6 mm, and

(blue) calculated assuming a thickness of 2 mm.
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Table 2-2 Mechanical properties at bending tests for injection-molded specimens.

(n=10)
: _ Flexural modulus Flexural strength Yield strain

Polymer  Thickness (GPa) (MPa) )
PP, I mm 2.00 (0.03) 46.0(0.9) 0.032 (0.001)

2 mm 1.92 (0.02) 51.1(0.7) 0.051 (0.001)

3mm 1.88 (0.03) 56.6(1.2) 0.065 (0.001)
PP+ 2 mm 2.68 (0.03) 71.7 (0.8) 0.050 (0.001)
Elastomer

6 mm 0.10(0.02) 8.0(0.8) 0.149 (0.001)
PP, I mm 1.99 (0.03) 44.7(1.0) 0.029 (0.001)

2 mm 1.92 (0.02) 53.6(0.7) 0.041 (0.001)

3 mm 1.87 (0.04) 58.9(0.8) 0.062 (0.001)
PP+ 2 mm 2.69(0.02) 75.3(1.1) 0.050 (0.001)
Elastomer

6 mm 0.10(0.03) 8.4 (0.7) 0.147 (0.001)

(standard deviation).

Fig. 2-18 | — Al (TR % D PP 3R i DAL A 7”9, PPy & PPLWVTIUICE
WTH 3 mmEDORBRA X, KRAITTRT X 9 IHRVIG ST FED R S 37273,
1 mm BELO 2 mm JEORER A IS BRI AE Lo 7o, /i B RiZR A
NIZ XV A UTNEHELDNRKE TH O | EZEREAEL TWD 2 E2BEHRT 5,
T7ebb, JEHImm B L 2mm ORI TRERICBN T, BAFMIC
JENDIFEAE LIZS VRIS IREETH 72 B X b b, ERIIC, EA 3mm
DR ILFHOTAHRETH 0 | B 7238 T O ik BV CRBMIC R
TP LT & Z 26D, TORR, 7 LA R EEE | ST ELDJRIA &
IRHHRA REAER LI L F x5 59,
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Thickness 1 mm 2 mm 3 mm 1 mm 2 mm 3 mm

5 mm

Figure 2-18 Photographs of the PP specimens of (a) PP-4 and (b) PP.. after the
three-point bending tests. The loads were applied from the opposite side of the
samples. The white arrows indicate the stress whitening regions.
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JEFOBEN Z kO 7-HEE (t=0) IR\ TSI ABiZi Shenotz, IR
2. 7 3Ix— MRBRAOWmTAE BIX. EFOBEI L ILDBRE (t=0) &EF
DTS 5 HBEOMTIEE A LRI L 2D 2Tz, ol SN BEIFETD
R ICBWTRIB SN0 7, 2L, AT T 2 b~ —DFEN AR Y
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Figure 2-19 Bending angle B, as defined in Figure 2-7, for the 2-mm-thick PP.
H specimens and the laminated specimens comprising 2-mm-thick PPy and 4-
mm-thick elastomer.

S mm

Figure 2-20 Photographs of the sample surfaces after the cessation of the
crosshead movement at three point bending tests (t = 5) for (a) 2-mm-thick
PP_4 specimen and (b) the laminated specimen comprising 2-mm-thick PP
and 4-mm-thick elastomer. The loads were applied from the opposite side of
the samples. The white arrows indicate the stress whitening regions.
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Table 2-3 Elastic modulus of various materials®®.

Materials Young’s Modulus  Poisson's ratio Bulk modulus
Iron 220 GPa 0.28 160 GPa
Glass 60 GPa 0.23 37 GPa
Polystyrene 3.4 GPa 0.38 5 GPa
Natural rubber 1 MPa 0.4999 2 GPa

Figure 2-21 Photographs after the three-point bending tests (t = 5). (a)
Elastomer specimen with 4 mm thickness and (b) laminated specimen of 2-
mmthick PP-y and 4-mm-thick elastomer.
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Table 2-4 Results of 1zod impact test using PP and laminate specimens.

(n=10)

Polymer  Thickness :;;)d impact strength Stress whitening Break
PP 1 mm 0.05 (0.001) Not detected None

2 mm 0.25(0.004) Not detected None

3mm 0.69 (0.017) Detected None
PP+ 2+ 0.72 (0.009) Not detected None
Elastomer 4 mm
PP, I mm 0.06 1 (0.002) Not detected None

2 mm 0.29 J (0.006) Not detected None

3 mm 0.67 1(0.094) Detected Occurred”
PP+ 2+ 0.83 1 (0.009) Not detected None
Elastomer 4 mm

(standard deviation).
“2 of 10 specimens were broken.
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Thickness 1 mm 2 mm 3 mm 2 mm

5 mm 4 mm

Thickness 1 mm 2 mm 3 mm 2 mm

+
5 mm 4 mm

Figure 2-22 Photographs after striking by a pendulum. (a) The sample
specimens using PP-y and (b) those using PP-L. The right sample in each figure
represents the laminated specimen comprising 2-mm-thick PP and 4-mm-thick
elastomer. The white arrows indicate the stress whitening region.
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Figure 3-1 Time variation of sound pressure levels.
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Figure 3-2 Equal loudness curves: (dashed line) ISO 226-1987 Robinson-Dadson
curve!?, (dashed line with one point) 1SO 389-7*Y, and (solid line) 1SO 226-2003'2).
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Figure 3-3 Snap-through buckling transition of a single shell from concave to convex

geometry an example of William’s toggle?®.
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Figure 3-4 Strain growth curve showing snap-through buckling transition??.
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44) D=FETH D, FHENORENTNWDLZENTNDOMEID AL L 70— —

F (MFR) &#JE% Tab. 3-1 1237,

Table 3-1 Characteristics of polymers.

Polymer MFR (g/10 min) Density (kg/m?)
HDPE 20 (190 °C, 2.16 kgf) 964 (ISO 17855-1)
PP 16 (230 °C, 2.16 kgf) 900 (ISO 1183)
POM 27 (190 °C, 2.16 kgf) 1410 (ISO 1183)
3-2-2 RBAIEM
(1) IE

PR DS IS ORI RIETRE LD, mEER) =F L R
TRrELVBILORYAFUAF LDy MEAOCTHBREHE (775
v 78 a-s100iA) Tk UV (EE 18mm, #E 1.8mm, EX 1.5mm) 24
LERBRORBRF (KX 63mm, i§9.6mm, EX2mm) Z0E Lz, &Kakbk
A ONVOWREE SHHET . STHEEE . SRR, J X OV AIRFfH] % Tab. 3-2 12

7T
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Table 3-2 Injection-molding conditions for the HDPE, PP, and POM., specimens.

Sample  Barrel temp. Injection pressure  Injection speed  Mold temp.  Cooling time

(°C) {MPa) (mm/s) (°C) (s)
HDPE 200 165 15 40 15
PP 210 165 15 40 15
POM, 190 165 1.5 90 5

I L= @kl i o4 M8l % Fig. 3-5 12777, [XIH1 MD (Machine direction) . TD

(Transverse direction) [ZZ AL Z UG DAL T I L OMIIE Dty & TEE 7 M)
ZRL, AOORANIT — MIBEZEWRT 5, b U VHOFEMZRIZIRZ Fig. 3-6
R T . B U UEBIERIGAR D FEERERCH AL & 1T R S RICEE T D K D ITER
L. PR &R 76 COAER T, Fio, B LIZE U UEOTEAD ER &
O A X RLEmmM CTHELY LTEY ., b PO S HEOE OJE I 0.4 mm
Ths, fBhoervmEidl2mm L, KRicBiFse rUEms &ix
Fig. 3-5 (/R 5UBR A OMIEHIZIWN T, THIBAR O RGO A i O
fEZOmICK L TR T OAELZRT L POBFmMETOER &L TER
Lz, &b, B ViRl bER L7, 2o e v U4
BT R8BSy A KE RO~ A 7 1B v Z — (Maruto 2, MC-201)
ZMNTOC OERMETH Y FLTHERILTZ, b &R0l o548l

% Fig. 3-7 (277,
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Figure 3-5 Pictures of a rectangular specimen with the hinge: (a) top view, (b) side
view, and (c) end view with the gate position.
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Figure 3-6 Shape and dimensions of the hinge part.
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Figure 3-7 Pictures of a rectangular specimen without the hinge: (a) top view, (b) side
view, and (c) end view with the gate position.

EHICE U VEENTEFOREICKIETHELFRD70, KU AF A
FLraHnTe rUESNRRLIRRIBIROBERF BIER Lz, &3 RA %
B LTEBROD /S L VIREE . SHHET) . SRS, SRR, 36 L ONREIREH 4
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Table 3-3 Injection-molding conditions for the POM.,, POM., and POM,
specimens.

Sample  Barrel temp.  Injection pressure  Injection speed  Mold temp.  Cooling time

(°C) (MPa) (mm/s) (°C) (s)
POM, 190 165 1.5 90 S
POM_, 190 165 2.0 90 S
POM,; 190 165 2.0 90 15

Table 3-4 Hinge height of the POM-, POM-n, and POM-| specimens.

Sample  Hinge height (mm)
POM, 122

POM 1.10

=

POM,  1.00
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E, = E, (with hinge) - E, (without hinge) (3-3)
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Figure 3-8 Schematic illustration of the bending test with the sound pressure
measurement.
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Figure 3-9 Frequency dependence of (closed symbols) tensile storage modulus E " and
(open symbols) loss modulus E ” at 25 °C for the injection-molded specimens: (orange)
HDPE, (blue) PP, and (green) POM..
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Figure 3-10 DSC heating curves at 10 °C/min for (a) HDPE and (b) PP.
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Figure 3-11 DSC heating curves at 10 °C/min for (green) POM.p,

(red) POM.n, and (black) POM.,.
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Table 3-5 Heat of fusion and crystallinity of various specimens.

Sample AH,(J/g) zc (%)

HDPE 181.7 62.7

PP 79.8 38.2
POM,, 135.2 72.7
POM., 118.5 63.7
POM_ 124.2 66.8
3-3-3 X #RMEPT

Fig. 3-12 ([ HHBOE TR L 72 POMy, POM.n B8 KT POMy D & > PED
RICI A X #RIEHT (2D-WAXD) WHifg 27~ 3, X #i3akiR i > MD-TD [fi (2 T2
ICHRE LTz, 7B, XBRFIEE 04~1.5mm O b > ek z @il Lz izh, &
B4 & — 7 BIRA > T D, POM OERGEIZRERIZI=Td M TmTHY . =
FET B HC R b EETH 5, HERE AT T Mortillario % 5 <2 1guchi®®
HIZX > TR I TEY | MBS/ ) DARTIZ L DR e & CTLIER =I5k
~EMEEBEE T ENmLR TIN5,

POM.n, POM.py 38 KON POM D2 TORER T IZIW T, BIRRZZ[EHT Y o 7 D3k
M, TOE—7AENGHRIRT D L I = HENEIRIZAER L TS Z
ENRNGynD 30, Fig. 3-12 IZRAITCT/R L7ZRIE LD — SO0 AR v M = 5
® (100) iHi, ZOFPHAOM->O AR v M (105) mIZEKNT H, ZDZ b
NYAF T AF U UBITEIC MD W, TR0 biEN T AR L Tnd &

20

84



Figure 3-12 2D-WAXD images of the injection-molded specimens, (top)
POM.p, (middle) POM.n, and (bottom) POM.,.
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Figure 3-13 20 profiles for the POM injection-molded specimens.
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Figure 3-14 Azimuthal distributions of (100) in 2D-WAXD images for the
POM injection-molded specimens.
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Figure 3-15 Load-displacement curves at the bending tests: the specimens with
the hinge part are indicated by solid lines and those without the hinge part are
indicated by dotted lines.
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Figure 3-16 Released energy E; levels of the HDPE, PP, and POM. specimens.
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Figure 3-17 Sound pressure levels of the HDPE, PP, and POM., specimens.
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Figure 3-18 Load—displacement curves at the bending tests: the dotted line denotes the
curve of the POM specimen without the hinge part, and the solid lines denote the
curves of the specimens with the hinge part: (black) POM.;, (red) POM.n, and (green)
POM.p.
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Figure 3-19 Released energy E; levels of the POM.;, POM.n, and POM., specimens.
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Figure 3-20 Sound pressure levels of the POM.;, POM.m, and POM., specimens.
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