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Table 2-1 Molecular characteristics of the samples.

sample Mnx10* M,x<10* MM, SCB / mol%
iPP 38 77 4.9

HDPE 10 1.7 59 0

LLDPE 11 2.6 42 3.6

LDPE 20 22 9.1 14

SCB : Short chain branch comtent
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Table 2-2 Structural characteristics of the sample specimens.

sample Density / kg*m™ Crystallinity in volume fraction
iPP 894 49

HDPE 940 59

LLDPE 915 41

LDPE 909 37
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Fig.2-2 Dynamic mechanical spectra of PE samples.
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Fig2-5 Stress-strain curves of iPP and PE samples.
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Table 2-3 Mechanical characteristics of the samples.

Sample Yeild Stress /MPa Yeild strain Yeild energy /MJm™
iPP 29 04 17

HDPE 2,17 0.58, 1.0 23

LLDPE 75,97 0.53,1.7 20

LDPE 73,95 0.62,1.92 19
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Table 2-4 Assignments of Near-infrared absorbance peaks of iPPZ*?

Wavelength / nm Assignments
1768 C-H stretching first overtone{CHs)
1738 C-H stretching first overtone(CHj)
1723 C-H stretching first overtone(CHa)
1705 C-H stretching first overtone(CHs)
1693 C-H stretching first overtone(CHs)
1634 combination(CHp)
1540 combination(CHp)
1490 combination(CHs)
1424 2 X C-H str+ C-H def (CHy)
1390 2XC-H str+ C-H def (CHy)
1370 2XC-Hstr+ C-H def (CHs)
1216 C-H stretching second overtone(CHy)
1192 C-H stretching second overtone(CHa)
1150 C-H stretching second overtone(CHo)
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Table 2-5 Assignments of Near-infrared absorbance peaks of PE >

Wavelength / nm Assignments
1764 C-H stretching first overtone(CHa)
1728 C-H stretching first overtone(CHoy)
1710 (CHy)
1698 C-H stretching first overtone{CHz)
1634 (CHs)
1542 (CHy)
1416 2XC-Hstr+ C-Hdef (CHy)
1394 2XC-Hstr+ C-Hdef (CHy)
1374 2 X C-H str + C-H def (CH;)
1300 (CHy)
1214 C-H stretching second overtone(CHp)
1186 C-H stretching second overtone{(CH3)
1166 C-H stretching second overtone(CH,)
1146 C-H stretching second overtone(CHj)
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Table 2-6 Assignments of Infrared absorbance peaks of iPP2**”

Wavelength /nm Assignments Associated Microstructure
12361 (m) C-C stretching™, C-CHj stretching Helical (& crystalline)

CH? rocking
11876(s) CH, rocking, CH bending™ Helical (¢ crystalline, mesophase)
11123 (m) CHs rocking™, CH; rocking, CH bending®  Helical (o crystalline)
10627(w) C-C stretching™, CH; rocking
10277(s) C-C stretching™, C-C stretching™ Crystailine, Amorphous?

| CH; rocking™

10020(s) C-CH; stretching, CH rocking™ Helical (e crystalline)

CH bending, CH, twisting
8658(m) C-CH; stretching, C-H bending Amorphous
8562 (s) C-C stretching, CH; rocking Crystaline
7974 (m) CH, twisting, C-H bending
7669 (m) CH, wagging, CHs twisting, C-H bending™
7353 (m) CH, wagging, Symmetric CH; bending Crystalline

CH bending®, CHy twisting
7262 (s) Symmetric CH; bending Amorphous
6964 (m-s) CH, bending
6854 (s) Asymmetric, inplane CH; bending Amorphous

s: srong, m: medium, w: weak
eq: equatorial, ax: axial
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Table 2-7 Assignments of Infrared absorbance peaks of PE.”

Wavelength / nm Assignments Associated Microstructure
13889 (vs) CH; rocking Crystalline, Amorphous
13699 (vs) CH; rocking Crystalline

11013 (m) RCH=CH, Amorphous, Crystalline
10101 {(s) RCH=CH, Amorphous, Crystalline
7675 (w) CH; twisting Amorphous

7391 (m) CH, wagging Amorphous

7305 (m) CH, wagging Amorphous, Crystalline?
7273 (w-m) Symmetric CH; bending Amorphous

6863 (vvs) Asymmetric CH; bending

6835 (vs) CH, bending Crystalline, Amorphous
6789 (vs) CH; bending Crystalline

s: strong, m: medium, w: weak, vs: very strong
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Fig.3-1 The experimental setup for a simultaneous measurement of stress and NIR spectra.
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Fig.3-2 The specimen of theo-optical measurement.
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Light source Light chopper

Fig.3-3 The experimental setup for measurement of nIR dichroic ratio.
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Fig.34 NIR spectra of dimethylhexane, trimethylpentane, and iPP.
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Fig.3-5 Temperature dependence of NIR spectra of iPP with increasing temperature,
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Fig.3-6 Examples of curve fitting procedures for a NIR spectram of iPP: O denotes the
experimental and the red line denotes the calculated curve composed of six peaks (orange lines).
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Fig.3-7 Variation of absorption intensity of NIR peaks for iPP under heating at 2°C/min.
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PLEDFERETTC, 1700-1800nm (23317 B iPP ORE % Table3-1 D X S ITRE L7,
17680m D3y Fiddzd LCIRRGITEESL< b T, 1705, 1723, 1750nm D30 i3
EHENELE L THA LD ERbIS. L, PP TIEHFIRIMIBIT HEAETTHIRE
BEZ - TVWRNEZANHD, AFAESLTHOREMREE TUNAAST MR ED L
51780 TWB DTS X HITHRETT D MERDD.

Table 3-1 Assignments of near-infrared absorbance peaks of iPP.

Wavelength / nm Assignments Associated Microstructure
1768 C-H stretching first overtone(CHy) Amorphous
1750 C-H stretching first overtone Crystalline
1738 C-H stretching first overtone(CHz)
1723 C-H stretching first overtone(CHy) Crystalline
1705 C-H stretching first overtone{CHz) Crystalline
1693 C-H stretching first overtone(CHs)
Az FL

B 1600-1900mm (23313 B PE OISR AST V% Fig3-8 ITRT (A 500m, s
SLEEIT Table2-1 Z288).  Fig3-8 J ¥, & EASE Y HDPE Tl 1728nm D ¥™— 2 FREAN
ST ERSHB. —F, 1764nm DY —7 ISR OFEC L T, FHUEERELR
pote. Ei, BEE LTHRE STV, SRS 2100k, 17500m i
DRSS EhSo T, £, 1728, 1764nm O¥—27 b7 a— Nl d Z &b,
ZOORERIC Y, SECESASORRE—2 R85 B5LELZ LD, £IT, Kimm
ok AFIMEICEIT S PE ORBLVEFRLIURATEHETD L, TORETIE
CH; H0D CH fEES—FE S HER LGB Z L 0353 Tc ™,
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Fig.3-8 NIR spectra of iPP and PE samples.
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FET 5T LATE D, Fig3-8 LRARIE, ZIZTHRFBENDZNHDIELE 17281m O
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FOFEMA CHIGERTAHDTHD I EEZNRLTND.
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Fig.3-9 NIR spectra of various alkane samples.
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EiTkBEEZLND.

BAEORERH L UBHEDRE & A4 C, 1650-1900nm OORE Y THE 1710, 1728,
1750, 1764nm D 4 DORILASY RBHD LEZ, AT MO —7 HEEIToT .
A& L C, HDPE B LU LDPE Dv—7 HBEDFER% Fig3-11 ITHPR3 5. #HHEHL,
Wavematrix # 7 h 7 = 7 Igor4 0B D Igor v 7 22 X 5 Voigt Bz L - TiTo 1.
Fig3-11 &V, HEEIRIFAATON TR Y, /518D%\ \ LDPE Tid HDPE (234 LT 1710,
1750nm DE—Z BRENZE NSNS, TOSEERRE T, FIRFEDARZ R T
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Table 3-2 Assignments of near-infrared absorbance peaks of PE.

Wavelength / nm Assignments Associated Microstructure
1764 C-H stretching first overtone(CHy)
1750 C-H stretching first overtone(CHs) Amorphous
1728 C-H stretching first overtone(CHz) Crystalline
1710 C-H stretching first overtone{(CHa) Amorphous
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Fig.3-10 Temperature dependence of NIR spectra of (a)HDPE, (b)LLDPE and (¢)LDPE under a

constant rate of heating (2°C/min).
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Fig.3-11 Examples of curve fitting procedures for a NIR spectrum of () HDPE and (b)LDPE
+ O denotes the experimental and the red line denotes the calculated curve composed of four

peaks (orange lines).
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Fig.3-12 Variation of absorption intensity of NIR peaks for (2)HDPE, (b)LLDPE and (c)L.DPE

under heating at 2°C/min.
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Fig.3-13 NIR spectrum and its second derivatives for HDPE. (a) only second derivative, (b) second

derivative after smoothing the original spectrur, (¢) smoothing curves of second derivative.
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Fig.3-15 Examples of beseline correction for a NIR spectram of HDPE,
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Fig3-16  Examples of decomposition procedure for a NIR spectram of HDPE: O denotes the
experimental, orange lines denotes the calculated curve composed of four peaks by curve fitting
procedure and blue line denotes the spectrum calculated by baseline correction.
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Fig.3-17 The experimental setup for NIR scattering measurements.
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Table 3-3 Structural characteristics of the sample specimens for NIR scattering mesurement.

sample Density / kg m” Crystallinity xy
iPP 906 63
HDPE 956 70
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Table 3-4 Structural charactenistics of the sample specimens for SAXS mesurements,

sample Density / kg-m”™ Crystallinity ¥y
iPP-H 906 63
iPP-L 894 49
HDPE-H 955 69
HDPE-L 940 59
LLDPE 915 41
LDPE 909 37
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Fig.4-10 Scattering profile of HDPE measured at (a) region 1, (b) region3 and (c) region4

10

10

Tegee R

SALS: 632.8nm T,

NIRS: 1200nm %%&
NIRS: 1300nm
NIRS: 1400nm
NIRS: 1500nm
NIRS: 1600nm

T
10" y
g /nm

4

[XP®

-2

T eeee s

(b)

‘,% Ea %Wa:‘z

SALS: 632.8nm

NIRS: 1200nm  wesesmnmmatims g
NIRS: 1300nm

NIRS: 1400nm

NIRS: 1500nm

NIRS: 1600nm

1
-5

2 4 68
10

-2

"
<
L]
L]
L]

SALS: 632.8nm%;%—

11200_4 R
11300_4
11400_4
11500_4
11600_4

6 8
10

-

4
q /am”’

64

-2



—5, SEFRAVEEL T, T OBERICBW T H I RIENFIRE T o7, ZDI &b,
AT FHRRI AR B & IEEEEATE <, A MIGELRIE DS BB L\ FREHT
BNTESRRIE SR R0 BB T L35y oTe, £z, HDPE ThRy 7Hfr B) @
BEEGRENT 01— N2 ->TED, ZORRIBO TRIRBENSEICEL TS
T EMMEZD.

LLEDRERMD, ITHRABELEIE T MRICISY T Rayeigh-Gans #ELTIE72 <,
Mie BLELASEEZ > TWH LREL, BEIRELHEIAES LT/ ey F L.
#1C, iPP LT HDPE DFEE 1 108 2HELBESITT 2 REDRE DR (ke
Figd-11 [2BR3 5. Figd11 LY, PP THIEEETOREREEDS—EL, T Mi
WEH ORI TH B, L, HDPE Tit, 3° £ TEI—ETHH00, £hd D bIEAMR
T4 —E LAV, Figd10 OREE ST TE LS &, HDPE Tid Mie BEDH72
53, FEOBEINEI-TNDLEX DN, SRS DITEHRRNZT > TVCE
5.

Mie BrEL T3, ASGRE L DRI AR Fh bOBES , FHRER IZRITS
HELRE [ TRENS Y.

LA, +i,) | 4
J(e)y="02 1 " 27 (4-5)
© 87%R?

TG, B LUBITFNFREESER L UM T EOREEREL LT D MieDFRE
25 =R ThD., MieDHEE T A —F [TEELR & FOFBH & O ETEn, BE
5 p—F g BEVODBEE ChH D, BHE/ T A—F o [3Eq46TREND.

ax=— (4-6)

T ITC, dYEEEOERTHD.  MieDHEE/ T A —# | Iegendre ZTRZN, - Bessel B
B AT o ERERECER SN WA, BT, PPICHLT, EREVELNE

65



Intensity /arb. (a.u.)

Intensity /arb. (a.u.)

10

® 1200nm
1 e 1300nm
® 1400nm
0.1 $ 1500nm
& 1600nm
0.01 2 o
N
0.001 LIPS |
00001 1 | I 1 1 1 | ] I I 1 § | | ]
0 2 3 4 5 6 7 8 9 10 11 12 13_14 15
6/
(8) iPP
1
6
4 ® 1200nm
) & ® 1300nm
® 1400nm
0.1 8 @ 1500nm
" @ 1600nm
2
0.01 b 4
s § 8 2 é ; : | .
2 L %
co0l—rT1TTTTTT" T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
6/
(b) HDPE

Fig.4-11 Angle dependence of scattering intensity for iPP and HDPE measured at region 1.
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Figd-13 Polarrized optical micrograph of iPP.
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Fig.4-14 Scattering angle dependence of Mie scattering intensity parameter for iPP Spherulite.
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Fig.4-19 Stress-strain curve of HDPE-L
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Fig4-21 Stress-strain curve of LLDPE
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Fig.4-23 Stress-strain curve of LDPE

86




1417205 spyord §X V'S Jo souapusdap urens 7481

FA ] . Z
+ 0l L9'L O
8L ©

—— 0L O

0% © ZvL O

0o s Fo_. _ el O

009 © “ 5 §Z'L o

055 O : 8 LU

857 © Eor & oov

b O ¢ < .

GLE O . 5 4eo0

£E'E O : S oo

76T O E 0L 0550

T O K 1990

6 O - £85°0

WL Al : 0050
E 0 ulens

Z ]

5L { o0t P

197

852

05°Z

vz 0

€8T X 2

522 : L

LT E o0l 2

80°Z e <

202 - > 0050 <

00 : ) L0

i Eo | €580 O

el £ 0520 O

s I - 1940 ©

ik £28°0 O
E o1 uens

‘que/ Ayisusiu|

87

‘que/ Aisuaiul



BEX

1)
2)
3)
4)
5)
6)
7)
8)
9)

K. —h. Nitta, M. Takayanagi : J. Polym. Sci. 38, 1037 (2000)

H. G Kiliam, M. Pierralla : Polymer 19, 664 (1978)

S. Osawa, R.S. Porter : Polymer 35, 551 (1994)

M. F. Butler, A. M. Donald : Polymer 38, 5521 (1997)

J. Martinez Salazar, F. J. Balta Calleja : Polymer Bulletin 2,163-167 (1980)
S. Krimm: Fortschr. Hochpolym. Forch. 2, 51 (1960)

R. S. Stein: J. Polym. Sci. 2, 166 (1958)

R. G Snyder : Amer. Chem. Soc., Polym. Preprints 8, 1115 (1967)

R. G Snyder : J. Chem. Phys. 47, 1316 (1967)

10) A.Tanaka, S. Onogi : Polym. Eng. Sci. 3, 235 (1983)

11) A. Tanaka, Y. Fukuda, H. Nagai, S. Ohohi : J Polm. Sci. Polym. Phys. Ed. 27, 2283 (1989)
12) /NEFARER, EEEE, EARE MR F16% 1685 (1967)
13) BOTFEER  [FEOTERF6 BoFoiEt Q) HIlERTERE, €

SIHRR, BOR (1997)

14) W4 VT b CAA 2R, Bl —HEER : (7o ATy ad—), #EE

B, R (1985)

15) P.Laven : MiePlot ver3.4.16, http://www.philiplaven.com (5 Oct. 2005).

16) J. Brandrup, E.H. Immergut, E. A, Grulke. Edit. : “Polymer Handbook fourth Edition”,

WILE Y-Interscience (1999)

88





