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We have evaluated the characteristic phase transition and melting behavior derived from the higher-order structure
of polymer materials by differential scanning calorimetry (DSC) and in situ X-ray measurements. Furthermore, by
combining the results of these thermal measurements with real space observations using an electron microscope, we
clarified the correlation between thermal behavior and structure/property in polymer materials. We discussed the phase
transition behavior from the orthorhombic phase into the hexagonal phase during heating of melt- drawn ultrahigh-
molecular-weight polyethylene (UHMW-PE) samples with different molecular weight characteristics, and revealed that
the perfection of the phase transition and the width of the temperature window of the hexagonal phase during heating of
melt-drawn UHMW-PE samples depend on their higher-order structure reflecting molecular weight characteristics. The
melting behavior of polyethylene/polystyrene diblock copolymer (PE-b-PS) isothermally crystallized at different
crystallization temperatures (7c) was investigated. DSC melting thermograms for PE-b-PS isothermally crystallized at
different 7cs were measured, and a deconvolution analysis was performed. The deconvolution analysis of DSC profiles
was useful for evaluating the constitution of crystalline domains in the bicontinuous crystalline/amorphous structure of
isothermally crystallized PE-b-PS.

Keywords: polymer materials, higher-order structure, phase transition, melting, differential scanning calorimetry (DSC),
in situ X-ray measurement

1. [ZC&HIZ (ZD8) X HHENP LRI L, & bICHEZEMBILE LA
BOED LT, M FMENIRT 2B EE) LS - B

« JEf - K
IS U CHME R mREE 2 TR 5,

PEL OB Z A L T a7,

VI BT DIFFERRIC OV TR T 5,

AFTIE, @y FHlliE D BE0Tm Y 7IEAKT 4

DOIEFUERIE 7 4 v 5 TIERIT Y 7272285 (FCC) 2D
DERERE DS RET D OITK LT, —EhIEIC L0 4181
Zr BRI S/ EEUEE (ke I OvE v SRR
(ECC) MR E I, BRI LY Zh b Offiks &
ERPEHIHAG D S sl mkiEE % & 5, mEkiiER
Z OB & BB L TR Y, FlxiX, EEm ECC
DOFRILEIRE « MR E 7259,
ZOXIBRE ST OBERBEDOEVNCL Y, ZOEWZE
LT 5, K, ERNRyFEOMKRICE ST b
0 E—Z bR b 72 DT RER AR - AR, &k
WEL MRS 5 L CEERERE 2D, T THRLIE, &
DTMEL O B RAEE S b 72 O TR 2 iR - Bl
i B 2 R AR (DSC) MIER X OFHIRIERE D in situ

Netsu Sokutei 49 (2) 2022

55

2. &N T

ED T ERY =F L (UHMW-PE) i 13 iss e - &
WHERZRL, n—70%xy b, B#RERSIHET SN
TWDA— =il >—>TdH 5, UHMW-PE #1350 7
ﬁ%m%%ﬁWK%EKMWéﬁ55W%%&“K;D@
mEnb, BONIWHEITIZIE ECC DATHEREINTE
v, ZORFIREEITPEIC k%<%@féo:@i5ﬁﬁ
W PE 3B 28R /1 FCTONBA L 72 & &, PE O@H Ot T
HOHEFT N O AT EERRE L CORBIERME~ L ERET 5
ZEBRMmBEN TV (Figd, FHREAD, 519 ZORFHO
e RENL, PE O &/ ERESLIZB W TR SN AHONE Y

/lﬁb

© 2022 The Japan Society of Calorimetry and Thermal Analysis



2021 AL B ABRIE A2 B2

A
_
<
o
—_
E ----------------- .
©
—
8_ Orthorhombic
5
= 135

Stress

Fig.1 Stress-temperature phase diagram for UHMW-PE. The
solid arrow represents the heating process for an oriented sample,
and the broken arrow represents the melt-drawing process.
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Fig.2 DSC melting thermograms for M-100/0, M-50/50, and
Ziegler melt-drawn samples.”

Fig.3 TEM images of (a) M-100/0, (b) M-50/50, and (c) Ziegler
melt-drawn samples. The oriented direction is horizontal."
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Fig.4 Temperature dependences of retractive stress along
oriented direction recorded during heating with corresponding
changes in in situ WAXD patterns for (a) M-100/0, (b) M-50/50,
and (c) Ziegler melt-drawn samples. The oriented direction for the
WAXD patterns is horizontal. The crystalline reflection region on
the equator is enlarged. The temperature in Celsius is indicated
for each pattern.) (Color online).
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Fig.5 Changes in integral intensities of hexagonal 100 and
orthorhombic 110 reflection peaks evaluated from equatorial 26
line profiles: (top) M-100/0, (middle) M-50/50, and (bottom)
Ziegler melt-drawn samples. The broken arrows indicate the
incomplete transition temperature window, and the solid arrows
indicate the complete transition window."
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Fig.6 Changes in integral intensities of hexagonal 100 and
orthorhombic 110 reflection peaks evaluated from WAXD
profiles: (top) Commercial and (bottom) melt-drawn UHMW-PE
fibers. The broken arrows indicate the incomplete transition
temperature window, and the solid arrows indicate the complete
transition temperature window.?
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Fig.7 Schematic of constraint distribution for (a) commercial
and (b) melt-drawn UHMW-PE fibers. Commercial fiber is the
strand consisting of original single yarns, and the melt-drawn
fiber is the cohesive fiber prepared by fusion adhesion between
twisted single yarn surfaces. The difference in constraint state is
represented by a color gradation indicating a state of less
constraint (bright) and more constraint (dark).?
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Fig.8 DSC melting thermograms for isothermally crystallized
PE-b-PS samples prepared at different Tes.®)
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Fig.9 A typical result of peak fitting for a DSC melting
thermogram (7. = 80 °C) resolved into broad (yellow line), lower
(green line), and higher melting peaks (blue line). The grey dots
indicate the observed data. The red line indicates the resultant
fitted curve including these melting peaks.® (Color online).
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