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New thermal analysis methods, the simultaneous measurement of differential scanning

calorimetry (DSC) with X-ray diffraction (DSC-XRD) and Fourier transform infrared spectroscopy

(DSC-FTIR), were discussed as a tool for thermal characterization of polymeric materials. The

crystallization process of poly(ethylene terephthalate) from the glassy state and the molten state

were observed by DSC-XRD and DSC-FTIR. Molecular mechanism of crystallization process

was discussed from conformational and structural viewpoints. The stacking of aromatic rings

due to m-electron interaction caused the nucleation process. Conformational ordering of aromatic

part and ethylene part proceeding individually and positional ordering contributed to crystallization

enthalpy. The pre-melt crystallization and secondary crystallization process were occurred by

the compensation of disorders between conformational ordering of aromatic part and ethylene

part.
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Schematic structure formation of polymer form random coil (A) to nucleation (B), lamella formation (C),

spherulite growth (D) and alternate structure of crystal and amorphous phases (E).
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Table 1  Crystal modification of PVDF.

Conformation Parallel packing  Antiparallel packing

TTTT 1(B) VI
TGTG' v (o).
T:GTG' HI(y). v
T, DFHITFEAT Sy R oL b0, BT —DHR

FE-AL PO PSR TRR L, BHEDRLH

DOTPVDFIZFESES ST L L THLR TV 5, iz,

[BEREIRKOBRESBEFOL0, EEEFLREELT
ERIIEH IR T 5,

aAVEA—T 2 YORFIIET AEERIL, s s
STURREILL o THAIENTED, BEBIZEHLTI
XBEIHEIL L 200K TH L0, BT TIIHEE
MY 2158 (LMESRE) WILASERT, RAMTC
¥ 2468 (BEEME) /NEERTELRLDT, #
X7 MV (g=4r sin 6/4) TO.0l nm 1251 nm 12
BEOLVERTOMENIATRIZ 5, ELAFRF L X #
EOZRILOEIH B VIEEE S - v s, HBHWVWIERE
FHARIVRIXA <Y F VOB D» L EREBLIEHNTE
%,

3. REFRIEE

3.1 &

DTA L OBEOFEHIER, 1970 ERDP LA 0E
ERALNTET, FISEHEL ORASDRIZL D HE
EEERNETH LS, K IFL 2 EOHEREEIE

Netsu Sokutei 26 (4) 1999

143

BEINTEL, #OHNE, 27 —HOBEBMERDSCH
FTHREIZE>T%, DTA-XRD FEllE&E M A»
DEFFEIL > TRIEE R T 59, BEERIS RS X
BWHABHEORET TN, BEXL 77 LY AZLDSC-
XRD FBFHEREE # ER L - OFHRGOEBE Y Th 5,
LU, X#OHFE DSCOBFED F 4 LA —VhTKE L
RLbORNVERNTE 2o, FABIEORY TS
FHELT, MEOHEDS A LA — LHTEREI 2D
ZENFETLND,

ERFEEFERN 2 Tk LTHRIZTA7201243, #4
LHEMGER S o7, MO TEEE LR XBERELELTY Y
70 b0 RSP REHESICHETES L IR D,
S 6L ERBRLEE (PSPC; position sensitive photon
counter) A X=X 7L —FELIZIICCD I AT
EDOEEX B FORIT, DSC-XRD FEHIENSBE
Y22 81lh o7, FHIZDSC-FTIR FRAIECIE, 7
=) LERERCEEETEL O EFELBHE Y — ) I
BET, SHEEOLE, TiEl TGS (deuterated triglycine
sulfate) ®*MCT (mercury cadmium telluride) ARH257%
EOBEBOMENERLE S5 LT 0D,

FEDY 70O RERRERTR, W ohDRER
MERADSCEBVFBEIN TSI, HIA T —H#
DHEWFEADSCEHVTWVLY, A FYADTL—F6 &
FADINV =T IHAOREBHEERDSCEHVTWE,
&, OEFEREXBEBLRIHT L5 1 FODSC-
XRD EEVBFEH, LTI TS, DSC-XRD [
HE I HBL T, DSC-FTIR BEEHIZE CIZIR BEA W2
ODUAHEZ LB L TR 2L, IRBNO
AEVEM TV TR VR E, BiE LR
KEL BB, FADTV—TTHNT VA DSC-XRD [FlBE
HEOHE, BT B E0ORBEIIHI ~5 mg,
B A RE X B EEREB OB EIRH10 mg TH DO
LT, DSC-FTIR FEHME CIZRBEIZ0.5~2 mg TH D,
$7:DSC-XRD [EHHEDHEE, 7V I L0RARE
BERCAOTEROES 10 umBEICTTHELTAZ
EHTEETH 2HY, DSC-FTIR FRHME DB AL ER
FTHHFIENA ) T4 (KBr) HAVIEH 774 7HIC
BRESNAZOTESIZ0 2~ mmBEIZL L, S0,
DSC-FTIR FFRAIE v 5 FRHAEE DSC H B I BIRAE
ThHHIEDNERINE,

3.2 ERFAIEADSC &8

Fig.3 124D 7V — 7 THOTW A REEHERDSCE
BOFHLVHEF 27T, CORBELA T4 VAV
AV EDRFFFETERLZDDTH L5, HEOL—
MOV IRIIEEHBICEES mm OV Y SR - &
V77 ATV —DEEENTWS, MFLY i34



60060

n 0O s O
Fig.3 Inside view of sample cell and sample vessel:
heat sink (e), reference holder (g), sample holder
(h), thermocouple (j), silver lid (m), sample
pan (n), window (o), sample pan lid (p), sample

(s)9).
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Fig.4 Crystal and molecular structure of poly(ethylene

terephthalate).t?
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Fig.5 DSC heating curves of PET obtained by cooling

at 5 K min "' (a) and quenching (b) from the

molten state.
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Fig.6 The simultaneous DSC-FTIR results (A; FTIR,
B; DSC) of amorphous PET during heating at

5 K min—1
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Fig.7 Comparison of DSC heating curve and absorbance
changes of IR band at 896 cm~! (@; CHz, G),
848 cm ~! (&5 CHy, T) and 973 em ! (O3 CO,
T) normalized by the absorbance at 795 cm !
for amorphous PET at cold crystallization

region.
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Fig.8 Comparison of DSC heating curve and absorbance
changes of IR band at 896 cm~! (@; CH;, G),
848 cm ! (O CHa, T) and 973 cm ~1 (O; CO,
T) normalized by the absorbance at 795 cm ™!
for amorphous PET at pre-melt crystallization

region.
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The simultaneous DSC-SRXRD results (A;
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Fig.10 The simultaneous DSC-XRD results (A; XRD,
B: DSC) of amorphous PET during heating at
5 K min—1 a(110°C), b(1207TC), ¢(1307T),
d(140°C ), e(150°C ), f(160T ), g(170C),
h(1807C), 1(200C), j(220TC).
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Fig.11 Comparison of DSC cooling curve
and relative absorbance changes of band at 896
cm ! (@; CHy, G), 848 em 1 (O; CH2, T} and
973 ecm ! (OO ; CO, T) normalized by the
absorbance at 795 cm ! for PET at crystallization

region during cooling from the molten state.
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Fig.12 Temperature change of one dimensional
correlation function of electron densit
y

distribution for PET at crystallization region
during cooling from the molten state. AQ250C),
B(230°C), €(210C), D(190T), E(1707T),
F(150C).
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Fig.13 Comparison of DSC heating curve and absorbance
changes of IR band at 896 cm~! (@; CHa, G),
848 cm~1 (O; CHa, T) and 973 em ~1 (O CO
T) normalized by the absorbance at 795 cm !

for amorphous PET at glass transition region.
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