Netsu Sokutei 26 (5) 161-172

BEZFEDSC THIERFORERIL, MEXXT17X

FHIGEZ

(S 1999410 B28 H, A : 1999411 A10H)

Crystallization and Melting Kinetics of Polymers Revealed by TMDSC
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Based on the expression of the apparent heat capacity with the contribution of transition
kinetics, the applicability of temperature modulated DSC (TMDSC) has been discussed. In
order to examine the kinetic response in the apparent heat capacity, the details of the frequency
dependence has been examined. On crystallization, the kinetic response appears only in the
imaginary part, and the temperature dependence of linear growth rate is obtainable from
TMDSC data alone. In the melting region, the apparent heat capacity shows strong frequency
dispersion. From the heating rate dependence of the characteristic time, one can evaluate the
superheating dependence of melting rate. TMDSC can also differentiate re-crystallization and
re-organization from melting since the temperature dependence of those processes is expected

to be weak enough compared to melting.
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Fig.1 TMDSC results of Poly(ethylene terephthalate)

at 1Bl = 3.0 K min~! and period = 28 s under
heating (cooling) only condition.
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Fig.2 Schematic representation of a saw-tooth

modulation in temperature and the corresponding
heat flow.
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Fig.3 Plots of (a) (1/Co)? against @? and (b) ¢ against
w for the quasi-isothermal measurements of
aluminum at —12°C. The modulation periods
were 18, 22, 28, 40 and 78 s. The purge gas
was helium. The modulation amplitude was
0.2 K.
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Fig.4 Time sequences of polyethylene crystallization:

(a) exothermic heat flow, (b) heat capacity, (c)
phase angle and (d) d(In G)/dT under qugsi—
isothermal condition of Ts = 127.5°C with T =

0.2 K and period = 52 s.
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Fig.5 Plots of the (a) real and (b) imaginary parts of

the apparent heat capacity at the crystallization

peak of polyethylene during slow cooling of 0.01

K min~! with Ty = 0.2K.
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Fig.6 Plots of the time sequence of the real part of

the apparent heat capacity (O) overlapped with
the integrated heat (thick line) obtained from the
heat of
crystallization under qu;asi—isothermal condition
of Ty= 127.5TC with T = 0.2 K and period =
52 s.
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Fig.9 Frequency dependence of the (a) real and (b)
imaginary parts of the apparent heat capacity
in the melting region of PET crystals under
heating only condition. Heating rate dependence
is shown in (¢). The modulation period in (a)
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Fig.11 Logarithmic plots of the characteristic time, 7,
chosen for fitting such as shown in Fig.10.

At
$0(Tm) exp[- A dy R(AT(y))]

#(At > 0) (17)

1L, At=0TT,=Tn, I7¢o(Tw) BRSO FEET
Hb, DL ERBIIED BBEFH Foenl) 1, ¢l2XHEL
TorHzkEND,

d {e ]
&mm::Ayaﬁtmmmm) (18)

72770, AHRROLI LY —F{bTh s, BEERIL
BEBEAT Y ERL, BBEERERAT) B L UTERILE
PVBREEROBELZIILILIIL Y, BENIZREE
1 5 BT Froen(1) RSN D,

ERAR HEEERIOTT S (16) ~ (18) NldBEEtE
WX DB 52 EATCE S, Fig 121X R o< AT T
BROBESERESH L C0EEEOKETFTRT, 7
BEMECOBRRBRERIEREREY I T{ERLTY
b, E—= 7 OEFMETOT— 5y OIS, BATHER
DED DI EFERE L VA EEPEA VWAL %
FLTWw5,

—BBRESHEOBEIL, BEXAT 4 7 ADEEE
BT IBBELTUTOL I EELINLDT, BT
LB e3sZ ENTE S,

Foeit(t) = Fuen + Fpw)Tye™t + ... (19)

(20)

Fmelt - ,6 AH ¢0

T = Beo / dte®t Fou(t)  21)
E@?: &, BEEEAKR, B o ¥ /MNRIBORELEH

Teeio ZBLTRRETAZ LY, (17)~Q21) 25
() FriZLFo X Hi2kF 5,

Netsu Sokutei 26 (5) 1999



BEZFADSC THLESTOHAI, BBFAT 172

i T LI 1 T 1

T (@ -

lower
\

—~

Normalized AC

05 M

Phase Angle / deg

(AC" ~Co)/(| Frnetl! B)

o6} A A

A (d) |

02 A ju} -1

AC" (|1 Fmend/ B)

~

0.0

06

(e)

04 -1

02

AC"I{(1F merl/ B)

0.0

0.0

(AC ~C)/(F et B)

Fig.12 Numerical simulation results of the apparent heat
capacity in (a) and (b) determined for a Gaussian
distribution of melting points with R = 0.74AT,
B = 1 K min~! and the modulation periods of
2, 4, 6, 10, 20, 40, 80 and 150 s.
dependence is shown in (c) - (e) for three

Frequency
different temperatures marked in (a) and (b) as

(1) O, (2) &, (3) [J. The fitting lines represent
the analytical solution for RocAT.
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Fig.13 Plots of the "total" heat flow (thick line) and
the “"reversing” heat flow (thin lines) in the
melting region of (a) polyethylene and (b) nylon
6 crystals. For polyethylene, the modulation

periods are 24 - 100 s with the heating rate of

0.4 K min~! and, for nylon 6, 28 - 100 s and

1.6 K min—!. Symbols represent the "reversing”

heat flow extrapolated to @ —0 (O) and to —©

(D).
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Fig.14 Typical examples of Lissajous diagram of
modulated heat flow and sample temperature.
(a) Experimental result in the melting region
of PET crystals and (b) numerical calculation

results of the present modeling with R < AT.
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