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The annealing effects are studied based on the comparison between the experimental results and the calculated
ones by the phenomenological model equation with parameters obtained by the quasi-isothermal temperature
modulated differential scanning calorimetry. We have clarified that the shift of the maximum temperature in specific
heat toward low and high temperatures with annealing time originates from the two effects produced by the annealing;
the decay of enthalpy toward the equilibrium and an increase in the relaxation time during annealing. We have also
clarified the origin of two maxima in specific heat observed at high and low temperatures in the glass transition region
in the annealing experiments in polymethyl methacrylate(PMMA). The higher maximum originates from the history of
cooling and heating, and the lower one, from the annealing history. We have proposed that the apparently different
behavior in enthalpy relaxation in polystyrene and PMMA is originated from the same mechanism.

Keywords: enthalpy relaxation, glassy polymers, memory effect, differential scanning calorimetry

it Fni
Waki Sakatsuji
E-mail: sakatsuji.waki.Sn@kyoto-u.ac.jp

AN
Takashi Konishi
E-mail: konishi.takashi.8c@kyoto-u.ac.jp

HA 5
Yoshihisa Miyamoto
E-mail: miyamoto.yoshihisa.4z@kyoto-u.ac.jp

[ ¥

Netsu Sokutei 44 (4) 2017 © 2017 The Japan Society of Calorimetry and Thermal Analysis
139



1. [FC&HIC

H T AR TR O B R & Fox OBRIRF R O HR & A
YT ENRTE D, RO TIL, FOREREH (5%
FORER) (BB LR ORI L, RESELR L
SNER ORISR U TRITBRBIAIITHT L WV ECEERIR R~ & 2
T 5, WEMNMETT2E, ROBFREEIIEIRIRER & R
EIZR0, ESIZEENTN-TH T AGBIRELLTIZ 2
5 &, ROBEFRERNIIBRRFR LV T LR e b, Fx
@ﬁMﬁWWTiI%h%AL#é ENTERL 2D,

Fig.1(a)l%, WY A F L BT A XL E—FEROHE
BB O —fl 2R L TW5  (FMIEEEIL 10 Kmin), JF
s 3 172 & DI T ATERWE & miRk ORI ED & i
HLTWL &, BT H T AT W CREBEIRIZ K
4% (Fig1(a)® cooling) —75, W7 RRENLIMELL
TV TIE, H 7 AEBERO &IRAIZHENRFE Tl
BonzrolzbBor—7 »Ell&ns (Figl@ D
heating) , @D X 9 e BRI —fRIC = 2 H L E—FEF & FEE
nTnsd, ZoRBAOE—7 (EWA L RET D) OK
EZ Cp o VE— I LEDWRE T [ FBIEIIKTTFT D,
Z0E, BRESEEOCHIESRE, 77 ABBIRELIT TO%R
T == PIc kY, TORE SRMBNET D,
WY A RAE, H T ARBIRE LY LIRRICHI %
ﬁl@ﬁﬁ\fﬁﬂé%@%&;éo Zo XS, BUERZ X YT

ZBENEZ AT, FEBRICES W THE oMK
&If‘jﬂ:/
j'éuar

SEEAHEN A, TV —ERNIT T A5
HRO—BITH %,

T

Fig.1 (a)Specific heat against temperature in the cooling
process from the equilibrium liquid state to the glassy state and
heating one from the glassy state. (b) Schematic plot of enthalpy
in the cooling and the heating processes from the glassy state.
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Fig.2 Temperature dependence of the real (upper) and the
imaginary (lower) parts of specific heat for polystyrene. The
symbols represent the experimental data. o: P = 20 sec, A\: 30
sec, [1: 50 sec, <: 100 sec, +: 200 sec. The dotted, solid and
dashed curves represent C,” calculated for P = 20, 50 and 100
sec.
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polystyrene. o: results in our study'®, 0%, &), and +
TMDSC data. The solid curve represents Eq. 3 with S.(T) =
Se4(T) — S9(T).
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Fig.4 (a) Real and (b) imaginary parts of normalized specific
heat for polystyrene. o: P = 20 sec, A: 30 sec, [1: 50 sec, :
100 sec, +: 200 sec. The solid curves represent the calculated
ones by Fourier transform of 1—¢ (#/7).
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Fig.6 Specific heat in the heating process after annealing at
95.8 °C for t, in the range from 1 to 10° min for polystyrene. (a)
Experimental results and (b) the results by the calculation 1.
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