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Fig. 1 Equilibrium and nonequilibrium enthalpy of
polymer

(At 3 £ DSC FHE ML B 0300
RIS, — 557 h B A SRS KA
IR JH ¢y B, 55— 47 h BB AR A B
HERRAIIR I o, F A BN

pr= (G, + (1=DCYB (D)
on = SIAH 2)

SR I EE T BRI AS L C, I C
SRR T IR I 25 PR 25 19 LA B S T
LR, A R K, C, 1 C, T FRE AR A

FIBLESAS I 1 AR IR ML A A A 3

d
¢ = (rC, + (1 —r)Cpg),B+d—;AH (3)

HRLEE T 71 AR 285 5 kA Al 3 oy A [m] il 2 T
TERR RS B H ORI, Fevotte R FIRCRL T RLSR B r
{EL, PTRESIABORIR 22 , B BUH P A Rk DA SE
EHABE U T - AT WS S, T -
AT/2 AR RS o, WA

d" r-r
dt AT )
r// ~ % (5)

WA TFE(3) AT LIS 2]

r =
2AT¢" - 2BATC", - B(C", - C" ) AT + 2BAHT’
B(C" —C" AT +2BAH

(6)
b ¢ T - AT/2 PRI, i e, Mo (R T
T, B T, (BUE BT 7 = 0) JF iR, LL AT S92
K, R m(6) Bl R4S B A T iR
A S 1 2 W T 10 K/min [ 5 9 iR
DSC S5 T s 2 BRI AR P BV
DAL B SRR B9 XS BE, AT DL SR Ph 3 0
R IR R R AR5 S B U5 i 2, (HUR IR 22
B8 /N TR AT AL 1) 45 2R, 158 B ok v (B 2 L 72
B S R Dt/ N DL AR B 7= A ) 5 2.

0.8

Heat flow (W/g)

0.4 1

1 1
60 80 100 120 140
Temperature (°C)

Fig. 2 Heat flow of PS recorded by DSC and back
calculated from rubbery fraction optimized by using Euler’ s
and mid-point approximation

Circle: DSC record data; Solid line: mid-point

approximation; Dash line: Euler’s approximation
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Fig. 3 DSC data and heat flow of PS in heating caused by

glass-rubber transition and retardant enthalpy recovery
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Fig. 4 T,s of PS acquired from DSC curves recorded at
heating rate of 20 K/min with different scan times by using

various T, acquiring methods

WFFE A, B AL PR (] 2B, 3 A W6t Bz
SNEINFE Y, A B TV, o T HES I HERR
R S BOS S IR R PR T
TR B T g IR E T A R ol 5t TR [ e 3] 5 00
SEEH A 200 RUBE, BT L T, T 5 1 e 3l =R 3
T, B W N RS A8 B K (B 2 - S % oy
TF-HESNHERI AR AATR, T, RS 1815 R PS 7£ 90°C
IR RAN [ [E] 20 K/ min [ L5 F0AS (] 6 3
REHBMEZE OCIHEREMAY T, Bl vl 0, ok
FEARAMETEAT B T, 0 & PRI 145 3]
() T, , 22 AV AR 5 10 18 53 B S A — 30, (HJ2 Y
AL [A]HE 5 60 min AR R 5 T 10 K/
min J5 , T, B2 L AR AN KB B, £ % 51
T ) 73 AR OF J& T T, 5 BB 3 A 45 R 58 42—
X UL AXT 8 Y T, , T, BE 547 1 2 e
YRR XS SR G ) B 18 AR S A T A8 ) S M L.



1068 =

= 53 ¥ & {14 2010 4
378 382 T MW G158 H T, 377.5 K, Mi5E 4
a S —T - 4| —] Y -
AR TR RE AN BE 2 30 1 4, oh A (] I Ui
377t 1381 v e = A AH, .,
BFE A S AR He BT R AH = T+ (b8)° SRS
2 <
5376 1 38050 FNTCo5 18 el (RIsE 48 4k) J PS FF 5 13 5 45
H7.05 J/g, HIE 6 fhZen] UHESRE LR S T, 0
7 17 390.9 K. WA B, 7E 20 K/min O FHE AT,
R PS ) T, B0 39 AL A JE A [ 22 377.5 K %
MT0T20 40 60 80 100 120 390. 9 K =[] 454
Annealing time (min)
380 384 o Different scan times
b 384 O Different annealing time
A Different cooling rates
378F S 1382
5]
_ 382
< >\ < <
= 376f S 1380 = 5
= NS = = 380
o
374} \9‘<o 1378
378
T 10° 0" T 0 2 4 6

Cooling rate (K/min)

Fig. 5 T,s of PS at heating rate of 20 K/min after cooled from
150°C to 0C
a) Annealed at 90°C for different times; b) Different cooling

rates
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GLASS TRANSITION TEMPERATURE OF POLYSTYRENE
DETERMINED BY DSC REVISITED

LIU Guodong, ZHANG Fuqiang, ZHANG Lijiao, WANG Yanli, FAN Liubin
([Institute of Polymer Science and Engineering, Hebei University of Technology, Tianjin 300130)

Abstract The method of reconstruction histograms of glass transition temperature from differential scanning
calorimetry ( DSC) thermograms proposed by Fevotte was improved, and the temperature related with half
rubbery content T, was defined as an new parameter for glass transition. The rubbery fraction was obtained by
deduction of the heat flow caused by retardant enthalpy recovery from the recorded DSC heat flow. The revisit
of the glass transition behavior of polystyrene ( PS) by using the modified Fevotte method was described in this
paper. It was found that T’

ghr

of PS is about 4 K higher than that obtained by using the widely used half specific
heat capacity (C,) extrapolated method. The reproducibility of T, acquired by the modified Fevotte method was
improved compared with that using the methods provided by the general commercial software. When the effect
of annealing time and cooling rate on glass-rubber transition behavior of PS was investigated, the modified

Fevotte method shows its superiority. It was found that T

e Of PS increases monotonously with increasing

annealing time and decreasing cooling rate. Polymer with different thermal history usually shows different T,.
T, of PS was predicted to be in the range of 377.5 K to 390. 9 K depending on physical aging extent. Also it
is indicated that the physical aging mode has little effect on polymer 7.

Keywords Glass transition temperature, Differential scanning calorimetry, Physical aging, Polystyrene





