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ABSTRACT: The effect of trimethylphosphate (TMP) and calciumacetate (CA) as a nucleat-
ing agent on the crystallization of PET was studied by means of nonisothermal crystallization
kinetic analysis. TMP and CA were added at the stage of polycondensation reaction.
Nonisothermal crystallization thermograms obtained by differential scanning calorimetry
(DSC) were analyzed based on the Ozawa equation. Thermal studies clearly showed that the
addition of TMP and CA resulted in decreasing the crystallization temperature obtained on
heating scan from the glassy state and increasing the crystallization temperature obtained on
cvoling scan from the melt. The values of the Ozawa exponent # varied in the ra..ge of 1.1 to
3.9; non-integer values are indicative of heterogeneous thermal nucleation in the crystalliza-
tion procedure.
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Table 1. Identification of Samples

sample TMP/PET repeating unit CA/TMP mole ratio

code (mole%)
Al 04 05
A2 0.4 2
A3 04 4
Bl 1 05
B2 1 2
B3 1 4
Cl 2 05
C2 2 2
C3 2 4
D1 4 05
D2 4 2
D3 4 4
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Figure 1. DSC crystallization exotherms during

heating of the D type samples.
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Figure 2. DSC crystallization exotherms.during cool-
ing of the D type sample. '
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Figure 3. DSC crystallization exotherms of D1 ob-
tained at different cooling rates.

233 &8 FIVMZE7] "Reld. o H:s
Legras §9" 7189419] %= 243 250 B A
T UE 5 718Ae] Yol FEFE 2H3E 459
Z71el Wt Ty7t 2asn Tt 7isEe 29
L@t ol Z|AA 7t Hrisol n¥A ZF 3
%llA nucleation sited] A& s YA =
o] W g F7HAIF17] doirt

Fig. 3& D1 Algd] dslq ¥z £5& 5, 10,
15, 20 T/min2 22l¥ =W AYHQ u|5& 2
33 A%E Jeld afez Y7 £59 F7l= Y
Z A 2R3 25 & AHAIIA € ols ¥g &
T F712 EAAkEe 540l 8438 AHsiE)
o g &9 Fig. 4= Fig. 39 37 £54
2 239 ZA3} ddvaz e 3§ 2T
HsE JERd JgZo|d. o] axE 254 e
¥zt £ AojdlMq o= R E £59] Fo|& B

ol
AR ST

Ozawa =" 3 ZA3le] $E27 A4 AA8}
a2l Avrami o|&& BT ZAsld o HE
A7

F3

1n[-1n(1—L;l)]ﬂnfx(r)]wmm
© 1)

0.8 -

Relative Crystallinity

02

0.0

140 160 180 200 220

Temperature, °C

Figure 4. Plot of relative crystallization as a function
of temperature for D1 at different cooling rates.
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Table 2. Rate Constants and Ozawa Exponents at
Various Crystallization Temperatures

Ozawa rate corrected
sample temp. exponent  constant rate constant
() o o
Al 215 2.4 1.60 1.80
210 2.2 1.20x10 2.96x10
205 22 6.88x10 3.20% 102
200 24 1.89x102  7.01x102
195 33 423x10°  1.98x10%
190 2.9 263x10°  345x103
185 34 250x10*  7.60x103
Bl 215 2.4 340 462
210 23 1.40x10 3.10x10
205 26 8.60x10 1.71 x 102
200 2.3 1.32x102  583x10?
195 2.9 153x10°  197x10°
190 2.7 175x10°  4.01x10°
185 2.3 1.28x10°  1.13x10*
Cl 215 38 4.38x10 1.98x 10
210 38 247x10*  7.74x10
205 34 393x10*>  1.95x10%
200 35 1L.77x10°  6.08x10%
195 34 386x10°  146x10°
190 34 1.90x10*  5096x10°
185 2.7 5.14x10%°  133x10*
DI 215 2.9 2.33x10 2.60x10
210 2.8 8.23x10 1.13x10?
205 26 1.42x102  3.04x10?
200 2.1 1.07x10°  7.93x10?
195 2.4 751x102  393x10°
190 1.6 1.63x10*  141x10*
185 1.1 587x10%  355x107
D2 215 33 1.83x10 1.41x10
210 34 1.04x102  6.02x10
205 31 243x10%  2.04x10%
200 2.7 252x10°  4.66x10%
195 31 237x10°  1.84x103
190 2.5 1.28x103  535x10°
185 2.6 2.69x10°  907x103
D3 215 25 1.49 161
210 2.6 151x10 229%10
205 32 1.57x102  1.14x10?
200 35 817x10%  3.13x10?
195 39 9.87x10°  1.18x103
190 33 6.08x10°  275x103
185 36 360x10* 626x103
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Figure 6. Relationship between the glass transition
temperature(T) and the TMP concentration at differ-
ent mole ratios of CA and TMP.
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Figure 7. Relationship between the melting transi-
tion temperature(7T,,) and the TMP concentration at
different mole ratios of CA and TMP.
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