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Abstract: The isothermal crystallization behaviors of blends of poly(ethylene naphthalate) (PEN) and a thermotropic liquid
crystalline polymer (TLCP) were investigated by differential scanning calorimetry (DSC) as functions of crystallization tem-
perature and blend composition. Avrami analyses were applied to obtain information on the crystal growth geometry and
the factors controlling the rate of crystallization. The crystallization kinetics of the PEN/TLCP blends followed the Avrami
equation up to a high degree of crystallization, regardless of crystallization temperature. The calculated Avrami exponents
for PEN/TLCP revealed three-dimensional growth of the crystalline region in each blend. The crystallization rate of each
blend increased as the crystallization temperature decreased, and decreased as the TLCP content increased. The crystalli-
zation of PEN in the blend was affected by the addition of TLCP, which acts as a nucleating agent.
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Figure 1. Chemical structure of TLCP.
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Figure 2. Procedure for isothermal crystallization.
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Table 1. Viscosities, DSC? and TGA Data of Polymers

b c d
Ninh T, Tn T T Ty Tys
Polymers o o o o o o
Y /g (°C) (C) (C) () (°C) (°O)
PEN 0.59 117 255 - - 393 408
TLCP 0.46 - 243 343 211 328 367

*The values were observed on 2" heating DSC thermograms.
"Inherent viscosities were measured at a concentration of 0.5 g/dL in
phenol : TCE : p-chlorophenol (25:35:40 = v/v/v) at 25°C.

“Initial 2 wt% weight loss temperature.

9Initial 5 wt% weight loss temperature.
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Figure 3. DSC 2nd heating thermograms of PEN, TLCP, and
Blends.
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Figure 4. DSC cooling thermograms of PEN, TLCP, and Blends.

Table 2. Thermal Properties of TLCP, PEN, and Blends

Polymers Te T AHy T AH
(°C) (°C) (J/g) (°C) (J/g)
PEN 117 255 25.8 - -

PEN-1 116 255 249 205 29.9
PEN-2 116 255 26.8 207 31.7
PEN-5 113 253 27.0 215 32.0
PEN-10 114 252 31.2 220 37.8
PEN-20 123 259 323 210 36.7

TLCP - 243 18.7 211 1.1

Figure 5. Optical photomicrographs of blends, (a) PEN-10 and
(b) PEN-20 (magnification 200x).
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Figure 6. Crystallization time of blends. (a) PEN-5 and (b) PEN-
X at 220 °C.
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Table 3. Isothermal Crystallization of Blends

T. AH, D.C.

Blends ¢C) (/g) %)
212 32.0 17.0

214 33.2 17.7

PEN-1 216 35.4 18.8
218 37.2 19.8

220 38.5 20.5

214 34.1 18.3

216 34.5 18.5

PEN-2 218 38.2 20.5
220 39.2 21.1

222 39.6 21.3

218 30.0 16.6

220 34.1 18.9

PEN-5 222 37.6 20.8
224 38.4 21.3

226 38.7 214

220 32.5 19.0

222 35.5 20.8

PEN-10 224 40.1 23.5
226 42.7 25.0

228 44.1 25.8

220 19.2 12.6

222 22.8 15.0

PEN-20 224 24.1 15.9
226 24.5 16.1

228 24.5 16.1
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Figure 8. Avrami plots of blends. (a) PEN-2, (b) PEN-10, (c)

PEN-20, and (d) PEN-X at 220 °C.
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Table 4. Isothermal Crystallization Parameters for Blends

<104 X a
Blends ("TCC) n k(fnirll'ol) ) (rﬂiﬁ) (trrrnnn)
212 258 18.10 10.0 12
214 2380 4.61 13.6 13.4
PEN-1 216 280 2.26 176 17.7
208 297 0.58 236 243
20 295 031 297 306
214 274 7.03 12.4 13.0
206 2.65 3.77 17.0 16.7
PEN-2 218 280 1.8 215 218
220 2.60 1.00 28.8 25.7
22 290 0.15 403 39.1
218 286 3142 6.6 65
20 293 11.96 8.8 8.7
PEN-5 222 282 6.75 1.7 12
24 266 447 159 142
26 2.66 255 19.5 18.1
20 265 5194 6.4 66
20 260 4284 7.1 8.7
PEN-10 224 2.70 18.34 9.0 1.1
26 258 13.75 112 14.1
28 327 0.58 177 182
220 249 22498 4.0 42
22 263 8580 53 5.9
PEN-20 224 275 2948 73 8.1
26 265 1529 10.1 10.4
28 265 6.10 143 155

Peak time of isothermal DSC thermograms
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Figure 10. Crystallization rates of blends.
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