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A Study on Crystallization of Thermoplastic Aromatic Polymer

Dong-Cheol Park*, Chang-Wook Park**, Do-Hoon Shin*, Yun-Hae Kim**"

ABSTRACT: Thermoplastic composite has been limitedly used in high performance aerospace industry due to
relatively low mechanical properties even though it has various advantages. But, thermoplastic aromatic polymer
composite has recently been researched and utilized much. In this study, PEEK and PPS neat resin film as
representative thermoplastic aromatic polymer were processed through continuous heating, cooling and reheating
cycle. Property change such as glass transition temperature and melting temperature were identified and crystallinity
variation by different cooling rate were evaluated. In the first (heating) run, polymer specimens were kept for 5
minutes at higher temperature than melting point to remove previous thermal history, and crystallization reaction was
controlled by adjusting cooling rate to 2, 5, 10, 20 and 40°C/minute in the second (cooling) run. In the third (heating)
run, specimen crystallinity were verified by measuring the melting enthalpy. The initial specimens containing high
portion of amorphous structure exhibited cold crystallization and clear glass transition in the first run whereas they
did not show in the third run due to the increase of crystalline structure portion. As cooling rate decreases through
the second cooling run, the crystallinity of the specimen increased. PEEK polymer had 21.9~39.3% crystallinity
depending on cooling rate change whereas PPS polymer showed 29.1~31.2%.
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Fig. 3. Thermal cycle for PEEK specimen
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Fig. 4. Thermal cycle for PPS specimen
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Fig. 5. DSC data for PEEK specimen with cooling rate - 40°C/min

Table 1. 1°* Run (Heat-up) result for PEEK specimen

Samples Eg AHc 'Em AHm |Crystallinity
O (/g °C) (J/g) (%)
1 145.7 24.4 334.9 37.5 10.0
2 145.9 20.9 334.6 30.9 7.7
3 145.7 20.9 334.3 30.6 7.5
4 145.7 25.9 333.2 41.8 12.3
5 145.5 20.9 334.6 32.3 8.8
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Table 2. 3" Run (Heat-up) result for PEEK specimen

Cool Rate Tg Tm AHm Crystallinity

(°C/minute) (°C) (°C) (J/g) (%)
2 152.5 340.3 51.1 39.3
5 153.7 339.9 37.9 29.1
10 152.1 338.9 38.8 29.9
20 149.2 337.9 34.6 26.6
40 150.7 336.9 28.5 21.9
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Fig. 6. Crystallization versus cooling rate for PEEK specimen
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Fig. 7. DSC data for PPS specimen with cooling rate - 40°C/min
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Table 3. 1°' Run (Heat-up) result for PPS specimen

Samples ;[‘g AHc 'Em AHm |Crystallinity
) (/g Q) (J/g) (%)
1 88.0 25.9 277.8 42.4 10.9
2 87.6 27.0 277.3 38.8 7.8
3 87.1 29.9 277.2 45.8 10.6
4 86.7 26.5 277.9 43.6 11.3
5 87.4 314 277.3 459 9.6
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Table 4. 3" Run (Heat-up) result for PEEK specimen

Cool Rate Tg Tm AHm Crystallinity
(°C/minute) | (°C) (°C) (/g (%)
2 97.6 279.8 47.0 31.2
5 103.0 278.6 46.4 30.9
10 95.4 276.9 46.2 30.7
20 99.6 276.6 45.1 30.0
40 98.5 275.2 43.8 29.1
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Fig. 8. Crystallization versus Cooling rate for PPS specimen
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