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Analysis of Thermal Degradation Mechanism by Infrared High-speed
Heating of CF-PEKK Composites in Hot Press Forming

Kyo-Moon Lee*, Soo-Jeong Park**, Ye-Rim Park**, Seong-Jae Park*, Yun-Hae Kim***'

ABSTRACT: The application of infrared heating in the hot press forming of the thermoplastic composites is conducive
to productivity with high-speed heating. However, high energy, high forming temperature, and high-speed heating
derived from infrared heating can cause material degradation and deteriorate properties such as re-melting
performance. Therefore, this study was conducted to optimize the process conditions of the hot press forming suitable
for carbon fiber reinforced polyetherketoneketone(CF/PEKK) composites that are actively researched and developed as
high-performance aviation materials. Specifically, the degradation mechanisms and properties that may occur in
infrared high-speed heating were evaluated through morphological and thermal characteristics analysis and
mechanical performance tests. The degradation mechanism was analyzed through morphological investigation of the
crystal structure of PEKK. As a result, the size of the spherulite decreased as the degradation progressed, and finally,
the spherulite disappeared. In thermal characteristics, the melting temperature, crystallization temperature and heat of
crystallization tend to decrease as degradation progresses, and the crystal structure disappeared under long-term
exposure at 460°C. In addition, the low bonding strength was observed on the degraded surface, and the bonding
surfaces of PEKK did not melt intermittently. In conclusion, it was confirmed that the CF/PEKK composite material
degraded at 420°C in the infrared high-speed heating. Furthermore, the spherulite experienced morphological changes
and the re-melting properties of thermoplastic materials were degraded.
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Fig. 1. PEKK molecular structure and functional group

Table 1. Blank, PEKK properties

Result
Properties
Blank PEKK
Glass transition temperature(Tg, °C) 158 159
Melting temperature(T,,, °C) 344 337
Crystallization temperature(T,, °C) 275 279
Terephthaloyl(%) 70
Isophthaloyl(%) 30

Table 2. The infrared heating condition

Parameter Result

Infrared ray lamp, 3 kW

Heati
cating source (Upper 500W*3ea, Lower 500W*3ea)

Heating temperature (°C) 380 420 460

Dwell time (min) 5and 30

IR-heater

X+5°C for S(or 30)min

somm | [T
20mum

Ne o o/

(a)

Fig. 2. The schematic diagram of positioning (a), IR heating pro-
cess (b) of the CF/PEKK blank

Temperature(°C)
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Fig. 3. Spherical characteristics according to surface degrada-
tion of CF/PEKK by IR heating (x500)
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Fig. 4. The thermal characteristics of CF/PEKK degraded by IR
heating

Table 3. The DSC result as inner/surface of CF/PEKK at 460°C for 30 min

Name DSC Sampling Point | Heating Temperature (°C) | Dwell Time (min) T, (°C) T.(°C) AH_(J/g)
Surface 30 - - -
IR specimens 460
Inner 30 335 260 6
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Lap shear strength(MPa)

q ]

Blank 420°C-5 420°C-30 460°C-5

Fig. 5. Lap shear strength as degradation of CF/PEKK

Fig. 6. Loss of re-melting properties in degradation region
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