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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 5(or 30)min

Iy

domm | [T

4 20mm
v v

Ne o o/

(@)

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. 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




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

35

20
15
10

Blank 420°C-5 420°C-30

Lap shear strength(MPa)

460°C-5

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

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

ZABHLE, WAL PEKKY 24& o] ARze] 4
dhot BAE Gl RQ10R FEHOE 420°C 308 A%
AR E st Fge] WHE oM, ol Aol 4%
371 913t oA L AL o] R A& GAT ol
T}10]. £3], Table 40f|4] 460°C 305 7}gof|x= PEKK®] &
=40 mi 2uH S 2Helshg o, o] = PEKK] 7k
AR So] W Aol uzte
Q1 EAE Z4RA AL TeHEITh v 460°C 305 7}
A el 4 AEA 0] AEE YoM, o L o3
o2 2R YA HES] sk A M st
o Boka Aot A HH O R wdEo] gt BH
oA el sl A% st A e dste
PEKK/} AL4-8 Afetsto] 2 Aske st AR B
o AcH10].

Fig. 5t 2519] 410 oJs) Askel FwlolA ] PEKKS] 4
S5 A0 Sisiof YU dgsigon,
Fig. 30149 293k 2% 2 A8t GL 7t 42000

305, 460°C 74 Al A e R E 7 waE e
Ao g 6) 1A F A8 52 2
o Aol Ayt B 3 R R A5t g ojo] B
o). @stojelol A Aggol olgk 2a Sao] WATA o
o Ao® Hol S EES §5 EAo] 24 Ao A}

2,

olelgt AUE 2 2H9H 14718 el4 CE/PEKK
=gl Aot Wl AUZL A8} A PEKKo]A Zefg 712
o) o] PsskA R, Qs AWE 5 FWO| shw
Aol F7k5 71 E AEEL o g shof Aol 4
Ferol whet A o] 2obx| A HLH11]. o] 429l
SEEE S REREEL R R EE S PN L
e YA = ol 4§ S0l AUH HeE, 4
$8o] Bag AN Yo 487 5 9ok

o>~1

915 CE/PEKK B 34| o] 24 94l 147bel 2.8
of 2 Aot viAUE % S4& Z4317] Hste] FHst

3 24, 4 54 L /A8 45 ABE Agstgon, o

= o
23 2E ARE wETt

1. CF/PEKK =g4]9] @al7} Hage] wet 712759 A
o] of e x| n] HFH 0 A3k G olo] Yo mekat
A k. o) 8§ A Mo] sk AHE A H o] Bk
she, §-§ATA Aoz At

2. LA QA 1147} A] PEKK:= 420°Col| A QA3l7} A=+
0], 380°C 2A-& QPP A A L= S Bl &
3] 2494l helolA] PEKKE: B2 AIZk o] o] 43
§ A8k AAE] ghief 71 §RI A7k Kakwlofof Tk,

3N HAjel A o] Aot AU ET B4 Ao
= gejeta, 4 54 Web} dake] 247 2 4 918
srelstgon], WA A LA A2 chekat 4
A gl 4] Aol ofst Aste LAsLY] SR f83 AR
289 Aoz Bt

o}ﬂn

U o

= 7

o AT 2020 % AU BAAAR B AH7| 57} B
2] QU(KEIT) ] 2] 9of] oJ5 A179) (20007440)

REFERENCES

1. Park, D.C., Park, C.W,, Shin, D.H., and Kim, Y.H., “A Study on
Crystallization of Thermoplastic Aromatic Polymer,” Composites
Research, Vol. 31, No. 2, 2018, pp. 63-68.

2. Jung, H., Bae, K], Jin, J.U,, Oh, Y,, Hong, H., Youn, S.J., You,
N.H., and Yu, J, “The Effect of Aqueous Polyimide Sizing
Agent on PEEK Based Carbon Fiber Composites Using Exper-



Analysis of Thermal Degradation Mechanism by Infrared High-speed Heating of CF-PEKK Composites in Hot Press Forming 97

imental Techniques and Molecular Dynamics Simulations,”
Functional Composites and Structures, Vol. 2, No. 2, 2020,
pp.- 025001.

. Troughton, M.J., Handbook of Plastics Joining: A Practical
Guide, William Andrew, 2008.

. Phillips, R., Glauser, T., and Manson, J.A.E., “Thermal Stability
of PEEK/carbon Fiber in Air and Its Influence on Consolida-
tion,” Polymer Composites, Vol. 18, No. 4, 1997, pp. 500-508.

. Day, M., Suprunchuk, T., Cooney, ].D., and Wiles, D.M., “Thermal
Degradation of Poly(aryl-ether—ether-ketone)(PEEK): A Differ-
ential Scanning Calorimetry Study, Journal of Applied Polymer
Science, Vol. 36, No. 5, 1988, pp. 1097-1106.

. Rosato, D.V,, Rosato, D.V., and Rosato, M., Plastic Product
Material and Process Selection Handbook, Elsevier, 2004.

. Donadei, V, Lionetto, F, Wielandt, M., Offringa, A., and
Maffezzoli, A., “Effects of Blank Quality on Press-formed
PEKK/carbon Composite Parts,” Materials, Vol. 11, No. 7, 2018,

10.

11.

pp. 1063.

. Chan, C.M., and Venkatraman, S., “Crosslinking of Poly

(arylene ether ketone)s 1. Rheological Behavior of the Melt and
Mechanical Properties of Cured Resin,” Journal of Applied Poly-
mer Science, Vol. 32, No. 7, 1986, pp. 5933-5943.

. Lee, KM., “Effect of Infrared Heating Process on Surface and

Bonding Properties of Thermoplastic Composites in Hot Press
Forming”, Korea Maritime and Ocean University, 2022.
Pascual, A., Toma, M., Tsotra, P, and Grob, M.C., “On the
Stability of PEEK for Short Processing Cycles at High Tem-
peratures and Oxygen Containing Atmosphere,” Polymer Deg-
radation and Stability, Vol. 165, 2019, pp. 161-169.

Wei, L., and McDonald, A.G., “Peroxide Induced Cross-linking
by Reactive Melt Processing of Two Biopolyesters: Poly
(3-hydroxybutyrate) and Poly(l-lactic acid) to Improve Their
Melting Processability,” Journal of Applied Polymer Science, Vol.
132, No. 13, 2015.



