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Abstract: To gain a comprehensive understanding of the non-isothermal crystallization behavior of carbon fiber
reinforced polyetheretherketone (CF/PEEK) composites, optimize process parameters, and enhance the structural
forming quality and thermal and mechanical properties of thermoplastic composites, this study investigated the
crystallization behavior of CF/PEEK thermoplastic composite materials under different cooling rates. Through con-
ducting differential scanning calorimetry (DSC) experiments on CF/PEEK composite materials at various cooling
rates, the non-isothermal crystallization behavior of CF/PEEK composite materials was analyzed using the Avrami,
Ozawa, and Mo equations. The activation energy of non-isothermal crystallization was determined, and the crystal-

lization kinetics model was developed. In addition, in-situ detection of the CF/PEEK composite material melting/
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crystallization process was carried out using fiber Bragg grating (FBG), and the strain variation mechanism during

the polymer matrix melting/crystallization process was analyzed in conjunction with the crystallization kinetics

model. The results indicate that the crystallinity of CF/PEEK composite materials decreases with increasing cooling

rate, accompanied by a decrease in the corresponding crystallization time. It has been demonstrated that the

established crystallinity crystallization kinetic model in this study effectively analyzes the crystallization process of

CF/PEEK composite materials under different cooling rate. Additionally, it can be combined with fiber Bragg

grating strain detection to analyze the influence of matrix phase transition on characteristic strain during the

melting/crystallization process of CF/PEEK thermo-plastic composites.

Keywords: CF/PEEK composites; non-isothermal crystallization behavior; crystallization kinetics; fiber Bragg

grating sensing technology; in-situ detection
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Fig.1 Heat flow curves of non-isothermal melting (a)/crystallization (b) of carbon fiber reinforced polyetheretherketone (CF/PEEK) composites

at different cooling rates
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Table1 Crystallization parameters of CF/PEEK composites at different cooling rates

Sample @/(‘C-min™) T,/C T,/C T,/ C T./C T/ C t./min X/ %
1 5 315.5 302.8 279.5 173.2 337.7 7.2 23.1
2 10 311.0 299.4 268.9 173.0 340.1 4.2 20.8
3 15 308.4 294.4 262.6 172.8 338.9 3.1 20.1
4 20 301.5 283.9 243.2 169.2 337.6 2.9 19.8

Notes: @—Cooling rate; T,—Crystallization initiation temperature; T,—Peak crystallization temperature; T,—Crystallization end
temperature; T,.—Cold crystallization temperature; T,, —Melting point; ,.—Crystallization time; X,.—Absolute crystallinity.
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Fig.3 Heat flow curves of CF/PEEK composites during reheating

melting process at different cooling rates
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Fig.4 CF/PEEK composites: (a) Relative crystallinity X (f)-temperature curves; (b) Relative crystallinity X.(#)-time curves
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Table 2 Avrami crystallization parameters of CF/PEEK
composites at different cooling rates

Cooling rate/('C-min™") n A

5 2.58 0.01
10 2.56 0.18
15 2.69 0.28
20 2.52 0.55

Notes: n—Exponents of Avrami's equation; Z,—Crystallization
rate constant.
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Fig.6 Ozawa plots of Ig[-In(1-X.(7))] vs 1g® of non-isothermal

crystallization process of CF/PEEK composites
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Table 3 Ozawa crystallization parameters of CF/PEEK

composites
Temperature/ C m K(T)
278 0.50 25.12
288 1.15 72.44
298 1.32 52.48

Notes: m—Exponents of Ozawa's equation; K(T)—Cooling
function.
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CF/PEEK composites
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Table4 Mo crystallization parameters of CF/PEEK

composites
X(8)/% b KT)
10 0.76 10.96
30 0.73 14.45
50 0.79 17.38
70 0.86 21.88
90 1.00 33.11

Notes: b—Exponents of Mo's equation; F(T)—Cooling rate
value.
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Table 5 Non-isothermal crystallization characteristics of

CF/PEEK composites
Cooling rate/('C-min™") ty/o/min n T,/'C
5 2.60 2.33 315.53
10 1.50 2.68 311.01
15 1.20 2.95 308.38
20 0.98 2.60 301.52

Notes: t;,,—Half-crystallization time; n,—Previous exponent of
Avrami equation; T,—Crystallization initiation temperature.
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