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Abstract

The crystallization behavior of poly(aryletherketone) (PAEK) determines its applicable
molding process and profoundly affects its mechanical properties. However, research
on the crystallization behavior of new PAEKs and their impact on performance is still
insufficient. In this work, the isothermal crystallization behavior of a novel PAEK was
studied and compared with that of standard poly(etheretherketone) (PEEK). The influence
of molding temperatures on the mechanical properties of thermoplastics was revealed by
controlling the crystallization temperatures and analyzing the crystallization behavior. The
results indicate that due to the disruption of the molecular structure regularity of PAEK, its
melting temperature for primary crystallization is generally about 30 ◦C lower than that of
PEEK, which is beneficial for its molding at lower temperatures. At the same undercooling
level, the crystallization rate of PAEK is lower than that of PEEK, making it easier to
control the crystallinity of PAEK through process parameters. The crystallinity of the
thermoplastics increases with the increase in soaking time, thereby improving their tensile
strength and modulus. The maximum crystallinity of PAEK is approximately 20.5%, which
is lower than PEEK’s value of 31.8%. Therefore, under the same undercooling condition,
the tensile strength and modulus of PEEK increase by up to 29.5% and 17.1%, respectively,
compared to PAEK. Therefore, by precisely controlling the molding process parameters of
PAEK, their crystallization behavior can be managed, enabling the achievement of various
properties as needed.

Keywords: poly(aryletherketone) (PAEK); poly(etheretherketone) (PEEK); isothermal
crystallization kinetics; molding process; tensile properties

1. Introduction
High-performance thermoplastic composites have become ideal materials in cutting-

edge fields such as aerospace, nuclear energy, and new energy vehicles [1–3] due to
their excellent mechanical properties, heat resistance, radiation resistance, and recycla-
bility [4–6]. Among them, poly(aryletherketone) PEEK is the most widely used matrix in
the poly(etheretherketone) PAEK family. Its carbon fiber-reinforced composites have a
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higher specific strength than aviation aluminum alloy [7]. Moreover, their outstanding
toughness and extremely molding efficiency are unmatched by traditional thermosetting
composites [8–10].

Although PEEK offers excellent comprehensive performance, its high melting tem-
perature and viscosity result in processing temperatures generally above 380 ◦C, which
significantly increases energy consumption and process complexity [11]. To address this
issue, poly(etherketoneketone) (PEKK) or low-melting-temperature PAEK (LM-PAEK) is
increasingly used as an alternative. The new types of PAEKs can enhance processing
efficiency while maintaining heat resistance through molecular structure design. PEKK
introduces asymmetric ketone groups into its molecular chain, lowering its melting tem-
perature by 10–30 ◦C compared to PEEK and enhancing the processability [12]. LM-PAEK
adjusts the ether ketone ratio in the molecular chain and the substitution point of the
benzene ring to further lower the melting temperature, making it suitable for efficient
molding technologies such as automatic fiber placement (AFP) and 3D printing [13,14].
Wang et al. [15] utilized the thermo-stamping process to fabricate L-shaped corners from
LM-PAEK thermoplastic composites, investigating the effects of processing parameters
on the quality of the components. The results show that the corners can be fabricated at
360 ◦C, and the processing time takes only 90 s to achieve high molding quality and curved
beam strength. Consequently, PAEK has demonstrated significant advantages in enhancing
the processing efficiency and mechanical properties of thermoplastic composites.

The mechanical properties of thermoplastics heavily rely on their crystallization kinet-
ics, which are influenced by the molecular chain structure and external factors, especially
temperature. Pérez-Martín et al. [16] studied the influence of non-isothermal cooling cycles
on the extent of crystallization. The Velisaris–Seferis model was implemented, and a corre-
lation between the isothermal holding temperature and the crystallization rate constants
was established. According to the results, optimum isothermal hold temperatures during
cooling for fabricating CF/PEKK composites are determined. Choupin et al. [17] studied
the crystallization kinetics of PEKK with different terephthalic/isophthalic (T/I) ratios. The
results show that PEKK with a higher T/I ratio has faster crystallization kinetics than that
with a lower T/I ratio. However, faster crystallization kinetics enhance the melting tem-
perature and viscosity of the PEKK, which requires higher processing temperatures. Gao
et al. [18] studied the variation in tensile properties of PEKK and PEEK with crystallinity
by controlling the cooling rate. The results indicate that higher crystallinity increases the
stiffness of the thermoplastics. However, most research studying the impact of crystal-
lization on performance focus primarily on PEEK and PEKK, with limited research on
LM-PAEK, despite its great potential for application. The ordered arrangement and thicker
layers of crystals can hinder the slip between them. Due to the significant differences in
the molecular structure of PAEKs, their crystallization characteristics, such as nucleation
rate, crystallinity, and spherulite morphology, have a more complicated effect on their
mechanical properties. In addition, current research on crystallization kinetics primarily
focuses on non-isothermal crystallization [19,20], as traditional thermoplastic composite
molding processes, such as compression molding, occur during a cooling process. How-
ever, in high-efficiency molding methods such as injection molding of thermoplastics or
stamping of thermoplastic composites, the melt often rapidly contacts a low-temperature
mold, causing the temperature quickly decreases to the mold temperature [15,21]. As a
result, crystallization during the cooling process accounts for only a small portion, and the
role of isothermal crystallization cannot be ignored. However, for PAEK, which exhibits
complex secondary crystallization behavior, the classical Avrami equation cannot accurately
describe the entire crystallization process. Hence, the Velisaris–Seferis equation is widely
used in the literature to address this challenge [16,17,22,23].
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In summary, further research is necessary to explore the isothermal crystallization
behavior of emerging LM-PAEKs and the correlation with their macroscopic properties.
Therefore, in this work, the isothermal crystallization behavior of PAEK and PEEK was
studied using DSC testing based on the Velisaris–Seferis model. The differences in crys-
tal morphology between them were observed using a polarizing microscope at various
soaking times under the same undercooling conditions. Finally, the tensile properties of
the thermoplastics, injection-molded with different soaking times under the same under-
cooling conditions, were tested. The results are crucial for understanding the relationship
between polymer structure and properties, as well as guiding the molding process of
high-performance thermoplastics and their composites.

2. Materials and Methods
2.1. Raw Materials

PAEK (brand PAEK-L) and PEEK (brand PEEK-90) were provided by Hairuite En-
gineering Plastics Co., Ltd., Jiamusi, China. in the form of fine powder and grain. Their
molecular structure is shown in Figure 1. The glass transition temperatures of PAEK-L
and PEEK-90 are both about 146 ◦C. The melt flow rate (MFR) of these materials is about
90 g/10 min (at 380 ◦C with 5 kg pressure).

Figure 1. The molecular structure of PAEK and PEEK.

2.2. Differential Scanning Calorimetry (DSC) Testing

Isothermal crystallization behavior tests were conducted by DSC (DSC250, TA, New-
castle, DE, USA). The PEEK and PAEK samples are in the form of fine powder, with a
weight of 5–7 mg. The testing used a sealed aluminum crucible under a nitrogen atmo-
sphere at a flow rate of 50 mL/min. The thermoplastic samples were heated to 400 ◦C
at a rate of 20 ◦C/min and held for 10 min to erase thermal history. The isothermal test
was conducted from the melting temperature to five different isothermal temperatures at a
cooling rate of 50 ◦C/min. Among them, the isothermal temperatures of PAEK samples
were 260 ◦C, 270 ◦C, 275 ◦C, 280 ◦C and 285 ◦C, while those of PEEK samples were 290 ◦C,
300 ◦C, 305 ◦C, 310 ◦C and 315 ◦C. The samples were held at isothermal temperatures for
60 min before being cooled to 50 ◦C. After crystallization, the samples were heated again to
400 ◦C at a rate of 10 ◦C/min to analyze the effects of different crystallization temperatures
on the glass transition temperature, melting temperature, and crystallinity of the samples.
The testing conditions are shown in Figure 2.
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Figure 2. Testing conditions of DSC.

2.3. Isothermal Crystallization Kinetics Model

The Avrami equation is a classic universal equation for studying the crystallization
kinetics of polymers [24,25]:

α(t) = 1 − exp(−ktn) (1)

where k is the crystallization rate constant, n is the Avrami exponent, α(t) is the relative
crystallinity, which is defined as the change in enthalpy of crystallization over time at a
specific temperature. It can be expressed as follows:

α(t) =
∫ t

0
dQ(t)dt/

∫ ∞

0
dQ(t)dt (2)

where dQ(t) is the heat flux,
∫ t

0 dQ(t)dt is the crystallinity at time t,
∫ ∞

0 dQ(t)dt is the
maximum crystallinity at a specific temperature.

Taking the logarithm on both sides of the Avrami equation:

ln [−(1 − ln(1 − α(t)))] = ln k + n ln t (3)

Therefore, based on the heat flux results of isothermal DSC tests, curves of
ln[−(1 − ln(1 − α(t)))] versus lnt can be ploted and linear fitted. The slope and inter-
cept of the fitting equation are n and ln k, respectively.

However, extensive research has found that the Avrami equation cannot be fully ap-
plicable to the entire isothermal crystallization process involving secondary crystallization.
Due to the different mechanisms and crystal morphologies of primary and secondary
crystallization, the n value of secondary crystallization is often lower. Thus, the func-
tional relationship between ln[−(1 − ln(1 − α(t)))] and ln t throughout the crystallization
process is approximately bilinear, which cannot be described by a single Avrami equation.

A solution to this problem is the Velisaris–Seferis model, which superimposes two
independent Avrami equations corresponding to the primary and secondary crystallization
processes, respectively [16,17]:

α(t) = w1(1 − exp(−k1tn1)) + w2(1 − exp(−k2tn2)) (4)
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where w1 and w2 are the weight factors for primary and secondary crystallization, respec-
tively, satisfying a fixed functional relationship of w1 + w2 = 100%. k1 and k2 are the rate
constants for primary and secondary crystallization, respectively.

The total crystallinity (χ) of the thermoplastic is calculated according to the follow-
ing formula:

χ = ∆Hm/∆Ht (5)

where ∆Hm is the melting enthalpy, ∆Ht is the theoretical melting enthalpy of complete
crystallization of PAEK, taken as 130 J/g [26]. It should be noted that due to the different
structures of PAEKs, there will inevitably be some differences in their theoretical melting
enthalpy of complete crystallization. However, considering the difficulty of measuring
theoretical melting enthalpy and the convenience of visually comparing the crystallinity
of different structures of PAEKs, 130 J/g is generally adopted for PEEK, PEKK, and other
structures of PAEKs in the literature [27,28].

2.4. Microscope AnalysisTensile Testing

The isothermal crystallization behavior of the thermoplastics was observed by a
polarizing microscope (DM4 P, Leica, Wetzlar, Germany). Around 1 mg of thermoplastic
powder was evenly scattered between two microscope slides. Then, the slides were placed
on a hot stage (THMS600, Linkam, Salfords, UK). The hot stage was heated to 400 ◦C for
10 min to form a thin thermoplastic film. The PAEK and PEEK film was cooled down to
285 ◦C and 315 ◦C, respectively, holding for 60 min for observation.

2.5. Specimens Preparation

PAEK and PEEK tensile specimens were prepared by an injection machine (TY-600,
TAYU, Dongguan, China). The melting temperatures of PAEK and PEEK were set to 360 ◦C
and 380 ◦C, respectively, and the mold temperatures were set to 285 ◦C and 315 ◦C. After the
thermoplastic was injected into the mold, the temperature was held for 0 min, 3 min, 7 min,
and 15 min. Then, the specimens were quickly demolded and cooled to room temperature.
The sample is dumbbell-shaped, with specific dimensions as shown in Figure 3.

Figure 3. Specific dimensions of the tensile testing specimen.

2.6. Tensile Testing

Tensile properties of the thermoplastic castings were tested by a universal mechanical
testing machine (5982-100 kN, Instron, Boston, MA, USA) with standard GB/T 2567-
2021 [29] as a reference. The loading rate was 2 mm/min, and the strain was recorded by a
sight extensometer to calculate the modulus. At least five specimens were tested for each
test, and the average value and the coefficient of variation (CV) were calculated.
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3. Results and Discussion
3.1. Isothermal Crystallization Kinetics

The DSC heat flux curves and secondary heating curves for PAEK and PEEK crys-
tallization at different isothermal temperatures are shown in Figure 4. The characteristic
temperatures and melting enthalpy in the secondary heating curves are shown in Table 1.
The ratio of low-temperature endotherm (LTE) to high-temperature endotherm (HTE) listed
in the table was determined by fitting the baseline using the spline interpolation method,
as shown in Figure 4b. Due to secondary crystallization, the secondary melting peaks of the
thermoplastic after isothermal crystallization in Figure 4b,d are both bimodal. Among them,
the LTE corresponds to the melting of secondary crystallization, while the HTE corresponds
to the melting of primary crystallization. From Table 1, it can be observed that compared to
PEEK, PAEK generally has a lower HTE peak temperature (TH) of approximately 30 ◦C
and lower crystallinity, which relates to differences in its molecular structure. Since PAEK
molecules have less structural regularity than PEEK molecules, they hinder molecular
movement and the orderly formation of crystal phases, which reduces crystallization
potential and results in lower crystallinity and melting temperature [16,17,28].

 

Figure 4. Heat flow curves and secondary heating curves of isothermal crystallization by DSC.
(a) Isothermal heat flow curves of PAEK; (b) secondary heating curves of PAEK; (c) isothermal heat
flow curves of PEEK; (d) secondary heating curves of PEEK.
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Table 1. Characteristic temperature and enthalpy in isothermal crystallization secondary heating
curves of PAEK and PEEK.

Isothermal
Temperature (◦C)

PAEK

Tg
(◦C)

TL
(◦C)

∆HL
(J/g)

TH
(◦C)

∆HH
(J/g)

χ
(%) ∆HL:∆HH

260 155.3 271.5 6.0 314.9 24.7 23.6 19:81
270 154.6 281.8 8.9 316.4 23.8 25.2 27:73
275 154.3 285.7 8.3 316.5 18.8 20.8 31:69
280 153.8 290.8 10.3 318.0 22.1 24.9 32:68
285 146.5 295.5 9.9 319.4 16.7 20.5 37:63

PEEK

290 150.5 300.9 7.4 343.7 36.4 33.7 17:83
300 150.5 310.4 7.4 344.6 31.7 30.1 19:81
305 150.3 313.7 9.3 344.9 35.5 34.5 20:80
310 150.1 319.8 9.9 346.1 31.0 31.5 24:76
315 149.7 324.4 10.4 347.7 31.0 31.8 25:75

Tg: glass transition temperature. TL: low-temperature endotherm peak temperature. ∆HL: low-temperature
endotherm enthalpy. TH: high-temperature endotherm peak temperature. ∆HH: high-temperature endotherm
enthalpy. ∆HL : ∆HH: low-temperature endotherm to high-temperature endotherm ratio. χ: total crystallinity.

For secondary crystallization, the LTE peak temperature (TL) is generally about 10 ◦C
higher than the isothermal crystallization temperature, indicating the mechanism of sec-
ondary crystallization. Secondary crystallization and primary crystallization are indepen-
dent processes. Thus, secondary crystallization must rely on the formation of primary
crystallization and grow in its gaps [16,30]. The LTE enthalpy (∆HL) to HTE enthalpy (∆HH)
ratio (∆HL : ∆HH) in Table 1 gradually increases with the increase in isothermal crystal-
lization temperature, indicating a corresponding increase in the proportion of secondary
crystallization. The growth of spherulites is governed by two mechanisms: nucleation and
growth. At lower temperatures, the nucleation rate surpasses the growth rate, resulting
in more but smaller spherulites. At higher temperatures, the growth rate is influenced
by the nucleation rate, leading to fewer but larger spherulites [17,30]. Consequently, at
higher temperatures, the larger spherulites have more space, which benefits the growth of
secondary crystals.

The difference in isothermal crystallization kinetics can be observed from the heat
flux curves of Figure 4a,c at different isothermal temperatures. The main crystallization
temperature range of PEEK is 290–315 ◦C. Additionally, only a partial crystallization peak
appears at 290 ◦C, and the enthalpy of crystallization heat release cannot be calculated,
indicating that most crystallization has already completed when the sample is cooled to
the isothermal temperature. However, when the temperature exceeds 315 ◦C, the existence
of crystal nuclei becomes unstable, and the heat flow curve cannot maintain equilibrium
for a long time. For PAEK, the main crystallization temperature range is lowered to
260–285 ◦C. Meanwhile, PAEK demonstrates a slower crystallization rate than PEEK at the
same undercooling. The reason remains related to changes in its molecular chain structure,
which slows down the migration speed of some molecular chains arranged regularly.

According to the Avrami equation, linear fitting was performed on the primary crys-
tallization process of PAEK and PEEK to determine the value of n1, as shown in Figure 5.
The n1 values of PAEK are 3.05, 3.20, 3.35, and 3.44 at different isothermal temperatures,
while those of PEEK are 4.03, 4.39, 4.21, and 4.25, respectively. According to the physical
meaning of n, n = 3 indicates the three-dimensional growth of spherulites, and the result
for PEEK being greater than 3 is currently considered to represent a more complex mode
of spherulite growth [20]. It should be noted that it is generally believed that n is not
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affected by the crystallization temperature, so the numerical fluctuations here belong to
experimental errors [16,31]. The n1 mean ± standard deviation of PAEK is 3.26 ± 0.17,
while that of PEEK is 4.22 ± 0.15. The coefficient of variation is as low as 5.2% and 3.6%,
respectively. Thus, the fitting n1 values of PAEK and PEEK are reliable, and the mean
values can be applied for subsequent fitting. Moreover, it is believed that secondary crys-
tallization is a two-dimensional layered structure between primary crystals. Therefore,
n2 is uniformly taken as 2 [16]. The known parameters were input into Equation (4) to
determine the constant coefficients k1 and k2, and the residual sum of squares (RSS) was
used to evaluate the fitting quality, as shown in Table 2. The RSS of each sample at different
soaking temperatures is generally much less than 1, indicating a good fitting quality.

 

Figure 5. Plots of ln[− (1 − ln(1 − α(t)))] versus lnt of isothermal crystallization. (a) PAEK;
(b) PEEK.

Table 2. Fitting parameters of isothermal crystallization kinetic model.

Isothermal
Temperature (◦C)

PAEK

w1 k1 k2 RSS

270 0.73 0.07920 0.50754 0.06194
275 0.69 0.07471 0.06312 0.01008
280 0.68 0.01384 0.02374 0.02864
285 0.63 0.00201 0.01110 0.07235

PEEK

300 0.81 5.06146 0.92508 0.37935
305 0.80 1.92739 0.32118 0.00395
310 0.76 0.19232 0.10777 0.00404
315 0.75 0.02511 0.04199 0.00864

w1: weight factor for primary crystallization. k1: rate constant for primary crystallization. k2: rate constant for
secondary crystallization. RSS: residual sum of squares.

Based on the fitting parameters in Table 2, the model fitting curves for the relative
crystallinity and time of PAEK and PEEK during isothermal crystallization at specific
temperatures can be obtained. The comparison with experimental results is shown in
Figure 6. The Velisaris–Seferis model effectively addresses the limitations of the Avrami
equation in fitting the secondary crystallization process, and the fitting results closely match
the experimental data.
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Figure 6. Fitting results of the isothermal crystallization kinetic model. (a) PAEK; (b) PEEK.

3.2. Crystallization Behavior and Mechanical Properties

Based on the calculation results of the Velisaris–Seferis model combined with the
test results of total crystallinity, the variation in crystallinity over soaking time under the
same undercooling conditions can be compared between PAEK and PEEK, as shown in
Figure 7. According to the model, the total crystallinity of the thermoplastic also follows an
exponential function over soaking time. At the same soaking time, the crystallinity of PEEK
is always higher than that of PAEK. Additionally, under this undercooling condition, the
maximum crystallinity of PEEK (~31.8%) is significantly higher than that of PAEK (~20.5%).
This is also caused by the relatively regular molecular structure of PEEK, which enhances
its crystallization rate and crystallinity.

 
Figure 7. Total crystallinity versus soaking time of PAEK at 285 ◦C and PEEK at 315 ◦C.

The polarizing microscopy images of PAEK and PEEK isothermal crystallization are
shown in Figure 8. The size and quantity of spherulites in PAEK (see Figure 8a–c) and PEEK
(see Figure 8d–f) gradually increase with longer soaking time. This is because the crystals
have a more time to grow, especially for the secondary crystallization. The secondary
crystallization process occurs after the primary crystallization (as illustrated in Figure 6, the
secondary crystallization curve lags behind the primary crystallization curve) and takes
place in the intervals left by the primary crystallization. Consequently, a longer holding
time results in larger crystal growth. At the same soaking time, the number and size of
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PEEK spherulites are always greater than those of PAEK. This further demonstrates that
PEEK has a faster crystallization rate, enabling the formation of more crystal nuclei in the
same amount of time and providing more time for crystal growth, which results in larger
and more complete spherulites.

 

Figure 8. Polarized microscope images of isothermal crystallization of PAEK and PEEK at different
soaking times. (a) PAEK at 285 ◦C for 3 min; (b) PAEK at 285 ◦C for 7 min; (c) PAEK at 285 ◦C for
15 min; (d) PEEK at 315 ◦C for 3 min; (e) PEEK at 315 ◦C for 7 min; (f) PEEK at 315 ◦C for 15 min.

The tensile properties of PAEK and PEEK fabricated at different soaking times are
shown in Figure 9. From Figure 9a, the tensile strength of PAEK fabricated at different
soaking times is 68 ± 4.9 MPa, 70 ± 5.5 MPa, 78 ± 6.4 MPa and 90 ± 6.0 MPa, while that
of PEEK is 72 ± 6.5 MPa, 85 ± 6.9 MPa, 101 ± 6.1 MPa and 103 ± 8.8 MPa. The tensile
strength of the thermoplastics rises as the molding soaking time increases. This is caused
by the rise in crystallinity, which can enhance the tensile strength of the thermoplastics [32].
Meanwhile, due to the higher crystallinity of PEEK compared to PAEK, the tensile strength
of PEEK at each soaking time is greater by 5.9%, 21.4%, 29.5%, and 14.4%, respectively, than
that of PAEK. From Figure 9b, the tensile modulus of PAEK fabricated at different soaking
times is 3.0 ± 0.15 GPa, 3.2 ± 0.15 GPa, 3.5 ± 0.12 GPa and 4.0 ± 0.10 GPa, while that of
PEEK is 3.2 ± 0.13 GPa, 3.6 ± 0.10 GPa, 4.1 ± 0.12 GPa and 4.3 ± 0.19 GPa. In addition,
the tensile modulus of PEEK at each soaking time is greater by 6.7%, 12.5%, 17.1%, and
7.5%, respectively, than that of PAEK. The trend of change in the tensile modulus of the
thermoplastics is similar to that of the tensile strength, indicating that the stiffness of the
thermoplastic also increases with the increase in crystallinity. However, in our previous
studies, we found that higher crystallinity and larger crystals negatively affect the ductility
of PAEK [33]. Consequently, the impact of crystallinity on stiffness and toughness of PAEK
is often in conflict. As the matrix of composites, increasing stiffness helps improve the
in-plane mechanical properties (especially compression performance), but it reduces the
matrix toughness, which harms the interlaminar fracture toughness and impact resistance
of composites [33,34]. Therefore, when choosing the molding process parameters for
thermoplastics and their composites, it is necessary to comprehensively consider their
impact on the final mechanical properties of the products.s
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Figure 9. Tensile properties versus soaking time of PAEK at 285 ◦C and PEEK at 315 ◦C. (a) Tensile
strength; (b) tensile modulus.

4. Conclusions
To address the issue of high processing temperatures of PEEK, new structures of

PAEKs continue to emerge. The performance of PAEK and its composites strongly depends
on their bulk crystallization behavior. Therefore, research is urgently needed to investigate
the impact of differences in structure on the crystallization behavior of thermoplastics and
their mechanical properties. In this work, the isothermal crystallization behavior of a novel
PAEK and its effect on the mechanical properties of the thermoplastic were studied and
compared with the commonly used PEEK. The Velisaris–Seferis model was used to describe
the isothermal crystallization behavior of the thermoplastics, and the results aligned closely
with the DSC experimental results. The differences in crystal morphology of PAEK and
PEEK were observed using a polarizing microscope at different soaking times under
the same undercooling conditions. Finally, the tensile properties of the thermoplastics,
injection-molded with different soaking times under the same undercooling, were tested.
PAEK has a melting peak temperature that is approximately 30 ◦C lower than that of
PEEK, making it advantageous to mold at lower processing temperatures. Due to the
disruption of the structural regularity of PAEK, its crystallization kinetics are slower than
those of PEEK. The maximum crystallinity of PAEK is approximately 20.5%, which is
lower than PEEK’s value of 31.8%. Therefore, under the same undercooling condition, the
tensile strength and modulus of PEEK increase by up to 29.5% and 17.1%, respectively,
compared to PAEK. However, the increase in modulus negatively affects the ductility of
the thermoplastic, leading to a decrease in the interlayer fracture toughness and impact
resistance of its composites. These results contribute to understanding the relationship
between the condensed structure and properties of thermoplastics. By precisely controlling
the molding process parameters of PAEK and its composites, their crystallization behavior
can be managed, enabling the achievement of various in-plane properties and interlaminar
toughness as needed.
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