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Abstract: Considering the temperature sensitivity and two-
phase incompatibility of the fiber matrix interface, carbon
fiber-reinforced thermoplastic composites suffer from weak
interfacial bonding strength. To investigate the delamina-
tion damage and shear failure mechanism of T700/PEEK
composites at varying temperatures, interfacial shear strength
(IFSS) and interlaminar shear strength (ILSS) were performed
by employing micro debonding experiments and three-point
bending. The results indicated that at temperatures below the
glass transition, the IFSS of T700/PEEK composites was posi-
tively correlated with temperature, and the average strength
recorded was 52 ± 6MPa. When the glass transition tempera-
ture was exceeded, the bonding state between polyether ether
ketone material and fiber surface became tighter, resulting in
a slight increase in IFSS, reaching 60 ± 4MPa. Further, the ILSS
of T700/PEEK composites was tested, and the results indicated
a negative correlation between ILSS and temperature, with a
maximum ILSS of 40 ± 2MPa observed at 23°C, and a
minimum of 11 ± 1MPa recorded at 230°C. The decline in
bending strength observed with increasing temperature was
attributed to the separation of the fiber and matrix interface
at high temperatures, which reduced the mechanical proper-
ties of T700/PEEK composites. By conducting temperature
relatedmechanical performance tests on T700/PEEK composite

materials, the obtained test results will help researchers
expand the application scenarios of this material, deepen
the relationship between the temperature and its perfor-
mance, and thus more quickly explore the mechanism of
temperature action.
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1 Introduction

Presently, owing to the swift advancements in the aero-
space industry, conventional materials are encountering
mounting challenges in fulfilling the performance and depend-
ability stipulations of associated domains. Consequently, com-
posite materials have emerged as a contemporary area of
research focus. Within this realm, carbon fiber (CF)- reinforced
resin-based composites have garnered significant attention
from scholars due to their exceptional mechanical properties,
distinctive advantages in terms of heat resistance, lightness,
and other attributes [1–4].

Thermoplastic polyether ether ketone (PEEK) resin
exhibits outstanding material properties, such as a high
melting point of 343°C, a glass transition temperature of
143°C, and a long-term use temperature of up to 240°C [5].
Furthermore, it possesses exceptional fatigue, wear, and
radiation resistance, making it an ideal matrix for CF-rein-
forced composite materials [6]. The resulting CF/PEEK
composites exhibit excellent chemical resistance [7], bio-
compatibility [8], and radiation resistance, presenting vast
prospects in the aerospace, defense industry, and other
domains [9]. Lu et al. [10] employed short CF (6 wt%) to
reinforce PEEK composites, and utilized varied molding
temperatures and pressures to investigate the mechanical
properties of CF/PEEK samples, along with associatedmechan-
isms for enhancing these properties. The research findings
demonstrated that themaximum tensile strength and bending
strength of the material reached 157.3 and 382.0MPa, respec-
tively. Wu et al. [11] discovered that temperature influences
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the porosity and crystallinity of CF-laminated composites, thus
indirectly affecting the interlaminar shear strength (ILSS)
of thermoplastic composites. The ILSS of the composites
increased by 32.87% compared to the untreated ILSS when
porosity decreased, and crystallinity increased. Di Benedetto
et al. [12] designed CF, PEEK, and metal-woven mesh compo-
sites to improve the impact resistance of thermoplastic compo-
site structures. The ILSS of the composites improved by 22.7%
compared to materials without woven mesh by employing the
filament winding process to wind the CF/PEEK mixed tow and
five different woven wire meshes together, followed by hot
forming. Dai et al. [13] prepared 66wt% CF-reinforced PEEK-
based composites utilizing compression molding techniques
and a pre-impregnated layer of 0°/90° to improve their
mechanical and wear properties at varying temperatures,
especially high temperatures. The results indicate that, at
room temperature, the tensile and bending strength of the
composites exceeded 1,000MPa. At 200°C, the tensile strength
was 810MPa, while the bending strength reached 521MPa.
Furthermore, at 300°C, the tensile strength decreased to
458MPa, with a corresponding bending strength of 290MPa.

The mechanical properties of CF-reinforced compo-
sites are influenced by not only the mechanical properties
of the matrix and CFs but also the interface layer between
the matrix and fibers [14–16]. Under load-bearing condi-
tions, the interface layer transfers the load to the high-
strength fibers, thus reducing damage to the composites
[17]. However, due to the non-polarity of CFs and low wett-
ability between fibers and resins, the interfacial bonding of
composites is limited, resulting in inadequate load transfer
and affecting the mechanical properties of the composite
materials [18]. In CF/PEEK composites, brittle delamination
of the composite material layer occurs, resulting in almost
no plastic deformation, and they enter the asymptotic
region of the fatigue life map with a lower number of
cycles. Cracks develop along the fiber interface, indicating
ineffective load transfer by the fibers [19]. These challenges
highlight the shortcomings of interfacial shear strength (IFSS)
in CF/PEEK composites and ultimately limit their widespread
application [20–23]. Consequently, many researchers have
studied the factors that influence the interface performance
of composites and have proposed various methods, including
the addition of interface reinforcing substances, to improve
the interface performance of composites.

The commonly used modification methods currently
include chemical grafting, nano reinforcement, sizing pro-
cess, and electrophoretic deposition (EPD) [24–26]. EPD can
rapidly deposit a large number of carbon nanotubes (CNTs) on
the surface of materials, thereby enhancing surface proper-
ties. This method combines advantages such as environmental
protection and low cost [27]. Li et al. [28] proposed a feasible

method to improve the interfacial strength of CF-reinforced
polymers by vertically depositing CNTs on CFs using EPD, and
the results showed that the IFSS of the materials was success-
fully increased by 58.1%. In addition, An et al. [29] found that
using EPD to deposit CNTs on the surface of glass fibers exhib-
ited higher interfacial strength in the interface area rich in
CNTs. The sizing process [30,31] can effectively improve the
wettability of the resin matrix on the fiber surface. Materials
such as PEKK oligomer [32,33], sulfonated PEEK [34], polyimide
[35], and polyetherimide [36] have excellent solubility and
high mechanical properties, and can be used as sizing agents
for composites. These soluble modified or inherently soluble
polymers, which have lost solvent resistance, often produce
defects in harsh environments due to the attack of chemical
solvents or water, leading to interfacial phase failure.

Among these methods, the most stable interaction is
achieved through nano reinforcement and chemical grafting.
In addition, the improvement in interface mechanics is even
more evident. Hassan et al. [37] grafted aminated PEEK onto
CF surface, increasing ILSS by 33.4%. Liu et al. [38] designed a
silica nanoparticle decorated short CF hybrid (SCF-SiO2) to
improve interface bonding. CFs and SiO2 were modified
with amino and epoxy groups, resulting in a 40.5% increase
in IFSS when introduced into PEEK. Wang et al. [39] pre-
pared a novel heterocyclic derivative of PEEK by utilizing it
as a linkage between CFs surface and PEEK matrix by a
facile and high effective two-step method. Zhang et al. [40]
added CNTs to CF/PEEK prepreg, increasing ILSS by 25.21%
at 0.1 wt% CNTs. Lyu et al. [41] used a water-based sizing
agent, enhancing interfacial bonding with higher shear, flex-
ural, and ILSS. Qin et al. [42] used thermoplastic sizing treat-
ment, increasing tensile strength by 54%. Sharma et al. [43]
performed plasma modification on CFs, increasing IFSS by
22% and wear resistance by 26% with decreased single fiber
strength. Wang et al. [44] improved interface performance
using diazonium salt electrochemical grafting, increasing IFSS
by 130.26% through covalent bond connection.

It is evident that the predominant focus of current
research endeavors centers on interface modification techni-
ques for enhancing the mechanical properties of CF/PEEK
composites. However, investigations into the effects of tem-
perature on the interfacial properties are still inadequate. In
an effort to expand upon the understanding of the influence
of temperature on the mechanical behavior of T700/PEEK
composites, the interfacial properties and delamination
damage of T700/PEEK composites were examined. Micro
debonding experiments were conducted to evaluate the inter-
facial shear properties of the composites at various tempera-
tures. Additionally, the ILSS of the laminates was assessed
through three-point bending experiments performed under
different temperature conditions.
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2 Materials and methods

2.1 Experimental materials

The T700 CF (12K per bundle, 400 g·m−2) was purchased
from Zhongfu Carbon Fiber Products Co., Ltd. PEEK parti-
cles (450G) were purchased from Wiggs, UK. Casting adhe-
sive was purchased from Kafuter office franchise store.
The concave iron sheet was provided by Ningbo materials
institute of Chinese academy of sciences. The CF/PEEK pre-
preg with fiber unidirectional 0° distribution purchased
from Junhua Special Plastics Company. The CF was content
of 60% and density of 1.56 g·cm−3 with layer thickness of
0.13 mm.

2.2 Preparation of T700/PEEK composites
samples

The IFSS between CF monofilament and PEEK resin was
measured using the micro debonding method. A single
fiber PEEK resin ball sample was prepared before the
experiment. First, the single fiber filaments of T700 were
separated and fixed onto a specialized fixture using fast
drying adhesive. Afterwards, the PEEK particles were placed
together in the interface evaluator, heated to the molten
state of PEEK, and the loading basket of PEEK in the molten
state was controlled by the interface evaluator to contact the
fiber filaments, and then the loading basket was raised. The
surface of the fibers will be adhered to by the molten dro-
plets of PEEK and condensed into small balls. Afterwards, it
was cooled down and protected by a nitrogen atmosphere
throughout the entire process to prevent surface oxidation
of the material. Finally, the appropriate size of resin balls
was selected based on their embedding length, i.e., resin
balls with a diameter of 35–55 μm, for peel testing. The

three-point bending specimens in this study were fabricated
from T700/PEEK composite prepreg with a layer thickness of
0.13mm. The prepreg was stacked into a 16-layer laminate at
an orientation angle of 0° and then consolidated using a flat
plate hot pressing technique, resulting in a laminated panel
sample with dimensions of 150mm × 25mm × 2mm. The
curing procedure involved uniform heating of the sample,
followed by the application of a pressure of 12MPa at 320°C
for 0.5 h. This was then held at 370°C for 1 h before cooling to
room temperature at a rate of 0.5°C·min−1 [45–47]. Finally,
the specimens were removed from pressure and machined
using a processing center for subsequent use. The resin ball
peeling samples and three-point bending samples are shown
in Figure 1.

2.3 Characterization

The scanning electron microscope (SEM) (JSM IT800) was
employed to conduct microscopic characterization of the
damaged part of the T700/PEEK composite samples after
three-point bending test, to analyze the internal damage
status. In the operational parameters, apply a voltage of
3 kV and the magnification ranges from 500 to 50,000 times.

2.4 Differential scanning calorimetry (DSC)
tests

The glass transition temperature (Tg) of pure PEEK resin is
143°C, and the addition of fibers can enhance the thermal
stability of PEEK to a certain extent. In order to more
intuitively and accurately represent the thermal stability
of T700/PEEK composite materials, DSC testing was con-
ducted on T700/PEEK composite material samples in this

Figure 1: (a) Micro debonding experimental samples and (b) three-point bending samples.
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study. The equipment used is DSC2500, which is heated to
400°C at a rate of 10°C·min−1. The time, temperature, and
heat flow parameters are recorded, and a nitrogen atmo-
sphere is maintained throughout the process.

2.5 IFSS tests

It is crucial to determine the IFSS between the reinforcing
material and the matrix to evaluate the mechanical prop-
erties of composite materials. The IFSS between CF mono-
filament and PEEK resin was quantified in this study
through microscopic debonding experiments, using a com-
posite material interface performance evaluation instru-
ment (HM410) manufactured by Toyo Industries Co., Ltd in
Japan. The force sensor of the testing machine has a testing
accuracy of 0.01 N, and the temperature control accuracy of
the insulation zone is 0.5°C. During the peeling process,
nitrogen atmosphere protection is used throughout the pro-
cess, and the temperature is maintained at the required
temperature for the experiment. Through the movement
of fiber filaments and the obstruction of fixed cutting tools,
the separation of resin balls and fiber filaments is achieved.
Specifically, the IFSS was obtained by measuring the force
required to detach the resin ball along the direction of the
fiber, as illustrated in Figure 2.

To investigate the correlation between temperature
and IFSS and to obtain accurate and reliable data, the
temperatures of 23, 120, and 230°C were chosen for the
peel test, given that the glass transition temperature of
PEEK was 143°C. The holding time and loading rate were
set to 10 min and 0.12 mm·min−1, respectively. The IFSS was
determined by Eq. (1).

=
F

πdL
IFSS , (1)

where F is the maximum force when the ball peels off, mN;
d denotes the fiber diameter, μm; L is the diameter of the
small ball along the fiber direction, which is the embedding
length, μm.

2.6 ILSS tests

To characterize the interlayer shear strength of the sample,
the international testing standard ASTMD7264 for three-point
bending test of fiber composite materials was employed. The
three-point bending damage test was conducted on T700/
PEEK composite material samples using a three-point
bending testing machine (UTM5105GD), and the interlayer
shear force values were obtained. The testing accuracy of
this testing machine is 0.1 N. The force–displacement
curve was recorded during the loading process to deter-
mine the maximum bending force at the point of lami-
nated board failure, and subsequently, the interlayer
shear strength was calculated, as shown in Figure 3.

According to the mechanics of composites and classical
beam theory, the maximum bending strength formula of
composite materials under three-point bending load is
shown in Eq. (2).
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where Mmax is the maximum value of the section bending
moment, ymax denotes the maximum distance from the
stress point to the neutral axis, and Iz is the moment of
inertia of the section to the neutral axis. Due to the rectan-
gular cross-section, the final result was obtained based on a
simple derivation of the moment of inertia in material
mechanics. Pmax is the maximum force in the obtained

Figure 2: (a) Schematics of micro debonding method and (b) micro debonding experiments.
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force–displacement curve, l is the span in the three-point
bending test, b is the width of the specimen, and h is the
thickness of the specimen.

The calculation formula for the ILSS of CF composites
in the three-point bending test is shown in Eq. (3).

=
× ×
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The definition of the parameters is the same as in Eq.
(2). By dividing the two equations, Eq. (4) can be obtained.
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(4)

For thin plates, lwas much greater than h. Therefore, for
laminated CF composite materials, the maximum bending
normal stress was much greater than its interlayer shear
stress. In other words, under three-point bending load, lami-
nated CF composites were more prone to interlayer shear
failure, i.e., delamination damage.

3 Results and discussion

The aim of the present study is to investigate the mechan-
ical properties of T700/PEEK composites, with a focus
on interfacial debonding and delamination damage. The
specimens were prepared for micro debonding and
three-point bending experiments. The IFSS and ILSS of the
composites were characterized at varying temperatures via
micro debonding and three-point bending experiments, and
the specimens’ characteristics after delamination damage
were examined using SEM analysis.

3.1 Characterization results

In order to investigate the bonding state and the possible
defects arising from the molding process within the T700/
PEEK composites, SEM characterization was employed in
this study. Accelerated voltage of 3 kV was applied during
the analysis. The SEM images, as depicted in Figure 4, were
obtained for this purpose.

Based on the SEM images shown in Figure 4, it can be
observed that the interfacial bonding between the fibers
and the matrix in the T700/PEEK composites was of good
quality, with the PEEK resin infiltrating and coating the
fibers. The composite material was compact, exhibiting
no visible pores or defects. As shown in Figure 4(a), the
fibers were uniformly distributed within the matrix, dis-
playing a flat cross-section, indicating that the fibers were
well bonded to the matrix, resulting in improved mechan-
ical properties. Figure 4(b) revealed a tightly bonded inter-
facial region between the fibers and the matrix, with no

Figure 3: Three-point bending experiments.

Figure 4: (a) The SEM and (b) localized magnified images of the T700/PEEK composites.
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apparent debonding defects, indicating that the laminated
board forming process was highly mature and reliable.

3.2 DSC test results

Tg is an important factor affecting the performance of
PEEK materials. Based on the Tg of T700/PEEK composite
materials, three experimental temperatures were designed
in this study. Therefore, it is very important to determine
the Tg of T700/PEEK composite materials. The DSC test
results show that the melting peak of T700/PEEK composite
material is around 350°C, while Tg is around 163°C, which is
slightly higher than the Tg (143°C) of pure PEEK resin. This
indicates that the addition of T700 has improved the
thermal stability of the composite material to a certain
extent, as shown in Figure 5. Therefore, the three tempera-
ture test points selected based on Tg in this article are
correct.

3.3 IFSS analysis

Interfacial debonding, which is one of the fundamental
types of micro-damage in composites, has a significant
impact on the micro and macro mechanical properties of
composites. The study of interfacial debonding is crucial
for understanding and characterizing the interface perfor-
mance of composites.

Themicro debondingmethod is a powerful technique for
measuring the IFSS of composites. This method involves

peeling a resin ball attached to the surface of a single CF using
a fixed tool, and recording the maximum force required for
peeling using an instrument. In this study, multiple groups of
samples were peeled at three different temperatures, and the
average IFSS at each temperature was calculated after elim-
inating any values that were too large or too small. The
peeling results obtained at 23°C are displayed in Table 1.

Based on the experimental results presented in Figure
6, it can be observed that the majority of the measured IFSS
values ranged from 45 to 60MPa, with a few values
deviating significantly from this range. By analyzing the
experimental data, this article calculates that the standard
deviation of this group of experimental data is 5.9767. At
23°C, the average value of IFSS is 52 ± 6MPa.

This can be attributed to the high viscosity of PEEK
during melting, which led to the micro debonding test
results being heavily influenced by various factors such
as the size, shape, and molding conditions of the resin
ball, as well as the texture of the fixture. When such factors
were applied to the material, the final result appeared as
depicted in Figure 6. When conducting peel tests, low inter-
facial bonding between microspheres and fibers due to
factors such as cooling rate can lead to low IFSS values.
When the size of the microbeads was too large, it can cause
the experimental data to be too large. Both situations will
increase the degree of data dispersion. This study held the
view that data that deviated excessively from the average
value of all experimental data by more than 10% were
significantly affected by external factors and did not provide
reliable reference. Therefore, to ensure the reliability of
experimental data, this study considered data that exceeded
the aforementioned threshold as unacceptable. The remaining
experimental data were then averaged to obtain the final IFSS

Figure 5: (a) DSC test and (b) localized magnified image of T700/PEEK composites.
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value for the micro debonding experiment conducted at that
temperature.

The glass transition temperature is a crucial material
property that can significantly affect its behavior beyond
this point. Thus, to ensure the experimental results’ accu-
racy and consider the material’s glass transition tempera-
ture effect on its properties, as presented in Table 2, a peel
temperature of 120°C was selected for this study.

From Figure 7, it is evident that the IFSS values at 120°C
exhibited greater dispersion than those at 23°C. While a
few data points were outliers, most of the IFSS data ranged

between 55 and 65 MPa. The standard deviation of this
group of experimental data was calculated to be 3.6495
by analyzing the experimental data in this article. At
120°C, the average value of IFSS is 60 ± 4 MPa. The disparity
in data was primarily due to the high viscosity of PEEK and
the variability in external conditions during the micro
debonding experiments. Moreover, at high temperatures,
thermal residual compressive stress at the interface between
the fibers and matrix causes increased frictional resistance
and energy consumption during interface debonding. This
study considered data that deviate from the mean IFSS value
by more than 10% as unreliable due to the significant influ-
ence of external factors.

PEEK materials are often utilized in environments
below or above Tg for a short period. To explore the effect
of high temperature on the interfacial properties of com-
posites, peeling experiments were conducted in this study
in a high-temperature environment of 230°C. The experi-
mental outcomes are presented in Table 3.

Because the glass transition temperature of PEEK mate-
rial is 143°C, the material will become soft after exceeding
the glass transition temperature. As shown in Figure 8, sub-
stantial variability and data inconsistency were exhibited in
the IFSS values measured in the experiment at 230°C. The
standard deviation of this group of experimental data was
calculated to be 15.7165 by analyzing the experimental data
in this article. Therefore, the average value at 230°C is 26 ±

20MPa, indicating a high degree of data dispersion. There-
fore, it can be inferred that the peel test method was no
longer applicable at this temperature. Nevertheless, the
experimental results indicated that the IFSS of composites
at high temperaturewas considerably lower than that at low
temperature.

Table 1: Peeling results at 23°C

Group Embedded
length (μm)

Maximum shear
force (mN)

Shear
strength (MPa)

1 45.23 35 35.19
2 41.23 40 44.12
3 40.44 35 39.36
4 54.11 51 42.87
5 41.74 40 43.58
6 43.29 45 47.27
7 41.71 42 45.88
8 39.39 40 46.18
9 52.53 62 53.68
10 46.35 62 60.83
11 50.98 58 51.74
12 45.04 40 40.39
13 47.89 61 57.92
14 47.92 65 61.68
15 38.66 45 52.93
16 41.74 47 51.20
17 54.07 83 69.80
18 60.33 75 56.53
19 57.35 85 67.40
20 46.58 54 52.72
21 40.29 50 56.43
22 41.97 63 68.26
23 44.91 65 65.81
24 50.98 54 48.17
25 43.29 57 59.88
26 43.26 54 56.76
27 47.61 42 40.12
28 52.53 52 45.01
29 46.38 34 33.34
30 44.91 40 40.50
31 56.15 55 44.54
32 55.96 55 44.70
33 42.17 47 50.68
34 41.71 50 54.51
35 47.99 59 55.91
36 45.23 49 49.26
37 37.37 50 60.84
38 43.26 74 77.79
39 49.54 63 57.78
40 46.45 61 59.72

Figure 6: The peeling IFSS of the composites at 23°C.
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Based on the observation from the actual photo of the
peeling experiment in Figure 9, it was found that at an
elevated temperature of 230°C, the resin ball underwent
significant deformation before debonding occurred at
the fiber interface during the peeling process. The resin
ball was extruded from a ball into a cone shape under
the action of a fixed tool, and eventually detached from
the fiber. This behavior was attributed to the transition
of PEEK resin from a glassy state to a rubbery state
beyond its glass transition temperature, leading to the
magnification of bonding defects between resin and
fiber at high temperature, and a subsequent rapid drop
in the IFSS. This phenomenon was not limited to specific
samples, but a universal behavior. Consequently, the resin
ball peeling experiment was deemed unsuitable for inves-
tigating interfacial properties under high-temperature
environments.

Table 2: Peeling results at 120°C

Group Embedded
length (μm)

Maximum shear
force (mN)

Shear
strength (MPa)

1 49.44 81 74.50
2 41.74 53 57.78
3 43.26 50 52.56
4 44.81 55 55.81
5 47.92 69 65.48
6 38.63 49 57.68
7 51.01 64 57.05
8 37.11 51 62.49
9 37.08 56 68.68
10 47.89 58 55.07
11 38.63 52 61.61
12 44.81 63 63.93
13 47.92 76 72.11
14 49.46 74 68.03
15 38.63 61 71.81
16 37.08 49 60.09
17 40.17 45 50.94
18 38.63 43 50.62
19 46.35 59 57.88
20 47.89 55 52.22
21 46.35 59 57.88
22 43.26 47 49.40
23 43.29 51 53.57
24 52.55 67 57.98
25 49.46 61 56.08
26 44.81 63 63.93
27 43.26 50 52.56
28 46.35 69 67.69
29 40.21 57 64.48
30 49.46 74 68.03
31 41.74 61 66.46
32 40.29 49 55.30

Figure 7: The peeling IFSS of the composites at 120°C.

Table 3: Peeling results at 230°C

Group Embedded
length (μm)

Maximum shear
force (mN)

Shear
strength (MPa)

1 63.36 22 15.79
2 68.01 27 18.06
3 54.07 26 20.68
4 116.25 80 31.29
5 68.05 24 16.04
6 94.24 58 27.99
7 97.64 64 29.81
8 95.99 53 25.11
9 91.27 62 30.89
10 89.73 82 41.56
11 88.08 70 36.14

Figure 8: The peeling IFSS of the composites at 230°C.
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A line chart was plotted to display the average value of
IFSS at each temperature, as presented in Figure 10. It is
evident from Figure 10 that the IFSS of T700/PEEK compo-
sites was significantly influenced by temperature. Below
120°C, when the environmental temperature was lower
than the glass transition temperature of PEEK resin, the IFSS
of the composite exhibited a positive correlation with tem-
perature. As the temperature surpassed the glass transition

temperature, the IFSS exhibited a negative correlation with
temperature, and the IFSS declined rapidly.

The fiber/matrix interface determines the overall
mechanical properties of fiber-reinforced composite mate-
rials, thereby reducing stress concentration and ensuring
stress transfer from matrix to fiber and from fiber to fiber,
mainly contributed by the chemical bonding and static fric-
tion between fibers and resin matrix. Due to the inherent
poor interface bonding, the chemical bonding force can be
ignored, which makes the static friction generated by radial
compressive stress dominant in the IFSS of thermoplastic
polymer matrix composites. However, the radial compres-
sive stress between fibers and polymer matrix that varies
with temperature causes IFSS to depend on the ambient
temperature, which significantly affects the safety and dur-
ability of thermoplastic composites.

3.4 ILSS analysis

ILSS is a crucial mechanical property index of composite
laminates and serves as a key reference for evaluating the
hot-pressing process of prepreg. To investigate the effect of
temperature on ILSS, delamination failure experiments of
T700/PEEK composite laminates were conducted using a
three-point bending test at various temperatures in this

Figure 9: (a) Peeling experiments at 230°C and (b) interface defects.

Figure 10: IFSS values at different temperatures.

Table 4: Three-point bending experiment results

Group Temperature (°C) Span (mm) Maximum bending force (N) Bending strength (MPa) ILSS (MPa)

1 23 50 2812.40 1886.80 39.81
2 23 50 2784.20 1783.83 38.53
3 23 50 3027.20 1952.16 41.97
4 150 50 2733.20 1621.20 36.31
5 150 50 2348.00 1478.65 32.23
6 150 50 2458.40 1546.32 33.71
7 230 50 790.29 1248.40 10.86
8 230 50 840.62 1289.40 11.73
9 230 50 834.04 1256.00 11.74

Temperature effect on thermo-mechanical property of CF/PEEK composites  9



study. A fundamental basis for exploring the correlation
between temperature and ILSS has been established by the
results presented in Table 4.

During the three-point bending test, all specimens
exhibited a transition from initial linear elastic state to
yield state, followed by a sharp drop in loading force,
leading to fracture. In the bending process of carbon fiber
reinforced polymer (CFRP) composites, the matrix mainly
underwent shear deformation, with minor tensile and com-
pressive deformation. The CFRP composites were found to
exhibit significant bending deformation of the CFs, with

only slight longitudinal deformation, and to have lower
longitudinal stress levels and a reduced bending modulus
as a result.

As shown in Table 4, at 23°C, the average bending
force, bending strength, and ILSS of the composite lami-
nates were 2,874 ± 153 N, 1,874 ± 91 MPa, and 40 ± 2 MPa,
respectively. At 150°C, the PEEK material had surpassed its
glass transition temperature and appeared in a rubberized
state, with the average bending force, bending strength,
and ILSS of the composite laminates being 2,513 ± 220 N,
1,548 ± 73 MPa, and 34 ± 2 MPa, respectively. At 230°C, the
temperature far exceeded the glass transition temperature
of PEEK, and the mechanical properties of the composite
laminates significantly decreased, with the average bending
force, bending strength, and ILSS being 821 ± 31 N, 1,264 ±

25MPa, and 11 ± 1 MPa, respectively. The comparison of data
at different temperatures is presented in Figure 11. The rela-
tionship between temperature and ILSS was revealed by the
observed results, providing an important reference for eval-
uating the hot-pressing process of prepreg.

The results presented in Figure 10 demonstrated a
positive correlation between ILSS and bending strength
of T700/PEEK composite laminates across different tem-
peratures, with both properties decreasing as temperature
increases. The sensitivity of the ILSS to temperature was
more pronounced, with a 71.47% decrease observed between
23 and 230°C, compared to a 32.53% decrease in flexural
strength over the same temperature range. These findings

Figure 11: ILSS and bending strength at different temperatures.

Figure 12: The SEM images of (a) matrix cracking, (b) lamination, (c) fiber breakage, and (d) interfacial debending.
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suggested that composite materials processed using the pre-
preg and molding methods were particularly susceptible to
temperature-induced degradation, and thus may experience
accelerated material failure. The degradation of the fiber/
matrix interface and the thermal softening of thematrix resin
are two important aspects that lead to sustained loss of ILSS
and shear modulus in composite materials. This yield phenom-
enon is also caused by the considerable thermal softening of
PEEK matrix at temperatures close to or higher than Tg.

3.5 Microscopic analysis of damage

During the three-point bending test of T700/PEEK compo-
site laminates, various failure modes such as matrix cracking,
fiber fracture, and delamination were observed. In order to
investigate the damage mechanisms of T700/PEEK compo-
sites, the SEM images of the selected specimenswere obtained
at 23°C and subjected them to SEM to observe the internal
failure mechanisms at the damage location. The SEM scan-
ning was conducted at an accelerated voltage of 3 kV with
magnification factor of 50,000, and images were analyzed at
two different scales of 10 and 1 μm, as shown in Figure 12.

The SEM micrographs showed that the region enclosed
by the red circle in Figure 12(a) exhibited good bonding
between the fiber and matrix, with a compact texture.
During the fracture process, a brittle fracture behavior
was exhibited by the material, characterized by a relatively
flat surface and blocky fragments, consistent with the
experimental observation.

Figure 12(b) revealed that the T700/PEEK composite
laminates experienced obvious delamination, with signifi-
cant gaps between layers and matrix cracking and damage.
The T700/PEEK composite material exhibits various forms
of damage under load, including matrix cracking, fiber frac-
ture, and delamination. From Figure 12(c), after the three-
point bending test, the fibers fractured and the cross-section
was relatively flat. As shown in Figure 12(d), during the
three-point bending test, the deboning occurred between
the fibers and thematrix, ultimately leading to delamination
of the T700/PEEK composites.

4 Conclusion

The T700/PEEK continuous fiber-reinforced thermoplastic
composites possess desirable properties such as high strength,
light weight, and fatigue resistance, making them well-suited

for applications in fields requiring superior materials. In
order to investigate the correlation between interfacial prop-
erties of T700/PEEK composites and temperature, the IFSS
and ILSS of T700/PEEK composites were measured using
micro debonding and three-point bending tests, respectively.

The IFSS of T700/PEEK composites exhibited a positive
correlation with temperature when measured below the
glass transition temperature. A negative correlation was
observed once the glass transition temperaturewas exceeded,
leading to a rapid decline in strength. The ILSS of T700/PEEK
composite laminates was negatively correlated with tempera-
ture, while the interlayer shear force was positively corre-
lated with bending strength. At 23 and 230°C, the ILSS
decreased by 71.47%, while the bending strength decreased
by 32.53%. This can be explained by the change in the inter-
face layer under the influence of temperature, resulting in a
rapid decrease in the interfacial bonding force.
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