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Abstract Poly(aryl ether ketone) (PAEK) films with different crystallinities were obtained by controlling the cooling rate, which were subjected to
the absorption and desorption of methylene chloride (CH,Cl,). We employed attenuated total reflection Fourier transform infrared (ATR-FTIR)
spectroscopy analyses to investigate the diffusion behavior of CH,Cl, in PAEK films with different crystallinities. According to the Fickian diffusion
model, the calculated diffusion coefficients of CH,Cl, in PAEK films were observed to decrease with increasing crystallinity. The effect of CH,Cl,
absorption and desorption on the mechanical properties of PAEK films with different crystallinity was further analyzed using tensile tests. The
tensile tests exhibited that CH,Cl, has two concurrent effects: plasticization and solvent-induced crystallization. Differential scanning calorimetry
(DSC) and wide-angle X-ray diffraction (WXRD) techniques further confirmed solvent-induced crystallization behavior. The results would be
beneficial to understand the solvent resistance of PAEK materials and consequently provide the practical application conditions of PAEK with a

theoretical basis.
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INTRODUCTION

With the performance of thermoplastic matrix materials
gradually improved, thermoplastic composites have attracted
greater interest from the industry."? As a member of the
thermoplastic family, poly(aryl ether ketone)s (PAEKs) have
good impact resistance, high-temperature properties, and
excellent mechanical properties, which show good applicability
in the matrix material of aerospace structural composites.F=! As
structural material in aeronautics, it is widely used as a matrix in
carbon fiber reinforced composites in parts like wing flaps,
access panels and floor panels, amongst others.®=8 In high-
performance applications, materials must be able to withstand a
variety of aggressive environments.”'®! One of them is exposure
to various chemical solvents in the environment. Therefore, it is
essential to understand the effects of solvent exposure on the
morphology and properties of high-performance thermoplastic
composites.

As a member of the PAEKs family, poly(ether ether ketone)
(PEEK) is one of the most widely studied, and its solvent resist-
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ance has been extensively explored. The majority of these
studies have focused on the absorption of highly interactive
liquids and vapors into both amorphous and semi-crystalline
PEEK samples. Penetrants of interest have included carbon di-
sulfide, toluene, benzene, chloroform, and methylene chlor-
ide (CH,Cl,).°-161 Among the various solvents studied, CH,Cl,
is of interest since CH,Cl, is an active ingredient used in paint
strippers and widely used in many applications, so it is essen-
tial to determine the effect of CH,Cl, on the performance of
PEEK. The equilibrium concentration of CH,Cl, in PEEK is rela-
tively high, with reported values varying from 15 wt% to
27 wt%. Arzak et al.l'® studied the sorption of CH,Cl, by PEEK
for both amorphous and highly crystalline polymers. They
found that PEEK absorbed considerable amounts of CH,Cl,.
The solvent sorption is faster for quenched film samples than
for slowly cooled film samples. The equilibrium weight gain is
also higher in quenched film samples. Stober et al.l'”! repor-
ted that CH,Cl, can be highly absorbed in the PEEK films,
leading to two significant effects: plasticization and additio-
nal crystallization of incompletely crystallized films. Seferis
et all'8 reported that the initial crystallinity shows a pro-
nounced effect on the kinetic and equilibrium absorption of
CH,Cl, in PEEK films. Hay and Kemmish['9 studied the diffu-
sion of several halogenated compounds. They concluded that
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those containing an activated hydrogen atom and an elec-
tronegative atom attached to the same carbon atom diffused
most readily into PEEK and induced crystallization to a lim-
ited extent at room temperature. They also observed that par-
tially crystallized PEEK was more resistant to solvent-induced
crystallization (SIC) and penetrant diffusion into the polymer
is slower.

However, PEEK has the highest ether/ketone ratio in the
PAEKs family, which requires higher processing temperatures
as a consequence of the material’'s melting temperature and
viscosity, making its application somewhat limited.l2%! There-
fore, excellent mechanical properties and lower processing
temperature than PEEK make PAEK an interesting candidate
for high-performance applications as well.2221 Compared to
PEEK, very limited work is reported on the solvent resistance
of PAEK and the above studies on the diffusion behavior of
CH,Cl, in PEEK generally used the static gravimetric method.
This technique is labor intensive since the samples must be
taken out of the testing environment at various time and over
a long period for external weighing. Moreover, the handling
time outside the test environment can be a significant source
of error.231 To overcome these limitations, another technique
used in the study is the attenuated total reflection-Fourier
transform infrared (ATR-FTIR), which has been proven to be
an effective means of tracking the diffusion behavior of small
molecules in the polymer matrix.[24!

Through ATR-FTIR spectroscopy, plentiful information
about the diffusion coefficient and the interactions between
small molecules and the polymer matrix can be
obtained.[2526] Moreover, it does not need special processing
steps or do any damage to samples during testing.27:281 Hou
et all?9) monitored the water diffusion processes in the EC-
based films containing different amount of TEC using time-
resolved ATR-FTIR spectra. On the basis of Fickian diffusion
model, the water diffusion coefficients in different films be
evaluated from the resulting diffusion spectra. It is demon-
strated that the diffusion coefficient increases with increas-
ing TEC content, which parallels with the fact that higher TEC
content could create more free volume in the EC matrix and
thus make it easier for water to diffuse. Sammon et al.3% used
the ATR-FTIR technique to explore the diffusion of methanol
in PET with varying degrees of crystallinity, finding that the
diffusion coefficient decreased with increasing the degree of
crystallinity. Yang et al.B" studied the diffusion behavior of
urea aqueous solution with different concentrations (0 wt%
(water), 20 wt%, 40 wt%, 50 wt%) in viscose fiber membrane
by using ATR-FTIR spectroscopy. According to the Fick diffu-
sion model, the diffusion coefficient of urea molecules in vis-

cose fiber membrane decreases with the increase of urea con-
centration.

Up to now, to the best of our knowledge, research by FTIR
spectroscopy aiming at studying the diffusion behavior of
CH,Cl, in PAEK films of different crystallinity has been scarcely
reported. Therefore, in this work, the diffusion behavior of
CH,Cl, in different crystalline PAEK films was investigated by
ATR-FTIR spectroscopy. Moreover, the mechanical properties
of PAEK films with different crystallinity after CH,Cl, absorp-
tion and desorption were tested, which can be used to meas-
ure the solvent resistance of PAEK. Furthermore, this work
compared the solvent resistance properties of PAEK with tra-
ditional commercial PEEK. The results would be beneficial to
understand the solvent resistance of PAEK materials and con-
sequently provide the practical application conditions of
PAEK with a theoretical basis.

EXPERIMENTAL

Raw Materials

PAEK and PEEK were provided by Hairuite Engineering Plastics
Co., Ltd. in the form of grain. The resin used in this work is a new
type of PAEK independently developed and the mechanical
properties of PAEK are similar to those of conventional
commercial PEEK. Table S1 and Fig. S1 (in the electronic
supplementary information, ESI) show the details of the PAEK.
However, it has a higher glass transition temperature (Tg) and
lower melting temperature, which facilitates the molding and
processing of thermoplastic composites. CH,Cl, was purchased
from Adamas-Reagent without further purifications.

Preparation of Films with Different Crystallinities

The films with different crystallinities were prepared as shown in
Fig. 1. In the lower cavity of the mold, 3 g of PAEK powder was
weighed and spread evenly, and the effective inner size of the
cavity was 100 mm X 100 mm. After the mold was closed, it was
placed in a hot press heated to 360 °C and subjected to a
pressure of 2 MPa. The temperature was held for 10 min and
then cooled to room temperature in different ways. Amorphous
(AM) PAEK films were obtained by quenching in liquid nitrogen,
low crystallinity (LC) PAEK films were obtained by quenching in
normal water, and high crystallinity (HC) PAEK films were
obtained by cooling slowly in a hot press. The crystallinity of the
AM-PAEK, LC-PAEK and HC-PAEK films was measured by DSC
and was 0%, 8% and 33%, respectively.

Absorption and Desorption
Absorption was performed by immersing PAEK films in a closed
container containing CH,Cl, at room temperature until

Liquid nitrogen

Cooled  \m-pAEK

—Water

LC-PAEK

HC-PAEK

Fig.1 Schematic illustration of the preparation of films with different crystallinities.
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absorption equilibrium. Desorption was performed by putting
the PAEK films in a vacuum at 140 °C, above the boiling point of
CH,Cl, (39.8 °C) but well below the Ty of PAEK (152 °C). This
desorption method allows the drying of the sample without
inducing further crystallization or other structural changes. The
percentage of solvent in the samples was calculated from
Eq. (1):

Solvent = Wa - Wi x 100% (M

W,

where W, is the weight after absorption or desorption, W, is the
initial weight.

Characterization

ATR-FTIR diffusion
All the time-resolved ATR-FTIR spectra were collected on a
Nicolet iS50 FTIR spectrometer equipped with a DTGS detector.
To collect the ATR-FTIR spectra at the initial stage of the
diffusion process, 8 scans at a resolution of 4 cm™' were
accumulated. The spectral data were collected with an interval
time of 6 s. The schematic illustration of the diffusion
experiment by ATR-FTIR spectroscopy is shown in Fig. 2. The
polymer matrix is located between the ATR crystal and the
diffusion substance. The diffusion substance is detected when it
diffuses from the upper surface of the polymer matrix to the
lower surface. As time increases, the intensity of the
characteristic absorption band associated with the diffusing
substance gradually increases until diffusion reaches equili-
brium. The diffusion curve can be obtained by taking the
diffusion time as the abscissa and the characteristic absorption
peak intensity/area of the diffusion substance as the ordinate.
The Fickian diffusion equation by Fieldson and Barbaril24 is
handy for estimating the diffusion coefficient of small mo-
lecules in polymer films from ATR-FTIR data.
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where y is the penetration depth of the evanescent wave; 0
(6=45°) is the angle of the incidence of infrared (IR) radiation; n,
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Fig. 2 Schematic illustration of the diffusion experiments by ATR-
FTIR spectroscopy.

and n, are the refractive indexes of the polymer film and the
ATR crystal, respectively.

Eqg. (2) can be simplified by eliminating all terms in the
series after the first:29

A 8 f-exp(-2Ly)+(2

AL 4 a! |0(2 v)2 (v)].exp(g) ©)

Aco m[1—exp(-2Ly)] (4y? +17)

y is assumed to be a constant, and L is 60 um; therefore,
Eq. (7) can be reduced to the expression:

A;=As — A" exp(g) 7)
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where A=A - 8y [f-exp(-2Ly) +(2y)]
1 —exp(-2Ly)] (4y? + )
Thus, by a nonlinear curve fitting to Eq. (7) from the vc_¢
band intensities of CH,Cl, in the difference spectra versus
time, the diffusion coefficient can be obtained in which
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Mechanical properties

With ASTM D882 as a reference,?? the tensile properties of the
PAEK films were tested using an Instron 5966 1-kN Universal
Testing Machine (Instron, USA). The nominal size of the
specimen is 50 mm X 5 mm X (0.05+£0.005) mm. The average
values of five parallel samples' tensile strength (o) and Young's
modulus (E) are taken, respectively.

Differential scanning calorimetry (DSC)

The crystallization behavior of the samples was characterized
using a differential scanning calorimeter (DSC, Q250, TA
Instruments). The samples (5-10 mg) were heated from 50 °C to
400 °C at 10 °C/min in a nitrogen atmosphere. The absolute
crystallinity (X.) of the thermoplastic can be calculated by Eq.
(8):[33]

AH

Xc = — % 100% (8)
AH]

where AH, is estimated by integrating the area under the

melting peak. The theoretical melting enthalpy (AH?) of

completely crystallized PAEK and PEEK is taken as 130 J/g.B4

Wide-angle X-ray diffraction (WXRD)
WXRD was collected by the Denki D/MAX-2500 rotary target X-
ray diffractometer of Rigaku Company at room temperature.

RESULTS AND DISCUSSION

Absorption and Desorption

The absorption and desorption data are summarized in Fig. 3. It
can be found that CH,Cl, is readily absorbed by PAEK films,
especially in AM-PAEK and LC-PAEK films, where the weight
after absorption equilibrium reaches 26.9+1.2 wt% and 23.5+
2.3 wt%, respectively. HC-PAEK film still has 10.9+0.8 wt%
absorption. A large amount of absorption gave rise to the study
of the diffusion process of CH,Cl, in PAEK films, which was
investigated in this work using an infrared method. Meanwhile,
it is interesting to note that AM-PAEK and LC-PAEK films were
found to become immediately opaque during the absorption
process, revealing the SIC phenomenon, which has also been
observed in previous studies.l' To further discern the effects of
SIC and plasticization resulting from CH,Cl, absorption,
desorption experiments were performed to remove as much
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Fig.3 The sorption and desorption data for CH,Cl, from PAEK.

CH,Cl, as possible to exclude the effects of plasticization. After
desorption, the CH,Cl, content in PAEK films was reduced by
23.1£1.7 wt%, 19.8+2.7 wt% and 8.7+1.2 wt%, respectively.
However, some residual CH,Cl, solvent remained in the PAEK
film even after the equilibrium of weight loss was recorded at
150 °C, indicating the absorption process's lack of complete
reversibility.

Evaluation of CH,Cl, Diffusion Coefficients in PAEK
Infrared spectroscopy was used to study the diffusion process of
CH.,CI, in PAEK films with different crystallinities. The ATR-FTIR
spectra of the PAEK film and CH,Cl, collected are shown in
Fig. 4. As observed, the characteristic bands of CH,Cl,, such as
Vc_qy are located in the region of 800-650 cm™, which is less
overlapped with bands of the PAEK film. Under such a
circumstance, this region will be mainly focused on
investigating the diffusion process of CH,Cl, in the PAEK film.
The diffusion behavior of CH,Cl, in different crystallinity
PAEK films was monitored by ATR-FTIR spectroscopy. The ob-
tained diffusion spectra in the region of 800-650 cm~' are
shown in Fig. 5. It is noted that almost all the bands are
closely related to solution diffusion and regularly change in
intensity. Herein, the broad band in the region of 780-750
cm~1is constituted of C—H out-of-plane bending vibration of
PAEK molecules and v_¢ stretching vibration of CH,Cl, mo-
lecules. The vc_ stretching vibration is affected by PAEK mo-
lecules. To some extent, it is relatively difficult to study the
diffusion process of CH,Cl, in the PAEK film by analyzing this

i
g
3 CH,Cl,
]
< PAEK
[}
v}
c
B 780 750 720 690 660
5 Wavenumber(cm’1)
wv
g CH,C,
ﬂJWM/\M
3000 1500 1000

Wavenumber (cm_1)

Fig.4 ATR-FTIR spectra of PAEK film and CH,Cl,.

region. Furthermore, the intensities of bands at 732 cm~' can
reflect the diffusion process of CH,Cl, molecules much more
clearly. As observed, the intensities of bands at 732 cm™!,
which are related to vc_¢ stretching vibration, increase re-
markably during the diffusion process, indicating the diffu-
sion of CH,Cl, through the PAEK films. Moreover, considering
the effect of crystallinity on the diffusion process, it can be
noticed that higher crystallinity leads to slower diffusion.

For a better understanding of the diffusion behavior, diffu-
sion curves of CH,Cl, in the PAEK film are illustrated in Fig. 6.
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Fig. 5 Time-resolved ATR-FTIR spectra collected during CH,Cl,

diffusion in different crystallinities: (a) AM-PAEK, (b) LC-PAEK, and (c)
HC-PAEK.
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Fig. 6 The peak absorbance intensity of the vc_¢ region during
CH,Cl, diffusing in the different crystallinity PAEK film. Experimentally
collected data and mathematically simulated curve (black line).

Herein, the peak absorbance intensity of v_¢ is plotted as a
function of diffusion time. In Fig. 6, the points represent the
experimental data and the solid lines are simulated by nonlin-
ear curve fitting based on Eq. (3). It is demonstrated that the
above diffusion curves accord well with the Fickian diffusion
model.

The obtained diffusion coefficients are listed in Table 1. It
can be found that the diffusion coefficient decreases with the
crystallinity of the PAEK film increases. For AM-PAEK, the mo-
lecules are loosely packed, intermolecular interactions are
weaker, and solvent molecules penetrate more easily into the
interior of the polymer, so the diffusion coefficient is relat-
ively high. Although LC-PAEK is partially crystallized com-
pared with AM-PAEK, the molecular chains of the samples are
still mainly irregularly ordered, and the intermolecular stack-
ing is relatively loose, facilitating the diffusion of solvent and
making it easy for solvent molecules to penetrate into the
molecules. The crystallinity of HC-PAEK is further improved
compared with LC-PAEK, and the molecular chains are regu-
larly and tightly arranged, while intermolecular interactions
exist, making it relatively difficult for solvent molecules to
penetrate it, and its diffusion coefficient is relatively minimal.

Table 1  Diffusion coefficients of CH,Cl, in the different crystallinity
PAEK film.

Sample D (cm2s™")
AM-PAEK 7.1x10712
LC-PAEK 3.2x10712
HC-PAEK 6.6x10713

Mechanical Properties

Table 2 presents a summary of the tensile properties for all
specimens under dry, absorption and desorption conditions. As
would be expected from the DSC results, the high crystallinity
with ordered crystallites obtained at a low cooling rate gave rise
to a high tensile strength and Young's modulus of PAEK films.
The effect of the absorption of CH,Cl, on the performance of
AM-PAEK, LC-PAEK and HC-PAEK was evident, with all samples
showing a decrease in stress-related performance compared to
the initial values. The largest decrease was in the AM-PAEK
sample, which showed a decrease in tensile strength of about
26% and a decrease in modulus of about 23%. For the LC-PAEK
sample with 8% crystallinity, the tensile strength decreased by
about 24% and the modulus decreased by about 18%, a
reduced decrease relative to AM-PAEK, but still at a high level.
The HC-PAEK sample with the highest crystallinity of 33% also
showed a decrease in tensile strength of about 20% and a
decrease in modulus of about 16%. The decrease in tensile
strength and Young's modulus of PAEK films increased with the
increase in absorption equilibrium. The marked decrease in
these properties indicates a robust plasticizing effect of CH,Cl,
in PAEK.

It is also worth noting that the presence of CH,Cl, may
have two concurrent effects: the plasticization and the crys-
tallization of PAEK due to the presence of small solvent mo-
lecules. It must be taken into account that the overall effect of
these two effects on properties is opposite and while plasti-
cization due to the presence of solvents in PAEK may be a
rather reversible process, the induction of crystallization is
not. Therefore, it is necessary to test the mechanical proper-
ties of PAEK films after desorption, which will provide helpful
information on SIC.

Additional analysis reveals that the mechanical testing res-
ults of HC-PAEK films are more informative about the effects
of SIC and plasticization since the SIC of HC-PAEK is almost
negligible. Thus, the observed changes will be due only to the
presence of CH,Cl,. From the mechanical properties of the
HC-PAEK films, the CH,Cl, solvent is a plasticizer because all
the reported properties related to stress decrease as the
solvent content increases. The effects of the decrease in
solvent content after desorption on HC-PAEK agree with the
above considerations because behavior opposite to that ob-
served for absorption is now shown in all the properties. Thus,
the mechanical properties of the HC-PAEK films before and
after desorption indicate the lack of significant SIC in the ini-
tially highly crystalline PAEK. The presence of SIC in AM-PAEK
and LC-PAEK films after desorption resulted in an increase in
their tensile strength and Young's modulus. The above mech-
anical properties results agree with the results of DSC and

Table2 Summary of tensile strength and Young's modulus of PAEK and PEEK samples obtained after absorption and desorption.

PAEK PEEK
AM-PAEK LC-PAEK HC-PAEK AM-PEEK LC-PEEK HC-PEEK
Tensile Untread 57+2 59+3 7949 54+5 58+4 83+4
strength (MPa)  Equilibrium 42+3 4514 6316 40+3 48+2 62+7
Desorption 713 75+2 84+2 69+4 7612 78+9
Young's Untread 2.2+0.1 22402 3.0£0.1 2.340.1 2.3+0.1 3.240.1
modulus (MPa) Equilibrium 1.740.1 1.8+0.2 2.5+0.2 1.8+0.1 1.840.2 2.6+0.2
Desorption 23402 2.320.1 3.0£0.1 2440.1 2.540.1 3.240.1
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WXRD. The behavior of the mechanical properties after ab-
sorption and desorption of CH,Cl, by AM-PAEK, LC-PAEK, and
HC-PAEK allow us to discern the concomitant effects of SIC
and plasticization on the mechanical properties of PAEK-con-
taining sorbed CH,Cl,.

Moreover, Table 2 compares the solvent resistance proper-
ties of PAEK with traditional commercial PEEK. Again, the
tensile strength and Young's modulus of PEEK films increased
with crystallinity, and the mechanical properties of PEEK films
were reduced by the absorption of CH,Cl, and recovered or
improved after desorption. On the basis of above data, it can
be concluded that PAEK has a solvent resistance property
similar to traditional commercial PEEK within the crystallinity
studied herein. However, PAEK has a higher glass transition
temperature and lower melting temperature than PEEK, res-
ulting in a wider process window, which benefits the mold-
ing and processing of thermoplastic composites and thus is
becoming more and more attractive.

Differential Scanning Calorimetry Analysis

DSC was used further to study the SIC behavior of CH,Cl, in
PAEK films. The DSC thermograms of PAEK films obtained by
initially different cooling methods and after their absorption of
CH,Cl, are given in Fig. 7. For the convenience of discussion, the
calculated crystallinity data are summarized in Table 3. It can be
seen that heat flow curves under the liquid nitrogen (AM-PAEK)
cooling and water (LC-PAEK) cooling strategies have obvious
exothermic peaks in the range of 160—-220 °C. For AM-PAK, the
crystallinity formed by crystallization during the scan was about
19%, the crystallinity calculated from the melting endotherm
was about 22%, and the 3% difference can be considered as the
crystallinity present in the sample at room temperature. Similar
to PEEK, within the margin of error for determining the enthalpy
area, the PAEK melt-quenched sample is almost amorphous at
room temperature and all crystallites are formed during the DSC
scan.?! The crystallinity of LC-PAEK calculated by calculating
the difference between the crystallization enthalpy area and the
melt inclusion area is about 8%. The HC-PAEK sample cooled in
the furnace has no more cold crystallization peaks. In this case,
the endotherms are very broad, with a distinct shoulder at
about 297 °C and a sharp melting peak at 323 °C. The
crystallinity of HC-PAEK calculated by the melt enthalpy area is
about 33%. The crystallinity obtained from DSC is also in good
conformity with the cooling rate.

The SIC produced by CH,Cl, resulted in the disappearance
of the exothermic crystallization peak for both AM-PAEK and
LC-PAEK samples, while the melting peak was still present
with an enthalpy of melting of about 40 J/g. The crystallinity
of AM-PAEK and LC-PAEK samples was calculated to be about
31% based on the melting enthalpy, which increased by 31%
and 26% after solvent adsorption, respectively. The crystallin-
ity of HC-PAEK was essentially unchanged before and after
adsorption and was about 33%. SIC was essentially absent in
HC-PAEK, as the DSC curves were not significantly different in
the initial HC-PAEK and CH,Cl, exposed film samples, and the
melting peaks and areas were essentially unchanged, which
also corresponded to the mechanical results.

Wide-angle X-ray Diffraction Analysis
WXRD tests were conducted to gain deeper insights into the
differences between the PAEK films obtained by SIC and

thermal crystallization and the results are shown in Fig. 8. The
initial AM-PAEK samples displayed a very broad amorphous
hump. The relatively low crystallinity of the LC-PAEK samples

a _Peak temperature: 184 °C

Enthalpy (normalized): 25 J/g

AM-PAEK

Heat flow
exo

Enthalpy (normalized): 29 J/g —
¢ Peak tempera\ture: 316°C

AM-PAEK equilibrium
Enthalpy (normalized): 40 J/g

Peak temperature: 316 °C

50 100 150 200 250 300 350 400

Temperature (°C)

— Peak temperature: 181 °C

Enthalpy (normalized): 22 J/g

LC-PAEK

A

Heat flow
exo

Enthalpy (normalized): 33 J/g - {
Peak temperature: 316 °C

LC-PAEK equilibrium
Enthalpy (normalized): 40 J/g

Peak temperature: 316 °C

50 100 150 200 250 300 350 400
Temperature (°C)

Heat flow
exo

y

HC-PAEK equilibrium

Enthalpy (normalized): 43 J/g

\
Peak temperature: 323 °C
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Temperature (°C)

Fig. 7 DSC curves of the initial and CH,Cl, exposed samples: (a) AM-
PAEK, (b) LC-PAEK, and (c) HC-PAEK.

Table3 Summary of the calculated crystallinity data for all samples.

Sample X (%)
AM-PAEK Untread 3
Equilibrium 26
LC-PAEK Untread 8
Equilibrium 27
HC-PAEK Untread 29
Equilibrium 30
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with peak point 26=18.6° was challenging to detect by XRD and
showed very broad amorphous humps. The initial HC-PAEK
samples showed WXRD peaks at diffraction angles 26=19.1°,
21.1°,23.4°, and 29.2°, associated with diffraction from the (110),
(111), (200), and (211) crystallographic planes of form |,
respectively. The (110) and (200) peaks are the strongest,
indicating that crystallization occurs mainly along these two
planes.P%371 The AM-PAEK samples after absorption show
several small peaks and shoulder peaks on the amorphous halo
with angular positions roughly consistent with those found in
the initially thermally crystalline HC-PAEK. The presence of
crystalline peaks in the WXRD pattern also confirmed the

a

(110)
(111)

(200)

AM-PAEK
equilibrium

t

AM-PAEK

Intensity

(110)

(111)

LC-PAEK
equilibrium

}

LC-PAEK

Intensity

HC-PAEK
equilibrium

f

Intensity

11)

10 15 20 25 30
26(°)
Fig. 8 WXRD patterns of PAEK after CH,Cl, absorption and
desorption: (a) AM-PAEK, (b) LC-PAEK, and (c) HC-PAEK.

existence of SIC by CH,Cl, in the specimens. Similarly, the same
phenomenon was observed in the LC-PAEK sample. Although
the crystallinity of LC-PAEK samples improved compared to AM-
PAEK but remained at a low level, CH,Cl, produced induced
crystallization in them, which was the same as the DSC results.
And these crystalline peaks are less intense than those of
thermally crystallized specimens, but the scattering angles at
which they occur correspond to the scattering angles at which
the crystalline peaks of thermally crystallized samples occur.

CONCLUSIONS

In this study, the diffusion behavior of CH,Cl, in the PAEK films
with different crystallinities were studied by ATR-FTIR
spectroscopy. The time-resolved ATR-FTIR spectra obtained
during the diffusion process were used to create the diffusion
profiles, which closely match the Fickian diffusion model. The
diffusion coefficients of CH,Cl, in PAEK films of different
crystallinities can be evaluated. It is observed that the diffusion
coefficient decreases with increasing crystallinity. The
absorption of solvents has an important effect on the
mechanical properties of the PAEK films. These effects result
from the concomitant processes of plasticization by the solvents
and SIC. The behavior of SIC was further confirmed using wide-
angle X-ray diffraction and differential scanning calorimetry.
Herein, the information obtained about the diffusion system
might be helpful for us to understand better the effects of
CH,Cl, absorption on the properties of PAEK and further may be
beneficial to analyze and understand PAEK matrix-dominated
properties in the thermoplastic composite with reusability.
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