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• The conditions required to obtain an exploitable Raman spectrum of amorphous PEKK are highlighted.
• We proposed assigning vibrational modes recorded from a hundred spectra on amorphous PEKK. Modes,

doublets and intensity ratios are specific to PEKK and distinguish it from other PAEK.
• The ratio of two-thirds ketone to one-third ether in PEKK leads to amplifying the peaks associated with the

ketone moiety and a decrease in those associated with the ether moiety compared with PEEK and PEK.
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A B S T R A C T
We used Raman spectroscopy to analyze amorphous polyetherketoneketone (PEKK) and iden-
tified the conditions to obtain this material’s exploitable Raman spectrum. Our study assigns
the vibrational modes observed from 100 spectra recorded on the amorphous PEKK’s surface,
obtained by injection moulding. The peaks recorded on this polymer are specific to its amorphous
microstructure. The vibration modes are similar to PEK and PEEK since they belong to the
same family of materials, the polyaryletherketones. However, PEKK has a unique molecular
structure with a ketone content of 67% and an ether content of 33%, resulting in an amplification
or appearance of vibration modes associated with the ketone group’s vibrations and a decrease in
the modes related to the ether group. This work provides a valuable database for those studying
the microstructure of PEKK and its evolution with processing conditions and ageing.

1. Introduction
Polyaryletherketones (PAEKs) are semi-crystalline high-performance thermoplastic polymers. They demonstrate

high-temperature stability, resistance to hydrolysis and most organic chemicals. They keep their high mechanical
strength over a wide temperature range, with eventually an operating temperature above 250°C. Due to their outstanding
properties, they are considered in many applications: In aerospace, PAEKs replace metals to lighten structures when
associated with carbon fibres in composites [1]. Their biocompatibility and durability make them suitable for producing
dental or orthopaedic prostheses, offering an alternative option to metal with properties that are closer to the human
body[2, 3, 4]. PAEKs are also used as coating layers to reduce wear under friction conditions, including in harsh
conditions [5, 6].

Their backbones consist of rigid monomers containing alternately ketone (R-CO-R) and ether groups (R-O-R). The
linking group R between the functional groups consists of a 1,4-substituted aryl group. An aryl group is a functional
group derived from substituting a hydrogen atom in an aromatic ring compound. Examples of these polymers include
polyetherketone (PEK), polyetheretherketone (PEEK) or polyetherketoneketone (PEKK). The ranges of their chemical
formulae are displayed in Figure 1.

PAEK can be processed using typical thermoplastic processes, such as injection moulding, extrusion, compression
moulding, and additive manufacturing. Additionally, PAEK parts can be welded together [7] or to any thermoplastic
part, provided the two polymers are miscible [8].

PEEK, launched by Victrex company in the 80s, is the most used polymer within the PAEK family. The uses of
PEEK have gained attention in various industrial applications where it has proven to perform well and last. Besides,
its structure and properties have been extensively studied in the scientific literature. Newly, PEKK has emerged on
the market, offering mechanical properties similar to PEEK, and higher thermal transitions resulting in stronger heat
resistance, due to an additional ketone group as shown in Figure 1. Moreover, the main interest of PEKK lies in slower
crystallization kinetics than PEEK, making it easier to control its properties for specific applications [9, 10]. Its wear
resistance is also superior to that of PEEK under similar conditions [11, 12]. Although PEKK is not yet as widely used
as PEEK, the knowledge on processing-chemical structure-properties relationships is currently making significant
progress, as revealed by the increasing number of articles in the literature [6, 13, 14, 15]. Moreover, PEKK can be
reinforced with carbon or glass fibres, mica or any fillers to tune its mechanical and tribological properties, with target
applications in aerospace structural components [14, 16, 17]. Its ability to osteointegration makes it a strong contender
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Figure 1: Chemical structure of (a) PEK, (b) PEEK, and (c) PEKK

for dental and cardiovascular applications and joint replacements [18]. The thermal and mechanical properties of PEKK
are well-identified, with a melting point of 300 °C and a glass transition at 190 °C [10]. Similar to any thermoplastic
materials, the properties of PEKK differ according to its crystallinity, 𝜒𝑐 . The crystallinity and crystallization kinetics
depend on the proportion of terephthalic or isophthalic acid units, the T/I ratio (Fig. 2). The elastic modulus of PEKK
is slightly higher than PEEK, and its mechanical and thermal characteristics can be controlled by manipulating the T/I
ratio when selecting the monomers. Using a specific PEKK grade, it is possible to adjust its crystallinity through fine
control of the cooling ramp or annealing conditions while processing [9, 10, 14, 17, 19, 20, 21].
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Figure 2: Chemical structure of (a) terephthalic and (b) isophthalic acids

Raman spectroscopy is a powerful and promising non-destructive technique to better understand the local chemical
structure of materials. Raman spectroscopy can be useful in characterizing materials such as PEKK. In particular,
Raman spectroscopy is an essential tool to analyze polymer surfaces and their evolution with surface treatment, coating
or ageing. To do this, tables reporting the assignment of each spectrum peak are necessary. However, such tables on
PEKK cannot be found in the literature, probably due to the novelty of polyetherketoneketone in the market. The
only research that mentions Raman spectroscopy on PEKK is for dental implants. The authors used Raman scattering
analysis, but the study focuses on the ceramic rather than the polymer itself [22]. In addition, some studies on PEEK
are valued to gain knowledge on the attribution of PEKK peaks. These studies reveal that Raman spectroscopy allows
evaluating their crystallinity [20, 23]. Raman spectroscopy is also used to identify the action of a solvent on the
microstructure of PEEK [24], to quantify the evolution of stresses at the surface of a PEEK sample [25] or to evaluate
the evolution of the microstructure under the effect of friction [26]. However, one obstacle to using conventional Raman
spectroscopy with PAEK is the persistent and prohibitive fluorescence that appears. Fourier transforms spectroscopy
generally reduces fluorescence significantly [5]. However, such an approach has not been reported on PEKK until now.

With infrared spectroscopy conducted on PEKK, Lee et al. indicate that the mid-frequency region houses the
maximum number of peaks [4]. By studying the vibration modes of PEKK, Pedroso et al. have subdivided the mid-
frequency region into specific areas [11]. From 650 cm−1 to 1050 cm−1, they observe the C=C deformation modes in
benzene rings, followed by C-O-C ether modes from 1100 cm−1 to 1300 cm−1. Then, the C=C stretching in benzene
rings is located from 1400 to 1600 cm−1, and at approximately 1650 cm−1, they identify the characteristic mode of
C=O stretching in the ketone’s carbonyl group. Another mode at a high wavenumber, about 3070 cm−1, has also been
observed by Mazur et al. in the PEKK’s infrared spectroscopy [27].



Table 1
Enthalpies and thermal transitions from DSC experiments with PEKK.

First heating scan Cooling Second heating time
T𝑔 (°C) ±2 °C 160 162 162
T𝑐𝑐 (°C) ±2 °C 210 - -
T𝑐𝑚 (°C) ±2 °C - 290 -
T𝑚 (°C) ±2 °C 336 - 336
ΔH𝑚 (J/g) ±2 J/g 32 - 33
ΔH𝑐𝑐 (J/g) ±2 J/g 27 - -
ΔH𝑐 (J/g) ±2 J/g - 32 -
𝜒𝑐𝑚𝑎𝑥 (%) 3.8 24 25

In this article, we provide a spectroscopic study of amorphous PEKK with detailed information about the
spectrometer, acquisition protocol of the spectra, and post-processing. The section 2 presents the spectra obtained
for the PEKK and a proposal for assigning the vibration modes. Finally, perspectives for future works are provided in
sections 4 and 5.

2. Material and method
2.1. Amorphous PEKK samples

Kepstan® PEKK grade 7002 is supplied by Arkema France in pellets. PEKK 7002 is a semi-crystalline thermoplas-
tic with tunable crystallinity due to its crystallization kinetics. Its I/T ratio, i.e. the ratio of the terephthalic/isophthalic
group, is 70/30. [14]. After drying the pellets at 120 °C for 30 hours, 2 × 95 × 95 mm3 plates were manufactured with
an injection moulding machine Proxima 50 from Billion. The screw-to-nozzle temperatures are regulated from 330 to
370 °C. The mould is kept at 70 °C by oil circulation linked to a cooling bath. The cooling time is 30 s, it is fast enough
to obtain amorphous PEKK, as revealed by the optical transparency of the plates. Differential Scanning Calorimetry
(DSC) scans were carried out in a DSC 1 Stare System Mettler Toledo to check crystallinity. Samples of 8 to 10 mg
were cut into the PEKK plates, experiments were repeated 5 times. Ramps of 10 K.min−1 were used for heating from
25 °C to 380 °C, and cooling from 380 ºC to 25 ºC. Glass transition temperature (T𝑔), melting temperature (T𝑚), cold
crystallization temperature (T𝑐𝑐) and crystallinity (𝜒𝑐) were obtained on heating. Cooling ramps were used to obtain
the crystallization temperature from melt (T𝑐𝑚) and the maximum crystallinity (𝜒𝑐𝑚𝑎𝑥 ). The melting enthalpy ΔH𝑚 is
calculated from the melting peak area divided by the theoretical melting enthalpy of the PEKK if 100% crystalline
[20]. However, this value is unknown due to the novelty of the polymer. For this reason, it is commonly assumed that
the reference is the PEEK for which ΔH100% = 130 J/g [28]. The crystallization enthalpy measured on the first heating
scan ΔH𝑐 and the crystallization enthalpy measured on cooling is ΔH𝑐𝑐 . All the enthalpies calculated and the thermal
transitions from the experimental runs are gathered in table 1.

From these data, the initial degree of crystallinity of the injected plates is 3.8%, whereas the maximum crystallinity
that PEKK could reach is 25%. This quasi-amorphous state stems from the fast cooling that the plates undergone during
injection moulding. Indeed, it is well known that the crystallinity is correlated to the cooling kinetics. When injecting in
the mould regulated at 70 °C, the macromolecules do not have enough time to self-organize into lamellae, resulting in
a quasi-amorphous polymer. For all the so-injected plates, the crystallinity ranges from 0 to 4%. Moreover, considering
the injection moulding process, the specimen surface is cooled faster than inside the part, giving the well-known skin-
core defect. When cutting the DSC samples, the surface and the core are taken together, and the crystallinity measured
is averaged. The penetration thickness of the beam in Raman spectroscopy is about one micrometre, according to the
acquisition conditions. Thus, we consider the crystallinity of the PEKK surface to be close to 0%. Raman spectra are
registered on the PEKK plate surface.
2.2. Raman spectrometer

We used a Renishaw spectrometer, the Qontor InVia. It is equipped with a 785 nm wavelength and 300 mW
power laser. The beam is directed onto the sample using a Leica DM2700 optical microscope specially adapted to the
spectrometer. The spectra were recorded under the following conditions unless stated otherwise. The objective used
is a ×100. The working distance is 0.27 mm, and the numerical aperture is 0.85. The slit is 65 µm wide. An Edge
filter eliminates Rayleigh scattering up to 50 cm−1. The holographic grating has 1200 lines per mm, giving a spectral



resolution of 1.1 cm−1. The detector is a Renishaw Centrus 2NA000 CCD with 1040 × 256 pixels and is cooled by the
Peltier effect.

Given the chosen conditions, the laser’s lateral resolution is 1.13 µm, and the field depth is Δz=1.09 µm. For
this study, ten spectra were recorded over ten different areas of the sample, scanning the grating over a wide spectral
range, between 50 cm−1 and 3250 cm−1 with an exposure time of 10 seconds and 10 accumulations. Figure 3 shows
an average of these ten spectra. The other spectra in Figures 4, 6 and 7 are extracted from acquisitions taken under
the following conditions: 100 spectra were recorded on the surface of the amorphous PEKK sample over an area of
500 µm × 500 µm. Each spectrum is spaced 50 µm apart to ensure the most reliable collection possible. A spectrum
is obtained with an exposure time of two seconds with ten integrations. Before and after each spectrum, the visual
appearance of the polymer is checked to confirm that no thermal damage has occurred. Spectra are acquired over three
different spectral ranges:

- between 50 and 1195 cm−1 ;
- between 590 and 1705 cm−1 ;
- between 2495 and 3265 cm−1.
The spectra are recorded and post-processed using Wire 5 software. The post-processing consists of subtracting

the baseline. Any cosmic peaks are also removed. Finally, the spectrum is normalised to the most intense peak at
approximately 1611 cm−1. The peaks are then fitted with a deconvolution using a Voigt function.

3. Results
Figure 3 displays the Raman spectrum of PEKK, which was recorded from 50 cm−1 to 3150 cm−1. The fluorescence

has not yet been processed, and any cosmic peaks have been erased. The spectrum has been normalised to the sharp,
intense peak at approximately 1611 cm−1. It can be observed that fluorescence does not hinder detecting PEKK
vibrational modes for similar acquisition conditions. In fact, a spectrum with a low signal/noise ratio, low fluorescence,
and sharp peaks can be easily obtained. On the other hand, it is much more difficult to achieve a result of this quality
with PEEK under these conditions [5, 20, 23].

We proposed to split the spectrum into three zones:
- the low-frequency region between 50 and 200 cm−1;
- the mid-frequency region between 200 and 2000 cm−1;
- the high-frequency region above 2000 cm−1.

The assignment of peaks is essentially made with the help of Raman spectroscopy data from the literature on PEEK
and PEK, and in particular that of Agbenyega et al. [23] and Ellis et al. [5], from which the table 2 is strongly inspired.
The work on PEKK by Lee et al. using infrared spectroscopy also confirms these vibrational mode assignments [4].
Table 2 details the position of each peak obtained after the post-processing and deconvolution.
3.1. Low-frequency region

The continuum background increases significantly in the low-frequency region, between 50 and 200 cm−1 (Fig. 4).
The proximity of Rayleigh scattering causes this rise in the baseline from the right to the left of the spectrum. In 2021,
Yamaguchi et al. recorded spectra of PEEK in this region [29]. They detected two peaks: the first one at 97 cm−1 and
the second one at 135 cm−1. Inspired by studies of Lipiäinen et al., they associated these peaks with intermolecular
vibration modes or phonons [30]. Later, in 2022, Yang et al. carried out molecular dynamics calculations for PEEK
below 350 cm−1. They confirmed the phonon hypothesis and clarified the mode assignment. At around 85-98 cm−1,
they identified the scissoring of ether moiety. Around 130-145 cm−1, they pinpointed the torsion of the ketone group
and the connected benzene rings. At around 175-190 cm−1, they recognised the rotation around the ketone groups.
This last mode of vibration depends on the length of the molecule under consideration. It can reach 164-165 cm−1

when the molecule is elongated [31].
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Figure 3: PEKK spectrum recorded between 50 cm−1 and 3250 cm−1. The fluorescence has not yet been processed, and
any cosmic peaks have been erased. The spectrum is subdivided into three regions: on the left, with a blue background,
the low-frequency region; in the centre, the intermediate-frequency region; and on the right, with a red background, the
high-frequency region. The central region is split into five domains, alternately coloured between white and grey. Section 3.2
contains the description of each domain’s characteristics.

Our PEKK spectra show the presence of three peaks with very weak intensities. These peaks are at 77 cm−1,
109 cm−1 and 135 cm−1, respectively. They are lower than those of PEEK mentioned above. The stiffening of the
PEKK molecule by the additional ketone group probably lowers the phonon frequencies. The length of the PEKK
chain may also be responsible for this lower frequency. It seems appropriate to us to assign the modes at 109 cm−1 and
135 cm−1 in the manner proposed by Yang et al., i.e. by associating them with intermolecular modes of vibration of
the 𝜙-O-𝜙 and 𝜙-CO-𝜙 type respectively. The mode at 77 cm−1 is also a phonon mode of one of the abovementioned
types. An analysis by molecular dynamics would enable it to be assigned without a doubt.
3.2. Mid-frequency region

The mid-frequency region contains the most significant number of peaks (Fig 5). It can also be subdivided according
to the molecular groupings that produce the majority of vibrational modes in this region. This separation is similar to
that observed using infrared spectroscopy [11]. However, taking into account the work of Ellis et al. [5], we propose a
subdivision into five domains:

- between 200 and 1020 cm−1, the out-of-plane C-H deformation of the hydrogen atoms attached to the aromatic
rings, 𝛾𝐶−𝐻 ;

- between 1020 and 1200 cm−1, the in-plane C-H deformation of the hydrogen atoms attached to the aromatic
rings, 𝛿𝐶−𝐻 and C-O-C stretching ;

- between 1200 and 1540 cm−1, stretching of C-O or C-O-C bonds, 𝜈𝐶−𝑂 or 𝜈𝐶−𝑂−𝐶 ;
- between 1540 and 1635 cm−1, the stretching vibration of the C=C ring, 𝜈𝐶=𝐶 ;



Table 2
Wavenumbers and assignments for PEEK, PEK from [5, 24] and PEKK.𝛾: out-of-plane shear strain; 𝛿: in-plane shear
strain; 𝜈: stretching. The peak at 1611 represents 100% intensity. vw: very weak intensity, less than 2%; w: weak, between
2% and 5%; m: medium, between 5% and 15%; s: strong, between 15% and 50%; vs: very strong, above 50%. sh is a
shoulder.

PEEK PEK PEKK Assignment
Δ𝜈 (cm−1) Δ𝜈 (cm−1) Δ𝜈 (cm−1)

77 vw phonon
97 vw 109 vw phonon 𝜙-O-𝜙
135 vw 135 vw phonon 𝜙-CO-𝜙
632 w, sh 635 w 632 w 𝛾−𝐶𝑂− ou 𝛿𝜙 ip
646 w 647 vw, sh 647 w, sh 𝛾𝐶−𝐻
669 w 668 w 𝛾𝐶−𝐻
680 vw 679 w 677 vw 𝛾𝐶−𝐻
731 vw 732 w 727 vw 𝛾𝐶−𝐻
772 w 771 w 761 w 𝛾𝐶−𝐻

786 m, sh 𝛾𝐶−𝐻
808 s 802 s 801 s 𝛾𝐶−𝐻
825 w, sh 830 w, sh 830 w 𝛾𝐶−𝐻
882 w 872 w 871 vw 𝛾𝐶−𝐻 or ring mode
932 w 927 w 920 w 𝛾𝐶−𝐻 , or symmetric 𝜈𝜙−𝐶𝑂−𝜙
934 vw 956 vw 938 w 𝛾𝐶−𝐻
968 vw 972 vw 992 vw, sh 𝛾𝐶−𝐻
1010 vw 1012 vw 1003 m ring stretching mode, or 𝛿𝐶−𝐻

1017 w, sh ring stretching mode, or 𝛿𝐶−𝐻
1065 vw 1064 vw 𝛾𝐶−𝐻
1096 vw, sh 1099 vw, sh 𝛿𝜙
1114 vw 1115 vw 𝛿𝐶−𝐻 or 𝜈𝐶−𝑂
1146 vs 1144 vs 1143 vs symmetric 𝜈𝐶−𝑂−𝐶
1161 w, sh 1159 sh 1162 m, sh 𝛿𝐶−𝐻 or 𝜙 − 𝑂 and 𝜙 − 𝐶𝑂 modes
1173 w, sh 1171 sh 1178 w, sh 𝛿𝐶−𝐻
1201 m 1202 w 1209 m 𝜈𝜙−𝑂

1233 sh
1243 m 1246 w asymmetric 𝜈𝐶−𝑂−𝐶

1271 w
1288 w 1290 vw 1283 w 𝜈𝜙−𝐶𝑂−𝜙 or ring mode
1307 w 1306 w 1314 w ring mode

w 1407 vw, sh 𝜈𝐶=𝐶 , 𝜈−𝐶𝑂−, or 𝜈𝐶−𝑂−𝐶
1414 vw 1415 w 1421 w 𝜈−𝐶𝑂−, 𝜈𝐶−𝑂−𝐶
1499 vw 1499 vw 1492 vw, sh Ring stretching mode
1576 w, sh 1508 w 𝜈𝐶=𝐶

1588 m, sh 1587 w, sh 𝜈𝐶=𝐶
1595 vs 1594 s, sh 𝜈𝐶=𝐶
1607 s, sh 1604 vs 1611 vs 𝜈𝐶=𝐶
1644 m 1643 m 1658 m 𝜈𝐶=𝑂 crystalline
1651 m, sh 1651 m, sh 1664 m, sh 𝜈𝐶=𝑂 amorphous

3063 sh 𝜈𝐶−𝐻
3067 m 3069 m 3076 w 𝜈𝐶−𝐻

- between 1635 and 1700 cm−1, stretching of the carbonyl C=O bond in the ketone group 𝜈𝐶=𝑂.

3.2.1. Out-of-plane C-H deformation region
This region contains numerous strong to very weak intensity modes corresponding to out-of-plane deformations

of the C-H bond in the phenyl ring [23]. The most prominent peak observed is at 801 cm−1 (Fig. 6, left side). In the
case of PEKK, this mode is accompanied by two slight shoulders of very weak intensity at 786 cm−1 and 761 cm−1,
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Figure 4: PEKK spectrum in the low-frequency region, between 50 and 200 cm−1. Three peaks at 77, 109 and 135 cm−1

are associated with intermolecular interactions, also called phonon modes.

Figure 5: Between 750 and 1700 cm−1 are the PEEK (top, red), PEK (middle, blue) and PEKK (bottom, black) spectra.

a distinguishing feature of PEKK that is absent in PEK or PEEK. Furthermore, the intensity of this mode in PEKK is
weaker than that in PEK or PEEK. In PEEK and PEK, this mode is located at 808 cm−1 and 802 cm−1, respectively.



The ring deformation mode detected around 882 cm−1 in PEEK and 872 cm−1 in PEK, is also observable at
871 cm−1 in PEKK.

Lastly, the mode around 1010 cm−1 in PEEK and 1012 cm−1 in PEK is split in the PEKK spectrum to form a more
intense doublet at 1003 and 1017 cm−1, which is specific to the compound with the highest rate of the ketone.
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Figure 6: Details of the PEKK spectrum, on the left, between 740 and 850 cm−1, in the 𝛾𝐶−𝐻 region, and on the right,
between 950 and 1200 cm−1, in the 𝛿𝐶−𝐻 region.

3.2.2. In-plane C-H deformation region
The symmetrical C-O-C stretching modes are responsible for the 1143 and 1209 cm−1 bands. These bands are the

most intense in the PEK and PEEK spectra, as Ellis et al. recorded [5]. In these polymers, the C-O-C stretching mode is
also used to normalize the spectra, as it is less sensitive to microstructural variations than other vibration modes [24].
In the case of PEKK, mode at 1143 cm−1 is the second most intense after the 1611 cm−1 peak.

Additionally, two peaks split at the base of the 1143 cm−1 peak, forming a double shoulder of intermediate and
weak intensity at 1162 and 1178 cm−1 (Fig. 6, right side). This feature is unique to the PEKK spectrum. The mode at
1162 cm−1 may be associated with 𝛿𝐶−𝐻 , 𝜙-O, or 𝜙-CO, and the mode at 1178 cm−1 is likely related to the 𝛿𝐶−𝐻 .
3.2.3. C-O or C-O-C stretching modes region

The modes present in this region are all similar in PEKK, PEEK and PEK. This region contains at 1209 cm−1 the
antisymmetric counterpart of the strong C-O-C stretching observed in the previous region. This mode is at a lower
frequency in PEEK (1201 cm−1) and stronger. The intensity of this mode decreases in PEK. It is weaker in PEKK as
the ether group is less concentrated in this compound.
3.2.4. C=C aromatic stretching region

Two very intense modes appear in the spectra of the three materials around 1594 and 1611 cm−1 (Fig. 7). In PEEK,
Briscoe et al. assign the 1595 mode and its distinct shoulder at 1607 cm−1 to phenyl ring vibration [24]. According
to Everall et al., these modes depend on the orientation of the laser and its polarization on the sample [32, 33]. They
are found at 1594 and 1611 cm−1 in PEKK. We note that the 1595/1608 ratio is greater than 1 in the case of PEEK.
This ratio is reversed in the case of PEK and PEKK. In PEKK, the 1594 mode is less intense than the 1611 mode. It
looks to be a typical feature for materials with a high ketone content. It can be seen that the mode at 1594 cm−1 is
even weaker in the case of PEKK than in PEK, which may be associated with both the low ether content and the high
ketone content.
3.2.5. Carbonyl C=O stretching region

The peaks around 1660 cm−1 were also identified on the PEKK IR spectrum around 1651 cm−1 [34]. This doublet
comprises two vibrational modes at1658 and 1664 cm−1. These peaks appear with the stretching of the carbonyl group,
𝜈𝐶=𝑂. The 1644 and 1651 modes are assigned to the band of C=O stretching. The first is characteristic of the amorphous
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Figure 7: The PEKK spectrum in the mid-frequency region is between 1540 and 1700 cm−1.

structure of PEEK. The latter is relative to the crystalline structure [23]. The same identification is proposed for PEK
[5], and we do so for PEKK for the two modes at 1658 and 1664 cm−1. This doublet is more intense in PEKK than
in the other two materials. Again, this intensity can be attributed to the high concentration of ketone groups. In our
amorphous PEKK spectrum, the intensity of the deconvoluted peak at 1658 cm−1 is lower than that of the peak at
1664 cm−1. It would be interesting to compare the evolution of these peaks as a function of the degree of crystallinity
to determine whether they can be used as indicators of crystallinity level.
3.3. High-frequency region

Only one mode of vibration has been detected in this region. At 3076 cm−1, a clearly discernible peak with a weak
intensity represents C-H bond stretching, 𝜈𝐶−𝐻 , attributed by Briscoe et al. for PEEK [24] and also observed in infrared
spectroscopy in PEKK by Mazur et al. [27].

4. Discussions
Raman spectroscopy was used to characterize amorphous PEKK. We have proposed assigning the vibrational

modes observed from a hundred spectra recorded on the surface of a PEKK specimen. The peaks recorded on this
material are characteristic of the amorphous microstructure of PEKK and have an I/T ratio of 70/30. As expected, the
vibration modes are similar to those of PEK and PEEK since they belong to the same family of thermoplastic polymers,
the PAEK. PEKK differs from the other two in its molecular structure by having a high ketone content of 67% and a
low ether content of 33%. This specificity leads to the amplification or the appearance of modes associated with the
vibrations of the ketone group. Conversely, there is a decrease in the modes associated with the ether group.

Several aspects distinguish the spectrum of PEKK from those of PEK and PEEK: The mode at 1611 cm−1 is the
most intense. Alongside this, the shoulder at 1594 cm−1 is much weaker than in the case of PEEK. The intensity of
the vibration mode in the C=O region is more significant than in PEK and PEEK, corresponding to a higher amount
of ketone in the polymer. The increased concentration of ketone favours the appearance of doublets of vibrations: at
1003 and 1017 cm−1, as well as at 786 and 801 cm−1 with a lower intensity. Conversely, the fall in ether concentration
reduces the intensity of the associated modes, including that at 801 cm−1. Finally, the intensity ratios indicate the
ketone concentration, particularly 1611/(1658+1664) and 1594/1611. These intensity ratios effectively distinguished
the spectra of PEEK, PEK and PEKK.

The study hereby focuses on amorphous PEKK. These results should be consolidated by a study that takes into
account the crystallinity of PEKK. The I/T ratio probably affects the distribution of vibration modes, and a comparative



study that considers this ratio would be a plus for going further into the characterization of this material. Indeed, it
would be instructive to check the variation in position, width and intensity ratio of these vibration modes as a function
of these two parameters, crystallinity and I/T ratio. The ultimate goal would be to be able to specify for an unknown
PAEK, its grade, I/T ratio, and its crystallinity [19, 35]. In the future, Raman spectra of PEKK samples with various
crystallinity will be analyzed. The aim is to correlate the Raman peaks with the crystallinity rise. This should make
calculating the PEKK samples’ crystallinity possible with a fast, accurate, and non-destructive technique.

Like any thermoplastics, the crystallinity correlates with PEKK’s properties: density, tensile strength, elastic
modulus, toughness, chemical resistance and more. The same applies to the T/I ratio, which plays a role in the
crystallization kinetics and physical properties of PEKK. A comparison with other methods for measuring 𝜒𝑐 would
provide interesting elements for monitoring crystallinity on the scale of the microscopic probe accessible with modern
Raman spectrometers.

Molecular dynamics calculations would be a plus to confirm and complete the attributions proposed in this study,
particularly in the low-frequency region, for the mode at 77 cm−1.

5. Conclusions
We studied the Raman spectrum of amorphous PEKK, examining frequencies between 50 and 3250 cm−1. Our

research identified phonon vibration modes below 200 cm−1 and vibration modes specific to PAEK throughout the rest
of the spectrum. By analyzing the vibrational modes, we could differentiate the Raman spectrum of PEKK from PEK
and PEEK’s. Specifically, we found that the ketone group’s high concentration causes specific vibrational modes to
intensify, such as the peak at 1611 cm−1 or a double shoulder next to the peak at 1143 cm−1. These specific signs are
unique to PEKK and are absent in PEEK or PEK. Raman spectroscopy is a valuable tool for characterizing polymers
like PEKK. To our knowledge, such analysis does not exist yet in the literature. This data adds to the database of
high-performance materials from the PAEK family, making it a valuable resource for future studies.
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