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A B S T R A C T

Recent efforts in developing eco-friendlier and safer brake pads led to the replacement of whisker potassium
hexatitanate (KTO). Granular and platelet KTO are considered promising substitutes, even if their friction and
wear behaviour has not been comprehensively investigated yet. For this reason, this paper focuses on the
tribological properties of granular and platelet KTO, and potassium magnesium titanate (KMTO), investigated by
pin and ball on disk. Both raw materials in form of powder and composites, containing 50%wt of titanate and 50%
wt of phenolic resin reinforced with aramid fibres, were analysed. Scanning Electron Microscopy, X-ray diffrac-
tion and Raman spectroscopy were employed for the morphological and structural analysis of powders and
composites. Also, hardness and porosity were considered as parameters potentially affecting the tribological
behaviour. As major outcomes, KMTO appears as a milder solid lubricant than KTO and platelet particles lead to
superior wear resistance with respect to the granular ones.
1. Introduction

In automotive braking systems, resin-based friction materials are
widely employed with the function to quickly and safely stop the vehicle
[1]. Such braking performance is guaranteed if the materials fulfil a
certain number of requirements (i.e. stable friction coefficient, low noise,
good wear resistance, etc.) in a wide range of operating conditions [2,3].
Consequently, the proper selection of raw materials for formulating
brake pads is crucial for transportation safety. The formulation of a new
brake pad is usually obtained by a “trial-and-error” method, as a direct
consequence of the necessity to replace hazardous components in a short
time (i.e. asbestos) [3–5]. Despite the several attempts, a replacement of
asbestos with non-toxic materials showing their same performance has
not been achieved yet. Thus, to maintain the product performance, the
number of ingredients for brake pad formulation increased from less than
10 up to 20 or more. Moreover, in the last two decades, attempts to
formulate eco-friendlier brake pads were done by replacing other
potentially hazardous components, such as copper and antimonium [5].
Indeed, even if copper plays an important role as a solid lubricant, it was
proved as a threat to aquatic life because it interferes with salmon
spawning and it is extremely toxic for molluscs [5,6]. Such efforts
resulted for instance in fabricating Cu- and Sb-free friction composites
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now commercially available and already in use in passenger cars [7–12].
A further effort to improve the friction materials concerns the

replacement of constituents in form of fibres. Fibrous materials are
employed as reinforcements with the purpose to improve strength,
stiffness, thermal stability and frictional properties [3,13]. Currently,
several kinds of reinforcements are used in brake pad formulation and
extensively studied in the literature, such as metallic fibres [14], ceramic
fibres [15], natural fibres [16,17]. Also, organic fibres are studied, with a
particular focus on aramid ones [18,19].

Potassium titanate (KTO) is mainly considered as reinforcement
because of its low thermal conductivity, high melting point, low heat
storage, excellent reinforcing ability and good tribological performance
[20,21]. Indeed, potassium hexatitanate K2Ti6O13, in form of whisker,
was successfully used as a substitute for asbestos, years before their
phasing out [22]. Also, K2Ti6O13 was employed in polytetrafluoro-
ethylene (PTFE) and polyetheretherketone (PEEK) composites to
improve their wear resistance [23–25].

In the last decades, several studies and patents were published on the
use of non-fibre-like K2Ti6O13 to prevent the generation of micro or
nanofibers during braking. The shape of KTO appeared as one of the key
factors in the formation of a stable tribofilm, as reported in Cho et al.
study [26]. They compared potassium titanate in form of whiskers,
ay 2021
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splinters and platelets. Their results showed that the composite with KTO
splinters exhibited the best wear resistance, followed by the one with
KTO platelets. In addition, the lowest amount of transferred film on the
counterface was revealed in the case of composite with KTO platelets,
with a positive influence on its wear resistance. Better performance of
platelets with respect to whiskers was further confirmed by Jara et al.
[27]. Specifically, at a temperature below the degradation temperature of
the phenolic resin (i.e. < 300–400 �C), the presence of KTO platelets led
to an improvement of both friction coefficient and wear resistance. As a
further result, the use of granular potassium titanate in a brake pad
formulation allowed a decrease in particulate emission with respect to
KTO in form of whisker, as documented by Joo et al. [28]. This reduction
was significant at higher temperatures because of an easier formation of a
contact plateau on the lining surface.

Another kind of titanate showing positive features for brake pad ap-
plications is the potassium magnesium titanate K0.8Mg0.4Ti1.6O4
(KMTO). KMTO exhibits an orthorhombic layer structure (i.e. lep-
idocrocite) [29,30] and it shows stable heat resistance and frictional
control over the low to the high-temperature range, as reported by
Ogawa et al. patent [31]. Despite these positive evidences, to the best of
the authors’ knowledge, no papers dealing with the use of KMTO in brake
pad are available in the literature.

For the aforementioned reasons, this study aims at comparing the
tribological behaviour of granular and platelet titanate of both KTO and
KMTO. The selected samples, all commercially available, have a similar
size. Samples in form of powder were investigated applying a method
already used by authors [32,33]. Particles size and shape were analysed
through Scanning Electron Microscope (SEM), and the structural prop-
erties by X-ray diffraction and Raman spectroscopy. The friction coeffi-
cient was measured by a modified pin-on-disc test, developed by Kato
[34], employed to study materials in form of powder [32,33,35,36].

Titanate samples were also used as filler of a phenolic resin reinforced
with aramid pulp in the ratio 70%/30%wt. The hardness, density and
porosity of composites were measured and then compared with the basic
mix ones. The tribological behaviour of the composites was investigated
using both pin-on-disc and ball-on-disc test configurations. The first was
employed in order to observe the tribological behaviour between flat
surfaces, as in the case of brake-disc contact. Instead, the ball-on-disc test
was used to determine the composite wear, usually too small for low
contact pressure as those involved using a pin. Despite the selected tests
do not represent the real contact conditions in brakes, they emphasize the
influence of material properties on the tribological behaviour. Indeed,
this approach involves a number of variables significantly lower with
respect to the real brake conditions.

The authors believe that such approach can add some insights into
basic knowledge and can be also useful as a guide for the selection of
appropriate titanate for composite formulation.

2. Materials and methods

2.1. Raw samples

Table 1 shows the shape and granulometry of the samples, measured
by a laser granulometer. The three parameters (D10, D50 and D90)
Table 1
Rawmaterials and granulometry. KTO: potassium hexatitanate K2Ti6O13; KMTO:
potassium magnesium titanate K0.8Mg0.4Ti1.6O4; g: granular particles; p: platelet
particles.

Sample Formula Shape Granulometry/nm

D10 D50 D90

KTOg K2Ti6O13 Granules 1.9 8.1 16.4
KTOp K2Ti6O13 Platelets 0.5 2.8 30.4
KMTOg K0.8Mg0.4Ti1.6O4 Granules 1.2 6.5 11.8
KMTOp K0.8Mg0.4Ti1.6O4 Platelets 0.8 7.4 32.8
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represent the particles size below which the 10%, 50% or 90% of the
sample lies [37].
2.2. Raw materials characterization

The powders morphology was observed with a ZEISS EVO 50 XVP
Scanning Electron Microscope (SEM) with LaB6 source, equipped with
detectors for secondary and backscattered electrons collection and En-
ergy Dispersion Spectroscopy (EDS) probe for elemental analysis. Each
sample was previously coated with gold to prevent any charging effect.
ImageJ, a Java image processing program [38–41], was employed to
calculate morphological parameters on at least 50 particles for each
sample. The morphological parameters considered were Feret's diameter
(F), roundness (R), aspect ratio (AR) and solidity (S), already described in
previous papers and reference therein [32,33].

The crystallographic structure was investigated by X-ray diffraction
analysis (XRD) by using a Philips X'Pert MPD diffractometer with copper
Kα radiation and a solid-state detector. Peaks attribution and data pro-
cessing were performed by Pearson's Crystal Data and OriginPro. Each
diffraction pattern was normalized with respect to the main peak and
Scherrer's equation was applied to calculate the crystallite size (L),
considering the diffraction planes (020) and (200) for all samples. The
crystallite size was obtained also from the 310 diffraction peak for KTO
samples and the 130 diffraction peak for KMTO samples.

Additional information about the powders structure was obtained by
Raman spectroscopy, using a Smart RamanMicroscopy System XploRA™
(Horiba JobinYvon) with a laser wavelength of 532 nm. Five spectra on
different sample areas were collected for each sample, normalized on the
main peak and fitted with a Lorentzian function by OriginPro software.
2.3. Composite preparation process and characterization

The production of the composites was obtained with an industrial
material press, which allows obtaining discs with a diameter of 90 mm
and a thickness in the range of 7–13 mm. The details of this process are
reported in a previous study [42] and here omitted for sake of brevity. In
the same study, Vivier et al. [42] found that the most suitable formula-
tion concerns 70 %wt of phenolic resin and 30 %wt of aramid fibres. The
chosen phenolic resin is phosphorous and boron modified, which has
superior wear and fade resistance with respect to other kinds of phenolic
resins [43]. The resulting basic mix (BM) exhibits a density of 1.30 g/cm3

and a hardness of 844 N/mm2. Thus, the same basic mix was selected for
the present study, preparing composites with 50 %wt of BM and 50 %wt
of a titanate sample.

The geometrical density was calculated and compared with the
theoretical one, obtained as the weighted sum of the components density,
following the equation:

dth ¼
X

i

di½i� (1)

with di density of component i, and [i] volumetric percentage of
component i in the sample.

The composites porosity was obtained following the equation:

P¼VP

VT
*100 ¼ dth � dexp

dth
*100 (2)

with VP pores volume, VT total volume, dexp measured density and dth
theoretical density. The resulting porosity is then expressed in volumetric
percentage (i.e. %v).

The hardness was measured by a Brinell tester with a load of 62.5 Kg
for 30 s using a steel ball of 2.5 mm as diameter. Ten repetitions were
done for each sample. The average value HB is equal to the ratio between
load (L) and imprint area (A), expressed in Kg and mm2, respectively.
Thus, it was converted in N/mm2, applying the following formula:



Fig. 1. SEM images of raw materials in form of powder.
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H ½Pa� ¼HB*g (3)
where HB is the value obtained from the Brinell tester and g is the gravity
acceleration (9.81 ms�2).

The surface roughness was measured using a Form Talysurf 120
contact profilometer with a conical stylus of 2 μm as radius within an air-
conditioned laboratory kept at 20 �C. Ra, Rsk and Rku were the parameters
evaluated [32].

2.4. Tribological characterization

A CSEM High-Temperature tribometer was employed in a modified
pin-on-disc configuration for rawmaterials in form of powder, developed
by Kato [34] and referred to as powder test in the following sections. This
method, already used by authors in previous publications [32,33], con-
sists of a disc with a groove, filled with powder. The pin counter face
slides on the surface of the groove containing the powder, then allowing
studying its specific tribological behaviour. Both pin and disc consist of
commercial low alloy martensitic chromium steel (AISI 52100), also
known as 100Cr6 (hardness 8000 N/mm2). The pin was 17 mm long and
4 mm in diameter. Its surface was slightly polished using abrasive papers
to reach a starting value of Ra of about 0.50 μm, measured by a Form
Talysurf 120 contact profilometer.

In the case of composites, samples were square shaped with 2 cm as
side dimension. In this case, both pin and ball on disk tests were carried
out, using AISI 52100 (i.e. 100Cr6), as for the powder test. The pin with
the same geometry of powder test was used, while the ball was 6 mm in
diameter. The composite surface was slightly polished at Ra lower than
1.00 μm by using abrasive papers.

All tribological tests were performed in a laboratory kept at a constant
temperature of 20 �C (�1 �C). The test conditions were the same for each
experiment, except the sliding distance. Indeed, a load of 10 N and a
sliding speed of 0.2 ms�1 were applied, using a sliding distance of 10
thousand laps for powder test and 50 thousand laps for test on
composites.

The mean friction coefficient (COF) was obtained as the average value
at the steady-state. The friction stability was determined as the COF
standard deviation and named friction coefficient amplitude, according
to €Osterle [35]. The contact profilometer used for roughness parameters
was also employed to analyse the wear track and then calculate the wear
3

volume VW. The specific wear rate WR was calculated as wear volume
(mm3) per unit distance (m) and unit load (N). Archard's law was
employed to obtain the wear coefficient K, which is dimensionless and
constant, as follows:

K¼V*H
L*x

(4)

where V is the wear volume (m3), H the composite hardness (Pa), L the
applied load (N) and x the sliding distance (m).

2.5. Statistical analysis

Possible linear correlations were individuated through the Pearson
Correlation Coefficient, which is defined as the covariance of two vari-
ables divided for the product of their standard deviations:

PCC¼ covðX;YÞ
σXσY

covðX; YÞ (5)

where cov(X,Y) is the covariance of the two variables and σxσy is the
product of the standard deviations.

3. Results and discussion

3.1. Powder materials

3.1.1. Morphology
Fig. 1 shows the SEM images for all samples, while Table 2 reports

their morphological parameters. Despite KTOg has a slightly wider par-
ticle size distribution with respect to the KMTOg sample, their average
particle size (i.e. Feret's diameter) is almost comparable. On the contrary,
KTOp has a lower particle size with respect to KMTOp, as also suggested
by comparing their D50 parameters. It is worth mentioning that the D50
value of KMTOp is significantly larger than its average particle size
probably because of the presence of stable aggregates. As additional in-
formation, both KTOg and KMTOp show more elongated particles (i.e.
larger AR value) than the other samples (i.e. KTOp and KMTOg).

3.1.2. Crystalline structure analysis
Fig. 2 reports the XRD patterns obtained on KTO samples. A
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monocline crystalline structure mS42 of K2Ti6O13 (JCPDS file No.
74–0275) is revealed. It consists of a cell containing 2(K2Ti6O13) with the
following lattice parameters: a ¼ 15.58 Å, b ¼ 3.82 Å, c ¼ 9.11 Å, β ¼
99.76� [44–46], resulting in a theoretical density of 3.58 g/cm3. For both
the samples, the main peak corresponds to the diffraction of the plane
(020) (47.8�) and suggests a preferential growth along the direction
[010]. The XRD pattern of KTOg shows a noisier backgroundwith respect
to the one of KTOp, suggesting a lower level of crystallinity. Furthermore,
KTOg contains anatase and rutile as impurities. Indeed, the XRD pattern
shows a peak around 25.5�, ascribed to the diffraction of the plane (101)
of anatase (JCPDS file No. 21–1272) and a peak at about 36�, ascribed to
the diffraction of the plane (101) of rutile (JCPDS file No. 21–1276). In
the KTOp pattern, the intensity of generic peaks h0l is larger than the
KTOg ones (e.g. peaks 201 and 203). As a confirmation, the crystallite
dimension along a axis direction (i.e. diffraction of the plane (200)) is
larger for the platelet KTO, while along b axis (i.e. diffraction of the plane
(020)) the value is almost the same for both samples (Table 3). A slight
difference in the crystallite dimension can also be observed with respect
to the diffraction plane (310).

Fig. 3 shows the XRD patterns of KMTO samples, indicating a crys-
talline structure oS16 of K0.8Mg0.4Ti1.6O4 (PDF file No. 73–0671). As
observed for KTO samples, the KMTO platelet shows a different prefer-
ential orientation with respect to the granular one. In fact, the main peak
for KMTOg is relative to the diffraction of the plane (020), while for
KMTOp, it is relative to the diffraction of the plane (130). Both samples
Table 2
Morphological parameters of the samples obtained by using ImageJ. The
morphological parameters are Feret's diameter (F), roundness (R), aspect ratio
(AR) and solidity (S).

Sample F/μm R AR S D50/μm

KTOg 8.50 0.62 1.79 0.91 8.1
KTOp 1.23 0.71 1.54 0.94 2.8
KMTOg 8.27 0.66 1.62 0.92 6.5
KMTOp 3.28 0.60 1.91 0.92 7.4

Fig. 2. X-ray diffraction patterns of KTO samples.

Table 3
Crystallite dimension for KTO samples along a (L200) and b (L020) direction.

Sample L200/nm L020/nm L310/nm

KTOg 23 46 36
KTOp 32 43 39

4

patterns show narrow peaks, suggesting a high degree of crystallinity,
and the absence of impurities.

Table 4 reports the crystallite dimensions related to the diffraction
planes (200), (020) and (130) for KMTO samples. As observed for KTOg,
the granular KMTO shows a higher structural order along b direction (i.e.
diffraction plane 020). The platelet KMTO displays a lower stacking order
along a direction (i.e. diffraction plane 200).

The results of the Raman study further confirm the results of the X-ray
diffraction analysis and, consequently, the relative spectra are omitted
for sake of brevity.

3.2. Composites

The presence of titanate as the filler has a significant influence on the
composite porosity (Table 5). All samples show a larger porosity than the
basic mix one, for which it is almost absent. Platelets induce a higher
porosity than granular particles for both KTO and KMTO samples.

As for the hardness, the large standard deviation observed for KTOp
suggests that KTO platelets are not well dispersed in the basic mix. The
other composites instead show a lower standard deviation compared to
BM, indicating a homogeneous dispersion of titanate fillers. Granular
KMTO shows both the lowest porosity and the lowest hardness. The
hardness value is in agreement with Hall-Petch law [47], then arising
from the highest crystallite dimension of KMTOg.
Fig. 3. X-ray diffraction patterns of KMTO samples.

Table 4
Crystallite dimension for KMTO samples along a (L200) and b (L020) direction.

Sample L200/nm L020/nm L130/nm

C 54 100 68
D 43 57 55

Table 5
Density, porosity and hardness of composites as produced.

Sample Density/(g/cm3) Porosity/% Hardness/MPa

BM 1.30 � 0.06 0.12 844 � 59
KTOg 1.82 � 0.02 4.64 816 � 19
KTOp 1.75 � 0.02 8.38 807 � 208
KMTOg 1.86 � 0.02 1.84 621 � 25
KMTOp 1.81 � 0.04 3.85 873 � 36



Fig. 4. Friction coefficient (left axis) and relative amplitude (as error bar) of
pin-on-disc test on powder materials.

Table 6
COF and relative amplitude of pin-on-disc test on composites.

Sample COF Amplitude Porosity/% Feret's diameter/μm

BM 0.31 0.004 0.12 –

KTOg 0.31 0.009 4.64 8.50
KTOp 0.46 0.031 8.38 1.23
KMTOg 0.26 0.002 1.84 8.27
KMTOp 0.33 0.011 3.85 3.28

Table 7
COF, amplitude, wear rate and coefficient relative to the ball-on-disc test on
composites.

Sample COF Amplitude Wear rate WR/10�5

(mm3/Nm)
Wear coefficient K/
10�5

BM 0.34 0.006 1.22 1.03
KTOg 0.46 0.007 10.05 8.21
KTOp 0.37 0.006 1.78 1.44
KMTOg 0.26 0.006 3.55 1.97
KMTOp 0.25 0.009 3.18 3.10
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3.3. Tribological behaviour

3.3.1. Pin-on-disc test on powder materials
KTO samples show lower COFwith respect to KMTO (Fig. 4), while no

significant differences can be observed between granular and platelet
samples belonging to the same family.

Platelet samples (i.e. KTOp and KMTOp) display a slightly higher
amplitude (i.e. standard deviation of COF). Cho et al. observed that
platelet titanate resulted in the lowest amount of transferred film with
respect to reinforcements with different shapes [26]. Based on this, it can
be supposed that platelet shaped samples show a slightly higher COF
amplitude because of a lack of tribofilm formation at the interface.

3.3.2. Pin-on-disc test on composites
Table 6 reports the friction coefficients and amplitudes obtained by

pin-on-disc test on titanate composites and basic mix. The morphology
seems to play an important role since materials with the same compo-
sition show an increase in the friction value passing from granular to
platelet shape. Moreover, as already observed on the powder test, the
platelet shape leads to a more unstable COF (i.e. larger amplitude). Fig. 5
Fig. 5. SEM images of pin-on-disc tr
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shows the microstructure of KTO samples after the pin-on-disc test. The
presence of a tribofilm is observed at the surface of KTOg composite. In
the case of KTOp composite, several particles are present on the tribo-
logical track, without any evidence of a continuous tribolayer formation.
The presence of tribolayer can then accounting for the different COF
stability observed. Indeed, in both powder and composites, granular ti-
tanates result in a higher COF stability, likely induced by the tribofilm
formation, as indicated by SEM analysis.

Despite the difference observed between granular and platelet sam-
ples, no significant correlations were found between COF and shape
parameters. An inverse correlation between the average particle size (i.e.
Feret's diameter) and COF (i.e. PCC -0.87) can be identified. It can be
supposed that a larger particle size allows a major contact between pin
and titanate filler, with a decrease of COF. In this way, the definition of
“mild solid lubricant” given by Mahale et al. [48] for KTO, can be
extended even to KMTO.

As suggested by the comparison of materials with the same shape, the
presence of Mg seems to decrease the friction value and enhance its
stability. This behaviour is opposite to what observed in the powder test
and it can be ascribed to the composite microstructures. Indeed, COF is
linearly correlated with the composite porosity (i.e. PCC 0.97), suggest-
ing that a higher level of porosity leads to a significant amount of debris
at the interface.

3.3.3. Wear test
In Table 7, the results obtained during ball-on-disc tests are reported.

As first evidence, the basic mix shows a wear rate close to the value re-
ported by Vivier et al. (i.e. 1.18*10�5 mm3/Nm), who used an alumina
ball as a counterface. In this case, the change in the counterface material
does not significantly affect the wear rate, whereas it affects the friction
coefficient. Indeed, COF against alumina is equal to 0.25, then lower than
the value measured in the present study (Table 7). A greater adhesion
between the basic mix and the 100Cr6 ball with respect to the one with
the alumina ball can be supposed. Although other phenomena could be
responsible for this difference, further analyses are out of the scope of the
present work.

KTO samples has a COF value similar to or higher than the basic mix.
The stability is similar for all the samples, in agreement with the results of
titanate as a friction stabilizer reported in the literature [48,49]. KMTO
acks observed on KTO samples.



Fig. 6. SEM images of the ball-on-disc track for KMTO samples after wear test.

Fig. 7. Comparison of COF (left axis) and amplitude (as error bar) for all
samples among the different methods applied.
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filler acts better as a mild solid lubricant than KTO also under higher
mechanical solicitations (i.e. the use of a ball instead of a pin). The best
sample in terms of wear resistance is the KTO platelet, exhibiting a wear
rate and a wear coefficient slightly higher than that of the basic mix. On
the contrary, the granular KTO shows the lowest wear resistance and its
wear track is significantly less regular than the track observed for KTOp
(omitted for sake of brevity).

Both kinds of KMTO decrease the wear resistance of the basic mix,
and the wear coefficient K of KMTOg is similar to the one of KTOp. In
addition, the resulting wear track of KMTOg is as regular as the one of
KTOp. Furthermore, under wear conditions, all samples show high fric-
tion stability (i.e. low amplitude). As it can be seen in Fig. 6, the presence
of an inhomogeneous tribofilm in the wear tracks was observed for both
the KMTO samples, thus stabilizing the friction value. Similar results are
observed on KTO composites (omitted for sake of brevity). It can be
supposed that the higher Hertzian pressure, expected when a ball is used
instead of a pin, can positively affect the tribofilm formation.

Fig. 7 summarizes the COF and amplitude values relative to all the
materials studied. Composites based on KMTO exhibit a lower COF value
than composites with KTO as reinforcement. In the case of the wear test
(ball-on-disc, then higher pressure), KMTO composites show COF values
lower than the basic mix, further confirming the role of KMTO as a solid
mild lubricant.

4. Conclusions

For the first time, the tribological behaviour of granular and platelet
titanate was analysed in detail, considering potassium titanate (KTO) and
potassium magnesium titanate (KMTO). Materials were studied both in
form of powder and as filler of composites, having phenolic resin and
6

aramid fibres as matrix.
Granular titanate shows a higher stacking order along [010] direction

if compared to platelet titanate and such difference is more significant in
the case of KMTO samples.

Platelet titanates exhibit higher COF value and instability in pin-on-
disc test, both in form of powder and as filler in the composite. This
phenomenon is ascribed to the formation of a less stable tribofilm with
respect to that formed by granular particles. Residual porosity in the
composites, higher in presence of platelet shapes, enhances the differ-
ences in terms of COF stability.

KMTO samples display a higher value of friction coefficient in form of
powder with respect to KTO samples, probably due to a major adhesion
at the interface. Contrarily, in the case of composite, KMTO results in a
better mild solid lubricant effect with respect to KTO. In terms of effi-
ciency as a COF stabilizer, there is no significant difference between KTO
and KMTO samples.

Regarding the wear resistance, the platelet KTO shows the best wear
resistance, although the composite shows the highest porosity and in-
homogeneity. Despite their slightly higher wear rate, KMTO samples can
be considered as a promising reinforcing material and a mild solid
lubricant in both forms of granules and platelets. In addition, owing to a
higher interaction with the basic mix components, as suggested by
hardness measurements, the platelet KMTO appears as the best candidate
for reinforcing the basic mix.
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