Effect of the surface modification of HAp nanoparticles by oleic
acid on the properties of HDPE nanocomposites containing thereof
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Abstract — This research is devoted to obtaining of HAp-filled nanocomposites with
enhanced performans. The goal has been achieved by using HAp nanoparticles modified by oleic
acid. This results in an essential increase in the mechanical properties of the obtained
nanocomposites as compared to HDPE nanocomposites containing unmodified HAp.
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Introduction

Important challenges caused by the concern for improving the quality and longevity of
people’s lives require the development of new functional materials that can be implanted in the
human body and replace or facilitate repairing damaged organs. In particular, there is a great
demand for materials that replace bone tissue because of, on the one hand, the ageing of theworld's
populations, and on the other hand, high level of domestic and industrial injuries. In armed
conflicts, this need increases significantly. Especially because of the war, there is currently a great
need for materials that replace bone tissue. In cases of bone fractures, orthopaedic dentistry and
plastic surgery often find it necessary to create temporary or permanent prostheses. Medical
applications of xenografts can cause viral infections, while the use of autografts is limited.

It is common practice in orthopaedics now to widely use metal implants such as cobalt-
chromium alloys, stainless steel, and titanium alloys for limb injuries. Due to the excessive
strength compared to human bone, such implants can cause pathological bone resorption [1],
osteopenia, osteoporosis, or even rejected by the body due to insufficient biocompatibility [2].
Therefore, currently orthopaedics is trying to move from metal implants and xenografts/ autografts
to bioceramic composites possessing high biocompatibility and characterized by a strength
corresponding to human bone.

One of the promising ways to obtain such materials is the creation of polymer composite
materials filled with mineral nanoparticles, especially hydroxyapatite (HAp) [3,4]. HAp is a
natural material that is a component of human bone [5]; natural bones of mammals and humans
contain 70% or more of minerals, primarily HAp. Incorporation of HAp as a filler into polymers
improves their biocompatibility [6,7]; but, on the other hand, it brings about a deterioration in
physico-mechanical properties of the obtained composites [8, 9]. As shown in [5], poor strength
of composites is the result of a large difference between the surface energies of the HAp particles
and the polymer matrix, i.e. their incompatibility. Many diverse techniques have been developed
and used to improve the interfacial compatibility between HAp fillers and polymer matrix; mostly,
this is achieved by applying various methods of modifying the filler surface, which are reviewed
in [10, 11]. The type of surface modifier applied is highly dependent on the nature of the matrix
polymer, which can be conventional synthetic polymers (polyethylene, polypropylene, epoxy
resins, etc.), natural polymers (collagen, starch, chitin, chitosan, etc.), synthetic biocompatible and
biodegradable polymers (e.g. polylactic acid, hydroxyalkanoate, polyamide, polyglycolic acid);



each of them has its own advantages, disadvantages, and suitable uses [12]. The two last types of
polymers are usually characterized by inferior physico-mechanical properties. Moreover, their
biodegradation in vivo leads to a further deterioration of their performance. Polymers of the first
type are quite strong materials, while they have low or no biocompatibility, but it can be improved
by adding HAp fillers [6]. However, to achieve sufficient physoco-mechanical properties of
composites based on these type polymers, the polar surface of HAp filler should be modified for
its better compatibility with polymer matrix.

Here we present the results obtained in the study of applying oleic acid as a surface modifier
for Hap nanoparticles aimed at obtaining the polymer nanocomposites with improved
performance.

Exparimental techniques

Materials

Calcium nitrate Ca(NO3)2 and diammonium hydrogen phosphate (NH4)2HPO4 were used as
the precursors for the synthesis of hydroxyapatite Cai0(PO4)s(OH)2 nanoparticles (HAp NPs).

Oleic acid (OA) was used as as a surface modifier of HAp NPs.

Ethyl acetate (EA), used as a solvent, was distilled and dried over CaCl2 before the use.

All reagents were of reagent grade quality supplied by Sigma-Aldrich Co.

A commercial high-density polyethylene of grade HDPE 21008-075 (GOST 16338-85) was
applied as a matrix polymer for obtaining the nanocomposites. HDPE of this grade is approved for
application in medical accessories and devices, as well as in the food industry.

Synthesis of hydroxyapatite nanoparticles

HAp NPs were synthesized by a precipitation reaction occurring when two aqueous solutions
of precursors salts CaNO3z and (NH4)2HPO4 were mixed in accordance with method described
elsewhere [13]. Briefly the procedure was as follows. Initially aqueous solutions of precursors salts
both with the concentration of 5 wt.% were prepared separately in the amounts corresponding to
the molar ratio Ca/P = 1.67. The first solution containing Ca2*ions was thermostated at 70°C and
vigorously stirred with a magnetic stirrer (700 rpm). The solution of (NH4)2HPO4was then added
dropwise to the first solution for 4 hours. Because the phosphate solution is slightly alkaline
(pH ~ 8), an NH4OH solution was used to maintain the pH of the reaction mixture to a value of
11. Afterwards the reaction mixture was allowed to mature for 20 hours under continuous stirring
(500 rpm) while maintaining the temperature of 70°C. After synthesis, the mixture was filtered
and washed three times with distilled water. Afterwards the precipitate was dried at 80°C to
constant weight. The resulting powder of nano HAp was characterized by X-ray diffraction (XRD),
Fourier transform infrared spectroscopy (FTIR) and Scanning Electron Microscopy (SEM).

Surface modification of HAp

Modification of HApwas performed as follows. 0.05-0.25 g of the surface modifier OA, that
corresponded to 1-5 wt.% relatively to the amount of HAp, was dissolved in 10 ml of EA. 5 g of
HApwas added tothis solution and stirred with a magnetic stirrer (500 rpm) for 2 hours at ambient
temperature. The precipitate of the modified HAp was separated by decantation, rinsed with a
fresh portion of EA, decanted again, and dried at 60°C to a constant weight. The resulting powder
was characterized similarly to the previous sample.

Obtaining of nanocomposite HDPE/HAp

HDPE/HAp nanocomposites were prepared according tothe following procedure. A mixture
of 1.6 g of HDPE and 0.4g of HAp (pure or modified) was mixed and finely ground in a mortar.
The resulting fine powder was then press-molded at high temperature into specimens for further
examination. To prevent sticking of nanocomposites to the surface of press-mold, its working



surface was covered with a polyethylene terephthalate thin film, afterwards the press-mold was
filled with the HDPE/HAp mixture. The press-mold was kept under load (27 kPa) for 1 hour, then
thermostatized at 180 °C for 4 hours, and finally placed again under load (27 kPa) for 1 hour. As
aresult, the standard type -11 dumbbell-shaped specimens of nanocomposites for testing the tensile
properties and the impact strength were obtained. These specimens were also used for
measurement of the surface hardness of nanocomposites.

Characterization of HA and HDPE-HA nanocomposites

X-ray diffraction studies of the structure of HAp samples were performed exploiting an
automated diffractometer DRON-3. Cu Ko radiation (wavelength 0.154 nm) from a Cu X-ray tube,
run at 20 mA and 40 kV, was used. X-ray diffractograms of the samples were recorded in the 20
range from 10 to 60 ° at a scanning speed of 1 °/min.

Fourier transform infrared spectra of HAp nanoparticles before and after surface
modification with OA, as well as the samples of pure HDPE and HDPE/HAp nanocomposites,
were recorded using a Cary 630 FTIR instrument in the range of 4000-650 cm! at resolution of
2 cm! and averaged after 32 scans.

Scanning electron microscopy was used to observe and prove the effect of deagglomeration
of HAp nanoparticles caused by the OA modifier, and to study the morphology of the fracture
surface of nanocomposites. Scanning electron microscopes Selmi REM-1061 were used for this
purpose.

Thermomechanical studies of nanocomposites were carried out on a TIRA Vicat tester FVW
R7/90. For testing, a specimen of the tested material was placed on a horizontal stand and pressed
on top with a steel needle, having a flat end with an area of 1 mm?2, loaded with a weight of 5.0 kg
(49 N), that corresponds the pressure of 49 Pa. A specimen was heated at the rate of 50 K/h. As
the temperature raised, the needle under load gradually dipped into the specimen because of its
softening, the deviation of the needle from the initial position was recorded every 1 minute using
a clock-type indicator.

Evaluation of mechanical performance of nanocomposites

Tensile testing was performed in accordance with 1SO 527 1:2019 standard exploiting a
Universal Testing Machines Tira Test 2000 at room temperature with the crosshead speed 10
mm/min. At least five the type 11 dumbbell-shaped specimens of each nanocomposite were tested.
The averaged values of tensile strength and maximum elongation at break were reported in the
results, the deviation did not exceed 7% in all trials.

Impact strength was determined on a TIRA Charpy pendulum impact tester in accordance
with 1SO 8256:2004 standard. The mean values obtained for at least five specimens of each
nanocomposite were reported.

The surface hardness of the obtained nanocomposites was determined on a Koénig Pendulum
Hardness Tester M-3 according to ISO 1522:2022 standard. The surface hardness was calculated
using the formula (1):

T =1p /19 (relative units) 1)

where 1p is the oscillation time of the pendulum on the nanocomposite surface, sec; tg IS the
oscillation time of the pendulum on a glass plate, sec.

The oscillation time was measured in three parallel experiments. If the difference in the
results did not exceed 2 sec, these results were averaged. If the difference exceeded 2 sec, two
more tests were performed; and the results were averaged omitting maximum and minimum
values.



Results and discussion

Obtaining of nanocomposites filled with the surface-modified HAp, supposed to be used as
materials for manufacture of artificial bones, is a two-step process.

The first step includes obtaining and a surface-modification of nano-HAp. In our case, OA
has been used as a modifier. OA has an amphiphilic structure with highly polar and reactive
carboxyl group and lipophilic tail. The presence of carboxyl group in molecule of OA provides its
intraction with the superficial hydroxylic (base) groups of HAp, i.e. provides chemosorption of
OA. The chemosorption of OA provides bonding with the HAp surface of the OA lipophilic tails,
which should promote better affinity of the filler nanoparticles towards the polymer matrix, and in
turn lead to improvements of the nanocomposite performance.

Obtaining of the final nanocomposite is the second stage. Nanocomposites have been
obtained on the base of thermoplastic polymer (HDPE) by fusing the mixes of powdered polymer
with nano-HAp. For comparison both unmodified and surface-modified HAp nanoparticles have
been used as fillers to reveal the effect of the surface modifier OA on performance of the final
nanocomposites.

The pure hydroxyapatite Ca10(PO4)s(OH)2 nanoparticles have been synthesized in aqueous
solution as described above via the interaction of two precursors salts, namely CaNO3s and
(NH4)2HPO4 , in accordance with following reaction:

10Ca(NO3)2 + 6(NH4)2HPO4 + 8NH4OH — Ca10(PO4)s(OH)2 + 20(NH4)(NO3) + 6H20 (2)

Freshly synthesized HAp nanoparticles have been subjected to surface modification with
OA as asurface modifier to improve a compatibility of hydrophilic highly polar HAp nanoparticles
towards the non-polar polymer matrix (polyethylene). The procedure used is described above. It
was supposed that the surface modification ought to be realized via the interaction of the carboxylic
group of OA with the superficial base centers of HAp according to the presented scheme (Fig. 1):
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Fig. 1. Schimatical representation of OA chemosorption
at the surface of HAp nanoparticles.

In our view, well consisting with other authors [14], turning of a highly polar surface of HAp
nanoparticles into a non-polar one should cardinally enhance its affinity towards the polyethylene
matrix, thus improving the wettability and compatibility of HAp nanoparticles as well as their
dispensability in the polymer matrix. Finally, this should lead to an improvement in the mechanical
performance of the obtained nanocomposites as compared with nanocomposites obtained using
unmodified HAp nanoparticles, which was the main target of this study.

The choice of OA as a surface modifier, among other fat acids, is explained by the fact that
the OA molecule occupies the largest surface aria (at the interface compared to that of other fat
acids with the same number of Carbon atoms in the carbon tail [15]. This effect is explained by
the 'unique molecular shape' of OA, which has a kink at the middle of its molecule, unlike its
analogues, e.g. elaidic and stearic acids (Fig. 2).
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Fig. 2. Structure of stearic (SA), elaidic (EA) and oleic (OA)acids.

Understandable Comprehensible, the larger area occupied by the one modifier molecules the
lower surface concentration of this modifier required to completely cover the modified surface;
i.e. one needs lower amount for modification of the nanoparticle's surface turning it from
hydrophylity to oleophylity. Thus OA has preferences in this sense compared with other its
analogues. Additionally, OA is quite cheap and easy available reagents.

To reveal effect of OA chemosorption on the properties of HAp nanoparticles, a comparative
investigation was carried out by X-ray diffractometry, FTIR spectroscopy and SEM of HAp
samples, both as synthesized and after surface-modification.

1. Characterization of HAp nanoparticles

The results of X-ray diffraction analysis of the synthesized HAp sample are shown in Fig. 3.
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Fig. 3. XRD patterns of the synthesized HAp samples (1) and standard HAp
(JCPDS file number 9-0432) given for reference (2).

It clearly indicates that the obtained sample is composed by pure hydroxyapatite with the
hexagonal structure, since all its diffraction peaks correspond to the peaks of the reference XRD
pattern (JCPDS file number 9-0432) of standard HAp [16]; there are no any other peaks in XRD
pattern of synthesized HAp. However, there is a difference between these two XRD patterns, one
can note appreciable broadening of all peaks in the previous XRD pattern, which can be explained
by nanosize of the synthesized HAp nanoparticles [17]. Moreover, the relationship between the
crystallite size and full-width at half-maximum of the XRD peak allows to estimate an average
particle size (L) using Debye-Scherrer equation 3 [18]:

09-1

L= B - cosO 3)




where A is the wavelength of X-ray (0.154 nm), B is the full width at half maximum (FWHM), 0 is
the angle of diffraction and L is the crystallite size.

The average sizes of HAp crystallites, calculated using equation 3 and data obtained for
several diffraction peaks in Fig. 3, are summarized in Table. 1, which shows that the synthesized
nanocrystals of hydroxyapatite have a rather elongated shape with dimensions of about 9x18nm.

Table. 1

Crystallographic data of the obtained HAp
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(degree) | (degree) | (degree) (nm)

26.12
31.83
32.33
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34.27

3.4110
2.8110
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746
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0.693 0.138 0.555 18.0
0.740 0.154 0.586 15.4
0.730 0.158 0.572 17.2
1.431 0.159 1.272 9.4
0.821 0.159 0.662 13.9

Absorbance

T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm1)

Absorbance

S e e

BN
T T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1)

|
|
MJ .

3500 3000 2500 ZDOD 1500 IODO
Wavenumber (cm-1)
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To confirm the chemosorption of OA at
the surface of HAp, FTIR spectra have been
recorded for samples of unmodified and surface
modified HAp powders. Fig. 4 shows the FTIR
spectra of HAp nanoparticles prior and after
surface modification with 2% OA; the FTIR
spectrum ID G6i44b42hBS for HAp (Fig. 4, ¢),
taken from SpectraBase [19], is also given there
for reference.

It is clearly seen that the FTIR spectrum
(Fig. 4, b) of the pure HAp nanoparticles
synthesized corresponds well to the reference
spectrum (Fig. 4, c). The peaks in the range of
800-1200 cm are present in both spectra.
Particularly, the peaks around 1020 cm to
1090 cm? correlate with asymmetrical P-O
bonds stretching vibrations [20].

Compared to the previous spectra, new
peaks appear in the FTIR spectrum of the
surface-modified HAp nanoparticles (Fig. 4, a)
in the range of 2800-3000 cm-?, which can be
especially well recognized in the inset to this
figure. Indeed, absorption bands at 2926 cm?
and 2853 cm! correspond to asymmetric
stretching vas(CH2) and symmetric stretching
vs(CH2) of methylene groups, respectively.
Obviously, these groups belong to carbon chain
of oleic acid, thusconfirming the presence of its
molecules at the surface of modified HAp
nanoparticles, i.e. successful modification.



Dynamic light scattering (DLS) was applied for an analysis of particle size distribution of
the HAp powder prior and after surface modification with 2% OA (Fig. 5).

As can be seen from results shown in Fig. 5, the unmodified HAp particles have an average
size of 254 nm and are characterized by a unimodal size distribution with a rather narrow
polydispersity, polydispersity index value = 0.09. Appreciably large average size of HAp particles
determined by DLS analysis, compared with that estimated when using XRD data, can be
explained by high tendency of HA nanoparticles to agglomerate.
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Fig. 5. Particle size distribution of the HA powder: (1) - unmodified HAp, HAp modified
with 2 wt.% OA (2).

The surface modification of HAp nanoparticles with 2% OA brings about their partial
deagglomeration, which is reflected in dropping down an average size up to 135 nm, the
polydispersity remains unimodal, although it becomes somewhat larger, after surface modification
polydispersity index value = 0.25. A deagglomeration under the OA modification is reflected in
an increase in the specific surface area of HAp nanoparticles. The specific surface area, determined
by the standard N2 adsorption technique, increases from 180 m?/g for unmodified HAp up to
290 m2/g after its modification with 2% OA.

An agglomeration of HAp nanoparticles is also confirmed by SEM. Images of unmodified
and surface modified HAp powders are shown in Fig. 6.
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Fig. 6. SEM image of HAp powder (a), modified with 2 wt.% OA (b)
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Comparing the left and right images, the effect of partial deagglomeration caused by
chemosorption of OA at the surface of HAp nanoparticles is clearly seen. In the second case, the
particles are not so densely packed as in the case of unmodified HAp. Probably, this phenomenon



can be explained by diminishing the hydrogen bonds after surface modification caused by the
substitution of hydroxyl groups at the surface of HAp particles with salt bonds, as shown in Fig. 2.

Obtaining the final nanocomposite is the second stage. Nanocomposites have been obtained
on the base of thermoplastic polymer (HDPE) by fusing polymer granules with filler. A modified
HAp was used as a filler.

To confirm that the HAp modification is effective in improving the physical and mechanical
properties of the nanocomposites, they were compared with nanocomposites filled with
unmodified HAp. which was OK. A sample with unmodified HAp was also obtained to compare
the effect of the modifier on the properties of the final nanocomposite.

2. Characterization of HDPE/HAp nanocomposites

The HDPE-based nanocomposites have been obtained using both unmodified and surface-
modified HAp nanoparticles for the comparison.

The following formulation of nanocomposites were used: 80 wt.% of HDPE and 20 wt.% of
HAp. There was no sense to obtain nanocomposites with a HAp content of more than 20% because
of their very high brittleness. Both unmodified and modified HAp nanoparticles were used as
fillers to reveal the effect of the surface modifier OA on performance of the final nanocomposites.
In the case of modified HAp filler, the amount of OA was varied: nano-HAp modified with 1, 2
and 5 wt.% (relatively to the taken HAp amount) were obtained and composed with HDPE.

The procedure of obtaining the specimens of nanocomposites is described in Experimental
techniques.

Figure 7 shows the FTIR spectra of pure HDPE and nanocomposite of HDPE with HAp
modified with 2 wt.% of OA.

T T T 1 T T T 1 — T T T T T T T T T T T T T T
4500 4000 3500 3000 2500 2000 1500 1000 500 4500 4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm-1) Wavenumber (cm™)

a b
Fig. 7. FTIR spectra of pure HDPE (a) and nanocomposite of HDPE with nano-HAp
modified with 2 wt.% OA (b)

The following characteristic absorption peaks are observed on the FTIR spectrum of pure
HDPE: 2913 cm™ and 2846 cm™ correspond to asymmetric stretching and symmetric stretching
of methylene groups -CH2-, respectively; 1471 cm-! the bending of the HDPE structure; 1364 cm-
1 corresponds to —CHs symmetric deformation; 717 cm™* corresponds to rocking deformation [21].

In the FTIR spectrum of nanocomposite of HDPE with the surface-modified nano-HAp,
besides the aforementioned peaks, new very strong absorption peaks are observed in the region of
800-1200 cm®, especially at 1020 cm®, which are obviously attributed to HAp nanoparticles
(compare with Fig. 4). Thus, the FTIR spectra gives strong evidence for formation of
nanocomposites.

Studies of the thermomechanical properties of HDPE nanocomposites with unmodified and
modified HAp nanoparticles (Fig. 8) do not show difference in their Vicat softening temperature.
The reason of such behaviour can be explained by the fact that the Vicat softening temperature is
determined predominately by properties attributed to the polymer matrix which is a continuous



phase. A notable increase in the softening temperature can be observed only in the case of strong
bonding the matrix polymer to the filler; but this is not our case. However, less deformation of the
specimen under load after its softening in the case of nanocomposites with surface-modified HAp
nanoparticles evidences about a stronger interaction of the matrix polymer with the OA-modified
surface of HAp nanoparticles that with the bare surface of unmodified HAp.
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Fig. 8. Thermomechanical properties of HDPE nanocomposites with:
unmodified HAp (1); HAp modified with 2 wt.% OA (2).

The comparative investigation of the physico-mechanical properties of HDPE/HAp
nanocomposites has been performed.

The results of the tensile strength and impact strength testing of nanocomposites are shown
in Table 2. One can notes a significant increase in both the tensile strength and impact strength of
nanocomposites caused by application of 2 wt. % of OA for a surface modification of HAp
nanoparticles. Indeed, the tensile strength of nanocomposites with 2%-modified HAp increases by
66% and the impact strength increases by 10% (Table 2, line 4) as compared to those of
nanocomposites with unmodified HAp (Table 2, line 2). It worth be noticed, that at the same time,
when the content of OA was increased to 5 wt. %, the properties of the nanocomposite obtained
sharply deteriorated, its fragility sharply increases, so it was not possible to obtain specimens for
testing. Thus, 2 wt. % of modifier is seamed to be an optimum amount.

Table. 2
Tensile strength and impact strength for the resulting nanocomposites
# Ratio of |Content of | Elongation | Tensile Tensile Impact Impact
HDPE/HAp | modifier | at break | strength | strength gain| strength | strength gain
(%) (%0) (%) (MPa) (%) (kd/m?) (%)
1 100/0 — 85,25 27,6 — 35,0 —
2 80/20 0 1.42 17,1 — 28,4 —
3 80/20 1 1.71 22,4 +30 29,3 +3,0
4 80/20 2 1.78 28,6 +66 31,5 +10

Fig. 9 shows the fracture surface of the HDPE/HAp nanocomposite, in which the size of the
HAp agglomerates is in the same range as for HAp in powder (Fig. 10). Additionally, to reveal
HAp nanoparticles, the samples of HDPE/HAp nanocomposites were subjected to concentrated
nitric acid for 15 minutes at 60°C. Under these conditions the entire HAp was washed away, while
the polyethylene matrix remains with the fingerprints appeared after removing HAp nanoparticles
(Fig. 10). These SEM images confirm the presence of nanoscale HAp in the nanocomposite.
Comparing the SEM images in Fig. 10, the conclusion can drown that in the case of the surface-
modified HAp its agglomerates are smaller and distributed more evenly throughout the polymer



matrix (the cavities remained are much smaller and well distributed) as compared with
nanocomposite containing unmodified HAp.

i

Fig. 9. SEM images of the fracture surface of HDPE nanocomposites with: unmodified HAp (2);
HAp modified with 2 wt.% OA (b)
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Fig. 10. SEM images of the fracture surface after exposure to nitric acid of HDPE
nanocomposites with: unmodified HAp (a); HAp modified with 2 wt.% OA (b).

To confirm the stability of the obtained nanocomposites in the human body, the obtained
specimens were soaked in water and saline for five days and then tested for the impact strength
(Fig. 11) and surface hardness.
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Fig. 12. Relative values of surface hardness of
nanocomposites filled with unmodified HAp
and HAp with 2 wt.% OA.

Fig. 11. The impact strength of
nanocomposites filled with unmodified HAp
and HAp with 2 wt.% OA.



Analyzing these data, it can be concluded that the surface modification of HAp with 2 wt.%
OA in all cases provides better nanocomposites performance compared with nanocomposites
containing unmodified HAp, the impact strength increases by about 10%, and the surface hardness
— by about 25-30%. There is no drastic deterioration in the nanocomposite properties after their
exposure to water and saline.

Conclusions

HAp nanoparticles have been synthesized and surface-modified using OA. Chemosorption
of OA brings about deagglomeration and lipophilisation of nanoparticles. The latter facilitates an
even distribution of the HAp filler in the polymer matrix. HDPE-based nanocomposites have been
obtained using both unmodified and surface-modified HAp nanoparticles for comparison. An
increase in the performance of nanocomposites filled with HAp, modified by OA, compared with
unmodified HAp, is shown. A significant increase in tensile strength and surface hardness is
achieved by applying a small amount of modifier. 2 wt.% of OA chemosorbed at the surface of
HAp nanoparticles brings about an increase in tensile strength by 66% and surface hardness by
31%. The obtained nanocomposites are quite stable when subjected to aqueous media with only a
slight loss in the physico-mechanical properties. This makes them a good candidate to apply as
bone substitute materials.
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