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HA-ZnO-Fe3O4 COMPOSITE MANUFACTURED BY WET POWDER
METALLURGY PROCESS FOR IMPLANT APPLICATIONS
A hydroxyapatite (HA) based biocompatible and bioactive composite is an appropriate choice for bio-implants. This experimental work presents the influence of ZnO and Fe3O4 on the microstructure of HA-ZnO-Fe3O4 composites synthesized by
the wet powder metallurgy process. These composites were characterized using SEM, energy-dispersive X-ray spectroscopy
(EDS), and XRD. The obtained results showed the effect of the addition of Fe3O4 on the interface formation, which is exhibited
by interconnected pores and sintered neck in the micrographs. The observed porosity helps to enhance the required
osseointegration for the fixation of implants with human bones.
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INTRODUCTION
In some clinical applications such as orthopedic implants, dental restoratives, and other medical equipment, hydroxyapatite (HA) is considered to be an attractive bio-ceramic [1-8]. Nowadays, researchers are
interested in developing new bio-ceramics with improved properties by adding metals and their oxides to
HA [2]. The improvement in properties is also influenced by the manufacturing process and its associated
parameters apart from the material used. Therefore, due
to the consolidated effect of manufacturing and materials, it is possible to improve the properties of a composite material, which are needed for implant applications
[7, 9]. Various properties such as excellent corrosion
resistance, low wear rate, good osseointegration with
excellent biocompatibility are required for specific
applications [1-8, 10, 11]. Moreover, zinc oxide (ZnO)
is one of the best anti-bacterial inorganic compounds,
which is safe and suitable for various drug administration applications [12]. Fe and its compounds are also
utilized as nontoxic and biocompatible material when
the concentration of iron is limited. Nevertheless, the
addition of iron oxide nano-particles is reported to be
compatible with ZnO, which is considered as an agent
for antibacterial properties [13].
This research work reports the influence of the consolidated effect of ZnO and Fe3O4 on HA. In addition,
the effect of the wet chemical processing of HA and wet
powder metallurgy process with microstructural evaluation is discussed for the synthesized HA-ZnO-Fe3O4
composites.

MATERIALS AND METHODS
The fabrication process of the HA-ZnO-Fe3O4 biocomposite is described in Figure 1. In the process, first
of all, the HA powder was synthesized by wet chemical
processing using calcium oxide (CaO) and orthophosphoric acid (H3PO4). In the process, 14.67 g of CaO
powder was mixed with 1000 ml of distilled water and
stirred continuously with a gradual increase in the temperature up to 80°C, which was followed by the addition of a mixture of H3PO4+1000 ml distilled water in
the form of small and continuous droplets. Next, this
mixture was cooled and ball milled (Pulverisette 7 premium line, planetary mill, Fritsch, Germany) with a ball
to powder ratio (by weight) of 6:1 to prepare fine HA
powder (100-200 microns). A micrograph of the HA
powder is shown in Figure 1. In the next step, ZnO
(> 99% pure, 60-80 microns) and Fe3O4 (> 99% pure,
40-60 microns) powders, provided by Ms. Central Drug
House, New Delhi, India, were blended (200 rpm) with
HA for 6 h in an agate jar with steel balls and acetone
as the mixing medium. Afterwards, the mixed powder
was compacted inside an alloy steel closed die under
a pressure of 430 MPa by means of a hydraulic press.
After that, the fabricated green pellets 12 mm in diameter and 12-15 mm in height were air sintered inside
a muffle furnace at the temperature of 1150°C with
a 3 h idle time before cooling. Inside the furnace, the
heating and cooling rate was 5°C/min. In the experiment, three compositions, denoted as HZ (HA +
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7.5 wt.% ZnO), HZ10F (HA + 7.5 wt.%
% ZnO + 10 wt.%
wt
Fe3O4) and HZ20F (HA + 7.5 wt.%
% ZnO + 20 wt.%
wt
Fe3O4), were used for the analysis. The density of the
sintered pellets was evaluated experimentally using the
Archimedes’ principle considering water as the fluid.
The morphological evaluation and energy dispersive
X-ray
ray spectroscopy (EDS) were conducted using
usi
a scanning electron microscope (SEM, Model JSM
6010LA, JEOL), and a PANalytical X-ray
X
diffractometer using Cu radiation at 45 kV and 40 mA was
employed as well.
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in the HZ10F and HZ20F compositions. The intensity
of the Fe3O4 peaks was found to rise with its increase in
concentration from 10 to 20 wt.%,
wt
while the intensity of
the HA peaks was found to decline with the increase in
Fe3O4 concentration [8]. The absence of any other sigsi
nificant phases indicates that no reaction took
to
place
among the three constituents, i.e. HA, ZnO, and Fe3O4,
thus assuring their chemical stability [9].
[
a)

b)
Fig. 1. Synthesis process of HA-ZnO-Fe3O4 composite

RESULTS AND DISCUSSION
A decrease in the density was observed with the
addition of Fe3O4 to the HZ composites. The densities
evaluated using the Archimedes’ principle were
3.2, 3.1 and 2.8 g/cm3, for the HZ, HZ10F, and HZ20F
compositions, respectively. The decrease may be attribattr
uted to the increase in the number of pores, which can
also be observed in the micrographs below.
Figure 2a, b presents SEM micrographs revealing
the microstructures of the HZ compositions at lower
and higher magnifications, respectively. Dense spherispher
cal grains with distinct boundaries were found in the
microstructure (marked by red boundary in Figure 2a).
High densification can be seen in the micrographs and it
aptly correlates with the 98% densification found
experimentally using the Archimedes’ principle
princi
[8].
The high level of densification is attributed to the high
sintering temperature, but with the presence of some
unpredicted pores, as shown in Figure 2b [10].
[
Figure 2c shows the XRD patterns of the sintered
samples for all three compositions. The diffraction
patterns of the samples were matched with the correcorr
sponding standard diffraction patterns from the ICDD
database. The high-intensity
intensity characteristic peaks of the
HA phase are evident. The low-intensity
intensity peak of ZnO
found at the 2θ value of 36.44°
4° is probably due to its
lower concentration. Fe3O4 peaks were found at the
2θ values of 30.15°, 35.50°, 43.00°, 56.87°, and 62.36°

c)

Fig. 2. Microstructure of HZ (a), ZnO particulates in HZ composite (b),
(
XRD patterns for HZ, HZ10F and HZ20F composites
composit (c)
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b)

Fig. 3. EDX mapping of HA-ZnO-Fe3O4 composite: a) HZ10F, b) HZ20F

Figure 3a,b shows the microstructures and EDS
spectra of the HZ10F and HZ20F pellets, respectively.
Diffused grain boundaries and agglomerated grains
are observed in both the compositions; the diffusion
increased with the rise in the proportion of Fe3O4,
which also increased the number of pores [2, 8].
The microstructure mostly consists of small pores, but
some pores are interconnected; hence, they resulted in
the formation of large pores [2, 12, 14]. The formation
of pores may be due to the different diffusion rates
of HA, ZnO, and Fe3O4. High porosity results in lower
mechanical strength, but on other hand, it helps in
the fixation of an implant with the bone.
The elemental composition obtained by EDS verifies the presence of ZnO and Fe3O4 in HA composites.
No significant amounts of other elements can be seen in
the spectra. An increase in the concentration of Fe3O4 in
Figure 3b can also be observed in the micrographs as
a greater distribution of bright white particles among
the greyish particles of HA [8]. These particles are
co-related with the formation of interfaces in the EDS
mapped area (Fig. 3a).
According to the EDS mapping shown in Figure 3,
the influence of the processing parameters and the
effect of the added reinforcement can be identified by
the individual elemental peaks of Zn, Fe, and Ca. Most
Composites Theory and Practice 22: 1 (2022) All rights reserved

of these peaks confirm the dispersion of ZnO in HA,
which is obvious and well predicted. This impact of the
reinforcement is again related to the distribution of the
reinforcement particulates and it can be concluded that
an increase in the number of reinforcement particles
significantly affects the dispersion, which leads
to a reduction in the gaps between the solidified molecular particulates, as can be identified in Figure 4a
and b.
Moreover, this dispersion is directly governed by the
generated micro-sized bio-interfaces during the process
as a result of an effective change in the density of the
fabricated composite [9]. As the amount of reinforcement increases, the density of the composite decreases,
which results in the formation of pores inside the microstructure of the fabricated composite and further
affects the intermolecular gap [9, 14]. An expansion of
the formed phases during processing might be the
reason for the bursting of HA grains, also leads to
a drop in temperature, and thus creates some biointerfaces (marked with red box) as well as some micropores. Furthermore, this effect is observed in Figure 4,
in which some interfaces, white in color are observed in
the form of some agglomerated granules in the HA,
which is lower for HZ10F (Fig. 4a) in comparison to
HZ20F (Fig. 4b).
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Fig. 4. Micrographs of HA-ZnO-Fe3O4 composite:: a) HZ10F, b) HZ20F

CONCLUSIONS
Microstructural investigations were performed by
SEM-EDS
EDS and XRD. The obtained micrographs and
diffraction patterns were studied for all three composicompos
tions of the HA-ZnO-Fe3O4 composite. Dense grains
with distinct grain boundaries were found in the HZ
composite. The addition of Fe3O4 introduced porosity in
the HA-ZnO
ZnO composite and it grew with the increase in
the weight percentage of Fe3O4. Interconnected pores
and sintered necks
ks were also observed in the micromicr
graphs of HZ10F and HZ20F. Porosity lowers the mem
chanical strength of implants but enhances the osseoinosseoi
tegration required for the fixation of implants with
human bone.
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