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Abstract

Powder metallurgy (PM) approach was utilized for the preparation of Ti porous material mixed mechanically with different
percentages of sodium chloride salt from 10 to 40 % with stirring speed 100 rpm and ball to powder ratio 10:1 for milling time
24 h. The Ti —NaCl mixed samples were compacted under 600Mpa, then sintered at 1450 °C for 90 min in a vacuum furnace.
The phase composition and microstructure of Ti samples are investigated through X-ray diffraction analysis and scanning
electron microscope (SEM). All the prepared samples were characterized by measuring the porosity percentage, Vickers
hardness, and compression strength. Microstructure indicated that porosity was found to increase with increasing salt percent
while the highest hardness (380) and the compression strength (45MPa) were recorded for the lowest ratio of salt (10%NacCl).
Biocompatibility test was estimated for the prepared samples, which exhibited the high viability for cell with good growth of
the life cells on the sample’s surface, and low adhesion.
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1. Introduction used for different kinds of medical applications

The use of metals for health and healing stretching
back since ancient times. The Eber’s Papyrus was the
first who had used the copper to iron to treat anaemia.
Most drugs include metals such as zinc, lithium, gold &
platinum [1]. Meanwhile, metal alloys are used
as biomaterials for a long periods of time such as
(stainless steel, cobalt—chromium alloys, Titanium and
its composites, Nickel-titanium alloys, zirconium
alloys and niobium alloys) due to their composition and
mechanical properties[2], low corrosion rate and
surface properties. Furthermore, their excellent yield
strength and highest biocompatibility with life cells and
lower toxicity are noticeable [3,4,5]. Recent benefits
could be easily found in metal foam that have a good
advantages when it is compared with the non-metal
foams, as it offers higher stiffness[6], strength to weight
ratios and high impact energy absorption, They also
have a great tolerance to both environmental conditions
and temperature which are satisfied for medical
applications [7,8,9].Titanium is one of the most tough
and durable metal foam which is a common material
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especially as a medical implant for the replacement of
a biological tissue. Consequently, this study aims at
assess in vitro the influence of four pore percent of
titanium samples on the new bone ingrowth. The
samples are produced by means of a powder
metallurgy. The primary objective of this investigation
is to fabricate (Ti) with different percentages of
porosity using NaCl as a space holder material by
powder metallurgy technique. The profound impact of
porosity on microstructure and mechanical properties
of Ti powder for orthopaedic applications was
considered.

2. Materials and Methods

Nano-titanium powder with 99.8% purity, 6-40 nm
particle size, 4.5 density and molar mass of 47.9 g/mol
and NaCl salt powder of 2 um particle size and molar
mass of 58.44 g/mol and 2.16 g/cm3 delivered from
(NILCOO) were employed as the raw materials for (Ti-
NaCl) preparation (Fig. 1a) Mixture of Ti and Na-ClI
with different ratios of 10, 20, 30, and 40 wt. % were
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prepared. In order to check the chemical composition
and the morphology of the as received powders, X-Ray
diffraction and scanning electron microscopy (SEM)
were performed.

Pure Ti samples (12 mm x 3 mm) were prepared
by powder metallurgy route. The mixtures were
prepared by the mechanical milling using a ball mill
machine with ball to powder ratio (10:1) and speed 100
rpm for 24 h. To avoid the oxidation, argon gas was
used during the mixing process. The prepared
composite powders were compacted under pressure of
600 MPa. The samples were sintered at 1450 °C for 90
min in a vacuum furnace. Fig.1 shows the heating
process cycle with a heating rate of 5 °C/min. The
mixture was heated up to 250 °C for 30 min to allow
gases to evolve the leaving pores. The temperature was
raised up to 1450°C for 90 min to complete the
sintering process. Fig.2 indicates a schematic diagram
for the fabrication process of titanium foam using NaCl
as a space holder by powder metallurgy method
[10,11].

For Microstructure investigations, discs with 10 mm
thickness were cut, polished. Discs were immersed in a
solution contains 95 % ethanol and 5 % nitric acid for
40 sec. then, they were dried. Optical microscope with
model OPTIKA M-790, Italy was used for
metallographic observations. The average size of Ti
particles were measured using image analyzer
AxioVision software.

2.1 Physical Properties Measurements

Density of the prepared samples were determined
using Archimedes principal according to ASTM C 373-
72, 1984.Next equation is used [12].

1
Ti density

Wair [

\
(Wair—Wwater)

yArch. =

Where, Wair and Wyaer represent the specimen weight
in air and water, respectively. The results were
compared with the theoretical density. The chemical
composition and the phase structure were investigated
by X-ray diffraction (XRD) on a Brukur advanced X-
ray diffractometer model D8 kristalloflex (Ni-filtered
Cu Ka).

2.2 Mechanical properties

The hardness of Ti foam samples were measured
using Vickers tester model (Matsuzawa JAPAN) by
applying 20 kg load for 15 sec at room temperature. The
tests were repeated for each sample five times and the
hardness values were the average of the five readings.

The compression test was performed using universal
testing machine according to ASTM at a strain of
0.01/s. Compression tests were repeated three times at
room temperature.
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Fig. 1 Heating cycle of the sintering process for
composite fabrication.
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Fig. 2 Schematic diagram for preparation of Ti foam

2.3 Biocompatibility Investigation
2.3.1 Cell cultures

Normal cell line was provided by VACSERA-Egypt
(tissue culture department). The cells cultured in RPMI
1640 medium with 10% fatal bovine serum (GIBCO,
USA) and 1% penicillin— streptomycin (Invitrogen,
USA) was examined.
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Cells incubated at 37°C in atmosphere humidified
with 5% CO, (Joan-France) as advised by manufacturer
instructions were accomplished. For survival and
proliferation, cells were cultured in artificial medium
[13]. The medium supports cell growth, pH and
osmolality. It consisted of amino acids, vitamins, salts,
glucose, and growth factors, and nutrients.

3.3.2 Cytotoxicity and cell viability

To measure the cell viability, cells were incubated
with an indicator and the conversion was calculated. As
the cells were alive, indicator would be consumed, or
partially consumed. Normal cells were propagated in
75 cm2 cell culture according to Busser au et al., 1982.
Cells were detached using trypsin solution [0.25% w/v]
and EDTA [0.05% (v/v)] (GIBCO-USA) for five
minutes. The cells were incubated by 2 x 10> cell/ml
concentration in culture plates at 37°C for 24 h. Fresh
medium containing 2-fold serially diluted pomegranate
peel extract PPE was added to cells. A day later, cells
were washed using phosphate buffered-saline PBS and
50 ul MTT (0.5 mg/ml of 3-(4,5-dimethylthiazol2-Y1)-
2,5-iphenyltetrazolium-bromide)) was added.
Formazan precipitates were solubilized using 50 ml
dimethyl sulfoxide (DMSO). For 4 hours’ incubation
period, light absorbance with 570 nm wavelength was
realized using plate reader (ELX -800, Biotech- USA),
viability percentage of cells was calculated:

mean OD ( test dilution) x 100
mean OD ( negative cell control)

Viability % =

Where OD is the optical density, V is the absorbance
ratio of the tested samples to the absorbance of a
reference one. It must be mentioned that the absorbance
is proportional to the pathogen amount in sample.

2.3.3 Morphology and Cell adhesion

Scanning electronic microscope (SEM) was used to
monitor cell proliferation. The images show the
microstructure and the cell that success to attach on the
sample surface and its growth. For adhesion test, a
washing buffer composed of 0.1% BSA (Bovine serum
albumin-a supplement protein) and blocking buffer-
0.5% BSA in DMEM medium (Dulbecco’s Modified
Eagle Medium), Laminin-1 (10-12 mg/ml), crystal
violet (5mg/ml in 2% Ethanol), 1% sodium dodecyl
sulfate SDS (surfactant) and 4% paraformaldehyde was
carried out.

Cells were cultured on samples for 24 h and the cell
growth was calculated. After that, plate was coated with
Laminin-1 for 1 h, then washed with buffer twice, and
blocked in CO- incubator at 37 °C for 45-60 minutes
then the cells were counted [14].

To test cell-adhesion, the plate was shake by speed
2000 rpm for 10-15 seconds, washed and fixed using
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4% paraformaldehyde. The stained plate was washed,
turned upside-down, dried and read at 550 um [15,16].

3. Results and Discussion

3.1 Samples characterization

Fig. 3 depicts Ti powder was nearly spherical with
some aggregations. Besides, the particle size of the

powder was ranging from 6 to 40 nm.

4
%30000 M Frare
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Fig. 3 TEM micrograph of the used nano Titanium
powder.

3.1.1 Density measurements

The effect of NaCl, % on the density and the porosity
values were shown in Fig. 4(a, b). Clearly, increasing
the sodium chloride salt ,% as a space holder material
was gradually decreased and then the porosity ,% was
increased. This is imputed to the impact of the hollow
NaCl particles called as micro balloons as light weight
and inert. The presence of hollow particles such as
NaCl results in the foam structure with low density.

The theoretical density is higher than that of the actual
density for the sintered samples. The factors affecting
the density of sintered samples were the compaction
process, sintering temperature and time. [17].

Additionally, some agglomerations of the Ti with traces
of salt may occur as the NaCl percent increasing.
Accordingly, the microballons percent were increased
causing the porosity ratio increased.

3.2.2 Samples microstructure

The SEM images of the fabricated samples show that
a lamellar structure is formed. Increasing the ratio of
NaCl salt, increases the porosity and lamellar forming.
Some agglomerations of Ti takes place with high NaCl
percentage which are 30 and 40 wt. %. Fig.5 shows
confirms the near densification of sintered samples.
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The pores are elongated with oval shape confirming the
foam structure of Ti samples.
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Fig. 4 (a) The effect of NaCl percentage on the
density values, (b) on the porosity values.

Also, pores are interconnected which is suitable for cell
growth, So the samples could be used for many tissue
engineering applications [18,19]. Microstructure shows
porosity with different ratio according to the space
holder percent in which it increases by increasing the
NaCl percentage which are confirmed from the density
and porosity figures 4(a, b).

3.3 Mechanical properties of porous Ti samples
3.3.1 Hardness test

The effect of space holder NaCl percent and porosity
on hardness of pure titanium are shown in Fig. 6. It
shows that the addition of salt wt. % to pure nano
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Fig. SEM images of samples: (a) 10 %wt., (b) 20
%wit., (c) 30 %wt, and (d) 40 %wt.

titanium particles decreases the hardness from 380
(10% salt) to 150 with percentage of 40%. The hardness
is decreased, due to the agglomerations of Ti and
increases of salt ratio which increases the porosity.
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It is obvious that the hardness is still high compared to
pure Ti without porosity. This result could be due to the
nano-size of Ti and the mechanical milling process
according to Hall-Petch equation [20]. The reduction of
Ti particle size to more nano scale enhances the
hardness values of the prepared samples. But the
increasing in the porosity percentage decreases the
hardness in which the hardness indicator depth is
increased [21].

400
350
300
. 250
o
< 200
T
>
150
100
50
0
1 2 3 4
sample no,
HV.H.No. M salt content Ratio

Fig. 6 Effect of the porosity on the hardness of the Ti
foam samples.

3.3.2 Compression test

The effect of NaCl salt content and porosity on
the compression of pure titanium are shown in Fig.7.
As shown from the Fig., addition of salt to pure titanium
decreases the compression from 45MPa (10% salt) to
25 MPa for (40% NaCl salt) due to the agglomerations
of Ti and increases of salt ratio which causes an
increasing of porosity.

It is found that with increasing porosity percentage by
increasing NaCl content gradually, the compression
strength decreases. This is may be attributed to
increasing the pores in the samples, in which the pore
is nuclei for crack initiation and propagation The
strength with porosity is in the desired range for
medical active implants, so, it is suitable for
applications need tissue regeneration and growth [22].
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Fig. 7 Effect of the salt content on compression test of
Ti samples.

4 . Evaluation of toxicological and cell structure
adhesion by the in- vitro method

Toxicological and cell structure adhesion were
evaluated via in-Vitro method. Cytotoxicity recording
cell morphological changes over the sample.
Evaluation of free radicals effect on the normal cell
compared with that viability of cell in control, showed
a high viability percentage for all concentrations. So,
Results showed no toxic effect on the life cells. The
samples were safe as known in previous work
[23,24,25]. Itis noticed that cells in the medium around
the Ti foam samples are more than that on the surface
of samples. This may be due to sample charge that
repeals cells out of the Ti surface and causes poor
adhesion with titanium material [26]. Fig. 8 shows that
Ti-10 to 40 %salt sample has the highest cell validity
with the highest cell concentration. In which, the porous
structure and nano Ti particles, help in the viability of
life cells on the Ti surface samples.

4.1 Cell Morphology

Scanning electron microscope of the life cells on
the prepared Ti-foam shows a good viability on sample
as shown in Fig 9. The growth was high in all samples
with short term adhesion, due to the foam structure and
the nano Ti particles. High proliferation was detected
through the incubation period 24 h and 72 h, but at the
end it is found that low adhesion ratio of cells on
samples. It is probably due to charge on the metal
surface. In previous works, it was reported that Ti has
low adhesion and need surface modifications and
treatments to improve the adhesion between the cells
and Ti sample’s surface.
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Fig. 8 Correlation between HFB4 concentration and
the cell viability over Ti samples and Ti-10 to 40% salt
after 2days culture.

This is in a trial to decreases the charges that repeat the
life cells from the Ti foam surface. It is clear that
addition of salt produces more porosity. This porosity
increases the adhesion and growing of live cells on the
sample surface. This can be explained by the good
distribution of cells in the samples surface with the
presence of low adhesion. Porosity with different ratios
facilitates the adhesion and growth of cells. These
results are compatible with the high hardness of 10%
NaCl ratio sample. It is demonstrated that porous
titanium implant could be used as an implant for
various orthopaedic application. Surface treatment and
plasma discharge are needed to be done for the
fabricated samples and further studies are needed to be
controlled.

5. Conclusions

o Ti has high melting point, high thermal stability,
high strength and low density. So, Ti-foam is
suitable for medical applications.

e The mechanical properties of titanium samples are
improved by decreasing salt ratio.

e The hardness of pure titanium was increased by
decreasing salt ratio, it was within the desired
range required for medical applications.

e Samples have no toxic effect on cells but, it
doesnot allow cells to adhere well on sample’s
surface and differentiate due to charges of surface.

o Tiwith 10%salt has the highest hardness with low
adhesion. while, Ti with 40%salt has the lowest
hardness with highest adhesion. It could be used
nano metal particles for mechanical reinforcement

https://doi.org/ 10.21608/ijmti.2021.181119

Fig. 9 SEM micrograph of cell cultured over Ti- 40%
implant with low cell distribution.

and surface treatment or coating should be done to
encourage the cell to adhere and differntiate on
surface of implant.

e Porous titanium implant could be used as an
implants for various orthopedic applications.
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