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In this study, It was aimed to produce Ti martis Electroless Ni coated ZrO, ceramic powders added composites and to reveal
the properties of the produced composites by characterizing them. It was preferred to use ceramic-metal powder electroless
nickel plating method in sample preparation. While ZrO,, known for its biocompatibility, was chosen as the reinforcement
material, Titanium (Ti) powders were preferred as the matrix powder. Different compositions were studied in the experimental
phase of the Ti martis Electroless Ni coated ZrO, ceramic added. After these compositions were prepared, a conventional (tube)
oven was used for sintering processes. The sintering temperature was chosen as 1100°C in the tube furnace. After sintering, the
samples were examined mechanically, physically and metallographically. SEM-EDX, XRD analyzes and Vikers hardness tests
were applied to characterize the produced composites. Additionally, the densities of the produced composites were calculated.
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Introduction fields, are as follows [7].
a- low density

The first alloys of titanium were developed in b- little or no toxicity
the late 1940s. Ti-6Al4V alloy has become the most c- high strength and long fatigue life
widely used titanium alloy on the market [1]. The d- low modulus of elasticity
matrix obtained by mixing elements such as Vanadium e- easy formability f-

(V), molybdenum (Mo), niobium (Nb) with titanium is f- mouldability

called titanium alloy. Titanium has comprehensive and g- The use of titanium material for medical and dental
strong properties that make it preferred. Some of these implant applications has increased over the last
properties are: low density (4.5 g/em’), high specific decade.

strength, fracture toughness, fatigue strength, resistance One of the main reasons for this increase is that
to crack propagation, high toughness at low temperatures titanium is suitable for implant design due to its unique
and excellent corrosion resistance [2, 3]. properties [8].

Ti alloys are classified as steels, nickel alloys, etc. Zirconia ceramics have good mechanical properties.
according to the relationship between a certain yield Due to high strength, high toughness, corrosion
strength and density. They have higher mechanical resistance, wear resistance and good biocompatibility,
strength compared to other material types. They can zirconia ceramic materials are most commonly used
maintain these advantages even at temperatures of as dental restoration materials and surgical blades in
approximately 500 °C. Therefore, some titanium alloys the field of biomedicine. Zirconia is a material with
are very suitable for the production of parts of gas high biocompatibility. In the biocompatibility test
turbines and jet engines [4]. The use of titanium and studies performed, no local or systemic side effects
titanium alloys in dental and medical fields makes them were reported [9, 10]. It has been determined that the
popular. When we look at the research conducted only amount of microorganisms around the restoration is
on medicine/dentistry, it shows that the studies on this lower compared to different materials [9]. They have
subject are increasing [5, 6]. The general properties of low thermal conductivity and reduce pulp irritation [11].
titanium and titanium alloys, which are the most ideal All-ceramic restorations that do not contain metal alloys
metallic biomaterials used in dental and orthopedic prevent problems such as hypersensitivity [12, 13]. In

addition, zirconia substructures give a radio opaque
*Corresponding author: appearance. This allows radiographic imaging and
g;l( j:gg g{% ggg ;828 evaluation of the restoration [14, 15]. Titanium and its
E-mail: abyonetken@aybu.edu.tr alloys are widely used in dentistry in the construction of
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dental implants, removable and fixed prostheses, thanks
to their excellent biological compatibility and properties
such as corrosion resistance, low elasticity values and
high resistance. small or large) and is stabilized with
rare earth and alkaline earth elements where it can
form a solid solution. The ions of the oxides used for
stabilization are replaced by Zr atoms, stabilizing the
structure [16]. ZrO, added composite materials are
advantageous compared to other stabilizing materials as
they have the ability to sinter at lower temperatures and
have a low eutectoid transformation temperature (500
°C) [17, 18]. Metal coatings have been applied to both
improve mechanical properties and prevent material loss
due to corrosion, and also because ceramic powders
form easier and tighter bonds with Ti powders.

In the study (%0.54Ni-97.78%Ti-1.66%Z1O,, 1.09%Ni
-95.85%T1-3.05%Zr0,, 1.76%Ni-93.71%Ti-4.51%ZrO,,
2.2%Ni-91.69%Ti-6.09%ZrO, and 2.29%Ni-89.74%Ti-
7.95%Z7Zr0,) compositions were selected. This study
covers the general characterization of electroless Ni coated
Zirconia powders by producing them in determined
compositions on Titanium material.

Material and Method

Ceramic materials

Zr0,, a ceramic material, was used in the study. ZrO,
powders were purchased. from Sigma aldrich company
with -325 mesh grain size and 97% purity.

Metallic Materials

Titanium (Ti), was chosen as the metal powder in
the study. Ti powders with 10 um grain size and 99%
purity were supplied by Sigma Aldrich. Nickel chloride
(NiCl,'6H,0O) chemical, which is used to obtain pure
nickel in the chemical plating bath, was preferred.

In the study, ZrO, powders were coated in a
hydrazine hydrate (N,Hs'H,O) chemical nickel plating
bath by electroless plating method. Ni coated ZrO,
powders and Ti powders were prepared in different
compositions and the powders required for ceramic-
metal composite production were prepared in different
compositions. Electroless nickel plating occurs as a
result of the reaction of chemicals with each other
without electric current. In this study, Hydrazine bath,
a method that yields pure nickel, was used. The most
important advantage of electroless coating is that all
surfaces of the coated powders are covered equally. It is
difficult to obtain a complete and homogeneous coating
in electrolytic plating [19-24]. Electroless Ni coated
powders and Ti powders were mixed in the determined
compositions (Table 1). It has high thermal expansion,
excellent thermal insulation/low thermal conductivity,
very high resistance to crack propagation, and high
fracture toughness [25-34]. Among other properties of
titanium, titanium and Preference of alloys in dentistry
applications The most important reason for their
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Table 1. Composition of Samples

Sample Composition
SP1 9%0.54Ni-%97.78Ti-%1.66ZrO,
SP2 %1.09Ni-%95.85Ti-%3.05ZrO,
SP3 %1.76Ni-%93.71Ti-%4.51ZrO,
SP4 %2.2Ni-%91.69Ti-%6.09ZrO,
SPS %2.29Ni-%89.74Ti-%7.95ZrO,

adoption is biological compatibility. Biocompatibility
of titanium and its alloys Its properties stem from its
superior corrosion resistance. Corrosion resistance is
the effect that occurs on the surface and passive oxide
that protects against electrochemical attacks It is a result
of the layer. The modulus of elasticity is closer to the
bone titanium and its alloys other restorative materials
makes it more advantageous compared to alternatives.
As a biomaterial, especially hard tissue Titanium alloys
to be used as prosthesis, high resistance - low modulus
of elasticity, high fatigue It must be resistant and easy
to operate [35-40].

Ceramic metal powders were cold formed in a uniaxial
hydraulic press under 400bar pressure. The raw samples
shaped in the press were sintered in a tube furnace at
1100 °C in an argon atmosphere. The metallographic
properties of the produced ceramic-metal composite
samples were examined and they were subjected to
mechanical tests and the results were given. Table 1
shows the chemicals and their ratios used in the Ni
plating bath.

It is prepared in the proportions in Table 1, and
ceramic or ceramic-metal powders are mixed into the
plating bath at 90-95 °C, according to the composition
we determine. During the coating reaction, the bath
temperature and pH value were measured at 5-minute
intervals and kept constant at 10 with a tolerance of 0.5
throughout the reaction. The reaction is completed with
the complete precipitation of Nickel. It can be understood
that the reaction has precipitated when the plating bath
turns from blue to transparent and the mixing effect
ends. On average, it is completed in 1-1.5 hours. At the
end of the reaction, the coated powders are washed and
filtered. In particular, the washing process was repeated
so that no chemical residue remained on the coated
powders. After washing and filtering, it was dried in an

Table 2. Nickel plating bath and its ratios

Chemicals Raitos

Zirkonya (ZrO,) 20g

*Nickel Chloride (NiCl'6H,0) 40 g
Hydranize Hydrate (N.HsH,O) 20-25%

Distile water 80%
Temperature 90-95 °C

pH value 9-10
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Fig. 1. Reaction image in electroless nickel plating.

oven at 105 °C for 24 hours. After the drying process,
cold forming was done in the press under 400 bar. In
addition, without coating, in the specified compositions,
the powders are heated at 25 dv/min. It was mixed in
a high speed rotating mixer for 24 hours to obtain a
homogeneous mixture.

During electroless nickel plating, the temperature of
the plating bath was measured with an optical pyrometer
at 5S-minute intervals. Fig. 1 shows the mixing effect of
the coated powders in the bath as a result of the chemical
reaction. During the plating reaction, the plating bath
was stirred with a glass rod. When the reaction ends, the
color of the plating bath changes from blue to clear and
the mixing effect ends. The coated powders settle at the
bottom of the beaker. Moving the particles into the bath
by mixing them during coating allows Ni to precipitate
on the particles. Even if there are no particles in the bath,
Ni precipitation will occur on the surface of the beaker.

Results

Physical Properties

Figure 2 shows the density, porosity and microhardness
curves of the produced samples. In the density curve
(Fig. 2), a higher density was obtained in the SP1 sample
compared to the other samples due to the use of a low
volumetric amount of ZrO,. In the SP5 sample, there
was a decrease in the total density due to the use of
volumetrically higher ZrO, compared to the SP1, SP2,
SP3, and SP4 samples. Additionally, the highest %
porosity calculated was obtained in this sample. When
the measured microhardness values of SP1, SP2, SP3,
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Fig. 2. Density, Porosity and Microhadness curves.

SP4 and SP5 samples were compared, the highest
hardness value was measured in the SP5 sample, which
contained the highest volumetric ZrO,, compared to the
other samples. Different compositions (SP1, SP2, SP3,
SP4 and SP5) were used in the experimental phase. As
the ceramic contribution increased, it was measured that
there was an increase in the vikers hardness value in
the hardness measurements. The increase in ceramic
phase also increased porosity. SEM photographs provide
information about grain coarsening, neck formation and
grain size in the samples produced. EDX elemental
analysis performed on the samples shows that the
electroless Ni coating process used in the study is
realized.

Microstructural Investigation

Figure 3 shows SEM images of SP1, SP2, SP3, SP4,
and SP5 samples sintered at 1100 °C. When looking at
the pictures, it can be seen that the sintering is good
as the neck and grain become larger and the grain
boundaries become clear. The (ZrO,)Ni contribution
rate was increased in the samples, respectively. The
lowest solid belongs to the SP1 sample and the highest
contribution rate belongs to the SP5 sample. When the
SEM images are examined, it is seen that intergranular
neck formation and grain coarsening occur due to the
increase in the ZrO, contribution rate. Grain boundaries
are visible in the samples. It was calculated that the
porosity increased from 14.52% to 23.7% with the
increase of ZrO, contribution rate. It can be seen that the
theoretical density of 76.29% has been approached in the
SP5 sample. When the sample densities were compared,
it was calculated that the density of the SP5 sample
decreased compared to the SP1 sample as the ceramic
solid ratio increased. The fact that the ZrO, density
is lower than the Titanium density and that the SP5
sample contains the highest ZrO, contribution explains
the increase in hardness and low density in this sample.
It is seen that neck formation and grain coarsening are
better in SP5 sample than in other samples. It is also
known that porosity in implant materials is necessary to
facilitate bond formation between the implant material
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Fig. 3. SEM photographs of sintered samples.

and tissues.

The elemental analysis was performed along the linear
analysis method line (Fig. 4). Ti, Zr and Al elements
were detected in the SP1 sample. It is thought to be
due to the fact that the purity level of the powders used
in Al is not 100%. In addition, due to the very low Ni
content in the SP1 sample, the resulting peak could not
be observed on the curve due to its low intensity.

In Fig. 5, elemental analysis was performed along the
line using the linear analysis method. Ti, Zr, Al and Ni

elements were detected in the SP5 sample. Since the Ni
ratio in the SP5 sample was much higher than in the SP1
sample, the resulting peak was observed on the curve,
although its intensity was lower.

Electroless Ni coated ZrO, powders were mixed
homogeneously with Ti powders in the determined
compositions and then shaped in a uniaxial cold press.
Samples sintered in a tube furnace in argon atmosphere
at 1100 °C were examined and characterized by XRD
analysis. The XRD analysis graph of the composite
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Fig. 4. EDX analysis of the SP1 sample sintered at 1100 °C.
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Fig. 5. EDX analysis of the SP5 sample sintered at 1100 °C.
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sample of the SP1 sample is given in Fig. 4. According
to the analysis results, it was determined that Ti, Ni
710, Ti,Ni, TiNi; and NiO phases were present.

The XRD analysis graph of the composite sample of
the SP5 sample is given in Fig. 5. According to the
analysis results, it was determined that Ti, Ni ZrO,, Ti;Ni,
TiNi; and NiO phases were present. Unlike the SP5
sample, the peaks belonging to the Ti,Ni phases have
higher numerical values than the SP1 sample, indicating
that the microstructure properties have changed. Sem
photographs and the increase in hardness confirm this

Commander Sample ID (Coupled TwoTheta/Theta)
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situation.
Discussion and Conclusion

In this study, certain proportions of Ni-coated ZrO,
powders were added to the Titanium element as an
additive. In addition, the zirconium element added to
titanium with 989% purity had an increasing effect on
the hardness of the alloy. Laboratory test data have
shown that Zr alloys can show better mechanical
behavior when placed in the mouth as a biomaterial
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Fig. 6. XRD analysis of sample (%0,54Ni-%97,78Ti-%1,66Zr0,) sintered at 1100 °C.
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compared to pure titanium [8]. In order to increase the
wetting of ZrO, powders used in the study by Ti, the
electroless Ni coating method of ceramic powders was
used. Increasing the contribution rate of ZrO, powders
also increased the hardness and porosity. Porosity is a
desirable feature because it strengthens bond formation
with body tissue. Sintering at 1100 °C gave positive
results in the Ti-(ZrO,)Ni system. Since titanium alloys
will be used in a corrosive environment within the
body, performing abrasion and corrosive environment
test experiments will contribute to the determination of
the mechanical behavior of the biomaterial on living
tissue. Different compositions (SP1, SP2, SP3, SP4 and
SP5) produced in the experimental study were used.
The Ni coating process enabled the ceramic materials
to sinter more easily and at lower temperatures and to
wet the ceramic powders. It contributed positively to
the physical and mechanical properties of the produced
material. When looking at the calculated densities of the
produced composites (SP1, SP2, SP3, SP4 and SP5),
there are differences between different compositions. It
increased the porosity by decreasing the density of the
ceramic phase additive. Lightening has occurred in the
material produced. By increasing porosity, it increases
the formation of stronger bonds with biological tissues.
It improved the physical and mechanical properties of
Ti-ZrO, duo used as implant material. The mechanical,
physical and metallographic properties of the composites
(SP1, SP2, SP3, SP4 and SP5) produced as biomaterials
at this temperature were significantly improved by
looking at the data obtained. The electroless Ni plating
process improved its mechanical properties by increasing
the bond formation between ceramic-metal particles.
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