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There are many factors affecting the production process depending on the raw materials, equipment and technology used in
the production of composite materials. Reaching the desired density and strength of the product to be obtained is possible with
appropriate arrangements and reinforcements to be made at every stage. Composite materials that combine more than one
feature are produced in material groups. In this study, composite production was made with nickel-based (0.4% BN ceramic
+ 27.07% Astaloy CrM metallic) + 72.53%Ni powders by applying electroless nickel plating process, and these metallic and
ceramic powders were used for reinforcement. After these samples were shaped circularly in a uniaxial cold press, they were
sintered in an argon atmosphere conventional furnace at 1000, 1100, 1200, 1300 and 1400 °C for two hours. The mechanical
and ultrasonic properties of the composite samples obtained with the addition of nickel-coated ceramic and metallic powder
without electric current were determined. The effect of changing the sintering temperatures of Ni-based composite samples on
ultrasonic properties was measured by ultrasonic pulse echo method. The sintering temperature was found to be one of the
most effective factors on the propagation velocity of ultrasonic waves, Young's modulus and shear modulus, Poisson ratio. At
the same time, Young's modulus and shear modulus and Poisson ratios changed depending on the propagation velocity of the
ultrasonic waves. In addition, the results obtained by XRD analysis and SEM (Scanning Electron Microscopy) metallographic
evaluation on the composite samples were supported.
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Introduction

As a result of industrial developments, the need for
new, lighter and more durable materials comes with it
every day. In this context, composite materials are the
leading material groups [1]. At the same time, one of
the important factors in the progress and growth of
powder metallurgy is the production and development
of more cost-effective powder varieties to create high-
yield raw material parts. 

Electroless coating is a technique of coating on
metal, ceramic or polymer surfaces by using the
autocatalytic chemical reduction method of atoms
without using electric current, and it is used in the
production of materials to obtain products with superior
properties and homogeneous distribution [2, 3]. Nickel
coatings are obtained as a result of the conversion of
nickel ions into nickel metal by the effect of a reducer
on a surface conductive or catalytic material immersed
in a solution containing nickel salts. Autocatalytic
electroless coatings, which are an alternative to electrolytic

coatings and do not require any external electricity, are
used in many industrial areas. Obtaining a homogeneous
coating thickness, high hardness, good corrosion and
wear resistance make electroless coatings very common.
In addition, it is among the advantages that it can be
applied to parts with complex shapes [4-7]. By combining
the powder metallurgy method and electroless nickel
plating technique, new composite samples with superior
properties were obtained [8-11]. Astaloy CrM alloy
powder is one of the iron powders produced by the
world's largest iron powder producer Högenas (Sweden),
where Cr is used as a pre-alloy [12-16]. High efficiency
parts produced by powder metallurgy have gained great
importance in the expansion of the powder metallurgy
products industry in terms of both production cost and
keeping physical and mechanical properties under
control [17]. 

The aim of the study is to strengthen and increase the
strength of the pre-alloyed Astaloy CrM powder, which
is preferred as a casting material such as iron and steel
in the powder metallurgy industry, with the addition of
BN ceramic powders. In addition, the characterization
of the properties of the new material obtained by the
ultrasonic test technique, which is the most preferred
NDT technique, is to examine. Changes in one or more
of the ultrasonic parameters such as transit time,
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attenuation, scattering and frequency content, which
can be easily measured with the propagation of a high
frequency sound wave in an object, can be associated
with changes in physical and mechanical properties
such as hardness, ultrasonic velocity, elastic modulus,
density, reinforcement content, homogeneity or grain
structure [18-23]. Gür [24] produced pressed samples
containing different volume and size combinations of
pure Al and SiC particles. In the results obtained, it
was observed that the velocity of ultrasonic waves
increased with the increase of SiC content in the
sample and the propagation velocity of ultrasonic
waves was affected by porosity. El-Daly et al. [25]
evaluated the structural and elastic properties of Al-
based metal matrix nanocomposites depending on the
reinforcement content using the ultrasonic velocity
technique. The results showed that the longitudinal
wave and transverse wave velocities increased with the
increase in reinforcement content. Based on the
measured ultrasonic wave velocities, the Poisson ratio
and Young's and shear modulus were effectively
calculated. It was observed that both hardness and
ultrasonic modulus increased as the Poisson ratio of the
nanocomposite decreased. Yassene et al. [26] used
grafted marble and granite powders as fillers of epoxy
composites in a similar way and added them at
different rates. In their experiments, it was observed
that ultrasonic longitudinal and transverse wave velocities
increased with the increase in the amount of marble
and granite and there was a linear relationship. It was
determined that the elastic properties of grafted marble
and granite composites increased more than the non-
grafted composites, and at the same time, the increase
in microhardness increased the rigidity. Dia et al. [27]
also investigated the effects of stress and temperature
on the propagation velocity of ultrasonic longitudinal
waves in polymers. As expected, it was observed that
the ultrasonic wave velocity changed linearly with
stress and temperature, and the temperature effect was
as important as the acoustoelastic effect. In addition,
this situation shows that the material temperature effect
should be taken into account when the microstructural
properties of a material are examined. Bolotina et al.
[28] developed the ultrasonic pulse echo technique, one
of the preferred methods for finding cracks and defects
that limit the structural integrity of technical components
and systems, by experimenting with two different
methods.

This study has been prepared in the light of the
information obtained by reviewing the existing literature
and doing the necessary research. In this study, "(0.4%
BN ceramic + 27.07% Astaloy CrM metallic) + 72.53%
Ni" composite samples were obtained by powder
metallurgy method and electroless nickel plating
technique. At the same time, the effect of electroless Ni
coating on the properties of BN ceramic and Astaloy
Cr-M metallic powders used as additives in nickel-

based composites will be determined. At the same
time, quantitative information will be obtained about
the effect on the elastic properties of the composites
obtained by using the ultrasonic pulse echo method.
The variation of elastic properties such as ultrasonic
longitudinal and transverse velocities, densities, hardness,
Young's and shear modulus and Poisson's ratio within
the structure were investigated. In general, it is hoped
that the results will be useful both in the further
development of new composites for different industrial
and industrial applications, and that ultrasonic techniques
that provide fast and non-destructive information can
help optimize the quality assurance and process
parameters of composites.

Materials and Method

Preparation of composites with nickel plating
In this study, 99.8% pure BN powders with particle

size smaller than 50 μm and commercial Astaloy-CrM
powders smaller than 50 μm as metallic powder were
used as reinforcement ceramic powder in the production
of nickel-based composites. In order to improve the
mechanical properties of Astaloy-CrM powder used in
the foundry industry and BN powders were added. These
powders were mixed mechanically and homogenized.
In this study, electroless Ni plating process was used
before sintering to resist corrosive effects and facilitate
sintering. BN and Astaloy CrM powders are nickel
plated by electroless coating method. Nickel plating
processes consist of the following steps, respectively.
In addition, the chemical properties used in the coating
bath are given in Table 1.

(1) 60 g of NiCl2·6H2O was placed in an 800 ml
beaker.

(2) Sensitization in a liquid solution was obtained
from 80 ml/l purified water and 20 ml/l Hydrazine
Hydrate (H6N2O) for 15 minutes.

(3) 3 gr BN and 12 gr Astaloy Cr-M powder were
added to the liquid solution.

(4) The liquid solution is activated with ammonia
from time to time.

(5) Activated powders were rinsed in 90-95 °C and
9-10 pH water.

Table 1. Nickel plating bath and its ratios.

Chemicals Raitos

Astaloy Cr-M 12 g

Boron Nitride (BN) 3 g

*Nickel Chloride (NiCl2·6H2O) 60 g

Hydranize Hydrate (H6N2O) 20%

Distile water 80%

Temperature 90-95 oC

pH value 9-10
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(6) Then all the powders were washed with cold
distilled water and acetone, cleaned, dried in an oven
and weighed.

After (0.4% BN ceramic + 27.07% Astaloy CrM
metallic) + 72.53% Ni composite samples were obtained
with electroless nickel plating.

Composite samples are pressed under a pressure of
300 bar in a uniaxial cold press, and then sintered in a
tube furnace for approximately 2 hours with multiple
heat zone option, offering homogeneous temperature
graph in Argon gas atmosphere at 1000 °C, 1100 °C,
1200 °C, 1300 °C and 1400 °C. For microstructural
analysis, metallographic properties were evaluated
using a Scanning Electron Microscope, model LEO
1430 VP, and an Oxford EDX analyzer. The density of
the sintered composite samples was measured with the
Archimedes principle in line with the data obtained.
The phases and precipitates formed at different sintering
temperatures of the nickel-based composite produced
with electroless nickel-plated BN ceramic and Astaloy
Cr-M metallic powder additives were determined by X-
ray diffraction analysis. Bruker Brand D8 Advance
model X-ray diffraction (XRD) device can perform
point phase analyzes faster, more detailed and by
concentrating on specific regions, thanks to its different
detectors that can be mounted. The hardness values
  were determined by using Shimadzu hardness tester
under 200 g load, by taking multiple measurements for
10 seconds and determining an average value. At the
same time, Sonatest Sitescan 150s ultrasonic flaw
detector device was used in the ultrasonic results
measured by the pulse echo method. 

Ultrasonic Test and Measurements
In the study, the pulse echo method, which is one of

the ultrasonic test methods, was used to measure the
ultrasonic velocity values of the samples sintered at
different temperatures and to get detailed information
about the contexture without damaging the sample [29-

33]. In this study, the ultrasonic pulse-echo technique
consists of an ultrasonic flaw detector, a transducer, an
oscilloscope, and a computer, as shown in Fig. 1.
Sonatest sonagel-W liquid gel was used as the connection
between the transducer and the sample.

Ultrasonic Flaw Detector

Pulse-echo technique was used as a single transducer
as both transmitter and receiver. As an ultrasonic flaw
detector, it was the Sitescan 150s model and has an
effective frequency range of 1-10 MHz. In addition to
signals that carry the desired information, such as
pulses reflected from defects and sub-surface, noise
and spurious signals are often displayed on the screens
of ultrasonic flaw detectors. The original waveforms
were processed by the circuit and developed by
connecting directly to the circuit with the oscilloscope.
A-, B- and C-scans, which are ultrasonic evaluation
methods, are used to investigate different types of
defects in materials. It offers one-dimensional defect
information from ultrasonic testing to the A-scan
evaluation method. With the Oscilloscope view supported
by the connections made, the A-scan signal shows the
pulse and amplitude against time taken from a point on
the surface of the test piece being examined. In this
way, the type, size and depth analysis of the defects in
the material can be made. The surfaces of the samples
were prepared as flat and smooth to ensure the
accuracy and consistency of ultrasonic wave velocity
measurements. The circular shape and dimensions of
the samples were determined as (4 mm × 15 mm). In
the measurement of ultrasonic longitudinal and transverse
wave velocities, 2 MHz (Sonatest SLH2 10, T/R)
receiver/transmitter longitudinal probe and 4 MHz (GE
Inspection Technologies MB 4Y) receiver/transmitter
transverse probes were used. The propagation velocity
of ultrasonic waves through the thickness is given in
Eq. (1) [34-38].

Fig. 1. Experimental schematic diagram of the pulse echo method used for ultrasonic analysis.
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 (1)

 (2)

 (3)

(4)

In these formulas E, G, ν and ρ values   are Young's
(elastic) modulus, shear (hardness) modulus, Poisson's
ratio and density of the sample, respectively [38-47].

In many studies, the effect of hardness, elastic properties,
temperature, compressive strength and particle size on
the ultrasonic pulse velocity of the material under
investigation has been investigated. These findings
obtained in the study are in agreement with the
literatüre [48-57].

Results and Discussion

Microstructural investigation
In the microstructure images in Figs. 2 and 3, the

reinforcement particles were bonded by solid-state
sintering. At the same time, the temperature increase
increases the vibration rate of the atoms, causing more
neck formation and bonding in the same time. When
the microstructure images in Figs. 2 and 3 are
examined, it is seen that the reinforcement particles are
connected to each other with a neck tie. The amount of
porosity and material density are controlled by various
process variables, such as sintering temperature and
time, alloy additions, and particle size of the starting
powders. In the first stage of sintering, the contact area
between the powder particles increases, the existing
pores in the structure become spherical, the distance
between the centers of the particles decreases, and as a
result, the density increases and the porosity decreases
by pulling on the part. With the increase of sintering
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Fig. 2. SEM image of (0.4% BN ceramic + 27.07% Astaloy CrM metallic) + 72.53% Ni of the sample sintered at 1000 ºC.

Fig. 3. SEM image of (0.4% BN ceramic + 27.07% Astaloy CrM metallic) + 72.53% Ni of the sample sintered at 1400 ºC.
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temperature, the amount of pores decreases with grain
coalescence at all temperatures. When the studies were
examined, it was stated that the densities of T/M parts
increased with the sintering process, and a decrease in
the distances between the powder grains and the
amount of pores occurred [58-61]. There are pores that
surround these particles and are homogeneously
present in the structure. It is also obvious that the
particles are getting larger and their sizes are coarser.
Considering the sintering temperatures of 1000 °C and
1400 °C, it is clearly seen that the amount of pores
decreased with the increase in sintering temperature.
Therefore, the low porosity of the composite sample
sintered at 1400 °C for two hours means that it has a
high density.

X-ray phase analysis was performed at the lowest
and highest temperature. Because a different phase is
not expected in close temperature ranges. In addition,

when Fig. 4 and Fig. 5 are compared, it is seen that
different phases emerge at a temperature of 1400 °C,
that is, as the temperature increases. The peak densities
obtained in X-ray analysis of the composite produced
after sintering of 0.4% BN + 27.07% Astaloy-CrM
composition at 1400 °C were higher than at 1000 °C. It
confirms the mechanical properties of the produced
composites and the results obtained in ultrasonic
analysis. The phases revealed in the XRD analysis of
the (0.4% BN ceramic + 27.07% Astaloy CrM
metallic) + 72.53% Ni composite produced after the
nickel plating process revealed that the coating process
had taken place. When the XRD analysis results were
evaluated, XRD analysis was applied to the produced
samples to determine the phases formed. Peaks of Ni,
BN, FeNi, FeC and FeCr phases were obtained in the
sample produced at 1000 °C.

Peaks of Ni, BN, FeNi and FeC phases were obtained

Fig. 4. XRD analysis of sample sintered at 1000 ºC.

Fig. 5. XRD analysis of sample sintered at 1400 ºC.
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in the sample produced at 1400 °C. Considering the
phases and precipitates formed in the composite
sample, which was sintered at 1400 °C and has a high
density, it is expected that the hardness value is high at
this temperature. This means that the strength of the
internal structure is better than the others. 

Ultrasonic Properties and Hardness
The measurement results of ultrasonic longitudinal

and transverse wave velocities, Young's modulus, shear
modulus and Poisson's ratio of sintered composite
samples are shown in Table 2. Calibration curves
(ultrasonic velocities-sintering temperature, elastic modulus-
sintering temperature, shear modulus-sintering temperature,
Poisson's ratio-sintering temperature, density-sintering
temperature) are plotted in Fig. 6. It is seen that both
ultrasonic longitudinal and shear wave velocities
increase as the sintering temperature increases. It was
determined that as the particles of the samples grew,
the ultrasound velocities increased in direct proportion.
In this case, it shows us that there is a linear relationship
between particle size and ultrasound velocity. The
Young and shear modulus of a material depend on the
material's temperature and ultrasonic velocity. When
the temperature of the material increases, the atomic
vibrations in the crystal structure also increase. This
increase in grain growth and atomic vibration with
increasing sintering temperature decreases the atomic
distances in the crystal and increases with atomic force.
When the results are examined, the propagation velocity
of ultrasonic waves, Young and shear modulus values
  increase linearly as the sintering temperature changes,
while the Poisson ratio values   decrease approximately
(Figs. 6a, 6b and 6c). When any tensile stress is applied
to a material, the material stretches in the direction of
the applied force and contracts at the same time in the
transverse/lateral direction. In this case, tension occurs
in both directions. That is, the ratio of the strain
occurring in the transverse direction to the strain
occurring in the direction of tensile stress is called the
Poisson ratio. Using a material's Poisson's ratio, there is
a clearly known relationship between Modulus of
Stiffness and Modulus of Elasticity for materials that
exhibit the same properties in all directions. While the
hardness value and density of the composite increase in

direct proportion with the sintering temperature, the
Poisson ratio decreases with the sintering temperature.
The increase in sintering temperature results in a more
rigid structure, with the metal powder particles becoming
soft and ductile at higher sintering temperatures, which
increases the contact area and slightly reduces the void
size. In Fig. 6c, the Poisson ratio decreases approximately
as the sintering temperature increases. There is a
sudden sharp increase in temperature of 1400 °C. This
means that a material's Poisson ratio of exactly 0.29
means that it is an incompressible isotropic material
and will deform elastically at small stresses. As the
hardness increases, the brittleness increases and
accordingly the shaping becomes more difficult. In this
case, it has been determined that the sintering
temperature is one of the most effective factors on the
propagation velocity of ultrasonic waves, the elastic
and shear modulus, and the Poisson ratio.

As seen in Fig. 6e, the density of the composite
increases with increasing sintering temperature. The
curve shows a linear variation close to linear. The
highest sintered density value for (0.4% BN ceramic +
27.07% Astaloy CrM metallic) + 72.53% Ni composite
was calculated as 4.12 g/cm3. 

The nickel (Ni) grains that precipitate during sintering
form necks, increasing the interaction of grains with
each other and allowing them to stick. 

It causes the density to increase by closing the
existing pores between the particles. Nickel (Ni) phase,
which is constantly present in the internal structure
during the high temperature stage of the sintering
process, causes rapid density increase and grain growth.

It is thought that the increase in density to be
achieved by rearranging the particles with the help of
capillary forces applied to the solid particles by the
liquid wetting the solid initially depends on the amount
of Nickel phase formed, the particle size and the
decrease in the amount of pores. The effect of sintering
temperature on mechanical properties was determined
by measuring the hardness of the samples (Fig. 6d). As
seen in Fig. 6d, the lowest hardness value of the
composite (0.4% BN ceramic + 27.07% Astaloy CrM
metallic) + 72.53% Ni sintered for 2 hours at 1000 °C
and 1400 °C, respectively, was 45.14 HV and the
highest hardness was 86.12 HV. The increase in

Table 2. Ultrasonic, mechanic properties and sintering temperature.

Composite 
Samples

Sintering 
Temperature

(°C)

VL

(m/s)
VT

(m/s)
E

(GPa)
G

(GPa)
Poisson’s 

Ratio
Hardness

(HV)
Density
(g/cm3)

(0.4% BN ceramic 
+ 27.07% Astaloy 

CrM metallic) 
+ 72.53%Ni

1000 2462±57.9 1456±56.5 19.4 7.89 0.23 45.14 3.72

1100 2747±45.3 1682±3.50 26.1 10.84 0.20 50.20 3.83

1200 2925±56.5 1858±12.0 31.9 13.74 0.16 61.82 3.98

1300 3198±7.80 2068±56.5 39.3 17.24 0.14 72.26 4.03

1400 4057±26.9 2251±10.6 53.3 20.88 0.28 86.12 4.12
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hardness value showed promise for relatively high
hardness composite materials with limited ductility.
The values obtained as a result of the experiments
show that the hardness of nickel-based composite
samples increases with the sintering temperature.
Ceramic metal powders prepared in 0.4% BN +
27.07% Astaloy-CrM composition were coated using
electroless Ni coating technique before sintering. The
coating process improves the mechanical properties of
the composite, especially by facilitating the bonding of

ceramic powders. The use of Hydrazine in the
electroless Ni plating bath provided both pure Ni and
unchanged composition. Electroless Ni coating process
provides the improvement of mechanical properties
both before and after sintering. Finding the Ni phase in
the X-ray analysis of the (0.4% BN ceramic + 27.07%
Astaloy CrM metallic) + 72.53% Ni composite sample
after the nickel plating process shows that the coating
process has taken place, and Ni+X new phase formations
have occurred.

Fig. 6. The relationship between sintering temperature and the ultrasonic-mechanical properties of composite samples.
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Conclusion

Another advantage of the coatings made with
electroless nickel plating method is that it allows the
powder surfaces to be coated homogeneously and in
equal thickness. The biggest advantage of electroless
nickel plating is that apart from providing an equal
coating on the entire surface of a part, the powders are
homogeneous in size at the end of the coating process
and provide corrosion resistance, less porosity and high
hardness. Electroless nickel plating is the catalytic
reduction of nickel ions in an aqueous solution of a
chemical reducer. This process is the accumulation of
nickel in the form of precipitation above the amount to
be coated. The following results were obtained from
experimental tests.

In the study, ultrasonic pulse echo technique was
used effectively for the characterization of (0.4% BN
ceramic + 27.07% Astaloy CrM metallic) + 72.53% Ni
composite properties. As a result of the tests (0.4% BN
ceramic + 27.07% Astaloy CrM metallic) + 72.53% Ni
composite, it was observed that the ultrasonic longitudinal
and transverse velocity values   increased with the
increase of the sintering temperature values. This is an
indication that there is no loss of sound waves while
moving in the structure. shows the formation of denser
and larger granular structures.Young's modulus and
shear modulus values   also increased with the increase
in ultrasonic wave velocities. Shear modulus is also
expressed as the stiffness modulus. The higher the
shear modulus of a material, the higher the stiffness
modulus, the deformation of that material, it is harder,
that is, it is more rigid and more prone to maintain its
original state. It shows more resistance to deformation.
It does not exhibit a ductile behavior and sudden
fractures may occur. This is the case with the experimental
results we obtained with the shear modulus, Young's
modulus, Poisson ratio, hardness and density values
compatible with the results.

Since the temperature change causes a change in the
internal structure of the material, it was observed that
the porosity decreased with increasing sintering
temperature and grain growth. It is also believed that
less porosity, formed phases and precipitates are
responsible for the high density.
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