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ABSTRACT

Industrial development brings with it the need for new materials every day. When it comes to
obtaining more than one feature together, composite materials are at the forefront of the material
groups. In composite materials, the main matrix and reinforcement element are defined and known
according to the material group and the morphology of the reinforcement elements. Electroless nickel
plating process is the chemical coating of nickel and its alloys on metal surfaces without using electric
current by the immersion method. This process is also preferred in many areas in industrial
applications for improving surface wear resistance of metallic and ceramic powders. These metallic
and ceramic powders are used for reinforcement to production of nickel base composite in this study.
For this purpose Ni coated (1.66% BN ceramic + 31.65% Astaloy-CrM metallic) + %66,67Ni nickel
powders were shaped circularly in uniaxial cold press. These samples are sintered in conventional
furnace with argon atmosphere at the temperature of 1000, 1100, 1200, 1300 and 1400 °C for two
hours. The mechanical properties of Ni based electroless Ni plated ceramic and metallic powders
reinforced composite samples were determined. In addition, the metallographic evaluation was carried
out by XRD analysis and SEM (Scanning Electron Microscope) on the samples. Consequently, the
highest density and hardness is obtained composite made from (1,66%BN + 31,65%Astaloy-CrM) +
66,67%Ni powders, It was sintered at temperature of 1400°C for two hour in tube furnace.
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1. INTRODUCTION

Industrial developments require the control of the mechanical, metallographic and electrical
properties of materials to obtain new products. Astaloy CrM is a pre-alloy powder released by
Hogands AB and recently launched[1]. The development of cost effective powder types to
obtain high performance structural parts has been an important factor in the growth of the PM
industry [2]. Composite materials are used more and more in daily life. Industrial development
brings with it the need for new materials every day. When it comes to obtaining more than one feature
together, composite materials are at the forefront of the material groups. For example; composite
materials are at the top when it comes to producing lighter and more durable materials by improving
the mechanical properties of the materials produced in the industry. In composite materials, the main
matrix and reinforcement element are defined and known according to the material group and the
morphology of the reinforcement elements.

Electroless nickel plating process or nickel coating is used in many areas in industrial
applications. It is reported that high performance abrasion resistance was provided by using
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the electroless nickel plating technique in the production of materials [3]. Electroless nickel
plating process is the chemical coating of nickel and its alloys on metal surfaces without using
electric current by the immersion method. Since the electric current has not been equal on all
surfaces, it is not possible to make a regular, homogeneous, and same thickness coating. In
addition, non-current nickel plating in ceramic materials ensures sintering at low
temperatures. It is signed by Ziegler Sautter, F.J [4]., the electroless nickel coatings are
extensively operated to protect the surfaces of metal and its components used in engineering
against wear and tear.

One of the ways to increase the resistance of the surfaces of the materials against abrasion and tear is
to increase the hardness of the surface by coating. The high performance abrasion resistance can be
achieved by using the electroless nickel plating technique in the production of materials. It has been
reported that the hardness of the composites produced by the electroless Ni coating is
increased by the addition of ceramic powders while the hardness is decreased with the
contribution of metal materials [5-10]. Tungsten, boron, and silicon nitrites have been used in
many industrial implementations over the years. In fact that, the ceramic materials are very
hard and have great wear resistance and also oxidation of resistance [11]. Small-grain metallic
materials with high strength are both theoretically and experimentally interesting. It is
possible to improve the mechanical properties due to the strengthening of the ceramic
particles [12-17]. Commonly used carbide ceramics due to abrasion resistance have often
been used in cutting tools [18-20]. In a different study, thermo chemical processing
mechanical properties and impact energy of Astaloy CrM It was investigated. Positive results
were obtained [21].

The purpose of the study is to strengthen the Astaloy CrM powder material used as a casting
material in the industry with the contribution of BN ceramic powders and increase its
strength. It is intended to be used in friction parts in the cast materials produced. The intensive
literature survey revealed that there is a lack of the knowledge about effect of electroless Ni
plating on the properties of BN ceramic and Astaloy Cr-M metallic powders reinforced nickel
based composites. The aim of this study is to determine the effect of electroless Ni coating on
the properties of BN ceramic and Astaloy Cr-M metallic powders used reinforcement in
nickel based composite. Because of this, the electroless Ni coating technique was applied to
BN ceramics and commercially Astaloy Cr-M casting powders which are used reinforcement,
to obtain nickel based composites. In order to determine the effect of electroless Ni coating on
the properties of BN ceramic and Astaloy Cr-M powders that used reinforcement in nickel
based composites (1,66% BN + 31,65% Astaloy-CrM + % 66,67Ni) which are obtained
sintering at different temperatures for two hours, the mechanical properties has been assessed
by hardness measurement and metallographic examination was carried out by X-ray and SEM
devices.

2. EXPERIMENTAL METHOD

Metallic and ceramic powders used for reinforcement to production of nickel base composite
in this study. Nickel coated powders are used as reinforcement in base composite. They were
as follows: BN powders of 99.8% purity with a particle size of less than 50um were used as
ceramic powder. The commercial Astaloy-CrM powders having a size of less than 50um were
used as metallic powder. The chemical compositions of both powders are given in Table 1.
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Table 1. The chemical composition of Astaloy Cr-M metallic and BN ceramic powders (%wt).

Powder Al2O3 FsO SiO2 CaO MgO NaO K20  TiO2 LOI

Astaloy Cr-  55- 19.95- 3.15- 0.27- 0.02- 0,06- 0.12- 2.66- 9.7-
M 60.35 22.85 6.95 3.90 0.04 0.16 0.27 3.27 1158
o)
BN 99.8-A>
purity)

The nickel base composite was produced with an electroless Ni coated ceramic and metallic powders
(1,66BN ceramic + 31.65% Astaloy-CrM metallic powders + %66,67Ni). The Ni coating was
obtained by suspending the initial Astaloy Cr-M, metallic, and BN, ceramic, powders in a Ni
containing solution (N2H4.H->O) at the temperature of 90-95°C, by adding hydrazine hydrate
(N2H4.H20) and 35 % volume percent ammonia solutions. Meanwhile, the pH of the bath has
been maintained in the range of 9-10 with rising temperature. Since the ammonia-evaporation rate has
been extended quickly, a dripper was used to add more ammonia to adjust the pH of the coating
solution. The content and conditions of the electroless Ni coating bath ratio are given in Table 2.

Table 2. The chemicals of Nickel plating bath and ratios

Chemicals Conditions
Astaloy Cr-M 12 ¢
Boron Nitride (BN) 3¢

*Nickel Chloride (NiCl,.6H,0) 60 g
Hydranize Hydrate (N2H4,H20) 20%
Distilled Water 80%

Temp. 90-95°C
pH Value 9-10

Meanwhile, the solution was stirred continuously, and the pH was continuously monitored
using a Philips PW 9413 lon Activity Meter. The reaction was permitted to continue until
enough Ni was deposited to coating all Astaloy Cr-M metallic and BN ceramic powders.
After that, the Ni-coated Astaloy Cr-M metallic and BN ceramic powders were filtered
through the solution using a paper filter and washed repeatedly. The Ni coated powders were
cleaned with distilled water and dried in an oven at the temperature of 105°C for 24 hours.
The resulting powders has been get ready for shaping in a cylindrical mold and sintering at
1000-1400 °C for 2 hour using a conventional tube furnace.

In order to produce composite, the electroless Ni coated powders and nickel were formed under a
pressure of 300 Bar in a uniaxial cold press. Later, the shaped raw samples were sintered in the
traditional heat treatment furnace under argon atmosphere and sintering gas flow rate 2 It/h at the
temperatures of 1000°C, 1100°C, 1200°C, 1300°C, and 1400°C for two hours. The powder materials
were hold at the temperature determined as sintering time for 2 hours. The duration of bleaching can
be determined longer, but has been determined with energy loss and cost in mind. The sintered
samples were arranged for hardness measurement for determining mechanical properties and the
samples were prepared by using grinding and polishing processes for metallographic analysis. The
samples which were prepared to a 1 pum finish using diamond paste and not etched prior to
metallurgical examination in SEM.
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The phases and precipitates formed in the sintered composite samples were determined by XRD
analysis. Shimadzu XRD-6000 X-Ray Diffraction analyzer was run with Cu K alpha radiation at the
scanning rate of 2 degree per min.

Scanning Electron Microscope which is LEO 1430 VP model is used and also Oxford EDX analyser
was operated for microstructural analyses for evaluation of metallographic characteristics.

The density of obtained composite was measured by Archimedes principle using these data. The
hardness of the nickel base composite which are produced by electroless Ni coated Bn ceramic and
Astaloy Cr-M metallic powders reinforcement at the different sintering temperatures were
measured by Shimadzu hardness testing machine. The 200g load is applied on the intender. In
order to minimize error, a set of 10 measurements was taken for each obtained composites
hardness machine with a load of 200g and time duration of 10 second.

3. RESULTS AND DISCUSSION

3.1. Characterization of Samples

In order to produce composite, the electroless Ni coated powders and nickel were shaped under a
pressure of 300 Bar in a uniaxial cold press and then samples were sintered in the traditional furnace at
the temperatures of 1000°C, 1100°C, 1200°C, 1300°C and 1400°C. In terms of determining an effect
of sintering temperature on the density of composite, the density of samples was measured by
Archimedes principle method. The temperature dependent density replacements graphic is given in
Figure 1.
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Figure 1. The relationship between density and sintering temperatures for (%1.66BN + %31,65Astaloy-CrM
powders reinforced) + %66,67Ni based composites.

As is seen Figure 1, the density of composite increases with rising sintering temperature. The curve
shows a near-linear change. The highest sintered density is calculated as 4,12gr /cm?® for composite
that was sintered at the temperature of 1400 °C for 2 hours. It is believed that the temperature plays
important role in regard to diffusion of air in the cold pressed sample and joining of the powders to
contact each others during the sintering. Pure Ni deposition occurs on Astaloy CrM powders and BN
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powders after coating in the produced composition. Electroless Ni coating reduces the sintering
temperature of ceramic powders. It enables energy saving and low temperature composite production.
Ni particles, which precipitate during sintering, ensure the bonding of ceramic particles by forming a
neck. It causes an increase in density by closing the pores between the ceramic particles.

Moreover, Ni phase plays an important role in increasing the composite density. The composite
contains 50% of the composition by weight. The effect of sintering temperature on the mechanical
properties such as; hardness of composite, the hardness of samples was measured. Results are
indicated graphically in Figure 2.
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Figure 2. The hardness of composites sintered at different temperatures for two hours

As is seen in Figure 2, in composite (AstaloyCr-M + BN powders reinforced + Nickel based) sample,
the lowest hardness was measured at 45.14HB in the sample sintered at 1000°C temperature, while the
highest hardness was measured as 86.12HB in the sample sintered at 1400 °C for two hours. The
results also indicates that hardness of the composites increasing with sintering temperature. It can be
explained by pasess and precipitates formed at that temperature.

Moreover, the rising in hardness so; the strength values give hope for the relatively high stiffhess
composite materials with a limited ductile property.

3.2. Microstructure Evaulation

The microstructure of nickel-plated BN ceramic and Astoloy CrM metallic powder reinforced nickel-
based composite material which were sintered at the various temperatures for two hours was
investigated using the scanning electron microscope for metallographic characterization. The
microstructure of the composites which were sintered at the temperature of 1000 °C and 1400 °C, were
shown in Figure 3 and Figure 4 respectively.
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Signal A = SE1 Mag= 2.00KX 1000 10 um
D= 24mm EHT = 20.00 kV — P

Figure 3.SEM micrographs of composite sintered at the temperature of 1000°C for two hours.

Signal A = SE1 Mag= 1.00KX 1400 10 ym
D= 24 mm EHT =20.00 kV B —

Figure 4. SEM micrographs of composite sintered at the temperature of 1400°C for two hours.

As is seen Figures 3 and 4, the nickel base composite microstructure was decorated with electroless
nickel plated Astaloy-CrM metalic and BN ceramic powders particles reinforcement. It was also
observed that the reinforcement powders particles in the structure were connected to each other by a
neck bond. The particles sizes are coarser. The homogenous distributed pores which envelop the
reinforcement particles are observed. An important feature in the microstructure images is the increase
in sintering temperature and a decrease in the amount of porosity. It can be revealed by diffusion of air
and microjoining of powders with regarding the sintering temperature and time. It is believed that less
amount porosity is responsible for high density and the formed phases and precipitates are responsible
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for high hardness so desired strength of composite which sintered at the temperature of 1400 °C for
two hours.

The characterization of phases and precipitates formed in the structure is very important for properties
of nickel based composite. Therefore, XRD analysis was carried out samples which were sintered at
the temperature of 1000 °C and 1400 °C, for two hours respectively. XRD analysis results are shown
in Figure 5 and Figure 6.
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Figure 5. The XRD analysis result of the sample sintered at the temperature of 1000 °C for two hours.
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Figure 6. The XRD analysis result of the sample sintered at the temperature of 1400 °C for two hours.

As is seen Figure 5 and 6, the XRD analysis results makes clear the phases and precipitates formed in
the samples. Peaks in the Fig.5 indicate Ni, BN, FeNi and FeC, phases formed sampled sintered at the
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temperature of 1000°C. Peaks in Figure 6 also indicate Ni, BN, FeNi, and FeC phases were presented
in the sample sintered at the temperature of 1400°C. The strong nickel peak in the XRD analysis
results indicates that the structure consists of nickel matrix, and BN and FeNi, FeC formations occur.

It is important to evaluate the results of XRD analysis carried out on the samples. In terms of support
the results with literature studies to determine the phases and formations that occur in the structure.
Therefore phases and precipitates were evaluated with regard to the sintering temperatures

4. CONCLUSION

The electroless nickel plating technology is less porous than electrolytic coating and provides
better corrosion resistance. There is no need for electrical energy for the electroless nickel
plating process. This ensures an efficient and cost-effective coating process. A more powerful
and high-quality coating does not require final finishing. It provides a great flexibility of
coating thickness and coating volume in the coating made by the electroless nickel plating
technique. The recesses and pits of the particles to be coated easily fill up properly. It
provides great flexibility of coating thickness and coating volume in electroless nickel plating
technique. Therefore the effect of electroless Ni coating on the properties of BN ceramic and
Astaloy Cr-M metallic powders used reinforcement in nickel based composite was
investgated in detail.

The findings obtained in the study can be summarized as follows.

e The highest density is obtained composite made from (1,66%BN + 31,65%Astaloy-
CrM) + 66,67%Ni powders, It was sintered at temperature of 1400°C for two hour in
tube furnace. The highest density in the sample was figured out as 4,12gr/cm?.

e The highest hardness in (1,66%BN+31,65%AstaloyCrM) + 66,67%Ni composite that
was manufactured using the powder metallurgy method, was figured out as 86.2HB in
the sample sintered also at temperature of 1400°C. The highest hardness presents good
strength and stiffness as well as desired microstructure.

e The strong nickel peak in the XRD analysis results indicates that the structure consists of
nickel matrix, and BN and FeNi, FeC peaks reflect to the formation of precipitates in the
nickel base nickel coated BN and Astaloy Cr-M powder particle reinforced composite.
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