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ABSTRACT
The present research has examined the effect of adding Si3N4 on the mechanical and structural properties of NiCrAlY
alloy. The structural and mechanical properties of the manufactured samples were characterized by SEM, XRD, micro-
hardness evaluation and pin on disk wear test. Various concentrations of SizN4 powder (1, 3, and 5 wt.%) were mixed
with NiCrAlY powder using a mechanical ball mill. Next, the mixtures were sintered at 1100 °C using the spark plasma
sintering (SPS) technique. The XRD patterns indicated that the samples were composed of two phases of solid solution
v-Ni(Cr) and intermetallic compounds -NiAl. The results of micro-hardness measurements showed that adding 1%
Si3N4 to NiCrAlY enhanced the hardness from 418 to 614 HV. However, with an increase in the Si3N4 content from 1
to 5 wt%, the hardness diminished from 614 to 543 HV, and by Adding Si3N4 to the NiCrAlY, its tribological properties

were significantly improved.

Keywords: NiCrAlY nanocomposite, spark plasma sintering, SizN.

1. INTRODUCTION
MCrAlY composites (M = Ni, Co) are widely
used for their corrosion resistance, heat resistance,
and oxidation resistance at high temperatures. The
main downside of these composites is their low
hardness and wear resistance [1,2]. In this regard,
several reports have examined the optimization of
hardness and wear resistance of MCrAlY alloy [3-
4] as well as spark plasma sintering (SPS) method
for high-temperature uses [5-6]. Silveng Kao [7]
and Neto et al. [8] applied the SPS method to
synthesize MCrAlY composite. The density of
7.2-7.3 g/em® and the hardness of 418 Vickers
were reported. Esameili et al. [9] also used the
SPS method for the synthesis of NiCrAlY-nano
Si3N4-Gr composite. They enhanced the sample’s
density to about 99.5% of the theoretical density.
Despite extensive studies performed on
NiCrAlY-based composites, there is no
comprehensive report on the effect of SizNy
nanoparticles on the mechanical and tribological

*: E-m-sharifi@mut-es.ac.ir

properties of this alloy. In this regard, the present
study evaluates the effect of adding SizNy
nanoparticles (1-5 wt. %) on the properties of the
NiCrAlY alloy.

2. MATERIALS AND METHODS

2.1. Materials

Ni-22Cr-10A1-1Y and SizNs powders with 99%
purity were used. The particle size of Ni-22Cr-
10AI-1Y and SizsN4 powders were in the range of
50-100 pm and 100-200 nm, respectively.

2.2. Composite preparation
Si3Ns powder was added to NiCrAlY powder in
various concentrations of 1, 3, and 5 wt. % then
mixture was milled for 20 h.

It needs to mention that, in previous studies,
only 5 wt. % percent of SizN4 was added to
NiCrAlY alloy.

It needs to mention that, in previous studies,
only 5 wt. % percent of SizN4 was added to
NiCrAlY alloy.
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2.3. Compaction and Sintering

The compaction and sintering process was
performed using the SPS device (Model MUT-60
Ton-10000A, Iran). The powders were SPSed at
1100 °C and 40 MPa within 5 min.

2.4. Microstructural assessment

The microstructural and elemental composition of
the samples were examined using a scanning
electron microscope (SEM, Phillips — X130)
equipped  with  Energy-dispersive  X-ray
spectroscopy (EDS, Seron AIS-2300). X-ray
diffraction (ASENWARE, 300AW-XDM) was
used to analyze the phase composition of the
samples. A universal hardness tester (EMCO-
TEST, Austria; model: Dura Scan-70) with a
force of 1 kg and a holding time of 15 seconds.

2.5. Wear test

The wear test was performed according to the
ASTM G99. Pin on Disc wear test without
lubricant, at ambient temperature (25°C),
humidity 25-35%, 1 kg normal force, sliding
speed of 0.1 m/s, the wear path radius of 5 mm
and sliding distance of 500 m was done. Weight
changes after 500 m sliding were measured. In
this test, a 5210-steel ball with a diameter of 5
mm was used as a pin. During the test, the change
of the friction coefficient according to the sliding
distance was recorded.

3. RESULTS AND DISCUSSION

Fig. 1 shows XRD patterns of the nanocomposite
powders. The patterns were composed of a solid
solution phase of y-Ni(Cr) and an intermetallic
phase of B-NiAl. Also, in some cases, the vy '-NizAl
phase was formed. Fig. 2 shows SEM image and
EDS pattern of the NiCrAlY alloy sample
containing 5 wt.% SisN4. The A, B and C regions
correspond to the Cr-rich, Ni-rich, and Al-rich
phases.

The results revealed that the wear rate of
NiCrAlY alloy containing 1 wt.% SisNs was
4.24x10° mg/m. The wear rate of samples
including 3 and 5 wt.% SisNs were 1.48 and
1.68x107, respectively. Thus, the addition of 1-5
wt.% Si3Nsto the NiCrAlY alloy led to a decrease
in the wear rate of NiCrAlY. In this regard, the
wear rate of the synthesized samples compared to
the samples of Esameili et al. [9] with 4.67x10¢
mg/g SizN4, revealed a higher wear rate. This is

NIiCrATY/5%wt 8izNy +-Ni, Cr {rich) (00-001-1285) &
[ © = > B-NiAL (00-002-1256) m
2400 + 4 7-NizAl (00-002-1261) &
7= CrAl (D0-051-0637) O
SigN4(01-083-0701) @
1600
300 "
<&
0 *
2 o
. ale ® A

0 —

A I
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[ M -
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Fig. 1. The XRD patterns of (a) NiCrAlY/SizN4 1
wt.%, (b) NiCrAlY/Si3zN4 3 wt.%, and
(¢) NiCrAlY/SizNs 5 wt.% nanocomposites.

because they reached a carbide structure, however
nitride structure was formed in the samples of this
research. The sample containing 1 wt.% Si3Na,
showed a high coefficient of friction which could
be related to the presence of hard nitride phases in
the structure. Also, the addition of nanoSisNy4 -Gr
to the substrate led to an increase in the wear rate
to 4.67x10° mg/g [10]. However, the addition of
3 wt% ALO; and Mg-Ag resulted in the
reduction of the wear rate (1.2 and 2.52x107
mg/g, respectively) [11,12]. It could be concluded
that the addition of Si3N, to the NiCrAlY could
enhance the wear resistance.

The higher the relative density of the parts, the
higher the hardness of the samples. The Vickers
hardness of NiCrAlY alloy is equal to 418 [1].
Adding 1% SisNy increases the Vickers hardness
to 614; Also, by increasing the weight percentage
of SizsN4 to 5% by weight, the hardness decreases
from 614 to 543 Vickers; It could be related to the
creation of porosity in these samples according to
the microstructures and the decrease in relative
density from 98% to about 94%. It is worth
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Fig. 2. (a) SEM image and (b) EDS pattern of the NiCrAlY/Si3zN4 5 wt.% nanocomposite.

mentioning that by adding 3% by weight of Al,O3
to NiCrAlY, the hardness value reaches 453.8
Vickers [4]. Also, by adding Mo-Ag to the
mentioned alloy, the hardness level decreases to
297.4 Vickers [12]. Therefore, according to the
comparison of the results obtained from previous
researches and the hardness of the researched
samples, it is desirable to add 1 to 5% Si3Ny to the
NiCrAlY base.

4. CONCLUSIONS

The results indicated that the samples were
composed of two phases of y-Ni(Cr) and B-NiAl
Also, the wear test showed that the wear rate
increased with an increase in the SizNy
percentage.
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