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The existing work is dedicated toward the manufacture of ZA-27/TiC as composites material via
powder metallurgy. A mixture of Zn and Al with 63 and 27 wt%, respectively, is ball milled for 4 hrs
at 145 rpm. Then, samples with disk-like shapes were made through pressing under 600 MPa and
afterward sintered at 336 °C for 90 minutes in an electric furnace in argon gas. Other three groups
from the above Zn and Al mixture ratio were prepared but with the addition of 3, 6, and 9 wt% TiC
particles independently. The group’s samples were prepared at the same conditions above. Hardness,
density, and porosity microstructure observations, including optical and SEM-Mapping techniques were
utilized to validate the effect of TiC particle additions with the listed above contents on the prepared
ZA-27 alloy properties. The practical density of the prepared ZA-27 alloy is decreased basically
owing to the used powder metallurgy route and with a lesser degree due to TiC addition. In contrast,
the porosity is increased. But the hardness of the ZA-27 alloy is improved when TiC was added, and
it was increased from 49.4 to 66 VHN with 0 to 9 wt% TiC addition. The optical microscope and
SENM-Mapping facilities explained the distribution of co-existing Zn, Al, and TiC particles in the

microstructures of the tested samples to improve the properties of ZA alloy.
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1. Introduction

Zinc-aluminium (ZA) alloys have easily replaced cast
iron, aluminum, and copper alloys in numerous fields since
they have adequate mechanical and attractive tribological
characteristics. But, lack of steadiness at higher temperatures
makes them prone to failure even at 75 °C. The addition
of ceramic additives has improved the properties of ZA
alloy in a room and raised up temperatures'. Particulate
reinforcement metal matrix composites (MMCs) can lead
to an improvement in strength at significantly minor added
costs than continuous reinforcements. The ZA-type alloys
have become increasingly common among foundry zinc-
based alloys utilized as matrix materials in recent years>.
As journal-bearing materials for low-speed and heavy-load
applications, ZA alloys are in advance for broad, profitable
significance. The ZA-27 alloys have been used to replace (64
and 660) SAE bonzes in bearings, wear-resistant, bushings,
and other applications due to their minor cost and equal
or better-bearing efficiency’. Due to their unique features,
particle-reinforced MMCs have received a lot of interest*.
ZA MMCs reinforced with particulate ceramics have good
corrosion and wear resistances, besides high specific strength
modulus, and lesser friction coefficient’. Commercial ZA
foundry alloys and Zn alloy matrix composites have been
utilized for considerable industrial applications®. Compared
to the liquid metallurgy route, such as the stir casting
process, the powder metallurgy route has recently become
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an efficient production method in ZA-27 MMCs’. Therefore,
it is a good way to improve their mechanical properties by
introducing strong ceramic particles into the ZA-27 matrix
alloy®. Girish et al.’, Bozi¢ et al.'?, Kiran et al."’, Naveen
Kumari et al.'?, Shivakumar et al.'*, Bhaskar et al.'*, Folorunso
and Owoeye et al.'’, Fatile et al.'’, Hashim et al."”, and Kumar
Yadav et al.'®, all the researchers listed above studied the ZA
alloys prepared via the casting method. While few researchers
have studied the ZA alloys fabricated by the PM method.
Celebi et al.® were investigated the mechanically milled and
hot-pressed ZA-27/Al1,0, nano-composites. Their findings
demonstrated that the nano-composites’ tensile strength
peaked at a milling time of 2 hours (163 MPa), after which
it progressively decreased. Celebi et al."”?, were studied in
other work ZA-27/Al,0,-graphite hybrid nano-composite
materials (HNMs) prepared by the PM method, including
mechanical milling and hot-pressing (HP). The tensile
strength, hardness, and density tests of HNMs were carried
out. Pul et al.”, were studied the effect of carbon nanotube
(CNT) on the machinability of CNT-reinforced ZA-27 nano-
composite. The value of hardness decreased, and the amount
of porosity amplified with the rise in the CNT ratio in the
composite matrix. Cutting forces and the surface roughness
amounts increased with the increase in feed value. Using the
simulation program ANSYS Fluent, Eqal and Yagoob?!, were
investigated the numerical modeling of the solidification of
ZA alloy castings. The aim of the present work is devoted to
characterizing the micron size TiC addition on some structural
and hardness properties of the ZA-27 alloy fabricated by PM.
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2. Methodology

Zn powder with particles size range from 2 to 10 um
and 7.14 g/cm? tap density, Al powder with particle size
range from 10 to 30 pm and 2.7 g/cm?, and TiC powder
with 4.93 g/cm’® were used. China Jingan Chemicals & Alloy
Company provided these powders. The chemical composition
of the received powders is displayed in Table 1.

The powder mixture was introduced with 11mm diameter
alloy steel balls with a Vickers microhardness number of
855 VHN measured by a Metkon microhardness tester
with a 500 gm applied load in the mechanical engineering
college laboratory-Tikrit University. Ball milling technique
was applied in the current study to ensure better mixing and
consolidation of the different use powders together. The
powder charge to ball weight ratio was 1:10, respectively, and
was put into 304 stainless steel containers; then, the charge
was milled for 4 hours at 145 rpm. Ball-milled powders ( zn
and Al) with TiC particle content ranging from 0 to 3, 6 and
finally to 9 wt% were pressed into disc-like samples with a
15 mm diameter. Where a ball milling machine is designed
and make for the current study with the aid of information
obtained from Ugwuegbu et al.?2. The uniaxial hydraulic
press was used for the pressing step. The optimum applied
pressing pressure was 600 MPa. According to the green
density (pg) the calculation Equation 1%.

Pg=Mc/Vg M

The theoretical density (pTh) for green compacts (GCs)
is measured according to Equation 2"

pTh=X(pMix XMi) )

Where: pMi: p of (Zn, Al and TiC).
XMi: wt% of (Zn, Al and TiC).

Then, the green compacts (GCs) are sintered at 336 °C
for 90 minutes in a carboline-type electric furnace under a
continuous stream of argon gas from the beginning of sintering
till room temperature. The rate of heating is fixed at 15 °C/min.
The furnace turned off to cool the samples slowly inside it.
The samples two faces were wet ground using SiC emery
papers with (400, 1000, 2000 and 3000) grit then polished
using suspension solution of 1pum alumina, washed with
distilled water. The sintered compacts (SCs) samples were
dried in LHT/60-type oven at 120 °C for half an hour. The
SCs micro-hardness was measured with the same explained
former process used for milling ball hardness measurement.
The microstructure examination was performing via Optical
microscopy, SEM-Mapping, and XRD analysis techniques
to observe an evaluate the used powders shape and size and
the microstructure of the SCs samples.

Table 1. Chemical composition of the used powders.
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3. Results and Discussion

The picked up photos by SEM is explained the spherical
shape of Zn powder particles in Figure 1. While, the Al
powder particles shape was mainly hemispherical as shown
in Figure 2. On the other hand the TiC powder particle shape
was irregular bulky as shown in Figure 3.

Figure 3. SEM image of TiC powder.

Chemical Analysis of Zn
Zn (0] C Pb Cd Mn Na Mg Ca K
>99.8 <0.1 <0.05 0.005 0.005 0.005 0.002 0.002 0.002 0.001 0.001
Chemical Analysis of Al
Fe Si Cu Ca Al
0.033 0.016 0.008 0.006 Balance
Chemical Analysis of TiC
TiC Fe Ca Mg Cu Na Co Ni Si S
99.9 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001
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XRD resulted in the analysis diagram in Figure 4, ensuring
the purity of the used TiC powder to prepare composite samples.
The TiC powder XRD analysis results by mean of (20) and
intensity (I) values are well matched with CAS registry no.
12070-08-5 listed in the NBS monograph 25-section 18 and
with (JCPDS, file No. 03-065-8417)*. The hkl of the peaks
(111),(200), (220), (311), (222), (400), and (420) indicate that
the TiC powders which are also ensure by other references.
The purpose of the using XRD is to ensure that the tic powder
with no impurities. This is detect of powder exactly Tic only.

The optical microscope image in Figure 5A for polished
non-etched ZA-27 sintered compact sample explains the
distribution of spherical smaller size Zn particles between
larger Al powder particles without any segregation. On the
other hand, black- colored pores relatively regular in shape
(because of the used powder particular the base powder
for zinc have regular shape therefore the remained pores
between the boundaries of these powders will appear relative
regular) appeared in the microstructure as it is pointed out

by red circles. Where the create pores between the mixture
powders particles appeared as dark areas. A part of these
pores refers to the gaps that remained between powders’
mixture boundaries after the pressing and sintering process.
While some of these pores formed from the fragmentation
of zinc particles from their positions due to grinding and
polishing processes (which were made to prepare the
samples for the microscopic examination) left behind them
dark spherical with large pores near in their size to the zinc
particles size®. Optical microscope photos revealed the
relative progress in the polished samples’ appearance and
color by increasing TiC addition to the ZA-27 matrix as
displayed in Figure 5B, C, and D). Where, the appearance
of the dark color particles of TiC within the microstructure
between aluminum particles and the dark area fraction was
decreased by increasing the TiC particles content from (0 to
3, 6, and finally to 9) wt%. Also, the fractured TiC ceramic
particles due to pressing pressure are embedded as very small
fragments, particularly within softer aluminum particles.

7 6000 ======s=1 L 0 r| T e =
E 1 g 1 I ]
= ! 1|ed 1 1 1
it 1 1 1 1 1
1 ) ' | 1
1 ‘_‘l 1 1 1
1 1 1 1 1
4 1 51 ] 1 == T
1 1 1 I 1
1 1 1 i 1
1 ) 1 I I
1 ) ) I 1
1 1 18 I 1
2 ) ] | [}
: : = S
I 1 ;:‘ql [
= )
: : R og &
S S L
e e e e R
20 40 60 80 100120

Figure 4. XRD analysis of TiC powder.

Figure 5. Optical microscope images for ZA-27 alloy and its composites, A. 0 wt% TiC, B. 3 wt% TiC, C. 6 wt% TiC, D. 9 wt% TiC.
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For more explanation, an SEM facility was applied
to observe the surface of the composite samples. Figure 6
shows the differences in the colors, size and distribution
more clearly than in optical microscope photo images. Al
particles appeared as dark grey in color, while Zn particles
appeared as light grey in color.

EDS Layered Image
or

Y

100pum

Figure 7. SEM-Mapping image ZA-27/TiC composite.
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The SEM-Mapping technique was used to ensure the
existence and distribution of Al, Zn, and TiC particles. This is
well defined in Figure 7. TiC particle distribution is detected
as Ti and C elements. For more accurate observation of the
TiC distribution within Al particles, a part of the image in
Figure 8A is enlarged, as shown in Figure 8B. Also, Figure 8A
is enhanced with the image for Ti element distribution, as
displayed in Figure 8C. accordingly the two Figures 8B and C
illustrate how a small particles of Ti with green color are
embedded within Al powder particles This is a proof of TiC
particles’ distribution at Al and Zn particles boundaries and
embedded within those softer particles as tiny fragments.

The theoretical density, as expected, is that the addition
of TiC powder to the Zn and Al powders mixture tends
to slightly decrease it. Where it decreased from 5.93 gm/
cm® with zero TiC content to a lower amount reached 5.84
gm/cm3 at the higher TiC addition that is 9 wt%. This is
well explained in Figure 9. But practically, when the ZA-
27 samples without TiC addition are prepared by the PM
process the measured density is decreased to 4.66 gm/cm3
from the calculated 5.93 gm/cm?® theoretical density. The
reason is due to the accompanied porosity which commonly
occurs during utilizing PM in the manufacturing process.
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EDS Layered Image 1

Figure 8. Explanation of TiC particle in the matrix of ZA-27/ composite with aid of SEM-Mapping facility.

The real porosity source is divided into open pores, where
some of them appeared at the surface of the ZA-27 samples,
as explained in Figure 5A, while the other is closed pores
between the pressed and sintered mixture of Zn and Al
powders particles. This in turn tends the practically measured
density appear lower than the calculated theoretical one as is
well illustrated in Figure 9. The addition of the TiC particles
tends to further decrease the practically measured density of
the ZA-27/TiC composite samples. This result is logically
accepted and interpreted because a reasonable amount of
associated porosity that existed between TiC particles will
remain even after completing the sintering process. The
sintering process is not able to eliminate the presented
pores between TiC particles. The reason is the absence of
diffusion processes between the TiC particles where they are
ceramic material in which no ability of atoms diffusion. The
phenomena which occur mainly between metallic powders
particles to an extent. Accordingly, the practical density
decreased to (4.41,4.29, and 4.16) gm/cm® by (3, 6, and 9)
wt% TiC addition, respectively, as it displayed in Figure 9.

The difference between the theoretical and practical
densities results is also expressed as relative density which
is in turn shown as percentage porosity that was increased by
increasing the TiC addition to the ZA-27 matrix as displayed
in Figure 10. It is essential to say that the accompanied
porosity due to the utilization of the PM process to prepare
the ZA-27 sample was 21.37% with zero TiC addition
and increased to its maximum value of 28.78% when the
maximum addition of about 9 wt% TiC was added. Hence,
the maximum contribution of 9 wt% TiC addition in total
percentage porosity increasing was 25.576%. Thus, the greater
porosity occurrence belongs to the utilized PM route and,
secondly, to the addition of the TiC ceramic particles. It is
known that the hardness of ZA-27 alloy is arranged between
53-56 HB?!, which is equal to or very near to its VHN value.
Hence the obtained 49.4 VHN value in the present work is
well accepted according to the little drop in its value with

=fll== Theoretical density
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Figure 9. Shows the relative and theoretical density of ZA-27 alloy
with TiC powder additives to it.
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Figure 10. Shows the Relative density of ZA-27 matrix alloy and
porosity with TiC powder additive in the matrix.
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Figure 11. shows the hardness of the ZA27 matrix alloy with TiC
powder additive in the matrix.

respect to the referred to (53-56) hardness number. Rather,
the less measured microhardness (VHN) values revealed a
continual increase with TiC addition to the ZA-27 matrix, as
shown in Figure 11. The VHN of the ZA-27 matrix samples
increased from 49.4 to 52.4, 59.93, and 66 by (3, 6, and 9)
wt% TiC addition, respectively.

Thus TiC particles played a beneficial role in the
strengthening of the ZA-27 matrix by particulate strengthening
mechanism.

4. Conclusions

The most significant conclusions obtained for the
prepared TiC-reinforced ZA-27 alloy by the PM method
are listed below:

1. The accompanied porosity due to the utilization of
the PM process to prepare the ZA-27 sample was
21.37% with zero TiC addition and increased to
its maximum value of 28.78% when the maximum
addition of about 9 wt% TiC particles was added.

2. Two factors are contributed in The occurrence
of the porosity in the prepared ZA-27 alloy and
its composites was approximately 75%. Which
is mainly due to the utilized powder metallurgy
route, and with lower contribution of TiC Particle?

3. TiC particles played a beneficial role in the
strengthening of the ZA-27 matrix by particulate
strengthening mechanism. This is clearly defiend
with the improvement of the hardness of ZA-27
TiC addition.

4.  Optical microstructure and SEM-Mapping observations
are well explaining the good distribution of the
mixed and milled powders mixtures in the Structure
with no unacceptable segregations.
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