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solution was 0.3%.

Different concentrations of nano-alumina solution ranging from (0.1-0.4) were used as
hardening solutions for aluminum alloy 6061, where the effect of the change in
concentrations on the microstructure of the surface of the samples was studied, as well as
its effect on the mechanical properties of the same samples. The interaction of Nano-
particles from the solution with the surface of the sample was detected by tunneling
electronic microscope (TEM), this good interaction led to a noticeable increase in its
mechanical properties and the highest increase was when the concentration of the Nano

1. INTRODUCTION

Quenching is one of the most important thermal treatments
used to improve the properties of metals in general. During the
past two decades, the focus has been on quenching in different
nano-solutions, such as carbon Nano-tubes, alumina Nano-
particles, and other Nano-scale solutions [1]. Nano fluid has
become popular with the advancement in nanotechnology.
Nano fluid has comparatively better stability than the micro
fluid because here much smaller-sized particles (nanometer
size) are suspended in the base fluid. It has improved
thermophysical properties and convective heat transfer
coefficient than the base fluid alone. That is why researchers
have implemented this novel heat transfer fluid in versatile
fields. These are solar collectors, solar thermal energy storage,
electronics cooling, cooling and heating, heat pipes,
automobile radiator, refrigeration system, natural convection,
quenching, and many other applications. These varied
applications indicate that in imminent future nano fluid will
play a major role in these fields. Though all these trials are at
present at academic research level, however, with the
advancement in difference in results when tempering in
ordinary water and tempering in nano-solutions [2-4].

2. EXPERIMENTAL PART
2.1 Materials

The metal samples with dimensions (100*50*5) mm, are
made of an aluminum alloy (6061)-T651 which chemical
composition and mechanical properties is as shown in Table 1
and Figure 1.

Nanotechnology surface science, colloidal chemistry, and
so forth, this nanofluid will definitely play a major role in heat.
For example, the authors [1] studied the quenching properties
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of metal base rod lets and spherical shapes were thou in
toughly studied after immersing in water and water-based
Nano-fluids with alumina nano-particles of 0.1% by volume
fraction. The tests were occurred at both high saturated and
sub cooled environments under atmospheric pressure [5-9].
The results showed that while the initial super cooling
behavior in Nano-fluids is identical to that in pure water, yet
the minimum heat flux point temperature and super cooling
front speed are a in subsequent quenching repetitions due to
Nano-particle deposition. The effect of Nano powders on the
super cooling process was dissection according to the contact
between the Nano particles and the alloy surface, it appears
that the liquid-solid interaction during such short-lived
contacts is more vigorous when a Nano-powder layer with
enhanced surface wettability and harshness is found, which
leads to the premature disruption of film boiling and
quenching super cooling [10-19]. Through this research paper,
we hope to study the effect of the difference in the
concentration of nano-alumina solution on the morphology
and mechanical properties of Al-6061.

Table 1. XRF analysis and mechanical properties
aluminum alloy (6061)-T651

ISI:Z'::; Cu Mg Si Fe Mn
6061 3.0 3.0 8.7 1.2 0.5
Mech. Hardness (HRC) (Kgf 150)
Prop. 37

pand Nizn Pb T Al
6061 0.39 3.0 0.28 0.2 Equ.
Mech. Yield Stress (N/mm?)

Prop. 200
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Figure 1. Picture for the quenched samples
2.2 Preparation of alumina nano-fluid

The two-step preparation process is used by Eastman et al.
[17]. was used to produce alumina nano-fluids in which
includes mixing base fluid. A 99.99% nano alumina powder
supplied by (MERCK, Germany) with (0.1, 0.2, 0.3, and 0.4)
weight percent and distilled water were mixed in an ultrasonic
vibrator, to stir nano-powders with host fluids 500 rpm
vibration for 3 hrs. was applied to reduce particle
agglomeration and ensure a homogeneous distribution as
shown in Figure 2.

Figure 2. Illustrated quenching nano alumina fluid starting
from (0.1 up to 0.4) concentration with 6061 T6 Aluminum
alloy before quenching process

2.3 Quenching process

Quenching process includes two steps, the first is heating
the aluminum samples up to 520°C, and this was occurred
using an electrical evacuated furnace type (Bogie Hearth
Furnaces) as shown in Figures 3(a) and (b). Then the hot
aluminum specimens were suddenly cooling in the prepared
nano-alumina solutions as shown in Figure 4. After all the
samples has been treated in the prepared different
concentrations of alumina nano fluid the mechanical tests were
performed.

2.4 Mechanical tests

The tensile strength was tested by using a (Testometric
England M500-100CT Device) connected with computer, the
sample in the fixture of tensile test device as shown in Figures
5(a) and (b). The hardness number was tested by using (India
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Rockwell device) as shown in Figure 6. The results obtained
from the above mechanical testing are shown in the Table 2.
The change in the surface structure of the samples was studied
using tunneling electronic microscope TEM as shown in
Figure 7.
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Figure 3. Illustrated the pictures of (a) the electrical furnace
used with (b) the indicator of heating temperature

Figure 4. Pictures for the quenched samples

Table 2. Mechanical properties for the quenched samples

Sa&ple Hardness (HRC) (Kgf 150)  Yield Stress (N/mm?)
0.0 49.33 2716
01 78.33 318.8
0.2 83.1 364.8
0.3 89 504.667
0.4 79.83 358.4




(b)
Figure 5. Illustrated the pictures of (a) tensile test device, (b)
sample in the fixture test device

3. RESULTS AND DISCUSSION

Cooling in nano-solutions affects the overall properties of
metal alloys more than ordinary solutions according to the
opinion of many researchers. This effect is due to two main
axes, the first is the infinitesimal size of the nano-plankton
scattered in the solution, which enables it to enter the smallest
voids in the microstructure of the alloy subject to the
quenching process and occupy these voids, which eliminates
or reduces the porosity and interfacial voids of the alloy. Thus,
the overall mechanical properties are expected her to rise. As
for the second axis, it is the axis of the chemical reaction, as
the conditions surrounding the solidification process,
including the large difference between temperatures, create
what helps the chemical bonding between the metal
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Figure 6. Illustrated the picture of hardness test device
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Figure 7. Illustrated the plot of the tensile test

compounds in the alloy and the nano-phase present in the
solution, which leads to the formation of new compounds with
high mechanical properties. This may be seen in Figure 8
which state the difference between the non-treated Al-6061,
and the difference in morphology resulted from the difference
in nano alumina solution. The distribution, and non-
agglomerated nano alumina phase is so clear.

Table 2 declares the difference between the super cooling in
distill water specimen (0.0) and the super cooling with alumina
nano fluids solutions it is clear even with the smallest
concentration (0.1) there was a remarkable enhancement with
hardness and yield stress this increment is directly proportion
with concentration of alumina nano fluids. From the same
table it is shown that the critical value of concentration was
(0.3) which indicate the maximum increment in both hardness



with (89kgf) and yield stress (504.667N/mm?), then it was
decrease at a concentration 0f (0.4). So, it is true if we state
that the best alumina nano fluid concentrate for getting the
maximum properties is (0.3%) as shown in Figures 9-13.

From the above Figure 9, we notice that the maximum
tensile strength value is (271.6N/mm?) for specimen quenched
in distill water, while the maximum tensile strength value for
specimen quenched in 0.3 Nano solution is (504.667N/mm?),
as well as the value of hardness Rockwell number improved
from (49.33kgf) to (89kgf) Table 2, this clear that the affected
of Nano solution content in quenching process.

Several researchers suggested that oxidation leads to
deterioration of aluminum surface, but a mixed effect of
oxidation and nanoparticles deposition during the quenching
process, altered the surface roughness of the surface and
improved mechanical properties. Hence, it was possible that
the effect of surface morphology changes during quenching
influenced the overall mechanical properties which enhanced
in the rapid cooling in alumina nano fluids [20].

(d)
Figure 8. TEM of (a) quenching in distill water only, (b)
quenching in (0.1) Nano alumina solution, (c) quenching
in (0.2) Nano alumina solution, (d) quenching in (0.3)
Nano alumina solution and (e) quenching in (0.4) Nano
alumina solution

(e)
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Figure 9. Tensile test diagram for specimen quenched in
distill water
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Figure 10. Tensile test diagram for specimen after quenched
in (0.1) nano solution the maximum tensile strength value is
(318.8N/mm?), as well as the value of hardness Rockwell
number is (78.33kgf)
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Figure 11. Tensile test diagram for specimen after quenched
in (0.2) nano solution the maximum tensile strength value is
(364.8N/mm?), as well as the value of hardness Rockwell
number is (83.1kgf)
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Figure 12. Tensile test diagram for specimen after quenched

in (0.3) nano solution the maximum tensile strength value is

(504.667N/mm?), as well as the value of hardness Rockwell
number is (89kgf)
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Figure 13. Tensile test diagram for specimen after quenched
in (0.4) nano solution the maximum tensile strength value is
(358.4N/mm?), as well as the value of hardness Rockwell
number is (79.83kgf)

4. CONCLUSION

From the above, we may conclude that the rising of
mechanical properties like hardness and strength after
quenching in alumina nano fluids is due to the high interaction
between the nano particles spread within the nano fluid which
create both mechanical interlock as it is obvious from TEM
images, and a chemical interaction to form a new chemical
composition on the surface of the alloy, we may also conclude
that the critical concentration of alumina nano fluid that gives
the ultimate mechanical properties is 0.3% among the other
concentrations.
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