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Abstract

Surface hardening of metals is one of the efficient ways to give
the metal new mechanical properties that are not present in the orig-
inal metal.

In this paper, the effect of the type and size of the ceramic pow-
der, temperature and time on the rate of diffusion of a number of ce-
ramic powders across the surface of the AA 6061 was studied, and
thus the amount of increase in hardness and wear resistance in the
surface of this alloy. Several ceramic powders were used, such as
sand, metakaolin, and iron oxide, with a granular size not exceeding
74 microns.

The results of the examination of the research samples showed
an increase in the values of hardness and wear resistance compared
to the original sample (AA 6061without addition).

The hardness and microscopy results also showed that tempera-
ture and time have an effect on diffusion rates. This relationship was
not linear, as the aspect ratio of both the hardness and wear re-
sistance values decreased with increasing temperature diffusion
time.

The results also confirmed that the hardness and wear resistance
of AA 6061 samples are proportional to the hardness value of the ce-
ramic powder scattered in it.
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Introduction

Obtaining metal alloys with specific
specifications needs to know the proper-
ties of the alloy and thus choose the ap-
propriate method to improve its proper-
ties.

Surface hardening is a technological
method that aims to increase both hard-
ness and wear resistance of metal surfaces
while retaining a high-toughness core.
Some thermal treatments involving solidi-
fication with a particular technique
achieve that goal. There are also other
techniques and methods aimed at raising
the hardness of metal surfaces and reduce
the friction coefficient.

Carbon, nitrogen, and cyanide are the
most common materials used in surface
hardening processes in industrial applica-
tions, but there is a lot of research that has
used other metallic or ceramic powders to
obtain hard surfaces.

Surface hardening processes can be
expressed as a solid-solid diffusion pro-
cess. Many variables play a role in the ef-
ficiency of the diffusion process and thus
the properties of the product. Variables
that greatly affect it are the specifications
of the solvent and solute, temperature,
and time of the diffusion, in addition to
the amount of distortion in the microstruc-
ture of the solvent as a result of the diffu-
sion of the solute in it.

Most of the research that discussed
surface hardening focused on the quality
and specifications of the powders used in
the surface hardening process, as well as
the effects of using that powder. Where
we did not observe researches concerned
with the study of time and temperature on
the surface hardening process.

Qing Zhang found that the composite
wear resistance of the AI-12Si-CuNiMg
alloy reinforced by Al203 fiber was lower
than that of the parent allo%/, due to the
high content of used fibers™. Using the
stir casting technology of AI6061 alloy
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with 5% SiC, Avinash Bhat and Ganesh
Kakandikar were able to produce a new
composite body with better hardness and
wear resistance. ®. Sheng fang Zhang's
group concluded that there is a positive
relationship between slip erosion with slip
velocity and load ®. Fathi et al. concluded
that the deposition of nickel coated with
aluminum oxide on the aluminum surface
leads to an improvement in the strength,
and the self-lubricating property, in addi-
tion to an increase in the efficiency of
pressure transfer @,

Tejoh Triuno and his team found that
cortical hardening by carbonation if fol-
lowed by quenching improves the hard-
ness and tensile strength of aluminum7074
alloy ®. Shanmugasundaram and his team
raised both the hardness and wear re-
sistance of AA 6063 by 50% by deposit-
Ing tungsten carbide on the surface of the
alloy ©. Yuxin Li and his group conclud-
ed that the TIBCN content of 15% in the
Ti/TIiBCN coating used to coat AA7074
by laser increases the hardness of the alloy
surface significantly (.

Daniela and colleagues found that the
addition of fine particles of SiC at 15% by
weight of the alloy provides better wear
resistance under dry slip conditions of the
aluminum matrix ©.

Mahesha's group discussed slip-dry
wear behavior on precipitation-reinforced
stainless steel. The results indicated that
load is the most important factor affecting
the loss of wear volume and specific wear
rate . Popola et al. reported the possibil-
ity of enhancing the hardness and wear
resistance of aluminum alloy surface by
using laser hardening technique to deposit
(zlior)conium-molybdenum powders on it.

In this paper, the effect of some solid-
solid diffusion phenomenon variables on
the rate of diffusion of ceramic powder
across the surface of AA 6061 and thus on
both the hardness and wear resistance of
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the surface of those samples will be stud-
ied. Three types of ceramic powders were
selected: sand, metakaolin, and iron oxide.
Three temperatures were set depending on
the melting point of the AA 6061. The
third variable is a duration of diffusion , as
three duration times were chosen for the
diffusion process.

methodology

The work plan was based on studying
the effect of ceramic powder type, tem-
perature, and time on the diffusion rate of
ceramic powder through the surface of
AA 6061 samples, and the effect of these
variables on the hardness and wear re-
sistance of AA 6061 samples.

Three ceramic powders were prepared,
they are high purity sand, metakaolin, and
iron oxide, which were purchased from
one of a scientific chemical store in Bagh-
dad. The powders were ground and passed
through a No. 200 sieve with holes meas-
uring 74 um. Table (1) shows the chemi-
cal analysis of these substances.

Powder particles passing through the
200 sieve contain particle sizes of that
powder of 74 um and below. Thus, a good
amount of powder can be obtained, meas-
uring less than 1 micrometer, and that
quantity diffused in the metal alloy at a

high rate compared to the coarse particles.
A number of samples were prepared (two
samples for each test) from AA 6061 with
a diameter and a height of (20 * 20) mm
by the lathing process, using a high-speed
steel lathing pen. The cutting speed in the
finishing process was 740 rpm, the cutting
depth was 0.2 mm, and the feeding was
done Limit it to 20% mm per cycle. Figure
1 shows some of the research samples,
and table(2) shows the chemical composi-
tion of AA6061.

After preparing the samples and metal
powders, the samples were placed verti-
cally inside a metal container, then the
powder was placed on the surfaces of the
samples with a height of more than 2 cm
to ensure an efficient diffused of fine
powder particles on the surface of the
AA6061. Metal container had placed in-
side an electric furnace as shown in Figure
(2), and the furnace was heated to the re-
quired temperature, and samples were
kept at that temperature for a specified pe-
riod of time. Turn off the furnace and keep
the samples inside of it until the furnace
temperature had reach to room tempera-
ture.

Table(1) Chemical composition of ceramic powders (Wt%)

Elements SiO, Al,O3 Fe,O3 CaO TiO, MgO K>,0

Sand 98.43 1.21 0.074 0.1 trace trace Trace

Metakaolin 52.49 40.34 1.48 1.03 1.41 0.65 0.43

Iron oxide 0.18 0.04 99.14 0.06 trace trace Trace
Table(2) Chemical composition of AA6061(wt%)

Elements Fe Si Mg Cu Cr Others Al Hardness

% 0.04 0.63 1.04 0.23 0.21 0.3 balance 40 (HRC)
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Three temperatures (410.470.525)°C
were applied, depending on the AA6060's
melting temperature of 583 °C, as (0.9,
0.8, 0.7) was adopted from its melting
temperature. Three time periods (3, 6, 9)
hours were also applied for heating the
samples.

The samples were taken out of the fur-
nace. To remove the powder sticking to
the surface of the samples, it was operated
by turning and fine grinding process to
reach the basic dimensions of the samples
(20 * 20) mm.

R

Figure ( hl'ness test

Results and Discussion
What engineering materials have of
certain mechanical properties because of
the nature of those materials and the na-
ture of the links that link them, and the
amount of distortion in the structure of
their crystal lattice works to change their
mechanical properties. The presence of a
particle within a certain structure of a sub-
stance may lead to its interaction with the
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The hardness, wear resistance and mi-
croscopy tests were performed as follows:

Hardness testing: This testing was per-
formed using a Rockwell hardness test As
shown in Figure (3).

Wear resistance test: A pin device was
used on the disc shown in Fig. 4 to per-
form this test, where the test was done af-
ter fixing the device’s speed at (150) rpm,
the test time at (5) min. and the applied
load at (20) Newton. After finding the lost
weight of the samples, the lost volume
was calculated.

Microscopy: After grinding, polishing
and etching of the research samples, the
Microscopy was performed with a magni-
fication strength of 50,100,1000 times.

Balance weight Pin holder

weight

Y
oy
‘ Metor
- - 4‘. -

Fig (4) Wear resistance test

atoms of that substance to form a solid so-
lution or a chemical compound, and may
lead to a distortion of the crystal structure
of that substance. All these variables lead
to raising the hardness and wear re-
sistance.

The wear resistance results in Figure
(5) generally show an increase in the wear
resistance with increasing temperature of
the samples. These results show that the
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rate of powder diffusion inside the sam-
ples increases with increasing tempera-
ture. The figure also showed the effect of
powder type on wear resistance, where
samples containing sand showed the high-
est wear resistance, then metakaolin and
iron oxide. The reason for this is that the
hardness of sand is higher than the rest,
and the reason may be the higher rates of
sand diffusion on the surface of the alloy
compared to metakaolin and iron oxide.
Also, the hardness of metakaolin is higher
than that of iron oxide. Figure (5) also
showed the convergence of the wear re-
sistance results for each of the aluminum
samples containing iron oxide and me-
takaolin compared to the wear resistance
results for the aluminum samples contain-
ing sand, which showed higher hardness
compared to the other powders. The rates
of increase in wear resistance with in-
creasing diffusion temperature were not
linear, as Figure (5) showed a decrease in
the rate of increase in wear resistance with
increasing temperature at most.

S
5
=
'S

The wear resistance results in Figure
(6) showed a higher wear resistance with
increased heating time. We conclude from
this, that the rate of powder propagation
within the aluminum sample increases
with increasing heating time. Figure (6)
also showed the effect of the powder type
on wear resistance, as the type of powder
had the same effect as shown in Figure
(5). The relationship between heating time
(diffusion time) and the wear resistance
was semi-linear.

The hardness results in Figure (7)
showed an increase in the hardness of the
research samples with increasing tempera-
ture. We conclude from these results that
the rate of powder diffusion inside the
aluminum sample increases with increas-
ing temperature.

The figure also shows the effect of
powder type on hardness. The samples
containing sand were given the highest
hardness, then metakaolin, and iron oxide.
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Fig (5) Effect of diffusion temperature on the wear resistance
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Figure (7) also showed the approxima-
tion of the hardness results for each of the
aluminum samples containing iron oxide
and metakaolin compared to the hardness
results for the aluminum samples contain-
ing sand, because the hardness of sand is
higher than that of other powders. This
increase in the hardness of the aluminum
samples containing sand may have oc-
curred due to the fact that the rate of diffu-
sion of sand powder in the alloy is higher
than the rate of diffusion of the rest of the
powders. The deformation in the crystal
lattice of the alloy surface did not provide
us with the appropriate tools to examine it.
The rates of hardness increase with in-
creasing diffusion temperature were not
linear, as Figure (7) showed a decrease in
the rate of hardness increase with increas-
ing temperature at most.

The results of microscopic examina-
tion of research samples (produced at
525°C and 9hr) confirm the diffusion of
powders in it, where we notice the appear-
ance of areas with traces of the presence
of powders in samples containing addi-
tives compared to the sample without ad-
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dition, especially at the low magnification

force.

The results of the microscopy also showed

some observations

1- An aluminum alloy containing silicon

oxide showed oxide beads as scattered
bright spots at low magnification (50
times). This result confirms that some
oxide grains remain in their spherical
shape without being affected by heat
and have not been sintered. As for the
medium and large magnification
strength, a remarkable homogeneity
appeared in the surface of the alloy,
through this it can be inferred that the
interaction of very fine particles with
the elements in the alloy to form new
phases.

Small irregular shapes are observed on
the surface of the aluminum alloy contain-
ing iron oxide. Luminous areas also ap-
pear elsewhere on the sample surface.
This can be explained by the possibility of
sintering the oxide (semi-melting) which
led to its spread in
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Fig (8) effect of diffusion temperature on the hardness

2-a wider area due to its low melting
point. The presence of luminous areas
on the surface of the aluminum alloy
can also be explained by visualizing a
partial decrease in the iron oxide frac-
tion as a result of its reduction by alu-
minum, leaving the iron particles dis-
persed. To prove this, we need other
tests.

3- The results of microscopic examination
of the aluminum alloy sample contain-
ing metakaolin showed the presence of
dark areas on the surface of that sam-
ple, similar to those that appeared on
the surface of the aluminum sample
containing iron oxide, but it took more
space. This means that metakaolin is
able to Sintering more than iron oxide.
As for a large magnification strength, a
remarkable homogeneity appeared in
the surface of the alloy.

Generally, the results of the microscop-
ic examination confirm the diffusion of
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additives in the depth of the samples of
aluminum 6061 alloy.

Conclusion

The research results confirm a number of

observations:

1- The possibility of using oxides powders
significantly to improve both the hard-
ness and wear resistance of the alumi-
num alloy 6061.

2- The rate of diffusion of oxides powders
increases with increasing temperature
and spread time.

3- The hardness and wear resistance of
aluminum alloy 6061 increase with the
increasing of powder hardness.

4- 1t is possible to develop the surface
properties of metals and alloys by using
the diffusion method instead of casting
with ceramic powders.
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