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This study aimed to improve the thermal conductivity of the Aluminium 6063 for heat sinks applications used in Central Processing
Unit (CPU) of computers. Several studies had used different additional elements for this goal. In this paper, we studied the influence
of Titanium and Boron addition on the thermal conductivity of Aluminium 6063. Several casting alloys samples were prepared with
different percentage of addition elements and then heat-treated by homogenization and aging treatments. The results showed an
important modification in thermal conductivity value per rapport to the reference metal, depending on the element of addition
and its percentage. The bigger evolution was by using Boron in small percentage. More than 13% of the improvement was realized
in the thermal conductivity with the addition of only 0.05% of Boron.

1. Introduction

The electronic machines are in a great development every day.
The improvements of their performance stay the principal
objective. Central Processing Unit (CPU) of computer is the
most important element and produces heat very quickly.
Uncontrolled excess heat can damage it [1]. So, heat must
be dissipated quickly via heat sink elements. If the dis-
sipation of heat which is produced from the semiconductors
elements is not done, many problems can occur in computers
and other electronic machines. The heat sinks are very
important elements to outflow the heat from those machines
to keep them in good performance of work and long
life.

In computer, the heat can be produced in excessive quan-
tity especially in the Central Processing Unit. The dissipation
of heat must occur easily and quickly for keeping CPU
enough coolness and to allow the electronic machines to work
correctly along with its employment [2-4].

With the high development of the informatics technology,
the microprocessor power dissipation is constantly increas-
ing. In addition, the decrease of microprocessor size has also
resulted in higher heat fluxes. The growth of information
technology has rapidly increased over the past few years,

causing increase in the demand for a microprocessor that has
a very high computing ability [5].

Different materials can be used in heat sink components
for dissipation of accumulated heat in computer. Depending
on the thermal conductivity values, there are different propo-
sitions of materials as pure metals or composite materials.
Copper can be used also for this goal. Diamond is a very
good one but it is very expensive [6]. Aluminium is a popular
choice of metals for its characteristics and it is a favourable
metal that combines high conductivity and low cost. So, it
is usually used in heat sinks of Central Processing Unit of
computers [7, 8].

Several studies had been carried out in this filed to reduce
and dissipate heat produced in those components; some stud-
ies tried to calculate and estimate the temperature evacuated
from the CPU [1] and the influence of its engineering design
on its performance [9]; others studied the improvement of
heat dissipation by fabrication of microchannels in the semi-
conductor elements [10]. Kang et al. tried to improve the
heat dissipation by adding closed loop of liquid [11]. Few
studies tried to improve the thermal conductivity of heat
sink of Central Processing Unit. Some studies tried to use
the heat sink as metallic foam to transport the heat by solid
conduction and thermal radiation [12].
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Solution treatment
530°C |-~

© Quenching

‘g Age hardening treatment

L

g 200°C |-----------}---

=

2 hours

FIGURE 1: Aluminium casting mould with two specimens.

Aluminium characteristics can be improved per the
elaboration and heat treatment [4, 7] or by cladding [13].
Rana and others studied the influence of different elements
on the microstructure and on the mechanical proprieties of
Aluminium such as Copper, Magnesium, Silicon, Titanium,
Boron, Chrome, and Zirconium [14]. Others studied the
influence of metallurgical effect of Titanium and Boron on
the thermal conductivity of Aluminium alloy. Those added
elements lead to increasing the thermal conductivity [7, 15].

But Shin et al. found that the addition of Silicon and
Magnesium leads to reducing the thermal conductivity [16].
Nickel addition leads to reducing the thermal and the electri-
cal conductivities due to formation of intermetallic phases,
and the bigger thermal conductivity values the smaller
grains size; this study showed that the improvement occurs
for the mechanical propriety and the thermal conductivity
of Aluminium-Silicon alloys [17]. Removing of Vanadium
and Zirconium elements form the cast Aluminium leads
to improving the electrical and thermal conductivities, in
addition to the improvement of measured conductivities [18].

So, alloy composition and thermal history were the most
important factors that determine thermal conductivity [7].

2. Material and Experimental Proceeding

2.1. Material. Among the series 6000 of Aluminium, we tried
to analyze some commercial heat sinks. Aluminium 6063
material was used in this study; the chemical composition is
presented in the Table 1.

Aluminium 6063 bar was cut into a small pieces and melt
ina furnace at 850°C. Boron and Titanium were added during
melting of the alloys.

A steel casting mould of tow cylindrical specimens of
33 mm of diameter is already machined as shown in Figure 1
and is preheated to 200°C.

The melting of Aluminium with the addition elements
is very well mixed into the furnace and in the melting pot
until the moment of casting in the moulds. After specimens

Time

FIGURE 2: Treatments diagram of samples: heating ramp of solution
treatment was 530°C and for the age hardening treatment it was
200°C.

casting, the specimens are heat-treated in homogenizing
treatment at 530°C for 3 hr [19].

The specimens of cylindrical bars are heat-treated in
second treatment by aging treatment for 2 hr at 200°C after
solution treatment at 530°C for 2 hr and water quenching as
shown in Figure 2.

For each bar sample, about 13 mm of thickness is cut at
the two edges of the sample. The bar of 95 mm in length is
then cut and machined in several specimens for the thermal
conductivity measurements.

For each final specimen, a spectrometer analysis was
also achieved in the two surface sides of the specimen
using Analytical Instruments SPECTROLAB to have the real
percentage of chemical elements in the metal after casting.

All specimens have the same compositions of elements,
except that the percentage of Boron and Titanium was
changed depending on the prepared alloys.

2.2. Thermal Conductivity Measurements. Specimens of ther-
mal conductivity measurements were prepared with 31 mm
of diameter and 30 mm of thickness, and all these specimens
were put in the device of thermal conductivity measurement.

We used ARMFIELD (Heat Transfer and Thermodynam-
ics HT10XC Computer Controlled Heat Transfer) device.
The device depends on measuring the temperature between
two positions of the sample and during the flowing of
the heat through the sample. Thermocouples can give the
temperatures to the device which are displayed on screens, as
seen in Figure 3. The two sides of the sample are at different
temperatures. The top side of the sample is in touch with the
heater of the device, and the other side is cooled with constant
flow of water.

The principle of measurement depends on the knowledge
ofheat flow equation through the specimen, Fourier’s law, and
then we can calculate the conductivity factor: K (W/m C) [1,
2,8,12].

The heat transfer flow via the specimen can be given by
(1). In addition, the conductivity factor (K) can be given by



Journal of Materials

FIGURE 3: Thermal conductivity device with calibration samples.

TABLE 2: Parameters of measurements on the thermal conductivity
device.

A (m?) [D =31mm]
0.000754

1(A) V)
1.87 17.8

Ax (m)
0.015

(3). Q is the heat flow. It is an energy; it can be given by
(4).
K-A-AT

Q=g 4= w), R
4= @)
4
_Ax-Q
- 229 wimo), 3)
Q=V-I(W). (4)

For the measurements on the device, all the parameters are
fixed as is shown in Table 2. And AT is given by the device for
each specimen.

3. Results and Discussion

3.1. Thermal Conductivity Results. Two groups of casting
specimens were done using the Aluminium 6063, with the
addition of Boron and Titanium powder as addition ele-
ments.

The first group is the specimen with Titanium addition at
different percentages. Table 3 shows the results of specimens
after casting and spectrometer analysis.

The second group is with Boron addition as shown in
Table 4.

The measurements of thermal conductivity were done to
all thermal conductivity specimens. The thermal conductivity
value of the references specimens (Aluminium 6063 without
any addition elements) was 190.2 (W/m C).

For all specimens, we measured AT (C) via the thermal
conductivity device, we repeated the measurement several
times, and mean was recorded. The thermal conductivity
value was calculated using (3) and (4).

The measurements of AT in the device were done after
stabilization of heat flow through the specimen and when the
temperature of the cooled surface was between 30 and 40°C.
This range of temperatures is chosen to obtain a considered
heat flow through the sample and to reduce the effect of
heat losses by radiation and conversion effects in the device.

TABLE 3: Titanium addition to Aluminium 6063.

Specimen reference Ti wt%
Ti-1 0.1
Ti-2 0.3
Ti-3 0.5
Ti-4 1
Ti-5 1.5
Ti-6
Ti-7 25
Ti-8 3
TABLE 4: Boron addition to Aluminium 6063.
Specimen reference B wt%
B-1 0.001
B-2 0.01
B-3 0.05
B-4 0.07
B-5 0.5
B-6 1
B-7 L5

B-8

The temperatures of samples are still in a small range of
measurement. The advantage is to eliminate the influence of
temperature change on the thermal conductivity coefficient
K.

The thermal conductivity values are calculated. Figure 4
shows the evolution of the thermal conductivity values in
function of Titanium percentage in this group.

The curve starts with a strong increase in thermal con-
ductivity value until 0.3% of Titanium, and then it falls down
quickly to a low level of thermal conductivity value of nearly
162W/m C.

The thermal conductivity values in function to the Boron
percentages present almost in a similar evolution but with
different points of evolution as presented in Figure 5. A peak
in the curve can be evidently shown at 0.05% of Boron.

Then the curve decreases for almost the same previous
value, about 160 W/m C in this time.

3.2. Microstructure Results. The morphology of the micro-
structure of all specimens is shown via an optical microscope
(Hund 600) after surfaces preparation and etching them in
the chemical solution (1cm?® HE 1.5 cm® HC], 2.5 cm® HNO3,
and 95 cm® H20).

The microstructure of the specimens without any addi-
tion is shown in Figure 6(a). We show in the same figure some
microstructures with Titanium addition on the Aluminium
6063 (B with 0.3% Ti and C with 1.5% Ti) (Figure 6).

A kind of precipitation can be evidently shown in the
microstructure in this metal with the Titanium addition. This
precipitation is little with small Titanium percentage, and it
grows in function to the increase of Titanium percentage.
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FIGURE 4: Mean of thermal conductivity (+3 standard deviation)
versus addition percentage of Titanium. The measurements were
done with mean temperatures of samples at 35°C.
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FIGURE 5: Mean of thermal conductivity (+3.5 standard deviation)
versus addition percentage of Boron. The measurements were done
with mean temperatures of samples at 35°C.

The microstructure of specimens with Boron addition is
presented in Figure 7: (a) without addition, (b) with 0.05% B,
and (c) with 2% B.

The addition of Boron accomplishes reduction in grains
size and obtaining of new intermetallic phase with small size
in these specimens.

3.3. Discussion. After casting and homogenization treatment
of the Aluminium, we applied the solution treatment and the
aging treatment to samples. The aging treatment is a very
important process to stabilize the microstructure and propri-
eties of Aluminium. Our metal is designed for fabrication of
heat sink elements for Central Processing Unit and submitted
to an important change in the temperatures range.

Titanium has a positive influence on the improvement of
thermal conductivity of Aluminium. Veijo also observed this
result [7]. By adding a small amount of Titanium (until 0.3%
Ti), the thermal conductivity of Aluminium was improved
until about 201 (W/m C).

In the microscope picture in Figure 6(b), we can see the
precipitation of Al-Ti which started to form the specimen
of 0.3% Ti, which appeared to be and remained small. The
increase in thermal conductivity was due to the influence of
Titanium on the Aluminium alloy and reducing its grains size
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per increasing the grains density; this effect was confirmed
also by others [7, 20].

However, when the precipitation in the microstructure
becomes significantly greater, an inconvenient evolution on
thermal conductivity can be produced on the thermal con-
ductivity curve, where the thermal conductivity reduced pro-
portionally with the increasing of the percentage of Titanium
in the Aluminium alloy as is shown in Figure 6(c). A value
of 160 W/m C was obtained with important augmentation
of Titanium percentage in the alloy, about 3%. Rana et al.
stated that the amount of Titanium must be limited to little
percentage to save the characteristics of the Aluminium [14].

The influence of Boron on the thermal conductivity is
more important than that of Titanium. There was a less
percentage of element for the case of Boron addition. The
curve showed an important augmentation directly at starting
with a peak point at 0.05% of Boron, and then the tendency
was decreasing with the increasing of the amount of Boron.
The thermal conductivity arrived here at 219 W/m C for the
peak, and then it decreased for last value of 160 W/m C.

The Boron has also an influence of refining of grain size of
the microstructure of Aluminium [18]. The images in Figure 7
showed that the grains size was smaller when we increased
the Boron percentage in Aluminium alloy. The increasing of
thermal conductivity is more important here with smaller
ratio of Boron per rapport to the case of Titanium. That is
due to the greater refining effect of grain size per rapport to
the initial grain size. The influence of Boron on the refining
of grain is more important per rapport to Titanium influence
[7].

Methodically this effect must continue in its influence to
increase the thermal conductivity by reducing grains size.
However, this is not achieved because of the formation
of intermetallic phase, AIB2 phase [18], in microstructure
of the Aluminium, which has been revealed using X-Ray
Diffraction (Philips PW 1830). In addition, it provides the
reduction of the thermal conductivity of the metal.

We concluded that the influence of Titanium and Boron
started from the casting step of the Aluminium. During the
solidification stage, these additional elements increased the
nucleus number density in the molten metal. This step is very
important to build the grains structure of the metal. With
this system of nucleation, we can have a limit in the growth
step of the grains, and we obtained small grains size in the
microstructure. This diminution of grain size improved the
thermal conductivity coefficient of the Aluminium, but the
improvement was still limited by small amount of addition
elements, Titanium (0.3%) and Boron (0.05%). At these
values, we noted the apparition of precipitation on the case of
Titanium addition, but it was very small or negligible in the
case of Boron addition. This explains how the improvement
is more important with Boron addition.

If we continue adding these elements in the molten
Aluminium, the grains size continues to be smaller, especially
in the case of Boron addition, and the precipitations become
more important in the case of Titanium addition. This
explains also the smaller conductivity coeflicient values in
Titanium addition case after the peak compared to the case
of Boron addition. The decreases of the thermal conductivity
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FIGURE 6: The morphologies of Aluminium 6063 without addition (a), with 0.3% Ti (b), and with 1,5% Ti (c).

FIGURE 7: The morphologies of Aluminium 6063 without any addition (a), with 0.05% B (b), and with 2% B (c).

coeficient in these two cases after the peaks can be explained
by the effect of increasing of the heterogeneity in the basic
metal.

The additional percentage of Boron increases the metal
impurity. Additional augmentation of Titanium increases the
density of precipitations and their volume. All those factors
are considered as obstacles in front of heat dissipation and
explain the decrease of final thermal conductivity coefficient.

4. Conclusion

Addition of some chemical elements can lead to increasing
the thermal conductivity of the Aluminium 6063 for heat
sinks applications used for electronic industries.

Titanium and Boron have a good effect in this way but
only with small percentage.

More than 13% of improvement of the thermal conduc-
tivity was achieved with the addition of 0.05% of Boron and
about 6% for 0.3% of Titanium addition.

Although these additions reduced the grains size, they
attempted to form new intermetallic phases in the micro-
structures.

And these new phases lead to reducing the new thermal
conductivity values already improved in the Aluminium
6063.
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