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Abstract- To produce aluminum matrix composite reinforced with graphite particles,mixing of pure aluminum and graphite
powders by a new method called homogenization in liquid phase was performed. The graphite content was chosen from zero to 4.5
percent by weight of graphite in this study. Composite samples were produced using the dried powder by two ways: spark plasma
sintering (SPS) and cold pressing and thereafter sintering in a vacuum furnace under different pressure, temperature and time.To
investigate the mechanical properties of samples,compression,hardness were performed. Finally, the microstructure was investigated
by OM and SEM.Based on the results and observations it was cleared that distribution of graphite particles was much better than
other methods. Thus threefold compression sirength in comparison with other miving methods and dramatically improved wear
property were obtained as the addition of graphite reaches 3 percenthy weight.

Keywords - Al'Gr composite, liquid phase homogemzation, SPS, Mechanical properties.

I INTRODUCTION
Composites Al'Gr due to its lubricating properties and good
abrasion properties of the lubmcant film formation on the
surface [1], light [2], better grindability than the background
[3]. low thermal expansion coefficient, attracting vibration
[4.5]. have potential for manufacturmg cyhnder liners,
pistons, bearings and general engineering applications [6].
The presence of graphite in the aluminum. usually reduces the
mechanical properties of the composites [7]. The
investigation showed that, generally, by increasing the
percentage of graphite, hardness and tensile properties and
fracture toughness of composites Al / Gr 15 reduced [8.9]. The
need for a composite to show its high efficiency, uniform
distnbution of the reinforcing phase. Reinforcing particle
agglomeration, the reduction in mechanical properties
[10.11]. Techniques of adding reinforcements and their
distnbution in the field, including methods for hiqud and
solid exist. In this case it will be non-uniformly distnibuted
particles In the SPS, the pressure and sintered powders are
done simultaneously. Compared with other methods 1s done
in a shorter period and lower temperatures and extremely
high efficiency of this method. In the present study, for
mixing powders Al / Gr, a new method was used. I called this
method, the method of homogenization in the liquid. This 1s

the first time I got in the Faculty of Engineering, Ferdowsi
University of Mashhad. This method 15 a powder metallurgy
method. The preparation and mixing of powders m liquids by
ultrasonic devices were used. The composite strength by
reinforcing particles 1s dependent on the following factors:
type and particle size, morphology, volume fraction,
distributed. Using homogenization method allows uniform
distribution of particles in the liqud phase exists.

II. EXPERTMENTAL PROCEDUEREE
The as received Al powder with punity of 99 9% and average
particle size of 45 pmand Graphite with an average particle
size of 10um that used 1n this study was. The concentration of
graphite in the composites was 0, 1.5, 3 and 4.5% by weight.
First, the graphite was dispersed in acetone using ultrasonic
with the frequency of 50 kHz for 1 h. Then. the Al powder
was slowly added into the solution and sonmicated for 4 h to
obtain a homogenous mixture. The mixtures were filtered and
dried at 90°C for 6 h to form the powder. The mixed powders
filled in cylindrical graphite dies with 6 mm diameter and
after placing the die inside the SPS apparatus. umaxial
pressure of 28 MPa was applied to the samples. The pressure
was exerted to the samples during entire sintening time.
Sintering was carried out by applying a pulsed DC current



with 7 A'mm*ewrrent density for 390 sec under ngh vacuum
(107C * Torr). The temperature vanatons of die during the
process was measured by a placing the thermocouple mnside
the die and sinfered at temperature of 390°C. After smtermmg,
the DC cwrent was twned off and samples cooled naturally.
The smmtered compact cylmdrical sample had 2 diameter of
fmm and a length of 10 mm Also, using other method, The
mixed powders was pressed at 300 MPa for 5 mun to make a
evlindrieal shape with the ratio of 1:]1 between diameter and
beight. The pressed samples were sintered at 300°C for 6 hin
the fuornace. The prepa:ed composites were obsarved by QMM
and SEM to recogmize the distmbufion of graphite within
aluminum To  mvestigate the mechamcal properfies of

samples compression, hardness tests were performed.

II. FESULTS AND DISCUSSION

According to observations by OB and SEM (Figure 1), 1f can
be concluded that: In this way, the addiion of graphite to an
optimazl value, the aggregate does not cccur. and distmbubion
will be wmform. But with the addihon of graphite over the
optimum, wmform distnbution declined. But vet again the
uniformaty and homogeneity In companson with simular
samples gzenerated by other methods more. The optimal
amount of graphite (graphite alumumom with three percent)
are mmch more efficient than the same graphite composites
produced by other methods (in other producton methods,
optimal valoe, 1%.).

ﬂﬂ Egralds SAES eyl F dag

EFT E LY WOE 1 [ R e N1

Fig. 1: (3) OM of sintered composites Al-1 5%Gr by SP5. (b) SEM
of sintered composites Al-3%GTr by cold pressed-sinfered in furnace.

The smaller, more umform dismbubon of bulk graphite
contnbuted to the mproved mechanical properfies.

Table 1, the compressive strength, hardness for specimens
with different percentages of graphute shows. As observed,

the value of all the parameters, with the addibon of graphute
to the amount of 1.5 percent much hgher than pure
alummwm. And with the addihon of graphite to 3%, the value
rose. In other words, optimum and maximum vahies of these
parameters 1 the Al-3% Gr composite. With the addibion of
graphite to the amount of more than 3 percent, the value of
this parameter, compared to 1.5 percent lower. The value of
the 3% most of the graphite, the value of this parameter
decreazes. Because 1t can be expressed as follows: umform
dismbution of graphite, ahmminum, znd non-agglomeraton
and reduce porosity, to optimum percentage.

TABLE I Compreszive Stress and Brinell HARDNESS DaTa FOR THE
VARIOUS MATERIALS AND CONDITIONS.

Material Condition  Brnnell hardness Compressive Stress
(HB) (MPa)
Al-0%Gr SPS 20.7 140.77
furnace 284 125.30
Al-1 5%Gr SPS 209 263.53
fumace 29.1 251.19
Al-3%Gr SPS 351 3157.83
fumace 3121 268.03
Al-4 5%Gr SPS 22.7 123.50
fumace 224 74.00

IV. COMCLIUISIONS
using graphite parficles homogemzaton of hquid and powder
metallorgy method can achieve wmform dismbubtion of
graphite, which improves the mechamical properties. Alse,
with the addibhon of graphite to the optimal wvalue, the
compressive strength, hardness 1= inereased. For amounts
greater than the optmal value, the reverse process occurs.
Also, with the addifion of graphite 1= greater than the optimal
value, larger sphenical masses of graphite was observed. As s
the site of stress concentration. And a decrease in mechameal

properhes.
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