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(57) Claim
1. A process for the manufacture of aluminium-graphite

particulate composite using uncoated graphite particles for
automobile and engineering applications which comprises
melting aluminium alloy in a furnace to form a melt, adding a
flux to cover the melt to remove slag and impurities and to
prevent absorption of moisture, treating the melt with an
agent (which is magnesium, strontium, titanium or lead) to
increase wettability of the alloy and the graphite particles
(the addition of the agent being unnecessary if it is already
present in the alloy), mnmixiang the melt for proper
distribution of the agent, cleaning and degassing the melt
with dry nitrogen, treating the melt with flux and cleaning
again, gradually adding surface activated graphite powder to
the bath and stirring at 500 to 600 rpm at a temperature of
7060° to 740°C.
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16. An aluminium-graphite particulate composition for

automobile and engineering applications, said composite
comprising aluminium alloy, an agent selected from magnesium,

strontium, titanium or lead, and uncoated surface activated

graphite powder.
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COMPLETE SPECIFICATION FOR THE ;NVENTION ENTITLED:

"aA PROCESS FOR THE MANUFACTURE OF ALUMINIUM GRAPHITE PARTICULATE
COMPOSITE USING UNCCATED GRAPHITE PARTICLES FOR AUTOMOBILE AND
ENGINEERING APPLICATIONS"

The following statement is a full description of the
invention including the best method of performing it known
TO us:
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"A PROCESS FOR THE MANUFACTURE OF ALUMINIUM GRAPHITE

PARTICULATE COMPOSITE USING UNCOATED GRAPHITE PARTICLES

FOR AUTOMOBILE AND ENGINEERING APPLICATIONS"

This 1is an invention relating to a process
for the manufacture of BAluminium-Graphite composite for
automobiles and engineering applications.

Composite materials vrefer to a combination
of several materials which provide unique combination of
prope. ties that cannot be realised by the individual consti-
tuents acting alone. Composite materials offer many impro-
vements over the base materials, properties such as bearing,
lubricating, damping and machinability can be appreciably
enhanced.

Aluminium and its alloys are extensively used
in a large number of industrial applications due to their
excellent combination of properties, e.g. high streéngth
to weight ratio, good corrosion resistance, better thermal
conductivity, easy to deform etc. Because of high strength
to weight ratio, automobile and aireraft components are
generally manufactured out of aluminium alloys in order
to make the moving vehicle lighter, whi¢ch results in saving
in fuel consumption. Howeveér, the use of aluminium alloys
as an antifriction material has been limited because of
unfavourable wear. They tend to seize when run under bound-
ary lubrication condition. To circumvent the above limita-
tion i.e. to improve wear resistance, it has been proposed

to disperse graphite particles in aluminium matrices. This
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will not only increase wear resistance, but will also
ameliorate damping capacity and machinability of the base
alloy.

Graphite is well known as a solid lubricant
and its pressence in aluminium alloy matrices makes the
alloys, self-lubricating. The reason for the excellent
tribological properties of graphic-aluminium is that alumi-
nium alloy matrix yields at low stresses and deforms exten-
sively which enhances the deformation and fragmentation
of the surface and sub-surface graphite particles even
after short running-in period. This provides a continuous
film of graphite on the mating surfaces which, essentially,
~revents metal to metal contact and hence prevents seizure.
However, the basic problem associated with the production
of aluminium-graphite composite is that the graphite particle
is not wetted by the aluminium melt. Hence, for the succe-
ssful entry of the graphite particles into the aluminium
melt, either wettability should be induced or sufficient
energy must be supplied to allow these particles to overcome
the energy barrier at the gas-liguid interface.

Initial efforts confirmed that the graphite
particles <could not be readily introduced ‘into molten
aluminium either by manually plunging or by injection below
the bath surface. However, after a series of experiments
and constant efforts, the conditions for wetting between
graphite particles and aluminium melt have been evolved.
The ultimate aim of the present investigation was to induce

wetting between graphite particle and aluminium alloy melt
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using simple ligquid metal technology and to develop
potential components for automobile and engineering
applications.

Dispersion of graphite particles in aluminium
melt can be achieved only when the particles are wetted
by molten aluminium. In case the particles are not wetted,
they remain flcocating on the top surface of molten metal
maintaining separate identity. Initial attempts of
producing aluminium-graphite composites have been restricted
to the use of coated graphite particles either by nickel
or by copper. Coating on graphite particles increases
the surface energy and hence reduces the energy for complete
immersion of a single graphite praticle into the melt.
This renders the process costlier and cumbersome and also
limits the size of the heat. However, the process,
described in this invention has successfully dispersed
uncoated graphite particles in aluminium matrices. It
has been up-scaled to the 1level of commercial heats and
castings of intricate shapes have been successfully made
on quality and quantity basis. Additionally, the inclined
and off-centre stirrer, which has been advocated in the
initial experiments, has been replaced by vertical centrally
located stirrer. This adds tc the advantage of using
standard graphite crucible.

The aluminium-graphite composite melt has been
successfully cast using shell moulding, gravity and pressure
die casting techniques. In die-casting, solidification

is reasonably rapid and multidirectional and there is limi-
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ted time for undesirable floating of the graphite particles
due to lower density as compared to the aluminium melt.

Aluminium and aluminium alloys like Aluminium-
Silicon, (Eutectic, Hypo and Hyper), Aluminium-copper,
Aluminium-silicon-copper, Aluminium-magnesium, Aluminium-
silicon-magnesium, Aluminium-Silicon Magnesium-Copper form
the base material for the composites. They are available in
the open market covered by IS, BS (British Standards
Institution) and ASTM specifications and examples are BS-
specified LM-0, LM-13, LM-16, LM-6, LM-4, LM-29, LM-30 or
LM-10. The BS values are issued by the British Standards
Institution and the LM prefix which precedes each of its
aluminium alloys refers to a British designation for
aluminium alloy pursuant, to British application no. (B.S.)
1940. These designations are available in Australia.
Properties of the composite can be made to suit the required
specifications by the proper selection of the base alloy and
the percentage of graphite to be added:

Graphite eléctrode manufactures are the potential
source of graphite. It consists of graphite shavings
obtained from their machine shops which are crushed and
seived to required grain size about (-125 + 63 um).
Petroleum coke is the main raw material for electrode
manufactures which is blended with pitch and contaminated
with coke o6n the surface during the process of electrode
manufacture. The contaminated coke gets machined off during
machining operation. Thus machine shop returhs have certain
percentage of pitek and coke mixed with it. It is essential

that these two impurities are removed before graphite is

.
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added to molten aluminium. To achieve this, seived graphite
is heated up to about 900°C and maintained at this
temperature for abour two hours before dispersing in the
melt. It should be stirred now and then, during this period.

It is also possible to make composite with natural
graphite. It is flaky in nature. For this reason bouyancy
on the natural graphite particles is higher than on synthetic
graphite particles.

Accordingly, the present invention provides a
process for the manufacture of aluminium~graphite particulate
composite using uncoated graphite particles for automobile
and engineering applications which comprises melting
aluminium alloy in a furnace, adding a flux to cover the melt
to remove slag and impurities and to prevent absorption of
moisture, treating the melt with an agent (which is
magnesium, strontium, titanium or lead) to increase
wettability of the alloy and the graphite particles (the
addition of the agent being unnecessary if it is already
present in the alloy), mixing the melt for proper
distribution of the agent, c¢leaning and degassing the melt
with dry nitrogen, treating the melt with flux and cleaning
again, gradually adding surface activated graphite powder to
the bath and stirring at 500 to 600 rpm at a temperature of
700° to 740°C. The invention also includes & particulate
aluminium-graphite composite comprising wuncoated surface-
activated graphite dispersed in aluminium or aluminium alloy
which ceontains or to which magnesium, strontium, titanium or
lead has been added, and automobile parts such as pistons,

cylinder blocks and bearing cast from the composites of the
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5 (a)

invention.

The graphite is surface-activated by heating, for
example at about 900°C for 2~3 hours.

The furnace used in the present case is a coke
fired pit furnace. The schematic view of the furnace
employed is given in Fig. 1 of the accompanying drawings

wherein the numerals refer to the following:

(1) Flexible Shaft (2) Bearings

(3) Mild Steel Stirrer (4) Graphite pre-heating
crucible

(5) Melting Crucible (6) Mild Steel Frame

(7) Pit Furnace

R TS L,




It can be either an oil fired or an electric furnace as
well. As shown graphite crucibles have been used in the
process - A-150 for melting the alloy and A-6 for pre-heating
graphite powders.

The invention is described in detail pelow :

To start with, the main crucible for melting aluminium alloy
is placed 1in the furnace and the small crucibles for pre-
heating graphite powder are arranged on its side. Weighed
amount of graphite powder is placed in the small crucible and
covered with a 1id. As soon as the melting crucible is
heated up, weighed amount of aluminium alloy is charged and
crucible is covered. When aluminium has reached a semi-pasty
stage, 1its surface is covered with a fluxing agent. The
preferred fluxing agent is Coveral-11 which is marketted by
M/s Foseco Greaves. Other commercially available fluxing
agents can also be used.

No sooner, the temperature rises to about 7006 C, the
cover flux is worked into the metal with the help of a sppon
kept ready coated with a refractory layer. The slag 1is

The aged*
pushed aside a small amount of ;eagt;maqwata&kwhich improves
wettability between aluminium alloy and graphite is gradually
lowered into the métal with the help of a tong. Magnesium to

the extent of 1% o0f the melt is recommended to achieve

wetting. The tongs are also kept moving side ways to ensure
proper mixing of magnesium in the melt. The bath 1is then
agitated with a baffle and slag is removed. Melt is now
degassed with dry nitrogen gas. The degassing may be done




for about 6 minutes. Nitrogen gas should uniformly bubble
through the molten metal, After degassing flux is again
sprinkled on the surface of the melt, it is worked in and
removed. The melt is now ready for addition of graphite.
The temperature at this stage should be maintained at around
about 700”to about 720°C.

During the period when the metal is charged into the
crucible and degassed, the graphite powder gets heated up in
the small crucible. It is necessary that dvring the melting
of aluminium alloy, the graphite particles should reach a
temperature of about 900°C. This temperature 1is reached in
about 1/2 an hour. To ensure this, the crucibles, containing
graphite particles, were placed slightly below the top level
of the melting crucible, and covered with coke. The graphite
powder is, now and then, agitated with the help of a small
spoon to achieve uniform heating and to release the volatile
matter (pitch) from the powder. Stirrer is then lowered into
the crucible containing melt to a distance equal to the
radius of the stirrer from the bottom of the crucible. It is
located <centrally and kept vertical. It is then given the
rotatory motion and speed is raised to about 500 to about 600
r.p.m. The 1lid of the graphite crucible is then removed and
addition of graphite particles is started with the help of a
spoon. The addition has to be slow and is made on the
periphery of the vortex. It is drawn into the metal by the
churning action of the stirrer.

The uniform pattern of churning is now and then

disturbed by the use of a suitable baffle lowered into the
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metal against the side of the crucible taking care that it
does not hit the moving stirrer blades.

After complete addition of graphite, the stirrer is kept
moving for a minute at a lower speed i.e. about 400 r.p.m.
Stirrer 1is then stopped and removed and metal 1is degassed
again for about 2 to 2 1/2 minutes. Metal is now ready for
casting.

If for any reason graphite is not wetted by aluminium,
it will be rejected and will float to the surface. In that
case, the rejected graphite is skimmed off and fresh addition
of pre-heated graphite 1is made in the manner similar to that
described above. To take care of such an eventuality, two
lots of graphite are heated side Dby side in separate
crucibles in the furnace. The entire operation 1.e. initial
degassing to final degassing, need be carried out in the
temperature range of about 700°to about 740°C.

A graphite coated and heated spoon is now used to take
out the composite melt for pouring into ths moulds.
Everytime, before the metal is spooned out, it is agitated by
the spoon itself to ensure uniform distribution of wetted
graphite. It may be noted that wetted graphite particles as
well rise to the surface due to density differences Dbetween
the graphite particles and aluminium melt and accumulate at
the top forming a thick layer. This starts appearing after
about 15 to 20 secs. of the mixing of these into the metal.

It 1is therefore necessary always to agitate the molten

composite melt everytime before it is spocned out for pouring
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into the mould. Pouring should be fast.

All the equipment i.e. stirrer, skimmers, plungers,
baffle, spoons. etc. are cleaned with graphite. They are
then arranged on the periphery of the furnace for drying and
heating before use.

Graphite particles, upto about 10 wt.% and size range
from about 10 am to about 300 am have been used for
dispersing in the aluminium alloy. However, the best
distribution of particles are achieved when the size range is
within about 63‘Nm to about 125 um

It has Dbeen observed that eutectic silicon can be
modified Dby addition of sodium element {(about 0.05 wt.%) in
graphite particle dispersed aluminium-silicon composites.
The addition of sodium element should be done before
dispersing graphite particles. Microstriactural investigation
has revealed that sodium added after dispersing graphite
particles has ho effect on eutectic silicon.

In hypereutectic aluminium-silicon alloys, the first

phase to solidify is primary silicon and can be seen as large

cuboids. This, in general, weakens the matrix alloy
strength. Thus, in order to refine the primary silicon, red
phosphorus (about 0.03 wt.3%) is added, just after
degasification. Inmediately, after refinement, the melt is

further modified with sodium element (about 0.05 wt.%).
Graphite particles should be dispersed, after addition of red
phosphorus and sodium, with a view to achieve refined and
modified silicons in Al=Si-graphite composites.

Addition of graphite does adversely affect the
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mechanical properties of the base alloy but the desired
properties can be achieved in the composite by adjusting the

percentage of graphite and proper selection of the base

1

aluminium-alloy. It, however, 1improves the tribological
behaviour of the composite. It is significant to note that
forging, extrusion and heat treatment of the composite can be
carried out in the same manner as the base alloy. The normal
casting techniques of sand moulding, gravity die casting and
pressure die casting are applicable toc composite materials.

It has also been observed that during pressure die
casting the graphite particles get exfoliated and aluminium
anters the voids created between the fragmented parts of the
particle. This improves the tensile strength of the
component over other castihg techniques.

Attempts were made to cast pistons, c¢ylinder blocks,
bushing spring guides etc. out of aluminium~graphite
composites. Although the fluidity of aluminium alloys
decreased with addition of graphite particles, the values ¢f
casting fluidity are found to be adequate for making a
variety of intricate castings mentioned above.

The most significant advantage of graphitic-aluminium is
reduction in weight to one third as compared to cast iron and
copper base alloys. This reduces the weight and consequently
the fuel consumption of vehicle.

Dispersed graphite particles in aluminium matrices act
as a solid lubricant and improve tribological properties.

The process for making aluminium-graphite composite has
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been made simple and the equipment is so designed as to be
within the rzach of a small foundry unit.

There s hardly any increase in the cost of composites
over that of the base materials.

Components made out of graphitic-aluminium would be
cheaper 1i.e.costing one-third of copper base alloys.

Aluminium alloy-graphite particle composites can
successfully be used for pistons, cylinder blocks, bearings,
etr.

Resistance to seizure of the composite is very good. It
can be run under boundary lubrication without seizing.

Temperature rise 1in the bearing is reduced by the
addition of graphite particles.

Graphite acts as a solid lubricant and reduces wear
losses during fricticen.

Components weighing from a few grams upto about 5 kgs.
have been successfully produced out of aluminium-graphite
composites.

Intricate shape and thin sections have been successfully
cast with ease.

Mechanical strength of the aluminium-graphite composites
is lower than the base alloy, however, it is ade uate for
most applications envisaged.

Strength values can be maintained at the desired levels,
within limits, by controlling the graphite content.

Macxninability is better than the base material.

Machinability is greatly improved by controlled graphite

addition to aluminium matrices.
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Life and performance of the cutting tcol is enhanceg.

Addition of graphite particles improves damping capacity
of the base alloys.

Aluminium-graphite composite is comparable to grey cast
iron which is known for its excellent damping capacity.

The invention is further illustrated with the following
examples which should not be considered to limit the scope of

the invention:

Example -1
Alloy designation : LM-0 + 3% Graphite
Mix
3-{;' M-0 : 40 Kgs.
e Graphite : 1200 gms.
::'J magnesium : 400 gms
;H"‘ Process Material
Y Cover flux : 250 gms.
o Nitrogen gas
: ::: 1) Initial degassing : 6 minutes
o 2) Final degassing : 3 minutes
et Parameters
Graphite particle size : - 125 + 63 micron
':f:‘ Graphite surface treatment : heating at 900°C for
e 2 hours
Degassing temperature : 730-750°C
Stirring temperature : 720-740°C.
Pouring temperature : 700-740°C.
Stirring speed : 500~600 rpm
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Properties of the composite so prepared
Tensile strength :
Percentage elongation :
Hardness (Brinell) :
Specific Gravity :

Example-II

Alloy designation

Mix

LM-13

Graphite

Process Material

Cover flux

Nitrogen gas

1) Initial degassing
2) Final degassing
Parameters

Properties of the composite so prepared

Graphite particle size

Graphite surface treatment

Degassing temperature
Stirring temperature
Pouring temperature

Stirring speed

Tensile strength
Percentage elongation

Hardness (Brinell)

Electrical conductivity

70 MPa
4%
30 H.B.

2,64

IM -13 + 3% Graphite

40 Kgs.

1200 gms.

250 gms.

6 minutes

3 minutes

-~ 125 + 63 micron
heating at 900°C for
2 hours

720-740°C.
700-720°C.
680-720°C.

500-600 rpm

190 MPa

0.3

oo

120 H.B.

23%

g
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($ICAS)

Specific Gravity

Example-III

Alloy designation
Mix
LM-13
Graphite

Process Material

Cover flux

Nitrogen gas

1) Initial degassing

2)Final degassing
Parameters

Graphite particle size

Graphite surface treatment

Degassing temperature
Stirring temperature
Pouring temperature

Stirring speed

Properties of the composite so prepared

Tensile strength
Percentage elongation
Hardness (Brinell)
Electrical conductivity

($ICAS)

(XS

LM-13 + 5% Graphite

40 Kgs.

1200 gms.

250 gms.

6 minutes

3 minutes

« 125 + 63 micron
heating at 900°C for
2 hours.

720-740°C.
700-720°C.
680-720°C.

500-600 rpm

B tmyy et
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N Specific gravity : 2.6
Example-1V
Alloy designation H IM-13 + 5% Graphite
(Particle size - 45
micron) Heat treated.
Mix
ILM-13 : 40 Kgs.
Graphite : 1200 gms.
Process Material
Cover flux : 250 gms.
vt Nitrogen gas
;.x. 1) Initial degassing : 6 minutes
2‘::‘ 2) Final degassing : 3 minutes
AEI Graphite particle size : - 45 micron
Graphite surface treatment : heating at 900°C for
3 faae 2 hours.
SN Degassing temperature : 720-740°C.
S Stirring temperature : 700-720°C.
Pouring temperature 2 680-720°C.
e Stirring speed : 500~600 rpm.
Hhas ';: Properties of the composite sqQ prepared
o Tensile strength : 145 MPa.
Percentage elongation : 0.2%
Hardness (Brinell) : 95 H.B.
Electrical conductivity : 20%

(3ICAS)
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Specific gravity

Example-V
Alloy designation
Mix
LM-6
Graphite

Magnesium

Process Material

Cover flux

Nitrogen gas

1) 1Initial degassing

2) Final degassing
Parameters

Graphite Particle size

Graphite surface treatment

Degassing temperature
Stirring temperature
Pouring temperature

Stirring speed

Properties of the composite so prepared

Tensile strength
Percentage elongation
Hardness (Brinell)
Electrical conductivity

(% ICAS)

16

-
-

L

..

2,6

LM-6 + 3% graphite
40 Kgs.
1200 gms.

400 gms.

250 gms.

6 minutes

3 minutes

- 125 + 63 micron
heating at 900°C for
2 heurs

720-740%C.
700-720°C.
680-720%¢C.

500-600 rpm

125 MPa

60 H.B.

30%
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Specific gravity

Example~VI

Alloy designation

Mix
LM-13
Graphite

Process material

Cover flux

Nitrogen gas

1) Initial degassing
2) Final degassing
Parameters

Graphite particle size

Graphite surface treatment

Degassing temperature
Stirring temperature
Pouring temperature

Stirring speed

17

3

-

2.64

ILM=-13 + 5,5% Graphite

(Pressure die cast)

40 Kgs.

1200 gms.

250 gms,

6 minutes

3 minutes

- 125 + 63 micron
heating at 900°c for
2 hours

720-740°¢C.
700-720°C.
700-720°C.

500~600 rpmn.

Properties of the composite so prepared

Tensile strength

Percentage elongation

Hardness (Brinell)

Electrical conductivity
(% ICAS)

Specific¢ gravity

..

2,64

Nt
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Example-VII
Alloy designation : LM~-30 + 3% Graphite
Mix

LM-30 : 40 Kgs.

Graphite : 1200 gms.

Magnesium : 400 gms.
Process material

Cover flux : 250 gms.

Nitrogen gas

1) Initial degassing B 6 minutes

2) Final degassing : 3 minutes
Parameters

Graphite particle size : - 125 + 63 micron

Graphite surface treatment : heating at 900°C for

2 hours

Degassing temperature : 720~740°%C,

Stirring temperature : 700-720%C.

Pouring temperature : 700~720°%C.

Stirring speed : 500-600 rpm.
propérties of the composite so prepared

Tensile strength : 100 MPa

Pexrcentage elongation : 12

Electrical conductivity : 18.4%

{% ICAS)
Specific gravity : 2.6
w om o




Example-VIII

Alloy designation

as

LM-16 + 3% Graphite

Mix
LM-16 : 40 Kgs.
Graphite : 1200 gms.
Magnesium : 400 gms,
Process Material
Cover flux : 250 gms.

Nitrogen gas

1) Initial degassing : 6 minutes

2) Final degassing : 3 minutes
Parameters

Graphite particle size : - 125 + 63 micron

Graphite surface treatment : heating at 900°C for

2 hours.

Degassing temperature : 720-740°C.

Stirring temperature : 710-730°C.

pouring temperature : 710-730°C.

Stirring speed : 500-600 rpm.
Properties of the composite so prepared

Tensile strength : 145 MPa

Percentage elongation : 1%

Hardness (Brinell) : 90 H.B.

Electrical conductivity : 26.5%

{% ICAS) ;
Specific gravity : 2.65

¥ Rk
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Example-IX

Alloy designation : 2014
Mix
2014 :
Graphite
Magnesium

Process Material

Cover flux

Nitrogen gas

1) Initial degassing :

2) Final degassing
Parameters

Graphite particle size

Graphite surface treatment :

Degassing temperature
Stirring temperature

Pouring temperature

Stirring speed 2

Properties of the composite so prepared

Tensile strength

Percentage elongation

Hardness (Brinell)

Electrical conductivity
(% ICAS)

Specific gravity

+ 3% graphite

40 Kgs.
1200 gms.

400 gms.

250 gms.

6 minutes

3 minutes

- 125 + 63 micron
heating at 900°c for
2 hours

720-740°C.
710-730°C.
710-730°¢C,

500-600 rpm

184 MPa

2.77
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Example-X

Alloy designation :

Mix
2014
Graphite
Magnesium :

Process Material

Cover flux

Nitrogen gas

1) Initial degassihg
2) Final degassing :
Parameters

Graphite particle size

Graphite surface treatment

Degassing temperature
Stirring temperature
pouring temperature
Stirring speed

Properties of the composite so prepared

Tensile strength
Percentage elongation
Hardness (Brinell) H
Electrical c¢onductivity

(3 ICAS)

Specific gravity

2014 + 3% Natural Graphite

40 Kgs.
1200 gms.

400 gms.

250 gms.

6 minutes

3 minutes

- 125 + 63 micron

heating at 900°C for
2 hours

720-740°C.
710-730"C.
710-730°C.

500-600 xrpm.

138 MPa

O
‘.

-J
o0

77 H,B.

35.‘2

2.76
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THE CLIAMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the manufacture of aluminium-graphite
particulate composite using uncoated graphite particles for
automobile and engineering applications which comprises
melting aluminium alloy in a furnace to form a melt, adding a
flux to cover the melt to remove slag and impurities and to
prevent absorption of moisture, treating the melt with an
agent (which is magnesium, strontium, titanium or lead) to
! . increase wettability of the alloy and the graphite particles
Tt (the addition of the agent being unnecessary if it is already
present in the alloy), mixing the melt for proper
distribution of the agent, cleaning and degassing the melt
with dry nitrogen, treating the melt with flux and cleaning

again, gradually adding surface activated graphite powder to

v the bath and stirring at 500 to 600 rpm at a temperature of
RAEAN 700° to 740°C.
2. A process as claimed in c¢laim 1, wherein the

aluminium alloy is an aluminium-silicon, aluminium-copper,
aluminium-silicon~copper or aluminium-silicon-copper-
magnesium alloy.

3. A process as claimed in claim 2, wherein the
aluminium alloy is a British Standards Institution (BS)
specified alloy LM-0, LM-13, LM-16, LM-6, LM-4, LM-29, LM-30
or LM-10.

4. A process as claimed in any one of the preceding
claims, wherein the flux is a commercially available cover
flux as generally used for aluminium alloys.

5. A process as claimed in any one of the preceding

. ’

A~
4531 .(rglaims, wherein the agent is magnesiumn.
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6. A process as claimed in any one of the preceding
claims, wherein the agent is used in an amount of up to 1%
by weight of the alloy.
7. A process as claimed in any one of the preceding
claims, wherein degassing with dry nitrogen is performed for
6 minutes.
8. A process as claimed in any one of the preceding
claims, wherein the temperature of the bath is maintained at
700° to 740°C subsequent to degassing.
9. A process as claimed in any one of the preceding
claims, wherein the graphite particles are surface activated
by heating to 900°C for 2-3 hours.
10. A process as claimed in any one of the preceding
claims, wherein the melting of the alloy and addition of
graphite particles are performed in the same furnace.
11, A process as claimed in any one of the preceding
claims, wherein melting of the alloy is carried out in a
A-150 graphite crucible and the heating of graphite in a A-6
graphite crucible.
12. A process as claimed in any one of the preceding
claims, wherein the furnace employed is o0il or coal fired or
an electric furnace.
13. A process as claimed in any one of the preceding
claims, wherein an aluminium alloy containing a large amount
of silicon 1is pre-treated by adding sodium metal before
addition of the surface activated graphite powder.
14. A process for the manufacture of aluminium-graphite
particulate composite using uncoated graphite particles for

automobile and engineering applications, as described herein
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with reference to any one of the examples and accompanying
drawing.
13, An aluminium-graphite composite when prepared by a
process as claimed in any one of the preceding claims.
16. An aluminium-graphite particulate composition for
automobile and engineering applications, said composite
comprising aluminium alloy, an agent selected from magnesium,
strontium, titanium oxr lead, and uncoated surface activated
graphite powder.
17. A composite as claimed in claim 16 in which the agent
is magnesium which is present in or added to the alloy in an
amount of up to 1% by weight.
18. Articles formed by shaping a composite as claimed in
any one of claims 15 to 17.
19. Pistons, cylinder block, bearings or other automobile
parts cast from a composite as claimed in any of claims 15 to 17.

DATED this Fourth day of March, 1991.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

by their Patent Attorneys

CULLEN & CO.
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