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aluminium alloy-mica composites

DEONATH

Institute of Technology, Banaras Hindu Unjversity, Varanasi 221 005, India

RAM NARAYAN, PRADEEP K. ROHATGI"
Regional Research Laboratory, Council of Scientific and Industrial Research,

Trivandrum 695 0139, India

Damping capacities of cast aluminium alloy—mica particle composites were measured
using a torsional pendulum method at a constant strain amplitude. The damping
capacity of aluminium alloys progressively increases with increasing amounts of mica
particles dispersed in the matrix, within the range investigated. The percentage increase
in damping capacity at any level of mica is several times greater than the volume per cent
of mica particles present in the matrix. The ratios of the specific damping capacity to
density of aluminium alloy—mica particle composites (above 2% of mica) are greater
than that of cast iron. Machinability tests on aluminium alloy—mica composites carried
out at different speeds indicated that the average length and weight of individual chips
decreases with increasing amounts of mica particles in the matrix. The percentage increase
in the number of chips per gram of composite was several times the volume per cent of
mica particles present in the composite. A decrease in the size of chips due to mica
dispersions is a major asset since it permits faster machining speeds. Measurements of
coefficient of thermal expansion showed very marginal increases in the aluminium

alloys as a result of 2% mica dispersions. The electrical resistivity measurements of
aluminium—mica composites using Kelvin’s double bridge showed increases in electrical
resistance of the order of 14% as a result of 2.2% mica additions. The measured increases
in the electrical resistivity and coefficients of expansion are higher than the values
calculated from the presently established theories of composite materials.

1. Introduction

Metal—ceramic particulate composites consist of
dispersions of ceramic particles in metal matrixes
and they find "application as electrical contacts,
cutting tools, rocket nozzels, spark-plug electrodes,
bearings and pistons. The conventional method of
making such composites is generally powder
metallurgy wherein the metal and ceramic powders
are mixed, pressed and sintered. However, a rela-
tively simple method of making cast particulate

composites has been developed during the last
decade which involves mixing of ceramic particles
in a vortex created by mechanical stirring of liquid
alloys and casting the melt containing suspended
particles into permanent moulds [1-15]. Alu-
minium alloy—mica composites made by the above
techniques have been shown to possess good anti-
friction properties under boundary lubrication and
under semi-dry conditions [16]. However, a good
material for bearing applications should also have a
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TABLE I Chemical analysis of cut mica powder

Constituents Percentage (wt)
Sio, 48.12
Loss on ignition 4.78
Fe,O, 3.10
Al 0, 33.06
CuO 1.62
MgO 1.13
K,O 7.10
Na, O 0.75
Li, O 0.33

high damping capacity and good machinability, In
this investigation the damping capacity and length
of chips (one of the criteria for good machinability)
of aluminium—mica composites with increasing
mica contents in the matrix have been measured.
Aluminium—mica particle composites, due to their
antifriction properties, may also be useful as
electrical contacts; therefore, in the present work
the electrical resistance and coefficient of expan-
sion of aluminium-mica composites were also
measured.

2. Experimental procedure

Al—4 wt % Cu alloy was melted in a super salaman-
der crucible using an oil-fired furnace and was
superheated to 800°C. The melt was de-gassed
with nitrogen. It was then stirred with a mech-
anical stirrer to obtain a vortex in the melt. Cut
mica powder of average size 40 um, prepared by
milling muscovite mica sheets of the composition
given in Table I, along with magnesium pieces
(0.5% 107m to 1.0 x 1072 m cubes), were added
to the surface of the melt forming a vortex; the
molten alloy containing suspended mica particles
was de-gassed with a stream of nitrogen while
stiring it slowly. The stirrer was removed and the

metal was poured into permanent moulds to
obtain castings of the composites. A detailed
description of the process is given elsewhere [15].
Since the density of mica particles is close to that
of the matrix, the volume percentages of mica
were almost the same as their weight percentages.

Damping capacity test pieces were machined
from 2.5x1072m diameter cast rods, while
6.2 x 1072m diameter cylindrical castings were
made for machinability test specimens.

2.1. Damping capacity tests

The damping capacity of aluminium alloy—mica
composites was measured using a torsion pendu-
lum method similar to that used by Rohatgi et al.
[17] for measuring the damping capacity of
aluminjum—graphite composites. The dimensions
of the sample and the apparatus used are shown in
Fig. 1. A cast iron sample was also tested to com-
pare the values obtained with the present set-up
with the standard values reported in the literature,
as a check on the experimental procedures. The
tests were carried out at a shear stress level of
141 x 106kgm™ for aluminium alloys and at
2.10 x 10%kg m™2 for cast iron [18—20].

2.2. Measurement of electrical resistivity
Electrical resistance of mica dispersed aluminium
alloy was measured using Kelvin’s double bridge to
eliminate the errors due to contact and lead
resistance and to carry out precise measurements
of low resistances. The size of the samples used
was 2x 1072 m in diameter and 20 x 1072 m to
30 x 1072 min length.

2.3. Measurement of coefficient of
thermal expansion
A “Leitz” photographic dilatometer was used to
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Figure 2 Macrophotograph of a typical bearing casting of
Al-4.0 wt % Cu—1.5 wt % Mg 1.5 wt % mica composite.

measure the coefficient of thermal expansion.
Samples, 3 x 1073 m in diameter and 50 x 103 m
long, were made from pure aluminium, Al—4 wt %
Mg and Al—4 wt % Cu—1.1.5 wt % Mg—mica alloys.
The samples were put in a quartz tube which was
symmetrically arranged in a tube furnace. The
temperature of the furnance was raised until the
temperature of the samples recorded by the thermo-
couple reached 500°C. The expansion of the
sample was recorded by a light spot moving on a
photographic plate. Each point on the curve ob-
tained by this method has for its ordinate the
difference of dilations of the specimen and the
standard; the abscissa is proportional to the dilation
of the standard with respect to the quartz tubes.

Figure 3 Microstructure of Al-4.0wt% Cu—1.5wt%
Mg—3.0wt% mica * (arrows indicate mica particles)
(X 210).

Figure 4 Scanning electron microphotograph of the
fractured surface of cut mica dispersed Al—4.0wt%
Cu-1.5wt% Mg—1.7wt% mica composite (arrows
indicate mica particles) (X 80).

2.4 Machinability test

The machinability tests were carried out by
machining 5.5 x 1072 m diameter and 15 x 10 m
long specimens using 3 x 1073 mand 1.5 x 10% m
depths of cut. The top rake and side rake angles
were kept at 20° each while the front and side
clearances were fixed at 10° each, the nose radius
of the tool was 0.50 x 1073 m. The side cutting
angle was 10° and the end cutting edge angle was
5°. The feed rate used was 1.1378 msec™'. When
the depths of cut were 3x107°m and 1.5 x
107% m, the spindle speeds were 220 and 646 rpm
respectively. The number of chips produced per
gram of the material removed were counted.
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Figure 5 Specific damping capacity of mica dispersed
Al-40wt% Cu-1.5wi% Mg alloy as a function of
weight per cent mica.
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Figure 6 Percentage increase in damping capacity of mica
dispersed Al-4.0 wt % Cu—1.5 wt % Mg alloy as a function
of weight per cent mica.

3. Results and discussion

3.1. Damping capacity

A typical macrostructure, microstructure and
fractograph of Al—-4wt% Cu-—1.5 wt% Mg—mica
particle composite alloy are shown in Figs 2, 3 and
4, respectively. The specific damping capacity of
composites increases with mica percentage (Figs 5
and 6). The log decrement and specific damping
capacity (SDC) to density ratio of several alu-
minium alloy—mica composites (Table IT) show
increasing damping capacity of the composites
with percentage of mica. The ratio of SDC to
density of some aluminium—mica particle com-
posite exceeds that of cast iron above the 2% mica
level.

Fig. 4 shows a tensile fracture surface with
some voids around the particles, suggesting a
relatively weak particle—inatrix bond. Therefore
in the aluminium—mica composite there is more
likelihood of energy dissipation at the matrix—
particle interface (by microplastic deformation or
void formation) than within the mica particle.

The per cent increases (Table III) in damping
capacity with a given volume per cent of 40 um-
sized flake-shaped mica dispersions are lower than

the increases in damping capacity with the same
volume percentages of 350 to 550 um-sized
spheroidal graphite dispersions (even though the
matrix—particle interfacial area is much greater in
the former). Apparently the nature of the particles
is a more important factor than the interfacial
arca or the nature of the interface in influencing
the damping capacity. Graphite particles may be
more effective than mica in increasing the damping
capacity since their shear strength is twenty times
lower [21] than mica and can dissipate consider-
able energy in microplastic deformation of the
particle itself.

3.2 Machinability

The number of chips produced per gram when
machining the composites under specified con-
ditions increases with increasing amounts of mica
in the composites (Table IV, Fig. 7).

Fig. 8 shows a scanning photograph of a
typical machined surface indicating that some
mica particles are retained in the matrix during
machining. These mica particles apparently intro-
duce discontinuities in the material and act as
stress raisers, thereby resulting in the frequent
fracture of chips during machining, The production
of small chips is one of the criteria of good ma-
chinability, since very long chips have a tendency
to wrap around the tool at high machining speeds,
limiting the rate of machining; the aluminium
industry [22] is constantly in need of fast
machining alloys.

3.3. Coefficient of thermal expansion

Additions of mica lead to a very slight increases in
the coefficient of expansion of the alioys (Table V).
The measured values of the coefficients of
expansion are slightly lower than the values cal-
culated according to either the rule of mixtures

TABLE II Damping capacity of mica dispersed aluminium alloy

Composition (wt %) Log SDC (%) SDC to
decrement density ratio
Al—4 Cu—1.5 mica 0.00206 0.37 0.13
Al—4 Cu—1.5 Mg—0.75 mica 0.0096 1.83 0.60
Al-4 Cu-1.5 Mg—1.0 mica 0.0112 2.14 0.79
Al—-4 Cu--1.5 Mg—2 mica 0.0170 3.12 1.15
Al—4 Cu—-1.5 Mg—2.55 mica 0.0220 4.24 1.57
Grey cast iron (quasi flake graphite) 0.0346 7.5 1.04

(See Fig. 3 of [19]) C = 3.4%, Si = 2.0%,
Mn = 6.10%, 8 = 0.015%, P = 0.013%, Ni = 0.13%,
Mg =1.2%
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TABLE III Percentage increase in damping capacities of aluminium alloy—mica particle composites and aluminium
alloy—graphite particle composites as a result of dispersed particles

Reference Particle Particle Percentage increases in
(wt %)* size specific damping capacity
(um) due to dispersed particles
Rohatgi ez al. {17] 0.92 graphite 302 1390
1.226 graphite 302 1392
2.05 graphite 546 1950
3.42 graphite 546 2110
Present investigation 0.75 mica 40 394.6
1.40 mica 40 478.3
2.00 mica 40 743.24
2.55 mica 40 1045.90

*The weight and volume percentages are almost same for mica, the volume percentages of graphite will be slightly

higher than their weight percentages.

{23] or the Thomas formula [24]; of the two
formulas, the rule of mixtures gives values closer
to the measured values.

The slight discrepancy between the measured
and calculated values of the coefficient of thermal
expansion could be due to (a) the anisotropic
nature of mica with different coefficients of
expansion in different crystallographic directions,
(b) the lack of perfect bonding between the metal
matrix and the mica particles and (c) the flaky
shape of the mica particles requiring modifications
in the expressions developed for either fibres or
spherical dispersions.
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Figure 7 Percentage increase in number of chips per gram
of mica dispersed in Al—-4.0 wt % Cu—1.5wt % Mg alloy
as a function of weight per cent mica.

3.4. Electrical resistivity
The electrical resistivity of composite alloys
increases with mica content (Figs 9 and 10). The
percentage increases in the resistivity due to mica
additions are many times the percentage of mica
added. Since mica has a very high electrical resist-
ance [25], of the order of 10'° to 10% uQm for
muscovite compared to the matrix aluminium
alloy of 3.6 x 107® uQm, an increase in electrical
resistance due to mica additions is expected. How-
ever, the observed increases in resistivity are more
than the increases estimated according to the fol-
lowing three formulae available in the literature
for resistance of particulate composites (Table VI).
The Maxwell formula [26, 27] for the specific
resistance of a system where one phase is dispersed
within another is

Figure 8 Scanning electron microphotograph of a typical
machined surface of Al—4wt% Cu—1.5wt% Mg—-2.0 wt
% mica composite (X 72).
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where p,, is the electrical resistivity of the matrix,
Pq is the electrical resistivity of dispersoids, V,, is
the volume fraction of the matrix and Vjy is the
volume fraction of the dispersoids.

When the resistance of the dispersoids is very
high compared to the matrix, namely pq > pp,, as
in the case of mica dispersions in aluminium, this
equation simplifies to

(2+Vd)
p=|—="1pnm.

22V, @

According to Van Beek [28] the electrical
resistivity of a system containing spherical inclu-
sions of an insulating material in a highly con-
ducting material is given by

Pm

—m 3
1—1.5V4 ®

p =
The resistance of two phases [27] in parallel is
given by

PmPa

= 4)
VinPa + Vabm

TABLE IV Results of machinability tests on mica dispersed aluminium alloys at a feed rate of 1.1378 msec”
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Figure 10 Percentage increase in the resistivity of Al—
4.0wt% Cu—1.5wt% Mg alloy as a function of weight
per cent mica.
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This equation has been investigated since mica is
in the form of flakes and these would be analogous
to microscopic regions of parallel configuration in
some locations. Table VI shows that, while values
calculated according to all three formulae are
higher than the measured values, the closest agree-
ment is with Equation 3 derived by Van Beek
[28] . The differences between the measured values
and calculated values of electrical resistivity may
be due to the following reasons:

(a) Lack of perfect bonding between the mica
particles and the matrix;

(b) The presence of porosity in the cast com-
posites which can lead to an increase in electrical
resistance;

(c) The mica particles are flake-shaped and the
formulae derived for spherical particles require
modification;

(d) Some of the particles may be present as
agglomerates;

(e) Mica is anisotropic and the electrical resis-
tivity values will vary depending upon particle
orientation (this has not been taken into account).

Table VI shows that additions of 2% mica (levels
at which the composites can run even under dry

1

Sample Mica (%) Depth of rpm Number of chips
number cut (X 107 m) per 107%kg
1 0 1.5 646 80
2 0.5 15 646 100
3 1.1 1.5 646 190
4 2.2 1.5 646 300
5 3.0 1.5 646 700
6 0 . 3.0 220 65
7 0.5 3.0 220 85
8 i1 3.0 220 156
9 22 3.0 220 250
10 3.0 3.0 220 452
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TABLE V Measured and calculated values of coefficients of thermal expansion of cast Al—4 wt % Cu—1.5 wt % Mg—

mica particle composites

Alloy Volume fraction  Volume fraction  Coefficient of expansion (° C™!) (theoretically calculated

composition of matrix, Vi of dispersed values)™®

(wt %) mica, Vg Measured Rule of mixtures Thomas formula
value a=amVm+oagVy o= (azm)Vm . (ad)Vd

Al—-4 Cu-1.5

Mg 1.00 0.00 235 %10 235x10°¢ 23.5X10°¢

Al—4 Cu--1.5

Mg—1.2 mica 0.988 0.012 23.8 X107 23.65X%X10°® 23.62 X107

Al—-4 Cu-1.5

Mg—2.2 mica 0.978 0.022 240X10% 2378 X10°¢ 2372 X 107

*Calculated assuming coefficient of thermal expansion [24] of muscovite mica = ag = 3.6 X 107 °C™*.

TABLE VI Measured and calculated values of electrical resistivity of cast Al—4 wt % Cu-1.5 wt % Mg—mica particle

composites
Alloy Volume Volume Measured Electrical resistivity (u£2m) (theoretically calculated
composition fraction fraction of  value of values)*
Wt %) of matrix  dispersed resistivity
mica (X 1075 p§rm) p:[2+Vd ]Pm pz__..ﬂd__ pz__p_m__—
2—2Vq4 Vmea + VaPm 1—15Vg
Al—-4 Cu-1.5
Mg 1.00 0.00 3.59 3.590 3.59 3.59
Al—4 Cu-1.5
Mg~1.0 mica 0.99 0.01 3.81 3.626 3.626 3.644
Al-4 Cu-135
mica 0.985 0.015 3.89 3.644 3.645 3.672
Al—4 Cu-1.5
Mg—2 mica 0.98 0.02 4.29 3.663 3.663 3.701
Al-4 Cu-15
Mg—2.5 mica  0.975 0.025 4.81 3.681 3.682 3.729

*Calculated assuming the electrical resistivity [25] of muscovite mica = pq = 10*! pQ.

friction conditions)increase the electrical resistivity
only by 14%.

4. Conclusions

(1) Dispersions of increasing volumes of flake-
shaped mica particles in the matrix of Al-4wt%
Cu—1.5wt% Mg alloys progressively increases
their damping capacity. At mica levels more than
2% the ratio of specific damping capacity to density
of aluminium—mica composites is greater than
that of flaky cast iron.

(2) The per cent increase in damping capacity
of cast aluminium alloys due to a given volume of
weakly-bonded fine mica powder is lower than the
percentage reduction in damping capacity due to
the same volume of coarser graphite suggesting
that the type of particle has a greater effect on
damping than the interfacial area.

(3) The average length of chips produced on
machining aluminium-—mica particle composites

decreases progressively with volume of mica dis-
persions.

(4) The coefficient of thermal expansion of
Al-4wt% Cu—1.5wt% Mg alloys increases very
slightly with additions of up to 2.2% mica particles
in the range 20 to 500° C. The measured increases
are slightly higher compared to the values cal-
culated using either the rule of mixtures or the
Thomas formula.

(5) The electrical resistivity of aluminium
alloy—mica composites increase with increasing
amount of mica dispersed in the matrix. The
measured increase in electrical resistivity as a result
of 2% mica additions is 14% indicating that the
composite is suitable for electrical contact appli-
cations.
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