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PREFACE

e ———————

Aluminium alloys find a wide range of applications in automotive and aerospace industries
due to their high specific strength and ability to be cast into complex shape. However, a cast
product is known to have coarse dendritic structure and macro segregation. Consequently, there is
1 continuous endeavor to the development of new processing techniques for in-process modification

of the microstructure. The semi-solid processing techniques fulfil this criterion and research efforts

in this direction have led to development of a large number of processing techniques. In these
techniques, the alloys are held in semi-solid region at different temperature and time. These are
stirring to create a slurry and cast into a die for making desired shape of the

dification of the melt, Even though there are many variants of semi-solid

20




of the alloy. This behaviour of melt undercooling is discussed in light

of independent “"Cleltiou
Cvents associated with freezing of droplets. Solidifi

cation structure of droplets revealed Particuly,

eutectic phases in contrast to lamellar eutectic microstructure in the inter-dendritic region Of the 4
cast alloy. The decomposition of Supersaturated solid solution phase resulting from largy
undercooling of droplets were explained for this anomalous behavior of the eutectic. The hardneg;
of the matrix as well as that of droplet solidified areas were examined and found 152 Hy for the
matrix and 267 HV for its droplets. The wear property of the alloy was studied in a range of loag
varying from 10-50 N at sliding velocity 1.0 m/s. The droplet distribution and their solidificatioy
structure resulted in  an improvement in tribological characteristics of the alloy. This effect s
attributed to the presence of ultrafine solidification structure of droplets arising from their large
undercooling. This feature is evident in the microstructure of droplet regions. In addition, the solute

elements are themselves get redistributed differently in droplets vis-a-vis that in the liquid present




Chapter-3 includes the investigation of Al-10Cu alloy containing small amount of Fe and
Si which were produced by rheocasting process at different mechanical stirring speeds. The
resultant microstructures and wear properties were compared with that of a conventional metal
mould cast alloy. The average grain size was measured to be 55 pm for the 800 rpm and 30 pm
for the alloy melt stirred at 1200 rpm samples respectively. The rheocast alloys have shown better
mechanical (ultimate tensile strength and hardness) and wear properties as compared to metal
mould cast alloy. Moreover rheocast alloy which was produced at 1200 rpm stirring speed
! exhibited enhanced wear and mechanical properties as compared to other rheocast alloys. The

improved wear rate for this alloy was attributed to finer grain size and the nearly-spherical

morphology of the primary a - phase. The metal mould cast alloy and rheocast alloy at 400 rpm

have shown adhesive wear condition whereas, other rheocast alloys have displayed microcutting

‘The noticeable decrease in the average roughness for 3 m/s sliding velocity

~ study of influence of synthesis methods, namely, the

& (MMOC) followed by strain induced melt activation (SIMA)
ribole gical characteristics of Al-10Cu alloy. The alloy was
| purity aluminium and copper. The effect of holding time in

- of the alloy subjected to SIMA was studied.

i -i;. psing optical and scanning electron microscopy,

energ) dispersive spectroscopy. Hardness and

e
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strength of the resulting alloy are measured using macroindentation and tensile tae

respectively. Near-spherical grains were achieved in the SIMA process with an wem::: X 5
diameter varying from 45to 65 um for holding times ranging from 30 to 55 minutes, The we,
properties of stired MMC alloy which was subjected to SIMA process are mrﬂidu'ahlthh
than those of either conventional MMCs or unstirred MMC subjected to SIMA process, The g
% pre-deformation followed by intercritical annealing at 580 ° C and 30 minutes holding time g, |
the optimum parameters for to obtain such a wear properties of Al-10Cu alloy. The improved weg -:: ! f
and mechanical properties of the alloy are discussed in light of the microstructural features of

SIMA processed alloy and the nature of the worn surfaces.

Chapter-5 presents the study of producing Al-10Cu alloy by vertical centrifugal casting

N el s L an

M e X e e AT G e

speeds ranging from 800-2850 rpm. The microstructural features, mechanical and wear properties

have been investigated, The wall thickness of stirred centrifugal cast Al-10Cu alloy is unifom

U At

2140
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e

from top to bottom resulting in a sound casting. The variation in thickness of casting from top to
bottom is 25 mm for 800 rpm, 7 mm for 1320 rpm, 1 mm for 1980 and 10 mm for 2850 rpm. The
microstructure of Al-10Cu alloy consists of equiaxed grain morphology of the primary a-phase

with eutectic phases in the interdendritic regions. It has been observed that there is a variation in

the grain size from the inner surface of the casting to its outer surface. The speed also has a strong
influence on the grain size and subsequent mechanical properties of the alloy. The tensile strength
vere observed to be 181 MPa and 150 HV which ar




consequent wear rate of stirred centrifugal cast alloy are invariably lower than that of the other
alloys under study. The worn surface of stirred centrifugal cast alloy appears to be less damaged
than that of the other centrifugal alloys. This is because of the reason that the driving force acting
on the molten metal at optimum speed was sufficient enough to carry the molten metal to the inner
surface of the mould and hold firmly there before it get solidified resulting in a uniform cylindrical
casting. The variations in the wear behavior are attributed to the size and sol idification morphology
of the castings.

The conclusions of the present thesis work are summarised and have been presented in the
section that follows. It is noteworthy to observe that amongst various semi-solid processes

investigated in the present work, the SIMA process resulted in considerable refinement of the

primary phase with change in its morphology to round shape. The constituent of the eutectic phases

idification behaviour of such liquids exhibit several interesting

tribological characteristics of the alloys. These features are

24

AN




Overall Conclusions

Thermal cycling of a hypoeutectic Al-10Cu alloy showed distribution of isolated
droplets in the primary solid phase. Initial stages of thermal cycling resulted in liquid
along the grain boundaries. However, in subsequent thermal cycling, the continuity of the
grain boundary liquid was observed to break down to discontinuous liquid which formed
isolated droplets. The solidification structure of continuous liquid exhibited regular
eutectic in contrast to particulate eutectic microstructure of the isolated droplets.
Distribution of droplets and their resultant solidification structure led to an improvement

in the wear property of the alloy compared to the alloy processed by normal casting route.

In rheocasting the primary o - phase is changed from dendritic to nearly
spheroidal morphology arsing from stirring action of the melt.  The finer grain size of
primary o - phase was observed at maximum rotational speed of 1200 rpm. This
observation of increased grain refinement with higher stirring speeds can be rationalized
by increased fragmentation and uniform distribution of solid particles in the slurry at
higher stirring speeds resulting into pronounced decrease in grain size. The cumulative
volume loss of all alloys increased with increase in load irrespective of the processing
method. The coefficient of friction values for rheocast samples were observed to be less
than the metal mould cast alloy. The wear rate of metal mould cast alloy rapidly
increased beyond 3 m/s sliding velocity. For rheocast alloys, 4 m/s is critical sliding

velocity and beyond this wear rate is increased drastically.

In the SIMA process a cast alloy was subjected to warm working at 300 °C and
intercritically annealed at 580 °C in two phase solid-liquid region. The result revealed
accelerated spheroidization of the primary a- phase. The size of the spheroids varied from

45 to 60 um. Analysis of wear track surfaces brought out a clear evidence of co-existing
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abrasion and adhesion mechanisms of material removal during tribological study of

SIMA processed alloy.

In centrifugal casting the optimum mould speed was found to be 1980 rpm as it
produced fine microstructure in the casting resulting in optimum hardness, ultimate

tensile strength and wear rate.

Scope of the Future Work

= SIMA process of the Al-10Cu alloy can be studied by varying the semi-solid
temperatures and deformation percentages.

= Rheocasting of Al-10Cu alloy can be studied by producing at different semi-solid
pouring temperatures and stirring time.

= The effect of liquid droplets distribution in the solid matrix on the mechanical and
wear properties of other alloys can be studied

= An attempt can be made to produce semi-solid centrifugal casting for achieving

good mechanical and wear properties.
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