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The effect of process variables during spray forming of a commercial Babbit alloy containing

Pb74—Sn12—Sb11.5—Cu1.25—NiO.75—Cd0.3—As0.2 on its microstructure and wear

characteristics were investigated. Variation in atomization gas pressure from 0.6 to 1.2 MPa

and nozzle to substrate distance from 0.2 to 0.4 m revealed considerable change in the

nature of porosity and microstructural features of the spray deposits. The process variables

during spray deposition were optimized to achieve microstructural homogeneity and

refinement in second phase particles of this alloy. The wear study of both the spray formed

and as-cast alloy under an applied load of 10 to 70 N and sliding velocity of 0.2 to 1.5 ms~1
indicated two distinct regimes of mild and severe wear. In both the regimes, the

spray-formed alloy consistently indicated a low wear rate compared to that of the as-cast

alloy. In addition, the mild wear regime of the spray-formed alloy was extended to higher

load and sliding velocity. Wear characteristics of the spray formed alloy is discussed in light

of its microstructural features induced during spray deposition processing.
1. Introduction
Currently, lead-base Babbit alloys find extensive ap-
plications as bush bearing materials due to their anti-
friction property. These alloys are produced by the
conventional casting method and their microstructure
contains a dispersion of coarse intermetallic com-
pounds in a pseudo-eutectic matrix. The micro-
structural control exercised during spray deposition
processing of these alloys provides an exciting new
opportunity for the development of materials with
a superior wear property. In this process, a stream of
molten metal is atomized by high-energy gas jets into
a spray of micron-sized droplets which are sub-
sequently deposited over a conductive substrate to
build up a high-density perform. Although the process
was pioneered by Singer [1, 2] and others [3] in the
early seventies, the scientific understanding of the
microstructural evolution during a deposition process
has been understood only recently [4—10]. Several
benefits of this processing methodology are by now
well established. Rapid solidification effects inherent
in the spray deposition process due to high heat ex-
change rate at the droplet—gas interface and also on
the deposition surface ensures considerable chemical
and microstructural homogeneity of the perform [11].
In addition, formation of equiaxed grain morphology

with dispersion of ultrafine second phase particles

0022—2461 ( 1997 Chapman & Hall
enable achievement of enhanced physical and mech-
anical properties of the materials [12—15].

The microstructural evolution during spray depos-
ition depends in a complex way on the droplet
dynamics and their thermal state on the deposition
surface. These are controlled by process variables em-
ployed to atomize the melt, nozzle—substrate distance
and design of spray nozzles [16, 17]. Mathematical
modelling based on heat transfer analysis has been
invariably used to suggest that the overall solid fraction
in the spray arriving on the deposition surface is critical
to control the microstructure and porosity of the pre-
form [18—20]. Generally, too low a solid fraction in the
spray results in splashing of the liquid from the depos-
ition surface and formation of large size pores of the
entrapped gases. In this case, the microstructure of the
preform resembles a typical cast structure. Alterna-
tively, an excess solid fraction in the spray generates
a preform with a large number of pores due to insuffi-
cient liquid phase available to provide bonding of par-
ticles during solidification of the spray deposit. Such
a preform requires secondary processing to reduce por-
osity and to achieve microstructural homogeneity of
the alloy. Consequently, an optimum control of the
process variables is greatly emphasized to derive the
maximum benefits of this processing methodology. The

present investigation is aimed in this direction.
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A commercial Pb-base Babbit alloy has been spray
formed under different processing conditions. The ef-
fect of atomization gas pressure and nozzle-to-sub-
strate distance on the microstructure and porosity of
the preform have been studied. The wear character-
istics of the preform is reported and compared with
that of the alloy produced by the conventional casting
process.

2. Experimental details
2.1. Experimental procedure
The details of the spray forming set-up are described
elsewhere [21]. In brief, the process employs an annu-
lar convergent—divergent nozzle, with a throat area of
20.5 mm2 and exit-to-throat area ratio of 2.5 : 1, for
atomization of the melt. In this process, the gas inter-
acts with the melt stream at the tip of a flow tube
concentric with the gas flow channel as shown in
Fig. 1. The resultant spray of droplets is deposited on
a copper substrate in an environmental chamber.

The composition of the alloy is given in Table I. In
each experiment 2.5 kg of the alloy was charged in
a graphite bonded fireclay crucible. The melting was
carried out in a resistance heating furnace under argon
atmosphere. The temperature of the melt was meas-

Figure 1 Schematic diagram of the spray forming set-up.

TABLE I Chemical composition of the alloy

Element (wt%)

Pb 74
Sn 12
Sb 11.5
Cu 1.25
Ni 0.75
Cd 0.30

As 0.20
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TABLE II Experimental variables in spray forming

Run Gas pressure Nozzle— Internal Gas—metal
(MPa) substrate diameter flow ratio

distance of flow
(m) tube (mm)

1 0.8 0.4 4 0.60
2 1.0 0.4 4 0.68
3 1.2 0.4 4 0.74
4 1.2 0.3 3 1.22
5 1.2 0.2 3 1.20

ured using a chromel—alumel thermocouple connected
to a temperature recorder. A melt superheat of 300 K
was ensured to stop the premature freezing of the melt.
The detail of the process variables are listed in
Table II. The melt was atomized by N

2
gas at an

atomization gas pressure varying from 0.6 to 1.2 MPa.
The nozzle to substrate distance was varied from 0.2
to 0.4 m. The melt flow rate was obtained by the mass
of the charge in the crucible and duration of atom-
ization. The gas flow rate was estimated by laws of
isentropic gas flow [22].

In another experiment, the substrate was removed
and the melt was atomized to allow solidification of
droplets during free flight in the environmental cham-
ber. The powders were sieved into various size frac-
tions and the sieve analysis data were plotted to ob-
tain the median particle diameter (d

.
) and standard

deviation (r) of the particle size distribution.

2.2. Materials characterization
Several samples from the centre and peripheral re-
gions of the spray deposit were prepared for micro-
structural examination and porosity measurements.
These were polished using a standard metallographic
procedure and etched with a 5% Nital solution. The
microstructural examination was carried out in a Me-
tallux-3 optical microscope. The size of the second
phase particles was measured using a VIDS image
analyser. The surface morphologies of the atomized
powders were examined using a Jeol 840 CX scanning
electron microscope operating at 15 kV. A qualitative
analysis of the elemental distribution in the spray
deposit, as well as in the alloy produced by conven-
tional casting, was carried out using an electron probe
microanalyser model Jeol JCXA 733 operating at
25 kV.

The spray deposition often generates open and
closed porosity in the preform depending on the ex-
perimental parameters employed in materials process-
ing [14]. Since a range of process conditions was used
in the present work, it was necessary to evaluate their
influence on the nature of porosity in different sections
of the deposit. The porosity measurement was carried
out on samples (10]10]5 mm3) prepared from dif-
ferent regions of the preform by the vacuum xylene
impregnation method as described by Arthur [23].
The technique involves immersing the specimen in
xylene solution and evacuating the system to 0.2 mm

Hg by a rotary pump so as to fill the open pores.



Subsequent porosity determination was done by the
water displacement method.

2.3. Wear testing
The wear test was conducted using specimens of 8 mm
diameter] 25 mm length on a pin-on-disc type wear
testing machine. The special feature of the set-up is
available elsewhere [15]. Basically it consisted of
a high carbon—chromium steel disc, 150 mm in dia-
meter, hardened and tempered to a hardness value of
58 R

C
. The disc was mounted on a gear driven shaft

connected to a variable speed d.c. motor. The test
specimen was mounted at the tip of a calibrated spring
loaded cylinder. The compression of the spring pro-
vided the load on the contact surface of the specimen.
The linear wear rate was recorded on a micrometer
dial gauge connected to the specimen holder. The flat
surfaces of both the specimen and disc were polished
to a surface finish of 0.3 lm before each test. The wear
testing was carried out at an applied load of 10 to 70 N
for a test duration of 15 min and a sliding velocity of
0.5 ms~1. Similarly the sliding velocity of the disc was
varied from 0.2 to 1.5 ms~1 at a constant applied load
of 30 N. The volume wear rate was calculated by
continuous displacement measurements. All the ex-
periments were carried out under dry sliding condi-
tions and data was recorded at room temperature.

3. Results and discussion
3.1. Spray characteristics
The sieve analysis data of atomized powders provide
valuable information about the nature of droplet size
distribution during spray deposition. The data gener-
ated for three different gas pressures are presented in
Fig. 2. The result indicates that the size of the major
fraction of droplets in the spray varies from 25 to
200 lm. In addition, the fraction of small size droplets
increases with increasing atomization gas pressure.
The effect of gas pressure on the median particle
diameter and standard deviation of particle size distri-
bution is shown in Table III. It is worthwhile to note
that by increasing the atomization gas pressure from
0.8 to 1.2 MPa, the median particle diameter is re-
duced from 70 to 50 lm with a consequent decrease in
the standard deviation of the particle size distribution
from 2.2 to 1.7. The result indicates that an increase in
the gas pressure generates a large velocity of the gas
stream. Consequently the kinetic energy of the gas
imparted on the melt stream promotes an efficient
atomization of the liquid metal resulting in a narrow
size range of particle size distribution in this mode of
8 1.2 4 50

atomization.
Figure 2 Variation in cummulative weight percentage with particle
size of powders atomized at three different gas pressures. Gas
pressure; d 0.8 MPa; n 1.0 MPa; C 1.2 MPa.

Knowledge of the droplet size distribution in the
spray is essential in understanding the complex heat
transfer and solidification phenomena in spray form-
ing. Earlier investigations [24 —26] have shown that
the primary break-up of liquid metal in an annular
confined gas atomization process occurs by a prefilm-
ing mechanism. In this process the liquid metal runs at
the tip of the flow tube and spreads into a thin film
along the wall thickness of the tube. The thickness of
the film depends on the melt flow rate and physical
properties of the liquid [27]. The liquid film sub-
sequently interacts with the high-velocity gas stream
to promote atomization. The secondary disintegration
of droplets then takes place in the high velocity gas
field by bag break-up [28] or stripping [29] mecha-
nisms depending on the relative velocity between the
gas and the droplets. A small increase in the gas
pressure and subsequent change in the velocity of the
gas stream considerably influence the mode of break-
up of liquid metal in this process. As a result, the
characteristics of the spray have a strong dependence
on the atomization gas pressure.

3.2. Porosity of the spray deposit
An important feature of the spray-formed alloy is the
presence of a finite amount of porosity in the preform.
The amount of porosity measured in different sections

of the deposit is presented in Table IV. The total
TABLE III Effect of atomization gas pressure on the size and size distribution of particles

Run Gas Stream Median particle Standard Specific
pressure diameter diameter, d

.
deviation surface

(Mpa) (mm) (l
.
) (r) area (m2g~1)

6 0.8 4 70 2.2 0.0153
7 1.0 4 62 1.9 0.0163
1.7 0.0210
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porosity (e
5
) constitutes the closed and inter-connected

pores (e
*
) of the deposit. The result indicates that the

spray deposition process variables have considerable
influence on the formation of closed and interconnec-
ted porosity in the preform. The amount of closed
porosity is invariably higher than the interconnected
porosity and these are higher in the periphery of the
preform compared to that at the centre. It should also
be noted that a decrease in gas pressure and nozzle-to-
substrate distance have similar effects on the
control of the porosity during spray deposition. In
addition, an increase in the gas-to-metal flow ratio
tends to reduce the porosity of the perform. Many
noteworthy observations are the variation in the size
and shape of the pores in different regions of the spray
deposits as shown in Fig. 3a and b. The size of the

TABLE IV Effect of process variables on the amount of porosity
of the spray deposit

Run Porosity at centre Porosity at the periphery

e
t
(%) e

i
(%) e

t
(%) e

i
(%)

1 12 2 12 3
2 10 3 12 5
3 6 1 10 3
4 8 3 8 5
5 11 2 8 2

Figure 3 Microstructure of the spray deposit showing (a) irregular
shape of pores in the top surface and (b) spherical pores at the

centre.
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pores varies from 10 to 50 lm with large size pores
having irregular shape. The large size pores are usu-
ally observed in the bottom and top sections of the
preform whereas the central region depicts only small
size pores. Similar observations were made in the
preform of this alloy processed under different condi-
tions with only marginal change in the size and distri-
bution of porosity. For example large size pores are
considerably reduced in Run no. 3 made at a higher
gas pressure.

Several investigators [30, 31] have discussed the
origin of porosity in the preform during spray depos-
ition processing. The possible reasons for this effect
are concerned with either gas entrapment or solidifi-
cation shrinkage during the deposition process. In
spray forming, the condition employing a small
nozzle-to-substrate distance gives rise to an excessive
liquid fraction on the deposition surface. Conse-
quently high gas velocity causes whipping of the liquid
and entrapment of gas leading to the formation of
large size cavities. The irregular morphology of pores
observed in the top region of the preform supports this
mechanism of porosity formation. However, as the
nozzle to substrate distance is increased for the same
atomization gas pressure, the fraction of liquid de-
creases in the spray. The resultant preform in this case
reveals nearly spherical morphology of the porosity.
This behaviour is attributed to incomplete bonding of
particles due to reduced liquid phase on the depos-
ition surface to fill the interstices. A similar effect is

Figure 4 Microstructure showing (a) large size intermetallic phase
dispersed in a coarse eutectic matrix of the as-cast alloy and (b)

refinement in the microstructure of the spray deposit.



possible in the periphery of the deposit due to de-
creased size of the droplets in the surface of the spray
cone [21] and consequently increasing the solid frac-
tion in the spray. The experimental evidence in the
present work illustrates the necessity of using opti-
mum processing conditions to reduce the porosity of
the spray deposit.

3.3. Microstructural features
The microstructure of the as-cast alloy as shown in
Fig. 4a illustrates dispersion of second phase particles
in the matrix of a coarse irregular eutectic. The bulk of
the second phase, identified as SnSb intermetallic
compound in X-ray diffraction analysis, has charac-
teristic faceted growth morphology and the particle
size varies from 50 to 100 lm. The microstructure of
a typical spray-formed alloy is shown in Fig. 4b.
A noteworthy feature of the spray-formed alloy is the
considerable refinement in both the second phase par-
ticles and the constituents of the eutectic phases. The
size of the second phase particles varies from 3 to
10 lm indicating an order of magnitude in refinement
of their size compared to that of the as-cast alloy. The
process variables indicated considerable influence on
the size, shape and distribution of intermetallic phases
of this alloy. At low atomization gas pressure and
small nozzle-to-substrate distance, the dispersoid size
varied along the through thickness direction of the

Figure 5 Microstructure of the spray deposit produced at 1.0 MPa
gas pressure with a nozzle—substrate distance of 0.3 M showing (a)
uniform dispersion of second phase particles and (b) high magnifica-

tion micrograph of the same region.
preform. There was a gradual increase in the size of the
second phase particles from the bottom to the top
surface of the deposit. The microstructure of the centre
of the spray deposit, produced at 1.0 MPa gas pres-
sure and nozzle-to-substrate distance of 0.3 m, is
shown in Fig. 5a and b. Similar variation in the micro-
structure of the deposit, produced at low atomization
gas pressure and increased nozzle-to-substrate distan-
ces, was observed. However, with an increase in both
the gas pressure and nozzle-to-substrate distance, the
second phase particles were observed to be relatively
smaller and uniformly distributed along the thickness
of the deposit. A typical microstructure of the deposit
produced at 1.2 MPa gas pressure with 0.4 m nozzle-
to-substrate distance is presented in Fig. 6a and b.
However, in all cases a considerable uniformity was
observed in the distribution of second phase particles
and alloying elements throughout the section of the
spray deposits.

Fig. 7a and b shows the microstructure of atomized
powders. Second phase particles of a distinctly small
size are evident. The X-ray diffraction analysis, the
details of which is reported elsewhere [32], confirmed
the presence of metastable phases, Cu

3.3
Sb and b @@

(CuSn), in atomized powders and Cu
2
Sb phase in

spray-formed alloy. These phases were not observed in
the X-ray diffraction of the as-cast alloy, indicating
a considerable departure from the equilibrium solidifi-
cation condition during atomization and spray-form-
ing processing.

Figure 6 Microstructure of the spray deposit produced at 1.2 MPa
gas pressure with 0.4 m nozzle—substrate distance showing (a) re-
finement in second phase particles and (b) fragmentation of the

second phase particles.
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An electron probe X-ray microanalysis (EPMA)
study was carried out to compare the distribution of
alloying elements in both the as-cast and spray-
formed alloys. Fig. 8 a to f shows X-ray images of
of CuKa, (e) X-ray image of NiKa, and (f ) X-ray image of AsKa radiat
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images of the corresponding elements in the spray-
formed alloy are presented in Fig. 9a to e. The re-
sults indicate considerable chemical homogeneity of
the spray-formed alloy compared to that of the
Figure 7 SEM micrograph of atomized powders showing (a) dispersion of submicron size porosity and (b) small size intermetallic phase.

Figure 8 EPMA of the as-cast alloy showing (a) secondary electron image, (b) X-ray image of SnK , (c) X-ray image of SbK , (d) X-ray image

various elements of the as-cast alloy. The X-ray as-cast alloy.
a a

ions.



The above microstructural variation in the as-cast
and spray-formed alloys primarily arises due to differ-
ent solidification conditions prevailing during the pro-
cess of spray deposition under experimental variables
employed in the present work. The microstructural
evolution during spray forming is significantly in-
fluenced by the droplet dynamics and their thermal
state on the deposition surface [5—8]. These are con-
trolled by the process variables employed to atomize
the melt and nozzle-to-substrate distance employed
during spray forming. An increase in the atomization
gas pressure results in refinement in the droplet size in
the spray (Fig. 2). Another important variable which
influences the droplet size distribution in the spray is
the gas-to-metal flow ratio. However, in the confined
gas atomization process used in the present work, the
melt flow rate is also influenced by the gas flow rate.
X-ray image of CuKa , (e) X-ray image of NiKa , and (f ) X-ray image
the tip of the flow tube [26]. As a result it is difficult to
control precisely the gas-to-metal flow rate in this
process. Consequently small size droplets are sub-
jected to large nucleation undercooling as these are
devoided of heterogeneous nucleants [33]. At the
same time, increased specific surface area of the drop-
lets gives rise to a relatively higher heat exchange rate
at the droplet—gas interface and a high cooling rate of
droplets [34]. This effect amounts to an increased
fraction of solid in the spray on the deposition surface.

Runs 1 to 3 provide the above condition of spray
deposition on a nozzle-to-substrate distance of 0.4 m
employed in the present work. Thus, an increased
fraction of liquid in Run 1 may generate a large liquid
pool on the deposition surface and consequently
a slow cooling rate and coarsening in the resultant
microstructure of the deposit compared to that in Run
Figure 9 EPMA of the spray-deposited alloy showing (a) secondary electron image, (b) X-ray image of SnK , (c) X-ray image of SbK , (d)

This effect arises due to the suction pressure created at 3. The variation in the nozzle to substrate distance at
a a

of AsKa radiations.
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a constant atomization gas pressure in Runs 3 to 5 pro-
duce a similar variation in the microstructure of the
deposit. In addition, a high gas pressure and low
nozzle-to-substrate distance in Run 5 generates max-
imum porosity with large size pores in the preform.
This effect is basically related to whipping of a large
liquid pool on the deposition surface by the high-
velocity gas stream and large momentum of the drop-
lets generated during this condition of spray deposition.

In an earlier investigation [6] an analysis of heat
flow and solidification of droplets during free-flight
indicates that the cooling rates, of typical 20 to 150 lm
size droplets, are within the range of 104 to 106 ks ~1.
The higher value of the cooling rate corresponds to
small size droplets. This effect generates metastable
phases in atomized powders of this alloy. However, as
the wide size range of droplets with their different
thermal state impact and coalesce on the deposition
surface, the metastable phases are decomposed due to
the thermal effect of the large liquid pool. The large
momentum transfer by high velocity droplets creates
a turbulent fluid flow condition and shearing action of
the semi-solid mass on the deposition surface [35].

This behaviour of the spray deposition leads to the
fragmentation of partially solidified droplets and
a semi-solid mass on the deposition surface to provide
enhanced refinement in the size of the intermetallic
phases. The coarsening of the second phase is limited
due to the high heat exchange rate on the deposition
surface by mode of forced convection. In addition, the
cooling rate of the semi-solid phase is still sufficient to
induce formation of metastable phases in the deposit
of this alloy under optimum spray deposition condi-
tions. The observation of Cu

2
Sb phase in the spray

deposit supports this explanation. The result of the
present investigation, thus, indicates that the experi-
mental condition employed in Run 3 is sufficient to
minimize porosity and to achieve microstructural
homogeneity of this alloy during spray deposition.

3.4. Wear characteristics
Variation in the wear rate of both the as-cast and
spray-formed alloys measured as a function of applied
load is presented in Fig. 10. In general, the wear rate
increases with increasing applied load in both alloys.
The wear rate of the as-cast alloy is invariably higher
than that of the spray-formed alloy. However, the
present result indicates two distinct wear regimes. The
first regime consisting of mild wear occurs up to an
applied load of 40 N in the as-cast alloy which is
extended to a load of 50 N for the spray-formed alloy.
The second regime corresponds to the condition of
severe wear. In this range of applied load, the wear
rate of the as-cast alloy is significantly higher than that
of the spray-formed alloy. Fig. 11 shows the effect
of sliding velocity on the wear rate of the alloy.
It is worthwhile to note that the wear rate initially
decreases with increasing sliding velocity. However,
a reverse trend is observed beyond a critical sliding
velocity. The minimum wear rate of the as-cast alloy is
observed at a sliding velocity of 0.70 ms~1 compared

to 0.90 ms~1 for the spray-formed alloy. With further
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Figure 10 Variation in wear rate with applied load of the as-cast (s)
and spray-deposited alloy (d).

Figure 11 Variation in wear rate with sliding velocity of the as-cast
(s) and spray-deposited alloy (d).

increase in the sliding velocity beyond the critical
limit, the wear rate of the as-cast alloy becomes signifi-
cantly higher than that of the spray-formed alloy.

The different wear characteristics of the spray-
formed alloy are related to its microstructural fea-
tures. The wear behaviour of two phase materials have
been reported in several recent investigations [36—38].
In general the size, shape and the nature of the disper-
sion of the second phase particles in the matrix have
been observed to have a strong influence on the wear
rate of a wide range of materials. In the present work,
the spray-formed alloy exhibits an order of magnitude
refinement in the size of the second phase particles
with a considerable modification in the microstructure
of the eutectic phases. These features of the spray-
formed alloy are attributed to strong bonds at the
matrix—particle interface due to the decrease in the
particle size and the consequent microstructural stab-
ility of the alloy under a range of applied loads and
sliding velocities.

The dispersoids of the intermetallic phases possess
higher hardness values compared to that of the eutec-

tic in this alloy. The low melting constituent of the



eutectic is smeared out on the mating surfaces at an
early stage. This effect arises due to the small interpar-
ticle spacings of the dispersoids in the spray-formed
alloy. Consequently, a thin lubricating film is de-
veloped on the surface of the wear test specimen which
protects the materials from further wear. The low wear
rate of the spray-formed alloy justifies this mechanism.
However, the stability of the lubricating film on the
specimen surface depends on the applied load and
sliding velocity of the mating surfaces. The experi-
mental result indicates that the stability regime of the
lubricating film is extended to higher load and sliding
velocity in the mild wear regime of the spray-formed
alloy. However, as the sliding velocity is further in-
creased instability arises in the continuity of the lubri-
cating film. This is indicated by a significantly high
wear rate of the material with further increase in the
sliding velocity. Still in this severe wear regime, the
spray-formed alloy, owing to the small interparticle
spacing of its intermetallics, continues to provide
a relatively low wear rate compared to the as-cast
alloy.

To summarize, the results of the present investiga-
tion reveal a strong influence of the process variables
employed during spray forming on the microstruc-
tural features and related wear characteristics of the
Babbit alloy.

4. Conclusions
The following conclusions are drawn from the results
of the present investigation.

1. The process variables during spray forming of
a Pb-base Babbit alloy strongly influence the micro-
structure and porosity of the spray deposits. The pro-
cess parameters of 1.2 MPa atomization gas pressure
and 0.4 m nozzle-to-substrate distance are observed to
be the optimum to minimize the porosity and achieve
refinement of the intermetallic phases in this alloy.

2. The microstructural homogeneity and formation
of metastable phases Cu

3.3
Sb and b@@ (CuSn) in atom-

ized powders and Cu
2
Sb spray-formed alloy indicate

a considerable departure from the equilibrium solidifi-
cation condition of this alloy during spray deposition
processing.

3. The wear rate of the spray-formed alloy is inva-
riably lower than that of the as-cast alloy. Generally,
two distinct regimes corresponding to mild wear and
severe wear are observed in both the as-cast and
spray-formed alloys investigated under applied loads
of 10 to 70 N and sliding velocities of 0.2 to 1.5 ms~1.
The mild wear regime is extended to higher load and
sliding velocity in spray-formed alloy. The superior
wear characteristics of the spray-formed alloy are at-
tributed to the decreased interparticle spacing of the
intermetallic phases and modification in the micro-
structure of the eutectic phases.
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