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alloys: An overview
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Abstract—Modified Al alloys are gaining emphasis in the past few years due to wide range of properties available for the
engineering applications. These alloys are manufactured by spray forming process have superior properties over the
conventional cast alloys. Hence in this article an attempt has been made to summarize the work that has been carried out in the
field of spray forming of hypereutectic Al – Si alloys and with other alloying elements such as Fe, Cu, Mg and Mn. As
hypereutectic Al – Si alloys are attractive for the industrial applications due to their low thermal expansion co – efficient and high
tribological properties. In this study attention has been paid towards the microstructure, mechanical and tribological properties of
the studied alloys. The study of process parameters over the size and shape of the powder in spray forming is other part of this
work. The change in properties of spray formed alloys by the working of secondary process is also been considered.

Index Terms— Hypereutectic Al – Si alloys, Spray deposition, Microstructure, Secondary process.
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1  INTRODUCTION
N document is a template for Microsoft Word versions
the present scenario Al alloys are gaining more impor-
tance in engineering applications like aerospace, auto-

mobile, etc., due to its wide range of physical, mechanical
and tribological properties [1]. However conventional
cast materials exhibits poor properties compared with
spray formed materials [2]. Previous literatures have
shown that the particle size, microstructure and mechani-
cal properties are good when Al based alloys are manu-
factured by spray deposition process [3 – 6]. Gupta and
Lavernia [7] studied the microstructure of hypereutectic
Al – 17Si – 4.5%Cu alloy and their analysis revealed that
spray atomization and spray deposition processing leads
to significant refinement of microstructure as compared
to its as cast counter part. They observed the microstruc-
ture characteristics as follows: (a) an equiaxed grain size
(b) unconverted porosity (c) nearly spherodized second-
ary phases.

2 SPRAY DEPOSITION PROCESS AND PROCESS
VARIABLES

Spray deposition process is one of the rapid solidification
processes to produce new material by controlling the mi-
crostructure. The schematic representation of the spray
deposition process is shown in Fig. 1. During the process,
melt  is  atomized  by  transfer  of  high  kinetic  energy  from

gas to melt and melt droplets are collected on substrate,
process variables like gas to melt ratio (G/M), melt su-
perheat and atomizer design affects the size and size dis-
tribution of droplets during atomization [8 - 9]. Thus it
finds necessary to understand the effect of process va-
riables.

Jeyakumar et al. [10] studied the influence of process
parameters and characteristics of Al alloys spray deposi-
tion process. They reported that powder size decreases
with the increase in the applied gas pressure and also the
yield, the result is also similar for decrease in the flight
distance. A number of models were proposed by many
literatures which relates the particles size and standard
deviation which is specific for the particular nozzle de-
signs [11 - 13].
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Figure1 showing representation of spray deposition process
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Srivastav and Ojha [14] reported that G/M plays an
important role in determining the particle size, standard
deviation and flake formation. The productivity also in-
creases with decrease in standard deviation for a given
range of particle size. Singh et al. [15] found that the pres-
sure supply by the given amount of gas for atomisation of
freely falling molten metal stream based on an empirical
formulae. They considered limiting velocity and plenum
pressure and proposed models as equations (1) and (2) for
the free fall atomizer designs (Fig. 2).

………….(1)

………….(2)
The benefits of spray deposition process are fine micro-

structure, enhanced mechanical, physical and tribological
properties and also facilitate to produce composites with
greater extent of uniform distribution. Srivastav et. al. [16]
reported that there was considerable fine refinement of mi-
crostructure produced by spray forming compared to as cast
alloys (Fig. 3 and Fig. 4). However the low efficiency, po-
rosity in the material and material loss during the process are
its limitations. The applications of spray deposited alloys
and composites include automotive, aerospace, electrical and
electronics applications. The bearing materials are also being
manufactured by spray formation as it provides better tribo-
logical properties.

These alloys are attracted the researchers and industries as
it provides excellent properties such as specific strength and
modulus with low co-efficient of thermal expansion and
good wear resistance. It is difficult to produce such alloys by
conventional casting process [17 - 18] and maximum possi-
ble addition of silicon by casting is 22 - 24% [19].  However
it is possible to produce hypereutectic Al - Si with greater
than 25% Si by spray forming and microstructure evolution
of hypereutectic Al-Si alloys by spray forming is shown in
Fig. 5 [20].

In spray forming process of hypereutectic Al - Si alloys,
when the diameters of nozzle increases as G/M ratio de-
creases and vice versa. The increase in G/M ratio leads to
the fall in the size of the primary Si phase from 5 - 10 to 2 -

5 m, because the cooling rate is being enhanced during the
flight time. Primary Si phase is recrystallised from the melt
and develops a variety of regular polygon shape and spheri-
cal shape particles. The size of the primary Si phase also
increases with the increase in preheating temperature [21].
Ha et al. [23] produced Al - 25%Si alloy by spray forming,
the Si particles are uniform size and distribution. This study
revealed that strain rate sensitivity factor is very low 0.1
below 3000C and reaches maximum value to 0.2 at 5000C
from  a  series  of  load  relaxation  and  compression  test.  The
fine Si particle size production is possible in spray forming
due to its higher cooling rate, which enhances the toughness
of the alloy [24].

97.043.13.061024.9 FPL

93.062.022.03107.2 LVL

Fig. 2 Design of atomizers (a) free fall nozzle (b) closed couple
nozzle [15]

Fig. 3 Microstructure of spray-deposit near the substrate
showing a. porosity and b. fine scale microstructure of
second phase particles [16]

Fig. 4 Microstructure of the alloy showing a. coarse particles
in the as cast alloy and b. fine second phase particles in
spray-deposit [16]
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A comparative study shown that Al - 70%Si and Al -
60%Si exhibits the average density of 2421 kgm-3and 2465
kgm-3, average ultimate flexural strength of 180Mpa and
220Mpa and with the hardness 261 and 162 BHN respec-
tively  [25].  An  another  study  has  shown  that  Al  -  25%Si
exhibited 164MPa ultimate tensile strength (UTS) with
14.8% elongation, elastic modulus as 88.4 GPA and specific
modulus as 3.4 x 109 mm [26]. Kim et al. [27] demonstrated
that Al - 25%Si alloy almost behaves like superplastic Al -
matrix at elevated temperature and has obtained 250% max-
imum tensile elongation, at 5 x 10-4 S-1 and at 5000C. Exten-
sive viscous formation was another observation of this
study. They have concluded that liquidation of grain boun-
dary material during grain boundary sliding may be respon-
sible for the result.

The tribological characteristics of hypereutectic Al – Si
alloys is better than the hypoeutectic alloys. Al – 18%Si
shown very good wear behaviour than the Al – 6.5%Si. As
the applied pressure increases, the wear rate increases. How-
ever, the hypereutectic alloy has shown less wear rate in all
condition of applied pressure compared with hypoeutectic
alloys (Fig. 6) [28]. It has been shown that as the applied
load increases, the wear rate increases rapidly (Fig. 7) [1].
As the sliding distance increases, the wear volume increases
and was very high at sliding distance greater than 1000m
[29]. Elmadagli et al. [30] studied the microstructure and
wear resistance of Al – Si alloys. They compared wear cha-
racteristics of as cast 383 alloy, A390 with spray formed Al-
25Si alloys and reported that there was an increase in wear
resistance and transition load considerable with increase in
the Si content (Fig. 8-10). It can be also soldered without
any difficulty [23]. Thus it provides a wide range of proper-
ties for a numerous engineering applications

Fig. 5 Microstructure evolution of hypereutectic Al–Si alloys in
spray forming [19]

Fig. 6 Variation of (a) wear rate and (b) coefficient of friction
with applied pressure for spray formed Al-Si alloys (constant
sliding velocity of 1.44m/s) [28]

Fig. 7 Variations in the wear rates of spray deposited Al-Si
alloys with load [1]
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3  HYPEREUTECTIC AL-SI TERNARY ALLOYS

3.1 Effect of Fe addition on the properties of Al – Si
alloys

Eventhough Al – Si alloys is providing a wide range of
properties, a new emphasis was aroused in the fast few
years that to give an additional requirement at high tem-
perature stability and microstructure. Accordingly Fe is
one of the additive to the Al – Si alloys which results in
stable intermetallic phase but the limitation is, in conven-
tional casting due to slow cooling rate segregation of mi-
crostructure and hence porosity forms [31 – 33]. A study
has revealed that Al – 5%Fe alloys exhibits drastic re-
finement  and  modification  in  the  microstructure  with  a
uniform distribution of secondary phase particles in the
matrix [29]. In another phenomenon, during solidification
at high undercooling it may form several dispersoids of
AlxFe [34].

Thus phase and microstructure of alloys are highly in-
fluenced by the duration of undercooling and concentra-
tion of Fe [34 – 36]. Islas et al. [37]studied the solidifica-
tion  of  microstructure  of  Al  –  Fe  binary  alloys  and  re-
ported that the content of Fe in the – Al phase alloys
increases with decrease in powder size and undercooling
increases with increasing cooling rate and decreasing
with the size of atomized powders. The addition of Fe to
the Al – Si alloys reveals better development in the prop-
erties of Al – Si alloys. But it is difficult to produce by
conventional casting, because of the formation of large
size Si phase and vary plates of Al – Fe. However it is
possible to cast Al – Si – Fe alloys adequately by spray
deposition [38 – 45]. Srivastav et al. [3] produced Al – Fe
alloys by spray deposition with uniform distribution
Al3Fe phase and Al – Fe alloy exhibited ductile mode of
fracture compared to mixed mode of fracture of Al – 18Si
alloys under tensile loading and was found to be 19%
elongation of Al – 5Fe alloy.

3.2 Effect of non ferrous alloying elements addition
on the properties of Al – Si alloys

Blockford et al. [46] produced Iron Aluminide preform by
spray forming and found that spray deposited layer exhi-
bited some oxide and porosity. However porosity de-
creased with heat treatment. A layer of Fe2O3 was noticed
in this study instead of Al2O3 layer, which is usually
found in Al binary alloys. Wang et al. [1] and Srivastav et
al. [4] reported that addition of 5% Fe to Al – 20Si results
in the formation of needle shaped intermetallic phase
(Fig. 11-12). Wang et al. [11] also studied the wear charac-
teristics as follows. At lower loads Fe containing alloy
showed higher wear rate compared with Al – 20Si alloy
due to tendency for embrittlement because of needle
shaped intermetallic and even at higher loads Fe contain-
ing alloy exhibited inferior wear resistance than the bi-
nary alloy due to fragmentation at intermetallics, result-

Fig. 8 Wear rates of the as-received A390, 383 and Al–25Si
alloys plotted against load on a logarithmic scale. The two sub-
regimes of mild wear MW-1 and MW-2 are separated by a tran-
sition regime. The loads 20, 35, and 60N correspond to the
highest load inMW-1. The transition fromMW-2 to the severe
wear regime occurs at 150N for all the alloys [30]

Fig. 9 Volume loss vs. sliding distance plots of the A390 in mild
wear regime (MW-1:10 N,MW-2: 60 N) and severe wear regime
(SW: 220 N) computed from height changes of the samples [30]

Fig. 10 Comparison of the wear coefficients of the as-received
alloys. The wear coefficients (C1) of MW-1 and (C2) of MW-2
reflect the differences in the wear rates of the alloys [30]
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ing in crack nucleation and propagation. Wear process is
controlled  by  subsurfaced  cracking  assisted  by  sliding
mechanism. Leo et al. [47] reported that there was an internal fric-

tion in the temperature range of 50 – 2500. In spray depo-
sited Al – 3.3Fe – 10%Si alloy. Perhaps due to influence of
FeAl2 boundary relaxation and also affected by Al – Fe –
Si intermetallic particle at the grain boundary. Mocellian
et al. [48] reported that there was damage in the tensile
loading of T4 temperature alloy due to cracking of Si pri-
mary particles and is associated with the loss of elastic
modulus. As the applied stress increased, the silicon par-
ticles are broken because a critical tensile stress level is
reached within the critical applied stress value, the stress
value at which silicon particles are broken depends on the
parameters such as internally induced stresses and also
stress concentration effect due to plastic deformation in
the Al – alloy matrix around the silicon particles, the
stress concentration factor is generally reduced by de-
crease in grain size and internally induced stresses, cor-
responding to a compressive stress tied in one silicon and
particles delays the beginning of damage.

Addition of Fe provides high diffusivity in liquid
state and low diffusivity in solid state [49 – 51], which
ensures chemical homogeneity in one  – Al matrix and
its thermal stability, in both processing service. Iron has
an extremely low equilibrium solid solubility in  – Al at
room temperature under the condition of rapid solidifica-
tion [51]. Enhancement of the mechanical properties of
the Al base alloys can also be done by the addition of Cu,
Mg. The addition of Cu and Mg to the Al – Si alloys may
form the precipitation producing phases such as Al2Cu,
Mg2Si, Al2CuMg [51 – 55]. Both Cu and Mg act as precipi-
tation hardening elements and their strengthening effect
is dimished at above 1500C because of low thermal stabili-
ty of the precipitates [49].

Kai et al. [56] produced Al2024 alloy by spray deposi-
tion and reported that there was an increase in the porosi-
ty of the alloy. Srivastav et al. [25] reported that the mi-
crostructure of Al – 305Cu – 10Si alloys exhibited
equiaxed grain morphology of one primary  – phase
with particulate morphology of Si particles located at the
grain boundaries and finer Si particles in the grain inte-
rior. Addition of 1.5%Cu to Al - 18Si – 5Fe reveals the
microstructure with uniform distribution of primary Si
phase and intermetallic compounds such as  – Al – Fe –
Si  and  –  Al4Si2Fe phases [25, 57]. Santos et al. [58] stu-
died the corrosion performance of Al – Si – Cu hypereu-
tectic alloys in synthetic condensed automotive solution
and their results revealed that the preferential attack of Al
matrix phase in all their studied alloys. The alloy with
higher Cu content and prepared by spray forming was
more susceptible to pitting compared to other alloy.

Jodoin et al. [59] reported that conventional nanocrys-
talline Al2618 alloy coatings sprayed on to Al substrate
using cold gas dynamic spraying process exhibited neg-
ligible porosity and excellent interface with the substrate
material in the range of 5 to 10% and morphology of ob-

Fig. 11 Optical micrographs of a section of oversprayed powder
particles showing: (a) facetted and needle-shaped morpholo-
gies of primary Si and intermetallics and (b) rosette-shaped
morphology of Si. [4]

Fig. 12 SEM backscattered images showing: (a) microstructure
of spray deposited alloy showing primary Si phase along with
refined intermetallics and (b) microstructure of conventional as-
cast alloy. [4]
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tained powder particles is shown in Fig. 13. Ikram [60]
studied that microstructure of Al – 6Si – 1.9Cu – Mg al-
loys and found that harndness was increased by increas-
ing Mg content except for 1.13% Mg alloy aged for 10hrs
and Q phase particles are perhaps responsible for the
trend of hardness. The microstructure and mechanical
properties of spray formed and squeeze cast Al – 25Si –
0.8Cu – 0.84Mg alloys was studied and compared by
Chiang and Tsao [2] observed that spray formed alloy has
higher degree of super saturation than that of squeeze
cast alloy and peak aged spray formed alloys exhibited
ultimate strength of 366MPa yield strength of 235.3MPa
and elongation of 3.4%. The study of Wang et al. [1] re-
vealed that addition of Mn to Al – 20Si – 5Fe alloy re-
duced the wear rate at lower loads of about 25N and has
got increased than that at higher loads of about 35N.

Estrada and Duszczyk [61] studied the characteristics
of rapidly solidified spray deposited Al – Si – X preforms
and concluded that Al alloy can be spray deposited with-
out oxide films and with fine precipitates. The deposited
matrix exhibited an average porosity level as low as 1.3%
and the porosity was uniform throughout preform and
microstructure does not depends on the small local poros-
ity variation. Thus addition of non ferrous alloying ele-
ments with Fe to the hypereutectic Al – Si alloys enhances
the microstructure, mechanical and tribological proper-
ties.

4  EFFECT OF SECONDARY PROCESSING ON THE
PROPERTIES OF AL – SI ALLOYS

Eventhough spray atomization provides better micro-
structure and enhanced physical properties than as cast
alloys. There is a problem with the formation of interme-
tallic phases with the needle shaped and having relatively
large size in  matrix. This may also induce detrimental

effect on the mechanical and tribological properties on the
final product [49]. It also affects on the effectiveness at
stabilizing the microstructure, hence it is desired always
to do the post atomization process. It leads to the decrease
in their size and interspacing often heat treatment can be
done but it cannot complete the necessary requirement.
Since intermetallic cannot be resolved in the solid matrix.
The principle advantages of secondary process are re-
finement of the microstructure and reduce the porosity of
the deposit.

Extrusion itself is a complicated thermomechanical
process [7]. Hong et al. [62] observed that due to severe
shear deformation takes place during hot extrusion. The
large eutectic structure and primary Si phase and were
fragmented into smaller particle and distributed homo-
genously in the Al – matrix (Fig. 14). Seok et al. [25] found
that spray formed and extruded Al – 25Si has properties
as follows UTS – 164MPa, elongation – 14.3%, elastic
modulus – 88.4GPa and specific modulus 3.4 x 109mm.
Cui et. al. [63] studied the characterization of Si phases in
spray formed and extruded hypereutectic Al – Si alloys
and concluded that extrusion plays a role on the interpar-
ticles spacing according to the particle grooves or frag-
mentation mechanism. The Si particles in extruded Al – Si
alloys appear more homogenous and regular than as de-
posited but with a certain amount of anisotrophy and
tendency to preferred orientation (Fig. 15 and 16). Ha et.
al. [22] has reported that there was refinement of micro-
structure after extrusion (Fig. 17). Baiqing et al. [64] con-
cluded that high extrusion ratio refines the primary Si
phase in microstructure simultaneously, it refills micro-
cracks (Fig. 18). Thus in almost previous literatures sec-
ondary processing has been done to refine the grain struc-
ture and enhance their characteristics. The Table 1 gives

Fig. 13 Morphology of powder A) as atomized B) as cryomilled
[59]

Fig. 14 SEM micrographs of gas-atomized Al–20Si powder
particles with different sizes (a) 90–106 mm, (b) 75–90 mm, and
(c) 45–53 mm [62]
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the brief comparison of properties of different alloys con-
sidered in previous studies.

5  CONCLUSIONS

In the present study, the previous works on the micro-
structure, mechanical and tribological properties of spray
deposited hypereutectic Al – Si alloys are summarized.
On this basis following conclusions were drawn.

Good amount of work has been carried out related
to the study of particle size and morphology of
powder produced during spray deposition process.
The works has paid concentration on the process
variables and nozzle design. There is necessity of re-
lation which provides the relation between the
process variables and particle size and morphology
for the general nozzle designs.  Inspite optimization
of process parameters is also vital.
Hypereutectic Al – Si alloys produced by spray de-
posited is well studied in consideration of their
properties. Yet study is going on corresponding to
grain refinement and development of properties
with high Si content.
The development of fine grain and with high wear
resistance would be lucrative to aerospace and au-
tomotive applications.
In recent years researchers are concentrating to-
wards the addition of ferrous and non ferrous alloy-
ing elements to hypereutectic Al – Si alloys which
intensifies alloy properties.
Secondary processes are also being carried out in
supplement with spray deposition process. Since
the probability of the presence of porosity in the mi-
crostructure of spray deposited alloys, resulting in
deteriorated effect on its characteristics. Thus to
augments the mechanical properties by decreasing
the porosity, generally hot extrusion is processed in

Fig. 15 Porosity in spray formed hypereutectic Al–Si alloy billets.
(a) AlSi18, V484 Hot, GMR= 3.8; (b) AlSi25, V458 Hot, GMR=
4.0; (c) AlSi35, V460 Hot+, GMR= 5.3; (d) AlSi18, V457 Hot ,
GMR= 4.0; (e) AlSi25, V488 Cold , GMR= 7.4 and (f) AlSi35,
V487 Hot, GMR= 7.7 [63]

Fig. 16 Silicon precipitations in spray formed hypereutectic Al–
Si alloy billets. (a) AlSi18, V484 Hot,GMR= 3.8; (b) AlSi25, V458
Hot,GMR= 4.0; (c) AlSi35, V460 Hot+,GMR= 5.3;(d) AlSi18,
V457 Hot , GMR= 4.0; (e) AlSi25, V488 Cold , GMR= 7.4 and
(f) AlSi35, V487 Hot, GMR= 7.7 [63]

Fig. 17. Typical microstructures taken (a) before and (b) after
the extrusion [22]

Fig. 18 Micrographs of billets extruded at different extrusion
ratios (Ø ¼ 3.8 mm): (a) 10:1; (b) 14:1; (c) 28:1. [64]
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the previous literatures

REFERENCES

[1] Feng Wang, Zhengye Zhang, Yajun Ma, Yuansheng Jin, “Effect of Fe
and Mn additions on microstructure and wear properties of spray de-
posited Al – 20Si alloy” Materials Letters, 58 (2004) 2442 -2446.

[2] C.H. Chiang, Chi Y.A. Tsao, “Microstructures and mechanical proper-
ties  of  spray  formed  and  squeeze  cast  Al  –  25Si  –  0.89Cu  –  1.0Ni  –
0.84Mg alloys in solutionized and aged conditions”, Materials Science
and Engineering A 417 (2006) 90 – 98.

[3] V.C. Srivastav, R.K. Mandal, S.N. Ojha, K. Venkateshwaralu, “Micro-
structural modifications induced during spray deposition of Al – Si – Fe
alloys and their mechanical properties”, Materials Science and Engi-
neering A 471 (2007) 33 – 49.

[4] A.K. Srivastav, V.C. Srivastav, A. Gloter, S.J. Ojha, “Microstructural
features induced by spray processing and hot extrusion of an Al – 18%
Si – 5% Fe - 1.5% Cu alloy”, Acta Materialia 54 (2006) 1741 – 1748.

[5] L.A. Bereta, C.F. Ferrarini, C.S. Kiminami, W.J.F. Botta, C. Bolfarini,
“Microstructure and mechanical properties of spray deposited and ex-
truded/heat treated hypoeutectic Al – Si alloy”, Materials Science and
Engineering A 449 - 451 (2007) 850  – 853.

[6] M. Courbiere and A. Mocellin, “Spray cast Al – Si base alloys for stiff-
ness  and  fatigue  strength  requirements”,  Journal  De  Physique  IV,  3
(1993) 207 – 213.

[7] M.  Gupta,  E.J.  Lavernia,  “Effect  of  processing  on  the  microstructural
variation and heat treatment response of a hypereutectic Al – Si alloy”,
Journal of Material Processing Technology, 54 (1995) 261 – 270.

[8] P.S. Grant, “Spray forming”, Progress in Materials Science, 39 (1995)
497-545.

[9] E.J. Lavernia and Yue Wu, “Spray Atomization and Deposition”, 1996,
John Wiley and Sons Ltd., West Sussex, England.

[10] M.  Jeyakumar,  S.  Kumar,  G.S.  Gupta,  “The  influence  of  processing
parameters on characteristics of an aluminium alloy spray deposition”,
Materials and Manufacturing processes 24 (2009) 693 – 699.

[11] H. Lubanska, “Correlation of spray ring data for gas atomization of
liquid metals”, Journal of metals, 22 (2) 45 – 49

[12] K.Y. Kim and W.R. Marshall, “Drop-size distributions from pneumatic
atomizers”, AIChE Journal, 17 (1971) 575 – 584.

[13] S. Nukiyama and Y. Tanasawa, “Experiments on the atomization of
liquids in an air stream”, Transactions of society of mechanical engi-
neers of Japan, 6 (23) (1940), 18 - 28

[14] V.C. Srivastav and S.N. Ojha, “Effect of aspiration and gas – melt confi-
guration in close coupled nozzle on powder productivity,” Powder me-
tallurgy 49 (2006) 213 – 218.

TABLE 1
COMPARISON OF THE PROPERTIES OF CAST AND SPRAY DEPOSITED ALLOYS STUDIED IN PREVIOUS LITERATURES

Alloy Processing
route

Yield
Strength
(MPa)

UTS
(MPa)

Elongation
(%)

Hardness Elastic
Modulus
(GPa)

Reference

Al – 18Si AC 50 <3 50HV [3]
Al – 18Si ACE 97 129 7 41HV [3]
Al – 18Si SDE 120 158 19 59HV [3]
Al – 5Fe AC 48 17HV [3]
Al – 5Fe SDE 176 201 23 59HV [3]
Al – 18Si – 5Fe – 1.5Cu AC 55 <3 53HV [3]
Al – 18Si – 5Fe – 1.5Cu SDE 221 262 8 89HV [3]
Al – 25Si – 0.89Cu – 1Ni –
0.84Mg

SDE 108.9
(Proof
stress)

262.9 7.2 [2]

Al – 25Si SDE 164 14.8 88.4 [22]
Al – 25Si – 3.67Cu – 1.11Mg
– 0.4Fe

SDE 420 0.8 88.6 [22]

Al – 17.48Si – 3.67Cu –
0.42Fe – 1.11Mg – 0.02Ni

SDE 305.8 3.5 [20]

Al – 17Si – 3Fe SDE 400 470 13 [6]
Al – 21Si – 3Fe SDE 410 473 0.8 [6]
Al – 25Si – 3Fe SDE 440 503 0.6 [6]
DISPAL S220* ACE 95 165 2.5 65HV 85 [65]
DISPAL S250* ACE 205 334 2.7 105HV 95 [65]
DISPAL S260* ACE 180 265 1.0 110HV 85 [65]
DISPAL 220* SD 135 230 2.5 86 [65]
DISPAL 240* SD 425 490 1.5 99 [65]
DISPAL 250* SD 438 490 1.2 97 [65]
DISPAL 260* SD 240 360 2.1 98 [65]
DISPAL 260* SD 180 245 1.2 [65]
*DISPAL is a trade name of PEAK Werkstoff GmbH, Velbert, Germany

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 2, Issue 6, June-2011 9
ISSN 2229-5518

IJSER © 2011
http://www.ijser.org

[15] D. Singh, S.C. Koria, R.K. Dube, “Development of operating pressure
diagram for free fall gas atomization of liquid metals” ISIJ International,
43 (12) (2003) 2067 – 2069.

[16] V.C. Srivastav, Anish Upadhaya and S.N. Ojha, “Microsturctural fea-
tures induced by spray forming of a ternary Pb-Sn-Sb alloy”, Bulletin of
Material Science, 23 (2000) 73 – 78.

[17] K. Raju, S.N. Ojha, A.P. Harsha, “Spray forming of an aluminium alloys
and its composites: An overview”, Journal of Material Science, 43 (2008)
2509-2521.

[18] Hatch J.E., “Aluminium propeties and physical metallurgy”, American
Society for Metals, Metals Park, OH. pp. 214

[19] Key to metals: articles – Al – Si alloys
(www.keytometals.com/Articles.htm)

[20] H. Hu, Z.H. Lee, D.R. White, E.J. Lavernia, “On the evolution of porosi-
ty in spray deposited tool steels”, Metallurgy Materials Transactions, 31
(2000) 725 – 735.

[21] C.  Cui,  A.  Schulz,  K.  Schimanski,  H.  W.  Zoch,  “Spray  forming  of
hypereutectic Al – Si alloys”, Journal of Materials Processing Technolo-
gy, 209 (2009) 5220 – 5228.

[22] Xiong  Baiqing,  Zhang  Yongan,  Wei  Qiang,  Shi  Likai,  Xie  Changan,
Shang Chengjia, He Xinlai, “The study of primary Si phase in spray
forming hypereutectic Al – Si alloy”, Journal of Materials Processing
Technology 137 (2003) 183 – 186.

[23] Tae Kwon Ha, Woo-Jin Park, Sangho Ahn, Young Won Chang, “Fabri-
cation of spray-formed hypereutectic Al–25Si alloy and its deformation
behavior”, Journal of Materials Processing Technology 130–131 (2002)
691–695.

[24] Min  Ryou,  Chul  Hyun  Kim,  Myung  Ho  Kim,  “Microstructure  and
mechanical properties of hypereutectic Al – Si alloys fabricated by spray
casting”, Journal of Materials Science Technology, 24 (2008) 48 – 50.

[25] Wei Yan guang, Xiong Bai qing, Zhang Yong an, Liu Hong wei, Wang
Feng, Zhu Bao hong, “Property measurements on spray formed Si – Al
alloys”, Transactions nonferrous materials society china 17 (2007) 368 –
372.

[26] Hyun  Kwang  Seok,  Jae  Chul  Lee,  Ho  In  Lee,  “Extrusion  of  spray
formed Al – 25Si – X composites and their evaluation”, Journal of Mate-
rials Processing Technology 160 (2005) 354 – 360.

[27] Woo Jin Kim, J.H. Yeon, J.C. Lee, “Superplastic deformation behaviour
of spray deposited hyper – eutectic Al – 25Si alloy”, Journal of alloys
and compounds 308 (2000) 237 – 243.

[28] V.C. Srivastav, G.B. Rudrakshi, V. Uhlenwinkel, S.N. Ojha, “Wear
Characteristics  of  spray  formed  aluminium  alloys  and  their  compo-
sites”, Journal of Material Science, 44 (2009) 2288 – 2299.

[29] Ph. D thesis of V.C. Srivastav, “Spray forming and characterization of
Al – Si – Fe alloys”, Banaras Hindu University, Varanasi, 2003.

[30] M.  Elmadagli  a,  T.  Perry  b,  A.T.  Alpas,  “A  parametric  study  of  the
relationship  between microstructure  and wear  resistance  of  Al–Si  al-
loys”, Wear 262 (2007) 79–92

[31] S. Nafisi, D. Emadi, M.T. Shehata, R. Ghomashchi, “Effects of electro-
magnetic stirring and superheat on the microstructural characteristics of
Al – Si – Fe alloy”, Material Science Engineering A 432 (1-2) 2006 71 – 83.

[32] P.N. Crepeau, “Effect of Iron in Al-Si Casting Alloys: A Critical Review”
AFS Transcations 103 (1995) 361 – 366.

[33] C.M. Dinnis, J.A. Taylor, A.K. Dahle, “ Iron – related porosity in Al – Si
– Cu foundry alloys”, Material Science Engineering A 425 (1-2) (2006)
286 – 296

[34] Wolfgang G.J. Bunk “Aluminium RS metallurgy” Material Science

Engineering A134 (1991) 1087 - 1097
[35] W.  J.  Boettinger,  L.  Bendersky,  J.G.  Early,  “An  analysis  of  the  micro-

structure of rapidly solidified Al-8 wt pct Fe powder”, Metallurgical
and Materials Transactions, 17A (1986) 781 – 790.

[36] R.F. Cochrane, P.V. Evans, A.L. Greer, “Competitive growth analysis of
phase formation in Al-8wt.%Fe”, Materials Science Engineering A 133
(1991) 803 – 806.

[37] J. Juarez – Islas, Y. Zhou, E.J. Lavernia, “Spray atomization of two Al –
Fe binary alloys: Solidification and microsturcture characterization”,
Journal of Material Science 34 (1999) 1211 – 1218.

[38] R.F. Cochrane, S.B. Newcomb, P.V. Evans, A.L, Greer, “Microstructural
Development in Drop-Tube Processed Al-8wt.%Fe”, Key Engineering
Materials 38 & 39 (1989) 21.

[39] J.D. Cotton, M.J. Kaufman, “Microstructural evolution in rapidly solidi-
fied Al-Fe alloys: An alternative explanation”, Metallurgical and Mate-
rials Transactions A, 22A (1991) 927 - 934.

[40] B. Yang, F. Wang, J.S. Zhang, B.Q. Xiong, X.J. Duan, “The effect of Mn
on the microstructure of spray-deposited Al–20Si–5Fe–3Cu–1Mg alloy”
Scripta Materialia, 45 (5) (2001) 509 – 515.

[41] V.C. Srivastav, R.K. Mandal, S.N. Ojha, “Microstructure and mechani-
cal properties of Al–Si alloys produced by spray forming process”, Ma-
terial Science Engineering A 304 – 306 (2001) 555 – 558.

[42] V.C. Srivastav, R.K. Mandal, C. Ramachandra, B. Chatterjee, S.N. Ojha,
“Microstructural and Wear Characteristics of spray deposited hypereu-
tectic Al – Si alloy”, Transactions IIM, 51 (1) (1999) 29 – 40.

[43] Y. Wu, W.A. Cassada, E.J. Lavernia, “Microstructure and Mechanical
Properties of Spray Deposited Al-17Si-4.5Cu-0.6Mg Wrought Alloy",
Metallurgical Transactions A 26 (1995) 1235 – 1247.

[44] C.H. Chiang, C.Y.A. Tsao, “Si Coarsening of spray formed high loading
hypereutectic Al – Si alloys in the semisolid state”, Materials Science
Engineering A 396 (1-2) (2005) 263 – 270.

[45] C.F. Ferrarini, C. Bolfarini, C.S. Kiminami, W.J. Botta, “Microstructure
and mechanical properties of spray deposited hypoeutectic Al – Si al-
loy”, Materials Science Engineering A 375 – 377 (2004) 577 – 580.

[46] J.R. Blackford, R.A. Buckley, H. Jones, C.M. Sellars, D.G. McCartney,
A.J. Horlock, “Spray deposition of an iron aluminide”, Journal of Mate-
rials Science, 33 (1998) 4417- 4421.

[47] B.H. Luo, F.J. Xu, Y.Q. Xie, “Microstructure and internal friction of
spray deposited Al – 3.3Fe – 10.7Si alloy”, Journal of materials science
35 (2000) 109 – 113.

[48] A. Mocellin, R. Fougeres, P.F. Gobin, “A study of damage under tensile
loading  in  a  new  Al  –  Si  –  Fe  alloy  processed  by  the  osprey  route”,
Journal of materials science 28 (1993) 4855 – 4861.

[49] J. Zhou, J. Duszczyk, B.M. Korevaar, “Structural development during
the extrusion of rapidly solidified Al – 20Si – 5Fe – 3Cu – 1Mg alloy”,
Journal of Material Science, 26 (1991) 824 – 834.

[50] G.  Thursfield,  M.J.  Stowell,  “Mechanical  properties  of  Al-8  wt%  Fe-
based alloys prepared by rapid quenching from the liquid state”, Jour-
nal of Material Science 9 (1974) 1644

[51] H. Jones, “Observations on a structural transition in aluminium alloys
hardened by rapid solidification”, Materials Science and Engineering 5
(1969) 1 - 18

[52] F. Wang, B. Wang, X.J. Duan, B.Q. Xiong, J.S. Zhang, “ The microstruc-
ture and mechanical properties of spray-deposited hypereutectic Al–Si–
Fe alloy” Journal of Material Processing Technology, 137 (2003) 191 –
194.

[53] Z. Lee, A.M. Samuel, F.H. Samuel, C. Ravindra, S. Valtierra, “Effect of

http://www.ijser.org/
http://www.keytometals.com/Articles.htm


International Journal of Scientific & Engineering Research Volume 2, Issue 6, June-2011 10
ISSN 2229-5518

IJSER © 2011
http://www.ijser.org

alloying elements on the segregation and dissolution of CuAl2 phase in
Al-Si-Cu 319 alloys” Journal of Materials Science 38 (2003) 1203 – 1219.

[54] R.M. Gomes, T. Sato, H. Tezuka, A. Kamio, “Precipitation behavior of
P/M hypereutectic Al-Si-Cu-Mg alloys containing Fe and Ni” Materials
Transactions, JIM, 39 (1998) 357 – 364.

[55] A.K. Gupta, M.C. Chaturvedi, A.K. Jena, “Effects of silicon additions on
aging behaviour of Al-1.52 Cu-0.75 Mg alloy” Materials Science and
Technology 5 (1989) 50-55.

[56] B.C. Moon, Z.H. Lee, “Damping behavior of Al---Zn alloys produced
by spray forming process” Scripta Materialia 38 (1998) 207 - 213.

[57] V.C. Srivastav, P. Ghoshal, S.N. Ojha, “Microstructure and phase for-
mation in spray deposited Al – 18%Si – 5%Fe – 1.5%Cu alloy”, Mate-
rials Letters 56 (2002) 797 – 801.

[58] Hamilta de Oliveira Santos, Fernando Morais dos Reis, Clarice Terui
Kunioshi, Jesualdo Luiz Rossi, Isolda Costa, “ Corrosion performance
of Al – Si – Cu hypereutectic alloy in a synthetic condensed automotive
solution”, Materials Research 8 (2005) 155 – 159.

[59] B. Jodoin, L. Ajdenlsztajn, E. Sansoucy, A. Zuniga, P. Richer, E.J. Laver-
nia, “Effect of particle size, morphology and hardness on cold gas dy-
namic sprayed aluminium alloy coatings”,   Surface and Coatings
Technology, 201 (2006) 3422 – 3429.

[60] S. Zafar, Nazma Ikram, M.A. Shaikh, K.A. Shoaib, “Microstructure
studies in Al – 6%Si – 1.9%Cu – X%Mg alloys”, Journal of Material
Science, 25 (1990) 2595 – 2597.

[61] J.L. Estrada, J. Duszczyk, “Characteristics of rapidly solidified Al – Si – X
preforms produced by the osprey process”, Journal of Materials Science
25 (1990) 1381 – 1391.

[62] Soon-Jik Hong, C. Suryanarayana, Byong-Sun Chun, “Section – depen-
dent microstructure and mechanical properties of rapidly solidified and
extruded Al – 20Si alloy”, Materials Research Bulletin, 39 (2004) 465 –
474.

[63] Chengsong Cui, Alwin Schulz, Ellen Matthaei Schulz, Hans – Werner
Zoch, “Characterization of silicon phases in spray formed and extruded
hypereutectic Al – Si alloys by image analysis”, Journal of Materials
Science, 44 (2009) 4814 – 4826.

[64] Xiong  Baiqing,  Zhang  Yongan,  Wei  Qiang,  Shi  Likai,  Xie  Changan,
Shang Chengjia, He Xinlai, “The study of primary Si phase in spray
forming hypereutectic Al–Si alloy”, Journal of Materials Processing
Technology 137 (2003) 183–186.

[65] Data sheet PEAK Werkstoff GmbH, Velbert, Germany, without year.

http://www.ijser.org/

