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The present work is associated with research concentrating on the innovation and use of hybrid heat
treatment for eutectoid steel powder (0.8 wt%) reinforced Al-Zn-Mg (Al 7075) alloy composites. Due to
high hardness, wear resistance, tensile strength and flexibility modifying heat treatment, heat treatable
aluminium metal matrix composites reinforced with heat treatable hard steel particles may be the choice
to explore. In this work, an attempt is made to increase hardness and tensile properties to higher levels
through hybrid heat treatment, comprising simultaneous treatment to matrix and reinforcement in 3
different routes (Pearlite, Bainite and Martensite) compared to conventional age hardening treatment.
SEM images and microhardness distribution witnessed the phase transformation in both matrix and
reinforcement. Aging kinetics in conventional age hardening and hybrid treatments is accelerated by
the increase in the quantity of reinforcement and increase in aging temperature. The improvement in
hardness and tensile strength obtained by conventional age hardening path is further improved by the
hybridisation path. Hybridisation route with martensite reinforcement phase shows excellent result
in hardness, strength followed by bainite and pearlite path respectively in the decreasing order. In
all heat treatment cycles, lower aging temperature marks greater property enhancement compared to
higher temperature. Al 7075 with 6 wt% steel powder reinforced (martensite form) composite showed
excellent peak age hardness, tensile strength compared to lesser quantity reinforced composites.

Keywords: Aluminium metal matrix composites, microhardness, pearlite, bainite, martensite.

1. Introduction

Heat treatment is the controlled heating and cooling process
of' metal alloys and composites for property modification by
precise phase transformation in the solid state with optional
change in concentration of alloying elements and shape.
Greater improvement in hardness, strength and impact
resistance of the material is possible compared to existing
methods if the process variables are tailored suitably. There is
aprovision to alter the heat treatment cycles for the property
alterations due to the flexibility available in the process
parameters'. Steels and nonferrous metals are generally
subjected to conventional (annealing, normalizing, hardening,
tempering etc.) and precipitation supported heat treatments
(age hardening and thermomechanical processes). So far in
composites (metal matrix composites), only matrix material
is subjected to heat treatment and not the reinforcements.
Age hardenable alloys like aluminium (2XXX, 7XXX,
6XXX series), Copper (Cu-Be), Titanium (Ti-Al) systems
with or without the addition of reinforcement are prone to
age hardening with property alterations, like hardness and
strength>12.

The age hardenable matrix can be reinforced with
heat trea steel powder by stir casting method and matrix
definitely subjected to age hardening treatment for property
alterations without reinforcement undergoing treatment.
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At the same time, if reinforcement (steel powder) also
undergoes heat treatment simultaneously, the heat treatment
has different effect on matrix and reinforcement in a single
process may be called as HYBRID heat treatment. In this
work, an attempt is made to hybrid heat treatment process
by combining age hardening treatment to matrix material
and conventional treatments (annealing, normalizing,
hardening, austempering etc.) to steel powder at a stretch.
Conventional treatments yield different micro constituents
(phases) in reinforcement like coarse pearlite, fine pearlite,
martensite, bainite etc. with different packing factors of the
microconstituents depending on the type of treatments!*!“.
Phase transformation of reinforcement, particle experiences
tensile strain within it due to lower packing factor of the
transformed microconstituent phases, matrix experiences
compressive strain and the resultant is reflected as property
alteration, especially, hardness and UTS. At the same time
matrix undergoes age hardening treatment and induces tensile
strain in the matrix owing to the controlled precipitation of
intermetallics (strengthening phases) during heat treatment
hybridization. The combined effect of these two processes
develops thermal misfit strain between the reinforcement
and matrix".

The purpose of the study is to uplift hardness related
properties to superior levels through hybrid heat treatment,
comprising combined treatment to matrix and reinforcement
through novel routes (Pearlite, Bainite and Martensite)
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compared to conventional age hardening treatment. Even
though a lot of literature reports are available on non-heat
treatable reinforcement reinforced composites, heat treatable
reinforcements like, steel powder and alteration in the heat
treatment path to have positive impact on both matrix and
reinforcement is not yet performed. In this study, such
an attempt is made to obtain the composite with superior
combination of mechanical properties by newly designed heat
treatment procedure. In the area of age hardening composites,
this work is the novel approach comprising impact of hybrid
heat treatment simultaneously to reinforcement and matrix
in the path of property alterations.

2. Material and Experimental Methods

2.1. Matrix and reinforcement materials

Al 7075 rods are procured from Perfect metal works,
Bengaluru in T6 condition. Table 1 shows the composition
of matrix material (Al 7075). Steel powder is purchased from
Servell Engineers, Mangalore. Table 2 shows the composition
of eutectoid steel powder. Table 3 shows properties of Al
7075 alloy and eutectoid steel powder.

2.2. Preparation of eutectoid steel powder

Turning operation was performed on eutectoid steel
rods to convert into chips using conventional engine lathe.
Due to the uninterrupted impact and abrasion by the hardened
balls the chips crushes into powders. Measured quantities
of eutectoid steel chips were introduced into the mill after
preheating to 100°C. During processing every one-hour
interval, these milled particles were removed and were
measured for size using different grades of sieves. Process
of pulverizing and measuring was repeated till the grain size
average of 40-60 micron was achieved.

Table 1. Composition (wt%) of Al 7075 alloy.
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2.3. Preparation of composites (Al
7075-eutectoid steel powder MMCs) —Two
step stir casting technique

The methodology adopted in carrying out stir casting for
manufacturing of composites is described by the flowchart
shown in Figure 1. Composites are fabricated by stir casting
technique. Initially, billets of Al 7075 are cut into pieces,
placed in a graphite crucible and heated to melt. Melting
is continued by increasing the temperature to 750°C and
soaked isothermally for sufficient time till uniform liquid
melt results. The lower melting impurities are removed as
slag by introducing small quantity of scum powder. Dry Hexa
chloroethane (C,Cl,), 0.3 wt% is added to the melt for
degasification. Wettability of the reinforcement is enhanced
by adding pieces of Mg (1 wt%) to the melt. Mg also helps

| Al7075 billets are melt in a fumace maintained at 730°C |

I

| Melt is degassed by adding dry hexa chloroethane (C:CL.. 0.3 wt3%) |

I

Preheated (300°C for 2 h) eutectoid seel particles in varying proportions is
introduced into the vertex formed during continuous stirring (150200 rpm)
of molten slurry for 15 min maintained at 700°C

I

Furnace is reheated to 800°C, stiring is commenced again for about 10
minutes at an average speed of 400 rpm

I

Themelt is poured into the preheated (300°C for 1h) castiron mould
and air cooled

l

l Al17075-Eutectoid steel powdercomposite

I

Figure 1. Flow chart of stir casting method used in the study.

Element Cu Mn Mg Zn Si Al
Actual (Wt%) 1.35 0.08 2.21 5.67 0.4 Balance
Standard (wt%) 1.2-1.8 0.1 max 2-4.5 4-8 0.4 Max Balance
Table 2. Composition (wt%) of eutectoid steel powder.
Elements C Mg Mn P Cr Si S Fe
wt% 0.81 0.05 0.07 0.02 0.02 0.05 0.02 Balance
Table 3. As cast hardness of alloy and composites.
Average
Material Hardness in Vicker’s hardness (HV) scale hardness
HV)
Alloy 114 115 113 115 116 116 117 114 115
Composite 2% 120 122 121 120 122 123 124 120 122
Composite 4% 126 127 126 128 130 125 126 130 128
Composite 6% 135 137 134 138 136 134 136 138 136
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to strengthen the matrix by the precipitation of secondary
intermetallic phases during the controlled heat treatment'.
The eutectoid steel powder particles are preheated to 300°C
for 1 h. This process removes all the volatile elements and
maintains the powder crispy. The melt is then allowed to
cool in air up to 700°C to a semi-solid state, further stirred to
form the vortex by using a stirrer made of mild steel. During
stirring the vortex is formed and eutectoid steel powder in
varying proportion (2, 4 and 6 wt%) is transferred into the
melt in each run. Optimum distribution of the eutectoid steel
particles in the alloy can be obtained by maintaining a stirrer
in the range of 150-200 rpm for 15 minutes.

The furnace temperature is monitored by a thermocouple.
After complete mixing of reinforcement in semisolid state,
the furnace is reheated to 750°C which is 50 to 60°C above
the liquidus temperature of Al 7075. Stirring is commenced
again for about 10 minutes at an average rpm 400. Composites
with uniform reinforcement distribution and minimum
casting defects are obtained by employing two stage stir
casting technique. Viscosity of the melt in the semisolid state
is maintained by adjusting the melt temperature in a semi
solid state which in turn reduces the possibility of floating
of the eutectoid steel particles. Due to the stirring action the
centrifugal force breaks the gas layers around the particle
liquid interface, throws the particle which leads to better
spread out of molten metal onto the particle surface. Hence
dispersivity and wettability are improved. The collective
effect of reheating of composite slurry above its liquidus
temperature and agitations created during stirring enhances
particle distribution by reducing the effect of sedimentation'”.
Finally, the melt is poured into the preheated (500, 1 h) cast
iron molds and allowed to cool in air.

The microstructure of all the heat-treated samples are
obtained for deciding the quality of castings on particle
dispersion in the matrix. The specimens are subjected to
micro finishing with conventional polishing and sonication
as first step, followed by etching. The samples are polished
with various grades of emery papers to mirror like finish
without any micro scratches. The polished samples are
properly (optimum) etched using Keller’s reagent to highlight
reinforcement particle and matrix phases. SEM (Model-
JEOL JSM 840A) is used to obtain the microstructure of
the samples.

Homogeneity in reinforcement dispersion is confirmed
by conducting hardness test on five specimens cut from the
same casting in the increment of 15 mm from one end to
the other end along the length of casting.

2.4. Conventional age hardening treatment

The age hardening treatment is carried out after solution
heat treatment (SHT) at 550°C for a duration of 2 h followed
by quenching in demineralized water at room temperature.
The quenched specimens are artificially aged in the furnace
at 100 and 180°C for different time intervals and hardness
distribution curves are plotted against isothermal aging
time. From Al-Zn-Mg ternary phase diagram, as per the
ternary eutectic MgZn,-(Al) -(Zn) phase formation the
solutionising temperature is fixed as 550°C. The harder
MgZn, intermetallic phase found to dissolve completely at
550°C during solutionising and sequentially precipitated

during aging to strengthen the matrix. It is reported that
the samples of Al 7075 and its composites, after solution
treatment at 550°C, exhibits better strength and toughness
property combination'®. The heat treatment cycle used is
shown in Figure 2.

2.5. Hybrid heat treatment

Step 1 - Conventional heat treatment to ferrous material
(steel powder): The composite specimens are heated to 30-
50°C above the critical temperature of steel (750°C) held
isothermally for optimum duration of 1 h and quenched
to 550°C in a salt bath, held isothermally for 3.5 h (from
Isothermal diagram of eutectoid steel) and air cooled to room
temperature ((path 1 in Figure 3)). This is the isothermal
annealing treatment for the steel powder to transform as-bought
phase into fine pearlite. Fine pearlite is harder and stronger
phase compared to as-bought steel phase (coarse pearlite)
which strains the matrix material during transformation to
alter the properties.

In path 2 (Figure 3), the composite specimens are heated
to 30-50°C above the critical temperature of steel (750°C)
held isothermally for optimum duration of 1 h and quenched
to 350°C in a salt bath, held isothermally for 3.5 h (from

Solutiomsing Aging
e . = .
550°C (2h) For peak
hardness (T6
Soak SI( )
. 180°C /
g A ¢/
5 Heat /
]
&
H h
B Q“i'“
Stir cast composite ‘Water quenching to room
specumen temperature
Time

Figure 2. Conventional age hardening treatment.

Conventional heat Age hardening
treatment to steel treatment to
powder (Step - 1) matrix (Step - 2)
Solutionising Aging
750°C (1h)
Austenitizing
Sk S50°C (3.50)

Fine pearlite (Troostite)

A\ SSU°C (2h)
! 350°C (3h) \

(Path 1)

For peak
/
’f
oec F /

|
Qu=n$h [100oc £ Peak Aging

{ MR

| Aging 'y

Water quenching

to room temperature
-—

A\
\—Bainite __ "1
sothermal holding, |

/ N zec Pynp) Resheat
Héat Martensite \: \ {

¥ i3 W1 /
i (#: :\g‘:

Temperature in °C

Stir cast composite
within die

Time

Ny /
Air cool to reom
Temperature

Hybrid heat treatment cycle

Figure 3. Hybrid heat treatment for the matrix and reinforcement.



4 Bhat et al.

Isothermal diagram of eutectoid steel) and air cooled to
room temperature (path 2 in Figure 3). This treatment is
conventional austempering for the reinforcement. Now the
as-bought steel powder having coarse pearlite structure
converts into bainite?. This is harder and stronger phase
compared to fine pearlite which strains the matrix material
to alter the properties. Similarly, another set of specimens
are heated to 30-50°C above the critical temperature of steel
(750°C) held isothermally for optimum duration of 1 h and
quenched to 200°C in a salt bath, held isothermally for 20 s
(from Isothermal diagram of eutectoid steel) and air cooled
to room temperature (path 3). This treatment is conventional
martempering for the reinforcement. Now the as-bought
steel powder having coarse pearlite structure converts into
martensite’. Martensite structure is harder and stronger phase
compared to bainite which strains the matrix material better
to alter the properties.

Step 2 - Age hardening treatment to matrix material:
The partially heat treated (step 1) specimens obtained in
the previous step is reheated to 50 - 100°C above the solvus
temperature (550°C) held isothermally for 2 h to covert two-
phase matrix material into single phase solid solution and
quenched to room temperature to form supersaturated solid
solution. On quenching, matrix becomes supersaturated in
nature and maintains the crystal structure same as that of
high temperature phase without affecting the phases formed
(step 1) in reinforcement. The supersaturated matrix phase
is reheated below the solvus temperature of the matrix for
peak aging (T6 treatment). At the peak aging condition, the
entire specimen is quenched to room temperature to arrest
the further transformation (over aging). During the step 2,
the new phases (pearlite) formed for reinforcement (steel
powder) in the step 1, is not affected while heating below
critical temperature i.e., eutectoid temperature (724°C).
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2.6. Mechanical characterisation

2.6.1. Hardness test

Hardness of the test specimen was deterined using the
Micro Vicker’s hardness tester. The bar stocks of 10 mm
diameter are cut in to 20 mm length using power blade hacksaw.
The facing operation is carried out on CNC turning centre.
Hardness test is carried out using Micro Vicker’s hardness
testing machine (Akash industries model, A1-Twin) for the
test specimens as per ASTM E18-02.

2.6.2. Tensile test of Al 7075 alloy and composites

Tensile tests are carried out by following the specifications
given in ASTM-E8M standard. Circular cross section specimen
with 6 mm diameter and 24 mm gauge length is prepared.
Tensile test is carried out on Electronic Tensometer. Diameter
of specimen is measured using Vernier caliper and cross
sectional area is calculated. The load cell value is kept to
20.5 kN and test mode is selected as break. The cross head
speed is kept constant at 10 mm/ min, with length increment
value of 0.01 mm. The as cast and peak aged specimens are
fixed firmly in gripper and load is applied.

3. Results and Discussions

3.1. Microstructure analysis

The mechanical properties of the composite rely heavily
on the degree of dispersion of reinforcement particles.
Particulate composites with uniform reinforcement without any
agglomeration or sedimentation can be obtained by maintaining
suitable rpm of the stirrer and appropriate temperature of the
melt. Homogeneity in particle distribution can be studied by
microstructural examination using SEM. Figure 4 represents

Figure 4. Microstructure of as cast Al 7075 alloy and composites in etched condition a) 2 wt% steel powder b) 4 wt% steel powder c) 6

wt% steel powder d) 8 wt% steel powder e) 8 wt% steel powder.
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the microstructure of as cast A1 7075 and 2, 4, 6 and 8 wt %
eutectoid steel powder composites in polished and etched
condition. The microstructure fairly displays the uniformity
of particle distribution in the matrix. Figures 4 shows that
dispersion is fairly uniform. Also, porosity or blow holes or
clogging of reinforcements or clustering of reinforcements are
not observed. Figure 4e shows agglomeration of steel powder
in the SEM image for the composite casting obtained with
8 wt% steel powder reinforcement. Hence, the reinforcement
quantity is restricted to 6 wt%.

3.2. As cast hardness

In the as cast condition, the average hardness of the alloy
and composites is shown in Table 3. Table 4 shows the average
hardness of the solutionised alloy and composites as measured
in Vicker’s hardness scale. The average of 8 hardness values
is considered for the analysis of experimental result. Hardness
distribution in the composite is in the range of + 2 VHN and
these castings are accepted as sound casting'. The reduction

Table 4. Solutionised hardness of alloy and composites.

in the hardness values of the solutionised specimen is due
to the dissolution of solute rich intermetallics.

Tables 3 and 4, it is seen that increase in quantity of steel
powder in the composite increases hardness.

3.3. Age hardening

3.3.1. Aging curves for conventional aging

The age hardening process is carried out at two different
aging temperatures (100 and 180°C), the hardness obtained
at the different time intervals during aging is noted and graph
is plotted as shown in Figures 5a-e. From these graphs it
is clear that there are peak values of hardness for both the
temperatures for alloy and its respective composites and
the hardness value at 100°C is higher than the hardness
at higher temperature (180°C). The time taken to reach
the peak hardness is more at 100°C when compared with
180°C, because aging kinetics is slow and there is formation
of more amount of secondary precipitates at peak aging

Average
Material Hardness in Vicker’s hardness (HV) scale hardness
HV)
Alloy 106 108 104 107 106 105 107 105 106
Composite 2% 109 110 108 107 108 110 106 108 108
Composite 4% 109 113 110 113 111 111 109 112 111
Composite 6% 114 113 117 116 115 113 117 115 115
Bl LT
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Figure 5. Hardness distribution during conventional aging (a) 0 wt% steel powder (b) 2 wt% steel powder (c) 4 wt% steel powder (d) 6

wt% steel powder composites.
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condition. The maximum value of hardness (158 VHN) is
obtained for 6 wt% eutectoid steel reinforced composites
while aging temperature of 100°C, aging duration 2.5 h with
5% increase in hardness value as compared to that of 2 wt%
reinforcement. As the aging temperature increases, the peak
hardness decreases, may be attributed by the reduction in the
number of metastable solute rich phases forming during the
precipitation of stable intermetallic phase®. This statement
is well supported by the result obtained.

3.3.2. Peak hardness in conventional aging

The effect of the reinforcement on the peak hardness can
be clearly seen by the hardness test plot (Figure 6). Hardness
of composite increases with the increase in percentage of
reinforcement, so it is clear that reinforcement makes the
material hard. This is due to the presence of harder eutectoid
steel powder. In case of peak aged conditions hardness is
maximum during aging at that temperature and time. Excellent
peak hardness is obtained at 100°C peak aged samples.

3.4. Hybrid heat treatment

3.4.1. Hybrid heat treatment with pearlite as
reinforcement

Hybrid heat treatment consists of conventional treatment
to steel powder to alter its phase followed by age hardening
treatment. In the first step of conventional treatment the
reinforcement steel powder (coarse pearlite) transforms in to
fine pearlite. The coarse pearlite present in as cast condition
of composite generally has hardness Rc 10-20. When it
transforms into fine pearlite by the isothermal holding at
500°C, enhances its hardness to Rc 40". Hence, the casting
hardness improves at the end of first step of treatment due
to the controlled treatment of the composite, compared to as
cast condition. Accordingly, the strain in the lattice changes
at the end of first step. During the second step, further
controlled treatment of the composite strains the matrix
with tensile/ compressive strains as per the packing factor
of matrix and reinforcement phases®. The complex effect of
cooling rate, processing cycle and difference in misfit strain
between the materials (aluminium alloy and steel phase)
develops enhanced hardness in the composite. There is no
much change in the peak aging time in respective categories
compared to that of conventional aging (direct) treatment.

The effect of the reinforcement in the pearlitic form on
the peak hardness can be clearly seen by the hardness test
plot (Figure 7). Up to 5% increase in the peak hardness values
is observed in hybrid treatment with fine pearlitic phase in
steel powder as compared to conventional age hardening
treatment. The increasing trend of hardness with respect to
alteration in aging temperature and reinforcement quantity
remains same as that of direct aging treatment (Figure 6).

3.4.2. Hybrid heat treatment with bainite as
reinforcement

In bainitic phase formation hybrid treatment, the increasing
trend of hardness is same as that of the pearlitic trend with
increased peak hardness value. By nature, bainite is distorted
phase in steel due to its transformation mechanism (both
diffusion controlled and shear), witness higher hardness (Rc
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40-50). Hence, this transformation induces more strain on
the lattice as compared to pearlitic transformation. Since
bainite is still fine compared to fine pearlite, the nucleation
sites (dislocations) obtained for phase transformation
(supersaturated to saturated phases) during the second step
of treatment is more, accordingly transformation time for
peak aging decreases compared to pearlitic transformation.
Also, more number of fine precipitates (solute rich) form in
the lattice, which increases the peak hardness value?.

The effect of reinforcement in the form of bainite on
the hybrid heat treatment behaviour (hardness variation) is
shown in Figure 8. Up to 11% increase in peak hardness is
obtained due to the formation of bainite in steel powder as
compared to conventional age hardening treatment. Hardness
increasing trend in this hybrid treatment also remains same
as that of conventional or hybrid treatments (fine pearlite).

3.4.3. Hybrid heat treatment with martensite as
reinforcement

In martensitic phase transformation hybrid treatment,
the increasing trend in hardness remains same as that
of fine pearlite and bainite formation hybrid treatments.
Martensite is highly distorted phase, exists as supersaturated
form in room temperature condition. It is single phase as
compared to pearlite and bainite. Pearlite and bainite are

VICKER'S HARDNESS(|
e
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o [ |

Base alloy 2% Steel powder 4%Steel powder 6% Steel powder

Figure 6. Peak hardness of conventional aged A17075 eutectoid
steel composite.
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Figure 7. Peak hardness of Al 7075 eutectoid steel composite in
hybrid (pearlite) path.

Base alloy

2% Steel powder 4%steel powder 6% Steel powder

Figure 8. Peak hardness of Al 7075 eutectoid steel composite in
hybrid (bainite) path.



Hybrid Heat Treatment for Conventionally Treatable Steel Powder Reinforced Age Hardenable Aluminium 7
Alloy Matrix Composites and Mechanical Property Evaluation

the two-phase mixtures containing ferrite and cementite as
micro constituents. Martensite phase in steel forms by shear
mechanism without any incubation period and transforms
from high temperature austenite phase instantaneously. It is
highly expanded phase, occurs with a lot of lattice distortion.
As a result of this, hardness of martensite phase increases
to Rc 64 in eutectoid steel®. Severe distortion of lattice
increases the combined hardness of the composite with
the increased aging kinetics. The martensite formation is
coupled with heavy dislocation density which shoots up the
nucleation sites for phase transformation in the second step
of hybrid treatment. The greater number of nucleation sites
enhances the aging kinetics to reduce the peak aging time.

The effect of the reinforcement in martensite form during
hybrid treatment on the peak hardness behaviour can be
clearly seen by hardness test plots (Figure 9). As compared
to conventional aging, up to 16% increase in peak hardness
is obtained due to the use of hybrid treatment following
martensitic path. The Figure 9 clearly shows that increase
trend in hardness remains same in conventional age hardening
and all hybrid treatments.

3.4.4. Tensile test results in peak aged condition
(Conventional aging)

From the plot (Figure 10) it is clear that tensile strength
of the as cast material increases with the incorporation of
the reinforcement (eutectoid steel). In age hardened samples
also similar behaviour is observed with increased UTS as
compared to as cast composite. The UTS is maximum in
case of 100°C peak aged samples, in particular, 6 wt%
eutectoid steel reinforced composite material shows highest
UTS (402 MPa).

This increase in UTS is due to the presence of eutectoid
steel particles acting as barriers to the dislocation movement.

g
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VICKER'S HARDNESS(HV
g 8388

™
5]

o

Base alloy 2% Steel powder a%Steel powder 6% Steel powder

Figure 9. Peak hardness of Al 7075 eutectoid steel composite in
hybrid (martensite) path.
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Figure 10. UTS of as cast and peak aged Al 7075 eutectoid steel
reinforced composite- Conventional aging.

The increase in strength is due to the combined effect of
difference in coefficient of thermal expansion between matrix
and eutectoid steel particulates and precipitation behaviour
of solute rich secondary phases’.

Formation of intermetallic precipitates and presence
of steel powder particles in matrix act as the points of
obstacles to dislocation movement and hence lead to
increase in dislocation density. This increased dislocations
at the primary obstacles like, strained reinforcements and
intermetallics curtails the physical movement of dislocations
under applied load, thereby reducing the extent of plastic
flow. This leads to significant improvement in UTS. Lower
the aging temperature, more is the number of such primary
obstacles for dislocation movement, higher is the strength
and hardness?' accordingly, UTS increases to high value
(402 MPa). The increasing trend in hardness and strength
remains same.

3.4.5. Tensile test results in peak aged condition
(Pearlite hybrid treatment)

From the plot (Figure 11) it is clear that tensile strength
of the material increases with the increase in reinforcement
(eutectoid steel) in the matrix in as cast and peak aged
conditions similar to conventional age hardening treatment.
The UTS is maximum (424 MPa) in case of 100°C peak
aged samples, in particular 6 wt% eutectoid steel reinforced
composite material. The Figure 11 also shows that up to 6%
increase in UTS is obtained with hybrid pearlitic path as
compared to conventional age hardening treatment.

This increase in UTS is due to the presence of the
coordinated effect of eutectoid steel particles undergoing
phase transformation into fine pearlite and intermetallics
acting as barriers to the dislocation movement. The increase
in strength is due to the combined effect of difference in
coefficient of thermal expansion between matrix and eutectoid
steel particulates, increase in dislocation density during phase
transformation in first step of treatment and precipitation
behaviour of solute rich intermetallics®.

Formation of intermetallic precipitates with the increased
fineness of pearlitic phase act as barrier for dislocation glide
and hence lead to strain harden the matrix®.

Accordingly, 6 wt% steel powder reinforced lower
temperature peak aged specimen shows higher UTS
(424 MPa) compared to the same observed in conventional
age hardening treatment.
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Figure 11. UTS of as cast and peak aged Al 7075 eutectoid steel
reinforced composite - Pearlite hybrid treatment.
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3.4.6. Tensile test results in peak aged condition
(Bainite hybrid treatment)

Bainite condition hybrid treatment shows better UTS
compared to that of pearlite condition with a maximum
UTS increment of 15% as compared to conventional age
hardening treatment. UTS increasing trend with respect to
aging temperature and wt% of reinforcement present in the
composite remains same as that of conventional age hardening
and hybrid treatment pearlite phase. Accordingly, bainitic
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Figure 12. UTS of as cast and peak aged Al 7075 eutectoid steel
reinforced composite- Bainite hybrid treatment.
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Figure 13. UTS of as cast and peak aged Al 7075 eutectoid steel
reinforced composite- Martensite hybrid treatment.
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phase steel reinforcement (6 wt%) with aging temperature
100°C shows a maximum UTS 452 MPa (Figure 12). This
improvement in the UTS is due to the increase in the hardness
ofthe bainitic phase. As hardness increases tensile property
also increases for the MMC'>.

3.4.7. Tensile test results in peak aged condition
(Martensite hybrid treatment)

Hybrid treatment with martensite phase shows similar
trend like pearlite or bainite with excellent UTS recording
a maximum 460 MPa. Since martensite is the hardest non
equilibrium phase possible by controlled heat treatment,
with low packing density (less than that of BCC Fe, 0.68),
expansion of the lattice takes place to strain the lattice
which will be reflected in the form of hardness and tensile
strength improvement. Accordingly, martensite phase steel
reinforcement (6 wt%) composite with aging temperature of
100°C shows maximum UTS among the group of composites,
recording 460 MPa, which is 33% improvement compared
to that of conventional age hardening treatment as shown
in Figure 13.

3.5. Confirmation test for hybrid treatment

For the confirmation of hybrid treatment, the evidence
of microstructure in conventional and three different hybrid
treatment paths as well as corresponding microhardness in
the specimen are analyzed.

3.6. Microstructural study of peak aged
composites

The SEM image of polished and etched samples of
peak aged conventionally treated and hybrid method heat
treated Al 7075-6 wt% steel powder composite specimens
are shown in Figure 14. Figure 14a shows conventionally
peak aged specimen with EDAX at regions 1 and 2, where
region 1 represents base alloy location, showing existence
of Al, Zn and Mg clements. Figure 14a, region 2 shows
the steel reinforcement (representing Fe and C elements)
with well-defined lamellar structure (coarse), known as

Figure 14. SEM micrographs with EDAX of a) conventionally b) hybrid pearlite formed c) hybrid bainite formed d) hybrid martensite

formed peak aged Al 7075-6 wt% steel powder composite.
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coarse pearlite. Figure 14b shows reinforcement as lamellar
structure, known as fine pearlite, where lamellae gap is very
less?. This phase is harder than the as cast reinforcement
phase (coarse pearlite) shown in Figure 1a. EDAX of region
marked in the microstructure shows that reinforcement is
steel (representing Fe and C elements).

Figure 14c shows reinforcement in feathery form,
known as bainite??. This phase is harder than pearlite and
marginally softer than martensite. EDAX of region marked
in the microstructure also shows that reinforcement is
steel (representing Fe and C elements). Figure 14d shows
reinforcement structure as randomly oriented laths. This is
a typical microstructure of martensite. This phase is harder
than bainite>. EDAX of region marked in the microstructure
also shows that reinforcement is steel (representing Fe and
C elements).

4. Conclusions

A17075 steel powder reinforced composites are stir cast
and subjected to conventional and hybrid treatments with
improvement in hardness related properties. Microstructure
result of the cast composite restricted the steel powder addition
to 6 wt%. The hybrid heat treatments comprising simultaneous
treatment to matrix and reinforcement in pearlite, bainite
and martensite paths show considerable enhancement in
hardness and tensile properties compared to conventional age
hardening. SEM images confirmed the phase transformation
in steel powder to support the mechanical test out comes.
In composites, as the wt% of steel powder increases peak
hardness values of composites in respective heat treatment
condition increases. Hybridisation route with martensite path
shows excellent result in hardness and strength followed
by bainite and pearlite path respectively in the decreasing
order. Al 7075 with 6 wt% steel powder (martensite form)
composite showed superior peak age hardness and tensile
strength values among the group.
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