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Abstract: The influences of age hardening and HIP (Hot Isostatic Pressing) on the mechanical properties of A356 (Al
78i 0.6 Mg) casting alloys were studied. Cast bars were homogenized, heated and maintained at a temperature of
540°C for a duration of 2 hours, followed by rapid cooling in a polymeric solution. The castings were age hardened
at 180°C for a duration of 4 hours before being subjected to HIP process at pressure of 104 MPa for 2 hours. The
results indicated that the age hardening process used improved the tensile properties of A356. The HIP process
removed the internal surface-connected porosities and improved the ductility of the samples significantly. Additionally,

HIP reduced scattering in the tensile test data.
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1. INTRODUCTION

Hot isostatic pressing is used in various
industries for the production of multi-material
components, especially components used in
highly loaded power machines [1-7].

HIP was industrially introduced as a process to
obtain up to 100% density material. Presently,
HIP has found applications efficiently used in
industrial areas. These include the production of
quality parts made of powder, complex “near-net-
shape” parts made of expensive and hardly-
machined materials, and parts of various
compositions ~ with  properties  rationally
distributed [8].

HIP is gathering a lot of attention as a
manufacturing method for ceramics with high
performance and high reliability. A vast amount
of theoretical studies as well as experimental
works concerning the properties of ceramics and
metallic materials have been conducted. These
investigations include the practical removal of
casting cracks, the reclamation of damaged parts
due to fatigue/creep, solid diffusion welding, etc.
However, reports [9] discussing results of HIP are
few, thus publications are desired.

In 2008, Ceschini et al. reported that HIP has a
negligible effect on microstructural features such
as grain size, SDAS, and intermetallic
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compounds, whereas it significantly reduces the
solidification defects in A356-T6 alloy[10].
Further, the result of Rand et al. (2006) indicated
that the HIP process significantly reduces
porosity volume fraction, and pore size, and
improves ductility in A356-T6 alloy[11].

In the present study HIP annealing process was
applied to Al7Si10.6Mg casting alloy resulting in
a new family of this alloy with new mechanical
properties.

2. EXPERIMENTAL PROCEDURE
2.1. Melting and Casting

A356 Al cast bars were melted in a 50Kg
capacity high frequency induction furnace. The
melts were cast at two temperatures of 650°C and
750°C in standard moulds with 1.5, 2.5, 3.5 and
6.5mm gauge-lengths. Silica sand was mixed
with 2% furan resin and 0.6% phosphoric acid
according to AFS60 standards. Figure 1
illustrates the bar and the mould. To produce
sound casting, the critical gate velocity rules
were considered [12-17].

2. 2. Porosity Measurement

Test bars were cut to a length of 160mm and
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Fig. 1. The bar and mould, sized in mm

the percentage of the porosities was determined
using the relation

%Porosity = (DS-D)/D

where DS and D are densities of bars in as-cast
and hipped conditions respectively.

2. 3. Age Hardening

Test bars were solution treated at 540°C for 2
hours, cooled in a polymeric solution, and age
hardened at 180°C for 4 hours. The fluctuation of
temperature was maintained in the range of £4°C.

2. 4. HIP (Hot Isostatic Pressing)

HIP was conducted to eliminate porosities.
During this process, the temperature was slowly
raised to 500°C. Simultaneously, the pressure in
the chamber was slowly raised to 104 MPa and
maintained for a duration of 2 hours. The
pressure was decreased and the temperature of
the chamber was reduced to ambient temperature
before opening the door.

2. 5. Mechanical Properties

Tensile tests were conducted using an Instron

Machine with a speed of 2 mm.min-! on the
specimens which were used in the porosity
measurements.

3. RESULTS AND DISCUSSION

The variations of tensile strength and proof
stress values as a function of density and
density/densitye (density ratio of A356) in as-cast
A356 alloy are displayed in Figure 2 and Figure 3,
respectively. Samples cast at 650°C indicated
higher UTS and PS in comparison to samples cast
at 750°C. This can be due to finer structure of
samples cast at 650°C or smaller size of secondary
DAS (Dendrite Arm Spacing). Further, UTS
increases with density. Figures 4, 5, 6, and 7
respectively show the UTS, PS, E1% (Elongation
%) and RA% (Reduction in Area %) values as a
function of porosity. The range of UTS in age
hardened samples indicates increasing values due
to the precipitation and distribution of Mg,Si
within the grains. The HIP process removed the
volume fraction of the surface connected
porosities (Figures 8 and 9), and as a consequence
mechanical properties of the castings showed a
better consistency (Figures 4 and 5).

El% and RA% values indicate a considerable
increase when HIP is applied to the castings
(Figures 6 and 7). This might be due to the

55


https://gto.iust.ac.ir/ijmse/article-1-567-en.html

[ Downloaded from gto.iust.ac.ir on 2026-06-28 ]

Iranian Journal of Materials Science & Engineering Vol. 10, Number 3, September 2013

3m B . &m
- O 750
zsﬂ -
L 2W0[ o
- i om °
e ||
E 150 o DN 3 ” :“'
% 0 é o o ©
100 [ Do O 4
50
D 1 ™ i i 1
2.50 2.55 2:60 2.65 2.70
Density (g/Crn®)
300 F m gs0
- O 750
m =
i
sg, 200
4
& 150
100 9 3
ch®
' @m = © °
m -
0 L " 1 A 1 L
2.50 2.55 2.60 2.65 2.70
Density {gz/C'm™)

Fig. 2. The variations of UTS and PS values as a function of density in A356 samples cast at 650 and 750°C.
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Fig. 3. The variations of PS values as a function of "density / density " in A356 samples cast at 650 and 750°C
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Fig. 4. The variations of UTS values as a function of porosity in A356 specimens.
a) as-cast; b) age hardened; c) hipped specimens.
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Fig. 5. PS values as a function of porosity in A356 specimens.
a) as-cast; b) age hardened; ¢) hipped samples.
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Fig. 6. E1% values as a function of porosity in A356 specimens.

a) as-cast; b) age hardened; c) hipped samples.



https://gto.iust.ac.ir/ijmse/article-1-567-en.html

[ Downloaded from gto.iust.ac.ir on 2026-06-28 ]

S. M. Mostafavi Kashani, H. Rhodin and S. M. A. Boutorabi

%Reduction in area

%Reducton in area

%Reduction in area

12
! W 650
10 F o 750
8 =
6 _ o g
. N
T o WO - 8
L %I? ] ]
ol o g = %&‘i g
" [—— A . O O¥p . ;
0 1 2 3 4 5 6 7 8
%Porosity
(a)
12
m Ag. 650
10 L O Ag, 750
x =
6F
4t
L o}
ar n" 00
0 [ A1 2 .Lg.,d 1 . I@M lo 1 o
0 ] 2 3 4 S 6 7 8
%Porosity
(b)
12
o W HIp 650
10 F 750
o O HIP
bl o o}
6F % =
L | o] o
4r 08 L] o
L oy
, [ w0g " o
‘o g omo
0 LI i ol 1 ! 1 1 1
0 ] 2 3 4 ) 6 7 8

%Porosity

()

Fig. 7. RA% values as a function of porosity in A356 specimens.
a) as-cast; b) age hardened; c) hipped samples.
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Fig. 8. SEM image of as-cast A356 sample, showing a porosity formed in interdendritic area, x200

P

100 ym

Fig. 9. The optical micrograph of as-cast A356 sample, showing the squeezed porosities in a dendritic structure. The
preparation method was as is sequenced: 1) cutting the samples out of the cast bars, 2) hard and soft grinding, 3) polishing
using 0.3 pm alumina powder, 4) etching by HF (0.5%) diluted in 100 ml of distilled water

removal of the internal porosities which were
connected to the surface (surface-connected
porosities). The porosity reduction from 2-8% to
0-4% can be seen in Figures 5 and 6.

The investigations on the powder moulded
copper and stainless steel alloys show that the
density ratio reaches up to 95% when HIP is
applied [18].
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As stated previously, the HIP process removes
surface-connected porosities, resulting in an
increase of the elongation. Figure 10 shows a
general map of the elongation values in the as-
cast and age hardened conditions. The diagram
clearly illustrates the increase of elongation due
to porosity reduction as a result of HIP.
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Fig.10. The general behavior of the variations of elongation as a function of porosity due to HIPing, showing sharp decrease
in porosity and sharp increase in elongation.

4. CONCLUSIONS

1.

There are large variations in the mechanical
properties of the as-cast, age hardened and
hipped A356 cast alloys.

The eclongation shows considerable
changes when hipped at 500°C under 104

MPa pressure.

UTS and PS wvalues did not show a
significant change after HIP.

A new family of A356 with 16% elongation
can be introduced to the industry by
hipping the A356 cast alloy.
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