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Effects of Sand Mould Preheat Temperatures and Shake-Out Times on the Tensile,
Impact and Hardness Properties of Cast Aluminium Alloy
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Abstract: The effects of sand mould preheat temperature of range 30-200°C and shakeout times of range
5-25 min on the tensile, impact and hardness properties of cast alumimum alloy were expenmentally investigated
and presented. Increase in mould preheat temperature and shakeout time were found to increase the impact
energy and percentage elongation at fracture but decrease the hardness and ultimate tensile strength of the
specimens. Preheating as-prepared mould of 5 min shakeout time to 200°C caused the impact energy and
percentage elongation at fracture of the specimen to increase from 40.23 Nm and 0.48% to 43.55 Nm and 0.81%,
respectively; while hardness and ultimate tensile strength decreased from 64.60 HB and 140.02 MP to 52.80 HB
and 96.74 MPa, respectively. However, increasing the shale-out times of as-prepared mould from 5-25 min
caused the impact energy and percentage elongation at fracture to increase from 39.23 Nm and 0.48% to
44.65 HB and 1.29%, respectively; while hardness and ultimate tensile strength decreased from 64.6 HB and
140.02 MN m~ to 50.8 HB and 78.92 MN m™. These variations show that the mechanical properties of cast
aluminium alloy can be controlled to suit particular application by varying the sand mould preheat temperature

and shakeout time.
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INTRODUCTION

The basic simplicity of casting process had proved to
be a boom for the growth of foundry industry and today
a wide variety of products or components ranging from
domestic to space vehicles are produced through foundry
technique (George, 1961). Also, casting remains the
traditional process of producing heavy machine frames
complicated shapes. These
advantages of casting had made 1t to be one of the most
signficant manufacturing processes. The most widely
used foundry method is sand casting because
approximately 80% of annual turnout/production of cast
products are made by sand casting (Berjamin ef af., 1989).
By varying the processing parameters involved in casting,
qualities and mechanical properties of cast products can
be controlled Examples

and components of

of processing parameters
mvolved in sand casting are sand sizes, temperature of
molten metal, mould temperature and shakeout time.

In the research (Oyetunji, 2002), effects of foundry
sand size distribution on the mechanical and structural
properties of spray cast iron were studied. Tt was found
that the finer the gramn size, the more improved the
strength hardness and swface finish. Sand mould
pre-heating n the process of increasing the ambient

temperature of the mould to a given temperature in order
to influence the properties of the mechanical cast m it
{(Ofoegbu, 2004).

Hence, in this research, the sand mould would be
preheated to within a range having peak temperature of
200°C and the shakeout time will also be varied. This is
with a view to knowing how these variations would affect
tensile, impart and hardness properties. Here, alumimum
alloy 1s considered as the workpiece because it is a
common non-ferrous metal.

MATERIALS AND METHODS

Mould preparation and preheat: The “green” sand mould
was prepared with silica sand, coal-dust, clay and starch
(organic builder) that were mixed with right proportion of
water. The moulds were enclosed in metal frames called
flasks. Smooth mild steel rods of length 150 mm and
diameter 15 mm were used as patterns.

The bottom flask called drag was filled with the
moulding sand that was compacted with the aid of a
rammer. The pattern was placed in the drag to create the
mould cavity needed for the casting. The drag was then
turned up and the top flask (The cope) was put on the top
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and prepared as the bottom flask. Wooden spacer are
placed in the cope to form the sprue and rizer channels,
the in-gate was made with the aid of the hand trowel,
which are the pathway for the molten metal to flow into
the already made mould cavity.

The prepared moulds are left forabout 3 days on the
foundry floor to allow the water content of the mixed sand
to reduce to a tninimum level Dry sand moulds are
actually made with moulding sandin green condition and
then the entire mould iz dried in the ovens (at temperature
100-200°CY before the molten metal is poured nto mowld
cavity (Khanna, 19963,

Casting and shale-out: Ielting ofaluminiumalloy scraps
was done ina 10 kg capacity crucible placed inside the
furnace. Fluz was added at about 650°C by covering the
surface of the already molten alloy with about 2% by
weight of charge covering flux. Five dry sand moulds left
as prepared cavity were fed with the molten metal until the
spruce was filled up. The drag and cope housing of the
dry sand mould were shaken-out at respective tirnes of
5,10, 15, 20 and 25 min after powring the molten metal into
the cawvity.

Another 5 sets of the prepared drag and cope moulds
were pre-heated to 100°C before pouring  molten
alurniniwn alloy in them and shalceout-tirne s were talzen as
5,10, 15, 20and 25 min, respectively.

Lastly, the remaining five sets of mould were
preheated to 200°C, before casting and shalken out at the
usual 5, 10, 15, 20 and 25 min and temperatuires of the
spedimens weretaken,

Specimen’s preparation: The castaluminium rods fom
asteceived, 100°C preheated and 200°C preheated rmoulds
were machined to obtain  tensile, hardness and
COTOp e ssive specimens.

The tenzile specimens were made out of the 15 mim
diameters and 150 mem length of aluminium alloy rods of
the conditions mentioned abowe by machining a guage
of length 60 tun and diameters of 5 men, respectively on
the lathe machine with slow speed. Figure | shows the
schematics of tensile specimen machined to specified
standard for testing on Tensometer tensile testing
machine.

The hardness specimen was also machined to the
lengths of 20 mm and of diameter of 5 min as shown in
Fig 2.

Impact test specimens were machined into the
specification with the V-notch at the centre of the
specimen az shown inthe Fig. 3.

Experimental tensile test: Tensile propetties of the
tnachined specimens were determined on a Tensometer
tmachine shown in Fig. 4.
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Fig. 3: Irnpact test specimen

Fig 4 : Tensometer tensile testing machine

The test began by first measuring the sarnple gauge
length wath vernier calliper and measuring the diameter of
the gauge section with micrometer screw guage. The
samples were then loaded tightly in the grips of the upper
and lower crossbeams of the testing machine. The same
tensile load was applied to the specimens until it fractures.
The same procedure was repeated for the remaining
specitnens. After fracture, then two pieces of the braolen
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Fig. 5: Izod impact machine

specimen were placed together in close contact and the
distance of final length between the 2 onginal gauges
were measured.

Experimental inpact test: The irngact test was carried out
according to the recommended standard for Eod V-
notched method. The pendulum was released to zero
scale Cylindrical test bar was then gripped by the other
hand of the pendulum as shown inFig 5.

The clamp of both pendulums was released and the
blow applied by freely swinging the pendulum of the
machine through an angle. The walue of the angle
corresponding to, with the value of the energy absorhed
in breaking the sample were read on the machine and the
process  was  repeated for the remaining specitnens
casted fom as-prepared, 100°C preheated and 200°C
preheated mmowld with different chakeout times and the
respective impact strength walues were recorded.

Experimental hrinell hardness test: Hardness propetties
tneasurernent on each specitnen was cartied out with the
aid of hardness indentor dies attached to a Tensometer
Testing machine. The specimen was clamped with the
anwil of the machine and was loaded with the mass and
the hand wheel was rotated till the specimen along with
the anwil moved up and had contact with the (ball)
indenter and it pressed until the no mowvement of the
reading scale was experienced. At this stage, the hardness
value of the test piece material was read directly from the
dial scale. The process was repeated for the remaining
specitnens and readings were taleen.

RESULTS AND DISCUSSION
Effects of mould pre-heat and shalkeout times on tensile

propertes: The lengths of tensile specimens from
different moulds of varied preheat and shakeout times are
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Table l: Length of tensle specimers from diferwrt monlds of vared preheat

and shakeout tive
Length L (zum)

Shakeout tme A s-prepared 100 C pre- 2000 C pre-

t (rrun) wonald heated monld heated mould
5 £2.3 2.4 2.5

10 £2.4 2.5 E2.8

15 2.5 2.5 62.8

20 2.5 62,7 2.9

25 ad.8 Gl 53.4

Tadle2: Varatomw of elongation at fachire of specrmens fom differerd
miolds of varied preheat tenperaire and with shalkeout-tine
Elorgation at frachare (dinem

Shakeout tine A s-prepared 100 me- 2000 C pre-

t (xwier) momld heated ronld heated mould
5 0z 0.4 0.5

10 0.4 0.5 0z

15 0.5 0.5 0z

20 0.& 0.7 09

a5 0.2 0.g 14

Hote: Onginal length of specimen = &2 0 nun

Tale 5 Vanatioos of perrertage elong ionatfrachirve ficen differert moalds
with shakeout tirre
Pewentaze elongation atflachwre, 2= d1fo X 100

Shakeout tme A s-prepared 1002 me- 2000 C pre-

t (xrum) menld 4570 heated ruenald heated moanld
5 04g 0ss 0.zl

10 085 0z1 12

15 0.s1 oa7 129

20 0wy 113 145

25 1.9 145 22

shown in the Table 1. The length of the specimens after
tensile test is denoted as L, The initial length of the
specimen was carefully machined to 62.0 mun.

The walue of the elongation at facture of the
specimens fom moulds of different preheat tempemtures
and shakeout times were compared to the onginal length
of the specimen (ie at the onsst of tensile test) to
deterrnine or evaluate the percentage elongation at
fracture (Table 2). The percentage elongation at fracture
iz a measure of the ductility of the specimens. The
variations of percentages elongation at facture of the
specimens are showm in Table 3.

The percentage elongation of the cast specitnens
was obzerved to increase with increase inmould preheats
ternperature. The percentage elongation of an as-prepared
tnould of 5 min shakeowt time increases from an initial
value of 0.48-0.65 and 0.81% due to mould preheat to 100
and 200°C, respectively. Also, there wag an increase of
percentage elongation from 0.81-0.97 and 1.29 when as-
prepared mouwld of 15 min shalteout time was preheated
to 100-200°C, respectively. Likewise, the percentage
elongation of cast specimen from as-prepared mould
increases from 1.29-145and 226 when asprepared mould
of 25 min shalceout time was preheated to 100 and 200°C,
respectively.
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Fig. 6: The graph of percentage elongation at fracture
against shakeout time (min)
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Fig. 7. The graph of ultimate tensile strenght against
shakeout time (min)

The increase in percentage elongation with increase
i preheat temperature denotes that ductility of cast
specimens increases with increase in mould preheat
temperature. Increase in ductility with increase in preheat
temperature could be attributed to the fact that preheating
as-prepared mould mcreases the heat accumulation in the
mould before casting, thereby reducing the thermal
gradient in the mould and lowering the cooling rates of
both the preheated mould and the casting inside it. It 1s
evident that the slower the cooling rate, the more ductile
the specimen and also the faster the cooling rate, the less
ductile the specimen. This explaing why the specimen
from 200°C preheated mould exhibited higher ductility
than that from 100°C preheated mould which m tumn
displayed higher ductility than that from as-prepared
mould, as shown in Fig. 6.

It would also be deduced from the graph that
preheating the mould before casting and mereasing the

390

Table 4: Variations of ultimate tensile load of specimens obtained fiom
different mould with shakeout time

Ultimate tensile load Fy (N) mould temperature °C

Shakeout time As-prepared 100°C pre- 200°C pre-

t (min) mould (26°C) heated mould heated mould
5 2750 2200 1900

10 2700 1900 1700

15 2100 1500 1400

20 1600 1400 1300

25 1550 900 800

Table 5: Variations of ultimate tensile strength of specimen from different
mould of varied preheat and shakeout time.
Ultimate tensile stress, o,= F/A, (MN m™%)
Mould temperature T (°C)

Shakeout time As-prepared 100°C pre- 200°C pre-

t (min) mould 26°C) heated mould heated mould
140.02 112.02 96.74

10 134.47 96.74 86.56

15 106.92 76.37 71.28

20 81.47 71.28 66.19

25 78.92 54.82 40.73

Note: Original diameter of specimen A = 5.00 mm, hence original Area
A, =19.64x107%m¢

shakeout time have increasing effect on the percentage
elongation of the cast specimens. Hence, for an
application where reduction in ductility is needed,
decreasing the mould preheat temperature and shakeout
time would be appropriate.

Table 4 shows the variations of ultimate load of
specimens obtained from different mould of varied preheat
temperature and shakeout times.

The table indicates that increasing the preheat
temperature of the mould caused reduction in the ultimate
tensile load of the specimens. Also, increase in shakeout
time has reduction effect on the ultimate tensile load.
Dividing the ultimate tensile load exhibited by the
specimens by their original cross-sectioned area results
in the ultimate tensile strength of the cast specimens. The
variations of ultimate tensile strength of specimens from
moulds of wvaried preheat temperature and shakeout
times are shown m Table 5 while the graphical
presentation 1s shown n Fig. 7.

The trend of vanations of ultimate tensile strength
15 1dentical to the variations of ultimate tensile load.
Ultimate tensile strength was found to decrease with
increase in mould preheat temperature. The ultimate
tensile strength of cast specimen obtained from as-
prepared sand mould of 5 min shakeout time was
observed to be the highest, i.e., 140.02 MN m™ when
compared to those of other specimens. Preheating, as-
prepared mould to 100 and 200°C before casting and
shaking out the sand mould at 5 min duration after
completing the pouring in of molten aluminium causes
the ultimate tensile strength of the specimen to decrease
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Table 6: Variations of impact energy of specimens from different moulds
with shakeout time
Trnpact energy  (Nm)

Shakeout time As-prepared 100°C pre- 200°C pre-

t (min) mould 26°C) heated mould heated mould
5 39.23 40.37 43.55

10 41.47 41.75 43.82

15 42,13 43.86 4548

20 43.55 44.10 45.76

25 44.65 44.85 46,18

Table 7: Variation of hardness valve (HB) of specimens from different
moulds with shakeout time
Shakeout time  As-prepared

100°C pre- heated  200°C pre-heated

t {min) mould HB (26°C) mould (HB) mould (HB)
5 64.6 59.9 52.8
10 50.8 59.0 52.0
15 55.0 53.4 42.0
20 53.4 48.6 40.2
25 50.8 46.4 38.1

from 140.02-112.02 and 96.74 MN m ™, respectively.
Also, the ultimate tensile strength of specimen from as-
prepared mould of 15 min shakeout ttme decreased
from an initial value of 106.92-76.37 and 71.28 MNm ~ due
to an increase in preheat temperature from ambient
temperature to 100 and 200°C, respectively. The observed
decrease in ultimate tensile strength with increase in
mould preheat temperature could be attributed to the
mcrease 1n heat accumulation in the sand mould prior to
casting which resulted in a reduction in thermal gradient
i the mould after casting. The reduction in thermal
gradient consequently resulted in a slower cooling rate
which i1mproves the softness/ductility of the cast
specimen at the expense of its ultimate tensile strength.
Hence, mn a practical application where the ultimate tensile
strength of cast specimen should be lower than that of a
specimen obtained from as-prepared mould, preheating
the sand mould 1s recommended.

Also, 1t was observed that imncrease in shakeout time
causes a reduction in the ultimate tensie strength
specimen. The ultimate tensile strength of cast specimen
obtained from as-prepared mould of 5 min shakeout time
decreases from 140.02-106.92 and 78.92 MN m  due to an
increase 1n the shakeout time to 15 and 25 min,
respectively. Likewise, increasing the shakeout time of a
100°C-preheated sand mould from 5-15 and 25 min causes
the ultimate tensile strength of it cast specimen to
decrease from 112.02-76.37 and 354.82 MN m,
respectively. This observation is also applicable to 200°C
preheated mould of 5, 10 and 15 min shakeout times. The
reduction 1n ultimate tensile strength of the specimens
with mncrease in shakeout time could be attributed to the
fact that specimen retains more heat in the mould when
the shakeout time is elongated. The more the heat
retained, the higher the ductility of the specimen and the
lower the ultimate tensile strength of the specimen.

391

Effects of mould preheat and shakeout times on impact
energy: The variations of impact energy of cast
specimens with mould preheat and shakeout time are
shown in Table 6.

From the Table 6, it is observed that the higher the
mould preheats the higher the impact energy extubited by
the cast specimens. Likewise increase in shakeout time
has mcreasing effect on the impact energy of the
specimens. For a particular mould, cast specimen obtained
after 5 min shakeout time displayed the least iumpact
energy, while highest impact energy was exhibited by cast
specimens obtained from 25 min shakeout time. Also, for
a specific mould shakeout time, cast specimens from as-
prepared mould displayed the least impact energy while
highest impact energy was manifested in cast specimens
from 200°C preheated mould.

For as prepared mould shake out at 15 min, increasing
mould preheat temperature from ambient temperature to
100-200°C causes the impact energy of its cast specimen
to increase from 42.13-42.86 and 45.48 Nm, respectively.
Also, increasing the shakeout time of as prepared mould
from 15-20 and 25 min causes an increase in the impact
energy of its cast specimen from 42.13-43.55 and 44.65 Nim,
respectively.

The graphical representation of the variations of
impact energy of cast specimens with mould preheat and
shakeout time is shown in Fig. 8.

The ncrease in umpact energy with increase in mould
preheat could be attributed to increase heat accumulation
in the mould which improves the ductility of the cast
specinen and enhance its ability to withstand sudden
applied load from the striking pendulum of the impact
testing machine. Also, the increasing effect on impact
energy due to increased shakeout time could be attributed
to the longer duration of heat accumulation by the cast
specimen m the sand mould before shaking out. Hence,
mould preheat and increased shakeout time are
recommended for an improved impact energy (or impact
strength) of cast specimens.

Effects of mould pre-heat and shakeout times on hardness
properties: of hardness
specimens from different mould of varied preheat and
shakeout timmes are shown inthe Table 7. From the table,
as-prepared mould was found to produce cast specimens
having highest values of hardness property for the
respective shakeout times. This could be attributed to the
fact that the relatively highest thermal gradient
experienced in the as-prepared mould necessitated fastest
cooling rate which enhance the hardness of the
specimens at the expense of ductility. The hardness value
of cast specimen from as-prepared mould of 5 min
shakeout time dropped from 64.6-59.9 and 52.8 HB when

The variations value of
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the mould was preheated to 100 and 200°C, respectively.
The hardness value of specimen from 100°C preheated
mould was higher than that of the specimen from 200°C
preheated mould of the same shakeout time because of
the lower heat accumulation and faster cooling rate
experienced in 100°C preheated mould when compared to
200°C preheated mould.

The graphical displays of the variations of hardness
value of specimens from moulds of varied preheat and
shakeout time 1s shown mn Fig. 9. Increasing the shakeout
time of as-prepared mould from 5-15 and 25 min caused
the hardness value of the cast specimen to decrease from
64.6-55.0 and 50.8 HB, respectively. Also, when the
shakeout time of 100°C preheated mould was mcreased
from 10-20 and 25 min, the hardness value of the cast
specimen decreased from 59.0-48.6 and 464 HB,
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respectively. The decrease in hardness value with
increase in shakeout time could be attributed to the fact
that cast specimen absorb more heat in the sand mould as
the shakeout time 13 delayed. The higher the heat
absorbed by the cast specimen in the mould before
shakeout, the lgher the ductility hence the lower the

hardness value.
CONCLUSION

In this experimental research worl, sand mould
preheats  temperature and shakeout times were varied
with a view to controlling the mechanical properties of
cast specimens. Increases in mould preheat temperature
and shakeout times were found to increase the impact
energy and percentage elongation at fracture (a measure
of ductility). However, ultimate tensile strength and
hardness of the specimen were found to decrease with
increase in mould preheat temperature and shakeout
tume.

This could be attributed to the fact that increase in
mould preheat temperature indicates an increase heat
accumulation in the mould prior to casting and this
results in a reduction in thermal gradient during casting
and solidification and consequently results in a slower
cooling rate which mmprove the softness/ ductility at the
expenses of strength and hardness. Also, an increase in
shakeout time indicates more heat retention m the mould
before shaking out the mould, the more the heat retained
1n the mould before shaking out the mould, the lugher the
softness/ductility at the expense of strength and
hardness.
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