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suilding materials go to landfill sites at a cost to both the economy and the
=smvironment. In contrast aluminium is recycled in a way that pays for itself
ad is sustainable.

“luminium in packaging preserves food quality and avoids waste, and its low
#eight reduces fuel consumption and emissions during transportation.

Aluminium'’s high conductivity makes it an excellent material for electrical
power transmission over long distances. The use of aluminium cables reduces
power losses significantly and therefore conserves energy.

Aluminium extruded, rolled, and cast products are commonly used for
window frames and other glazed structures ranging from shop fronts to large
-oof superstructures for shopping centres and stadia: for roofing, siding, and
curtain walling, as well as for cast door handles, catches for windows,
staircases, heating and air-conditioning systems. Most recently, aluminium
fas played a significant role in the renovation of historic buildings (Radlbeck,
C el al 2004). The characteristics and properties of aluminium as a material
save led to revolutionary and innovative changes in building techniques,
architectural and engineering projects.

Remelting used aluminium requires only 5 per cent of the energy needed to
oroduce primary metal (Radlbeck, C el al 2004). Thus, rather than
contributing to society’s growing waste problem, aluminium can be remelted
and reformed to produce a new generation of building parts.

Aluminium in general has always been recycled at a higher rate than most
other raw materials. Given the necessary infrastructure, it is possible to
recycle all aluminium construction industry applications, for several reasons.
First, there is a relatively high level of scrap aluminium available. Second,
zluminium has a high scrap value, which can contribute significantly towards
covering demolition costs. Finally, the infrastructure required for the
collection of scrap metals is already well established and will continue to
2row on its own economic merit as it has done in the past to provide an
increasingly efficient recycling system. Nearly 40 per cent of all aluminium
used today is remelted metal (Radlbeck, C el al 2004).

In general, however, aluminium construction products do not need to be
protected by organic coatings used to safeguard some alternative materials.
They therefore offer a source of good metal which can be recycled without
any pre-processing.

The commercially pure aluminium metal used for this research work finds
extensive use in the building, manufacturing and process industries, both as a
material of construction and household goods. Products of squeeze casting are
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“hatterjee S. 1981). Squeeze casting is a process in which liquid melt is
metered into the permanent mould cavity usually made of metal and pressure
zoplied through the upper punch on the solidifying molten metal so as to
aroduce good soundness and dimensionally accurate product (see Fig.1).

Squecze casting consists of two stages, the first of which is mould filling-the
mould is filled with the required quantity of molten metal: the second is
cooling, which continues until the part has solidified. Controlling both stages
s of major importance for obtaining sound parts with the required geometry
=nd mechanical properties. The prediction of temperature distribution and
solidification rate in metal casting is very important in modern foundry
=chnologies. This helps to control the fundamental parameters such as the
occurrence of defects, as well as, the influence on final properties of cast
products and the mould wall / cast metal interface contact surface. The rate at
which molten metal solidifies affects the grain size that forms (Donald S. C
and Wilbur R.V. 1962, Robert E.R and Reza A. 1973). A slow cooling rate
tat leads to a small degree of undercooling at the onset of solidification
vields a large grain size. A rapidly cooling rate on the other hand leads to a
figh degree of undercooling, leading to the formation of small grains. The
grain size of squeeze cast specimen is small as compared to that of sand
casting. Sand casting cools slowly, due to the insulating properties of the sand
mould.  Squeeze casting solidifies quickly because of the contact of the
molten metal with the metal mould (Donald S.C and Wilbur R.V. 19627,
Raymon A. H. 1983). Heat is rapidly dissipated to the steel mould in contact
with the molten metal, which is convected out at the outer surface of the steel
mould.

Squeeze casting parameters that can be controlled for the production of sound
products include; melt quality, pressure level and duration, time of pressure
application, press speed, molten metal temperature, tooling temperature.

In studying the effect of chill thickness and superheat on casting-chill
mterfacial heat transfer during solidification of commercially pure aluminium,
Gafur et al (2003) concluded that higher superheat had a significant effect
than the chill thickness. Santos et al (2001) noted that the transient heat
mansfer coefficients profiles increase with increasing melt superheat.
Evaluating the interfacial heat transfer coefficients using gap formation and
inverse methods, Krishna M. and Sharma D.G.R. (1996) observed that heat
ransfer coefficients derived through temperature measurements using inverse
methods were higher than that obtained by gap measurement method,

Consideration has not been given to the effects varying applied loads, the
delay time and period of application of pressure on the heat transfer
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ume of the cylindrical wall of the die. The terminals of the thermocouples
vere connected to the chart recorder/plotter (set at the highest speed of
{0mm/s and voltage 100mV) passing through the cold junction apparatus,
maintained at 0 °C throughout the measuring period.

3.5 Temperature Measurement with Pressure Application on the
Cast Metal

The procedure for no pressure application was repeated, except for the
zpplication of pressure on the solidifying molten aluminium metal. The
molten aluminium was carefully poured into the mould cavity within five
seconds, so as to avoid turbulence of molten metal flow. The punch was
lowered to close the die and the Vega Compression Machine, model UTM 3C,
serial No 1061 with a capacity of 89,000 N, was actuated to compress the
solidifying molten metal. The compression loads were applied at a delay time
of about seven seconds after pouring molten aluminium metal and retained on
the solidifying molten metal for a period of between 50 and 60 seconds, until
total solidification was achieved, During pressure applications, the
solidification temperatures with times were recorded on the chart recorder by
thermocouples positioned at the cylindrical steel mould and the cast metal.

3.6 Determination of Heat Transfer Coefficient

Computer simulations of solidification in permanent mould castings have
been developed (Hu h et al 2002). Heat flow across the casting and through
the interface to the mould directly affects the evolution of solidification and
plays no small role in the determination of the freezing conditions of the cast
metal. In squeeze casting, soundness of casting is directly affected by heat
transfer at the cast metal-mould interface and it is time dependent. With the
formation of air gap at the metal/mould interface during solidification, the
value of heat transfer coefficient will decrease. The heat transfer coefficient is
affected by the roughness of the mould surface, the coating and squeeze
casting conditions. The heat flow across the cast metal/mould interface can be
characterised by equation 1. To determine h, in the equation, all other terms
of the equation must be known. To determine Ty and Ty accurately becomes
difficult because of the difficulty in locating the exact thermocouples’
positions. To overcome this experimental problem, the method of calculating
h, is based on the knowledge of temperature histories at the interior points of
the casting together with the mathematical formulation of heat flow during
solidification. This method, based on the solution of inverse heat conduction
problem, has been used to determine heat transfer coefficients in this work.
The inverse heat conduction problem is the determination of the surface
temperature (or heat flux) from the measured transient temperatures inside a
heat conducting body [Krishna M. and Sharma D.G.R. 1996, Tae-gyu and

3
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ogresses, temperatures were monitored in the steel mould, the cast metal

2 the interfaces.

ﬁf-l

. Discussion of Results

LA

Figure 2 shows the variation of heating and cooling temperatures of steel
mould (obtained 4mm into the steel mould) and solidifying aluminium metal
obtained 2Zmm into the cast metal) respectively with time under pressure
zpplication. The maximum temperatures obtained increase with increase in
zpplied pressures. The maximum temperatures obtained in the cast metal are
539°C and 652°C without pressure application and with pressure application
of 70.68MPa on the solidifying metal respectively.

—&— TC1- No pressure application,P=0

—O— TC2-With pressure application, P=0

—&— TC1- With pressure application,P=28.84MPa |
—¥— TC2-With pressure application,P=28.84MPa ;
=P TG - With pressure application, P=70.68MPa
| —+— TC2-With pressure application,P=70.68MPa |

8

Temperature, ‘'c
g
@

0 Rigure®2 Effelf of apPlied Ef'Fessuﬁ?s onthe meédsured® 00 e
temperatures of solidification of aluminium without die heating

The effects of die pre-heat temperatures on the heating and cooling
temperatures of the steel mould and the solidifying aluminium with time is
shown in figure 3. With increase in the die pre-heat temperature, the
maximum temperatures attained in the cast metal are 638°C and 659°C at die
pre-heat temperatures of 95°C and 260°C respectively. These values become
290°C and 311°C at die temperatures of 95°C and 260°C respectively in the
steel mould wall.

37




8¢

ﬁup,.eaq
a1p ou pue uopnedjdde ainssaid yjim SUII01R00 J9jsuer) Jesy
W U@ IEIGULWINIUKUNIE 3o uonERTIBias J0 WY JO 19243 w.2nbid, .

&

re
v

0001

Mt Y

edINBY 0/ =d uonedydde ainssasd UIA-OU —d— | ooz
| ediNbe BZ=d Uoneondde sinssaid WAN-OY —O— |

0=d'uoneoydde ainssald INOUNAN-OY —@—

g

*SpU02s ()G | JaYIOU. Ul B W/MOE'E6S
pue 3 w/M T6'E€lE 0 doip sanjea asayl "BJNS9 0L JO uoneordde amssaid
yum pue ainssaid ou 1B [ W/MLE906 PUP M W/MS0SLS 218 SJULINJ202
J3jslel] JBaY AU ‘SpU0dds (51 Jo sawh UOLBILJIPI[OS 1 "[ENPEIS S1 SPIBMIYE
SJUINIJR00 1ajsuel] 1eay Ul Suipey Joyuny pue A|[EdNISEIp [[B} SIUAIOLII0D
19jSURI 1B3Y dY} ‘SpUodas O ueyl Ss9] JO SowWl} uOHEdYIPIOS 104 ¥
a3y 29s ‘suoneorjdde ainssaad yum pue noyim AjoAnoadsar 3, W/M00 £TTE
pue 3 W/MT6LI6T A8 $IUQIOLR00 IaJSUBL JBdY 3y} JO SIN[BA yead ayL

uoﬁéoudde
sinssaid NOYIM WNILINIE JO UONEDYIPIIOS JO sainjesadwsa}
painseauw ay} uo e.lr]ygesd%%e!tl;eeq-aad a1p Jo 19843 £ ainbid

opy 00y 09 02Ze 082 O¥C ooz 09L 0ZL 08 Ov 0

H
|
I oov

i
ogz= N1 2imesadwal 1esy-aid 310-Z0 L —%— * g, - 009
00z = WL 'ainjeredus) 1eay-aid Q-0 —+—
061 = WL 'alnesadws) 1eay-aid 810-20 1L —%— f ges |
061 = WL 'anesadwsl jeau-aid 810-1 01 —¥— |
66 = WL 'aumesadws) jeay-aid 21g-z0 L —m—
g6 = WL 'aimesadwal jesy-aid aig-LOL ——

57 ‘aunjeladwa ]

L00Z 1 ON ¥ 1OA “Guueawdug [[ALD) Ul UOITBULIOJU] YDIEISIY JO [euwnof i dgsn O 1 epIMyY



ﬁ
“weda, J. O.  USEP: Journal of Research Information in Civil Engineering, Vol. 4, No. 1., 2007

Figure 5 is the effects of die pre-heat temperatures on the heat transfer
coefficient’s values of aluminium metal with casting temperature without the
zpplication of pressure. From figure 5, the heat transfer coefficients become
ower with increase in die temperatures. At die temperature of 95°C, the peak
neat transfer coefficients are 2994.53W/m’K and drop to a peak value of
264430W/m°K at die pre-heat temperature of 260°C. For all the die
temperatures investigated, there is a drop in the heat transfer coefficients’®
values as solidification progresses.
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Figure 5 Effect of die pre-féat TeFBETature on the heat transfer
coefficients of aluminium metal without pressure application

Typical comparison of numerical and experimental measured cast aluminium
solidification temperatures with die heating under no pressure application is
shown in figure 6. With higher die pre-heat temperature, the cast aluminium
solidification temperatures are higher and these remain higher at a given time
to values obtained with lower die pre-heat temperature. There is a close
agreement between the numerical and experimental measured temperatures at
all die pre-heat temperatures investigated. The numerical results show higher
values as compared to the experimental results by about 0.71%.
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These values are further decreased to 408.95 W/m?K and 361.77 Wm*K at
tnese surfaces in another 150 seconds, which continues decreasing until the
fecrease in values become unnoticeable. For times within 40 to 120 seconds,
e values of the interfacial heat transfer coefficients obtained numerically and
=xperimentally are found to show higher values deviations of 19.83 %
mzximum of numerical results from experimental results only at certain ends.

8. Conclusion

'n the present work, applied pressures and die temperatures are found to have
siznificant effects on the heat transfer coefficients of aluminium. Heat transfer
coefficients decrease sharply when the casting temperature of the metal is near
'quid. Therefore, effect of pressure application on the solidifying aluminium
s more pronounced within the first 40 seconds of pouring molten aluminium
metal into the mould cavity. With die pre-heat temperature, the heat transfer
coefficients decrease with increase in die temperature and the maximum value
of heat transfer coefficient were obtained while maintaining die at room
emperature.
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-cast metal temperature
-mould temperature
-measured temperatures in the cast

metal
TC2 -measured temperatures in the steel mould
p -density of aluminium
Co -specific heat
r -distance
q -heat flux
T and Teg -the estimated and experimentally measured temperatures at

various thermocouples location and times,
n -iteration stage
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