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Abstract

An accurate knowledge of liquidus temperatures permits the prediction of a variety of metallurgical characteristics for a given alloy,
including the melt treatment and casting temperatures (superheat). Three equations to determine liquidus for hypoeutectic aluminium alloys
are reported in the literature. There is, however, no algorithm for calculation of the liquidus temperature for hypereutectic Al-Si alloys. In
this paper algorithms are developed to predict the liquidus temperature of both hypo and hypereutectic 3XX series of aluminium alloys, based
on their chemical compositions (minor and major elements). These algorithms are based on teéen@mt‘equivalency concépthe
accuracy of the calculated liquidus temperatures for 3XX hypo and hypereutectic alloys were statistically examined with the values measured
by the aluminum thermal analysis platform (AITAP).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction as cast or melt treated conditions. These calculations are very
accurate and can predict properties for relatively slow cooling
The modeling and control of casting processes has re-rates (e.gdT/at <0.1°C/s)[3].
mained a topic of active interest for several decades, and In order to predict the various physical and metallurgi-
the availability of numerous software packages (Magma, cal parameters of a solidifying aluminum casting alloy (e.g.
Thermo-Calc, Fact-Sage, Pro-Cast, Calphad, etc.) on the marfraction solid, the position of the moving boundary of the
ket, are a good indication of the importance that casting in- mushy zone, the microstructure and chemical composition
dustries and researchers putin this field. Most of the data usedf the alloy at the solid/liquid interface, the solute super sat-
in the above listed software packages are based on binary ouration point, the degree of super cooling, etc.) the liquidus
multi-component phase diagrams but unfortunately; excepttemperature of the alloy must be known with a high degree of
for binary diagrams, many ternary or higher order phase dia- accuracy. A few equations that are reported in the literature
grams are still not accurate enough for this purpose. Keepingrelate limited range of compositions of some hypoeutectic
in mind that most aluminum binary systems are very well es- aluminum alloys to their liquidus temperatuf8ss,9]. How-
tablished, the transferring of a multi-component system into ever, there is no equation available to calculate the liquidus
a high reliable Al-Xi ‘guasi-binary system has great in-  temperature of hypereutectic Al-Si alloys.
dustrial and research potential. This type of system could be  The literature on iron based alloys offers the comprehen-
used to calculate several thermo-physical and solidification sive data for calculation of the liquidus temperature for a
process parameters of multi component aluminum alloys in known chemical alloy composition, but there is no analogic
methodology for aluminum alloys. A new relationship de-
* Corresponding author. veloped for aluminum multi-component alloys was titled the
E-mail addresswalimay.evaluna@yahoo.com (F.C.R. Hernandez). “silicon equivalent” (Sgq). The Skq algorithm summarizes
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the effect of minor, major elements, and hydrogen present in However, there are only a limited number of sources that re-
the 3XX aluminum alloys, and expresses their influence on liably report the relationship between liquidus temperature
the liquidus temperatures. and chemical composition for a multi-component hypoeu-
Using the Sig methodology some other thermo-physical tectic aluminum alloy, that can be used for industrial appli-
properties such as fraction soJ#] latent heaf5] and charac-  cations[2,6], and moreover these equations do not address
teristic solidification temperaturg¢3] can also be calculated. melt treatment or its cleanliness.
One of the equations found in the literature for calculating Recently, some co-authors of this paper developed an al-
the liquidus temperature of hypoeutectic aluminum alloys gorithm based on the & methodology, which took into
(TLig), based on a known chemical composition, was pro- consideration the effect of minor, major elements, hydro-
posed by Drossgb] using the multiple regression analysis gen dissolved in the alloy and melt treatment on the liquidus
of the experimental data: temperature for the hypoeutectic Al-Si allf8]. The Siq
. . was calculated using binary equilibrium phase diagrams for
Tugq = 661—4.97Si— 0.15(Sif — 6.13Cu—17.4Mg Al-Xi systems. In most cases the liquidus temperature drops
+2.72Zn + 5.08CuMg (C) 1) uniformly from the melting point of pure aluminum to the
temperature of the alloy eutectic state. For example, by in-
. creasing the amount of silicon in Al-Si alloys, the liquidus
%), there-temperature decreases gradually from 6602458ure alu-
minum), reaching the minimum of 57T at the eutectic com-

Unfortunately, Eq.(1) is valid only for the following
ranges of chemical compositions (expressed in wit.
fore its applicability is limited:

Si < 9.30: Cu < 250 Mg < 0.60; position that was chosen as the most probable at 12.3 wt.%
B B B silicon[10].

Fe < 115 Mn < 0.40; Zn < 0.63; Mathematically, the liquidus line of most binary Al-Xi

Ni < 0.43: Ti < 0.05 phase diagrams can be approximated by the second-order

polynomial as follows:
The next equation for predictinig g of aluminum alloys,

for Al-Si~Cu systems, recently developed by Vijayaraghavan T{}o ™' = A — BXi — CXi?(°C) (3)
et al. [9], based on the aluminium—silicon—copper ternary N . .
phase diagram through the use of multiple regression analysisvhere Xi is the content of the major, minor elements or hy-

is given below: drogen in wt.% A is the melting point of pure aluminum,
. 660.452°C, B andC are the polynomial coefficients.
TLqQ = 664—6.9Si—2.5Cu(C) 2) The analysis of two liquidus lines of the binary systems,

Al-Si and Al-Xi, shows that the “equivalent effect” on the
liquidus temperature of the aluminum alloy can be obtained
by using “equivalent” concentrations of Si and Xi alloying
or impurity elements. This means that the influence of any
element in the Al-Si melt on its liquidus temperature can be

than the known melting point of pure aluminum (660.463 expressed as the effect of an “equivalent amount” of silicon
The purpose of this paper is to develop thé geﬁeral (wt.%). The isothermal concentration difference between the

method for the calculation of the liquidus temperature of Si and Xi elements can be mathematically expressed as fol-

multi-component hypo and hypereutectic aluminum alloys, lows:
based on their known chemical compositions. The accuracy o xi ; :

. . : Si _ = Si (Wt.%) — Xi (wt.% 4
of the developed algorithms will be determined by com- ~ =Q:@'=constant (WE%) — Xi(wt.%) “)
paring calculated values of the liquidus temperatures with \yhereT is the melt temperaturé ).

the measured values by using the high resolution technique  sijjicon as amajor elementfor the 3XX series of alloys, was
known as the aluminum thermal analysis platform (AITAP). chosen as the reference element. Silicon is also known to have
This comprehensive novel technology was developed by thethe most significant influence on the casting properties of
NSERC/FORD-NEMAK/University of Windsor Industrial  3xX family of alloys (e.g. fluidity, latent heat and shrinkage).
Research Chair (IRC) in light metals casting technology for  Taking into consideration the whole temperature range
advanced analysis of melt characterisfi#s5,7,8] between the melting temperature of pure aluminum and the
eutectic temperature of binary alloy the following relation-

ship can be established betweeéiQS{and the concentration
2. Calculation of the liquidus temperature of 3XX Al of the element Xi:

alloys

Eq. (2), based on Al, Si and Cu concentrations only, fails
to account for the potentially important influence of other
elements (for example, Mg, Mn, Fe, Zn and Ti) therefore
substantial error may be involved. This s evident from the fact
that the equation’s constant (688) is considerably higher

Sigy = ag' + by Xi + 3 Xi? (5)
For a binary aluminum alloy the liquidus temperature of
a given chemical composition, can easily be derived, with Whereaf)<i + béi + céi =polynomial coefficients, Xi is the
a high level of accuracy, from its respective phase diagram. concentration of elements in wt.%.
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Fig. 1. The effect of Xi elements on theé%i for hypo and hypereutectic
Al-Si alloys.

Fig. 1a, b andrable 1summarize the effect of some major,
minor and other elements, including grain refiners, silicon
modifiers, etc. on the Si,. Their effect has been expressed
in the polynomial form, see E@5). _

Manganese (Mn) has the strongest effect on tI"E—*QSi
(Fig. 1a). The effect of the other major elements decreases
in the following order Mn, Fe, Ni, Cu, Zn and Mg, respec-

Table 1

Polynomial coefficients of the S@ for various binary Al-Xi alloys repre-
senting the most common major and minor elements of the 3XX hypo and
hypereutectic aluminum alloys

Al-Xi alloy bo Co

Al-Cu 0.350 —0.027
Al-Mg 0.0258 —0.0088
Al-Mn 0.8221 —0.0349
Al-Fe 06495 00003
Al-Zn 0.1227 —0.0002
Al-Sn 07849 —0.0313
Al-Bi 0.9076 —0.0092
Al-Pb 0859 Q02976
Al-Ca 00594 000685
Al-Sb 08255 —0.0327
Al-Ni 0.5644 —0.0285
Al-Sr 0.7854 —0.0157
Al-Ti —0.8159 0009927
Al-B —0.9977 000007506

Note a, =0 for the elements presented in this table.
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tively. It is important to mention that until now Fe has not
been considered as an alloying element, however, current re-
search conducted by the IRC demonstrates the opportunities
for the control of cast component integrity by optimizing Fe
content. The above-mentioned order of the major elements
corresponds to the slope valueT/AXi) of the liquidus line

for a particular binary Al-Xi phase diagram. The effect of
some minor elements on the value of thé'QSlhas been pre-
sented orkig. 1b.

The Skq for minor, major elements as well as some el-
ements including hydrogen can be determined as the sum
of individual contributors ¥ Si>E<'Q) plus the effect of silicon
itself, and can be expressed as follows:
Sigq = Si+ ) _ Sigg (Wt.%) (6)

It is interesting to note that elements such as grain refin-
ers (Ti and B), silicon modifiers (Sr and Sb) or low melt-
ing point (Bi and Pb) have similar effect on th% ivalue,
thus in liquidus temperaturd=ig. 2). The slope for some
major and minor elements is expressed as a value of the
change in liquidus temperaturdT in °C) caused by the
addition of 1 wt.% of the given element Xi (Xi: Mn, Fe, Cu,
Ni, Zn, etc.) into the AI-Si meltKig. 2). It is clear that the
biggest effect on the Sjwas the low melting points ele-
ments, the grain refiners and silicon modifiers, but because
of the addition of these elements in an aluminum melt is
on the level of parts per million their effect on the liquidus
temperature is negligible. However, their combined effect
on other characteristic solidification temperatures could be
significant. Therefore, the contributions of these elements
to the value of the %}, needs to be taken into considera-
tion. Due to the relatively high content of major elements
including Cu, Mn, Mg and Zn in the aluminum melt they
are the main contributors to the depression of the liquidus
temperature.

Based on initial studies a second degree polynomial Eq.
(7) correlates the chemical composition and the liquidus

Change in Liquidus Temperature, AT, (°C)

0.4 0.6 0.8

Silicon Equivalent, Sigq, (Wi%)

0.2

Fig. 2. The %'Q and AT values for 1 wt.% addition of major and minor
elements in the 3XX series of hypo and hypereutectic aluminum alloys.
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temperature curve of the Al-Si binary hypoeutectic systems Table 2
[11]. Chemical compositions (wt.%), of the hypoeutectic aluminum alloys and
their T o (°C) temperatures measured with AITAP (only major elements

The o= = 660452 6.110) Sif, are given)
Alloy Si Cu Fe Mg Mn TLig measured
Xi °C
—0.057) " Sig2 (°C) (7) 0
1 485 103 009 014 001 6266
2 489 385 009 016 001 6183
A review of the available literature revealed that there is 3 700 096 029 021 001 6108
no equation that can be used to determine the liquidus tem-# 718 468 017 026 001 6026
i X ; 5 912 118 018 028 001 5979
perature of hypereutectic Al-Si aluminum alloys. Therefore, 085 438 014 027 001 5852
the authors developed a new analytical expression to calcu-; 1084 094 011 019 001 5794
late the liquidus temperature of the aluminum 3XX series of 8 1055 436 013 017 0.01 567.0

alloys that has more than 12.3 wt.% silicon. Applying the re- Note for all alloys 0.005< Mn < 0.01 wt.%.
gression analysis method, the equation of the liquidus line for
the hypereutectic Al-Si binary phase diagram (for a Siwt.% 3.2 Melti
‘ : .2. Melting procedure
between 12.3 and 35) can be mathematically expressed in the gp

second-order polynomial form as follows: The alloys were melted in an electric resistance furnace.

TLAIIQ_Si = 38979 + 15.855Si— 0.0561 Sf (°C) (8) During melting, the melt was covered with a protective ni-
trogen gas atmosphere to prevent hydrogen and oxygen con-
The liquidus temperatures for multi-component hypereu- tamination. No grain refining or silicon modification agents
tectic 3XX aluminum alloys can be obtained, using E&): were added to the melt. All alloys were melted at their re-
spective superheat temperature that isIG@bove the lig-

Al-Si-Y"Xi .
T = 38979+ 15855 Si— 0.0561 SF uidus temperature. The molten alloys were degassed with the
Xi Xi A7 /0 aim to reduce the hydrogen level below 0.120.005 mL
+[3'14ZS'EQ+ 0'0572 Sig2] (°C) H,/100 g of aluminum. This eliminates the hydrogen as a
9 potential independent variable affecting the liquidus tempe-
rature.

3. Experimental procedure

3.3. Thermal analysis (TA) procedure
3.1. Materials
The aluminum thermal analysis platform (AITARZ2])

Fourteen hypo and hypereutectic 3XX Al-Si-based alloys consists of a high speed-high resolution National Instruments
were prepared and analyzed at the University of Windsor's pata Acquisition system that was calibrated (traceable) ac-
Metallurgical laboratory. Eight of them were hypoeutectic cording to the standard of the National Institute of Standards
Al-Si alloys, with a nominal chemistry of Al-5, 7, 9 and  and Technology (NIST]7]. The data acquisition system
11 wt.% Si with added 1 and 4 wt.% Cu. Addltlona”y, SiX (DAQ) is linked to a persona| Computer where the AITAP
alloys were prepared using hypereutectic Al-Si alloys with software is used to record the cooling curves, calculate the
nominal chemistry of Al-14, 17, 25 and 29 wt.% Siwithadded first derivative and makes an automated determination of the
1,2, 4 and 6 wt.% Cu, respectively. The quuidus temperature |iquidus temperaturE]_Z]_ Samp|e3 with masses of approxi_
of aIonS 15 and 16 shown ifable 2were found in literature mate|y 500 gt 10 g were poured into stainless steel cups. A
[1]. Tables 2 and 3how the chemical compositions of the  K-type thermocouple was inserted into the liquid alloy and
alloys analyzed using optical emission spectroscopy (OES) automatically the cooling curve started to be recorded by Al-

as well as the liquidus temperatures. TAP and until the alloy reached a temperature of 400
Table 3
Chemical compositions (wt.%) of the hypereutectic aluminum alloys and their calculated and measured liquidus temperatures
Alloy Si Cu Fe Mg Mn Tuig calculated {C) TLig measured°C)
9 13.14 4.11 0.51 0.99 0.21 600.2 601.5
10 25.00 1.18 0.39 0.05 0.12 752.5 751.8
11 25.00 5.64 0.64 0.09 0.15 756.9 760.0
12 24.16 2.46 0.93 0.17 0.36 738.4 735.3
13 28.64 2.43 0.90 0.15 0.36 794.9 798.0
14 13.80 4.00 0.61 1.30 0.23 599.7 599.9
15 17.2 4.85 0.20 0.57 0.02 654.8 654.0
16 17.5 4.80 0.70 0.56 0.27 658.4 656.2

Alloys 9—-14 were made at the University of Windg$8}, the data for alloys 15 and 16 were are taken from the litergijre
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Tables 2 and 3how the measured liquidus temperatures of & o : -
the experimental aluminum alloys. 9; &85 Regiesatn
5
§ 610
@
4. Results and discussion g 600
QO
l_
. . . 590 R*2=0.99
The currently available 85 methodology for rapid calcu- §
lation of the liquidus temperature of 3XX Al-Si hypoeutectic =~ & 580
alloys was further extended in the present research to devel- § 570 &
oped a novel algorithm for Al-Si hypereutectic alloys. At S . -
the present time, algorithms with this level of applicability &
o 560 570 580 590 600 610 620 630

to both hypo and hypereutectic silicon alloys has not been

reported yet (see Eq&) and(9)). (a) Measured Liquids Temperature, (°C)

Fig. 3depicts the calculated liquidus temperatures versus 800 | L -
the measured liquidus temperatures for the hypoeutectic com- & e et %
positions used in this paper. In addition, the liquidus temper- 5
atures calculated by Drosgé] and Vijayaraghavaf9] have 3 7901
been compared with the experimentally determined liquidus i
temperatures using AITAP. The main purpose for thiswasto & 700-
consider the eight alloys shownTable 2and to statistically e
compare the previously developed silicon equivalency con- % 850 - R*2 = 0.99
cept, and to show the high level of reliabilifg{ = 0.99) of Eq. 3
(7) over wide ranges of chemical composition for the hypoeu- % 600, €
tectic 3XX aluminum alloyskig. 3shows the results of com- 3
paring Eqs(1), (2) and(7) with the measured liquidus tem- 600 620 e 750 il

perature using AITAP for the Al-Si hypoeutectic alloys. A (b) Measured Liquids Temperature, (°C)
statistical analysis conducted for the above-mentioned evaI-F_ 4. Coefficient interval () Howing the 95% confid it

. . F 1g. 4. Coertiicient Interva curves showing the 0 confiaence limi
uation ShO_WS the following standard d§V|at|ons for Ha3. . for the calculated liquidus temperature for Al-Si: (a) hypoeutectic and (b)
) and_ (5): 5.7, 4.7 and 2.3C, reslpeCt'Velly’_and the maxi- hypereutectic 3XX alloys using Eq&’) and(9), respectively.
mum differences for the 95% confidence limitwere 13.3,13.2
and 1.2°C. This demonstrate that the liquidus temperatures loys, respectively. The liquidus temperatures calculated us-

determined using Eq#1) and(2) are more scattered than 4 the Si methodology for the chemistries presented in
if calculated using Eq(7) when compared with measured 105 5 and avere used inFig. 5to construct an Al—Si
values (sed-ig. 4). Using the previously discussed statisti- quasi-binary phase diagram. The liquidus temperatures for
cal data can be concluded the considerable higher level ofthe alloys, used in this paper were measured by the AITAP
accuracy for EQ(7). and were also plotted iRig. 5as dotg8]. The accuracy of

Fig. Sdepicts theliquidus lines of the Al-Siphase diagram o 4|cyated liquidus temperatures depends strongly on the
(solid lines)[11] and the calculated liquidus lines (dashed

lines) using Eqs(7) and(9) for hypo and hypereutectic al-

860
P I s Calculated Liquidus Using equations 5 and 9
& —=- mDrossel, 1981 Eq. 1; R"2 = 0.92 810 1 Litgraturs Data 9]
& 6304 -=-=-- aVijayaraghavan, 1996 Eq. 2; R"2 = 0.96 o
5 gogl  — ®ThisPaper Eq.7: Rr2=0.9 L 760 - Hypo Etfectic | Hyper Eutectio
© [0}
2 610 2 710.
£ 5001 = 12 10 11 13
- o
o GEJ 660 1
3 590+ =
& 5801 610 -
-
T 5704
2 3 560 . . .
3 560 0 6 12 18 24 30
S 550 : : : : . : Al Sigq, W% —
560 570 580 590 600 610 620 630
Liquidus Temperature Measured by AITAP, (°C) Fig. 5. Phase diagram containing the literature (solid I[6), calculated

(dashed line) and measured (dots) liquidus temperatures superimposed on a
Fig. 3. Calculated vs. measured liquidus temperatures for 3XX hypoeutectic “quasi binary Al-Si phase diagram” obtained using thegSnethodology
Al-Si alloys. for the different 3XX compositions.
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accuracy of determination of the coefficienfsg. 1a, b and
Table 1), which allows for the conversion of the alloy com-
position into “an equivalent silicon” for each component, in
wt.%. These coefficients are derived from the respective bi-

F.C.R. Hernandez et al. / Materials Science and Engineering A 396 (2005) 271-276

implemented (i.e. as an algorithm built into the OES analysis
software) as a tool for daily control of incoming materials in
the casting plant.

nary systems, and their accuracy is closely related to the accu-

racy with which the data for liquidus lines was experimentally
determined and numerically fitted. In addition, the accuracy

5. Conclusions

and precision of the OES chemical composition data andthe  a npovel Sieq methodology has been used to calculate

calibration of OES equipment itself can compromise the ex-
actitude of the Sig methodology. In order to minimize the
error, a re-examination of liquidus lines, on both aluminum
and silicon rich side of the Al-Si binary system, or probably
for all ternary Al-Si—Xi systems should be conducted.

the liquidus temperatures of hypo and hypereutectic multi-
component Al-Si alloys. The calculation procedures pre-
sented in this paper are more accurate than those found in the
literature. The results of the statistical analysis showed that
both algorithms, for hypo and hypereutectic compositions,

The negligible differences between the measured and cal-jndicate an approximately °C variance for a 95% confi-

culated values of the liquidus temperatures for hypo and hy-
pereutectic Al-Si alloys can be observedHiy. 4 How-

dence limit when the calculated values are compared with

the measured oneEifjs. 4 and k However, the accuracy to

ever, these variances can be reduced further by taking intopregict the liquidus temperature using the@nethodology

consideration the interactions between elements. Thg Si

depends on the precision in determination of the coefficients

mathematical approach of this paper is based on binary al-presented irfig. 1andTable 1

loy systems only and no interactions between three or more

elements were taken into consideration for the;$nethod-
ology. However, considering an interaction among at least

three elements in an alloy (for example, using ternary phase

diagrams) might bring the calculated values even closer to
the measured ones.

AnalyzingFigs. 3, 4andTable 2can be observed highly
accurate results with aR? =0.99 using the $ip methodol-
ogy Eq.(7) in comparison with the available in the literature
algorithms to determine the liquidus temperature for multi-
component Al-Si alloys. In addition, the statistical analysis
shows that similar precision can be obtained for the deter-
mination of liquidus temperature for Al-Si hypereutectic al-
loys using Eq(9) (Fig. 4). The high correlation coefficient

(R?=0.99) between the measured and the calculated liquidus

temperature for the hypo and hypereutectic Al-Si alloys con-
firms that the Sig methodology can be used to accurately

predict the liquidus temperature for the 3XX series of alloys
that solidifies at a cooling rate close to equilibrium condi-

tions.

Additionally, the Sk methodology can be used as an off
line quality control tool by establishing upper and lower lim-
its for specific chemistries. Especially when the aluminum
foundry industry is using recycled materials, the main con-
cern is how to keep the compositions of major and minor
elements and impurities within the required boundaries. To-
day casting plants are using secondary ingots for which the

chemical compositions need to be closely monitored, because

Acknowledgements

The authors would like to express their appreciation to

the Natural Sciences and Engineering Research Council of

Canada (NSERC) and to the NEMAK of Canada Corporation

for their sponsorship. Dr. F.C. Robles Handez would like
to thank CONACYT in Mexico for financial assistance during

his Ph.D. studies. The authors would also like to thank Ms.
Ellen Moosberger and Mr. Robin Francis for their assistance

with the preparation of this paper.

References

[1] L. Backerud, G. Chai, J. Tamminen, Oslo (1986) 95-105.

[2] J. Barthel, E. Buhrig, K. Hein, L. Kucl, Leipzig (1983).

[3] M.B. Djurdjevic, W.T. Kierkus, G.E. Byczynski, J.H. Sokolowski,
AFS Trans. 13 (1998) 143-147.

[4] M.B. Djurdjevic, W.T. Kierkus, G.E. Byczynski, T.J. Stockwell, J.H.
Sokolowski, AFS Trans. 14 (1999) 173-179.

[5] M.B. Djurdjevic, J. Chen, J.H. Sokolowski, AFS Trans. 23 (2003)
1-11.

[6] G. Drossel, Giessereitechnik 27 (1) (1981) 7-12.

[7] R. Francis, W.T. Kierkus, J.H. Sokolowski, Calibration of the ther-
mocouples used for thermal analysis, University of Windsor, IRC
Internal Report, 2001.

[8] F.C. Robles-Herandez, J.H. Sokolowski, M.B. Djurdjevic, Produc-
tion of synthetic Al-Si hypereutectic alloys, University of Windsor,

the presence of some eIeme_nt_s in excessive amoqnts (_some- IRC Internal Report, 2003.

times even at the parts per million level) can result in serious [9] N. Vijayaraghavan, J. Pelle, J. Boileau, J. Zindel, R. Beals, Scripta
deficiencies in as- cast components characteristics. There-  Mater. 35 (7) (1996) 861-867. _

fore, there is a need to control the quality of the incoming [10] O-G. Wang, J.C. Davidson, J. Mater. Sci. 36 (2001) 739-750.

. . . . . [11] Alloy Phase Diagrams ASM Handbook, vol. 3, ASM International,
ingots and by using §h this task can be made easier. The 1992

accuracy of the results of these algorithms under laboratory(12] m.B. pjurdjevic, W.T. Kierkus, J.H. Sokolowski, Cast components

conditions indicates that this methodology can be industrially and their processes, University of Windsor, Brochure 29 (2004).



	Calculation of the liquidus temperature for hypo and hypereutectic aluminum silicon alloys
	Introduction
	Calculation of the liquidus temperature of 3XX Al alloys
	Experimental procedure
	Materials
	Melting procedure
	Thermal analysis (TA) procedure

	Results and discussion
	Conclusions
	Acknowledgements
	References


