Applications of the derivation analysis for assessment of the ACAlSi7Cu alloy
crystallization process cooled with different cooling rate
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Abstract: In this work the derivation analysis techniques is applied for the preparation of
ACAlSi7Cu alloy thermal characteristic, and assessed influence of cooling rate for
characteristic transformations during the crystallizations. Alloys were cooled with three
cooling rate: 0,2 °C/s, 0,5°C/s and 1 °C/s.
Rise of the cooling rate is influenced on a α dendrite phase nucleation point what have an
effect on a solid fraction. In this case alloys are much more uniform. The changes of
crystallization temperature on the end of the process are not observed during the rise of the
cooling rate.
Keywords: Derivation analysis, Thermal modification, Quantities assessment of the
crystallization process
1. Introduction
At present the aluminum alloys have a good mechanical property, low-density, good
thermal and electric conductivity. Mainly for these reasons, aluminum alloys have a
widespread application in the motor vehicle and aircraft industries as well as in household and
office equipments.
At present in the word occurs the tendency to decrease both the mass of the constructions and
the production cost. In this case it is very important precise fix a parameters of the production.
Mainly parameter of the technological process, which has influence on the mechanical
properties, is a heat treatment temperature. Precise heat treatment is based on a quantity of the
phases precipitate (i.e. Al2Cu, Mg2Si, Al4CuMg5Si4 [3, 9]) and precise fix of the temperature
of the multicomponent eutectic crystallization.
The simplest and very effective method, which makes it possible to determine a curve of
the crystallization process – the cool curve T =f (t), is the thermal analysis. This coolling
curve gives information about the metal crystallization process with continuous cooling rate.
Extension of the thermal analysis is the derivation analysis. This method determines the
derivative of the cool curve – crystallization curve T ' = dT = f ' (t ) . T’ gives particularly
dt

temperature changes during the alloy crystallization. These changes come from internal heat
source – phase transformations and size of the changes is proportional to amount of the phases
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precipitate. Metal cool process is described by means of the hypothetical curve (base line).
The total crystallization heat is proportional to the areas between the base lines and the
crystallization curve.
Based on the literature [1, 7, 9] equation 1 describes the general function of the
crystallization:
dQ L
1
dT
(1)
=
− hA(T − T0 )
dt

VρC p

dt

.where:
V – volume of the metal test sample, ρ – density of the metal test sample, Cp – specific heat
of the metal test sample, T – temperature, t – time, h – thermal conductivity coefficient, A –
crystallization area , T0 – ambient temperature, QL – latent heat oh crystallization.
The method of base line calculations for the aluminum alloys is described in the literature
[10].
For solve of the general crystallization function (1) it is necessary to find the elementary
functions of the crystals growth and function of the nucleation. Based on the Tammana and
Chworinowa theory and assumption that the growth of the nucleus and growth rate of the
solidify layer in time is described by the Gauss law [1, 10].
The knowledge of the curse of the nucleation function, crystals growth function and
assumption that the crystallizations heat is proportional to the quantity of the precipitated
phase make possible to evaluate of the mount proportion of the crystallization phases.
2. EXPERIMENTAL PROCEDURE
The object of the research was an ACAlSi7Cu alloy designed for car block engaging. The
chemical composition of the analysed alloy is shown in Table 1
Table 1.
Chemical composition of the ACAlSi7Cu alloy in wt-%
Components concentrations, in wt %
Si
Ni
Cu
Fe
Sn
Zr
Mn
Zn
7,1
0,006
0,99
0,990
0,990
0,003
0,11
0,04

Ti
0,08

Sb
0,009

The ACAlSi7Cu is made in the NSCER/Ford/University of Windsor in Canada laboratory.
In the first step all components are melted in the electrical resistance furnace with the ceramic
crucible. The melted process is made in the 850°C temperature. During processing, the melt is
covered with a protective argon gas atmosphere to prevent oxygen and hydrogen
contamination and before casting, liquid metal was degassed by 20 min. Temperature is
checked by the thermocouples.
Samples for the thermal analysis are cast to the thin well steel crucibles.
The average mass of the samples is 330 ±30. In these samples are drilled concentric holes.
The diameter of these holes is 2 mm and length is 25 mm measured from the top of the cast.
Thermal analysis is made by the UMSA device. Chemical composition is examined by optical
spectrometer.
In the next step of the investigations the samples are remelted in the steel crucible by the
UMSA device in the 750°C temperature and cooled with the three cooling rate 0,2 °C/s, 0,5
°C/s, 1°C/s. The cooling rate is forced by a suitable air fallow
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3. RESULTS DISCUSSION
Assessment of the cooling rate on the phase transformations in the ACAlSi7Cu is made by
crystallizations curves. The crystallizations curves are based on the data captured during the
thermal analysis. Samples are cooled with different cooling rate. The crystallizations curves
are shown in figure 1

Figure 1. Derivate curves with peak fitting for cooling rate: a) 0,2 °C/s, b) 0,5 °C/s, c) 1 °C/s
According to the showed derivation curve in figure 1, the phase network nucleation is
begun in the T temperature. Decreasing of the temperature to T DEN the phase network is
become coherence. During continuing of the temperature decreasing dendrite crystallizations
front drop out free silicon atoms directly to the liquid.
Crystallization of the coherent dendrites is gone on to the TAl-Si EUT temperature. In this
temperature Al-Si eutectic crystallization is began in effect supersaturations rest of the liquid.
Eutectic crystallizations end is in the TAl-Cu EUT temperature. Then Al+Al2Cu+Si ternary
eutectics are begun. Ternary eutectic crystallization end is in the TSOL temperature. During
crystallization of the ternary eutectic in alloy precipitated rich in Cu and Fe phases.
The figure 2 show influence of the cooling rate on the nucleation temperature of the
phases - T , Al-Si eutectic crystallization start point - TAl-Si EUT, Al+Al2Cu+Si ternary eutectic
crystallization start point - TAl-Cu EUT and crystallization finish - TSOL.






Figure 2. Influence of the cooling rate on the Figure 3. Influence of the cooling rate on the
temperature: T , T DEN, TAl-Si EUT, TAl-Cu EUT phases amount
TSOL
When the cooling rate is increased, then the temperature α phase nucleation is increased
from 610°C for the 0,2°C/s cooling rate to 637°C for 1°C/s cooling rate. Coherent dendrite
point temperature is 604 °C and is constant for the all cooling rate. When the cooling rate is
increased then the Al+Si eutectic start crystallization temperature is increased too. Temperature
of the Al+Al2Cu+Si ternary eutectic crystallization start point is constant for all cooling rate.
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Changes of solidus temperature is not observed during the examination, this temperature is
constant for all cooling rate and is even 474°C. When the cooling rate is increased, the
solidification range is increased form 138°C for the 0,2°C/s cooling rate to 166°C for 1°C/s
cooling rate. Quantity of the crystallization phases is calculated by decompresses of
crystallization function on the elementary functions. Sheddage crystallization function is
shown fig 1. Comparison of the phase amount during chilled with different cooling rate are
shown in figure 3. When the cooling rate is increased the amount of Cu rich phase is
increased and the amount α phase is decreased.
4. CONCLUSION
The subject of the research is conducted with the evaluation of the influence of the
crystallization cooling rate on the phase crystallization temperature in ACAlSi7Cu alloy.
The investigations show that the derivation analysis is an efficient tool for calculation of
the changes in the crystallization process. The derivation analysis marks the crystallization
range of the phases very precisely.
The results of the analyses can be summarized in the following conclusions:
1. Increase of the cooling rate has influence on the increasing phase nucleation temperature
and Al-Si eutectic start point; this has an influence on the quality of the alloy.
2. Increase of the cooling rate influences the amount of the Cu rich phases formed during the
crystallization process what have an influence on the mechanical properties after the heat
treatment.
3. The derivation analysis can be use for the quantitative analyses of the crystallization
phases in industrial investigations.
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