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Abstraot 
In the alloy systems Al-Si and Al-Si-Mg, where Si and Mg ty- 

pically are in the range 0.5-1.5 w%, a number of second phase 
particles have been identified, with different composition and 
crystal structure. To control the conditions under which these 
particles precipitate and dissolve is very important for cont- 
rolling the properties of the alloy, like fracture toughness 
and hardness. 
In this paper, particularly the influence of the cooling rate 
in the DSC instrument, with which alloy samples are cooled 
from a homogeneous phase at high temperature to subambient tem- 
perature, has been investigated, Also the total number of hea- 
ting-cooling cycles applied to a sample has been used as a pa- 
rameter to explain the different reactions as identified by 
DSC. 
The results show a close correlation between the cooling rate 

and the precipitation/dissolution processes. It was found that 
the characteristics after a certain cooling rate were different 
depending on how many cycles that material previously had been 
through. This can have some implication on estimating the pro- 
perties of materials in applications were heat and load vary 
over time. 

1. INTRODUCTION 

Al-base alloys are used for their light weight and also high 
strength, compared to pure aluminium. Alloying elements are Cu, 
Zn, Mg, Si, Li, Mn and combinations of these. Properties depend 
on forming second phase particles through different treatments, 
like cold working and ageing at temperatures from RT to 150-180 
C, for time periods of hours to months. Characteristics depend 
on the amount of particles formed, their distribution and sizes. 
Phase transformations have been studied by thermal analysis 

DSC, and by microscopy, identifying particles structures and 
sizes. Normally, researchers are looking at DSC heating runs on 
quenched or aged samples. 
In this work, heating and cooling runs have been studied, and 

also repeating experiments on the same sample. 
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2. MATERIALS USED 

In this work, Al-base alloys with Si and Mg have been studied. 
In Table 1, the compositions are given. 

Table 1 
Samples composition 

Sample Base w% Mg w% Si w% Mg2Si w% Excess Si/Mg 

A Al 0.8 0.8 (Si) 
B Al 0.3 0.8 0.47 0.63 (Si) 
C Al 1.2 0.76 1.87 0.07 (Si) 
D Al 0.71 0.41 1.12 

____-----__L______-_~~~~----~~~~----~~~~~~~~~~~~~---~~~~~~~~--- 

Sample A is a binary alloy with Al and Si. C and D are so 
called pseudo-binary alloys, where all contents of Si and Mg 
are supposed to form a compund Mg2Si. B is a more complex al- 
loy with both Mg2Si and a considerable amount of Si. 

All samples have been homogenized for 5 hours at 550 C and 
then quenched to RT. 

Samples for the DSC measurements were cut from rods with a 
diameter of 5.2 mm and 2-2.5 mm height, giving masses between 
60 and 70 mg. As reference, a pure Al-metal sample of the same 
shape and mass was used. 

3. INSTRUNNNTATION 

A SEIKO Instruments DSC 220 C, eguiped with an Auto Cooling 
System was used. The working range was from -150 C to 725 C. 
Control of the measurments were done by Disk Station 5200 H, 
and Standard Analytical Software was used for evaluation. 

4. HEATING/COOLING CYCLES 

All heating experiments were done from RT to 585 C, with a 
heating rate of 10 c/min. 50-60 ml/min of dry NZ-gas was always 
purging the DSC cell, preventing oxidation of the samples. The 
first heating was always a measurement on a quenched sample. At 
585 C, the samples were soaked for 2 hours, then cooled with a 
controlled cooling rate to -50 C, taken up to RT again, and 
then the next heating was performed. The sequence of cooling 
rates differed between the samples. See table 2. 

5. RESULTS AND DISCUSSION 

The shape of the DSC-curves is in very good agreement with 
the results published in many papers. References l-8. Based on 
this, the interpretation of the different reactions is the fol- 
lowing. During quenching, and sometime also by storing at RT, 
spherical GP-zones form, and during heating in the DSC, the 
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Table 2 
Runorder for different samples 
____________________~_~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Run No: 1 2 3 4 5 6 

Sample A: q 50 30 20 10 3 C/min cooling rate 
Sample B: q 3 50 10 30 20 
Sample C: q 3 10 20 30 50 I, 
Sample D: q 3 50 10 30 20 II 

first thing that happens is the dissolution of these particu- 
lates. At a somewhat higher temperature, non-spherical GP-zones 
form, and they are then transformed into rod-shaped 6'-partic- 
les. These reactions overlap. The B\-phase dissolve, and anot- 
her phase called 6 starts forming. With raising temperature, 
also this phase dissolves, and finally the material is a homo- 
geneous single phase solution. 

Figure 1 shows the DSC-results for sample A. In this material 
no indication of GP formation during quenching or cooling can 
be seen. The order here is from quenched to 3 C/min. 
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Figure 1. 

The exothermal peak temperature, the endothermal peak tempe- 
rature and the final temperature shift from lower to higher 
temperatures for each run. 

The entalpies are also continuously decreasing, both with de- 
creasing cooling rate and run-order. 

The exothermal entalpy is equal to the endothermal entalpy in 
each experiment. The exothermal entalpy decreases from 5 mJ/mg 
for 50 C/min cooled, to 3.7 mJ/mg for 3 C/min cooled. 
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The exothermal and endothermal energies being equal, indicate 
that no precipitation occurres during cooling and that every- 
thing that forms during DSC-heating is also dissolved when the 
solvus line is reached. 

The cooling thermographs from the same sample do not indicate 
any precipitation. 

A part from cooling rates, the major difference is number of 
cycles that the sample experianced. For every cycle, there is a 
possibility of grain growth and increasing grain size would re- 
duce the overall diffusion rate for Si atoms in the Al-matrix. 
This could explain why less and less precipitates are formed 
and therefore the peaks are smaller and smaller. 

Figure 2 shows the DSC-curves for sample D, having a composi- 
tion corresponding to a pseudobinary alloy with 1.12 w% MgZSi. 
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Figure 2. 

The quenched sample and the 50 C/min cooled both show an ini- 
tial endothermal peak indicating that in this system GP zones 
do form during quenching, cooling or at RT. 

The splitting of the exothermal peak due to formation of non- 
circular GP-zones and t3'-precipitates increses with decreasing 
cooling rate, and the second exotherm, the formation of B-phase, 
shifts to higher temperatures as a function of cooling rate. 
The difference is 32 C between quenched and 3 C/min cooled. The 
final temperature is much more stable, although it varies with- 
in 5 C. 

The cooling graphs show some different features compared to 
the sample with only Si. The area under the graphs are larger, 
and the cooling graph for 50 C/min shows a larger exothermal 
portion in the lower regions (but not a distinct peak). This 
material also showed the first endothermal peak due to disso- 
lution of spherical GP-zones during heating. 
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Comparing the DSC-runs after different cooling rates for the 
1.87 w% MgzSi sample, the peaks seem to look quite different. 
(Partial melting before the dissolution is finished for the 3 
C/min cooled). Figure 3. 
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Figure 3. 

In sample D the second exothermal peak temperature increased 
continuously with decreasing cooling rate, in sample C it is a 
random variation. That is not expected, comparing samples with 
the same composition, only different amounts. The only other 
difference is the run order. 

DSC-runs on a sample C, after cooling with 10 C/min, are gui- 
te different as a second and a fourth run. See Figure 4. 

After many runs, the results converge. Figure 5 compares the 
4:th 7:th and 9:th cycle of sample D. The curves are very simi- 
lar. 

In the stoichiometric sample with high content, C, the coo- 
ling graphs now show very distinct peaks. See Figure 6. The 
temperature is too high for it to be the spherical GP-zones, 
and accordingly, no initial endotherms was shown in the heating 
experiments. It can be non-spherical GP-zones, or 13'-phase. 

In sample B, containing both Mg2Si and excess Si, the peak 
temperature for the first exotherm now increses with decresing 
cooling rate. Figure 7. 

There is no tendency to splitting of the first exothermal 
(GP + B'), and the second exotherm, related to forming B-phase, 
is very suppressed. The final temperature when everything is 
redissolved is very well reproduced, all are within 1 C. The 
cooling curves do not show any distinct peaks. 

Also for this sample there is an influence of run-order. In 
Figure 8, runs after 3 C/min as cycle 2 and 11 are compared. 
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Figure 6. 
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Figure 7. 

The precipitation and dissolution of second phase particles 
in the Al-Si-Mg system is not entirely defined by the amount of 
alloying elements, quenching/cooling rates and ageing procedu- 
res. Also important are microstructural parameters like grain 
size and homogenity. These parameters influence the DSC runs 
until reaching a limiting value. The number of runs, or the cu- 
mulative soaking time at 585 C, to reach this value, was diffe- 
rent for different samples in this investigation, probably de- 



40 L. HalldahllThermochrm. Acta 214 (1993) 33-40 

KAN 

f/J \\v Clmln, 2 cyclej _,se 

-1025 

t 

0 8Sl 0 BMp-sample 

?I 

-20 

-2200’ ’ -24 
50 175 30 42.5 550 

K-snalvs AS TEHP 1 Ilieatlnp) 

Figure 8. 

pending on different treatment before the homogenization desc- 
ribed here. The influence of these parameters on materials pro- 
perties should also be considered for applications of Al-alloys 
exposed to varying temperature and load conditions. 
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