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1. Abstract 

 
The aim of this thesis is to investigate the influence of ageing process on the 
microstructure and mechanical properties of aluminium-silicon alloys. The investigation 
was carried on Al-9%Si-3%Cu and Al-9%Si-0.4%Mg. To obtain different DAS with low 
content of oxide films and micro shrinkage, gradient solidification has been used. The 
specimens were treated according to T6 heat treatment.  

In this thesis it has been shown that solidification rate has great influence on 
mechanical properties since it controls microstructure. To reach peak level of mechanical 
properties different times of artificial ageing were used depending on the alloy.  

In peak value condition Yield’s Strength of alloys was 197MPa for Al-Si-Cu alloy and 
243MPa for Al-Si-Mg one. These results can be compared to these presented in other 
papers concerning aluminium silicon alloys. Such comparison shows that when talking 
about potential of alloy, these results are more or less the same as in other articles in this 
field. 

The work was conducted within 10 weeks and for this reason not all the necessary data 
was collected. Further work will be conducted to obtain missing results, like overaged 
state for Al-Si-Cu alloy. 

 

2. General information about aluminium alloys with concentration on cast alloys 

 

Although aluminium was first made in laboratory in 1825, due to high costs of 
manufacture it becomes popular material in second half of 20th century. In 2002 the 
worldwide production reached level of 26 000 000 metric tones (according to United 
States Geological Survey Mineral Resources Program) and is still increasing. [1] 

Aluminium is very light metal with strength to weight ratio better than many others 
materials. Its alloys have densities between 2500 and 2900 kg/m3 and Young’s modulus 
around 75 GPa. Comparing these values to steel (accordingly around 8000 kg/ m3 and 
around 200 GPa) appears that aluminium is very important material which has wide range 
of applications. What is more Al is very good electrical and thermal conductor and posses 
high cast- and machinability. Another important property of aluminium is its corrosion 
resistance against water and light acids. [2] 

 

Table 1. Cast aluminium alloy designations 
according to American system. 

Cast 
alloy 

symbol 
Main alloying element(s) 

1XX.X pure Aluminium (over 99.5%) 

2XX.X Copper 

3XX.X Silicon and Copper or Magnesium 

4XX.X Silicon 

5XX.X Magnesium 

6XX.X no assignation 

7XX.X Zinc 

8XX.X Tin 

9XX.X other elements 

 
Aluminium is very common material which can be cast by almost all processes. 

Aluminium alloys are mainly divided into two groups: wrought alloys and cast alloys. All 
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of them are marked with four digits which represent the composition of the alloy and 
sometimes the amount of its components. After digits one letter could be placed to show 
the strengthening method used to modify properties of the alloy. It could be F, H, O and 
T, meaning as-fabricated, strain-hardened, and annealed and heat treated respectively. The 
basic designation of cast aluminium alloys is presented in Table 1. [1] 

 
Silicon content has great influence on cast properties in aluminium alloys. In 

standardized commercial cast aluminium-silicon alloys this content is in the range of 5 to 
23 wt%. The structure of the alloys can be hypoeutectic, hypereutectic or eutectic. It can 
be seen on equilibrium phase diagram presented in the Figure 2.1. Commonly percentage 
of silicon varies between 7% and 13%. This alloys (with less then 12,6% Si are called 
hypoeutectic alloys. In that stage structure consists of Al-dendrites and eutectic. 
Hypereutectic alloys are that with aluminium content more then 12,6% which structure 
consist of primary silicon crystals and eutectic phase. Besides silicon other “materials” 
can be introduced in aluminium alloys. Some of them are treated like impurities (Fe), 
others enhance properties of the alloy and or increase castability. Most common addition 
elements are: Mg, Cu, Ti, Na and Sr. Al-Si-Cu alloys which contains 7-10% of silicon and 
2-4% of copper are mainly use for producing automotive and airplane parts. The reason 
for this is their superior mechanical properties, weldability, castability and machinability. 
Al-Si-Mg alloys are widely used for high integrity castings for automotive industry. It is 
due to the fact that such alloys posses great combination of high strength, high elongation 
and very good corrosion resistance. 

 
2.1.  Influence of the alloying elements on the properties of aluminium cast alloys. 

 
There are many ways of changing properties of aluminium cast alloys. One of them is of 
course change in composition of the alloy. Although the influence of elements that are 
noticeable in the alloy is mainly considered, elements which are known as impurities 
cannot be omitted, and its effect are not always negative. Influence of all alloying 

Figure 2.1 Al-Si equilibrium phase diagram 



 - 6 - 

elements as well as impurities which can be found in aluminium alloys are as  
following. [3] 
 
Silicon 

Addition of Si to the aluminium alloys has a great number of benefits. It is one of the 
elements which do not increase the weight of the alloys and in the same time improves it 
properties. The casting ability of Al-Si alloys are on extremely high level which lowers 
costs of producing Al-Si castings. Mechanical properties of aluminium alloys depends 
more on the distribution of added silicon then on the amounts of it. In these alloys where 
the Si particles are uniformly distributed represent increase in ductility, while alloys in 
which these particles are acicular, show small increase in strength. While adding silicon to 
the Al alloy corrosion resistance is only slightly affected. Generally it stays on the same 
level or is slightly better than in case of pure aluminium. With increase content of Si 
decrease of the fluidity and the freezing range is observed. Moreover silicon expands 
during solidification, so it compensates the shrinkage of the aluminium. When the content 
of Si in the Al-Si alloys is as high as 25% volume shrinkage of these alloys reaches zero 
level. 
 

Copper 

Changes in mechanical properties of alloy while adding copper can be observed in its 
strength and ductility. Copper has the biggest influence on high temperature strength. 
These changes, like in Al-Si alloys, do not depend on the amount of added copper but 
rather on the way how it is distributed in solid solution. Alloys in which Copper can be 
found in the form of evenly distributed sphereodised particles show biggest increase in 
strength without negative effects on ductility, while alloys with Copper present as 
continuous network at grain boundaries appear to be less ductile without noticeable 
increase in strength. Addition of copper will also reduce corrosion resistance of the alloy. 
It happens because Copper disperses the oxide film which appears on the metal surface 
and it this way it prevents alloy to be electrically neutral. It leads to the fact that Al-Cu 
alloys can corrode not only by contacting another materials but also another Al-Cu alloy. 
 
Magnesium 

Magnesium is material which is lighter then aluminium and shows the same strength 
properties. It is the main alloying element in some Al alloys, but in the majority of them is 
rather considered as impurity. The role of magnesium in aluminium-silicon alloys is to 
precipitate β” phase (Mg2Si). [7] Al-Mg alloys are characterized with high strength with 
good ductility. Moreover magnesium can, as one of the few elements, increase modulus of 
elasticity of Al alloys. Proper amount of magnesium in alloy will also give extremely high 
response to heat treatment. Another property which is very good in Al-Mg alloys is 
corrosion resistance. It is better in salt water and in mild alkalis then in pure aluminium. 
The worst thing when it comes to Al-Mg alloys is it poor castability when the content of 
magnesium is small (2-4%). It appears to be better with higher amounts of magnesium (up 
to 12%) 
 
Iron 

Iron added to aluminium alloys negatively influence its corrosion resistance. As far as  
mechanical properties are concerned,  Fe improves strength of the alloy and in the same 
time reduce its ductility. Iron improves also resistance to hot tearing during solidification. 
Formation of beta iron needles have detrimental effect on mechanical properties of 
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aluminum alloy. It happens because needle-shape like iron phases act as stress risers and 
crack propagation can start in these points.  
 
Manganese 
In wrought alloys manganese is added to obtain better results during work hardening. In 
Al-Si alloys Mn improves properties in high temperatures and similarly to silicon reduces 
shrinkage formation during solidification. Nevertheless the most important feature of 
adding manganese to the alloy is the fact that such addition result in change of iron phases 
in the alloy. Iron is changed from the needle like shape to more spherical one which 
results in worse crack propagation in the alloy. 
  
Nickel 

Nickel slightly improves both strength and ductility of the alloys at both room and 
elevated temperatures. What is more, when adding nickel together with iron, corrosion 
resistance against hot water is improved. 
 
Chromium 

Additions of chromium to the Al-Si alloys will effect in little increase in strength of these 
alloys. It will also cause slightly worst tensile properties. 
 
Zinc 

Zinc in Al-Si alloys improves its machinability but decrease high temperatures strength. It 
also increase tendency to hot tearing. 
 
Tin and lead 

Similarly to Zn, addition of Sn and Pb improves machinability and decrease high 
temperature strength of the alloys. 

 
2.2.  Strengthening and softening techniques 

 

Besides modifying Al alloys by changing its content, there are several other methods of 
modifying these alloys. That is why aluminium alloys are almost always subjected to 
strengthening or softening processes. Aluminium alloys can be divided into two groups: 
first group is strengthening by means of work hardening and annealing while second is 
modified by heat treatment. 
 

2.2.1. Work hardening and annealing   

 
Work hardening is process in which metal is strengthening by for example rolling or 
forging. It is main technique of improving properties of alloys which cannot be heat 
treated. During these treatments number of dislocations in material increasing, and the 
strength of metal improves. This is caused because grain shape changes and 
microstructure becomes more inhomogeneous which do not allow fracture propagation in 
easy way. Work hardening is method of improving properties of these alloys which cannot 
be heat treated. Nevertheless changes in structure of alloys also affect reaction of these 
alloys to annealing and hot working.  

Cold working increased yield strength of the worked material and in the same time 
negatively affects its ductility and formability. These characteristics is true for both heat 
treatable and not heat treatable alloys nevertheless work hardening of heat treatable alloys 
should be performed before heat processing due to the fact that results of cold working 
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after ageing process are comparatively small. What is more strain hardening can bring 

better results in temperatures around -200°C than in the room temperature. In fact there 
can be observed greater loss in ductility in such temperatures. The behavior of cold 
worked alloys can be observed on the Figure 2.2 

 

 
Annealing is the process during which previously work hardening material is placed in 
furnace in elevated temperatures. Then dislocations made during cold or hot working are 
reduced by influence of temperature. Density of dislocations can be reduced from even 
1012 in hardly cold worked pieces to 1010 during recovery stage and to 108 lines per cm3 
after recrystallization. (Fig 2.3). The rate of recrystallization in aluminium alloys increase 

with the temperature. It takes few hours in 280°C, few minutes in 380°C and only few 

seconds in 500°C. The great amount of commercially used Al alloys is generally annealed 

in temperature range between 300°C and 420°C. When annealing time is too long, 
recrystallization can be followed by grains growth and the softening can occurs. [4] 
 
 
 

Figure 2.2 Work hardening for 1100-0 (99Al, annealed) at room temperature 

and at -196C [16] 
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2.2.2. Heat treatment 

 

Although precipitation or ageing hardening phenomenon of aluminium alloys was 
discovered, by German metallurgist Alfred Wilm, over 100 years ago it is still not fully 
known and further experiments are still being held all over the world. There is no exactly 
predicated influence of ageing temperatures, ageing times and exact alloys composition on 
the mechanical properties on these alloys. Latest research [5] revels for example that 
however tensile strength in some alloys decrease during first hours of ageing it starts to 
increase later and reach values better than as-cast alloys. Detailed information about heat 
treatment is presented in the next chapter. [4] 

 
3. Process of heat treatment of aluminium alloys 

 
3.1. Requirements of the alloy to be heat treated 

 

Not all aluminium alloys can be heat treated. Heat treatable alloys are only these from 
groups 2XX.X, 3XX.X and 7XX.X (these in which main alloying element is copper, 
magnesium and zinc respectively). Properties of rest of aluminium alloys can be improved 
only by cold working because process of precipitation hardening do not occurs in them. 
The main requirement for an alloy system to respond to heat treatment is a significant 
decrease in solid solubility of one or more of the alloying elements with decreasing 
temperature. [4] 

What is more, alloys which are cast using high-pressure die-casting method are not 
suitable for heat treatment. During high pressure die casting gas bubbles are trapped inside 
the casting and create so called porosity. During heat treatment process these gas pores 
expand and distort the casting which makes component unusable. 

 

3.2. Sequences of heat treatment 

 
There are many different sequences of heat treatment which improves properties of 
aluminium alloys. Its designation consists of one letter T means ‘heat treated’ and a 

Figure 2.3 Tensile strength and elongation plotted against annealing temperature 

for hard rolled, commercially pure aluminium sheet. The annealing time for each 

temperature is 5 minutes. [17] 
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number showing how the sequence looks like. The most common sequences are as 
following: [4] 
� T1 heat treatment 

− cooled after casting or hot working 

− naturally aged 
 

� T2 heat treatment 

− cooled after casting or hot working 

− cold worked 

− annealing 
 

� T3 heat treatment 

− solution heat treated 

− cold worked 
 

� T4 heat treatment 

− solution heat treated 

− naturally aged 
 

� T5 heat treatment 

− cooled after casting or hot working 

− artificially aged 
 
� T6 heat treatment  

− solution heat treated 

− quenched 

− naturally aged 

− artificially aged 
 

� T7 heat treatment 

− solution heat treated 

− quenched 

− naturally aged 

− overaged 
 

� T8 heat treatment 

− solution heat treated 

− cold worked 

− artificially aged 
 

� T9 heat treatment 

− solution heat treated 

− artificially aged 

− cold worked 
 

Most common sequences of heat treatment of aluminium alloys are T5 and T6. To specify 
heat treatment more precisely one or more digits could be added to T1-T9. For example 
T351 means that the parts were solution heat treated, then stress were relieved by 
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controlled amount of stretching. Aluminium receives no further straightening after 
stretching. This process can be applied to plate, rolled or cold finished rods and bars. 

 
3.2.1. Solution heat treatment 

 

Objective of solution heat treatment is to let soluble hardening elements dissolve into 
solid solution (forming single-phase solid solution). The process requires high enough 
temperature (not higher then liquidus temperature) and sufficiently long time (enough for 
phases containing copper and/or magnesium to dissolve completely to achieve nearly 
homogenous solid solution. Solubility increases with increase in temperature, so 
conducting heat treatment in lower temperatures will give worse properties. Solution heat 
treatment is done to produce solid solution that is required to take advantage of the 
precipitation hardening reaction.  

Solution Heat Treatment is changing Silicon crystal structure from needle to spherical 
shape which is supporting coarsening of particles - decreasing interfacial energy caused 
by instability between phases. [6-10] 

Mostly alloy composition and melting point of intermetallic phases gives information 
in which temperature and what time solution heat treatment should be conducted. For 
example Al-Si with 1 wt% Copper should be limited to 535ºC and for more than 2 wt% 
Copper 500ºC, to avoid grain boundary melting. [11] 

 
3.2.2. Quenching 

 
To achieve supersaturated solid solution (desired optimum condition for precipitation 
hardening) process called quenching is used. Rapid cooling of the alloy to the room 
temperature evades forming type of precipitation which has negative influence on 
mechanical properties and corrosion resistance. The solid solution formed at solution heat-
treating temperature is preserved. 

Time of quenching is an essential factor. Very fast cooling is more effective and thus 
strength is higher. As far as aluminium is concerned water is mostly used. Properties like 
Yield Strength, Ultimate Tensile Strength and % elongation decreases while quenching 
rate decrease. 

Quenching is done after solution heat treatment. At low rate of quenching, vacancies 
in some degree group with the α-Al or transfer to surface near silicon crystals. Result of 
this behavior is lower hardness. For example experiments concerning A356alloy showed 
that most important and crucial range influencing strength is between 450 C and 200 C. It 
was revealed that for that range, when temperature decreases in less then 45s the highest 
strength is obtained. [6, 9] 

 
3.2.3. Ageing   

 
Ageing is divided for natural ageing, when keeping samples in room temperature and 
artificial ageing conducted in elevated temperatures. Most of the properties like hardness 
and electrical conductivity are influence by ageing, depending on time and temperature. 
While ageing, supersaturated solution is decomposing to dispersed precipitates. Ageing is 
a key factor in all heat treatment processes because it allows to obtain mechanical 
properties even two times better than in as-cast state. 
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Natural ageing  
Hardening process starts at room temperature after quenching (quenching keeps alloying 
elements in supersaturated solid solution). Natural ageing is inevitable before artificial 
ageing and has harmful effect on hardness which can be observed on the Figure 3.1. 
During natural ageing clusters are formed. This effect can negatively affect properties of 
the alloy because when clusters are not stable and critical radius is not attained, fewer 
coarse precipitates are formed. [9] Nevertheless natural ageing cannot be omitted during 
production process and that is why it is generally taken into consideration while 
performing research in the field of heat treatment of aluminium alloys. 

 
Artificial ageing 

Artificial ageing causes precipitation hardening which is a process where properties of 
material can be changed by mean of heat treatment. During precipitation hardening 
allotrope transformation does not occur. Artificial ageing process is based on phase 
separation which happens in supersaturated solid solution in room temperature or in 
slightly elevated temperature. The ageing must be accomplished not only below the 
equilibrium solvus temperature, but below a metastable miscibility gap called the Guinier-
Preston (GP) zone solvus line. [1, 2, 4] 

Under the influence of elevated temperatures GP-zones (Guinier-Preston zones) are 
formed in aluminium. That zones increases strength  

Precipitation sequence: 
 

Needle-shape GP zones → rod like β′ precipitates → platelets of Mg2Si 
 

At the beginning decomposition of supersaturated solution starts with clustering of 
silicon atoms. The coherent spherical GP-zones are forming (needle shape). At this stage 
zones are in disorder. They will be ordered with longer ageing. GP-zones are rather stable 
and can exist up to 260 ºC. Next stage, while ageing is formation of rod like intermetalic 
phase β′. β′ particles are semi-coherent with the matrix and rod axes are parallel to the 
cube matrix directions. Final stage is when Mg2Si phase (β) is formed as incoherent 
platelets. [10] 

In Al-Cu systems which have been examining in many publications [5,12]  four stages 
of crystal structure transformation can be observed. All of these stages can be observed in 
the Figure 3.2. It is proved that small, disoriented clusters of atoms may lead to the 
formation of GP-zones. GP-zones are solute rich groups of ordered atoms in the lattice, 
which can be only one or two atoms planes in thickness. They block structure of alloy by 
means of production of elastic strain regions in alloy lattice. Movement of atoms needed 

Figure 3.1 Variation of T6 hardness (Rockwell F) in samples aged directly after 

quenching and in samples stored at room temperature for 24h before artificial 

ageing. [18] 
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to formation of GP-zones is assisted by vacancies in the lattice which can be retained 
during quenching. Density of GP-zones can be up to 1017 - 1018 for cm-3.  

 
During ageing strength and hardness of aluminium alloy is increasing up to certain value. 
Maximum strength is obtained with the formation of θ” phase [2]. Figure 3.3. Overageing 
is a result of formation θ’ and θ phase. Schematic representation of formation equilibrium 
precipitate θ can be seen on Figure 3.4. 

Process of strengthening can be accelerated by increasing temperature, which will also                                                           
result in slightly smaller yield strength comparing to lower precipitation temperatures. 
Figure 3.5 (a). Increase in strength leads to reduction in ductility. Figure 3.5 (b). Graph 
represents characteristic of 2014 aluminium alloy. Similar behavior will be observed in 
other aluminium alloys. [1,2] 

Important feature of artificial ageing is the fact that ageing curves follows certain 
scheme: maximum values of hardness and yield strain are obtained dependent on the 
temperature and time. It means that with longer duration of artificial ageing both hardness 
and yield strength decreasing and the alloy goes to the over-ageing state. After ageing 
alloys are cooled to room temperature. In most cases cooling rate at this stage does not 
influence mechanical properties. 

While ageing, solid solution hardening occurs that is divided for substitution solid 
solution and interstitial solid solution, depending on type of inclusion of the foreign atoms 
in the matrix lattice. The contribution from solid solution to the total strength of the 
material is largest in the quenched condition. When the material is aged the amount of 
atoms in solid solution decreases, which means that the contribution from solid solution to 
the total strength is decreasing. During ageing precipitates are formed from the 
supersaturated solid solution, which means that the contribution from precipitates to the 
total strength is increasing. 

Substitution solid solution – foreign atoms take place of matrix atoms in lattice 
positions. To make it difference in atoms sizes can not be bigger then 14%. Foreign atoms 
can be statistically distributed in the lattice in long range order or in a short range order (as 
clusters). The larger is the difference of the atom radiuses is the higher lattice strain is. In 

Figure 3.2 Models showing the crystal structures of (a) GP-zones, (b) θθθθ”, (c) θθθθ’ and 

(d) θθθθ (Al2Cu) that may precipitate in aged binary Al-Cu alloys. Lighter balls 

represent copper atoms and darker balls represent aluminium atoms [4]. 
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interstitial solid solution all non-metal atoms should be located in the gaps of the metal 
lattice. Foreign atoms may not be bigger then 41% of the matrix atoms due to the lack of 
space between atoms in the lattice. 

There can be distinguished two types of effects of solid solution hardening (theory of 
Fleischer) – the atomic size effect and module effect. Atomic effect exposes distortion of 
the lattices due to the size and location of foreign atoms. When bonding strength in lattice 
is taken into consideration then it is module effect. [1] 

 
 

 

 
 

 

 

Figure 3.3 Schematic diagram showing strength and hardness as a function of 

logarithm of ageing time at constant temperature during precipitation heat 

treatment [2].  

Figure 3.4 Schematic depiction of several stages in the formation of the 

equilibrium precipitate (θ) phase. (a) A supersaturated α solid solution. (b) A 

transition, θ”, precipitate phase. (c) The equilibrium θ phase, within the α-matrix 

phase. Actual phase particle sizes are much larger than shown here [2]. 
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3.3. Microstructure of heat treated alloys 

 
Mechanical properties of alloys are to a great extent influenced by microstructure 
(chemical composition, solidification conditions and thermal treatment), nucleation 
condition, cooling and solidification rate. Grain size mostly depends on solidification rate. 
Having proper size of grains can lead to the best combination of strength and ductility. It 
also minimize shrinkage, hot cracking and hydrogen porosity formation. Range of grain 
size varies between 0,5 – 10mm in Al-Si cast alloys. To measure solidification rate 
dendrite structure is examined – mostly secondary dendrite arm spacing (DAS) which 
varies from 10-150 µm. Factors like mould material, casting method and thickness of 
casting determine DAS which can be see on the Figure 3.6. below. This happens due to 
the fact that all of these factors influence cooling rate of melt in the mould. Generally 
while decreasing DAS, mechanical properties are improved.[15] 

Figure 3.5 The precipitation hardening characteristic of 2014 aluminium alloy 

(0.9 wt% Si, 4.4 wt% Cu, 0.8 wt% Mn, 0.5% wt% Mg) at four different ageing 

temperatures: (a) yield strength, and (b) ductility (%EL). [2] 
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Acicular Si structure has the smallest UTS and elongation. In lamellar and fibrous UTS 
slightly increases and is the same for both structures, but the elongation is slightly better 
for fibrous structure. Table 2. 

Lamellar structure can be obtained after heat treatment. Alloys which consist of big, 
sharp-edged platelets of silicon (can be seen in acicular structure) will influence the 
ductility, making it worse. Mechanical properties in Al-Si alloys are related to the size, 
shape and distribution of Si particles. The coarse Si plates with sharp edges act as stress 
risers, which causes bigger probability to fracture. Also under normal condition, silicon 
forms irregular network of flakes. To avoid that kind of structure high temperature and 
some additions can by used which cause more homogenous distribution of silicon 
structure. 

In alloys which are modified by strontium in as cast condition fibrous structure is 
obtained. Modifying alloys with strontium raises melting temperature by 5C which can 
lead to higher temperature of solution treatment when obtained results are better. After 
heat treatment the microstructure has changed due to the fact that during that process 
spherodisation and coarsening of the eutectic silicon occurs which significantly increases 
UTS and decreases elongation. Changes in microstructure are mostly dependent on the 
structure in as-cast conditions. On the basis of investigation of Saigal [6], yield stress 
decrease linearly with increasing number of second phase particles.  

The most important hardening phase that improves properties of the material seems to 
be the β’ phase. It is blocking movement of dislocations when load is subjected. When 
material is quenched at high rate the density of β’ phases can be increased. More 
information on that topic can be found in work of Rajani Yalamanchili – “Quenching 
cooling rate influences mechanical properties of cast aluminum alloys”. [6] 

 
 
 

Figure 3.6 Influence from casting thickness and casting methods on DAS [15] 
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Table 2. Mechanical properties of two as-cast alloys [9] 

 
 

3.4. Mechanical properties of heat treated alloys 

 

In mechanical properties, ultimate tensile strength, yield strength and elongation can be 
enclosed. Mechanical properties varies depending on alloy chemistry, casting soundness, 
metallurgical characteristic, solidification rate and heat treatment (solution heat treatment, 
quenching and ageing)  

The work and experiments of L.Pedersen an L.Arnberg [9] showed that strength is not 
changing in longer solution treatments in AlSiMg alloys. It can be seen on the Figure 3.7 
presented below. It is staying most of the time at more or less the same level with slight 
tendency of decreasing. That is why there is no point in making solution heat treatment for 
longer times. 

 

 
 
4. Experimental procedure 

 

Casting 

The chemical composition of the alloys prepared for the current study is shown in Table 3. 
Melts of approximately 4 kg where produced in an electric resistance furnace held at a 
temperature around 720˚ C. A base Al-9%Si alloy was melt consisting of commercial 
purity aluminium and silicon followed by the addition of copper and magnesium . All 
melts were modified by the addition of 200 ppm Sr using an Al-10%Sr master alloy. Prior 
to pouring the melt into a Ø 10 mm permanent copper mould, the melts were skimmed 

Figure 3.7 Ultimate tensile strength of AlSiMg alloys solution treated at 540°°°°C, 

quenched in water, aged at 170°°°°C for 4h. [20] 
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and held for 15 minutes at approximately 720˚C. All compositions were verified by 
emission spectrometry.  
 

 

Table 3. Actual composition of the alloys that have been used in this 
investigation. 

  Main elements (%) 

Alloy Al Si Mg Cu Fe Ti 

Al-Si-Mg Bal. 8,4 0,38 0,007 0,19 0,21 

Al-Si-Cu Bal. 8,9 0,00 3,3 0,18 0,21 

 

 

Gradient solidification technique 

The permanent die cast specimens were subsequently remelted in the gradient 
solidification equipment (Figure 4.1), and cast at a prescribed solidification rate enabling 
the production of samples with different microstructures which are defined as the distance 
between the secondary dendrite arm spacings, SDAS.  
 

 
 
Due to controlled solidification behavior, this procedure enables production of 

samples with a low content of oxide films, porosity defects and a well fed and 
homogenous microstructure; thereby revealing the inherent potential of the alloy’s 
mechanical properties that are to a large extent determined by the microstructure 
constituents and not by the defects. The gradient solidification furnace operates by holding 
an aluminium rod in a heated environment until it is fully remelted, while protected from 
oxidation by the use of an argon gas shield. The heating element is then raised at a 
prescribed speed while the molten metal sample remains in a stationary position. At the 
base of the rising heating element, there are jets of water cooling the metal specimen as it 
passes by. By changing the speed of the heating element, a wide variety of processes can 
be simulated in terms of microstructure coarsenesses as for instance secondary dendrite 
arm spacing of ~7-10, ~20-25 and ~60-70 µm corresponding to high pressure die-, 
permanent mould- and sand casting respectively. 

Figure 4.1 Gradient solidification 

furnace 
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Generally, the SDAS is described as a function of the local solidification time. The 
larger the SDAS is the longer the solidification time. Two specimens were made for each 
condition. After tensile testing, tensile properties such as the ultimate tensile- and yield 
strength, as well as elongation to fracture etc. have been evaluated.  
 
Solution heat treatment and artificial ageing  

All the samples were subjected to the process of solution heat treatment. Al-9%Si-3%Cu 

samples where placed in temperature 495°C for times 1h, 3h and 6h which depends on 
DAS (10, 25 and 60 respectively). Times of solution heat treatment were set on the basis 
of literature study. Temperature was set up to prevent melting of Al2Cu phase which melts 

in 520°C. Al-9%Si-0.4%Mg samples were placed in 530°C to prevent melting of Mg2Si 

phase, which melts in 550°C. After solution heat treatment all the samples where 
quenched. Samples in as-quenched state were tested after 24h of natural ageing. The rest 
of the samples were then placed in freezer, to prevent natural ageing for longer time. 

 Ageing process for both alloys took place in temperatures: 170°C and 210°C. Times 
were different for each alloy and for each ageing temperature. The ageing times was set 
on the basis of literature study but due to big differences in these times in experiments 
made in literature they were hard to predict. The reason for choosing five different times 
was not only to find the peak aged condition, but also to show under- and overaged 
conditions. For example for Al-Si-Cu alloys tested by G.Geier, H. Rockenchaub and 

T.Pabel [5] the best yield strength in ageing temperature 200°C were obtained between 1 
and 10 hours while the same alloy tested by H.G Kang, M.Kida, M.Miyahara and K.Ogi 
[12]obtained the best hardness for times between 5 and 65 hours. Times for Al-9%Si-
3%Cu alloys were like following: 5h, 15h, 25h, 50h and 75h for ageing in temperature 

170°C and 1h, 2h, 4h, 8h and 12h for 210°C. For Al-9%Si-0.4%Mg samples ageing time 

were set to 5h, 10h, 20h, 50h and 100h for 170°C and 10min, 20min, 1h, 2h and 5h for 

210°C. All the samples were testing in times between 1 and 2 hours after artificial ageing. 
All the temperatures during solution heat treatment and during artificial ageing were 

measured using thermocouple placed in the additional aluminium sample. All the times 
were measured from the point when the sample reached desired temperature. 

 
Tensile testing and sample preparation for the microscopic investigation 

From the gradient solidification furnace, the samples had to be machined to the proper 
profile for tensile testing.  A CNC-lathe was employed for accurate and repeatable 
contours to each of the samples see Figure 4.2. The tensile tests in the as-cast state were 
conducted two weeks after the specimens were produced.  
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All tensile tests were performed on machine Zwick/Roell Z100 (shown in Figure 4.3). 
Specimens were firstly subjected to the preload equal to 200N. Tension was accomplished 
by increasing tension load until it resulted in specimen fracture; the strain rate was 0.5 
mm/minute. Strain was measured using an axial extensometer which was attached to the 
samples after introducing preload. Gauge length of the extensometer was set to 25mm so 
data given by device were always divided by 25 to obtain mm/mm relationship. 
 

 
 

Analyzing of the results 

Results of tensile tests were calculated in MatLab program. All of the calculation was 
based on the data from the tensile test graph (example of such graph is presented in the 
Figure 4.4). Young’s modulus was calculates from the relation in the elastic region which  
 
is as following: 

 

ε

σ

∆

∆
=E  

Figure 4.2 A schematic illustration of the tensile test specimen [mm] 

 

 
Figure 4.3 Zwick/Roell 100  
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It shows that Yong’s modulus is equal to the ratio between changes in the stress in a 
specimen to its elongation. This relation is known as a Hook’s law. 
 

 
In the plastic region behavior of the specimen is more complicated and need to be 
described by exponential equation. This equation is called Hollomon’s stress-hardening 
equation and few mathematical transformations can lead us to linear equation. 
 

n
k εσ ⋅=  

)log(log nk εσ ⋅=  
nk εσ logloglog +=  

εσ logloglog ⋅+= nk  

 

Assuming that log(σ) is equal to y, log(k) to b, log(ε) to x and n to b we can obtain 
equation 

baxy +=  

 
From which, k and n can be easily calculated which are constrains specific for every alloy 
and every condition for this alloy. K is known as a strength index and n strain hardening 
exponent which can vary from 0 to 1. N refers to behavior of the curve in the plastic 
region of the graph. It is assumed that value of n is theoretical maximum elongation which 
material can stand. 

Yield strain was calculated by finding a point in which intersects tensile test curve and 
the slope parallel to the initial slope of the tensile test graph moved 0.2% along the strain 
axis. This is common method of calculating yield strain in ductile materials which do not 
have exact yield point. 

Figure 4.4 Tensile test graph 
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Microscopic examination 

When the tensile tests were done, each of the specimens was prepared for microscopic 
examination which was conducted on LEICA microscope shown on Figure 4.5. The 
preparation consisted of sectioning and mounting the specimens in a plastic medium to 
form a cylindrical piece, see Figure 4.6, followed by grinding and polishing procedures of 
the specimens.  
 

 
Figure 4.5 LEICA Microscope 

 

 
 
 
 
 
 
 
 
Figure 4.6 Specimens mounted in a plastic medium. The cuttings indicate the 

number of the specimen e.g. one cut corresponds to the first specimen followed by 

the second and third. 

 
5. Results and discussion 

 

5.1. Microstructure of Al-9%Si-3%Cu  and Al-9%Si-0.4%Mg alloys 

 

In both tested alloys microscopic analysis shows that there are huge differences in 
structure which depends on the solidification rates of specimens. In the finest structure 

DAS was equal to 7-10µm, in the middle one it was 20-25µm and in the coarse samples 

dendrite arm spacing was around 60-70µm. All of the structures can be compared on the 

Figure 5.1 and 5.2. All structures consist of dendrite like α-Al phase together with 
interdendritic Al-Si eutectic.  
 



 - 23 - 

 
Figure 5.1 Microstructure of as-cast Al-9%Si-3%Cu 

 

 
Figure 5.2 Microstructure of as-cast Al-9%Si-0.4%Mg 

 

 
Results obtained during tensile tests shows that mechanical properties are affected by the 
structure. Coarse structure obtained worst yield strength and tensile strength in 
comparison with both finer microstructures. Tensile test graphs obtained for as-cast 
samples for Al-9%Si-3%Cu are shown in Figure 5.3 while these for Al-9%Si-0.4%Mg are 
shown in Figure 5.4. 
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Figure 5.3 Tensile test graphs of the Al-9%Si-3%Cu in the as-cast state 

dependence of DAS 
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Further microscopic analysis has showed that mechanical properties of the alloy in fact do 
not depend on the porosity of material. Even when pore was present on the surface of 
tensile test specimen the crack has not occur in this place. Example of such behavior is 
shown in the Figure 5.5. Despite the big fracture (pore) on the surface of material fracture 
occur in completely different place. We can observe such action because intermetalics are 
in fact weaker parts of the alloy then defects like pores and shrinkage. 

 

 

 
Analyzing fracture profile of as-cast sample it can be easily seen that fracture is going 
mostly through eutectic. There are very few exceptions where fracture “cuts” aluminium 
structure. Concluding, eutectic is the weakest region in whole structure and when the 

Figure 5.4 Tensile test graphs of the Al-9%Si-0.4%Mg in the as-cast state dependence of 

DAS 

 

Figure 5.5 Porosity on the surface of the specimen. 
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crack propagation will start it is more probable to go through eutectic region. Such 
behavior can be easily seen on Figure 5.6. 
 

 

 
 

5.2. The influence of ageing temperature and time on the mechanical properties of 

cast aluminium alloy Al-9%Si-3%Cu 

 

Results obtained for Al-Si-Cu alloy can be seen in Table 4. The best mechanical 
properties have been reached for artificial ageing time 75 hours in 170°C and for 12h in 
210°C which can be seen on the graphs in Figure 5.7. It can be also noticed that better 
properties have been reached for lower temperature which confirms theory presented in 
chapter 3. Important fact which has to be mentioned is that presented values are highest 
values reached for specific material in different conditions. It is not average of samples 
prepared in the same conditions (solidification rate, artificial ageing time and temperature, 
etc.) because aim of this study was to find potential of tested material. Elongation versus 
ageing time of Al-9%Si-3%Cu alloy has been plotted on the Figure 5.8. 
 
 
 

    

Figure 5.6 Fracture profile of Al-9%Si-3%Cu alloys with (a) DAS 10µµµµm 

and (b) DAS 60µµµµm. 
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Table 4.  Mechanical properties of as-cast and heat treated Al-9%Si-3%Cu 
alloy. 

  as-cast peak values T6 170°C peak values T6 210°C 

  DAS 10 µµµµm 

UTS [MPa] 299.1 318.1 272.3 

εεεε[%]    13 11 3 

YS [MPa] 128.1 192.3 177.0 

  DAS 25 µµµµm 

UTS [MPa] 217.9 292.4 302.0 

εεεε[%]    4 4 6 

YS [MPa] 114.2 197.3 174.8 

  DAS 60 µµµµm 

UTS [MPa] 192.7 258.2 249.3 

εεεε[%]    4 4 4 

YS [MPa] 116.9 165.6 155.9 
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Figure 5.7 Yield strength versus artificial ageing time in Al-9%Si-3%Cu 
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Figure 5.8 Elengation versus ageing time of Al-9%Si-3%Cu 
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On the Figure 5.9 can be seen pictures of alloy in as-cast state and in the peak aged 
condition. Important thing to notice is the fact that heat treated alloy appears to have better 
structure with round silicon phases, which cause better stress propagation in the lattice due 
to the fact that there are no stress risers on the sharp edges of the silicon. 

 

 
Figure 5.9 Fracture profile of Al-9%Si-3%Cu 

 
Peak value of Yield’s Strength obtained during measurement was 197 MPa. Comparing 
this result to these obtained by G. Geier, H.Rockenschoub and T.Pabel [5] appears to be 
quite low as they achieved values even over 250MPa. However alloy tested in mentioned 
work have more or less similar composition as tested in this paper, further analysis shows 
that there was big difference in content of magnesium which could cause such big 
difference. 

In case of Al-Si-Cu alloy overaged state has not been reached for both artificial ageing 
temperatures. Yield strength in both cases rises with the longer ageing time. Further 
experiments will be conduct to reach overaged state as well as to show peak values of 
mechanical properties. Moreover better mechanical properties could be obtained by 
increasing time of solution heat treatment because particles of copper have not been 
completely dissolved which can be seen on Figure 5.10. Undissolved Cu particles can 
affect mechanical properties of the material, making it weaker.  

 
Figure 5.10 Undisolved copper in Al-9%Si-3%Cu 
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5.3. The influence of ageing temperature and time on the mechanical properties of 

cast aluminium alloy Al-9%Si-0.4%Mg 

 

The highest values of yield strength were obtained after 10h and 20h for samples 
artificially aged in 170°C. At that point fine structure can be observed on Figure 5.11. 
Silicon is formed in small round shapes which are homogenously distributed. As can be 
seen in as-cast samples eutectic was more concentrated in bigger regions.  

For the samples artificially aged at 210°C peak values of yield strength were obtained 
after 20min. Figure 5.12. In the Table 5 potential of Al-9%Si-0.4%Mg is presented 
(highest measured values of all the specimens) 

      
Table 5. Mechanical properties of as-cast and heat treated Al.-9%Si-0.4%Mg 
alloy. 

  as-cast peak values T6 170°C peak values T6 210°C 

  DAS 10 µµµµm 

UTS [MPa] 256.3 297.9 283.3 

εεεε[%]    17 13 12 

YS [MPa] 126.7 243.0 225.2 

  DAS 25 µµµµm 

UTS [MPa] 199.1 273.6 263.9 

εεεε[%]    11 7 11 

YS [MPa] 105.9 238.4 220.2 

  DAS 60 µµµµm 

UTS [MPa] 168.3 272.5 253.5 

εεεε[%]    8 6 8 

YS [MPa] 113.6 233.9 214.2 

 
Comparing increase in yield strength between as-cast samples and heat treated ones 
presented in Table 4. and Table 5. it can be observed that addition of magnesium to the 
alloy can give better response to heat treatment than addition of cooper.  

In the heat-treated specimens crack propagation is not going as easy as in as-cast 
specimens due to the small round shape of silicon eutectic (needle-shape of eutectic or 
intermetalic should be avoided -  it acts like stress riser). Samples with shorter ageing time 
and higher ageing temperature had lower yield strength. 
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Figure 5.11 Fracture profile of Al-9%Si-0.4%Mg 
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Figure 5.12 Yield strength versus artificial ageing time in Al-9%Si-0.4%Mg 

 

Results of this paper can be compared to work ‘An age hardening model for Al-7%Si-Mg 
casting alloys’ P.A. Rometsch, G.B. Schaffer [20]. The highest values of yield strength 
(~270MPa) in 170°C were obtained after around 10h. Difference in alloy composition 
(less silicon) could be the reason of different values of peak value. Besides this P.A. 
Rometsch and G.B. Schaffer used a higher solution heat treatment temperature (540°C) 
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and skipped the natural ageing. Elongation versus ageing time of Al-9%Si-0.4%Mg alloy 
has been plotted on the Figure 5.13. 
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 Figure 5.13 Elengation versus ageing time of Al-9%Si-0.4%Mg 

 
 

6. Conclusions 

 

1. Solidification rate and in the same time secondary dendrite arm spacing affects mostly 
properties of alloy in the as-cast state. Nevertheless after solution heat treatment and 
artificial ageing properties like ultimate tensile strength, yield strength and Young’s 
modulus were worst for the specimens with coarser structure. 

2. Proper setting of artificial ageing time is the key factor to obtain superior properties of 
a material. It needs to be set individually for each material because of differences in 
response of different alloying elements to heat treatment. What is more concerning 
even one alloy setting proper time in which it gets peak value is not easy. It depends 
on the shape of heat treated part as well as on the temperature propagation inside a 
furnace. 

3. For the Al-9%Si-3%Cu alloy highest values were obtained for ageing time 75 hours in 
the temperature 170°C. For the Al-9%Si-0.4%Mg alloy highest values were obtained 
for ageing time 10 hours, also in the temperature 170°C. Moreover in second alloy 
plateau can be observed between 10 and 50 hours ageing in 170°C. Generally it can be 
concluded that in the lower ageing temperature, better properties of the material can be 
obtained. 

4. Only by means of processes performed during heat treatment, we are able to get 
completely different mechanical properties of the alloy which composition in as-cast 
state is unchanged. It appears that to get desired mechanical properties, changes in 
elements composition are not necessary. 
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5. Addition of magnesium to the alloy results in much better response to heat treatment 
then addition of copper. Al-9%Si-0.4%Mg reach much higher yield strength values 
then Al-9%Si-3%Cu but lower values of UTS.  

6. Yield strength and tensile strength do not depend on the level of porosity in the cast 
alloy. The most important feature which influences mechanical properties of material 
is the structure of intermetalics in the material. 

 
7. Further work 

 
Further work concerning this project will be conduct to obtain overageing state in  
Al-9%Si-3%Cu alloy and in the same way to dissolve all copper phases in the aluminium 
matrix. Scanning electron microscope analysis will be done to obtain more precise results 
and to check the chemical composition of elements in phases seen on the light microscopy 
pictures. Also the alloy which composition includes both copper and magnesium will be 
tested in the way presented in this paper to obtain results about effect of addition not only 
one element.  
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APPENDIX 1 – Designation system of samples 

 
 
 

1. AL17DF11 
 
AL17= Project No. 
D= Alloy Al-9%Si-0.4%Mg    E= Alloy Al-9%Si-3%Cu 
F= As-Cast 
1= Speed 3mm/s 2 = 0.3mm/s  3=0.03 mm/s 
1= Sample No. 
 
 
 
2. AL17DH11NA     Natural ageing 
 
AL17= Project No. 
D= Alloy Al-9%Si-0.4%Mg    E= Alloy Al-9%Si-3%Cu 
H= Solution Heat Treated 
1= Speed 3mm/s 2 = 0.3mm/s  3=0.03 mm/s 
1= Sample No. 
 
 
3.  AL17DH11AA XXH   or XXM 
 
AL17= Project No. 
D= Alloy Al-9%Si-0.4%Mg    E= Alloy Al-9%Si-3%Cu 
H= Solution Heat Treated 
1= Speed 3mm/s 2 = 0.3mm/s  3=0.03 mm/s 
1= Sample No. 
A= Artificial ageing 
A= 170C  B=210C 
XX= Time as 01H= it means 1 hour 
XX= Time as 10M= it means 10min 
 

 

T 

t 

3 

2 1 



APPENDIX 2 – Mechanical properties of Al-9%Si-0.4%Mg alloy 

 

 
Composition of tested alloy 

Si Cu Mg Fe Mn Zn 

8,4 0,007 0,38 0,19 0,001 0,004 
 

The mechanical properties presented are 
considered to be the optimal quality of 

these alloys 

     

     

  

 as-cast   
Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DF11 256.34 126.68 0.16 10 

AL17DF12 254.62 125.43 0.17 10 

AL17DF21 199.19 105.93 0.11 25 

AL17DF22 192.11 103.41 0.10 25 

AL17DF31 168.34 113.57 0.08 60 

AL17DF32 160.19 106.19 0.06 60 

     

     

  

 natural aged  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11NA 209.79 94.61 0.16 10 

AL17DH12NA 216.63 95.36 0.18 10 

AL17DH21NA 203.22 95.31 0.18 25 

AL17DH22NA 209.85 97.13 0.17 25 

AL17DH31NA 203.90 100.37 0.13 60 

     

     

  

 artificial aged 170C 05H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AA05H 294.09 230.27 0.15 10 

AL17DH12AA05H 297.56 234.18 0.14 10 

AL17DH21AA05H 260.94 209.27 0.09 25 

AL17DH22AA05H 284.56 224.87 0.13 25 

AL17DH31AA05H 260.57 211.14 0.07 60 

AL17DH32AA05H 269.82 218.92 0.09 60 
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 artificial aged 170C 10H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AA10H 297.92 243.00 0.13 10 

AL17DH12AA10H 287.22 236.29 0.13 10 

AL17DH21AA10H 272.42 228.61 0.08 25 

AL17DH22AA10H 280.16 233.88 0.11 25 

AL17DH31AA10H 272.54 232.57 0.07 60 

AL17DH32AA10H 271.38 233.97 0.06 60 

     

  

 artificial aged 170C 20H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AA20H 285.14 239.76 0.11 10 

AL17DH12AA20H 288.96 241.30 0.12 10 

AL17DH21AA20H 270.23 233.62 0.06 25 

AL17DH22AA20H 266.79 226.54 0.09 25 

AL17DH31AA20H 264.18 231.56 0.06 60 

AL17DH32AA20H 269.05 234.13 0.07 60 

     

  

 artificial aged 170C 50H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AA50H 280.08 238.93 0.12 10 

AL17DH12AA50H 278.12 237.23 0.11 10 

AL17DH21AA50H 271.58 236.43 0.07 25 

AL17DH22AA50H 273.65 238.41 0.07 25 

AL17DH31AA50H 261.20 231.79 0.06 60 

AL17DH32AA50H 235.12 231.25 0.01 60 

     

  

 artificial aged 170C 100H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AA100H 254.14 211.32 0.12 10 

AL17DH12AA100H 260.17 218.12 0.11 10 

AL17DH21AA100H 233.86 212.55 0.02 25 

AL17DH22AA100H 246.38 212.31 0.08 25 

AL17DH31AA100H 247.25 213.26 0.06 60 

AL17DH32AA100H 245.54 210.36 0.06 60 

     

     

  

 artificialy aged 210 10M  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AB10M 283.38 225.24 0.12 10 

AL17DH12AB10M 232.76 161.72 0.16 10 

AL17DH13AB10M 272.89 217.40 0.13 10 

AL17DH14AB10M 272.66 217.68 0.13 10 

AL17DH21AB10M 253.11 197.70 0.11 25 

AL17DH22AB10M 248.93 196.59 0.08 25 

AL17DH31AB10M 238.97 188.93 0.09 60 

AL17DH32AB10M 229.20 179.56 0.06 60 
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 artificialy aged 210 20M  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AB20M 241.30 194.77 0.06 10 

AL17DH12AB20M 251.89 202.20 0.13 10 

AL17DH21AB20M 263.99 220.23 0.11 25 

AL17DH22AB20M 245.55 204.52 0.06 25 

AL17DH31AB20M 251.99 212.58 0.07 60 

AL17DH32AB20M 253.55 214.25 0.08 60 

     

     

  

 artificialy aged 210 01H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AB01H 244.41 203.51 0.11 10 

AL17DH12AB01H 240.11 200.59 0.11 10 

AL17DH21AB01H 235.84 201.88 0.08 25 

AL17DH22AB01H 248.29 212.75 0.11 25 

AL17DH31AB01H 240.48 210.01 0.05 60 

AL17DH32AB01H 242.81 210.43 0.06 60 

     

     

  

 artificialy aged 210 02H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AB02H 241.11 201.76 0.10 10 

AL17DH12AB02H 240.92 202.42 0.11 10 

AL17DH21AB02H 238.45 207.10 0.08 25 

AL17DH22AB02H 224.50 206.70 0.02 25 

AL17DH31AB02H 239.55 211.28 0.05 60 

AL17DH32AB02H 237.96 207.36 0.07 60 

     

     

  

 artificialy aged 210 05H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17DH11AB05H 226.18 184.06 0.12 10 

AL17DH12AB05H 228.93 186.14 0.11 10 

AL17DH21AB05H 232.95 195.17 0.10 25 

AL17DH22AB05H 222.13 186.86 0.09 25 

AL17DH31AB05H 228.78 195.05 0.06 60 

AL17DH32AB05H 225.60 190.77 0.07 60 
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APPENDIX 3 – Mechanical properties of Al-9%Si-3%Cu alloy 
 
 

Composition of tested alloy 

Si Cu Mg Fe Mn Zn 

8,9 3,3 0,00 0,18 <0,0005 <0,0017 

 
 

The mechanical properties presented are 
considered to be the optimal quality of 

these alloys 

     
  

 as-cast  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EF11 299.13 128.10 0.13 10 

AL17EF21 196.73 110.36 0.03 25 

AL17EF22 217.96 114.21 0.04 25 

AL17EF31 192.71 116.14 0.04 60 

AL17EF32 189.28 116.92 0.04 60 

     

  

 naturally aged  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11NA 248.49 128.77 0.04 10 

AL17EH12NA 284.76 132.72 0.06 25 

AL17EH21NA 241.95 125.20 0.05 25 

AL17EH32NA 235.81 108.42 0.08 60 

     

     

  

 artificialy aged 170C 05H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AA05H 314.45 135.25 0.12 10 

AL17EH12AA05H 322.84 136.36 0.17 10 

AL17EH21AA05H 288.90 138.90 0.09 25 

AL17EH22AA05H 274.55 128.46 0.09 25 

AL17EH31AA05H 216.16 106.12 0.06 60 

AL17EH32AA05H 220.06 105.66 0.06 60 

     

     

  

 artificialy aged 170C 15H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AA15H 308.30 159.99 0.11 10 

AL17EH12AA15H 312.65 163.21 0.10 10 

AL17EH21AA15H 305.35 171.22 0.08 25 

AL17EH22AA15H 309.91 176.11 0.09 25 

AL17EH32AA15H 234.92 130.33 0.05 60 
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 artificialy aged 170C 25H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AA25H 320.58 171.67 0.15 10 

AL17EH12AA25H 325.28 179.59 0.15 10 

AL17EH21AA25H 256.65 180.00 0.02 25 

AL17EH22AA25H 272.88 180.71 0.03 25 

AL17EH31AA25H 232.89 136.04 0.05 60 

AL17EH32AA25H 232.29 139.71 0.04 60 

     

  

 artificialy aged 170C 50H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AA50H 322.18 185.58 0.14 10 

AL17EH12AA50H 318.19 181.97 0.08 10 

AL17EH21AA50H 292.36 198.26 0.03 25 

AL17EH22AA50H 294.95 186.62 0.05 25 

AL17EH31AA50H 247.41 152.89 0.04 60 

AL17EH32AA50H 196.14 147.55 0.01 60 

     

  

 artificialy aged 170C 75H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AA75H 318.10 190.01 0.11 10 

AL17EH12AA75H 273.61 192.37 0.02 10 

AL17EH21AA75H 241.24 190.04 0.01 25 

AL17EH22AA75H 292.49 197.32 0.04 25 

AL17EH31AA75H 258.17 165.59 0.04 60 

AL17EH32AA75H 243.09 153.55 0.04 60 

     

  

 artificialy aged 210C 01H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AB01H 302.54 129.23 0.14 10 

AL17EH12AB01H 311.88 129.18 0.17 10 

AL17EH21AB01H 282.19 125.72 0.10 25 

AL17EH22AB01H 255.70 123.13 0.06 25 

AL17EH31AB01H 208.85 105.25 0.04 60 

AL17EH32AB01H 222.68 106.01 0.07 60 

     

     

  

 artificialy aged 210C 02H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AB02H 228.04 153.04 0.02 10 

AL17EH12AB02H 257.63 154.73 0.03 10 

AL17EH21AB02H 248.34 132.38 0.05 25 

AL17EH22AB02H 259.53 141.48 0.05 25 

AL17EH31AB02H 213.42 110.22 0.05 60 

AL17EH32AB02H 208.88 121.79 0.03 60 
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 artificialy aged 210C 04H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AB04H 317.64 164.57 0.16 10 

AL17EH12AB04H 312.03 162.58 0.15 10 

AL17EH21AB04H 273.20 150.33 0.06 25 

AL17EH22AB04H 285.73 164.13 0.05 25 

AL17EH31AB04H 219.65 126.11 0.03 60 

AL17EH32AB04H 238.60 134.18 0.05 60 

     

     

  

 artificialy aged 210C 08H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AB08H 300.20 168.54 0.07 10 

AL17EH12AB08H 302.68 168.57 0.11 10 

AL17EH21AB08H 202.80 165.25 0.01 25 

AL17EH22AB08H 280.63 166.60 0.05 25 

AL17EH31AB08H 249.02 146.75 0.05 60 

AL17EH32AB08H 252.11 152.74 0.04 60 

     

     

  

 artificialy aged 210C 12H  

Name UTS (MPa) Ys (MPa) eb (mm/mm) SDAS (um) 

AL17EH11AB12H 272.33 177.00 0.03 10 

AL17EH12AB12H 216.97 170.90 0.01 10 

AL17EH21AB12H 302.05 174.80 0.06 25 

AL17EH22AB12H 286.51 173.05 0.04 25 

AL17EH31AB12H 247.60 156.96 0.04 60 

AL17EH32AB12H 249.30 155.92 0.04 60 

 
 
 
 


