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The paper deals with the influence of molybdenum, zirconia and cobalt on the AlSi10Mg (Cu) alloy microstructure. 

The work methodology was focused on the analysis of phases morphology for material alloyed with Mo, Zr and 

Co. Molybdenum in the AlSi10MgCu alloy creates phases with skeletal morphology bounded on iron phases Al(Fe, 

Mn, Mo)Si. Used heat treatment has softened these phases and is a prerequisite for increasing the strength cha-

racteristics and hardness. By alloying the alloy with zirconium to isolate Al3Zr phases, which represent a strong 

nucleation potential for α-Al. It has been confirmed that Al3Zr particles do not tend to interact with other ele-

ments. The results of experiments show that cobalt affects the morphology of iron phases. The findings of this 

study can provide further insight into the transition metals in Al-Si-Mg-Cu alloys and the potential for developing 

a new generation of heat-resistant alloys based on Al-Si. 
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 Introduction 

AlSi10Mg (Cu) alloys belong to alloys with near eu-
tectic composition, with good casting properties. They are 
mainly used for car parts characterized by thin walls and 
complex geometry. Castings have excellent mechanical 
and dynamic properties. For the above reasons, they are 
used for applications requiring high loads and combina-
tion of good thermal properties and low weight. Castings 
of these alloys are heat-treated by the T6 process [1]. 
AlSi10Mg (Cu) alloys are characterized by the presence 
of two, Al-Si and Al-Si-Cu eutectics, which are responsi-
ble for defining the microstructure and mechanical prop-
erties. 

Attempts of current castings manufacturers for the au-
tomotive industry is the production of castings working 
in high temperatures. Motor operation is accompanied by 
a cyclic load during engine heating and cooling, this in-
duces local pressure stresses and causes material defor-
mation. Current Al-Si alloys (Mg, Cu) have a normal op-
erating temperature up to 200 ° C. At higher temperatures, 
dissolving and / or thickening of reinforcing particles 
(e.g., rich on Cu and Mg) can adversely affect mechanical 
properties. Advances in fuel economy and performance 
of the combustion engine system have led to an increase 
in engine operating temperature and pressure, indicating 
the need to develop new creep-resistant aluminum alloys. 
One approach to the development of high-temperature al-
loys could allow for the formation of thermally stable in-
termetallic phases formed within the α-Al grains. Some 
transition metals (such as Mo, Zr, V, Co and Sc) due to 
their slow diffusion capacity into α-Al, low solubility 
with the possibility of formation of the trialuminide phase 
in the α-Al matrix can bring significant influence on the 
stability of the strength properties of aluminum alloys [2, 
3]. However, the effect of transition metals in Al-Si alloys 
is limited due to their relatively low solubility in α-Al, 
leading to a low proportion of transition metal-rich pre-
cipitates after heat treatment. Particles rich in transition 

metals, such as Al3Zr, are mostly concentrated in α-Al. 
Precipitates rich in transition elements tend to be distrib-
uted unevenly throughout the microstructure because the 
distribution coefficient k0> 1 (e.g., for the binary system 
Al-Zr). 

Alloys with a higher alloying amount may cause dif-
ficulties during casting because they require a higher 
melting temperature. Addition of the appropriate quanti-
ties of transition metals to Al-Si alloys is also carried out 
for better grain refinement (inoculation), e.g. Al-Ti-B. 
However, the combined presence of elements creating the 
perithectic (Zr, V) and B, can lead to their interactions, 
which may affect the effectiveness of the inoculation [2, 
4, 5]. 

Rakhmonov et al. [2] in their AlSi7Cu0.3Mg alloy 
study found that when 0.12 wt. % Zr was added, the 
Al3Zr particles precipitated primarily to promote the re-
fining effect of the α-Al matrix. These particles do not 
contain Si or Ti. However, a small amount of Al3Zr par-
ticles precipitating in the early stages of solidification re-
acts with Si and Ti. Interaction of Zr with these elements 
can weaken the effect of the Al3Zr particles and thus im-
pair the strength properties of aluminum alloys. Accord-
ingly, the amount of Zr is a determining factor in the ap-
propriate alloying of Al-Si alloys to prevent the formation 
of unwanted intermetallic phases (AlSi)3(ZrTi) in the 
form of plates. From a literary survey [6, 7] it follows that 
Zr influences the development of the Al-Si alloys micro-
structure, and it has been shown that Zr, depending on the 
morphology of the Zr-phase, can increase or decrease the 
mechanical properties. The authors claim that the addi-
tion of Zr must not exceed 0.2 wt. % Zr. If the amount of 
Zr is high, coarsed primary Al3Zr phases will be formed 
and they will degrade the mechanical properties of the 
aluminum alloys. Medved et al. [7] reported that the ad-
dition of Zr to the analyzed material caused a change of 
the Cu-phase morphology from Chinese script form to 
plate or flake-like shape. After the heat treatment T6 was 
applied, the morphology changed to Chinese script form. 
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According to literary sources [8], the addition of 0.2 
wt. % Zr to the AlSi9Cu3(Fe) alloy led to an increase in 
the α-Al phase formation temperature due to the for-
mation of the Al3Zr phase, acting as a nucleant. The au-
thors also claim that the heat treatment T6 does not affect 
the formation of Zr-phases since these phases occur at 
higher temperatures than the T6 [8]. Authors [9] investi-
gated the effect of adding Mo and Mn into a Al-Si-Cu-
Mg alloy. These two elements have the opposite partition 
coefficient (kMo> 1 and kMn <1). Mo (without Mn) 
formed coherent α-Al(Fe, Mo)Si phases with stoichio-
metric formulas in Al22(Fe1-3Mn4-6Mo)Si4, which 
were mostly found in interdendritics areas. Subsequent 
addition of Mn increased the number of phases by replac-
ing the Fe atoms. The combined addition led to a more 
even distribution of phases in the microstructure. The au-
thors state that as a result, the resistance to creep in the 
temperature range of 300 to 350 ° C has greatly improved. 
The influence of Co, Ni and Sr on the AlSi7 type was 
studied by the authors [10]. The results indicate that the 
combined effect of Co and Ni modifies eutectic Si. Sr sig-
nificantly influences (shortens) the Co and Ni-rich 
phases. The combined Co and Ni addition has a good po-
tential to increase the mechanical properties of the alloy 
examined at higher temperatures. 

An analysis of the current state of knowledge derive 
some facts that have been confirmed by several authors, 
but there are a number of phenomenon which are not suf-
ficiently / or never examined. Therefore, the aim of this 

paper is to analyze the phases formed in the AlSi10MgCu 
alloy by using Zr, Mo and Co.  

 Methodology of experiments 

The alloy EN AC-43200 (Table 1) was used for ex-
perimental casts. The alloy has been pre-modified by the 
manufacturer. In order to increase the temperature re-
sistance of the alloy, Mo, Zr and Co were added to the 
basic alloy (labeled as A - Table 2) in the form of master 
alloys. Samples labeled B, C, D (Table 2) were alloyed 
with 0.15 wt. % Mo, 0.15 wt. % Zr and last, 0.1 wt. % Co 
was added. The alloy was melted at Nemak Slovakia, 
s.r.o. in Striko furnace and maintained in an electric re-
sistance furnace. The melt was then alloyed with men-
tioned elements at 770 ± 5 ° C and subsequently degassed 
by rotary degassing for 12 minutes. The density index 
ranged from DI = 1.00% to DI = 1.5%. The test samples 
were cast at a temperature of 760 to 770 ° C into a metal 
mold at 300 to 320 ° C, then samples were subjected to a 
heat treatment consisting of annealing at 530 ± 5 °C for 6 
hours and cooling in water at 80 ± 5 ° C. Subsequently, 
artificial aging was carried out at 200 ± 5 °C for 3 hours. 
[11]. 

A scanning microscope (SEM) was used to analyze 
the resulting phases. The resulting intermetallic phases 
were evaluated by EDX analysis and phase separation on 
the examined area by mapping. Each specimen was ex-
amined in casted state and also after heat treatment.

Tab. 1 Chemical composition of AlSi10Mg(Cu)/EN AC-43200 by ST EN 1706 [1] 

Element Si Fe Cu Mn Mg Ni Zn Pb Ti Al 
wt. % 9.0-11.0 0.65 0.35 0.55 0.2-0.45 0.15 0.35 0.1 0.2 rest 

Tab. 2 Chemical composition of experimental samples 

Alloy 
label Si Mg Cu Ti Sr Mn/Fe Zr Mo Co 

wt. % 
AlSi10MgCu A 9.39 0.38 0.30 0.12 0.014 0.861 0.0039 0.0002 0.0032 
AlSi10MgCu+0,15 Mo B 10.23 0.47 0.29 0.10 0.022 0.909 0.0042 0.1496 0.0031 
AlSi10MgCu+0,15Mo+0,15Zr C 9.23 0.37 0.28 0.11 0.015 0.844 0.128 0.1514 0.0029 
AlSi10MgCu+0,15Mo+0,15Zr+0,1Co D 9.16 0.37 0.28 0.11 0.015 0.835 0.134 0.151 0.094 

 Evaluation of experiments and discussion of 

results 

AlSi10MgCu - sample A (no alloying elements, no heat 

treatment) 

Phase deposition was investigated on SEM - Fig. 1, a 
detail from the EDX spot analysis area is shown in Fig. 2. 
Small intermetallic phases and coarse skeleton phases can 
be observed on the EDX sample. In the non-alloyied alloy 
there are "classical" iron-based intermetallic phases with 
skeletal morphology (indicated by a green arrow) and 
morphology of the so-called "Chinese script” (indicated 
by a yellow arrow). An Sr-based phase was also analyzed. 
This phase did not melt in the melting process and prob-
ably did not participate in the modification process. It has 
created a damaging needle-like morphology (indicated by 
a red arrow). 

 

Fig. 1 Phase morphology of AlSi10MgCu alloy (no all-

oying elements, no heat treatment) – sample A, SEM 



October 2018, Vol. 18, No. 5 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

indexed on: http://www.scopus.com 711  

 

Fig. 2 EDX analysis of AlSi10MgCu alloy phases, (no alloying elements, no heat treatment) (detail of figure 1) - sample 

A, SEM 

 

Fig. 3 Phases mapping of AlSi10MgCu alloy (no alloying elements, no heat treatment) – sample A 

 
The distribution of the elements obtained by mapping 

(Figure 3) points to the truth of the claim that the coarse 
skeleton phase is based on Fe and Mn content, most likely 
being the Al15(FeMn)3Si2 phase. 
 
AlSi10MgCu - sample A (non-legged alloy), heat 

treated 

 

As can be seen from the picture (Figure 4), the heat 
treatment significantly refined the intermetallic phases. 
The iron phases Al15(FeMn)3Si2 changed the morphol-
ogy from the skeleton formations to the Chinese script 
and strontium were globalized (Figure 5). Mapping 
pointed to the refining of Fe-based phases (Figure 6). 

 

Fig. 4 Phase morphology of AlSi10MgCu alloy (no all-

oying elements, with heat treatment) – sample A, SEM 
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Fig. 5 EDX analysis of AlSi10MgCu alloy phases, (no alloying elements, with heat treatment) (detail of figure 4) - 

sample A, SEM 

 

Fig. 6 Phases mapping of AlSi10MgCu alloy (no alloying elements, with heat treatment) – sample A, SEM

AlSi10MgCu + 0.15 wt. % Mo, sample B, without heat 

treatment 

 

SEM in the investigated alloy pointed out the exist-
ence of skeletal phases (Figure 7a) and the mapping of the 

individual phases is shown in Fig. 4. It can be stated that 
the skeleton phases are based on Al(Fe, Mn, Mo)Si. The 
addition of Mo did not significantly affect the morphol-
ogy of the phases compared to the non-alloyed material 
(see Figure 3). 

 

Fig. 7 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo (exact amount of Mo – 0.1496 wt. %), without heat 

treatment - sample B, SEM 
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AlSi10MgCu + 0.15 wt. % Mo, sample B, heat treated 

 

In the studied alloy, the refined Al(Fe, Mn, Mo)Si (in-
dicated by a red arrow) phase were observed, needles of  
Al5FeSi phases (indicated by a green arrow) and imper-
fect polyhedron phases based on Fe (marked with a yel-
low arrow) was also observed – fig. 8. When analyzing 

the influence of heat treatment on analyzed alloy, it can 
be confirmed that the heat treatment cycle significantly 
refined the skeleton phases of Al(Fe, Mn, Mo)Si (Figure 
9) versus the alloy without the use of heat treatment (see 
Figure 7). 

 

Fig. 8 EDX analysis of AlSi10MgCu alloy with 0.15 wt. % Mo (exact amount of Mo – 0.1496 wt. %), without heat tre-

atment - sample B, SEM 

 

Fig. 9 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo (exact amount of Mo – 0.1496 wt. %), with heat tre-

atment - sample B, SEM 
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AlSi10MgCu + 0.15 wt. % Mo + 0.15 wt. % Zr, sample 

C, no heat treatment 

 

By adding 0.15 wt. % Zr to the AlSi10MgCu alloy 

with a synergistic effect of 0.15 wt. % Mo, the Al3Zr 
plate-like phase (indicated by the red arrow) was created. 
Mo formed only short phases of Al(Fe, Mn, Mo)Si type 
(marked with a yellow arrow) - Fig. 10. 

 

Fig. 10 EDX analysis of AlSi10MgCu alloy with 0.15 wt. % Mo and 0.15 wt. % Zr (exact amount of Mo – 0.1496 wt. %, 

Zr – 0.128 wt. %), without heat treatment - sample C, SEM 

 
Phase distribution is described by mapping (Figure 

11). From the picture, it can be stated that the synergistic 
effect of Mo and Zr caused the refining of the phases 
compared to the alloys without the use of Zr. 

 

Fig. 11 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo and 0.15 wt. % Zr (exact amount of Mo – 0.1496 wt. 

%, Zr – 0.128 wt. %), without heat treatment - sample C, SEM 

 

AlSi10MgCu + 0.15 wt. % Mo + 0.15 wt. % Zr, sample 

C, heat treated 

 

After the heat treatment of the examined alloy, the 

plate-like phases were fragmented (Figure 12), it is prob-
ably Al(Fe, Mn, Mo)Si phase type (marked with a red ar-
row) and Al3Zr phases were markedly shortened (indi-
cated by a yellow arrow). The distribution of the frag-
mented phases is shown in fig. 13.
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Fig. 12 EDX analysis of AlSi10MgCu alloy with 0.15 wt. % Mo and 0.15 wt. % Zr (exact amount of Mo – 0.1514 wt. %, 

Zr – 0.128 wt. %), with heat treatment - sample C, SEM 

 

Fig. 13 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo and 0.15 wt. % Zr (exact amount of Mo – 0.1514 wt. 

%, Zr – 0.128 wt. %), with heat treatment - sample C, SEM 

 
AlSi10MgCu + 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 

wt. % Co, sample D, without heat treatment 

 

After addition of 0.1 wt. % Co the morphology of the 
iron phases changed from the skeleton morphology to the 
Chinese script morphology (Figure 14) - (marked with a 
red arrow). The structure also revealed the undissolved Sr 
phase marked with a green arrow. It can be assumed that 
the used alloying elements affect the action of strontium 

in the alloy. The complex effect of alloying elements also 
affected the morphology of the Zr-phase. As can be seen 
in fig. 14 - marked with a purple arrow, the Zr-phase does 
not form a compact plate but is partially fragmented in a 
needle shape. 

Mapping (Figure 15) clearly confirmed the significant 
refinement of Al3Zr and coursing of Al(Fe, Mn, Mo)Si 
compared to alloy with only two elements (see Figure 
13). 
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Fig. 14 EDX analysis of AlSi10MgCu alloy with 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 wt. % Co (exact amount of Mo – 

0.151 wt. %, Zr – 0.134 wt. %, Co – 0.094 wt. %), without heat treatment - sample D, SEM 

 

Fig. 15 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 wt. % Co (exact amount of Mo 

– 0.151 wt. %, Zr – 0.134 wt. %, Co – 0.094 wt. %), without heat treatment - sample D, SEM 

 

AlSi10MgCu + 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 

wt. % Co, sample C, with heat treatment 

 

After the heat treatment, the intermetallic phases were 

refined (Figure 16) against the alloy without heat treat-
ment (Figure 14). The strontium phase (indicated by the 
red arrow) and the iron-based phase (indicated by the 
green arrow) slightly decreased compared to the alloy 
without heat treatment. 
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Fig. 16 EDX analysis of AlSi10MgCu alloy with 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 wt. % Co (exact amount of Mo – 

0.151 wt. %, Zr – 0.134 wt. %, Co – 0.094 wt. %), with heat treatment - sample D, SEM 

 
Mapping showed a significant Zr-phase reduction af-

ter heat treatment, but the Al(Fe, Mn, Mo)Si phase ap-
peared in the form of skeleton formations, and the distri-
bution of Fe, Mn, Mo and Co in small fragmented inter-
metallic phases (Fig. 17). 

 

Fig. 17 Phases mapping of AlSi10MgCu alloy with 0.15 wt. % Mo + 0.15 wt. % Zr + 0.1 wt. % Co (exact amount of Mo 

– 0.151 wt. %, Zr – 0.134 wt. %, Co – 0.094 wt. %), with heat treatment - sample D, SEM

 Conclusion 

It can be concluded that molybdenum in the 
AlSi10MgCu alloy creates skeleton morphology phases 
with an bound to iron phase Al(Fe, Mn, Mo)Si. The heat 
treatment has softened these phases and is a prerequisite 
for increasing the strength characteristics and hardness. 
By alloying the material with zirconium, the precipitation 
of Al3Zr phases occurred. These phases represent a 

strong nucleation potential for α-Al. It has been con-
firmed that the Al3Zr particles do not tend to interact with 
other elements (they do not have space for enrichment 
with other elements) because they are formed just prior to 
the formation of the α-Al matrix. It has also been ob-
served that cobalt affects the morphology of ferric phases. 
This shows a limited precipitation effect of transition 
metals in Al-Si alloys, mainly due to their relatively low 
solubility in the solid α-Al phase. Even with a synergistic 
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effect, the transition metals added to the melt caused the 
formation of a limited number of precipitates, rich in an-
alyzed elements. Precipitates have been distributed inho-
mogeneously, which may cause a problem in the homog-
enization of the phases containing transition metals. 

It is possible to assume that the transition elements 
can produce positive high temperature phases, while the 
heat treatment in the alloy is capable of refining the inter-
metallic phases. 

The findings of this study can provide further insight 
into the transition metals in Al-Si-Mg-Cu alloys and the 
possibilities of developing a new generation of heat-re-
sistant Al-Si based alloys. 
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