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Abstract 
 
The work presents the results of the examinations of silumin 226 as well as a silumin produced on its basis containing a W and Mo addi-
tion introduced in the amount of 0.1; 0.2; 0.3 and 0.4% of both elements simultaneously. Investigations of the crystallization process of the 
silumins by the TDA method were conducted. Also, a microscopic analysis of their microstructure was performed and their basic mechan-
ical properties were determined. Microstructure tests were made on casts produced in an TDA sampler as well as by the pressure method. 
The investigations exhibited a change in the course of crystallization of the silumin containing 0.3 and 0.4% W and Mo with respect to 
silumin 226 and the silumin with the addition of 0.1 and 0.2%. The presence of additional phases which did not occur in the case of lower 
addition contents was established in the silumin containing 0.3-0.4% W and Mo, regardless of the applied casting technology. The tests 
showed the possibility of increasing the tensile strength Rm, the proof stress Rp0,2 and the unit elongation A of the silumin as a result of a 
simultaneous introduction of the W and Mo addition. The highest values of Rm, Rp0,2 and A were obtained in the silumins with the addi-
tions of these elements within the range of 0.1-0.2% each. 
 
Keywords: Theoretical basis of casting processes, pressure casting, multi-component silumins, TDA method 
 
 
 

1. Introduction 
 
Silumins are alloys characterizing in advantageous mechani-

cal properties, while maintaining a low density, as well as rela-
tively lower production costs, owing to the relatively low melting 
point. Due to the formation of a disadvantageous coarse-grained 
microstructure, silumins are rarely cast into sand or ceramic 
moulds. In the case of these alloys, casting into metal moulds as 
well as pressure casting are much more frequently applied. In 
these technologies, due to the use of metal moulds, it is possible 
to obtain a much more intense heat removal from the casts, which 
results in the formation of a fine-grained microstructure in them 
as well as an improvement of their mechanical properties. Beside 

the intensification of the cooling rate, the improvement of the 
properties of silumins can be also affected by a change in the 
chemical composition (introduction of alloy additions or modifi-
cation), purification (refinement) and thermal treatment [1-3]. 

Among the many elements introduced into aluminium alloys, 
the effect of such as Cr [4] and V [5, 6] has been studied. There is 
not much data on the effect of W and Mo on the microstructure 
and properties of silumins. Because of the lack of solubility in the 
solid state of these elements in aluminium, they are not used as 
alloy additions. Due to the very dynamic crystallization of silumin 
in the pressure mould, there is a possibility to supersaturate the 
solid solution α both with tungsten and molybdenum. And so, the 
aim of this work is to examine the effect of W and Mo on the 
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by means of the solid refiner Ecosal Al 113.S. After it had been 
lowered into the ladle, the silumin was deslagged and transported 
to a holding furnace, into which the master alloys AlW8 and 
AlMo8 had been introduced, which allowed obtaining the as-
sumed concentration of W and Mo in the silumin. The obtained 
alloy was used to make casts of a roller blind casing cap. The 
dominating thickness of the cast’s wall equaled 2 mm. The casts 
were made on a pressure casting machine with the horizontal cold 
pressure chamber Idra 700S. The processes of both the liquid 
silumin’s preparation and of the production of pressure casts for 
the tests were conducted under the production conditions of the 
Innovation and Implementation Enterprise Wifama-Prexer Ltd.. 
For each tested chemical composition of the silumin, the process 
of crystallization was also investigated with the TDA method. The 
thermal and derivational analysis is a universal method of exam-
ining the crystallization process of metal alloys. So far, it has been 
applied in the tests on alloys of such metals as: iron, aluminum, 
bronze, magnesium and cobalt [9-12]. 

To record the TDA curves of the silumin, the thermocouple 
PtRh10-Pt was used, placed in the TDA10-PŁ tester made of 
coated sand. Before it was poured into the tester, the silumin was 
heated to the temperature of 1100°C. 

In order to perform strength tests, 3 samples were cut out of 
the cap casts, which had the rectangular section of 2 / 10 mm. 
This is the section recommended by the standard for strength tests 
of pressure casts [13]. The tensile tests were conducted on the 
testing machine Instron 3382. The applied tension rate was  
1 mm/min. In the tensile test, the following parameters were 
determined: tensile strength Rm, proof stress Rp0,2 and unit elonga-
tion A. 

The hardness tests were performed on samples taken from the 
casts made in the TDA sampler, as well as from the pressure 
casts. The microsections were etched with a 2% water solution 
HF and observed with the magnification resulting from the size of 
the microstructure elements obtained in the particular cast groups. 
For the casts made in the TDA sampler, the magnification was 
×100, whereas in the case of the pressure casts, the applied mag-
nification was ×1000. The microstructure of the casts was exam-
ined on the metallographic microscope Eclipse MA200 by Nikon. 
 
 

3. Test results 
 
Figure 3 shows the TDA curves of silumin 226. The crystalli-

zation process of the silumin begins with the formation of den-
drites of phase α. On the derivation curve, the thermal effect of 
this process is denoted with the points PkAB. Another thermal 
effect, denoted as BEH, is responsible for the crystallization of  
a ternary eutectic (α + Al9Fe3Si2 + β). From the last portions of 
the liquid silumin, a quaternary eutectic crystallizes (α + Al2Cu + 
AlSiFeCuMgMnNi + β). This effect is denoted by the points 
HKL. For the silumins containing about 0.1 and 0.2% of both W 
and Mo, analogical affects were obtained on the TDA curves. It 
can be supposed that, with the lack of additional thermal effects 
on the curves and the lack of solubility of W and Mo in phase α, 
these elements can exist in the most complex phase of the quater-
nary eutectic, which, after the introduction of the W and Mo 
additions, should have the form α + Al2Cu + AlSiFeCuMgMn-
NiWMo + β. Differences were also present in the coordinates of 

the characteristic points marked on the TDA curves. A compila-
tion of the temperatures and the cooling rates in the characteristic 
points for the base silumin and the one containing about  
0.1 ÷ 0.4% of both W and Mo is presented in Table 4 (a, b). For 
the silumins containing the W and Mo addition in the amount of 
about 0.2%, the temperature differences in the particular points do 
not exceed 4°C.  

 

 
Fig. 3. Representative TDA curves of silumin 226 

 
Table 4 (a, b).  
Compilation of the values of temperature (a) and cooling rate (b) 
in characteristic points for silumin 226 and silumin with 0,1÷0,4% 
addition of W and Mo 
 
a) 
W and 

Mo 
addition, 

% 

Temperature t, °C 

Pk A’ A B E H K L 

0.0 590 – 586 572 571 514 496 471 
0.1 588 – 585 572 572 515 497 475 
0.2 590 – 587 575 573 518 498 473 
0.3 634 589 585 574 572 517 498 477 
0.4 640 589 584 572 570 512 495 472 

 
b) 
W and 

Mo 
addition, 

% 

dt/dτ, °C/s 

Pk A’ A B E H K L 

0.0 -0.54 – 0.17 -0.31 0.12 -0.60 -0.15 -0.71
0.1 -0.52 – 0.13 -0.20 0.13 -0.58 -0.13 -0.70
0.2 -0.55 – 0.09 -0.25 0.11 -0.54 -0.10 -0.68
0.3 -0.78 -0.51 0.15 -0.20 0.05 -0.57 -0.16 -0.72
0.4 -0.80 -0.53 0.09 -0.24 0.05 -0.55 -0.19 -0.62
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