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Abstract

In the article the fluidity, solidification conditions, microstructure and tensile properties have been studied for the non-modified and
modified 226D aluminium silicon alloy.

Realized investigations concerned modification of alloy 226D for application as the matrix to carbon fibre reinforcement composite
(MMC-CY). One of main factors determining to good connection between metal matrix and fibres reinforcement is good wettability. It is
possible to obtain suitable conditions of wettability by modification of chemical composition metal matrix alloy or proper sizing of
reinforcement fibres. Into consideration of interaction between liquide aluminium and carbon fibers following modifiers were used for
addition to the commercial aluminium alloy (226D). The magnesium (2%Mg), strontium (0,03%Sr) and titanium (0,5%Ti) with boron
(0,01%B) modifiers and their combination were used in the presented work.
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. [10-16]. The additions of ceramic reinforcement influence to the
L. Introduction change of solidification conditions and lowering alloy fluidity.
The formation of the interface between the matrix and the
reinforcing phase has a substantial influence on the production
and characteristics of the metallic composite materials. The
adhesion between both phases is usually determined by the
interaction between them. During the production of the molten
matrix e.g. by infiltration, wettability becomes significant.

An important aspect in the discussed of components
configurations is the wettability of ceramic surface reinforcement
by the liquid matrix alloy. Improvement on castability of alloy
and obtaining the low possible contact wettability angle has
assuring alloy additions adequately selection. The modification
have an effect on adequate of the property level especially

The aluminium alloys have been the most widely used as
structural material in varied industry field for several decades,
[1,2]. First of all Al-Si alloys are the most important of the
aluminium casting alloys because of high fluidity, low shrinkage
in casting, high corrosion resistance, good weldability, easy
brazing and low coefficient of thermal expansion. So they find
application particularly in the automobile and aircraft industries
where it is used for other engine body castings among other
things: cylinder blocks and pistons [3-9].

The Al-Si alloys have been used also as the matrix material in
composite casts reinforced by ceramic particles and carbon fibres
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strength characteristic of alloy on manufactured of composites [3-
7].

2. Materials and research methodology

Three kinds of modifiers were used for the modification of the
226D aluminium alloy (Table 1). In researches applied the
magnesium (2%Mg), strontium (0,03%Sr) and titanium (0,5%Ti)
with boron (0,01%B) modifiers and their combination.

Table 1.
Chemical composition of 226D aluminum alloy
Element Si Cu Mn Mg Fe Ti

Mass % 9,9 2,2 0,21 0,44 0,9 0,03

The aluminium alloys fabricated by the traditional casting
method. The processes of preparing of modified alloys were
performed with degassing and homogenization under lowered
pressure [13, 14].

The course of the solidification process was recorded by
means of a system which enabled continuous control and
measurement of the metal temperature during solidification of the
composite suspension [15]. Also influence of modifiers on casting
properties of aluminium alloy was evaluated basted castability
test. Test duct was formed as spiral at self hardening phosphate
mould.

The microstructure of the aluminium alloys is observed using
the optical microscope NICON EPIPHOT 200.

3. Results and discussion
Fluidity of aluminium alloys

The results of spiral test were presented at Figures 1-3. It was
fund, that aluminium alloy non modified and modified by 2%
magnesium addition filled 11 spiral sections. Otherwise alloy
containing 0,5%Ti + 0,1%B + 0,03%Sr modifiers and alloy with
2%Mg + 0,5%Ti + 0,1%B modification filled 12 spiral sections,
(Fig. 2a,b). The proper fluidity registered for aluminium alloy
modified by 0,5%Ti + 0,1%B and 0,03%Sr (Fig. 3a,b).

Fig. 1. View of the spiral test of: a) 226D non modified
aluminium alloy, b) 226D aluminium alloy modified by 2%Mg

Fig. 2. View of the spiral test of: a) 226D aluminium alloy
modified by 0,5%Ti + 0,1%B + 0,03%Sr, b) 226D aluminium
alloy modified by 2%Mg + 0,5%Ti + 0,1%B

Fig. 3. View of the spiral test of: a) 226D aluminium alloy
modified by 0,5%Ti + 0,1%B, b) 226D aluminium alloy modified
by 0,03%Sr

Solidification of aluminium alloy and modified alloys

The temperature range and time of 226D aluminium alloy and
aluminium alloys modified crystallization described on the basis
of solidification curves obtained after numerical analysis (Fig. 4).
They affirmed that the non modified alloy solidified during 85s in
the temperature range of 568-566°C. The temperature of
crystallization beginning of the aluminium alloy containing
2%Mg was 569°C, with the cast solidifying for 201s in the
temperature range of 569-542°C. The aluminium alloy containing
the titanium and boron modifiers solidified in the temperature
range of 588-566°C, in the time of 104s. Long time of
solidification (t=258s) was registered for alloy with the
magnesium, titanium and boron modifiers in the temperature
range of 586-539°C. The time of solidification for the 226D alloy
modified with 0,03% strontium average 208,5s. These material
solidified in the temperature range of 573-557°C. The highest
temperature of crystallization beginning (T=591°C) used for the
aluminium alloy containing 0,5%Ti+0,1%B+0,03%Sr modifiers,
with the time solidifying for 248,5s in the temperature range of
591-557°C.
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Fig. 4. Cooling curves measured from the non mohdiﬁed
aluminium alloy and from alloys with different additions of
modifiers

Microstructure of aluminium alloy and modified alloys after
solidification process

The eutectic - Si size and morphology observed by the optical
microscope of the non-modified aluminium cast alloy and
modified cast alloy have been presented on Figures 5 and 6.

Fig. 5. Microstructure of 226D aluminium alloy without

modification (a) and 226D alloy with 2%Mg (b) Fig. 6. Microstructure of 226D aluminium alloy after modification

process: a) 226D alloy with 0,03%Sr, b) 226D alloy with 0,5%Ti
+0,1%B, ¢) 226D alloy with 2%Mg + 0,5%Ti + 0,1%B, d) 226D
alloy with 0,03%Sr + 0,5%Ti + 0,1%B
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Strength test of aluminium alloy and modified alloys

Strength properties were tested at static tensile test on Instron
4469 with 20mm/min speed of load. The comparison among the
stress/plastic strain curves of 226D non-modified alloy and
modified aluminium alloys shows on Figure 7. Samples were cast
to metal mould and there were not put to heat treatment. Addition
of Ti, B and Sr enlarge strength of 226D alloy to 200 MPa
comparing to non modified 226D strength 140 MPa. It was
registered also enlarge of straining to 9%. However addition of
Mg even with Ti and B presence gives results near strength of
226D base alloy. Effect of increasing of strength is connected to
refinement of structure and it is confirmed also by structure
analysis. Obtained better strength, castability and wettability
require further researches concerning Mg contents in modification
of 226D alloy.
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Fig. 7. Comparison among the stress/plastic strain curves of 226D
non-modified alloy and modified aluminium alloys

4. Conclusions

Presented researches concerning influence of modification on
castability had on aim to establish the Al alloy’s composition
which would meet the technological, strength and thermodynamic
requirements for the Al-C composite’s matrix. Based on carry out
tests of fluidity, solidification and strength test it was found that
the addition of Ti, B and Sr improve properties of 226D alloy.
Further investigations attempt to carbon fibre infiltration with Al
alloys in vacuums, in order to determine their usefulness as well
as the modifying additions’ influences.
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