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Abstract

This paper deals with the evaluation of the comosiesistance of the Al-Si alloys alloyed with tHiéferent amount of antimony.
Specifically it goes about the alloy AlSi7Mg0,3 whiis antimony alloyed in the concentration0®01 0,005 0,01 a 0,05 wt. % of
antimony. The introduction of the paper is dedidato the theory of the aluminium alloys corrosienistance, testing and evaluation of
the corrosion resistance. The influence of thenamiy to the AI-Si alloys properties is describedtHar in the introduction. The
experimental part describes the experimental samwlEch were prepared for the experiment and furthey were exposed to the
loading in the atmospheric conditions for a perafdthe 3 months. The experimental samples wereuated macroscopically and
microscopically. The results of the experiment weoeumented and the conclusions in terms of thinany impact to the corrosion
resistance of the Al-Si alloy were concluded. Thess compared the corrosion resistance of the A8y antimony alloyed (with the
different antimony content) with the results of #eSi alloy without the alloying after the corrasi load in the atmospheric conditions in
the experiment.
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Dangerous are the phases excluded in the graindboes. These
phases are nobler that the metallic base, dissoivedhe
electrolyte and leads to the anodic dissolutiorihef base metal

1. Introduction

The aluminium materials have besides the low dgngitod

electrical and heat conductivity the high corrosiesistance too.
This material resists good especially in the atrhesp
environment. One of the factors which have theugrikce to the
corrosion resistance of the aluminium alloys is ttreemical
composition of the alloy. The highest corrosionstesce has the
pure aluminium. The content of Mn has favourablguance to
the corrosion resistance of the Al alloys becahsenext alloying
elements for example Na, Cu, Co, Pt, Ag, Th, V, Sretedare to
aluminium cathode. The influence of the aluminiutioyang
elements to the corrosion resistance is depenteprivironment
where is the alloy situated and on the structurth@fmaterial too,
thus if the impurities are excluded in the form die
heterogeneous particles or they are presentectindlid solution.
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[1, 2, 3].

The content of the Cu is decisive for the Al allaysrosion
resistanceThe alloys without the copper contdrave almost the
same corrosion resistance like the pure aluminiTime. alloys for
example based on AlM, AlMg, AlZnMg etc. belongstie group
of the aluminium alloys without Cu content. The osion
resistance of these types of the alloys can becesHat the
causing of the elevated temperatures. The alloyh wie Cu
content have the low corrosion resistance. Theséhar alloys of
the AICuMg, AIMgCusSi, AlZnMgCu content etc. If thers the
requirement for the improvement of the corrosiosistance of
these alloys we use for example the plating tedugwlith the
pure aluminium or the plating with the Al-Zn allf®, 4, 5].
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Although the regularities of the corrosion processae
known and we can predict the behaviour of the givexterial in
the given environment it is needed experimentalygok the
corrosion behaviour of the materials. The reasdhdsomplexity
of the corrosion process and the possibility ofitifeiencing and
the occurrence of the random factors which actshenmaterial
during its lifetime. The testing methods of therainium alloys
are of course supported by the standards (for ebea@®N 1SO
11845). The material testing we can perform usheyéxposure
methods while the tests are based on the expos$uine samples
or the whole product to the different corrosioniemvments. The
exposure methods are mainly the long-term atmogphests.
The corrosion and condensation chamber test aferperd then
in the laboratory conditions [1, 6]. The differesriteria can be
used in the evaluating of the corrosion resistavée can observe
the visual changes, dimensional changes and welggmges in
the evaluation — macroscopic analysis. The micnaisco
evaluation is performed for the evaluation of tiharges inside
the material — metallographic evaluation [8]. We&llaluate the
samples this way in our experiment.

The influence of the antimony alloying on the AIRj®,3 alloy

How the previous research at the Faculty of Pradoct
Technology and Management, University of J.E. Puky Usti

opposite to the primary alloy lower after the cingghe limit 0,1
wt. % Sb what is due to the change of the silicaedies
morphology (rougher and bigger needles) causedhey aver
modification of the alloy with the antimony [5].

2. Experimental part

The description of the experimental samples andhsmical
composition is described in the experimental pBurther it is
here described the marking of the experimental sssngnd the
conditions of the atmospheric corrosion test.

2.1. Experimental samples

The evaluation of the corrosion resistance of tuenanium
alloy of the AI-Si type was performed in the expant.
Concretely the alloy AlSi7Mg0,3 antimony alloyedtire amount
0; 0,001; 0,005; 0,01 a 0,05 wt. % of antimony wested. These
alloys were exposed to the corrosion test in thmoapheric
conditions. The samples in the form of rods with dkesignation 0

nad Labem (FPTM, UJEP) shows the antimony has the— 0 hm % Sb, 1 —0,001 hm. % Sb, 2 — 0,005 hm. %38Sb0,01

modification effect on the AISi7Mg0,3 alloy whichs iits
secondary effect. The antimony in the AI-Si alloyakas
intermetallic phases AISb (primary effect) whictshhow it was
experimentally checked, positive influence on thetiity of the
alloy.

The modification ability of the antimony is manifed by the
rounding off the needles of the eutectic silicond doy the
reducing of the dimensions of these particles @nrtticrostructure
of the material. The positive influence of the amtny on the
alloy microstructure is visible to the content ¢f &t. % and after
exceeding of this limit it has completely the opp®srend. The
content of the antimony more than 0,1 wt. % leadsdarsening
of the silicon needles. We can conclude that tipplement of the
antimony to the alloy has the similar influenceelikn the
modification with the strontium [1, 4, 5].

The samples were prepared after the casting oéltbg and
these samples were subjected to the static tetlesiieThe results
obtained in the static tensile test correspond withstate of the
microstructure of the material. To the contenttef 0,1 wt. % Sb
in comparison with the primary alloy the ductilihcreases to the
51,98% and the yield strength to 12,92 % which ug ¢b the
formation of the new intermetallic phases AISb ahw to the

hm. % Sb, 4 — 0,05 hm. % Sb were prepared for tperénent.

The samples were further processed after the gastime half of
the each sample was left with the surface aftectisting and the
second half of the sample was lathed. The evaluatib the

surface treatment on the corrosion resistance ef dloy

AlSi7Mg0,3 was performed in the conclusion. The exikpental

samples before the exposure are shown at the figThe

dimensions of the samples — sample height is 60 anch the
diameter @ 20 mm. The chemical composition of thades is
shown in the table 1.

Fig. 1. The samples of the alloy AlSi7Mg0,3 beftire

exposition

significant change of the morphology (coarsenirfgthe eutectic

silicon needles. The ductility and yield strengthlues are

Table 1.

The chemical composition of the experimental sample

Alloy Al S Mg Fe Cu Mn Zn Ti Sh

0 93,37 6,188 0,176 0,08 0,0028 <0,002 0,0065 0,106  0,00¢
1 94,13 5,548 0,147 0,095 0,01 <0,002 0,0027 0,0042 0,007
2 94,28 5,466 0,118 0,069 0,0037 <0,002 0,0033 0,0045 <0,007
3 94,91 4,842 0,112 0,069 0,0012 <0,002 0,0034 0,0055 0,0086
4 95,2 4,505 0,091 0,092 0,001 <0,002 0,0039 0,0067 ,0490

Note: A spectrometer which is part of the faculgpi@ment does not have standards with the antincomgent less than 0.007 wt.%. Therefore samples

with antimony 0.001 and 0.005 wt.% the device waisable to determine the exact content of antimmmywe know only that it is less than 0.007 wt.%

Sh.
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2.2. Atmospheric corrosion test

The prepared experimental samples were loaded é th

atmospheric conditions. The corrosion loading tiwas in the
case of these experimental samples set at 3 moktherding to
this time it goes about the short time atmosphéest. The
samples were exposed to the atmosphere acting ipettiod from
12.12.2012 to 12.3.2013. The highest aggressivenésthe
environment was waited in this period (changing tbie
temperatures, humidity). The test was performedUstii nad
Labem. The city and its neighbourhood are one ef tiost
polluted areas in Czech Republic mainly due to theraton of
the coal mining, coal-fired power plants and cheaiadustry.
The average conditions of the loading in the pesbdwn above
are: temperature — 1,2°C and the average rainfal 5Im. The
marking of the experimental samples is shown intdfde 2. The
samples were marked due to the corrosion loading fi. month
— A, 2. month — B, 3. month — C.

Table 2.
The marking of the experimental samples
Alloy Content of Sb [wt. %]

Marking of the
sample
primary

1A

1 0,001 1B

1C
2A

2 0,005 2B

2C
3A

3 0,01 3B

3C
4A

4 0,05 4B

4C

0 0

3. Experimental part

The evaluation of the corrosion attack from the mscopic
and microscopic point of view was performed aftepasure of
the samples in the atmospheric conditions.

3.1. Macroscopic analysis

The matte layer created on the sample surfacethftet.
month exposure when we macroscopically evaluatsahgles.
The brown corrosion products occur on the castar lpy the
samples with the content of antimony. The areah®bccurrence
of the corrosion products are labelled on thedig.

0 hm. % Sb

0,001 hm. % Sb

0,005 hm. % Sb

0,01 hm. % Sb 0,05 hm. % Sb

4
Fig. 2. The samples of the AlSi7Mg0,3 alloy aftee tL month
exposure

The corrosion products occur by the all samplesmeanmty
alloyed on the casting surface where it is posdiblebserve the
impurities pushed into the sample surface aftetirgasWith the
increasing content of antimony the corrosion at@ekworst. The
lathed part of the experimental samples is in fhast of the
experiment without the bigger change. This is doe the
removing of the impurities by the machining whidattsalike the
centre for the corrosion attack on the casting.p#e can
conclude that the lathed surface has better comosssistance
that the casting surface. The impurities on theenwlt surface
(oxides, impurities) are therefore the most seriprablem from
the corrosion resistance point of view than théugrices act on
the state of the material after machining (influeraf internal
stresses, surface roughness).

The samples after 2 months exposure in the atmasphe
conditions are shown in the fig. 3. We can obsesven more
pronounced loss of gloss on the lathed sample Iparthese
samples. No significant change of the appearancarsdy the
primary alloy. The corrosion damage was slightl{eedled on the
casting part of the antimony alloyed samples.

0hm.% Sb 0,001 hm. % Sb  0,005hm. % Sb 0,01 hm. % Sb 0,05 hm. % Sb
e - -

Fig. 3. The samples of the AlSi7Mg0,3 alloy aftee 2. month
exposure

Figure 4 documents the state of the sample surdites 3
month exposure. The samples antimony alloyed avered by
the white oxide layer and it occurs already todbmplete loss of
the gloss on the material surface. It occurs toettpmansion of the
corrosion damage on the part of the surface afisting by the
samples antimony alloyed.

The macroscopic analysis result is finding that itifience
of the antimony to the alloy corrosion resistand8iAMg0,3 is
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negative. We can conclude in this phase of the raxpat that
with the increasing amount of the antimony the asion attack
of the experimental samples grows.

0hm. % Sb 0,001 hm. % Sb 0,005 hm. % Sb 0,01 hm. % Sb 0,05 hm. % Sb
N e

2C
. o
-»
&
-
s
0 3
Fig. 4. The samples of the AlSi7Mg0,3 alloy aftee 8. month

exposure

3.2. Microscopic analysis

The microscopic analysis was performed on the aaifiaser

microscope Olympus LEXT OLS 3100. The samples after

corrosion load are documented (after 3 monthsherfig. 4-13.
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Fig. 4. The profile of the casting part of the séa(
(magnification 100x)

&% Fo XN %::g - fﬂ 4
Fig. 5. The profile of the casting part of the sérC
(magnification 200x)

Fig. 6. The profile of the casting part of the s&gC
(magnification 100x)

Fig. 7. The profile of the casting part of the s&gC
(magnification 50x)

- J i

Fig. 8. The profile of the casting part of the séeC
(magnification 200x)
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(magnification 100x)

The microscopic analysis of the samples 0 — 4Chercasting
part is documented on the pictures 4, 5, 6, 8 arih8 corrosion
attack and the interdendritic porosity were obsgérby these
samples. The best results occurs the primary alftgr corrosion
load. The primary alloy is without the corrosiortaak. The
corrosion was observed mainly on the sample 1C Qiti91 wt.
% of antimony, fig. 5. We performed the corrosidtaek depth
measurement. The maximum measured depth of thesionr

attack is 8@m by the sample 1C. The next sample on which it

was seen the corrosion attack from the surfaceCiswith the
content 0,05 wt. % of antimony, fig. 8. The depfthih® corrosion
attack was measured from the sample surface todéipeh of
95um by this sample. The corrosion attack by the sesmpC and
4C spreads around the material dendritic cells. Jaraples 2C
and 3C are without the significant corrosion attaskhe material
surface part after casting. The microscopic anslgbthe samples
on the casting part is influenced by the formatioh the
interdendritic porosity. This porosity is more digrant factor for
the corrosion formation than the antimony contenthe alloy
itself by this part of the samples (the part af@&sting).

R
e
T -

:l'..!_-_v-.;.si “'-.‘-.~ "{5 ;"‘,-‘.- / [ .,f" . .""" i iy )
Fig. 10. The profile of the machined surface ofshenple 1C
(magnification 100x)

Fig. 11. The profile of the machined surface ofshenple
2C (magnification 50x)

Microscopic analysis on the sample part after ngnis
shown on the fig. 9, 10, 11, 12 and 13. There iseol®d no
corrosion attack by the samples 0 — 4C on the Igtlaed Only by
the sample 4C appeared corrosion on the materitdcguon the
lathed part in the depth of max.i8.We can conclude from the
microscopic analysis of the samples on the lathed fhat the
highest content of antimony has adverse influencéhe samples
corrosion resistance which confirms the resultsmfrahe
macroscopic evaluation. This trend is not unifoyrthe samples
on the casting part because the material tendsetodrrosion due
to its microstructure (porosity).
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Fig. 12. The profile of the machined surface o

(magnification 50x)
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4. Conclusions

This paper presents only part of the extensive arebe
performed at FPTM UJEP. The aim of the researdb jzrovide
the better mechanical and chemical properties by tlew
prepared material antimony alloyed. The aim of gaper was the
evaluation of the corrosion resistance of the AI&ID,3 alloy
alloyed by the different content of antimony. Tremples with
the content of antimony 0 — 0 wt. % Sb, 1 — 0,001% Sb, 2 —
0,005 hm. % Sb, 3 — 0,01 hm. % Sb, 4 — 0,05 hm.Pa®
corrosion loaded in atmospheric conditions in tixpegiment.
Except the antimony content was evaluated the enfte of the
material surface treatment on the corrosion resistaf the alloy
as the next. The samples are divided into two paatsely the
part after casting when the part of the sampleftaintreated after
the removal from the casting mold and the partrafie turning
when the second half of the sample was machined thnsl
deprived of impurities and mistakes of the surfafter casting.
All the samples were exposed to the atmospheriz@mwent for
the 3 months.

The macroscopic and microscopic analysis was peddr
after the exposure of the experimental samples feecorrosion
load.

From the results of the macroscopic analysis isaepy that
with the increasing content of the antimony it lead increased
corrosion attack of experimental samples.

The microscopic analysis results are not unequivcEae
significant difference is by the sample without&@ta alloyed Sb.
The sample without Sb (primary alloy) has the let@rosion
resistance. Therefore we can conclude that thenanti influence
on the corrosion resistance of the AISi7Mg0,3 allsyrather
negative. We can conclude about the surface treatthat the

machined surface of the material has better resaftsr the
corrosion loading that the part of the materiakmaftasting. We
have been influenced by the presence of the inerite

porosity in the research of corrosion resistanahefAlSi7Mg0,3
alloys as documents the microscopic analysis. Ttherdactors
which should influence on the evaluation were thfedts on the
surface and mainly the material surface impurittagch occurred
on the surface of the sample due to the used téminmof the

samples (gravity casting) and these defects bectingesucleus
of the corrosion attack on the casting part of shenple. The
interdendritic porosity of the material causes therst alloy
resistance against corrosion.

For the further research in this area we recomntendse
higher differences of wt. % for the alloy Al-Si @ with
antimony (for example 0; 0,005; 0,05; 0,1 and G2 %% Sb). The
results of the antimony influence on the corrosiesistance of
the Al-Si alloys would be probably clearer.
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