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The use of secondary aluminum alloys is increasing because it contributes to the decrease of produc-
tion costs. However, these alloys contain bigger amount of iron. Iron has a negative effect and there-
fore its elimination is necessary in order to add some elements; which are also called correctors of
iron. The most frequently used corrector is manganese. Another quite often used correctors are
chromium, potassium, magnesium, vanadium. In the following work, vanadium is used as a correc-
tor of iron phases. The application of vanadium in aluminum alloys has a positive impact on their
mechanical properties, increases the tensile strength, ductility and hardness. As experimental materi-
al AlSi6Cu4 alloy was used. It was alloyed by master alloy AlFel0. After adding to the master alloy

the iron content, the critical value in the alloy exceeded. Vanadium was added to AlSi6Cu4 alloy in
different quantities. The image analysis (software NIS-Elements) was used for quantifying the
amount of iron based intermetallic phases and determination of average values.

1. Introduction

Nowadays, life cycle assessment is increasingly developing
in metallurgy. It is related to a new recycling technology, i.e.
metal extraction from secondary materials, and to the fact,
that metal production belongs mostly to large environmental
pollution sources (PETRIK J. 2011). The problem with utiliza-
tion of Al-scrap as a material for cast Al-Si alloys is in that
the scrap is, unfortunately, contaminated with iron as a rule.
Fragments of iron are intensively dissolved in melt Al-Si.
Iron has anegative influence on strength and the plastic
properties, and corrosion resistant (TILLOVA E. 2015,
KUCHARIKOVA L. 2016).

Primary Al-alloy typically contains between 0.03 - 0.15
wt.% of Fe. Sometimes Fe is purposely added to alloys in the
amount 0.3 - 0.5 wt.% of Fe which prevents sticking of cast-
ing to the metal mould (for casting under pressure), increases
the strength and, in larger quantities, also heat resistance. In
case of larger amount, such as 0.3 - 0.5 wt.% of Fe, it causes,
first of all, formation of Fe-intermetallic phases (e.g.
AlsFeSi). The size and density of Fe-based intermetallic
phases are increased with the increase of % of Fe, also the
dimensions of the defects and porosity of casting. The larger
content of Fe causes the decrease of ductility, too.

The Fe-rich phase (B-AlsFeSi) is the most harmful one for
the mechanical properties of AI-Si based cast alloys. This
phase, like most other intermetallic particles, is brittle. Its
morphology is plate-like, appearing as needles in the optical
micrographs. These characteristics, brittleness and plate-like
morphology, greatly affect the of decrease the strength and
ductility of the cast alloys. It is, therefore, important to avoid
or at least to control the formation of this phase (DARWISH A.
2010, BorkO K. 2016, Ji S. 2013, TAYLOR J.A. 2012,
TILLOVA E. 2009 and TILLOVA E. 2011).

Fe-levels above the critical level for the Si-content of the
alloy should be avoided as these can cause a serious loss of
ductility in the final cast product and decreased casting
productivity through increased rejects due to shrinkage po-
rosity, and particularly “leakers”. The critical Fe-content (in
wt.%) for an alloy can be calculated using (RANA R.S. 2012,
TAYLOR J.A.2012) (1):

Feuit. = 0.075 x (wt.% Si) - 0.05 )
The negative effect of Fe can be partly eliminated by su-

perheating of the melt, by increasing of cooling rate or by
addition of Fe-correctors as Mn, Be, V, Mo, etc.
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Mn is widely used as an alloying addition to neutralize the
effect of Fe and modify the needle-like AlsFeSi phase to less
harmful morphologies (script-like, Chinese script) -
Al;s(FeMn);Si> (ASHTARI P. 2003, TAYLOR J.A. 2012, RANA
R.S. 2012). Mn not only decreases the detrimental Fe effect
but also increases creep resistance and heat resistance. The
recommended amount of Mn to remove the negative impact
of Fe is more than half of the Fe content. The addition of Mn
to melts with high Fe levels can also facilitate the formation
of sludge, if the sludge factor (derived by % Fe + 2% Mn +
3% Cr) exceeds a particular value for a given alloy and melt
holding temperature.

Be addition changes the morphology of Fe-rich compounds

to Chinese scripts and polygons (RANA R.S. 2012).
V, Cr, Mo, W and Ni are infrequently recommended as Fe-
modifier (BOLIBRUCHOVA D. 2013, 2014, PETRIK J. 2011,
HERNANDEZ-RODRIGUEZ A. 2014, ZIHALOVA M. 2016). Cr
can make formation negative so called “sludge” phases in
alloy with high amount of iron that cannot be removed from
final alloy. Application of vanadium in Al-Si alloys has posi-
tive effect for mechanical properties, increases the tensile
strength, ductility and hardness. High amount of V has
a lower tendency to the formation of ,,sludge” phases like Cr.
The present study is part of a larger research project which
was conducted to study of secondary Al-Si cast alloy. The
article describes the evaluation of Fe-rich phases in second-
ary AlSi6Cu4 cast alloy modified by vanadium.

2. Experimental material

As an experimental material secondary AISi6Cu4 cast alloy

was used. The real chemical composition of used alloy ob-
tained by spectral analysis is presented in Tab.1.
The base alloy was enriched by master alloy AlFel0 to ob-
tain the higher Fe-amount. After adding AlFel0 the iron
content in the alloy exceeded the critical value ~ 0.4 wt.%. In
the next step vanadium was added in to the alloy in quantity
0.5; 1.0; 1.5 and 2.0 wt.%.

Table 1. Chemical composition of AlSi6Cu4 alloy in wt.%

Si Fe Cu Mn Mg Cr
6.43 0.34 3.43 0.232 0.229 0.03
Ti Zn Pb Ca Cd Al
0.16 0.07 0.04 0.0014 | 0.0004 rest

Source: own study

Metallographic samples were sectioned from the tensile
test bars (after testing), standard prepared for metallographic
observations (wet ground on SiC papers, DP polished with
3 um diamond pastes followed by Struers Op-S) and etched
by H>SO, for the highlight of iron based intermetallic phases
(Borko K. 2016, TiLLOVA E. 2011). The microstructures
were studied using an optical microscope (Neophot 32). The
image analysis (software NIS-Elements) was used for quanti-
fying the amount of Fe-phases and determination of average

values. Samples were evaluated at 500x magnification and
the results were set as the average value of at least 20 fields
shown (BORKO K. 2016, SVECOVA 1. 2017).

3. Results

Microstructure of experimental material after alloying by
the master alloy AlFel0 is documented in Fig. 1. The micro-
structure consists of dendrites of a-phase, eutectic Si and
intermetallic phases on base copper (AlLCu) and iron
(AlsFeSi, Alis(FeMn)sSiy; polyedric crystals (AlFeMn) were
observed locally, too. Length of Fe-needles was observed

local more than 100 pm.

=
=

Fig. 1. Microstructure of AISi6Cu4 alloy (alloyed by master alloy
AlFel0) without vanadium, etch. H2SO4

Source: own study

The influence of various amounts of vanadium on the
structure of AlSi6Cu4 alloy is documented in Fig. 2. In the
alloy with a content of 0.5 wt.% V (Fig. 2a) occur massive
skeleton Fe-phases (Alis(FeMn)s;Siz) and the relative long
needles AlsFeSi (local more than 50 pm).

Vanadium (0.5% V) simultaneously with Mn in this alloy
caused high amount of skeleton/Chinese script Fe-phases,
more than needle-like Fe-phases. With the increasing amount
of vanadium (1; 1.5 and 2%) occurred to the progressive
shortening and thinning of the needle-like Fe-based interme-
tallic phase AlsFeSi from 35.48 um to 24.01 um. The overall
volume of Fe-phases in alloy decreases too. The results of
the quantitative evaluation of the vanadium influence on to
the Fe-phases are documented in Tab. 2.

In the alloy with a content of 1.0 wt.% of V (Fig. 2b) main-
ly the needles AlsFeSi are observed. They are thinner and
shorter and skeleton-like/Chinese script phases were in very
smaller volume compared to alloy with 0.5 wt.% of V. Fine
and short AlsFeSi needles are observed at the interface of the
Al-dendrites or eutectic Si particles, indicating that this alloy
is well modified.
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Experimental alloy with 1.5 wt.% of V (Fig. 2¢) contains
intermetallic phases in needles form - AlsFeSi and skeleton-

like/Chinese script - Aljs(FeMn);Siz.  Skeleton/Chinese
scripts like phases are fine and were observed in larger ag-
gregation.

The alloy with 2 wt.% of V contains, besides Fe-phases
mentioned above, a larger volume of the phases (Fig. 2d -
white round), whose exact chemical composition was not
detected up to now, but their morphology (star-like or ex-
ploded) is similar to “sludge” phases. This alloy contains the
small fine skeleton phases Al;s(FeMn);Si, and short needles
AlsFeSi, too.

Table 2. Influence of vanadium on to the Fe- phases

wt.% of V
0.5 1.0 1.5 2.0
the average length of 1 35 40 | 3453 | 2866 | 24.01
Fe-needles, um ’ ’ ’ ’
% of iron phases 4 2.50 2.80 3

Source: own study

AlsFeSi

sludge phase

Fig. 2. Effect of V to morphology of Fe-phases, etch. H2SO4
2)0.5% Vb) 1% Vec)1.5% Vd)2hm%V

Source: own study

4. Conclusion

Addition of vanadium to secondary AlSi6Cu4 cast alloy
shows the following conclusions:

e shortening and thinning of the needle-like phase AlsFeSi;
o the smallest amount of iron based intermetallic phase was

observed in the alloy with 1 wt.% of V;

e higher wt.% of V (more than 1%) has not effect on the

another amount elimination of Fe-phases;

e needle-like AlsFeSi phase were observed in the structure

of each experimental materials; Aljs(FeMn);Si, were ob-
served in the structure of wt. 0.5; 1.5 and 2% of V and
“sludge” phases were observed in the structure with 2%
of V.

ARCHIWUM INZYNIERII PRODUKCJI



IVANA SVECOVA, ET AL. / PRODUCTION ENGINEERING ARCHIVES 15 (2017) 3-6

Acknowledgements leélgylségMaterials Science and Engineering A, Vol. 564, pp.
The authors acknowledge the financial support of the project 8. KUCHARIKOVA L. ET AL. 2016. Recycling and properties of
VEGA N° 1/0533/15 and European Union - the Project recycled aluminium alloys used in the transportation industry.
ITMS: 26220220154. Transport problems, Vol. 11, 2, pp. 117-122.
9. PETRIK J., HORVATH M. 2011. The iron correctors in Al-Si
References alloy. Annals of Faculty Engineering Hunedoara - Interna-
- tional Journal of Engineering. Vol. 9, 3, pp.401-405.

R .ASHTARI P'.ET AL. 2003. Influence O.fof and Mn additions on 10. RANA R.S. ET AL. 2012. Reviews on the Influences of Alloy-
;ntern;z;ctzélrziﬂcs’og {: g::cat’izlrf;rp\}llglloffsllzn Al_Sz%?f_gz 1C gst al- ing elements on the microstructure and mechanical properties
s ! ) . R pp- . _ . of aluminum alloys and aluminum alloy composites. Interna-

2. BOLIBRUCHOVA D., ZIHALOVA M. 2013. Possibilities of iron tional Journal of Scientific and Research Publications, Vol. 2,
elimination in aluminium alloys by vanadium. Manufacturing 6, pp.1-7.

Technology, Vol. 1313’ pp- 289-296. 11. SvecoVA L et al. 2017. Struktirna analyza Zelezitych fiz v

3. BOLIBRUCHOVA D., ZIHALOVA M. 2014. Vanadium influence zliatine AISi6Cu4. SEMDOK, Terchovd, pp. 163-166. (in
on iron based intermetallic phases in AlSi6Cu4 alloy. Ar- Slovak)
chives of metallurgy and materials, Vol. 59, 3, pp. 1029-103'2' 12. TAYLOR J. A. 2012. Iron-containing intermetallic phases in

4. BORrKO K. ET AL. 2016. The Impact of Sr content on Fe- in- AI-Si based casting alloys. Procedia Materials Science, 1, pp.
termetallic  phase’s  morphology  changes in  alloy 19-33.

;éSZIOMgMn' Manufacturing Technology, Vol.16, 1, pp. 20- 13. TiLLoVA E. ET AL. 2011. Quality control of microstructure in
' recycled Al-Si cast alloys. Manufacturing Technology, vol.

5. DARVISH A. ET AL. 2010. The mutual effect of iron and man- 11, pp. 70-76.
ganese on microstructure and mechanical properties of alu- 14, TILLOVA E., CHALUPOVA M. 2009. Structural analysis
minium-silicon alloy. MjoM, Vol.16, 1, pp. 1}-24. ‘ (Struktina analyza). EDIS ZU (in Slovak).

6. HERNANDEZ-RODRIGUEZ A. ET AL. 2014. Effect of the Fe/Mn . ) ) )
weight ratio and cooling rate on the area fraction of a-AlFeSi 15. ZIHALOVA M., BOLIBRUCHOVA D. 2016. Evaluation of
and B-AlFeSi phases in Al-7.58i-3.75Cu-0.5Mg-0.55Fe-xMn Vinﬂuence.in AlSi10MgMn Alloy with increased iron level.
alluminium alloy. Metalurgija, Vol. 53, 3, pp. 314-316. Manufacturing Technology, Vol.16, 2, pp. 471-475.

7. J1S. ET AL. 2013. Effect of iron on the microstructure and
mechanical property of Al-Mg—Si-Mn and Al-Mg—Si diecast

N H B A Y =

ZR AISi6Cud thE & &P XE R R EHEMSRS T
XgiE MR
SR SEELAY SREBERMEAEERN, ENCEHFRELTRE, AT, KLARSARAEN
PR %, KREANEFME, HWHRILEN, UERN—LITH SXUEMHAKORERN. &
& EAMRESRZE. Z—TMEEEANBERRE, H 5 W, EUTIEHR, HAEK
s HEIRIEF, NERSEPHNANENMIMMSEEE, eEE, ERUNEERTERNS

M. YENSRIGM AR AISi6Cud &, EHBEE AlFel0 §&1t. FMIBEETREE
B, AEHHIEFREER, BRALUTREMERME AISi6Cud SEHh. EREGI T (RE
NIS-Elements) EE{LixEEREEHEHEFMNEFYE.
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