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Modification of molten metal is performed for the eutectic and subeutectic
silumins prior to its casting by using strontium, which has a time-limited
effect up to 1-1.5 hours. Beryllium is used in order to prolong the modi-
fying effect. The aim of the experiment is to examine both the distribu-
tion and the effect of beryllium in the structure on the temporary exten-
sion of the modification in the Al-Si alloys in combination with strontium
modifier. Beryllium is used as a master AlBe, alloy, and samples are cast
by gravity casting in a preheated metal moulding. Chemical analysis is
performed by means of spectral analysis. Specimens are evaluated by us-
ing a confocal microscope. The elements’ distribution in the AISi,Mg,
alloy microstructure, with emphasis on the distribution of Sr and Be as
the individual structural components, is investigated using a scanning
electron microscope with EDS analyser.
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€BTeKTUYHUX 1 CyOeBTEeKTUUHUX CUJIYMiHiB 3a momomoroio CTpoHIliio, AKHi
Mae oomerxenuii 1-1,5 rogunamu TumMuacoBuii epekt Aii. Bepuiaiii BuKopu-
CTOBYETBCA IJIs IIPOAOBKEHHSI MOAUPiKyBaabHOTO ederTy. MeToio eKcIlie-
PUMEHTY € BUBUEHHS PO3IOAiJy Ta BILIMBY OepHJIii0 B CTPYKTYpPi Ha THMYa-
COBe IIOJOB)KeHHA MomudixkyBanpHOl mil B cromax Al-Si y moemmammi si
CTpOHIIiioBUM MomudikaTopoM. Bepuiii BUKOPHUCTOBYBABCA Y BUTJIALL Ji-
rarypuoro crony AlBe;, a 3pasku BUJIMBAJIKCA 3a JOIIOMOIOI0 METOAM I'DaBi-
TAI[iHHOTO JIUTTA y IIOIEepeNHbO HArpiTy MeraeBy Ipec-opmy. XemiuHa
aHaJIiza MPOBOAUMJIACA 3a AOIOMOTOI0 CHEKTPAJIbHOI aHaaisdu. 3pasKu OIliHIO-
BaJIX 3a JOIOMOTOI KOH(POKAJIBHOTO MiKpocKomly. Posmomisi enremMeHTIB y
MikpocTpykTypi cromy AlSi;Mg,; 3 axmenTom Ha posuozimi Sr i Be ak
OKpEeMHUX CTPYKTYPHHX KOMIIOHEHTIB OyJIO AOCJiIKeHO 3a MOIIOMOIOI0 CKa-
HYBaJILHOTO €JIEKTPOHHOTO MiKpockony 3 aHainidaropom EIIC.

Karouosi cimoBa: cron AlSi;Mg,;, mogudikarop, 6epuiiit, cTpoHIi, eneKT-
poHHa Mikpockomia, EIlC-anamniza.

ITepen oTnAMBKOII pAaCHJIaBJICHHOTO MeTaJJa BBITIOJHSIETCA MOAUGMUITIPOBA-
HUE 9BTEKTHUYECKUX U CY0IBTEKTHUECKUX CUJIYMUHOB C IIOMOIILIO CTPOH-
U, KOTOPBHIM uMMeeT OorpaHuYeHHBIH 1-1,5 yacamMu BpeMeHHBIN ahdeKT
Bo3melicTBUA. Bepuinii UCIONB3yeTCs A IPOAJeHUA MOIU(DUIIUPYIOIIEro
adpdexTa. Ileapio 9KCIEpUMEHTa SABJSIETCA H3YUeHHWE paciupeaeieHusd u
BIUAHUS OepUJIINSA B CTPYKTYpe Ha BpPeMeHHOe MPOJJieHre MOTUPUIIUPYIO-
Iero Bo3fgelcTBuA B cimaBax Al-Si B coueTaHumm €O CTPOHIIMEBBIM MOJIM-
¢uxaropom. Bepuinuit ucnonbsoBajica B Bume juratrypHoro ciiaBa AlBes,
a o0pasIlbl OTJIUBAJU C IIOMOIIBIO METOJAa TPABUTAIIMOHHOTO JUTHA B IIPEJ-
BapUTEJbHO HATPETYI0 MeTaJNJINYecKyio mpecc-popMy. XUMHUUECKUH aHaIn3
MIPOBOAUJICS C TIOMOIIBIO CHEeKTpaJbHOro amaamnsda. O0pasibl OIEHUBAJIUCH C
TIOMOIIHI0 KOH(MOKAJIBHOTO MHKpOCKONa. PacmpeneseHne 5JI€eMeHTOB B MUK-
poctpykType cinasa AlSi;Mg,; ¢ akmeHTOM Ha pacnpezneneHun Sr u Be kak
OTIeJbHBIX CTPYKTYPHBIX KOMIIOHEHTOB HCCJIEIOBAJIOCH C IIOMOIIBIO CKAHU-
PYIOIIEro aJIeKTPOHHOIO MUKpPOCKoIa ¢ aHaiausaTropom IIC.

Karouessle cixoBa: crias AlSi;Mg,;, Mmogudurarop, Gepunnuii, cTpoHInii,
AJIEKTPOHHAA MUKpocKonus, JIC-ananus.

(Received January 21, 2018; in final version, September 19, 2018)

1. INTRODUCTION

Strontium is the most widely used modifier in the subeutectic and
eutectic silumins. Strontium does not cause a permanent modifica-
tion effect, which occurs over time in the melt to its firing, i.e., to
drop the content of modification element and the modifying effect
in 1-2 hours fading. The addition of strontium led to a clear con-
version of eutectic silicon shape, when the place of already men-
tioned coarse hexagonal panels defines gently rounded rods. This
one improves the strength characteristics of casting and, particular-
ly, plasticity, but also technological properties, especially, castabil-
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ity and machinability.

The strontium is charged in the form of a pre-alloy, e.g.,
AlSiI;Sry,, AlSr,, or SrCO;. Al-Si type alloys contain strontium in
the SrAl,-type form. Ligature Al-Si alloy contains strontium in the
form of SrAl,-type particles. The quantity of the master alloy must
be converted to the optimum amount of pure strontium that varies
according to literal sources [1] in the range from 0.03 to 0.05%.
When exceeding the optimal amount of formed Al,Si,Sr-type brittle
phases, they are excluded in the segregation regions.

The strontium modification mechanism consists of following re-
actions [2]:

— breakdown of particles SrAl,;

— formation of new-phase Al,Si,Sr particles;

— re-decay Al,Si,Sr phase particles to form free Sr;

— effect of free Sr in the manner of crystal growth of silicon in
accordance with the theory of operation of surface active elements;

— Sr partial reaction with phosphorus (contained in the alloy as
impurities from the starting materials) to give phosphorus stronti-
um, which leads to downregulation modifying effect of strontium.

Many authors [2, 3] argue that modifying strontium has the best
effect on the casting process at a slow cooling rate.

The presented experiment is part of a larger research focusing on
the study of structure and phase changes in the melt during the
Al-Si alloy casting with the addition of Sr modifiers and the exten-
sion of its particle inversion using beryllium. In this part of the ex-
periment, the first part was to target the modifying effect of Sr in
the 5 min, 30 min, 1 h, and 2 h steps without the addition of beryl-
lium, and in the second part of the experiment, Sr and Be were
added to the melt and cast samples at intervals from one hour to 4
hours after addition of Sr and Be. In the next part of the experi-
ment, structures of strontium alloys were prepared and then evalu-
ated with the Sr and Be distributions in the structure by elemental
EDS analysis on a scanning electron microscope.

For the experiment with AlSi;Mg,; alloy, adding a Sr modifier
and ligature AlBe; alloy was made. This material contains 92.7%
Al, 7% Si and 0.3% Mg (respectively, chemical composition of the
alloy see in Table 1). The next step was the addition of a Sr modifi-
er and prolong its efficiency with Be. In this case, Sr is used as a

TABLE 1. The chemical composition of AlSi;Mg, ; alloy.

Chemical composition [wt.% ]
Si |Fe|cCu|Mn| Mg |Cr|Zn|Pb| Ti Al
6.5-7.5 0.17 0.05 0.1 0.25-0.45 - 0.07 - 0.08-0.025 Residue
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ligature AlSr,;, with the addition of 0.04% modifier.

Beryllium is also added as a ligature AlBe; alloy at a concentra-
tion of 0.20%. In order to verify whether the extended modifica-
tion, samples were cast after every hour up to four hours after ad-
dition of Sr and Be. Melting occurs at a temperature of 750-760°C;
using technology of gravity casting, the samples are left in the
form until cool. The resulting castings have a conical shape with a
height of 700 mm, an upper diameter of 850 mm, and a bottom di-
ameter of 400 mm.

2. MICROSCOPIC EVALUATION OF THE STRUCTURE AND
QUALITY OF THE MODIFICATIONS

For the exploration of samples, confocal laser microscope Olympus
LEXT OLS 3100 (Figs. 1-4) was used. Microstructure of subeutectic
silumin without addition of strontium modifier is formed by den-
dritic cells of o phase and a eutectic phase, which is composed of a-
solid solution of silicon in the form of coarse hexagonal plates,
which are in the plane of the metallographic cut and appear as ir-
regular sharp needles of various sizes. For microstructures with the
addition of strontium and without beryllium after 5 minutes, it is
shown an optimum effect of the modification, wherein the eutectic
silicon is precipitated as a perfect round or protracted grain (Fig. 1,
a). In a sample after thirty minutes of the cast, the structure is no
different from the previous sample, wherein the rounded grains are
the eutectic silicon slightly elongated (Fig. 1, b). This testifies to
the fact that the shape of the precipitated eutectic silicon begins to
change from a rod or a fibre to the plate. The cause of the heel is a
slowly starting to fade modifying effect of strontium [4].

Fig. 1. Microstructure of AlSi;Mg,; alloy with Sr and without Be after 5
min (a) and after 30 min (b) of modification.
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A significant change is occurred in cast sample after one hour of
modification. In the structure, eutectic silicon is no longer apparent

Fig. 2. Microstructure of AlSi,Mg,; alloy with Sr and without Be after 1
hour (a) and after 2 hours (b) of modification.

Fig. 3. Microstructure of AlSi;Mg,; alloy with Sr and Be after 1 hour (a)
and after 2 hours (b) of modification.
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Fig. 4. Microstructure of AlSi,Mg,, alloy with Sr and Be after 3 hours (a)
and after 4 hours (b) of modification.
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as fine grains, but, instead, in the form of a partially curved nee-
dles (Fig. 2, a). This suggests that, in the alloy, modification effect
is nearly disappeared, and a practical structure looks like unmodi-
fied. Therefore, it can conclude that the modifying effect of stron-
tium is lost in time between half an hour and an hour after melt
modification. For a sample of the cast, two hours after the modifi-
cation, the structure shown has only coarse eutectic silicon needles
(Fig. 2, b).

After adding strontium to the original material, eutectic silicon
is increased to needle size that has the effect of widening plates of
eutectic stages, and there is a merger of several thin plates, which
produce a long needle Si phase.

Linearly with modifiers’ action, there is a coarsening of the eu-
tectic silicon needles with reducing the distance between them (Fig.
3, a, b).

Due to the addition of beryllium, the modifying effect is pro-
longed throughout the experiment during 4 hours (Fig. 4). Mor-
phology of the particles of eutectic silicon (rounded particles) is ob-
servable in all examined samples.

Based on the examination of the microstructure by scanning elec-
tron microscope, we showed the presence of strontium on the sur-
face of the eutectic silicon particles. This confirms used literature
sources, which describe the modification of Al-Si alloys with Sr,
which, during crystallization process, as surfactant binds crystalliz-
ing nuclei of eutectic silicon to supply the other silicon atom. This
fact consequently significantly affects the final particle morphology
of silicon.

3. SCANNING ELECTRON MICROSCOPY AND EDS ANALYSIS

When examining the microstructure of a sample of the alloy by
scanning electron microscopy methods, Tescan VEGAS3 electron mi-
croscope was used. The chemical composition of structural compo-
nents excluded in the microstructure was determined with the help
of energy dispersive spectrometry (EDS) analyser by Bruker. Figure
5 is indicated the area where strontium was found. Elemental maps,
which confirm the identification of Sr on the surface of silicon par-
ticles, are indicated in Fig. 6, a, b.

Elemental maps of the Si and Sr distribution show that, on the
surface of the silicon particles, there are particles of strontium, and
these findings are also confirmed by EDS across the board in the
area.

Quantification of the results of the designated area is shown in
Table 2, wherein the recording sheet from the EDS analysis carried
out is shown in Fig. 7.
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After a further period of modifications, beryllium was detected
only in the two samples, in addition after 4 hours of modification.

Surface EDS analysis confirmed that beryllium extends in solid
solution, as shown in Fig. 8 and indicated by a cross. Recording
sheet of EDS analysis of the surface is designated in Fig. 9. Results

60 SrL
SE MAG: 381x HV: 20kV WD: 9.9mm @ ol | SE MAG: 381x HV: 20kV WD: 9.9mm

Fig. 6. Primary maps of the Si (a) and Sr (b) atoms’ distribution on the
surface of the AlSi;Mg, 5 alloy.

TABLE 2. Quantification of the results’ sheet of EDS analysis.

Element ‘ Concentration [wt.% ] ‘ Concentration [at.% ]
Aluminium 55.76 58.63
Silicon 39.41 39.80
Strontium 4.83 1.56

Total 100.00 100.0
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Fig. 7. Recording sheet of EDS analysis.

Fig. 8. Microstructure of example after 4 hours of modification.

of quantification of surface EDS are recorded in Table 3.

Compared with one another in the area captured with beryllium
and strontium, it is found that both elements are excreted in the
same location as shown in Fig. 10. This indicates that beryllium and
silicon are bound together with strontium, thereby, extending its
modification capability over time.

4. CONCLUSION

The aim of the experiment was to examine the distribution and the
effect of beryllium in combination with strontium in the structure
on a modification in the AlSi alloys.
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Fig. 9. Recording sheet of EDS analysis.

TABLE 3. Quantification of the results’ sheet of EDS analysis.

Element ‘ Concentration [wt.% ] ‘ Concentration [at.% ]
Aluminium 97.28 96.43
Silicon 1.05 1.16
Magnesium 1.26 1.20
Beryllium 0.41 1.21
Strontium 0.38 0.12
Total 100.00 100.0

Fig. 10. EDS maps of the Be and Sr atoms on the surface of the AlSi,Mg, ; alloy.
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In the context of the experiment, 15 samples of microstructural
examination were tested, and the influence of beryllium on a modi-
fied Al-Si alloy is determined.

As observed with alignments of the modified and unmodified al-
loys, there are significant differences in the resulting particle mor-
phology silicon.

Microscopic evaluation confirmed that the silicon needles after
half an hour began to stretch and create spatially needles as plates.

Between half an hour and an hour, modifying effects of stronti-
um gradually diminish over time. To continue to run modification,
the master AlBe; alloy was used, thus, extending the modifying ef-
fect of strontium up to 4 hours.

In the microstructure of the investigated alloy, beryllium was
found in small quantities.

It is not confirmed the assertion of various authors to establish
strontium and main beryllium only on the silicon surface.

The microstructure of the cast alloy with beryllium and stronti-
um was detected on needle eutectic silicon, where beryllium is
linked to strontium, thus, prolonging the modification. Beryllium
has also been found to spread evenly in the solid solution between
the dendritic cells, thereby, preventing the disintegration of, proba-
bly, SrAl, intermetallic phases, and thereby, prolongs the disinte-
gration time of strontium.
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