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Abstract: This study investigates the impact of titanium addition to the eutectic silumin AK12 melt, considering various methods of addition.
The research results encompass the sole introduction of titanium (at a calculated amount of 0.1 wt.%) through different forms/methods, such as
the Al1—4%Ti ligature, TiO, oxide, K, TiFg salt, and Ti sponge. Additionally, the study explores the combined addition of titanium and a standard
flux (comprising 62.5 % NaCl + 12.5 % KCI1 + 25 % NaF). The research involved qualitative and quantitative analyses of macro- and micro-
structures, spectral analysis data, and mechanical properties (tensile strength and relative elongation) of the alloys. The findings highlight that
titanium has a positive influence on the structure of eutectic silumin, with the most effective results achieved when combined with the standard
flux. However, the efficiency of silumin modification with titanium varies depending on the method of addition. Specifically, the introduction
of titanium in the form of K, TiF fluoride salt, Al-4%Ti ligature, and titanium sponge positively affected macro grain refinement, reduced the
spacing between the secondary dendrite arms of the solid solution (a.-Al), and enhanced the dispersion of eutectic silicon. The most promising
approach for complex silumin modification involves the joint introduction of titanium-containing substances and a sodium salt-based flux. This
combination has a multifaceted impact on the silumin structure, leading to the simultaneous modification of various structural components in
aluminum-—silicon alloys. Depending on the type of titanium-containing substance, when processed alongside flux, the alloy achieves a relative
elongation ranging from 9.7 % to 11.1 %, exceeding the same parameter for the unmodified alloy by more than 4 times and surpassing the sodi-
um-modified alloy's relative elongation by 17—37 %. Furthermore, the ultimate strength reaches levels of 171—193 M Pa, representing a 22—38 %
improvement compared to the unmodified alloy and a 721 % increase compared to the sodium-modified alloy.

Keywords: cast aluminum alloys, titanium, sodium, complex modification, eutectic silicon, solid solution, macro- and microstructure, spectral
analysis.
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AnHorauus: M3yueHo BIMsIHME TUTaHA, B 3aBUCUMOCTH OT CMIOC00a ero BBOAA B pacrijiaB, Ha CTPYKTYPY U MEXaHMYECKUE CBOWCTBA 3B-
TekTraeckoro cunymuua AK12. [puBeneHbl pe3yibTaThl UCCIEAOBAHMI KaK MTPU ONMHOYHOM BBEICHU Y TUTaHA (pacueTHOE COepXKaHWe
Ti — 0,1 mac.%) paznuuHbiMu cioco6amu (uratypoit Al—4%Ti, okcunom TiO,, conbio K, TiFg, Ti-ry6Koit), Tak ¥ py COBMECTHbBIX 10-
6aBKax TUTaHa U cTaHgapTHOro durroca (62,5 % NaCl + 12,5 % KCI1 + 25 % NaF). MccnenoBaHus OCyIIECTBISLIN ITYTEM Ka4eCTBEHHOTO
U KOJIMYECTBEHHOT0 aHaIn3a MaKpo- 1 MUKPOCTPYKTYP CIJIABOB, JAHHBIX CIIEKTPATbHOTO aHATN3a U MEXaHUUECKUX CBOMCTB (mpeeia
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MPOYHOCTHU Ha Pa3pbiB U OTHOCUTEJIBHOIO YAJIMHEHUsI). YCTAHOBJIEHO, YTO TUTAH OKa3blBaeT BJAUSIHUE HA CTPYKTYPY IBTEKTUUECKOTO
cuiyMuHa U Hanbosee d3h(GeKTUBEH MPU COBMECTHOM BBEACHUM CO CTaHAAPTHBIM (iatocoMm. [Ipu atom 3cddbekTuBHOCTH MOaUDULIN-
pOBaHUsI CUJIYMHUHOB TUTAHOM 3aBUCHUT OT CIocoba ero BBona B pacijaB. OTMeueHO MOJIOXKUTETbHOE BIUSHUE TUTAHA, BBEICHHOTO C
nomouibio propucroii conu K,TiFg, nuraryper Al—4%Ti u TuTaHOBO# r'yOKH, HAa U3MEJIbYEHME MaKPO3EPHA, YMEHBIIEHUE PACCTOSHUS
MeXIy BeTBSIMU JICHAPUTOB BTOPOTO MOPSITKA TBEPAOro pacTBopa (o-Al), a TakXe Ha TUCIEPTUPOBAHUE IBTEKTUUECKOTO KPEMHUS.
Haubosee nepcrneKTUBHBIM CIIOCOOOM KOMIJIEKCHOTO MOAU(ULIMPOBAHUS CUJIYMUHOB SIBJSIETCSI COBMECTHOE BBEIEHUE TUTAHCOIEP-
JKallnX BelecTB 1 hJioca Ha OCHOBE coJieil HaTpusi. Takue cOCTaBbl OKa3bIBalOT KOMILJIEKCHOE BIUSIHUE Ha CTPYKTYPY CUIyMUHA, 3a-
KJIoYalomeecs: B OMHOBPEMEHHOM MOIMMUIIMPOBAHUY PA3TIMIHBIX CTPYKTYPHBIX COCTABISIONINX aTIOMUHUEBO-KPEMHUEBBIX CIIJIABOB.
B 3aBucuMMOCTHU OT BuJa TUTAHCOAEPXKALIETO BEIIECTBA IPU COBMECTHOI 00paboTKe ¢ (PII0COM OTHOCUTENbHOE yAJIMHEHUE CIlJIaBa 10-
cruraet 9,7—11,1 %, uto GoJiee yeM B 4 pa3a IMPEBBIIIACT ITOT [TOKA3aTeJb IJIsI HeMOIU(DUIIMPOBAHHOTO crijiaBa u Ha 17—37 % Bbilile, yeM y
criaBa, MoauduimpoBaHHoro HatpueM. [Ipenen npounoctu cocrapisiet 171—193 MIla, uto Ha 22—38 % Gosbilie, yeM y HeMOAUGDULIUPO-
BaHHOTO CTIJIaBa, U Ha 7—21 % BBIIIIE 10 CPABHEHUTO CO CIIJIABOM, MOAUMDUIIMPOBAHHBIM HATPUEM.

KioueBble ciioBa: TUTEHbBIC aTIOMUHHMEBBIC CIIaBbl, TUTAH, HATPUI, KOMIIJIEKCHOE MOIMGbUIIUPOBAHUE, IBTCKTUICCKUN KPEMHUIA,
TBEPIbII pACTBOP, MAKPO- U MUKPOCTPYKTYpa, CIIEKTPaJbHbII aHATU3.

Jas uurupoanus: Lnanuesa A, [TetpoB W.A., Paxosckuii A.T1. BausiHue pa3iudHbIX TUTAHCOAECPXKAIIMX 100aBOK Ha 3(D(HEeKTUBHOCTH
MOIMGbUIIMPOBAHU S DBTEKTUUECKOTO CIIJIaBa CUCTEMbI aJTIOMUHU—KpeMHU . H3eecmus 6y306. Lleemnas memannypeus. 2023;29(5):47—56.
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Introduction

Aluminum—silicon alloys find widespread appli-
cations in various industries such as aircraft and auto-
motive due to their suitability for producing intricate
castings. Their excellent casting properties enable the
creation of complex, thin-walled, and impermeable
castings. However, a disadvantage of these silumin al-
loys is their relatively low mechanical properties in sand
casting, primarily attributed to the development of a
coarse microstructure in the alloy. It is worth noting that
Al-Si cast alloys are typically used for sand casting only
in a modified form [1; 2].

In order to enhance modification, surfactants like
sodium and strontium are introduced into the melt of
pre-eutectic and eutectic silumins [1; 2]. These mo-
difying additives have the effect of refining eutectic si-
licon particles, causing them to adopt a globular shape
during crystallization. Consequently, the mechanical
properties of the alloy, especially its relative elongation,
improve.

For refining the grains in the solid aluminum-based
(o-Al) solution, crystal-nucleating elements such as
Ti, Zr, and Sc are added to the melt of deformable and
foundry aluminum alloys, including silumins [1; 3; 4].
Notably, the efficiency of grain refinement in defor-
mable alloys differs from that in pre-eutectic silumins.
This discrepancy is due to the known fact that increased
silicon content in the alloy reduces the degree of grain
refinement [5].

Among the various modifiers for o-Al in alumi-
num-based alloys, titanium is recognized as one of the
most effective, particularly for pre-eutectic alloys with
silicon content less than 7 % [1]. When introduced into
the melt in the range of 0.05—0.15 %, titanium leads to
the formation of additional TiAl; crystallization centers
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resulting in the refinement of o.-Al solid solution grains
and significant improvements in the casting and me-
chanical properties of the alloys [1; 6].

However, the existing scientific and technical lite-
rature provides contradictory information regarding
the modifying impact of titanium (up to 0.2 wt.%) on
pre-cutectic (containing more than 7 % Si) and eutectic
silumins. It is generally believed that the modification
of such alloys with titanium should not yield significant
structural refinement, as titanium primarily modifies
a-Al dendrites, while the key structural component de-
termining the complex mechanical properties of silu-
mins is the silicon eutectic [7; §8].

Moreover, as demonstrated in [3; 9—11], a substan-
tial amount of silicon (7—13 wt.%) diminishes the grain
refinement efficacy of titanium-modified casting Al—Si
alloys. This phenomenon can be explained by the for-
mation and growth of TiAlSi intermetallides, such as
(ALSi);Ti and (ALSi), Ti, in the melt. Consequently, the
number of TiAl; particles, which act as crystallization
centers, decreases.

Nonetheless, there is a discernible beneficial im-
pact of titanium on the structure of both pre- and
eutectic silumins, as documented in [12—17]. For in-
stance, in [12], the influence of titanium introduced
through the A1—5Ti alloy on the structure and me-
chanical properties of the A1—10%Si alloy was investi-
gated. The study revealed that the addition of 0.5 wt.%
Al—5Ti contributes to the refinement of dendrites
(o-Al) and leads to a maximum increase in the solid
solution fraction across thin sections. Consequently,
the tensile strength and relative elongation of the alloy
increase by 9 % and 49 %, respectively, compared to
the unmodified alloy.
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In [13; 14], the favorable impact of titanium intro-
duced via A1—10%Ti and A1—5%Ti—1%B alloys, com-
bined with strontium, on grain (c.-Al) refinement in the
Al—7%Si—Mg alloy was demonstrated. Comprehensive
treatment of the melt with titanium and strontium am-
plifies the degree of refinement of eutectic silicon par-
ticles compared to using Sr alone. As described in [2],
this effect arises because the silicon eutectic undergoes
a modified transformation; being a solidified phase, it
crystallizes within the restricted space between dendrite
arms, and the spacing between them decreases under the
influence of the modifier (titanium).

Titanium also synergizes effectively with eutectic si-
licon modifiers like sodium [17], strontium [13; 14; 18],
barium [19; 20], and more. Consequently, titanium-con-
taining additives, such as the K,TiF salt and titanium
dioxide TiO, are components of certain complex mo-
difying fluxes for silumins, exerting influence on various
structural components of the alloys [19; 20].

The objective of the research was to examine the im-
pact of titanium on the structure and properties of eutec-
tic silumin, contingent on the method of its introduction
into the melt. Various introduction methods were stud-
ied, including the use of the AI—4%Ti alloy; titanium
sponge; K,TiF salt; and titanium dioxide TiO,. Addi-
tionally, we investigated the effects of titanium-contain-
ing additives when introduced in combination with a
standard flux for modifying the eutectic in silumins with
the following composition, %: 62.5NaCl + 12.5KCI +
+ 25NakF.

Materials and methods of research

Silumin of eutectic composition AK12, whose che-
mical composition was as follows (wt.%) according to
the spectral analysis data, was chosen as a model alloy:

Al Base [ 5 SO 0.0031
) 11.53 n ... 0.0092
(O} RN 0.0021 |\Y [ IR 0.0026
Mg 0.0006 Fe o 0.358
Mn...... 0.0026

Titanium-containing additives were utilized for the
modification of silumins. These additives included the
following: titanium dioxide TiO, (TU 6-10-1356-73),
the Al1—4%Ti ligature (GOST 11739.20-99), the K, TiFg
salt (TU 20.13.62-023-69886968-2017), titanium sponge
of TG-90 grade (GOST 17746-79), as well as stand-
ard flux 62.5 % NaCl (GOST 4233-77) + 12.5 % KCl
(GOST 4568-95) + 25 % NaF (GOST 4463-76) [21].

The quantity of introduced Ti additives was determined
based on a calculation aiming for a titanium content
of 0.1 wt.%. When introducing titanium sponge, an al-
lowance of 5 % for carbon monoxide was considered,
and the standard flux was added at a rate of 1.5 % of the
melting mass.

Before melting, fluoride and chloride salts (NaF,
KCl, NaCl, K,TiFg) and titanium dioxide powder un-
derwent a drying process at # = 150+200 °C for 2 h to
eliminate moisture.

Experimental melting was conducted within an elec-
tric resistance furnace, and each experiment was re-
peated 3 times.

The treatment of the melt with the A1—4%Ti ligature
and titanium sponge occurred at = 740 and 800 °C, re-
spectively. After mixing, dissolution, and holding, the
melt underwent degassing with argon.

Complex treatment involving the Al—4%Ti ligature
and standard flux, as well as with titanium sponge and
standard flux, was performed sequentially. Initially, the
melt was treated with the ligature at r = 740 °C, and the
sponge applied at £ = 800 °C. Afte mixing and holding,
standard flux was introduced at # = 740 °C.

When the melt was treated with the K, TiFg salt, stand-
ard flux and titanium dioxide TiO,, the melt was pre-de-
gassed with argon, and then additives were poured on the
melt surface at = 750, 740 and 780 °C, respectively.

Complex treatment involving standard flux and the
K,TiFg salt was executed sequentially. First, the melt
was treated with standard flux at r = 740 °C, and then,
after mixing and holding, the K,TiFg salt was intro-
duced at # = 750 °C. Complex treatment with titanium
dioxide and standard flux was performed concurrently
at =780 °C.

After the treatment with additives, the melt was al-
lowed to stand for 15 min, and slag was removed from
the surface. Samples for mechanical tests were cast into
a sand—clay mold at =710 °C.

The determination of mechanical properties (tensile
strength and relative elongation) was conducted using
the Instron 5982 testing system (USA).

For the evaluation of the macro- and microstructure
of the AK12 alloy samples, thin sections were prepared
according using established methods. Thin macro sec-
tions were etched with the 10 % copper chloride solution
and clarified in concentrated nitric acid.

Micrographical investigations were carried out
using an all-purpose Olympus GX51 research micro-
scope (Olympus Corp., Japan) equipped with the Image-
Pro image analyzer (Instron, USA).

The dispersion capacity of the eutectic was assessed
by measuring the average length of silicon particles
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within (751)- The average grain size (d) was determined
using the random secant method, calculated as the ratio
of the secant length to the number of secant intersections
with grain boundaries. In order to analyze the distribu-
tion of solid solution dendrites across the thin section
area, the secondary dendrite arm spacing (SDAS) was
determined (Xz) [22]. In order to ensure the accuracy of
the analysis, a minimum of 50 measurements were con-
ducted, and the resulting values were averaged. Statisti-
cal analysis of the research results for both the average
length of silicon particles and the average grain size was
carried out using Statistica 10 software.

The chemical (elementary) composition of the tested
samples was examined utilizing a Q4 TASMAN-170
spark optical emission spectrometer (Bruker Quantron
GmbH, Germany).

Results and discussion

The research results demonstrate that the introduc-
tion of titanium through titanium-containing additives
significantly impacts the properties and structure of the
AKI12 alloy (Fig. 1).

An enhancement in the mechanical properties of the
alloy and the refinement of its structural components are
observed with the introduction of all compounds, except
when titanium dioxide is introduced alone, and no tita-
nium transition into the alloy occurs (Fig. 1, e).

For single introductions of titanium sponge, liga-
ture, and salt, there is a noticeable increase in mechan-
ical properties compared to the initial alloy: the relative
elongation (8) increases by 2.5, 2.2 and 3.1 times, re-
spectively, while the ultimate strength (o) increases by
24,19, and 25 %, respectively.

Based on the spectral analysis data (Fig. 1, ¢), it is
evident that when each of the considered titanium-con-
taining additives is used, a high degree of assimilation of
the modifying element by the melt occurs: the titanium
yield from the ligature is 100 %, and the yield from the
salt and sponge is 80 %.

The improvement in the mechanical properties of
the alloy is a result of structural modification. According
to qualitative (Fig. 2) and quantitative (Fig. 1, d—f)
structural analysis data, the modification of the AK12
alloy through titanium-containing additives primarily
leads to a reduction in the spacing between the secondary
dendrite arms (Xz) of the aluminum-based (o-Al) solid
solution (Fig. 1, e).

As a consequence of this modification, the dendrites
acquire a more compact morphology. Compared to
the original alloy, Xz decreases by a factor of 1.5—2.0
(Fig. 2, ¢2, d2, e2). Titanium also promotes macro-grain
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refinement, resulting in a reduction of more than 5 times
(Fig. 1, d; Fig. 2, ¢3, d3, e3).

Nonetheless, titanium introduced via the ligature,
titanium sponge, and K, TiFg salt not only influences the
solid solution (o-Al) dendrites and macro-grain but also
leads to a reduction in the average size of silicon within
the eutectic (Fig. 2, cl, d1, el). Compared to the original
alloy, the average silicon size is reduced by a factor of
1.5, 2.5, and 3.5, respectively (Fig. 1, f). Modification
with titanium-containing substances refines the o-Al
dendrites, narrows the inter-dendrite spacing, and
subdivides the eutectic into micro-volumes situated
within the inter-arm spaces. The eutectic solidifies
within a more confined space between dendrite arms,
and the silicon refinement occurs due to the restriction of
its growth within these micro-volumes. This hypothesis
aligns with findings in [23; 24].

The K,TiFg salt plays a significant role in refining
the eutectic compared to other titanium-containing
additives. Itispresumed that thisheightened effectiveness
is due to the additional influence of potassium, which is
present in the salt and acts as a eutectic surfactant [25].
The additional impact of the sponge on the refinement of
eutectic silicon is likely a result of the extended holding
time of the alloy (>30 min) at elevated temperatures
(>780 °C) [26].

In order to investigate the combined effect of
titanium addition, it was introduced simultaneously
with a sodium and potassium salt-based flux. The
standard Na-containing flux is commonly used for
eutectic modification in silumins [1; 2]. According to
the adsorption theory of modification, sodium, as a
surfactant, adsorbs onto the surface of growing silicon
crystals, slowing their growth. This process leads to the
formation of a finely modified structure within the alloy
under supercooled conditions.

The relative elongation of the AK12 alloy, modified
with the Na-containing flux, exceeds that of all
previously studied titanium-containing additives,
reaching a value of 8.1 %, which is 3 times higher than
without modification. The flux has a modifying effect
on eutectic silicon (Fig. 3, al) but does not influence the
SDAS and macro grain diameter (Fig. 3, a2, a3).

The concurrent introduction of flux and titanium-
containing additives, such as titanium dioxide TiO,,
ligature, and K,TiFg salt, results in an even more
significant improvement in properties. In comparison
to treatment with sodium-containing flux, & was found
to be higher by 36 %, 37 %, and 20 %, and G, by 10 %,
7 %, and 21 %, respectively. The combination of titanium
sponge with flux also enhances properties but to a lesser
extent, with d being higher by 17 % and G, by 7.5 %.
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The increased mechanical properties of the alloy
are attributed to the structural refinement, especially
of the dendrites of the solid solution (a-Al) (Fig. 3, b2,
c2, d2, e2), and the macrostructure (Fig. 3, b3, c3,
d3, e3). Consequently, the addition of titanium-con-
taining additives to the flux has minimal impact on

3, %

15
[ Without flux [ With flux .

11.0 11.1

Init. TiO, Ligat.  Sponge  K,TiF,
Ti, wt.%
[ Without flux [ With flux ¢

0.15-
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Ay pm
[ Without flux [ With flux e
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41 41

the degree of eutectic silicon refinement (Fig. 3, b1, cl,
dl, el). When modified with sodium and titanium, as
well as sodium alone, the eutectic silicon takes on a
globular, highly refined form (compared to the original
alloy, the average length of silicon particles decreases
by 10—20 times). The inclusion of Ti-containing

c,, MPa
B Without flux [ With flux b
200 1 193
] 176 174
180 171 . 175
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160
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140

Init. TiO, Ligat.  Sponge K,TiF;
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Tsv pum
[ Without flux [ With flux f
60 45 42
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Init. TiO,

Ligat.

Sponge  K,TiF, TiO, Ligat. Sponge K,TiF,
Fig. 1. The influence of different titanium introduction methods on the mechanical properties and structural parameters

of the AK12 alloy

a — relative elongation; b — tensile strength; ¢ — titanium content in the alloy according to spectral analysis data;

d — average diameter of the macro grain; e — average secondary dendrite arm spacing; f— average length of eutectic silicon particles
Puc. 1. BiusgHue crioco60B BBOa TUTAaHA HA MEXaHMYECKME CBOMCTBA U TTapaMeTPhI CTPYKTYphI criytaBa AK12

@ — OTHOCUTECJIbHOC Y/IJTMHCHUE, b— Npeacja NMpoOYHOCTU Ha pa3pbiB; ¢ — COACPKAHUEC TUTaHaA B CILJIaBE, MO IaHHBIM CIICKTPAJIbHOTO aHaJIn3a,
d— CPeIHUI JUaMeTp MaKpPO3€PHA; € — CPEHEE PACCTOSIHUE MEXIY JEHIPUTHBIMUA OCSIMU BTOPOTO HOpH,I[Ka;f— CpeaHAA ITMHA YaCTUILL
OBTEKTUYECCKOIo KPEMHUsI
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Fig. 2. The influence of different
titanium introduction methods
on the micro- and macrostructure
of the AK12 alloy

al—a3 — initial alloy;

b1—b3 — treated with titanium

dioxide TiO,;

cl—c3 — treated with ligature;

dI1—d3 — treated with sponge;

el—e3 — treated with K, TiFg salt

Puc. 2. Biusaue cnoco6os
BBOJA TUTAHA Ha MUKPO-

1 MaKpPOCTPYKTYPY

cruaBa AK12

al—a3 — VCXOMHBIN CIUIAB;

bI1—b3 — o6pabOTaHHBII AMOKCUIOM
tutaHa TiOy;

c¢I—c3 — nurarypoii;

d1—d3 — ryokoii;

el—e3 — conbio K, TiFg
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e e
b A

Fig. 3. The influence of different
titanium introduction methods
combined with flux

on the micro- and macrostructure
of the AK12 alloy

al—a3 — treated with flux;

b1—b3 — treated with titanium
dioxide TiO, and flux;

cl—c3 — treated with ligature with flux;
d1—d3 —treated with sponge and flux;
el—e3 — treated with K, TiFg salt

and flux

Puc. 3. Biusinue cnoco6oB
BBOJIAa TUTAHA COBMECTHO

¢ (p1rocOM HAa MUKPO-

1 MaKpOCTPYKTYpY

criaBa AK12

al—a3 — obpaboTaHHBII (DIIOCOM;
b1—-b3 — nuokcunom turana TiO,
u arocom;

cl—c3 — nuratypoii u diocom;
d1—d3 — Tyokoii u dmocom;
el—e3 — conbto K, TiFg u hmocom
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additives in the sodium flux reduces the dendrite arm
spacing by 1.3—1.9 times (Fig. 1, e), the macro grain
diameter by 2—4 times (Fig. 1, d), and subsequently
improves the alloy’s properties.

The standard flux enhances the yield of titanium
from titanium dioxide, increasing it from 0 to 14 % in
the melt. This effect can be explained by the fact that
the fluoride—chloride flux reduces interfacial tension
and improves the wetting of solid oxide particles by the
melt [27; 28]. Additionally, titanium dioxide dissolves in
fluoride salts, leading to aluminothermal reduction of
titanium dioxide to titanium in the silumin melt and,
consequently, enhanced assimilation of titanium by the
melt [17].

Undoubtedly, a significant benefit of modifying
silumins with titanium is the sustained duration of the
modifying effect. Previous studies have shown that
titanium introduced with K,TiF¢ [20] and TiO, [19], at
a content of 0.05—0.15 % depending on the composition
of complex fluxes, maintains its modifying effect for up
to 5 hours and through several remeltings.

Conclusion

1. The positive impact of using titanium for the
modification of eutectic silumin has been conclusively
demonstrated. Titanium, at levels of 0.05—0.1 wt.%,
has a favorable effect on the structure and mechanical
properties of the AK12 alloy. However, the extent of these
properties and the degree of structural modification
depend on the method of titanium introduction. When
introduced without flux, the use of the K,TiFg salt for
introduction is the most effective.

2. The positive influence of titanium, introduced
with the K,TiFg salt, Al—4%Ti ligature, and Ti sponge,
has been observed in terms of macro grain refinement,
the reduction of spacing between secondary dendritic
arms in the o-solid solution, and the dispersion of
eutectic silicon within the AK12 alloy.

3. The most effective method of introducing titanium
into the silumin melt is through joint introduction with
titanium-containing substances and a sodium salt-
based flux, at a rate of 0.1 % Ti and 1.5 % flux relative
to the melting mass. This combination has a complex
effect on the silumin structure, involving simultaneous
macro grain refinement, the reduction of spacing
between secondary dendritic arms of the solid solution
(a-Al) facilitated by titanium, and the refinement and
enrichment of silicon in the eutectic with sodium. As a
result, the modified AK12 alloy, when cast into a sand—
clay mold, achieves a relative elongation of 9.5—11.1 %
and an ultimate strength is 171—193 MPa.
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