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Abstract. Purpose. The aim of research is to determine the features of structure formation and property enhancement in
the AK7ch alloy under the influence of microalloying with complex modifiers Sr-Sc and Ti-B-Sr, as well as physicochemical
treatment in the liquid state. Methodology. The object of study was the AK7ch alloy of the base composition and micro-
alloyed with Sr-Sc and Ti-B-Sr complexes in both the as-cast state and after hydrogen and thermotemporal melt treat-
ments. Structural formation was investigated using metallographic analysis. The ultimate deformability was determined
by an improved method for assessing the limiting deformation degree during rolling of wedge-shaped samples. Corrosion
resistance, including general and intergranular corrosion susceptibility, was assessed using standard testing methods.
Results. It was found that the combined physicochemical effect of microalloying with Sr-Sc and 20-minute hydrogen melt
treatment increased the deformability of the AISi7 alloy by 60%. Ti-B-Sr addition and 30-minute thermotemporal melt
treatment increased deformability by 46% compared to the original as-cast alloy. It was also established that microalloying
with Ti-Sr-B and isothermal treatment for 30 minutes significantly enhance the corrosion resistance of the AK7ch alloy.
Scientific novelty. The study proves the effectiveness of microalloying with Sr-Sc and Ti-B—Sr complexes in combination
with hydrogen and thermotemporal melt treatments for improving the deformability of AK7ch alloy compared to the base
composition. The positive effect of such treatments on the alloy’s general corrosion resistance was also confirmed. Prac-
tical significance. The research provides effective methods for enhancing the technological deformability and corrosion
resistance of AK7ch aluminum alloy through microalloying with Sr—Sc and Ti-B—Sr complexes in combination with hydro-
gen or thermotemporal melt treatment. The proposed approaches significantly improve the alloy’s structure, which pro-
motes increased corrosion resistance and overall reliability of finished products, especially in critical components used in
mechanical engineering, aviation, and transport industries.
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Anomauis. Mema. Memoro docnidxeHHs1 € 8usHa4YeHHs1 ocobriueocmell ¢hopMysaHHsI CmMpykmypu ma eracmusocmel
8 crinasi AK74, npu Oif MikponeaygsaHHs1 KoMrekcHUM moougbikamopamu Sr-Sc i Ti-B-Sr ma ¢pisuko-ximidHoi o6pobku
pidkomy cmani. Memoduka. O6’ekmom docnidxeHHs criyxue crinas AK74 suxiOHo2o cknady ma Mikpone2osaHull KOM-
rnnekcHumu modughbikamopamu Sr-Sc ma Ti-B-Sr 8 numomy cmati ma nicrnisi 800Hegoi ma mepmoyacos8oi 06pobok 8 pid-
KoMy cmadi. [JocnidxeHHs1 ocobriugocmeli hopMysaHHs cmpyKkmypu rnpoeoduru 3a 00rmoMo20K MemasoepaghivHoO20,
aHarnisy, epaHu4Hy 0eghopmigHicmb criniagie eudHayvasnu 3a 800CKOHaIEHOK MEMOOUKOK BU3HAYEHHS 2paHUYHO20 cmy-
neHto Oeghopmauyii Memariie npu npokamuji KITUHOBUOHUX 3pa3kKie, KOPO3iliHi 8UnNpobysaHHs Ha 3azallbHy KOPO3ito ma cxu-
JibHicmb 00 MiXKpUcmarnimHoi koposii nposodusnu 3a cmaHOapmHuUMu memodukamu. Pe3ynbmamu. BcmaHoeneHo, wo
KOMIMIIEKCHUU Di3UKO-XiMiYHUU 811U MiKporeayeaHHs1 KoMriniekcom Sr-Sc ma 20-xsurnuHHe 800Hege 06pobrieHHs1 po3ri-
nasy AK74 nidsuwye tioeo deghopmisHicmb Ha 60%, a dodasaHHs1 komrnekcy Ti-B-Sr ma mepmoyvacosa 06pobka poasri-
nasy npumsizom 30 X8UIUH Cripusitomb NiO8UWEHHIO tio2o dechopmieHoCmi Ha 46 % MOpPiBHAHO 3 BUXIOHUM fIUMUM crina-
8om. BcmaHoerneHo, wo mikponeaysaHHs Ti-Sr-B ma mepmovacosa 06pobka poannasgy npomsieom 30 x8. nidsuwyroms
Kopog3iliHy cmitikicms crinasy AK74. Haykoea Hogu3Ha. [JosedeHo eghekmuesHiCmb MiKposieaysaHHs1 KOMIIEKCHUMU MO-
ducgpikamopamu Sr-Sc ma Ti—B—Sr y noedHaHHi 3 600HE800 Mma mepmoyacosor 0bpobkamu posmnnasy Onsi MosULEHHS
degpopmisHocmi crinasy AK74 y nopieHsiHHI 3 suxiOHUM cknadoM. BcmaHoeneHo no3umueHuUl 8rnnue MikporneayesaHHs ma
mepmoyacosoi 06pobKu posrnasy Ha Mid8uWEeHHs 3a2arbHoi Kopo3itiHoi cmilikocmi crinagy AK74. [pakmuyHa 3Ha4y-
wiicmb nposedeHo20 00CiOXeHHs norsizae 8 po3pobui eghekmusHUX memodie nid8uLEHHST MexHOo2iYHoi deghopmis-
Hocmi ma Kopog3iliHoi cmitikocmi amomiHiegozo crinagy mury AK74 wisixom MikporneayeaHHs Komrnekcamu Sr—Sc ma
Ti-B—Sr y noedHaHHi 3 600He80 abo mepmoyacosoto 06pobkoro po3rnnasy. 3anpornoHosaHi mexHooaiyHi nioxodu 3a-
6e3neqyroms cymmese MoKpalieHHs1 CmpyKkmypu crnasy, Wo crpusimume nidsulleHHIo Kopo3iliHoi cmilikocmi ma 3aza-
TbHOI HaditiHocmi 2omoeux eupobie, 0cobnueo y 8idnogidansHUX KOHCMPYKYisX MawuHobyO0yeaHHs, asiauii ma mpaHc-
1OPMHO20 MPU3HAYEHHS].

Knroyoei cnoea: cunymiHu, mMikponeaysaHHsl, B00He8a obpobka, mepmodyacosa obpobka, dechopmigHicmpb, KOPO3iliHi
enacmueocmi.
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Analysis of Literature Data and Problem State-
ment

Aluminum alloys based on the Al-Si system, partic-
ularly alloys of the AK7ch type (analogue of Aluminum
Alloy A356 (AISi7Mg0.3) according to the ASTM clas-
sification, and EN AC-42000 (AISi7Mg0.3) according
to the European standard EN 1706), are widely used
in mechanical engineering, aviation, and transportation
industries due to the combination of such properties as
low density, good casting properties, sufficient corro-
sion resistance, and acceptable mechanical character-
istics. However, the as-cast state of alloys of this type
is characterized by increased brittleness, limited de-
formability, and structure heterogeneity, which signifi-
cantly restrict their application in plastic forming pro-
cesses such as rolling or drawing [1].

One of the approaches to improving the properties
of silumins is microalloying—the addition of small
amounts of active elements or their compounds (Sr,
Sc, Ti, B, etc.) into the melt, which are capable of mod-
ifying the structure by changing the morphology of eu-
tectic silicon and intermetallic inclusions. Recent stud-
ies confirm the effectiveness of complex modifiers [2—
3], in particular Sr—Sc and Ti—B-Sr, in improving me-
chanical and performance properties, including de-
formability, strength, and corrosion resistance [4—6].

In addition, a promising direction is the physico-
chemical treatment of the melt—specifically, hydrogen
and thermotemporal treatments—which ensures struc-
tural homogenization and intermetallics refinement.
The combined use of microalloying and liquid-state
treatment makes it possible to achieve a synergistic ef-
fect of property improvement; however, in the context
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of AK7ch-type alloys, these aspects remain insuffi-
ciently studied [7—10].

It should be noted that in Ukraine, there is a lack of
industrial production of primary aluminum and wrought
aluminum alloys. The closure of the electrolysis work-
shop at the Zaporizhzhia Aluminum Plant in 2011 de-
prived the country of the status of a primary aluminum
producer. Existing enterprises, such as the Brovary
Aluminum Plant, are mainly engaged in secondary raw
material processing and profile production, which does
not meet the demand for high-quality wrought alloys for
critical industrial sectors.

Thus, the relevance of research aimed at improving
the technological properties of the AK7ch alloy through
microalloying and physico-chemical treatment is increas-
ing. The results of such work may serve as a foundation
for the restoration and development of domestic produc-
tion of wrought aluminum alloys, which is strategically im-
portant for meeting the needs of Ukraine’s mechanical
engineering and aviation industries.

Purpose and Objectives of the Study

The purpose of this study is to determine the fea-
tures of structure formation and properties in the
AK7ch alloy under the influence of microalloying with
complex modifiers Sr—Sc and Ti-B-Sr, as well as
physico-chemical treatment in the liquid state.

Materials and Methods of Research

The object of the study was samples of the AK7ch
alloy microalloyed with the Sr—Sc complex after melt
hydrogen treatment, and with the Ti—-B—Sr complex af-
ter melt thermotemporal treatment under different re-
gimes (Table 1).

Table 1 — Chemical composition of the experimental alloys

Allo Chemical element, %mass.
y Al Si Fe Mg Mn Zn Cu Modifier
0,
AK7ch Base | 7,05-7,20 | 0,4-0,6 0,30-0,35 | 0,02-0,03 | 0,09-0,1 | 0,02-0,04 8;0222
0,
AK7ch(Sr,Sc) | Base 7,01-7,18 | 0,4-0,6 0,29-0,33 | 0,02-0,03 | 0,09-0,1 | 0,02-0,04 8;02‘322
AK7ch 0,21-0,25%Ti
(TiB-Sr) Base | 7,9-8,1 0,05-0,07 | 1,03-1,07 | 0,02-0,03 | 0,09-0,1 | 0,02-0,04 | 0,004-0,006%Sr
0,01-0,04% B

The alloys were melted under laboratory conditions
in an CLUOJ1-12.6/12-M3 laboratory furnace. The fur-
nace temperature was measured using a chromel-al-
umel thermocouple, with a measurement accuracy of
+0.5 °C. Microalloying complexes Sr—Sc and Ti—-B-Sr
were introduced into the melt at 750-780 °C in the form
of Al-5%Sr, Al-2%Sc, and Al-Ti—-B-Sr master alloys,
respectively. After the master alloy introduction, the
melt was held for 30 minutes with active stirring and
then poured into sand—clay molds.

Hydrogen treatment of the AK7ch(Sr-Sc) alloy was
carried out at the equipment of the Institute of Prob-
lems of Materials Science of NAS of Ukraine according
to the method developed by Corresponding Member of
NASU H.P. Borysov at 760-770 °C for 20, 40, 60, and
90 minutes. The principle of the thermotemporal treat-
ment of the AK7ch (Ti-B-Sr) alloy consisted in

superheating the melt in the range of 720-900 °C, stir-
ring the melt, holding it isothermally for 30 minutes, and
cooling from the specified temperatures in a sand
mold.

The ultimate degree of deformability of the experi-
mental alloys was evaluated by the method [11] during
the rolling of wedge-shaped specimens. Rolling was
performed at a speed of 0.3 m/s on a laboratory duo -
180 mill. The dimensions of the initial specimens ac-
cording to [11] were: hos = 3 mm, ho2 =11 mm, bo =10
mm, lp = 46 mm. Each experiment was repeated three
times.

The microstructure of the studied alloys was exam-
ined using a NEOPHOT-21 optical microscope.

Tests for general corrosion were carried out on flat
specimens 50x50x3 mm (three specimens). The tests
were conducted in a -4 humidity chamber according
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to a two-stage cycle: stage 1 — relative humidity ~98%,
t=4012 °C, 8 hours; stage 2 — relative humidity ~98%,
t = 18-20 °C, 16 hours. A total of 30 cycles were per-
formed.

Tests for susceptibility to intergranular corrosion
were performed on three specimens per variant. Spec-
imens of 20x10x3 mm were prepared for testing. The
tests were carried out by immersion in solution (1):
30 g/L NaCl + 10 mL/L HCI (d = 1.19 g/cm?), at a solu-
tion temperature of 18—20 °C. The duration of the tests
was 24 hours. For testing, the electrochemical method
of accelerated corrosion tests was used by recording
the anodic polarization curve, which reflects the
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corrosion resistance of alloys in a medium containing
CI” ions.

Polarization curves were obtained on an installation
including a MI-50-1 potentiostat with a NP-8 program-
mer in potentiostatic mode, holding the metal potential
until the anodic current stabilized. A silver—chloride
electrode was used as the reference electrode, and a
platinum electrode as the auxiliary one. Potential val-
ues were given relative to the normal hydrogen scale.

Results and Discussion

The appearance of characteristic specimens before
and after rolling is presented in Figures 1-2.
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a, b — AK7ch of the initial composition; ¢, d — AK7¢ch(Sr-Sc); a, ¢ — cast state; b, d — after hydrogen treatment

of the melt for 20 min.

Figure 1 — Samples of AK7ch and AK7ch(Sr-Sc) alloys in the initial state and after technological deformability

tests

C

a, b — AK7ch alloy of the initial composition; ¢, d — AK7ch(Ti-B-Sr) alloy; a, ¢ — casting from 720°C; b, d —

thermotemporal treatment (T=800°C, t=30 min)

Figure 2 — Samples of AK7ch and AK7ch(Ti-B-Sr) alloys before and after technological deformability tests

The results of the deformability limiting degree cal-
culations of the investigated samples are presented in
Figure 3.

Hydrogen melt treatment by 9% increases the de-
formability of the AK7ch alloy of the initial composition.
The maximum effect is produced by complex

physicochemical melt treatment— microalloying with the
“Sr-Sc” complex and hydrogen treatment for 20
minutes. In this case, the deformability of the alloy in-
creases by 60% compared with the as-cast alloy of the
initial composition (Figure 3a).
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a — AK7ch and AK7ch(Sr-Sc) after hydrogen melt treatment
b — AK7ch and AK7ch(Ti-B-Sr) after thermotemporal melt treatment
Figure 3 — Dependences of technological deformability of the experimental alloys
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During thermotemporal treatment of the AK7ch al-
loy of the initial composition, an increase in the ultimate
degree of deformability by 10% is observed; compari-
son of deformability data of the AK7ch alloy of the initial
composition and the AK7ch(Ti-B-Sr) alloy confirms the
fact of increased plasticity in the as-cast state when in-
troducing the (Ti-B-Sr) complex by 25%; the maximum
increase in deformability is obtained with complex
treatment, which includes microalloying (Ti-B-Sr) —
thermotemporal treatment (T=800°C, =30 min); the
deformability of the alloy increases by 46% compared
with the as-cast alloy of the initial composition.

Microstructures of AK7ch-type alloys — of the initial
composition, and AK7ch(Sr—Sc) in the as-cast state
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and after hydrogen treatment are presented in Figure
4, and of the AK7ch and AK7ch(Ti-B-Sr) alloys after
thermotemporal treatment — in Figure 5.

The Figures 4 and 5 demonstrate the a-Al grains
geometric orientation along the main deformation axis
and eutectic silicon and intermetallics partial refine-
ment.

To establish the regularities of the melt treatment
influence (Ti-Sr-B complex microalloying and ther-
motemporal melt treatment) on the AK7ch alloy corro-
sion properties, comparative corrosion tests were car-
ried out in a humid atmosphere. The corrosion rate
data are presented in Figure 6.

a, b — AK7ch, ¢, d — AK7ch(Sr-Sc)
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a, ¢ — without treatment, b, d — hydrogen treatment for 20 min
Figure 4 — Structure of AK7ch and AK7ch(Sr—Sc) alloys, x500

a, b — AK7ch, ¢, d — AK7¢ch(Ti-B-Sr)
a, ¢ — casting at 720°C; b, d — casting at 800°C

Figure 5 — Structure of AK7ch and AK7ch(Ti-B-Sr) alloys, x500

The most intensive and fastest corrosion occurs in
the AK7ch alloy crystallized from 720°C, both in the as-
cast and heat-treated states. A significant reduction in
the corrosion rate is achieved with TTO (thermotem-
poral treatment) at 800°C — by 84.3% in the as-cast
state and by 91.5% in the heat-treated state. A similar
decrease in the corrosion rate is observed during mod-
ification with the Ti-B-Sr complex. In this case, solidifi-
cation from 800°C shows good results.

The highest corrosion resistance is demonstrated
by the modified alloy in the as-cast state. Analysis of
polarization curves (Figure 7) indicates that maximum
resistance, similar to samples after heat treatment at
720°C, is exhibited by modified alloy samples after
heat treatment at 800°C. The most corrosion-resistant

alloy is AK7ch(Ti-B-Sr), which underwent additional
solid-state heat treatment under the T6 regime. Slightly
lower resistance was observed in the modified alloy in
the as-cast state. In contrast, the initial (unmodified) al-
loy showed noticeably poorer anticorrosion properties,
particularly in the heat-treated state, where its re-
sistance was the lowest among the tested samples.

Analysis of the influence of thermotemporal treat-
ment (TTO) on the corrosion resistance of the experi-
mental alloys shows that, according to the position of
the polarization curves, samples treated at 800°C have
higher corrosion resistance compared with samples af-
ter TTO at 720°C. The application of solid-state heat
treatment under the T6 regime further improves the an-
ticorrosion properties of silumins.
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1 (AK7q, TTO=720°C)

2 (AK74, TTO=720°C, T6)

4 (AK74, TTO=800°C)

6 (AK74, TTO=800°C, T6)

7 (AK7u (Ti-B-Sr), TTO=720°C)

9 (AK7u (Ti-B-Sr), TTO=720°C, T6)
10 (AK7q (Ti-B-Sr), TTO=800°C)

12 (AK74 (T1-B-Sr), TTO=800°C, T6)
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Figure 6 — Corrosion rate
treatment regimes
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Figure 7 — Polarization curves of AK7ch and AK7ch(Ti-Sr-B) alloys in the additionally heat-treated state after

testing in 0.1 M NaCl solution

The results of tests in an acidic environment (Figure 8) confirm this trend. In particular, AK7ch(Ti-Sr-B) alloys
treated at 720°C exhibited higher corrosion resistance than the unmodified AK7ch alloy.
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Figure 8 — Polarization curves of AK7ch and AK7ch(Ti-Sr-B) alloys in the additionally heat-treated state after

testing in an aqueous solution of 3% NaCl + 1% HCI
The lowest corrosion resistance, according to po-

larization characteristics, is demonstrated by the
AK7ch sample in the as-cast state. Application of T6
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heat treatment slightly improves its anticorrosion prop-
erties. The highest corrosion resistance was shown by
the sample subjected to TTO at 800°C in the as-cast



state, while the AK7ch(Ti-Sr-B) sample after T6 treat-
ment showed slightly lower resistance.

The data on general corrosion studies indicate that
both microalloying of the AK7ch alloy with the Ti-Sr-B
complex and thermotemporal treatment (T=800°C,
t=30 min) increase overall corrosion resistance.

Conclusions

Using the improved methodology for determining
the limiting degree of metals deformation during
wedge-shaped samples rolling, the dependences of
technological deformability of AK7ch and AK7ch(Sr—
Sc) alloys on hydrogen melt treatment regimes were
obtained, indicating a 60% increase in deformability
compared with the as-cast alloy of the initial composi-
tion. The dependences of technological deformability
of AK7ch and AK7ch(Ti-Sr-B) alloys on thermotem-
poral melt treatment regimes were obtained, showing
that deformability increases by 46% with microalloying
by the Ti-Sr-B complex and thermotemporal treatment
(T=800°C, t=30 min) compared with the as-cast alloy
of the initial composition.
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The structures of AK7ch and AK7ch(Sr-Sc) alloys
in the as-cast state and after hydrogen treatment (20
min), as well as AK7ch and AK7ch(Ti-Sr-B) alloys in
the as-cast state and after thermotemporal treatment
(T=800°C, t=30 min) after rolling to the limiting degree
of deformation, were studied. In all investigated sam-
ples, a pronounced geometric orientation of a-Al solid-
solution grains along the main deformation axis was
observed. Partial fragmentation of eutectic silicon and
intermetallic phases was also recorded, which poten-
tially improves the performance properties of the al-
loys.

The application of thermotemporal treatment at
800°C and the Ti—-Sr—B complex microalloying of the
AK7ch alloy significantly increases its corrosion re-
sistance. The lowest resistance is exhibited by the ini-
tial alloy in the as-cast and heat-treated states after
crystallization from 720°C. A significant decrease in the
corrosion rate — up to 91.5% — was determined as a
result of complex treatment.
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