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Abstract. The paper presents the study on mechanical and corrosion properties of rolled sheet products from a new alloy
of the Al-Mg-Sc system in a deformed and heat treated state. Its use and development of technologies for the production
of relevant parts for automobile and shipbuilding industries are important today due to the tasks of downstream alumi-
num processing, which are solved by RUSAL, and confirmed by the state support of a comprehensive project aimed at
creating a high-technology production division, being currently carried out by the Bratsk Aluminium Smelter and Sibe-
rian Federal University. To determine mechanical and corrosion properties, the authors used sheets and coils rolled on
industrial reversing hot rolling mill Quarto 2800. The tensile test was used to study deformed samples after rolling and
samples produced in five heat treatment modes with varying heating temperatures of 300, 350 and 380°C and a soaking
time of 1 and 3 hours. The studies on samples of rolled products with various thicknesses showed that as compared to
the initial state, steel strength properties after heat treatment decrease by 12-20% on average, and ductility properties
(9) increase by 50-65%. In this case, heat treatment modes 1-3 give a fairly good ratio of strength and ductility proper-
ties. The level of these properties is comparable to the properties of alloy 01570. It is noted that a trend in a decrease in
strength properties and a growth of ductile properties with increasing heat treatment temperature is also observed for
samples of rolled products produced by various methods of cold rolling (cut-to-length sheets and in coils). If sheet
thickness is similar, strength properties are higher, when sheets are cut-to-length rather than in coils. The corrosion tests
of sheets with different thicknesses showed that the heat treatment modes under study do not have a significant influ-
ence on alloy resistance to intergranular corrosion.
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products [1, 2]. A promising direction in solving

Introduction

At present, there is a need for high-quality
aluminum alloys for parts of transport engineering,
including for the automotive and shipbuilding
industries. The main requirements for these alloys
are corrosion resistance, weldability in combination
with strength and high processability in pressure
treatment, especially during rolling, as the main type
of semi-finished products for these industries is
sheet metal. This complex of properties is supported
by the alloys of the aluminum-magnesium system.
However, the resource of the strength characteristics
of traditional magnalicides, belonging to the class of
thermally unsupported alloys, is limited. In this
regard, the wurgent task facing the domestic
metallurgical industry is the development of
compositions of new alloys that would allow them
to be used to improve the strength, plastic and
corrosion properties of deformed semi-finished
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these problems is the creation of alloys based on the
Al-Mg system complexly doped with transition
metals that combine high mechanical and
operational characteristics. An effective modifier of
the cast grain structure of aluminum alloys is
scandium, which makes it possible to obtain ingots
by the method of continuous casting, which have a
non-dendrite structure. In this connection, magnanes
doped with scandium are considered to be the most
promising alloys capable of providing the above
complex of properties [3—15]. From the alloys used
in industrial production, it is possible to identify
alloy 01570, in which the scandium content reaches
0.35% [3, 4]. Complex alloying of alloys with
transition metals will reduce the content of
expensive  scandium  without affecting the
properties. The production of deformed semi-
finished products from such alloys by classical
methods of metal processing (rolling, extruding,
forging, etc.) will reduce the mass and cost of
products without loss of strength and corrosion
resistance.
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Technology for production of rolled semi-
finished products from economically alloyed with
scandium aluminum alloys are currently no. This is
especially true for the hot rolling process of an
ingot, the initial structure of which does not allow
heating above the critical temperatures, which can
lead to a drop in the strength properties of rolled
products. Moreover, the subsequent cold rolling of
the hot-rolled billet, accompanied by intermediate
annealing, usually presents no difficulties, since it
has been worked on conventional magnitudes.

As part of the implementation of a joint
integrated project 03.G25.31.0265 «Development of
economically alloyed high-strength Al-Sc alloys for
use in road transport and navigation» together with
the Bratsk Aluminum Smelter, studies were carried
out on the rolling regimes as well as on the
properties of deformed semi-finished products
obtained by hot and cold rolling from a new alloy
[16-20]. However, the task of obtaining the required
complex of mechanical properties of rolled products
from a new alloy after the final heat treatment has
not yet been solved.

Therefore, the aim of this work was to search for
such heat treatment regimes for deformed semi-
finished products that would provide a combination
of high strength and plastic characteristics of rolled
products from the P-1580 alloy of the Al-Mg system
doped with scandium within the range 0.10-0.12%.

Methods of carrying out researches

To achieve this goal, we evaluated the mechani-
cal and corrosion properties of rolled products of
various thicknesses and species obtained on an in-
dustrial reversible hot rolling mill Quarto 2800.

Studies mechanical properties of metal after
rolling and annealing were carried out by tensile
testing machines Zwick Z 250 and LFM400. From
the obtained strips, flat samples were cut, which
were subjected to tensile tests at room temperature
and a specified deformation rate.

In determining the strength and plastic proper-
ties of the samples, the change in the length of the
working part of the sample was recorded each time,
and also the value of the tensile force corresponding
to this change.

To evaluate the effect of heat treatment on the
parameters of mechanical properties, used 5 modes.

1. Temperature 300 °C, holding time 1 h.

2. Temperature 300 °C, holding time 3 h.

3. Temperature 350 °C, holding time 1 h.

4. Temperature 350 °C, holding time 3 h.

5. Temperature 380 °C, holding time 1 h.

The results of the research and analysis

Tables 1 and 2 show the mechanical properties
of samples of the P-1580 alloy from 8.8 mm and
6 mm thick sheets obtained by hot rolling and cut in
the transverse direction.

Table 1

Mechanical properties of samples of alloy P-1580
from sheet thickness of 8.8 mm in hot-rolled
and heat-treated conditions

Condition, .
heat tre;atment ]\l}‘f)”a Ry, MPa| A, % lfstgltr}?fllt‘zl(‘ln
regime

hot-rolled 396 281 19.7 50
1 394 275 20.6 50
3 388 272 19.0 50
5 388 264 18.9 50

Table 2

Mechanical properties of samples of alloy P-1580
from sheet thickness of 6 mm in hot-rolled
and heat-treated conditions

Condition,

heatreatment | i | 8| A% | g
regime

hot-rolled 453 386 6.1 130
1 396 299 13.4 130
2 394 297 14.6 130
3 390 292 12.3 130
4 390 290 13.6 130
5 389 288 17.2 130

Analysis of mechanical properties shows that, in
comparison with the initial state, the strength charac-
teristics (R,) of samples after heat treatment are re-
duced by 12-20%, and the plastic (A) increases by
50-65%. In this case, the heat treatment regimes
1-3 give a fairly good ratio of strength and plastic
properties, comparable to those of alloy 01570, doped
with scandium within the range 0,17-0,35% [3].

According to the test results, it can be seen that
the above-mentioned patterns of changes in mechan-
ical properties are also characteristic for sheets of
smaller dimensions. At the same time, as the thick-
ness of the hot-rolled sheet decreases, the strength
characteristics increase, while the plastic character-
istics decrease, which is associated with an increase
in the degree of total deformation during rolling.

Similar studies were carried out for the samples
of the investigated alloy P-1580, cut from cold-
rolled sheets with dimensions 4,5x300x300 mm and
1,5%x300x300 mm. The results of the tests are given
in Table 3 and Table 4.
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Table 3

Mechanical properties of samples of alloy P-1580 from a
sheet of dimensions 4.5%300x300 mm in cold-rolled and
heat-treated conditions

Condition, .
heattreament | i || A% | oo
regime
cold-rolled 458 402 54 110
1 401 314 15.4 110
2 404 314 15.7 110
3 398 307 14.6 110
4 397 305 14.4 110
5 399 311 13.7 110
Table 4

Mechanical properties of samples of alloy P-1580
from a sheet with dimensions of 1.5x300x300 mm
in cold-rolled and heat-treated conditions

Condition, .

v | f | B T o] Eomacs
regime

cold-rolled 432 371 8.4 60
1 386 280 | 21.1 60
2 389 279 | 183 60
3 378 273 | 21.8 60
4 381 270 | 20.0 60
5 380 270 | 21.8 60

According to the results of the research, it can
also be concluded that heat treatment regimes 1-3
provide an optimal combination of strength and

plastic properties. The use of regimes 4 and 5 gives
relatively low values of the yield strength of the
metal (Tables 1 and 4), so their use is not recom-
mended.

To assess the effect of heat treatment regimes on
the mechanical properties of cold-rolled samples of
alloy P-1580, obtained by card and rolled rolling,
the above-mentioned modes of tensile tests. The
results of research the mechanical properties of
samples of alloy P-1580 from sheets with dimen-
sions of 6x300x300 mm in different states are
shown in table 5. The tests were carried out on
LFM400 testing machines with a force of 400 kN
and Instron 5982 with a force of 100 kN (laboratory
tests) and a Zwick Z 250 testing machine with a
force of 250 kN (industrial tests).

The results of tests on the LFM400 test machine of
the mechanical properties of the samples of the P-1580
alloy from sheets of 6x300%300 mm, produced by roll
rolling, in a different state, are given in Table 6.

Analysis of the data given in Table 5 and 6,
shows that the level of mechanical properties of the
obtained samples is high enough. The tendency to
decrease strength properties and plastic growth with
increasing heat treatment temperature is observed
for rolled products, regardless of the rolling method.
However, the strength parameters at the same thick-
ness of the sheet are slightly higher for card rolling,
which, apparently, can be explained by the greater
degree of hardening of the metal during card rolling
due to the more rigid treatment scheme.

Table 5

Mechanical properties of samples of alloy P-1580 from sheets with dimensions 6x300x300 mm, received by card
rolling in the deformed and heat-treated conditions

R,, MPa R,, MPa A, % Condition,
Ne of] sam- ? heat treatment
pie Lab tests | Industrial tests | Lab tests | Industrial tests | Lab tests |Industrial tests regime
1 449 453 398 386 9.1 6.1% cold-rolled
2 443 - 362 - 8.9 - cold-rolled
1 391 396 296 299 18.5 13.4 300°C, 1h
2 383 - 286 - 19.6 - 310°C, 1h
1 388 394 292 297 22.2 14.6 300°C,3h
2 383 - 280 - 224 - 310°C,3h
1 - 390 - 292 - 12.3* 350°C, 1h
2 370 267 21.0 360°C, 1h
1 - 390 - 290 21.8 13.6* 350°C,3h
2 374 262 22.0 360°C,3h
1 - 389 - 288 - 17.2 380°C, 1h
2 369 - 257 - 233 - 390°C, 1h

* - the sample broken by 1/8 of the initial length
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Table 6

Mechanical properties of samples of alloy P-1580 from
sheets of with dimensions 6x300x300 mm in deformed
and heat-treated conditions obtained by roll rolling

Ne of Condition,
Ry, MPa| R, MPa | A, % |heat treatment
sample P .
regime
1 431 309 8.9 cold-rolled
2 428 306 8.2 cold-rolled
3 410 322 8.2 cold-rolled
average 423 312 8.5 cold-rolled
1 388 287 17.5 300°C, 1h
2 329 282 18.5 300°C, 1h
3 389 299 146 | 300°C,1h
average 389 289 16.9 300°C, 1h
1 388 288 18.7 | 300°C,3h
2 392 270 18.7 | 300°C,3h
3 389 276 17.3 | 300°C,3h
average 389 278 18.2 300 °C,3 h
1 380 270 18.7 | 350°C,1h
2 380 273 19.1 350°C,1h
3 387 272 21.0 | 350°C,1h
average 382 272 19.6 350°C,1h
1 384 275 19.8 | 350°C,3h
2 384 266 19.5 | 350°C,3h
3 381 250 194 | 350°C,3h
average 382 264 19.6 350°C,3h
1 384 254 21.8 | 380°C,1h
2 382 264 22.5 | 380°C,1h
3 385 259 212 | 380°C,1h
average 384 259 21.8 380°C,1h
Table 7

Results of corrosion tests of alloy samples P-1580

The results of corrosion tests of sheets tested in
accordance with the requirements of State standard
9.021-74 and ASTM G67 (Table 7) for samples of
different thickness subjected to thermal treatment in
the above modes showed that the investigated heat
treatment conditions practically do not affect the
alloy's resistance to intergranular corrosion.

Conclusion

Thus, the conducted studies allow us to recom-
mend heat treatment regimes 1-3, which are charac-
terized by an optimal combination of mechanical
properties and the absence of intergranular corro-
sion. The choice of a particular regime should be
specified by the requirements of the consumer of the
product to its mechanical properties.

The article was prepared using the results of the pro-
Jject 03.G25.31.0265 «Development of economically al-
loyed high-strength Al-Sc alloys for use in road transport
and navigation» within the framework of the Program for
the implementation of comprehensive projects for the
creation of high-tech production, approved by Resolution
of the Government of the Russian Federation of April 9,
2010 No. 218.
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UHDOPMALIUA O CTATBE HA PYCCKOM

https://doi.org/10.18503/1995-2732-2019-17-1-76-81

WCCNENOBAHUE BIIMAHWA PEXUMOB TEPMOOBPABOTKU HA MEXAHWYECKUE
1 KOPPO3NOHHBLIE CBOUCTBA NIUCTOBOIO NMPOKATA U3 HOBOIro
ANOMUHUEBOIO CMNJIABA, 3KOHOMHO NNETMPOBAHHOIO CKAHAVEM

Bapanos B.H., Cuznensuukos C.b., 3enkun E.10., Koncrantunos MN.JI., Jlonaruna E.C.,
Sxusbtok O.B., Bopoumos JI.C., benoxonosa WU.H., ®ponos B.A.

Cubupckuit Gpenepanbhsiii yausepeuret (COY), KpacHosipek, Poccust

ITAO «PYCAIJI Bparck», Bparck, Poccust

Annomayus. IlpuBeneHsl pe3yibTaThl MCCIIEI0BAHUN
MEXaHHYECKHX M KOPPO3HOHHBIX CBOWCTB JIHCTOBOTO
MpoKaTa M3 HOBOrO cIulaBa cucteMbl Al-Mg—Sc B ne-
(opmupoBaHHOM U TepMOOOPaOOTAaHHOM COCTOSIHUH.
AKTYaJIbHOCTh MCIIONIb30BaHMs M Pa3pabOTKH TEXHOJIO-
Uil IPOU3BOJCTBA U3 HETO JeTallel i1 aBTOMOOHIe- U
CyaocTpoeHns 00OCHOBaHA 3ajauaMu I'TyOOKo# mepepa-
OOTKH aTIOMUHUS, penraeMbIMu Komnanueit «<PYCAJI», n
MOATBEPHKIAETCA TOCYIapPCTBEHHOH MOMIEPKKOH KOM-

IUIEKCHOT'O MPOEKTA 110 CO3JJaHHIO BBICOKOTEX HOJIOTMYHO-
TO TIPOM3BOJCTBA, BBINOJIHACMOIO B HACTOALICE BPEMSA
BparckuM anroMHUHHEBBIM 3aBoioM u CnbupckuM dere-
paibHBIM YHHUBEPCUTETOM. B KkauecTBe MaTepuanoB yis
OMNPEACIICHNS MEXaHUYICCKUX W KOPPO3HOHHBIX CBOWCTB
HCIIONBb30BAIIH JIUCTBI U PYIIOHBI, OTy4EHHBIE IPOKATKOM
Ha IPOMBILIIICHHOM peBepcuBHOM crane Ksapro 2800.
MetosoM HCHBITaHMI Ha pa3pbiB HcciegoBanu aedop-
MHpOBaHHBIE 00pa3Ibl MOCIE NPOKATKH M 00pa3bl, MO-

BecmHuk MITY um. .M. Hocoea. 2019. T.17. Ne1

80



Study on the influence of heat treatment modes on mechanical ...

Baranov V.N., Sidelnikov S.B., Zenkin E.Yu. et al.

JIy4eHHBIE 110 ST PEKUMAM TePMOOOPaOOTKH C BapbH-
poBanuem temmepatyp Harpesa 300, 350 u 380°C u Bpe-
MCHH BBIJCPIKKH B II€YN lu3u PC3yJTBTaTBI HCCIIea0Ba-
HHMI Ha 00pa3lax U3 MPOKATa Pa3IMYHOI TONIIUHBI IT0Ka-
3aJId, 4YTO IO CPABHCHUID C HCXOAHBIM COCTOSHHEM
MPOYHOCTHBIE XapAaKTEPHCTHKN METajlla MocIe TepMo00-
PabOTKU CHIDKAIOTCS B cpeaHeM Ha 12-20%, a miactude-
ckue (8) yBenuumBarorcs Ha 50-65%. Ipu 3ToM peskxnMbl
TepMooOpaboTKN 1-3 HalOT JOCTATOYHO XOPOIIEE COOT-
HOIICHUE NIPOYHOCTHBIX M IUIACTHYECKUX CBOMCTB. Ypo-
BEHb DTUX CBOHCTB COIOCTABUM CO CBOIMCTBAMH CIUIaBA
01570. OTMeueHO, YTO TEHACHIMS CHWKECHHS TIPOYHOCT-
HBIX CBOMCTB M pocTa IUIACTUYECKUX C YBCIHMYCHUEM

TeMIIepaTypbl TepMOOOPaboTKH Habonaercs u Wit 00-
PA3sLOB MPOKATa, HOMYYCHHOrO Pa3IM4YHBIMU CHOCO0AMU
XONOJIHOM TPOKAaTKU (KAapTOYHBIM M PYNOHHBIM). Ilpu
9TOM MPOYHOCTHBIC IOKA3aTeNU IPH OJHHAKOBOH TOI-
LIMHE JIUCTa HECKOJIBKO BBILIE NP KapTOYHOIl MpoKaTKe
10 CPaBHEHHUIO C PYJIOHHOMH. Pe3ynbTaThl KOPPO3HOHHBIX
HCTBITAHHUH JIUCTOB pasnnqﬂoﬁ TOJIIMHBI MOKa3ajivi, 4YTO
HCCIICAOBAHHBIC PEKHUMbI TepMOO6p360TKI/I TIPAKTHYCCKH
HE BJIMSIOT Ha CTOWKOCTH CIUIaBa K Me)KKpPlCTaJ'[J'IHTHOﬁ
KOPPO3HH.
Knrouesvle cnosa: amoMuHHEBBIC CIUIaBbl, MarHaliiu,
CKaH/Mi, TOpsYas MpOKaTKa, TepMooOpaboTKa, MEXaHH-
4ecKHe CBOHCTBa
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