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EFFECT OF MODES OF HOMOGENIZATION OF INGOTS ON THE

MICROSTRUCTURE, PHASE COMPOSITION AND MECHANICAL

PROPERTIES OF ALLOY 01570 AT ELEVATED TEMPERATURES
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The effect of heat treatment of aluminum alloy 01570 on the microstructure, phase composition and mechani-

cal properties of an ingot at elevated temperatures is studied. An optimum mode of heat treatment raising the

strength properties of alloy 01570 at good ductility in the range of elevated temperatures is suggested.

Key words: microstructure, microscopic x-ray spectrum analysis, aluminum alloy, heat treatment,

strength, ductility, phase composition.

INTRODUCTION

Alloy 01570 belongs to commercial nonhardenable de-

formable medium-strength alloys of the Al – Mg – Mn sys-

tem. Its process properties in the metallurgical production are

close to those of AMg6. However, 01570 may be used for

making semiproducts with higher strength characteristics

and corrosion resistance and better weldability than alloy

AMg6.

Hardening of alloys of the Al – Mg system due to low

additives of scandium and zirconium is commensurable to

the hardening due to the main component, i.e., magnesium.

Annealed sheets from alloy AMg6 (6% Mg – 0.6% Mn) have

a yield strength �
0.2

= 160 – 180 MPa; similar sheets from

alloy 01570 (6% Mg – 0.4% Mn – 0.2% Sc – 0.1% Zr) have

�
0.2

= 300 – 320 MPa, i.e., the low additives of scandium

and zirconium almost double the yield strength. This allows

us to speak of the Al – Mg – Sc – Zr system as a base one for

not heat-hardenable alloys of a novel type [1].

Investigations of scandium alloying of 01570 are conti-

nued and promise further improvement of the properties, es-

pecially in the case of accelerated rates of cooling and crys-

tallization, which permit elevation of the content of scan-

dium in the alloys in question [2]. Scandium has first been

used as an alloying element for aluminum alloys in the 1980s

and turned out to be the most effective of the known alloying

elements. Precipitates of phase Al
3
Sc are much finer (1 –

10 nm) than precipitates of Mn and Zr aluminides. Intro-

duced in an amount of 0.15 – 0.25% scandium provides high

precipitation hardening in the ingots at correctly chosen tem-

perature regimes of their treatment. The hardening of de-

formed semiproducts from aluminum alloys due to Mn, Zr

and Cr additives is largely determined by the formation of a

subgrain structure in them and is less dependent on the pre-
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TABLE 1. Chemical Composition of Aluminum alloys AMg6 and 01570

Alloy

Content of elements,* wt.%

Mg Mn Zn Cu Fe Si Sc Zr Ti

AMg6 6.4 0.60 0.10 0.15 0.30 0.20 – – 0.05

01570 6.0 0.47 0.06 0.03 0.13 0.05 0.22 0.07 0.02

*
The remainder aluminum.

DOI 10.1007/s11041-016-9989-4



cipitation hardening; the hardening due to scandium addi-

tives, for example, in the alloys of the Al – Mg system de-

pends on both these factors. In addition, the alloys of the

Al – Mg and Al – Zn – Mg systems with a scandium addi-

tive, especially when it is introduced together with zirco-

nium, exhibit hardening after a heat treatment in all de-

formed semiproducts including strongly cold-deformed

sheets [3, 4]. The Al
3
Sc intermetallics possess a crystal struc-

ture of type L1
2
with lattice constant differing by only 1.34%

from the lattice constant of aluminum at 24°C. By varying

the proportion of Sc and aluminum in the alloy we can attain

full correspondence between the Al
3
Sc intermetallics with

L1
2
-type structure and the aluminum matrix [5]. The addition

of zirconium raises the strength characteristics and the resis-

tance to recrystallization of the alloy due to formation of

Al
3
(Sc, Zr) aluminides.

The strength and ductility characteristics, the resistance

to crack nucleation and propagation under static and cyclic
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TABLE 2. Modes of Heat Treatment of Ingots from Alloy 01570

HT mode t, °C �, h

1 No heat treatment

2 445 8

3 500 8

4 500 24

5 530 8
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Fig. 1. Microstructure (a) and inter-

metallics (b ) in an ingot of alloy 01570

obtained by semi-continuous casting

and maps of distribution of the elements

(c – k ).



loads of aluminum alloy 01570 exceed the similar parame-

ters of many aluminum alloys [6]. If we take into account

that the corrosion resistance and the weldability of the alloy

are quite high, we will see that it promises much for the air-

craft industry. Most attention in the production of aircrafts is

devoted to lowering the weight and raising the endurance of
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TABLE 3. Parameters of the Microstructure of Ingots of Alloy 1570

HT mode Microstructure of the ingot Element composition of grain bodies, wt.%
Intermetallics over

grain boundaries

�, %,

at 410°C

No HT (1 ) Al – 6% Mg – 0.48% Mn – 0.2% Sc Al
3
Mg

2
,

Al
6
(Mn, Fe),

Al
3
(Sc, Zr)

24

445 °C, 8 h (2 ) Al – 6% Mg – 0.47% Mn – 0.2% Sc Al
6
(Mn, Fe),

Al
3
(Sc, Zr),

Al
3
Sc

34

500 °C, 8 h (3 ) Al – 6% Mg – 0.4% Mn – 0.2% Sc – 0.1% Zr Al
6
(Mn, Fe),

Al
3
(Sc, Zr),

Al
3
Sc

55

500 °C, 24 h (4 ) Al – 6% Mg – 0.4% Mn – 0.2% Sc – 0.1% Zr Al
6
(Mn, Fe),

Al
3
(Sc, Zr)

57

530 °C, 8 h (5 ) Al – 6% Mg – 0.4% Mn – 0.2% Sc – 0.1% Zr Al
6
(Mn, Fe),

Al
3
(Sc, Zr)

62

Notes. 1. The inclusions are denoted as in Figs. 1 and 2.

2. The modes of the heat treatment are numbered conventionally in parentheses.



the parts. For this reason, elevation of the strength of the ma-

terials used is very important for raising the reliability of the

articles [7].

The operating characteristics can be improved by provid-

ing the specified microstructure and properties [8]. Heat

treatment (HT) is one of the methods used for the purpose.

Advancement of the process of production of articles from

alloy 01570 makes researchers study the effect of HT modes

on the microstructure, mechanical and casting properties of

the alloy [9].

Severe plastic deformation of articles from alloy 01570

has become a subject of relatively many recent studies. In ad-

dition to solid solution hardening, this method provides

structural hardening due to formation of grains less than

1000 nm in size and a developed substructure and elevation of

the dislocation density. The coherent particles of Al3(Sc, Zr)

present in the alloy prevent intense creep and annihilation of

dislocations and migration of boundaries thus making the

forming structure more thermally stable [10 – 12]. Investiga-

tion of the influence of HT of ingots from alloy 01570 on the

mechanical properties at elevated temperatures is also impor-

tant for advancing the processes of severe plastic defor-

mation.

The aim of the present work was to study the effect of

heat treatment of alloy 01570 on the microstructure, phase

composition and mechanical properties of ingots at elevated

temperatures.
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Fig. 2. Microstructure (a) and inter-

metallics (b ) in alloy 01570 after heat

treatment by regime 1 (445°C, 8 h) and

maps of distribution of the elements

(c – k ).
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Fig. 3. Mechanical properties of alloy

01570 subjected to HT at 445 – 530°C

for 8 – 24 h as a function of the test tem-

perature.



METHODS OF STUDY

We studied ingots of aluminum alloy 01570 with cross

section 400 � 1600 mm obtained by semi-continuous cast-

ing. The chemical composition of the alloy is presented in

Table 1. The ingots were heat treated for raising their strength

at preserved good ductility in the range of elevated tempe-

ratures.

To determine the appropriate mode of heat treatment and

estimate the conditions for irreversible changes in the struc-

ture and mechanical properties of alloy 01570 we studied

five batches of ingots (Table 2).

We determined the temperature dependences of the ulti-

mate strength, of the conventional yield strength and of the

ductility at elevated temperatures (340 – 470°C). The me-

chanical tests were performed by the standard methods at the

“KUMZ” Company.

The microstructure of the ingots of alloy 01570 was

studied by the methods of quantitative metallography and

x-ray phase analysis using a JSM-5900 LV scanning electron

microscope. The microscopic x-ray spectrum analysis

(MXRSA) of the phase components of an ingot was con-

ducted with 5% relative error of the determination of the

content of the chemical elements (contained in the metal in

an amount of less than 10%) and 1% relative error for the

chemical elements with over 10% concentration.

RESULTS AND DISCUSSION

We studied the microstructure of cast specimens of alloy

01570 after different modes of HT (Table 2). The micro-

structure of all the castings had a well manifested dendritic

pattern; the crystallization developed by a cellular-dendritic

mechanism (see Figs. 1 and 2). After the HT the microstruc-

ture of the alloy changed. In particular, this concerned the

composition and the content of the intermetallics decorating

the grain boundaries. The elements composing the bodies of

grains and the compositions of the intermetallics decorating

the grain boundaries depended on the HT of the ingot (Ta-

ble 3). Upon increase in the homogenization temperature of

the ingot to 500°C the element composition in the body of

grains acquires zirconium in an amount of 0.1 wt.%. The

microstructure of the not heat treated specimen bears crystals

of Al
3
Mg

2
, Al

6
(Mn, Fe) and Al

3
(Sc, Zr) intermetallics over

grain boundaries; after the heat treatment the Al
3
Mg

2

intermetallic disappears. The HT by variants 2 and 3 yields

an Al
3
Sc phase over grain boundaries (Fig. 2). The presence

of Al
6
(Mn, Fe) and Al

3
(Sc, Zr) intermetallics over grain

boundaries has been detected in all the ingots studied. Amix-

ture of Al
2
O

3
, MgAl

2
O

4
, MgO, and SiO

2
oxides (the black

layers in the photographs of the microstructures) has also

been detected over grain boundaries. Heat treatment of the

ingots lowers the content of oxides on their grain boundaries.

We tested specimens of ingots of alloy 01570 after dif-

ferent modes of HT (Table 2) and determined the tempera-

ture dependences of the ultimate strength, the conventional

yield strength, the elongation, and the contraction at 340 –

470°C. The results of the measurements are presented in

Fig. 3; their analysis is presented in Table 4.

With growth of the HT temperature from 445 to 530°C

the ductility parameters in the test range t
test

= 340 – 470°C

increase to different degrees. Prolongation of the time of the

homogenization virtually does not affect the situation. It

should be noted that the decrease in the ultimate strength and

the yield strength is virtually the same (about 70%) for the

studied range of the HT temperatures, while the growth in

the ductility characteristics differs substantially (Table 4).

The resulting combination of properties is optimum after the

treatment by variant 1, i.e., 445°C for 8 h.

CONCLUSIONS

1. The element composition of grains and the composi-

tion of the intermetallics decorating grain boundaries depend

on the mode of heat treatment (HT) applied to the ingots of

aluminum alloy 01750. Growth in the HT temperature to

500°C is accompanied by the appearance of 0.1 wt.% zirco-

nium in grain bodies.

2. The microstructure of the ingot of alloy 01570 not

subjected to HT (initial condition) bears crystals of Al
3
Mg

2
,

Al
6
(Mn, Fe) and Al

3
(Sc, Zr) intermetallics on grain bound-

aries. After the HT the Al
3
Mg

2
intermetallic disappears; after

the treatment at 500°C and higher temperatures an Al
3
Sc

phase appears on grain boundaries. The presence of

Al
6
(Mn, Fe) and Al

3
(Sc, Zr) crystals over grain boundaries is

detected after all the tested variants of HT.

3. Growth in the test temperature from 340 to 470°C

lowers the strength characteristics of alloy 01570 by about

70% whatever the treatment mode. The ductility characteris-

tics increase differently; in the specimen without HT the in-

crease in the elongation is the lowest (5%), whereas in the

specimen after the HT at 445°C for 8 h the increase in the

elongation is the highest (31%).
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