
42

Izvestiya. Non-Ferrous Metallurgy  •  2024  •  Vol. 30  •  No. 1 •  P. 42–54

Slavinskaya N.A., Ri Н., Ri E.Н., Zhivetev A.S. Effects of quenching temperature on the structure, segregation, and properties...

PHYSICAL METALLURGY AND HEAT TREATMENT / МЕТАЛЛОВЕДЕНИЕ И ТЕРМИЧЕСКАЯ ОБРАБОТКА

UDC 620.181 : 669

https://doi.org/10.17073/0021-3438-2024-1-42-54

Research article

Научная статья

©  2024 г.  N.A. Slavinskaya, H. Ri, E.H. Ri, A.S. Zhivetev

Effects of quenching temperature 
on the structure, segregation, and properties 
of the AM4.5Kd + 0.2 wt.% La alloy 
after artificial aging

N.A. Slavinskaya, H. Ri, E.H. Ri, A.S. Zhivetev

Pacific National University
136 Tikhookeanskaya Str., Khabarovsk 680035, Russia

  Andrei S. Zhivetev (007881@pnu.edu.ru)

Abstract: The identification of structural components in the AM4.5Kd + 0.2 wt.% La alloy, subjected to quenching at different temperatures 

(535–605 °C) and artificial aging at 155 °C for 4 h, was conducted through electron microscopy and XRD. An increase in the quenching 

temperature (tq) from 535 to 605 °C promotes the enlargement of structural components, including the α-solid solution, various aluminides, 

and eutectics. We observed that the base metal is not homogeneous in its chemical composition, consisting of two types of solid solutions: α1 

and α2. The Cu and Mn solubility in the α2-solid solution is higher than in the α1-solid solution. As the quenching temperature increases to 

tq = 605 °C, the copper content in the α1-solid solution decreases. In contrast, the copper content in the α2-solid solution follows a curve with 

two maxima at 545 °С (4.5 at.%) and 585 °С (8.7 at.%). The Mn content in the α1-solid solution decreases sharply to the 545 °С quenching 

temperature and remains relatively constant up to tq = 605 °С (0.2 at.%). The Mn content in the α2-solid solution follows a curve with its 

maximum at tq = 545 °С (4.3 at.% Mn). Subsequent temperature rise results in a sharp drop in Mn content from 1.0 at.% at tq = 565 °С to 

0.3 at.% at 605 °С. Hence, the max solubility of Cu and Mn in the α2-solid solution occurs at 545 °C. At 585 °С, only an elevated Cu content 

(~8.7 at.%) was observed. Aluminides of alloying elements with different stoichiometries crystallize at different quenching temperatures, 

with complex AlxTiyLazCuvCdw and AlxCuyMnzCdv alloyed aluminides being most commonly found. ncreasing the quenching temperature 

to 535–545 °С results in higher hardness of the AM4.5Kd + 0.2 wt.% of La alloy, reaching 98–104 HB, with subsequent decrease to 60 HB 

as the quenching temperature reaches 605 °С. The hardness of the unhardened alloy is 60 HB. The optimal quenching temperature for the 

AM4.5Kd + 0.2 wt.% of La alloy is in the range of 535–545 °С. This temperature corresponds to the highest hardness of the alloy and the 

microhardness of the aluminide.
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Introduction

The enhancement of aluminum alloys, both at stan-

dard and elevated temperatures, is frequently employed 

to manufacture dependable and durable components 

for the aerospace and automotive industries [1]. Their 

strength characteristics closely resemble those of gray 

cast iron and carbon steel [2]. However, it is noteworthy 

that aluminum alloys exhibit lower wear resistance com-

pared to the latter materials [3; 4].

It has been established that Al—Cu alloys exhibit 

high heat resistance, as exemplified by the AM5 casting 

alloy (GOST 1583—93) and the deformable alloys 1201, 
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Аннотация: Методами электронно-микроскопического исследования и микрорентгеноспектрального анализа элементов 

идентифицированы структурные составляющие сплава АМ4,5Кд + 0,2 мас.% La после закалки с различных температур 

(t = 535÷605 °С) и искусственного старения при t = 155 °С в течение 4 ч. Повышение температуры закалки от 535 до 605 °С 

способствует укрупнению структурных составляющих – α-твердого раствора, алюминидов различного состава, эвтектики. 

Установлено, что металлическая основа неоднородна по химическому составу и состоит из двух видов твердого раствора – 

α1 и α2. В α2-твердом растворе растворяются в большей степени Cu и Mn, по сравнению с α1-твердым раствором. С увеличени-

ем температуры закалки до 605 °С содержание меди в α1-твердом растворе уменьшается, в то же время в α2-твердом растворе 

концентрация меди изменяется по экстремальной зависимости с двумя ее максимумами при температурах 545 °С (4,5 ат.%) и 

585 °С (8,7 ат.%). Содержание марганца в α1-твердом растворе резко снижается до температуры закалки 545 °С, а затем оста-

ется без изменения до t = 605 °С (0,2 ат.%). Содержание марганца в α2-твердом растворе изменяется также по экстремальной 

зависимости с максимумом концентрации при t = 545 °С (4,3 ат.% Mn). Дальнейшее повышение температуры закалки способ-

ствует резкому уменьшению содержания марганца от 1,0 ат.% при t = 565 °С до 0,3 ат.% Mn при температуре закалки 605 °С. 

Таким образом, максимальная растворимость Cu и Mn в α2-твердом растворе наблюдается при температуре закалки 545 °С. 

При температуре закалки 585 °С фиксируется только повышенное содержание меди (~8,7 ат.%). В зависимости от температу-

ры закалки кристаллизуются алюминиды легирующих элементов с различной стехиометрией. Наиболее часто встречаются 

комплексно-легированные алюминиды титана AlxTiyLazCuvCdw и меди AlxCuyMnzCdv. Увеличение температуры закалки до 

535–545 °С способствует росту твердости сплава АМ4,5Кд + 0,2 мас.% La до 98–104 HB с последующим ее снижением (60 HB) 

до температуры закалки 605 °С. Сплав без термической обработки имел твердость 60 HB. Оптимальный режим закалки сплава 

АМ4,5Кд + 0,2 мас.% La соответствует температуре 535–545 °С, при которой наблюдаются максимальные твердость сплава и 

микротвердость интерметаллида. 

Ключевые слова: алюминиевый сплав АМ4,5Кд, модифицирование La, закалка, искусственное старение, фазовый состав, алю-

миниды, твердость, микротвердость.
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D16, and AK4—1 (GOST 4784—97). Nevertheless, their 

heat resistance is sustained only up to temperatures of 

200—250 °C [2].

A comprehensive literature review indicates that heat 

treatment (HT) of aluminum alloys is often the sole viab-

le method for achieving the necessary mechanical pro-

perties and creating the desired structures in the alloy 

[5—11]. Previous works, such as those presented in refe-

rences [5; 8], propose optimal heat treatment procedures 

aimed at enhancing the mechanical properties [11] of 

Al—Cu—Mg alloys. Additionally, Korotkova N. et al. [7] 
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investigated the correlation between the structure of alu-

minum wire with a 7 % rare earth metal (REM) content 

and the annealing temperature within the 300—600 °C 

range.

The impact of heat treatment conditions on the 

structure and mechanical performance of Al—Mg alloys 

is systematically assessed in works cited in references 

[6; 9].

Certain researchers [12—14] employ simulation tech-

niques to model heat treatment processes. Notably, pa-

pers [15—17] showcase a notable concordance between 

the simulated structure, properties, and processes in the 

Al—Cu—Cd alloy and the corresponding experimental 

data.

Alloying additives play a crucial role in modifying 

and controlling the structure and properties of alloys [1; 

18—29]. Among the frequently utilized alloying addi-

tives, Ti and B are prominent. Research studies [18; 19; 

22—24] indicate that these additives alter the morpho-

logy of the dendritic α-Al phase, promote the formation 

of equiaxed grains, and establish new nucleation sites for 

Ti and B compounds. This leads to a substantial refine-

ment of the alloy structure, resulting in improved me-

chanical properties. Furthermore, the incorporation of 

REEs and transition group metals (up to 1 wt.%) en-

hances the structure of aluminum alloys post-casting 

and heat treatment. Sahin H. et al. [20] observed that 

additions of Er and Eu reduce the size of intermetal-

lic phases, while the addition of 0.1 wt.% Sc increases 

the nanohardness of certain intermetallic compounds 

[21]. Additionally, the introduction of Ce (up to 0.5 %) 

diminishes the size of β-Al5FeSi inclusions from 51 to 

21 μm [29]. Andrushevich A. et al [25] remark that the 

addition of Sr to the AK7h alloy enhances its mechanical 

properties and influences casting characteristics. This 

alteration in the solidification pattern disperses pores, 

positively impacting the tightness of housing parts.

Ri E. et al. [30] conducted a study examining the im-

pacts of metallic lanthanum and cerium additions on the 

alloy structure, segregation, hardness, and microhard-

ness of the AM4.5Kd (VAL 10) cast alloy. Their findings 

revealed that lanthanum plays a role in refining the alloy 

structure, redistributing elements, and augmenting mic-

rohardness.

In contrast to aluminum—silicon alloys, the influ-

ence of REEs, particularly lanthanum, on the structure, 

segregation, and properties of the AM4.5Kd cast alloy 

has not been thoroughly investigated. The components 

of the AM4.5Kd alloy typically undergo heat treatment 

involving quenching and aging. The exploration of the 

synergistic effects of alloying and heat treatment is both 

theoretically and practically significant.

The objective of this study is to ascertain the im-

pact of quenching temperatures (535, 545, 565, 585, 

605 °C) on the structure, segregation, and properties of 

the AM4.5Kd alloy, which incorporates 0.2 wt.% of lan-

thanum, following combined heat treatment involving 

quenching and aging.

Materials and methods

The AM4.5Kd (VAL10) alloy, conforming to GOST 

1583-93, was the subject of our investigation. The al-

loy, weighing 0.7 kg, was melted along with additives in 

a Graficarbo furnace. The initial AM4.5Kd alloy was 

loaded into a pre-heated graphite crucible at 450 °C, fol-

lowed by heating to a temperature of 740 °C. The melting 

process included a 5-minute holding period to stabilize 

the temperature within the required range. Subsequent-

ly, metallic lanthanum (LaM-1), wrapped in aluminum 

foil, was introduced. The additional 5-minute holding 

time ensured a uniform distribution of lanthanum with-

in the alloy. This was succeeded by reheating to 740 °C, 

another 5-minute holding period, and the casting pro-

cess. All operations were conducted in an argon envi-

ronment. Casting was performed using a metal mold 

with a diameter of 30 mm and a height of 50 mm.

Patel N. et al. [5] proposed the following heat treat-

ment parameters for the AM4.5Kd (VAL 10) cast alloy: 

Т5 heat treatment, involving a temperature range of 

545+3
–5, with a holding time of 10—14 h, followed by wa-

ter cooling in the range of 20 to 100 °C. In our study, 

we employed the following treatment protocol: heating 

for quenching (to temperatures of 535, 545, 565, 585, 

605 °C); holding for 2.5 h, quench hardening in wa-

ter (at 20 °C), and aging at a temperature of 155 °C for 

4.0 h. 

The average chemical composition after melting was 

as following (%): Al: 94.62; Cu: 4.3; Mn: 0.55; Ti: 0.19; 

La: 0.17; Si: 0.1; Fe: 0.07.

For microstructural analysis, we utilized a FE-SEM 

Hitachi Su70 (Japan) field emission scanning electron 

microscope equipped with Thermo Fisher Scientific 

MagnaRay spectrometers for energy and wave disper-

sion X-ray analysis.

Microhardness measurements (HV) were conducted 

using the Vickers hardness test method (in accordance 

with GOST 2999-75 and 9450-76) with a Shimadzu 

HMV-G microhardness tester (Japan).

Results and discussion

Our investigation focused on examining the im-

pact of quenching temperatures (535, 545, 565, 585, 
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and 605 °C) on the structure, segregation, microhard-

ness of structural components, and overall hardness of 

the AM4.5Kd alloy with an additional 0.2 wt.% of La. 

The subsequent aging process at 155 °C was maintained 

for 4 h.

The SEM analysis of the alloy structure revealed 

that elevated quenching temperatures contribute to 

the enlargement of structural components within the 

α-solid solution and metal aluminides, as depicted in 

Fig. 1.

At a quenching temperature of tq = 565 °C and above, 

interfaces of the α-solid solution become evident. Ad-

ditionally, spherical intermetallic inclusions crystallize 

within the grains of the α-solid solution.

XRD microanalysis allowed for the identification 

of structural components that crystallized at different 

quenching temperatures and subsequent aging. 

Let us examine the results for two specific quenching 

temperatures: 545 °C (Figs. 2, 3, and Table 1) and 605 °C 

(Fig. 4 and Table 2). At these temperatures, structural 

Fig. 1. Microstructure of the AM4.5Kd + 0.2 wt.% of La alloy vs. the quenching temperature (tq) 

and after aging at 155 °C

tq, °С: 535 (а), 545 (b), 565 (c), 585 (d), 605 (e, f)

Рис. 1. Микроструктура сплава АМ4,5Кд + 0,2 мас.% La в зависимости от температуры закалки (tз) 

и после искусственного старения при температуре 155 °С

tз, °С: 535 (а), 545 (b), 565 (c), 585 (d), 605 (e, f)

a

c d

f

b

e
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changes occur, leading to the formation of various metal 

aluminides

In Figs. 2, 3, and Table 1, the results reveal that 

at tq = 545 °C, the following structures are formed: 

α1 and α2 solid solutions, as well as Al5.45(Ti, La, 

Cd, Cu) and Al5.5(Cu, La, Mn, Fe) aluminides. The 

crystals of the alloyed aluminide Al5.45(Ti, La, Cd, 

Cu) exhibit a compact morphology resembling either 

polyhedra or plates, with a width in the range of sev-

eral microns and a length approximately measuring 

25—30 μm.

The presence of these structures is affirmed by the 

element distribution curves within the structural compo-

nents of the AM4.5Kd + 0.2 wt.% of La alloy, quenched 

at 545 °C with subsequent aging. The curves follow the 

A—A line, as illustrated in Fig. 3.

In the structure of the AM4.5Kd + 0.2 wt.% of 

La alloy, quenched at 605 °C with subsequent ag-

ing (Fig. 4 and Table 2), similar crystallized alu-

minides are observed, differing in their stoichiometry: 

Al6.0(Ti, La, Cu, Cd) and Al3.83(Cu, La, Ti, Cd, Mn). 

Additionally, the Al3.63(Cu, La, Mn, Fe) aluminide 

Table 1. Composition of the structural components of AM4.5Kd alloy + 0.2 wt.% of La after quenching (545 °C) 
and subsequent aging (155 °C)

Таблица 1. Состав структурных составляющих сплава АМ4,5Кд + 0,2 мас.% La после закалки (545 °С) 

и последующего искусственного старения (155 °С)

Structural components

Elemental 

analysis points 

(see Fig. 2)

Content, at.%

Al Ti Mn Fe Cu Cd La

α1 solid solution of Cu, Mn, and Ti in Al 11–17 97.45 0.15 0.33 – 2.27 – –

α2 solid solution of Cu, Mn, and Fe in Al 8–10 89.8 – 4.25 1.22 4.7 0.08 0.46

Al5.45(Ti, La, Cd, Cu) alloyed aluminide 2–6
84.5 8.52 – – 0.95 1.63 3.41

Al84.5(Ti, La, Cd, Cu)15.5 = Al5.45(Ti, La, Cd, Cu)

Al5.5(Cu, La, Mn, Fe) alloyed aluminide 1
84.6 – 1.56 0.33 9.82 – 3.68

Al84.6(Cu, La, Mn, Fe)15.4 = Al5.5(Cu, La, Mn, Fe)

Fig. 2. Microstructure and elemental analysis 

points in the structural components 

of AM4.5Kd + 0.2 wt.% of La, 

quenched at 545 °C with subsequent aging 

at t = 155 °C

Рис. 2. Микроструктура и точки анализа 

элементов в структурных составляющих 

сплава АМ4,5Кд + 0,2 мас.% La, 

закаленного с температуры 545 °С 

с последующим искусственным старением 

при t = 155 °С

a

c

b
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is crystallized, with its crystals either forming part 

of the eutectics (Fig. 4, points 5—7, (a), 1—3 (b), 

9—11 (c)) or appearing as light, spherical inclusions 

(points 1—2 (c)).

Table 3 and Fig. 5 reveal that the base metal (α-solid 

solution) exhibits not-homogeneity in its chemical 

composition, comprising two types of solid solutions: 

α1 and α2.

As the quenching temperature increases to 605 °C, 

the copper content in the α1-solid solution decreases, 

while the copper content in the α2-solid solution fol-

lows a curve with two maxima at tq = 545 and 585 °C. 

Fig. 3. Element distribution curves in the structural 

components of the AM4.5Kd + 0.2 wt.% of La alloy 

quenched at 545 °C with subsequent aging, 

along the A–A line

Рис. 3. Кривые распределения элементов в структурных 

составляющих сплава АМ4,5Кд + 0,2 мас.% La, 

закаленного с температуры 545 °С 

с последующим искусственным старением, 

по направлению профиля А–А

Fig. 4. Microstructure and elemental analysis points 

in the structural constituents of the AM4.5Kd + 0.2 wt.% 

of La alloy, quenched at 605 °C with subsequent aging 

at t = 155 °C

Рис. 4. Микроструктура и точки анализа элементов 

в структурных составляющих 

сплава АМ4,5Кд + 0,2 мас.% La, 

закаленного с температуры 605 °С с последующим 

искусственным старением при t = 155 °С

a

c

b
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The total copper content in the solid solutions varies 

similarly. The aluminum content is inversely related to 

the solubility of copper in the α-solid solution. The con-

tent of Al in the α1-solid solution increases monotoni-

cally to tq = 605 °С (Fig. 5, a).

The content of Mn in the α1-solid solution experi-

ences a rapid decrease until tq = 545 °C and remains rel-

atively constant up to tq = 605 °C (Fig. 5, b). In contrast, 

the content of Mn in the α2-solid solution follows a curve 

with a maximum at tq = 545 °C, decreasing thereafter 

Table 2. Composition of the structural components of AM4.5Kd alloy + 0.2 wt.% of La after quenching (605 °С) 
and subsequent aging (155 °С)

Таблица 2. Состав структурных составляющих сплава АМ4,5Кд + 0,2 мас.% La после закалки (605 °С) 

и последующего искусственного старения (155 °С)

Structural components

Elemental 

analysis points 

(see Fig. 4)

Content, at.%

Al Ti Mn Fe Cu Cd La

α1 solid solution of Cu, Mn, and Ti in Al

8–10 (а)

7–9 (b)

12–14 (c)

98.2 0.11 0.44 – 1.27 – –

α2 solid solution of Cu, Mn, and Ti in Al 4–6 (b) 95.7 – 0.7 – 3.94 – –

Al3.63(Cu, Cd, Mn, Fe) 

alloyed aluminide

5–7 (а)

1–3 (b)

9–11 (c)

1–2 (c)

78.4 – 0.32 0.27 20.5 0.5 –

Al78.4(Cu, Cd, Mn, Fe)21.6 = Al3.63(Cu, Cd, Mn, Fe)

Al3.83(Cu, La, Ti, Cd, Mn) 

alloyed aluminide
1–2 (а)

79.3 1.23 0.48 – 13.5 0.21 5.32

Al79.3(Cu, La, Ti, Cd, Mn)20.7 = Al3.83(Cu, La, Ti, Cd, Mn)

Al6.0(Ti, La, Cu, Cd) 

alloyed aluminide
3–8 (c)

85.7 8.6 – – 1.27 0.41 3.98

Al85.7(Ti, La, Cu, Cd)14.3 = Al6.0(Ti, La, Cu, Cd)

Fig. 5. Quenching temperature 

of the AM4.5Kd + 0.2 wt.% of La alloy 

vs. the Cu and Mn solubility in the α-solid solutions 

(а, b), and vs. Cu, Cd, La, and Ti solubility 

in the AlxTiyLazMnvCdw alloyed aluminide (c)

Рис. 5. Влияние температуры закалки сплава 

АМ4,5Кд + 0,2 мас.% La на растворимость 

Cu и Mn в α-твердых растворах (а, b), 

а также Cu, Cd, La и Ti в легированном 

алюминиде AlxTiyLazMnvCdw (c)
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until tq = 605 °C. Consequently, the maximum total so-

lubility of copper and manganese in the α2-solid solution 

is reached at 545 °C. At the quenching temperature of 

585 °C, only an increased copper content in the α2-solid 

solution is observed. As a result, higher microhardness 

of the α-solid can be anticipated at these quenching 

temperatures.

Table 3 indicates that segregation increases with the 

quenching temperature, impacting the stoichiometry of 

the crystallized metal aluminides. Aluminides with La 

additions (AlxTiyLazCuvCdw) most commongly crys-

tallize at tq = 545÷605 °С. Notably, Al4.12(Cu, Ti, Mn) 

aluminides, containing 9.09 at. % of Ti and 9.22 at. % 

of Cu, form at the 585 °С quenching temperature. Addi-

tionally, Al3,63(Cu, Cd, Mn, Fe) is formed at tq = 605 °С 

(refer to Table 3).

For the AlxTiyLazMnvCdw alloyed aluminide, the 

highest solubility of the additions (Cu, La, Ti) occurs at 

tq = 585 °С. In this aluminide, the Cd content decreases, 

while the Al content increases (Fig. 5, c).

Microhardness measurements of the 

AlxTiyLazMnvCdw aluminides are presented in Fig. 5, c.

The AM4.5Kd + 0,2 wt.% La alloy exhibits its 

maximum hardness (98—104 HB) at quenching tem-

peratures of 535—545 °С. At tq = 605 °С, the hardness 

drastically drops to ~60 HB (Fig. 6, a). The maximum 

microhardness of the base metal (α-solid solution) 

is achieved at tq = 535÷545 °С, reaching ~150 HV 

(Fig. 6, b).

Fig. 2, 4, and Table 1, 2 illustrate that all the inter-

metallides, except for the complex AlxTiyLazMnvCdw 

alloyed aluminide, exhibit a dispersed structure, pre-

venting the measurement of their microhardness.

The microhardness of the AlxTiyLazMnvCdw alloyed 

aluminide is 760 HV at tq = 535÷545 °С and it drops to 

660 HV at tq = 605 °С (Fig. 6, c).

Consequently, the maximum total hardness of the al-

loy is observed at 535—545 °C, primarily due to the high 

microhardness of the α-solid solution with its elevated 

Cu and Mn content. There appears to be a relationship 

between the variations in hardness for the AM4.5Kd +

+ 0.2 wt.% La alloy, the microhardness of the α-solid 

solution, the complex AlxTiyLazMnvCdw alloyed alu-

minide, and their respective compositions.

Conclusion

1. An increase in the quenching temperature from 

535 to 605 °C, followed by aging at 155 °C for 4 h, pro-

motes the enlargement of structural components, in-

cluding the α-solid solution, metal aluminides, and 

eutectics.

2. XRD elemental analysis identified the structural 

components of the AM4.5Kd + 0.2 wt.% of La for vari-

ous quenching temperatures.

3. The base metal (α-solid solution) exhibits non-

homogeneity in its chemical composition. The contents 

of Cu and Mn in the α1-solid solution decrease from 

2.6 at.% of Cu and 2.5 at.% of Mn at 535 °C to 

1.27 at.% of Cu and 0.44 at.% of Mn at 605 °C. The Cu 

and Mn solubility in the α2-solid solution depends on the 

quenching temperatures. The maximum Cu (4.5 at.%) 

and Mn (4.25 at.%) contents occur at tq = 545 °С. The 

α2-solid solution has a second peak of Cu content 

(8.7 at.%) at tq = 585 °С, and the Mn content at tq =

= 585 °C is 1.0 at.%.

4. Aluminides of alloying elements with different 

stoichiometries crystallize at different quenching tem-

peratures. Complex AlxTiyLazCuvCdw и AlxCuyMnzCdv 

alloyed aluminides are most commonly found in 

the 545—605 °С quenching temperature range. The 

highest content of Cu, Ti, and La additions in the 

AlxTiyLazCuvCdw aluminide occurs at 585 °С, where 

Fig. 6. Quenching temperature vs. the hardness 

of the AM4.5Kd + 0.2 wt.% of La alloy (a), α-solid solution 

microhardness (б), and AlxTiyLazMnvCdw alloyed 

aluminide microhardness (в)

Рис. 6. Влияние температуры закалки на твердость 

сплава АМ4,5Кд + 0,2 мас.% La (а) и микротвердость 

α-твердого раствора (б) и легированного алюминида 

типа AlxTiyLazMnvCdw (в)
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the Cd content decreases, and that of Al increases at 

tq = 605 °C.

5. Increasing the quenching temperature to 535—

545 °С results in a higher hardness of the AM4.5Kd +

+ 0.2 wt.% of La alloy, reaching to 98—104 HB, with 

subsequent decrease to 60 HB as the quenching tempe-

rature reaches 605 °С. The hardness of the unhardened 

alloy is 60 HB.

6. A relationship was identified between the alloy 

hardness, microhardness of the α-solid solution, micro-

hardness of the complex AlxTiyLazCuvCdw alloyed alu-

minide, and their compositions.

7. The optimal quenching temperature t for the 

AM4.5Kd alloy is 535—545 °С. This temperature cor-

responds to the highest hardness of the alloy and the 

AlxTiyLazMnvCdw alloyed aluminide.
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