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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 (7,) from 535 to 605 °C promotes the enlargement of structural components, including the a-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: oy
and a,. The Cu and Mn solubility in the o,-solid solution is higher than in the o-solid solution. As the quenching temperature increases to
14 = 605 °C, the copper content in the o,-solid solution decreases. In contrast, the copper content in the o,-solid solution follows a curve with
two maxima at 545 °C (4.5 at.%) and 585 °C (8.7 at.%). The Mn content in the o,-solid solution decreases sharply to the 545 °C quenching
temperature and remains relatively constant up to 7y = 605 °C (0.2 at.%). The Mn content in the ay-solid solution follows a curve with its
maximum at 7, = 545 °C (4.3 at.% Mn). Subsequent temperature rise results in a sharp drop in Mn content from 1.0 at.% at 7, = 565 °C to
0.3 at.% at 605 °C. Hence, the max solubility of Cu and Mn in the a,-solid solution occurs at 545 °C. At 585 °C, only an elevated Cu content
(~8.7 at.%) was observed. Aluminides of alloying elements with different stoichiometries crystallize at different quenching temperatures,
with complex Al Ti,La,Cu,Cd, and Al,Cu,Mn_Cd, alloyed aluminides being most commonly found. ncreasing the quenching temperature
to 535—545 °C 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 °C. 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 °C. This temperature corresponds to the highest hardness of the alloy and the
microhardness of the aluminide.
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AnHoTanua: MetogaMu 3JE€KTPOHHO-MUKPOCKOMMYECKOIO MCCIEAOBAHUS U MUKPOPEHTTEHOCHEKTPaabHOrO aHajlu3a 3JEeMEHTOB
UACHTUGULIMPOBAHBI CTPYKTYPHBIE cocTaBisonine criaaBa AM4,5Kn + 0,2 mac.% La mocie 3akaJiKi ¢ pasjJM4YHBIX TeMIIepaTyp
(t = 535+605 °C) u uckyccTBeHHOTro ctapeHus nipu ¢t = 155 °C B Teuerue 4 4. [loBblmeHUe TeMIepaTypsl 3aKajiku oT 535 mo 605 °C
CIOCOOCTBYET YKPYITHEHUIO CTPYKTYPHBIX COCTABIISIIOIINX — OL-TBEPIOTO PACTBOPA, aJIIOMUHUIOB PA3JIMYHOIO COCTaBa, 9BTEKTUKU.
YCcTaHOBJIEHO, UTO MeTaJan4YecKass OCHOBA HEOAHOPOAHA [0 XUMUUECKOMY COCTaBY U COCTOUT M3 IBYX BUIOB TBEPAOrO pacTBOpa —
oy 1 0,. B 0y-TBEepaOM pacTBOpe pacTBopstoTCs B 6osbiueit crerneHr Cu 1 Mn, Mo cpaBHEHUIO C 0 -TBEPAbIM pacTBOpoM. C yBeIUUEHU-
eM TemmepaTypbl 3akaiku 10 605 °C copepxkaHue MEAU B O,-TBEPAOM PACTBOPE YMEHBILIAETCS, B TO K€ BPEMSI B 0-TBEPLOM pacTBoOpe
KOHIICHTPAIIMSI MEIU U3MEHSIETCS TI0 9KCTpEeMaJbHOM 3aBUCUMOCTH C IBYMSI €€ MaKCUMyMaMu Tipu Temreparypax 545 °C (4,5 at.%) u
585 °C (8,7 ar.%). ConepxaHue MapraHila B 0,;-TBEPAOM PacTBOPE Pe3KO CHUXKAETCS 10 TeMIepaTypsl 3akajiku 545 °C, a 3arem ocTa-
ercst 6e3 usmeHeHus go ¢t = 605 °C (0,2 at.%). ConepxxaHue MapraHiia B 0,-TBEPIOM PacTBOPE M3MEHSETCS TakKXKe MO 3KCTpeMaIbHOMI
3aBUCUMOCTHU C MAKCUMYMOM KOHIIeHTpaluu mpu ¢ = 545 °C (4,3 at.% Mn). [lanbHelilnee MOBBIIICHIE TEMIIEPATYPhI 3aKaJIKU CII0CO0-
CTBYET Pe3KOMY YMEHbILEHUIO cofepxkaHust mapranua ot 1,0 at.% npu ¢ = 565 °C no 0,3 at.% Mn nipu Temmneparype 3akanku 605 °C.
TakuMm obpasom, MakcuMalibHas pacTBopuMocTb Cu 1 Mn B o,-TBEepIOM pacTBope HabJlogaeTcs pu Temieparype 3akanku 545 °C.
ITpu Temneparype 3akanku 585 °C duKcHpyeTcsT TOJTBKO MOBBIIIEHHOE conepxkanue Meau (~8,7 a1.%). B 3aBUCUMOCTH OT TeMIiepaTy-
PBI 3aKaJKW KPUCTAJUTU3YIOTCST aTIOMUHUIBI JIETUPYIONIMX 2JIEMEHTOB C pa3IMIHON cTexnomeTpueii. Hambosee yacTo BcTpevyaoTcst
KOMILIEKCHO-IErnpoBaHHble amoMuuuabl Tutana Al TijLa Cu,Cd, u mean Al,Cu,Mn_Cd,. YBeauuenne TeMneparypbl 3aKajnku 10
535—545 °C cniocobeTByeT pocty TBepaocTu criiaBa AM4,5Kx + 0,2 mac.% La no 98—104 HB ¢ nocienywomum ee cHuxeHnuem (60 HB)
1o Temreparypsl 3akanku 605 °C. CriaB 6e3 TepMUYecKoit 00padboTKu uMen TBepaocTh 60 HB. OnTuManbHblil peX MM 3aKaIKU CIlIaBa
AM4,5Kn + 0,2 mac.% La cootBercTByeT Temiieparype 535—545 °C, npu KOTOpoii HabIonal0TCcsi MaKCUMallbHble TBEPAOCTD CIJIaBa U
MUKPOTBEPIOCTh MHTEPMETAaJJIHIA.

KuaoueBbie ciioBa: amoMmuHueBblii criiaB AM4,5K o, monudununposanue La, 3akanka, MICKyCCTBEHHOE CTapeHuUe, (ha30BbIll COCTaB, allio-
MUWHUIBI, TBEPIOCTb, MUKPOTBEPIOCTb.

Jng uutupoBanusa: CnasuHckas H.A., Pu X., Pu 3.X., ZKuserbeB A.C. BausgHue TemMnepatypHbIX peXKMMOB 3aKaaku Ha (hOpMUPOBAHUE
CTPYKTYPBI, IUKBAIlMOHHBIE ITPOIIECChl U cBOlcTBa criiaBa AM4,5Kn + 0,2 mac.% La mociie MICKYCCTBEHHOTO cTapeHus. Mzeecmus 6y306.
Lleemnas memannypeus. 2024;30(1):42—54.
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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 AMS5 casting
alloy (GOST 1583—93) and the deformable alloys 1201,

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
[S—11]. Previous works, such as those presented in refe-
rences [3; 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 a-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 3-AlsFeSi inclusions from 51 to
21 um [29]. Andrushevich A. et al [25] remark that the
addition of Srto 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. etal. [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.

44

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 (VALI0) 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:
TS5 heat treatment, involving a temperature range of
545t35, 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
HM V-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
o-solid solution and metal aluminides, as depicted in
Fig. 1.

535°C

565 °C

100 pm

At a quenching temperature of 7, = 565 °C and above,
interfaces of the o-solid solution become evident. Ad-
ditionally, spherical intermetallic inclusions crystallize
within the grains of the o-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

545°C

100 pm

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

and after aging at 155 °C
1q> °C: 535 (a), 545 (b), 565 (¢), 585 (d), 605 (e, f)

Puc. 1. Mukpoctpykrypa cniiaBa AM4,5Kn + 0,2 mac.% La B 3aBUCUMOCTH OT TeMIepaTypbl 3aKajlKu (t,)

M MOCJIe UCKYCCTBEHHOI0 cTapeHus pu temneparype 155 °C

1., °C: 535 (a), 545 (b), 565 (c), 585 (d), 605 (e, /)
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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)

Ta6nuiia 1. CocTaB CTPYKTYPHBIX cocTaBisiioniux cruiaBa AM4,5Kn + 0,2 mac.% La nocaie 3akanku (545 °C)

U TIOCTIEIYIONIETO NCKycCcTBeHHOTO cTapeHus (155 °C)

Elemental Content, at.%
Structural components analysis points
(see Fig. 2) Al Ti Mn Ee Cu | Cd La
o solid solution of Cu, Mn, and Ti in Al 11-17 97.45 0.15 0.33 — 2.27 - -
o, solid solution of Cu, Mn, and Fe in Al §—10 89.8 - 425 122 47 0.08 046
84.5 8.52 — - 0.95 1.63 3.41
Als 45(Ti, La, Cd, Cu) alloyed aluminide 2—-6
A184.5(Ti, La, Cd, Cu)15.5 = A15.45(Ti, La, Cd, CU)
84.6 — 1.56  0.33 9.82 — 3.68
Al 5(Cu, La, Mn, Fe) alloyed aluminide 1
A]84'6(Cu, La, Mn, Fe)15.4 = AIS.S(CU, La, Mn, Fe)

25 pm

10

B+ 13

&
17
&

25 um

changes occur, leading to the formation of various metal
aluminides

In Figs. 2, 3, and Table 1, the results reveal that
at 1, = 545 °C, the following structures are formed:
o, and o, solid solutions, as well as Als45(Ti, La,
Cd, Cu) and Als 5(Cu, La, Mn, Fe) aluminides. The
crystals of the alloyed aluminide Als 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 um.

46

25 pm

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
atr=155°C

Puc. 2. MUKpoOCTpyKTypa U TOYKHU aHaIn3a
3JIEMEHTOB B CTPYKTYPHBIX COCTABJISIIOLIMX
cruiaBa AM4,5Kn + 0,2 mac.% La,
3aKaJeHHOTro ¢ TeMIiepatypsl 545 °C

C TIOCJIEAYIONIUM UCKYCCTBEHHBIM CTapeHUEM
mpu t=155°C

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:
Alg o(Ti, La, Cu, Cd) and Al; g3(Cu, La, Ti, Cd, Mn).
Additionally, the Alj¢3(Cu, La, Mn, Fe) aluminide
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is crystallized, with its crystals either forming part
of the eutectics (Fig. 4, points 5—7, (a), I—3 (b),
9—11 (c)) or appearing as light, spherical inclusions
(points 1—2 (c)).

25 um

Content, at.%

— AIK=96.9
75 —Tik=0 = Al
—-MnK=05 sz o
—Cuk=261 O = Q,
50— CdL=0 S g2 il
—Lal=0.02 :ﬂ = B (3__.'
< s
25 Cu
L
0 ———
U AT S B L B U N ST < B AR AT
R A G K G A
Content, at.%
— AIK
—TiK
= MnK
- Cuk
129 _caL T Cu
—Lal

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

Puc. 3. KpuBsle pacnipeieieHUsI 3JIEMEHTOB B CTPYKTYPHBIX
cocraBistomux cruraBa AM4,5Kn + 0,2 mac.% La,
3aKaJIeHHOro ¢ Temnepatypsl 545 °C

C TIOCJIEYIOIINM UCKYCCTBEHHBIM CTapEHUEM,

10 HaTpaBJieHUIo Tpoduisa A—A

Table 3 and Fig. 5 reveal that the base metal (o.-solid
solution) exhibits not-homogeneity in its chemical
composition, comprising two types of solid solutions:
oy and oy.

As the quenching temperature increases to 605 °C,
the copper content in the o4-solid solution decreases,
while the copper content in the o,-solid solution fol-
lows a curve with two maxima at 7, = 545 and 585 °C.

25 um

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
atr=155°C

Puc. 4. MUKpoCTpyKTypa 1 TOUKHU aHaJI13a 3JICMCHTOB
B CTPYKTYPHBIX COCTABJISIIOIINX

crutaBa AM4,5Kn + 0,2 mac.% La,

3aKaJieHHOro ¢ TemnepaTtypsbl 605 °C ¢ mocaeayonum
HWCKYCCTBEHHBIM cTapeHueM mpu = 155 °C
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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 o-solid solution. The con-
tent of Al in the o-solid solution increases monotoni-

cally to 7, = 605 °C (Fig. 5, a).

The content of Mn in the oy-solid solution experi-
ences a rapid decrease until 7, = 545 °C and remains rel-
atively constant up to 7, = 605 °C (Fig. 5, b). In contrast,

the content of Mn in the o,-solid solution follows a curve

with a maximum at 7, = 545 °C, decreasing thereafter

Table 2. Composition of the structural components of AM4.5Kd alloy + 0.2 wt.% of La after quenching (605 °C)

and subsequent aging (155 °C)

Ta6auia 2. CocTaB CTPYKTYPHBIX cocTaBstiolmx ciiaBa AM4,5Kn + 0,2 mac.% La mocie 3akanku (605 °C)
U TIOCJIEAYIONIEro UCKyccTBeHHOro cTtapeHus (155 °C)

Elemental Content, at.%
Structural components analysis points
(see Fig. 4) Al Ti Mn Fe Cu Cd La
8§10 (a)
o solid solution of Cu, Mn, and Ti in Al 7—9(b) 98.2 0.11 0.44 - 1.27 — —
12—14(c)
o, solid solution of Cu, Mn, and Ti in Al 4—6 (b) 95.7 — 0.7 — 3.94 - -
5—7(a)
1-3 (b)
Al; ¢3(Cu, Cd, Mn, Fe) 9-11(0) 78.4 — 0.32 0.27 20.5 0.5 —
alloyed aluminide 1-2(0)
Alyg 4(Cu, Cd, Mn, Fe),; ¢ = Al; ¢3(Cu, Cd, Mn, Fe)
: 79.3 1.23 0.48 — 13.5 0.21 5.32
Alj g3(Cu, La, T1,.C.d, Mn) -2 (a)
alloyed aluminide Al 5(Cu, La, Ti, Cd, Mn)y, ; = Al; 5(Cu, La, Ti, Cd, Mn)
: 85.7 8.6 — — 1.27 0.41 3.98
Alg o(Ti, La, C}l,.Cd) 3-8(c)
alloyed aluminide Algs ,(Ti, La, Cu, Cd)4 3 = Alg o(Ti, La, Cu, Cd)
Content, at.% Content, at.%
- ooyt Mn
L (Cu) .
-12 3.54 o,
-8 2.5 {
- 4 1.5 a/l
b
60 T T T T l - O 0 T T T T
535 555 575 595 t, °C 535 555 575 595 t, °C
Content, at.% .
Al Cu, Cd, La Ti Fig. 5. Quenching temperature
90 1 - 10 - 10 of the AM4.5Kd + 0.2 wt.% of La alloy
] Al g i vs. the Cu and Mn solubility in the a-solid solutions
Ti (a, b), and vs. Cu, Cd, La, and Ti solubility
80 - 6 -8 in the Al Ti,La,Mn,Cd,, alloyed aluminide (¢)
v
7 La ¢ v 4 B Puc. 5. BiusgHue TemnepaTypsl 3aKajJKHU CIljiaBa
70 - / p) L6 AM4,5K 1 + 0,2 mac.% La Ha pacTBOPUMOCTh
Cdo Cu 1 Mn B 0i-TBepIBIX pacTBopax (a, b),
7 cu <o o -1 i aTakxe Cu, Cd, Lau Ti B 1ierupoBaHHOM
604 i i i i 0 L 4 amomunnze Al Ti,La Mn,Cd,, (c)
535 555 575 595 t, °C
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until 7, = 605 °C. Consequently, the maximum total so-
lubility of copper and manganese in the o,-solid solution
is reached at 545 °C. At the quenching temperature of
585 °C, only an increased copper content in the o,-solid
solution is observed. As a result, higher microhardness
of the o-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 (Al,Ti La,Cu,Cd,) most commongly crys-
tallize at 7, = 545+605 °C. Notably, Aly,(Cu, Ti, Mn)
aluminides, containing 9.09 at. % of Ti and 9.22 at. %
of Cu, form at the 585 °C quenching temperature. Addi-
tionally, Al; 63(Cu, Cd, Mn, Fe) is formed at 7, = 605 °C
(refer to Table 3).

For the Al,Ti,La,Mn,Cd,, alloyed aluminide, the
highest solubility of the additions (Cu, La, Ti) occurs at
14 =585 °C. In this aluminide, the Cd content decreases,
while the Al content increases (Fig. 5, ¢).

Microhardness measurements of the
Al Ti,La Mn,Cd,, aluminides are presented in Fig. 5, c.

The AM4.5Kd + 0,2 wt.% La alloy exhibits its
maximum hardness (9§—104 HB) at quenching tem-
peratures of 535—545 °C. At 1, = 605 °C, the hardness
drastically drops to ~60 HB (Fig. 6, @). The maximum
microhardness of the base metal (o-solid solution)
is achieved at 7, = 535+545 °C, reaching ~150 HV
(Fig. 6, b).

Fig. 2, 4, and Table 1, 2 illustrate that all the inter-
metallides, except for the complex Al TiLa,Mn,Cd,,
alloyed aluminide, exhibit a dispersed structure, pre-
venting the measurement of their microhardness.

The microhardness of the Al,Ti,La,Mn,Cd,, alloyed
aluminide is 760 HV at fq = 535+545 °C and it drops to
660 HV at 1, = 605 °C (Fig. 6, ¢).

Consequently, the maximum total hardness of the al-
loy is observed at 535—545 °C, primarily due to the high
microhardness of the o-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 o-solid
solution, the complex Al TiLa,Mn,Cd,, 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 o-solid solution, metal aluminides, and
eutectics.
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Fig. 6. Quenching temperature vs. the hardness

of the AM4.5Kd + 0.2 wt.% of La alloy (a), o.-solid solution
microhardness (0), and Al,Ti,La,Mn,Cd,, alloyed
aluminide microhardness (8)

Puc. 6. Biusinue TemriepaTyphl 3aKajJKu Ha TBEPAOCTh
criaBa AM4,5K o + 0,2 mac.% La (@) 1 MUKPOTBEPIOCTh
0.-TBEPIOTO pacTBopa (6) U JIETMPOBAHHOTO aTIOMUHU 1A
tuna Al Ti,La,Mn,Cd,, (6)

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 (o-solid solution) exhibits non-
homogeneity in its chemical composition. The contents
of Cu and Mn in the o;-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 a,-solid solution depends on the
quenching temperatures. The maximum Cu (4.5 at.%)
and Mn (4.25 at.%) contents occur at 7, = 545 °C. The
0,p-solid solution has a second peak of Cu content
(8.7 at.%) at 7, = 585 °C, and the Mn content at 7, =
=585°Cis 1.0 at.%.

4. Aluminides of alloying elements with different
stoichiometries crystallize at different quenching tem-
peratures. Complex Al Ti,La,Cu,Cd,, n Al,Cu,Mn Cd,
alloyed aluminides are most commonly found in
the 545—605 °C quenching temperature range. The
highest content of Cu, Ti, and La additions in the
Al TiLa Cu,Cd, aluminide occurs at 585 °C, where
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the Cd content decreases, and that of Al increases at
1q=605°C.

5. Increasing the quenching temperature to 535—
545 °C 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 °C. The hardness of the unhardened
alloy is 60 HB.

6. A relationship was identified between the alloy
hardness, microhardness of the o.-solid solution, micro-
hardness of the complex Al,Ti,La Cu,Cd,, alloyed alu-
minide, and their compositions.

7. The optimal quenching temperature ¢ for the
AM4.5Kd alloy is 535—545 °C. This temperature cor-
responds to the highest hardness of the alloy and the
Al TiLa Mn,Cd,, alloyed aluminide.
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