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ABSTRACT

In this study, phase formation, the microstructure and the thermal properties of an Al-Mg alloy solidified at
high temperature in the argon atmosphere were investigated. The maximum formation of a single-phase Al-
Mg alloy was determined by the ratio of the primary aluminum and magnesium components Al - 50 at.% Mg
and argon gas flow at a temperature of 750 °C. After solidification at pressures of 1 MPa and 2 MPa, the main
phases are the 8 and y phases of Al-Mg alloy, in equilibrium condition. The thermal properties of the Al-Mg
alloy were studied using DTA-TG (Tumeting = 458.4 °C, Toxidation = 568.4 and 616.9 °C oxidation of pure Mg and pure

Al, respectively).

Keywords: Al-Mg alloy, High-temperature diffusion bonding method, Microstructure, Rapid-solidification,

Phase transformations.

1. Introduction

The initially high solidification rate inherent
to liquid solidification, i.e rapid solidification
from the liquid state, can a significant influence
on the formation kinetics of aluminum-based
alloys. Rapid solidification, compared to solid
solidification, can result in an increased amount
of excess vacancies and an enhanced degree
of solute super saturation [1]. A solid solution
becomes unstable through super saturation
and decomposes partly but not completely into
another crystalline phase as the equilibrium
one is approached [2]. Structuring aluminum-
based alloys with a rapid solidification process
is considered to improve the thermodynamic
properties of aluminum [3].

Al-Mg alloys have been widely used in wrought
due to their corrosion resistance, low density,
formability and release of high energy. For
example, in structural materials [4], for hydrogen
storage [5], in aerospace [6], in the manufacture
of electronics [7], in the anti-corrosion coating
[8], etc. Mg-Al solid solutions in comparison
with pure Al have several advantages, namely,
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lower ignition temperature, shorter burning
time, higher flame propagation rate, etc. In recent
years, due to these advantages, the possibility
of used as a fuel in explosives, propellant and
pyrotechnic composition has been considered in
many research areas [9-12].

These days, there are many methods for the
preparation of Al-Mg alloy, such as, the mixing
method [13], mechanical alloying method
[14], electrical deposition method [15], high-
temperature diffusion bonding method [16],
molten salt electrolysis method [17], electron
beam evaporation [18], etc. Al-Mg super-
structured solid-phase alloys were obtained by
the high-temperature diffusion bonding method.
Compared to other extraction methods, the high-
temperature diffusion bonding method is faster,
cleaner, and less energy-intensive [19].

In this research work, the effects of the ratio of
the initial components, the synthesis temperature
and the environmental pressure on the formation
of Al-Mg alloy were studied. The composition
and structural anlysis of Al-Mg alloy synthesized
at high temperatures were determined and the
thermal properties were studied.
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2. Experimental part

2.1. Materials

Magnesium powder (Mg) - partial diameter
around 200-250 pm and = 99% purity. Melting
point 659 °C. Aluminum powder (Al) - partial
diameter around 65 pm and purity 2 99%. Melting
point 669 °C.

2.2. Preparation of Mg-Al alloy

Pure Mg powder and pure Al powder are
mixed and in placed in a high-pressure reactor,
a solid solution of Mg-50% Al is synthesized by
melting at a temperature of 750 °C. The scheme
of the high-pressure reactor is shown in Fig. 1.
The composition and structure of the Mg-Al alloy
are determined by X-ray diffraction (XRD) and
Scanning Electron Microscopy (SEM).

2.3 Measurement of thermal decomposition
behavior

Thermal analysis is a quick and effective way to
studythermalignition of Al-Mgalloy. Characteristics
of thermal decomposition are determined and
studied by using Thermogravimetry-Differential
Thermal Analysis (TG/DTA) in the temperature
range of 25-600 °C. The equipment operates in
atmospheric pressure in a stream of nitrogen
(300 cm3/min). DSC is working with the heating
rate of (f) 10 Kmin™. Aluminum pans (height
2.5 mm and diameter 5 mm) were used and
1 mg of the sample is placed in thermal connection
with an aluminum pan. In TG/DTA equipment, the
standard line of TG/DTA was measured four times
for each sample.

3. Results and discussion

3.1. Influence of initial components on the
formation of Al-Mg alloy

The degree of solubility of magnesium in
aluminum is very important for the synthesis
of Al-Mg alloy. Mg solution in Al for Al-40 at.%
Mg composites are shown as 23%. In these
experiments, the mixing temperature was stable
at 45 °C. For Al-30 at.% Mg alloys the maximum
solubility of magnesium is 14.1%. For Al-50 at.%
Mg composites, around 45% solubility of Mg in
the a-Al phase was shown [3].

In the synthesis of Al-rich Al-Mg alloy, the
mechanical mixture from different concentrated
magnesium is integrated with melting in the
pressure reactor at 750 °C. The alloy is cooled by
argon gas flow. The phase and crystal structure
of all the samples were investigated by XRD and
SEM. The results of XRD are shown in Table 1 and
Fig. 2, respectively.

As shown in Table 1, Mg,Al; and Al;,Mg,,
intermetallic components were synthesized
during the synthesis of Al and Mg powders at
high-temperature argon flow. As increasing the
amount of aluminum, Al-rich Mg,Al; intermetallic
is decreased, but the Mg-rich Al;;Mg;; amount is
increased. Mg-rich Al;;Mg,, alloy was formed for
the Al-50 at.% Mg system. The Al-35 at.% Mg is
an optimal ratio system for the synthesis of Al-
rich Al-Mg alloy.

Structural analysis of synthesized alloys was
carried out by scanning electron microscope.
The microstructures for research results of the
synthesized products are shown in Fig. 3.

As shown in Fig. 3, crystalline layers of
aluminum and magnesium were formed at crystal
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Fig. 1. Scheme of high-pressure reactor: 1 - vacuum pump; 2 - transformer; 3 - voltmeter; 4 - reactor top cap;
5 - bottom reactor cover; 6 - furnace; 7 - thermocouple; 8 - sample; 9 - reactor vessel; 10 - manometer; 11 - inlet and
exhaust valves; 12 - argon gas; 13 - LTR-U-1 data acquisition systems; 14 - computer.
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Table 1. Results of XRD analysis for synthesized products of Mg-Al systems

Ratio of primary

Synthesis products, %

components Mg,Al; Mg,,Al;, AlL,0; MgO AIN
Al-50 at.% Mg - 97.7 - 2.3 -
Al-35 at.% Mg 84.6 4.2 4.4 5.9 0.9
Al-30 at.% Mg 83.8 4.8 59 5.5 -
Al-20at.% Mg 82.1 5.5 6.2 51 1.1
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Fig. 2. X-ray pattern of Al 70 wt.%, Mg 30 wt.%.
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Fig. 3. Microstructure and elemental analysis of the Al-50 at.% Mg system: (a) - electron microscopic image; (b) - the

energy dispersive spectrum and mass fraction of elements.

lattices of synthesis Al-Mg alloy production.
In addition, the structure of alloy crystals is in
submicron sizes. Single-phase alloys are formed
when the magnesium contentin aluminum is 43.9-
62.5% [20]. Therefore, the degree of solubility of
magnesium in aluminum is showed the maximum
value. In addition, Al-50 at.% Mg alloy released
maximum combustion heat.

3.2. Influence of synthesis parameters of the Al-
Mg alloy structure

The formation of single-phase alloy in synthesis
of Al-50 at.% Mg depends on the parameters of the

formation temperature and synthesis pressure.
XRD results of Al-Mg alloy synthesized at different
temperatures and different pressures are shown
in Table 2.

As shown in Table 2, the increase in pressure
does not play an important role in our system.
The change in the temperature of the synthesis
determines the (3 and y phases of Al-Mg alloy.

The results of quantitative and qualitative
analysis of synthesized alloys was carried out
using a SEM. Structural analysis of systems is
shown in Fig. 4. The most effective point for the
synthesis of a single-phase Al-Mg alloy is shown
temperature 750 °C.
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Table 2. Results of XRD for synthesized products at different temperatures and different pressures for Al-Mg systems

Ratio of primary Synthesis Environmental Synthesis products, %
components temperature, °C  pressure, MPa Al;,Mg,, Al,Mg, MgO ALO,
1 93.4 5.1 1.5 -
700 2 65.1 31.2 3.7 -
Al-50 at.% Mg 1 97.7 - 2.3 -
750 2 97.6 - 2.4 -
1 75.8 19.6 3.5 -
800 2 50.8 45.7 3.6 1.0
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Fig. 4. Microstructure and elemental analy51s of the Al- 50 at.% Mg system (T = 750 °C, P = 2 MPa): (a) - electron
microscopic image; (b) - the energy dispersive spectrum and mass fraction of elements.

The results of quantitative and qualitative
analysis of synthesized alloys were carried out
using a SEM. Structural analysis of systems is
shown in Fig. 4.

According to the images of the electron
microscope and elemental analysis of synthesized
products, the formation of Al-50 at.% Mg alloy in
the system can be predicted. Compared to Fig. 3,
the increase in pressure does not have a significant
effect on the structure of the alloy.

3.3. Thermal properties of Al-Mg alloy
synthesized at high temperatures

The DTA-TG was used to investigate the
thermal properties of the synthesized Al-50 at.%
Mg alloy. In the nitrogen gas flow, at a heating rate
of 10 °C/min and range of 30-650 °C the thermal
characteristics of the system were measured.
Thermal curves of Al-50 at.% Mg alloy is shown
in Fig. 5.

The previous literature shows the DTA-TG
values of single-phase Al-50 at.% Mg alloy [21].
According to the results, the oxidation process of
double-step magnesium and aluminum occurs at
temperatures of 542.6 and 599.2 °C along with the
melting at 461.5 °C.

Figure 5 shows the thermogravimetric analysis
of the Al-50 at.% Mg alloy at 458.4 °C, according
to the previous literature endothermic peak is the
melting point of the Al-Mg alloy. Also, the system
has a two-stage exothermic peak alloy oxidation
process.

Exothermic peaks at temperatures of 568.2
and 616.9 °C are oxidization processes of pure
magnesium and pure aluminum, respectively.
Together with the starting of two-phase
exothermic peaks, the mass change in the system
was shown. The temperature increases cause the
reaction with oxygen in the air and forming high-
density MgO and Al,0Os.

The thermal properties of Al-50 at.% alloy in
our system correspond to the thermal properties
of the alloy in the previous literature [21]. Thus,
single-phase Al-50 at.% alloy can be formed in the
synthesized system.

4. Conclusion

Al-Mg alloys were synthesized at high
temperatures in the argon gas flow and the effects
of various parameters on the formation of the
alloy and the thermal properties of the alloy were
studied.
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Fig. 5. Thermogravimetric analysis of Al-50 at.% Mg
alloy.

The main conclusions of this study are:

1) Different ratios of the initial components
to the maximum formation of single-phase Al-
Mg alloys were studied. The ratio of the initial
components of the Mg-Al alloy synthesized at high
temperatures was determined Al-50 at.% Mg;

2) The effect of temperature on the formation
of Al-Mg alloys was studied. The effective
temperature for the formation of single-phase Mg-
Al alloy was determined at 750 °C;

3) The effect of pressure on the formation of
Al-Mg alloys was studied. The increase in pressure
does nothave a significant effect on the structuring
of alloys;

4) The thermal properties of Al-Mg alloys
synthesized at high temperatures were
determined at different temperatures (Toeiing =
458.4 °C, T oxigation = 568.4 and 616.9 °C, oxidation of
Mg and Al, respectively).
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MUKPOCTPYKTYypa M TepMHYecKHe CBOHCTBa
ciiaBa Al-Mg 3aTBepaeBuIero nmpu BbICOKOM
TeMnepatype B aTMocdepe aproHa

K. Kamynyp'?, H.K. Bekmypart!, B. Muauxat?, P.I.
A6aynkapumoBal?

'KaszaxcKui HallMOHa/JbHbIH YHUBEPCUTET UM. ajib-Pa-
pabwu, AnmaTtsl, KazaxcraH
2MHCTUTYT npo6JieM ropenusi, Anmatsl, KazaxcraH

AHHOTanusa

B 3Toli paboTe ucciaenoBanbl $pa3zoo6pasona-

HHUEe, MUKPOCTPYKTypa U TEPMHUUYECKHE CBOMCTBA
Al-Mg cniaBa 3aTBep/ieBILIEero Mpu BbICOKOH TeM-
nepaTtype B aTMocdepe aproHa. MakcuMmasjbHOe
obpasoBaHue ojJHoda3Horo cmyaBa Al-Mg co-
OTHOLIEHWEM KOMIIOHEHTOB MEPBHUYHOIO aJlio-
MuHus W MarHus Al-50%, moToka Mg u raso-
BOTO aproHa ONpeJessiioch NPH TeMIepaType
750 °C. Ilocsne 3aTBepAeBaHUs NPHU JaBJIEHHUAX
1 MIla u 2 MIla ocHOBHbIMH da3aMu sABJSOTCS [3-
U y-da3bl cniaBa Al-Mg, Haxopsilyecss B paBHO-
BeCHOM cocTossHuU. Tensiopusuyeckue cBoCTBa
aJIIOMUHHUEBO-MarHUeBOro CIJlaBa ObLIM HCCJie-
noBaHbl MeTooM DTA-TG (T, asmenne = 458.4 °C,
T oxucnenne = 568.4 1 616.9 °C oOKHCIEHHE YHUCTOTO
Mg 1 yncTtoro Al COOTBETCTBEHHO).
Katouesvle caosa: Al-Mg cniaB, BbICOKOTEMIIEPATYP-
Hbl UG PY3UOHHBIA C€HnOCO6 CBA3bIBAHMS, MHUKpPO-
CTPYKTypa, 6bICTpOe 3aTBep/ieBaHue, $a30BbIe Ipe-
BpalieHud

AproH atmocdepacsIHAAFBI XKOFapPhI TeMIlepa-
Typaja KaTaWTblIFaH Al-Mg KOpBITIACBIHBIH,
MUKPOKYPbIJIBIMBI K9HEe TePMUAJIBIK KacueT-
Tepi

K. Kamynyp'?, H.K. Bekmypat!, b. Musuxar?,
P.I'. AGnyakapumoBa'?

lan-®apabu ateiHarbl Kazak YJTThIK YHUBEpPCUTETI,
Anmartsl, Ka3zakcTaH

“any mnpobGJsiemasapbl HHCTUTYTHI, Aamatbl, Ka-
3aKCTaH

AHjaTna

Bys1 3epTTey »KyMbICBbIHAA, aproH aTMocdepa-
CBhIH/IAa YKOFaphbl TeMIlepaTypaja KaTauTeliraH Al-
Mg KopbITHacblHblH, (a3ajablK KypblIbIMAAHYHI,
MUKPOKYPBIJIBIMBI K9HE TEPMUSJIbIK KacUTTepi
3eprTesinredH. bip ¢aszanbl Al-Mg KopbITHackel-
HbIH, MAaKCUMaJIIbl TY3i/1yi 6acTamkpl aJllOMUHUN
»KoHe MarHu{ KOMIIOHEHTTepiHiH apakaTbIHa-
ctapsbl Al-50 at.% Mg >x9He aproH ra3 arblHbIH/a
750 °C TeMnepaTypaZa aHbIKTaaAblHABL Te-
ne-teHJik »xarganpga, 1 MIla xeHe 2 MIla KbI-
ChIMJIap/la KaTaWTbLIFaHHAH Kedinri Al-Mg
KOPBITIACBIHBIH, 6acThI ¢pasasapsl 3 xkoHe y dpasa-
sapel 6osaael. DTA-TG apkpiabl Al-Mg KopbiTHa-
CbIHBIH TepMHUAIBIK KacueTTepi (Teau, = 458.4 °C,
Tromsy = 568.4 x0He 616.9 °C colikeciHle Mg xxoHe
Al) zepTTeningi.

Kinm ce3dep: Al-Mg KopbITHachl, OFapbl TeMIle-
paTtypanblK Aupoy3usanblK OGalaaHbICy dfici, Mu-
KPOKYPBLIBbIM, XblJ1JaM KaTato, GpazasblK aybicyiap



