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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences 
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new 
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be 
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts 
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers, 
authors, publishers, and institutions sets it apart from other research  databases.  The  inclusion  of 
News  of  NAS  RK.  Series  of  geology  and  technical sciences in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential content of geology 
and engineering sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл 
индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation 
Index Expanded, the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке 
қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен 
мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық 
үшін ең өзекті және беделді геология және техникалық ғылымдар бойынша контентке 
адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index 
Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of 
Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА академигі, 

Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. Сокольский атындағы 
отын, катализ және электрохимия институтының»  бас директоры (Алматы, Қазақстан) H = 4

Редакциялық алқа:
ЖӘРМЕНОВ Әбдірәсіл Алдашұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, ҚР минералдық шикізатты кешенді қайта өңдеу жөніндегі Ұлттық орталығының бас 
директоры (Алматы, Қазақстан) H = 4

КҮЛДЕЕВ Ержан Итеменұлы, геология-минералогия ғылымдарының кандидаты, 
қауымдастырылған профессор, Қ.И. Сатпаев атындағы  ҚазҰТЗУ Корпоративтік даму жөніндегі 
проректоры,  (Алматы, Қазақстан) H = 3 

ӘБСАМЕТОВ Мәліс Құдысұлы,  геология-минералогия ғылымдарының докторы, профессор, 
ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы гидрогеология және геоэкология институтының» 
директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы, геология-минералогия ғылымдарының докторы, профессор,               
Қ.И. Сатпаев атындағы геология ғылымдары институты-ның директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының 
орынбасары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған  профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор,  ҚР ҰҒА 
корреспондент-мүшесі, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Р е д а к ц и о н н а я   к о л л е г и я:
ЖАРМЕНОВ Абдурасул Алдашевич, доктор технических наук, профессор, академик НАН РК, 

генеральный директор Национального центра по комплексной переработке минерального сырья РК 
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ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15
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АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
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ALLOYS FOR THE PRODUCTION OF HYDROGEN AND ACTIVE ALUMINUM OXIDE 

Abstract. The influence of an oxidizing environment (water, hydrogen peroxide, sodium hydroxide, 
sulfuric and hydrochloric acid) on the yield and rate of hydrogen release, as well as the composition of the 
resulting oxidation products of an activated aluminum alloy containing activator metals: gallium, indium, tin 
(5% by weight, Rau-85 alloy), depending on temperature, as well as the dispersion of alloy particles has been 
studied.

The X-ray spectral analysis of the alloy was carried out on the spectrometer X-Ray of Innov-X systems. 
The microstructure of the alloy and its oxidation products was studied using a scanning electron microscope 
with energy dispersive X-ray radiation (SEM/EDXs) using an INCA ENERGY spectrometer from OXFORD 
INSTRUMENTS installed on a Superprobe 733 electron probe microanalyzer from JEOL at an accelerating 
voltage of 25 kV and a probe current of 25 nA. Based on the microstructure analysis, the phase components 
of alloys at the grain boundaries of Al have been identified. X-ray diffractometric analysis of the reaction 
products of the Rau-85 alloy formed in various oxidizing media was carried out on an automated diffractometer 
DRON-3 with CuКa radiation, a β-filter. Diffractogram shooting conditions: U=35 kV; I=20 mA; shooting 
θ-2θ; detector 2 deg/min.

X-ray diffraction analysis on a semi-quantitative basis was carried out using diffraction patterns of powder 
samples using the method of equal weights and artificial mixtures. Quantitative ratios of crystalline phases 
were determined.

Key words: hydrogen, alloys, aluminum, activating additives, oxidation, microstructure, X-ray diffraction 
analysis. 

Introduction. The need to transition to a renewable energy based on a clean, sustainable and decarbonized 
energy system is driven by the declining availability of fossil fuels, the environmental concerns of air, water 
and soil pollution, and the challenges of combating climate change. More than 94% of CO2 emissions are the 
result of the production and consumption of gas, oil and coal [1-3]. 

Hydrogen is the most successful replacement for hydrocarbon fuel. The combustion products of hydrogen 
fuel are environmentally friendly, the combustion of H2 in pure oxygen does not lead to the formation of 
greenhouse gases, which determines the importance of hydrogen energy for the environment [1]. It is proposed 
to use aluminum and its activated alloys (AAA) as an alternative energy carrier that allows obtaining hydrogen 
and storing energy. To activate aluminum in order to obtain H2 from water, aluminum alloying with low-
melting metals Ga, In, Sn, Zn, Bi, Cd, Ga-based alloys including In, Sn and other metals is proposed [1-16].

According to the authors of [5, 8], the process of aluminum activation is associated with the destruction 
of the oxide layer by the liquid Ga-In alloy and with a subsequent radical increase in the reaction surface. 
The reason for the sharp decrease in the strength of the alloy is the formation of a large number of micro 
galvanic cells. During diffusion, gallium is incorporated into the aluminum lattice, and indium is released 
from the alloy. Further intergranular and bulk diffusion of the liquid metal alloy makes aluminum brittle 
under mechanical stress and reactive when it interacts with water.

The purpose of this research is to study the role of the oxidizing environment during the interaction of 
a multicomponent aluminum alloy activated with Ga, In, Sn metals (Rau-85 alloy) on the yield and rate of 
hydrogen evolution, as well as the composition of the resulting oxidation products depending on temperature, 
the nature of the oxidizing medium, dispersion alloy particles.
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Methods and materials. Aluminum in granules State Standard 295-98 was purchased from JSC 
“Kazakhstan Electrolysis Plant”, the only aluminum producer in Kazakhstan, is part of the ERG group of 
enterprises (“Eurasian Group”).

Gallium State Standard 12797-77, in the form of cylindrical ingots. Weighing from 900 to 1000 g (OKP17 
code 6832 0103 09) purchased from JSC “Kazakhstan Electrolysis Plant”, melting point 156.59°C, density: 
7.362 (+20°C, g/cm3).

Indium State Standard 10297-94 in the form of cylindrical ingots. Weighing from 0.05 to 1000g (brand 
In00) purchased from JSC “Kazakhstan Electrolysis Plant”, melting point 29.80°C, density: 5,904 (+20°C, 
g/cm3).

Tin State Standard 860-75 model O2 in the form of ingot weighing from 22-26kg.
Hydrochloric acid p.a., temperature of the azeotropic mixture (20.22% by weight) is 108.6°C, ρ = 1.16g/

cm3 (35%), used without additional purification.
Sodium hydroxide p.a., used without additional purification.
Sulfuric acid temperature of the azeotropic mixture of 98.3% H2SO4 and 1.7% H2O is 338.8oC, ρ = 1.83g/

cm3.
Hydrogen peroxide in the form of a substance - a solution of hydrogen peroxide 3%.
Activated aluminum alloy Rau-85 containing activator metals: gallium, indium, tin (5% by weight) was 

obtained by melting in a dispersed form with particle sizes of 80-1250 µm [6,7]. Aluminum was melted in an 
inert gas atmosphere in an alund crucible in a muffle furnace at a temperature of 850oC. Activating additives 
were added into the molten aluminum and mixed to achieve homogeneity of the melt. The duration of the 
heating – exposure – cooling cycle was 1 hour, then the melt was poured into manufactured steel molds with 
an outer diameter of 60 mm, an inner diameter of 40 mm and a height of 40 mm to 80 mm. A powder with 
specified particle sizes of 80-1250 µm was made from the ingot by changing the lumen between the crusher 
cheeks (mm): 1, 2, 5 and 10.

Aluminum alloy Rau-85 was characterized using a scanning electron microscope with energy dispersive 
X-ray radiation (SEM/EDX). X-ray spectral analysis of the alloy was carried out on the X-Ray fluorescence
spectrometer X-Ray Innov-X systems.

The analysis of the elemental composition of the samples and photographing in various types of radiation 
were performed using a spectrometer INCA ENERGY from OXFORD INSTRUMENTS installed on a 
Superprobe 733 electron probe microanalyzer from JEOL at an accelerating voltage of 25 kV and a probe 
current of 25 nA.

X-ray diffractometric analysis of the reaction products of the Rau-85 alloy formed in various oxidizing
media was carried out on an automated diffractometer DRON-3 with CuКa radiation, a β-filter. Diffractogram 
shooting conditions: U=35 kV; I=20 mA; shooting θ-2θ; detector 2 deg/min. X-ray phase analysis on a 
semi-quantitative basis was performed using diffractograms of powder samples using the method of equal 
attachments and artificial mixtures. Quantitative ratios of crystal phases were determined. The interpretation of 
diffractograms was carried out using data from the ICDD card file: a database of PDF-2 powder diffractometric 
data and diffractograms of minerals pure from impurities.

Powder X-ray diffraction patterns were recorded on a D8 ADVANCE diffractometer (Bruker), α-Cu tube 
voltage 40 kV, current 40 mA. Processing of the obtained data of diffraction patterns and calculation of 
interplanar distances were carried out using the EVA software. The interpretation of samples and the search 
for phases were carried out using the Search/match program using the PDF-2 powder diffraction data base.

The volume of hydrogen released during the interaction of aluminum alloy Rau-85 in various oxidizing 
media was measured on a drum gas meter. All experiments were repeated at least three times and were 
conducted at a temperature of 25, 60°C and a humidity of 60%. The water heating temperature was measured 
with a thermometer with an accuracy of 0.1°C.

The rate of hydrogen evolution is calculated by the formula (ml/g*min):

(2)

where V is the volume of released hydrogen, m is the weight of the alloy sample;
Dt is the time between two gas clock readings.
The theoretical volume of hydrogen was calculated based on the generation of 1.244l of hydrogen per 1g 

of Al under standard conditions (273 K, 1 atm).
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Results and discussion. X-ray spectral analysis of the Rau-85 aluminum alloy was obtained on the X-Ray 
Innov-X systems spectrometer showed that the main component of the activated Rau-85 alloy is aluminum, 
the content of which is 85.71%. It has been established that the content of metals in the alloy differs slightly 
from the initial ratio of metals taken for the preparation of the alloy. It was revealed that the Rau-85 alloy 
contains trace amounts of metal impurities that were not used as initial components: Fe, Cd, Pb, Bi in an 
amount of 0.01 to 0.02%, the iron content reaches 0.09%. The content of these metals in aluminum is allowed 
by State Standard 295-98.

SEM - image and EDXs maps of the surface of the Rau-85 alloy sample are shown in Figure 1. The 
study made it possible to obtain a general picture of the alloy, a fractogram of the fracture surface, the 
distribution of dissolved elements in the alloy and their content in separate local areas of the sample with 
a microprobe with a diameter of 1 μm (Figure 1). Lighter areas in the micrograph indicate the presence of 
liquid eutectics of activating metals on aluminum grains [5, 8].

The results of the analysis of samples by the EDXs method of bright white grains and the aluminum 
alloy matrix are shown in Table 1. Based on the data in the table, it can be noted that bright white grains are 
heterogeneous in composition, the activating components Ga, In, Sn in the composition of the alloy participate 
in the formation of complex eutectics, have different distributions in the volume and on the aluminum surface.

Table 1 - Results of X-ray spectral microanalysis of Rau-85 alloy
The content of elements, weight. %

Spectrum Grain Al Ga In Sn Total
Spectrum 1 Bright white grain 3.04 5,90 69,37 21,70 100,00

Spectrum 2 Bright white grain 2,26 3,59 72,42 21,70 100,00

Spectrum 3 Matrix - gray in the photo 58,49 12,54 17,70 11,27 100,00

 a

3
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Figure 1 - SEM image of the surface of the activated Rau-85 alloy in secondary electrons and EDX maps - spectra 1(a), 2(b) bright
white grain and 3(c) matrix (gray matter)

The reactivity of the activated aluminum alloy Rau-85 with respect to distilled water in terms of
hydrogen evolution was studied depending on the particle size of the alloy and the reaction temperature. The 
particle size varied from 80 µm to 1250 µm, the process temperature was 25°C and 60°C. Comparative data
on the volume of hydrogen released during the interaction of Rau-85 alloy particles of different dispersion 
with distilled water at a temperature of 25°C and 60°C for 60 seconds are presented in Table 2.

Table 2 - Influence of particle size of aluminum alloy Rau-85 on the yield of hydrogen when interacting with water at
different temperatures

Particle sizes of Rau-85, µм Volume of released hydrogen at
25℃, ml, reaction time 60sec

Volume of released hydrogen at 60℃,
ml, reaction time 60sec

<80 980 1400
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hydrogen evolution was studied depending on the particle size of the alloy and the reaction temperature. The 
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Figure 1 - SEM image of the surface of the activated Rau-85 alloy in secondary electrons and EDX maps - 
spectra 1(a), 2(b) bright white grain and 3(c) matrix (gray matter)

The reactivity of the activated aluminum alloy Rau-85 with respect to distilled water in terms of hydrogen 
evolution was studied depending on the particle size of the alloy and the reaction temperature. The particle 
size varied from 80 µm to 1250 µm, the process temperature was 25°C and 60°C. Comparative data on the 
volume of hydrogen released during the interaction of Rau-85 alloy particles of different dispersion with 
distilled water at a temperature of 25°C and 60°C for 60 seconds are presented in Table 2.
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Table 2 - Infl uence of particle size of aluminum alloy Rau-85 on the yield of hydrogen when interacting 
with water at different temperatures

Particle sizes of Rau-85, µм Volume of released hydrogen at 
25℃, ml, reaction time 60sec

Volume of released hydrogen at 60℃, 
ml, reaction time 60sec

<80 980 1400
80-140 840 1300
140-630 330 1230
630-1250 110 1060

1250< 30 1000

Analysis of the data in Table 2 indicates that the size of the dispersed particles of the alloy and the 
temperature of the process are the key factors that control the reactivity of Al-water. The yield of hydrogen at 
a temperature of 25°C and a particle size of 80 µm was 980 ml in 60 seconds. Raising the reaction temperature 
to 60°C increases the yield of hydrogen to the theoretically possible and amounts to 1400 ml over the same 
period of time. An increase in the size of dispersed particles of the alloy to 1250 µm at a temperature of 25°C 
signifi cantly reduces the yield of hydrogen to 30 ml. Shortly after raising the reaction temperature to 60°C 
for particles with a size of 1250 µm leads to an increase in the volume of released hydrogen up to 1000 ml, 
which is much lower than the theoretically calculated value.

The reactivity of aluminum alloys in a chemical reaction with aqueous solutions of electrolytes (NaOH, 
HCl, H2SO4, H2O2) was evaluated by the rate of hydrogen evolution at different temperatures. Particle size 
80-140 µm.

Comparative kinetic curves of the release of H2 during the interaction of the Rau-85 alloy over time,
depending on the concentration of the studied acids and the fi neness of the particles of the activated alloy, are 
shown in Figure 2.

An analysis of Figure 2 made it possible to conclude that, when the process is carried out at 25°C, the 
volume of the released gas and the rate of its release depend on the concentration of the oxidizer and its 
nature. With an increase in the concentration of sulfuric acid from 1% to 5%, the rate of hydrogen evolution 
in 60 seconds increases from 1200 ml to 1800 ml/g∙min. A similar dependence was observed when using 1% 
and 5% hydrochloric acid as an oxidizing medium.

      a 

          b 
Figure 2 - Comparative kinetic curves of the volume of the evolved gas (a) and the rate of hydrogen 

evolution (b) during the interaction of the Rau-85 aluminum alloy, depending on the nature of the oxidizers 
at a temperature of 25°C
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It has also been established that with an increase in the reaction temperature, the volume of released 
H2 and the rate of its release increase, reaching the theoretically calculated value. The reaction proceeds 
without an induction period and ends within 1-5 minutes. It is noted that the studied acids are almost equal in 
oxidative activity with respect to Rau-85 aluminum alloy (Figure 2). It should be stated that with an increase 
in the process temperature, the difference in the oxidizing ability of aqueous solutions of acids is smoothed 
out. In general, an increase in the acidity of the medium leads to an increase in the rate of hydrogen evolution 
and its release. Conversion reaches 95-100%. It was also revealed that the nature of the oxidizing medium 
in which the process is carried out affects the volume of the evolved gas and the rate of interaction of the 
activated aluminum alloy.

The reaction proceeds at the lowest rate when a 3% solution of hydrogen peroxide and sodium hydroxide 
is used as an oxidizing agent. Thus, the obtained results indicate that the factors that control the reactivity of 
Al-water are the size of the dispersed particles of the activated aluminum alloy, temperature, and the nature 
of the oxidizing environment.

The microstructure and phase components of the products formed during the interaction of the Rau-85 
alloy in various oxidizing media (water, H2O2, HCI, H2SO4, NaOH) depending on the temperature, nature 
of the oxidizing agent, and pH medium were studied by SEM with EDXs. The complex of these methods 
provides sufficient and objective information about the composition of the studied objects.

  The results of X-ray spectral microanalysis of the reaction products of the Rau-85 alloy with distilled 
water (bright white grain and matrix) obtained at temperatures of 60°C and 25°C for 2 hours are represented 
in Figure 4 and Table 4.

Table 4 - Results of X-ray spectral microanalysis of the reaction products of the Rau-85 alloy with distilled 
water (bright white grain and matrix) obtained at temperatures of 25°C and 60°C for 2 hours

Spectrum Grain The content of elements, weight. %
O Al Ga In Sn Total

25оС
Spectrum Bulk composition 57,82 33,16 2,65 3,55 2.82 100,00
Spectrum 1 Bright white particle 33,73 5,08 0,81 27,45 32,93 100,00
Spectrum 2 Matrix, gray matter 31.22 64,50 4,291 - - 100,00

60оС 
Spectrum Bulk composition from the area 54.03 42.81 2.03 0.52 0.61 100,00
Spectrum 1 Bright white particle 27.87 3.93 0.63 45.64 21.93 100,00
Spectrum 2 Bright white particle 15.11 4.64 1.21 53.99 25.05 100,00
Spectrum 3 Matrix, gray matter 48.47 48.99 2.55 - - 100,00
The alloys are obtained by cooling the melt in vacuum. The bulk of the substance is in an amorphous state.

Comparative results of semi-quantitative X-ray diffractometric analysis of crystalline phases of the Rau-
85 alloy reaction product in various oxidizing environments at 25°C and 60°C are shown in Table 5.

Table 5 - Comparative results of semi-quantitative X-ray diffractometric analysis of crystalline phases of 
the Rau-85 alloy reaction product in various oxidizing environments at 25°C and 60°C

№ Reaction conditions Phase Chemical formula Total Percentage [%]
1 Rau-85 alloy treated with 1% 

H2SO4 solution at 25℃ for 2 
hours. 

Aluminum Oxide Al2O3 51.7
Alumina beta In2.42Al22O34.8 22.6
Gallium Aluminum Oxide Ga2Al22O34/Ga2O·11Al2O3 10.9
Aluminum Al 5.8
Gallium Indium Oxide GaInO3 4.9
Berndtite-2T SnS2 4.1

2 Rau-85 alloy treated with 1% 
H2SO4 solution at 60℃ for 2 hours.

Aluminum Oxide Aluminum Al2O3 
Al

85,6
14.4

3 Rau-85 alloy treated with 5% 
H2SO4 solution at 60℃ for 2 
hours.

Aluminum Sulfate Hydrate Al2SO4·5H2O 33.3
Aluminum Sulfate Hydroxide Hydrate 3Al2O3·4SO3·H2O 27.8
Aluminum Sulfate Hydrate Al2(SO4)3·14H2O 21.3
Metaalunogen, syn Al2(SO4)3·12H2O 17.6

4 Rau-85 alloy treated with 5% 
HCl solution at 60℃ for 2 hours 

Chloraluminite, syn AlCl3·6H2O 93.9
Gallium Chloride GaCl3 6.1
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5 Rau-85 alloy treated with 3% 
H2O2 solution at 60℃ for 2 
hours.

Aluminum Oxide Al2O3 39.2
Alumina beta In2.42Al22O34.8 16.6
Aluminum Al 15.1
Boehmite AlO(OH) 10.7
Gallium Aluminum Oxide Ga2Al22O34/Ga2O·11Al2O3 9.0
Tin Oxide SnO2 5.1
Gallium Indium Oxide GaInO3 4.4

6 Rau-85 alloy treated with 4% 
NaOH solution at 60℃ for 2 hours.

Sodium Aluminum Oxide NaAlO2 100

7 Rau-85 alloy with distilled 
water at 25°C for 2 hours.

Aluminum Tin Al0.975Sn0.025 77,1%
Indium Tin (In3Sn)0.5 9,8%
Indium Tin (InSn4)0.2 7,6%
Boehmite, syn AlO(OH) 5,5%

8 Rau-85 alloy with distilled 
water at 60°C for 2 hours.

Aluminum Oxide Al2O3 77.4
Tin Oxide Sn3O4 10.0
Indium In 7.0
Tin Oxide SnO2 5.6

9 Rau-85 alloy with distilled 
water at 60°C for 2 hours.

Aluminum Al 49,34
Indium Tin (In3Sn) 0.5 23,17
Indium Tin In0.1818 Sn0.8182 18,34
Aluminum Oxide Hydroxide Al O (O H) 9,15

Sample 7, 9 was recorded on D8 Advance (Bruker), α-Cu, tube voltage 40 kV, current 40 mA. Processing of the obtained data of 
diffraction patterns and calculation of interplanar distances were carried out using the EVA software. The interpretation of samples 
and the search for phases were carried out using the Search/match program using the PDF-2 Powder Diffraction Data Base.

According to X-ray diffractometric analysis data (Table 5), the reaction products of Rau-85 aluminum 
alloy with various oxidizing agents are heterogeneous in composition. The composition of the resulting 
phases and their total percentage depends on the temperature, the nature of the oxidizer used for the reaction, 
and the concentration of the acid. The diffraction patterns of the samples contain a mixture of crystalline 
and amorphous phases. There is evidence to indicate that sample №1 contains an X-ray amorphous phase 
that contains sulfur, samples №3-№6 contain an X-ray amorphous phase of hydrates of aluminum sulfate, 
aluminum chloride, aluminum boehmite, sodium aluminate, samples №7-№9 contain X-ray amorphous 
boehmite phase.

Conclusion. Based on the results obtained, it can be concluded that the reactivity of the alloy with respect 
to water can be controlled by changing the oxidizing environment by introducing appropriate additives to 
water, changing their amount, as well as varying the temperature of the experiment and the dispersion of 
particles.

The composition of the resulting phases and their total percentage depends on the temperature, the nature 
of the oxidizer used for the reaction.

The work was carried out at the expense of grant funding from the Ministry of Education and Science of 
the Republic of Kazakhstan IRN AP09260008.
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СУТЕГІ МЕН БЕЛСЕНДІ АЛЮМИНИЙ ОКСИДІН ӨНДІРУГЕ АРНАЛҒАН
 ҚОРЫТПАЛАР

Аннотация. Тотығу ортасының (су, сутегі асқын тотығы, натрий гидрототығы, күкірт және тұз 
қышқылы) сутектің шығуы мен шығарылу жылдамдығына әсері, сондай-ақ құрамында активатор 
металдар: галлий, индий, қалайы (5% масса, Rau-85 қорытпасы) бар активтендірілген алюминий 
қорытпасының тотығу өнімдерінің құрамы температураға, сондай-ақ қорытпа бөлшектерінің 
дисперсиясына байланысты зерттелді.

Қорытпаның рентгендік спектрлік талдауы X-Ray Innov-X systems спектрометрінде жүргізілді. 
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Қорытпаның микроқұрылымдары мен оның тотығу өнімі Superprobe 733 электронды-зондты 
микроанализаторына орнатылған Oxford INSTRUMENTS фирмасының INCA ENERGY спектрометрін, 
25 кВ үдеткіш кернеуі және 25 зонд тогы бар JEOL фирмасын пайдалана отырып,энергодисперсиялық 
рентген сәулесімен сканерлейтін электрондық микроскоп (СЭМ/ EDXs) әдістерімен зерттелді. 
Микроқұрылымды талдау негізінде Аl түйірлері шекарасындағы қорытпалардың фазалық 
компоненттері анықталды. Әртүрлі тотығу орталарында түзілетін Rau-85 қорытпасының реакциясының 
өнімін рентгендік дифрактометриялық талдау CuКa электронды сәулелену, β-сүзгісі бар ДРОН – 3 
автоматтандырылған дифрактометрінде жүргізілді. Дифрактограммаларды түсіру шарттары: U=35 
кВ; I=20 мА; түсірілім θ-2θ; детектор 2 град/мин.

РФА жартылай сандық негізде ұнтақ сынамаларының дифрактограммалары бойынша тең аспалар 
мен жасанды қоспалар әдісін қолдана отырып жүзеге асырылды. Кристалдық фазалардың сандық 
қатынасы анықталды.

Түйінді сөздер: сутегі, қорытпалар, алюминий, белсендіретін қоспалар, тотығу, микроқұрылым, 
РФА.
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СПЛАВЫ ДЛЯ ПРОИЗВОДСТВА ВОДОРОДА И АКТИВНОГО ОКСИДА АЛЮМИНИЯ

Аннотация. Изучено влияние окислительной среды (вода, перекись водорода, гидроокись натрия, 
серная и соляная кислота) на выход и скорость выделения водорода, а также состав образующихся 
продуктов окисления активированного сплава алюминия, содержащего металлы-активаторы: галлий, 
индий, олово (по 5% масс, cплав Rau-85) в зависимости от температуры, а также дисперсности частиц 
сплава. 

Рентгеноспектральный анализ сплава осуществляли на спектрометре X-Ray Innov-Х systems. 
Микроструктура сплава и продуктов его окисления изучена методами сканирующего электронного 
микроскопа с энергодисперсионным рентгеновским излучением (СЭМ/ EDXs) с использованием 
спектрометра INCA ENERGY фирмы OXFORD INSTRUMENTS, установленного на электронно-
зондовый микроанализатор Superprobe 733, фирмы JEOL при ускоряющем напряжении 25 кВ и 
токе зонда 25 нА. На основе анализа микроструктуры идентифицированы фазовые составляющие 
сплавов на границах зерен Al. Рентгенодифрактометрический анализ продуктов реакции сплава 
Rau-85, образующихся в различных окислительных средах, осуществляли на автоматизированном 
дифрактометре ДРОН-3 с CuКa – излучением, β-фильтр. Условия съемки дифрактограмм: U=35 кВ; 
I=20 мА; съемка θ-2θ; детектор 2 град/мин.

РФА на полуколичественной основе осуществлен по дифрактограммам порошковых проб с 
применением метода равных навесок и искусственных смесей. Определялись количественные 
соотношения кристаллических фаз.

Ключевые слова: водород, сплавы, алюминий, активирующие добавки, окисление, микроструктура, 
РФА.
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