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MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmus HAH PK. Cepusi 2eornoauu u mexHU4ecKux
Hayk» 6bi1 npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpeHUs
komnaHuel Clarivate Analytics 0nsi OanbHelwezo npuHsmus XypHarna 6 the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
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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 CuKa radiation, a B-filter. Diffractogram shooting conditions: U=35 kV; =20 mA; shooting
0-20; 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 CO, 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 H, 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 H, 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/cm?).

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/cm?).

Tin State Standard 860-75 model O, 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, p = 1.16g/
cm?® (35%), used without additional purification.

Sodium hydroxide p.a., used without additional purification.

Sulfuric acid temperature of the azeotropic mixture of 98.3% H,SO, and 1.7% H,O is 338.8°C, p = 1.83g/
cm’.

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 pm [6,7]. Aluminum was melted in an
inert gas atmosphere in an alund crucible in a muffle furnace at a temperature of 850°C. 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 um 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 Cu, radiation, a B-filter. Diffractogram
shooting conditions: U=35 kV; =20 mA; shooting 0-20; 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), a-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):

W v
“"H = ——
mat )

where V is the volume of released hydrogen, m is the weight of the alloy sample;

At is the time between two gas clock readings.

The theoretical volume of hydrogen was calculated based on the generation of 1.2441 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 um (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

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 pm to 1250 pm, 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 - 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, um Volume of released hydrogen at | Volume of released hydrogen at 60°C,
25°C, ml, reaction time 60sec 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 pm 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 pum at a temperature of 25°C
significantly reduces the yield of hydrogen to 30 ml. Shortly after raising the reaction temperature to 60°C
for particles with a size of 1250 um 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,
HCI, H,SO,, H,0,) was evaluated by the rate of hydrogen evolution at different temperatures. Particle size
80-140 pm.

Comparative kinetic curves of the release of H, during the interaction of the Rau-85 alloy over time,
depending on the concentration of the studied acids and the fineness 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

T ———

b == HI0 =B 1% HI504 —4— 1% HI) 5% HIS0M =tmm 5% HC| === 35 H202 =t NaOH

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
H, 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, H,O,, HCI, H,SO,, 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. %
0) | Al | Ga | In | Sn | Total
25°C
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
60°C
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

Ne Reaction conditions Phase Chemical formula Total Percentage [%]
1 |Rau-85 alloy treated with 1% | Aluminum Oxide ALO, 51.7
H,SO, solution at 25°C for 2| Alymina beta In, ,AL,O,, 226
hours. Gallium Aluminum Oxide Ga,AL,0,,/Ga,0-11ALO, [10.9
Aluminum Al 5.8
Gallium Indium Oxide GalnO, 4.9
Berndtite-2T SnS, 4.1
2 |Rau-85 alloy treated with 1% | Aluminum Oxide Aluminum ALO, 85,6
H_ SO, solution at 60°C for 2 hours. Al 14.4
3 |Rau-85 alloy treated with 5% | Aluminum Sulfate Hydrate ALSO,-5H,0 333
H,S0, solution at 60°C for 2 Ajyminum Sulfate Hydroxide Hydrate | 3A1.0,-4SO,-H,0 27.8
hours. Aluminum Sulfate Hydrate Al,(SO,),- 14H,0 213
Metaalunogen, syn AlL(S0,), 12H,0 17.6
4 |Rau-85 alloy treated with 5% | Chloraluminite, syn AICL,-6H,0 93.9
HCl solution at 60°C for 2 hours [ Gallium Chloride GaCl, 6.1
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5 |Rau-85 alloy treated with 3% | Aluminum Oxide AlLO, 39.2
H,0, solution at 60°C for 2| Alumina beta In, ,AL,O,, 16.6
hours. - ] ]

Aluminum Al 15.1
Boehmite AIO(OH) 10.7
Gallium Aluminum Oxide Ga,Al,,0,4/Ga,0-11A1,0, | 9.0
Tin Oxide SnO, 5.1
Gallium Indium Oxide GalnO, 4.4

6 |Rau-85 alloy treated with 4% | Sodium Aluminum Oxide NaAlO, 100
NaOH solution at 60°C for 2 hours.

7 | Rau-85 alloy with distilled Aluminum Tin Al10.975Sn0.025 77,1%
water at 25°C for 2 hours. Indium Tin (In3Sn)0.5 9,8%

Indium Tin (InSn4)0.2 7,6%
Boehmite, syn AIO(OH) 5,5%

8 [Rau-85 alloy with distilled Aluminum Oxide ALO 77.4

water at 60°C for 2 hours. Tin Oxide Sn.0, 10.0
Indium In 7.0
Tin Oxide SnO, 5.6

9 |Rau-85 alloy with distilled Aluminum Al 49,34

water at 60°C for 2 hours. 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), a-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 Nel contains an X-ray amorphous phase
that contains sulfur, samples Ne3-No6 contain an X-ray amorphous phase of hydrates of aluminum sulfate,
aluminum chloride, aluminum boehmite, sodium aluminate, samples Ne7-Ne9 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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CYTEI'T MEH BEJICEH/II AJTIOMUHU OKCUIAIH OHIIPYTE APHAJIFAH
KOPBITITAJIAP

AnHoTtamus. TOTbIFy OpTachIHbIH (CY, CyTeri aCKbIH TOTBIFbI, HATPHIA THAPOTOTHIFBI, KYKIPT KOHE TY3
KBIIIKBLIBbI) CYTEKTIH HIBIFYbl MEH IIBIFAPBUTY JKbULIAMJIBIFbIHA 9CEpi, COHJAN-aK KYpaMbIHJa aKTUBaTOP
MeTanjap: raJuMid, uHAuH, Kanaisl (5% wmacca, Rau-85 kopeiTnacel) 0ap akTUBTCHIIPUITCH ATIOMUHHN
KOPBITIIACHIHBIH, TOTBIFY OHIMJIEPIHIH Kypambl TeMIieparypara, COHJal-ak KOpbITIa OeJIIeKTepiHiH
TUCTICPCHSICHIHA OAIIAHBICTBI 3EPTTEII.

KopsITITanbIH, peHTreHmaiK CHeKTpilik Tanmaybl X-Ray Innov-X systems crekTpoMeTpiHae »Xypri3iiii.
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KopeITnanblH MHKPOKYPBUIBIMIApEl MEH OHBIH TOTBIFY ©HiMi Superprobe 733 »1IeKTpOHABI-30HATHI
mukpoanaiauzaropbina opHatbuirad Oxford INSTRUMENTS ¢upmaceinein INCA ENERGY cniekrpomerpis,
25 kB ynerkim kepHeyi sxone 25 3017 Torbl 6ap JEOL ¢upmachi naliganana OTbIPBII,3HEPrOIUCTIEPCHSIIBIK
PEHTIeH CcoyJeciMeH CKaHEepJIeHTIH sMeKTpoHAblK Mukpockon (COM/ EDXs) omictepiMen 3epTTeinfi.
MuKpOoKYpbUTBIMIBI  Tajinay Heridinge Al Tyiiprepi mIekapachlHAAFbl KOPBITIATAPABIH — (ha3abik
KOMIIOHEHTTEP1 aHBIKTANIIbI. OPTY Pl TOTHIFY OpTalapblHa TY3171eTiH Rau-85 KoppITHAChIHBIH peaKUSACHIHBIH
OHIMIH PEHTIEHIK IUPPaKTOMETPUANBIK Tanaay Cu, >IeKTPOHABI cayneneny, B-cysrici 6ap JIPOH — 3
aBTOMATTaHABIPBUIFaH JudpakToMeTpinae xyprizinai. Judpakrorpammanapasl Tycipy maprrapel: U=35
kB; /=20 MA; Tycipinim 0-20; neTexTop 2 rpaji/MHH.

P®A >xapTbuTail cCaHIBIK HETi31€ YHTAK ChIHAMAIapBIHBIH IU(paKkTorpaMMaiapsl OOMbIHIIA TEH acnaaap
MEH >KacaHJ(bl KOCHayap 9IiCiH KOJJaHa OTBIPHIN XKYy3ere achlpbulabl. Kpucranaslk ¢aszamapabiH caHabIK
KATBIHACHI AHBIKTAJIIBI.

Tyiiinai ce3aep: cyreri, KOpbITHaiap, aTlOMUHHNA, OCICEHAIPETIH KOocnanap, TOTBIFY, MUKPOKYPBUIBIM,
POA.
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CIUTABBI J1JIsA ITPOU3BOJACTBA BOAOPOJA U AKTUBHOI'O OKCHUJA AJIIOMUHUA

AHHoTanus. V3y4eHo BIMSHUE OKUCIUTEIBHOMN cpeapl (BoAa, MEPEKUCh BOAOPOA, THAPOOKUCH HATPHS,
cepHasi U COJIsTHasl KUCJIOTa) Ha BBIXOJ U CKOPOCTh BBIACIICHUS BOAOPOAA, & TAKXKE COCTaB 00pa3yIOMINXCs
MIPOIYKTOB OKUCIICHHS aKTHBHPOBAHHOTO CIUIABA AJIFOMHUHUS, COJACPIKAIIETO METAIJIBI-AKTUBATOPBI: TAJITHH,
nuHAUH, 01080 (110 5% Macc, criiaB Rau-85) B 3aBUCMMOCTH OT TeMIIEPaTyphbl, a TAKKE AUCIEPCHOCTH YaCTHIL
CIIaBa.

PentrenocnexTpaibHbIil aHaNIM3 CIUIaBa OCYIIECTBISIM Ha crnekrpoMerpe X-Ray Innov-X systems.
MHUKpPOCTPYKTypa CIUlaBa M MPOAYKTOB €ro OKUCICHHS M3yYeHa METOJaMU CKaHHWPYIOIIETrO 3JIEKTPOHHOTO
MHKPOCKOINIA C 3HEProfMCIIEPCHOHHBIM PEHTIeHOBCKMM n3nydenuem (COM/ EDXs) ¢ ucrnonb3oBaHHEM
cunekrpomerpa INCA ENERGY ¢upmer OXFORD INSTRUMENTS, ycTaHOBIEHHOTO Ha 3JIEKTPOHHO-
30HI0BBII MHKpoaHanu3aTop Superprobe 733, ¢upmer JEOL mpu yckopsromem Hanpsbkenun 25 kB n
ToKe 30H7Aa 25 HA. Ha ocHOBe aHanmm3a MUKPOCTPYKTYPBI MACHTH()UIMPOBaHbI (Pa30BbIe COCTABIAIOLINE
CIJIaBOB Ha TpaHuiax 3epeH Al. PeHTreHomm@pakToMeTpHUECKHI aHalN3 MPOAYKTOB PEAaKIMH CIUIaBa
Rau-85, oOpasyromuxcsi B pa3iMYHbIX OKHUCJIUTEIBHBIX CpelaxX, OCYIICCTBISIIM Ha aBTOMAaTH3HPOBAaHHOM
muppaxromerpe JIPOH-3 ¢ Cu, — uznydenuem, f-punbrp. Yenosus chemkn audpaxrorpamm: U=35 kB;
1=20 MA; cremka 0-20; nerextop 2 rpaja/mMuH.

PDA nHa momyKOIMYECTBEHHOH OCHOBE OCYILIECTBJICH MO IU(PaKTOrpaMMaM MOPOIIKOBBIX MpPod ¢
MPUMEHEHHEM METOJla PaBHBIX HABECOK M HCKYCCTBEHHBIX cMecei. Ompenensuch KOMU4eCTBEHHBIC
COOTHOUICHUS KPUCTAJUINIECKUX (ha3.

Ki1roueBble cj10Ba: BO1OPO/, CIUIABBL, ATIOMUHHN, aKTUBUPYIOILUE 100aBKH, OKUCIICHHE, MUKPOCTPYKTYPa,
PODA.
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