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ABSTRACT
Report 61 pp., 1 book, 21 fig., 2 tables, 17 ref., 3 appendices.

HYDROGEN POWER ENGINEERING, SOLID OXIDE FUEL CELLS, PROTON CONDUCTORS, OXYGEN-ION CONDUCTORS, RADIATION MODIFICATION
 
The objects of investigation are lanthanum scandate synthesized by means of acceptor doping and creation of a deficit in one of the cations and irradiated with argon ions with energy of 100 keV.

The aim of this work is to study the influence of the methods of defect formation on the properties of new proton conductors based on lanthanum scandate.
The studies were carried out using modern methods and high-precision devices: X-ray phase analysis and energy dispersive microanalysis, scanning electron microscopy, thermal desorption and impedance spectroscopy, differential thermal analysis and gravimetry.

Proton conductors based LaScO3, sintered by various methods have been irradiated with argon ions with energy of 100 keV at the accelerator DC-60.
The surface morphology of the initial and irradiated with argon ions LaScO3  was studied using SEM and AFM methods. It is shown that the surface LaScO3 , doped with both Sr  and Ca, characterized by large oval pellets interspersed with localized consisting of small grains. In the deficient La0.9ScO2.85  samples, no granular structure was found, but small grains arranged in chains are traced. After irradiation of such samples, the chains are disordered and the grains become coarse.

TDS studies have shown the absence of water escape from the irradiated samples of La0.9Ca0.1ScO2.9 and the appearance of intercalated protons on the irradiated samples of La0.9ScO2.85. It is assumed that irradiation weakens the interaction between charged defects, which occurs in unirradiated deficient samples, and blocks oxygen vacancies. Using electrochemical impedance spectroscopy, the activation energies of the conductivity of the bulk and grain boundaries of LaScO3 of different stoichiometry are determined. It is shown that the lowest values of activation energy of conductivity have La0.9ScO2.85   samples irradiated with argon ions.
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ABBREVIATIONS AND SYMBOLS 

In this report, the following abbreviations and symbols are used .
	ARL 9900 X 
	- ray Workstation - X - ray diffractometer

	EBSD
	- backscattered electron diffraction

	EXSTAR -6000
	- thermal analyzer

	FRA -24 M 
	- frequency analyzer module

	INCA Energy 350 / X - max 80
	- energy dispersive microanalyzer

	LaScO3
	- lanthanum scandate

	MIRA 3 LMU ( Tescan )
	- electron microscope

	MX-7304
	- radio frequency mass spectrometer

	P-45X
	- potentiostat /galvanostat 

	Z-1000P 
	- impedance meter

	ZVIEW
	- software for processing impedance spectra

	AFM
	- Atomic Force Spectroscopy

	DTG
	- differential thermogravimetry

	SEM
	- scanning electron microscopy

	TDS
	- thermal desorption spectroscopy

	TG
	- thermogravimetry

	ECH
	- electrochemical generator


INTRODUCTION

 

In the 21st century, humanity is going through difficult times due to the impending depletion of natural resources, global warming of the Earth's atmosphere, lack of water and other similar challenges. Solving the problems of slowing down climate change and sensible resource and energy saving is the most important priority of the XXI century. The development of the world economy and the economy of Kazakhstan is impossible without modernization and renewal of the fuel and energy sector [1,2]. Energy is the basic industry for the development of world production, which meets about 80% of the world's energy needs through the combustion of natural mineral and organic raw materials (coal, gas, oil, etc.). Understanding the problem of limited reserves of hydrocarbon fuel contributed to the development of a new direction of the so-called " decarbonized " energy, i.e., the development of various types of renewable energy sources and the search for ways to replace hydrocarbon raw materials with a new affordable and environmentally friendly energy carrier. Such a carrier is hydrogen, and there are unlimited reserves in the world, since hydrogen is the most abundant element on earth.

Solid oxide ionic conductors are promising materials for use as a working electrolyte in fuel cells that directly convert the energy of electrochemical oxidation of hydrogen into electrical energy [3,4]. Such cells are an integral part of electrochemical generators (ECH) for hydrogen power engineering, the promising nature of which is due to the environmental friendliness of generating electricity and high efficiency.
One of the major limitation of hydrogen energetics development is relatively low efficiency of fuel cells and, as a consequence, the high cost of electricity produced. Therefore, at present, active work is underway, both on the synthesis of new electrolytes and on the search for ways to increase the efficiency of already known compositions.

Proton conducting solid electrolytes are preferable than oxygen-ion solid electrolytes at lower temperatures (below 500oC) [5]. The proton transport process has significantly lower activation energies than the oxygen ion, providing higher conductivity values at low temperatures.
Mainly protons are appeared in the proton conducting oxides as a result of the following reaction, written in Kröger–Vink notation, of water vapor dissolution:
H2O + Vo(( + Oox = 2OHО( 




(1)

Oxygen vacancies [Vo((] in the oxides are usually formed by acceptor doping [6-8]. 

There is another way to form vacancies in the oxide during synthesis. This way is to create a deficit of one of the cations. This way is relatively new for proton conductor synthesis. For example, the negative V'''Sc and positive charged vacancies V●●O are formed in Sc and O sublattices at Sc deficit in the LaScO3 lattice [9-10]. This way of vacancy creation is even more effective than acceptor doping, because 1.5Vo(( per V'''Sc is formed. It was also shown in [11] that the creation of nonstoichiometry in one of the cationic sublattices of proton-conducting electrolytes based on BaCeO3 increased their conductivity. It is necessary to say that this way of oxygen vacancy creation is suitable for oxides keeping perovskite structure at significant deviations from stoichiometry [12].
Irradiation of oxides with electrons or ions creates radiation defects in the lattice, primarily oxygen vacancies [13,14], which can affect the conducting properties of both grain boundaries and the entire material as a whole. Therefore, the use of radiation modification as a way to change the structure and properties of solid oxide electrolytes is promising. At present, this problem has not been sufficiently studied, especially on such materials as lanthanum scandates. Therefore, it is required to carry out comprehensive studies of the effect of irradiation on the structure and properties of solid oxide ionic conductors.
During the implementation of this project in 2018, the synthesis of proton conductors based on lanthanum scandate was carried out by means of acceptor doping. The structure and conducting properties of the synthesized samples were studied (interim report for 2018, inventory number 0218RK00649).

In 2019, in accordance with the schedule, the synthesis of proton conductors based on the lanthanum scandate was performed by creating a cation deficit. The structure and conducting properties of proton conductors based on lanthanum scandate, synthesized by creating a cation deficit, have been studied (interim report for 2019, inventory No. 0219RK00072). 
The goal of the project was to study the influence of the defects formation processes on the properties of new proton conductors based on lanthanum yttrate and scandate.
In 2020 the investigation goal was to study of the heavy ions irradiation effect on the structure and properties of the proton conductors based on lanthanum scandate and yttrate, synthesized by the methods of acceptor doping and creating a deficit for one of the cations.
To achieve this goal, the following tasks have to be done in accordance with the schedule 2020 (Appendix A).

- Heavy ions irradiation modification of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit in one of the cations.
- Study of the heavy ions irradiation effect on the structure and thermal properties of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit for one of the cations.
- Study of the heavy ions irradiation effect on the conductive properties of lanthanum scandate synthesized by the method of acceptor doping and creating a deficit for one of the cations.
The amount of financing for 2020 amounted to 5 878 086 tenge.

MAIN PART
 

1 Heavy ions irradiation modification of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit in one of the cations
1.1 Preparation of lanthanum scandate samples and irradiation with low-energy argon ions

Ceramic samples of lanthanum scandate of the following compositions were prepared for irradiation: La0.9Sr0.1ScO2.95, La0.9Са0.1ScO2.95 и La0.9ScO2.85. These samples were irradiated with argon ions with energy of 100 keV at the DC-60 accelerator, Nur- Sultan. The samples were irradiated alternately from both sides to a fluence of 5х1016см-2 on each side. During the irradiation the sample temperature does not exceed 100оС.

 

1.2 Calculation of runs and damage under irradiation LaScO 3
Using the SRIM -2013 program we calculated the ion ranges and vacancy generation rate in lanthanum scandate samples of all the above compositions by argon ions [15]. The calculation results are presented in Table 1.

 

Table 1 - Ion ranges and vacancy generation rates
	Composition
	Ar ion energy

[keV]
	Ion range, Å
	Vacancies / Ion

	La0.9Sr0.1ScO2.95
	100
	707
	798

	La0.9Са0.1ScO2.95
	100
	703
	800

	La0.9ScO2.85
	100
	726
	796


 

As an example, Figures 1 - 3 show the calculation results for different sample stoichiometry.
Calculations have shown that ion ranges and vacancy distributions almost the same for all sample compositions.
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(a)                                                     (b)
Figure 1 - Argon ion (a) and vacancy (b) distributions in La0.9Sr0.1ScO2.95  sample 
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(b)                       
Figure 2 - Argon ion (a) and vacancy (b) distributions in La0.9Са0.1ScO2.95 sample 
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(a)                                                                (b)

Figure 3 - Argon ion (a) and vacancy (b) distributions in La0.9ScO2.85 sample 
2 Study of the heavy ions irradiation effect on the structure and thermal properties of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit for one of the cations
2.1 Microanalysis of the surface of irradiated samples

Studies of the elemental composition of unirradiated and irradiated with argon ion samples of lanthanum scandate doped with Sr and Ca have been carried out. It is shown that a uniform distribution of elements over the surface corresponding to a given stoichiometry is observed on unirradiated samples. In the case of irradiation of Ca-doped lanthanum scandate, local areas with an increased Ca concentration are observed, while in the case of Sr, the distribution remains uniform.
 

2.2 Surface morphology study
Surface morphology of unirradiated and irradiated lanthanum scandate samples was studied by scanning electron microscopy (SEM) method. It was shown that the surface of doped lanthanum scandate has a structure of the densely packed granules of 1–5 µm in size. In the case of doping with Ca, large granules with pronounced stepped hexagons dominate. For lanthanum scandate samples with lanthanum deficiency (10%) no granular structure was found (Figure 4-6).


[image: image9]   
[image: image10]                              (а) …………………………                                (b)
a) - unirradiated; b) - irradiated with Ar ions.
Figure 4 - Electron microscopic images of the surface of La0.9Sr0.1ScO2.95 
samples (x10,000)  
 

[image: image11] 
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                                    (a)                                                                      (b)
a) - unirradiated; b) - irradiated with Ar ions.
Figure 5 - Electron microscopic images of the surface of La0.9Са0.1ScO2.95 
samples (x10,000) 
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(а)                                                                    b)
a) - unirradiated; b) - irradiated with Ar ions.
Figure 6 - Electron microscopic images of the surface of La0.9ScO2.85
samples (x10,000) 
 

The surface relief of lanthanum scandate samples of different stoichiometry, unirradiated and irradiated with argon ions, has been investigated. Surface areas of 20x20 μm were scanned. According to AFM data, the surface of lanthanum scandate doped with both Sr and Ca is characterized by the presence of large oval granules interspersed with local areas consisting of small grains (Figure 7,8).
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(a)                                                    (b)
a) - unirradiated; b) - irradiated with Ar ions.
Figure 7 - AFM images of strontium- doped lanthanum scandate  
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(a)                                             

     ( b)
a) - unirradiated; b) - irradiated with Ar ions.
Figure 8 - AFM images of calcium-doped lanthanum scandate


 

[image: image19]    
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(а)                                                             (b) 

a) - unirradiated; b) - irradiated with Ar ions.
Figure 9 - AFM images of LaSc0.9O2.85 samples
 
Granular structure was not detected by neither SEM or AFM on deficient samples of lanthanum scandate. At the same time, the AFM method revealed small grains arranged in chains on unirradiated ceramics. After irradiation of these samples by argon ions a granular structure with a large spread in size granules (Figure 6) was observed in SEM pictures and "disordering" of chains and grain coarsening (Figure 9) in AFM images.

 

2. 3 Thermal desorption studies of lanthanum scandate irradiated with argon ions
One of the main tasks in the study of new proton conductors is to assess their ability to intercalate protons. Intercalation of protons into the oxide lattice occurs in the process of water dissolution according to the equation (1). In thermal desorption study reaction (1) goes in the reverse direction during sample heating in vacuum and amount of water released from a sample corresponds to proton concentration in the sample.  
The method of thermal desorption spectroscopy (TDS) is based on the registration of gases released from a solid when it is heated, and is widely used in the study of the state of gas components in solids. Desorption of gases can be caused by the release of a gas previously adsorbed on the surface or dissolved in the volume. This technique allows to determine the temperature ranges of gas release, gas chemical composition, to perform qualitative and quantitative analysis, to obtain information about the mechanisms of gas release. By analyzing the behavior of desorption peaks, in particular, the shape of the desorption peak and the dependence of the maximum gas evolution rate on the degree of filling, it is possible to determine the reaction order and the activation energy of desorption of a particular gas. For solid oxide proton conductors, thermal desorption spectroscopy provides information on the forms of localization of protons in the lattices of oxides, their chemical stability and activity with respect to carbon dioxide.

Thermal desorption studies of irradiated lanthanum scandate were carried out on a device for studying gas evolution from solids, a detailed description of which is presented in 16]. The main parameters of the installation: working vacuum 10-8 mm Hg, the possibility of simultaneous registration of up to 6 masses, the heating rate of the samples is 42 K/min.

Gas thermal desorption study from the irradiated samples of lanthanum scandate was carried out. Earlier it was shown that just a small amount of water was desorbed from the samples doped with Ca and Sr and this amount increased with dopant concentration. It was also shown that the amount of water desorbed from LaScO3 doped with strontium was higher than from LaScO3 doped with Ca at the same dopant concentration. At the same time, temperature of maximum of the desorption rate from Ca doped samples was higher than from Sr ones.
It is appeared that no water released from the La0.9ScO2.85 samples (10 % of La deficiency). Probably stoichiometry changes in the La sublattice were accompanied with irreversible structural changes decreasing the oxygen vacancy concentration. Moreover, a strong interaction between the charged defects can also decrease the oxygen vacancy concentration. Actually the negative charged lanthanum vacancies V'''La
are capable to bind the oxygen vacancies into 
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 complexes and so,  to prevent them from water dissolution process. It can explain why amount of water released from the La0.97ScO3-δ sample was less than from La0.95ScO3-δ and La0.9ScO3-δ ones. 
Thermal desorption spectra of water from lanthanum scandate of different stoichiometry irradiated with argon ions are shown in Figure 10. It can be seen that irradiation of lanthanum scandate with Ar ions had a significant influence on concentration of intercalated protons. There was no water release from the La0.9Са0.1ScO2.95 samples irradiated with Ar ions. 

[image: image22]
1 - La0.9ScO2.85, 2 - La0.9Са0.1ScO2.95, 3 - La0.9Sr0.1ScO2.95.
Figure 10 - Water release from La0.9Sr0.1ScO2.95, La0.9Са0.1ScO2.95 and La0.9ScO3-δ samples irradiated with Ar ions.
 
At the same time, a significant water release from La0.9ScO3-δ samples irradiated with Ar ions was observed (Figure 10).

One of the advantages of the lanthanum scandate in choosing the electrolyte material was its high chemical resistance to carbon dioxide. As you can see, in contrast to the well-known barium cerate, the composition of LaScO3 does not include an alkaline earth element, which, as a rule, determines the chemical activity of oxides towards СО2. Our studies have shown that chemical activity of the lanthanum scandate with respect to СО2 remains low if it does not include an alkali-earth metal.
Thermal desorption spectra of CO2 release from irradiated and unirradiated lanthanum scandate samples are shown in Figure 11. It can be seen that on the deficient unirradiated sample, the maximum yield of СО2 is observed in the temperature range 200-500 o C, while on the doped lanthanum scandate the СО2 is desorbed in a smaller amount and at higher temperatures. Irradiation of lanthanum scandate samples with argon ions increases the amount of desorbed СО2 at low temperatures (200-500оC) on the doped samples. It can indicate on formation of active sites on the ceramic surface. On the deficiency lanthanum scandate, the high-temperature part of the spectrum is transformed, but the total amount of desorbed СО2 decreases in comparison with the unirradiated sample.
	
[image: image23]
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1 - La0.9ScO2.85, 2 - La0.9Са0.1ScO2.95, 3 - La0.9Sr0.1ScO2.95.
Figure 11 - Carbon dioxide release from unirradiated (a) and irradiated (b) lanthanum scandate samples
 
An argon desorption was also found in the thermal desorption spectra of irradiated lanthanum scandate samples of all the compositions. As it is known, inert gases are poorly soluble in materials, but at the same time they can form complexes "vacancy-inert gas ", which decompose when the temperature rises in vacuum, and argon is desorbed. Significant differences in the nature of the spectra of argon yield from scandate samples of different compositions were revealed (Figure 12). The maximal argon release is observed for the samples of La0.9Sr0.1ScO2.95, and the spectrum of argon release has a stepwise character, which indicates the energy inhomogeneity and high temperature stability of the complexes formed upon irradiation. The amount of desorbed argon from La0.9Са0.1ScO2.95 and La0.9ScO2.85 samples significantly less than in the case of doping with strontium and is characterized by lower temperature stability.
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1 - La0.9ScO2.85, 2 - La0.9Са0.1ScO2.95, 3 - La0.9Sr0.1ScO2.95
Figure 12 - Spectra of argon yield from samples of different composition,
irradiated with Ar ions
It should also be noted that it was found an insignificant release of molecular hydrogen from the lanthanum scandate samples doped with strontium and calcium and irradiated with argon ions.

 

2.4 Differential thermal analysis of irradiated samples

Thermogravimetric (DTG) and differential thermal analysis (DTA) of lanthanum scandate samples irradiated with 100 keV Ar ions were performed using EXSTAR 6000 thermal analyzer. 
High purity nitrogen, which was obtained by gasification of liquid nitrogen, was used as a purge gas. The flow rate of the purge gas and the heating rate of the samples were 100 ml/min and 20oC/min, respectively.

Thermogravimetric and differential thermal analysis of irradiated samples of the following compositions - La0.9Sr0.1ScO2.95, La0.9Са0.1ScO2.95 and La0.9ScO2.85 were performed in “up – down” temperature mode.
It was noticed that insignificant intercalation of water into unirradiated complex oxides with slow kinetics took place even at room temperature in air. At heating of unirradiated doped lanthanum scandates a decrease of the sample mass was observed in the temperature range 600-1000oC. 
It is appeared that irradiation of the lanthanum scandate samples doped with calcium blocked a mass loss at the sample heating. Three temperature stages of the mass loss at 240, 795 and > 1080oC were found in the gravimetric spectrum of strontium doped lanthanum scandate (10%) (Figure 13). 
	
[image: image26]
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(а)                                                                  (b) 

1 - not irradiated; 2 - irradiated.
Figure 13 - Thermogravimetric data for samples La0.9Са0.1ScO2.95 (a) и
 La0.9Sr0.1ScO2.95 (b)

 
No mass loss was observed on the unirradiated lanthanum scandate samples with a lanthanum deficiency, while after irradiation of La0.9ScO2.85 with argon ions, a change in the ceramic mass was observed (Figure 14). It is obvious that irradiation facilitated water intercalation in this case, while a strong interaction of the charged defects in the unirradiated ceramics is a barrier for water intercalation in the oxide.

[image: image28]
1 - not irradiated; 2 - irradiated.
Figure 14 - Thermogravimetric data for La0.9ScO2.85 samples.
 

The maximum mass loss is observed for Sr-doped samples (Figure 15). It should be noted that when the samples were cooled, only a partial weight recovery took place.


[image: image29]
1 - La 0.9 Sr 0.1 ScO 2.95; 2 - La 0.9 Ca 0.1 ScO 2.95; 3 - La 0.9 ScO 2.85.
Figure 15 - Change in mass during heating of irradiated ceramics
 of different stoichiometry
 

 
3 Study of the heavy ions irradiation effect on the conductive properties of lanthanum scandate synthesized by the method of acceptor doping and creating a deficit for one of the cations
Electrochemical impedance spectroscopy is the most useful and informative method for studying the electrophysical properties of ionic conductors. As a rule, the impedance spectra of polycrystalline solid electrolytes are given in the Nyquist representation (real and imaginary parts of the impedance along the x and y axes, respectively). In this case, the spectra usually consist of a set of semicircles, each of which is responsible for the processes occurring in the volume of the grain, at the grain boundaries of the solid electrolyte, and also at the electrode-electrolyte interfaces [17].
Impedance measurements were performed in a specially designed solid state electrochemical cell using the potentiostat /galvanostat P-45H with frequency analyzer FRA -24 M in frequency range from 500 kHz to 0.2 Hz and temperature range 20 – 700oC. Measurements were performed on samples in the form of tablets with a diameter of 11 mm and a thickness of 3 mm of the following compositions:  La0.9Sr0.1ScO2.95, La0.9Са0.1ScO2.95 и La0.9ScO2.85. The tablets were coated with electrodes made of porous platinum.

As an example the temperature dependencies of impedance spectra of unirradiated and irradiated La0.9Sr0.1ScO2.95 samples are presented in Figures 16 - 17. Temperatures in figures are in oC. 

[image: image30]
 

Figure 16 - Impedance spectra of unirradiated La0.9Sr0.1ScO2.95

[image: image31]
 
Figure 17 - Impedance spectra of irradiated La0.9Sr0.1ScO2.95
 
Figure 18 shows the Nyquist curves of LaSc0.9O2.85, irradiated with argon ions.

 


[image: image32]
 
Figure 18 - Impedance spectra of irradiated La0.9ScO2.85
 
As can be seen from the figures, all curves can be described by a set of the depressed semicircle.
It should be noted that La0.9Са0.1ScO2.95 samples, irradiated with argon ions, had very high resistance and impedance spectra of these samples could not be measured. It was mentioned above that no water release was observed in thermal desorption spectra of lanthanum scandate doped with calcium and irradiated with argon ions. It is possible that the presence of calcium as a dopant and its ability to precipitate in a separate phase has such a negative effect on properties of the material.

The impedance spectra were processed using the ZVIEW program. As a result, the temperature dependences of the conductivity of the volume of grains and their boundaries were obtained for all of the above stoichiometry. Dependencies of specific resistance of grains and grain boundaries on the reverse temperature of irradiated and unirradiated La0.9Sr0.1ScO2.95 are shown in Figures 19,20.

[image: image33]
1 - grain volume; 2 - grain boundaries.
Figure 19 - Temperature dependences of specific resistance of unirradiated La0.9Sr0.1ScO2.95  
 


[image: image34]
1 - grain volume; 2 - grain boundaries.
Figure 20 - Temperature dependences of specific resistance of irradiated samples of La0.9Sr0.1ScO2.95 
Solid lines show an approximation of the experimental data by straight lines, the tangent of which characterizes an activation energy of the conduction.
Figure 21 shows the dependences on the reciprocal temperature of the electrical resistivity "volume" and grain boundaries of lanthanum scandate samples with a lanthanum deficiency ( x = 10%), irradiated with argon ions.


[image: image35]
1 - grain volume; 2 - grain boundaries.
Figure 21 - Temperature dependences of specific resistance of the irradiated La0.9ScO2.85
 
The calculated values of activation energies of the conductance are presented in Table 2.
 

Table 2 – Values of activation energy of conductivity La1-xScO3-δ
  

	 

Composition
	E act , eV

	
	Grain volume
	Grain boundaries

	La0.9Sr0.1ScO2.95
unirradiated
	 

0,886
	 

1,545

	La0.9Sr0.1ScO2.95

irradiated
	 

1,442
	 

1,445

	La0,9ScO2,85
unirradiated (500 о С)
	 

1,07
	 

1,6

	La0,9ScO2,85
irradiated with Ar ions
	 

1,04
	 

1,354


 
Analysis of the results obtained allows us to conclude that irradiation with argon ions had a positive effect on the lanthanum scandate synthesized by creating a deficit in the lanthanum cation. 

 

 
CONCLUSION

 

The project was implemented completely in accordance with the schedule 2020 (Appendix A).

Ceramic samples of La0.9Sr0.1ScO2.95, La0.9Са0.1ScO2.95 and La0.9ScO2.85 were prepared for irradiation and were irradiated with Ar ions and fluence of 1017cm-2.
The ion ranges and vacancy generation rates were calculated for all sample compositions. It was shown that ion ranges and vacancy generation rates are almost the same for all sample compositions.

Studies of the elemental composition of unirradiated and irradiated with argon ions samples of lanthanum scandate doped with Sr and Ca showed that on unirradiated samples there is a uniform distribution of elements over the surface, corresponding to a given stoichiometry. In the case of irradiation of Ca-doped lanthanum scandate with argon ions, local regions with an increased Ca content are observed, while in the case of Sr, the distribution remains uniform.
It was found that the surface of doped lanthanum scandate samples has a structure of densely packed granules of 1–5 µm in size. In the case of doping with Ca, large granules with pronounced stepped hexagons dominate. These granules are smoothed out after irradiation.
Unirradiated lanthanum scandate samples with lanthanum deficit had no granular structure. At the same time, the AFM method revealed small grains arranged in chains on unirradiated ceramics. After irradiation of such samples, SEM images show a granular structure with a large scatter in the sizes of granules, while AFM images show “disordering” of chains and coarsening of grains.
Thermal desorption studies have shown that the synthesized lanthanum scandate doped with strontium and calcium is capable of intercalating protons when the samples are kept at room temperature under laboratory conditions. The release of molecular water was found in the thermal desorption spectra of such samples. It was found that the amount of desorbed water depends on the degree of doping and increases with increasing concentration of the dopant. It was also shown that the amount of desorbed H2O upon doping of LaScO3 with strontium is higher than that upon doping with Ca at the same doping level. After irradiation with argon ions, no water release was observed on the samples of lanthanum scandate doped with calcium, whereas on the samples of the composition La0.9Sr0.1ScO2.95, the amount of desorbed water increased.
As for the lanthanum scandate samples with a lanthanum deficiency, no proton intercalation was detected in the unirradiated sample of the La0.9ScO2.85 composition, which is presumably due to the blocking of oxygen vacancies due to the strong interaction between charged defects with a lanthanum cation deficiency above a certain value. Indeed, negatively charged lanthanum vacancies [image: image37.png]v



 are able to bind oxygen vacancies [image: image39.png]
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and block their participation in the process of water dissolution. Irradiation with argon ions promotes the decomposition of complexes and the unblocking of oxygen vacancies, which allows them to participate in the process of proton intercalation.
The results of thermogravimetric studies of irradiated La0.9Sr0.1ScO2.95 and La0.9ScO2.85 samples are consistent with the data of thermal desorption: on the samples La0.9Sr0.1ScO2.95 and La0.9ScO2.85, a loss in the mass of the samples was observed in the temperature range 600-1000°C. On samples doped with calcium and irradiated with argon ions, no decrease in the sample mass was observed, as if intercalated protons were blocked or “knocked out” from the sample during irradiation.
Studies of the conducting properties of the irradiated and unirradiated lanthanum scandate samples have been carried out by the electrochemical impedance spectroscopy method (EIS). 
Processing of the impedance spectra made it possible to separate the contributions to the conductivity of grain boundaries and grain “volume”, to obtain the temperature dependences of the conductivities, and to determine their activation energies.
Analysis of the results obtained allows us to conclude that irradiation with argon ions had a positive effect on the lanthanum scandate synthesized by creating a cation deficit.
The results of research carried out in 2020 are published in the open press (APPENDIX B and APPENDIX C).
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APPENDIX A
CALENDAR WORK PLAN
Under the contract №   157     from    15.03     2018
1. Republican state enterprise on the right of economic management "Institute of Nuclear Physics" of the Ministry of Energy of the Republic of Kazakhstan

1.1 Priority: Energy and Mechanical Engineering

1.2 By sub-priority: Alternative energy and technologies: renewable energy sources, nuclear and hydrogen energy, other energy sources

1.3 On the topic of the project: No. AP05130148 "Study of the influence of the methods of defect formation on the properties of new proton conductors based on lanthanum yttrate and scandate".
1.4 The total amount of the project is 17,960,340 (Seventeen million nine hundred sixty thousand three hundred forty) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:

- for 2018 - in the amount of 6,000,000 (six million) tenge;

- for 2019 - in the amount of 6 082 254 (six million eighty two thousand two hundred fifty four) tenge;

- for 2020 - in the amount of 5,878,086 (five million eight hundred seventy-eight thousand eighty-six) tenge.

2. Characteristics of scientific and technical products by qualification 
characteristics and economic indicators

2.1 Direction of work: Applied research in the field of solid oxide electrolytes.
2.2 Field of application: The obtained scientific results are applicable in the field of electrochemistry of solid electrolytes as a basis for choosing ways of modifying materials and obtaining membranes with high ionic conductivity and chemical stability, which increase the efficiency of fuel cells based on them and reduce the cost of electricity generated.
2.3 End result:
- for 2018: New data were obtained on the effect of acceptor doping on the structure and properties of proton conductors based on lanthanum scandate. Based on the results of the work carried out, 1 article will be published in a peer-reviewed national scientific publication with a nonzero impact factor.
- for 2019: New data were obtained on the effect of a deficiency in one of the cations on the structure and properties of proton conductors based on lanthanum scandate. Based on the results of the work carried out, 1 article will be published in a peer-reviewed foreign scientific publication with a non-zero impact factor.
- for 2020: New data were obtained on the effect of irradiation with heavy ions on the structure and properties of proton conductors based on lanthanum scandate, synthesized by methods of acceptor doping and creating a deficit in one of the cations. Based on the results of the work carried out, only 2 articles will be published in peer-reviewed foreign scientific journals, indexed in databases Web of Science or Scopus with a non-zero impact factor (“Russian Journal of Electrochemistry” with impact factor 0.862 and/or “Russian Physics Journal” with impact factor 0.671).
2.4 Patentability: no.

2.5 Scientific and technical level (novelty): For the first time, comprehensive studies will be carried out on the influence of the methods of formation of oxygen vacancies - acceptor doping, creation of a deficit in one of the cations, radiation modification - on the structure and properties of ceramic samples of lanthanum scandate. The high technical level of research is ensured by modern equipment and high qualifications of the project executors.

2.6 The use of scientific and technical products is carried out: by the Contractor.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: Development and creation of new environmentally friendly highly efficient renewable energy sources.

3. Name of work, terms of their implementation and results
	Job number, phase
	The name of works under the Contract and the main stages of its implementation
	Deadline
	Expected Results

	
	
	Start
	Finish
	

	1
	Synthesis of proton conductors based on lanthanum scandate by the method of acceptor doping.
	January

2018
	April

2018
	Synthesized proton conductors based on lanthanum scandate by the method of acceptor doping.

	2
	Study of the structure and properties of proton conductors based on lanthanum scandate synthesized by the method of acceptor doping 
	April

2018
	September

2018
	The structure and properties of the 
proton conductors based on lanthanum scandate synthesized by acceptor doping will be studied

	3
	Study of conductive properties of proton conductors based on lanthanum scandate synthesized by the method of acceptor doping 
	July

2018
	1 November

2018
	Conductive properties of proton conductors based on lanthanum scandate synthesized by acceptor doping will be studied.  Based on the results of the work carried out, 1 article will be published in a peer-reviewed national scientific publication with a nonzero impact factor.

	4
	Synthesis of proton conductors based on lanthanum scandate by the method of creating a deficit for one of the cations
	January

2019
	April

2019
	Synthesized proton conductors based on lanthanum scandate by the method of creating a deficit for one of the cations

	5
	Study of the structure and properties of proton conductors based on lanthanum scandate synthesized by the method of creating a deficit for one of the cations
	April

2019
	September

2019
	The structure and properties of proton conductors based on lanthanum scandate synthesized by creating a deficiency in one of the cations will be studied

	6
	Study of conductive properties of proton conductors based on lanthanum scandate synthesized by the method of creating a deficit for one of the cations


	July

2019
	1 November

2019
	The conducting properties of proton conductors based on lanthanum scandate, synthesized by creating a deficiency in one of the cations will be studied.  Based on the results of the work carried out, 1 article will be published in a peer-reviewed foreign scientific publication with a non-zero impact factor.

	7
	Heavy ions irradiation modification of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit in one of the cations
	January

2020
	April

2020
	Completed irradiation with heavy ions of lanthanum  scandate, synthesized by the methods of acceptor doping and creating a deficit in one of the cations

	8
	Study of the heavy ions  irradiation effect on the structure and thermal properties of lanthanum scandate synthesized by the methods of acceptor doping and creating a deficit for one of the cations.
	April

2020
	September

2020
	Obtained new data on heavy ions irradiation effect on the structure and thermal properties of lanthanum  scandate synthesized by the methods of acceptor doping and creating a deficit for one of the cations.

	9
	Study of the heavy ions  irradiation effect on the conductive properties of lanthanum scandate synthesized by the method of acceptor doping and creating a deficit for one of the cations.
	July

2020
	1 November

2020
	Obtained new data on heavy ions irradiation effect on the conductive properties of lanthanum scandate synthesized by the method of acceptor doping and creating a deficit for one of the cations. Based on the results of the work carried out, only 2 articles will be published in peer-reviewed foreign scientific journals, indexed in databases Web of Science or Scopus with a non-zero impact factor (“Russian Journal of Electrochemistry” with impact factor 0.862 and/or “Russian Physics Journal” with impact factor 0.671).
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Radiation modification of BaCe gsNdg 15055
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The effect of irradiation with electrons and ions of inert gases (Ne, Ar, Kr) and oxygen of various energies on the structure,
surface state and gaseous components in BaCeygsNdy sOs5 has been studied. It was shown that electron irradiation of
BaCeq gsNdy 5035 results in smoothing-out of the irradiated surface relief, while electron irradiation of BaCeOs led to formation
of a fine pyramidal (needle-shaped) structure on the irradiated surface. It was noted that in case of BaCeggsNdy 15055 irradiation
with high-energy inert gas ions, solid-phase transformations occurred on the surface of BaCe;gsNd, ;505.5. The conclusion was
made about the mechanism of the influence of irradiation with high and low energy heavy ions of inert gases on the state of the
gaseous components in BaCe, gsNd, 15035, based on the features of defects formation under irradiation with the ions of different

energies.

Keywords: Proton conductivity, barium cerate, radiation modification, inert gas ions

INTRODUCTION

Currently, active research is being conducted
in the area of hydrogen energy. Fuel cells based
on solid proton-conducting electrolytes with the
ABO; perovskite structure, capable of directly
converting the chemical energy of hydrogen into
electrical energy, are considered as one of the
most promising alternative sources of electricity
[1,2].

In the initial state, the perovskite of the ABO;
type is a dielectric and to give it the propertics of
proton conductivity, the so-called acceptor
doping is traditionally performed, that is, the
tetravalent cation at position B is partially
replaced by the trivalent rare earth clement Re,
resulting in formation of oxygen vacancies V*°
with an effective charge of +2 in the lattice. The
newly formed compound can be written as
follows: AB;, Re 035 where x is the
concentration of the trivalent cation or the
degree of doping, and & = x/2 is the
concentration of oxygen vacancies. When doped
perovskite is exposed in a humid atmosphere,
dissociative dissolution of water vapor takes
place in the barium cerate lattice in accordance
with reaction (1).

HZO + V..o + OXO — 2OH.O (1)

The diffusion of protons to the oxygen ions
provides the proton conductivity of the oxide.

* To whom all correspondence should be sent:
vicnadyerm@mail.ru

© 2019 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria

A deterrent to the widespread use of fuel
cells based on proton conductors is currently the
high cost of electricity produced due to the high
cost of fuel and fuel cell materials, their low
stability and efficiency. Therefore, an active
search for materials of highly efficient and stable
clectrolytes is currently in progress. The main
focus here is the synthesis of new compounds
with the property of proton (ionic) conductivity.

In recent years, there have been proposed to
increase the efficiency of ionic conductors
through their radiation modification [3-5].

Earlier we have reported some results on
influence of irradiation [7] and cation dopant
type on structure and properties of barium
cerates [9, 10].

In this paper the new results on effect of
irradiation with electrons, as well as oxygen,
neon, argon and krypton ions of various energies
on the structure and  properties of
BaCe, 5sNd 15055 are presented.

EXPERIMENTAL TECHNIQUE

Samples of ceramic BaCeg ssNdy 15055 in the
form of plates of 10x5x1 mm size were
preliminarily annealed in air at the temperature
of 650°C for 7 hours.

Some of the samples were irradiated with
heavy ions at the accelerator DC-60 of the
Institute of Nuclear Physics of the Republic of
Kazakhstan, Astana. Tab.1 shows the irradiation
characteristics, as well as the ion ranges and
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damages, calculated using the SRIM - 2013
software [6].

Table 1. Results of calculations of the ion ranges
and the concentration of vacancies

High energy
Ion energy Ion range .
Ton type ’ > | Vacancy/ion
WPl [Mev] [pum] y
Ne* 35 12.7 2700
Ar 70 13.2 8100
Kr 147 15.3 31000
o' 28 13.3 1740
Low energy
Ion energy, | Ion range .
Ton type ’ > | Vacancy/ion
P [keV] [pum] y
Ne* 40 0.065 320
Ar’ 100 0.080 800
Kr 260 0.108 2500
o 40 0.080 243

Along with this, some of the samples were
irradiated with 1.3 MeV electrons at the
accelerator ELV-4 of the INP RK up to doses of
1.0, 5.0, 10.0 and 14 MGy. The calculations
showed that the maximum temperature of the
irradiated face of the sample did not exceed 372
K.

In this work, the following methods were
used: X-ray phase analysis using the
diffractometer X'PertPRO, scanning electron
microscopy with the microanalyzer JEOL JSM-
6490, atomic force microscopy NT-MDT,
thermal desorption spectroscopy using the RF
mass spectrometer MX-7304, thermal analysis
using the thermal analyzer EXSTAR -6000.

RESULTS AND DISCUSSION

X-ray phase analysis of the initial
BaCe5sNdo 15055 samples annealed in air at
650°C showed that their structure corresponds to
the perovskite structure of undoped BaCeQOs.
Irradiation of BaCeg ssNd; 15055 with low-energy
inert gas ions (E=40 — 260 keV) to doses of 10'°
cm™ did not have a significant effect on the
structure and parameters of the crystal lattice of
the material. Also, no changes in the structure of
BaCe(3sNdy 15055 were found after irradiation
with low-energy oxygen ions and electrons.
Irradiation of BaCeqssNdy15055 with the high-
energy ions of inert gases led to partial
amorphization of the irradiated surface of the
material, while the non-irradiated side retained
the original structure [7].

The study of the surface morphology of
irradiated  BaCeq3sNdg15035 by  scanning
clectron microscopy showed that, depending on
the type and energy of the ion, the surface of the

ceramics undergoes significant changes. Thus,
the irradiation of the samples with low-energy
neon ions led to formation of blisters on the
surface of the complex oxide (Fig.1).

Fig.1. Electron microscopic images of the surface
of barium cerate: a - unirradiated sample; b -
irradiated with neon ions (40 keV, 10'° cm™)

In case of BaCe ssNdy 15055 irradiation with
high-energy inert gases, there were changes
apparently caused by the solid-state structural
transformations on the surface, and in the series
Ne, Ar, Kr the surface of the cerate resembled
the growth stages of spherulites — nucleation,
growth and formation of spherulitic crust
(Fig.2).

It should be noted that after irradiation with
high-energy oxygen ions, no similar changes in
the structure and surface state of the barium
cerate  were observed, which indicates,
apparently, the peculiarities of defect formation
in case of cerate irradiation with the ions of inert
gases and oxygen and, probably, due to the
difference in their solubility. It is assumed that
in the first case, the material is oversaturated
with lattice defects by means of their
stabilization by the ions of inert gas with
formation of the “inert gas-vacancy” complexes.
These complexes are highly stable due to low
solubility of inert gases in the materials. This is
confirmed by the absence of inert gases release
from the samples in the experiments of thermal
desorption up to 1000°C.
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a—Ne,b—Ar, ¢ —Kr (D =10"cm?)
Fig.2. Electron microscopic images of the surface
of barium cerate irradiated with high-energy inert gas
ions

In case of irradiation of the composite oxide
with the high-energy ions of oxygen at elevated
temperatures, the equilibrium concentration of
defects should be significantly lower. Indeed,
the solubility of oxygen in cerate is significantly
higher than that of inert gases, and when
irradiated at clevated temperatures, oxygen can
leave the material as a result of its diffusion to
the surface and subsequent desorption. In this
case, the stabilization of the defect structure
does not occur, and a significant part of the
defects, formed during irradiation, is annecaled
under irradiation.

It tumed out that the surface relief of the
samples, irradiated with electrons, depended
substantially on their composition. Thus,
electron irradiation of BaCe; 3sNd;150;.5 led to a
smoothing of the surface relief, while electron

irradiation of BaCeQj; led to formation of a small
pyramidal (needle) structure on the surface of
the complex oxide (Fig.3). The height of the
"pyramids" in this case did not exceed 50 nm.

a

nm
600
400
200

pg'l 50

a — unirradiated; b — electron irradiated.
Fig.3. AFM images of undoped barium cerate

Studies of the processes of thermal
desorption of gases from barium cerate doped
with Nd were carried out at the gas release unit
described in details in [7]. Partial pressures of
oxvgen and water molecules were recorded with
mass-spectrometer as a function of temperature
during sample heating. This device allows to
register up to 6 different gases simultaneously.

The conditions for the experiments on
thermal desorption are as follows: the working
vacuum in the chamber is no worse than 10
mm Hg, the heating rate of the samples is
42°C/min.

According to the thermal desorption
spectroscopy data, irradiation with low-energy
oxvgen ions practically did not affect the state of
the gaseous components, as evidenced by the
fact that irradiation did not affect the thermal
desorption of O, and H,O.

At the same time, irradiation of
BaCe(3sNdy 15055 with both low-energy and
high-energy ions of inert gases had a significant
impact on the thermal desorption of oxygen and
water molecules. First of all, we should note a
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significant rise in the amount of desorbed
oxygen from the BaCeqssNdo150s5 samples
irradiated with the low-energy ions of inert gas
(dose 10" ions/cm®) compared with the non-
irradiated samples. As it turned out, the amount
of released oxygen from the samples, irradiated
with different ions, was approximately the same

(Fig.4).
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Fig.4. Oxygen release spectra from
BaCegsNdy150s.5 after irradiation with low-energy
ions: 1 — non-irradiated sample; 2 — irradiated with
Ne ions; 3 — Ar; 4 —Kr (D = 10°cm™)

Irradiation of BaCessNdy 15055 with high-
energy ions of inert gases, on the contrary,
caused a decrease in the amount of desorbed
oxygen compared to the unirradiated sample. It
should be noted that the amount of desorbed
oxygen decreased with a decrease in the mass of
the implanted ion (Fig.5).
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Fig.5. Oxygen  release  spectra  from

BaCeg5Nd, 15055 after irradiation with high-energy
ions: 1 — unirradiated sample, 2 — irradiated with Ne
ions, 3 — Ar, 4 — Kr (D=10"cm™)

Irradiation of BaCe; ssNdy 15055 samples with
the low-energy ions of inert gases led to a
significant decrease in the amount of desorbed
water compared to the non-irradiated sample. As
in the case of desorption of oxygen molecules,
the amount of desorbed water from the samples,
irradiated  with  different ions, was also
approximately the same (Fig.6).

dn/dt, urb. unit

T T T T
200 400 600 800 1000

Fig.6. Water release spectra from BaCe gsNdo 150525
after irradiation with low-energy ions: 1 — non-
irradiated sample; 2 — irradiated with Ne ions; 3 — Ar;
4 —Kr (D =10"cm™)

The opposite situation was observed when
BaCeg 3sNd150;.5 was irradiated with the high-
energy ions, i.e., the amount of water, desorbed
from the irradiated sample, was more than that
from the non-irradiated one. It should be noted
that the maximum amount of water was released
from the sample irradiated with the ions of neon
(Fig.7). In this case, an insignificant low-
temperature yield of water was observed in the
spectra of thermal desorption of the irradiated
samples.

24 -

dn/dt, arb. unit

T T T T T
200 400 600 800 1000

Fig.7. The spectra of water release from
BaCe(gsNdy1503.5 after irradiation with high-energy
ions: 1 — non-irradiated sample, 2 — irradiated with
Ne ions, 3 — Ar, 4 —Kr (D=10"cm™)

It should be noted that a feature of barium
cerate, doped with neodymium, is the presence
of superstoichiometric oxygen. This conclusion
was first made in [8] when studying the oxygen
nonstoichiometry of barium and strontium
cerates, doped with neodymium and yttrium,
respectively. It was shown that in the dry
atmosphere, the oxygen index of BaCe,9Nd;0s.
s was higher than that expected in a wide range
of temperatures and partial pressures of oxygen.
At the same time, under similar conditions, the
oxygen index of SrCepos5Y 05055 was close to
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the expected value of 2.975. The excess oxygen
found 1n  BaCeyoNd,;0;5 was called
superstoichiometric by the authors, and its
appearance was attempted to be explained by the
structural features of this oxide. In [9], we
obtained confirmation of the presence of
superstoichiometric oxygen in barium cerate
doped with neodymium. Later we showed that
superstoichiometric oxygen is present only in
barium cerate doped with Nd, and absent in
barium cerate doped with Sm, Gd or Y [10].
Along with this, it was noticed that the amount
of water in the sample, doped with neodymium,
was less than in the samples with other dopants.
In [11], it was concluded that Nd in these
compounds can show a mixed valence of +3 and
+4, and when annealing of the neodymium
doped barium cerate in the oxygen containing
atmosphere, part of the trivalent neodymium is
oxidized according to equation (2), reducing the
concentration of oxygen vacancies:

1/20, +V +2Nd,, = O+ 2NdZ, @)

As the temperature rises in a reducing
atmosphere, neodymium is reduced to Nd“
state. Obviously, reduction of Nd™ should be
accompanied by the release of oxygen in the
temperature range of reduction, as observed in
the thermal desorption experiments. At the same
time, the amount of superstoichiometric oxygen
in the neodymium doped barium cerate should
be proportional to the amount of tetravalent
neodymium in it.

The obtained regularitiecs of the effect of
irradiation with low and high energy ions of
inert gases on thermal desorption of oxygen and
water molecules from BaCegssNd;150;55 can be
explained by the change in Nd**/Nd*" ratio in
barium cerate during irradiation.

Thus, the revealed increase in the amount of
desorbed oxygen after low-energy irradiation
probably indicates the increase in the proportion
of neodymium in the 4+ state in the irradiated
sample. Apparently, this can be explained by the
fact that low-energy irradiation leads to a
significant increase in concentration of oxygen
vacancies, which, in turn, leads to the increase in
the equilibrium constant of the quasi-chemical
equation (2) and, as a result, the concentration of
Nd*. Since the amount of released oxygen
practically does not depend on the type of ion, it
can be concluded that under these irradiation
conditions, the concentration of vacancies in the
sample reaches saturation. The decrease in the
concentration of Nd** should lead to the
decrease in the concentration of protons in the

sample, which is observed in the thermal
desorption experiment (Fig.6).

If Baceo_g5Nd0_1503_5 1s 1rradiated with hlgh-
energy ions of inert gas, the observed decrease
in the concentration of superstoichiometric
oxygen (Fig.5) is probably caused by the
decrease in the fraction of Nd*' in the series Kr,
Ar, Ne. The latter can be explained by the
peculiaritics of defect formation under
irradiation with the high-energy ions, in
particular by the fact that at high energies of the
ions, clectronic defects make a significant
contribution to the Nd*" fraction. The increase in
the fraction of trivalent neodymium should be
accompanied by the increase in the
concentration of protons in the sample and, as a
consequence, the increase in the amount of
desorbed water (Fig.7).

CONCLUSIONS

The features of the effect of irradiation type
on the state of the BaCe, 3sNdg 15055 surface are
revealed.

It was shown that the irradiation of
BaCe,5sNdo 15055 with  electrons leads to
smoothing of the irradiated surface relief, while
electron irradiation of undoped BaCeO; led to
formation of a small pyramidal structure on the
irradiated surface of the complex oxide.

It was noticed that in <case of
Baceo_g5Nd0_1503_5 irradiation  with the hlgh-
energy ions of inert gases, the solid-phase
transformations took place on the surface of
BaCe; 3sNdy 15055, and i the series Ne, Ar, Kr
the surface of the composite oxide resembled the
spherulite growth stages — nucleation, growth
and formation of spherulitic crust.

According to the data of thermal desorption
spectroscopy, a conclusion was made about the
mechanism of influence of irradiation with
heavy ions of inert gases of high and low energy
on the state of the gaseous components in
BaCe5sNdo15055. The mechanism is based on
the features of defect formation under irradiation
with the ions of different energies, which
determine the Nd*/Nd* ratio in the
BaCe,3sNd, 15055 lattice and, as a consequence,
the state of the gaseous components.

Study of the conducting propertics of the
irradiated BaCe(ssNd, 15055 is in progress and
the results will be reported later.
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BJIUSAHUE CIIOCOBA ®OPMUPOBAHHUSA JE®EKTOB HA CBOMCTBA
MPOTOHHBLIX MPOBOJHUKOB HA OCHOBE CKAHJIATA JJAHTAHA

Xpomymun U.B., Akcenosa T..
PI'Tl «Hucmumym soepnoii puzuxny, Anmamst, Kazaxcman

W3ydeHs! CTpyKTYpa ¥ CBOHCTBA MPOTOHHBIX MPOBOIHMKOB HA 0CHOBE LaScO;, CHHTE3HPOBAHHBIX Iy TEM AKLIENITOPHOTO
JOTIHPOBAHMS M CO3AaHus AcuimTa 1o KatruoHy La. [Tokazano, 4TO KOMMHMECTBO HHTEPKATHPOBAHHBIX B PEHICTKY OKCH-
JIa TIPOTOHOB PACTET C POCTOM CTETICHH KATHOHHOTO JOIMTUPOBAHIS U BHIIIC NPH JOTMHUPOBAHHH CTPOHIHEM, €M KaJIbIH-
eM. 3aMeUeHO, YTO B 00pa3Lax CKaHJaTa JAHTAaHA C KATHOHHOM HECTEXMOMETPHEH KOIMYECTBO MHTEPKATMPOBAHHBIX
IIPOTOHOB YMCHBIIIACTCS C POCTOM AC(IUIINTA IO JAHTAHY, YTO BEPOATHO OOYCIOBICHO BO3MOKHOCTHIO CBSI3bIBAHMS KH-
CIIOPOIHBIX BAKAHCUH V. B KOMIUIEKCHI THIA (La;, — V. )' ¥ GJOKMPOBAHMEM HX YYACTHA B MPOLECCE PACTBOPEHHS BO-

Iel. OmpeesieHbl SHEPTHA AKTHBALWH MPOBOAAMOCTH 00BEMA M TPAHHL 36PCH CKAHIATA JAHTAHA, CHHTC3HPOBAHHOTO
pasmraHbIME MeToAaMu. [T0Ka3aHO, YTO MPOBOAMMOCTD H 3HEPTUA AKTHBALUH IPOBOIUMOCTH 00BbEMA 3ePeH 00Pa3LOB,
JOMHPOBAHHBIX CTPOHIHCM, BBIIIC, YeM MPH AOMHAPOBAHHHI KANBIHEM. 3aMEUCHO, YTO SHCPTHS AKTHBALHH MTPOBOIHMO-

CTH 00pa3LOB C KATHOHHOM HECTEXHOMETPHCH IPAKTHYICCKU HE 3aBHUCHT OT JC(HIUTA 10 JTAHTAHY.

BBE/IEHHE

[TpuMeHeHNE HCKOTAEMOTO TOILIHBA A TIPOM3BO/I-
CTBA JCKTPOIHEPTHU HE MOKET YIOBICTBOPUTH TOCTO-
STHHO PACTYILEE JHEPTOMOTPEOIICHIE M HAHOCHUT HEMO-
TIPAaBUMBIN SKOJOTHYECKUN YPOH BCEH MPUPOIE 34 CUET
BBIOPOCOB BPCIHBIX Ta30B B arMoc(epy. byaymee mupo-
BOU »HepreTHkd M KaszaxcraHa, B YaCTHOCTH, JOJDKHO
OBITH CBA3aHO C peanu3anucii 3PPESKTUBHBIX H FKOIOTH-
YCCKH YHCTHIX TCXHOJIOTHH BBIPAOOTKH 3JICKTPOIHCPTHH
[1]. C 370l TOYKH 3PCHHA PA3BHTHC BOJOPOIHOH IHEP-
TETUKH ¥ Pa3padOTKa BHICOKOI(P(PECKTUBHBIX TOILTHBHBIX
3JIEMEHTOB NPEACTABIIFOT COOOH KITFOUCBBIE MOMEHTHI,
HEOOX0AMMBIE U EPeX0a K BO30OHOBISICMBIM HCTOY-
HHKAM 3HCPTHH.

TommueHbIe 37¢MeHTH (TJ) — yCTpOICTBA, MO3BO-
JLIFOINHME HETMOCPEICTBEHHO IPeoOPa30BhIBATE XHMHUC-
CKYI0 3HEPIHIO TOIUIMBA B JICKTPHUYCCKYIO C BBICOKHM
KT/l u MUHHMATEHBIMA BBIOPOCAMH BPCIHBIX BEHICCTB
B atMoc(epy. B xauecTse padouero smekrpomra B TO
paccMaTpUBAIOTCA HEOPTAHWYCCKUE THAPATHI OCHOBA-
HHUH, KUCJIOT, COJEH U OKCHIOB, a TAKXKE IMOJIMMEPHBIC
Marepuaisl u T.4. Hanboiee mepCreKTHBHBIME SBJIAIOT-
€4 TBEPIAOOKCHIHBIC TOMTUBHBIC 31eMeHTH (TOTI), ko-
TOpBIE OONIANAIOT PSIIOM NPEHUMYINECTB, TAKUX KAaK HC-
MOJIb30BAHHUE KEPAMHUECCKHUX 3JICKTPOJIUTOB (UTO UCKITIO-
YaeT KOPPO3HOHHOE BO3JACHCTBHUE) U BO3MOKHOCTH BBI-
060opa MHUPOKOTO pPAAAa OPTAaHWUECKOTO TOILTHMBA (BOAO-
POJ, METaH, IPOTIAH, CHHTE3-Ta3 M T.1.).

B HacTosmee BpeMs 31€KTPO3IHEPT UL, BRIPAOOTAHHASL
¢ moMompio T, K COKANICHHIO, HMEET JOCTATOYHO BbI-
COKY10 C€0ECTONMOCTD, TI0O3TOMY BEAYTCSI AaKTHBHBIC HC-
CICAOBAHMS C LENBI0 MOBBIICHUS 3 dekTrBHOCTH TO 1
CHIDKCHUS CCOCCTOMMOCTH 3NeKkTposneprun. Chemyer
OTMCTHTb, UTO HUCCICIOBAHAA MPOBOIATCA B PA3HBIX HA-
MPABJICHUAX, OCHOBHBIMH W3 KOTOPBIX SBJISFOTCS PA3BH-
tre u Moaepuu3anust TOTD u co3naHne HOBBIX INEKTPO-
JTATOB, 00TAJAFOIMUX ONTHMATBHBIMH (DH3HKO-XHMHIC-
CKHMH H 3JICKTPOXHMHICCKAMH XaPAKTCPUCTHKAMH.

Cpeau TBEpAOOKCHIHBIX 3JIECKTPOIUTOB HAHUOOIIb-
I HMHTEPEC TPEACTABISIOT CIOKHBIC OKCHIBI CO
CTPYKTypoii epoBckuTta A" B4 O3, K KOTOPBIM OTHOCST-
CsI, HANIPUMEP, TEPaThl OAPHA U CTPOHIAS, SIBILIFOIIICCS
TMPOTOHHBIMH MPOBOAHUKAMH [2]. JIOCTUTHYTh BBICOKOM
MIPOTOHHOW TMPOBOJMMOCTH B JAHHBIX MAaTEpHANAX yaa-
€TCsI 32 CUET KUCJIOPOTHON PAa3yMOPSAOUCHHOCTH, T.€., 3
CYET CTPYKTYPHBIX WJIM TPHUMECHBIX KHCIOPOJHBIX Ba-
KaHcuil. B3aumoaencTBrE NOCIEIHUX C BOAOPOAOCOACP-
JKamied cpeaoi MPUBOAMT K MOSABICHUIO B OKCHUAC HPO-
TOHHBIX JC()CKTOB M, COOTBSTCTBCHHO, MPOTOHHOM TpO-
BOJUMOCTH.

Hamnbonee pacmpocTpaHCHHBIM CIOCO00M (pOpMHPO-
BaHUS NPUMECHBIX KHCJIOPOJHBIX BAKAHCHH SBISICTCS
TaK HA3bIBACMOC AKICNITOPHOE AOMHPOBAHHME, T.C., UaC-
THYHOE 3aMEIICHUE YCTHIPEXBAJICHTHOTO KATHOHA B I10-
3unud B KATHOHOM TPEXBAJICHTHOTO PEAKO3EMETBHOTO
anementa Re*". TIpu 5ToM 06pasyrOTCS KHCIOPOIHBIE Ba-
KaHCHH VY, C 3()()CKTUBHBIM 3apsAI0M +2, KOHICHTPALHASL

KOTOPBIX paBHA V. = x/2, TAC ¥ — KOHICHTPAIMA KaTHO-

Ha-gomanra Re*' [3].

[Tpouecc pacTBOPCHHUA BOABI H 00PA30BAHAS MPOTOH-
HBIX ¢()EKTOB B JOMMHPOBAHHOM OKCHAC MOKCT OBITH
OTHCAH CICIYIOIIHM VPABHCHUCM

H,0+V. +0% = 20H, . )

B mocnennue rogsl NOBBIICHHBIN HHTEPEC MPHBIIC-
KAOT 3KBUMOJMIPHBIE coequucHua Tuma A*B*'0s;, Ha-
mpuMep, ckaHaaTthl JaHTaHa LaScOs, Takke MMEIOIue
TMCPOBCKATHYIO CTPYKTYPY, HO 0ONamaromue 001ee BhI-
COKOH XHMHUYECKOH CTAOMIBHOCTBIO B OTHOIICHUH JHOK-
CHZIAa YITepoAa MO CPaBHCHHUIO C IiepaTtaMu Oapus
CTpOHIY. J{711 MpUIAHUS TPOTOH MPOBOSIIIIX CBOWCTB
3THM MATEPHANIAM TAKXKE HCIOJIB3YIOT YACTHYHOE 3aMe-
meHue KaThoHa A>" wim B> kaTmOHOM By XBAJIEHTHOTO
MeTamia M?*. B pesyIbTaTe TAKOTO JOMHPOBAHKS TAKKE
00pa3yIoTCs KHCIOPOJHBIC Bakancuu V) [4, 5].
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Panee mpu uccieI0BAHUM CKAHTATOB JIAHTAHA OBLIO
BBICKA3aHO TPEITOKCHAC O CO3JAHIU KHCTIOPOTHBIX BA-
KAHCHH HE aKLECNTOPHBIM JOMHPOBAHUEM, A MOCPEIACT-
BOM CO3IAHHA OS(PHIATA IO OTHOMY M3 KATHOHOB B IPO-
mecce cuHTe3a [6]. B atoMm ciyuae mpu neduriure Tpex-
BAJICHTHOTO KatnoHa Sc¢ (b0 La) MoryT 00pa3oBaTecs
Bakaucun Vg, (V,,) W OTHOBPEMEHHO BAKAHCHH KHCJIO-

poaa V{ . [Ipuuem Takoit ciocoO (JopMHUPOBAHHUS BAKAH-

CHIf KHUCIIOpPOAA JOILKEH ObITh 3((eKTHBHEE, YeM IPH
AKIECNTOPHOM JONMHMPOBAHUHU. JICHCTBUTEIBHO, KAKIOM
BaKaHCHH CKaHaua (uwmm La) Oyxer cooTBeTcTBOBATH 1,5
V., B TO BpeMsi KaKk IPH aKLCNTOPHOM 3aMCIICHUH

CKaHIMs KaTHOHOM M?* mosiBisiercst Tonmbko 0,5 V7 [7].

Bonce BBICOKAs KOHLCHTPAIMA BAKAHCHI KHCIOPOAA
JTOJDKHA MPHUBECTH K 00J16C BRICOKOMY COACPKAHMIO TPO-
ToHOB. HO Takoi cmoco® 3adaHus BAKAHCHH BO3MOMKCH
TOJNBKO A CTPYKTYpP, JONMYCKAFOIMHX CYyIICCTBCHHBIC
OTKJIOHCHHUS OT CTEXHOMETpHH [8].

B HacToqmee BpeMs 3JICKTPOJIHUTHI HA OCHOBS CKAH-
JIaTa TAHTAHA H3YYCHBI MAJIO, W TIOKA HCT OTHO3HAYHOTO
OTBCTA HA BOMPOC, KAKOHM CIOco0 CO3AAHMSA KHCIOPOI-
HOH pasynopsaouecHHOCcTH Oonee dpdexruseH. [Toaromy
LCABF0 JAHHOH paboTHI ABICTCA MPOBCACHHC CPABHH-
TCIBHBIX MCCICAOBAHMU CBOMCTB CKAHAATA JIAHTAHA,
CHHTC3HPOBAHHOTO MOCPCACTBOM AKIICITOPHOTO JOTIH-
POBAHHA U MyTEM CO3JaHUA ACPHIATA IO OTHOMY H3 Ka-
TUOHOB.

OEBBEKTH HCCJIETOBAHUI U METO/IBI

H3MEPEHUIT

O0beKTaMu HCCIETOBAHIH SIBIBIFOTCS KEPAMHICCKHUC
oOpasuel ckasaata naHtana LaScOs, mommpoBaHHBIC
KameImeM u crpormueM (x = 0; 0,05 u 0,1), a Taroke 00-
pasmpl CKAaHAATa JIAHTAHA C AC(UIMTOM IO JAHTAHY.
Cunre3 marepuanos Ha ocHose LaScO; mposoammm me-
TOOM CHKUTAHUA [9].

B pesynbrate cmHTE3a MOCPEACTBOM AKIICHTOPHOTO
JOTIHPOBAHMS OBUIM TOJIYUCHBI CICAYIOUINE COCTABBI:
LaScOs, Lag95510,055¢02,975, Lag 68101 8¢02,05.
LagssCan0sScOs.975, Lag 9Cap 1 ScOs0s. TlocpeacTBoM co3-
manus acdumura no La O CHHTC3HPOBAHBI CICAYIO-
mUu¢C COCTABBI. L30,97SC02,955, L30,955C02,925, L30)95C02)85.

Oo6pasubr LaScOs, cHHTE3HPOBAHHBIC OOOWMH CIIO-
co0aMH, MPEACTABILLIH COO0H KECPAMHICCKHC TAOICTKA
quamerpoM 11 u rommunoit 1,5 mm. UccaeaoBanus Obl-
T BBITIOJTHEHBI HAa 00pasnax 0e3 IMpeIBapuTEIbHOTO OT-
JKUTA W OTOOKCHHBIX HA BO3AYXE TPH TEMIIEPaType
500 °C B TeucHHue 8 yacoB. HacTh 00pa310B MOABCPraTH
THAPATHPOBAHMIO B MApaxX BOJABI MpH TeMmeparypax 500
u 350 °C. TlapumaasHOC TABICHHC MAPOB BOABI B MPO-
Lecce THAPATAlMU COCTaBIUIo 2,65 kI 1a m moaaep xuBa-
JI0CH POOY TBKHBAHHCM BO3AyXa B OapdaTepe ¢ BOIOH C
TTOMOIIBIO KOMIIPECCOPA, MPOKAYMBAFOIICTO YBIAKHCH-
HBII BO3AYX IO 3aMKHY TOMY KOHTYDY.

CTpyKTypa M COCTOSIHHE TOBEPXHOCTH CHHTE3HPO-
BaHHOTO LaScO; O6bumm ncce10BaHbI METOAAMH PEHTTE-
HO(a3oBoro anamm3a (mudpaxromerp X 'PERT PRO) u

CKAHHUPYFOLICH 3IEKTPOHHON MHKPOCKOTIMH (HU3KOBAKY -
VMHBIH pPacTpOBBIH 3NEKTPOHHBIH MuKpockon JEOL
JSM-6490 LA). DneMEeHTHBIH aHATA3 TIOBEPXHOCTH BbI-
TOJIHEH C UCMOTb30BAHUEM SHEPTOIUCIIEPCHOHHOTO aHA-
mm3aropa Oxford Instruments. TepmonecopOIHOHHbBIC
HCCICAOBAHUA U TEPMOTPABUMETPUYCCKHI aHAIN3 MPO-
BEJCHBI HA TCPMOJCCOPOILIMOHHON YCTAHOBKE C PagHoO-
YACTOTHBIM MACC-CIIEKTpoMeTpoM MX-7304 u Tepmo-
aHami3arope FXSTAR-6300. InexrpohusmiecKuie CBOH-
crtea LaScO3 m3y4yeHBI METOIOM 3JICKTPOXHMHYCCKOH
HMMIECJAHCHON CHEKTPOCKOIHNH C HCMOIB30BAHHEM IIO-
TEHIIMOCTATa/TatbBaHoCcTaTa P-45.X ¢ YaCTOTHBIM aHAIH-
3aropom FRA-24M.

PE3YJIBTATEI H OBCYK/JAEHHIE

Penmeenodgpazosvie uccnedosanus

PeHTreHO(A30BEIH aHATIM3 MOKA3a, YTO CKAHAATHI
JAHTAHA, CHHTE3HPOBAHHBIC MOCPESACTBOM AKLENTOPHO-
T'O TOTHPOBAHMSL, SBIFOTCSI OTHO(A3HBIME H HMEIOT TIe-
POBCKHTHYFO CTPYKTY PY OPTOPOMOHHECKOTO THIIA C IIPO-
CTPAHCTBCHHOM rpymmoil Pnma. Ha pucynke 1 mpen-
CTaBICHBI AU(PPaAKTOrpaMMbI 00Pa3LIOB CKAHJATA JIAHTa-
HA, TOTMPOBAHHBIX KAIBIWEM, B CPABHCHUH C 0A30BBHIM
coenuneHueM LaScOs.

T N Y )
N P T Y

‘ |
| |
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MHTEHCUBHOCTL, OTH. ef.

1-LaSc0s; 2 — LageCag18c02,95 3 — LagesCaoesSCcO2675

Pucynox 1. Jugppaxmozpammer obpaszyos LaScOs,
donuposannozo Ca

JudpaxrorpaMmsl 00pa3oOB CKAHAATA JIAHTAHA, J0-
MMHPOBAHHOTO CTPOHIIMEM, HICHTHYHBI JH(PPAKTOTPaM-
Mam LaScOs;, momuposarHoro Ca.

MuxkpoaHanu3 HCCICIOBAHHBIX 00pPA3LOB CKAHAATA
JIAQHTAHA MOKA3AJ, YTO COCTAB MATEPHATIOB COOTBETCTBO-
BAall UX OKUAACMOH CTEXMOMETPHH, a4 PACHpPEACICHHE
3JICMCHTOB HA MOBEPXHOCTH OKCHAOB (Ta0mmuer 1 u 2)
JOCTaTOYHO PABHOMEPHOE.

B xauecTtse mpuMepa Ha PUCYHKAX 2, a U 3, a IpUBE-
JICHBI MEKPO(oTOTpaduu MOBEPXHOCTEH 00pa3OB CKAH-
JaTa JAHTaHA (HEAOMHUPOBAHHOTO H JOMHPOBAHHOIO
CTPOHIIMEM) C YKA3aHHEM YYACTKOB, HA KOTOPBIX BBIIIOJI-
HSUJICS SHEPTOAMCIICPCHOHHBIN aHANMN3 (PUCYHKH 2, 0 U
3,0).

71




[image: image53.jpg]BIMAHWE CMOCOBA ®OPMUPOBAHUA JEGEKTOB HA CBOWCTBA

MPOTOHHbLIX MPOBOAHUKOB HA OCHOBE CKAHLIATA JTAHTAHA

Tabnuya 1. Pesynomamsi 91ep200uchepcioHHO20 GHAU3A

nonepeunozo unuga obpasya LaScOs

OnemeHT Cnektp 1 Cnektp 2 Cnektp 3
0 57,78 60,17 63,25
Sc 21,21 19,89 18,43
La 21,01 19,94 1833
Cymma 100,00 100,00 100,00

Tabnuya 2. Pesynomamsi 91ep200ucnepcioHHO20 GHAU3A
nonepeunozo uinuga obpazya Lao oSro1S¢O2 05

OnemeHT Cnektp7 | Cnektp 8 Cnektp 9 Cnexktp 10
0 59,19 60,68 55,98 62,24
Sc 20,48 20,10 22,37 19,04
Sr 1,60 1,70 1,66 1,71
La 18,35 17,53 19,98 17,02
Cymma 100,00 100,00 100,00 100,00

0)

Cnexyp 3

Pucynox 2. Muxpogpomozpagus nonepeunozo uirugpa

Kepamuuecxoeo obpasya LaScOs npu yeenuuenuu x2000 (a)

u sHepeooucnepcuonnstii cnexmp LaScOs (6)

Jit 00pa3noB, NOMHPOBAHHBIX KajgbmHEM (x=5%),
TaKKe HAOTFOTACTCH PABHOMCPHOS PACIIPCACICHHUE 37IC-
MCHTOB H COOTBCTCTBHC SBZ[HHHOI\/II CTCXHOMCTPHH. OZ[-
HAKO HAa  JONMPOBAHHBIX  O0Opasmax  cocrasa
LagoCan18¢O: 05 00HAPYIKCHO HATHYHC KATBIHH-000TA-
IICHHOH (pa3bl, a coaepKaHue KaabIus B OCHOBHOH (hasze
MCHBIIC CTCXHOMCTPHYCCKOTO, HCCMOTPA HA TO, YUTO

peHTreHO(ha30BbIH aHANH3 CBUACTEIHCTBOBAI 00 OTHO-
(ha3HOCTH TAHHOTO COCTABA.

Uro xacaercs 00pa3moB ¢ ACPUIHATOM O OTHOMY H3
KATHOHOB, TO COTJIACHO JIMTEPATypHBIM JaHHBIM [10] B
cayuae aeumuTa mo CKaHAMIO BILIOTH 10 10 Moa.% mu-
(hpaKTOTpaMMBI TPAKTHUCCKH HC OTIHYAKOTCSA OT TH-
(paxrorpamm 0azosoro cocrasa LaScOs, w3 uero cue-
JaH BBIBOJ, YTO MATCPHAN COXPAHACT NCPOBCKUTHYEO
CTpYKTYpy Oe3meumuraoTo 00pasua. [Ipm mcciaeaosa-
HUH CTPYKTYPBI 00pasnos ¢ aeduuurom mo La (x=0,05;
0,1) HaMH TOKA3aHO, ITO A7 cocTaBa LaposScOz 025 Ha-
00 1aeTCA MOTHOS COOTBETCTBHE U(PPAKTOTPAMMBI JC-
(¢unurHOTO 00pasma m 0a3oBoro coemmHeHMA LaScOs
Torma Kak mudpakrorpamMma LagsScOsgs CYIECTBEHHO
ormm4aetcs ot gudpakrorpammsl LaScOs (pucyHok 4).
DTO MOMKET O3HAYATh, YTO MPH ACPHIHUTC MO JAHTAHY
oxomo 10 M01.% MaTepHaT HCTBITEIBACT (DA30BBIH MEpe-
XOZI.

0)

Pucynox 3. Muxpogomozpaghus nonepeunozo uinigpa
Kepamuuecxozo ob6pasya Lao 9Sro 1ScO2 95 npu yeenuuenuu
x10 000 (@) u snepzooucnepcuonnviii cnekmp
LaooSro1ScO2.95 (6)

ONEKTPOHHO-MUKPOCKOITHYECKHE HCCACAOBAHHA 00-
paszuos LaScOs;, CHHTE3HPOBAHHBIX IyTEM AKICTITOPHO-
IO JOTHPOBAHKS, TOKA3AJH, YTO MOBEPXHOCTD JOIHPO-
BAaHHOTO CKAHJATa JaHTaHA NPEICTABILIET cOO0H CTPyK-
Typy H3 IUTOTHO YIAKOBAHHBIX IPAaHYJ pa3MepoMm 1-5
MHUKpPOH. CIIeyeT OTMETHUTD, YTO B CIIy1ac JOMHPOBAHMU
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Ca 7OMHHHUPYIOT KPYIHBIC TPAHY JIBI C SIPKO BBIPAXKCHHBI-
MH CTYyICHYATHIMH NICCTUTPAHHUKAME (PHCYHOK 5).
Uro kacaercs CKaHAaTa JAHTaHA C JC(HIHTOM IO
naaTany 10%, 3IEKTPOHHO-MHUKPOCKOIIMYECKHE HCCIIe-
JOBaHUS, TIOJOOHO PEHTTCHO(A30BOMY AHAIN3Y, BHLIBH-

JM QAHOMAITbHYIO KAPTHHY, ¥ TPAHYJIAPHAS CTPYKTYPa He
ObL1a OOHAPYIKCHA.

20, rpaa.

Pucynox 4. Jlugppaxmozpammer nopoutrxoe LaScOs,
Lao 9sScO> 925, Lao oS¢O 55
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Pucynox 5. DnexmponHno-muxpockonuuecxue CHUMKY
(veenuuenue x10 000) nosepxnocmu obpasyos
LaooCaq1ScO295 (@) u Lao,sSro 1ScO2 95 (6)

Tepmoodecopbuuonnsie uccined08anus cKanoama

JAHmana

J1s mcce foBaHuUs COCTOSTHUS TA30BBIX KOMIIOHCHT B
CKaHZIATaxX JTAHTAHA ObLTH M3yYCHBI IPOIIECCHI TEPMOIe-
COpOLHHY Ta30B M3 JAHHBIX MATEPHANIOB B BAKYYM IIPH HX
Harpese. MccienoBaHus BBIIOTHEHBI HA TEPMOAECOPO-
[HOHHOH YCTAHOBKE I M3YUCHUS Ta30BBIICICHHUI H3
TBEPIBIX TEI, JICTATBHOC OMHCAHHE KOTOPOH MPEICTaB-
aeHo B padote [11]. OcHOBHBIC TTApaAMETPBI YCTAHOBKH:
pabounii BakyyM 107¥ My, PT. CT., BO3MOKHOCTB OJHO-
BPEMEHHOI perucrpanuu A0 6 Macc, CKOPOCTh HArpeBa
00pasmos 42 K/vuH.

B x07¢ 3KkCrIepuMEHTa PETHCTPHPOBAIIH BHIXO MOJIC-
KYJI BOJBI, THOKCHIA YIJIEpOJa, KHCIOpoaa M BOAOPOIa
n3 00pa310B CKAH/IATA TAHTAHA, HEAOIMHUPOBAHHOTO | J10-
MHUPOBAHHOTO KaibnueM H CTpoHnumeM (x = 0,05 u 0,1).
[pu 3TOM OBLTH HCCIICTOBAHBI HCOTOXOKCHHBIC 00PA3IIbL,
BBIZICPKAHHBIC HA BO3AYXCE B TaDOPATOPHBIX YCIOBIX B
TEUYCHHE 2-X MECSLEB IOCJIEC MX CHHTE3a, M 00pasIpl,
MTOJBEPTHYTHIC IPEABAPUTCIHHOMY THAPATHPOBAHHIO B
3aMKHYTOM KOHTYpE mpu Temmeparype 500 °C u naBie-
HHH TapoB Boabl 2,65 kI1a.

[NToka3aHo, 4TO HAa HEOTOXCGKCHHBIX JOIMHPOBAHHBIX
00pasnax UMeJ MECTO HE3HAYUTEIBHBIN BBIXOJ MOJICKY -
JSIPHOHM BOABI M TMOKCHA yraepoaa. [Ipu srom kommye-
CTBO JAcCOPOMPOBAHHON BOABI 3aBUCENO OT CTCHICHHU J0-
MAPOBAHUS W YBEINIHBAIOCH C POCTOM KOHICHTPALHH
JomaHTta x. KpoMme TOro yCTaHOBJICHO, YTO KOJIHYECTBO
JICCOpPOMPOBAHHON BOABI NPH JOTMHPOBAHHUH CKAHIATA
JAHTAHA CTPOHIMEM OBLIO BHIIIE, YeM NPH JOMMHPOBAHAUHI
KaIbIHEM TIPH OJWHAKOBBIX CTEICHIX JOMHPOBAHMS.
B 10 >Xe BpeMs TeMmepaTypa MaKCHMyMa CKOPOCTH Je-
copOnuy NMpH JOMUPOBAHHH KAJBIMEM BBIIIE, YeM IPH
JOTIHPOBAHUH CTPOHIIAEM.

OnHON M3 OCHOBHBIX 337134 IPH HCCICAOBAHUU HO-
BBIX MATCPHAJIOB 3JCKTPOJIMTOB SIBILICTCS OIICHKA HMX
CHOCOOHOCTH MHTEPKAIHPOBATh IMPOTOHBI B AHANA30HE
pabounx Temmepatyp. B cBs3u ¢ 3TuM ObLH HCCIEn0Ba-
HBI 00pasIbI CKAHAATA JTAHTAHA, JOTMUPOBAHHOTO CTPOH-
OHEM W KAIbIMEM, MOJBEPTHYTHIC IMPEABAPHTCILHOMY
THAPATHPOBAHHUIO.

Kaxk ormeuanocs panee [3], B mpouiecce akLEenTOPHO-
r0 JOTHPOBAHMS MMEET MECTO 3aMCIICHUE TPEXBAJICHT-
HOTO KATHOHA JIAHTAHA HA JBY XBAaJICHTHBIH KATHOH KaTb-
WS WM CTPOHINA M 00pa30BaHUE KUCIOPOTHBIX BAKAH-
CHH COTTIACHO YPABHCHHAM:

CaO(—La0 5) — Ca'. + 12 V] + 0},
2
SrO(-La015) — St'a + 172 V5 + 05, 2
rac Ca'r,, St'L, — HOHBI KATBIHA WIH CTPOHIHUSA B TO3H-
[USX JJAHTAHA B KPUCTAIIINICCKON PEIETKE.

OT>kur TOMMPOBAHHBIX 00OPA3LOB B MAPAX BOJBI CIIO-
COOCTBYET PACTBOPCHHIO BOJIBI M HHTEPKAJLIIUH IIPOTO-
HOB B PEIICTKY OKCHAA COTTIAacHO ypasHeHHIO (1). B xoxe
TEPMOJCCOPOIMOHHOTO IKCIICPUMEHTA TIPH JTHHEHHOM
HATPEeBe THAPATHPOBAHHOTO 00pa3Ia B BAKyyMe IPOIIec-
ChI B YpaBHCHHH (1) HAyT CIpaBa HACBO, H B CIEKTPAX

73




[image: image55.jpg]BIMAHWE CMOCOBA ®OPMUPOBAHUA JEGEKTOB HA CBOWCTBA
MPOTOHHbLIX MPOBOAHUKOB HA OCHOBE CKAHLIATA JTAHTAHA

TEPMOACCOPOIMH TAKHX 00Pa3HOB HAOMOAACTCS BBIXOX
BoAbl. Ha puCYHKe 6 NMpPEACTaBICHBI CHEKTPBI BBIXOJA
BOJBI U3 THAPATHPOBAHHEIX 00PA3LOB CKAHIATA JIAHTA-
HA.
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Pucynox 6. Cnexmpui ebixoda 600bt #3 2UOpaAMUpPOBAHHbIX
06pazyos ckandama JAHMAnd, CUHME3UPOBAHHBIX
1OCPeOCmBOM AKYenMoPHO20 OONUPOBAHUS

Kak BumHO W3 pucyHKa 6, HA HETOMUPOBAHHOM 00-
pasie BBIXOJA BOJBI NMPAKTHUCCKH HE HAOJIOAATIOCH.
B mpormecce ruaparupoBaHUS MMENA MECTO JOTIONHH-
TCIIbHAS HHTCPKAJLANUA BOABI B PCIICTKY CKAHAATA JIaH-
TaHa, AOMHMPOBAHHOTO CTPOHIHWEM W KanbmueM. Oxaza-
JI0Ch, UTO KOJIHMYECTBO ASCOPOUPOBAHHOI BOBL, ITPOTIOP-
[OHOHAILHOE COJACPYKAHHUIO IIPOTOHOB, 3aBHCHT OT THIA
JIOTIAHTA W YBEIMYUBACTCS C POCTOM CTETICHH TOTIHPOBA-
HHA. TaK, KOJIMICCTBO HHTCPKATHPOBAHHBIX IMTPOTOHOB B
CIyvac CKaHIATa JAHTaHA, JOIMHPOBAHHOTO CTPOHIIUEM,
OBUTO CYINECTBEHHO OONbBIIE, YeM IIPH AOMHPOBAHUHI
KaJIbIHCM IPH TEX )KE KOHUCHTPAIMAX JOTIAHTA. B 10 )¢
BpEMs TEMIIEPATyPa MAKCHMyMa CKOPOCTH JecOpOLHH
Py JOMHPOBAHHUHA KAJIBIITUEM ObLa BBILIC, YCM IIPH O0-
MHUPOBAHUH CTPOHLHCM.

[Tpu 3TOM CileyeT OTMETHTD TAKOH BAKHBIH (DAKT,
YTO B CIy4ac JOMMPOBAHMS CKAHJATA JTAHTAHA KATbIHEM
(Ca 10%) B ciekTpax TepMOaccOpOINTH HAOTIOAAH BEI-
XOJ THOKCH/IA YTIIEPOa, TOTIA KAk HA BCEX OCTATIBHBIX
COCTaBaxX BBIX0/A AUOKCHIA YTJICPoAa HE ObLI0 00HAPY-
JKEHO (PHCYHOK 7).

Taxoe paznuune B xapakrepe T/l CHEKTPOB CKaHJaTa
JAHTAHA C PA3HBIM JOMIAHTOM MOJKET OBITH O0YCIIOBJICHO
TEM, YTO TPH AOTMHPOBAHHA KamabimeM (10%), cornacHo
QJICKTPOHHO-MHUKPOCKOIMHICCKUM JAHHBIM, HMEJIO0 MECTO
BBITIAICHHIC KATBIMA B OTACTBHYEO (ha3y [12]. [Tpu sTom
KOHIICHTPALHsI KaJbIKsI B OCHOBHOH (paze momkHA OBITH
HIDKE CTEXHOMETPHYECKOH, a, CIEJOBAaTEIbHO, U KOH-
ICHTPAIH KHCIOPOIHBIX BAKAHCHH JOJDKHA OBITH HIDKC
oxxuaaeMoil. ITocnegHee MPUBOAKUT K Y MECHBIICHUIO KOH-
LOCHTPAIMH HHTCPKAJTHPOBAHHBIX IPOTOHOB. B 10 ke
BpeMS KaJbOHH-comepkamasn (pasa B3aMMOACHCTBYET C
aTMoc(epHBIM AUOKCHAOM YTICPOa, O YEM CBHICTEIIb-

cTByeT 00HApYKeHHBIH BbIX0a CO, U3 TaHHOH KepaMH-
KU TIPH HATPCBE.
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Pucynox 7. Cnexmpur evixoda ouokcuoa y2nepooa u3z
2UOPAMUPOBAHHBIX OOPA3YOE CKAHOAMA IAHMAHA,
CUHMESUPOBAHHBIX HOCPEOCTBOM AKYERMOPHO20
donuposanus

TepmomecopOLMOHHBIE 3KCIIEPHMEHTHI OBLIH ITPOBE-
JICHBI TAKKE HA 00pa3lax CKAHIATA JAHTAHA C AC(UIH-
TOM o JIAHTAHY ! Lao)97SC02)955; L30)955002)925;
LaosScO2gs, OOpasmsl MpeaBapHTCIBHO TOABCPTATH
MPOIICAYPE THAPATHPOBAHMS, AHATOTHIHON THIPATHPO-
BAHHIO JOMUPOBAHHBIX CKAaHAATOB. Ha pucyHkax 8 u 9
mpeAcTaBIeHbI cieKTpsI Tepmoaecopomm H>O u CO; m3
00pa3IoB rHAPATHPOBAHHOTO CKAHAATA TAHTAHA C AC(H-
IUTOM TIO JJAHTAHY .

Kax BHAHO W3 pUCYHKA §, THIIB HE3HAYUTEIBHOE KO-
JHYCCTBO BOABI BRIACIACTCA W3 00pasuoB LaScOs u
LagsScOs-5. OTCyTCTBHE BOABI B TCPMOIACCOOMHOHHOM
cnekrpe LaScO; BronHe 00BICHHMO, TOCKOIBKY B 0€3-
Je(OUIUTHBIX 00pasnax MPAKTHICCKH OTCYTCTBYFOT KH-
CTIOPOJHBIC BAKAHCHH, OOCCIICUMBAOILINE PACTBOPCHHUC
BOJBI B Kepammuke. Uto e kacaercs Ac)UIUTHOM Kepa-
MHKH, TO, BEpOATHO, mpu aeduuunre mo La ~10 momr%
CTPYKTypa MaTepHala MEepecTacT ObITh IMEPOBCKUTHOM.
Kak y»e 0TMeHanocs BHIIIE, COTIIACHO padoTe [7], 3axa-
HHCE KUCIIOPOIHBIX BAKAHCHH B PEIICTKE OKCHAOB 32 CUET
Jeunura mo OTHOMY M3 KaTHOHOB BO3MOKHO TOJBKO
JJSL CTPYKTYP, JOIYCKAFOIIUX CYIIECTBCHHBIC OTKIIOHE-
HUSL OT CTEXHOMETPHH 0O€3 00pa30BAHUS IPHMECHBIX

(a3. Ha ocHOBE MONYUCHHBIX YKCIICPUMCHTAIBHBIX pe-
3yJIBTATOB M UMCIOIIUXCS JTUTCPATYPHBIX JAHHBIX MOJK-
HO CZENaTh BBIBOJ, YTO B CKAHIATC JAHTAHA CO3JAHHC
Jedunura mo CKaHAWIO HE MPUBOIUT K HAPYIICHHUIO TIe-
POBCKHTHOH CTPYKTYPBI, TOTAA KaK OTKJIOHCHHS OT CTE-
XHOMCETPUH B MOAPCINCTKE JAHTAHA COMPOBOKIAIOTCS
HEOOPATHMBIMHA CTPYKTYPHBIMH H3MCHSHUSAMH, UTO TIPH-
BOJUT K YMCHBIIICHHIO KOHIICHTPAIMH KUCIOPOIHBIX Ba-
kaHcuil. KpoMe TOro, CyIeCTBEHHYIO POIb B CHIDKCHHI
KOHIICHTPAIMH PACTBOPCHHBIX IPOTOHOB B IOJOOHBIX
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o0pasmax, BEepOsATHO, WTPACT CHIBHOC B3aHMOICHCTBHC
MY 3apsOKCHHBIME AS(DCKTAMH TIPH AC(DHIUTS KATHO-
HA JJAHTAHA BBIIIEC HEKOTOPOTO 3HAUCHUs. JIeHCTBUTEb-

HO, OTPUIATEILHO 3aPKCHHBIC BAKAHCHH JTaHTaHa La,
CIIOCOOHBI CBSI3BIBATH KHUCIOPOJHBIC BAKAHCHH B KOM-
myexce Tuma (La,, — V)" 1 6IOKHPOBATH HX YIACTHE B

mporecce pactBopeHus BoAbL [1oaTBEpKICHUEM TaHHO-
TO BBIBOJA ABJLICTCA TOT (I)aKT, YTO KOJIHYCCTBO BOIBI,
BBIXOZIEH 13 Lago;ScO;-5 0Kazanoch 6obIie, yeM m3
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Pucynor 8. Cnexmpui ebixoda 600blL u3 2UOpamupoSanHHbix
06pazyos ckandama JAHMAnd, CUHME3UPOBAHHBIX
nocpeocmeom co30anus Oeuuyuma no JAHmMany

Ha pucynke 9 mpusenens! cnekrpsl Beixoga CO; u3
Je(DUIUTHBIX 1O JAHTaHY 00pasmoB. BuaHOo, UTO KOIH-
yectBo gecopOupoBaHHOro CO> HEC3HAYMTCIBHO H
YMCHBIIACTCA C POCTOM CTCICHH Ae()HIMTA JIAHTAHA.
CrexyeT Take OTMETHTB, YTO BHJ CICKTPOB BBIXOAA
CO, n3 006pa3IoB CKaHIATA JIAHTAHA, CHHTC3HPOBAHHBIX
MOCPEACTBOM aKIECTITOPHOTO JOMHPOBAHMS M CO3JAHUS
Je(HLHTA IO KATHOHY, PA3JIMYCH, UYTO CBHACTCIBCTBYCT
0 Pa3MMYHAX B IPHPOJIC B3AHMOACHCTBHSA 3THX MaTepHa-
108 ¢ CO».

Pesymsrarel  TepMOICCOPOMHOHHBIX HCCIICIOBAHHN
COTTIACYIOTCS C TAHHBIMH TEPMOTPABHMETPHUCCKHX HC-
CJIeIOBaHMI, MPOBEACHHBIX HA TBSPIBIX 00pa3uax JOTH-
POBAHHOTO CKAHZATA JAHTAHA M CKAaHAATa C AchuImTOM
IO JTAaHTaHY B Auama3zoHe Temmeparyp ot 20 g0 1200 °C.
Taxk, Ha oOpasuax, gomuposanHbX St U Ca (x=0,1), npu
Temmeparypax sbime 500 °C Habmonanack moreps Mac-
celL [Ipu 3TOM B Ci1yyae JOMUPOBAHMS 00pasHa KaIbIHEM
MOTEPST MACCHI HMENIA MECTO TP O0JIee BHICOKOH TEMIIe-
parype, uro coriacyercs ¢ nanabivu TJIC. Ha o6pazmax
THAPATHPOBAHHOTO CKAHZIATA JAHTAHA C JS(PUIUTOM IO
JAHTAHY HE BBIIBHIIM MOTSPH MACCHI B THANIA30HE TEMIIC-
paryp ot 20 mo 1200 °C. Tompko Ha 0Opa3max cocTasa
Lag9;S¢03-5 ObI1a 00HAPYIKEHA MOTSPS MACCHL, ITO TAK-
’KE HE IIPOTHBOPEYHT PE3yIbTATAM TSPMOICCOPOIIHH.

Taxkmm o00pa3oM, w3 AAHHBIX TH(PPCPCHIHATEHOTO
TEPMHUYECKOTO AHATN3A CICAYET, YTO MOTEPS MACCHI 00-

pa3LaMHE CKAaHAATA TAHTAHA ABJIACTCS SHAOTCPMHICCKHM
MPOLECCOM, a 00PAa3Ibl BCEX COCTABOB HMCKOT BBHICOKYEO
TEPMHUYCCKYIO CTAOWIIBHOCTB, O YEM CBHICTCIIBCTBYCT
OTCYTCTBHE (DA30BBIX IIEPEXOA0B B HCCICAOBAHHOM JHa-
MA30HE TEMITCPATy .
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Pucynox 9. Cnexmper evixoda ouokcuoa yanepooa u3z
SUOPAMUPOBAHHBIX OOPA3YOE CKAHOAMA JIAHMAHA,
CUHMESUPOBAHHBIX HOCPEOCMBOM cO30aHUA Jeuyuma
10 KAMUOHY JAHMAHA

Creayer OTMETHTH, UTO TEPMOACCOPOLMOHHBIE H
TEPMOTPABHMETPUYCCKHE IKCIEPUMEHTHI OBLTH BBITION-
HCHBI HA KEPaMIICCKHUX 00pa3nax B BUAEC TBEPIBIX IIJa-
ctuHOK. Kak mokazamm SKCTEpHMEHTHI, HA 00pa3nax,
CHHTE3HPOBAHHBIX ITOCPEIACTBOM AKIENTOPHOTO JOIH-
POBaHUS, IMEET MECTO PACTBOPESHUE BOJBI H BHEAPCHHC
MPOTOHOB B PEHICTKY CKAHJATA JIAHTAHA, TOTAA KaK B
ciayyae 00pa3noB ¢ ACUIMTOM IO KATHOHY HHTCPKAILI-
[{s MPOTOHOB MPAKTHUCCKH HE HAOMIOTAeTCs.

Brum mpoBeneHBI TEPMOTPABUMETPUYICCKHIE IKCIIC-
PUMEHTHI C IIOPONIKOOOPA3HBIME 00pa3aMH CKaHIATa
JAHTAHA C JC(UIUTOM IO JAHTAHY, HCXOAHBIMH W THI-
paruposanHbIME TpH Temmeparypax 500 u 350 °C. Ve-
TAHOBJICHO, YTO HA HCXOTHOM MOPOMIKO0OPA3HOM 00pa3-
e HaOJIOAeTCsl 3HAYUTEIbHAS TOTEPS BECA B AHATIA30-
He Temneparyp 200-400 °C. Uro ke kacaeTcs ruaparTu-
pOBaHHBIX O0Opa3UOB, TO B CIy4Yae TUAPATAUWHU TIPH
500 °C m3meHCHHH Beca 00pa3ma 00HAPYKCHO HE OBLIO
(xpuBad 3 Ha pucyHke 10), Toraa Kak KOJIUYECTBO BOJBI
B IIOPOIIKAX, THAPATHPOBAHHBIX NpH 350 °C, ObLTO TpH-
MEPHO TAKHM >KE, KaK W B HCXOJHBIX, HC THAPATHPOBAH-
HBIX OPOMIKAX (Kpusble 1 u 2 Ha pucyHke 10).

[Nomy4eHHBIC pe3yIbTaThl YKA3BIBAIOT HA TO, UTO IPH
temmepatype 500 °C paBHOBECHAS KOHIICHTPAITHS BOIBI
B MOPOIIKAX YPE3BbMAIHO Manta. MakCHMAaTBHOE Ke CO-
JICpKaHUE BOAbI B TIOPOIIKAX HAOIFOJACTCS IIPH TEMIIC-
patype rugpatannu Hike 350 °C. OgHAKo mpH TaKUX
HU3KHX TEMIICPATy Pax HACHIIICHUE TBEPIBIX KepaMuye-
ckux La; ScOs 5 TODKHO 3aHHMATH JOCTATOYHO MHOTO
BpPCMCHHL.
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3 - LagesScOz25, tumpatuposaHHsii npu 500 °C

Pucynox 10. /launvie mepmozpasumempuy nopomxos
CKaHOAma JAHMAHA ¢ OePUYUMOM O JAHMAHY

IIposoosiugue ceolicmea ckanoama NAHMANHA

DIEKTPOXUMHICCKAS MMIICJAHCHAS CHECKTPOCKOIII
SIBIIICTCSI HAHOOIIEE MOJC3HBIM W WH()OPMATHBHBIM Me-
TOJOM IIPH HCCIICIOBAHUH HICKTPO(PUIHUECKUX CBOUCTB
HOHHBIX TPOBOAHHKOB. VIMIIEAHCHBIC CHEKTPHI TBEP-
JBIX 3NIEKTPOIUTOB OOBIYHO MPUBOIAT B MPEACTABICHUA

HaiikBucra (aeiicTBUTEIbHAS U MHUMAS YACTH UMIICAH-
€a 0 OCH X U ¥, COOTBETCTBEHHO). B 3TOM ciyuae crek-
TPBI, KaK IPABUIIO, COCTOAT W3 HAOOpa MOIYOKPY>KHO-
CTCH, KKAad U3 KOTOPBIX OTBEYACT 3a MPOLIECCHI, MPO-
TEKAIOIIUE B 00BbEME 36pHA, HA TPAHUIIAX 3EPEH TBEPIO-
ro JNEKTPOJIMTA, a4 TAKKE HA TPAHHMLAX PA3acaa JNIEK-
Tpoa-3neKkTpoymT [13].

B mansOI padoTe M3MECPCHUA UMIICIAHCA OBLTH BBI-
TIOJTHEHBI B CHEIUATBHO U3TOTOBICHHON TBEPAOTEIBHON
3ACKTPOXUMHUYECKON SMEHKE C UCIOJIb30BAHUEM TTOTEH-
nuocrara/rareBanocTara P-45X ¢ MOayJieM YaCTOTHOTO
araym3aropa FRA-24M B mmanazone 4dactotr 500 k[ 1—
0,2 I'm mpu Temriepatypax oT KoMHaTHOi 10 650 °C. 13-
MCPCHHS MPOBOIHIM HA 00pa3LaxX B BHIAC TAOICTOK THA-
MerpoM 11 MM u TommuHOM 3 MM, Ha KOTOPbIC OBLIH Ha-
HECECHBI DJICKTPOABI U3 OPUCTON IIATHHBL.

HWmnenancHbie CHEKTPHI OBIIM CHATHI HA 00pa3Iax
ey FOIHX COCTABOB: Lag 05S10,055¢02.975,
LaooS10,1S¢0295, LaoosCaoosScO2075, LapsCan1ScOs2 s,
L30)97SCO2)955) L30,955C02,925, LaO,QSCO;gs. B kauectse
MpUMEPA HA PUCYHKE 11 mpuBEIEHBI HMIIEAAHCHBIC KPH-
BbIC B mpenactasncHun HallkBucra A1 JOMHPOBAHHOTO
cTpoHumeM (x = 0,1) CKaHzaTa JaHTAHA, 4 TAKKE CKaHJA-
Ta JaHTaHA ¢ Ac(HUIMTOM IO JTAHTAHy, CHATHIC IIPH YKa-
3aHHBIX TEMIEPATypax.
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Pucynox 11. Kpusvie Haiikeucma Ons ckanoama IGHmMand, CUHmesuposaniozo
MemoOoM KaAMUOHHO20 OONUPOBAHUA 1 co30anuem deguyuma no La
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AHamm3 HIMIIEAAHCHBIX CIIEKTPOB MOKA3aM, YTO, KaK B
ciayyac 00pas3loB, CHHTE3HPOBAHHBIX IMOCPEACTBOM aK-
LENTOPHOTO TOMUPOBAHMSL, TAK M CO3MAHMS Ac(hULmTa 110
JAHTAHY, HMIICJAHCHBIC CIICKTPBI COCTOST U3 ABYX IOy -
OKPY>KHOCTEH, 0/THa M3 KOTOPBIX COOTBETCTBYET 0OBEM-
HOH IPOBOAMMOCTH, a IPYTas — MPOBOJUMOCTH TPAHHUI]
3EPCH.

O06paboTka IMIETAHCHBIX CIICKTPOB ObLIIA BHIIIOIHE-
HA ¢ TOMOMIBIO porpammsel ZVIEW. B pe3ybTare moiy-
YCHBI TEMITEPATYPHBIC 3aBHCHMOCTH 3JICKTPOCOIPOTHB-
JeHUI 00bEMa 3€PEH W MX TPAHUIL I BCEX YKA3AHHBIX
BBIIIE CTEXHOMETPHIL.

Ha pucyHke 12 npeacraBacHsI TEMIIEPATY PHBIC 3aBH-
CHMOCTH Y/CJIBHBIX 3JICKTPOCOIMPOTHBICHUH «00BEMay
U TPaHHMI[ 36€PEeH 00pa3LOB CKAaHJara JIAHTaHA, AOMHUPO-
BaHHBIX CTpoHuHEM. CIUTOIIHBIMH JIMHHSMH IMOKA3aHA
ANIMPOKCUMALUS IKCIICPUMCHTAIBHBIX JAHHBIX MPSIMbI-
MH, TAHTCHC YIJIa KOTOPBIX XapaKTEPHU3YET IHEPTHIO aK-
THBALNH TTPOBOAUMOCTH.
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Pucynox 12. Temnepamypuvie 3a6ucumocmu yOeabHbIX
anexmpoconpomuenenuii oovema (a) u epanuy (6) 3epen
CKAHOGMA NAHMAHA

W3 pucyska 12, a BHAHO, YTO MPOBOAUMOCTB TEJIA 3¢-
PEH PacTET € pOCTOM CTENECHH KATHOHHOTO JOMUPOBAHUA
BO BCEM HCCIICIOBAHHOM JWamas3oHe temmeparyp. Ilo-
cleaHee, MO-BUANMOMY, 00YCIIOBJICHO TEM, YTO KOHIICH-
Tpauus BAKAHCHH ¥, KaK CICACTBHC, KOHIICHTPAHS HO-
CHTEJICH 3apAaa pacTeT ¢ POCTOM CTEIICHH KATHOHHOIO
JOTHMPOBAHHUA.

W3 pucynka 12, 6 ciexyer, 4to mMpOBOIAMOCTH Tpa-
HHI 3¢PEH NPAKTHYCCKA HE 3aBUCHT OT CTCIICHU KATHOH-
HOTO JomupoBaHuA. Huskasd mpoBOAMMOCTB I'PAHMIL 3¢-
peH B AAHHOM CIy4ae, MO-BHIMMOMY, OOYCIIOBICHA
O0IBIIMMH KOPPEBIHOHHBIME 3(D(heKTaMHU HA TPAHUIIAX
3EPCH.

Ha pucyHke 13 nmpeacTaBiacHbI 3aBUCHMOCTH YACIb-
HBIX 3JICKTPOCONPOTHBICHUH «00BEMa» W TPAHHIL 3ePeH
KEPaMHUYECKUX 00pa3LOB CKAHIATA JIAHTAHA, CHHTE3HPO-
BaHHBIX MOCPEACTBOM CO3JaHU Ac(UINTA IO JTAHTaHY,
0T 0OpaTHOM TEMIIEPATYPHIL.
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Pucynox 13. Temnepanmypnwie 3aeucumocmu
anekmpoconpomuenenuii 0ovema (a) u epanuy (6) 3epen
Kepamuueckux 06pasyos Lai-»ScOs-s
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W3 pucyHka 13, a caeayet, YTO MPH HEBBICOKUX AC-
(uIHTaX MO IAHTAHY MPOBOAMMOCTH 00BEMA 3EPEH B
3THX MaTEepHaNax PacTeT C POCTOM JAc(HIHTA IO JIAHTa-
Hy. [Ipu neduuure mo nanrany oxono 10%, Habmrogaer-
Csl YXYZIICHUE IPOBOJMUMOCTH, ITO OOYCIOBICHO, IO-
BHIUMOMY, CTPYKTYPHBIMH H3MCHCHUAME (PHCYHOK 4).

W3 pucyska 13, 6 BUAHO, 4T0 ¥ 00pa3uoB ¢ Ac(huim-
ToM mo yaHTaHy 10%, Kak yACIBHOC COMPOTHBICHHC,
TaK M JHEPTHS AKTHBALNH MPOBOJAUMOCTH T'PAHMII 3CPCH,
6opmre, yeM y 00pasnos ¢ AepUIUTOM 1O JaHTaHy 5%.
[No-BunmMoMy, 3T0 OOYCIIOBICHO CTPYKTYPHBIMH H3ME-
HCHHSMHE, YKA3aHHBIMH BBIIIC.

PaccuntaHHBIC 3HAYCHUS SHEPTUI AKTHBALIUN IPOBO-
JHMOCTCH MPHUBCACHBI B TAOMHIAX 3 1 4.

Ta6nuya 3. 3nauenus suepauii akmueayuii NPOBOOUMOCMET
CKAHOamMA IAHMAHA, CUHMe3UPOSAHHO20 HYnieM
AKYenmoOpHO20 OONUPOBAHUSA

Eam, 3B
Cocras
061em 3epHa rpaHuLbI 3epeH
LaogsSro,0s5¢02975 055 099
La0,eSr0,15¢02,05 059 0,95
Lao95Ca0,0s5c02,95 074 114
LaoeCan,15c02,95 069 110

Ta6nuya 4. 3nauenus suepauii akmueayuii NPOBOOUMOCMET
CKAHOamMA NAHMAHA, CUHMESUPOBAHHO20 NYyMeM CO30aHU
Odedhuyuma no KAMUOHy NTAHMAHA

Eam, 3B
CocraB
0bbeM 3epHa rpaHnLbl 3epeH
Lag,e7ScO2,955 1,07 -
LaoesScOz025 1,06 113
LageScOzs5 1,07 16
JIUTEPATYPA

W3 tabnmue! 3 criexyer, YTO SHEPTHS AKTHBALKH IPO-
BOJHMOCTH, KaKk 00beMa, TaK U TPAHHL 3¢PEH CKAHAATOB
JIAHTAHA, NOMUPOBAHHBIX CTPOHIHMEM HIDKE, YEM IIPH J0-
TMHUPOBAHUHA KAJTBIIUCM.

W3 tabnmues! 4 criexyeT, YTO SHEPTHS AKTHBALKH IIPO-
BOJHMOCTH 00BbEMa 36PEH MPAKTHYECKH HE 3aBHCHUT OT
CTETICHH AC()UIUTA TIO JIAHTAHY .

3AKTIOYEHHE

W3y4eHbl CTPyKTypa U CBOWCTBA MPOTOHHBIX IIPO-
BOJHHUKOB Ha ocHOBE L.aScOs3, CHHTE3MPOBAHHBIX ITyTEM
AKIENTOPHOTO JONMMPOBAHMA U CO3AaHUI Acduimura 1mo
karuoHy La. [Toka3aHo, 4TO KOIMYECTBO HMHTEPKATIHPO-
BAHHBIX IPOTOHOB B PEIIETKY OKCHIA PACTET C POCTOM
CTCTICHH KaTHOHHOTO JOMHPOBAHMA M BBILIC IPH JOIH-
POBaHHH CTPOHIUEM HYEM KaJXbIUEM. 3aMEHUCHO, YTO B
o0pasnax CKaHIaTa JIAHTAHA C KATHOHHON HECTEXHOMET-
puEell KOIMYECTBO HHTEPKATUPOBAHHBIX IPOTOHOB
VMEHBIIACTCA C POCTOM AcuimTa IO JNAHTaHy, HTO
BEPOSITHO OOYCJIOBICHO BO3MOXXKHOCTBIO CBSI3BIBAHUS

KHCTOPOJHBIX BakaHCHH V., B KOMIUICKCHI THIA

(La;, — V)" u GIOKHPOBAHHEM X y4aCTHs B TPOLECCE

pactBopeHHSA BOABL OTPCACIICHBI SHCPTHH AKTHBAIMHMH
MPOBOANMOCTH 00BCMA M TPAHHL 3CPCH CKAHIATA JIAHTA-
HA, CHHTC3HPOBAHHOTO Pa3IHIHBIMA MeToaMu. [Tokaza-
HO, YTO MPOBOJAUMOCTD H SHCPTHA AKTHBAI[UH MPOBOIH-
MOCTH 00BEMA 3¢peH 00PA3IOB, TOMHPOBAHHBIX CTPOH-
IHCM, BBIIIC, YCM TPH TOTMPOBAHIH KaJbIIHCM. 3aMcUe-
HO, YTO 3HCPTH AKTHBALHH MPOBOIAMOCTH 00pa3LoB C
KATHOHHOM HECTEXHOMETPUEH MPAKTUYCCKH HE 3aBUCUT
OT Ac(hUIHTA IO JTAHTAHY .
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JAHTAH CKAHIATHI HETBBIHJAETT IPOTOH/BI O TKI3TTIITEPIH
KACHUETTEPIHE AKAYJIAPJBLIH KAJBIITACY TOCLIIHIH OCEPI

N.B. Xpomymun, T.1. AxceHoBa
«Aoponsix puzuxa uncnumymsty PMK, Anmamst, Kazaxcman

AXUenTopiblK KOCHIMINANAy >KOHE La KaTmoH OOMBIHINA SKETICMEYINLUTK »Kacay >KOJbIMEH cuHresmenareH LaScOs
HETI3IHACT] TPOTOHIBI OTKI3TIMTEPAiH KYPhUIBIMBI MCH KacueTTepi 3epacncHAi. OKCua TOphIHA HHTSPKATHOPICHTCH
TIPOTOHJAPIBIH CAHBI KATHOH/BIK KOCBIMINANIAY ACHTCHIHIH KOFapPbLUIAY BIMCH APTabl KOHE KAIBIIHHMCH KOCHIMINAIAYFa
KAparaHa/sa CTPOHUMHMEH KOCHIMINAJTAY Ke3iHIE sKOFaphl OONATHIHBI KOpceTimi. KaTHOHIBI CTEXHOMETPHSIBIK eMeC
JAHTAH CKAHOATHI YATiACPIHAC NaHTAH OOHBIHINA KCTICICYMIUNKTIH APTYBIMCH HHTCPKATHOPICHTCH MPOTOHIAPIBIH
CaHBI A3AATHIHBI GAHKAIBL Oy V. OTTEri 60C OPBIHAAPBIH (La,, — V., ) THIITI KMBIHTBIKKA OAHIAHBICTHIPY MYMKIHiTi-

MEH >KOHE CybIH €py IPOLECIHE OJIAPAbIH KATBHICYBIH OYFaTTayMeH OAiIaHBICTBI O0IYbl MYMKIH. OPTYPII dAIiCTEPMEH
CHHTE3ICITCH JIAHTAH CKAHJATHI TYHIPIIKTEPiHIH KOJEMi MEH HICKTEPiHIH OTKI3TIINTITiHIH AKTHBTCHY 3HECPTHCHI
aHBIKTAIIEL. KampOuiMeH KOCHIMINANAYFA KAPAaFaHAAA CTPOHIHHMCH KOCBIMIIAIAHFAH VITLICP TYHIPIIIKTEPl KOJICMiHIH
OTKI3TIITITI MEH OTKI3TIINTITIHIH AKTHBTCHY SHCPTHACHI >KOFAPBI CKEHIITI KepceTinal. KaTnoHapl creXHoMeTpHsIiIbiK
eMeC YATLIEPAiH 6TKI3TIMTITiHIH AKTHBTCHY 3HEPTHACH IC JKY31HAC KaTHOH OOMBIHINA KETICTICY INIIKTCH TAYEICI3 CKEHI
OaitkanabL.

INFLUENCE OF DEFECTS FORMATION WAY ON PROPERTIES
OF PROTON CONDUCTORS BASED ON LANTHANUM SCANDATE

LV. Khromushin, T.I. Aksenova
RSE “Institute of Nuclear Physics”, Almaty, Kazakhstan

The structure and properties of proton conductors based on LaScOs; synthesized by acceptor doping and the creation of a
deficiency in La cation were studied. It has been shown that the number of intercalated protons in the oxide lattice
increases with an increase in the degree of cationic doping and is higher when doped with strontium than calcium. It has
been noted that in lanthanum scandate samples with cationic non-stoichiometry, the number of intercalated protons
decreases with increasing lanthanum deficiency, which is probably due to the possibility of binding oxygen vacancies
V, to (La,, — V) complexes and blocking their participation in the process of water dissolution. The activation energies

of the conductivity of the volume and grain boundaries of lanthanum scandate synthesized by various methods are
determined. It was shown that the conductivity and activation energy of conductivity of the volume of grains of samples
doped with strontium are higher than when doped with calcium. It is noted that the activation energy of conductivity of
samples with cationic non-stoichiometry is practically independent of the lanthanum deficiency.
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