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Keywords: single crystal, polymorphic monocrystal at T>393K  temperature, in KosusCsoossNOs monokrystal at
transformation, modification, T>455K temperature the rhombic (II) — hexagonal (III) transformation occurs
kinetics, activation energy with the formation and growth of the I1I - modification crystal embryo within II

— modification. The results obtained from the kinetic studies were determined
that the temperature dependence of the conversion rate of II — Il in
Ko915Ag00ssNOs and KogasCsoossNOs single crystals can be expressed by an
empirical formula of v = (aAT + bAT? + cAT?) - 1072 g AT =T, — Ty is

temperature delay, T, — is transformation temperature and To — s

equilibrium temperature between interconverting modification crystals. Based
on the results of velocity measurements, the activation energy of I—III
polymorphic transformations were calculated.

Ko915A80055N O3 va Ko9s5Cs005sNOs MONOKRISTALLARINDA
QURULUS FAZA CEVRILMOLORININ KINETIKASI

XULASO

izotermik kristallasma iisulu ilo KNOs;, AgNOs vo CsNOs-iin suda mohlulundan KosssAgoossNOs vo
Ko945Cs0055NOs  monokristallar:  yetisdirilmis, rentgenoqrafik ve optik mikroskopiya {isullar1 ilo hemin
niimunalerde qurulus faza g¢evrilmalori tedqiq olunmusdur. Miiayyen edilmisdir ki, KossAgossNOs
monokristalinda T>393K temperaturda, KosCso0ssNOs monokristalinda ise T>455K temperaturda rombik (II) —
heksaqonal (II) gevrilmasi II — modifikasiya daxilinds III - modifikasiya kristali riiseyiminin yaranmasi va
boytimasi ile gedir.

Kinetik tadqiqatlardan alinan naticelor MATLAB proqrami asasinda islenarek miisyyen edilmisdir ki,
Ko,945Ag0,055NOs vo Ko945Cs0,05sNOs monokristallarinda II — III ¢evrilms siiratinin temperatur asililigi v = (adT +
bAT? + ¢cAT?®) - 1072 Ssaﬂn emprik diisturu ils ifads oluna biler. Burada AT = T, — T, temperatur yubanmasi olub,

T, —gevrilma, Ty —qarsiligh gevrilon modifikasiya kristallar1 arasinda tarazliq temperaturudur. Siirat lgmalarinin
noaticaleri asasinda II — III polimorf ¢evrilmenin aktivlagsma enerjisi hesablanmigdir.

Acar sozlar: monokristal, polimorf ¢evrilmas, modifikasiya, kinetika, aktivlasma enerjisi
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KMHETUKA CTPYKTYPHBIX ®A30BBIX IIPEBPAILIEHII B
MOHOKPUCTAAAAX Ko,915Ag0,055NO3 11 Ko,945Cs0,055N O3

PE3IOME

Momnoxkpncraaansr KoosAgoossNOs 1 Ko,gasCso,05sNOs Op1a1 BeIparieHsr Ha BoAHBIX pactBopax KNOs, AgNOs u
CsNOs merozoM msoTepMmdeckoi Kpucraaamsauun. Ilocae sToro crpykTypHble n ¢a3oBble IIpeBpallleHus B
5TUX oOpasljax ObIAM M3Y4eHBl MeTOJaMU PEHTTeHOBCKOM ¥ ONTHYECKON MMKPOCKOIUM. YCTaHOBAEHO, YTO B
MoHokpucraasde KoossAgoossNOs  mpu  temneparypax T>393K, B monOkpucraaae KoosCsoossNOs 1pn
Temieparypax T>455K mpoucxoaur mnepexoa pomOmdeckoe (II) — rexcaronaavHoe (III) mpespamienne c
obpazosanueM 1 poctoM III — MoanduKans KprcTaaamdeckoro sapoasiia sHyTpu Il — Mmoaudukarym.

PesyapTaThl KMHETHYECKMX WCCAeAOBaHMII OblAM oOpaboTaHel Ha ocHoBe mporpammbil MATLAB u

YCTaHOBAEHO, YTO TeMIlepaTypHasi 3aBUcuMOCTh ckopoctu kousepcun I — III B Monoxpucraaaax KoosAgoossNOs3
o - -2 M

u Koos5Cs0055NOs MOKeT ObITh BbIpaskeHa sMrmpudeckoit Gpopmyaoit v = (adT + bAT? + c¢AT?) - 10 2@. 3aech

AT =T, — Ty TemmnepaTypHas 3agepKka, T- TemIleparypa HnpeBpalleHus:, a TO — TemIleparypa paBHOBECHs

MeXJy KpucTaldaM¥ B3aMMOIpeBpamaonuxca Moaudukanmii. Ilo pesyapraTam wmuaMepeHMit CKOPOCTU
paccunTaHa SHepIysl aKTUBaLUM ToAMOpPQHBIX pesparrennit 11 — II1.

KarougeBble ca0Ba: MOHOKpUCTaaAld, HMOANMMOP¢HOe IpeBpalleHne, Moiudukanus, KMHETUKA, DHePIusd
aKTUBaALIUA.

Introduction

The investigation of structural transformations in potassium salts is of great scientific
importance. Thus, the potassium salt crystals can be used as various converting devices, memory
elements and heat radiation sensors. The structural transformation studies in the crystal and
solid solutions of this substance can allow to determine its behavior in case of large dynamic
loading (in the area of large deformation, explosions) or to eliminate the structural
transformations during the application of this material. In addition, the results of the
experiments can be applied in the methods of obtaining nanostructured materials.

The study of structural phase transformations in nitrate compounds of alkali metals,
including potassium and silver nitrate crystals, is of great scientific and practical importance.
Despite numerous experimental results, there is still no complete theory of the polymorphic
transformation process. On the other hand, these substances are used for different purposes in
different areas of our life. This includes the wide applications of these substances in explosives,
glass production, drug preparation, robotics, solid rocket fuel preparation and other fields. In
addition, these substances are used in the preparation of various converter devices, as memory
elements and heat radiation transmitters [1, 2]. These investigations require studying the growth
morphology of the modification crystals that are mutually transformed during these
transformations. That is why the kinetics of structural transformations in KosusAgoossNOs and
Ko945Cs005sNOs crystals have been studied in this work. The first two crystals are rhombic at room
temperature and rhombohedral after structural transformation. CsNOs has a trigonal lattice at
room temperature, and a cubic lattice after transformation. All three of these transformations are
enantiotropic and they are single crystal-single crystal type [3-9]. The crystallographic results of
the polymorphic modifications of all three crystals and the temperature ranges of existence are
represented in table 1.
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Table 1. Crystallographic parameters of polymorphic modifications of
KNOs AgNOs and CsNOs and temperature ranges of existence

Symme
e ymmetry Lattice parameters .
g Existence
5] Phase o
g —— temperature %
S a, A b, A ¢ A TK 3
&
Rhombic 5,411 9,164 6,431 Pmcen 300-400 3,4
KNOs; | Rhombohedral 5,43 - 9,112 R3m 400-610 3,4
Rhombohedral 5,42 - 19,41 R3m 397-383 56
AeNO Rhombic 6,997 7,325 10,118 Pbca 300-432,5 3,7
SIS Rhombohedrik 5,203 8,522 R3m 432,5-438 3,7
Trigonal 10,87 - 7,76 P3/m 300-434 3,8
CsNOs Cubic 8,98 - - Pa3 434-687 9

In order to investigate the mechanism of structural transformations in the solid solutions of
the compounds mentioned, a number of experiments were conducted and the results based on
experiments was investigated [11-13].

Research method and research

Single crystals of KosusAgoosNOs and KossCsoossNOs solid solutions were obtained by
isothermal crystallization method from aqueous solutions of "UAA" type KNO3, AgNO3 and
CsNO3 compounds, respectively. The samples were needle-shaped and planar plate-shaped.
The length of the needle is oriented in the [001] crystallographic direction. The crystallization
process was repeated several times in order to obtain perfect crystals. Among the obtained
crystals, 1x0.5x10mm? crystals were selected for conducting microscopic studies.

Researches were carried out using a "Levenhuk C 310" type film camera in a MIN-8 brand
polarizing microscope equipped with a special heater. The temperature of the crystal was
measured using a copper-constantan thermocouple. The accuracy of the measurements was
+1°C at 100°C. Since the velocity measurements were carried out around the equilibrium
temperature of the interconverting modification crystals, that temperature was determined first.
It was determined that this temperature was 393 +1K for KosusAgoossNOs and 455 +1K for
Ko9s5Cs005sNOs. The temperature dependence of the new crystal growth rate during structure
transformations was carried out by the method given in the work of [10].

During the experiments, the following were strictly observed:

1. The speed of movement of the boundary separating two modifications was measured only
in the [001] crystallographic direction.

2. Only the rate of single-crystal-single-crystal conversion was measured.

3. During the experiment crystals of the same size and shape grown under the same conditions
were used.

Measurements were made on six samples of each composition and the results obtained are
given in table 2.
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Table 2. Results from velocity measurements on KoousAgoossNOs and KogssCsossNOs crystals

Ko915Ago,0s5sN O3 Ko915Cs0055NO3

% TK D 10camsec U1 To K p1oz Uyaee
z cm/sec cm/sec cm/sec
1 0,056 0472 0,215 0,340

2 2,514 1,883 3,912 2,157

3 4,342 4,273 5,918 5,429

4 6,523 7,681 9,650 10,138

5 12,635 12,150 14,513 16,263

6 393+1 18,240 17,717 455+1 23,420 23,783

7 24,438 24,425 32,226 32,679

8 32,525 32,314 44,745 42,432

9 40,521 41,423 55,322 54,519
10 52,241 51,793 66,356 67,423

In figures 1 and 2 the graps of results obtained by the experiments and the empirical
formula are represented for the temperature dependence of the rate of structural
transformations in KowusAgossNOs and KowsCso0ssNOs crystals, respectively. The experimental
results are met with the theoretical calculations and it can be observed in graphs.
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Figure 1. Graph of temperature dependence of growth rate of Ill-modification crystal in [I>1III transformation in
Ko915AgoossNOs crystal. e-empirical datas; 0-experimental datas
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Figure 2. Graph of temperature dependence of growth rate of Ill-modification crystal in II-1II transformation in
Ko945Cs0,08sNOs crystal. e-empirical datas; A- experimental datas
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Conclusion

The conclusion of the obtained results showed that the mentioned partial replacement leads
to an increase in the conversion speed. At a temperature of 10K this speed is is 52+ 102cm/sec in
KossAgoossNOs, and 66-10%cm/sec in KoosCsossNOs. /sec, while in KNOs is 5x102cm/sec as
shown in table 2. In other words, as a result of this substitution, the rate of structure
transformation has increased approximately 10 times. We think that partial replacement of K*

ions by Ag* and Cs* ions in KNO:s causes the energy barrier height to decrease. So, the speed is
E

determined by the factor of v = e, where E is the activation energy of the process. The
activation energy is calculated based on the velosity mesurement results.

In order to evaluate the process of polymorphic transformation in terms of energy, the
equation [14] given by M. Folmer for crystal growth from the liquid phase with a two-
dimensional mechanism has been used:

K3 K3
v =K exp(— T—O) exp(— m

When this equation is applied to crystal growth during polymorphic transformation, kz-is a
constant that takes into account the energy limit necessary for the transfer of molecules from the

parent crystal to the surface of the newly grown crystal and it is equal to g. Here E is the

activation energy per 1 mole, R is the universal gas constant. In the equation To- is the
equilibrium temperature between modifications, AT —is the temperature delay. ki=Bvd and v-is
oscillation frequency of molecules, d- is interatomic distance, B- is number of molecules passing
from parent crystal to growing crystal surface, ks- is energy used for generation of two-
dimensional crystal embryo. The Folmer equation also agrees well with the results obtained from
velocity measurements on KoosAgoessNOs and KossCsossNOs crystals and the dependence slope

1AT-is a straight line. According to the inclination of that straight line, k2 and ks
o

coefficients were determined, and the activation energy of II-III transformation was calculated
in the studied crystals. The obtained results are given in table 3.

of Inv on

Table 3. Values of coefficients ko, ks and activation energy in I[I-1II transformation for
Ko95Ag0055NOs3 and KogssCso0ssNOs single crystals.

Activation energy
k> 1 2
Content ,deg’ ks, deg’ E, kJ/mol
Ko9ssAgo05sNOs 10877,5 4028,4 90,38
Ko945Cs0,05sN O3 12392,8 4121,9 102,98

As can be seen from Table 3, the rate of rhombic—hexagonal transformation in the
KossAgoossNOs crystal increases as the temperature increases and the partial replacement of K+
ions by Ag+ ions in KNOs leads to a decrease in the activation energy. So, while the activation
energy of the rhombic—hexagonal transformation for potassium nitrate is 97.8 kJ/mol, for
Ko915Ag005NOs is 90.38 kJ/mol. On the other hand, the activation energy is 102.98 kJ/mol in the
[I-1II transformation in the KossCs0,055NOs crystal.
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