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ABSTRACT

In the article, the temperature dependence of the viscosity of a complex inorganic substance -
potassium carbonate was obtained and the proposed mathematical model was verified. Viscosity
is considered as a chaosensitive property of a liquid inherent in it in motion and at rest. The
mathematical model of viscosity was developed using the Boltzmann distribution and the concept
of chaotic particles. On this basis, a hierarchical cluster-associate viscosity model is constructed,
which takes into account not only the formation of primary clusters, but also secondary associates
with respect to them, with the possibility of identifying the degree of cluster association. To adapt
the cluster-associated model to experimental data, certain data processing techniques have been
developed to identify unknown parameters of the model. The method of processing viscosity data
using the entire set of three reference points allows you to determine the indicator of the degree
of aggregation of associates. When processing the data on the viscosity of potassium carbonate, a
high correlation coefficient was established calculated in comparison with reference values, which
indicates the adequacy of the new relationship. This model makes it possible to predict the
behavior of the viscosity of potassium carbonate in a higher temperature range. The degree of
association of clusters with an increase in temperature decreases, corresponding to the dynamics
of the destruction of associates and viscosity in general.

Keywords: concept of randomized particles, Boltzmann distribution, dynamic viscosity, potassium
carbonate, cluster, associate.
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Introduction

particular, complex compounds [[1], [2], [3], [4], [5],
(6], [71, (8], [9]].

In addition to its practical importance, the study

Viscosity is an important characteristic of a
liquid substance. The nature of the viscous state is
insufficiently studied, there is a disparity of
temperature dependences of viscosity,
fragmentarity and narrowness of experimental
determination of this characteristic and the
impossibility of displaying it in the full temperature
range of the liquid state, especially for melts. This
determines the relevance of these studies, in

of the viscosity of melts of inorganic compounds is
also of great scientific interest, since viscosity is the
most structurally sensitive characteristic of a
substance that gives an idea of the forces of
intermolecular interaction and the mechanism of
molecular transfer processes in liquids. The
accumulation of knowledge in this field allows us to
solve many issues related to the theory of the liquid
state [[10], [11], [12], [13], [14], [15], [16], [17]].
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Based on the Boltzmann’s distribution and the
normalized dependence of particles on temperature,
the authors [[18], [19], [20], [21], [22]] developed a
semi-empirical cluster-associate model of viscous
fluid flow, which allows us to evaluate the
aggregation of clusters into associates.

This model for determining the regularity of
viscosity by temperature based on the concept of
chaotic particles does not contradict, but even
complements the classical theory of viscosity [18-
22]. According to the proposed concept, developers
rely on the virtual presence of liquid and gaseous
phases in the solid state of matter.

The experimental part

The cluster-associate model of fluid viscosity
makes it possible to estimate the degree of
association of clusters or their number based on the
temperature dependence of viscosity [[18], [19],
[20], [21], [22]].

The viscosity equation according to the concept
of chaotic particles is expressed by the formula:

n= nl(Tl/T)a’ (1)

where n; —reference point of dynamic viscosity at
temperature T; (K); a — degree of cluster association.
The value of a is determined by:

a=a,(Z) @)

T

where b — the measure of lowering the degree of
cluster association. Values a; and b:
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Thus, the general form of a two-level
hierarchical model will be presented as follows:

b
n =n, (T,/T)% /1", (6)

Reference points ni, T1, N2, T2, n3, n T3 should be
chosen at the beginning, middle and end of the
entire experimental array, respectively [[21], [22],
[23]]. In this case, we can limit ourselves to
calculating a2, a3 and b, without processing the

entire experimental array, with further introduction
of the necessary values into the model (6) and
calculation of n for comparison with all experimental
values by the correlation coefficient.

We will check the adequacy of the cluster-
associate viscosity model on such an inorganic
substance as potassium carbonate.

Discussion of the results

Potassium carbonate is produced by
carbonation of KOH solutions obtained by
electrolytic means, or MgCOs; suspensions in KCl,
solution, as well as a by-product during the
processing of nepheline into alumina [24, pp. 189-
190].

Potassium carbonate is used as a starting
product for the production of various potassium
compounds and as a potassium fertilizer [24, pp.
187-188].

It easily reacts with sulfur carbon monoxide,
upon completion of which crystallohydrates are
formed. This interaction is possible only in saline
solution.

When the substance is heated to 1200 °C and
above, it decomposes into two components -
potassium oxide and carbon dioxide. The substance
reacts perfectly with non-oxidizing acids, bases,
carbon (under high temperature conditions) and
with sulfur oxide.

Potassium carbonate is actively used in various
industries in calcined and 1.5-in one form, 1st, 2nd
and 3rd grades. The chemical industry, glass
production, agricultural complex, fire fighting, light
industry, photo production and other industrial
areas cannot do without it.

The presented data array and melting point Tp,
= 1169 K of potassium carbonate were taken from
the reference [25]. There is no boiling point in this
handbook. In the source [26] indicated that at a
temperature above the melting point, potassium
carbonate decomposes. From the presented values
[25], the following were selected as reference
values: T;=1190K, n1 =3,03 mPa-s, T,=1220K, n2 =
2,23 mPa-s, T3 = 1250 K, n3 = 1,66 mPa-s. The data is
given only up to 1250 K.

The necessary values were calculated using
formulas (3)-(5): a2 = 12,3129; as = 12,2330; b =
0,2679. Then a, and b were substituted into
expression (6)

0,2679
1190)12,3129 (1220/T)

n=3p3( . (7)

T
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In addition to this, the exponential equation is
given in the reference book [25]

n=1,161-10"exp(29487/RT), (8)

derived from data [27] (5 points in the temperature
range 1186,2-1257,2 K; torsional vibration method
[17] of a hollow cylinder). The accuracy corresponds
to the standard deviation s = 0,0272 (1,23%). The
uncertainty is estimated at ~ 3,0 %. The authors [25]
additionally give the viscosity value at one
temperature (1173,2 K), obtained by S.V. Karpachev
and collaborators [28] using the method of torsional
vibrations of the ball. This value is lower than the
corresponding value in [27], so it was not used when
comparing reference and calculated data.

The calculation results for all viscosity values,
reference [25] and calculated by (7) and (8), together
with the calculations of the temperature
dependence of the degree of association (2) are
shown in Table 1 and Figure 1.

Table 1 - Reference [25] and calculated by formulas (7)
and (8) data on dynamic viscosity for potassium
carbonate

n(2s], | n(7), n (8),

T,K mPa-s mPa-s mPa-s a
Tm=

1169 - 3,78 0,000241 | 12,46
1190 3,03 3,03 0,000229 | 12,40
1200 2,73 2,73 0,000223 | 12,37
1210 2,46 2,47 0,000218 | 12,34
1220 2,23 2,23 0,000213 | 12,31
1230 2,02 2,02 0,000208 | 12,29
1240 1,83 1,83 0,000203 | 12,26
1250 1,66 1,66 0,000198 | 12,23
1300 - 1,04 - 12,11
1350 - 0,67 - 11,98
1400 - 0,44 - 11,87
1450 - 0,30 - 11,76
1460 - 0,28 - 11,73
1470 - 0,26 - 11,71
1473 - 0,25 - 11,71

It should be noted that the values obtained from
equation (8) are very different from the reference
values [25] and calculated from equation (7).
Apparently, there is a typo in the first coefficient of
equation (7), so these values were not taken for
comparison with experimental data.

The correlation coefficient when comparing the
reference data [25] with the proposed cluster-
associate model (7) of viscosity is quite high R =

0,999979 with its significance tg= 52091 >> 2, which
indicates the adequacy of the new dependence.
The degree of association of clusters decreases
with increasing temperature, amounting to the
value an, = 12,46, at the melting point, corresponding
to the general dynamics of the destruction of
associates and the behavior of viscosity as a whole.

s+ n,mPas
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Figure 1 - Dependence of the dynamic viscosity of
potassium carbonate on temperature

Conclusions

The cluster-associate viscosity model made it
possible to construct a model for potassium
carbonate. Comparison of the reference data with
the newly developed model establishes the high
adequacy of the presented cluster-associate model
of dynamic viscosity of a complex inorganic
substance.

The correlation coefficient of potassium
carbonate is high, which indicates the possible
application of the developed viscosity models in the
future.

In addition, an exponential equation was
given, the value of which was significantly lower
than the corresponding value, so it was not used
when comparing reference and calculated data.

One of the most important characteristics of
the cluster-associate model — the degree of cluster
association — naturally decreases with increasing
temperature, corresponding to the dynamics of the
destruction of associates.

The proposed viscosity model adequately
describes the entire range of the liquid state of a
substance, and thus allows predicting behavior at
higher temperatures up to the boiling point.
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AHHOTALUMUA

B cratbe aBTOpamu 6bl1a MO/MyYeEHa TemnepaTypHas 3aBUCUMOCTb BA3KOCTU C/NOMHOIO
HeopraHWYeckoro BeLLecTBAa - KapboHaTa Ka/iua W NpoBeAeHa MPOBEPKA MNPEAIOKEHHOM
MaTemaTM4YecKo MoZenu. BA3KOCTb pPaccMaTpMBAETCA KaK XaoCO4YyBCTBMTENbHOE CBOWCTBO
KMAKOCTM, Npucyllee eil B ABUXKEHUM U B nokoe. MaTematnyeckas mofenb BA3KOCTM 6bina
pa3paboTaHa ¢ UCMO/b30BaHWEM pacnpeseneHns bosbLmaHa M KOHLENUUM XaoTU3MPOBAHHBIX
YyacTuu. Ha oToit OcHOBE NOCTPOEHa MepapxMyeckas KnacTepHo-accoumatHas Mogenb BA3KOCTH,
KOTOpas yuMTbiBaeT He TONbKO 06pa3’oBaHMe MepPBMUYHbIX KAacTepoB, HO WM BTOPWUYHbIX MO
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MpwuHATa B nevatb: 18 gpespansa 2022 OTHOLLEHWIO K HUM acCOLIMATOB C BO3MOXKHOCTbIO BbIIBJIEHWUS CTEMEHWU acCoLMaLMmM KNacTepos.
[lna agantaumm KNacTepHO-accoLMaTHOW MOAENN K IKCNEPUMEHTANbHBIM AaHHbIM pa3paboTaHbl
onpegfeneHHble npuembl 06paboTKM AaHHbIX ANA MAEHTUOMKALMM HEeU3BECTHbIX napameTpos
mozenu. MeTtoa, 06paboTku AaHHbIX NO BA3KOCTU C UCMO/b30BAaHUEM U3 BCErO MHOXKECTBA Tpex
penepHbIX TOYeK MO3BOMAET OMNpeAenuTb MoKasaTenb CTeneHW arperaumm accouuartos. [pu
06paboTKe [aHHbIX NO BA3KOCTU KapboHaTa Kanus 6bln yCTaHOBAEH BbICOKMIA Ko3bduumMeHT
KOPPenfLuMn PacciUTaHHbIX MO CPAaBHEHUIO CO CMPABOYHbIMM BEIMUMHAMM, YTO YKasbiBaeT Ha
afeKBaTHOCTb HOBOW 3aBUCMMOCTU. [laHHas MoAe/b Mo3BO/NAET NPOrHO3MpPoBaTb NnosedeHMe
BA3KOCTM KapboHaTa Kanus B 6osee BbICOKUI TemnepaTypHbli AnanasoH. CTeneHb accoumaumu
KNacTepPOB C MOBbIEHWEM TEMMEPATYPbl MOHWUKAETCA, COOTBETCTBYA AMHAMMUKe PaspylleHUs
accouuaToB U BA3KOCTU B LLE/IOM.

KnioueBble cnoBa: KOHLEMUMA XaOTU3MPOBAHHbLIX YacTuu, pacnpegeneHve bonbumaHa,

ANHamMmunyecKasa BA3KOCTb, Kap60HaT KanuAa, Knacrtep, accouymar.
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