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Introduction

Chemical and Metallurgical Institute named after Zh. Abishev doctors of technical sciences
.M. Turdukozhayeva developed a concept of chaotized particles based on Boltzmann

sercoming of various chaotization energy barriers, the proportion of these particles changes.
The proportion of these particles is calculated according to the equations

Pm=1-exp(-T,/T)

P. :exp(—Tb/T)

P —P,, —exp(-T, /T)—exp(-T,/T).

Igm

=1-P

crm
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Here P, is the proportion of crystal mobile particles; P, is the proportion of vapor mobile particles;

crm

Rgn is the proportion of liquid mobile particles; 77— temperature; Tr, — melting temperature, T, — boiling

temperature.
Earlier in the work [1] three models were proposed with the consideration of different content of crystal
mobile, liquid mobile and vapor mobile particles. But the need to test each of the three viscosity models and
to choose the most adequate brings some elements of uncertainty in the design method of such a dependence,
in addition complicating the data processing procedure. This led us to develop a single cluster-associate model
v=v,(T./T)".

According to the concept of chaotized particles, a cluster is a probabilistic form of the existence of vagious
low-energy complexes from crystal mobile particles. Calculations of clusters proportion an ra
mole of substance at the melting and boiling point have shown that the concept of chaotiz
to quantify the formation of clusters with their distribution by the number of particles in liquid at"any
temperature.
In the same work [1], the model validity (1) to the calculation of liquid metals viscgs

been shown that the model (1) for many metals most adequately describes the tem
viscosity and can be used to calculate the viscosity at high temperatures withou
ment. For many metals equations for viscosity were derived.

Experimental

In the work [2] three models (taking into account crystal mobile, liquid ile and vapor mabile particles)
of kinematic viscosity of metals were compared with their iond or all periods of D.l. Mende-
leyev element system, analysis of which revealed regular conngcti
numbers ranked by increase of temperature influence on viscgsit
ciate pattern (1) by the degree of clusters association with the
for all periods of D.l. Mendeleyev element system.

This comparison is shown in Table 1 and Figur

ork we will compare cluster-asso-
tion potential of the considered metals

Table 1

Comparison of the first ionization pot t etal with the degree of cluster association

Period | Me | Valence shel Period | Me | Valence shell | I;,eV | a
9 Li 1.01 Rb 5st 4176 | 1.22
9.51 Sr 5s? 5.692 | 2.01
1.35 Ag 41055t 7574 | 1.82
3 2,57 5 Cd 41052 8.991 | 1.80
5.984 | 1.03 In 4005525t 5.785 | 0.96
4339 | 1.22 Sn 4d105525p? 7.342 | 0.97
452 6.111 | 1.68 Te 4d105g25p* 9.01 | 2.77
3d%4s2 7.87 | 3.54 Cs Bs! 3.894 | 1.19
3d74s? 7.86 | 3.05 Ba 6s? 5211 | 1.56
4 Ni 3d%4s? 7.63 | 1.92 Au 4f1450106s! 9.22 | 144
Cu 3d%94st 7.724 | 1.65 6 Hg 414571062 10.43 | 0.90
Zn 3d104s? 9.391 | 1.90 Tl | 4f145d'%s?6p* | 6.106 | 1.32
Ga | 3d%%s%4p! 6.00 | 0.91 Pb | 4f¥5d%6s%6p? | 7.145 | 0.79
Ge 3d04s24p? 7.88 | 2.81 Bi | 4f“5d™%6s%6p® | 7.287 | 1.36

As can be seen from the table and the figure, in general there is a symbate (consistent) change in the
degree of clusters association with the increase or decrease of the first potential value of metal ionization for
all periods of Mendeleyev element system. Some departure of this model becomes apparent for silver in the
fifth period and for gold, mercury, thallium and lead in the sixth period, that is connected with big tendency to
clusters association from metal atoms for beryllium, with influence of 4d-subshellfor silver, with completion
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of 4f- and 5d-subshells development for metals of the sixth period, and mercury and lead also have 6s-subshell
accompanied by lanthanide contraction and sharp increase in ionization potential.

The average value of cluster association for 28 metals is @ = 1.94. The obtained values of clusters asso-
ciation degree of the tested metals were checked for range uniformity according to equations [3]:

X = Xax

r.ma\x:—mingrcr' S(X): .—'

where x_,, isthe minimax value of the range; X is the average value, S(x) is the mean-root-square errak and

n is the volume of the range, r, =1.483f %" [3; 15] where f =n-2. <
I1 !
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Figure 1. Dependence of ionization potential and average value of clusters
ociation degree for 28 metals in order of increasing of their atomic number

is owed that for 28 metals, the range is not uniform: mean-root-square error S(x) = 1.645; in
n r., <re is not observed r; =4.68 > re=2.73; x;, = 9.51(for Be).
max max max

erefore, it is necessary to eliminate the «jumping out» value, i.e. the beryllium data. The high value of
association degree of beryllium clusters is connected with its high position in the periodic table, partial pos-
session of covalent links, high tendency to associate clusters of metal atoms, and high ionization potential.
Beryllium generally refers to semi-metals, which causes its exclusion from a variety of metals.

The elimination of beryllium and reduction of range up to 27 metals leads to validity of range uniformity:

S(x) =0.780; r,;, = 2.46 < re= 2.71; x,,;, = 3.54 (for Fe).

max max

In this case for 27 metals @ = 1.66+ 0.32.
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Results and Discussion

Research for calculation of clusters association degree are conducted on the most uniform simple sub-
stances — metals, therefore this indicator has low values and changes within ~1-4 (excepting beryllium) (Ta-
ble 1). Without this semimetal, and in addition lower than normal associated mercury (a = 0.9) at its anoma-
lously high ionization potential (10.43 eV), generally regular and probably significant, although weakly ex-
pressed as cendant dependence of cluster association with metal ionization potentials is observed

a=0.09+0.241,, R=0.70, t, =6.7 > 2. 2

The weakness of this connection is explained by the secondary nature of associates formation in ¢
ison with the primary processes of elementary n-particle clusters formation from crystal mobile particles,as it
was demonstrated earlier on the example of more evident interconnection of the standard thre ith
metal ionization potentials. The conformity consists in a great tendency to association of ioni€ complexe
clusters, which have stronger attraction of universal mobile electrons.

The relationship between cluster association and ionization potential for 26 metals, with ercury and
beryllium, is shown in Figure 2.

_ 3
a
2
1
|1,€V
0
3
11 is the first ionization potential; ¢ = ave egree of cluster association.
Points are data from Tablel, line — accordi equation (2) without data on Be and Hg

Figure 2. Relationship betwee Clation and metal ionization potential

Ya.l. Fraenkel, on the basis of activation echanism, obtained in 1927 the equation of dependence
of dynamic viscosity on temperature
E
= Aex <, 3
n p( o j 3)

he gas constant; T is the temperature; A is some constant proposed by

where E, is the activation e
Arrenius.

As the kinemati 0 onnected with dynamic viscosity on a formula v =n/p (p — melt density),
because of very w; % ence of density on temperature (several percent in all range of liquid state) in
comparison wi ple change of viscosity in the same range [4], it is possible to change directly in the
equation (3) apparent viscosity 1 to kinematic viscosity v, having respectively corrected parameters 4 to 4’/
and activ ergy E, to estimated value E!

E'
=A <. 4
v eXp(RTJ (@)

Table 2 shows the activation energy values obtained from the modified Fraenkel equation (4) based on
experimental (information) and calculated on cluster-associate model (1) data for 28 metals of D.l. Mendele-
yev periodic system.

The activation energy values for the calculated data range from 2868 J/mole (mercury) to 128017 J/mole
(beryllium). The correlation coefficient for the calculated activation energy values E,’(calc) in comparison
with experimental E.(inf) comprised 0.8580 with its signification tr = 16.6> 2 including beryllium. At its
exception the correlation coefficient is much higher than —R = 0.9552 with its signification tr = 55.6 > 2.
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Table 2

Activation energy values for experimental (Ea (inf)) and calculated
on cluster-associate model (1) (E,’ (calc)) data for 28 metals

Element | E,(inf), J/mole | E,(calc), J/mole Element | E,(inf), Jmole | E,’(calc), Jmole

Li 5463 5920 Rb 4548 5055
Be 85231 128017 Sr 20453 22723
Na 5803 6485 Ag 22981 21684
Mg 22915 22150 Cd 9487 10867
Al 9029 8871 In 4681

K 5138 5812 Sn 5155

Ca 17635 20171 Te 13478

Fe 49404 55540 Cs 4498

Co 41971 46835 Ba 15889

Ni 28610 29757 Au 16038

Cu 18450 22133 Hg 2262

Zn 12713 14134 Tl

Ga 3850 4074 Pb

Ge 19098 31004 Bi

Figures 3 and 4 show the comparison of the obtained range of activat
and calculated on cluster-associate pattern viscosity with the d@e f cluster a
investigation, £, = f (a).

energy data for experimental
ociation for the metals under

Ea
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Points tal data, line is approximation of experimental data by equation E, = A+ Ba

Figure 3 e of activation energy for experimental data on the degree of clusters association for 28 metals

e seen from the figures, the activation energy data obtained by processing the calculated values

e ge ized pattern are described better by the approximate dependence.
he approximate equation for experimental data on viscous flow activation energy is expressed as:
E,(inf) = Ba + A =9957 a — 2731. (5)
or calculated on cluster-associate model (1):
E,/(calc)= B'a+ 4’ =14695 a - 8525. (6)

The approximation dependability value for the information data on viscous flow activation energy de-
pending on the degree of cluster association gives 0.9277, for the calculated from the model (1) — 0.9754.

Virtually, the coefficient B in equation (5) and B’ in equation (6) make up the value of the activation
energy corresponding to one cluster and are expressed as J/(mole-cluster). For experimental data, this coeffi-
cient is equal on average to ~10 kJ/(mole-cluster), and for calculated values is equal to ~15 kJ/(mole-cluster).
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Figure 4. Dependence of activation energy calculated on model (1) on the degree of clusters

Shown above calculations confirm the functional nature of the cl
count the degree of clusters association from crystal mobile particles, w
and allow to consider the obtained approval as another proof of abjectivity

SOCi ttern, taking into ac-
basis of a single model,
aotized particles concept.

Conclusions

1. The interconnection of clusters association degree in clu
their ionization potentials for all periods of D.l. Mendeleyev
ilar to the previously proposed [2] three separated patte
pattern, which retains clusters from crystal mobile p
of their association.

2. Analysis of activation energy values obtaik

-assoCiate pattern of metals viscosity with

stem reveals their regular relation sim-
nfirms the functional nature of the new
physical basis, with additional consideration

n

the modified Fraenkel equation on the basis of
experimental (information) and calculated o % iate pattern data for 28 metals showed their ade-
guate straight-line dependence, moreovergthe ‘de ion of their interconnection with the degree of clusters
association on the basis of the calculat the'proposed pattern activation energy values is more accurate.

3. The obtained data based on th&new cluster-associate pattern can be considered as another confirmation
of the concept fruitfulness of chaatiz ticles.
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A.III. Kaxxukenosa, JI.b. Anmnbues, A.b. Celitumberona, )K.M. TenrexOaeBa

KnacrepJik-accouuaTuBTi Moae/ b 00MBIHIIA METAJNAAPABbIH HOHIbIH
NOTEeHUMAJIBIHBIH ACCOLMPJICHIeH KJIACTEPiHiH A9peskeciHin 63apa OallJIaHbBICHI

Makanana CyHbIK METAIIAPIbIH KHHEMATHKAIIBIK TYTKBIPJIBIFBIHBIH KIACTEPIIiK-aCCOIMATTRIK MOJIEN Kapac-
TBIPBUIFAH. BYJ1 MOJIeNb XaOTU3UPIICHT€H OOJIIEKTep TY)KbIPHIMIAMACHIHBIH HETi3iH/e anblH/Ibl. ¥ CHIHBUIFAH
yJITire coiikec aBTOpIap CYMbBIK MeTalIarbl KJIaCTepIIep/IiH aCCONUANMSIIAHY [OPEIKECIHIH OpTaIIa MOHAEPIH
ecenreni. Ecenrey yuin J[.1. MenaeneeBTiH dJeMeHTTepi KECTECiHIH eKiHIII — aNTHIHIIBI Ke3eHIepiHiH 28
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MeTaJIapbl 3epTTENreH. ABTOPIIAp/IbIH KYMBICHIH/IA METaJIAapIsl HOHAAy IbIH OipiHII d/eyeTiH KiacTepiep-
IH acCOLHAIMsIIaHy [OPEKECIHIH anbIHFaH MOHICPIMEH CANIBICTBIPY KeATipireH. By canbicThipy OipiHimi
HOHJIAy SJIEYeTiHIH 63repyiMeH ThIFbI3 OaiiaHbIcTa KIacTepiep KaybIMAACTBIFbI AOPEKECIHIH 3aH bl ©3TepyiH
kepcerTi. Openkens TeHaeyiMeH OipiKTipiireHae akTHBTEHAIPY SHEPTHACHIH eCeNTey YIIIH allpoKCHMHUp-
JIeyIIi TeHACY1 alnbIHIBL. TYTKBIPIBIKTHIH TEMIIEPATYPATBIK TOYCIIUTIIHIH KIaCTepIiK-aCCONUATTHIK MOJIEII
YLIiH aNblHFaH TEHJEY KUbIPMa CEeri3 METaUT YIIIiH GalKbIMaHbIH TYTKBIP aFbICHIH aKTUBTCHAIPY SHEPTHSCHIH
ecenTey Ke3iHje naianaHbuFaH. AKTHBTCHIIPY SHEPrHsChl GOMBIHIIA alIbIHFAH HOTIKENIEP/i aBTOpIap K-
CIICPUMEHTAIIIBI MOJIIMETTEPMEH CaJIBICTHIPBL. ByJl CaNbICThIpy YCHIHBUIFAaH MOZIENb OONBIHINA ANIBIHFAH Oel-
CEHJIIPY PHEPruschl GOWBIHINA JEPEKTEpP anNpPOKCUMALMSIBIK TOYCIAUIIKTEH KaKChl CHIATTAlaThIHBIH KOp-
ceTTi. ANBIHFAH HOTHKENEpAi KOpHEKi pacTay VIIiH JKYMBICTA KecTeliep MeH cyperrep kenripinreH. Ocbl-
naitina, JI.W1. MenzeneeB aneMeHTTepi KyieciHiH O6apiblK Ke3eHaepi OOWBIHIIIA MeTalaapapl HOHAAYAbIH Oi-
piHIII oJIeyeTiH KIacTepliep acCOLHMALMSICHIHBIH JPEKECIMEH CANBICTHIPY Ke3iHAE OJapiblH 3aHabl Oaiina-
HBICHI aHBIKTaJ/bI. By Gaiinanbic KiacTepiiK-KaybIMIacKaH MOJIeIbIiH (YHKIHOHAJIBIK CUIIAThI TYPaL
KiTyre MyMKIiHAIK Oepeni.

Kinm ce30ep: TYTKBIPIBIK, PETCIi3AeNTeH OOIIIeKTep, acCOIUPIICHTeH KIACTeP/IiH Jopexeci, KIacT!
LHATUBTI MOJIEN, CYIBIK MeTaj[ap, aKTUBTCHAIPY SHEPTUSICHI, KPHCTAILT KO3FAJIBICTHI OOJIIICKTED, HOH,
yerti, OpeHKkenbIiH MOAUPHUKAIMIIAaHFaH TeHACYI.

A.1l. Kaxxukenona, JI.b. Aimbues, A.b. Celitum6eToBa, XK. M.

B3aumMocBsi3b cTeNneHH ACCONMUPOBAHHOCTH KJIACTEP
HOHM3AIIUHA METAJIJIOB 10 KJIIACTEPHO-aCCo

B craTbe paccMOTpeHa KiacTepHO-acCOLMAaTHAs MOJEIb KHHCM?GC W BSI3KOCTHKHIKHX MeTauioB. Mo-
Jienb OblIa I0JTy4YeHa Ha OCHOBE KOHLICTIIIMY Xa0TU3HPOBaHHbBIX YaCTH TOpPaMH, COTJIACHO TPEI0KEHHON
MoOJieNH, ObUIM PacCUMTaHbl CPeJHUE 3HAUYCHHUs CTEIIECHH acCOLH KJIaCTEepOB, COAEPIKAIIUXCS B
JKUIKOM MeTtaite. [ pacdera ObUTH HCCIIEIOBAaHBI 28 MeTaIlT €CTOr0 IEPHOI0B TaOIHUIIHI HJTe-
menToB J.1. Menneneesa. Kpome Toro, mpuBeeHO COMOCTAB. T0 NMOTEHLIMAJIa MOHNU3ALUU MeTa-
JIOB C TIOJTyI€HHBIMH 3HAYEHUSMH CTECIICHH aCCOI[MUPOBAH
3aKOHOMEpPHOE M3MEHEHHE CTEIICHU aCCOLHAIUH KJIACH Ol CBSI3U C U3MEHEHUEM IIEPBOTO MOTEHIIH-
0 aNIpOKCUMUPYIOIEe yPaBHEHHE IJIs pac-
MaTHOM MOJENH TeMIlepaTypHOU 3aBHCHMOCTH
BSI3KOT'O TEUEHHUS! paciulaBa JJisl 1BaIaTH BOCEMH

eM nepuojiaM cucteMsl aiuementoB [[.J. Menneneea co crene-
HBIO ACCOIMAINHN KJIACTEPO X 3aKOHOMEPHas CBsI3b, KOTOPAst MO3BOJISIET YTBEPKIAATH O (HYHKINO-

HaJIbHOM XapaKTEpE Kiiac
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