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The photos, which are done by an electron microscope, of the
condensed disperse phase surrounding a high-temperature metal
particle are presented. The dependence of the concentration of
the condensed dispersive phase (CDP) which surrounds a high-
temperature metal particle upon the temperature of the particle
is obtained. The dependence of the concentration of electrons in
CDP on the temperature of a particle is obtained. The condition
of charge equilibrium of a metal particle with CDP surrounding it
is obtained. The dependence of the equilibrium charge of a metal
particle surrounded with CDP on the temperature of a particle in
the positive and negative regions is obtained. The obtained results
may be used in researches of the processes of burning of metallized
fuels and in studies of dust plasma.

The researches of electrophysical processes in disperse
systems at high temperatures are carrying out inten-
sively [1-8]. In spite of this, there is no sufficiently full
idea of the processes of charge transfer in such systems.
While researching the process of thermoemission charg-
ing of high-temperature metallic particles surrounded
with CDP, it was assumed that the volume charge of elec-
trons in CDP corresponds to a saturated electron gas. In
this case, the concentration of electrons does not depend
upon the concentration of CDP, but it is determined
by the temperature only [1-4]. This hypothesis comes
true under the condition kT /(e? /dmeorcepp) > 1/2m [9).
Here, k is the Boltzmann constant, T is the temperature,
e is the electron charge, ¢ is the electric constant. Such
a situation is possible if the characteristic dimensions of
CDP particles are of the order of 103 A. The research of
CDP with the help of an electron microscope is a com-
plicated problem. Therefore, the given work examined
another critical case of nano-disperse CDP where the size
of its particles is of the order of 10 A. In this case, the
concentration of electrons depends on the concentration
of CDP. The process of thermoemission charging of a

1294

spherical metallic particle is determined by a high tem-
perature of the particle T;. Under such a condition at
some distance from the particle surface, CDP is formed
and it consists of condensation products of the particle
material (see Fig. 1).

CDP can appear on molecules of metal oxide in the
process of metal evaporation. In particular, it was found
that CDP is formed while evaporating copper, tantalum,
molybdenum, and tungsten particles [1,2,4]. Some ther-
mal and electrophysical characteristics of the metal of a
particle and CDP which surrounds it are presented in
Table.

We denote the maximum temperature of the stable
state of metal oxides by T5. Oxide disintegrates at tem-
peratures T > T5. CDP is formed at some distance from
the evaporating particle if the particle temperature is
T, > Ty. Let’s take the next scheme of CDP forma-
tion in the space surrounding the particle. Vapors of
metal which appear at the particle surface as a result
of the diffusion are moving to the cold region. CDP is
formed at a temperature T' < T, as a result of the con-
densation of metal vapors and the interaction of metal

Some thermal electrophysical characteristics of the metal
of a particle and CDP surrounding it

T2, | Tmett, | Thoit, | AL, L, Ar, Ag | T,
K K K | kJ/mol | kJ/mol | eV A
Cu 1356 2873 13 305 melt
5.5
solid
4.4
Mo 2893 5073 27.9 506 4.3
Ta 3269 5573  24.7 754 4.12
W 3683 6203 35 736 4.54
CupO 2073 516  2.12
MoO3 1428 448 2.3
TagOs 1743 4.85  2.72
WOz 2000 524  1.92
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Fig. 1. The appearance of the condensed disperse phase by the
movement of a particle — a; by the precipitation on the substrate
— b; on the photo from an electron microscope — ¢

atoms with oxygen. Let’s suppose that the most part of
metal atoms is connected in particles of CDP so that the
density of free metal atoms is negligible [10]. This condi-
tion corresponds to the intense process of condensation
in CDP. Let’s considered that CDP particles of a mid-
dle size contain approximately N = 1000 molecules of a
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Fig. 2. Dependence of the concentration of CDP particles on the
temperature of a particle

metal oxide [10]. The characteristic size of particles is de-
termined by a sphere radius which depends on the mass
of this particle rcpp = rwN'/3. Here rw = (3u/4mp)'/?
is the Wigner—Seitz radius, p is the mass of an oxide
molecule, and p is the macroscopic oxide density. The
estimations show that the characteristic particle size of
oxide is equal to 19-27 A. These data are in the satis-
factory conformity with experimentally defined sizes of
CDP particles [11]. The dependence of the concentra-
tion of CDP particles near the particle surface upon its
temperature T in the interval Tyoy > 11 > Tmey Will
be found with the use of the Clausius—Clapeyron equa-
tion

S Pum  fL( 1 1 0
COP = 7NT, TP\ R\ Toen  T1 ) [

At the temperature of the particle Ty, > 11, the anal-
ogous dependence has the form

Pmelt {L+AL< 1 1)}

exp —— ). (2)
kZNTy R Tmer Th
In this case, Theit and Tho; are the temperatures of
melting and boiling of a metal, respectively, Patm and
Py are, respectively, the normal atmospheric pres-
sure and the pressure of saturation vapors of metals
at the temperature of melting, L and AL are, respec-
tively, the molar heat of evaporation at the tempera-
ture of boiling and the molar heat of metal melting, R
is the universal gas constant, and Z is the number of
metal atoms in one molecule of a metal oxide. The cal-
culated dependence of the concentration of CDP which
surrounds the particle on its temperature T} is presented
in Fig. 2.

ncpp =
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Fig. 3. Dependence of concentration of electrons in CDP on the
temperature of a particle T}

The correlation between the concentration of charged
and neutral particles in CDP is defined by the Saha equa-
tion

neni (27rmekT)3/2 (_Ag) 3)
T h2 P\ kT )

Here, n., n;, and n,, are the concentrations of electrons
and positively charged and neutral CDP particles, re-
spectively, m. is the electron mass, h is the Planck
constant, and As is the work function of an electron
from a CDP particle. It was shown that the work func-
tion of an electron from the surface of a small par-
ticle (cluster) is more than the work function of an
electron from the flat surface of a substance by the
value AAy = (3/8)(e? /4megrepp) [12]. In our situation,
Ay = Ao + QY263 247egrepp, where Ao is the work
function of an electron from the flat surface. Taking into
consideration that n, = n; and n,, = ncpp — ne, we get
the dependence of the concentration of electrons in CDP
on the temperature T [13, 14]:

ne=-L0 {ff) () nCDp} " (4)
Here,
fr)=2 (2””;”)/ e (~12). 5)

If the temperature of particles Ty > T in relation (5),
T = T. CDP is formed near the particle surface at the
temperature of the particle 77 < T5. In this case, T' =T}
in relation (5). The dependence of the concentration of
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electrons in CDP on the temperature of a particle 17 is
presented in Fig. 3.

The particle gets a negative charge, if the electron
current from CDP to the surface of the particle is more
than the electron current from the surface of the particle.
The condition of the charge equilibrium of the particle
with CDP in the region of the negative charge on the
particle has the form

2
1— _eh QY2 — ﬁ =
47TkT2€0T2 2[1

A — AA
kT, '

7”"2"@ €V,

= 4mr? AT? exp ( (6)
Here, r is the radius of a spherical metal particle, @) is
the particle charge, Iy = lo(T1/Tp) is the width of the
kinetic zone of a particle, where [y is the width of the
kinetic zone of a particle at T, = 273 K [1, 2], A is
the Richardson—Dushman constant, v, = (8kTy/mm,)!?
is the mean speed of electrons, AA; is a reduction of
the work function of an electron from the surface of a
particle carrying a negative charge, AA; is defined by
the Schottky effect AA; = Q'/2e%/2/4reqr [1, 2], and
A; is the work function of an electron from a particle.
The right-hand side of relation (6) characterizes the flux
of negative charge from the particle surface. The left-
hand part of relation (6) is the flux of negative charge
from CDP to the surface of a particle. The expression
in square brackets defines the braking of the current of
electrons in the kinetic zone of a particle. There is the
potential barrier inside the kinetic zone of the particle
carrying a negative charge. This barrier is caused by a
superposition of the electrostatic field of pushing away of
a particle and the field of mirror reflections of an electron
charge [1, 2]. The potential barrier inside the kinetic
zone of a particle is absent for a negative charge of a
particle, the value of which satisfies to the inequality
0 < Q < [er?/(412)]. Relation (6) is simplified in this
case:

(7)

1/2,3/2
Ne Vel = 4AT12 exp (— A1 Qe > .

/417T1 47T€0’I“kT1

Hence,

2
_ A
| dmweorkT | MeVeC XD (717“11) g
©=|"ap LAT? ' ®

If the temperature of a particle T3 < Ts, then T} in-
stead of Ty should be taken in (6). The mean veloc-
ity of an electron is determined by the temperature T}
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Fig. 4. A copper particle surrounded with CDP which consists of
CusO

v, = (8kT1/ ﬂme)l/ 2 The numerical solution of the sys-
tem of equations (1), (2), (4), (5), (6), (8) gives a pos-
sibility to find the dependence of the negative charge of
a particle on its temperature T7. The particle will get a
positive charge, if the thermoemission current from its
surface superpasses the flux of negative charge from CDP
to the particle. The condition of charge equilibrium of
the particle with CDP in the region of a positive charge
has the form:

Ay + g2
4rr? AT? exp (—1]€T4m°r> = 1r’neeTe. (9)
1
Hence,
4 kT 4AT? 4 A
Q: TEYT 1h’1< 1) TEQT 1' (10)
e VoMo e

The numerical solution of the system of equations (1),
(2), (4), (5), and (10) gives a possibility to find the de-
pendence of the positive charge of a particle on its tem-
perature 7. Figure 4 presents the experimental (black
rectangles) and calculated (solid line) dependences of
the equilibrium charge located on a spherical particle of
melted copper with » = 117 ym on its temperature. Fig-
ure 5 presents the analogous dependences (black rect-
angles are experimental values of a charge and a solid
line gives calculated values) for a spherical particle of
tantalum with » = 185 pgm. The width of the kinetic
zone of a particle and the middle value of the particle
of CDP in the presented scheme are conditional. CDP
which surrounds the particle of tantalum, except TasOs,
contains oxides TaOs and TasO. The problem contains
many parameters. That’s why the correlation between
experimental and calculated data can be regarded as sat-
isfactory. The results which have been obtained are very
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Fig. 5. A tantalum particle surrounded with CDP which consists
of TasOs5
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important in the research of the charge and mass transfer
processes in disperse systems.
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TEMIIEPATYPHA  3AJIEZKHICTH  PIBHOBA>KHOTI'O
TEPMOEMICIVMHOI'O 3APSIJTY METAJIEBOI YACTUHKU,
110 OTOYEHA HAHOAMCIIEPCHORO
KOHIAEHCOBAHOIO ®A30I0O

JLA. Jlanin, K.I. Cemenos, A.K. Cemenos, B.B. Kaninuax,
H.X. Konum

Peszmowme

Y pobori npejcrasiieHo gororpadil KOHJIEHCOBAHOI IUCIIEPCHOT
dasu (KIP), sxa 0TOUye HATPITY METaJeBy YaCTHHKY, IO BHKO-
HaHI 3 3aCTOCYBaHHSM €JIEKTPOHHOIO MiKpockona. OTpumaHo 3a-
JexkHocTi KoHneHTpalil yactunok KJI® i KoHIeHTpallil eJeKTpo-
uiB y KJI® Bix remneparypu gactuaku. OTpuMaHO yMOBY 3apsI0-
BOI piBHOBaru MeTaJieBol 4aCTUHKH, siKy oTouye HaHo-KI®. Orpu-
MaHO 3aJI€?KHICTh PIBHOBaXKHOI'O 3apsi/Iy METAJIEBOI YACTHHKH, KA
orouena HaHo-KJI®, Bij Temreparypu 4aCTUHKU B ITO3UTHUBHIN i
HeraTuBHIN obnactax. OrpuMmani pe3yabTaTd MOXKYThH OyTH BHKO-
pUCTaH] y JOCIiIKEHHSX TOPiHHS MeTaJi30BaHUX ITAJIUB i B JOCJIi-
JPKEHHSX IIUJIOBOI IIJIA3MU.
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