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Abstract: The paper gives a brief analysis of experimental work on the production of sorbents from various
biological wastes in one process. The obtained sorbents are used without additional activation.

In connection with such experimental material, the theoretical aspects of various processes in the channels
and on the surface of the sorbent are considered. The processes of solvation of metal particles in an aqueous
medium are considered in the framework of the quantum theory of inhomogeneous condensed media with a
redistribution of the electron density of the system. The processes of adsorption on the walls and in the

channels of the sorbent are considered taking into account the effects of spatial dispersion of the system.
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Introduction

The processes of extracting metal
particles from various solutions require the use
of special filters, sorbents, and, depending on
the required conditions for a specific task
(purity of the solution, sizes of metal particles
extracted from solutions, concentrations of
dissolved particles, etc.) there can be varying
complexity. Moreover, for a particular process
of extracting particles from solutions, it is
important to know what processes are carried
out in this case, what materials can be used in
this case in order to ensure the best adsorption
of the extracted particles on the surface and in
the channels of the adsorbent.

To carry out such processes, it is
necessary to use filters obtained using, in
particular, carbon materials [1-12]. The full
cycle of the extraction process requires
consideration of the separate stages. These
stages of the complete process include:
solvation of metal particles by solvent
molecules in which metal particles are located,
processes of adsorption and desorption of these
particles on the walls of channels, movement of
solvated impurities in the liquid between filter
particles. Each of these processes can be

considered within the framework of a general
approach.

First of all, it is necessary to define a
model for describing the system, namely, the
particles that should be extracted from the
liquid, the properties and materials of the filter,
with the help of which certain particles will be
extracted from the solution.

An experimental study of the processes
of adsorption of metal impurities on the surface
and in the channels of sorbents is of great
interest for various processes both in chemical
technology and in ecology. With the use of
sorbents, of course, the cost of obtaining high-
quality materials increases, and therefore
obtaining cheap and accessible sorbents from
the point of view of the technology for
obtaining sorbents is essential. Cheap methods
for obtaining sorbents within the framework of a
single-phase  technological process from
recycled materials proposed in works [4-9], is a
constantly urgent task. At the same time, the
experimental studies carried out by the authors
of works [4-9] show the need to develop
theoretical models, within which it will be
possible to evaluate, at least qualitatively, some
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parameters of the purification process of a liquid
(solution) from certain impurity particles. For
example, the sorption material obtained by
technology from hazelnut shells (production
waste) within the process without additional
activation has a specific surface of 637.33 m%/g,
and a similar product from activated carbon
708.70 m?/g [6]. The area of micropores is 427
m?/g and 473 m%g; the volume of micropores is
0.20 m*/g and 0.21 m%/g; measurements were
carried out using device - Gemini 7 [6].

Studies using an electron microscope
make it possible to obtain sufficiently accurate
elemental composition of sorbents, for example,
for nectarine we have about 91 - 92% carbon, 6
- 7% oxygen, and about 10 impurity elements -
S, Ca, metals.

Theoretical  calculations  for  such
complex systems are too cumbersome and
difficult to compare with real experiments, but
some general calculations can be made.

Below, theoretical calculations will be
presented for model processes for extracting
certain metal particles from solutions using
sorbents.

When developing theoretical models for
the processes of adsorption of particles on the
surface of a solid (sorbent - filter) from a
solution, the quantum apparatus of temperature
Green's functions for non-regular
inhomogeneous non-isotropic systems will be
used. To describe the medium (sorbents and
liquids), solvation and fluctuation mechanisms
will be used [10-12].

When moving inside liquid-filled
sorbent channels, several mechanisms should be
considered:

1. A solvated particle (a metal particle covered
with a solvate shell) can move almost freely
along the channel cavity.

2. When a solvated particle moves inside the
channel, it can stop and be adsorbed on the
channel wall.

3. In the latter case, the adsorbed solvated
particle can become the center of the creation of
a large accumulation of particles (a kind of
thrombus in the channel) and block the
movement of other particles.

The solvation energies of metal particles
in a polar (aqueous) medium can be calculated
or estimated using various models. The simplest

model is the calculation by the Born formulas,
within the framework of models without taking
into account the effects of frequency and spatial
dispersion of an infinite (in terms of the size of
the cavity for the medium in which the particle
is located) medium.

More complex models taking into
account the effects of frequency and spatial
dispersion of the system can also be presented.
In any case, when moving solvated particles,
one should take into account the various
mechanisms of interaction of such particles both
with the medium and with other particles. Some
primary results can be obtained from the
thermodynamic analysis of non-regular polar
systems with impurity particles.

For the system under study, it should be
taken into account that there are two types of
particles in the solution - sorbent particles, on
which metal particles are adsorbed, and metal
particles that are solvated by molecules of
solvent - water.

The main cause of adsorption on the
surface of metal particles is the presence of an
electric dipole field, which characterizes
precisely metal particles in which the electron
cloud of metal atoms "goes" beyond the surface
of the particle. As a result, this field promotes
solvation on the surface of solvent (water)
molecules. At the same time, the presence of
such a field also contributes to the process of
deposition of a metal particle on the surface of
the sorbent. It is natural that the pattern of
solvation of metal particles, on the one hand,
and the deposition of solvated metal particles on
the surface of the sorbent, on the other hand, are
dependent on the ratio of various effects of
interactions within such a system. Numerous
experimental studies show that these processes
actually occur in the systems under study [5-6,
9].

Besides, it can be noted that the
adsorption of metal solvated particles takes
place both on the surface of the sorbent and in
the channels of similar materials.

When analyzing the processes occurring
in such sorbents, it is of interest to theoretically
interpret these processes, i.e., how adequately
can adsorption processes in sorbents be
described from the point of view of modern
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quantum theory of processes in non-regular
condensed systems.

As the channels of the sorbent are filled
with metal particles, they will also move in the
channels (exchange of location) near the walls
or in the volume of the sorbent. Exact
calculations using quantum methods are
impossible given the diversity and complex
structure of real sorbents. Nevertheless, some
general analytical models may be of interest
from the point of view of the dependence of the
system on certain process conditions in
sorbents. Moreover, as the properties of such
systems are studied, it is possible to
purposefully create systems with certain
properties, for example, in terms of electrical

conductivity in various external electromagnetic
fields, and use these data without measurements
by complex devices.

Hamiltonian of System

To correctly write the Hamiltonian of
the system, it is necessary to take into account
several factors that affect the system as a whole.
First of all, the presence of several types of
reacting particles, in particular, metal particles,
particles of carbon sorbents, and the solvent -
water.

We represent the Hamiltonian of the system in
the form [13-15]:

H=H) +H!+H," +H",, 1)

where Hy,,° is the Hamiltonian of the medium,
which assumes both water and the presence in it
of sorbents and solvated metal particles that do
not take part in the process of adsorption of a
particular particle (adsorbing particle);

Hs © is the Hamiltonian of the sorbent involved
in the adsorption process,

Hp ° is the Hamiltonian of a metal particle,

H".q is the Hamiltonian of the interaction of a
metal adsorbing particle with a sorbent

1eig =
H=H, +H,+ H,—J{P(")} E(¥

where H_, is the Hamiltonian of the polarized

medium; H, - Hamiltonian of a solvated metal
particle; Hs is the Hamiltonian of the sorbent
particle involved in the adsorption process. Qg is
a set of coordinates of a metal particle;

(P(r)), is the average value of the water
polarization operator on the sorbent surface over

In the process of interaction in the
system, the metal particle is solvated by water
molecules, and the sorbents are also solvated by
water molecules. The interaction leading to the
adsorption of solvated metal particles on the
sorbent surface has the character of a dipole-
dipole interaction and is rather weak.

The Hamiltonian of the system may be
represented as follows:

Quidr — [ EB(FEF @dr,  (2)

sorbent, metal particles, and medium;
E(7,Q,) - is the electric field strength of a
solvated metal particle in the dipole

approximation, 6P(r)— is the fluctuation of

water polarization on the surface of the sorbent.
The last term in formula (2) leads to the
adsorption process.

the states of the zero Hamiltonian (without According to the fluctuation - dissipative
taking into account the interaction of the theorem [16]:
(P.(F £))y = —defdr’Gﬁ[Pk(F, Fit—t)E(F, 1), (3)

where G, is the retarded Green’s function at

non-zero temperature of operators of the
medium polarization [13-15].

For the intensity of the electric field of solvated
metal particle in dipole approximation the
following expression may be used:
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E,(7) = — [ d7Gy g (F ¥ ) EIL; sy (RYS(F —R )+ 65 o (F RIp(R).  (4)

Here G and GE(P - are Green’s functions of

operators of the intensity of the electric field
and the scalar potential of the condensed
medium, they may be expressed by Greens’
functionsG,,,, which may be simply defined

from the solution of an electrostatic task. ' - is
the dipole moment of the i-th bond of a particle.
Depending on the configuration of the particle,
its structure and size, several dipoles can be
distinguished to characterize the electric field of
the particle. Such a procedure requires
consideration of the particle configuration and

their sorting by structure. If the particles are
with different configurations, then the task
becomes more complicated and it is necessary
to introduce several types of metal solvated

particles. R, - is a radius-vector of the i-th

dipole of the particle; p,ﬁ — are the charge of

the particle and the radius-vector of the charge
localization point.

For a polarizable particle the value of i
differs from the corresponding vacuum value, p'
could be determined through:

He =My + Zio g {Gsﬁ.s}fﬂ; + G.-:aqf,ﬁ'}J (5)

where ocLB - is the polarizability tensor of the i-

th bond of a particle. It is obvious that if all
components of the polarizability tensor and
vacuum values of the dipole moment of the
bond are known, then all 3N values of u may be
found from the system (5). The corresponding
solutions of electrostatic tasks of model
functions may be used as Green’s functions,
which allows to take into account the effects of

the spatial dispersion of the medium. Further,
substituting the found values ! into the
correlation (4), we define the electric field
intensity of the system E,i*} and from (3) we
find the polarization of the medium (P(r)), .

Substituting (3) into (2) we rewrite the
Hamiltonian of the system in the following
form:

H=H, +H,+H, + [ E(7, Q)65 (77 )E(, Q)drdr — [ 6F(F)E(F @)dr. (6)

In this formula, we expand the electric field intensity into series by Q®up to linear terms,

H =60y +H, + H,, + H,— [ dF6P(PE(F. Q). 7)

In (7) XY, is the free energy of the solvated particle, which has the following form:

1 : - o -+ - 2 -+
80y = ;[ dtdt [ drdr E, (7, Q3) G5 o, (r.7, 8 — £ ) Ep(7.05) (8),
where @p is the equilibrium value of the coordinate Qo .
Calculation of free energies of solution 8€2
In the formula (8), we will obtain the following expression for 5Q,:
1 - L - -
802y =3[ drdy E’g[?}ﬂfagﬂ (7w =0)E(r). 9)

For a homogeneous local isotropic medium, for which
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- 1 1 -+ -
GP.xP.E' (rriw=0)= —;[1 —;jﬁmﬁé'[:r‘—:r'j,

(10)

the free energy of the solution X2, takes the following form:

88, = ——(1 —2) [ dF(E*(7))?

Here ¢ is static value of the dielectric
permeability for water solution with metal
particles and particles of sorbent.

i 2
502, = —(1 —;j:'ja
where ry is the radius of the metal particle.

Effects of medium spatial dispersion

Taking into account the spatial dispersion of the
medium let us rewrite free energies of solution

X, = —; [ P(N)G,,,(r, r)p(r)drdr’

where G, is Green’s function (GF) of the

medium scalar potential operators, p — is the
charge density of the solvated metal particle,
which creates the electric field with the intensity
Eo.

The effects of spatial dispersion of the
medium (water with metal particles and
particles of sorbent) may be considered in the
process of the calculation of the free energy
change of the system in case where some model
functions will be used as Green’s functions of

: 1
Gop(nr ) = CO T

(11)

If solvated metal particle has an
equilibrium dipole moment, then for spherically
symmetric particles we will obtain:

(12)

80 (9) in the following form:
(13)

operators of the polarization fluctuation or the
charge density or the medium scalar potential.
To determine GF G (r,r') we may use the

results of the solution of electrostatic tasks: the
GFG,,(r,r')coincides with the magnitude of

the electrostatic potential in point¥of the
system, if in point¥ a unit charge will be
placed. In consideration of the above mentioned
it must be expected that behavior of GF
G,,(r,r") will be of type:

(14)

In this case the behavior of GF G and G, will be of the following type:

Gpol(F/7) = Gy (F.7) = —F(FIB(F — 7)

Fourier component of f(F) function may be

connected with the longitudinal component of
1

f[';) = (Eﬂ_-j'g-"z IEEE; JﬂiE]dE

and

(15)

the dielectric permeability €'(k). After standard
conversions we will obtain:

(16)

f = {1t~ ) an
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Hereby, for Fourier components we have the following correlation:

1

Gyo(R %) = —;(1 - %] B

In case of a local homogeneous medium from the previous formula we will obtain:

N1 1
G,,(K,K") :—47[[1

In ¥ space the last formula has the form:

-+ =+ 1 -+ -+
Gw[:r',*r] =—;Cuﬁ[r—?‘]

To consider the space dispersion effects instead
of 6 -function in formula (20) the following

o

In the capacity of AXQF—F'D function an

Goy 7)== 2 2(F = 71)

(18)
C
-0 =25, ., 19
gl (k)] KT 47 K,k ( )
(20)
function may be used:
(21)

exponentially damped function normalized on
unity may be selected:

77|
- - 1 —_—
ﬁlﬁlz|r—r|:l = e 4 (22)
If for the charge density of the impurity particle localization  coincides  with  origin  of
p® a classic approximation will be used and if ~coordinates, then
we assume that the point of the g charge
po(F) = g8 (F) (23)
In this case for 52, we have:
- z 1
80, =~ = a1 (24)

Similarly, the change of free energies of the
system may be calculated, where the space
dispersion effects of the medium are described
by more complicated functions.

Thus, for the free energy change of the
system, when the introduction of a polyatomic
polarizable non-dipole charged particle in a
condensed medium, the calculations may be
carried out with different degree of precision
with due regard for various effects: in case of
quantum or classic behavior of the degrees of

0 =— j drdr'(E(r)E(r)p(r - r')i‘;

If the equilibrium dipole moment and the charge
density of a particle equals zero, after the

freedom of the solvate layer of metal particle on
the surface of the sorbent the effects of spatial
dispersion of a medium, which may be
described by a set of different model functions;
interactions of vibrations of solvate layer around
metal particle on the surface of the sorbent with
polarization fluctuations of a medium.

Let us view an impurity particle in a
local homogeneous isotropic medium. We have
the following expression for the free energy
change:

(25)

corresponding integration we obtain:
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& =-f8aC, /(3r? e /aQ)

where 1, is the particle’s radius.

As for allowance of space dispersion of the
medium for the dipole particles, the expression

&y = [drdr'v,,v,,G,,(r,r P (r)Ps(r)

= J'GEaEﬂ (r,r P (r)Ps*(r")drdr’

(26)

for the free energy change of the system in one
of the following forms is more convenient:

(27)

For the particle’s polarization p® may be used point approximation:

p*(r)=ds(r)

(28)

For GF G,, and Gg. may be used different model functions.

The most acceptable way to calculate of
&), for the charge density of the charged dipole
particle in quantum approximation is to use
correctly selected wave functions 'V, for various

types of A, functions.

Further analysis of the obtained relations
is acceptable only for specific cases, with the
solution of problems in digital format.

Adsorption of particles in the channels of sorbents

First of all let’s consider the process of
physical adsorption of the particle on the
channel’s surface of sorbent from liquid. It will
be assumed at that, that additional vibrating
degree of freedom doesn’t appear in the system
in adsorption state. It is assumed that number of
vibrating degrees of freedom in the beginning
and that at the end of the process is equal.
Therefore, we present the results for a simple
case, following which only the medium (water

2
_ IvaR gl

K, =L @R ) exp{—RO°AF —yp™( R ¢";8)

“

g |

Here R+, ¥* are the coordinates of the adsorbed
solvated metal particle, AF is the free energy of
the adsorption process, ®(R*,3*) is the
distribution function of the metal solvated
particles. V;(R*,y*) is the interaction of a

nt + +,
paF+ BT _ g

Matrix element ¥, (R*,4*) is calculated with

use of wave functions in frames of concrete
model for amorphous solid, and can be
considered as some  phenomenological

with impurity particles) is reorganized while the
adsorption process does not change the structure
of the particle. Even at this assumption the
general expression for rate constant has rather
bulky character.

Omitting cumbersome specific
calculations, we give an expression for the rate
constant of the adsorption process without
taking into account the oscillatory subsystem
[13-15]:

(29)

solvated metal particle with the sorbent surface
leading to adsorption; ¥4, is width of integral

over 0, and point of inflection 8" may be found
from equation:

(30)

parameter. Arguments of V,(R*,4*) provide

geometric characteristics of the process,
distance to surface, spatial orientation of the

particle at adsorption. Function ®(R*,p*) is
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distribution function of adsorbing particles.
Model function may be selected as this function.
If geometric dimension of the channel is big
enough for motion of the particles along the
channel, distribution of particles will be
approximately uniform. If channel dimension
doesn’t allow free passing of particles, then
distribution will be determined by mechanism

PR, 0) = EP 27 dewf(w)——gr

Where E," is medium reorganization energy for
charge adsorption processes, f(w) function

of transfer of particles along the channel. Note
that y"(R",y";0) is function of medium
reorganization. It includes reorganization of two
subsystems: sorbent (amorphous solid), on wall
of which takes place adsorption, and liquid,
where is placed adsorbing particle. It’s formal
expression is [15]:

Ba(1-8)  Bwd

=h

31
mash% ( )

describes the frequency spectrum of the
medium.

Conclusion

Theoretical aspects of the processes of
adsorption of metal particles on the surface and
in the channels of sorbents are considered.
Sorbents obtained from various wastes using a
special one-stage technology make it possible to
purify solutions containing metal particles.

Theoretical issues of solution processes in

such systems are also considered, taking into
account the effects of frequency and spatial
dispersion of the medium - an aqueous solution
containing metal and sorbent particles. The
calculations were carried out for various model
systems.
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TEOPETUYECKHUE ACIIEKTBI ITIPOHECCOB AACOPBIIMU METAJIVIMUECKHUX
YACTHUL BHYTPU KAHAJIOB U HA ITOBEPXHOCTHU YIVIEPOJIHbBIX COPBEHTOB

T. MapcarnmBuiun, M. MayaBapuanu
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AHHoTaums: B pabote npuBeneH KpaTKUil aHaIM3 HKCIEPUMEHTANBHBIX PadOT MO MOIYYEHHUIO B
OJTHOM TIpoliecce COpOEHTOB W3 Pa3IUYHBIX OMOJOTMYECKUX OTX0A0B. IIpu 3TOM momydeHHbIe
COpOEHTB  MCIIONB3YIOTCSI 0€3  JIOTOJIHUTENBbHOW — akTHBalMu. B cBA3M ¢ 1MOAOOHBIM
HKCIEPUMEHTAIBHBIM MAaTEPUAIOM PACCMOTPEHBI TEOPETUUECKUE aCTIEKThl Pa3IMYHBIX ITPOLIECCOB B
KaHalax M Ha IOBEPXHOCTH copOeHTa. PaccMOTpeHbl MpoIecchl COJIbBATallMM METaJUTMYECKUX
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YacTUIl B BOJHOU Cpelie B paMKaxX KBAaHTOBOW TEOPUH HEOJHOPOIHBIX KOHICHCHPOBAHHBIX Cpe C
nepepacnpeieICHUEM IEKTPOHHON MJIOTHOCTU CUCTEMBI. PaccMOTpeHbI MpoIiecchl acopOIuu Ha
CTeHKaX U B KaHajax copOeHTa ¢ yueToM 3(¢PeKToB IPOCTPAHCTBEHHOMN TUCTIEPCUU CUCTEMBI.

KiroueBble cjioBa: copOeHT, aicopOLIrs, CONbBATAIHS, METAJUINYECKAsk YaCTUIIA, BOJHBIA PacTBOP

KARBON SORBENTLORIN SOTHINDO VO KANALLARINDA METAL
HiSSOCIKLORININ ADSORBSiIYA PROSESLORININ NOZORi ASPEKTLORI

T. Marsaqisvili, M. Macavariani

I Cavaxisvili adina Thilisi Déviat Universitetinin
R.Aqladze adina Qeyri-iizvi va Elektrokimya Insitutu
Mindeli kiic., 11, 0186 Tbilisi, Giirciistan,
e-mail: tamaz.marsagishvili@gmail.com

Xiilasa: Moqgalodo bir prosesdo miixtolif bioloji tullantilardan sorbentlorin  alinmasi {izra
eksperimental islorin qisa tohlili verilmisdir. Bu zaman alinan sorbentlor slave aktivlosdirmadan
istifado edilir. Belo tocriiba materiali ilo alagadar olaraq sorbentin kanallarinda va sathindo miixtalif
proseslorin noazori aspektlori nozordon kegirilir. Metal hissaciklorinin sulu miihitdo solvatlasma
prosesina geyri-homogen kondensasiya olunmus miihitin elektron sixliginin yenidon paylanmasi
kvant noazoriyyasi c¢orgivasindo baxilir. Sorbentin divarlarinda vo kanallarinda adsorbsiya
proseslarina sistemin faza dispersiyasinin tasirlori nozars alinmagqla baxilir.

Acar sozlar: sorbent, adsorbsiya, metal hissacik, sulu mahlul
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