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Abstract
In the present study, the phenomenon of mass transfer of an aluminum film deposited on the 
zeolite surface onto a clamping electrode was observed. The proposed four-layer model explains 
the very fact of mass transfer (inhomogeneous over the cross section of the structure) in the 
absence of anomalously large electric fields at the cathode.
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1. Introduction
Zeolites are aqueous aluminosilicates,the infinite 

aluminosilicate frame of which is formed by the joint of the 
common vertices of [SiO4]

4 and [AlO4]
5 tetrahedra, having 

interconnected cavities occupied by large ions and water 
molecules [1]. The loosely bound cations and water molecules 
in the pores of the zeolites are characterized by considerable 
mobility, which allows ion exchange and reversibility of 
the dehydration without affecting the aluminosilicate rigid 
framework. Due to this property zeolites have extremely wide 
scope of use in industry and agriculture.

Currently, more than 45 types of natural zeolites are known, 
of which the most common are clinoptilolite, heylandite, 
phillipsite, lomonite, mordenite, erionite, chabazite, ferrierite, 
analcime. Clinoptilolite is defined as a series of zeolitic minerals 
having a clear structural topology of heylandite (HEU) and a 
Si/Al ratio of 4.0.

The structural topology of the tetrahedral HEU lattice has 
been extensively studied and has a C2/m symmetry with oblate 
channels bounded by ten-membered channels (7.5×3.1A) 
and eight-membered tetrahedral rings (4.6×3.6 A) parallel to 
the C axis. The additional eight-membered circular channels 
(4.7×2.8 A) are parallel [100] and [102] and intersect with the 
preceding channels within [010], forming a system of two-
dimensional parallel channels to [010], which are responsible 
for the layered structure [1, 2].

Analysis of data on the structure and properties allows us to 
consider this zeolite not only as a promising sorbent, but also 
as an object on which it is possible to investigate poroemission 
of electrons, electron multiplication and gas discharge in pores 
[3], dielectric and electrical properties [4]. If the sorption 
properties of the zeolite are determined by the size and 
configuration of the pores, then its electrical properties are 
determined by the composition of the substance in the pore 
space [5]. On the basis of X-ray and spectral chemical analysis, 
we established that the natural zeolite we are studying belongs 
to high-silica zeolites of the clinoptilolite type [6]. The content 
of the channels, which is an off-frame subsystem, is positively 
charged Na +, K +, Mg +, Ca + ions that compensate for the 
negative charge of the framework, as well as a large number of 
molecules of H2O-coordination water.

Water plays an important role in ensuring the stability of 
the clinoptilolite framework and, as suggested, leads to an 
increase in the mobility of ions in the pore space. Loosely 
bound cations and water molecules in pores of zeolites lead 
to high values of the dielectric constant at low frequencies and 
a significant dependence of the electrophysical properties of 
seolites on frequency and temperature. The ability of cations to 
diffuse through a large open zeolite structure makes it possible 
to obtain high ionic conductivity in zeolites. In recent years, 
many attempts have been made to investigate the factors that 
control ion transport in an external electric field [7]. These 
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studies are focused mainly on the effect of temperature, the 
degree of hydration, the nature of the metallic cations on the 
conductivity, measured at alternating voltage. 

In the present work, a mass transfer of a metal film deposited 
on the surface of a plate of natural zeolite to a negatively charged 
electrode is observed when a sufficiently weak constant electric 
field is applied.

The processes of mass transfer in the electrode-sample 
contact take place during welding, when the welding current is 
turned on, as the pre-electrode region of the heating is heated, 
the plastic deformation resistance decreases, respectively, 
the actual contact areas expand and the processes of mutual 
diffusion of metals develop. The mass transfer rate is controlled 
by the temperature in contact, the residence time of metals at 
elevated temperatures, the state of the surfaces of parts and 
electrodes, and the physical properties of the metals to be 
welded. 

Another mechanism of, mass transfer is field desorption 
and field ionization [8]. The desorption theory and field 
evaporation consider the case of emission of positive ions in 
a strong electric field. Theoretical estimates of the desorption 
intensity for various metals are in the range 1428-288 Mv/sm.

All the above conditions are not implemented in our case.
Materials: The natural zeolite clinoptilolite was used as an 

object of study: syngonia-monoclinic, space symmetry group 
C2/m; the unit cell parameters: a = 1.761, b = 1.780, c = 0.741 
nm, β = 115.2°. For the experiment from a bulk monoblock 
of natural zeolite clinoptilolite, the chemical composition of 
which, confirmed by the X-ray analysis, contained: Al2O3 - 
11.36, SiO2 -67.84, Na2O - 1.25, MgO - 0.49, P2O5 - 0.11, SO3 
-0.03, K2O - 3.01, CaO - 0.29, TiO2 - 0.08, MnO - 0.078, Fe2O3 - 
1.19, KJ - 11.64, the plates with the size (15×10×2) 10-3 were cut. 

Thermal sputtering of aluminum on the ground surface 
(15×10) of a 10-3sm zeolite plate was carried out in VUP in a 
vacuum of 10-3torr.

2. Measurements
The plate with aluminum deposited on one side was placed in 

a cassette, where it was clamped between two polished copper 
electrodes. The electrodes were supplied with a constant voltage 
(U = 250V). The time dependence of the current was measured 
when the electrode pressed to aluminum was a cathode (Fig. 
1.a) and an anode (Fig. 1.b).

In both polarities, the currents slowly decrease with time and 
after 30 minutes they reach saturation. After achieving a stable 
current (10-4A), the I-V characteristic was measured (Fig. 2).

3. Discussion
It was found that as a result of the current passing through 

the zeolite plate, the aluminum film on its surface can pass to 
the electrode. Such an aluminum mass transfer occurs only 
when the electrode is a cathode. It is important to note that the 
transfer of aluminum to the clamping electrode is not carried 
out over the entire area of the film. To explain the observed 
phenomenon, we will start from the four-layer model: a 
zeolite plate-an aluminum film on it-a thin air gap-a clamping 

 Fig. 1. The time dependence of the current at a negative (a) and  
a positive (b) electrode potential

 1. ábra Áramerősség időfüggése (a) negatív és  
(b) pozitív elektródpotenciál esetén

 Fig. 2. The current-voltage characteristic of a plate   
with aluminum sputtered on one side

 2. ábra Áramerősség-feszültség karakterisztika  
egy oldalán alumíniummal bevont lemez esetén
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electrode. The conductivity of the zeolite is carried out by 
positive ions moving in the pores of zeolite. In our model, the 
zeolite ions, moving toward the cathode, fall on the surface 
of the aluminum film, where they are neutralized due to the 
metallic conductivity of aluminum. Simultaneously, on the 
opposite side of the film (from the side of the air gap) the same 
positive charge arises. In other words, the charge of positive 
ions of the zeolite that have approached the aluminum film is 
converted to the same positive charge of aluminum ions on the 
opposite side of the film. The next stage is the recombination of 
these positive aluminum ions with electrons from the clamping 
cathode. This can happen in two ways: either electrons from 
the clamping electrode will transfer to the surface of the 
aluminum film, or positive ions of aluminum will transfer to 
the clamping electrode. The first of these mechanisms is more 
traditional and is realized when the metal film is a structure 
close to a single crystal, which provides a high binding energy 
of the ion with the film. The second mechanism is realized in 
the case of strongly amorphous films, which are disordered 
agglomerates with low binding energy of the ion with film. 
Such films are formed in those cases when the film is deposited 
on a non-crystalline (and, in general, unordered) surface. In 
our case, this is exactly the case, as can be seen from Fig. 3, 
which presents a photograph of the surface of the zeolite plate 
on which aluminum was deposited.

 Fig. 3. Morphology of the surface of the zeolite plate
 3. ábra Zeolit lemez felületi morfológiája

4. Conclusions
In this paper we show the possibility of mass transfer in the 

absence of anomalously large electric fields. This is possible 
due to the large positive charge on the metal amorphous film, 
which arise, from the neutralization of positive ions of the 
zeolite.
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