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CZU: 619.9

THE EVIDENCE OF THE CHANGES IN THE ANTIMICROBIAL PROPERTIES OF
PYOVERDINE AFTER SUPPLYING WITH MAGNETIC NANOPARTICLES

Poiata A., Tuchilus C.
(University Grigore T.Popa, lasi, Romania)
Creanga D.
(University Alexandru loan Cuza, lasi, Romania)

Pseudomonas aeruginosa is a widely spread microorganism with many ecological nishes including human body.
Magnetite nanoparticles coated with sodium oleate and dispersed in deionized water were prepared. The magnetite
suspension concentrations in the culture medium of Pseudomonas aeruginosa were equal to: 0.0075-0.015-0.03-0.06-
0.12-0.25-1.0-2.0 uL/mL. Fluorescence measurements, possible due to the fluorescent properties of pyoverdine, the
siderophore synthesized by this bacterium, evidenced stimulatory effect of magnetite low concentrations. Further test
was based on the response of other two bacteria to the pyoverdine obtained by thermolisis of Pseudomonas cultures.
The antimicrobial effect of pyoverdine against several strains of Sarcina lutea and Staphylococcus aureus (clinical
isolates from hospital patients) was amplified following the treatment with magnetic nanoparticles — though no distinct
correlation with the magnetic nanoparticle concentration could be emphasized.

INTRODUCTION

The wide spreading of Pseudomonas
aeruginosa in various ecological nishes with
implications on human nutrition has raised the
research interest for the multidisciplinary
approach of this microorganism behavior.
Various infectious diseases generated by P.
aeruginosa could be related to food bacterial
loading as revealed by many hospital patients
with health troubles localized at the level of
their digestive tube. Due to their sophisticated
and diverse iron uptake systems Pseudomonas
bacteria have adapted to various environments
[1-3]. Most of fluorescent Pseudomonas
species produce organic macromolecules with
high affinity complexation sites for the ferric
iron which acts as very efficient iron
scavenger systems mainly in iron limiting
situations [4-6] preventing the precipitation of
insoluble iron oxyhydroxides. The iron
complexes can be found in the form of
various siderophore compounds among which
those described in [7-11] where some
essential properties are presented: structure,
binding constants, uptake mechanisms, redox
chemistry, interface interaction phenomena.
For instance, the ferrichrome siderophores of
E. coli (Fig. 1) act differently compared to the
pseudobactin of P. aeruginosa though similar
six oxygen atom systems are designed to
couple an iron ion. Some biochemical and
biophysical studies have shown that the

behavior of the new identified iron-uptake
mechanism in P. aeruginosa is different in
comparison to those identified in other Gram-
negative bacteria (well represented by E.
coli), although it involves all the protein
aggregates already known to be related to the
uptake of ferric iron [12].

At the same time the environmental
issues related to magnetic nanoparticle
contamination — from both natural sources
and industrial technology became of
particular  interest for food resources
management.

Recently published reports concern the
mechanism of iron uptake via pyoverdine
(PaA) in P. aeruginosa by means of the
interactions between PaA and its outer
membrane receptor [8, 10-11] which is able to
adopt two different conformations [13]. Based
on these findings, iron biosensors using
Pseudomonas strains have been designed for
iron detection purposes; the best-controlled
sensitive devices based on the bacteria ability
to respond to iron stimuli have been obtained
by using adequate mutants specialized in iron
oxidization from different substrates [14 —
17].

From the viewpoint of medical
bacteriology P. aeruginosa colonizing the
human beings is known as a resistant germ
against many bactericide or bacteriostatic
agents. The low permeability of the outer
membrane and an active export mechanism
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for low molecular weight substances are the
main findings related to its antibiotic
resistance. More beta-lactamase activity
diminishes the efficiency of pharmaceutical
agents derived from beta-lactam antibiotics. A
possible way of taking advantage on the P.
aeruginosa resistance lies in the synthesis of
antibiotics conjugated with compounds active
as siderophores — reference [18] shows that
the Trojan Horse strategy against resistant
strains of Pseudomonas aeruginosa can be
successful. The use of a siderophore pathway
increases the permeability of the cell wall,
and large substituents seem to reduce the
beta-lactamase activity.

Pseudobactin HO M

Fig. 1. Structures of E .coli ferrichrome and P
aeruginosa pseudobactin (or pyoverdine).

Further the interaction of nano-
particulate magnetite from the culture
medium with the bacterial siderophore
synthesized by P. aeruginosa is studied by
mean of fluorescence data.

MATERIALS AND METHODS

Biological material. Pseudomonas
aeruginosa ATCC 17503 and five clinical
isolates of Pseudomonas spp. were cultivated
in glass tubes with standard liquid culture
medium  (nutritive broth from Oxoid)
6

supplemented with aliquots of magnetic
nanoparticle  suspension.  The initial
innoculum density was adjusted accordingly
to standard protocol [19] to about 108 cell/mL
Incubation was carried out at 35.0+0.5 °C in
INCUCELL thermostatic room. Pyoverdine
samples preparation was accomplished by
thermal treatment (100 °C) of the
Pseudomonas aeruginosa ATCC 17503 cell
cultures followed by centrifugation (15
minutes at 3000 cycles/sec in adequate
Mettler device).

Magnetic nanoparticle suspension.
Magnetite particles dispersed in deionized
water were prepared according to Cotae, 1981
[20] by coating magnetite ferrophase (co-
precipitated from stoichiometric mixture of
ferrous and ferric salts solutions) with sodium
oleate shell. Ferrophase volume percentage
was equal to 1.5 %, the physical diameter was
ranging between 6.0 and 20.0 nm with
maximum frequency of 10.74 nm. The
magnetite suspension concentrations in the
culture medium were equal to: 0.0075-0.015-
0.03 - 0.06 - 0.12 - 0.25 - 1.0 - 2.0 pl/mL
while corresponding magnetite concentrations
were: 0.26 - 0.29-0.34-0.44-0.66-1.1-1.9
- 3.6 - 7.0 pg/mL. For each concentration and
each bacterial strain four tubes of 3 mL
volume were used.

Fluorescence measurement. Laborato-
ry assembled installation with convenient
versatility was adjusted for florescence
excitation in UV light at the wavelength of
300 nm and fluorescence intensity recording
all over the visible range. Fluorescence
quenching avoiding in the slight turbid
samples was arranged by 1:10 dilution in
distilled water.

Antimicrobial test. Five S. aureus
clinical isolates and five clinical isolates of S.
lutea were used to test the antimicrobial
action of pyoverdine siderophore released by
P. aeruginosa (ATCC strain); equal aliquots
(of 0.1 pL from the tubes containing the
cultures of P. aeruginosa on nutritive broth
supplemented with magnetite nanoparticles
were applied on the surface of agarized
culture medium of each of the ten clinical
isolates. Four repetitions on the same Petri
dish were carried out for each bacterial strain
and each concentration of magnetic particle
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(added in the initial culture medium of P.
aeruginosa). After incubation at 35.0+0.5 °C
for 18 hours the growth inhibition areas were
assessed with millimeter precision.

Statistic analysis. Average values and
standard deviations were used to draw
graphical plots. Student t test was applied to
assess the statistical significance of the
differences between the control samples and
the experimental variants.

RESULTS AND DISCUSSION

Following the fluorescence spectra
recording a large band with the maximum
intensity at 410 nm was revealed — no
significant shift or band width change being
visible for different magnetite concentrations
neither for different bacterial strains. The
influence of magnetite nanoparticles on the
fluorescence of the studied bacterial samples
was presented in Fig. 2.

It is visible that the highest fluorescent
emissions were recorded for P. aeruginosa
ATCC strain —compared to the strains
consistent with clinical isolates. In most cases
the fluorescence intensity was increased
(p<0.05) by the nanoparticle concentrations
ranging from 0.26 pg/mL to about 1.1 pg/mL
while  for  higher concentrations the
fluorescence intensity was diminished back;
for two of the clinical isolates (P.a.2 and
P.a.3) the nanoparticle supply induced non-
significant  variations  of  fluorescence
emission for the concentrations smaller than
1.1 pg/mL but the diminutions recorded for
higher nanoparticle concentrations were
statistically significant (p<0.05).

The standard deviation ranged from 5.1
to 8.3 %. It seems that the biosynthesis of
pyoverdine was generally stimulated by iron
oxides (composing the magnetite) supplied in
the culture medium in small concentrations.
In case of human body feeding with food
affected by  magnetic  environmental
contamination the medical issue of magnetic
particles interference with potential non-
critical microbial loading could be of general
concern. In Figs. 3-4 the antimicrobial effect
of pyoverdine on several strains of Sarcina
lutea and Staphylococcus aureus is presented.
In the case of S. aureus clinical isolates (Fig.

3) the growth inhibition areas have diameter
values ranging from 14.5 to 20.0 mm; in some
strains (S. aureusl, S. aureus2, S. aureus5) the
response shape suggests the same variation as
the fluorescence intensity — meaning that the
antimicrobial effect of P. aeruginosa
pyoverdine is correlated to the nanoparticle
concentration that have induced the
pyoverdine synthesis stimulation.

——P.al-sPa2-—=~Pa3—Pad4—>Pab-—o—PaATCG

100

ST

Lg(Fluorescence intensity)/ (a.u
[
o

l T T T T T T T T
0 026 029 034 044 066 11 19 36

Magnetic nanoparticles/(ug/mL)

Fig. 2. The logarithmic representation of bacterial
sample fluorescence for different concentrations of
magnetic nanoparticles.

For S. lutea strains (Fig. 4) less
amplified fluorescent emission was recorded
— with growth inhibition diameters from 6.5
to 16.5 mm. No distinct correlation with the
nanoparticle concentration was shaped. The
study of P. aeruginosa behavior in magnetite
supplied culture medium could be useful
since it offers the possibility to extract new
data regarding the mission of the pyoverdine
molecules to sequester traces of Fe** and to
transport them through the cell membrane
into the periplasmatic space Bose et al, 2009
[27] and Bosh et al, 2010, [28] also found that
iron oxide colloidal nanoparticles could be
processed by iron reducing bacteria. Mainly
the chemical component of iron oxides
interference with bacteria cell was discussed.
We believe that beside the role of the
chemical agent one might consider also that
the colloidal iron oxide supplied in the culture
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medium  could interfere  with  the
microorganisms by other mechanisms able to
influence the cell proliferation. Intrinsic
magnetism of mono-domain  ferrophase
particles could also represent a cause of ion
transport perturbation at the level of the
bacterial cell membrane.

Antimicrobian effect of P. aeruginosa pyoverdine on S. aureus
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Fig. 3. The antimicrobial effect of P. aeruginosa
pyoverdine on S. aureus clinical isolates.

The main structural and functional
features of  Pseudomonas  siderophore
evidenced in the last years concern the
binding constant for the chelation of ferric
iron - which is very high - and the nature of
the chromophore -which makes the
siderophore colored and fluorescent [21-25].
In [26] the effect of non-magnetic iron oxide
(haematite) on  bacteria growth and
siderophore synthesis was studied; the authors
showed that particles with less than 10 nm
diameter appear to be capable of penetrating
in to the outer cell wall, offering at least one
possible pathway for Fe acquisition.

Small ferrophase particles could remain
attached to the bacterial cell wall masking
some membrane receptors so important in
microorganism cell inter-communication; or
they could remain embedded in the
biomembrane altering ion channels -
molecular basis of the microtransport, or
interfering with macrotransport vesicles.
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Antimicrobian effect of P. aeruginosa pyoverdine on S. lutea
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Fig. 4. The antimicrobial effect of P. aeruginosa
pyoverdine on S. lutea clinical isolates.

It will be of high interest to arrange
experimental investigations focused on the
magnetic effects of magnetic nanoparticle
impact on the bacterial cells, especially in
those hosted by the human body (also
considering medical applications) — an actual
challenge generated by the remarkable
environmental pollution with nanoparticulate
matter of nowadays world.

CONCLUSION

Fluorescence measurements revealed
the sensitivity of collection bacterial strain to
the colloidal ferric and ferrous iron delivered
in the form of magnetite colloidal
nanoparticles. The iron metabolism within the
P. aeruginosa cells seems to result in the
stimulation of pyoverdine synthesis for
relatively low  magnetite  nanoparticle
concentration (0. 26 ug /mL) both in ATCC
P. aeruginosa and clinical isolates of
Pseudomonas spp. The growth of S. aureus
clinical isolates could be inhibited by
pyoverdine synthesized in P. aeruginosa
supplied with magnetic nanoparticles.
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CZU: 619.9

EVIDENTIEREA MODIFICARII ACTIVITATII ANTIMICROBIENE A PIOVERDINEI
DUPA ADAUGAREA DE NANOPARTICULE MAGNETICE

Poiata A., Tuchilus C.
(Universitatea Grigore T.Popa, lasi, Romania )
Creanga D.

(Universitatea Alexandru loan Cuza, Romania

Pseudomonas aeruginosa este un microorganism larg raspindit, cu multe nise ecologice, inclusiv organismul
uman. Nanoparticule de magnetitd invelite cu oleat de sodium si dispersate in apa deionizatid au fost preparate in
laborator. Concentratiile de suspensie de magnetitd din mediul de culturd al bacteriei Pseudomonas aeruginosa au fost
de 0.0075-0.015-0.03-0.06-0.12-0.25-1.0-2.0 uL/mL. Masuratorile de fluorescentd, posibile datorita proprietatilor
fluorescente ale pioverdinei, sideroforul sintetizat de aceasta bacterie, au evidentiat efectul stimulator al magnetitei in
mici concentratii. Urmatorul test s-a bazat pe raspunsul altor doud bacterii la administrarea de pioverdina obtinuta prin
termoliza culturilor de Pseudomonas. Efectul antimicrobian al pioverdinei fata de céteva surse de Sarcina lutea si
Staphylococcus aureus (izolate de la pacienti din spital) a fost amplificat dupa tratarea cu nanoparticule magnetice — dar
nu s-a putut evidentia vreo corelatie matematica cu concentratia de nanoparticule magnetice.

Prezentat la redactie la 18 ianuarie 2012
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CdS NANOMETRIC LAYERS GROWN ON SnO,; COATED GLASS SUBSTRATES FOR
PHOTOVOLTAIC DEVICES

Botnariuc V., Gorceac L., Coval A., Chetrus P., Cinic B.,
(State University of Moldova)
Raevschi S., Micli V.
(Tallin University of Technology, Estonia)

CdS layer thickness decreases at high substrate temperatures due to the fact that a part of CdCl,/(NH,), CS
aqueous solution evaporates without reaching the substrate surface. CdS layers deposited at the substrate temperature
from 250°C to 450°C are growing with a deficit of sulfur. CdS layers with better stoichiometry were grown in the
conditions when in the solutions, used for CdS layers growing, there is an excess of thiourea (CdCl,/ TU =1:2). The
high charge carrier concentration of 10%m™in CdS layers grown on glass substrates coated with SnO, layer is related

to Sn doping of the layers from SnO, layer.

INTRODUCTION

The chemical pulverization method was
initially used for the fabrication of transparent
oxide layers. This method was intensively
used by R.R.Chamberlain for the fabrication
of sulphide and selenide thin films [1] and it
has gained a wide development due to R.
Bube [2] and other works [3-6].

The most complete analysis on the
chemical pulverization method was carried
out by K.Chopra [6].

The main advantages of the chemical
pulverization method are:

- The possibility of fabrication of a large
variety of A"BY' compound thin layers;

- The deposition is carried out at
atmospheric pressure, which simplifies
the technological process;

- The process of high quality layers
fabrication is of lower cost and less
toxic comparable with other methods;

- The use of lower temperatures for
pyrolysis ( including the pyrolysis of
chlorides is within a temperature
interval between 300°C to 500°C;

- The possibility of layer deposition on a
large area surfaces.

These advantages make the chemical
pulverization be a perspective method in
nanotechnologies for the growth of a new
generation of thin films suitable for use in
optoelectronics, photonics and creation of
anticorrosive layers. Indeed, the thin film
growth represents a process of layer by layer

deposition of atoms, ions and molecules.
Therefore, depending on the obtained film
thickness, the chemical pulverization can be
used not only in thin films deposition but also
in the formation of nanostructures and
nanostructural layers.

TECHNOLOGY OF CDS LAYERS
FABRICATION

The paper contains the results of the
studies of the influence of deposition
technological conditions on CdS layer
parameters made by CdS pulverization on
glass substrates coated by SnO,. The use of
such substrates is determined by the fact that
SnO; layer can be used as an ohmic front
contact to the “window” CdS layer of a solar
cell. At the deposition of CdS layers are used
the aqueous CdCl, and (NH,).CS solutions
with a molarity of 0,1M. The used CdCl, and
(NH,).CS give the possibility to obtain CdS
layers according to the reaction:

CdCl, + (NH2)2CS + H,O — CdS + 2NH,CI +
CO,

The analogous reactions take place
when using a series of other salts such as
Cd:CdNO3, CdSO, etc.

At the fabrication of CdS layers a unit
for ITO thin film deposition described in [7]
was used. The main components of this unit
are: pulverization system, electric furnace,
substrates holder, a system for substrate

11
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introducing into the furnace and the control
system. The unit allows to obtain CdS layers
of large area up to 80 cm® The furnace
temperature is maintained constant with an
accuracy of +0,5°C. CdS layers were grown in
an argon ambiance at the pressure through
pulverizing device of 40 kPa. The glass
plackets coated with a SnO, layer were used
as the substrates. The plackets were degreased
in the toluene, isopropyl alcohol, etched in a
solution of methanol +5%Br during 10 min.,
then dried in isopropyl alcohol and placed in
the deposition chamber (electric furnace).
Further the furnace temperature was raised to
the needed level, the pulverizing device was
connected to the transport gas system, the
CdCl, and (NH>),CS solution was poured into
the pulverizing device and the deposition
process followed. For a solution volume of 15
ml., regardless of the CdCl,/(NH2), CS ratio,
the deposition time was 5 min.

THE LAYER COMPOSITION AND
SURFACE MORPHOLOGY

The surface morphology of different
CdS layer thickness deposited on SnO, coated
glass substrates was studied using a scanning
electron microscope (SEM). The surface
morphology of CdS layer deposited at the
temperature of 350°C is given in Fig.1. These
CdS layers consist of chaotically distributed
oval granules.

Fig. 1. Surface morphology of CdS layer deposited at
350°C.

The surface morphology pattern of a
CdS layer deposited at 450°C is given in
Fig.2.
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Fig. 2. Surface morphology of CdS layer deposited at
450°C.

As one can see from Fig. 2, the growth
figure dimensions are decreasing as the
deposition temperature increases from 350°C
to 450°C and their form is changing. The
cross sections of these CdS layers, studied
also using SEM, are of column form (Fig.3).

Fig. 3. Cross section image of a CdS layer grown at the
temperature of 450°C.

CdS layer thickness decreases when
the  deposition  temperature  increases
regardless of the CdCly/(NHy), CS aqueous
solution ratio (Fig.4). This can be explained
by the fact that for the given argon flow
value, at the temperature increase, a part of
the solution is evaporating before reaching the
substrate surface.

The sulfur and cadmium contribution
on weight and atomic concentration was
determined by EDX (energy dispersion of X-
rays) measurements on the base of
stoichiometry of 1:1, which is equal to the
ratio between Cd and S for single crystal CdS
used as etalon.
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Fig.4. CdS layer thickness dependence on deposition

The atomic concentration of sulfur and
cadmium in the CdS layers grown at different
substrate temperatures is given in Table 1.

The layers are characterized by a sulfur
deficit comparable to cadmium. Sulfur and
cadmium percentage in the studied layers
decreases when the deposition temperature
increase. Such elements as Cl, Sn and Si were
found to exist in the studied layers.

temperature.

Table 1. Elements concentration in CdS layers, at.%

Deposition cl Cd sn Si Total
temperature, C
250 451 3,01 31,05 0,84 - 100
350 44 93 4 50,69 0,33 0,05 100
400 41,4 6,18 48,5 3,63 0,29 100
450 41,2 1,38 48,43 8,34 0,64 100
quantity represent the solid solutions of
The  tin and silicon atoms cadmium sulfide with these elements.

concentration in CdS layers increases when
the deposition temperature increases and,

In the Table 2 we can see the
distribution of elements which are contained

practically, the layers grown at temperatures in CdS layers grown at the substrate
higher than 400°C, depending on Sn and Si temperatures from 250°C to 450°C
depending on their specific weight.
Table 2. Elements contribution in CdS layers, weight %
Deposition S cl cd Sn si Total
temperature, C

250 19,57 1,44 77,65 1,34 - 100

350 19,68 1,94 77,84 0,53 0,02 100

400 17.9 2,96 73,51 5,52 0,11 100

450 16.91 0,63 69,68 12,55 0,23 100
The sulfur and cadmium weight The atomic composition of CdS layers

contribution as well as their atomic
concentration decrease when the deposition
temperature increase. The weight difference
between sulfur and cadmium in the layers is
rather high and is due to the atomic weight
of cadmium and sulfur which have the
values of 127g/mol., and 32g/mol.,
accordingly.

grown at the temperature of 450°C for
different CdClI,/(NH.),CS aqueous solution
ratio was studied. As one can see from the
Table 3, thiourea percentage increase in the
solution leads to the increase of sulfur and
cadmium atomic percentage in the layer,
while the silicon and tin percentage is
decreasing.

13
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Table 3. Elements concentration in CdS layers, at.%

CdCL/ TU Si S cd sn
ratio
2:1 2,22 25,96 31,4 39,77
1:1 0,93 35,59 43,01 20,47
1:2 0,65 41,2 48,43 8,34
The weight contribution of the the charge carrier concentration of CdS layers

elements found in the studied CdS layers
depending on CdCl,/(NH,), CS aqueous
solution ratio depends on the deposition
temperature analogically with the atomic
composition of these elements.

ELECTRO-PHYSICAL PARAMETERS
OF CDS LAYERS

The electro-physical parameters of

CdS layers were measured using an unit for
electrical and thermo-electrical parameter
testing in the magnetic field with the magnetic
induction of 0,5T and a steady electric
current. The charge carrier concentration in
CdS layer dependencing on the deposition
temperature is given in Fig.5. As one can see
from Fig. 5, the substrate temperature
increase from 250°C to 450°C during the layer
growth leads to the increase of charge carrier
concentration by two times, which could be
related to Sn doping of the layers from SnO,
previously deposited onto the glass substrates.
6.5+

6.0

5.54

5.0

4.5+

n, x10%cm’®

4.0+
3.5

3.0 1

25

250 300 350 400 450
T'C
Fig.5. Charge carrier concentration in CdS layers
deposited at different substrate temperatures Ty

The charge carrier concentration in CdS
layers deposited on glass substrates coated
with SnO; layer is of the order of magnitude
of 10%cm™, which considerably differs from
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deposited directly on glass substrates without
SnO; layer, which is of 10*"cm™.

The charge carrier mobility in CdS
layers deposited at different substrate
temperatures is given in Fig.6.

121
114

104

©
1

u, cm?/(Vs)

250 300 350 400 450
T°C
Fig.6. Charge carrier mobility in CdS layers grown at
different substrate temperatures Ts.

One can see a slight charge carrier
mobility increase in the layers obtained at
higher substrate temperature, which is due ,
probably, to the decrease of potential barrier
value between the layer granules at higher
temperatures.

CONCLUSIONS

The thickness of CdS layers decreases
at high substrate temperatures due to the fact
that a part of CdCl,/(NH2), CS aqueous
solution evaporate, without reaching the
substrate surface. CdS layers deposited at the
substrate temperature from 250°C to 450°C
grow with a deficit of sulfur. CdS layers with
better stoichiometry were grown in the
conditions when in the solutions used for CdS
layers there is an excess of thiourea (CdCl,/
TU=1:2). The high charge carrier
concentration of 102°cm=in CdS layers grown
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on glass substrates coated with SnO, layer is
related to Sn doping of the layers from SnO,
layer.
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STRATURILE NANOMETRICE CdS FORMATE PE SUBSTRATURILE DE STICLA
ACOPERITE CU SnO; PENTRU DISPOZITIVELE FOTOVOLTAICE

Botnariuc V., Gorceac L., Coval A., Chetrus P., Cinic B.,
(Universitatea de Stat din Moldova)
Raevschi S., Micli V.
(Universitatea Tehnica din Tallin, Estonia)

Grosimea stratului de CdS se diminuiaza la temperaturi ridicate ale substratului, datoritd faptului ca o parte din
solutia apoasa CdCl,/(NH,),CS se evapora fard a atinge suprafata substratului. Straturile CdS depuse la temperatura
substratului de la 250°C la 450°C sint in crestere cu un deficit de sulf. Straturi CdS cu o stoichiometrie mai buna au fost
obtinute in conditiile in care in solutiile, utilizate pentru depunerea straturilor CdS, exista exces de tiouree (CdCl,/ TU =
1:2). Concentratia inalta de transport de 10%° cm™ in straturile CdS depuse pe substraturi de sticla, acoperite cu un strat
de Sn0O,, este legata de dopajul straturilor cu Sn din stratul SnO..

Prezentat la redactie la 21 februarie 2012

15



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2012

CZU: 538.956

THE RESEARCH ON THE INFLUENCE OF HEAT TREATMENT ON TRANSMISSION
SPECTRA ZnSe THIN FILMS

Popa M. — conf. univ., dr.
(Alecu Russo Balti State University, Republic of Moldova)
Rusu Gh. I. — prof.univ., dr.
(University Al.l1.Cuza, lassy, Romania)

The optical transmission spectrums for ZnSe thin films have been obtained in the spectral domain of 330 — 1400
nm. With the growth of the film thickness we observe a growth in the number of interference maxims and minims, and
for the thickness of d > 0.77um, the difference between maximal and minimal transmission decreases.

The presence of interference maxims and minims in transmission spectrums is determined by the multiple
reflections from the film surface and represents an index that the samples are uniform and that film surfaces are plane.

For thin layers with thickness d < 0.60 um heat treatment leads to an increase in maximum and minimum
interference, while for phase with the thickness d > 0.60 um thermal treatment practically does not change the shape of

the transmission spectrum.

INTRODUCTION

The study of optical properties of
semiconductor  thin  films, such as
transmission  spectra,  reflection  and
absorption, refractive index dispersion in
certain spectral areas and the influence of heat
treatment on them, allows to obtain important
information on the energy band structure of
semiconductors and the mechanism of
interaction of electromagnetic radiation with
the thin film. Correlating these results with
those obtained in the study of their transport
phenomena, one can obtain accurate
information of the general characteristics of
these films [1-9].

The purpose of this paper is to analyze
the evolution of transmission spectra of ZnSe
thin films depending on their thickness and
heat treatment.

EXPERIMENTAL DETAILS

For the preparation of ZnSe thin films
on glass substrates the method of thermal
evaporation in a limited volume vacuum was
used [10].

The structure of samples was studied by
means of X-ray diffraction, scanning electron
microscopy and atomic force microscopy.
Research has shown that the films are
polycrystalline and crystallize in the form of a
blend of zinc [11].
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Thickness d, of thin films ranged
between 0.10 pum and 1.30 pum and was
measured by an interferential microscope
MI1-4 (Linnik type) [12].

The deposit rate rqy means the ratio of the
total thickness of the deposited film and the
deposition time. For thin films prepared by us
the deposition rate ranged 1.20 - 1.95 nm/s.

We used the UV-VIS spectrophotometer
type Q-II (Carl Zeiss) to obtain the
transmission spectra of thin films of ZnSe in
spectral range 330 — 1400 nm. Q-Il spectro-
meter contains a light source, which may be a
special measuring ultraviolet lamp or an
incandescent lamp for measurement in the
visible domain and near infrared.
Electromagnetic radiation is decomposed by a
monochromator that uses a prism as
dispersive element. A photomultiplier to
ultraviolet range of the spectrum or the visible
photocell is used as a radiation detector.
Between the slot output of the
monochromator and the detector device is
fixed the sample that must be studied.

A sample consists of two main
components: a glass transparent support and a
ZnSe thin film (Fig. 1). In this case, the
transmission coefficient of the sample will be

Jr,  Jg Iq

T ==
‘JO

sample
Jo s

= Tsub 'Tﬁlm- (1)
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Fig. 1. Optical transmission in a sample.

Therefore, the experimental
determination of transmission coefficient
went through the following steps:

a) measuring the sample transmission
coefficient (film + support) (Teampie);

b) measuring the substrate transmission
coefficient (Tqw);

c) calculating the  transmission
coefficient of thin films according to the
relationship

Tsample

T=Ttim=

-100%. (@)
sub

The termal treatment of ZnSe thin films
consisted of their slow heating up to 500K,
keeping them for 5-10 minutes at maximum
temperature and then their slow cooling at
room temperature. The transmission spectra
were analyzed according to the film thickness
and the influence of thermal treatment.

EXPERIMENTAL RESULTS AND
DISCUSSIONS

Fig. 2 represents the transmission
spectra of nine ZnSe thin films before and
after their thermal treatment. Analysis of
experimental results show two modes of
transmission. For thin layers with a thickness
less than 0.60 um the thermal treatment leads
to an increase of the number of maximum and
minimum  of interference  transmission
spectrum, and for thin layers with a
thicknesses greater than 0.60 um the thermal
treatment practically does not change the
shape of spectrum transmission.

LY T .0'00‘ T T v“*'"v T
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Fig. 2. Influence of thermal treatment on the transmission spectrum of the A.015 sample.
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Fig. 6. Influence of thermal treatment on the transmission spectrum of the A.060 sample.
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Fig. 9. Influence of thermal treatment on the transmission spectrum of the A.085 sample.
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Fig. 10. Influence of thermal treatment on the transmission spectrum of the A.095 sample.
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We will initially analyze the
transmission spectra for samples that were not
treated thermally. Transmission of sample
A.015 (Fig. 2) increases abruptly up to a
maximum and then decreases slowly in the
interval between 600 and 900nm, after which
it depends little on the wavelength. In sample
A.025 (Fig. 3) two maximum transmissions
appear, in sample A.051 (Fig. 5) — three, in
sample A.060 (Fig. 6) - four, and in sample
A.077 (Fig. 8) - five. The transmission spectra
for samples with a thickness higher than
0.80um include of a set of maximum and
minimum, and the difference between
maximum and minimum  transmission
decreases when the thickness of ZnSe thin
films increases.

The first  maximum  from all
transmission spectra corresponds to the
wavelength of about 460nm. The energy of
this maximum is about 2.7 eV and coincides
with the ZnSe band gap width. Thus, we
assign this energy to the transition valence
band - conduction band at the Brillouin zone
center.

The presence of other maximums in the
transmission spectra is probably determined
by deep energy levels, located within the band
gap. In ZnSe crystals, the native defects are
interstitial zinc atoms (Zn;) and selenium
vacancy (Vse). Zn; donor levels are located
lower than the conduction band minimum
(AE4 =0.90 eV) and the acceptor levels Ve,

are located above the top of the valence band
(4E, = 0.01 eV) [13]. Thus, we believe that

the other maximums in the transmission
spectra can be associated with the transitions
acceptor level - donor level, donor level -
conduction band, valence band - acceptor
level.

In films with a thicknesses higher than
0.80 um the decrease of transmission can be
explained by the increase of absorption
coefficient in these films [12].

The presence in the spectra of
transmission of maximum and minimum due
to the interference of beams resulting through
in multiple reflections on the surface film is
an indication that the samples are uniform in
terms of thickness and surface films are flat.
In fact, this was revealed through atomic
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force microscopic studies [12], indicating that
the free film surface roughness is small. A
high rough or uneven thickness would have
led to the disappearance of interference, i.e.
the disappearance of minimums and
maximums of the interference transmission
spectra [14, 15].

If a untreated thermally - sample
spectrum A.015 (Fig. 2) consists of a single
maximum, after the treatment, three
maximum of interference occurs. The
increase from two to three of the number of
maximums for sample A.038 (Fig. 4), from
three to five — for sample A.051 (Fig. 5)
shows that the thermal treatment of these
films leads to improving the crystallization
level of the layers.

An analogous behavior was also
observed for other semiconductor thin films

[7].
CONCLUSIONS

The obtained transmission spectra can
be wused to determine the absorption
coefficient, of the refractive index and other
characteristic sizes of thin films. They can
obtain important information on the basis of
which one can manufacture various optical
and optoelectronic devices.
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CERCETAREA INFLUENTEI TRATAMENTULUI TERMIC ASUPRA SPECTRELOR DE
TRANSMISIE ALE STRATURILOR SUBTIRI DE ZnSe

Popa M. — conf. univ., dr.,
(Universitatea de Stat ,,Alecu Russo” din Balti, Republica Moldova)
Rusu Gh. I. — prof.univ., dr.
(Universitatea ,,Al. |. Cuza” din Iasi, Romania)

Spectrele de transmisie optica pentru straturile subtiri de ZnSe au fost obtinute in domeniul spectral 330-
1400nm. Odata cu cresterea grosimii straturilor, creste si numarul maximelor si minimelor de interferenta, iar pentru
grosimi d > 0.77um diferenta dintre transmisia maxima gi minima se micsoreaza.

Prezenta maximelor i minimelor de interferentd in spectrele de transmisie sunt datorate reflexiilor multiple de
pe suprafata stratului si reprezintd un indiciu ca probele sunt uniforme si ca suprafetele straturilor sunt plane.

Pentru straturile subtiri cu grosimi d < 0.60um tratamentul termic conduce la cresterea numarului de maxime si
minime de interferenta, iar pentru cele cu grosimi d > 0.60um tratamentul termic, practic, nu modifica forma spectrului

de transmisie.

Prezentat la redactie la 9 februarie 2012
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INFLUENTA DENSITATII DE CURENT CATODIC ASUPRA DIMENSIUNILOR
NANOMETRICE ALE BLOCURILOR DE MOZAIC SI DISTORSIUNILOR
ACOPERIRILOR ELECTROLITICE DE Fe-Ni, DEPUSE IN REGIM DE REZONANTA
ALE COMPONENTELOR VARIABILE ALE CURENTULUI ELECTRIC

Stoicev P., Lupasco A., Botez 1., Colin T., Balandin A.
(Universitatea Tehnica a Moldovei)
Topala P., Ojegov A.,
(Universitatea de Stat ,,Alecu Russo” din Balti, Republica Moldova)

in lucrare sunt prezentate cercetirile experimentale privind influenta densitatii de curent catodic si a parametrilor
electrici ai conturului oscilant asupra marimilor nanodimensionale ale blocurilor de mozaic si ale microdistorsiunilor
acoperirilor electrolitice de Fe-Ni, depuse la curent continuu si in regim de rezonanti a componentelor variabile a

curentului electric.

GENERALITATI

Se stie ca proprietatile de exploatare ale
acoperirilor galvanice sint determinate intr-0
mare masurd de structura lor. Prin varierea
parametrilor electrolizei se reuseste sa se
schimbe conditiile de electrocristalizare a
acoperirilor intr-un interval larg si, ca urmare,
sd se dirijeze formarea componentialda si
structurala a lor.

De exemplu, prin numeroase cercetari
[1-10] s-a constatat ca duritatea acoperirilor
depinde intr-o mare masura de structura lor,
care este determinatd 1in Iintregime de
conditiile electrolizei: densitatea de curent,
temperatura, aciditatea electrolitului  si
componenta lui, precum si forma curentului
de polarizare s. a.

Conform informatiilor din literatura [9,
11-13], microduritatea tuturor acoperirilor
electrolitice depaseste, de reguld, dupa aceasta
caracteristica metalele de aceleasi nume,
obtinute prin procedeu metalurgic. Aceastd
caracteristici a acoperirilor galvanice se
determind  prin  schimbarea  polarizarii
catodice [2], includerea in ele a hidrogenului
si a altor particule strdine, distorsiunea retelei
cristaline, valoarea marimii tensiunilor
remanente etc.

In legiturd cu acest fapt prezinta un
deosebit interes cercetarile privind influenta
parametrilor electrici ai CVCE asupra
microstructurii i duritdtii acoperirilor in
cercetare.
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INFLUENTA PARAMETRILOR
ELECTRICI AI CIRCUITULUI IN
REZONANTA ASUPRA
DIMENSIUNILOR NANOMETRICE
ALE BLOCURILOR DE MOZAIC (D) SI
MICRODISTORSIUNILOR ()
ACOPERIRILOR DE Fe-Ni

Se stie [2, 9, 14] ca defectele retelei
cristaline a depunerilor electrolitice sunt
produsele procesului de electrocristalizare.
Numarul si amplasarea lor reciprocd e
determinata in intregime de conditiile
electrolizei. Prin varierea lor, se pot dirija
proprietatile fizico-mecanice ale acoperirilor.
Din aceastd cauza cercetarea structurii fine,
mai ales a aliajelor electrolitice, permite sa se
releveze cauzele imbunatatirii proprietatilor
mecanice ale depunerilor. Pe de alta parte,
studierea defectelor structurii cristaline a
aliajelor  permite  deducerea  anumitor
informatii referitoare la mecanismul de
decurgere pe catod a fazei finale a reactiilor
electrochimice - electrocristalizarii, ceea ce va
permite de a face legatura intre mecanismul
de depunere a aliajelor pe catod si
proprietatile lor si de a se apropia de
solutionarea problemei privind obtinerea
aliajelor cu proprietdti  fizico-mecanice
prescrise.

In calitate de obiect de cercetare au fost
acceptate acoperirile din aliajul fier-nichel,
obtinute din electrolitul cel mai bine studiat si
care prezintd cel mai mare interes la ora
actuala (g/l) [15]: FeCl, - 4H,O — 450;



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2012

NISO4 . 7H20 —40; N82C4H405 2H20 —2;
Hidroxilamina — 0,3...0,5.

In calitate de sursd de alimentare a baii
electrolitice a fost utilizatd schema de

principiu a sursei de alimentare in circuit de
rezonansa  (SACR) cu  compensarea
componentelor reactive de curent in circuitul
electrolizei (Fig. 1) [25].

3| i | o

|

e
e
|
|
|
I

2 0 C4Y—[|h

Pr
g PRT @

A DE "TREPTELE DE TENSIUNE"
' wax L gnlmilL
: E?E L JmnlignlL])
° 1 1 17! [=ao | —
C DE X X SR T AE[T
DE DE iLé 4
5 \#F\%:_m_%_uj | T Ve | - 4
b —®)
PR3 | RC
1 5 Gl g

Fig. 1. Schema (electrica) de principiu a sursei de alimentare in circuit de rezonanta (SACR) cu compensarea
componentelor reactive de curent 1n circuitul electrolizei [25].

Informatiile referitoare la influenta
parametrilor CVCE  asupra  structurii
acoperirilor de fier si fier-nichel sunt foarte
modeste [3, 16]. In legaturd cu acest fapt
prezinta  interes studierea  influentei
parametrilor CVCE asupra parametrilor
submicrostructurii acoperirilor de fier-nichel,
care sunt cele mai perspectivale pentru
utilizarea lor in intreprinderi de reparatii, in
virtutea unui sir de avantaje ale acestora [15,
17].

In urma cercetdrilor efectuate s-a
constatat cd schimbarea numai a parametrilor
CVCE, celelalte conditii fiind identice,
permite sa se obtina acoperiri de fier-nichel cu
diferite structuri [17], care, in cele din urma,
determind proprietatile fizico-mecanice si de
antifrictiune ale depunerilor [18-21].

Cercetarea roentgenografica a aliajului
electrolitic de fier-nichel a demonstrat ca pe
masura cresterii densitatii de curent catodic
dimensiunile zonelor de dispersare coerentd
(z.d.c.) a aliajului, atit la depunere cu
alimentare de la SAT, cit si cu alimentare de
la SACR, se micsoreaza, iar
microdistorsiunile retelei cristaline se maresc
(Fig. 2). Totusi e necesar de mentionat ca, in

intervalul densitatilor de curent cercetate
(20...60 A/dm?) acoperirile de fier-nichel,
depuse in regim de rezonantd a CVCE (p2 =

r? =r&), prezinti blocuri de mozaic de

dimensiuni mai mici si  valori ale
microdistorsiunilor mai mari. Astfel, de
exemplu, la j. = 20 A/dm? acoperirile de Fe-
Ni depuse cu alimentarea de la SACR ating
marimea blocurilor de mozaic D =46 nm (fig.
2, curba 1), pe cind aceleasi acoperiri depuse
cu alimentarea de la SAT ating valoarea D =
62 nm (Fig. 2, curba 1). Pe masura cresterii
densitatii de curent aceastd diferentd se
micsoreaza intrucitva si la jo = 60 Aldm? ea
constituie 3,5 nm. Aceeasi legitate se observa
si la cercetarea marimilor microdistorsiunilor
in aliajul electrolitic. De exemplu, la j. = 20
Aldm? diferenta intre marimile
microdistorsiunilor la depunere cu alimentare
de la SAT si de la SACR a constituit 35.10°
unitati, iar la jo = 60 A/dm? - numai 10-10°
unititi (Fig. 2, curbele 2 si 2’). In felul acesta,
aplicarea fenomenelor de rezonantda CVCE la
depunerea acoperirilor cu fier-nichel nu a
provocat schimbarea legitatii stabilite anterior
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privind dependenta parametrilor submicro-
structurii de densitatea de curent.

Totodata, s-a observat ca valoarea
absoluta a  marimilor  blocurilor  si
microdistorsiunilor depinde de faptul daca
procesul de depunere decurge sau nu in regim
de rezonanta a CVCE. Conform rezultatelor
cercetarilor, reflectate in Fig. 2, rezulta ca
abaterea de la conditiile de rezonantd a CVCE

(p? #r? # &) pentru orice densitate de curent

trebuie sd provoace obtinerea depunerilor cu
parametrii submicrostructurii (D, €) apropiati
de cei relevati prin depunerea la curent
continuu (Fig. 2, trecerea de la curbele 1,2 la
1', 2'). Din aceastd cauza prezintd interes
studierea influentei parametrilor electrici ai
circuitului oscilant (raportul L/C) asupra
parametrilor nanodimensionali a submicro-
structurii aliajului fier-nichel.

In rezultatul analizei roentgenostruc-
turale s-a constatat o influentd extremald a
parametrului p? = f(L/C) asupra marimii

microdistorsiunilor (¢) a depunerilor 1in
limitele fiecarei densitati de curent (Fig. 3 si
Fig. 4). Totodata, s-a depistat ca pe masura
cresterii impedantei caracteristice (p?) a
circuitului pind la punctul de rezonanta
marimea blocurilor de mozaic se micsoreaza
si atinge valori minime 1in punctul de
rezonanta (PR) a CVCE (Fig. 3). Cresterea in
continuare a impedantei caracteristice a
circuitului (indepartarea de la PR) provoaca
marirea blocurilor. Totusi ¢ de mentionat ca
marimile minime ale blocurilor de mozaic
pentru toate densitatile de curent (20...60
A/dm®) se observd numai in apropierea
punctului de rezonanta (PR) a CVCE, ceea ce
denotd schimbarea mecanismului de formare
a acoperirilor fier-nichel in aceste conditii de
depunere. Se remarca faptul cd pe masura
cresterii  densitatii  de curent, valorile
experimentale ale marimii D = f(p?) se
micsoreaza §i pentru fiecare densitate de
curent ele ating valoarea lor minima (Fig. 3).

blocurilor de mozaic (D) si
D, £10°
nm pH=0,8; T=313 K
il 1', 2' Pentru p*=10 Ohm
I_\
§0 ~ 450
3 \ 400
11 L — _-:é- s
40 351
a0 il
o o e
20 s 250
2 o~
20 30 50 60 o, Aldm’

Fig. 2. Influenta densitatii de curent catodic asupra marimii blocurilor de mozaic (1, 1") si microdistorsiunulor (2,
2") in acoperiri cu fier-nichel la depunere cu alimentare de la SAT (1,2) si de la SACR (1', 2').
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O imagine contrard se observd la
cercetarea influentei valorilor parametrilor p?
si jc asupra madrimilor microdistorsiunilor
aliajului fier-nichel (Fig. 4). S-a constatat ca
valoarea maximd a microdistorsiunilor

Dn

(pentru toate densitatile de curent) se obtine la
apropierea de PR (p?> = 10). Indepartarea de
PR provoacd micsorarea acestui parametru al
submicrostructurii.
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Fig. 3. Influenta impedantei caracteristice a circuitului de rezonanta (p?) si a densitatii curentului catodic (jo) asupra
marimii blocurilor de mozaic in acoperirile Fe-Ni (pH = 0,8; T = 313 K)

In regim de rezonanti a CVCE (p2 =10)
valorile maxime ale marimilor
microdistorsiunilor pentru densitati de curent
de 20, 30, 40, 50 si 60 A/dm? ating, respectiv,
(275, 280, 295, 323, 373)-10 . in felul acesta,
aplicarea fenomenelor de rezonantd a CVCE
nu incalca corelatia bine cunoscutd dintre
densitatea de  curent §i  parametrii
submicrostructurii depunerilor: pe masura
cresterii  densitatii de curent marimile
blocurilor de mozaic se micsoreaza, iar
marimile microdistorsiunilor cresc (Fig. 2). In

acelasi timp, e de mentionat ca pentru prima
oara a fost relevata influenta distinctiva a
corelatiei parametrilor circuitului oscilant
(L/C) asupra parametrilor submicrostructurii
acoperirilor de fier-nichel in limitele fiecarei
densitati de curent: schimbarea corelatiei L/C
(la r_ = r¢) intr-o directie sau alta de la PR
provoacd obtinerea depunerilor cu parametri
distinctivi ai submicrostructurii acoperirilor
(Fig. 3 si Fig. 4), ceea ce prezinta interes din
punctele de vedere stiintific si practic.
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Fig. 4. Influenta impedantei caracterisrice a circuitului oscilant (p?) si a densitatii de curent (jc) asupra marimii
microdistorsiunilor (&) in acoperiri Fe-Ni (pH = 0,8; T = 313 K)

Probabil, acest fenomen este conditionat
de schimbarea polarizérii catodului in regim
de rezonanta a CVCE si de schimbarea
amplitudinii CVCE 1in cursul unei perioade de
trecere a acesteia. La atingerea regimului de

rezonanti a CVCE (p° :rf = ré) marimea
curentului in impuls atinge valoarea maxima
(loveg) si, insumandu-se cu marimea

componentei constante  (lccce) provoaca
cresterea densitatii reale de curent pe catod. S$i

viceversa, la atingerea marimii |y

densitatea reald de curent scade. In continuare
la fiecare perioadd de trecere a CVCE prin
regim de rezonanta acest ciclu se repeti. In
temeiul teoriei generale de formare si de
crestere a cristalelor la electrocristalizare [22-
24] sta mecanismul de patrundere a atomului
de metal in reteaua cristalind (formarea fazei
cristaline a metalului pe catod) iar aceasta,
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intr-o mare masura, depinde de marimea
supratensiunii. Din aceastd cauzd, anume
existenta unor supratensiuni mari de emanare
a metalelor din grupul fier’ exercita
influenta sa specifica asupra proceselor de
formare a centrelor si de crestere a depunerii
cristaline pe catod. Prin urmare, variind
parametrii CVCE si, ca urmare, polarizarea
electrodului, se pot schimba nanodimensiunile
blocurilor de mozaic a acoperirilor fier-nichel
in sensul dorit, iar acestea, la rindul lor,
trebuie sa provoace obtinerea depunerilor cu
diferite structuri.

CONCLUZII

1. Prin cercetarile roentgenografice
efectuate s-a constatat ca pe, masura cresterii
densitatii de curent la catod marimea
blocurilor de mozaic (D) ale aliajului fier-
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nichel, atit la depunerea la curent continuu
(alimentarea de la SAT), cit si 1n cazul
folosirii rezonantei CVCE (alimentarea de la
SACR), se reduce, iar microdistorsiunile
retelei cristaline (¢) se mdresc. Insd in
intervalul densitatilor de curent studiat
(20...60 A/dm?), acoperirile de fier-nichel,
depuse in regim de rezonantd a CVCE (p2
=r2 =r&), prezinta o mirime mai mici a
blocurilor de mozaic si valori mai mari ale
microdistorsiunilor in raport cu acoperirile
depuse la curent continuu.

2. S-a remarcat corespondenta
calitativa in schimbarea dimensiunilor medii
ale granulelor si blocurilor de mozaic,
determinate cu ajutorul  microscopului
electronic. Cel mai mare efect al rezonantei
CVCE asupra constitutiei structurii fine a
depunerilor de fier-nichel se atinge la
urmatorii parametri electrici ai circuitului
oscilant:  p?=r%=rc?=10 Q  (ceea ce
corespunde parametrilor electrici ai conturului
oscilant: L,=2 H, C,=0,2 F). Variind raportul
parametrilor de acordare (L,/C;) ai circuitului
rezonant, se pot schimba in sensul necesar
dimensiunile nanometrice ale granulelor
aliajului fier-nichel (0,1...3 pum).
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VIYYIHIEHUS CBOMCTB BOCCTAHOBJIEHHBIX JETAJIEA C TIOMOIIBIO
JEKTPOXUMHUKO-TEPMAYECKON OBPABOTKH

Hoopsa B. U, Ilonecky B.C.
(CocynapcTBeHHBINH ArpapHbiii Y HUBepcHTET MOJIIOBBI)

B nanHOi paboTe NPUBOJAMTCS aHAIM3 TPOIecca YINPOYHEHUsI TalbBaHMYECKOro jkeneza npu auddysun
CIeUAIbHBIX MMACcT U3 YIiaepoja u a30Ta (HUTPOLMMEHTUPOBAHUE), HAHECEHHBIX HA BOCCTAHOBJICHHYIO MOBEPXHOCTH,
KOTOPYIO 3aT€M HarpeBaroT TOKaMH BBICOKOH "acToThl 0 Temrepatypbl 950...1100 C. Takxke cienaH aHAJINA3 TpoIecca
YIIPOYHEHHUSI TaIbBAHMYECKOW KOMITO3HUIIUK METAJIIOB - KapOua O0pa Mpu HarpeBaHUH WX TOKAMH BBICOKOW 4acTOThL. B
pe3yliibTaTe pasioKeHHs 4acTuil kKapouaa 6opa u nuddy3un €€ KOMIOHEHTOB B raJibBAHUYECKOM JKeJie3e MOIyYaroTCs

BBICOKHE MEXaHUICCKHE CBOMCTRA.

BBEJIEHUE

Pan  TsokenoHarpyXeHHbBIX — JI€Talei,
MOJIBEPTaIOIIUECS B MPOIECCE IKCIUTyaTaIlluu
WHTCHCUBHOMY H3HAIIMBAaHUIO U 3Ha4H-
TEIbHBIM [HKJIMYECKAM WU KOHTaKTHBIM
Harpy3kaM IpHU HU3TOTOBJICHHUH YIPOUHSIOTCS
TEPMUYECKON WJIH  XUMHUKO-TEPMHUYECKOMN
00paboTKON. DTH JeTaau CHUMAKTCI C
SKCIUTyaTaluu Mpu u3Hoce He 6omee 0,3 MM,

HO3TOMY npu ux BOCCTaHOBJICHUU
IpEIIOYTEHNE cienyer OTIaBaTh
rajJbBaHUYECKOMY CIOCOOY HapalluBaHUs
W3HOLIEHHON MIOBEPXHOCTH. OpnHako

raJIbBAHUYECKUE TIOKPBITHS, TaK K€ KaK U
Ipyrue  BHUIBl  TOKPBITUS  HE  BCerja
BOCCTAHABJIMBAIOT IIOJIHBIN KOMILIEKC
($U3MKO-MEXaHUYECKUX  CBOMCTB  JeTaid,
npuoOpeTeHHBIMH UMM B IIpoliecce
U3roToBieHus.  Jns  mpuaaHus — TakuUM
neraisiM TpedyeMoro pecypca HEOOXOIUMO
HAaHOCHMBbIE rajlbBaHUYECKue CclIon
MIOJIBEPIaTh JOIMOJHUTEIBHOMY YIIPOUYHEHUIO:
TEPMUYECKON WM XHUMHUKO - TEPMHUYECKOMN
obpabotke [1, 6].

Bosbiie Bcero mcciietoBaHui MPOBEICHO
1o HayTJIEPOKUBAHUIO (emeHTaIum)
AIIEKTPOJINTUYECKOTO JKene3a. B gaHHBIX
paboTax OTMEUEHO 3HAUUTEIBHOE YIIydIleHUE
AKCIUTYaTallMOHHBIX TOKa3aTesle BOCCTAHOB-
JIEHHBIX geraider. OmIHAKO KIIACCHYECKHE
CHoCcO0Bl XMMHUKO-TEPMHUUYECKONH 00pabOoTKH
HE HAlUIM [UPOKOrO0 MPUMEHEHUsS TpHU
BOCCTAHOBJICHMM  W3HOLICHHBIX  JETaleH,
npexe BCETO u3-3a 00b1110i1
IPOJODKUTEIBHOCTU TIPOLIECCA, YTO MOXKET

IIPUBECTH K  3aMETHBIM  HapyLICHUAM
pa3mMepoB M (QOPMBI T, K W3MEHEHHIO
CTPYKTYpbl M CBOWCTBa €€ CepJIUECBUHBI.
Bmecre ¢ Tem MHOTHE JeTany UMEIOT OOBIYHO
JIOKAJIBHBIC HM3HOCBI, IIO3TOMY JJid HHUX
TpeOyeTcsi MECTHOE yITPOYHEHHE.
OnekTpoHarpeB (MHIAYKIMOHHBIM, KOH-
TaKTHBIA U Jp.), IPUMEHSEMBIH TP XUMHKO—
TEPMUIECKOMH o0paboTke, yCTpaHsieT
OTMEUYCHHBIE  HEJOCTATKM U  T03BOJISET
CYIICCTBCHHO YBCIWYUTH IPOU3BOJUTECIIL-
HOCTb Iporiecca qu(Qy3nOHHOTO HACHIICHHS
(B 10 u Gonee pa3) U CHU3UTH dHEPro3aTPaThI

[3, 4].

METOIUKA UCCJIEJOBAHUA

HauGonpmiee pacrpocTpaHeHne B
MAaIIUHOCTPOCHUH HOJTyUHIT METO[
o06pabotku ¢ Harpesom TBY. Okomno 70% (mo
BECy) Jeranei aBTOMOOMIIEH pu

W3TOTOBJIEHUH TPOXOAAT TepMOooOpaboTKy
TOKaMH BBICOKOW dacToThl [2, 5]. Drtum
CIOCOOOM y/aeTCsi OTHOCHUTENFHO OBICTPO U
PaBHOMEPHO KOHIIEHTPUPOBATh TEIJIOBYIO
SHEPTHI0  HETOCPEACTBEHHO B  IOBEpX-
HOCTHBIX CJIOSIX M TPOBOJMTH MECTHOE
yInpouHeHHe. B pEeMOHTHOM TPOM3BOICTBE
Haubosee HPGPEKTUBHBIM SBISETCS METOJ
HachImeHuss u3 mact (o6masok). CymHOCTh
€ro 3aKJYaercsi B TOM, 4YTO IMACThI
CTEMANBHOTO M3TOTOBIICHUS HAHOCAT Ha
YIPOYHSEMYI0  TOBEPXHOCTh  TOJIIMHON
2...5uMm (TommmHa OOMa3Kd BBIOMpAETCS B
3aBUCUMOCTH OT HEOOXOAMMOM TOJIIMHBI
1 y3nOHHOTO clos). [Tocne
MPEIBAPUTEIHHON CYIIKA HAHECEHHOW IMACThI
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npu  temmeparype  70... 80°C  meramm
MOMEIIAIOT B HWHAYKTOP, HarpeBalT [0
950...1150°C  mOBEpXHOCTH,  IOKPHITOI
NacTou, BBIJICPKUBAIOT npu 3TOM
TEMIIEPATYPE HECKOJIBKO MUHYT, I1OCJIE YETO
IPOBOST 3aKalKy C MOCIEAYIOIUM HHU3KHM
OTIyCKOM (ecad  3TO  HEOoOXOAMMO IO
YCIOBUSIM ~ TEXHOJIOTUYECKOTO  Ipoliecca).
I[Ipu warpeBe W3 TAacThl  BBIACIAIOTCS

HACHIIIICHHbBIE JJIEMEHTHI, KOTOpbIE
azcopoupyoTes MOBEPXHOCTHIO u,
nudGyHIupys BIITYOB, YIIPOYHSIOT
MIOKPBITHE.

J17151 COBMECTHOT'O HACKHIIICHUS KEIC3HBIX
wii  kene3o-HukeneBbix  (2...4%  Ni)
raJbBaHUYECKUX TOKPBITHH YyIJIEpOAOM H
a30TOM PEKOMEHJIyeTCs TacTa CJCAYIOIIETo
coctaa [4]:  KeIE3UCTO-CHHEPOMAMCTHIN
Kanuil (kentast kpoBsHas coiib) - 40...50%;
JapeBecHbIl yronb - 34...44%,; yriaexkuciblil
Oapuii - 8%; mapmanuT (IECOK KBapIIEBHIH
UCKYCCTBEHHBIN) - 8%.

OTH  KOMIIOHEHTBI  MPEIBAPUTEIILHO
WU3MENIBYAIOTCS  J0 JIUCIIEPCTHOCTH YAaCTHII
0.25MM, TIIATENBHO NEPEMENIMBAIOT, 3aTEM B
MOJTyYEHHBIH MOPOIIOK J00aBIsETCs CBSA3KA —
TUPOJIM30BAHHBIN ITUJICUIIMKATHBIN KJIEH.

Ocaxnenne JKeJIe3HBIX MTOKPBITUA
OCYIIECTBIISUIOCh M3 XJIOPUCTBIX  WJIH
cynbhaTHeIX anekTponuToB. g obpaszo-
BaHUS WCXOTHOW CTPYKTYpPHI 3JIEKTPOIIH-
TUYECKOTO  Kelle3a  MPUTOAHOTO s
VIIPOYHEHUST HWCIOJB30BAIM TEPUOTNICCKUI
TOK, CpemHsis IIOTHOCTH KOTOpOTO
cocraisiia 25...50A/M? [3]. Tlpu ocaeHuu
KOMIO3UIIMOHHBIX MOKPBITUH kene30-KapOu
0opa B XJIOPUCTBIA DIJIEKTPOIUT J10OABISIIN
yacTUlIBl KapOuaa Oopa JTUCHEPCHOCTHIO
1,3,7,14,21,28 MKM, KOTOpBIC IOJJICPKH-
BaJNCh B OJEKTPOIUTE BO B3BEIICHHOM
COCTOSTHHH.

CrnenyeT OTMETHTH, YTO AJIA OCAKICHUS
JKEJIe3HBIX  TIOKPBITHHA, TPUTOMAHBIX  JUIS
MOCIEAYIONIET0 YIPOYHEHUs, HE00X0auMO
MPUMCHSITh BBICOKOKOHIICHTPHUPOBAHHBIE
cocTaBbl 3eKTposuToB [1, 3, 6].

PE3YJIBTATBI OIIBITOB

[Tpu 3JIEKTPOXUMHUKO-TEPMUYECKOM
YIIIEpO0a30TUPOBAHUH HanOOJIbIIAs
ToNMmMHA 1U(p(PY3HOHHOTO Cllosi oOpa3yercs

32

(IpM MOSHTUYHBIX YCIOBUSAX YIPOUYHEHUS)
MpU HACHIIIEHUH MSTKUX (MOKPOTBEPAOCTb
mocne sjekTponm3a He Oomee 2,58 ITla.),
HEHANPSDKEHHBIX,  KPYMHOKPUCTAJUIMYECKUX
IOKPBITUH € pa3sMepoM OJIOKOB MO3aMKHU
oonee 38 HM. Takue MOKpPBITUA COAEPIKAT
MUHMMAJIbHOE  KOJMYECTBO  HMHOPOJHBIX
BKJIIOUEHUH (IIIaK, OKCHU[IBI JKeJie3a U JIp.) |
N1e(GEeKTOB KPUCTALTMYECKOTO CTPOCHHUS.

VYCTaHOBIEHO, YTO YIJIEPOI0a30THPO--
BAHME NOKPBITHUHA U3 3TOM IACThl C HArPEBOM
TBY 1o 950...1150°C CIIOCOOCTBYET
MOJy4eHUu0 B TedeHue 3,5 MUH.
muddy3nonnsix cinoes tonmuaon 0,30...0,54
MM. Beliepkka Ha uzorepme cBblie 3,5 MUH
SBJIAETCS HelleJecooOpa3Hoi, TaK Kak 3a 3TOT
MEepHOJ] MacTa HCTOLIAETCS W IOCJIE 3TOro
HAYMHAETCS MPOIECC 00e3yriepaxuBaHUs U
J1€a30TUPO-BAHUS IOBEPXHOCTH.

[locme  mpomecca  HachIlEeHUS B
MTOBEPXHOCTHBIX CIIOSIX JIeTaled CoAepKaTcs
1,0...1,2% yrnepoga u 0,2...0,3% a3ora.
CtpykTypa  yriaepoaoa3oTUPOBAHHBIX U
3aKaJIeHHBIX KEIIe3HBIX WIn
KEJIE30HUKEJIEBbIX IOKPBITUM COCTOUT U3
KapOOHUTPHUIIOB  Kelle3a, MApTEHCHTa H

HEOOJBIIIOT0  KOJMYECTBA  OCTATOYHOTO
ayCTeHUTa (Puc.1). MHUKPOTBEPAOCTD
YIIPOYHEHHBIX HOKPBITHI JOCTHUTAET
6,2...10,1 TITla (HRC 60...68). Ilocxue
YIIPOYHEHHS pe3Ko BO3pacTaloT
IKCIUTyaTallAOHHBIE CBOMCTBA HAHOCHMBIX
MMOKPBITH. Tak, HU3HOC yraepoao-

AQ30TUPOBAHHBIX  JKEIE3HBIX U HKEJe30-
HUKEJIEBBIX MOKPBITUN B 2,5...5,0 pa3 HuxKe,
4yeM y ctanu 45, 3akaneHHol ¢ Harpesom TBY
u  npuOmmKaercs K = M3HOCOCTOMKOCTH
LIEMEHTUPOBAHHOMN CTaJIA 18XT'T.
[losiBisArommeecst B MOKPBITUAX B PE3YJIBTATE

HaCBIIIEHUS U 3aKAIKU  CXKUMarolee
BHYTpEHHEE  HaIlpsDKEHHE  CIOCOOCTBYET
MOBBIIIEHUIO IUKINYECKOW U KOHTAaKTHOM
IPOYHOCTH  BOCCTAHOBICHHOW  JI€TAJH.

KoHTakTHas NpOYHOCTH YIIEPOA0A30TUPO-
BAaHHBIX JKEJIE3HBIX U KEJIE30HUKEIEBBIX
nokpeiThii octuraer 3,20...3,48 I'Tla, uto
npesbimaer  Ha  50...65%  KOHTaKTHYIO
IIPOYHOCTh LIEMEHTUpOBaHHOM ctamu 20X. A
OUKJIMYECKass IPOYHOCTh cramu 45 ¢
YIIPOYHEHHBIMU HOKPBITUAMHU paBHa
480...510 MI1a.
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Puc.1. Ucxonnast (a) u yripouHeHHas (B) MUKPOCTPYKTYpPa 3JIEKTPOJIMTHYECKOTO JKeJie3a.

[Ipu  ynpouneHum Oojee  TBEpPABIX
HKENe3HBbIX TMOKPBITUM CKOpOCTh Iu(Py3un
ymenbuiaercss Ha 30...35%, a mociie 3akanku
B CTPYKType HOSIBIISCTCS TPOCTHT,
CHIDKAIONIMKA  TBEPAOCTb M TPOYHOCTh
HachleHHBIX  cioeB  (Puc.2). IlpuumHoii
CHIDKEHHUS  TU(PQPY3MOHHOH  aKTUBHOCTH
HACBHIILAIOUIMX 3JEMEHTOB B IOKPBITUSAX C
BBICOKOM MCXOJIHOW TBEPAOCTHIO SBJISETCSA
HaJIMYMe€ B HUX TPEIIUH, IOBBIILIEHHOTO
CONCpKAaHUs HMHOPOAHBIX BKJIIOUEHHUH U
Ne(QeKTOB  KPUCTAIMUYECKOTO0  CTPOEHHS,
BIUSIOIUX Ha Au(Qy3nOoHHBIE TPOIECCHI.
Conepxanue B KeJe30HUKENEBBIX
NOKPBITUSAX ~ HUKEJsS,  BIUSIONIETO  HA

KPUTHUYECKHE TOUYKH MIPEBPALLCHUS
ayCTeHHWTa,  CIOCOOCTBYET  YBEIMUYCHMIO
MIPOKAJIMBAEMOCTH  HACBIIIEHHOTO  OCaJKa.
IloaTomy  mpakTU4ecKM  BCe  JKEIe30-
HUKEJIEeBbIC ocajaku ¢ cojaepkanueM 2-4% Ni
IPUTOAHBI JJIA  IOCIEAYIOLEro 3JIEKTPo-
XUMHUKO-TEPMHUYECKOT0 YIIPOUHEHUSI.

B pesynbrare HarpeBa IOKpPBITUH U
[IOTPAaHUYHOM 30HBI OCHOBBI IPOUCXOJUT
NEepeKpUCTAIIN3ALUS OIPAaHUYHBIX 3€pPEeH U
T Qy3us JETUPYIOMINUX JIEMEHTOB OCHOBBI
B IOKPBITUH, BCJIEJICTBUE YErO0 MPOUCXOIUT
CpallMBaHUE TIOKPBITUS C OCHOBOM H
CYLIECTBEHHOE  YBEJIMYEHUE  MPOYHOCTH
s (Puc.1 n PI/IC.Z))E. -

G 3SR

! ; n.%\ :‘;’1‘7}

Puc.2. Vicxonnas (a) 1 ynpouHeHHas(B) CTPYKTYpa jKeJIe3HBIX TPEIIMHOBATHIX IIOKPBITHH.

33



FIZICA SI TEHNICA: Procese, modele, experimente, nr. 1, 2012

beim  um3yden cmoco6  OopupoBaHHS
rajbBaHUYECKOro xene3a ¢ Harpesom TBY u3
macTel cocrtaBa: kKapownm Oopa — 87%;
npeBecHbI yrosb — 10%; dbropucteiii HaTpuit
— 3%. B kauecTBe CBSI3KH HCIIOJIB30BAJICS
TaK)K€ THAPOJIM30BAHHBIN ATUIICUIMKATHBII
ieii. TepmooGpaGorka mpu  900...950°C
criocoocTByeT ¢dopmupoBanuo 3a 5,0...5,5
MHUH. JA((Y3HOHHOTO  CIOS  TOJNIIUHON
0,020...0,025 MM, COCTOSIIETO TOJBKO W3
6opupoB FeB u FeB ¢ mukporBeproctsio
(13,2...15,6) I'Tla. [ToBbIlIeHUE TEMIIEPATYPHI
o6paborki g0 1100...1150°C yBemmumBaer
TOJIIIUHY ¢ G y3nOHHOTO cios u
CIOCOOCTBYIOT OOpa30BaHUIO B TECUCHHH 5
MUHYT JTU(QPY3HOHHBIX CIIOEB  TOJIIUHOMN
0,23...0,28 mm.

@a30BbIif CcOCTAaB YINPOYHEHHBIX CIIOEB
npencrasien Oopupamu  FeB  u  FeyB,
OOpOLIEMEHTUTOM, KapOuaoOM Keje3a |
sprekTukor Fe-B-C. ITlom ©GopouemenTu-
POBaHHBIM CII0eEM HaXO/UTCS 30Ha
(0,05...0,07mm), cocrosimias  TOJABKO U3
yraepoaa. MUKpOTBEPIOCTh TaKUX MOKPBITUI
paBHa 8,2...11,8 I'TIa.

BecbMa nepCrieKTUBHBIM SIBIISIETCS METO/T
YIOPOUYHEHHUS TEPMOOOPAOOTKONH KOMIIO3HUITU-
OHHBIX raJlbBAHUYECKUX MIOKPBITHH,
3aKJIIOYAIONIMICA B TOM, YTO IpPU HarpeBe
KOMIIO3UIIMM B  Mpejenax 900...1200°C
BTOpUYHas (a3a MOKPBITUS pasjaraerci M
muGpyHaupyeT B Matpuiy, GopMupys ¢ Heil
BBICOKOTBEP/bIE UM  BBICOKOM3HOCOCTOMKHE
CTPYKTypHBIE coenuHeHHs. B kauecTBe
BTOpUYHOM  (a3pl  MOryT  MPUMEHSTHCS
MUKPOIOPOILIKHA JUCHEPCHOCTHIO 1...40 MKM
KaK  OTHIEIbHBIX  dJeMeHTOB  (Tpadur,
amop(HBIiA 60p U 1p.), TaKk U 00JIee CIIOKHBIX
coenuHeHW (kapOuja wim HUATpUA Oopa,
KapOua KpeMHus, KapOuj keme3a H 1p.).
CopepxaHue 3THUX YaCTHI] MOXKET COCTABIISTh
n0o 20% (mo Becy) OT BCeH KOMITO3HUIIMH
(puc.3). Tak Kak pacCTOSIHUE  MEXKIY
YacTUI[AMH  COCTaBISIET  CIUHUIBI WK
JECSITKA MHUKPOH, TO TPOJIOJKUTEIBHOCTD
TEPMOOOPAOOTKH JI0 MOTHOTO UX PA3I0KECHHUS
U BBIPAaBHUBAHUSl KOHIIGHTpAIlMM B MaTpHUIE
cocraBisier He Oosee 2,0...2,5 mun. Ilpu
3TOM TOJILIMHA MOJIYYEHHOTO YIPOUYHEHHOTO
CJIOS paBHA TOJIIMHE HAHECEHHOTO TOKPBITUS

Puc.3. Vicxonnas cTpyKTypa KOMITO3UIINH JKeIe30-KapOua 60pa ¢ pa3IMIHBIMH pa3MepaMi BTOPUYHON (a3bl.

Jns yckopeHHs: pa3noKeHUs BTOPHUYHOU
Gda3bel W CcOKpamieHusi OOIIeH MPOIOIIKU-
TEIBHOCTH HarpeBa pEeKOMEeHTyeTCs
NPUMEHSTh  OBICTPBIM  DJIEKTPOHATPEB  CO
CKOpOCTBIO TIPH BBIXOJIE Ha PEXXUM HE MEHee
20°C/c. Kommosuuuu xKene3o-kapoun OGopa

34

rmocyie TepMOoOoOpabOTKH TIPH  TEeMIIepaType
1150°C u  oxnaxmeHus Ha BO3JlyX€
npeActaBieH Oopumamu  FeB  u  Fe)B,
KapOuIoM skenesa, kapoodopumaom Fe3(C,B)g
u 3BTrekTuKkoit Fe — B — C (Puc.4).
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Puc.4. Ctpykrypa TepMooOpaboTaHHON KOMIIO3UIIMH Kele30-Kapou 6opa.

CooTHolIeHHE  MEXIy  YKa3aHHBIMHU
CTPYKTYPHBIMU COCTABJISIOLIUMHU, OIpEaeisi-
IOIIMMU MHUKPOTBEPAOCTD HOKPBITHS,
HaXOJIUTCsSI B 3aBUCUMOCTH OT COJEpKaHMs B
MaTtpuile BTOpU4YHOM ¢a3el. Tak, mnpu
HaIMYMM B TOKpelTusaX 6...7% BsC B
CTpyKType Oombiie Haxoautcs FeB "
Fex(C,B)s. MuUKPOTBEpAOCTh  HMOKPBITHI
paBHa 8,5...11,0 I'TIa.

Takue mNOKpbITUA o0O0NagaOT OONbLICH
BS3KOCTBIO, YE€M Jpyrue  YIpOYHEHHBIE
komno3uiuu. C yBelIMYEHHEM COAEp)KaHUsS
BropruHOi (a3sl 10 15...20% KommyecTBO
BBIIIICYKA3aHHBIX CTPYKTYPHBIX
COCTABIISFONINX TTOBBIMIACTCS, a U3 OOPHIHBIX
¢da3 yBenuuuBaeTcs (GopMHpoBaHHE OopHIa
tuna Fe;B.  MukpoTrBepaocTh  MOKpPBITUS
MTOBBIIIIACTCS Ji o) 11,5...16,0 I'Tla.
O06pa3oBaHre CTPYKTYPHBIX COCTABIISIONINX
npugaeT TepMooOpabOTaHHONH KOMIO3HMLIUU
BBICOKYIO CTOHKOCTh TIPOTHB H3HOCA U
KOPPO3HHU.

BBIBO/IbI

1. Jlns yriepona3oTUpOBaHUs TajbBa-
HUYECKUX JKENIe3HbIX TOKPBITHI Haubosee
OPUTOJIHA TacTa  CJENYIOIIEr0  COCTaBa:
xKenras KpoBsHas cosnb — 50%, IpeBecHbIi
yronb — 34%, yriaekucnslii Oapuil U mapiua
UT — 110 8%, KOMIIOHEHTBI KOTOPbIE CBSA3aHbI

OTUJIICUJIIMKATHBIM  KJICCM. BBIﬂBHeHO, qTo
Jydlle BCEro YIPOYHSIOTCS IOKPBITHS C
HCXO/JHBIM pa3MepoM OJOKOB MO3auWKH Ooiee
38 Hm.

2. Tepmuueckass o0paboTKa C HarpeBOM
TBY  koMmo3unuu  xenezo-kapouadopa
CIIOCOOCTBYET  PacTBOPEHHIO  BTOPUYHOMU
(da3bl  KOMIO3HMIIMOHHBIX  TaJIbBAHUYECKUX
MOKPBITUH C 00pa3oBaHUEM XHUMHYECKHX
COETMHEHUH, MIMEIOINX BBICOKYIO TBEPAOCTD,
KOHTaKTHYIO POYHOCTh U U3HOCOCTOHKOCTb.
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IMPROVEMENT OF PROPERTIES OF RESTORED MACHINE PARTS USING
ELECTROCHEMICAL AND THERMAL TREATMENT

Dobrea V., Popescu V.
(State Agrarian University of Moldova)

The present paper contains an analysis of the process of galvanic iron hardening during the diffusion of carbon
and nitrogen special pasta (nitrocimentation), deposited on the restored surface wich is latter heated by high frequency
currents to a temperature of 950...1100 °C with. We have also analysed the process of galvanic metal composition -
boron calcium carbide when heated by high frequency currents. High mechanical properties are obtained in galvanic
iron as a result of boron calcium carbide particle resolution and diffusion of its components.
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FACTORII DECISIVI IN CREAREA NEOMOGENITATILOR IONOSFERICE INITIATE
DE PROCESE SEISMICE

Plohotniuc E., Borisova I., Botnariuc S., Tiganas I.
(Universitatea de Stat ,,Alecu Russo” din Balti, Republica Moldova)

In aceastd lucrare sint descrise mecanismele decisive care initiazi formarea neomogenitatilor ionosferice
inainte si dupa declansarea cutremurului si sint prezentate date experimentale, obtinute prin sondare verticald a
ionosferei modificate de procesul seismic din Mexic (5 mai 2011).

INTRODUCERE

Procesele seismice sau procesele de
deformare ale litosferei genereaza un set de
anomalii ale cimpurilor geofizice. Raza de
actiune a proceselor de deformare se
estimeaza ca R~ex(M) , unde M -

magnitudinea  cutremurului (R ~500km
pentru seismecu M ~5)[1, 2].

Structura anomaliilor 1in litosfera,
generatd de  procese  seismice,  este
neuniformi, ocupd un volum ~10°km® si,
practic, nu poate fi inregistratd. Din aceasta
cauza majoritatea cercetarilor sint dedicate
fenomenelor initiate de procese seismice care
au loc 1n atmosferd, inclusiv in ionosferda in
stratul E (altitudinea 100-130 km) si stratul F
(altitudinea 200-350 km). In prezent, aparitia
neomogenitatilor ionosferice 1in procesul
pregatirii si dupa declansarea cutremurului
este demonstratd in multe lucrdri [1 - 4].
Conform datelor statistice din lucrarea [3],
probabilitatea  aparitiei  neomogenitatilor
ionosferice cu 5 zile Tnainte de cutremur poate
atinge valoarea de 73,8% pentru cutremure cu
M ~5, valoarea de 95% pentru cutremure
cuM ~55 si valoarea de 100% pentru

cutremurecu M ~6.

Dupa declangarea cutremurului au fost
inregistrate neomogenitati ionosferice i
pentru cutremure cu magnitudineaM ~3 [1].
Evident ca mecanismele formarii
neomogenitdtilor ionosferice pind si dupa
declansarea cutremurului sint diferite.

in continuare sint prezentate
mecanismele decisive care initiaza formarea
neomogenitatilor ionosferice inainte si dupa
declansarea cutremurului.

PERIOADA PREGATIRII
CUTREMURULUI

In prezent sint cunoscute mai multe
mecanisme fizice ale interactiunii litosfera-
troposfera-ionosferd 1n perioada pregatirii
cutremurului. Cel mai adecvat model, care
poate explica majoritatea datelor
experimentale despre starea ionosferei 1in
perioada pregatirii cutremurilor, obtinute cu
ajutorul instalatiilor plasate pe suprafata
Pamintului sau pe sateliti, poate fi considerat
modelul electrodinamic [5, 6]. Conform
acestui model, schimbarea parametrilor
troposferei este cauzatd de transportul vertical
turbulent al gazelor litosferice (CO,, CHy si
omologii sai) si a substantelor radioactive (in
special radonul) care se emand in perioada
pregatirii cutremurului in zonele rupturilor
placilor tectonice.

Particulele alfa, cu o energie de 5,49
MeV emise de radon, ionizeaza moleculele de
aer. lonii nou formati intra 1in reactii
plasmochimice si formeazd compusi noi.
Ultimii compusi devin centre finite pentru
condensarea vaporilor de apa din troposfera.
Condensarea (sau mai precis, atasarea
moleculelor de apd la ioni) face ca ionii sa
devina stabili si reduce semnificativ rata de
recombinare.

Moleculele de apa, atasate la ioni, trec
din stare liberad in stare legata. Acest proces
este insotit de eliberarea in mediul
inconjurdtor al caldurii latente de vaporizare,
care este 0 constanta fizica
(Q = 40,683 kd/mol). Eliberarea de energie in
atmosferd conduce la cresterea temperaturii

(AT ~3..5°C[1]).
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Aceasta crestere a temperaturii stratului
de aer deasupra rupturilor tectonice active
poate servi drept semnal al inigierii procesului
seismic.

In Fig. 1 sint prezentate schema
rupturilor placilor tectonice si un exemplu de
inregistrare a anomaliilor termice inainte de
cutremurul devastator cu M=7,9 care a avut
loc pe data de 26 ianuarie 2001 in India,
regiunea Gujarat [7]. Dupa cum se poate
vedea din Fig. 1, anomaliile termice reproduc
cu mare precizie configuratia rupturilor
placilor tectonice.

| |
VAL B A FM A

O Karag

Kachehn Y N ;om

956
Kutch Graben _
Gujarat

Cambay

a) b)
Fig. 1. Schema rupturilor placilor tectonice din
regiunea Gujarat, India (a) si harta anomaliilor
termice inregistrate cu ajutorul dispozitivului
MODIS, instalat pe satelitul AQUA (b).

Cresterea concentratiei de radon din aer
este foarte micd (vezi Fig. 2) insd eficienta
energetica a procesului de ionizare este > 10°.

A, Bg/m®
3000

2000
1000 -

0 I L |
-200 -100 0 100 L,m

Fig. 2. Activitatea radioactiva a radonului in
directie perpendiculard la ruptura dintre placile
tectonice.
In apropiere de suprafata pimintului
(H ~100...200m) anomaliile termice au o
structura liniara, determinata de structura
rupturilor plicilor tectonice. In rezultatul
aparitiei gradientilor orizontali ai temperaturii
si presiunii se initiaza un proces turbulent care
formeaza un torent vertical al aerului. Acest
efect duce la formarea unei anomalii termice
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la altitudinea H =10...12km cu surplus de
ioni. Grosimea acestei anomalii poate varia in
timpul zilei in intervalul AH ~100...3000m si
poate acoperi 0 suprafati de sute de km®.
Cimpul electric al acestei anomalii initiaza
aparitia neomogenitatilor ionosferice in
procesul pregatirii cutremurului.

1.47508 247580 SA7sm 447500
b)
Fig. 3. Anomalia termica (a) si neomogenitatile
ionosferice ale concentratiei electronilor (b) in
perioada pregatirii cutremurului din 6 aprilie
2009 in L' Aquila (Italia).

Legatura dintre anomalia termica si
aparitia neomogenitatilor termice (vezi Fig. 3)
a fost depistatatd pentru prima data cu ajutorul
satelitilor pentru cutremurul care a avut loc pe
data de 6 aprilic 2009 linga orasul L Aquila
(Italia). Cutremurul a avut loc la ora locala
3:32 (1:32 GMT) la adancimea 10 km cu
epicentrul 42.423°N, 13.395°E. Intensitatea
cutremurului a fost de 6,3.

In perioada de pregitire a cutre-murului,
in stratul D al ionosferei au fost depistate
urmatoarele efecte: miscarea  sarcinilor
electrice care initiaza generarea oscilatiilor
magnetohidrodinamice, ce se propagda la
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distante mai mari ca dimensiunile sursei cu o
vitezd >500 km/s; schimbarea concentratiei
electronilor; marirea spectrului de deplasare
doppler a frecventei.

In stratul E a fost depistati mdrirea
densitatii si a temperaturii plasmei. Acest
efect duce la aparitia stratului E — sporadic si
cresterea frecventei critice.

In stratul F deasupra epicentrelor
cutremurelor, a fost inregistratd micsorarea
concentratiei electronilor, aparitia instabilitatii
Rayleigh — Taylor si marirea gradientului
concentratiei sarcinilor.

PERIOADA DECLANSARII
CUTREMURULUI

Invelisul extern rigid al Pamantului
este format din cincisprezece placi tectonice
mobile, de 60-100 km grosime, pe unele
dintre care se afla si continentele. Aceste placi
litosferice “plutesc” pe astenosfera, stratul de
suprafatd semitopit al mantalei Pamantului, si
sub actiunea curentilor de convectie din
mantie se deplaseazd extrem de lent, cu o
viteza de pana la 12 cm pe an. Unele placi se
imping reciproc, iar in anumite locuri o placa
aluneca si coboara sub o alta placa, penetrand
la adancimi cu temperaturi §i presiuni inalte
unde se topeste consumandu-se. Altele se
indeparteazd una de alta, spatiul dintre ele
fiind completat cu magma solidificata, care
ulterior formeaza crusta noua. Unele blocuri
imense de crusta terestra aluneca unul fata de
altul.

La marginile dintre placi miscarea este
franatd de forta de frecare dintre ele, astfel ca
in aceste locuri se acumuleaza tensiuni
enorme. Atunci cand rocile care intrd in
contact se rup sau aluneca brusc, se produce o
degajare sub forma de wunde seismice,
electromagnetice si acustico-gravitationale a
energiei acumulate, adicd se produce
cutremurul propriu-zis. Intensitatea acestuia
depinde de suprafata de rupere, de adancimea
la care se produce si de natura rocilor.
Concomitent are loc intensificarea emisiei
gazelor litosferice (CO,, CH,4 si omologii sai)
si a substantelor radioactive.

Efectele ionosferice ce apar in perioada
dupa producerea cutremurului pot fi impartite
in efecte de trei tipuri:

1. Primul tip de efecte se bazeazd pe
mecanismul transformdrii undelor seismice in
unde acustice cu o perioadd mare la frontiera
dintre scoarta terestra si atmosfera. Aceste
unde se propagd de jos in sus si se manifesta
odata cu deplasarea in timp pe
dopplerograme. Astfel de efecte se manifesta
in ionosferda peste o perioadd de timp de
T=9...12 minute dupa producerea
cutremurului. In acest interval de timp unda
acustica are posibilitatea sd parcurgd
160...220 km.

2. Al doilea tip de excitatii ionosferice
sint observate in ionosfera peste un timp de
aproximativ 35...37 minute dupa momentul
producerii cutremurului. Perioada de timp in
care se produc aceste excitatii este egalad
10+15 minute. Mecanismul fizic al acestor
tipuri de excitatii este: transformarea undei
acustice, aparuta in urma cutremurului, la
inal{imea de ~200 km deasupra epicentrului
cutremurului, intr-o undad plasmo-acustica,
care apoi se propagd orizontal in stratul F2.
Conform datelor experimentale primite in [8],
componenta orizontald a vitezei de propagare
in stratul F2, a undei plasmo-acustice este de
Vo= 1,6+1,8 km/s.

3. Al treilea tip de efecte ce apar in
ionosfera in urma cutremurelor sint legate de
micsorarea sincronica a frecventei critice a
stratului F2 si a inaltimii reale a acestui strat
(h'F2). Acest efect se observa peste o
perioada de 55...120 minute dupd producerea
cutremurului. Viteza de faza a excitatiilor in
stratul F2 este orientata in jos si este egala cu
aproximativ 0,4...0,8 km/s [8-10].

In stratul D are loc generarea undei
ionosonore §i magnetosonore de catre undele
acustice. Intre ioni si componentele neutre ale
1onosferei existd un contact ,,mecanic” strins
din cauza egalitdfii maselor. Pina la indlfimea
120-130 km ionii nu sint inca magnetizati, dar
in acelasi timp electronii sint total
magnetizati. La acest nivel apar conditii a
migcarii in diferite directii a ionilor si
electronilor in interiorul undei, ceea ce duce
la aparitia fortelor elastice de natura electrica,
adica se creeazd conditii pentru aparitia undei
ionosonore.

La inaltimea de aproximativ 130 km
presiunea magnetica este de ordinul presiunii
gazului cinetic §i in aceastd regiune este
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posibil trecerea din unda sonord in magneto-
sonord. Unda magneto-sonora poate fara
atenuare sa se propage la Tndltimile stratului F
si chiar sa ajunga in magnetosfera. Refractia
undei magneto-sonore poate fi canalizata in
regiunea F si sa parcurgd distante mari cu
viteza 20...40 km/s [11, 12].

In stratul E, dupd producerea
cutremurului, are loc formarea structurilor de
dimensiuni mici ce provoaca radio-
imprastierea. La Inceputul anilor '60, Birfeld
si Tarantev au observat efecte acustice in
radio-reflectie. De exemplu dupd cutremurul
din Cili (22 mai 1960), au fost inregistrate
radio-reflectii auroriale. Astfel de efecte, mai
tirziu, au fost inregistrate si in urma altor
cutremure. Mecanismul aparitiei lor consta in
urmatoarele: unda acustica 1n regiunea E se
transforma intr-o unda de forma dintilor de
ferestrau cuasiliniari; pentru frontul abrupt a
acestei unde apare instabilitatea gradient-
deriva a sunetului ionic; aceasta este o unda
lungad (zeci de metri) ce se propagd de-a
lungul frontului sonor; perpendicular acestei
unde existd un cimp electric slab ce duce la
aparitia unei m-unde scurte care poate fi usor
inregistratd de receptoarele ce functioneaza in
intervalul de pe frecvente 70...150 MHz [11,
13].

In afara de aceasta, in stratul E, are loc
excitarea oscilatiilor de perioade scurte ale
cimpului electromagnetic al pamintului de
catre undele acustice. Miscarea 1n diferite
directii a electronilor si ionilor in interiorul
undei acustice la nivelul regiunii E duce la
excitarea oscilatiilor de perioade scurte ale
cimpului electromagnetic al pamintului.
Pentru prima data acest efect a fost inregistrat
in 1976 in Tixi, unde se faceau experimente la
inregistrarea infrasunetului si a oscilatiilor de
perioade scurte [11, 14].

REZULTATE EXPERIMENTALE
SI CONCLUZII

Pentru inregistrarea §i  cercetarea
efectelor ionosferice se utilizeaza intregul
arsenal de metode contemporane radiofizice:
sondarea prin impuls si sondarea cu semnale
modulate liniar in frecventd in diapazonul
1..60 MHz; metoda undelor de proba,
utilizatd pentru masurarea amplitudei, fazei si
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spectrelor semnalelor reflectate; metoda
radiopulsarii semnalelor satelitilor artificiali
ai pamintului §i a radiosurselor discrete in
diapazonul 100...300 MHz.

In acestd lucrare sint prezentate
dependentele frecventelor critice ale stratului
ionosferic E de timp, obtinute din
ionogramele sondarii verticale a ionosferei.

In Fig. 4 sint prezentate variatiile
frecventelor critice ale stratului ionosferic Eg
pentru 8 zile (01.05.2011-08.05.2011),
inregistrate de statiile ionosferice de sondare
verticala din SUA: Eglin (EG931, 30.50N
273.59E, 1950 km de la epicentru), Boulder
(BC840, 40.00N 254.70E, 2653 km de la
epicentru), Wallops (WP937, 37.90N
284.50E, 3248 km de la epicentru) si
Millstone Hill (MHJ45, 42.60N 288.50E,
3843 km de la epicentru). Pentru a obtine
graficele din Fig. 4 au fost prelucrate peste
9200 de ionograme.

Excitarile ionosferei au fost initiate de
cutremurul din Mexic (5 mai 2011).

Epicentrul cutremurului - (16.86N
98.59W); magnitudinea cutremurului  —
M=5,7; adincimea — h=30 km; ora — 13:24:09
UT este indicata in Fig. 4 prin sdgeata. Indicii
geomagnetici A si K la latitudini medii pentru
perioada 01.05.2011-08.05.2011 nu au depasit
marimile A < 14, iar K < 4 (vezi
http://www.swpc.noaa.gov/ftpdir/indices/old_
indices/2011 DGD.txt).

In baza rezultatelor prezentate in Fig. 4
se pot formula urméatoarele concluzii:

- cU 56-48 de ore inainte de cutremur
apare stratul Es care se mentine un timp mai
indelungat;

- in stratul Es al ionosferei apar variatii
cuasiperiodice intensive ale neomogenitatilor
de plasma;

- neomogenitatile ionosferice de plasma
duc la majorarea frecventelor critice de 2-3
ori;

- fenomenul generarii variatiilor
cuasiperiodice ale neomogenitatilor de plasma
initiat de procesul seismic se observa mai bine
pentru statiile ionosferice plasate mai aproape
de epicentrul seismului;

-in cazul dat fenomenul aparitiei
neomogenitatilor ionosferice a fost depistat la
o0 distanta de 3843 km de epicentru.
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Fig. 4a. Variatiile frecventelor critice ale stratului ionosferic Es, Inregistrate de statia ionosferica de sondare
verticala din Eglin (EG931, 30.50N 273.59E, 1950 km de la epicentru).
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Fig. 4b. Variatiile frecventelor critice ale stratului ionosferic Es, inregistrate de statia ionosferica de sondare
verticala din Boulder (BC840, 40.00N 254.70E, 2653 km de la epicentru).
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Fig. 4c. Variatiile frecventelor critice ale stratului ionosferic Es, inregistrate de statia ionosferica de sondare
verticala din Wallops (WP937, 37.90N 284.50E, 3248 km de la epicentru).
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Fig. 4d. Variatiile frecventelor critice ale stratului ionosferic Eg, inregistrate de statia ionosferica de sondare
verticala din Millstone Hill (MHJ45, 42.60N 288.50E, 3843 km de la epicentru).
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DECISIVE FACTORS IN CREATING IONOSPHERIC NONHOMOGENEITIES
INITIATED BY SEISMIC PROCESSES

Plohotniuc E., Borisova I., Botnariuc S., Tiganas 1.
(Alecu Russo Balti State University, Republic of Moldova)

The present paper is devoted to the description of the decisive mechanisms that initiate the formation of
ionospheric nonhomogeneities before and after the onset of the earthquake. It contains experimental data obtained by
ionosphere vertical sounding and modified by the earthquake in Mexico (May 5, 2011).
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PROPRIETATILE TERMICE ALE PROBELOR METALICE SUPUSE
ACOPERIRII PRIN METODA SCANTEIEI ELECTRICE
iN INTERVALUL DE TEMPERATURI 78...700 K

Cheptea V., Bancila S.
(Universitatea de Stat ,,Alecu Russo” din Balti, Republica Moldova)

Sunt prezentate rezultate experimentale despre dependenta capacitétii termice specifice de temperatura, de
timpul specific de aliniere (t) si de energia (W) impulsului descarcarii electrice pentru probe din cupru aliate cu argint,
din otel-3 si din titan acoperite cu crom. Se aratid cd, la temperaturi T>6p, prezenta impuritatilor si neomogenitatilor,
care apar in procesul acoperirii prin scanteie in probele cercetate, modificd amplitudinea si frecventa oscilatiilor
atomilor 1n jurul pozitiilor de echilibru, prin urmare, modifica si energia, fapt ce evedentiaza caracterul anarmonic al

lor.
INTRODUCERE

Transformarile de faza si structurale
care au loc 1in straturile de suprafata ale
probelor metalice aliate prin scanteie [1, 2] si
defectele de volum (aglomerari de impuritati si
de neomogenitdti) vor influenta mult asupra
proprietatilor fizice ale probelor, in particular
asupra proprietatilor lor termice. Studierea
acestor proprietati ar da posibilitatea de a
prognoza caracteristicile fizice ale straturilor
de suprafati. In acest scop6 s-a cercetat
dependenta de temperatura a capacitatii termice
specifice a probelor din cupru aliate cu argint, a
probelor din otel-3 si din titan aliate cu crom.
Masurdrile s-au efectuat intr-un interval relativ
larg de temperaturi, incepind cu temperatura
azotului lichid (78+700)°K; k=T/T> 10, unde
To si T — respective, temperatura initiala si
finala a intervalului cercetat. La temperaturi
joase parametrii termici sunt foarte sensibili la
prezenta neomogenitatilor, a impuritatilor si a
defectelor structurale. La aceste temperaturi
parcursul liber al fononilor se mareste si
interactiunea fonon — fonon este comparabila
cu interactiunea fonon — electron.

Cercetdrile la temperaturi joase permit
aprecierea contributiei interactiunii fonon—
fonon, electron—fonon, electron—electron [3, 4],
precum si a contributiei Tmprastierii electro-
nilor si fononilor cauzatd de neomogenitatile si
impuritatile din straturile de suprafatd asupra
mecanismului transportului de caldura [5].

METODICA EXPERIMENTULUI

1. Capacitatea termica specificd s-a
masurat  utilizand metoda  calorimetrului
adiabatic, realizata intr-o noud varianta cu
aparatul 4T - ¢ - 400 [6]. In varianta propusa,
pentru  determinarea  capacitatii  termice
specific, este suficient a masura un singur
parametru — diferenta dintre intervalele de
timp in care are loc stabilirea echilibrului
termic In proba si in calorimetru. Probele din
cupru aliate cu Ag au forma unor cilindri cu
diametrul d = 15 mm si indltimea h = 10 mm.
S-au efectuat cate patru masurari pentru fiecare
probd in  urmatoarea  consecutivitate:
capacitatea termicd specifica a probei
neacoperite, capacitatea termica a probei dupa
ce s-a acoperit 0 suprafata frontald, apoi dupa
ce a fost acoperitd si a doua suprafata frontala
si in final s-a masurat capacitatea termica dupa
alierea suprafetei laterale a probei. Pentru
masurarea  capacitafii termice specifice a
probelor din otel-3 aliate cu Cr, a probelor din
otel-3 aliate cu otel, a probelor din titan aliate
cu Cr, s-a folosit metoda racirii [7, 8] si metoda
calorimetrica [9, 10]. Aceste masurari s-au
efectuat in intervalul de temperaturi
(300+700) K. Probele au forma unui
paralepiped (4x9x30) mm. Aceste metode au
fost utilizate si pentru efectuarea unor masurari
de control. S-a observat o corelatie buna intre
rezultatele masurarilor capacitatii termice
specifice a probelor obtinute, utilizind metoda
racirii §i utilizand metoda calorimetrica la
T=300 K (Fig.1).
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2. Pentru  studierea  dependentei
capacitatii termice specifice de temperatura, de
timpul specific de aliere (t) si de energia
impulsului descarcarii electrice (W) au fost
folosite probe:

e din cupru (c=395 J/kgK; 1=390
W/mK; p=1,810 ® Q@m; temperatura
Debye 6p=330 K) aliate cu argint
(c=234 JkgK; A=420 W/mK;
p=1,510 "% Qm; 6,=225K),

e din otel -3 (c=460 J/kg K; 1=46 W/m K;
p=1,110 7 Q:m; p=460 K), aliate cu
crom (c=440 J/kgK; A=45 W/mK;
p=1910® Qm; Op=402°K)

e din titan (c=550 J/kg-K; 1=17 W/mK;
p=55-10 ® Q'm; 6p=278K) aliate cu
crom (c=440 J/kgK; A=45 W/mK;
p=1910 ® Qm; Op=402K)

e din otel (c=460 J/kg-K; 1=46 W/mK;
p=1,110 7 Qm; p=460 K) aliate cu
otel; (c=460 JkgK; A=46 W/mK;
p=1,110 7 Qm; 6=460 K).

e,
05 b kg-grad

04 -

03 +—

5
f—
cm*
04 | ] 1 ] ] | &

30 &0 a0 120 130 240

Fig. 1. Dependenta capacititii termice specifice a
probelor din otel-3 aliate cu crom de timpul specific de
aliere la T =300 K:

0 - masurdri prin metoda calorimetrului;
e - masurari prin metoda racirii.

3. Alierea probelor prin metoda
descarcarii electrice prin scanteie s-a efectuat la
instalatia D®U-46A cu electrod vibrator.
Alierea s-a efectuat pentru diferite valori ale
timpului specific de aliere (t). Pentru probele
cercetate t variaza in limitele (30-240) s iar
energia impulsului descarcarii electrice W are
valori (0,1+6) J.
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REZULTATELE EXPERIMENTALE SI
INTERPRETAREA LOR

In Fig. 2 este prezentati dependenta
capacitatii termice specifice a probelor din
cupru acoperite cu argint de temperatura T,
pentru diferite valori ale timpului specific de
acoperire t. Se observa ca alierea prin scanteie
duce la o crestere neinsemnatd a capacitatii
termice specifice de circa 5 %.

c,JIkgK
- 2
O X"-'O_Tﬁg_,g.—- 1
400 b+ no 2_,,.—-:31’:_’:92_.——'2-'—'
ﬁ:r—""’-
300 ¢
'
&g L " L
300 400 500 600 T,K

Fig. 2. Dependenta capacitatii termice specifice a
probelor din cupru aliate cu argint de temperaturd la
diferite valori ale timpului specific de acoperire t:
A - probe neacoperite; o-t=30s/cm?
*-t=60s/cm? 0-t=120s /cm?

P
A g X
[s) Y
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00—
[s]
/:/2/‘
300 —
; nX
_____ | I | | | L
i 173 73 373 473 573 673

Fig. 3. Dependenta de temperatura a capacitatii termice
specifice a probelor din cupru aliate cu argint (sunt aliate
diferite suprafete ale probei):

A - nicio suprafata nu este acoperita;

O — este acoperitd una din bazele probei;

o — este acoperita suprafata laterala;

e — este acoperita suprafata laterald+una din

bazele probei.

Aceastd crestere poate fi explicata prin
faptul ca acoperirea prin scanteie este cauza
unor modificari structurale si transformari de
fazda numai in straturile de suprafata ale
probelor. Aparitia fisurilor si neomogenitatilor
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modificd energia potentialda de interactiune
dintre particule. In acelasi timp, capacitatea
termica specifica nu depinde de faptul daca
sunt acoperite numai suprafatele frontale ale
probei sau si surafata laterala a ei (Fig. 3).
Mentiondm ca experientele ne dau informatii
mediate dupd toate directiile din proba,
deoarece capacitatea termica specificd este o
marime scalard (o caracteristicd volumericd).
Dependenta capacitatii termice specfice a
metalelor de temperatura, in cadrul modelului
electronilor liberi, poate fi exprimata prin
relatia [11]:
c=yT +aT>+ fT°

La temperaturi joase termenul yT are un aport
prioritar in mecanismul capacitatii termice fata
de ceilalti doi termeni [12, 13], adica in acest
interval de temperaturi se poate considera
¢ =f (T) ca o dependenta liniara si, cunoscand
din experienta capacitatea termica specifica, se
poate determina valoarea coeficientului y:

_ 7 -N-ki _ 7°-N-Kk}
V= - 2
2¢e; mv

unde N este concentratia electronilor. Pentru
cupru obtinem y= 1,8 - 10 * cal / mol - grad °.
Valoarea coeficientului y poate fi folosita
pentru  determinarea masei  efective a
electronilor:

m = — —
ky u Lv}

In cazul probelor din cupru aliate cu argint
obtinem:

Maiat - 1,029
mO

adica masa efectiva se mareste cu ~ 3 %.

Timpul specific de aliere (t) (timpul in
care se acopera prin metoda scinteiei electrice
o unitate de suprafatd) determind numarul de
defecte ale retelei cristaline (fisuri, pori),
contribuie la intensificarea procesului de
formare a diferitor compusi (azoturi, oxizi, etc.)
si la modificarea componentelor de fazda a
straturilor de suprafata. Aceste schimbari care
au loc in straturi de suprafatd sunt cauza

modificarii capacitatii termice specifice a
probei prelucrate. Aceastd concluzie este
confirmatd de rezultatele expuse in Fig. 4 si
Fig. 5, unde sunt prezentate dependenta de
temperaturd si de timpul specific de aliere a
capacitatii termice specifice a probelor din
otel-3 aliate cu crom.

iy

S
300 400 500 600 700 TK

Fig. 4. Dependenta de temperatura a capacitatii termice
specifice a probelor din otel-3 aliate cu crom:

1 - proba neacoperita;

2 - proba acoperita, t=120 s/cm?;

3 - proba acoperit, t=240 s/cm®.
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Fig. 5. Dependenta capacitatii termice specifice a
probelor din otel-3 aliate cu crom de timpul specific de
aliere pentru diferite temperaturi (energia impulsului
electric W=0,9 J).

Se observa, de exemplu, ca la
temperatura T = 673 K variatia raportului At/t
cu 50% duce la varitia capacitatii termice
specifice 4c/c cu 10%. Marirea capacitatii
termice specifice cu marirea timpului specific
de aliere se observa si la probele din titan aliate
cu crom (Fig. 6 si 7).

Mai mult ca atat, din Fig. 7 se observa
ca, pentru toate valorile timpului specific de
aliere, capacitatea termica specificd la
temperatura T=673 K este mai mica cu~ 10 %
decatla T=573 K.
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Probabil, acest rezultat se datoreaza
procesului de recristalizare a structurilor care
s-au format in procesul alierii electrice prin
scanteie, fapt ce poate duce la modificarea
componentei electronice a capacitatii termice si
la variatia numarului de neomogenitati, si, prin
urmare, poate duce la madrirea aportului
efectelor legate de anarmonicitatea oscilatiilor
atomilor.

& c,

08 kg grad
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0ol . »
300 400 500 600 700 K

Fig. 6. Dependenta de temperaturd a capacitatii termice
specifice a probelor din titan aliete cu crom (W = 0,9J):

1 - proba neacoperita;

2 - 1 =120 s/cm?;

3 - 1=240 s/cm?.
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Fig. 7. Dependenta capacitatii termice specifice a pro-
belor din titan aliate cu crom de timpul specific de aliere
(energia impulsului descarcarii electrice W = 0,9 J).

Avand 1n vedere cd, 1n intervalul
de temperaturi (573+700) K, micsorarea
capacitatii termice specifice a probelor din titan
aliate prin scanteie cu crom este de aceeasi
marime ca si diferenta dintre capacitatile
termice specifice ale probelor din titan tehnic si
din titan pur (Fig. 8), se poate afirma ca in
acest interval de temperaturi  aportul
electronilor de conductie in capacitatea termica
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specificd a probelor din titan aliate cu crom
este mic. Probele din titan cercetate au fost
pregatite din titan tehnic care contine diferite
impuritagi, a carora greutate atomica este mai
mare decat a titanului pur [14, 15]. Capacitatea
termicd specificd a probelor din titan tehnic
cercetate este cu ~/0-12% mai micd decét a
celor din titan pur (Fig. 8). Aceasta diferenta
poate fi explicatd atat datoritd madririi masei
molare, cat si schimbarii structurii retelei
cristaline. Prezenta impuritatilor poate duce la
modificarea  amplitudinei  si  frecventei
oscilatiilor particulelor in jurul pozitiilor de
echilibru, deci si a energiei oscilatiilor. Aceste
modificari se datoreaza fortelor de interactiune
dintre atomii impuri si atomii retelei cristaline.

k7
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kg grad
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Fig. 8. Dependenta capacititii termice specifice a
probelor din titan neacoperite de temperatura:

1 — rezultatele noastre;

2 — rezultatele lucririi [16].
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Fig. 9. Dependenta capacitatii termice specifice a
probelor din otel aliate cu crom de temperatura pentru
diferite energii ale impulsului descarcarii electrice
(timpul specific de aliere t = 90 s/cm?):

1 — energia impulsului electric W= 6,5 J;

2-W=0.9J;

3-W=0,15J.
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Dacd numai impuritdtile sunt cauza
acestei micsorari, atunci s-ar putea afirma ca, in
acest interval de temperaturi, anarmonicitatea
oscilatiilor atomilor are un aport negativ in
mecanismul capacitatii termice. Acest aport
pentru probele din titan cercetate este de
ordinul 10 %.

O influentd evidenta asupra capacitafii
termice specifice 0 are si energia impulsului
descarcarii electrice. Din Fig. 9 si Fig. 10 se
observa ca, la variatia energiei impulsului in
limitele (1+6) J, capacitatea termica specifica a
probelor din otel variaza cu aprocsimativ 20 %,
iar caracterul dependentei este, practic, acelasi
pentru intreg intervalul de temperaturi
(300+700) K.

Micsorarea capacitatii termice specifice
la cresterea energiei impulsului descarcarii
electrice la probele din otel acoperite cu crom
are loc, probabil, datoritd intensificarii
proceselor fizico-chimice in straturile de
suprafatd, care contribuie la marirea numarului
de neomoginitdti, a carora prezenta, la
temperaturi T>6, poate  fi cauza
anarmonicitatii oscilatiilor atomilor [4, 12-13].
Prezenta termenilor anarmonici in expresia
energiei potentiale de interactiune dintre
particule este cauza aparitiei unor corectii
proportionale cu temperatura si, prin urmare,
este cauza aparitiel unor noi ramuri in spectrul
energetic al fononilor. Aceste corectii, de
oObicei, au un aport negativ in mecanismul
capacitatii termice [3, 13].
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Fig. 10. Dependenta capacitatii termice specifice a
probelor din otel acoperite cu crom de energia

impulsului ~ descarcarii  electrice  pentru  diferite
temperaturi:
1-T=373K; 2 —T=573K; 3-T=673K

Aceasta micsorare, probabil, are loc nu

numai datorita maririi concentratiei

neomogenitatilor, dar si datoritd influentei
procesului de recristalizare. Mentiondm ca,
spre deosebire de titan, la probele din otel aliate
cu crom micgorarea capacitatii termice
specifice are loc in tot intervalul de temperaturi
(300+700) K. Mai mult ca atdt, micsorarea
capacitatii termice specifice la otel este mai
evidenta decat la titan, atingdnd 20% la T=700
K. Aceasta diferenta ar putea fi explicata prin
proprietatile elastice diferite ale otelului si
titanului.

CONCLUZII

Rezultatele experimentale referitoare la
dependentele c=f(T), c=f(W), c=f(t) aratd ca
transformarile de faza si structurale care au loc
in straturile de suprafatd in acest proces au o
influentd dominantd asupra proprietatilor
termofizice ale probelor din otel si din titan
supuse alierii prin scanteie cu crom si ale
probelor din cupru aliate cu argint. Marirea
energiei impulsului electric (W) contribue la
marirea numarului de neomogenitati, care la
randul lor, vor modifica interactiunca dintre
particulele substantei. La marirea numarului de
neomogenitafi va contribui si procesul de
recristalizare.

Aportul diferitor factori in mecanismul
capacitatii termice, in fond, este determinat de
concentratia neomogenitatilor: vacansii, atomi
internodulari, pori, fisuri etc. [11]. De exemplu,
marirea timpului specific de aliere contribuie la
marirea numarului de vacansii, de pori, fisuri
etc., pentru a carora formare se cheltuie energie
si, ca rezultat, capacitatea termica se modifica.
Deoarece aceasta energie duce la madrirea
energiei interne reiese ca aportul lor in
mecanismul capacitdtii termice va fi pozitiv.

Odata cu marirea  concentraiei
neomogenitatilor trebuie sa se {ind cont si de
marirea suprafetei de contact a probelor in
rezultatul alierii prin scanteie [5]. Formarea
neregularitatilor sub forma de depresiuni si
elevatiuni (cratere) va modifica interactiunea
dintre atomii din stratul de suprafatad. Se va
modifica si interactiunea dintre atomii din
stratul de suprafatd cu atomii din interiorul
probei. Cresterea temperaturii va intensifica
aceste interactiuni, mdrind aportul lor 1in
mecanismul capacitdtii termice.
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THERMAL PROPERTIES OF METAL SAMPLES SUBJECTED TO ALLOWING USING
ELECTRIC SPARK WITHIN THE TEMPERATURE INTERVAL (78...700) K

Cheptea V., Bancila S.
(Alecu Russo Balti State University, Republic of Moldova)

The paper describes the experimental results concerning the dependence of the specific thermal capacity on
temperature, on specific coating time (t), and on the energy (W) of electric discharges inpulse, for samples made of
copper alloying with silver, steel-3 and titanium allowing with chromium. It is shown that at temperature T>6p, the
presence of impurities and nonhomogeneities that appear during the electric spark the alloying coating process in the
investigated samples modifies the amplitude and frequency of atoms oscillations around equilibrium positions. Thus it
also modifies the energy, a fact that highlights the anharmonic nature of these oscillations.
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EXIGENTE PRIVIND PREZENTAREA LUCRARILOR STIINTIFICE PENTRU
] _ REVISTA
,FIZICA SI TEHNICA: PROCESE, MODELE, EXPERIMENTE”

I. Destinatia revistei

Materialele prezentate in revistd vor reflecta realizarile obtinute in ultimii ani in cadrul
catedrelor, laboratoarelor de cercetari stiintifice ale USB, institutiilor de invatamint si de cercetare
din Republica Moldova si de peste hotarele ei.

In revista se publici articole stiintifice ce tin de urmatoarele domenii de cercetare:

- propagarea undelor de radio in diverse medii;
elaborarea dispozitivelor electronice analogico-numerice;
elaborarea laserilor si aplicarea lor in tehnologiile de prelucrare a materialelor;
studierea infleuntei factorilor exteriori asupra proprietatilor fizice ale substantei;
tehnologii clasice si neconventionale de prelucrare a materialelor.

I1. Cerinte fata de articolele prezentate
2.1. Dispozitii generale
Nu se vor admite pentru publicare materiale care au fost publicate in alte editii. Articolele vor
fi insotite de extrasul din procesul verbal al sedintei de catedra, al laboratorului sau seminarului
stiintific la care au fost discutate si propuse pentru publicare. Lucrarile primite la redactie vor fi
recenzate de specialisti calificati in domeniul respectiv, numiti de colegiul de redactie.

2.2. Structura lucrarilor si regulile de prezentare

O persoand poate fi autor sau/si coautor la maximum doud articole. Volumul unui articol nu
va depasi, ca reguld, 7 pagini.

Fiecare articol va cuprinde:

eCZU:

etitlul in limbile romana /rusa si engleza,

e date despre autor/autori in limbile romana/rusa si engleza;

erezumatul in limbile romana/rusa si engleza,

earticolul propriu-zis;

ebibliografie.

2.3. intrebuintarea suportului electronic
Materialele vor fi redactate in Microsoft Word, fontul Times New Roman si vor fi
prezentate pe foi in formatul A4 (297X210 mm). Parametrii paginii: 25 - stinga (Left), 20 - sus
(Top), 20 - jos (Bottom), 15 - dreapta (Right), 17,5 - antet (Header), O - subantet (Footer), 2
coloane. Dimensiunile fontului de imprimare - 12 points. Aliniatele — 1 cm. Spatiul dintre liniile
(Line Spacing) aceluiasi paragraf, inclusiv titlul lucrarii si informatiile despre autori - un interval.

g eyt

fi completa.

2.4. Structura articolului

CZU se va situa 1n partea stingd a paginii.

Titlul se va da complet, maximum 3 rinduri, pe toatd latimea paginii (12points, BOLD,
CENTER, ALL CAPS).

Informatiile despre autori se vor da cu aldine, in limba In care este scrisa lucrarea, in
urmatoarea consecutivitate: Prenumele si Numele autorului (complet), afilierea. Daca coautorii
lucrarii sint angajatii aceleiasi institutii, denumirea ei se va da o singura data.

Rezumatul va cuprinde descrierea succinta a obiectului, metodelor si rezultatelor cercetarii si
nu va depasi 10 rinduri. Marimea caracterilor — 10 points. Cuvintul ,,Rezumat” nu se va indica.
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Introducerea va reflecta stadiul actual al cercetdrilor in domeniu. In caz de necesitate, va
cuprinde o scurta analiza istorica. Introducerea se va incheia cu expunerea scopului lucrarii.

Continutul lucrarii va include expunerea metodicii cercetdrii (experimentald sau teoreticd),
obiectul cercetarii, echipamentul, metodele de masurare si de observare, precizia si erorile metodicii
experimentului. Se vor indica rezultatele obtinute si analiza lor. Nu se va admite repetarea datelor in
tabele, desene si texte.

In concluzii se va expune succint esenta cercetirii efectuate, relievindu-se importanta si gradul
de noutate a rezultatelor obtinute.

Titlul fiecarui paragraf se va evidentia cu aldine. Titlurile de capitol vor fi separate de textul
curent printr-un spatiu.

In fata textului fiecare titlu de subcapitol cu doi indici se lasd un spatiu liber de un rind.
Aliniatele se vor marca prin introducerea unui ,,<Taby”. Pentru scoaterea in relief a unor concepte se
vor folosi aldinele (fara subliniere).

Tabele se vor numerota cu cifre arabe in partea stinga (de ex.: ,,Tabelul 17), dupa care, in
acelasi rind, va urma denumirea si tabelul propriu-zis. Tabelele vor fi separate de textul curent
printr-un spatiu. Toate liniile ce formeaza coroiajul tabelului vor avea aceeasi grosime (1 points). In
tabela textuald cifrele se vor scrie cu fontul 10 points, normal. Daca textul va contine un singur
tabel, acesta nu se va numerota.

llustratiile (figurile, schemele, diagramele, fotografiile etc.) se vor prezinta in alb-negru,
inserate in textul de baza sau pe foi aparte. Toate figurile se vor numerota cu cifre arabe (in ordinea
aparitiei lor in lucrare), dupa care se va da legenda lor. Toate semnele sau marcarile ilustrate se vor
defini in legenda. In cazul marimilor fizice, se vor indica unititile de masura. Daca lucrarea va
contine o singura figurd, ea nu se va numerota. Figurile vor fi separate de textul curent printr-un
spatiu. Fotografiile introduse in text se vor scana cu o rezolutie de minim 300 dpi (preferabil 600
dpi) si se vor prelucra pentru un contrast bun.

Nu se admite lipirea fotografiilor sau desenelor pe foi separate. Adnotarile de pe figuri se
vor face in cifre sau litere cu indltimea caracterelor echivalenta fontului 10 points. Legenda se va
culege cu 10 points.

Formule matematice. Toate formulele matematice se vor scrie, IN MOD OBLIGATORIU,
cu editorul de ecuatii din procesorul de texte Microsoft Word for Windows'95/, 97/, 98/, 2000,
(Version 6.0/,Version 7.0, 2000) italice, centrat, prin culegerea fiecareia din rind nou. Exigentele
corespunzatoare vor urma imediat dupd formuld si se vor introduce prin ,,unde”, respectindu-se
ordinea semnelor din ecuatie sau relatie. Daca textul va contine mai multe ecuatii sau relatii, acestea
se vor numerota cu cifre arabe la sfirtitul rindului, in partea dreapta a coloanei. Dupa descifrarea
simbolului-litera, se va pune virgula, apoi se va indica unitatea de masura.

Unitatile de masura ale marimilor fizice se vor prezenta in sistemul international de unitati
(Sh).

Bibliografia Termenul ,,Bibliografie” va fi separat de textul curent prin spatiu. In text,
referintele se vor insera prin cifre incadrate intre crosete, de exemplu: [2],[5-7], si se vor prezenta la
sfirsitul articolului intr-o lista aparte, in ordinea aparitiei lor in text. Referintele bibliografice se vor
da in limba originalului. Nu se vor accepta referinte la surse nepublicate.

I11. Observatii finale

Informatia despre autori si rezumatele in alte limbi decit originalul se vor plasa dupa
bibliografie. Continutul rezumatului expus in trei limbi va fi identic.

Materialul cules se va prezenta pe dischetd, precum si intr-un exemplar printat (cu contrastul
bun) semnat de toti autorii (dupa bibliografie).

Pentru relatii suplimentare se va indica adresa, numarul de telefon si E-mailul unuia dintre
autori.

Articolele care nu vor corespunde cerintelor expuse, normelor limbii si stilului vor fi respinse.

Materialele prezentate la redactie nu se vor restitui autorului.
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REQUIREMENTS FOR PRESENTING SCIENTIFIC PAPERS FOR THE JOURNAL
»PHYSICS AND ENGINEERING: PROCESSES, MODELS, EXPERIMENTS”
I. The Journal Scope
The submitted materials should reflect recent achievements of Balti Sate University
departments and research laboratories and of educational and research institutions from the
Republic of Moldova and abroad.
The journal publishes scientific articles related to the following research areas:
- radio wave propagation in various media;
- development of numerically- analogical electronic devices;
- development of lasers and their application in material processing technologies;
- the study of external factor influence on the physical properties of the substance;
- classical and non-conventional technologies of material processing.

I1. Requirements for Article Submission
2.1. General arrangements
Papers that have been published in other editions are not accepted. Articles should be
accompanied by an extract from the minutes of the Chair/Laboratory/Scientific Seminar sitting
where the papers had been discussed and recommended for publication. The submitted papers
should be subject to the review of qualified specialists in the field, appointed by the editorial board.

2.2. Paper format and rules for submission
A person may be the author and / or coauthor of at most two articles. The volume of an article

should not exceed, as a rule, 7 pages.
Each article should include:

» UDC,;

« the title in Romanian / Russian and English;

« information about the author / authors in Romanian / Russian and English;

« the abstract in Romanian / Russian and English;

» the article itself;

« the bibliography.

2.3. Use of electronic support

Materials should be edited in Microsoft Word, Times New Roman font and page size
should be A4 (297X210 mm). Page parameters: 25 - Left, 20 - Top, 20 - Bottom, 15 - Right, 17.5 -
Header, 0 - Footer, 2 columns. Font size Print - 12 points. Paragraphs - 1 cm. Line Spacing within
the same paragraph including the title and information about the author — one interval. Transference
of words from one line to another is accepted. It is desirable that the last page should be complete.

2.4. Structure of the article

UDC should be placed on the left side of the page.

The title should be complete, up to 3 lines, on the full width of the page (12 points, BOLD,
CENTER, ALL CAPS).

The information about the authors should be given in bold in the language of the written
paper in the following sequence: author’s surname and first name (full), affiliation. If the co-authors
are employees at the same institution, its name should be given only once.

The abstract should include a brief description of the subject matter, methods and research
findings and should not exceed 10 lines. Font size - 10 points. The word "Abstract” should not be
typed.

The introduction should reflect the current state of research in the field. If need be, it will
include a brief historical analysis. The introduction should end with an account of the paper aims.

The main text should include an account of the research methodology (experimental or
theoretical), subject of research, equipment, measurement and observation methods, the precision
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and errors of the experiment methodology. It should include the results and their analysis. It is not
allowed to repeat data in tables, drawings and texts.

The conclusion should briefly expound on the essence of conducted research highlighting
the importance and degree of the novelty of results.

The title of each paragraph should be in bold. A space should be left between chapter titles
and the text.

One line space is left before the text of each two index sub-chapter title. Paragraphs should
be marked by the introduction of a "<Tab>". Bold type (no underlying) should be used to
emphasize certain concepts.

The tables should be numbered with Arabic numerals on the left (e.g.: "Table 1"); this
should be followed in the same line by the title and the table itself. The tables should be separated
from the current text by one space. All the lines that form the table welding should have the same
thickness (1 point). The font of the figures in the text of the table should be normal, 10 points. If the
text contains a single table, it should not be nhumbered.

The illustrations (figures, charts, diagrams, photos, etc...) should be black and white, inserted
in the main text or on separate sheets. All figures should be numbered with Arabic numerals (in
order of their appearance in the paper) after which they should be explained. All signs and markings
should be defined in the explanatory text. If there are physical dimensions, the measurement units
should be indicated. In case the work contains only one figure it should not be numbered. The
figures should be separated from the current text by a space. The photographs included in the text
should be scanned at a minimum of 300 dpi (preferably 600 dpi) resolution and should be processed
for a good contrast.

It is not allowed to stick photos or drawings on separate sheets. The notes on figures
should be in numbers or letters with similar 10 point font characters. The explanatory text should be
typed with the same character size - 10 points.

Mathematical formulas. It is obligatory to write all mathematical formulas using the equation
editor of Microsoft Word processor for Windows 95/97/98/2000, (Version 6.0 /, Version 7.0, 2000)
in italics, centered, each one should be typed beginning with a new line. The corresponding
requirements should immediately follow the formula beginning with “where” and observing the
order of signs in the equation or relation. If the text contains more equations or relations, they
should be numbered with Arabic numerals at the end of the line on the right side of the column. A
comma should be used after the letter - symbol is deciphered; the measurement unit should be
indicated.

The measurement units of physical dimensions should be presented through the International
System of Units (SI).

The Bibliography. The term " Bibliography " should be separated from the text by space. In
the text, the references should be inserted by numbers enclosed in square brackets, e.g. [2], [5-7],
and should come at the end of the article in a separate list in order of their appearance in the text.
The references should be given in the source language. References to unpublished sources are not
allowed.

I11. Concluding remarks

The information about authors and the abstracts in languages other than the source one
should be placed after the bibliography. The content of the abstract presented in three languages
should be identical.

The typed material should be presented both on a diskette and in a printed copy (with good
contrast) signed by all authors (after the Bibliography).

One of the authors’ address, telephone number and E-mail should be indicated for additional
information.

The articles that do not meet the described requirements, the norms of language and style
will be rejected.

The materials submitted to the editorial board will not be returned to the author.
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