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Abstract: The paper describes the mechanical properties and the corrosion
behaviour of three Al-Si alloys in 0.5 M NaCl solution. The alloys have exhibited
similar values of hardness, but the highest tensile strength and the lowest elongation
have shown the specimens of alloy with 11.38 % of silicon. Higher content of both
copper and magnesium has contributed to better tensile strength and lower elong-
ation of as-cast hypoeutectic alloys. The harmful effects of iron on mechanical pro-
perties of all alloys have been reduced to some extent by nickel and cobalt addition.
The differences in the values of the open circuit potential of the examined alloys
were insignificant. The thickness of the protective oxide layer has increased over
time, and the layer has become very compact. Slight differences in the values of the
corrosion potential of the alloys were determined, whereas the lowest value of the
corrosion current was indicated for the hypereutectic alloy. The presence of inter-
metallic phases in the alloys has shown that the oxide film was not consistent. The
severe pits have not been found at the surface of the corroded samples. Based on
the obtained results, the examined alloys may be used for the manufacturing of the
internal combustion engine parts.
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INTRODUCTION

Aluminium and its alloys have, for an extended period of time, been of signi-
ficant importance for everyday life due to an attractive combination of lightweight,
high strength, and corrosion resistance.' Various registered compositions of alumi-
nium casting alloys, possessing the properties consistent with specified require-
ments, as well as routine casting of aluminium parts are some of the advantages of
designing those alloys, compared to other materials.” Aluminium castings con-
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504 SCEPANOVIC et al.

tinuously substitute the cast iron for engine blocks even for diesel vehicles.” The
engine blocks, cylinder heads, and wheels are produced from hypoeutectic alloys.*
The eutectic AI-Si alloys are used for large and thin-walled castings® while the
hypereutectic Al-Si alloys are effectively applied for manufacturing of liner-less
engine blocks, cylinder liners, cylinder heads, pistons and pumps.™® The distri-
bution of silicon particles in a-Al grains has a significant impact on the mechanical
properties of Al-Si alloys.” Therefore, the control of the silicon phase structure
influences the commercial application of these castings.® The nucleation and solid-
ification cooling rate control the size of the primary silicon phase in hypereutectic
Al-Si alloys, while the modification governs the size and morphology of eutectic
silicon in hypoeutectic and eutectic Al-Si alloys.” The modification is based on the
addition of a small amount of sodium, strontium, calcium, and antimony to hypo-
eutectic or eutectic Al-Si alloy.*'’ The usual nucleation of silicon platelets is
inhibited by chemical modifiers and eutectic aluminium grains initially formed,
among which silicon is forced to grow,’ acquiring a finer lamellar or fibrous
eutectic morphology.”"

The mechanical properties of aged Al-Si alloys are strongly affected by the
addition of magnesium.'> Copper is added for the strengthening effects in Al-Si
alloys as well as the improvement of castability and machinability.” The addition of
nickel could improve their strength and hardness at elevated temperatures.'® On the
other hand, the mechanical properties of Al-Si base alloys could be enhanced by
refining the liquid materials.'*"> The reinforcement of the microstructure of hypo-
eutectic alloys by increasing the concentration of silicon, manganese, and copper in
Al-Si-Mg—(Cu) alloys could improve the durability of the automotive engine
parts.'® In order to improve the fluidity and castability of alloys intended for pro-
duction of pistons and cylinder heads, beryllium is added in an amount of 0.01 to
0.05 %." It was found that intermetallic compounds based on iron, which is a
common impurity in those alloys, may reduce their mechanical properties,'” but the
most harmful effect is exhibited by the needle-shaped -AlsFeSi.'> The sharp edges
of needles or platelets of S-AlsFeSi phase cause the high level of stress concen-
tration and hence initiate the crack propagation.'®'® In order to promote the form-
ation of a-Al;sFe;Si, and prevent the appearance of f-AlsFeSi in the microstructure
of Al-Si alloys, they are alloyed with cobalt, molybdenum, chrome, nickel, and
beryllium."’

The microstructure of Al-Si alloys defines not only mechanical properties but
also corrosion resistance, to a great extent.”’ Therefore, the continuous examination
of the dependence of corrosion behaviour on the microstructure of Al-Si base
alloys is not surprising.”>*® Despite the significant volume fraction of silicon in
most of the Al-Si alloys, its influence of these alloys on the corrosion properties is
minimal, because of the low corrosion current density that resulted from the high
polarisation of silicon particles.”” The local cells produced by iron and silicon pro-
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Al-Si ALLOYS FOR IC ENGINE PARTS 505

mote the pitting attack on the surface of aluminium alloys in a conductive solu-
tion."? Although the mechanical properties of Al-Si-Mg casting alloys can be imp-
roved by precipitation of Mg,Si phase, it is necessary to keep in mind that it will be
accompanied by a decrease in their corrosion resistance.”® The addition of copper
to Al-Si alloys may change the corrosion resistance.”” On the other hand, when
combining the addition of magnesium and copper to achieve the appropriate pro-
perties of Al-Si casting alloys, the concentration of copper has to be between 1 and
3 %." It was found that the susceptibility to intergranular corrosion of Al-Si-
—Mg(Cu) alloys is the result of micro galvanic coupling between CuSi and
AIMgSiCu grain boundary precipitates in the adjacent depleted zones.® The
addition of cobalt up to 0.5 % to Al-Si—Fe alloys could improve the corrosion
resistance of as-cast and aged-hardened specimens.”’ The modification of Al-Si
alloys with strontium results in a reduction of eutectic silicon particles and an
increase in their density is accompanied by the provision of additional boundaries
between a-Al and eutectic silicon phase.* Since those boundaries are susceptible to
galvanic corrosion, the damaging effect of strontium on the corrosion resistance
was found for the A356 alloy.”” The corrosion behaviour of aluminium alloys
depends on the localized aggressive environment containing halide anions which
may cause breaking of the passivated surface of metal leading to the pitting.”
Although different halide ions (CI, Br and I") significantly accelerate stress-
-corrosion cracking, since chloride is present as both a natural constituent of
marine environments and the contaminant of the environment, it is recognized as
the most critical halide ion.”’

This paper is concerned with the properties of as-cast Al-Si alloys aimed for
the production of internal combustion engine parts. The alloys are designed with
various amounts of silicon, magnesium, and copper as main alloying elements.
Besides, the different content of iron, cobalt and nickel are defined in the examined
alloys. The purpose of the study is to gain the insight into the influence of chemical
composition on mechanical properties as well as the corrosion behaviour of the as-
cast specimens in 0.5 M NaCl solution.

EXPERIMENTAL

Three alloys were prepared by melting several raw materials such as the AlSilOMg
master alloy, Al-base pre-alloys (Al, 33 % Cu, Al, 60 % Mn and Al, 75 % Fe) as well as the
technically pure silicon, nickel and molybdenum. Beryllium was added within pre-alloy Al-5 %
Be in the melts to improve fluidity and castability. The melting was carried out in a 20-kW
electric resistance furnace using a graphite crucible, and the melting temperature was kept at
78045 °C. For the fluxing of the melts, a TAL — 2 as a mixture of potassium chloride and
sodium chloride with a small addition of cryolite was used. It was added in the amount of
about 2 % of the melt quantity and reacted at a temperature of 690 °C. The melts were
degassed with hexachloroethane tablets in the amount approximately equal to 0.25 % of each
melt quantity. The Al-10 % Sr master alloy was added to the melts to modify the Al-Si
eutectic. The melts were poured at 74045 °C into the permanent grey cast iron moulds with a
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thermal conductivity from 47 to 80 W/(m” K). The moulds were not preheated. After solid-
ification, the castings were removed from the moulds and further cooled down to the room
temperature. The chemical composition of the produced alloys is listed in Table I.

TABLE I. Chemical composition of examined alloys

Content of the element, %

Alloy Si Mg Cu Fe Co Ni Be Mo  Mn Sr Al

A 10.820 1.360 1.130 0.590 0.350 0.310 0.250 0.200 0.120 0.042 84.828
B 11.380 1.430 1.220 0.650 0.450 0.430 0.250 0.300 0.170 0.040 83.680
C 14310 1.330 1.360 0.770 1.250 1.100 0.250 0.200 0.190 0.040 79.200

Tensile test specimens (4.0 mm gauge diameter and 45.0 mm gauge length) were
machined from the as-cast alloys. The tensile strength and relative elongation of as-cast speci-
mens were determined at room temperature using the machine 1195 Instron, whereas the hard-
ness was determined as Brinell hardness HB 5/250/30 by means of a testing machine pro-
duced by Karl Frank Gmbh, type 38532. All data on tensile strength, hardness and elongation
were determined as an average value of the three measurements at room temperature. The
samples for microstructural examination cut from the cast bars were ground through the suc-
cessive grades of silicon carbide abrasive papers followed by the water-based diamond and
colloidal silica suspensions polishing. The etchant of 0.5 % HF was used for revealing the
microstructure. As-cast microstructures were examined under an optical microscope and a
scanning electron microscope —a JEOL JSM-6460 LV equipped with energy dispersive X-ray
spectroscopy.

The as-cast specimens of the alloys have been cut into samples which have been ground
with silicon carbide abrasive papers. The samples have been polished and cleaned in acetone.
The electrochemical examinations were performed in a cell, containing a saturated calomel
reference electrode (SCE), the platinum electrode as the counter electrode and Al-Si alloys as
the working electrode, using the potentiostat/galvanostat 273 A and 5210 lock-in amplifier
(Princeton Applied Research) supplied with SOFTCORR 352 II software. All potentials are
referred to SCE. The corrosion behaviour of Al-Si alloys was examined at room temperature
in 0.5 M NaCl solution by performing the open circuit potential measurements, the linear
polarisation method, the potentiodynamic polarisation test, and cyclic voltammetry. The open
circuit potential (OCP) of the alloy had been recorded for 60 min at ambient temperature. The
Tafel extrapolation method was used for obtaining the potentiodynamic polarisation curves of
the examined alloys over the range from —250 to 250 mV related to open circuit potential
(OCP) at a scan rate ImV s”'. The corrosion kinetic parameters such as corrosion potential
(E.orn), corrosion current density (j..r), anodic Tafel slopes (f,) as well as the cathodic Tafel
slopes (f.) are determined using the software installed in the instrument. The cyclic
voltammetry was used to examine the diffusion processes between the electrolyte and the
layer on the surface of the electrode. All cyclic voltammetry tests were performed in 0.5 M
NaCl over the potential range from —0.1 to —0.7 V at a scan rate of 50 mV s

RESULTS AND DISCUSSION

The microstructure of as-cast specimens of the two hypoeutectic alloys A and
B, as well as of the hypereutectic alloy C, are shown in Fig. 1. The dendrites of
a-Al phase and modified eutectics were revealed in the alloys A and B (Fig. la and
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b). The fine mixture of modified eutectic silicon and AlsCu,MggSis phase was also
observed. In the alloy C, the polyhedral or blocky primary silicon is distributed in a
matrix containing dendrites of a-Al phase and eutectic silicon (Fig. 1c). Different
intermetallic phases are revealed in all alloys. Intermetallic iron containing phase
o-Al;s(Fe,Mn);Si, was observed with a polygonal morphology (Fig. 2). Besides,
AlFeMoSi phase was discovered (Fig. 3) while AI;Ni was occasionally observed in
all alloys. Star-like crystals or regular polygonal crystals of (Fe, Mn, Cu, Mo, Co,
Ni)Al; phase were discovered in all specimens (Fig. 1).

5L
3 ::’l&-

i

T,

Fig. 1. Microstructure of as-cast specimens of alloys A (a), B (b) and alloy C (¢ and d).

The appearance of the mentioned phase despite the low iron content indicated
the influence of copper amount on the microstructure as well as the alloy com-
position nonuniformity. The fine needles of S-AlsFeSi(Mn) phase confirmed the
effect of crystallisation velocity. The microstructural examinations have shown the
porosity (Fig. 1) which could be caused by air and gasses entrainment during the
filling phase. However, Campbell and Tiriakioglu argued that besides the refine-
ment of the eutectic silicon phase, the addition of strontium in Al-Si alloys could
increase the tendency of the creation of casting porosity.” It is necessary to point
out that the nature of the strontium action will depend on the preparation of melt
and its quality before pouring, as well as the turbulence during the filling of the
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mould.”® Regarding our specimens, since the increase in the number and size of
pores was not observed, it could be concluded that strontium had no harmful effect.

b

Spectrum 4

F0am Electron Image |

Fig. 2. a) Microstructure of as-cast specimen of alloy B and b) EDS analysis of the particles.
a b

Spectrum 1

T Elecyon Imaga 1

Fig. 3. a) Microstructure of as-cast specimen of alloy C and b) EDS analysis of the particles.

The mechanical properties of as-cast specimens shown in Table II are the
result of the microstructural morphology as well as central porosity.

TABLE II. Mechanical properties of as-cast specimens

Allo Mechanical property
y R,/ MPa Hardness, HB Al %
A 172.1 121.0 1.6
B 223.7 121.0 1.0
C 185.4 124.0 1.2

While similar values of hardness were identified for all alloys, the highest
tensile strength and the lowest elongation were exhibited by as-cast specimens of
alloy B containing 11.38 % of silicon. Although the low elongation in the range
from 1.0 to 1.6 % was found for our alloys, it could be seen that such elongation is
higher, when compared to the values recorded for Al-Si alloys (0.6 %) which are
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not treated with strontium as explored by Farahany et al.'> When comparing the
hypoeutectic alloys A and B, it could be concluded that higher content of both
copper and magnesium has contributed to better tensile strength and lower elong-
ation. Although iron has formed intermetallic phases which have had damaging
effects on the mechanical properties of all alloys, it is evident that nickel and cobalt
mitigate that influence to some extent. The hypereutectic alloy C, containing the
highest level of both nickel and cobalt, exhibited the tensile strength lower than
hypoeutectic alloy B, due to the presence of the polyhedral or blocky primary
silicon. Sui ef al. have reported that the tensile strength of AI-Si—Cu-Ni-Mg alloys
containing between 10.98 and 11.33 % of silicon was raised from 196 to 249 MPa,
with the increase in the strontium amount from 0 to 0.02 %, whereas a decrease
from 249 to 226 MPa was discovered with the further increase of the strontium
content to 0.04 %.>* Compared to mentioned alloys, it could be seen that our hypo-
eutectic alloy A has a lower tensile strength (172.1 MPa). The values of the tensile
strength of the hypoeutectic alloy B (223.7 MPa) and Al-Si—Cu—Ni—-Mg alloys
containing 0.04 % of strontium are similar (226.02 MPa).** The low elongation
determined for our alloys from 1.0 to 1.6 % is higher compared to the values rec-
orded for Al-Si-Cu-Ni-Mg alloys regardless of the strontium content.**

The hypereutectic Al-18Si alloy in as-cast condition has shown a higher
value of the tensile strength (205.7 MPa) compared to our alloy C (185 MPa),
while exhibiting a lower elongation of 0.78 %.>> On the other hand, regarding the
hypereutectic Al-17.5 Si alloys with different content of iron and manganese
studied by Bidmeshki et al.,*® our alloy C, containing 14.31 % of silicon, has a
higher value of hardness (124 HB) than the Al-17.5 Si alloy with 0.42 % of iron
(about 116 HB). However, a further increase in the iron content has raised the
hardness of Al-17.5 Si alloys.*® Therefore, the alloys designated as 1.2FeMn
(1.22 % of iron and 0.63 % of manganese) and 1.2FeMn (1.15 % of iron)
exhibited a hardness similar to our alloy C(124 HB), but 1.8FeMn alloy (1.81 %
of iron and 0.79 % of manganese) had a hardness of about 130 HB.**Al-Helal et
al. reported that the tensile strength of Al-18Si alloy had increased by 14 % from
153.5 MPa for the conventionally cast, untreated samples to 175.1 MPa, for the
castings which were treated with both phosphorus and strontium, but produced
by a solid—liquid duplex casting process.” It can be seen that our hypereutectic
alloy C containing 14.31 % of silicon, treated with strontium has exhibited a
better tensile strength. The values of mechanical properties determined for the
three Al-Si alloys are comparable with the level of guaranteed mechanical
properties of standard Russian aluminium alloys.'* Besides, a good agreement of
those values with the mechanical properties determined for other Al-Si alloys
suggests that our Al-Si alloys can find application as materials for the production
of internal combustion engine parts.
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The thermodynamical tendency of a material to the electrochemical oxid-
ation in a corrosive medium could be evaluated on the basis of the open circuit
potential.>” The occurrence of oxidation, the formation of the passive layer or
immunity may be accompanied by a variation of the open circuit potential which
is stabilised around a stationary value after a period of immersion.’” The open
circuit potential changes of as-cast Al-Si alloys in a 0.5 M NaCl solution as a
function of immersion time are shown in Fig. 4.
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Fig. 4. Open circuit potential changes for the examined Al-Si alloys in 0.5 M NaCl solution.

The steady-state corrosion was established at the surface of the samples im-
mersed in the electrolyte, and the current of anodic dissolution of metal and the
cathodic reduction current were of the same value, but of the opposite direction.
The differences in the values of open circuit potential of all alloys were not signi-
ficant. Initially, the potential of the examined alloys was in the range from —939 to
—959 mV, but the final values were similar (Table III). The steady-state value of
open circuit potential was reached after 80 s for alloy A, while 140 and 280 s were
necessary for alloy B and C, respectively. The shift of the potential of the alloys to
a more positive values area indicates the occurrence of the passivation and the
formation of an oxide layer at the surface of the alloy decreasing the corrosion rate.

TABLE III. Open circuit potential values of cast Al-Si alloys: initially and after 60 minutes of
immersion in 0.5 M NaCl solution

Alloy E/mV vs. SCE

Initial Final
A -939 -706
B -959 -709
C -956 -704
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The thickness of the protective oxide layer had increased over time, and the layer
became very compact. The barrier oxide film which is formed on the metal surface
represents a product of the interaction of the metal and the oxidising agent. Fol-
lowing the theory of passive coating, the rate of chemical dissolution of the passive
layer determines the corrosion rate of metal in a passive state.*®

The linear polarisation method was applied to study the corrosion rate data.
The potential () vs. current density (jeorr) Was measured around + 20 mV relative
to the open circuit potential of the alloys. The obtained results (Fig. 5 and Table
IV) show that the examined alloys are corrosive stable in 0.5 M NaCl solution.
The corrosive rate of all alloys was slow.
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Fig. 5. Linear polarisation of cast Al-Si alloys.

TABLE IV. The results of linear polarisation method

Alloy E(/ mV Ry /kQ Jeor/ A cm”
A ~712.5 6.093 3.564
B ~727.6 7.812 2.780
C -718.2 9.516 2.282

The potentiodynamic polarisation curves of cast Al-Si alloys are shown in
Fig. 6. The corrosion current density was recorded over the cathodic and anodic
potential regions at a scan rate of 1 mV s'. The small change in the current den-
sity is observed within the cathodic and the anodic branches indicating the low
corrosion rate of the cast Al-Si alloys in 0.5 M NaCl. The Tafel extrapolations of
the corrosion current density (j.orr), the corrosion potential (E.,,) and the corros-
ion rate, as well as the values of anodic Tafel slopes (f,) and cathodic Tafel
slopes (f.) are shown in Table V. The passive layer on the surface of the cast Al-
—Si alloys appeared at the corrosion potential which compared to —750 mV and
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moved towards a more positive value. The anodic current slowly increased until
the breakdown potential of about —675 mV was reached, but above it, the density
of the current was rising rapidly, suggesting the breakdown of the passive layer
due to the pitting corrosion.*® The significant differences in the values of corros-
ion potential of the examined alloys were not observed, whereas the lowest value
of corrosion current was determined for alloy C.

—=— Alloy A
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—— Alloy C
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Fig. 6. Potentiodynamic polarisation curves of cast Al-Si alloys.

TABLE V. Electrochemical parameters calculated for cast Al-Si alloys in 0.5 M NaCl solution

Alloy E / mV OCP, mV f./ mV dec’ S/ mV dec”’ Jeorr | LA cm”
A -743.0 -721.0 1159 119.7 2.655
B -744.0 -719.0 146.4 186.5 3.374
C —735.9 —723.0 100.7 94.1 1.948

Kaiser et al. studied the corrosion behaviour of the commercially available
aluminium alloys for the manufacturing of an engine block and piston in 0.1 M
NaCl solution.*® The potentiodynamic polarisation study has shown the corrosion
potential (E..;) as =764 mV for the engine block alloy and —622 mV for the
piston alloy.” The values of the corrosion potential obtained for our alloys were
from —735.9 to —744.0 mV, which indicated a shift to more positive values, com-
pared to an engine block alloy, but more negative values concerning the piston
alloy. Higher content of nickel (from 0.31 to 1.1 %) and lower concentration of
iron (from 0.59 to 0.77 %) in our alloys could explain the observed difference in
E.orr compared to the engine block alloy containing 0.083 % of nickel and 0.795
% of iron.* However, higher content of magnesium in our alloys (from 1.3 to
1.43 %) with regard to commercially available piston alloy containing 0.492 %,*’
could be the reason for the shift in the corrosion potential of about 114 or 122
mV to more negative values.
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Cyclic voltammetry was used to study the influence of chlorides on the oxid-
ation and reduction processes at the surface of cast Al-Si alloys. Fig. 7 shows the
cyclic polarisation curves for the examined alloys in 0.5 M NaCl solution carried
out in the range of potential between —1.0 and —0.4 V vs. SCE and the scan rate of
50 mV s . The current density increase was associated with the formation of the
oxide layer. After completely covering the surface with the oxide layer, the current
density decreased indicating the onset of passivation. The values of the pitting pot-
ential (Eyiy) and repassivation potential (Erepass) Obtained by cyclic voltammetry for
the examined Al-Si alloys are similar, as shown in Table VI.

016 —Alloy A
——Alloy B
014 - Alloy C
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0,08 4
<<
=
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0,004 "‘""/
1 N I = 1 ' ] = 1 ' T : 1
1,0 09 08 07 06 05 04
EIV

Fig. 7. Cyclic voltammograms for cast Al-Si alloys.

TABLE VI. The results of cyclic voltammetry

Alloy Eyw/V J—aY
A -0.60 -0.70
B -0.61 -0.72
C —0.63 -0.71

The applied methods have shown the similar corrosion behaviour of the
three as-cast Al-Si alloys. The presence of intermetallic phases in the examined
alloys has shown that the oxide film was not consistent. It is known that the
difference in the corrosion potential among a-Al matrix and intermetallic phases
can cause the formation of micro-galvanic cells.* Consequently, the alloying ele-
ments determine the overall corrosion behaviour of as-cast specimens. It is imp-
ortant to note that severe pits have not been found at the surface of the corroded
samples. Therefore, in addition to the determined mechanical properties, the cor-
rosion behaviour of the examined alloys in 0.5 M NaCl recommends those mat-
erials for manufacturing the internal combustion engine parts.
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CONCLUSIONS

The three as-cast Al-Si alloys designed with various amounts of silicon,
magnesium and copper as main alloying elements have exhibited similar values
of hardness. However, the highest tensile strength and the lowest elongation have
shown specimens of alloy hypoeutectic B containing 11.38 % of silicon. The
hypereutectic alloy C containing the highest level of both nickel and cobalt exhi-
bited tensile strength lower than alloy B due to the presence of the polyhedral or
blocky primary silicon. The higher content of both copper and magnesium has
contributed to better tensile strength and lower elongation of hypoeutectic alloys
A and B. Nickel and cobalt have reduced the harmful effects of iron on the mech-
anical properties of all alloys to some extent. Beside the microstructural morpho-
logy, the central porosity had an impact on the mechanical properties of the
examined alloys.

The applied methods discovered similar corrosion behaviour of the three
as-cast Al-Si alloys. The steady-state value of the open circuit potential was
reached after 80 s for alloy A (10.82 % Si), while 140 and 280 s were needed for
alloy B (11.38 % Si) and alloy C (14.31 % Si), respectively. The corrosive rate of
all alloys was slow. The occurrence of passivation and formation of the protect-
ive oxide layer at the surface was indicated by the shift in the potential of the
alloys to a more positive value. The thickness of the protective oxide layer has
increased over time, and the layer has become very compact. Slight differences in
the values of the corrosion potential were determined for the examined alloys,
whereas the lowest value of the corrosion current was indicated for the hyper-
eutectic alloy C.

The presence of the intermetallic phases in the examined alloys has shown that
the oxide film was not consistent. However, severe pits have not been found at the
surface of the corroded samples. Therefore, in addition to the mechanical pro-
perties which are in reasonable accordance with the results obtained by various
researchers for similar materials, the corrosion behaviour suggests that our Al-Si
alloys can find application in the production of the internal combustion engine parts.

H3BOI

MEXAHHYKA CBOJCTBA U KOPO3HUOHO ITOHAIIIAE Al-Si JIETYPA 3A MOTOPE CA
YHYTPAIIHUM CATOPEBABEM

JEJIEHA IIRETTAHOBUR', BAFA ACAHOBUR', [IPATAH PAIIOKUR', IAPKO BYKCAHOBUR', CAGUJA XEPEHIA?,
GEXUM KOPAR’ u ®A3PET BUKUE’
1YHueep3umem Lpue Fo;)e, Metuanypuxo—iiexnonowxu paxyniieid, [lopya Bawuniwona 66, 81000
ITogiopuya, Lipua I'opa, “Ynugepsuitein y Capajesy, ITIpupogno-matiemaiiuuxy paxyniieii, Ogcjex 3a
xemujy, 3maja og bocne 33—35, 71000 Capajeso, bocha u Xepueiosuna u 3YHusep3uu76m y 3eHuyu,
Meimanypuxo—itexnonowxu paxynivein, Tpasnuuka yecima 1, 72000 3enuya, Bocha u Xepyeiosuna

Y oBOM papmy cy mpoy4yaBaHe MeXaHMYKe OCODHMHE W KOPO3WOHO MOoHamame Tpu Al-Si
nerype y 0.5 M NaCl pactBopy. CiuuHe BpeZHOCTH TBpAohe UCIOJbUIIE CY CBE JIerype, ajau Cy
Hajsehy 3aresHy uBpcTOhy M HajMame H3AYXKEHE Mokasald y3opuu of yerype ca 11,38 %
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cunuudjyma. Behu cappxaj dakpa v mMarHesdjyma HompuHeo je 50sb0j 3aTe3HQj UBpCTOhU U
MambeM U3Ly)KeHY JIMBEHHUX NofleyTeKTUUKUX jerypa. llITeTHu edexTy reoxia Ha MexaHUUKe
0CODMHE CBHX JIETypa y W3BECHOj MEpPH Cy yOlakeHH [OJaBalkeM HHUKIAa M Kkodanra. 3a
UCIIUTHBAHE JIeType HHUCY yTBpheHe 3HauajHe pasiyke BPENHOCTH NOTEHLHjaja OTBOPEHOT
Koma. Jleb/bMHA 3aMITUTHOT OKCHOHOT Cjioja ce moBehaBasma ca BpeMeHOM, M CJI0j je mocTao
BEOMa KOMIIAKTaH. YTBpheHe cy Mase pasnuke y BPeJHOCTHMAa KOPO3HOHOI IMOTeHIHjaia
Jerypa, IOK je HajHWka BPEOHOCT CTpyje KOpo3Hje HasHayeHa 33 HaJeyTEKTHUUKY JIETYpy.
ITpucycTBO HHTEpMETATHUX (ha3a y Jjerypama IMoKa3ajio je Oa OKCHAHU (GuiM Huje duo
KOH3HCTeHTaH. Jlyboke jamuiie HUCY ITpoHaleHe Ha MOBPLIMHM y30paka HakoH Koposwje. Ha
OCHOBY [0DHjeHHX pe3yJTaTa, UCIIHUTHBAHE JIerype ce MOTY KODUCTUTH 3a H3pany IenoBa
MOTOpa Ca YHyTPaLIHUM CaropeBambeM.

(ITpumbeHo 6. MapTa, peBuupaHo 29. MapTa, npuxsaheHo 11. anpuna 2019)
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