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In this work the structure and corrosion behavior of quasicrystalline cast AleoCo21Niio and Al72Fe15Nii3 alloys in 5-% sodium chloride
solution (pH 6.9-7.1) were investigated. The alloys were cooled at 5 K/s. The structure of the samples was studied by methods of
quantitative metallography, X-ray analysis, and scanning electron microscopy. Corrosion properties were determined by
potentiodynamic method. Stationary potential values were measured by means of long-term registration of (E,t)—curves using ITI-50-1
potentiostat and I[TP—8 programmer with three-electrode electrolytic cell. A platinum electrode served as counter electrode and silver
chloride — as reference electrode. The made investigations confirm the formation of stable quasicrystalline decagonal D-phase in the
structure of AlewCo21Nio and AlnFeisNiis3 alloys. In AleCo21Niio alloy, at room temperature D-phase coexists with crystalline
Aly(Co,Ni)2 phase, and in Alz;2FeisNii3 alloy — with AlsFeNi phase. Comparison of Vickers hardness of these phases exhibits the
following sequence: H(D-AICoNi)>H(D-AlFeNi)>H(AlsFeNi)>H(Aly(Co,Ni)2). In 5 % sodium chloride solution, the investigated
alloys corrode under electrochemical mechanisms with oxygen depolarization. Compared with Al72FeisNii3 alloy, AlesCo21Niio alloy
has less negative value of stationary potential (—0,48 V and —0,40 V, respectively), and its electrochemical passivity region extends due
to the inhibition of anodic processes. For both alloys, transition to passive state in the saline solution is observed. A corrosion current
density, calculated from (E,lgi)-curve, for AlgoCo2iNiio alloy amounts to 0.12 mA/cm? and for Alz2FeisNiis alloy — to 0.14 mA/cm?,
After immersion in the saline solution for 8 days, pits are revealed on the surface of the alloys in areas, mainly where the phase
boundaries and flaws are located. The number and size of pits are smaller on the surface of AleoCo21Niio alloy as compared with those
on the surface of Al2FeisNii3 alloy. The lower corrosion resistance of Alz2FeisNii3 alloy may be explained by the presence of iron-
containing phases in its structure. Based on obtained results, the AlesCo21Niio alloy has been recommended as coating material for
rocket-and-space equipment working in marine climate.
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The ternary Al-Co—Ni and Al-Fe-Ni alloys are the most interesting stable quasicrystalline materials having
decagonal rotation symmetry [1-8]. Decagonal quasicrystals combine two different types of order, periodicity along the
rotational axis and non-periodic order perpendicular to it. This property sets decagonal phases apart from periodic crystals,
as well as from icosahedral quasicrystals. The interest also is prompted due to the finding of quasicrystalline phases of
the above alloys when they are cast under conventional solidification techniques. Quasicrystals have many attractive
properties, such as high hardness, low electrical and thermal conductivities, low surface energy, accompanied by a low
coefficient of friction, reasonable oxidation and strong corrosion resistance, and unusual optical properties which have
not been observed for crystalline alloys [9-13]. These properties can only be used for technological applications in the
form of thin film coatings [14-18] or reinforcement particles in metal matrix composites [19-23] in order to circumvent
their intrinsic brittleness. In the course of their operation, Al-Co—Ni and Al-Fe—Ni alloys are often subjected to the action
of corrosive media, but very little information is available on how such alloys behave in corrosion media.

For many applications of quasicrystalline coatings, e.g. for equipment of mobile platforms for equatorial launches
of loads on specialized Zenit-3SL rockets, corrosion resistance under conditions of marine climate is of utmost
importance. Therefore, aim of this paper is to investigate structure of quasicrystalline and crystalline phases observed in
the cast AI-Co—Ni and Al-Fe—Ni alloys and compare their corrosion characteristics in aqueous sodium chloride solution.

MATERIALS AND METHODS

The quasicrystalline AlggCo021Nijo and Aly,FeisNi;s alloys were prepared by melting of chemically pure components
(<99.99 wt. pct.) in a graphite crucible in a Tamman furnace. The samples were cooled at a rate of 5 K/s. The compositions
of the alloys were set close to the compositional range where the decagonal phase had been firstly obtained [2,7]. The
average chemical composition of the alloys was studied by atomic absorption spectroscopy method. The relative precision
of the measurements was better than £ 1 at. pct. The alloys were examined by Neophot light-optical microscope (OM).
Quantitative metallography was carried out with structural analyzer Epiquant. X-ray diffraction analysis (XRD) was done
to identify the existing phases in produced samples on an X-ray diffractometer /POH-YM with CuK. source. The local
phase compositions were determined in a scanning electron microscope POMMA 102-02 by energy-dispersive
spectroscopy (EDS) on polished unetched cross-sections.

Corrosion behavior was investigated in 5-% NaCl aqueous solution (pH 6.9-7.1) at the temperature of 29342 K.
Electrochemical measurements were performed using a computer-controlled system including 77/-50-1 potentiostat and
I1P-8 programmer using three-electrode electrolytic cell. The investigated sample was used as working electrode, a
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platinum plate — as counter electrode, and silver chloride electrode — as reference electrode. A surface of 1 cm? was
exposed to the solution for all electrochemical experiments. To avoid contamination of the solution by chloride ions, the
reference electrode was in contact with the working electrode through an electrolyte bridge. The Luggin capillary filled
with the test solution had a porous ceramic membrane at the end to further delay diffusion of species in the solution. The
Luggin capillary tip was placed very close to the electrode surface to minimize the ohmic drop of the solution. Saline
solution was freshly prepared from distilled water and pure grade chemicals. The electrolyte was exchanged after each
measurement in order to avoid contamination of soluble species. Potentiodynamic measurements were carried out by
sweeping the potential in the positive or negative direction with a sweep rate of 1 mV/s until a current limit in the mA
range is reached.

Model corrosion tests for 1, 2, 3, 4, 8 days in a 5-% NaCl solution at 293+£2 K were carried out with specimens
3.0x0.5 cm in size. The specimens were fully immersed in the saline solution. Testing under these conditions was assumed
to be equivalent to a 5-years application in marine atmosphere. The surface morphology was examined using a scanning
electron microscope (SEM).

RESULTS AND DISCUSSION
The results of metallographic and XRD analyses of the AlgCo021Nijo alloy are summarized in Fig. 1. Two ternary
compounds are found in the structure: the crystalline Alo(Co,Ni), phase and decagonal quasicrystalline (D) phase with
the composition Al7,Coo sNiigs, as EDS measurements show. As the D-phase is observed at room temperature the stability
of this phase with respect to decomposition into its neighboring phases is clearly confirmed. The average volume fraction
of D-quasicrystals is about 59 vol.% of the total alloy volume [24]. Their sizes range from 50 to 80 pm.
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Figure 1. The AlsoCo21Niio alloy: a — OM image, where D-phase (1) and Alo(Co,Ni)2 (2); b — XRD pattern

The AlnFesNiis alloy exhibits two-phase structure (Fig. 2a). From the XRD, the cast alloy consists of primary
AlsFeNi crystals separated by secondary quasicrystalline decagonal D-phase (Fig. 2b). The estimation of D-phase
composition by EDS method gives Al sNijzFejos. The volume fraction of D-phase reaches 30 vol. % of a total alloy
volume [25].
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Figure 2. The Aln2FeisNiis alloy: a — OM image, where AlsFeNi (1) and D-phase (2); b — XRD pattern
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Measurements show that the decagonal D-quasicrystals of AlesCo21Nijo and AlnFeisNijs alloys possess a Vickers
hardness of about 8.6-10.1 GPa, which is much higher than that for coexisting crystalline phases. Comparison with the
intermetallic compounds in the investigated alloys exhibits the following sequence: H(D-AlCoNi)>H(D-
AlFeNi)>H(AlsFeNi)>H(Aly(Co,Ni),).

The studied alloys do not noticeably corrode in 5-% aqueous NaCl solution. Their color and mass do not essentially
change. Due to presence of aluminum, both the AlgCo2Nijg and AlnFesNiis alloys exposed to atmosphere after
polishing are spontaneously covered with an oxide film. This thin surface film consists predominately of aluminum oxides
with also a small contribution of iron, cobalt or nickel oxides. As soon as samples are immersed in 5-% NaCl solution of
pH 7.0, the process of the oxide layer stabilization begins. Fig. 3 shows the change of stationary potentials (E) of
AlgsCo21Nij and Al,FeisNii3 alloys during 45 min. The recorded results reveal that the stationary potentials of the alloys
increase very fast towards more positive values during first 300-500 seconds indicating that the major changes in the
passive film occur during this time. Afterwards the potential stabilizes reaching a steady value. The result could be
attributed to the stabilization of passive oxide film. The stationary potentials amount to —0.48 V and —0.40 V for
AlpFesNijs and AlgCo21Nijg alloy, respectively. The AlseCo,1Nijg alloy has a slightly nobler potential which indicates
more passive state of its surface.
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Figure 3. (E,t)-curves recorded in 5-% NaCl solution (pH=7.0) for Al72Fe15sNii3 (1) and AleyCo21Niio (2) alloys

Fig. 4 illustrates the voltammograms recorded for the Als;FesNij3 and AlgCo2iNijg alloys by cyclic
potentiodynamic polarization method with periodic sweeping the potential in the opposite directions. As the potential is
changed from Ey towards more positive values, the anodic current density rises gradually. At potential of ~(—0.3) V, a
sharp increase in anodic current is observed which may relate to active dissolution of alloys components. When direction
of potential sweep is switched back, the null value of current density is reached at potential of (—0.88) V for the
Al FeisNiys alloy (Fig. 4a) and (—0.86) V for the AlggCo21Nij alloy (Fig. 4b). At potentials more negative than (—1.0) V,
a cathodic current density increases which indicates that depolarizer restoration begins. At the next cycle of a potential
sweep, the electrochemical passivity regions may be determined. They have close sizes from —1.0 V to —0.5 V for the
AlpFeisNijs alloy and from —1.0 V to —0.4 V for the AlgCo21Nijo alloy. No active dissolution region is observed, thus
indicating that the surface of the alloys is covered with passive oxide layer. This may be explained by the transition of
the alloys to passive state due to cobalt and/or nickel present in their composition.
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Figure 4. Cyclic voltammogram showing both a positive- and negative-going sweep obtained in 5-% NaCl solution (pH=6.9) for the
alloys: a — AlnFe1sNiiz; b — AleoCo21Nijo.
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For both alloys, corrosion in the neutral sodium chloride solution proceeds with oxygen depolarization which gives
rise to the close values of the passivity region limit in the negative area of potentials. The extension of electrochemical
passivity region towards more positive value of potential for the AlgoCo21Nijo alloy may relate to the inhibition of anodic
processes. Therefore, the Al,xFe;sNi3 alloy has a slightly larger tendency to corrode although the stationary potentials
for the investigated alloys follow a similar trend. The (E,lgi)-curves recorded in 5-% NaCl solution are shown in Fig. 5.
The intersection point of two plot branches corresponds to a logarithm of corrosion current density (icor). The value of
icorr determined for the Al,FeisNiis alloy equals to 0.14 mA/cm? (Fig. 5a), and that for the AlgoCo,1Nij alloy is
0.12 mA/cm? (Fig. 5b).

Analysis of the solution left after electrochemical corrosion of the AlggC021Nijp and Als,Fe sNijs alloys in the saline
media reveals very little Co and/or Ni in solution, implying that the remaining solid surface would be Co- and/or Ni-rich.
Hence, the general trend seems to be that the noblest metals remain at the surface during corrosion, while the other
components, such as Fe and/or Al, dissolve.
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Figure 5. (E,lgi)-curves recorded in 5-% NaCl solution (pH=7.0) for Al72Fe15Nii3 (a) and AleyCo21Ni1o (b) alloys

After the 8-day immersion test in 5-% NaCl solution, small pits are observed on the surface of the Al;,Fe;sNi;s alloy
(Fig. 6). Pits sites, sized from 5 to 20 pm, are non-uniformly distributed on the surface. The crystalline AlsFeNi phase
and boundaries between the D-phase and AlsFeNi phase are preferentially dissolved. On the surface of AlsyCo21Nij alloy,
pits about 10 pm in size located mainly in the vicinity of defects are revealed as well (Fig. 7). In addition to pitting,
preferential dissolution of the interphase boundaries also occurs.

Figure 6. SEM-images of the surface of Al72FeisNii3 alloy after 8-day immersion test in 5-% NaCl solution (pH=7.0).

Thus, from the electrochemical point of view, the AlgoCo21Niio and Al,>FesNij; alloys behave quite similarly in the
aqueous sodium chloride solution, but immersion tests show that on the surface of Al;,FeisNi;; alloy visually more pits
appear. So, a first order assessment would suggest that the Al;,Fe;sNij; alloy has lower resistance to pitting than the
AlgCo,1Nij alloy. The reason is that iron-rich phases and their boundaries in the structure of Al;;Fe;sNi;3 alloy are more
susceptible to attack by saline solution. The pits on the surface of Al;;,Fe sNi; alloy are Ni-rich, apparently forming by
dissolution of Al and Fe, and those on the surface of AlssCo21Nijg alloy are Co- and Ni-rich due to preferential dissolution
of Al. Corrosion is controlled mainly by chemical composition of the investigated alloys rather than the specific atomic
structure of decagonal quasicrystalline D-phase present in their structure.
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Figure 7. SEM-images of the surface of AleeCo21Niio alloy after 8-day immersion test in 5-% NaCl solution (pH=7.0).

CONCLUSIONS

The investigations conducted on conventionally solidified AlssCo,1Nijp and AlnFeisNijs alloys cooled at 5 K/s
confirm that both alloys form stable decagonal quasicrystalline D-phase. In AlssCo2:Nijg alloy, the primarily solidified
phase is D-phase but, in Al;;Fe;sNij; alloy, the AlsFeNi phase. The quasicrystalline D-phase of AlgoCo21Nijo alloy coexists
with peritectic Alg(Co,Ni), phase. The corrosion of the investigated alloys in 5-% NaCl aqueous solution (pH 6.9-7.0)
occurs near the phase boundaries and flawed regions by the electrochemical mechanism. The alloys show an initial stage
of dissolution followed by the formation of corrosion layer that blocks further dissolution in the saline solution. The
stationary potential for AlegC02:Nijo alloy has more negative value as compared with that for Al,xFesNis alloy. The
electrochemical passivity region for AlgCo,1Nijo alloy extends due to the inhibition of anodic processes and, therefore,
this alloy negligibly corrodes in NaCl solution. As a result, on the surface of the alloy, scarcer and smaller pits are
observed. The pits are apparently Ni- or Co-rich, forming by dissolution of Al. The Al;;Fe;sNij; alloy has relatively poor
corrosion resistance due to preferential dissolution of iron-rich phases in its structure. Therefore, the AlsoCo,1Nijo alloy
shows promise as a coating material to protect rocket-and-space equipment working in marine atmosphere.

The work was performed within the framework of research project No. 0118U003304 “Investigation of the processes
of super-rapid quenching from melts and vapor of metal alloys and dielectric compounds* (2018-2020).

ORCID IDs
2 Olena V. Sukhova, https://orcid.org/0000-0001-8002-0906; 2 Volodymyr A. Polonskyy, http://orcid.org/0000-0002-4810-2626

REFERENCES

[1] K. Edagawa, H. Tamaru, S. Yamaguchi, K. Suzuki, and S. Takeuchi, Phys. Rev. B. 50, 12413 (1994),
https://doi.org/10.1103/PhysRevB.50.1213.

[2] A.-P.Tsai, A. Inoue, and T. Masumoto, Mater. Trans. JIM. 30(2), 150-154 (1989), https://doi.org/10.2320/matertrans1989.30.150.

[3] L. Zhang, Y. Du, H. Xu, C. Tang, H. Chen, and W. Zhang, J. Alloys Comp. 454, 129-135 (2008),
https://doi.org/10.1016/j.jallcom.2006.12.042.

[4] U. Lemmerz, B. Grushko, C. Freiburg, and M. Jansen, Phil. Mag. Lett. 69(3), 141-146 (20006),
https://doi.org/10.1080/09500839408241583.

[51 B. Grushko and K. Urban, Phil. Mag. B. 70(5), 1063-1075 (2006), https://doi.org/10.1080/01418639408240273.

[6] B. Grushko and T. Velikanova, Computer Coupling of Phase Diagrams and Thermochemistry. 31, 217-232 (2007),
https://doi.org/10.1016/j.calphad.2006.12.002.

[71 R. Wurschum, T. Troev, and B. Grushko, Phys. Rev. B. 52(9), 6411-6416 (1995), https://doi.org/10.1103/physrevb.52.6411.

[8] Y. Lei, M. Calvo-Dahlborg, J. Dubois, Z. Hei, P. Weisbecker, and C. Dong, J. Non-Cryst. Solids. 330, 39-49 (2003),
https://doi.org/10.1016/jnoncrysol.2003.08.059.

[91 E. Huttunen-Saarivirta, J. Alloys Comp. 363(1-2), 150-174 (2004), https://doi.org/10.1016/S0925-8388(03)00445-6.

[10] O.V. Sukhova, V.A. Polonskyy, and K.V. Ustinova, Metallofiz. Noveishie Technol. 40(11), 1475-1487 (2018),
https://doi.org/10.15407/mfint.40.11.1475. (in Ukrainian)

[11] O.V. Sukhova, V.A. Polonskyy, and K.V. Ustinova, Mater. Sci. 55(2), 285-292 (2019), https://doi.org/10.1007/s11003-019-00302-2.

[12] LM. Spiridonova, E.V. Sukhovaya, V.F. Butenko, A.P. Zhudra, A.L. Litvinenko, and A.I. Belyi, Powder Metallurgy and Metal
Ceramics. 32(2), 139-141 (1993), https://doi.org/10.1007/BF00560039.

[13] O.V. Sukhova, V.A. Polonskyy, and K.V. Ustinova, Voprosy Khimii i Khimicheskoi Technologii. 6(121), 77-83 (2018),
https://doi.org/10.32434/0321-4095-2018-121-6-77-83. (in Ukrainian)

[14] C. Zhou, R. Cai, S. Gong, and H. Xu, Surf. Coat. Technol. 201, 1718-1723 (2006), https://doi.org/10.1016/j.surfcoat.2006.02.043.

[15] Y. Kang, C. Zhou, S. Gong, and H. Xu, Mater. Sci. Forum. 475-479, 3355-3358 (2005),
https://doi.org/10.4028/www.scientific.net/MSF.475-479.3355.

[16] D.S. Shaitura and A.A. Enaleeva, Crystallography Reports. 52(6), 945-952 (2007), https://doi.org/10.1134/S1063774507060041.

[17] S.I. Ryabtsev, V.A. Polonskyy, and O.V. Sukhova, Powder Metallurgy and Metal Ceramics. 58(9-10), 567-575 (2020),
https://doi.org/10.1007/s11106-020-00111-2.



10

EEJP. 3 (2020) Olena V. Sukhova, Volodymyr A. Polonskyy
[18] LM. Spyrydonova, O.V. Sukhova, and G.V. Zinkovskij, Metall. Min. Ind. 4(4), 2-5 (2012). (in Russian)

[19] O.V. Sukhova, Metallofiz. Noveishie Technol. 31(7), 1001-1012 (2009). (in Ukrainian)

[20] L.M. Spiridonova, E.V. Sukhovaya, S.B. Pilyaeva, and O.G. Bezrukavaya, Metall. Min. Ind. 3, 58-61 (2002). (in Russian)

[21] G. Laplanche, A. Joulain, and J. Bonneville, J. Alloys Comp. 493, 453-460 (2010), https://doi.org/10.1016/j.jallcom.2009.12.124.
[22] O.V. Sukhova and K.V. Ustinova, Functional Materials. 26(3), 495-506 (2019), https://doi.org/10.15407/fm26.03.495.

[23] O.V. Sukhova and Yu.V. Syrovatko, Metallofiz. Noveishie Technol. 33(Special Issue), 371-378 (2011). (in Russian)

[24] O.V.  Sukhova and Yu.V. Syrovatko, Metallofiz. Noveishie = Technol.  41(9), 1171-1185  (2019),

https://doi.org/10.15407/mfint.41.09.1171.
[25] O.V. Sukhova, V.A. Polonskyy, and K.V. Ustinova, Physics and Chemistry of Solid State. 18(2), 222-227 (2017),
https://doi.org/10.15330/pcss.18.2.222-227.

CTPYKTYPA TA KOPO3I KBA3IKPUCTAJIYHUX JIUTUX CIIJIABIB
Al-Co-Ni TA Al-Fe-Ni Y BOJHOMY PO3YHHI NaCl
Ouiena B. CyxoBa, Borogumup A. Iononcbkuii
Jninposcokuti nayionanvHuil yuigepcumem imerni Onecs I onuapa
49010, Yxpaina, m. /[ninpo, npocn. I'acapina, 72

B po6orti 1ocikeHo CTPYKTYpY 1 OCOOTUBOCTI KOpO3ii KBa3ikpucTamiqHuX TUTUX ciiaBiB AleoCo21Niio 1 Al72FersNiis B 5 % po3unni
Hatpiit xsnopuny (pH 6,9-7,1). IlIBunkicTs oxoomkeHHs caBiB ckiafgana 5 K/c. CTpykTypy cIIaBiB BUBYAIN METOJIAMHU KiJIbKiCHOT
MeTanorpadii, peHTICHOCTPYKTYPHOrO aHami3y, pacTpoBOi eIeKTpOHHOI Mikpockomii. KoposiiiHi BJIACTHBOCTI JOCIHIIKYBaIn
MOTCHI[IOUHAMIYHAM ~METO/IOM. Benu4yMHM CTalliOHAPHMX MOTEHILIaliB BU3HAYAIM MUIIXOM JIOBIOTPUBAJOl peecTpamii
(E,7)-3anexnocreii 3a monomororo morenuiocrata [1M-50-1 ta mporpamatopa ITP-8 3 BUKOpHUCTaHHSIM TPHENEKTPOIHOI KOMIPKH.
JIOMOMIXKHUM €JICKTPOJIOM CIIyTyBaB IUIATHHOBHI €JIEKTPOJ, eIEKTPOJOM MOPIBHIHHS — XJIOpuaAcpiOuuid. [IpoBeaeHi DoCiiHKeHHs
MiATBEPDKYIOTh YTBOPEHHS KBa3iKpHCTaIiyHOl AekaroHanbHoi D-¢a3u B ctpykrypi cmiaiB AleCo21Niio i Al72FeisNiis. ¥V crumasi
AlgyCo21Niio 3a kiMHaTHOI TemmepaTypu D-dasa cmiBicaye 3 kpucramigaoro ¢azoo Alo(Co,Ni), a B crutasi AlnFe1sNiiz — 3 ¢dasoro
AlsFeNi. YV mopsaky 3pocTaHHS —~ MIKpOTBepAocTi 1mi  (asm MOXKHa  pO3TallyBaTH B Takii  IOCHIITOBHOCTI:
H(D-AICoNi)>H(D-AlFeNi)>H(AlsFeNi)>H(Alo(Co,Ni)2). V 5% po3umni HaTpiil XIOpUIY MOCHIIKEHI CIUIaBH KOPOAYIOTH 3a
SJICKTPOXIMIYHAM MEXaHI3MOM 3 KHCHEBOIO Jenoistpu3anieto. ITopiBasHO 3i cumaBoM AlnFeisNiis, cmnas AleoCo21Nilo Mae MeHII
BiZ’€MHI 3Ha4EHHS CTaIlllOHAPHOTO eNleKTpoximidnoro moreHmiamy (—0,48 B i —0,40 B BixnoBinHO), a Horo 30Ha eIEKTPOXIMIUHOT
IHEpPTHOCTI PO3IIMPIOETHCS 38 PaXyHOK rajJbMyBaHHS aHOAHHX nporeciB. OGHIBa TOCHIIKEH] CIJIaBU NEPEXOASATh Y TACUBHUH CTaH y
COIBLOBOMY pO34MHi. Benmunna ctpyMy koposii, pospaxosana 3 (E,lgi)-3anexnocreit, 1 crnasy AleoCo21Nio cknagae 0,12 MA/cm?,
a s crmaBy AlpFeisNiz — 0,14 mA/em?. Tlicns nepebGyBaHHsA B CONBOBOMY PO3YMHI Ha TMOBEPXHI CIUIABIB BUSBJEHI MiTiHIH
MePeBaKHO B MICIAX PO3TAIIyBaHHs MiK(a3HUX IpaHulb HoALTY i AedekTiB. KiabKiCTh Ta po3MipH MITiHMB Ha MOBEPXHi CIUIaBY
Alg9Co21Niio 3HaUHO MeHIIi, HiX Ha HoBepxHi craBy Al7pFeisNiis. Binblm HU3BEKY KOposiliHy TpuBKicTh criaBy AlzFeisNiis
MOSICHEHO TPHUCYTHICTIO B HOTO CTPYKTypi 3ami3oBMicTHHX (pa3. [TociyroByrounch OTpMMaHUMH pe3ybTaTaMu, IS CTBOPEHHS
MOKPHUTTIB HA JETaNsAX PAaKECTHO-KOCMIYHOI TEXHIKHM, LIO MHPALIOIOTh B YMOBaX MOPCHKOTO KIIiMaTy, PEKOMEHIOBAHO CILUIaB
AlsoCo21Niio.

KJIFOUOBI CJIOBA: nexaroHaibHi KBa3iKpHCTalIU, CTPYKTYpa, MiKPOTBEPiCTh, €IEKTPOXiMiYHa MOJISIpU3aLlis, ITIHIOBa KOPO3isl.

CTPYKTYPA U KOPPO3UA KBABUKPUCTAJUVIMYECKHUX JIMTHIX CIINIABOB
Al-Co-Ni 1 Al-Fe-Ni B BOJJHOM PACTBOPE NaCl
Euena B. CyxoBa, Biagumup A. Ilosionckuii
Hnunposckuil nayuonanvnuiii ynueepcumem umenu Onecsa I onuapa
49010, Yxpauna, e. [Jnunpo, npocn. I'acapuna, 72

B pabote uccnenoBanu CTpyKTypy ¥ 0COOEHHOCTH KOPPO3UH KBAa3HUKPHCTAUIMIECKHUX JUTHIX ciutaBoB AleoCo21Niio 1 Al2FeisNiis B
5 % pactBope xiopuga Hatpust (pH 6,9-7,1). CkopocTs oxytakaeHHs! cmuiaBoB coctaBisuia 5 K/c. CTpykTypy CIDIaBOB H3ydaln
METOJaMH KOJMYECTBEHHOW MeTauiorpauy, pEeHTIeHOCTPYKTYpPHOIO —aHaln3a, pacTpPOBOW OJJIEKTPOHHOW MHKPOCKOIHU.
Koppo3noHHbIe CBOMCTBA HCCIIEOBAIM MTOTCHIIMOIUHAMUYECKHM METOJIOM. BEeJIMUMHBI CTAl[MOHAPHBIX MOTEHINAIOB OIPEIeIIsUIN
myteM anurensHod perucrpanuu  (E,t)-3aBucumocteit ¢ momomipto motenmuocrata IIM-50-1 u mporpammatopa [IP-8 ¢
HCTIONBb30BAHUEM TPEXINNEKTPOAHOH stueliki. BcrmoMoraTenbHBIM 3IEKTPOJOM CIYKHJ IIJTATHHOBBIN 3EKTPOA, 3IEKTPOIOM
cpaBHEHHs — xyopuicepeOpsaHbiid. IIpoBegeHHBIE HCCIEAOBAaHWSA MOATBEPXKAAIOT  00pa3oBaHHE  KBA3HUKPHCTATIMIECKOI
nexaroHansHoO D-¢a3sl B ctpykType crmaBoB AlesCo21Niio 1 Al2FeisNiis. B cmmaBe AleoCo21Nilo mpr KOMHATHOH TeMImepaType
D-¢aza cocymectByer ¢ kpuctammmdaeckoi gazoit Alo(Co,Ni)2, a B crmaBe Al7zFeisNiiz — ¢ da3oit AlsFeNi. B nopsaxe yBennaenus
MHUKPOTBEPIOCTH 9TH tassr MOKHO PacIoIoXHUTh B TaKou TOCTIeIOBAaTEILHOCTH: H(D-AlCoNi)>H(D-
AlFeNi)>H(AlsFeNi)>H(Aly(Co,Ni)2). B 5% pactBope xiopuma HaTpus HCCICIOBaHHBIE CIUIABE KOPPOAMPYIOT —IIO
UIEKTPOXUMUIECKOMY MEXaHH3MY C KHUCIOpoaHOH nenoispusanueil. [To cpaBHenuro co crmaBoM AlnFeisNiis, cmaB AleoCo21Niio
AMEEeT MEHee OTpHUIAaTeIbHBIC 3HAueHHs cTanuoHapHoro mnoteHimana (—0,48 B m —0,40 B cooTBeTcTBeHHO), a €ro 30Ha
IEKTPOXUMUYECKOH NMACCUBHOCTH PACHIMPSETCS 32 CUET TOPMOXKEHHS aHOIHBIX mporeccoB. Oba clulaBa MepexomsiT B MACCHBHOE
COCTOSIHHE B COJICBOM pacTBope. Benmuumna Toka kopposuu, paccuutanHas mo (E,lgi)-3aBucumoctsm, mis crmaBa AlseCo21Niio
cocrasiser 0,12 MA/cM?, a st ciimasa Al72Fe1sNiis — 0,14 mA/cm?. Tlocrie mpeGbIBaHuS B CONIEBOM PACTBOPE HA MOBEPXHOCTH CILTABOB
BBISIBJICHBI NUTTHHIH NPEHMYILIECTBEHHO B MECTaX PAcIOJOKeHHs Mex(pasHbIX IpaHull M JedexToB. Ha moBepxXHOCTH cIuiaBa
Ale9Co21Ni10 MUTTUHTH 00pa3yIOTCS B MEHBIIIEM KOJMYECTBE U MIMEIOT MEHBIIINE Pa3Mephl, 4eM Ha MoBepXHOCTH ciuiaBa Al7z2FeisNiis.
Bornee HU3KyI0 KOPPO3MOHHYIO CTOWKOCTH ciraBa Al72FeisNiiz 00bSCHEHO IPUCYTCTBHEM B €T0 CTPYKTYPE JKele30coIepkamux das.
C y4eToM MOoTyYeHHBIX Pe3yIbTaToB, IS CO3MaHMs OKPBITHH Ha AETAIIX PAaKEeTHO-KOCMHYECKON TEXHUKH, Pa0OTAIOIINX B YCIOBHSIX
MOPCKOTO KJIMMaTa, pekoMeHoBaH ciuiaB AleoCo21Niio.

K/IIOYEBBIE CJIOBA: nexaroHanbHble KBa3UKpUCTAIbI, CTPYKTYpa, MHUKPOTBEPAOCTb, IEKTPOXUMMYECKAs MOJSApU3ALUS,
MTUTTHHTOBasi KOPPO3HSI.





