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In the present study, the structure and corrosion properties of quasicrystalline conventionally solidified Al65Co20Cu15 alloy cooled at 
5 К/s were investigated. Structure was characterized by metallography, X-Ray diffraction, scanning electron microscopy, and energy 
dispersive spectroscopy. Corrosion properties were determined by gravimetric and potentiodynamic methods at room temperature. 
The investigations performed confirm the peritectic formation of stable quasicrystalline decagonal D-phase that coexists with 
crystalline Al4(Co,Cu)3 and Al3(Cu,Co)2 phases in the structure of Al65Co20Cu15 alloy. According to energy dispersive spectroscopy, 
the stoichiometric composition of D-phase is Al63Co24Cu13. The susceptibility of the Al65Co20Cu15 alloy to corrosion significantly 
decreases with increasing pH from 1.0 (acidic media) to 7.0 (neutral medium). A corrosion rate of the Al65Co20Cu15 alloy in the 
aqueous acidic solutions (pH=1.0) increases in the order HNO3HClH2SO4H3PO4. The mass of the specimens decreases in the 
solutions of H2SO4 or H3PO4 and increases in the solutions of HNO3 or HCl which relates to different rate ratios of accumulation and 
dissolution of corrosion products. The Al65Co20Cu15 alloy exhibits the highest corrosion resistance in the NaCl solution (pH=7.0) in 
which it corrodes under electrochemical mechanism with oxygen depolarization. The better corrosion resistance in sodium chloride 
solution is achieved due to the formation of passive chemical compounds blocking the surface. Free corrosion potential of the 
Al65Co20Cu15 alloy has value –0.43 V, the electrochemical passivity region extends from –1.0 V to –0.4 V, and a corrosion current 
density amounts to 0.18 mА/сm2. Depending on media, two typical surface morphologies are revealed after corrosion of 
quasicrystalline specimens of the Al65Co20Cu15 alloy. In the H2SO4 and H3PO4 acidic solutions, clean specimens’ surface due to its 
homogeneous dissolution is observed except for the more defective areas, such as boundaries of crystalline Al3(Cu,Co)2 phase 
containing less Co, which dissolve at a higher rate. In the HNO3, HCl or NaCl solutions, a porous layer on the surface is formed 
which is visually revealed as surface darkening. After staying in the NaCl solution, on the surface of the Al65Co20Cu15 alloy, the pits 
are also found due to preferential dissolution of components where the boundaries of Al3(Cu,Co)2 phase and flaws are located. 
Keywords: quasicrystalline Al65Co20Cu15 alloy, decagonal quasicrystals, structure, neutral and acidic aqueous solutions, corrosion 
resistance. 
PACS: 61.50.Lt, 61.72.Ff, 62.23.Pq, 68.35 Fx, 68.35.Np, 81.05.Je, 81.40.Cd 

 
The quasicrystalline alloys are considered to be particularly interesting metallic materials because of exceptional 

properties, or combinations of physical and chemical properties, that distinguish these alloys from conventional 
crystalline materials [1-5]. The quasicrystalline alloys are useful for industrial applications as engineering, structural 
and surface coating materials [6-17] due to their outstanding properties, including high strength and hardness, a low 
friction coefficient and excellent wear resistance, together with other remarkable engineering properties such as good 
oxidation resistance, high toughness etc. [18-26].  

After the discovery of a metastable icosahedral quasicrystal in the Al–Mn system, many alloy systems have been 
identified in which icosahedral or decagonal quasicrystalline phases are stable up to melting temperature. Among them, 
the Al–Cu–Co system in which a stable decagonal phase (D-phase) has been found in a slowly solidified Al65Co20Cu15 
alloy [27-31]. D-phase is quasiperiodic in a plane and periodic in the ten-fold direction perpendicular to this plane 
[32-35]. From such crystal structure arises an attractive combination of certain properties that are not achievable with 
conventional crystalline alloys [36-39].  

The presence of elements such as cobalt in the alloy composition may inhibit corrosion [40,41] and lead to greater 
corrosion resistance of quasicrystalline Al–Cu–Co alloys as compared with that of Al–Cu–Fe alloys that form 
icosahedral quasicrystalline phase [42-44]. But only limited information has been found in the literature concerning the 
susceptibility of the Al–Cu–Co alloys to corrosion. Therefore, in this study we explored the behaviour of the 
Al65Co20Cu15 alloy in neutral and acidic media, which allows us to evaluate its corrosion resistance under conditions 
comparable to application of aviation and rocket-and-space equipment. 

 
MATERIALS AND METHODS 

The Al65Co20Cu15 alloy was produced of high purity (99.99 %) components melted using Tamman furnace in a 
graphite crucible. The cooling rate of the alloy was 5 K/s. The alloy composition was verified by atomic absorption 
spectroscopy with Sprut СЕФ-01-М device. The relative precision of the measurements was better than  1 at. %. 

Microstructural characterization of the investigated alloy was done using Neophot and GX-51 optical microscopes, 
Epiquant quantitative analyzer, JVC scanning electron microscope (SEM) equipped with energy-dispersive 
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spectrometer (EDS). The phase and structural compositions were also studied by powder X-ray diffraction (XRD) on 
ДРОН-УМ-1 diffractometer with Cu-K radiation.  

The corrosion properties were investigated by the gravimetric method after holding the Al65Co20Cu15 alloy for 1-4 h 
in the HCl, H2SO4, HNO3, and H3PO4 aqueous acidic solutions (pH=1.0) and for 1–8 days in the NaCl aqueous neutral 
solution (pH=7.0). The pH value of the media was measured with an EB-74 ionometer. After immersion in solutions, 
the specimens were weighed in a BA-21 analytical balance with error smaller than 0.1 mg. A corrosion rate was 
determined using the equation given in [45]. 

Electrochemical experiments were conducted in the NaCl solution (рН=7.0) by means of ПІ-50-1 potentiostat and 
ПР-8 programmer using three-electrode electrolytic system consisted of the sample as working electrode, a platinum as 
counter electrode, and silver chloride as reference electrode. For each specimen, voltammograms were measured 
2-3 times. A value of corrosion current density was determined by extrapolating the linear portion of the anodic and 
cathodic branches of the polarization curves to free corrosion potential. Model corrosion tests for 1–8 days in the NaCl 
solution were performed with specimens fully immersed in the medium. The surface morphology was examined using 
РЭМА 102-02 scanning electron microscope. Corrosion tests were carried out at the temperature of 293±2 K. 

 
RESULTS AND DISCUSSION 

Examination by optical and scanning electron microscopy reveals that Al65Co20Cu15 alloy exhibits three-phase 
structure consisting of quasicrystalline decagonal D-phase and crystalline phases of Al4(Co,Cu)3 and Al3(Cu,Co)2 
(Fig. 1a) [46]. The D-phase solidifies via a peritectic reaction, in which the primary Al4(Co,Cu)3 crystals are surrounded 
by the quasicrystalline phase. Later, liquid between D-quasicrystals solidifies to Al3(Cu,Co)2 phase. The identified 
phases are confirmed by X-ray investigation (Fig. 1b). EDS measurements show that D-phase has stochiometric 
composition Al63Co24Cu13 (Table 1). This phase takes about 65 % of a total alloy volume. The size of quasicrystals 
varies from 40 to 60 m due to differing local growth conditions. 

 

а b 

Figure 1. The Al65Co20Cu15 alloy: a – SEM image; b – XRD pattern 

Table 1. Elemental analysis (in at. %) of the Al65Co20Cu15 alloy 

Phase Al Co Cu 
D-phase 62.99 24.02 12.99 

Al4(Co,Cu)3 56.39 33.86 9.75 
Al3(Cu,Co)2 59.48 9.71 30.81 

Corrosion tests of the Al65Co20Cu15 alloy in the acidic media show that after the first hour of treatment a mass of 
the specimens gradually increases in the nitric and chloric acids. The mass gain in the chloric acid significantly exceeds 
that in the nitric acid reaching 4.58 g/m2 against 0.98 g/m2 after 4 holding hours. At that, the biggest relative change in 
the mass is observed after 2 holding hours in the chloric acid and after 3 holding hours in the nitric acid (Table 2).  

Table 2. Relative changes in the mass (in %) of specimens of the Al65Co20Cu15 alloy after corrosion tests  

Solution 
Holding time, hours 

1 2 3 4 
HCl 0.02 0.04 0.12 0.14 

HNO3 0.00 0.00 0.01 0.03 
H2SO4 -0.01 -0.09 -0.15 -0.18 
H3PO4 -0.02 -0.09 -0.23 -0.25 

NaCl 
Holding time, days 

1 2 3 4 8 
0.04 0.15 0.20 0.22 0.24 
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After staying in the H2SO4 and H3PO4 acidic solutions, the mass of the specimens, on the contrary, decreases, and 
after 4 holding hours specific changes of the mass equal to –5.89 g/m2 and –8.18 g/m2 correspondingly. The 
Al65Co20Cu15 alloy turns out to be the most corrosion-sensitive in the H3PO4 acid. The samples mainly lose their mass in 
the sulphuric acidic solution after 1 holding hour and in the orthophosphate acidic solution after 2 holding hours 
(Table 2). This conclusion is confirmed by scanning electron microscopy of the surface of the Al65Co20Cu15 alloy 
affected by the sulphuric acidic solution (Fig. 2). The surface of the specimens quite homogeneously dissolves where 
Co-rich quasicrystalline D-phase and crystalline Al4(Co,Cu)3 phase are located (Fig. 2b). Whereas, crystalline 
Al3(Cu,Co)2 phase, containing less Co, dissolves at a higher rate which may relate also to the fact that this phase 
crystallizes last and, therefore, may have more defective structure (Fig. 2a).  
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Figure 2. SEM-images of surface of the Al65Co20Cu15 alloy after 4 holding hours in sulphuric acidic solution (pH=1.0) 

The revealed differences in the mass changes of the corroded Al65Co20Cu15 alloy affected by the acids may be 
explained by different rate ratios of selective dissolution of the alloy components and accumulation of corrosion 
products on the specimens` surface. Comparison of corrosion rates of the alloy for the investigated acidic solutions 
exhibits the following sequence HNO3HClH2SO4H3PO4 (in ascending order) (Fig. 3). 

 

Figure 3. Corrosion rates of the Al65Co20Cu15 alloy in the 
investigated corrosion media 

Figure 4. Potential versus current curves of the corrosion in 
NaCl solution (pH=7) of the Al65Co20Cu15 alloy 

 
When subjected to corrosion in the investigated media, the analyzed Al65Co20Cu15 alloy is found to corrode much 

weaker in the NaCl solution (pH=7.0) than in the acidic solutions of HNO3, H2SO4, HCl, and H3PO4 (pH=1.0). After 
8 days of the tests in the aqueous sodium chloride solution, the specific mass change of the Al65Co20Cu15 alloy equals to 
8.0 g/m2. On the surface of the samples, a passivating oxide film is formed during the tests, which is revealed visually 
as surface darkening. That is why, the results on changes in the mass of specimens relative to the initial value indicate 
that the mass of specimens gradually increases, especially after 1 day of treatment (Table 2). Then, after 3 days of 
staying in the NaCl solution, the mass of specimens increases to a much lesser extent.  
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Chronopotentiometry measurements of free corrosion potential of the Al65Co20Cu15 alloy show that potential 
stabilizes at a value of –0.43 V after ~17 minutes of measurements. A steady potential testifies that the passivation film 
build-up in the NaCl solution remains protective. Polarization measurements also evidence that corrosion of the 
Al65Co20Cu15 alloy in the sodium chloride solution is typical to processes with oxygen depolarization (Fig. 4). 
Voltammograms recorded in semi-logarithmic coordinates indicate that anodic current gradually increases as potential 
changes towards more positive values. A sharp increase of an anodic current is observed at potential of –0.3 V due to 
beginning of active dissolution of the alloy components. The appearance of a hysteresis loop in the anodic regime may 
be attributed to the surface passivation. After changing the direction of a potential sweep, in the cathodic area of a plot, 
a current limit in the mA range is observed. The zero value of a current density is reached at potential of –0.87 V. At 
potentials more negative than –1.0 V, cathodic current increases which relates to active hydrogen evolution. The value 
of corrosion current density for the alloy is 0.18 mА/сm2. The electrochemical passivity region extends from –1.0 V tо 
–0.4 V which indicates that the Al65Co20Cu15 alloy is not susceptible to corrosion in the NaCl solution due to inhibition 
of anodic processes. That is why, the Al65Co20Cu15 alloy exhibits the lowest corrosion rate at higher pH (Fig. 3).  

Scanning electron microscopic investigations evidence that on the corroded surface of the Al65Co20Cu15 alloy after 
staying in the NaCl solution for 8 days, pits about 10 m in size are observed located mainly in the vicinity of defects 
(Fig. 5a). Corrosion is mainly concentrated in crystalline Al3(Cu,Co)2 phase containing less Co. The dissolution of this 
phase is most intense near the phase boundaries (Fig. 5b). Meanwhile, Co-rich quasicrystalline D-phase and crystalline 
Al4(Co,Cu)3 phase are less susceptible to corrosion. 
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Figure 5. SEM-images of surface of the Al65Co20Cu15 alloy after holding for 8 days in the NaCl solution (pH=7.0) 

 
CONCLUSIONS 

The investigations made on conventionally solidified Al65Co20Cu15 alloy confirm that alloy system cooled at 5 K/s 
forms stable quasicrystalline decagonal D-phase by peritectic reaction. Its stoichiometric composition corresponds to 
Al63Co24Cu13.  

Corrosion of the Al65Co20Cu15 alloy in the acidic solutions (pH=1.0) of HNO3, HCl, H2SO4, H3PO4 (in ascending 
order) is much stronger than in the NaCl neutral solution (pH=7.0), intensifying with pH decreasing. The corrosion rate 
is lower by a factor between 6.0 and 51.25 as pH value is raised from 1.0 to 7.0. In the aqueous solutions of HNO3, HCl, 
and NaCl, a rate of accumulation of corrosion products on the specimens’ surface exceeds a rate of dissolution of alloy 
components, but in the solutions of H2SO4 and H3PO4 – vice versa. The surface of the specimens is dissolved almost 
homogeneously except for the boundaries of crystalline Al3(Cu,Co)2 phase containing less Co which dissolve at a 
higher rate. 

The corrosion of the Al65Co20Cu15 alloy in the NaCl aqueous solution (рН=7.0) proceeds by the electrochemical 
mechanism with oxygen depolarization. The highest corrosion resistance of the Al65Co20Cu15 alloy is observed in 
neutral media where a protective oxide film is developed. This alloy has free corrosion potential –0.43 V, 
electrochemical passivity region extending from –1.0 V tо –0.4 V, and the value of corrosion current density –
0.18 mА/сm2. On the surface affected by saline solution, the pits are revealed preferentially where the phase boundaries 
and flaws are located.  

 
The work was performed within the framework of research project No. 0119U100977 “Electrode reactions of 3d-

metal -complexes“ (2019-2021). 
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ОСОБЛИВОСТІ СТРУКТУРОУТВОРЕННЯ ТА КОРОЗІЇ КВАЗІКРИСТАЛІЧНОГО СПЛАВУ Al65Co20Cu15  

В НЕЙТРАЛЬНОМУ ТА КИСЛИХ СЕРЕДОВИЩАХ 
Oленa В. Сухова, Володимир A. Полонський 

Дніпровський національний університет імені Олеся Гончара 
49010, Україна, м. Дніпро, просп. Гагаріна, 72 

В роботі досліджували структуру та корозійні властивості квазікристалічного сплаву Al65Co20Cu15, закристалізованого зі 
швидкістю 5 К/с за звичайних умов. Структуру вивчали методами металографії, рентгеноструктурного аналізу, 
сканувальної електронної мікроскопії та рентгеноспектрального мікроаналізу. Корозійні властивості визначали 
гравіметричним та потенціодинамічним методами за кімнатної температури. Проведені дослідження підтвердили 
перитектичне утворення стабільної квазікристалічної декагональної D-фази, яка в структурі сплаву Al65Co20Cu15 співіснує з 
кристалічними фазами Al4(Co,Cu)3 та Al3(Cu,Co)2. Згідно з результатами рентгеноспектрального мікроаналізу, 
стехіометричний склад D-фази відповідає Al63Co24Cu13. Опір корозії сплаву Al65Co20Cu15 суттєво збільшується з 
підвищенням pH розчинів з 1,0 (кислі середовища) до 7,0 (нейтральне середовище). Швидкість корозії сплаву Al65Co20Cu15 у 
водних розчинах кислот (pH=1,0) збільшується в такому порядку: HNO3HClH2SO4H3PO4. Маса зразків зменшується в 
розчинах кислот H2SO4 та H3PO4 і збільшується в розчинах HNO3 та HCl, що пов’язане з різним співвідношенням 
швидкостей накопичення та розчинення продуктів корозії. Найбільшу корозійну тривкість сплав Al65Co20Cu15 має в розчині 
NaCl (pH=7,0), в якому корозія сплаву проходить за електрохімічним механізмом з кисневою деполяризацією. Найкращий 
опір корозії в розчині натрій хлориду досягається за рахунок утворення пасивних хімічних сполук на поверхні сплаву, які 
блокують корозію. Вільний потенціал корозії сплаву Al65Co20Cu15 становить –0,43 В, зона електрохімічної пасивності 
простягається від –1,0 В до –0,4 В, а густина струму корозії дорівнює 0,18 мА/см2. Залежно від корозійного середовища, 
спостерігаються два типи поверхні зразків квазікристалічного сплаву Al65Co20Cu15, які зазнали корозійного руйнування. 
Після перебування в розчинах кислот H2SO4 та H3PO4 спостерігається чиста поверхня зразків внаслідок її відносно 
рівномірного розчинення за виключенням більш дефектних ділянок, таких як границі кристалічної фази Al3(Cu,Co)2, що 
містить менше Со, які розчиняються дещо швидше. В розчинах HNO3, HCl та NaCl на поверхні утворюється пористий шар, 
який візуально спостерігається як потемніння поверхні. Після перебування в розчині NaCl на поверхні сплаву Al65Co20Cu15 
також утворюються ділянки пітінгів внаслідок переважного розчинення компонентів в місцях розташування границь фази 
Al3(Cu,Co)2 та дефектів поверхні.  
Ключові слова: квазікристалічний сплав Al65Co20Cu15, декагональні квазікристали, структура, нейтральний та кислі водні 
розчини, корозійна тривкість. 


