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Abstract 
 

This study investigates the corrosion behavior of aluminum alloy AA7075 (B95), reinforced 

with 0.1 wt.% nanodiamond powder and tungsten. Two sets of alloy samples were stored for  

28 months under different conditions: “reference” – under natural terrestrial conditions, and 

“space” – in outer space, mounted on the International Space Station (ISS). The corrosion resistance 

of both sample types was evaluated using gravimetric and electrochemical methods in a 3.5% NaCl 

solution. Despite similar average corrosion rates (~ 0.06 mm/year), significant differences in the 

surface corrosion morphology were observed. The „space: samples exhibited deeper pitting and 

localized corrosion along specific microstructural phases, whereas the „reference” samples 

demonstrated more uniform surface degradation. Electrochemical tests confirmed enhanced 

corrosion resistance of the „space” alloy, showing a threefold reduction in corrosion current density 

and a more positive corrosion potential compared to the “reference” samples. This behavior is 

attributed to microstructural changes induced by prolonged exposure to outer space, including the 

formation of a denser protective Al₂O₃ layer and the migration of alloying elements (Zn, Cu). 

 

 
Introduction 
 

The safe operation of high-strength aluminum alloys, which are widely 

used as primary structural materials in the aerospace, marine, and automotive 

industries, requires accurate data on the corrosion resistance of these alloys under 

various climatic conditions and in aggressive environments. Maintaining the 

mechanical properties of aluminum alloys while addressing the challenge of 

enhancing structural weight efficiency without compromising strength and 

technological performance is a strategic priority in the development of materials 

intended for extreme environments, particularly for applications in outer space. To 
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improve mechanical performance, the high-strength aluminum alloy  

B95 (AA7075) [1–5] was modified with nanodiamond powder [6] and tungsten. 

The 7000-series aluminum alloys possess complex chemical compositions. 

The primary role of alloying elements is to enhance mechanical properties; 

however, their effects on corrosion resistance vary significantly depending on the 

type and concentration of the added elements. Zinc has a minimal effect on 

corrosion resistance, but in 7000-series alloys, its presence in combination with 

other elements may accelerate corrosion processes [7]. Copper reduces corrosion 

resistance in high-strength aluminum alloys [8]. The influence of magnesium on 

corrosion resistance is complex and not exclusively positive [9], whereas 

manganese typically exerts a slight beneficial effect [10]. Silicon is not a principal 

alloying element in AA7075, but when present, it may exert a neutral or slightly 

negative effect on corrosion resistance [11]. Iron decreases corrosion resistance and 

should be kept at low concentrations to ensure optimal performance in corrosive 

environments [8]. 

In various engineering applications, preliminary data on the corrosion 

behavior of aluminum alloys are essential for material selection and design.  

The objective of this study is to perform a comparative analysis of the corrosion 

behavior of aluminum alloy AA7075 (B95), modified with ultrafine diamond 

powder and tungsten, after 28 months of exposure to two different environments: 

natural terrestrial conditions and outer space. 

 
Materials and Methods 
 

Materials 
 

A material based on the high-strength aluminum alloy AA7075, modified 

with 0.1 wt.% ultradispersed diamond powder (UDDP) with particle sizes ranging 

from 4 to 7 nm and tungsten, was investigated (Table 1). The initial raw materials, 

including aluminum powder, alloying elements, UDDP, and tungsten were 

homogenized using a planetary ball mill. The resulting mixture was subjected to 

melting followed by casting. For the purposes of the study, cylindrical specimens 

with dimensions of ø 6 mm and a height of 6 mm were prepared. The specimens 

were stored for a period of 28 months under two different environmental 

conditions. One set, designated as “reference” samples (R), was kept under natural 

terrestrial conditions, while another set, designated as “space” samples (S), was 

mounted on the exterior of the Russian module “Zvezda” aboard the International 

Space Station (ISS) [12]. In space, temperature fluctuations occurred within a 

broad operational range from −120°C to +150°C every two hours, depending on 

the position of the ISS. Radiation measurements were conducted using the 

Radiation Risk Dosimeter Radiometer (R3D)-R2 solid-state detector [13], which 

was also installed on the exterior of the ISS. The accumulated radiation dose was 

estimated to be approximately 425 kGy [13–14]. 
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Table 1. Chemical composition of alloy B95 
 

 
 

The microstructure of both types of samples (R and S) consists of an  

Al α-solid solution, intermetallic compounds, and several types of structural phases 

exhibiting Chinese script-like morphology [15]. After exposure to open space, the 

alloy’s microstructure exhibited coarsening. The average size of the Al grains 

increased from 30.4 nm (prior to exposure) to 36.8 nm (after exposure). 

Additionally, in the intermetallic MgZn₂ phase present in the “reference” sample, 

isomorphic substitution of zinc with copper cations occurred, leading to the 

transformation of this phase into Mg(Zn₁.₉₈Cu₀.₀₂), accompanied by an increase in 

particle size from 15.1 nm to 22 nm [16]. 

A HIROX 5500 scanning electron microscope (SEM, HIROX Europe, 

Limonest, France) equipped with a BRUKER EXDS system (BRUKER Co., 

Berlin, Germany) was used to observe the morphology of the corroded surface 

after the uniform corrosion tests and electrochemical studies. 

 
Corrosion tests methods   
 

A: Uniform Corrosion Test  

Uniform corrosion tests were performed by continuously immersing 

“reference” and “space” samples in 3.5% NaCl for 240 hours at 25
o
C in a 

laboratory thermostat. Before testing, the samples were degreased in acetone and 

treated in dilute HNO3. The samples were weighed on an analytical balance 

(KERN ABS-N_ABJ-NM). The corrosion rate (CR) was calculated in mm per year 

according to ASTM G31 [17]. All CR results obtained are averages of three 

parallel tests. After the corrosion test, the samples were repeatedly washed with 

warm distilled water, dried and analysed by scanning electron microscopy (SEM) 

and energy dispersive X-ray spectroscopy (XEDS). 

 

B: Linear Polarization Test  

The electrochemical tests were carried out in the 3.5 wt% NaCl solution in 

a 3-electrode cell at room temperature. The working electrodes with a surface area 

of 1.0 cm
2
 are made from the samples investigated. A silver chloride (Ag/AgCl) 

electrode and a platinum (Pt) plate were used as reference and counter electrodes, 

respectively. The samples were cleaned with 800 grit sandpaper, degreased with 

alcohol, treated with dilute HNO3 and dried prior to testing. 
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Linear polarization was measured vs. stable Eocp over a potential range of 

± 10 mV, at a scan rate of 0.1 mV/s. Potentiodynamic curves were recorded at  

1 mV/s potential scan rate, starting at 250 mV negative to the stable Eocp.  

The electrochemical tests were performed using an Autolab galvanostat-

potentiostat model PGSTAT 204 and computer software NOVA 2.1. Corrosion current 

density (jcorr), corrosion potential (Ecorr), were obtained from the polarization curves.  

 
Results and Discussions 
 

The results of the uniform corrosion tests of the “reference” and “space” 

samples are presented in Fig. 1, Fig. 2 and Fig. 3. The calculated average corrosion 

rate of the “reference” samples is 0.0600 mm/y, which is close to the average 

corrosion rate of the “space” samples – 0.0573 mm/y. 
 

 
Fig. 1. Average corrosion rate of “reference” (R) and “space” (S) samples 

 

Despite the similar average corrosion rates of the two types of samples  

(R and S) in 3.5% NaCl solution, the nature of the corrosion damage differs, as 

evidenced by the surface morphology images. The “reference” sample exhibited 

surface corrosion characterized by areas with scale formation and shallow cracks 

(Fig. 2a, b), whereas the “space” sample showed wider corrosion ditches and deep 

pits (Fig. 3a). Energy Dispersive Spectroscopy (EDS) analysis revealed a decreased 

concentration of aluminum in the ditches and pits, accompanied by elevated levels 

of copper, manganese, and oxygen within these areas (Fig. 2d and Fig. 3d). The 

observed differences in corrosion behavior between the two types of samples are 

attributed to structural changes in the alloy induced by exposure to the outer space 

environment. Radiation exposure led to the formation of defects in the crystal 

lattice, facilitating elemental migration particularly of Zn and Cu [16]. Due to 

temperature fluctuations, these migration processes were accompanied by 

interdiffusion, resulting in the segregation of aluminum and magnesium oxides, 
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which localized on the surface of the samples [16]. This led to the formation of 

partially protected regions with limited access to oxygen and aggressive ions from 

the corrosive medium, thereby promoting corrosion development along the 

observed Chinese script-like morphology phases (Fig. 3b). 
 

 
Fig. 2. Morphology and elemental composition of the surface of the “reference” sample  

after uniform corrosion test. a) SEM image of the corroded surface,  

b) Analyzed area, c) EDS spectrum, d) EDS map of the analyzed area 
 

 
Fig. 3. Morphology and elemental composition of the surface of the “space” sample  

after uniform corrosion test. a) SEM image of the corroded surface,  

b) Analyzed area, c) EDS spectrum, d) EDS map of the analyzed area 
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Fig. 4 displays the electrochemical behavior of both sample types  

(R and S), which shows notable similarities. The linear polarization curves of both 

the “reference” and “space” samples (Fig. 4) are dominated by the anodic region, 

corresponding to the dissolution of the aluminum matrix. The anodic curves exhibit 

multiple fluctuations, likely caused by the formation of a thin hydrated aluminum 

oxide layer, AlO(OH), during the test [18]. Due to the inhibited anodic dissolution 

by the denser Al₂O₃ layer, the fluctuating anodic region in the “space” sample is 

shorter, ranging from −0.500 V to +0.600 V (Fig. 4), compared to the “reference” 

sample. It was established that the AlO(OH) layer predominantly forms in 

aluminum alloys exposed to terrestrial conditions, while exposure to space 

conditions favors the formation of a denser, protective Al₂O₃ layer, with an 

Al₂O₃:AlO(OH) ratio of approximately 3:1 [16]. 
 

 
 

Fig. 4. Linear polarization curves of “reference” (R) and “space” (S) samples 

in 3.5 % NaCl solution 
 

Table 2. Electrochemical parameters 
 

 
 

During the application of electrochemical methods for corrosion testing, 

real time data on key electrochemical parameters were obtained. The shape of the 

polarization curves provides both qualitative and quantitative information about the 
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development of the corrosion process, from the moment the specimen is immersed 

in the electrolyte until the end of the test [19]. 

The electrochemical parameters recorded during the corrosion tests 

indicate that the “space” sample exhibits superior anodic protection compared to 

the “reference” sample. This is evidenced by the corrosion current density (icorr) of 

sample S, which is three times lower than that of R (Table 2). Furthermore, the 

corrosion potential (Ecorr) of S is more positive than that of R. The corrosion rate of 

the “reference” sample obtained from electrochemical testing was 0.0022 mm/y, 

which is higher than the rate for the “space” sample (0.0007 mm/y, Table 2). This 

difference is attributed to the rapid dissolution of the loosely bound AlO(OH) 

layer. In contrast, the presence of a dense Al₂O₃ layer on the surface of the 

aluminum matrix in the “space” samples limits the contact with the 3.5% NaCl 

electrolyte and slows down the corrosion process [16, 17]. 

Corrosion in both sample types (R and S) primarily initiates at sites where 

electrochemically active intermetallic cathodic phases such as MgZn₂ and 

Mg(Zn₁.₉₈Cu₀.₀₂) are localized within the anodic aluminum matrix. 

Fig. 5 and Fig. 6 present SEM images of the corroded surfaces of the 

“reference” and “space” samples following the linear polarization test. The 

“reference” sample shows corrosion distributed across the entire surface (Fig. 5a), 

whereas in the “space” sample, corrosion is primarily confined to the Chinese 

script-like morphology phases (Fig. 6a). Fig. 5d and Fig. 6d clearly show the Zn- 

and Cu-rich areas where corrosion has occurred. 
 

 

Fig. 5. Morphology and elemental composition of the „reference” sample (R)  

after linear polarization. a) SEM image of the corroded surface, b) Analyzed area,  

c) EDS spectrum, d) EDS map of the analyzed area 



269 
 

 
Fig. 6. Morphology and elemental composition of the “space” sample (S)  

after linear polarization. a) SEM image of the corroded surface, b) Analyzed area,  

c) EDS spectrum, d) EDS map of the analyzed area 

 
Conclusion  
 

The average corrosion rate of AA7075 alloy samples modified with  

0.1 wt.% ultrafine diamond powder and tungsten, which were exposed to terrestrial 

conditions for 28 months, is 0.060 mm/y, while those exposed to outer space 

conditions exhibit a rate of 0.057 mm/y. Surface corrosion developed on the 

“reference” samples, manifested in areas with scales and shallow cracks. In the 

“space” samples, wider corrosion ditches and pits were observed. 

Electrochemical corrosion tests confirmed the results obtained from the general 

corrosion test and demonstrated better corrosion resistance of the “space” samples. The 

real-time corrosion rate of the “space” samples is three times lower than that of the 

“reference” samples, which is attributed to changes in the alloy’s microstructure and the 

migration of Zn and Cu elements during exposure in open space. 

These findings suggest that exposure to outer space can beneficially alter 

the corrosion resistance of advanced aluminum-based composites used in 

aerospace applications.  
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ИЗСЛЕДВАНЕ НА КОРОЗИОННОТО ПОВЕДЕНИЕ НА 

АЛУМИНИЕВА СПЛАВ В95 (7075) УЯКЧЕНА С НАНОДИАМАНТ И 

ВОЛФРАМ СЛЕД ПРЕСТОЙ В ОТКРИТИЯ КОСМОС 

 
А. Бузекова-Пенкова, В. Дякова, Й. Костова,  

Х. Спасова, А. Митева 

 
Резюме 

Това проучване изследва корозионното поведение на алуминиева 

сплав AA7075 (B95), подсилена с 0,1 wt.% нанодиамант на прах и 

волфрам. Два комплекта образци от сплавта бяха съхранявани 28 месеца 

при различни условия: “референтни” – при естествени земни условия и 

“космически” – в открития космос, монтирани на борда на 

Международната космическа станция (МКС). Устойчивостта на корозия 

на двата типа образци беше оценена чрез гравиметрични и 

електрохимични тестове в 3,5% разтвор на NaCl. Въпреки сходните 

средни скорости на корозия (~ 0,06 mm/y), се наблюдават значителни 

разлики в морфологията на корозиралата повърхност. „Космическите“ 

образци показват по-дълбоки питинги и локализирана корозия, по 

специфични микроструктурни фази, докато “референтните” образци 

показват по-равномерно разграждане на повърхността. Електрохимичните 

тестове потвърдиха повишена устойчивост на корозия в изложената в 

космоса сплав, с плътност на корозионния ток три пъти по-ниска и  

по-положителен корозионен потенциал от този на “референтните” 

образци. Това поведение се дължи на индуцирани от престоя в открития 

космос микроструктурни промени на сплавта, включително образуването 

на по-плътен защитен слой Al2O3 и миграция на елементи (Zn, Cu). 


