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Abstract

:

Vanadium (~450 nm) and V2O5 (~350 nm) were deposited by DC magnetron sputtering on an AM60 substrate to improve its degradation resistance in marine ambience. According to Raman and XPS analysis, the vanadium nanofilm mainly consists of amorphous     V   2     O   3    , while     V   2     O   5     comprises two sheets of   V   O   5     and   V   O   4     units. After 30 days of immersion of the coated AM60 in a marine model solution (SME), the shift of the pH of the SME to more alkaline values was less pronounced for     V   2     O   5    -AM60 because of the HCl acid formation during the partial dissolution of     V   2     O   5     in the presence of NaCl, and thus, a higher concentration of     Mg    2 +      ions    ~ 100   mg      L    - 1      was released from the Mg (AM60) matrix. The lower concentration of    ~ 40   mg      L    - 1      from the V-AM60 surface was attributed to the possible intercalation of the released Mg ions (cations) into the conductive tunnels of     V   2     O   3     as the main component of the vanadium sputtered deposit. This oxide has been reported as a material for high-capacitive energy storage. In this way, the V-deposit provided longer partial protection for the AM60 surface (Mg matrix) from localized pitting attacks.
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1. Introduction


In recent years, the reduction in the weight of automobiles has become a key focus in the transport industry to decrease fuel consumption and harmful gas emissions [1]. Light alloys have gained significant attention in the transport manufacturing industries, and magnesium (Mg) and Mg-based alloys stand out as a particularly promising candidate due to their properties. The low density (   1.74   g      cm   - 3    ) and high strength-to-weight ratio (   490   kN      m    - 1      kg    - 1     ) offer tremendous potential for reducing the weight of vehicle structures, leading to improved energy efficiency and a reduced carbon footprint ratio [2]. In this aspect, Mg is a key player in the quest for sustainable and eco-friendly solutions, raising Mg-based alloys to the esteemed position of being the third most widely preferable metallic materials in the automotive sector and aircraft industries [3].



In addition to the remarkable mechanical properties, the inherent susceptibility of Mg-based alloys to corrosion presents an obstacle in aggressive environments, which contain metal-reactive species, such as     Cl   -     ions and   S   O   2     and   C   O   2     gasses, that cause the severe electrochemical degradation of magnesium [4,5,6]. Two simultaneous reactions take place during this process: an anodic oxidation reaction of the metal, leading to the formation of an insoluble layer of   Mg    ( OH )    2     on the Mg surface, and a cathodic reduction reaction with the evolution of     H   2     gas [7]. However, in marine environments, the     Cl   -     ions can penetrate the pores of the   Mg    ( OH )    2     corrosion layer, and the highly soluble   Mg   Cl   2     product (   56.0   g      L    - 1      in water) is formed, accompanied by the release of     Mg    2 +      ions and     OH   -     ions (pH increase), indicating a more accelerated degradation process [8]. This hinders the extensive application of Mg alloys in high-volume vehicle production.



Numerous approaches have been utilized to prevent the corrosion through different types of surface treatment or the modification of Mg-Al alloys. For instance, the application of a coating can provide the formation of a physical barrier between the environment and the metal surface [9,10].



Physical vapor deposition (PVD) techniques are widely employed for the coating deposition of thin films, improving the metal surface mechanical properties (wear resistance, scuffling resistance, and surface roughness), the optical properties of microelectronics sensors, and corrosion resistance [11,12,13,14,15]. During the PVD process, the target material is transformed into atomic particles, which are then directed toward the metal surface substrate within a vacuum environment or gaseous plasma under low-pressure conditions. Upon reaching the substrates, the atomic particles condense and deposit as a physical coating [16]. The following two PVD methods may lead the motion of particles to deposition: evaporation and sputtering [17,18,19,20]. During the magnetron sputtering (either DC or RF), the target material is eroded by energetic Ar ions, resulting in ejecting atomic-sized particles, which will be deposited on the metal substrate. In the DC reactive magnetron sputtering, the oxygen is injected into the chamber and mixed with the metal atoms eroded from the target surface, and then oxide metallic compounds are formed and deposited on the metal substrate.



Vanadium has demonstrated a notable corrosion resistance when exposed to a variety of environments, including substitute ocean water, 3% sodium chloride solution (NaCl), tap water, and organic salts [21,22,23]. A vanadium layer was deposited on a zinc substrate through immersion in a solution containing vanadate [24], a compound of the oxyanion of vanadium (in an oxidation state of +5). The corrosion test revealed that the zinc surface modified with the vanadium layer exhibited a substantial enhancement in corrosion resistance.



The composition of the vanadium protective layer primarily consists of     V   2     O   5    ,   V   O   2    ,     V   2     O   5   · n   H   2   O  , and   VO    ( OH )    2     hydrates. Vanadium pentoxide (    V   2     O   5    ) has garnered significIts ant attention in recent years due to its semiconducting and electrochemical characteristics, making it highly suitable for integration into various technological applications in optical technologies, photochromic and electrochromic devices, and color memory devices [25,26,27,28]. Thin films of     V   2     O   3    ,   V   O   2     and     V   2     O   5     have been deposited on a range of substrates via the following: encompassing electron beam evaporation (on glass); magnetron sputtering, pulsed laser, and chemical vapor deposition (on Si); spray pyrolysis (on Pt/TiO2/SiO2/Si); spin coating (on ITO glass); and electrodeposition (on carbon fiber cloth) [29,30,31,32,33,34]. Polypyrrole and     V   2     O   5     composite films, formed by nanowires of 50 nm, have been deposited on the Mg surface at room temperature and at normal atmospheric pressures [35] to improve the corrosion resistance of Mg in a 3.5% wt.% NaCl solution. The reported results suggested that such kinds of composites could protect and slow down the reactivity of the Mg surface.



In previous research [36,37], an extensive corrosion study was carried out to characterize the activity of AM Mg-Al alloys exposed to a simulated marine-coastal environment (SME). The results indicated that the surface of the AM60 alloy would benefit from subsequent treatment or the application of protective coatings to enhance the corrosion resistance in the presence of     Cl   -     ions, being a mainly aggressive component of the marine environments. Building upon these insights, the present study seeks to further enhance the corrosion resistance of AM60, exploring the specific characteristics of metallic vanadium and     V   2     O   5     as sputtered deposits. The change in the time of the SME pH solution and the concentration of the released     Mg    2 +      ions were monitored for a 30-day period to correlate with the surface microstructural characteristics identified by scanning electron microscopy–energy dispersive spectroscopy (SEM-EDS), X-ray photoelectron spectroscopy (XPS), and Raman confocal spectrometry. The corrosion behavior of the bare AM60 and that coated with vanadium and     V   2     O   5     sputtered deposits were compared. To the best of our knowledge, this is the first investigation with this approach.




2. Materials and Methods


2.1. Samples of AM60 and SME Model Solution


Samples of extruded AM60 cylindrical alloy rods (10 mm in diameter) were provided by the Magnesium Innovation Center (Bottrop, Germany), and, according to the manufacture specification, the composition (wt. %) is as follows: 6.0% Al, manganese (Mn) ranging from 0.2% to 0.4%, and the balance Mg. The AM60 disk samples were cut with a thickness of 1 mm, and their surface was polished with silicon carbide (  SiC  ) sandpaper sheets with grit sizes spanning from 400 to 1000, sonicated in ethanol for 5 min, and air-dried at room temperature (21 °C). The marine-coastal model solution composition of SME [36] consisted of    5.84   g      L    - 1       NaCl   ,    4.09   g      L    - 1      Na   2     SO   4    , and    0.20   g      L    - 1       NaH    CO   3     Aldrich analytical-grade reagents, which were dissolved in ultrapure deionized water (18.2 MΩ). The measured pH of the solution was 7.80 (PH60 Premium Line, pH tester, Apera Instruments, LLC., Columbus, OH, USA).




2.2. Coating Deposition


The deposition of thin films on the AM60 Mg-Al alloy surface was performed through two different techniques: DC magnetron sputtering to obtain various     V   x     O   y     phase films of vanadium deposit through air exposure (Figure 1a), and DC reactive magnetron sputtering for     V   2     O   5     deposition (Figure 1b). The vacuum chamber for both techniques achieved a base vacuum pressure of   1 ×   10    - 5      Torr. Argon (Ar) was employed to generate an Ar plasma, and a constant working pressure of 4 mTorr was maintained during the vanadium deposition. For the DC reactive magnetron sputtering, a gas mixture of Ar/    O   2     (4:1) was used, maintaining a total pressure of 5 mTorr for the     V   2     O   5     film deposition. The deposits were obtained on the surface of the AM60 substrate at room temperature (RT). The     V   2     O   5    -AM60 was subjected to a post-deposition heat treatment at 300°C for 1 h under ambient conditions. High purity V-target (99.5%) was used for both sputtering processes. To achieve a deposition rate of    ~ 10   nm      min    - 1     , the power was set to 75 W and the working distance was maintained at 60 mm. The deposition was carried out under room temperature conditions, and the total deposition time was 25 min. It is suggested that the thin films produced by the sputtering technique may exhibit imperfections that affect the interaction between the electrolyte and the substrate [15].




2.3. Immersion Test and Surface Characterization


The AM60 samples, on the surfaces of which there were sputtered deposits of vanadium and     V   2     O   5    , were submitted to immersion tests for 1, 7, 10, 15, and 30 days in 50 mL of SME, separately and triplicated, according to ASTM G31-12a [38]. Concluding the periods of time, the samples were washed and dried at room temperature (21 °C). The remaining solutions were used to measure the change in the time and pH of the SME solution and the concentration of Mg-released ions (HI83200, Hanna Instruments, Woonsocket, RI, USA). The surface composition and morphology of the deposits on the AM60 substrate were evaluated by SEM-EDS (XL-30 ESEM-JEOL JSM-7600, IEOL Ltd. Tokyo, Japan). X-ray photoelectron spectroscopy (XPS, K-Alpha, Thermo-Scientific, Waltham, MA, USA) was implemented at different times of erosion with a scanning Ar ion gun, and it was conducted to provide additional information. The binding energies of the XPS spectra were normalized to a C1s emission peak of 284.8 eV. The Raman confocal spectrometer (Raman alpha300 WITech GmbH, Ulm, Germany) equipped with an argon ion laser was employed to identify vanadium thin films.





3. Results


3.1. Morphology of the Vanadium and V2O5 Deposits on AM60 Surface


The SEM micrographs (Figure 2) compare the morphology of the bare AM60 surface (Figure 2a) with those of V-AM60 (Figure 2b) and     V   2     O   5    -AM60 (Figure 2c). The EDS analysis of the bare AM60 (Table 1) suggested the presence of the Al-Mn intermetallic particles (Zone 1) and the β-Mg17Al12 secondary phase (Zone 2), which are characteristic of the Mg-Al alloy matrix (Zone 3). Meanwhile, the V-AM60 (Figure 2b) indicated the presence of singular particles of Al-Mn (Zone 4), in whose vicinity the vanadium nucleated; the content of V-deposit (Zones 4 and 5) was ~28 wt.%. In a similar way, Al-Mn particles were also found on the V2O5 deposit surface (Zone 6, SEM Figure 2c), and EDS analysis (Table 1) suggested vanadium ~15 wt.% (Zone 6) and a lower content of ~13 wt.% in Zone 7. Thus, it was considered that the Al-Mn particles, characteristic of the Mg-Al alloys, may partially disturb the formation of homogeneous V-deposits.



The cross-sectional SEM images (Figure 3) helped to determine the thickness of the sputtered deposits on the AM60 substrate, considered ~400 nm for vanadium (Figure 3a,b) and ~320 nm for     V   2     O   5     (Figure 3c,d) nano-deposits.




3.2. Raman Spectra and XPS Analysis of the Sputtered Deposits on AM60 Alloy Surface


The Raman spectra of the vanadium (Figure 4a) and     V   2     O   5     (Figure 4b) nano-deposits were compared.



According to study [39], there are approximately twenty stable       V   x   O   y     oxide phases, including VO,     V   2     O   3    ,     V   4     O   7    ,     V   6     O   11    ,   V   O   2    ,     V   6     O   13    ,     V   4     O   9    , and     V   2     O   5    . It was considered that vanadium film (Figure 4a) is composed of an amorphous mixture of     V   2     O   3     and a phase evolution to   V   O   2     [40,41], leading to the formation of thin films (with a thickness of nanometers). It has been suggested that the intensive peaks of V-O and V-V modes may appear in the range of 150–350 cm−1 [42]; intensities are not well pronounced in the Raman spectrum (Figure 4a). On the other hand, the spectrum of the     V   2     O   5     sputtered deposit on the AM60 surface alloy (Figure 4b) revealed peaks corresponding to     V   2     O   5     (marked with a circular shape) at 300, 398, 497, 537, 705, and 992 cm−1, which were assigned to the vibrational modes of the     V   2     O   5     structure [39,43,44]. The low intensity peaks at 250–350 cm−1 were ascribed to the bending vibrations of triply coordinated oxygen (    V   3    - O   ) of the     V   2     O   5     [45], as well as to the existence of doubly coordinated oxygen (V-O-V) [46]; the peak at ~990 cm−1 was considered to belong to the terminal oxygen stretching mode due to unpaired electrons [39]. Moreover, the Raman spectrum (Figure 4b) presented the higher intensity peaks of     V   7     O   16    , at 172, 851, 884, 941, and 1035 cm−1, as characterized by two sheets, one comprising   V   O   5     units arranged in square pyramids and the other consisting of   V   O   4     units in tetrahedra. These sheets combine to form the layered structure of     V   7     O   16    , which is similar to the reported signal for     V   2     O   7     and     V   3     O   7     [39,47,48].



To delve deeper into the structure of the sputtered deposits, an analysis of the XPS spectra (Figure 5) was performed. The distinct peaks of the V2p spectra were ascribed to different V-phases as a part of the sputtered deposit on the AM60 alloy surface.



The core level of the V2p spectrum of vanadium (Figure 5) exhibited two peaks of V  2   p    3 / 2      and V  2   p   1  / 2      (Δ = 7.3 eV), arising from spin-orbit splitting structures [49,50]. The deconvolution analysis of the V  2   p    3 / 2      energy level revealed the presence of four distinct peaks as follows: two peaks at ~517.28 eV and ~518.08 eV, representing     V    5 +      and     V    4 +      ions (FWHM of 1.43 eV for both signals) [49,51], and another two peaks at ~514.98 eV (1.43 eV FWHM) and ~513.58 eV (2.06 eV FWHM) [50,52,53], which may correspond to     V    3 +      and     V    2 +      ions, respectively. These peaks suggest that the sputtered vanadium oxidizes into     V   2     O   3     [53,54].



On the other hand, the analysis of the XPS spectra (Figure 5) provided the main peak of O1s at ~530.08 eV, which split into two additional peaks, presenting ~1.5 eV and ~3 eV higher binding energy, respectively. The O1s peaks were assigned to different oxides (    V   2     O   3     and     V   2     O   5    ), suggested by the Raman analysis (Figure 4), as a part of the sputtered deposits on the AM60 alloy surface. The XPS analysis of the sputtered     V   2     O   5     deposit (Figure 5b) indicated that the peaks of   2   p   1  / 2      and   2   p    3 / 2      are corresponding mainly to the high intensity of the     V    5 +      ion and the     V    4 +      ion at a lower intensity. Thus, the analysis of the XPS spectra provided a valuable tool for discerning the valence state of vanadium oxide structures.




3.3. Analysis of V-AM60 and V2O5-AM60 after Immersion in SME Marine Model Solution


Figure 6a compares the gradual change of the initial pH=7.8 of the SME model solution during the 30 days of immersion of the AM60 alloy surface coated with vanadium and     V   2     O   5     sputtered deposits. The shift of pH overtime to more alkaline values (reaction 1) was less pronounced for the     V   2     O   5     deposit than that of vanadium on the AM60 surface, which may be attributed to the formation of HCl acid (reaction 2) during the dissolution of the     V   2     O   5     in aqueous solution in the presence of NaCl [55]. Since the thin nano-film of     V   2     O   5     is gradually dissolving, the surface of the Mg (AM60) matrix is more exposed to deterioration and, as an indication, had a higher concentration of     Mg   2 +     ion release at    ~ 100   mg      L    - 1      (Figure 6b) at 30 days (reaction 3) than that of    ~ 40   mg      L    - 1      from the V-AM60 surface (Figure 6b).


   Mg ( OH    )   2    + 2 C    l   -   →    MgC    l   2    + 2 O    H   -    



(1)






   2 NaCl  +   V   2     O   5   +   H   2   O →  2 Na    VO   3   +  2 HCl   



(2)






  Mg   Cl   2   →   Mg    2 +    + 2   Cl   −    



(3)







The SEM images (Figure 7) compare the morphology of the AM60 alloy surface coated with vanadium (Figure 7a) and     V   2     O   5     (Figure 7b) sputtered deposits after 30 days of immersion in the SME model solution. The emergence of microcracks observed can be attributed to the pressure exerted by     H   2     bubbles (reaction 4) and likewise to the test sample removal from the solution and the subsequent air drying of the corrosion layer of   Mg    ( OH )    2    , which may undergo contraction due to its dehydration, thus forming microcracks in the surface film [56].


    Mg    2 +    + 2   H   2   O → Mg    ( OH )    2   +   H   2    



(4)







The EDS analysis (Table 2) of zones of interest on the V-AM60 surface (Figure 7a) indicated the presence of vanadium    ~ 21.81   wt . %    (Zone 1) and MgO (  Mg    ( OH )    2    , Zone 2) after 30 days of immersion in the SME solution. Meanwhile, on the     V   2     O   5    -AM60 surface (Figure 7b), the vanadium content was very low at    ~ 6.63   wt . %    and was in separated zones (Zone 3), confirming the dissolution process of vanadium (reaction 2). Since the AM60 matrix has lost the deposit of     V   2     O   5    , the multiple intermetallic particles of Al-Mn appeared (Zone 4), as is characteristic of AM60 (Figure 2), which remained unaffected by the corrosion process due their local cathodic activity, thus accelerating the cathodic reaction of       H    2     and Mg matrix degradation (reaction 4).



To collaborate with the SEM-EDS, XPS analysis was carried out (Figure 7c,d). The XPS V2p analysis confirmed the presence of     V    5 +      and     V    4 +      ion signals as a part of the vanadium sputtered deposit (Figure 7c), while the sputtered     V   2     O   5     deposits (Figure 7d) showed signals of binding energy at a very low level, confirming     V   2     O   5     dissolution (reaction 2) during the 30 days of immersion in the SME solution because of the presence of NaCl ions.



Figure 8 compares the depths of localized corrosion attacks in the bare AM60 alloy (Figure 8a), vanadium (Figure 8b), and     V   2     O   5     (Figure 8c) sputtered deposits on the AM60 surface after immersion for 30 days in the SME model solution. The maximum value of    ~ 154.50   μ m    was observed for V-AM60, whose surface gradually lost the V-deposit (reaction 2), while the     V   2     O   5    -AM60 system presented a lower depth of    ~ 32     μ m    and a maximum of 56.06 μm. Conversely, in the absence of sputtered deposits, the bare AM60 (Figure 8a) revealed a greater depth of ~90.18 μm  .   This comparative analysis highlights a reduction in localized corrosion attacks by ~Δ34.12 μm due to the partial protective effect of the     V   2     O   5     sputtered deposit.



A recent review [57] presents the introduction of vanadium-based compounds as prospective cathodes for Mg-Al-Zn alloys, proposed as materials for aqueous zinc ions batteries (AZIBs). The variety of vanadium oxide states, presenting different crystal structures and diverse coordination, have provided paths for     Zn    2 +      intercalation (storage) [58,59,60,61,62]. In our study, the presence of V2O3 was suggested by XPS analysis as a part of the vanadium sputtered deposit (Figure 5a), and it was considered that this oxide may present high-capacitive energy storage, having a structure like a conductive tunnel in which metal cations may be intercalated [63]. On the other hand, the Mg–Vanadium spinel oxide has been reported to have a higher capacitive for Mg ion storage in batteries (MIBs) [64].



We would like to consider that the released Mg ions from the Mg-Al alloy (AM60), observed in our study (Figure 6b) can be intercalated into the     V   2     O   3     conductive tunnels and stored there until saturation, followed by a stage of Mg ion gradual release over time. This fact will diminish the rate of   Mg   Cl   2     dissolution (reaction 3), and thus the vanadium sputtered deposit will provide a longer service life for the AM60 alloy surface during exposure to marine ambience.





4. Conclusions


Vanadium and     V   2     O   5     were deposited by DC magnetron sputtering on an AM60 substrate (Mg-Al alloy surface) to improve its corrosion resistance in marine ambience. The average thickness of the vanadium and     V   2     O   5     coatings was ~450 nm and ~350 nm, respectively. The presence of Al-Mn intermetallic isolated particles was found to be a part of the deposits, in whose vicinity the deposits nucleated. According to Raman and XPS analysis, the sputtered vanadium is mainly composed of amorphous     V   2     O   3    , while the sputtered     V   2     O   5     comprises two sheets of   V   O   5     and   V   O   4     units.



Samples of V-AM60 and     V   2     O   5    -AM60 were immersed for 30 days in a marine model solution (SME), where the initial pH (=7.8) shifted to more alkaline values, which were less pronounced for the     V   2     O   5     deposit than for that of vanadium on the AM60 surface, which can be attributed to the formation of HCl acid during the dissolution of     V   2     O   5     in the aqueous solution in the presence of NaCl. Therefore, the thin nano-deposit of     V   2     O   5     was gradually dissolved, and a higher concentration of     Mg    2 +      ions,    ~ 100   mg      L    - 1     , was released from the Mg (AM60) matrix when compared to that of    ~ 40   mg      L    - 1      from the V-AM60 surface.



Considering     V   2     O   3     as the main component of the vanadium sputtered deposit, we would like to suggest the possible intercalation of the released Mg ions (cations) into the conductive tunnels of this oxide, reported as a material capable of high-capacitive energy storage. Thus, the V-deposit provided longer partial protection for the AM60 surface (Mg-matrix) from localized surface attacks (pitting).



The modification of the AM60 surface (Mg-Al-Mn alloy) is still a difficult problem to achieve for the improvement of the resistance in marine environments, largely since, in the Mg matrix, there are intermetallic particles and secondary phases (as active cathodes).
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Figure 1. A schematic illustration of the (a) DC magnetron sputtering and (b) DC reactive magnetron sputtering deposition processes. 
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Figure 2. SEM micrographs of (a) bare AM60, (b) V-AM60, (c)     V   2     O   5    -AM60. 
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Figure 3. Cross-sectional SEM images (x5000) of (a,b) V-AM60 and (c,d)     V   2     O   5    -AM60. 
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Figure 4. Raman spectroscopy of (a) vanadium and (b)     V   2     O   5     sputtered deposits on AM60 alloy surface. 
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Figure 5. XPS V2p spectra of (a) vanadium and (b)     V   2     O   5     sputtered deposits on AM60 alloy surface. 
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Figure 6. Change in time of SME marine solution: (a) pH and (b) concentration of     Mg    2 +      released ions during the immersion of V-AM60 and V2O5-AM60 for 30 days. 
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Figure 7. SEM images (x1000-LABE) of (a) V-AM60 and (b)     V   2     O   5    -AM60. XPS spectra of (c) V-AM60 and (d) V2O5-AM60. 
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Figure 8. SEM images of the cross-sections of (a) bare AM60 alloy surface (x500), (b) V-coated (x370), and (c)     V   2     O   5    -coated (x500). 
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Table 1. EDS elemental analysis (wt. %) of random selected surface areas (Figure 2) of the AM60 surface, V-AM60, and     V   2     O   5    -AM60.
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Element

	
O

	
Mg

	
Al

	
V

	
Mn






	
AM60

	
Zone 1

	
2.93

	
35.07

	
31.47

	
-

	
30.53




	
Zone 2

	
1.34

	
76.95

	
21.71

	
-

	
-




	
Zone 3

	
2.12

	
92.50

	
5.38

	
-

	
-




	
Vanadium

	
Zone 4

	
21.84

	
2.50

	
19.24

	
28.59

	
27.83




	
Zone 5

	
10.58

	
59.81

	
4.20

	
25.40

	
-




	
     V   2     O   5     

	
Zone 6

	
12.99

	
33.14

	
23.27

	
15.32

	
15.28




	
Zone 7

	
13.42

	
60.78

	
12.70

	
13.10

	
-











 





Table 2. EDS elemental analysis (wt. %) of random selected surface areas (Figure 7) of V-AM60 and     V   2     O   5    -AM60.
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Element

	
O

	
Mg

	
Al

	
V

	
Mn






	
Vanadium

	
Zone 1

	
36.72

	
11.59

	
3.63

	
21.81

	
-




	
Zone 2

	
21.72

	
68.53

	
5.67

	
-

	
-




	
     V   2     O   5     

	
Zone 3

	
11.28

	
66.32

	
14.77

	
6.63

	
-




	
Zone 4

	
31.01

	
14.73

	
17.47

	
0.22

	
35.84
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