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Electrochemical corrosion performance of copper and
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The influence of Al and Zn by 10 wt.% as alloying elements on the electrochemical corrosion behaviour of Cu-based alloy in 0.1 M NaCl
solution is examined. Results from both electrochemical impedance spectroscopy method and potentiodynamic techniques indicate that th:
corrosion occurred at a higher rate for Zn and Al added alloys than pure Cu, where Zn added alloy shows the worst corrosion performance.
Copper forms a stable, protective layer of:Qy and CuO, as a result, has a lower corrosion rate. In case of Al and Zn, added alloys,
dealloying, as well as dissolution of additional.@l; and ZnO, are responsible for higher corrosion rates, respectively. The surfaces are
investigated by optical and scanning electron microscopy. Phases of different intermetallics within the Cu matrix are identified in the etched
optical micrographs of the experimental alloys. The optical images after corrosion depict layers of oxides on the surfaces where the Zn-addec
alloys are highly affected, followed by Al-added alloys and pure Cu. Increased amounts of internal damage to the surface of the Zn-added
alloy are visible in the SEM images. The EDX spectrum not only supports the presence of oxide layers but also claims that Zn-containing
particles are dissolved at a greater rate than Al.
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1. Introduction crostructure in response to heat treatment. The alloying el-
ements in copper play a vital role in both the strengthening
. . . . . . effect and other properties like corrosion [9]. The chloride

Copper is employed in electrical wiring. elgctr!cal appli- environment has an adverse corrosive effect on the alloy sur-
ances, and heat exchangers. In marine applications, Su.Ch f4%e as CI- ions promote pitting corrosion [10]. Moreover,
propellers and propel_l_er shafts, aluminium bron_ze and h'ghCI- ions accelerate the rate of dissolution of protective ox-
strength_ brass are utilized [1]. For conden_sers n freshwatq&e layers. According to the literature, chloride solution ex-
appllcatlon_g, bra_sses are gengrallly OCCUp'e(.j' Qopper alloBfﬁbits a much higher rate of redissolution of the protective
are also utilized in numerous significant applications, for eXcu20 layer than chloride-free solution [2, 11]. Electrochem-

ample, in water distribution systems, marine applications etc|'c:al impedance spectroscopy is a useful method of character-

[2, :g t‘l’hestehafllc?(ys have_vtery gooddre5|s(;anf_e_tto Zo;rogor\zing electrochemical corrosion properties, such as diffusion
good strength, fatigue resistance and conductivity [4-7]. ftates, reactions etc. Although this approach is susceptible to

rosion is an important phenomenon to observe in metal;, otential interpretation problems, modelling with optimally
it naturally d.e grades the metal surfaces exposed to ENVIrOHGted circuits can improve the understanding of electrochem-
ments containing oxygen. The process converts metals INOR| corrosion [12]. Again, the technique of potentiodynamic
more stable form of OX'd.eS' As aresult, not only the Chem)'}:)olarization is a generally acknowledged method for identi-
ical but ph_ysu:al properties of an alloy are also affected b fying localized corrosion caused by pitting corrosion.

the corrosion process [8]. Although most of the structural
alloys corrode by the moisture in the air, the process can be Various investigations on the effect of alloying elements
accelerated when exposed to certain other substances. Smaifi the corrosion behaviour of alloys under corrosive medium
amounts of alloying elements are frequently added to metare going on [13]. But few works are there studying the role
als to upgrade their properties. A metal’s strength, hardnessf alloying elements on the corrosion performance of copper
electrical and thermal conductivity, corrosion resistance, andlloy under sodium chloride solution. This article evaluates
colour can be changed to meet demand through alloyinghe effect of alloy composition on the electrochemical cor-
The improvement of one feature by the addition of a sub+osion behaviour of Al and Zn added Cu alloys under 0.1
stance may have unanticipated impacts on other propertieM NaCl solution. Ten weight percentages of each alloying
The precipitates of intermetallics are allocated into the mi-element are considered to identify the individual severity of
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corrosion. For the investigation of the corrosion behaviourglectrical circuit in the program EC-Lab-Analyst. The cir-
electrochemical techniques such as potentiodynamic polacuit used in this study is called the Randles circuit. By mod-
ization and electrochemical impedance spectroscopy (EISglling with this circuit, the system characteristics like, =
surface characterization, including optical microscopy, scanpolarization resistance)), Rs = solution resistancef)),
ning electron microscopy (SEM) and energy dispersive specandC,, s, = electrochemical double-layer capacitang&)
troscopy (EDS) have been performed. were obtained.

2.2. Potentiodynamic polarization technique

2. Experimental
For potentiodynamic polarization analysis, the same experi-

Commercially pure Cu, Cu-10Al as Al-bronze and Cu-10Znmental setup was used. The electrode potential was changed
alloy as a-brass were utilized in this investigation. Alu- from —1 to +1 V with a scan rate of 0.5 mvs, and the
minium, zinc, and commercially pure copper were melted corresponding corrosion current was measured. The formula
which was executed in a crucible of clay graphite in a pit fur-employed for finding out the corrosion rate is,

nace which is natural gas fired. The chemical compositions of I K x EW
the samples were obtained by optical emission spectroscopy Corrosion rate= Loorr X 1A X LW
(OES) method which are shown in Table I. The cast alloys pxA

were machined intd5 x 20 x 150 mm?. Then the alloys \here, I, corrosion current (A)K the constant which de-
were cold-rolled using a laboratory-scale rolling mill by 40% fines the corrosion rate units in mm yearwhereK = 3272
reduction. The samples acquired from the cold rolling wergnm (A cm year)! according to ASTM standard G 102),
of 9 x 20 x 20 mm’ size and were aged at 20D for 60  pyy the equivalent weight (g/equivalent), the density in
min for attaining peak hardness and stress relieving [14]. T?ﬁcm*?’), andA the surface area in (cih

measure the hardness of the aged samples, a Zwick Rockwell The microstructural images of polished surfaces of the al-
hardness tester with a 1/8-inch ball was used on the B :scalq?Oys prior to and after corrosion were captured by OPTIKA,
Density was considered from the elemental co_r‘r11p05|'§|on of, typical optical microscope. In the case of the conventional
the alloys. Tensile test was carried out ar &' strain  gptical microstructure of the aged alloys, the surfaces were
rate using an Instron testing machine accordl_ng to ASTMmetallographically etched by a typically suggested copper
The samples were _machmed to produce working electrodesichant, one of ammonium hydroxide + hydrogen peroxide
of 4 x 5 x 35 mn? size.4 x 5 mm? surfaces were exposed, (3%) in a 1:1 ratio. The SEM and EDX investigations were

while coating the remaining surface by PVC heat shrinkable;aried out using a JEOL scanning electron microscope with
tube. Afterwards, the exposed surfaces of the alloys were poly, attached X-ray analyzer.

ished mechanically with emery papers of 320 to 2000 grits.
A 100 mL three-electrode glass cell was utilized for the . .
electrochemical study. 0.585 g of analytical reagent grad§' Results and discussion
sodium chloride powder was dissolved into 100 mL of deion- 1
ized water to prepare the 0.1 M sodium chloride solution.” ™
The rectangular coated experimental samples were used e effects of Al and Zn content by 10 wt% each on the phys-
the Working eleCtrOdes, a platinum electrode was ConSidereQa| and mechanical properties of Cu, a||0y experimenta| re-
as the counter electrode and an/AgCI-KCl was used as the  sy|ts are exposed in the following two charts. Figure 1 shows
reference electrode. To prepare the three-electrode glass celie physical properties of the alloys related to hardness and
all three electrodes were dipped into the NaCl solution, angjensity at peak aged conditions. It is observable from the

: 1)

Physical properties

the glass was sealed to isolate it from the environment. figure that, at peak aged conditions, both Cu-10Al and Cu-
10Zn have higher hardness values than pure Cu. As solution
2.1. Electrochemical impedance spectroscopy (EIS) strengthening occurs through the dissolved Zn and Al atoms

in the alloys. As a resuliy-brass and Al-bronze have higher
The electrodes were connected to the CH Instruments - Eledvardness compared to Cu [15,16]. Again, Al-bronze has su-
trochemical Workstation by crocodile clips. The system waserior hardness to Zn-bearingbrass. During age hardening,
maintained for around 30 minutes to reach a steady statdive stable intermetallics of Al and Cu are formed: (@,
To obtain the open circuit potential (OCP) values, the volt-CusAl,, CusAl3, CuAl and CuAb. Among them, two spe-
ages between the working and reference electrodes wergals are CyAl, and CyAl,, which cause higher hardness in
measured. 5 mV amplitude and 100 kHz to 0.2 Hz fre-the Cu-10Al alloy [17,18]. These stable intermetallic phases
guency range were set for the sinusoidal voltage. Then thbave been identified in Cu-Al alloys in several previous in-
impedances for this range of frequencies were measured hyestigations [19-21]. When the concentration of Zn is be-
the potentiostat at the open circuit potential. The EIS datdow 35 wt.%, the phase of brassds which has a substitu-
were obtained after 30 minutes of stabilization for each samtional and disordered face-centred-cubic (fcc) structure. As a
ple. These impedance data were fitted to the appropriateesult, Cu-10Zn shows a single fcc statemfphase with no

Rev. Mex. Fis69051002
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TaBLE |. Chemical composition of copper samples (wt.%).

Alloy Al Zn Pb Sn Fe Ni Si Cu
Cu 0.001 0.000 0.010 0.004 0.033 0.001 0.000 Bal
Cu-10Al 9.460 0.047 0.088 0.017 0.154 0.004 0.004 Bal
Cu-10Zn 0.013 10.300 0.012 0.007 0.057 0.005 0.004 Bal
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FIGURE 1. Variation of hardness and density of the pure Cu, Al

L . 0 .
and zn added Cu alloys. FIGURE 2 .Variation of tensile strength and % elongation of the

pure Cu, Al and Zn added Cu alloys.

discernible age-hardening effects, Wh'.Ch makgs Qu 10Zn aIZn added Cu is not more prominent than Al added Cu alloy
loy softer than Cu-10Al [22,23]. Additionally, in Fig. 1 de- . . . . )

. . ! : since Al-bronze consists of different intermetallics.
picts the variation of density among the experimental alloys:

Pure copper has the highest density, whereas Al-bronze is trfs
lightest, as the densities of Cu, Zn, and Al follow this se-
quence: C+Zn>Al. It can be seen from Table I. that Aland The impedances were generated for variable frequencies be-

Impedance spectroscopy studies

Zn are present in the alloys by 10 wt.%. tween 100 kHz to 0.2 Hz by the potentiostat, CH Instruments
_ . - Electrochemical Workstation. The impedances were mod-
3.2.  Mechanical properties eled with the electrical circuit in Fig. 3 to get the values of

Fi 2 sh h hanical . f th corresponding circuit components. The circuit components
Igur:| Sd ;WS dde ;ngc alrluca _prf{)per |esf<t) _‘T putre C(f[ are solution resistandes, polarization resistanckp, which

Per, 0 and 2n added Lu alloys In terms of tensile streng ns equivalent to charge transfer resistafite[26], and effec-

and % elongation. It is noted from the figure that both thetive double layer capacitang, )., the values of which are

Al-bronze (Cu-10Al) and the:-brass (Cu-10Zn) show bet- oo nteq in Table Il for the respective alloy$. denotes the

ter tensile strength but reduced ductility than Cu. Previou hi-squared value of goodness of fit. It has been previously

§tud|es sugge_st that adding some alloying elements to COPPEnd that the polarization resistance changes inversely with
improves tensile strength [24]. The results of the study sup-

port that zinc-added copper has more tensile strength and less

% elongation than pure copper itself [25]. The higher con- Cp(eff)
tent of zinc in Cu-10Zn increases brittleness [24]. The solid |
solution hardening of the-phase of brass during the solidi- 1
fication process is responsible for this increased strength and R
reduced ductility. Again, the intermetallics formed during the >
solidification and ageing of Cu-10Al alloy, specially §Al 4 -M' —
and CuyAl, intermetallics, increase the tensile strength and
brittleness [17]. These precipitated particles hinder the dis- Rp
location movement, which leads to high tensile strength, but W\f
low ductility [18]. Furthermore, it is noticed from the figure

that the Al added Cu has higher tensile strength and loweFicure 3. The equivalent electrical circuit for the impedance data.
ductility than Cu-10Zn. The solid solution strengthening of

Rev. Mex. Fis69051002
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TABLE Il. Open circuit potential (OCP) values and electrochemical impedance spectroscopy (EIS) test results.

Alloy OCP, V vs. SCE Ri2 Rsk2 Cp(ettyl uF X2
Cu -0.12913 26633 53.84 40.56 0.07667
Cu-10Al -0.17519 18473 45.01 54.1 0.01711
Cu-10Zn -0.20251 16192 36.48 83.66 0.00179

the corrosion rate of a metal, indicating the reactivity rate of  The aluminium oxide formation is shown in the equation

the surface with the environment [27,28]. TRe and R.; below [37]:

are equivalent as they both indicate corrosion resistance.
From Table Il, the observed phenomenon is that the OCP

shifts towards a negative direction as alloying elements are

. . - However, the values ak, show a decreasing trend from
added into the Cu, but the open circuit potential value of chu to Al and Zn added allovs in the table. afi Shows
added Cu alloy falls below Al added Cu alloy. The more Y » A0err

e L : . the opposite trend. As Rs dominates the total path resistance,
positive open circuit potential expresses better corrosion re-

sistance of metal [29]. Againp is higher for pure copper it follows a similar trend agt, [38].

e than Al 2 e allys, adress s w1, -9 & 89P0 he st g for e copoer o
est value ofRp. This trend suggests that-brass has the yS. 9 P

lowest corrosion resistance, while pure copper has the bemOdel’ which provides the real (Zr) and imaginary (Z1) parts

S : .
corrosion protection among them. The addition of Al and ZnOIr the impedances, respectively. The charge transfer process

dearades the corrosion performance of Cu allov as deallo regulates the electrochemical corrosion of pure copper and
ey P y copper alloys, as indicated by a full semicircular shape on
ing of Cu-Al and Cu-Zn occurs on the alloy surfaces due tothe Nyquist diagram [39]
the selective dissolution of Al and Zn. Moreover, the Cu-Zn ya g ’

. S : . The Bode magnitude and phase plots are shown in
solid solution is more prone to dealloying than Cu-Al solid Figs. 5a) and b), respectively. At theaxis of the Bode mag-
solutions, which is why Zn-added-brass shows the worst gs. - esp Y- g

corrosion resistance [30]. Normally Al-bronze anebrass hitude plot, the moplulus of impedandé(/©)) is presented,

) ' whereas the negative values of phase angles/() are de-
are involved to produce a compact film composed ofGy| noted at thej-axis of the Bode phase plot. On the other hand
and ZnO along with C40, where Al-related oxide is more Y P plot. ’

thex-axes of both the Bode magnitude and phase plots denote
stable than that of Z.n [30’31]'. Pure copper shows the b.eﬁﬁe frequency (/Hz). The impedance can be determined by
performance as Cu is susceptible to forming cuprous OXId?h

(CuO) protective layer or to dope the film with the alloy- e following equation:
ing elements’ ions such as iron, and each of the experimen-
tal alloys has a trace amount of iron in it [32-34]. Copper,

when immersed in NaCl solution, forms €D by this reac- o .
tion [32,35]: From the equation, it is known that at high frequency,

the rightterm of the equation gets close to zero, and the

Ry

Z(w)=Rs+ —————.
() + 1+ jwR,Cy

9)

O, + 2H20 + 4= — 40H™, 2
Cu— Cu* + e, 3) 12000 A Clii
Cu-10Al
cut2clm - cuCl,  (4) 130001 CE—IOZn
2CuCh +20H™ — C,L,O+H,O+4ClI7.  (5) 8000
a
But, when Cu bonds with Al and Zn to produce solid so- ;i 6000 -

lution strengthening and age hardening particles, they do not
let Cu to easily form oxide. Zn forms a zinc hydroxy chloride 4000 -
(Zn5(OH)sCly) surface film by the following reaction [36]:
2000 +

Zn(s) + ClI~ 4+ H20 — Zne (OH)sCla(f). (6)

0

Again, Assaf.et al. [36], investigated that passive zinc 2000 4900 SO00 5000 16006 1200

oxide film is formed by the following reaction: Z.(Q)

FIGURE 4. Nyquist diagram for the pure Cu, Al and Zn added Cu

Zn+ (OH)™(adg — ZnO+ H* + 2e". () aloys.

Rev. Mex. Fis69051002
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FIGURE 5. Bode a) magnitude, and b) phase diagrams of the pure Cu, Al and Zn added Cu alloys.

impedance is close to the solution resistance. Figure 5a)

shows a similar trend. The Bode magnitude plot for pureTasLE Ill. Corrosion parameters obtained from potentiodynamic

Cu is situated higher than Al-bronze, where the curvenfor polarization analysis.

brass lies lower than the alloy with a higher amount of Al,

which can be explained by Eq. (6) and Table II. From the ta- Alloy Leordjus EeorlmV Corrosion rate,
ble, bothR, andR,, are higher in Al-bronze than-brass, the mmiyear
pure Cu having the maximum value. For higher valueg of Cu 2.86 -140.3 0.1659
andR,, the impedance must be higher, according to Eq. (5). Cu-10Al 7.99 -126.98 0.4627
In Fig. 5b), no phase shift is there at lower and higher fre- cy-10zn 11.31 -95.28 0.6720

guencies, indicating a resistive response. On the other hand;
at mid-range frequencies, the phase shifts are closef@s,
which is a capacitive response.

Al added Cu alloy as Al-bronze, and Zn added Cu alloy as
a-brass. The experimental results of the potentiodynamic po-

3.4. Potentiodynamic polarization analysis

larization analyses obtained through Eq. (1) are furnished in
Table lll. The corrosion current is expressediby;, the cor-
rosion potential or rest potential is expressedHy, and

Figure 6 shows the potentiodynamic polarization curves obthe corrosion rate is denoted in mm/year unit. Inspecting the

tained under scan rate of 0.5 mVsapplying electrode po-
tentials from—1 V to 41V, for the commercially pure Cu,

Tafel plots, it is noticed that the slope of the curve for pure
Cu is higher than the other two curves for the Zn and Al-
added Cu alloys. The higher the slope, the slower the corro-

1.5 sion should take place, as the change in corrosion current is
smaller [40].
104 81 SGAT The experimental data suggest that the corrosion current
i and corrosion rate are higher in Al, and Zn added alloys,
- Cu-10Zn where Zn added alloy showing the maximum corrosion. This
2 0.5+ can be interpreted as the pure copper exhibits the best corro-
o sion resistance, whereas thebrass depicting the worst re-
2 0.0 sistance followed by Al-bronze, which behavior is like the
E/ EIS analysis.
459 3.5. Optical micrographic observation
-1.0- Figure 7 presents the optical micrographs of Cu, Cu-10Al and
R Cu-10Zn alloys prior to and post corrosion process in 0.1 M
1012 10710 108 106 10% 102 NaCl solution. The surfaces of the alloys were highly pol-
I(A) ished with emery papers for getting smooth surfaces. There

FIGURE 6. Tafel polarization curves for the pure Cu, Al and Zn

added Cu alloys.

are slight scratches due to polishing. Although not very much
difference can be observed from this type of unetched mi-
crostructures, but as there were different alloying elements

Rev. Mex. Fis69051002
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FIGURE 7. Optical micrographic images of the surfaces of pure Cu, Al and Zn added Cu alloys before and after corrosion in 0.1 M NacCl
solution.

present, a varied tone can be detected in the alloys. Putie highest damaged surface of the Zn added alloys and fol-
copper shows orange-tinted red, Al-bronze exhibits dull goldowed by Al-added alloys and then pure Cu. These results
tones, andx-brass shows reddish gold before corrosion inalso comply with the experimental results of the corrosion
Figs. 7al) to 7cl). Again, some differences are discernibleate of the experimental alloys.

among the micrographs of the metal surfaces after corrosion The conventional optical microstructures of the etched
in Figs. 7a2) to 7c2) and no polished marks are visible. Apure Cu, Al and Zn added Cu alloys are shown in Fig. 8,
uniformly distributed corroded surface is found in Fig. 7a2),after cold rolling and peak aged conditions. Due to rolling by
as there is no intermetallic formed in pure copper. However4d0% deformation, elongated and broken grains are formed in
different intermetallics of copper aluminates associated withthe direction of rolling. The grains become elongated in the
trace impurities cause localized pitting corrosion in Cu-10Aldirection of the applied stress, irreversibly changing the mi-
alloy, which can be observed in Fig. 7b2) [41]. Figure 7c2)crostructure during cold working. The distribution of the size
shows an extensive amount of pitting corrosion caused by thef the Cu grains is not uniform, and there are some smaller
Zn solid solution, as well as trace impurities into the ma-grains visible in the middle of the coarse grains, where sev-
trix and the preferential dissolution in the case of Cu-10Zneral twins also exist within the grains [Fig.8a)] [46]. Differ-
alloy [42]. As Cu and Zn have a large difference in equi-ent phases such asphase, several-phases, and retaingti
librium potential difference, selective dissolution of Zn oc- phase are there in Al-bronze. The specific phases also refine
curs. It has been previously inspected that both physical anthe grain structure [47]. Cu-Zn alloy shows a single-phase fcc
surface phases were remarkably changed due to anodic disendition because the level of Zn content is below 35 wt.%.
solution or free corrosion of brass [43]. In the micrographsThe single-phase brass is formed when Zn is melted into Cu
of corroded surfaces, pure copper is turned into yellow andnd develops a uniform crystal structure, revealed by the Cu-
green colour as typical of GO and CuO, which is visible in  10Zn alloy’s resultant microstructures [Fig. 8c)]. Similar ob-
Fig. 7a2) [44]. servations are also made by the earlier investigators [48].

There is a film of AbO3 on the surface of Cu-10Alin 36 SEM and EDX observation
Fig. 7b2), which is white in general. The ZnO together with
CuO shows the white and green tone on the surface of Cufhe surface micrographs of the corroded surfaces of the pure
10Zn alloy in Fig. 7¢2) [45]. The micrographs also display Cu, Al-bronze andv-brass using SEM are presented in Fig. 9.

Rev. Mex. Fis69 051002
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FIGURE 9. SEM images of a) pure Cu, b) Al added Cu, c) Zn added Cu alloys after corrosion in 0.1 M sodium chloride medium.

TaBLE IV. EDX analysis of corroded surface of the alloys.

Content, wt.%

Alloy
Cu (0] Al Zn Fe Na Cl
Pure Cu 46.74 23.67 0.00 0.00 0.00 0.00 29.59
Cu-10 Al 45.02 15.43 5.45 0.00 0.76 0.00 33.34
Cu-10 Zn 44.99 24.89 0.05 1.61 0.38 0.30 27.78

The uneven surface topography is visible due to the formalution rate of oxide film ZnO is higher and not too stable than
tion and demolishment of oxide layers for each sample. Ithat of Al,Os.
is conspicuous that the dissolution of pure copper is homoge-

neous, which is depicted in Fig. 9a), whereas there is selective  according to the quantitative EDX analysis as tabulated

dissolution in the case of Al-added Cu and Zn-added Cu inp Taple IV, the alloys show following chemical compositions
Figs. 9b) and c). Furthermore, surface defects such as micrgy \wt.o4:

cracks and pinholes are visible, which are, to a greater extent,
on the surfaces of Al and Zn-added Cu alloys. The pinholes
are the effects of pitting corrosion which seems excessivel

on the surface of Cu-10Zn alloy, caused by the Cu-Zn soli 0 . i .
solution matrix and the preferential dissolution as discusse n the other hand, the wt.% of Zn is reduced during corrosion

0 0 e . : i
previously. One significant observation is that Zn bearing alz oM 1023/0 t9 1.61%, qeplctmg that ghssoluﬂon of Zn bgar
ing particles ina-brass is more prominent than Al bearing

loy surface shows thick oxide layers with internal massive * ! : . .

damage. The pitting potentials in Cu-Al and Cu-Zn a”OySpartlcles in Al-bronze. During the corrosion process, the el-

are higher than in pure copper, which may be due to the pre ement Z_n and Al une_llloyed form the-brass and Al-bronze,

ence of the mixed passive films g0 and ALOs in Cu-Al which dissolved easily. As a result, such lower levels of Zn

alloy and CyO and ZnO in Cu-Zn alloy [30,31]. The disso- remain in the alloy. The percentages of oxygen in every alloy
' indicate the layers of oxides formed.

The compositions can be interpreted as the wt.% of Al is
educed from 9.46% to 5.45% in Al-bronze after corrosion.

Rev. Mex. Fis69 051002
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4. Conclusions

Corrosion of copper along with Al and Zn added alloys in

0.

1M NacCl solution has been successfully investigated. The

main conclusions of the experimental results can be summa-
rized as follows:

e Among the three samples, pure copper has shown
the highest corrosion resistance, whereas Zn added
brass showing the lowest, followed by Al-bronze, by
both EIS and Tafel analyses. This is because the Cu-Zn
solid solution is more prone to dealloying than Cu-Al
solid solutions, and pure Cu serves homogeneous cor;

. . ) ) : A
rosion protection by forming different oxide layers of
copper.

e As the surfaces deteriorate, the polished marks ar
removed, which can be observed in the optical mi-
crostructures. A variation in colour tones can also be
observed in the different alloys, both before and after

tial than Cu and Al. Micro cracks and pinholes are ev-
idence of selective dissolution of alloy phases, which
can be identified in the SEM images. The etched mi-
crostructures before corrosion exhibit different phases
of o, 3, /' andk.

e The EDX spectra prove the presence of oxide layers on
the surfaces after corrosion, and the degree of dissolu-
tion of Zn and Al added particles is higher drtbrass
and Al-bronze. It also shows that the film of 48
serves better protection than ZnO.
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