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EffEct of Zinc and Silicon on tribocorroSivE WEar bEhaviorS  
of hot forgEd cuZn3fe2Si3 and cuZn15Si4 alloyS

The production and characterization of UnS C65620 (CuZn3Fe2Si3) and UnS C87800 (CuZn15Si4) coded alloys were 
investigated. The alloys poured into the gravity die casting method were hot forged with a ram, followed by stress relief annealing 
heat treatment. While the formation of Cu4Si, cu0.83Si0.17 and cu5zn8 phases were detected in the structure of the UnS C65620 
coded alloy, Cu12.75Sizn2.92 and cu3Zn intermetallics with the phases given above were observed in the structure of the alloy 
containing more Zn and Si. The formation of phases containing more Si and Zn resulted in an increase in both the hardness and 
strength of the UnS C87800 coded alloy, while the decrease in the % reduction of area and the observation of dynamic deforma-
tion aging caused the increase in both the wear rate and deformation hardening rate, which led to embrittlement of the alloy. The 
deterioration of the corrosion resistance of the UnS C87800 coded alloy can be attributed to the formation of Zn-rich corrosion 
products on the surface during corrosion.
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1. introduction

Copper is one of the most prominent metals among the 
non-ferrous metals used by human beings in terms of its role 
in shaping civilizations. ıts chemical, physical, and aesthetic 
properties create a wide range of usage in industry and high 
technology applications. Having the features of ease of manu-
facture, high electrical and thermal conductivity and forgeability, 
copper is also resistant to corrosion and wear [1-5]. The desire 
for high strength materials in engineering has led to the need to 
add a certain amount of some elements to pure copper [6]. Cop-
per has a wide variety of alloying elements such as zinc, silicon, 
aluminum, iron, and nickel. By means of these elements, copper 
gains new characteristics for its usage in various applications [7]. 
Copper alloys, which are produced with the addition of zinc 
constitute an important alloy group. Especially the  Cu-Zn-Si 
alloy group got priority for high strength, high toughness, good 
wear, and corrosion properties [8]. Zinc increases strength, 
hardness, and wear resistance in where silicon improves the 
tensile strength and mechanical properties. More focus has 
been placed on the industrial manufacture of  Cu-Zn-Si alloys 
as research into these alloys advances. Cu-Zn-Si alloy mate-

rials used in aviation  equipment, marine applications, and other 
fields include electrical pipes, valve bodies, connecting rods, 
fasteners, marine and mast line equipment, nuts, bolts, screws, 
rivets, nails, and wires [9]. ın production, most metallic materials 
have undergone at least one deformation process such as roll-
ing, forging, and extrusion. These processes do not only shape 
materials but also effectively reduce casting defects such as pores 
and slag inclusions [10, 11]. Therefore, it has been reported that 
the hot deformation process is generally used to improve grain 
size and eliminate casting defects that play an important role in 
improving the mechanical and tribological properties of these 
alloys [12]. ıt is well known that not only tribological factors 
are sufficient to express the basic properties of materials, but 
also working environments affect the performance of a material 
[13,14]. The working environment includes natural factors such 
as dry air, sea water, lubricant [15-17]. The aim of this study 
is to determinate the forgeability on the mechanical and corro-
sion properties of the high Si and Zn added UnS C87800 coded 
alloy and compared to that of the UnS C65620 coded wrought 
copper alloy in terms of the effect of zinc and silicon addition 
elements and environmental conditions such as 3.5 wt.% naCl 
and 10 wt.% diluted boron oil solution. 
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2. Materials and methods

The UnS C65620 and UnS C87800 coded alloys were 
cast in Sağlam Metal Corporation (gebze-Turkey). The alloys 
were prepared by melting them in a 5 M brand induction melting 
furnace at 1150°C under air atmosphere. The molten alloys were 
then poured into steel molds 50 mm in diameter and 200 mm 
in height, preheated to 250°C. Subsequently, both of the inves-
tigated alloys were annealed and forged at 650°C with a ram at 
a strain of 60% in multiple directions and then, the hot forged 
samples were subjected to stress relief annealing heat treatment 
at 260°C, for 2 hours. Heat treatment processes were carried out 
in the protherm plF Series 110-130 brand furnace. The chemical 
compositions of the investigated alloys are determined by XrF 
(X-ray fluorescence) analysis and given in TaBlE 1.

The surfaces of the investigated alloys, which were prepared 
by standard metallographic procedures in the form of grinding 
(by 240-4000 grit SiC papers) and then polishing (by 0.3 μm 
alumina suspension) in the Microtest brand device, were etched 
with 5 g FeCl3 + 16 ml HCl + 60 ml ethanol mixed etching so-
lution for microstructural analysis. Microstructure images were 
obtained with nikon Epiphot 200 brand optical microscope and 
Carl Zeiss Ultra plus gemini brand SEM device equipped with 
EDS (energy dispersive spectroscopy). 

The XrD peaks of the 20×20×5 mm3 cut samples from 
the investigated alloys were detected with the rigaku Ultima ıv 
device at a scanning angle of 10°-90° and a scanning speed of 
3°/min. The peaks, which were formed as a result of the XrD 
test were compared with the standard cards and thus, the phases 
in the structure were analyzed.

vickers hardness test was applied by indentation the pyra-
mid shaped tip indenter under 0.5 kg load for 15 seconds with 
SHıMaDZU HMv 2T micro hardness device on the surfaces 
of the samples prepared by applying standard metallographic 
procedure. after the test, the hardness was evaluated by taking 
the average of the 5 measurements. 

ın order to determine the mechanical properties, tensile tests 
were carried out on the samples machined in ıSo 6892-1 stand-
ard with the Zwick/roell Z600 tensile device at 1.67×10–3 s–1 
tensile rate and room temperature. The mechanical properties 
of each alloy were determined as the average of the tensile tests 
of at least 3 samples. 

The surfaces, which were cut into cubes of 5×5×5 mm3 
from the alloys examined were grinded with 1200 SiC sandpaper 
and then cleaned with pure water and ethanol in an ultrasonic 
device, respectively. The measurements of the surface areas and 
initial masses of the samples before dipping were determined 
with micrometer and 0.1 mg precision balance, respectively and 

then the samples were immersed in 3.5 wt.% naCl solution. 
The immersed samples were taken from the corrosion solution 
at 2 hours intervals until 48 hours and the corrosive oxide layers 
on the surface were cleaned by keeping the samples in 100 ml 
sulfuric acid and 900 ml distilled water solution for 5 minutes 
and then evaluated by the mass loss. ımmersion corrosion tests 
were performed 3 times for each alloy and the arithmetic mean 
of the results obtained was calculated. at the end of the test 
period, a detailed analysis was made by using SEM images, 
which were taken by Carl Zeiss Ultra plus gemini brand SEM 
analysis device, to determine the corrosion mechanisms of the 
corroded sample surfaces. 

The samples prepared from the investigated alloys are mold-
ed with epoxy resin by soldering the back side of the samples with 
copper wire to transfer the current and front side of the sample 
surface was exposed to the corrosive media. an effective adhe-
sive tape is adhered to the front surface of the samples to create 
0.25 cm2 of an atmosphere open circular surface. ın the test cell 
(ısotherm Boro 3.3, 250 ml beaker), the test sample as the work-
ing electrode, the graphite rod acting as the counter electrode and 
the saturated calomel electrode (SCE) as the reference electrode 
were placed. ın all of the experimental studies, without any cur-
rent flowing through the system, the change of the open circuit 
potentials in mv between the working and reference electrodes 
was measured against time in 3.5 wt.% naCl solution at room 
temperature. after reaching the equilibrium potential (Ecorr), the 
potentiodynamic polarization curves were created in the range 
of –0.25 v +0.25 v with respect to the open circuit potential, at 
a scanning speed of 1 mv.s–1 and recorded from the cathodic to 
the anodic direction. Corrosion potential (Ecorr) and corrosion 
current density (Icorr) were calculated from Tafel curves. For 
all parameters, the arithmetic mean of the results were obtained 
by performing 3 tests on the ‘gamry pC4/300 ma potentiostat/
galvanostat ınstruments’ potentiodynamic polarization tester. 

For the wear test, block on ring wear device was used, and 
the counter material was cylindrical 1.2379 cold work tool steel 
with a hardness of 55 HrC and a diameter of 54.6 mm. The 
investigated alloys prepared in 15×15×10 mm3 dimensions 
were worn out in dry conditions at 20, 40, 80 n loads and in cor-
rosive environments (containing 3.5 wt.% naCl and/or 10 wt.% 
diluted boron oil solution) under 80 n load on a surface area of 
15×10 mm2 at a speed of 0.02 ms–1. Wear tests were carried out 
at 2000 meters intervals, in total 10000 meters of sliding distance. 
The wear behavior of the samples was evaluated by measuring 
the mass loss with 0.1 mg precision balance. a detailed analysis 
was carried out using SEM images, which were taken by Carl 
Zeiss Ultra plus gemini brand SEM analysis device, in order to 
determine the wear mechanisms of the alloys examined.

TaBle 1
Chemical composition of UnS C65620 and UnS C87800 coded alloys

chemical composition (wt.%)
Material code cu Zn Pb Sn P Mn fe ni Si al 
UnS c65620 Balance 3.105 0.010 0.003 0.06 0.575 1.713 0.010 2.867 0.060 
UnS c87800 Balance 15.51 0.002  0.004 0.07 0.005 0.124 0.017 4.159 0.002 
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3. results and discussions 

The optical microstructures of the UnS C65620 and UnS 
C87800 coded alloys are given in Fig. 1, respectively. ın the 
microstructure images of the UnS C87800 coded alloy, an-
nealing and mechanical twins (Fig. 1) within the grains were 
observed. Mechanical twins tend to be in the form of sharp-edged 
lenses that reduce long-range elastic stresses and are thought to 
occur during hot forging. annealing twins were formed in the 
air-cooling stage after hot forging in the shape of straight sides 
[18,19]. Fig. 1 shows the spherical phases which are thought to be 
cu4Si within the geometrical drawing in the optical microstruc-
ture image of the UnS C65620 coded alloy. ın Fig. 1, the white 

arrow in the optical microstructure image of the UnS C87800 
coded alloy and the geometrical drawing shows the twinning  
regions. 

as seen in Fig. 2, Cu4Si, cu0.83Si0.17 and cu5zn8 were 
formed in both alloys together with αCuZn solid solution. 
cu12.75Sizn2.92 and cu3Zn intermetallics were observed in UnS 
C87800 coded alloy different from the UnS C65620 coded 
alloy. nnakwo et al. [20] reported that Cu3Si phase, which is 
intermetallic phase transition to α and α-β phase, formed in the 
microstructure analysis of Cu-3%Si bronze. ın this study, con-
trary to the Cu3Si phase, the formation of other Si-containing 
phases was observed to be compatible with the studies of Wang 
et al. [21] and also güler and Özenbaş [22]. 

Fig. 1. The optical microstructure images of the hot forged and stress relief annealed UnS C65620 and UnS C87800 coded alloys

Fig. 2. The comparison of XrD analysis results of (a) UnS C65620 and (b) UnS C87800 coded alloys
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SEM images and EDS analysis results of the investigated 
alloys are given in Fig. 3. ın the SEM image of UnS C65620 
coded alloy, EDS analysis of phase no.1 on the spherical gray 
colored mark and that of phase no. 2 shows Cu and Si-rich 
phases (Cu4Si, cu0.83Si0.17) and the matrix, respectively. Com-
paratively, in the microstructure of the UnS C87800 coded 
alloy the EDS results of no. 6, 7, 8 phases and that of no. 3, 
4, 5 phases signs to belong to the gray colored Cu and Si-rich 
phases (Cu4Si, cu0.83Si0.17 and cu12.75Sizn2.92) and the matrix, 
respectively. Chen et al. [23] observed that in the solidification 
of the cu70Fe30 alloy, the iron-rich l2 phase is formed under 
equilibrium solidification conditions. The presence of iron was 
determined in the EDS analysis obtained from no. 1 area of the 
SEM image of the UnS C65620 coded alloy given in Fig. 3. 
Therefore, the formation of the phase particle, which includes 
Fe-containing Cu and Si together, can be observed in no. 1 area. 

The hardness values of the alloys examined in this study 
are given in Fig. 4. The hardness of the UnS C87800 coded 
alloy led to a critical improvement by the increase in Zn and Si 
content, the formation of α-CuZn solid solution, the intermetal-

lic (Cu3zn, cu5zn8, cu0.83Si0.17 and cu12.75Sizn2.92) phases and 
especially Cu4Si phase. ıt was seen that the presence of high Cu 
content in the composition of the UnS C65620 coded alloy did 
not improve hardness. ın accordance with this study, Savaşkan et 
al. [24] reported that increasing Cu content decreased hardness 
and tensile strength.

When the stress-strain curve of the investigated alloys 
given in Fig. 5 is examined, ıt is considered that the formation of 
saw-tooth shaped serrations originating from the high Si content 
of UnS C87800 coded alloy may be attributed to deformation 
aging. ın the homogeneous plastic deformation region on the 
tensile test graph of the UnS C87800 coded alloy, the dissolved 
Si atoms significantly increased both the tensile strength and the 
% elongation up to the maximum tensile point, by leading to 
dynamic deformation aging, due to the inhibition of dislocation 
movements. onodera et al. [25] investigated the presence or the 
absence of the portevin-le Chatelier effects in Cu-p, Cu-Ti, and 
Cu-Si alloys as functions of solute content. They reported that the 
serrated flows were observed at higher solute content and with 
less height of serration in the Si-bearing copper alloys than in the 

Fig. 3. SEM images and EDS analyzes of the (a) UnS C65620 and (b) UnS C87800 coded alloys

Fig. 4. The comparison of vickers (Hv) hardness test results of the 
UnS C65620 and UnS C87800 coded alloys

Fig. 5. The stress-strain curve of UnS C65620 and UnS C87800 
coded alloys
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p or Ti-bearing copper alloys. Therefore, the sawtooth behavior 
in the stress-strain curve obtained in this study was observed 
with less height. When the maximum tensile deformation point 
of the UnS C87800 codded alloy was reached, the material lost 
its % elongation capability, and this caused the fracture of the 
material exhibiting a lower % reduction of area compared to the 
UnS C65620 coded alloy after exceeding the maximum point.

ın Fig. 6, according to the tensile test results of the UnS 
C65620 and UnS C87800 coded alloys, the difference between 
the yield and tensile strength of the UnS C87800 coded alloy 
is due to the work hardening ability. The strength of the UnS 
C65620 coded alloy was lower than that of the UnS C87800 
coded alloy due to its low work hardening ability. However, an 
increase in % elongation observed in the UnS C87800 coded 
alloy can be attributed to the increase of both the strength and 
homogeneous plastic deformation zone by the observation of 
dynamic deformation aging. However, the lack of neck forma-
tion in the UnS C87800 coded alloy resulted in low % reduc-
tion of area. although this is contrary to the traditional material 
behavior, the observation of dynamic deformation aging at room 
temperature of the UnS C87800 coded alloy improved the % 
elongation and decreased the % reduction of area. ın the UnS 
C65620 coded alloy, the narrower homogeneous plastic defor-
mation zone reduced the % elongation, but the extension of the 
non-homogeneous plastic deformation zone improved the % 
reduction of area after the maximum tensile point.

nnakwo et al. [20] reported that the presence of dendritic 
primary silicon in the Cu-Zn-Si alloy system contributed to the 
low % elongation but moderately increase in tensile strength 
and hardness. ın addition, the decrease in % elongation and 
the increase in hardness with the addition of Zn was attributed 
to the precipitation of the β-phase (Cu4Si) in the alloy structure 
[20]. ın this study, the factors affecting the mechanical proper-
ties of the UnS C65620 and UnS C87800 coded alloys can be 
shown as increase in hardness due to Zn content and dynamic 
deformation aging with the addition of Si content.

The relationship between the yield and tensile strength of 
the investigated alloys can be interpreted by the work hardening 
capacity (HC) and rate (θ ) parameters. These parameters can be 
calculated by Eq. (1) and Eq. (2), respectively. 
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Hereby, σUTS and σYS refer to ultimate tensile and yield stresses, 
εUTS and εYS refer to ultimate tensile and yield strains respectively 
(Eqs. (1) and (2)). TaBlE 2 lists the deformation hardening 
capacity (HC) and deformation hardening rate (Mpa) of the UnS 
C65620 and UnS C87800 coded alloys. The high deformation 
hardening capacity and deformation hardening rate of the UnS 
C87800 coded alloy led to both higher tensile strength and lower 
% reduction of area values. 

TaBle 2

The comparison of deformation hardening capacity (HC)  
and deformation hardening rate (Mpa) of the UnS C65620  

and UnS C87800 coded alloys

the alloy 
codes 

deformation hardening
capacity (HC) 

deformation hardening 
rate (Mpa) 

UnS C65620 0.24 510.58 
UnS C87800 0.70 669.87 

ın Fig. 7, SEM images of the fracture surfaces of the in-
vestigated alloys are given after the tensile test. The number of 
pits approximately the same in the fractography of investigated 
alloys. When compared to Fig. 7a, a large number of cavities 
appeared, with ridges along the edges, indicating an increase 
in the ductility of the UnS C87800 coded alloy (Fig. 7b). The 
increase in the deformation hardening rate of the UnS C87800 
coded alloy (TaBlE 2) indicates the plastic flow process. 

Fig. 6. The comparison of the (a) strength and (b) ductility results of the UnS C65620 and UnS C87800 coded alloys
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Fig. 8a shows the mass loss (mg/dm2) – time (h) relation-
ship of the UnS C65620 and UnS C87800 coded alloys in 
3.5 wt.% naCl solution. UnS C87800 coded alloy exhibits the 
highest mass loss over a period of time. The variation in mass 
loss (mg/dm2) were calculated by converting them to corrosion 
rate in unit of mdd (mg/(dm2 × day)) and the graph of the vari-
ation against time (s) was drawn in Fig. 8b. as seen in Fig. 8b, 
the corrosion rate of the investigated alloys decreased until the 
29th hour, reached the minimum value, and then increased again. 
The corrosion rate of the UnS C87800 coded alloy at 29th hour 
is higher than that of the UnS C65620 coded alloy. 

Fig. 9 shows Tafel curves giving the ıcorr (µa/cm2) value 
versus the potential (v) change of the UnS C65620 and UnS 
C87800 coded alloys in 3.5 wt.% naCl solution. Corrosion cur-
rent density and corrosion potential values, which were obtained 
from the Tafel curves are given in TaBlE 3. as seen in TaBlE 3, 
when compared with the UnS C87800 coded alloy, the corrosion 
potential value (Ecorr) of the UnS C65620 coded alloy in the  

active direction and a slightly higher corrosion current density 
value can be explained as the low resistance to corrosion. This 
result contrasts with the results obtained by the immersion 
method. This can be attributed to the Zn and Si content found 
in the chemical composition of the UnS C87800 coded alloy. 
potentiodynamic polarization test results performed by Singh et 
al. [26] and Basil et al. [27] supported the long-term immersion 
corrosion test results in this study. Singh et al. [26] and Basil et 
al. [27] found that corrosion resistance was high with a decrease 
in Si content. ın accordance with these studies [26,27], it has 
been observed that the corrosion rate of the UnS C65620 coded 
alloy with low Si content was lower than that of the UnS C87800 
coded alloy with high Si content according to the long immer-
sion corrosion test results given in Fig. 8. This can be attributed 
to the denser (Fig. 2) formation of copper-silicide (Cu4Si and 
cu0.83Si0.17) in the structure of the UnS C65620 coded alloy. Con-
trary to this, the low corrosion current density and high corrosion 
potential values of the UnS C87800 coded alloy in the potentio-

Fig. 7. The fracture surface SEM images of (a) UnS C65620 and (b) UnS C87800 coded alloys after the tensile test

Fig. 8. The variation of (a) mass loss (mg/dm2) and (b) corrosion rate (mg/(dm2 × day)) for UnS C65620 and UnS C87800 coded alloys depend-
ing on time, after immersion test
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dynamic polarization test results may be due to the presence of 
cu12.75Sizn2.92 and cu3Zn phases formed in the microstructure.

TaBlE 3

The comparison between Icorr (10–6 a/cm2) and Ecorr (mv) results 
obtained from the Tafel curves of the UnS C65620  

and UnS C87800 coded alloys

Material code Icorr (10–6 a/cm2) Ecorr (mv)
UnS C65620 6.74 -62.8667 
UnS C87800 6.68 28.8 

Fig. 9. Tafel curves of the UnS C65620 and UnS C87800 coded alloys 
after the potentiodynamic polarization tests

Fig. 10 shows the corrosion failure images of the investigated 
alloys after the immersion corrosion tests. The corrosion surfaces 
of the UnS C87800 coded alloy are deep rougher than that of the 
UnS C65620 coded alloy. Determination of averagely rich in Si 
content in EDS analysis results of the UnS C65620 coded alloy 
led to an improvement in the corrosion resistance of the alloy. 
The formation of Zn-rich areas into the deep marks on the cor-
roded surface of the UnS C87800 alloy may explain the further 
corrosion damage after a long-term immersion corrosion test. 

ın Fig. 11, the sliding distance (m) – mass loss (g) relation-
ships of the UnS C65620 and UnS C87800 coded alloys under 
20, 40, 80 n in dry contact conditions and 80 n in corrosive 
environments (3.5 wt.% naCl and 10 wt.% diluted boron oil 
solutions) are shown. The mass loss of the investigated alloys 
changes linearly depending on the sliding distance. The mass 
loss of the UnS C87800 coded alloy was higher than that of the 
UnS C65620 coded alloy at a certain sliding distance and all 
applied loads. apart from the general tribological rules, it is seen 
that the mass loss is inversely proportional to the hardness and 
strength values such that the mass loss decreases as the hard-
ness and strength of the alloys increase [28,29]. although the 
UnS C87800 coded alloy has higher hardness, the UnS C65620 
coded alloy showed better wear resistance. ın accordance with 
this study, Savaşkan et al. [24] reported that mass loss decreased 
with increasing Cu content which reduced strength. The wear 
behaviors of the UnS C65620 and UnS C87800 coded alloys in 
corrosive environments was similar to that of the UnS C65620 
and UnS C87800 coded alloys in dry contact conditions. Com-
pared to the dry wear tests the mass loss decreased further with 
the change of the wear environment from 3.5 wt.% naCl solution 
to 10 wt.% diluted boron oil solution compatible with ref [30]. 
ın some studies [30-33], particles detached from the sample 
worn surfaces increased the adhesion tendency and lubricating 
effect between counter materials and sample worn surface. The 

Fig. 10. The SEM images and EDS analyzes of the (a) UnS C65620 and (b) UnS C87800 coded alloys after the immersion corrosion test
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UnS C65620 coded alloy used in this study exhibited better 
wear resistance than the UnS C87800 coded alloy due to the 
lubricating properties of Cu, Fe and Si rich particles. Singh et 
al. [26] reported that the formation of copper-silicide had an 
effective on the high wear resistance. 

ın Fig. 12, SEM images of the worn surfaces of the UnS 
C65620 and UnS C87800 coded alloys after the wear test under 
80 n in dry contact conditions and in corrosive environments 
(3.5 wt.% naCl and 10 wt.% diluted boron oil solutions) are 
given. on the worn surface of the UnS C87800 coded alloy, 
abrasive sliding marks formed in the sliding direction, while the 
adhesive wear mechanism was observed in the UnS C65620 
coded alloy, which was worn by plastering the debris by plastic 
deformation outside of the wear mark between the tested alloy 
and counter material surfaces. ıt led to improvement in the wear 

resistance of the alloy with the code UnS C65620 in accordance 
with ref [29-35]. ın UnS C87800 coded alloy, formation of the 
abrasive wear mechanism and embrittlement due to a decrease in 
the % reduction of area and increase in the deformation hardening 
rate expelled rupture debris out of the contact surface with the 
counter material; thus, resulting in further mass loss. Similar to 
the study of Birol and ısler [36] this situation can be explained 
by three-body abrasion leading to high material removal. 

although compared to the wear test in the dry contact 
conditions, similar wear mechanisms are observed in the cor-
rosive environments (3.5 wt.% naCl and 10 wt.% diluted boron 
oil solutions) a smooth geometric film was formed between the 
surfaces in 10 wt.% diluted boron oil solution. ıt has been ob-
served to have a lubricating effect similar to the wear behavior 
in 3.5 wt.% naCl solution [37]. 

Fig. 11. The sliding distance (m) – mass loss (g) relationship of the UnS C65620 and UnS C87800 coded alloys under (a) 20 n, (b) 40 n,  
(c) 80 n in dry contact conditions, (d) 80 n in 3,5 wt.% naCl solution, and (e) 80 n in 10 wt.% diluted boron oil solution
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4. conclusions 

The production and characterization of UnS C65620 and 
UnS C87800 coded alloys were examined. With the increase in 
Zn and Si content, the formation of α-CuZn solid solution and 
the other intermetallics (Cu4Si, cu0.83Si0.17 and cu12.75Sizn2.92, 
cu3zn, cu5zn8) phases led to an increase in the hardness and 
strength of the UnS C87800 coded alloy. The presence of 
α-CuZn matrix phase in the UnS C65620 coded alloy with high 
Cu content did not improve the hardness and strength. ın the 
homogeneous plastic deformation region of the UnS C87800 

coded alloy, the secondary phases (rich in Si and Zn) in the 
structure increase both the tensile strength and % elongation of 
UnS C87800 coded alloy up to the maximum point significantly 
by triggering dynamic deformation aging due to the inhibition 
of dislocation movements. 

ıncrease in the corrosion rate of the UnS C87800 coded 
alloy was explained by the fact that the formation of Zn-rich 
areas (Cu5zn8 and cu3Zn) in deep traces on the corroded surface 
after a long-time immersion corrosion test. ıt was observed that 
decrease in the corrosion rate of the UnS C65620 coded alloy 
with low Si content stemmed from the fact that copper-silicide 

Fig. 12. SEM images and EDS analyzes of UnS C65620 and UnS C87800 coded alloys in dry environment, 10 wt.% diluted boron oil,  
and 3,5 wt.% naCl solution after the wear test



920

(Cu4Si and cu0.83Si0.17) phase formation. on the contrary, the low 
corrosion current density and high corrosion potential of the UnS 
C87800 coded alloy in the potentiodynamic polarization test 
results attributed to the presence of the phases (Cu12.75Sizn2.92 
and cu3Zn) containing Zn. 

While the observation of the adhesive wear mechanism on 
the worn surface of the UnS C65620 coded alloy with high Cu 
content improved the wear resistance, the formation of the abra-
sive wear mechanism of the UnS C87800 coded alloy with high 
Si and Zn content resulted in deterioration in the wear resistance. 
This is attributed to embrittlement of the UnS C87800 coded 
alloy by a decrease in the % reduction of area and increase in the 
deformation hardening rate. ın addition, the wear resistance of the 
UnS C65620 coded alloy was due to the lubricating properties 
of the Fe and Si-rich particles in its content. 
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