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Abstract

CR of Cu in AS without and with 100 ppm NaCl was studied by electrochemical methods
such as PDP technique, AC impedance spectra and EIS. The study revealed that, in the
presence of excess of Cl ions in AS, CR of Cu decreased. This implies that people wearing
ornaments or watches made of Cu must be careful about NaCl level in their sweat.
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Introduction®

Human perspiration (sweat) comes in contact with a number of consumer products.
Contact can cause a variety of undesirable effects. Dyes can bleed or discolor, components
can corrode and/or malfunction, residues can be unsightly. The problem of metal corrosion
resulting from palmar sweat is common to many industrial occupations. Constant handling
of metal parts by some individuals causes an accumulation of rust. In the manufacture of
highly finished metal products, e.g., ball-bearings, and also in subsequent assembling and
packing processes, serious consideration must be given to this effect [1-10].

[1] have made a study on microstructure and properties of Pt-Co-Mn alloy in AS. The
analyzed alloy exhibited a good CR in AS. Effect of superhydrophobic surface on CR of
Mg-Nd alloy in artificial hand sweat has been investigated by [2]. This superhydrophobic
surface had an interesting self-cleaning effect, and good CR in hand AS.

Electrochemical studies have been carried out on the CR of: 18K Au and TAA, in AS
with and without 100 ppm NaCl, by PDP study and AC impedance spectra [3]; 18/8 SS
and 22 K Au alloys in AS with D-Glu [4]; of 21K Au alloy with urea and Glu in AS [5].
In these studies, it was seen that CR increased. Hence, it was concluded that people
wearing ornaments made of alloys do need to worry about the excess of NaCl [3], D-
Glu [4], or urea and Glu [5] in their sweat. Corrosion assessment of a passivation film

*The abbreviations and symbols lists are on pages 305-306.
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generated on the solder surface in an AS solution has been investigated by [6]. This
work can provide some suggestions for the personalized design of wearable devices, by
considering sweat corrosion effect.

[7] have investigated the antibacterial properties, CR and discoloration resistance of
pure Cu containing Zn or Ni. This study provided support for the future application of
Cu alloys as antimicrobial surface-contact materials, with safer public and medical
environments, in the face of diseases spread by large populations.

[8] have assessed dermal absorption of Be and Cu contained in temple tips of
eyeglasses. This study highlighted the importance of avoiding the use of Be alloys in
items exposed to long-term skin contact.

Corrosion behavior of Cu-Zn-Ni-Sn replicated-Au/Cu alloy in AS and seawater has
been investigated by [9]. They concluded that the main corrosion products at the initial
stage of oxidization in AS were mainly loose CuO and unstable SnO. In AS corrosion
process, the corrosion product layer formed in the early stage cracked, and the solid
phase diffusion at the crack end interface determined the corrosion reaction rate.

Effect of precipitation hardening on CR of Cu-4.5 wt.% Ti has been investigated by
[10]. The results showed that the cast sample had the highest CR. Mechanical properties
decreased with the homogenization treatment, and increased after the combination of
homogenization and aging. A corrosion mechanism correlated to the amount and type
of intermetallic material was proposed in the study.

The present study aimed to study CR of Cu, in AS without and with 100 ppm NacCl,
by electrochemical studies, such as PDP technique and AC impedance spectra (EIS).
The interaction between Cu jewelry and AS is quite interesting. Cu jewelry is
absolutely safe to wear. Naturally antimicrobial, anti-fungal and antibacterial, it can
even hinder bacteria, viruses and fungi. Cu is even considered to be an age-old
remedy for treating skin conditions and helping wounds heal. Cu bracelets provide a
way in which to get the mineral into the body, providing cardiovascular health
benefits to the wearer. Wearing Cu rings can improve physiological balance in a
person, and also make the body healthier and stronger. Cu helps in purifying the
blood, improves hemoglobin formation and increases blood circulation. It protects
the body from the negative properties of other toxic metals.

When body sweat comes in contact with Cu jewelry, it will naturally react with O in
the air, oils on the skin and salty acidic water that makes up sweat. Over time, this
will cause a blue-green discoloration on Cu which, when worn against skin, rubs off
and forms a coating on its surface.

Experimental

PDP studies and AC impedance spectra were employed to study the CR of very pure
Cu. Cu specimens were immersed in AS (3160-2 ISO standard), of which
composition was: 20 g/L NaCl, 17.5 g/ NH4Cl, 5 g/L acetic acid and 15 g/L d,1
lactic acid, with pH adjusted to 4.7 by NaOH. Cu was used as working electrode and
AS was used as the electrolyte. The temperature was maintained at 37 + 0.1 °C.

Electrochemical studies
CR of Cu in AS without and with 100 ppm NaCl was studied by PDP technique and AC
impedance spectra (EIS).
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PDP study

A CHI electrochemical work station with impedance, model 660A was used for this
purpose. Cu, SCE and Pt were used as working, reference and counter electrodes,
respectively. From PDP study, corrosion parameters, such as Ecorr, lcor, Ba, Pe and
LPR, were calculated. SR (V/s) was 0.01. Quit time (s) was 2. Tafel slope potential
range was 0.06 V, as a specification for the instrument used in the present study.

AC impedance spectra

AC impedance spectral studies were carried out on a CHI — FElectrochemical
workstation with impedance, model 660A. Cu, SCE and Pt were used as working,
reference and counter electrodes, respectively. The real (Z’) and imaginary (-Z’’)
parts of the cell impedance were measured in ohms, at various frequencies. Ret, Cai,
impedance and phase angle values were calculated from Nyquist and Bode plots.
The frequency range was selected depending on OCP.

Copper
Cu rings made from 99.99% O-free Cu are becoming increasingly popular, due to
their unique properties and health benefits. Thus, pure Cu was used in this study.

Results and discussion
PDP curves of Cu in AS with NaCl are shown in Fig. 1.
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Figure 1: PDP curves of Cu in (a) AS and (b) AS with NaCl.

(b) AS + NacCl
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Corrosion parameters, namely, Ecorr, Be, Ba, LPR and Icorr are given in Table 1.

Table 1: Corrosion parameters obtained from PDP study for Cu immersed in AS without
and with 50 ppm NacCl.

S t ECOI‘I‘ Bc Ba LPR ICOI‘I‘
ystem (mV) (mV/decade) (mV/decade) (Ohm/cm?) (A/cm?)
Cuin AS -180 154 79 97382 2.322 x1077
Cuin AS + 50 ppm NaCl  -183 60 81 76767 35.50 x107
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It is well known that, with lower CR, LPR value decreases and lcorr increases (Fig. 2).
When R, decreases, electron transfer from the metal surface to the medium is easy.
So, current flow is stronger, and Icorr increases [11-15].

[ Polarization study ]

Corrosion resistance decreased ]_

\

( LPR decreased '_
( Lcorr increased ]_

Figure 2: Correlation among corrosion parameters of PDP study.

Cu in a AS system
When Cu was immersed in a AS system, (Fig. 1) Ecor was -0.180 mV vs SCE. LPR
value was 460267 Ohm/cm? and Icorr was 2.322 x 107A/cm?,

Cuin AS + 100 ppm NaCl system

When Cu i was immersed in a AS solution + NaCl system (Fig. 1), Ecorr was-183 mV
vs SCE. LPR value was 76767 Ohm/cm? and Lcorr was 35.50 x 10”7A/cm?. LPR value
decreased and Icorr increased. This indicates that, with excess of Cl ions in AS, CR of
Cu decreased.

Implication
People wearing ornaments or watches made of Cu must be careful about NaCl level
in their sweat.

Analysis of AC impedance spectra
AC impedance spectra and its parameters are shown in Figs. 3-10 and Table 2.
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Figure 3: AC impedance spectra of Cu in (a) AS and (b) AS + NaCl.
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Figure 4: AC impedance spectra of (Bode plots- log freq vs. impedance) Cu in (a) AS and

(b) AS + NaCl.
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Figure 5: AC impedance spectra of (Bode plots- log freq vs phase angle) Cu in (a) AS and

(b) AS + NaCl.
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Figure 6: Interactive 3D plot- log freq of Cu in AS.
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Figure 9: Interactive 3D graphics of Cu in AS + NacCl.
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Figure 10: Correlation among corrosion parameters of AC impedance spectra.

Table 2: Corrosion parameters obtained from AC impedance spectra for Cu immersed in
seawater without and with inhibitor systems.

Rt Impedance Ca

System (Ohm/cm?) log (Z/ohm) Phase angle (Flem?)
Cuin AS 5610 3.744 66.13 9.091x101°
Cuin AS “

+ 50 ppm NaCl 4792 3.694 60.79 10.64x10

Conclusion

CR of Cu in AS without and with 100 ppm NaCl was investigated by PDP and AC
impedance spectra (EIS) electrochemical methods. The study revealed that, with
excess of Cl ions in AS, CR of Cu decreased. Cai decreased [16-20], which implies
that people wearing ornaments or watches made of Cu must be careful about NaCl
in their sweat.
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Abbreviations

AC: alternating current

AS: artificial sweat

Cai: double layer capacitance

CI: chlorine

CR: corrosion resistance

Cu: copper

Ecorr: corrosion potential

EIS: electrochemical impedance spectra
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Glu: glucose

Leorr: corrosion current

ISO: International Organization for Standardization
LPR: linear polarization resistance
NaCl: sodium chloride

NaOH: sodium hydroxide

NH4Cl: ammonium chloride
OCP: open circuit potential

Ppm: parts per million

Ree: charge transfer resistance

Ry: polarization resistance

SCE: saturated calomel electrode

SR: scan rate

SS: stainless steel

Symbols
Ba: anodic Tafel slope
Be: cathodic Tafel slope
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