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Abstract

A surface film formed on copper in benzotriazoleT 81) solution containing molybdate is
investigated by scanning electron microscopy (SEMh energy dispersive X-ray (EDX)
spectroscopy. The protection of BTAH was improvey mmolybdate considerably. The
BTAH+molybdate treated copper specimen has highecoNcentration in its surface. The
structure of the protective film was studied by a+rphotoelectron spectroscopy (XPS) and
Auger electron spectroscopy (AES) measurements.stlifiace film was characterized to be a
complex of Cu(l)BTA. The molybdate does not papte in the formation of the protective
film. The role of the molybdate is due to the stadilon of cuprious oxide on the copper surface,
which then facilitates the adsorption of BTAH ar tformation of the protective Cu(l)BTA
film.

Introduction

Copper is a relatively noble metal and is widelgdisn industry, because of their excellent
electrical and thermal conductivity. However, in igtoair and especially in environments
containing species such as chloride, sulphatetratej the color of copper surface is changed by
forming tarnished film on the surface of copper.[Ihe film formed through tarnishing is
undesirable because it results in loss of metallister and degradation of electrical
characteristics [2, 3]. Thus, there have been nstudies to prevent the tarnishing of copper and
its alloy. Benzotriazole (BTAH) is known as onetbeé most important chemicals for tarnish
inhibitor and has been extensively studied forintsibition. In order to augment the anti-
tarnishing effect of BTAH, some researchers studedsynergistic effects of BTAH and other
compounds. Wet al.[4] demonstrated that a synergistic effect exigten BTAH and Kl were
used together to prevent the corrosion of copperenmated sulfuric acid. Villam#t al. [5] also
reported that sodium dodecylsulfate improves thebition of BTAH in sulfuric acid media.
They suggested this kind of synergistic effect@ure to the promoting the BTAH adsorption on
the copper surface by sodium dodecylsulfate. Ia paper, the synergistic effect of BTAH and
molybdate on copper tarnishing is studied. Molybdatan anodic inhibitor and can be used as
effective conversion coating agents for variousatsef6]. Molybdate also gains the interest for
inhibition because of its being nontoxic. The scefanorphology and composition analysis were
conducted with SEM and EDX spectroscopy. The XP& MBS were employed to investigate
the structure of protective film. The synergistiechanism BTAH and molybdate was discussed.

Experimental Details
2.1 Materials

The materials used for test was pure copper (99 98@mufactured in the form of a copper
plate. BTAH and other chemicals were analyticaerdag AR) and used as received. Molybdate



was used as its sodium salt. The solutions werpapeel using deionized water. The copper
specimens were polished with SiC paper and clean88.9% ethanol solution using ultrasonic
agitation. The anti-tarnish treatment agents a?&1BTAH solution or solution containing 1%
BTAH + 0.2% molybdate, respectively. The anti-tamitreatment time is 1h. The blank
specimens without treatment were also prepareddimparison.

2.2 Tarnish Test

The nitric acid dropping test and,&l accelerated tarnish test were used for deterthmanti-
tarnish effect. In the nitric acid dropping testria acid solution (1:1) was titrated on the coppe
surface. The appearance time of the first bubbke iaorded to appraise the anti-tarnish ability.
The HS accelerated tarnish test was carried out in ssghattle in which the concentration of
H,S was 1%. The copper specimens were placed inattie bt room temperature. After 1h$
tarnish test, the tarnished areas of the specinverss appraised by visual inspection.

2.3 NaCl Solution Immersion Test

The copper specimens were immersed in the 3% NalGlien for 3 h. After NaCl immersion
test, the specimens were checked with SEM and HDX.SEM was performed on JEOL JSM-
5600 at an accelerating voltage of 20 kV.

2.4 XPS and AES Electron Spectroscopy

The surface film structure of the BTAH+molybdateated specimen was investigated by XPS
and AES analysis. The XPS measurements were pertbrom VG multilab ESCA 2000
spectrometer with an excitation source of Atdiation (the energy is 1487eV, the line widths is
0.85eV). The energy resolution of the analyzer fivasl at 10 meV. XPS spectra binding energy
normalizations were referenced to the C1s peak 284 eV. AES was used for PHI 680 Auger
Nanoprobe. The pressure in the chamber was magutainless than 7xf0Pa during analysis.
The Auger signal, dN(E)/dE, was measured with &-iooamplifier using a time constant of
0.3s. The spatial resolution is 10 nm. The spuger was approximately 3.2 nm rtin

Results and Discussion

3.1 Tarnish Test

In the nitric acid dropping test, the blank specimes observed to bubble within 3s. Whereas,
the bubble-appearing time is 9s and 15s for the BT#&ated specimen and BTAH+molybdate
treated specimen, respectively. In the&SHarnish test, the blank specimen exhibited 10@% d
appearance. The BTAH treated specimen had 50%sdafice and many grey-green spots. The
BTAH+molybdate treated specimen had only 10% darigearea and some small grey-green
spots. The addition of sodium molybdate is foundribance the anti-tarnish effect of BTAH.

After 3h NaCl solution immersion, the blank speamn@hanged into green-brown due to the
formation of the CuCl film on the copper surfacehé&keas, the BTAH treated specimen showed
a red-brown surface, the surface color of the BTAtgtybdate treated specimen was pink. This
shows that the molybdate improves the anti-tarreffiact for copper. After NaCl solution

immersion test, the surface morphology and the Bpiofile was conducted and shown in Figure
1 and Figure 2, respectively. The surface morphoiogdicates there are a few scratches from
the mechanical polishing treatment. The EDX spectfor the blank specimen shows a surface
average composition with atomic contents of 22.46%6.77% O, 1.01% CI, 67.01% Cu and
2.84% Sn. The presence of the chloride atoms gawédence for the formation of chloride-

containing corrosion products. The surface compmousibf the BTAH treated specimen is



26.05% C, 6.16% N, 0.35% O, 64.32% Cu, and 3.15%N\8rogen element indicates that the
BTAH molecules are presented on the copper surfpoeyenting the surface from being
corroded.
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Figure 1. (a) SEM image of the blank copper surfaa@ined after 3 h immersion in 3.0% NaCl
solution; (b) EDX profile analyses of the image.
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Figure 2. (a) SEM image of the BTAH treated coppeface after 3 h immersion in 3.0% NacCl
solution; (b) EDX profile analyses of the image.
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Figure 3 shows the SEM image and EDX profiles fer BTAH+molydate treated specimen. A
few scratches as well as three small spots arenadibeon the BTAH+molybdate treated
specimen surface. The spots are associated withscian their surface. The color of the three
spots is very different from that of the corrodedant specimen. The surface composition of the
BTAH+molybdate treated specimen represents 31.94%0@0% N, 1.95% O, 52.92% Cu, and
3.01% Sn, respectively. The increase of N contanmt lse attributed to the improving of the
adsorption of BTAH molecules on the copper surfadee Mo atom was not detected in the
surface film. This suggests that the molybdate doets take part in the formation of the
protective film. The quantitative chemical compimsitfor the “A” spot is 38.19% C, 26.21% N,
19.89% O, 8.45% Cu, 5.99 % Sn and 0.64% Mo, res@bet The “A” spot is not the corrosion
products because there is no chloride elemenisratiea. The content of Mo element is very low
in the spot. The Al and Si elements in spot “A”icade that it is the abrading agent form the
polishing paper. The higher N content suggestsBi#H from the solution also precipitates on
the abrading agent surface.
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Figure 3. (a) SEM image of the BTAH+molydate trelatepper surface obtained after 3 h
immersion in 3.0% NacCl solution; (b) EDX profileaysis of the image; and (c) “A” spot.

3.2 XPS and AES Analysis of the Anti-tarnish Film
X-ray photoelectron spectrum (XPS) of the BTAH+nmlgte treated copper surface is shown in
Figure 4.

Figure 4. Survey XPS spectra of BTAH+molybdatetedaopper surface.

The XPS spectrum shows C1s, N1s, Ols, Cu3p, CuBgA@er), Cu2p3/2 and Cu2pl/2 bands.
The presence of N1s signal indicates the BTAH-daointg film is formed on the copper surface.
It is well known that BTAH can form an protectivigrf consisting of a Cu(l)BTA complex on a
copper surface. This film can block the dissolutodrcopper as well as the active site attack by
aggressive ions such as chloride and sulfide. feetsum in Figure 4 does not contain any
molybdate peaks (the binding energy of the straniges is 228eV for Mo 3d5/2 and 231eV for
Mo 3d3/2). It is verified that molybdate does nattipate in the formation of the protective
film on the copper surface.

Auger electron spectra (AES) of the BTAH+molybdatsated copper specimen with different
Ar+ sputtering times are presented in Figure 5Tag C, N and O peaks are still evident after
0.9 min of sputtering. After depth sputtering, tke N and O peaks disappear. These
observations suggest that the BTAH film probablyrfe over the copper surface.
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Figure 5. (a) AES spectra of the BTAH+molybdatatee copper specimen; (b) AES
composition depth profile curves of the BTAH+molwbel treated copper surface.

An AES depth profile of the BTAH+molybdate treatempper surface is shown in Figure 5 (b).
The average thickness of the protective film cood estimated to be about 40 nm. No Mo
element is detected in the anti-tarnish film by AB8asurement.
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Figure 6. XPS spectra of main elements in protedilmn after anti-tarnish treatment by
BTAH+molybdate on the copper surface: (a) N 1sQb)2p3/2; and (c) O 1s.

In order to investigate the structure of the swafacotective film, the high resolution XPS is
conducted. Figure 6 shows the XPS peaks of N 12p&d, and O 1s measured on the
BTAH+molybdate treated copper surface. An N1s paedicates that BTAH film is present on
the surface of the copper. A shift of binding eryeod N1s at 399.8eV is observed compared
with those in BTAH [7], and this can be explainedthe interaction of copper with N atoms.
The Cu 2p3/2 XPS spectrum shows a main peak att @32and a smaller one at 934.8 eV. The
932.4 eV BE is attributable to cuprous (Cu20), wlilie peak located at 934.8 eV corresponds
to the cupric emission from the cupric oxide (Cuh)ese two peaks have their correspondence
in the O1s spectra, in the peaks at 530.2 eV (2@ and at 531.8 eV (for CuO). The peak
located at 533.2 eV is attributable to adsorbecenid@]. These results imply that the Cu(l)BTA
film was formed on the top of the Cu20 layer. Tisign agreement with the conclusion obtained
from the investigation on the interface reactioh®ther azoles with copper surface [9]. It has
been reported that the formation of the Cu(l)BTknfiwas strongly dependent on the surface
state of copper [7]. The cuprous oxide was esddotidhe protection of the Cu(l)BTA film for
copper [10]. Molybdate can passivates the metalsniits its potential to the nobler values. In
this study, the molybdate disappears in the amigh film on the copper surface. Thus, the
enhancement of molybdate for the anti-tarnish ¢é8TAH is attributed to the stabilization of
cuprous oxide on the copper surface. Photocurgettsoscopy investigation supports that the



stabilizing of the Cu20 underlayer promotes theogatton of BTAH on copper surface [11].
Briefly, the present work provides evidence that tholybdate is not incorporated into the
BTAH protective film on the copper surface. Theuattrole of the molybdate is in relation to its
stabilization of Cu20 layer on the copper, whichpioves the adsorption of BTAH on the
copper surface.

Conclusion

The anti-tarnish effect of BTAH for copper is impeal by the addition of molybdate in the

treatment solution. EDX analysis suggests the ptmmadsorption of BTAH by molybdate on

copper surface. XPS and AES results show that tbe/hdate does not participate in the
formation of the protective film on the copper sied. The synergistic effect results from the
stabilization of cupric oxide by the molybdate, réfgy facilitating the adsorption of BTAH and

the formation of a Cu(l)BTA protective film on tiesepper surface.
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