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Abstract

Benzotriazole (BTAH) is shown to decrease the extent of localized corrosion of alpha brass in salt water
contaminated by sulfide ions. The results are interpreted in terms of competitive adsorption of BTAH and sulfide
ions on the brass surface and in view of the catalytic effects of dissolved sulfide as well as sulfide scale on the rates of
the partial reactions. As the concentration of BTAH increases, the degree of coverage of the surface with sulfide
decreases and, hence, also the rates of the partial reactions and the overall corrosion reaction.

1. Introduction

Benzotriazole (BTAH) has long been known to inhibit
the corrosion of copper and its alloys in aqueous media.
The subject is attracting a great deal of attention in
efforts to explore the nature of the protective film, its
growth kinetics and its effects on the rates of the anodic
and cathodic partial reactions [1-10]. It is widely
accepted that BTAH adsorbs onto the metal surface
and eventually forms a polymeric film of a copper-BTA
complex [11-20], that is,

BTAH,,) + Cu = BTAH:Cu (1)
nBTAH:Cu + nCu” = n[Cu(1)BTA] + nH" (2)

where BTAH:Cu refers to BTAH adsorbed on the
copper surface. Most of the above studies were con-
cerned with clean electrolytes, that is, in absence of any
species which could interfere with Reactions 1 and 2.

It is now becoming more widely realized that copper
and its alloys face service environments polluted by
sulfide ions, which are in the form of HS™ ion in nearly
neutral media. These ions are known to promote the
corrosion of copper and its alloys [21-29] through an
initial adsorption process, that is,

HS,q) + Cu=HS":Cu (3)

where HS™:Cu refers to an adsorbed sulfide ion on the
copper surface. The degree of coverage of the surface
with adsorbed HS™(0ys-) is related to its concentration
in the electrolyte by an adsorption isotherm. The

determination of the appropriate isotherm which de-
scribes the adsorption of sulfide and/or BTAH is beyond
the scope of this paper. However, for the sake of
discussion, we are using the Langmuir isotherm to
illustrate the importance of the adsorption process with
regard to the objective of this paper. Thus,

Ons-/(1 — Ops-) = Kus-[HS™] (4)

where Kys- is the adsorbability of HS™ (i.e., equilibrium
constant of Reaction 3). This adsorbed HS™ catalyses
the anodic dissolution reaction, that is,

HS :Cu — CuS+H" +2e” (5)

The resulting sulfide scale [21], as well as dissolved
sulfides [22], are known to catalyse both the anodic and
cathodic partial reactions, the latter of which involves
the reduction of oxygen, that is,

1
502 +2¢” + Hy0 =20H" (6)

The overall corrosion reaction is the sum of the two
partial reactions (Equations 5 and 6) which can be
represented by

1
HS :Cu + 502 — CuS + OH™ (7)

Consequently the rates of Reactions 5-7 are affected by
QHsf .

The presence of both species in a certain environment
poses a question as to whether BTAH and sulfide ions
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adsorb on separate sites or on the same active sites on
the metal surface and hence interfere with the adsorp-
tion of each other. This point has implications on the
behaviour of copper and its alloys in electrolytes
containing both BTAH and sulfide ions. The objective
of this paper is to study the effect of BTAH on the
corrosion of alpha brass in salt water contaminated by
sulfide ions.

2. Experimental details

Commercial alpha brass (of the following composition:
71.7% Cu, 28.0% Zn, 0.006% Pb and 0.01% Fe.) was
obtained from the nonferrous Metallic Industries Com-
pany, Helwan, Egypt. Rectangular coupons (2.0 cm X
5.0 cm x 0.20 cm) were polished successively down to
1000 grade silicon carbide paper, degreased with ace-
tone, rinsed with distilled water, dried and weighed
(W1). The coupons were allowed to corrode for various
lengths of time at (24 + 2) °C in aerated 3.4% (0.58 M)
NaCl with and without addition of sodium sulfide or
benzotriazole. Sodium chloride was Analar grade and
the water was doubly distilled. Sodium sulfide was
obtained from Riedel-de Haen. At the end of a run, the
adherent corrosion products were stripped by dissolving
in 1 M H,SO4 for 30 min. The specimens were rinsed
with distilled water, dried, and weighed (W5). The
integral weight loss of the sample over the duration of
the test was determined from the following relation:

AW, = W — W (8)

Some other corroded samples, retaining the corrosion
products, were examined using an SEM (Jeol T-330,
Japan). A conventional three electrode cell was used for
polarization measurements, using a platinum counter
electrode and an Ag/AgCl reference electrode (E =
0.197 V vs NHE. The alloy electrodes were polished and
cleaned as described above. The electrochemical mea-
surements were performed using an EG&G potentio-
stat—galvanostat PAR (model 173). The polarization
curves were measured at a potential scan rate of
60 mV min~" after the electrode was left under free
corrosion (for about 15 min) to reach a stable potential.
The potentials are reported against Ag/AgCl reference
electrode.

3. Results and discussion

Figure 1 illustrates the variation of the integral weight
loss, AW;, of the alloy at various times of immersion in
a medium containing 0.58 M NaCl and 0.625 x 107* M
(2 ppm) sulfide ions in absence and in presence of
10> M BTAH. The results indicate that BTAH at
107 M inhibits the corrosion of brass in this medium
despite the presence of sulfide ions. The percentage
protection efficiency of an inhibitor (P) can be calcu-
lated from the following relation:
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Fig. 1. Variation of integral weight loss AW, of alpha brass with time
of immersion in a medium of 0.58 M NaCl + 0.625 x 107* M sulfide
in absence (@) and in presence (H) of 1073 M BTAH.
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9)
where AW and AW, represent the integral weight losses
in absence and in presence of inhibitor, respectively. The
results of Figure 1 reveal that the protection efficiency of
BTAH increases in presence of the sulfide ions from
71% to 85% to 86% as the time of immersion increases
from 1 to 2 to 5 days. A similar phenomenon was
observed with BTAH on the corrosion of copper in
unpolluted acetate media of pH ~ 5 [20].

An increase in the concentration of BTAH, at the
same concentration of sulfide, leads to an increase in the
protection efficiency (calculated after five days of im-
mersion), as shown in Figure 2 for a sulfide concentra-
tion of 0.625x10™*M (2 ppm). The protection
efficiency increases with inhibitor concentration reaching
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Fig. 2. Effect of the concentration of BTAH on its inhibiting effi-
ciency, % P, against the corrosion of alpha brass in 0.58 M
NaCl + 0.625 x 107* M sulfide.



Fig. 3. SEM micrograph of alpha brass after immersion in 0.58 M
NaCl + 2.5 x 107* M (8 ppm) sulfide for 1 h.

a plateau of about 90% starting at a concentration of
BTAH of 107 M. It is interesting to note here that
the protection efficiency is 90% at 107> M BTAH in the
presence of 2 ppm sulfide. This value is less than the
value of 98% reported earlier in absence of sulfide ions
[30].

The predominant mode of corrosion in the presence
of sulfide ions is localized corrosion. Figure 3 is an SEM
micrograph obtained on the brass surface after immer-
sion for 1 h in 0.58 M NaCl + 8 ppm sulfide in absence
of BTAH. The extent of localized corrosion increases
with the time of immersion as shown in Figure 4, which
was obtained from the corroded surface under the
same conditions of Figure 3 after immersion for 5 days.
This explains the significant weight losses reported in
Figure 1. The presence of BTAH reduces the extent of
corrosion in presence of the sulfide ions. This was shown
in Figure 1 in terms of weight changes. It is further
supported by Figure 5 which is an SEM micrograph of
the corroded surface after immersion for 5 days in
0.58 M NaCl + 8 ppm sulfide in the presence of 107> M
BTAH. Upon comparing this figure to Figure 4, which

Fig. 4. SEM micrograph of alpha brass after immersion in 0.58 M
NaCl + 2.5 x 107* M (8 ppm) sulfide for five days.

Fig. 5. SEM micrograph of alpha brass after immersion in 0.58 M
NaCl + 2.5 x 10™* M (8 ppm) sulfide + 107> M BTAH for five days.

was obtained under the same conditions except for the
absence of BTAH, it can be concluded that BTAH
reduces the extent of localized corrosion and the size of
the pits considerably.

Figure 6 illustrates the effects of the sulfide ions and
of BTAH on the polarization curves obtained on alpha
brass in various media. Curves (a) corresponds to
0.58 M NaCl, curve (b) corresponds to 0.58 M NaCl +
0.625 x 1074 M (2 ppm) sulfide and curve (c) same as (b)
+107° M BTAH. The addition of 0.625x 107 M
(2 ppm) sulfide shifts the polarization curve and the
free corrosion potential significantly in the active direc-
tion. For instance at an anodic current of 107 A cm™2,
the presence of sulfide ions lowers the potential by about
150 mV. The shift of the free corrosion potential is of a
comparable value. This indicates that the sulfide ions
catalyze the anodic dissolution of the alloy and, hence,
lower the polarization required to support a certain
dissolution rate. On the other hand, the addition of
10> M BTAH to the sulfide contaminated medium
shifts the polarization curve and the free corrosion
potential in the noble direction indicating that BTAH
inhibits the anodic dissolution of the alloy in the
presence of sulfide ions. The magnitude of this shift is
much smaller than that caused by the sulfide ions. This
indicates that BTAH did not entirely counteract the
promoting effects of the sulfide ions on the corrosion of
the alloy.

The inhibiting efficiency of BTAH on the corrosion of
the alloy in the presence of sulfide ions can be calculated
from the results of Figure 6 using Equation 9 with
corrosion currents instead of weight losses. The calcu-
lated protection efficiency is 84% at a concentration of
BTAH of 10°M and a sulfide concentration of
0.625 x 107* M for this test which lasted for about
15 min. This value is to be compared with a value of
90% calculated using integral weight losses over a test
that lasted for five days.

The above results can be rationalized on the basis of
competitive adsorption of HS™ and BTAH on the same
active sites on the brass surface and the promoting
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Fig. 6. Polarization curves of alpha brass in (a) 0.58 M NaCl, (b) 0.58 M NaCl + 0.625 x 107 M (2 ppm) sulfide and (c) same as (b) + 107> M

BTAH.

effects of sulfides on the rates of the anodic and cathodic
partial reactions [21-29]. In presence of both HS™ and
BTAH in the same medium, the above results suggest
that BTAH competes with HS™ for adsorption on the
same active sites on the brass surface, that is,

BTAH ) + HS™:Cu = BTAH:Cu + HS (10)
Reaction 10 is shifted more in the forward direction with
increase in the concentration of BTAH in the medium,
BTAH,q). For such a competitive adsorption process
and assuming the applicability of the Langmuir iso-
therm, it can be readily shown that the degree of
coverage of the surface with each species is given by

Ons- = Kus- [HS’}/(I + Kys- [HS’]

+ Kpran[BTAH]) (11)
Opran = Kpran[BTAH]/(1 4+ Kys-[HS™]
+ Kpran[BTAH]) (12)

where K refers to the equilibrium constant of the
adsorption of the particular species (see Equation 4).
Equations 11 and 12 indicate that an increase in the
concentration of BTAH in the medium decreases Oys-
and hence decreases the rates of Reactions 5-7.

4. Conclusions

Benzotriazole (BTAH) decreases the extent of localized
corrosion of alpha brass in sulfide contaminated salt

water. This may be attributed to competitive adsorption
of benzotriazole and sulfide ions on the surface of alpha
brass. The presence of BTAH leads to a decrease in the
surface coverage of alpha brass with HS™ and hence in
the rates of the partial anodic and cathodic reactions
and the overall corrosion reaction. It is noteworthy that
this effect of BTAH was observed when its concentra-
tion was much greater than that of sulfide ion. BTAH
was unable to stop the localized corrosion of alpha brass
induced by sulfide ions even when the concentration
ratio of BTAH:HS™ was 40:1. This fact points to the
detrimental effects of sulfide ions on the efficiency of
BTAH, which is most commonly used to protect copper
and its alloys. The subject calls for more systematic
studies at various concentrations of BTAH and HS™
using techniques with higher resolution to gain more
insight into the mechanisms involved.
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