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Abstract

The inhibitive action of benzotrizole (BTA) on the corrosion of copper in
oxygenated 0.1M sulfuric acid solution has been investigated using the rotating
cylinder electrode to provide turbulent conditions. Potentiostatic polarization
measurements were carried out at different temperatures of 283,288,293 and 298K
and various speeds of rotation, 100,200,300 and 400 rpm.

In general, BTA, a concentration of 0.01M, effectively inhibits the corrosion of
copper in oxygenated 0.1M sulfuric acid solution. Moreover, BTA effectively
inhibits the anodic dissolution of copper and the cathodic reactions ,i.e., HER and
oxygen reduction reaction. Therefore, BTA acts as a mixed inhibitor in
oxygenated solutions.

The overall percentage of inhibition efficiency is about 98% . Thisindicates that
a Cu-BTA film is developed on the copper electrode surface which about 98% of
the corrosion rate . The overall inhibition efficiency is neither affected by the
turbulent flow rate , nor by the temperature increases.

The corrosion rate is temperature dependent only, which indicates that the
corrosion of copper in inhibited oxygenated 0.1M sulfuric acid solutions is under
activation control.

Keywords: : BTA inhibitor , Corrosion inhibition of copper using BTA ,
BTA as corrosion inhibitor of copper in acid.
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Introduction

Corrosion inhibitor is a chemica
substance which , when added in
small concentration  to an
environment effectively decreases
the corrosion rate of the metd
exposed to such environment . In a
sense, an inhibitor can be
considered as aretarding catalyst* .

The corrosion of copper and brass
in sulfuric acid solutions may be
inhibited using thiourea, quinoline
and azoles, but the most effective

inhibitor being benzotrisole
(BTA)?2,
Allam et.al, conclude that a

concentration of 10-3 M BTA was
not enough to prevent generd
corrosion of CulONi alloy in a
sulfide polluted salt water?

The most effective and efficient
concentration of BTA in acid
solutions, as a corrosion inhibitor
was 0.01M?2,

Benzotrizole (CsHsN3) is a
nontoxic  heterocyclic  organic
compound, having the structural
formula®:

H
Antonijevic and Petrovic suggest
that the presence of nitrogen atoms
in triazole ring enables bounding
with copper and is a basis for
inhibitive effect of BTA?
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Many investigators *** studied
the inhibitive action of BTA on the
corrosion of copper in sulfuric acid
solutions under various conditions.

It was generally agreed that BTA
inhibits the anodic dissolution of
copper , but the mode of action of
this

organic compound on the
cathodic processesisin dispute.

However, Tohald* reported that
in deaerated acid solution ,BTA
inhibits both the anodic and
cathodic reactions .Moreover, in
oxygenated acid solution, BTA
inhibits the anodic dissolution of
copper and oxygen reduction
reaction .°

In general, it was accepted that
Cu-BTA film is developed on that
metal surface during immersion or
electrochemical polarization 68, 14-

The thickness of the film is in
disputé®*’.  However Tohald*
reported that in deaerated solutions
this film was reduced upon the
application of a large cathodic
overpotential .Moreover ,in
oxygenated solution, athick film of
Cu-BTA is developed which covers
the whole electrode surface and
good protection of the meta is
achieved.

The effect of the flow on
corrosion inhibition of copper in
sulfuric acid solution, using BTA
as inhibitor is very scarce . Ross
and Berry’ showed that the effect
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of turbulence in reducing inhibitor
efficiency is oxygen dependent. In
the absence of oxygen , the
efficiency of 0.01 M BTA toinhibit
the corrosion of copper in flowing
10% sulfuric acid solution, was
unaffected by increasing the acid
flow rate up to a Reynolds number
(Re)= 10000. However in
oxygenated solutions, the inhibition
efficiency decreased , firstly as the
flow rate increased. Secondly,
further big decrease occurred, as
the oxygen concentration i ncreased.
The effect of the increasing
temperature on the inhibited acid-
metal reaction is highly complex,
as the result of %,

1- Increasing the rate of
uninhibited acid-metal
reacti or>%,

2- Change of the fraction of the
metal surface covered by
adsorbed inhibitor.

3- Considerable changes in the
effectiveness of the covered

surface.

4- Decomposition or
rearranging of some inhibitor
molecules.

Machu® reported that inhibition
becomes more effective with
increasing temperature due to an
increase in the surface area of metal
covered by inhibitor molecules as
the temperature increases’.

To summarize, BTA is
effectively used as corrosion
inhibitor of copper in sulfuric acid
solutions. It acts as a mixed
inhibitor in oxygenated solutions.

The purpose of the present work
is to investigate the inhibitive
action of BTA on the corrosion of
copper in oxygenated 0.1 M
sulfuric acid solution at different
bulk temperature and various flow
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rates. A turbulent flow was
employed, by using the rotating
cylinder electrode (RCE) which is
of industrial importance. An 0.01M
BTA in the acid solution was used,
which represents the most effective
and efficient concentration.

Experiment

The apparatus used in this work
consisted of the following main
parts, a supporting frame work,
RCE assembly, polarization cell,

constant temperature bath, a
potentiostat and supplying unit of
oxygen.

The RCE assembly, shown in

Fig.(1), consisted of :

1 A rotating cylinder and
electrode shaft (RCE).

2 A driving shaft, bearing unit
and slip ring unit (the
electrode mounting).

3 Motor and speed controller
(the driving unit).

The design provided for a

cylinder which was detachable

from the electrode shaft, having the
following dimensions :

ro=15mm
ri =18 mm
h=20mm

The specimens were cut and
turned down to shape and size from
50mm diameter rod of high purity
copper having total purity of Cu =
99.85%.

The composition of copper being,
givenin Table (1)%.

Before each test the electrode
surface was prepared by grinding
on successive grades of emery
paper of 400, 800 and 1000 grit
respectively.

Then , the specimen was washed
with distilled water, rinsed with
acetone, dried with clean tissue
paper and kept in a desiccator over
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silica gel before usé’ .

The electrochemical tests were
carried out in a polarization cell ,
which consists of a cylindricd
glass vessel of a capacity of
25L.Three electrodes cell was
used.The working electrode was in
a cylindrical form. Saturated
calomel electrode (SCE ) was used
as a reference electrode with
Luggin capillary tip placed at 1-2
mm from the working electrode
surface % Platinum counter
electrode was used as an auxiliary
electrode. Bulk temperature control
was achieved by using a constant
temperature bath supplied with a
refrigerating cooler.

The test solution (0.1M H,SO, )
was prepared from analar grade
concentrated sulfuric acid diluted
with distilled water. Benzotrizol
(BTA) (M.wt.= 119.13) of analar
grade was used as an inhibitor at a
concentration of 0.01M.

The experiments were carried out
to determine the polarization curves
(cathodic and anodic) of copper in
oxygenated 1000 ml of 0.1M H,SO,
solution containing 0.01 M BTA
.The experiments were made under
isothemal condition , at four test
solution bulk temperature ; viz :
283 , 288 , 293 and 298 K and
under turbulent flow conditions at
four controlled rotating speeds i.e.,
100, 200, 300 and 400 rpm. Each
experiment involved
electrochemical polarization of
copper electrode from— 0.9 v to +
1.6 v with manual scan rate of
20x10-3 v/min , using Wenking
potentiostat (Wenking LT 87).

Prior to every experiment,
oxygen was allowed to bubble into
the solution at arate of 300 ml /min
for a period of 30 min to ensure
complete oxygen saturation of the

solution.

Thereafter , and at the start of the
electrochemical polarization , the
gas rate was reduced to 25 ml /min.

The detailed design of the
apparatus and experiments work
were described else wheré®.

Results and Discussion

The potentiostatic polarization
curves for oxygenated inhibited
solutions are shown in Figs (2-5).
1-The cathodic region

In a previous work *° |, similar to
the present one , but in uninhibited
solutions, the cathodic curves
showed clearly the presence of the
limiting current density (i) of the
oxygen reduction reaction. The
cathodic curves of Figs. (2-5) show
the absence of the i of the oxygen
reduction reaction. This result
indicates the inhibition of the
oxygen reduction reaction , using
BTA , and contradicts the
suggestion made by other
workers*® who reported that BTA
has no effect on the oxygen
reduction reaction. On the other
hand, the result is in agreement
with that reported by Tohald* .

Table (2) shows the values of the
cathodic current density at a
cathodic potential of -300 mv , at
different bulk temperature and
various speeds of rotation . The
table shows that the cathodic
current density is temperature
dependent only. This result
indicates that the cathodic reaction
is under activation control.
Moreover, any value of the
cathodic current density in Table
(2) is much lower than the
corresponding value in an
uninhibited oxygenated solutions ,
see Table (3)* and lower than the
corresponding value in uninhibited
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dearated solutions , see Table (4) *
. It may be recalled that values of
the cathodic current density, at
potentia of -300 mv, in uninhibited
oxygenated solutions are much
higher than the corresponding
values in uninhibited deaderated
solutions (see Tables 3 and 4).This
was attributed to the presence of
another cathodic reaction, i.e,
oxygen reduction reaction in
addition to the hydrogen evolution
reaction (HER) *. Therefore, the
present results indicate that BTA
inhibited both the HER and oxygen
reduction reaction in this region of
the cathodic curve. The inhibition
of HER is in agreement with the
results of the worker$

The inhibition efficiency in this
region of the cathodic curve (-300
mv) , was calculated using cathodic
current density values in Tables (2
and 3) for inhibited and uninhibited
oxygenated solutions respectively,
and the following equation :
% efficiency = (in — iin )/iuwn* 100

(D)

Where i, and i,, represent the
inhibited and uninhibited current
density values respectively. The
results are given in Table (5) . The
table shows excellent inhibition in
the cathodic region . The percent of
inhibition efficiency ranged from
95.8 to 98 for the experimental
temperatures and flow rates used.
The results indicate that, in the
cathodic region,a Cu— BTA film is
developed which inhibits both the
HER and oxygen reduction
reaction. This film has covered 96—
98% of the electrode surface and
was not affected by flowrate and /

or temperature increases. The
current  density values that
increased with increasing

temperature (see Table 2), are very

small and do not represent more
than (2-4)% of the total values in
uninhibited  solutions. It is
suggested that the cathodic
reactions, which are represented by
these small values of current
densities, are taking place on the
uncovered area of the electrode
surface , i.e, not covered by
Cu-BTA film.

It worths to show that 100-400
rom, in this work , represent
turbulent flow rates equivalent to
Re = 13500 — 53600. Therefore, in
the present work , turbulence has
no effect at all on the inhibition
efficiency inthe cathodic region.

To summarize , BTA has
excellent inhibition of the cathodic
reactions, i.e, HER and oxygen
reduction reaction. The inhibition
efficiency ranged from 96 to 98%.
Turbulence has no effect on the
inhibition efficiency which
remained almost constant over the
flow rate range employed.
2-The Anodic Region

The anodic current density values
were taken a a  specific
overpotential of 60 mv AE , instead
of at a specific anodic potential .
This was because of the difficulty
in the latter case due to the short
anodic region (see Figs. 2-5). The
results are given in Table (6). The
table shows that the anodic current
density is temperature dependent
only.

This results indicate that anodic
dissolution of copper in inhibited
solution is under activation control.
The corresponding values of the
anodic current density , in
uninhibited oxygenated solution at
a specific anodic overpotential of
?00 mv AE , are given in Table (7)

1200

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng. & Tech. Journal, Vol.28, No.6, 201(

The Inhibitive Effect of BTA on The Corrosion
of Copper Rotating Cylinder Electrodein
Oxygenated 0.1M H,SO, Under Controlled

Conditions of Mass Transfer

The inhibition efficiency in the
anodic region at overpotential 60
mv AE , was calculated using the
anodic density values in Tables (6
and 7) and Eg. (1). The results are
given in Table (8). The table shows
excellent inhibition in the anodic
region which isin agreement with
other workers®? | The
percentage of inhibition efficiency
ranged from 97.3 to 98.4 for the
experimental temperatures and flow
rates used. The results indicate that
a Cu — BTA film is developed on
copper surface which inhibited
about 97 % of the anodic reactions.
Moreover , the inhibition efficiency
was not affected by turbulent flow
rates employed ,i.e.,, Re = 13500 —
53600 .

To summarize , BTA has
excellent inhibition of the anodic
dissolution of copper in acid
solution . The inhibition efficiency
ranged from 97.3 to 984 % .
Turbulence has no effect on the
inhibition efficiency. The anodic
dissolution of copper in inhibited
solution is under activation control.
The Corrosion Rate

The corrosion current density
vaues , a different bulk
temperatures and various speeds of
rotation , found by Tafel
extrapolation method” , are given
in Table (9). The table shows that
the corrosion rate is temperature

dependent only. The results,
indicate that the corrosion of
copper in inhibited oxygenated

acid solution is under activation
control.

The corrosion rate values in
Table (9) are much lower than the
corresponding vaues in uninhibited
oxygenated solution(see Table
100*. The overal inhibition
efficiency was calculated using the
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corrosion rate values in Tables (9
and 10) and Eq.(1). The results are
given in Table (11). The overall
percentage of inhibition efficiency
ranged from 97.8 to 98.2 for
experimental temperatures and flow

rates used .

The results indicate that a Cu-
BTA film is developed on the
copper electrode surface inhibited
about 98% of the corrosion rate
which is in agreement with
previous resulte - 8 - M 17
Moreover, turbulent flow rates
employed , i.e, Re = 13500 —
53600 , have no effect on the
inhibition efficiency. This results
contradicts the work of Ross and
Berry who reported that inhibition
efficiency decreased as the flowrate
increased, especialy , under
turbulent conditions . The reasons
for this big difference between the
previous work 7 and the present
results can be explained as follows
. The RCE system offers several
advantages over the flow in pipe
system 30 which was employed by
Ross and Berry’

1 The RCE provides quantified
hydrodynamic mass transfer
conditions.

2 The concentration of material
and reaction rates are uniform
over the entire cylinder surface.

3 The RCE system easy to set up
accurately.

4 There are no problems of entry
length and concentration profile
build — up.

5 It is easy to control accurately
and the results obtained should
be highly reproducible.

Conclusions

In generd , BTA, at concentration
of 0.01 M , effectively inhibits the
corrosion of copper in oxygenated
0.1 M sulfuric acid solution . BTA
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effectively inhibits the anodic
dissolution of copper and the
cathodic reactions, i.e, HER and
oxygen reduction reaction. The
limiting current density, observed in
uninhibited oxygen acid solutions
disappears in presence of BTA ,
which confirmsthat BTA inhibits the
oxygen reduction  reaction
Therefore , BTA acts as a mixed
inhibitor in oxygenated sol utions.
The overall percentage of
inhibition efficiency is about 98 for
the experimental temperatures and
flow rates used. The results indicate
that a Cu — BTA films is developed
on the copper electrode surface

which inhibits about 98% of
corrosion rate . Moreover , the
overall inhibition efficiency is

neither affected by the turbulent flow
rate employed ,i.e, Re = 13500 -
53600 , nor by the temperature
increase.
The corroson rate is temperature
dependent only , which indicates that
the corrosion of copper in inhibited
oxygenated 0.1 M sulfuric acid
solution is under activation control.
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Nomenclatures

h  Cylinder height

m

iin Inhibited current density

Alm?

iL Limiting current density

Aln?

ivn  Uninhibited current density

Alm?

Re Reynolds number

Dimensionless

ri Cylinder inside radius

m

ro  Cylinder outside radius
m

HER

RCE

rpm

SCE

Hydrogen evolution reaction
Rotating cylinder electrode
Rotation per minute
Standard calomel el ectrode

Table (1) The compaosition of copper (wt%)

PDF created with pdfFactory Pro trial version www.pdffactory.com

Sn Zn P Fe Si Mn As Sb Al S Cu
0.0485 | 0.020 | 0.036 | 0.003 | 0.003 | 0.01 | 0.005 | 0.004 | 0.007 | 0.009 | remainder
Table (2) The cathodic current density of oxygenated inhibited
solutions, at — 300 mv, pA/cm 2.
Temp, K r.p.m.

100 200 300 400
283 2.6 31 2.6 31
288 4.0 4.0 4.2 4.2
293 8.4 7.0 6.3 7.4
298 12.0 11.0 11.0 12.0
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Table (3) The cathodic current density of oxygenated uninhibited
solutions , at — 300 mv, pA/cm 2.

Temp, K r.p.m.
100 200 300 400
283 98 100 99 100
288 180 200 200 190
293 200 290 300 310
298 330 340 340 350

Table (4) The cathodic current density of deaerated uninhibited solutions,

at — 300 mv, pA/cm 2

Temp, K r.p.m.
100 200 300 400
283 13 13 13 13
288 22 23 22 23
293 35 35 35 36
298 47 47 47 47
Table (5) The precent inhibition efficiency of cathodic region.
Temp, K r.p.m.
100 200 300 400
283 97.3 96.9 97.4 96.9
288 97.8 98.0 97.9 97.8
293 95.8 97.6 97.9 97.6
298 9.4 96.7 97.7 96.6

Table(6) Theanodic current density of oxygenated inhibited solutions,

at 60 mv AE, pA / cm?

Temp, K r.p.m.
100 200 300 400
283 4.0 4.1 4.0 4.2
288 6.1 6.2 6.0 6.1
293 11.2 113 11.0 114
298 20.2 20.1 20.0 20.2
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Table(7) Theanodic current density of oxygenated uninhibited solutions,
at 60 mv AE, pA / cm?

Temp, K r.p.m.
100 200 300 400
283 159 159 163 163
288 370 340 360 370
293 580 550 590 580
298 740 740 750 750

Table (8) The percentage inhibition efficiency of anodic region.

Temp, K r.p.m.
100 200 300 400
283 97.5 97.4 97.5 97.4
288 98.4 98.2 98.3 98.3
293 98.1 98.0 98.1 98.0
298 97.3 97.3 97.3 97.3

Table (9) The Corrosion rate of oxygenated inhibited solutions, pA / cm?.

Temp, K r.p.m.
100 200 300 400
283 0.13 0.13 0.13 0.13
288 0.20 0.21 0.21 0.21
293 0.26 0.25 0.27 0.27
298 0.43 0.42 0.41 0.43

Table (10) The Corrosion rate of oxygenated uninhibited solutions pA cm?

Temp, K r.p.m.
100 200 300 400
283 7.0 7.1 7.0 72
288 9.4 9.5 9.4 9.4
293 122 12.0 121 120
298 20.0 19.0 20.0 20.0
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Table (11) Overall inhibition efficiency

Temp, K r.p.m.
100 200 300 400
283 98.1 98.2 98.1 98.2
288 97.8 97.8 97.8 97.8
293 97.8 97.9 97.8 97.8
298 97.8 97.8 98.0 97.9

Figure (1) The Rotating Cylinder Electrode Assemply
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Figur e (2) Potentiostatic Polar. Curve of Inhibited Oxygenated Sol.,
Temp.283K
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Figure (3) Potentiostatic Polar. Curve of Inhibited Oxygenated Sol.,
Temp.288K
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Figure (4) Potentiostatic Polar. Curve of Inhibited Oxygenated Sol.,
Temp.293K
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Figure (5) Potentiostatic Polar. Curve of Inhibited Oxygenated Sol.,
Temp.298K
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