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Corrosion inhibition of copper in salt water using 5-phenyl-1-H tetrazole (PTAH) was investigated.
Experiments were also performed in salt water polluted with thiosulfate or sulfide ions.
Potentiodynamic and potentiostatic polarization tests were performed. Polarization tests indicate that
the presence of PTAH results in a marked decrease of the anodic current density. The extent of
reduction of the current density is increased with the increase of the inhibitor concentration. Standard
free energy of adsorption (AG®) of -49.15 kJ mol™ was calculated at 20°C. These values point to
chemisorption occurring in the interaction of PTAH and the surface of copper. Activation energies of
71.8 KJ/mol and 17.7 KJ/mol were calculated for the dissolution of copper in the salt solution in the
presence and in the absence of PTAH, respectively. The big differences in activation energies indicate
the high inhibition efficiency of the PTAH inhibitor. The pollution of the salt solution with thiosulfate
or sulfide ions diminishes the passivity of PTAH.
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1. INTRODUCTION

Copper and many of its alloys possess favorable combinations of thermal, electrical and
mechanical properties [1-2] in addition to a moderate cost. They are attractive construction materials
for tubes, pumps, valves, fittings, interconnects, circuit boards,...etc. Copper and its alloys are
extensively used in various applications in Kuwait and the Gulf region. These materials face various
forms of corrosion which limit their performance [3-6].

Tetrazoles are a class of synthetic organic heterocyclic compounds, consisting of a 5-member
ring containing four nitrogen and one carbon atoms (plus hydrogen atoms) [7]. The simplest is
tetrazole itself. A large variety of tetrazoles can be obtained through the substitution of H atom
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attached to the carbon or the nitrogen atoms of the tetrazole ring with other function groups like SH,
NH,, CHs, phenyl, ...ect. Tetrazoles are expected to have high tendency to adsorb on copper as they
have four lone pairs of electrons on the nitrogen atoms of the tetrazole ring. These lone pairs of
electrons are known to coordinate strongly with the Cu(l) ions, resulting from the readily oxidation of
copper, to give a protective complex.

The use of tetrazoles as corrosion inhibitors were investigated by many authors [8-17]. The
inhibiting action of tetrazole derivatives in 0.1M NaCl solution was investigated [8]. The following
compounds were tested: tetrazole (T), 5-mercapto-1-methyl-tetrazole (5Mc-1Me-T), 5-mercapto(Na
salt)-1-methyl-tetrazole (5NaMc-1Me-T), 5-mercapto-1-acetic acid (Na salt)-tetrazole(5Mc-1Ac-T),
5-mercapto-1-phenyl-tetrazole (5Mc-1Ph-T), 5-phenyl-tetrazole (5Ph-T) and 5-amino tetrazole
(5NHy-T) in the range of pH from 4 to 8 and at temperatures of 40 to 80°C. Inhibitors show inhibition
efficiencies (IE) between 50 and 99%. The best protective characteristics are shown by 5Mc-1Ph-T
and 5Ph-T. The structure of the protective film formed using the above mentioned compounds is
further investigated [9]. The film contains a layer of inert, insoluble and long-lasting polymeric Cu(l)
complex.

The effect of 2-mercaptobenzothiazole (MBT) on the corrosion inhibition of copper in the
ethanol solution was investigated [10]. The concentration of MBT of 0.001 M lead to reduction of
current density 4 times.

The characteristics of adsorption and the influence of 2-mercaptobenzothiazole (MBT) and
tetrazole (TTA) on the growth of oxide film on copper in 0.1M NaOH are also investigated [11]. The
inhibition efficiency is strongly dependent on the structure and chemical properties of the species
formed under the specific experimental conditions.

The inhibiting action of 5-mercapto-1-phenyl-tetrazole (5-MPhTT) in 0.001 M H,SO, solution
was investigated [12]. The results reveal that the anodic current density and mass loss are two times
twice less lower in the presence of 5-MPhTT.

The influence of 1-phenyl-5-mercapto-1,2,3,4-tetrazole (PMT) on the corrosion inhibition of
Cu in 0.1M HNOg3 was also studied [13]. The action effect of PMT is compared with the influence
action of other organic compounds of this type of the same family. They behave as mixed type
inhibitors. The mechanism of action is chemisorption on the copper surface that follows Langmuir
isotherm.

The inhibition action and adsorption behavior of Guanidino tetrazole (GT) and 1-p-
methylphenyl-5-mercapto-1,2,3,4-tetrazole (MMT) on copper in aqueous solution of 5% NaHCO;
were investigated by using weight loss test and electrochemical test [14]. Results indicate that the two
types of tetrazole derivative inhibitors have good corrosion inhibition ability for copper in NaHCO3
solution, and they are both anode-type inhibitors.

It is obvious that there is a lack of studies regarding the use of tetrazoles as corrosion inhibitors
of copper or its alloys in non polluted and polluted sea water environments. The present work aims to
investigate the corrosion inhibition of copper using 5-phenyl-1-H tetrazole in sea water. The effect of
pollutants (sulfide and thiosulfate) on the corrosion inhibition efficiency of the tetrazoles is also
investigated.
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2. EXPERIMENTAL

Electrodes were prepared from electrolytic copper (99.9 %) in the form of rods having 0.96 cm
diameter. The working electrode was the cross sectional area of the rod while the immersed length of
the rod was coated with a protective adhesive so that the cross sectional area is only exposed to the
solution. Electrical contact to the external circuit was made through the rod. The working electrodes
were polished using SiC papers successively up to 2400 grits, followed by 0.3 micron alumina to
acquire a mirror-like finish.

Potentiodynamic and potentiostatic polarization curves were measured on the Cu electrodes
using a conventional three-electrode cell with a Ag/AgCI reference electrode and a Pt sheet counter
electrode. The potential was controlled using a Gamry potentiostat. Experiments were carried out in
0.6 mol L™ NaCl solution which simulates sea water environment. Tests were performed in the
absence and in the presence of thiosulfate and sulfide pollutant ions.

Solutions were prepared using deionized water, Analar Na,S,03, Na,S and NaCl from Fluka,
99% 5-phenyl-1H-tetrazole (PTAH) whose structure is presented below from Aldrich. The PTAH
solution was prepared in 10% dimethylformamide (DMF) solution containing the desired salt content.
Measurements were performed at 20 = 1°C while the testing solution was open to air and stirred using
a magnetic stirrer.

5-phenyl-1H-tetrazole

3. RESULTS AND DISCUSSION

3.1. Potentiodynamic polarization tests

During the anodic polarization of copper in the salt solution containing PTAH, anodic current
density is considerably reduced compared to the current density obtained in the solution without the
inhibitor (see Figurel). The extent of reduction of the current density is increased with the increase of
the inhibitor concentration. A well defined passivation region (> 0.5 V) was obtained at
concentrations 0.005 and 0.01 mol L™ inhibitor. The passivation diminishes at higher potentials where
the protective film on the surface of copper gets destroyed.
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Figure 1. Effect of concentration of PTAH on the potentiodynamic polarization curves of copper in
the 0.6 mol L™ NaCl solution at voltage scan rate of 5 mV s and 20°C.

The reduction in the current density indicates the formation of a protective layer on copper
surface. The strongest protective effect is exhibited at concentrations 0.005 and 0.01 mol L™ In
weakly acidic, neutral, and weakly alkaline media the inhibitor has the form PTAH. The inhibition
efficiency of PTAH can be attributed to the formation of a protective film of Cu(I)PTA complex on the
copper surface, i.e. [18-21]:

Cu+PTAH —=Cu(l)PTA+H +¢ [1]

The degree of surface coverage at different concentrations of PTAH can be obtained from the
following expression:

I el
__ “corr(b) corr(inh)
0= [2]

Icorr(b)

where leorrn), lcorr(inny represent corrosion current densities in the absence and in the presence of
the inhibitor, respectively. Tablel contains the surface coverage values for different inhibitor
concentrations which were determined from polarization curves in Figurel. The interaction of PTAH
with the copper surface was best described using the Langmuir isotherm. This isotherm is [22-23]:

6 ~E*
—_ - ACexp = KC 3
1-0 (RT J 3]
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where 0 is the surface coverage, E” is the activation energy, C is the concentration in mol L™
and K is the constant of the adsorption process. The above equation can be simplified as:

E=i+C [4]
6 K

Table 1. The degree of surface coverage versus concentration of the inhibitor

Inhibitor Concentration, 0.0 0.001 0.005 0.01
mol L™*

Ecorr » V (AQ/AQCI) -0.236 -0.173 -0.161 -0.166
leorr , A €M™ 3.68E-5 5.13E-7  2.99E-7 2.17E-7
Surface coverage, O 0.0 98.6 99.19 99.41

A plot of C/0 versus C yields a straight line with intercept 1/K. Figure 2 shows the relationship
between C/0 and C. The relationship between the adsorption constant and the standard free energy of
adsorption (AG®) is given by [24-25]:

1 ~AG®
K= (ﬁjexp( RT J !

where R is the universal gas constant and T is the absolute temperature. Standard free energy
of adsorption (AG®) of -49.15 kJ mol™ was obtained at 20°C. The value of AG® indicates the
spontaneity of the adsorption reaction of PTAH on the copper surface. It also points to chemisorption
occurring in the interaction of PTAH and the surface of copper where charge sharing or transfer from
the inhibitor molecules to the copper surface forms a co-ordinate type of bond [26-27].
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Figure 2. Langmuir adsorption isotherms of copper in 0.6 mol L™ NaCl in the presence of PTAH at
20°C.
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Figure 3 shows the effect of temperature on the polarization curves of copper in 0.6 mol L™
NaCl in the absence and in the presence of 0.01 mol L™ PTAH. The current density increases with the
increase in temperature. Note the big differences in current densities obtained in the presence of PTAH
and in its absence. The dependence of the limiting current, i, on temperature can be analyzed using
the Arrhenius equation. i.e.

Ini,=InA-E"/RT [6]

where A is the preexponential factor, E* is the activation energy, R is the universal gas constant
and T is the absolute temperature. Arrhenius plot of In i_ versus 1/T gives a straight line whose slope is
used to calculate the activation energy of the dissolution reaction. Figure 4 illustrates Arrhenius plot of
the passivation currents of copper dissolution in the PTAH inhibited salt solution. Passivation currents
were determined from potentiodynamic polarization curves (see Fig.3). The plot gives activation
energies of 71.8 KJ/mol. Arrhenius plot of the limiting currents of copper dissolution in the salt
solution in the absence of PTAH is also shown in Figure 4. The activation energy calculated from this
plot is 17.7 KJ/mol which is quite small compared to the one obtained in the presence of PTAH
indicating the high inhibition efficiency of the PTAH inhibitor.
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Figure 3. Effect of temperature on the potentiodynamic polarization curves of copper in the 0.6 mol

L™ NaCl solution in the absence and in the presence of 0.01 mol L™ PTAH at voltage scan rate
of 5mv st

Fig.5 shows the effect of thiosulfate and sulfide ions (pollutants of salt water) on the
potentiodyanmic polarization curves of copper in the PTAH inhibited salt solution. The addition of
0.001 mol L* 8203'2 to the testing solution leads to a shift in E¢or from -170 mV towards less noble
value of -300 mV. The anodic currents obtained were increased by about one order of magnitude in
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the presence of S,052. A more pronounced shift in Ecor (~ 500 mV) was obtained in the presence of
0.001 M HS". The anodic current obtained was higher than the one obtained in the presence of $,032.
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Figure 4. Arrehenius plots of the limiting currents of copper dissolution in 0.6 mol L™* NaCl in the
presence and in the absence of 0.01 mol L™ PTAH.
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Figure 5. Potentiodynamic polarization curves of copper in the 0.6 mol L™ NaCl solution containing
0.01 mol L™ PTAH in the absence and in the presence of either sulfide or thiosulfate ions.

Experiments were performed at voltage scan rate of 5 mV s™ and 20°C.

3.2. Potentiostatic polarization tests

Figure 6 represents the effect of thiosulfate and sulfide ions on the potentiostatic curves of
copper treated in the PTAH inhibited electrolyte at a potential of 0.0 V (Ag/AgCl), before the injection
of these ions. The remarkable inhibiting efficiency of PTAH is reflected in a passive current of about
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1 pA cm™ in the presence of 0.01 mol L™ PTAH after one hour. Upon injection of 0.001 mol L™ of
either S,05% or HS, a rapid increase in current to about 590 and 650 uA for the S,05% or HS™,
respectively. The magnitude of this sudden increase in current upon injection of thiosulfate or sulfide
ions is taken as a measure of the intensity of thiosulfate or sulfide attack.
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Figure 6. Effect of the injection of either sulfide or thiosulfate ions on the potentiostatic polarization
curves of copper in the 0.6 mol L™ NaCl solution containing 0.01 mol L™* PTAH at 20°C.

Figures 5 and 6 reveal a pronounced promoting effect of thiosulfate on the rate of anodic
dissolution of copper. Thiosulfates are known to adsorb on copper surfaces [28-29]. The process can
be represented by the following equation:

Cugs) + S$205” (ag) = CU:S2057 (aai) [7]

The two sulfur atoms in the thiosulfate ion (S,03%) are not equivalent. While the central sulfur
atom is well bonded to the three oxygen atoms, the peripheral sulfur atom is weakly attached to the
central sulfur atom via a weak, and hence fairly long, bond. Consequently both sulfur atoms behave
differently towards the copper surface. For this reason, the adsorption of thiosulfate is described in
terms of dissociative adsorption, i.e.

$205% ag) + 2Cu;, = CuS+ Cu: SO5% (agy) [8]
where Cu, refers to the active adsorption sites on the copper surface, while Cu:Sogz'(ads) refers
to adsorbed sulfite ions. The sulfite covered areas of the copper electrode undergo a rapid anodic

dissolution reaction producing CuSO3 and a fresh active site Cu, i.e.

Cu:SO5% (ads) = CUSO3 o) + Cu + 2€7 [13]
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The overall process is the sum of the above two equations, i.e.
82032_(aq) + 2CU(S) = CuS + CuS0Os; (g T Cuy + 2¢ [14]

The above arguments suggest that the corrosion of copper in the presence of thiosulfates
produces CuS, sulfite ions (SO5%), and copper ions.

A strong promoting effect of sulfide ions (much more than thiosulfate) on the anodic
dissolution of copper in the PTAH inhibited salt solution is also evidenced (see Figures 5&6). This can
be understood knowing the relative stability of copper sulfide which is 10*” which is expected to be
much higher than that of Cu(1)PTA complex [30]. The stability constant of Cu(I)PTA complex would
be comparable to that of copper benzotriazole complex (Cu(1)BTA) complex which is about 10%[31].
This indicates that sulfide ions compete for Cu(l) ions under a much stronger driving force than PTAH
[32-33]. Consequently, sulfide ions can extract the Cu(l) ions from the Cu(I)PTA complex,i.e.

Cu(l)PTA+ HS = CuS +PTAH +¢e

This reaction leads to the disappearance of some of the protective Cu(l)PTA film and the
appearance of copper sulfide. Once the protective film breaks down, corrosion occurs on the bare
surface.

4. CONCLUSIONS

PTAH concentrations > 0.005 mol L™ show excellent corrosion inhibition (>97%) of copper in
the 0.6 mol L™ NaCl solution. This can be related to the formation of a passive layer of Cu(I)PTA on
the copper surface. This layer was formed by chemisorption of the inhibitor on the copper surface.

Thiosulfate and sulfide ions have pronounced detrimental effects on the passivity caused by
PTAH. The presence of these ions shifts the free corrosion potential in the active direction and
increases the current density and hence the rate of anodic dissolution of copper. These effects were
more obvious in the presence of sulfide ions.
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