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phenyl-tetrazole as an inhibitor against copper
corrosion in sulfuric acid media

E. Szécs, Gy. Vastag', A. Shaban, E. Kadméan
Hungarian Academy of Sciences,
Chemicd Reseach Center,
H-1525Bp. P.O Box 17, Hungary,
"University of Novi Sad, Trg D.Obradovica3, 21000
Novi Sad, Yugodavia

The potential dependence of adsorption and kinetic
properties of inhibitor film formation on copper surface
was dudied in addic environment by using surface
sengitive tedhniques (eledrochemicd quartz aystal
microbalance (EQCM), eledrochemicd scanning
tunreling microscopy (EC-STM). The investigated
inhibitor was 5-mercgpto-1-phenyl-tetrazole (5-PhTT)
in 1x10° M H,SO, (blank) (seeFig. 1).

Results dowed that 5-MPhTT was chemicdly
adsorbed and remained effedive on the surface &en
after changing badk the dedrolyte to sulfuric add
solution without any inhibitor. In this case results
showed a protedion efficiency of 99%.

QCM results provided some information that the
inhibitor adsorption appeas to be of a mono or even
lessthan monolayer coverage.

ECQM results refleded that 5-MPhTT was chemicdly
adsorbs onto copper eledrode and was present on the
surfaceduring anodic dissolution.

The alsorption/desorption processes were investigated
also by potentiodynamic STM. A well ordered sulfate
layer showed a Moiré structure. The ordered
superstructure depends on the scan rate, the cosen
potential and also on the waiting time. The fast
adsorption of sulfate resulted in a structureless sirface
Cyclic voltammetry results showed that in pure sulfuric
add solution the sulfate adsorption-desorption pesks
appeaed. At a potential far enough from the sulfate
adsorption pegk, well defined straight monoatomic
steps are visible. At positive potentials, where the
sulfate should be asorbed to the surface the step
edges are frizzy (Fig. 2). Stepping the potential to more
positive diredion, the step edges became rougkher,
which can be eplaining by a mass transport on the
copper surface copper dissolution take place

Due to the adition of 5-MPhTT to the solution,
charaderistic structural changes are observed on the Cu
(111 singe aystal surfacein the double layer regime.
Our previous measurement showed that, at open circuit
potential, how inhibitors block the step edges and the
copper dislution could not take place[1-3].

In the presence work we analyzed the influence of
adsorbed sulfate in the inhibition mecdhanism. When the
inhibitor was added to the solution, where no adsorbed
sulfate on copper, the surface morphology showed
stepped structure. In some places an acawmulation of
the inhibitor, with height of 3-6 A, was observed.
Measurements were done dso in the presence of
adsorbed sulfate layer on the surface The inhibitor was
added to the solution and the surfaceis now covered by
aphase, which appeasuniformin larger scde.

Stepping the potential dowly to more negative
diredions the same surface morphology was observed
as in the pure H,SO, solution, with smocth terraces
separated by monoatomic steps.

Further investigations were done in more diluted
solutions where the inhibitor concentration was
5x10° M 5-MPhTT.
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Fig. 1. Masschange vs. potentia during anodic
polarization from -300mV to +400mV and bad to
cathodic diredion

EC-STM measurements in pure H,SO, clarified the
surface structure, atomic high steps with adsorbed
sulfate layer, in the double layer potential range. The
disolution in pure sulfuric add solution started at
terrace elges and procedls along the steps.

5-MPhTT adsorbate spedes are observed in the
potential regime of adsorbed sulfate layer. At high
inhibitor concentration (5x10* M), a thick uniform
layers form on the surface At more negative potentials
where desorption of sulfate adlayer should occur, or the

Fig. 2. Cu(111) morphology in pure H,SO, solutions,
frizzy stepsin presence of sulfate layer

hydrogen evolution process took place the inhibitor
layer was partially removed and the stepped surface
appea. When no sulfate allayer was on the surface
stegped structure and inhibitor acawmulations can be
observed.
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