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ABSTRACT 
The anodic dissolution of copper has been examined 1n deaerated, 0.1 M 

HC1 aqueous solution in the presence of HJOJ. Concentrations of H2O2 up to 
0.2 M were studied at a rotating copper disk-platinum ring electrode. The 
open circuit potential (OCP) of copper was found to depend on bovh peroxide 
concentration and rotation rate. The OCP shifts towards more positive values 
with Increasing HgOo concentration (C) and decreasing rotation rate (n) . 
The dependence of OCP on ( C / n 1 ' 2 ) was the same as for oxygenated solutions 
reported earl ier [ 1 ] , at small values of (C /n . 1 ' 2 ) . At higher values of 
( C / n 1 ' 2 ) , departure from the expected behavior was observed. The current-
voltage curves for anodic dissolution of copper were also Influenced by the 
presence of peroxide. The curves recorded with the potential scanned 1n the 
positive direction showed the expected 60 mV slope, but the reverse scans 
showed significant departures. At a given potential scan rate, hysteresis 
was observed which was larger for higher H0O2 concentrations, lower rotation 
rates, and more positive anodic potential l imits. Monitoring the cuprous 
Ions at the outer Pt ring revealed that there was a complex set of events 
taking place at the copper surface, including film formation and the appear
ance of cupric Ions. 

INTRODUCTION 

There were three basic reasons for undertaking the present study of the 
corrosion of copper 1n the presence of hydrogen peroxide. The f i rs t is a 
fundamental one, related to the possibility that hydrogen peroxide could act 
as an oxidant to drive the dissolution and corrosion of copper. Secondly, 
during the corrosion of copper in the presence of oxygen, hydrogen peroxide 
would be either an intermediate or an end product of the oxygen reduction 
reactions. Thirdly, hydrogen peroxide is generated under gamma Irradiation 
as well, which could drive copper corrosion In such environments. While the 
actual concentration of peroxide due to irradiation could vary, a value of 
0.14 mM HoOg had been reported for 35 hours of exposure at a rate of 3.3 
Mrad/h [ 2 ] . This would be Important i f copper were to serve as a container 
material in nuclear waste disposal. It is the lat ter that is at the heart 
of the present study, but we note the more fundamental issues as wel l . 

Following the work on Digital Impedance for Faradaic Analysis [3] on 
copper corrosion in both deaerated [1] and oxygenated [4] 0.1 M HC1, the 
present research was init iated to substitute H2O2 for oxygen. As a f i rs t 
step, open circuit potential measurements and a cyclic voltammetry study of 
a rotating copper disk (equipped with a platinum ring when appropriate) were 
undertaken. There were similarit ies with the behavior of copper found in 
oxygenated solutions when the concentration of both oxygen and peroxide co
incided and departures from that behavior at higher hydrogen peroxide con-
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tent. Hence, these results and their ramification on understanding the ano
dic dissolution of copper in chloride environnent wil l be reported in this 
paper. 

There is no report in the l i terature of a fundamental study of copper 
corrosion in hydrogen peroxide-chloride solutions. As the most relevant, 
the work of Molodov et a l . [5] on the dissolution of copper in perchloric 
acid in the presence of hydrogen peroxide could be mentioned. An interesting 
finding of [5 ] was that hydrogen peroxide acted as an oxidant in the homoge
neous phase rather than through direct electrode reduction at the copper 
surface. 

In chloride solution, copper corrosion wi l l depend on the kinetics of 
the homogeneous oxidation of copper +1 state, present as the complex CuClg-
or, at higher chloride content, CUCI32". In 2 H HC1, this problem has been 
treated by Skinner et a l . [ 6 ] . I t was found that the f i rs t step in the oxi
dation of cuprous ion by hydrogen peroxide in 2 H HC1 was slow, with a rate 
constant kj • 2.6 M' is" 1 . However, the +1 state of copper used as a 
reactant was generated by reduction of C u 2 + at a platinum electrode, and the 
authors expressed some uncertainty ahout the complexation state of the re
duced ions during the renction with hydrogen peroxide. Actually, the prob
lem 1s of general Interest since the number of CI" Ions may change In d i f 
ferent ranges of current density 1n the electrochemical step of copper 
dissolution [see e.g. 7 ,8] . 

Hydrogen peroxide was a product of oxygen reduction on copper in sul
phuric acid as reported by Ghandehari et a l . [ 9 ] , with no report of further 
reaction. Molodov et a l . [10 ] , 1n a study where oxygen rather than hydrogen 
peroxide was used as an oxidant, reported that hydrogen peroxide contributed 
to the corrosion of copper. 

EXPERIMENTAL 

The copper rotating disk and the experimental procedure associated with 
i t have already been described [ 1 ] . A Pine Instrument (Grove City, PA) 
copper disk (5 mm diameter)-platinum ring (7 mm I .0 . /8 mm 0.0. ) has been 
used as wel l . The detection of cuprous ions at the ring was performed by 
holding the ring at a constant potential of 0.3 V vs. SCE. The collection 
efficiency for the ring-disk for the anodic dissolution of copper in 0.1 M 
HC1 was found to be independent of rotation rate (400-4000 rpm), and to have 
a value of 0.20. The theoretical collection efficiency [11,12] was in agree
ment with the experimental value. 

All the measurements were made in deaerated 0.1 M HC1. The amount of 
dissolved oxygen introduced in the electrochemical cell with the addition of 
hydrogen peroxide was negligible. The volume of the added peroxide compared 
to the total deaerated solution in the cell was less than 1%. Reaqent grade 
chemicals were dissolved 1n 18 HO-cm water, additionally purified tor organics. 
The potential was measured vs. a saturated calomel electrode (SCE). 

There was no dependence of copper dissolution current on Scan' rate in 
deaerated 0.1 H HC1 between 10 mV s" 1 and 1 mV s " 1 . The potential of the 
copper disk was scanned at 10 mV s" 1 to minimize the amount of copper dis
solved from the disk during any one series of experiments. The surface of 
the disk was checked after each of these tests under a microscope. I t was 
found that the copper surface was evenly dissolved, with no pits or ridges 
which could have distorted the hydrodynamics. 

Two cr i ter ia were adopted to check the electrode and electrolyte prepa
ration. The open circuit potential of copper in deaerated 0.1 H HC1 had to 
be more negative than -260 mV, and the anodic polarization curve had to ex
hibit a Tafel slope of -60 mV in the current range up to 10"* Acm"2. 



RESULTS 

Particular attention was focussed on the measurement of the open circuit 
potential (OCP) of copper as a function of hydrogen peroxide concentration 
and rotation rate. In Fig. 1 , the open circuit potential as a function of 
tlie rotation rate at different hydrogen peroxide concentrations are pre
sented. The copper potential became more positive with increased concentra
t ion of oxidant, but decreased as rotation rate was increased. As shown 
below, the data may be plotted on a single general curve. An increase of 
potential represents an Increase of copper corrosion, as discussed by Smyrl 
and Stephenson [4] for oxygen-driven corrosion. There [ 4 ] , a relationship 
was derived which predicted that the corrosion potential would change 39 mV 
for each decade change in ( C / n 1 ' 2 ) . The data presented in F1g. 1 followed 
this same behavior for HgOj 1n a certain range, but deviated from i t when 
the hydrogen peroxide concentration was ~ 50 mH and the disk rotation was 
below - 1000 rpm. In this region the potential shifted more than predicted 
from the previous treatment. The new behavior at large ^2 concentrations 
suggested that a new corrosion process could be determining the electrode 
potential. The concentration of cuprous Ions at the copper surface was high 
and nay have reacted with H2O2 at a significant rate. As a result, the 
presence of a significant amount of cuprtc Ions could be expected, with 
consequences which wi l l be discussed later . 
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Fig. 1. The open circuit potential of a rotating copper disk electrode at 
different H2O2 concentrations in 0.1 M HC1. 
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The lack 'o f hysteresis during the acquis i t ion of the open c i r c u i t poten
t i a l s indicated no permanent change at the copper surface. I t should be 
pointed out tha t the reproduc ib i l i ty of the potent ia l measurements in F ig . 1 
was extremely good, in the range of 1-3 mV for the higher ranges in hydrogen 
peroxide concentration. The reproduc ib i l i t y was 10-15 mV at lower H2O2 con
centrat ions. 

Anodic d isso lut ion cyc l i c voltammograms of copper gave two d i s t i n c t pat
te rns . Copper d isso lut ion in acid solut ion wi th no peroxide w i l l be examined 
f i r s t . From -300 mV to -50 mV, the potent ia l sweep in a posi t ive d i rec t ion 
produced the usual 60 nV Tafel slope (see Smyrl [ 1 ] ) . Reversing the sweep 
i n t h i s region gave a very small but noticeable hysteresis. The hysteresis 
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F ig . 2. Cyclic voltammogram of copper disk (A) in 0.1 M HC1 and correspond
ing r ing current (B) at E r i n g = 0.3 V; scan rate 10 mV/s; 500 rpm. 



was significant only at low rotation rates and high current densities. The 
same 60 mV slope was obtained at the ring (set at 300 mV) where oxidation of 
cuprous to cupric was observed. The hysteresis of the ring was more pro
nounced than the one at the disk, but i t was observed only when the disk 
showed hysteresis as well . However, what appeared to be more interesting 
were the signs of the hysteresis of the disk and the ring. This yielded a 
higher apparent collection efficiency for negative-going scans (27%) than 
for positive-going scans (20?) at 500 rpm. The departure of the collection 
efficiency from theoretical was more pronounced as the anodic l imit of the 
disk was increased, indicating a second process must occur at the high ano
dic current densities. 

Cuprous chloride fi lm formation during the process of copper dissolution 
has been reported in the l i terature. However, before any speculation in 
this direction is made, the hysteresis In the disk behavior wi l l be examined 
further. In F1gs. 2 and 3 the cyclic voltammograms for copper dissolution 
for anodic limits at +50 to +60 mV are presented. In the positive direction 
an expected current response was observed, but in the reverse scan the depar
ture from the Tafel type dissolution was substantial. The hysteresis con
sisted of a net reduction current 1n the potential region where a net anodic 
current was observed in the positive sweep. The voltammograms, including 
this particular feature, were very reproducible. The reduction process was 
more pronounced for higher anodic l imits. Since no reducible species were 
present in the bulk solution 1n the potential region between -50 mV and -200 
mV, the species reduced had to originate as a result of the anodic process. 
Further, the species had to be trapped at the electrode surface in order not 

-Cu DISK [V;SCE] 

Fig. 3. Cyclic voltammogram of copper disk (A) in 0.1 M HC1 and correspond
ing ring current (B) at E r l - n g = 0.3 V; scan rate 10 mV/s; 3600 rpm. 



to diffuse away. The magnitude of the reduction process was strongly depen
dent on the rotation rate as well. 

As a general observation, it should be noted that, while a cathodic 
current was recorded at the disk, cuprous ions were still being oxidized at 
the ring. This required that cuprous ions be continuously supplied to the 
ring, even though a net cathodic process was observed at the disk. At this 
stage, the presence of a CuCl film at the surface of copper was necessary in 
order to explain the results. The cathodic current hysteresis at the disk 
was ascribed to reduction of the film previously formed. The film was 
formed more readily at low rotation rates, when the removal of the species 
from the electrode surface was retarded. Finally an important feature of 
the results was that the film was completely removed from the surface with 
each potential cycle. The latter follows from the observation that the 
voltammograms were reproducible and that both the ring and disk current fell 
to zero at the same potential. There was no residual film build-up. 

The dissolution of copper was studied in the presence of HJOJ in HC1 
solution. Again, two potential regions were distinguished: (1) one with 
the anodic limit more negative than -50 mV and (11) one with anodic limit 
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Fig. 4. Polarization curves for copper dissolution in the more negative 
potential region and at low peroxide concentrations. 



extended to +50 raV. However, the behavior of copper depended on the con
centration of hydrogen peroxide as well . In general, In the mors negative 
potential region, and the lower peroxide concentration (less than 0.01 M), 
the presence of hydrogen peroxide shifted the polarization curve for copper 
dissolution in a positive direction (Fiq. 4 ) . The curves were shifted so 
that the potentials at a given current were more positive the higher the con
centration of hydrogen peroxide and slower the disk rotation. The Tafel 
slope was 62-65 mV, and the current density depended on the rotation rate. 
A linear relation between the dissolution current at a given potential and 
the square root of the rotation is presented, in agreement with the l i t e ra 
ture statement that CuCI?" diffusion is the limiting step (see e.g. ref. 2 ) . 

At more positive anodic potential l imits (+50-60 mV), HgOj affected the 
cyclic voltammograms as well . In a solution containing 0.03 M hydrogen per
oxide (Fig. 5 ) , the cyclic voUanmogram at 1000 rpm was recorded. A well -
defined plateau in the ring current was observed, but at small currents and 
with a pronounced reduction peak at the disk. A comparison of the curves 
taken In 0.03 H hydrogen peroxide at different rates of rotation along with 
the corresponding curves in HC1 solution with no peroxide revealed some In
teresting features. The hysteresis in the voltammograms was more noticeable 
in peroxide solutions and the anodic branches were shifted in the region of 
more positive potentials. 
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Fig. 5. Cyclic voltammogram of copper disk (A) in 0.1 H HC1 + 0.03 H HgO? 
and corresponding ring current (B) at E r i„g = 0.3 V; scan rate 10 
mV/s; 1000 rpm. 

The changes due to the presence of peroxide on the polarization curves 
are depicted in Fig. 6. As conpared to the polarization curves at lower 
current densities, the linear region was less pronounced and had a slope of 
over 80 mV. This indicated that the anodic process for copper dissolution 
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Fig. 6. Polarization curves for copper dissolution in the more positive 
potential region and at high peroxide concentrations. 

was altered. At the highest current densities the polarization curves at 
different rotation rates merged, in the absence of as well as in the pres
ence of peroxide. 

DISCUSSION 

For the corrosion of copper in the presence of hydrogen peroxide the 
results suggest three general areas for discussion: 

- low concentration hydrogen peroxide region and low corrosion rates 
- high peroxide concentrations 
- the fundamentals of copper dissolution at high rates. 
The corrosion of copper in an irradiated environment would take place i 

the region designated as the low concentration region (< 0.01 M H2O2 [ 2 ] ) . 
In solutions of low concentrations of Hg02 the dissolution of copper was 
found to he a rather well behaved system. First of a l l the open circuit 
potential obeyed the relation 
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F ig . 7. Dependence of copper open c i r c u i t potent ia l on hydrogen peroxide 
concentration and ro ta t ion ra te ; the s t ra igh t l i n e 1s from [ 4 ] . 

developed fo r copper corrosion i n oxygenated 0.1 N HC1 [ 4 ] . Here, C i s the 
oxidant concentrat ion, 0 1s the rotat ion ra te , and the o's are k ine t i c 
t rans fer coef f ic ients ( a l l equal t o 0 .5) . In Fig„ 7, the slope of 3¥.4 nV 
was found in the region of low HjOp concentrat ion, which i s the sane as that 
found fo r the oxygenated system. This indicated the same mechanism fo r 
copper corrosion was e f fec t i ve i n HgOj. The small s h i f t of the curve as 
compared t o oxygenated solut ions i s w i th in the scatter band of the resul ts 
both here as well as i n [ 4 ] , which suggested s imi lar k ine t i cs . Therefore, 
one can conclude that up to H2O;? concentrations of 0.01 M, and high rotat ion 
rates, the corrosion of copper obeyed the model [ 4 ] proposed fo r oxygen as 
an oxidant: the anodic d isso lu t ion reaction was dominated by convective 
d i f f u s i o n , and coupled with a k ine t i ca l l y contro l led cathodic react ion. The 
t rans fer coef f ic ients f o r both the anodic and the cathodic d i rec t ion fo r 
copper electrode reaction as well as fo r the reduction of HgOg were 0.5. 
These f ind ings , derived from the open c i r c u i t potent ials were in agreement 
w i th the po lar isa t ion data at low current densit ies (F ig . 4 ) . Here, the 60 
mV slope was compatible wi th the conyective d i f f us ion control led mechanism 
f o r copper d isso lu t ion , independent of the presence of small quant i t ies of 
peroxide. 

The corrosion of copper under the inf luence of higher concentrations of 
H2O2 end more pos i t ive potent ials deviated from the simple process f i r s t ie-



rived for O2 solution. However, the interpretation of the data in this re
gion could be very important, not only from the point of view of understand
ing the fundamentals of copper corrosion, hut also for practical reasons as 
well. A build-up of higher concentrations of HjOg in moisture films, or ad
sorption of i t at modified copper surfaces due to corrosion products, could 
make these high concentrations more important. Work is continuing in this 
area. 

The initiation of film formation at the electrode surface seems to be of 
crucial importance in the understanding of dissolution of copper at high dis
solution currents. Thus, the thermodynamic values of the electrode poten
tials in 0.1 M HC1 for reactions involving different copper species [13] sug
gest that up to -60 mV, the dissolution of copper proceeds to form CuClg-
lons, in a solution containing no copper initially. Above this potential, 
one may form CuCl at the surface, as well as CuClj-. This value corresponds 
well with the potential at which the distinction of two regions in the polar
ization behavior of copper was observed 1n the present study. 

The Influence of the rotation rate on the formation of the film required 
that both film formation and film dissolution be considered. The dissolution 
of the film in HC1 solutions proceeded most probably through the reaction: 

CuCl + CI" = CuCl 2 " (2) 

The description given earlier for copper dissolution 1n pure 0.1 M HC1 (Figs. 
2 and 3) fits well with the requirement that a certain surface concentration 
of CuCl2" ions must be exceeded in order for a stable film to be formed. 

What appears to be more important for the purpose of the present study 
1s the enhancement of the process of the film formation in the presence of 
peroxide. There are two different ways in which peroxide could contribute 
to the CuCl film formation. The first is to produce CuCl2" ions through 
copper corrosion by a coupled mechanism. This process would decrease in 
importance as the potential is made more positive, i .e. , at higher current 
densities. Thus, for anodic dissolution under imposed polarization, the 
contribution of this process to the total rate at which cuprous species are 
produced is negligible. The other possibility of hydrogen peroxide contri
bution to the film formation is a rather indirect one and is based on the 
generation of cupric ions by homogeneous oxidation of cuprous species by per
oxide at the electrode surface. The scheme is similar to the one for auto-
dissolution of copper proposed by Holodov et a l . [5]. The cupric ions are 
thermodynamically unstable at the disk potential, and would be reduced at 
the surface to yield a CuCl film. This is an additional reaction to form 
CuCl. As illustrated in Fig. 5, this contributes to film formation so that 
a constant ring current is associated with a constant flux of CUCI2" to the 
ring in the presence of 0.03 H H2O2. 

As a conclusion, the proposed mechanism of CuCl film formation in the 
presence of hydrogen peroxide through oxidation of cuprous ions to cupric 
and the subsequent reduction of the latter to CuCl, seems to be able to ex
plain the shifts In the open circuit potential at both copper and platinum 
surfaces and the behavior of copper under anodic polarization. 
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