
AU9817376

Investigations of the Influence of the H2O2 and NaF on the Corrosion on
Valve Metals and Steel in Systems of Pratical Importance by

Use of Radioisotopes.

G. MARX; C. NEHM; M. LASKE; A. KUPFER
Freie Urriversitat Berlin, Institute of Inorganic and Analytical Chemistry,

Radio chemical Division, FabeckstraJJe 34-36, 14195 Berlin, Germany

SUMMARY

In order to investigate the corrosion on materials, pollux containers for direct radioactive
waste disposal shall consist of, Ti; Ti99.8Pd; TiCodel2 and steel (TSTE335) were investigated
in brines (saturated NaCl solution, Solution 3 and Q-brine) by use of the Radiolsotope Method
(RIM), using 59Fe as isotopic and 46Sc and 58Co as nonisotopic tracers. Especially the influence
of the radiolytic products H2O2 and CIO" on corrosion were studied in these specific media, not
only at rest potentials but also at various potentials applied. Furthermore the influence of tem-
perature (25°C; 55°C and 80°C) was taken into consideration.
The results obtained indicate that the pollux container will withstand corrosion in brines for at
least 500 years. The concentrations of the radiolytic products H2O2 and CIO' existing under
practical conditions of a waste repository do not influence corrosion on titanium and Ti99.8Pd
at all. The influence of H2O2 on Ti and Ti99.8Pd corrosion is identical at higher concentrations.
The corrosion on zirconium can be compared with that on titanium in brines.
In NaCl solutions the corrosion rate on steel (TSTE335) is very small, at constant pH=5.5,
although this specific steel is in the active range. The steel corrodes homogeneously with re-
spect to its surface without any remarkable pit corrosion.

1. INTRODUCTION

Germany decided the direct disposal of radio-
active waste in salt diapirs to be an option to
cope with the problems of waste management.
Since the relevant cascets, the spent fuel ele-
ments shall be put in, are pollux containers,
optionally consisting of two sections of steel,
the inner one being plated with titanium and its
alloys TiGr.7 and TiCodel2, the corrosion on
these materials had to be studied under practical
conditions, that means in brines and bentonite
pore water. The brines might result from intru-
sion of water into salt domes, which is still a
hypothetical event. The titanium layers of the
cascets shall increase the resistance of these
containers towards corrosion, so that they are
able to withstand corrosion for at least 500
years. After that time the ironoxide produced
will act as scavenger forming mixed potentials.
The main interest of the investigations was fo-
cused on the influence of the products of ra-
diolysis, H2O2 and CIO', because of their oxidis-

ing behaviour, which drastically changes the
rest potentials of the various systems under
investigation. In addition the influence of NaF
on corrosion was studied out of theoretical rea-
sons. Quite a lot of parameters, therefore, must
be known in detail to obtain reliable data for
modelling the physico-chemical conditions in a
waste repository, these conditions being ex-
trapolated to time periods, hardly to be imag-
ined.
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Pollux container



2. EXPERIMENTAL DETAILS

Titanium (99.98%), Ti99.8Pd and TiCodel2
(Mo: 0.29%; Ni: 0.89%; Fe: 0.11%), were in-
vestigated in saturated NaCl solution, Solution
3 and Q-brine1 at 25°C, 55°C and 80°C at rest
potentials and different applied potentials within
the range from -1000 mV to +1000 mV the first
two metals mentioned also in presence of H2O2
at various concentrations (from 7*10** to 7-10'2

molT1). At the beginning of the experiments the
definite H2O2 concentrations were determined
spectroscopically from the relevant TiC^-ion
concentrations by use of an UV/VIS spectrome-
ter (Perkin Elmer 330 Spektrophotometer).
The method applied to the corrosion measure-
ments was the Radiolsotope Method RIM2

joining electrochemical and radiochemical pro-
cedures combined with impedance measure-
ments. Automatically working RIM needs an
ordinary electrolytic cell with reference (Ag /
AgCl), counter (Pt) and working electrode,
consisting of the neutron activated material
under investigation and in addition a poten-
tiostat (FUB) for carrying out potentiostatic and
potentiodynamic measurements. The corrosion
rates were y-spectroscopically (MCA Silena
Cicero) determined from the activity of the rele-
vant solutions, continuously passing the GeLi-
detector (PGT), the specific y-rays being not
only emitted from isotopic but also from noniso-
topic tracers (Ti = ̂ Sc; Ni = 58Co)
Furthermore the corrosion rates were independ-
ently calculated from the measured current
densities by use of Faraday's law.
A frequency generator (Zahner IMD5) permit-
ted impedance measurements to be simultane-
ously carried out, which informations on the
protecting oxide layers of the studied valve
metals (thickness; electrical conductance, di-
electric numbers) were obtained from.
In addition the corrosion on zirconium, Zircal-
loy-4 and steel (TSTE 335) was studied by
RIM in the same media, steel also by using
AAS; titration and mass loss. The radioisotopes
applied were 95Zr and 59Fe.

3. RESULTS AND DISCUSSION

3.1 RESULTS FROM MEASURE-
MENTS ON TI AND TI99.8PD

The relevant results are listed up in the follow-
ing tables and figures. The data indicate that

H2O2 drastically increases the corrosion on Ti
and Ti99.8Pd by destroying their oxide layers
forming TiO2

2+'ions due to the equations (1) and
(2).

Ti + 2H2O2 -* TiO2 + 4 / T + 4c"eg. (1)

TiO2 + H2O2 + 2H+ -> TiO2
2* + 2H2Oeg. (2)

3.1.1 MEASUREMENTS AT REST PO-
TENTIALS

The results obtained at the relevant rest poten-
tials (350 - 450 mV (SHE)) prove that in the
different media the corrosion rates are propor-
tional to the relevant H2O2 concentrations (cf.
table 1).

Table 1
Influence of H2O2 on the corrosion of
Ti99.8Pd at rest potential (sat. NaCl; 25°C)

H2O2-concentration
mol/1

7.0-10"2

3.5-10'2

7.0-10°
7.0-10"1

7.0-10"3
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Figure 2
Rest potential of Ti99.8Pd (sat NaCl / 25°C)

In saturated NaCl solution at 25°C the corro-
sion rate is 22 fim-a'1 for 6-10"2 mol-1'1 H2O2
and 0,5 \im-a'1 for 6-10"4 moH"1 H2O2, the last



value equalling that one obtained in solutions,
free from H2O2 (0.3 ± 0.2) jim-a'1. H2O2 con-
centrations smaller than 104 moM'1 have no
influence at all on the corrosion on Ti99.8Pd
(r«Hi. < 0.5 um-a"1). The curve rest potential on
Ti99.8Pd vs. H2O2 concentration passes a
minimum, which is due to the fact, that HaQj
decomposes into H2O and O2. Higher corrosion
rates increases the partial anodic current den-
sity, shifting the rest potential to more negative
values. The increasing O2 content in the solu-
tion on the other hand increases the partial
cathodic current density, these two effects op-
posing each other. All relevant rest potentials on
Ti and Ti99.8Pd are in the passive range (cf.
Figure 3)

cH2o2;1=0
V , CH2O2;2<CH2O2;3

Figure 3
Shift of rest potential in presence of H2O2

3.1.2 POTENTIOSTATIC MEASUR-
MENTS ON Ti AND Ti99.8Pd

Potentiostatic measurements on Ti99.8Pd were
performed in saturated NaCl solutions at 25°C
containing 7-10"2 moH'1 H2O2 within the poten-
tial range from -1000 to +1000 mV. In the ac-
tive range corrosion rates were obtained in the
medium aforementioned from 1000 to 1500
|im*a"\ In saturated NaCl solutions containing
only 7-10'3 moM"1 H2O2 on the other hand the
corrosion rates are definitely smaller (30 - 40
Hm-a"1). Even the corrosion rates in the active
range can be neglected from the practical point
of view. At 7*10"2 M H2O2 the corrosion rates
of Ti equal that of Ti99.8Pd.
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Figure 4
Corrosion rates vs. potential (Ti99.8Pd / sat.
NaCl / 25°C)

Figure 5 shows the influence of temperature on
the corrosion rate at various potentials applied.
A significant influence of temperature on cor-
rosion is only to be seen in the active range.
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Figure 5
Corrosion rate of Ti99.8Pd at various tempera-
tures (sat. NaCl / 7-10"2 mol-1"1 H2O2)

3.2 CORROSION ON Ti99.8Pd UN-
DER THE INFLUENCE OF NaF
AT REST POTENTIALS

A non decomposing complexing agent as NaF
increases Ti corrosion by forming TiF6

2' and
therefore shifts the rest potential to more nega-
tive values (cf. table 2) approaching the rele-
vant active range, without reaching it.



Table 2
Influence of NaF on the corrosion on
Ti99.8Pd at rest potential (sat. NaCl; 25°C)

Table 4
Corrosion rate of titanium, zirconium and
Ti99.8PdinQ-brine

NaF-
concentration

mol/1

6.7-10'2

3.3-10'2

6.7-10'2

3.3-10'2

rest poten-
tial

mV

304
294
-194
-308

corrosion
rates

um/a
14 ± 2
7 ± 1

0.6 ± 0.2
0.2 ±0.2

3.3 CORROSION ON Ti99.8Pd UN-
DER THE INFLUENCE OF CIO

In order to take the second radiolytic product of
interest into account the influence of CIO" on
Ti99.8Pd corrosion was studied in saturated
NaCl solution, containing 8*10"2 moH"1 CIO', in
the active range (-250 mV) at 25°C. Although
these conditions are the worst case from the
corrosion point of view, there was no increase
of corrosion on Ti99.8Pd to be detected ra-
dioanalytically (3 ± 2 (inva"1) with respect to
that corrosion obtained in CIO' free solution (5
± 2 uin-a"1). These results were verified electro-
chemically by performing cyclovoltammo-
grammes, which indicate that the relevant oxide
layer is not destroyed under these conditions.

4. MEASUREMENTS ON CORRO-
SION ON ZIRCONIUM IN
BRINES

The results from the measurements on zirco-
nium in saturated NaCl solution (cf. table 3)
and in Q-brine (cf. table 4) at rest potentials
indicate a similar behaviour with respect to the
corrosion on this valve metal compared with
that on titanium.

Table 3
Corrosion rate of titanium, zirconium and
Ti99.8Pd in sat. NaCl solution

Material

Zirconium
Titanium
Ti99.8Pd

Corrosion rate
ixm-a'1

25°C
0.4 ±0.1
0.4 ± 0.2
0.4 ±0.2

55°C
0.2 ±0.1
0.3 ± 0.2
0.3 ± 0.2

80°C

0.3 ± 0.2
0.4 ± 0.2

Material

Zirconium
Titanium
Ti99.8Pd

Corrosion rate

UMn-a"1

25°C
0.3 ±0.1
0.4 ±0.2
0.3 ±0.2

55°C

0.2 ±0.1
0.4 ±0.2

80°C

0.2 ±0.1
0.3 ±0.2

4.1 MEASUREMENTS ON CORRO-
SION ON STEEL (TSTE335) IN
NaCl SOLUTIONS AT REST PO-
TENTIALS

In NaCl solutions the corrosion rate at constant
pH =5.5 on steel TSTE335 depends on NaCl
concentration and temperature (cf. figure 6).
Under the prevailing conditions the steel is in
the active range but at these high Cl'-
concentrations (5.4 moM"1 = saturated NaCl
solution) the corrosion on steel is comparatively
small (70 um-a"1) due to the low solubility of O2

in the medium, the reduction of O2 to H2O being
the counter reaction. From the reproducibility of
the experimental data and also from micro-
scopic investigations it can be seen that this
steel corrodes homogeneously with respect to its
surface without any remarkable pit corrosion.
The curve corrosion rate vs. temperature passes
a maximum, which is caused by two opposing
effects, the decrease of O2 concentration in the
solution with rising temperature and the in-
crease of the velocity rate constant due to Ar-
rhenius' law. Due to the small O2 concentration
the cathodic Stern-Geary-factor3 has a very
high value so that the anodic Stern-Geary-factor
becomes the proportional factor between polari-
sation resistance and inverse anodic current
density at rest potential allowing the specific
anodic current density to be calculated from
impedance measurement alone.
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Figure 6
TSTE335 in 5.4M NaCl solution at rest poten-
tial

5. CONCLUSION

The results obtained from the corrosion meas-
urements on the materials the pollux containers
shall optinally consist of, indicate that the pol-
lux container will withstand corrosion in brines
for at least 500 years. The concentrations of the
radiolytic products H2Q2 and CIO' existing
under practical conditions of a waste repository
do not influence corrosion on titanium and
Ti99.8Pd at all. The influence of K2Oz on Ti
and Ti99.8Pd is identical at higher H2O2 con-
centrations.
Corrosion on Ti and Ti99.8Pd is not effected by
higher temperature in the passive range, it is
slightly increased by rising temperature in the
active range.
The corrosion on zirconium can be compared
with that of titanium under the conditions
aforementioned.
In NaCl solution the corrosion rate at constant
pH=5.5 on steel TSTE335 depends on concen-
tration and temperature and is very small in
saturated NaCl solution (70 \un-a'1) due to the
low solubility of O2 in the medium, the reduc-
tion of O2 to H2O being the counter reaction.
The steel corrodes homogeneously with respect
to its surface without any remarkable pit corro-
sion.
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