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Abstract – In the spent fuel treatment, the solutions of fission products contain dissolution fines, in 
particular platinoïds. These solutions are stored into AISI 316L stainless steel tanks, and the contact of 
noble metallic particles such as platinoïds with austenitic stainless steels may induce a shift of the steel 
corrosion potential towards the transpassive domain by galvanic coupling. In that case, the steel may be 
polarized up to a potential value above the range of passive domain, that induces an increase of the 
corrosion current. The galvanic corrosion of AISI 316L stainless steel in contact with different platinoïds 
has been investigated by electrochemical and gravimetric techniques. Two types of tests were conducted in 
1 mol/L nitric acid media at 80°C: (1) polarization curves and (2) immersion tests with either platinoïd 
powders (Ru, Rh, Pd) or true insoluble dissolution fines (radioactive laboratory test). The results of the 
study have shown that even if galvanic coupling enhances the corrosion rate by about a factor 10 in these 
conditions, the corrosion behavior of AISI 316L remains low (a corrosion rate below 6 µm/year, few small 
intergranular indentations,). No specific effect of irradiation and of elements contained in radioactive fines 
(other than Ru, Rh and Pd) was observed on corrosion behavior. A platinoïds-ranking has also been 
established according to their coupling potential: Ru > Pd > Rh. 

 
 

INTRODUCTION 
In the reprocessing process, nitric acid is used to 
dissolve the spent fuel. This highly oxidizing 
medium allows to make soluble the fission 
products. However, the solutions of fission 
products may contain dissolution fines, in 
particular platinoïds, which are still insoluble in 
this medium. The solutions containing 
dissolution fines are stored in AISI 316L 
stainless steel tanks. 
The presence of metallic particles, more noble 
than austenitic stainless steels, may induce a 
corrosion risk by galvanic coupling. In contact 
with platinoïds, the corrosion potential of 
stainless steels shifts in the noble direction 
towards transpassive potentials. In that case, the 
stainless steels may be polarized to a potential 
value above their range of passive domain. The 
galvanic coupling due to the contact with noble 
metals may cause an important increase of the 
corrosion rate of stainless steels [1]. 
In this study, the effect of different platinoïds on 
the galvanic corrosion of AISI 316L SS has been 
investigated. The corrosion risk of AISI 316L SS 
has been evaluated in the conditions of 
dissolution fines storage. 
 
 
EXPERIMENTAL 
Electrochemical and gravimetric tests were 
performed to study the galvanic corrosion of 

AISI 316L SS in contact with different 
platinoïds. Two types of tests were carried out in 
1N nitric acid, at 80°C: (1) polarization curves to 
predict the effect of individual platinoïds on the 
galvanic coupling; (2) immersion tests to 
determinate the coupling potential, the corrosion 
morphology and the corrosion rate of AISI 316L 
SS. 
 
Polarization curves 
The prediction of the galvanic corrosion was 
attempted by determining the potentiodynamic 
polarization curves of the individual platinoïds 
(cathodic curve) and AISI 316L SS (anodic 
curve). 
The electrochemical tests were conducted in a 
three-electrode cell (200 cm3 capacity). The 
platinoïds tested were ruthenium (foil form), 
palladium, rhodium and platinum (wire form). 
These platinoïds were high purity (>99,9%). The 
chemical composition (in %wt) of the tested 
AISI 316L SS is given in Table 1. The 
specimens (area 1 cm²) were immersed in nitric 
acid for 2 hours at open circuit potential (OCP) 
and subjected to potentiodynamic polarization 
starting from the OCP at a scan rate of 1 mV.s-1. 
The potential was measured with respect to a 
mercurous sulfate reference electrode (SSE). 
 
 



P1-49 

ATALANTE 2004 Nîmes (France) June 21-25, 2004 2 

TABLE 1 Chemical composition of AISI 
 316L stainless steel (%wt) 

C Ni Cr Mo Mn 
0.018 10.90 17.55 2.03 1.35 

Si P S Fe 
0.605 0.028 0.005 Balance 

 
Immersion tests 
The galvanic corrosion rates and the corrosion 
morphology were studied by long term 
immersion tests. Four couples of materials were 
separately tested: AISI 316L SS with platinoïds 
(Ru, Rh and Pd) and AISI 316L SS with 
radioactive insoluble dissolution fines. 
The immersion tests were conducted in a 1 liter 
capacity cell. The geometry of coupled AISI 
316L SS specimens was a cupel containing 
powder platinoïds or dissolution fines. These 
samples were immersed for 90 days in no 
renewed nitric acid solution. They were weighed 
before and after the tests and their coupling 
potentials were continuously monitored. After 
test, the corrosion morphology was investigated 
by scanning electron microscopy and 
metallographic examinations. In each cell, no 
coupled AISI 316L specimen were placed also 
for comparison. 
The simulated platinoïds were Ru, Pd, and Rh. 
These powders were high purity (>99,9%) and 
the average granulometry was 400 µm. Two 
grams of platinoïds were placed into the cupel. 
The area ratio between AISI 316L SS and 
platinoïds was approximately 1:5. The 
immersion test with dissolution fines was 
conducted in a radioactive laboratory at 
COGEMA La Hague. The dissolution fines came 
from a storage tank of T2 facilities. 
 
 
RESULTS AND DISCUSSION 
Electrochemical behavior of AISI 316L SS 
Figure 1 shows the polarization curve for AISI 
316L SS in 1N nitric acid at 80°C. It is seen that 
the steel exhibits a passivation immediately after 
immersion, a large passive range (≈ 450 mV), a 
low passive current density and a corrosion 
current below 0.1 µA/cm². We can therefore 
expect a high corrosion resistance of the AISI 
316L SS in this medium. The transpassive 
potential is about 425 mV/SSE. 
 
 
 
 
 

 
Fig. 1. Polarization curves for AISI 316L SS 

in 1N HNO3 at 80°C. 
 
Prediction of the galvanic corrosion 
In previous galvanic corrosion studies, the 
alloys-ranking was based on the determination of 
open circuit potentials. However this technique 
doesn’t take into account the corrosion kinetics. 
Therefore the anodic and cathodic polarization 
behavior of the alloys has been used for 
predicting galvanic corrosion [2, 3]. 
The graphical superposition of the anodic curve 
for AISI 316L SS and the cathodic curves for 
platinoïds is illustrated in Figure 2. The predicted 
galvanic data deduced from the superposition of 
the polarization curves are given in Table 2. 
This technique leads only to the maximum 
galvanic current and therefore to the 
overestimate of the corrosion rate because it 
doesn’t into account the sample polarization 
variations with the time [4]. 
 

 
Fig. 2. Superposition of polarization curves for 

AISI 316L SS and platinoïds in 1N HNO3 
at 80°C (type Evans diagram). 

 
 
 
 



P1-49 

ATALANTE 2004 Nîmes (France) June 21-25, 2004 3 

TABLE 2 Predicted galvanic data, 
 in 1N HNO3 at 80°C  (1) 

cathode galvanic potential 
(mV vs SSE) 

galvanic current
(µA/cm²) 

Ru 433 21.0 
Pt 399 13.0 
Rh 326 6.2 
Pd 267 3.5 

(1) 1:1 area ratio from polarization curves. 
 
The galvanic coupling between AISI 316L SS 
and platinoïds is detrimental. It involves an 
increase of the corrosion potential of steel 
towards the transpassive domain, and enhances 
the corrosion rate. In the most severe coupling 
(AISI 316L SS - Ru), the galvanic potential is 
about 433 mV/SSE, and the galvanic current is 
about 21 µA/cm². Using the Faraday’s law, the 
predicted dissolution rate of AISI 316L SS 
reaches 180 µm/year. 
 
Predicted platinoïds-ranking 
From Table 2, it follows that the galvanic effect 
of platinoïds decreases in the order: Ru > Pt > Rh 
> Pd. A factor 6 on the galvanic current is 
observed between Ru et Pd. 
This ranking may be explained by the cathodic 
reaction kinetics. In this medium, the cathodic 
reaction observed on the platinoïds is the 
reduction of nitric acid. This reduction 
mechanism involves several reactions, during 
which nitric acid is reduced indirectly through an 
autocatalytic process [5]. The reduction 
mechanism is slower on Rh and Pd electrode 
than on Ru and Pt electrode. It is necessary to 
impose much higher overvoltages on Rh and Pd 
to obtain similar current densities. 
 
Galvanic coupling AISI 316L SS - platinoïds 
The results of immersion tests are given in Table 
3. The effect of galvanic coupling is clearly 
illustrated. 
 

TABLE 3 Experimental galvanic data, 
 in 1N HNO3 at 80°C 
coupling 

with 
OCP of sample 

(mV vs. SSE) 
weight loss rate

(mg.dm-2.d-1) 
Ru (1) 413 0.95 
Rh (1) 350 1.25 
Pd (1) 392 0.88 

no coupling 105 0.09 
(1) AISI 316L SS cupel containing platinoïds (powder form). 
 
The potential of the steel and the corrosion rate 
both increase. Approximately, a factor 10 is 

observed between coupled and no coupled AISI 
316L SS weight loss rates. The galvanic 
coupling enhances the corrosion of AISI 316L 
SS. Nevertheless, the corrosion behavior of AISI 
316L SS remains acceptable. The potential of the 
steel shifts towards noble potentials but it 
doesn’t reach the transpassive domain. The 
corrosion rate is below 1.3 mg.dm-2.d-1 (< 6 
µm/year). Few intergranular penetrations were 
observed on the coupled AISI 316L SS, but their 
depth is below 5 µm after 90-days test. 
 
Experimental platinoïds-ranking 
Figure 3 shows the correlation between corrosion 
rate and potential of AISI 316L SS. 

 
Fig. 3. Corrosion rate and potential of AISI 316L 

SS coupled or no coupled with platinoïds in 
1N HNO3 at 80°C. 

 
Coupling potential can be used to qualitatively 
assess both the effect of different platinoïds as 
well as the susceptibility to galvanic corrosion of 
steel. Except for Rh, the dissolution rate of AISI 
316L SS is higher when the potential is more 
noble. Moreover, an important evolution of the 
potential is observed, as soon as the steel is 
coupled with noble metals. 
Based on the coupling potential, the 
experimental and predicted platinoïds-ranking 
are the same: Ru > Pd > Rh. 
 
Platinoïds stability 
According to Pourbaix diagrams [6], the 
thermodynamically stable forms of platinoïds in 
1N nitric acid at 80°C are RuO2, Rh2O3 and Pd2+. 
In our tests, powder palladium is largely 
dissolved. Palladium is oxidized to Pd (II) ions 
by nitric acid solution. 
In the Pd - AISI 316L SS test, a galvanic cell is 
established between the soluble Pd (II) ions and 
the no coupled AISI 316L SS specimen. Pd (II) 
ions are reduced to Pd (0), inducing the 
oxidation of the steel. A palladium deposit is 
formed at the stainless steel surface, specifically 
on the grain boundaries (Figure 4). The potential 
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of the steel with a palladium deposit ennobles 
270 mV more than a no coupled steel. This 
deposit accelerates the cathodic reaction on the 
stainless steel surface (reduction of nitric acid), 
thereby ennobling corrosion potential and 
accelerating the corrosion of the steel. However, 
the galvanic corrosion is less important than with 
powder palladium. Arai and al. [7] illustrated the 
same phenomena with a AISI 304L specimen in 
nitric acid solution containing ruthenium ions. 
The localization of the palladium deposit shows 
that the potential of grain boundaries is slightly 
less noble than the potential of grains. 
 

 
 
Fig. 4. SEM view and X ray image of Pd (violet 
color) of no coupled AISI 316L SS specimen in 

1N HNO3 containing Pd (II) ions at 80°C (x600). 
 
Dissolution fines and simulated platinoïds 
The results of immersion tests with AISI 316L 
SS in contact with dissolution fines are given in 
Table 4. 
 

TABLE 4 Experimental galvanic data, 
 in 1N HNO3 at 80°C 
AISI 316L 
specimen 

OCP of sample 
(mV vs. SSE) 

weight loss rate
(mg.dm-2.d-1) 

coupled (1) 417 3.1 
no coupled 402 1.7 

(1) AISI 316L SS cupel containing dissolution fines. 
 
No specific effect of irradiation or elements 
contained in true fines (other than Ru, Rh and 
Pd) is observed on the coupling potential. These 
values are in agreement with these obtained with 
the simulated platinoïds (Table 3), especially 
with Ru. 
For the no coupled AISI 316L SS specimen, the 
potential is rather high. The dissolution fines are 
not probably totally insoluble in nitric acid and, 
like previously, platinoïds ions are reduced on 
the stainless steel surface. The platinoïd deposit 
ennobles the corrosion potential. 
From Table 3 and 4, we can see that the weight 
loss rates are higher than those observed in the 

presence of the simulated platinoïds. This 
difference may be explained by a water 
evaporation of the nitric acid solution during the 
test, inducing an increase of both the nitric acid 
concentration (> 2.5 N after test) and the 
corrosion. The evaporation is due to the strong 
forced ventilation in the radioactive cell. 
 
 
CONCLUSION 
Our investigation of the effect of the platinoïds 
on the galvanic corrosion of AISI 316L SS in 1N 
nitric acid solution at 80°C has led to the 
following conclusions: 
(1) the corrosion of AISI 316L SS is increased 

by galvanic coupling with platinoïds (about 
a factor 10 with Ru); 

(2) however, the corrosion risk of AISI 316L 
SS remains low (corrosion rate below 6 
µm/year and no important intergranular 
indentations); 

(3) according to the coupling potentials, it 
follows that the galvanic effect of platinoïds 
decreases in the order: Ru > Pt > Rh > Pd; 

(4) no specific effect of irradiation or elements 
contained in fines (other than Ru, Rh and 
Pd) is observed on the galvanic coupling. 

Finally, the galvanic coupling of AISI 316L SS 
in the conditions of dissolution fine storage may 
be due to: 

- either a direct contact between steel and 
noble metallic particles; 

- or platinoïd deposits on the stainless 
steel surface induced by the reduction of 
the soluble noble ions. 

But in any case, the corrosion of AISI 316L SS 
remains low. 
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