
JAERI-Conf 2003-001 JP0350297

2.33 CORROSION OF TYPE 304L STAINLESS STEEL IN BOILING DILUTE
NEPTUNIUM NITRATE SOLUTION
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Abstract
Corrosion of type 304L stainless steel in nitric acid solution containing neptunium was
studied under immersion and heat-transfer condition. Corrosion rates of stainless steel were
obtained by the weight loss measurement and the quantitative analysis of metallic ions
dissolved in solution. The surface morphology was observed by scanning electron microscopy.
The corrosion acceleration mechanism was investigated by polarization measurement and
spectrophotometry. The corrosion rate in boiling 9M nitric acid was accelerated by addition of
neptunium. The corrosion of stainless steel was promoted under heat-transfer condition
compared to immersion condition. In polarization measurements, the cathodic current was
increased by addition of neptunium. Spectrophotometric measurements showed the
oxidization of neptunium. in boiling nitric acid. It was suggested that the accelerated corrosion
in nitric acid solution containing neptunium was caused by re-oxidation of neptunium.

Keywords: corrosion, neptunium, stainless steel, redox potential, heat-transfer,
immersion, nitric acid

1. Introduction
In a previous investigation of corrosion in nitnc acid,') it is possible to artificially

simulate the corrosion environment under actual operation conditions by equalizing the redox
tendency of the test solution. On the basis of this hypothesis, non-radioactive ion, vanadium
ion VO2+), was simulated in nitric acid solutions instead of radioactive ion, neptunium ion

2+) V02+,S(NpO2 The redox potential between V02+ and 1 1004 V (V vs. NHE) and the redox
potential between NP02 2+ and NP02 i 1 149 V.2) From the fact that redox potential of
neptuniurn is slightly higher than that of vanadium, it imagines that neptuniurn nitrate causes
slightly higher acceleration than vanadium nitrate in the corrosion of 304L SS in nitric acid.

In this study to verify the corrosiveness of neptunium ions in nitric acid, the corrosion
of 304L SS under heat-transfer and immersion condition was examined by weight loss and
polarization measurements and spectrophotometry. We have also attempted to establish
corrosion mechanism in nitric acid solution containing neptunium.

2. Experimental Procedures

2.1 Material
A 304L SS plate was used in this test (Table 1). Test specimens for corrosion tests

were cut from it and finely polished. Test solutions were Solution A 9M HN03), Solution 
W HN03 3 8MM 23'Np) and Solution C (9M FNO3 + 3.8mM V02+). Purity of 237 Np used
in this study was checked by -ray spectrometry. The valence states of neptuniurn were
Np(IV), (V), and (VI). Their ratios were unknown.
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Table I Chemical composition of type 304L SS (wt%)
C Si Mn P S Cu Ni Cr MO N

0.011 0.34 1.71 0.013 0.001 0.02 10.81 19.01 0.03 0.038

2.2 Corrosion Tests
Corrosion test were conduct for a total of 930 hours in the above three test solutions.

The solutions were renewed every 3 0 hours in immersion and heat transfer corrosion tests.
Both tests were conducted with a thermostatted glass cell under a boiling condition (at 341K)
at a pressure of 16 kPa. The ratio of solution volume to surface area of specimen was about 8
mL/cM2 . The heat-flux in heat-conducting specimen was maintained 60 kW/M2 during tests.
The corrosion rate in immersion tests was obtained by the weight loss measurement of
specimens by use of an electric balance. The corrosion rate in heat-transfer tests was
calculated from the quantitative analysis of metallic ions (Fe, Cr and Ni) dissolved in test
solutions by inductively coupled plasma arc emission spectrometry. Surface morphology of
specimens was observed by scanning electron microscopy (SEM).

2.3 Polarization Measurement
Anodic and cathodic polarization measurements of specimens in each test solution

were conducted with a glass three electrodes cell at 293K using a Solartron 1285A
potentiostat/galvanostat. Potential was measured by a Ag/AgCI reference electrode.

2.4 Photospectrometry
A Hitachi U-3400 photo-spectrometer with a spectral range from 190 to 2600 nm was

used. The solution in the reference compartment was M RN03-

3. Results

3. 1 Corrosion Rates and SEM Observation
Figure I shows the corrosion rate of type 304L SS in nitric acid. The corrosion rate

was increasing with test time under heat transfer condition. Under heat-transfer condition, the
corrosion rate at 930 hours was about six times higher in the neptunium nitrate solution than
in pure 9M IN03. Under immersion condition, the corrosion rate at 930 hours was about
sixteen times higher in the neptuniurn nitrate solution than in 9M HN03. The corrosiveness of
neptunium is slightly weak compared to vanadium in both conditions.

Figure 2 shows the surface morphology of tested specimens under heat transfer
condition. Grain-boundary was preferentially attacked.

3.2 Polarization Measurement
Figure 3 shows polarization curves and corrosion potentials at 293K. The corrosion

potential shifted toward nobler region by addition of neptunium or vanadium. The corrosion
potential was 0964 V (V vs. NHE) in pure 9M HN03 0988 V in vanadium nitrate solution,
and 0994 V in neptunium nitrate solution, respectively.
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Fig. I Corrosion rates of type 304L SS in test solutions.
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Fig.2 SEM photographs of type 304L SS tested under heat transfer condition.
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Fig.3 Polarization curves of type 304L SS in test solutions at room temperature.

3.3 Absorption Spectrum ofNp
The absorption spectrum of neptuniurn in the initial nitric acid solution and in the

solution after testing is shown in Fig.4. Np(V) shows a absorption peak at I 100 rn, Np(VI at
550 and 1225 nm, and Np(fV) at 700 and 800 nm.3) Neptunium. existed in the tetra-, penta-
and hexa-valent states. Np(IV) in nitric acid was oxidized to Np(V) or Np(VI) in corrosion
tests, because the absorbance assigned to Np(VI) and Np(V) increased and the absorbance due
to Np(IV) decreased after corrosion tests.
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Fig. 4 Absorption spectrum of 3.8mM Np in 9M RN03 before and after corrosion test.
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4. Discussion
The redox potential of nitric acid is given as folloWS:2)

3H++NO3-+2e = HN02+H20 (2)
E = Eo+(RT/2F)ln(I[H+ ]3 [NOI-]/[HN021)) (3)

where E=0.934 V (V vs. NHE).
Vanadium with the redox potential Of V02+ N02+ , Eo=1.004 V, is known to acceleratein 4) In the corrosion process,

corrosion rate of sta' less steel in boiling nitric acid solution.
vanadium ion keeps on existing in the highest oxidation state, and is responsible for
accelerating the corrosion rate of stainless steel .4)

As the redox potential of neptunium NpO2 2+/NpO2+ with E= 1 149 V is low compared
I -/Cr'+, E=1.350

with those of the other corrosive ions like Cr(VI), Ru(Ill) and Ce(IV) [HCrO4
V; RU203/RU2+, E=1.304 V; Ce(OH)3+/Ce 3+, Eo=1.715 V], it is not likely that neptunium
causes an acceleration in corrosion rate of type 304L SS. The effect of neptunium on the
acceleration corrosion is able to explain in terms of the decrease of cathodic over-voltage. The
cathodic current in the neptunium nitrate solution is higher than that in pure nitric acid

2 -solution as shown in Fig.4. This cathodic current increase suggests that NpO2 is reduced to
NpO2+ on the surface of specimen. NpO2+ produced on the surface of specimen is oxidized
instantaneously to NpO2 2+ in the neptunium nitrate solution and consequently electrons are
continuously consumed on the surface of specimen to lead to the acceleration of corrosion.

As the simulation result by REACT code 5), it indicates the tendency that the higher is
the acidity the faster is the oxidation, and the phenomenon that almost all Np(V) is oxidized
to Np(VI) and the amount of Np(V) is negligible in steady state. As can be seen in Fig.4, the
absorbance of Np(V) and Np(VI) increased after corrosion test. This phenomenon indicates
re-oxidation of Np(V) which is produced by anodic reaction of stainless steel in corrosion
process. When Np(VI) is consumed in corrosion process, it causes oxidation of stainless steel
such as Fe to Fe(ll) and reduction of Np(VI) to Np(V) as shown in Fig.4. This will lead to the
presence of absorption peak of Np(V) after corrosion test. The absorption spectrum indicated
good agreement on the above hypothesis. Figure shows the schematic model for the
corrosion mechanism of stainless steels in neptunium nitrate solution.

Metal Solution

M Npo?. HNO,

NpO21 HN02

n.

Fig.5 Model for the corrosion mechanism of stainless steel in neptunium nitrate solution.

5. Conclusions

Corrosion tests of type 304L SS in boiling neptunium nitrate solution were conducted under
immersion and heat-transfer condition. After the tests, the weight loss measurement and the
quantitative analysis of metallic ions were conducted to evaluate the corrosion rates. The
surface morphology was observed by SEM. The valence of neptunium was analyzed by
photospectrometery. Following results were obtained:
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(1) The corrosion rate of stainless steel was accelerated by addition of neptuniurn in nitric
acid solution. Preferential intergranular corrosion attack was observed. The corrosion was
promoted under heat-transfer condition compared to immersion condition.

(2) In polarization measurements, the cathodic current was increased by addition of
neptunium.

(3) The absorption spectrum suggested that the re-oxidation of neptunium is one of the
controlling factors on the corrosion in neptunium nitrate solution.
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