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Abstract

The corrosion rate of stainless steel in nitric acid solution will be enhanced by existence
of Ce4+. The nitric acid solution containing Ce4+ is an effective chemical decontamination
technique to contaminated stainless steel by radioactive nuclides. In order to reduce the
decontamination cost and the volume of waste liquid, the Ce3+ coming from the reduction of
Ce4+ following reacting with metal should be re-oxidized into Ce4+, then it can be recycled and
reused to act with contaminated surface of stainless steel.

The goal of this study is to develop a circular decontamination process in medium of
nitric acid, in order to use it in a loop clean up. That needs a specially designed electrolytic
cell to oxidize the Ce 3+ into Ce 4+. This regenerator's structure should be simple and easy to
operate, and can meet the requirements of practical decontamination operation.

The concentration of Ce4+ in the nitric acid solution was selected to provide a suitable
corrosion rate to contaminated stainless steel. The total concentration of cerium (ID+IV) was
also optimized to ensure that the regeneration rate of Ce4+ could satisfy the consumption rate
of Ce 4+ during decontaminating process. The operation parameters were selected strictly on
the basis of our experimental results, so that the regeneration rate of Ce 4+ can be higher
reasonably in proper operation conditions and not arise any problem related to safety of
operation and nuclear aspects.

It is considered that this decontamination process could be applied into either
decommissioning or maintenance stage of nuclear facilities.

The concentration of Ce4+ and temperature are the main factors for corrosion rate, other
factors should also be considered during decision of decontamination process. With the
regenerator developed under contract No 7959/RB could obtain sufficient decontamination
factors, when use following conditions: concentration of Ce4+ is higher than 0.2 mol/1, the
total concentration of cerium (III + IV) is higher than 0.4 mol/1, concentration of nitric acid is
higher than 2 mol/1, temperature of decontamination operation is within 25°C - 40°C and
temperature of regeneration is within 40°C - 50°C.

1 INTRODUCTION

Decontamination of stainless steel contaminated with radionuclides is difficult to meet the
requirement of regulations. When Ce4+ exists in acidic solution, the corrosion rate of stainless
steel will be increased obviously. A thin surface layer of contaminated stainless steel will be
removed rapidly within a few hours, and the contaminants adhered strongly on the surface
will also be removed into the decontamination solution, therefore, higher decontamination
factors (DFs) could be obtained. This decontamination technique has already be used in batch
scale decontamination. Since the Ce4+ will be reduced into Ce3+ during the decontamination
process following its reaction with the metals or metal oxides, the DFs will become lower and
lower, so it is difficult to be used in loop clean up. In order to do that, you need to put
additional new Ce4+ into the decontamination solution or to re-oxidize the Ce3+ to Ce4+.
Research Contract 7959/RB conducted by China Institute for Radiation Protection tries to
develop a chemical decontamination process of nitric acid - Ce4+. According to the
development programme, research contents will involve: corrosion behaviors of stainless
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steel; feasibility investigation of single cell regenerator; corrosion behaviors of Ce4+

regenerated by the single cell regenerator; demonstrative clean up of stainless steel loop with
this decontamination process.

We choose electrochemical method and the single cell regenerator as the means to re-
oxidize Ce3+, because it could get higher regeneration rate to meet the requirements of
effective decontamination, no other harmful materials to enter the decontamination solution
and less volume of waste liquid to be produced from the decontamination process.

2 BACKGROUND AND OBJECTIVES OF THE RESEARCH PROJECT

Evans,T. E. discovered that corrosion rate of stainless steel would be enhanced with
existence of some inorganic oxidation - reduction ions, for example Cr6+ / Cr3+ in 1956. Lerch,
R. E. used Ce4+ / Ce3+ to replace Cr6+ / Cr3+ to do the same experiment in 1968. Partridge, J. A.
et al approached the feasibility of decontamination using this reaction and of regeneration of
Ce4+with electro-reoxidizing process in 1979. Later of 1980' Japan Institute of Atomic Energy
performed a decontamination of main cycle of reactor using Ce4+ - H2SO4 solution and results
showed that this method could get high DFs, speed of this reaction was sufficient fast, good
dissolution capacity for metals and oxides and decontamination agent could be regeneration
by electrolyzing. After that time, membrane regenerator and single cell regenerator were
developed, but all of those could only provide limited regeneration capacity and not be used in
real decontamination process. This research project tries to develop a nitric acid - Ce4+

decontamination process with electrochemical regeneration of Ce4+ and to be used into loop
clean up. If it is success, this decontamination technique will mainly be used in
decommissioning of nuclear facilities.

3 TECHNICAL APPROACH

This research project will involve following contents: corrosion behaviors of stainless
steel, feasibility investigation of regeneration of Ce4+ with single cell regenerator in medium
of nitric acid, regenerator designing, test and improvement, corrosion behaviors of Ce4+

regenerated by the single cell regenerator, demonstrative clean up with this decontamination
process. All of those research contents will be conducted in four stages.

4 ACCOMPLISHMENTS
4.1 Corrosion Rates of Stainless Steel

Corrosion rates of lCrl8Ni9Ti stainless steel were measured in order to get
information of the behaviors of Ce4+ in nitric acid solution. Those data will be used as a
baseline to compare with that of Ce4+ regenerated.

4.1.1 Effects of Concentration of Nitric Acid on Corrosion Rates
When temperature of the decontamination solution is 80°C and the concentration of

Ce4+ is 0.2 mol/1, the effects of concentration of nitric acid to the corrosion rates of stainless
steel are listed in Table I. The results show that there is a sudden change, when concentration
of nitric acid is higher than 1.5 mol/1. That means that 2 mol/1 will be the lowest concentration
of nitric acid to obtain good DFs.

Table I Effects of HNO^Concentration on Corrosion Rates
[HNO,],mol/l 1.0

1.2

1.5
3.1

2.0
14.6

3.0
15.2

4.0

15.5
6.0
16.0
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4.1.2 Effects of Operation Temperature on Corrosion Rates
When concentration of nitric acid is 2 mol/1 and concentration of Ce4+ is 0.2 mol/1, the

effects of operation temperature to corrosion rates are listed in Table II. The results show that
operation temperature appears great affection to the corrosion rates. When operation
temperature is 30°C, surface of the stainless steel could be removed 90jlm / hr.

Table II Effects of Operation Temperature on Corrosion Rates
T,°C 30

0.7

40 1 50
1.5 1 3.2

60

6.3

70

9.8
80

14.5

4.1.3 Effects of Concentration of Ce4+ on Corrosion Rates
When operation temperature remains at 80°C and concentration of HN03 is 2 mol/1,

the concentration of Ce4+ in decontamination solution has important effect to corrosion rate of
stainless steel. The data listed in Table III show that sufficient corrosion rates could be
obtained even the concentration of Ce4+is as low as 0.03 mol/1, but at higher temperature, the
low concentration of Ce4+could cause much rougher surface.

Table III Effects of Concentration of Ce4+ on Corrosion Rates
rCe4+l, mol/1 0.03

2.3

0.05
5.1

0.15
10.2

0.20
14.5

0.30
17.8

0.40
20.5

The results of electron diffraction on the surface of stainless steel to have been
decontaminated discovers that the Ce4+reacted mainly with the surface of crystal grain of
stainless steel and the HNO3 acted mainly with the crystal edge. So that, with the increase of
concentration of Ce4+ the surface of stainless steel to be decontaminated will become much
smoother and high concentration of HNO3 will make crystal grain more clear.

4.2 Feasibility Investigation of Regeneration of Ce4+ in HNO3 Solution with Single
Cell Regenerator

The single cell regenerator will make the electrode reaction very complicated. The
main electrode reactions are listed in Table IV. If the single cell regenerator could remain the
reactions of H* / H2 and Ce4+ / Ce3+ as the main reactions, new Ce4+ will be obtained from the
regeneration. The total reaction rate in the cell can be expressed as:

Qt = 3600 I / F * Sa

There, I is the total current density [A/cm2], F is Faraday constant (96500
C/mol), Sa is the anode surface area [cm2].

The regeneration rate of Ce4+ can be calculated with following formula:
Qce(4+, - «Ce4+]a - [Ce4+]b) * Vs / T * Sa

There, QCe(4+) is the regeneration rate of Ce4+ by the regenerator
[mol/cm2 .hr]

[Ce4+]a is the concentration of Ce4* in decontamination solution after regeneration [mol/1]
[Ce + ] b is the concentration of Ce in decontamination solution before regeneration

[mol/1]
Vs is the volume of decontamination solution, [L]
T is the time duration of regeneration, [hr]
Sa is the surface area of anode, [cm2]

The current efficiency for regeneration of Ce4+ will be \Q= QCe(4+) / Q,
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Table IV Electrode Reaction and Their Standard Electrode Potentials
No.

1

2
3

4

5

6

7

8

9

10

11

12
13

14

Electric couple

Ni2 + /Ni

Fe3+ / Fe

H + / H 2

SO4
2"" / H2SO4

Fe3+ / Fe2+

NO," /NO,

NO," /N2O4

NO," /HNO2

NO,"/NO
O2/H2O

Cr2O7
2' / Cr3+

Ce4+ / Ce3*

NiO2 / Ni2+

s3os
2/so4

2-

Electrode reaction

Ni2+ + 2e Ni

Fe3+ + 3e Fe

2H+ + 2e _ H2

SO4
2" + 4H+ + 2e _ H2SO4 +H2O

Fe3++e Fe2+

N O , + 2 H + + e NO2 + H2O

2NO," +4H+ + 2e _ N,0 4 + 2H,0

NO," + 3H+ + 2e _ HNO, + H,O

NO,' + 4H+ + 3e _ NO + 2H2O

O2 + 4H+ + 4e _ 2H2O

Cr,O7
2- + 14H+ + 6e _ 2Cr3+ + 7H,O

Ce4+ +e Ce3*
NiO, + 4H+ + 2e _ Ni2+ +2H2O

S^O,2- + 2e _ 2SO4
2"

Standard
potential(V)
-0.23

-0.03

0.00

0.20

0.77

0.79

0.81

0.94

0.96

1.23

1.33

1.44

1.93

2.00

The feasibility investigation was performed in a cone bottle of 1000 cm3 worked as the
single regeneration cell. A platinum plate of 3jA5jA0.05 cm acted as the positive electrode
with area of 30 cm2, and a platinum wire of [pi jAl5 mm acted as the negative electrode with
area of 0.5cm2. The area ratio of anode to cathode was 60 and the distance between the two
electrodes was 30 mm.

4.2.1 Effects of Voltage on Current Density of Anode
When temperature is 25°C, 45°C and 70°C, using the apparatus mentioned above, the

effects of voltage between the two electrodes on the anode currency were investigated in 2
mol/1 of HNO3 solution containing 0.05 mol/1 of Ce3+ . The results are given in Table V. The
results show that higher temperature needs lower voltage to achieve the same anode current
density. The largest gap of the voltage is about 0.5V for 25°C and 70°C.

Table V Effects of Voltage and Temperature on Anode Current Density

25°C
45°C
70°C

Current density,mA/cm2

Electrode voltage, V
Electrode voltage, V
Electrode voltage, V

3.3

2.0
1.9
1.8

6.7

2.3
2.2
2.1

13.3

3.0
2.8
2.5

20.0

3.4
3.2
3.0

26.7

3.7
3.6
3.4

4+4.2.2 Effects of Temperature on Regeneration Rates of Ce
When original concentration of Ce3+ was 0.05 mol/1 in HNO3 of 2 mol/1, using the

apparatus mentioned above to investigate the effects of operation temperature on regeneration
rate of Ce4*. The results listed in Table VI show that when the anode current density is higher
than 7 mA/cm2, higher anode current density has no effects on regeneration rates of Ce4+, but
13 mA/cm2 seems more sensitive. Higher temperature could produce higher regeneration rate.

4.2.3 Effects of Convective Status on Regeneration Rates of Ce4+

When operation temperature was 45°C, concentration of Ce3+ and Fe3+ were 0.05 mol/1
respectively, using the apparatus mentioned above to investigate the effects of convective
status to regeneration rates of Ce4+. The results are showed in Table VII. It reveals that
convection plays important action when the anode current density is lower, but for higher
anode current density, it is no obvious effect for increasing the regeneration rate of Ce4+.

54



25°

45°

70°

C

C

c

Table

Stir

No

Table VI Effects of Temperature
Current density,

mA/cm2

QCe(4+)) mM/cm2*hr

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2*hr

3.3

0.114

0.114

0.114

on Regeneration Rates
6.7

0.192

0.240

0.234

0

0

0

13.3

.186

.252

.372

20.0

0.180

0.246

0.312

0fCe4+

26.7

0.180

0.246

0.300

VII Effects of Convective Status on Regeneration Rates
Current density, mA/cm2

QCe(4+) , mM/cm2*hr

QCe(4+)) mM/cm2*hr

3.3

0.114

0.066

6.7

0.210

0.078

13.3

0.210

0.120

20.0

0.180

0.150

ofCe4+

26.7

0.174

0.144

4.2.4 Effects of Concentration of Ce*1" on Regeneration Rates of Ce4+

From above experimental results, it was surmised that the electrode reaction Ce3+ _ Ce4+ +
e is controlled by the rate of mass transferring. That means the regeneration rate is related to
the concentration of reactants. When operation temperature was 25°C and concentration of
HNO3 was 2 mol/1, using the same apparatus to investigate the effects of concentration of Ce3+

to regeneration rates of Ce4+. The results listed in Tables VIII and IX show that the
concentration of Ce3+ plays an effective role for increasing the regeneration rate of Ce4+,
especially when the anode current density is higher.

Table VIII Effects of Concentration of Ce3* on Regeneration Rates of Ce4* (25°C)

[Ce3+]:0.05M

[Ce3+]:0.10M

[Ce3+]:0.20M

Current density, mA/cm2

Q r r i4+), mM/cm2*hr

QreM+1, mM/cm2*hr

Qre(4+>, mM/cm2*hr

3.3

0.120

0.120

0.120

6.7
0.186

0.240

0.240

13.3

0.186

0.390

0.486

20.0
0.180

0.402

0.612

26.7

0.180

0.420

0.606

Table IX Effects of Concentration of Ce3* on Regeneration Rates of Ce4* (70°C)

[Ce3+l:0.05M

rCe3+l:0.10M

[Ce3+l:0.20M

Current density, mA/cm2

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2'hr

QCe(4+), mM/cm2*hr

3.3

0.114

0.114

0.120

6.7

0.228

0.246

0.234

13.3

0.378

0.486

0.492

20.0

0.318

0.708

0.492

26.7

0.306

0.738

0.300

4.2.5 Effects of Existence of Fe3*, Ni2+and Cr2O7
2 on Regeneration Rates of Ce4+

With the progress of the decontamination process, the contents of Fe3+, Ni2+ and Cr2O7
2'

will increase gradually. Those ions might be reduced on the surface of cathode and the
products could react with Ce4+. So that, the total Ce4+ would descend. Experimental results
listed in Table X, Table XI, Table XTI, Table XIII, Table XTV and Table XV show that the
regeneration rates would be reduced by existence of those ions, especially in lower operation
temperature. So decontamination solution cannot be reused to have no limits.
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Table X Effects of Fe3+ on Regeneration Rates of Ce4+ (25°

[Fe3+],0.00mol/l

[Fe3+],0.05mol/l

[Fe3+J,0.20mol/1

Current density,
mA/cm2

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2*hr

Qc<:(4+), mM/cm2*hr

3.3

0.120

0.120

0.060

6.7

0.186

0.168

0.108

13.3

0.186

0.168

0.090

20.0

0.180

0.150

0.078

C)
26.7

0.180

0.150

0.072

Table XI Effects of Fe3+ on Regeneration Rates of Ce4+ (70°C)

[Fe3+],0.00mol/l

[Fe3+],0.05mol/l

[Fe3+],0.20mol/l

Current density,
mA/cm2

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2*hr

Qce(4+). mM/cm2*hr

3.3

0.120

0.114

6.7

0.228

0.198

0.078

13.3

0.378

0.312

0.138

20.0

0.324

0.306

26.7

0.312

0.270

0.264

Table XII Effects of Ni2+ on Regeneration Rates of Ce4+ (25°C)

[Ni2+],0.00mol/l

rNi2*l,0.05mol/l

Current density,
mA/cm2

QCe(4+), mM/cm2*hr

Qce(4+> > mM/cm2*hr

3.3

0.120

0.120

6.7

0.186

0.189

13.3

0.180

0.180

20.0

0.174

0.180

26.7

0.174

0.180

Table XIII Effects of Ni2+ on Regeneration Rates of Ce4+ (70°C)

[Ni2+],0.00mol/l

[Ni2+],0.05mol/l

Current density,
mA/cm2

Qc«<4+)> mM/cm2*hr

QCe(4+), mM/cm2*hr

3.3

0.114

0.126

6.7

0.234

0.240

13.3

0.384

0.390

20.0

0.330

0.372

26.7

0.300

0.342

Table XTV Effects of Cr3+ on Regeneration Rates of Ce4+ (25°C)

[Cr3*],0.00moVl

[Cr3+],0.02mol/l

Current density,
mA/cm2

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2*hr

3.3

0.120

0.060

6.7

0.228

0.090

13.3

0.384

0.120

20.0

0.330

0.117

26.7

0.306

0.108

Table XV Effects of Cr3+ on Regeneration Rates of Ce4+ (70°C)

[Cr3+],0.00mol/l

[Cr3+],0.02mol/l

Current density,
mA/cm2

QCe(4+), mM/cm2*hr

QCe(4+), mM/cm2*hr

3.3

0.120

0.072

6.7

0.228

0.120

13.3

0.384

0.360

20.0

0.330

0.552

26.7

0.306

0.474
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4.3 Single cell Regenerator and its performance
Based on those results obtained in feasibility investigation, different types of single cell

regenerator were designed and tested. According to the results of regeneration rate obtained in
preliminary experiments, requirements to structure materials and operation safety, a tube-
shaped regenerator was chosen. Polyethylene was used as the structure material and its
reduction feature to Ce4+ is showed in Table XVI. The self-reduction feature of Ce4+ is showed
in Table XVII. The titanium plated with platinum and platinum wire were used as the anode
and cathode respectively. The single unit of the regenerator is tube-shaped object of ] JJ80 jA
200 mm. The single anode area is about 900cm2. The regenerator will be composed with nine
units as showed in Fig.l, so the total anode area will be 8100cm2. A pump is used for recycle
and convection. With this regenerator, following performance tests were conducted.

Fr
5-
a
!

_ - • = • - -

- . . . * -. , - -~2si

FIG. 1. Appearance of the regenerator.

4.3.1 Effects of Temperature on Regeneration Rates
When concentrations of Ce3+ and HNO3 are 0.20 mol/ and 2 mol/1 respectively

and the anode current density was maintained at 12.5 mA/cm2, the experimental
results (see Fig.2) show that temperature is a sensitive factor to the regeneration rates
of Ce4+ and is similar with that of feasibility study. To consider the structure
materials of the regeneration cell and the operation safety, lower temperature (about
40°C ~ 50°C) will be recommended.

4.3.2 Effects of Concentration of Ce3+ on Regeneration Rates
When the regeneration temperature was 30°C, anode current density remained at

12.5 mA/cm2, the experimental results (see Fig.3) show that the concentration of
Ce3+ in the decontamination solution has obvious effect on the regeneration rate of

Table XVI
Duration, hr
Ce3+,mMol/l

Reduction Feature of Polyethylene to Ce4+

0.5
3.47

1.5
4.45

4.0
5.65

7.5
7.09

12.5
7.54

24
8.33

* [Ce4+]: 0.2mol/l, [HNO3]: 2mol/l, T: 80°C

Table XVII. Ce4+ Self-reduction Feature in HNO, Solution
Duration, hr
Ce3+, mmol/1

0.5
1.00

1.5
3.97

4.0
4.07

7.5
4.46

12.5
4.46

24
4.96

* [Ce4+] : 0.2mol/l, [HNO3]: 2mol/l, T: 80°C
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Ce4+, when the current density is constant and the concentration of Ce3+ is lower than
0.4 mol/1. When concentration of Ce3+ is higher than 0.4 mol/1, increase of the
regeneration rates with concentration of Ce3+ would become much gentler. We would
like to choose the concentration of Ce3+ in decontamination solution within the range
of 0.4 to 0.6 mol/1. So that, higher regeneration rate could be obtained.

4.3.3 Effects of Concentration of Fe3+ on Regeneration Rates
As mentioned above, owing to dissolving stainless steel, the concentration of

Fe3+ in the decontamination solution will increase with progress of decontamination
process. Fe3+could be reduced into Fe2+ on the cathode of regenerator. Meantime,
Fe2+ could react with Ce4+ and reduce it into Ce3+, so that, we could not get enough
Ce4" by regenerator.

When the concentrations of Ce3+ and HNO3 were 0.2 mol/1 and 2 mol/1
respectively, the experimental results (see Fig.4) show that when current density of
anode is sufficient high, for example higher than 5 A/dm2, existence of Fe3+ is no
obvious effects on regeneration rates. The most serious effect seems appearance
around 2.5 A/dm2. General speaking, the regeneration rates will not reduce sharply
with existence of Fe3+, if the concentration of Fe3+ is not higher than 0.2 mol/1.

4.4 Corrosion Rates of Regenerated Ce4+ to Stainless Steel
In order to get knowledge about the behaviors of Ce4+ regenerated by the

regenerator, experiments on corrosion rate to stainless steel so called lCrl8Ni9Ti
were performed. This kind of steel is widely used in Chinese nuclear industry. Its
chemical composition is as following: C < 0.12, Si <1.00, Mn <2.00, P < 0.035, S
<0.030, Ni 8.00-11.00, Cr 17.00-19.00, Ti 5(C%-0. 02) - 0.08.

4.4.1 Effects of Temperature on Corrosion Rates of Stainless Steel
When the concentrations of Ce4+ and HNO3 were 0.40 mol/1 and 2 mol/1

respectively, the temperature of decontamination solution varied from 30 °C to 80 °C,
the corrosion rates of stainless steel will increase sharply with the rise of temperature
(see Fig.5). That means the operation temperature is a sensitive factor to corrosion

25.00

20.00

15.00

o 10.00

5.00

0.00
10 20 30 40 50 60 70

Temperature of solution CC)

FIG. 5. Effects of temperature.

80 90
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rate. We can control the dissolving layer thickness with regulating the operation
temperature. But it is difficult to keep it constantly, especially for a long circular
loop. We would rather choose lower operation temperature considering the operation
safety. In other hand, the corrosion of stainless steel surface will go smoothly and we
can get bright surface after decontamination in low concentration of Ce4+ at lower
operation temperature.

4.4.2 Effects of Concentration of Ce4+ on Corrosion Rates of Stainless Steel
The concentration of Ce4+ is the main force to dissolve the stainless steel. The

experiment results (see Fig. 6) show that when the concentration of HNO3 is 2 mo 1/1
and the temperature is 80°C, the corrosion rate rises rapidly with increase of the
concentration of Ce4+ at the same operation temperature and it looks like a flat when
the concentration of Ce4+ is higher than 0.4 mol/1. That implies us to choose
concentration of Ce4+ as high as possible according to Ce4+ regeneration rate and
economy balance to control the corrosion rate of metal. Considering our conditions,
0.2 -0.4 mol/1 seems better.

25.00

20.00

s
o
to

15.00

10.00

5.00

0.00
0.00 0.05 0. 10 0. 15 0.20 0.25 0.30 0.35 0.40 0.45

Concentration of Ce4+ (mol/1)

FIG. 6. Effects of concentration of Qe 4+.

4.4.3 Effects of Operation Duration on Corrosion Rates of Stainless Steel
If the concentration of Ce4+ could be maintained constantly during

decontamination operation, the corrosion rate would be no obvious change. But for
decontamination of long loop, Ce4+ regeneration rate could not meet the requisite
amount consumed by metal corrosion. With the operation duration extension, the
corrosion rate should become lower and lower. These experimental results will
reveal the effects of operation duration when Ce4+ was maintained at higher enough
concentration. The results (see Fig.7) show that when the initial concentration of
Ce4+ is 0.40 mol/1, Concentration of HNO3 is 2 mol/1 and temperature is at 30°C,
there is no significant effect on corrosion rate, if the Ce4+ regeneration rate is higher
than 95% of the consuming amounts of Ce4+. That means, can we only use powerful
Ce4+ regenerator to perform the decontamination job for long loop of metal with
lesser volume of radioactive liquid waste to be produced.
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4.4.4 Effects of Concentration of Nitric Acid on Corrosion Rates of Stainless
Steel

Acidity of the decontamination solution is a very important factor, and we
hope to operate the decontamination process at lower acidity. The experimental
results show that when the concentration of Ce4+ is 0.2 mol/1 at 30°C, good DFs
could be obtained, if the acidity is higher than 2 mol/1 of nitric acid (see Fig. 8).
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FIG. 8. Effects of concentration of HMO3

4.4.5 Corrosion Rates of Stainless Steel in HNO3 Solution of 2 mol/1
As mentioned above, the highest corrosion rate will be occurred, if the acidity of
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the decontamination solution is higher than 2 mol/1 of nitric acid. These
experimental results show that lone nitric acid could not raise the corrosion rate,
even at 30°C (see Fig. 9). That implies that it works as a solvent mainly to remove the
oxidation products from the surface of metal and to make new metal surface expose
to the decontamination solution, so that, the reaction speed is picked up. But, from
Fig.8, we should say that the 2 mol/1 of nitric acid is the lowest acidity for our
experimental conditions.
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FIG. 9. Corrosion rates of stainless steel in HM03 of2mol/l.

4.4.6 Effects of other factors
One of the other factors, which might seriously affect the corrosion rate of

stainless steel in addition to those items mentioned above, may be the state of
sample's surface. This is a complicated case, because there are various types of
substances, besides contaminants adhered to the surface of stainless steel equipment,
their compositions and adhesion varies with the operation conditions. In our
experiments, it is difficult to simulate those surface states. To solve those problems,
demonstrative tests should be performed with different samples from different
nuclear facilities. That means we need experiences. But we think that after adjusting
the concentration of Ce4+ and nitric acid slightly according to real condition, this
decontamination process will be working..

4.5 Treatment of Liquid Waste
Liquid waste coming from this decontamination process should be treated with

reducer or electrolysis to return Ce4+ into Ce3+, so that, it can safely be stored in a
common storage tank, then further conditioned and disposed as normal waste. Our
results show that the Ce4+ can be reduced into Ce3+ immediately with the single cell
regenerator, if the electrode will be inverted.

5 CONCLUSIONS

The nitric acid solution containing Ce4+ is an effective decontamination solution.
This decontamination solution can be regenerated with single compartment
regenerator by electrolysis and then recycled or reused for circular loop clean up.
The special designed single cell regenerator is a tube-shaped object for each unit.
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The titanium plated with platinum and platinum wire are structural materials for the
anode and cathode respectively. Surface area of anode is about 900 cm2 per unit. The
whole regenerator is consisted with nine units. Its maximum regeneration capacity is
about Ce4+ of 80 mmol/min," when total concentration of cerium is higher than 0.4
mol/1, concentration of nitric acid is around 2 mol/1 and the regeneration temperature
is within 40°C ~ 50°C.

The corrosion rate of stainless steel in the nitric acid solution containing Ce4+ is
mainly affected by the concentration of Ce4+ and operation temperature, but the other
factors should also be considered during parameter selection of decontamination
process. This decontamination process could proceed successfully on the basis of our
recommended conditions. The basic requirements for this decontamination process
are as follows:
• Concentration of Ce (IV) is higher than 0.2 mol/1
• Total concentration of cerium (III+IV) is higher than 0.4 mol/1
• Concentration of nitric acid is higher than 2 mol/1
• Operation temperature is within 25°C ~ 40°C and the regeneration temperature is

within 40°C ~ 50°C
• Ce (IV) regeneration rate Should meet the consumption rate almost
• Existing iron oxide and organic production must be removed before using this

decontamination process
• The liquid waste from decontamination process can safely be stored in a

common storage tank after reduction of Ce4+ into Ce3+

Further works
A demonstration decontamination should be performed with this

decontamination process to verify its performance in the coming year.
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