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ABSTRACT
A test series on FP/structural material interaction has been performed in WIND project at

Japan Atomic Energy Research Institute to investigate the interaction between Csl and type
316 stainless steel, and the Csl instability. Three tests on the interaction of cesium iodide
with type 316 stainless steel were performed under steam/noble gas, hydrogen/steam/noble
gas and air/steam/noble gas atmospheric conditions.

In the test with air ingress condition, EDX measurements showed that the retained mass
of cesium was larger than that of iodine in the structural surface at a high temperature.
Retained cesium might have taken chemical forms that were different from cesium iodide.
However, the cesium compounds were not confirmed by XPS analysis. In all the tests, it
was confirmed by XPS analysis that the molecular iodine migrated to a depth of 100 nm
maximum of the surface layer of stainless steel. It is considered that the amount of cesium
and iodine retained in the type 316 stainless steel surface was too small to influence the
source term evaluation. It was also found that a decomposition rate of cesium iodide in the
air ingress condition was higher than that in the hydrogen injection condition.
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1. INTRODUCTION
During a severe accident of a light water reactor, fission products (FPs) are released from

fuel and transported to the reactor coolant system (RCS) and the containment. Some of FPs
are deposited on the piping in the RCS and may chemically interact with piping structural
materials. A change of FPs chemical form influences the source term of a severe accident.
Therefore, it is important to investigate the interaction between FPs and structural
materials.

Previous studies (1)'(2) related to the FP/structural materials interaction were performed
under atmospheric condition of steam and hydrogen. However, the influence of the air
ingression on FP behavior in the RCS has not been well understood. It is possibility that
the air ingression into RCS occurs during a PWR accident.

In order to investigate the interaction between cesium iodide and structural materials, and
the cesium iodide stability in an air ingress condition, a test series on FP/structural
materials interaction has been performed in WIND (Wide range piping INtegrity
Demonstration) project at Japan Atomic Energy Research Institute.

2. OUTLINE OF FP/STRUCTURAL MATERIALS INTERACTION TESTS
2.1 TEST FACILITY AND TEST PROCEDURE

The schematic diagram of FP/structural materials interaction tests is shown in Fig. 1.
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Cesium iodide (Csl) as a FP simulant is put on the FP generation section heated by electric
heaters. The generated Csl gas and/or aerosol is brought into the FP mixing section by an
inert gas and mixed with a specified carrier gas there to be introduced into the test section.
The test section, which has 0.085 m in inner diameter and 1.5 m in length, is divided into
the constant temperature section and the thermal gradient section having 0.5 m and 1.0 m
in length, respectively. The piping of FP generation/mixing section and test section are
made of quartz glass and enclosed in a stainless steel pipe. Two sample coupons were
installed in the test section as structural material. One is for temperature measurement, and
the other is for chemical analyses of deposited compounds. The sample coupon is 20 mm
in width and 500 mm in length for constant temperature test section and 1000 mm in length
for thermal gradient test section. During a test, the atmosphere was sampled at the
upstream and downstream of the test section. The sampled atmosphere was passed through
the quartz glass U-tubes in the water bath and the dry ice bath to condense volatile iodide
species. After each test, the hydrazine solution, which reduced the molecular iodine, was
put into the grass U-tubes. This solution was supplied for IC analysis.

The sample coupon was sectioned for chemical analyses. Ion chromatography (IC),
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX) and
X-ray photoelectron spectroscopy (XPS) were used to quantify the cesium and iodine
deposited mass, to observe the morphology of deposits, to specify the existent elements
and to identify the chemical form, respectively.

2.2 TEST CONDITIONS
The test conditions are summarized in Table 1. The tests designated as FSI-1, FSI-2 and

FSI-3 simulated the atmosphere of super heated steam/noble gas, hydrogen/steam/noble
gas and air/steam/noble gas, respectively. In FSI-3, the ratio of air and steam was based on
the analysis by MELCOR for a station blackout accident of Surry plant(3). The mass of
vaporized cesium iodide in the FP generation section was 171 to 243 g that were the
difference between the initial and remained Csl. The flow rate of carrier gas in the test
section at 1000 °C was 0.00057 m3/s, which corresponded to a superficial velocity of 0.1
m/s in all the tests. The duration while Csl was introduced into test section was 65 min in
FSI-1 and 90 min in other tests. The temperature of the thermal gradient test section was
linearly decreased from 1000 °C to 300 °C. The oxygen potential was derived from
Ellingham diagram.

Table 1 Experimental Conditions
Exp.

FSI-1

FSI-2

FSI-3

FP
Simulant

Csl

Csl

Csl

Generation
Mass (g)

171

243

175

Carrier Gas
Composition

(Volume Ratio)
He (0.1)
Ar(0.86)
Steam (0.04)
He (0.92)
H2 (0.04)
Steam (0.04)
He (0.2)
Air (0.5)
Steam (0.3)

Flow Rate
(m/s)
0.1

0.1

0.1

UO2*

(kJ/mol)
-287

-390

-19

Piping Temp.
(°C, Constant/

Gradient)
1000/1000-300

1000/1000-300

1000/1000-300

* : Oxygen potential at 1000 °C
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3. RESULTS AND DISCUSSION
The mass of cesium and iodine deposited on the coupon surface of FSI-3 analyzed by IC

are shown in Fig. 2 along with the temperature profile of the coupon and the carrier gas.
The deposition mass increased when the carrier gas temperature became higher than the
coupon temperature. This implied that the deposition of the both elements was dominated
by the condensation of Csl vapor and thermophoresis of Csl aerosol. The elemental
analysis of FSI-3 coupon surface by EDX is shown in Fig. 3. The deposition mass of
cesium and iodine was almost the same each other at 0.7 m from the entrance of the test
section. However, the atomic ratio of cesium was larger than that of iodine at 0.3 m from
the entrance where the temperature of the coupon was estimated to be 950 °C. It was
considered that cesium iodide was decomposed and some cesium compounds was formed
at high temperature region.

The XPS analysis was performed to identify chemical forms of cesium and iodine
compounds (at coupon No. 4, 8 and 14 which corresponded to 0.3 m, 0.7 m and 1.3 m from
the entrance). The analysis was performed from the surface to a deeper inner layer up to
100 nm (10 nm intervals). Spence et al. 4) showed that cesium iodide reacted with Cr2O3

solid aerosol. Bowsher 5) noted that this precise form of the chromate is not known with
confidence but one possible reaction is given below.

2Cr2O3 + 5O2 + 8CsI = 4 Cs2Cr04 + 4 I2

Figure 4 shows the result of XPS analysis for chromium compounds in the FSI-3 at No. 4
coupon. The cesium compounds were lower than detection limit and not confirmed.

The results of XPS analysis for iodine compounds are shown in Fig. 5. The molecular
iodine (I2) was detected in all the tests, and reached to 100 nm maximum (FSI-3 at No. 8
coupon). This showed that some amount of Csl was decomposed in all the tests. At the
surface layer, the nickel iodide (Nil2) was detected (for example, FSI-1 at No.8 coupon).
Nil2 could be produced by a reaction of I2 and nickel hydroxide (Ni(OH)2). However,
above about 200°C, Ni(OH)2 is decomposed into NiO and H2O. Therefore, Nil2 may be
produced during a cool-down phase of the tests. The iodine mass ratio of FSI-3 No. 8
coupon surface layer, where I2 was existed until 100 nm in depth, was 0.58 %. By using
some assumptions (coupon was not oxidized, X-ray of XPS was reached until 2 nm, and
retained iodine concentration was the same until 100 nm in depth), retained I2 mass
concentration within the coupon was 0.46 ug/cm2. Moreover, the cesium compound was
less than detection limit. It was considered from the above consideration that the amount of
Csl decomposed on the type 316 stainless steel was very small. This indicated that the
chemical interaction of Csl and type 316 stainless steel could give a limited influence to
the source term evaluation.

Figure 6 shows the mass of cesium and iodine captured in U-tubes of the atmosphere
sampling systems in FSI-3. The mass of iodine was larger than that of cesium at both
sampling systems. Since the chemical interaction of cesium and the coupon was hardly
occurred, it indicated that cesium iodide was decomposed in the atmosphere at air ingress
condition. In FSI-2 test, a significant decomposition of Csl was not found in the analysis of
the sampled atmosphere. The decomposition rate was evaluated as follows,

D = CI*100/CCSI

Ci = M/E
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D : decomposition rate [%]
Ci: mole concentration of iodine produced by decomposition [mol/m3]
Ccsi: mole concentration of Csl in the test section [mol/m3]
M : mole concentration of the captured iodine [mol/m3]
E : capture efficiency of iodine at U-tube [-]

The decomposition rate of Csl in the air ingress condition was 0.3 %. The capture
efficiency of iodine at U-tube was 1.0 in this case. In the future, we will perform the
evaluation test on capture efficiency of iodine at the U-tube.

4. CONCLUSIONS
Studies on the interaction between Csl and type 316 stainless steel, and Csl stability

under the several atmosphere conditions were performed in WIND project.
The interaction between the cesium and the type 316 stainless steel surface was not

confirmed. It was observed that the h retained within the stainless steel surface. Since the
amount of Csl decomposed on the type 316 stainless steel was very small, it is considered
that the chemical interaction of Csl and type 316 stainless steel hardly influences the
source term evaluation.

The Csl tend to decompose under the air ingress condition in comparison with the H2
injection condition, which indicated Csl was less stable in the air atmosphere.
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Fig. 1 Schematic Diagram of FP/Structural Materials Interaction Tests
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Fig. 5 Analysis of I Compounds by XPS
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Fig. 6 Analytical Results of Atmosphere Sampling (FSI-3)
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