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The difference in electrochemical corrosion potential of stainless steel exposed to high temperature pure water
containing hydrogen peroxide {B,) and oxygen (@) is caused by differences in chemical form of oxide films. In
order to identify differences in oxide film structures on stainless steel after exposug®oaHd G environments,
characteristics of the oxide films have been examined by multilateral surface analgses;ray diffraction (XRD),
Rutherford back scattering spectroscopy (RBS), secondary ion mass spectroscopy (SIMS) and X-ray photoelectron
spectroscopy (XPS). Preliminary characterization results of oxide films confirmed that the oxide film formed under the
H,O, environment consists mainly of hematite-Fe,Oz), while that under the @environment consists of magnetite
(F&0,). Furthermore oxidation at the very surface of the film is much more enhanced undes@hehvironment
than that under the Qenvironment. It was speculated that metal hydroxide plays an important role in oxidation
of stainless steel in the presence giQ4. The difference in electric resistance of oxide film causes the difference in
anodic polarization properties. Itis recommended that several anodic polarization curves for specimens with differently
oxidized films should be prepared to calculate ECP based on the Evans diagram.

KEYWORDS: BWR type reactors, hydrogen peroxide, oxide film, stainless steels, surface characterization,
hematite, magnetite, electrochemical corrosion, intergranular corrosion, clacking

I. Introduction tion. There are only limited data concerning the relationship

Hydrogen water chemistry (HWC) has been applied t(t))gtween hydrogen_peromde concentration, ECP, and gener-
N : . . ation and propagation of IGSCZ One of the reasons why
moderate corrosive circumstances in the primary cooling sy;

tems of boiling water reactors (BWRY)The HWC effects Fewerexpenmental data dealing with hydrogen peroxide have

; . Eeen reported is the difficulty of making experimental mea-
are influenced not only by the amount of hydrogen InJemesurements because of hydrogen peroxide decomposition at el-
into the feed water but also reactor typesg., BWR-2 ydrogenp P

through -6, core size, shroud diameter, downcomer widtevatecl temperatures.
g ' ' ' .Decomposition of hydrogen peroxide is divided into two

resence or absence of jet pumps and plant operational condi- i, e
'Ei)ons eg., power densit; anpd digtributi(fn reciFr)cuIation flow Processes. (1) bulk decomposition (thermal decomposition in

. . the bulk watery 19 and (2) surface decomposition (decompo-
rate, dose rate and flow velocity at the downcomer region, andl. ! 0)

) L 3 . sition by contact with metal surface$}? In the case of the
jet pump efficiency:® Oxygen and hydrogen peroxide con-

. : . r%actor water, the extent of surface decomposition is a hun-
centrations change along the recirculation flow path so thared times more than that of bulk decompositiin order

corrosive cireumstances differ between locations in the p {o establish conditions with less temperature fluctuation and
mary cooling system8.

. L less concentration depression at the point of interest, the au-
Several indexes for corrosive circumstances have been p

posed to evaluate the effects of HWC in BWR plah@One tRors have tried using a polytetrafluoroethylene (PTFE) liner

; . : to get less surface decompositiod and they fabricated an
of the most common indexes of corrosive circumstances IS

electrochemical corrosion potential (ECPY. Electrochem- Experimental apparatus consisting of an autoclave with the

) . o ; L ?TFE inner liner and connecting branch lines with PTFE in-
ical corrosion potential is determined by a combination o ; S .
ner liner for hydrogen peroxide injection at the autoclave inlet

surface conditions of a specimen and concentrations of oéﬁd sampling at the autoclave oufié.

idants,e.g,, oxygen, hydrogen peroxide and other corrosive Measured electrochemical corrosion potential (ECP) of

radiolytic species. Unfortunately, most data concerning tI}epe 304 stainless steel obtained in a high temperature, high

effects of ECP on intergranular stress corrosion crackin .
(IGSCC) have been obtained by changing oxygen concent pressure water Iopp showed hydrogen pero_mdgﬂﬂ re-
sulted in a much higher ECP than oxygen)@ith the same
oxidant concentratiok:*? The crack propagation rate of in-
*Corresponding author, Tek81-22-217-7911, Fax-81-22-217- tergranular stress corrosion cracking (IGSCC) of stainless
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steel was moderated by the decreased ECP in Hi® ldn-  order to quantify the corrosive environmentfB] was mea-
vironment as well as in the Qenvironment. However, when sured in the sampling line located at the autoclave outlet, and
the concentration of 5O, was lower than that of ©but the ECP was also measured at several locations in the autoclave
ECP remained the same, it was observed that the crack prgpettom and top) (Fig. 1). Major parameters for the experi-
agation rate in the O, environment tended to be lower thanmental loop are shown ifiable 1. Observed ECPs for both
that in the Q environment? specimens under the exposure conditions shown in Table 1
Results of X-ray diffraction measurements of oxide filmavere the same, 0 mV-SHE.
on stainless steel specimens exposed;0t&nd G environ-
ments showed that the difference in the ECP was mainly d@ Test Specimens
to the chemical form of the oxide film on the stainless steel Test specimens exposed to thedd environment (diame-
specimens® Hematite &-Fe,Os) was observed for the speci- ter: 20 mm, height: 20 mm, thickness: 1 mm) were cut from
mens exposed toD, environment, while magnetite ((®4) a cylinder-shaped upper SUS electrode for ECP measure-
was the main oxide species when exposed to ther®iron- ment Fig. 2(a)), while those exposed to the ®nvironment
ment¥) (width: 10 mm, height: 20 mm, thickness: 1 mm) were flat
In order to confirm the difference in chemical form of thesheets, which were originally placed just above the upper SUS
oxide films on the test specimens exposed ®iand Q@ electrode in the loop for the purpose of surface characteriza-
and to reveal the mechanism of oxide film formation, multition of the oxide film (Fig. 2(b)). The test specimens exposed
analytical instrumentations were applied to examine the oxide H,O, were cut into four pieces to allow examination of
film characteristics from a variety of viewpoints. their inner surface (Fig. 2(c)). As any differences in test spec-
imen shape might cause some undesirable effects on precise
1. Experimental

1. Major Features of High Temperature, High Pressure _ _
Table 1 Major parameters for the experimental loop

Water Loop
The main features of the experimental apparatus are shown ltem Parameter Parameter range
in Fig. 1.1 The water, which was dearated in the make-
up water tank and had its,Gzoncentration controlled at the Autoclave Temperature 561K
Pressure 6.9 MPa

target level in the feed water tank, was fed to the autoclave

) h h i h Flow rate 1-5rhs™
through the regenerating heat exchanger and the main eater. Flow velocity 1-2 crvs-t
The effluent water was .pollshed by an ion exchange resin col- Conductivity <0.2 1Slem
umn to remove impurities and then fed back to the make-up [05] 0-8,000 ppb
water tank, where it was dearated to remove oxygen and pre- [H20,] 0-1,000 ppb

i ion from decomposition .
vent its accumilatio P : Oieb : : Feed water tank Temperature 280-300K
The autoclave and hydrogen peroxide injection line and Presstre 0.1 MPa
samplmg.hne were lined with PTFE to prevent'surface Qe— Conductivity ~0.2Slem
composition of HO,. The work electrodes were installed in [0,] 0-8,000 ppb
the autoclave to measure ECP while changing hydrogen per- [H,0] Oppb
oxide concentration ([bD,]) at the autoclave inlet:13 In
. - - —— . -
-~ -
- L
# u!lwr i
— b
Ifupp:r U8 HO, ddetection A
elecirnde !
! \
. I liggaiid jumcting 1
make-up waler  foed water
:-nhup 1ank amtoclave with reference elect e
PTFE inmer limer e | lweer 511 [Agapth I
L . =ampling line elecerodse TFE inner liner awocave I
chean-up [ — .h,.l't {imner digmeter: Jlmm) I
=l 30 1 FTFE FTFE inner liner !
storage Wank % inner limer s
fom Fxchampe % hister  H I, L
resin calurm LY injection system .
, F
cooler  regemerating  main heater autnclave with - ~
Wil - B oy FTFE inmer limer e - -

Fig. 1 Schematic diagram of high temperature, high pressure loop
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(@) Testspecimenexposedte® (b) Testspecimen exposedtg O (c) Testspecimen for SIMS (Unit: mm)

Fig. 2 Outer views of test specimens

surface characterization, the authors wanted to understand #reironments is shown iRig. 3.2% Clear peaks correspond-
basic differences in oxide films exposed tg®4 and Q envi- ing to hematite ¢-Fe,0O3) were observed for the specimen
ronments before determining future approaches for the chaxposed to KO, while they were indistinct for @exposure.
acterization. Both types of test specimens are made of sefitthe same time, the peaks for the typical spinel of magnetite
sitized type 304 stainless steel, which had the chemical corti-e;0,) were observed clearly for the specimens exposed to
position shown ifTable 2. Exposure conditions are shown in O, but not for HO, exposure. Laser Raman spectroscopy

Table 3. was also applied to examine the surface properties of each
speciment® As a result of these analyses, it was revealed that
3. Multilateral Surface Analyses hematite ¢-Fe,O3) was the main oxide for the specimens ex-

Instruments for multilateral surface analyses to examine thsed to HO, while magnetite (F¢0,) was the main oxide
oxide film characters are listed Table 4. Chemical forms of when exposed to ©
the oxide films were observed by X-ray diffraction (XRD)
and laser Raman spectroscopy (LR8)Furthermore, ele- 2. Rutherford Back Scattering (RBS)
mental composition and distribution through the depth of the The RBS spectrum for each specimen type is shown in
films were measured by Rutherford back scattering (RBS) Fig. 4. The oxygen peak overlapped with the metallic atom
and secondary ion mass spectroscopy (SIMSX-ray pho- peak in both cases. Change in energy of back scatteréd He
toelectron spectroscopy (XP3)®) was applied to obtain in- ions from the oxygen atoms is the smaller than that from each
formation on the nearest top surface of the oxide films. Faf iron, nickel and chromium atoms, while that from each
RBS, 2.8 MeV of H&" ions were injected onto the surfacemetallic atom is very similar due to less difference in their
of the specimen and the energy of the back scattered iomsss numbers. The calculated spectrum for pure iron is plot-
was analyzed to determine oxygen concentration along tied for comparison to a measured spectrum for each speci-
oxide depth. For SIMS, 3 keV of Csons were injected onto men. The observed drop in the metallic atom signal for the
the surface of the specimen to sputter oxide in a very small
spot and the secondary ions from the sputtered area were

men exposed to almost the same environmental conditions 025 E-----° S R | | I
was carried out previous to this stutfy.A comparison be- Fe,0,
tween XRD patterns for specimens exposed (@fand G

analyzed by mass spectroscopy. For XPS, monochromatic 1.00 | |
X-rays (Al-Ka: energy: 1,486.6 eV, energy width: 0.85¢eV) Fe,0; a-Fe
were injected into the surface layers of the specimen, which H,0, exposure
was cleaned by exposing it to an‘Aion beam to remove sur- ('ppm, 30 hours) F%%
face contamination, and then photoelectrons emitted from the 075 f=----~----- e CabE 1
oxide were measured. = \
c
=
1. Analytical Results 5
£ 050 p-----------1 -F------ 1----
1. X-ray Diffraction (XRD) and Laser Raman Spec- g 0, exposure
S 2
troscopy (LRS) - (1 ppm, 170 hours)
Surface characterization by XRD and LRS of the speci- ‘g Fe,0,
c

0
Table 2 Chemical composition (mass%) of stainless steel used for 20 30 40 50
the specimen 20
c Si Mn P S Ni Cr Fe Fig. 3 Comparison between X-ray diffraction patterns for test

006 042 083 0028 0005 841 1831 Bal. SPecimensexposed ta6,and Q environments
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Table 3 Exposure conditions

Specimen Shape Material Exposure Temperature  Exposure time
P (size) (concentration) (K) (h)
A Cylinder Sensitized type 304 1D, 558 200
(outer diameter: 10mm)  stainless steel (0.1-1 ppm)
B Flat sheet Sensitized type 304 ,0 558 200
(10x5x1 mn?) stainless steel (8ppm)
Table 4 Instruments for multilateral surface analyses
Incident Beam Incident Detected Obtained Location of
Instruments . o . . - .
beam size condition particles information instruments
X-ray diffraction (XRD) X-rays Energy: Diffracted X-rays Chemical form of oxide [1]
50 keV (average through film)
Laser Raman Visible rays Wavelength: Scattered laser Chemical form of oxide [1]
spectroscopy (LRS) 632.8nm (thin layers of surface)
Rutherford back scattering Fe 1 mmyp Energy: Back scattered Be Isotope distribution [2]
spectroscopy (RBS) 2.8 MeV (through depth)
Secondary ion mass Cs 500x500um? Energy: Cs cluster Isotope distribution [3]
spectroscopy (SIMS) 3keVv (through depth)
X-ray photoelectron X-rays %4 mn? Energy: Photoelectrons Chemical bonding [3]
spectroscopy (XPS) 1.486 keV (through depth)
[1] Power & Industrial Systems R&D Laboratory, Hitachi, Ltd
[2] Institute for Materials Research, Tohoku University
[3] Institute of Multidisciplinary Research, Tohoku University.
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Fig. 4 Rutherford backscattering spectra ofHdor test specimens exposed te® and G environments

measured spectrum is caused by the presence of oxygemiight be caused by a higher oxygen ratio in the oxide film.

the oxide film. Comparing spectra for the specimens exposedBy analyzing RBS spectral data, the depth profiles of the
to H,O, (Fig. 4(a)) and @ (Fig. 4(b)) for channels 420-460, oxygen to iron ratio (O/Fe) were obtained and are shown in
corresponding to the surface region showed small changeshiy. 5. To a depth of 0.um, the specimen exposed te Bad

the spectra worthy of attention. The much sharper drop ol-higher O/Fe ratio than that exposed tg04, while from 0.1
served only in the spectrum for the specimen exposed@H to 0.3um the specimen exposed ta®, had a much higher
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2.5 ) (Fig. 7(a)). No big difference in the Ni/Fe ratio was observed
@ specimen exposed toH ,0, |4 throughout the oxide film (Fig. 7(b)).
W specimen exposed to O, ]
e 1 4. X-ray Photoelectron Spectroscopy (XPS)
[ 0-Fo,0 | Chemical bonding of each elemental component can be de-
15 e, ){ SR termined by the shiftin binding energy of inner shell electrons
r 1 due to their interaction with surrounding elements. Oxygen
L —.— \ Fe.0, ] fpr hydroxide (OH") and that for (_)xi_de (@) can be identi-
1L ] fied by the 1-1.5 eV of energy shift in the 1s electrons of the
I —a— 1 oxygen. The energy shift of metallic elements around oxygen
== 1 was measured to analyze the difference in binding energy of
05 F = = § metallic elements and oxygen in specimens exposeg@yH
[ and Q. Shifts in binding energy of O1s electrons measured
[ 1 by sputtering oxide films with Csions are shown ifig. 8.
Ol b b L b The theoretical binding energy of Ols electrons is
0 0.1 0.2 0.3 0.4 0.5 531.0eV. For specimen B exposed tg, @e binding energy
depth (pm) did not change with sputtering. The binding energy decreased
Fig. 5 Depth profiles of O/Fe in the test specimens measured 69 about. 53006\(’ which was Caus,ed by binding of oxygen
RBS atoms with metallic atoms as the oxidesg®ganda-Fe;Os.
For specimen A exposed to,B,, the binding energy with-
out sputtering increased to about 531.5 eV, due to binding of
O/Fe ratio. oxygen atoms with .hydrogen atoms as Fe(@HBut the in-
The O/Fe ratios in the depth region of less than,ol  Creasing energy shift was observed only at the very surface.
were in excess of 1.5, the ratio of &, and 1.33, that of After sputtering, the binding energy decreased to 530.0eV.

Fe;04, and were caused by crystal water contained in the ox-ne effect of hydrogen was observed in several atomic layers.
ide film or metal hydroxide, Fe(Okl)or Fe(OH}. The effect of water on the test specimen was avoided for the

XPS measurements by carefully controlling the vacuum.

O/Feratio

3. Secondary lon Mass Spectroscopy (SIMS) ) ]

The test specimens were sputtered by 3keV of @ms, |V. Discussion
which provided high resolution mass spectroscopy not only characterization of Oxide Films
for metallic ions, but also oxygen and hydrogen ions. The ag 3 result of X-ray diffraction measurements of oxide
oxygen/iron (O/Fe) and hydrogen/iron (H/_Fe) ratios obtaineﬁhms on the stainless steel specimens exposed,®,Hnd
frpm the SIMS spectrum for each specimen are shown ,, hematite ¢-Fe,0s) was observed for the specimens ex-
Fig. 6. In the case of SIMS, measured ion currents were af)'osed to HO,, while magnetite (F¢D,) was the main oxide
fected not only by elemental composition in the oxide filmynen exposed to © Higher O/metal ratios were observed at
but also their chemical forms, which caused the difference i very surface of the oxide film by RBS. But it was difficult

sputtering yield and ionizing efficiency of the oxide. to discriminate between crystal water in the oxide and metal
Oxide layers with a constant O/Fe ratio were observed ﬂE/droxide by RBS analysis.

the surfaces of the specimens (Fig. 6(a)). The O/Fe ratio yigh hydrogen concentration at the oxide surface of the
drgstlcglly decreaseo_l as the depth increased. The thmkms%ﬁécimens exposed t0,8, provides important information
oxide film on the stainless steel exposed @hlwas about ; ynderstand the oxidation process. Hydrogen peroxide,
0.3um, while that to Q was about 0.zm. . which is rather stable in elevated temperature water, is eas-
A Igrge difference was observed in the H/Fe rguos betweq@, decomposed at the oxide film surface. Hydrogen perox-
specimens exposed 18, and Q. The H/Fe ratio of spec- ige gecomposes into two OH radicals, which are very short
imen A (Table 3) exposed to4®, was high and decreased|yeq, At the oxide surface, a well-developed magnetite film
steeply with depth. The H/Fe ratio at the very surface ofan pick up some number of OH radicals to form a complex

the oxide film on the specimen exposed tg0d was much  yide containing hydrogen which is then dehydrated to give a
higher than that at the surface of the specimen B exposedﬁ%her order oxide (hematite).

O, (Fig. 6(b)). The absolute ratio could not be discussed from Hydrogen presence was confirmed by the H/Fe ratio mea-
the SIMS data. But the difference in the surface hydrogeg,rements. Direct measurement of OH might give much im-
concentrations at the surfaces provided important informaticB‘brtam information on the mechanism of hydrogen pick-up
on the oxidation mechanism for both corrosive circumstancess the oxide film and chemical form change. Precise mea-
This enriched hydrogen content might come from OH radig;;rement of the oxide surface with X-ray photoelectron spec-
cals, which would be generated from® decomposition at oscopy (XPS) might provide OH concentration in the film.
the oxide surface. _ . _ To obtain clearer results from the XPS analysis, test speci-
Figure 7 shows Cr/Fe and Ni/Fe ratios. The specimen eXyens with a smoother and flatter surface should be prepared.
posed to HO, showed Cr depression in the oxide film, whileapther topic to investigate is the surface character of the
the specimen exposed t;@ad Cr enrichment in the oxide qyjde film from which the oxidation mechanism of stainless
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Fig. 6 Depth profiles of oxygen and hydrogen in test specimens measured by SIMS
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(&) Cr/Feratio (b) Ni/Fe ratio
Fig. 7 Depth profiles of Cr and Ni in test specimens measured by SIMS
steel in the presence of,B, can be identified. curves by electric resistance of the oxide films.

An Evans diagram to determine ECP is showrFig. 9.

2. Effects of Oxide Character on Electrochemical Corro- The ECP is defined as electric potential at the intersection
sion Potential (ECP) point of the cathodic curve and the anodic curve. The an-
The difference in ECP of stainless steel exposed40H odic polarization curve of Hishidat al.?? is also given in

and Q is caused by the difference in chemical form of oxideghe figure, corresponding to the specimen undge@viron-

films, which consist mainly of hematite:{Fe,O3) for H,O,  ment. When highly resistant oxide layers cover the specimen,

exposure and magnetite &) for O, exposure. the difference in potentials between the base metal and the

The difference in electric resistance of oxides causes tis@irface of the oxide is caused by the anodic current and the
different in anodic polarization properties. In a previouslectric resistance of the oxide layers. The anodic curve of
papert?) the different anodic polarization curves were prothe specimen under®, environment can be determined by
posed to evaluate the experimentally obtained ECPPfata  electric resistance of-Fe,O3 (hematite) layers at the surface,
the specimens under,Gand HO, environments. The au-

thors tried to explain the difference in the anodic polarization

JOURNAL OF NUCLEAR SCIENCE AND TECHNOLOGY
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a-Fe,0,, o-Fe, 0,
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(@ HO, by O
Fig. 8 Chemical binding states obtained from XPS spectra
1 T ‘

ERELRR (oxide film thickness: 0.2m) are shown in Fig. 9. As a result
of decreasing anodic current, ECP of the specimen with an
oxide film increased, while corrosion current decreased.

3. Further Subjectsfor Oxide Characterization
A drop in chromium concentration in the oxide film on the
specimens exposed to,8, was confirmed, which resulted
in less corrosion resistance to enhance general corrosion of
ECP shift caused stainless steel in coolant containing®p. Opposite effects of
by oxide film H,O, on corrosion of stainless steel should be discussed for
depression of corrosion resistance due to loss of chromium in
the oxide layers on the specimen exposed t@Hand de-
original anodic current crease of corrosion current due to ECP increase by increasing
i (Hishida, et al.») electric resistance of hematite in the oxide film.
1 —— L Electric resistance of oxide film should be determined for
10° 10° 10* both H,O, and @ exposed specimens to estimate the shift
current (A/em?) in anodic polarization curves due to oxide layers. At the
Fig. 9 Evans diagram to determine electrochemical corrosion p&ame time, itis recommended that several anodic polarization
tential (Effects of oxide film on anodic current) curves should be prepared for different surface conditions to
calculate ECP based on the Evans diagram.

F(oxidefilm: 1pm)-

potential (V-SHE)
o

which is as follows: V. Conclusions

la=1(V) without surface electric resistance (1) The conclusions are summarized as follows.
(1) A highly ordered oxide film was confirmed by X-ray

la=1(V —1aR¢) diffraction (XRD) and Rutherford back scattering spec-
with surface electric resistanc®; ~ (2) troscopy (RBS) measurements.

. (2) Depressed chromium concentration was observed at the
="V, Rp). ®3) oxide film on the specimens exposed tgQ4, which
Specific resistance of magnetite §Ba: semiconductor) might cause formation of an unstable oxide film and then

is about 104 ©2-m, while that of hematite (F©s: insulator) enhanced general corrosion.

is estimated as:310° Q-m (about 1/100 of that of AD3).2Y  (3) Enriched hydrogen concentration at the oxide surface of

These data are obtained by extrapolating from those measured the specimens exposed te®; might be caused by pick-
at room temperature. up of OH radicals which came from hydrogen peroxide

Calculated anodic polarization curves fof' x®/cn? of R; decomposition at the oxide surface.

VOL. 39, NO. 11, NOVEMBER 2002
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(4) One possible mechanism for forming highly ordered ox- 5) R.J. Row, M. E. Indig, C. C. Linet al., “Suppression of ra-

ide at the oxide film surface of the specimens exposed
to H,O, was that OH radicals picked up in the oxide
film formed a complex oxide containing hydrogen and
then these was dehydrated to get a higher order oxid
(hematite).

It was confirmed that multilateral analysis can prepare
valuable information to understand the difference in oxide
films of specimens exposed ta.8, and G from which the
mechanism of oxidation of stainless steel unde®flexpo-

diolytic oxygen produced in a BWR by feedwater hydrogen
addition,”Proc. Int. Conf. Water Chemistry of Nuclear Reactor
Systems, Water Chemistry 3, British Nuclear Energy Society,
23 (1984).

e6) R. L. Cowan, M. E. Indig, J. N. Kasst al., “Experience with

hydrogen water chemistry in boiling water reactorBfoc.
Int. Conf. Water Chemistry of Nuclear Reactor Systems, Water
Chemistry 4, British Nuclear Energy Society, 29 (1986).

7) F.P.Ford, D. F. Taylor, P. L. Andresest al., EPRI NP-5064M

Project 2006-6 Final Report, (1987).

sure can be proposed. Much precise measurements should 8 Y. J. Kim, L. W. Niedrach, C. C. Lingt al., “Development

carried out by preparing well-arranged test specimens in the
high temperature, high pressure experimental loop.

Nomenclature and Abbreviation

of ECP models for BWR application,Proc. 7th Int. Symp.
Environmental Degradation of Materials in Nuclear Power
Systems—W\ater Reactors, Breckenridge, CO., National Asso-
ciation of Corrosion Engineers, 699 (1995).

9) C.C.Lin, F. R. Smith, N. Ichikawat al., Int. J. Chem. Kinet.,

Function ofV or V and R
Anodic current (A/m)

Potential (V-SHE)

Surface electric resistancgm?)

1 (V), 1*(V, R¢):
la:
V:
R¢:

BWR:
ECP:
HWC.:
IGSCC:
LRS:
PTFE:
RBS:
SIMS:
XPS:
XRD:

Boiling water reactor

Electrochemical corrosion potential
Hydrogen water chemistry

Intergranular stress corrosion cracking
Laser Raman spectroscopy
Polytetrafluoroethylene

Rutherford back scattering spectroscopy
Secondary ion mass spectroscopy

X-ray photo-electron spectroscopy

e 15)
X-ray diffraction

16)
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