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Abstract

A water-cooled solid breeder (WCSB) blanket cooled by high temperature SCPW (super critical pressurized water) is a
practical option of DEMO reactor. Therefore, it is necessary to check the compatibility of the steel with SCPW. In this
work, reduced activation ferritic/martensitic steel, F82H has been tested through slow strain rate tests (SSRT) in
23.5 MPa SCPW. And weight change behavior was measured up to 1000 h. F82H did not demonstrated stress corrosion
cracking and its weight simply increased with surface oxidation. The weight change of F82H was almost same as commer-
cial 9%-Cr steels. According to a cross-sectional analysis and weight change behavior, corrosion rate of F82H in the 823 K
SCPW is estimated to be 0.04 mm/yr.
� 2007 Published by Elsevier B.V.
1. Introduction

The Japanese primary blanket option for a fusion
DEMO reactor is the water-cooled solid breeder
(WCSB) blanket with a reduced activation ferritic/
martensitic steel, F82H as the structural material
[1]. A water-cooled blanket is the nearest concept
to practical use because conventional power plant
technologies could be applicable. In some thermal
power plants, super critical pressurized water
(SCPW) has been used because of its higher thermal
efficiency and a simpler plant concept. In recent
fusion demonstration reactor concepts, SCPW with
inlet/outlet temperatures of 553/783 K and coolant
pressure of 25 MPa was selected for the demonstra-
tion reactor, to achieve a thermal efficiency of 41%
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[2]. In the blanket module, the structural material
is required to be as thin as possible because of a
requirement of efficient tritium breeding. The wall
thickness of the cooling tube in the recent blanket
design was less than 2 mm. It is required to be the
boundary of SCPW and beryllium neutron multi-
plier because a reaction between them drastically
increases inner pressure of the module [3]. There-
fore, the corrosion resistance in SCPW is one of
the most important requirements for fusion struc-
tural materials. The objective of this work is to eval-
uate the corrosion performance of F82H in a SCPW
environment, including stress corrosion cracking
(SCC) susceptibility and weight change behavior.
2. Experimental

The material used was Japanese RAF/Ms, F82H
5000 kg heat produced in 1997. The mechanical
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Fig. 1. Temperature dependence of strength and ductility under
SSRT conditions. Solid lines represent tensile data in vacuum.

Fig. 2. Stress–strain relationship in SSRT.
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properties of this heat are almost the same as the
heat for IEA round-robin tests [4]. The details of
this heat are presented elsewhere [5,6]. The chemi-
cal composition of F82H steel plate in wt% is
Fe–0.095C–0.1Si–0.1Mn–<0.005P–0.003S–7.72Cr–
1.95W–0.18V–0.04Ta–<0.02Ni–<0.01Mo–0.005Ti–
0.00016B–0.01N–0.0001Nb. The plate was 32 mm
thick and heat-treated as follows: 1313 K/0.5 h/air
cooled (normalizing) and 1023 K/1.5 h/air cooled
(tempering). A round bar specimen, which had a
gauge section of 4 mm diameter by 20 mm was used
for slow strain rate testing (SSRT) with its longitu-
dinal direction parallel to the rolling direction.
Coupon specimens (6 mm · 20 mm · 20 mm) were
used for weight measurement. The specimen surface
was mechanically polished to 0.1 lm in average
roughness, Ra.

The SSRT was performed in an autoclave with a
strain rate of 3.3 · 10�7 s�1. The dissolved oxygen
(DO) concentration of the water was controlled at
0.2 wt ppm at the inlet of the autoclave by injections
of dry air and nitrogen gas to the conditioning tank
as measured with a dissolved oxygen sensor. The
electric conductivity was below 0.08 lS/cm at inlet
and below 0.4 lS/cm at outlet of the autoclave.
The autoclave volume was 783 mm3 and the flow
rate of SCPW was 5.6 · 10�7 m3 s�1. Therefore,
flow effects were negligible in this system. The tests
were conducted at 563–823 K in the high purity
water at 23.5 MPa. The water temperature was
measured and controlled by thermocouples in Inco-
nell#625 sleeve located in the autoclave. After the
test, the fracture surfaces and oxidation products
thereon were examined by scanning electron micros-
copy with energy dispersive X-ray spectrometry
(SEM-EDX) and weight change was measured by
a micro-balance.

3. Results and discussion

3.1. SCC susceptibility

Fig. 1 shows the test temperature dependence of
tensile strength and ductility under SSRT condi-
tions as well as tensile data in vacuum. With SSRT,
0.2% proof stress (r0.2) and ultimate tensile stress
(rU) significantly decreased with increasing test
temperature. Total elongation (eT) and reduction
of area (RA) of SSRT were comparable to those
of tensile tests in vacuum. The reduction of strength
was significant at temperatures higher than 750 K.
Because the strain rate of 3.3 · 10�7 s�1 was suffi-
ciently slow to allow creep deformation, the reduc-
tion of strength could be associated with this
mechanism [7].

Typical stress–strain curves of SSRT tests are
presented in Fig. 2 together with the curves of
tensile tests under vacuum. Although the SSRT
curves showed slight stress fluctuation, a qualifica-
tion test without the specimen revealed that the fluc-
tuation was caused by friction between the pull-rod
and seal. Serration was not observed on stress–
strain curves of any specimens. SEM micrographs
of fracture surface and side surface are presented
in Fig. 3. All of the specimens demonstrated ductile
dimple fracture with corrosion products. Observa-



Fig. 3. SEM micrographs of SSRT tested F82H.
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tions on the side surface and cross-section revealed
complete coverage by blocky corrosion products
and their facet size increased with the test tempera-
ture. There was neither cracking nor exfoliation on
the corrosion products. The result of elemental
analysis on the cross-section of the specimen tested
at 823 K is presented in Fig. 4. The SSRT sample
Fig. 4. Cross-sectional morphology and elementa
shows a duplex oxide structure, in which the scale
consists of an outer blocky oxide and an inner dense
oxide. The elemental mapping images revealed the
outer block was iron oxide and the inner dense layer
was chromium rich oxide. In the chromium image,
bright contrast, which represented chromium car-
bides at grain boundaries, was observed in the base
l analysis on F82H tested at 823 K SCPW.
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metal and chromium rich oxide layer besides the
base metal. Therefore, the original surface of
F82H was the boundary between iron-rich layer
and chromium rich layer. According to these results,
the chromium layer was formed by iron transfer to
the SPCW/base metal boundary. Therefore, the
thickness reduction of F82H in the SCPW should
be estimated by the thickness of the chromium rich
(iron-poor) layer.
3.2. Weight change

The weight changes as a function of test duration
for F82H in SCPW are presented in Fig. 5 and the
surface morphologies of corrosion products are
shown in Fig. 6. The weight gain increased with test
Fig. 6. Surface morphologies of F8

Fig. 5. Weight change as a function of test duration for F82H in
SCPW.
temperature and is consistent with the grain size of
corrosion product. The surface demonstrated nei-
ther cracking nor exfoliation. Therefore, the weight
gain is considered to be simply caused by growth of
iron-rich oxide on the surface. The time dependence
of weight change has been described through the
plot of parabolic curves. The weight gain of F82H
was 5–6 times larger than that of SUS316 and was
almost the same as commercial 9%-Cr steel such
as T91 and NF616 [8,9]. There was no significant
difference between 8%-Cr and 9%-Cr. According
to the relationship between the thickness of chro-
mium rich oxide layer (Figs. 3 and 4) and the weight
gain behavior (Fig. 5), the corrosion rate of F82H in
823 K SCPW is estimated to be 0.04 mm/yr [9].
4. Summary

Stress corrosion cracking susceptibility and cor-
rosion behavior of F82H was tested at 560–820 K
in 23.5 MPa SCPW. F82H did not demonstrate
stress corrosion cracking susceptibility in the
SCPW. Adherent oxide was formed on the F82H
in the SCPW and there was no cracks and exfolia-
tion up to 1000 h. The weight change in SCPW
was caused by high temperature oxidation and its
time dependence has been described through the
plot of parabolic curves. The weight change of
F82H (8%-Cr steel) was almost same as commercial
9%-Cr steels. The thickness reduction of F82H must
be estimated by the thickness of the chromium rich
(iron-poor) oxide layer. The corrosion rate of F82H
in SCPW is estimated to be 0.04 mm/yr.
2H after exposure to SCPW.
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