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Study on Stress Corrosion Cracking of Stainless Steels and Nickel-base
Alloys in Light Water Reactor Environments

Manabu Kanzaki
Abstract

Energy is indispensable in a social life of humanity. It has been diversified by sophisticating with advancement and
economic growth of a life style. Energy resources can be roughly divided into exhaustible ones, such as coal, oil, natural
gas, nuclear, and renewable ones such as sunlight, solar, hydro, wind, geothermal, wave power, temperature difference,
biomass. Exhaustible resources have high conversion efficiencies of energy, and these are effective to produce a large
amount of energy, however almost of the energy consumed in Japan are relied on import of this energy. On the other hand,
renewable energy has little possibility of depletion of resources, and small impact on the environment, in spite of that, the
initial cost is high, and there is liable to such problem depends on weather conditions. Therefore, from the fundamental
point of view of three "E" (Energy Security, Economic Efficiency, Environment) and one "S" (Safety) , the best mix of
energy resources to achieve this four perspectives well-balanced are aimed in Japan. Nuclear power is considered to be
one of important energy resources. Because it has advantage in terms of stable supply of energy that it is possible to
obtain a large energy in a small amount of fuel in it, and from the viewpoint of global warming it does not emit CO, gas
in the power generation stage.

In chapter 1, the current situation and issues related to Light Water Reactors (LWRs) are outlined. LWRs are mainly
commercial used as nuclear power reactors, and roughly classified into two types: Pressurized Water Reactors (PWRs)
and Boiling Water Reactors (BWRs). PWRs are to confine the radioactive nuclide to the primary system and the
secondary system to be generated by the turbine. And it is characterized in that it is divided through the Steam Generator
(SG). On the other hand, BWRs have a structure to send the steam generated by the heat generated by the fission directly
to the turbine. Because these reactors operate in high temperature and pressure conditions, austenitic stainless steels, Ni-
base alloys, low alloy steels, etc. are used in terms of corrosion resistance or withstanding the pressure. About these LWR
materials, there are issues about Stress Corrosion Cracking (SCC) and Irradiation Assisted Stress Corrosion Cracking
(IASCC) in the stainless steels and Ni-base alloys, Flow Accelerated Corrosion (FAC) in the low alloy steels. Also, even
if not lead to damage of these materials, as reactor of unique issues, there are also exposure problems. During reactor
operation, the corrosion products released from these materials are activated in the core, and deposit on the inner side of
pipes. It is important to reduce the corrosion products for reducing the exposure of periodic inspection of the plant.
Furthermore, in light of an accident at the Fukushima nuclear power plants, severe accident researches have also been
important.

In this manner, there is a wide variety of issues with the materials in LWRs. One of important issues is about SCC of
stainless steels or Ni-base alloys, because it is difficult to predict its behavior, and SCC generates suddenly, progresses
rapidly and then breaks the boundary that confines radionuclide. According to the analysis of the failure mechanism of
the aging problem in LWRs, previously SCC accounted for the highest at 40 % as a trouble caused, and it was a major
issue. Therefore, in LWRSs, great deals of expense and time to measure the SCC have been spent. As a result, a number of
achievements have been obtained by some improvements from the viewpoint of material, environment and stress factors.
For example, in PWRs SG tubes are improved from Mill Annealed Alloy 600 (MA600) to Thermal Treated alloy 600
(TT600) subjected to special heat treatment, and to Thermal Treated Alloy 690 (TT690) increased chromium content
further by reducing the nickel content was developed. In addition, in the primary system piping of BWRs, Type 316
Stainless Steel Nuclear Grade (316NG) which suppresses the sensitization has been developed. However, there are issues
that have been left about the SCC in PWR primary condition (PWSCC) and the SCC of non-sensitized stainless steel in
BWRs. For PWSCC, there are some proposals for the mechanism, but there is no consensus. Moreover, it is not clear
enough that PWSCC is why likely to occur in the Ni-base alloy, the influence of the grain boundary characteristics in the
heat treatment for improving PWSCC, the effects of Cr and Ni on PWSCC resistance in TT690. For the SCC of non-
sensitized stainless steel in BWRs, why SCC would occur in a non-sensitized material, still findings exist little about the
effects of Cr and Ni on SCC resistance and other major factors on the SCC behavior of non-sensitized stainless steel.

In this study, it is decided to address in terms of material factors to these issues. Fe-base alloys such as Type 304
stainless steel (304SS) or Type 316 stainless steel (316SS), nickel-base alloys such as alloy 600 (A600) or alloy 690
(A690) have been used in LWRs. However, there are little findings that systematically examine the impact in a wide
range for major elements of these austenitic alloys. Therefore, material factors focusing on the effect of Cr and Ni on
SCC resistance in a wide range of austenitic alloys are investigated in this study. The effects of Cr and Ni on the PWSCC
resistance in PWR primary condition and the SCC resistance of non-sensitized materials in BWR condition are
investigated and compared to assess their results. As a result, similarities and differences of SCC resistance between in
PWR primary condition and in BWR condition becomes clear. Then, these results are considered to be able to contribute



to the development guidelines for SCC resistant materials in LWR environments.

In chapter 2, the effects of Cr depletion and Cr carbides precipitation in grain boundaries by heat treatment on
PWSCC resistance in A600 are investigated. SCC occurs in A600 under PWR primary conditions. In order to clarify the
understanding and the major factors of PWSCC mechanism, many studies have been conducted. There is a lot of
knowledge about the impact of Cr carbides in grain boundaries on PWSCC resistance of A600. From the results, to
improve the PWSCC resistance in A600, it is effective to precipitate Cr carbides in grain boundaries by heat treatment.
And this treatment was adapted to SG tubes used in PWR plants. Although Cr carbides precipitated in the grain
boundaries apparently improve the SCC resistance, not enough consideration is for Cr depletion. According to the
conventional knowledge of the relationship of PWSCC and sensitization, the Cr depletion little affects to SCC resistance
in the PWR primary condition compared to the BWR condition. There is also finding that SCC resistance decreased by
sensitization. As these mentioned, it is not always clear. 316SS has high PWSCC resistance compared to A600, however
there is a finding that SCC is accelerated by the cold working. According to the knowledge, SCC crack growth rate
(CGR) decreases with increasing Cr carbide occupancy in grain boundaries, and excellent SCC resistance are shown in
occupancy of 60 %. However, the sufficiently discussion about the effects of precipitation of Cr carbides in grain
boundaries and depletion of Cr individually on SCC behavior has not been conducted.

Therefore, in this chapter, the effects of degree of Cr depletion and Cr carbide precipitation on PWSCC resistance by
heat treatment of A600 and 316SS are investigated. By heat-treatment from 0 t0100 h at 700 °C after solution heat
treatment at 1100 °C, degree of Cr depletion and Cr carbide precipitation in grain boundaries were controlled. The degree
of Cr depletion was evaluated by Intergranular (1G) corrosion test. Characteristics of the Cr carbides in grain boundaries
were evaluated by image analysis of microstructure. The evaluation of the SCC resistance was conducted by Reversed U
Bend (RUB) test in simulated PWR primary condition. Using these results, the relationship between the PWSCC
resistance and sensitization and chromium carbides precipitation in grain boundaries were investigated.

As a result of heat treatment at 700 °C, the degree of Cr depletion increased with increasing the duration of heat
treatment in 316SS. On the other hand, the degree of Cr depletion showed maximum value at about 10 h of heat
treatment and chromium carbides covered grain boundaries in early duration of heat treatment in A600. SCC did not
occurred in 316SS regardless of the thermal treatment conditions. In A600, low SCC resistance was shown in solution
treated condition, or Cr depleted and Cr carbides precipitated condition. While when Cr carbides were precipitated and
Cr depletion was recovered, A600 has high SCC resistance.

Immersion test in the same condition of the SCC test was conducted for solution heat treated A600. There was a
finding that grain boundaries were oxidized with Cr. Therefore, the PWSCC behavior in A600 is discussed by using an
internal oxidation mechanism. As a result, effects of the grain boundary carbides and Cr depleted layer on SCC are
considered possible to explain the effect of suppressing or promoting to the internal oxidation progresses at the grain
boundaries. In other words, SCC resistance is low in solution heat treated material which has no Cr depletion and no
precipitation of grain boundary Cr carbides, because Cr oxides in grain boundaries are generated by the inward diffusion
of oxygen. When the Cr carbides are precipitated and Cr is depleted in grain boundaries, SCC resistance is also low,
because the oxygen diffusion is considered to promote in the Cr depleted grain boundaries and easily occur 1G oxidation.
When the Cr depletion in grain boundary is recovered, SCC resistance is improved, because the Cr carbides in grain
boundaries is believed to be suppress the grain boundary oxidation.

In chapter 3, by using materials with some components alloys, the effect of Cr and Ni on PWSCC resistance are
investigated and discussed on the basis of the internal oxidation mechanism to refer to Chapter 2.

In chapter 2, by using 316SS and A600 with different heat treatment, the effect of Cr depletion and Cr carbides
precipitation in grain boundaries on PWSCC resistance, has been discussed using an internal oxidation mechanism.
Among them, PWSCC resistance is low in A600 which is a Ni-base alloy, it is high in 316SS which is a Fe-base alloy.
These phenomena are known in the art. Also PWSCC resistance of A690 which increases Cr content and decreases Ni
content is known to be high. Recently, there are many studies that even in 316SS or A690, it is known to progress
PWSCC when the materials are cold worked. As mentioned above, Fe, Ni and Cr which are the main component of
stainless steels and Ni-base alloys, are considered to affect PWSCC resistance. However, it is not enough clear for this
cause.

For the effects of chemical compositions of materials on PWSCC resistance, there is some knowledge about the effect
of Cr content in Ni- base alloys. Results of a constant load test of Ni-base alloys with Cr content varied from 2 to 20 %
(10 % Fe), SCC resistance was improved by the increase of Cr content. On the other hand, when Ni content was changed
from 88 to 73 % (5 % Cr) in Ni-base alloys, the difference is not appeared for the SCC resistance. Also, Ni-base alloys
with varying Cr content from 30 to 0 % (10% Fe) were conducted in RUB test. As a result, PWSCC resistance increased
with Cr content more than 20 %. Therefore Cr is considered to be an effective element for corrosion resistance. As
described above, there are a number of findings with respect to the influence of Cr and Ni on PWSCC resistance, it is not
always clear about the mechanism.

In this chapter, the effects of Cr and Ni on the PWSCC resistance are aimed to investigate by using model alloys for a
wide composition range of the Fe-base over Ni-base, and the roles of these elements are discussed.



Test materials were prepared as follow. For the different Cr content materials which were fixed to the Ni content of
about 75 % and by the content of Fe in the balance, the Cr content was varied in the range from <0.01 to 20 %. The
different Ni content materials which are in the balance of Fe and fixing a Cr content of about 15 %, varied the Ni content
between 10 and 73 %. The solution heat treatment material of these materials was evaluated PWSCC resistance by RUB
test in simulated PWR primary conditions, as well as in Chapter 2.

As a result, PWSCC resistance was low from <0.01 to 16 % of Cr content, and improved when the Cr content
increased from 16 to 20 %. PWSCC resistance was high from 10 to 50 % of Ni content, and decreased with increasing Ni
content from 50 to 73 %. Thus, Cr is an effective element in order to improve the PWSCC resistance, while Ni is found
to be a negative effective element. From the result of combined effect of Cr and Ni content, low PWSCC resistance
revealed when Ni content is more than 70 % and Cr content is 17 % or less. This result consistent with the behavior in
actual plants, which is PWSCC resistance of A600 is low, PWSCC resistance of A690, alloy 800 (A800) and 316SS is
high. In addition, by relationship between PWSCC behavior and grain boundary oxidation behavior, the effects of Cr and
Ni on PWSCC resistance were consistent with the effects of these elements on grain boundary oxidation resistance.
Therefore, the effects of Cr and Ni on PWSCC resistance are considered to be described with reference to internal
oxidation mechanism.

In chapter 4, in order to accelerate the SCC of non-sensitized stainless steels in BWR condition, SCC evaluation
method is established by using Slow Strain Rate Test (SSRT). In BWRs, low-carbon stainless steels which are unlikely to
be sensitized are used as shrouds and recirculation pipes. However, it has been revealed that SCC occurs in these
members. Features of the SCC in actual plants are as follow. The increase of hardness due to the surface treatment can be
seen in the occurrence location of a crack at the surface layer, also cracks occur as Transgranular (TG) SCC in the surface
layer portion, and propagate as IGSCC. Although the surface of the working layer is believed to accelerate the SCC,
mechanism of SCC is different from those caused by Cr-depleted known conventionally, and not clear.

SCC crack growth of non-sensitized stainless steels has been usually evaluated by Compact Tension (CT) method in
laboratory. CT test is capable of fracture mechanical analysis. CGR at a certain stress intensity factor is an important data
to predict and evaluate the propagation of actual SCC crack. Meanwhile, CT is required as long time testing, so it is not
suitable for a screening test to examine the material factor, etc. Therefore, SSRT is investigated to the application as an
accelerated evaluation of SCC in this chapter. SSRT is widely used as SCC evaluation of sensitized stainless steels in
high temperature water. According to the results, it has been shown to be one order of magnitude faster growth rate than
the constant load test. On the other hand, a method for evaluating the SCC resistance of non-sensitized stainless steels by
SSRT becomes necessary to improve the test method, since the SCC resistance is relatively high, and it is difficult to take
advantage of the acceleration of SSRT.

In this chapter, study on how to accelerate evaluating the SCC behavior in high temperature water of non-sensitized
stainless steel by SSRT is carried out. By using the method, the SCC crack growth of existing 18Cr-8Ni stainless steels
was evaluated. Moreover also major environmental factors are investigated.

316SS, 304SS and Type 347 SS (347SS) were selected as typical 18Cr-8Ni austenitic stainless steels. To accelerate the
SCC by SSRT, the specimen was milling at the surface and made a crevice by using graphite fiber wools, and the solution
was bubbling pure oxygen gas to achieve the dissolved oxygen concentration 32 ppm. To evaluate the SCC resistance of
the samples, SSRT was stopped on the way, and evaluated by cross sectional observation after the test. The incidence of
IG cracking increases with decrease in the strain rate in 316NG, and the IG cracking was observed in the strain rate of 3
x 107 /s. So, IG cracking can be evaluated in this strain rate. In addition, the number of cracks increased with increasing
amount of stopped strain and saturated at about 8 %, and the maximum crack depth increased with increasing amount of
stopped strain. These results means that cracks propagate with increasing amount of stopped strain.

From the results of SSRT, SCC resistance of non-sensitized 18Cr-8Ni stainless steels in 316NG, 316SS, 304SS and
347SS showed almost the same. Crevice and surface treatment did not seem to affect the crack growth behavior, and
these were believed to promote the occurrence of the crack. CGR by this SSRT method was evaluated as the dependence
of maximum 1G crack depth with stopping the test. CGR by the SSRT in the strain rate 3 x 107 /s was estimated to be
approximately 3 x 10™® m/s in 18Cr -8Ni austenitic stainless steels. This value was about 10 times higher than that
obtained by the CT test. In the SSRT, as the influence of environmental factors on the CGR, CGR shows a peak at about
288 °C in temperature, and increased with increasing dissolved oxygen concentration or conductivity. As these results,
although CGR and the forms (IG or TG) changed by the strain rate in SSRT, it can be a method to easily evaluate the
SCC of non-sensitized stainless steels in BWR condition.

In chapter 5, by using alloys with different chemical compositions, the effects of Cr and Ni on SCC resistance of non-
sensitized materials in BWR condition are studied. Although the sensitization is not a major factor of SCC in non-
sensitized stainless steels, it is considered to be one of the factors against SCC in high temperature water. Therefore, Cr
content should affect SCC resistance of non-sensitized materials. In addition, Ni is included as a major element of
austenitic stainless steels. According to conventional knowledge of these elements, the corrosion oxide film consists of
spinel oxide a-Fe,O3 containing Cr and Ni in the inner layer. However, there is little knowledge of examining the effects
of Cr and Ni contents on the SCC resistance. Accordingly by utilizing the above SCC evaluation methods, the effects of



Cr and Ni on SCC resistance of the non-sensitized material are investigated in simulated BWR condition in this chapter.

The chemical compositions of test materials were prepared as follow. Cr contents were changed from 15 to 25 %, with
fixing the amount of Ni to about 20 %, and balancing Fe content. Ni contents are changed from 12 to 60 % with fixing Cr
content of about 20%, and balancing Fe content. SSRT which was established in chapter 4, and also creviced 4 point bent
beam test were used as SCC evaluation method. To accelerate the SCC, surface treatment and crevice were applied to the
specimens.

As a result, Cr affected markedly to prevent SCC in both SCC tests. Ni was slightly effective to increase SCC
resistance under the SSRT, however, not clear to affect SCC resistance under creviced 4 bent beam test. Materials
containing more than 24.5% Cr show the excellent SCC resistance even in the case of having a surface treatment layer.
Effect of Cr on SCC resistance was discussed by the physical analysis of corrosion products and the oxide film
repassivation ability by using a strain electrode method. Corrosion products consists of mainly Fe, and two-layer
structure in which Cr is enriched in the inner layer, Cr concentration in the inner layer increased with increasing Cr
content of the materials. Furthermore, according to the strain electrode measurement, the current density after breaking
by rapid strain decreased with increasing Cr content. This results means that film repassivation promotes by an increase
in content of Cr. These results suggest that Cr affects to suppress SCC due to improve film repassivation behavior by Cr
concentrated corrosion film.

In chapter 6, based on the contents from chapter 2 to chapter 5, Similarities and differences between SCC behavior in
PWRs and BWRs are discussed. Especially, effects of Cr and Ni on SCC resistance are comparative reviewed from the
results in PWR primary condition of chapter 3, and in BWR condition of chapter 5. Also PWRs and BWRs belong to the
same type of LWRs. However, each structure is different, that is PWRs have primary and secondary systems via SG tubes,
in contrast BWRs have only one system. Meanwhile, the structural materials of PWRs and BWRs are similar, i.e.
austenitic stainless steels or Ni-base alloys are used from the viewpoint of strength and corrosion resistance.

SCC resistance in PWR primary condition is evaluated in chapter 2 and 3, and that in BWR condition (Normal Water
Chemistry: NWC) is evaluated in chapter 4 and 5. The effects of Cr and Ni on SCC resistance in PWR primary condition
are obtained in chapter 3, and those in BWR condition are obtained in chapter 5. When Cr content is about 20% or more
in PWR primary condition or about 25% or more in BWR condition, SCC resistance is improved in both conditions.
When Ni is about 70% or more, SCC resistance is deteriorated in PWR primary condition, on the other hand, it little
affects to improve SCC resistance in BWR condition. In other words, the effect of Cr on SCC resistance is similar, while
the effect of Ni on SCC resistance is different between PWRs and BWRs.

In this chapter, SCC mechanisms are estimated from these similarities and differences in PWR primary condition and
BWR condition, and the effects of Cr and Ni on SCC resistance is discussed in each condition. At first, the similarities
and differences of environments of PWR primary condition and BWR condition were organized. Based on the results, the
effects of Cr and Ni on corrosion behavior are discussed from the thermodynamic point of view. Then, prior knowledge
about the SCC resistance in actual plant and laboratory data are summarized to contrast the environment and the SCC
resistance. Based on the comparison results, reasonable SCC mechanisms are considered from the conventionally known
mechanism. Finally, the effects of Cr and Ni on SCC resistance in PWR primary condition and BWR condition are
discussed by using the mechanisms based on the results obtained in chapter 3 and 5.

Between PWR primary condition and BWR condition, temperature, dissolved gas concentration and conductivity are
mainly different. Temperature of PWR primary condition is about 320°C which is higher than 288 °C in BWR condition.
For dissolved gas concentrations, dissolved oxygen concentration is very low at less than 5 ppb, and dissolved hydrogen
is added degree 30 cc/kgH,O (standard temperature and pressure) in PWR primary condition. Whereas, in BWR
condition dissolved oxygen and hydrogen peroxide gas generated by radiolysis of water. Therefore, the electrical
potential in PWR primary condition is lower than that in BWR condition. Conductivity is relatively high in PWR primary
condition containing lithium to control the pH in conjunction with boron to absorb neutrons, whereas it has been
maintained as low level in BWR condition. Thereby, the conductivity in PWR primary condition is relatively higher than
BWR condition.

From the effect of the difference in such conditions on SCC studied in literatures, PWSCC resistance of A600
decreases with increasing the temperature, so the temperature is considered to be the acceleration factor. On the other
hand, the effect of conductivity on corrosion is considered to be relatively small in simulated PWR primary condition.
Because of the difference of the dissolved gas concentration, electrical potential maintains as low level in PWR primary
condition, is relatively high level in BWR condition. From the difference of these electrical potential, it is considered that
SCC occurs by internal oxidation mechanism in PWR primary condition, on the other hand by slip dissolution / oxidation
mechanism in BWR condition. Cr is considered to prevent SCC by suppressing oxygen or metal ion diffusion in PWR
primary condition, and promoting the film repassivation in BWR condition. Ni is considered to promote SCC by
promoting grain boundary oxidation in PWR primary condition.

From this study, the similarities and differences about the SCC resistance between PWR primary condition and BWR
condition become clear, and the effects of Cr and Ni on the SCC resistance has clarified quantitatively for the first time.
This finding is expected to be able to contribute to the development guidelines for SCC resistant material in LWR
environments.
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DMV MAZREICITY VL L bic, EHEDOX I ITHBIBERITRD D SLE B, BIH O %Mz i
FF-MESELTODOMBMTENEEREFEEZXD.

HAR T TV DEKF XK E < MEAR (Pressurized Water Reactor: PWR) & @ i kK ! (Boiling
Water Reactor: BWR) @ 2 FifHIC B &5, PWR L, BURMEERE % 1 RIBHAKFZROWHAK S AT A
WIZBICIA®S T, ¥ —E U THRET D 2RROEBEKEITETEAREN L THITTNDZ LR
Thd. —F5 BWR IEAHTHEELEATER LEARELDEEX —EUICEDLEMA LR ST
WL, DWTRIZEWTS, 300CREDEIEKRETHL Z L2b, MEMEOBATE—2AT A FFR



AT L AR N BB e ERFLDERREE RIS, ENITIH A 55 K5 IREG &0 ) Bl
RECHEASNATYS Y. 26 ORAKFEM B O EIRAKRSE FCOERICRT B, ZhET
AT v AR Ni BB 4 CiEs 1 & EIL (Stress Corrosion Cracking: SCC) <0 JR i #% 2 i 718 22 5
AU (Irradiation Assisted Stress Corrosion Cracking: IASCC) W& v, K& &M CIXimEhmEE £ (Flow
Accelerated Corrosion: FAC) 2 Y4 H % 9. F£7-, HEICEELRL TH, FAFHAOBREL LT,
WIS OMES H 5. AP EETIT, FRBEYT O Fe 3 XU Ni CHEF O ARHY O Co 23 ik

RV T 2. 2o OBSMEEERAGEKEBRKISICE D HHAPICHEL L, £0®%E.L
SADIFRREEM OB AR PIF LTI b S T, ZFMEFICHERVIAEN LD, FLhrboD
KBREDLEALHELY — B R ETHFABMDO L NN ERS>TLES. ZHICK - TR HHEDN
DEYERFEOWKIT ZEBEES L LHEBELEZOLNTVE YD S LICRBOFEREHE X T,
VETT I VT Y POMELEERSATNS Y,

COXDITEAKFOMEHIET 2B ICITEA ZRR OB D LM, TOPTHRIZAT VL AR
Ni 25/ 4D SCC I, MHMMEEZATCIAD TWDEI AN U F Y —Z#E L THHKTICE 1D ik
HEMEZNAB~BHE LT LEIRNDR D L2EHBELRBETH D, £z, SCCITARMITITMOATIE S 72
LICEARREAEL, REICERTIZ RS-0 FRAEHELW ™, K113 Pk 94E 3 AL TOERND
EOBEKFIZEITLIREFICED N T TNVOWMBERA N =X LEZHFT LD THDL. THITED L
b7 Z7ADRRIE, SCC 8 40% T bE< 250, THEARE TH-7Z . TOLHEAFIZED
TiX, SCCOMWEITERABMA LN ELSNTE 2 Y, ZofiRE 11177 X 51, MEH
B OYE CARLREEM b O B, IENRTFOUEZICLYRESOERER B LA TS P,
F72, K12, 1-31CRT LISk P TIEIND SCC OFEHI & HFICH L TRHEMARBENITHN
TW5.

INHORERND, SCC EMMmMIICA D L, REER &SNS DM EERIC , AER 72
BICEDLBELE W) LN TED., SOIKEAEERNNGARD L, ME, BRE, KO3 SOEHENK
ERFEREBION TS, 2O L6 SCCRAEZMA DITIIM B BREICE L CITE & Z i+
LB, T L TG RSN ZRBSEL28IRNEE L 0D, BT ER A7 X5 ITBKFHE O
SCCIZEDL D FTZ T NIZHONTORREIL, ZNETOHRICLV ZOZIBFERINTEL. Ll
WKW DR 2 L 2ITAT 9 ETSCCHRE L TRMIROBENR NS SOESHTEY, TRETOM
REBEZZ ETERDZREMOBREIBELEZOLN TS . 2R bO5%BMRO VLI RGRE &
LCiE, BKFORESL(CE R/NRENICIED 5 ERELSTE L TEERSATWS B2 kT
IZ, PWR & BWR IZ/$H L T, SCC D HM4] & 2 Dt MAFZEICBT 2 Zh £ TORMKEIC O VTS S
WCRELS B, Iz itEA i+ 5.
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1—2) BEAFIZEBITE SCC FHhI L EDIXNFEHIE
1—2—-1) PWR

PWRm,m%ﬁ&@%ﬁﬂlﬁﬁﬂﬁ%%ﬁ%ﬁﬁkﬁw,&~Ey%@ﬁ2ﬁ%ﬂﬁ%%ki%
KBEERENLTCREEBICDEBESN TS, 1 REGEHKRIL, BHEEICKT 288 EERZME 32 7=
DKEBLOMEZBRE LR FFHRAOHKFDEEINTND., —FHF 2RKRIZHOWTIL, —KDkT)
T ML EERE S o T D 30,

1 WBHKZDEN NG o HZ Y —Z kR L TV DR FIF R & ARQRB AR XL OMESRIZIZE O
JEE A & L CTIREGBMA R S, 1 ROHKICET 2 REAICIITEEEZ BB L TAT L AHHN
WIED SNTW5D. FEEEEBROERICE, To/RETRETRE éﬁﬂ@’fﬂ&&@ﬂ%%&f&é*&%%
v, R, mEtE, BULBERME, BEEEZBELTNIESED 600 AN EZIEHINLTVS

PWR (23517 5 SCC O IL, 600 &4, X750 4% D Ni LG540 1 REBEIKR D KEEE T SCC
% i Z 9 PWSCC (Primary Water Stress Corrosion Cracking) &, M7+ E SN L OA— AT F A
NRAT v LA SCC it 23 IASCC 3% 5 %9, §5I2 600 R a4 1L, A&Me 2T v L AWM
BRI OB HHLENBEHZOERICHWOI, 1 RWHKENOLZ OMMEET LI END, £0
PWSCC %t 1% PWR O 2EHIZEB W TEHERMEZ HOTEY, Z 07D O TR ERBH I
TIRIICHE D BT & 72 3738 600 A4 D PWSCC IZxt L TIx, BB A & 1AM IC 72 690
BE~ORE, BREOB AL IEARKFZREORE, KWOOBHRNLITY gy FE—= 7 ERR
SN TWnd., ZHUHDFMIC OV TIIRRT S,

F7o PWR OREZRFFHE LT, 1 RWEAKRE 2 WFEZ DT TVDLEIIEEREBEE (Steam
Generator tubing: SG &) DFENH S . SGC EIL L IRGHKZDOBFREEZMA LiIAD DL RN XY —D &
e, LIRWAEAKZOREZ 2 RRBIWCHFELILSBALIBEAMZRNMADOILERH L. ZOTDHERAT
MENHERTE 2%, BONEMIE 1L RMEAKRETOMEMEICEN, Ho%E AL 2 KRR BRE O
BMHEICEND ZEAMNETHY, FEFICEF 2L ERINIBEERTM TH 5.

WD SG BT AT VAN Tz, 2 RAOEALwERE OMMEMER EOBLE S
600 BRI, L2rL 600 A&l WNTH 2RMREDOEIE XFFRE DT M THAALH R Z
v DHERE L Na 23 L CoR 7 /L UV BRBE & 72 0 SCC &2 2§ #4123 1970 B £ TZ < F4E L 7z 409
ZOID, KEFEME LTRHH S TWZY YT Y DA, Naz & E R WSR2 (Al
Volatile Treatment: AVT) ICHEI N, Fo, AT v VOHBELWO T2 ORE O FHRE 72 E BT
DI TWb. Z0Ot% 1980 5 1 WMl PWSCC NI & 720, K O RALY T H & 5 BB
XV RIAE 2\ EXE 5 TT (Thermal Treated) 600 A& 233 S . BICFOHBEZITITHME N
TT690 A&tk S, BIEIX A& MBI Z > Turiau 4752,

SGEHMM L L TR D XNEMAMEOBA CEERMEDOEBELZAM LK L2 DER 1-2 ITRT.
ZOMM» D TT690 A4xid, 600 &4, 800 &4, SUS304 IZL~ 1 RIMHIKFRZMEE LMK & 2
WHREFE LA o7 A ) BREICB W TENTZIN SCCHEZ R L, MERMEDOBLEI G SG &I
LCWDZEnbnbd. 7k TT690 A4 iL, HHIKESEFICE DML & £ 5 & SCC M
EESNL IR TARABRETHEMSINL TV LILODOERBEOREEHIIT LA LRV, FA YD PWR
X717 % & CANDU (Canadian Deuterium Uranium)= CIiiif PWSCC M D 81 575> & 800 & 4 A% SG 45 12k



AEhTnd.

# 1-2  SG & Ot B3 % H %t kg 39

Table I. Relative Ranking of Corrosion Resistance of Candidate SG Tubing Alloys

Corrosion Issue (freely corroding)

Stress Corrosion Cracking
Chloride
Acid
Acid + SO, (trace)
Neutral (or AVT)
Caustic
Below 6%
10-50%
Water
Pure, primary, & AVT w/H,
Pure w/0O,
Sulfur compounds
Acid sulfate
Alkaline sulfate
Acid-reduced compounds
Alkaline-reduced compounds
Lead-containing environments
Acid
Neutral (or AVT)
Alkaline
Intergranular Corrosion Attack (IGA)
Acid
Alkaline
Pitting in Chlorides
Wastage
Phosphates
Sulfates

Rankings: 1 - Best; 5- Worst; () Estimates
MA - Mill Annealed; TT - Thermally Treated

Alloy 600 Alloy 690 Alloy 800 304 SS
MA TT TT MOD
1 1 1 2-3 (4)
2-3 2 1 (1-2) (3)
1 1 1 2 5
3 2 1 2 5
4 2 2 3 5
4 2-3 1 1 1
4 3 1 (2) 5
3 1 1 5
1 1 1 (1) 2)
34 2 (1) (2) (4)
2 (3) 3 3 (5)
4 4 1 3 (4)
34 3 1 1 1
34 3 4-5 5 5
34 2-3 1-2 (4-5) (4-5)
4 2 1 4 (5)
34 34 2 3 4
3 (3) (2) (2) 3
3 3 2 2 1




L,L, 600 A4 ® PWSCC IZBIL Ti, HLIEF LR X I, MEOLESIE IEEMIC X 2 xR
DEDLNTHWDEIHEOO, BEX7/2F LEE T SCCREZMENE L, K14 27T X 2 28BIb & O
A TR D2 ens, Who HIEEEME SCC Tld<, WERILoKEFREA, 71U —
FEV o EHENRESESN TS, LrL, TOMBICOWTIE & LRI L2 5 1T
PR A 4 pk sy (Cr, Ni) ORBICET BT RIEZR+STHD.

120

ALL MILL ANNEALED ® MILL ANNEALED
Dol LOW CARBON AND (SIMULATED)
06C & "SENSITIZED" LOW CARBON O SOLUTION ANNEALED,
X SENSITIZED
90
SOLUTION ANNEALED
80 AND QUENCHED
70 . ' .086C
% ‘ -
SPECIMENS 60
CRACKED :
50 ' ‘/ .04cC
40
30 :
20 |- .04 8.06C SENSITIZED,
NO CRACKS IN 10,000 1
10 - HOURS
0 Y SO NN IR N NN S r043“ffF L1 ]
O I 2 3 4 5 6 7 8 9 10 Il 12 13 14 15

TIME, THOUSANDS OF HOURS

1-4 BKBREEICIHIT % 600 &40 SCcC ™



1—2—2) BWR

BWR (%, DL TRELERREZEEY — IRV RETHV AT ANLED . BWR O Rt
BT EARKR, GHMBEREEREORFIFR, HEREOMHER, IFHFLAANREORZRRRLE
NHeY, EEMENL, BEENICAAINAWMEOET), RE, MR, WEFELAOREEELZE L
TEREINTVWD., JELBEITEEE, BEISUERN R EINTESEREICESE, RKOWIKIGT
TEDOLNTEMEIOF MO REZR DO EHNT WD, FEAMEE U CRFBHMAFER S, MEMEEY
BIPENER SN DREME L LTAT U LRABMAEH S5 %9 BWR ICBIT 2 EROBEIL, KA
SH O£, Pk 2T L 2D SCC, MEFHIE SCC %R dh 5 08,

BWR Ti% 1970 4F4 13 k0 IS BB Ol = % $ifbic B[R L 72 SCC o [ 28 B AE AL L 7= 289,
Z OHHALEE K D SCCIZOWTIE, DB HBITHIZE 1D & T X 7= 846,

AT U AGNCE LIS b 2 mMEl T 2720 RFEEZW O L, REMBS OME Z 45 720
FEBMUERFIAAT L AME LTERREAT L ARHAE S O™, £7-, 600 44 T,
RFEERNICEET D72 =47 2R L 722 E(L 600Nb &30 % Sz 27

BWR (25} 5 KEIC %Lfiiﬁm“ LB I TS, BWR B HIKBREE 13K O K 5 5> fiR
WEDVACLLIEMEBRBCLIVEREAZRET 2BEHFBEASEBBILKEREENLTND. ZOTHKER
B4 JB 1% A (Noble Metal Chemical Addition: NMCA) |2 J& B BAL A2 R S5 B T TV 5.

IS ) OB B, & E B ANEL Sk #E S (Induction Heating Stress Improvement: IHS1) %512 X 0 &
R ORBISE N 25BN DIEM TS ET S HERH D ™. 2 b SCC DML T Ox K IT#E 1-3
ICEEOENTNG ™,

L2» L 2001 4ELABE, H AR D4 Hiod BWR IZE W THUEAL Z Ml L7z ESEUEIR R FE AT v L 2l
BOTHRBICHOWEEMIAMbS &, 222 BEAE L TSCCHRIDIENHL ML Aotz 778,
I BHDSCCIE, JRFIFNDOKDIRALZF L& ENERMZHBET 53 27 7 K9, KOz sl
SRZITEDOERHEEE CREZI TV, Y277 FOEHOFI %X 1-5 | :m?‘“). ZOERITER
JBEOM T/ TIRRMNEREZEZL, 2228 LT ZOBRMATEUMEL Z EABRMTHD.
ZOIBEALM TE 2D SCCIlZOoWTIE, BRI TSt FHEOE WERISHNEET L L EZ LN
TRV, VA= HF—Vzy b= /R =Pt —= VR LIENREOHE R ED LN TN D
H DD, it SCCHEIZKIFETHMERFDOREBIZOWTIXELZMEAN D720,

10



# 1-3 BWR IC31F % SCC H i %2
S GHES - HEEY R ERELER | R
B v o ke 220 {ES*s
EEaa&M (F4) A 951 HRE /R
AT~ Er P %ﬁzl?ﬁ b\ﬁigfx
A2 aRN600/82/182 (Dl —h)
s / wl R
— 5 (KPH
REEEAEY | 2oL IASCC AFTEA, NMCA
(Fﬁé:&rb K, OB/ W AE T
il =251+ % {ECHf, NbiF it
L RFRE) ERROT AT N IGSCC KEEA, NMCA
A4 > a3)V600/82/182 OB /il
e (SCCxt%)
FRFIF RS — g = ~ . -
Grmsts®, o, | 550D T S | IASC_ | R vcA
Pxy bR TE—N bR > 2 VKT50 | BEEHT | (Zoth-a)
%) HUE / W
RFAFE—REGH R EC%*T %)
S — — R —_— — =z C
B2 - HEE Y A_LTIAR Wageyt | KA, NMCA
(EE, 37, R 7% (F D)
HUkE / Wit
Bt o
E " EEe
e TO—Tg) - @mﬂﬁ
ao—Tar | (FOM—)
HUEE / BiAS ol

X 1-5 BWR|

11

BUFAKRERT L 2o scC )



1—3) WHHEDEH
AIEIZ BN T, BARIFORMMORAICE T 222 m LIk, MEMoBREZFML, HEOR
ECEREZME T OEMEAZMABT 2RV ETHL Z AR, EOHFTEH SCC xRN HE 2GR
BTHY, ZNICHTIRERCIENEZEBCONTHREZR 2, FFICHEHMIOBE & 20Xk & LT
TONTELERLOEZLUTIZRET.
a) PWR @ 1 B HIK%R TIE, Ni &40 PWSCC & A7 L AH|D IASCC 23, 2 KA TiX SGH
O ERESL, KAEEHHO FACENHETH 5.
SG EIZB L TIX, 1 &M PWSCC DFEEDIEMNIZ 2 kMO T V71 ) BB TOD SCC DFEEN &
D, 2T L RHNG 600 B4 0liEth, S5 TTHLHEDOAE, £ LT 690 &4 ~Dil5ih b i
BB 3 A 72
b) BWR Tl%, A7 v L AL Ni AL OHELERIC LD SCC ORMEMND, KRFEAT LA
#1022 E AL 600Nb & &~ DER 3 e A 72

—HFTCHAELBRHFAPED LN TV HHEL LI FIZRET.

c) PWSCC DR IZH 2 < B SN T\ T —F L7z AfiEIx 7. [PWSCCiEZe ¥ Ni 54 TR Z Y
GO L) AR L, Mt PWSCC # L L TR S N7z TT690 &4 D Ni & Cr D
BROTTAHROMPIZEAL T, ZOBENA oIS THRY.

d) BWR W HIKERBE TUE, T e IEFHEALMIZIB N TH SCCHRER Z 200 ) M L MNIT72 > TR,

ARIFFTIE NS OB L TRESIE DR T HBE LA, MBI 2 H 5 M EHR 7 o Bl
SN B EGHTe 2 & & L 72 K Tl SUS304 X° SUS316 250 18 Cr-8 Ni & 27 > L 247> 5 600 & 4
690 B4 HED NI £G4 ETEWFe, Cr, NififHOA — 2T A4 FRAEEVEHINL TS, Ly
L, 2O EHITFEIZONWTEDOEEL RBEIITT 72T 720,

ZZTCAMRETIEMER DS 6, FRICA—RAT F A4 NRAESDILWVEHIFAITO Cr & Ni OFBIZHE
HLTHMALZ. +7bb PWRLIRMAKEEIZI T S PWSCC ¥ &, BWR MAKEEE I T 5 Ik
SR DIt SCC PEIZx+ 2 Cr & Ni OFBEEZRMREOBRNLIFMLZ. RICENLHRE
PWR & BWR THEGFEi L7, Zhic kv, PWRL kM HEIKESE & BWR mEIKEEEICE T 51t SCC
PEOFELL - FHE S A ML L, M SCCHEICKIEFT Cr & NiOEEZYNITL2ZEE2HBELE. I
ICE D, BAKFREICH T DM SCCHEIOBRIBIESHIE T2 LNnTEDEEXLND.

1—4) @mXDE
KL O EZ K 1-6 I~ 7. ZOMELLFICZET.

1 ETIE, BAFOBREE LTSCCHAEETH D Z LA, FREINMBELE LT PWRLRMHA
KERBEIZH 1T % SCC (PWSCC) &, BWR MmAIKEREIZI T 5 IHEH AL AT > b 28 SCC %z B I
TRz ELED 5.

- 2T LE 3T TIL PWSCC OFREEICHY fEr. % 2 3 TIX, PWSCC (Zxtd % #iffifb & kit Cr ik
L DB ST, BULEZ B U TH LI L, SCCHEMEIC O VWTERT LS. HB3ETIE, F2
HECER LI SCCHMEERE 2, n 2Btz T vEamME 2 H T, PWSCCIZxf3 5 Cr
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ENi DRBEEZHNIT .

- B AFELE S E T BWR MAVKEEICE T 2 IEGGHEIL AT L 2D SCC OFRBEICTY T, 2

4 BT, FEFHEAL AT U A O it SCC M % HH I FE 9~ 5 72 @, KO A FE3UER (Slow Strain

Rate Test: SSRT) & HW/-iHliiEZ x4 5. HS5ETIE, H4ETHRFLEEFFMELZFMAL T,

R4y & AL S /T2 T VG BT T, FESLBULAM Ot SCC PEIZxt 3% Cr & Ni &AW 2

%.

C 6T, BFI3WMLESEOREAL I, PWRL G AEIKERE & BWR MHIKEREICHIT 5 SCC
FHOFL R EHESZERT LS. 22 KV BRAKIFERREICK T S SCCHEICKIET Cr & Ni OfEH
CEHEBLTERTD.

CHETETIE, FEHOLLTINETCORAREZRIET S, A THRE L7z, PWRL B H KBRS
E BWRAGHIKEBEREOBREDEWI LD SCCICKHTDHCre NiOEHEZHLNZTH. Zhicky,
WIFE S LD BAIF M EE O EFEMER Bl Tik R 5.

E1E #=
BAKIFOREL LTSCCHREETHALAZ L2, BINHRELE L TPWRLREGHIKERERICE
7% SCC (PWSCC) &, BWR B HIKERBEEICE T 2 IEHBEAL AT > U 28D SCC #H Y Lif/7-Fh
ELEDD.

E2E [PWSCC MIZRIFT F4F FEHGEERX T L ID
B D B SCC #FF My
BALEL S % 3 U C it PWSCC P12 %1 5 ik S A T > L A HH O it SCC M % R 1 7E
Ll RR Cr B O BB AT 55z LT, i % 7- % SSRT % U7 3Ffifi i % e N7+
PWSCC FfIC D\ THE LT 5 5.
| |
B 3E [ PWSCC MIZRIFT BEE FEHEAE D SCC HIZ K
7 DL 1T 157 DREZEE
EoBMDERYIER, RO LS E-ET WAEOFERENL, RO ST
LA E & VT, it PWSCC M2 % 5 FAAMEE VT, JESELHM O it SCC
Cre Ni DEBEHMCT 5. Mokt T2 Cr & Ni OB E BT 5.

H6E PWR & BWR KZBM B3 SCC #IZE T 31N - FHER
FIWEFLEOMPEZILIZ, PWRL R HIKEE & BWR M HIKEREEICE T % SCC & DM
OB AAZEE L, Cre NiOFHEEZEETS.

B7E £l
CHNETONFEZRIET S, PWRLKGHEIK E BWREGHKDOBEEDEWZ LS SCCIZxtd 5 Cr
ENIiDOERAZHNC LT, BKFMEIOEFEER E~O#FfF 2k~ %,

1-6 A 3L DL
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—1) ZLC®IZ

600 & 4x1L PWRL K/KERBEC SCC # L Z 7. Z DHIAIT PWSCC & MEiEh, Z OO, +
EARAFBNTEZHLMITHEDIC, TRETELOHENTPA TS . £z, 600 A&IC2O0
THit PWSCCHEZ [A] & & 272D OWFZE & AT i, BULEE TR AU Cr kAL 2 #r i S ¥ % & 1if PWSCC
PR ET 2520, ZEIZPWR 77 Mo nd SGHEICHMAENALTWDS. 20 XK 51, 600
BEBICOWTRLR Cr ALY OFEZFTM LM EIEH 5 b DD, ki CrkALHHr I £ 5 R R I
D Cr RZDEEIZSONTIE, KR Cr ZALMITHONE L OXBINEL <, ZOEENHE TR,

600 & 4> D it PWSCC I MAE TR CriAbM D EBZ SN TIE, TNETEL DR N H % 10719,
Foster & ', MMM B LI OHEDOR LS 600 A& ER L, KA ICH T %R O PR L
PWSCCHEDBREZRAE L. Thickd &, 1TLALEOREIT Scott 12 k2 & HERFTMET V& —
BLz., EELHEBROBRNY VO —MTEHERPREI R b@MEINLTWDS. £z,
Norring & 013, %k B 4 1E %2 25 2 72 600 & & DR R ALY & & PWSCC %4 £ TORER o B % i
Rz ZORER, RICMITHENZ VT E PWSCC BAERMITELS ko, TROHO/REMNDL, KR
AT 92 Cr AL Mt PWSCC 2 M ES® B Z ENRBL NI o TEN, RARITHED Cr RZ
DEBIZONWTHHITELRITIL TV,

fif PWSCC & ki ST D Cr R Z OMMRICE T 25K MAICIZU FO b D2 % 5. Van Rooyen'?
X, BEAKFEEZE TR OVHRAEIBKERE COIfif SCCHIZR T 2HBUILOEEBIZOVWTHAATNS. £
NIk 2, BHESBULIEMEEZ2 5L ESE T SCC 2T D EEZ LM, WHIZ SCC N &
NHFER LD, Tbb I RERT, BRI L 600 A4 IGSCC #2348, BULHEE ChiRIC
Crixft¥zaTH &85 & SCCREI LR RS, LML NcksE, (KCHom BM TRA
T Cr AR UALM AT H LT Cr AL DA 28 A 7 < BifiAk L 7284 BF o it PWSCC 1%, & C 2221k B
THPHEAL L TR WMEL LY K< 2%, T72b5 Cr XKZ XMt PWSCC M4 {X F && 5. Congleton
BNk B L, bFEMICHBIMNT L2112 925°C THESI -5 & it PWSCC HEIZIR F L, & 512 450C T
60 h iZh 9% & & BT PWSCCIEZ N IK T3 2. ZO%4A, BLBIZ LT H 23K T Cr kb
DR AT, KRITEED Cr R Z 8 de & i PWSCC K T3 5. Andresen®2 k35 &, 25
VAFHD Cr RZIZBLME DR CIIEEETH 5725, PWRL IRGHKERE CIEEE8i/hanz &2k
RTN5.

SUS316 IF 600 A 42 Fh it PWSCC PEAS i\ A%, @I TAC X W PWSCC A & 415 & & B 23
% 2 Arioka & 2%, 20%4 0 T SUS316 ® PWSCC X 24 [ i £ 12 >\ T, i 650°C T e
1,5 48 h B HETHRITWD., ZORERE, BULEIFM OB E & H 12 IGSCC & ZHE & &
DA L, BULELIRERE] 48 h TIZRLFRIZ Cr AL 34T H UKL SR T, Cr iR EE A 10 wt% 55 128 L T
WHZ EEERL TS, [FERIC Yamada & 9%, #HRINT. L7 SUS316 @ PWSCC & ZliEEIZ D1
THEL TS, ZHIZ LD L, PWSCC & HERBE IR ICHIT D CrikibmEaROBEIME &b
WA L, A E 60% TIXEN M PWSCCHEAZ R L7z, Ll Cr RZOEEBICHT 5BE1T+4
2w, ZTO X I, ATV AHICE LT PWSCCIZH T DR AL LR LD Cr RZ & DB
BRIZOVWTOTF—ZFELEDLTNTH 5.

PLEDERIZ, 600 &4 ORI Cr (RAL & ATt & & 2 BVLE I3t PWSCC ME2 & #ET 5 Z L2 H SG
BTN ST E 2, M PWSCC PEICKT LT, KT 5 Cr kb & 2 0iEE o Cr X Z O FE

20



EEHLTHFSICIIHMENEN TR, AETIL 600 44 & SUS316 1220\ T, BALEIZ%T 5t
PWSCC PE~D A2 1, BELE & R H O EZEBICHOWTERT 5.

2—-2) EBRLXE
2—2—1) H#HHEY

PR DL FR AR 2 K 2-1 ITRT . T R L MR & BA fkod, BRI, iBEsi L=, M
I AE THUE 5 mm OHAFIZ L, 1100°C T 10 43 PR EF£ ORI L 0 BECBULEE L 72 %, Sl
% 700°C X0, 0.1, 0.3, 1, 3, 10, 30, 100 h fRE &7 THEM L 7-.

# 2-1 A O (b Ak (mass%)

C Si Mn P S Ni Cr Mo
600 & 4 0.03 0.27 0.29 0.010 0.001 72.90 16.20 -
SUS316 0.05 0.34 1.38 0.021 <0.001 11.32 16.38 2.07

2—2—2) PWSCC #Z#gt

PWSCC Bk Tid LR SimUb BV EE £ O FEH I 20 %S ELE L CHRUE 4 mm (2 L7212, W % AF
HIL CEE A 7 — L ZBRE LT 12 mm EORMICTHE L. HiRICHIT 5 & & 360°CIC T 7251
BRRBR DR & & 2-2 ISR

# 2-2  SCC B 7 o e dk i 45 M

fifi & (Hv10kgf) 58 % (360°C)
it 77 (MPa) 51 9E 38 X (MPa) 1# T (%)
600 & 4 248 589 682 15
SUS316 275 589 683 2

KER T IIRM O FIE A EFHm e LT, 1ISO 7539-10:20132" %5 EZ L LT, A7 L 2IC LV}
AR U2 t%, #fF U P T 2470, 2-1, 22T EIRTOTHRLOY RN—R U X
RIBIRICLT, Ak« F v FhTHIRLEZ., 30 73K BB LI > & N=3 %EfH L 7.

«— 80
18
15
o]
N2 N
- %22 U oS— N REHRE
B2 05— Uy RRBTR (R mm) W22 DRm AU R
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SCC #lRI%, M 2-3, 2-4 2R TA— M L—THNIEY N 690 AeBOMFERNA— M7 L —THEL
AWTHENR L7z, MBS a R 2-3 1077, BBREMIE, PWRL WM HIKIREE 2 808 L7z, BlkITA
F VAR E M ERIEDO R VB (HsBO;) L /KEE(L Y F 7 4 (LIOH) # iRIN L CHTE O & 12 775
L. MEBREREIEMET NI EIFKL Y 7 ~NR_T Y 7 UCHREL, KRR T E
RFEH AZRFKE 7 ~NT Y 7% 0.07 MPa lZINE L CTRRAE L 7=, SRBRIEE X HIEIZ L 600 &40
SCCHMMEEIND Z ERMONTND S PWRLIRGHKERFEIRE LV &EW30CE L. A— b
JLU—T7OFEITAYD v bV, BERTOWREIZLI0 U v bL/h ThD.

By mHE

Wit - A
TE\as \ 4
Y
N ! Vitr SR
AU B+
BIE g TR
| - ANV S/
U N— 22U R \
St F—hr7 L=

2-3 PEBRAA— F7 L—T R

::"’i"‘ ’_""‘L-ﬂ" I

2-4 fEmAA— Fy L — TR E N

# 2-3 PWSCC #Br &t

EGs
15 360°C
IR 500 ppm B + 2 ppm Li
Ve A7 e % <0.01 ppm
TR A7 K H# 30 cc/kg H,O(STP)HH 24
B AL 1500 h
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2—2-—-3) HERBRRE

SUS316 DRI DIt BMEIX, Cr RZITER T 2 MR E BREEZ R CTE LR N T 40— B (Wb iE
50%Fi g, Wiless 8k 42 g/V v bVIKIERR, 76 hiZ{E) ICX VW F~7z. —J 600 &2\ TIE Ni
T 25 600 H 4 D BLEUY A Lo A BTN ] C 3 U0 ISR T & 2 40%AH EE B (BB g 40%fiEEE, 24 h 2
) 1 &0 MR R A 2 72 28 BRI A BB S IC > E B Y v T VR (N) I 2 THEME L 7.
AR X R AN £ @ 2 #600 BRAFE L. RBREZEOY > T AT A B VR CHA 7 — 1 L.
MR SR P 1E, RX(2-1)% FH W CREMR L 7=

RL S £33 £ (9/mP/h)=
(RERATEE -—RBREN A 7 — AV RER) /7 (REREXRREER) - (2-1)

2—2—4) HFRRIEGIHIFEM

BB BB & ORISR Cr fRAb4) & it PWSCC YEDBfR 22 72, BULIRA OKLFL Cr AL D8l
BEATo 7. BB TV ORKHEIZOWNWT T B AA Y ) —VIEKR QuREFZ+AX ) —)) T=
o F U TR AT, Ty F o T HORRMRICONT SEM ZHWTE Y 7z >N TREHR
B 3 7P 4 5000 5 CHIL L. £ OB Ez BN T 2 ik L TR O Cr ALY O AT H 55 8h & FF
L7z, BRmicix, XE-2ICE 0 RRESICR4 2008 Cr b O SHF%, K(2-3)I2 L VKR Cr

IRAL) O -2 & SR Tz

KR Cr AL 5 A 3 (%) =
(KL 5L Cr AL ORI R F7 iR & /KR £) X100 -+ (2-2)

KL St Cr ALY 06 (wm) =L 5 Cr AL FE LR R S - (2-3)

2—3) &R
2—3—1) PWSCC #g

UNR—=Z2UXRY FRBZEOY T VORFWEZIEFHMBEICTBE L. SRHOBELLZERY
> 7LD W DG B REE O BB A K 2-5, 2-6 (ZRT. 600 A4 TIE, 700°CHALELEIAY 0~3h T, &
WEIIRIS DB 5 S TWa Y FASEM NG, RAFHEICEET 2RO WEADNBEINT. £
72,2526 b bWLNARLICINLOEHFTVTR BRI Z R L Tz, X 2-6(c) XX 2-6(b)
D—EEPFR LD THD. [K2-6 17T X ICEMBMERN 10012785 & XZES IR L, #
SLEREER] 30 h LA BTk & R/ iITEBE s ho7=. —J5 SUS316 TIE W TR OBME LBV TH &

KRixe<Bgsnionoi.
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T

e

P

Zof
Bz

.

AR e X I A
) s el s o ~L il i e -

100pum
2-5 PWSCC #BR# Wrim P BME T E (600 &4, 20%M M T, U S—2 U~ REER(360°C,
PWR1 %t /k, 1500h), 700°C X (a) 0 h, (b) 0.1 h, (c) 0.3 h, (d) 1 h)
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2-6  PWSCC 7k 1% W i Ot 7 B 8 B 5
(600 & 4:, 20%M RN TAF, U X—2 U RiRBR(360°C, PWRI1 ALK, 1500h),
700°C X (a) 3 h, (b), (c) 10 h)
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FFBPHBBIRER LY,

SRESZWE L.

FOFER ZF 2-4 121277,

# 2-4 PWSCC kB R (U /8—2A U~ Pkl : 360°C, PWRL JAsfE-K, 1500h)
A B BRI ] e K & HIE S (mm)

(h) 600 £ 4 SUS316

0 >1 >1 >1 0 0 0
0.1 >1 >1 >1 0 0 0
03 >1 >1 >1 0 0 0
1 >1 >1 >1 0 0 0
3 >1 >1 >1 0 0 0
10 0.95 0 0.15 0 0 0
30 0 0 0 0 0 0
100 0 0 0 0 0 0

TRPFEAELTZS DI,

TDIFE AN ENIERSL

A ZEBLTWNWD EZAND, Mt PWSCC M4 &

oFE, T72bb FR(2-4) THAM L7-. LI D Z ® PWSCCC ¥R &2 Mif PWSCCHE & L TiEFRT 5.

PWSCC 3¢ 4: - =PWSCC 34 %/9 > 7 % X 100

ZOFERE K 2-7(a), (b)ICRT. X 2-7(a)i% 600 &4:, X 2-7(b)i% SUS316 DR TH 5. 600 A4
X, BUEULEVLERRER] 3 h E Tt PWSCC YEME <, SUBULEVLEE 10 h fig TR E <A L, 30h
SUS316 Tl W TN OB L&z W T 2 2U3BE s, it
Z D SUS316 IZBT AR IIME kDI AL & b —F L, SUS316 (X PWRL kBB CH&

L BTy PWSCC PED i < 72 o 7.

PWSCC ML @ v,
Lzt PWSCC 4 % 7= 9.

100 G
@)
60054, 20%4 ML
80
S
601
&
h
o 40
[%2]
=
[a
20
0 SS T T T \J ©
0 0.1 1 10 100

700°CEVLEREH]  (h)

2-7 PWSCC

(Y R—=2 UK

e (2-4)

100
SUS316, 20%43 0T, (b)
80 |
5
# 601
H
3
S 40
(%]
=
o
20 |
0® <@ O N o N o N r)
O o> \v \v A\ \v) \vy \ C
0 0.1 1 10 100

700°CEMLIRIRER]  (h)

B G ((a) 600 A4, (b) SUS316, 20%% &0 T.41)
B : 360°C, PWR1 ¥k % HI K A48 B2 5%, 1500 h)
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2—3—2) HERBRHE

B 5 R BR OFE B A 1] 2-8(a), (b)IT, SCCHER LA TRT. ¥ 2-8(a)it 600 &4 DR,
2-8(b)I% SUS316 O F5FE TH %5 . SLlLEALELIC X 0 R Cr AL AT L CTRLFGERE O Cr R Z 8
DI E T WD . Z ORISRl 2k FUE 3R TR L 7265 3, 600 &4 Clix 700°C ZA 4L BRI
3hAFECHREAREENM A Z /R L7z, —J5 SUS316 TiX, RO E & HICHRHEE SN L, B
BRI 30 h DL BT, BREEEIREIWEMT2HmERLE. NI £Z&&IL, F—XFTF 4 KA
TULAMED HRFEERS/DN S D, Cr oS E Wz 289 600 &4 Tk SUS316 12
RAC DT LS <, RiEED Cr RZDOBIENELS holzbBZEZ N 5.

B 5 R BR OFE B A PWSCC SRBR DS R & i35 &, 600 &4 TIXEVLEERF[E] 3 h £13F £ T,
B A FE SN 5 — 5 C, it PWSCC XK WE T Th oo, — HEULEERER 3 h LR IR 5
JERAEE DK T & & bICH PWSCCHER E L7, ZOMEND, KRTHEICEIT S Cr RZTRES
MiHkz S AP & it PWSCC M 0 BULER IR B R AF PR 1B i 28 — B9, R BRI R SN o 7
EEZHIDH.SUS3L6 Tid, BAVLELRE] & & b ISR U R PEABEIN T 5 23, ifif PWSCC MEIX 28L&,
i br S J6 F M & it PWSCC PEICHEBRIT L b v 72 o 7.

150 @====—= =—L0—0= 100
60044 S @
U 409 % 308
OV A= AU~ FikBh - 80
= S
L 100 =~
) - 60 3
H
1;«5 x
. - 40 O
Bg o
2 - 20
0 L T T T O
0 > 01 1 10 100
700°CEVLERRER  (h)
150 100
SUS316 (b)
AR T A DR ﬂ‘s 80
;g 100 - OV /A= AU NHRR g
£
g2 50 g
B o
i}a
0
700°C EOLEIRERT  (h)
2-8 KL FUJE A R BORS SR S OY PWSCC #% 3t & o B f%
((a) 600 A 4:, (b) SUS316, KiAJERABRF « BULE £ £, PWSCC B A 1 20%4 [0 T)
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2—3—3) HIRRIEYITHIZEE

PLBALBLERIZ X VR~ Cr AL T LR T 5. 600 A41220\W T, Cr kLo 28
ETOLAL )= VIRIRICE Doy Fr 7 %o 7 aiiksd SEM BB+ 52 LICX o> TR
ZX 2-91 . EEEE EOh)TIZR R HG MIEE A ERO SRRV OIZR LT, 700°C THAEIL
BV AZIT ) &, P REITRLIEEIICAHS B TV D RO, RRICBEI . &6
[CEVUBEEFERI A 3 h DL ETIZR RO A TR, NI LT A B Sz,

R Cr RALY O 2B BT R ORRICHEE S5 3%, Cr AL O AT, B O FEE S FE 7 12 7
W28 Cr OJEREIA AL & 70 % BVLVERIFR] & & b2, T RN Z L, R x X —#on/hsn
KLFURBEAR Y A MZZ2 RIS~ Cr RAC DT 42 . £ D% Cr OB KL IZ He ~KL R o0 5 78 B
Wiz, Cr RALMITRI RIS » THRET 5. S HICHET M0 FALICES L TR S o Cr
PEBICE D Cr’fiifasnsg 2 & THER O CriRAL B E L ¥, IR TORTmMZ AL X — 2K T &+
B 120 AL IR 2> BRI E LT 3,

Oh

0.1h

0.3h

5 um
2-9 (a) 600 & 4 D HLEAL FAL B R (2 K 2ok R iRL®) SEM BLEHE J(700°C X O h)
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1h

3h

10 h

30 h

100 h

2-9(b) 600 A< D FLFAL BALFRIFFIZ K 2 b SR Ak4 SEM Bl 4355 5 (700°C X O h)
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WL S ERAG W DM T RAE 3 BUL PR o F2 %8 2 SCC 2] & ffF & T 2-10(a), (b)IZ/RT. 2-10(a)
FRE2)ZMOTHE LR Cr It EAROMKEETHY, X 2-10(b)IFR@-3)ZH W TEHE L7
SEEJRLR Cr RALMIE OFE R TH 5. 1 2-10(@) > H 02D L 9 IR Cr R B A4 R AL IR 0.1
hTIRIFEF—ELRD. ZT0IZ L bHBALBILIR % LA EIRFR C, RIRIZI o7 Crit#ic kv, kL
ROFEALER CriRiEHTEDOND EEZEXLND.

— 5, ¥R CrRALIE 1L, BVLEERER] 10 hEEE TEML, ZToHMMLTWDE I b,
KIS O Critiiz L0 5 Cr OB RV RICDBRET 2 2 ENRB I, ZORKRITHAER
Bz ERIELTnDd EBEZLNS.

SCC =M & DRMRIL, RAD CrR{bMERFRSRLDOHBEIZA R > T-.

100
\
S \
- 80
5
U <
X
1K \eo <
s ¥
-LE[ i\
e H
S| 40 ®
X 3
s 2
i 20 A AR 7 v AR EHR SE (%) - 20 &
\
B OV = RUSY FHER \
2 \
’ 0 <5 ‘ —O—00
0 0.1 1 10 100
T00°CEVLERRERT  (h)
1 @===== =665 100
—_ (b) “\
IS \
S 08 |[ ATHERY @ LRk | 80
= OV /S AU~ Rt S g
% 0.6 1 1 Z,S 60 M
»y 1 H
K b
4 A 4 8)
004 40 O
N < '_s g
ES A § Al z
2 ‘
:‘,@ 0.2 ﬁ A \ 20
X \
H_ \
\
04X ' T T C‘ ©0
0 >> 0.1 1 10 100

700°CEVLELIRE]  (h)

2-10 600 & 4 D PLBEAL B IR & 5 RALWAT 25 B o OF PWSCC it R & D B 4%
((a) KA ALY AR SR, (b) FERLF Cr ALWiE)
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2—4) EEE
2—4—1) SUS316 & 600 & & DL #

ARE T, BFEMO > B, Fe A4 TH 5 SUS316 &, Ni AL TH D 600 A4l >0 Tl L7z,
Z DOFE R, AL O IR HE TIE, SUS316 1% 600 A 4 (2 b i PWSCC HE i3 <, Z D= IXHMETH - 7=,
F 72, SUS316 (X HLBULEVLERIZ X - TH PWSCC 33T, Sk & R Rt HIc B o 5 3
Mif PWSCC MEM & 2v > 7=, Z OMEMIEFFITHB VT, 600 A4 t~, SUS316 Oiiif PWSCC A% & W
EWVWOHMEL—HTLHHDOTHS.

HL, BREOMRTIZSUSIB ICBWTHHEMT 2525 & SCCaEIFTenmbnTng 2,
Ni A a0 Fe EEwaD AT L ZHIZ L~ Tlit PWSCC #E2MEW 2 & 1%, PWSCC OtELE 2 % |
TNIEBEOEENHLZ EERBRLTVNS., ZOMRICHELTIEHEIETEET L.

2—4—2) ifPWSCC MIZRIFT BMBEDELE
AWFFENZ BT D 600 A4 ORBRAE NS, BRI REE, R R HEAE R IFEEL IO PWSCC %
RO EZ R 2-11 IR R T,

N

o

kL RAL W)
HA R &SR

o

PWSCC 3§ 4 3R

7N

U g U g g R S

o

1> I e

HF ]

=
A

700°C UKL BRLIF ]

2-11 600 &4 DR O & F e J K T PWSCC 84 38 & BVLELIRE[#] & oD B4R o 15[

COREEY, i PWSCCHEIZK 2BV E O EIL, Tl 3 DOMFHBICKA L TEADL I LNRT
5.
IO : FEECBLEREE L L CREARIED N EL, CrRZB LA,
I B FUC IRAC BT L, [FRFISR ROT I Cr RZJEBFET S .
FEIRG KL FUTRAIIATH LT\ D2y, KRR IEE O Cr R ZEITRiN S O Cr O IRHUBEAS TIH &
LT3,
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FEIR O O PWSCC M IE i & TR A3, il RIS RGP 38T HH L T W 2 SRR O Cr RZ g3 H K
L CTW5 K@ TiEMt PWSCC PEIZE LM BT 2. ZAUIKFICHFET 2 RIEWIZ L5 PWSCC 41
IR EZZDZENTED. —F, RIEWIFHHL WD Cr RZEPFET 2 8B T,
PWSCC MIFIRWEFE THD. LRI D PWSCC #ifilZh B LL EIC Cr X Z 8 » PWSCC % i it
TWDehEEZLN, ZO/RIZOVWTIEARHORFETIERD.

L ZAHTB00 G40 PWSCC A =R L& LTI, T30 AR, NmB b, kHE
Mafb i 272 E 2V TERBEN TV D T N0 BRI TIXOTARICEVRRT X N Y,
R DOBIEE T I RE SN TRMOBEENETTL2LEZ N TWD. NEERLHEEIX
BLFLT Cr B bR Z D, SCC MBI ND B LN TRV, KEMIHEMIL, BREFKEN
Y= R ERETHEEZLNTWS. L L PWSCC AW =XL & L TEBRFAT—% L7 AR
TR ST, 22T, KRR TH LM PWSCC MEIC KT TR AR EO R ELEBLRTLHM
T, AN=ALEWET DO OFMEIT 7.

2-12 |3 PWSCC &5 & Al il & Al i & 1B 22 9 % Wrim 75 18] 2~ B % it T 7B - BABE (Transmission
Electron Microscope : TEM) TH#1£: L C, = /L ¥ —/2# X # (Energy Dispersive X-ray : EDX) T=
ANF—=AXRT M EZH L THREBOREZT TR THSH. K 2-12(b) I F & 5 IR/ NE M
ORMTHBENBM SN, £o, ZOEH TIEXM 2-12(c)I2 L2 B IZ -~ Cr I E 2 & <,
Cr DBRALMBFEIET D EHEEEND.

, 2200 (d :
1200 * () " (d) Cr
S - SR Cr
Sj Hu'—“—“— At
i keV
1800
. £
3
S fil i ChzAt)

Al AR (d) O & 1 B 37 1
keVv
2-12 600 A & 8LELF1 (700°C X 3 h)?> PWSCC sk BR % Al i (2 BL 22 L 7= g @ TEM g7

((a) LS5, (b) HrHi®) & BEA O Az & D EDX 73 4T it 5,
(c) RE#AriE o EDX 34 &, (d) A1 H#LiE > EDX 73 Hr it )

E 512K 2-13 1% 600 A4 O EIAALAL A 2 vy, EEOFE L 7-% I8 2589, PWSCC Bk
&R CRBRERBEIC 360°C T 1500 hiRIE L, ORI L7cdBr g ic>n T, B O RE 2 S ORLR
Bo oLy ORS Fima A 4 IV 708 L<T, Erf~Ararr74H%—
(Electron Probe MicroAnalyser : EPMA) THIZ LR THS. “IRE T EHFTBELETIC L DB
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BEo@), (b)L, BHEXBRICEDELEDAZC)~GICAT. ZOWHEH EPMABERORE R, KPR
L7k T Cr EMENELL, ZOCr EMIENPALELEHMTCrBRZLTWIEENRAEL L.
INHIENERBILE YR FT5HRETHD.

< Fh
(a) SE % (b) BSE 4
(c) Fe (d) Cr
(e) Ni (o

% 2-13 PWRl /m%u;kwﬂ»% TORE .@t%ﬁﬁﬂﬁﬁ EPMA(600 & 4 [E A1k £ F)
((a) ~&ET(SE)%, (b) #% 7 #ELE ¥ (BSE)#, (c) Fe, (d)Cr, (e) Ni, f)0)

2-12(b) T PWSCC #BR # ik imi D Kt Cr [RALMIE F O RA T Cr b LT 5 2 & &, X 2-13(d)
THERKZERBREAAE AT T CrBdmibIn, MABESOLIZHLHM TCrARZ LTS
faRBGEONTZ LvD, PWSCC M & L THERRRILIL D5 6, K 2-11 O PWSCC 1 & Cr K
ZHE, KRR CriRAbOBEREEET 5.

W b #ilc KX 5 SCC UL, MER DR A A JEd L CHEIR b 2t = U, A pk L 7=t 23 Mt 09 72 i
BMIZEYV EHBPEDIBLRLEZZIONTND. 2-11 O IO I~ I @ O it PWSCC P23 i & T &)
WDIE, RIS Cr RICMDFIEIC L > THEOREN O DI ANANEL 8D, &5 WITRS Cr &1k
MPRR 2D BM O L ZHEICEATHE LTS L, SLICMBEOLEAIH &N D 2 & AHEE
END. ZOEDICHEEAL A S, W PWSCC HEm L7z Ex 5%, {HL Bruemmer 5
Nk p L, KR Cr{bWix, SCCOEXAEMDIENEEMSELMELFESLELNTEY, KA
Cr AL > SCC il /EIZ > TIZ B TIE7Z2 0.

—J7, RS Cr AL BAFIEL T Cr RZEN & 5 IO Tiiit PWSCC PEAX WD 1%, Cr iR & DK
WCr RZJETORNTBLHEEN RS 25 72d & Bbivd. 2k, 1000CE WS BIROFETIEH S
23, Ni1X Fe, Cr T b~ 3 o [ VA K OEBARE S K& <, Ni-Cr &4 O bl EL %51 Cr &2 15%
DT TRESMT S O LnbifETE 5.
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2—5) iFam

PWRL ¥k HlK B BR 55 v C, 600 A 430 ONIZ SUS316 % 700°C T D FERERE] 2 25 (b & ki R 8L
EEEZTMEZ IV, 205G TH% ) N—2 Uy RICII LTl PWSCC HEZF 7. &5
W ERAL A D SLY 22 6, i PWSCC MEIZ RIF 3R R RAL I N Cr RZJEOE B2 ELE L. 15
ODNTRERIZIUTOEY ThHD.

(1)

(@)

(3)

(4)

IR AL AVEAT Tl 2 &, 600 A 4xI2 H~X SUS316 O it PWSCC M fid Ty, £ 72 SUS316
FEB LRI TH SCCEAE LU RN o T

600 & 4 D [E AL AL B AT O T PWSCC PE IRV 2S, S L BVLEFER] 2 & < L, BLRIC Cr kLW
WATH L, Z O THIH O Cr R ZJE MR LR B TIEM D TE Wit PWSCC M4 R,

600 & &ITHK I Cr AL BT H L TV T HZ O Cr RZENH 554, it PWSCC 1%
BEWEETHD.

600 & 4= D fit PWSCC 112 %t 9~ 2 B FL kAL P L O Cr R Z B OVEH X, KL T DR & Je i o W
L EATICR T D6 & D VTR EDO R E L THBAN AR TH L Z LWL NIT L.
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i PWSCC /R IE T k5 D 25



3—1) 1C®IZ

95 2 3 TI¥ SUS316 & 600 A4 D BVLER LA & T, it PWSCC HEIC 3 K I1E T Cr K2 &R R K
L OB OWTHEI L, NHMBLHEMEZH O CHB L. £oHR T, it PWSCC PEix Ni 44T
7% 600 54T, Fe AL TH S SUS316 TIHEEWHERTH -7, Fe AL NI EAGLED
fit PWSCC MK < 72 2 B8, kb mbhTnsd. £72 600 45 Cr A NS T, Ni
BT EE72 690 A&ic+ 52 Yol PWSCC Mhnda L5 2 ERMbnTW5D. 7272 Lt
PWSCC P &\ SUS316*® %2 690 A4 "Iz W\ T, FETIHM< BB T S5 & it PWSCC 1
DIRTFTHZERMBI, WENELI T TS, 2O X5, it PWSCC izt L TiZ AT v b
AZHL NI E@DO LTS TH D Fe, Ni, CriZBET LI ERHMLNTNDN, LTOEMBIZON T
+ BB NIT R o TR,

Mif PWSCC I FIAE TRy DB LTI, Ni A& T 5 CroEBcon T, KiEDL 0%
BATS WomBERH 5. KES N, CrEs 2705 20% TE(L S 7~ Ni HA 4 (10% Fe)D it SCC i
Bz M EARR CHRNZHEREZREL VWD, ZRICKD & CrEosinic X v i PWSCCHEXm EL,
—JF Ni &% 73205 88% CA L & ¥ 7= Ni J A4 (5% Cr)TiX, Nilifif PWSCCHEIZ K& & WAL
TWhehot-. F7-, 2Cr-10Fe-Ni 4 CHh R SCC N Z 5 Z &5 PWSCC 1T HiE1L & MEI4% &
LTW5. Hekro M, Cr&z 005 30% TA L &8 72 Ni £54:(10% Fe)ZERLL T, FEY R—
AURY RRBETS MR 2 HE L T0D. 2RI X D L Cr&n 20%LL | Tiit SCCHEMNE L 720,
Crixmt&MEm EIcE R cETHLELTVD.

Delabrouile & 2%, PWRL &% BUKKHEBR B2 TAEMR T % Ni 544 O & AR IO I KIET
CrOo®EERELTVD. HOHITCrEas 505 30% TEILSHE NI EAEIC OV TRIERBRKICE
7 E - BEM 8% (Scanning Electron Microscope : SEM), TEM & O Wk A 4 > & B4y #ii% (Secondary lon
Mass Spectroscopy : SIMS) ZHW TR TWS. ZOREE, CrEaotme & iz, BbEEF o Cr
EAEINL, BENES 20, SN EfET 2L, BRENEML, RIEF O Cr@&»" i+ 252
&R LT, —J5 Terachi 5 ™%, Fe A& TH LA —AT A M ATV LAICHOWT, REDH
BERDICKIET CrORBZHE L TVWDE. ThICL DL, HBEIXSED Fe ZRD R &1 ILER{LY
ENBDOCrY v F AL ABALM N LY, CrEOHIMC I ERNMIES L, FEFO Cr & K
m+sLLTn5.

BT Arioka & 7%, PWRL W BK BR BT AUK BEHE B 55 70 © 0> SCC & itk 2 3 12 & 1E§ Ni
ECrEORBIZOVTHEL TS, ThIZk D &, IRE 340 & 360°C T SCC & 24 i £ 1% Ni &
P10 2B 25%ICHIINT 5 LA L, 50 235 T5%ICHIINT S L EEN$ 5. — 5 290, 320°C Tl Ni &
REENRRLS D E LTS, £ CrEOREEBICO VT, 3200C Tk Cr &I L2 /5N AL
N7, 360°CTIE Cr&IMICE2AMEER RN LEBRELTVD.

LLEDEIICCrE NiOEEBICEHL TIRWS ODOHMAND DN, TOAT=ALIZONTIE, %
FTLLHAM TR, T2 TCARETIE, M PWSCCHEIZKIFT Cr & Ni OREZALNCT LI E%H
e L7, BERMITIZFe NS NI RBIZOTEDIAWHMERFEHOET VEEZ AWV TCRBEMICHN, Z
NOTHEOEEEERT D,

40



3—2) FEBLGXE
3—2—1) H#HRY

# 3-1 TR TALFHARL D Ni-Cr-Fe # % 7 REEfE CER L=, (LMK Tl Fe IBEIZINT VA TH
FHUZIER LT g, BVHEE & B EIE 24TV, PRIBESI 21T > TE S 12mm O 2 (FR L, W
ELE TE S 6 mm (2 L 721212 1100°C T 10 73 R FF# IS K G L TEEE(EBLER 217 W HEH & L7e. &%
HEEAA D 360°CIZ 31T 2 o Rl THIE U 7 B8 b Fe k2 & 3-1 12 PFE TR g,

# 3-1  HERH DAL 2EHE K (mass%) M UY 5k

58 £ (360°C)

RN C Si Mn P S Ni Cr it /3 FlER S | MO
(MPa) (MPa) (%)

P1 0.03 | 0.28 | 0.30 [ 0.012 0.001 10.1 15.2 107 378 34

P2 0.03 | 0.31 | 0.30 [ 0.010 <0.001 19.9 15.2 115 384 36

P3 0.03 | 0.33 | 0.30 | 0.011 <0.001 30.2 15.3 119 396 36

P4 0.03 | 0.32 | 0.30 [ 0.010 <0.001 50.0 15.2 124 440 46

P5 0.03 | 0.29 | 0.31 [ 0.008 <0.001 74.8 | <0.01 111 460 59

P6 0.03 | 0.30 | 0.30 [ 0.009 <0.001 74.9 5.0 126 478 52

P7 0.03 | 0.31 | 0.30 [ 0.009 <0.001 75.0 10.0 117 489 57

P8 0.03 | 0.34 | 0.31 [ 0.010 0.001 75.2 20.0 144 514 60

P9 0.03 | 0.28 | 0.29 | 0.012 <0.001 15.5 10.2 106 377 42
P10 0.03 | 0.30 | 0.30 [ 0.009 <0.001 20.4 5.1 102 368 40
600 15 <& 0.03 | 0.27 | 0.29 | 0.010 0.001 72.9 16.2 238 571 52

3—2—2) PWSCC g

PWSCCRBRICIZHE 2B LR L U N— & Uy REBR D% vz, 3B T E A e BV, #im
Z AR 1 mm BRI L TR b A 7 — V&2 BRE L T721R, 20%MHELE L. S HICHREZIEICEY 1.2
mmiZ L CRUBMBAICIM L L7, SCCREABAMELF U< A— M7 L—7HNIEY 690 &4, A&
240 v PLVOREBRNA— 27 L—T 2 AW TI{To7z. ERRBREMEFE 3-2 1277, REBIREIX SCC
ZGET 5 BT 360°C & L7z, RBRIARIT PWRL R4 HIEEE K DR M 721 & L C 500 ppm B+2
ppm Li TiT o 72, IWFMFEIL, WK 2 SMET VI HATNAT Y U FRiA L T<5 ppb (& il 4
L7o. BAAAKRFEE, DAL 72BICHE IR ~&MEEAKFENT A% 0.07 MPa THIEL THEAL, 30 cc
Hao/kg HyO(STP)FH Y TIT o 7=, WK O &EIE 10 U » bov/4y, SRR X 1500 h, ¥ > 7L H(N) X 3
Ellz. BRBREF IV EF— b7 L—T 0B L, ITTESZ L FEMEE (X50) CTRIZL T,
XHOFEAHER L. TEARBEINELOICHONTIE, RBRAEBERBAET Hl L BEICY)
WrL, BBRRFOMWiE > OHMMBIEZITY, TICFHEMRBIELZITo 7.

# 3-2 PWSCC B &

LSS
IR 360C
I3 500 ppm B + 2 ppm Li
(R ER ] <5 ppb
A7 KRR 30 cc/kg H,O(STP)
R ] 1500 h
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3—2—3) PWSCC HBH 7 EAEY
LN RE LS BRIV TIRERERYM ORIEN R 2 LR TPREND. £2T, SCC
BERZEEEOMENEZFH~D BT, SCCRREDOY > FIVKE O RAEMY 2 ~7-. SCCHER
BY T NIZONT, UNR=2UNY FRBRAOMITEHICH L TOTHOZEN NSVWEEZLND,
D DT FB O IR A RN 0 2 1818 £ AR RO A& X R - 23 6 1% (X-ray Photoelectron Spectroscopy : XPS)
THEAT L7z, XPS TiX, HA sk nomTiER{fbtawe LToeRRIEWOMzlETE 5. &
BRatiE L, 7 vy 7 -7 7 A #% Quantera SXM & U 72 X#RTE I mono-Al Ka(— /L ¥ —1486.6 eV)
AW TONEBY A X138 200 um ¢ (X RER) TiT o7z, FRE S F MO LR oM EH~5HIHT, 4
KV ® Ar T 1 mm f O8I % #HE 59.6 nm/min(SiO, HHE) T Ay X LaaRN b O wFE oAz fE L.

3—2—4) HERKREALR

H2WT, 600 Ae0FKE A BMIFE O LA & mIRAKSRIEAR LR, EA LR
e TR AN Z 0, PRI R BRI & it PWSCC Pk & O BEMED RIE S, & 2 TR LM
(ZOWTRERIC @ IRAKRERBR 21TV, Z OmPk A BR(LE & if PWSCC P & o B 2 5l ~ 7. % 3-1
WCARTHEOY TV EES 4 mm, 810 mm, £ 20 mm OBCRIZEIH L, PWRL &% HIK % Bk
L7z @il KICIRTE U TR S AL 7oRL S e i B8 C o MR SR (b M 2 5 ~ 7= . R R i o i n Lg%
PrETH2HBT, FmORERIEZIT - 2. BHROEIL, kS 20%A 2/ —1 & 710%™ % J —/b
EEDWRICRE L CERAE 0.5 VIem? TH 3 45 T - 72, @ik /AKEERBR I #E 3-2 12774 SCC R
BRERUKMETITo2., MBBEORRERIZA A I ) 7 TRREZEGEAEEmMITEHE pm O
SETWrm AU Lo%, ERAREREFBMEE (Field Emmision Scanning Electron Microscope :
FE-SEM) THRIRZBLE L. A A IV 7 TIEMHN 0.8 mm Kk S OWHEEEKZER L, ZOHEkicd
DRI A T R TBIE L.

3—3) R

3—3—1) PWSCC g

PWSCC % ICHITIEHE Z Y 7V EFH M L TEE S WICE Y HL, o 7 offtkrim
-G, GoNTRFICh > B REEK (FH) OWE%Z SEM THIE LR 4R 3-3I1TxnT. &
EEX, Yo7 E» LD K EICEZET2ROENLORBEINTT T rbdh, EES
NimmED BENLOORKEIHESFI>Imm & Lz, RPREEE P5, P6, P7, 600 54 TR L
72 Ni 8 70%LL LD & Ni 72> Cr & 17%LL FOMK Cr oMt cE /MR RAEL, TOHESIIT 1 mm 2B 2
TWiz. —J5, Ni & 50%LL T DK Ni 3iZ Cr £ 20%LL E & Cr O B Tid & ANBLE S, it SCC
FEWRERE o, EHOBELEY I LVOBEBSEREZX 3-1 12737, TR IVTH AR
AERL T\,
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% 3-3 PWSCCHi®E (U N—=2 U~ FEBr : 360°C, PWR1 &k Ei#E K, 1500h)

1 AN
SELE B RM DL (massds) BAXAES (mm)
Ni Cr
P1 10.1 15.2 0 0 0
P2 19.9 15.2 0 0 0
P3 30.2 15.3 0 0 0
P4 50.0 15.2 0 0 0
P5 74.8 <0.01 >1 >1 >1
P6 74.9 50 >1 >1 >1
P7 75.0 10.0 >1 >1 >1
P8 75.2 20.0 0 0 0
P9 15.5 10.2 0 0 0
P10 20.4 51 0 0 0
600 &4 72.9 16.2 >1 >1 >1

sk

74.8Ni-Fe bal. (P5) 74.9Ni-5.0Cr-Fe bal. (P6)

i

. 100gm

75.0Ni-10.0Cr-Fe bal. (P7)

- s s =

3-1 PWSCC &Er#% W o 7Vl O L P BB 2 mE R (U N—2 U X2 FillR(360C, PWRL &
Fi4gE Kk, 1500h), (a) 74.8Ni-Fe bal. (P5), (b) 74.9Ni-5.0Cr-Fe bal. (P6), (c) 75.0Ni-10.0Cr-Fe bal. (P7))
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PWSCC A % it PWSCC tE & L CZ O ML, &2 & L FAAklc, & BAEREHBRICM LY
TR T D EHBET T AEOEEE LT, FR(B-1)THAM L.

PWSCC %4 % =PWSCC %A 2/4 > 7 L # X100 -+ (3-1)

fif PWSCC M4 < ZFEFR TEFR LT, M PWSCC MEIZKIZT Cr & Ni OB 2B L RE2 X
3-212° 7. K 3-2@) &LV, 600 &Mk EN—RAIIE 2D E, Ni &K 75% TiE Cr &% 20%LL i
95 &ifit PWSCC #2510 325 Z &20 6, Cr it PWSCC %M ESH L2 DICHENRILH LB LB
5. [FAARICK 3-2(0)IZRF & 912 Cr &23K 15% TiE, NiZE% 73%LL iz 5 & SCC s M3 88 N+
5. 20T &5 NI PWSCCHAIRTFTIE L R LELOND. £72, 50 Ni 258 75% TI,
SCC I Cr &8 17%LL F THRAE L, <0.01%l2B W\ THIEA L.

100 @ = = = 100 ©
< @) < (b)
S g0 - SR
M B
60 - 4 60
R %
Q @)
O 40 - O 40
2 2
o 90 - ~75Ni-x Cr-Fe bal a 20 X Ni-~15Cr-Fe bal.
0 T CJ 0 - \w T
0 10 20 30 0 20 40 60 80
Cr& (mass%) Nif: (mass%)

3-2 it PWSCC M2 K& IE 7 Cr, Ni &=
(U R—2 U~ FikBr : 360°C, PWRL &AH#E/K, 1500h,
(@) F75%Ni EAHA A& T D CroE, (b) K 15%Cr 854215 Ni D2,
PWSCC 4 38 =PWSCC %&£ > 7 /44 v 7 L %X 100)
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3—3—2) PWSCC #HB# AL

XPS T SCC itk OB R I1ZH 1T 5 O & Cr, Ni, Fe BB{L¥) DR & J5 1M A & R I R & LU
Tk~ %., ZZTCr, Ni, Fe =X AL X —RENLA AT RDLBRIEWICRoTWD EBEZLN
DY D& X[ LE DA T~

Ni &%4 75%& LC, Cr&% 0, 16, 200 Ex /= TN %&flioT Cr OB LM%
X 3-3 ([Z/k9°. Cr £<0.01% ([X 3-3(a)) Tix, Ni XEROEBILHI LY, Cr &% 16% (X 3-3(b))
29 % & Ni OB TR L, Cr o NIE S, Cr ObWITIRE 2 ym BEE TRALT
Wb, IHITCr&EE 20%ImsE 5 (X 3-3(c) &, il Cr EEOBILMm LY, BILHOIE
SEFELLBOLTCWD., EBEKNZEV ART 28It #< e d 2 S MaERm ELTWD 2
EEREBLTND.

FERIC Cr &2/ 15% & LC, Ni &% 10, 50, 73%ICZA LS T Ni ROEELFH /-5 R 2 X 3-4
g, Ni& 10% (¥ 3-4(a)) TIERE D Fe TAERNE D Cr N RAL L 72 B & AR KIENTERK S Tw
%. Ni &2 50% (X 3-4(b) (2725 & CrORENKT LT, Crgfbin Fe o Ni ik X v v <
FTRALTVND., SHICNI®EZ 73%ETHEMSES (K 3-4(c) & CrER{bmONT~DR A
Filro T,

TLHEDOERS FMODMANEDOT L7 7 A VIR LT, REMIOEEETCEBIZHEZNDLI T 7

ANV DGFREEIN T T A5y ﬁf%éhéﬁmtf” J& B2 A R O R IR X e il 35 8 BE 3 2 O e KA O
12 (27 b L L TR, BEARMOKRBERE S ZEREE AR LT, REREIICHTS
Cr, Ni O EEZM 3-5 277, ¥ 3-5(a):ﬂ<@’c): DI Cr &8 0 5 20%ICH#I N9 5 & & &I
/10 IZM&J L 7=, — 51X 3-5(b)®D K 5 1Z Ni 1% 10%7> 5 73%ICHEIN§ 5 &, 73%Ni £ 0 & & 1% 10%Ni
BICHART 4 EIFRE A L.
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100

74.8Ni-Fe bal. (P5) (a)
__ 80
S
<
=~ 60 1
%(
H|
= 40
#% 0
IR §
20
Ni-O
0 -
0 ? 1. 2 3
Fé-0 wE (um)
100
72.9Ni-16.2Cr-Fe bal. (600%42) (b)
80 -
S
<
=~ 60
k&( 0]
4
= 40 -
N\
| -
20 | Cr-O
0
0 iZ 1 2 3
NIFO PEX (um)
100
75.2Ni-20.0Cr-Fe bal. (P8) (©)
80
S
= @)
~ 60 -
jiid
" 40 Cr-O
%
B Fe-O
20
Ni-O_<g
0 I 1
0 1 S (um) 2 3

3-3 Ni % 75% & L T PWSCC 3Bk 1% 0 % i I & 4 42 K IE 4 Cr o %
—RENPOLOBILME TR > TWDLEBRA T OIRE LBEFEDORS FhmAh—
((a) 74.8Ni-Fe bal. (P5), (b) 72.9Ni-16.2Cr-Fe bal. (600 & 4:), (c) 75.2Ni-20.0Cr-Fe bal. (P8))
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100
10.1Ni-15.2Cr-Fe bal. (P1) (a)
80 1
L Fe-O
&S
~ 60 -
t&(
Exll
40
%
R
20 -
<]
Cr-O —
O h
0 .. 1. 2 3
NI-O HE (um)
100
50.0Ni-15.2Cr-Fe bal. (P4) (b)
80 -
§
S

TEHR B

0 1. 2 3
‘S (um)
100
72.9Ni-16.2Cr-Fe bal. (60045 42) ©)
80 -
X
&
=~ 60 - o
%
= 40 §
%
R Cr-O
20 -
0
0 7 3

Ni-O t s (um) ’
3-4 Cr&E#%#) 15%& L T PWSCC itz O &K & &AM KIET Ni 0%
—REPDOBILWE 72 o TWDEEA A ORE LR OVES I 54—
((a) 10.1Ni-15.2Cr-Fe bal. (P1), (b) 50.0Ni-15.2Cr-Fe bal. (P4), (c) 72.9Ni-16.2Cr-Fe bal. (600 & 4))
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0.6

0.6
@) (b)
05 -
a = 04
l E
YU yu 0.3
i o
= =
® w02
1 XNi-~15Cr-Fe bal.
0.1 1 ~75Nix Cr-Fe bal. 01
0 : : 0 : : :
0 10 20 30 0 20 40 60 80

Cri  (mass%) Nif (mass%)
3-5 PWR —REGHKBEREICE T 2B R EBICKIFET Cr & Ni o
((@) Cr %k, (b) Ni D%, BRIE=FRFE I D 1/2 Opax \Z 7R DR E)

3—3—3) EHAREHAR

Ni #7239 75% C Cr 8 #<0.01, 5, 10, 16, 20% & Z LS 7= & T DO RKE ) O HF R I N2kt © SEM
HHE %X 3-6 [2/R7. X 3-6(a)D L 91T Cr &E<0.01% TITRLF I » TOLBEW O ARITELIE S e
7. 3-6(b)~(d) TIXXITRKHIT/RT & 572 Cr & 5~15% CTIThi R CHALM O RN BRI, &
DES TN 2umBEETH - 7=, 3-6(e)D LBV CrExd 20%ICT 5 & KE THMILNBIESN
72Dy, R OB 2RAGITBE S Lo Tz,

Cr &) 15% C Ni &% 10, 50, 73% & B b S H7= L &£ BN D ORLFERL IR %2 K 3-7 (2”7,
3-7(a)lZ/R 9 & 912 Ni & 10% TILHL AR O RNA 2k ixBlEZ S ¥, REA B —IcB{bsn
Tz, 3-7(b)?® Ni & 50% & [X] 3-7(c)® Ni & 73% CITR B N BLE S, Ni &% 0T ER
bR S SR WBE M A2 8 LTe.

KRR THCrE NIBEOREBLZK 38T, 22T, £7ny MIA A3V 7T
ERL7ZWmEORE CHRE SN RMEIOFYHEERL, =7 — " — 3 Z O KE & R/MEEZRT.
EHF TN TBELERAORIEII~THTHD. K20V T ORREBRILGE S X, X 3-3 L 3-4
D Cr-0 DRFAESITIFIET K L.

Fio, FE2EIIBTHEPMAR R LI VR ABILIZICr#BEThDd b, ZORAEBRIIX Cr 3
fbkanzztickseEzxnohb. 3-8(a)IZ/RT &L DI Cr o # X, Cr & 5~15% T3k e b i
ST 2um TH Y, CrEHN<0.01 £721L20%I127425 & KELEA L. NioFE2E, Ni& 10~73%
T Ni O E & S IR ELEE S B Em L 7.
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K
&

74.8Ni-Fe bal. (P5) 74.9Ni-5.0Cr-Fe bal. (P6)
75.0Ni-10.0Cr-Fe bal. (P7) 72.9Ni-16.2Cr-Fe bal. (600 & 4)

0.5 um

75.2Ni-20.0Cr-Fe bal. (P8)
3-6  PWR — WM EIKBEEBR 5L 2 381 5 iR AR IEIC K DIk AR ER (b M XX T Cr o g%
((a) 74.8Ni-Fe bal. (P5), (b) 74.9Ni-5.0Cr-Fe bal. (P6), (c) 75.0Ni-10.0Cr-Fe bal. (P7),
(d) 72.9Ni-16.2Cr-Fe bal. (600 & 4=), (e) 75.2Ni-20.0Cr-Fe bal. (P8))
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10.1Ni-15.2Cr-Fe bal. (P1) 50.0Ni-15.2Cr-Fe bal. (P4)

0.5 um

72.9Ni-16.2Cr-Fe bal. (600 & 42)

3-7  PWR — W HIKBEER R IZ 1T 5 @R /AKRIEIC & 2 bk b2 & IE 7 Ni o 2
((a) 10.1Ni-15.2Cr-Fe bal. (P1), (b) 50.0Ni-15.2Cr-Fe bal. (P4), (c) 72.9Ni-16.2Cr-Fe bal. (600 & %))



TAPHRBLTE S (um)

35 - 3.5
20 ~75Ni-x Cr-Fe bal. @) _ a0 X Ni-~15Cr-Fe bal. (b)
25 X0 25
2.0 A i\é 20 |
3\&%
15 = 15
=
1.0 | § 1.0 H
05 B 05 -
0.0 (/ T T T T 0.0 C T T T
0 5 10 15 20 25 0 20 40 60 80
Crz (mass%) Ni& (mass%)

4 3-8 PWR — &G AKBHEREICHIT 2 @ik KERICE D
K DN D OSBRI AL £ S I KIET Cr & Ni D2
((a) % 75%Ni & H G @ICk1F 5 Cr D, (b) #) 15%Cr G H G221 5 Ni DRE)
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3—4) E&&
3—4—1) jIi#PWSCC #/iZRIFF Cr & Ni DfFE

3-2 DFERAEZHWT, PWSCCRBRMERAZ Cr & Ni CHEHET L LXK 3-9DEkIC/ZR2D. =2 TSCC
MFEAE LTS %t PWSCCH DKW D& Lz, ZORMNLLFORENDLNS.

v & Ni (70%L2L E) HofK Cr (17%LL F) &4t PWSCC 23KV, @& Ni (70%LL E) &4 o
PWSCC #:1% Cr &72° 20% L. i+ m b+ 5.

v AR NI &4 E Ni &8I it PWSCC PEA & <, Cr &2% 5~15% &l T iXfit PWSCC (2 Cr
BIKFMEIZA G720,

B, EFECTERIBLLE TS, bbb SGEICHEMA S D 600 &4 (75Ni-15Cr-Fe) T
PWSCC 282 0, 1 R HKRELE 12 H X5 SUS316 (12Ni-18Cr-Fe) X2 600 &4 Dt v |2 SG
I &5 800 A4 (32Ni-21Cr-Fe), 690 &4 (60Ni-30Cr-Fe) TiL PWSCC 28 1E & A LilE 5 722\
fEHim e —HLTWD. M PWSCCHAIXTIELERKLEL LT, Ni@&2BZ CrandRVnandb,
B2 5 PWSCC IXE NI AEICA LT W ERHRIND.

35
30 | | ©:sSceil 769024
X : SCCih

25 -
2 - SUS316
E 151 O O O O X 3160056
il
G 10 O X\ wrpwsccrtis

5 - O X

0 . . .

0 20 40 60 80

NiE (mass%)

3-9 i PWSCC #:iz%d 2% Cr & Ni 5%
(¥¢ : PWR1 IRin HIKBREEICHE M S 5 BEA74H)

%2 3Tl 60044 Ot PWSCC 1M Z ik Skt D BLS s Hat i L=, WERER LR IC L 5 SCCI,

e NKRL R 2 L TN B (b A EZ L, AR LBt gl ko X ANELIRE LB
ZHNTWD. LLFIZCr & Ni oER ZmbR R ERLEDB AN HEERT .
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3—4—2) [ifPWSCC #IZRIFT Cr DIEF#E

CNETHRRL L DI PWSCC MM ExE5 Cr 280 RiTE Ni &tV T, 5 —E
(20%) > Cr DIRANIC & D1t PWSCC MED A RIZIEHEICHHEZETH Y, ZZTiEm Nia&llkir% Cro
ERHIZOWTELZT L. K3-10ICR-T LI, RIEBCL2EEBAERRICED &, HABILOESIZ
Cr EN<0.01 205 5% TREHIML, 5205 16%TIHIFEAEEDLT, 16 05 20% TR & < WA
%. Cr ®RAFMEIZEE L Ciit PWSCC £ & b FL (1% Cr &3 5 205 20% CHIBN & 5.

L7 L Cr &73<0.010 7> 5 5% Tt PWSCC ¥ & bk e b I IZHBE R A by o 72, PWRL
W HKBR B X B RARBREE T, NINIO OFMRT v vy MITIZIESE LW Y, —FIERT v
JUIE Ni, Fe, CroJEIZE L 2572 2, Ni L0 BLRT > v L OR Fe ARIAICEIL S5 A
RENBZOND. HOWIEMBENSRAZIEHL TR ZSIEEZTIEERZL6ND. L
L, 4[a Cr &743<0.010% D ¥ > 7 /L2 DWW T SCC ikt 0 X 2 <0, mikKRERBEZE O 7
NORBRFEZFHFMIBRE L2 bOD, £6 2 E1AT 2 EHRRITE SR >72. Cr &<0.01%
Tt PWSCC PEDNE L 72 A JRIFIZ O W TII AR OMGSHETH 5.

Cr #7285 275 16% Tl it PWSCC M AME <, RLF LR & H IRV . S H 1T Cr #2816 205 20% T,
CrEntEme & HIch AMILES B L, PWSCCHEL M ET S, ZoRE2Z{DFIAIX, Cr
O A B W78 i 36 D IR 8 & BNkl 9 2 (R ol B B 2 T Bk U C bk SR AL & 1) B S & C, SCC Az % & 1K
T3EHeHEeEZXOND. ZHEFREOMITHERL TILD 528, K 3-3(c), 3-6(e)ICT-T LIICERE
PRI I IS S RERBBL ZMH L TV D Z e b bHEER SRS, LLEX Vi PWSCC Ik T %
Cr DfE ML, Cr A —E&MU ETHAZELEREICS O SNZEKBITK LT, BEOIBZ M T
LREHIEER S E T, AR MilSE2EEZ26ND.

100 @ =) =) 2.5
~—
g 80 - ,/“A"‘ 20 §
e

. /A
¥ 60 - / - 1.5 M
O 40 ! 10 &
2 / B
= 20 ! 05 &
A 1 ~75Ni-x Cr-Fe bal. R
0 A . . 00 7

0 5 10 25

Cr  (mass%)

3-10 it PWSCC 4 & ifibhr S & O FHES (Cr 4R
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3_

4 —3) i PWSCC #I/Z R IFF Ni DIEHBERE

320k L7z X 50T, Cr &N K9 15% D B EFT ik Ni £ 70%LL ¢ SCCIEZ MR K& <4 5.
PWSCC il R & iR R B L 2 - Ty vy M9 25 &, K311 IR T K D ISR BRI S 1 Ni
Bl b, SCCEZMELEMBENH L. —ED Cr & (9 15%) 2B\ T, Fe EAHA L Ni
ENBINT 5 &, RIREB LIRS NEML, M PWSCC HENK TFT 5. ZORKFIE, BIbRT v v
28 Ni, Fe, Cr OJEICE L 720 2L nbERTES. T72bb, PWRL KT HUKBREEIXIEFIRRE R
EMESBEFEKRERBRMENTWD D RREMEBETEICHD, NUTFEE SIS WEREICH D Z &
5, NiBZ W, BILART oy LORW Cr BBIRICHILIN G D EEZ B 5. PWSCC IZ
95 Ni OEFAMREIL, Ni Bl hic< < RbZ T Crimlbaned<ian, s L TR
bz gt L C, M PWSCCHZIRTFT®HLEEXLND.

100 © 2.5
. X Ni-~15Cr-Fe bal. '
S 80 20 5
# 60 | - 15 U
< .
O 40 10 &
O
2 =
= 20 | 05 %
0 - 0.0 B
80
Nig (mass%o)
3-11 ffif PWSCC % & ki & RO FEES (Ni D)
3—5) fam

Ni-Cr-Fe 54D CrB LI UONIEZZHICELEET-ET VELZ VW Tt PWSCC M % 5146 L C,
PWR1 &% HK BB IR T D1t PWSCCHEIZ KIET Ni & Cr B AT L T-.

(1)

(2)

3)

(4)

5 Ni(70%8L 1) 7321 Cr(17%2L T ) & 45 131t PWSCC HE 2N <, 18 Ni (70%24 =) &4 O ifit PWSCC

PEIX Cr £ 20% 0L Eoinic X v ek#ET 5. 1K Ni(20%LL F)D Fe 244 1% Cr 828 5~15% O #iH

T Cr&ICFD 5 T PWSCC M V.

fit PWSCC (Z%F3 % Cr & Ni O E A2 EE&WICRTT — X B 55, PWR —IREEIKEREE T A
ENHMEHZ OV T BB A LREFHES E LTRIATE .

it PWSCC AR WA @ i3 b it 28 = L, ifif PWSCC PEIZXI 3% Cr & Ni 0528 itk i ik
fetEicxt4+ 25 CrB8 X O NIiOFELE —F L.

ZDOZ &I, SCCHRNEEBmILEAWTHHTELZ A2 RB LTS HL Cr & & £/ 75Ni-Fe
bal. D it PWSCC £ 23K W JFUK 1T E 2> TIL 7R .
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4—1) ZCDIZ

BWR D 27 7 RLOBHMEERREEITIE, SLBILAECICS WRIREAT VL AREH ST 5.
LNLINOEEMICENTS SCCHAELDZENHLMNERS>TND. ED SCC DFRHIL, F£HE
MO HOFKABH CREMLICLIBEDO EARAZLNDZ L, FEREWMO X ZIThNE
SCC(Transgranular Stress Corrosion Cracking : TGSCC)Th v, DR IZHE > THRAF N EE TR A
SCC(Intergranular Stress Corrosion Cracking : IGSCC)ICZL L THEL TWHZ L THH M. ZhET
DELEZARBOMILIEN SCCEZMBLTND EZZLNLTWDA, FEHBIILAT L AHD SCC D
AA= AL, ERMLENTND CrRZICERT b0 LITREDLEEZLNTEY D, ZOHEIC
DN TEEHITH LTI,

INET, ATV AHD SCC &R 1T a > X7 hF > a3 (Compact Tension : CT) a4 (C
FVEBREMICIHMMEINATND. 20 CT REBIIBENFHRMIT L TTRERTHY, ZNICE->THD
D EFOERE LT, IS NIERBEE L ORI S FEH O SCC /DR Z TRl - FMT 2 HERT —
ZlipoTWsd., —HFTRBRICEKRMEZLE LT 5720, MERTEZ2HARDL A7) —=v 7l
LCTHEARMETHD. 207D, MENK FICL 2882 TCE 2T R EMICHEEL, MEOX Y
U—= 7 ZHMEICAT 9 72 SCC & Rtk JE D MEFEME & L TIRO T Aol BE3XBR  (Slow Strain Rate
Test : SSRT) Mflib i T &7z,

EBICHBAL AT v L A O EIRAKFICE T D SCCREZMEREMIZ SSRT XA HEHENTWD. #
ZIE, Ford & 3Ll 304 2T 2 L A O  ZHERHE I KIETIRTFMEORBEMITND. *
NIZE 2L SSRT Ti, EMERBRIV b IMEIERWEREE LRI LARINTNDS.

—J7, WAL AT >V A DI SCC P& SSRT I X 0 R4 % F k%, FESEULH Tix & 2k
W RN BLEACA I ST L AMRRE/NE L, EFICEN LD, SSRT O ZiE0d 2 & A HEL
<, RBRABECLRPLEL RS- TWVD. 285 VL, SSRT BT O FATHIC, WM IIC XY i
ZAHH LT, Ni BG40 PWRL RIGEIKEREEICI T Dt SCCHEAFIM L7z, Zhlc kv, fERIC
ANAREE Tt SCC HEDFEMR AlRE L 70D Z & A HE LTV D.

ARWFFETIE, FEEBALA T L A O @R PIZEBIT D SCC & 2 B2 E) 2 SSRT (T L 0 Jn i 3F (i
THHBEBZOWTHFEZITO L &b, TOHEEZHWT, BFD 18Cr-8Ni H AT L A4 SCC
SHERZHLFMT 5. SOICEERRER L OBEIZONTHRRD.
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4—2) EgLHE
4—2—1) H#HHY

RFEH) 72 18Cr-8Ni R A — AT F A b AT L A# L LT, SUS316 %, SUS304 &, SUS347 R % i%
E L. #4112, KRB THOWZMEEM O Y %2779, SUS3L6 RICOW Tk BWR IZHEH S Tw
% MK C (0.01%C) IZ N Z#mL 72t @ (316NG) &, HHAY(X C (0.04%C) » 2 ffH & L7=. SUS304
BT O W T LB C (0.04%C), SUS347 522D\ TIEMK C (0.01%C) & L7-.

# 4-1 M O (bR (mass%)

C Si Mn P S Ni Cr Mo Nb Z DA
316NG 0.01 0.4 1.5 | 0.025 0.001 11.8 17.6 2.2 - N=0.087
316 0.04 0.4 1.5 | 0.025 0.001 11.8 17.7 2.4 - -
304 0.04 0.4 1.5 | 0.023 0.001 8.0 18.2 - -
347 0.01 0.4 1.5 | 0.025 0.001 10.0 18.5 - 0.35
(- HEIRIN)

4—2—2) HBHF
£ 41 IR ORI &2 7 RIS TERL L 72, BRI 8E & BV EIE 21T » T R BEM % I i il
FENC TARMICIN T U, ek o BEEALBALELX, 1060°CIC T 30 /3 R FFZ KK L7z,

FEHE D SCC TIXEMMLIEN SCCHRADMBEER /o TNDHEEZLNTWVWDZ EnD, KiF
72 ClE SSRT B A ICHEMN LI KW RE ML A5 Lz, ZOOIZEE 5 mm ORMIZE 4-2
WCRTERETTZ7 IAAMLERK L., ZHICXVRE (Rm»OHES 20 um OALE) O/ EIL, SR
WO LT, EREBVLEM O~ A 7 0t v h— A S (HVF 150 (GRAERfFE 9. 8 N) 205, Hv 250
~300 (FABRME 0.049N) IZHEM L=, 77 A4 AT, MLEARBRFOFMERRE 2D L IICK
4-1 12”3 K97 SSRT B A AN LIk v oIV Lz, 774 AMLOKIHERIX, =2V —
e HWT, BB XV #600 T RiF7-.

SSRT A TiT, B ROk ST EHOBFEEIZOWVTHREF L. 4-2 |23 & M &R
B ORI %, X 4-3 ITABITEHZ T . T MO 5 EE, SOk SSRT BB A O M 12 & 2 mm
DT Z 77 A K77 A3—17—)L (Graphite Fiber Wool : GFW) %2 E &, Zh Rl B2 271 2#d
HEH (B 2mmXx20 mmA) THA, A b - F >y b THROMIT CEE L. GFW IZE/m 1 4~
EERETHHMT, EHMNCHEIRMACHRE Lz, HieE, $EXo4— 27 L—7 7T 300CI2T 24h
RFF i Z 6 mILL B VIRL, Wi KkhOBEEAAREN 0L ppm R THD L2 A4 n
~ NI 7HBICTHERLEZbOEMEH L. MEKOARL b - F v MIIiE SUS3L6L & A Wiz, 3 X [H]
X, MM T HOmMO AT L ABBEREORREEZ 25 mmic T 5 2 & THIE L 7.

£ 42 774 AT HiE

ESGE
TH Sandvik ¢ 32, chip 2030
(e 5 3K 980 rpm
N T 41 —JF A 1 Bl D F, 100 mm/min
IS 1 mm
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4-3 T W& SSRT ik i 5 &
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4—2—3) SSRT

SSRT % AW\ TCiiif SCC M KRBT 2 HikiE, ZTNETICLWVL O BEIA TS Y. I
BRI, WO, WimERS LN SCCHEEEDHZ DL O THKFEMIT 2546 L, HiRKER
DE KIS TR RO E RIGEEREHROME TR L ClHT 254082 AR TS, £z, &H
R B A T % O X IR S A RBRIFM TR L TSRO LN TS, EROFAM CIL, FEHEIL 316 2
7 v L A4 (316L, 316(LC)) > = ZMEEE TS L 304 A7 L AGICHE R T/hEWNWZ ERHH
T3 2. 2O AR TIL, SSRT DM ZFIH Lo, & 24k R 4 #1345 729
2, T AR A EILT 2R P IO EITo . RBROBEEIO®RF EO®RICRBRAICET H1E
BOVATHORFFAMEAZBETEL2X WL, MHE, =y F o7 Lk, HPBEBEICE

SHRHEBE L., TOBEHMICB T 2ERESAMEL, RREHEIS ORBREEHIEAEEEZ R D,
T X AR 2 RKD . SSRT RERIC I W TITRIA (Transgranular @ TG) & 2 L ki R
(Intergranular : IG) E&HMIRBET 2 Z LR LN TWD A, RIFFETIE, EFICBVWTEREH TO X
HWNTG THRAEL, ThBRMNBEHICHERT 2L LHICIGILERT LI LE2SBIC, ROk
DRI ST b D& I1IG EHE LT, TN E TG &AL L TRAIL TR L 7=.

SSRT DIEHEL % 3% 4-3 12T, RBRICIZX 4-4 ITRTHEBERA— b7 v—7 2 Az, EBEICH
W B E O T & X 4-5 2R IR X, BWR O i iR JE A2 48 L C 288°C & L7z, 517 5% (Dissolved
Oxygen : DO) REX, BEZMESELHWTHMENT A EZNNT Y 7L 32ppm & L7z, FilEA 4 v
EEIE, ARG OESIE %Vﬁ)luS/cm LD IR E L. BRBICIE, BRAKEA TR
PR AR @ L CERMBEEN<0.1 uS/em Th D Z & sl L7212, & 1 ppm @ Na,SO, Z s L 7=.
ZOWREBTA A REEHIEAHE L CHBRKOBLILEEZ 1 uS/lem £ TR FEH7%IC, 1455 #H
BRI VWAL RRRICE D Bz, FiREZRMG L. R, IreiREICEERIC L hREF L
BB L7z, SSRT RO OT AT 7 v A~y REN ) 53l L7z, RERBA4AH, 288°C D 0.2%Iit /7
EFTERWI B ANy FAEV—=RTHAML, ZZNOHEDOT HHETI HIFATHE S D 2~10%
EFTOTHEZAMLTHEDOT HIC R o kil THREBR A7 1R L7z,

B, AR TRABRBEOBELACEELZME LI-E Z A 2~3 uSlem LM L. £72, RABRAigo
SO, M A VIREZA A 70~ N7 7IEICKOPE LR, WK 04 ppm TELIZTA G
eino .

BERFOZBEOFTATIT, R 43 IRTEERMFICH LT, HE, DO BLUOEXISEEDEE
ZRA L7, AR 13 316NG & L, SR O BRICIT A O 72 DI B S T2 K F- LI O S ff 134~ TR
MWL L 7D X 2FEm L. BEN, HEUESM o 288°Cilzxf LT 200, 250, 350°C THEfig L7=. DO
ITHEHESL D 32 ppm IZK L CT VT HAZNT Y 7 L12<0.0lppm &, T I U HRALEBEFN
BT YU L CHRE L 1, 10 ppm THEE L 72 . BERASEE T UL O 1 uS/lem (2% L T, Na,S0,
TR CRBR UG BR K & WK A A 2 MM IR 12/ L 72<0.1 pSlem &, FEWESE LR Ual%E k12T
Na,SO, % ¥R L 7= 10 uS/cm T L 7=.
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# 4-3 KRB BT 5 SSRT KE#E & {4

o HE (O AT R RS "
IR (C) (ppm) (uS/em) 7% 1 F Il
288 32 1 HY

B s HHEIZR A A AW
PRIEF
e ES
< IR
i
SSRT R ?’?ﬂ%ﬁ ﬁﬁ%*@
o 5
h \ > EEET
EER T PEERAR
F—hrr =7

4-4 SSRT shBRAE @&
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4—3) #EE
4—83—1) SSRT (2L BFFMEDHEL
4—1) L 4—2) @HiTbRARIZE T, FFHBIRAT VAT ERERFLN /NI V. 2Ok
DERRFT SN TELHGEAAT VA ER UEMETIE, XV REHZET D72 OFHmAAEEL V.
5T, 316NG & VN TH 4-3 IR THEMESRMICC, OT A, § &M of M X OB % K
T & LT, B AT v VA O SCC % #F i3 % 7= @ SSRT K ikt # Mt Li-.
ZORMPERAAIITRT. FHEATITEREHOALThHSTEN, FHEB TTEMEfMHET L LI
VX 4-6(b)IC/RT X D7 TGSCC NHAE L. £/, OFHHEN 3X107 [sLATFICA s X 4-7 I
AT L HIZ TGSCC & IGSCC WNIRIET H L H o7,

# 4-4 BWR W HU KB BR BEIC 36 1T 2 R AFHI L 72 316NG @ SSRT Mk atifs &
(288°C, 32 ppmDO, BXRAREE 1 uS/ecm (Na,SO4 ¥ M)

OFHHEWs) | 75 | B il
A 5x107 72 L (fik I ) SCC 72 L (JIE A 482)
B 5x107 oY (Fik 1T ) B K& 24 & 630 um (TGSCC)
c 3x10” H Y 100 h B K& LR & 120 um (TGSCC & IGSCC 2N R AE)
D 1x107 H Y 100 h B K& 2R E 60 um (TGSCC & IGSCC AR AE)

SCC 72 L (&4 A:5%x107/s, T+ M7 L) TGSCC (4B :5x107/s, T xfMH V)
4-6  BWR M HIUKBLERBE 1255 1F 5 316NG ¢ SSRT MBR# M 0 SEM 8% 100 um
((@) &1 A, (b) 1B (44 2BBDZ L))

4t C:3x107 /s, TERBHY D 1x107 /s, TEMH Y
4-7 BWR M HUKBHEERBEIC I 1T 5 316NG O SSRT #& Bk 14 £ & 0 W i 't 2 I8 5% 855 481 4%
((@) &tk C, (b) 5D (F4-4BWDOZ L)) 50 um
OFTHHE & EHESKRVEHBREIZOWVWTIERO LI ICLTHE L., FIEOTHE 6%IZHT
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AR RE [ TRR L 72 21 o & Ktk
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RRERES (um)
S

® /7NN T ih
O #600HF 2= i

Q.
~.@~_g~
0 ",
0.0E+00 5.0E-07 10E-06  1.5E-06
ONT A (/s)
6.0E-10
> )
£
4.0E-10 | _
BN ® @77 ALk
E‘g O #600HF I i
& 20E-10 | 5 o
W @ L.
AU O
0.0E+00 ' '
0.0E+00  5.0E-07 10E-06  15E-06

X 4-8 BWR M EIKEFEREEICE T D 316NG @ SSRT 12
32ppm, WBRAZEE 1 uS/cm(NaZSO4 wmy, FEMbdo,
(a) ek =2

O HEE  (fs)

, (b) S REREE)

AR TR L 72
OF HEE L X
OTHEER/NIVIF E &R
o T O Al

K20 FTHHEELETRHEDOBEMLR (288C,
O & 6%,

WIZEP D LB A okmRE 2=y F 7L, SRHELBTHEL T, EHOEEN TG

ZHDMIGIZH DT, THBEBOLE AT 7. K49 ITRRIHES & AT 0 Rt

t o L,

M 4-10 IS X ZEBDOFE R ZRT. OFTHEE SX10" /s 28 L LT, AU LETIZI TG &N E, *

NWUTTEOTHABEEDKT & & HITIGC EHNEICR > TR L.
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(a) O JEdu 3G
A\EIRMNTG

0.0E+00 5.0E-07 1.0E-06 1.5E-06

OT B (/5)
6.0E-10
@ (b) A
I= e
£ 40E-10 | .
i e
4 ° O
EX i ——
@ 20E-10 r . O et IG
fﬁ W ASEIRARTG
0.0E+00 ' '

0.0E+00 5.0E-07 1.0E-06 1.5E-06
OTHHE (/)
X 4-9 BWR W HIKBE#EBREEICEH 1T 5 SSRT I L 5 316NG O & 2 RRIC KIE T 09 B3 0 8
(288°C, 32ppm, ERfmiEE 1u3/cm(Nazso4/f<73u) 774 AMLE, TEMHY, OTHE %,

(@) IR TREX, (b) =T mE )

20 -
= CTEIHANG
E 51 * A3 TG
2 ® ) @IG+TG

>
w 10 F - [ 4
E 0 IxTA
w .
AU > Q\\@
0 O =———— <>

0.0E+00 5.0E-07 1.0E-06 1.5E-06
O BB ([s)

X 4-10 BWR G HEIKEEBREEICI T D SSRT IZ L 5 316NG @ & ZHEF T BT 4 O B i oD 22 88
(288°C, 32ppm, EXAEE 1 uS/cm(Na,SO, M), 7 7 A4 AL H, O A% 6%)
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4-11 12 6% O T HETSSRT 2 W LERBRAICBIT S 7 94 2 M ITAEmICBE IR
EW oW mBESREE T,

OF A3 E 1X10° /s

(b))

OBl 5X107 /s

U\ﬁ“%h f”3><10 /s

1)

OF il 1107 /s
100 pm
¥ 4-11 BWR % Al KFEHEBR B2 T 316NG D 6% " 4 & THIW L 72 SRRT % 0
7 A ZMILMFKE D EHXDOEREIZ KIET OT Bl DR
(288°C, 32ppm, ERAZEJE 1 uS/cm(Na,SO,iRM), T/ H v,
OF A3 E : (a) 1X10°/s, (b)5x107/s, (c) 3X107"/s, (d)1x107"/s)

OFTHEEDIET (@)—(d) & & HIT IGSCC DBEEN LT 256 DD, R o x 2 i 1%
W L, IR E L COBMENMETT 5. 20O TIE, IGSCCRREETHLMETH DT =
I 54T, OFHBEE 3IXI07 /s DRBREETH OB RICOVWTHRE L.
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4—3—2) 316NG D X ZHEZE)
SSRTIZB T2 EZERDBPICE T 2 EEZ2 572D BWR G EIKE#EEREE T, 316NG & W

T, OFHEE IXI107/s T, BPEILOFHLBELZESELLEEOERRMPDL DX HOIRAME & &2
RE OB EZFIG L7z, X 4-12 |2 SSRT % FATH Wi 2 e FBEMEBI CHE LR o —#flz =7,
FzRT L 9 IC X BUEEEEE L, TGSCC(T) & IGSCC() MM RTE L T Uiz,

O T A 10%
100 um

% 4-12 BWR % HIKBEHEFREE T 316NG O 7 5 4 A M TAIEmICBIT S
ORI LT TR P D O T A B R IENE
BRAEHEE 1 uS/lem(Na,SO, i), F b v, OFAHE 3x107 /s,

(288°C, 32 ppmDO,
(a) 2%, (b) 4%, (c) 6%, (d)8%, (e)10%)

W EIEO T AR
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BHED LEROOT A& e X2\ L OBGRE 7 7 4 AN ik & #600 AFEEmH & Tl L7255
Z X 4-13 12T, 2 IR T & REEUE SSRT BB A AT HB & AT HV R TF 7 M W 12 F5 W T 100 fiF
DERTHFHBMBIC L VBIE L7 & EORBREVATHHEME S H 720 O 2 ZEH (H/mm) TH 5.
IG & TG ORBNIATHR D X H IC X REMEOET— FTHHIL TS, IG RO WREAME L, TG
TRV RN DOD, WTRIZEWNWTHOT A 8RRRE TRMT 2MmA R L. £7216 T4,
TG XL BIT, OTHE6WE TOXZHEBUITH600 HFEMmICH T T T A AMLTED ST N4 8o T
BY, SSRT OHMERETIZT7 T4 AMILICL Y ERHBEENMEEINTVWDLZ RS, —HO0T
Hi 6%Ll Bl s L, REMLEOFMEIZ LD 2E TN RoT.

20
= @) IGEIN ® 77N L
Eﬁ 15 O #600MF & i
= 10 ¢
B
"W i
30 5

0 =_L 1

0 5 10

O B (%)

20
’g (b) TGEIN
@ 15 A
= 10
*h\
= A A
&K
4 O A 77N T
/
\#600HF 22 [fi
O 1 1 ]
0 5 10
O T HE (%)
X 4-13 BWR S HIKBHEBREE TD 7 T A4 AN LB L O#600 A EEm ©

316NG (28T % & ZHEEIT KT T & 1k o O A B AR
(288°C, 32 ppm DO, EXI=EE 1 uSlem(Na,SO, %), T M bH v, OFHEE 3x107 /s)
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4-14 127 T A AN T8 K O#600 HFEEH ICB T 5 16 S L TG &R/ A HEk %, 10 um FD X
HES O AN T LATERLUICHEREZRT. SERIIL, LFHMEIT 100 5 OEE THmMls S
NTZbDETXTHEL, REPDEERIRI HFICE A LMmBE COERMAE ORI L LTk,
M REIFEEEOTARICBT D2RRNEHESZRT. 774 AMLHEHTIE, 16 *&, TG =& L
HIT, OTHmE 2% 05 4% E TOMINIE, &R ERHEHO X RHES P 10~20 um 2> 5 20~30 um (2 £ 1k
L7z, OFHEABLL LIRS L, RS HMBOESRESN 20~30um O F £, L0 EVEZ@EEN
ML Tnwa., Zhid, EPERLTCVNDLZILEEZRLTWD. —H#600 HFEH T, 16 *&, TG
THEBICOTHE AL TIEEZEID 20 m L TO AT, EHOEKITLT N THDL. O T H=
6%LL ET—HMOETANEL 2 2 HOEERN A O,

6 6
@ 774 AMTL, IGXZ (b) 774 AT, TGEH
5 t 5 |
e -
I ; = 4t OF 7 Ba2%
S 3 | Aojﬁﬁ%4% E[ 3 | - = 0
£ s = = OO0 7~ 56%
= - =N i &%8/0
&2t U9 7 58% 2 2t N
- = X OV 7 5:10%
AU X 0T 4 &210% }EO
1+ m 1
0 50 100 150 0 150
ZAEE (um) ZREE (um)
6 6
: | (c) #600MFF A,  1GHIa1 . (d) #6008/, TG %
E4T g4
E OV k2% £ COTH 2%
=37 A O T 4% 2 3 NOP L A%
=g | OO 446% - OO 4 H6%
= O 88% X O 2 8%
Mo X O 7 510% M x U9 7~ 8:10%
0 e 0 Lt T
100 150 o ™ T 't 100 150
TRES (um) THES (um)

X1 AU THEII
SIS SE TR

4-14 BWR WHUKBEEBREE CO 7 7 A4 AN L3 X U600 F 5 i @ 316NG (12351 5 & 2 5 &
T RHES DBRR

(288 °C, 32 ppm DO, EXA=EE 1 uS/cm(Na,SO, M), T xMbH Y, OFHEE 3x107 /s, (a) 7

TAAMI, 1IGEZ2, (b) 774 AL, TG X%, (c)#600 W%, 1G X2, (d) #600 W, TG &)
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316NG DT A EICK T OB KN EREIORAB{RERT. 774 AMLTIIRREHES
CHIML TWD Z &b JRE A8 DB (B 3 1E) %, #600 W&

HERLTWD AR LTERU EOT—HIC AT LB (fe /N 3R %)
il 2 DX HPHRERFFF & & HIZHERL TV, 2 b3
EARCIHEEL L2 E R & c, OF HEE L R
JE O FE 1% 3X 1070 m/s FREE &

4-15 (T
O AR EIHH LT HRE
TIXOT A8 6% ETEHN
ZR 7. SSRT Tid & ZTHEE ML L,
A BB OFENIMBRNRBETHDLESZS 2 bR,

CC, ZEREEL L.
RELOLN, IGERHLE TG ERHTEH
WIAETHHE IR LN, T2

Al D

FOREREFE 451277 . 316NG D & 2l
WREFICRERLS, 774 AT m & #600 AF EmiL, &

EREEIFARELARIND.

516 EROFRIZOVWTDOLWMLEDZ L ETD.

200 200
_ 2) 316NG, ©IGEIN
E e ~—
£ .| 77 ATGHLR g
150 2
3 ¥
»ﬁo% 100 F y=114x - w®
@) A0
il
50 = y=9.9x =
- ~,
0 0

o 2 4 & 8
O 74t (%)

X 4-15 BWR 7 H) /K £ 45 Br B
(288°C, 32 ppmDO,

# 4-5 BWR 4 HIK iR is 5

Ton
J& 1 uS/em(Na,SO, i), +%MbH Y,

BRLE

10

IZF 1T % 316NG O K E I LI L 5 &

12

UTTE7I7A4AMITHEIZE

150

100 |

(o)
o
T

b) 316NG,
#600FF

SIGEN
-ATGEIN

6 o
2

4

6 8

O3 75 (%)

77 A4 AL L O#H600 HFEET O 316NG O X ik
O il 3x1077 /s)

t 72 25 )

S R~ D B
O ol 3x107 /s)

(288°C, 32 ppmDO, FEXAZEE 1 uS/cm(Na,SO, M), =/ dH v,
& S B E (m/s)
IG &% TG =%
774 AMTL 3.0x10?° 3.4x101°
#600 Fff & 1.9x10% 3.0x107%°
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SSRTIZK T2 X HOEROHBEA K Z K 4-16 27T . 77 A4 AMLE THE, OTHED 2~4%D K1
EIZBNWTHEAHNEBELERT S, T LTOTAHESWUKFIFITHOKIIMATL, THOER
MERE 2D, —5#600 AFEEE CTlE, R 2~4% TOXHEEKIT T T4 AT D0, L
LOTHE WA TITEANEZIBAEL, 774 AMIEERKICZADNERTS.

SR 2 T
O 2 52% ' ! '
(3 BRI [ 18.5h) k\\\\%f”

O 5 4% L L ' !
(BRI 137h)

ormmes [T 1T 1T T T T T
(7R 7 [#]55.6h)

O 4 5:8% [T Pl [T T
(FABR B3 [E] 74.1h)

O3 7 #10%
(FABR IR [H]92.6h)

74 AT E #6004 & i
X 4-16 FESLEUL 316NG (2K 1725 SSRTIETOUOT AHEMICT L b 72 5 HiEROFEAK
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4—3—3) 18Cr-8Ni FX 7> L IGD & FLHJB2B)

316, 304, B LU B47TIZHWVT, K 4B ITRTHEAESRMIT T, 316NG & [FAIBRIC & Zth | 255 4 3 ~
CMENRESHOBEELZK 4-17 27T, 0T 45 6,8,10% (304 TILOT A& 2,6, 10% THENE) I

BI277A42AMImEICBITSIG 2 oK EIL/ILEK 4-18 12T .

X 4-18 IR T L HICIG EHDORFEREAUFEIITEILOTAEOHME & HIZ, HEMT MmN ES
ile. 77 A4 AL TIE, B 4-15127" L7z & 912 SSRT skBRBAAAIF LV S AN ER L TWDH LB R
b, TNOHMMERIRERREEZETL 40OV T, /D FEEBICIVELERZRDZ.
FMAIZDOWT, X 4-18 O PIEMROME X ICOT A E 2 F UC, FBIAY 72 & 28 = & R oo 7o fh
R 4-6 1273 T RO T2 0 & 2L REEITH 3X10" m/s T, 18Cr-8Ni ZA— AT F A
FRAT UL AETIE, SRERBEEICRKRERENTIRNEEZOND.

100 um

[ 4-17 BWR M HIKEREREICHS T HERE 7 7 4 AL L7 A O SSRT # Rk 14 W i 81 22
(288°C, 32 ppmDO, %m13§§]4ﬁkmOMﬁO“%m) OF HEJE 3x107 /s, 1% 1L O A & 10%,
(a)316, (b) 304, (c) 347)
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RREZES (um)

200
(@ 316
S
= 150
YU
X100 | ¢
R
B
I y=9.1x
i 50 o
0 1 1
0 5 10 15
OTHiE (%)
200 200
(b) 304 _ (©) 347
S
150 = 150 |
YU
g%
100 A 100 f
&
AU
y = 10.3x
50 j& 50 }
0 “eo— ' 0
0 5 10 15 0 5 10 15
OTHE (%) OFHE (%)
[X] 4-18 BWR M HIK LR 52 12 36 1T 5 & F i 0 = Stk 2 25 8)

(288°C, 32 ppmDO, ?-ékfﬁ%fluS/cm(NaZSO4ﬁjJﬂ) 774 AMLiE, TEMHY,
OF 3 3X107"/s, (a) 316, (b) 304, (c) 347)

i

% 4-6 BWR M EIKALEEER T T SSRT TR O =7 T A AMI L 7= FEH D & 2456k |
(288°C, 32 ppmDO, FEXAZEE 1 uS/cm(Na,SO, kM), 7 74 AN T,
TEMHY, OFHEE 3X107/s)

ME T ZERIEE (m/s)
316NG 3.0x10%°

316 2.7x1071°

304 3.3x10%°

347 3.1x10%°
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4—3—4) 316NGC DX ZEREZEE)ICRIZFTABRRELK T DEE

316NG @ SSRT (28T 5 6, 0%V THDBEPIEDEITV, THEIOOT AEELFMEN S X A
JEEEIZX T HIEE, DO, EXLEEDEEBIZO VTR REEX 4-19 12777, X 4-19(a)ix, DO
% 8 ppm, ERAEE %A 1 pSlem (2 E L THRE O EBIC O W Tl 728 T, RBifhiEE o w5 5
L CHftdih & HEREEZ 6K 7 e v FTRLTWS. IREIE 288CH T Tk D & Sl B 28 L
72, X 4-19(b) TR £ & 288°C, BARAZEE Z 1 uS/em (Z[HE L T DO O 8 & i~ 7= 8, X 4-19(c)
IXIRE % 288°C, BERMEEZ LuSlem ICHEE L CTELRGEEOEBELZHTHERLTHSH. DO, ER
REEIL, HxBME &bl AERAEEITHMmL .

WEROMANT X B &, xR R E O R KT, $L{k SUS304 Tl 200~300°C |2 & 24tk i il
FILE—2R"HD T ENMmonTWSD . Andresen” %, 2 24 il BE o0 IR FE (K A7 MR 134 B R bW o ¥
fRERA A M XN X =R EOBNFHRMEORBEZRSZT TVDILHREL TS, T 2D,
BRENEHERBFEEOE —7 LVIRWIEETIX, BEOHME & HICERRISPIEEL S, R
JHENRELS 2D, FRIBEOEME & B ICHRKISHEE S, Vo 7R~ DBEAKRY O
HERE ST &, IBEOBINCEVBHEIKD pH BNEML CTEBOBRMENB DT 5B NRL 20,
SHEBEEN NS BRDLELTVNSD.

E¢m@®i5mDO@%@aome T ZLEREE T DO O L L HITHEM Lz, RGN
A(ANZENT7 Y 7 LIEBAEESE (DO<0.01 ppm) (2T, MEH A% /37 Y 7 L7 DO=32 ppm

TIE, 316NG O & i R E 134 10 5 IS\ Lz, fEkom A k2 &, $ifk SUS304 122>\ T
D0O=0.01~30 ppm (ZF > Tlk, DO DN & & b 1T & G 2 o ¥ 1349 10 (5 238+ 2 m A 7 o0 ®
A FAX R U 2w L7z

BEREEEOFE Y, DO LRRICEXZERBEE IIERCEEOHME & iz, &z
PEER K % W B A AV R HABHIR I L T<0.1 uSlem (2 2 7236 & e~ C, RERBIMAATICHEER K IZ
Na,SO, % ¥ L T 10 pS/em (ZHI4H L 72 4F Tik, 316NG o & 2R 1L, M2 Th o7z,
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300°C 288°C 250°C 200°C

1E-08 — :
g (@) 8 ppmDO, 1 pS/cm
~ 1E-09 |
X
i
i i
s 1E-10
W
AU
1E-11 '
15 2 2.5
1080 (KD
__1E-08
£ b)
E ( 288°C, 1 uS/em
B 1E-09 |
1)
X
o o
T 1E-10 | ®
AU
1E-11 : :
0.001 0.1 10
WATIRSRIRIE  (ppm)
__1E-08
% (c) 288°C, 8ppmDO
sy 1E-09 |
g
% ././.
= 1E-10 |
&
AU
1E-11 ' ' :
0.01 0.1 1 10 100

i)

ARG (uS/em)

v

4-19 7 7 A AL L7z 316NG D & 2 i il B2 12 KT T IR EE & oK o 3 BR B8 55 (K] 7 oD 5L 4%
(F&MdYv, OFHHEE3IXL07s, (a) B, (b) WHEMBFRE, (¢) EXIEEE)

N

o
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4—4) EEE
4—4—1) jifSCC #IZRIFTHGNT)EDEE

ARBFFETIE, AT SSRT IZ LV SCC & Zith e 2 3P4l 3~ 2 FIEIZ DWW THRFH L7z, #iH L7z SSRT
REBAIE, CTRBAOLIZ2TPERA NV, RERHBERIX SCC T HWBEDEREICHD LB X
biLd. L7 - T, SSRT ICH1F 5 SCC = iR % 7/ i § 5 729121, SCC & AWF/AEZEH T
WTHHEL TEBLENH S.

316NG DR A EH 72 & T 7 T A AL HEIZDOWT SSRT Z 32 L 72 #5 8, X 4-13~4-15 (27~ L
7o ko, WA L7 TIE 5%RTHE O O T A b AIKIZ SCC I AEBE N KT 237D 6
N7z, 316NG OIS -OFT BB O T — & b, 5% 0§28 TG E Y IG /17254 300 MPa T 5 D
T, SCC H# 300 MPa %= L 2 VWMEIZ, TN ETRAETLHEZEXD I ENTES.

B 27 > L 2T ST Clarke 5 9%, 288°C, DO=0.2 ppm T AISI304 % i i B2 & 0 314
LTW2., ZOfER LD L SCC OFARFEILK 150 MPa T, RERIEE (288°C) 2B 25 0.2%ifi /)
CIREHYTHETHD.

FEBBAL AT > L ZEMIC OV T H S 10E, 316NG D FE I Tk 72 & CNTH RN T8 % AIvs T SCC
AR IR S & AT LT DL BRI 50%4 BEAE L 72 316NG % vy, SCC #BRIZHCR B fr
Z2MEBRTTEMZA I 4 ST VEIC LY FEh L7z 3R IE, IR 288°C, fikiZ SO,4=0.2 ppm
AWML, WAEBEE % 8 ppm & L2 T T 1000 h 320 L 7=. AFFIS /13RI T 0.2%fit /10 0.5,
0.75, 15Dl AFMG Lz, ZORE, X 4-20 2779 & 912 SCC RARFIS HEITH PO AR LD
%1 600 MPa &, M LB 5% T O R FLS /1 (100~200 MPa)iZ bt~ T & WME TdH - 7-. SSRT TlR@hmy 72
OFTHRBAGEEND 720, RO Tl 5RBRICHTSCCHRMESNLZ ERNMbA TS W,
W& CRAS ) OMRE T E L2 & OO, G AT b A4l D SCC 38 A= [R5 )8 13 [ H A0 AL 2R
Mo 02%IM L0 2070 EWETHLZ ENFERD.

*ﬁ,%EMIETH,$Wr%%@%ﬂ%%ﬁﬁTA%w%%@mﬁﬁﬁﬁéﬂé&%Z%ﬂé
=%, M4-1312 bR L7k 91, SCCIL SSRTBHMEE HICHKAELTWVD.

LEdlR Rk 5ic, REMLEAGFEET S &, ISNAMKRETIE, REIZHWIIEY IR H S
NTWD EHEEEND. ZORE, BIAISTHEOSWIESBEILAT U AHIZY SCCRHAET H L HE
ZAboD.

1400
@ Bg X :SCC
£ 1200 A:SCC.~No SCC
5 % O:No SCC
& 1000
£ X
2
o 800 |
£ A
c
S 600 | T TTmmmmm—mm=——-e
w
o O
B 400
2
2 o
E 200 |
561 K, DO=8 ppm, SO,> =200 ppb, 1000h

Ground Cold rolling Solution treated
material material material

[ 4-20 SCC ¥4 KIE 3T o 10
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4—4—2) SSRT *#D & RAERHE S DILE
SSRT gﬂ:gﬁf‘&@ig5”%}%%%’@%75:%ﬁﬁ'fﬁﬂﬁgﬁﬁ”@:&Tﬂ/%ﬂiﬂiﬁ_é &, KRB A OIS IERAREILEL
ToOR@-1D)TERENRLZZENMOLNATNS !

K=o Xy (7 a)x{1+0.122cos*( = a/2b)} X v {(2b/ = a)tan( = a/2b)} -+ (4-1)

T2 ToldET, aldEAHEE, 20 IWETH . SSRT OIS H-O0F AMBICEBNT, KRKOTAE
10%C 316NG (2 5- S 2 )& D1E4) 370 MPa Th - 72. (4-1)I2 Z D fE & = A E X 120 pm, HbE 2 mm
ZRALTHELND TR TOIS NIERAEITHK 8 MPay m & B b s, AL, CT & BIT ¥
OTHRMETH D D3 LT, SSRT [T HMEISNERME LB R I, &R uE 0PI I 1T 5 i
HFEME—FRRZLY, RUEETERY., 22 TIEZD X ) 222 T, SSRT Tk - TR &R

HEREEZ CTRRICBUA2ZENE DO EIT- 2.

DR DI L Z G 8 SSRT I L » TG SCC X AERME 2, CT RERIC L - TR b 4L/ 3CHk
fitf & b U 7= fE SR A Y 4-21 (2R T,

1.E-07
O SSRTIE  (AHIFZERE 5
— ASSRTYECCHRT — #)
Y 1E-08 } \ - A *6
E ACTHE (kT — %)
%{ 1.E-09
; L i * *7
& A *1 A
gf;é o o A8
&
’ﬁU 1E'10 B *2 4
*3 *
R
1.E-11 . :

316NG 316L/316  #im{k304

[FERBF TR I 1T 2 3k b e OV BR 4 1]

*1 : BEX 72 F L, 289°C, 0.2 ppmDO, 0.90 pS/cm, 2107 /s ¥

*2 BEX 72 FE L, 288°C, =150 mVgye, =0.2 uS/cm, ~30 MPay m **

*3: BEX 72 F L, 288°C, 0 Vgye, 0.5 uS/cm, 27.5 MPay m *®

*4 . BEX 72 F L, 288°C, 0.2 ppmDO, 0.5 uS/cm, 27.5 MPay/ m *®

*5 0 PEX 72 F L, 288°C, =150 mVgue, =0.2 uS/cm, ~50 MPay/ m ¥

*6: 9 v b —=1 7, 288C, 8 ppmDO, <0.4 pmhos-cm (<2.5 uS/cm), 2.1 X107 /s
*7 . BEX 72 F L, 288°C, 0 Vgye, 0.5 uS/cm, 27.5 MPay m *®

*8 : JEX 72 F L, 288°C, 0.2 ppmDO, 0.5 uS/cm, 31 MPay/ m *®

X 4-21 SSRT £ & CTiE TR D 7= = 2[R B D LL i

4-21 12571 X 912 SSRT (2 & % 316NG, 316L, 316 D IEHMAL 2T > L Al > & Zdik 2 o 21X
CT RBRICHA~NTHK 10 fFH <, CT MBRIC & - TRO - HUH{L 304 D & R JREE TV EAE b1
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72. 316 & 304 OME DO EEIZ ST, CT R (K{E=27.5~50 MPay m) T, [X4-21 ® X 523k
Hifb 316 (316NG, 316L, 316) ¢ = ZlMEEMEEIXFRE TH 0, SLHk 304 O = ZLik & o 1L IE S0
Bt 316 O 10 s K& WlEZ /R L TWb. —J SSRT O IEHiE{ 316 (316NG, 316L, 316) (k-
Bl 304 1347 10 f5 K & W\ & LR 2 R 3785 R, IR L ~7 CT B R & W UM 2w
LTEY, MEOKEIZBE L T, SSRT T L 23X CT #BRAE R & Mk OMm &2 R~ Lz,

ARBFZETH S 72 18Cr-8Ni Z DO IEBBEALBEGFE AT » L A O X S REE 1T, £ 46127 L72 &

, R OZITIELEALEROLNT, H3X10Pms DETH 7=, 25 DML SSRT D OT A
WE A 3X107/s L LTRODEZ LD THD. £4-41FL1EL DT, OFHEE 3X107/s D TGSCC &
IGSCC DIRIEHEN D, 5X107 s IZ@EH D & TGSCC D HIZAEAL L7=. Ford & ¥ $i#fk 304 25 >
VZHIZOWTHRFE L, OFTAREZED L & S RERFEEITHS D0, THEEN IGSCC 7 b
TGSCCIZE LT HZ L2 WMEL TS,

ED X512, SSRT TIHOTHHEEIZ L > T SCC xBERFENLEDDL L LB, THPELE
POVIDLZELICHEETAIREND D, 70, MERREREICEI > TH, SCCREEZMEITELT D720 FEH
D SCC EX@u M+ 5~ DICHRBRENHZHUIGRET ILERD L. ZTOLI BRI OO,
SSRT IR mM LB % H T 5 IEFBEAL AT UV AMO WM B3 5 SCC & A maEh 2, ffic
POME M O MEITEN TE 2 FELERY 5 5.

4—5) i
BWR A HI KRB 2B 1T 2 EHEL 27 > L 28 SCC = ZUE R 3¢ H % SSRT (2 L v 24fi L,
DITokimasHT-.

(1) TEMROEmMLBIZEHOBAZEMELEZD, THOERICKIFTHEI NS o7,

(2) SHEREHEICKITTRENFOREL LT, HEITL2288CHIITICEHERBEENE—2 2HH,
BIFBRRIRE, BRMEEEOHME & b0 & S mEE A HN L 7.

(3) 316NG, 316, 304, 347 O X MR E IR E S Bpn 2 L, OFHHE 3X107 /s TOEIX
#13X10m/s Th - 7=,

(4) OFHHEE 3X107 /s TOSSRTICE» THLN - S HWEREE X CTRRTHEON D & R RE
JEIZHERTHI0FOREREL R L.

(5) SSRT iX, O T AME|IC I X2 ERMEE L L ICEAHBENSLITIRICHENLEL D0,
BWR M AIKEREIZ BT D IHFEFBAL AT L ZF D SCC & fEICFEMT 5 Fise LTHHATE S
ZEEB LN LT
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5—1) 1C®iZ

%5 4 B TIX, SSRT ZFIH L7 g BT %12 BWR M EIKERBEIZ 51T 2 G A T > L X 8
DEHERFEBAFMULL. 2 TiE, ERCTELIREMLETO TG ZHMNOLNIMTIC ERITER

WRT L EABEZT, BNEELEE LS SSRT RRIEDOHRHFE2ITo7-. ZORKE, WM

L 7= SSRT #BRiL% T SUS316, SUS304, SUS347 Oiif SCC M %& FFAli L7258, Zh o o & i
JEHE T 3X100 m/s TRIRETH Y, CTREATHLN S EAEREEZEOMH 10 fFREWVVEL 25
7. WM Z L oS REE O ML CT #B & SSRT XL L= REZ /R L7722 &vb, SSRT
X BWR M HEIKEREICE T 2B AT U A D SCC ZfiEICFIMTcEL 2 L 2H oI L.

7, TEL VIREIMLEZ AT 5 18Cr-8Ni FA— AT F A h AT v L AHICOWT, & [
X 4 T E— ABRIC L 5 SCCHRAEDRRIS ORI 3 5 Fik % B % L, SCC J £ 1T IXBR UG /) E
WAFTEL, ZOEIZAMOEACWERE R IO TRENWIEEZRL TS,

R DWFTE & IEFEAL 2T > L 2D SCCITFMAL 2N FERER TRV S O D, @&l AKH Ot
SCCHEICH L THBALNERO—2EEXHN, CrEORBERREI N ERfEESNS. £7- BWR
MAKBRE ZME L IEMK SR AKERE T, 27 > U A8 L VRIS CriENED L, it
BHEMNMETFT252LT, SCCHREEENDILEEZLNTWVSE 2 F7-F—2FF A F 2T L A
T Crl e bITNIiBEERLHELLTEENTWASR, FH6 NL, ZONi & CrogBIzoONTE
OB EMEAED OO HEE OB B, KIEAIE L a-Fe,03 28 £&, NEIZ Cr & Ni =&
AERNVEBELHN O D ZEEREL TS, LA LZORBEOMREEICEE L COESELAT VL A
O SCCHEIZKIFT Cro NIl EOHEEIZOWTHM AT AITIZE AL ER V.

ARETIE, 4ETZOHMMEZ MR L7z SCC FHi o FiEZFIM LT, BWR BEERE IR 5 IEH
LA Ot SCC PEIZ XX T Cr, Ni OREEZHFH~D.

5—2) FEBLX
5—2—1) H#HHY
RELICHAM O FETE LR E D ERT. Fee NT v AmF e Lz, £ERMEZBRBATLAMEZLITIC
.
v Al~A6:Cr BED L R~ HI T, Ni & 20%T—EIZL T Cr &% 16.5~26.5%
(el % | o
v A2B XU B1~-B5:Ni & DL RMAIIH 2 BT, Cr &L 20%T—/EIZ LT Ni &%
12.6~59.8%Z 21k
v’ Cl1~C3: Cr & Ni 2% 20%mif O ifif SCC M Z FEMICTH~ 2 H A FIH.
v SUS316L, SUS304L, 690 &4 : igiht
FMIET REMIC L 0AER U, BAHEE R OB HELE THRMICI I L, BEERE LB EZIT -
T, Wi =R 50% THm L L. £ 0%, &k o BERABULE Z 1060°CIZ 30 min R £ K
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# 5-1 M FE LR O FEMAL (mass%, - @ EEHIN)

B = C Ni Cr Fe Mo

Al 0.010 19.4 16.5 bal.

A2 0.012 20.0 20.2 bal.

A3 0.015 20.0 22.9 bal.

A4 0.010 19.5 24.5 bal.

A5 0.016 19.9 25.2 bal.

A6 0.009 20.1 26.5 bal.

B1 0.015 12.6 20.4 bal.

B2 0.014 15.1 20.4 bal.

B3 0.016 17.5 20.5 bal.

B4 0.010 40.0 20.1 bal.

B5 0.010 59.8 20.2 bal.

c1 0.015 17.5 22.9 bal.

c2 0.019 15.0 25.4 bal.

c3 0.016 17.4 25.4 bal. -
SUS316L 0.011 12.1 17.3 bal. 2.8
SUS304L 0.010 9.2 18.3 bal.
6904 4= 0.020 59.8 29.3 bal.

5—2—2) HBH

FHECTIIIERBIEAT L AMOELEMTEN SCCRAEDMEER L EZEZX LN TND D, RiFSE
T SCCREB T ICREMTEEZM G L. MLEOMG 5423 5-2 2779, SCC Fffliic I =[S 4
REFE—28BRE2H W,

AT E—2R BRO-D, ES2mm, @10 mm, £ 75 mm OBCRRABR A 2 #EON i X0 pr
EORM N HEIY H LU CTERL, RBEFBHEICB W TERE XL VIES 50um OAE TORER A O E N
Hv=300 & 725 2 & & HAEIS, BEECMICERA IS L 280N T2 0 U7-. son Tix, #E ) ftlm
BRI LT 2 72O m it 2 vz, BN, SFEmE A (OKAMOTO-PSG-63) (2T, HiJE # 36
ORRAZHFENE Z v, —HFmIciFdl &% 30um -5 & L CEE 1 B CHRULAZ & 60 um & L7-.

SSRTRBAIZE A4 E LR L FET, ES5mm OBMICERmICT 74 AMTAC X 0 Fimh TJE %
H L7z, 774 Z2MLHE, MITEIRBRAFOFHE &2 K91 SSRTRHBRA AUV L., 2k
D EJEHTRE 20 pm O A Hv=250~300 OBk & 15 7=

# 5-2 SCC B i o F i N L5

FTEMAAE 4 i v — A5 ER I X [+ & SSRT
7 ik ol 774 AL
TH #36 BXA (EEM H D) PRy 7 032, F v 7 2030
PNy [E185 %% 980 rpm,
2
T L HERFETFHmIC 1 E O 2 mmls
MIES 60 pm 1 mm
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5—2—3) SCC#HE
5—2—3—1) FEXENIRBIFE—LHG
FR O AIC L HSCC e LT, K5-1 [T ko2, B a2 ERICL TTEMAEZERKL
ey EftEanthiFr—2R BAHEM L. T4 45T E—LEICBWT, 5T o Ofl#IX
ASTM G39-73 THIME L Sz FRG-)IC L Y RO I HER L 7.
o =12Ety/(3L*—4A?) -+ (5-1)
E: fEWMERE (MPa) |, t: ABRAES (2mm)
y: 7=bAE (mm) , L: #MUSOSRIEEE (60 mm)
A AR EERE (25 mm)
0o2: 02%0H 7] BEINE X, BELxDOF L T AICHONT, HIRTOIERRCELNLIE— 0T 4
AL O RDIZMEZ A, MG olX 0l og,=1 L7255 ICHIB Lz B OEN)IZ2 & L7,
RBRIIAE®RE 3 Y v bV THIRE SUS316 MoEE XA — M7 L—7%2 v, REIX 288 C, JEiX8
MPa, IATFEIEHE e IXRAZE A A T S8 T 32 ppm, B A 1000 h T -7, AWK ER &
E LD THRSEIICTRT.
RERE OV T, REHRES TR FFANSEATICOH L, WEhmo s & ®ZHof 82
HLT-.

2

. _ AT il
AR NBLE T Iﬁll
T -110

A A

[

5-1 9 & [T & 4 sl 17 B — A5 A (FAZ: mm)

% 5-3 SCC B &1t

T X RIfT & 4 i
B EE(°C) 288
£ 77 (MPa) 8
VR AT 32 I8 £ (ppm) 32
B XA E E (uS/em) <0.1 1
. O s 3X107 /s
2 BR W R 1000 h O BB 6 10%
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5—2—-—3—2) F&BHSSRT

O THAICLDSCCRBRE LT, FA4ETHMHFTLAESSRTZH Wi, SREREEZRD D720,
FBABELERO - EOTHRETOBRIEILRBREITo7-. H4EELFELRIC, SCC MM DHd,
R SSRT BB O Wi l2 GFW 2 & &, BB & GFW 2 A7 » L A THeA, R b - F v b T
DT T, 7&MEM5 L. GFW I/ A 4 2RETH2HMNT, F4E LR LEE CHIEOHM
KCWEEIToT-. BEXA—F 27 L —7T300CX24 h &%z 6 BLLEMYIEL, veEKkfolg
b A & L BEENR<0.L ppm THDH Z L AR L THhOMMALEZ. 2T L AR (2 mm/E & X20 mm
) KOARNL b - Ty MTIERBREEE & R U4tk C PRk U TR b B I 2 2Rk L 7= SUS316L % A\
7o, TEME, MO THROmAEKOTXM%E 25 mm (GFW Ot DE S (XM mA %2 mm O i 4mm
ROT, FOMT T, PP 0.5mm) (2952 & THIEL 2.

ARBRICITA & 8.6 U » bV CTEIRED 690 AR OMERNA— 7 L—T %M\ iz, REIX 288°C
ZHIE L, WEBEBICOWTIEREZMESE L BN TEBEN A EZ T Y 72 K Y Ik&iAZ 32ppm
L7, F72SCCEMME T2 HMTHEEA A 2N LT, BilEA A4 v REL, HEREGREOEX
RN L pSlem &5 X O E L. T7obb, HRKEZA A RZBWBIRICHEL T, EXIBEE
23<0.1uS/lem TH 5 Z L ZHER LTI, # 1ppm @ Na,SO, Z IR L. T DO#H A 4 v 2 HaigIc X
DIEER K DERIZEE %2 1 uSlem £ T F S 72 RETA AV RHBIREZ N S0 N A X2 R Y
Bz, FRERA L. RBT, FTEEEICRERIC LR LAEBICHA L. 0T AEE X 3X107
Is & L7z, BHFZ IO OT A&, 288CD 0.2%M HIZE LIEALEND DY 1B A~y KON & % i
LT, 6 TN10%D 2542 H L.

RERE OV T, R AT OWE T R a2 &R FHMISEATICE 0 L, &FJ5 0o Wz i
BEL, SHImy F U7 LERIS, BFEBEBZELT > T, RONDLOETHDOWES ZME L. SSRT
R 0 BB 2 1 & 2% 5-3 IR TR,

5—2—4) OTHEHBUE

TERDWFTEINS Cr BOREENRKRENVWEEZLNLDT, [Mif SCCHEEHZEREENHDL EEZ BN
D RED AR L OMEEIZ RIET Cr 0B LT~

OB B KITT Cr OEBEEZTNCT 572012, Cr &2 b (Cr & 16.5%(Al1), 20.2%(A2),
26.5%(A6)) D EIEEH B2 O AEMIEICL VAT L. OFTAEMBILEBMIE T2V T
CREOTAHZAME LT, AR LEHFAT E~ORBEOARE X OKRE#EEZ T/ — FERIIEIC X
VBB S Z LT, KIREEOB R, LI SCCHE THT 2 TETHS. RBRIEL, K528 AR
1.8V v bb, BEEE 690 BaMOBENA — M7 L —T 2 A LE. AV EEOHNE %X 5-3 12
AT EIEIL 0.1 M, NaySO, & iV, BBREICEMET VI T AE AT Y 7 LR L. RBRIE
B 288°C L Lic. &BR AL, FATHER 1 mmX E X 8 mm O33R RO Y > 7 v & BlEE U
FMNHOIER L, PATH A = 2 U —#KT#600 ff: EiF L7z, t@ICIZ A4 %, S REMICIZNE Ag/AgCl
TR A A2, BALE, Sk VA2 BB IR 288°C, IRFMEFEIEE 0.2 ppm (231 D SUS304 D JFE A E
AEFA S -0.3 Vgue T M L 7-.

BAL-03 Vepe ICB T 2V v IO i 2 R T2 BT, 07 AEMMNE & F CRBREEE T
J— Rtz e L., HEOBXK AKX 5-4 12, AA8l%K 5-5 1IR-T. 7/ — RomllEX
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ﬂ?}

B4U v by, BERE SUS316 O FE XN A — 7 L —T7 % T 0.1 M Na,SO, IRk Z i BR AT
BMET LI HATNRT ) IR L, 0% 288CICHIBEL THHHIE L. R A ITHE %

i[n

E£10mMmMm & L, £HEAE T AU —#T#600 {t EF L7z, ®BICIEASE, Z2REMIZITINEE Ag/AgCl
B A A2 JE ARSI 3X10* Vs TIT o 72
(a
. BEA b —
HAT X =l ) FOHNAEY —
e i
Ar T A 5 KT vraxXy b
0 Xt
b
() wv (VW)
PoRi HE i
| s (R 2-$9. 5!
. 4]
T ﬂ{:}-::ﬁéza :ti} 2
™ N R0 . n
2 | n
: N ) i
=k BR VIR pd B] 20 '_‘11 | 8 | 11B! 20 | g?
\ ! : g - ;
. | _>F_|<_
A—r7 =7 L}L'(LO)I 1mmA. FdommEl

R 5-2 09 I A R 35 L OBR M o BRI
(@) OF 2B EER, (b) OF2EmRBT EA : mm))

5-3 U9 2w A I AE 28 1 A B
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@) PC

|
RTvva A&y b

(b) co,z—\

of 4
\
| B o
I-7HHE — |
N st
KB |

\

|
F—r L=

5-4 FERALFHELEES L ORBR A O

((a) BRALZFHELE, (b) EXALZFHERRA (BAL - mm))

5-5 TR IEE 5B
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5—2—56) BEBRLERYEY

JEE R T O 8 B A AR RIE T Cr DA T~ 5 72 o, BB A R il O JF &L 5l & FE-SEM,
XPS  HWTHl~, SHICHiV Y U CTHELERMOZ 2RI T TEMIZ X Va7, 8
BRBIE, BE3 Y v ML THEREA SUS316 MoOERA A — 7 L—7%2 Vi, RBRERITES
R 2 <0.1 pSlem 12 L7=flik % IV, sRBRIRIEIL 288 ‘CE L, RBHPT7 AT LMmEN 2 LA
TIRFIEEIRE 2 8 ppm (ZHlE L 7=, RABREFIEL 500 h THro7=. fabricix, Cr &2 kst LT
Cr # 16.5%(A1), 20.2%Cr(A2)}% " 25.2%Cr(A5) % v 7. 3Bk /32 & 3mm, 18 10mm, &£ & 40mm
DHCRFER 72 iz,

AVAVAV4
43 ]
s 3N | -
T & g =
T —
| 5
40%0. 1 3%0.05

5-6 JERAEMW AT MREBRA (AL : mm)

88



5—3) BRBELVUEZE
5—3—1) FEHANZLARH[ITE—LFEIZL 5 SCC X5

FTE MM E 45T B — AR B % oY 7L o4 & MUAIEEUIN L A & 5 1R o Wi o O B
BaiToC, SRHOAEEZFM L. SHOBBIIVWTRLOHAEATHo7. M5-TICEXRDOH
L Cr, Ni &E DR AEZRT. Cr &2 20.5%LL T TlE, SCCNHEA LN, Cr &N 22.5%LL RIZ 7
% & SCCITFAELRMNoTo. 16> TSCCOREILK LT CrEaEDRBNKE S, KRBRIZEHIT S SCC
P ORISR Cr &1 22.5% L Mr Sz, —FH Ni BICHOWTIE, W57 00bn5bE5ICEDENIC
LV SCCHMBEA~DEEN CriZ EHMICENR -T2,

35
30 ()
g 2041 T RXTTTTTTT=C
S Xx
m]ﬂ{ SUS304L SUS316L
O
10 1 O: SCClL
5 | X . SCC&)D
0 1 1 1
0 20 40 60 80

NiE (mass%)

5-7 BWR W HIKFEHEER BT 12 35 1 2 FEBLEALAS O 1fif SCC MEIZ X IET Cr & Ni o2
(FERIfFE 4 5l B— 23 5k)

5—3—2) F&[Ff&SSRT 12k 5 SCC &)

T XMFTE SSRT BB Y 7LD 7 T4 ZAMLEAERREIC L THIm BN S EHOWEE 25
WM THE LR EBEEELIX5-8, 5-910R"T. Fa4mLEMR, 22T -o0F T
WCHEEGEL, HMNB LR AWThChBE I, AfiCo R/ EIOFMIL, =R RR
ThHHEHOHREERINL TITo 7.

5-8 1% Ni &) 20%ICEE LT, CrEZZ (b3t td 7 LofiRTchs. Cr&IPEV 16.5%
OH TV TIEKH A TRT LD RES 100 um 2 O Mg i < e AR U o 2 S /DB &
Nl CrENfMT 238 b0 RHOEI T L, Cr & 245% E TS RHIFBEI AR -
7.

5-9 1X Cr %) 20%ICEE LT N &2t 8 T LVORERTH D, Cr ekt & RERIC
Ni ORI & & HICETZES I L Tvo72. AL, Ni & 59.8%I28 VT HX 5-9(d)?D A THRT X
D EFHIBE I N
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19.4Ni-16.5Cr-Fe bal. (A1)

: \ . i ) 1 SR e v :
e AN \ R - i e

20.0Ni-22.9Cr-Fe bal. (A3)

19.5Ni-24.5Cr-Fe bal. (A4)

100um

5-8 BWR WAIKEEERE (31T 5§ M fF & SSRT % Wrifi O 7 BB BL 42
(Cr ZAb#f, 15109 A8 10%, (a) 19.4Ni-16.5Cr-Fe bal. (A1), (b) 20.0Ni-20.2Cr-Fe bal. (A2),
(c) 20.0Ni-22.9Cr-Fe bal. (A3), (d) 19.5Ni-24.5Cr-Fe bal. (A4))
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59.8Ni-20.2Cr-Fe bal. (B5) 100um

5-9 BWR W HI KB EEBRELIZ 31T 2 3 & [ & SSRT 1 Wi i o O 7 B SR 81 22
(Ni ZE{b4F, #5109 28 10%, (a) 12.6Ni-20.4Cr-Fe bal. (B1), (b) 20.0Ni-20.2Cr-Fe bal. (A2),
(b) 40.0Ni-20.1Cr-Fe bal. (B4), (d) 59.8Ni-20.2Cr-Fe bal. (B5))
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58, 59 CRLIZADEI REREFEIDOOT HEKFMEEK 5-10 (IZ77F. 2 Z TK 5-10(a)
X, BREHEI OO THEEFNELZ Cr ETEALZFERLTHY, 5-10(b)1%, mREHES DO
THEEKMAEZ NI ETERLEFERTHL. WTHLORHETHLOTAHAREOHME & IR REHES
ML, ERMNERLTVWD I ENERS N,

<19.4Ni-16.5Cr-Fe bal. (A1)
160 ({120.0Ni-20.2Cr-Fe bal. (A2)
— 140 |+20.0Ni-22.9Cr-Fe bal. (A3) @)
E 19.5Ni-24.5Cr-Fe bal. (A4)
= 120 | 119.9Ni-25.2Cr-Fe bal. (A5)
¥ 100 |*20.INi-26.5Cr-Febal. (A6)
5% X SUS316L
=Y 80
60
J,<
o 40
20
0 D4 b Ve
0 2 4 6 8 10 12
OTHiE (%)
160

<¢12.6Ni-20.4Cr-Fe bal. (B1) (b)
140 H020.0Ni-20.2Cr-Fe bal. (A2)

E 120 |{O40.0Ni-20.1Cr-Fe bal. (B4)
3 59.8Ni-20.2Cr-Fe bal. (B5)
4y 100 [[xsus3iel
w 80 |
W !
o 60
E 40 |
i
20 }
0 —_— n . .

o 2 4 6 8 10 12
OPHE (%)

¥ 5-10 BWR /M AIKFLHE R 52 1 0 3 X [ & SSRT 12 K 2 & el o & At g % 8)
((a) Cr D%, (b) Ni D %)

EHICK 5-10 1B W, EIEOTHEG6 & 10%DT — X &A% K/ 2 FBIETHED, 0T HEIC
ST EHOBEREOEMEREZEHNLE. ZTOEROEEZ20THLEETHT LT, 2ER
BEEAEM L, 20X ZEREEICFIET Cr & Ni OFEBEY 5-11 (077, (X 5-11(a) 1k & 2Lk =
WEIZKIET Creo B4, KM5-11(h)IFx R ERFEICKITTNIEORETHDS. Cr 72T Ni &
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DM E &bz, T RHERELIZFD T HEMPIT-Z2 D LROND . FFICCrBEORENRBEZ LY,
Cr &N 245 FCIEREMLIEAZHT 255 HBWVWTEH, BN SCCHEZRT Z ENbNoTz.

1.E-08 1.E-08
@) ~20Ni-x Cr-Fe bal. (b) x Ni-~20Cr-Fe bal.
) @
£ S
V1E'09 ~— - =
Py i 1.E-09
] i
5 5 o
1.E-10 } ; B
™ = 1.E-10
A A o)
1.E-11 ' 1E-11 . . .
15 20 30 0 20 40 60
Cr (mass%) Ni& (mass%)
X 5-11 BWR M EIKRFEREICEIT 5T Zfft& SSRT THEOLN D S ZLEREEICKITT

Cr & NiOE# ((a) Cr E&AFME, (b) Ni &K

B4 B TR/ ERIC SSRT TIHOTHAREORBCERERFESL T HNBELLNT LS. Ll
FTEMA 4RI — 2R BOMEETITICEHNEY, Cr& NiOREBIZEH L T M4 80
— LR & X A SSRT B CRBRR2BEM N A b Z &b, KRBRIZE T H SSRT TD BWR 4
HKBREEIZ BT 2 IEGEAL A T > L A Ot SCCHEFFMiAE FIT M B2 5.

B, TEMAME 4 AT E— ABRTIT Cr &2 22.9% Tl SCC EAE LR -2, T MM &
SSRT R CiX SCC wiERMN R bivle. ZHIEFRBRIEOEWVWICL b EEZ NS, TR 4
SHT B — AR TN O T RSO 72— BRI 2072 it M B2 BT ) O3 0 e~ B Y 72 Al
RN ENDHBNZELEZOND N, T &M E SSRT HWBR CIXZBIMOT A2 X 0 Mt &M &
TS S U CHlit SCC MR Rofzt B2 BN 5.

INHOSCCHRBOFERIY, Mt SCCHOM EDT-DITIE, CrEOHMBAEHEEZ bR, #
ST, UFIZCrozhiRIZHOWT, REDEEAERM Z T2 L THEERBOMBEZ ELRT 5.

5—3—3) KBEEEZEBIZRIFT Cr DEE
FHESLHALIT D SCC DHEREIC OV TEMIT AWV EH DD, BWR BT 5 IGSCC I 2 B [K D
—OT, (EVEAMEE VRO TERATE LV IOMEND L. TRICL D E, BBNSIEISNEZ
7RI, AT RO E EZBE L ZOT XD EAREICBENTLLE ZATREICTNDICK D EE
(A7 v 7)) 2L, ZOBREDOT XD AT v T7OBRRIC LY REITTEAL S 40T D B2 IR A3
L, SrEmn”@& N+ 5E, ZOMAEAEBIEHEML TSCCHREITTLHEEZLNTVD
BRALFRELEZHNTT /) — N8 2 [E L7 R4 X 5-12 127 7. /ot dhi #1313 I1EX R C
Th o EFENIC I TR OREIT /NS <, OTHEBMPEEIT 9 -0.3 Veue (£, TEMER
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B BRI OB L 22D . IR OKRIC SCC N EIEDOMIEIC L W iEITT 5 L E XD &, KBRS
HCERBEN BB LT, TOHOR/EOTAEAMEGT L2 LICLD, BESNTELETOREER
EENEHCHFMCTEDELEZD.

OFTHEMPER R LK 5-13@)ITTT. WTFRORBRA b OTHMNEEZIE, 0T 5/TOBRE
HCARLEEEMESh TEVWERBEEZ L, TOBREBEOER L & LICERBENBDT 5
HEAA NI, £l CrEOBMNE & HIC, RBEMEESOBREEITHD L, S5ICZ0%ORD
LRI RDHIEND, KITERYIZBEET LI EEXDNE. TNICLVEREEZE S L TRD R
BRI oeELRE (BHA A OREICHY T %) O Cr &IKFEMEZ K 5-13(b)I <3, Cr DN
ELBHICERBEIRBA LTS, BREMBIFEHA A v OREN/NS VIR, FEESHE S - BRICH
FHEPTEH LT, ZORKERERT 2F TCOWMEN DRI BRDLEEZEZLNDL. Thb CriTEE
WEERFOFHAERMN O OEMREIH L, TOBROEBERREZRET L2 ZENHLNCOLNS.

<

1.E+05
& 1.E+04 } .
£ 20.1Ni-26.5Cr-Fe bal. (A6) .?\
< /\
# 1.E+03
&
® o1Es02 | i
A 19.4Ni-16.5Cr-Fe bal. (A1)
: 20.0Ni-20.2Cr-Fe bal. (A2)
1.E+01 e ' '
-1 -0.5 0 0.5 1

BN (Vshe)

5-12 BWR M AIKIEHEBR B (T 3610 2 IR O 7/ — Ry h i

1.E+06 3.E+04
@) (b) ~20Ni-x Cr-Fe bal.
19.4Ni-16.5Cr-Fe bal. (A1)
& _ _ 2E+04
S LB 20.0Ni-20.2Cr-Fe bal. (A2) | &
= Cr &1 S
.]:hi( =
o ]
1= 20.1Ni-26.5Cr-Fe bal. (A6)| &
2 1Es04 | ® 1E+04
0.E+00 ' '
1.E+03 o1 ) 15 20 25 30
. R (s) Cr & (mass%)

5-13 BWR # Ak ER 8512 31T 2 R IEAEE 2680 12 K IE T Cr o %
((a) BIMEEOREEZ, (b) EXED Cr &IKGFME)
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5—3—4) BREKYIZRIFT Cr DEE

5-14 12 Cr & 20.2%(A2) D & i (2 i S AV 72 i £ A2 il 0 il % FE-SEM CHBLZE L 7=/ R &2 R .
B bbond X0 ImMEITRIROERAERY TEDLILT WS, [X5-15(Z Cr & 16.5%(Al), 20.2%(A2),
25.2%(AB)DJFE B AERMIZONT XPS #HWTREEZ ANy XY 7 LR LMELIZHERERT.
ZZTCr, Ni, Fe liIMELHEAL VIS A ELTREESNEZLODONMTH D, BERERD I
Fe NERT, ZZIENi & Craambm»r s £, CridERAERMONEM TERILL TN D.
CriRE DR KMEIZIH T D Cri(Cr+Fe+Ni)DE % B RAKZIE T DR K CrigEL LT, B Cr&aso
Btk % [ 5-16 /" 9. BEAF Cr BN & & b 1T AR o e K Cr 82 B2 13N 5 % 17 23 o
> 7.

V7Y B & o TR O NEFLAL 2 3 ~ 72 TEM Bl OF5 R 2 X 5-17 [Z/” 7. ADRD b
DIt Fe EROBRILHEEZEZDND. ZORIKROH DL ZOEPHO R BEEERIZ 551 T EDX 041 L7k 1
3 5-4 127, BMO Cr &R 20%L EoH AT, B O Cr gL 24%E THIML Tz,
B ERBRE TR CERT 2 HBICK T2 CroR BT YORERH D, THICL D LIEFHRER
BEHOEEIX Fe EEROLONL70, CrEsd 10 h 5 20%IC2 b3t 5 L, FEEXIIFEALEEL
P, M EORELFETCriRESMLTEBY, RERLFAKOKERTCHo. RFETORM T
25%F T Cr &ML CHERAERKEER O CridERHMT 2 2 & 1x, ZYefka L ubr L.

LLEOOTHEmAE & EAERLBICKIET Cr BOREFME Y, B Cr ENENT 5 &,
CriREEDOEmWEIENER SN THRIEOCEEMMEEIND Z L 25, it SCCH DM LIZ2RNR5 &5 R
LT,

i fk‘

$-5000 5.8 kV X40.8K o9Bnm

(a) fEAfis (b) mifis
5-14 BWR B HIKFLHRER L 7 C 500 BifRE L7- A2 A& IcEKR Sz
J&5 £ A R > FE-SEM #8142 (20.0Ni-20.2Cr-Fe bal.(A2))
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(at%)
w Y a1l D
o o o o

TEHR
N
o

10

0 200 400

(@) 19.4Ni-16.5Cr-Fe bal. (A1)

600

ANy AU TS (nm)

O

(at%)
N
o

TLHR A
N
o

Ni-O Cr-O

[EEN
o

(b) 20.0Ni-20.2Cr-Fe bal. (A2)

o

0 200

400 600

ARy B Y U TRE (nm)

60
©
50

TLHREE  (at%)
N w N
o o o

[y
o

19.9Ni-25.2Cr-Fe bal. (A5)

o

200

400 600

ANy ZY CTRS (nm)

5-15 BWR /i HIKAREEBR 5L 12 36 1T 2 FESLBUL A (ST A S AV 72 85 £ A i > XPS 73 4 2R
((a) 19.4Ni-16.5Cr-Fe bal. (A1), (b) 20.0Ni-20.2Cr-Fe bal. (A2), (c) 19.9Ni-25.2Cr-Fe bal. (A5))

/O

O

~20Ni-x Cr-Fe bal.

30
£
Uv
K 20 -
mx E
@.’:
g £
O 10 -
2;4(&’
.IEE\

0

0

10

20

Cr&: (mass%)

30

5-16 BWR @ HIKFEEEBR BEIC 1T 2 FESHAL M T T R S A 72 8 & AR Bl B2 BB RE Al 12 M 13-
Cr 2 (XPS 75 #7)
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19.4Ni-16.5Cr-Fe bal.
(A1)

20.0Ni-20.2Cr-Fe bal.
(A2)

% 19.9Ni-25.2Cr-Fe bal.
' (A5)

100nm

5-17 BWR W EIKEHEEREEICR T 2 IEGBAULM OB R AR O V7"V 71 TEM BLEHE R

# 5-4 TEM #2212 X 5 BWR W AUKAEEEBR 5212 81T 2 FEGLBALA O & & Ak ORDIRY & o
EDX /o Hr it B (mass%) %0 %[ <

19.4Ni-16.5Cr-Fe bal. (Al) 20.0Ni-20.2Cr-Fe bal. (A2) 19.9Ni-25.2Cr-Fe bal. (A5)
BIR ) Fe:62, Cr:10, Ni:28 Fe:62, Cr:10, Ni:28 Fe:56, Cr:17, Ni:27
Fe Fe:57, Cr:15, Ni:28 Fe:52, Cr:24, Ni:24 Fe:54, Cr:24, Ni:22
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5—4) i

Ni %% 20 CT—EIZLTCrE%d 16~26%I Ak ¥ 7 Cr Eﬂ:ﬁ& Cr &% 4 20% C— Iz L
T Ni &% 13~60%I2 &b X t7= Ni Z{b# %2 H T, BWR ¥ HI KA 2 BR BT 5 IEHLHACA Ot
SCCHIZKIET Cr & Ni ORELF LN L. F7z, M SCCHEIZKIFT Cr DEEIZONT, £M
DBFBRAERDZMRNT 252 & THEBMERBOBMEEZERZL T, UToMma Gk,

(1) Crid7 = {4 sidh F3lBR s X OV X M SSRT B BR W3 o FEl I B8 T b it SCC D m ki
EHTHY, TOHRIIBEECTH-T-.

(2) Ni (X3 =W+ SSRT #Br ClIiif SCCHED M EICHB TH - 7=, T = HIfF 4 sdh (FBR Iz Z o
BIRITAMECIE R, TORBIILRP/NINEEZ BT,

(3) 245%LL ECrazEeMEHL, REMLEAZAGTH25EICB VT HENM SCCHEERT.

(4) LLEXY, BWR MmAVKBERE T 2 IEFBALH OMf SCC T LT, #ERkPMICITmENn
TWRhroloCr e Ni ORBLEERBNICRT T — 452/ T, b EOEELRA LM LTz,

Mz X v FESUE LR Ot SCC PEm Bizxh 3 2 M B o SE R & 157

(5) it SCC P LIk 4% Cr DFEMIC W TIE, CrifENEWEIKZERKR LT, MEOEEMEL

M ExH, MSCCHEZmEIEDLEZZ LN
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5—5) REXE

1)

2)

3)

4)

5)

T EMR T, BB, TRERER, NHE, AKARM—ES, “KEE{bEE AT 5 KRE 316 AT L
A D EIRK T D SCC ZEH/)”, ##F & #E L, Vol. 58, No. 6, p. 228-233, 2009.

H. R.Copson, G. Economy,”Effect of Some Environmental Conditions on Stress Corrosion Behavior of
Ni-Cr-Fe Alloy in Pressurized Water”, Corrosion, Vol. 24, No. 3, p. 55-65, 1968.

S. Szklarska-Smialowska, G. Cragnolino, “Stress Corrosion Cracking of Sensitized Type 304 Stainless
Steel in Oxygenated Pure Water at Elevated Temperatures (Review)”, Corrosion, Vol. 36, No. 12, p.
653-665, 1980.

SFHLTG, A2, “EIRKEREE NICEBIT D SUS3L6 OJE B — A KFEB X AR O
-7, M & EEF 2005, A-307, p. 95-98, 2005.

INEIEfR, @B O REE LRI, 77 %, 1983
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E6E

PWR & BWR /254175
M SCC #£/Z BT S ZRIR « THZE A



6—1) FLC®IZ

PWR & BWR IZ[A UBEKIFTH DM, AT L ELTIEPWRIZAKEAREZN L T 1LREGEH KR

TRFELDL, TRICKHLT, BWRIZ1IRGHAKRZDOART, K42 OWHEITELRS. —F5 T, PWR

—& KL BWR OBEMICIE, WThbBRERCHEEREDBANOA—ZATF A FRAT LA
W=y FNVEAER EOBEL LM BB S TWD . PWR D 2K R TIXEITRFEMABEH S i,
PWR1 G HEIKERBER L OVBWR D72 27 L ZAG° Ni A4 L 1XB 5729, Z 2 TilX PWRL &
WHKERE & BWR G HKBREIZCOWTE]RY EiFs 28 3%,

KX TIEINLAEEIZIHOWVWT, 2, 3FEIIBWTPWR O 1 RGHKREEICH T DI SCC I
DWTRHMI L, 4, 5FTIXBWRMAVKEREIZK T St SCC M4 5Fl L 7-. 6-112, %3 ETH
HALTZ PWR @ 1 R HIKAEEEBR BRI 8T A it SCCHEIC XIET Cr & Ni &L, FE5ETH LN
BWR B BEIC BT D it SCCHEIC KIET Cr & Ni OB ELZ L2, Znic Xk D &, it SCC
PED ] FIZx LT PWRL IR HIKBREE Tl Cr i3 4r 5228, NilZBE BRI ek, — 5 BWR MEAIKEREE
TIE Cridaf 2%, Ni 08I/ S W EmZ 2R3 . T 7205 PWRL KRG HKESE & BWR TIE, Crix
WTNDOBREEIZEB W T B SCC DM RICAFEE TH Y FEEL, Nilk PWRL R m HKER B Tilif SCC 4
DO LI L THEEETHY — 5 BWRWHKER TIZREN NS SHELTWD ZERHLN LR
Sl KRETIE PWRL RMAIKEE & BWR M AIUKERE OE WD SCCHEMAHETE L, £ % OREIC
BIFDHCr& NiOEHIZOWTELET 5.

AREOREKIT, £ PWRLKGH /KBRS & BWRHEUKFIZE T 2EEOHEL L fHE N2 BHT 5.
ZOREF A I, REEOFLL & FE DM SCCHEIL & DR B EZ KT T O >V TE ) R BLR
MHEERT D, WIC PWRLIREGH KBS & BWR IZE T D SCCHEIC W T, ftskm %23k LE 7R
T=HIHTT, M SCCHICKTTRERFORELZEMT L. TOBEMFERL LI, kb T
W5 SCCHMMNDLZYLBEZ DN DML BT 5. KZIL, TOoHBEHVWT2~5ETHLAE
i R LT, PWRLIRITADKEREE & BWR MAVKEREICK T 54 —AT 54 FREE DI SCC HEIC
X9 %D Cr & Ni OFRBIZONTELT L.

100 p——— —— 1.E-08 100 & 1.E-08
(b) PWR—KIMEIKERE
g0 | @ =~ 80 - x Ni-~15Cr-Fe bal. Q
S ES \ < 3
g [PWR DAV LE09 &, | BWRInE ks L LE09
ﬁGO { XCroTeNIFebal | oem ks E\:GO | xNi~20Cr-Fe bal. =
e Aﬁ X Cr-~20Ni-Fe bal. B s B4
O 40 - @ 540 - b
O 1.E-10s% O - LE-10 R
n A0 %2} AU
20 20
0 - o 1E-11 0 —=6—-—=T 1E-11
0 10 20 30 0 50
Cri (mass%) Ni£: (mass%)

W it SCCIEIC RIET Cr & Ni D

M 6-1 HRAKIFEREICE
H3EEPE LS EDMR A

(
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6 —2) PWR1 XAHIkE BWR BEKICEIT EREZEDEL - HHER
6 —2— 1) PWR1 X4 &Ik & BWR Ak DERE DK #

PWRL IR EIKERBE & BWR MAVKERE O % % 6-1 127779 PWR O 1 IRMEKFZ OFREEIL, &
IR CUbIE & Bl 9 2 7 O IE S, REIIIESRAT N 360C Lk bm <o T WD, WIEH AL L
TIE, BRICERELZ LETHRENRESH, S5ICT VIS LY ART BIGMERRSE & IH
LHMTARENPRMEN TS, KEE, THFHIEME LTHRYRENLFRTEE LT, pH#MEM L L
TYVFULARKBRIL) FLELTHRINSNATWS., —FTHAEL A 300 A 4, 7 bAoA
FUEBRICERBERIFTHRTIFEAEMIBRIN TN,

BWR W HIKERBE O R UL, JF L CHEAE ZVIREIXIFIE—ETHH I L, PWRL RHEIKERE &
[FERIC I RICEREZ LT THEAD A A FITW RPN TEMARECH D, —HFBEFET A, KO
OB R L0 B SE, BEELAKENFEICHFEEL TN D.

mE, ARETIT BB PWRL KRG HIKEREE & BWR B HUKEREE 2 LA+ 5729, Wadkm b
ZHELTEBRIZITbNL TS ZnEASL, BWRIZEBIT 2 EHEEBIEASCKEZEIRMZ EIXBE LR VD
D LT 5. PWRLREHIKEEE & BWR OBREOE WL, RE, BEFETARE (H,0,H,0,), BRIE
HMEOHE L TEEREZEDD.

#* 6-1 PWR1 & HEIKEREE & BWR i EIKERE

PWR (1 ¥ HIKFR) BWR (NWC) fii &
289-325°C Y .
M=l 9 1) s N==1
T (HE 22 max.360°C) 288°C TE A S
pH 6.8-7.2 2 6-8 2
Ve ES <5 pph ? ~200 ppb ?
stk 3 ~2000 ppb ? ~10 ppb ?
bk & <1 ppb ? ~300 ppb 2
B (FERALFHE A
&7 : Electrochemical -0.8~-0.7Vspe” -0.15~+0.1Vspe”
Corrosion Potential)
<30 mS/cm ?
B (0~2500 ppmB, 0.1~0.3 pS/cm ?
0.7~2.2 ppmLi)
kA A <50 ppb ¥ <100 ppb ¥

6 —2—2) ZREDIEWN - tHERIN SCC tEIZRIE T #ZE
BARFITEIRAKDERE Th 5720, Mt SCCHEDFAMIZI W TIE, KERE & & miRE{bom 52>
WCEBETHLERDD EEZD. T OB R TPWRLIRAHIKES & BWR MEAIKERE TR S
B, WHENARE, BEREHEEICOVWTUTICERETS.
REDOEBIZONWTIE, KBERBREOBN LY, KOoMEOEILE LI, &FOBMHKIEER
LR & T DAL B X OKBILY OEIRE 7 SICBEZRIFT EZ2 005, Ky TIdBEEE T O
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[Z2ODKEN 1043 ODAETHEAELTEBY, TOOmBENRTL, B2 5 Ky FOMOKEL#EHE
DETKEFEMEBERLENTND., £07d, FEEPREL, BERELZRBRBEMTIHHEERD,
HWIRICB T 2 KOFEBERIZTZ OABEBEICHNTEMEPS LHFREWVWI ERALALATWS Y.
KOFHEBEROBFIE S G4 T CORBERFIEL, BE LR & & HITESIZED L, 200CHHET 2 4
J—k, 300CTTE R, EHICERMIRE (374C) i CIEEMEDO 7 mr AL AT L
— TV LRBEETTENY, KOFBERCHETIHREMEITIEEA LRI RLEEDPATNS Y. kD
WHEERELS B SEDL LN TEHBERKBREICBIT2ERIFRICED L, FERIIE - HEO
fREBEC R OEME, SHICERB LRI OEMIER EEZ IR T L2METHL Z b,
IR OBMABBEAOEAREICEHEE G T2HERRRIA—FLEZLNTHS. NiEZGEDE
BEELFERCEHET I, FEROLFLELTBREENHML, EROT /) — NIEMAEE
EhBRETOEEHNI E<HASh TG .

X 6-31Z/RT L HIZFe & Ni DA A ULIIGIZB T 2AEKABE T X LX— 16 OREKRTFMEICL D
L FeDAGIE/N S RERGFE L /NI VDIZx LT,NIiDOAGITHEM R E CRE L & bizsnL,
A AL LEEL R BEINICH D Y DN KIEEIB R OB D AT v LA E NI EAEEOEVICE
BERIETZERHEESND.

80
= 0 A
8
) S N2t A
60} T l A
. X AAA *
7 Aaaad
© H
28 H -15
- Binig
S 42 Fe2*
@ o 20 -
S0t 00000O0OGOOOEOS
'25 T T T T
0 100 200 300 400
0 e HE (C)
'IOD_T a':1’.00 300 400
emp, ¢
b | M 6-3 Fe**l NiZ*OA A LG~
X 6-2 KD EROWREKFNE VR — DR EE R AEE ©

F I DEFRE IO W T, X 6-4 12T X D ICH|IRN D 260°C (533K) fFif £ T B
\ZH81F % Fe, Cr, Ni D% x ORE{bY LKA DEREN G, 260C TIERKE WIIEIC
Fe;0,>NiO>>CrOOH O E TH 5 . Z D Z &6 Cr O IKBRALY I ZIEMRIE MK ZBETH D
ZEBRDbMD.

L oT, KEKRBEOB AN GIX, £ 6-1IC7T X9 ICREN BWR WHIKEREE O 288°CH 5 PWR
— R HIKFR D 389~325°CICHMT D &, EMEMNTHLHLDOD, KOFEROKT & & HITHEBKIG
TP S A, NilZA A oAb E NI K RA2MEMICH Y, CrBEMILZETHDH EELTXD.
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(e

T T T T T
o
x N
X T
o -8
= 10 — -
: | ﬁ
-
<
[« 4 I~ -
[
z -7
w 107 F 260°C (533K) A
4 1
(@] o F' 0 -
o Ni(OH), 374 |
x }
w n 1
& r ]
, -
o |0 8 - ' —
8 1
v - 1 .-
o) 1
1
& i
> 3 ! .
T FO(OH)Z '
2 w03} ! -1
[+ 4 1
Loy b 1 -
> 1
‘i" 1
1
x ! CrOOH . i
o 1
— 1
4 0 10k ! y
P - 1
3 .
Cr{OH}
p 3 : .
1
1
!O-Ii L 1 1 1 il

280 330 380 430 480 530 580
TEMPERATURE, K

6-4 <)@ WAL W VA R FE O IR E AR A7

—HIREORBIZ LT, MIRBLOBLENLIX, MEERYTOEREA 42 & ERFEO IR E
DHBELZTHENEZLNS. Robertson? |2 L5 L, @RABREICE TS AT L 2O &M
BEERDTOCRBA T OEBEPEETL2EEZONTEY, WEOHMIIIY ZO&RBEA A
VOPEEEE S, BACEOCAIME SN D Z ENEENICHB SN TS,
UEXY, IREOREIZOWTIE, BWRGHIKES (GRE 288°C) I2H~, PWRL R AIKEEE (i
J£ 289~325°C) D@L E RV, KEEWE RO POSITME S h, @R O S TR E S 2 W
hdbeBEZLND.
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=

oY, WERBIIN Y — FRISICHEET 570, EENENT I BREEEMIELRT S Y. oM
FIZ NI EEESICEBWTHRETH S . F72, BEBLKEIIBILEST XA TH LT OB EEN L &b
SN, BEAKBIZRBIOUET A TOHAT-OEBEEMNE LS5 1D,

WAF A AL, BALICHEEZ KT T. X 6-51C Fe B @DBERENIZ KT TIRAFILE T AIRE DK

400
200+
2
S o
13
]
g ~200
o
o
3 ~
£ 400 + Laboratory and in-reactor data
ﬁ | for 304/316 stainless steel
@ 288 °C water
~600 * Unirradiated condition
» Conductivity range .1 - .5 uS/cm
- ' * Variety of flow rates
* Both bright and oxidized surfaces
-800F | | .

| v b1 3 ey
10° 107 10% 10° 104
Dissolved oxygen content, ppb

6-5 RN ARELBARBMOBGR (Fe KAAGOBRBIMICKITT O EDKE?)

KEWE OB R CEMORELEZ DB, BRRGERNTFHICERZ LT — A _—K (&
fr-pH X)) BRIHATE S, 77— _X—KX, #fihz pH OKFEA A4 OIFMEE), fthhz B0 (B
ePE) E LT, BnERICONTZDpH L ENM CEANFNICLRERRELZHEBECRLEZLOTHD.

6-6 |Z 300°CIZF 1 % (a) Fe, (b) Cr, (c) Ni Z3%F41Z L 7= Fe-Cr-Ni-H,0 D 7 — L ~—[x 13|
PWR1 R HIKEREE & BWRL KRG HKFZDREZ AL TRy, £6-1 LV, BWR —~&KFZDENMIL
-0.15~+0.1Vgue, PWRL R HIKER 52 D EAL1%-0.7~-0.8Vspue & L72. PWRL IR EIKEREE Cl, BN
W7 Fe & CriZ (MmN L ETH DA, Nilx4E Ni & Ni ey 058 Bz ® v Ni 138
BEI< W, —JF BWR WHEIKEREIZENMA R <, Fe, Cr, NiWTFhbBIEwMNLZET, Zibit
FIIERRELY OBEORENZETHITCOBERIIEZ VST VWEEILND.
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Potential (Vge)

Potential (Vgue)

Potential (Vgue)

pPH3z00c

® : BWR — &K%
| Ll 1 ! ] I ] ® : PWR1 YKY'%?&UZYL’%%

PHa00c

6-6 300°CIZ351F % Fe-Cr-Ni-H,0 Z D 7 — )L _—[x ¥
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Fo, BIRICBTABICESICOVWTIEZ Y U HLARBAATE2 ¥, =) U ARIIE TEORE
LIz 2T, BEECIRE, M7 2R AR 2V F—% L0, FiREICE T 28y OmiR T
YU NVERLELDOTHD. FLEOBLM AR T v v iz, #E Lz PWRL R HEIKERBE & BWR
MHKEREZ &5 bE KA X 6-7 IR 7 .

PWRL & ¥ HIKBEBE 1%, 600 A4 D PWSCC 23 KZARBREEICE W T b miR /KBRS & [MEEIC SCC %
TTZERALNTWDIEY, @MERKEKAR[E AR LTEHE L., BFEKET A OREIX PWRL &
7 HKBR B O FEHERY 72 E 30 ce/kg H,O(STP) & L 7=.

KR ORAETT LXK pV=(W/M)RT L 0, KFET AREE X
w=(pVM)/(RT)=(10°*30*10°*2)/(8.31447*273.15)=2.64*10"% [g/kg]=2.64 [ppm] & 72 % .

I, p (EAEIRAEDE ) =1 [bar]=10° [Pa]
V (KFEH A DKFE) =30 [cc/kgH,0]=30*%10"° [m*/kgH,0]
M (k#EHZ2DE/NLEE) =2 [g/imol]
R (KAE%R) =8.31447 [J/mol/K]
T (EHRRE DR L) =273.15 [K]
ZHIZT LY 2.64 ppmHy/H,0 Z W T, PWR —REGHKRICBITHABILAR Ty v EREH B LT,
—7J7 BWR TlL, WHFMHEN A %K 200ppb Fde Z &b, ~v U —OWEH p=Kx & T, MBHEH
DIEEFHE L. ZTORRE,
P=Kx=1.466*10*1.123*107"=1.649*107 [atm] & 72 %.
ZZTK (288CH~> U —iEH) =1.466*10" [atm] ¥
x (B3 H ADE/NL453R) =(200%107°/32)/(1/18+200%107°/32)=1.125*10"'

BWR M HIKER 55 & KKJE T L2 KAEK P ICHmET AGIEMAY OBE N A2 EL8E & 272 LT,
MBIt ART oy vaHEE Lo, PWRLIRGHKES & BWR MHIKERE W THIZEHBWTH Fe, Cr, Ni
WXL S U5 2 PWRL IRIGEIKERED TR BILAR T vy VIidRW. £, BBk &% Cr, Fe,
Ni DIE & 72 5.

Sennour & 12k %5 &, Ni-Cr-Fe-H,0-H, R 123 F 5 Wik 4 0 22 & M o B 31500 X % 314l <1
6-8 IR T K 91T PWRL R HIKEE COBIEMOARK LT S 1%
Cr,04>FeCr,0,>NiCr,0,>NiFe,0,>NiO DJEIZE <, PWR1 Yﬁ(‘/%ilbkﬁﬁ“ﬂ‘i NiO T4k Liz< vz &
DRINTND.

UEDZ &nn, WAFHA A (0, H0, Hp) DFEBIZOWTENFHBLANLELRT S L, PWRL
WIHHIKBRE CTlX Fe & CridfER FAIFMITE Z VT < N Z iz v, —J7 BWR @ EIKER
BETIEFe, Cr, NinWThbtEZIVLTWNEBSZILND.
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H/H0 10-* 16-’)34 10 10~ 167

: CO/CO; 10°107 19710 10 10°  10-2
0 1074

1
-1
11 10
- 4107
\\’-L_ 1073

10
q107*

110%
~ lo-!

104

10° ~10°®

10 J10¢10-»
100 dyos 41072

105 ~10% Y10~
2 NiO DF" 77 A4 plexant” - IR K A7 P
: FesOq DF 77 24 A tvE™ - iR B (K A M
1 Cry0s DF 77 24 At - iR B K A
10°] Lioe — : PWRL R HIKBREE 2 48 L 72

N10-'8 DH 7% 30cc/kgH,O(STP)=2.64ppm/H,0O
10" . DEEAGE Fvye v D IR FE & F M
AN : o - — ¢ BWRIBHAUKEEE & ARE L7
0 %0 800 1200 _ 1600 . 2000 2400’0 DO=200ppb=107(EN53 % & 1), v)=-D kA
Le— 4 0 5 J T[] 10 10" 102 J10% VTR =B 4 E 1.125 X 10%atm

100 10%  qov| |1O°7 DEALK 70y IR I 77
> . > : PWR — R 1 HIK R BR 5

: BWR M HIUKBRBEBR B2

10 .
4107 10~

107

107200 1g- 180 pg-tee 107% 1077 1p% -50 - -1t -3 -3 -2 26
, X \ o ID\ 10\ lO\ 10\ l(l 10\ 10°* ]0\‘

Po, (atm)

M:&RomE, M: Bty S: EBRNOAEY

X 6-7 =V AL

| NiFe,O4 |
10 ' |
E Fo =
S~ 107 |l e a(H0)/a (H,"*Y) in the present
z ; experimental conditions i
£ 10®L  -- Upper and lower limits of a(H,0)/ :
o) L a(H,") in PWR primary nominal | 1
= 10° conditions e 4
® = e |
10 L '
o FeCr0q4 ]

L0 Alloy6%
10 il SR SE— ' . .t l

200 220 240 260 280 300 320 340 360
Temperature (°C)

6-8 PWRL K& HAKBREE T 690 &4/ T 5k o2tk 10
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HHKH OBSAGEELIC OV T, @A VoEIc L 5 & PWRL KT EIKEREEICEKIT 5 B & Li
BEOCEEBIIBBIIFILEEOE(LLELEBICpH NEILT H2Z LICHENLETH DAY, SUS316 D
it PWSCC #IC R IFT BT B/ NS W2 E R ML TWA. £, AKHFZEICEIT 5 BWR @ HIK
BREEIZI 1T 5 316NG Dffif SCCHEIC KIFTERBEEDEEBIZHONTD, 4-19(C)IZ 7R L 72K 1T g
B/NEWRERER o, o Tt SCCHICKIEFTERLCEEDEE I/ NSWVWLEHETE 5.

6 —3) BERFEREIZBEHEXTLIFE Ni ZE 2 Dilf SCC #IZB755EH -
6 —3—1) ZFEHESCC EH DI

FHE PWRL IRGHAKBEICHIT S Fe D 2T L 28l (K= TIXLIE Ni 454 L o % A
SEHDHBIL Fe iR 4 LIES) D SCCHIA X 6-9 12, Ni A4 SCC Hl% X 6-10 (2T . X 6-9 I
L% &, PWRLRGHEIKBEEEICK T 5 Fe 544D SCC I, T & MM EME RN LIZHALT,
WAL A A R A A, SOICEFREOHRENFERTEID ZLMIELEALT, BHO 1K
BRBE TR 2 B HHNLIEF IS A 1 T PWRL i HIKBRBEIC 351 5 Ni B4 4 SCC i, 600/182
BETEL AL, BEISHLBEDOE VM TREAELG N PO L Bnbrb.

FEHE BWR (i HIKERBEIZ 317 % SCC X, Fe A4, Ni FEB&W TRV TS FUBUL 2R K TH
ETDHZERMBNTND . Fe BAEE TIHIHILEZMBEIT DR RFEAT v L AFNEE S L.
UL, IKRFEAT L AMICEBNWTH SCCHRRETDHIENHALNERY, KEOKBINTIZXS
MM LEAKEREREEZ LTS .

PWR & BWR IZH1T % Fe F5 44 & Ni 264 D FEHE SCC FHH O R & £ 6-2 12”7,

# 6-2 FEBE SCC F 4 DR

PWR (1 & HIKR) BWR % Ell 7k B 5%

. 7 ; 15 i 3 ‘
RGOS BEAEETEME | o w1 gt 8 < R 2,

R 5. . X
Fe %/El\(j? T N e s N R o * 3’F@Eﬁﬁﬂjf%§$ 2%}% O)%WJJDI&:J:%)
WAL A F v, WA F v, {ﬁ’ﬁﬁk ﬁﬁj][l]:)% MK & 7 JE A 22)‘

F oW MNIFER 1,

- 600/182 &4 T < F 4 19,
Ni JE A 4 SRS, BEOBEWEAMTRAL | - SUBUEA KT, 600/182 &4 TR A Y.
%U‘ 19).
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H Occluded Conditions

Canopy &Omegaseals
CEDM housings
CVCS heatexchangertubes
HPSIS elbow
HPSIS pipe cracking
Pressurizer heaters
Pressurizerinstrumentation nozzle
Pressurizerold relief line boss
RCS crossoverdrain valve weld
Recirculating spray piping
RHRS isolation valve & pipe
RV O-ring leak-off line
Safetyinjection system pipe
Sample line socket weld
SEBIM valve
SGinlet safe-end nozzle
Thermocouple clamping staple
Thermocouple columnend cones
Valve drain lines

B Free-flow Conditions

I’

AT g e— Note: four infree-span, sixat support

plate

"‘r EE rI[ I‘l’l‘l

0 5 10 15 20 25 30 35

Number of Events

6-9 PWR1 KA HAKBRESIZH T 5 Fe 44 o scc i ¥

30 YEARS 332°C  3Iavc 2a8%¢ 260%C
| ] I
11y
”woT
100t
';2 i cONREAA A\ /210K 2
R TAKAHAMA 1 Anoe 2 éowo Lre
+Q0
NIHANA 2 A /\RIKEHALS 2 COLD LEW
aof £2Had 10K |
RINMIHALE 2 A ,
ONI 2/ RUREY 4/8 FESSENHEIMN 1
oo HIHANA 3 ——LJ\\ FARINORALE 2 SEQUOYA/BUIEY 3
- (KATA 1 . €00k2 /o icasTin 273
b TRICGASTIN 3
= ool CDOX 2/8UGEY 2/GRAVELIN 4
: OHT 1 A bOEL 2
Time to failure %8 - FESIEXHEM | A N TAKANAMA 1
(weeks) Tof- * TROJAN FARLEY )
sof
sof TOLL 3 A\ VR ANKA 1
a0t
m -
RINGHALS 3
10 - A
- DOEL 3 A
[ OOEL 3/RMINGHALS 3~A
3 LEGEND
i A A REVERSE U-RENO SPECINERS
L RINGHALS 2 A\ TRAHSITION IOHE CRACKING
7\ U-BEND CRACKING
T RTINS R NI LRI RN H ST TR TN
150 ¢ 160 .70 1.80 1.0
1/T (107 K™Y
% 6-10 PWR1 G HIKBREICH T 5 Ni A4 o scc )
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6 —3—2) FhHERDIHFH

TR D Fe EXK O Ni GO SCC I RITTIRE D RS K 6-11, 6-12 1277 . X
6-10 | PWRL IR HIKERBEICH1T 5 Ni FEA @O R R, X 6-12 13 BWR M HUKERE ICH 1T 5 Fe EH 4
DFERTH 5. FeiBald, PWRL K H KBRS Tl SCC 2% 330~350°C A1 THa Kk Z# 7k L 2, BWR
W EKBR 85 T 250°C AT THER 2R 29, SCC SRR 2 R4 B & LTIk, M bWinfgiE oL &tk
CEELTVWAEDEEZLNTVS Y, ThbblBRkEZRTEELVKIETIZEEOHME & bic
BEMEES N DD, WBR2HLEIEMICRD EBIDOEMENRS ZEICRVEREIAIH S ND Z
ENEZBNS. T Ni EAEIE, PWRL K& HUKBREE TIXIRE & & HIClf SCC XK T L 2, BWR
W HKBRBE Tl Fe 228 4 & MBI 250°C {13 THOK % 79 24,

6—2—2) THRARIZLIHZ, BHETALEMICHELH 25, Fe kA& KO NI K464 0T SCC
PEICH T D REMOEELZK 6-13 17T, WTHLOHERIZEWTHEREMD &R SCC 1T
Ehn 2,

BRUSEEOREICEA L Tk, PWRL R®H KRS ICH T 5 Ni G4 D0 SCC MEICLIXT B & Li
DEERMONTEY, it SCCH~DEEIIHBRE DTHY, PRI INSVWEEILND.

fit SCC MEIZ KA TR, B, EXRBCEEOKEL K 6-3 (THEE L.

#6-3 TART—X &ZHIZ LU0 SCC Tk T DiRE, BAL, BRASEE O
= M 10) = f AR
B RE ) %{E{Kﬁl\l‘t e, XD 55 5
R At (02.Hy,H,0,) b

250~350°C £ 3T Cliit SCC M /% 4. 2329

Fe lk &5 & s . X o e
(PWR1 & HIKBR S, BWR i HIK B 5 k) o e s b e i B AR T
CER ARSIl )
— - - . IXifiF SCC
FLIE Z SCCHEAM IS (PWRL Ui HABESR) ch)‘fﬁ‘ﬁ?f DT
25 %) ==
PN B N E W 27)
Ni B & 42 250°C {3 Cifit SCC 4 A3 /s % 7~ 9~ (BWR #3 Hlk ’
BEE) 20
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$ + —tt Effect of Temperature
e Five Heats ConstantK =33 MPav/m + R =0.5, 0.01 Hzevery 1,000 s
e MA 200 ppb Og, 0.27 pSicm H,SO,,
100099 0 19 mn 00 T
‘ 105 F w0 250 200 150 100 °C 25
{107
Q=10 71635, Air Satd
K9 keal/mole ’
= , 7, 0224 uSkem HOI
—_ *Wf' T € 0,077 pSfem HCI <
= o /
xz _.CI_J' /s E
o &
- < 10° ¢
S et L @ {10*
= <
§ Activation Enthalpy of §
- 43 kcal/mol. O
3
= 100 4 Open =Temp. T
.7 Closed =Temp. l
10 : B Sens. 304 SS AJ9139, G49 "
t A Sens. Alloy 600 NX8608, C46 110
@ Sens. 304 SS 2P4932, C52
aa @ Sens. 304 S5 71635, C53
104+— } } + +——t : . . L
1.40 1.45 1,80 1.55 1.80 £.88 1.70 1.78 1.80 0.0015 0.002 0.0025 0.003 0.0035
1000/T (deg K) Inverse Temperature, °K™'
6-11 PWRL KRG HKEREIZEIT S 6-12 BWR I AEIUKEREEIZE T 5 Fe kLT
Ni H &4 Difif SCC MEIZ K IF Ni KA 4 Oifif SCC I &I F 318
TR O R 232 R
1.E-05 bbby
t Sensitized Type 304 O'“Ohg
[ 30 MPavm, 288°C water 2q 8
- 0.06 to 0.4 pS/cm, 0 to 25 ppb SO, g—gg
[ SKI round robin data S2a
Filled triangle = constant load b
Open squares = "gentle” cyclic
T 1.E-06 ¢+
v L Type 316L (A14128, squars)
o b Type 304L (Grand Gulf, circle)
b= | non-sensitized SS W Aedd
o
Q 50% RA 140°C (black)
(3] 10% RA 140°C (gray)
c
£ 1.E-071 | cwasoo
% GE PLEDGE
s Predictions
g 30 MPam
3] Sensitized
o
O 1.E-08-
1.E-09

~0.6 -0.5-0.4-03-02-01 0.0 0.1 02 0.3 04

Corrosion Potential (V)
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6 —4) PWR1 XAHASE BWR SHAICET BHREE SCC DEFHMDEL D

6—2) TEHELIEREOKHKE, 6 -3) TEHELZSCCOFMONTEERL DA K 6-4 (03
HL72. PWRL KB HEIKEREE L, B ET A Hy M IRIMEN TV D720, BLEST 2 0, H,0, 134 7
SIR7ZH, BANEALBRETHY, NiEAESICSCCHEZV S, BELLbITMESRS. —F
BWR %, BRILIET AD 0, HyO, & G A BN ERREE THY, Fe ke Ni EH5&0 VT it
(Z& D sCCmE SN D, PWRLIRIGAKEREIZHREM TH Y, Ni k&S OMm SCCYEIZITIEE D
ENR L, LSRR T 5. BWR MEAVKEREIZEREMTHY, 07 Fe LU Ni A5 &
Difif SCC 4 BERISBEBETLLEEZZAbN5.

#6-4 PWR & BWRIZEITSHEE L SCC D&

PWR1 & % K B 55 BWR % Hl /K B3 5=

CEITMET A H, IR Eh TV L 72w,
FRALPEAT 2 Oy & HOp 3 72 < fR7cdL, | - BRALYEAT R O,, H,0, 5 7,
(A EEATAAS =

CEHEALIC R DIREN R D,

BR L D K

cFe A eTciREIVELS, NiEd4e T
SCC O 1% % < A
CFREIS T, BEOBEWEA TEA LS V.

cFel, NiEES&WITNLE
AL 23 R IR C 3 AR

PWR1 R#HIK & BWR MHIKIZFE CEIRAKERE CH L OO, WE L EFT ARE L EILEE
WZHLED DY, M SCC HIZKIFEF Cr & Ni ORBICHE - HETLIANH L. AR TIX, Z Ol
SCCPEIZZIET Cr & Ni 024, PWR —RMAEAKDOEEERE TIX Y N—2 U~ FRER, BWR®
HKOREHEBREE TIE I SSRT Z AW TR L7z, Z oHEMIX, PWR —R$HHEK TIE, BE L RIS
J175 SCC R HET HBRER - TH V, BWR MHK TIXEFEEFE & MM L2 SCC AT 5 BREER
TTHLIENMONT WD E®, %42 OBRE Tt SCCYEIZ KIET Cr & Ni & 528 2 1 C i U2 3T
23 FEER T2 TdH 5.

7272 L, PWRL KM HKERSE & BWR M EIKBREEICE T D1 SCCHE~DFE L ERMICHEET 512
L, M LR GIETCHMM L2 A LEE L. GHlliCk T o EEMEDOM LIZAHORFTHRETH H.

BERIN R %2 VT, PWRL R HIZKEBRBE & BWR M AIKERBE & 2 122\ T, Cr & Ni 02 % X 6-14,
6-15 ([CHEFE L7z, Z 2 COE XIEEWALMOT — 2 2B L2 H DT, Zicxh LIRS I E R
CHBAE BV N T 2475 Z L2k %, it SCCHE~DEREEZ R LI-LOTH S, O] 1Ml SCC
P, TX ) XM SCCHENBEWZ EE2ELTWD. £/2, T-A] B [-X ] &t SCC PR
KT8, T=0) iEM SCCHRM ET A2 LE2RLTWD. ARBFINNIZE DM T X
7R, SMFER] TR L7 b O Tk,

X 6-14 X PWRL B HIKERBEICEB T D Cr & Ni OB % R 28~33) 2 KICEH LD TH S.
600 & 472 K Ni & 413t SCCHERME W XD, L LK 6-14 OFFINN O X 912 600 & 41
LA Cr fRALY) 2 AT H S 2 R R BVLPR 247 5 Z & Cifif SCC P23 M 3 5. — 7 SUS304, SUS316,
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800 &4, 690 &4 D EEAFHIL PWRL IR HIKERBE THEI 72 SCCHZ /R L TWD A, FEHIMNIC R
£ 512 SUS304, SUS316, 690 A& ITHHEMTIC L Vi SCCHEBKTFT Iz enmonTnd. £z
Z @ SUS304 X° SUS316 O [N T2 LK A1t SCC DR FiL, SibBALHEIcIvEINDLIZ & D
wmEINTNSD.

6-15 |% BWR M AEIKERBEIZ 17 5 Cr & Ni ORI DT, 3CHk 34~36) % S &2, {1k Hn I & B
L7=bDTHD. BWR wEIKERE TIX 18Cr-8Ni 24— A7 F A PAT U LA TH D SUS304,
SUS316, SUS347 X2, Ni &G4 d 600 &4 XA TIXEN M SCC A /RT3, FEIMWNICRT &
INCHHALBAL B CMm I T AN 2 5 L it SCCHEN B RESIKTT LI ERnMoNLTWVD.

ZD X DI, PWRL R HIKEREE & O BWR I EIKEREE D& 2 122\ T, Cr & Ni 02 IBE{7 8 %
R=2T—=FBHDHBDOD, ZTHRBENOHLD ERFTFTHY, ZNLILEOIEH, EHIC
PWR & BWR M EIKEREE OFLL - FHERIC OV TR S M AITITE A ERwy. BUF Tl PWRL &
WHIKERBE & BWR M HEIKERBE C SCC I DWW THELE L, TOHMEZ HIZ Cr & Ni OfERIZ DN T

BETD.

40 40
890540 SUS304
S 30 | orﬂ = 30 { SUS36
0 | CR / S e 47~
€ SUS304 PO > 2 SUs3
il O o7 i i % ST i R
e ’ . f i i \ ! i O — X \
o AT ICR \ |TT ] / @) ; X0 ' [ST ] :
| A_>O : ,’/ N CR / AN //’
10 i S 10 4 ~ a Treee-- -
\ X XK
0 : : ‘ %\ 0 : : ‘ :
0 20 40 60 80 100 0 20 40 60 80 100
Nit: (mass%) Nit: (mass%)

6-15 BWR /M HUKERBLIZ 31T % fiif
SCC HEIZH/ 4% Cr & Ni D%
(2% 3k 34~36 % JEIZ1E[X)

4 6-14 PWR1 RGHKEREIZH T S
fif SCC HEIZ% 4% Cr & Ni D %#
(2% 3k 28~33 & BT FEAK)

(O : 1t SCC &, X : it SCC MK, —A, =X /it SCCHIET, —O : iif SCC M\ L,
R: &R, ST : i LEGLE, TT : %)
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6 — 5) BRI IZI 1) S SCC BEDHE

KOEBICINETHEIN TELWAKFERIEICH T 2 EREREEIT SCCHMIZOWTEMRL 2.

£6-501) 1T, AT L AMB LN £E54EO PWRL KRG HKEBRESZORKESIEKICE T ER
B ICHOWT, BER 2 EAICELZL L TWAD. Robertson”Ic L5 L, AmiEKICBITD 2T L
A ONE B TIE, IFBIROLRBACRISICED 2EBHBENO R D AR VRN AT 5. BIY
NI X b T O KRIEIZIR > ToAKORA, RBEMOINER T ORI > Tc&/A 4~
DIEHIZ LV ET 5. BEHE L, 2 OB HPR IR Tc&BA A O LV EHRIND.
Ni &40 600 A4 DA, LR ICAERT 2 NIO e A 4 OILH /S A L 720, &3 E N
S5, £7-, Marchetti b ¥k % &, PWRLRGEKESEICKE TS Ni A& TIE, Bikho
BREMTH DN EMNIEMRILEC LD~ 732 MMEEEZERL TR Y, OB EBIIREMN & 7
D20 TN Y v FIZ, ML D5NETCr U w572 Ni-Fe-Cr A B X V(LW 2 Tk 3 5 & il
NTWD., AR omFEaEl (BREORAN) & Nidk XU Fe DA ILE THEMIT NI 5 LT
Fe DKEE\LW AR L, WML Cr,03 XY NiCrO, 34K T 5 AL T d.

DX DT, PWRLIRWAEIKEREICE T B RIX, B E N LT-4&RTHE OIS BRI K BT L
DRIGEHEEHELTVDEENEZLNT NS,

# 650 2~4) 1L, PWSCC 2D W T, Z DOt Z ER L= b O Th 5. Scott b V1% 600 A 4D PWR1
W HEKER B2 3 F £ it PWSCC M & W B (L Bt (MR R 103 B &~ EBO I XV BEL LT 5.
BILRT oY VREESE (N 2B T TRERELZTERLT 2D0IC+mRART oy i b
BWHEIZ, BEeHE (ND) L0 biEHEReRTHE (Cr OARBIbSE 5. T REL TIEA 2 nm
DZEABBEINTZZ D, BAETH T nmBEOEANAER L THBRILESEESND LB X,
E5IT, BLIC K D Cr0; DB T Cr R ZHEIEN T&, & 2 TOMEOILEMEEIT 10 cm?/s THik
(800°C) TORNILHR I TH D 102~102%cm?s LW b EWENREL N TW5S. £z, kAL
DEEIZTOTHRI T Lo THIE S 4, BLEE TR Y & AR E~D &R A 4 OILE D
WL EWmMELTWND.

7 6-5 @ 3)IL PWSCC NIREKFIREKRGFEMEZE S Z LS00 D, KFOREBLZTLLTEZLNE
B CToH D, CHR 41~43) ITKEVRRTER A REL TWbw 5 KFEMLIZE Y PWSCC NS & &
ZTW5h. —75 Shoji & *“NIKFEA A BELAI L LTHEMTAHELIRREL TV 5.

# 65D 4, SIS ST OEEE LIZEXT-EBETHD. SCHK 23,45)TliE, — AT F A4 FRAT L
AHR° Ni #4480 PWRL i HIKER B TO PWSCC 282 KKAFTH7 U —FER L LT, 7V
— 7S PWSCC DHER L 2 5 TH 5.

# 6-5 ™ 5)I%, Ford & “¥7 BWR AHI AKBRE ICH1T 5 SCCIZOWTHRELEZLD THS. Attanasio
5 DX PWRL A HIKBRBE 125515 5 PWSCCIZ DWW TEE LTV, BEINHEIC L VR FICOT 4
NERT DL, BREEET CHA LR IIAE S, REEMET LA CREINICHE & %
TIXBE RSN HHETH 5.
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7% 6-5 WRKIFERBEICE T B ERIE A XI1X/SCC itk
EERAY Y G BREE
MR EIEAKPICBIT 22T v L A OE A K
WL, BRAL R IRRL R D & B A A > ORIz kv AR
l) I_J{J]]l7k ﬁ 7,37,38,39) éhé 7). PWR
J. Robertson, D. H. Lister, L. BRERBEIIZEEENDRY, S8 IR,

Marchetti, T. M. Devin ft

WNIBIZ&JEA 4> OFLEIc L v lE+ 5 3739,
BEEREOREL, Bt T omESLER A 4
DYE B E IR RS 5 39,

1 R HIK

2) PR O
P. M. Scott ft

Cr&H Ni &4
Ay S B

2BV T, KRR T Cr &1L

PWR
1 R HIK

3) kFEpi
N. Totsuka, M. M. Hall Jr., T.

Magnin, T. Shoji,ft

NS T R
IKFA A BB CRRALAIE LTIER L, &
ARt 9.

PWR
1 R HIK

o 23,45)

4) 7 U —
K. Arioka, G S. Was 1t

EREN TOER IS AR L T2 LAk
Wz 5 ?.
7 ) —=FRORBKFIC L IR S D .

PWR
1 R HIK

5) 4~V AR E 721X 4047
F. P. Ford, S.A. Attanasio 1t

OFTHIZ K ORRFT Y B0, Ol BB AR
BEEZIBRAENRESL, B OB RENPET TS

46)

PWR
1 WmEIK,
BWR % #HI /K

D EHIZ

TW%. KBFFETIE, F2ELOHE

PWSCC #A5IC oW\ T, MMk &RER KOS I EAFED KA 5 SCC B 23 iim S 11
3ETHIAMALORM R A LD, PWSCCIZKIFT Cr &,

Ni DL NI LB I S W TESRT 5. — )7 BWR W EIKEREE O SCCIT BB 2N FH 22 RN T,
TR RN ZL EEXDND.

BTV b IEEREE O SCC T, FIEN G IC X
EIT T EEXZLND. RLSITIRE

i sife 20, T

RTT RO RT v FPAELT THRBEOHENE

%X 6-16 [ZHEMIZ R T, PWRL KRG EIKIZTRZEMRE CHVIFEKISITES L O D, Ni
<, {eﬁH“OMEEb\Crﬁaﬂﬁ%ﬂéﬁkéﬂé Ni ZEE&TIEINIPIBEBESHEE WD
NEY 5L, NEBILMEEESND. Fe BE

FOVIRAL Y O IEHE Fe? SNIZ>>Cr¥) L,
bV S R EEZLOND.
BWR & #I/K

% X 6-17 (A VIR 7.
BRI E 72D,

DR SN T,

VG B. ZORIZ

ek,
— 7 BWR ®BEIKER 12
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T LB CTlREE
TR e Ay el OY T VA= 5= RS g W S/ O S VA
PWR1 RmHIKERE TR 5 B &

B sh,

AR L

FERE

Lo Cr ok
TIE, Fe IZER{b B P 2 BB D 4h 5 ~PEtk (A &
MRRONGIEARZ VEE720 Cr o
TR TR B DR AN > 72 B o
ERBMNERE CH D72, Fe, Cr, Nilx

%
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NP

(NI 232D Oy 54K
K il % 188 U CHERD) , (O 2D K [ % 38 © CHES)

e AL
KR CCriRL gl %

(NIIT S )

A5 [PWR1 2 #r 5 K B 55 0 4 18]

< EICVET A D Hy IR S T

: VBT, BILKEAS 2D 0, &

Nit& A4 H,0, 3/ 72 <, EEf ML

- R K 0 289~360°C 0D i [
CERENRARD.

o\ & CFRefql,

OW 7 YLt
(O3 FZ D K I % 18 U CHER)
Fe b Bz it

TR 2T S

R 5

Feft 7 Rk
(Fef+y D3z oD
K b % 30 U CHER

% 6-16 PWRL1 K& HKBEIZIIT 5 SCCH OHEE

R

,7‘ A

| TN AT T
ChL S THRNE AMERE LT
RV BN FE A
TR ERRREE) [BWR 5 AR B BT D 5 4]

Nl
*Mﬁ cRALET A D 0, &
H,0, & & &, BALAE.

2 6-17 BWR B HIKBEIZII1T 5 SCC M D HEE
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6 —6) BEAFREIZIITSlSCC HIZEIFT Cr & Ni DEH
6 —6—1) PWR1 XMRAKREIZLEI}S Cr DIEF

3 ET, PWRLIKGAEAIKEEIZKITZ Cr DfEHIZO W TRE Lz, ZOR K %X 6-18 (/"7 .
6-18(a)lZ /T L 91T, Cr &A% 16 225 20%IZH M3 %5 & PWSCC F A4 3 sib L Cifif SCC 23 ) |k
L, FHRFEBACE S 2384 U ClbRL A Bk tE23 m B3 5. 6-18(b)IZ/R 3 K 91T Cr & 16% 5 Lo bf
BFCUIX, FIARA T Crgbimiti ST b olxt LT, Cr % 20%% Tk Tk 6-18(c)i2 =~ 3 & 9
WCREIZ CriREREWE — 7L A2 TE R L CORRO Crigfbiz RE<IMmflEn T 5. - T,
CriffREEIC S b SN RMER T, BALKIET OW/N e R Z 8 U TBESSREA A OILHZE I
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B1ETIE, BAKFEICET2BUR EBEICOWTHRL L., 22T, BAFZLZEIZHAL TN
TeOIIERM DL B MR - A LS DO DOMEMIERLET, ZOFTHLENANY A F Y —%
L TWVWDH AT UL AP NI G540 SCCORENEHEETHD Z LA 7. ZHbHMEo SCC
WZHOWNWTIE, TNETELOMENITON TS — KT, RINTHEE LTPWRLKRGHKEREIC
¥1F % SCC (PWSCC) &, BWRIZK T ZIEFHEAL AT o L AHD SCCIZHET L D0 H 5.

PWSCCIZPIL CTix, ZDOHMEICE T 2IREBIEFIZHD Y, —H L RAMIT R, £72, PWSCC L2
N EGE&TEIVH VDD, PWSCC #UWET 570 OB 51T 2 b FLFFME D B, it
PWSCC # kL L CRIZE &7z TT690 &4 Cr & Ni O EICE LT, +HiE Tlixiau.

BWR (231 5 I 27 L 24> SCCIZRH L TiL, 7o IESBbss T SCC Lz 2 Dh, I
PAL AT LA D SCCIZKIET Cro Ni G EHk /iy O BICB L T mEIE D7,

ZIZT, AMPZETIEINO OFBICK L THER FOBLA~LHEMHTIrZ & & Lz, 725 PWRL
WIBHK BRI D it PWSCC M & BWR W HUKERBEIZ 31T 2 IEFLE L it SCC M2 & IEF T Cr
E NI ORBEZFITZ. SHITHEKEIE, PWR & BWR IZERLRIEBEETHY, Gt Rie->TEY
F IR R A AT TR dy o T2 A, ABFZE TIXT PWSCC 4 & FESLE L 2 7 » L 2 i D it SCC
PEIZOWTHEIR FOBLE NG W& 2 i LT, BAKFREICHKITD Cr & NiOEEZFMT 52 &
HARM R E Lz,

H2F L 3 TIE PWSCC O A &Iz L.

52 B TIE 600 &4 DI PWSCC MEIZ X9 2 ik & KL Cr RAL# D B H W T, BB 208 ©
TH oML, ZO/E, BERI(LLIEA Ot PWSCC MEIXIEK W2, BRI BT L, Lad Cr
RZ BV LTRRE TIEM e THE Wit PWSCC HEZ RS . —F TR BHTH L TWTH Cr RZJE
o D EEL S VT REETIX, i PWSCC HIFMRWEETHLA Z L EZIZILDTHLMNIZLE., T
it PWSCC Iz %9~ 2 b FLR b4 K O Cr R ZJg DAEM L, KI5 T O NEERLEAT IR 2 #1fil & 5 W
FREDOHR L L TN AIREE B X b, PWSCC DL ELZLT-.

BI3ETIE, MR zExET VEEMEZRWT, Mt PWSCC IZxt3 5 Cr & Ni OB Z I
L7=. Ni & 70%LL £ Cr & 17%LL T D &4 Thlit PWSCC K 220, ZoRiRIE, EFITHN
T, 600 A& Dt PWSCC PEA K<, 690 &4, 800 A4 & SUS316 Dif PWSCC 128 i M ik B & — 3K
THLOTHoT. £, Mt PWSCCHENBNESITR ML EZE T2 L2 6L, it PWSCC
PEIZRE9 % Cr & Ni O EITMPR R B ICH T2 I Nb nHEOHEL - KT HZ L2IFLHTHL
P, ZoZEnb, F2EICEBT DR AFMEOREBICET 554 L FAKIC, PWSCC 2BNEEE
b2 TR CE 22 L a0t L.

FAFLE S ETIEBWRICEK T 2IEGHBIL AT L A D SCC OIBEEZ A H vz Liz.

AT TIE, T RERDEUBULH IS TR BT W IESLBL 2 7 v L A O it SCC M % RV i 12 FF
M9 272, R TR EE TG ERNOLNETIGC ERICEMT %2581 %2 SSRT & HW 7= 5Ffi 5 TH
B9 25 FEEME L., TOME, TEMAOCREN LB IXEHZOERICLETEEI NS, &4
DFEAEEREL, OTHEE 3X107/s TO SSRT IZL > THREL b b & AR EE L, CT RRT
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Bond XA MERFEIZHETHI0FOME R L.

SSRT IZ L 2 3FMli CIF, EHERELICKITTERER FOREEL LT, REL 288CHITIC SRR
HWENE—27 280, BEMERESBELGEEORME L bicEHEREENEMNLE. £/,
18Cr-8Ni 24— AT 5 A F 27 > L 24D 316NG, 316, 304, 347 Tl & MEREE T KERL, O
T AL 3X107 /s TOMEIE, £ 3X10"°m/s & RS bz, SSRT ik, OF Al i L v & 2k ik
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