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(57) ABSTRACT 

A novel low C-Cr-Mo steel having an excellent weld 
ability and a high erosion-corrosion resistance under 
wet steam, which consists of, in % by weight, 
0.02-0.14% of C, not more than 0.90% of Si, 
0.30-0.80% of Mn, 0.70- 1.60% of Cr, 0.40-0.70% of 
Mo and the remainder being susbtantially Fe. This 
novel steel is a very excellent material for fabricating 
the portions in the feed-water heater, for example, for a 
nuclear power generation plant, the portions being used 
under wet steam condition. The above described weld 
ability and erosion-corrosion resistance can be im 
proved, by additionally adding the second components 
of Cu, N, or B, the third components of Nb or V or the 
fourth components of Al, Ti or Zr in the respectively 
defined amounts. 

14 Claims, 9 Drawing Sheets 
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Re. 33,006 
1. 

FEED-WATER HEATER COMPRSINGLOW 
C-CR-MO STEEL COMPONENTS USED UNDER 

2 
above described feed-water heater in order to more 
improve the safety of the nuclear power generation 
plant. 
TABLE 1. 

Standard of JIS G4109 SCMV-3 
Heat Yield Tensile Elonga 

Chemical composition (weight %) treat- point strength tion 
C Si Mn Cr Mo elt (kgf/mm) (kgf/mm) (%) Note 

SCMV-3 SO.17 0,50 to 0.40 to 1.00 to 0.45 to Normaliz- e32 53 to 67 222 High strength 
0.80 0.65 50 0.65 ing- level steel 

tempering 
Annealing 224 42 to 60 222 Low strength 

level steel 

WET STEAM 15 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention relates to novel low C-Cr-Mo 
steel used under wet steam and particularly improve 
ment of a feed-water heater for a nuclear power genera 
tion plant, for which such a steel is used. 
The term "wet steam' used herein means wet steam 

or a condensate at a high temperature, when devices to 
be used in wet steam, for example, a surface in a shell of 
a closed vessel, such as the feed-water heater for the 
above described nuclear power generation plant, are 
subjected to erosion-corrosion owing to a flow move 
ment at a high rate of steam-liquid double phase flow at 
a high temperature, the eroded substances formed by 
the erosion-corrosion are circulated in a nuclear reactor 
system, whereby a problem that the total system is af 
fected by radiation injury, is caused, and further there is 
a problem that the reliability of the feed-water heater 
itself is lowered by the erosion-corrosion. As the means 
for solving these problems, firstly it can be considered 
in view of design that the flow rate in the total system 
is lowered, that is a diameter of the shell of the feed 
water heater and a diameter of pipes in the piping are 
increased to lower the flow rate and secondly it can be 
considered in view of the material that steels having 
high erosion-corrosion resistance (referred to as "E.C. 
resistance' hereinafter) are used. The former lowering 
of the flow rate of the fluid in the system results into the 
increase of the size of the plant and an amount of steel 
used is increased and consequently the material cost and 
the construction cost are increased. 
The inventors have analyzed and checked a large 

number of prior knowledge and results of studies con 
cerning the erosion-corrosion and have concluded that 
among the standard scopes of the chemical composition 
of JIS G4109, SCMV-3 (usual name 1 %Cr-% 
Mo-% Si steel) shown in Table 1, the heat treatment 
normalizing and tempering (abbreviated as "N-T" 
hereinafter) and annealing "A' hereinafter) and the 
mechanical properties (high strength level and low 
strength level concerning steel N-T and steel A respec 
tively), high strength level of 1%Cr-%Mo-3% Si 
steels in which the carbon content is limited to 
0.15-0.17% near the upper limit of the standard and the 
heat treatment is limited to N-T, are ones having an 
excellent E.C. resistance suitable for the feed-water 
heater, and the properties are actually confirmed in the 
experiment and it has been found that high C-1 %Cr 
%Mo-%Sisteels are excellent as the materials for the 
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One of the reason why such steels having C content 
of not less than 0.15% are applied, is that it is necessary 
to give the hardness to the steels in order to ensure the 
high E.C. resistance and another reason is that among 
SCMV-3, particularly the standard of N-T steels, that is 
a high tensile strength (for example, more than 53 
kgf/mm of tensile strength) is guaranteed. 
However, when the high C-1 %Cr-%Mo-3% Si 

steels are used in order to improve the E.C. resistance of 
the feed-water heater for the nuclear power generation 
plant, such steels are poor in the weldability, so that 
such steels have a number of problems. 
The above described feed-water heater is mainly 

assembled by forming and welding steel plates but the 
high C-1 %Cr-%Mo-3%Sisteels readily cause weld 
cracks as seen from the fact that the weld hardenability 
index, C equivalent (C+Si/24--Mn/6--Niv40--CryS 
--Mo/4--V/14 is 0.72% for example and the weld 
cracking sensitivity index, PCM value 
(C+Si/30+Mn/20+Cu/20Ni/60+Cr/20 
+Mo/15+V/10-5B) is 0.32% for example, so that in 
order to avoid the weld cracking, it is necessary to 
particularly carefully effect the preheating and the post 
heating and further to effect the annealing (generally 
referred to as "stress relieving' and abbreviated as 
"SR") for decreasing stress after welding at a possibly 
high temperature for a long time. But, this careful pre 
heating is that the portion to be welded is heated to a 
temperature of about 250 C. with a gas burner and 
therefore the weld operating environment is made 
worse and the welding efficiency is lowered and the 
energy consumption due to gas burner is conspicuous. 
Thus, in order to increase the amount of energy saved 
and improve the operating environment and the weld 
ing efficiency in building up the feed-water heater for 
the nuclear power generation plant, the development of 
Cr-MO steels having a low weld crack sensitivity is 
very important. 
Thus, it is an essential requirement that the high E.C. 

resistance against wet steam and the strength and tough 
ness suitable for the feed-water heater are obtained. 
Concerning this E.C. resistance, the previously used 
high C-1 %Cr-%Mo-3%Si steels are not necessarily 
satisfactory and considering the durable life of the ves 
sel and the safety of the operation, an improvement is 
needed. 

In a thermal power or nuclear power generation 
plant, multi-stage of feed-water heaters which heat 
water to be fed to a boiler or reactor and improve the 
heat efficiency of the total plant, are used. 
The materials for constructing the feed-water heater 

in the thermal power and nuclear power generation 
plants are mainly carbon steel. The carbon steel usually 
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used is generally relatively high in the erosion and cor 
rosion resistance when pH value of the contacting fluid 
is high (pH: more than 9.0) and the contacting fluid is 
dry steam but when pH value of the contacting fluid is 
low (lower than 9.0 or neutral at about 7.0) and the 
steam is wet, the erosion resistance is lowered and the 
shell or the inner structures, particularly pipes may be 
eroded and corroded. In addition, when the flow rate of 
the flowing fluid is high, the erosion and corrosion are 
accelerated. 
The invention will now be described with reference 

to the accompanying drawings, wherein: 
FIG. 1 is a sectional view of the feed-water heater; 
FIG. 2 is a perspective view of a test specimen used 

for the erosion-corrosion test; 
FIGS. 3 and 4 are graphs showing the relationships of 

the tensile strength at room temperature and the pre 
heating temperature for the prevention of weld crack to 
the carbon content according to the invention, respec 
tively; 
FIGS. 5 and 6 are graphs showing the influence of C, 

Cu, Ni and Si contents upon the erosion-corrosion resis 
tance, respectively; 

FIG. 7 is a schematic view of an embodiment of the 
corrosion testing apparatus used in the invention; 

FIGS. 8 and 9 are graphs showing the test results 
obtained by using the testing apparatus of FIG. 7, re 
spectively; and 

FIG. 10 is a graph showing a corrosion test result by 
another testing apparatus. 

In FIG. 1, the feed-water is charged into a water 
chamber 1 from a feed-water inlet 2 and passed through 
heat exchanging tubes 5 and discharged from a feed 
water outlet 3. The heat exchanging tubes are provided 
in a large number, form a tube group and open through 
a tube plate 4 to the water chamber 1 and are supported 
with tube support plates 6 and tie rods 7 to the shell 9. 
Heated steam extracted from a turbine is charged into 
the heater through the steam inlet 10 and a condensate 
which has finished the heating function in a heater ar 
ranged at a higher pressure side than the heater men 
tioned above, is charged into the heater through a drain 
inlet 11. These heating fluids come in contact with the 
'surface of each tube 5 of the tube group and effect the 
heat exchange with the feed-water flowing in the tubes 
and are condensed to form drain 12, which is stored at 
a bottom portion in the heater and discharged from a 
drain outlet 14 through a drain cooler zone 13. Uncon 
densed gas entrapped with the heating fluids and flowed 
in the heater, is flowed in the heater together with the 
flows 15 and 16 of the heating fluids while the flow 
direction being guided with the tube support plates 6 
and discharged out of the heater through an outlet 8 for 
the uncondensed gas provided at the terminal end of the 
shell. 

After the heating fluids are flowed into the heater 
through the steam inlet 10 and the drain inlet 11, the 
total amount of said fluids flows along a serpentine flow 
passage formed with the tube support plates, so that the 
flow rate is fairly fast. In addition, since the construct 
ing material is carbon steel, when the steam water mix 
ture flowed through the drain inlet 11 and the heated 
steam flowed through the steam inlet 10 and a fluid 
having a low pH value, the erosion and corrosion 
progress and the thickness of the shell, the heat ex 
changing tubes and the support plates is reduced. This 
reduction of thickness is a novel phenomenon which 
has never been experienced and the ambient tempera 
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4. 
ture is within a range of about 100° C.-200 C. and the 
clear pattern where the thickness of carbon steel is 
reduced, is developed on the surface of the carbon steel 
and when the rate of reducing the carbon steel thickness 
is as fast as 1.4 mm/year, the reliability of the heater is 
considerably lowered. In general, the carbon steel 
shows any corrosion phenomenon with lapse of time, so 
that it is planned that a superfluous steel thickness for 
compensating the corrosion is applied top the heater or 
a stainless steel is used for attaining the completeness, 
but the above described thickness reducing phenome 
non far exceeds the superfluous thickness (usual about 1 
mm) for compensating the corrosion and a novel coun 
termeasure is required. 
The thickness reducing phenomenon of the shell, the 

heat exchanging pipes and the support plates in the 
heater is a phenomenon caused in the inside of the 
heater, so that it is difficult to observe the condition 
from the outside or it is impossible to conceive the 
condition at some place, and when the thickness reduc 
tion once occurs, the repair is very difficult or infeasible 
in view of the structure. Accordingly, the feed-water 
heater must be designed and manufctured with the ma 
terials not causing the thickness reduction to ensure the 
reliability of the plant. 
The erosion-corrosion of the outer surface of the heat 

exchanging pipes occurs when the ambient temperature 
is about 100 C.-200 C., and there are water drops and 
a steam flow, the portion where the erosion-corrosion is 
generated, is noticeable at the outer circumferential 
portion of the pipe group, particularly the lowest por 
tion of the most outer circumference of the pipe group 
and since the inlet side section of the feed-water where 
the water temperature in the heat exchanging pipes is 
low, is conspicuous in the steam consumption, the ero 
sion-corrosion is severe. In particular, the erosion-cor 
rosion concentrates at the lower portion of the outer 
circumference of the pipe group. 
An object of the present invention is to provide the 

steel composition which is excellent in both weldability 
and erosion-corrosion resistance under wet steam, and 
the feed-water heater having a high reliability which is 
constructed with said steel. 

It is apparent from the above described formulae of C 
equivalent and PCM value that the improvement of the 
weldability may be obtained by reducing C content but 
in such a case the hardness of the steel is naturally de 
graded, so that it is generally presumed that the erosion 
corrosion resistance is deteriorated. It is desired that the 
E.C. resistance is not only more improved but also the 
weldability is improved rather than that the weldability 
is improved without deteriorating the E.C. resistance. 
For these demands, it is a general common sense of 
those skilled in the art that the reduction of C content is 
considered to be not proper and there has been no prior 
art that the E.C. resistance and the weldability are in 
proved by the reduction of C content. 

It has been considered that this problem is one diffi 
cult problem which cannot be overcome considering 
the economy under the present technical level and the 
above described agreement is obliged. 
The inventors have made diligent studies systemati 

cally and fundamentally with respect to the relation of 
the C content and slight amount of alloying elements in 
these steels to the E.C. resistance, weldability and me 
chanical properties and found the unexpected following 
facts that the E.C. resistance in these Cr-Mo steels is 
improved. 
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(1) By reducing the upper limit of the C content to 
0.14%, the E.C. resistance is improved. 

(2) By addition of slight amounts of Cu and Ni, the 
E.C. resistance is noticeably improved. 

(3) When the Si content is lower, the E.C. resistance 
is higher. 

(4) In any case of (1), (2) and (3), even if the strength 
level is low, the E.C. resistance is excellent. 
These facts are the unexpected discovery which is 

opposite to the common sense of the technical concep 
tion in the previous relative technic. 
The inventors have applied these discovered facts to 

the steels used under wet steam, such as the above de 
scribed feed-water heater and have accomplished the 
improvement in both the E.C. resistance and weldabil 
ity which is a very difficult problem in such a use as 
mentioned above. 
The first aspect of the present invention consists in a 

low C-Cr-Mo steel suitable to be used under wet steam, 
which has a composition consisting of 0.02-0.14% by 
weight (hereinafter, 2% means % by weight) of C, not 
more than 0.90% of Si, 0.30-0.80% of Mn, 0.70- 1.60% 
of Cr, 0.40-0.70% of Mo and the remainder being sub 
stantially Fe. 
The second aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of a basic component (which is above described compo 
sition of the steel of the first aspect of the present inven 
tion) and a second component of at least one of not 
more than 0.5% of Cu, not more than 0.5% of Ni and 
not more than 0.005% of B, which elements serve to 
improve the strength of steel by solid-solution harden 
ing and increase in hardenability. The second aspect 
aims to improve the strength of the steel of the first 
aspect so that the high weldability and E.C. resistance 
of the steel due to its low C content can be more in 
proved, and further aims to improve E.C. resistance of 
the steel by the action of Cu or Niitself. 
The third aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of the basic component and a third component of at 
least one of not more than 0.05% of Nb and not more 
than 0.08% of V, which elements are precipitation 
hardening type elements. The third aspect aims to im 
prove the strength of the steel of the first aspect so that 
the high weldability of E.C. resistance of the steel due 
to its low C content can be more improved. 
The fourth aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of the basic component and a fourth component of at 
least one of Al, Ti and Zr in an amount of 0.005-0.80% 
in each element, which elements serve to form a fine 
microstructure in steel. The fourth aspect aims to im 
prove the toughness of the steel of the first aspect so 
that the weldability and E.C. resistance of the steel can 
be more improved. 
The fifth aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of the basic component, the second component and the 
third component. 
The sixth aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of the basic component, the second component and the 
fourth component. 
The seventh aspect of the present invention consists 

in the low C-Cr-Mo steel having a composition consist 
ing of the basic component, the third component and 
the fourth component. 
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6 
The eighth aspect of the present invention consists in 

the low C-Cr-Mo steel having a composition consisting 
of the basic component, the second component, the 
third component and the fourth component. 

C, Cu and Ni are important elements in the present 
invention, and the C content is limited to 0.02-0.13%, 
and each of the Cu and Ni contents are limited to 
0.16-0.30% as a preferable range for improving more 
remarkably the effect of the present invention in the 
second, fifth, sixth and eighth aspects among the above 
described aspects of the present invention. 
The reason of the limitation of the range of the con 

tents of the component elements in the steel of the 
above described aspects of the present invention is as 
follows. 
C content is a most important requirement in the 

present invention, and must be limited to not more than 
0.14% in order to decrease the weld hardenability and 
weld cracking sensitivity, to lower the preheating tem 
perature for welding, to abbreviate the postheating, to 
lower the stress-relief annealing temperature and to 
obtain excellent E.C. resistance contrary to the conven 
tional idea. The lower C content is the more desirable 
for improving the weldability. However, in order to 
obtain a steel having sufficiently high strength and 
toughness within the temperature range of from room 
temperature up to about 250 C. to be used under wet 
steam in a feed-water heater for a nuclear power gener 
ation plant and the like, at least 0.02% of C must be 
contained in the steel. Therefore, the lower limit of C 
content is limited to 0.02%. 
The Cr-Mo steel having the composition according 

to the present invention has such a remarkably excellent 
property that the weld crack sensitivity can be consid 
erably improved by very slight decrease in the C con 
tent. When the C content is decreased from 0.14% to 
0.13%, the weld crack sensitivity can be considerably 
decreased without deteriorating noticeably the strength 
level. Accordingly, the upper limit of C content is pre 
ferred to be 0.13%, more preferred to be 0.11%. 

Si is an effective element for increasing the strength 
of steel at room temperature and at high temperature. In 
the present invention, there is a risk of decreasing of the 
strength due to the strict limitation of C content for the 
purpose of developing fully the expected effect. There 
fore, Si must be contained in a steel in an amount of not 
more than 0.90% in order to maintain a given strength 
inexpensively without the use of an increased amount of 
expensive elements of Mn, Cr, Mo and the like. The 
higher content of Si is more effective for improving the 
strength. However, when the Si content exceeds 0.90%, 
the toughness of the weld heat affected zone is deterio 
rated. Therefore, the Si content must be not more than 
0.90%. Further, the inventors have found that, when 
the Si content is limited to not more than 0.45%, the 
E.C. resistance of the steel is remarkably improved 
independently of the low C content. Therefore, it is 
particularly preferable to limit the Si content to not 
more than 0.45% in the steels of the first to sixteenth 
aspects of the present invention. This limitation is one of 
the important requirements in the seventeenth and eigh 
teenth aspects of the present invention. In the steel of 
the present invention, it is possible to secure the neces 
sary strength by the action of strength-improving ele 
ments of Mn, Cr, Mo and the like even when the Si 
content is decreased to the above described low level. 
This fact will be explained later. Particularly preferable 
content of Si is 0.1-0.35%. 
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Mn is necessary in an amount of at least 0.30% in 
order to give strength and ductility to steel. However, 
the strength of a steel having the composition defined in 
the present invention is highly influenced by Cr and Mo 
rather than Min. Therefore, it is not necessary to use a 5 
large amount of Mn in order to increase the strength of 
the steel of the present invention. When the Mn content 
exceeds 0.80, the weld hardenability of the steel is in 
creased. Therefore, the Mn content is limited to 
0.30-0.80%. 10 
Cr and Mo are important elements for improving the 

E.C. resistance of steel against wet steam at high flow 
rate. In order to obtain a steel having a high E.C. resis 
tance to be used in a feed-water heater for nuclear 
power generation plant and the like, it is necessary that 15 
a steel having the composition of the present invention 
contains at least 0.70% of Cr and at least 0.40% of Mo. 
The larger amount of Cr and Mo is more effective for 
improving the E.C. resistance. However, the use of 
more than 1.60% of Cr or more than 0.70% of Mo has 20 
a risk of deteriorating the formability and weldability of 
steel. Accordingly, the content of Cr is limited to 
0.70-1.60%, and that of Mo is limited to 0.40-0.70%. Cr 
serves to form a high-strength microstructure as an 
element for improving the hardenability and further has 25 
a solid solution-strengthening action. Mo is a precipita 
tion-hardening type element, and its fine carbides are 
dispersedly precipitated during the tempering treat 
ment. Therefore, both Cr and Mo serve to improve the 
strength of steel and the above described effect can be 
properly developed within the above described limited 
range of each element. 
As described above, the limitation of the contents of 

the basic elements of the present invention, that is, the 
contents of C, Si, Mn, Cr and Mo, is based on the same 35 
reason in the first to eighth aspects of the present inven 
tion, in the ninth to twelth aspects (preferred embodi 
ments of the steel of the present invention), wherein the 
C content is strictly limited; in the thirteenth to eigh 
teenth aspects, wherein the steel is used in a specifically 
limited apparatus; and in the nineteenth aspect, wherein 
the C content is strictly limited, and steel is used in a 
specifically limited apparatus. 

In the second, fifth, sixth, eighth, fifteenth, sixteenth 
and eighteenth aspects of the present invention, not 45 
more than 0.5% of Cu or not more than 0.5% of Ni, or 
both of them are contained in a steel. The reason is that 
these elements can further improve the E.C. resistance 
of the steel against wet steam at high flow rate. Al 
though these elements exhibit their effect when they are 50 
used alone, the effect is more significant when they are 
used in combination. The larger amounts of Cu and Ni 
are more preferable for improving the E.C. resistance of 
steel. However, when the amount of each of Cu and Ni 
exceeds 0.5%, the weldability of steel is noticeably 55 
decreased. Therefore, the upper limit of the content of 
each of Cu and Ni is limited to 0.5%. Moreover, Cu or 
Ni itself has a solid solution-strengthening action and 
improves the hardenability of steel, and therefore the 
strength of steel is improved by adding Cu and Nisingly 
or in combination to the steel. As described above, since 
the strength of steel can be improved by the use of Cu 
and Niit is possible to decrease the C content by using 
Cu or Ni without deteriorating the stength of steel, and 
further the use of Cu or Ni serves to improve the E.C. 65 
resistance of steel. That is, the use of not more than 
0.5% of Cu or not more than 0.5% of Ni not only im 
proves the E.C. resistance of steel, but also serves to 
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8 
improve the strength of steel. Due to this strength 
improving action, the C content in steel can be de 
creased. Therefore, the use of Cu or Ni is very effective 
for improving the E.C. resistance of steel in this point 
also. 
B is an element capable of improving the hardenabil 

ity of steel, and is occasionally used for improving the 
stength of steel. The strength-improving action of B 
makes possible to decrease the C content in a steel, and 
the presence of B in a steel serves to improve the E.C. 
resistance of the steel. The effect of B appears when the 
B content in a steel is not more than 0.005%. When the 
B content in a steel exceeds 0.005%, the steel is very 
poor in the weldability. Therefore, the B content is 
limited to not more than 0.005% in the steel of the 
present invention. 

In order to attain the object of the present invention, 
it is preferable that the content of Cu in the steel of the 
present invention is at least 0.02%, that of Ni is at least 
0.02% and that of B is at least 0.0002%. 
The reason why not more than 0.05% of Nb or not 

more than 0.08% of V singly or in combination is con 
tained in the steel of the present invention is as follows. 
Both Nb and V have a precipitation-hardening action 
and serve to strengthen steel. Particularly, Nb serves to 
strengthen steel through the formation of fine grains. 
Therefore, the use of these elements serves to increase 
the strength of steel, and makes possible to decrease the 
C content in steel without deteriorating the strength of 
the steel, and further acts to decrease the weld harden 
ability and weld crack sensitivity of the steel. However, 
when the amount of Nb exceeds 0.05% or that of V 
exceeds 0.08%, the crack sensitivity of the welded joint 
during stress-relief annealing is increased and the tough 
ness of the heat affected zone by the welding is deterio 
rated. Therefore, the content of Nb is limited to not 
more than 0.05%, and that of W is limited to not more 
than 0.08%. It is preferable that the content of each of 
Nb and V is at least 0.005%. 

Further, at least one of Al, Ti and Zr is contained in 
the steel of the present invention in an amount of 
0.005-0.08% of each element. The reason is as follows. 
Al, Ti and Zr are formed into fine particles of AlN, TiN 
and ZrN respectively, and the fine particles serve to 
improve the toughness of steel by refining grains. The 
effect of these elements appears distinctly in an amount 
of at least 0.005%, and increases remarkably corre 
sponding to the increase of the amount of these ele 
ments. However, the effect is saturated in an amount of 
about 0.08%. Therefore, the content of each of Al, Ti 
and Zr is limited to 0.005-0.08%. 

In the steel of the above described preferred embodi 
ments of the present invention, the content of C is lim 
ited to 0.02-0.13%, and at the same time the content of 
both Cu and Ni are limited to 0.16-0.30%. The reason is 
as follows. It is preferable that Cu or Ni is contained in 
a steel in an amount of at least 0.16% in order to im 
prove the E.C. resistance of the steel. Higher content of 
Cu or Ni is more effective. However, the use of a 
smaller amount of Cu or Ni is rather preferable with 
respect to the weld crack sensitivity of steel, and it is 
desirable to use not nore than 0.30% of each of Cu and 
Ni. Therefore, it is preferable that the steel of the pres 
ent invention contains C in an amount of not more than 
0.13% and at least one of Cu and Ni in an amount of 
0.16-0.30% in each element. 
The steel of the present invention may contain inci 

dental impurities in an amount contained during the 
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ordinary steel making process. That is, S and Pact to 
enhance the hot cracking sensitivity at the welded parts 
and therefore it is necessary that the content of each of 
S and P is limited to not more than 0.025%, which is the 
amount within the range contained during the ordinary 5 
steel making process. While, N acts to make crystal 
grains into a fine size in the presence of Al and serves to 
improve the toughness of steel. Therefore, N is effective 
when the N content in steel is 0.0020-0.015.0% which is 
the amount within the range contained during the ordi- 10 
nary steel making process. However, when the N con 
tent exceeds 0.0150%, the property of the steel ingot is 
poor due to the formation of blow holes and other rea 
son, and further the weldability of the steel is poor. 
Therefore, 
0.0020-0.0150%. 
The steel having the above described composition 

exhibits the above described excellent E.C. resistance, 
weldability, strength, toughness and the like when the 
steel is used under wet steam. Therefore, the steel is 20 
very valuable and has a high commercial merit when 
the steel is used in the field which requires the above 
described properties of steel. In other words, the pres 
ent invention exhibits remarkably excellent effect in the 
quality of steel and further exhibits remarkably excel- 25 
lent commercial merit, only when the steel is used in the 
field which requires the above described properties of 
steel. 
The composition of the steel of the present invention, 

the use thereof and the like have been hereinbefore 
explaned. The steel of the present invention is produced 
in the following method. That is, a molten steel having 
the above defined composition is produced and then 
subjected to a rolling or forging by a conventional 
method, and the rolled steel or forged steel is subjected 
to a normalizing followed by a tempering, or to an 
annealing, whereby an aimed steel is produced. In the 
present invention, the heat treatment is limited to the 
above described two kinds of treatments. 
The term "normalizing" means a treatment, wherein 

a steel is heated up to a temperature of not lower than 
the Ac3 point and then cooled in air (for example, a steel 
plate having a thickness of less than 100 mm is merely 
cooled in air, and a steel plate having a very large thick 
ness of not less than 100 mm is cooled in air or is ac 
celeratedly cooled). The term "tempering' means a 
treatment, wherein a steel is heated up to a temperature 
of not higher than the Act point and then cooled in air. 
The term "annealing' means a treatment, wherein a 
steel is heated up to a temperature of not lower than the 50 
Ac3 point and then slowly cooled. The normalized and 
tempered steel has generally ferrite-pearlite microstruc 
ture, and sometimes contains bainite. The annealed steel 
has generally ferrite-pearlite microstructure. 
As a typical embodiment of the apparatus to be used 55 

under wet steam, there is known a feed-water heater for 
nuclear power generation plant. An explanation will be 
made with respect to the use of the steel of the present 
invention in the feed-water heater. It is a very important 
property of the steel of the present invention that, when 
it is intended to use the steel as a steel for feed-water 
heater, "annealing' can be applied to the steel contrary 
to the conventional heat treatment, wherein "anneal 
ing' has never been used. Therefore, the steel of present 
invention has a very excellent merit as described herein- 65 
after. 
That is, an annealed steel is less sensitive for heat 

cycles, such as stress-relief annealing after welding and 

the N content should be limited to 15 

30 

35 

45 

60 

10 
the like, and is smaller in the variation of microstructure 
and mechanical property than a normalized and ten 
pered steel. Accordingly, when a considerably large 
amount of variation of temperature is forecast as in the 
case of, for example, a stress-relief annealing of a large 
size size welded structure, it is preferable to use an 
annealed steel rather than a normalized and tempered 
steel in order to keep the quality of the parts of the 
structure uniform as possible. In spite of such merit of 
annealed steel, only a normalized and tempered steel 
has higherto been used in the feed-water heater for 
nuclear power generation plant and annealed steel has 
never hitherto been used in the heater. This is mainly 
due to the following reason. It has been considered that 
the annealed steel is lower in the strength and is notice 
ably lower in the E.C. resistance than the normalized 
and tempered steel. However, the inventors have made 
various investigations based on a technical idea entirely 
different from the conventional fixed idea, and ascer 
tained that, according to the present invention, a steel 
having a low C content and high weldability can be 
produced; that a steel having the composition according 
to the present invention has a very high E.C. resistance 
even when the steel is subjected to an annealing as a 
heat treatment; and further that the steel has proper 
strength and toughness to be used as a steel for feed 
water heater for nuclear power generation plant. 
The following examples are given in order to more 

clarify the construction of the invention and concretely 
show the particular effects thereof. 
The chemical compositions of steel specimens are 

shown in the following Tables 2 and 3. 
In these tables, all specimens other than specimen 

Nos. 4-3, 4-4, 6-12, 16-10, 16-il and 16-12 are steel satis 
fying the chemical compositions defined in the respec 
tive claim of the invention. While, the specimen Nos. 
4-3 and 4-4 as a comparative example are commercially 
available high carbon 1 Cr- Mo steels usually used in 
a feed-water heater for nuclear power generation as a 
typical example of equipments used under wet steam in 
Japan. In this conventional steel, C content is 
0.16-0.17%, which is higher than the upper limit of 
0.14% defined in the invention. 
Moreover, the specimen Nos. 6-12 and 16-10 are 

so-called comparative steels showing that the erosion 
corrosion resistance is insufficiently improved when the 
C content is outside the defined range of the invention, 
and the specimen Nos. 6-11, 16-11 and 16-12 are com 
parative steels using in the weldability test. 

All of these steels other than the commercially avail 
able steels of the specimen Nos. 4-3 and 4-4 are steel 
plates, each being obtained by hot rolling 100 kg of a 
steel ingot, which is produced by iusing a small-size 
high frequency induction heating vacuum furnace, into 
a steel plate of 30 mm thick by means of a small-size 
rolling mill. After the rolling, the steel plate is subjected 
to an annealing treatment as well as a normalizing-tem 
perature treatment usually applied to steel plates used in 
the feed-water heater for nuclear power generation. 
The normalizing treatment is carried out by retaining 

steel plate in a heating furnace at 930 C. for 1 hour and 
then cooling it in air. The condition of tempering treat 
ment is 660 C.X 1 hr. Further, the annealing treatment 
is carried out by retaining the steel plate in a heating 
furnace at 930 C. for 1 hour and then slow cooling it at 
an average cooling rate of 0.8 C./min over a range of 
800 C. to 400 C. 
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Since the steel plate is always subjected to a stress 
relieve annealing treatment after the welding assen 
bling, the normalized-tempered plate and annealed plate 
are further subjected to the stress relieve annealing 
treatment at 645 C. for 1 hour prior to the testing. 
However, the specimens used for the weldability test 
are not subjected to the stress relieve annealing treat 
net. 
In order to prove that the steels according to the 

invention have proper strength and toughness as a steel 
plate used in the feed-water heater for nuclear power 
generation, tensile tests at room temperature and 250 
C. and W-Charpy impact test are first made with respect 

5 

12 
strength' used herein means that the tensile strength is 
more than about 40 kgf/mm2 at room temperature and 
also it is desired to maintain the value of more than 40 
kgf/mm2 even at 250' C. considering the heating tem 
perature of the feed-water heaater of about 150 C., 
while the term "proper toughness' used herein means 
that the absorbed energy at 0 C. is more than about 2.1 
kg.m considering the use conditions. 

In the tensile test is used a bar specimen having a 
diameter of 6 mm, a parallel part length of 30 mm and a 
guage length of 25 mm, while in the V-Charpy impact 
test is used a specimen provided with a V-notch of 2 

TABLE 2 
(weight %) 

Speci 
e 

No. C S. M. P S Cu Ni Cr Mo W Al 

Composition of claims and 13 0.1 1 0.60 0.51 0.04 0.003 - - 0 (0.57 re- w 
2 Composition of claims 2 and 9 0,1 1 0.60 0.51 0.05 0.004 0.20 0.20 i.42 0.57 r 
3 Composition of claim 3 O, 0.64 0.55 0.03 0.006 - - .38 0.56 0.06 o 
4-1 Composition of claims 4 and 4 0.10 0.70 0.61 0.02 0.007 - - .46 0.58 - 0.016 
4-2 Composition of claims 4 and 14 0.13 0.70 0.62 0.014 0.008 - - .40 0.55 m 0.018 
4-3 Comparative steel O, 0.68 0.52 0013 0.008 - - 1.32 0.51 
4-4 Comparative steel 0.6 0.61 0.5 0.04 0.005 - - 1.44 0.57 
s Composition of claims 5 and 10 0.13 0.64 0.55 0.012 0.007 - 0.22 1.44 0.53 0.025 
6-1 Composition of claims 6 and 15 0.10 0.65 0.60 0012 0.008 O. 1 0.11 1.42 0.57 0.017 
6-2 Composition of claims 6 and 15 0.14 0.69 0.61 0.013 0.007 0.20 0.20 143 0.56 0.04 
6-3 Composition of claims 6, ll, 0.2. O,O 0.62 0.013 O.OO 0.2O. O.19 .44 O.57 --- O.04 

1S and 9 
6-4 Composition of clains 6, , O3 O.69 O. O.O2 O.O.O. O.19 O.2 11 O.S6 w O.O4 

1S and 9 
6-5 Composition of claims 6 and 15 0.14 0.70 0.61 0.011 0008 0.20 0.20 (.09 0.57 o O.OS 
6-6 Composition of claims 6, 11, 0.10 0.69 0.61 003 0.007 0.20 0.2 46 0.56 --- 0.05 

1S and 9 
6-7 Composition of claims 6, il, 0.09 O.69 O.61 0013 O.007 O.O. O.2O 146 0.56 O.06 

1S and 9 
6-8 Composition of claims 6 and 15 0.12 0.69 0.62 0.013 0.007 0.20 0.50 1.43 0.56 O.O. 
6-9 Composition of claims 6 and 15 0.07 0.65 0.60 0013 0.008 0.35 0.35 1.43 0.55 ar O.04 
6-10 Composition of claims 6, il, 0.07 0,69 0.61 OO12 000 0.20 O.20 144 0.56 O.O. 

1S and 9 
6-11 Comparative steel 0.15 0.70 06 0012 0008 0.20 0.50 08 0.57 - 0.06 
6-12 Comparative steel 0.6 OS6 0.55 0.004 0.006 0.4 0.14 1.37 0.53 --- 0.023 
7 Composition of claim 7 0.13 0.64 0.6 0.012 0.006 - - 1.4 0.57 0.04 0.014 
8 Composition of claims 8, 12, 0.11 O.69 O.6 0.012 OOO, O.O. O.2 143 0.55 0.034 OO18 

16 and 19 
9 Composition of claims 6 and 15 0.12 0.63 0.61 0.012 0.005 - -- 40 0.57 B: OOO13 0.060 

to these specimens. Moreover, the term "proper 
TABLE 3 
(weight %) 

Speci 
e 

No. C Si M. P S Cu Ni Cr Mo W Al 

Composition of claims 1 and 13 0.13 0.20 0.60 0.014 0.004 - - 0.8 0.55 m 
2 Composition of claims 2 and 9 0.12 0.25 0.62 0.013 O,OOT 0.8 0.22 0.98 0.55 
13 Composition of claim 3 0.12 0.23 0.58 0.04 0.006 - - 105 0.54 0.025 -- 
14-1 Composition of claims 4, 14 0.10 0.25 0.61 0012 0.008 - -- 00 0.53 0.016 

and 7 
4-2 Composition of claims 4, 14 0.06 0.25 0.62 0.012 O.008 - 1.0 0.53 0.015 

and 7 
5 Composition of claims 5 and 0 (0.12 0.28 0.62 0.014 0.008 - 0.22 100 0.53 0.020 
6-1 Composition of claims 6, 15 0.3 0.26 0.60 004 O.008 O.O. O.12 1.2 0.54 0.02O 

and 8 
16-2 Composition of claims 6, 11, 0.3 0.25 0.61 0013 OOO, O.9 O.20 1 0.54 O.O16 

5, 8 and 19 
6-3 Composition of claims 6, ll, 0.3 0.25 0.62 0013 OOO, O.2O O.20 111 0.54 O.O. 

5, 8 and 19 
16-4 Composition of claims 6, 11, 0.10 0.25 0.61 0.01 0.008 0.2O O.2 11 O.53 O.O6 

5, 8 and 19 
16-5 Composition of claims 6, 1, 0.0 0.25 0.61 0012 0.007 0.20 0.2O 1.10 O.53 O.O16 

5, 18 and 19 
6-6 Composition of claims 6, 11, 0.1t 0.25 0.62 0012 0.008 - 0.20 109 O.53 0.015 

5, 18 and 19 
16- Composition of claims 6, 15 0.2. O.26 0.59 0.009 0.007 0.20 0.50 2 0.53 0.015 

and 18 
6-8 Composition of claims 6, 11, 0.08 0.25 0.62 0.012 0.006 0.20 O.2 10 0.53 0.016 
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TABLE 3-continued 
(weight 2a) 

Speci 
e 

No. C Si M. P S C. Ni Cr Mio w Al 

15, 18 and 19 
16-9 Composition of claims 6, 15 0.08 0.28 0.60 O.O4 0.008 O.3S 0.35 08 0.58 m- 0.022 

and 8 
16-10 Comparative steel 0.15 0.25 0.57 0.005 O.CO2, O.O4 0.21 107 0.56 O.O4 
16-11 Comparative steel 0.5 0.25 0.62 0.014 0.006 D.20 - 05 0.54 --- 0.06 
16-12 Comparative steel 0.5 0.26 0.60 00100.006 0.42 0.32 1.04 0.54 0.06 
17 Composition of claim 7 0.3 0.40 O,62 0.0160,009 - - 108 O.S.S 0.025 0.02.2 
18 Composition of claims 8, 12 0.11 O.26 O.62 0.012 O,OO8 0.20 0.20 109 0.54 0.034 0.0 

and 16 
10 Composition of claims 6, 15 0.10 0.25 0.60 000 0.004 - - 0.99 0.56 B: 0.0012 0.066 

and 8 

The improved effect of weldability aiming at the 
invention is examined with respect to the typical steel 
specimens to be tested. In the weldability test, Y-groove 
restraint cracking test method according to JIS Z-3158 
is used to measure a preheating temperature for preven 
tion of weld crack. 
Then, the test for erosion-corrosion resistance by 

spouting high temperature water at a high speed is made 
with respect to the typical steel specimens to be tested. 25 
In this case, the test specimen is a disc plate having a 
diameter of 9 mm and a thickness of 10 mm provided 

with a cruciform groove having a width of 3 mm and a 
depth of 5 mm as shown in FIG. 2. The weight loss of 
the test specimen by erosion-corrosion is measured by 
spouting a high temperature and high purity water sim 
ulated as a reactor water containing an oxygen of not 
more thm 5 ppb and heated at 150 C. to the crossed 
portion of the groove through a nozzle of 1 mm diame 
ter located above the groove at a high streaming rate of 
10 m/sec for 500 hours. 
The thus obtained test results are shown in the fol 

lowing tables 4 and 5 and FIGS. 3-6. 
TABLE 4 

W-Charpy Y-groove 
Tensile test at Tensile test impact cracking test Test for 

root temperature at 250 C. test Preheating erosion 
Yield Elon. Yield Absorbed temperature corrosion 

Speci- Heat point Tensile gar point Tensile energy for prevention resistance 
e treat- (kgf/ strength tion (kgf/ strength at O. C. of weld crack Weight loss 

No, nent mm) (kgf/mm) (%) mm) (kgf/mm) ((kgf, m) (C.) (mg/500 h) 
Composition of N-T-SR 30.9 47.3 35 23.3 42.0 13.5 OO 5.7 
claims 1 and 13 

2 Composition of N.T.SR 33.5 S.6 3. 25.0 45.2 1.2 OO S. 
claims 2 and 9 

3 Composition of N-T-SR 34.8 52.5 30 27.2 47.0 8. OO 5.6 
claim 3 

4-1 Composition of A-SR 30.9 49. 40 24.2 44.4 18.0 75 5.6 
claims 4 and 4 

4-2 Composition of A-SR 3.5 S. 38 2SO 46.6 20.2 na 
claims 4 and 4 

4-3 Comparative steel N-T 36.6 55.2 34 27.4 48.0 8.2 150 6.2 
4-4. Comparative steel N-T 36.0 54.6 35 27.2 47.6 .4 2OO 
5 Composition of N-T-SR 38.2 56.6 32 30.6 5.5 7.5 o 

claims 5 and 10 
6-1 Composition of A-SR 3.2 SO.2 33 28.2 48.0 20.5 d 5.4 

claims 6 and 5 
6-2 Composition of N-T-SR 38. 59.4 29 28.2 52.5 5.0 5.2 

- claims 6 and 15 
6-2 Composition of A-SR 30.9 53.2 36 24.3 48.2 8.4 

claims 6 and 5 
6-3 Composition of N-T s wo- wa 100 

claims 6, 11, 15 
and 19 

6-4 Composition of N-T-SR 37. 554 3. 28.1 48.8 17.5 no 
claims 6, 11, 15 
and 19 

6-4 Composition of A-SR 33.0 52.3 35 26.0 4.8 1. re o 
claims 6, 11, 15 
and 19 

6-5 Composition of N-T w nam m 125 - 

claims 6 and 5 
6-6 Composition of N.T-SR 34.0 54.7 35 25.3 48.1 20. --- 

claims 6, 1, 5 
and 19 

6-6 Composition of A-SR 33. 51.4 35 26.5 46.0 17.3 5.0 
clairs 6, 1, 5 
and 19 

6-7 Composition of N-T w Y- m OO 

claims 6, 1, 5 
and 19 

6-8 Composition of N.T.SR 38.1 59.6 30 3.9 52.6 4.O 25 m 



Re. 33,006 
15 16 

TABLE 4-continued 
V-Charpy Y-groove 

Tensile test at Tensile test impact cracking test Test for 
roon tenperature at 250' C. test Preheating erosion 

Yield Elon- Yield Absorbed temperature corrosion 
Speci- Heat point Tensile ga- point Tensile energy for prevention resistance 
C treat- (kgf/ strength tion (kgf/ strength at O' C. of weld crack Weight loss 

No. ment mm) (kgf/mm) (%) mm) (kgf/mm) (kgf. m) ("C.) (mg/500 h) 
claims 6 and 15 

6-9 Composition of N.T.SR 34.0 55.2 32 28.0 49.4 18.4 100 
claims 6 and 15 

6-10 Composition of A-SR 31.1 47.7 40 24.8 43.2 27.0 75 m 
claims 6, 11, 15 
and 19 

6-1 Comparative steel N-T-SR 40.9 61.9 28 34.3 54.8 12.8 150 - 
6-12 Comparative steel N-T 38.2 56.8 32 m - 1.0 - 6.7 
6-2 Comparative steel A-SR 3.S 52. 33 - 4.2 --- 6.8 
7 Composition of N-T-SR 40.3 62.6 25 36.0 54.2 15.8 - --- 

claim 7 
8 Composition of N-T-SR 37.0 60.4 28 32.9 S3.4 0.4 --- --- 

claims 8, 12, 16 
and 9 

9 Composition of N-T-SR 46.2 60.5 23 40.0 53.5 9.5 125 5.6 
claims 6 and 15 

"N-normalizing, T-tempering, A-annealing, SR-stress relieve annealing 

TABLE 5 
W-Charpy Y-groove 

Tensile test at Tensile test impact cracking test Test for 
room temperature at 250' C. test Preheating erosion 

Yield Elon- Yield Absorbed temperature corrosion 
Speci- Heat point Tensile ga- point Tensile energy for prevention resistance 
e treat- (kgf/ strength tion (kgf/ strength at O' C. of weld crack Weight loss 

No. ment mm) (kgf/mm2) (%) mm) (kgf/mm) (kgf m) (C.) (mg/500 h) 
Composition of N.T-SR 29.0 43.6 38 20.5 38.5 12.0 100 5.0 
clains and 13 

2 Composition of N-T-SR 34.0 49.8 36 25.6 39.8 8.8 100 4.3 
claims 2 and 9 

3 Composition of N-T-SR 36.2 S.2 36 28.0 43.2 1.8 100 4.7 
clain 3 

14-1 Composition of A-SR 28.3 43.3 4. 21.0 40.9 28.5 75 4.0 
claims 4, 14 and 
17 

4-2 Composition of A-SR 25.4 40.4 44 17.3 37.0 33.8 - m 
claims 4, 14 and 
17 

15 Composition of N-T-SR 36.0 S1.8 35 27.8 46.0 12.6 - 
claims 5 and 10 

16- Composition of N-T-SR 34.5 50 38 24.5 45.0 25.2 - 4.5 
claims 6, 15 and 
18 

16-2 Composition of N-T-SR 35.5 S1.4 37 25.3 45.7 24.7 - 3.4 
claims 6, 11, 15, 
18 and 19 

16-2 Composition of A-SR 30,3 48.0 38 23. 44.9 14.3 -- m 
claims 6, 11, 15, 
18 and 19 

6-3 Composition of N-T -- u- - -- - --- 100 

claims 6, 1, 5, 
18 and 19 

6-4 Composition of N-T-SR 33.2 47.9 40 25.0 41.9 34.0 - m 
claims 6, 1 l, 15, 
18 and 19 

16-4 Composition of A-SR 29.3 45.4 38 22.8 42.3 25.2 - 3.9 
claims 6, 11, 15, 
18 and 9 

16-5 Composition of N-T - m - -- - -- 5.0 --- 

claims 6, 1, 15, 
18 and 19 

16-6 Composition of A-SR 29.3 44.9 40 22.0 4.7 24.9 - 3.2 
claims 6, 11, 15, 
18 and 19 

16-7 Composition of N-T-SR 35.6 50.8 36 27.2 44.5 29.8 25 m 
claims 6, 15 and 
18 

l6-8 Composition of A-SR 28.5 42.8 40 20.3 40.2 32.2 75 m 
claims 6, 11, 15, 
8 and 19 

16-9 Composition of N-T - - - - --- - OO m 

claims 6, 5 and 
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TABLE 5-continued 
V-Charpy Y-groove 

Tensile test at Tensile test impact cracking test Test for 
rooternperature at 250 C. test Preheating erosion 

Yield Elon. Yield Absorbed temperature corrosion 
Speci- Heat point Tensile gar point Tensile energy for prevention resistance 
e treat (kg/ strength tion (kg/ strength at O' C. of weld crack Weight loss 

No. et mm) (kgf/mm) (%) mm) (kgf/min) (kgf, m) ("C.) (mg/500 h) 
18 

16-10 Comparative steel N-T 36.5 52.5 36 32.7 ve- 6.0 
16-10 Comparative steel A-SR 30.8 48. 39 re- 1. 3.9 
16-11 Comparative steel N-T 36.6 5.8 36 26.6 175 
16-12 Comparative steel A-SR 32.6 500 38 OO 0.8 150 m 
17 Composition of NT-SR 37.4 S2.6 34 29.0 44.2 18.2 ra 

claim 7 
18 Composition of N-T-SR 36.8 52.4 34 28.0 46.9 27. 

claims 8, 12 and 
6 

10 Composition of N-T-SR 44.7 56.0 28 3.6 25 38 
claims 6, 15 and 
18 

FIG. 3 shows the relationships of the tensile strength 
at room temperature and the preheating temperature for 
the prevention of weld crack in the welding to the 
carbon content in the steel specimens satisfying the 
chemical compositions as defined in the claims and the 
comparative steel specimens. FIG. 4 shows the same 
relationships as in FIG. 3 when the silicon content is 
limited to not more than 0.45%. In FIGS. 3 and 4, sym 
bol represents normalized-tempered steel specimens 
containing no copper and nickel, symbol A represents 
normalized-tempered steel specimens containing cop 
per and nickel, symbolo represents annealed steel speci 
mens containing no copper and nickel, and symbol o 
represents annealed steel specimens containing copper 
and nickel. 
From the data of Tables 4 and 5, it is obvious that all 

of the steel specimens according to the invention exhibit 
sufficiently high tensile strengths at room temperature 
and 250 C. and toughness suitable for use in the afore 
mentioned application and also there is no problem 
relating to the strength even when the carbon content is 
reduced in order to improve the erosion-corrosion resis 
tance and weldability. Further, it is a novel knowledge 
that even when the annealing treatment which hardly 
increases the strength is adopted instead of the normal 
izing-tempering treatment usually applied to the steel 
for the feed-water heater, the carbon content can be 
reduced considerably in view of the strength as com 
pared with the case of the comparative steel specimen 
Nos. 4-3 and 4-4. Particularly, it is apparent from the 
data of Table 5 that the decrease of silicon content some 
what lowers the tensile strength at 250 C. but does not 
change the other properties and particularly the ero 
sion-corrosion resistance is improved. 
Then, the relationship between the carbon content 

and the weld cracking sensitivity will be described with 
reference to FIG. 3. The preheating temperature for the 
prevention of weld crack in the comparative steel speci 
mens Nos. 4-3, 4-4 and 6-11, each having a carbon con 
tent exceeding the upper limit of the invention is 
150-200 C. On the contrary, according to the inven 
tion, the preheating temperature can be lowered to not 
higher than 125 C. by limiting the carbon content to 
not more than 0.14% and can further be lowered to not 
higher than 100 C., by limiting the carbon content to 
not more than 0.13% and each of the copper and nickel 
contents to not more than 0.30%. 
As seen from the comparisons of the specimen No. 

6-8 with the specimen No. 6-3 and the specimen No. 6-9 
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with the specimen No. b 6-10, slight increase in amounts 
of Cu and Ni largely exert upon the weld cracking 
sensitivity, which is quite contrary to the expectation 
under general technical level in this type of the steel. 
That is, the preheating temperature for the prevention 
of weld crack can be lowered by 25 C. by limiting each 
of the Cu and Ni contents to not more than 0.30% as 
compared with the case of steels containing each of the 
Cu and Ni contents of from more than 0.30% to not 
more than 0.50%. 

In order to prevent the weld crack, the comparative 
steel specimens are required to be preheated at a higher 
temperature of at least 150-200 C., while the steels 
defined in claims 4 and 6 are sufficient to be preheated 
to 125 C. at most. Particularly, the preheating tempera 
ture of the steel belonging to claim 11 may be not higher 
than 100 C. That is, the weld working can considerably 
be improved in the steels according to the invention. 

Similarly, it can be seen from FIG. 4 that the steels 
defined in claims 17 and 18 are sufficient to be preheated 
to 125 C. at most and particularly the preheating tem 
perature of not higher than 10 C, is sufficient in the 
steels belonging to claim 19. 

Next, the relationship of each of the carbon, copper 
and nickel contents to the erosion-corrosion resistance 
will be described with reference to FIG. 5. From the 
comparison of the comparative steel specimen No. 4-3 
with the specimen No. 4-1 belonging to claim 4, it is 
apparent that the reduction of C content is very effec 
tive for the improvement of the erosion-corrosion resis 
tance. Further, it is clear from the comparison of the 
specimen No. 4-1 with the specimen Nos. 6-1, 6-6 and 
6-2 belonging to claim 6 that the addition of Cu and Ni 
are effective for the improvement of this property and 
the larger the addition amount thereof, the higher the 
improvement effect. Moreover, it is obvious from the 
comparison No. 6-2 that it is necessary to limit the C 
content to not more than 0.14% in order to develop the 
improved effect of such property by adding slight 
amounts of Cu and Ni. From the above, it has been 
confirmed that the erosion-corrosion resistance of this 
type of Cr-Mo steel can considerably be improved by 
the reduction of C content, i.e. by limiting the C content 
as a steel for the feed-water heater to not more than 
0.14% and also by adding slight amounts of Cu and Ni, 
preferably not less than 0.16% of each thereof. 
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Moreover, specimen No. 9 shown in Table 2 is a high 
toughness steel containing boron, which belongs to 
claim 6, and exhibits excellent weldability and erosion 
corrosion resistance as seen from Table 4. 
FIG. 6 shows the same relationship as in FIG. 5 when 5 

the Si content is limited to not more than 0.45%. As 
seen from FIG. 6, the more improvement of the erosion 
corrosion resistance is achieved by reducing the Sicon 
tent to not more than 0.45%. 
The erosion-corrosion resistance of Cr-containing 

low alloy steel is examined using a corrosion testing 
apparatus with a high temperature and high pressure 
water shown in FIG. 7. 
The corrosion testing apparatus comprises a pure 

water tank 31, a deaeration tank 32, cooling units 33, 34, 
a demineralizer 35, a surge tank 36, a preheater 37, a 
testing loop 38 and a sample chamber 39. 
As the sample to be tested, use is made of carbon steel 

SS41, steel SB46 containing about 0.5% of Cu, steel 
SB49M containing 0.5% of Mo, and low carbon-1 Cr 
0.5Mo steel and low carbon-1:Cr-0.5Mio steel accord 
ing to the invention as shown in the following Table 6. 

O 
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TABLE 6 
Kind of steel C Si Mn Cr Mo cu 25 
Carbon steel SS41 0.1 0.25 0.8 -- -- -- 
Cu-containing 0.27 0.24 0.83 m - 0.49 
steel SB46 
Steel SB49M 0.31 0.27 0.83 - - - 
Low carbon- 0.14 0.35 0.45 Ot 0.5 - 3O 
1Cr-0.5Mio steel 
Low carbon- 0.13 0.55 OSO 24 0.55 - 
Cr-0.5Mo steel 

In the testing apparatus, a saturated water heater at 
about 150 C. is circularly flowed to the sample in stead 35 
of the steam and waterdrop flowing state as an erosive 
corrosive atmosphere. Considering the flow rates of 
steam and waterdrop, the flow rate of saturated water is 
set at 0.3 m/sec and 2 m/sec. The test results are shown 
in FIG. 8 in case of the flow rate of 0.3 m/sec and in 
FIG. 9 in case of the flow rate of 2 m/sec. respectively. 
As seen from the test results of FIGS. 8 and 9, the 

saturation phenomenon of weight loss is observed in the 
Cr-Mo steels according to the invention. From this fact, 
it is ascertained that the chromium element is indispens 
able for the improvement of the erosion-corrosion resis 
tance and that the steels according to the invention are 
very excellent in the erosion-corrosion resistance. Inci 
dentally, when indicating the test results of FIG. 8 ac 
cording to the control law of weight loss, the result as 
shown in the following Table 7 is obtained, from which 
it can be seen that the steels according to the invention 
have a fairly higher erosion-corrosion resistance as 
compared with the conventional carbon steel. 

TABLE 7 
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Weight loss Control law of Weight loss 
Kind of steel (mg/dm) weight loss (mm/30 years) 
Carbon steel SS4 2,300 linear law 57.8 
Cu-containing 940 linear law 23.7 
steel SB46 60 
Steel SB49M 900 parabolic law 67 
Low carbon- 300 logarithmic 0.082 
Cr-0.5Mo steel law 

FIG. 10 shows a result of corrosion test under wet 65 
steam similar to the above mentioned corrosion test 
with a high temperature and high pressure water. In this 
test, the errosive-corrosive atmosphere is a steam and 

20 
waterdrop flowing state, which is more close to the 
actual state inside the feed-water heater than that of the 
aforementioned testing apparatus. 
The result of FIG. 10 is very close to the result of the 

test using the high temperature and high pressure water 
and shows that the low carbon 1 Cr-0.5Mo steel ac 
cording to the invention has an excellent erosion-corro 
sion resistance. Furthermore, the erosion-corrosion 
resistance of the steel according to the invention has 
been confirmed by performing the corrosion test in the 
actual plant wherein the same sample as used in the high 
temperature and high pressure water test is used in a 
pipe for wet steam. 
By applying the steel according to the invention con 

taining 0.7-1.60% of Cr, 0.40-0.70% of Mo and not 
more than 0.14% of C to the body of the feed-water 
heater, pipe and support plate used therefor, a fear of 
causing the erosion-corrosion in these parts can be 
avoided and a feed-water heater having a high reliabil 
ity can be realized. 
According to the invention, the preheating tempera 

ture in the welding may be 125 C. or lower, so that a 
fear of damaging the working environment becomes 
less and also an energy required for the preheating is 
low so as to reduce the energy cost. Furthermore, the 
erosion-corrosion resistance against wet steam of the 
steel according to the invention is considerably excel 
lent, so that the life of vessels using such steel can be 
prolonged. Particularly, conspicuous effects can be 
achieved by applying the steel according to the inven 
tion to the feed-water heater for nuclear power genera 
tion. 
What is claimed is: 
1. In a feed-water heater comprising a water chamber 

provided with an inlet and an outlet for the feed-water 
flowing through the heater, heat exchanging tubes in 
which the feed-water exchanged and flowed to the 
outlet of the heater, support plates supporting the heat 
exchanging tubes at a proper distance and a shell into 
which heating fluids for heating the feed-water flowing 
in the heat exchanging tubes are introduced, the im 
provement comprising at least one of the heat exchang 
ing tubes, the support plates and the shell is composed 
of a low C-Cr-Mo steel subjected to normalizing and 
tempering treatment and consisting of, in % by weight, 
0.02-0.14% of C, not more than 0.90% of Si, 
0.30-0.80% of Mn, 0.70- 1.60% of Cr, 0.40-0.70% of 
Mo and the remainder being substantially Fe, and hav 
ing a ferrite-pearlite microstructure. 

2. In a feed-water heater comprising a water chamber 
provided with an inlet and an outlet for the feed-water 
flowing through the heater, heat exchanging tubes in 
which the feed-water charged into the heater through 
the inlet is heat exchanged and flowed to the outlet of 
the heater, support plates supporting the heat exchang 
ing tubes at a proper distance and a shell in which heat 
ing fluids for heating the feed-water flowing in the 
heater exchanging tubes are introduced, the improve 
ment comprising at least one of the heat exchanging 
tubes, the support plates and the shell is composed of a 
low C-Cr-Mo steel subjected to normalizing and tem 
pering treatment and consisting of, in % by weight, 
0.02-0.14% of C, not more than 0.90% of Si, 
0.30-0.80% of Mn, 0.70- 1.60% of Cr, 0.40-0.70% of 
Mo, at least one of Al, Ti and Zr in an amount of 
0.005-0.08% in each element, and the remainder being 

c 
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substantially Fe, and having a ferrite-pearlite micro- ment comprising at least one of the heat exchanging 
structure. tubes, the support plates and the shell is composed of a 

3. In a feed-water heater comprising a water chamber low C-Cr-Mo steel subjected to normalizing and tem 
provided with an inlet and an outlet for the feed-water pering treatment and consisting of, in % by weight, 
flowing through the heater, heat exchanging tubes in 5 0.02-0.14% of C, not more than 0.45% of Si, 
which the feed-water charged into the heater through 0.30-0.80% of Mn, 0.70- 1.60% of Cr, 0.40-0.70% of 
the inlet is heat exchanged and flowed to the outlet of Mo, at least one of not more than 0.5% of Cu, not more 
the heater, support plates supporting the heat exchang- than 0.5% of Ni and not more than 0.005% of B, at least 
ing tubes at a proper distance and a shell into which one of Al, Ti and Zr in an amount of 0.005-0.08% in 
heating fluids for heating the feed-water flowing in the 10 each element, and the remainder being substantially Fe, 
heat exchanging tubes are introduced, the improvement and having a ferrite-pearlite microstructure. 
comprising at least one of the heat exchanging tubes, the 7. The feed-water heater as claimed in claim 3, 4 or 6, 
support plates and the shell is composed of a low C-Cr- wherein C is not more than 0.13%, Cu and Ni are 
Mo steel subjected to normalizing and tempering treat- 0.16-0.30%, in % by weight. 
ment and consisting of, in % by weight, 0.02-0.14% of 15 8. In a feed-water heater comprising a water chamber 
C, not more than 0.90% of Si, 0.30-0.80% of Mn, provided with an inlet and an outlet for the feed-water 
0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one of not flowing through the heater, heat exchanging tubes in which 
more than 0.005% of B, at least one of Al, Ti and Zr in the feed-water charged into the heater through the inlet is 
an amount of 0.005-0.08% in each element, and the heat exchanged and flowed to the outlet of the heater, 
remainder being substantially Fe, and having a ferrite- 20 support plates supporting the heat exchanging tubes at a 
pearlite microstructure. proper distance and a shell into which heating fluids for 

4. In a feed-water heater comprising a water chamber heating the feed-water flowing in the heat exchanging tubes 
provided with an inlet and an outlet for the feed-water are introduced, the improvement comprising at least one of 
flowing through the heater, heat exchanging tubes in the heat exchanging tubes, the support plates and the shell 
which the feed-water charged into the heater through 25 is composed of a low C-Cr-Mo steel subjected to annealing 
the inlet is heat exchanged and flowed to the outlet of treatment and consisting of in % by weight, 0.02-0.14% of 
the heater, support plates supporting the heat exchang- C, not more than 0.90% of Si, 0.30-0.80% of Mn, 
ing tubes at a proper distance and a shell into which 0.70-1.60% of Cr, 0.40-0.70% of Mo and the remainder 
heating fluids for heating the feed-water flowing in the being substantially Fe, and having a ferrite-pearlite micro 
heat exchanging tubes are introduced, the improvement 30 structure. 
comprising at least one of the heat exchanging tubes, the 9. In a feed-water heater comprising a water chamber 
support plates and the shell is composed of a low C-Cr- provided with an inlet and an outlet for the feed-water 
Mosteel subjected to normalizing and tempering treat- flowing through the heater, heat exchanging tubes in which 
ment and consisting of, in % by weight, 0.02-0.14% of the feed-water charged into the heater through the inlet is 
C, not more than 0.90% of Si, 0.30-0.80% of Mn, 35 heat exchanged and flowed to the outlet of the heater, 
0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one of not support plates supporting the heat exchanging tubes at a 
more than 0.5% of Cu, not more than 0.5% of Ni and proper distance and a shell in which heating fluids for 
not more than 0.005% of B, at least one of not more heating the feed-waterflowing in the heat exchanging tubes 
than 0.05% of Nb and not more than 0.08% of V, at are introduced, the improvement comprising at least one of 
least one of Al, Ti and Zr in an amount of 0.005-0.08% 40 the heat exchanging tubes, the support plates and the shell 
in each element, and the remainder being substantially is composed of a low C-Cr-Mo steel subjected to annealing 
Fe, and having a ferrite-pearlite microstructure. treatment and consisting of in % by weight, 0.02-0, 14% 

5. In a feed-water heater comprising a water chamber of C, not more than 0.90% of Si, 0.30-0.80% of Mn, 
provided with an inlet and an outlet for the feed-water 0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one of Al, 
flowing through the heater, heat exchanging tubes in 45 Ti and Zr in an amount of 0.005-0.08% in each element, 
which the feed-water charged into the heater through and the remainder being substantially Fe, and having a 
the inlet is heat exchanged and flowed to the outlet of ferrite-pearlite microstructure. 
the heater, support plates supporting the heat exchang- 10. In a feed-water heater comprising a water chanber 
ing tubes at a proper distance and a shell into which provided with an inlet and an outlet for the feed-water 
heating fluids for heating the feed-water flowing in the 50 flowing through the heater, heat exchanging tubes in which 
heat exchanging tubes are introduced, the improvement the feed-water charged into the heater through the inlet is 
comprising at least one of the heat exchanging tubes, the heat exchanged and flowed to the outlet of the heater, 
support plates and the shell is composed of a low C-Cr- support plates supporting the heat exchanging tubes at a 
Mo steel subjected to normalizing and tempering treat- proper distance and a shell into which heating fluids for 
ment and consisting of, in % by weight, 0.02-0.14% of 55 heating the feed-water flowing in the heat exchanging tubes 
C, not more than 0.45% of Si, 0.30-0.80% of Mn, are introduced, the improvement comprising at least one of 
0.70- 1.60% of Cr, 0.40-0.70% of Mo, at least one of Al, the heat exchanging tubes, the support plates and the shell 
Ti and Zr in an amount of 0.005-0.08% in each element, is composed of a low C-Cr-Mo steel having been subjected 
and the remainder being substantially Fe, and having a to annealing treatment and consisting of in % by weight, 
ferrite-pearlite microstructure. 60 002-0.14% of C, not more than 0.90% of Si, 0.30-0.80% 

6. In a feed-water heater comprising a water chamber of Mn, 0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one 
provided with an inlet and an outlet for the feed-water of not more than 0.5% of Cu, not more than 0.5% of Ni 
flowing through the heater, heat exchanging tubes in and not more than 0.005% of B. at least one of Al, Ti and 
which the feed-water charged into the heater through Zrin an amount of 0.005-0.08% in each element, and the 
the inlet is heat exchanged and flowed to the outlet of 65 remainder being substantially Fe, and having a ferrite 
the heater, support plates supporting the heat exchang- pearlite microstructure. 
ing tubes at a proper distance and a shell into which 11. In a feed-water heater comprising a water chamber 
heating exchanging tubes are introduced, the improve- provided with an inlet and an outlet for the feed-water 
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flowing through the heater, heat exchanging tubes in which annealing treatment and consisting of in % by weight, 
the feed-water charged into the heater through the inlet is 0.02-0.14% of C, not more than 0.45% of Si, 0.30-0.80% 
heat exchanged and flowed to the outlet of the heater, of Mn, 0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one 
support plates supporting the heat exchanging tubes at a of Al, Ti and Zr in an amount of 0.005-0.08% in each 
proper distance and a shell into which heating fluids for 5 element, and the remainder being substantially Fe, and 
heating the feed-waterflowing in the heat exchanging tubes having a ferrite-pearlite microstructure. 
are introduced, the improvement comprising at least one of 13. In a feed-water heater comprising a water chamber 
the heat exchanging tubes, the support Plates and the shell provided with an inlet and an outlet for the feed-water 
is composed of a low C-Cr-Mosteel subjected to annealing flowin P g through the heater, heat exchanging tubes in which 
treatment and consisting of in % by weight, 0.02-0.14%. 10 the feed-water charged into the heater through the inlet is 
of C, not more than 0.90% of Si, 0.30-0.80% of Mn, heat exchan ged and flowed to the outlet of the heater, 0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one of not support plates supporting the heat exchanging tubes at a 
O C. ";.. girl...ofNatio proper distance and a shell into which heating exchanging 
0.05% of Nb and not moe than 0.08% of V, at least one of 15 tubes are introduced, the improvement comprising at least 
Al, Ti and Zr in an amount of 0.005-0.08% in each ele- one of the heat exchanging tubes, the support plates and the 
men, and the remainder being substantially Fe and hav- shell composed of low CCMo steel subjected to ar 
ing a ferrite-pearlite microstructure. nealing treatment and consisting of in % by weight, 

12.In a feed-water comprising a water chamber pro- 0920.1% of 9 to more than 0.3% of S0.30-0.80% 
vided with an inlet and an outlet for the feed-waterflowing 20 of Mn, 0.70-1.60% of Cr, 0.40-0.70% of Mo, at least one 
through the heater, heat exchanging tubes in which the of not not more than 0.5% of Cu, not more than 0.5% of 
feed-water charged into the heater through the inlet is heat Ni and not more than 0.005% of B, at least one of All Ti 
exchanged and flowed to the outlet of the heater, support and Zrin an amount of 0.005-0.08% in each element, and 
plates supporting the heat exchanging tubes at a proper the remainder being substantially Fe, and having a ferrite 
distance and a shell into which heating fluids for heating 25 Pearlite microstructure. 
the feedwater flowing in the heat exchanging tubes are 14. The feed-water heater as claimed in claim 10, 11 or 
introduced, the improvement comprising at least one of 13, wherein C is not more than 0.13%, Cu and Ni are 
the heat-exchanging tubes, the support plates and the 0, 16-0.30%, in % by weight. 
shell is composed of a low C-Cr-Mo steel subjected to st it is a six 
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