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ABSTRACT OF THE DISCLOSURE 

The disclosed alloy steel is a high-temperature high 
strength alloy steel, the alloy steel being a ferritic high 
temperature steel and inexpensive compared with an 
austenitic stainless steel still having the high-strength 
corresponding to the austenitic stainless steel in high tem 
perature such as 600° to 650° C. The alloy steel has 
also an oxidation-resistant property in the above high 
temperature range. To accomplish the purpose described 
alloy steel it consists essentially of chromium 5 to 8%, 
and molybdenum 1% further adding vanadium, niobium 
and boron. 

BACKGROUND OF THE INVENTION 

This invention relates to a high-temperature alloy steel, 
and more particularly is directed to a high-temperature 
alloy steel which has high strength substantially equiva 
lent to 18-8 stainless steel such as used for boiler tubes 
in high-temperature and which is still inexpensive. 

Since a power generating ef?ciency in a generation 
plant using a steam turbine may be improved by uti 
lizing higher temperature and pressure steam, the steam 
conditions used in a heat power station are inclined to 
develop to higher temperature and pressure. However, in 
asmuch as an expensive austenitic stainless steel has been 
used in high-temperature and high-pressure portions of 
the generation set, the power unit has not been economical 
in settlement, operation, etc. 

Heretofore, instead of the aforementioned expensive 
austenitic stainless steel, ferritic high-temperature alloy 
steels such as one consisting essentially of the following 
elements in the following weight percentages: 

Chromium _________________________________ _ _ 8 

Molybdenum _______________________________ _ _ 3 

Titanium __________________________________ __ 0.5 

the balance being substantially all iron, and the other 
consisting essentially of the following elements in the 
following weight percentages: 
Chromium _____________________ ____ ______ __ 9—l0 

Molybdenum ____________________________ __ 2 

Vanadium ______________________________ _ _ 0.3 

Columbium _____________________________ __ 0.4—0.5 

Cobalt _________________________________ __ 2 

Carbon ________________________________ _ _ 0.1 

the balance being substantially all iron have been pub 
licly Well known and used. Since the former alloy steel 
composition contains titanium, there has been a difficulty 
for the production due to the requirement for a vacuum 
melting or dissolution. And the latter alloy steel compo 
sition has had a difficulty or disadvantage in its property. 
As was described hereinbefore, such high-temperature 
alloy steels have heretofore normally more than two per 
centages of molybdenum which causes the steel to be 
expensive. 
As was described hereinbefore, the ferritic alloy steel 

for a boiler’tube generally used recently is of so-called 
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chromium molybdenum steel alloyed by chromium and 
molybdenum to iron, its high-strength in high tempera 
ture mainly depending upon the precipitation of the car 
bide of chromium and molybdenum. However, since the 
forming capability of carbide of chromium and molyb 
denum is weak, long operation in high temperature enables 
carbide ?occulation so that the strengthening of the alloy 
steel is not improved. 

SUMMARY OF THE INVENTION 

This invention eliminates the aforementioned dif?cul 
ties and disadvantages of the conventional high-tempera 
ture alloy steels and provides a novel and improved high— 
temperature ferritic alloy steel which has high strength 
substantially corresponding to the expensive austenitic 
stainless steel in high temperature. 

In accordance with the present invention there is pro 
vided a high-temperature and high-strength alloy steel 
consisting essentially of the following elements in about 
the following weight percentages: 
Chromium _________________________________ __ 5—8 

Molybdenum ______________________________ __ 1 

the balance being substantially iron, there being added 
vanadium, niobium and boron. Such an alloy steel is pro 
vided to be good oxidation-resistant in high temperature 
range such as 600° to 650° C. and still inexpensive, and 
yet to be of high-strength ferritic alloy steel equivalent 
to an austenitic stainless steel in high temperature. 

According to the present invention molybdenum used 
normally as strengthening elements for solid solution of 
the ferritic high temperature alloy steel is adapted to be 
included by more or less one percentage in weight, and 
vanadium and niobium of carbide forming elements be 
ing added a little amount thereto in order to improve 
further its high strength in high temperature, boron being 
added so as to increase stability of these carbide in high 
temperature and at least 5 to 8 weight percentages of 
chromium being added to maintain oxidation-resistant 
in high temperature. Such adding elements are equili 
brated, in consideration with its workability in high tem 
perature, in the range of not producing ferrite during hot 
working. 
A high-temperature high-strength alloy steel in ac 

cordance with the present invention as one preferred typi 
cal representative consists essentially of the following 
elements in about the following weight percentages: 

Carbon ____________________________ __ 0.03-0.15 

Silicon ____________________________ __ 0-1 

Manganese _________________________ __ 0.3—l.2 

Chromium __________________________ __ 5.0-8.0 

Molybdenum ________________________ __ 0.5-1.5 

Vanadium __________________________ __ 0—0.3 

Niobium ___________________________ __ 0.03—0.l5 

Boron _____________________________ __ 0001-0012 

and also consists essentially of the following elements in 
approximately the following weight percentages as the 
composition existing normally on the production of the 
alloy steel: 

Nickel ________________________________ __ 0-1.0‘ 

Nitrogen _______________________________ __ 0—0.04 

Phosphorus ____________________________ __ O—0.035 

Sulphur ________________________________ __ 0—0.035 

Cobalt ________________________________ __ 0-0.25 

Aluminum _____________________________ __ 0—0.05 

Titanium ______________________________ __ 0—0.04 

Tungsten ______________________________ __ 0‘-0.25 

Tin ___________________________________ __ 0--0‘.04 

the balance being substantially iron and the other im 
purities. 
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It is one advantage of the present invention that 5-8 
Weight percentages of chromium is added to the alloy 
steel in order to maintain sufficient oxidation-resistant 
property in the high-temperature range 600° to 650° 
and 0.5-1.5 Weight percentages of molybdenum is added 
thereto to improve high-strength in high temperature. 

Yet another advantage of the present invention is seen 
in that high-strength in high temperature is maintained 
in adding further vanadium and niobium to the alloy 
steel being of strong forming capability for carbide, and 
borons added thereto so as to increase stability of carbide 
in high temperature corresponding to expensive austenitic 
stainless steel is produced inexpensively. 
As regards this aspect of the present invention, it is 

preferred that the alloy steel contains 0.03—0.15% of 
carbon inasmuch as its strength in high temperature is 
not strong for carbon contents below about 0.03% and 
the workability is low above approximately 0.15%. 

It is also preferable that the steel includes below 1% 
of silicon and 0.3-1.2% manganese as deoxidizers since 
over 1.0% of silicon and 1.2% of manganese effects 
insu?icient hot workability. 

It is preferred that the steel is inclusive of 5-8% in 
weight of chromium in order to maintain su?icient oxida 
tion-resistant property in high temperature range 600° 
650° C. since low workability for over 8% contents and 
low oxidation-resistant for below 5% contents are held. 

It is yet ‘preferable that the steel contains 0.5-1.5% 
of molybdenum as strengthening element for solid solu 
tion thereof so as to improve high-strength in high 
temperature, since its strength decreases for below 0.5% 
content and no use effects for over 1.5% contents. 

It is still preferred that the steel contains below 0.3% 
of vanadium and 0.03-0.15% of niobium which are 
strong in forming capability for carbide and prevent 
strength in high temperature from being lower since 
?occulation thereof develops over 0.3% of vanadium 
and its strength lowers and price increases to effect no 
advantage for over 0.15% of niobium content, and no 
effect occurs for below 0.03% niobium content. 

It is still preferable that the steel contains 0.001 
0.012% of boron which increases stability of carbide in 
high temperature to stabilize its structure since no effec 
tiveness for below 0.001% content and its workability 
deteriorates for over 0.012% content. 

Other objects and advantages of the present invention 
will further become apparent hereinafter, and from the 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical chart in which is plotted the 
relationship between weight and rupture time, plotted as 
abscissae against the in?uence of adding vanadium to 
the strength in high temperature of 7% chromium, 1% 
molybdenum alloy steel compared with 18-8 stainless 
steel; 
FIGS. 2 and 3 are graphical charts in which are plotted 

the relationship between weight and rupture time, plotted 
as abscissae against the in?uence of adding niobium to 
the strength in high temperature of 7% chromium, 1% 
molybdenum alloy steel; 
FIG. 4 is a graphical chart in which is plotted the 

relationship between creep rupture strength and content 
of niobium, plotted as abscissae against the in?uence of 
adding niobium to the creep rupture strength of the alloy 
steel; 
FIG. 5 is a graphical chart in which is plotted the 

relationship between weight and rupture time, plotted as 
abscissae against the in?uence of adding niobium to the 
strength in high temperature of the alloy steel compared 
with 18-8 stainless steel; 
FIG. 6 is a graphical chart in which is plotted the 

relationship between Weight and rupture time, plotted as 
abscissae against the in?uence of adding niobium and 
vanadium to the strength in high temperature of the steel 
compared with 18-8 stainless steel; 
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FIG. 7 is a graphical chart in which is plotted the 

relationship between weight and rupture time, plotted as 
abscissae against the in?uence of adding niobium, vana 
dium, and boron to the strength in high temperature of 
the steel compared with 18-8 stainless steel. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Now the present invention will be hereinafter illus 
trated and described by way of examples as alloy steels 
adding forming elements for carbide. In such examples 
strength in high temperature is shown as results of creep 
rupture test. 

EXAMPLE 1 

Adding mere vanadium to 5-8 chromium, 1% molyb~ 
denum alloy steel. 

In such kinds of ferritic high-temperature alloy steels 
02-04% in weight of vanadium is added so that creep 
rupture strength in high temperature is seemed to be 
increased extremely. As to three kinds of steels shown in 
the following Table 1 the in?uence caused by adding 
vanadium thereto was tested. 

TABLE 1 

C, Si, Mn. Cr, Mo, V, 
Steel percent; percent percent percent pcrcnnt percent 

131 ________ ._ 0.11 0. 37 0. 29 6. 94 0. 97 ________ __ 
M 1 _______ _ - 0. 11 0. 40 0. 36 7. 04 0. 96 0. 2% 
M27 ______ . _ 0. 12 0. 48 0. 59 7.110 1.00 0. 44 

In order to improve the characteristic values of these 
kinds of steels the following heat treatment worked. That 
is, in order to dissolve vanadium carbide into the austenite, 
the alloy steel is normalized at temperature 1050” C., 
and heated thereafter at temperature 750° C. to precipitate 
vanadium carbide. However, in such a state its hardness 
was HVZSO which was still higher, accordingly reheated 
at 700° C. which lowered its hardness in the order of 
HVZOO. 

Referring now to FIG. 1, a graphical chart as results 
of creep rupture tests at temperature 600°, 650° and 700° 
C., respectively in which is plotted the relationship be 
tween weight and rupture time, plotted as abscissae against 
the in?uence of adding vanadium to the strength in high 
temperature of the alloy steel which was heat treated as 
aforesaid compared with 18-8 stainless steel, it will be 
seen as to the following matters from also the test data 
of the above indicated Table 1. 

(a) Even if (ll-0.4% in weight of vanadium is added 
to austenitic stainless steel it is not effected in creep rup 
ture strength. 

(b) Adding of the vanadium improves the strength 
in high temperature below 650° C. for long time. 

(0) Even though the adding amount of the vanadium 
thereto is increased from 0.2 to 0.4% in weight, since the 
strength in the long time is not affected, it will be prefer— 
able that at the economic standpoint the vanadium is 
added thereto in the order of 0.2 weight percentage, and 
yet such a steel indicates no change of its creep rupture 
strength even if its austenizing temperature thereof is in 
creased further to 1150° C. 

EXAMPLE 2 

Adding mere niobium to 5-8% chromium, 1% mo 
lybdenum steel. 

Normally adding amount of niobium to ferritic high 
temperature steel is 0.2-0.5 weight percentage. However, 
it has been found that as results of experiments by de 
creasing the adding amount thereof to 0.03—0.15% the 
strength can be increased further. The example as results 
of the aforementioned experiments is illustrated in the 
following Table 2. 
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TABLE 2 

C, Si, Mn, Cr, Mo, Nb, 
Steel percent percent percent percent percent percent; 

0. 11 0.37 0. 20 6. 9t 0. 97 ________ _ _ 
0. 13 0. 55 .66 7. 13 1. 09 0. 03 
0. 1'2 0. 48 0. 56 7. 09 0. 97 0. 09 
0. 1‘2 0. 57 0. G2 7. L1 0. 05 0. l5 
0. 13 0. 53 0. 58 7.00 0.01 0. 10 

6 
EXAMPLE 3 

As to the effectiveness by adding both niobium and 
vanadium. 

In Table 3 shown in the following, the example that 
both vanadium and niobium are added in the most proper 
amount to 5-8% chromium, 1% molybdenum alloy steel 
is illustrated. 

TABLE 3 

Si, Mn, Cr, Mo, V. Nb, 
percent percent percent percent percent percent percent 

0. 12 O. 51 O. 60 7. 14 1. 06 0. 28 0. 13 
0. 0S 0. 3G 0. 35 6. 97 1. 00 0. 27 0. 14 

The purpose for adding niobium to such ferritic high 
temperature steel is that niobium carbide is uniformly 
dispersed in the material so as to maintain its strength in 
high temperature. The problem as to its precipitated struc 
ture is as follows: 

(a) Normalizing temperature for melting once niobium 
carbide in the material. 

(b) Lowering of its strength in case that it is exposed 
at high temperature for long time. 
The example as to the aforementioned two points is 

illustrated in FIGS. 2 through 4. Relative to the above 
point (a) in order to obtain long time stability of the ma 
terial at temperature range 600° to 650° C. tests were 
done under the condition above its temperature (700° 
C.). This is the condition for increasing the dispersion of 
elements in the steel. 

Referring now to FIGS. 2 and 3, which show graphical 
charts in which are plotted the relationship between 
weight and rupture time, plotted as abscissae against the 
in?uence of adding niobium to the strength in high tem 
perature of 7% chromium, 1% molybdenum alloy steel, 
it will be seen that by adding small amount of niobium its 
strength in high temperature is extremely improved. 

Referring now to FIG. 4, which shows a graphical chart 
in which is plotted the relationship between creep rupture 
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Referring now to FIG. 6, which shows a graphical chart 
in which is plotted the relationship between weight and 
rupture time, plotted as abscissae against the in?uence of 
adding niobium and vanadium to the strength in high 
temperature of 7% chromium, 1% molybdenum alloy 
steel compared with 18-8 stainless steel, the example is 
shown that after the aforementioned steel was normalized 
at temperature 1150° C., was tempered at 750° C., and 
heat treated to be again tempered at 700° C., creep rup 
ture tests were done. It will be seen that from the graphi 
cal chart in FIG. 6 in case both niobium and vanadium 
being added it indicates no change in strength in high 
temperature compared with the case adding mere niobium. 

EXAMPLE 4 

As to the effectiveness by adding niobium, vanadium 
and boron. 
The further characteristic of the present invention is to 

add boron to the steel described in the above Example 3. 
The adding amount is of 0001-0012 weight percentage. 
This boron has no effect to the strength in high tempera 
ture of the steel by mere adding only boron, however, the 
strength in high temperature is extremely improved by 
adding that in case existing therein forming elements for 
carbide as will be hereinafter described. 

TABLE 4 

, , Mn, Cr, Mo, V, Nb, B. 
Steel percent percent percent percent percent percent percent percent 

M30 _____ __ 0. 13 0. 43 0. 57 7. 04 0. 04 0. 27 0. 08 0. 0080 

strength and content of niobium, plotted as abscissae 
against the in?uence of adding niobium to the creep rup 
ture strength of 7% chromium, 1% molybdenum alloy 
steel, it will be seen that the maximum effect occurs to 
the steel by adding thereto 0.09 weight percentage. Also, 
in order to obtain good strength in high temperature by 
adding niobium thereto, it has been found that normaliz 
ing it at temperatures 1050°—1l50° C. is required. 

In FIG. 5, which is a graphical chart in which is plotted 
the relationship between weight and rupture time, plotted 
as abscissae against the in?uence of adding niobium to 
the strength in high temperature of 7% chromium, 1% 
molybdenum alloy steel compared with 18-8 stainless 
steel, the example that specimen having the aforesaid 
co mpositing for e?ecting the maximum of niobium con 
tent is compared with 18-8 stainless steel at strength in 
high temperatures 600°—650° C., is shown. It will be seen 
that therefor even if mere niobium is added thereto the 
strength equivalent to 18-8 stainless steel may be ob 
tained, however, due to its small amount of content range 
it is difficult to do it into industrialization. 

60 

Referring now to FIG. 7, which shows a graphical chart 
in which is plotted the relationship between weight and 
rupture time, plotted as abscissae against the in?uence of 
adding niobium, vanadium and boron to the strength in 
high temperature of 7% chromium, 1% molybdenum 
alloy steel compared with 18-8 stainless steel, the result 
is illustrated which after the steel consisting of the above 
table composition was normalized at temperature 1150° 
C., and was tempered at 750° and 700° C. in two steps, 
creep rupture tests were done at temperature 600°, 650° 
and 700° C., respectively. 

It is seen that the strength at temperature 700° C. 
is somewhat lower than 18-8 stainless steel but that at 
650° and 600° C. is extremely higher than that, and yet 
the strength at high temperature for long time is seemed 
to be higher. In the following Table 5, for the reference, 
at temperature 600° and 625° C. calculated by Larson 
and Miller method of rupture strength for long time test 
from the actual test value at 650° C. and that of 18-8 
stainless steel are shown. 

TABLE 5.—RUPTURE STRENGTH FOR TIME 103 HOURS 

Steel 600° 0. 625° 0. 650° C. 

M30 _________________________________ __ 10.7 kg./rnm.2___._ 8.6 kg./mm.2-___ 
181-8, stainless steel _________________ __ 8.5 kg./rnm.z_ _ __._ 6.5 kgJmm?. _ __ 5.0 kg./mm.2 

1 By ASTM. STP. 124. 
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From the aforementioned matters, it will be clearly 
understood that the high-temperature alloy steel in accord— 
ance with the present invention has the strength in high 
temperature range 600°-650° C. suf?ciently equivalent 
to that of 18—8 stainless steel. 

Also, in order to obtain su?icient characteristic of the 
material, after the chemical compositions of niobium, 
vanadium and boron are equilibrated speci?c heat treat 
ment is required to Work. That is, as one step it must 
be normalized at su?icient high temperature range 1050°— 
1150° C. for sufficiently dissolving such carbide elements 
to austenitic structure, as next step so as to precipitate 
the carbide it is tempered at 750° C. for thirty minutes 
to two hours thereafter cooling it, further in order to 
improve the workability at room temperature it is re 
heated at 700° C. for ?fteen to thirty minutes. After 
these heat treatments completed in actual process, its 
hardness was approximately HV200 and cold workabil 
ity such as pressing, bending, etc. was good. 
The alloy steel in accordance with the present inven 

tion needs to contain 0.03—0.15% of carbon in weight 
since its strength in high temperature is not strong for 
carbon contents below about 0.03% and the workability 
is low above approximately 0.15%. It requires to include 
up to 1% of silicon and 0.3—1.2% manganese as deoxi 
dizers as over 1.0% of silicon and 1.2% of manganese 
makes only high cost without any advantages and up 
to 0.3% of manganese effects insufficient hot workability. 
It is required to be inclusive of 5-8% in weight of chro 
mium in order to maintain suf?cient oxidation-resistant 
property in high temperature range 600°—650° C. since 
low workability for over 8% contents and low oxidation 
resistant for below 5% contents are existing. It must also 
contain 0.5-1.5% of molybdenum as strengthening ele 
ment for solid solution thereof so as to improve high 
strength in high temperature, since its strength decreases 
for below 0.5% content and no use effects for over 1.5% 
contents. It is also required to contain up to 0.3% of 
vanadium and 0.03-0.15 % of niobium which are strong 
in forming capability for carbide and prevent strength 
in high temperature from being lower since ?occulation 
thereof develops over 0.3% of vanadium and its strength 
lowers and price increases to effect no advantage for 
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0.15% of niobium content, and no effect occurs for 
0.03% niobium content. It is further needed to include 
0.001—0.012% of boron which increases stability of car 
bide in high temperature to stabilize its structure since 
no eifectiveness for below 0.001% content and its work 
ability deteriorates for over 0.012% content. 

Thus, the high-temperature alloy steel in accordance 
with the present invention provides economic advantages 
and high strength in high temperature from that 5-8 
weight percentages of chromium is added to the alloy 
steel in order to maintain su?‘icient oxidation-resistant 
property in the high-temperature range 600°~650° C. 
and 0.5-1.5 weight percentages of molybdenum is added 
thereto to improve high-strength in high temperature, and 
from that further vanadium and niobium to the alloy steel 
being of strong forming capability for carbide in high 
temperature so that the alloy steel having high strength 
in high temperature corresponding to expensive austenitic 
stainless steel is produced inexpensively. 

vWhat is claimed is: 
1. A high-temperature alloy steel consisting essentially 

of the following elements in the following weight per 
centages: 
Carbon ____________________________ _ _ 0.03-0.15 

Silicon _____________________________ _. _. 0-1 

Manganese _________________________ __ 0.34.2 

Chromium __________________________ __ 5 .0-8.0 

Molybdenum _______________________ _ _ 0.5~1.5 

Vanadium _______________________ _ _,_.___. 0—0.3 

Niobium ___________________________ __ 0.03—0.l5 

Boron _____________________________ __ 0001-0012 

the balance being iron and the other impurities. 
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