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(57) ABSTRACT 

A steel composition contains: 0.05% or less of C; 0.5% or 
less of Si; 0.20% to 1.80% of Mn; 0.03% or less of P; 
0.005% or less of S; 14.0% to 18.0% of Cr; 5.0% to 8.0% 
of Ni; 1.5% to 3.5% of M0; 0.5% to 3.5% of Cu; 0.05% or 
less of A1; 0.20% or less of V; 0.01% to 0.15% of N; and 
0.006% or less of O on a mass basis, and satis?es the 
following expressions: Cr+0.65Ni+0.6Mo+0.55Cu— 
20C§185 and Cr+Mo+0.3Si-43.5C—0.4Mn-Ni—0.3Cu— 
9N§11 (Where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent 
their respective contents (mass %)). After such a steel pipe 
material is formed into a steel pipe, the steel pipe is 
quenched by cooling after heating to a temperature of the 
AC3 transformation point or more and tempered at a tempera 
ture of the Ac1 transformation point or less. The composition 
may further contain at least one element of Nb and Ti; at 
least one element selected from the group consisting of Zr, 
B, and W; or Ca, singly or in combination. Preferably, the 
steel pipe has a martensitic structure containing 5 to 25 
percent by volume of a residual austenite phase, or further 
containing 5% percent by volume or less of a ferrite phase. 
Thus, the resulting stainless steel pipe for oil country tubular 
goods exhibits a superior corrosion resistance even in 
extremely severe, corrosive environments containing carbon 
dioxide gas (CO2), chloride ions (Cl‘), or the like. 
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STAINLESS-STEEL PIPE FOR OIL WELL AND 
PROCESS FOR PRODUCING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to steel pipes for oil 
country tubular goods used in crude oil Wells and natural gas 
Wells. In particular, the present invention relates to an 
improvement of corrosion resistance to extremely severe, 
corrosive environment in Which carbon dioxide gas (CO2), 
chloride ions (Cl‘), and the like are present. 

BACKGROUND ART 

[0002] Deep oil Wells, Which have not conventionally 
been regarded at all, and corrosive sour gas Wells, the 
development of Which Was abandoned for a time, have 
recently been developed increasingly on a World scale in 
order to cope With increase of crude oil price and anticipated 
oil resource depletion in the near future. These oil Wells and 
gas Wells generally lie at great depths in a severe, corrosive 
environment of a high-temperature atmosphere containing 
corrosive substances, such as CO2 and Cl“. Accordingly, 
steel pipes for oil country tubular goods used for digging 
such an oil or gas Well have to be highly strong and 
corrosion-resistant. 

[0003] In general, highly CO2 corrosion-resistant 13%-Cr 
martensitic stainless steel pipes are used in oil Wells and gas 
Wells Whose atmospheres contain CO21 Cl‘, or the like. 
HoWever, conventional martensitic stainless steels cannot 
Wear in environments at high temperatures of more than 
100° C. containing a large amount of Cl“. Accordingly, 
tWo-phase stainless steel pipes are used in oil Wells requiring 
corrosion resistance. Unfortunately, the tWo-phase stainless 
steel pipes contain large amounts of alloying elements to 
reduce the hot Workability. Consequently, they must be 
manufactured only by special heat treatment due to their 
reduced hot Workability, and besides, they are disadvanta 
geously expensive. Accordingly, an inexpensive 13%-Cr 
martensitic stainless steel-based pipe for oil country tubular 
goods having a superior hot Workability and CO2 corrosion 
resistance has been strongly desired. On the other hand, oil 
Well development in cold districts has recently become 
active, and, accordingly, superior toughness at loW tempera 
tures is often required in addition to high strength. 

[0004] To these demands, improved martensitic stainless 
steels (or steel pipes) based on a 13%-Cr martensitic stain 
less steel (or steel pipe), having an enhanced corrosion 
resistance have been proposed in, for example, Japanese 
Unexamined Patent Application Publication Nos. 8-120345, 
9-268349, and 10-1755 and Japanese Patent Nos. 2814528 
and 3251648. 

[0005] Japanese Unexamined Patent Application Publica 
tion No. 8-120345 has disclosed a method for manufacturing 
a seamless martensitic stainless steel pipe having a superior 
corrosion resistance. For a steel composition of a 13%-Cr 
martensitic stainless steel pipe, the C content is limited to the 
range of 0.005% to 0.05%, 2.4% to 6% of Ni and 0.2% to 
4% of Cu are added in combination, and 0.5% to 3% of M0 
is further added. Furthermore, Nieq is set at 10.5 or more. 
This steel material is subjected to hot Working, subsequently 
cooled at air-cooling speed or more, and then tempered. 
Alternatively, after being cooled, the steel material is further 
heated to a temperature betWeen Ac3 transformation point 
+10° C. and Ac3 transformation point +200° C., or a tem 
perature betWeen Ac1 transformation point and Ac3 trans 
formation point, subsequently cooled to room temperature at 
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air-cooling speed or more, and then tempered. According to 
this method, a seamless martensitic stainless steel pipe is 
achieved Which has a high strength of the grade API-C95 or 
grater, corrosion resistance in environments at 180° C. or 
more containing CO2, and SCC resistance. 

[0006] Japanese Unexamined Patent Application Publica 
tion No. 9-268349 has disclosed a method for manufacturing 
a martensitic stainless steel having a superior stress-corro 
sion cracking resistance to sul?des. In this method, a steel 
composition of a 13%-Cr martensitic stainless steel contains 
0.005% to 0.05% of C, 0.005% to 0.1% of N, 3.0% to 6.0% 
of Ni, 0.5% to 3% of Cu, and 0.5% to 3% of Mo. After hot 
Working and being left to cool doWn to room temperature, 
this steel material is heated to a temperature betWeen (Ac1 
point+10° C.) and (Ac1 point+40° C.) for 30 to 60 minutes, 
then cooled to a temperature of Ms point or less, and 
tempered at a temperature of Ac1 point or less. Thus, the 
resulting steel has a structure in Which tempered martensite 
and 20 percent by volume or more of y phase are mixed. 
According to this method, the sul?de stress-corrosion crack 
ing resistance is remarkably enhanced by forming a mar 
tensitic structure containing 20 percent by volume or more 
of y phase. 

[0007] Japanese Unexamined Patent Application Publica 
tion No. 10-1755 has disclosed a martensitic stainless steel 
containing 10% to 15% of Cr, having a superior corrosion 
resistance and sul?de stress-corrosion cracking resistance. 
This martensitic stainless steel has a composition in Which 
the Cr content is set at 10% to 15%; the C content is limited 
to the range of 0.005% to 0.05%; 4.0% or more of Ni and 
0.5% to 3% of Cu are added in combination; and 1.0% to 
3.0% of M0 is further added. Furthermore, Nieq of the 
composition is set at —10 or more. The structure of the 
martensitic stainless steel contains a tempered martensitic 
phase, a martensitic phase, and a residual austenitic phase. 
The total percentage of the tempered martensitic phase and 
the martensitic phase is set in the range of 60% to 90%. 
According to this disclosure, corrosion resistance and sul?de 
stress-corrosion cracking resistance in environments Where 
Wet carbon dioxide gas or Wet hydrogen sul?de is present are 
enhanced. 

[0008] Japanese Patent No. 2814528 relates to an oil Well 
martensitic stainless steel product having a superior sul?de 
stress-corrosion cracking resistance. This steel product has a 
steel composition containing more than 15% and 19% or 
less of Cr, 0.05% or less of C, 0.1% or less of N, 3.5% to 
8.0% of Ni, and 0.1% to 4.0% of Mo, and simultaneously 
satisfying the relationships: 30Cr+36Mo+14Si-28Ni§455 
(%); and 21Cr+25Mo+17Si+35Ni§731 (%). According to 
this disclosure, the resulting steel product exhibits a superior 
corrosion resistance in severe environments in oil Wells 
Where chloride ions, carbon dioxide gas, and a small amount 
of hydrogen sul?de gas are present. 

[0009] Japanese Patent No. 3251648 relates to a precipi 
tation hardening martensitic stainless steel having superior 
strength and toughness. This martensitic stainless steel has a 
steel composition containing 10.0% to 17% of Cr, 0.08% or 
less of C, 0.015% or less of N, 6.0% to 10.0% of Ni, 0.5% 
to 2.0% of Cu, and 0.5% to 3.0% of M0. The structure of the 
steel is formed by 35% or more cold Working and annealing 
and it has a mean crystal grain siZe of 25 pm or less and 
precipitates With a particle siZe of 5x10‘2 pm or more in the 
matrix. The number of the precipitates is limited to 6><106 
per square millimeter or less. According to this disclosure, a 
high-strength precipitation hardening martensitic stainless 
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steel in Which toughness degradation does not occur can be 
achieved by forming a structure containing ?ne crystal 
grains and less precipitation. 

DISCLOSURE OF INVENTION 

[0010] HoWever, improved 13%-Cr rnartensitic stainless 
steel pipes manufactured by the techniques of Japanese 
Unexarnined Patent Application Publication Nos. 8-120345, 
9-268349, and 10-1755 and Japanese Patent Nos. 2814528 
and 3251648 do not stably exhibit desired corrosion resis 
tance in severe, corrosive environrnents at temperatures of 
more than 180° C. containing CO2, C1‘, or the like. 

[0011] In vieW of the circumstances of the knoWn arts 
stated above, the present invention has been achieved. The 
object of the present invention is to provide an inexpensive, 
corrosion-resistant stainless steel pipe for oil country tubular 
goods, preferably a high-strength stainless steel pipe for oil 
country tubular goods, having a superior hot Workability and 
exhibiting a superior CO2 corrosion resistance even in 
severe, corrosive environrnents at temperatures of more than 
180° C. containing CO2, Cl_, or the like. 

[0012] The present invention is as folloWs: 

[0013] (1) A corrosion-resistant stainless steel pipe for oil 
country tubular goods having a steel cornposition cornpris 
ing, on a mass basis, 0.05% or less of C; 0.50% or less of Si; 
0.20% to 1.80% of Mn; 0.03 or less of P; 0.005% or less of 
S; 14.0% to 18.0% of Cr; 5.0% to 8.0% of Ni; 1.5% to 3.5% 
of M0; 0.5% to 3.5% of Cu; 0.05% or less ofAl; 0.20% or 
less of V; 0.01% to 0.15% of N; 0.006% or less of O and the 
balance being Fe and incidental impurities. The composition 
satis?es expressions (1) and (2): 

their respective contents on a mass % basis. 

[0015] (2) A corrosion-resistant stainless steel pipe for oil 
country tubular goods according to (1) in Which the corn 
position further contains at least one element of 0.20% or 
less of Nb and 0.30% or less of Ti on a mass basis. 

[0016] (3) A corrosion-resistant stainless steel pipe for oil 
country tubular goods according to (1) or (2) in Which the 
composition further contains at least one element selected 
from the group consisting of 0.20% or less of Zr, 0.01% or 
less of B, and 3.0% or less of W on a mass basis. 

[0017] (4) A corrosion-resistant stainless steel pipe for oil 
country tubular goods according to any one of (1) to (3) in 
Which the composition further contains 0.0005% to 0.01% 
of Ca on a mass basis. 

[0018] (5) A stainless steel pipe for oil country tubular 
goods according to any one of (1) to (4) and Whose structure 
includes 5 to 25 percent by volume of a residual austenitic 
phase and the balance being a rnartensitic phase. 

[0019] (6) A corrosion-resistant stainless steel pipe for oil 
country tubular goods according to any one of (1) to (4) and 
Whose structure includes 5 to 25 percent by volume of a 
residual austenitic phase, 5 percent by volume or less of a 
ferrite phase, and the balance being a rnartensitic phase. 

[0020] (7) A method for manufacturing a corrosion-resis 
tant stainless steel pipe for oil country tubular goods includ 
ing the steps of: forming a steel pipe from a steel pipe 
material having a composition; quenching the steel pipe by 
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heating the steel pipe to a temperature of the AGB transfor 
rnation point thereof or more and subsequently cooling to 
room temperature at air-cooling speed or more; and then 
ternpering the steel pipe at a temperature of the Ac1 trans 
formation point thereof or less. The composition contains, 
on a mass basis, 0.05% or less of C; 0.50% or less of Si; 
0.20% to 1.80% of Mn; 0.03 or less of P; 0.005% or less of 
S; 14.0% to 18.0% of Cr; 5.0% to 8.0% of Ni; 1.5% to 3.5% 
of M0; 0.5% to 3.5% of Cu; 0.05% or less of Al; 0.20% or 
less of V; 0.01% to 0.15% of N; 0.006% or less of 0, and the 
balance being Fe and incidental impurities, and the compo 
sition satis?es expressions (1) and (2): 

Cr+0.65Ni+O.6Mo+O.55Cu+2OC218.5 (1) 

Cr+Mo+O.3Si-43.5C—O.4Mn—Ni—O.3Cu-9N§11 (2) 

[0021] Where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent 
their respective contents. 

[0022] (8) A method for manufacturing a stainless steel 
pipe for oil country tubular goods according to (7) in Which 
the composition further contains at least one element of 
0.20% or less of Nb and 0.30% or less of Ti on a mass basis. 

[0023] (9) A method for manufacturing a stainless steel 
pipe for oil country tubular goods according to (8) in Which 
the quenching includes heating to a temperature in the range 
of 800 to 1100° C. and cooling to room temperature at 
air-cooling speed or more, and the ternpering is performed at 
a temperature in the range of 500 to 630° C. 

[0024] (10) A method for manufacturing a stainless steel 
pipe for oil country tubular goods according to any one of 
(7) to (9) in Which the composition further contains at least 
one element selected from the group consisting of 0.20% or 
less of Zr, 0.01% or less of B, and 3.0% or less ofW on a 
mass basis. 

[0025] (11) A method for manufacturing a stainless steel 
pipe for oil country tubular goods according to any one of 
(7) to (10) in Which the composition further contains 
0.0005% to 0.01% of Ca on a mass basis. 

[0026] (12) A method for manufacturing a corrosion 
resistant searnless stainless steel pipe for oil country tubular 
goods, including the steps of: forming a steel pipe from a 
steel pipe material having a composition by hot Working; 
cooling the steel pipe to room temperature at air-cooling 
speed or more, or quenching the steel pipe by further heating 
to a temperature of the Ac3 transforrnation point thereof or 
more and cooling to room temperature at air-cooking speed 
or more; and then ternpering the steel pipe at a temperature 
of the Ac1 transforrnation point thereof or less. The corn 
position contains, on a mass basis, 0.05% or less of C; 0.50% 
or less of Si; 0.20% to 1.80% of Mn; 0.03 or less of P; 
0.005% or less of S; 14.0% to 18.0% of Cr; 5.0% to 8.0% 
of Ni; 1.5% to 3.5% of M0; 0.5% to 3.5% of Cu; 0.05% or 
less ofAl; 0.20% or less of V; 0.01% to 0.15% of N; 0.006% 
or less of O, and the balance being Fe and incidental 
impurities, and the composition satis?es expressions (1) and 
(2) : 

their respective contents on a mass % basis. 

[0028] (13) A method for manufacturing a seamless stain 
less steel pipe for oil country tubular goods according to (12) 
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in Which the composition further contains at least one 
element of 0.20% or less of Nb and 0.30% or less of Ti on 
a mass basis. 

[0029] (14) A method for manufacturing a seamless stain 
less steel pipe for oil country tubular goods according to (13) 
in Which the quenching includes heating to a temperature in 
the range of 800 to 1100° C. and cooling to room tempera 
ture at air-cooling speed or more, and the tempering is 
performed at a temperature in the range of 500 to 630° C. 

[0030] (15) A method for manufacturing a seamless stain 
less steel pipe for oil country tubular goods according to any 
one of (12) to (14) in Which the composition further contains 
at least one element selected from the group consisting of 
0.20% or less of Zr, 0.01% or less of B, and 3.0% or less of 
W on a mass basis. 

[0031] (16) A method for manufacturing a seamless stain 
less steel pipe for oil country tubular goods according to any 
one of (12) to (15) in Which the composition further contains 
0.0005% to 0.01% of Ca on a mass basis. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0032] “High strength” in the present invention refers to a 
strength (yield strength: 550 MPa or more) that conventional 
13%-Cr martensitic stainless steel pipes for oil country 
tubular goods have, and preferably to a yield strength of 654 
MPa or more. 

[0033] In order to accomplish the above-described objects, 
the inventors of the present invention have conducted inten 
sive research on the effects of alloying element contents to 
corrosion resistance in corrosive environments at high tem 
peratures in the range of more than 180° C. to 230° C. 
containing CO21 Cl‘, or the like, based on the compositions 
of the improved 13%-Cr martensitic stainless steel pipes. 

[0034] As a result, it has been found that both of a 
favorable hot Workability and a superior corrosion resistance 
in severe, corrosive environments can be ensured by reduc 
ing the C content to be loWer than that of the knoWn 13%-Cr 
martensitic stainless steels and adding suitable amounts of 
Ni, Mo, and Cu to adjust alloying element contents, so as to 
satisfy folloWing expressions (1) and (2): 

Cr+0.65Ni+0.6Mo+0.55Cu-20C218.5 (1) 

Cr+Mo+0.3Si-43.5C—0.4Mn—Ni—0.3Cu-9N 211 (2) 

[0035] Wherein Cr, Ni, Mo, Cu, C, Si, Mn, and N represent 
their respective contents (mass %). Furthermore, it has been 
found that a high strength of 654 MPa or more in terms of 
yield strength can be ensured. 

[0036] The present invention has been completed based on 
these ?ndings. 

[0037] The reason Why the steel compositions are con 
trolled Will noW be explained. Hereinafter, mass percent is 
expressed by simply %. 

[0038] C: 0.05% or Less 

[0039] C is an essential element relating to the strength of 
martensitic stainless steel, but a C content of more than 
0.05% promotes sensitiZation at the stage of tempering due 
to the presence of Ni. In order to prevent the sensitiZation at 
the stage of tempering, the C content is limited to 0.05% or 
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less, in the present invention. In vieW of corrosion resis 
tance, it is preferable that the C content be set as loWer as 
possible. Preferably, it is 0.03% or less. More preferably, it 
is set in the range of 0.01% to 0.03%. 

[0040] Si: 0.50% or Less 

[0041] The element Si serves as a deoxidiZer, and, pref 
erably, its content is 0.05 % or more in the present invention. 
HoWever, a content of more than 0.50% reduces the CO2 
corrosion resistance and further reduces the hot Workability. 
Accordingly, the Si content is limited to 0.50% or less. 
Preferably, it is set in the range of 0.10% to 0.30%. 

[0042] Mn: 0.20% to 1.80% 

[0043] The element Mn enhances steel strength. In order 
to ensure a strength desired in the present invention, the Mn 
content has to be 0.20% or more. HoWever, a content of 
more than 1.80% negatively affects the toughness. Accord 
ingly, the Mn content is limited to the range of 0.20% to 
1.80%. Preferably, it is set in the range of 0.20% to 1.00%. 
More preferably, it is set in the range of 0.20% to 0.80%. 

[0044] P: 0.03% or Less 

[0045] The element P negatively affects the CO2 corrosion 
resistance, CO2 stress-corrosion cracking resistance, pitting 
corrosion resistance, and sul?de stress-corrosion cracking 
resistance, and it is preferable that the P content be reduced 
as loW as possible. HoWever, an excessive reduction of P 
content increases cost. Accordingly, the P content is limited 
to 0.03% or less so as to alloW industrial production at a loW 
cost and prevent the degradation of CO2 corrosion resis 
tance, CO2 stress-corrosion cracking resistance, pitting cor 
rosion resistance, and sul?de stress-corrosion resistance. 
Preferably, it is set at 0.02% or less. 

[0046] S: 0.005% or Less 

[0047] The element S seriously reduces hot Workability in 
manufacture of pipes, and the S content is, preferably, as loW 
as possible. A S content of 0.005% or less makes it possible 
to manufacture pipes through a common process, and, 
therefore, the S content is limited to 0.005% or less. Pref 
erably, it is set at 0.003% or less. 

[0048] Cr: 14.0% to 18.0% 

[0049] The element Cr forms a protective ?lm on the 
surface of steel to increase the corrosion resistance, and 
particularly to increase the CO2 corrosion resistance and 
CO2 stress-corrosion cracking resistance. In the present 
invention, a Cr content of 14.0% or more is necessary from 
the vieWpoint of increasing the corrosion resistance at high 
temperatures. HoWever, a content of more than 18.0% 
reduces the hot Workability. Accordingly, the Cr content is 
limited to the range of 14.0% to 18.0%, in the present 
invention. Preferably, it is set in the range of 14.5% to 
17.5%. 

[0050] Ni: 5.0% to 8.0% 

[0051] The element Ni strengthens the protective ?lm on 
the surface of steel to enhance the CO2 corrosion resistance 
and CO2 stress-corrosion cracking resistance, pitting corro 
sion resistance, and sul?de stress-corrosion cracking resis 
tance. Furthermore, it has the effect of a solid solution 
strengthening and, accordingly, increases steel strength. 
These effects are exhibited When the Ni content is 5.0% or 
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more. However, a content of more than 8.0% reduces the 
stability of the martensitic structure to decrease the strength. 
Accordingly, the Ni content is limited to the range of 5.0% 
to 8.0%. Preferably, it is set in the range of 5.5% to 7.0%. 

[0052] M0: 1.5% to 3.5% 

[0053] The element Mo enhances the resistance to pitting 
by Cl“, and a content of 1.5% or more is necessary in the 
present invention. While a content of less than 1.5 % does not 
ef?ciently achieve the corrosion resistance in severe, corro 
sive environments at high temperatures, a content of more 
than 3.5% causes the formation of 6-ferrite to reduce the hot 
Workability, CO2 corrosion resistance, and CO2 stress-cor 
rosion cracking resistance and increases cost. Accordingly, 
the Mo content is limited to the range of 1.5% to 3.5%. 
Preferably, it is set in the range of 1.5% to 2.5%. 

[0054] Cu: 0.5% to 3.5% 

[0055] The element Cu strengthens the protective ?lm on 
the surface of the steel to prevent from hydrogen-penetration 
into the steel, thereby enhancing the sul?de stress-corrosion 
cracking resistance. This effect is achieved When the Cu 
content is 0.5% or more. HoWever, a content of more than 
3.5 % alloWs CuS to precipitate in grain boundaries to reduce 
the hot Workability. Accordingly, the Cu content is limited to 
the range of 0.5% to 3.5%. Preferably, it is set in the range 
of 0.5% to 2.5%. 

[0056] Al: 0.05% or Less 

[0057] The element Al has a strong effect of deoxidation, 
but a content of more than 0.05% negatively affects the 
toughness of the steel. Accordingly, the Al content is limited 
to 0.05% or less. Preferably, it is set in the range of 0.01% 
to 0.03%. 

[0058] V: 0.20% or Less 

[0059] The element V enhances the strength of steel and 
also has the effect of improving the stress-corrosion cracking 
resistance. These effects are noticeably exhibited When the V 
content is 0.03% or more. HoWever, a content of more than 
0.20% reduces the toughness. Accordingly, the V content is 
limited to 0.20% or less. Preferably, it is set in the range of 
0.03% to 0.08%. 

[0060] N: 0.01% to 0.15% 

[0061] The element N extremely enhances the pitting 
corrosion resistance. This effect is exhibited When the N 
content is 0.01% or more. HoWever, a content of more than 
0.15% alloWs the formation of various nitrides to reduce the 
toughness. Accordingly, the N content is limited to the range 
of 0.01% to 0.15%. Preferably, it is set in the range of 0.03% 
to 0.15%, and more preferably in the range of 0.03% to 
0.08%. 

[0062] O: 0.006% or Less 

[0063] The element O is present in oxide forms in steel 
and negatively affects various characteristics. It is, therefore, 
preferable to be reduced as loW as possible. In particular, an 
O content of more than 0.006% seriously reduces the hot 
Workability, CO2 stress-corrosion cracking resistance, pit 
ting corrosion resistance, sul?de stress-corrosion cracking 
resistance, and toughness. Accordingly, the O content is 
limited to 0.006% or less. 
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[0064] In the present invention, the above-described basic 
composition may further contain at least either 0.20% or less 
of Nb or 0.30% or less of Ti. 

[0065] Both the elements Nb and Ti enhance the strength 
and the toughness, and particularly increase the strength 
remarkably by tempering at a relatively loW temperature in 
the range of 500 to 630° C. This effect is noticeably 
exhibited When the Nb and Ti contents are 0.02% or more 
and 0.01% or more, respectively. On the other hand, a Nb 
content of more than 0.20% and a Ti content of more than 
0.30% reduce the toughness. In addition, Ti has the effect of 
improving the stress-corrosion cracking resistance. Accord 
ingly, the Nb content is preferably limited to 0.20% or less, 
and the Ti content, 0.30% or less. 

[0066] In the present invention, the above-described com 
position may further contain at least one element selected 
from the group consisting of 0.20% or less of Zr, 0.01% or 
less of B, and 3.0% or less of W. 

[0067] Zr, B, and W each increases the strength, and at 
least one of them may be added if necessary. In addition to 
the effect of increasing the strength, Zr, B, and W can 
improve the stress-corrosion cracking resistance. These 
effects are noticeably exhibited When the composition con 
tains 0.01% or more of Zr, 0.0005% or more of B, or 0.1% 
or more of W. On the other hand, if the composition contains 
more than 0.20% of Zr, more than 0.01% of B, or more than 
3.0% of W, the toughness is reduced. Accordingly, the Zr 
content is preferably limited to 0.20% or less; the B content, 
0.01% or less; and the W content, 3.0% or less. 

[0068] In the present invention, the composition may 
further contain 0.0005% to 0.01% of Ca. 

[0069] The element Ca forms CaS to ?x the element S and, 
thus, to spheroidiZe sul?de inclusions, thereby reducing 
lattice distortion of the matrix in the vicinity of the inclu 
sions to reduce the capability of trapping hydrogen of the 
inclusions advantageously. This effect is achieved When the 
Ca content is 0.0005% or more. HoWever, a content of more 
than 0.01% increases CaO, and reduces the CO2 corrosion 
resistance and pitting resistance. Accordingly, the Ca content 
is preferably limited to the range of 0.0005% to 0.01%. 

[0070] In addition to the above-described requirements, 
the each element content have to satisfy folloWing expres 
sions (1) and (2): 

[0071] Wherein Cr, Ni, Mo, Cu, C, Si, Mn, and N represent 
their respective contents. 

[0072] By adjusting the Cr, Ni, Mo, Cu, and C contents so 
as to satisfy expression (1), the corrosion resistance in 
environments at high temperatures up to 230° C. including 
CO2 or Cl'is remarkably increased. Also, by adjusting the 
Cr, Mo, Si, C, Mn, Ni, Cu, and N contents so as to satisfy 
expression (2), the hot Workability is enhanced. In the 
present invention, P, S, and O contents are signi?cantly 
reduced in order to enhance the hot Workability. HoWever, 
reducing the P, S, and O contents is not enough to ensure a 
hot Workability sufficient to produce seamless martensitic 
stainless steel pipes. In order to ensure a hot Workability 
suf?cient to make seamless martensitic stainless steel pipes, 
it is important to extremely reduce the P, S, and O contents, 
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and besides to adjust the Cr, Mo, Si, C, Mn, Ni, Cu, and N 
contents so as to satisfy expression 

[0073] The balance of the foregoing elements is Fe and 
incidental impurities. 

[0074] Preferably, the steel pipe of the present invention 
has a structure comprising 5% to 25% of residual austenite 
phase on a volume basis and the balance being a martensite 
phase. Alternatively, the steel pipe of the present invention 
has a structure comprising 5% to 25% of residual austenite 
phase, 5% or less of ferrite phase, and the balance being a 
martensite phase on a volume basis. 

[0075] Although the structure of the steel pipe of the 
present invention is essentially composed of the martensite 
phase, the martensite phase, preferably, contains 5% to 25% 
of a residual austenite phase, or further contains 5% or less 
of a ferrite phase, on a volume basis. 

[0076] By alloWing 5 percent by volume or more of 
residual austenite phase to be present, a high toughness can 
be achieved. HoWever, more than 25 percent by volume of 
residual austenite phase reduces the strength. Accordingly, it 
is preferable that the percentage of the residual austenite 
phase is set in the range of 5 to 25 percent by volume. In 
addition, in order to enhance the corrosion resistance, it is 
preferable that 5 percent by volume or less of ferrite phase 
is alloWed to be present. HoWever, more than 5 percent by 
volume of ferrite phase remarkably reduces the hot Work 
ability. Accordingly, it is preferable that the percentage of 
the ferrite phase is set at 5 percent by volume or less. 

[0077] A method for manufacturing the steel pipe of the 
present invention Will noW be described taking a seamless 
steel pipe as an example. 

[0078] First, it is preferable that a molten steel having the 
above-described composition be melted by a conventional 
steel making process using a converter, an electric furnace, 
a vacuum melting furnace, or the like, and then formed into 
a steel pipe material, such as, a billet by a conventional 
method, such as continuous casting or ingot making-slab 
bing. Then, the steel pipe material is heated and subjected to 
hot Working to make a pipe by a common manufacturing 
process, such as that of Mannesmann-plug mill or Mannes 
mann-mandrel mill. Thus a seamless steel pipe With a 
desired siZe is yielded. After pipe making, the resulting 
seamless steel pipe is preferably cooled to room temperature 
at air-cooling speed or more. 

[0079] The seamless steel pipe having the above-de 
scribed steel composition can be given a structure mainly 
composed of a martensite phase by cooling at air-cooling 
speed or more after hot Working. After the cooling at 
air-cooling speed or more, preferably, quenching is per 
formed in Which the steel pipe is heated again to a tempera 
ture of the AGB transformation point or more and cooled to 
room temperature at air-cooling speed or more. Thus, the 
martensitic structure can be re?ned and the toughness of the 
steel can be increased. 

[0080] Preferably, the quenched seamless steel pipe is 
subjected to tempering by being heated to a temperature of 
the Ac1 transformation point or less. By heating to a tem 
perature of the Ac1 transformation point or less, preferably 
to 400° C. or more, for tempering, the resultant structure 
comprises a tempered martensite phase, further comprises a 
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residual austenite phase, or still further comprises a small 
amount of ferrite phase in some cases. Thus, the resulting 
seamless steel pipe exhibits a desired strength, a desired 
toughness, and a desired, superior corrosion resistance. 

[0081] Only tempering may be performed Without 
quenching. 
[0082] The description above illustrates a steel pipe of the 
present invention taking the seamless steel pipe as an 
example, but the present invention is not limited to this form. 
A steel pipe material having the composition Within the 
scope of the present invention may result in an electric 
Welded steel pipe or a UOE steel pipe used as a steel pipe for 
oil country tubular goods through a conventional process. 
HoWever, for the electric Welded steel tube and UOE steel 
pipe, it is preferable that, after pipe making, the pipe is 
quenched by heating the pipe again to a temperature of the 
Ac3 transformation point or more and cooling to room 
temperature at air-cooling speed or more, and is subse 
quently tempered at a temperature of the Ac1 transformation 
point or less. 

[0083] In the case of a steel pipe having a composition 
containing at least one element of Nb and Ti, quenching 
includes heating to a temperature of 800 to 1100° C., and 
cooling to room temperature at air-cooling speed or more. 
Also, tempering is preferably performed at a temperature in 
the range of 500 to 630° C. By subjecting the steel pipe 
having the composition containing at least one element of 
Nb and Ti to these quenching and tempering, a suf?cient 
amount of ?ne precipitates can occur to achieve a high 
strength of 654 MPa or more in terms of yield strength. 

[0084] A quenching temperature of less than 800° C. does 
not sufficiently achieve the effect of tempering to provide a 
desired strength. On the other hand, a quenching tempera 
ture of more than 1100° C. coarsens the crystal grains to 
reduce the toughness of the steel. While a tempering tem 
perature of less than 500° C. does not pricipitate a sufficient 
amount of precipitations, a tempering temperature of more 
than 630° C. remarkably reduces the strength of the steel. 

EXAMPLES 

[0085] The present invention Will be further described in 
detail With reference to Examples. 

Example 1 
[0086] After degassing, each molten steel having a com 
position shoWn in Table 1 Was cast into a steel ingot of 100 
kgf (980 N). The ingot Was subjected to hot Working to make 
a pipe With a model seamless rolling mill, folloWed by air 
cooling to yield a seamless steel pipe With an outer diameter 
of 3.3 in. by a thickness of 0.5 in. 

[0087] The hot Workability Was evaluated by visually 
observing the presence of cracks in the internal and external 
surfaces of the resulting seamless steel pipe as air-cooled 
after pipe making. 

[0088] The seamless steel pipe Was cut into a test piece. 
The test piece Was heated at 920° C. for 1 hour and then 
Water-cooled. The test piece Was further subjected to tem 
pering at 600° C. for 30 minutes. It Was ensured that 
quenching Was performed on each sample at a temperature 
of its Ac3 transformation point or more, and that tempering 
Was performed at a temperature of its Ac1 transformation 
point or less. The quench-tempered test piece Was machined 
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into a corrosion-test piece of 3 mm in thickness by 30 mm [0090] The test piece after the corrosion test Was Weighed, 

lsnwldthfblilém mnll H] length’ flonowed by gcorrgslon teslt' and the corrosion rate Was obtained from the difference 
ome o t e stee pipe samp es Were su Jecte to on y _ _ 

tempering Without quenching‘ betWeen the Weight of the test piece before the test and that 
_ _ _ after the test. The surface of the corrosion test piece after the 

[0089] In the corrosion test, the test piece Was immersed _ _ _ 
in a test Solution being 20% Nacl aqueous Solution placed test Was observed to check for the occurrence of pitting With 

in an autoclave (solution temperature: 230° C., CO2 gasat- a loupe of a magni?cation of 10 times. 
mosphere at a pressure of 100 atmospheres) and Was 
allowed to keep for 2 Weeks. [0091] The results are shoWn in Table 2. 

TABLE 1 

Ex- Ex 

pres- pres 
Chemical composition (mass %) sion sion 

Steel No. C Si Mn P S Al Cr Ni Mo Cu V N O Other (1)* (2)** Remarks 

A 0.019 0.19 0.48 0.02 0.001 0.01 14.8 5.19 1.60 0.65 0.049 0.059 0.0019 19.11 9.5225 Example 
B 0.024 0.20 0.44 0.02 0.001 0.01 14.9 5.50 1.50 0.59 0.051 0.062 0.0025 Nb:0.026 19.22 9.005 Example 
C 0.015 0.24 0.46 0.03 0.001 0.02 15.3 6.12 2.04 1.05 0.059 0.043 0.0037 Zr: 0.017 20.78 9.7535 Example 
D 0.025 0.22 0.50 0.01 0.002 0.01 15.1 5.59 2.49 1.63 0.048 0.072 0.0021 Ti: 0.034 20.62 9.6415 Example 
E 0.027 0.20 0.42 0.01 0.001 0.02 15.5 6.27 1.75 0.77 0.040 0.033 0.0018 20.51 9.1695 Example 
F 0.024 0.21 0.40 0.02 0.001 0.01 16.2 5.93 1.66 1.14 0.041 0.039 0.0019 Ti: 0.021, 21.20 10.096 Example 

B:0.001 
G 0.020 2.26 0.41 0.01 0.001 0.01 16.5 6.05 2.17 0.88 0.030 0.054 0.0026 Ca: 0.002 21.82 10.914 Example 
H 0.016 0.33 0.40 0.01 0.001 0.02 16.9 5.99 1.52 1.02 0.052 0.095 0.0036 Nb:0.019, 21.95 10.512 Example 

Ca: 0.001 
0.026 0.28 0.48 0.01 0.001 0.01 17.3 6.54 1.69 0.64 0.049 0.066 0.0030 W: 0.270 22.40 10.425 Example 

I 0.017 0.27 0.49 0.01 0.001 0.01 17.7 7.05 1.53 0.85 0.042 0.069 0.0016 B:0.001 23.33 10.4495 Example 
K 0.034 0.27 0.50 0.02 0.001 0.02 17.4 5.58 2.87 0.67 0.046 0.056 0.0028 22.44 12.387 Com 

parative 
Example 

L 0.022 0.26 0.45 0.02 0.001 0.01 1.8 6.19 1.68 0.71 0.055 0.106 0.0017 18.78 7.064 Com 
parative 
Example 

M 0.045 0.31 0.49 0.01 0.002 0.01 14.6 5.11 1.55 0.59 0.048 0.042 0.0024 Ti: 0.024 18.28 8.4245 Comp 
parative 
Example 

N 0.020 0.26 0.42 0.03 0.002 0.02 14.7 4.55 1.53 0.69 0.063 0.059 0.0026 18.56 9.982 Com 
parative 
Example 

O 0.016 0.33 0.44 0.01 0.001 0.01 14.8 5.27 0.56 0.73 0.065 0.058 0.0034 18.64 8.576 Com 
parative 
Example 

P 0.021 0.21 0.44 0.02 0.001 0.02 17.1 5.15 1.96 0.57 0.056 0.062 0.0028 Nb:0.033 21.52 12.1545 Com 
parative 
Example 

Q 0.026 0.35 0.39 0.02 0.001 0.02 14.6 5.19 1.64 0.6 0.045 0.038 0.0019 — 19.10 9.45 Com 
parative 
Example 

*Expression (1) = (Cr) + 0.65 (Ni) + 0.6 (Mo) + 0.55 (Cu) — 20 (C) 
**Expression (2) = (Cr) + (Mo) + 0.3 (Si) — 43.5 (C) — 0.4 (Mn) — (Ni) — 0.3 — 9 (N) 

[0092] 

TABLE 2 

Corrosion 
Cooling resistance 

Steel after Quenching Tempering Hot Corrosion 

pipe Steel pipe- Temp Temp workability rate 
No. No. making (0 C.) Cooling (0 C.) Cooling Crack (mm/yr) Pitting Remarks 

1 A Air 920 Air 600 Air Good 0.113 Good Example 
2 B Air 920 Air 600 Air Good 0.102 Good Example 
3 C Air 920 Air 600 Air Good 0.091 Good Example 
4 D Air 920 Air 600 Air Good 0.092 Good Example 
5 E Air 920 Air 600 Air Good 0.091 Good Example 
6 F Air 920 Air 600 Air Good 0.063 Good Example 
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TABLE 2-continued 

Corrosion 
Cooling resistance 

Steel after Quenching Tempering Hot Corrosion 

pipe Steel pipe- Temp Temp workability rate 
No. No. making (0 C.) Cooling (0 C.) Cooling Crack (mm/yr) Pitting Remarks 

7 G Air 920 Air 600 Air Good 0.061 Good Example 
8 H Air 920 Air 600 Air Good 0.045 Good Example 
9 I Air 920 Air 600 Air Good 0.036 Good Example 

10 J Air 920 Air 600 Air Good 0.044 Good Example 
11 K Air 920 Air 600 Air Good 0.036 Good Comparative 

Example 
12 L Air 920 Air 600 Air Good 0.149 Good Comparative 

Example 
13 M Air 920 Air 600 Air Good 0.162 Good Comparative 

Example 
14 N Air 920 Air 600 Air Good 0.132 Good Comparative 

Example 
15 O Air 920 Air 600 Air Bad 0.179 Bad Comparative 

Example 
16 P Air 920 Air 600 Air Good 0.078 Good Comparative 

Example 
17 Air 920 Air 600 Air Good 0.119 Bad Comparative 

Example 
18 A Air — — 600 Air Good 0.107 Good Example 

[0093] Each example of the present invention exhibited no [0096] The seamless steel pipe was cut into a test piece. 
0eehrrehee of Cracks 1h the Steel IhIJe shrfaees> a_ low The test piece was subjected to quenching and tempering 
Corroslon rate’ and no occurfence of plmng' Hence’ It has under the conditions shown in Table 4. An ark-shaped API 
been shown that the steel pipes of these examples have a t ,1 t t _ t k f th h t d t t 
superior hot workability and a superior corrosion resistance ensl 6 es plece Was a en _r0m e queue ' empere es 
in a severe, corrosive environment at a high temperature of Pleee ahd shhleeted to a tehshe test for the tehshe Properhes 
230° C. containing CO2. In contrast, comparative examples (yield strength YS, tensile strength TS). Also, a corrosion 
outside the scope of the present invention exhibited occur- test piece of 3 mm in thickness by 30 mm in Width by 40 mm 

renee ,Of Cracks’ thus ShQWmg a reduced hot workablhty’ or in length was taken from the foregoing quench-tempered test 
exhibited a high corrosion rate, thus showing a reduced _ b h, _ d b, t dt _ t t 
corrosion resistance. In particular, there were surface ?aws plece y mac Hung’ an Was SH 166 e O a Corroslon es ' 

in the steel i es of com arative exam les not satisf in . . . 
. p p p p . . y g [0097] In the corrosion test, the test piece was immersed 

expression (2) due to a reduced hot workability. . . . . 
in a test solution being 20% NaCl aqueous solution placed 

Example 2 in an autoclave (solution temperature: 230° C., CO2 gas 
_ _ _ atmos here at a ressure of 30 atmos heres and was 

[0094] After sufficient degassing, each molten steel having p p p ) 
. . . . . allowed to keep for 2 weeks. 

a composition shown in Table 3 was cast into a steel ingot 

of 100_ kgf (980 N)~ The _1hg0t Was fohhed lhto a_ Seamless [0098] The test piece after the corrosion test was weighed, 
Steel P1Pe_ Whh ah Outer dlarheter Oh 3-3 1h- by a thlekhess of and the corrosion rate was obtained from the difference 
0'5 1n‘ Wlth a model Seamless rolhng Hun‘ between the weight of the corrosion test piece before the test 

[0095] After the pipe making, the hot workability Was and that after the test. The surface of the corrosion test piece 
evaluated by Visually observing the presence of cracks in the after the test was observed to check for the occurrence of 
internal and external surfaces of the resulting seamless steel pitting with a loupe of a magni?cation of 10 times. The 
pipe. results are shown in Table 4. 

TABLE 3 

Ex- Ex 

pres- pres 
Steel Chemical composition (mass %) sion sion Re 

No. C Si Mn P S Al Cr Ni Mo Cu V N O Nb Ti Other (1)* (2)** marks 

2A 0.025 0.19 0.34 0.02 0.001 0.01 14.7 6.20 1.90 0.65 0.044 0.059 0.0019 0.074 — — 19.84 8.45 EX 

ample 
2B 0.022 0.29 0.49 0.02 0.001 0.01 14.9 5.85 1.94 0.65 0.049 0.078 0.0015 — 0.077 — 19.78 9.03 EX 
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TABLE 3-continued 

Ex- Ex 

pres- pres 
Steel Chemical composition (mass %) sion sion Re 

No. C Si Mn P S Al Cr Ni Mo Cu V N O Nb Ti Other (1)* (2)** marks 

2C 0.034 0.18 0.56 0.02 0.001 0.02 14.9 6.13 2.06 0.71 0.035 0.045 0.0021 0.049 0.072— 19.83 8.56 Ex 
ample 

2D 0.028 0.31 0.41 0.01 0.002 0.01 15.1 7.03 1.63 0.58 0.059 0.052 0.0027 0.087 — Zr: 20.41 7.77 Ex 
0.061 ample 

2E 0.015 0.17 0.36 0.02 0.001 0.02 15.4 6.17 2.34 1.24 0.064 0.042 0.0047 0.038 0.075 B: 21.20 10.07 Ex 
0.001 ample 

2F 0.027 0.30 0.35 0.02 0.001 0.01 16.8 7.06 1.71 0.62 0.080 0.320 0.0026 0.089 0.036 Ca: 22.22 7.16 Ex 
0.003 ample 

2G 0.017 0.25 0.44 0.01 0.001 0.01 16.7 6.29 1.77 0.91 0.040 0.062 0.0017 0.087 0.042W: 22.01 10.51 Ex 
0.220 ample 

2H 0.028 0.24 0.39 0.01 0.001 0.02 17.2 6.34 1.59 0.74 0.037 0.099 0.0028 — 0.150 Zr: 22.12 10.04 Ex 
0.083 ample 
Ca: 
0.001 

21 0.035 0.35 0.39 0.02 0.001 0.01 17.1 5.96 2.81 0.63 0.049 0.029 0.0051 0.078 — — 22.31 w Com 

parative 
Ex 
ample 

2] 0.046 0.30 0.40 0.02 0.001 0.01 M 5.30 2.57 2.48 0.062 0.053 0.0026 — 0.062— 18.83 7.38 Com 
parative 
Ex 
ample 

2K 0.023 0.25 0.36 0.01 0.002 0.01 14.3 5.05 1.55 0.59 0.056 0.059 0.0022 0.073 0.047 Zr: M 9.02 Com 
0.024 parative 

Ex 
ample 

2L 0.035 0.26 0.45 0.02 0.002 0.02 15.4 M 1.63 0.53 0.051 0.071 0.0019 0.049 0.023 Ca: 18.61 10.55 Com 
0.003 parative 

Ex 
ample 

"Expression (1) = (Cr) + 0.65 (Ni) + 0.6 (Mo) + 0.55 — 20 (C) 
**Expression (2) = (Cr) + (Mo) + 0.3 (Si) — 43.5 (C) — 0.4 (Mn) — (Ni) — 0.3 (Cu) — 9 (N) 

[0099] 

TABLE4 

Corrosion 
Cooling Tensile resistance 

Steel after Quenching Tempering properties Hot Corrosion 

pipe Steel pipe- Temp Temp YS TS workability rate 
No. No. making (0 C.) Cooling (0 C.) Cooling MPa MPa Crack (mm/yr) Pitting Remark 

21 2A Air 890 Air 530 Air 910 1138 Good 0.115 Good Example 
22 2A Air 890 Air 610 Air 874 1110 Good 0.112 Good Example 
23 2B Air 890 Air 530 Air 926 1123 Good 0.109 Good Example 

24 2B Air 890 Air 610 Air 891 1049 Good 0.118 Good Example 
25 2C Air 890 Air 580 Air 892 1032 Good 0.104 Good Example 

2D Air 890 Air 580 Air 821 1004 Good 0.065 Good Example 
27 2E Air 890 Air 580 Air 836 966 Good 0.071 Good Example 

28 2F Air 890 Air 580 Air 715 884 Good 0.053 Good Example 
29 2G Air 890 Air 580 Air 723 901 Good 0.049 Good Example 
30 2H Air 890 Air 580 Air 720 877 Good 0.051 Good Example 

31 2I Air 890 Air 580 Air 713 864 Bad 0.056 Good Comparative 
Example 

32 2] Air 890 Air 580 Air 908 1073 Good 0.172 Good Comparative 
Example 

33 2K Air 890 Air 580 Air 875 943 Good 0.148 Good Comparative 

Example 
34 2L Air 890 Air 580 Air 892 968 Good 0.162 Good Comparative 

Example 
35 2A Air 780 Air 600 Air 469 934 Good 0.109 Good Example 
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TABLE 4-continued 

Corrosion 
Cooling Tensile resistance 

Steel after Quenching Tempering properties Hot Corrosion 

pipe Steel pipe- Temp Temp YS TS workability rate 
No. No. making (0 C.) Cooling (0 C.) Cooling MPa MPa Crack (mm/yr) Pitting Remark 

36 2B Air 760 Air 600 Air 492 972 Good 0.113 Good Example 
37 2G Air 890 Air 650 Air 603 783 Good 0.044 Good Example 
38 2H Air 910 Air 640 Air 613 768 Good 0.046 Good Example 

[0100] Each example of the present invention exhibited no vation test piece was etched by aqua regia. The resulting 
occurrence of cracks in the steel pipe surfaces, a low structure was observed with a scanning electron microscope 
corrosion rate, and no occurrence of pitting. Hence, it was (1000 times), and the percentage of the ferrite phase (percent 
shown that the steel pipes of these examples had a superior by volume) was computed with an image analysis system. 
hot workability and a superior corrosion resistance in a The percentage of the residual austenite phase was deter 
severe, corrosive environment at a high temperature of 230° mined by X-ray diffraction. 
C. containing CO2. In contrast, comparative examples out- 0104 k h d _1 _ ak 
side the scope of the present invention exhibited occurrence [ 1 Ah ar '5 ape API tens] 6 test p1eCe_WaS t eh 

of cracks, thus showing a reduced hot workability, or exhib- frothl the qufehcht'ltemperid test plhce ahdldsublectei to a 
ited a high corrosion rate, thus showing a reduced corrosion tens] 6 test or t e tens} e propemes (yle Strehgt YS’ 

resistance. When the manufacture conditions were outside tehshe stifegglth T2)’ as In Exahallgle A1505 a v'hotflh test 
the preferred ranges as set forth in the present invention, the plece (t 16 _ess' _ mm) Was t eh mm t e quehc 'tem' 

strength was reduced and, accordingly, a high yield strength hired te_st plece’ 1h accordfahce 371th ‘Ills Z 22212’ ahd_the 
of 654 MPa or more Was not achieved' C arpy impact test was per orme on t e V-notc test piece 

to determine the absorption energy vE_4O (J) at —40 C. in 
Example 3 accordance with JIS Z 2242. 

[0101] After suf?cient degassing, each molten steel having [0105] Furthermore, a Corrosion-test Piece Of 3 mm in 
a composition shown in Table 5 was cast into a steel ingot IhlCkIleSS by 30 mm In Wldth by 40 mm In length Was taken 
of 100 kgf (980 N). The ingot was formed into a seamless ffOIIl the foregolng quench-tempered test P1666 by InaChm 
steel pipe with an outer diameter of 3.3 in. by a thickness of mg, and WaS Subjected I0 a COrrOSlOIl test, as In EXalnple 2. 
0.5 in. with a model seamless rollin mill. _ _ _ 

g [0106] In the corrosion test, the test piece was immersed 
[0102] The hOI workablhty Was evaluated by vlsually in a test solution being 20% NaCl aqueous solution placed 
observing the presence of cracks in the internal and external in an autoclave (solution temperature; 230° C,, CO2 gas 
surfaces of the resulting seamless steel pipe, as in Example atmosphere at a pressure of 30 atmospheres) and was 
1- allowed to keep for 2 weeks. 

[0103] The Seamless hteel plpe Was Ch] lhto a test P1696‘ [0107] The test piece after the corrosion test was weighed, 
The test plece was shhlecteh to qhehchlhg and tempenhg and the corrosion rate was obtained from the difference 
hhder the Cohdlhohs shown In Table 6' h Was ensured that between the weight of the test piece before the test and that 
qh?zhchlhg Was performed Oh each Sample at a temperathre after the test. The surface of the corrosion test piece after the 
of hs AC3 trahsfonhahoh polht or “19m, and that teIhpehhg test was observed to check for the occurrence of pitting with 
was performed at a temperature of its Ac1 'transformation a loupe of a magni?cation of 10 times 
point or less. A structure observation test piece was taken 
from the quench-tempered test piece. The structure obser- [0108] The results are shown in Table 6. 

TABLE 5 

Ex- Ex 

pl‘6S- PIES 
Steel Chemical composition (mass %) sion sion 

No. C Si Mn P S Al Cr Ni Mo Cu V N O Other (1)* (2)** Remarks 

3A 0.027 0.24 0.31 0.02 0.001 0.01 15.2 6.14 1.60 0.82 0.039 0.049 0.0021 — 20.06 8.75 Example 

3B 0.024 0.21 0.34 0.02 0.001 0.01 14.9 5.50 1.50 1.22 0.051 0.062 0.0025 Nb: 0.077 19.57 8.86 Example 
3C 0.018 0.23 0.36 0.01 0.002 0.01 16.1 6.22 1.62 1.09 0.059 0.043 0.0037 Zr: 0.017, 21.35 9.93 Example 

Ca: 0.002 
3D 0.028 0.20 0.41 0.02 0.001 0.02 15.1 5.59 2.49 1.63 0.048 0.072 0.0021 Ti: 0.034, 20.56 9.54 Example 

Nb: 0.058 
3E 0.017 0.25 0.29 0.02 0.001 0.01 16.8 6.26 1.57 0.85 0.042 0.069 0.0016 B: 0.001, 21.94 10.45 Example 

W: 0.19 
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TABLE 5 -continued 

Ex- Ex 

pres- pres 
Steel Chemical composition (mass %) sion sion 

No. C Si Mn P S Al Cr Ni Mo Cu V N O Other (1)* (2)** Remarks 

3F 0.024 0.27 0.35 0.02 0.001 0.02 15.5 4.58 2.87 0.67 0.046 0.056 0.0028 — 20.09 11.98 Comparative 
Example 

3G 0.032 0.26 0.33 0.02 0.001 0.01 13. 6.19 1.97 0.71 0.055 0.106 0.0017 — 18.66 6.87 Comparative 
Example 

3H 0.035 0.31 0.29 0.02 0.002 0.01 14.5 5.11 1.55 0.59 0.048 0.042 0.0024 Ti: 0.024 18.38 8.94 Comparative 
Example 

*Expression (1) = (Cr) + 0.65 (Ni) + 0.6 (Mo) + 0.55 — 20 (C) 
**Expression (2) = (Cr) + (Mo) + 0.3 (Si) — 43.5 (C) — 0.4 (Mn) — (Ni) — 0.3 (Cu) — 9 (N) 

[0109] 

TABLE 6 

Corrosion 
Impact resistance 

Cooling Structure Tensile property Corro 

Steel after Quenching Tempering y or properties Absorbed Hot sion 

pipe Steel pipe- Temp Temp quantity quantity YS TS energy workability rate 
No. No. making (0 C.) Cooling (0 C.) Cooling vol % vol % MPa MPa Ei40 J Crack (mm/yr) Pitting Remark 

A1 3A Air 890 Air 550 Air 7.1 — 868 1021 80.2 Good 0.109 Good Example 
A2 3A Air 890 Air 600 Air 10.9 — 792 1047 86.1 Good 0.107 Good Example 
A3 3B Air 890 Air 500 Air 6.3 0.3 889 1061 83.4 Good 0.111 Good Example 
A4 3B Air 890 Air 600 Air 11.2 0.7 847 1030 85.7 Good 0.112 Good Example 
A5 3C Air 890 Air 550 Air 12.5 1.5 820 1035 91.2 Good 0.058 Good Example 
A6 3D Air 890 Air 550 Air 16.3 1.9 771 974 95.4 Good 0.102 Good Example 
A7 3E Air 890 Air 550 Air 22.7 3.8 723 982 95.9 Good 0.039 Good Example 
A8 3D Air 890 Air 650 Air 26.3 1.7 634 915 104.3 Good 0.105 Good Example 
A9 3E Air 890 Air 650 Air 29.6 4.0 599 907 107.6 Good 0.037 Good Example 
A10 3F Air 890 Air 500 Air 3.2 5.4 999 1149 42.3 Bad 0.096 Good Comparative 

Example 
A11 3G Air 890 Air 550 Air 6.1 — 875 1095 79.3 Good 0.179 Bad Comparative 

Example 
A12 3H Air 890 Air 540 Air 7.3 2.7 827 1046 77.0 Good 0.150 Good Comparative 

Example 
A13 3A Air 890 Air 450 Air — — 949 1018 37.5 Good 0.124 Good Example 

y: residual austenite, 
or: ferrite (o) 

[0110] Each example of the present invention exhibited no 
occurrence of cracks in the steel pipe surfaces, a low 
corrosion rate, and no occurrence of pitting; hence it was 
shown that steel pipes of these examples had a superior hot 
workability. In addition, their structure containing 5 to 25 
percent by volume of residual austenite phase, or further 
containing 5 percent by volume or less of ferrite phase leads 
to a superior corrosion resistance in a severe, corrosive 
environment at a high temperature of 230° C. containing 
CO2. Furthermore, the strength is as high as 654 MPa or 
more in terms of yield strength YS and the toughness is as 
high as 60 J or more in terms of absorbed energy at —40° C. 

[0111] In contrast, comparative examples outside the 
scope of the present invention exhibited occurrence of 
cracks, thus showing a reduced hot workability, or exhibited 
a high corrosion rate, thus showing a reduced corrosion 
resistance. When the manufacture conditions were outside 
the preferred ranges as set forth in the present invention, the 

strength was decreased and, accordingly, a high yield 
strength of 654 MPa or more was not achieved. 

INDUSTRIAL APPLICABILITY 

[0112] According to the present invention, a high-strength 
martensitic stainless steel pipe for oil country tubular goods 
can be manufactured at a low cost with stability which has 
a suf?cient corrosion resistance in severe, corrosive envi 
ronments at high temperatures containing CO2 or C1‘ or 
which has a high toughness in addition to such a suf?cient 
corrosion resistance, thus producing particularly advanta 
geous industrial effects. 

1. Acorrosion-resistant stainless steel pipe for oil country 
tubular goods having a steel composition comprising on a 
mass basis: 

0.05% or less of C; 

0.50% or less of Si; 
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0.20% to 1.80% of Mn; 

0.03 or less of P; 

0.005% or less of S; 

14.0% to 18.0% of Cr; 

5.0% to 8.0% of Ni; 

1.5% to 3.5% of M0; 

0.5% to 3.5% of Cu; 

0.05% or less of Al; 

0.20% or less of V; 

0.01% to 0.15% of N; 

0.006% or less of O, and 

the balance being Fe and incidental impurities, 

Wherein the composition satis?es expressions (1) and (2): 

(1); 
(2), 

Where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the 
respective contents thereof on a mass % basis. 

2. A stainless steel pipe for oil country tubular goods 
according to claim 1, Wherein the composition further com 
prises at least one element selected from the group consist 
ing of 0.20% or less of Nb and 0.30% or less of Ti on a mass 
basis. 

3. A stainless steel pipe for oil country tubular goods 
according to claim 1 or 2, Wherein the composition further 
comprises at least one element selected from the group 
consisting of 0.20% or less of Zr, 0.01% or less of B, and 
3.0% or less of W on a mass basis. 

4. A stainless steel pipe for oil country tubular goods 
according to claims 1, Wherein the composition further 
comprises 0.0005% to 0.01% of Ca on a mass basis. 

5. A stainless steel pipe for oil country tubular goods 
according to claims 1, Wherein the structure thereof includes 
5 to 25 percent by volume of a residual austenite phase and 
the balance being a martensite phase. 

6. A stainless steel pipe for oil country tubular goods 
according to claims 1, Wherein the structure thereof 
includes, on a volume basis, 5 to 25 percent by volume of a 
residual austenite phase, 5 percent by volume or less of a 
ferrite phase, and the balance being a martensite phase. 

7. (A method for manufacturing a corrosion-resistant 
stainless steel pipe for oil country tubular goods comprising 
the steps of: forming a steel pipe from a steel pipe material 
having a composition; quenching the steel pipe by heating 
the steel pipe to a temperature of the AGB transformation 
point thereof or more and subsequently cooling to room 
temperature at air-cooling speed or more; and then temper 
ing the steel pipe at a temperature of the Ac1 transformation 
point thereof or less, Wherein the composition comprises on 
a mass basis: 

0.05% or less of C; 

0.50% or less of Si; 

0.20% to 1.80% of Mn; 

0.03 or less of P; 

0.005% or less of S; 
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14.0% to 18.0% of Cr; 

5.0% to 8.0% of Ni; 

1.5% to 3.5% of M0; 

0.5% to 3.5% of Cu; 

0.05% or less of Al; 

0.20% or less of V; 

0.01% to 0.15% of N; 

0.006% or less of O, and 

the balance being Fe and incidental impurities, Wherein 
the composition satis?es expressions (1) and (2): 

Where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the 
respective contents thereof on a mass % basis. 

8. Amethod for manufacturing a stainless steel pipe for oil 
country tubular goods according to claim 7, Wherein the 
composition further comprises at least one element of 0.20% 
or less of Nb and 0.30% or less of Ti on a mass basis. 

9. Amethod for manufacturing a stainless steel pipe for oil 
country tubular goods according to claim 8, Wherein the 
quenching includes heating to a temperature in the range of 
800 to 1100° C. and cooling to room temperature at air 
cooling speed or more, and the tempering is performed at a 
temperature in the range of 500 to 630° C. 

10. A method for manufacturing a stainless steel pipe for 
oil country tubular goods according to any one of claims 7 
to 9, Wherein the composition further comprises at least one 
element selected from the group consisting of 0.20% or less 
of Zr, 0.01% or less of B, and 3.0% or less ofW on a mass 
basis. 

11. A method for manufacturing a stainless steel pipe for 
oil country tubular goods according to claims 7, Wherein the 
composition further comprises 0.0005% to 0.01% of Ca on 
a mass basis. 

12. A method for manufacturing a corrosion-resistant 
seamless stainless steel pipe for oil country tubular goods, 
comprising the steps of: forming a steel pipe from a steel 
pipe material having a composition by hot Working; cooling 
the steel pipe to room temperature at air-cooling speed or 
more, or quenching the steel pipe by further heating to a 
temperature of the Ac3 transformation point thereof or more 
and cooling to room temperature at air cooking speed or 
more; 

and then tempering the steel pipe at a temperature of the 
Ac1 transformation point thereof or less, Wherein the 
composition comprises on a mass basis: 

0.05% or less of C; 

0.50% or less of Si; 

0.20% to 1.80% of Mn; 

0.03 or less of P; 

0.005% or less of S; 

14.0% to 18.0% of Cr; 

5.0% to 8.0% of Ni; 

1.5% to 3.5% of Mo; 
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0.5% to 3.5% of Cu; 

0.05% or less of Al; 

0.20% or less of V; 

0.01% to 0.15% of N; 

0.006% or less of O, and 

the balance being Fe and incidental impurities, and 
Wherein the composition satis?es expressions (1) and 
(2)1 
Cr+0.65Ni+0.6Mo+0.55Cu+20C218.5 (1); 

Cr+Mo+0.3Si-43.5C—0.4Mn—Ni—0.3Cu-9N§11 (2), 

Where Cr, Ni, Mo, Cu, C, Si, Mn, and N represent the 
respective contents thereof on a mass % basis. 

13. A method for manufacturing a seamless stainless steel 
pipe for oil country tubular goods according to claim 12, 
Wherein the composition further comprises at least one 
element of 0.20% or less of Nb and 0.30% or less of Ti on 
a mass basis. 
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14. Amethod for manufacturing a seamless stainless steel 

pipe for oil country tubular goods according to claim 13, 
Wherein the quenching includes heating to a temperature in 
the range of 800 to 1100° C. and cooling to room tempera 

ture at air-cooling speed or more, and the tempering is 

performed at a temperature in the range of 500 to 630° C. 

15. Amethod for manufacturing a seamless stainless steel 
pipe for oil country tubular goods according to any one of 
claims 12 to 14, Wherein the composition further comprises 
at least one element selected from the group consisting of 
0.20% or less of Zr, 0.01% or less of B, and 3.0% or less of 
W on a mass basis. 

16. Amethod for manufacturing a seamless stainless steel 
pipe for oil country tubular goods according to claims 12, 
Wherein the composition further comprises 0.0005% to 
0.01% of Ca on a mass basis. 


