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and titanium, With yield strength of at least 100 ksi (690 
MPa), excellent toughness and good Weldability. Boron addi 
tions are used to increase hardenability. Strong nitride form 
ers, such as titanium, may be added to the steel composition in 
order to prevent boron nitrides from forming. These compo 
sitions may be cooled from hot rolling in air or using accel 
erated cooling. After air cooling, the composition may be 
quenched or quenched and tempered. The compositions are 
suitable for high strength line pipes (for example, X100 in 
API 5L standard) and other applications. 
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BAINITIC STEELS WITH BORON 

BACKGROUND OF THE INVENTION 

[0001] 1. Field 
[0002] Embodiments of the present disclosure pertain to 
seamless pipes formed from steels containing micro-alloying 
additions of boron and titanium, With yield strengths of at 
least 100 ksi (690 MPa), excellent toughness, and good Weld 
ability. Such pipes are suitable for use as high strength line 
pipes, for example X100 in APl 5L standard, and other pos 
sible applications. 
[0003] 2. Description of the Related Art 
[0004] Micro-alloying additions of boron to steel are desir 
able, as such additions may improve the mechanical proper 
ties of the steel. For example, boron additions may increase 
hardenability, the ability of steel to be hardened by heat 
treatment. By migrating to grain boundaries, Where they 
inhibit austenite to ferrite phase transformation, boron addi 
tions may improve the ease With Which martensite may be 
formed. Furthermore, boron is effective at very loW concen 
trations, providing signi?cant improvements in hardenability 
at relatively loW cost. 

[0005] In order to achieve these bene?ts, boron should 
remain in its free, elemental state. HoWever, boron reacts 
easily With impurities present in the steel, such as nitrogen. 
When boron nitrides are formed, the positive effect on hard 
enability provided by boron may be reduced, oWing to the 
decrease in free boron. 

[0006] To address this issue, strong nitride formers, such as 
titanium, may be added to the steel composition in order to 
inhibit boron nitrides from forming. Concomitantly, hoWever, 
relatively coarse titanium nitride particles may be formed 
during solidi?cation. These particles, Which may further 
groW during reheating prior to hot rolling, can lead to poor 
toughness in the steel and overshadoW the property improve 
ments yielded by the boron addition. 

SUMMARY 

[0007] In an embodiment, a method of making a boron 
titanium steel With yield strength of at least 100 ksi (690 
MPa), excellent toughness, and good Weldability is provided. 
The method comprises providing a composition comprising 
carbon, titanium, and boron. The method may additionally 
comprise providing one or more of manganese, silicon, 
nickel, chromium, molybdenum, vanadium, and niobium to 
the composition. The method may also comprise cooling the 
composition from casting at a cooling rate suf?ciently high to 
inhibit coarsening of titanium nitride (TiN) precipitates 
Within the composition and to limit the siZe of the TiN pre 
cipitates to less than about 50 nm. The method may further 
comprise hot rolling the composition so as to re?ne the micro 
structure and achieve grain siZes of about 20 to 50 um, prior 
to transformation. The method may further include cooling 
the composition in air after hot rolling and subjecting the 
composition to austeniZation and quenching; cooling the 
composition in air after hot rolling and subjecting the com 
position to austeniZation, quenching and tempering; or forced 
cooling the composition immediately after hot rolling at rates 
betWeen about 5 to 50° C./sec Without any subsequent heat 
treatment. In certain embodiments, the steel composition may 
be formed into a steel pipe, for example, a seamless pipe. 
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[0008] In an additional embodiment, a method of making a 
steel pipe is provided. The method comprises providing a 
steel composition comprising: 
[0009] about 0.04 to 0.12 Wt. % carbon (C); 
[0010] about 0.01 to 0.03 Wt. % titanium (Ti); 
[0011] about 0.0005 to 0.003 Wt. % boron (B); and 
[0012] less than or equal to about 0.008 Wt. % nitrogen (N); 
Where the concentration of each element is based upon the 
total Weight of the steel composition. In an embodiment, 
about 0.0005 to 0.002 Wt. % boron may be kept in solid 
solution for improving hardenability. In a further embodi 
ment, substantially all of the nitrogen may be present in the 
form TiN particles so as to avoid the formation of boron 
nitrides and achieve the above mentioned boron content in 
solid solution. The method further comprises cooling a bar 
cast from the steel composition, Where the cooling rate at 
about the center of the bar is selected such that the TiN 
particulates formed in the bar exhibit a mean siZe less than 
about 50 nm. The method may additionally comprise forming 
a pipe from the bar. In an additional embodiment, the yield 
strength of the formed steel, measured according to ASTM 
E8, may be greater than about 100 ksi (about 690 MPa). In 
certain embodiments, the steel composition may be formed 
into a seamless pipe. 
[0013] In a further embodiment, a method of making a steel 
composition is provided. The method comprises providing a 
steel composition comprising: 
[0014] about 0.04 to 0.12 Wt. % carbon (C); 
[0015] about 0.6 to 1.6 Wt. % manganese (Mn); 
[0016] about 0.05 to 0.3 Wt. % silicon (Si); 
[0017] less than or equal to about 0.5 Wt. % nickel (Ni); 
[0018] less than or equal to about 0.5 Wt. % chromium (Cr); 
[0019] less than or equal to about 0.5 Wt. % molybdenum 
(MO); 
[0020] less than or equal to about 0.1 5 Wt. % vanadium (V); 
[0021] less than or equal to about 0.05 Wt. % niobium (Nb); 
[0022] about 0.01 to 0.03 Wt. % titanium (Ti); 
[0023] about 0.0005-0.0030 Wt. % boron (B); and 
[0024] less than or equal to 0.008 Wt. % nitrogen (N); 
Where the concentration of each element is based upon the 
total Weight of the steel composition. In an embodiment, 
about 0.0005 to 0.002 Wt. % boron is kept in solid solution for 
improving hardenability. The method further comprises cast 
ing the steel composition, Where substantially all of the nitro 
gen in the cast steel composition is present in the form of TiN 
particles having a siZe less than about 50 nm to avoid the 
formation of boron nitrides and achieve said boron content in 
solid solution. The method further comprises hot rolling the 
formed steel composition and cooling the formed steel com 
position directly after hot rolling at a rate betWeen about 5 to 
500 C./ sec. In certain embodiments, the formed steel compo 
sition is cooled directly after hot rolling at a rate betWeen 
about 10 to 300 C./sec. 
[0025] The ?nal microstructure of the steel composition 
folloWing cooling, Without any tempering after cooling, may 
comprise a mixture of bainite and martensite, With no more 
than about 30% of martensite. In certain embodiments, the 
microstructure may comprise no more than about 5% of mar 
tensite. 
[0026] In an additional embodiment, a method of making a 
steel composition is provided. The method comprises provid 
ing a steel composition comprising: 
[0027] about 0.04-0.08 Wt. % carbon (C); 
[0028] about 0.8-1.6 Wt. % manganese (Mn); 
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[0029] about 0.05 to 0.3 % silicon (Si); 
[0030] up to about 0.3 Wt. % molybdenum (Mo); 
[0031] about 0.01 to 0.03 Wt. % titanium (Ti); 
[0032] about 0.0005-0.003 Wt. % boron (B); and 
[0033] less than or equal to about 0.008 Wt. % nitrogen (N); 
Where the concentration of each element is based upon the 
total Weight of the steel composition. The method further 
comprises casting the steel composition, Where substantially 
all of the nitrogen in the cast steel composition is present in 
the form of TiN particles having a siZe less than about 50 nm 
to avoid the formation of boron nitrides. The method further 
comprises hot rolling and air cooling the formed steel com 
position directly after hot rolling at a rate less than about 1° 
C./ sec, austeniZing, and quenching the composition. 
[0034] The ?nal microstructure of the steel composition, 
Without any tempering after quenching, may comprise a mix 
ture of bainite and martensite. In certain embodiments, the 
microstructure comprises no more than about 30% of mar 
tensite. In further embodiments, the microstructure com 
prises no more than about 20% of martensite. 
[0035] In a further embodiment, a method of making a steel 
composition is provided. The method comprises providing a 
steel composition comprising: 
[0036] about 0.04-0.12 Wt. % carbon (C); 
[0037] about 0.8 to 1.6 Wt. % manganese (Mn); 
[0038] about 0.05-0.3 Wt. % silicon (Si); 
[0039] less than or equal to 0.5 Wt. % nickel (Ni); 
[0040] less than or equal to about 0.5 Wt. % chromium (Cr); 
[0041] less than or equal to about 0.5 Wt. % molybdenum 
(MO); 
[0042] less than or equal to about 0.15 Wt. % vanadium (V) 
less than or equal to about 0.05 Wt. % niobium (Nb); 
[0043] about 0.01 to 0.03 Wt. % titanium (Ti); 
[0044] about 0.0005-0.0030 Wt. % boron (B); and 
[0045] less than or equal to 0.008 Wt. % nitrogen (N); 
Where the concentration of each element is based upon the 
total Weight of the steel composition and Where about 0.0005 
to 0.002 Wt. % boron is kept in solid solution for improving 
hardenability. The method further comprises casting the steel 
composition, Where substantially all of the nitrogen in the cast 
steel composition is present in the form of TiN particles 
having a siZe less than about 50 nm to avoid the formation of 
boron nitrides and achieve said boron content in solid solu 
tion. The method also comprises hot rolling the cast steel 
composition and air cooling the formed steel composition 
directly after hot rolling at a rate less than about 1° C./ sec. The 
method further comprises austeniZing and quenching the 
composition. The method may optionally further comprise 
tempering the composition at a temperature betWeen about 
400 to 700° C. 

[0046] In a tempered embodiment, the ?nal microstructure 
of the air cooled composition, after tempering, may comprise 
a mixture of tempered bainite and martensite With no less than 
about 30% martensite. In certain embodiments, the air cooled 
composition may comprise no less than about 50% of mar 
tensite. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] FIG. 1 is a schematic ?oW diagram of one embodi 
ment of a method of producing boron-titanium (B/Ti) steel 
Pipes; 
[0048] FIG. 2 is a continuous cooling transformation 
(CCT) plot of one embodiment of steel composition 1; 
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[0049] FIG. 3 illustrates scanning electron micrographs of 
the microstructure of embodiments of steel composition 1 
cooled from the austenitic range at rates of about 2° C./ sec, 5° 
C./sec, 10° C./sec, and 20° C./sec; 
[0050] FIGS. 4A and 4B are plots of impact energy (CVN) 
for an embodiment of steel composition 1 subjected to accel 
erated cooling; (A) impact energy as a function of cooling 
rate; (B) impact energy as a function of temperature; 
[0051] FIG. 5 is a plot of hardness as a function of temper 
ing temperature for an embodiment of steel composition 1 in 
the quenched and tempered condition; 
[0052] FIG. 6 illustrates a scanning electron micrograph of 
the microstructure of an embodiment of steel composition 1 
that is quenched and tempered at about 410° C.; 
[0053] FIG. 7 is a continuous cooling transformation 
(CCT) plot of one embodiment of steel composition 2; 
[0054] FIG. 8 illustrates scanning electron micrographs of 
the microstructure of embodiments of steel composition 2 
cooled from the austenitic range at rates of about 02° C./ sec, 
0.5° C./sec, 1° C./sec, 10C/sec, 30° C./sec, and 50° C./sec; 
[0055] FIG. 9 is a continuous cooling transformation 
(CCT) plot of one embodiment of steel composition 3; 
[0056] FIG. 10 illustrates scanning electron micrographs of 
the microstructure of embodiments of steel composition 3 
cooled from the austenitic range at rates of about 02° C./ sec, 
0.5° C./sec, 1° C./sec, 10C/sec, 30° C./sec, and 50° C./sec; 
[0057] FIGS. 11A-11B are plots of hardness as a function 
of cooling rate from hot rolling for embodiments of steel 
compositions 2 and 3; (A) composition 2; (B) composition 3; 
[0058] FIGS. 12A-12B illustrate scanning electron micro 
graphs of the microstructure of embodiments of steel com 
positions 2 and 3 in the as-quenched condition; (A) compo 
sition 2; (B) composition 3; 
[0059] FIGS. 13A-13B illustrate scanning electron micro 
graphs of the microstructure of embodiments of steel com 
positions 2 and 3 in the quenched and tempered condition; (A) 
composition 2; (B) composition 3; 
[0060] FIG. 14 is a plot of hardness as a function of tem 
pering temperature for embodiments of steel compositions 2 
(solid squares) and 3 (open squares); and 
[0061] FIG. 15 is a plot of hardness as a function of the 
average cooling rate betWeen 800° C. and 500° C. for an 
embodiment of steel composition 2 steel and a reference 
NbiV steel. 

DETAILED DESCRIPTION 

[0062] Embodiments of the present disclosure present 
compositions and methods of manufacture for loW carbon 
steels microalloyed With boron. In particular, boron/titanium 
(B/ Ti) steels Which exhibit controlled particulates of titanium 
nitride (TiN), and attendant improvements in toughness, are 
discussed in detail. Through addition of titanium and boron, 
free boron may be substantially kept in solid solution, 
improving hardenability during austenite decomposition. 
[0063] The siZe of TiN precipitates may be controlled by 
the cooling rate during casting. In certain embodiments, siZe 
may comprise the diameter of the precipitates. In other 
embodiments, siZe may comprise the largest dimension of the 
precipitates. For example, as discussed in detail beloW, by 
employing cooling rates greater than about 10 to 30° C./min 
during casting, ?ne precipitates of TiN, having a mean siZe 
less than about 50 nm, may be produced. Due to the small siZe 
of these TiN precipitates, they are not detrimental to tough 
ness. Additionally, these precipitates may inhibit excessive 
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grain growth during processing operations such as reheating 
prior to hot rolling. By reducing austenite grain siZe, tough 
ness may be improved, after accelerated cooling or quench 
ing, due to the reduction in martensite/bainite packet siZe. 
[0064] The mechanical properties and microstructure of the 
steel composition may be further in?uenced by heat treat 
ments after hot rolling. In one embodiment, steel composi 
tions may be cooled in air at rates less than about 10 C./ sec 
after hot rolling and subjected to reheating into the austenitic 
range and quenching. In other embodiments, steel composi 
tions may be cooled in air after hot rolling and subjected to 
reheating into the austenitic range and quenching and tem 
pering. In further embodiments, steel compositions may be 
subject to accelerated cooling at rates betWeen about 5 to 50° 
C./ sec directly after hot rolling. 
[0065] Excellent combinations of mechanical properties 
may be obtained for compositions processed in this manner, 
especially in the case of compositions subjected to quenching 
and tempering. For example, samples subjected to quenching 
and tempering at about 500° C. may exhibit yield and tensile 
strengths of about 118 and 127 ksi, respectively, With impact 
energies measured in the range of about 143-173 J at about 
—600 C. 
[0066] In another example, samples subjected to acceler 
ated cooling may exhibit good impact energies, especially for 
cooling rates of about 10-200 C./sec. For example, impact 
energies greater than about 220 J are observed for tempera 
tures of —200 C. and higher. These and other advantages of the 
disclosed embodiments are discussed in detail beloW. 
[0067] FIG. 1 illustrates one embodiment of a method 100 
of producing boron-titanium (B/Ti) steels. In certain embodi 
ments, the compositions may be produced in the form of 
pipes. The method 100 of FIG. 1 includes steel casting opera 
tions in blocks 110, 112, and 114, collectively referred to as 
steel casting operations 102, steel forming operations in 
blocks 116, 120, 122 and 124, collectively referred to as steel 
forming operations 1 04, and steel heat treatment operations in 
blocks 126 and 128, collectively referred to as heat treatment 
operations 106. It may be appreciated that, in some embodi 
ments one or more of the heat treatment operations can be 

omitted partially or totally, as necessary. 
[0068] The B/Ti steel is cast from the molten state during 
steel casting operations 102. In certain embodiments, the 
steel casting operations 102 may comprise continuous casting 
operations. For example, the steel casting operations 102 can 
include iron melting/puri?cation 110, ladle treatments 112, 
and continuous casting 114, as are knoWn in the art. 
[0069] In one embodiment, the steel may comprise ele 
ments in the concentration ranges listed beloW in Table 1, 
Where the concentrations are provided in Weight percent (Wt. 
%) on the basis of the total Weight of the steel composition, 
unless otherWise noted. 

TABLE 1 

Steel Compo ition 

Concentration Wt. % 

Element Minimum Maximum 

C 0.04 0.12 
Mn 0.6 1.6 
Si 0.05 0.3 
Ti 0.01 0.03 
B 0.0005 0.003 
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TABLE 1-continued 

Steel Composition 

Concentration Wt. % 

Element Minimum Maximum 

Ni 0 0.5 
Cr 0 0.5 
Mo 0 0.5 
V 0 0.15 
Nb 0 0.05 
N 0 0.008 
Ratio Ti/N >3 .4 

The concentration of the elements may be further selected 
such that the carbon equivalency, CE Pm, of the composition 
is less than about 0.22, Where CE P is calculated according 
to: 

cm 

Where the concentration of each element is provided in Wt. %. 
[0070] As illustrated in Table 1, the cast steel may comprise 
a boron-titanium steel alloy including not only carbon (C), 
boron (B), and titanium (Ti) but one or more of manganese 
(Mn), silicon (Si), nickel (Ni), chromium (Cr) molybdenum 
(Mo), vanadium (V), and niobium (Nb). Impurities of sulfur 
(S), phosphorous (P), copper (Cu), and nitrogen (N) may also 
be present, hoWever, the concentration of these impurities in 
one embodiment is preferably reduced to an amount as loW as 
possible. 
[0071] C is an element Whose addition inexpensively raises 
the strength of the steel. If the C content is less than about 
0.04%, it may be, in some embodiments, dif?cult to obtain the 
strength desired in the composition. On the other hand, in 
other embodiments, if the steel has a C content greater than 
about 0.12 Wt. %, toughness and Weldability may be 
adversely impacted. Therefore, in an embodiment, the C con 
tent may range betWeen about 0.04 to 0.12 Wt. %. In other 
embodiments, the C content may range betWeen about 0.04 to 
0.08 Wt. %. This loWer C range may enable compositions to 
be fabricated, optionally, Without tempering (i.e. in the as 
quenched condition), While still achieving good toughness. 
[0072] B is an element Whose addition is effective in 
increasing the hardenability of the steel. For example, B may 
improve hardenability by inhibiting the formation of ferrite. 
If the B content is less than about 0.0005 Wt. %, in some 
embodiments, it may be dif?cult to obtain the desired hard 
enability of the steel. HoWever, if the B content too high, in 
other embodiments, coarse boron carbides may be formed at 
grain boundaries, adversely affecting toughness. Accord 
ingly, in an embodiment, the concentration of B in the com 
position may range betWeen about 0.0005 to 0.003 Wt. %. In 
other embodiments, the concentration of B in the composition 
may range betWeen about 0.0005 to 0.002 Wt. %. At least a 
portion of the B in the composition may be in its free, elemen 
tal state in solid solution. 

[0073] Si is an element Whose addition has a deoxidiZing 
effect during the steel making process and also raises the 
strength of the steel. If the Si content is too loW, in some 
embodiments, the steel may be susceptible to oxidation, With 
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a high level of micro -inclusions. On the other hand, though, if 
the Si content of the steel is too high, in some embodiments 
both toughness and formability of the steel may decrease. 
Therefore, in certain embodiments of the composition, the 
concentration of Si may range betWeen about 0.05 to 0.3 Wt. 
%. 
[0074] Mn and Cr are elements Which may be employed in 
combination With B, Mo, and Ni to increase hardenability. 
For example, these alloying additions may assist in inhibiting 
the formation of ferrite and pearlite from austenite during 
cooling. They may further enable depression of the bainitic 
start temperature, improving microstructural re?nement. Mn 
may additionally provide solid solution hardening. In certain 
embodiments, the concentration of Mn may range betWeen 
about 0.6 to 1.6 Wt. %. In further embodiments, Cr may be 
omitted from the composition. In other embodiments, the 
concentration of Cr may range up to about 0.5 Wt. %. 
[0075] Mo is an element used to increase the hardenability 
of the steel composition. Alloying additions of Mo may also 
reduce the segregation of phosphorous to grain boundaries, 
improving resistance to inter-granular fracture. Mo may fur 
ther enhance the hardenability effects of B. In certain embodi 
ments, Mo may be omitted from the composition. In other 
embodiments, the concentration of Mo may range up to about 
0.5 Wt. %. 
[0076] Ni is an alloying addition Which may increase hard 
enability and improve toughness. In certain embodiments, Ni 
may be omitted from the composition. In other embodiments, 
the concentration of Ni may range up to about 0.5 Wt. %. 
[0077] Ti is an element Whose addition is effective in 
increasing the effectiveness of B in the steel, by ?xing nitro 
gen impurities as TiN and inhibiting the formation of boron 
nitrides. If the Ti content is too loW it may be dif?cult, in some 
embodiments, to obtain the desired effect of boron on hard 
enability. In an embodiment, if the Ti content is higher than 
about 0.03 Wt. %, coarse TiN and TiC may be formed, 
adversely affecting hot ductility and toughness. Accordingly, 
in certain embodiments, the concentration of Ti may range 
betWeen about 0.01 to 0.03 Wt. %. 
[0078] In alternative embodiments, the concentration of Ti 
may be speci?ed on the basis of the concentration of N, 
maintaining a ratio of Ti to N greater than about 3.4 (for 
concentrations in Weight percent). 
[0079] In certain embodiments, substantially all of the N 
present Within the composition may be in the form of TiN. In 
certain embodiments, greater than about 90%, greater than 
about 92%, greater than about 94%, greater than about 96%, 
greater than about 98%, and greater than about 99% of the N 
content of the composition may be present in the form of TiN. 
The TiN may adopt forms including, but not limited to, par 
ticles. 
[0080] Nb is an alloying addition Which may be used to 
re?ne the austenitic grain siZe of the composition. Nb may 
further enhance the effects of boron on hardenability and 
provide precipitation hardening. In certain embodiments, Nb 
may be omitted from the composition. In other embodiments, 
the concentration of Nb may range up to about 0.05 Wt. %. 
[0081] V is an alloying addition that may be employed to 
provide precipitation hardening. In certain embodiments, V 
may be omitted from the composition. In other embodiments, 
the concentration of V may range up to about 0.15 Wt. %. 

[0082] O is an impurity Which may be present in the steel 
composition, for example, in the form of oxides. As the oxy 
gen content increases, impact properties may be impaired. 
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Accordingly, a loWer oxygen content is preferred. In one 
embodiment, the upper limit of the oxygen content may be 
about 0.0050 Wt. %. In another embodiment, the upper limit 
of oxygen content is beloW about 0.0015 Wt. %. 
[0083] Cu is not needed in embodiments of the steel com 
position, but may be present. In some embodiments, depend 
ing on the manufacturing process, the presence of Cu may be 
unavoidable. Thereafter, in an embodiment, the maximum Cu 
content may be about 0.10 Wt. % or less. 

[0084] S, P, Ca, N, and the like are impurities and their 
concentration is preferably kept as loW as possible. In certain 
embodiments, the concentration of each of S, P, Ca, and N 
may be independently provided as: S not greater than about 
0.005 Wt. %, P not greater than about 0.015 Wt. %, Ca not 
greater than about 0.003 Wt. %, and N not greater than about 
0.008 Wt. %. In alternative embodiments the concentration of 
each of S, P, Ca, and N may be independently provided as: S 
not greater than about 0.003 Wt. %, P not greater than about 
0.015 Wt. %, Ca not greater than about 0.002, and N not 
greater than about 0.006 Wt. %. 
[0085] The liquid steel may be continuously cast in steel 
casting operation 114. In certain embodiments, the liquid 
steel may be cast into a rod, although, it may be understood 
that other shapes may be cast. In particular, the cooling rate of 
the cast rod may be selected so as to provide control over the 
siZe of TiN precipitates that form during solidi?cation. In 
certain embodiments, in order to inhibit coarsening of the TiN 
precipitates, the cooling rate during casting may be main 
tained at a selected rate. In certain embodiments, the cooling 
rate may be selected such that the siZe of the TiN precipitates 
is less than about 50 nm. In an embodiment, the cooling rate 
from casting may be maintained at a rate greater than about 5 ° 
C./ min at about the center of the rod. In further embodiments, 
the cooling rate from casting may be maintained at a rate 
greater than about 10° C./min at about the center of the rod. In 
other embodiments, the cooling rate from casting may be 
maintained at a rate greater than about 20° C./min at about the 
center of the rod. In additional embodiments, the cooling rate 
from casting may be maintained at a rate greater than about 
30° C./min at about the center of the rod. 

[0086] In one embodiment, the rod thus fabricated may be 
subsequently formed into a tubular bar or pipe in steel form 
ing operations 104, and more particularly may be formed into 
a seamless pipe. A solid, substantially cylindrical rod of steel 
may be subjected to a ?rst reheating operation (block 116) 
into the austenitic range, up to a temperature of about 1200° 
C. to 1300° C., preferably about 1250° C. In blocks 120 and 
122, the rod may be further pierced, in certain preferred 
embodiments, utiliZing the Mannessmann process at tem 
peratures betWeen about 1100 to 1200° C., and subsequently 
hot rolled at temperatures ranging betWeen about 900 to 
1100° C. 
[0087] Advantageously, the seamless hot rolled tube of 
steel may possess an approximately uniform Wall thickness, 
both circumferentially around the tube and longitudinally 
along the tube axis. In one example, tubes formed in this 
manner may possess an outer diameter ranging betWeen 
about 60 to 273 mm and Wall thickness ranging betWeen 
about 6 to 25 mm. In another example, a solid bar possessing 
an outer diameter of about 290 mm may be hot rolled in this 
manner into a tube possessing an outer diameter of about 
244.5 mm and a Wall thickness of about 16 mm. 

[0088] During hot rolling, the cross-sectional area reduc 
tion experienced by the tube may provide a re?ned micro 




















