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Description

[0001] The presentinvention relates, in general, to linepipe and more particularly to low yield ratio, dual phase steel
linepipe having a superior strain aging resistance and methods for making the same.

[0002] Natural gas is becoming an increasingly important energy source. Often the major natural gas fields in the
world are far removed from major markets. As such, pipelines may have to traverse long distances over land or under
water, which can cause severe strains on the pipeline. Seismically active regions and arctic regions that are subject to
frost-heave and thaw settlement cycles can cause severe strains on a pipeline. Pipelines laid across sea beds also
experience severe strains due to displacement or bending caused by water currents.

[0003] Accordingly, linepipe used for these environments requires excellent strain capacity, such as excellent uniform
elongation and a low yield to tensile strength ratio or yield ratio (YR) in the longitudinal direction of pipe to ensure
mechanical integrity. Dual phase (DP) steel has a relatively soft phase, such as a ferrite phase and a relatively hard
phase. The harder phase usually has more than one constituent. Dual phase steels (i.e. steel having a dual phase (DP)
microstructure) offer high uniform elongation and low yield ratios and thus, provide superior strain capacity. For these
reasons, DP steel linepipe is attractive for installation in seismically active areas or in arctic regions subject to semi-
perma frost conditions or in other situations which demand high strain capacity.

[0004] DP steel is typically processed according to a series of steps. For example, a steel slab is typically re-heated
to an austenite temperature range of about 1,000°C to 1250°C, and rough rolled within a recrystallization temperature
range to refine the grain size. The rough-rolled steel is then finish rolled within a non-recrystallization temperature range,
and cooled to a temperature below Ar; to form ferrite followed by accelerated cooling to a temperature of 400°C or less.
The plate is then typically worked into a U shape, then an O shape, seam welded, and expanded (known as UOE pipe
making process) to the desired outer diameter. Arc welding, resistance welding or laser welding or the like can be used
for the seam welding step in the UOE process.

[0005] Afterwards, the outer diameter of the pipe is typically coated to provide protection against corrosion. Fusion
bonded epoxy (FBE) coating is typically used for this purpose. During the FBE coating process, the pipe is heated to
an elevated temperature and coated with a polymer.

[0006] Due to the linepipe fabrication and coating processes, most linepipe steels including DP steels are susceptible
to strain aging. Strain aging leads to a degradation of strain capacity, and is a type of behavior, usually associated with
yield point phenomena, in which the flow or yield strength of a metal is increased and the ductility is decreased upon
heating after cold working, such as during the FBE coating process. In other words, strain aging refers to the hardening
of metals with a corresponding decrease in ductility.

[0007] Strain aging can be caused by the interaction between the stress field of dislocations and the strain field of
solute atoms in the steel. The formation of solute atmospheres ("Cottrell atmospheres") around dislocations increases
the resistance to dislocation movement on subsequent loading. Ductility in metals is generally proportional to the ease
with which dislocations move in that metal. As a result, higher forces or stress is required to tear the dislocations away
from the Cottrell atmospheres, leading to an increase of yield strength, loss of ductility and increase in ductile-to-brittle
transition temperature. The net result is that strain aging reduces strain capacity. A steel or component fabricated out
of that steel with higher resistance to strain aging will therefore substantially retain its strain capacity after aging following
cold working.

[0008] The aging process is thought to occur in two stages. In the first stage, solute species diffuse to the dislocations
to form atmospheres. In the second stage, the solute species form precipitates on the dislocations. Those precipitates
contribute to the overall strength increase of the material but lower the elongation to fracture. Often, only the first stage
occurs if there is a low concentration of solute species.

[0009] The elements typically responsible for relatively low temperature (<300°C) strain aging in steel are carbon and
nitrogen, which are interstitial solute elements in steel. Those elements have low equilibrium solubility and significantly
higher diffusivities compared to that of substitutional solutes within the steel, such as chromium, vanadium, molybdenum,
copper, and magnesium, just to name a few. However, carbide and nitride forming substitutional alloying elements such
as chromium, vanadium, molybdenum, etc. can have an indirect effect on strain aging susceptibility by increasing the
equilibrium solubility of carbon and nitrogen. As such, solute carbon and nitrogen have a tendency to migrate to dislo-
cations in the ferrite phase forming the Cottrell atmospheres. As mentioned above, these Cottrell atmospheres tend to
restrict the motion of dislocations and therefore, compromise the strain capacity of the steel.

[0010] Similarly, itis believed that the yield strength of dual phase steel linepipe can be increased during post-formation
treatments, such as the FBE coating process. As mentioned, a typical FBE coating process requires heat. The thermal
exposure required by the FBE coating process provides enough energy for the solid solution carbon and/or nitrogen
atoms in the linepipe to migrate to the dislocations in the ferrite phase. That migration compromises the strain capacity
of the linepipe for the reasons stated above.

[0011] There is a need, therefore, for a dual phase steel and linepipe made therefrom that have a low yield ratio, high
uniform elongation and excellent work hardening properties for high strain capacity to ensure mechanical integrity in
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aggressive environment applications. There is also a need for new steel chemistries that will impart excellent strain
aging resistance to the steel and products fabricated therefrom. Further, there is a need for a method to process dual
phase steel, which provides superior strain aging resistance attributes in the linepipe and the precursor steel from which
it is fabricated for excellent strain capacity, particularly after a thermal treatment process such a FBE coating process.
[0012] EP 1382703 A, EP 1354973 A1, EP 1035222 A1,JP 11012642 A, EP 0940 476 A1, EP 0 924 312 A1 and
JP 9291310 A disclose various forms of dual-phase steel and methods of manufacturing them. These steels however
fail to solve the problems of the prior art, or fail to solve such problems effectively.

SUMMARY

[0013] Itis an object of the present invention to provide a dual phase steel and a method for preparing the same that
can provide linepipe and more particularly low yield ratio, dual phase steel linepipe having a superior strain aging
resistance. This object can be achieved by the features as defined in the independent claims. Further enhancements
are characterized in the dependent claims.

[0014] The invention is defined in the claims.

[0015] In one embodiment, the present invention is directed to a steel composition and methods for making a dual
phase steel therefrom. In at least one embodiment, the hot rolled dual phase steel comprises carbon in an amount of
0.05% by weight to 0.12 wt%; niobium in an amount of 0.005 wt % to 0.03 wt%; titanium in an amount of 0.005 wt% to
0.02 wt%; nitrogen in an amount of 0.001 wt% to 0.01 wt%; silicon in an amount of 0.01 wt% to 0.5 wt%; manganese
in an amount of 0.5 wt% to 2.0 wt%; and a total of molybdenum, chromium, vanadium and copper less than 0.20 wt%.
The steel has a first phase consisting of ferrite and a second phase comprising one or more constituents selected from
the group consisting of carbide, pearlite, martensite, lower bainite, granular bainite, upper bainite, and degenerate upper
bainite. A solute carbon content in the first phase is 0.01 wt% or less.

[0016] In one exemplary embodiment, the method for making a dual phase steel plate comprises heating a steel slab
to a reheating temperature from 1,000°C to 1,250°C to provide a steel slab consisting essentially of an austenite phase.
The steel slab is reduced to form a plate in one or more hot rolling passes at a first temperature sufficient to recrystallize
the austenite phase. The plate is reduced in one or more hot rolling passes at a second temperature wherein the austenite
does not recrystallize to produce a rolled plate. The second temperature is below the first temperature. The rolled plate
is then cooled to a first cooling temperature sufficient to induce austenite to ferrite transformation, and then the cluster
forming atoms within the ferrite are reduced.

[0017] In yet another embodiment, the method for making the dual phase steel comprises heating a steel slab to
1,000°C to 1,250°C to provide a steel slab consisting essentially of an austenite phase. The steel slab is reduced to
form a plate in one or more hot rolling passes at a temperature sufficient to recrystallize the austenite phase to produce
a fine grained austenite phase. The plate is further reduced in one or more hot rolling passes at a temperature below a
temperature where austenite does notrecrystallize. The plate is cooled to a first temperature sufficient to induce austenite
to ferrite transformation and quenched at a rate of at least 10°C per second (18°F/sec) to a second temperature. The
plate is then cooled at a rate sufficient to reduce solute carbon in the ferrite.

[0018] The features and advantages of the present invention will be apparent to those skilled in the art from the
description of the preferred embodiments which follows when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These drawings illustrate certain aspects of some of the embodiments of the present invention, and should not
be used to limit or define the invention.

Figures 1-4 illustrate the variations of mechanical properties of certain illustrative steels produced.

Figure 5 shows the relationship between yield ratio (%) as a function of heat treatment temperature for certain
illustrative steels and conventional steel.

Figure 6A is a scanning electron microscope (SEM image) of a heat treated conventional steel plate.

Figure 6B is a transmission electron microscope (TEM) image of the heat treated conventional steel plate shown
in Figure 6A.

Figure 7A is a SEM image of a steel plate at quarter thickness. The image shows the steel having a second phase
that is predominantly granular bainite (GB), upper bainite (UB) or pearlite with some lath martensite (LM).

Figure 7B is a TEM image at quarter thickness of the steel plate shown in Figure 7A. The image shows the steel
having tangled or wavy dislocations that indicate little or no carbon and/or nitrogen supersaturation.
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DETAILED DESCRIPTION

[0020] The present invention relates, in general, to linepipe and more particularly to low yield ratio, dual phase steel
linepipe having a superior strain aging resistance and methods for making the same.

[0021] A high strength, dual phase (DP) steel with a low yield-to-tensile ratio, high uniform elongation, and high work
hardening coefficient and methods for making the same are provided. Such steel can be post-treated without adversely
affecting its strain capacity. The steel is suitable for linepipe, offshore structures, oil and gas production facilities, and
pressure vessels, among many other uses commonly known for steel.

[0022] Inone or more embodiments, the steel includes iron and a balance of alloying elements that reduces the degree
of supersaturation of carbon and nitrogen in the ferritic phases of the steel, thereby providing resistance to strain aging.
The solute carbon content in the ferritic phase is less than 0.01 wt%, more preferably less than 0.005 wt%. In one or
more embodiments, the solute carbon content is between 0.005 wt% and 0.01 wt%. In one or more embodiments, the
solute carbon content is 0.006 wt%, 0.007 wt%, 0.008 wt%, or 0.009 wt%. The solute nitrogen content in the ferritic
phase is less than 0.01 wt%, more preferably less than 0.005 wt%. In one or more embodiments, the solute nitrogen
content is between 0.005 wt% and 0.01 wt%. In one or more embodiments, the solute nitrogen content is 0.006 wt%,
0.007 wt%, 0.008 wt%, or 0.009 wt%.

[0023] The steelis formulated to have a tensile strength in pipe before and after heating for a treatment process, such
as a anti-corrosion coating treatment process, that exceeds 500 MPa, more preferably 520 MPa or more. The steel is
also formulated to have a minimum yield strength of at least 400MPa, more preferably a minimum yield strength of 415
MPa. The steel is also formulated to provide a precursor steel and linepipe fabricated therefrom, both before and after
heating for a treatment process, having a yield to tensile strength (YTS) ratio or yield ratio (YR) of 0.90 or less, preferably
0.85 or less, even more preferably 0.8 or less. In one or more embodiments, the YR is 0.89 or 0.88 or 0.87 or 0.86 or
0.85. The steel is also formulated to have a minimum uniform elongation exceeding 8%, preferably more than 10% in
the precursor steel and linepipe fabricated therefrom, both before and after heating for a treatment process. Further, the
steel is formulated to have a high toughness such as more than 120 J in Charpy-V-Notch test at -12°C, preferably
exceeding 200 J in Charpy-V-Notch testat-12°C, even more preferably exceeding 250 J in Charpy-V-Notch testat-12°C.
[0024] Preferred alloying elements and preferred ranges are described in further detail below. For example, the steel
preferably has a carbon content less than 0.12 wt%, more preferably less than 0.10 wt% and most preferably less than
0.08 wt%. In one or more embodiments, the carbon content ranges from a low of 0.05 wt%, 0.06 wt%, 0.07 wt% to a
high of about 0.10 wt%, 0.11 wt%, 0.12 wt%. The steel has a carbon content of from 0.05 wt% to 0.12 wt%.

[0025] The steel includes silicon (Si). Silicon can be added for de-oxidation purposes. Silicon is also a strong matrix
strengthener, but it has a strong detrimental effect on both base steel and HAZ toughness. Therefore, an upper limit of
0.5 wt% is preferred for silicon. Silicon increases the driving force for carbon migration into the untransformed austenite
during the cool down (quenching) of the steel plate from high temperature and in this sense reduces the interstitial
content of ferrite and improves its flow and ductility. This beneficial effect of silicon should be balanced with its intrinsic
effect on degrading the toughness of the steel. Due to these balancing forces, an optimum silicon addition in the alloys
of this invention is between 0.01 wt% to 0.5 wt%.

[0026] The steel includes manganese (Mn). Manganese can be a matrix strengthener in steels and more importantly,
can contribute to hardenability. Manganese is an inexpensive alloying addition to prevent excessive ferrite formation in
thick section plates especially at mid-thickness locations of these plates which can lead to a reduction in plate strength.
Manganese, through its strong effect in delaying ferrite, pearlite, granular bainite and upper bainite transformation prod-
ucts of austenite during its cooling, provides processing flexibility for producing the alternate strong second phases in
the microstructure such as lath martensite, lower bainite and degenerate upper bainite. However, too much manganese
is harmful to steel plate toughness, so an upper limit of 2.0 wt% manganese is preferred. This upper limit is also preferred
to substantially minimize centerline segregation that tends to occur in high manganese and continuously cast steel slabs
and the attendant poor microstructure and toughness properties in the center of the plate produced from the slab. The
steel has a Mn content of from 0.5 wt% to 2.0 wt%.

[0027] Preferably, residuals are minimized. Sulfur (S) content is less than 0.01 wt%. Phosphorus (P) content is less
than 0.015 wt%. More preferably, the P content is less than 0.01 wt%. In one or more embodiments, the P content ranges
from 0.0001 wt % to 0.009 wt%, if present.

[0028] The steel includes niobium (Nb). Niobium can be added to promote grain refinement during hot rolling of the
steel slabinto plate whichin turnimproves both the strength and toughness of the steel plate. Niobium carbide precipitation
during hot rolling serves to retard recrystallization and to inhibit grain growth, thereby providing a means of austenite
grain refinement. For these reasons, at least 0.005 wt% niobium is preferred. Niobium is also a strong hardenability
enhancer and provides precipitation strengthening in the HAZ through formation of niobium carbides or carbonitrides.
These effects of niobium addition to steel are useful to minimize HAZ softening, particularly next to the fusion line, in
high strength steel weldments. For this reason a minimum of 0.01 wt% niobium is more preferred in steel plates subjected
to welding during fabrication into useful objects such as linepipe. However, higher niobium can lead to excessive pre-
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cipitation strengthening and consequently, degrade toughness in both the base steel and especially in the HAZ. For
these reasons, the Nb upper limit is 0.03 wt%. More preferably, the upper limit is 0.02 wt%.

[0029] The steel includes titanium (Ti). Titanium is effective in forming fine titanium nitride (TiN) precipitates which
refine the grain size in both the rolled structure and the HAZ of the steel. Thus, the toughness of the steel and HAZ are
improved. A minimum of 0.005 wt% titanium is preferred for this purpose. Titanium is added to the steel in such an
amount that the weight ratio of Ti/N is preferably about 3.4. Excessive titanium additions to the steel tend to deteriorate
the toughness of the steel by forming coarse TiN particles or titanium carbide particles. Thus, the upper limit for titanium
is 0.02 wt%.

[0030] The steel can include aluminum (Al). Aluminum can be added primarily for deoxidation of the steel. At least
0.01 wt% aluminum is preferred for this purpose. Small amounts of aluminum in the steel are also beneficial for HAZ
properties by tying up free nitrogen that comes about from dissolution of nitride and carbonitride particles in the coarse
grain HAZ due to the intense thermal cycles of the welding process. However, aluminum is similar to silicon in reducing
the deformation and toughness properties of the matrix. In addition, higher aluminum additions lead to excessive, coarse
aluminum-oxide inclusions in the steel which degrade toughness. Hence, an upper limit of 0.1 wt% is preferred for
aluminum additions to the steel.

[0031] The steel includes nitrogen (N). Nitrogen can inhibit coarsening of austenite grains during slab reheating and
in the HAZ by forming TiN precipitates and thereby enhancing the low temperature toughness of base metal and HAZ.
For this effect a minimum of 0.0015 wt% nitrogen is preferred. However, too much nitrogen addition can lead to excessive
free nitrogen in the HAZ and degrade HAZ toughness. Excessive free nitrogen can also increase the propensity for
strain aging in the linepipe. For this reason, the upper limit for nitrogen is 0.01 wt%, more preferably 0.005 wt% The
nitrogen content is 0.001 wt% to 0.01 wt%.

[0032] In one or more embodiments above or elsewhere herein, the steel has a nitrogen content less than 0.01 wt%,
more preferably less than 0.0075 wt% and most preferably less 0.005 wt%. Preferably, the nitrogen content ranges from
a low of about 0.0025 wt%, 0.0035 wt%, or 0.0045 wt% to a high of 0.0050 wt%, 0.0075 wt%, or 0.01 wt%. More
preferably, the steel has a nitrogen content of from 0.0025 wt% to 0.0095 wt%.

[0033] In one or more embodiments above or elsewhere herein, the steel can include nickel (Ni). Nickel can enhance
the toughness of the base steel as well as the HAZ. A minimum of 0.1 wt% nickel and more preferably, a minimum of
0.3 wt% nickel is preferred to produce significant beneficial effect on the HAZ and base steel toughness. Although not
to the same degree as manganese and molybdenum additions, nickel addition to the steel promotes hardenability and,
therefore, through thickness uniformity in microstructure and properties in thick sections (20 mm and higher). However,
excessive nickel additions can impair field weldability (causing cold cracking), can reduce HAZ toughness by promoting
hard microstructures, and can increase the cost of the steel. The steel has a nickel content of 1 wt% or less.

[0034] In one or more embodiments above or elsewhere herein, the steel has reduced amounts of or essentially no
substitutional alloying elements such as chromium, molybdenum, vanadium, and copper, for example. Such elements
lower the carbon and nitrogen activity in the ferritic phase of the steel or result in excessive precipitation hardening,
which increase the propensity for strain aging. The combined content of molybdenum, chromium, vanadium and copper
is 0.20 wt% or less, 0.15 wt% or less, 0.12 wt% or less, 0.10 wt% or less.

[0035] In one or more embodiments above or elsewhere herein, the steel can include boron (B). Boron can greatly
increase the hardenability of steel very inexpensively and promote the formation of steel microstructures of lower bainite,
lath martensite even in thick sections (>16 mm). Boron allows the design of steels with overall low alloying and Pcm
(welding hydrogen cracking susceptibility parameter based on composition) and thereby improve HAZ softening resist-
ance and weldability. Boron in excess of 0.002 wt% can promote the formation of embrittling particles of Fe,3(C,B)g.
Therefore, when Boron is added, its upper limitis 0.002 wt%. Boron also augments the hardenability effect of molybdenum
and niobium.

[0036] In one or more embodiments above or elsewhere herein, the steel can include chromium (Cr). Chromium can
have a strong effect on increasing the hardenability of the steel upon direct quenching. Thus, chromium is a cheaper
alloying addition than molybdenum for improving hardenability, especially in steels without added boron. Chromium
improves the corrosion resistance and hydrogen induced cracking resistance (HIC). Similar to molybdenum, excessive
chromium tends to cause cold cracking in weldments, and tends to deteriorate the toughness of the steel and its HAZ.
Chromium lowers carbon activity in ferrite and can thereby lead to an increase in the amount of carbon in solid solution,
which can increase the steel’s propensity for strain aging. So when chromium is added a maximum of 0.2 wt% is preferred
and a maximum of 0.1 wt% is even more preferred.

[0037] Inoneormore embodiments above or elsewhere herein, the steel can include REM (rare earth metals). Calcium
and REM suppress the generation of elongated MnS by forming sulfide and improve the properties of the steel plate
(e.g. lamellar tear property). However, the addition of Ca and REM exceeding 0.01% deteriorates steel cleanliness and
field weldability by forming CaO-CaS or REM-CaS. Therefore, no more than 0.02 wt% of REM is added.

[0038] In one or more embodiments above or elsewhere herein, the steel can include magnesium (Mg). Magnesium
generally formsfinely dispersed oxide particles, which can suppress coarsening of the grains and/or promote the formation
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of intra-granular ferrite in the HAZ and, thereby, improve HAZ toughness. At least about 0.0001 wt% Mg is desirable for
the addition of Mg to be effective. However, if the Mg content exceeds 0.006 wt%, coarse oxides are formed and the
toughness of the HAZ is deteriorated. Accordingly, the Mg content is less than 0.006 wt%.

[0039] In one or more embodiments above or elsewhere herein, the steel can include copper (Cu). Copper can con-
tribute to strengthening of the steel via increasing the hardenability and through potent precipitation strengthening via
g-copper precipitates. At higher amounts, copper induces excessive precipitation hardening and if not properly controlled,
can lower the toughness in the base steel plate as well as in the HAZ. Higher copper can also cause embrittiement
during slab casting and hot rolling, requiring co-additions of nickel for mitigation. When copper is added in the present
steels, its upper limit is 0.2 wt% and an upper limit of 0.1 wt% is even more preferred.

[0040] In one or more embodiments above or elsewhere herein, the steel can include vanadium (V). Vanadium has
substantially similar, but not as strong of an effect as niobium. However, the addition of vanadium produces a remarkable
effect when added in combination with niobium. The combined effect of vanadium and niobium greatly minimizes HAZ
softening during high heatinput welding such as seam weldingin linepipe manufacture. Like niobium, excessive vanadium
can degrade toughness of both the base steel as well as the HAZ through excessive precipitation hardening. Furthermore,
vanadium like chromium and molybdenum has a strong affinity for carbon and nitrogen. In other words, vanadium can
lower carbon activity in ferrite, causing an increase in the amount of carbon and nitrogen in solid solution, which can
increase the steel’s propensity for strain aging. Thus, vanadium when added to the steel is preferably less than about
0.1 wt% or even more preferably less than about 0.05 wt% or even more preferably less than about 0.03 wt%.

[0041] In one or more embodiments above or elsewhere herein, the steel can include zirconium (Zr), hafnium (Hf)
and/or tantalum (Ta). Zirconium (Zr), hafnium (Hf) and tantalum (Ta) are like niobium (Nb), elements that form carbides
and nitrides and are effective in enhancing strength. However, the effect cannot be realized with an addition less than
0.0001 wt%. Yet, the toughness of steel plates deteriorates with more than 0.05 wt%. Therefore, the Ta content is less
than 0.03 wt%, and the Zr content is less than 0.03 wt% and the Hf content is less than 0.03 wt%.

[0042] The steel has a Pcm of less than 0.220, but more than 0.150. Pcm refers to a method of measuring the
hardenablility and the weldability of steels based on the chemical composition. Higher concentrations of carbon and
other alloying elements (e.g. Mn, Cr, Si, Mo, V, Cu, Ni) tend to increase the hardness and decrease the weldability of
the steel. Since each of these materials tends to influence the hardness and weldability of the steel to different magnitudes,
Pcm is a way to judge the difference in hardness/weldability between alloys made of different alloying elements. A
commonly used formula for calculating the Pcm is:

Pem = C +Si/30 + (Mn+Cu+Cr)/20 + Ni/60 + Mo/15 + V/10 + 5B

Microstructure

[0043] Inoneormore embodiments, the steel has a dual phase microstructure that includes from 10 percent by volume
to 90 percent by volume of a softer, ferrite phase or constituent (“first phase") and from 10 percent by volume to 90
percent by volume of a stronger phase or constituent ("second phase"). The second phase comprises one or more
constituents that are not ferrite and are selected from the group consisting of martensite, lower bainite, degenerate upper
bainite, upper bainite, granular bainite, pearlite, carbides such as cementite and mixtures thereof.

[0044] Ar, transformation temperature refers to the temperature at which transformation of austenite to ferrite or to
ferrite plus cementite is completed during cooling.

[0045] Ar, transformation temperature refers to the temperature at which austenite begins to transform to ferrite during
cooling.

[0046] Cooling rate refers to the rate of cooling at the center, or substantially at the center, of the plate thickness.
[0047] Dual phase means at least two distinguishable phases or at least two distinguishable constituents.

[0048] Granular Bainite (GB) refers to a cluster of 3 to 5 relatively equiaxed bainitic ferrite grains that surround a
centrally located, small "island" of Martensite-Austenite (MA). Typical "grain" diameters are about 1-2 um.

[0049] Upper Bainite (UB) refers to a mixture of acicular or laths of bainitic ferrite interspersed with stringers or films
of carbide phase such as cementite.

[0050] Degenerate Upper Bainite (DUB) is a bainitic product where each colony grows by shear stress into a set
(packet) of parallel laths. During and immediately after lath growth, some carbon is rejected into the interlath austenite.
Due to the relatively low carbon content, carbon enrichment of the entrapped austenite is not sufficient to trigger cementite
plate nucleation. Such nucleation does occur in medium and higher carbon steels resulting in the formation of classical
upper bainite (UB). The lower carbon enrichment at the interlath austenite in DUB, on the other hand, results in formation
of martensite or martensite-austenite (MA) mixture or be retained as retained austenite (RA).

[0051] DUB can be confused with classical upper bainite (UB). UB of the type first identified in medium carbon steels
decades ago consists of two key features; (1) sets of parallel laths that grow in packets, and (2) cementite films at the
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lath boundaries. UB is similar to DUB in that both contain packets of parallel laths; however, the key difference is in the
interlath material. When the carbon content is about 0.15-0.40, cementite (Fe3;C) can form between the laths. These
"films" can be relatively continuous as compared to the intermittent MA in DUB. For low carbon steels, interlath cementite
does not form; rather the remaining austenite terminates as MA, martensite or RA.

[0052] Lower Bainite (LB) has packets of parallel laths. LB also includes small, intra-lath carbide precipitates. These
plate-like particles consistently precipitate on a single crystallographic variant that is oriented at approximately 55° from
the primary lath growth direction (long dimension of the lath).

[0053] Lath Martensite (LM) appears as packets of thin parallel laths. Lath width is typically less than about 0.5 um.
Untempered colonies of martensitic laths are characterized as carbide free, whereas auto-tempered LM displays intra-
lath carbide precipitates. The intralath carbides in autotempered LM form on more than one crystallographic variant,
such as on {110} planes of martensite. Often in the Transmission Electron Microscopy (TEM) of an autotempered LM,
the cementite is not aligned along one direction, rather it precipitates on multiple planes.

[0054] Pearlite is typically a lamellar mixture of two-phases, made up of alternate layers of ferrite and cementite (Fe;C).
[0055] Grain is an individual crystal in a polycrystalline material.

[0056] Grain boundary refers to a narrow zone in a metal corresponding to the transition from one crystallographic
orientation to another, thus separating one grain from another.

[0057] Prior austenite grain size refers to an average austenite grain size in a hot-rolled steel plate prior to rolling in
the temperature range in which austenite does not recrystallize.

[0058] Quenching refers to accelerated cooling by any means whereby a fluid selected for its tendency to increase
the cooling rate of the steel is utilized, as opposed to air cooling.

[0059] Accelerated cooling finish temperature (ACFT) is the highest, or substantially the highest, temperature reached
at the surface of the plate, after quenching is stopped, because of heat transmitted from the mid-thickness of the plate.
[0060] A slab is a piece of steel having any dimensions.

[0061] T, temperature is the temperature below which austenite does not recrystallize. Transverse direction refers
to a direction that is in the plane of rolling but perpendicular to the plate rolling direction.

Method for Making

[0062] In one or more embodiments, the steel composition is processed in a manner to reduce the amount of C and/or
N supersaturation in the ferrite phase of the dual phase steel resulting therefrom. Preferably, the steel is processed at
conditions sufficient to allow C and N to diffuse out of ferrite and/or precipitate out during plate processing. The diffusion
and precipitation can be accomplished through high accelerated cooling finish temperatures while retaining all the desired
microstructure features (e.g. the amount of softer ferrite phase, the effective prior austenite grain size, etc.) of the dual
phase microstructure design. In one or more embodiments, the volume percent of ferrite in the steel is of from 10 vol%
to 90 vol%, more preferably of from 30 vol% to 80 vol%. Preferably, the ferrite is uniformly dispersed throughout the steel.
[0063] The steel composition is preferably processed into dual phase plates using a two step rolling process. In one
or more embodiments, a steel billet/slab from the compositions described is first formed in normal fashion such as
through a continuous casting process. The billet/slab can then be re-heated to a temperature ("reheat temperature")
within the range of 1,000°C to 1,250°C. Preferably, the reheat temperature is sufficient to (i) substantially homogenize
the steel slab, (ii) dissolve substantially all the carbide and carbonitrides of niobium and vanadium, when present, in the
steel slab, and (iii) establish fine initial austenite grains in the steel slab. The re-heated slab is then hot rolled in one or
more passesin afirstreduction providing 30% to 90% reduction at a first temperature range where austenite recrystallizes.
Next, the reduced billet is hot rolled in one or more passes in a second rolling reduction providing 40-80% reduction at
a second and somewhat lower temperature range wherein austenite does not recrystallize but above the Ar; transfor-
mation point. Preferably, the cumulative rolling reduction below the T, temperature is at least 50%, more preferably at
least 70%, even more preferably at least 75%.

[0064] The second rolling reduction is completed at "finish rolling temperature”. In one or more embodiments, the
finish rolling temperature is above 700°C, preferably above 720°C, more preferably above 770°C. In one or more em-
bodiments, the finish rolling temperature ranges from about 700 to 800°C. Thereafter, the hot rolled plate is cooled in
air to a first cooling temperature or accelerated cooling start temperature ("ACST") that is sufficient to induce austenite
to ferrite transformation followed by an accelerated cool at a rate of at least 10°C per second to a second cooling
temperature or accelerated cooling finish temperature ("ACFT"). After the ACFT, the steel plate can be cooled to room
temperature (i.e. ambient temperature) in ambient air. Preferably, the steel plate is allowed to cool on its own to room
temperature.

[0065] In one or more embodiments, the ACFT can range from 400°C to 700°C. In one or more embodiments, the
ACFT can range from 450°C to 650°C. Preferably, the ACFT ranges from a low of about 400°C, 450°C, or 500°C to a
high of about 550°C, 600°C, or 650°C. For example, the ACFT can be 505°C, 510°C, 515°C, 520°C, 525°C, 530°C,
535°C, 540°C, 545°C, 550°C, or 575°C. In one or more embodiments, the ACFT can range from 540°C to 60°C.
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[0066] Not wishing to be bound by theory, it is believed that the high accelerated cooling finish temperature ("ACFT")
allows at least a portion of the carbon and nitrogen atoms to diffuse from the ferrite phase of the steel composition to
the second phase. It is further believed that the high accelerated cooling finish temperature ("ACFT") allows at least a
portion of the carbon and nitrogen atoms to precipitate out of the ferrite phase as carbides, carbonitrides, and/or nitrides
during subsequent cooling to the ambient from the ACFT. As such, the amount of free C and N in the interstices of the
ferrite phase is reduced, reducing the amount of C and N available to migrate to dislocations in the ferrite. Therefore,
the steel’s propensity to strain age is reduced, if not eliminated.

[0067] Following the rolling and cooling steps, the plate can be formed into pipe (e.g. linepipe). Any method for forming
pipe can be used. Preferably, the precursor steel plate is fabricated into linepipe by a conventional UOE process which
is well known in the art.

FBE PROCESS

[0068] Following the formation of the pipe, the pipe can then undergo a coating/painting step to prevent corrosion
and/or mechanical damage. The coating process can include one or more polymer coatings applied to at least the outer
diameter or surface of the pipe. The coating can also be applied to both the inner and outer surfaces of the pipe. lllustrative
coatings include but are not limited to fusion bonded epoxy (FBE), polypropylene, polyethylene, and polyurethane.
Preferably, fusion bonded epoxy (FBE) is applied. FBE is a thermoset polymer that can be sprayed onto the pipe using
known techniques and heat cured. Preferably, at least one layer of FBE is applied or sprayed onto the pipe. In one or
more embodiments, each layer of coating has a thickness between about 2 microns and 75 mm. In one embodiment,
the pipe can be heated and rotated during the application of a spray powder. In another embodiment, the pipe can be
heated and submerged in a fluidized bed containing the polymer. Preferably, the pipe is heated to a temperature between
180°C and 300°C. One or more other coatings can then be applied to at least a portion of the pipe over the FBE layer.
[0069] As mentioned above, a post treatment step, such as a FBE application process, facilitates the diffusion of the
supersaturated carbon and nitrogen atoms, leading to the formation of solute atmospheres around dislocations in the
steel. The formation of these solute atmospheres ("Cottrell atmospheres") increases the strength of the steel but de-
creases ductility since more strain or force is required to break the atmospheres away from the dislocations. As a result,
the steel becomes less ductile and can be unsuitable for use in regions requiring high strain capacity.

End uses

[0070] Steel plates made according the embodiments described retain all the desired microstructure features of a dual
phase microstructure design but minimize the carbon supersaturation in the ferrite phase. Such DP steel can be readily
implemented in applications where both high strength and high strain capacity are required. For example, the steel is
particularly useful as a precursor for making linepipe or pressure vessels. The steel can also be used for offshore
structures including risers, oil and gas production facilities, chemicals production facilities, ship building, automotive
manufacturing, airplane manufacturing, and power generation.

[0071] To facilitate a better understanding of the present invention, the following examples of certain aspects of some
examples are given. In no way should the following examples be read to limit, or define, the scope of the invention.

Examples:

[0072] The foregoing discussion can be further described with reference to the following certain illustrative non-limiting
examples.

[0073] Four steel precursors (Steels A, B, C, D, and E) were prepared from heats having the chemical compositions
shown in Table 1. Each precursor was prepared by vacuum induction, melting 150 kg heats and casting into slabs or
by using a 250 ton industrial basic oxygen furnace and continuously casting into steel slabs. Steel plates (Examples
1-8) were prepared from these steel precursors (Steels A, B, C, D, and E) according to the process conditions summarized
in Table 2. Example 8 represents a comparative or conventional DP steel.
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Table 2: Processing conditions for steel plates

Example Steel Reheat FinishRolling Temp. Cooling Start Temp. | Cooling Finish Temp.

Composition Temp. (°C) (°C) (°C) (°C)
1 Steel A 1070 711 681 556
2 Steel B 1080 763 723 548
3 Steel C 1150 730 688 558
4 Steel D 1150 716 684 528
5 Steel D 1150 730 691 566
6 Steel D 1150 725 687 588
7 Steel E 1060 716 682 536
8 Steel A 1070 719 680 338

[0074] After processing the steel into precursor plates, the steel plates were formed into linepipe. Heat-treatment on
the formed pipe was carried out for 5 to 8 minutes at 200°C to 250°C to simulate the FBE coating process as listed in
Table 3. The term "As-UOE" as used in Table 3 refers to the linepipe at room temperature, i.e. without the heat treatment.
Mechanical properties of the pipes for longitudinal direction were measured and are also reported in Table 3.

Table 3: Mechanical properties of the pipe

Example | Heat Treatment Temp. Yield Strength Tensile Strength Yield Ratio | Uniform
(°C) (MPa) (MPa) (%) elongation (%)
1 As-UOE 447 513 87.0 11.3
220 457 521 87.7 10.3
250 468 521 89.8 10.2
2 As-UOE 435 564 771 121
220 476 578 82.4 10.5
250 498 589 84.6 9.9
3 As-UOE 452 530 85.3 12.8
235 480 537 89.4 10.3
250 490 536 91.3 11.4
4 As-UOE 486 577 84.2 11.5
235 489 566 86.4 9.2
250 491 564 87.0 10.5
5 As-UOE 451 540 83.5 121
235 453 545 83.1 11.4
250 473 547 86.5 11.6
6 As-UOE 426 519 82.1 14.6
235 443 526 84.2 12.5
250 441 520 84.8 13.2
7 As-UOE 437 537 81.4 12.5
250 472 553 85.4 11.9
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(continued)
Example | Heat Treatment Temp. Yield Strength Tensile Strength Yield Ratio | Uniform
(°C) (MPa) (MPa) (%) elongation (%)
8 As-UOE 478 656 72.9 10.7
200 586 673 87.0 10.1
250 597 677 87.3 8.9

[0075] Figures 1-4 show the variations of the mechanical properties listed in Table 3 as a function of heat treatment
temperature. In particular, Figures 1 and 2 show examples of the steels (Examples 3-7) exhibited much improved strain
aging resistance, i.e. lower YR values (Figure 1) and higher uniform elongation (Figure 2), than the comparative steel,
Example 8. All the while, the steels (Examples 3-7) exhibited good, consistent yield strength (Figure 3) and tensile
strength (Figure 4). As such, the DP steels produced according to embodiments described did not suffer from significant
strain aging in contrast to the comparative DP steel (Example 8).

[0076] Figure 5 shows the relationship between yield ratio (%) as a function of heat treatment temperature for steels
produced according to examples described (e.g. Examples 1-7) and conventional steel (e.g. Example 8). Curve 510
represents Example 8 and curve 520 is Example 6. As shown in Figure 5, the steel 520 shows much improved strain
aging resistance, i.e. lower yield ratios in the temperature range typical of a FBE coating process (e.g. about 200°C to
about 250°C), compared to the conventional DP steel 510.

[0077] Figure 6A, for example, is a SEM image of the steel produced in Example 8. Figure 6B is a TEM image of
Example 8 at quarter thickness. In both Figures 6A and 6B, the steel had been heat treated for an FBE coating simulation
according to the conditions listed in Table 3. The steel had afirst phase of ferrite 600 and a second phase of predominantly
granular bainite (GB) 605 and degenerate upper bainite (DUB) 610. Referring to Figure 6B, the dislocations 650 in the
ferrite appeared primarily straight with some kinks, indicating that these dislocations 650 are less mobile under strain.
As such, higher energy or greater force was needed to move or tear the dislocations 650. Such additional force, therefore,
increased the strength of the steel, but decreased ductility as shown in Table 3.

[0078] Figure 7A shows a SEMimage of an example of steel, Example 5 (Steel D with 566°C cooling finish temperature)
at quarter thickness. Figure 7B shows a TEM image of the same steel. Again, both the SEM and TEM are images after
the steel has been heated to simulate an FBE coating process according to the conditions listed in Table 3. Figure 7A
shows the second phase of the steel was predominantly granular bainite (GB) 705, upper bainite or pearlite 710 with
some lath martensite (LM) 720. TEM images (not shown) of the steel shown in Figure 7A actually reveal the constituent
marked as 710 as more likely being pearlite. Figure 7B shows the dislocations 850 were tangled, curved, and/or wavy,
indicating high mobility of these dislocations upon straining. In other words, less force was needed to move the C and/or
N atoms from the dislocations 850. Therefore, the ductility of the steel was increased and the tensile strength was
unaffected as shown in Table 3.

[0079] Asshown in Figures 1-7 and Table 3, Steels B, C, D, and E processed according to examples described herein
each contained increased carbon and manganese content to maintain tensile strength, but were much less affected by
strain aging compared to Steel A processed according to Example 8. One would have expected that the increased
carbon contentin Steels B, C, D, and E would have negatively affected strain aging. Surprisingly, the opposite was found
true. Furthermore, one would have expected that the combination of increased carbon and manganese contents of
Steels B, D, and E would have negatively affected strain aging even more than just the increased carbon content alone.
Surprisingly, the opposite was found true. Therefore, it is believed that the absence of carbon-cluster forming alloys
and/or a cooling finish temperature above 528°C surprisingly provided dual phase steel pipes having good tensile and
yield strengths in addition to a high resistance to strain aging.

[0080] Certain examples and features have been described using a set of numerical upper limits and a set of numerical
lower limits. It should be appreciated that ranges from any lower limit to any upper limit are contemplated unless otherwise
indicated. Certain lower limits, upper limits and ranges appear in one or more claims below. All numerical values are
"about" or "approximately" the indicated value, and take into account experimental error and variations that would be
expected by a person having ordinary skill in the art.

[0081] Therefore, the present invention is well-adapted to carry out the objects and attain the ends and advantages
mentioned as well as those which are inherent therein. While the invention has been depicted and described by reference
to examples, such a reference does not imply a limitation on the invention, and no such limitation is to be inferred.
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Claims

1. Ahotrolled dual phase steel for a line pipe, consisting of:

10

15

20

25

30

35

40

45

50

55

carbon in an amount of 0.05% by weight to 0.12 wt%;
niobium in an amount of 0.005 wt% to 0.03 wt%;

titanium in an amount of 0.005 wt% to 0.02 wt%;
nitrogen in an amount of 0.001 wt% to 0.01 wt%;
manganese in an amount of 0.5 wt% to 2.0 wt%;

silicon in an amount of 0.01 wt% to 0.5 wt%;

aluminium in an amount of up to 0.1 wt%;

nickel in an amount of up to 1 wt%;

optionally, boron in an amount of up to 0.002 wt%;
optionally, calcium in an amount of up to 0.01 wt%;
optionally, rare-earth metals (REM) in an amount of up to 0.02 wt%;
optionally, magnesium in an amount of up to 0.006 wt%;
optionally, copper in an amount of up to 0.2 wt%;
optionally, zirconium in an amount of less than 0.03 wt%;
optionally hafnium in an amount of less than 0.03 wt%;
optionally tantalum in an amount of less than 0.03 wt%;
phosphorus in an amount of less than 0.015 wt%;
sulphur in an amount of less than 0.01 wt%

a total of molybdenum, chromium, vanadium and copper is 0.20 wt% or less;
and the balance iron and inevitable impurities;

wherein Pcm, calculated in accordance with the formula

S

Perm = C + |/30+(Mn+Cu+Cr)

20+ Ni/60+Mo/15+V /10 + 5B

is less than 0.220;

and wherein the steel has tensile strength that exceeds 500 MPa, and/or a minimum yield strength of at least
400 MPa and/or a minimum uniform elongation that exceeds 8%, and/or a yield ratio of 0.90 or less, and/or a
toughness of more than 120 J in Charpy-V-Notch test at -12°C;

a microstructure consisting of ferrite as a first phase, and;

10% by volume - 90% by volume of a second phase comprising one or more constituents selected from the
group consisting of carbide, pearlite, martensite, lower bainite, granular bainite, upper bainite, and degenerate
upper bainite;

a solute carbon content in the first phase being 0.01 wt% or less, and

a solute nitrogen content in the ferrite phase being less than 0.01 wt%.

2. A method for preparing a dual phase steel plate, comprising:

heating a steel slab having a composition according to Claim 1 to a reheating temperature from 1,000°C to
1,250°C;

reducing the steel slab to form a plate in at least one hot rolling pass providing 30% to 90% reduction at a first
temperature;

reducing the plate in at least one hot rolling pass providing 40-80% reduction at a second temperature above
the Ar; transformation point;

air cooling the plate to a first cooling temperature sufficient to transform an austenite to a ferrite;

reducing cluster forming atoms within the ferrite by quenching the cooled plate at a rate of at least 10°C per
second to a second cooling temperature, the second cooling temperature being from 400°C to 700°C, preferably
from 450°C to 650°C, preferably from 500°C to 600°C, preferably 560°C; and

coolingthe steel plate to ambienttemperature after quenching the cooled plate to the second cooling temperature;
wherein the heating of the steel slab at the reheating temperature provides a steel slab consisting essentially
of an austenite phase;

wherein the first temperature is sufficient to recystallize the austenite phase;

wherein the austenite phase does not recrystallize at the second temperature;

wherein the second temperature is below the first temperature; and
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wherein the first cooling temperature is from 650°C to 750°C, preferably from 660°C to 750°C, preferably from
670°C to 740°C, preferably 730°C.

3. The method of Claim 2, wherein the cluster forming atoms comprise carbon and/or nitrogen.

4. The method according to Claim 2 or Claim 3, further comprising forming the cooled plate into a line pipe using an

UOE technique, preferably further comprising applying a coating for corrosion resistance to at least a portion of the
line pipe, preferably wherein the coating comprises at least one fusion bonded epoxy compound.

Patentanspriiche
1. Warmgewalzter Dualphasenstahl fiir ein Leitungsrohr, aus Folgendem bestehend:

Kohlenstoff in einer Menge von 0,05 Gew.-% bis 0,12 Gew.-%;
Niob in einer Menge von 0,005 Gew.-% bis 0,03 Gew.-%;

Titan in einer Menge von 0,005 Gew.-% bis 0,02 Gew.-%;
Stickstoff in einer Menge von 0,001 Gew.-% bis 0,01 Gew.-%;
Mangan in einer Menge von 0,5 Gew.-% bis 2,0 Gew.-%;
Silicium in einer Menge von 0,01 Gew.-% bis 0,5 Gew.-%;
Aluminium in einer Menge von bis zu 0,1 Gew.-%;

Nickel in einer Menge von bis zu 1 Gew.-%;

optional, Bor in einer Menge von bis zu 0,002 Gew.-%;

optional, Calcium in einer Menge von bis zu 0,01 Gew.-%;
optional, Seltenerdmetalle (rare-earth metals - REM) in einer Menge von bis zu 0,02 Gew.-%;
optional, Magnesium in einer Menge von bis zu 0,006 Gew.-%;
optional, Kupfer in einer Menge von bis zu 0,2 Gew.-%;

optional, Zirconium in einer Menge von weniger als 0,03 Gew.-%;
optional, Hafnium in einer Menge von weniger als 0,03 Gew.-%;
optional, Tantal in einer Menge von weniger als 0,03 Gew.-%;
Phosphor in einer Menge von weniger als 0,015 Gew.-%;
Schwefel in einer Menge von weniger als 0,01 Gew.-%;

wobei die Gesamtmenge von Molybdan, Chrom, Vanadium und Kupfer 0,20 Gew.-% oder weniger betragt;
und der Rest Eisen und unvermeidliche Verunreinigungen ist;
wobei Pcm, das gemaR der Formel

Pem =C + S+ MM CU*CN)ny L Ni /60 + Mo/ 15 +V /10 + 5B

berechnet wird, weniger als 0,220 betragt;

und wobei der Stahl eine Zugfestigkeit, die 500 MPa Ubersteigt, und/oder eine Mindestdehngrenze von wenigs-
tens 400 MPa und/oder eine Mindestgleichmafiddehnung, die 8 % Ubersteigt, und/oder ein Streckgrenzverhaltnis
von 0,90 oder weniger, und/oder eine Festigkeit von mehr als 120 J beim Charpy-Kerbschlagbiegeversuch bei
-12 °C aufweist;

eine Mikrostruktur, die aus Ferrit in einer ersten Phase besteht, und;

10 Vol.-% - 90 Vol.-% in einer zweiten Phase, umfassend einen oder mehrere Bestandteile, die aus der Gruppe
bestehend aus Carbid, Perlit, Martensit, unterem Bainit, granularem Bainit, oberem Bainit und entartetem oberen
Bainit ausgewabhlt sind;

wobei ein Gehalt von geléstem Kohlenstoff in der ersten Phase 0,01 Gew.-% oder weniger betragt, und
wobei ein Gehalt von geléstem Stickstoff in der Ferritphase weniger als 0,01 Gew.-% betragt.

2. Verfahren zum Herstellen einer Dualphasenstahlplatte, das Folgendes umfasst:

Erwarmen einer Stahlbramme mit einer Zusammensetzung nach Anspruch 1 auf eine Wiedererwdrmungstem-
peratur von 1.000 °C bis 1.250 °C;

Reduzieren der Stahlbramme, um in wenigstens einem Warmwalzdurchgang eine Platte zu bilden, wobei 30
% bis 90 % Reduktion bei einer ersten Temperatur bereitgestellt wird;

Reduzieren der Platte in wenigstens einem Warmwalzdurchgang, wobei 40-80 % Reduktion bei einer zweiten
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Temperatur Uber dem Ars-Umwandlungspunkt bereitgestellt wird;

Luftkihlen der Platte bei einer ersten Kihlungstemperatur, die ausreicht, um einen Austenit zu einem Ferrit
umzuwandeln;

Reduzieren von clusterbildenden Atomen in dem Ferrit durch Abkiihlen der gekiihlten Platte mit einer Rate von
wenigstens 10 °C pro Sekunde auf eine zweite Kiihlungstemperatur, wobei die zweite Kiihlungstemperatur 400
°C bis 700 °C, bevorzugt 450 °C bis 650 °C, bevorzugt 500 °C bis 600 °C, bevorzugt 560 °C betragt; und
Kuhlen der Stahlplatte auf Umgebungstemperatur nach dem Abkiihlen der gekulhlten Platte auf die zweite
Kuhlungstemperatur;

wobei das Erwarmen der Stahlbramme bei der Wiedererwdrmungstemperatur eine Stahlboramme bereitstellt,
die im Wesentlichen aus einer Austenitphase besteht;

wobei die erste Temperatur ausreicht, um die Austenitphase zu rekristallisieren;

wobei die Austenitphase nicht bei der zweiten Temperatur rekristallisiert;

wobei die zweite Temperatur unter der ersten Temperatur liegt; und

wobei die erste Kiihlungstemperatur 650 °C bis 750 °C, bevorzugt 660 °C bis 750 °C, bevorzugt 670 °C bis
740 °C, bevorzugt 730 °C betragt.

3. Verfahren nach Anspruch 2, wobei die clusterbildenden Atome Kohlenstoff und/oder Stickstoff umfassen.

4. Verfahren nach Anspruch 2 oder 3, ferner umfassend das Bilden der gekiihlten Platte in ein Leitungsrohr unter

Verwendung einer UOE-Methode, bevorzugt ferner umfassend das Auftragen einer Beschichtung fiir Korrosions-
bestandigkeit auf wenigstens einen Abschnitt des Leitungsrohrs umfassend, bevorzugt wobei die Beschichtung
wenigstens eine schmelzverbundene Epoxidverbindung umfasst.

Revendications
1. Acier biphasé laminé a chaud destiné a un tube de canalisation, constitué :

de carbone en une quantité comprise entre 0,05 % en poids et 0,12 % en poids ;
de niobium en une quantité comprise entre 0,005 % en poids et 0,03% en poids ;
de titane en une quantité comprise entre 0,005 % en poids et 0,02 % en poids ;
d’azote en une quantité comprise entre 0,001 % en poids et 0,01 % en poids ;

de manganése en une quantité comprise entre 0,5 % en poids et 2,0 % en poids ;
de silice en une quantité comprise entre 0,01 % en poids et 0,5 % en poids ;
d’aluminium en une quantité allant jusqu’a 0,1 % en poids ;

de nickel en une quantité allant jusqu'a 1 % en poids ;

éventuellement, de bore en une quantité allant jusqu’a 0,002 % en poids ;
éventuellement, de calcium en une quantité allant jusqu’a 0,01 % en poids ;
éventuellement, de métaux des terres rares (REM) en une quantité allant jusqu’a 0,02 % en poids ;
éventuellement, de magnésium en une quantité allant jusqu’a 0,006 % en poids ;
éventuellement, de cuivre en une quantité allant jusqu’a 0,2 % en poids ;
éventuellement, de zirconium en une quantité inférieure a 0,03 % en poids ;
éventuellement, d’hafnium en une quantité inférieure a 0,03 % en poids ;
éventuellement, de tantale en une quantité inférieure a 0,03 % en poids ;

de phosphore en une quantité inférieure a 0,015 % en poids ;

de soufre en une quantité inférieure a 0,01 % en poids ;

un total de molybdéne, de chrome, de vanadium et de cuivre étant de 0,20 % en poids ou moins ;
et le reste étant du fer et des impuretés inévitables ;

Pcm, calculé conformément a la formule

Pcm = C + Si/30 + (Mn + Cu + Cr)/20 + Ni/60 + Mo/15 + V/10 + 5B

étant inférieur a 0,220 ;

et 'acier ayant une résistance au stress qui dépasse 500 MPa, et/ou une limite d’élasticité minimale d’au moins
400 MPa et/ou une élongation uniforme minimale qui dépasse 8 %,

et/ou un rapport de rendement de 0,90 ou moins, et/ou une rugosité de plus de 120 J dans le test de Charpy-
V-Notch a -12 °C;
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une microstructure constituée de ferrite en tant que premiére phase, et ;

10 % en volume - 90 % en volume d’'une seconde phase comprenant au moins un constituant choisi dans
'ensemble constitué de carbure, de perlite, de martensite, de bainite inférieure, de bainite granulaire, de
bainite supérieure et de bainite supérieure dégénérée ;

une quantité de soluté de carbone dans la premiére phase étant de 0,01 % en poids ou moins, et

une quantité de soluté d’azote dans la phase. ferritique étant inférieure a 0,01 % poids

2. Procédé de préparation d’'une plaque d’acier biphasé, le procédé comprenant :

le chauffage d’'une brame d’acier ayant une composition selon la revendication 1 a une température de réchauf-
fage comprise entre 1 000 °C et 1 250 °C ;

la réduction de la brame d’acier pour former une plague dans au moins un passage de la lamination a chaud
fournissant de 30 % et 90 % de réduction a une premiére température ;

la réduction de la plaque dans au moins un passage de lamination a chaud fournissant entre 40 et 80 % de
réduction & une seconde température supérieure au point de transformation Arj ;

le refroidissement a I'air de la plaque a une premiére température de refroidissement suffisante pour transformer
une austérité en une ferrite ;

la réduction d’atomes formant des agrégats a l'intérieur de la ferrite au moyen de la désactivation de la plaque
refroidie a un taux d’au moins 10 °C par seconde a une seconde température de refroidissement, la seconde
température de refroidissement étant comprise entre 400 °C et 700 °C, de préférence comprise entre 450 °C
et 650 °C, de préférence comprise entre 500 °C et 600 °C, de préférence 560 °C ; et

le refroidissement de la plaque d’acier a température ambiante aprés la désactivation de la plaque refroidie a
une seconde température de refroidissement ;

le chauffage de la brame d’acier a la température de réchauffage fournissant une brame d’acier constituée
essentiellement d’une phase d’austénite ;

la premiére température étant suffisante pour recristalliser la phase d’austénite ;

la phase d’austénite ne recristallisant pas a la seconde température ;

la seconde température étant inférieure a la premiére température ; et

la premiére température de refroidissement étant comprise entre 650 °C et 750 °C, de préférence comprise
entre 660 °C et 750 °C, de préférence comprise entre 670 °C et 740 °C, de préférence 730 °C.

3. Procédé selon la revendication 2, dans lequel les atomes formant des agrégats comprennent du carbone et/ou de
l'azote.

4. Procédé selon la revendication 2 ou la revendication 3, comprenant en outre la formation de la plaque refroidie en
un tube de canalisation au moyen d’une technique UOE, de préférence comprenant en outre I'application d’'un
revétement destiné a la résistance contre la corrosion sur au moins une partie du tube de canalisation, de préférence
le revétement comprenant au moins un composé époxy lié par fusion.
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