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Manganese (M) 0.5 to 2.0 Phosphorus (P)max. 0.03 Sul fur (S)max. 0.03
Chromum (Cr)max. 1.5 Nickel (Ni)max. 1.0 Copper (Cu)max. 0.3 Al um num
(AI)0.01 to- 0.09 Titanium (Ti)max. 0.05 Ml ybdenum (M) max. 0.8 Vanadi um
(V)0.02.to 0.2 Nitrogen (N)ymax. 0.04 N obium (Nb)max. 0.08 Iron
(Fe)remainder. If the method is used to produce seanl ess pipes with a
| ength of greater than 7 neters, in particular up to 200 neters, an outside
di anmeter of nore than 20 neters but |ess than 200 neters, a wall thickness
of nore than 2.0 mmbut less than 25 mm then the increased pipe quality
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after which the pipe is cooled further to room temperature in air.

Especially high and uniform mechanical material values, in particular toug}iness values can be
achieved by the inventive method if the onset of rapid cooling of the outside surface of the pipe
occurs at a temperature of less than 950°C.

For an integrated tempering treatment, it may also be advantageous if a targeted reheating of the
pipe wall surface area is performed after the rapid cooling with further cooling of the pipe in air.

To optimize the quality of the pipe and/or to improve the quality of the pipe material, in a
refinement of the method, it may be essential to the invention for steel having the following
concentrations of the respective alloy elements and accompanying elements and/or impurities in
wt% to be used for producing the pipe:

Carbon (C) 0.03t0 0.5
Silicon (Si) 0.1510 0.65
Manganese (Mn) 0.5t02.0
Phosphorus (P) max. 0.03
Sulfur (S) max. 0.03
Chromium (Cr) max. 1.5
Nickel (Ni) max. 1.0
Copper (Cu) max. 0.3
Aluminum (Al} - 0.01 to 0.09
Titanium (T1) max. 0.05

Molybdenum (Mo) max. 0.8

Vanadium (V) 0.02t0 0.2
Nitrogen (N) max. 0.04
Niobium (Nb) max. 0.08
Iron (Fe) remainder.

If the method is used to produce seamless pipes with a length of greater than 7 meters, in
particular up to 200 meters, an outside diameter of more than 20 meters but less than 200 meters,
a wall thickness of more than 2.0 mm but less than 25 mm, then the increased pipe quality can
reduce the need for stockpiling with a substantial advantage and can minimize damages due to
breakage with substantial repair costs. '



Sul fur (S)max. 0.005 Chromum (CQmax. 1.0 Titanium (Ti)max. 0.02. The
additional object of the invention to create a device for produci ng pipes
made of steel with an increased strength and i nproved toughness of the
material. by rapid cooling after shaping consisting of a device for applying
a cooling nediumto a pipe surface is achieved by the fact that, after the
| ast shaping mil in the direction of rolling, a swi tchable cooling
t hrough-zone having a plurality of distributor rings for the cooling nmedium
that can be positioned in different ways in the |ongitudinal direction and
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The cooling medium flow may be designed as a spray stream of cooling medium, usually water,
and/or as a spray mist of cooling medium and air and/or as a gas stream.

Advantageous results with regard to a uniformly high quality of the pipe have also been achieved
when the cooling medium flow has a rectangular cross-sectional shape and the longer axis of the
rectangle 1s directed obliquely to the axis of the pipe.

Switchability and controllability of throughput of the cooling medium flows in the cooling
through-zone are essential to the present invention.

If a supply of cooling medium to the cooling through-zone can be switched as a function of the
position of the pipe ends in this zone, then penetration of cooling medium into the interior of the



"M Ps O N Cu A M Fe Pi pe bl ank diameter 0.1819 0.2910 1.4231 0.0146
0. 0065 0.0415 0.0275 0. 0211

pipe can be prevented in an advantageous manner, so that essentiaily unilateral interior cooling
in the cross section can be prevented and bending as well as the development of an irregular
microstructure can be suppressed.

Control systems for pipe cooling with position sensors and temperature sensors to control the
cooling medium streams are used to advantage according to the present invention.

The present invention is explained in greater detail below on the basis of examples which
illustrate only one type of embodiment.

Examp. le 1: Using pipe precursor material from the same parent melt having a chemical
composition in wt% according to Table 1:

Designation C Si Mn P S Cr Ni Cu Al Mo Fe
Pipe blank 0.1819 | 0.2910 | 1.4231 | 0.0146 | 0.0065 | 0.0415 | 0.0275 | 0.0211 | 0.0274 | 0.0126 | remainder
diameter

ultimately pipes having the following dimensions were produced:

Pipe length (rolling length) (L) 19,300.00 mm
Pipe diameter (@) 146.00 mm
Pipe wall thickness _ 9.70 mm

After the last step and/or after the final shaping in the discharge station of the stretch reducing

plant, the pipe was introduced into a cooling through-zone at a temperature of 880°C after a
period of 12 sec.

Assuming the defined conversion behavior of the steel, the cooling medium flow was directed
only at the outside surface of the pipe in investigations on individual lots in pipe production,

such that a cooling rate of approx. 6°C/sec was measured by adjusting the cooling medium flow
at the following final temperatures:

Temperature Identification of the sample
T1=850°C Pl
T2 =480°C P2
T3 =380°C P3
T4 =300°C P4



' 0.0274 0.0126 remai nder ultimately pipes having the follow ng di nensions
were produced: Pipe length (rolling length) (L) 19, 300.00 mm Pi pe di aneter
(0) 146.00 mm Pipe wall thickness 9.70 mm After the last step and/or after
the final shaping in the discharge station of the stretch reducing pl ant,
the pipe was introduced into a cooling through-zone at a tenperature of
880C after a period of 12 sec. Assum ng the defined conversion behavior of
the steel, the cooling nmediumflow was directed only at the outside surface
of the pipe in investigations on individual |ots in pipe production, such
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Samples were taken of the pipes that had been heat treated in various ways and labeled as P1
through P4 and then tests of materials were performed on these samples.

A determination of the microstructure revealed that there was an advantageously directional
structure in each case, essentially without texture but with a grain size and structure distribution
which depend on the final cooling temperature.

Figure 1 shows the structure of sample P1, where the graln size is 20 um to 30 um with a hlgh
ferrite content. The remaining component of the structure was mainly perlite.

Figure 2 shows a much smaller average grain size of sample P2 of approx. 5 pm to 8 um, which
correlates with a low final cooling medium temperature of T2 = 480°C. In addition, the perlite
content in the ferrite has a finer structure and the amount is slightly geater.

Figure 3 shows that the material of sample P3 has a fine grain due to a high seed count
conversion and recrystallization of the structure at a final cooling temperature of T3 = 380°C and
also has largely homogeneously distributed ferrite regions which increase strength. Perlite and
the structure of the upper intermediate stage and/or upper bainite were the other constituents of
the refined structure.

Figure 4 shows the structure of pipe wall P4, which was formed in rapid cooling after shaping to
a final cooling temperature T4 = 300°C. Extremely fine-grained ferrite phases, which are

. globulitic due to end limitation with fine lamellar perlite and intermediate stage components in
the lower bainite range, result in high strength values with improved strain results for the
material,

In cooling of the pipe wall at a rate of greater than 1°C/sec immediately after hot shaping of the
basic iron material, an austenite structure shaped in this way can be largely undercooled with
respect to the equilibrium resulting in a conversion of the structure as a function of the extent of .
the undercooling and the seed state. The desired uniform microstructure can be established
advantageously by means of the inventive method over the entire length of a pipe and

surprisingly also over its cross section and this microstructure also determines the properties of
the material. In other words, if fundamental material properties are required of a pipe, choice of
an alloy is indicated. An advantageous and favorable profile of properties of the material which



T4 = 300C P4 After achieving these specified final cooling tenperatures,
the cooling nmedium supply was shut down and the pipe was cooled further to
roomtenperature at a low-intensity essentially in stationary air. Sanples
were taken of the pipes that had been heat treated in various ways and
| abel ed as P1 through P4 and then tests of materials were perforned on
these sanples. A determnation of the mcrostructure reveal ed that there
was an advant ageously directional structure in each case, essentially
W thout texture but with a grain size and structure distribution which
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and P4. Wth the inventive nethod, mcrostructures can al so be adjusted in
the material in a targeted manner, yielding the profile of properties of
the pipe wall. For exanple, a high neasure of conversion to a |ower bainite
structure can be achieved in sanple pipe P4 by neans of a | ow conversion
tenmperature, so an increased toughnesg of the nmaterial could be achieved.



Figure 6 shows the neasured hardness val ues over the length of the pipe of
experinental pipes P1 and P4. It has been found that a scattering S of the
~material hardness over the length of the pipe is also reduced with an
increase in hardness [HRB] and strength |evels of the material due to
intensified application of cooling nmedium Figure 7 shows the hardness
curve of the material in the quadrants as a function of the thickness of
the pipe wall of experinental pipe P2. The neasurenent results of the four
guadrants QL to Q4 are averages of four measurenents spaced a di stance
apart i rsedsolshawrall thetorhparisdieo fahd @speative Hagintdsakluaehet fh%@fd@s’:\éec@drﬁﬁ%@f the
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val ues QUfilva FQ%&I&%%?@%?}%&!I(Q %R reéelﬂﬁd%bfiagngﬁze 11%\Jentlve Houaa nEi%‘n er e are

only extrene erences 1n nmaterl rengt h |evable
“quality of the product is represented by using the |nvent|ve nethod and
such a device. Patent Cains 1. A nethod for producing pipes of steel
with an increased strength and inproved toughness of the material by direct
rapid cooling after a heat shaping, in particular after shaping by neans of
stretch reduction, such that a cooling nediumat an increased pressure is
applied to the outside surface of the pipe circunferentially for a length
of nore than 400 tines the thickness of the pipe wall within a period of at
nost 20 sec after the |last shaping at a tenperature greater than 700C but
bel ow 1050C in a continuous process, said coolling nediumbeing applied in
an anount whi ch produces an equivalent cooling rate of greater than 1C sec
of the pipe wall over the length of the pipe to a tenperature in the range
of 500C to 250C in rapid cooling, after which the pipe is cooled further in
air to roomtenperature. 2. The nmethod according to Caim1l, wherein the
start of rapid cooling of the outside surface of the pipe begins at a
tenperature bel ow 950C. 3. The nethod according to Claim1l or 2, wherein
after the rapid cooling, a targeted reheating of the pipe wall takes place
after further cooling of the pipe in air. 4. The nethod according to any
one of Clains 1 to 3, wherein steel with a concentration of the respective
al l oy el ements and acconpanyi ng el enments and/ or contam nating el enents in
wt% is used for production of a steel pipe: Carbon (C0.03 to 0.5 Silicon
(Si)0.15 to 0.65 Manganese (M1)0.5 to 2.0



Phosphorus (P)max. 0.03 Sulfur (S)nmax. 0.03 Chronium (Cr)max. 1.5 Nickel
(Ni)max. 1.0 Copper (Cu)max. 0.3 Alum num (A)0.01 to 0.09 Titanium
(Ti)max. 0.05 Ml ybdenum (M) neax. 0.8 Vanadium (V).0.02 to 0.2 Tin (Sn)max
0.08 Nitrogen (N)max. 0.04 N obium (Nb)max. 0.08 Calcium (Ca)max 0.005 Iron
(Fe) r emai nder . 5. The nethod according to any one of Clains 1 to 4 for
producing oil field pipes with a length of nore than 7 min particular up
to 200 m an outside dianeter of nbre than 20 mm but | ess than 200 nm and a
wal I thickness of more than 2.0 nmbut |ess than 25 nm 6. The nethod
according to Caim4, wherein thepafegeClatipiit ai Ns at | east one elenent in
the followi ng amount in wt% for production of a pipe:

1. A method for producing pipes of steel with an increased strength and improved toughness
of the material by direct rapid cooling after a heat shaping, in particular after shaping by means
of stretch reduction, such that a cooling medium at an increased pressure is applied to the outside
surface of the pipe circumferentially for a length of more than 400 times the thickness of the pipe
wall within a period of at most 20 sec after the last shaping at a temperature greater than 700°C
but below 1050°C in a continuous process, said coolling medium being applied in an amount
which produces an equivalent cooling rate of greater than 1°C/sec of the pipe wall over the
length of the pipe to a temperature in the range of 500°C to 250°C in rapid cooling, after which
the pipe is cooled further in air to room temperature.

2. The method according to Claim 1, wherein the start of rapid cooling of the outside
surface of the pipe begins at a temperature below 950°C. '

3. The method according to Claim 1 or 2, wherein after the rapid cooling, a targeted
reheating of the pipe wall takes place after further cooling of the pipe in air.

4. The method according to any one of Claims 1 to 3, wherein steel with a concentration of
the respective alloy elements and accompanying elements and/or contaminating elements in wt%
is used for production of a steel pipe:

Carbon (C) 0.03 t0 0.5
Silicon (Si) 0.15t0 0.65
Manganese (Mn) 0.5t02.0
Phosphorus (P) max. 0.03
Sulfur (S) max. 0.03
Chromium (Cr) max. 1.5
Nickel (Ni) max. 1.0
Copper (Cu) max. 0.3
Aluminum (Al) 0.01 t0 0.09
Titanium (Ti) max. 0.05
Molybdenum (Mo) max. 0.8
Vanadium (V) - 0.021t00:2
Tin (Sn) max 0.08
Nitrogen (N) ~max. 0.04
- Niobium (Nb) max. 0.08
Calcium (Ca) max 0.005
Iron (Fe) remainder.



. toward t

" Car bon (© Phosphorus (P) Sulfur (S) Chromum (C) Titanium (Ti) 0.05 up to
0.35 max. 0.015 max. 0.005 max. 1.0 max. O0.02. 7. A device for producing
pi pes of steel having an increased strength and inproved toughness of the
material. by rapid cooling after shaping, in particular after shaping the
pi pe by means of stretch production, consisting of a device for applying
cooling nediumto the surface of a pipe, characterized in that, arranged
downstream fromthe |ast shaping mll in the direction of rolling, a
swi t chabl e cool i ng through-zone having a plurality of recesses that can be
posi tioed i Thelinéthed febdrdp@sd hiyuns of Claihe! toN@i btedididd oiblfid1@ plpbHRittppd ar e
arr ?ngecﬂengqlr&%{&é ey hyindhing: te z%%é%@ﬁf@hﬂ%%&@%@é@ ggﬁﬁ B, 3
coolin C .

° I%gq%})i(l?a%q '%%n%g \ea/:"%lame@télﬁlegsﬁoir?(}r%ﬁ 5 rnimﬁé)utglﬁssélgg%é?%‘up of same can be
supplied with cooling nmediumin a throughput-regul ated process. 8. The
devi ce #&ccor dhemgethod Lcaidmg7o Chaivak awheein fiedtdehcdntuats at kest pozdémat aand

est abl i sélloavigymiintinSNEPRHpoARibMGE A|Pé:um stream which widens in the
di recti @arh (the spo.8yupton.3sThe device according to Caim8, characterized

in that ng r’rﬁgi u ream has a rectangul ar cross-sectional shape
and the PF;&%(%?Q lj>2i SINo) Xhm)fstact angle is directed obliquely toward the axis
of the &P&@ 10. The &Y accor di ng to Claim?7, characterized in that

t he sup/gergmdedl i ng n@gx.Udfl to the cooling through-zone can be switched as
a funct iTaanieh (THhe posimhwo0.0af the pipe ends in the zone.

7. A device for producing pipes of steel having an increased strength and improved
toughness of the material by rapid cooling after shaping, in particular after shaping the pipe by
means of stretch production, consisting of a device for applying cooling medium to the surface of
a pipe, characterized in that, arranged downstream from the last shaping mill in the direction of
rolling , a switchable cooling through-zone having a plurality of recesses that can be positioned
in different positions in the longitudinal direction and are arranged concentrically around the
rolled material are provided for a cooling medium, each with at least three nozzles directed
essentially toward the axis, wherein each distributor ring or each group of same can be supplied
with cooling medium in a throughput-regulated process. .

8. The device according to Claim 7, characterized in that the nozzles each establish a
pyramid-shaped cooling medium stream which widens in the direction of the spray.

9. The device according to Claim 8, characterized in that the cooling medium stream has a
rectangular cross-sectional shape and the longer axis of the rectangle is directed obliquely toward
the axis of the pipe.

10. The device according to Claim 7, characterized in that the supply of cooling medium to
the cooling through-zone can be switched as a function of the position of the pipe ends in the
Zone.



