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WO 2007/017161 PCT/EP2006/007612 HIGH-STRENGTH STEEL FOR
ng&%& %% WELDABLE STEEL PIPES The present inventi]lqn,i[efl%rgs%/00
generally to steel used for making a material of seamless steer(ges,
such as oil well pipes or line pipes 5 and, more specifically, to
high-strength alloy steels used to manufacture weldable steel seamless
pipes. BACKGROUND OF THE INVENTION The technological evolution

7612

indassifsh o

becomes a more significant factor as water depth increases. Riser .
systehlCoREEHBHuIRY 8BRNV R oat HRpIR IS IRtides Magdvigr making

conditions and the sensitiveness of environmental loads (i.e. wave and .
aé&%ﬁf)’%‘ré’%iﬁ@f’éﬁﬂ FHRIRRS RigS Sy eCop T aikiwe kiskeererbne pipes
and Steel Catenary Risers (SCRs) for ultra-deep envirgnment, th
AR (P RETHASANRGr WEioHE 10 B SARR) BN, 85t Filacirgeed o
th ight of the li 0 there is a decrease.in the cost of the pipe and a
msallgﬁrﬁ#i‘%gﬁtlfr%;%%%%agbfﬁestte%%losnienagngf/%gnfj {R&§ 10 support the riser. In

addition, using high-strength alloy steels can decrease the wall thickness
of a pipe up to 30% due to the more efficient design. For riser systems,

which rely on buoygpeyuiReforirP @ R ANAPERPTERINON. the

thinner wall pipe available with high strength steel
The technological evolution in the offshore sector tends to an

increasing use of high strength steels with yield strength in the range
from 80 to 100 ksi for flowlines and risers. In this context, one key
component is the riser system, which becomes a more significant
factor as water depth increases. Riser system costs are quite
sensitive to water depth.

Although in-service conditions and the sensitiveness of
environmental loads (i.e. wave and current) are different for the two
riser types Top Tension Risers (TTRs) and Steel Catenary Risers
(SCRs) for ultra-deep environment, the requirement to reduce raiser
weight is extremely importaht. By reducing the weight of the line,
‘there is a decrease in the cost of the pipe and a significant impact on
the tensioning system used to support the riser.

In addition, using high-strength alloy steels can decrease the
wall thickness of a pipe up to 30% due to the mo're efficient design.
For riser systems, which rely on buocvyancy in the form of aircans for

top tension, the thinner wall pipe available with high strength steel
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WO 2007/017161 PCT/EP2006/007612 2 allows reduced buoyancy
requirements which, in turn, can reduce the hydrodynamic loading on

W?’rﬁ%’%ﬁ%onents and, thus, improve riser response. Riser K/<téiFd006/007612
where the tension is reacted by the host facility benefit from high strength
steel as the total payload is 5 reduced.4n the past years, there have been
several types of high- strength alloy steels developed in the field of

aljoenched aae £ HR6Rh (9 TeRaiTens RRCw HiReSe SEARIESE MIPeR duce the
combine both high strength with good toughness and good girth

hyetdaylity nowevatidg ihasesesenlessppesihavearall thicksessridve riser
to 40 mm and outside diameter not greater than 22 inches and, thereby,

reseouie expissives yaie oe oriyerencthe yieldssendth belostddOlgi the host
after quenching and tempering. For example, high-strength, weldable

fandély fdr soafites pipeshithhasir doghikneteein @S Pitenttibal payload is
6,217,676 which describes an alloy steel that can reach grades of up to

red3gegrtbr quenching and tempering and has excellent resistance to wet

carbon dioxide corrosion and seawater corrosion, comprising in weight %
morel thatn®.1038ld y&are, oligte 1.084e0. pesn.o9eMera idyeRshaf high-
7.0 Cr 20 and 0.01 to 0.10 Al, the balance includes Fe and incidental

sirgnatiba!RuuRiRG SotR¥RIRE 0 B3R e fiatival A uRBsE 86t tempered

els can not reach grades higher than X80 and are quite expensive due
(ClsotF%esﬁ@W{:%ﬁen?U? . %Qegse seamiess pzpeg com%me both high

strength with good toughness and good girth weldability. However,
these seamless pipes have wall thickness of up to 40 mm and outside
diameter not greater than 22 inches and, there;by, are quite expensive
and can only reach a yield strength below 100 ksi after quenching and
tempering.

For example, high-strength, weldable steels for seamless pipes
have been known in US Patent No. 6,217,676 which describes an
alioy steel that can reach grades of up to X80 after quenching and
tempering and has excellent resistance to wet carbon dioxide
corrosion and seawater corrosion, comprising in weight % more than
0.10 and 0.30 C, 0.10 to 1.0 Si, 0.1 to 3.0 Mn, 2.5 to less than 7.0 Cr
and 0.01 to 0.10 Al, the balance includes Fe and incidental impurities
including not more than 0.03% P. However, these types of steels can
not reach grades higher than X80 and are quite expensive due to the
high content of Cr.

Likewise, US Patent Application 09/341,722 published January

31, 2002 describes a method for making seamless line pipes within
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Likewise, US Patent Application 09/341,722 published January 25 31,

2002 describes a method for making seamless line pipes within WO
WOFeYI#1 7181 PCT/EP2006/007612 3 the yield strength range frEARPRIAE/8p7612

grade X52 to 90 ksi, with a stable elastic limit at high application

temperatures by hot-rolling a pipe blan§ made from a steel which

contains 0.06-018% C, Si 5 0.40%, 0.80-1.40% Mn, P 5 0.025%, S <_

tHBO&Ye %-G%Qfgtﬂﬁ%ﬁé Mo $1n05p 4ra 8P R40%0 \G00E R 5 stabie
0.10%, N < 0.015%, and 0.30- 1.00%W. However, these types of steels .

e ROtTAREN yieldighensipiliabrs dhae Hibkakardarg WorRWelEsliad @ pipe
wide range of heat Inputs. It is, therefore, desirable and advantageous to

bifAKide ad el Grgrayesk bigh-wireoathc yieldabie ollog staddor Seamiess0.40%,
pipes to be used in a riser system with yield strength well above 90 ksi

0 8- wikoRswikthickness (W%, ogtsidedian®ier (OD) D, ededuatglio Mo <
expected collapse performance which obviates prior art shortcomings and

0v8lfieh, iCabl« t6 .M 8fgoaEntediitiicaNpropdititd %, the gipk 01B56d\aant] 0. 30-
weld. BRIEF DESCRIPTION OF THE INVENTION The characteristic

1 AEHEGT o wevelralldyestecl v dise pfesta | invaniordreesiedrly awvstrength
in the following description, tables and 20 drawings. It is a first object of

higb ¢retaaninlOftidisto pasligs allop brees kbakdming, By widghthsergentpf heat

. C0.03-0.13%, Mn 0.90-1.80%, Si5 0.40%, P 5 0.020%, S 5 0.005%, Ni

NP ¥881.00%, Cr 0.20-1.20%,

It is, therefore, desirable and advantageous to provide an
improved high-strength, weldable alioy steel for seamliess pipeé tc be
used in a riser system with yield strength well above 80 ksi and with a
wall thickness (WT) to outside diameter (OD) ratio adequate to
expected collapse performance which obviates prior art shortcomings
and which is able to meet good mechanical properties in the pipe

body and weld.

BRIEF DESCRIPTION OF THE INVENTION

The characteristic details of the novel alloy steel of the present
invention are clearly shown in the foliowing description, tables and
drawings. It is a first object of the present invention to provide alloy
steel containing, by weight percent, C 0.03-0.13%, Mn ©.80-1.80%,
Si = 0.40%, P = 0.020%, S s 0.005%, Ni 0.10-1.00%, Cr 0.20-1.20%,
Mo 0.15-0.80%, Ca = 0.040%, V s 0.10%, Nb s 0.040%, Ti < 0.020%
and N £ 0.011% for making high-strength, weldable steel seamiess

pipe, characterized in that the microstructure of the alloy steel is a |
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Mo 0.15-0.80%, Ca <_ 0.040%, \/ 5 0.10%, Nb 5 0.040%, Ti 5 0.020%

| wd <_. 0.011% for making high-strength, weldable steel seamless 25

pipe, S %cterized in that the microstructure of the alloy steel Y&/ Fgepos/o07612
2007/017161 PCT/EP2006/007612 4 mixture of bainite and martensite

and the yield stress is at least 621 MPa (90 ksi), weldable in a wide range

of heat inputs, comprising a chemical composition that is capable of

mixthieying SxEriRe! Mechanicaimneerans of e piBribadyednd 8ood jcast 621
mechanical 5 characteristics of the girth weld. It is a second object of the

M@ iReehliondripioddmadigidgreagigeveitaiie staehaeaMissmprising a
pipe, comprising an alloy steel containing, by weight percent, C

ch@fddnl 3% dvimb 8fibR0%NSt5S 540%aBa1H2066, SHBOAUY Niexcellent
0.10-1.00%, Cr 0.20-1.20%, Mo 10 0.15-0.80% , Ca 5 0.040%, V5 0.1 0%

m e dHEBc@d 0% St ARRD Yo aNdHE 5 G4 % hiseycharpgterizeddn thaéchanical
the microstructure of the alloy steel is predominantly martensite and the _
chyisttbtedsdiicmitdbie A0t MRe{#00 ksi). 15 DETAILED DESCRIPTION
OF THE DRAWINGS The details being referred to in the drawings are
desdiibsdaese dond hetjealnobiiengingss titel presetitinvimtimoFigera  high-
1 shows the effect of thickness and Mo content on yield strength (YS) and
sinef@ih apidahte teiestionsemiessurpiFaT Hoatwishagerials dilfey steel

present invention. Figure 2 illustrates the effect of the cooling rate (CR)
cogiaifigs. by weight percent, C 0.03-0.13%, Mn 0.90-1.80%, Si <

0.40%, P s 0.020%, S < 0.005%, Ni 0.10-1.00%, Cr 0.20-1.20%, Mo
0.15-0.80% , Ca £ 0.040%, V<=010% ,Nb $ 0.040%, Ti < 0.020%.
and N = 0.011% also characterized in that the microstructure of the
atlby steel is predominantly martensite and the yieid stress is at least

680 MPa (100 ksi).

DETAILED DESCRIPTION OF THE DRAWINGS

The details being referred to in the drawings are described next
for a better understanding of the present invention:

Figure 1 shows the effect of thickness and Mo content on yieid
strength (YS) and fracture appearance transiticn temperature (FATT)
of materials of the present invention.

Figure 2 illustrates the effect of the cooling rate (CR) and Mo
content on YS and FATT in a pipe of 15 mm wall thickness of the
present invention, |

Figure 3 shows the effect of mean sub-grain size on the yield

strength of Q&T steels from the present invention.
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content on YS and FATT in a pipe of 15 mm wall thickness of the present

waeieRsFigure 3 shows the effect of mean sub-grain size O%?%%d&m(}?m
25 strength of Q&T steels from the present invention. WO 20 i 2

PCT/EP2006/007612 5 Figure 4 shows the relationships between FATT
change and the inverse square root of3he packet size for Q&T steels with
various amounts of marten site. Figure 5 shows packet size for Q&T :
steelSigFe Aredepws fivermpativth s pschebed encFosiictorange and the
. constituted of martensite (M > 30%). Figure 6 shows that in materials
INYBI? of hpredRin@intibe, pavkepretivmifant @érersisekrueithe various
the packet size is practically independent of the prior austenite grain size
aNPAGE. Ao PRMANEEDESCRIPTION OF THE INVENTION In
accoyrdance with a first aspect of the invention, an alloy steel comprising,
by wEig Serert @ W B3-Bariost 15im F00-188% ste@aowipthe present

. 0.020% S5 0.005% Ni0.10-1.00% :
invention with as-quenched microstructure constituted of martensite

(M > 30%).
Figure 6 shows that in materials object of the present invention,
with a predominant martensitic structure, the packet size is practically

independent of the prior austenite grain size (PAGS).

DETAILED DESCRIPTION OF THE INVENTION
in accordance with a first aspect of the invention, an alioy steel

comprising, by weight percent, |

C 0.083-0.13%

Mn 0.90-1.80%

Si  £0.40%

P s 0.020%

S s 0.005%

Ni  0.10-1.00%

Cr  0.20-1.20%

Mo 0.15-0.80%

Ca =£0.040%

v <0.10% -

Nb = 0.040%

Ti s 0.020%
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20 Cr 0.20-1.20% Mo 0.15-0.80% Ca e 0.040% V 50.10% Nb 5 0.040%
/%91920% WO 2007/017161 PCT/EP2006/007612 6 N_5 0.01%%/ -
of ma ing]high-strength steel seamless pipe, weldable in a V\ﬁgg%%gg Y612
heat inputs. The chemical composition of the present invention provides
an improved high-strength, weldable allpy steel 5 seamless pipe to be
used in a riser system with a yield strength greater than 90 ksi and with a
wall icknesdtd)ddtébde diameter ratio that is high enough for the
manufacturing limit of a welded pipe as a riser and where flowline wall
fothickedkés gnonéabes ttepotidesteaficiesta mbistange far, opesddagle in a wide
pressures that more frequently are greater 10 than 10 ksi. The reasons
rgogseladtingané cirepital cdhgositbercicad mesepopilamionhrdhe present
described below: Carbon: 0.03%-0.13% Carbon is the most inexpensive
InMBRIEPD aRAQViLH Bfe Graaiesproy ffipduodr sieenethanwal dahdamneliay steel
steel, therefore, its content percentage can not be too low, Furthermore,

S8 Is REREsIRyRE iNDRSd PariciiBBinSYBtadTs et An@ e Widlestrength

its content in the . : . . ,
greater than 90 ksi and with a wall thickness to outside diameter ratio

that is high enough for the manufacturing limit of a welded pipe as a
riser and where flowline wall thickness increases to provide s_uffit:ient
resistance for operating pressures that more frequently are greater
than 10 ksi.

The reasons for selecting the chemical composition of the
present invention are described below:

Carbon: 0.03%-0.13%

Carbon is the most inexpensive slement and with the greatest
impact on the mechanical resistance of steel, therefore, its content
percentage can not be too low. Furthermore, Carbdn is necessary to
improve hardenability of the steel and the lower its content in the
steel, the more weldable is the steel and higher the level of alioying
elements can be used. Therefore, the amount selected of carbon is
selected in the range of 0.03 to 0.13%.

Manganese: 0.90%-1.80%

Manganese is an element which increases thé hardenability of
steel. Not Less than 0.9% of manganese is necessary to impmvé the

strength and toughness of the steel. However, more than 1.80%
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steel, the more weldable is the steel and higher the level of alloying
elements can be used. Therefore, the amount selected of carbon is 20

WOAUHEY M'the range of 0.03 to 0.13%. Manganese: 0.90%-1 HEEP2006/007612

Manganese is an element which increases the hardenability of steel. Not
Less than 0.9% of manganese is necesgary to improve the strength and
toughness of the steel. However, more than 1,80% WO 2007/017161

dPErEERRO0pNZ6dACE dbsreasesoasiginciito cubansiinxdemogbrioss and
toughness and weldability of steel. Silicon: Less than 0.40% Silicon is:

waddd biditydebdtizhg agent and its content below 5 0.40% contributes to
increase strength and softening resistance during tempering. More than
0.409% ihbeoam: UnessortibRrefled06h the workability and toughness of the
steel. Phosphorus: Less than 0.020% Phosphorus is inevitably contained
in theSdteedrHowevepdirte 30disioxidinengsagregatersh gsisontent below
boundaries and decreases the toughness of the base material, heat

0 fifetaePooriei BYLes ata walaraRss (BB N Romas ishffisting resistance
0.020%. Sulphur: Less than 0.005% Sulphur is also inevitably contained in

dHHEGets BREETIiMAE T es AN Mt GieBa fo F6tH MaNGaAtE SiifiRpt on the

an{[rkj%rbﬂg#g:%)é\%tet% Ejhgeh%ogggr})efs%oef tst]t% g?.se material, heat affected zone

Phosphorus: Less than 0.020%

Phosphorus is inevitably contained in the steel. However, since
this element segregates on grain boundaries and decreases the
toughness of the base maierial, heat affected zone (HAZ) and weld
metal (WM}, its content is limited to 0.020%.

Suiphur: Less than 0.005%

Sulphur is also inevitably contained in the steel and combines
with Manganese to form Manganese Sulfide which detariorates the
toughness of the base material, heat affected zone (HAZ) and weld
metal (WM). Therefore, the content of sulphur is limited to not morse
than 0.005%.

Nickel: 0.10% to 1.00%

Nickel is an element which increases the toughness the base
material, heat affected zone (HAZ) and weld metal (WM); however,
above a given content this positive effect is gradually reduced due to
saturation. Therefore, the optimum content range for nickel is from

0.10 to 1.00%.
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metal (WM). Therefore, the content of sulphur is limited to not more than
0.005%. Nickel: 0.10% to 1.00% 20 Nickel is an element which increases
WEhed(#ghifdss the base material, heat affected zone (HAZ) aRETfHe06/007612
metal (WM); however, above a given content this positive effect is
gradually reduced due to saturation. Téerefore, the optimum content
range for nickel is from 0.10 to 1.00%. 25 WO 2007/017161
PCT({ERRORGIONY-60 22 8% bsomig®h?0.20% to 1.20% Chromium improves
the hardenability of the steel to increase strength and corrosion
resistncenn amvdtearber slidkide bavidemabilitanobddeateteparée increase
amounts of Chromium make the steel expensive 5 and increase the risk of
stoadgsheand evipitagonrof Exisdh nitades andetaBrdresrwdior hd rstice nment
toughness and resistance to hydrogen embrittlement . Therefore, the -
apletrrsatenclia tpenasroontsand &g ivislyBtRinenihe. sieploexpensive
0.80% 10 Molybdenum contributes to increase strength by solid solution
anghd preepnatitiendlesing neeErad RERGIRILMIRG Rf Bfidify Nithidgs and
tempering of the steel. It prevents the segregation of defrimental t

caBiNERs WHIPE RARIERES CPtiOHGRBRAS gAY ARRISOH 0% Nydrogen

en%sbsr?tr{ttgggrhltm pr?ﬂgger}%r'qe%n?ﬁgtyp?g ersl%dde r}lgﬂge is between 0.20 and

1.20%.

Molybdenum: 0.15% to 0.80%

Molybdenum contributes to increase strength by solid solution
and precipitation hardening, and enhances resistance to softening
during tempering of the steel. It prevents the segregation of
detrimental tramp elements on the boundaries of the austenitic grain.
Addition of Mo is essential for improving hérdenabiiity and hardening
solid solution, and in order to exert the effect thereof, the Mo content
must be 0.15% or more. If the Mo content exceeds 0.80%, toughness
in the welded joint is particularly poor because this element promotes -
the formation of high C martensite islands, containing retained

austenite (MA constituent). Therefore, the optimum content range for

"this element is 0.15% to 0.80%.

Calcium: Less than 0.040%

Calcium combines with sulfur and oxygen to create sulfides and
oxides and then these transform the hard and high melting point oxide
compounds into a low melting point and soft oxide compounds which

improve the fatigue resistance of the steel. The excessive addition of
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15 solid solution, and in order to exert the effect thereof, the Mo content
must be 0.15% or more. If the Mo content exceeds 0.80%, toughness in

W& 7aIiEa%oint is particularly poor because this element prorRbteEP#s/007612

formation of high C martensite islands, containing retained austenite (MA
constituent). Therefore, the optimum cgntent range for 20 this element is
~ 0.15% to 0.80%. Calcium: Less than 0.040% Calcium combines with

calelfurnRc Q¥uaen il reireds Whddsiantiu skides and shealthrsiuatsiBumming
the hard and high melting point oxide compounds into a low melting point

u ntheef oxie cempousdicidich Aimproaddhenfatigua detistanids oftimdent is
steel. The excessive addition of WO 2007/017161 PCT/EP2006/007612 9
lirndeidrocavsas oneldsicad 6bd Hfdlusions on steel product. Summing up
these effects of calcium, when calcium is added, its content is limited to
not rviare aiekin 6104096.9/tnadiuini B86s than 0.10% 5 Vanadium
precipitates from solid solution as carbides and nitrides, therefore,
incredgeadia Brengacin irt afatdrany sabidpissbtigddetingcarbides and
However, to avoid an excess of carbides or carbonitrides in the weld, its.
niggaest istiareiotenot MEFeasds 0.108.. S6RRSIIM: ebsditun BialRpal by

Niobium also Erecipitates from solid solution in the form of carbides a

q
PTRGIAUENN BB NRer SIRNSHRT o fOn K QAN excess of carbides or

carbonitrides in the weld, its content is limited to not more than
0.10%. |

Niobium: Less than 0.040%

Niobium aliso precipitates from solid solution in the form of
carbides and nitrides and, therefore, increases the strength of the
material. The precipitation of carbides or nitrides rich in niobium also
inhibits excessive grain growth. However, when the Nb content
exceeds 0.04 %, undesirable excessive precipitation occurs with
consequent detrimental effects on toughness. Thus the preferred
content of this eierﬁent should not exceed 0.040%.

Titanium: Less than 0.020%

Titanium is a deoxidizing agent which is also used to refine
grains through nitride precipitates, which hinder grain boundary
movement by pinning. Amounts larger than 0.020% in the presence of
elements such as Nitrogen and Carbon promote the formation of
coarse carbonitrides or nitrides of Titanium which are detrimental to
toughness (i;e. increase of the transition temperature). Therefore, the

content of this element should not exceed 0.020%.
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material. The precipitation of carbides or nitrides rich in niobium also

Winhibits eixgessive grain growth. However, when the Nb content 15
8xCRE8Y 804 %, undesirable excessive precipitation occurs wWifht/EP2006/007612

consequent detrimental effects on toughness. Thus the preferred content

of this element should not exceed 0.04{96. Titanium: Less than 0.020%

Titanium is a deoxidizing agent which is also used to refine 20 grains

through nitride precipitates, which hinder grain boundary movement by

pinning. Amounts larger than 0.020% in the presence of elements such

as Nirhigergend Carbent hrm otd th@%ormation of coarse carbonitrides or

nitrides of Titanium which are detrimental to toughness (i.e. increase of

the tfBhsitom tanp esbthiie) o leerefbrey thieb 8 Skegritdraiofh(. redlente develop

should not exceed 0.020%. WO 2007/017161 PCT/EP2006/007612 10
inNitvegehe eésanham®0b0%6 Ty aaipitatesNivbipn sartd netkelndsiarne the

0.010% to develop in the steel an amount of precipitates which does not
todghegssted Bougateabf the material. In accordance with a second

aspect of the invention, a high- strength, weldable, steel seamless pipe

compRsiAGERT Rsicsewitfortatfap by ASeRGerREADE mn?&& g0 high-

stl;ﬂenn%'?fg-l{sg;@agi!g,Oédri;%%)l seam!ess.pipe, éomprising an alloy steel
containing, by weight percent,

C 0.03-0.13%

Mn 0.90-1.80%

Si  £0.40%

P < 0.020%

S < 0.005%

Ni  0.10-1.00%

Cr  0.20-1.20%

Mo 0.15-0.80%

Ca s 0.040%

\ <0.10%

Nb 5 0.040%

Ti 50.020%

N <0.011%
also characterized in that the microstructure of the alloy steel is

predominantly martensite and the yield stress is at least 680 MPa

(100 ksi).
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P 50.020% S5 0.005% Ni0.10-1.00% 15 Cr 0.20-1.20% Mo
0.15-0.80% Ca 5 0.040% V <0.10% Nb 5 0.040% 20 Ti 5 0.020% N 5

WO B9 B characterized in that the microstructure of the allBy YEeffg/007612

predominantly martensite and the yield stress is at least 690 MPa (100
ksi). WO 2007/017161 PCT/EP2006/097612 11 The seamless pipe is
weldable in a heat input range between 15 KJ/in and 40KJ/in and shows

goodifractyeaialgbsasmpehpsasteristiess (fiagkhbptQpeningange between 15
Displacement (CTOD)) in both pipe body and heat affected zone. 5 The

K presemdnvioiioriis gapabledo ilifibthe frechanisab (rpuiresenrib foucteristics
shallow and deepwater projects and achieves the following mechanical

(Crapkriiép @ fenpipe Bisipba thenyetht WET,AQB $howndbhTaipes Gady 2nd heat
respectively, with respect to strength, hardness, and toughness. 10
affedtield |IZRARENT PIPE MECHANICAL PROPERTIES
The present invention is capable to fulfili the meachanical

requirements for shallow and deepwater projects and achieves the

following mechanical properties of the pipe and of the girth weld, as

shown in Tables 1 and 2 respectively, with respect to strength,
hardness, and toughness.

TABLE 1 PARENT PIPE MECHANICAL PROPERTIES

Minimum Yield Strength 100 ksi

Minimum Ultimate Tensile| 110 ksi

Strength (UTS)

Yield to Tensile Ratio < 0.95

Minimum Elongation 18%

Charpy V-Notch Absorbed |80 Joules Minimum Individual

Energy at -10°C (transverse)

Minimum Crack Tip Opening|{0.25 mm

Displacement (CTOD) at - 10° C

TABLE 2 WELD MECHANICAL PROPERTIES

Minimum Yield Strength 115 ksi

Maximum Hardness 325 HV1Q

Minimum Crack Tip Opening|0.25 mm

Displacement (CTOD) at - 10° C




10

15

20

25

Minimum Yield Strength 100 ksi Minimum Ultimate Tensile 110 ksi
WStreOn th (UTS) Yield to Tensile Ratio s 0.95 Minimum Elongation 18%
ot y1 -q\llotch Absorbed 80 Joules Minimum Individual Ené’@%z%@mmz
(transverse) Minimum Crack Tip Opening 0.25 mm Displacement (CTOD)
at- 10 C TABLE 2 WELD MECHANICAL PROPERTIES Minimum Yield
Strength 115 ksi Maximum Hardness 325 HV10 Minimum Crack Tip
Opeiiihg 0c2Rimai Pisydacenadéns{CF OReaghi) Eress 2087/0Kasanical and
PCTIEP2006/007612 12 The critical ranges of size, weight, pressure,
chaectealicab anplo shéatica pphpbeitensgpmivss seipdess pife W uploinches
16 inches outside diameter ranging between 12 mm to 30 mm wall
oubsdkeest arespettivengmeQuehuriag & Zempariiy @k MBemalisdhickness,
pipes with 5 yield strength greater than 100 ksi. Said characteristics were ]
rescRelacEiofan SANced ARtk GiEH BENIG GREGN-SFHBIR SHpePRp with
_means of metallurgical modeling, laboratory tests, and industrial trials.
Viglh radraoeHow MeaHRy mibamctdlor K¥T Satfie\AsaS RRIsHER were
han 100 ksj i ibl . . .
acsﬁrieer\}getg gg ts%&g?in aootaﬂc;?'ggssr#e aaltlurglca! design cof high-strength
pipes by means of metallurgical modeling, laboratory tests, and
industrial trials. The results show that the manufacture of Q&T
seamless pipes with yield strength grater than 100 ksi is possible at
least within a certain dimensionaf range.

To achieve the high-strength Q&T seamless pipe of the present
invention, with yield strength greater than 100 ksi, in weldable steel,
tests were conducted 'in steels of pipe geometry in the following
range: outside diameter (OD) varying from 6 inches to 16 inches and
wall thickness (WT) varying from 12 to 30 mm. The representative
gecometry was defined due to the fact that the chemical composition of
the present invention is tied to the OD/WT ratio. The most promising
steels were identified as having Nb microaddition with carbon content
from 0.07 to 0.11%, where the lower the carbon content in the steel
the higher the level of alloying elements to be used, 1-1.6% Mn, as
well as optimized additions of Mo, Ni, Cr and V; carbon equivalent
(Ceq = C + Mn/6 + {(Cr+Mo+V)/5+ (Cu+Ni)/15) rangas'from 0.45% to
0.59%.

Hot rolling and various Q&T treatments were carried on

laboratory steels with base composition 0.085% C, 1.6% Mn, 0.4% Ni,
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10 least within a certain dimensional range. To achieve the high-strength
&T seamless pipe of the present invention, with yield strength greater
3?%’66"?&, in weldable steel, tests were conducted in stee%cg 5‘5}6/007612

geometry in the following range: outside diameter (OD) varying from 6

inches to 16 inches and 15 wall thickngss (WT) varying from 12 to 30 mm.

The representative geometry was defined due to the fact that the

0.2kemical arpagsitipneeidtiteBosedbinyedtion Bued to drevidd\Y§ @ig% Mo
The most promising steels were identified as having Nb microaddition

cowifbregrbon content from 0.07 to 0.11%, where the lower the carbon
content in the steel 20 the higher the level of alloying elements to be used,
1-1.6%aVingasiitellcfs bpeniestisadditions oaMpiald GoatensimmrfyidT) ratio
equivalent (Ceq = C + Mn/6 + (Cr+Mo+V)/5+ (Cu+Ni)/15) ranges from

aleagso thetnmood) 196 rofibgednavithiods L4 trdtamenicwede tarriptcstuice a
25 laboratory steels with base composition 0.085% C, 1.6% Mn, 0.4% Ni,

sey 0! 26670 &7 63t e THEbR 0D/ bRirs BAra 8@t R 20X B}, 6los% tpahB0 ksi (680
0.03% Nb and 017% Mo as well as 0.29% Mo content. The results of the

MRaisihod GiERFty tendeRTAFARES ARFRS BeRw 6 o0 SRifmHFATT) of

0.29% Mo allowed to produce a 5 seamless Q&T steel with a yield

- sferfh Y SSaMLZ B9 G ke (e8E MPY) \RAMRPERG L R hehrd 820 °C)-

Tanglian Jeppeale (EAITION" S0 42 REUNERRS! O 5Hs are not

W

so sensitive to tempering temperatures although toughness slightly
improved with the increase of this parameter remaining strength to
suitable levels. As shown in Figure 1, the FATT vs YS behavior is
reported for samples of 15 mm and 25 mm of both 0.17% and 0.30%
Mo content. These samples were quenched reproducing the same
cooling rate. Test results showed that YS depends on the Mo content
{as the higher the Mo content, the higher the Yield Strength) due to
the improved hardenability, if the same cooling rate is considered.
The effect of the cooling rate was also evaluated on steels with
0.17% and 0.30% Mo after austenitization at 920 °C and temperihg at
620 °C. As can be observed in Table 3, if the toughness, measured as
FATT value normalized to a given yield strength, is considered,
increasing cooling rate improves the strength without significant
detrimental effects on toughness of the material for both Mo contents.

TABLE 3

Mo, % CR, °Cls |YS, MPa Normalized FATT, °C




As illustrated in Figures 1 and 2, mechanical properties are not so
sensitive to tempering temperatures although toughness slightly 10
impreadewitiiithe increase of this parameter remaining strengbmterzoo6/067612
suitable levels. As shown in Figure 1, the FATT vs YS behavior is

- reported for samples of 15 mm and 25 myp of both 0.17% and 0.30% Mo .
content. These samples were quenched reproducing the same cooling
rate. Tesf results showed that YS deegals on the Mo conganp 15 (as the
higher the M g)ﬁ]tem, the higher the Yield Strength) due to the improved
hardenability, if the sgme c@®ling tate/idZongidered. The&®#&ct of the
cooling rate was also evaluated.on steels with 0.17% and 0,30% Mo after
austenitization at 920:C anaotempbrin%% 620 C. As can'B8-8bserved in
Table 3, |f thétd@ghnessrpgasured-as;, 26-FATTvalvenggmatized toa
given yield strength, i$ considered, increasing cooling rate improves the
strength Without significant_detrimental effects on tougnness of the
material for both Mo contents. TABLE 3 Mo, %(r) CR, C/s 1YS, MPa
Normalize8deATdinG WG B0FI0¢R164 RPCTIIERP2006/00%64 84 BREBOCOded
-69.0 0.30 60 732 -69.6 30 600 -55.0 0.17 60 674 -57.2 According to this
emefdingpictdid, hbabtfusttial HEHR, YRS FFAN'BE (Fabfl)2lefbemical

pro%ﬂﬂé’!‘ﬁ?a@n?%ﬂ%ﬁ?&ﬁ'ﬂ@% that of the laboratory steel with high Mo.

5 TABLE 4
CHEMICAL COMPOSITION [mass %)
S Ca T N
HEAT C Mn Sl P {ppm) NI Cr fo [ppm} v Nb  (ppm} {pom} Cu Al Sn An B
-
Tt 0.081.51[0.2410.01 16 1044 (026[10.25( 20 0.064 |(0.028] <40 60 | 0.126|0.023; 0.007{ 0.005 | 0.005
4
b1 010{1.4470281001] 20 i044{021|0323f =85 0.070 i0.026] <40 50 0.15 ;0.022| 0.007 { D.005: 0.005
<
T2 0.07{1.67]022]0.01 ] 0.511 0.5 10321 10 0.042 |0.026¢ B0 50 0.14 {0.02310.007 1 0005 0.005
“
D2 0.17|1.48{025002] 20 (0.53{053|0.31] <5 0.058 [0.026| <40 43 0.12 |0.024 [ 0.007 ; D.0051 0.005
sy =
T3 ' 10.1611.2710.3410.01 ] 0.22[/0.5110.52] 17 <0005 | 00251 70 43 10.118]| 06,020 ] 6.607 | 0.005 | 0.005
Pipes with OD = 323.9 mm and WT = 15-16-mm were produced.
These pipes were austenitized at 900 — 920 °C and tempered at 610 —
630 °C. Likewise, 25 mm thick pipes were manufactured and
10 austenitized at 800 °C and tempered at 600 °C.

On the basis of the results from the first trial, two other heats,
coded T2 and D2 (Tabie 4), were cast with a similar richer chemical
composition (0.3% Mo; 0.5% Cr: 0.5% Ni; 0.05% V; 0.026% Nb),
except for C and Mn. contents, which were respectively lowar and

‘15  higher in heat T2 (0.07%C; 1.67%Mn) compared with heat D2

(0.11%C; 1_.48%Mn). Finally, a third heat (T3 in Table 4} was
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composition, comparable to that of the laboratory steel with high Mo. 5

W%%@gﬁl)ﬁﬁlHEMICAL COMPOSITION (mass % SCaTIN H%é}é%%ﬁ)bmu

Cr Mo (ppm) V Nb (ppm) m Cu Al So As B T10.0

0.01 16 0.44 0.26 0.25 20 0.064 0.029 <40 60 0.126 0.023 0.007 0.005

0.005 D10.101.44 0.28 0.01 20 0.44 1121 0.23 <5 0.070 0.026 <40 50

0.15 0.022 0.007 0.005 0.005 < T2 0.07 1.6_7 0.220.0190.510.50.32 10
s o4t Catiyodsasiorir dsto. ;e ve0y BODSUobomie0ls eametsusite after

200.53 0.53 0.31 <5 0.058 0.026 <40 48 0.12 0.024 0.007 0.005 0.005 o
query: ot 22 34 enE 9.0 viebis s repath <@ bes bimher 4hen 1500 ksi in

0.020 0.007 0.005 0.005 Pipes with OD = 323.9 mm and WT = 15-16 mm
2% proy¥dasatde $RBERASe austenitized at 900 - 920 C and

tempered at 610 - 630 C. Likewise, 25 mm thick pipes were manufactured

and PO 8usinith& A YHREARIGentBEAEEETDIESOPthe B&sis BYe Steel

results fro t:} first trial, twq other heats, coded. T2 and D2 (Table 4), .
aGGAEA8 R RIS SThARERTHER CopaRIti IR IS GoR esterized

0.5% Ni; 0.05% V; 0.026% Nb%, ex tfor.Cigf Mn_contents, which .
oy 018 TR BN ARaTA Alar 15 DUTRS P RdeRyorains.

comreihtélo;.ogé.FillyLB' t(ﬁ'.

Tablrem4) gvr\ae‘sé{})vcf‘%og%'/ %;&e%&% ey S ggé%ﬁca §Hg‘”°' to
mAERYIRTIRAENGHS MERA IO RO B BTGNS TR ustrial trials have
been considered for a deeper metallographic investigation. Similarly,
conventional X865 and X80 grade materials were included in this
analysis.

Optical microscopy (OM) was used in order to measure the
average size of the prior austenite grains (PAGS), whilst scanning
electron microscopy (SEM) and transmission electron microscopy
(TEM) were applied to recognize and assess the content of
martensite. In addition to these techniques, Orientation Imaging
Microscopy {OIM) was also applied to give quantitative information on
local orientation and crystallography. in particular, this technigque
allowed to detect subgrains (low-angle boundaries with misorientation
< 5°) and packets (delimited by high-angle boundaries with
misorientation > 50°).

The mean sub-grain size is the key microstructural parameter in
defining the yield strength of these materials according to an aimost

linear relationship with the inverse of square root of this parameter

{Figure 3). On the other hand, the toughness of the different materiais
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W %I7§Flamless pipes. One of the remarkable characteristi%%%the
- alloy stee

quenching and, hence, yield strength values higher than 100 ksi in  25-30

. . . . . PI006/08
5 accordlng to the present invention Is its microstructure /007612

characterized by the amount of martensite and the size of packets and
sub-grains. In order to relate the strengkh and toughness behavior to
microstructure, materials from laboratory and industrial trials have been
weshsRigiadifée d lnedperanetaichiapsid e g m Bikabipjzeo Particularly,
conventional X65 and X80 grade materials were included in this analysis.
a ricaphvagsEdpl (ORpBfREedséd ia saraovitddsateanetavierygh dias been

. of the prior austenite grains (PAGS), whilst scanning electron microscopy
intsealGa’ Haemidsorelatienshierddtodyl 15 YEERM)werd i 0 Results

recognize and assess the content of martensite. In addition to these
sRaWnidtle s NORFEHSIBA Thagingt AMiglvRessy (@) waskeb &igredrefinement

Fqive guantitative information on local orientation and crystallography. In
(FJ2E8149 - this technique allowed to detect subgrains (low-angle

boundaries with misor_ientatiéy# 20 <5) and é)ac ets (delimited b){
high-5HYRE RAGEBHSIZGS (hiBHEh A ﬁ%?%%éﬁﬁ%ﬂb-a?aiﬁ%‘lﬂé‘emh

S RAE B GRY & A R KR Ve BRSNS G AV el

tougrRs e St S A oS i pracile Snaependent
o GHEPEIRYOL B fenite grain size (PAGS) in materials with a
predominant martensitic structure (M>60%). Therefore, a stringent
control of austenitizing temperatures to maintain the PAGS fine is not
required when the heat treatment is performed on steels that are able
to develop a predominant martensitic structure.

All steels in Table 4 according to the examples of the present
invention satisfy the vyield strength of at least 80 ksi and good
toughness level (i.e. FATT < - 30 °C) because they were designed {o
develop a microstructure with M > 30% during industrial quenching of
seamless pipes of wall thickness from 12 to 30 mm. |

Amounts of martensite greater than 60% were also developed to

form after tempering a microstructure with sub-grains‘ smaller than 1.1
um capable to develop vield sirength leveis greater than 750 MPa and
packets with size smaller than 3 um that are suitable to reach very

fow FATT values (< - 80 °C).
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16 was related to the inverse square root of the packet size. Particularly,
a normalised FATT, referred to a same yield strength level, has been
w?n%?t%’ﬁ&?& ]using the relationship AFATT/AYS =- 0.3 C/IMPa. Fedfifgore/007612

show animprovement of toughness with packet size refinement 5 (Figure
4). Finer packet sizes (Figure 5) are obtgined when the as-quench
microstructure comprises mainly low-C martensite (M > 60%). Figure 6
showE xlaanmbephcket size is practically independent of the prior austenite
grain size (PAGS) in materials with a 10 predominant martensitic
structdsen¥>60068)a T heithoreh e mtitraje mammes ibfcustamiginging 0.08% C,
temperatures to maintain the PAGS fine is not required when the heat

1 thebltmdyifis Serdimed bn €8IS hit.arttabipmd dbvelog 2%prddemithdt % Cr,
martensitic structure. All steels in Table 4 according to the examples of

0 fid frddbnf - 05 v aedt sGt3R Afre NoIRaFRiBR ST WilBaBUbDI ke dhameter of
33§Od toughness level (i.e. FATT < - 30 C) because they were designed to

veIShE ARFoMAILLIEKAR RF 23086 ol find R AR AR MG BE at 900°-
oS e S e B I A Shaat cooting o
AR TR SR Bl U8 LRCTTRRES) o
thgeg‘_aj'bgi%anrﬁrﬁm\@aﬁﬁ AR VIR LG Y ' TALIEU Suiflble to
develop YS > 95 ksi {660 MPa). Using a 25 mm wall thickness pipe
with the same chemical composition and outside diameter and
austenitizing at 800° C and tempering at 600° C, it was found that the

25 mm wall thickness seamless Q&T pipe is suitable to develop ¥YS >

90 ksi (621 MPa). The FATT values were — 65 °C (Table 5).

TABLE 5
YS uTs S0%FATT
WT (mm) (MPa) (MPa) (°C)
15 680 789 - 65
25 630 789 - 65
Example 2

Using a heat with chemical composition comprising 0.10% C,
1.44% Mn, 0.28% Si, 0.010% P, 20 ppm. S, 0.230% Mo, 0_;2'6% C'r,.

0.070% V, 0.026% Nb, 0.44% Ni and pipes with outside diameter of



WO 2007/017161 PCT/EP2006/007612 17 Example 1 Using a heat with
chemical composition comprising 0.09% C, 1.51% Mn, 0.24% Si,

W8 AGRB19% ppm S, 0.25% Mo, 0.26% Cr, 0.44% Ni, 0.06% VCAALF2006/007612
0.029% Nb and pipes with outside diameter of 5 323.9 mm and wall
thickness of 15-16 mm, and austenitizidg at 9000- 9200 C, quenching in a
water tank (external and internal cooling of the pipe) and tempering at

38309 groe, aRthswalhdhicinespthal the-1516wm waisteibikkisizg at 900°-
seamless Q&T pipe is suitable to develop YS > 95 ksi (660 MPa). Using a

928 Tem vMEARRHEs Bk 103l tR& danetanamibal onigdstingarkipe, and
outside diameter and austenitizing at 900 C and tempering at 600 C, it

tepRReSLRA AhiRhE 2s0af fall thikRTe {8 UBENIE&P 92 F itk Liftabfis 16 mm

). The FATT values were - 65 C (Table

we) RO 38 STRIBlHRE Ad% WA R SRS (€15 B0 8 higher

5t -65 é‘?%o 72@)3# SW%xample 2 Using a heat with chemical
i ostisR BRshMig?:109% C, 1.44% Mn, 0.28% Si, 0.010% P, 20
ppm S, 0.230% Mo, 0.26% Cr, 00'7&9@!}/E 06026% Nb, 0.44% Ni and
pipes with outside diameter of

YS uTs S50%FATT
WT (mm) | (MPa) | (MPa) (°C)
15 775 857 - 55
25 700 775 - 30
- Example 3

Using a heat with chemical composition comprising 0.11% C,

10 1.48% Mn, 0.25% Si, 0.018% P, 20 ppm S, 0.31% Mo, 0.53% Cr,
0.058% V, 0.026% Nb, 0.53% Ni and pipes with outside diameter of
323.9 mm and wall thickness of 15-16 mm, and process conditions
similar to that of example 2 the mechanical properties shown in Table

7 were developed.

5 TABLE 7
Ys | UTs 50%FATT

WT (mm) | (MPa) | (MPa) (°C)

- 15 773 840 - 50
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WO 2007/017161 PCT/EP2006/007612 18 323.9 mm and wall thickness

of 15-16 mm, austenitizing at 900- 920C, quenching externally and
W EPAAH S rotating pipe, and tempering at 610- 630C, it was ¥6a 14e7612
6) that the 15-16 mm wall thickness seamless Q&T pipe achieves a yield
strength higher 5 than 100 ksi (690 MiP@). TABLE 6 YS UTS 50%FATT
WT (mm) (MPa) (MPa) (C) 15 775 857 -55 25 700 775 -30 Example 3
Using a heat with chemical composition comprising 0.11% C, 10 1.48%
Mn, 0.25% Si, 0.016% P, 20 ppm S, 0.31% Mo, 0.53% Cr, 0.058% V,
0.026% iip 20 B %oNe aadypie 2wjthadiside didmessr 668238 thamthedCr and
wall thickness of 15-16 mm, and process conditions similar to that of
Mexardgiidia tise dreohahicavpropdaitiosidwben aiitse i7 Weregeedidpatphness,
15 TABLE 7 YS UTS 50%FATT WT (mm) (MPa) (MPa) (C) 15 773 840
theewo 20emEINiBg RO/ EPLOBIO0ESIeNgdh levels for the 15-16 mm

wall thickness seamless Q&T pipe.

Example 4

Using a heat with chemical composition comprising 0.11% C,
1.48% Mn, 0.25% Si, 0.016% P, 20 ppm S, 0.31% Mo, 0.53% Cr,
0.068% V, 0.026% Nb, 0.53% Ni and pipes with cutside diameter of
323.9 mm and wall thickness of 25 mm the mechanicai properties
shown in Table 8 were developed when the water quenching

effectiveness was reduced on purpose.

TABLE 8
Ys uTs 50%FATT
WT (mm) | (MPa) (MPa) (°C)
25 760 826 -5

Compared with the case of exampie 2 (Table 6), it was found
that the Cr and Mo additions give substantial strength increase {from
700 MPa to 760 MPa) but toughness decreased (FATT from ~ 30 °C to
- 5 °C). This behavior was related to a low amount of martensite and

consequently to a relatively coarse packet.
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Compared to example 2 (Table 6), it was found that the Cr and Mo
additions do not give additional benefits in terms of toughness, thereby,
WEHMARIY the required strength levels for the 15-16 mm 5 \ﬁgﬁlﬁgﬁéﬂ%%’ﬁz
seamless Q&T pipe. Example 4 Using a heat with chemical composition
comprising 0.11% C, 1.48% Mn, 0.25% Si, 0.016% P, 20 ppm S, 0.31%
Mo, 0.53% Cr, 0.058% V, 0.026% Nb, 0.53% Ni and pipes with outside
diankstaroepl® §23.9 mm and wall thickness of 25 mm the mechanical
properties shown in Table 8 were developed when the water quenching
effeblivigresa Wesabduitidd ohemisede cTABD Es$tio® UTSHodsHng TOWT % C,
(mm) (MPa) (MPa) (C) 25 760 826 - 5 15 Compared with the case of
1.@x8mipne D(E5e &)1.itdvas Band .0k Br YndOM2Ed@itidhs ghvet% Ni, 80
substantial strength increase (from 700 MPa to 760 MPa) but toughness
PPaRcTba @RI, TORR(HAFE W NS SRR SHRRRATRDIeREH Sam and
low amount of martensite and consequently to a relative g/ coarse gacket

wah {Deckne#191 6P EnTE pBodersh et 90 (ERRMGHIE b thfly Yheapd Mo

h chemjcal composition comprising 0.07% C
ad\g! ions fcompap Ithns ex%r‘nlqge with example 1) for the same

tempering temperature, i.e. 600° C, give higher strength (YS > 710

MPa and AYS = 40 MPa) maintaining good toughness levels (FATT = -

60° C).
TABLE 9
Ys UTS 50%FATT
WT (mm) | (MPa) (MPa) (°C)
15 710 798 - 60
25 690 788 . - 65

Using a 25 mm wail thickness pipe with the same chemical
cor_pposition and outside diameter, it was found that the Cr and Mo
adéitions (compare this example with example 1, WT = 25 mm), for
the same tempering temperature, i.e. 800 C, give a slightly stfeﬁgth
increase (AYS = 30 MPa) without detrime_ntal effect on toughness.

Exampie 6

Using a heat with chemical ccrhpésition comprising 0.10% C.

1.27%Mn, 0.34% Si, 0.010% P, 0.025% Nb, 0.50% Mo, 0.32% Cr,
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1.67%Mn, 0.22% Si, 0.010% P, 0.042% V, 0.026% Nb, 0.51% Ni, 80 ppm
Ti, 9 ppm S, and pipes with outside diameters of 323.9 mm and 5 wall

W?rﬁg?(ﬁ d@f 15 mm, it was found (Table 9) that Cr and Mo add&ifiGH006/007612
(compare this example with example 1) for the same tempering
temperature, i.e. 600 C, give higher sti&ngth (YS > 710 MPa and AYS =
40 MPa) maintaining good toughness levels (FAIT = 60 C). 10 TABLE 9

0 28 WTRIS0POF AT™ WT, (BnpaMPY) (kifd) pi)ess wlih7e8{sjde 2668kter of
788 -65 Using a 25 mm wall thickness pipe with the same chemical

3 28Bpoviioanmhdaiisidd dikdras®roft WasfeimdithwataefGuadd(Viable 10) that
additions (compare this example with example 1, WT = 25 mm), for 15 the

fugtines 1dhehermg iepiperbane el soth s gvamsightyithreayampleeds even
(AYS = 30 MPa) without detrimental effect on toughness. Example 6

ugiRghgtn BES I BhehfcalleRRydmen @mpRERY (B1E62E, omsVBR0° C),
.0.34% Si, 0.010% P, 0.025% Nb, 0.50% Mo, 0,32% Cr, WO 2007/017161

SiBEII0sI06 S 21 8. 720658, MFsbrA Y dpins 2MJMARL aftd also a

outside diameter of 3%%]%glm and wall thickness of 16 mm, it was found

bettar|dABYTHAR SRR daifioRS (corpal & RiLERANE with EXLBR to an
an51)<51161\1/terc]3f martensite close to 100%.
TABLE 1¢
YS UTs 50%FATT
WT (mm) {MPa) (MPa) {(°C}
16 760 800 - 120
25 768 830 - 90

Using a 25 mm wall thickness pipe with the same chemical
composition and outside diameter, it was found that Mo addition
(compare this example with example 5, WT = 25 mm), for the same
tempering temperature, i.e. 600 C, give again a strength increase
(AYS = 80 MPa) with very good toughness (FATT = - 80 °C).This
behavior is related to an amount of martensite higher than 65%.

While the invention has been illustrated and described as
embodied, it is_not intended f{o be limited te the details shown since

various modifications and structurai changes may be made without

departing in any way from the spirit of the present invention. The



using a slightly higher tempering temperature (625 C vs 600 C), 5 give
higher strength (YS = 760 MPa and AYS = 50 MPa) and also a better
WELHERIAESIAFATT = - 60 C). This behavior, is related to an dih&{Hz8§s/007612
martensite close to 100%. TABLE 10 YS UTS 50%FATT WT (mm) (MPa)
(MPa) (C) 16 760 800 -120 25 768 833 - 90 10 Using a 25 mm wall
thickness pipe with the same chemical composition and outside diameter,
et paditowd shaidvle atidiiem (sacppss thibedaimpleryih esabwie 2xdihin the
= 25 mm), for the same tempering temperature, i.e. 600 C, give again a
pistiehpibsnaéaske(AYSendbMPandithpvaytgoxdd wpplinedsorATd =nable 2
90 C). This 15 behavior is related to an amount of martensite higher than
p G506 NWHKE e ibvetitien heks beebdlsttnatdizandlesénbedtisn and various
embodied, it is not intended to be limited to the details shown since
& wvdriptismasdicailong amd seuoodif gaelgoes mayde madtedifotbe particular
departing in any way from the spirit of the present invention, The WO
uSBEFHote IR PEHEP2006/007612 22 embodiments were chosen and
described in order to best explain the principles of the invention and
practical application to enable a person skilled in the art to best utilize the
invention and various embodiments with various modifications as are
suited to the particular
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5 use contemplated. 23 MCSLLP CLAIMS 1. A weldable high strength
seamless pipe comprising an alloy steel containing, by weight per cent, C
0.03-0.13 5 Mn 0.90-1.80 Si0.40% P 0.020% S 0.005% Ni 0.10-1.00%
10 Cr 0.20-1.20% Mo 0.15-0.80% Ca 0.040% V 0.10% Nb 0.02-0. 4C(y§LLP
15 Ti 0.020% N <0.011% the balance Being Fe and incidental impurities
characterized by the microstructure of the alloy steel is more than 60%
martensite and the vyield stress is g%man 750 MPa for subgrains
smaller than 1.1 pm 20 and the packets with size smaller than 3 pm reach
very. lofv AT Oz ksqk-800) 2h MOSLERS Rifhewealdabie pigtstiengthee!
seamless pipe of claim 1,

containing, by weight per cent,

C 0.03-0.13%

Mn  0.90-1.80%

Si <0.40%
P <0.020%
S <0.005%

Ni 0.10-1.00%

Cr  0.20-1.20%

Mo  0.15-0.80%

Ca <=0.040%

\ <0.10%

Nb  0.02-0.04%

Ti <0.020%

N <0.011%
the balance being Fe and incidental impurities, characterized by the
microstructure of the alloy steel is more than 60% martensite and the
yield stress is greater than 750 MPa for subgrains smaller than 1.1 um
and the packets with size smaller than 3 um reach very low FATT

values {<-80°C).
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characterized in having the alloy steel at least 70 ppm Ti. 3. The weldable
high-strength seamless pipe of claim 1, characterized in having the alloy
steel at least 0.27 wt% Mo. 5 4. The weldable high-strength seamless pipe

of claim 1, characterized in having the alloy steel at least 0.020-0.03}/CSLip
wt% Nb. 5. The weldable high-strength’seamless pipe of claim 1,
characterized in having the alloy steel at least 0.01 wt% P. 6. The

weklaBlREnvyRisedrgthiskapiegihesstilass PiRe elariedYized in

having the alloy steel at least 0.25 wt% cr. 7. The weldable high-strength
seamlées¥sipel6fierRihin n@rlradiesi Zelthin sig@hg thectiofsreenatleast
0.20-0.45 wt% Ni. 8. A method for producing a weldable high-strength

seamlébs pipe dobheprisifigsiie aloy steehtestaining, dyaleight percent,
15 C 0.03-0.13% Mn 0.90-1.80% Si < 0.40% P <0.020% S < 0,005%

20 Ni @hort o086 L2 0i20+d:20% o Ql115-0:889ieSkL B. 25/B&Mo.
0.040% V5 _0.10%
4. The weldable high-strength seamless pipe of claim 1,
characterized in having the alioy steel at least 0.020-0.030 wi% Nb.
5. The weldable high-strength seamless gipe of claim 1,
characterized in having the alioy steel at least 0.01 wi% P.
6. The weldable high-strength seamless pipe of claim 1,
characierized in having the dlloy steel at least 0.25 wi% cr.
7. The weldable high-strength seamless pipe of claim 1,
characterized in having the dlloy steel at least 0.20-0.45 wi% Ni.
8. A method for producing a weldable high-strength seamiless pipe,
comprising an ailoy steel containing, by weight percent,

C 0.03-0.13%

Mn  0.90-1.80%

Si < (0.40%
P <0.020%
S <0.005%

Ni 0.10-1.00%
Cr  0.20-1.20%

Mo 0.15-0.80%
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Nb 0.02-0.04% Ti < 0.020% 5 N 50.011% the balance being Fe and
incidental impurities, characterized in the following steps: a) hot rolling b)
austenitizing 10 c) quenching and tempering obtaining a microstructurﬁ(%LLP
a Q&T steel that is more than 60% martensite and the yield stress is

greater than 750 MPa for subgrains sraller than 1.1 pm and the packets
with size smaller than 3 pm reach very low FATT values (< -80C). 15 9.

The usebf a#é]l@ﬁ%el comprising, by weight percent, C 0.03-0.13%

Mn 0.90-1.80% Si5 0.40% 20 P <0.020% S <_0.005% Ni 0.10-1.00%
MCSLYP 26€p06-1.20% Me 0.15-0.80% Ca 0.040%

Nb  0.02-0.04 %

Ti <0.020%

N <0.011%
the palance being Fe and incidental impurities, characterized in the
following steps:
a} hotrolling
b} austeniiizing
c¢) guenching and tempering
obtaining a microstructure of a Q&T steel that is more than 60%
martensite and the yield stress is greater than 750 MPa for subgrains
smaller than 1.7 um and the packets with size smaller than 3 um reach

very low FATT values (< -80°C].

9. The use of an alloy steel comuprising, by weight percent,
C 0.03-0.13%

Mn  0.90-1.80%

Si < 0.40%
P <0.020%
S <0.005%

Ni 0.10-1.00%
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V 0.10% 5 Nb 0.02-0.04 % Ti 0.020% N 50.011% the balance being Fe

and incidental impurities, for making weldable high-strength seamless

pipes, also characterized in that the 10 microstructure of the Q&T steel i6CSLLE
more than 60% martensite and the yield stress is greater than 750 MPa

for subgrains smaller than 1.1 pm and #e packets with size smaller than

3 pm reach very low FATT values (< -80C).
Cr 0.20-1.20%

Mo  0.15-0.80%

Ca =0.040%

v <0.10%

No 002004 %

Ti < 0.020%

N <0011%
the balance being Fe and incidental impurities, for making weldable
high-strength seamiless pipes, also characterized in that the
microstructure of the Q&T steelis more than 60% martensite and the yield
sfress is greater than 750 MPa for subgrains smaller than 1.1 um and the

packets with size smaller than 3 um reach very low FATT values {< -80°C}.



