10

15

20

25

H GH STRENGTH STEEL FOR SEAMLESS. WELDABLE STEEL PI PES
The present invention refers generally to steel used

wo o007/ Ng a material of seanl ess steel pi pesPCHERIN0EB07612
oil well pipes or line pipes and, nore specifically,
to high-strength alloy steels used to manufacture
wel dabl e steel seanm ess pi pes. BACKGROUND OF THE
I NVENTI ON The technol ogi cal evoI ut| on in the OffShoé'?'EEL

steels with yi eId strength in the range from 80 to 100
ksi for flowines and riselPdPBS) this context, one key
component is the riser system which becormes a nore

si grTHe qirels M CilnVie Mo makesrgigRinerallgr RAsesel dised for making
system costs are quite sensitive to water depth.

@#é@%ﬂhof §e§‘?r'il\é|s‘§estga%1%rb'e%n%tﬁﬂ'ﬂa%h€|Wé‘ﬁ'dr ¥8"&Sfine pipes

envi ronnent al wave and current are

i ff f Lj.se T on rs
AL B560, b, S BB AR, 1B S
nvi.r o uirenent to reduce rai ser weight
maBUL SRRy S4Bl Ko SEBMRRS AIRGS e wei ght of “t he
line, there is a decrease in the cost of the pipe and
a significant inpact on the tensioning systemused to
support the riser. In addition, usin hi%h-strength
ENTION

alloy steels BACKGRQUND QF THE |

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 important. 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 more efficient design.
For riser systems, which rely on buoyancy in the form of aircans for

top tension, the thinner wall pipe available with high strength steel
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wal | thickness of a pipe up to 30% due to the nore
efficient design. For riser systens, which rely on
whewyarmyl i n the formof aircans for top tensiPCI/EP1966/007612
thinner wall pipe available wth high strength
steel al | ows reduced buoyancy requirenents which, in
turn, can reduce the hydrodyndnic | oading on these
conmponents and, thus, inprove riser response. Riser
aldgwsersd whed dudmnensegquiienmests vwhichy inhtirhostan reduce the
facility benefit from high strength steel as the total
hydnd dbathmmsc neddoegl.om rthieke pasipyeants antkrehdw®viampesve riser
several types of highstrength alloy steels devel oped

rdgpdriiss f iRakEr oy sieans hetheradtheMaTREn( (dreRABHCBY the host
pi pes. These seam ess pi pes conbi ne both high strength

0, O -ug,lanﬁs- d pé),ql%r I W Jt :
f%@\g’velrg,gﬁ? |gse sea?ﬂ'@gs Sg. pe lq'La%.'/tle%é@v\glal%at r{léc:kt)r(?ggﬂs ?yload 'S
r uaﬁLt%eo 40 mm and out si de di aneter not greater than 22
§ eq:; and, thereby, are quite expensive and can only

reach ield strength,bel ow 100 ksi after enchi ng .
and e rlBEr iRASt AT alBPE RRYR- DEsthgeverall AuBes of high-
steels for seaniess gi pes have been known in US Patent

strength 2lloy gteelsndenelrred iindbeafield afyauerehed and dgmpered

reach grades of up to X80 after quenching and _
(QEhpeeanyessd pipesexdblesentseamilesanpipes wembiaehdpoth high

di oxi de corrosi on and seawater corrosion, conprising
strangéh gvithYgomd: tblghness Greahddo@0gicth Oveldabitity. However,

Si, 0.1 to 3.0 M, 2.5toless than 7.0 Cr
these seamless pipes have wall thickness of up to 40 mm and outside
diameter not greater than 22 inches and, thereby, 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
alloy 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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and 0.01 to 0.10 Al , the bal ance includes Fe and

i ncidental inpurities including not nore than 0.03% P.
woRMeVErNsL t hese types of steels can not reach BCHER206/007612

hi gher than X80 and are quite expensive due to the

hi gh content of Cr. Likew se, US Patent Application

09/ 341 , 722 publi shed Januar}B 3 1, 2002 describes a

nmet hod for naking seam ess |ine pipes withinthe yield
thetyiehdtstremgiderangen froat thdt of gded¥5252a20990Kesi, with fa stable

a stable elastic limt at high application

elbstieeliaitr 86 Wyghhaippiidaticd eermpeeafirank bypdottreiing a pipe
steel which contains 0.06-01 8% C, Si < 0.40% O0.80-1

blaﬂg"/ﬂ\ﬁhé’ frofh XX eeb \ﬁhgcrp]cd?\{‘éuos . on @1@%%%' s| NDO.40%,

A;OCa 0. 040% V< 10% Nb 10% N <
0
0. %&1 /°r e@gh %I gl gdld%reng h [ 'Qi@% L?ﬁsi%{)k@@% M. Mo <
0. %ngotﬁfqub (80%s V10 %! ﬁﬁgfgﬁagfﬁ*g 4“@“‘%?% gand 0-30-
i mpr oved hi gh-strength, Ida?le all oy ste
1 QQJﬁsﬁom%&r tthese LRSS | S A naterf ehm{deﬁsrength

strength wel|l above 90 ksi and with a wall thickness
highey thamut@ desidiameetare (ob) weidableadegaawédeorange of heat
expected col |l apse performance whi ch obviates prior art
inphtst com ngs and which is able to nmeet good nechani cal
properties in the pipe body and wel d. BRI EF

DESTRI 3T1 Chefdfotd: d¥dbIeNand advantageous to provide an
improved high-strength, weldable alloy steel for seamless pipes to be
used in a riser system with yield strength well above 90 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 following 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 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%, V < 0.10%, Nb < 0.040%, Ti < 0.020%
and N < 0.011% for making high-strength, weldable steel seamless

pipe, characterized in that the microstructure of the alloy steel is a
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The characteristic details of the novel alloy steel of
the present invention are clearly shown in the

WO 20070%Wliny descri ption, tables and draw ngs. [|RCT/BP206/007612
first object of the present invention to provide alloy
steel containing, by weight percent, C 0.03-0. 13% WMn
0.90-1 .80% Si < 0.40% P <4.020% S < 0.005% N O
.10-1 .00% Cr 0.20-1 .20% M 0.15-0.80% Ca <

mixt0A® w%f b’amme.alm%malbteﬂsl)te)m% the yietd Groessiig N keast 621
0.01 1% for making high-strength, wel dable steel

MPaa(d@ssip haldable dat ar wide ramgeaf héat inputs, comprising a
m crostructure of the alloy steel is am xture of

chahivdie @Bﬁg@élh@?ﬁ' tragndst h@aﬁbﬁiéi séf exhigvitlg excellent
| east 621 ksi), weldable in a wide range of

mQ@ﬁEBr&HUtEroc;ﬁl ewé SRd Sofd tﬁeChﬁiﬁéabo‘aﬁ/l caﬁapr dhahekRanical

capa ng excel |l ent” nmecha perties

mechani cal characterlstlcs
Cfl?f'a(’ﬂ%”s Eﬁhgfo\/\gredg“qpqﬁgg% second object of the
present invention to provide a hi hstre th we
St edl 18 éseeondhppiect Bithepiiee %t go/Brévide®a high-
conta| nlvﬁ %WEI ght percent, C 0. 03 O 13% WMh
stpemgthy, q,a sgeqo%eqmlqu)gy%e Scomm@)gl%g n alloy steel
0.10-1 .00% Cr 0.20-1 .20% M 0.15-0.80%, Ca < .
cantainivig, \b < wrightepeaNisend, 6400603F0. £3%.,09000a0- N8QF601 Si <
1% al so characterized in that the m crostructure of
0.40686 alF sy 0s02eP%,i § gr 6dbds ¥anii \0.Mar 1 3%t Card20ht.20%, Mo
yield stress is at |least 690 MPa ( 100 ksi). DETAILED
0.B8SCRIA%E OB Lk J1da 0RBAW MGS 0.10%, Nb < 0.040%, Ti < 0.020%
and N € 0.011% also characterized in that the microstructure of the
alloy steel is predominantly martensite and the yield stress is at least

690 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 yield
strength (YS) and fracture appearance transition 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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The details being referred to in the draw ngs are
descri bed next for a better understanding of the
wee@3@entiei nvention: Figure 1 shows the effect BET/EP2006/007612
t hi ckness and Mo content on yield strength (YS) and
fracture appearance transition tenperature (FATT) of
materials of the present invehtion. Figure 2
illustrates the effect of the cooling rate (CR) and M
contleigurend Yxhaws thaTTeliaticnghips bétween i AAM change and the
t hi ckness of the present invention. Figure 3 shows the
invfefreet sqliar@aroctubbf gtted packat sizd feryQA T stieredsigivithofvarious
Q&T steels fromthe present invention.Figure 4 shows

amdintel ot mAredh §igebet ween FATT change and the inverse
square root of the packet size for (Q&T steels with

var i @%J_ngspt? %fﬁi‘#& Sigife FAOURRT® Sfais B?Ch‘?é present

Sl ze e present |nven lon wt

PSR AR i St T

I\é @{ fent invention, with a pr edom nant martensitic
! the packet size is practically independent
of the prior austenite grain size (PAGS). DETAILED

DESARIETEA ShowsthatyBNTRAtRriahs &@de%%ééwms%nt invention,

first aspect of the invention, an alloy steel
wttbrr.prprgicf»gnmgntvmagmmpém;gtmcture 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 alloy steel

comprising, by weight percent,

Cc 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 = 0.040%

Ti < 0.020%
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C 0.03-0. 13% M 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
woe2@70106s V < 0. 10% Nb < 0.040% Ti < 0.020%N BCDLPLY6/007612

for making high-strength steel seanl ess pipe, wel dabl e

in a wde range of heat inputs. The chem cal

conposi tion of the present irfvention provi des an

i mproved hi gh-strength, wel dable alloy steel seaniess

pi pdNto IseOUBEH% n a riser systemwith a yield

strength greater than 90 ksi and wth a wall thickness

foronmKkiagdhighagteeagth asteelt Batamie s Pipenonehddble tihea wide
manufacturing limt of a welded pipe as a riser and

rafiR Cof | RBbE Nenp@d. tTHEKBREMICAFT B8ARASOIAON 0¥ Jfhe present
surficient resistance for operating pressures that

inTBhEio GHURAEEY BheiRpraLEl higR-stPek§th, weldable alloy steel
seamless pipe to be used in a riser system with a yield strength
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 sufficient
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 element and with the greatest
impact on the mechanical resistance of steel, therefore, its content
percentage can not be too low. Furthermore, Carbon 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 alloying
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 the hardenability of
steel. Not Less than 0.9% of manganese is necessary to improve the

strength and toughness of the steel. However, more than 1.80%



10

15

20

25

The reasons for selecting the chem cal conposition of

the present invention are described bel ow. Carbon:
wWQ@2®3%81061L 3% Carbon is the nost inexpensive ePEIEP1006/007612

and with the greatest inpact on the nechani cal

resi stance of steel, therefore, its content percentage

can not be too |low. Furthernote, Carbon is necessary

to i nprove hardenability of the steel and the | ower
de¢creases gesistande ta eedrbamediaxidewsiotepsion, s tewghness and

steel and higher the level of alloying elenments can be

wektabiliThefefteeé, the anmount sel ected of carbon is
selected in the range of 0.03 to 0.13% Manganese:

0. 9BAic om0y thRaASE.40%an el enent whi ch increases
the hardenability of steel. Not Less than 0.9% of

Mangsfedh ii$ ?‘ﬁ&&séé‘r? H%dx’i‘@?z‘PHﬁnéggnt?th%ﬁﬂgitE 8Bftent below

t oughness o e stee However,

o A A5FRYS oL 5L NFREA L SRUAR SR ShrRLAE" Bhjtance

hness

0..40% Si licon i i di zi qi
I EREamBENON- 0MsE, uan o BUPe 4% dharaaverabii gifeht on the
d sof t eni i st during t ing. Mbre th
woTkRDY Wy Aneh TS RS ALT LU SLES-on [ he wor kabi |1 Ly and

toughness of the steel. Phosphorus: Less than 0.020%
‘ hosphorus: 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 material, heat affected zone (HAZ) and weld
metal (WM), its content is limited to 0.020%.

Sulphur: Less than 0.005%

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

However, since this el enent segregates on grain
whowndsnses and decreases the toughness of theP@HER2006/007612

material, heat affected zone (HAZ) and wel d net al

(WM, its content is limted to 0.020% Sul phur: Less

than 0. 005% Sul phur is also Bnevi t abl y contained in

the steel and conbines with Manganese to form

VanGdrreani®m:f0.20 %hiticcA-2@%er i or at es the toughness of

the base material, heat affected zone (HAZ) and weld

met @hroviijum Tineped\oese, thishdardenabilitf ofutipdusteed to increase

limted to not nore than 0.005% Nickel: 0.1 0%to

stre ¥ Ahaksdrrbsic rebRITBACeWN slwehcaebsadibikéde environment
toughness the base material , heat affected zone (HAZ)

an?ﬂgeWéie'F?tL%'rg%VMﬁoJ}ﬂ‘éeMPrGh@bﬁMﬁn amaikeeths Beentexpensive

I'S positive fect 1's gradually reduced due to

sat ur at i f pal ;
arif LA g R e84 SBa SRl RIen 0L ER Agfigles and
rom um i npr t he hard L] f I
cq‘?ﬂt{ee%sgbg%?gﬁéﬁﬁr%@%ih@@ﬁﬁhg%éé.f@t thaBtheE (hrhydrogen
© carbon ' t ..
ordBr Bhputay CherYneSnIBe: pERfrSuEs i FobRBBRR R0 and
ri sk of undesired precipitation of C rich nitrides
1.2@80.car bi des whi ch can reduce toughness and resi stance

to hydrogen
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 hérdenability 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). Therefare, 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 meiting 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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enbrittlenment . Therefore, the preferred range is
between 0.20 and 1.20% Mol ybdenum 0.1 5%to 0.80%
wologetanum contri butes to increase strength bRCEBP1086/007612
solution and precipitation hardeni ng, and enhances
resi stance to softening during tenpering of the stee
It prevents the segregation 8f detrimental tranp
el enents on the boundaries of the austenitic grain.
calcldim icausses Mndesiead drandainglosiompragvistgel product. Summing
hardenabi |l ity and hardening solid solution, and in

upotHEset effexestof healefdmctwhber ealciunhesMadde, eits costent is
be 0.15% or nore. |If the Mo content exceeds 0.80%

lintiP¥9BeSSt H’brtehﬁ-\d\ﬁmjgdojo/pl nt is particularly poor
because this el enent pronotes the formation of high C

sl t d t VA
con¥d uﬁﬂ' R A O O T im cont ent range. for
thl S/ g} uh?gglrpdf toggo fQ%)ﬁ\oo/% ul céotl' |ohese§‘st?gpbides and

create sul fides and oxi des en t ese transfo .
”'Vﬁee?rarﬂ"‘%rrﬁfoﬁ?gh'%rqqsr?gsp (FagR oo .rﬁ&eréal by
| ow nel ti ng poi nt and soft oxi de conpounds whi c
a

preginitationnBardenigge Heyeyanck VA Roas, sReSS R carbides or
excessi ve addition ofcal ci um causes undesired hard

carhohitsidess ion tbeeavelgr ottecconsantiing lupitedete Bpf efrare than
of calcium when calciumis added, its content is

0.hoPdted to not nore than 0.040%

Niobium: Less than 0.040%

Niobium also 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 element 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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Vanadi um Less than 0.1 0% Vanadi um preci pitates from
solid solution as carbides and nitrides, therefore,
WO pretdes the strength of the material by PCT/EP2006/007612
preci pitation hardeni ng. However, to avoid an excess
of carbides or carbonitrides in the weld , its content
is limted to not nmore than 0 10% N obium Less than
0. 040% Ni obi um al so precipitates fromsolid solution
in the formof carbides and nitrides and, therefore,
i ncreases the strength of the material. The

prefiptdgéhoLéxs ¢Rahi 0B10% nitrides rich in niobium
al so inhirbits excessive grain growh. However, when

thethiy SadGht o?’ﬁﬁr?ﬁﬂfl\enrps%)u% B dept by exma@% Y& develop

preci pi tatl on occu consequent detri nental

ef.fec S e n t
inciie SeBefonl UHBNRE on PP GIbG Y §1fbh opS haT dfuease the
OZtO( Ti t ani um i s a deoxidizing agent which is
toﬁggé‘eﬁeﬂ he s #dalyr ai ns thr ough ni t r| de
precipi tates, which hinder ral n bOL{ mvenme .
pi nhN NACCAFRAMER WHNg&r Sk @ b?‘éggﬂeg of high-

el ements such as Nitrogen and Car bon prom)te t he
sttengtt,i weldabtearsiect sseamiless deiper CRMPIIFEY oan alloy steel
Ti tani um whi ch are detrinental to toughness (i.
camaiiage of wdight ipersenton tenperature). Ther efor e,
theC 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%
Vv <0.10%
Nb < 0.040%
Ti =0.020%
N <0.011%
also characterized in that the microstructure of the alloy steel is

predominantly martensite and the yield stress is at least 690 MPa

(100 ksi).
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content of this elenment should not exceed
0. 020% Nitrogen: Less than 0.01 0% The anount of
wWORarogan shoul d be kept bel ow 0.01 0% to devePGRHEPIW06/007612
the steel an anmount of precipitates which does not
decrease the toughness of the material. In accordance
with a second aspect of the thvention, a highstrength,
wel dabl e, steel seanl ess pipe, conprising an all oy
st edlhec sptanleisisgpipey isvwadabberinemtheal ibpad-rangk3tetveen 15
0.90-1 .80%Si < 0.40%P < 0.020% S < 0.005% N 0.10-1

KJ/PR%Ard ORHA ard%HéwE.dSod f8adtGe tdudHdsy chdratderistics
Nb 0.040% Ti < 0.020% N < 0.01 1% al so characteri zed

(Crackip DPedihg’ B8 placeh EnP{CHDH I1PBoth§fibel Body and heat
affected zone.

The present invention is capable to fulfill the mechanical
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 Kksi

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 HV10

Minimum Crack Tip Opening|0.25 mm

Displacement (CTOD) at — 10° C
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predom nantly martensite and the yield stress is at
| east 690 MPa (100 ksi).The seam ess pipe is wel dable

WO poog/obat i nput range between 15 KJ/in and 40KJYT/EP208610D7612
shows good fracture toughness characteristics (Crack
Tip Opening Displacenent (CTAQD)) in both pipe body and
heat affected zone. The presbznt invention is capable
to fulfill the mechanical requirenents for shall ow and
deefihet @ritjgalj eangeanaf stigeevweight PEesPMihgmechanical and
mechani cal properties of the pipe and of the girth

cheshital asosipogition aalplestol aarse amlesspgipevef ywp viice H6 inches
respect to strength, hardness, and toughness. TABLE 1

otV G Bhidit INGAlb FAREERA ETABLE3D WihDwall thickness,
MECHANI CAL PROPERTI ESThe critical ranges of size,

S R fan R b B ST, oS s it
vigle cRieg i FRiBr, AFR 500G AR. %, Tearasteristios were
o5t TREATGR B NEeLb T Yo AT A i grren
pitgglshg’g/ﬁgmgef;”fa;eltul ?@%@%Hgﬁg':?%ge%%ﬁﬁsgy %%:aEOEyggfe%ts, and
and industrial _trials. The results show that {he
induatriakttiialsof THET resaMsesshowpdyali ﬁ'ﬂeyi"é@ﬂugﬁcrté'ﬁ@t pf Q&T
grater than 100 ksi is possible at least within a
sezantes o pip eenwitbnyieldastgength grater than 100 ksi is possible at
least within a certain dimensional 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
geometry 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) ranges 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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To achieve the high-strength Q&T seanl ess pi pe of the
present invention, with yield strength greater than
wao®7ksilgl i n wel dabl e steel, tests were conducP@HEPI906/007612
steel s of pipe geonetry in the follow ng range:
outsi de dianeter (OD) varying from®6 inches to 16
i nches and wal | thickness (W varying from12 to 30
mm The representative geonetry was defined due to the
0.Laet Chad.a5% Yhand dhl03Cendbsand d b Moeaprwslnas 0.29% Mo
invention is tied to the OO)W ratio. The nost
cditemitsi ng steels were identified as having Nb
m croaddition with carbon content fromO0.07 to 0.11%

wherg, d ed l{-‘ieve?ft hﬁec@éw |68Nt&NA yfélﬁh%‘osfc?@éllé h?(/T) ratio

hi gher the [ oying elenments to be used

ali/r?gl{/'\@elo Weds as é]lt'\m(lée‘b 99%‘ '\@E/%HBV\}% {§  pfdduce a

carbon’equi val ent

SRS AT P A ol AP, 03 8 s oo

Iaboratory steel s th base C 03|t|o 0.085%C, 1. 6%

MPiR) wub/@NlFrecw%gpp%ar@mev dRasitions m%ﬁ{&taf%&ef\‘“) of
Mo as well as 0.29% Mo content. The results of .

- BOs16 (aastenitizifigenti 920 Crand demyernng Ati€0Q \ﬁay@ 620 °C).
bel ow 0.95. Steel with 0.29% M all owed to produce a
seaAesdusBated dal Figutesa 1yantdd2 s mesha micayPropestiest gre not
100 ksi (680 MPa) with a Fracture Appearance

sol rsgsditiven td ergapering tehrfpgdnatates aldhGughusdoeghniessnglightly
at 920 C and tenpering at 600 Cto 620 C).

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 tempering 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, °C/s |YS, MPa Normalized FATT, °C




As illustrated in Figures 1 and 2, nechani cal
properties are not so sensitive to tenpering

W@ 2e9petasur es al t hough toughness slightly i npre¢EEP206/607612
the increase of this paranmeter remaining strength to
suitable levels. As shown in Figure 1, the FATT vs YS
behavior is reported for samptes of 15 nm and 25 nm of
both 0.17% and 0.30% Mo _content. These sanples were

quenched reprfoduc3@g thHe B8® cooling rate69est

results showdd that YS|depends ¢n the Mo content (as

th hiéﬁ’é’r t e Moggont gnt ,73he higher the.gge d
Stiength) dudg to the inproved hardenability, if the
safecout TNy [rategfS CUMSTgFged] e ef fecig @ Lhe
cooling rate [was al'so gval uated|on steels wth 0.17%
and 0.QG0PB M pHer—atstentifratiron—at—926—E4apd
tempering at |620 As carﬁ-‘{) olpser ved in'%@e 3, if
t he_toughnessl neasured as FATTIvalue normalized to—a—

given yield strength, is considered, increasing
cooling rate inproves the strength w thout significant
det Acrmrdang etfof ¢iss eometginghpigisres tweeindusdriall heats, coded
both Mo contents. TABLE 3 Mol % CR1 C/s YS, MPa

TNoamel | Pdd FAIBle 0L \cowede ngroducieids withr ga ngimilkarurehemical
two industrial heats, coded T 1 and D 1 (Table 4),

copBsRi®slUe8Ehpirdbl 8 to tHdtasf theNabetatoeypeel mith high Mo.
conparable to that of the |aboratory steel with high

5 Mo. TABLE 4 Pipes with ODFaBEE-4£ mand WI = 15-1 6
mm wer e produced.
CHEMICAL COMPOSITION (mass %)
S Ca Ti N

HEAT C Mn Si P (ppm) Ni Cr Mo (ppm) \'4 Nb (ppm) (ppm) Cu Al Sn As

T1 0.09(1.51]0.24]1001| 16 |(0.44{0.26]0.25 20 0.064 |0.029| <40 60 |0.126)0.023}0.007 | 0.005| 0.005
D1 0.10{1.44|0.28(0.01| 20 |0.44|0.21|0.23| <5 0.070 [0.026| <40 50 0.15 | 0.022 | 0.007 | 0.005 | 0.005
T2 0.07]1.67]0.2210.01 9 0.51} 0.5 {0.32] 10 0.042 |0.026| 80 50 0.14 }0.023|0.007 | 0.005 | 0.005
D2 0.11(1.48{0.25/0.02] 20 }0.53|0.53(0.31] <5 0.058 |0.026| <40 48 0.12 | 0.024 | 0.007 | 0.005 | 0.005
T3 0.101.27]10.34/0.01 9 0.22/0.51[/0.52] 17 |<0.005]0.025] 70 43 [0.119]0.020| 0.007 } 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 900 °C and tempered at 600 °C.

On the basis of the results from the first trial, two other heats,
coded T2 and D2 (Table 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 lower 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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These pi pes were austenitized at 900 - 920 C and
tenpered at 6 10 - 630 C. Likew se, 25 nmthick pipes
wawreg/onanuf act ured and 10 austenitized at 900 ECEREP2006/007612
tenpered at 600 C. On the basis of the results from
the first trial, two other heats, coded T2 and D2
(Table 4), were cast with a dPmilar richer chenical
conmposition (0.3% M; 0.5%Cr; 0.5%Ni; 0.05%V,
s ofiew by e sigrah to faghievenvie wh highhicantte ntswafonaikansite after
respectively |lower and 15 higher in heat T2 (0.07%,
quemdiiy arahpheedeyi yieldestrebgtli OvalLE¥ChighdBo%hian 100 ksi in
Finally, a third heat (T3 in Table 4) wasspecifically

25la3) anAdMTO saakileés ygyes.hi gh contents of martensite
after quenching and, hence, yield strength val ues

hi ghghet e ﬂ%l k& mdrkabre 3&HAPaM e FighiEseS fpitiﬁ)@s-allgbe steel

of the remar e characteristics of the alloy stee
a@&&?ﬁﬁ{;% %ﬁ’et s%rrﬁsﬁ'nn\}er{tm’cﬁ%'i?ﬁ rh?cr'ots?ructyre characterized
m crostructure characteri zed by the anmount ©
rtensite,and the si.ze of, packets and sub-grains. In .
by Te A mgups o marfersife ansl 1S si8 sthaekeisafidure-dhains.
m crostructure, terials fromlaboratory and )
| ndUBt fraeT tparelats, d s cHrenath dendy teboinerssphphavior to
metal | ographic investigation. Simlarly, conventional
Mi@osirEinge, gnaderials drpm Jakeratenyclantbdndystral trials have
anal ysis. Optical mcroscopy (OM) was used in order
been mxassideredefcavardgeper zuetdllograpghicoinvastigatior. Similarly,
grains (PAGS), whilst scanning
conventional X65 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 technique
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 almost

linear relationship with the inverse of square root of this parameter

(Figure 3). On the other hand, the toughness of the different materials
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el ectron m croscopy (SEM and transm ssion el ectron
m croscopy (TEM were applied to recogni ze and assess

W@ b@7oonsent of martensite. In addition to theBREI/EP2006/007612
techni ques, Orientation Imagi ng M croscopy (OM was
al so applied to give quantitative information on | ocal
orientation and crystall ograﬂﬁy. In particular, this
technique allowed to detect subgrains (low angle

wpsuiedated dovtihehinierse sauare deok of)thenpagkeksize. Particularly,
(delimted by high-angle boundaries with

amaonaksedtF AN TS referrethéo neaamnsabyigrdistrengtdh iesvalhénas been
key m crostructural paraneter in defining the yield

intfd AN inghase raRiteshship AFPOT TGSt a0, BPTPMPa. Results
l'inear relationship with the inverse of square root of

shAWS T gﬂg?&{%@@dﬂ?r& g)ﬁygme he \ﬁftﬂegpgr@{bq’ séi'??o refipement

t oughnes fer nateri al swa at e
#'.nvers square root of the packet size. Particularly,
(F{946P 1t i sed FATT, referred to a same yield strength

| evel, has been introduced using the relati nshigﬁ%
DFATTINBYSPackeh sizes NPagure st ate "&ﬂdi\ﬂ‘gﬁé‘v fs-quench
of toughness w th packet size refinenment (qure 4) .
MG et peis et CeMpsis gFMaAingy t9wakcemastensitel (henbo be).
as-quench mcrostructure conprises mainly |owC
mar t Engute § Mhrovwddhat Rihgupacked siwe tsharactieafycietependent
size is practically independent of the prior austenite
ofgr then pirr (XA nite rptadni aise W(PAGS)r ddonmageatials with a
martensitic structure (M>60% . Therefore, a stringent
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 yield strength of at least 90 ksi and good
toughness level (i.e. FATT < - 30 °C) because they were designed to
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 yield strength levels greater than 750 MPa and

packets with size smaller than 3 um that are suitable to reach very

low FATT values (< - 80 °C).
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control of austenitizing tenperatures to maintain the

PAGS fine is not required when the heat treatnent is
weeefotited on steels that are able to devel op BCT/EP2006/007612

predom nant martensitic structure. Al steels in Table

4 according to the exanples of the present invention

satisfy the yield strength oft7at | east 90 ksi and good

t oughness level (i.e. FATT <. - 30 C) because they

wer Exi@BIR)ect to develop a microstructure with M > 30%

during industrial quenching of seanl ess pipes of wall

t hi disiess o rreatlvitle SRenitalhrommpesitiomecdmpsisiag 0.09% C,

greater than 60% were al so devel oped to form after

1tarmemmg (B 20PG' 85! o ArEPW 16 pPhy 05 ai M2 59BMEr 0.26% Cr,
than 1.1 mm capable to devel op yield strengt h Ievels

9{1 lgf (§ 57\503%56 8990 %Beéﬁd C&Ess\kﬁﬁ éw ﬁg%dlameter of

at are swtabeto re very e}

o285, i BN AR B By M6 oo
ot0Li o 86 Ik Gl Gl 5t o

323.9 mm and wal |t hi ckness of 15-1 and
theugiRp) ang tRmaeritd-atodd0t - ARG HgW?ﬁ found 47 abhed) that

(external and internal cooling of the pipe) and
theenp2rithgmae evalb thigBoessi seamlassun@ #amnae 5is t$uitable to
the 15-1 6 mmwal | thickness seanl ess Q&T pipe is
develogblYsS t>o Ie ksl HEYSMPaY. kising68025Fam wilinthiak@8ss pipe
mm wal | thi ckness pi pe
with the same chemical composition and outside diameter and

austenitizing at 900° 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 50%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, 0.26% Cr,

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



with the sane chemi cal conposition and outside

di anmeter and austenitizing at 900 C and tenpering at
wG®7Q117161 was found that the 25 mm wal | t hi cknBGEEP2006/007612

seanl ess Q&T pipe is suitable to develop YS > 90 ksi

(621 MPa). The FATT val ues wz e - 65 0C (Table 5).

TABLE 5 Exanple 2 Using a he w th chem cal

osi tion, conpri 0. 10% 44% Mh_O. 8% o
S H0 7 oy IBIRR D edacT G 0aeLe g b 900
0.44% Ni and pipes with outS| de di aneter of323.9 mm
920€ walivepBhkhegxtenally 1agdminternalbnhi @i Zphating gope, and
9200C, quenching externally and internally a rotating
tepiperingndt 6@fer 63Q°EL 16 Wds f6BMAC(Tablavds fhatnthe 15-16 mm
(Table 6) that the 15-1 6 mmwal |l thickness seanl ess
wallTthickaesshseuadessyQa T pipecragiheheghar yidhdnstredgitlhi higher
(690 MPa). TABLE 6 Exanple 3 Using a heat with
5 thgihemngq{gc%mmmpggn conprising 0.11% C, 1.48% M,
0. 25% Si 01 6% 20 ppm S, 0.31 % M, 0.53% Cr,
0.058% V, 0.026% No, 0.53%) gng! pi pes with outside
di aneter of 323.9 nmand wall thickness of 15-1 6 mm

and pr pcess—condirttorasstm rat—gf W
t he nechani cal prlopertTes s hoWn Tabl §|°$F e
devel opaNT (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% 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.

15 TABLE 7
YS UTS 50%FATT
WT (mm) | (MPa) | (MPa) (°C)

15 773 840 - 50
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TABLE 7Conpared to exanple 2 (Table 6), it was found

that the C and Mo additions do not give additional
wohereehitist in terns of toughness, thereby, nai NREI/AP29G6/007612

the required strength levels for the 15-1 6 nm wal |

t hi ckness seam ess Q&T pi pe. Exanple 4 Using a heat

W th chem cal conposition comprising 0.11%C, 1.48%

M, 0.25% Si, 0.01 6% P, 20 ppm S 0.31 % M, 0.53% Cr,

0.058% V, 0.026% Nb, 0.53% Ni and pi pes with outside

di aneter of 323.9 mmand wall thickness of 25 mmthe

mec G pareg@rtopexaings!es Bofiable $apitewa swéoenddhalt dived Cr and

when the water quenching effectiveness was reduced on
MOUidaRP N AY-dt grvdaddditidridl bbaefidseirniteemanpf doighness,

(Table 6), it was found that the C and M additions
thgfé/l?x);lﬁﬁéfrﬁﬁmlﬂg $heepsgylliredCs thf 1@&%|§0©0N%etqs 16 mm

but todghness decreased ATT from- 30 0OCto
wall? F&)n s@%é nﬁgggl Ak Fpéel ated to a | ow am)unt of
? 9% 23R8 conseque to a relatively coarse
pac . irrp{e 5 Using a heat w th chem cal
POR onprising 0.07%C, 1.67%wh, O. 22%Si
O 01 O% 042% 026% Nb, 0.51 9% Ni ppm
bising angieatp@@t\{m fBLﬁ»%J. &8”&9%‘&'@&5%\“95‘%’% 1% c.

and vvaII t hi ckness of it was found (Table 9)0
1.48% Mn, 82 Si, 0016% 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 25 mm the mechanical 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 example 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.



10

15

additions (conpare this exanple with exanple 1) for

the sane tenpering tenperature, i.e. 600 C, give
whe@mnet7istrength (YS > 7 10 MPa and DYS = 40 MREI/EP2006/007612

mai nt ai ni ng good toughness |evels (FATT = - 60 ).

TABLE 9 Using a 25 mmwal | thickness pipe with the

sane chem cal conposition arfd outside diameter, it was

found that the Cr and Mb additions (conpare this

exak¥RrERI@ B exanple 1, WI = 25 nm), for the sane

tenpering tenperature, i.e. 600 C, give a slightly

st rdsing a nteatswithDyBemigal N paisithont caaprisiog: £.07% C,

ef fect on toughness. Exanple 6 Using a heat with
1.€M%HMeAl0. 227 @i, t0.0r1 08P I0s04@ W . MO0 026% NBMI.51% Ni, 80

0.34% Si, 0.01 0% P, 0.025% Nb, 0.50% Mo, 0.32%

ppft TG, %Z%Nh S7QnEDP1pTés vﬂtlﬁ’%ﬁt&d@@laﬁiél%?s%i 823.9 mm and
outS| de di anet er .9 mMm and wall thickness of 16

wa thict.k f(?f““l% (rﬁﬁpl éstﬂ%né U{;Q@lre C'l‘FiQttCP”§nd Mo

onpar is exanp exanpl e even using a

SoB 5 A48 SRS ARV R G Pt same

MPa) . I bet t h ATT = - 60 :
tenrn?e’yr?ggﬂsﬁ?%é’ra%g% i1y BB oCardivroninst stepaflivis > 710

close to 100%_ TABLE 1Q Using a 25 mmwall thi cknes?__

MRa gand S hé OsMiRa)cmaintaining 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 wall thickness pipe with the same chemical
composition and outside diameter, it was found that the Cr and Mo
additions (compare this example with examplie 1, WT = 25 mm), for
the same tempering temperature, i.e. 600 C, give a slightly strength
increase (AYS = 30 MPa) without detrimental effect on toughness.

Example 6

Using a heat with chemical composition 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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conposition and outside dianeter, it was found that M
addition (conpare this exanple with exanple 5, Wi = 25

worego7/0ias1 t he sane tenpering tenperature, i.e.PGDBPIBN6/007612
give again a strength increase (DYS = 80 MPa) with
very good toughness (FATT = - 90 C). This behavior is
related to an anount of nart353|te hi gher than 65%

| e the invention has been illustrated and descri bed

0. 33"/enlﬂbd. 8dprm Tis RoPPMtenadBd PPe Withi eutside dirmeter of
details shown since various nodifications and

323 .Buoror ahdcwalgtsickagsiseofrdde it Hbwasidpand (Gable 10) that
any way fromthe spirit of the present invention.

fuitrea iMool agditio ver@orhpaes thisd deamploediim exalaplé 05), even
best explain the principles of the invention and

usthgchl efilghaRP|Hi§REF Otk rhpefimdPltenib diatard @93 €l v 600° C),
the art to best utilize the invention and various

g|9gbﬁ’ﬁjHErnE§re Lﬂtth WS! QUps ORI t%%gi &@??/S-S ‘é' t4Ad also a

partic use contenpla aI | oy

ST P@EAS/%BMD S8YBE{ 25, 5008 e TR o o

.00% Cr_ 0. 20- 1_.200
amount of martensite close to 100%.

TABLE 10
YS uUTsS 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 = - 90 °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 to be limited to the details shown since
various modifications and structural changes may be made without

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



Mo 0.15-0.80% Ca < 0.040% V < 0.10% Nb < 0.040% Ti <

0.020% N < 0.01 1% for the production of wel dable
woe@hostisengt h seanl ess pi pe, al so charact eri zRCI/EP2006/007612

that the mcrostructure of the Q&T steel is a mxture

of bainite and martensite and the yield stress is at

| east 621 MPa (90 ksi), wel ddble in a wide range of

heat inputs, conprising a chem cal conposition that is
enhpdimends were ahioserans describigs inswideri teabest explain the

properties and good mechani cal characteristics of the
prim¢ipl dodpf athewelnverstioh tama ghradiicsl dipdlicatien atd ognable a

steel of claim1l, characterized in that the
pPsoMOKINEEUTR e tde &b | BYsEladlizé StHY adQeintiH |and various

martensite and the yield stress is at |east 690 MPa (
erﬁggdﬁﬁa'e)n-t -wimeveﬁ]i{)% rﬁb@?ﬁic?’fioﬁbaé{‘a}e sligé %etrHeZPQrticular

I'n that the mcrostructure of the alloy steel 1s nore

th ) nsite and the yield stress is greater
uﬁ%gﬁngg@)pﬁggcﬁor subgrains smaller than 1.1 nm and the

packets with size smaller than 3 nmreach very | ow

FATT values (< - 80 C. 4. The alloy steel of claiml

having at | east 110 ppm Ti.
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5. The alloy steel of claim1l having at least 0.17 wt.
% Mo. 6. The alloy steel of claim1l having at | east
w@O202/0¥t161 % No. 7. The alloy steel of claiml PewEPDO&007612
| east 0.01 wt.% P. 8. The alloy steel of claiml
having at least 0.25 wt.%Cr,_9. The alloy steel of
claim1l having at |east O. 0283w . %N . 10. The all oy
steel of claim1l1 having no B addition. 11. The all oy
steel of claim1, wherei nCLAWMS7-0. 13% vh 0.90-1
.40% Ni 0. 15-0. 50% Cr 0.25-0.60% Mo 0.27-0.60% Ca <
0. 035% VA 8llog%stelel coropoising, kyweinpercert, 01 1%
12. The alloy steel of claim1l1l having at |east 70 ppm
Ti. 3. Ohe3a.M@Psteel of claim 1l having at | east
0.17 wt. % Mb. 14. The alloy steel of claim11l having
at Ivpast 000022 8at, % No. 15. The all oy steel of claim
11 having at least 0.01 w.%P. 16. The alloy steel of
claigp 11chgvigug at least 0.25 w. % Cr.

P < 0.020%

S < 0.005%

Ni  0.10-1.00%

Cr 0.20-1.20%

Mo 0.15-0.80%

Ca =0.040%

\Y £0.10%

Nb =0.040%

Ti =0.020%

N £0.011%
for the production of weldable high-strength seamless pipe, also
characterized in that the microstructure of the Q&T steel is a 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 achieving excellent pipe mechanical
properties and good mechanical characteristics of the pipe body as
well as of the girth weld.

2. The alloy steel of claim 1, characterized in that the
microstructure of the alloy steel is predominantly martensite and the

yield stress is at least 690 MPa (100 ksi).
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17. The alloy steel of claim 11l having at |east 0.020
w.%N . 18. The alloy steel of claiml1l, wherein: C
W@Q2@3/007161.0% Mh 1. 25-1 .35% N 0. 20-0.45% C OPGDEP2055067612
Mo 0.17-0.55% Ca 0.01 5- 0.035% V < 0.08% Nb
0.020-0.030% Ti < 0.01 0% N £,0.008% 19. The all oy
steel of claim 18 having at Iz‘éast 100 ppm Ti. 20. The
al | oy _steel of claim18 haying at least 0.17 wt. % M.
> 3. e aplloy selasl opf cEl 18 hash AEpclerizasi in. dhat the
w. % Nb. 22. The alloy steel of claim18 having at
micsastrugtone \af. thepallpy. stegl ig mgresthan &%cmgrkensite and the
havi ng between 0.30-0.55 wt.% Cr. 24. The all oy steel
yield ctess 18 ¢gredtey thetmaddd0 MP20f6r 4nbgrathdismaler Tihan 1.1
all oy steel of claim1l1, wherein:

um and the packets with size smaller than 3 um reach very low FATT
values (< - 80 °C).

4. The alloy steel of claim 1 having at least 110 ppm Ti.
5. The alloy steél of claim 1 having at least 0.17 wt. % Mo.
6. The alloy steel of claim 1 having at least 0.02 wt. % Nb.
7. The alloy steel of claim 1 having at least 0.01 wt.% P.
8. The alloy steel of claim 1 having at least 0.25 wt.% Cr.
9. The alloy steel of claim 1 having at least 0.020 wt.% Ni.
10. The alloy steel of claim 1 having no B addition.
11. The alloy steel of claim 1, wherein:

C 0.07-0.13%

Mn 0.90-1.40%

Ni  0.15-0.50%

Cr 0.25-0.60%

Mo 0.27-0.60%

Ca =0.035%

\" < 0.09%

Nb =0.030%

Ti =0.012%

N £0.011%
12. The alloy steel of claim 11 having at least 70 ppm Ti.

13. The alloy steel of claim 11 having at least 0.17 wt. % Mo.
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C 0. 08-

0. 10%vh 1.25-1 .35% N 0.20-0.35% Cr

0.40-0.55% Mo 0.17-0.55% Ca 0.01 5- 0.035%V < 0.08%
WOR000/0026t 0. 030% Ti < 0.01 0% N 0.008% 26. A R&I/EPI0E007612

hi gh-s
cont ai

trength seam ess pipe, conprising an alloy steel
ni ng, by wei ght percen C 0.03-0.13% M1 1.10-1

.80% Si < 0.40% P < 0.020% S 550 005% N 0.10-1 .00% Cr

0 20-1 .20% Mo 0.15-0.80% Ca < 0.040% V < 0. 10%
14. The alloy steel of claim 11 having at least 0.022 wt. % Nb.

15. The alloy steel of claim 11 having at least 0.01 wt.% P.

16.
17.
18.
C
Mn
Ni
Cr
Mo
Ca
\"
Nb
Ti
N
19.
20.
21.
22.
23.
Cr.
24,
Ni.
25.
Cc

The alloy steel of claim 11 having at least 0.25 wt.% Cr.
The alloy steel of claim 11 having at least 0.020 wt.% Ni.
The alloy steel of claim 1, wherein:

0.08-0.10%

1.25-1.35%

0.20-0.45%

0.30-0.55%

0.17-0.55%

0.015- 0.035%

< 0.08%

0.020-0.030%

£ 0.010%

< 0.008%
The alloy steel of claim 18 having at least 100 ppm Ti.
The alloy steel of claim 18 having at least 0.17 wt. % Mo.
The alloy steel of claim 18 having at least 0.02 wt. % Nb.
The alloy steel of claim 18 having at least 0.01 wt.% P

The alloy steel of claim 18 having between 0.30-0.55 wt.%

The alloy steel of claim 18 having between 0.020-0.45 wt.%

The alloy steel of claim 1, wherein:

0.08-0.10%



Nb < 0.040% Ti < 0.020% N < 0.01 1%nd al so
characterized in that the mcrostructure of the Q&T
wat@elo1iist a m xture of bainite and nartensite BOTEPI86/007612
yield stress is at |east 621 MPa. 27. The wel dabl e,
seanl ess pi pe of claim26, characterized in that the
mcrostructure of the alloy 2feel is predoninantly
martensite and the yield stress is at |east 690 MPa (
100 Mgi ) .1.28-1136%wel dabl e seani ess pi pe of claim 26,
characterized in that the mcrostructure of the alloy
stedli i s 0r@0e0136% 60% martensite and the yield stress
is greater than 750 MPa for subgrains smaller than 1.1
nm ape t e4paglgrgsw with size smaller than 3 nmreach
very | ow FATT values (< - 80 C). 29. The wel dabl e,
seamgss Phpegafsxl ai m 26, having at |east 110 ppm Ti .
30. The wel dable, seanl ess pipe of claim26, having at

| ea 0. W Y o 3 1. The wel dabl e, seanl ess pipe

> of crii mJOZQ%haOv(?)%g’ /é’lt | east 0.02 wt. % Nb. 32. The
wel dabl e,_ se ess pipe of claim26, having at | east
0 0w % B0

Nb 0.020-0.030%
Ti <=0.010%
N < 0.008%
10 26. A weldable high-strength seamless pipe, comprising an alloy
steel containing, by weight percent,
C 0.03-0.13%
Mn 1.10-1.80%
Si <0.40%
15 P < 0.020%
S < 0.005%
Ni  0.10-1.00%
Cr 0.20-1.20%
Mo 0.15-0.80%
20 Ca =0.040%
Vv £0.10%
Nb =0.040%
Ti =0.020%

N £0.011%
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33. The wel dabl e, sean ess pipe of claim 26, having at

least 0.25 wt.% Cr. 34. The wel dabl e, seam ess pi pe of
w@b@i7/17A61 having at | east 0.020 wt.% Ni. 35. HEEEP2006/007612

wel dabl e, seam ess pipe of claim 26, having no B

addi tion.36. The wel dabl e, g_pm ess pi pe of claim 26,

wherein: C 0.07-0. 11% M 1.20-1 .40% N 0. 15-0.50% Cr

0. 25-0. 60% Mo 0. 27-0. % <.0.035% V < 0, 09% < :
angl BBBEAractEIACSIPNNE %W%%S#W%We’%f g%@lgT steel is a
seanl ess pipe of claim 36 havi ng at | east 100 ppm T
miggureTiod bainitland searteasitepppd Hie olialdnstee sfais kﬁast 621
| east 0.17 wt. % Mo. 39. The wel dabl e, seanl ess pipe
M®P&. cl ai m 36 having at | east

27. The weldable, seamless pipe of claim 26, characterized in
that the microstructure of the alloy steel is predominantly martensite
and the yield stress is at least 690 MPa (100 ksi).

28. The weldable seamless pipe of claim 26, characterized in
that 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).

29. The weldable, seamless pipe of claim 26, having at least
110 ppm Ti.

30. The weldable, seamless pipe of claim 26, having at least
0.17 wt. % Mo.

31. The weldable, seamless pipe of claim 26, having at least
0.02 wt. % Nb.

32. The weldable, seamless pipe of claim 26, having at least
0.01 wt.% P.

33. The weldable, seamless pipe of claim 26, having at least
0.25 wt.% Cr.

34. The weldable, seamless pipe of claim 26, having at least
0.020 wt.% Ni.

35. The weldable, seamless pipe of claim 26, having no B

addition.



0.02 wt. % Nb. 40. The wel dabl e, seanl ess pipe of
claim36 having at least 0.01 wt.%P. 4 1. The

wowrdodabilie; seanl ess pipe of claim 36 having atPCEEB1006/007612
0.25 wt.% Cr. 42. The wel dabl e, seanl ess pipe of claim
36 having at least 0.020 wt.9% Ni. 43. The wel dabl e,
seamnl ess pi pe of claim 26, erein: C 0.08-0. 10%n

LI LR R A

O% % 44. The wel dabl e, seanl ess pi pe of cl a| m
&w n@ Oa?q dd Jt 100 ppm Ti. 45. The wel dabl e,

seam ess plé)e of claim43 having at least 0.17 wt. %
M. Mn 1.40%

Ni  0.15-0.50%

Cr 0.25-0.60%

Mo 0.27-0.60%

Ca <0.035%

\Y < 0.09%

Nb <0.030%

Ti =0.012%

N <£0.011%
37. The weldable, seamliess pipe of claim 36 having at least 100
ppm Ti.
38. The weldable, seamless pipe of claim 36 having at least
0.17 wt. % Mo.
39. The weldable, seamless pipe of claim 36 having at least
0.02 wt. % Nb.
40. The weldable, seamless pipe of claim 36 having at least
0.01 wt.% P.
41. The weldable, seamless pipe of claim 36 having at least
0.25 wt.% Cr.
42. The weldable, seamless pipe of claim 36 having at least
0.020 wt.% Ni.
43. The weldable, seamless pipe of claim 26, wherein:

C 0.08-0.10%
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46. The wel dabl e, seanl ess pipe of claim43 having at
| east 0.020 wt. % Nb. 47. The wel dabl e, seanm ess pipe
w@boochdiim 43 having at |least 0.01 wt.% P. 48. HA¢EEP2006/007612
wel dabl e, seam ess pipe of claim43 having between
0.30-0.55 wt.% Cr. 49. The we dabl e, seamnl ess pi pe of
0:

cl ai m 43 having at between

20-0.45 wt. % Ni . 50. The

wel dabl e, a pi pe of claim 26, wherein: C

0. 0326. 110257\/1113%3’55- 1 .35% N 0.20-0.35%r 0.40-0.55%
M 0.17-0.55% Ca 0.01 5- 0.035%V 0.08% Nb

0. 0N 0. 832950:i45%. 01 0% N 0.008% 5 1. Use of an

al l oy conprising, by weight percent, C 0.03-0. 12% M

1.16r . 8080-0.55%
Mo 0.17-0.55%
Ca 0.015- 0.035%
\Y < 0.08%
Nb 0.020-0.030%
Ti <0.010%
N < 0.008%
44, The weldable, seamless pipe of claim 43 having at least
100 ppm Ti.
45. The weldable, seamless pipe of claim 43 having at least

0.17 wt. % Mo.

46.

The weldable, seamless pipe of claim 43 having at least

0.020 wt. % Nb.

47. The weldable, seamless pipe of claim 43 having at least
0.01 wt.% P.
48. The weldable, seamless pipe of claim 43 having between

0.30-0.55 wt.% Cr.

49.

The weldable, seamless pipe of claim 43 having at

between 0.020-0.45 wt.% Ni.

50.
C
Mn

Ni

The weldable, seamless pipe of claim 26, wherein:
0.08-0.10%
1.25-1.35%

0.20-0.35%



Si < 0.40%P < 0.020% S < 0.005% N 0.10-1 .00% Cr
0.20-1 .20% Mo 0.15-1 .20% Ca < 0.040% V < 0 .10% Nb <
wO240961di < 0.020% N < 0.01 1% for maki ng wel PEDER2006/007612

hi gh-strength seam ess pi pes, also characterized in
that the mcrostructure of the Q&T steel is a mxture
of bainite and martensite a the yield stress is at

| east 621 MPa (90 ksi).52. The use of an alloy of

cl alGh 5 @.40thaPdeterized in that the mcrostructure
of the alloy steel is predomnantly martensite and the
yi eMb st 0ek56-0.65% | east 690 MPa ( 100 ksi). 53. The
use of an alloy of claim5 1 , characterized in that
theQa cros018c0UBdS%W the alloy steel is nore than 60%
martensite and the yield stress is greater than 750
MPa\f or gsupgyg,ns smaller than 1.1 nm and the packets
with size smaller than 3 mmreach very | ow FATT val ues

(< N0 8920-0.030%
Ti <0.010%
N < 0.008%.
51. Use of an alloy comprising, by weight percent,
C 0.03-0.12%
Mn 1.10-1.80%
Si < 0.40%
P < 0.020%
S < 0.005%

Ni  0.10-1.00%

Cr 0.20-1.20%

Mo 0.15-1.20%

Ca =0.040%

\Y <0.10%

Nb < 0.040%

Ti <0.020%

N <0.011%
for making weldable high-strength seamless pipes, also characterized
in that the microstructure of the Q&T steel is a mixture of bainite and

martensite and the yield stress is at least 621 MPa (90 ksi).
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54. Metal manufactures conprising, by weight percent,
C 0.03-0. 13% M 1.10-1 .80% Si < 0.40% P < 0.020% S <
w@2008%bi 0.10-1 .00% Cr 0.20-1 .20% M 0. 15-PBCBOP20@007612
< 0.040%V < 0 .10% Nb < 0.040% Ti < 0.020% N < 0.01
1% for maki ng wel dabl e hi gh-ﬁi‘rengt h seam ess pi pes,
al so characterized in that t m crostructure of the
QT steeh, is a mxtureof bainite and nmartensite an

the 34-el d N& ve&s of anallenaf exmvpd . (Franasterized mmeat the
metal manufacture of claimb54, characterized in that
miareshiustuse rafcthe caltoy tsteehlisogrademinantiyrmastansite 1and the
martensite and the yield stress is at |east 690 MPa (
yielD skmig)s. isHat |gast 660aMPaft0cksije of cl ai m 54,
characterized in that
53. The use of an alloy of claim 51, characterized in that 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
pm and the packets with size smaller than 3 um reach very low FATT
values (< - 80 °C).
54. Metal manufactures comprising, by weight percent,
C 0.03-0.13%
Mn 1.10-1.80%
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%
\Y £0.10%
Nb = 0.040%
Ti <0.020%
N £0.011%

for making weldable high-strength seamless pipes, also

characterized in that the microstructure of the Q&T steel is a mixture
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the mcrostructure of the alloy steel is nore than 60%

martensite and the yield stress is greater than 750
woRm70onesubgrai ns smaller than 1.1 nmm and t heP@HER®D&007612

with size smaller than 3 mmreach very | ow FATT val ues

(< - 80 Q. 32

of bainite and martensite and the yield stress is at least 621 MPa (90
ksi).

55. The metal manufacture of claim 54, characterized in that
the microstructure of the alloy steel is predominantly martensite and
the yield stress is at least 690 MPa (100 ksi).

56. The metal manufacture of claim 54, characterized in that
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 pm reach very low

FATT values (< - 80 °C).



