An ultra-high strength, weldable, Iow alloy, triple phase steel with

.affected zone when wel ded, havi na tensile strength

about 830 MPa ksi) an¥oRD PP EGTUAL R C OIS
second AfoRAE AP IERTONPURY .

!
o YN~ YY7
T

ret alrhe Aot ang o
IFrroua A% " = Y vy Il | I S v IIU\J—D, ] f\;'.lb
0 (% if 4

i r on | SRdntepatienak Rategt g*ﬂ*t“@_éf&m dg .
car bgn, GRIBWNGE8/82, GZ2€138/08, 3812y 0gqritl c&gg‘%ﬁommma% g ybdﬁﬂ%%hg_{pn,
n L the slab to

ni obi IIMSWAI’\RH'[ um. titanium al nu aron; educling

pl at g o es | r A Ak, XD WA WE L8N A 85, B,
(zh)r]Tnf}Ha% o Ap?ﬁl}fﬁ)gﬁniﬁ- .ri’c?lu%sﬁ/gaﬁt& W) Befignbelf Mbes:| A1, X a A2 WS L2TWA, B8, BG

recrystallizes; r reducing at e IBR, BY)@AOCH, ION) GR, DB,ZEBE, IDK, BM, EE,
t enpd (2 Interpational g Baté: o\ 16Becerberd 998 (1512 |ecr y -eﬂ-ﬁ' FipRH. 10y I FFdMJll)’-
above the Alerr] transformation tenpergture;y ﬁz I 3 ]

] . | %6, Ru, sp,
bet we @ Firikd@ty Batd:er r] transf ormati on t enger at \SESSGasyskt $1e TIATNLEIR! TT, UA, UG, Uz, VN,bd '
| e

t r angf or ma¥8H2 t enpertReermber BRI nStihe fi éﬁ%z {SOHGM,
Quengh Stop Tenperature (QST); and stogpi ng %ﬁp e .'%%mmm{fffz‘fWﬂﬁ.

pean patent (AT, BE, CH, CY,

{71) Applicant: EXXONMOBIL UPSTREAM RESEARCH COM- DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT,
PANY [US/US]; P.O Box 2189, Houston, TX 77252-218 SE), OAPI patent (BF, B, CF, CG, CI, CM, GA, GN, GW,
(US). : ML, MR, NE, SN, TD, TG).

(72) Inventors: KOO, Jayoung, 828 Star View Way, Bridgewater,
NJ 08807 (US). BANGARU, Narasimha-Rao, V.; 5 Revere | Published
Court, Annandale, NJ 08801 (US). AYER, Raghavan; 3 With international search report.
North Slope, Clinton, NJ 08809 (US). VAUGHN, Glen, A.;
4211 Rice Boulevard, Houston, TX 77005 (US).

(74) Agents: CASAMASSIMA, Salvatore, J. et al., ExxonMobil
Upstream Research Company, P.O. Box 2189, Houston, TX
77252-2189 (US).

(54) Title: ULTRA-HIGH STRENGTH TRIPLE PHASE STEELS WITH EXCELLENT CRYOGENIC TEMPERATURE TOUGHNESS
(57) Abstract

An vitra-high strength, weldable, low alloy, triple phase steel with excellent cryogenic temperature toughness in the base plate and in
the heat affected zone (HAZ) when welded, having a tensile strength greater than about 830 MPa (120 ksi) and a microstructure comprising
a ferrite phase, a second phase of predominantly lath martensite and lower bainite, and a retained austenite phase, is prepared by heating
a stecl slab comprising iron and specified weight percentages of some or all of the additives carbon, manganese, nickel, nitrogen, copper,
chromium, molybdenum, silicon, niobium, vanadium, titanium, aluminum, and baron; reducing the slab to form plate in one or more passes
in a temperature range in which austenite recrystallizes; further reducing the plate in one or more passes in a temperature range below the
austenite recrystallization temperature and above the Ars transformation temperature; finish rolling the plate between the Ars transformation

temperature and the Ar; transformation temperature; quenching the finish rolled plate to 2 suitable Quench Stop Temperature (QST); and
stopping the quenching. .




