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(57) Abstract
. 1000,

A process for the production of a steel . 2 o czmoormmn
material comprising rolling a steel material 900t g0 © o £ b o ”
having a structure mainly comprising ferrite or o} g
ferrite plus pearlite or ferrite plus cementite at a - ‘z%o a ... (tensile strength at high-speed pulling
percentage reduction of area of at least 20 % in B0 node)
a ferrite recrystallization temperature region to ¢ 2 epld o : o b ... (tensile strength at mormal pulling mode)
achieve such characteristics as a crystal particle E . ° ° ¢ ... Tensile strength (Mpa)
diameter of not greater than 3 pm, preferably ., d ... Perrite particle diameter (um)
not greater than 1 pm, an elongation of at least P * °
20 %, a value of tensile strength (TS: MPa) x ) ,
elongation (El: %) of at least 10,000 or a 0 5 0 5 2
percent ductile fracture of at least 95 %, 7=3410E ()

preferably 100 %, in an actual pipe Charpy ¢

impact test at -100 °C. Particularly, this process

yields a steel material containing 0.05 to 0.30 wt.% of C, 0.01 to 3.0 wt.% of Si, 0.01 to 2.0 wt.% of Mn and 0.001 to 0.10 wt.% of Al and
having a structure comprising fetrite alone or ferrite and a second phase, wherein the ferrite particle diameter is not greater than 3 pm and the
areal ratio of the second phase is not greater than 30 %. An untreated steel pipe having the composition described above is heated to (Acl +
50 °C) to 400 °C and subjected to stretch reduction at a cumulative diameter reduction ratio of at least 20 % in a rolling temperature range of
(Acl + 50 °C) to 400 °C. In this case, the rolling process preferably contains at least one rolling pass having a diameter reduction ratio of at
least 6 % in the stretch reduction. When the contents of C, Si, Mn and other alloy elements are kept at low levels and stretch reduction is
carried out in the temperature range described above, a steel pipe having high ductility and strength and improved toughness and stress
corrosion crack resistance can be manufactured and the resulting pipe can be used as a line pipe. The fatigue resistance can be improved, too.
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Z7 LT NOREN3 1 m UTTHSZ E2BMET BTN DOERE LIS,

10 AIELY =71 hOTEHEEREN L 4 m UTFCTHARHEROGES OB
HEPED D R TR RE

11. %Eﬁ%t%ifé%t\E%%T\Q:I%RT‘M:Z%H?‘G:Z%H
T‘Mu1%&T@ﬁ%#%%ﬁhk1@&tm2@&t%ﬁﬁ?5:t%%@&?%
FedFeB =R &IPS O THE 721358 10 O,

12.  AUGARICMATE 51, EB% T, Nb: 0.1 %$LLF. V:03 XLLF. Ti:02 %
EUF. B :0.004 BUTDIEMERBRIEINZ | BEAIZ 2B LESHT 2 & 25
ETDRETREROEEE 9O HNEE 11 FHOWE,

13.  ATGCHARICIMA TE 51, EE% T, REM : 0.02%LLF. Ca:001%L TFDH>H
MOBREINZ 1 BEL I 2EBE2E8T3 & ERBETIRFEROEHEIBENT
B2 IHOHEE,

4. FERFEHROBHEE 9 NEE BEOWTACEROMKEE T3 2HMEE% . 1
FMEEE @ (A c1450C) ~400 TIIMBAL =05, FEIEERE : (A c1+50C) ~400 C
THRIAMER 0% LOROEREIT 2 & 288 ET BT D BRE LS D
SEHE.

15. HE%X T, C:0005 ~0.10%. Si: 0.01~0.5 %. Mn:0.01~1.8 %. Al : 0.001
33
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~0.10% ZEF A, THIT, Cut 05 %LATF. Ni: 0.6 %LLF. Cr:05 %$LLTF. Mo:05 %
UTOS5h 58N 1 BELIZ2EIULE. BENb: 0.1 %ELTF. V:0.1 %LU,
Ti: 0.1 %EALF. B :0.004 %LLTFDSE05BIEN/ 1 EEAIZ 28U E. HB 0T
512, REM :0.02% LT, Ca: 001%UTOIEnSBIThA 1 BE/- 12 2/E36 L.
B Fe BRURTRBRHMN ST MMEE T HEMBE L, MBGEE : (A o1+
50C) ~400 CITINEAL =05, EERE : (A c1+50C) ~400 CTREREE : 20%
ULDRDELEZIEYT & & 2R ET BEEEN DERERE OELE Sk,

16. EE%T. C:006~030%. Si:0.01~1.5 %. Mn:0.01~2.0 %. Al:0.001 ~
0.10%ZEH L. F5H8 Fe BLUTRBMARMMMN SR EET 5 EMME %, It
RE : (Acl+50C) ~400 CITMEAL=DE, FERE : (A c1+50C) ~400 CTT
ATEMEEER ( 20% LA L OO B 2T Z & 24585 T DB IEN D S A 1 8075 (D &
15 75 1

17. HEE%T. Cu:1.0 %LTF. Ni:2.0 $ELF, Cr:20 %LUTF. Mo:1.0 %LU F
DOILPNORIENTZ 1 BELIF2BULZ2EETAHRETE I 28 EToHRT
R OEFE 16 HOHE DRIE HiE,

18. EEXT. Nb:01 %EATF. V:03 %$LLF. Ti:02 %LUTF. B:0004 %LLF
DOIEPORENZ 1 BERIFZ2BULZEETIHERETE I L2 HMET oS
FAROEHESE 16 HF /2135 17 HOPFE O BLEH 1k,

19. EEX%XT. REM :0.02%LTF. Ca: 001 %L TOS B o@ITNA L BEHIT 2
BETHTHMMET D EERBMETOBHFEROMMEE 16 BHNEE 1STHOWE O
BLEHIE,

20.  BUECINEMREEZ 750 ~400 C. BEREEEE % 750 ~400 CE4 3 = &R s
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THRIHEROEALE 14 EIESE 19 HOHE QRS Hi%,

21, ATECRR D FERERDS, 1 /NAM72 0 OHERD6 %LU EOEE/S A EDIL & 1%
AUEEU T L 2/8 & T 2RI EROEREE 14 HHEE 20 HOSE QRS HIE,

CATEREERDY 60% LA L TH Z55Fe R OIS 14 THIYEE 21 HOHE Rl

up

22, Hi
BEhHE,

23. AR D EENE T TORETH S I L2 BT 2B ROMESE 14157
EHE 2 BOWMEDREF 1L,
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