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Fig.1 Relation between average gross national

production and average steel consumption

HRBEMEEN. 82, XRURBR S
GMETUBERNY, BSRER “BHEARN"
(high tech. steel), &4t F K & B B & A0 ¥ 4 Ko
B2 RHMAENLFTZRERE,

Wa & W B AT TR IR BE TS B A 400 ~ 600
MPa (JEMRIREE), MABENIEHAANM . ER
ITREH (REV. BEEHS). REHXEHE.
R, BESS. RE. EEH. NS, BT L
RARNM —BEHETHAM ST REN 60% £
A, FTUBASWMON AR W, 2RAM&T
WF B ES=H

XMFRRMRESREMBLHRAMARSE
FHARBRMER ERBEERN ., REMM DML
HAPERE L R AL MR, BRATEVES - &
FIBFBEAE R R AR AE=R 2B AL
HXFFT RN . AR Hm itk FAEE
EW

BEEMMWEFIRE: BT &HKIL
B, PERG. ES0E . RO MASREEAR
BRI, RIGELEE, BraEm#, AR
FiIHENEFHMINERRX (BIZFEAKX) M
BREX (EBFLERX) #TEHLMMERRER
# (online interrupted accelerated cooling), 18 2| FfF
BERAFPAMEEHAR (ZFEKDHK Fe-Ni, Fe-Cu-Ni
RO ERK), EMPMAMESE. 8. RTEEBR
H/NBREALY (20~100 nm), BH 1E 76 59 55 fm $h 5ot

R oh R BE S C, fE AL W SR 5L S P IR B R
BHRERFRBRAKREL (1~10 nm) 4. H.
BUNESHRBAAYUIRE, HEEK (ZEEKR
Fe-Ni, Fe-Cu-Ni RGEHK) MAiss. MRRLH
RAT S xp&R 4THIRA” (VIEREAL)
fER. Bk, XA &MNEREREHERNER
AREEBRHTRKREEE (RE-BRERK, &-
WEEK) RENHBEETREEKRTRNEER
So plm, F—BHNEEEMETARHETFIHHE
PLEREHE TZMEXKRERH T LS AT U
BB LA A [F R E B M R R PSS AN

Thickness
______ Solution of Nb C

(1) Rapid
Recrystallization
77/ Tnitial Rolling

7

DA (-
(2) Partial

Delay Recrystallization

| oa

Final (3 No
Rolling Recrystalli-
J zation
Transfor- Arg
mation
Range

BE —

Ar,

I 16] —-

B2 HEsHEHEiBNTIERER
Fig.2 Schematic representation of controlled

rolling process of micro-alloyed steel
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tates of a TMCP micro-alloyed steel

Dislocation nets & precipi-
plate

EURAFE [ w(S) <0.010%; w(N) <60 X
10°%, w(N) +w(0) +w(P) +w(S) <150
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AEMWERTHMHE (400~450 £L/t) RE
B AR AL R R A & WM (950 ~ 1000
EIL/t) B 50% o

RE N T R % B R R AR )
B, ©ATE 1990 — 1995 FHAETMW ., RNFHAN
HTHEARBE, BFHEIRII T X52. X60. X65 M K

WMEERAMASERMASS, Koy A E
Ptk KRR EL, HitRmBEX MR EAQR
BARH RSN R B R B R E, WM T
REKPHOELXHANBROIES, BF “LUPHR
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Table 1 The chemical composition and mechanical

properties of domestic micro-alloyed high
strength steel HW60R

o2 5

w (C) /% <0.13

w (Si) /% <0.45

w (Mn) /% <0.15

w (P) /% <0.025

w (S) /% <0.008

w (Nb) /% 0.045

w (V) /% 0.0054

w (Al) /% 0.0024

w (0) x10° 50

w (N) x10° 22

Cu 7% <0.4

PLRHE R
d (/&) /mm 2.5~16 16~20 20~32
6,/MPa =450 =450 =450
> b/MPa 588~ 705 588~705  588~705
3/% X20 X28 X20
By D=3a
AKV (-40TC) /] =30 =30 =30

* Cq=w (C) +w (Mn) /6+ w (Si) 724+ w (Ni) /40 +
w (Cr) /5+w (V) /14

AT AT A% U B 3 B R R R A

FAMBBEARIRHE (A2 R rp PR 0y, SRE#
API SR HER) R R ALSE ) HE -
w(C) <0.1%, w(Mn)<1.5%, w(P) <
0.02%, w(S) <0.01%, w(Nb) + w (V) +
w(Ti)<<0.12%, C,<0.4%, P, <0.25, AK
(-10C, CVN) =70] (‘F#1EH), =50 (#MH).
Cq=w(C) + w(Mn) /6+ [w(Cr) + w(Mo)
+w(V)] /5+ [w(Ni) +w(Cu)] 715,



80 FE TR ¥

F2%

P,=w(C) +w(Si) 730+ [w(Mn) + w(Cu)
+ w (Cr)] 720 + w (Ni) /60 + w (Mo) /15 +
w(V)/10+5 w(B),

1996 LUK, REHIEERERME 070
MR, HshREREREAAMESTERRS
(Corten A, Cortne B, Corten C%) WA R, HIM
7= 8 B 10 B 4E 7= 300~ 500 ki/a HHEL), 4R
ZINMASMBENRES LA LRBEEEH/A
RMT HE 38%, A AMEHFTREHEZH
FERMEHOT,

3 MEERALERHAELIETF

WHERARWFEMELENELERRT Y
HE, HHERHE - P REBHGHEARE (v (S)
<0.006%, w (P) <0.010%, w (N) <30 X
10°%, w(P) +w(S) +w (Q) +w (N) <100
X107°], Wi 7EL S E o R R AT R R B R A
BHET (soft reduction) 12 B % 3F 4 ¥ [ 1 B %
B, EdERRX (BEA&BREL L) 5LH)E#T
EEMERLE, BOREL2HEBREFTRAHN, H#
— M BEE (F¥3~8pum), BHE&RKE
(Bg-R, &-9-REG%) BEENHOLBER
B, fiEEEEM. #—- P THEIKRE (v (C)
<0.05% ], REWHEREER. BRTESATLL
ERBRROERERKELANMOFLER: AR
RN (P,<0.20), REERPHEMBIR
M mAEEmERE. TEATRERERARASE
Ko XFERNBEFLRIFHER
w (C) <0.1%, w(Mn) <1.5%, w(P) <
0.015%, w(S) <0.006%, w(Nb) +w(V) +
w(Ti) <0.12%, C,<0.35%, P.,<X0.20, AK
(-20C, CVN) =90 ] (F#¥fH), >80 ] (&
1) o

MA ‘BHERR” ERERNEERSEL:
EARKENEZI “BHAR7 LK, BERHR
K2R~ AK (CVN) =90 J; # 10~20 X H
WL “BHERR” LY, WERFRHLERT
AK (CVN) >130~190 J,

MABERLBMELBARAERT, XAEEN
EERELZAREAERTHEUIMEESY “BH#
K17 IERMER, BB EDUH LSRR KK
BREXR, FEIMEXNNGEBIT. 1BEIIEH
TZMERMERMAREZT . A= XFHRRHE

AXBEERBELETERERHBLH (X 20
mm FEERKEHEEN 40 C/s), HRHLB T
@R de . KA m R 13 72 o i 28 B )
B, MEREBRBRHAH MBS FEE, NAS
FHEVN A RAERLBERSR R EME
71, UB/NERERHIBRPHAR S, MBREE
MR R EIELTFREFE, XBFEER
BARFI B AR A BT Hm e,

HET, ESNE7ED & 158E A 700 MPa 4§
HAPIXIOO WHBREMAEBELRN (EE-BE
&), TEATABRRHERERRSESR, A
54k F ik A B BX o

90 FERLK, XERRERALAMEEWH
BARKHEBEMEARBRESSMERK
(HSLA80~100) HyFT/EHEMBIHE, MW TIEH S
AEZEEBE LR (Defense Production Act Title
III Program), BB BRI, BB A 612%T, W
JE M T Bethlehem Steel B Burns Harbor % JLAM4W
I~ (1991 — 1996) i ftbfi7 B % T A= 7= 7 2 5 9
MASMRE N1, M 1996 EFHE, EEKIE
ERATMABEZA, 8E, B3 OHRRSERRHK
#,

B, HAFHEXRSW HEBEERHN 18~
50 mm (JEBR3E BE=>400 MPa) A EHBRAEKE
PR (SUF plate)', BRI FIHEBHE RSN
(new era of high tech steels), X &9tk F| FH 4 #l 5L
HAMELEHLAERENRA N ROEERTEE
R4 ZBRNRBEEARB (0.5~2 pum) BEF
H, WARP OB DEFAS (10~12 pm),
FemAREBRE TRR 1S0K (-123C) MW
BRMGEANME SN REEBRE R - 80
T, XMNBRAAHREEIHE, (AKV=200]) £
ERTREBANBNGH., B4 ZXFHRMR
BT TR ) L R R o

4 BEEMARNT) H

MEEW (HMELHBRPIN) BTEK. ¥4
BETRMBREAEAT IR AKSBER 44
REL, ELEAUNR “FHERFME” (environ-
ment conscious materials), X 7E B Rttt & 183 M
A#ss, BRAFSEEERRA IR EEAHME
ARG LA RE, T EERANM .

1995 FEBAAORERTEN R X &4



28

FALEE: MAESWEHYS RE 81

—
=S

—_—
(3]

S N0 A N o
{

BRARRTRE un

1 2 3 4 5 6 7
P AR 2 TG B P/

8 125

M4 BR (SUF) BASABAREEKT
B &R R B W AR BT T R 43 7R
Fig.4

ferritic grain sizes in SUF plates

Cross-sectional distribution of average
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Micro-alloyed Steels — Review and Prospect

Wang Yikang
(Institute of Metal Research Academia Sinica, Shenyang 110015, China)

[Abstract] In recent years, the GNP (General Gross National Production) of the major countries in the
world shows apparent relation with their consumption of steel and the steel is reconfirmed as the backbone of the
engineering materials. This is due to the fact that the steel making industry has been reformed perfectly by the
high technique — Advanced Process Control System and brought out new steels with superior property as “high
tech” steels. Micro-alloyed steel is one of the major high tech steels with largest market demand. Micro-alloyed
steels are produced by the Advanced Metallurgical Manufacturing Process with addition of strong carbide and ni-
tride alloying elements, i. e., Nb, Ti, and V to refine their grain size in re-heating and to harden and toughen
their matrix after rolling. There were developed the micro-alloyed steel of HW60R for the manufacture of large
dumping trucks in open-mining, the line pipe steels of X52~ X635 for the construction of high pressure pipeline,
and the micro-alloyed weathersteel for transportation container manufacture with great economic successes in
China. In view of the micro-alloyed steels being environment conscious materials and the further development of
high tough line-pipe steels, high strength ship steels and high tough SUF steel plate, the micro-alloyed steels
are prospective in China in the 21 century.

[Key words]  micro-alloy steel; controlled rolling; line-pipe steel; weathering steel; SUF steel; environment

conscious material
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