43 % 55 10 Ak % Hh Vol.43  No.10
2007 4 10.H %5 1082—1090 7T ACTA METALLURGICA SINICA Oct. 2007 pp.1082-1090

ERRE SR TE A N . Ti EAMA SN
,.“$L AR AL AL

Iy FHiE
(BB R SRR AT, d0E 100081)

B R AAE. CBRRENERSEFEL TS E™N Nb | Ti H&MA SMORILINT T HUM, Wi TR
. AASIRRE, WEHARREAR. HRESBGRENRERREEM L ELDBHE, CETEES, SEARD
FHREREEORE. MEARETOTAMERTEYE S, THRT 140—150 nm, ##TH+ 50% &7 Nb. S4BT R
xH, ﬁ%‘1$Ha*ﬁffﬂfkﬁift%£¥%’§ftﬂtﬁﬂ & REBIRBEE (43—46)% ;. FIREMHEBILYEHS, 5 LABRBEHY

(4-—6)%. TEBETR AL 5 A A L0 f 052 B B AR B .

SR MAEEREATE, R, RLIE, MASK BRAR,
HELESES TGC142.1 TREIFIAE A XEBHS 0412-1961(2007)10—1082—09

STRENGTHENING MECHANISM OF Nb AND Ti
COMPLEX MICROALLOYED STRIP STEEL
PRODUCED BY THIN SLAB CASTING

AND DIRECT ROLLING PROCESS

WANG Ruizhen, ZHANG Hongtao

Institute of Structural Materials, Central Iron and Steel Research Institute, Beijing 100081
Correspondent: WANG Ruizhen, senior engineer, Tel: (010)62182761,

E-mail: wangruizhen@nercast.com
Manuscript received 2006-12-04, in revised form 2007-06-07

ABSTRACT The Nb and Ti complex microalloyed steels with two strengths were produced by
thin slab casting and direct rolling (TSCR) process. The microstructural analyses show that both coils
mainly consist of ferrites and have the same precipitation characters. The ferrites in the coil with higher
yield strength present non-ploygonal morphology, finer grain size and higher dislocation density. A
large number of complex star-like precipitates exist in both coils, which have the average sizes of 153—
142 nm and account for about 50% of the total Nb content. Ferrite grain refinement strengthening is the
predominant mechanism and contributes (43—46)% to total yield strength. Precipitation strengthening
effect is very weak and only contributes (4-—6)% to total yield strength. Dislocation strengthening and
grain refinement strengthening make coil possess higher yield strength.
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Table 1 Precipitated amounts and compositions of M(C,N) and FezC
(mass fraction, %)
Coil  Amount of Composition of M(C, N) Amount of Composition of Fe3C N in AIN
No.  M(C,N)  Nb Ti c N FesC Fe  Mn c
3 0.102 0.046 0.039 0.010 0.007 0.635 0.579 0.014 0.043 0.001
7 0.114 0.055 0.041 0.011 0.007 - — — — 0.001
® 2 IMEERAREHNSESER
Table 2 Parameters and calculated results of precipitation strengthening increments
Parameter Coil No.3 Coil No.7
Star—like Fine Total Star—like Fine Total
f,10% 5.12 5.77 10.89 5.40 7.12 12.52
Diameter D, mm 0.153 0.041 0.067 0.142 0.036 0.05
Aop, MPa 6.6 20.7 19.1 7.3 25.5 23.1
M, 37 AT LA PR S A 0 2 P B B i SR AL R X R T
100 . 2 N @R, 288 N FEFHEY M(C, N) f
o | AIN .,
g7 252 BMALEANWGRTIF  WRANEK
£ R+ TiN BT, &SRR THRTHH (B
g w0 SRR ABTRT) MmE 10 R, B
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0 50 100 150 200 250 300 (RESE) RFKT 84 nm, 7£ 7 SHESHF 50% AR T
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Fig.10 Mass fraction of M(C,N) precipitated vs particle
size for coils No.3 (a) and No.7 (b)
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Nb . Ti &4 FIAHREESEL ARG EMS, Nb
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Table 3 Nb distribution in the coils

(mass fraction, %)

Coil Precipitate Solid solution

No. Star—like Fine

3 0.0304 (48.6%) 0.0156 (25.0%) 0.0165 (26.4%)

7 0.0309 (49.4%) 0.0241 (38.6%) 0.0075 (12.0%)

Note: the amount in parenthesis is the percentage of
total Nb content

2 Nb TR EER, RER R MIRFA
BEMEMELME. dEk 3 W, FREDE (25—
38)% fy Nb FAEF 4/ NGB T o, (BSERR X AT
(9 RSPERMMEK, £ 10—70 nm 2|8, SHTHR
% AR IR IE AT, RE HEREREL (4—6)%(&
F TIN RFG91EE). Hah, RaHT R IBALIE A 5o
BT K BRI EDE I,

BIRTATE, WA B IEAR B TR R Y
140—150 nm, 5ETHHE Nb B 50%. BFEAFEY
WEATRY, SIESRRERIEREEN 28138
FEH P Nb g FAGFFEHT MBS 1190 C). BB E
IR A T Nb B TREA SRR, BAET Nb
FEER B IR LA /T L A 3R 7.

bR b, BB R R ol 1718,
TEBELET Nb & V 5 Ti 5457 ESER K.
72 Nb | Ti Z4HEIMOEACESE S (545THMAL 8
/) g R BB e EE B ERERS
Sk B AR R T BT R L. BFgRaee (19
ERAT R ES SREAE X, &6 TYN HLESHE
TEAT A QOSBRI R TR, SR B AHT A
BIZ.O0R8E Ti gy (TLND)N, 384 Ti/N E{EER,
Ti R FRACE iy Nb, (#1540 55 5 AR & s B
M, AT RO R S RE, BT ETEAT A &
. AR TN HEY 5.44, FTRERARTEAR
L BT E— EEEE. tsh, 3 TSCR Tt
A B HATAAT LA R AEE R LR BT R R W, EIBAT 4%
HETHEfEAER. 7 TSCR T7k, e mE i
BRI, 2 RBERS LSRN, BEE
I L BTAT ) Rt R BT, $5 Nb
Ti ¥R F AR R BT A B A R R85, %
TR S EAREA B8 IR 4, kR
FE 2 1 R (AT TR 5 T EORL TRl B TR T B AT
ETEAT Y. EEEMBIRLR TS, B
BEIEE FHEEINBEATRY ERAAEE, &
[EEAERIE (1250 CHEA) KRR, BRETFEEE

Y BT AHA. FEE, Nb MBS
n, FERLE AT B AR AR

Sy 2L T AR T S LA R R R AT
&, BEHF Ti/N E, S4REREFRE, H2
TEHEN BT I 2 ATIRIE SRR A BEAE 1100—1150
CLE, BBEEERT TIN B FkBUREE, 2F
AR 200,

LEEMER RN, EFARAS I TR S B AR SR
Y, KPR ETET TSCR TE4 78 Nb 44
LB P= G, BB S V 34 S8R X F
% XS KB IVTERE, ©SHEERMNR
RSB RT3, Brocgs 2123 & Nb TSCR T
TRELERPEE HINAARYSAZR T SELH W
MR ESEAEE (TSCR TZ L AT RS R R
~HE# K 600—1000 pm, BERRFAMRRES, Kk
SR BT LASAE] 2000—2500 pm) 4b, F5 Nb xfH
S R EMBEAA X 4 Nb EETRS, TibRHE
VAT A R A R UE SR IR A T4 . A
VB ) s R AE T AR AL B WIS 2—3 B P, FRIRE
AT HM AR AES R £ 52 0 % SR XA LE
E AR E R ALIE R, MGG 23 KAV E TR
STHL TIMES B AL B ES I R AR A R X 2O

Nb # B4R HEF IR B Nb Xk £ 458
B, BETERARTH Nb TEXREELLE. v — o
HARRERFREEDY. BE 3 M, 3 SHETd
E%h Nb 4 REEETF 7 Emsdm Nb 48, Ui
ks ) EinFREESr Nb BERE ¥ — o
FEAR IR, (RHERIRESUE AR, MR AR
FIFMUMERS. AHRERBEET RS, BERS
B Nb &1E6 3 BREHEHBMILMEZELRR
<, MR E R R R B 2SR SR E E
RS B R A . R L R AE £
Wik Z R MUE R B S B IRE, LS
Pt @it TMCP TEB&IEBELHBEER Bk
sEh) Bi2ES Nb SHEEH— PR,

4 4ig

(1) ERMAMREN BHARETRENREEAL,
ERRRE R 3 SRMERRE TR TH 5.3 um
JEARSREEMRET 7 SRERN 7.1 pm.

(2) MFFRB SR RERFREIRART. 7T 50E
BREREFABNZHLHRREAR, M 3 SWENKR
iR £33 B 2 AR R R IR AR R RS AR
L, BARENMNEEE. X5 3 SHETREME
# Nb & EHx.
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FA3E

(3) PP AT AT BKE Ti kT, F
ERSTE Nb iy Nb | Ti BB EEAT &Y 2L B4/ N
HRBIREHF. BRATEYENTEREE, FHRT
R=F 140—150 nm, E#EFEHEMN TR 50% #) Nb.

(4) SR AR AA L EERMAE, SHEEE
ARIRERY (43-—46)% ; MASBANDHT HERILIER
B, R RIRER (4—6)%. 3 BRERFREMNE
AL e AR, FRAESSHREMBERS.
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