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Strengthening Mechanisms of Ti and Nb Bearing Steel Plates Produced by
Thermomechanical Control Process

Taneo Hatomura, Yoshihiro Kataoka, Keniti Amano, Yoshifumi Naxano and Chiaki Suica

Synopsis

: Strengthening mechanisms of Ti and Nb bearing steel plates produced by thermomechanical control process have been

investigated. The strengthening of Ti bearing steel plate is induced by precipitation of Ti carbide, ferrite grain refining,
and increase in bainite volume fraction. The strengthening of Nb bearing steel plate owes to precipitation of Nb
carbonitride, ferrite grain refining, and increase in bainite volume fraction. The major factor of strengthening of Ti and
Nb bearing accelerated cooled steel plate is the increase in bainite volume fraction.
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Table 1. Chemical compositions of steels (mass%).

SteelC __|Si [Mn|P S Al |Ti [Nb |V |Cr IN Ar3(C)
T1 {0.08]0.3]1.6/0.01510.002}0.03]0.011 — | — | — [0.005 771
T2 |0.0810.3/1.6/0.015{0.001}0.03/0.02] — | — |— 10.004 771
T3 ]0.0810.3{1.6/0.015{0.001}0.03]10.04} — [ — |— [0.004] - 769
T4 }0.0810.311.6/0.015{0.002/0.03/0.05} — | — | — 10.004 770
T5 [0.08{0.3{1.6/0.015{0.0010.03/0.07| — | — | — 10.004 771
T6 [0.08]0.3/1.6/0.014{0.001/0.03/0.09| — | — | — 10.004 771
N1 ]0.06]10.3/1.5{0.014{0.004|0.03]0.01] — [0.03] 0.5 0.003 774
N2 10.06/0.3/1.5/0.015]0.005]0.03]0.01]0.02{0.03} 0.5 0.004 775
N3 10.06]10.3{1.5{0.015]0.004}0.03} 0.01]0.03]0.03] 0.5} 0.003 772
N4 10.06]0.3]1.5]0.015}0.004]0.03]| 0.01}0.06]0.03] 0.6 0.003 773
N5 10.0610.3/1.5{0.01510.005]0.03)0.01] 0.1 {0.03]0.5{0.004{ 775
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Fig. 1. Experimental procedures of controlled-
rolling(CR) and accelerated-cooling(ACC).
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Fig. 2. Effects of effective Ti and Nb contents on
mechanical properties of CR and ACC steel
platies: (a) Ti bearing steel, (b} Nb bearing
steel.
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Fig. 4. Effects of effective Ti and Nb contents on
ferrite grain size of CR and ACC steel
platies: (a) Ti bearing steel, (b) Nb bearing
steel.
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Fig. 5. Effects of effective Ti and Nb contents on
second phase volume fraction of CR and
ACC steel plates : (a) Ti bearing steel, (b) Nb
bearing steel.
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Fig. 6. Effects of effective Ti and Nb contents on
insoluble Ti and Nb contents of CR and ACC
steel plates: (a) Ti bearing steel, (b) Nb
bearing steel.
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Fig. 8. Effects of effective Ti and Nb contents on
ATS of CR and ACC steel plates: (a) Ti
bearing steel, (b) Nb bearing steel.
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Fig. 9. Effects of effective Ti and Nb contents on
ATS, AV, Ad~Y2, Ainsol. Ti andAinsol. Nb
of CR steel plate : (a) Ti bearing steel, (b) Nb
bearing steel.
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Fig. 10. Effects of effective Ti and Nb contents on
ATS, of CR steel plate: (a) Ti bearing
steel, (b) Nb bearing steel.
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ALiBfbds S OCMERIIZ X VAER LI, F 4 Mi2d 2%
B L EERTH 5,
TiCiz & 5 584k : ATS(MPa) =2140Insol. Ti(mass
%)
7z 74 PRfgHILC & 5584/ ATS(MPa) =7.7Ad"'2
(mm~172)
~NA FA4 Mk 581k ATS(MPa) =2.5AVg (vol.%)

(3) g En L 72 Tidmel O 5akE_E R~ o igit, 7
= 74 MR LS bl X CEEBELOF S IIMERNTH
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Ti, NbifFEmsAOMIBILE I & 2 SikE{bE 537 @

B, SHEOMEFRBRLIET 5 L, TIBOWME & o
BREEBALOFGIRS (Y, IESRINC X 5 Tilngo
FLOEIIIESREC S OV ERLIENS A4 bk 2%
by ER EFH 2 L b,

(4) NbIEsng 2 i3 5 &, HIEEZEM - <Eik
BT & 5,

(5)NbiEmMADOFHBELIZ D TOMEERFOEILE L
THND(C, N) T & 2RI LRI L 3 7 =5 4
MG LR L ds & PN EI G & DR LTcNA F A4 b
& A EEEALYTERTH 3,

Nb(C, N) i= & 247584k : ATS(MPa) =1140AlInsol. Nb
(mass%)

7 x5 4 MR & 5581k © ATS(MPa) =7.7Ad-12
(mm-~12)

~NAF 4 M2k 358IL D ATS(MPa) =2.5V5 (vol.%)

(6) MM E L 7o NbEMEA DM E LR~ DO sk, #
HMbia b & CEERILOFSIMENTH 2, ZHDOM
ELAEXILET 2 L, NbEDOHINE L b CEERLOF
EWRSLY, mMEHEC L 2 NDHEMEADE L 5aE F
AT B ENC & YR LIeNS F4 sk 2 E R LY
EWEFLONS,

X [73

1) EFFRARLE, RKEFR—, SETR HMEE o+ X, 1(1988),
907.

S.0Okaguchi, T.Hashimoto and H.Ohtani : Proc.of Thermec
88, ISIJ, (1988), 330.

WRATRARAE, RS, SHET, BFUE— HLEESE o
BEo xR, 6(1992), 1978.

F.Kurosawa, I.Taguti and R.Matsumoto:
Metals. 43 (1979), 1068.

F.B.Pickering : Physical Metallurgy and the Design of Steels,
Applied Science Publishers Ltd., (1978), 54.

B R ERE, FTHIESL, NHEEZ, #OUREE M- WU ER, 33
(1983) 4, 24.

BETR, BAMKRE, KEE—, BEw— et et x,
10 (1982), A227.

2)
3)
4) J.Japan Inst.
5)
6)

7)



