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Stabilization in Strength of Hot-rolled Sheet Steel Strengthened by Nanometer-sized Carbides

Yoshimasa FUNAKAWA and Kazuhiro SETO

Synopsis : Stable precipitation-strength of hot-rolled sheet steel can be realized with precipitates remaining fine even at high temperature coiling. This

study deals with a relationship between the strength of ferritic steels strengthened by nanometer-sized carbides and coiling temperature in
order to evaluate the stability of the strength against a deviation of coiling temperature. Ti-Mo-bearing and Ti-bearing steels were heat-treat-
ed for the precipitation of (Ti, Mo)C and TiC in ferrite matrix, respectively. These steels were hot-rolled and coiled in the temperature range
from 550°C to 700°C. Matrix of the steels coiled at temperatures more than 600°C was only ferrite and nanometer-sized carbides in law were
generated in the matrix. Ti-Mo-bearing steel exhibited high strength even at the high coiling temperature while the strength of Ti-bearing
steel significantly decreased. Hardness of Ti-bearing steel just transformed at 650°C was the same as that at 625°C. In addition, while hard-
ness of Ti-bearing steel coiled at 625°C significantly decreased during holding at 650°C for 86.4 ks, Ti-Mo-bearing steel did not show a large
change in hardness. These results confirm that (Ti, Mo)C is not coarsened easily by Ostwald ripening at the high coiling temperature unlike
TiC. Interfacial energy between (Ti, Mo)C and ferrite matrix can be the same as that in case of TiC since both carbides have the same struc-
ture and the equivalent lattice parameter. The retardation of Ostwald ripening of (Ti, Mo)C is attributed to a small amount of titanium in solu-

tion in Ti-Mo-bearing steel.
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Table 1. Chemical compositions of steels investigated (mass%o).

[¢] Si Mn P S Al N Ti Mo Nb

Steel A|0.046 | 0.02 1.30 [0.006 |0.001 |0.042 |0.0028 [0.099 | 0.19 -

Steel B|0.041 0.01 1.32 [0.005 |0.001 ;0.039 [0.0024 |0.197 - =

Steel C|0.044 | 0.01 1.32 10.008 |0.001 | 0.042 |0.0032 |0.106 - 0.180

Steel X|0.046 | 0.01 1.30 ]0.006 |0.001 [ 0.042 [0.0026 - 0.19 -

Steel Y[ 0.044 | 0.01 1.31 0.006 |0.001 [ 0.041 [0.0026 j0.102 = -
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Fig. 1. Schematic diagram of thermomechanical treat-
ment; (a) dilatometric test and (b) heat treatment to
investigate hardness of steel after austenite—ferrite
transformation.
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Fig. 2. Influence of coiling temperature on mechanical
properties of hot-rolled sheet steels; (a) elongation,
(b) tensile strength and (c) yield strength.
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Fig. 3. Scanning electron micrographs
crostructure of hot-rolled sheet steels coiled at
625°C; (a) Steel A(Ti-Mo), (b) Steel B (Ti), (c)
Steel C (Ti-Nb) and (d) Steel X (Mo).
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Fig. 4. Transmission electron micrographs and energy dis-
persive X-ray spectra of fine carbides in hot-rolled
sheet steels coiled at 625°C; (a) Steel A (Ti-Mo),
(b) Steel B (Ti) and (c) Steel C (Ti-Nb).
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Fig. 5. X-ray diffraction spectra of chemically extracted

carbides in hot-rolled sheet steels.
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Table 2. Lattice parameter of carbide precipitated in hot-
rolled steel.

Steel Carbide | Lattice parameter (nm)
Steel A | (Ti,Mo)C 0.431
Steel B TiC 0.432
Steel C | (Ti,Nb)C 0.440
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Fig. 7. Dark field images formed from 200 reflection of fine carbide in hot-rolled sheet steels; (a) Steel A (Ti—Mo), (b) Steel B (Ti)

and (c) Steel C (Ti-Nb).
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Fig. 9. Transmission electron micrographs showing carbides in hot-rolled sheet steels after aging at 650°C for 86400s; (a) Steel A

(Ti-Mo), (b) Steel B (Ti) and (c) Steel C (Ti-Nb).
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Fig. 11. Change in hardness of hot-rolled sheet steels A, B
and Y aged at 650°C.
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Fig. 12. Transmission electron micrographs showing car-
bides in Steel Y; (a) as-rolled and (b) after aging
at 650°C for 86400s.
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Table 3. Change in carbide diameter with aging at 650°C.

Carbide diameter (nm)
As—rolled After aging at 650°C
Steel A 2.6 3.1
Steel B 2.6 13.1
Steel C 2.6 6.5
Steel Y 2.6 3.1
_’\ 100
gm OSteeI A
| E 80 H AsteelB
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Amount of Ti or Nb in solution, Coo(mol/m3)

Fig. 13. Relationship between amount of carbide former
element in solution and normalized amount of
change in carbide diameter.
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5. &8

Ti, Mo AR, TiHMMARM, Ti, Nb AWM U 72 3754
MOWMAERNT, 7/ 42— LY A XOTiEFHEKRIEHT
BriBgfb Uz 7 = 5 4 b BRI S Ak 00 5 B 0D A B
A A L 7=, %7 LT, Ostwald ripening {Z & % R 1t
PR AAL & R OB BE IRFE L 2 BE DT 5 2 & T,
LIT ofEam %572,

(1) (Ti,Mo)C THrlisib L 727 = 54 b ¥Rkt
DRERIS & B15R X 1L, BEURE 550°C 4 5 650°C TIEIE
—ETH5, ZHITK L (Ti, Nb)C THr i RIL L 2= 8k DR
R & 51IEM X IZBBURE 625°C TIRKTH D, 625°CLL
FOFEREETHER 2 IE T $ 5. TiC THrdiaR1E U 728
Becid, BEIRA & 5155 X IZEHGRE 600°C TR AL A D
600°C L LD EEAEWMTRWMIIEKLT TS, §4hbb5,
(Ti, Mo)C THTHiaRIL L7227 = 5 4 b ¥ HUESTR D
IPEINEEDZENIZH L TREBREL T 5,

(2) BRI T 650°C T300 SR ARE S ETTIC %
Mt X 8 72302 K U 72 Ti BRSO 21X, 600°C T
SREREX R EDERAETH S,

(3) 625°CHHUM % T 650°C IZIRF§ 52 M L 2056,
(Ti, Mo)C THr BB b U727 = 5 4 b L HH A dhi g oD 1 &
ICBEERIKTIRAD S a0z L, (T, Nb)C TH 5
LU 7= S O X 135E RIS T4 5, & 5IZTIC THHY
AL U 28 O X IEPAFITIK N5, Tic TH L L
727 x 94 b BRI A 650°C B L7z & 2IZFE LS
MK T BRI, 650°C THRUMIMH L 2z R D%
HUEETOMKILTH B EELONS,

(4) TigARHTHNELLZ7 274 b B—HE
HMR T, R ICROBE RS D 20 ERILO
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Ostwald ripening iZ#IHl Eh b LEL 5N, ThED, Ti
HRRTHEBILL 727 = 94 b {5
T 600°C 7 6 650°C DBHURE TREL -BE 2R 512
2, A—Z2AFFA -T2 I 4 NEREEABIUEE £ TK
LT3 &L, BHUREIC T 5 RILMIZEOCR D
BRAKRT 2RAREGVEDITHEELELOND,
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