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Effect of Hot Charge Direct Rolling Condition on Mechanical
Properties of Nb Bearing Steel Plate
Yoshihiko KAMADA, Tamotu HASHIMOTO and Seiichi WATANABE
Synopsis :

A large amount of steel plates is currently produced by HCR (Hot Charge Direct Rolling) process. In
this study, the effect of HCR condition on the mechanical properties of Nb bearing steel is investigated.

If the charging temperature is above Ar,, the toughness of Nb bearing steel through HCR process is in-
ferior to conventionally rolled one. This phenomenon comes from the larger amount of Nb in solution in the
HCR process than in the CCR process. This Nb in solution markedly retards the recrystallization of auste-
nite and then it precipitates as Nb(CN) finely during and after rolling in the HCR process. To improve the
balance between the tensile strength and brittle-ductile transition temperature in Nb bearing steel at a.
charging temperature above Ar;, 1100°C is the most favorable for the rolling start temperature, because
the finest austenite grain is obtained at this temperature range due to recrystallization.

Key words : high strength low alloy steel ; plate ; phase transformation ; precipitation ; recrystallization ;

strength ; toughness.
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Table 1. Chemical composition (wt% ).
Steel C Si Mn P S Nb | Sel. Al N
10C1{ 0.09 | 0.27 1.32 | 0.008 | 0.007 — 0.021 | 0.0068
Nbl | 0.09 | 0.21 | 1.34 | 0.003 | 0.005 | 0.034 | 0.025 | 0.0053
10C2 | 0.10 | 0.31 1.44 | 0.003 | 0.006 — 0.028 | 0.0065

Nb2 0.09 | 0.29 | 1.43 [ 0.004 | 0.003 | 0.036 | 0.023 | 0.0067
Nb3 0.11 | 0.25 | 1.35 | 0.002 | 0.003 | 0.029 | 0.020 | 0.0021
10C4 | 0.09 | 0.24 | 1.37 | 0.003 | 0.004 — 0.023 {0.0084
Nb6 0.10  0.22 | 1.33 | 0.003 [ 0.005 | 0.025 { 0.022 | 0.0060
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Fig. 1. Laboratory simulation method for hot
charge direct rolling and conventional rolling
processes.
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Fig. 2. Schematic representation of interrupted
compression testing method.

Table 2. Chemical composition (wt% ).

Sol. Al} N

0.0028! 0.0015
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0.0011

Steel C Si Mn P S Nb

10C30.10 0.29 ( 1.35( 0.003| 0.003} —
Nb4 | 0.10 0.23 | 1.34 | 0.002( 0.003[ 0.030( 0.015
Nb5 | 0.0006] 0.22| 1.33| 0.001| 0.003{ 0.026| 0.016
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Fig. 3. Effect of charging temperature (T.) on
mechanical properties of 10C1 and Nbl steel.
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Change of optical microstructures of 10C1 and Nbl steels due to T..
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Fig. 4. Effect of heating temperature (T,) on
TS -,T, balance of 10C2 and Nb2 steels.
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Fig. 5. Effect of rolling start temperature (T;) on
mechanical properties of Nb3 steel.
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Fig. 6. Effect of rolling start température and

rolling reduction on recrystallization ratio of 10C4
and Nb6 steels in hot charge direct rolling.
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THRBIAZ L, BET ITOMK: yHAEZEDH ¥
THAHI L, SERTZRBEEMFABOIAKISERL T
HRESICXDEEME v KoMK L2k vizd
Thh.

(4) 152D Nb S DOGEEE - 8N 7 » 2 D F I IZ 455
LBBEEICLOCEBRZT IOMK: yREEERIC
&0 AR AL T A L AR TH B, F
DEEFEBIT 1100°C fHETH 5 = L HHBFL 72,

(5)&EM £ DKL ¥R OELEIC X D HER L8HE
MR L, FERPASOS#HAH»SBEVETE
DEEIN - NI O R A CHE ORI ET T
5.

Bbil, ARLOBERErHFISNIEREBTE
(BR) B RURR I AR & PR Ze i R i B i = [)af
FEARIFTREORRIE LIRS L 3. XL &
TT5CH0BYLME L TEY 2w EHER
KERXMEEIC, FLEROBTICIRIVALWH
RESCHE, ZOEMITHRICE CHELE L BT+,
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