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Effect of Hot Charge Rolling Conditions from Austenite Region on Micro-
structure and Mechanical Properties of Nb and Ti Bearing Steel Plates

Tsunemi WADA, Hiroaki TSUKAMOTO and Masataka SUGA

Synopsis :

The effect of Y-HCR conditions on microstructures and mechanical prorerties of Si-Mn, Nb and Ti bear-
ing steels were investigated. Here, 7-HCR is defined as hot charge rolling in which casted slab is charged
into furnace at austenite (7) state. The results are summarized as follows.

(1) Si-Mn steel produced by ¥-HCR and cold charge rolling has almost the same mechanical properties.
On the contrary, Nb and Ti bearing steels produced by 7-HCR has significantly mixed grain size structure
and low toughness.

(2) The increase in charging temperature, increase in heating temperature and reduction of heating time
in 7-HCR process lead to increase in strength and microstructural refinement in Nb and Ti bearing steels.

(3) Increase in rolling start temperature in ¥-HCR process leads to microstructural refinement and im-
provement of toughness in Nb and Ti bearing steels.

(4) The amount of precipitates prior to rolling decreases in accordance with the change on 7-
HCR conditions as mentioned in (2). Precipitates prior to rolling retard the recrystallization of as-casted
coarse grain. From these results, (2) was explained.

(5) In the case of applying 7-HCR process to micro-alloyed steel plates, it is important to charge the
slab at high temperature, heet for short time and start rolling from the temperature above 1 100°C with
high one pass reduction such as 20%/pass.

Key words : hot charge rolling ; controlled rolling ; micro-alloyed steel ; high strength low alloy steel ; grain

size ; precipitation ; recrystallization ; Nb bearing steel ; Ti bearing steel.
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Table 1.

Chemical composition (wt%).
(Wto/o)
c [siImn]pP [s [Nb][Ti [solafT.N
Si-Mn|Q091[0.31]1.57|0018/0003[ tr. | tr. 003500039
Nb [0090/0.3!|1.53|0017|0003[0.031| tr. |0.032/0003:
Ti j0090/0.31]|1.56]0019/0003| tr. 0067002900041
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Fig. 1. Simulation for 7-HCR process.
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Photo. 1. Macro-structure of as-casted Ti steel.

(The initial austenite grain structure for 7-HCR
steel.)
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Photo. 2. Microstructures of Y-HCR and a¢-HCR steels.
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Fig. 3. Effect of rolling start temperature on
strength, toughness and microstructural parameters
of Ti steel.
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Fig. 5. Effect of holding time on strength, tough-
ness and microstructural parameters of Ti steel.

Table 2. Effects of y-HCR conditions on prop-
erties of Ti, Nb bearing steel.

grain

refinement| Strength | toughness
higher charging temp. /improve up /improva
higher rolling start temp) L<) = (::)
higher heating temp. (f’_) (:‘:) (::
longer holding time (::) (:_-) (::)
Whel'e, () indicates the direction in the case of CCR.
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(a) No holding

Table 3. Amount of insoluble Ti in Ti bearing
steel ingots at charging and afrer holding.
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insoluble Tij — 0.036wt %n -—0.046wt % | —0.056wt%

Elapse time
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Photo. 3. Precipitates in hot charged (900°C) Ti bearing ingot during holding at
1 100°C. (Ingots were quenched from 1 100°C.)
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(a) Standard HDR treatment
Photo. 4. Precipitates of Ti steel prior to hot working.
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Fig. 6. Thermo mechanical treatment given to
steels by hot working simulator.
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(b) HCR with precipitating treatment

Solid  :recrystallization.
half solid: partial recrystailization.
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(a) Standard HDR treatment.
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Fig. 7. Softening ratio (X,) of Ti steel on the
treatment in Fig. 9.
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Nb 3 X O Ti ISR OMM, WHIOMECRIITA 2754 MKy b Fr—Yu—) ¥ 7O

1445

BASHEINES. Tabb, JFEAREOKIRIL, M
R OKIRAL, AR OER IEERICHHE L Tw
% TiC, Nb (CN) OoELZHME LD, ZhbHDiTHY
PEHEEIIOMK Yy ROBRRY X DEBES Y, HRE
LTEIDEFELVWEAEBEELZb0EHEE SRS, &
AT, CCR 7ut 2B, HIERGEICHKRE
#D Ti % Nb O ¥y i FAS S EIHIEN R E L <55
LEDbRTwBY™D, CCR & 7-HCR T h & ELERT
DO O B SINFIR AR 2 BRER & o2 FHHIS
2WVTIE, YRR, YOS A X, BREFEZLR,
SHREHEET 5.
EomaiEsE Ly, Ti, Nb#hns% 7-HCR Rt
TRET AH6 I, BiRSEL TH— % Bk Sk
BAEIENHETHD, Z0720I101E, TEXDLZIER
THFICEA L, MU ITEEER & L, 1100°C fH:E0
BRI SFERBBT A EPHMELEETHS.
7z, FEEREBRLGIRAEE & 2 T TIREOH IR SN DD
THITFEATO L2 K2 VEREE (HDR) 2%
Xh¥®F L\, 7, y-HCR |2 HDR Y0+t 2 Tii,
CCR 7B £ A~ D & L O HsabfET & 5%
7z%, A7\ Ti, NbiEMET CCR & AR DM %
HRETEZETFHEENSL. Ti, Nb ORI, BT
DMKy OB EESHCTHI b2 %r ), B
M 7-HCR, HDR # O#E £, H&bMEE %2 8%
HALOMEL BB TEALLDEEZONS.

5 #& ]

FEERE T Si-Mn, Nb, Ti 8% vy M CHEATS
£v) y-HCR #EMiL, ZOMEREETEBKL 2.
$7, BAv& (Qlmm PLE) OBE&ES, 2hICKk
TR L CWwa Ti, Nb Y oOEEIZ>Ww
THRE L7 Bon#ER2UTIORT.

(1)CCR # & y-HCR # % b L 7-8§, Si-Mn $T
i, ZIEFSOBRNMBIE SN, BEHTEEICLKE
REALRR S o7, —K, Nb, Ti o y-HCR
MTRFELVWRNMAGEZL, BMEsHbL .

(2)FEARED LA, MARED ER, IEREFE
M oEH & v ) 7-HCR &0 %&4kiz, Nb, Ti SO
Er bR sw, 37t iiibses.

(3)7-HCR Fu+t 228} 5 FELEREKBIRED EA
i, Nb, Tif#o I 7 vl A b s ez LR
&5,

(4)y-HCR 7Ot 2 BT HEERICH B L T3
wimos, MRy oBERFHLHRFL, DLToz
EFHL NI LD

@D7-HCR 7uat A2 BWTix, HHMrshngimeE
BUAEHEIEST S T TICHMMERX DY), CCR
I TREE Nb, Ti 2%\, EEFICHHELTWS
Frib ORI, BRFEA, SEME, HRERFEED
W,

@OHLK y RoBALEE X b, EIERTIIHTH L T v % Hof
% Nb (CN), TiC MK v ko> FAs & = P03 5 %
AETAHIEERELE.

@®Nb, Ti OB Ky #IC 10% BEOCEE Y5 2 /2
& &, 1200°C TIxFAdh, 1100°C T o H#5 8,
1000°C CidRMEHMOIRELZET 5.

(5)Nb, Ti#iZ y-HCR 7ut 2 @M T 554
i, TEABOBRTHFEAL, EREMEDR,
1100°C fhift 26, BHETRTHELHET A I &%
HED»HEETH 5.
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