1454

% L W %744 (1988) BT &

© 1988 1ISL3
I

s TUE: i

I RS 2 DR PR, 3
I 6: ‘is J: cf"g— ;i‘; v ]\ % ‘*’ - :‘/“}:T:EO)E‘-;%

7=t ik

MHEIEE® - R #BY?- AL T

Effects of Hot Charge Rolling on the Mechanical Properties and Micro-
structure of Controlled-rolled High Strength Low Alloy Steel

Masahiko MURATA, Kiyoshi NISHIOKA and Hiroshi TAMEHIRO

Synopsis :

A study was made on effects of hot charge rolling (HCR) on the mechanical properties and microstruc-
tures of the plate, in relation to the behaviors of austenite (7) grains and precipitates.
In this process, it becomes very difficult to refine 7 grains by conventional controlled-rolling, because of

the coarse as-cast 7 grains before rolling.

Therefore, low-temperature toughness remarkably deteriorates.

In order to improve low-temperature

toughness of HCR plate, the optimum rolling method of 7 grains was examined in the recrystallization and

non-recrystallization regions of 7.

On the other hand, it is possible to get higher strength in HCR process, compared with that in conven-
tional process, because precipitation-hardening elements such as Nb are fully dissolved. The strength of
HCR plate, however, strongly depends on the processing conditions.

Furthermore, it was found that a microalloyed Ti of about 0.01% remarkably raises the strength by the

precipitation-hardening in HCR process.

Key words : strength ; toughness ; hot charge rolling ; hot direct rolling ; high strength low alloy steel ;

controlled-rolling.
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MEIEA~ OB ANIRE GRERE), MARE (5
VIRBGRIE) kR % L2 s ¢ (Fig 1).
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WEAD 61 45 10 A ASHEBEASICTHE B 62 4 10 A 21 B3+ (Received Oct. 21, 1987)
* P A AR CBR)B BT (B ¥ B A8k (RR) B EREFT) (Kimitsu R&D Lab., Now Kimitsu Works,

Nippon Steel Corp., 1 Kimitsu Kimitsu 299-11)

*2 7 B ARIEE (b ) B ERBEATFAE (Kimitsu R&D Lab., Nippon Steel Corp.)
*3 I P AR (M) BEEMIIZEE T (Kimitsu R&D Lab., Nippon Steel Corp.)
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Table 1. Chemical compositions of laboratory steels (wt% ).
Steel C Si Mn P S Nb Ti B Al N
NB 0.05 0.26 1.55 0.005 0.001 10.045 0.022 0.0011 0.030 0.0023
NT 0.09 0.25 1.50 0.001 0.001 0.041 0.010 — 0.030 0.0015
N1 0.09 0.25 1.50 0.002 0.001 0.045 — — 0.033 0.0012
N2 0.09 0.25 1.50 0.002 0.001 0.020 — — 0.033 0.0012
T 0.09 0.25 1.50 0.001 0.001 — 0~0.072 — 0.033 0.0018
7 .
Melting and casting 0 50 20
300kgVF > 50kg ingot TS
A Heati 60 P 4 40
eating - ) a0 -
1200°¢C |-
A 1200°CxTh o .A/Trs
5 E
f Controlled rolling(CR) S5l o Ys 430 & dogo ~
i 2 ‘\. 2 s
2 Finish rolli = A - -
fid A inish roliing . I
21!2(720°g«)3 temperature: 740°C §, 40 F I* £-40 =20 ? 4-80 &
§ ar S AN S g
"'(580%51 5 J v
Air cooling < 30 b e \\..._.. 410 4-100
Ar:  Ars J
Plate thickness: 20 LA, Py T T 0 -120
16mn RT 500 700 900

Time —

Fig. 1. Experimental procedure on effect of

charging temperature.

TiEE :740°C, HEWE :16mm THhH A, I/, vH
HEBICBUAETREL y HEOBEREHES TS
OIREETEY 60% O—%F L L, BREIETOIR
BE (# 900~1050°C), JETH (5~25%) 2 Z&fbs&

TrYyHEBE L. COBRRIETUNOETEIZ
5% & L7z, 25612, ¥ KREHELBOETREIHEIC

RETHEBLRET A0, v REKSBOET &4,
REERBOETREY —FL L, REETE (75,
87%), HETH (10, 20%) *ZfbsET@MAELA. £

LT, EBRICZOKRLERTYE T HCR HIZ@AHL T
ZOMBEHRL .

PEMR MR G R RE & A ) BV TLIET IRAER,
2mmV /v F ¥ x VE—RE, DWTT %472 CHE
L7z, REEMSEC L 5 3 7 nlioBis, ETHME
X BITHOBE L EFROTIC K S FEE, Fission
Track Etching (FTE) ##FH L 2B o0 v #
BEIE, F@WIRKICBITD Nb ORBGHO% T2, &5
2, Z)— T RABE (KRB YA X :10mm ¢ X 120
mm!) ¥ A \VT0.01% Ti 58 (Steel : NT) 2B} 5
Ti OFHEH 2F/EL 2. RBH X Ar FRRICBY
TH# 1450°C THEM S &, wHEE 5°C/s THEDR
FEE THHL 22 0~90 min RIFHBEANT Ti DIREE
S AT 72Y. Nb, Ti ORESHIZH 722 Tid 0.1
um O 7 4 V% — T8 L Soluble (Sol.), Insoluble
(Insol.) ZEE L 7.

Charging. temperature (°C)

Fig. 2. Effect of charging temperature on mecha-

nical properties of Steel NB plates.
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Fig. 3. Change in austenite grain size of Steel
NB with charging temperature.
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Fig. 4. Effect of charging temperature on
strength and acid soluble Nb content of Steel N1
and N2.
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(a), (b), (c) : Steel NT (a),(d) : 1 000°C X0 min (HDR)
(d), (e), (f) : Steel N1 (b), (e) : 1 000°C X 60 min
(e), (£) : 1 000°C X 90 min

Photo. 1. Microstructural changes of Steel NT and Steel NI plates with holding time at 1 000°C.

CIBE oy

(a) 1 000°C X0 min (b) 1 000°C X 90 min
(¢) 900°C X 0 min (d) 900°C X 90 min

Photo. 2. Transmission electron micrographs of Nb, Ti precipitates of Steel NT plates in HCR.
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Fig. 7. Effect of holding time at heating in HCR
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on precipitation behavior of Ti in 0.01%Ti steel.
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Fig. 9. Effect of acid soluble Ti content on ten-
sile strength (Steel T).
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Fig. 11. Recrystallization behavior of austenite
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Photo. 3. Austenite structures revealed by FTE method in Steel NB plates.
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Fig. 13 Effect of rolling conditions in non-
recrystallization region of austenite on mechanical
properties in Steel NB plates.
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region of austenite
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Fig. 14. Effect of charging temperature on plates
manufactured in heavy plate mill.
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