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Effect of Quenching from ¥/a Dual-Phase on Mechanical Properties of

Controlled-rolled Low-carbon Boron-steels

Yasufumi FulisHIRO, Tamotsu HASHIMOTO and Hiroo QOHTANI

Synopsis :

Effect of 7/a dual-phase quenching on the mechanical properties of controlled-rolled low C-Mn-Nb-Ti-B
steels has been studied with changing quench temperature, and carbon- and manganese-contents. The
steels were heated to 1050°C, then controlled-rolled to 720°C. Contolled-rolled plates were directly
water-quenched after rolling. High strength has been obtained by water-quenching from the temperatures
in the 7/a dual-phase range after controlled-rolling. And the strength increases with increasing quench
temperature. A major strengthening factor is increase in the amount of hard-phases, that is in this case,
martensite and bainite with increasing quench temperature. It is found that high toughness can be
obtained by keeping the amount of ferrite more than about 40% in volume when quenching from the
temperature below 600°C, although toughness has been rapidly decreased by quenching from the
temperatures above 650°C.

Key words : hot rolling; high-strength low alloy steel; alloying element; rolling; phase transformation ;

metallography ; boron steel ; controlled rolling ; low carbon steel ; acceleratedly cooling.
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Table 1. Chemical composition of steels.
Steel C Si Mn P S Cu v Nb Ti Sol. Al B(ppm) N (ppm)
Bl 0.038 0.20 1.68 0.027 0.005 0.28 — 0.04 0.014 0.034 10 29
A Bt S O N oS ' A Z 06 0o oo w 2
wt%
PLE®IRE T 150 X 120 X 100 mm MK & S IZH#fF L,
W L7z, YIWEtR, WIMERE® ML 7. GISEE R, 80 Tensile strength
1050°C i m# %, v O B4 &R E B o 1050 ~ ~
950°C T 47~ 33%, $E < 7 O K FIHk S IRHE O 840 ~ E S
700°C T 76~68% DETF %Mz, EH 19, 25, 32mm 2 Elongation .
O 3HEEOBMBIZ L7z, FWEZ L DETREIE, 19mm ‘% "1_,*-;«—-‘—1- <
DERE SRR T 47%, REH SHIREE T 76%, 25 mm 5 50 AR Yield strength 20 E’»
DEAERIBEI T 40%, KRB GEEH T 72%, 32mm ¢ Q | =
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WA L7 AR LR 13 0 — VEE 550 mm, 01— b [HIEREK _ R
18.5rpm T %. LR 700~350°C DFTE ORI T g 80
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mechanical properties of steel Bl.
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a~d : Thickness 19 mm

a : Quenched from 700°C
b : Quenched from 650°C
¢ : Quenched from 600°C
d : Quenched from 500°C

Effect of quenching temperature on microstructures in steel Bl.

Photo. 1.

550°C LLETo TS ol #1249 kgf/mm?®-100°C T
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Photo. 1 a~d IZ7R$ & 9 i2, 600°C LLF Tld B AR
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e~h : Thickness 32 mm

e : Quenched from 700°C
f : Quenched from 650°C
g : Quenched from 600°C
h : Quenched from 500°C
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Fig. 2. Effect of quenching temperature on

mechanical properties of steel Bl.
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Fig. 3. Effect of
mechanical properties.

quenching temperature on
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a~d : Steel B2

THET B2, Zhid, Photo. 1 IZ/RT X I, BEA
BEDOFERIE > THILHONRS FA P EE<w VT~
F A4 PHBHEMTALDTHAS. c DELBEORKY
Fig. 4 12777 %%, 19~32mm OWEIZL ST, TSid e
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LA OB AR L 1 EL, BiERHEOEIC X %M
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BOBED, XA 54 VEOWMIE) TSO LR, #
3 kef/mm?-10%Y D 1/2 THAH. Thbb, v/a M
BhbEE AN TS E-EEHID L C DM
Lomms - EmEAIC LA HIBEORBEISRKENT
L &R L CwA. Photo. 1 IZ/RTHBEP OMEEAIC
itk 7 2 EESBE S, HELD, TVF 27—

e~h : Steel B3
a, e : Quenched from 700°C
b, f : Quenched from 650°C
¢, g : Quenched from 600°C
d, h : Quenched from 500°C

Photo. 2. Effect of quenching temperature on microstructures in steel B2 and B3.
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a: As forged b : Quenched from 1200°C ¢ : Quenched from 870°C
d : Quenched from 790°C e : Quenched from 700°C f ; Quenched from 650°C

Photo. 3. Microstructures fission-track-etched of controlled-rolled steel Bl.
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Fig. 4. Effect of ferrite content on tensile

strength and Charpy transition temperature in
steel B1.

EHMCRBIATHEWL-DEEZONS. Tbb,
a DER, BRIE- TBARERE yh ittty s:0
EEZONhD. ZORLLZBda & RERE ¥y OREIC
fribl, =7 o344 b, XM F 4 FORKIBERERY
MHEEBMELTWA DL Lz,

4:2 Tz 74 M+TNToHA b, N1F 1 AR

D
WM, Fig. 1SR X918, BARE S 600°C LA

ToWE, BRI TESLLGEGLEDORWEERT
A%, Zhid, Photo.1 BL U Fig. 4 IZRT & )4, &
FAEBOBE, a8 40% LLEEKT A &, Bvak
ERTOTHS. —197°C T v VE—HBRABRL
To -HEFALAE R % Photo. 4 I2RTHY, o DERIC
LVBEBEAAAVNEL 2o TBY, HEBEMLRI CER
THUMYELEZOND, v WY —HERERIC BT
HEHROERIINT S a DEBE)E Photo. 5 I27/F. %
ROBEE, Yy VE—RBRF OBEPROKRBE %,
EROEFTHE AT 2ME TIT- 7. S34E, WEH
DRALF A PBEERVF 44 P2 ERGICERL:
%, e HTEBOFMEELTBD, FISHIIZ a AR
EROEHIC L > TWRAHI Edtb2 s,
4-3 ZHEBRARCELEFT C, Mn ORE

v/a ZARIBEE A 5 OBEARE QBRI 5 5HE,
BEOEE, Fig. 3R TXH1, C, MnDEEE
WKEoTR%2%. C, Mn DEME L2 AHOME, Wk
KBXIZTRAREOEE WS ICT H 72012, HE
JEMERZEG LA OME, s E&ICL, 7/
HBOFEDKRMED HBEE ANIHEE, Lok
BT 5 TRl L 7245 % % Fig. 5 ISR, TS 12Xt
THCOWIMXZ2HEEER, FEETHS, Mn0.3% O
WimE v C0.02%, Cu0.28% DWMIZ X % FH A v/a
THBSBANC X D EEEfLE NS, Zhid, Fe-C R,
Fe-Cu %, 3 XU Fe-Mn RMDIKEER'D % Hii L 7235
&, BRIZBITS a-Fe PICEBTHTLERN Cu, Mn
X Colpr/hal, CE2EML NI M
DHEHKEVZLCERTADEEI SRS,

—115—



1518 B L M %76 4 (1990) E 9 T

Photo. 5. Crack propagation in dual-phase
a : Quenched from 700°C (a = 0%) microstructure.
b : Quenched from 600°C (a = 38%)
¢ : Air cooled (o= 98%)
Photo. 4. Scanning electron micrographs of steel
B3 (thickness 19 mm).
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