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Relationship between Distribution of Boron and Quenching Hardenability of
Boron-bearing 80 kgf/mm? Grade Steel Plate in Direct Quenching and

Tempering Process
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Syuzo UEDA and Tomoo TANAKA

Synopsis :

In the production of 80 kgf/ mm? grade steel plate with high toughtness by direct-quenching and temper-
ing (DQ-T) process, optimum amounts of B in steel plate is indispensable. Because, if the plate does not
contain that, the tensile strength of plate is not necessarily higher than that of reheat-quenched and tem-
pered plate. And, optimum amounts of B are changed by parameters of DQ-T process such as slab reheat,
and finish-rolling temperatures and plate chemistry.

In this paper, an investigation has been made on the effect of B behavior and change in y-grains during
the period between finish-rolling and quenching on the plate tensile strength. In particular, existing state
and distribution of B were observed by using modified autoradiography (modified FTE technique) which can
clearly show B-distribution at the y-grain boundary and y-grain matrix.

Boron-distribution and y-grain structure dynamically change depending on the time from finish of rolling
to quenching, and this results in change in the hardenability of plate. Enough segregation of solute B at
recrystallized y-grain boundaries increases the hardenability of plate. Whereas the formation of fine pre-
cipitate of B conpounds within recrystallized y-grain and at grain boundaries lowers the hardenability of
plate.

The model showing relationships between y -grain structure, B-distribution and hardenability of plates
are schematically represented on the basis of experimental results.

Key words : direct-quenching ; high strength low alloy steel ; grain boundary ; segregation ; hardenability ;
boron ; auroradiography.
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L7, BE% 9ppm & LT Al RU'NE* (L&
SA, SB, SC i & &K B-#{EN» SH o 4 s>
WT Fig. 1 EZ2DHEAM%E/RT L9 DQ 7R T
FEERE T 2 SBEAN  CORGBIE %22, BAN v R
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1150°C, 1h 1150°C, 1h

110~15mm
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/s
630°C, 40min

(Tempering)

(a) DQ and DQ-T process (b) RQ and RQ-T process

110—15mm
(7pass) 930°C, th
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L5 DQ EBRICHIA TE NS RERER DQ L7-BA0
Al RUNEOEEYR57:% Table 1 125 %R L
728BE % BV C 110 mm (B X)X 110 mm (8) X 100 mm
(B&) o295 7% L7, 25w Fig. 2(a) &7
TEILCINSEDAT 7% 1150°C 12 1 h MBEHE,
250 t EERFFERERE * AV T LIBE % 950°C & LCHK
B 15mm £T7 82 CHEMEL, 950°C © 10s 5%
800 #* & 500°C i % 10°C/s DTG HIHE CREAN
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Table 1. Contents of Al, B and N in steel plates
( wt% )

Steel plate Al B N
SA 0.063 0.0009 0.0023
SB 0.027 0.0009 0.0007
SC 0.027 0.0009 0.0037
SD 0.026 0.0010 0.0067
SE 0.001 0.0009 0.0025
SF 0.027 0.0006 0.0008
SG 0.026 0.0005 0.0025
SH 0.027 0.0003 <0.0007
S 0.026 0.0010 0.0050

1150°C, 1h
50 ~=30mm
10°C/s

(1pass rolling)

t:3, 30, 180s

Fig. 1. DQ process to study effects of time after
rolling until quenching on hardenability, y -grain
structure and B-distribution of plates.

106/
630°C, 40mm

Fig. 2. DQ, DQ-T, RQ and
RQ-T processes to study
difference in  mechanical
properties of plates pro-
duced by them.
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Ay R ERT. —F, ThooRXEHIBITA
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Photo. ¢ B X U d 2 b N B X)) ICHEER T
1150°C MEBF DR K ¥ R FLITRHT L TV 545, 900°C
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WRAT L 72 B i 900°C CTOZERE, rHoBmKasEL
T, MROZEICHEEIBEMT ST, BRHSATORTIC
—HBELDBRENTVAL I EERLTWVD,

3-1-2 By R~ B OfRAT

SC $ % 1150°C THn#ki%, 900°C TEF L 7= t&lalim
JEi2 30s REEL 7234, BN BiaEE%E 3s oa L
R 3ppm LT TH B, OO B D44 % Photo. 2
RS, 2 A LBNSBDSAIE Photo, 1b i2A S
NHEREIGET L LT S D0 % v KRk & F
BCTHD, BHissE 7 HANOBOBENTZ/RL T,

Left : y-grain structure

Right : B-distribution

Upper : As reheated to 1 150°C before
rolling

Lower : 3 s holding at 900°C after rolling

Photo. 1. Non-recrystallized y -
grain structures and B segrega-
tions at prior coarse y-grain
boundary in plate SC.

Photo. 2. of B at

Segregation
y-grain boundaries in plate SC held at 900°C for
30 s after rolling.

recrystallized

3:-1-3 KRR BAT I OB & KR B DA

SC #i % 900°C TEEiL, FEREEIIC 180 s fRFFL 7285
4 BN Eid S5ppm CHMT A, COBOBOSH %
Photo. 3 127" 3. BB &y AR L TS L
EBDICyAAICIE BN L EZONBBVEOKIKBT
WY LA L TWwa, BB EFIRICHA L
TWAEEDH D, BAES ) 2242 %. Photo. 2 &
hEd 5 &, 900°C CTEHE, FRE T O REEREH 2
30s 25 180 s IHEINY % L AR BATIP B L, ki
BIRIBYRRAT A b ”S. $4bbH, Photo. 3

— 169 —



170 ‘ $ L M H T4 (1988) F 1 B

i

Photo. 3. B-compounds observed in plate SC held
at 900°C for 180 s after rolling.

a : 30 s holding at 900°C after rolling
b : 180 s holding at 900°C after rolling

Photo. 4. B segregation observed at recrystal-
lized y-grain boundaries in plate SB with ultra low
N content.

BV THRB 2R TEV#RILRIR BALA® O 4
ZnZ b EEZAbETRER» ORISR L B ERID
S AR D.

3-1-4 BOEE-/HENKLY Al &

3:1-3 THARZBHEZRIMTONB LT Al BEOFES
ZTHEEZOLNS. WMEN®D SB i i, Photo. 4
IZRT X ) 12 900°C A DO RIFRR 2% 30 s D& &
D 180s DL L HEAES ¥ WL~ D B ORITASHHE
HEHLNA, 180s BRETHL yHADLIAEI A
PRBHTHPHFBESNLBETH S, ZOFRIE, 30s
O 180s W N OBE ILFESITICE S BN Hrit &

A3ppm LT EH2oTnAI LE—HT A Zhidfk

a: 30 s holding at 900°C after rolling
b : 180 s holding at 900°C after rolling

Photo. 5. B segregation observed at recrystal-
lized y-grain boundaries and B precipitates in plate
SA with high Al content.

BB KD ICHBEN D 7212 BN OB A5 T
HHZEizHETL. B Al ENED SA §Tid, Photo.
52K X ) I 900°C TEREDORFFREF AT 30s TB
SRS y MR HRIT L, 180s BB 5 LRI
WIRBITHYWSEHMERELTBY, FORKRL LCHE
Y MR TOBRBEMETLTWS.

3-2 DQ7OERICHETBIMAMNLE B, Al RUNED

B8R .

Table 1 {27/ ¥ B=5~9ppm, N=23~25ppm O
SA, SE R SG#M4AMHWT Fig. 2 7at 22L& 5
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(a) DQ and DQ-T process (b) RQ and RQ-T
Time after rolling until quenching : 10 s
B:5-9ppm N:23-25 ppm
Fig. 3. Effect of Al content on mechanical prop-
erties of steel plates in DQ, DQ-T, RQ and RQ-T
processes.
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&Vt RQ M & RIFRBAC N AL <R B & o8 rh bk
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(a) DQ and DQ-T process (b) RQ and RQ-T process
Time after rolling until quenching : 10 s
Al : 0.026-0.027% B :5-10 ppm

Fig. 4. Effect of N content on mechanical properties
of steel plates in DQ, RQ and RQ-T processes.
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0.063 0.0009 0.0023
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Stage I-1V : Refer to Fig. 6
Fig. 5. Effect of time after rolling to quenching
on hardenability of steel plates.
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a: y-grain structure b : B distribution
Photo. 6. B segregation at de-
formed coarse y-grain bound-
aries in plate SA hald at 900°C
for 3 s. C
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FT4s., 2ho ABEBORBICELET 2HEE ALN
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% 3s ® SA KU SB i v MM K OB A iE R
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I ®ikA&IZ & A (Photo. 1b &), Z D SC #id Al B
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)

Hardenability
3

grain boundary

segregated at ¥ grain boundary

precipitated at ¥ grain boundary and within ¥ grain
remained at the trace of prior ¥ grain boundary

oo =

Fig. 6. Schematic representations of four diffe-
rent patterns showing relationship between y-grain
structures, B distributions and hardenability of
plates.
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SCHIZOWTOATHY, ZORFDOBYHIE, HEIER]
ORK 7 FLFUARAT L 2 IR RIFE TS REM B
Tz, chicxLTxr—YI, NTRERERESL
72y KIFR~OBOHF 72 7% 5745 & BIF WO A H %.
bbb, BHEAKRAOARE T 5B OB
VR E BOBIR 2 FURIC X o THROREE R
BBl ENRBEENTNED,
SCH#%HTBITHHPEERTAA7— YN (180s
R¥E) OB RO B D5 HitREE % Photo. 3 1278 L
72, KWAROBHTHEHIKESRE LB AT H DD L
BRGSh v R & HEE S AR AL E (A o s FIARIC 53
HTHLDONPHLI EDbrs, ZOBEFKERLIVH
FEICT A 72010 SCHE DB £ HRILL, L7+ —
7 28 &V CLER THRBEAN T TORFHREAB K&
OBATH OFAERREC RITTHE R T4hb b,
HERH % 1150°C 2 10 min DNZRARFFETE, 900°C K OF
800°C T 33% ZF L7 DbZ DI 60s fREEL, B
ANLBEITO 2. s OBk o BT O FF{EIREE
% FTE & CTHEHE L -HEE % Photo. 7 IZ/RT. REFE
& 900°C Dy, KK BT 0546 & — K
WATVBESD S ) bR ASNRSE. —F,
RIFIERE 800°C DA, BHTHIW I ¥ KR K OVBES R
SRBEFUCZ BT L, BT O 554 (BRI AT LS
BHh<Tws, Ihbs0HBIEBHTHBOLEEAB RN
D EEEIRT L 2 y R RSB R CEBAENICEL 5
CEERTLDTHA.
ElROEERERESWC y RAPEE - BEIT 556

a : 60 s holding at 900°C after
deformation

b : 60 s holding at 800°C after
deformation

Photo. 7. Formation of B-
compounds at B-concentrated
y-grain boundaries and de-
formation bands in plate SC.
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Step A Step B Step C
Segregation of| Beginning of | Growth of
B at 7 grain | precipitation
boundary. of B com-~ at 7 grain

pounds. boundary.

Step D
Migration of

B compounds |} grain boun-
dary.

Fig. 7. Schematic representations of
four steps showing formation of B-com-
pounds at y-grain boundaries.
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