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Improvement of Hardenability of Steel with Al-B by Double Quenching

Ryuichi HABU, Masasuke M1vAaTA, Sinogu TAMUKAI, and Shoz6 SEKINO

Synopsis:

Hardenability increasing effect due to B was studied for low alloy steels treated with Al-B(0.06~0.08%,
Al-0.0010%). The quench hardenability was found to be markedly improved by double quench. The
mechanism of the increased quench hardenability by the double quench was studied by means of a fission
track etching technique. It was shown, in the double quench, that a quenching from 1 000°C for 1 h
prior to the 2nd quench gave rise to excellent hardenability which could not be attained by a single quench.
The role of the 1st quench is to obtain the optimum amount of soluble B in matrix. A combination of the
Al-B treatment and thet double quench is a reliable method to maximize the hardenability increasing

cffect of B in low alloy steels.
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Table 1. Chemical composition of the steel investigated (%).
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Fig. 1. Jominy curves in double quenching.

A, BXO 800°C (BLEg D Acs 1T 840°C wwh
D, EMCX rib3hCnizyy) SEWCEE AN
BT TR S 2 bh3. COBERYHELICTS
72, Fig. 1D v g 3 = —ED Juv s ¥EARELYR
THEE L L, AL LT Fig. 2 wiRlk. 2hhb
2EIFEANC BT BBEAL IEE O rEREH L ¥
BIhsz ehbns. Fig. 2 Lhl, BEAKIT 1LE
Bo y(LEE 1000°C THoL dE<, 1300°C Tk
KL, TDOHIT Juvaw T2HIELIBIATWS.
Fig. | CHRBLTE il blkvwoix, 1EED

{EIREAD 1300°C Lm<, BAMELSSEINTUETT 5
Bz, 2B r1brERE, Bk X sieoh,
BEAELER L T2 8 THS. FAROER X 1 EE
BEARD 7 {LIEEED 800 ¥ X8 1200°C DB b
Hhhb. Fig. 313, Fig. 2xb LT, 1EADy
{LIRE% 1000°C X1, 2@HA®D rbiREDEEL
HEL7bDThH%. 2@HD rLiRED Acs B Lo 850
°C ¥ CETT5 EBAMIT HONRIETF 55, 890
°C Dk 930°C % CRBEAMIIZ LA EELTE .
S¥ e Fig. 4 1326 H D 7 LEFHEOMEL FE L

— 109 —



1600 # & W

Fig.

Vickers hardeness ( 10ky)

Fig.

Vickers hardness ( 10kg)

Austenitizing fop 890CX 20mit —x—
# X 1lhr —O0—
# X 8hr —&—

910CX 20min ——3-~=
# X 1hr ==0O-==

the 2nd quench
(Jominy test)

JHV320 (7'17’1)

0

1 1 I H ]
800 900 1000 1100 1200 13'00

Austenitizing temperature of the 1st quench (T)

2. Effect of austenitizing temperature on the
hardenability in double quench.

Juv sz ; distance from quenched end to
Vickers Hardness 320

1st quench 2nd quench (Jominy test)

850CX 20min ——

870CX #» % x

400 1000CX 1hr, WQ, 890CX # O-——-- o

910CX »
930CTX

Distance from quenched end (7n)

3. Effect of austenitizing temperature of the
2nd quench on the Jominy "curves.

1st quench 2nd quench (Jominy test)

890TCX Omin x 3

77 X Bmit O-mmaaO

1000CX 1hr, WQ 77 X107 eme—nee
7 X 20min A——=_

X 80min om--—een

w

=3

>
T

L 1 1 L

: L

0 10 20 30 40 50 ) 70 30

Distance from quenched end (m2)

Fig.” 4. Effect of keeping time at austenitization

temperature for the second quench on
the Jominey curves.

% 64 4 (1978) 10=

REThH5b.

Fig. 4 T, 2EMEANDBEAMIICE X3 2EE D
T AL DRI DB BT 0~30 min TLLERD Bisu.
DEDEBREREY T 05 L, BAMEY DL AL
B5 2 [EBANRD r (b5t

1[al g

1000°C x1h

2EH 890°C (~930°C) X 0~30 min
THBHENSZ Lins . 2@HOFEAND v ALEEL,
Fig. 4 R Lo X 51, BEMCTHLMNELCV, &

HTCIXBEACERARE X,

BLT

rbamERTEH L aE
20min & L, DUFOSEERA{TIm Dk,

Fig. 512 b Ot < 2 MBEEA N EZITIo, FE3k
D 1 EFEAN LA 2 {72 oIfERTH 5.

Fig. 5 b bvic X 512,

400}

Vickers hardness ( 10 kg)
<
=4
=3
T

1 BIBEA N DFEAML 1

Austenitization

870CX 20 min oo
900°CX » Ohes i
980CX # A---nr
960CX 7 o=——0
1000CX » % X
1100CX #» A—~—a

Double quench

Fig. 5.

40

30

J nvam (M)
0o
=

10

Fig. 6.

Distance from quenched end (mn)

Effect of the austenitizing temperature on
the Jominey curves in single quenching.

x Single quench
©® Double quench

”
® (1000CX1hr .WQ in the 1st quench)

od x
o® RS
| . ° x'/./
®
b% [ ]
/ [
L ’___./
1 1 1 1 1 ! i
3 4 5 6 7 8 9

ASTM Austenite Grain Size Number

Relation between the hardenability ( /iy s2)
and austenite grain size. Jyy sas were
derived from the Jominey curves which were
shown in Fig. 1, 3, 4 and 5. Jominey curves
obtained by austenitizing at temperature
lower than 870°C in the last quench were
excluded because of insufficient austeniti-
zation.

A



14

A AN

Al-B epfi o> 2 [ ANIT X BHEAMO [ B 1601

ERED EFfe2>hTRhAEL, 1000°C T o0& &<
7eh, 1100°C ClERBIMETLCW%. 1EFEANE
D B O 2 BBEANE L5 & B B2 2 Bl
ANDFHT SN BEAMEER LT 5.

Fig. 6 1% Fig. 1, 3, 4 5XU'5 0 1 3 = — i
BT, rREEBEAYE (Javiae) ORFFEEARLCL O
ThAH. 1EIED r{biRE%L 1000°C & LcBE, 2
EEARNIC L OC, “ELTCEVEAMDOE L Z &
Mbsh. Fio Fig. 6 1%y 2IRAET 213 EFEAMEN

A ETAEAXR LTS, ZHEERD 7 L2 7 ko
AR & R, BICRTRAKR Lkl 3 5% B OMER)
bbb didEEzbRAS.
32 BRAMDOEILE B DFHOTR

Photo. 1 EYED ¥ ¥R XL [HH OFANEDOBD
DHERT. rALEE 800°C TILB OAMFILEIED ¥
FEELTARBARRO D MAE R LA, 7 RIEEN
ERTHERRDOB E &b, rRFE~DBORHLE
Dhis L oicich, 1000°0C By X oiins. 1

As hot rolled

930°Cx1h

1200°Cx1h -

800°Cx1h

1000°Cx 1h

1300°Cx1h

Photo. 1. Effect of heatihg temperatures on the distribution of B observed after-the Ist

quench (x200). e

5

— 111 —



1602 g% o W

w64 4 (1978) #10%=

890°C x 20min

910°C X 20min

890°Cx1h

910°Cx1h

Photo. 2. Effect of austenitizing temperature and keeping time for the 2nd quench on the
distribution of B in specimen quenched after 1300°Cx1h for the 1lst quench

(% 200).

(BIRESEBIZEL b &, THAKRRC SE LB
WAL, chieflo TR Lie r R B OB
im0 T 5. 1300°C CirkpRic S7E L7 Bix
WL, Bk r ACHMIBEL TS,

Photo. 2% 1 EH® y{b% 1300°C Tfr7g\v>, 2[H]
BOBEAND L& EE 2T 2 3 = -l LD
Bogfizxmd. 2EBBO rfhc X >TE UL, X
WD r RORF, FiicBORIIEIT T2 &0
b, chicsin Loy o 3+ = — e, Fig. 1 () %k
LE, FrLLrRA~DOBOREHIVED X 5 1cinbic
T, BEAMEAHLELTWS. Photo. 312 1EE D 71k
% 1200°C Tfiic\, 2[EB Oy bEBx2E2 TP a
s =—HEB LG OB AR /R LT\ 5. Photo. 3T
3, 2EBOrhic X 2% Ly r FIFR A~ O B DT,
Photo. 2 X b {KiR, MO rfbic X >THTLTE
v, BoBFKA~OERITOCDY, IBRADBORFEH
BEFEEE D, T XS o TwB. ZhIHIG L
T, vai=—fE, 1EH 1200°C T rfkliz
Fig. 1 (e) o7, 1300°C T rfbL7 Fig. 1 (f) X

D, BEAELEMEENCE L, BAMOERE S #E-. 1H
Bo rfbxmsiiE o 1000°C 7 LT 2By,
Photo. 4 iw/Rr$ X 51, 2@E D r (k& X 53, B
oy RERUCERENCIRAT LT D, BAMNRELCE
W EERHB LTS, L ED X S BEAEDR Ry
PR ~D B ORI ENIG L TR D, 7oz
fbic X BBEA D E(ILB D ROBEIC L B EDTH
BT bbb,

—77, 1300°C 0 X 5 /iR rib LB abh
5y RIFCHR < L LICREBR LOBJED  Fica bh
DABRABCRC A LIc BIIBEAMEDZL ERbE LTk
D,2D L5 REEIZBIENE LICRREE E 2 bl s .

DX 51 BAESME L7IREEIX B 25 BN & LTH
HUZREETH B Z EXHER IR T 5.
3-3 AIN O, BABEBEAMDEBEFR

Fig. 7iciy, BED T %, 1EHOEANER L 02
B HDBEARD y{bE 890°C X20min Tff/n27 B0
AIN OFTHEOHHE%R, 1 BED r{LRECREI L
LR o

— 112 —



Al-B @3 o 2 BB AN X DA m 1603

N as AN Sol B
(%) (X00001%)
- 15
0.0060 total N _{
F==
0.0050 - N as AN
’ (analysis)
after the
2nd quench following
N as AN !
00040 - (caleulated) 890 CX 20min " 410
_____ x=""
xR
00030 N as ALN
«~ »— (analysis)
e after the
N st quench
00020} \‘ 145
Sol B \
(caleulated) \\
00010
.
\
\
N\
1 1 1 L I S~e

As Hot 800 900 1000 1100 1200 1300
Rolled Austenitizing Temperature
(As Received) at the lst quench, C
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930°C ) X0~30 min & ZE{bL X8 TH PEAMIT BE LT
MEL, 1EEARY EOBVEBEAMELIEONRS.
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