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The Strength and Toughness of Low-carbon Low-alloy Bainite

Yasuya OHMORI, Hiroo OHTANI, and Tatsuro KUNITAKE

Synopsis:

The relationship between the morphology and the mechanical properties in the isothermally transformed
low-carbon low-alloy bainite has been investigated in comparison with those of tempered martensite.
The strength of bainite increased with lowering the transformation temperature because of the reduction

of the thickness of the ferrite laths.

As the decrease in the transformation temperature also reduced the

unit crack path for cleavage fracture, the toughness in the impact test was improved. In the martensite-
bainite duplex structure formed by isothermally below M, higher tensile strength was achieved without
losing toughness and this structure exhibited better impact properties than the martensite tempered at
lower temperatures to produce the equivalent strength. The toughness of this duplex structure, however,
was not so good as that of the bainite-martensite duplex structure formed by the continuous cooling

transformation in the vicinity of upper critical cooling rate.
(Received Aug. 11, 1971)

1. #&

FTOWEDT, RRFEFEMONA F 1 NI, RZE
Bt —2 74 b (ZRIZDOSEANDBR T VT
Y4 P BER) ORELTOMCERILIOWH L
TWEWT 254 b lath »5ED5 TENA F 4 b,
RS EFRAF A FTHEBIHASA F 4 b, TEA
AF4 FCEEI L7t 2 24 FOBUN RN i
EUBEIARAF A4 FERIT (1L11).{110}, SfEFERT
DRINAF A4 rD3DICHFHCELZ L HEFR L. Lk
DT, ZDk S HIRELN L ZRITIMOWERE & 8ltEic
RESEHETHZ LATHINS.

BE, QT 5 BB O R ENTEED? 5% <
OMFEOR R E X, BIETIE/S—54 b SXAF A4
FEBTeMT YA PN AESEET i D
THEBEHEHPEEINDS ZERA LK ZFIANRL R Ty
529, 0°349,C HD~A F 4 FHBK oW, hE
EFRARD W X OTEHBLRERE % T 5 L BBgimas &
EPLEDTCHEBEBZIBESFE LLKTT5 2 LHBHD
bhTwd.

ZDX S EBBEOKNTEGEE, &SR EORHL
CEDLDEEZLNTERD, RFDOWED Dz X 5
&, BIMEE & O LITEEIC S L WEFE RO

I

RESW, IVEBCEELTWD ZEPHELIITLD
fo. HESORBEELe VT P4 MZEWT, Z0DX
S AT S RATERIC 7 = 54 b lath OF
LADTWHZLERLI. FIFELRBP B OE L%
SER XU BN, F o (100}, SSESmE A H VT 10°8)
Lt vt wisv T 2 54 FROESHLEDOTWS
ZEERRBWVWHLZ. LadoT, ZOBE, WEBEALIT
BIEFR—DHE S DT =274 FPORETHBEEXY
HELDT7 T4 PREELZEICKS.

#%ift, Epwarps®? X 0°3494,C-39,Ni-Cr-Mo $RiC 35
WTTFERAF A4 e TF ¥4 hOBESHEN ~A4
FA4 bHBBVIRTAT YA FORMEHE X DT <hi
R TRT I L2 RVWELTWEDR, LoREROEEI
FEWie o Twinwy. JRFERSEEOEGSHZERIC 5
WTHABE LY REEOYHREZBD TS, BEOHS
BARMNAFA FEvFoH4 b2 LFHRBETD
9, PRBIENAFA FOERDSF - FF 4 bRiES
T HERGEEBEAS/ NS > THEAREINS T
ExRR LI, Licps DT, 4 E0EBOHEEKRK R

* M E 4L BASEERSIKTRE
MEFN464E 8 F1LH Z 4
* EEEBTEM) PRGN B
B BERKE B TR PR

— 48 —



&

St

FEEEEAF4 + OME &8

1077

Table 1. The chemical compositions of the steels used (wt9s).

Stegl c [ si | Mn P | s ] Cu I Ni ‘ Cr { Mo v | solAl
7 0-30 0-30 0-84 0-004 | 0-005| 0-30 1-11 0-53 0-47 0-03 0-030
5 0-24 0-24 0-83 0-007 0-011 0-30 1-06 0-54 0-51 — 0-029
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Fig. 1. The TTT diagram and the details of the heat treatments for the steel 7.
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Fig. 2. The TTT diagram and the details of the heat treatment for the steel 5.
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Photo. 3. The bainite [ formed at the temperature
as low as 475°C (a) the bright field image,
and (b) the dark field image using a mar-
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Photo. 4. The bainite I formed at 450°C in the steel 7 (a) The bright field image, (b) The
dark field image using a cementite reflection, (c¢) The selected area electron
diffraction pattern, and (d) Its schematic representation.

x 20000 (4/7)
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Photo. 7. Widmanstitten array of the carbide laths
in the martensite of the steel 5.

(a) the bright field image, and (b) the
dark field image using a carbide reflection.

400°C ¢ 1 mEE Lo v 5 4 4 O Photo.
W @md X 5 MBI R AR Z 7 LTH D x4 &

4 MDY EFERIRE ST 5.

4. E =

41 RAFA4 b

400°C /g L 430°C CHRZEREE & 5 LW\t C &
A0 1% LRERADITLPIb L FEL U EEKER
X OLRERERITEA TR L TW5. ZOREM AR X
NAHEETEE LTINS + 4 M THDF. IRVINE L
ProkerING!'D 3§ CILERR BINA SO N A F+ 4 F DR
EREELT7 =714 PREEKIEL, Bbhostss
BEZEAEHE LW EEiEML TV 5. FiEo&
RITREHC I VTLED LN, WF {4 RIDLEE,
Thhbb, FEREECIDTDOHRNA F4 FOEINE
L L NSRBI R E LT W B REELE X —FH LT
w5

NA T4 bOHEEBBEEERENRT S KT L
T, ZOBEFEEINR» SLEREBORTICHES 7 =
T4 MORIHEE VS ZETHBHINTELD. 1
A, SEIOFESHIT BT L, ZHIIEHESNCIE LV & W

40 000 (4/7)
Photo. 8. The grain boundary precipitation of
carbides in the martensite tempered at
400°C for 1 hr.
(a) the bright field image, and (b)
the dark field image using a carbide
reflection

A D0 BOEOWIFED i X B E{EL DR X D R TEEAL
DFh, XD EECHBEEYE LT 5 Z & 03m 5T
Wh. 4RsE, AEERIC BT 3, Photo. 10 3s k¢ Photo.
QIR T L ST 400 1 X T 450°C D ZERRIT G LTk
MHEAAZTREN 0 XU 50p (BR) THED
Wl AD7 =54 |k lath DFXX 0024 H XU 05,
REETHD. (WHEHEMONERET £5¢ BET 20
pEIV 0u DEIELEICHETHB) Lishi-TC,
HEDT =54 MIIKEDOK E S & OB RS 2
LT INE AL (unit crack path) DO 4.0 iEA SR
AREE D, CITHEETNZRIERREOIKT L LD
CWEEMA NI K DT WD Z &T, ChIZEREEE
BTFDE, MUA—ZF 54 MRIANRARTASERT
FELD 7 = 54 k lath OROEHEEMT S 2 & 27T
L DT&HA 5. HEHEMANN ¢ Tro1ANOID | L % & B
HREE NA F 4 MEOBITIRES RT3 0z
ETHBH L, £7z Aaronson r WELLSI® Tz op X a7
~NA F 4 b lath A3 “sympathetic” & F i -2 TR
THZEERR L. LaHDT lath ofo~FiEiEigE

— 54 —



BREESES <1 4+ OBRE L HE 1083

Photo. 9 Brittle fracture surface of the steel 5
isothermally transformed at 450°C for
10 min (broken at -40°C).
(a) the scanning electron micrograph,
(b) the schematic illustration of the
facet interfaces (A :
B : ductile area)

cleavage facet,
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10. Brittle fracture surface of the steel 5
isothermally transformed at 400°C for

2 min (broken at —60°C)

(a) the scanning electron micrograph,

(b) the schematic illustration of the

Photo.

facet interfaces.
(A : ductile area,
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Photo. 1. A typical intergranular fracture surface
in the martensite tempered at 400°C for
lhr (broken at —80°C).

(a) lower magnification, and (b) higher
magnification
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Fig. 8. The relationship between the strength and

toughness.
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