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Some Problems on Bainitic Transformation and Properties of Bainite

1. # =

REMPEAESWMDO A — R T 51 P TEBHT
% LEILRERR Lo TR ER T B ER L~
T AL RBERT S LhL, A=F A4 b =X
& Ms S oM CEEAE IS EWEBRD D VITRRO
FHEIE SRR AME s & & A 1930 4z DAVENPORT
& BamV iz X ot Eh BaN RALTA 74
b ERMT B,

A 74 P OERBEBIEARZEOINDE LI ATH
50, FDREAD—DE A FA b LA E D ER
TDOLDDMERIND DY, THIILSA 4 B ER
WA= AT I b T =54 N DR, “hb
2HBDRREF O E, BB KTbx vy
F DOPTH R ARETE OB VB F DT B0 5
A s,

T, A a4+ OfRE, RIGEER, &
EC BT 5B EE B E LD L5

(1) BEMEEHER

NAFL PR T =54 ek r vaL VT ORSY
IRENTONDS, A 1 b BT, Fih, FRA
PDET DR BRPA N KRR D DDE 5
FbH5.

FDO—DL, 7251 OB LIOTHETSLD
THI 350°C DL EDORERTA— AT 1 MMEdR A
BERR (EREIE s A0R) O 71 PRI/ TA
R UGB R BE IR R 2 2 Y B3~ 1
FA4 b, BO°CLTTER LR = 51 + ELDORNER
DWHA2 2 v b 2A PRTFDIDE S DR FTH~<1 1
FEFTB. ZOSBECBCTE, WTFThOoX1 1 R
7 = 54 MXBIRIEIEIC Lo TR T A Z Lok &
5T\ 5D,

Thick L, BoOMNETE, BUL 7511 &%

Yasuya OHMORI

MR DBREHEE <1 54 + 2350, RBIEHD
MHERETEThESETS. Thbb, $Hkrv=51 +
DRERACH D ER Lich D% B4 F14 F, 7=
S4 MR M T L 0% T N1 1 b &
LY 7 =51 D BHES, IhEdgf o hchaR L
eI EE & L Tu e,

(2) RIGHE

N g MFHREO C-llEE b b, Lot N
A A4 VERRHYKBET AIRE, Bs &8, BNHFETBY. %
7z Bs i T COFEEIRBER I >TEED, Bp &
P ETREORBZELI-OBLINEREFEER L CLLTRED
ETIHFIET 55, Bp f& Ms oz 100% %
BT 5.

(3) Fm#Ek

=5 A NEERE L RIREIT S A 4+ BRE L AT
fR (surface relief) 5. ZOBHIT~NA 57 23T
WSS X D TERTHZ L AR LT 3Y. HE,
BRI BT 2 — DI X 5 FE~A +1 b
=T VA P OBRGHROBHANTRETH S LS LI
N FA L ERE AT U 1 b AR THRER R
ER

7278, BEMEEHIBERIT AEONETIE 7 =51 F
HEREE D B IR T h DB . L
o3 D THRE R O B &1 B EER R O e & O A E
HCHINIHEETL ThPBEEEND L VWO HEDL
BT 2 LR TERWY.

AERIO HINHERED bEREBOM IS KIT 5 <1
F A4 b DAY 3 L U RS TR BA D DR
% & &I ERANEREESSH OB E 4 AL
LA CIESC KI5 <1 1 MEROBEZBE L
E5&F240TCH5. nk, ZITCRIBEHAET S
D EH - TEASA A OOV B S %
CRTAE—OHE, Tihbhbb1M 31 D7 . 54

* {153 46 A 30 BEA (Received June 30, 1968) (Fi £ i & 4Y)
ol & BT (KR) bt R pE%E AT Ph. D. T.{& (Central Research Laboratories, Sumitomo Metal
Industries, Ltd., 1-3 Nishinagasuhondori Amagasaki 660)

— 126 —

A




A FA P EBICET B HMBEL A A POWHE 127

Temperature (°C)

1 1 1
1 10 102 10° 10"
Time (sec)

F : primary ferrite, P : pearlite, DP : degenerate pearlite,
UB : upper bainite, M : martensite

Fig. 1. TTT diagram for 0.349C steel.
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F : primary ferrite, P : pearlite, DP : degenerate pearlite,
UB : upper bainite, LB : lower bainite, M : martensite

Fig. 2. TTT diagram for 0.69%C steel.
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Photo. 1. Composite optical micrograph of bainitic ferrite on two adjacent surfaces

inclined at 90° to one another.
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Photo. 2. Composite optical micrograph of lower
bainite on two adjacent surfaces inclin-
ed at 90° to one another.
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A : austenite, F : primary ferrite, LP : lamellar pearlite,
DP : degenerate pearlite, UB : upper bainite, LB : lower
bainite, M : martensite

Fig. 3. Effects of transformation temperature and
carbon content on transformation products.
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Photo. 3. Selected area electron diffraction pat-
tern from pearlite showing Isaichev
orientation relationship. (x11/16)
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Fig. 4. Possible mechanisms for two types of
pearlite formation.

THRD L 51— 51 VERBOENLYE 2 5 LT EL
HEACX 5. /bbb, Fig. 4 iRt X 5 IO
F— AT FA MRRTT =91 b (@) BoThr—Fo
d—AF >4 ML (72) & Kurpjumov-Sacus DB
A OTHER TS, ST =254 bEF—ATIFI b
DREDO A —AF F 4 +filix Fe-CPEIRER 2 b T8
Th3X 5 CEFIEEINDEDOTEA VAL O
HAZE L7 h 22 2 Y EA + OBAERD 71 o R
ETRSE 71 & ay ORCIZEFNRBERA T L 2
v a4 b OFEREEL Fe FBTORIELRDLEF— AT
FAPIDT7 254 v DEREMBD TGO TE 2 VX
A it o EHEEOHESHFMERY IO TER TS TH
55, TOBE, 724 e vaA tOHD PI-
scH OPBER (2)W AERITT 5 EWHE DM O misfit (39F
BRNE L TeB T & A ANDREWS (2 L2 CHESD BT
B, —Ff, wrvEg D p flCERTSE a &
72 Ozt Kurpjumov-Sacus OBROBFET 5 /e
DA VR4 FEED 3 HORICILER RS
FrBMROBIRMNTREL 1% (BRI D 3 EOHNAE]
B I hicwnt 8° IFOMET TSI LB TE
).

E?ég;iggéii;ji - Isaicaev OFFF (1)
(100) ¢~/ (535) 7 i
010) e~ (10T) s b ¥ plrcan S (a7
(001) o~/ (252) 72 )

(1T1) yomef (101)ay

(10) g (11T KORPIONOV-SacHS OBYEE
(121) ra~f (T2l)a1

bainitic ferrite

il

(a)

|

austenite grain boundary

ferrite

™ cementite
(&)

b

cementite

(c)

e

Fig. 5. Schematic representation of three types
of upper bainite.
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Photo. 4. Bainitic ferrite laths with martensite
layers between them (Bainite-I).
% 10000. (3/4)

Photo. 5. Typicali upper bainite consisting of fe-
rrite laths with cementite layers between

them (Bainite-IT). % 20000. (3/4)

Photo. 6. Bainite with cementite morphology si-
milar to that of high carbon lower
bainite (Bainite-III). x 20000. (3/4)

Photo. 7. Lower bainite. XZ20000. (3/4)
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cementite
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Fig. 6. Schematic representation of lower bainite.
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(a) Original undeformed crystal

(b) Lattice deformation

(c¢) Lattice invariant deformation by slip

(d) Combination of lattice deformation and lattice
invariant deformation

Fig. 7. Schematic illustration of types of defor-
mation in martensitic transformation.
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Fig. 8. Schematic illustration of «'-martensite
laths within g-martensite band (Kelly).
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Fig. 9. Trace analysis of cementite and ferrite
habit planes in bainite.
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Fig. 10. Calculated orientation relationships among
ferrite, austenite and cementite.
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Fig. 11. Effect of cooling rate during quenching
on mechanical properties (as transformed).
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Fig. 12. Schematic representation of ‘the micro-
~ structural change with cooling rate.
(a) rapid quenching, (b) quenching with
optimum cooling rate, (c) slow quench-
ing.
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(b)

(¢)

‘Photo. 8. Microstructural change of a low carbon
low *alloy steel with cooling rate. The
cooling times from. 800° to 500°C are
(a) 3 sec, (b) 12 sec, and (c) 80 sec.
x100. (3/4)
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Fig. 13. Relationship between unit crack path and
impact transition temperature (as-trans-
formed).

D, TR, BEEC 233F UL #Miksh
EREBEER KT TS, Ebk, AHNEL kL L
Photo. 8 (¢) % Fig. 12(c) D X 51z, B~<AL =5 41 »
7725 WD — AT F 4 VRS BER LD b,
FOBRMI & D O Z I CRF OBME ShicREREA
—2AFFA PBBELIEVEC AT VA FDBRE
feLi 0T 5. ZoBA, WHEMIEALTSERD
T PREIBE A — AT F 4 P OFHERK E I AH
L LT EESEC~AT Vi1 F DEDHFE
X EERSRE LS ST S, BHE HREEBEE
EBREBALD SEHIR OB D HBUE D BIRE 2B &,
Fig. 13 X oiw~rF vy A b EMMS4 1 riz—
DDEMTEDLINDLN, "M =2F452 7251}
AR Lich 0ok L0 ERAlL, 3icbbh, EHREEOS
HERERD ERMEIN T 5D,
4.2, B EULNS 1 FOBEHME
BESEEENR~OIEHB E VS BEL SThIENA &
4 BT, BT NEELY TR THMT 74+ (0
YO DEECHY, BAROTRCTILLET4HTS
A I MEEE LS e, 220, ECESSE
OMEBS1 14 v 2RI E L, TOBELE LEHL <
T VYA P OEh L BT 5. Fig 14 X0 Fig. 15
i3, FhER, KC=AF w94 b & 400°0C p&EgE
BECHR LI-MMs <1 o1 FOBED E Lic X A
MM BE OB AR T, BREOF F OMEY i+ 7
&g G FICHANRR T VA b DBREAE . L
Uis i b, 8% & LEE O _EH I fE 5 BEEL T 500
°C ABET~AT VWL F DL E T ETRTD

— 134 —

»

O %




-4

R4 FAPERERTBHEMEL <M1 FOBH 135

IZOL 140

= uTS

E 100f 30 __
< Ys =
= S
o 80 —ZOE
g ET e
ey o
Y 60} 410m

vTs (°C)

| 1 |

- 1 1 1 S| 1
100 200 200 §00
Tempering temperature (°C)

Fig. 14. Effect of tempering temperature on the
mechanical properties of martensite.
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Fig. 15. Effect of tempering temperature on the
mechanical properties of fine bainite.
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Photo. 10. The prior austenitc. grain boundary of
~ the bainite tempered at 550°C for 1
h. x10000. (3/4)
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Fig. 16. Effect of tempering temperature on the
' relationship between unit crack path and
impact transition temperature.
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transition temperature.
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