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Electron Microscope Study of the Tempered Martensite and
the Bainite in 5% Ni-0°'5% Mo Steels

Akio KAMADA, Noriaki KosHizURA, and Tokushi FUNAKOsHI

Synopsis:

Electron microscopy were made to examine the structural features of the tempered martensite and
the isothermally transformed bainite produced in 59%Ni-0'5%Mo steels with the following varibles;
austenite grain size (fine and coarse) and carbon content (0°15 and 0-309).

The tempered martensite and the lower bainite were found to be composed of the lath packet of sin:
gle orientation the lath packet of mixed orientation and the large martensite or bainite. Lowering of
carbon content or coarsening of austenite grain size was found to cause the increase of lath width in
the martensites. While the characteristic side-by-side growth of bainite lath was found to be dominant
mode in the lower and upper bainite transformed from the fine-grained austenite of 0-152; C steel,
the lower bainite from the fine-grained austenite of 0-39,C steel was composed of lath bundles ran-
domly nucleated and the upper bainite were granular. The lower and upper bainites from coarse-grained
austenites were considerably different from those from fine-grained austenites; the initial austenite grains
were partitioned by the networks of straight lath packets which enclosed several massive bainite. The
transition from lower bainite to upper bainite, which occurred at 350°C for those of 0°39,C steel and
400°C for those of 0°15%C steel, caused a drastic increase in both lath width and carbides size.
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Table 1. Chemial composition of steels used (wt %).
Steel C Si Mn P S Ni Mo Alsol
A 0-14 0-24 0-50 0-003 0-012 4-92 0-47 0-038
B 028 0-28 0-54 0-003 0-014 4-85 0-45 0-045
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Austenitized at

1 200°C

x5 000

Photo. 2. Transmisssion electron micrograph of tempered martensite with electron diffraction
patterns (a), (b), and (c) which were taken of the area marked a, b, and c in
the micrograph, respectively. (c) shows the large matensite.
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x 10 000
Photo. 3. Transmission clectron electron micrograph of tempered martensite with electren
diffraction patterns (a) and (b) which were taken of the areas marked a and b,
respectively.

% 10000
Photo. 4. Transmission electron micrograph of a mixed orientation packet in the martensite
of steel B, austenitized at 1200°C. (a) bright field image. (b) diffraction pattern
(c) dark field image using the circled spot in (b), (d) dark field image using
the spot next to the right.
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steel
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Photo. 5. Transmission electron micrograph of the
A, austenitized at
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Table 3. Analysis of the electron diffraction patt-
erns obtained for the marked areas in

Photo. 6.
Area Plane* ?J‘I; 3:3;10*11 of ]lzitfﬁ‘i‘on of

a {112} 110y 82° 370
{112} 110> 80°

b {113 v 5g0

| {139 <130y 76°

{112} {110y 82°

C {1 13} 4 ” 58°
{139} (113> 79°

d {104} <100y 92° Large
{103} 4 v martensite
139 130y 77° \

N §13 %1} . 55
234} <112y 48°

f 139} {1305 75° 60°
{115} {1105 135°
122 (110 80° o

§ }135& {1305 32° 52
122 1oy 79° .

h }245{ {1235 62° 55

i {130} <100y 92° .

©o| fis) | Q305 76° 52

J {112} {110y 76° 51°

* Possible planes indexed using relatively strong reflexions.

**  Angle between {uvw) indicated in the table and the refe-
rence indicated in Photo. 6.

*kk - Angles between the direction of lath boundary and the
reference line.
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Photo. 6. Optical microstructures of the bainites
isothermally transformed at (a) 400° (b)
425° and (c) 450°C in steel A, and at
(e) 315°, (f) 350° and (g) 400°C in
steel B after austenitizing at 950°C.

x 500
Photo. 7. Growth behavior of various bainites. (a)
lower and (b) upper bainites in steel A,
(c) lower and (d) upper bainites in steel
B.
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Photo. 8. Electron micrographs of the partially
transformed lower bainites of (a) steel B
and (b) steel A after austenitizing at
950°C.
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Photo. 9. Transmission electron micrograph of the

Photo.
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lower bainite of steel B, austenitized at
950°C and isothermally transformed at
315°C.

X 5000

10. An example of the mixed orientation
packet found in the lower bainite of steel
B, austenitized at 950°C and isotherma-
lly transformed at 350°C.
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Photo. 11. Electron micrographs of partially trans-
formed upper bainites in (a) tteel B and
(b) steel A, austenitized at 950°C.

Photo. 12. Optical micrographs of various bainites

from coarsegrained austenites. (a) low-.
er bainite and (b) upper bainite in steel
A and (c) lower and (d) upper bainite

in steel B,
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Photo. 13. Electron micrographs of (a) lower and
(b) upper bainites of steel B, austeni-
tized at 1 200°C.

Fo4 OB ELFERCA —2F F4 MREOD/NI WG
S LR EEERECTS. Photo, 12 KA —RF F 4
FEIBKZWESD 2EOHEHD LE~NA F4 b ETEHAN
4 4 POXRZFEMEBMABETT. RO XA F 4 bH
BRI LW BERFRVWTRIRETHD, £ —X
FFA MDA SIWERR ARSI X S TeBRE £
V. R TERNRA A4 MEANA 4 hDOEHEL, BB
RA F A4 FERWIDTERNA F4 MIEEGESHMT R
BRANA F A MIIE BV ZOERIE VY B TE
LiefERy LW CHET5L IO X585,
Photo. 13(a) 1% 0°3%C $HOTH~A 74 FOFTH

2T, EFHRANCK LT HRILf» 50°~60° oB/ECH
MEETAXTHELTY 58T KL 5 2D/~
YRR E A IR ICEHEZ D TWH T & b,
Photo. 13(b) WX _EFA >4 b OBITH D,
BT 7 2D FpED, £h SICXKE X - {fE (F
B IR(IEMOEMEDLADOTWENL Dh DRI
BB D TS, 0°15%CHTdh Lok & (L d
LR DB ZOERIFRTD 5-

=274 MROAREVBEEREREHEZET D L
TERAA FA bH EFHANA A P D ETEIOERD T An
LI BN RPFd — 27 54 bR RY Y, %
DT T 2D NERGDBITESD. TDITADNRY FD
R AHMAR—TH 5. N PRI TR IE
TN PR AMERCTS. Ll 0°3%C
MOTEA~NA F 4 MIZRKRThHRWES DL, FfT
AN R WL DB DBE—FR/Nr » b bigD
TWEZ EREV. ZDZ LT Photo. 13(a) itk T
N RVvDOHRORILDFH MR Z AR LCELLT
WBZ EThbh»5b.

INHEDORA F4 MeETFEI20RFAEME L~
2 TFFYRALICELS, BREBOHEELELD,
BEAEBRREMOB IR XA 74 MTOWTORFEL™
DERERICRELY OTEANA 4 MOV TDOFER
E—FHLT, 7xERE {110} |, BFHmi 1) 4
& LTCFEBILH» DI
33 BMLELTAT VYA PENAL T4 FRDRIEY

TATF A MRELZELTWL e 24 MR
BT~ ) v o R EEEEEZLOTHHEL, v+ Ko
AT v T RERASD, BLELBEOLRELD
CESHAEOTHRRILT 2 EBHMONTVES. 2D
FEET FAV 72888 Tlx Photo. 14 OEIED B BE T
ETHEICTRT X 5ic 400°C HED BIRIRIL LigD 5.
L& L Z OIRRIEIEBFFIC & W RE—CEBEXS VWL LS
Lv. R{EO= Y v 2 2L OFREFREE L ERTH
%L, Withid Bacarvaskt OBRRISZHALTWS.

N4 F4 FREOREIETmITOWT S 2BORMD FER~ 4
FA4 rhDE A KA k25 B, LERNA >4 FhD+
A4 VT FliconwT= b v 2 REDOHNBEGRY
UBRTHRID, Wihd Bacarvaskr OFRD L1
ZFHEVESR (L Hlo A Pitsch OBR) 8 5h7-.

L&A F 4 bRORILIT DT DREHT % Photo.
15 & Fig. 2 {©7%3. SCKACKLETON r KELLY!® ¥ %
Wit PickErRINGID 513 EFRRA 4 FOAEFRIZ DOV E
TH—2FF4 bpiee 2 %4 MBRFHLAEDOL, F

o= by vy xh  Kurpjumov-Sacus2)  # 5 ik

— 58 —



59,Ni-0-5%Mo OB L L LA F v H 4 F L4741 + DOBFEMS 381

x 10 000

Photo. 14. Transmission electron micrographs of tempered martensites of steel B, austenitized
at 950°C, showing the change of carbide morphology with increasing tempering

temperature.
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(a) tempered at 315°, (b) 400°, (c) 450°, and (d) 550°C.
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Photo. 15. Transmission electrcn micrograph of up-
per bainite of steel B, austenitized at 1 200
°C and isothermally transformed at 400°
C. (a) bright field image, (b) dark field
image using the circled spot in the diff-
raction pattern (c).
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Fig. 2. The key diagram for the diffraction pattern
in Photo. 15 (c),
relationship between the cementite and upper
bainite matrix.

showing the orientation
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Fig. 3. Relationship between lath width and forma-
tion temperature of bainites, in comprison
. with those of martensites.
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Photo. 16. Electron micrographs showing the carbide

precipitation processes in bainites.

(a) partially transformed lower bainite of
steel A, austenitized at 950°C and iso-
thermally transformed 400°C. (b) par-
tially transformed upper bainite of steel
B, austenitized at 950°C and transformed
at 400°C.
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