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Strength and Tonghness of Tempered Martensite and Bainite
in 5% Ni-0"5% Mo Steels

Akio KAMADA, Noriaki Kosmizuka, and Tokushi FUNAKOSHI

Synopsis: .

The relation between strength and toughness of tempered martensite and bainite was investigated for
5%Ni-0-5% Mo steels containing 0-15% or 0-30%C with various austenite grain size. When toughness
of martensite is compared with that of bainite in the same strength level, former is more affected by auste-
nite grain size and less affected by carbon content.

The surface and cross sections of fractured specimens after impact tests were examined by scanning and
ordinary electron microscopy in order to investigate the structural factors affecting toughness. These
microscopic observation indicated that the fracture facets were formed at the large martensites or bainites
and at the packets of relatively thick laths which were found when the austenite grains were coarse or the
C content was low. Although the concept of the effective grain size seemed to be valid in the martensite and
bainite structure as the fracture facet size coincided with those of packets in these structures, behavior of
toughness was not completely explained by this factor only. The role of carbide to impair touhgness is
emphasized from the point that the increase of G content decreases the toughness of the bainite, in spite
of the structure becoming fine, where the carbides become coarse and abundant.

(Received Dec, 8, 1973)
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Table 1. Chemical composition of the material.

Steel C Si Mn P S Ni Mo Al sol.
A 0-15 0-30 0-54 0-003 0-008 4:86 0-48 0-054
B 0-29 0-22 0-53 0-003 0-007 4-96 0-50 0-052

BT sRFEERTRCERR LA

2. REBLURRAE
HEHCAWEMERS XL E LT o4 bEX
A F A4 bR WREEERTHR ORI O
KRG FEAERUT 5. Table 1 2 R§
2 @O RS ORKIBEE 50 kg gEBEE 15 mm [FOHIRIC
gma U, 12[1x55mm ($HEEA), 10Ix55mm (3HiE
B) wwHIEINT L, & b & — iIEERER F M & L.
F— 27 F 4 MRS KB ETOwT L
BB odiT A~ AT T4 b LEEE Ar FES T
950°C x15min XX 1200°C x15min 2% & L
foo Bohict — A7 F4 PRUERSIWNEORKE TR
AT No 7'8, fifiBTix No 88, #EEDKMT
BERFNR No 23 & No 09 TdHo7z. <4 F4 F
A —25 34 MUBEP S TTT B9z Lich 2> C
400°~450°C ($REEA), 315°~400°C ($RiEB) DD %
BOEEICMEIHE LoV )V S AR TEHRERBLYETS®
FrDBIKE LTz, TERF XA 4 & EERXA 14 FOBE
DEEEIINE AT 400°~425°C, $REEB T 350°C fhE
CThHots. —F, BANEES ELHEA -7+ 1 ML
BEEP LKKRICIEAR, & 5icy 7« 708, 315°
~mm0@m@§ﬁ®(§®/wa1¢fk%&Lf
7K¥ L7z (Fig. 1).
© BaEf%, Tmm f§ (EEEA), 10mm & (SREB)
D2mmV /5 Fu e E—HERABR ML, ¥
s LOBHEREY D L. S5hicHmEO—HEE
RIETIRMES T X ST, fhhiE Niox o 32ELT
TR RN O EM S, EFRAMEC XS ER L
72 XLRFA—REOREBAICOWT, BIflER XK
BBEFHREBRE LT

Quench ond temper  Isothermal 1rectment of steels

950° or | 200°C 950°%or
Subzero

Fig. 1. Heat treatment of steels.
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Fig. 2. Relationship between Vickers hardness and
tempering or formation temperature of
various martensites and bainites.
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Fig. 3. Relationship between impact transition
temperature and tempering or formation
temperature of various martensites and
bainites.
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Fig. 4. Relationship between strength and
toughness of the various structures.
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Photo. 1. Brittle fracture appearance of the tempered martensite and bainite samples of Steel B

with fine austenite grain size. (a),
350°, and 400°C, respectively. (d),
and 400°C.
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(b), and (c); martensites tempered at 315°,
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Photo. 2. Transition of fracture appearance of upper bainite sample transformed at 450°C
from fine austenite of Steel B. Scanning electron microscopy.
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Fig. 5. Charpy impact test result of upper bainite
transformed at 450°C from fine-grained
austenite of Steel B.
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Fig. 6. Charpy impact test result of martensite
sample tempered at 315°C which have
been obtained from fine-grained auste-
nite of Steel B.
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Photo. 3. Transition of fracture appearance of upper

SN St

Photo. 4. Tran31t10n of fracture appearance of mar-

tensite samples of Steel B with fine aus-
tenite grain size, tempered at 315°C.

Test temperature; (a) 0°C, (b) —50°C,
(c) —100°C, and (d) —150°C.
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Photo, 5. Transition of fracture appearance of the martensite samples of Steel B with fine austenite,

tempered at 315°C. Test temperature (a) 0°C, (b) —50°C, (¢) and (d) —100°C.
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Photo. 6. An example of secondary crack showing
the process of joining of cracks in the
large martensites (shown by arrows).
Specimen; the same as those used in
Photo. 5.

Photo. 7. Cross section of brittle fracture edge of
the lower bainite sample transformed at
350°C from fine austenite of Steel B.
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Photo. 8. Brittle fracture appearance of (a) tempered martensite, (b) lower bainite formed
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Photo. 9. Cross sections through brittle fracture
edges of (a) tempered martensite and
(b) lower bainite obtained from fine-
grained austenite of Steel A.
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at 400°C, and (c) upper bainite formed at 450°C, obtained from fine grained aus-

tenite of Steel A.
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Photo.10. Brittle fracture appearance of (a) tem-
pered martensite, a) lower bainite, and
(c) upper bainite obtained from Steel A
in comparison with that of tempered
martensite (d) of Steel B wheen the ini-

tial austenite grains were large.
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Photo. 1l. Brittle fracture appearance of (a) temper-
ed martensite, (b) lower bainite and (c)
upper bainite obtained from coarse-grain-
ed austenite of Steel B.
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obtained from coarse-grained austenite of Steel B.
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Photo. 13. Cross section through brittle fracture
edge of lower bainite transformed from
coarse-grained austenite of Steel B.

Photo. 14. Cross section through brittle fracture
edge of upper bainite transformed from
coarse-grained austenite of Steel B.
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Table 2. Lath and bundle width of various structures.

Carbon content (%) 015 0-29
Austenite grain size fine coarse fine coarse
‘ Tempered martensite 06 0-8 05 0-8
Lath Lower bainite 07 06 05 0-6
! Upper bainite 09 11 1-0 0-9

| Width (p) |

! Tempered martensite 66 9-3 45 i 10-1
Bundle | i Lower bainite 7+1 6-8 44 7-0
3 | Upper bainite 7:0 61 53 8-5
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Fig. 7. Relationship between impact toughness
and lath or bundle width.
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Photo, 15. Comparison of carbide coherency between
(a) tempered martensite and (b) lower
bainite. Tempering or formation temper-
ature is 315°C.
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B

Photo.

16. Intragranular fracture of tempered martensite obtained from coarse-grained austenite

of (a) Steel A and (b) Steel B. Tempering temperature: 400°C.
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