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Impact Toughness of Martensite and Bainite in Medium
Carbon Ni-Cr-Mo Steels

Hiro-oki NAKAJIMA and Toru ARAKI

Synopsis: :

Impact toughness values of martensite and bainite formed at 350°C and below in 0-34% C— and 0-54%, C~
Ni~Cr-Mo steels were compared at equivalent hardness levels; and factors which affect the toughness of both
structures were discussed. Transition temperature of bainite lowered with decreasing transformation tem—
perature over a wide range of hardness. Transition temperature of bainite which was formed just above M,
was similar to that of martensite at high and low hardness levels. But at intermediate tempering temper—
atures martensite showed lower impact transition temperature than bainite. Upper shelf énergy value of bai-
nite transformed at low temperature was slightly higher than that of martensite. Increase of carbon content
increased appreciably the transition temperature of bainite, as compared at the same transformation temper—
ature, but the transition temperature of martensite was scarcely varied except at low hardnesslevel. Decrease
of transition temperature of bainite was observed, when bainite coexisted with martensite by isothermal
transformation below M or by up—quenching treatment to the temperature above M;. The transition
temperature of mixed structures, however, seemed not to decrease below that of martensite. In a 0-549,C-
Ni-Cr-Mo steel, increase of prior austenite grain size caused an increase in the transition temperature of
bainite but no change was observed for martensite, although upper shelf energy value was decreased with
increase of austenite grain size in both structures. Good correlation was obtained between ,T,s and
cleavage facet size in the various microstructures. -
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Table 1, Chemical composition of samples (%).

Steel i c . s %} Mn P s Ni Cr | Mo | Cu
A 0-34 0-28 1-41 0-011 0-020 1-79 1-00 0-30 0-08
B 0-54 0-30 0-86 0-012 | 0-020 1-81 1-02 0-29 0-08
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of A steel.
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Fig. 2. ,T,s of tempered martensite and bainite

of B steel.

b. Martensite tempered at 350°C for lhr
Brittle fracture surface of bainite and martensite
at the similar hardness of HrRC 47°5 (A steel).
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b , AN -, |
a . Bainite formed at 350°C and tempered at 430°C for lhr (HRC 39°5)
b . Bainite formed at 305°C and tempered at 525°C for 5 min (HRC 40°0)
c . Martensite tempered at 580°C for 2 min (HrC 39°6)

d . Martensite tempered at 620°C for lhr (HrC 32°0)

Photo. 2. Microstructures of tempered bainite and martensite
(A steel).

a . Bamite furmea at 3U05°C and temperea at bsU°G for 3ar
b . Martensite tempered at 680°C for 3hr
Photo. 3. Microstructures of bainite and martensite (A steel).
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32.

¢ 350%C up q
o 300°C
o 250°C -

{°c)

50 100
Proportion of martensite (%)
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bainite (B steel). All structures have the
similar hardness of HrC 40.
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size (B steel). Structures are bainite
transformed isothermally, 109, martensite
and 909% bainite formed by up quenching,
and martensite. All have the similar

hardness (HrG 40).
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a. Ba:mte formed at 350"(‘ and tempercd at 580"0 for 35 min.
b . Bainite formed at 305°C and tempered at 600°C for 25 min.
¢ . Martensite and bainite formed at 253°C and tempered at 600°C for lhr
d . Martensite tempered at 620°C for lhr.
Photo. 4. Fractographs of A steel fractured at —196°C.

All have the similar hardness (HrRC 32).

a. Bamlte formed at 350°C

b . Bainite formed at 250°C
¢ . 10% martensite and 909 bainite formed by up-quenching to 350°C
d . 10% martensite and 90% bainite formed by up-quenching to 250°C

Photo. 5. Fractographs of B steel fractured at —196°C.
All structures were tempered to the similar
hardness (HrC 40).
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Fig. 9. Effect of austenite grain size on ,7,s of
bainite and martensite (B steel).
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W T

a, b, ¢ : Martensite, d, e, {: Bainite,

Austenite grain size No : a, d—10°5, b, e—4'5, ¢, f 5

E S

Photo. 6. Brittle fracture surface of bainite and martensite, when austenite grain size was varied

(B steel).

B RPERI L AE LB a2/, £ LTE
DOBEFWIE, 2T ¥4 bD oTrs TIIFEE LD
B it rok. —FNX4 F4 bTl, HrC 40 03
FL DML ) 40~60°C EF L.

2NF A D JTps TRIETA—ZAFF 4 MES
FEOZER, EROMEEZEDLETELD L, REE
BEL BB OoRTHhEL Y, brREBUE (2D
BIMHOLER ST X >TRES L Bbh3) Tzt
AERIBEBLEEZLNDS. Fi, RA4AF4 LD 4Tys
RSN EDHRE Lbic LR Lok, NEKREECK
ETAERKIBE OFEIY 350~250°C D& TIIED bh
PAGrEN b ral
ERBEEGEPTIRE A —27 F 14 MESFBAEREL
72 e, oTrs O LR TG LT~ SBBEEMLOKRE X
DBEINT 5 ZENRBEINT B, F—~2FF4 |
FRENEOZRILI S fewmoZ{by, <7 ¥4
b3 XU 300°C CHpk L4 4 biz-2vT Photo.
6 WiRd. Fio, Fig. 10 WHMERD oTrs L ~ZEI0E
HEMEOKEZD —1/2FOBBRTHD. A—2F7 4
MESRBBHERIE LB, ~EMEEMIOKRE ST,
NAFA FPCEEINT LB TLFoHA FPTIRIEEAE
ZALET, MR TS5 Ty OZELOMEIC X <X

All were tempered at 650°C for lhr.
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Fig. 10. Relation between ,7,s and cleavage facet
size of bainite and martensite, tempered
at 650°C for lhr, when austenite grain
size varied from No. 105 to 0'5 (B steel).
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a . Bainite, 850°C—300°C x 540 sec—>WQ
b. Bainite, 1200°C—300°C x 780 scc>WQ.
¢ . Martensite, 850°C—222°Cx 20 sec—300°C X 5 sec—=WQ

d . Martensite, 1200°G—220°Cx 20 sec—300°C X5 sec—»WQ

Photo. 7. Effect of austenite grain size on the size of
martensite and bainite plate (B steel).
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Fig. 11. Effect of austenite grain size on the upper
shelf energy of bainite and martensite
(B steel).
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Austenite grain size No. : a, ¢—10'5, b, d—05
‘Impact energy : a,c—1-12kgm, b, d—0'80kgm

Photo. 8. Ductile fracture surface (a and b) and fracture .
profile (c and d) of martensite fractured at 100°C,
when austenite grain size was varied (B steel).

a . A steel, impact energy at 100°C : 41 kgm
b. B steel, impact energy at 100°C : 1'20 kgm

Photo. 9. Ductile fracture surface of bainite of ‘A and B

steels at similar hardness of HrRC 40.-
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