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Notched Toughness of Medium Carbon Ni-Cr-Mo Steels Having
Mixed Structure of Martensite and Residual Ferrite

Yoshiyuki Tomrta, Sachio OKI, and Kunio OKABAYASHI

Synopsis:

Slow bending and Charpy impact bending tests have been performed with V-notched and fatigue-pre-
cracked specimens to study notched toughness of medium carbon Ni-Cr—Mo steels having mixed struc—

ture of martensite and residual ferrite.

It has been found that residual ferrite, when it remained in lower tempered martensite, had detrimental
effects on the slow bending and Charpy impact bending toughness even though characteristic relation—
ship between the toughness and volume fraction of residual ferrite was found by the variation in the notched
radius and loading speed. When the residual ferrite appeared in higher tempered martensite, harmless
effect was found on the Charpy impact bending toughness in a state of uppet shelf beyond room temperature,
but the toughness became to be significantly deteriorated with a decrease in test temperature. From the
analyses of microfractographs, the detrimental effect on the toughness primarily results from'the fact that
residual ferrite under V-notch and fatigue-precrack fractures in a brittle manner.
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Table 1. Chemical composition (wt%) and transfomation point (°C) of steel used.

G Si Mn P S

Ni Cr Mo Ac,* Acg*

0.42 0.16

0.63 0.011 0.008

1.91 0.83 0.17 718 780

* Heated by 60°C/h. The specimens were previously annealed at 860°C and air-cooled.

Table 2. Heat treatment for obtaining fully martensite structure, and mixed structure

of martensite and residual ferrite.

Designation of
heat treatment

Heat treatment

A 866°C xX20 min — W.Q. — Sub. (—196°C x 22~.24h)
60°C /h
B ** 860°C X 20 min—630°C x 30h—A.C. — 760°C % 30 min—>W.Q.—Sub.(—196°C X 22~.24h)
60°C /h
C** 860°Cx 20 min->670°C x 30 h —A.C. — 760°C x 30 min—>W.Q.—>Sub. (—196°C x 22~24h)
10°C/h 60°C /h
Dy 860°Cx 20 min —— 500°C—A.C. — 760°C X 30 min—W.Q.->Sub. (—196°C x 22~.24h)

* Heat treatment for obtaining fully martensite structure.

**  Heat treatment for obtaining mixed structure of martensite and residual farrite.

A.C. : Air cool, W.Q. : Water quench, Sub. : Subzero treatment.
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Table 3. Heat treatment and microstructural parameters.

f Designation of Volume fraction of Mean particle size of  Inter particle  Retained
heat treatment residual ferrite residual ferrite, g size, p austenite, %
v A 0 — — <1.5
B 0.14 2.07 12.34 <1l.5
C 0.27 2.94 7.29 <1.5
D 0.34 4.40 7.01 <1.5
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—— Direction of crack propagation

Photo. 1. Scanning electron micrographs of fracture appearances in V-notched specimens
(Loading speed : 0.05mm/ min. Test temp. : 18°C). (a) and (b) were temper-
ed at 200°C for lh after heat treatment of B and D as shown in table 2.
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Photo. 2. Scanning electron micrographs showing a closed relation between microstructures

(b

and fracture appearances in V-notched specimens (Loading speed : 0.05 mm/ min.
Test temp. : 18°C). F indicates residual ferrite. (a) and (b) were tempered at
200°C for 1h after heat treatment of B and D as shown in table 2. ’

—— Direction of main crack

Photo. 3. Scanning electron micrographs of microcracks being initiated during V-notched test

(Loading speed : 0.05 mm/ min.

Test temp. : 18°C). (a) and (b) were tempered

at 200°C for 1h after heat treatment of B and D as shown in table 2. -
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Photo. 4. Scanning electron micrograph showing a
closed relation between microstructures
and fracture appearance in Charpy V-
notched specimen (Test temp. : 100°C).
F indicates residual ferrite. Specimen
was tempered at 200°C for 1h after heat
treatment of D as shown in table 2.

Photo. 5. Scanning electron micrograph of micro-
cracks being initiated during Charpy
impact bending test (Test temp. : 100°C).
Specimen was tempered at 200°C for 1
h after heat treatment as shown in table
2.

— Direction of crack propagation

Photo. 6. Scanning electron micrographs of fracture appearances adjacent to fatigue-precrack
in VP-notched specimens (Loading speed : 0.05 mm/ min. Test temp. : 18°C).
Arrows indicate fractured surfaces seemed to be fractured in a brittle manner.
(a) and (b) were tempered at 200°C for lh after heat treatment of B and D as

shown in table 2.
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Photo. 7. Scanning electron micrographs showing a closed relation between microstructures

and fracture appearances in VP-notched specimens (Loading speed : 2 mm/ min.
Test temp. : 18°C). F indicates residual ferrite. (a) and (b) were tempered at
200°C for 1h after heat treatment of B and D as shown in table 2.

Photo. 8. Scanning electron micrograph showing a
closed relation between microstructures
and fracture appearances in Charpy V-
notched specimen (Test temp. : —50°C).
F indicates residual ferrite. Specimen
was tempered at 600°C for 20h after
heat treatment of D as shown in table 2.
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Fig. 7. Schematic diagram of load-deflection curve
in slow bending test. (a) and (b) corre-
spond to plastic crack initiation energy, and
the sum of crack propagation and stored
elastic-strain energy, respectively.

08,
5 [ ]
o
5 & op]-Temper : 200CX1he
E o Loading speed : 0.05mm/min Loading speed * 2mm/min B
€
4
g 04 !
S
2 B oz2—
s 2
LI |
o @ .
0 | | I |

] 01 0.2 03 0 01 0.2 03 04
Volume fraction ot ferrite

Fig. 8. Effect of volume fraction of residual ferrite
on plastic crack initiation energy in V-
notched slow bending test at 18°C.
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Fig. 9. Schematic diagrams of absorbed energy,
E as a function of volume fraction of
residual ferrite, f in VP-notched test.
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