EpiE Ni-Cr-Mo it B3 5<=AF v 94 P EBF 7 =54 + i 1321

REMBOHNSHIREEIC > W T

UDC 669.14.018.292 : 669.15'24'26'28-194 : 539.4.015.1 : E‘ﬁ b4

669.112.228.1 : 669.112.227.34

ERZE Ni-Cr-Mo itk A< v 44 T
7 =274 NZHBEHEBOBRREIEHEITOWTT

& H

WA

Static Tensile Properties of Mixed Structure of Martensite and

Residual Ferrite in Ni-Cr-Mo Steels Containing Low Carbon

Yoshiyuki TomiTA, Sachio Ox1, and Kunio OKABAYASHI

Synopsis :

A study has been made of static tensile properties of mixed structure of martensite and residual ferrite

in Ni-Cr-Mo steels containing low carbon.

Results obtained are as follows :

(1) Both of the strength and ductility were approximately specified by volume fraction of residual

ferrite.

(2) The 0.29 proof stress gradually deviated from the law of mixture with an increase in
residual ferrite at 200°C temper, but approximately followed it at 600°C temper.
(3) Reduction in area gradually decreased at 200°C. temper, but somewhat increased at 600°C

temper with an increase in residual ferrite.

(4) From the analyses of true stress-true strain diagrams and microfractographs, it is considered

that residual ferrite, when it appeared in lower tempered martensite, has a detrimental effect on
ductility, because the residual ferrite in a low fraction fractures in a brittle manner due to plastic
restraining of it by surrounding martensite matrix in the process of plastic deformation, and that
with increasing in the residual ferrite both of the martensite matrix which become to be more brittle
and the residual ferrite fracture in a brittle menner.
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Table 1. Chemical composiiion of steels used (wt 95).

c : Si  Mn P

s | N | G | Mo

0.30

| . 0.5 | 0.020
3 I N

0.011 1.86

I

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

martensite and residual ferrite.

Designation of 3
heat treatment ‘ Heat treatment
A* 900°C x20 min—W.Q .—Sub.
T
(a) : 60°C/h 60°C/h
B ** 900°C x 20 min —500°C— A .C. ———770°C %60 min—-W.Q .—Sub.
(b) 60°C/h 60°C/h
900°C % 20 min —500°C—» A . C. ———760°C % 50 min—»W.Q .—Sub.
(2) 90°C/h 60°C/h
900°C % 20 min —500°C—-A.C. ——770°C x 60 min—>W.Q .—Sub.
G (b) 90°C/h 60°C/h
900°C % 20 min ——500°C— A .C. ——760°C x 60 min—»>W.Q .—Sub.
() °C/h 60°C/h
¢ 900°C % 20 min ——500°C—A . C. ——760°C X 20 min—»>W.Q .—»Sub.
(a) 120°C/h 60°C/h .
D** a 900°C % 20 min ——500°C—»A . C. ——770°C % 70 min—»W.Q ., —Sub.
(b) 120°C/h 60°C/h
900°C x 20 min ——500°C—A . C. ———760°C x50 min—»W.Q .—Sub.
60°C/h
(a) 900°C % 20 min—630°C x 15h— A . C . ———770°C X 60 min—>W.Q .—>Sub.
- (b) 60°C/h
900°C x 20 min—630°C x 15h-—> A . C . ———760°C X 60 min—>W.Q .-+Sub.
60°C/h
() 900°C % 20 min—630°C x 15h— A . C .———760°C X 17 min—>W.Q .—Sub.

®* Heat treatment for obtaining fully martensite structure.

*% Heat treatment for obtaining mixed structure of martensite and residual ferrite.
A.C.=Air cool, W.Q.=Water quench, Sub.=Subzero treatment (—196°Cx22~24 h)
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Fig. 1. Shape and dimensions of tensile-test
specimens.
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Photo. 1. Optical micrographs of mixed structure of martensite and residual ferrite. (a), (b), (c), (d), (e)
and (f) were heat-treated by C(a),C(b),C(c),E(a),E(b) and E(c), respectively.

Table 3. Heat treatment and microstructural

parameters.

Designation Volume Mean .

of heat fraction of |particle size Ig}:{agiztlcle
treatment ferrite of ferrite, u »

B (a) 0.195 6.40 21.67

(b) 0.312 5.73 10.14

(a) 0.155 4.03 23.99

C (b) 0.312 8.01 19.23

| (¢) 0.501 13.91 13.03

D (a) 0.294 6.34 10.66

(b) 0.449 6.84 8.20

(a) 0.155 3.74 23.73

E (b) 0.297 6.14 14.56

(c) 0.466 5.96 6.80
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Photo. 2. Transmission electron micrograph of
mixed of structure martensite and
residual ferrite. Heat treatment : C(c).
Arrow indicates the group of disloca-
tions in residual ferrite.
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Fig. 2. Effect of volume fraction of residual
ferrite on strength of specimens
tempered at 200°C for lh.
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Fig. 3. Effect of volume fraction of residual ferrite
on strength of specimens tempered at 600°C
for lh.
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Fig. 4. Effect of volume fraction of residual
ferrite on ductility of specimens
tempered at 200°C for 1h.
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Fig. 5. Effect of volume fraction of residual
ferrite on ductility of specimens temper-
ed at 600°C for 1h.
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Table 4. Numerical values for obtaining the
Steel C Ni Cr MolWtn) calculated law of mixture in mixed
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Fig. 6. Effect of carbon content on 0.29, proot
stress in Ni-Cr-Mo steels. Steels 1, 2 and
3 were heat-treated by 900°C X 20min—
W. Q.—Sub. (G.S5.=10.5y), 860°Cx20
min—»W. Q. — Sub. (G.S.=10.3py), and
860°C X 20min—»W.Q.—Sub. (G.S5.=10.2
2), respectively. W.Q.=Water quench,
Sub.=Subzero treatment (—196°Cx 22~
24h), G. S.=Prior y grain size.
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* These values were quotéd by reference (6).
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Fig. 7. Comparison of experimental values with
the calculated law of mixture of 0.2¢;
proof stress. Full lines show the calcula-
ted law of mixture.
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Photo. 3. Scanning electron micrographs of fracture appearances after static tensile test. (a) and
(b) were tempered at 200°C for I h after heat treatment of C(a) and C(c), respectively.
Arrows indicate fracture surfaces which seemed to be fractured in a brittle manner.

Photo. 4. Optical micrographs of section of nickel plated fracture surfaces after static tensile test.
(2) and (b) were tempered at 200°C for 1h after heat treatment of C (a) and C (c),
respectively.  Arrows A and B indicate traces in which residual ferrite and martensite
matrix seemed to be fractured in brittle manner, respectively.
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Photo. 5. Scanning electron micrographs of fracture appearances after static tensile test. (a) and (b)
were tempered at 600°C for 1h after heat treatment of C(a) and C(c), respectively.  Ar-
rows indicate fracture surfaces in which fracture scemed to occur at boundaries between

martensite and reridual ferrite.
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