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Static Tensile Properties of Mixed Structure of Martensite and

Residual Ferrite in Ni-Cr-Mo Steels Containing Medium Carbon
Yoshiyuki TomiTa, Sackio Oki, and Kunio OKABAYASHI

Synopsis:

A study has been made to clarify the effect of residual ferrite on static tensile properties of Ni-Cr-Mo
steels containing medium carbon. Results obtained are summarized as follows:

(1) The 0.29 proaf stress approximately follows the calculated law of mixture up to 149% of residual
ferrite, but becomes to deviate significantly from it beyond 149%.

(2) Both elongation and reduction in area remarkably decrease with an increase in residual ferrite.

(3) From the analyses of true stress—strain diagrams and microfractographs, a detrimental effect on
ductility results from the fact that, in low volume fraction of residual ferrite, microcracks are initiated by
fracturing of the residual ferrite in a brittle manner due to higher plastic restraining of it by martensite
in the process of plastic deformation, and that with increasing in the residual ferrite microcracks which
are initiated by fracturing of it, this mainly resulting from stress concentration in the neiborhood of inter—
faces between martensite and residual ferrite due to ununiform deformation, become to be simultaneously

propagated through embrittled martensite.
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Table 1. Chemical composition of steel used (wWt%).
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Fig. 1. ShaPe and dimensions of tensile-test
specimern.
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Table 2. Heat treatment for obtaining fully martensite structure, and mixed structure of

martensite and residual ferrite.

Designation of
heat treatment Heat treament
A* 860°C X 20min—>W.Q.—>Sub.(—196°C x 22~-24h)
60°C/h
B ** 860°C x 20min—630°C X 30h—>A.C.——760°C X 30min-—->W.Q.->Sub.(—196°C x 22~24h)
60°C/h
C ** 860°C X 20min—670°C x 30h—A.C.——760°C X 30min—>W.Q.—>Sub. (—196°C X 22~24h)
10°C/h 60°C/h
D** 860°C x 20min—-500°C—A.C.——760°C X 30min—»>W.Q.—Sub. (— 196°C x 22~24h)

* Heat treatment for obtaining fully martensite structure.

**% I{eat treatment for obtaining mixed structure of martensite and residual ferrite.
A. C.=Air cool, W. Q.=Water quench, Sub.=Subzero treatment.
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Photo. 1. Optical micrographs of mixed structure of martensite and residual ferrite. (a), (b) and (c)

were heat-treated by B, C and D condition as shown in table 2, respectively.

Table 3. Heat treatment and microstructural

parameters.

Designa- [Volume Mean par- .
tiongof fraction of [ticle sizg of| In Eer par- Retampd
heat residual residual ticle size, austaenlte
treatment |ferrite ferrite, p © %

A 0 — — <1.5

B 0.14 2.07 12.34 <1.5

C 0.27 2:94 7.29 <1.5

D 0.34 4.40 7.01 <1.5
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Fig. 2. LEffect of volume fraction of residual ferrite
on strength of specimens tempered at 200°C
for 1 hour.
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Table 4. Numerical values for obtaining the
calculated law of mixture of 0.29,
proof stress.

c0.29%F m k Cr,
kg/mm? | (kg/mm?)/9| kg/mm? %
20* 175 90 0.4

This value was quoted from reference (3)

I T
Steel o] Ni x Mo (wt®)
240— 1 O 0.20 1.86 0.50 0.20
2 @ 0.30 1.86 0.82 0.23
220}— © 0.42 1.91 0.83 0.17
4 ® 0.50 1.71 0.79 0.19
200 . 5 ® 0.60 1.80 0.88 0.38 .

n )
180 ' //(
Tempered at 200°C X 1hr /o
160 //f
140 //°

(o]

0.2% proot stress ( kg/mm?)

120 /
100
80
0 0.2 0.4 0.6

Carbon content (wt%)

Fig. 3. Effect of carbon content on 0.29, proof
stress in Ni-Cr-Mo steels.
Heat treatment :
steel 1 : 900°C x 20 min—>W. Q. —Sub.
(G.S5.=10.5p)
steel 2 : 860°C X 20 min—W. Q. —Sub.
(G.S.=10.3p)
steel 3 : 860°C X 20 min—>W. Q. —>Sub.
(G.S.=10.2p)
steel 4 : 860°C X 20 min—>W. Q. —»Sub.
(G.S.=9.6p)
steel 5 : 860°C X 20 min—W. Q. —Sub.
(G.S.=9.1p)
W. Q.=Water quench, Sub.=Subzero :
treatment (—196°C X 22~24h)
G. S.=Prior austenite grain size.

Fig. 4 13(1) Xk X O Table 4 0L fEZ H V5
HZ X hkp-iEGRIE Fig.2 TELN: 0.2% [HH
DOxthE 7 = 94 MR EOBRICEWTRELAEDD
Thb. ZhoDOERE»D, 0.2% ihx, 7=-54 k
EHEER 14% £ CTRIESRICITIER S5, FOEERR
149 %2 2 & ThdbE L THCRET 5 Emss
BoOBN/. oz EpD, 0.29% WHE, 754 k
EREINNE L P OL OREP/PNSWIEE, TR HE
OBV VT o34 M 2 THRSHEINS 720,

— 81 —



82 g & i

% 64 4 (1978) % 1%

200
<~
E o :
< 150 \o\\
2
‘9" o
£ 100 °
w
“3' Tempered at 200°C X 1hr
s
e 50
N
o

0 01 0.2 03 04

Volume fraction of ferrite

Fig. 4. Comparison of experimental values with the
calculated law of mixture of 0.29, proof
stress. A full line shows the calculated one

according to the law of mixture.
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Fig. 5. Effect of volume fraction of residual ferrite
on ductility of specimens tempered at 200
°C for 1 hour.
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Fig. 6. Effect of volume fraction (f) of residual

ferrite on true stress-strain diagrams of
specimens tempered at 200°C for 1 hour.
Arrows indicate a knee.
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Fig. 7. Effect of volume fraction of residual ferrite
on exponent of work hardening of speci-
mens tempered at 200°C for 1 hour. Full
lines show the calculated ones according to
the law of mixture.
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Fig. 8. Effect of carbon content on expoment of
work hardening in Ni-Cr-Mo steels. n; and
n, indicate exponent of work hardening in
earlier and latter stages in the process of
plastic deformation, respectively.

Heat treatment :
Steel 1 : 860°C x 20 min—»>W. Q.—>Sub.
(G.S.=10.1p)
Steel 2 : 860°C X 20 min—>W. Q.—Sub.
(G. S5.=10.2p)
Steel 3 : 860°C X 20 min—>W. Q.—Sub.
(G.S.=10.2p)
Steel 4 : 860°C x 20 min—W. Q.—Sub.
(G. S.=9.6)
W. Q.=Water quench, Sub.=Subzero
treatment (—196°C x22~24h),
G. S.=Prior austenite grain size.
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Photo. 3. Scanning electron micrographs of fracture appearances after static tensile tests. Arrows
indicate fracture surfaces which seemed to be fractured in a brittle manner. The
specimens of (a) and (b) were tempered at 200°C for 1 hour after being heat-treated
by B or D condition as shown in table 2, respectively.

%

Photo. 4. Optical micrographs of nickel plated fracture surfaces after static tensile tests. Arrows indicate
traces in which residual ferrite seemed to be fractured in a brittle manner. The specimens of
(a) and (b) were tempered at 200°C for 1 hour after being heat-treated by B or D condition

as shown in table 2, respectively.
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Photo. 5. Scanning electron micrograph of micro-
cracks being initiated in residual ferrite
during static tensile test. The specimen was
tempered at 200°C for 1 hour after being
heat-treated by B condition as shown in
table 2. F and M indicate residual ferrite
and martensite, respectively.

canning electron micrograph of micro-
crack initiation of martensite from micro-
cracks of residual ferrite being observed
in the neiborhood of fracture surfaces.
The specimen was tempered at 200°C for
1 hour after being heat-treated by D
condition as shown in table 2. F and M
indicate residual ferrite and martensite,
respectively.

Photo.

Photo. 7. Scanning electron micrograph of matching
of fracture surfaces and microstructure.
Arrows A and B indicate the source in
which microcracks seemed to be initiated
and traces in which microcracks seemed
to be propagated through martensite,
respectively. The specimen was tempered
at 200°C for 1 hour aftet being heat-
treated by D condition as shown in table
2. F and M indicate residual ferrite and
martensite, respectively.
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