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Pine Cone Like Fracture Surface and Temper Embrittlement of

5.5%Ni Steels

Masato MURAKAMI,

Synopsis:

Koji SHIBATA, Kotobu NAGaAr,

and Toshio Fujrta

Pine cone like fracture surfaces (“pine cone’”) were observed in Charpy and compact tension specimens
of cryogenic Ni steels containing retained austenite when temper embrittled and broken in a brittle

manner.

5.5Ni steels, especially those bearing no molybdenum, were severely embrittled on slow cooling
from the final tempering, and their fracture surfaces were mainly composed of “pine cone”.

Micro-

scopic observations and various mechanical tests were performed to elucidate the characteristics of this

fracture surface.
It was found that “pine cone”

is a kind of intergranular fracture surfaces and produced by fracture

along P segregated a'/y interfaces which formed at prior austenitic grain boundaries and its roughness

is not caused by precipitates but the reverted austenites at grain boundaries.

Intercritical heat treatment

promoted austenite formation at grain boundaries and enhanced the roughness of “pine cone” and

suppressed “pine cone’ fracture.

It was also found that the reverted austenite was not stably present

on “pine cone” fracture surface through Mossbauer spectroscopy nevertheless reduced susceptibility to

temper embrittlement.
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Table 1. Chemical compositions.

(Wt%)

C S$i Mn P S Ni Cr Mo Fe

Mo 0.060 0.28 1.20 0.006 0.002 5.84 0.65 0.21 bal.
M1 0.070 0.28 1.20 0.003 0.007 5.64 0.64 nil. bal.
M2 0.060 0.29 1.19 0.003 0.005 5.87 nil. mnil. bal.
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Fig. 1. Schematic representation for heat
treatments.
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Photo. 1. Scanning electron fractobgra‘pﬁ A()a)m,mand
transmission electron micrograph of two stage re-
plica(b) of “pine cone” fracture surface of MI.

Table 2. Results of compact tension and Charpy
tests at —196°C.

. fracture CTOD K, vE
specimen surfacel”  (mm)?’ (kgf/mrg-"’/z) 3 (kgf-m)
a) QLT M0  D+C 0.165 864 30.0
b) QLT’ MI c 0.074 335 5.6
¢) QLTE M1 P 0.020 172 1.7

1) D:dimple C: cleavage P : pine cone

2) CTOD=COD/1+((a+2)/r(w—a)
7 : rotational factor a: crack length z: knife edge width

3) QLTE M1 only meets the plane strain condition: B=2.5
(K1g/oy)?. B : thickness of specimen oy : yield strength(offset

0.2%)
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Photo. 2. Optical micrograph of the crack intro-
duced to compact tension specimen of MI.
Corresponding fracture surfaces are also observed
through scanning electron microscope. Note inter-
granular and transgranular cracks correspond to
“pine cone” and cleavage respectively. (SEM at
1500 times magnification)
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Fig. 2. Histograms showing the distribution of
prior austenite grain sizes of M2(a) and “pine
cone” facet sizes of QTE M2(b) and QLTE M2

(c).
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Fig. 3. Auger electron spectra from “pine cone”
of Q(1200°C) LTE MI : (a) fresh fracture sur-
face; (b) after Ar-sputtering for 30s.

Photo. 3. Scanning electron fractographs of M2: (a) QLTE treated.
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(b) Reheateci at 600°C for

10 min (DE treatment) after QLTE treated. Note no “pine cone” is observed in the fracture sur-
face. (c) Embrittled by slow cooling at a rate of 0.2 K/ min after QLTE--DE treatment. Note
“pine cone” is re-observed in the fracture surface.
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Table 3. Effects of Q temperature and L treatment on the amount of retained austenite, Charpy
absorbed energy, and tensile properites of M2 at —196°C.

Q QTE QLTE
Temp.
°cp 7R vE g1y oy TR vE o1y oy
% kgf-m kgf/mm?2 kgf/mm? % kgf-m kgf/mm? kgf/mm?

1000 1.0 0.0 84.7 100.0 3.0 1.7 82.4 97.7
900 2.6 0.1 87.2 102.4 4.0 3.2 86.0 102.2
850 2.9 0.1 92.0 102.0 5.5 1.7 91.2 100.9
800 3.0 0.1 92.9 102.8 6.0 2.4 92.4 102.8

7r : amount of retained austenite, vE: Charpy impact energy, o)y : lower yield strength, oy : ultimate tensile strength
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Photo. 4. Scanning electron mi

crographs of microstructures of M2: (a) Q(1000°C)TE treated;

(b) Q(1000°C)L: (700°C)TE treated, and corresponding fracture surfaces: (c) QTE; (d) QLTE.
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- N\
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boudary

Fig. 4. Schematic illustration for crack path:
(a) QTE; (b) QLTE.

Photo. 5. Carbon extraction replicas taken from
“pine cone” fracture surfaces of M1j(a) and M2

(b).
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Photo. 6. Scanning electron micrographs showing
microstructure of Q (1000°C)L (670°C x 5h) TE M1
revealed by a special etchant which preferentially
attacks P-containing boundary.
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Fig. 5. Conversion electron Mdssbauer spectra
from “pine cone” fracture surface of M1: (a)
fresh fracture surface; (b) fracture surface elec-
tropolished 75pm; and (c¢) the surface at 5mm
depth from the fresh fracture surface. Curves
were hand-drawn through datum points.
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Fig. 6. Decomposition of retained austenite as a
function of true strain.
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