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Effect of Microstructure on Charpy Impact Properties in 80kg/mm?
Grade Low Carbon High Tensile Strength Steel

Synopsis:

Toshihiko KAZINO and Toshire KOBAYASHI

The Charpy impact properties of an 80 kg/mm? grade low carbon high tensile strength steel were examin-
ed using an instrumented Charpy impact testing machine in the temperature range from —196 to 80°C
with the V-notch half size specimens austenitized at 900, 1 000, and 1 100°C: for 30 min followed by water

quenching and tempering at 650°C for 1 h.

The austenite grain size (d4) and the packet size (dp) of martensite lath bundle were 19 and 8.1 (in case
of austenitizing at 900°C), 67 and 21 (1 000°C), and 150 and 93 um (1 100°C), respectively.
The crack initiation energy (E;), the propagation energy (Ep), and the total energy (E;) were calculated
from the load—deflection record and the transition behavior of these values was examined.
The lower austenitizing temperature with the finer austenite grain size provided the higher value of
~ upper shelf energy and the lower transition temperature. The Hall-Petch relation was recognized between
the energy transition temperature and the inverse of root of d4 and dp; ATy[Ads~'/*=—18 and AT [ Adp~1/?

=—9.8°C/mm~2, respectively.

The micro—fractography by S.E.M. revealed that the propagation of brittle crack in the low temperature
range proceeded on (100), in the cleavage mode with localized shear deformation in a packet.

The refined grain of austenite (2.4 um) could be obtained by the up-quenching method. This material
resulted in the excellent resistance to brittle fracture because of the long total path of crack through packets.

The apparent dynamic fracture toughness was related to the value of crack initiation energy per umit

area in ligament under notch.

The lateral expansion quantity was linear with the absorbed energy in the temperature range lower
than the transition temperature, and the upper limit value of lateral expansion quantity in the relation

may be considered as a characteristic.
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Table 1. Chemical composition and tensile properties of used steel (wt2,)

C. | Si Mn P S

Cr Ni Mo ' B

0.11 |0.28 | 0.78 |0.010 |0.007|0.024 {0.042| .00 |0.43 | 0.04 |00014

oy =79.5kg/mm2, og=84.0kg/mm?, eclongation=33.5%.
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(a) Heat cycle of A,B,and C
Conventional quench and temper

900°Cx30min  900°Cx45sec
650°Cxthr

1234
(b) Hedt cycle of D
Up-quench treatment

Fig. 1. Heat treatment for changing austenite
grain size.

Table 2. Chemical composition of etchant to
reveal austenite grain boundary.
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Fig. 2. Instrumentation of Charpy impact testing
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Fig. 3. Schematic load-deflection curve and
determination of Ej, Ep, P, and K.
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Fig. 4. Effect of up-quenching (see Fig. 1(b)
on austenite grain size.
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Photo. 1. Change of micro-structure by heat treatment of heat cycle A, B, C, and D shown
in Fig. 1. dj : austenite grain size, dp : packet size of martensite lath bundle.
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Photo. 2. Load-deflection record in Charpy impact
test of a specimen heat treated by heat
cycle of C shown in Fig. 1(a).
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Fig. 5. Transition curve in Charpy test of speci-
men heat treated by heat cycle of C shown
_in Fig. 1(a).
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Fig. 6. Relation between E; and Ej.

E; : Total energy calculated from P-d
curve.

E,, : Dial energy.

E, : Vibration and elastic energy lost in
pendulum and machine.

Ep) : Energy loss by plastic deformation
on specimen at impact point.
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Fig. 7. Charpy energy transition curves for heat
cycle of A, B, C, and D shown in Fig. 1.
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Fig. 8. Relation between transition temperature
and micro-structure parameter. Transition
temperature vTrg and yvTrrLg was defined
as the temperature showing half value of
upper shelf energy in transition curve shown
in Fig. 7 and one showing lateral expan-
sion value of 0.8 mm (see Fig. 9).
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Fig. 9. Relation between lateral expansion (L.E.)
and Charpy absorbed energy(En). L. E.
is linear with E;, in low value range at
low testing temperature. A, A', B, B!, C,
and D designate heat cycle shown in Fig. 1.
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Fig. 10. Relation between crack initiation energy
per unit area in ligament under notch
and apparent dynamic fracture toughness
in Charpy test of specimens heat treated
by heat cycle A, B, and C shown in Fig.
1(a). Open point shows calculation from
maximum load value in load-deflection
record and solid point is correction by
equivalent energy method.
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Photo. 3. Macro-fractography of Charpy impact-
tested specimens.
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Photo. 4. Scanning electron micrography of fracture
surface broken at —196°C in Charpy impact
testing with a specimen heat treated by
heat cycle of A shown in Fig. 1 (a).

@ : blocklike appearance of brittle fracture
cleaved along (100).

@ : stripelike appearance of localized shear
fracture,
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Photo. 5. Secondary crack propagation through packet
in a profile broken at —196°C in Charpy
impact testing with a specimen heat treat-
ed by heat cycle of A shown in Fig. 1(a).
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Photo. 6. Polished and etched surface through
Charpy specimen broken at —196°C.
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