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On the Relation between Temper Embrlttlement Susceptibility and Strength
after Tempering of Martensmc 39 Ni-Cr-Mo-V Steel

Susumu SAWADA and Tateo OHHASHI

Synopsis:

The effect of strength levels obtained by changing tempering conditions of quenched martensitic 39,
Ni~Cr—Mo-V steel on susceptibility to temper embrittlement was examined by applying isothermal embrit—
tling treatment. In addition, the fractured surfaces of Charpy impact specimens tested at different
temperatures were also investigated in detail by using a scanning electron microscope.

The main results obtained are as follows: :

(1) The temper embrittling rate and amount designated by the shift of FATT during embrittlement
treatment of martensitic steels tempered for 6 hours clearly depend on tempering temperatures of 600°C,
630°C and 660°C after quenching. The steel tempered at a higher temperature tends to be embrittled
more rapidly to a larger extent. The apparent activation energies for embrittlement depend on the tem—
pering temperature; this implies that the microstructure affects segregation of embrittling elements to grain
boundaries. .

(2) Intercrystalline fracture dominates brittle fracture in the vicinity of transition temperature region,
although it decreases rapidly with decrease in the testing temperature. With the temperature decreasing,
the intercrystallinely fractured region in a Charpy specimen appears only near the bottom of notch, which
may indicate that the fracture mode changes with crack velocity as well as with difference between cleavage
and grain boundary fracture strength.
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Table 1. Chemical composition (wt. %).

¢ [ si | Mu| P | s |Ni|ar
$1%%7 0.28 | 0.27 | 0.46 | 0.019] 0.013 3.26 | 1.55
Cu |[Mo | V | Al | As | Sn | Sb
$7°970.10 | 0.50 | 0.13 | 0.009| 0.012 0.011/0.0027

860°C

1250°¢ 50°C/h &h e
=n 840°%C wa.

600 2n 630°C
N K [\WQ_)(400,450,500°C)x(lO,SO:150*‘)

(400, 450,500°C) % {10,50,150h)

F.C.
600°C
/l (\ ~>{400,450, 500°C) % (10,50, 150h}
w.aQ.

Fig. 1. Pre-heat treatment and isothermal
embrittlement.
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Fig. 2. Relation between 4FATT
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. embrittling time and tempering
conditions.
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Fig. 3. Effect of strength level after tempered
on the shift of FATT due to temper
embrittling treatment.
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Photo. 1. Scanning electron micrographs of Charpy
impact specimens (660°C tempered).
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Photo. 2. Scanning electron micrographs of Charpy
impact specimens (660°C tempered).
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Photo. 3. Scanning electron micrographs of Charpy
impact specimens (660°C tempered).
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Tempered at 630°C Tempered at 660°C

Tempered at 600°C

Photo. 4. Microstructures tempered under three different conditions.
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Table 2. Variation of apparent activation energy
for temper embrittlement.
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Fig. 4. Arrhenius plot of reciprocal of time
necessary to shifts of FATT denoted.
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Fig. 5. Relation between intercrystalline fracture,
shear fracture in broken Charpy speci-
mens and test temperature.
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Fig. 6. Schematic representation of brittle-ductile

transition temperature shift and fracture
mode transition due to temper embrittle-
ment.
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