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The Effect of Tempering on the Delayed Fracture

Characteristics of Low-Alloy Steels

‘Synopsis:

Shoichi Fukul

The influence of tempering on the delayed fracture characterlstlcs in 0-1N HCI solution, the initiation
and propagation behavior of cracks in delayed fracture and the hydrogen embrittlement characteristics in
tensile tests have been studied in metallurgical view point for several low—-alloy steels with the difference in

«carbon content and tempering behavior.

In general, the delayed fracture strength ratio (fracture strength at 30hr in life divided by static strength)
-varied depending on the hardness of the steel, and showed almost constant value of 0-85 in al] steels with the
hardness up to Hv 350 and rapidly decreased the value with increase in hardness above Hv 350.

Contradictorily to the general aspects described above, an abnormal increase appeared in the delayed
fracture strength ratio for the steel tempered at about 250°C, independently on the hardness of the steel.

This phenomenon shifted to the higher tempering temperature as silicon content in the steel was increased.
-Considering the stabilizing effect of silicon on epsilon carbides, it is supposed that the phenomenon is attribut-

«ed to the precipitation of epsilon carbides.

The cracks in delayed fracture initiated at the prior austenite grain boundaries, but the propagation path

.differed according as the tempering condition of the steel.

It has been observed that the cracks propagated

at the prior austenite grain boundaries in the steels tempered in the temperature range of primary temper—
brittleness (500°F embrittlement), and mainly propagated across the interior of the grains the steels
itempered in the temperature out of the range of primary temper—brittleness. ‘ o
From the results of the electron microscopic observation of the precipitation behavior of: carbides, it
‘has heen observed that cementites precipitated in a line at the prior austenite grain boundaries in_ the speci- .

men of which crack in delayed fracture propagated along the grain boundaries.

The delayed fracture

strength of these steels were inferior to those cracks propagated across the interior of the grains. - ¢
The dependence of the degree of hydrogen embrittlement, which was indicated as the decrease of the reduc-" -
ition of area in tensile test for the steel dipped in 0-1N HCl solution, on the tempering temperature was in good -

:agreement with that of the delayed fracture strength in the same solution.

This fact suggests that the

‘microstructure of the steel contributed in the same way to both of the delayed fracture strength and the *

‘hydrogen embrittlement.

(Received Aug. 6, 1968)
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Fig. 1. Test specimen for delayed fracture test.
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Fig. 2. Tensile test specimen used to examine hydrogen

embrittlement.

Table 1. Chemical composition of steels used (%).
Steel c Si Mn P s Cu Ni Cr Mo | Others
A 020 0-27 0-68 0-018 0-019 0-13 0°05 1-00 — —
B 0-21 0-75 1-34 0-013 0-009 0-16 014 1-67 — Ti 0-13
C 0-39 0-27 0-74 0-015 0-017 0-15 006 1-01 — —
D 0-37 0-27 0-73 0019 0-014 0-14 010 1:01 0-19 —
E 0-36 0-64 0-82 0:015 0-008 0-10 0-04 1:38 059 |V 0-15
Table 2. Heat treatment.
Steel Pre-treatment Hardening condition

Normalized at 900°C for 1 hr
Annealed at 1200°C for 1 hr
Normalized at 900°C for 1 hr
Normalized at 900°C for 1 hr
Annealed at 900°C for 1 hr

HUO W

Austenitized at 880°C for
Austenitized at 885°C for
Austenitized at 850°C for
Austenitized at 850°C for
Austenitized at 880°C for

30 min,
30 min,
30 min,
30 min,
30 min,

then quenched into oil.
then quenched into oil.
then quenched into oil.
then quenched into oil.
then quenched into oil.
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Fig. 3. Specimen for observation of delayed
fracture crack.
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Fig. 4. Loading apparatus for observation of
cracks in delayed fracture,
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Fig. 5. Stress-fracture time curves for steel A in 01 N-HCI.
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Fig. 6. Stress-fracture time curves for steel B in 0-1 N-HCL
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Fig. 8. Stress-fracture time curves for steel D
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delayed fracture strength in 0-1 N-HCI1
and its ratio to static bending strength
with tempering temperature of steel.
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Photo. 1.
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Crack propergation path in delayed fracture in 0-1 N-HCl for steel B.
picric acid solution (a, c¢) and 1 per-cent nital (b).
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Photo. 2. Crack propergation path in delayed fracture in 0-1 N-HCl for steel D. Etched by saturated
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picric acid solution.
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Photo. 3. Extraction replica image for steel B
with tempering at 400°C, showing
carbide precipitation at prior austenite
grain boundary(A)and flaky precip-
itates(B).
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Photo. 4. Electron micrograph for steel D -with’
tempering -at 450°C, showing grain
boundary precipitation of carbides

(arrows).
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Creep Rupture Strength of 18Cr-12Ni-3Mo Austenitic Heat Resisting

Steel Containing Nitrogen
Yoshikuni KAWABE, Ryuichi NAKAGAwWA and Tamotsu MUKOYAMA

Synopsis:

In order to develop the high strength heat resisting steel served at temperatures above 600°C, the effects
of C and Nb contents and heat treatment on creep rupture strength of 18Cr-12Ni-3Mo austenitic steel
containing 0-15%N were investigated.

Creep rupture strength was given as a function of Nb/(C+N) (atomic per cent ratio) irrespective of C
and Nb contents and reached maximum at Nb/(C+N)=0'3~0-5. Moreover, creep rupture strength
increased with increasing solution treatment temperature, which was due to the solid solution hardening
of Nb(C, N) and the grain growth of austenite.

As results, the steel with nominal composition of C 0-1, Si 0-8, Mn 15, Cr 18, Ni 12, Mo 3, Nb 0-7, N 0-15,
B 0-029%, was developed. 10000 hr creep rupture strength of this steel was 20 kg/mm? at 650°C, 135 kg/
mm? at 700°C and 9-8 kg/mm? at 750°C. It was concluded that this favourable creep rupture strength for
long time up to 750°C is mainly due to the excellent structural stability.
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