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Influence of Solution Treatment under Unrecrystallizing Condition for
Austenite (Unrecrystallization Solution Treatment) on Hydrogen
Embrittlement of 18% Ni Maraging Steel

Akira NOzUE, Kazuhiko KURIBAYASHI, Tadatsune OKUBO and Ryo HORIUCHI

Synopsis :

The purpose of the present paper is to clarify the influences of grain size of prior-austenite and solution
treatment under unrecrystallizing condition for austenite on hydrogen induced grain boundary cracking in
18%Ni maraging steel. The grain size of the prior-austenite in the present alloy was varied from 24 pm to
380 pum by solution treatment under recrystallizing condition at appropriate temperatures from 1 153 K to
1 473 K. The crack growth rate was measured under the condition of sustained load in an environment of
hydrogen cathodically charged in a 0.5% sulfuric aqueous solution. The crack growth rate of the specimen
solution-treated under recrystallizing condition was strongly dependent on the grain size of the
‘ prior-austenite. The larger grain size was, the larger crack growth rate became. Unrecrystallization
% solution treatment, however, decreased the crack growth rate drastically down to the same level as the
‘ specimen with 24 pm in grain size solution-treated under recrystallizing condition. Consequently, the de-

pendence of crack growth rate on grain size of prior-austenite was not appreciated distinctly for specimens
resolution-treated under unrecrystallizing condition.
: It was elucidated that the unrecrystallization solution treatment as well as refining of prior-austenite

3 grain size retarded the enrichment of hydrogen at prior-austenite grain boundary by way of an increase in
hydrogen trapping sites resulting from refining of martensite-block structures.
/ Key words : maraging steel ; heat treatment ; hydrogen embrittlement ; crack growth rate.
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Table 1. Chemical composition of - the present
18%Ni maraging steel.
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Fig. 1. Schematic diagram of the present appa-
ratus for hydrogen embrittlement testing.
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a: Solution-treated at 1 473K for 3.6 ks b : Resolution-treated at 1 123 K for 3.6 ks
Photo. 1. Optical micrographs of the present alloy.
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Fig. 2. Relations between crack growth rate and
stress intensity factor in specimens solution-
treated under recrystallizing condition for auste-
nite.
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Fig. 3. Relations between crack growth rate and
stress intensity factor in specimens solution-
treated under unrecrystallizing condition for auste-
nite.
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Fig. 4. Relations between crack growth rate and
stress intensity factor in specimens marformed at
20% , 30% and 40% in thickness reductions,
respectively.

a :1473K for 3.6 ks

b

: 1123 K for 3.6 ks

Photo. 2. Scanning electron micrographs of fracture surfaces of specimens
solution-treated under recrystallizing condition for austenite.
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a :1033K for 3.6 ks

b : 1133 K for 3.6 ks, subsequently after the solution treatment at 1 473 K for 3.6 ks.
Photo. 3. Scanning electron micrographs of fracture surfaces of specimens
solution-treated under unrecrystallizing condition for austenite.
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a :20% thickness reductions

50pm |

b : 40% thickness reductions

Photo. 4. Scanning electron micrographs of fracture surfaces of specimens

marformed.
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Fig. 5. Relations between prior-austenite grain
size and crack growth rate at the region of stage Il
Circles signify the specimens solution-treated
under recrystallizing conditions for austenite.
Squares signify the specimens resolution-treated
under unrecrystallizing condition and triangles
signify the marformed specimens. Numbers in the
figure signify the solution treatment temperature
or the amount of thickness reduction.
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Fig. 6. Schematic diagram of crack growth pro-
cess at hydrogen induced grain boundary embrittle-
ment, where d, V,, C"" and C", denote average grain
size, crack propagation veloc1ty, hydrogen concen-
tration on grain boundary and its critical value for
an onset of crack propagation, respectively.
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