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Hydrogen Embrittlement of AL-6X and AL-6XN Superaustenistic Stainless
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ABSTRACT

The objective of this work has been to compare the hydrogen embrittlement (H.E.) sus-
ceptibility of two superaustenitic stainless steels (AL-6X and AL-6XN), and to study the effect
of nitrogen content in the steels. Standard tensile specimens were prepared from these steels,
and tensile testings under different stress conditions and strain rates were carried out in air and
in hydrogen charging environment. Moreover, the microstructure and fractography of the
specimens were studied using optical microscopes and scanning electron microscopes. Results
from the slow strain rate tensile testing show that the sensitivity to H.E. of AL-6XN was higher
than that of AL-6X. In constant load rupture testing, AL-6XN has a higher ductility loss.
There were many parallel brittle cracks on the specimen surface and step-like markings were
found on the brittle region of the fracture surface. The mechanism of hydrogen embrittlement
of this N-containing superaustenitic stainless steel can be suggested as follow: Hydrogen ab-
sorbed in the steel induced local plasticity, and nitrogen on the other hand enhanced the planar
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slip of dislocations, thus allowing hydrogen to be transported via dislocations to the crack tip

efficiently, giving rise to brittle fracture.

Key words: AL-6XN, AL-6X, hydrogen embrittlement.
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Fig. 1 Dimensions of tensile specimens (mm).
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Table 1 Specimen code number and tensile testing conditions.
Alloy
AL-6X | AL-6XN
Conditions
MTS(in Air) X1 NI
CERT(in Air) X2 N2
CERT(in H,S) X3 N3
CLRT90%YS in H,S(1 Week)->MTS X4 N4
CLRT90%YS in H,S(2 Weeks)->MTS X5 N5
CLRT90%YS in H,S(4 Weeks)>MTS X6 N6
H,S charged 1 month—>MTS X7 N7
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Table 2 Chemical composition of AL-6X and AL-6XN as analyzed by XRF (wi%).
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Fig. 2 Optical micrographs of (a) AL-6X (b) AL-6XN.
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& Si Mn P 5 Cr Ni Mo N Fe
AL-6X 0.02 0.5 [.47 0.03 0.002 A 247 6.3 0.04 Bal
AL-6XN (.03 .38 .38 0.02 0.001 20,6 238 6.25 0.23 Bal.
# 3a
Table 3a Mechanical properties of AL-6X
Property Y.S U.T.S. Elongation Testing
Specimen  (MPay  (MPa) {9 Environment
X1 245.0 637.0 53.1 Alr
X2 231.3  388.0 534 Air
X3 2342 588.0 41.9 H.S
X4 2744 632.1 48.3 H.S
X5 2744 634.1 45.4 H,5
X6 2646 6301 42.7 H,S
X7 2499 639.0 54.0 H.S

#3b  AL-GXN Htsk I

Table 3b Mechanical properties off AL-6XN

Property Y5 U.T.S. Elongation Tesling
Specimen  (MPa)  (MPa) (%) Environment
N1 3332 7546 53.0 Air
N2 3254 735.0 56.8 Air
N3 3016 720.1 41.7 H,S
N4 409 % 730.1 39.7 H,S
N5 5096 737.0 334 H,S
N6 5145 7399 30.2 H,S
N7 338.1 769.3 32.6 H,S
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Fig. 4 Elongation and elongation loss of CERT specimens

tested in air or H-S-solution.
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