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2205 duplex stainless steels have been used for the construction of the marine environment, because of
their excellent corrosion resistance and high strength. However, the resistance to hydrogen embrittlement
(HE) may be less than that of 316L austenitic stainless steel. The reason why 316L stainless steels have
better resistance to HE is associated with crystal structure (FCC, face centered cubic) and the higher stacking
faults energy than 2205 duplex stainless steels. Furthermore 2205 stainless steels with or without tungsten
were also examined in terms of HE. 2205 stainless steels containing tungsten is less resistible to HE. It
is because dislocation tangle was formed in 2205 duplex stainless steels. Slow strain-rate tensile test (SSRT)
was conducted to measure the resistance to HE under the cathodic applied potential. Hydrogen embrittlement
index (HEI) was used to evaluate HE resistance through the quantitative calculation.
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Table 1. Chemical compositions of 3 different types of specimens (wt%)

Type of specimen

2205 duplex 2205 duplex(W) SS316L
Element
Fe Bal Bal Bal
Cr 2 2 16
Ni 6 6 9
Mo 3 L5 2
W 0 3 0

A : Reference electrode

B : Working electrode
C: Counter electrode

D : N2 gas
E : Heater
F : Condenser

Fig. 1. Schematic diagram of slow strain-rate tensile tester®.
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Fig. 2. Dimensions of the tensile specimen®.
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Table 2. Tensile test results

Type of specimens Swt% NaCl applied at -1500 mVsce Air
Test condition
2205 duplex stainless steel SS316L 2205 duplex stainless steel SS316L
properties
UTS (MPa) 385 403 564 520 575
YS (MPa) 299 342 396 366 424
Elongation (%) 1.8 49 50 29 45

AEOIE A 7o) A o] Al EL AF o) ALt nE
AP g s2o] ol A|ZE 7S ARSIt Table 19
A8 o A}%rs} Al el =4S vERg T

2-2 QXA

o 7(1- }\]642 Z—],ﬂj}zﬂi —-1500 m\/gCEg] xﬂ;ﬂ,ﬂé x]ﬁ_':
10 % QI7F sFA e skgith =AE vl 7heEtA &
7] wiEell Aol whEl HAAAR QI8 Al 1y
gRlst7] flate] —1500 mVsee2] w4 @& o= A9
A7 = A5 7Ho2m Al EHolAE=
Ao A7Es= Qlste] Fart BASHA Hol A¥
T B9717F gAdo] Pt A EE gAado
DA = ol A9 o e §H9] 2 9S
$1 sto] W5 slojolE ARE-EFGITt.

AR FLET QAN S A0S A}E319 0™
ASTM G12972 #H1= &0 1.0 " 10 %sec

o ol px 2L mlm 3 JN

0 X f o o

®

o

i
0w
fr o S

Elongation(%)
0 5 10 15 20 25 30 35

P A I R | [ TR R |
1y 2205 Duplex_H,(with W)
600 + 2} 2205 Duplex_H,(without W)
7|3 2205 Duplex_Air(without W)
500

400

300

Stress(MPa)

-
195 3
1 2

(I) 2]0 4I0 6|0 8I0 100
Time(hr)

Fig. 3. Stress -time curves for 2205 duplex stainless steels showing

(1) hydrogen charged specimen with W, (2) hydrogen charged

specimen without W at -1500 mVscg, in aqueous 5 wt% NaCl

solution and (3) uncharged specimen without W in air.
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Fig. 4. FE-SEM micrographs of 2205 duplex stainless steel fracture surfaces; (a) hydrogen charged specimen with W, (b) hydrogen
charged specimen without W at -1500 mVscg in aqueous 5 wt% NaCl solution and (c) uncharged specimen without W in air, showing

transgranular brittle fracture ((a) and (b)) and ductile fracture with dimples (c).
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Fig. 5. XRD spectrum of hydrogen charged 2205 duplex specimen
with W at -1500 mVscg in aqueous 5 wt% NaCl solution.
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Fig. 6. FE-SEM micrographs for the width-edges of (a) hydrogen charged 316L, (b) hydrogen charged 2205 duplex stainless steel with
W and (c) hydrogen charged 2205 duplex stainless steel without W at -1500 mVscg in aqueous 5 wt% NaCl solution.
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Fig. 7. Stress -time curves for SS316L showing (1) uncharged

specimen in air and (2) hydrogen charged specimen at -1500

mVgcg in aqueous 5 wt% NaCl solution.
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Fig. 8. FE-SEM micrographs of fracture surfaces of SS316L (a) uncharged specimen in air and (b) hydrogen charged specimen at -1500
mVsce in aqueous 5 wt% NaCl solution, showing ductile fracture surfaces with dimples.
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Fig. 9. XRD spectrum of SS316L; (a) hydrogen charged specimen at -1500 mVscg in aqueous 5 wt% NaCl solution and (b) uncharged
specimen in air.

Table 3. Results on Hydrogen embrittlement Index (HEI)

Type of specimens 2205 duplex(W) 2205 duplex SS316L

HEL Test condition Swt% NaCl applied at -1500 mVice
HEI urs ) 25.96 225 1.91
HEI vs o 18.3 6.56 66
HEI tionguion ¢ 93.8 83.1 -10
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Fig. 10. Stress vs. Time tensile test curves, showing (1) hydrogen
charged 2205 duplex stainless steel with W, (2) hydrogen charged
2205 duplex without W at -1500 mVscg in aqueous 5 wt% NaCl
solution, (3) uncharged 2205 duplex without W in air, (4) un-
charged SS316L specimen in air, and (5) hydrogen charged
SS316L at -1500 mVscg in aqueous 5 wt% NaCl solution.
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