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Abstract - One of the important topics to prepare the up-coming era of so-called ‘hydrogen economy’ is
hydrogen transmission. Pipeline is conceivably the most economic way to consistently and safely transport a
large amount of hydrogen over a long distance, which may be strongly requested in hydrogen economy era. As
a good starting point for the purpose, one might wonder whether conventional API pipeline steels as designed
for natural gas transmission can be used as the hydrogen pipeline materials or not. To answer the question, here
we performed a series of micro-/nano-indentations together with tensile tests on the hydrogen-charged API
X65, X70 and X100 steels having different strength level. In this paper, from the results of tensile tests, the
hydrogen effects on the mechanical behavior in the API steels are systematically evaluated.
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Fig. 1. Potentiostat/Galvanostat.
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Fig. 2. Stress-strain curve by hydrogen charging
time: (a) X65 circumferential direction, (b)
X70 circumferential direction.
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Fig. 3. Stress-strain curve before and after hydro-
gen charging: (a) X65 longitudinal direction,
(b) X65 circumferential direction.
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Table 1. Mechanical properties by tensile test before and after hydrogen charging

X65 X70
X100
Aok AFE 2ok AFEE
SRR FaF g A 508 522 623 604 696
[MPa] FaFY F 503 531 634 628 712
Ea FaFg A 599 602 748 722 859
[MPa] FaFY F 569 593 735 736 845
) FAaFS A 0.1267 0.1670 0.1094 0.1196 0.1299
7}8 738214 -
FAaFY F 0.1218 0.1635 0.1090 0.1162 0.1014
FaFg A 0.85 0.86 0.83 0.83 0.81
Rl
FEFY F 0.88 0.89 0.86 0.85 0.84
ANE FaFy A 339 36.1 234 316 236
(%] FaFY F 16.8 293 12,6 202 12.4
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@ Fig. 5. Stress-strain curve before and after hydro-
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Fig. 4. Stress-strain curve before and after hydro-
gen charging: (a) X70 longitudinal direc- Fig. 6. Change of elongation by test rate for X65
tion (b) X70 circumferential direction. grade pipe
KIGAS Vol. 15, No. 3, June, 2011 - 70 -



52 ARE 0% ARHALL ST, 7
FASE D25 U A58 AL n A
AEFYVF O FF AYH BT Rl
o}7) 31, 715 A B A = ol A 3 21 9le,

29 62 X65 Wl ol 8] MBS wol w
of

o), 13 8ol VeI 422 FA A YA oot
Hol M= wgd Fel & u= A7 By s}
3 Aok &g 8= g e X702 X100 Y]
sle] X65v= TE/NTE FEE Holal gt

ol - HIEE JFA A ME Frd e 2}
o]7} YA A Wt wtkE & w7} B X657} X703}
X100 Hlsle] 2 #H3lE Fej 2 Wk AL 2
St} FAFYOE Qe FAFA dAdo] EA
3l AL 29 99l AT G e} HAAREE
HZ v s AAdAM= FAF 4 ot

o=

V. 29

AAZrzugo] AR vlA = F49] 4FS
v}o}3}7] $)8l, API X65, X70, X100 v @A) g0l A
NEHE FLEFAT F ARANH S TPk 2+
AR 7 o] F2HA ATS AN A ez Hrkeksith

SH-HEE S 24 29, FaFd6d 9
3 FaF g BAFol DSt Aol @A F] A
st 2 FA F FEA == VA 718t

, V== 719 W7t Il 70 A
7857t Aol A A W I Bl uLste] S AT
] A& a7 H 2 yebst
A&l Ao TLE 5

B e kI
AN Lo

M2y o 3R

=
g o] £AaFPo 2 A3ty s e 7 A=
¥ deol M HAu Y del g HEdoen, v
AAS ¥ gAE FE < X70, X10094+= E
X659 A MY E S R Frrl E542
FaF g 9 9 As & AATH

¢
¢

2
U

- 71 -

Fracture surface before hydrogen charging:
(a) X65 (b) X70 (c) X100.
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Fig. 8. Fracture surface after hydrogen charging: Fig. 9. Ductile to Brittle Transition by hydrogen
(a) X65 (b) X70 (c¢) X100. charging: (a) X65 (b) X70 (c) X100.
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