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Evaluation of Hydrogen Embrittlement Susceptibility of Temper Embrittled
2.25Cr-1Mo Steel Operated for a Long Term Service
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=1 HEAMOEERS

C Si Mn

P S Cr Mo

Specification

ASTM A387GrD

0.15 max. 0.15-0.30 0.30-0.60 0.035 max.0.035 max. 2.00-2.50 0.90-1.10

Check analysis 0.15 0.23 0.53 0.024 0.008 2.49 1.09
As Sn Sb X-bar J-factor
Specification spime
Check analysis 0.017 0.022 0.006 35.56 334
ASTM A387-1967 GrD
X-bar=(10P+5Sb+4Sn+As)x10* (ppm)
J-factor = (Si+Mn)x(P+Sn)x10" (wt%)
F2 HEMOBIRAVIFE
Tensile properties
oy 0.2% yield Tensile Elongation Reduction
LReRty strength, MPa__strength, MPa % of area, %
Specification min.310 517-689 min. 18 min. 45
Inlet side, As-received 14t 496 654 224 63.9
Inlet side, De-embrittled 14t 516 664 22.4 64.5
Outlet side, As-received 1/4 t 479 624 23.9 68.7
Charpy impact properties
Location V?B v‘]_:.o vg‘és
Inlet side, As-received 1/4t 60 3 156
Inlet side, De-embrittled 1/4t 80 37 i
Qutlet side, As-received 14t 66 4 134
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610°C x 2 h—->WQ

F-10, 17)

Thbb, ﬁi%&—vbtf%?%%ﬁﬁcﬁﬁ
BRPTIC & 4 F2s o 7o —Efar s & — 2l (2 2 Tld8h) Afif
L7z%%. HT%M%%%*Tﬁ%WMéﬁTW@%SEME
WUT, A T2 R/RE (Aan) Z2HET S, Hfi
Kz Aan iR LT7ay bL, Aan—0& 55K (4%
ATPRRAK, Kim) 23K % (K1), KRF v — 213420 °C,
9.8MPa (100atm) DA — k7 L — 7T HIZ48h 4 L i -
72. HLFERfRIZH A0~ 275 7 4 —?ﬁ'@?ﬂﬂﬁbfz*
R II2.5ppm TH > 72, BARAIZ, KELONIMIZ
%Wmm@@i—Z?f%F¥Z?7V1ﬁ®i—n—v4
ABREE TR, HFAPIZI T 5 RYRE & ARFRILE O TS
L. AOfllE LOHEHITHE 4 1.3ppm ¥ K U°0.9ppm D
KEA Cr-Mo il IZAFET 5 Z & MM S hTn 5,

sk OKBILERHES KOKFK L 7 v TRAE G A L 7228,
[EEEVLEEAA CHAREURE R0 K & < & AHAA?ME 5 Nz iE

MR EM TR 23R b s 5 7z,

966 \

38

vEs : upper shelf energy
vE, : absorbed energy at 0°C
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=1IG (Intergranular)
B =BQ (Brittle and quasi-cleavage)
B =DQ (Ductile and quasi-cleavage)

Inlet (As-received)
No.4: Ki=19.0MPay m, A an=0.28~0.8Tmm,
No.6: Ki=25.2MPay/ m, Aas=1.8~4 9mm

Outlet (As-received)

No.MC24A: Ki=33.0MPay/ m, A au=4.0mm,
No.MC3A: Ki=27.56MPay/ m, Aay=12mm

8 DQ(Ductile and quasi—cleavage)
B BQ(Brittle and quasi-cleavage)
N IG(Intergranular)
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No.9 No.9 No.8 No.8 No.12 No.12  No.7 No.7

initial final initial final initial final initial final
Ki=15 MPa/ m Ki= 19 MPa)/ m Ki=21.7MPay m Ki=23.5 MPay m
Aap=0.56 mm Aap=0.4~2.2 mm Aap=0.59 mm Aap= 1.4 mm
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90 T T T T —TT T T T
; ! I L TP Size  Plate Taking out time
A A 05T-CT  No 40sec L
A 05T-CT Mo 4min
80 - ¥ 05T-CT Yes 40sec E
v 05T-CT  Yes amin
o AT-CT  No 4min
¢ ITCT  Yes 4min
70
<
@ 60 |- -
o
s
; 50 -
x
40 - Rising load method only T
- ( ):Reference data
30 s L 1 L " 1 " | " 1 i 1 " 1 "
- 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

Residual hydrogen after exposed to RT air for 4.5hr test (ppm)
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