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Intergranular Cracking in 0.5Mo Steel Equipment Used under Long-
term Operation in Hydrogen Environment at Elevated Temperatures
and Pressures

Ryuichi CHIBA, Keizo OHNISHI, Kunio ISHII and Keikichi MAEDA

Synopsis :

Remarkable intergranular cracks and local bubble cavities along grain boundaries were detected in a
0.5 Mo steel channel head of a heat exchanger which had been operated in a hydrodesulfurization unit
for nine years under a condition well below the operating limit of NELsoN chart. The same kind of inter-
granular cracks in a 0.5 Mo steel feed line pipe were found at welded areas in a periodical inspection dur-
ing the shut down maintenance period after operation for fifteen years in a catalytic reforming unit.

Metallurgical investigation and hydrogen exposure tests at 320 and 400°C under 9.81 MPa (100 kgf/
cm?) were performed to manifest the cause of damage occurred in the materials. The as—received chan-
nel head steel whose microstructure composed of untempered ferrite and pearlite exhibited high suscepti-
bility to intergranular cracking due to hydrogen attack in such case that only M,C carbide precipitated.

Heat treatment at 650 to 700°C for stress relief was found to be most desirable for securing resistance to
hydrogen attack in such hot-formed 0.5 Mo steels as vessel heads, pipes and its fittings to be used in hy-

drogen environment at elevated temperatures and pressures.
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Fig. 2. Location of samples taken from

KFE ERSIE TR TCTeh D) LAES A0S
ShTofe. COBKBBOBUERFIAFTE eno
D THMEIAETH D0, FOBOFEIC X 2 & 2
B ShizbDTHY, PWHT giish ik 5¢
H5. HERXF7HOREERE (Regenerative Pow-
erformer) » 1 i 15 ERFER IR cbDTH b, EH
BEDOBICHKSRREC X o CRBETIC A X
Nl B LDE, CoORFOBEORKIZ PWHT
BRI N Tk (0 LEMIRARE). & hbosisin
W EMEDERSLMT Fig. 3 wRT ey (Mol
BLO2TRLIHEE) Thh, RCBELM L 5,
Zhb 2 B0 EESAL 0.5 Mo O HBEA L b &
SriEAsofe. 7o3s, Fig. 3 (3 API Publication 941,
Third Edition” #5[H L0, fluc 8 #:oBEN
0.5 Mo #35/E ¥ L O RIS SR TU 5.
22 HBAE

2RO REH DR L 2B oWC E T E 0 R

Hydrogen Partial Pressure , psi

(o] 100 200 300 400 500
500 \ ‘
\ 1 900
450 AN 0.5Mo Steel
b N \\ _1 1 800 &
2 A ] L\_ m"
2 400 A | o 5
4 5
é + {700 &
3
K 350 - S 2
a 0
2 i 4 600
300 — Carbon Steel
| ' 500
0 0.69 1.38 2.07 276 3.45

Hydrogen Partial Pressure , MPa

Fig. 3. Reported damage due to hydrogen attack
of 0.5Mo steels and operating conditions of the
damaged heat exchanger (1) and piping (2) in

the piping. present study.
Table 1. Operating conditions of damaged heat exchanger and piping.
Material Unit Temperature Pr, Years in PWHT Location
No. Maximum Average MPa (psi) operation damaged
Badse Metal,
1 HDS asa‘gocF ::527?1“ 3'5]:{' 9 No,: Zc]:ord Channél Head?
(641°F) (620°F) (457) available of Heat EX.
, Pl}egene. 360°C 330°C 2.4 5 Giv Weld in Seam
iven .
ower= (680°F) (626°F) (350) Piping®
former

1) Fabricated with 30 mm (1.2 inch) thick ASTM A 204 Grade B plate.
2) 508mm (20 inches) dia., 14 mm (0. 55 inch) thick pipe made of ASTM A 204 Grade B plate.
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Photo. 1. Blister and cracks observed at cross-

section of channel head (A), and magnified
view of the area indicated with an arrow mark

(B).
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Photo. 2. Cracks and micro fissures detected at
inner surface zone and mid-thickness zone of
channel head.
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Photo. 3. Bubble cavities (A) and micro fissures
(B) along grain boundaries in mid-thickness zone
of channel head steel, Observed by scanning elec-
tron microscope.
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Photo. 4. Intergranular cracks found in a longitu-
dinal cross-section of damaged piping, Schematic
diagram showing location of cracks (A), Internal
cracks in the area indicated with an arrow mark

(B).
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Table 2. Check analysis of damaged channel head and piping. (wt%)
Location
Material ificati f
aterial | Classification | o c si Mn P s Ni |[Cr |[Cu| Mo Al
sample
ter i
Outer side| 4 5 0.22 0.53 0,010 0.014 |0.08[0.04]0.21| 0.56 |<0.005
of head
ch . Base metal -
anne Outer side| 4y 0.23 0.55 0.013 0.02 |0.09]014]0.18| 0.49 0.003
head of shell
Weld metal | Outer side| 0.05 0.39 .14 0,021 0.013 |0.05/0.03[0,18| 0.61 |<0.005
Outer side| 0.16 0.24 0.67 0.012 0.008 |0.11]0.11(0.27( 0.45 |<0.005
Base metal
Piping Inner side 0.15 0. 46
Weld metal Quter side 0,09 0. 47 .77 0.013 0, 007 0.03 {0.04 { 0.10 0.50 <0.005
Specification ASTM-A 204 Gr. BV 0.20 max. | 0.13/0. 45| 0.90 max. |0.035 max. | 0.040 max.| — — — ]0.41/0.64 —_—

1) For over 1 inch to 2 inches thick plate, product analysis.

e LT 0.1~0.3ppm fiHi &h, ~» FHICHNT
B s fehnote. Tels~y KD i S iokE
BoOXRFHO b0, BMRENROTAC T 7 » 7N
A EVONBTIBEDTHS. Tishb, KEIHO

Table 3. Hydrogen content extracted from
as-received base metals.

B E: 900°C THD/DT, DEDL A
& vHEEREL 7.

CH, —» C+4H

4H — 2H,
L#:23>C, Table 3 O4HfERD> 5, HHUKFEZK
£7 5, 7 OETRAERET 5 D0 B N BRI
DB ERRLTS.

Material Sample location Hydrogen extracted (ppm) 3.3 7k¥!=§§‘n.’§
Inner surface 17.4, 7.8 Table 4 {2~ Y F M‘@@%ﬁzﬁh b ﬁm L EK&PF (10
— x 15x 50 mm) DKERE: 9.81 MPa, 320 % L O°
Channel head | Mid-thickness 2.4 ) - ARBRERB ( ’
400°C) FERARLELDTHD. ZFARTEDLDK
O f 0.6 .
STz, 320°C TRBEHO bORBIMIRER (mi-
Piping Total thickness 0.3 0.1 cro fissure) if‘%ét L, 400°C 'ﬁ‘ﬂi% LV ‘*ﬁﬂ%ﬂ/‘h L H.';ﬁ
BB bR, ¥lSHBOKE (20.2ppm) Kl S
Table 4. Hydrogen exposure test results of heat-treated channel head steel.
No. Heat treatment Hydrogen exposure conditions Crack detection Extracted
Pu; MPa Temp.,C (°F) Hold time;h by microscope hydrogen, ppm
320 (608) 00 Detected 1.2
1 As-received 9, 81
400 ( 752) 300 Detected 20.2
320 (608) 300 Not detected 0.4
2 650°C (1202°F)x5h, SR 9,81
400 (752) 300 Detected 1.8
320 (608) 300 Not detected 0.5
3 675°C (1247°F)x5h, SR 9.81
400 { 752) 300 Not detected 3.3
320 (608) 300 Not detected 0.9
4 700°C (1292°F)x5h, SR 9,81
400 ( 752) 300 Not detected 2,1
5 900°C (1652°F)x1h, Norm. 081 320 (608) 300 Not detected 0.3
650°C (1202°F)x5h, Temp. 400 ( 752) 300 Detected 67.0
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Photo. 5. Microstructures and in-
tergranular fissures in as-received
materials exposed to hydrogen for
300 h at 320°C (A and C) and 400
°C (B and D) under 9.81 MPa.
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A and G : As-received, B and D : Stress-relieved at 650°C for 5h

Photo. 6. Electron micrographs of ferrite-pearlite zone (A and B) and ferrite
grain boundaries (C and D) in channel head steel.
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