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Fatigue Crack Propagation of Ship Structural Steel Plates in Sour Crude Oil
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Synopsis
e e

Corrosion fatigue crack propagation of ship structural steel plates has been investigated from a viewpoint of hydrogen
embrittlement. A little amount of hydrogen was absorbed in sour crude oil. Fatigue crack propagation was accelerated
by comparable cathodic hydrogen charging and its propagation rate was increased with the increase in hydrogen
absorption. Similar brittle striation was observed on the fracture surface given in both environments. These results show
that the acceleration of fatigue crack propagation in sour crude oil was due to hydrogen embrittlement. On the other hand,
susceptibility to hydrogen embrittlement is affected by microstructures of steels. The crack propagation rate of a steel
with bainitic microstructures under hydrogen charging was lower than that of ship structural KA36 (TMCP) steel with
ferrite-pearlite microstructures. It suggests that controlling steel microstructures would decrease the fatigue crack
propagation affected by hydrogen embrittlement.
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Fig.1 Fatigue crack propagation rate of KA36-TMCP in
sour crude oil®
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Table 1 A typical example of chemical compositions and mechanical properties of
ship structural steel KA36(TMCP)

f“KAse—TMCP”| 0.14 | 0.41 | 1.19 | 0.015 | 0.005 |
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Table 2 Compositions and various properties of used crude oil (As received)
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Photo 1 Fracture surface of KA38-TMCP in sour crude oil
with 400ppm H,S and 1 mass% H,O

&6 b7 — IR OB A A L TR ke
SRS NI, FIT, 7RI BT R
Al BRI bR IEE@IENT X D HE L, v
SRR 22RO KA36 (TMCPYHTH 5, ki L
ST HEEZRIEE LT, 7 —Eihrhokardihsy &
Syl LTRSS D LA E T BB R ME LT, #i!
DRFEM = AT, LIFO L 902, KT AT
IR 2D RISEA LA, HIBTHERT 215
Lotk & A LI AIc 20T, 2R FukEEA
T2 I L7z,

ORI Smm — 5 10em — b iz H,S # 200
é:}l‘

@R Imm — 5 iHE10em — i iz H,S 7 2l
&
@BEE10em =K Smm — il s H,S A7 20
!

7B, b OIRRIEAROIRRE L LT, KEKEBIREK
(I xL) #ipH L, 3R, % pH, H,S40E, Bih
B EURGREMHCBIT 5, BPokFEERES (] xL)
max, 7% 5N 20REMRGEBOITTENI (] X L) 2R
L7z, 7kESE @RS (T x L) i3, s & 1) ik s

i (C) (THMTE B,

C (mass - ppm)=1J XL (A/cm)/D (cm?/s) X
1.32-+0e24(1)

H2S 43 0. 15UE (0.01MPa) # X200, 01%UE (0,001
MPa) @ & (3, /RIEHDADEEIC AT, KRIEERIR
iz LT 1/5~1/10F25 1 L, pHIDHEE RN TH)
0.1~0.5uA/cm THo7e, LLEORSE, S, H'S 24
JERH R T DA, ARFERRE (] XL)
LT 1~0.5uA/cm FEEDRERAT 5 LfEES
N5, KASGHIO/RFHLEGRE (D) 132.5X 10 %cm?/s &
WiE S N72DT, Walizk KU (C) 13490.005~0.025
ppm EFHENE, COBEDRIREL, T4 4T
AR L 222 H 1T C*S S C 24 L 281U R R
J (Cth) @7 —%"— (1 ~10ppm)®, (Zlb~Aud, 2#;7
LS, B2ARICRT L 9IS, fhorkEliefbhd: L 28
B3 2 L, Bl U AL D3 Ly b o
@, HI CRSSCHLABUHL DIFE22F3MTH
ELXELLW,

£-3 EHEHRERICRIFTKROREE

H 7 —JEH P TR A AR § BT BREE 2 A T U,
T HoS i & - THIANTARE R S 415 2 & A7
MEN, BT, L Y — IR B R IR
LT, 7kEETY 7 —Eilh ol 2 & 2 UL /RS
WARECE FEL L, /REF v — VO & SUERSR T 1T
Stz W, shke, EEREEEE, 7 —IRh T T
&R L [Fl— & U/ods, &SRR, iy
TR R ey 2 AU AL, B ZUERER R T
HETIr-7,

I RISHERERT, KEF > —U&ML, 0.1~0.01
atmH,S &7 =G & il A — &' — D7k F i AR
0.10pA/em 486415, 0.5%0HF b ) 7 LoKkigikdh -
1.5V (vs. Ag/AgCl) oAy — FatxTdh s, Hh 6
Lt k9T, ERERGEEIREF — P FT LR
AT hE S e, 88 4 BINC, 07 & RUIEUUE (AK A
12MPa/ m# L U20MPa/ m? & ORGP T S H
AR X o Lh) IR TRFRARDMEIRT, RE
AT Y, SSLERUEE AT S s O s
THH, g, KE1GELTT=Eilmolb, KEE
FUWHAICIENRT, SZERREIRE W EERLL
A, JHUIEIRITRLACE IS, RMFEETHI LITL
S TP T L RBERARAREIN L2272 e 2 LB,
D&, BNKFEIMEAT AT, S RLEREE
IFARERIRAE L, H T CIESRMICIRT, AHEEAR
MELDTHRTH T, W9 5 RERUE I FRF P
HEATHE LIRS NG Z LA L -T2,

BEH 2, REF v — DRI TP THRLIESEHNS
EMBIART, 77—l CgEs iiehistEa » 5 4




P38/ EfiRisER SMAERROY U —REFORRKRS EREREE)
’ g

FIR KERALCKEIDPH, H.SRE, KELURHORE

Table 3 Effects of pH, H,S content, water and crude oil on hydrogen permeation coefficient

Aqueous solution 10.0 5.7 3.8 7.0 5.2 3.4
Condition 1 - 4.6 — — 4.5 —
Condition 2 5.2 4.5 5.5 4.3 3.1 5.2
Condition 3 — 0.5 - - 0.4 —

Crude oil — 0.003 — — 0.001 —

Aqueous solution 8.4 4.1 1.8 4.7 3.6 1.5

Condition 1 — 0.5 — — 0.5 —
Condition 2 0.8 0.5 — 0.8 0.4 —
Condition 3 — 0.9 — — 0.6 —
Condition 4 - - — — — —

Aqueous solution 6.0 2.7 1.5 3. 2.9
Condition 1 — 0.5 0.5 — 0.3
Condition 2 0.9 0.2 0.6 0.3 0.1
Condition 3 — 0.2 0.6 - 0.2
Condition 1 : Water 5mm + Crude oil
Condition 2 : Water Imm + Crude oil 1072 ——1 T T T T3
Condition 3 : Crude oil + Water 5mm F ]
Condition 4 : Crude oil + 1 mass% water [ ]
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Table 4 Chemical compositions and mechanical properties of steels
used for fatigue crack propagation test

Chemical composition (mass%) er o pos
‘Materials |- :
e o L S o VeI S TBIRER AL
- (MPa) | (MPa) | (%) | (%)
A 0.10 | 0.48 | 0.97 | 0.013 | 0.002 | Nb,Ti 485 593 26 81
B 0.05 | 0.18 1.28 | 0,005 | 0,001 | Cu,Ni,Nb,V, Ti | 435 548 36 81
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