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Environmental Effect of Crude Oil Containing Hydrogen Sulfide on
Fatigue Properties of Steel Plates for Shipbuilding

Hiroshi Oucwi, Jun’ichi Kosavasui, Tadashi Isnikawa, Hiroshi Takezawa, Ryuichivo Esara and Yoshikazu Y amapa

Synopsis : The concentration of diffusible hydrogen introduced into steel, fatigue crack growth rates and fatigue lives were
determined in sour crude oil containing a high concentration of hydrogen sulfide and under electrolytic hydrogen-~
charging conditions in neutral solution, using a TMCP high strength steel and a mild steel which are used for ship hull
plates. The experimental results demonstrated that the concentration of diffusible hydrogen absorbed into steel was
less than 0.1ppm in sour crude oil under atmospheric pressure, and such a small amount of hydrogen accelerated the
fatigue crack growth in the high AK regime and shortened the fatigue life in the high stress range region, but did not
shorten the fatigue life in the low stress region. The electrolytic hydrogen-charging condition appeared to be
appropriate as a fatigue-crack-growth test environment to simulate sour crude oil. The deterioration of fatigue
characteristics of the TMCP high strength steel was similar to that of the mild steel.
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DHALATE (H,S) 2 &H T 5 B, bW 247 —FUHTH
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BH.SIEEREBMOBA L b RS VTR H 2, LB 6 VI HRE25mmD TMCPEI & 5E 1A K 36 A% & UHRE25mm

F 7 —RMERE P T OMAFHTS0 (TMCP) SR D 5 7 & DEGIRKAS (& b 12 BABEH2MR) LA, 216
SRR E DR K I & CFHEBR RIS DB T DI S5 F

DIETF %, Vosikovsky 621 5 4 > 24 7° X658 D JE it ip Table 1. Chemical (compositions and mechanical

5 1) 4 SIS 5 - - properties (T-orientation, G.L.=200mm) of
BT S FURBEEYIRIMPH.SIREL LB KRT 2L E steel plates tested.

Wi L1cys, 2hold, ShCRALIKRRCE > TAL Chemical C ition (mass%) | YS TS EI

. emica omposition (IMass, o .

rtEZ NI, U —FIHIREOPE, KEFERO Steel Plate | C i M P S |(MPa) (MPa) (%)

DT TREL, BRIy VB TIRETCTHEINGE K36A' | 0.15 0.21 1.13 0.015 0.005| 375 512 23

pegm . - . N K36A™ | 0.14 0.41 1.19 0.015 0.005| 412 527 22
ﬁ‘ﬁ’%’fa ¢ %Ta)éw%mﬂi’ *f@lﬂ'@ﬁ%ﬁﬁ‘f@ K36A™ | 0.15 0.20 1.19 0.015 0.005| 426 555 26
T, BRALPIRAEE 3 FPA D OWM, 3 HAOH & 35k KAS' |0.12 0.20 1.22 0.014 0.005| 285 429 36
T S HEADNOF/RR)IE, HHETHS LEDNED, &K KAS™ |0.14 0.19 0.94 0.017 0.007| 291 457 27

Wi, 27, AP ~DEBFAKREKEIEI Fﬁﬁﬁ]*}i@ I 1 Steel plates used for hydrogen concentration measurements,
M 1= T 1 3 B R ) = et - oy and fatigue crack growth tests and fatigue life tests in electro-
MR TREBCER L, KERPEBARF v —ITO lytic hydrogen-charging conditions and in air at 0.17 Hz.

EET L 5T 2OMBOEENLBEHPRLT, 12, ¥ 12 Sjceel pla_ttes.used for fatigue crack growth tests in sour crude
oil and in air at 25 Hz.

7 —BERBRBEOEFFE~DORBED, AR HERHINT +3 Steel plate used for fatigue life tests in sour crude oil.
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20. 1ppmAMTH % L2 5, 372, KI6ASDEH,SE
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2712,
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Fig. 1. Relationship between the concentration of

hydrogen sulfide in crude oil and the concen-
tration of diffusible hydrogen introduced
into steel.
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Fig. 2. Relationship between the applied potential in
neutral solution and the concentration of
diffusible hydrogen introduced into steel.

Table 2. Concentration of non-diffusible hydrogen
introduced into steel under electrolytic
hydrogen-charging at —1.2V (SCE) detect-
ed below 773K.

Steel Plate Specimen#1  Specimen#2 Average
K36A 0.0069ppm 0.0047ppm 0.0058ppm
KAS 0.0040ppm 0.0033ppm 0.0037ppm

WKASH# & b #1.6fE5E b - 12,

—1.2VEMRAEF+— HRBH» 0 7BKLUTTHRIb 3
72 EEARRIEE # Table 2 (/R T, Mgl & b (20.01ppm
KWTH Y, KICAFIIKASH & v #1.6f5E 0 - 12,
3-2 EHEPGHBEEAERR

400ppmH, SR EY = WAEBEHRA R 2 Fig. 3 IR
T, K36ASHT 1, AK >16MPa/m i3\ T & ZUEHBEE
da/dN OSEZ A4 L, AK=30MPa/m T K&+
bR U TH T REDIE LIRS & s JKASEHR b K36AHM &
IZFERROEE X R L 1,

BIREF v — Y THEY s WEBRABREROFI L LT,
MRS 2 HORER D —1.2VT DR Fig. 4 2R,
BEBMTOMERD 6, AK=30MPaym (235} 2 BEKEF

108 g
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-6 ]
) 0 Tkaea ] o E
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Fig. 3. Fatigue crack growth characteristics  in
crude oil containing hydrogen sulfide of

400ppm.
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Fig. 4. Fatigue crack growth characteristics in neu-
tral solution at —1.2V(SCE).
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Fig. 5. Relationship between the applied potential in

neutral solution and the fatigue crack
growth accelerating ratio.
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fil, Kopl3BIOKAE) 120,980 F EFHRIS f, & ZBADIIERK
Th-12,
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DEHT L RAPOS— NHi#L, Ac=300MPaTxZEL,
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w
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Fig. 6. S— N curves in crude oil containing hydrogen
sulfide of 400ppm and in neutral solution
at —1.2V(SCE).
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4. EE
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% Ok » 5 ¥E 7 AK=30MPaym T @ hn & 2 (da/
dN) gav./(da/dAN) a2 KD, HSIRE KL TR Y ML
12D Fig. 7T TH % AR T IR B IEEE/R R EF R
(Fig. 1) &, 6 OEHOR Y P B Tv 2, Fig. 7T
&, AT DOK3I6AM L KASSHDREH b /R L 1227, 12T
LOEROBFHEECH 3, ORI TKASHD IEFRIL
K36A8H & b K& wva%, Fig. 3 » 6 MDY 5 ZURIBRFE
BEELRLZE DT, ZO0XERFT—FXOKEL 55 0%MH
NTHY, FELEELZONLRG, ki, 6 DERTIE

£ 20 T T T T
z
Q 10 || ¢ K36A a A |
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Fig. 7. Relationship between the concentration of
hydrogen sulfide in crude oil and the fatigue
crack growth accelerating ratio.
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BEErHELI®EFLLNS,
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Fig. 8. Fracture surface of K36A steel tested in
neutral solution at —1.2V (SCE).
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Fig. 9. Relationships of fatigue crack growth ac-
celerating ratio and the concentration of
diffusible hydrogen introduced into steel to
the applied potential in neutral solution and
the concentration of hydrogen sulfide in
crude oil.
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KASSR X b & -7 (Fig. 1, 2)o—1.2VERAZF v —
TTOIEHRAMEARRIBE b K36ASD H &b - 12 (Table
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