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AL, T U —BREE T2 2 SR8 B O K BFHEHIINC AT TMEHR 1 & BREER 1 O 8 12 B3~ A F
78] LEAL, &5 mNLLEREIND

B1E ) T, S 280ERECH LTV —REICENT, HTICEZEOKZEBEATLZ LICK
> THEL HKFEFHEEINL (Hydrogen Induced Cracking, HIC) &FRIN ZKBHALOFEE & b, ZDIAE -
REEZEENCXE LC, S ONTEROME S 72 E OB R0, HS /35X pH 72 & OBRER 1 DRI S\ TREED
WFFEZMER L, HIC B OMEITICIE, HIC X254 S RIEFENICK L C, MEHRT L RERT-OREBICH L CER
7RIS LB CTH D L L7, R, HIC 2 Z2UEAMICKIT 2 BN FUKEIREOEE(L, HIC X ZURIEFE)
LGSR AL E OBfR, YU —RETICE T 2P ~DOKFERAEST HE T Th D pl B LU HS 43 F & HIC %
L OBMRE WAL T D 2 EAEETH Y, FRICIN LAWYV —M2H 9 28 EIOBIRIC & > THHE
OB/ DZ L 2ERM LT, BBRICARRTO B LMk AR LT

%2 DKEHEBEINIEEBICE T 2EINEFOKFERE OFG) Tk, Smassk NaCl Z&Te pH 3 O HFELEEA
WRH, HS % 1 bar & 0.01 bar IZFHFE L7V U —RIETIZRBWT, BEKREEGEEE HIC mBles & 2HAiG
DR HRBIETIRICE Y, KASMO HIC X ZBARM & RAELFOTOBAEZ R LT-. TOMEE, HIC
SAORAET, T OMNEHTH D S THEU S Z &, F7- HIC A E TOFEREHNEM L7z MnS DREE
ORI EBRVEINT B2 EHHLMNI LT, S50, BRALFHAZZERRIEICLY, YU—gREDHS
IR AT BAAREORMEEEZRD, ZNE b LI U THRESEEIZ L » TR L7 Ok ERESH D,
RN 260 pm D MnS B2 &+ 5 HIC & ZRANMBICE VT, BINEERKFEREL 0.38 ppm THDH EHEE L
7o Fio, HICIEHS EIC L B FMEHAFIC L » TR E DEINEE KT IREIGE LB TAEL D EER L

%3 B DKEFEFNOBHEICKITTEEMEORE) Tk, 7 —RETICBIT KA HIC & ZUsiE
ZENIRIFTTEBMBOEEL LT, 774 MO L HIC X Z2URFEE L ofGREFHAE L. 22T
T T A NRIORER I ERET D201, KEEMEA—AT A MECBMTEIE L=k, 7=FA N&A—
AT FA SO RIS T DHIETILEZIT, 7 =74 bO~ZBI TH D (100} 2 FIEFIZHR U TEATICHRE S
W7 ISR AT 2B 2 ER L2, Z o8B %2 VT, Smass% NaCl % & de pH 3 OFEFEFEMENAICKRT L
T 1bar T HsS ZHIf1 S H7-IRHFICIVN T, HIC = ZURREZEEEN 4 HIC IR #52 LB E MR B bRk T- &
HWESORME L, EERE MR L OVE RS T HELRIHRIC L > TR EHEREZMRE L. =
DOFER, FEIEEAHMAEZ AT 2B 0 HIC % ZUsiBEE 1L, FIEEAMBEEE L2V DI KRELI RS Z L,
51T, HIC ZZNIEIT{1001 i » TEIET 228, {100} DSELEMIZK LT CRWEINT 7 = F 4 MECid—
BHERET A L 2ALMNC L. DLEORERNS, HIC ERHOGHIET7 =T 4 hO~ZHE CRIESND Z L &R
L, 7T bOFTITALL HIC E RO GHEEIMEL KIET LiEm L.

o4 U —RE T IO 2RER T L KFBHEFIVEZMEE OMBE) T, VU —RE FICBIT 32 KE84
FHDOKRFRANFFMEICHONT, BRALFEAIKFFZERBRIC & - THix D pH & HS 53 EICBWTHIE SN 5 KkFEHIR
TR, HINES LD CTRINDIKEBZBBEICE > TIFE L. F0fEE, KEBBEEIL, U —BEE~
OB TIIRE 2EZ TN, SREIC FeS RENEK TS Z LICL 0 iR2 I L CEFEICET D Z &
ML, ZOKFBEBBREOEFMEICKIETRERFOREIL, pH LB L THS SEDOHFNRE N LR,
—J, BEFEREIEIZL > TRD BN HIC IZ XL 2 FIVEFEED Hafl L7 KRS 4Mo HIC X, KFEH
REDOEFHBOR/NEFET S &R LTz, L EORRN G, MBI HIC 1219 5% U —BRE OB,
KREBRREOEFMEIC L > THMTX 2 LFEH ST 7.

%5 E iR TIE, KRXOE 1 mrof 4 BERE L., bbb, KasUE, U —REICBWV T
FIZAKREBRBRALTA L D HIC X ABELOFNEFKFREZER(LT 2 FEEZMEELL, 7=74 o HIC
ERURIB RIS XI T DAL ORE, 72 b NS U —BREE OB LKA S0 HIC &M & OMBIZ I L2
WCL72bDTH D, AFEOREIL, 5%, WU —IEICEN 5B OREHES R D LR 5.
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This paper is entitled “Study on the Effect of Material and Environmental Factors on Hydrogen—Induced
Cracking of Steel Materials in Sour Environments” and consists of five chapters

The first chapter, “Introduction,” describes the characteristics of hydrogen induced cracking (HIC)
and the purpose of this study. HIC, which is a type of hydrogen embrittlement, is caused by a large amount
of hydrogen into steel under a sour environment containing H,S. It is well known that HIC is affected
by material factors such as inclusions and hardness in steel, and environmental factors such as H,S partial
pressure and pH. However, it has been hard to quantitatively evaluate the effects of these material and
environmental factors on HIC. This is attributed to the fact that HIC is a crack that cannot be directly
observed.

In Chapter 2, “Evaluation of Critical Hydrogen Concentration for HIC initiation,” HIC initiation site
and time were identified using an in—situ observation technique and the critical hydrogen concentration
for HIC was calculated by a combination of hydrogen permeation technique and the finite element analysis
Elongated inclusions (MnS) were observed in all HIC initiation sites and HICs were occurred when hydrogen
concentration reached 0.38 ppm, regardless of the H,;S partial pressure.

In Chapter 3, “Effect of microstructure on HIC propagation,” the relationship between the crystal
orientation of ferrite grains and HIC propagation behavior was investigated, using the in-situ HIC
observation technique. The crystal orientation of ferrite grains were controlled by rolling texture. When
the texture developed, ferrite was deformed and {100} plane parallel to the HIC propagation direction
was enhanced. Then, HIC propagates faster on {100} plane of deformed ferrite grains but HIC was arrested
near the non—deformed ferrite that has different crystal orientation from the deformed ferrite. This result
suggest that the crystal orientations have HIC propagation resistance.

Chapter 4, "Relation between environmental factors in sour environment and HIC susceptibility,” the
effect of pH and H2S partial pressure on hydrogen permeability in sour environments were evaluated and
the relationship between hydrogen permeability and HIC susceptibility was investigated. Hydrogen
permeability reached maximum values in the early stage and steady—state values in the later stage due
to the formation of FeS film on the steel surface. The effect of environmental factors on the steady-state
value of hydrogen permeability was larger for H2S partial pressure than for pH, and the HIC susceptibility
should be dominated by the severity map obtained from the steady-state hydrogen permeability

Chapter 5, “Conclusion,” summarizes Chapters 1 through 4 of this study
In summary, this study has established a method to quantify the critical hydrogen concentration for HIC
initiation, and has clarified the effect of crystal orientation on HIC propagation and the relations between
the severity of the sour environment and the HIC susceptibility of low—alloy steels. These results of
this study will used as a guideline for the application of steel materials to sour environments and for
the design of steel materials with excellent sour resistance
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