3

EXG X | EREEKEICH T B ENE RO M

EREEKFR IS T 5 EHE RO A E R
(2.25Cr-1Mo-V BERBRENFEOBERTOAFBEHRENICH T 5 2FRTHEA DIIE)

Development of Fitness-For-Service Assessment of High-Temperature, High-
Pressure Hydrogen Damage

(Remaining Life Assessment of Hydrogen Environment Assisted Cracking in

Welded Joint of 2.25Cr-1Mo-V Steel Heavy Wall Hydroprocessing Reactors)

Kby s—Maint LE R W B JeEs RN
P.E. Akitada Yasutomi Ryo Ikeda Kouji Kitajima

-

LECNOE I N N Wi K FRE NGNS (| I Ve
Dr. Yuta Honma Dr. Kunihiko Hashi Dr. Mitsuru Ohata
B =

ASME BPVC Section VIII, Division 2 2O F )& 2O GHEAEBM B 2B K FFAAETIE, — IR ZIR
KWa% — AL BVD DI >T WD, —J, API579-1/ASME FFS-1 04t @3 l (Fitness-For-Service : FFS)
B CIIBHE N F B IOB R ID 2 5Lkt i O FAT) O@MAIZE), BERIRK KA § 2 RF 4] L o iFHifi F
MEZ 52 Tnd, 610, HBREB EE IS § 20 2E e F L, 3% 8 L 7o i 2 R AT (S R BR L 2~ ik
S AHIET, SRR K GO R DFEOONTWBENFL TH-TH, WABETHICELTTOME (iF
) OMBLEIELFTEL TWD, 72720, COBRIGERMITIIMRA AT RF ML R T 200 TIERL 4
FHENTHoTH BRI R EICRERK MO bR £ S LB G TODLAIEH 2ITHITEERREL TW5, L7
WoT, FHTSVMIBIBERROMTEMLDELHES T, EARMOSA 7FA 7 V2 M, o B IIC3E
§ % FFS fHiliEAE. SBRO7TIUMEFIZBWTEELREO—2L%5TWh,

KRB WA OGBS ()72 —) [TREIND A MK BT EHROMEELLT225Cr-1Mo-V i (SA-336
(M) -F22V : F22V i) 2MEHSNBIINTRoTHHH) 25 4:12%b. VT 75 — 3B H4RITD 725 R ] I foe i i 2 jij e &
L. BHIBLE O CRIRES KRR 2 A G BEICEN R FHUESENCTOEA, 7I U bOREN & 5272
RAEIERE (Minimum Pressurization Temperature : MPT) - & ariFlinssko o, BAELIL - G2 T+ 572
DOMEHEFEDR LB o TETW D, RETIX. F22V Y775 — OBk FERAEE L, i A 7V CREPIZAEL S
WmEE IS, SRR E S OAREFEY: (Finite Element Method : FEM) Y32l —arfi a0k Z BB

FIA IRy AY AV RIS < 7 T VEMTIFSERT Material Technology Laboratory, Innovation Management Headquarters
o HARET M&E (Kk) A2 pE45 BER Production Management Department, Japan Steel Works M&E, Inc.

= HARRIT M&E (BR) Bes W55 Steel Structure Manufacturing Department, Japan Steel Works M&E, Inc.

e RIS RFBE TAEWF2E R Graduate School of Engineering, Osaka University

(17)
BARERESE No75 (2024.11)



R EKIRICH T BENRR OB AR

E#1 (Hydrogen Environment Assisted Cracking : HEAC) #ZFMiL725E DOWFZERBIZ RN 5. E5IZ, ZOHF
JECIRONITKRREY RN OME M, BIEWE2EZR) 775 —OBEHRFERL, AREREFML72r—A2Y
TAZDONWTIHE RS,

Synopsis

The code and standard for construction of pressure vessels such as ASME BPVC Section VIII, Division
2 generally do not permit any crack-like flaws to exist in welded joint in the design and fabrication stages,
however, the Fitness-For-Service (FFS) code such as API579-1/ASME FFS-1 provides the procedure for
evaluating acceptable crack size during service by fracture mechanics and stress analysis (e.g. welding residual
stress) . Furthermore, by evaluating the critical crack size through crack growth analysis applying the in-
service environment-induced crack growth rate and fracture toughness to the crack-like flaws detected by
shutdown inspection (SDI) , even in pressure vessels where they have been observed to grow during service,
continuous operation is accepted until one of them is reached to the critical crack size (remaining life period) ,
note, however that the crack growth analysis does not guarantee the critical crack size and/or the remaining life
period, based on the premise that the repair weld including removal of crack-like flaws and/or the replacement
will be performed as soon as possible, even within the remaining life period. Therefore, as the use of various
plant equipment become longer, FFS assessment, which technically and quantitatively evaluates the life cycle of
pressure equipment, will play one of the most important role in future plant operations.

It has been about 25 years since petroleum refining reactors used in hydrocracking and hydrodesulfurization
process have been made of 2.25Cr-1Mo-V steel. The reactor is designed to be operated continuously for decades,
and has been constructed to be highly reliable, including the welded joints, to withstand high-temperature,
high-pressure hydrogen service, but as life cycle management such as assessments of minimum pressurized
temperature (MPT) and remaining life is required for efficient plant operation, material properties to predict
aging deterioration are becoming necessary. This paper introduces the recent research examples in which
hydrogen environment assisted cracking (HEAC) initiation was reproduced in the welded joint simulating a
heavy wall F22V reactor based on the results of Finite Element Method (FEM) simulating temperature, stress
and diffusive hydrogen distributions that occur in the reactor wall during operating cycle. In addition, the case
study is presented in which the critical crack size each for hydrogen-pressurization at R.T. and remaining life
was evaluated through crack growth analysis applying the crack growth rate and fracture toughness derived by
HEAC initiation obtained in the above research to the welded joint of reactor under consideration.
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