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Field Surveys of Hydrogen Attack in 0.5Mo Steel Equipment
and Subsequently Observed Metallurgical Effect
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Kouji KawaNo and Hiroshi YAMAMOTO
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Synopsis : Most equipment made of 0.5 Mo steel has been operating successfully for a long term in the petroleum and petrochemical industries. Howev-
er, unusual incidents of hydrogen attack below the Nelson chart imply that metallurgical variations such as microstructure and concentration
of impurity elements have an important role in hydrogen attack resistance. The deletion of the Nelson curve is a major concern to the oil re-
fining industry, which now has to assess the integrity of aged, existing equipment made of 0.5 Mo steel.

The sample of 156 heat was investigated by ultrasonic inspection and metallurgical examination. All damaged samples taken from retired
vessels and piping after long term service possessed an unusual microstructure of pro-eutectoid ferrite and pearlite with massive M,,C, car-
bides. On the other hand, all components with standard pro-eutectoid ferrite and acicular bainitic microstructures with Fe,C were not dam-

aged below the critical curve of Nelson chart 3rd edition.

Based on these surveys of the hydrogen attack incidents, a critical operating limit of temperature and hydrogen partial pressure was deter-
mined which accounts for variations in microstructure and the type of precipitated carbide.
Key words : C—0.5Mo steel; hydrogen attack; Nelson chart; pearlite; M,,Cg; replica method; nondestructive evaluation.

1. #&

AKRBREIHF|PKRLBEAU» SBA L ZARL ORI
IZXK-oTHEL X2 VXESERNR, KL, 530S
BhAfEMRm s EIZERL, TONETAZ VST, 3
207 4y y—, 7Y RE-FOIERWN PR KEGE %
EUCB3MEHEETH 3, Bk - BEKZXBRHR T CRELH
2hMBHAENESHOMBOREIZ, KEAMES
(APD2REM, B X VEASHMENRICKEBRIBEHD
R BRFRE - KRAEEET TV POHEERRE L &
I8 7= BF Nelson R X VIZ & > TIF bR 5, Nelson#E X
OREBTHEATEILIZE->T, L OBBIBEDE
WERE AP TH B,

1990 £-Fil4T D Nelson #R[XI 55 4 iR TD 0.5%Mo $8 (LIFE0.5
Mo &L iET) DFFIRA LMD MYIR % 22812, JEH
BREE, IRAZHHRE S 7256 L-FROMEASD,
BEOHIEEREH 2 ED 39BN ED SR TS,

FELIZ, ThETICBEHFEBEC X 2REEEOR

BEEMEY, BRABELEEIC X D KRERBE OB %
BRITEBRZLA2HERTHELBIZ, 0.5MofD B
BITRIZEVWTA -7 54 M()LIBEY & OB HERE
DIF VBB fE & h -8k TR M,,C Rt &
F93585—-74 MARHPER L, KRFREHIMEZKEL
HE> L EEREOEBOA — 2L - TEAVW-BRE
ARBRA O EBEMICIBIEL 29, ZORRIZIERA sk
M,CRILH,/ 7 254 b~ b ) o ZREIZHET 5K
ICEBEAREH ZBEKSER I N, S|HMAE T2 VAR
RIENESZIEL 720 TH 5 EEBERICKDHEELZD,
AR TIE, ChoDHEBMWMRAEZLLIZESFT VT
RAEEL X 172 0.5 Mo SREEM DRI # JERERE, &
LKUSRBMGHEIC L bz T, BEOFSIRAEE,
KRAEFGOERENE, RAGRHIROSBIENEE % /&
ATsLldic, MHBOSEBEMOILE DE+#EBEL -
BIEA T ARALMICEAL TERL -,

FR11E4A23 BT FR114F7H 9 B2 (Received on Apr. 23, 1999; Accepted on July 9, 1999)
* () HAEBSPTEMSIERNT (Muroran Plant, The Japan Steel Works, Ltd., 4 Chatsumachi Muroran 051-8505)
* 2 (¥k) B ARSURPTEMRIZAT (Muroran Research Laboratory, The Japan Steel Works, Ltd.)

*3 ELhM (B) THE (Construction & Maintenance Department, Fuji Oil Co., Ltd.)

¥4 WLy P=T7Y s (B X =7Y X (Engineering Design & Technical Service Center, Idemitsu Engineerig Co., Ltd.)
* 5 TRAMLTIER () SEEEE (Materials Engineering and Quality Control Department, Chiyoda Corp.)

735 I



I 736 &% & 38 Vol. 85 (1999) No. 10

2. NEH > TIVERE, BIFFE

2-1 REHTN
KEREENAMEOERENTE L, RRBOBRESRMFL
gL TEE, KEMES LTBBEBRBZEL LE0DHO
BIEBEBABROBRIZE 652 BE\0, TDLD, &
AR EBM O 7 — 2 DA TRIFEEERRIZAE L 2 B0
HIEREZUAEERL PRIT A Z L IXREETH 5. MBI
DERBAEFHEDIE S DX A ZE L 1 KEE OB WFFERAN M
REDBHIZIE, B ORKFEEREZROKREROEKLIL
BTAZELHEETHD, 22T, ANOREBEESHD
BhAxBT, BIERAREL 2FES LV TLOREL ZD
HE - BT ATV, BBOFEREEFARSI L L L,
REFREONRIT, BE - BH Shlz05Mo ST &
BREEHBRIPORBBOWMETH Y, REEEKR
32X10°hIZET 2 BEORARBERBEOEAE AR
X N7z, Table LIZIZFTEY » PO L IEBIERE DL &
OBERABIC L 250 L - ARREBEBORERI 2R
%, Table LIZT/RT & — bEUT, BEEERESELBET
DH, /AN, BEAEOREMEIL— L LTER
L0 THh, EHEMTsTe—F, BEHOBEIETI9
t— b, §r1s6e - r OBHMBREMORIR L &5 72,
Table 2 1ZIZUNEY ¥ T & FMOBEF R & L U7
AL TR U, WEL Y Y LIS, SR, &,
EEAXEOAMBEE TS v Mk 2 BEME AT 2
MR EETNh TS,

WEt1se v — F OFENZR Y Y TLIB T B KRERRE

BoHEL, BEFREERELHV, HELZ, TORR,

FHMNED x 2 VST LOERIZHIG L 72 KEERHEE
2, TS, EH IR TOA, 0.5MosBHHA
2120, AEEREEIHAZICIFISER S, BEESE
2B AHEEREFIZ1FILEBD SR THRY, BEREFO
AKEBRABREBICEL U, BEICZ ORIV EINT
X Tk, BEEHABPWHDOEEMEH 4 TICFEHES
T3, HAZOKRBRREESRFLFRIL DD B 5
7-REHNT, SUEERE CEUI B BRBRELE A ER I T
5372 THA9,
2-2 BERES®E
AKZEBBEOEFRFE T, SMAICERT 5KE
BAEBECHELIFHEREICLORM TSI I LAEEL
Kot, D%, $EHIZ, BEHEERBRUDICET
BB RELRE, SRAEE, BLUREMERICL S A
2 U NT AR HNERE OFE 40 72, FERAFB I URR
DFMIAMI BN THERAITH S, BT 5 X
8 VST VAEROYIABRS, BABRELBREIC KD HEE X
SR TEBRZ LRI NTED, T/, WEHEIZE
BT3ZenTHlEhaBEGFCBEALTE, 2)-¥EY
79— THRIIEIEESENTH S0, ThoDUT

26

Table 1. The classification of the collected sample.
(H.A. damaged sample)
HAZ

()
3)
3

note)The case of HAZ is not included for the sum
of total number.

Base metal
)
12)

In service 99

Replaced 57

Total n=156 12)

Table 2. Summary of collected sample subjected to evalu-
ation.
A) No. of collected heats
(H.A. damaged sample)

Base metal HAZ

Forging 31 3) (1)
Plate 92 3) (V)]
Pipe 17 @ (¢Y)
Other* 16 ) (D
Total n=156 12) (€))

B) Classification of equipment
(H.A. damaged sample)

Base metal HAZ
Reactor 18 2) @
Heat Exchanger 30 (&) )
Pipe 10 3) 3)
n=58 10 (©))

note) tube sheet, elbow, reducer, tee
The case of HAZ is not included for the sum
of total number.
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Fig. 2. Operating condition of the collected sample.
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Fig. 3. Histogram of S content in the collected sample.
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Fig. 4. Correlation between S content and temperature
shift from the Nelson critical curve (3rd edition.)
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Fig. 11. Typical microstructural dependence of hydrogen attack damage observed in the collected sample. (376°C, partial pressure

of hydrogen 5.88MPa for 1.85X10°h)
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Fig. 12. Correlation between hydrogen content and Pv pa-
rameter in the collected sample.
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Fig. 15. The Nelson chart considering microstructural de-
pendence of the hydrogen attack resistance of 0.5
Mo steel.
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