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Nucleation and Growth of Bubbles in Hydrogen Attack of 2.25Cr-1Mo
Steel Determined by Hydrogen Permeation and Steel Density Measure-

ments at Lower Temperatures

Synopsis:

Hirofumi MivaJl and Hirooki NAKAJIMA

The quations to estimate the density and the radius of bubbles formed in the incubation period for hyd-
rogen attack of 2.25 Cr-1 Mo steel were proposed. By relating the hydrogen diffusivity and the change in
density of steel with the bubble density £, and the bubble radius 7, it is derived that
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where % is the change in density caused by bubbles, Ar is the thickness of shell around each bubble which
acts as trapping site of hydrogen atoms, K is the total volume of the shells and L, is the mean intercept
length of prior austenite grains.

The hydrogen diffusivity and the change in density were measured on the quenched and tempered steel
which had been exposed to high temperature and high pressure hydrogen atmosphere. £, and r obtained by
substituting these values into the above equations agreed well with.the microscopical observation.

Key words: hydrogen attack; steel for elevated temperature service; methane bubble; bubble size; bubble

density ; estimation of size and density of bubble.

1. #

HEBEKERET CHEHSNLENFEHME, F
B KEREFZIMEISHILT AL HE. 20
FERIZEMAERIC A 7 > DRBIFETH7-OTH S.
S AREEOUIICB VTR EL LTCEF—ATF
A MRFRICHOLICRE LR T 525, A4 THEIZH
RSk riRo L, oWwICRRASEER-T VDR
TnaDh, ‘

IS OETRICIE, BLIFERERICBITHE|RME
KRB ME, F-EBERBRICBIARNIANF 2L
DOEMITEE ORT, 5V IIHEBIEIC B 5 ENK
HEOET R EICELOTHANLGRTE L, L2LIAS
OFALHHEN B D, KEREI 4 ET UIERREIC
BLWTThbrEnbh TV,

—HFEBERTROENERR, —E0BKRLEL-D

LAaMKIIHLT AL bR TwBY, 0T, BRI
BUAKFEAZEE L FEUNOFETIEREICITRL,
EHHEOTFHMEMEDMEZEDPBI LN, TV PORK
EBREFTHILE,ISDH, ILRENEEOLENSLE
ELRBEE 2O TWA,
CODEFEICBIIA XY L ORIBEORE ERERE
P s, BRERIESHC XA ENEY S EFHEMEEIC X
MBI z itk bR B XY ICnDk L
L, i CRRBOEEITT AEEILT RV F—% 2

FVERFRRRO bR T h s, [BOEELKE &

YEERD LD LKAV, T RMIEAE—IC
RETDHO LD TWBENDT, BETERRBOTESR
KESERONZBOBEER» OEENIILET S 2
LixHEETHS.
FITARBFHEICB WL, HBBRICIs 2w TRl
DEEERESEZHETHAHEEREL, 204 %%:

BEFN 61 &£ 4 ARSHBHEASICTER WM 59 £ 10 A HASEY A% 95 EKM#SERSC TR

iEfn 61 £ 6 H 25 H5:f) (Received June 25, 1986)

*  SREMEHEHTITZERT ¥, (National Research Institute for Metals, 2-3-12 Nakameguro Meguro-ku, Tokyo 153)

—117—



1194 % L

%73 4 (1987) EI9F

FARDLI-DODERYITOT.
2. SANTEERZSOWRE

BN 2 HBBEECL s 2w, FRICEET S 2
Y UDRBOEELEREEDZODEERDB DI
B, JUBDEAEIZXDZALT HHOVAE VA LEED )
b, LREBTODBEFEMLATELE SRV, Z
LTING ERBOBEB LUK E S & 2o0BERN
THROE2IFAZ ENTENE, FROLOELHAZ LM
TE5.

ZOEIBRBEMIZEI DD E LT, BEELEKED
EERBEAB LI ENTESL. IS BEENELIC
BUEZHETH, FEOFAERE L BFEIIT S &
EZ2oNBNBTHA. Thbb, HPICEIEIRET
e, TROORIGUTCHEMNMETTA. $R8E
BRTBELICKEDES v THA VIR DBDT, Z0
RT3 5.

T3, KELBOREKFELHRANL LX), K
WEECHELNCTERMICEN S D Z20RIBEREHE &
KEBFOBBMLBEH LA DL 2BGEE Lo %
B CTHD., —IC Fig 1IGRT LI+ T 9 744
MESUESAORT VT v VB BEIT AKERFO
AT DOILEAR R,

Deexp(—Q/RT)

D = 1+KeXp(EB/RT) ........................ ( 1 )

TREINLD., 22T, Dy & QUERMOEESL S T
WO SEA OILEBRTH 5.

%7, Eg3kELRMEOELEANVF—, KIR
Mg BT A EHTH O T, W LRI KSR
LEWERTH A, 2o THENTORENEIGRE DO
mEAAEEEB L, ENicAATnIE, KofExrk
DHZENTEL., PR TKERFTINT » 7ENBK
Fad SN b ET A EEZ NS, TRHIZEA
KE % K, L $5E, SIBDOAIZLHES Ky=K—K,
b, EBESY MMM EMZ L ERET S
fEA DRMGOKFER T v THIRERSIHER, B4 F0
Fo oo TR RIIEAERL, BOTbL)OUVT AR

Q

Es

Fig. 1. Potential field in the crystal containing
lattice defect.
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Fig. 2. Model for trapping site of hydrogen atoms.
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Table 1. Chemical composition of specimeﬁ (wt%) .

C Si Mn P S Cr Mo

0.14 0.28 0.51 0.002 0.005 2.27 0.98

@ Electric balance

@ Manipulator

® Suspension wire
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® Thermostat

® Brake for balance basket

@ Plastic ‘board
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Fig. 3. High sensitivity apparatus for density
change measurement’?.
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Fig. 4. Apparatus for the electrochemical
measurement of hydrogen permeation.

—119—



1196 ' B ¢ M 85734 (1987) Ho

HEBICLOAEDREIEELE. -2 FPh0E
R (B8R L Vo xBLF U &R & Dol
BEGEBICL D EEBR My o 2 VER) 2k
L7z, B, 99k#E5] &3k = IEMEIZ 1 N NaOH
BREWZL, RF vy axy o Mok DB % kE
HFDA4F ALK+ 7% 0mVoes. SCE & —EERT
WKERELZ, ZLCIRICIB =y X o 5BEET
DAEEEAL R e
Ni+ 30H™ — NiOOH + H,0 + 3¢~ -+ (14)

WS 7 — FER (= v X VAEIEELER) el
W% BDERED. RTKIEMABHEHAEIC 01N
HoSO, Wi 2/ L7z, 2 LTI RICK ) ERAER
JE Ceom. DFEEL, KIFVHBF 2B T AERLETS
1 F ACER Joorr. PSEFE, 742 bH5REAEICER
MRIRENESTEDLOEFFD 7. 2 LT OB RIS
—1100mV vs. SCE DB ERF 3 A%y MIT &
D, KEMBEBEG L. b, 2ROLELA2VWR
B ORTFIEBES 2 HETHHEDH —2000mV vs.
SCE D&% TERMEAKFREX*FEL L. #LC
M BHEREZFTHL, KEEEMAREHE L7, BE
EE LT 3°C, 20°C, 40°C B XU 60°C TFF\vy, —
EBOFEHZ DT 30°C THIE L 7. '
3-4 HEH=

HBBIE LR R R B OB ORI 2 AFE L

Db F A4y —VCIREL, EXAETIEME CEEL
7z, ‘

1. RBEREEER

4-1 KEEXRFEEFOHEER
0°CIZBITAKEDANTOIMIRE D & RENH
B oOMEE Fig. 5 I2/RYT. chicksa s, Dofiix

(cm¥s)

-
O

diffusivity

>

Hydrogen

s . A .
0

Nofced 300 600 1000

Exposure time ( h)

Fig. 5. Effect of exposure time on the hydrogen
diffusivity at 30°C.
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Fig. 6. Effect of exposure time on the hydrogen
concentration at 30°C.

—120—

%\



CKEREIIBT B A Y AIAE L BE QKRR HEELRE IS X B4 : 1197

B L % WO TIEEUR S (RO ol fE s
5 Dp=1.08%X10"2em?/s $ X UF Q=1 900 cal/mol 2%
SNtz D Dy BLUY QOfEHIZOWTEEFSY 3%
BOF— 7 ZEIL &R Dy=0.80X10" 3 cm?/s

(2), @=1720%130 cal/mol-:-(3) % IWEL T 5.
Fx OWERERD ZOBEIEVDT, UBOEEIIBY
TREFOSIRELELTHVDS I LT .

Fig. 8 BHBEZAL AP/P (Zxf+ A B E MR 0 &
BERNLLOTHAH, FEICEDE, BEEILIIRER
ALBEEER] & & bR L 72,

Fig. 9 3BT L 0 Kg & AP/P OIERER
% (9) kLo (12) LA L, P, BLU r %5

D (cnds)

2 |oNon exposed
> Diffusion in lattice
@ oNon exposed
< 4 A8 : h
101290 h
5 lagoo nh K
1000 h
=71 .
10/
052530 35

Temerature (/T x10°)

Fig. 7. Effect of exposure time on the tempera-
ture dependence of hydrogen diffusivity.
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Fig. 8. Effect of exposure time on the density
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Fig. 9. Result of calculation of density, diameter

change. and total section of methane bubbles.
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Photo. 1. Scanning electron = micrograph of
methane bubbles in the specimen used for the
measurements of hydrogen diffusivity and density
change (2.25Cr-1Mo steel after 300 h, 600°C, Py=
300 kgf/cm?).
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