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Measurement of Hydrogen Content in Carbon Steel Exposed to
Hydrogen Gas Environment

*N. Taniguch, **S. Ichikawa
Abstract

Carbon steel overpacks for high level radioactive waste disposal
would be attacked corrosion due to water reduction under
reducing condition and the hydrogen would be generated by the
corrosion reaction. When the hydrogen is absorbed into metal in
the solution or in the hydrogen gas environment, the metal is
sometimes damaged by the hydrogen embrittlement. In this study,
hydrogen content in carbon steel specimens were measured after
the exposure to hydrogen gas environment of 10MPa, 100
which is regarded as the most severe case under repository
condition. As the results of measurement, the absorbed hydrogen
concentration in carbon steel was 0.02~0.03 ppm and it was
concluded that the hydrogen embrittlement due to the contact
with hydrogen gas would not be likely to occur on carbon steel
overpack under the repository condition.

* Waste Isolation Research Division, Japan Nuclear Cycle
Development Institute Tokai Works

** Corrosion & Protection Research Department, Contracted
Reseach Division, KOBELCO Research Institute Inc
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1. BULBIC

B U NIVRSHEREY OB LSBT B T —/N—3y 7 OEFBHEOD L
DELTREFAFETONT VS, F—/3— 3%y ZFEIZ. L5 HEBMEIZI
WEPLFHLATINAKICE VEEEOBENED 268 NEb0D, F+—
=Ny I DFERCREM THAEINRY A VOB R LI L D EEENEE
SND7D, FAICETHREICLELEZOND[1]e 2D X5 ETHERE
WBWT, REMJ|A —/)N—1v 7213, LTORIZRT LS 2KkoBTE SV
— FRIDLTHREREROBENERT 5,

Fe + 2H,0 — Fe(OH),+H, (1)
3Fe + 4H,0 — Fe,0, +4H, (2)

COLILFEIBNCE DV EELLAKFEO—BIIRFEHPIIRINEI N, FOBRE
KXo TIRBILT 2B DS, OREFZBELASEPICBITLRER
DAREBRNEF IOV TIITEH S OBEH 5[2] Fhick B &, BKLAH
AR DKBHI BT 2 REFAPOKERE L 10%ppm OF—F—ThY, I
LT 5 REHIIEY, — 4. LOREZEE L LG TOREVRAEE LR
EWMOXKFERNZEHIZIZEAEMONR TRV, KEFTRAEEL-ERF DK
FREIILITIIRT Sievelts DA TEHEEI NS LEDNTWS[3],

C=C,P"%exp (- AHs/RT) (1)
C:KERE (BFHXE), C: EM. P: KEFRAE (atm). AHs: BEs, T
MxHRE (K). R: KiAEHK

ZORIZL B L, KEGFEFBVIZL, BEIBVIZE, KEXHRNT 2,
==y 7 /BEHFEIBITE2KEFERIRKT 1I0MPa BEFT:EL
9% 2 ENFERMICERINTVS[4], & —1"—7%y 7 REDREIZDOWTIE,
100CEK ETERL I B[1)o X TUSRBIZCBVWTERIKLVEETHS
10MPa. 100COKRFEHFN ARBEICREMARAB T BEV 0L, EBPFOKERE
O L7



JNC TN8400 99-056

2. EBRER L HE

SICI0RHAEF ¥ — T LR OKEREEE L BEOBMELRT,
RpiZid 77 v 78R OBERORLE. ZORICRT EHIC, KEFY—
L72RBA TiX 120~130CIic¥— 2 BB 5205, 75 v 78BRE I3
bhiledol, 72, WTFhORB THH 270CU L TAERH BEASRE & 3t
WCKkE&L o, 120C~130CHOE -2 1375 v 7 RBICIEED LN ho /-
ZEhb, KEFX—JICI D EBEPICRINE N KEOBREICHY 4
2bDEEZLND, ¥/, LV EBRBEBTHREIN - AEIXTI 7R T
PN e2b, FHEEMKEORBIZHL T2 LEZONE, RIZH
4 L 512 50 B, 100 BRfKEF ¥y —TP LB SokEREHBE L FNEFN
Yo KEF Y —VBHIEL 5L, H120CU L TKERBEEDKT DR
DR 2 BEMDH 272,100 B ORER T L ) ZHAFEHETH 0 . $ 240C
HET 2 FHOE -2 0B LEEbdH o7 THIZAEF v — VEHFEL
5 ZEIZL DKREFFFOETFRERCHEBINLN T v a2 L, kKFEF
Y- VMBPICHEMICEREINEREICL T, JVERAICZL 2V EK
EPBRB EIN Lok EDORERPEZ OGN LD, HEETIIAHTH 5,

CNODOHRE Y. #H270CUTORE TR SNz KEFARF -T2k
BZRN I N/ PEEDOKFINIET LD L HE L, BR~270CHEHDKE
BHEEEABRSTAZELICEDARERZFML . ZOBRZE2I1ZTRT, 10
EERE. 50 BERG. 100 BRRI & ISR EREIX R L. KRB THAICE&BIz
ML TWwWEEEZONSE, ZORIIRTIHICREHOKERIZH 0.02~
0.03ppm TdH > 720

ARBREBULASBETREATPOKRKEFRELHEL-MIIR L5420
TohS, KEHFRA L 7-MSEFOKFREIILLTIZ/ART Quick-Johnson DR AT
%ﬂ%ﬂ‘f\ﬂ% [5]0

C=0. 00185P"?exp(-3440/T) (2)
C:KFRE (HF5F). C: EH. P KEFAE (atm). AHs: &, T
MExtimE (K). R: SEER

ZOKIZE B L, 100C, 10MPa THOEBH DKFIREEIZH 0.033ppm & KD 5
. RXRABRERLERIZEETH S,

FRETHW X ) RFBRR OBEDHE. RILICESKFKREEIZE ppn L
EeEZONB[6], SHBEIESNMERIINI D HHELS. KEFR LD
Al & D IRFEFAA —N—%y 7 BT BT EEEIIENEVWZ 5,
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3. RBEERLER

B3I 10 BEfiAEF v — ¥ LABBRR OXERHEE LBEOBELRT,
HHicix 7 » 78BADOBERDIR L. SORIZRT LI, KFEF¥—
L7-ABRK TiX 120~130CICE— 7 SRR s 28, 75 » 7 KB ICI3ED
bhol, T2, VTHRORBTHH 270CULE CTREBHEEISRE & 3t
WCKEL{ o7 120C~130COE— 21375 v 7 REHCI3BD e ol
ZERL, KEFXY—TVICLDEBPICRINE N IEEEATEOBEICHL T
H5b3DEEZLND, $/2, LV BREBRTCBHEINL-KEFR TSIV 27EHT
BRI L6, EHBEAROBBICHYTAEELIOLNS, KRICH
4 L 512 50 BeR. 100 BRfKEF v — P LB ESOKERBMEE FhFh
AT KRFEF v+ — VHEHEIFEL L2 &, H 120C UL TAERBEEDET DR
ENR L R B @M D - 72 100 BE DOFERTIX & W TNAHHETH 0 .4 240°C
T 2 FEHOE—IBBNIGEIDH o7z THIRKEF v — VERIEL
B EIZE DKREFHMPOBFRERLHEBIA~NLY T vy T7ENZ L, KEF
Y—UHBRICEARAICERINERICE > T, SVEBEIICELRWVWEK
EPRE SN o ERREEVEEZ LN, BRATCEITHTH S,

NOLDOMMBRE D K 270CUUT DR TR KN KEWKEFvr—TI2&
HRPNE N7 EEOKFEIIFISTH2DDLHBT L, ZiR~270COFEHDKE
BHEELROSTAZSLICEI D AKREERR2FHMME L2 ZORREZR2IZRT, 10
FER. 50 BERY. 100 BERI & T K ELZIILR L, FXRRPBTHSICEBPIC
L TWwREEZLNE, ZORICTRT LI ICREHDOKERIZ 0.03ppm LA
T t skab rO hf:o

ARBREBULAGBTREATPOXRFBREZHUEL -FIIRY-LLh o
TohS, KEHNRAEHELIMERDOKEREIZILLTICRT Quick-Johnson DX As
mbEhTwa([5],

C=0. 00185P"%exp (-3440/T) (2)
C:XAEBRE (BEFHX)., C,. . P KEFRAE (atm), AHs: &S, T:
MxHRE K). R: JG6EH

ZORICEB L, 100C, 10MPa TOERBRPDOKFEBREIZH 0.033ppm & KD &
n, XRRERLIZIZAETH S,

ARBRTHW: L) 2RBRR OMEDOEE. BILICES/KEREIZE ppn L
EEEZOLNE[6]o SEBIEEIN-fHEIZINI DD THMMEL . KEFRA LD
fillc X D RFEMEA —N—2y 7 HALT AT REHIZEVEWZ B,
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4. HEVE

IKEH AL DRI X B RFMA —N— %y 7 DAL O Getd % 5FE§ 5 72
. 10MPa. 100CHKEHN AGRKIZE LIz REM SFVC1 HAEBRF P OKKIREE
T RRET A & Y {LERESHEE (API-MS) 12X DT L7z, ZOMR, KFER
B2 0.02~0.03ppm DEEFHTH Y, REMIMALICELBREL D b H5/NE 0,
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£ 1 RERF OB (AL wtk) & Emaoss

C Si Mn P S Ni Cr Mo Cu
0.22 0.26 0.93 0.013 0.005 0.06 0.07 0.01 0.05
FERA (N/m?) 5l DS (N/mn?) BT (%)
351 517 36

£2 BREF ¥ — VNBHMOUBMKEEREHR (B ppm)

F v —VKH TRk E FIE
0.022

10 BER 0. 026 0.024
0.025
0.029

50 F¥ 0. 026 0. 027
0.027
0.021

100 BFRg 0.018 0.022

0.026
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(1) EBBhoREILEREK
FHREBRTHWOLNZE L IMEFRL 228, kP OXKEHBELZ DR
BARFHEX DD, 100CI2 81 2 HE84EEIE 0.018cn*/hr ERD LN B,

(2) BEQROERKESE
B 1 ISR —E & L235A OB REH & BUE B RERIZ AT T D
BOROBREARE RS Y, HEIIRETOREITT 2L, .o
LOEEE (REX 1.0&LLT) THb, MBI ENEFRIUTORICE
DERINLTOETHS,

T=D t/1? (1)
D:IEBURE. t I EEE. 1 AR 1/2

ZORELYD, T=L5 L ETRITBEAEI R 2HIEeBbPb, LoT
CITIIT=2&¢1LT (1) XZ2ZEEL, UTORICL VEEMICETSHET
DEEMZETE L 72,

t=T 1¢/D (2)
D% 0.018cm*hr, 1% 0.2cn. T#2 & LTt %#5tET2L., 2BHLE
HEINns, Lo T20REUERFETTIZIZBAAIGET S LEZLONS,

1) K.Ono, L.A.Rosales : Trans.Met. Soc. AIME, 242, 244 (1968) .
2 ) J.Crank : The Mathematics of Diffusion,45,0xford University
Press. (1956)
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