~ INCTJS400 2002-060 =

.v7$a4rﬂﬁ-wéﬁ$mwﬁﬁ
é@k@?éﬁnwﬁﬁkﬁ B

(B oA beFaﬁﬁﬁﬁ %ﬁ%ﬁﬁ%%). e

2003428

HEEA BRBABS



FREBOEWELR—FEHEET - B8 - BFHT 58413, FTRIZBHAVEDLEL FEW,
T319—1184 REFRNEEFIERIMAEM4 9
B 2 MBI HERE
BB BT

Inquiries about copyright and reproduction should be addressed to:
Technical Cooperation Section,

Technology Management Division,

Japan Nuclear Cycle Development Institute

4-49 Muramatsu, Tokai-mura, Naka-gun, Ibaraki, 319-1184

Japan

© BERBYA 7 VEREHE |
(Japan Nuclear Cycle Development Institute)
2003 -




JNC TJ8400 2002-060
200342 A

+ 7R HA NEFTICH 5 FEAOBAERICET SRR R
(BElikl 1 7 VBASEHEHE R BFERET)

RERR, HEERE, TEARA

C ]

REMA— =Ry 7 OBERFEMETMTE5 2T, BREEBRVWOHERBICLS
EEBPEETINERD S, L, REAOREIVEREEERME LT /X
A EFETBE, REMOBEFENEMT S LEOHERDHY, RIEMA—
RNy 7 DEBHEH~DEENFSENTWS, ZNETIT, w7 RxFA bk
BT 2REFACEREEORE. BREFEM~OEETM., BEMEHFRD
B ERRALNTVAR, FRFICL 2 THTLE AMIT—FL TV,
FIT, T REA VHRET CORBHADERICET IREFEOHELEIZ, I
FTOMREZEETI L LI, BEE2HHLE,

AMEET () BEABEEASNEREY 4 7 VRREE & OFEMARNIC L 0 EiE L5
RRBICETIHDOTH D,

* . BHIERER

ok LHEERE

stk kA

ook RETLERE

srpkx KRS

whrkk KERAFILRFE

S YIS HIEEETRERS - MERE R F— OOW5EE - Ao ) TR
7 =7



JNC TJ8400 2002-060
February, 2003

Current Status and Future of Studies on the Corrosion of Carbon Steel in the
' -Presence of Magnetite
(Document Prepared by Other Institute, Based on the Trust Contract)

*T. Shibata, ™M. Seo, *™K.Sugimoto, ***T.Tsuru, ***S.Fujimoto and ™**H. Inoue
Abstract

It is essentially necessary to understand the effect of corrosion products
on the corrosion rate of carbon steel in order to evaluate the lifetime of
carbon steel overpack, Especially, effect of magnetite on the long term
integrity of overpack is one of the important subjects to be solved, because
some experimental results showed that the magnetite layer formed on a carbon
steel overpack as a corrosion product would accelerates the corrosion rate
of the overpack. Various studies have been conducted on the corrosion
mechanism of carbon steel in the presence of magnetite, its effect on the
overpack lifetime and the countermeasures against the corrosion acceleration.
At present, however, the interpretations on the results of these studies are
not always consistent each other. In this report, the current status of the
studies on corrosion of carbon steel in the presence of magnetite was reviewed,
and the unsolved problems and future research subjects were extracted and
discussed.
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BEXEDZLOELTHR-TER, LML, BE, EARABRHERECERTIERERDIILLA
BEENRTIHEPIZLALETHY, RARECBT3RFZHMOEEHEIC OV TH—EE
IR B0, BREMICETT32EAZ2TRTHEN RO TH D [40], =7, BEERDICIX
wy~ﬁﬁm%ﬁﬁ¢é¢ﬁ&a%t72~ﬁﬁm%mﬁféﬁﬁﬁ%é*k%%ménrm
5 [41], AN BT B A — =N s (ERIIASER) #HEe LTORIFHEOEEHEHC
THRHFEHTHLERERMIIBREEZMFTIbOLEL LN TRV [34][42], 7&2&4
Mk VEEEERRE N OBRE DL HSH[42], BRECIIASEEFIEE L EBRRRER
HTOBRBERBRICBWTERBRIZA UEBEERYYR BARRETERZRE LT,
T REA ML TEREENEN L T2HERSEELOBERICL > TALLEEEAE
ﬁ%fi&<%%#65i6nt%A HBENVIELDOBRETELEBELERYM TH-oTH A
L LBAMICEEMEZONEZBRICOABEREI LTV, w7 RX¥ A b3E LROEER
@E@Eﬁfé_&iEET%@w#\@ﬁiﬁ%;i%ﬁﬂﬁﬁl%ﬁTéa%z6h\L
SBRETERCALEEBAERDVERLRETI IO REASIPEENICEIY 230055
PHEA IR TOARY, BROEREOCEROAITE B THIZETHNREMMIITE TH S, B
R ClE~ 7 22 A PERTHEESCERREDCEBIZ OV TREHALRDY, F0 k5T
VAZBRETINCE > THEHMIRE BR S, SBEASRECELARELERYOBERIF
g L HE ORI OV TARAE L WNIE, BEHNRAEAEREOEIZI S WT X YV HENT
FHEEOFHVEMATEEEL DN,
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7 BbhYIc
BELIZLsTHREINE~ IR I A MFETTORFHOBREFEEMEARICONT, £
DAF=RXLEFEICRRETHLONCESREHSLBELRE L, BEECIIEREELY
HOENBI - HEEEETILUTOLS Th B,

- KEBRPCRERE v SR EA N EMER R ER T SR 24 b 3 [EgEDER
RIEHRERIZEHEE L TW3,

- KERERR LTI RIA ML TRESNDEBENRH B,

s YT REAL NOBRTERIG EABRAEFSDLRIIEREME (/X EA VOEBELE
te) TRAR5, '

v SR I 4 NRBEOKEREEITRE N,

s T REA NS ETOKRERERIGEBIIR R > TEY Mkick_ T 7R %
4 FETARBRERGITEZ DIz,

D e RAL B LEREE S Y - RAET S LR LRVBAI ST Y — K
BRBENNERDBELRERBBERD D, v/ RE A MEBER RFHE LICH
BERFES L HEABRESBLAEIC L > CTREA LICER S EEESIZEY Y —FE
WANEL 2B, v T FEA MEERRELE MG LEE L BIEARSRLAE L -3k
Rh Y — FETELESAIRL Y — FERN A& 25,

7, ﬁﬁETQ%EiHT®iD LEEHbhD,

» CIREA MEFTCOREHBEEE~DOL MHA MO X 2BEOHE (81 4
BEOCEELET)

- v REA bOEE (FE, 38k 2Meti ) Ll AERBE~DEEDRE

- BEBRFRERECOSIRIA MNEROTEEE~ /R Z A MIEIZL3EHRBESE
BEOZ L ORE

- T REA NERIBAEERYIC L AEEMBIOME L FOBEORET

REBMA— R — Ry 7 OB EEEZM LEEE5 9 A THRITI LEHFEEZ P OLICEHED
RBREFERMETOILBBELELONDN, BV A MOXFEEZEREL-ERE
moRE. RENRZHTENERTHD, o, XV A MNP TERTIBRERN OE
B, BFECOWTHREEFICIZZELED TEICHRZER TSI LBEEND,
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ekl
KERIL 28—k Fe(OH), DEL 1227 — & LBV RN 2 BIEIZ DT

1 KEREFE—SOEEAMB R RLF—
KB LE—BROBNFET —F (BEERBHI ZFINAF—)IZWL D BRRDERRESNTE
0. EB-pH BREHBEICI - TN ZNEERERIDEARIIERTAT — 20 ELZIT5
ARt DD, (TR LK LE— R DOEEAK B BRI F—D—FER T, ThHDF —F D5
5, Misawa(1973NILL T O GE (1)

Fe + H,0=FeOH" + H* (1)

DM EH (Logk=-6.74) & Fe™, H,0 DOFEARBHTAAF— (& AGp, =84.99 kJ/mol, A
G'i0=—237.3 kJ/mol) XV FeOH' DIBHEAFR B i =R NF— 2R | ZOEER SR

Fe(OH), =FeQH" + O~ (2)

D ES (LogK=-9.4) & OH OIE#EAE L H A= FAF— (A G, =—157.4 k]/mol) LV, Fe(OH),
DA E BT RNAE —% A Gpone=494.8 kl/mol LEHL TS, 22T, AGYp,, =92.2
kJ/mol (Silverman, 1982) &L CRIEDEIETEHEEITHE, Fe(OH), DEHEAFLE BT RLF—TA
Gy reomz=502.2k]/mol &725, E7=. (1) ROFEEHITHV oM BRSERBESNTHY
(Sweeton and Baes Jr., 1970}, LogK=-5.9 DEZEV5&, A G ruome=—506.9 k]/mol L7253, ZD X5
W, B TII KB L E — 8RB AR B =R/ AF — T DWW TE+ k]/mol REDIEEZEZE TS
BN DD,

1 KERLES — BE AR p B L X

A GDf,Fe(OH)Z STk

(kJ/mol)

- —486.5 |  JERB&H, 2000
-486.9 Brookins, 1988
-493.0 Silverman, 1982
-494.8 Misawa. 1973
-480.4 Rezel and Genin, 1990
~-483.8 Pourvaix, 1966

2 KREREE—SROEN TR EM

RIZZNBOMEE AV KBS — 8L~ 7 R F A M e D 4 (3Fe(OH),=Fe,0,+2H O+H2) ZBITH
KRDEEZHB LT ORREMAR2IT T, FEARSEIFERT2T —ZIZL>T10°~10%tm
DD TIEEVVENEHENRDZEN DN, . A G ron=483.8 kJ/mol, -494.8 kJ/mol.

-1 (1)
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-502.2 k]/mol LL7z3BE DE-KRITBITFAEM-pH REMFELIRT, 23, AGY,;,0=237.3
kJ/mol, AGY0=~157.4 k]/mol. AGse0e=—1020 kJ/mol, A G’pes,=-92.2 kJ/mol, A G%poon=490
kJ/mol (Silverman, 1982) &L7=, ZHO R SbKERLE — SO R EMEITRANET — IR EEET
BHIENRDMB,

32 ABLE—-SOEEERE BT RAY—

A Giruomnz i FkER B=
(kJ/mol) 43 & (atm)

-486.5 BEHREES, 2000 1.46X10°

-486.9 Brookins, 1988 9.10X 10°

-493.0 Silverman, 1982 5.57 X 10

LoglFe(OH)I[H'}/[Fe*]=-6.74
A G oy, =—84.99 kJ/mol

-494 .8 Misawa, 1973 5.97 X 10
Log[Fe(OH)+][OH-]=-9.4
IO AG poone HH
Mi 1973) WL TRIF A G, =-922k]/mol &1L T A
sop.p | MisewelldTs) i 8.57X10° | . 7 o /e
—ZEFAWTEH G peoni2 HH
Mi 1973) CHELTRIT | Log[Fe(OH)'I[H'}/[Fe*]=-5.9 &
_£06.9 isawa(1973) (ZHE 7| 5 78107 og[Fe( ! YIHY/[Fe™]
—2ERWTEY LT A G oo B H
-480.4 Rezel and Genin, 1990 2.35%10°
-483.8 Pourvaix, 1966 3.68 X107
HEE
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E (V¥ vs.SHE)

E (V¥ vs.SHE)

E (V vs.SHE)
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([Fe**1=10°M)

-1 (3)





