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(Received January 19, 2007)

In general, copper is thermodynamically stable under anaerobic condition, so that corrosion
due to water reduction can not be occurred on copper. In the presence of sulfide, however, this
property of immunity to corrosion is lost and corrosion as copper sulfide is occurred.
Therefore, it is necessary to understand the effect of sulfide on the corrosion behavior of
copper for using the copper as a material for overpacks. In this study, immersion tests and
stress corrosion cracking tests were carried out using synthetic seawater containing sodium
sulfide. Based on the experimental results, the possibility of super long lifetime for copper
overpacks was discussed. The results were summarized as follows;

1) As the results of the immersion tests of copper in buffer material for 2 years, the corrosion
rates became large with increase in the concentration of sodium sulfide. The corrosion
rates of copper in sodium sulfide of 0.001M, 0.0056M and 0.1M were estimated to be
0.55pum/y, 2.2um/y, 15um/y respectively.

2) Corrosion product film with black or dark-gray was formed on the surface of copper
specimens, and it was identified as CuzS(Chalcocite) by the X-ray diffraction.

3) As the results of stress corrosion cracking experiments by means of slow strain rate
technique, copper has little susceptibility to crack initiation for the specimen of the
experiment under 0.001M-Na2S condition. Obvious cracks were observed for the
specimens of the experiment over 0.0056M NasS condition.

4) According to the results of immersion tests and stress corrosion cracking tests, copper
overpacks have a potential to accomplish super long lifetime far over 1000 years owing to
very low corrosion rate and no stress corrosion cracking if the sulfide concentration in
repository environment is promised to be less than 0.001M

Keywords: Copper, Overpack, Sulfide, Stress Corrosion Cracking, Lifetime
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1. [FL®HIC

FSRIL R L~ VIR BRI AL\ R B A — 3=y J AR BI OO & D L LTIREFEN T
WAD, Slix—RECK 1.1 OBS-pH RIZRT & 912, Cu/CuzO OF#EN S Ho/He0 DA
BNLIVETHDHEDI, KOBTRISED Y — FRIGE LEBREZE S, HELsE L
THEIN D HTEESEANR, BRBEOBD TEWRETHAZ Eh b, et ——rty 7
MR ULTHWERS IO TRVWHMEHFF TE 2 Wi H 5, L, K 1.2 IR T X
T, HAHREOHAS EETBRE T, LUTICR TS O M EAL(Beg) 3K R R EALLLT T
bHDH7) BRRRERECTHoTh, KOBILKIGEN Y — R E LIDBREPERL 2 5,

2Cu + HaS = CusS + 2H* +2e", Eeq = -0.305 -0.0591pH- 0.0295[H.S]
2Cu + HS- = CusS + H*+2e , Eeq = -0.511 -0.0295pH- 0.0295[HS]
2Cu + 82 = CuseS + 2¢7, Eeq = -0.921 -0.0295[S2]

Mg % A — =y ZBEFEMEIE LTRHN L TWARY = —F 2, 74052 R, #ITFK
DAL EE BSHED TIRVWBEAIE L TR Y, F— "—/3y 7|2 100 HELB 2 5 Fh &
LT3, bBREOHIFATIZIT DHACYEREIZERESL LT 104M BT & SR TWN5 29,
WA A FBRRETHSD Z &, MTARERIIBEN TICE ENDHBENRAEDOES 2 Lic &
DNEBELEINTLYVBWFILOBRERFICRDBEBEETE RN &Y, BESHORHIME
EERBLT, LVERBESFMZED TRFBITONLTNEY, ThET, BRIFEERET. A
THEAK I8 1T 2 FSH DB S BT RIS TR E DB % BET L, R (B 1 £ TF)
BREPBY E &0y, 4E, LVEHOF—& & LCEESE 2 £l CoBaT — 2 ¥ IS
L. fEROEHRRT — 7 & UBREE DML 1T- 72,

Wit % 2 TeBiE ik, BAERIC L AMBOIE), ISABAENC L AHELERT 2 LE
Wb, UL, Filbds S TeBmigs COMMOIS BRI EEICET 2 M RITIE L A E20,
& ZCAME TP RE & LT NayS 28I L7z A LK E AW TIRERERE (Slow
Strain Rate Test, YA SSRT) # FEi L. Na,S IR & s HEREBNRSZ MO BR %2 3 ~7-,

INOOERMBENCESE | FSANRTEU EOED TEWEMEZER TE 5 HHEED H
AR EE S R RET LT,
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WM ZE ST AT KFPIZd 1+ 5 HEH 0 & B E STl 5%

2.
2. 1RABRITIE
(1) MBRA

VRIRHEMAR R O ko METER & b BB T IR 99. 99% D ERRTRG (JIS C1020P)
FRWE, BEBRAOBRIERK 2. LIZRT LY, 30X30X2mm DOFEMHE L, BHEHIIZX A VE
Y RAR—Z b 3pm X THREE L7k, =% / — /) ClBERTEE LT,

(2) RS

AR IIA TR R ZE 2 2.1 127 d) & AR ET N Y O 4 - FukFnd (JIS %¢
) EEIN U E Ve, RERIEEL 80°C, RABRMAMIZ 30 H~730 HE L7z, 365 HE
TORBREEIIBEFATH VY, 4L 730 BORROERELZHMET S (BEMTOR),
RREMFR LR 2. 21TFT, 1504720 ORBRAEIIn=4 & U7z (LEIZE RS
3 AL RN, EMSY M A FETOREBL, SV M A FERBAER 2.2 1
RERORTFE AT AITHEL BRE LD IZT 7 a U REICANE, 77 v U RERITRH
KA S e — TRy 7 R (RS ETEYETRD) OEREANICHE Ul BRERBR GO
B2 2. 31279 N A MEZ =5 V(7 = I R THEE LB RATE Na B |
T A MIT30% 7 A WEIRE L THWE MR Lz A 13 3 5 (MBS ipE) KOs & (1
SN A ERIL 11 TIRE LEbOERA W, NV M A POEBREREIL1. 6 glems & LTz,

(3) WBRFIE
LUT DFNETRlR 2 50 L 7z,

1)
2)
3)

4)
5)
6)
7
8)

9)
10)

BEEpORBA OEEREZTTo 7,
FHUHTENBRF L BT AWERE LRV ML M ERE L,

FH BT EBILOBEEFHASEE S a—T7 Ry 7 AR A Lz, FX 20T A
7 a—7 Ry 7 RMHELTHEYA FRy 7 ANTEZES| & L BEEHRE 3H
LML, XV b FA VROBEEZRELE, BRI o—TRy 7 ARNORHE
TR @B L, BE#ED pH ZHIE LTz,

TIREBITE AT AERK UK E AL, A RRy 7 ZRITHAT 5,
YA Ry 7 ARZEZEF XL, v A NRBEREESKS T,
FUu RSB EEMEHEH S a—T7 Ry 7 AOERMANICEE, 80°CE TR,
FTEHIRRE S, BEMEETH, BRO pd Z2/E L,

RBRAEZIY HLEELZRE L., REBZEAORBIIIBREERYO X BEPT (B
NtV A7 8 RINT2000) 247> 7= Db, 7835 % L SEM-EDS (= r L% — 43 X
MR SR HERE T MRS TR L UOTRO T EIT o2,

FOMOBRBA IR — N EREL, FEBRERICERNEEZITo 72,
BREEZBEEBVE Av. R EEME s(=20.4 cm?), $EIOREE o (=8. 93g/em ?)
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LB 2 VT DROFERNOFBREE V,,, 2ROz, o, FHERRS
dix 2) ROFHERDDRD Iz,

Ve Immly] = ((4w [g]/ s [em2] /p [glem®]) X (365/¢[d])) X 10 1)
dlmm] = 10 X {(4w [g]/ s [em?] )/ p [glem®]) 2)

2.2 FRBRAER & B4
(1) 8L mPrRsR
HE 11 XA S % — . SEMBIEZREELE L UV EDS WTE R & WA L7c,
BIERBERRA ONEEEE N 2.4 1R T, HPICiTBRoz, EYRERER (30 A)
COMNMEBEE SR LT, NaS ZMMZRWVEAICHRM OGN SN2, NaS D3AFT D
WA R~ BOREICEDL T e, Zhid, BE0 X REFHEATT LI
Cu,S (Chalcocite) L E X BB, NaS-0. 00IM TIHIFHICHMVEEETH Y . THOERE DO
O IR N — SR TE AT X LAEE LTV oTz, 30 AL 730 B&2HE L T BIRD
REITNE L, 730 BETHHRNIES Tz, NayS-0. 005M & 0. IM TIFRBR A 2N RIKE
~BADRIECBDL TV 2, 30 BROEBIIASICHEEL, RBARMO—EHIBIERIC
FZH LTS, 730 A ORERA TIXEEESE L TR Y BHoBHITBE SR o7,
KiT. FEO SIM BERBEEORFHER 2.5 1TFT, NasS ZHMLRVEHEB LT
Na,S-0. 00IM E TIZAFEEMEHB I N TR Y | BROERIT/NE NI L3005, NayS—0. 005M
LR B I DT RSB S, NayS—-0. IM TIFESR D b OB FIEE TR L TV 58T
NEE N7, 2.3 12 XRD IE CHRE SN ERAERDE &R T, RPIITREHRD 365 A %
CORELT Lz, Nas & FERVATIEAR TIXFBRMM 365 B & 730 BOEKMET
Cu,0 (cuprite) 23 H &7z, Na,S Z W L 72 4ef8 Tl NayS REEDMEY NRACRBR I DS FL
Sl B RN T Cu,S (chalcocite) SR S 4172, Na,S-0. IM DT SEM BEIZ B W THERS ST
TRERIE 2 @ Cu,S (chalcocite) BEE LIz bD EEZ BND,

(2) BREEOHERMSE

5 2 TSRO EE SO TRRT — Z 0—E 271, K 2. 6 ([CREBREIH & B REE OB
%, 2.7 NapS B L EAEEOBRERT, SO RITF ORI REZ B
THRLEETHY . REMENOBREEE DO THEELERT 5, FHMEL bRBHIR L & b
EAEEMET T AEANSR LN, Fo, NaS ORENMEVIE CEREE LN S RMEZ R
FEERREBND, 1EORBR TIIATEAKDL L NayS-0. IM OFMFE BT 5 & AEREIC
K2HBEEDOENELZ,

2. 8 [T 1T BRI & R AR S OBERZ R, 2D ORI, B/ RIEX VRO
BB OB X 2> DB U A O bR Lz, Na,S ORE DS 0. 001M THX 0. 55 pm/y, 0. 005M
T2 2um/y. 0. IM TIX 15 um/y DIEE 72272,
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(3) B£ :

BR D & 30 SAITEATR D22\ KIFIRRE CIIBNFNICRETH Y . KEBLAIL LEZBA
ZEZ S0, NaS ZINZ 2V ALK ORER CIIBIREMR, N A M EFERNT
NHRBEHZ RO TEEOERITIZE A ER L LY & RO WERE TOME DEN =
MRS HERR STz, Na,S $E7FR TIX, Na,S IREEDBINE & 6128 52N AEEE 138N L
Teo ZHNVET, BULMIREEC L DMEADER~DEEZRF L7zfil L LT, Escobar b Dk
BHYO, BRALFERTREE FAWRERIC LV FRCDIRED LHTHENT 5 & RS
BT 22 LE2RLTNWSQCOHE), ABRBRIZBWTH, IZEFEOER ThH-o7z, BR
B, BRICEETHRICIRE OFREE L HIC, BTBOMSR L I L TRE RETR L, 7
— X DIFFER BICh o7, REL L REIMEE L 24 EIOREIOIE > BNBEEMET XL,
H L & BICEROERIIIG SN ZENICHD LHESh S,
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# 2.1 ALK DAERK

Ry | BE M 5% BE M)
Cr 5.6x10™! Na" 4.8x10"
SO 2.9x107 K' 1.0x107
HCO5 2.4x107 Ca®* 1.0x107
F 7.4x107 Mg* 5.5x107
Br 8.6x10™ Sr*t 7.0x10™
BO;> 4.4x10™* pH 7.9-8.4
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# 2.2 BERBRSM (365 HE CORREITREES)

ARUBRTATR

XU FIA K

PRI (days)

AT HEAK

L

30
90
365

ATHEZK +0. 001IM Na,S

mL

30
90
365

AT #E7K+0. 005M Na,S

7L

30
90
365

ANT#EAK40. IM Na,S

®mL

30
90
365

NTLHEK

1. 6g/cm’

30
90
180
365
730

ANTH#F/K+0. 00IM Na,S

1. 6g/cm’

30
90
180
- 365
730

ALK +0. 005M Na,S

1. 6g/cm’

30
90
180
365
730

ATHEK 0. 1M Na,S

1. 6g/cm®

30
90
180
365
730
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# 2.3 XBEITCRIE SN BERERD

= ST Y;
MBS | o bk | P LS
30 Cu,0 (Cuprite)
NTHEK 2L 90 Cu,0 (Cuprite)
365 Cu,0 (Cuprite)
. 30 Cu,S (Chalcocite)
-[-O)\(?(Eiﬁﬂl\?a S L 90 Cu,S (Chalcocite)
) 2 365 Cu,S (Chalcocite)
; 30 Cu,S (Chalcocite)
+())\£é§7§a S L 90 Cu,S (Chalcocite)
' 2 365 Cu,S (Chalcocite), Cu,0(Cuprite)
. 30 Cu,S (Chalcocite)
+)(;I11\51§1\?; S L 90 | Cu,S(Chalcocite), Cu,S, (Roxbyte)
' 2 365 Cu,S (Chalcocite)
30 ' ' -
90 -
ALK 1. 6g/cm’ 180 -
365 Cu,0 (Cuprite)
730 Cu,0 (Cuprite)
30 -
; 90 -
N 5\35{%7}1?8 S 1. 6g/cn’ 180 Cu,S (Chalcocite)
‘ 2 365 Cu,0 (Cuprite)
730 Cu,0 (Cuprite)
30 -
. 90 Cu,S (Chalcocite)
+Oj\0:(%5{§7§a S 1. 6g/cm’ 180 Cu,S (Chalcocite)
: 2 365 Cu,S (Chalcocite)
730 Cu,S (Chalcocite)
30 Cu,S (Chalcocite)
, 90 Cu,S (Chalcocite)
jgjl:fﬁ: S 1. 6g/cm’ 180 Cu,S (Chalcocite)
: 2 365 Cu,S (Chalcocite)
’ 730 Cu,S (Chalcocite)
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3. WitMEECAIEKPICE T HMEADIENEREEINEZIED
F iR

3. 1 R OBEHE

ARG T, HALBREEIC R HHRADIS B REINOTREME & | BlIURS M2 7R S IRE AT
B ARG H ICHR T 2 72 D DO PRI 21T o 1o, MSROIEDEREINEZMEZFET 2720, A
THEIKIT Na,S 2 HRI U 7= ¥ B4 (SSRT: Slow Strain Rate Technique) #BR%ZEAT -7,
SREAEFALT N Y O ABEE ST A& L UCER L, BRI, $iA—/N—r%y 7 ORMED
W T YRR ST RBRE D BT D H L3k 2 IV o, ARBRIMITET U — AIE I L DR E
WRBHY . MM, AR, BB OV TRRETT 2T,

3.2 SSRT #RERFGIE

(1) #EA _

EERERER T OMEIT Y VR & LT, R ODITEEF 3.1 18T, X 3.1 IZFRBRA OEREX
A, 72K 3.2 KRBRFOBIK, HEETT, KRBT, #EMPPREZTHL, Zh
% AT RS ERBR A T L2 b 0% M Lz, R ORI - ~Hikik (JIS Z2201 14B &
BRE) 2BEIC UTRE L, RBRCIIEH, BB KOWHESED SCC BEMEZ kY 5
. LT 3TEEORBR A Z8-IEL T,

1) BHRBRAE GRBRA 2R EHM 62 5)
2) AR S GRBR N TSR BN G2 D)
3) HESRRRA GBRATTHIESRER»52D)

SUBR P DEFFE LT IE ST, 2 TTKFIERECH800 £ TIEa (Hebh) THHEE L. Wil b =
ﬁK@Déﬁtﬁ&bkoit\i5/—wmiémﬁ%@&ﬁoto

(2) BBREME

SRERVAIR I THEKGRARIEE 2.1 L F—I0) & ATHKICRMET YU v A - JuKFnly (JIS
KR AR L7V R O e, BT B YU 7 A0 0.001M~0.01M ORI CIRAM L7z, 38R
B 80°CE L, BHEIE 8.3X107s (1xm/min) & L7z, BB OBALIEH 5 CHE
EEERO 70 —T Ry 7 ANTHE LIZEICRE Uiz, £, BALIC LD HBEZHERT D
. BREMOIEH, BRBA+100mV, BREBEN+300mV, BRBEM+700mV OFKHETH
1o, REMBETOFT —F L OHBOTD, U avdA VR TORR LTz, Bk
BhF 3.212F L DTRT,

HRRFIEILLTOMWY ThH D,

1) REBAEEAEICEE L, BERERRERICER L (K38.3), 2B, B LEE

FHEPSRBREE OB O - D DB A, B C U ITRBRISIR & OFEE BT 5720, VY
ayda (EBYLETE (%) ®MRTV T4, BAFTAZAT) TIAF T LI,
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3.1 MgRBRA OTRMBEE (ppm)

U IR ERERER T
B4t vy

Pb 1.9 1.6
Zn <1 <1
Bi <1 <1
Cd <1 <1
Hg <1 <1
0 3.0 2.1
P 45 44
S 3 3
Se ’ <1 <1
Te <1 <1
H 0.4 0.4
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VBB | sigan - — 8.3X 107
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U UBBRSR | si 441 8.3X107
(BAEEEET)
VU BiEESR | A Tk | 0.001 ~880 8.3X107 | EHFMEE COHREN
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