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In general, copper is thermodynamically stable under anaerobic condition, so that corrosion
due to water reduction hardly propagate on copper. However, in the presence of sulfide,
copper loses its thermodynamical stability and corrodes as copper sulfide, and is susceptible
to stress corrosion cracking (SCC) depending on environmental condition. In this study, slow
strain rate tests (SSRT) were performed in synthetic sea water containing sodium sulfide and
the effect of electrode potential and the difference of material grade were examined. The

results were summarized as follows;

1) The SCC susceptibilities tend to be lowered with increasing the electrode potentials up
to +300mV above corrosion potential in nitrogen atmosphere. However, it was indicated
that the SCC susceptibility at nobler potential far over +300mV above corrosion
potential were raised again.

2) In comparison of oxygen free copper and phosphorous deoxidized copper, the former
tended to be allowed to crack initiation more readily, but the mechanical properties
such as tensile strength and elongation were almost equal in both materials.

3) In order to apply the SSRT with buffer material, a test column attached to a specimen
was developed. As the result of SSRT of phosphorous deoxidized copper using the
column, no SCC was observed in 0.001M-NasS at -420mV vs SCE, which is the

corrosion potential in buffer material under anaerobic condition (nitrogen atmosphere).

Keywords: Copper, Overpack, Sulfide, Stress Corrosion Cracking
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1. [XLC&®HIZ

%%H%VNWW%TVﬁ%@A"féﬁ*ﬂﬁﬁyﬁﬁﬁﬁﬂ@UkOkLfﬁﬁéﬂf
W5 D, i 1.1 o&EM-pH KIZaRT X 912, Cu/Cuz0 O FEHENL A2 He/H20
(Pue=latm) OYMEM LV +SICETHY 2, HE@BHNRMEEZA6T 28R E VR D, BBEN
72 < PASHSR O S CTHIVUX, BREISIE, #-1 Z]‘//)i%fh KB 70 E RN SR ITiE L
FTNURITERL2NWEEZZI OGNS, ==y 7 OEDPNDEREITSERZRASR &3V 2 7
WH DD, FEEMICEDI T WD OWEBITRIH S TWD, LIeR> T, BEHIT ST
D& RO OFEE I T ~DOWERATIC K> TREN SRS T2 531 Z*E%’lﬁ‘é
BOBENERTL20HLEEZLND, Lo THEZA— =Xy 7L L THWSEITITm
ODTEWEMEMFFCEXMREMENRH S, LL, K 12128 TEHIC, HIHREDR nLﬂﬁfF@ii’Eu
Ufmiﬁf %, A ISR T BSOS ENL (Beg) D3 KT A ENLL T & 720 2) BEBRME E K

IREBRRIRERE Y, KOBILKIGE D Y — RIS E LTEEREPER L5,

2Cu + HsS = CusgS + 2H+* +2e" , Eeq = -0.305 -0.0591pH- 0.0295[H2S]
2Cu + HS- = CuzS + H*+2e", Eeq = -0.511 -0.0295pH- 0.0295[HS']
2Cu + 82 = CuzS + 2e , Eeq = -0.921 -0.0295[S2]

L7235 T, Bk ILAFED ATRENED & 2 BREE SR CIIMO B LR, BEEELH HNTT 5
ZENHELE D, WA LS BERERMEE LRI L WA R 2 =T T4 T RT
X, HE KT ORALDIRE SRS TIRWERBE A AE L TRV | AW RIRIT 100 THEZE 2 5 H M
LTS 9, DREOH FKRFIZEIT DR EEILERE S LT 104M LR & ST
DM AT A RRRETHD Z & M FAREITREEM & N D HRERE S AEY OFEE)
REWZEVBEBILESNTEY BOHIEMIRESRMFICR D56 bBETE RN &0, BESEMED
FHEEMEZEEB LT, MFKFTEUMENTWIRELY LEWBRESRGE2ED TR E21T-> T
7207, ZhE T, KERREERE T, A LK TICEIT 2O AN KT T LR E

%@%ﬁdb AR EE A 0.001M LA F CThiuiE 1000 FEF OB R EITER TX HITE/NE

. AREHER SR (Slow Strain Rate Test, UATF SSRT) Tlditc /1B B EIIVESZ M2 R I 2o
t_k#% Z D& D RBREERMCHA— =y 71X 1000 FEE RSB D HFMERGTE
LHAREMEDN TR E N D, LU, IS EEFIVUERS YR LR E 7200 Tl < Flix OFRMFIZ X
5%@%§H55Aﬁﬁw MEHR -, BRERTHICL2RELZHOLNCTHILERD D, i

IS B R BNV EREE 2L mm/y DL EICRSGERH 0 9, BHIENRE R LA O E TN
ThHHZEND, xR L TRESRGZHLICL, ISHERENEZLZ X220 &RMHED
ﬁﬁAbﬁT%ﬁ*ﬂ%ﬂ/ﬁ%ﬁ%?é_k#%ﬁ%@%iﬁkﬁéo

MEHR I L 58 UCid, MPEHRRR-OMUE DR, VB CEVBIR O 2 &JEMHME D
%%ﬁ&#ﬁ%%né BREER DR L LT, mm%4ﬁ/%r&mf4ﬁ/@g@ LA b
FEOWRE, pH, AL, WEZRENFETOND, ABFE T, AT D25 ZHiE Na,S 2 L7-
Aiﬁﬁ%ﬁ%%WuLEb Hﬂl%®%@tbfifﬁﬁ®ﬁg®ﬁw’%HLTJV%%
i & MR SR oD 2 FFE A mﬁﬁ“ﬁ%mmﬁﬁ@iib VEER LT, F7o. BRERTOREL
L TR BRBESAE DI LIETTME DI K 2 BNCHEH L, BMRENIZ X 215 )@ RIS

DB ET AT, T, REM L ﬁ?f@ﬁﬁrﬁ%nﬁﬁ%ﬁ«étw FRMEA 2 FE LT
S&W%@ﬁ%ﬁu %#5ﬁ7A%%¢L FEEZ SSRT %177,

717
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PH2=1 atm, P 02=1 atm
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2. RBRAFE

2.1 RABRRH

FEEER A OB I X IR F G L OV UBiEEE & LT, B O EE R 2.1 1277, 2.1
R OIR, SHEZRT, BB OIR - SHEX JIS 72201 14B R ICHEIL L 72, 3B
OFMEL EFIZoON T, 2 CTllKBFEER CE800 £ Tl (BEHR) THIEE L., Mimd ZAUCHEL
LR E Lz, WRIT, =% 7 — VI KA E1T o 7o, ZRBK T LTz,

2.2 FREMEF T CORBAD 7 A

BEAM IR 2R T, RBRTIC 2.2 ISR T X 9 2R 2 ol U CRBT IS5
WiTFZ o8 h T AEERILT-, BT EETF 2 0080 E DI, TNEFNHNEICEEM %
JEREREG L CRIET 2 AN—2AR S 5, £lo, TRENOEIBIITRBRIAK A @ T 72D O ILRH
0. FREM SISO 7 4 L B &5 U CRESIRDEEM I IRIE T 5, 7 7 ANICKEEM 2 5
Hig, R 2P THRB T ~ B L, AL P CTHEET &SR > T\ D, R ~D%ER
Wiz 2.3 12T, BT LERBANEMTLBENDOH 50T Limiicid, BB ~03E
RRZov Y a iR @A L, kL7,

2.3 RERS:

REBRVAIRIT SR 2. 2 IR TR D N THEAKICH LT N U & A - JukFid (JIS Fefk) 2 W00 L 723
WA A=, BRAET B YU 7 AJEEET 0.001M & 0.0IM & L7=, BBRIEEEIE 80°C., 7 EEI3ATH ¥
IZHEL, 8.3X107/s (1pum/min) & L7z, FEEMILFRTORBRTIZ, XA (7=
V1) T0wth& 7 A i) 30% DIREW & L, FLIREE 1. 6g/cm’ [T EMERIE LT,

R OBIICOWVWTIKRDO L ICEEHRELTZ, ETHOLNLOERFHRDO /0 —T Ry
27 AT SSRT & [Fl— DIk CHREMZ]E L, ZEHRDEZ KD, SSRT TIXZ DfEIz
EBMRFF L7z, £7o, K1L2 X0, [SCIDI=SOVDIERDEAEFELY bHa&RfEE LT
HAREAL LD 700mV EREEZRE L, ZAHDMOEME LT, BREMED 100mV BIW
300mV ERGMETHFENM Lz, ZEHM T ORER GRS, &5 COEEM I Y — FifFE o
R 2 D IA L ERFPHS T CHREMNBPEZITV. T OMEICEENMRSE L SSRT 217>
7o HONPLOHE LI AREMOEIZLLTOMEY TH Y, MEESEH &V BRI TIZIEFR—o0
fE% R L7z,

[Na,S]=0. 001M: —880mV vs. SCE

[Na,S]=0. 01M: —950mV vs. SCE

[Na,S]=0. 001M (&1 #4 1) © —420mV vs. SCE

T, REMERETOT—Z LoD, v avd A AFTORBRLITo 72, RS
HF2.3ICELEDTRT,

2.4 RERTFNE
1) B 2 EMECEE L, KEEERBREEICHER L (X 24), ok, BB &KE
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SR BRI E O BEGE O T2 b DA 4 B BAE VU TRBRIA & O A BT B2, U
aryah (BEIE®TE Bk ®RTV 24, AT LX) TYAF UL,
2) HBRIAIN 600mL & B c X, FrEOEE ((80°C) F THIR L7, RBREit o

WAL DRI & Ml T 5728, BRI ADBEKUIATORD 5T,

3) RT vy F ALy MEHWTHBRA OBMATTEDEICREL, REELZOL, —FEDOD
PR TORIR AL LTz, BRI T OBEIREN R A I T T 5720, K 24
RFRIDAN & & ISR DR 1T o 72,

4) REE TR GUBRRWR) . BEE2 oML CGRBRF 20 B L, dth, Bk ORER
ROV & GEERE U=, ZD#%., KCI-HCl KIEIE T T A 77— VALER 247\, A & il
> SEM #1224 5k L 7=,
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# 2.1 BB ORI E

JHE e 55 63 U A
D% IR (ppm) D% IEE (ppm)
Pb 2.0 Pb 1.9
Zn <1 Zn <1
Bi <1 Bi <1
Cd <1 Cd <1
Hg <1 Hg <1
0 1.7 0 3.0
p <0.5 P 45
S 3 S 3
Se <1 Se <1
Te <1 Te <1
H 0.4 H 0.4
#2.2 ANLHEKOME
Gy | IRE (M) D% B (M)
CI 5.6x10" Na* 4.8x10*
S0~ 2.9x10% K* 1.0x1072
HCO3 2.4x10° ca® 1.0x10°2
F 7.4x10° Mg?* 5.5x107
Br 8.6x10™ Sr?t 7.0x10™
BO;* 4.4x10™ pH 7.9-84
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# 2.3 SSRT RBRSA:
o. e Wil | Nas | @k i
(M) (mV vs.
SCE)

1 MEfRRER | Si A AL - —

2 MEMERM | ATk | 0.001 | -880 EHRBFRTOH KRB

3 MRS | AT | 0.001 | -780 EHRFFR TO HRE+100mV
4 MERRFN | A TiEAk | 0.001 | 580 28 B T O HARER300mY

5 MERRFN | A TiEAk | 0.001 | -180 2 F TR T HAREAT00mY
6 MRS ATk | 0.0l ~950 EHBIRTO KB

7 MEMERE | ATk | 0.01 | -850 2 HFPAR TO B REN+100mV
8 MEMERE | ATk | 0.01 | 650 2 FFPAR TO B REN+300mV
9 BRI | ATk | 0.01 250 BHEFEPR TOHIRBEA+T00mV
10 U UWEESR | Si A AL

1L | USIBRERSE | ATk | 0.001 | 880 BRI T BN

12| VUBEER | ATk | 0.001 | -780 LIPS TO B RER+100mV
13 | VBB | ATk | 0.01 | -950 EREPRCTO L IREN

4| VUM | ATk | 0.01 | -850 | EFREIAR TOEKRBAF100mY
15| VBRI | ATk | 0.001 | 420 EHRFR T O HREN

TETEAS
No. 10, 11, 13 1X3EHapssH "
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R15 @10 5
< B =
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o =—=0[[-
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12 10 | 10 12 |
50 50 2
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B LAL % 1 B
| FEIE
ﬁI ; 7 4 v H
———————— ! (2mm &)

39
35

13
O OC)&/Q
0o
O| ooo |O
0o
Ol ooo O
I____ I |
' 29
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AR A IR T
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RS Ch 7 A
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B 2.3 FREM P TORBRAD T LORER T ~DEA IR
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3. REMGERLEER

3.1 BRI D4MEL

RGBT OB 2 X 3.1 (EEEE) &LX 3.2 (U UBiEEH) (2~ d, R cixvhnd
KO BRBDHLNTEY, K OFREE LB S & ORIFRITSME LR TIE2n a3, No. 6 Tidbbig
IR D NS WL DT D, Na,S ZEIN L7z N Tk Cogtr i &£ milk, No. 5 ZFrRE, W
BB DR A~ RO E T TE BRI E LTz, HERRR, U Bl & i
Na,S =B 0. 001M, FEA7-880mV vs. SCE DZMFETIE (No.2, No.11) DT 2NTHEAFE TR A I
HOWEIENTER S TWZRETH Y | B OB - MNIXIZ LA LR T tEZBND,

LosL., BALE HREMD D EL ST No. 3, No.4, No. 12 DL TILIE &AW HIRBLLD
GE X VEELTEY ., BAARDEV No. 5 D-180mV vs. SCE TiX, M I, 35k
FFEHIEEH L Cu7e, NapS JREE 0. 0IM TIXW T OEME L IE AR A4 L TR Y, BN
BWERMHFIFEEE L KE LTV, B E S @ No. 9, —250mV vs. SCE Tid, FEM I IT A1,

BR P SR H S — R mLthoﬁ7A%%wtﬁ@M 7R TORER (No. 9) Tk, #7 LD
TR NZHE L T2 TlRIEH — ISR EA TR Y . REIIRAICEALTNDIHOD, &
BRI ikhkﬁ%bf%ﬁ#oko

3.2 RS- E AR

BRIETHE LTS I-EAMR 2K 3.3 (MEEEE) . X 3.4 (U UBiEes) (27, £70, #&
Ep AT R CTORER (U U BiERsR) 13X 3. 4(@) FIT R L7z, 3.3, K3.4 K0, Wb EAL
DEALE & BITRKNIG, 2HOE IR T 2R H o7z, £, NaS BEDENE D DMK
TOMMIEIRE S Ipod, 7272 L, HEREFRHI DY A, NayS JEEAY 0. 01M DRI TIX-850mV LV &
-650mV DIF ) BRMONEIRE Ao T, FBEEM LR T, BRI, 2MO0E iz arF
ANFIZHTHL NN oo T,

3.3  SEM BZEH5 R

[X] 3. 5~[X] 3. 18 (ZHE Ml & A i ir 3 O A i > SEM BLERAE 4 79, IREMIZRER ISV TR
PERLU TBIE LIEAR bR LT, HRETORRIIUTO LB,

(1) ¥V ard A LhToRtR
REMERE CH DL VY a v A A LFoOfREZK 3.5 1ond, miEX 3. 5-(@) icfiFEsns ko
2, T4 TVIRTH Y, WatE e BEOEBNIZRD bhed o7z, Fio, MIEITER Ly
TM&ﬂk%<&oka WIS TIE TR0 & b 2R OB N Bl Sz

L BEUIIRO LN o T,
<2)ﬂ%ﬁHK%HéM§%§omm®#%(ﬂ36~ﬂ3%

HEAL-880mV vs. SCE 35 L T8-180mV vs. SCE OZAFTiE, M ICIH VT 3. 6-(b) K 3.9-(d)
ICREESND LT, WEtERICHE LI a3 Blgsnd & & bio, w2 8RNz 2
Blg2 7z, —180mV vs. SCE TIEM 3. 9- (D) IZRE I D L 91T, MESEICRIR 28R E 721X
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IR X D BHIROBFHNERO iz, F72, -780mV vs. SCE &-580mV vs. SCE TiX, HAR /2
ZLLIIE VRN E OO, [ 3.7-(d), (e) K 3.8-(d), (e) D X 512, lEIC~ 7 1 Ap B ZNR D
AV » MBERBIE ST,

(3) MEFEFERICISIT D NaS L 0. 0IM DR (X 3. 10~[X] 3. 13)

BEN7-950mV vs. SCE TiE, X 3. 10 127”33 X 9 I IS 2O BA DB S 4, X 3. 10-(e) 1T
TEOIHEBEOBANAER LI LS9 L 0 REARBHLBEO LN, 2BV THIX 3. 10-(a)

IR S D LD ITHatERITHREE U 7500 3 Bl 42 éth%%st&ETi X 3.11 (2~
Lo, MEITIAMEAER L TR E L TV AI1E0, A7 — /L TRETE R0 - E &L
ERDONDRI D> TR Y FBRTIXZ2RW AR A i)/ & < il OfxI2 XX 8.11-(b) @
F NI EE L= K D ICR A D ® o T, IE BT~ 7 a /sl
EPEEGRD B, 3.11-(d) OEIICESNEIZHERL TWD IR DL, X
3.11-(e) DEHICHAMDOT ST THEHRENMEILL TWAHEETO LD H > 7=, —650mVvs. SCE T
3. BIRBCERER L < | @ﬁ@%ﬁ%%%fi@wﬁ [ 3. 12-(b) ITfRF =41 D K 5 (Mt
FLZRESEE U785y & 8o 7o, BN 3. 12-(e) D & 9 B EOELIEHED bNi=b DD,
%%ﬁ%ﬂki#ﬁ?%ﬁWOKOQWWVS%ET . RN E DICHEA T Y | I
fEENTWIZ 72O BFICHIBTIZCE R0V, X 3.13-(@) DX 57T 4 T NROE S & K
313-(b) DX D 72T 4 TV LT D MEMERNTEE L7z X D IZ R R D NRME L Tnve, —
J5 . A S BRI A TW B FIRICBR F IR IR RSN AT TR Y . RO
MR R & < 7e o TNz,

(4) U U BLERSRIZ I3 % Na,S #2EE 0. 00IM OFER (1% 3. 14~[X] 3. 15)

BAL-880mV vs. SCE (¥ 3.14) DOFRMICOWTILATH "ICTHRE Lz B0, ., Mims b
(2K 3.6 IR BT L 9 72 AR R BB ZNIRE O D72 o 7203, AlEIC 30 #rE 72Tk St & b
NDE IR - Te— R DR R b%hto_hi%@%mﬁﬁ 7 afiiEleE L Y,
TF'JE’J&F%D%}”& EE VBT RLFUTIR S T0BIR IR L B2 Divd, —780mV D4 %;l
3.15- (D)1 ﬁ%énéioﬁmm%ﬁ& ZHELEOERNBAETTWDIEN, K 3. 15-(a), (e) D X
5 AR 2 DRI - T2 & b DRIk ORI TBIE S L= p3, ki, Ml & bicEih
%%ﬁ%@m%@ﬁ% IRBDHNRD T,

(5) U VBiEEEHIZIB T 5 Na,S #2FE 0. 0IM OFER (B 3. 16~[X] 3. 17)

éﬁr%mvmsw(nsun@%#:owfiﬁﬁ”’fﬁibkkﬁb\Mﬁ@%@ﬁ@
fELTEY, BINOFENHBE TIZR WA, MIEICITFRBRNPZERELTEBY, Z0O%D
Witk X 7 o ARREIZR L 0 Y RREINTH D 2 kﬂ%;éhfw o —850mV DAL (| 3. 17)
BT 23RSy CRELR OB N L2 0R Y v MROBEITGERO bz b 0o, etk 72
H=°-950mV vs. SCE THIZE S 417 K 5 R MO PR BEZLIA L Tniho Tz,

U R A& AV T fRE M AR Tix (K 3. 18) . RBR A ARSI EA TR Y . RIRK
RIREPERE S TW D ATREMEIL S 2 23, BB I DT R & b 2557 T O
7R BDRRD HNT=DOHRTH Y | Watki) e ik im-<CHR e B2UIER O b e o Tz,
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3.4 RSB EEIFVRS M AT TG R 1 0

FREORFRICEDS X | ST REIFVUESZ M RIETEN., MEOREERFT 5,

(1) BALOFEE

ERAFRIZ W TENMNE T A—2 L LTEERERICE D & Na,S BEE 0. 001M, 0. 0IM W74
H—EROFER (0. 01M, —650mV vs. SCE) ZPRVCTEMAEWIE EFIERE . 2 LI T L
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