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Corrosion is an interaction between the metal and the environment, so that the corrosion
behavior of carbon steel overpack might be affected by not only the environmental factors but
also the material factors. In this study, the effect of general impurities in carbon steel such as
C, Si, Mn, P and S on the electrochemical behavior and the corrosion rate were studied using
carbonate aqueous solution and synthetic seawater. The experimental results were

summarized as follows;

—  The effect of the impurities on the critical passivation current density, I, and the
passive current density, Ipass were small in 0.01M carbonate aqueous solution at pH 10.

- Breakdown of passive film and increase in anodic dissolution were observed in the tests
for high Si condition of 0.73% and 0.97%.

— In buffer material saturated with 0.01M carbonate aqueous solution, no passivation
was observed and the effect of impurities on the anodic polarization behavior was small.

— The corrosion rate of carbon steel in seawater was increased with the concentration of
impurities. Among the impurity elements, the effects of P and Mn were relatively large.

— The results of the electrochemical measurement showed that the cathodic reaction was
accelerated by the addition of Si, Mn and P respectively in synthetic seawater
environment. The amount of corrosion observed in the immersion test in buffer material

was also increased by the addition of these elements.

Keywords: Carbon Steel, Overpack, Impurity, Carbonate, Synthetic Seawater, Passivation,

Corrosion Rate
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IRBHNIA— =Ry TR ELD 5 B, FEAMBHIALES T G TR Y D, BRI R
RIZBIT DB EFH ORI TONTE L, TIVE TITERWVRESEZIAE L CE R
RHNTHY 299, BERFORZBICET 2 MROBENEA TS, LrL, BRBERIIME
LEREOHAFEATHY, RERFZT CRIMBIRFORELZITLLEZZ26ND, RFEME
DHEINAHMELThH > THOMEIRAY, HEREE 7 ERMBHRFEIZIZIRE RN H 0, ZORED
WZEoTH ==y 7 & L TCOHEAESCEMMEMN SRR D EE2 bND, —KIIC,
PED RIRKHNZ 1T D HI DI BITEFIEE OIS L, Az BRI ITMEOREIT/NE
WEINTWD D, 7o, RFEHIA—— 3y 7 OFMEMICI T HEEIC L 2@ R BN T
M2 NV DFRED ERIZATANY THIZHELIAENZBERICL > TRAEL N TEY D, &
FMOMEIIIKAF L2, LL, BREEESCHEERIEIORE, ISEEEINCKEN D
VR EIC L > TR D AREENH D, T2, BENHE SIN-HZOETCERBEK TOER
BIIEREENLREL 6N TEY D, Fﬁﬁfiﬁm’iofﬁﬁéﬁ%ﬁﬁ&éo%%%ﬁ
ZARE LT R CORBIDOIE BN IT T EHA 7 DR BIZ O T, ThE THEEICK
WD, ey w@$ﬂﬁm%hfwé%@®,mﬁmﬁ_LﬁéihéCNmslPS@
EDOARMEAT D F T 720, BEFEDIIZED 5 6, WHAC X 5B O/ 90 TlE, TIG
i@%NMG%%%iUV?%H—A%%K;é%%ﬁ&@ﬁ%%h%h&ﬁbkﬁ%ﬁ%ﬁwf
AR COFBELEHDRFANONT NS, ZOFRRICL D L, B — LEEERIIRA & [F%LL
LoftEtEER L2 Lokt L, TIG &R X O MAG B8 OB B I B W TR TEOIK T
%@mmﬁfﬁ@@@m%;éhfw %o ZORNOOEDE LT, BEHEAREE L B O
DOFENNRZETF L TND 0, TIG BE U MAG EBATIENM 2 AW T2 8 IETH Y, TOK
SIIRIA & E7p 5T D, FRIZ, Si,Mn, S DIRENRM L0 bE#EeRHBTER->TEHY, i
BEMHE ORI R ERORE O ATRetE & LT S TWS 07, =6 0%, wEHEfkoEn
WL DEELKREL, MEMPIRDOEWVRAHY) ORI FURIT O RTEEEEZ G E L T RN 00, &
BT 2RO E SR EOT /) — ROoBEFEIZIZE A EEVRED L TN RN
LI B AT RS OFEEO AIREED m O & FE LT 5, Si, Mn, S IZOoWTIEWThoeHE b
MHEMEZ IR T SE2EHRH D &5 iy 9100855, (L @ﬁﬁb%w@AE%®mﬁ
PR T OJRE Z B S22 L, I O faifb e & TRt R A 8T 2 70 O NI I B 538 %
DB T DMNERND D, éa_,w@%tffﬁ<lﬁpowf%A%®ﬂEk FOHZE
DOHERIZIANT TH ==Xy 7 L LTOMEZ BB L TS RERH Y, i RIE T A
%E$®%@%%%#K#6:&ﬁigfﬁé & 2 CABFZE TIRR M O RFRA 22 A AL
7 CHD C,Mn, Si, P, S %512, Hx DTHENEREEIMILITTHELHLNCTHZEEH
1 & U CIRBBHKIER I X O Tk &2 Y, RBFEHIOELILFRIZEE) & EREEIC KT T I
O Al o 3R DR A FEERRAVIZR T2,
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ARBLOVERRIZR D X D12 T o 7o, M EHIIXEMEL, RFR, A XV yvr v Vay, Effvy
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R T — K BRE EIREITV, ¢ 40X 20mm DOFFBEAZERL L 7=, Wi, X ER4eEHM
k2152 72912 1050°CIZ TERISBE 24TV, 835X 35X 20mm ([ZHIE LT, FiZ, EAERET
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BT D70, TREFEM ITHFSND CIRE (K 2%LLT) O#HIFIZ TR Z1To72, 72d, SIT
DU TIT BRI TR 2R 23 Uo7 DO e BB RN L, S IREE DAL 2 Toikkh &
TER L7z, S DISNDTTHRIREEIR, ZALE COWHEROMmM & MEFHIER 0712317 2 TIG HFHe R
OB L IZIER— DML L, Cu b 0.24% WM LTZ, Z O, R a2 @A E 0ME
ELT, A==y 7 ORME B THO LI TS RFBMER, JIS G3202 SFVC1 Ok
iz, 60BN B R (30X30X2mm) OB 280 L7z, BB REix= 2
—#800 {EAMEE I THE EIFA L LB, T N ATKBBIEEITo T2, KB ORI X
C, S IZHOWTIERAERINEE, Si, Mn, P, Cu lZ oW TIEEE X #oriEIc L v sk 7-, EBRIC
W= B Oy (OHrE) #% 211077, £, BBt I 7 sz 2.1 1oR3, #l
BRIZIEIET7 = T4 MEDOHZHTH Y, CIEE 0.1% TIE 7 =74 hOKINIZ/ =T A RIS EIRICEAE
LTCWiz, Fe-CiZSi, P, ZIIML7ZEA & Mn % 0.28% N L7235A12 b 24 &R o#ER
Bz, CIRE 0.41% CIXie 7 = 74 F&/8—F 4 FMTIFH—ITRAE Lz L 9 ek ik
DB SN, RFBIEENITHEL (CIE 0.77%) 2825 CIEE 1.12%DRE Cld/—TF A
EBEBIEL TWzIEdy, A2 A el s HEZE Lo b8l I -, Mn %
1.92% MM L7235 8 372 7 = 7 A4 EHRRIZOM L TV D= T A R bS5
X A%, SIRE 0.001% & 0.018% (WIiLd C, Si, Mn, P, Cu & HIN) OFEHZ DWW T
LW 7 =T A4 N EX—F 4 MNP BIZE I NT-, SFVCL I2BW T 7 =74 b/ "—F 4
MEMENBIER I TEBY, SEEZ AT A= L LIzdlHCm L7 =4 N, X—=F A1 b
&b RERERIIERZ VY,
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W55 S5 PREH# W O LEER IR LM FR R C O IR FI OIS BIFRBIIAB BT 2 BN k- T
#7720, R T 258 ICITRHEREMOBRIFEL 720, REEgl L 2WEEICIidemE e
B L7e2 U, RBFECTIXIRFBHOPELD \CARBN BT DRI S & RERE(L L 72V WIS IS
TT7 /7 — KB EICRETHMETARAMD cEZORELFTHT-, FIFICONTIE
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80C & L7z, sl & s L7 ilBRis IR iR L, BAREN LY 20mV/min OEREETT / —
RASHRIIE 51T > 720 A LHEAKH TORERIZ SOV CIIERE R T COKRERERIGC LD EE
G D20, B Y — ROMRRE b 256 L7,
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# 21 BHF DRSS (%)
B C Si Mn P S Cu 5
fliEk 0.0043 | <0.01 | <0.01 | 0.003 | 0.0014 | <0.01
Fe-C 0.10 |<0.01|<0.010.003|0.0008 | <0.01
o 0.41 |<0.01|<0.010.003|0.0006 | <0.01
C/RNTA—XH
1.12 |<0.01|<0.01|0.003 | 0.0006 | <0.01
o 0.15 | 0.1 |<0.010.003]0.0005| <0.01
Si/NT A—X
0.15 | 0.97 |<0.01|0.003|0.0001 | <0.01
0.10 | <0.01| 0.28 |0.003]0.0011 | <0.01
Mn /<5 A — %
0.10 | <0.01| 1.92 |0.003|0.0011 | <0.01
_ 0.10 | <0.01|<0.01|0.003]0.0008 | <0.01 o
PRI A —H P 23 EHT Fe-C# & [/ —
0.14 | <0.01|<0.01| 0.05 | 0.0009 | <0.01
0.10 | 0.73 | 1.37 |0.012] 0.001 | 0.24
S RT A—H 0D 7135 b B A TN
0.10 | 0.73 | 1.37 |0.012| 0.014 | 0.24 f ROBEGY
SFVC1 022 | 0.26 | 0.93 [0.013] 0.005 | 0.05
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3. 1 BRI ERE R

(1) 0.01M EREEHE/KIAHK T DRER

T = RO RIET CIRE DR E A X 3.1 1 rT (EBILXT / — Kot e, TEE
1Z-500mV vs.SCE £ TO#iHZH5K), -650mVvs.SCE D& 2 v°— 7 &L C 1 0.41 LA
FOFHETHEIN, CIREOEWIZ PREREL R L, £/, IGtEEO v — 27 &K (LT,
L) X CIREDOEW 041%, 1.12% TRORXKRE L ole, FEIERFFEIR (LA, las) 2OV
T%C%W@ﬁ‘i%%fﬁﬁ<,ﬁﬁﬁ%§®k%é&ﬁoko

X 3212 SilC kDB ERT, LITSIHTIMZE->TRELRZDHDOD, 0.1% & 0.9% TE T
Rnolm, £io, IEMEREY— 7 % OERIZ-450mV vs.SCE £ TldE Si &EDIE 5 B/ EL 2o
72. L2L, SiiREE 0.9% CTld-400mV i TEIMEOSIL2BEMABIR I, ZoRER%O
M AN ﬁ#mﬁﬁr LTRY, REMENM - EE26ND,

3.3 1CMniZLHEE, X34IZPICXLAEEELRT, WITNDOIILELT / — Romashc
EESYY %@%& ST, S BEAEEZZREICIEN 35 IR T LY IV K 3.2
k [AlEEIZ-400mV vs.SCE 13 TEIMEO MMM ELE SN, SIEREEZE 2 3 8HE Si,Mn, P %
EATED, SiAHEMEV (8 0.7%), 20O/ St FIHC L > TRFERENAE T 0 LB X
bNb, 72770, SEEDEWVNCLDT / — RoOMREEI~D ﬁ@%hﬁﬂoko

T )= RO L VGO0 I & Dass \ZOWT, FInRIEEIC L D EELX 3.6 1277, WV
T AP CHRIRE L &bl bﬁﬁ_%M@m%mﬁ%é%&éﬂ,ﬁ%@%@iﬁ<,:n
5OTREBEEMICET SFVC- 1 IZBW T HIZIFRBREDEE R LT,

(2) 0.01M RFEEHEKIEHET, $REMILFE T TORER

¥ 3.7~ 3.11 |ZREEH HAF T TOT /) — FoOMEEENC RIF T C, Si, Mn, P, S D852 2
g, X 8718 T X 91T, CERENK LIV 0.0043%IZBWTT / — RERDPL/NE L2
STWDHEDOD, ZHLLED CEESETIIIFERBEOSER 2R LT, £72, thox#Eico
WTH 3.8~ 3.11 IR T K912, 7/ — ROoMEH~OLEITIZ L AL ERO LR T,
(3) ANTHEKRFTORER

X 8.12 ICATHAKPTOT /) — K/ Y — ROEHEICRIET CIREOREZ T (LEIX
7 ) — R/ 0V — Rofh e, FE&E-750~-650mV vs.SCE OFFHZ LK), CIEENE
EET ) — RERITK T T AEANRBO 6T, 2, Y — RER~DEEIZIZEALETDL
NipoT-, W, K3813127 /— K,/ Y — ROMEENC KIET Si, Mn, P OE2 4779 (L
BHIT ) — R Y — FokmihR Ak, F&i8m~9mmvwﬁoEif® A IER) ., HAR
WAL~ B REBNA200mV L TIEWITNOTESLT / — FEIRIZITIEE A EEEL KT S )
otﬁﬁ&@%m*iofﬁmmvmsoauhw%ﬁ%#TY/Hk@m#%%k%<@oto
7272 L, ¥5-600mV vs.SCE LA EOEN T, RN T /7 — REWICK L TXEIIZ R > T
0, SilZ& 27 7 — REROHEMTERRIZE T DEEEGT 0L X 8 LB OB oBEn
DOBORREMELH VY, 5% BFHME AR T IVNEND D, —F, Y — NERIZ OV TIX Si, Mn,
P O X > T¥EInNdT A2fEAEZ R LT, SIZOWVWTHK 3.14 127 T L5, Y — RERZH
MEEDERNRD b,

(4) NIgAKH, SREHMEAE T TORR

X 3.15 [ N THEAKH, FREMIFE T TOT ) — K/ H Y — RoEEIC RIE T C IRE DR E
R (EBITT 2 — KB Y — Royfehfr 20K, T EE-800~-900mV vs.SCE DOFifH & §EK)
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CERENEGWELET / — FERIZVE T T 2Em8RO N, £z, Y — REHR~OZEITIZ
EAERD BN -T2, WIZ, Si, Mn, P OIRINC L 2828 %X 3.16 12~ (EBIEIT /— K
ST — Roykahf ek, TFE3-800~-900mV vs.SCE O#ifl Z4LK), Mn, P Z¥RIN L7254
I1Z49-400mV vs SCE UL LD TT /— RERP R D OO, HIREM~KI-400mV vs SCE
DHEHPFATIEIZINOGDOTRIC L DEEIIZ LA ERD NP> Te, Y — FERIZOVWTHKRE
TR LR, TEROIERKIZIRT L IIZ, ZHDDOILEORINT K> TN 218
MZ R LT, SIEEAZZE X -3 B TIE, K3.17TIRT L IICRIEMIC SIEEDEWEI RNT /) —
REFE, HY— REREBIT/NESL b EmER LD, BREMAITIRZEALET /) —F,
71— R EHICERBEIZEWVTERD ShZe o7,

3.2 IR IEABRAE R

BRI TOBEENEMREEZE 3.1 1R T, £/, FoBRELEAEE (FAR4 R BRI
ThRLUZE) OBfREZR 3.18~ 3.22 |27~ ¥, S ZfkE, MIRRENESWVIZEEEHEIIRE
KB MHmZ R LT, ¥RIZ, PICRDRENHHIRENZ L2030 > 70, Mn 22OV TH EiR
FERITORBRRENVWEIICRZD, £, ThHORREBEEMCET SFVCL (28 T Hh#g
BREREREELZ R LT, 72720, SIBEZEZ TR B CIE, SoENLEmE RBECE %
NTWHH00, SFVC1 L0 /NS REREERYD, SIREDEWVCLDEEE~DOKELTED
By ARAS IRV e
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#£ 3.1 ANTHEKAF, FEEH AT T CORIERERRE R
b5 57 (%) R | BEEE
M
(um) (nm/y)
C S1 Mn P S Cu
. 2.82 11.43
UIES 0.0043 | <0.01 | <0.01 | 0.003 | 0.0014 | <0.01
2.84 11.50
3.12 12.67
Fe-C 0.1 <0.01 | <0.01 | 0.003 | 0.0008 | <0.01
2.94 11.94
4.28 17.34
0.41 <0.01 | <0.01 | 0.003 | 0.0006 | <0.01 395 1317
C/RTA—H— - i
3.36 13.62
1.12 <0.01 | <0.01 | 0.003 | 0.0006 | <0.01
3.81 15.45
3.48 14.13
0.15 0.1 <0.01 | 0.003 | 0.0005 | <0.01 396 13.99
SiNT A=K — : :
3.64 14.78
0.15 0.97 | <0.01 | 0.003 | 0.0011 | <0.01
3.49 14.17
2.96 11.99
0.1 <0.01 | 0.28 | 0.003 | 0.0011 | <0.01 3.37 13.67
Mn /XT A —H— - i
3.58 14.53
0.1 <0.01 | 1.92 | 0.003 | 0.0011 | <0.01
4.44 18.03
3.12 12.67
0.1 <0.01 | <0.01 | 0.003 | 0.0008 | <0.01 2.9 1194
P/RXTA—%— - :
4.55 18.46
0.14 <0.01 | <0.01 | 0.05 | 0.0009 | <0.01
5.49 22.26
3.51 14.23
0.12 0.74 1.37 | 0.012 | 0.014 0.24
S 45 A4 3.40 13.81
3.62 14.67
0.12 0.73 1.37 | 0.012 | 0.001 0.24
3.81 15.45
4.89 19.84
SFVC1 0.22 0.26 0.93 | 0.013 | 0.005 0.05
4.84 19.64

_10_
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[HCO3+C032-]=0.01M, pH 10
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10° o . ' L L
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10* —{ © Si <0.01% |-— . 3
A Si 0.1
| o Si 0.9%
103 s i
102 | :
101 _ i
100 | ' 1
i [HCO3+C032-]=0.01M, pH 10]
10 80°C
-1000 -500 0 500

1000
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