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Abstract

A technical committee was organized in Japan Society of Corrosion
Engineering to review and assess the study of overpacks in JNC.

The corrosion models for candidate materials for overpaks were developed in
terms of corrosion science to contribute the selection of material, establishment
of experimental methods and life prediction of overpacks.

It is expected that this report is used for the study of overpacks in the process
of the research and development of high-level radioactive waste disposal.
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HEASBERCIBNTI N1y 7EGMHETH2 Ti BLU T 68 0RER
LR EZIBE T DR E LT, Ti-6A14V OKRKERTIZHBIT D REWRLERNE
BA, pH OB ELTHRFL, WHh2RERE< Yy 71 2BETLIL2EBHN
&L, ZORER{EEBBICOWTREL .
REMCABRIIESMEDTAEERBIEICE DWW TITo 2. #BBE®IZ 0.05
kmol m3 SO2BIRTHY, pHE 1, 3, TICHAEL T, BRO4TC)THWE., O
ARICBVWTHMEENAARERCEFIBRDNITH 5.
FORER, ARICBIAREREY Yy TEBETHIEICRILE. TORKEE
KITRT.
1. pH1, -1050mVsur OFHFICBNWTEBRORER(IEZEZRL, £, 0
EHITBWT, EENRBD LN, KFELYOBRIERINE.
2. pH3 TI&-1050mVsug 7 5-50mVsue DT pH1 OFAITRTHTNIERE
itk isdsd 5 7z,
3. pH7 THERERMAENBD SNBM o7z,

BEXEE

We have investigated environment-assisted cracking (EAC) of Ti-6A1-4V in
aqueous solutions as functions of potential and pH, in order for a fundamental
research on EAC behavior of Ti and its alloys as a candidate material for the
overpack.

The EAC test was carried out based on a slow strain rate technique and
constant potential method. Test solutions were 0.05 kmol -m3 S04% aqueous
solutions of pH 1, 3, and 7 at 24 C. Maximum stress was selected as an index
of EAC susceptibility.

As a result, we have successfully constructed the EAC map of the material/
solution system. The findings in it were described as follows;

1. The condition of pH1 and -1050mVsue induced the severest EAC
susceptibility with cracks and hydride.

2. At pH3, slight susceptibility of EAC was found from -50 to -1050 mVsnug.

3. At pH 7, almost no EAC susceptibility was obtained.
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Table 1 Chemical composition of Ti-6Al-4V (mass%).

H 0 N C Fe Al v

0.0037 0.20 0.004 0.011 0.19 6.2 4.18




Fig.1 Shape and size of the specimen (mm).
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Polarization curves of Ti-6Al-4V in 0.05 kmol m 3 SO42 solutions at pH 1, 3, and 7.
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Fig.7
Changes in current density with strain for Ti-6Al-4V in 0.05 kmol m3 SO42
solution at pH 3 under various applied potentials.
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Effect of applied potential on maximum stress and 0.2% proof stress of Ti-6A1-4V
in 0.05 kmol'm™ SO4% solution at pH 3. |
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Stress-strain curves of Ti-6Al-4V in 0.05 kmol *m™3 SO42 solution at pH 1
under various applied potentials.
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Changes in current density with strain for Ti-6Al-4V in 0.05 kmol -m3 SO4*
solution at pH 1 under various applied potentials.
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Effect of applied potential on maximum stress and 0.2% proof stress of Ti-6Al-4V
in 0.05 kmol *m™® SO,* solution at pH 1.



Fig.12

Side surfaces of fractured specimens of Ti-6Al-4V in 0.05 kmol *m~* SO,” solution
atpH 1

(a) —300, (b) ~800, (c) —1050, (d) ~1300, and (e) —1800 mVy



Fig.13

Side surfaces of fractured specimens of Ti-6Al-4V in 0.05 kmol-m—° SO,*"solution
atpH 1

(a) (b) 800 mVg; (©) (d) —1050 mV gy



Table 2 _
The number of cracks observed on side surfaces for fractured specimens of
Ti-6Al-4V in 0.05 kmol*m™3 SO42 solution at pH 1

Potential / mVsueE The number of cracks
-800 14
-1050 >20
-1300 4




20 (deg) a: a-Ti
B :B-Ti
Fig.14
Effect of applied potential on X-ray diffraction pattern of Ti-6A1-4V fractured in
the solution of pH 1.
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Maximum stress distribution on potential-pH diagram for Ti/H20 at 298 K
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Maximum stress distribution on potential-pH diagram for AI/H20 at 298 K
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Models of environment-assisted cracking of Ti-6Al-4V deformed around -1 Vsug
in the solutions of pHs 1, 3 and 7
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Abstract

Electrochemical polarization curves and corrosion potentials during long term
immersion of Ti, carbon steel (CS), Ti-CS contact specimen and Ti-CS clad were investigated
in bentonite-contacting solution (mixture of sodium sulfate and sodium carbonate solutions) ,
Na,SO, solution and borate solution which were adjusted to pH = 9.0 - 9.84. Ti and CS were
passivated during immersion in borate solution, while CS was corroded in the solutions
containing SO,* ion. The immersion potentials of Ti-CS clad and Ti-CS contact specimen
were controlled by the corrosion potential of CS (about 0 V vs. RH.E. at 298 K). The Ti
side of Ti-CS contact specimen therefore was polarized cathodically at this immersion potential
to cause hydration of and / or hydrogen penetration into the oxide film resulting in degradation
of its barrier property. Furthermore, cathodic current on Ti side is partially coupled with the

anodic current in corrosion reaction on CS side to cause acceleration of overall corrosion.
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Fig. 2 (a) Circuit for measurement of current between Fe-Ti electrodes, (b)
Eguipments for long term immersion experiments.
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i: polarization current, i, 1, : current between Fe and Ti electrodes.
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BR &R EKEMENS b FREPCREHF S AL TWHWS Fe,0, 2T,

2" + 2~ — H, (RFJAF BRI (1)
Fe,0, + 8H* 4+ 2¢~ — 3Fe¥ + 4H,0 (HCETKEE) (2)

EWVND 2EBHEONYV - RERPEESLEEZSN. TOHY— REIBIZE > THRFE
WMDY/ — RBHENMEESND I ENBZINTND, > T, REHTERELE
F—=N—Ny 7 DBEEENHTE-DICR LD — FREIGONFINEETH
BH5EEBEREND,

Fe,0, LRV — KRBT DWTIE, TNFE TOWHFEN S Fe,0, KEFIT Cr,0,, Ti0,
Mo0, 2 EXBEHMTAIEICEDR (1), (2) DAV—-REREHNHITESZ
EMRENTNS, LEN- T, REHICHETLRZENL TESEHZ/ERL .
FOREICINEDILFREEVECEEYEEEZERIELZETAHV—RER
EWHETNIEREROMRMEIMETSEEZSNS, UL, THOHEMNS FER
B {bicdk o TFe,0, RIEIC ADHRINITTEMNFe,0, REOBRALFENIEBICIRITTHE
WOWTI, LR AN T,

FRRTIIHIBER > A MERKP TEREBEELRETIRSESWHER
HIBDE—HELT, ITNETOWRKRITED Fe,0, REO YV — RRISZHHT S
BRNH D EHMo THBELY MO, M:Cr, Mo, Ti, AL SRS OE&BITLESE Fe I
BMLU7ZREeHEERL ., HORER SN Fe,0, EENF W REBTORKE
WA R A P EAAKPICBITAHEEEHARDZ ZEEZHE L,



2. REAZE

2.1 =H#H

AW TR & UTHREM. Mgk, BIOWMEIT Cr, Mo, Ti. Al 81 2% 1
OEEMRICRD LD ICEMEABZEASRNLU CERLZIBORSSHMER WL,
EETBNTIRIN G ORI ZBOREER S TITEEIZ Fe,0, KIRZ AT 7ZIREET
iz, REES 1~6 i3ENTEOBEICLZHELHARDLLOOHBATHD,
RERE I~ 10 I TEEEAERMLA L EORELARDIZDORBTH S,

2.1.1 R%EH

iﬂ W RESE (SM400B) DL E R 2 I0RT. JORBEHIE, W7
TS RENS—FA PO RADERFTFMEL COEEEBREZREL TS, TNE 25
X 15X mn DR EZDFE IR L =1, Fe,0, EIEFERAEBS IUVERERHRO
=iz, BRI ¢ 2mn O EET I,

2.1.2 #H#HSIMESSHAOER

Mgk B EMES M. &3 I{LPHEME R L Msk GIRES () BBV
AR EAREPRLESESSERPELT, X1 0BEHERICRSXDICESL
e b DEEEBRERIFCEZE 10 Torr THEHBLEE. 617X T0mn OERITEHE
ADZ LIk THERLE, FO%, EX Tmn £T 1000CTREEZEZITHL, &
SICIBREEEI E - TEE Inn ORIC L /2. FEEE RS & FHIT 25X 15X 2m D
KREXICEIBL., EIC oo OREZET =, KIZ 10 *Torr EREFEKH T 1123K
T 18005 fR¥5H. PR OBRMUE 2T -, 2B, KESMOMRIL. HEES 10
2BHRWT, REFORRGENOSLTRANEBIED THS. ERLZESEM
@#ﬁﬁEiICP FEHEAIESHT (ICP—AES : B/ a—BBTTE @R . SPS12000) IZXD
REL., foNaihERERLITRLE.

2.2 KREOREK

Fe,0, BZfEIE, A — b7 L—T7HicB W THRRM, #gk. EES&MElixLZ X
10~*kmol - mNaOH (298K T pH10. 7 iCFHEE) W T 523K, 10h BM{LULE TS5 & TE
RERE, ZOBEBEOSBKICBITS pHIZ 1.9 THD., TOFEHTIX Fe,0, 288N
FHRICRDEETH S,

B ORI, B OEE £t AKFBRICEK 0 #1500 ETERAAEL. DWT
EEHE 6 BLX 1umdOF 1 YEYER—ZXMXDEmICEET, 7ERT
300s BEEEEETWHEL &,

S —IcEBLE . HOBLAERICHBEINEMT SO Z BT 50T,
M1oE3IcRENT E#ORIZERELE PIFE 5— 7 TAT > LV ABOBRMICHE D
T TAH— bt L= ANk,



2.3 REORZE

AR REICER U REOHEEEEEZRET 229, BRA AL L& EH (GIXD)

(% (%) # Rint2400) 21F-o7z. BEEE 40kV. BB 100nA OLETAS X

RUICISEE Cuk o #R (EE 1.54178A) 2wk, ASTAIL3° | EEEEIIES 3°
L7,

o, MBRECER L EREO LB ZRET 520, 7— U LA
% (FT-IR) kB0 &fTo7=. HBICIT FTIR—4200 (BESERF (B &) %5
Wz, BPSKEEZT1 7 THIDERD, Th2ERL =% 30ng @ KBr ¥k &3t
A U THRE - BAELZDOREZEH, 2ton. 300sec L AT B &ICED
WKEDERSI 7 agER2ERL, FN2 FI—IR THEELZ,

2.4 FHEMUAV-EaEBAE

BRREMEEGEHOBRIFNEETZHED DT, BIEMH Y — RAOERE 27
D7z. BRI, BN M Mgk (5. 72mol smo® Na,S0,+8.86 mol - m
¥ NaHCO, JE SR, pHS.3) &M, #MEEN M1 MERAKOHMRIZ. N>k
T NI 100 H P & 872K D 4 #7E (S0, 27:550ppm. HCO,: 540ppm. Nat : 460ppm)
ZZHEICLUTRELE, £, FONO—)L+KH IBSBEEE ANINI F L&
SEZBELUTRELZN, HZZBIERIC 3600s L EBETA & TEREOLS 2
ol FIEICENRA Ly Z”WO BBV 2N, BILVAEE N, TE~L, &b
EEEMPICANTERBEDORELZ 25CICE- 7,

PEEBITIERT > axAdyy b (KWFEEER node] 6600) &N, IHEICIT
B2, BEEMITIIE —HIBEM (Ag/AgCl-3. 33knol - -3 EHWAE, HXH
DEMNIE, COEMEETRT . ABEEIT. BEEMUAZ IR FHIEESHIT
WEL., REBRERFAMNOBEFILY—ICEHEL., 51020 NS EBEEMUN 2
PIFE F— T ENSG 74 O TCHBLTEALE, REEENEOESSMOESIT.
COEZRORNT, FIAEE U CTREE 2K FERKIC LY #1500 T TEIFELT
ol

FEIZBNW TR, HPEEEEHRET THRERIREIC 300s BFTDIETE
BEMEZAEL., TOBBAREMED 0.05V BARBMHLOBMNEEHEE 3.8X
10% - s ThY— RoEZT-> .

2.5 REBRHER
FEMESEHAONSEERER Y b MEKE TOMEEERRS =0, Bi&
BEARZTL., BBBR0EBS(LE2REL .
M2 CEHERRBR TRV OBMER 2R, RBRAKICIT 120n] OBEAX
M MEEKER W, ABHL. RICHS A7y 7 2B-#ITHRAL. &8
EEVERITBERPICEND L DIC L, BB MFo MAKIZ, REBANIC1h



BENAACKOBERL., BEPOBEFRFRZRELZ, BEREL 10d &L,
EERENEZERMICANDS Z EITXD 298K iR 7.

3 REBERBIUER
3.1 REORTELEE
B 312, Fe,0, FIEEB D Fe—0.5%Ti REOXEH/NY — %2R T, Fe,,
Er —Fe,0, BEICACRNBETH D, BTERBIENE (Fe,0, :8.396A. 7
—Fe,0, :8.350A) ZE5728, GIXD T2 DOLEBORNNPEHETH S,
3L Fe0, BBy —Fe,0, D — 2D EBAENB NS, KEOERDIEA
ERIEED Fe,0,HBW0WId y —Fe,0, THBEEZLSNS. K31 Fe—-0.5%Ti @
HDEITTH DN, BILUEZO2 TORE CTRIEROERN RS,
AVEBENEICI L > TFe—0.5%Ti BEICER L ZEEORADIEANRT B,
BLUFe0,, 7 —-Fe,0, OBBARY MILVEFRT., M4KL0 Fe—0.5%Ti REITH
RUBBERDORADIHARY SIVORIRE —2 (582cm™ ) A3 Fe,0, DERE X
R PVOERKRE—2 (582cm™ ) LEUCMEIRHD NGNS, FT-IR Id Fe—
0.5%TIICUMThRPo B HRINTEENMETH S I EBXUVGIXD OERE
DETORABTAERNVIEBED Fe,0, 5 Wil y —Fe, 0, DR AHER SN2,
C EWFETHWAEEZE 5 X10%kme] - n*Na0H T BT 523K, 10h OFH T
B2l LD BRLAEAREBEOERSEHEBOBEICEST AERIEBED
Fe,0, THBEEZAHND,

3.2 BEMHYV-— FoEHE
3.2.1 FesO4HBEDIMR

SIS HE AN b MK PICRBIT D Fe,0, RIEME L B K OB IR & &
RHMOSEERERT. B5MN5. KEFHEEICEDETIT, Fe0, KB & D RZEM
Tid Fe,0, RIEOBILRIGEAR Z 0D, £z Fe, 0, RIEEL ORFEHFH THERPERE
ROBTARI > TNE I ENGND, EHIT, Fe 0, R EDRBMILEEL
REMLOBRFEEENEZELIRE B> TNEIEBSND, £ TIDI &
& 0. Fey0, RERII I SAERE N> b I MK PIZB W TRRRLE RIS ZAIEITH
HITDHIRVNDHBEEZD,

3.2.2 FesOs REHELESLHE

BB ko MRS BITS Fe,0, EEEL 2 RO RESLEOH Y
— RAEHRER 6 10, E7- Fe,0, KEEL 6 ROBIESSWEOH Y — K AMEHE
BRI TICRT. M6BEUT LD, BREEMNO I~1A- 12 TKREERDY — 7
CVEBERT T EBAND, ZORROFORADOHY — RAMERADH U i
5 BATHDDIE. HORBEHNER>TNAEDEEPNS, H8IcETns
DF—7 2 VEBERT ) OIEARERT, B 6~ 8 L0, BMEMTIE Cr. Si,



Al DFEMPBKBREKSOHHENICEZTH B, Mo OEINTIKERERIEOHENIC
BEDTRY (DLAFETHB), /2. Ti OFMTIFEAEYENTN, B8
INTIX0.5% XIiE 1 % ® Cr, Mo, Si, AL Ti OFBRNIAHENTH S, =50, 2
RO ROERLD., COEESEMOET Mo OFRMZAZREREOHEICIZT
FTAZENTED, Ti ORMIIEFEEAEGENZNWERDN S,

3.2.2 Fe;O.REMESESH

RRAEFEN D M NEMUKRIZBTS Pe,0, REBEMNE 2 ROZRESSEOHY
Ry @BiRER 91T, ki Fe,0, A E 6§ RORBEEEEOL Y — Ro g
ERI0IRT. MOBRTI0KD, EREEN0.01~0. 1A - w2 T Fe,0, KD
RIS IS ZENRSM5. K 11IZIR5ED Fe,0, REEDBTTRIGAE 7 5 55
DHEREZTRT. M11(@ &0, EOTFRINTL > TH Fe,0, FBEDE T 1L H
HSNBH, Cr, Si, Al OFMBBICEDNTH B, Mo BLUTI OBMBEIRD 37T
REVERIZAZT WD, Fe,0, KOBRLKISEIMHITS, /2, R11BED, &
BEWRMTIE 0.5% @ Cr,Mo,Si,ALLTI & 0.1%Ti OREHRM. 0.5% D
Cr,Mo, Si,AL Ti ORKRMSBZENTH D, Fe,0, KIBEL OBEENLLAMNB LD
WMo D1 %A EDEMIEENES o HROKRRENBEREZEET 20O TH
=B R,

3.3 BREEAHER

Fe,0, KEBEFTE 2 O RBELU 6 RO REESEFMOPITIELE N > b1 bk
FTORBREREARMBTOERBE M Z2FTNETNE 12 BLUOKE 13 IZ;RT, E 12
K0, EOTAROTMBDESSHFOBEREZMET D5, Cr, Si, Al OFRMBEEICEHR)
TH5H, £, R13 KD, BEHMOBEITIE. 0.5%Cr, Mo, Si,Al, +0.1%Ti B
KU0.5%Cr, Mo, Si, AL Ti OFBHEMMAESSEOBEREZHEMICHIEI TS 2 &8
DB, ZOBRIHEMAY — RFOBMBOERELII—-FHLTVS,
Utz &M, BIURENY M MEMUKRIZBITS Fe0, BEAEEES
OB Fe,0, EIROBECBER G2 T2 - ESLBORALIH TES &
wmTES,

4. H#E

FHEDEFRZERNS, ULFRRTHERVESN,

1. FeiZCr. Ti. Al 2@RINT5 &, BSUIEREND M NERUKFTOKREFRKE
RGEHDEMICHEITES, £, EEEMTIE, 0.5 XRIFT1 %D
Cr,Mo, Si, AL, Ti OEIBRFEMNTIENTH 3,

2. BRFEHEIZ Fe,0, RENEET S &, BHIERARY M MEfkdizBIT5
KRFEBEBEEAEL 25,

3. Cr,Si,Al OFEMAFRKAEE R M MERKTTO Fe,0, KIEEOEH &K



RN T BN TH D, T EEEMDEHEIE0.5%Cr, Mo, S1,A1 +0.1%
Ti BETX0.5% D Cr, Mo, Si, Al Ti OFBERMNZIERNTH 5.

. RESHEETD Fe,0, REOATCETKISENHIT S LRHIBERE BT 1 b
AP TOESEMOBEZIHITE S,



&1  RERICAWEEHHY

HHES

HHE S wt%

R 40 (JIS G 3600,SM400B)

f Fe

Fe—0.5%Cr

Fe—0.5%Mo

Fe—0.5%Al

Fe—0.5%Si

Fe—0.5%Ti

Fe—0.1%Cr—0.1%Mo—0.1%Al—0.1%S5i—0.1%Ti

Fe—0.5%Cr—0.5%Mo—0.5%A1—0.5%Si—0.1%Ti

|||t |lw ]|~ ]O

Fe—0.5%Cr--0.5%Mo—0.5%Al—0.5%Si—0.1%Ti

—
o

Fe—1%Cr—1%Mo—1%Al—1%Si—1%Ti




%2 [RZ=H (JIS G 3106,SM400B) (HILAEMOLFHRK

{LEEHARR [ wt%

C Si Mn P S

0.12 0.15 0.65 0.02 0.04

R3 HKOLFHEM

{L£48RE  / ppm

S S1 Mn Cu As Sn B N 0O

7 <10 1 4 9 7 1 6 12

Bi Cd Co Cr N1 Pb Sb Zn Fe

Tl | G

o=

1 <0.1 2 4 3 1 1 1 bal.




R4 HRAROIEZHER

L28ERE [ wt%

Cr Mo Si Al Ti C P S Cu { Mn | Fe
ERFE7zn 04 (BMBT B )] 6356 — {053 | — — | 0.040 | 0.023 | 0.003 ] 0.24 | — bal.
ExRFEIJx0®)IFYy (KB#ET %) )| — |6106] — —_ — 0.03 | 0.02 | 0.04 — — bal.
ZzAYYay (BERERIZ B W] — — | 764 | — — ] 0.040 } 0.028 | 0.003 | — _ bal.
ZzAF7NLS (s (%) 8| — — 0.1 |49.05| — — —_ — — — bal.
JxHFEY (ERAFE2=0L () B| — — | 002 ] 004 | 431} 008 | 0.01 | 0.01 | 0.02 | 0.23 | bal |




x5 MFHLULESSEOERIHER

AHES B4R / wt2% DATHERK / wt2%

Cr Mo Si Al Ti
2 Fe—0.5%Cr 0.45 — — — —
3 Fe—0.5%Mo — 0.51 — — —
4 Fe—0.5%S5i — - 0.44 — —
5 Fe—0.5%Al - — — 0.47 —
6 Fe—0.5%Ti — — — - 0.40
7 Fe—0.1%Cr—0.1%Mo—0.1%S5i—0.1%Al—0.1%Ti 0.07 0.10 0.05 0.08 0.10
8 Fe—0.5%Cr—0.5%Mo—0.5%Si—0.5%Al—0.1%Ti 0.45 0.48 0.44 0.45 0.10
9 Fe—0.5%Cr—0.5%Mo—0.5%5i—0.5%Al—0.5%Ti 0.48 0.51 0.48 0.47 0.53
10 Fe—1%Cr—1%Mo—1%Si—1%Al—1%Ti 0.66 0.98 0.95 0.95 1.00
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Intensity (a.u. )

Fe-0. 5% o Fe0, or r-Fe,0,

A Fe

20

B3 5x10"kmol - m°NaOHth CER{LALEE (523K, 10h) L0
Fe-0.5%Ti s EMDXRDEIH/S4 —»



T T T
-~ frrmetpipecedeatpoced ; i
3 Fe 0,88 %
e €y 4@%1*‘1‘ 589
S
oo
S
b
%
S
N
~ T e
v —Fe, 0,8 a5
443
/—’—”"’_‘ff 5T9|
8 5 g | P 7 8 | g g B | 5 B p
2000 1600 1200 800 400

| -1
Wavenumber / cm

B4 5x10%kmol - m °NaOHh COE{LME (523K, 10h)
I2& YFe-0.5%TiREIZH R L 1= REE®D FRo RN
ARG MBI UESEBARY FIL



— Fe 0, RIR{T & RN
e Fe304&ﬁ% LR

10

1E
T
<
~~
0.1F

7 —rEs |

0.01L—u 1 =
1.2 -0.9 -0.6 -0.3 0.0

E/ V vs Ag/AgCl (3. 33kmol - m™ KCI)

5 Fe 0, I % 5 & UFe,0, KM L i RE OB SIS
RY R4 MERUKEIZ 5 55 Y — R MBS



10 =T v T °f [ °* § * § ¥ 1§ 7

[ — pure Fe i
I wven Fa=(0, B%Cr
I Fe-0. 5%Mo
s e Fe—0. 5%Si
== Fe-0. b%Al
-« Fa-0. 5%Ti
i HEKE (8 (a) |
E'QE
-
~ Ahv—FERK
0.1

WA
oot o o il ¥ 1
11 -1.0 0.9 0.8 -0.7 0.6 -0.5 -0.4

E / V vs. Ag/AgC1 (3. 33kmol - m ™ KCI)

6 Fe,0,HERL 2 HHAREASHDEEAY bF1 b
MK hIC #1157 Y — K4 iEMhER



0 /1

— pure Fe 7
- Fe-0. 1%Cr, Mo, Si, Al, Ti i
-------- Fe-0. 5%Cr, Mo, Si, Al1-0. 1%Ti il
........ Fe-0. 5%Cr, Mo, Si, Al, Ti

- =  Fe~-1%Cr, Mo, Si, Al, Ti

HLRE (8 (b))

1l -
lE &
: [
= L,
> HyY— FER
0.1 -

7/ —FER .

oot bt o o MEANL Y N
1.1 -1.0 0.9 0.8 0.7 0.6 -0.5 -0.4

F / V vs. Ag/AgCl (3. 33kmol = m™ KCI)

7 Fe,0,BEML 6 KHRESSMOBERY 4 F
BHKDISE B H Y — FHmE



of * |
8.
7-
G.
. 5-
4
< 4
~
- oL | Fe-0.5kCr \
S Fe~0. 5%Mo
-------- Fe~0. 54Si W
- - Fe-0.5%Al
| |- - Fe—0.5%Ti
0.1 b1l S SE—
~1. 00 -0. 95 -0.90 -0.85
£/ V vs. Ag/AgCl (3. 33kmol - m~ KCI)
(a)
1 ﬂ‘. L] i3 ]
g :*3’:‘.&:"&.. |
7 S
6F
5,-
‘T’E 4l
< o
~
2F |— pure Fe
P |~ Fe—-0. 1%Cr, Mo, Si, Al, Ti
-------- Fe-0. 5%Cr, Mo, Si, Al-0. 1%Ti
v Fe—0. 5%Cr . Mo, Si, Al, Ti
| |- - Fe-1%Cr, Ho, Si, Al, Ti 22 Y
0. B n R n ] I ] [ [ B YR B
-1.00 -0.95 -0. 90 -0.85

F / V vs.Ag/AeCI (3. 33kmol - m ™ KC1)

(b)

8 Fe,0, M ULIEASMDIEEAD M4 AT

I8 A3HY— FoERE0SY— 7 o JVEEERTEXE
(a) 252 % (b) 6 LA R



— pure Fe

e Fa=0, B%Cr
-------- Fe-0. 5%Mo
e Fo=0, 5%Si
-~ Fe-0. 5%Al
== Fe-0.5%Ti

i/ A-m?

#KE (E11(a))

0. 01 N TR wr Gl ¢ oA
~1.2 0.9 0.6 0.3

E/ V vs Ag/AgCI (3. 33kmo! < m ™ KCI)

B9 Fe,0,HE{tE2MHRIEARED I TIEL
Ry b4 rEMKPIZBITA HY— FoEfRE



]0 H ’ d B

| — pure Fe

- Fa—-0. 1%Cr, Ho, Si, Al, Ti
-------- Fe-0. 5%Cr, Mo, Si, A1-0. 1%Ti
-------- Fe—0. 5%Cr, Mo, Si, Al, Ti

- = Fe-1%Cr, Mo, Si, Al, Ti

i/ A-m>

FRE (E11(0))

0.1F

0.01 : 4 2 4 ! ; e
-1.2 ~0.9 -0.6 -0.3

E/ V vs Ag/AgC! (3. 33kmol - m™ KCI)

E10 Fe,0,EfZ6RMARESEBMOLRIER
Ry b4 FEfiKRIZEITEHY— FoEdR



0'1, ' T ¥ ] T j g |

9 .

8 -~ pure Fe
Ir e Fe~0, 5%Cr
6= 0 s Fe_o_ 5%“0
1 S Fe-0. 5%Si
- = Fe-0. %Al
4 == Fe-0.5%Ti

------

i/Aﬂm_2

0. G'E | A i 5 i 1 | 5 5 i
-0.8 -0.7 -0.6 0.5 -0.4 -0.3

E / V vs Ag/AgCl (3. 33kmo| - m~ KCI)
0.1 T 0 v | ' | v !

9
8 — pure Fe
wmer Fe-0. 1%Cr, Mo, Si, Al Ti
S Fe-0. 5%Cr. Ho, Si. A10. 1%Ti
1 I Fe-0. 5%Cr. Mo, Si. Al Ti
o~ = =  Fe-1%Cr, Mo, Si, Al, Ti
E 4
<
~
YT I T T T . S

0.8 -0.7 -06 -05 -0.4 -0.3
E / V vs Ag/AgC! (3. 33kmol = m~ KCI)
(b)

B Fe,0, KEH=EALMOBSEERY b4 g

KB EH 1B H Y — RBRERO 5 EE T A
(a) 2B A % (b) 6 AR



pure Fe

Fe-0. 5%Cr

Fe—0. 5%Mo

Fe—0.5%Si

Fe—0. 5%Al

Fe-0. 5%T i

[ ] ﬂ I
0 1%102 2%107% 3x102 4x102 5x107

EERE AW/ kg-m?’

E12 Fe,0, REME2HARECEHADOHEIEEAD b1 b
BRKPTOSEERRR (298K, 10d) ICEH3EERE



pure Fe

Fe-0.1%
Cr, Mo, Si, Al, Ti

Fe-0. 5%
Cr, Mo, Si, Al, Ti

Fe—-1%
Cr, Mo, Si, Al, Ti

i i A |

0 1x107% 2x102 3x10%2 4x102 5x1072
_2
EEmEE AW/ keg-m

B13 Fe,0,REME6MARESEHOBIBEAY T4+
ERAKPTOREBESER (298K, 10D I HSERREE



BREBMICEARZFDOBEMEEE — IV

RRIEKRY KXPRETEWHER #HiIxsg
Kk B A B

1. [FC®HIC

LNV EREYOMBUSICBITEF—N—Ny VEBHEINTHBRER
N, BREEERYOR TR FERETEEERABEENKIBICHEMT S 2 &0
HNSTE>THRESINY, ZOBREES S 100 SEREOMEEEALEE L= 29,
COIMFEIZBEL T, bR ITRYA M BKONDE OREFHE) KEOME
WLadEL, EFLSRTIRIA FOBTRENRERDY - REBTHBHELE,
TO®, HESDBIYITRY A FETOKBEREZBRIBL TS 9, ISITHIFEED
HE 5OTIE, PHEBETFTOSEBIOT T2 A FLETOKREREREE & KN
BEZEKFERIBREL, 8 E Tk Volmer —Tafel ##, <7241 LTI
Volmer —Heylovsky ¥ TH 2 I . 972bb, Bif ClRREKFREFO
ERRIEA, BETIIREKEZETORBRIGOHEET S, S50, KERERS
DEIDVRPTIDEANGADE, HICHBELTI T RY A M ETOKERERE
HIZIE s /A<, XHMEREBED pH EKEENTIFZELWI ELS, NS T
WAVEIE pH BB L TS, FOER 1~2WETLABLET, vF/%¥1 b
L TEABICKEREREPERT DL LRFBIZIEZIC W EERLE,

LipL7ehis, siEEORETIRAEL = pHEENEM /=2 &M 5, SEE
DHETIRL VAN pH BEATAERERSHEERARD L EBIT, ITRI1 F
WARITTRZMA D 2 LI L O ARERERISCERE - T OEE LT 550412
DWW T PR BRN 2T /=,

2. REBAE

sl MR ZEN 10mm X Tmm IV HUIRFIRIBICEDAALT O,
TAU—HITED 2000 BETHER, A¥ ./ —IBLUOEEKTTETHREL
T, ERICER L. YTRY A1 NI A 7V EBENSBEINERT, ¥ 5mm
Xomm IZYOHUTRFIHMIBICHEDAALR, FOROUMEIIMEESIFFECT
HD.

RIFTA M ETORERERSZINET BAIEMRRET B0, TRy
THIPd ZEBRD > EULEHBHIDWTDERET> . BMRIT 50pA/cm? DF
BRTHTW, T2 PdBORABIERBEEL 25 2 &k o7, HTHIA 100%
DERNETHNERETEINSBTEREFREOES 25,

AR 0N BT M U ABIEEZ pHARLZHOBLRTE (0.2M) - 7 T
v (0.05M) B EU BT MU T AOQIMBROBEARICLS pH SEREK
ZHERALZ. WIhOBBRLEESETN IO EREREL, SFRtlicbiER



BRHAARZHELFET DI ERED, BV - FRIGICNTORFOREEETEDLLWY
Dl Uz,

RERTFIE : BT - e L ERP e BREANLEREINITEY LR, B
UHREHEHRHN 2T 10~30min BK L. SBIRORERR, RRBLPSEOT
BN 1mVis OFE TERSGKRRERCOIEREINSBEMETEMEELL. 7
V— RIS EICEBERD H L TEBRREZTY, BEXEOZRL (X7
3514 b ENOERBHONH) DREERNVWE,

3. RRERLEE

3.1 WEFRUIABRBRTOKERERG

1 BLURE 21, pH4.0~9.5 ICFAE L& 05N HREET MU Y ABRFICBIT S
TR b EGODBHMBTH D, XTFY A FTE,ITRY1 FOBRITITH <
IKERERIGT Tafel BENROND, TNTNOD Tafel AL ZEXEDDIERTIC
ALY

£1 WEFHNIULABEF TOKRRBERED Tafel HJE

' Tafel AJEZ  (mV/dec)
1B O pH Fe304 Fe
4.0 27.4 113
5.25 30.3 112
9.5 48.4 112

BIEEOHE TIE, pH AN 7.19 05 9.4 ORIE—FRYET b T ARER
BT, IYTFRIA N ETOKERERKBD Tafel AT 46mVidec, $ kT
120mV/idec TH o7z, SEIOEBRERIZAMEOHRE SIZIE—HT 52, EpHDOT
T34 b ETO Tafel AE A pH DETFICHE S THhELB2TWAEKDITRA S,

3.2 pHIBEBBRPCTOKRBRERIS

BT U LSHUT, RAEET pH @t e R R TR (0.2M) - J L
B (0.05M) W U BT U v (0. IR DI B I THER L e e
THY — RS BEEOBEEZIT> /2. pH3.0 25 9.5 OHEDOHRTREINEY
x5 hONEHEER I, KEREBMEEEHEALLZDOERAITRT.
THREA FOBTEMHETORHEINT LS B LRV, KEREERTIE
Tafel DRITHE I EHEBENR S5 S, SOSMEERIIRL TWRWAS, FEHRIZ Tafel
RICHESERBEONZ, B2HINSOBRZELDHDLEDBDTH S,



X2 pHEEHRBRBPTOKRFERRD Tafel JE

Tafel SIS (mV/dec)
BEO pH Fes04 Fe
3.0 49.3 137
3.5 141
4.0 147
5.0 37.8
7.0 31.0 148
9.5 23.4 152

T35 A TiE pH QBT Tafel AEIIEAD T30, #%TRAERZLIEA
SRV, EHIC, FIEEORTYE - RTE I N O LABKRORE Tk <7z REE -
PUTABROEGEDPPRADHEER- ., TR, KBEFOT A
KR TKBRERSEBENEZEIND L2 RLTBD, 4, KERERGHE
BERTOBBINRAT A CEBEZOBEZFBELABITNLETH DI 2R
LTWha,

B SE—EDEM (E =—1.0V) ZBIFBEITRIA b BIUOKETOARERE
BROMEZ pHIZHLT7Oy "NLAEHOTHS, HhOAERIIKE T CH
TAHRIGRBEICHETDZEERD, RIEDE&KIIDODWTIE (dlog 77 dpH) =—
02T, RVRZAMIDOWTIE (dlog 1/ 3pH) =—1.0 &> TWB, —4,
AiEIER G U 728k E TORIGH Volmer—Tafel BT/ 2451 + 2Tl Volmer—
Heylovsky ##8 TH 5 & THE, TNTNOKFEL A (KBS F ) ITxd
HDRIGREIZIOBIVO-1THBI NS, ERBERE-HITELEDICRZS,

LrL7ad 6, Tafel WEIZ—EL TR, 6 IXFEER T b U U NIEHE & AR TE
BIRHFTO Tafel AE O pH KEEERLEZBOT, BB MU I LBEFTOSHD
LEERWT Tafel B pH KEFETSERNRR SN, BECIMEEOHE T
L ABRE#BIRT L THARNWI ERNDMS, INSICDNTHE, 4#&
DEFHERFAPLETSHS, M5 OHRIE, FHBRBIUEI ST INIUEOS
WIER T, Y7351 P ETOXKREERG LI RENTEWKEREEETDH
HZEBRLULTNS,

3.3 PAEMBIRAETIRSIA M LTOXRERERD

RURIA b ETOKERERGREEHE L2 ORELNA DD, T
XA NOEREBLE BT LIk TRISEHBET 5 HENEZ SNS, B
BT, KRBBIEOKS LGRS B 2 % - s end, KEEE
EHEN L ARREEEPROTERTTHS, ARBBEOAXRELREL TR
KER, EH, BRI UARERMSNTNAN, KEREBMIKTERE THOKE
BELEOAEBBIEMICDONTOHRILEE A S0, SEORETI, KERE



OME| &, AFBBEEDN K7 PAd R F¥ A P ECHHT B LITX
W, KERBEKIGOMEXRTEENE 5 L2,

712, Pd o XKHT 50mA/em? DEFFR T 7 F 5 A FIZ 0~24min [
D> & LEREO pH 7.0 OBREEETTOL Y — FABERTH S, %
72, EI8IAERERISHEZ » T3 —1000~—1150mV OFEEZILK L
bDTHDH, TMEMNG, Pd OHBICE - Tw /324 FOBRERGEB L Ok
4D Tafel HEITITEAFEEZS T TRV B3, RO R
pH5.0 BXT 9.5 DBERTHBES T, HS5BLT6D—10V 28T HKR
RATR L Tafel AERO pH KEET, OTREhETn vy MIRA SR Pd
HoXEMLERBOLOT, Do LMok b0 LIEE A YR UEEZT
LTWBZERbh5, Thbb, KEREORGEES L CREEHITITE A
CEBAZ I RNl LERLTWS, SVHE B L, PEOAZERIGIER
FRBEELTS, w754 P ECOXBRBERCEESICMES LR &2
Do
SEDEBRTOD- EE XX, 100%DBHRHBTH—IZEF LB ICHE
FEPOETFETFBOES T, BERELITHCRIIITH L TWeHE THEBEI
IAMBIIZARBETHY, £, EMSCHHDEIRERSNRD T,

A%, KERERSEELHET 50103, +HKay ha— L SnERE
TOEBRBUKETHHEVE 5,

4. BhYIc
SEEEOMENLLUTOZ EBRALNI o7,

Q) FHENOHBERRT TOHEBIVRI 32 ¥4 P ETOKRBRARIGHEE
%, & LTIiX Volmer —Tafel ##&, v 7 XF 4 b L TIX Volmer—
Heylovsky #BIZ LV HHEINDI N, KBEEOT7T =F VEIZX > TEW
BRLND,

(2) KBBERIGEED pH KEEND, v RFA N ETOKRIEREAFEEIX
HFENSHMT AL VEORECESELEL D bENIIVWZ ERTRENE,

B) v/ REA MIDED Pd 2o & LTHKFERAEDKLEER LU
BREBIIRKEBIZELLEY, LrLA2EE, KEBEAEEOCHMIZIZIZS
Carybe— N EncRERETCOERILETH D,

(4) EEFLIT, MBUASERETEEREENTVWAELHEEAKX TORRERYIX
BNFEHRBRENO b IR Z A4 PTIRRL, I 0EKOBR{LY - KiEk
K THBEEZTWD, 5%, ZTORBEIBTIEREAERBMEREL,
KEERERGEOMBEORELZHONITAZEREETHS 15,
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BEEEHEFAULETHERET TOMT S » ORREEOHE

KERFIAZEAERTERER HLEZ
1T [3L®IC

A —N—/Sy 7 A0, TERMF Y VR NIEEETF Y (Ti-PdE5%)
MEOBRAMN IR TN S, WEES—N—/ty IHEOFMFMETBNT, &
HERERBINTA—FT, USBEICBII2HEREEESEAS, LALGESR
5. UABBICHYTS, BYNAVIEKBRFTOFY COBBHEEIIEL </,
X<, BERHEHEZELORBESTIIRN, 0D, BEER/NTA-FTHS
KHEH 5T, UoBEICETAEBIIBWTF Y UMocsmBEREEZRIEL
7= T 1],
BEFICEBELASBICBERZ2BH T2 &, JIROBE (FrET—3al)
IZEBAIERICL - TERARENKEIN. €BOEENmEINS, £HIT.
COMEDREFAL, EHMOERERBTFY OMEHOLAEEEEEZHET
ZFEERELE (K1), 2FETHR. £9. OBEBELAFY EABRRFICEEER
2R L., FOBEHBENICP 7 EOBEATEIC X > TRAICEERRER L NIV
BEET, FYCOERZMETS, QZOBEHEOHERZ, B4 DRFRBEICS
WTERDIRLBIW, BRENBELIANE (BAEE) EORBREHASNHITT S,
QELNEF—4%2 70y NUEFS ZICBNWT, BEBE 0 ADHEEZRD S,
(@) Z OHME@EIT. ARREICBITZEAEELRRES. ZOHRER, BlIEORHE
RN EEEREMB TR ONE AT TR L, BERUANCAKKPTER SN
PRI > THEU BHEHELBRNTEAMEEGHS. 2B, M1 OBEL,
— RIS IERRIE &7 B

AFSEIE, REFMTOMT Y L OLEBAEES, BEEBNERAL TRET
LT EEREMELTBI Aok, £k BTHBENFS > OGBFENSILE
- HNWT BB LA, BB, J2TO “BAlToHE" L, ABRFOENZ,
MABEER TORKEREDOFEHBMITIFIFEEL W, -500mV vs Ag/AgCLIZHITE L T
PEEBIB-/l L2ERT S, F¥UoMBOEEEEL RECHFEINER
M BN BTTAICHNWENTSEEASNTVNS [1:8]l. £, FH2D
BARBEEIININWIENS, E22HREINAZREBIIBVWTS, MEROEEE
MK BEREDOREEEME TES Z i3 EHEEINS, DFD, -500mV DX
EEMITUSBETOTY > OEEBRICE > TRBDHELWEHEEZ A 5NS,



2 RERAE

2. 1 HEE

BRI, Rt o3 X 0BALEMTY R (JEE @ lonm, #E :
99.5mass% Ll L) ZHWE., UM VYHENIBZHANWT., ZOFF¥ URNSER
20mm, JBE 1lmm OMBEBN ZU0HE-A, HEBEBHFOERZIAUKEH
T 2000 BETHEL LT LAE, 7P TEEFNERL 2. iRl iR
AFORE BEiE2BH LUZNED 2412, fiFEoT7o>— el 7,
Fle, U—FRELUTHFY 8 (EE : 0.5mm, #E : %&m&%ut)%ﬁ%
AOHRLEBICAR Y AL, KiIT, EREHic VI -5 hERELEN

FAEICY— FBEELRAA, 2B LRBA2EELE (K20 “REE 2
ZR), Va2 —F 2 "REILT 2 ETORIC. BRBRAEEN 7 AENEAITRR
LIz, pBAERLTIC T BRHEOWE (2. 48) OWITNDEED,
ZDFIECHE S TIERI N -ZBE2EB L=,

2. 2 HEH
AERTSCCHEETHEENEBEOREZM 2 ITRY . BT EFERS NS
Fi4T a—8D TA4021 HBEFEFREEBEZFEH Lz, FFRERSEIHARESRESA
BENTHBD, BELHEZ 0MhSRKHA (200W) FTEMESEDZENTES,
REFICEEUSAA P a—80 4461 BURETEEHA L, ZORSHFOROE
Fid 65mm THO, ABRHBFOERLDBHEDITKEY, LN -T, MEHER
FOTH (ZBHE) -G REOBTESIEFTETNSEEZL NS, 3k
A AHMTEROEZ I lmm TH D, ZORBH-EEREHTOLICBEE
EHROBHEB o7, MBHOLEIL. MBRIEORELZEHTI-0KED v
o k&3 %btoﬁ%@t%wﬁﬁ%m3hr? REBF IO T EAEERE D
AAIOEZRNS 2mm OF XA E3ICEy FLAE ARBICE Pt U 7 E2FERL
o EZREBICEAEMEMOAERZBINF L EEZNLTB A2k T
EEOLEmEIT. RBRAF THONEEEEICEY UE,.

2. 3 HEBR
MBI ICIIR OB ZR D, BEA Y M MEMKZEERL

3.5mass% NaCl+744mg/dm3 NaHCO?3 +813mg/dm? Na250,
AREREOEEIL., WITNORIFIZBWTH 60CE L. EREYF. ZOHENREN
B IOITERKE OB Z IR ERERS THIEL 2, REBREERIERNC 30 LA L Ar

AATRK[LTHSER L, £z, 7/ - FoBiRERET 55 5I1d. #E
B, EHEELTAr HADRERBEB IR 7,



2. 4 TiAHBAE
ABPBOBEEMNERT > aAdy FeRAWTHEQCHEICHBLZEE, iE
DREET 15 FFEEEEEZRA L. fABRKETRIC, ABREFICEDONTHS Ti
4 DBEE % ICP(EEREWERTE ICPS-7500 B2 AWTER L /=. RERIIELER
IR LK > TR L7z, Tabs,. RENERKICERLEAREO—HEREL T
BE, TNREFEAESTRAOFF AZRER (FitMETER) = o(FERmM),
20ppb, 100ppb, 200ppb TN L /2B EZ AW THRERZIRE L/,

3 HRaSUICEE

3. 1 F/—RAasThY— RomkstE

B4z, 7/ —FoBEENOBSTHERHNOEEEZRFLUEERERT. HFOD
I OER, BEFREREOHAFARBOERE EAKEHRK: 10) 2RY, 1=
47258 TRIESNATY /— FOBHBRONBERR TOMEEIL. BEEEH
FHUTWRWESEHEEL, BEMIKEL A > TWS, ZOHERIE. BEEOR
HIC&k > THRBREENARESIN. ENTOREERF OV REEEX) 2NEd
Ll EZRLTWVBREEZLENS,

AV — ROBBENOBT R OREEFANERERH S ITRT, H4I1TRL
727 ) —RSBOHE LITERD, SBERIEEFREICL > TRESEMKLTY
%, BEREICHRUTHY — ROEHENEEREBEANBITLE BHIZE-T
HY— RBRAEINLURE) BREELTE, UTO2208E25605, 9. BE®
ENEWEEREERET AHRIIRENEHEEIND I EMNG,

(1) BESREOEIMIEC TEMNTOEBEEREMNBI L. KEAF 2 OBITKIG

RENIMEINEEEZLSNS,

KEWTHEEFRERFTLE, BWNRERFLEZESGEALLS. UTOSTAIK
JNIZ U 7278 TIRER /KB ERT B T EPH N TN D,

H:O — H-++-0H, -OH +-0OH — HO:
BRALKROBRT TOERBEEIRNBENSVWEERERBD I LG,
(2) BEBEOCHMIILZNNERILKFOBENESRD, TORITTINITX
LERPEML 2SN H 5,

KETOREREELD, EBITIE, (1) 25T (2) OMEOEMBICEI>THY
— REROEMASECZEEZLS5NS.



6 1L, BREDEAZ-400mV 735 IT-800mV vs Ag/AgCl IR E LI RBICH
NWT, — RS BEREES LI EBONY — REROENLTH D, Wih
DREFEREICBNTD, AV—RERIZ. BEAERKELL THRW,

3. 2 BEEBEHICKIBELAROEREE

710, 8 ORETEFEZ2BHNLULARBERTO, BELKERECELLE
BIEL-ERE2RT., ABREEE 24005 FTRHEHAREBTREZB AL, TOE
X, REEOBM %-500mV vs Ag/AgClLIZHIEI U7z, BELAKBEORER KI KA
KERAWELAREIZE> TEB LM, BAREIZBIT 2BER /KR D EREEL
0.029 L mol L'lst TH- = DI L. BAHIHZOEEIL 0.019 tmol Ligl £75o
7o MEDZE 0.010 £ mol L1s1id, REETOBBLKEORTICL>THRELSE
N EHRINS, AIERORBEROEEN 62mL THo Il &M, EHEED
WS BB ITHEEICHE TS & 0.62x10° mol s &£735, BEEL/KEDETRIGHE
2ETRIGTHDI EMNS, BHREICHRETS &

2+ 0.62x109 mol s * 9.65x104C moll/3.14 cm2 = 38 1 A/em?2

EnB, 50K — RAoEEIC BT S -500mV TD E87/256NZ 0 ITBITF 3
EREIE, FNEN 1140 Alem? & 220 A/em2 TH B, LIEZDH-T, ﬁ“ﬂzﬁﬁ%
X BNV — RBFEEMON 4 ENT, BEELAKEDOETKBICE > THHONTHWE &
Hr x5,

B8 izid. HERBRLATE 2700s IBEDOEMBEICH T, HBEOEI 2-800mV IZ
I LB OBE L KEEBEORKELETRT. BRABRERRK7 TOBREFAUL
E8 L7, BREEBMAZ-300mV ETETEES E, -500mV OHRE EIERITD.
ENMEHEZCD S &, BER{LKSBEOEMIR<ARS. LT, JO&EE
TTIE. BERRETOBRBRIAZOEREELFRUEET, ABRETOBERLKE
ODRTEGRELC TS RTINS, BRRETORBRIKEOEREETHD
0.027 tmol Lls? &Zff7s, BB KEOEBETERMEIT 102 Alem2 &735, K5
IZRENZ. -800mV TO E8 25N 0 kB 5h Y/ — RBREIL. TNEN
280 L AJem? & 80U A/em2 TH B I EMB, ;oaiz%'ﬁ\%;f&%ﬁf 12k B HEINg DRED
BB EOBITEGCX > THEINTW il EN S,

3. 3 BEREMIZLD IHHBOElL
EMBMIINT S TIAHEOELERNT 220 BXxOREBLTRSUNTE
RREBTOFF > OBHERAE L2, BFEOBHBEL F8 A4 L,

15 BERAHOBHES ICP 2RAVWTHEELZ. BREERIITRYT, WINOE
frlicBNTH. LD BEBENE N E8 ITHBHBHEN F4 TOMREZ EH - &,



LsLeds s, BIREMITHHT AREEIC OV TIE, BBV (BTtBERIc e biE
E) BHEIMET T EWHERE o7,

3. 4 BEEERECES TV EHEOTL

pH=8 DBRIE CONRBREDHEENLTE THh B-500mV vs Ag/AgCl 1T\ T, F2,34,89
DISET 15 FEESRBHE R RN, F4 UV OBEHEEREIEL, Bbhi-T—%%7 1
v M LT, EODIMEEEZRDIFHR, EF R TICRIT S7EMHENL 2.90pb LEEX
in, SNEC RV EREEER L 2 DZTECCTH Y . ARSI BRIEIC LV IRE L, BER
TROEETL 80mL Th-o7t=Z &hnh, BEIKOLES 1 LIREL T, 0 Tt IFHEA S
THE,

2.9x10%kg L1 /15 hours * 80mL * 24hours - 365 days) =1.4x104 g year!

Liph, MAEAERR OESN 20mm, F¥ /@t@fi 4. 50g cm3 THBZ Lnd, FEET
TOWELEREEEIILIToL Y L5,

1.4x104 g yearl,”3.14em2,4.50g cmn3= 9.9x10%cm year'=0.1 x m year!

4 BhylZ

BEEBEHEARATAE Z LK. BRRKETOMNIEROEE S, SRROFEERESER
THETIFREEZER UL, ZOHEEZRAWT, AGREZBIT KBREDEEEMITITZT
ZLNWEEZORD, -500mV vs Ag/AgCl TORIF ¥ L DETEERESHEE L, T0R
£, 0.lpmyear! L OWEENSON, LHURR S, ZEEREOEHICAY ERIEER
Vg 10~20ppb BEIZIEE T, ICP TORIEENVEEEILT LEFERTHD LITE L
20y, S, EIBEEORREEEREE L SIT oW THRNER IR, KO KEREE
BENELNA L HITRLCOLLERHD EEZOND, T, BRICFAERLUICLES
FORERNS, BEERNTOWERIIL, HEREREOERKENFEL TEY, 2D,
ERECOY Y — FETEROFESH, BB KEOBRTRINI Lo THLIW TS Z L%
BR L7-, BB LASRITHETROBR TR THART 2 Z b, ZOFENTFF L OER
WEEE 5.2 DHEINIONWT, REFEDIVERSHD LEZ OIS,
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