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FermiZEfiL (2) B =

HPRERTUIVILETILTIE
- FRNEFEZEHEFOREEHGTT
o HAXLDFBEART O ILIZE T BHEFDSchrodinger HFE K ZE<
o MRAFHNCEFH (nyny,n) =nBEFD
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© IRLF—IFE = —h%k?
o IRIF—ELMNELE+IE DEITHFET DIRREE Z(E) dE HVKFED
o BF D Fermi-Diracist 24D (BEfthiEAERAINS) Z &M MBS f(E) A5
o EIZBIFEBEFH(EE) & n(E)=f(E)Z(E)
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FermiZE{i (6) BRAIELZER T vIL

ERANEF S A4 DFAE
- ERE-EBRARETOYLT
o IRILF—(BEFDBWAKHZIEDYTIZHF = RYEL

BRIDIHE
- ‘BRNEFITTIAZIENESD « TR+
o MIBFTIHIIRILF—IZENIINEE. E/IETFIZESLS]

o AX D FRHNEFITT2ZHIEINMED < TERIEFERTUIOYILIOES
o IRFUUNILDEMNEAIC
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BABDIEFS : f54%/F2A8, 1EA/ 8B, 7 /—k - ) —F (1)
A 3=V TIIHBIEIRRT D B
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S, BIEAAN>THND, EFETIERBASKEINZEFEZFHEEVL, BRIZBBENSEBATND,

KEEM E= RO
—HOBEDS5, [ OBFENADOEE, EQOEE, TSAOEL. EEAROEEENHERT/—RITHLT 5, RETE, Eitr
DEHE L, BB LT ICEBEERZENSLN,

ERRXREHMZHRROBEEDE X

BRIEEROT/—FTRBERGHAHEOHAIC, HY—FTHETOFAIETS 5, IXOBENDSS, BEOBES(KYIE
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AR DI : [5185/[218, IE18/ 88,7 /—~ -7V —F (2)

Bard &
e [Electrochemistry Tl
DEE ||o Anode = BE RGN E=X2S R B o electron donor (source) D39}V ERIZ AT H
> = A R ~ —
o Cathode = IZJTTRILMEEEZS electron acceptor (sink) A9+ ERMN S A

1 ETOBMEHEETHE

BhCl
> Anode = BFZ B HFEMIZHH

BN ANAD

BHOSEIEFESEL

Anode/Cathode MANEHH->THKLY

ERNEETIX
o Cathode = B FZNMEEYIAL = BERMNANET
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S i Bagotsky DEE=TFTAFDTESE

p.10

mi

When an electric current is made to flow in a galvanic cell, the current will pass from electrode to electrolyte (“enter” the electrolyte) at
one of the electrodes, and it will pass from electrolyte to electrode (“leave” the electrolyte) at the other electrode. The first of these
electrodes has been named the anode (from Greek ava, “up”), the second has been named the cathode (from Greek kata, “down”).

It follows from this definition that the designations “anode” and “cathode” depend on the direction of current flow in the galvanic cell.
An anode becomes a cathode, and vice versa, when the direction of current flow is inverted. Within the electrolyte, the current flow is
always from the anode to the cathode. Therefore, the positively charged electrolyte ions migrating toward the cathode have been named
cations, and the negatively charged ions migrating toward the anode have been named anions. In the external parts of the closed circuit
(“external” relative to the electrolyte), the current flow is from cathode to anode.

p.11

Chemical reactions involving electrons are called electrochemical or electrode reactions. Reactions at anodes are also called anodic, and
reactions at cathodes are called cathodic. At an anode, electrons go away from the junction into the metal; hence, an anodic reaction
must generate electrons. Similarly, at a cathode, electrons supplied by the circuit must react (and thus are eliminated from the reaction
zone).

Electron withdrawal from a material is equivalent to its oxidation, while electron addition is equivalent to its reduction. In the anodic
reaction, electrons are generated and a reactant is oxidized. In the cathodic reaction the reactant is reduced.

p.18

According to a recommendation by IUPAC, the anodic current is regarded as positive and the cathodic current is regarded as negative.
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HH>EFED N EE

1) EXIEZERITFIE (electroplating)
- BRBRAAL M EHY—K (I218) THESES
- BEEEAT L AU(CN), (EHLZE, FHHFAuC)

- BAAUTEAY—RTRBLS — —
o LEEREEEBETRET

AT RAEBMNTERA BN EEIESEL
SEAAVRIT O RIEIZLLDOABFIAH S

[Fe(CN)g]* + NO,” > [Fe(CN)sNO,]* + CN-  (Robinson & Heslop p.700)

2) BRIKENZKBiLIE (electrophoretic deposition)

c ERAZTVESTCHBIOAHFEEBEDRTRIYSE . IEZYMPLTHRESESD

- LIS BIE TEIT
- BEIHEEETIMEHLNTIVASLLY (Wikipedia)
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BEIEFRINIA Y — (1)

AAMEDBRBICERRICEAVWS=>BFRHERET S

BIZ LT IV a—REERIESS
> Glucose oxidase (GluOx) &Z M FEEEZR Flavin adenine dinucleotide (FAD)

GluOx (FAD) + Glucose - GluOx(FADH,) + Glucono-d-lactone

GluOx(FADH,) + O, - Gluox(FAD) + H,0,

° FADH,DE&IEZERALFRIIZITS FADH, Glucono-d-lactone
- ZOFEETIIMBES
H H
rd
o FAD Glucose
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Mediatorz ALV TERE =2 EDRRELTEHRIN
> Ferrocene FERKF
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IEIKPIZBITARAF—ILDEER

EROER —iRH

- SR EBIEEELIZL
© BERERNETAIVMICERET HEIVAREMMNTED

- HEBRAETLIY—LBESAERNTEEILLHD Pl
o IKFEMEFELDDHINILZETO, 8250 (Atkins, H5hR p.1026) Fe

o NMBREZE->TEREILTHENHD
o PILEMLTILIA+

AF—ILDEE
o XFEMMERAK+ta (a=¥E, pH, etc)
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AF— )LDEE :cOMSOLxE A (1)
“Carbon dioxide corrosion in steel”

BEWMKE: B8 I5ER

INATHRHDEHARDIRITETIL
o RETIEYEEL. /LY TIEELR

LRI (438) LHLER
> CO,, H,CO,, HCO;, CO,%, H*, OH-, Fe* (7F&)

I ERIEF R (438)
° ¥i, =0 =+= Open circuit potential (OCP) D&

pH K77 14E

2017/10/11 15




AIEID 74—k
AF—ILDEE : COMSOL:E 1 (2)
“Galvanic corrosion between zinc and carbon steel investigated
by local electrochemical impedance spectroscopy (LEIS)” (2013)

BEKE BEEE
LEIS: Scanning Electrochemical Microscopy (SECM) D —7F&

AV K
Zloc = 7 Uoc = A(PE; AV = Ey, — Eref

lloc

Zn-in-Fe rod, Zn rod, Fe rod, imE B BE, FH3ENaCI/K B &R
Open circuit potential (OCP) vs time ~ conical
Global EIS

Local EIS
o Linescan:Yvsr

> Yvs (x,y): COMSOL
° Y(w)
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AF—ILDEE : COMSOLE 1 (3)
“Interactions between carbon steel and UO, corrosion fronts
inside a failed nuclear waste container” (2015)

BEWE BRIENDHLATHY

PAFIFRME TlXa#RIZK D1 AL TH,0, M E K
BRAERBIDIERICKOTFe N EH, N ERL

LPR (linear polarization resistance) ;I : Ecorr H5£10 mV$®5|
Raman#Jt EXRDZ 3 FH

BREEDIaL—3Y
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AF—ILDJEE : COMSOL:E 1 (4)
“Numerical simulation of carbon steel corrosion exposed to
flowing NaCl solutions through an annular duct” (2014)

BEWKE: BFO,

MRS FIRIREEZIY ANT3D5THE
Navier-Stokes/Nernst-Planck/electrochemical kinetic (Tafel)
Fe>Fe?*+2e

2H,0+2e->H,+20H

0,+2H,0+4e >40H"
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OCP (open circuit potential), OCV (--- voltage)

HYJ—Fk- 7 /= FREIZERLI-EEDEA
ci=0 Qi =Yi) NMEHDERILFERIGIZDOLTHEIL (JEFEL mixed potential)

- BREDESILF e e
o MRS BELZESITTLY
o EDLIZEBRIMN-FoTHLENEFIBERILERENFELLZTNILELMLITTE 200 ETILEE
o FYMHBAROBESIEZRIENEFENTONIEELMITE NS
c BHOEBERILERIENMILICHEEINIL i = 0 [FRRTED 400
o BIZIE Fe?*+2e” > Fe, 2H*+2e > H, -
CNEXBRIE DN FEERL 600

o 1 B A (4l 1E] ] |
ci=0 (1=1) MEFEDERILETRIEICDULNTHAIL o I )
© §:}ﬁ%‘!§:um I)ILhTL\ét%Zé L Ll L L L L

~1000
10° 10 10* 10° 10* 10° 10% 10

¥

log |i|
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o ERELTIE
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1
c 1) EREEME = EXLF TERE. EDL OFEIA AT AE
c 2) EREER = EMEME

o 3) FERXREFER = pniEd (BERIEH)
o 4) FE{REEE = Schottky#Efl, OhmickEfit (RTERIKRTEE)
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B _EE (3) Gouy-Chapman-Stern ETJL - b
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> x4 [& IHP (inner Helmholtz surface)
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B _E & (5) Gouy-Chapman &Y

174 T EEE)
o n* [FNILDRE
o ¢ ITEBBLEDRTUIYIL
> 0.1 mol/L T 1/kx=1 nm
o x =0 CTBXRGHE
- RMEBERNEE

tanh zq¢/4kgT

tanh zqoo /4kpT
2n*

ercohp™

= exp(—rax) (5.30a)

(5.30b)

K= zq
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B _E = (6) IUPAC Report

A.V. Delgado et al,,

Pure Appl. Chem. 77 (10) 1753 (2005) , IUPAC Report
“Measurement and Interpretation of Electrokinetic
Phenomena”
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ERIELFNER 2EEBEZRVIZHK->=0DIE H. HelmholtzT# 3 (1853), SEEFHHEIZT A1=-OIZ +1{lIDBAF & -
HRDIEAF U NB =B EREBEZALD BROBAZHEARICRELEOMNE 59@TTHY, EBRELICHMT D
BREHEFEDEREL DM A UABBERYBEA TS, /A VIEBEFHE T EHICEESINTWNADTIAVT
VHDERAMEBTND, - THER=CELD (B5.9(b),

VERMDFIDEEBEDIER d DIER, PIZIEEESF (RO=ZAR) CXET7AvI7DLNM =, HAHNIEAF
vBEROKRSESIC J:oflkié&%ib‘néh\ EBNTGA—REZZTEN RYBAEAF U EROHBRELEDB L
DEFROMEIELATHY, ER2EREFRLLTEIERHIZHETH S,

(BIED) BRI x = 6 IZERPLGEVRY, FIRDx- ¢BRIZTO NG,
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X (5.36)THLND C,DEITBBERL ¢y HELEILERITEZ LD, CORDIBVDITFRENTHS. CORBNET HHE
HIE, BEBRERMFSOERMNBEBICENE T THLEDITENOTHAING, (AR HEBEALES [FNILELNO. Stern
(1924)), ZDF=OICEAF N RBRETIFETRESZELDETNEL HAWTBE D FHNEBEZEOTLDELTHEN, O
DEITEFRLTHWV=OHNRS11THY, EBREDKSF [ER5.9(@)EB TS,

FTILFWELLBWGEEFEZDE, /A (OB ITEBREN DX = x, DEETEIKIENTES, COEEANILLRIL
VEEWSA, COELICEEEREZEES DL EGN ., COEDNMITIA U IIEEFHES DD T CET —(-FrvIIY
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VENHRER (BB EDERERZIFEFLIWDEFS) EDLEZESTCDEDHRESTEC ;M KDOLNS,

Ffz, 0 <x < x,DMBEFELATILVEBENLY, ¢(0)IFEMRMIICEIET D, ELT, COBRBOEBREN D) — ¢, THHIEAND
HEBE(GEBEADINTEL MR, COBMICHIET SHEBTEN (4& (DEIIEKETHLND.

LLAA VA BBEEILFRIBEET D ENTENE x = 1, (< xp) FTAYRA, ECTERMSBEESNSD, TOLTH =G
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BSRIMAE EFH T HEFermiZERIHAE T AN
= B = ity (0x<Red) DE —T S IMBAE TS = &L S
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Arrheniusl| rate oc exp (— %)

IRIREED R T ILDAY EMBE
o SERIGDEEEABAV THS
o W RIGDEEEA AV EAS

IRREDIRT v ILHAV EANBE
o SERICDEENBAV LHNS
o MWRISDEENaAV T NS

a+p=1
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an (EED)) (8.11a)

| ( ‘\&RT
knso = Ealexp (*an( _ ED)) (8.11h)

nazakd HXEHZ

-

a+pf=1THsAhIna=a ,nf=p ThHnlLa +p =n (COMSOLR)
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E = E°Tkpyo = kopr CAEEET B (8.12)5

o [co(o, e (_Wf(gT_ E“)) — Cr(0,1) exp (ﬁyf(gT— E°) ”

E = E,,Ti=0THHERETHE (8.17)3 TRE

, . CO (0 t) TI,CE.F(E — Eeq) (7}:-;”(0j t 'H—,;’B’.F(E — Eeq)
l=—1p C* e}{p — RT — C‘* exp RT
O \ ' ' '

R
{EHN1 THMIX Butler-VolmerD =,
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Butler-Volmer®=X i = —i, [exp (_
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BB DIEEBFE (8) Butler-VolmerD4FRIEEG &

BEEI 53 /hE0y . vFi
i = RT“ (E — Eoq) (8.23)

© OhmMERIA YLD

BEEMN+5H5KEL i=ig e®AF (8.27)
o Tafel D=

o ESES ST THEEISHE

- R BTENHD

i(HA)

10°

EH 60)7‘5;‘%'@-‘6 iO 75§?%=6;h,é 400 200 0 200 400

E-E,(mV)

8.6 Tafel 711w b, a=pB=0.5,ip =10 pA.
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EREBEEFERED

%€J&: charge carrier (e’) DR
o 4Agl*Rbl : JREKIFEDEILY, 26 S/m (25°C) solid ionic conductor

F3B{K: charge carrier (e, h*, /A V) MZLLW=>BRZEEH(FZOMF5(0.01~1 um)

. pniES (ZHLBB ST Teharge carrier 7 (O BEL O £ = KI5 E;
T|O2 O REIZ e NEYAEN S IR KIGE]
° ZrO,"n Y,0; : EmCO [CRAEE>RBEMAEISIVIMF

> 1000°CT 0.012 S/cm (n=0.11)
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Operational amplifier CMOS transistor
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FEI (1) Ve=V_ Ths. -OWEZEEGEED S TEE LS,

FE (2) + BFL — BFICEEROHAD AR (ATER oo Q).

B8 (3) HABTIMIBOERLETE LS 3 (HAEFA 0 Q).

(a) . (b)
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MNT VW WY
Vin
-
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A
5.6 ATV TOEARER, (a) REZEIEERR.
(b) FERURIBIEEFE,
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5.1 A A VOMREE AL, A\ OfF
HT 34.96 (349.6) OH™ 19.91 (199.1)
K+ 7.350 (73.50) Cl™ 7.635 (76.35)
Na™ 5.010 (50.10) | CH3COO™  4.09 (40.9)
NH; 7.35 (73.5) (COO)5™  14.82 (148.2)
TrisHT  2.972 (29.72) SO5~ 16.00 (160.0)

Bif712 mS m? /mol. () NI S em?/mol A,
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B2 RDER (2)

Bi1) K

H* & OH M ERZEE S

o, = 0.055 uS/cm = 5.5 uS/m, 1lcmxlcmx1lcm DR THNIL R=20 MQ
#12) KCl K& #& (0.1 mol/L)

K+ & CF MERZES

0, = 0.0155/cm=1.55/m, 1cmx1lcmx1lcm QW THILILR=700Q

f513) conc-H,SO, (Bagotsky p.11)
0, ~08S/cm=80S5/m, 1cmxlcmxlcm D THNIER=1Q
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BBt )L DYFE

Tt I-E % @ (

g
TEEXEHARET L E

o EHLELEMRITEALNBERIED

b) Eexr, f/ﬂ/ ‘—|f

5 6.1 %fﬁ.@ﬁﬂjj BFE CHAEMRI 2H 5. (a)
BOER (1 > 0), (b) fUER B K OTHR (I =0).
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