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BRILERITBITBING — R
~ IR AR AT BRI ERA DI R ~

KIRAS « KFEEHB T2A5EE +7 FEAKX  (Shuji Nakanishi)
Graduate School of Engineering Science,
Osaka University

1. BB

FEE. FIHAIYA T )T/ aP—MERERTVS., INREET
N%X@%%%k-%%%k-%4>%UV¢>F%~%I*M%E@@%E@
%%%%wﬁﬁ%ﬁﬁamofwéoit:h@ﬁ@@#/%?ﬁﬁ%%%%b
TEVESREAREL TWBEERD L AIUSET EWIEHR T, ZHNICHRE
FEpHHHETH 5.

F YA LY AT )T 7 aP—=AOERT TO—-FELT, Bl iU T
(DRERDYEY Y 757 4 —DEERE . (QBERE L TE /L STM, AFM. SNOM
nEOERETO—TEOER. QA TROBECHEBIL (Self-organization) DF|
. ARIToNG, EESIIF/YALIAF /T /AT ORFIEEE
E%KF#%%mﬁﬁﬁfiﬁxmiéaam@kj&:mt;%f#/%ﬁw
OB ZEELTHREEDTEL.

R, FEMBBEAFICBNT THTARE SV FENREDND.
—%K,iyﬁEJYE.%E%ﬁ%(&mﬁ,ﬁﬁ%ﬁ£®%mﬁﬁaﬁﬁm
FIREN TS, LA IS 3SR - TERICEDS B ECEMRLETDH
1. Lehn 2 £ 12 EH B & A (self-assembly) TH B[1]. KD H O L &, e
%ﬁﬁ%tﬁnéé%%muXA@Nﬁwy®%&m£\%ﬁ&ﬁm?%%%m
#ﬁ%%tﬁméﬁﬁﬁﬁéﬁﬁo$%T@z§m5%%maamﬁmw&ﬁ%
m%&bf%ﬁm#ﬁﬁﬁ%tmawyﬁm%mnhH\%hm&%ﬁﬁ%ﬁ%
BIZDWTHET .

2. BRACFRYEIE

9-1. {biRE s BRIERE
ﬁ?ﬁﬁ%ﬁ%%ﬁ%ﬁﬁﬁ?éZ&M%f@&<ﬂ6ﬂfh%ob#bwﬁ
ISR — A ERRBREINTN S, IS BILER SO TREBR 2R
Ol Belousov-Zhabotinsky Kis (BZ K. R ORI ERGER) <50
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THHEMETHADI[1,2]

LML C Ut —BEROETH> T, BRILFERITRZRD ERENE<ER
T< B, BREOBRIIL- T, SEROEREMR. SEOWM. KR, TR, AY
J et & OfiE e E L. BEEAKE (Ha02) . BHiEE 1 A > ORI E,
FE AL TOROBEERGTHRENEHINTNS[86l. ZOZLE. &
B 2 R TIRETHEEN T —BNBBERTH D L ERL TN,

BEALREH N ENF EHNVT VA ERTLDIT, HESHBHELTNWD
I%%@k?@ﬂxm@@iﬁﬁtﬁh%%@@ﬁ%FglK%?WL%%EE@
RS, SLOREDOELT, £ ORBNENT DI ENTNS,

£
<
z
@
3
g
=
Q
“g Potential vs. SCE/V
h
2
@
o4
3
5
5
[ &)
Potential vs. SCE/V
Figure 1 Electrochemical oscillations of various types, appearing in H20; reduction

on Pt electrodes in acidic solutions. Left figure: 0.3 M H,SO;4 with (a) 0.1 M H0,, (b) 0.7 M
H.0,, (¢) 1.0 M HzO,, (d) 1.2 M Hx0, + 1.0 x 10° M KCI, and {e) 0.7 M H,0; + 1.0 x 10 M
KBr, all under potential-controlled conditions. Right figure: 0.3 M H,S0, with (a) 0.7 M H202 +
x 10° M KCl and (b) 0.7 M H,0; + 1.0 x 10™* M KBr, under current-controlled conditions.
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2-2. BRALFRYPIFDER

FEEERISCEHAENALTVW I ERIMREORRERTH N2, HER
BZ KA EH XN/ O 1950 8, TN I NAK LR 72D 1960
ROBETH B2, ZHICH L TERKILEREOMEOREIZ 19 HACHEICE
TEMADIES[3], 1828 #EIZ Fechner IS EMOBMHICBRRENHANDL L%
BHLE, COBKI3IZ0%S Joule. Bartlett. Franck. FitzHugh 512X 05l
PRI, 1961 1213 Franck SARREAASBEEFINEREL TH
B,

BEALRIEROTIEIL 1980 F 250 SABITIERICR> . ThidBZT5<
1975 O J14+ ABADOHBE, 1977 £ Prigogine D) —rRVEZEENEEL
FOTHDD. FEBES A F 7 ADPFROBELICBENTH D —DENTIE
mammwm\4#U2@&$%Tmmgﬁu%zﬁmﬁﬁﬂa~>%&®ﬁ§%
FREREHLEZETH BBl KiEIIUT, b2 vy 7 & DR S BER O T R AR
FHBET DI, BB EREETNVETLIC. BRI SR Y 7
ﬁé:tﬁ;Oi&%ﬁﬁ~yﬁQMé:aéﬁbto:@iﬁﬁﬁﬁ~>ﬁﬁ
£ Tld Turing /3% — > EIEEN TN S,

Tumg@%?wmﬁﬁﬁ%?wf%5ﬁ\:m%%%mm%%ﬁémy~y
ﬁhmﬁ&@1%2ﬁmBzﬁm%TﬁﬁéMEmo%ﬁ&%%f@é%t1e$
%hfzwlﬁmﬁﬁéMEhmo~$mxﬁﬁ@%ﬁ@%@&miﬁb‘ﬁ@@
e B LUy — SR OFE T, BLEALER TS —BRRICRE EBNL.
BZﬁﬁ%fﬁ&%SEK&E%?Wﬁ%%éhJﬁﬁEK@E%@N&W)Hb
2ey) OEREMNEZEIN, L0 X D1 1992 FIZid Turing N — DB S
TW%n%ﬁmﬁ%TmJ%ﬁyw5mmcfﬁot&@%?wﬁ%ﬁLmUJm‘
;N — SR OBZE S 2 OEN S £ D < FHRENITIAE S T,

9-3. [LiEHbHE EBAER

MR REBEABERETIOLD frok I EMNB NI, HEOMTHR
BOHEBIBCRERBNRD NS TH D, — AL RIS RICIREA RN
27 ot BOEEHE (autocatalysis. HBWIEEDT A — RN 27 Hh)
DEEVPDBETDH S,

IR TIRBARIC LSRN O, (L2 R B T AR IC L
AENITWNS TH B, 25 BRAFERTRE, {22 HeHE & 3 OERA7R
Kkt & o T H CASREAEN T 56, DFD BB I AERIHE
#1 (negative differential resistance, NDR, Fig.2) MEET DL, N EVETRIR
v (EIRIEH) C Rk BBMET LAy TV LThd (RIS OHME &3 ERERID
H ORI T< 5, L2H NDR EEERT TOREEERZEICES
RS OREDEEMEOBESC LD LELIZENT 2. M THRE D LIEL
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RN TL B EITRD,

TNETICHE SN TN ABEEHEHOAFITZ O NDR RS HsN
%, FTT. LI O NDR BURENZDWTEL <HEHLL. HESIZLAMER
BRG] & UTHNT 5.

Y

E

Figure 2 Schematic illustration of a negative differential resistance (NDR).
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3. WEELAROETIZHS BRI FREZHR

3-1. HBRFE
BECERTTERE O 3 BRI RN TIT > 2(Fig.3). (FAEME L TEHE

B Pt S(SHEE 99.97%. H1E Smm)EHA L7z, Pt EMEY > RA—/X— LR
Sum. 0.lpm. 0.04um D7 )L 3 FRF TIRARFELZ, 10 mmX10 mm O Pt
WA, Bfh 0 A B (SCE) 22BEBe U THEALL.

Pt BB EMY AR 2, AL VRIS ETH 1 4EN—F—Tm
M7, ZO%. 0.5 MBEEKERTT025V & 1.0V OMERDE LB
AR LT, RIEHIEREE & Milli-Q ABEKICKORAEL.

S — A, B - SIS E T HAS0L BT 2 a IV RS
v k. HEZHE NPS2 BF iy 7Orov—itk DREIELE. T 5l
National VP-6415A X-Y L 0—4 — & Mac ADIOS 11/16 I & D ik L 7.

RE WE CE

“’j‘,'
salt
bridge

i Ptwire

i
porous

COTAMICS o oo o
p1mm) 2mm 40 mm

(@) (b}

Schematic illustration of a Pt wire working electrode (WE), a counter

Figure 3
a), together with a Pt

electrode (CE), and a reference electrode (RE) and their arrangement (
disk working electrode with a diameter of 1.0 mm (b).
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3-2. ERER

Figure 4 1138k < 72IRE O H202 EEOHRBKART TOERMBER TICBT S
E—E A R T, Figure 4@ICIIKBORE - HBEL - ZRTDIC
}Mbéﬁimw%%@%%%ﬁ-@ﬁéﬁﬁoum@25VTE5mée—7ﬁ
FRNIC BB, 04TV ICESNDE—7ITL DIEQBM THR S Nz Pt BRIV D
BILRISICE S, '

Figure 4b-e IR T & D12, H:0. OEITLEHIIK 0.6 V i smnH L.
0.5~0.0 V QAR THR#ERE & 725 (I : Figure 4b-e DOREHEIA 7 — )13 Figure 4a
DHDENKEN), FOBEHR—BMHHIZ0.25~-0.32 V OFET NDR ZRY
(H@Ahdo%LT\Hih%EE%<?é&%@NDRﬁﬁT%ﬁﬁﬁ(%@
A SRR AENBESI045 (Fig 40) [13]. Ry A i3 HO IBE DM & 38
Iz TV (Fig. 4d) A%, ZAUIH-032 VAHETHEILL., BIOKRE Uk
B B) 750.35 VASERASENB XIS, 51 H0 BEEH T D LRY)
A & NDRIZHiIzENR <D, EFHBETARENL I DR,

F@me5@%%%%?K£Hé%ﬁ—%&%ﬁéﬁfoHih%%ﬁ&3M&
ENEEITIERERE AT 2 ANEH S 15 (Fig. 5a). — /7. H20: REZ 0.7M
BT E 0.8V HOBIEEHDOBMBEHERR S N (Fig. 5b.

N OBESIEEFICBVTEQL I BRERENERICETLTHRLD
MEBASEDIC, BRERTOEEEEORT 2 FEMSTRRELL. TO
grm Em Bz B TIHMEEFRRBI BV TOSBERE 5> ORAOFEAENH
%éhte:@1&@6‘ﬁ@B@ﬁ%ﬁﬁ%Tmmi%iﬁmﬁ\%%%R%
T3 HeOp DBTER IS E & L THET L BBICEM L TIN5 ORISR EIIH

 ATWALOEEZOLND, AROEREEMEH THT >R, PED. &

BAORETOLEAEDORE URERERE) MEEINE, C0I&id, B
Birh . B EATREE T He0p OBILRIEH, EELRE TIARRRAERIEAE o
TWbZEZERLTWS,

E@mﬁﬁ@ﬁ%A&E%Bwﬁﬁﬁ@@ﬁﬁéﬁﬁuﬁﬁA@ﬂk@E%
M B, B TREFHOESMEIEN. L. BT 5 IRE) B THEHKR
HAENEBICEI > TWBEDTHDLLEZEALND,

Figure 7 ICI3BMREIEWO pH DX EEZRT. 2 C IR TR R Fig. 4(d), 5(b)
A LT N S BEMENRETESNEBOTH S, ZOLDIT, pH OE
WZ R D IREEENARE BB ENHSHER DT,



1.0 0.5 0 0.5
{
RSN
(a) 0.3 M Ha804 !M,»M NS
0.2 mAcw?
(6) 0.1 M HzO2 [
+ 0.3 M Hz804 ]
; 1 0.1 Acm2
I
i
{
Z | (0) 0.3M H202 P S 4
£ | +03MHSE04 /
o 1 0.2 Acmy?
% f';
g / osgillation A
© i
{d) 0.7 M Kz02 e
+ 0.3 M Ha80 ¥
I 0.5 Acm
oscillation A
oscillation B
}
(8) 1.1 M Hz02 ! =
+ 0.3 M H2804 \/
I 1 Acm2
oscillation B
i i 1 i
1.0 05 0 0.5
Potantial vs. SCE/V
Figure 4 The j-U curves for a 5 mm long Pt wire electrode under a

potential-controlled condition, with the potential scanned at a rate of 100 mV/s for (a) and 10
mV/s for (b) through (e). A horizontal line for each curve represents zero current. The solutions
are indicated in the figure (pH 0.6 ~ 0.7 in all cases).

~1.0 -0.5 4] 0.5
L { 1 1
(a) 0.3 M Hx02
> | +0.3MHz804
‘@
=
O
[ ]
g
E 1 (1) 0.7 MH02
©w +03M HQSOQ e e
io.s Acm?
e
1 3 !
1.0 05 0 0.5
Potentiat vs, SCE/V
Figure 5 The j-U curves for 5 mm Pt wire under a current-controlied condition, with

the current scanned at a rate of 1 mA/s (a) and 3 mA/s (b). A horizontal line for each curve
represents zero current.
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® [027V

¥

Current Density 7 Acmy2

-3 . . .
Time —= 1s
Figure 6 Currents vs. time under a potentiostatic condition. The solutions are 0.3 M

HoS0,4 + 0.3 M H,0, for (a) and 0.3 M HxSO,4 + 0.7 M H,0, for (b) and (c). A5 mm Pt wire
electrode is used for (a) and (b), whereas a Pt disk electrode is used for (¢) in order to

decrease the effect of gas evolution.
45 10 b5 0 05

i 1 i i 3
1] 2
(&) 0.7 M Ha0; i J "
coamHCior i
| oshem?
> |
@
0
g
S
5
(&2
promen
(b} 0.7 M H202 ) =
+ 0.3 M HCI Mk
/ /’/{ I 0.2 Acm2
] b L - 1
A5 A48 -5 0 05
Potential vs, SCE/V
Figure 7 The j-U curves for 5 mm Pt wire under a potential-controlled condition. Scan

rate; 10 mV/s. The pH is 0.60 ~ 0.65 for both the solutions in the figure
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33. AH=Xh, ¥YIalb—var

TNETICHRARTELERLD, Pt B L TO H0: DEICKINICIIERRS 2
BEOBSCRRENELCD I EEPHOMTILTER. Ho0xBEEL T R VIBE
OEFNCHTIHRNEE (Figs. 4, 7) 1. NS OREN He0p &7 0 b 2D
TTOBERBIZE > TELCTWE ZEERRLTWS,

FTYDICEH A & B OEER. KRERRETENENEDX D BRIGTE
ZoTVNBEOMIEDONTEET S, Figures 8, 9 ICIIR L OfE#EHEARNTIRT .
BRI AT & 5 17 He0p DBITLIT 0.6 VAHENBIEED, 0.5~ 0.0 VOFERT
EE s, TOMCOBLIELDADBENSHBES. JITI/RMO
B 2 BEOTOYA, TROBEEARDLEREKBRERE, N5R5T
CIRBTAILERD D, HEAEOBRIT 2 DOBITE—7 ELTH-0.08 &
019 VicEE a5 (Fig 4a),

H*+e — Hz (upd H) (1)

ESTOBE TR, COBOWF KRIIRE THEA PR TOMICAEL . KRRELE
RISICIEZE S Lan s &8 5T 5[14,15]. T OROEEKEE updH
(under potentially deposited hydrogen) &FHEN %, 5 2 B DK BRE RIS
0.25 VI SIEE HEARMERE LTINS (Fig. 4a). T DRFEFREAE G
A O O KFE (on top DN S5EL S,

H* + e" — Haa (on top H) 2
2Ha,4 {on top H) — He , (3)

Figure 4 & 0 NDR (He0: BITEHROWA) 13 upd-H BRIz B 2 D0ELE—
BOSLLUADEBMNTHEATWDIEAZNS, TOC EMm5, NDR & upd-H I
I 0 H,0; OETRSNEEE NS I ETHNS ZEARREND.

H303 — 20Ha4 (4)
OH.q + H¥ + e — H20 . 5

Thbb, WRTEINBLIGADTERSNS upd-H BREBICIOEESN
%, Hy0:® Pt ZEADOEE(HR) & WS RER, HeOq A% Pt KH - THEEERIIT
MEENBIENLDRETHDLEEASNS. (WRIZE D ERLZ OHag 1$E
BEMICL > TIHBLENE 2L H 50,

20H.4 — Oz + 2H* + 2¢° (6)



110

H8) A 12 NDR B ERTEHNS. 0 &iE. &8 A3 H202 BRis &
upd-H HREGOEFILOEN TSI L2RL TS, Sz L &Y
A OIEEFIRE & EEBRREIZ TN BN Ha0p DBITLRIEAE Z o TWIRNIREE,
HZ->TWBREICHY TS (Fig. 8).

TOEFNOEUMEZRRBT HEDICKEYIab—vaYEiTo T
Figure 10 IR T EBRILF R OEMER 2 b SICTUTOXPR 5112,

I=jA=U—3=IC+IF=ACDL%f—+IF ()

Q

ZoTIRARKENARER. A REEEHN, j ZERBE, USHEREEEE
fr. EREQBMEN. (UE REEXRESSREM (SCE) MoA—Iv IR
Ovw 7. RoldAMIERZRT. £z, BEUE - EEIER_EEORHEER,

LT 7 I F—BRERT. ZOMRBUTOL S ICESET T LIRS,

©_UE I ®
dt AC,R, AC,

& I BESIERE. 1. @, 6). OREZFEANTUTOXITHAES
N5,

I, = AD{-k,C;; (1= 6y = Opy ) + k1O —ksChy B0y + k8o
~k,Cpy (1= oy - ©y)+k,0,}

(9)

ZTTC, RERER TO HHRE, 8o O On FEFENZEN Pt-OH, upd-H. on
top-H OHEREET . kiv k1. ke ko ks ke FENEFNORIGOREEERZ
L THY Butler-Volmer DR TR TE S,

k(E) = kioexp[-—g—in—’l—:%_—E‘ﬂ)—}, fori=1,2, and5 (10)
k(E) =k, exp[(l'“f)”fsz “E)y fori=-1,-2,and 6 1D

T Tkl E=Eo TOHEEEHK, Eo X IBEORIEOV Ry D ABA., ol
TR, nIRBIEDRETR, FI7 757 —EE R G ARE R, T e
REEXKT,
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EERISTIE. j» Ev C,. Co. 8on. 6m. Ou AWRHICKET H2EETH

%, TOHTC, DREEFEEEIRRDOL D TERE S,

0yo ACho _ D
Ho —HO =~ (C}Z -Cro )_ k4C;10 (1 =0y —boy )2 (12)
2 dt By

7 T Do 13 Ha0s DIEHRE. Smo i3 H20: IEEUB DEH. Cpp 1 Ha02 DV

HBEPHFET, HUE—TEIIEBICE S H20: DOAERS, B IEIIRINITE S H202

OWEEERL TS, (1- 08— 8o DEIFZRIE@A Pt 22EY T hTOBHEL

27 L HaET, HUE—EHIIBNWTIE Nernst ORBIHEEET N ERHE L.
Fkilc, XE 7O R VBEC, ORMBEFELUTORITERTZE S,

5, dCi. Dy, : ;
; d: = 6:0 (Cfn "CH+)"{k5CH+BOH

—kIC;I+(1_9H _601{)'*"‘-151{ 'kzc:n(l"'aoy -0y )+k—2®f{}

(13)

- = C Duld Hr OB, onld HYOEEBOES, )13 H+O/ L7 B
%7, £/%E OH, upd-H. on top-H ORBERIZE LTI TORPLTS
nas,

dg s s
N, de = k4CH0(1— 0y = Ooy )2 -kCy.bon "ké'géh' (14)
N0%=k1cil+(1"‘91-1 _BOH)—k—IQH (18)
N, dZH = k2C§;+(1— By —box )2 -k,0y - 2k;07, (16)

T T T N M EEH D O Pt FEET,

Figure 1113 U ZAF ¥ S U BOSERERERT., BNE/NT AT EIE
MOE v 7 a IR Figure 1213 U 2—EICEE LB OstEHEERT .
Figure 11 R R ER TER I N BREMER (Fig. 4) 2X<BEHLT
W5, b, HO IEEMNMEVHEITIEINDR RESH, ThEELSTSER
A BENS L D127/ 5, Figure 12 b XIEERFER (Fig. 8) 2L <HBHLTKH
%, —HT. #RE B OREICHE LTIz 0EFNTIRERT D Z EAHRSM S
7, TOT &R REB OFEIIRACERNSH 2 L2RL TN D,

Figure 13 i36n vs. E DEHEREREZBOBROEDICHETNS. BL. B
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ONETOEMNE TEEICET ST LUTOXNEFLENS,
kCy,(1-6y) = k6, ‘ am

(10)., QDR TESND ks k1&a=05. n=1, Ew=E1 ORI L Do
BLTRENESEND.

! (18)

3 F
1+ —20 exp| —I\E-E,, + BpH’
ko107 p(RT( 1o + AP ))

Oy =

Figure 13 121%. 208 R T b 2/8F—A—F LU TFig. 4 {ZR9 upd-H
BB — 7 2ZRICANZRRE 7Oy L THD,

1

O = s expplE - Eyo + BoH ) (19

:m&onm&Hwﬁ%Kﬁowe1&?%022Vf§%bf@5:aﬁﬁfm
N5, |
B A RBAEOESI FTROHERRETICHATES, TTM0IC, RER
REEMNSEZZ B, = ORETIE H0: DBTTIIREITE RS N7 upd-H DT=DIT

FE SR T 5 TN, BT, € REBICKDRLITHEML TR, TDC;,

DOHEINTIZIT LA U T Ho02 B BIRBRAITHINT D,

Z 7T, T OEERIREIC BT B H:0; DB TIKZEADD LETHFET RS
D Pt ¥4 P TR TWB I EERRTENZL TSR, 2T HaO2
BRERITEEY 1 M1 - A TEHMT 5 2 &5, RO —
2wy ROy TORNZELES L, THICEDEOEMEN (B) BECYT M
%. ENEIRY T R T B E Pig. 12 107 T &S 1Ces EBD T 520, PtEY b
AL, FOEEELTEDE L O H0 BIRERIBHND K AT B, TN
TRUF 0 T T — BNy VERENE SN D, T OMEIC LD H0. BB
BizHEml, BERRENBNDS,

BERIETIIS < O H0: BRISICE D EBEINB DT, ERBIES

LT, “hck D HO: BRERImAIcE T, —E, H0: BrBERRE
BB EHRIFEEIIBEEDT 4 — RNy 7 EENMEE, H0. BTERITBEIC
WA UBEERIRENEUENS XSRS, NS0T OEANRDIEIND L
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ETERRINEHBHICHN D,

&
Eloctdcal doutin e

Sehution
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‘\\ ﬁ\‘l &1‘:'&

Fouition 3 §CE

Figure 8 (a) Schematic potential profile in the region between the electrode surface
and the position of SCE, and (b) an equivalent circuit for the electrode including the above

region.
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0y

Lot et

)
SR, )
3
P
o

-500}

i
i
i
L
F

g e Y11 Sy e g
0./ % L

Concentration (G« / M Currentdensity () / mAcm?  Current density {) # mAcm?

(=]

Polential {U) vs. SCE/ Y
Figure 8 Calculated j vs. U and Cuo® vs. U curves with U scanned at a rate of 0.02

V/s. Parameter values used: Cyo® = 0.1 x 10 mol cm?in (a) and 0.7 x 10° mol cm™ in (b) and
(©), dro = 0.01 em, Dyo = 1.7 x 10° mol em? s, Cu,” = 0.3 10° mol em™, 8y, = 0.004 cm, Dy,
=93 x10%cm?s", A=0.01 cm? CpL= 2.0 x 10° F cm®, Np = 2.2 x 10° mol cm™, Rg = 60 @,
T=300K a=05,n=1,ko=10x10%cms", k= 1.0x10° mol cm?s”, ke = 5.0 x 10°
em s, Koo = 5.0 x 108 mol cm2 s, kg = 5.0 x 10° mol em™s™, ks = 4.0 102cms’, kg =1.0
x 105 cm s, keg = 1.0 x 108 mol cm?s™, Eqg = E.yo = -0.18 V vs. SCE, Ez0 = E.20=-0.3 V, Eso
= 0.8V, and Eg = 0.4 V. Aimost the same results are obtained under an assumption of Cy.° =
Cu..



Figure 10

parameter vaiues used are the same as in Figs. 9(b) and 9(c}
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Calculated j-t, E-t, Cuc™t, and 8yt curves at U = -0.26 V vs. SCE. The
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4. BHIREEBRADEH

CHNET. HyOp DELKGICHT2ERER, BIOREETFNERLTE
o FORBEEFINERTHDEEHREOLHELFFRIERBMHMBRICBNT
NDR BB NB I ETHDIENTND, BNHASE. NDR = ANAWITHE
XED LR L U TRBSCHETNE SN S, HoO BUKIGOHEITIE. KIBE
R 0 THHIEMNE, TNICLEEERRIIAFETH>%Z. LAl K
BOBESES U TERER LICBAEMRE2FAETHE, BRIEFERIIC
I BRI L, KB, E£8i Cu BFIKBICHEEELTHIVEY
TF 2 Oy EMAZT NDR EEBKLERGEHFLEL. TRUTRKOTI DX
— =2 =) DS BREEEEES T IR Lz (Fig. 14), iz, fBIZH CuSn
BHEDEMRITHTFA L ERATEEF2EATS LT, £iED NDR LERIL
2EGESFREL. COBAKIEF /ATr—ITOZBEEERICKIILTNS

(Figs. 15,16) .

A5 OREERIEETFICETT S E H0 BEREZELTHY, &
Tt iR NDR BRI PHEHETNO—REDEHIERTHOTH D,
2O L3 NDR MBS/ FREE % BH KSR THETHIER L B 555
L EHERENESND I EERKRLTHED, SR 2 BB EOH L
WREE LU TORBENHEFEIND,

5. BEM

Nl HNEF—. e, il s — (1992).

o] SwFE. Ml LOEE. EPEROLZE -G - BEROT 1T 3
A, YT AT 4 71w 7(1997).

[3] J.L.Hudson, T. T. Tsotsis, Chem. Eng. Sic., 49, 1493 (1994).

[4] T Z. Fahidy, Z. H. Gu, in R. E. White, J. O. Bockris, B. E. Conway (Ed.),
Modern Aspects of Electrochemistry, Vol. 27, Plenum, New York, 1995, p.
383.

[5] M. T. M. Koper, in L Prigogine, S. A. Rice (Ed.), Advances in Chemical
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