58, No. 4 (1990)

341

ZXRESIEERF VY v IVBRIOEE L
L.C.0; RESBILYDOKBHEBTOREENDILH

B

WX, BHF EF JIE ZEth, LBEEIEZ

Constructicn of Electrochemical Potential Diagrams for Multicomponent Systems:
Applications to Stability of L.C.Os-Based Doube Oxides in Aqueous Solutions

Harumi YOKOKAWA®*, Natsuko SAKAI, Tatsuya KAWADA and Masayuki DOKIYA

Received Jume 28, 1989 ; Accepted December 15, 1989

1. BLHK

&R LEOLAMOKBENTOLEREBA D H
FEHE Eic&/RT 5 Pourbaix X3, /KiZmAN O EEH
5T 2@~ O0NH (&BOERNR. BN, WK
nE, %) THAEIN, T BETR.(DEVE
BToRRIOEE, 2)REBBR~DOHE. Q)BLE~D
R IR ED SN T VB,

i, BXR~DHLBERMEMLENBE» - 38
BEThbd, fTEBEFAL K Pourbaix REIEELE
OHMRCBVTHETROBM - p HRIEERT 287
BiRobhT&lk, 2L . M{-M2-H20 (M1, Ma=%&
&) RoMFEiRE L BEDCubicciotti'® itk 3 Fe-
Cu—H0%RBN-p HEOHMESFEEIWIEETH
%,

CDEIIR Mi-M2-H20 Z~OFRAMBDLIR VDI,
RO &S BERBE LOMESS 2 bt Bbhd. &
LTHROBIALERF vy » VHEB B DI, BAL.
pHOMICEEE R B{LERF vy v+ VEBICHAET S
HESS 5 (FABIICEERSE 4 KR4 40B8HY) o
SRR CHTEEMARIEETERCLERHELRK
KRB OEENCRITEBREMEREEXHVE K
BEH, SETCIREBESNTVAERETIR M1-Me-
HeO HZ~BHT BRI AMECHMEE &> TWio &
OlvEE -  BEARIIMEEURTOBRLERF v ¥
P VEOBEBH T DITbhIhofetEL LN 3,

BRAeR. ALFERF v v v VROBETHEROKRER
BEELREL. €SB -BR- 140 %' &B-€R
-MRR2 | SBR-EB-RK-BRAER FoF
Bl OB CHAL TE2, Pourbaix X &
BEANCRLFEEF v v VREBSH B EBTE

{LEERARFMEMEER = X V¥ —MHE (T305
2 EHEL-1)

Industry, Tsukuba Research Center, Ibaraki-305,

National Chemical Laboratory for

Japan.
Keywords: Electrochemical potential diagram,
Perovskite oxides, aqueous solutions

lanthanum cobaltite

BRCLGBETOMERF v+ VEBEEHEB L. REXR
OHEEEBERF LAY CoRBRERETR. B
COBRBTR., BBRETEENOZS C&BTERVWOT
BRRAFEBCEREBOALBREIT)> C LR S,
CDIHEE I Pourbaix BEEEHTERT LA, #
NFHIBRBEFASOBESBONE I EHHLMITK
st Eh. ARBEEHO 05 4THE0T, K
BREPTOA 4+ v 2EB L EEHER > BIILERF v v
» W E F S5 A RRETOLERF v v+ VRIZBEN
BBAIEMTEBILEBPELMITR -T2 Hit, RXRE
TRARTZIE LAV EABVES - HAR(IMFROK
BBEDOHEFEE COFETWMOIERS CLHARTH S
JEBRBE NI,

AHETIR. (1) COHFEE Mi-M-H0FREAL.
HERIMOKBBED TCOHEPEHERTBRILERF ¥
vy VRERET 5 & REQEGBITOSRA £ ¥
OWHHF ELHTRVERMETOLHKBEEZ EDOLS
EHROBRAERROHSBRIEMOKBEP TORERK
VW AMAEMANEIBONE»E2EEST S E%2H
HELTWE, MlELTuerzxh4 rHEARIEDO
FTRERBEE LTRE(HREN TS LaCo0s %
BATEOREUEERT I, RBRAFEF—2ELT
., T®HEF—9~—ZAMALT] 2 NBS{L¥H
TERES SRR, AR OM BT L
bOEHAW 1Y Table 1 RINSOEETRT.

2. #REORE

HEZOFMRBRLEELTHE 0T, 1822 T
REICESRILYNOBERBIRELERT L ELLBEER
BIKBHRILFRBOMRER~ S,

BEOMEXF vy v VRIBEE TR, REXZEX
LTV, FIZERaTAHA FLCoOs DERK
BELT

LaCoOs = La%*(ag) + 1/3Co0304
+ 5/602(g) + 3e” (1

2EIANR. RIBEOF 7 Xz 2 v ¥ -F(dh S BRI



342

BEBE&MH (RESE. BURE) 2HE&MDZCE
BTEB,

RGREEIC L THE T3 0L 3 RBAFENERE.
RIERE VL CFICHER ETHRRBEWAHETRD 50
AEDOHEBETH 5, ¢Hhbb, REXZITERbbic
HHLFERBOELOILSRD SN BROLERE R,
BRIAFBOAERF 7 Xz 2 AF— 2 AVTETROLE
FF e VERDBIHDITNRELT. TORLD
RoERE (Bfl. pHE) 2RkD2bDTH 5, (1)
RIS 2L FBOMEREEX L LRDEL DR B,
La-Co-O-H-e~ RIEFHBKBRELERATHE.
H0()DIERIX1 &8 3, 5. BESZ02@) B 1K
EThsEd 5, Fic, (DRIEST B LaCo03(s),
-C03Q4(s), La3* (aq) 2 BHRERD L S ILTLED{LEE
FrverBEETIANE 0FHITLREB S,

Uraticot3uo =A1G" (LaCoOs,s) (2)

Sicotd o =A1G (Co304,s) (3)

& ie -3 e=At G  (La%", aq) (4)
wotluw =AtG' (He20,1) (5)

2uo =ArG' (02,g) (6)

RHVEAS e, seo, Lo, LH, LeDEDTEDIMDL,
KOEDIITHIREEL LM TE B,

11300 Lia At1G (LaCo03,s)
03400 L co AtG (Co0304,58)
1000-3 ro | = |4LeG (La%, aq) (n
00120 I AtG (Hz20,1)
00200 ° NtG (02, g)

COFFIRERGE. THROMFLRF v v+ VESRE
%o Pourbaix BXOEEMEL TR

p H=-log [H"]={g (B")-x (H*)"}/2.308RT (8)
DE=—4o/2.303R T (9)

%85, CCTWEBA(E h=-pe/F:F, 77 37 —FXK
ORHDDQ) RTEALONBDEXRRVSE,. Y Fi,
() ={pnuel

OBRY D 5, KBBLEBERVE S BE, BRE b
D(LFEROBMANENBERELIEET SHENSH 55,
Table liT/RLA kS5 icH  (aq) 2B L 2 FBROM
HiE-Tu03, CORMIX, pH=0TH2(g) HEE
fiiztu by sBIULENRKHEBELTVS, 2D

COEIiE—FERHR (RS OILFERF ¥ v+ LBR
25L&, BEUAOMD WHRE(LLEY - (LEBOER
So¥HTE B,

RIGATEC L1 ATTUHEEZQ)-(9) k3%
COREFAVIOR, HERETRIERXEWMOE S o
BEURTHEL1BIED A > TAEOL S ILEBOMHSE.
FPRBEEMOES> FHWEICR LD TH S, BT
hicftEBoM GBI LENIEYNTH 2R, TR
OEBEHET IO THI TS 5.

DENKI KAGAKU

Table 1. Gibbs energy of formation of compounds(l,
¢) and agqeous species(aq) used in this work.

substance state A+G (298)/k] mol™! ref
H20 1 ~-2387.178 24
H202 1 ~120.42 24
H* aq 0.0 24
OH" aq -157.2717 24
HO2™ aq -67.3 24
Co c 0.0 24
Co0 c -214.22 24
Co304 c -7174. 24
Co(OH) 2 ¢ -454. 4 24
Co®* aq -54.4 2
HCo02~ aq -407.5 24
LaHz2 c -161. 6 23
Laz03 c -1705.8 24
La(0H)3 c -1286.2 25
La®* aq -6838.7 24
LaCo03 ¢ -1170. 4 19
LazCol4 ¢ -1829. 4 19
LasCo301e c -4555.5 19
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Fig.
represent the equilibrium points for the following reactions,
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Chemical potential diagram for La-Co-0 system at 298 K.
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Points a and b
respectively:

3La2Co004 + 1/202(g) = LasCoz01a + L2a203;
2La4Co0301p + 1/202(g) = 6LaCo0O3 + La20s.
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Fig. 2

Chemical potential diagram for La-Co-0-H {a(H20)=1} system at 298 K :

Effects of formation of hydroxides {Co(OH)2 and La(0H)3}. The broken lines
are phase relations when La(OH)s is excluded.
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Fig. 3 Pourbaix diagram for Co-0-H-e~ {a(H20)=1}
system at 298 K.
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Fig. 4 Pourbaix diagram for La-0-H-e~ {a(H20)=1}
system at 298 K. The dashed lines represent phase
relations when La{OH)s is excluded.
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Fig. 5 Electrochemical potential diagram for La-
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Fig. 6 Stability region of LaCo0s in pE vs. pH plot. The shaded area represent the inter-
face with the aqueous species of La and Co; the half-tone area corresponds to those in
which LaCo0O3 is stable even against the formation of La(OH)s.
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Fig. 7 Stability area of LaCo0s against dissolu-
tion. Other condensed phases than LaCoQs are
excluded: the lower is equilibria at P(0z2)= 1 bar.
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Fig. 8 Stability area of La2Co04 against dissolu-
tion. Other condensed phases than LazCo04 are
excluded: the lower is equilibria at P{02)= ! bar.
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Abstract

The electrochemical potential diagram for multicomponent systems has been

applied to metal-metal-water system at 298 K. As an example, La-Co-H20 system

was selected since LaCo0Os-based perovskites are used as oxygen electrodes in
aqueous solutions. The stability of LaCoOs has been discussed using various

types of diagrams: (1) the log a(Co)/a(La) vs. log P(02) plot for La-Co-0-H system
under a condition of a(H20)=1 shows the stability of LaCo0s against hydration;
(2)the pE vs. pH plot under conditions of a(H20)=!1 and a(LaCo0s)=1 exhibits the
whole stability area of LaCo0s in the Pourbaix diagram; and (3) the log a{(Co)/a(La)
vs. pH plot under a condition of P(02) = 1 bar shows the stability of the
perovskites against dissolution; the double oxide/aqueous species equilibria

show that La2Co0s4 is less stable than LaCo0s





