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Measurement of the Standard Free Energy of Formation of Sulfides
and Sulfates Using Oxygen Concentration Cells with ZrO,-CaO
Katsuyuki SADAKANE, Masahiro Kawakami, and Kazuhire §. Goto
Synopsis:

The following cells were constructed with ZrO,-CaO as an electrolyte and pure SO, gas was supplied to

the testing electrode chamber.

pure SO,, MnO, MnS, Pt/ZrO,-CaO/Pt, Air
pure SO,, Cu, Cu,S, Pt/ZrO,-CaQ/Pt, Air
pure 8Q,, NiO, NiSQ,, Pt/Zr0O,-CaO | Pt, Air
pure SO,, CoO, CoSO,, Pt [ZrO,-CaO | Pt, Air
pure SO,, Fe,Oy, Fey(SO,)s Pt [ 2r0,-Cal [ Pi, Air «o-vee
The electromotive forces of those cells in the temperature range from 800

.............................. (2)

to 1 400K were generally very

stable and very reproducible except for the cell of equation (3). Reversibility of the electromotive forces was
proved sufficiently good by supplying a small external current to the cells.

From the electromotive forces and the standard free energies of formation of the relevant oxides, those
of MnS, Cu,S, NiSOQ,, CoSO, and Fe,(SO,), were determined as follows.

(1) Mn(s)+1/2S,(g) =MnS(s)
AG},’;,.sz—ﬁF)390;|:510+(16.1310.83)T
(2) 2Cu(s) +1/28,(g) = Cu,S(s)
4G, ,5=-31 110+£350+4(7.38+£0.65) T
(3) Ni(s) +1/28,(g) +20,(g) = NiSO, s)
AG§1504=—216300:i:800+(lOO.3;};1.9)T
(4)  Co(s) +1/25,(g) +20,(g) = CoSO, (s)
4G ,50,=—-221 200+£5004(96.98+1.02) T
(5) 2Fe(s)+3/25,(g) +-60,=Fe,(SO,)(s)
A%0,(500),=-626 100+ 1900+ (274.4+6.4) T

1013 to 1350K
963 to 1 286K
903 to 1 069K
921 o 1121K

823 to 904K

The above free energy changes showed good agreements with the previous data by other investigators except

for iron sulfate.
of the data by other investigators.
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FEORMBEET HEM L HAGERE, SERCREED
IVWEMEFERTELT &0, HELOMREICELD T
Xh T &7. Larson & Ecviort OAEE, SO, # 2
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THEEEACTLIEBMABRTE B UREREZRL
oA TTIRFICEKRE . L L, TOHE, BERGHE
WL b, Metal-S, S-O D RIGHAERIN D4 &
2CETL, THFTRHREO X WEENB LN D,
RHMTHBEZZDLNS.

2 TAWECIE, Larson & Eruorr 23EE{L#%R
OWTHEIE Lic A B RS, SO H 2%
L, BEIWERYE Zr0,;-CaO % AV -EEREEAIC
X0, Bit#-MnS [740~1077°C], Cu,S [690~1013
°Cl, DAl b, BEEE-NISO, [630~796°C], CoSO,
[648~848°C], Fe,(S0,)4[550~631°C]1 o 4G5 %K
WDHEZE, BXO, HELAEMmORFNE & HEREE
OWTHKREFITHZ ExHINE L.

2. A E R OHE

2.1 MnS QEXEEFBHIILE— 4Gh.s
B ERITRCTRT LB THS.
SO,( 1 atm), MnO, MnS, Pt/ZrO,-CaO/Pt:Air

e (1)

ZOBMDFHHEEN Evmas V& NeErnsT OX

RT pozair
Eyng= i F lnpoz(MnO+MnS+SOz) (2)

TE2LRS.
BUMIGE, KDL > ERbINS.

MRS + 3/20, = MnO +8O0;-+-reeveeeeeeesenneeee (3)
HROFIGOEREHR B AV X — 2L 465, &, H5
THILAMOEEERE R 3 v F -2\ T,

4G4, = AGSno+ 4G 0, — AGSnsg +voerrverseeee (4)
TEbEND. —F, RG(3)DFHEER Ko 1,
Ky =pso,/(po,) ¥t TEhIh, %z, pso,=latm T
55D,

4G2, = 3/2 RT Inpo,(MnO + MnS +503) ... (5)
THbB. Lien>T, (2), (4), (5)RX&Lh, kDD
MnS OIEHEA R EBR T #V ¥ — 4G5.s &

4GS0 s = 4C%uo+ 4G20,—3/2 RT In po,2 1"+ 6FEyns

P I, HHBETICETSE Emns BNEMEIHNIT,
AG5%n 0, 4GS0 2V DRLEDEZ VB Z L IT I D 4CGkas
()R VFHEEINS. ik, CuS, XU, HEE

COWTHRFRTHHOT, BMoOH:EX, EMRE,
4GS ZRDBALTELITREELTEL.
2:2 Cu,S OFEEEHBBTRIILF— 4G,
SO, ( 1atm), Cu, Cu,S, Pt/ZrO, -CaO/Pt:Air
e (7))
CupS+ 0, =2CUu+S0y v vvvvnininieiiic (8)
4G24,s=4G%0,— RT In po 21t +4FEcy g -+ - (9)
2.3 MSO, DELEFEHT ¥ — 4G50,
(M=Ni or Co)
SO, ( 1 atm), MO, MSO,, Pt/ZrO,-CaO/Pt: Air
e )
MO 4S04 1/2 O3 =MSO, «+-eeveveemiennenennn (11)
4G50, = 8G%0+ G0, + 1/2RT in po,2it—2F Eyiso,

2-4 Fe,(SOy); DEEEMBHIT I F—
AG%‘cz(SO“g
SO, (latm), Fe, Oy, Fe,(SOy) 3, Pt/ZrO,- CaO/Pt: Air
e (13)
Fe;O5+3S0;+3/20, =Fey (SO, ) geereerweeeerneees (14)
4G e 550, = 4GS ¢ 0, +34G%0,+3/2RT In po rir
—6FEgey(s0); e ierrerrermssensssneennenn (15)
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/SOZ inlet

! Pt wire

S0; outlet
silica tube
Zr0;Ca0 tube

sulfide or sulfate
mixtures

testing electrode

reference electrode

Fig. 1. Galvanic cell construction to determine
the standard free energy of formation of
sulfides and sulfates.

ZOBEME, HED L 2 VFOHEEITHEL, SO,
HAT ZrOp-CaO EWNE+SEH Uiz, SO, # 2%
ML ORIE L. ZrO,-CaO & X h it X h 72 S0,
H AV, PIEREZEFCROID, 1% H,0, BHRIC
BE{bAitiE & LT, CaCly-2H,O % /10 6KEH0 % 7R UR
AP ANF-BERICEE, TRTWBIR LA 7, AR
i Pt-Pt-139Rh 205t % V72205, Zhbd, BEEER
ST € v 2 — TEEENHBIT A LD ZL
Baficx LTHRIE Lc. B PREIRE R #H, PUE
ERMORENE, BFovartr—42—CllELE. ©
5min & lESRER L, 20~30min ) F +0.5 mV
DIRICRENBRE Lcfid b2 T OEET ST 5E
WRENL R L. 2o, BEZ FTULCRUEE

7001 (—) MRO+MnS+50,{2r0, CaO|Air (+) =
(8]
EMF cEx
—_ e
T 600-
~ -- <1600
s i
z 4980
w temp.
5001 4800
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0 50 100 150 200

time (min.)

Fig. 2. An example of the EMF change accom-
panying temperature change with time.
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Fig. 25z, —fl& LT, MnS ot hElsER 51
HREN B I CIREORMZLE R L. Kic Xhig,
WMEFP—EIchiE, BEN D —ElECLETE o &0
bhrd. LOREMEEDOTC, TOEETCOFEERE S
L/ CuS, KXV, BEMECSWTCHFEETHD
oo TOXSELTHRLNCFEHRENZIRED &KL L
LT,
E=a4 g,+ (bﬂ: Gp)boeearernminniiiniiiiinn e, (16)

D TEMY 5L Table | Okdisd. ZoREN
DiRFEZERE, ERETE LN —D>—D2DBIE 5%
BN ZRRC XD TEHHI L TRkD b DTHS. i
e BEXT 03 13, ThLh, #IEINEENEIE
MEGA LT 5 E{R5E L7-RE® random error, 37t

Table 1. Equations of EMF obtained by the least squares method from the measurements for sulfides
and sulfates. o, 04 are the standard deviation in statistics. 8(E)s are the maximum deviation
observed in the temperature range of the measurement.

Species 1 E(mV)=a+g,+ (b+ o))t ! Tem%:o.cringe 5(11(163
MnS Eyns=771.0£5.34 (—0.169+0.006) ¢ 740 to 1077 3.5
Cu,S Ecuys=561.2:4£5.74+ (—0.1424+0.007) ¢ 690 to 1013 2.9
NiSO, Exiso,=1219.4429.6+ (—1.395£0.041) ¢ 630 to 796 8.9
CoSO, | Ecoso,=1329.0.£16.1+ (—1.395:0.022) ¢ 648 10 848 | 6.6
Fe,(SO,)s { Erey(s0,)3=929.5£26.0= (—1.22040.044) ¢ 550 to 631 I' 4.7
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Table 2. Thermochemical properties of pertinent oxides from literatures.

3 * K
Species 4G7 =4H; —T453 Uncertainty APPI’Cd temp, Ref.
P (cal/mol) 7 (dF<) o (JHT) o (4S3) range (°K), No.
(cal/mol) (cal/mol) (cal/mol)
SO(g) —14920—1.2T + 10 000 | — — 800 to 1500 24)
SO,(g) —86450+17.38T + 200 + 100 +0.1 800 to 1500 24)
SO,(g) —108116+37.85T +400 | +200 +0.2 800 to 1500 24)
MnO —91980+17.48T +200 +200 +0.3 990 to 1360 23)
NiO —56 100+20.157 % ‘ + 140 + 100 — 700 to 1700 27)
CoO —55880+16.81T ] +500 +300 — 700 to 1700 27)
Fe,O, —192 000+58.13T * +1500 41000 — 700 to 1700 27)

* Obtained by the method of least squares.

**  Uncetainty does not mean the standard deviation in statistics but the deviation estimated from the compilation of different data.

Table 3. Equations of 4G5 from the EMF measurements for sulfides and sulfates and their standard
deviations. ¢ (4Hj) and ¢(4S7) were estimated only from ¢, o¢; in Table !, excluding
the uncertainty shown in Table 2. ¥ (4Gf)s were estimated with the aid of equation 17)
using the uncertainty shown in Table 2 and ¢(E) in Table 1.
. | . 4G ;=4dH [+ g (dH}) =T[4 S} 2 (4F¢) | Temp. range
Species Reactions to(d8)] (cal/mjol) d (ca]/mofl) (K)
_ 4G %,s=—65390+510
MnS Mn + 1/28,=MnS Mn$ +(16.1340.83) T +560 | 1013to1 350
. < 4G ¢y ,5=—31 1104350 .
Cu,S 2Cu -+ 1/28,=Cu,S ! 2 S0 382065y | £330 963 to 1286
. . N 4G %so,=—216 3004800
NiSO, Ni+1/25,+20,=NiSO, N1SO4 (100.341.9) T =+ 500 903 to 1 069
_ 4G os0,= — 221 200+ 500 0
CoSO, Co+1/2S;+20,=C0S0O, Gos +(96.98+1.02) T +600 921to 1l 121
- . 4G%,,(50,4)3=—626 100+190 :
Fey (SO, | 2Fe+3/2S,460,=Fey(SOL)s 72, (S04)s “ (207 o ;tG(.)l)T +1700 823 to 904
RENOREZCRDUIF, 5L, @HEORERE 5. = =
BRbLTWS. IhLOfET, FEAREHRT AL ’ N
— (4GS =1HS — TS5 )a)zyﬁwvt—IE dH; , x5 51 BHOFEGEEBIHOREN
X, T bo€—I0 45F OFHERE o(4H), o BMDF A7 {7227 & 5 i, Bihd NEREHT

(S7) WHFEELETHIDTHBH. (E) BEEECKITS
EQNRIDEDERFERLTHD

Table 1R RENZ(6), (9), (12), (15
RCRAL, ThTh O ELEEmOFEELREm T
¥ —fEixk Table 2 2 55[H 4T, MESINAH

b3 & O HRERIR OFEHEE AR B = 4 v ¥ — 13 Table 3
DX TkdLNDE. ZZin, 4HS 2 455 O
#RBEROBEROLTH ST, BIELMCOWTDF — 4

DT FITEE LT
777 CREE, Fig. 3, 4, 5 0rtxhCThHs. El
mED 4G Wisk Lic A bRNrhi@ 4 05t S TR L7
LZDHLHENE, HVEobiv g i LTwS.

% 7=, Table 3 DR %

Rybités’;j(L (B 1002 ->10KQ BLE) FFrva2—%

CXDEBEBNEEORE,I < LD LITXIHEL
7z TRV, B oRGE & & D ICEURHERASEER L,

Pt -SRI R-BRERE T OEMIKMASERT 54
DEFEZLND. BHoOFmIE, BIERCLIOTERLD
FrEAOF ML O>THELELTHS. MnS T 8
~20h, Cu,S T 3~9h, NiSO, T 4~12h, CoSO,
T 5~10h, Fe,(SO,)s T 6~7h THD?-. Fi, Lk
RN TRIELZ KT LB MOBAREL, 1ZLALEE
AmRond AL EME L OMORIGITEHRTES.
RES—F LD, BMSLEL FHEENE T
T ¥ TORRE, BRILPWR T 5~30 min & HEHE >
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Temp.(°K)
1000 1100 1200 1300
T T T T
-20F
CUZS —. @-—D"-
_______ ~Q-a—zeolin= 85 0F T o=
- AG(;ugs,=“311‘10i3504-(7.38‘-*’-0.6'5)T (cal/mol)
g ——— present work
=30 .
= g VS compiled by Biswas and Bashforth
g _40" —.— measured by Larson and Elliott
o AGy,5=-653901510416.13£083) T (cal/mol ) _ —-
.Do—-o;a,-“q'ﬁ:to" o _° ..—
--'ﬁi'ﬁ:%-&j’f;-/’
50 MnS ¢ S—
1 — 1 I ! 1
700 800 900 1000 1100
temp. (°C)

Fig. 3. Standard free energies of formation of MnS and Cu,S.
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(keal/mol)

f
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(Differently marked plots are from independent measurements.)

Temp (°K)
900 9’:}0 1100 11:50

T

4G

Niso,= -216,300+800+ (100 3+1.9)T (callmo%rs%
Ni +1/25,+20,=NiS0;, 1

/.Jii” _/ C0504

present work
~—-— T.R.Ingraham

%p —--—J. S.Warner )

dGeos0, =-221,2002500+(96.9821-02)T (calimol)
Co +1/2S,*20,= CoSO,,

600

650 700 750 800 850
temp.(°C)

Fig. 4. Standard free energies of formation of NiSO, and CoSO,.

(Differently marked plots are from independent measurements.)
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Temp. (°K)
825 850 875 990
250l 2%;s0, )3- ~626100 + 1900+ (274.4 * 61)T(cal/mol/
— 2Fe+ ESZ 602 Fez(sol,)3 9////
© e -~
= 7
> A///
(9]
Q ;i
= -390} o B,
PP
‘:D'“’" .3 ///
< ///;:/i,/ —— present work
Ve
a Ve
400k a/ . /‘/ ————— compiled by Kellogg
/ e
550 575 600 625 650
temp (°C)
Fig. 5. Standard free energy of formation of Fe, (SO, ;.
(Differently marked plots are from independcnt measurements.)
Table 4. Calculated values of po,, fsos pso,, and ps, for pso, for various sulfides and
sulfates. (cf. Table 2)
Species Temp. (K) po,(atm) pso (atm) Pso, (atm) ps, (atm)
MnS 1013 2.93x10-14 2.48x10-5 2.72x10-7 2.28x10-3
1350 3.36x10-10 1.65x10-3 1.98x 10-¢ 3.56x10-2
ows 963 I 4.20x10-n 1.03x 10-7 1.80% 10-5 1.28% 10-1
e 1286 | 6.00x10-¢ 3.27x10-5 3.95% 10-5 4.51x10-8
NiSO 903 5.24 % 10~ 7.71x10-10 4.26x10-1 2.03x10-1s
e 1069 1.85% 10-3 6.34x10-10 3.88x 10-2 5.13x10-2
CoSO 921 1.04x10-10 1.19x 10-8 4.75x10-5 3.37x10-14
0% 1121 4,97 x10-4 5.83x10-9 1.25x 10-2 3.11x10-20
Fe(SO 823 L 9.73x10-% | 3.72x10-1 5.94% 10-3 5.04x 10~
€(504)s 904 | 575x10s  7.69x10-» 4.41% 102 1,87 10-2
Mo —F, BEERGR T, FOEESCEAL 0BT IC %Y, Table 1 iciRxhHRENOBELLRX LD,

LOTHLELEDH, I0min~3h Z3 L7:. &<z NiSO,
DE T, TORERIZAE D7z, Lar L, TTob|
BRFVT, OEELEHLEENIELRNE, BEY—
EXLHEONED, BORGRN CEOEI RSN
5:2 SO, HALUADHZR (O, SO, SO, S;) OFEIC
DT

BEN»L 465 27 ET 2L, pso,=latm b
WOREE AT w55, TOBZ4ERIRTT 2 0ER
HB. FThbtb, SO, Lsticd, O, SO, S50, S, 3
FELT&O,%h&@ﬁZQEmmﬁT%&M%ﬁk
. Thdt 4GS o HoBEoEELED

(2)zZx AT, BIEREFGHEIC ST S po, HIREDE
e LThkDdDOENE. BT, b, X Table 2
ZREND SO, SO, SO; OIFHEARKEH - & L X —
D & pso,=latm Z v 5 &, FIBER KT 5 psos
bsoy bs, kD BHNS. Table 4 1, {FROMIFEEE
HHEDEKE, SEMSICSTE2TNLDMEE po, & & D

R L. 2o Table iz LhlE, &E#S-C¢, MnS T
WX ps, 5, T, BREEIRTIE pso, #% 10-2atm oD —

FELBMIREBIETH DD, TomiETCERTSE
HIFENX T BB, UL L, ps, 2 pso; H 10-2
atm DFEThH, pso,=lam rF5zZ LIt XHREX
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5-3-1 po, Z{bizxtd a0

HEF BT LEFETEROWEMOEEZ 10sec
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DTH5. ZOXIRBRPOFEMOMHRYEDOEEDERT
TILERLTWS. =0T, RFovar—2—iCX
h, EBE% +100mV F°5 L, 0=10sec THHELY
P1%. Zhuc X v, BRI L » BifisHtisxh
AR EREATTD po, HPIEMEL VEL 5 Eh i
HAHMEBBELRBTIND L, RED po, WEIRFEEELT
TFEEICD ED. Thie > THREROBE b FELE
Heh ED. ROBEGNE, T2/ FEDRET LD,
WOBRRBBIOTWARIZILEZRLTWA. ZOEER
BEhicd s xcofilE, wThoBsddh, 3IE—%
TH#I30sec BETHD7. L2 L, EEOFHEEE B
EDOEHE, K7 va *—2—OTEL FHEHEL DT
hixbo&/hEv. T/, EROBHLTVHRFHESIES
EMNDT, KFova2—3—~DONRITILA2ES &
SWET HBEIERD po, DEILIH L, BlEERD /v 7
7Y TRV T A RFTHKREL, Lo T, WHE
HIREENIBRELRAEEZILNE.

5-3.2 [BEEZE{LITHTT Bk

HHIRE t \TH5FEEREN RS LD, HiR{E
P HRBBLARLEESY t i LS L, KiBEID 58
ExZ LI LEBELT, FOBREO—F¥ELNL 0%
ARz, T OFERO—P Fig. 7 Rt. FiR - iR
BoRENDE AEV, {@Arx0EMZX>THEL DI
2, BAbWmRTHRA 0.5mV, GEEHER CiEiK3. ImV
BETHOH. TOESIC 4Eqitate 1 dEgicige £
BLTKENDRM, Z0 4E it &5 4G5 st
BRER, LRI IBMEBEROFIVNEL, HERN
B2t blE 425 THIIHHEEED 4G5 OERHEDS,
MO ENIK L bR—HREVWZETRE LTV 5.
5.3.3 FHEH

Fig. 3~5 rhollE A&z R TS5 OHEEIR, BvicE
MOLBWERLTWED, RASBHRZAVWCLESE
NOBRESEFICI VW E23bhr%. ERBEGEK
BT FREELIZERE L LCERRNZTRT L, Table
Il o(E) X 3icics.

(-) Co0+Ca50,* S0, | 2r0, CaC] Air (4
Po,: low at §62°C

5001 N on oif
2 E } 1
~— 4001 ——— =0 —=a.p
- ) . —f_,—..
= 3004 on off Jl R
w
Po; high
0 10 1660 1690
time (sec.) . C

Fig. 6. Reversibility test of the EMF against o,
change. Constant potential was . applied
externally to the call for a fixed time. “pg,
low” means that the oxygen préessure is
lowered at the left side electrode.

652°C : 4225 mV

400F {-) Co0 +CaS0; + 50,{Zr0,:Ca0 | Air () ]
>
£ 702°C : 345.9 mv
3501 £=0—o,
w 702°C : 345.3 mv
=

w (
—o—o¥ 755°C :2771 mV

0 75 50 75 100
time (min.)

Fig. 7. Reversibility test of the EMF against tem-

_perature change. The same EMF values

were obtained at a fixed temperature regard-

less of the direction of approach.
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APEEIC X SICHOMEEBE D 4G5 DRIERED
IRE, Thabb, MIEMELIHET 508>k, ©E
NBEDFFED I, HWBIthD 4G5 oflEE
DT I X EHBELLFNEL S, Br08Esnse
HOREI G X DT, [BREOEEER) &5
TEHINS. 4G5, 10oWT, ZThPEK TR,

{2 (4G50s) }2={04G%n0) } 2+ {0 (4G%0,) } 2

+1{3/2R In po,2 176 (T )}2+ {6F g (Emns) }2 -+ (17)
ZZi, o(4G7) BARFEZEDOEERMEL L 58 Th
5535, TTT, EHLE, Table 2RI v 3EE
HEDNZ VX% 53D LT 5. HIRDEHERE o(T)
i3 £1°C LREONDS. 6(Emns) 12 Table 1 gRXh
5 0(E) oz es. zoxdicLc, (17) KN&s=
T5&, ¥ (4G5%.s)=+560cal/mol Lri1%. RERIZ L
T, hoFRITHO>VWTh ¢(463) 5B+ 5 L, Table
3D S(4G)) iZRT X St ot Fey(SO,) 5 itown
VIREEBE VDS, Zhil Fe,0, o E#EAREH T 71
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Table 5. Comparison of the standard free energies of formation of: sulfides obtained in the
present work with those of other investigators.

—65390+16.13T From 1013to 1350K | With EMF in the present work
—64500+16.00T 1000 1300 Compiled by J. F. ELLIOTT & M, GLEISER2D

4G%.s —64540+15.86T 1000 1374 by A. K. Biswas & G. R. BASHFORTH29)
—67190+16.17T 1021 1360 With EMF by H. R. LarsoN & [J. F. ErLiorT?)
—647004+15.5T 1000 1400 by L. B. PankraTZ & E. G. King3®)
—311104-7.38T 963 1 286 With EMF in the present work
—30960+6.867T 700 1300 Compiled by J. F. ELLiorT & M. GLEISER2D
—31360+7.32T 623 1356 by A. K. Biswas & G. R. BASHFORTH?ZY
—34655—14.00T log T

P ler +1.824x10-87"2 1100 1240 With circulation by K. Sano®

ouas +51.8247
—31260+7.26T 1000 1145 With flow by K. Supo®®
With

—31420+7.35T 800 1313 circulation by F. D. RicHarosoN & J. E. ANTILL®

Table 6. Comparison of the standard free energies of formation of sulfates obtained in the
present work with those of other investigators.

| —216 300+100.3T From 903 to 1069K | With EMTF in the present work
4GS —2242004+106.3T 900 1200 With decomposition by J. §. WARNER!0)3D)
NisOo, .
‘ —220000+102.57
—220500—2.97 logT 1000 1150 With decomposition by 7. R. INGRAHAM!)
; +111.7T
! —221200-+96.987 921 1121 With EMF in the present work
| —233200—27.63T
4G50, logT 890 1250 With decomposition by J. §. WARNER1D3D)
+191.847 ' )
—2194004+95.47T 950 1200 With decomposition by 7. R. INGRAHAM!6)
—626 100+274.4T 823 904 With EMF in the present work
4GS 5500 5 10(
B ;ggi 1{;)%{—24.5T log 7 700 1000 With decomposition by H. H. KeLLocG1?

F—MONFVERKEVWZ EWRELTVS. il
DHOD MFERIERE, EROBIEIC K T2k X
V.
55 thOMREDT—2EDOHEE

LRI DOWTHE, MIRECX 2T, M+ H,;S=MS
+H, OFCOBERN TV —Z{LEekdDTV5.
ZOHAWIY, REEHRE BT 5720, Ha+1/2
S:=H;S @ 4G3,s? & F\T, M+1/28,=MS O
D 4G THRE Ui, Fio, MEBERICOWTIE, T
Ts MSO,=MO+80; D4 RRIGCOEERH 4 L&
—ZE{LERDTVWEDT, M+1/20,=MO, 1/25;+3/
20;=503 D 4GS, (Table 2 X 1) BT M+1/2

S;+20,=MSO, ORJGED 4G5 (THE L7-.

Table 5, X, Fig. 31z, LOFETHREIN:
AGSas, 4G,s OO ERED T — & 2 RAERHFR &
EBIR L. FAEFERE, hOWEEOF—F L X
{—F LTwi-. [k, Table 6, Fig. 4, 5 [ZHi@E
BRI DV CORELYT L. CoSO, oW Thftho
MEEDT — 2 LIFFIC XL —FH LT, NiSO, &
Fe;(804); i oW Tk, EROBEE, Tibb, = b
oI 455 I h XL —FHLTWSER, 4G5 ©
HenHiErE, NiSO, T 1.5kcal/mol, Fe,(SO); T, &
2.5kcal/mol |Z EfbD F—Z LFRTWiz. LD L,
PiEEE D 4G5 OEHEIMILO T &< 5T 1T
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KEVOT, MMPEThE LCEE+5 &, NiSO, T
1.3%, Fe:(SO.)s T 0.6% g Lot /I THhT
HDHEEILND.

6. B

BRAE®, 35 X UHBRROIRE A R B i = 3 v ¥ — 4GS
Zkd s —DODF LV HrEE LT, ZrO,-CaO % &R
BIRAWRLTO I EBhoREHEIEX o7

1) SO,(latm), MnO, MnS, Pt/ZrO,-CaO/Pt, Air

2) SO;(latm), Cu, Cu,S, Pt/ZrO,.-CaO/Pt, Air

3) SO,(latm), NiO, NiSO,, Pt/ZrO,-CaO/Pt, Air

4) SO,(latm), CoO, CoSQ,, Pt/ZrO,-CaO/Pt, Air

5)  SO,(latm), Fe,0;, Fe,(SO,)s, Pt/ZrO,-CaO

/Pt, Air

LREBMICHVREE L »F LRI b, BENIT po,
DZELT LAFERTH D Z L ED L. £, il
EAEZELEgBE, FiBEBREOMICEENOELER
WoHNUY, BENL, BEE L LTHaFTHD
ZEMVIED LN X5, Bis5EhE By RER
EORSRE, BEENOFRMIEVWZ LD LN. T
DRENL Y, Table 3 wRT X 51z, MnS, Cu,S,
NiSO,, CoSO,, Fe,(SO,)s DIEMEARKEh =~ L ¥ —
4G5 23kd bt FhSOEN, MofREIC X 5{E
LI —FLTWw. L L, FEIEEORIERER,
BBt 4G DS 2F I KELEEENR 55,
PEEDHER L LTl D X vz Ehibhork.
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