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Equilibrium between Cerium and Sulphur in Liquid Iron

Akio EyMA,  Ken-ichiro Suzuki, Nobuo HARADA, and Koji SANBONGI

Synopsis:

Cerium-—sulfur equilibrium was studied by melting Fe-S, Fe-C-S, or Fe-Mn-$ alloys in high frequency

furnace with subsequent addition of cerium under deoxidized argon.

The possible reaction between Ce and

crucible material was prevented by lining and sintering of CeS powder (3 mm thickness) on alumina crucible
in which the melts were contained. Care was also taken to keep total oxygen in the melt to be less than
10 ppm by adding 0.1% aluminum prior to the addition of Ce.

The results obtained are:

1) Precipitates identified as CeS by EPMA indicate that the equilibrium is expressed by CeS(S)=Ce+ S.
2) Equilibrium constant, K=ac,-ag (@: Henrian activity), and interaction coefficients involved are

determined to be
log K=—20600/T+6.39

¢S —13.6(1823°K), —9.1(1873°K), —7.5(1 923°K)
for T=1823~1 923°K and [%,Ce] +4.37[%S]<0.16, and

ef=—0.077,
ey =0.13,
at 1 873°K.

3) Standard free energy of solution, 4G, for Ce(1)=Ce is derived as

4G9= —4900—16.07.

Disagrecment among the data previously reported for the solubility product, K'=[%Cel[%S], is
interpretable by taking the given dependence of XK' on [%Ce] and [%S] into account.
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Table 1. Summary of evaluated values for the solubility product of REM
and impurity elements in liquid iron.

Solubility
Reaction Researcher roduct at Remarks
1 600°C *
LANGENBERG, et al.® 1.5.10-3 CeS and MgO, in Ar
SINGLETON®) 1.0-10-3 MgQ, in vacuum
Kusakawa, et al.? 2.5-10-3 MgO, in vacuum
_ Buzek® 1.0-10-3 MgO, in Ar
CeS(s) =Ce+ S FiscHER, et al.® 1.9-10-4 CaQ, in vacuum
Iipa, et al® 0.5-10-1 Commercial heats
NARITA, et al.l® 2.0-10-3 Thermodynamic estimation
WiLson, et al.1D 3.0-10-¢ Thermodynamic estimation
{ _ NariTa, et al. 8.10-¢ Thermodynamic estimation
CesSy(s) =2Ce+3S WILSON: et al. 3.3.10-13 Thermodynamic estimation
- FiscHER, et al. 1.5-10-4 CaO, in vacuum
LaS(s) =La+3S WiLson, et at. 1.0-10-3 Ther’modynamic estimation
La,S;(s) =2La+38 NariTa, et al. 4-10-3 Thermodynamic estimation
Isnikawa, et al. 4.10-18 CaO, in Ar
_ FiscHER, et al. 1.8-10-2 CaO, in vacuum
Ce; O (s) =2Ce+30 KInNE, et al.1® 1-10-2¢ Thermodynamic estimation
WiLsoN, et al. 3.0-10-2 Thermodynamic estimation
_ KiINNE, et al. 1-10-12 Thermodynamic estimation
CeO, (s) =Ce+20 Buzek, et al. 1.1-10-10 ALO,, in Ar
FiscHER, et al. 6.0-10-1 CaQ, in vacuum
La,O;3(s) =2La+-30 NariTa, et al. 4.0-10-21 Thermodynamic estimation
WiLson, et al. 8.4.10-28 Thermodynamic estimation
Ce;0,S(s) =2Ce+20+ S WiLsoN, et al. 1.3-10-20 Thermodynamic estimation
LaN,(s) =La+2N FiscHER, et al. 1.0-10-5 CaO, in vacuum

* [%REMY - [%XJ -[%YD*, indicated by activity

Cu pipe| <
RiG

product for WiLsoN, et al only.
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Table 2. Chemical compositions of mother alloys (wt2).

Element ‘ :
\ C Si Mn P S Al Aligsar | O(ppm)
Melt No.
317-1 ¢ 0.010 0.002 0.001 0.002 0.002 0.001 <0.001 54
7 -2 0.010 0.002 0.001 0.002 0.002 0.001 <0.001 53
7 -3 0.012 0.003 0.001 0.002 0.007 | «<0.001 0.001 51
7 -4 0.010 0.002 0.001 0.002 0.016 0.001 <0.001 44
7 -5 0.016 0.003 0.001 0.002 0.050 0.001 <0.001 —
Ar seal Table 3. Chemical composition of cerium metal
In gos -— used (wt%).
— Ar gas
o [
Bellows

T
i
L L ® ' 1 ® |Upper-side cap
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562 © |Radiation shield
@ ;@ (© Lined crucible
e—— 30—
Sl B8 |
S o Ml
e © I I O Metal QB3
- 4|
@ ® |HF coil
@ (EQ‘ ® | Supporting disc
(@ | Supporting pipe
38¢ ® Cgugli_]p& for He
@ | Reaction chamber
i il
Om sa.s-::_J l l .
w

Fig. 2. Reaction chamber.
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L7e. RIGEEIRICIE He 4 ZmgH %S (%9 30N{/min)
ZERVF, 1600°C 205 10sec LATtEz AW, BET
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Ce O4¥i{E% Table 3 iz, ZhFhF+. SEBHMIHE
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hr DIT CHNISERTEL Z L2 EDT V5.
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1600°C (7272 L, Moy 2+ F# —iRfE, HUIBNEHIEE
VIHEZERY 1400°C ), lhr, LB T THER L, SlEs4E
RS T B IR T D7,

2-3-2 HHBIE, MUDRANS +d BViE w5 Ay
T BDOLDER M, CeS 54 =1 PO E R
i GO, 2 HyO 23%4E L, ThBbOH R X B CeS 22
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Photo. 1. Microstructures of CeS and Ce,S; sintered in vacuum (optical micro-photo. , 200z

X-ray picture , 0z ).
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Photo. 2. An outward show of a quenched
sample.
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KL F5L 5 L.
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hiz. 74 =0 VESLHMEADHECID 7 VT FHIFO
ZFEOBENRL BB E LTS A =2 VBOEEE
HMORBEINRDE, HDEWETA = 7 EHBOK
JEDH, T8 &5 2 B DRI D W BERE g
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fBizlx $/Ce Tk 1.0~1.2 @ Ce FHiLMaE L O
3~11% DEEZEXSLAF YT 74 FHEIEEIN
5. Al S| (E-6) OIS A = FEEBIC
Ce, Oy, FeS AEEb G, Ce-S Fffic & > CTIEFED T
AT oBEHT L EBELILTHD. b
T, Ce%>0.007, 1600°C 23175 Ce-S SEHGD
FHIFIE CeS LYl N 5. EITIE, Ce REEITHS
LT CeS D CefS TV IMATLTHZ ELE 2 BN
HH5 HEINRZFMT 20D THETH 5.

SO, BFSPIZCR Mn 2 LAABE0-3, J-
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—7, CesSy 34 = FohE (K-2,K-3) 11, @E
% 4~109% &2, S/Ce Tteps 1.4~1.7 DA F 24
AT A FHBFEHEEEZ LGRS,

3-3 BEHAD Ce & S OREBRFK

1600°C ki35 Ce% & S% DR%R% Fig. 3 iz
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Photo. 3. Microstructures of interfaces between CeS lining and ingot.
A : phases coexisting with liquid iron.
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Table 4. Results of EPMA analysis for the interfaces between sulfide lining and ingot

after equilibrium runs¥*.

] .. Remarks on addition of
Run No. Chemical composittion (wt%) S/Qc Linegl alloying elements
[%Ce] re | G [ vn | Al |ce | s | o ™o meterial 17y 1 ce [Mn | c
Eoo A 77 | 20 1.1,
B, 74 26 1.5 CeS add. | add.
(0.041) '
Bl o6l 03| 01l o1] 79 | 21 | 11 | 1.1,
E-11 A 78 | 11 | 1
0.18) | B 8l | 19 1.0, | CeS | add. ) add.
s A g0 | 19 1.0,
4 | 1 . :
©.007) | 3 % | 2 V| OS]
b6 A | 10 | 63 . 26
f 3 CeS
(0.006) | g, 74 | 26 1.5,
I3 A | 0.6 0.1] 0.1] 80 | 19 1.0
G008 | Bi| 04 0.1] 0.1] 77 | 22 1.2, | Ces | add.| add. | add.
: B, | 1 0.1 0.1 79 | 19 1.0,
1.5 A 1 0.1] o.1] 78 | 10 | 11
©.20) | Bi| o | o1l 01| 77| 18] 2| 1.1, | CeS | add.|add. add.
B, | 1 2 | 01! o1 80 | 17 0.9,
K2 A ] 04l 0.2 o1l 78 | 17 ] 4| 1.3
B, | 0.4| 0.3 01 78 | 17 | 4 | 1.3, | CeS add.
.00 ' ; 2Ss
(<0.005) | g, | 0.3 01| 78 | 17 | 4 | 1.3
_ A |0l 0.2 0.4] 78 | 11 | 10
102! 03 011 77 | 18 | 4 | 1.4, | CesS add. | add.
(<0.003) | B} | 0.1 ot 77 | 18| 5 | 1.6 =

*  Acc. voltage 20kV, specimen current 0.02pA, X-ray take off angle 52.50.
CeS powder was used as standard for Ce and S, thus, no correction for analyzed values was made.
*k  Phases coexisting with liquid iron, S/Ce molar ratio was calculated assuming that oxygen exists as GezOs3.

T
x X Al0s crucible, [%All=0
. a A CaS lining (0.5mmt), [%A[]=0
2 F s, A s (= ),[%AJ=03
X o B {3mm¢t ), [%AQ=0
0.1 . » { =« ),[%A]=03]
St o o &
®
2 2T \ o s ®
00! ‘\x A
L]
5 F \O\ .. x
o T~ _|e e * e
2 . .
i 1 1 1 1 ) 1
5 00l 2 5 0.1 2 5 10 2 5
[%ce]

Fig. 3. Equilibrium relationship between Ce and
$ in liquid iron at 1600°C.

SUHOBERIIE LTS ZOREE LTI, 1)
EekhEEE, 2) Ce 5w CeS LHIB L ORIG,
3) Tk EMRFEFOLhD. OBPBREVERITI,
Ce LEBEEOHEMND Ce LRBEOBEMNMIVELLIX

X\, L7 Ce IS X DEICOERGL, TH
Bxnd. roE, HEERDEZ CeO; L¥hid, Ce
OHBEET O% D 5.9 5+ 5. xbic, Table 4
R L7k 5ic Ce oxide H5WIXEERREOEV Ce
FxL VYT 74 KH FERAFC IbS T Lb HlE
HEOFH W EMEE . Lo, Ce HINETCHA
grhic Al %89 0.1% LT O IREE T TR
(1600°C iz 3} % £ O iREEV 1.2ppm'®), Ce—S
FEA~DODEER /s VRETE D Liffsh, FEER
i, TR THREAS L-AROSBEIREIS 7~8 ppm
THh, FEad CeS HH ViR VWERIZLD
Twg. ik, Al L SoHEfMIE Ce LSDXN XD
JEBICAZTVODT, SOEFER~D Al OFEITEHET
x%5. —%, Ce LHHBHMEMSEIETHISLEHTT
13, BRI 3 W T bk X S IEEAER S LRV
Fig. 3 DEBRSOKBE I LIC RN EREHOEEZ
Y xSk Bl <x9 EX 3mm 0 GeS 74 =V
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Table 5. Chemical compositions of heats equilib-
rated with Ce,Sy at 1600°C (wt2%).

* ! “ ”
o | ‘ [%Cel
N H Ce S I Al O added
*k j

A f ;
F-1/<0.005{ 0.29 ! 0.17 ; 0.0008 0
K-1 <0.005' 0.36 | 0.24 | 0.0027 0
K-3 ,<0.005, 0.13 | 0.13 |0.0043 | 0.040
K-4 '<0.005| 0.41 | 0.28 | 0.0061 0.024
K-5 h‘<0.005h 0.41 ; 0.21 |0.0055! 0.020

* Element ** Ch. No.

7 EEHEN~D Al 0.1% Fhnic X >T CeS(S) =Ce+
SRISOFEBERENDZ EERLTWAS.

Fovd T CeS; #EX 3mm 34 =507
EREZTEDOIEBEDOEE A 0547 Table 5 i
Y. Ce IRMOBFMIT X 53, Ce 4Hi{EIx 0.005%
BLFT®%. —%, W. G. Wison 51 Ce— S Fffi
DENEFFIC LT, FHH CeS 25 CeyS, ~,
EHIC CeSy ~, BITTHHD 1600°C ickiF5 Ce
DIEEV, FhrFh 9.3x10-5 3.1x10-5 Th 5. L
FADTIREDEREN LS Ce>0.005% ickid 5T
BIWILARL CeS LE 2N 5.

3-4 PHMERIBEFABRY
CeS(S)=Ce+S, FISOFMER, K, I (1)R<T
AL Eh 5.
log K = logdc.-Gg
=logK'+log fce+log fg -weemmemeenee (1)
7272 L, log K'=[%Cel-[%S], a iz~ ) —#%#pD
Ea, SIREEFRE, (%] BRG {i 0BERE%CTH5.
(HRXF, X610
log K= log K'+e5°[%Ce] +e52[9% S ]
_|_e<sCeJ %Ce] +e(SS) %S] (2)
Ll 5.

LT, € BERS J x5S i OMEEREG
HTdhs.

Z. Buzex 5,83% Gibbs-Duhem @ % v Fe-Ce
KRB X D 72, =2.53 %skd, I HICZDELD L2
=—0.003 25 xTv5%. Ce DEIBEKIC BT 5 uHH
ME X CEEREBE X CAIET S 2 LIZEETH B0
by, ZOELR»EDDBENEThTVWEEHEEIN
505, €5 <0.1 L BRITEEIO THRTL, (%
Cel<0.2 DFER T, (2) ROBIIE 2 HoLsHiEix
0.02 LIF&iey, —F, e=—0.03M%B5& [%
S1=<0.02 AT, 4 HOLKEIZ 0.0006 LI F
&Y, TNThERTES.

7, Al 0.1% IR0, fs ~DEEL A OfEsn
0.054 L /hX VWO TEIBTES. L L, foe ~DHE

el DIERD LR TWE W O TERT & & vs,
CETRERTE. LasBoT(2)RE(3)RICHEELL
Sh, EHT, (HREAVTB)RNELRS.
log K=log K'+e$°*"- [%Ce] +¢52-[% ST ------ (3)
ey = (M;/M;) e +1/230- (1 — M;/ M)
:(I\cfj/M,-)e“f’ ....................................... (4)
L, MIRFETHS.
log K=log K'+¢’**- ([%Ce] +4.37[% S 1)

()R L [%Ce]l +4.37[% S]1<0.45 DEH
A% BT Fig. 4 0Rd. FEC, [%Cel+4.37
[%S] otEhnic & bicvs, log K 1x#mml, [%Cel+
4.37[% S 12359 0.3 LA L ik 5O IR EIGEE R X 5113
F—EECHEET 5 Z Edbnd. —7%, [%Ce] +4.37
[%S] %45 0.10 LIF OKIBER C1, log K' OaRE
EEFEEBAER L0 Y, REREBET LT, [%Ce] +4.37
[%S1=0.15 i3 \WC log K' & [%Cel +4.37[%S ]
DT EED b 5 I B 25 | < B CIRIBEIR OElE
BEEBINT S & (6)RpBEB LI 5.
log K"y s50°C=—4.9;-+13.6([%Ce] +4.37[% S I;
([%Ce] +4.37[% S 1<0.08)
logK’1600°C=—4.62+9.l([%0e]+4.37[%S]);
([%Cel +4.37(% S 1<0.14)
logK'1650°c=—4.35+7.5([%Ce]+4.47[%S]);
([%Ce] +4.37[% S 1<0.16)
(6)RLV, BEBRIEETEITISLERIT £ D
Bohsd. ThoofEkEEY Fig. 5 & Fig. 6 Ic
Y.
INLOFRIY, KRREOREKL LT, (71)RT
log K=-20600/T+6.39
4G° =94 200—29.2T }"“"""(7)

T, NI FDE St 2505,

5 |

._|5so‘tc'“
1600°C
4 \’*
. _‘X\(
§ weso“ci\\
[s]
7 N

3 x\\'\

2 i
o} 0.1 0.2 0.3 0.4 0.5

{%Ce}+4.37(%S)

Fig. 4. Concentration dependence of solubility
product; K'=[%Ce]-[2,S].

— 18 —

4



o

wEgkho Ce & S Mo¥HE 2791

Temp. (°C)
1 650 | 600 1550
) | .
60 Witson et al. /

-55

41/

x

-50
-45

’(7//
-4.0

5.2 53 5.4 55
10°/ 7

Fig. 5. Temperature dependence of the equilibrium
constant, K, for the reaction; CeS (s.)=

Ce+ S.
Temp. (°C)
1650 1 600 1550
T T
-14.0 s
sz -—100
Ky o
-60
52 53 5.4 3.5
1081

Fig. 6. Temperature dependence of the interaction

parameter, €% °’.

e = —13.4(1 550°C), —9.1(1600°C),
—7.5(1650°C)
4.5 FHERCHKXEFIT C & Mo OEE
Kieit¥ 5 C & Mn o813 [%Ce]l +4.37[%5]
—0.11~0.18, [9%C]1=0.1~3.5, [%Mn]=0.2~2.1,
OEF CHElIE L7z
roEED log K 13 (2) ROAIDIT, (687 +e6) -
[%Cl=Ec, 5Dk (8™ +edV) [%Mn]=Eyn 2N
2 CEbEND. EBAL [%Ce]+4.37[%S]—
0~JEL Tkdie logK' %, ThXh logKc, log
log Kyn &1 5 E, ThHix(8), (9) ATHSINDS.
log Kc=log K— Ec B P RN €D
J0g Kyin=log K—Epg  +oeeeeeeeseeesseeee (9)
1600°C ik} 2ERMEEA log Ko T XIET
[%C] OFE, log Kma KH XIEFT [%Mn] OREE
Fig. 7 L7”¥. AEBL X S, Ko Ko iH

I
ea”=0.13
_.5 L
oy * ____,_4-‘-0-""
53: ....=o=—_<._>-:_'_’_:::‘;_(7__.____.._.R _____ ————
g el =-0.077
¥ -q
o
] o C
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Fig. 7. Effects of C and Mn in liquid iron on the
solubility products, K¢ and Kyyn, for the
reaction; CeS(s.) =Ce+ S.

FiF+ C, Mn oZEI/NE V. B/ 2 TR X Dk
Do ailL, & =0.11311, §'>=—-0.025" %
FlnT e =—0.077, e?™=0.13 B3E5h 5.
4.6 BABMRE

Ce(1)+1/2-Sy(g) =CeS(S)

4G° = — 133 400+ 2007 4+ 5 00018) -+ -e-eoeevee- (10)
1/2-S,(g) = S.

AG° = —34310+6.79T £ 1019 —cooeeverieeeee- (11)
CeS(S) =Ce+ S

4G° = —94 2004-29.27 - e (7)

(10), (DR EEFHEC L DF t(ﬂﬁ#% Ce(l) D
P ADEAO 4G L LTRD (12) SEH TR
5.
Ce(l)=Ce
AG® = —4 900 —16.0T e veeereeresseannceaenenes (12)
(1) FD 1600°C icksiF B 4G° xkdnp L —34.8
+5keal/ mol 75D, B HWORTIETRAINMAR
oFEeEN 50 Ce g FirHHEESND 4G°=
_34kcal/ mol X B —FT5. zhix(7)R, 2D
AHRERESRYTHDL L EETTELEO 1 DTHD.
Xz, (12)RE b 7e.(1600°C)=0.02, HRED,
regular solution JF{ENASARSLD & 4L, PLEATIP A
i, FREh 7., 0.0l LHEHEIND.
4-7 AEH/RE
Ce Z¥ifE, SHHiEs X CBEREEDRE, 15
e, zhbo log(K'or K) WRIETRER Table 6
CRT. BCALLAE S>T[%SIORKRETST D
faptEaEHs JK/K 2XET 5. (13) R = TR,
Jdlog K'=log (K'+4K) — log K'
=log(l+AK’/K') B TR € 1)}
I b {4logK'}(4x/xy=max. I +0.24 r/lzbh AG° T
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# 61 &£ (1975) @3S

BHE L, 1600°C 23T +£2.0kcal/ mol &7 5.
48 ROAREREOER

AR THE SN 1600°C wkiF 5 Ce— S Fhie
B, KX 2.6x10-5 ¢, Table 1 77R L7=fEE DI
CERTHEEE, K Xy 1~2 ¥iEw. coXl3, =
BROFHEE T XL 55003hikc, Fig. 4R L~x K @
Ce, S IREKFUILRT, BHFTEN K ZEEL
7o Ce & S DIRERIFADEIC DAMET S = & s
ns.

LT, ERFHROBER LPIEHE D 1600°C i 517
HERER Fig. 4 LRFRCEE LA, FOEE»Fig.
BIRTH, ZNLOEREICHEVCTDH logk! @ Ce,
SIREFEFENED x SKRDLRDS. 2/, FE»L
EMREOWNEIRETA L log X' #iE L-iBEY R
F& Table 7 X >tk 5.

O, RIREKT log K' ZIRE LB K T
BEZ 5 X 5/ RITILDOTVWS. LEasi>T, Ce—SF
MRERE V5T, BEE & D CiBREREE TS
WTHEEEINILERHBE. ZoMAEEE L, Fig 8
CHEWT [%Ce] +4.37[%S]1=0 ~D log K' D\ fE{E
Tihbb log K #EHEE T Licskdd & Table 7 iz
T XS AMRER L TF—HTHZ EBAL»TH
5.

—7, log K' Z{RE OB & U CRIE L7z§ifiit v
23, i, W. G, Wison SWEF - IETTE OB %7
—# XD Ce—S FHEHZ (DRDLSCELTWS.

T T T
O CeS, pure iron { ANSENBERG
3 G o , IBCr-8Ni steel a8 .
© ¥g0, pure iron Crarmean
& o, pure iron, Buzex
® Ca0, pure iren, Fisewer et ol.

X MgO, low corbon steel, SmeeTon

Buzex
ef™=—L9i
~~ A
‘S"‘crjl_\‘f'\ .
—=e—r0 A O
de . o \\\'\
ek .
2
o 0.1 0.2 0.3 0.4 05.

(%Ce)+4.37 (%S3)
Fig. 9. Concentration dependence of solubility
product, K'=[%Ce]-[2S] at 1600°C.
4G=100980—27.9T
log K= —22070/T +6.079 }'“""”“"“Q

(IR (MRI VP LHFENMEEZS5 2 5. DM
DWT, A. VAHED L2NIARARICEIT 5D % & Vi3
ABRAD I 4 =2 7 (CeS) DIBA, @F#7aR32, #i5
WLTwa., LALOESWTIE 33 THN 7 X501
THERTS 4 = VM OBREBRET B+ ER
TEIE & 2 P MBS RIS IC X D FRER L7o8, S LT
AENGIRBERRLTWS L, $LEBRSEDIFLS
EPLEHTH, BEEIBEVEEZTVS. @IconTlt
47 TR/ LBHTHB. LA, Ce— S FHER
CEWTHRBREOREELBRANTO8EETHY, [
CHEBRERTUTr» L. 20kd, REBRCILIEL
i Al RN 5 L 3tic, +45BEXD CeS 54 =

Table 6. Accuracies of [%Ce], [24S] and T(°K) and their influences

on log (K' or K).

X Range of X ¥ {4X(=30)/ X} max. {dlog (XK' or K)} (4X/X)=max.
[9%Ce] 0.004~0.14 0.00025 0.19 0.08
(% S1 0.002~0.006 0.0005 0.75 0.24
T (°K) 1823~1923 3 0.06%* 0.03

* ox is the standard deviation of X.

**  (4X/X) in temperature is expressed to be 206007/72 from equation 7.

Table 7. Relation between K, ' and ranges of [9%Ce]+4.37[2%S] in which K,' were determined.

[%Cel+[% S ]

Researchers

Range in the studies

The ranges in which
K;' were determined

K" determined

K' extrapolated to
[%Ce]l +4.37[2,S]1 =0

LANGENBERG, et al.s) 0.04~0.5 0.3 ~0.5
Buzek, et al.® 0.1 ~0.5 0.47
FiscHER, et al.® 0.075~0.5 0.075
SINGLETONS) 0.04~0.2 0.15~0.2
Present work 0.02~0.45 0.02~0.2
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w0 Ce

& S Mo¥eE 2793

/7%%Lr,&%@%%%ﬁészéﬁ,%ﬂf%
B 1~11% O X307 74 FHAKFET 5%
ENHBHTE, BLXO AL TMc X2 TET D s, D
K~OEEL»EE L TVWDC LiclER2ELTCWYWS. L
M LTehs s, Fig, 8 Xt Table 7 i23W\T, Al iR
IE 4L fTlebinv e, IMESRERD TOR WO
EDRERD [9%Cel+4.37[%S1=0 ~DI\HE & FWF
FcEHis log K BIZE—HLTEY, fHEo €L
[%Al1 =0 DEEFZYMEERL DOTRLVEEbR
5.

—%, Wison 50 K OBEHERCEWTRLMHE
L7550, Fe-Ce JKEEE D Hiked 7z Ce DIEFAHP~D
HiEE BT 2 VX — 8 (4G°1600°c=—17 kcal/ mol) O
EHtrd Db EEXLRSE. LpoT, (7)R&0D
RO VWFRMEEICE VIS HOTIRC £ fohidi 5
A

5. #%

BEOREXRET LI LCEBNEELT Ce—8S F
BEBRE T, ROFEREE.

1) %%%&&L1,7W<¢mﬂ@m@r0§ %
EL(>3mm)54 =21, 9 0.3% Al ZEgPIC
HFXE D EPEERELZED D ETHRINTH 5.

2) 1550~1650°C, [%Ce]+4.37(% S1=0.02~
0.16 O#iF TTHH{LE» CeS(S) THH I L&HE
BL, FHERS L CRELIERBEREE KD X 5ITRD
7z.

il

log K=—20600/T +6.34+0.41

A4G°=94200—29.27 cal/ mol

¢C® = —13.6(1550°C), —9.1(1600°C),
—7.5(1650°C)

=72, CepS; 1X [%Cel=>0.005 TIIFHAHLILER L
ez L RED .

3) BT OFEME, log K' i Ce, S IREDHEM
X bR RIRE IR C AT 5.

4 C—S FHeHds C, Mo OFEE, 1600°
C, [%Ce] +4.37[%S]1=0.10~0.18 O#FHETHEE L,
KOMEVERREE S

¢ =—0.077, €8=0.13

5) AEBRTELNAEGPTD CeS(S) DiFHELE
REmT A F—ERAWT, Bgkrh~D Ce(l) DiERE

BT AvF—2RAO X S EH L.
. AG=—4900—16.07 =8 500 cal/ mol
6) 2) EETHZ LTI, EROMEBRECET
% log-K' OFR—FoHh# b2 L.
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