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Oxygen Potentials in Liguid Pig Iron and Slag and Analysis of Reactions

in Blast Furnace by Means of Affinities in the Reactions
Kazuhiro NAGATA, Nobuo TsucHIYA, Mitsuo Sumrto, and Kazuhire S. Goro

Synopsis :

Chemical affinities of the transfer reactions of Si, Mn, S, and Fe between slag and pig iron in the blast
furnace (4sio0,, Amno> As and Agpeg) were calculated from oxygen potential (Pg,) and temperature of slag
and pig iron and their compositions. The Pp, and temperatures were measured by using oxygen con-—
centration cells for slag and pig iron during tapping from the furnace. The following results were ob—
tained; 1) Po, in pig iron was larger than that in equilibrium with C and CO gas and thus, oxygen in pig
iron was supersaturated. 2) Pp, in slag was one order of magnitude larger than that in pig iron. This
Py, was equal to that in equilibrium with pig iron and FeO in slag. 3) Because 4s;0,<0 and 45<0, S10,
in slag could not be reduced and pig iron could-not be desulfurized by slag. Because Appo=0, Mn and
MnO in slag would be in equilibrium. 4) The magnitude of Ag;o, depended on the characteristics of each
of the three blast furnaces examined. 5) The content of FeO in slag could be estimated from Py, and tem-—
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perature in slag by using oxygen concentration cells for slag.
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Fig. 1. Construction of oxygen sensors for pig
iron and slag.
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Fig. 2. Profiles of the electromotive forces of
oxygen sensor for pig iron.
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Fig. 3. Profiles of the electromotive forces of oxygen sensor for slag.
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Fig. 4. Change of Py, and temperatures in pig
iron and slag during tapping.
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Fig. 5. Change of Pg, and temperatures in pig iron and slag, Po, in equilibrium with C and CO
(horizontal line), and Si content in three blast furnace during long period.
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Fig. 6. Chemical affinities of the transfer reactions
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lated from Po, and temperature in pig iron.
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Table 1. Chemical affinities of reactions and esti-
mation of the reaction sites in blast furnace.
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Agjo, >0 Bosh SiO(g)+C=5i+C0(g)
Ag<O Bosh (1/2)S2(g)=S

Appo=0 Hearth Si+2(MnQO)=2Mn+(SiO3)
Aypoo=0 Belly (FeO)+ C=Fe(s)+CO(g)

PBHEBTTHOD. BAWNETHALHO v
PO TCEENERTHDT Po, Hifilieh, FHpr
AT St BERESCETS. 0%, BHEIFIO TS
DA S AT A8 Si okl b RENME
T35, Lo, AT 7-2 2R ET Si o1l
DT Ui 358 Asi10,>0 &72%. R THT
DEHD Po, 7L Si0 »3 810, b B EHE1R
WkeR S i 810, A S VWA B DT Asi0,<
0 Lich. SESEFDO8HAL N ATz DX 5k
R ot mTREM D D 5.

4:2.2 Ag & S DT

T H CORMC X % B0 gtk i KER 59 23
LTWw5b., Thicks &, WFERNOBRRIGIL S
D Mg, K 7t FOSAERE WA TR BB E A R-LTEH
b, PRI EAIS o—Fux CS,, S, it &1k
EHE LTFRARBRLTVWD EEL BRTWA,

T As BNARSERFD, 0% D FRECE Lick
FUCRIGIBBE Tl B LA T 2 5@ 5 Bl
BEZD. WERASZ L2 2 LOWIEHITE FHEER P
HBMBEHETS. COFERCTORT s/'hd SOPKE L
g3 Po, ETETS.

log Pg,=2 log(%3S) +log Py,—2 log Cg-+---- 27)

T Csit (19 RTHExLbhB., Po, ¥AF FDHE
BIERED 5x10-%am &+ L, #HEOEFEATF /Tt
(S) 7 0.7% BESINAHZ L, ILEAT 7D HK
% 43 Ca0-36 Si0,-14 ALO,-TMgO(ERY) & EET
%. Ps, 1, 1700K T 2x10-5atm, 1800K - 6x
10-7atm ThH5. LEEREBERE FRCBRE R
IR, 2 HWTHOBECHELTHEELTCIV. T
fshb 1% © (S) &2 7 EFETSB S, 4FER
10-7atm BEW S, —J, BAFPOMETRERETS
HARD S, HER 10-5atm LEHEIRTWBY,. =
DEXERTDHEFEFHT 10-5atm 5 10-7atm
BAOTADCHYTE A APDOSHAS YR I NS
THEMED B D. ThbbIDEBTHANDBASTS FICS
BT S EXVPERNCH IR, Lo, ¥
ADPDBATZ I~NDSDOREINMN A 2 ADENCHE LT

IR BIE A 2 A~D S ORI b, ZOH
T3 TR As P WB FT5HZ Lk +9%
2 bh%b. ZDEEHFAPD S, LFEHETHHKPPD S
BEBLIL (18) & (25) Kb BEHEL R M 5.

log[%S] = %log Py, —0.11[%%C]

F7056/T—1.22 coereevenanininnannieen (28)

ZZTI[%C)=4.5, Ps,=10-7Tatm L{EE TS &, [%S]
v 1700K ¢ 0.09, 1800K ¢ 0.05 TH%. b
PRCENTEL Po, KWK LEAIAT 7 (85)
BWEMETT5. WwE Ps,=10"%atm, (%S)=0.5 &
L. @NREATFETS Po, kitETHE, 1700
K ¢ 5.8x10-8atm, 1800K ‘¢ 1.6x10-2atm } ¢
H. ZD Po, i13A 7 /vp FeO HRILINT 1% BE
FERD BHCHYTE. LA 2T FRAFATA Y
v 7R EGETENR £ LAl FHRH A S s
(%Sy »hElieh, BN EhTF sy Adhrei® o7 Sk
ABZNEBITTE. ORI 45 11X Y FoleT
bz Ewies. HIGFE06R, 88, 11 Joikk
X As 22X D IEDHFHTFhTED, A5 7hDd Po, B
AR TVL S,

4-2-3 Amno & Mn D)

Mn REAPEEERTHBDT, A5 /heiML
7o MnO (RS C BRME T4 5 B 70 X h ik
ALY E L, PRIBCEB oA 7 7BY gk i3
LB TTASENEL LIS, FTHED
BETOoWT BEP BR LS5 Mn §3E A SEAFHRIG
CEEIT S, BRI TOBORS 70 Py, ¥AS /v
D FeO CHBBROFHRAFHM B (21), (22), 26)K%H
WTEE 5. (%Fe0)=0.61, (%C)=3©, R
1700K &35 & Po,=9x10-Maum /5%, =@ Po,
LT AP O Mn B (13), (14, (15), (24)
AL HEINRS. 27 70 HE% 45 Ca0-35 Si0,-
10MgO-10A1,0; & L, (%MnO)=1, [%Si]=0 }{&
ETHE [HMn]=0.06 Lich. ZDfHL FEREOE
S DOEEER 0.5% LB LT IEKIE .. Thb
LWEME T OB, AF 2o MnO 1zt A L BTX
Ricvys. B, MnO BFEMDORA S FB% Po, OIE
WEREER A AT BB, AT -2 xR ET S
IODBIEINB EZEL BRA.

Si+2(MnO) —2Mn+ (SiOy) +--e-evereevne (29)
CDORIED LR FT Asio,—24muo K 810 73,
EPELOFIHLNBSRETHY Si DL A S
7 MnO OREITHETTSH. —7F, Fig. 6 TH L
Ple X5, Asi0,>0 DA TH Avno=0 TH5B. Si

—212 —



% &t

BHASSOBERTF VY » A ERSOEMNIC X 2 EFERREG ORI

2277

~

N
T

! A

At | MM” fo

ASi0, =2AMNnO (Kealimole)
b o

No.2 B.F.

]
N

No.3 B.F.

\M\ :
W .

No.S BF.

G, 10,  pgiZing

1 L 'y 1 1 1 1 1 | 1
“ 4ns o Ty Ohg %3] Vag 3o Shy Sy 8By Tha Vs

‘79 80

'81

Fig. 8. Chemical affinities of the reaction of Si+2(MnO) =2Mn+ (SiO,).

Ot (MnO) DOEITLHRA TS 7/- 4 & LFH T (29)
IO TDRIRE D ETHEs Auno=0, T7cirb Mn-

(MnO) DE#IER I T3 & ¥, AR Si-(Si0,)
[ DT HE D, Asi0,=0 BT TH 5. Asio,
>0 2w Z ki, Q)RS RIE TS MnO) H4y&E
TERTWA I EXEKRT S, Thbbigtho C T
LRTTINBHD Po, LFHTHEE T RIEHETT
HLENELZDBNS.

4-2-4 Apeo & AT Zh FeO )

YAV ERNE T 45, Cicxbhas s FeO it
BLEINEIHHTS. 20, A5 7dn FeO PEE
2 0.3 225 0.6% RELD. Z OEITFKICE
F5xA5 70 FeO BEEWI. Tibbil Ttk
27 7D FeO itz LA ERTLE iz, —F, Areo
=0 YO L AT 7D FeO FFELELDD, =
DOEFRIIFRAATAY » 7REFHETENELAS &
> FeO PMEMNHR LAEETIRIOTWS. @1
i, A3 7d0 FeO BEERE FRHC—EIT 2T
CLEw, FEREDOAT 7-2 2 AT FeO pEITEh
HEEITNEINEEL BRA.

4-3 RICOBVMADEFR, FRIEHORER

T T TITEES DY HURE LIPS, PIiER o WL
BEWRAYERTD. RORICEEZS.

Sl—i-Oz— (8102) (8)
Bk, Lsi ik @si/@sio, TERINBDT, E)’"@(b
ST (9) AR X DRI hB.

Asio,=A&0,+ RT In(Ls;- Po,) ++-wwewe- (30)

SEHETIE Asiog=0 DT, Afio,=—RT In(LY;-PY)
THBH. Lo TG COHBLL TP B 5 EE8ET /2 D
Po, bIREXRAVWCHEZILS., 22T, FRTERL
B o Po, RERGFETHN, ARTI SikhoE
PEE LTD Po, XBATHZ LicT5 &, FHIER,
Rgi 13 (Lsi/L%) x 100 TEHEINBDT, RLOBF

7 Ario, ERATEFE ST BRA.

Agio,=RT In(Rg;/100) «--vvemeemmnnniineee (31)
FERRC P IERIY Amno, As EBARST HR%.

Amno=RT In (Rpn/100) oo cvviieieniaiianne (32)

As=—RT In(Rg/100) ----enverremeereniecnnn . (33)
Lichi2>T, R=100 o & FfF, R>100 0 & x Si
Mn @b ES, BRERERT A FAEs 5. R<I00
@&%u:o%%ﬁ%?é Px, FARADOEED Po,
P OE R I BT DL AN
73 & R PI1EsE &B@%ﬁ&h%@ﬁ%é%ﬁ?ﬁﬁ
Eich,
EFEPARECIREIRTOBEAL Fig. 6 12505
M X 51 Asio,>>0, Amno=0, As<0 THYH, Po,
(slag) / Pop (metal) Hed /&, ZOIIZIFS, s
A Rg;>100, Ryp=100, Rg>100 -Tpy> FeO s
PNE G E YT 5.
-4 BRB{POBRAMBBEEBRCDNT
Fig. 5 X W &b Po, 13 C-CO LF#35% Po,
LD RE SBEIUBEAFNEEM L TWD T Ehbh b,
ZICRIDRERYFETS. 1 DORRMEIZEISE %>
DOWENE T3 58, BH» C2RINT B, O
C+0—-CO GBI EMF O 2LREFICE
BI2568 TH5. b5 L oOmhEMIL T4 C SiO
HADEEFD C TEILEN St HEHPABE,
fREE L7-OD—MMb B BMRTHEE5THSD. DB
Mo KEIXILICFHC B LTAS L, Bghd
Si MEVEEHD Po, HiEt. W, PO LrATD
Si-Si0 LT3 Po, ¥ RBTH 5.

SiO D4 FEIT 1x10-2 235 1x10-3 F3HE XRhTu
B0 i SiRER 3%, CEE% 4.5% &L, Si

— 218 —



2278 $ L &1 3E 68 4 (1982) 15T
09 7-4 2 Mo Si, Mn, S, Fe OoSERIGD LM
0.8F * PEFHIL Lo = AkORREE.
| . 1) 8D Po, 1t C-CO LEHT5 Po, XHKE
0.7y {, BEEPE O AUBEFICEMRLTV5. L LR
0.6 RAOHE, = OBMNERNI LB ENDD.
Eos -,2,° 2) A ID Po, REHLY WIKKEL, A7 7
§ opfee ° thoy FeO LSO FHHTREI RS,
’E: 0.4 ” . 3) Asio,>0, A4s<0 THH, FIRHM TOAF /-4
gost  wmeke? 2 ARICIE Si DRIECBHO T AL I
bop 'i 4y FET RERRIL Asio, OEIX RFICX2T—
EDMEY, FFOFREO—2>DBRTILS.
o 5)  FEIREFT Asi0,>0, AMno=0, 4s<0 T Po,
° (slag) / Po, (metal) lbid/NE W, REERFICIL Asi0,<0,

0 01 02 03 04 05 06 07 08 03 10
(FeQ*%,) Calculated

Fig. 9. Comparison of the measured and calculated
(%FeO) in slag.
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