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Discrimination among Conditions at Lower Part of Blast Furnace
by Distribution Ratios of Si, Mn and S between Slag and Pig Iron
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Yoshiyasu Taxkapa, and Kyoji OKABE

Synopsis:

At the Blast furnace hearth, the equilibrium of the partitioning reactions of Si, Mn, and S between the
slag and iron is proved not to be attained. Furthermore, the analytical studies of operational data and
sample from working furnace indicate that Si transfer to iron occurs at the lower region above the tuyere
level through SiO gas, and those of Mn to iron and § to slag occur as slag-metal reactions in the slag layer
at the hearth.

The attainments of the reaction equilibrium indicate the condition of the lower part of the furnace and
are expressed as follows; Rg; =(Ls JL21) 100, Ryn = {(Lya/L3a)-100, and Rs=(Lg/L%)-100, where L; is the
partitioning ratio calculated from the practical data and L3 the equilibrium ratio. The index Rg;shows the
thermal intensity around tuyere level suggesting the height of melting zone. The indices Ry, and Rs show
the oxygen influence in the hearth suggesting the amount of FeO entered as unreduced. In addition to these
the iron temperature shows the thermal intensity in the hearth.

‘The furnace operation during a half year at Chiba Works, Kawasaki Steel Corporation has been clearly
explained by the use of these indices.
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Fig. I. Relation between oxygen partial pressure
and distribution ratio of Si, Mn and S
between slag and pig iron.
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Fig. 2. Dependence of Si distribution between
slag and pig iron on ash content of coke.

Table 1. Chemical composition of iron droplets
sampled from burnt out tuyers.

[%S] [%%5i] [26C]
A 0.108 0.94 4.10
0.093 111 4.18
0.037 0.47 4.70
B 0.041 0.57 4.80
0.045 0.50 4.76
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Fig. 3. Variation of slag composition with time

during slag tapping (A : average value
of the tapping, 4 : value at each time).
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Fig. 4. Relations between [2Si] and [2S] at
not smoothly operated furnace.

— 12

1550 40
o
— =}
£ o
£ g
i3] ] o
—_ 1500} 420 35
g ! ] 2
£ ] g
5 410 o
e 7]
! 1 o
=1

1450 — 0

0 1000 2000 3000 4000 5000
inner volume(m?)

Fig. 5. Variation of hot metal temperature and
blast pressure with inner volume of blast
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Fig. 6. Variation of observed Lg; and Lg with
inner volume of blast furnace.
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AT 525 SHECOETERKEEE R T B2 &

DAfELEZDNS.

Si, Mn (X USDRAT 7 &k~ DOHE LD FHE
A~ OEERE VR S LA BVLIRE, MgkE, CO
SECEEIND. oV EERRT SR EERSX
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5% ) CO FEQEVIET E S RRILEETH D E
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ANDOEFEENSE W EHETTREELLTHS. O
2 HEBSELEOEEHRE~OBEE L O THEEE
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3.1 TEHABLEOIHHE

FBRIBIEEDTORT Z, X 2 VEHIORLIGIEFHEIT
W LT, UL LRABRY AR IR AR © o0 2Bl 1
{fivx Boudouard RGFEMiic X > THESNHEESE
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LMESENSEHIREZRET 2METE LS.

c+%qzco
A4G° = —26 700—20.95T 2 wccoeeeo(8)
FEFHCREBARTHIIS(8)DRFFEREZ 1 &k

FBDOT Si, Mn kXUSORESEILIIEELEL CO
SEDBE LTEDbENS. KE(8)THRHESNDER
EHEF (R TELEH, (9)RE(4), ()BXT
(6) HErMEEDT &tk Si, Mn 5XURSDF
fasrictt & LT (10), (1D XA X»ELND.

11
logPg, =2logPco— ;70_9,156 ......... (9)
° fSi'[%Si]}
logL°.; = logd +—>——""—— _ P
OB L7 5j Oo{ dsion eq 210g cO
31221
- 420,699 creeeeerereneereeiin (10)
logLoMu= log{iw[n_[_a/olv]:—n]} —_ IOcho
aMno €q
1522
- 5T 6+10_375...........‘.........(11)
° (%S)}
1 (’L =l S S — == o
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1 7 054
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Blx 5 FRECHEHIERTE2TE LT AT FIREDHE
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2T, &< S OFESE A TR L U TR/
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FREETIELARFEINDLTHS.

3.2.2 CO &FE
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Peo(atm) = {1 +0.967 X 3% 8% — o JF (kg/cm?)}
+0.192{Jo, HigknRIEELE (m)
_0.75} .([4)
(1) KAELFE1IHI 25 7B L0 EHoSEEHOS
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%z R L, 0.967x0.265x0.75=0.192 3% 2 HOH
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Lm:m v
asi0z
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TH5H.
3-4 FE, FRIERK
TR E UCIPIREVAR TR, FEESE X OBt
Bo 3 HEEAT 5.
3-4-1 JFPREGHRREE R
BHIREEZHVS. BEIEETED e 85 EkE
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SHIEBSDRE* —EICHECE 5. Lo,
A SRR & B NSRRI O (K T 2SR B C B
SNTWV5H, ELITITARDFRBARL LTV
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e (20)

— 14 —



sEep RS/, gk~ Si, Mn kX 0'SoSEILIC X BFEATHEROREOHE 1797

3.4-2 (FEMER

BSHRE Y — I HFE LR T A, Yy 7 b T
BB X OFNUTOMEE, &e®y v 2 hEDIREZ
WIEMRE LN O CERT O LERHS. SO
BB ADOBAN SI0 FREN LG THETTS &
ThiF, *OBAERARy v fHEDRE LBESE,
X LRASNTFORMTHESCXIVEES. 2%, KIG
FROBEAMET Lic ), BMESESLERT S &, Bk
~DBREEOKT, SO HFEDE TR IV S0 LiF
UDORICEREDETHRBI D EFELOLND. X5, BE
WD X 5 IR A S FHRNE TRBETOEEEF SiiRE
TEFOPI VI LD, HHEAT S EBE~D Si o
B A » & = DR DR T DIREE I & O VESRE T3
WY BRI T ORMDE TERGET R OB/SIC
BT olEmy RT EE L, SIOEMSE O EES B

x5 |,
Rsi=-% % 100 cereeneee e (21)
L%

B EEER L LTEATS.

3-4-2 [POUHERL

— R IFRE R E D ICRETEHBLERE ST R T AR
TH+2BE8%FRARLEELZS. i, Mn L SDAT
7 E YA DHERICRIFRBIEE YV DR S TN TO
FEC X DIRENSEELZ T 5. LaB2T, F D
TOBLERETHI T TFERELEVORT JHEHO
FeO JRE M1 LA HE TG,

(Fe2+) 426 —> Fe wreeerreeneeesacnicinneninns (23)
KX 2TUTD2RIE,
(Mn2+) 426 — MR wveermeseereennenonannenons (24)
S 26 o> (S2) reerrrrnee e enrier e (25)

OHEFTMHHEXINS. 7221, CO FERKELLERD
BERCO LR T / — FRIGOSREEHPEILTHDT
FOHEDEERERHLTHSS. COXITFEFTH
ToH FeO BLOBENIC XL D FeO FFEEREA T HITHA
KLIBE, H5VWIETRIELEADE T4 e
i3 Mn, S OHERIIEHEE—EOEE T CHETY
BrEZLNE. LA OT, &LTHFEFEH~D FeO
BTkEZRET 555 E LT Mn, S OEHSELLD
FEoBLtbie AT 5 B4 L,

Lyvn
Ryn= ——1%— S 100 =vevemermermreraeeaereraanans (26)
Lﬁln
L
Rg= —=5— 5100+ -seeeeversmeemr s (27)
Lg

ZFIRE E LCHEAT 5.
3.5 ¥EENERLOBES
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5 [
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blast pressure (atm-gauge)

Fig. 7. Pressure dependence of L§;,. Lf, and
L% at 1500°C. Slag layer is assumed

to be 2m,
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Fig. 8. Temperature dependence of Lg%, L%,
and L% ata pressure of 2.5 atm-
gauge. Slag layer is assumed to be 2m.

(10), (IDHXCUD)R»HHELPR X S CEFEHS
ELlEi3iEE L CO HEOEEEZZ T 5. CO HEEZX
BUEEAS PBEHEMALE LD ERETS. ERFPRRE
BAKEWECBEEYBBIIZET 20588 TH
5. ZofEmvx Fig. 5 A EHbiiTwd. Lt
ST, FERARBERCHL S FEIELE BT 57
Fig. 7 W iB8kRE % 1500°C & U7 PG4 Ee bk
THERMFEORE R, Fig. 8 [KXE/EZR 2.5atm-4"—
oL LBa 0 TiaaEl ik § 2 iEREORE 2 R
. L, AT SEEEESE 2m, SEHSELE
GV AT SR Ca0:429%, MgO:79%,, AlOs:
1695, Si0;:35% & L7z. M2 5 FloE il BUE &
IBEr KEKETHZ LN brb. &I FXAR
B, BIRANE SERFEESAE L, B Th Si FEHE
e #oEmM»IBEETHS. LrLl, Fig. SIKRLicX
SEmEAEDFIT EEHEHEETIRELTWH DN
B, KBFOFESE IO 2T RbhR v, &
B &S 34EE ¢/, Fig. 9ic Fig. 5 0%
AW T&FESE L & FRAROBEGRE R Lcss, A3
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hRBBHF Iz Ebh T 5.

FRAR L FESEE X EROBBRIT S 520, &
FTR—OESFELLIE SN IIGEITII/NRFIZ IR
BT/ hEv. FREMORLSFEMTRIER T 5
LERIOACBEETHILERSS. WETHIZRER
BT 5EA T BR—FETOEHD 5 v II[R—FETO
Rsi, Run, Rs (RO BERE RV TFEROZERC
HEEINETHY, RBREOHERNER, HBEFLOFERLL
NOEBRC I+ FOEESLETHS.

3.6 FeO BETfEEHICEALTEMMTIBE

Fig. 10 iz &468, 2 ViASHEE L& RIEEE T
LREMEFEBTEERIHNTR L. LLCEELEFIIIZ
BREHEHAWE. ZCTEBEROTRTISREZ®ETS &
DEDX OIS

fFERBGREE (H.M.T.) : P awREEBIC X D CTHRRY

KIET T oKt S 28 OET R

FEFER (Rsi) : v % 7 FTFE2 HPOFHT 2T

DTSR BAHT T BB GE T ) DIBE & FeO o

ToRAE. LK ZOTEROIER D LREOEEK. i
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Fig. 9. Variation of observed L%;, L%, and
L% with inner volume of blast furnace.
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Fig. 10. Influential factors on hot metal temper-
ature, Rgi, Ryp and Rg (Cp o/Cp ¢ ¢ ratio
of thermal capacity of condensed phase
flow to that of gas flow).

{680 (BRmn, Rs) @ fFERER~D FeO BTE, Thb
HLIF TR TOELELETIKEDORT.

DEL NG 4 HOEHD 5L Rsi, Run, Rs MR
OEBZG U ED X S LT 5,52 TT. FROZE
WILBEAT S S OES), TRARNROSHLEF L EELD
REED D 555K BINCIE FeO RNEDOEMETCHETL

DBBDHPEP-TEKBETESLDT, FeO [FTfHMEY 3
=AW KEI L Fig. 10 oF IR L R {E & olEFEE
EETDE. AURBISFERSTEEVETEL Sy — X
(a)PBH vy Y2 B8FETT FeO OETLNRET T 55 —
ACC)ETRIERN L, BEERE, 27 FRK, R
BB ENET S EEr —2ToO REOMGRIE
r—2(a): Rgj, Ryn, Rs & HIT{EV .
r—A(b): Rs; W {K\WAH Ryn, Rs WEEW.
r—2Z(c): Rsi, Run, Rs & HiTE.
EIRBTHAS. Lich>T, ik REMOMAEED
fric ko T FeO BTFHCHT 2 5B08RENS &%
RHTENTES.
4. BIFRET— R (CELBIRE
TERGRFT COMENTBI% 3. Table 227k L7 3
FBABIUCESEFOAMESIEET — 2 2 AVCEHE
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Table 2.
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Monthly average data of blast furnace operation at Chiba works (excluding blast stoppage periods).
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......
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Slag composition
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(1) #£I5L 3 orefcoke #IEHnL o> 1975 4E10H

5 1976 £ 1 B TIREEHREAR f LT v
ZOPA Rsi, 2% DIFBWIKT LA LEKFE T 1K
BIEAR LTV A BFRHEGEER 5 THE. Tibb,
HEHRE IR TERI B —EHEZ#RF LTV 5.
F 72 Rmn, Rs & DR THEMTHD,
THERBOTH~DIAZRELTV5S. & Rsi THL
B Rvn, 5 Rs LTV 5% 3 S IRELEBT

5.

b R bEkRE

SEIAMEE I e U CE < PR EL & TR 1%
FEMBE LB TV BHATRRLHBIINS.
(2) 1976 4 2 B LIS TIIAIE & dERE 2 Bn =

TEFHEIEML TR Y, Thid Rs o ERICHABRICE
b T 5. EHIRE I —EE% R LFREGEE b+

S5TH%. Run, Rs dRIRFC_LFAERIC S D FHLE—
BRIFEFMCHE. Lich>T, TORE, SEHER
REHEREA~OBTVBARETH S, T, EIFOEER
BEI{K Rsi TH Rvn, & Rs MR LTW2EIEF
MRIFTHLOENL, & Rsi THBTbrrbEbT
Ryns Rs PMEVE S BFRIFRICHEDOLR B D 5.
EABFR ORI S S-

5. &

BFEPLHHEINDAS 7 Eggk~D Si, Mn kX
O S Dotk E AW TREREBOMS 2 ERHA Y — L
THET B A EA L. COEKOEA LRI 0%
ZFER T T LGN D ARG O F 5 B e A FEFRER D
ﬁﬁ,Eﬁ,13ﬁﬁ&m£ﬁmmbkgwwibﬂ%
FNCEE D, P SN s 25 & & gk~ D&
DEFBSEH L IBNIRE & Z OS5 B & OBE S 7
5 C LT X D EIIFPRRER S OREER HEEIT 5 ¢
LHDH. BEIILTO3@THS.

(1) FREVEREER : IAEHIRRE

(2) JPehEH : Rsi=(Lsi/L%,) %100

(3) 1PUt¥ess : Run= (Lmn/ L§a) X 100

Rs=(Lg/L% )x100

zZi Ly, Ly 3ahrh i ks nEESTH & F
BBl TH 5. BIEROELRI,

(1) FEREAGEREC - TIO AT EEE T X > CIAER IR
BT 2K S 2B BRE

(2) FEEE: v+ 7 PTED> ST ORI T
DIEFIHH T T HHEBGETH) DIRE L FeO im0
KAE. L X DEBOIEA D LB OB

(3) (AU : FRE~D FeO BTE, Thbd
FTEHCTOBLELRITIREDRE
TH5B. TNOHIEEE AT & X IT RS gk
DABRDHENARETH D T & &2 T Li
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