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Desiliconization Reaction of Pig Iron with MnO Containing Blast Furnace

Slag under Pressurized and Coke-coexisting Condition

Chisato YAMAGATA, Yoshimasa KAJIWARA and Shinichi SUYAMA

Synopsis :

For the clarification of the mechanism of the desiliconization reaction by the MnO containing slag under
pressurized and coke-coexisting condition of blast furnace, fundamental experiments were performed by the
use of a pressurized high frequency furnace. Based on the experimental results, a mathematical simulation
model with consideration of the direct reduction reaction as the coupled reaction was developed and applied
to the quantitative evaluation of the desiliconization reaction by the MnO and FeO containing slag.

The following knowledge was obtained.

1) Under the existence of coke, MnO and FeO are partly consumed by the coupled reaction of direct re-
duction reaction and the desiliconization reaction is restrained.

2) The increase of pressure, with the presence of coke, results in the indirect enhancement of the desili-
conization reaction through the restraint of the direct reduction reaction.

3) The effect of the charging of Mn ore on both the increase of Mn content and the decrease of Si con-
tent in pig iron was quantitatively evaluated by a simulation model for blast furnace hearth.
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Table 1. Composition of hot metal and BF type

slag (%).
t
Elemen c Si Mn P s
No.
1 3.90 2.05 0.31 0.123 0.037
2 4.00 1.03 0.29 0.104 0.034
3 3.8 0.53 0.30 0.118 0.031
(BF type slag)
Ca0 SiO2 Aly,O3 MgO
43.6 34.7 15.8 5.9
(MnO contained slag)
MnO+FeO Ca0 SiOs
70 20 10

High—frequency coil
Graphite crucible
Hot metal

Slag
Thermocouple
Metal sampler
Additional slag

Gas inlet

Gas outlet

OO0 AB O

N

Fig. 1. Experimental apparatus.
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Table 2. Experimental conditions.

Items Values
Temperature ("C) ) 1450, 1500, 1550
Total pressure (kgf/cm“G) 0.5, 3.0
Initial Si (%) 0.5, 1.0, 2.1
Coke addition (g) 0, 5
Coke size (mesh) —200 ~ —5+16

(100%) (100%)

KEWKBWCEFIA TSRS Ve frERBm L%, &
A EN MO 23R_ML Ar ATRS 7E%# 2
min 8 U CRIL % BMhE & ¢ 7. Pl I L caEs
AV CESHRILE ER L, WSt L. &
B, MRGRERMAET*BHVCERL .

Table 2 IZ/RT & 912, EBREME, RE (T), &F
(Pr), I8 Si LX)V, 2578 HBEBIOI— 2 RFE
ME-REEEELL. Mz —27 2, EFEAa—
7 AT MR, BALLUCTHERLZ.

3. BHEREETIV

3-1 EERULRE
BEIRALGEHEELT, AT 7-2 ¥ VIEB LR
ST-a— s A rER L. AT 7-2A S VEEE L
T, A 7-A%NVREEIIBVT, (1)RDORF I
FeO X rHESOBEREB LI (2) X027 7
MnO 2 L2 BkOBBRICEZER L. 72, X777~
A— Y ARBE LT, A7 7-a— 2 AREIIBITH R
5 7 d FeO, MnO @ I — 7 212 X A EHE BTG %,
(3), (O RXoFAETEHIGE (5 ) KOV V— 30
2AFEDMEETHEL B E LT,

a)A T 72 ¥ VLI

Si+2(Fe0)=(Si0;) + 2Fe --eeeeeee (1)

Si+ 2(MnO)=(Si0;)+ 2Mn «-eeeeeeeee (2)
b)R T 73— 27 ARG

(FeO)+ CO(g) =Fe + COy(g) ---veeee (3)

(MnO )+ CO(g)=Mn + CO,(g)-ee (4)

C(s)+ CO,(g)=2CO(g) rrerrrrrrereennes (5)

%3, 1450~1550°C DREHIFETIX, EBRPIZESED
COEALS A% (0.1%LLA), £7/2, A5 7-XF IV
OYEIWNE TN TN I=Z Ehb, BEHRH2IFHHES
NDOBRRFIEB L TESEP CIc X B A 5 7% FeO, MnO
DEERTCC S EH L 7.
3-2 EEX

a) A7 7 -2 % VG

25 7-2 ¥ VEBREMBRIE TS, ZOHKER
EWEBEBRERCRECBREE D 25, AEEIIM
SO R WIS IR VIREETH 545, BFFIC X

— 187 —



1990 % t # 8% 73 4F (1987) £ 15 &

Coke__ _ - _

@ @ 03
Slag bulk st cFeOs 6
Slag film @l '@ kj®

Cins c S ]

(Interface) J(Dm Feo® @ mj, A
Metal film Cio t® Ky ™
Metal bulk Cj m

Fig. 2. Schematic diagram of slag-metal reaction
model.
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Fig. 3. Schematic diagram of slag-coke reaction
model.
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Influence of temperature on ASi and AMn.
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Fig. 5. Influence of initial Si on ASi and AMn.
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Fig. 9. Influence of MnO on Si and Mn concentra-
tions.
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Fig. 10. Comparison of the effect of MnO addi-
tion on ASi and AMn with that of FeO addition.
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Fig. 11. Schematic diagram of reaction model in
the hearth.
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Fig. 12. Calculated example of desiliconization
reaction in the hearth.
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Fig. 13. Calculated results on the relétionship
between AMn and ASi.
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Fig. 14. Operation results on the relationship
between Mn and Si.
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Rohs, HPIRT L9 10, HMEHRK y=0.57 #°
Beoh.

5 &

UE, BFEALAEZHEELT, MO EEXT /X
LRI O W THBEEBRR OB EFVICE IR
x24TV, UWToOHR%E/. (1)ZF 7 H MnO, FeO

m
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I— 7 ARFE, METFICBITS MnO §HBFER 5 72 & 2 BEF S 1995

WX DRERGE X OVEERTTRICOBEA UG % ZE L
TRBERISETFVICEYD, MnO 8F R T 712 X ARtk
U6 X0 Mn EILRE 2 E BB L. (2)a—
JADELICED, X5 7 H MnO, FeO O —I»5iE
BILMBIC KO CTHB S NS 20, BERIGHH s h
5. (3)REDPLRICLY, a— 2 AOBELEFT TR S
7 MnO, FeO DEERICIUE 1< X % & A5 < h
B8, BEOICREREEES NS, (4)IFRBE

DE, AT VHIEBHBTHBLUPRT 7-2 4 VLB
REICBITARAS 7 MnO 12X A RERIGY ZRE L 7-
FRFEIDETFTVICE D, Mn SiAEABORSED Mo &
b KO Si EEHIEEFH L.

KR, AR E BT THIC47-0, RIETHEL
D3 LEREBTEMORESHNHERTE SR
gL, BRXUOFRLZLMBEL VA28 LAEHREA
FREHR B oL, EASETERR)BA B
RETSMMEL > s B TIHBEEELCHELEL
7.

i =5
A: X5 7-2% VEILFREFE (cm?)
AR5 73— 2 ARERERE (cm?)
C™: AFZ NNV HD jESTDEE (mol/cm3)
Cmo: A F VD j RSO REEE (mol/cm®)
CP: R 7NN IHD jHSDEE (mol/cm®)
Clo: 27 70 jESOFRERE (mol/cm®)
(25 -2 % VHRiH)
Ceo: ARV 79D CO(g) iBFE (mol/cm®)
Ceo® : HA-a— 27 ZFED CO(g) #E (mol/cm?)
Cco, : HAINN 7 HD COy(g) iBFE (mol/cm?)
Ceo,@: HA-a— 27 ZARED COy(g) #FE (mol/cm?)
Creo: AT 7NNV 72D FeO DiEEE (mol/cm®)
Creo® : A 7 7H D FeO O RMEERE (mol/cm?)
(9 7-X % VEHE)
Creo® : A7 7H D FeO DREEE (mol/cm?®)
(Zg 7-a—y 2R1H)
CMnO : R 5 7‘/\‘\)1/ 7 ':PU) MnO 0)?}}%& (mol/cm3)
Cyino®@ : A 7 71D MO DO RERE (mol/em®)
(R 7-2% VRE)
Crn0®@ 1 AT 7D MnO OREEE (mol/cm®)
(A9 7-a—ry 2 RM@H)
S 2 X Z VR Mn OFEERHK (—)
fsi: A Z IV Si OIERRE (—)
Gr: 77 AF 78 (—)
k7 X 5 VIS RS OWEBEMRE (cm/s)
kreo : AT 7 3EIEH FeO DWIEBEMEI (cm/s)
kS 2T TS jRS OWEREEE (cm/s)
kco : HWAZEH CO DWEBENMEE (cm/s)
kco, : A ABEER CO, DY ERENRE (em/s)
my 2 OB 1) D ENKEDFEHEH (—)

my : FUBIK( 2 ) DENEEDFEHER (—)

mg : UBR( 3 )D€ NEH#ED T (—)

my : JUGE( 4 ) D EVIEOEHEK (—)

ms : PUB( 5 ) D ENEEDFEEEK (—)

N2 A5 VRIRRCOWE j OBBHE (mol/s)
N 25 FEBEPTCOWE j OBEREE (mol/s)
(5 7-* % V)

Nreo : A7 FHEEHTD FeO DREEIHEE (mol/s)
(5 7-2 % V)

Neeo' : 27 VR TD FeO DBEERE (mol/s)
(A5 7-a—27 25H)

Nvino : A7 ZHEEHTD MnO ORBEEE (mol/s)
(R 7-25 VW)

Nyiwo' @ A 7 ZHEFTO MnO OBEEE (mol/s)
(X9 7-a—2 25H)

Neo : AR TO CO(g) DBEIEE (mol/s)
Neo, T AR T D CO,(g) DRBEIEE (mol/s)
Re: VA /WX (—), Sc: 2239 ¥ (—)
Sh: v v—"y F# (—)

WAF

Jr A NVRRORS gy

AZIVH (1:8i,2:Mn) 25 7 (1 Si0,, 2 : MnO)
m: XY NVHDME, s: 25 FhOfE, i RiERE
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