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Synopsis:

The behavior of impurities (carbon, phosphorus, sulphur and nitrogen) in a smelting reduction
process was investigated by 5 ton and 100 ton scale experiments.

(1) In the case of almost carbon-saturated iron, the phosphorus content in the metal can be
reduced below 0.02% (min.0.004%) by controlling the (T. Fe) content in the slag above 4-5% and the
bath temperature below 1450°C.

(2) More than 60% of input sulphur evaporated during smelting reduction, most of which were
captured into the dust as FeS. The distribution of the remaining sulphur between slag and metal can
be expressed as follows.

log (S)/[S]1= —3032/T—0.343 log (% T. Fe)
+0.660{[(% CaO)+ (% MgO))/[(% SiO2)+(% Al03)1}+1.431

(3) The carbon content in the metal depends on the sort of carbonaceous materials and operational
conditions such as the intensity of bottom stirring. The change in carbon content can be explained
by the balance between carburization (which is determined by the distribution of carbonaceous
materials and metal droplets in the slag layer) and decarburization (that is, reduction rate of iron ore
by carbon in the metal).

(4) In order to improve the removal of impurities in the smelting reduction process, it is desirable
to operate at more than 3% of carbon content. There are two typical operational methods, one of
which is concentrated in dephosphorization and another is in desulphurization.
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Table 1

Experimental conditionsl.

151

100 ton furnace

5 ton furnace

Type Top-and-bottom blowing converter
Smelting reduction Height 8900 mm | 3100 mm
fumace Inner diameter 5400 mm 1450~2100 mm
Lining Al,O3-C MgO-C
Amount of metal 50~100 ton 3~5 ton
Amount of slag 20~45 ton 2~4 ton

Top blowing

0, : 20000 Nm?/hr

0, : 900 Nm®/hr

Bottom blowing

N; : 1400 Nm*/hr

N ; 80~180 Nm®/hr

Operation

Temperature of metal bath 1355~1540°C 1450~1510°C
CaO 30~36% 33~40%
MgO 9~12% 12~15%
Slag Sio, 27~30% 29~34%
Al,O3 12~22% 4~ 7%
T. Fe 0.3~7.1% 4~ 6%
* 38~45% (coal) 41~47% (coal)
Post combustion (%) 49~55% (coke) 50~58% (coke)

*) Post combustion=

(a)

(CO,+Hy) X100%
CO+COz+H;+H0

Table 2 Composition and size of raw materials.

Iron ore (mass %)

T.Fe | SiO; | ALO; | P05 S H,0 " Size
6.3~30 mm (95 mass %) (100 ton furnace)
68.0 | 0.96 | 0.57 | 0.15 | 0.01 | 0.15 | g% 2" Vo0 mass %) (5 ton £.)

(b)

Carbonaceus material (mass %)

F.C.| UM | Ash S P H,0 Size
5~25 mm (85 mass %) (100 ton f.)
9 -
Coal | 55.2136.5| 8.3]10.07] 0.006 | 1.65| 4~12 5~20 mm (95 mass %)( 5 tonf)
i 5~25 mm (90 mass %) (100 top f.)
Coke | 87.3 | 0.6|12.1]0.36] 0.050 | 0.81| 1~ 3 10~15 mm (95 mass %) ( 5 top£)
(¢) Lime (mass %)
CaO MgO S P Size
5~30 mm (85 mass %) (100 ton f.)
95 0.42 0.011 0.003 5~20 mm (95 mass %) ( 5 tonf)
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Fig. 1 Influence of (% T.Fe) and temperature on phosphorus content of metal bath (100 ton furnace)
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Fig. 2 Influence of temperature on phosphous content of metal (100 ton furnace)

AR EORHSITERTE LT LIRSV,
BERIETT 1 L — FDORED/NT Y ADBI% Fig. 3 IIRT. TOERRTIE, FRADZT 7,
AZVICEZEEN2 DS (=B, TAbL7-eE25N15) ORFEZHINBTH A, &
BRTHREABRLEY LTRVELTRET A LT, BHESRIITLTEZLZLHAT
EBH0T, KILEIZ0%BIZDITS,
FIL7bDDITERIFBESLBICL o TEL D LEZONLY, BRBELEAICE,
BHANOHFEHT A EIN LD —BENLAEDODIED5%UTT, £ES A FOHICR



BREEERBITL T O RII BT A Y VEGOEF L, TNEHIET S &Mt 153

Qutput

Input

Ore 21% | sjag 17.7%

Base slag

15. 9%

Base metal Metal
46. 0% 52.1 %

Fig. 3 An example of sulfur balance in a batch of smelting reduction (100 ton furnace)
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Fig. 4 An example of calculated relationship between [%P], [%S] and (%T, Fe)
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Fig. 5 Relation between average Py in furnace and nitrogen content of metal (100 ton furnace)

Fig. 7 13 5t HEREBRIFT, ARZTEZHAVTEREL-BORZEEOEEICE LITT
FHRDRMEEE L EREEGEDRL TS, Hithd, C =4 %BMETOREERERTE
ETHD, FRADRMENE L, IERESHTRAENSZVWE, REEBERTEENNE ko
TWh,

CDEHNT, BESG (RMEE, 2, ERETALHLLE) RETIX, FRICEM



PERERBT O AICBIT A XY VSO L, FNEHIHT &M 155

(mass%)

Carbon content of metal bath

| 1 1 | 1 | 1

1
0 100 200 300 400 500 600 700 800 $00

Cumulative time of Oxygen blowing
and ore addition (min. )

Fig. 6 Behavior of C content of metal bath during smelting reduction with bath during smelting
reduction with high volatile coal. (At the time shown by mark |, oxygen blowing and
ore addition were stopped for about 60 min. Coke was added and oxygen was blown
without supplying ore before starting up for temperature control.)
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Fig. 7 Influence of the amount of bottom bubbling gas and that of coal char on the behavior of
carbon content at about 4% (5 ton furnace)

FLTOTYH, A Y IVERRREILT L S EAEISDEIZRAN S DI TN I Lbh o7z,

3. & £

3.1. XA ZIhRFEERE DS
EERETIE, AV NVIGORZRER, XKO20DNF Y AL oTRT S,



156 AL A6F - B

(1) AZNVHRFZICEDBAT ZhEbEk0ETT (ThbbER)

(I) JRAEERA ¥ VOB X 505

T, BREEL IR TAIERIIOVWTER 5, BRLETLREICB W TIIERY OBED
EIT—ZITRAND &) ICERHEAOBIREE S RAEEN S, AT FhOBRLEEE LiREDS
—ENRIZNDEHIRETIE, FRAGSMEHERE L BLELB LR EE L {, &F0BTERE
BB ERETHROONDEZ LR D, EEOBTOD) LERMA I VFOREIZLBBTO
HEE, NEIFTIERH80%, KEUFTIZH60%TH L Z EHMONTWE, L72hioT, £
FVOR R, (TIZEHMAGICBEE T 2SR 0 OREEE, RMEE, 2 RBBERES
MERE) ICLoTROLND, BMAEHERE, TLOLEADORTRENIEMT 2 L, Bk
REIXHEINT A LIl B,

—77, MPGREEZ, A EERA 7 VR OBMIER KT T 5, AT 7RBADERA ¥ Vi
DF 85 mass BLLEIZEMRE T AL o TAINVEPSRE LTSN DTHB, L7
BoT, AINKETHENPOATIBIZA>TL b, 2B XET ARERKDOERIZER X
&METH D,

MERZXET 509 1 2DERIEIRAT TBHDERMOBHTH D, AT TBADFH D5
ik, 7V 7 RESWEHET, FEICL > TRDZ,

25 VRBADRMDEENL, A5V DREICLLNE, RMICHADPIFENEEIONT ~
AL o TREBEEZ, ERREBORMOGHAFE L. AT 7BORIKIZ 100 t 47
FHEL, BEYV v MIEBLIEAE Fig. 8 DX IRE L. ATV OENL, EWR
BT A (FOEREFLICHAOPH 5 LIRELR) Lo TRIALEZ, BLIZL>T
BETHHNAOZEIIER L, 2B, X7 7B, LEOBOESDORMIEBELZ1.0&
BE, ATT7OMME LTI, AT 7P >TWBEI L 2#E LT 10 poise EIRE L7,
EBIIZRM IR E L OIHEEL, TNEHD L) IBIMENSDS, FHETIZNE, &
DEVEERELZEE L, STEFEOEMIIFGRT ISR T,

D=7 ABLUARERACTHEOFEZROBI% Fig. 8 ISR T,

PR L CIHET D DIEA T ZBTER30% DERSTH 55, T DEG D bt OFH A
TEE% Fig. 8 DR LVFET AL Table 3 DL HIlhb, HENE, ThbbAT VB
DA O RIBENRFE L (1.0) THoTd, a—27 AMEHDOBEDHFARERDOE
ELDYRMBEEIE RS,

ST, HENEORMBER, -7 AERHOBEORIBNELEZONL, %5
W, BRPOER LT Y —OFFI— AL NVBEEINSWI E, T2, A5 7ICENIC
CVRMAIA T IS EAENBHERIL, R A XN EVEROFFHETEI K E
WwWOT, BEFTT5056TH5S,

L7zhoT, BRZAVESEICE, AT 7B THNBDOESIHEET 2 RME)a—2
AFHRDOGEIHND LKL 2D, TORE, RMERX S NVOBEMEFEIMETLTA YR
ZREOETIBINRL T o/t bEibNb, TOXIII, AV VRZFBEICRIZTT R
PEME, RME, ERESEHRSOZENHHETE 2,

PDEDZERS, BRBTORMAEBEICHFEET LB TH, AT 7BADREME X 5L



PR BMBET T O RAIIBIT DAY VG OBENE, FNEHIET 5 &G 157

Samp!ing
osition
P | Slag layer Slag layer

Cavity by
oxygen jet

Cavity by
oxygen jet

©
*Lining

| * Metal bath l » Metal bath
(a) Coke . ) (b) High volatile coal
(floating velocity : 120 mm/sec) (floating velocity : 160 mm/sec)

Fig. 8 Calculated distribution of carbonaceous materials

Table 3 Calculated relative carbon content in lower 30% of slag layer from Fig. 8

Floating velocity Relative average carbon content in lower 30% part of slag layer
Coke 120 mm/sec 0.51
Caal 160 mm/sec 0.30
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Fig. 9 Comparison of calculated Lp and Lg with experimental results (Activity of oxygen was
calculated from the activity of FeO in slag)
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Fig. 10 Calculated influence of the carbon content of the hot metal on the behavior of the impurities in
smelting reduction process (At FeO=7.3 mass %, Activity of oxygen is 68% of one determined
by the FeO activity)
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Table 4 Typical patterns of removing impurities in iron and steelmaking process with
smelting reduction process

. . Pretreatment of pig iron and
Smelting reduction steel making
Smelting reduction
C=4%
5. - Desulfurization
< [
Case 1 g: 8 (1)%/) > - Decarburization
2= 10 - (Dephosphorization)
Temp.<1450°C
T. Fe>5%
Smelting Finishing
reduction reduction
Case 2 C=(3~4)% | €= (3~4%) - Dephosphorization
P=0.05% P=0.1% > - Decarburization
8$=0.1~0.3% S$=0.03%
T. Fe=5% T.Fe=1%
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