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On the Pre-Treatment of Pig Iron by the Continuous

Dephosphorization Furnace

Akira Fukuzawa, Ryuichi NAkKAGAwA, Shiro YOSHIMATSU

Akira Sato, Tatsuro Mrtsuir, and Tsuyeshi Ozax:

Synopsis:

Continuous pre-dephosphorization process with 300 kg trough type furnace was examined; with the
hot metal input rate: 33~38 kg/ min, oxygen blowing rate: 0.7 Nm3/ min, and flux rate: 4~5 kg/ min.

The slag was co-current with the metal.

As the result of one and two lance-operations, it became

clear that the two lance-operation was more advantageous for slag-metal reactions as predicted from

the characteristics of the resistance model.

Moreover, from a theoretical analysis it was proved that

the slag-metal reactions could proceed most effectively when the gas-liquid flow rate ratio {(oxygen
blowing rate4-CO gas generating rate) /hot metal rate} of each lance was kept equal.

By utilizing the result of this investigation it would be possible to develop a continuous pre-treat-—
ment process of hot metal with higher dephosphorization ability by optimizing the physical conditions
of the process and by the operation such as the adoption of countercurrent.
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Table 1. Chemical compositions of flux materials.
Chemical compositions (%)
Materials
CaO | CaCO;| CaF, SiO, | Fe,0O; | AlLO; | TiO, P S
Lime 83.80 | 1.08 0.25 0.04 0.006 | 0.11
Fluorite 2.97 70.89 | 21.90 0.003 | 0.13
Silica sand 95.30 0.29 0.32
Iron ore 0.06 3.31 | 95.44 1.67 0.037 | 0.014
Bauxite 4.08 5.21 | 58.90 | 2.48
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Table 2. Results of experiments.
Number of experiment 1 l 2 3 4 5 6 NRIM*
Lancing conditions
Number 1 1 2 2 1 1 4
Nozzle diameter (mm) 4.9 4.9 4.9 3.4 3.4 4.9 4.9
Lance height ( mm) 150 150 50 50 150 150 150
Distance bet. lances (mm) 250 250 250
Input rate of pig iron ( kg/ min) 33.5 37.6 33.5 37.8 37.2 37.7 130
Flux rate ( kg/ min) 4.47 4) 4.06 5.31 5.23 4.21 10.5
Oxygen blowing rate (N1/ min) 1011 | 687 651 694 716 680 2 340
o In 1330 1260| 1270 1360| 1350 | 1310| 1406
Temp. of hot metal (°C) Out 1497 | 1477 | 1457 | 1465| 1468 | 1503 | 1504
G 367 | 3.95 | 3.96 | 4.04 | 3.98 | 4.05 | 3.89
. _ Si 0.46 | 0.51 | 0.64 | 0.62 | 0.61 | 0.60 | 0.57
Composition of pig o) Mn 052 | 0.56 | 0.56 | 0.52 | 0.56 | 0.56 | 0.56
o P 0.13 | 0.13 | 0.14 | 0.12 | 0.14 | 0.14 | 0.13
S 0.018 | 0.016 | 0.042 | 0.049 | 0.047 | 0.051 | 0.034
C 1.55 | 3.03 | $.16 | 3.11 | 3.40 | 3.09 | 2.88
Composition of output Si 0.014 | 0.044 | 0.051 | 0.047 | 0.10 | 0.082 | <0.0l
0mposito ééeéi? %) Mn 0.059 | 0.10 | 0.10 | 0.085| 0.16 | 0.12 0.28
0 P 0.020 | 0.041 | 0.037 | 0.037 | 0.065| 0.049 | 0.025
S 0.014 | 0.012 | 0.022 | 0.029 | 0.026 | 0.030 | 0.019
T.Fe 21.20 | 23.77 | 20.94| 14.03| 19.68 | 21.89| 5.42
Fe,0; 13.84 | 13.56 | 13.10| 8.59| 8.67 | 14.73| 2.64
CaO 38.30 | $3.97 | 37.18 | 41.71 | 34.34 | 39.49 | 57.50
SiO, 12.44 | 15.10 | 21.67 | 23.05 | 19.50 | 18.80 | 15.71
MnO 2.91| 4.67| 4.20| 5.71| 3.59| 4.92 3.90
. P,O 1.06| 1.38| 1.39! 1.65| 1.33| 1.3¢] 2.19
Composition of slag (%) Cas’ 007| 02| 015| 0.16] 0.14| 0.16 =
CaF, 6.42| 5.26| 5.97| 6.63| 6.54| 6.83 8.05
ALO, 9.93| 6.98| 7.70| 7.74| 7.86| 6.87 —
MgO 0.88| 0.58| 0.70| 0.78| 0.60| 0.97| 3.01
TiO, 0.74| 0.87| 0.82| 0.99| 0.89| 0.90 —
CaO/Si0,| 3.08| 2.25| 1.72| 1.81 1.76 | 2.10| 3.66
Oxygen efficiency (%) 83.7 | 76.7 | 72.0 | 82.0 | 57.1 | 82.3 | 82.0
C 57.8 | 23.3 | 20.2 | 23.0 | 14.6 | 23.7 26.0
Si 97.0 | 91.4 | 92.0 | 92.4 | 83.6 | 86.3 |>98.2
Rate of removal (%) Mn 88.7 82.1 82.1 83.7 71.4 78.6 50.0
P 84.6 | 68.5 | 73.6 | 69.2 | 53.6 | 65.0 | 80.8
S 222 | 25.0 | 47.6 | 40.8 | 44.7 | 41.2 | 44.1
. P/C 1.46 | 2.94 | 3.64 | 3.01 | 3.67 | 2.74 | 3.11
Rﬂ“”ﬂﬁmﬁﬂrmﬁdP PSi 0872 | 0.749| 0.800| 0.749 | 0.641 | 0.753 |>0.823
to other elements (—) P/Mn | 0.954 | 0.834| 0.869 | 0.827 | 0.751 | 0.827 | 1.62

* National Research Institute for Metals
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Table 3. Calculation of ag;-

Number of experiment 1 2 3 4 5 -6
n 1 1 2 2 1 1
Vo, (kg/ min) 1.44 0.981 0.930 0.991 1.02 0.971
Veo ( kg/ min) 1.66 0.807 0.625 0.820 0.503 0.844
Q  (kg/min) 33.5 37.6 33.5 37.8 37.2 37.7
1] 0.0304 0.0862 0.0797 0.0758 0.172 0.137
asi 0.0030 0.0045 0.0091 0.0091 0.0085 0.0076
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Table 4. Comparison of dephosphorization on the
2-lance operations.

Number of experiment 3 4
Input rate of lime to that of hot | 0.0577, 0.0669
metal (kg lime/ kg HM)
Input rate of P ( kg/ min) 0.0469| 0.0454
Removal rate of P ( kg/ min) 0.0345 0.0314
T.Fe (%) | 20.94 | 14.03
Effective concentration of T.Fe* | 20.94 | 17.54
(%)
O, efficiency (%) | 72.0 82.0

* Calculated by assuming that the output rate of slag in Exp.

No. 4 is 25% more than that of Exp. No. 3, since the aimed

flux rate of Exp. No. 4 is 5kg/min while that of Exp. No. 3

is 4 kg/min.
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TE3. ZO®, HeaLy O EEBRDO X 5 7t &R

Table 5. Equilibrium concentrations with slag.

Number of

experiment 1 2 3 4 5 6
O, (%) | 0.089 0.091| 0.073| 0.051| 0.072 0.094
Mn,, (%) | 0.025 0.033| 0.030| 0.064| 0.029/ 0.043
P,, 4.5 | 7.0 | 3.8 |6.0 |8.7 |4.7
(X 10-49)
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% RIBERBEBO Py OFMEICAE LTV RS,
BEORMA T 7% AWIRECRWT, RERIGIC R
LHELEZ2DDIIBRBELS 25,

35 52%H%

[f—BR BV B DEBEIT BT, BRSNS OHEST
CRT5 T2 ARBOEE Z RFT 5L, WA
LEIPRENFE Ui s 5 o AEHEBELERD L.
AREBRCIIEIRRI2 X 51T, BIED2AET v AHER
CRIBY = v FOFILBSEA~ORARED, 2 H
FERIEILLADESCT U AGIRIDITED, B
HaEL T 5 EcofkiEL I OoTWS. ThitXD
eI 2A5 2D 50mm L5 T2 R,
FI OEG R 1) CHWRITHD, HEEL
DX IR D7z,

BRI D X 575, &KUART 2 FAOBREEZIRSRIET 5
SERE D, FEREEOERLITE, LV, TR
WOANZHES LT 5EBRR (3) RCESWTR
Wiz, EBREMGOBEDNCHIES L, BLOREICHE
BNTRDIANTZHIFEE L &5 AEmE b OBfR%E,
Table 6 {z7R8 L7z.

L=Ly-exp(—0.78 h /Lj) -+-eerverrreceeeeesas(8)
7272 L, Lp=63.0(Fp,/d)*?

#£ha iy, EBREEE 8) R A LTELR
BT, vo lZIEEMEMIAE A LichaD 2 ZvHAaT
OWMETHD. TOHEPOE, HIEERKRSE, V=v

MIFECHEELTWEEE X5 B OEIERT, HEk
BIFEZY = v MCXBEX 4dem (3 EDELBAD S
hiczenbd, ZOMBERZYRELELLNS.

b~efiliy, B2ZEIOEMIRELR UkEL, H3~
SRIEBD T v AR E 7 ANVETHELI2D DN B
LI URAEIE, BRLHFEEPLRDZLDTHS.
b i EF BB E TOMELZE ZEE S L v & LGS
Ty, THIEDLEIEERD T AMBR KD T
L% . CREANZHZMOBIREMBTHL E L, £ D
KR (245 > 2 DGFIMEBOM) BE 2R/ EE L
WERE LEGEDETHS. TOEEE L2 28 L\
ELTRIE TS 2205, WIOOKE FVERITH D
NDESTANCHEILBOTEBLSTSE LT, B
MOEB = AV —ZHE2E LELITHE LSS
HERPCFE -5, dERANZHEBEEELL L
AT, effiEI~NZHRBEIEZEHFELL LIBETDHS. E3
BIEBRCEHRA LS o AEI%E, b~eDfFEREHENS
LxoRlich 572D, BYUBEITHOLLETLS-
3.6 REREZGORN

ThE TCRERELLEERID, EREBDOVESI1TH
555, EE T RESEORESEESE LT TS LT
DX LS.

1) Sl REEHFRY I T —XoEn—
ROFAENEEbRS. LD [RF RS CII M LRE D
7odV 7 b a—DUERD DD, SEREETIEEE L

Table 6. Calculated results of cavity depth and lance height.

Number of experiment 1 2,6 3 4 5

Blowing conditions
(mm) 4.9 4.9 4.9 3.4 3.4

h (mm) 150 150 50 50 150

Vo, aimed (N1/ min) 1 000 700 350 350 700

a Vg (m/ sec) 884 618 309 642 1284

L (mm) 236 170 131 176 238

b L (mm) 170 117 142 204

h (mm) 150 75 108 216

c L (mm) 170 120 120 170

A (mm) 150 69 153 289

d L (mm) 170 135 135 170

h (mm) 150 44 122 289

L (mm) 170 170 170 170

¢ h (mm) 150 —11 60 289

: obtained by substituting actual data into eq. (3).

: the jet velocity at the surface of still bath is equal.

: the cross sectional area of the cavity is equal.

: the volume of the cavity is equal.

: the cavity depth is equal. The base is No. 2 conditions.

o QLo T
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PRI ERAREL B 2 5. £t iEsE
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Fig. A1. Comparison of residual rates of Si,
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tions when A/asi=4: 0,=0.333, @,
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