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Oxygen Converter/DM (Duo Vortical Mixing) Steelmaking

Kiichi NARITA, Akitu Tomita, Sinji Kovama

Takamit; ITO and Yasuo HirRoOOKA

Synopsis:

The DM reversible shaking of a vessel is very effective for mixing the melt with slag owing to the active
mixing action (duo vortical mixing) compared with the Kaldo and Rotor processes.

An investigation was made on the refining reaction which resulted from the combination of slag-metal
reaction by DM operation and gas-metal reaction by LD operation in one vessel.

In the LD/DM combined process, the respective conditions of oxygen blowing and duo vortical
mixing can be independently varied. The experiments under various conditions were to find the opt—
imum condition for rapid refining to low phosphorous steel.

The conditions of experiments were as follows:

Using one-slag practice,

i) simultaneous operations of LD and DM,
ii) simultaneous operations of LD -and DM, followed by LD operation only, and
iii) LD ogeration only, followed by the simultaneous operations of LD and DM.

Using two-slag practice,

i) simultaneous operations of LD and DM, followed by LD operation only, and
ii) LD operation only, followed by simultaneous operations of LD and DM.

The experimental results were as follows:

1. The rate of dephosphorization during the LD/DM operation in the first stage of refining was
two times as rapid as that during only the LD operation in the same stage.

2. The dephosphorization during the LD/DM operation in the first stage of refining proceeded prior
to the decarburization. For example, phosphorous content in bath decreased to 0°003 to 0:0049, at
29, carbon in bath. ’

3. It was proven that the control of refining reactions of the melt could be made by optional
combination of the conditions between oxygen blowing and duo vortical mixing in the case of the LD/
DM operations.

(Received July 23, 1968)
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A : 500kg LD/DM furnace
B : MgO lining (surface Cr;Oj; impreg)
C : Steel bath
D : Water cooled lance (L.H. 300mm, Nozzle dia 9mmg)
E : Eccentric revolution apparatus
Duo vortical mixing condition :
92rpm, eccentricity 45mm.
during LD/DM period repeat following cycle,
7sec clockwise revolution—1-5sec stop—7sec counter
clockwise revolution.

Fig. 1. LD/DM f{urnace equipment.

Table 1. Analysis of hot metal (2).

C f Si ‘ Mn P S
452 |0-23~0-48{0-71~0-93 0-137 0031
~4-72 ~0°186 | ~0-066
| 0-210%

* Addition of Fe-P
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Table 2. Contents of experimental process.

Experimental F}E;\sfri:ier;g. Steelmaking_period Remarks
process  flDesulphurizatior) The former sioge  The latter stoge )

A [Com i1 LD /0OM ] | One slag

B [om ]| [ wo7om t LD 1 | One slag

c Com ]| Lo I 0/oM__]| |One slag

D [om [To/om ][ Lo ] | Two slag

E- (om ]| [t ] [_L0/om ] | Two slag

Symbol : DM------Duo vortical mixing only
LD------Oxygen blowing only °
LD/DM ------ Oxygen blowing are accompanied with
duo vortical mixing

L D/DM o HOESR T AGRHERHOERZH <
Fo T BT 3kg/em?2 TR L.

(BMg, EESTRUIE DM, 8 OmEitz L
Lo EEREE LD/DM, B 5EERREOL
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Fig. 2. Reﬁmng curve of the A process.
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Expérimental results of the A process (one slag practlcc)

(%)
\ c | si|mMn]| P | s }ng)P €a0
Sample -~ SR . L

$i07"| AL,Os | MnO | P,0s M‘gd‘ FeO | T.Fe | S
. ARRARSIEET BT SR .

‘Hot metal "4-59 0-40 | 0-77 | -0-182 | 0-045 1340

After pre-refining "4'46 0:45 | 0-78 | 0177 [ 0-007] 1265

After . . - . P e L

blowing | 432 | 013 | 0-30 | 0-125 | 0-010] | 45:95| 10-64 | 1-37°) 7°50 | 2129 | 057 | 1149 ) 18:57 | 0°044

2min B . . - :

5”min ka'so <001 0-37| 0-010|0-009| 1430 |56-00, 13-20| 1-95 |.5:00 | 401 |1l.11 | 2:08 | 585 | 0123
LD/DM - i

omin lz-so <0-01| 0-26 | 0-027 | 0-012 1535 |'36-72| 1160 |(15°85) | 7-32 |"2°43 | 1'69 | 15769 | 15°50 | 0°033

v 0-09 |<0-01 0-01 | 21901 0-024| 1670 | 23-35| 980 |(30~40)[ 6°15 | 0086 | 531 | 848 | 10°10} 0003

16min - . 0°196 4 100 P . ]
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Table 4. Experimental results of the B process (one slag practice).

(%) Tem :
Si Mn P S ,,CP' CaO | SiO; | ALLO; | MnO P,0; MgO FeO T.Fe S
Sample G _ N
Hot metal 471 | 0°38 | 0-67 0128 | 0'640 1390 — —_— - —_ — = —_ — -
After pre-refining 4:54 [ 041 { 0-68 | 0-128 | 0-010] 1300 — — —_ — — — —_ — 2-31
After
blowing | 4-21 |<0-01/ 0-24 | 0-049 | 0-010| 1340 | 49-75 10-10 2:35 | 580 | 182 | 0-53 |[13-00 | 18'85| 0-070
LD/DM | 2min
/7
Grmin 3:571<0-01) 0'37 | 0:006 | 0-013 1383 | — | — — — - — - - —
o 197 1<0°011.0°30 | 0-017 | 0-012 1543 | 5185 12:90 | 575 | 7°58 | 2:90 | o066 | 151 | 830 | 0108
LD min
lf;:'nin 0-04 |<0-01] 0-09 0-093 | 0-020{ 1692 36-25 11-00 [(21-40) 5-02 0-95 2-82 16-31 17:25 0-044
Table 5. Experimental results of the C process (one slag practice).
(%) . Tem .
c Si | Mn P S (°cp' CaO| SiO: | AlbO3 | MnO | P;Os | MgO | FeO | T.Fe S
Sample )
Hot metal 4:57 | 0-48 | 0-80 0°166 | 0-047| 1300 — —_ — — —_— —_ —_ —_ —
Afte pre-refining 4:37 (047 | 0:79 | 0-166 | 0-018] 1234 — — - — — — — — 1-61
After ‘
blowing | 3-74 [<0-10| 0-16 | 0-076 | 0-020| 1407 | — _ — - — - — — —
LD 3min
7/;nin 1-45 1<0°10{ 0-16 | 0-031 | 0019 1592 48-20( 1260 3-55 5-80 1-39 4-97 12:07 1642 0-086
l(;l . 116 (<010 0-10 | 0'015 | 0-017] — 40°75 8-70 4:05 4-80 4-97 4-62 22°56 {(26°30) 0-098
LD/DM min
l;;nin 0:77 |<0-10] 0°04 | 0-027 | 0-017| 1555 | 28-60| 7-55 (17:25) | 4'32 | 079 | 265 | 41-38 [(32:40) | 0-048
Lov [ wom T o | [ oM ][ to i tosom |
CaQ 25kg Ca0 25kg
Hot metal S500Kg Iron ore 15 Hot metal SO0OKg Iron ore 15
CaC: 5 CoR: 15 - CaC: 5 CoF, 'S
S 1:——5‘——;-—‘ e 7
o =3 @ a
U do. o Oz g g 4 e g
s NS"n CU g‘ Ska/em?  1kg/eme 4kg/cm? g : fAin C5 “g 4kg/cm? 1 kg/cm? @
(%) (%) (%) [re} °cl (%) (%) (%) “—?, L% °c)
ro <1700 ro 11700
0200 o8 |4 1600 0200 [-08 11600
os | 1500 o6 {1500
0100 foa | 41400 0100 Los {1400
o2} 41300 :) 02 11300
ot o —1200 A - P S Y
[ oL ——t |7
31415 R — e Y T S TN 2131475 200
OxygenZblowing time (min) Oxygen blowing time (min)
Fig. 3. Refining curve of the B process. Fig. 4. Refining curve of the C process.
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Table 6. Experimental results of the D process (two slag practice).

No D-1
(%) Tem
o] Si | Mn P S (°(‘?j CaO | SiO; | A1,O3 | MnO | P,Os | MgO | FeO | T.Fe S
Sample ~——
Hot metal 463|046 075] 0-137 | 0-036] 1390 — — - — —_ — — —
After pre-refining 449 | 0°45 | 0°74-| 0-136 | 0-008] 1300 — — — — —_ — — —
After
blowing | 4'03 | 0-03 | 0-17 | 0-057 | 0-013] — |45°00] 1810 | 290 | 915 | 272 | 1°27 | 5°32 | 1376 | —
LD/DM | 2min
” . . ) ) . 1465 X . . . ) . ) ) o
6min 3-51 [<0:01/ 0°18 | 0°017 | 0012 470, | 38°10] 2130 | 530 | 7-78 | 3'58 | 531 7:16 | 13°08
;’ . 2-20 |<0-01{ 0-10 | 0-006 | 0-015] — — — — — — — - —
LD min
,3f;nﬁn 0-04 |<0-01| 0-04 | ©0-010 | 0-020{ 1663 | 34-00] 16°30 | 6°45 | 275 | 060 | 1-70 | 17-89| 2460 | —
No D-2
(%) Tem .
: C Si | Mn P S (‘,CP)- CaO | SiO; | Al O3 | MnO | P;O5 | MgO FeO | T.Fe S
Sample .
Hot metal 472 | 0-45 | 0°81 | 0-147 | 0-031| 1385 — — — — — — - —
After pre-refining | 446 | 0-44 | 0-83 | 0-21%"| 0005 1305 — — — — — — — —
After
blowing | 4715 | 0-11 | 026 | 0-119 | 0-012) — | 46-00] 13-25( 1-80 | 7-50 | 270 | 239 | 14'92{ — 0044

LD/DM | 2min

- 3-63 |<0-01| 0-35 | 0-022 | 0-013| 1443

50°50

18-80 [ 2-05 5:68 4:93 2-03 2:51 550 0-051

6min 1390%

omi 2:09 |<0-01] 0-09 | 0-003|0-010] — |44-75| 11-45| 2:20 | 450 | 1°02 | 0-56 | 22-92| 26-40| 0-070
LD min

1aremin | 003 |<0°01 0:06 | 0:009 | 0008 1715 |39:30] 1345 | 3:25 | 405 | 172 | 634 | 1581 | 2260 | 0-098

* After slag .off ** Addition of Fe-P
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Table 7. Experimental results of the E process (two slag practice).

No E-1
(%) . Tem ) '
C Si | Mn P S (°cp' CaO| SiO, | Al;Oy | MnO | P,05 | MgO FeO | T.Fe S
Sample : ) - © e
Hot metal 465|036 | 078 | 0145 0-036] 1370 | — | — — — — - - - —
After pre-refining 449 1036 | 0°79 | 0-140 | 0-004| 1295 — — — - — — —_ — -
After
blowing | 3-93 | 0-10 | 0°29 | 0072 | 0-008) — |35:80 1525 166 | 11-70| 239 | 0-81 | 1872 | 1850 | —
LD 3min
- 1'63 {<0°01| 0-25 | 0-044 | 0-011] 1895 | 46-65] 17-00 | 5-45 598 | 153 | 2:31 604 | 925| 0057
7min A 25 1530% v , 2
omin 053 (<0:01{ 0°05 | 0-0031| 00120 — |41-70, 9-85| 2-60 340 | 065 | 231 2594 28-15| —
LD/DM
Lomin 006 | 0-04f 0-03| 0003 [0-013] 1555 | 2870 9-80| 4-00 | 270| 0-25 | 1546 | 30-46| 31-10| 0-048 ,
No E-2
(%) ' Temp. - - R ' j T
“C Si Mn P S QCP' CaO| SiO; | Al,03 | MrO P,0s MgO FeO T.Fe S
Sample . “C . . . .
Hot metal 472038 | 089 | 0184|0037 1371 | — | — — — — — - - -
After pre-refining | 432 | 03¢ | 0-90 | 0-215% 0-co7| 1312 | — | — — — — — — — —
After )
blowing [ 426 | 021 | 052 | 0-154 | 0-008] — | 39-40| 13-10| 2:00 | 11°00| 417 0-11| 1631 1715 0-051
LD ‘3min » . : 4 ;
” . . . . . 1650 . . . . . . . e .
ia 207 [<0°011 0-38 | 0-079 | 0010, 1990, | 44-85 16:60 | 2:40 | 8-43| 302 158 | 675 85| 0051
o 0-89 |<0°01] 0°10 | 0005 | 0010, — |41-75| 1065 | 310 | 4-30| 1-95 | i2:40| 1617 | 20'35 | 0-089
LD/DM n
12 5min | 046 |<0-01| 0-07 | - 0-006 | 0-012] 1518 |33-50 10-65 | 255 | 4-00| 1-42 | 15-52] 18-30 | 20-25 0-051]

*  After slag off

*¥. Addition of Fe-P
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