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Commercial Scale Experiments on Pulsating Mixing Process
for Ladle Refining of Molten Steel

Tetsuya Fujnt, Yukio OGUCHI, Norio SUMIDA,

Toshihiko EM1, and Kunihiko ISHIZAKA

Synopsis:

Commercial scale experiments have been carried out to develop a new ladle refining process termed
PM (Pulsating Mixing Process) invented on the basis of water model experiments and theoretical
calculations. The results obtained for a 100t PM facility are as follows:

(1) The rate of input of stirring energy is calculated to be 5 to 10W/t steel, equivalent to that

obtained for an RH degasser.

(2),, The rate of deoxidation and oxygen concentration after the treatment are shown for alummum
and aluminum-silicon killed steels to be close to those for RH treatment.

(3) Yield of additions, such as Al and C, for trimming during the treatment is found to be larger
than 859, approximately the same as that for RH treatment.

(4) The rate of the decrease in temperature of the melt throughout the treatment is on the average
1.7°C/min, about 30% smaller than that for RH treatment.

(5) As far as deoxidation and trimming of alloys are concerned, the PM process is much superior
to conventional argon bubbling, and comparable with RH- or DH-degassing.
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Fig. 1. Elevation of 100t PM process installed
for experiment.

Table 1. Basic specifications for PM process.
Tube 300 mm L. D., 600mm O.D., 3000 mm length
Working gas argon gas of 10atm
Vacuum pump 5m3/minx2 (parallel)

Heat size 100 ¢

less than 1s

3 to 5s

500 mm

0.3 to 1.5atm

Pressurized period
Evacuated period
Immersion depth
Working pressure
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Table 2. Chemical composition of steel for
deoxidation experiment (9%).

C Si Mn Al
Al killed 0.05~0.12 tr. 0.7~0.8 0.02~0.05
Al-Si killed 0.16~0.18 0.3~0.4 1.2~1.3 0.03~0.05
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Fig. 2. Concentration change of Cu in PM-
treatment after addition.

Table 3. Comparison of mixing time among
various processes (s).

PM RH!1 DHS  ASEA-SKF!® VODID
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Al #pnir, 0.1~0.5kg Al/tsteel BE /NG Al %
BinEsnd 5o REER (Av) —XER), SXT,
HEGF MRS o AL JRINE% A U CERRBRE T PM 4L
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Fig. 3. Effect of treatment time, {r, on oxygen
concentration, [O]¢, after PM-treatment.
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TFig. 4. Relation between oxygen concentration
before ([O];) and after PM-treatment ([Olg).
Method S is larger than W in capacity of supply
of pressurizing gas.
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Fig. 6. Effect of the rate of pressure increase,
dP/dt, on oxygen concentration, [O];, after PM-
treatment. Method S is larger than W in capacity
of supply of pressurizing gas.
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Fig. 7. Relation between pressure stroke, 4P,
and rate of pressure increase (dP/dt).
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Fig. 8. Deoxidation curves for "aluminum killed
steel.
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Fig. 9. Deoxidation curves for aluminum-silicon
killed steel.
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Fig. 10. Distribution of S-spot along the thickness
of slab as determined on sulfur print.
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Fig. 11. Comparison of observep and calculated
molten steel level vs. time.
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Fig. 12. Molten steel level vs. time as calculated
by using measured value of gas pressure.
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Fig. 13. Molten steel level vs. time as calculated
by using measured value of gas pressure.
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Fig. 14. Effect of the rate of supply of stirring
energy (¢) on oxygen concentration, [O]y, after

PM-treatment.
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Fig. 15. Effect of total stirring energy supplied
intc molten steel in ladle (Wt) on oxygen concen-
tration after PM-treatment ([O]y).
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Table 4. Values of £;, » and [O]e in Eq. (4).

Steel  £3(¢/W)2min-1 a(—) [OJw(ppm)

This work Al killed 0.058 0.45 26
Al-Si killed 0.050 0.45 20
SANDBERG, et al.”? Al killed 0.0073 0.75 20~31
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ETHRNPBRLDZERIEH LT 5.

LAbEd b, HEEBEARLRILNE LD e ~DfF
PRI DZ EIMROFERE VL B.

sk, n=0.45 LB ARWMRBOLE Iy, BH—RE
Fefe] v & ¢ WBIT D RESEDBIRAIY, tocé -0 % j
WhHE kel LinB Ar RFY v ISE R T W B
VOD FoRMEEU & £ 1BT5EE LRI Ric
IhEw, kU e BBARYH D, « XESRBAE 3
BRTHCETHRHRBTHD L T5 LR, ko —10
Lich. AW L VOD FoFER L I1TIE—HKL, £ ik
B—EERERO MBI RHIT 5 Lok RN B bR
b. ¥i, COMHIZ, EEHHM 3 Legged RH <7
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Fig. 16. Comparison of calculated and observed
oxygen concentration after PM-treatment.
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Fig. 17. Relation between oxygen concentration
before PM-treatment ([O];) and treatment time,
t¢, for attaining less than 35ppm of [O]; after
PM-treatment.
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(3) Al AL-Si 4 FEIOBBEREITV, MES
& BRI T B OB R E BB B LT L. E
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fErx RH B lRE—&E75.
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% THh, RHELISIFELL. Wi Ar 7Y
vIrMB IR, %7, C S, N, XU, Hou
B OEET RS bhicv.

(5) MBS BEHRE B T 1.7°C/min T %
9, A—5H0 RH kL L& LU TH 30% HEu,

(6) PM B OKEINEDEBZHRIC VT, HE
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(7)) FANAROBMRTE L IFELEOBRERIL,

— 124 —



>

-

>

MRABFIC L MM RO EBER 1603

BEENLEE & — VI DNTELE T
(8) MMERRAEREBITOWTELRL, MEEELIKRT
RrOBFRRE, [Ol;, [Olr, R#HiFoTimEi s
[Olee, AMEREMH] te, 35XV, = r ¥ —HHEAHE
¢ RBOBERRK E LTk T B
[O1t—[OJw
[0];— [0l
Al 0 Fg : k,=0.058(t/W)0-45min-1 n=0.45
(=), [Oles=26 ppm
AL-Si F . N8 : k,=0.050(t/W)®45 min-1,
n=0.45(—), [OJee=20 ppm
(9) PMEoHERFC LT, #HFFEETL
7.
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