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The Evaluation of Gas-Liquid Reaction Rate at Bath Surface
by the Gas Adsorption and Desorption Tests

Shin-ya Kiramura, Ken-ichiro Mrvamoro and Ryoji Tsujno

Synopsis : The separated estimation of the reaction rate at bath surface (surface reaction) and at Ar bubble interface flotating in
the bath (bubble reaction) was achieved by the measurements of gas adsorption and desorption rate. The influence of
various factors on the surface reaction rate of gas and liquid reaction under the gas stirring condition was investigated
for water and molten steel systems. The following points were clarified :

1)The ratio of surface reaction rate to the bubble reaction rate for N,-molten steel system is much larger than that.

for O,-water system.

2)Most of the surface reaction occurs at the flotating area of Ar gas bubbles at the bath surface (activated surface

area).

3)The surface reaction rate increases in propotion to one-second power of Ar gas flow rate and in inverse propotion
to two-third power of the pressure. In addition, it is strongly influenced by the gas injection depth.

4)The surface reaction rate well corresponds to the newly introduced parameter for the N,-molten steel and O,-water
system, considering the activated surface area, gas flow rate, pressure and gas injection depth.

Key words : vacuum degasser ; reaction rate; free surface ; gas-metal system ; gas injection ; pressure.
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Table 1. Experimental conditions of gas desorption
and absorption experiments.

Water Model |Induction Furnace | Vacuum Furnace
System O,-Water N.-Molten Steel | N,-Molten Steel
Temperature 298K 1850K 1850K
Capacity 2~6X10*%cm?® 10*cm? 3X10%cm?
of Liquid (21 ~56kg) (70kg) (20kg)
Diameter | 350 _500mm 250mm 150mm
of Vessel
Atmosphere 100kPa 100kPa 50~5kPa
Injection Gas | 5~ 20NL/min | 5~20NL/min [0.10~0.05NL/min
Injection Depth . .
from Bath Surface 290 ~800mm 70~250mm 100mm
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Table 2. Composition of molten steel for nitrogen
desorption and absorption tests.

- (wt%)
C S T-Al Sol.O
0.60 0.002 0.020 0.0002
~(0.65 ~0.005 ~0.040 ~0.0005

(6)R & VAWK P»HBE SN TERNSD EEBAF K
(KO))»monhsZ ticha,

JAr—JRI=K (8) + (O(8) 11— 0 (8) A+*)

T ArFHATORE FEIREE (O(S)A ™) iktm L L,
ZERFH AT OPHIRE (O (S) Lut*) X FH L - fa i KB
EExHv, 212, [UERIEOEREREB(KB)) I, [GaR
T OFHREEZY e LRETHL, JA L YO PEIET
BT, (6)RITLOFEFLNICK(S) E(7)RNDBEE» S
Kooz,

JArJrui=2(K(B) +K(8)) XO—K(S) XO(S)tu* (7)

KAETTOEHMZ H o3RI, FHAZHELCE
R CFEM L2, F70kgDIEH, FEIZERITLE—
2RI L YArAT A PIREAA, o, LIRZEM » SR 5H
S, b U CIXArSFHSC TR L, mEREE, b L,
HEFREELPRELRL, 3612, FRAKRIALZES PEL
SEBND, KEHIR—F BRI 2 EY ) AN ER-N K
WO Z o A RRE LT AZIKREAAITHER, R, CaO-

CaF,~ALO;RD A Z 72350 LR 7 #8 LIcaBk b

L1z, EEBRFM%Table 1z, &8s # Table 2 2R
2, KEWETKR L IR EEDK T RE 209, B
FOWMIIRE DMK CIFHHR L L, KRS ERERIE
DR FZ, LiEDOKREFVOBELFEFETDH 5,

W FCDES %2 72BN, BREIPECER LI,
HI20kg DA 2 IBMR L 1REET, W3 A L 12 A2
KBS 2 G Ar T A PIRE AL, O, FEHZEMPE
FHEHES, b LRBAFHEATTS ~50kPatziEL, 2
NENDHETOREREE, b Lk, KEXREEZN
T L7172, EEBFEM2Table 1 2R T 5%, BRI AKERE
TToOREBRER—E L2, 212, EH % O 10 FER O RAT
CEEL T, ArFBA T TORE KIS D K- FHRE L+
2t L, ENHP(kPa) DERFBS T T ORM KD Fi#
IBEEI20.045 X (P/10%) 295 L L 129,

LI, UTF e T, LR A FOWREE-KROER 2,
SPRAR[ETFTOER-BEMAD, SVRIRETTCOER-E
RDEBRTH A Z LE2RT,

3. RERER

IREF DRI L EBRAE R 2 Fig. 1 (R 45, E#pzem
PArE LIOBA LA E LA L, BREE LTI



¢ of
2 [ J
T o ® ®
o 5P
- O ®
g ®e
- (@) LIPS ®
= o
tat o
*é (O]
Q O
c 1
§ Atmosphere
X [ J Air
o
05— ®) Ar
| 1 1 1
0 10 20 30 40 50
Time ;min
Fig. 1. Typical experimental result of oxygen

desorption test in O,-water system.
(D=500mm, H=550mm, L =550mm, Q=2NL/min)
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Fig. 2. Influence of bottom bubbling gas flow rate on
volumetric rate constant in O,-water sys-

tem.
(D=300mm, H=550mm, L=_800mm)
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Fig. 3. Influence of gas injection depth on volumetric
rate constant in O,~water system.
(D=300mm, L=800mm)
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Fig. 4. Influence of coverage ratio of bath surface
by viscous oil on volumetric rate constant in

O,-water system.
(D=500mm, H=550mm, L=550mm, Q=5NL/min)
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6. Influence of bottom bubbling gas flow rate
on volumetric rate constant in N,-steel sys-
tem under atmosphric pressure.
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Fig. 7. Ratio of the reaction rate at bath surface to

the total reaction rate in O,-water and N,-
steel systems.
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Fig. 8. Influence of gas injection depth and surface
coverage ratio by slag on volumetric rate
constant in N,-steel system.

<

[

:’\

g £ 020

E\g i 2&
0 — 3

o - -~

5@0.10 ®

22

‘§:<

s o005 d
-

c 5

o 0

££

[

E‘go.ozr .

2w ] ] ] ]
o ®

> 5 10 20 40

Pressure ; kPa

Fig. 9. Influence of pressure on volumetric rate
constant in N,-steel system.
(Q=0.01NL/min)
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Table 3. Comparision of volumetric rate constant
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Water-0O, 0.0083 0.0145 | * 0.193 0.0404 4.78
Molten Steel-N,| 0.0489 0.0700 5.515 0.525 10.51
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Fig. 10. Comparision of the reaction rate constant
at bath surface to the parameter II which
was defined by equation (15).
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