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The Model Experiment on the Reaction between the Liquid
and the Swarms of Gas Bubbles by NaOH-CO, System

Soichi INADA and Tetsuya WATANABE

Synopsis: ‘

The gas bubble swarms has been applied as and effective means to the gas-melt reaction in many steel making
processes such as the oxygen blow in electric furnace, or bottom blown oxygen converter operations. There
have been, however, few fundamental studies available for understanding of the process because of the
difficulty of estimation of gas bubble characteristic which is thought to be a basic factor for the reaction
cfficiency. Standingon this viewpoint, this study has been undertaken to clarify the influences of
operation or vessel design at on this viewpoint, this study has been undertaken to clarify the influences of
operation or vessel design conditions on the efficiency of gas-liquid reaction, mainly aiming at the bottom
blown converter process, by applying the experimental technique of chemical engineering.

The model test of NaOH solution—CQO, gas bubbles was conduted in the range of (Re),= 103~10% and the
effects of the gas blow rate, nozzle conditions, depth of liquid, directions of blowing etc. on the
volumetric mass transfer coefficient Ayx; were investigated by the continuous measurement of PH in
solution. The results are summarized as follows:

(1) The diameter of nozzle, d, had little effect of Ak, and Agy was proportional to the gas blow rate
Vo as expressed as Ag; =f8.Vm 0.65 where § is a constant of proportionality.

(2) When the number of nozzle was increased, Axy per one nozzle was decreased. This phenomenon
may be explained by the cell model that the bulk is divided into the cells ruled by the number of nozzle.

(3) The effects of the liquid depth and end effect on Agy were qualitatively illustrated for each bottom,
side, top blowings.

Finally, the application of experimental technique of chemical engineering to the metallurgical research

and the application of the present model teet to practical problems were discussed.
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(Re)o<2 100 : dp=0.29 dyi/2. (Re)/3 -ovone (1)
(Re)o=>10000: dg=0.713(Re),=0:95 -..ocenn. (2)
22T (Re)o KR TRENSWMITITH 5.
(Re)o =dy: pv/g=dyv/v +werremeeeemaneaanan. (3)
o HRERE  (g/cm?) "

vt HAG#E  (cm/sec)

7 P IRDOFEHERREL  (g/ cm- sec)

v ROBERERE (=9/p cm?/sec)
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Table ]. Mathematical representation for the
absorption of CO, into NaOH solution.

NaOH:-----vveeeennn X (mol/ 1)
H,COjeervervevennn Y (mol/ )
NaOHz=—=Na+ +OH-
H,;CO3&==HCO,;-+H+
HCO,~=—=H++CO;~ -

H,O—H*+OH-
_ (HCO,-(H+) 10685 o
K,_————(Hzcoa) =10 (at 25°QC)
(COs- ) (HH) °
S B4 —10-10.33 C
Kg (HCOS_) 0 (at 25 )
Kio=(H*)-(OH-)=19-140  (at 25°C)

o Mass balance

X=(Nat), Y=_(HyCO,)+ HGCO,;~)+ (CO3~-)
o Charge balance

(Nat) + (H*) = (HCO;-) +2(CO;3~-) + (OH-)

KHzO
Y={(H+) +X— —(H*‘)}
Ki\-K,+ K, (H*) + (H+)®
2K, K, + K, (H+)
pH= —log;o(H*)
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Fig. 1. Schematic diagram of experimental
apparatus.
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® Bk Fig. 2 R Lic. FBREMIERRS HEL
b2 TWw 5. '
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2L pH 0BG EkDDH L Fig. 3 0TEL k5.
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WilL7. %27 dy=0.10cm, H,=-—12.0cm, ~/ X
¥ l, BEROEHET Vp 2 1.0~7.0N// min && T

{Re)o

'czm iO 100

vm {Ni/min)

Fig. 2. (Re), for experimental blowing condi-
tions.
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Fig. 3. Relations between pH and CO, content
for various concentration of NaOH.
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Fig. 4. Relations between pH and blowing time
for various CQO, blow rate (&N : Number
of nozzle).

Table 2. Experimental conditions.

Nozzle diameter dy (cm)
Depth of liquid H, (cm)
Blow rate V, (N{/ min)
Number of nozzle

NaOH concentration (N)
Volume of liquid (!¢)
Direction of nozzle for blowing

Conditions
0.10 0.30 0.55
0, —1.0, —3.0, —5.0, —9.0, —12.0
0.1, 0.2, 0.4, 0.6, 0.8, 1.0, 2.0, 3.0, 4.0, 5.0
1, 3, 5
0.1

3
Top, side, bottom
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Fig. 5. Change of CO, content with time for

various liquid depth.
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CTT G Vg CO, Buudn (mol/l)

Cot : F5fH] ¢ 23513 B CO, WURix (mol/l)
V @ @R (cm?)
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R OREEE VL IREE % driving force d— kR ET
BV, RIGHEEOMMWIILERE A/V -ky, Akp, k; TAY
EDORTHETES. SEOKBE-HERSD + 5T
SHERTEHIR X 0% OB S 5% BT S T X 70\
BECIER 4k ORRCHET 20OMNEYTH
5.

Fig. 6 (4)xiz L7za3oT Fig. 5 0flEstss
BU7—F2 R, fROF A2« v F-BERSED
BE L AREERKISE LCOBMGSRENS. ©
DE ST LR EEBRODRDEIEN Ak, 57T
TETIEY, UTFZDX 5 LTskdie Ak, cEEn
TTH 5.

1

Fig. 6. Relation between In(Ce-Cbt)/Ce and time
for various liquid depth.
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Fig. 7. Effects of CO, blow rate and nozzle dia-
meter on the volumetric mass transfer co-
efficient.
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Akp = [g V) 0-658 (5)
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Fig. 8. Effect of nozzle number on the volumetric
mass transfer coefficient.
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Fig. 9. Schematic illustration for the cells of gas
bubble column,
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Fig. 10. Relations between the volumetric mass
transter coefficient, liquid depth, blow-
ing rate and end effect for top, side and
bottom blowing,
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¥1F% gas hold up ZHECRHET L LBUETDH
5.

4Bl DS Bk ST URRh R D 7 W T R — iR i
LTHEEREET, S, BOEKKELED2TWS. &
NIIBEBREWERR TH 3545 B OEBREEF 2 LI T
EEV.
DEREBRCOBREIBLSEE TS U 2B-KIiaERH
ORISR R T 5 LiCARTMAE 725, &
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RAERK IS 8B0CHIBEHADR X AL B EDORIRT
BRIEANCIT R b 5L 0 TRE L, HWhoKBEOIRY
FFIZ X 0ZEH s 2 Thif, KBTI S AREAL
DIGETITR EIAREZITIFTHE L TSI Bhn
THLEZXDIENTES. FRREAREEL LTI
EREDHE, BIRE, LREOPE L 9 sshERE L
T, FLLOEBRIFRAREDOKRIVWIES , T
DY =y PO RNF—HBHEK LT OEEHNES T
D, ToERERLIFEIFEELEVESIROE IS
LhB. TGRS EBRDOR O >THETE
BEEZLNS.

ek, WRE R 5 KBBEOFFR C 2 TR AN
AP D & DL RBRISD B HF, [BBEIC X Bk
DIFRAIC & F<R 5 /- BMOIRE b EEAKHHE
FITH D, ZDX5LKKIREREDOEERD H b €
hoa~XETHAHS.

5. & ]

SHOE-FRER G OR R FEUCBI LT NaOH #5ik-
CO, AT X BT FNERYFTI 7.

COEBRIEL L TEREEFL IR E L TRiBE-
WHEIRISIC BT 2 AR OEBE, EBKTEcELT
TFVERS LRFTET R VIROMRE 2 7.

(1) FAKH V7 pH EMRHIC X 5 R- %
FEMHBERRIMO TR - o2 v bOBE LR, Sl
- E DM EFEL LT 0B HETRTHD.

(2) HFRAREAHGERF LEBEROBEGRE LT
EmfRBICHT 5/ VILBOFSEIERCIEL, #
AREDT R K E .

(3) 7 ZVBOEEIERNE » X VEICE Tt
LIt MEEDETAERET S EBTESD. b
LIDEFNTRELVTHE Y 2 bRREHLF DI
DIRNDOFEEND D, Sl bHERBENNXL D
THAD X SR LA BBRED/ LS. L Le
DR EIIAE < fou.

(4) SGEB-GHRGEEDO N 2 RERLIFES DR
H EmHRICOWT, ERE, HIKE, EREOLNT
NIZOWTERRIZEBE & & Sz L.
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