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Abstract — The absorption rate of SO, gas bubble into pure water had been measured at 25°C, by a single
rising bubble of SO, through a quiescent pure water column.

During dissolution, the bubble shape was deformedialternately.from sphericaltooblate or prolate form with
the bubble ascending and the eccentricity of a bubble had vibrated around unit value by the deformation
period. The rising velocity and the surface area of a bubble was alsovibrating with the performance of shape
deformation.

The liquid phase mass transfer coefficient had been affected mainly by the bubble deformation and the
value showed the increasing tendency with the oscillating cycle.

The absorption rate of the instantaneous reversible hydrolysis of dissolved SO,was modeled and agreed

within 10% deviation by the theory of film model.
For the hydrolysis rate of dissolved SO, Was enhanced a little by the producing hydrogen ion.
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Fig.1. Schematic diagram with constant volu-

me equipment for gas dissolution.
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9 [ 11.98 176.0 8.4 7.0 0.0106 0.8333 0.2352 17.5000 0.0005151 0.27 1.0949 1.2339 0.0254653 0.02712 0.03057
10 | 12.37 168.7 8.6 6.8 0.0097 0.7907 0.2215 18.7179 0.0005484 0.26 1.0969 1.2390 0.0245269 0.02611 0.02949
11 | 12.59 161.7 8.6 6.2 0.0087 0.7209 0.2092 31.8183 0.0009588 0.26 1.0990 1.2441 0.0388439 0.04142 0.04689
12 | 13.08 154.5 8.2 6.8 0.0079 0.8293 0.1923 14.6939 0.0004490 0.25 1.1013 1.2497 0.0160138 0.01707 0.01938
13 | 13.49 147.3 8.4 7.0 0.0070 0.8333 0.1785 17.5610 0.0005466 0.24 1.1038 1.2557 0.0172736 0.01843 0.02097
14 | 13.81 140.0 8.4 6.8 0.0062 0.8095 0.1652 22.8125 0.0007185 0.23 1.1064 1.2623 0.0200179 0.02136 0.02437
15 | 14.19 1327 8.2 6.6 0.0055 0.8049 0.1517 19.2105 0.0006200 0.22 1.1093 1.2694 0.0150736 0.01609 0.01841
16 | 14.59 125.0 8.4 7.4 0.0048 0.8810 0.1375 19.2500 0.0006246 0.21 1.1126 1.2776 0.0130136 0.01387 0.01593
17 [ 14.98 117.5 9.0 7.2 0.0041 0.8000 0.1253 19.2308 0.0006417 0.20 1.1162 1.2863 0.0114769 0.01225 0.01412
18 | 16.37 109.8 7.8 7.2 0.0035 0.9231 0.1115 19.7436 0.0006755 0.19 1.1202 1.2962 0.0100920 0.01076 0.01246
19 | 15.81 101.6 7.8 7.4 0.0029 0.9487 0.0987 18.6364 0.0006414 0.18 1.1249 1.3079 0.0078999 - 0.00840 0.00977
20 | 16.14 94.0 8.6 6.8 0.0024 0.7907 0.0875 23.0303 0.0008370 0.17 1.1299 1.3201 0.0084668 0.00904 0.01056
21 116,58 86.2 8.0 6.6 0.0019 0.8250 0.0753 17.7278 0.0006636 0.15 1. 1356 1.3343 0.0053370 0.00569 0.00668
S S MH23H M6z 1985%° 12E



SO, % 7129 F43 Fo 43 F4 387
V,—0.200m!
FN| Z a bV E A u K, D. ¢r 6s  Nuw  Nu N
1 6.31 231.0 16.8 7.6 0.1824 0.4524 1.7530 21.8750 0.0003171 0.70 1.0829 1.2042 0.1489639 0.16159 0.17970
2 6.68 223.7 13.8 10.0 0.1820 0.7246 1.5833 19.7298 0.0003673 0.70 1.0842 1.2075 0.1514791 0.16391 0. 18255
3 6.98 216.6 16.2 8.2 0.1785 0.5062 1.6739 23.6667 0.0006368 0.70 1.0856 1.2109 0.2715749 0.29121 0. 32483
4 7.31 209.0 13.4 9.2 0.1744 0.6866 1.5496 23.0303 0.0006954 0.69 1.0871 1.2147 0.2654549 0.28451 0.31790
5 7.64 201.2 17.4 9.8 0.1700 G.5632 1.5790 23.6364 0.0007199 0.69 1.0888 1.2188 0.2699045 0.28935 0.32391
6 7.98 1940 14.8 7.8 0.1659 0.5270 1.5778 21.1765 0.0006495 0.68 1.0904 1.2228 0.2344255 0.25189 0.28248
7 8.47 186.4 12.2 11.2 0.1613 0.9180 1.4346 15.5102 0.0005399 0.68 1.0922 1.2273 0.1705824 0.18325 0. 20592
8 8.81 178.5 17.0 9.8 0.1563 0.5765 1.4858 23.2353 0.0008026 0.67 1.0942 1.2323 0.2519283 0.27065 0.30479
9 9.18 170.8 17.0 9.8 0.1512 0.5765 1.4536 20.8109 0.0007514 0.66 1.0964 1.2375 0.2209088 0.23763 0.26822
10 9.48 163.1 16.0 9.8 0.1461 0.6125 1.4034 25.6666 0.0009728 0.65 1.0986 1.2430 0.2639589 0.28426 0.32163
11 9.93 154.8 15.6 10.4 0.1403 0.6667 1.3461 18.4445 0.0007506 0.64 1. 1012 1.2495 0.1860108 0.20015 0.22709
12 | 10.31 146.5 15.8 9.8 0.1360 0.6203 1.3345 21.8421 0.0008063 0.64 1.1040 1.2564 0.1868869 0.20222 0.23013
13 110.64 137.9 17.2 7.4 0.1310 0.4302 1.4280 26.0606 0.0009483 0.63 1. 1072 1.2643 0.2220830 0.24024 0.27432
14 | 1118 129.1 16.8 7.4 0.1254 0.4405 1.3768 16.2963 0.0006471 0.62 1, 1108 1.2732 0.1372409 0.14845 0.17015
15 | 11.58 120.4 16.4 9.4 0.1196 0.5732 1.2445 21.7500 0.0009883 0.61 1.1148 1.2829 0.1770730 0.19182 0.22075
16 | 11.99 111.2 17.0 10.8 0.1129 0.6353 1.1740 22.4390 0.0011344 0.60 1. 1194 1.2943 0.1780202 0.19262 0.22272
17 1 12.37 102.3 15.4 10.2 0.1082 0.6623 1.1335 23.4211 0.0011141 0.59 1. 1245 1.3069 O0.1544421 0.16879 0. 19616
18 | 12.81 93.4 15.8 9.8 0.1028 0.6203 1.1074 20.2273 0.0010641 0.58 1.1303 1.3211 0.1322441 0.14455 0. 16896
19 | 13.31 83.3 16.0 10.4 0.0952 0.6500 1.0441 20.2000 0.0012440 0.57 1.1380 1.3401 0.1317396 0.14307 0. 16847
20 | 13.81 73.7 15.6 10.0 0.0874 0.6410 0.9883 19.2000 0.0013242 0.55 1.1467 1.3615 0.1180195 0.1285¢ 0. 15258
21 | 14.31 63.3 17.0 10.6 0.0778 0.6235 0.9186 20.8000 0.0016610 0.53 1.1583 1.3901 0.1201554 0.12999 0. 15600
0.020m! (D.=0.33cm) ol| 4 0.200m! (D,=0.68cm) =] 7| EIOJ 7122 gAalalel HAg 9o #3370l
H9e SO, &kl 7|5 odEEo] 300ecmal A ulz} 2 E5lmA] A sl ZHS B Qi
T 270z A5AA F42A4E Y5 SO, ‘?_Oé ANLek #4gd A et F4E sk
T £F5E FH oshe] Adgdle SO, @ Z|Z2of 48 w3 Z|AHEA N4 A=2BY
U7 EE HAEES A EAETEHE F49 of #7k st Al gl vt BdA o4 dojrt
Aol uhep el ze] F-oop AgAe Ao A A a, oW shgLaliub-gAl el FabA 4]
Ao Zhisialch (Dg/Dy) =0.658 ©121 2o film model o} B}t sur-
Lol w2 glazjze AL FHNEZ(EZ 1) face renewal model 2] mass transfer enhancement
ANM HFH7|Z(E>]1 == E< )8 dd4q factor ¥], (¢s/¢r)=1. 156 2.2 surface renewal
Aoustg doslm Tof ©E 7lzel HAEI model ] film modelil‘/} 7HERaol 23 FHEE
FodA e A5l AF g Hebldel whels] 7b L 159 o] £A48& Jelddch SO, 1Y 712
2o £ Aatrl sz HAMI =) uwh o ¢lg SO,9 A Xﬂ %445+ surface renewal
g} 7]Ee HAEH e Frg 27 7| E A7)0 model Bt} 30% HE #A, 222 film model X
wrebd] g £ B2 AFseE $E vt ot 10%me] ke e 3hg Hojuwl HTshdet
et upetaf SO, e 7lzel £ 7k 43
AAEA AdAl s 7|2e] #Wabs o) 2]g 7] ol 7hF-afub-go) A4dEel H 2 ion 34 &5
o gz &2 As5Evt Agse g 7t 7b ] jon3} SO, 8| &Ab&xdch ztol Hroff 2)d
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NOMENCLATURE

Component of reaction (3)

Actual surface area of bubble defined by
eq. (13)

Actual major diameter of bubble, cm
Equivalent bubble Tajor diameter
fined by a’ = (6v/7E)*

Actual minor diameter of bubble,
Equivalent bubble minor diameter
fined by b’ =aE

Concentration of any component, g

de-

cm
de-

mole/cm3
Concentration of gas dissolved in liquid
phase in equilibrium with gas phase,
g mole/cm3

Concentration of gas in liquid bulk, g
mole/cm3

: Diffusivity of gas and material in liquid
phase, cm2/sec

Effective diffusivity of ions, cmz/sec
Diameter of sphere of equivalent volume
to bubble defined by, De = (6v/1r)% , cm
Eccentricity of bubble defined by eq.(14)
Bubble eccentricity defined by (Max.
height)/(Max, width) of bubble, cm/cm
Faraday=96488 coulombs/g.
Henry’s law constant, g mole/1.

equivalent
atm
Pen amplitude in x-y recorder, cm
Equilibrium constant for concentration
of reaction(1), g mole/1

Liquid phase mass transfer coefficient
defined by eq.(12), cm/sec

Number of moles of gas, g mole
Absorption rate of experimental,
film model, and surface renewal model,
g mole/sec

Pressure, atm

Partial pressure of so,, atm

Universal gas constant, 1.atm/g mole. °K

M283 X6 19851 123

T Absolute temperature, °K
t Time, sec

v Bubble volume, cm3

U : Bubble rising velocity, cm/sec

X Length of mercury in capillary, cm

z Liquid depth above bubble, cm

Z, : Liquid depth equivalent to barometic
pressure, atm

Liquid depth above bubble at original
position, cm

Zso, : Compressibility factor of SO,, Zi,,

0.9500

Py Liquid phase density, g/cm?

A% Equivalent ionic conductance, cmz/g
mole/ohm

é, ¢ , ¢, Mass transfer enhancement factor, film
model and surface renewal model
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