HWAHAK KONGHAK Vol. 29, No. 2, April, 1991, pp. 168-175
(Journal of the Korean Institute of Chemical Engineers)

RO A | A M| 2t SRS
AR - 0|ES - wET|
yadhstn To s shakpas

(19900 84 29 A<, 19910d 29 23 A=)

Mass Transfer in the Solid Particle-Liquid System
with a Mechanically Agitated Vessel
Sang Wook Park, Jong Wook Lee and Moon Ki Park

Dept. of Chem. Eng, College of Eng, Pusan National University
(Received 29 August 1990; accepted 2 February 1991)

2 o

AIhsh A4} §UALASE wzel A Sssich dAe] 2717 100 um olshel e WelelA
24P FAUDASE T AT JRIAS 2 Aol E ehhelont Yahs) 271k Bagel oot ¥
o] &

gt Aol 3 2stodch vlAg gAtdd ] AF wubel 4 2] Kolmogorov ©]2-& A-8-3ed 1A g]a}-<f # 2}
499775 Y £ Ao d427)7F 100 umBeh E P 9lel4] 100 pm 2o} 2 WA H4se
2312 Beek Bakker 8& A8-9 ZAA oz ye] il ow, old thd AL AR BFA3 56%
ool 4 3 A} sheirt.

Abstract—The mass transfer coefficients between fine particles and liquids were measured in an agitated
vessel. As the particle’s diameter decreased, the values of mass transfer coefficient deviated below the pre-
vious correlation for large particles and approached the value of the theoretical molecular diffusion theory.
The mass transfer with fine particles in the turbulent agitation was analysed with the conventional concept
of a specific power group from the Kolmogorov theory. An approximate solution for the mass transfer in
the wide range of experimental variables was also obtained by using the Beek-Bakker model with which
the experimental data were in good agreement.
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Table 1. Previous correlations of mass transfer coefficient
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Investigators Correlation

Barker and Treybal(1960)[7] Sh=0.0158(T?n/v)83 Sl
Harriott(1962)[1] Sh=2+0.6(dv, /v)¥? Sc1”®
Brian et al.(1969)[27] Sh={[ (' d*? /v)/3 Sc'*]
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Fig. 1. Schematic diagram of agitated vessel.
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Table 2. The physical properties used in experiments

Run d Py oL vX10' DX10° Sc

System .

no. S - ~ [um]  [kg/m®] [kg/m®] [m%s] [m¥s] [-]
1 Cation exchanger-0.001M NaOH sol. 23-813 1220 997 8.97 213 421
2 Anion exchanger-0.001 M HCI sol. 463-834 1115 997 8.97 333 269
3 Anion exchanger-0.001 M picric acid 463-834 1115 997 897 149 602
4 Lead sulfate-water 20 6200 997 897 0.99 902
5 Lead sulfate-22 wt% glycerine sol. 20 6200 1051 15.66 0.54 2899
6 Potassium sulfate-60 wt% isopropyl alc. 55 2600 879 34.13 046 7491
7 Calcium carbonate-water 21 2830 997 8.97 0.68 1324
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Fig. 2. Typical diagram of neutralization for cation ex-

change resin-NaOH solution system.
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Fig. 3. Effect of relevant parameter on mass transfer coef-
ficients for fine particles.
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Fig. 4. Effect of diffusivity on mass transfer coefficients
between fine particles and liquids systems.
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Fig. 5. Effect of diffusivity on mass transfer coefficients
between large particles and liquids.
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Fig. 6. Effect of Sc on Sh for large particles.
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Fig. 7. Effect of specific power group on Sh for fine parti-
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Fig. 8. Correlation of present experimental data.
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CaCOy8, K,SOEACl sioir whalge] Hatgl
azg AHste A4F BAAGAITE S
dzke} =717 mMkE e HRolA HAHE mi-
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He, 49 I 59 HYPdge] gz AR
A 4]& Beek-Bakker-& AHg-3h AN o2 RE T3}
dom, olo Wi AL o3} ot
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NOMENCLATURE

A :surface area of solid particle [m?]

C :concentration of solute in liquid [kmol/m?®]

C;  :concentration of solute at solid-liquid interface
(kmol/m®]

C, :concentration of solute in liquid at initial reac-
tion [kmol/m®]

C; :concentration of solute on solid surface [kmol/
m?]

D :liquid phase diffusivity [m?%/s]

d :particle diameter [um]

g :gravity accelerate constant [kg/kgs-sec]

k;, :mass transfer coefficient [m/sec]

m :correlation constant defined by equation (4)

n :revolution per minute of impeller in an agitated

vessel [1/s]
Sc  :Schmits number [v/D]
Sh : Sherwood number [k,d/D]
SPG: specific power group [e°d*® /v]-
T, :torque [m-kg,]
t  :reaction time [sec]
V :liquid volume of agitated vessel [m?]

Greek Letters

¢ :energy dissipation rate per unit mass of liquid
[m?/m*]

p. :density of liquid [kg/m®]

p, :density of solid particle [kg/m®]

p  :viscosity of liquid [kg-m/sec]

v :kinematic viscosity [m?/sec]

v, :torque [m-kg,]
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