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Abstract

Experimental data on the average mass transfer liquid film coeffidightr( an aerated tank stirred by Rushton turbine and in bubble
column are presented. Liquid media were used as 0.8 M sodium sulphite solution, pure or with the addition of Sokrat 44 (copolymer of
acrylonitrile and acrylic acid) or short-fiber carboxymethylcellulose (CMC) for the Newtonian and long-fiber CMC for the nhon-Newtonian
viscosity enhancement and ocenocis{9-octadecen-1-ol) or polyethylenglycol (PEG) 1000 for surface tension change. Volumetric mass
transfer coefficientk{ a) and specific interfacial area)(were measured by the Danckwerts’ plot method. Coefficientaeasured by pure
oxygen absorption in pure sulphite solution and Newtonian viscous liquids are well fitted by the “eddy” model in the kpre 0f448
(ev/p)®% (DIv)°® with a mean deviation of 20%. Surface-active agents (ocenol and PEG) and non-Newtonian additive (long-fiber CMC)
reducedk value significantly but their effect was not described satisfactorily neither by surface tension nor by surface pressure. It is shown
that the decisive quantity to correldtein the stirred tank and bubble column is power dissipated in the liquid phase rather than the bubble
diameter and the slip velocity. Absorption of air did not yield corigatlata, which did not depend on or slightly decreased with increasing
power. This is due to the application of an improper gas phase mixing model for absorption data evaluation.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tial ones, affect the mass transfer. In any case, these motions
are much smaller in scale than the gas bubbles. As a result,
Mass transfer from swarm of bubbles into turbulent lig- the size of the gas bubble is not a very critical parameter for
uid controls the rate of many chemical and biochemical pro- the estimation ok . They deducedl] the following rela-
cesses. It is assumed that the mechanism of mass transpotton for ki :
in liquid phase is due to a renewal of the liquid at the bub- ev\ 925 / p)\ 05
ble surface. Models of the process differ in the scale of flow, k. = c1 (—) (—) ()
which is responsible for the renewal.
The first group of models (“eddy” models) assumes that Different authors predict different values of the constant
the liquid renewal is due to small-scale eddies of the turbu- 0.301[2], 0.4[1], 0.531[3], 0.592[4] and 1.135].
lent field. These models are based on idealized eddy struc- The second group of models (“slip velocity” models) as-
tures of turbulence in the bubble vicinity. Lamont and Scott sumes a gross mean flow of fluid relative to the bubble (slip
[1] have assumed that the small scales of turbulent motion, velocity) and a bubble surface mobility control of this re-
which extend from the smallest viscous motions to the iner- newal rather than the small-scale eddies of the turbulent
field. The model proposed by Calderbank and Moo-Young
[6] belongs to this group. Theg] have divided bubbles by
* Corresponding author. Tek420 2 2435 3298: size into two categories: the “small” bubble$ € 1 mm),
fax: +420 2 3333 7335. which behave always as a rigid sphere, and the “large”
E-mail addresslinekv@vscht.cz (V. Linek). ones ¢l > 2.5 mm), which always have a completely mobile
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surface. An expression for the calculation laf for the The timer™°Pe depends on bubble diameter and surfactant
“large” bubbles has been deduced from dimensionless analy-concentration.

sis of mass transfer from rising particle in gravitational field.
gp g ,mobile _ kdl/zln (d/ htran9

A 13 / py\ 12
ki = 0'42( pvg) (_) ) Csurf
P v whered is an average bubble diameteis an empirical con-

For the “small” bubbles, an expression for the calculation of Stant related with surfactant properties,r is the concen-

k. has been obtained by the equation proposed by Frbsslingtration of surfactant antlyans is the bubble clean segment
[7] for dissolution of a rigid sphere. height at the transition point from mobile to rigid.

U 03 The main difference between the “eddy” and the “slip
Apvg\** ( D\ @) velocity” models is in the influence of turbulence inten-
sity on mass transfer coefficient: the “eddy” models predict

. ) an increase while the “slip velocity” models a decrease of
The transition between these two bubble categories wasy it increasing turbulence intensity, i.e. with increasing

unclear and strongly dependent on the presence of surfacy, ey dissipated in the liquid. This is due to the fact that

tants. An expression for calculation of the mass transfer k. from rigid bubbles is cca four times lower than from the
coefficients in this transition region was not given. ones with a mobile surface. The small bubbles, which ei-
Recently, Vascor]celos et 48] gnd AIve; et al[9] pro- _ ther have lowek_ (according to Calderbank’s conception)
posed _another variant of_ the “slip velocity” model. Their . pacome rigid more quickly (according to Alves’ concep-
model is based on experymentaflly observed phenqmena Oftion, tmobile diminishes with diminishing bubble diameter
an abrupt chqnge of_the dissolution rate of free—floa_tmg bub- d, seeEq. (8), are generated in large amount just at higher
bles held stationary in a downward water flow. Starting from 4, jance intensities. As a result, this leads to the decrease

these experiments, they have interpretgd the mass .transpor(gf average mass transfer coefficient with increasing power
from bubbles in terms of bubble contamination kinetics, us- yisginated in the liquid. Literature data kinin stirred tanks

ing a stagnant cap model, according to which bubbles SUd'supporting both these models can be found

denly change from a mobile interface to a rigid condition In dispersions with no mechanical agitation (bubble

when surface tension gradients, caused by surfactant acCugq|mns; air-lifts), the only source of energy is the expansion
mulation, balance out shear stress. The fresh bubble entering¢ 1o entering gas which gives the relatier: pgus. Reith

the dispersion has clean, completely mobile interface. For
the bubbles with completely mobile surfadg,is given by

the equation, which follows from the well-known penetra-
tion model with exposition time equal v

(8)

k. =0.31 <

Vv

[10], Dillon and Harrig[11], Kawase et al[5] and Vazquez
et al.[12] revealed strong dependence of liquid-side mass
transfer coefficient on gas flow rate in bubble columns:
kL ~ vs22%05 Slight dependence or independencekof

. v on vs was found by Schumpe and Deckw@ds], Bouaifi
kTObII = 1~13\/ED1/2 (4) et al. [14], Wongsuchoto et al[15] and Vasconcelos et

al. [8]. The values ok; corresponded to values predicted

After some time ™€) enough contaminant for transition by Calderbank’s model for “large” bubbles. Values which
to rigidity is accumulated on the surface. For the rigid bub- correspond also to “small” bubbles were found by Vazquez

bles, an expression for the calculation kgf follows from et al.[12] and Vasconcelos et §B] only, who worked with

Frossling[7] equation. solutions of surfactants. Vasconcelos et[8l. interpreted
. their results in terms of bubble contamination kinetics.

kEQ'd = 0,6\/51)2/31)1/6 (5) In dispersions with mechanical agitation, following au-

thors found an increase &f with increasing energy dissi-
Gas-liquid slip velocitiesss are assumed to be close to Patione: Prasher and Willg4] (k. ~ ®%°); Figueiredo and
single-bubble terminal velocities in still water, onwhicha  Calderbani16] (k. ~ €>33); Bouaifi and Roustafi.7] (k_
correction for turbulence is introducegy = 0.65v; [9]. As- ~ €%22); Panja and Raf18] (k. ~ €>1°); and Linek et al.
suming monosized bubble dispersion and considering only [19] (k. ~ 90'14_)- Power dissipated in the liquid by an agi-
two possible values d (ernobil and k{lgld, depending on tator is proportional to the third power of impeller rate~<

- . h 3
surface mobility), they deduced the following relation for [)- Thus, we can add the results of authors that presdated
the average mass transfer coefficient: as a function of impeller raté Koetsier and Thoeng0]

. _ B _ (k. ~ 9 ~ €93) and Yoshida and Miur§21] (k. ~ 06
Jemobil pmobile  f10id (7. _ rmobile) ~ €%2). Robinson and Wilkg22] measured that did not
ke = 6) depend on power dissipated and Hassan and Rob{28jn
) . ) obtained coefficients that decreased with increasing power
whererg is the average bubble residence time. dissipated. It was showj82] that the reported independence
. Vie @ on or the decrease ¢f with increasing power dissipated
T g(l—¢) was a result of misinterpretation kf a data.
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