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Abstract

In the present paper, the effect of liquid properties (surfactants) on bubble generation phenomenon, interfacial area and liquid-side mass
transfer coefficient was investigated. The measurements of surface tension (static and dynamic methods), of critical micelle concentration
(CMC) and of characteristic adsorption parameters such as the surface coverage ratio at equiibrivere performed to understand
the effects of surfactants on the mass transfer efficiency. Tap water and aqueous solutions with surfactants (cationic and anionic) were
used as liquid phases and an elastic membrane with a single orifice as gas sparger. The bubbles were generated into a small-scale bubbil
column. The local liquid-side mass transfer coeffici¢hit) was obtained from the volumetric mass transfer coefficiéptz) and the
interfacial aread) was deduced from the bubble diametérg), the bubble frequencyfz) and the terminal bubble rising velocity/p).

Only the dynamic bubble regime was considered in this w&{r = 150-1000 andVe= 0.002—4).

This study has clearly shown that the presence of surfactants affects the bubble generation phenomenon and thus the interfacial area
(a) and the different mass transfer parameters, such as the volumetric mass transfer cog@ffieipaind the liquid-side mass transfer
coefficient (k). Whatever the operating conditions, the neyw: determination method has provided good accuracy without assuming
that the liquid phase is perfectly mixed as in the classical method. The surface coverage ygiioves to be crucial for predicting the
changes ok; in aqueous solutions with surfactants.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction sparger). To improve the mass transfer efficiency, the inter-
facial area and the liquid-side mass transfer coefficient have
In gas-liquid reactors, mass transfer from the gas phaseto be controlled closely. The objective of the present study
to the liquid phase is a key parameter of the process. Classi-is to evaluate the effect of surfactants on interfacial area and
cally, gas is released in the form of small bubbles to yield a liquid-side mass transfer coefficient. Only the dynamic bub-
large surface area and also an efficient mass transfer betweeble regime will be considered herRgor = 150-1000 and
gas and liquid phases. Depending on the industrial operatingWe= 0.002—4).
conditions, various gas spargers can be used as aeration sys- Several studies about the bubble diametdérg) present
tems (perforated plate, porous disk diffuser, membrane gasin bubble columns and generated from different types of gas
spargers have been recently publish&icé et al., 1981,
Loubiére and Hébrard, 2003; Hébrard et al., 1996; Couvert

"+ Corresponding author. Tel.: +33 06820361 46: gt al., 1_999; Painmanakul .et al., goom particular, it is
fax: +3305 615597 60. interesting to note that the interfacial area ¢an be exper-
E-mail addresspainmana@insa-toulouseP. Painmanakul). imentally determined by using detached bubble diameters

0009-2509/$ - see front matté& 2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.ces.2005.04.053


http://www.elsevier.com/locate/ces
mailto:painmana@insa-toulouse.fr

P. Painmanakul et al. / Chemical Engineering Science 60 (2005) 6480—-6491 6481

(Dp), bubble formation frequenci€gs) and terminal bub- liquid-side mass transfer coefficient). Finally, the influence
ble rising velocitiegUp) asPainmanakul et al. (2004) of the surfactants on the bubble generation and on the differ-
The effects on bubble generation of liquid-phase proper- ent mass transfer parameters will be shown; a simple model
ties, such as density and viscosity, have been widely eval-for estimatingk; will be proposed and applied whatever the
uated (i, 1998) whereas little investigation has been car- operating conditions.
ried out on the liquid surface tensidroubiére and Hébrard
(2004)have studied the influence of surfactants on the bubble
formation at different gas spargers, especially on the gener-2. Material and methods
ated bubble diametéiD ), the associated bubble frequency
(fg) and the interfacial area). In this study, the liquid  2.1. Experimental set-up
phases were characterized in terms of static and dynamic
surface tensions, critical micelle concentration (CMC) and ~ The experimental set-up is schematically represented in
characteristic adsorption parameters (surface coverage ratid-i9- 1 The experiments are carried out in a glass bubble
at equilibrium (s.), adsorption constant at equilibriurk) ~ column (6), 0.05m in diameter, 0.40m in height. This col-
and surface concentration when it is saturatég)). These ~ umn is fixed into a glass parallelepiped vessel (4), 0.40m
authors have observed that the effect of surface tension onin width, 0.40m in length, 0.30m in height. The flow of
the bubble generated depends on the type of orifice (flexi- @ir is monitored by a pressure gauge (1) and regulated by a
ble and rigid) and should be analyzed in terms of dynamic 9as flow meter (2). The pressure drop created by the mem-
surface tension and of kinetics of surfactant molecule ad- brane sparger is determined using an electronic manome-
sorption and diffusion. ter type BIOBLOCK 915PM247 (3). The average gas flow
The literature about mass transfer parameters shows thafate is measured using a soap film meter (7), through a fun-
there is a very limited number of qualitative data related nel (1.5cm diameter) put on the orifice. Nitrogen flow (em-
to the influence of surface tension on the volumetric mass Ployed for oxygen elimination in the liquid phase and for
transfer coefficientk,a); moreover, the,a values are of-  0Xygen elimination at the top of the bubble column) is con-
ten global and thus insufficient to understand the gas—liquid trolled by a pressure gauge (11). The UNISENSE oxygen
mass transfer mechanism&gquez et al., 1997; Akosman Microsensor, whose response time is very fast (as low as
et al., 200%. In this purpose, it becomes essential to sepa- 50ms), is used to measure the change in dissolved oxygen
rate the parameters, especially the liquid-side mass transfeoncentration (9). All chemical solutions (8) are injected at
coefficient(k;) and the interfacial area) (Bouaifi et al.,  the top of the column. The operating conditions are as fol-
2001, Zhao et al., 2003a)bhowever, there is a lack of stud-  lows: liquid height#;, =25cm and temperatufe = 20°C.
ies dealing with this separation in the presence of surfactants In this work, pieces of 60 mm diameter of an industrial
(Vasconcelos et al., 2003; Vazquez et al., 2000; Cents et al. (Dégremortt) rubber membrane sparger are used as gas
2001). spargers. The bubbles are generated by a single puncture
To fill this gap, the genera| aim of this present Study is located at the membrane centre. As punctures were |n|t|aIIy
to propose a local experimental approach which enables thediStribUtEd over the entire surface sheet, it was necessary to
mass transfer efficiency to be effectively controlled what- close several holes without modifying the elastic membrane

ever the operating conditions. The scope of this work is as Properties Castaignede, 20Q1For this purpose, a silicone
follows: elastomer glue applied on the inner surface (gas chamber

side) was usedH(g. 2a).

e Characterization of several liquid phases in terms of static ~ The membrane is assembled on a circular clamping ring
and dynamic measurements of surface tension, CMC andcomposed of two jawsHg. 2v); this fixing system coupled
their associated characteristic adsorption parameters. ~ With the use of a dynamometric spanner enables the same

o Application of the new experimental method to determine initial tension to be applied, thus giving reproducible results.
the local volumetric mass transfer coefficient, the local The physical characteristics of the membrane sparger and
interfacial area and thus the local liquid-side mass transfer the operating conditions are reportedTable 1
coefficient.

¢ Quantification of the effect of surfactants on the bubble 2.2. Image acquisition and treatment method
generation phenomenon, the interfacial area and the as-
sociated local mass transfer parametéfs: (andky ). The bubble diameter generation is photographed with a

Leutron LV95 camera (120 images/s). Images are visualised
For this purpose, this paper will firstly present the mate- on the acquisition computer through the Leutron vision soft-

rial and the experimental methods used in this work. Then, ware. The image treatment is performed with the Visilog 5.4

the characterization of liquid phases under test will be de- software (G program).

scribed as well as the local mass transfer parameter deter- Fig. 3presents a typical sequence of image treatment. This

mination (interfacial area provided by a sparger, volumet- treatment is based on a transformation of the acquired image

ric mass transfer coefficient obtained with the new method, into a binary image, followed by different arithmetical and
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