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Il manque lestitres defigures
Introduction

Osmotic evaporation (OE) is a recent membrane t#dobgy that was patented by Deblay in 1991
[1] allowing concentrating fragile aqueous soluicuch as fruit juices [2]. OE consists of
extracting water from an aqueous stream by

means of a concentrated salt solution. The 1
liquids are circulated along the 2 faces of a Dilute - | Concentrated
macro porous hydrophobic membrane. aqueaus | ar | sltsdlution
. .. slution Tracroporoas | !
Because of its hydrophobicity the polymer w T e !
LT ! ophobic :
cannot be wetted by the liquids; 1 membrane | _
vapour-liquid interfaces are thus formed at | Py >> P w np
| wf ws L Ca
each extremity of the pores that contain air at : | sintaface
atmospheric pressure (Fig. 1). The presence
of salt depresses the vapour pressure of the Ci interface ! . ; T
brine and results in creating a vapour Crag | P
pressure gradient between dilute and salt ; ;

solution.
Masstransfer and hydrodynamics

The mass transfer mechanism can be decomposeéps3 the water is transported from the bulk
feed through a concentration boundary layer tontleenbrane surface where it evaporates. The
vapour is transferred across the membrane undenflobence of a vapour pressure gradient and
condenses at the surface of the strip solution. Water then passes through a diluted brine
boundary layer to the bulk stream. The evaporafiiox can be summarized by the following
equations:

N=K.Ap, UK=[1 (U K+ kot k)]

The molar fluxN is proportional to the bulk vapour pressure gnaidéP,, ; K is the overall
permeability of the system that can be expresséetins of mass transfer resistances respectively
in the feedK;), in the strip solutionkf) and in the membran&).

The vapour transfer across the membrane has bedaiywstudied for membrane distillation
process and the same theory can be applied forT®& porous polymer filled with air can be
considered as a stagnant air film opposing resistémthe diffusion of water vapour. According
to the type of membrane used, other resistancesngoiom the porous structure ie Knudsen
diffusion or Poiseuille viscous flow might be takeato account.
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Table 1 - OE fluxes obtained by various authors; 35-40°C; water or dilute fruit juice; NaCl
or CaCl2 aqueous solutions; flat sheet PTFE or dwlfibre PP membranes.

REFERENCE  MENGUAL [3] GODINO[4] GosToLI [5] SHENG [6] HOGAN [7]
Geometry stirred cell stirred cell  stirred cell plate & frame hollow fibre
Hydro-dyna 200 50 to 350 1200 5.8t012.0 0.085 to
mics rpm rpm rpm l.mint 0.255 m.g
Flux 0.39; 3.90? 295t04.20 max2.7 1.2510 1.80 1.30
(ILh.m?)

Shear o agitation + 7 fold no + 2 fold + 3 fold
effect on + 40 to 50 % + 30 % polarisation + 36 % no effect
flux

Concentration polarisation can play a significasierin the performance of OE systems. The
resistances offered by the liquid films boundinthei side of the membrane may cause severe
flux decay. Mass transfer across boundary layergeiserally supported by the film theory
[3][4][5][6][7]. The phenomenon of concentration lgosation is intimately linked to the
hydrodynamics of the process. The data summanztable 1 show that according to the module
geometry and the liquid hydrodynamics used by tlaeious authors, the concentration
polarisation on brine side varies from 0 effect§®b flux reduction.

Taking into account these considerations, a newuteaglas designed to try and increase the flux
performances and to study the hydrodynamics of OE.

Materials and methods

The design of a new laboratory scale module is shiowFig. 2. The fluids are circulated into
square channels evenly distributed so that thecitglof the fluids is identical on the whole
membrane surface. The membrane is sandwiched betthee2 symmetrical half cells with a
surface area of 40 émA commercial TF200 flat-sheet membrane from Gelmampany was
used for this work (pore diameter = Qu&; porosity = 60%; thickness = 1651) made of a thin
PTFE layer supported by a PP net. Distilled watas wxtracted by calcium chloride aqueous
solutions of 5.5 +/- 0.05 mot-lat a temperature of 25 +/- €. The concentration of the brine
was maintained constant by using a large volumesadfition and controlled by density
measurements. The recirculation flow rates of theolations were controlled with rotameters
with an accuracy of 2 %.
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Results

Flux measurement procedure

The kinetics of each OE experiment was followedrégording the weight loss of the water
reservoir from an electronic balance. The slop@ikinetic curve was calculated by least square
regression to give the corresponding OE flux withaecuracy of less than 1 %. The noise
introduced by the circulating fluids was measurad attained a maximum of 4 % of the OE
signal (Fig. 3). The maximum stability was achiebetwween 180 and 360 minutes and this time
interval was used to calculate the mean charatitefiisx of an experiment. Reproducibility tests
indicated that the OE flux could be measured ustirdard conditions with an accuracy of 10%
within a 95% prediction interval.

Effect of circulation flow rate and concentratiohtbe brine

One of the objectives of this work was to estintaee maximum flux attainable under specific
temperature and brine concentration conditionsa@)siater and Cagb,3 M, the flow rate of the
brine was varied from 0,3 to 2,7 l.min-1 coveringaage of Reynolds numbers from 170 to 1400
corresponding to a laminar flow regime. The respitsented Fig.4. indicate evaporation fluxes
from 5,7 to 12,0 |.H.m? which is much higher than the performances refdrtehe literature.
The OE flux increases with brine flow rate becanis@creased Reynolds number and decreased
boundary layer resistance. Concentration poladsati the brine affects significantly the flux as
a 9 fold flow rate increase results in a 100% fhorease.

Another set of experiments was conducted at conitare flow rate and temperature and the salt
concentration was varied from 3.45 to 5.30 rifolThe results shown in Fig.5 indicate the flux
dependence on the driving force which is relateithéowater activity of the salt solution.



Membrane Distillation, Osmotic Distillation and Merane Contactors, 2-4 July, Cetraro (CS), Italy

13

13

0.8
T=25C - . . T=o25C
11} cs=53moll ~ Re = 850 +/- 38 - B . Jos o
o TF200 hd P TE200 T =
E ol E o9} - 2
: R e » 5
= = - {04 &
=2 - ;’ 71 e . (o]
é 7 I Y 2 - %
[ . o ol < lo2
51 .
L]
3 ) . . ) ) ) 3 1 . 1 A 1 1 0
100 300 500 700 900 1100 1300 1500 3.5 4 . 4.5 5 5.5
Reynolds number Salt concentration (mol/l)
Conclusions

Considering the low osmotic evaporation fluxes regabin the literature as well as the lack of
information about the hydrodynamic aspect of taghhique, a new laboratory scale OE module
was developed. A series of experiments was caowgdwith pure water and CaCsolutions
varying the flow rate and the concentration of thime. The OE fluxes obtained in this work
showed a significant improvement towards the regultblished by various authors. In spite of
important concentration polarisation in the brithe, relative high fluxes can be attributed to high
mass transfer coefficients achievable in the ndastzale OE module.
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