-

View metadata, citation and similar papers at core.ac.uk brought to you byfz CORE

provided by HAL-Univ-Nantes

archives-ouvertes

Hydrophobic VOC absorption in two-phase partitioning
bioreactors; influence of silicone oil volume fraction on
absorber diameter.

Eric Dumont, Guillaume Darracq, Annabelle Couvert, Catherine Courriol,
Abdeltif Amrane, Diane Thomas, Yves Andres, Pierre Le Cloirec

» To cite this version:

Eric Dumont, Guillaume Darracq, Annabelle Couvert, Catherine Courriol, Abdeltif Amrane,
et al.. Hydrophobic VOC absorption in two-phase partitioning bioreactors; influence of silicone
oil volume fraction on absorber diameter.. Chemical Engineering Science, Elsevier, 2012, 71,
pp.146-152. <10.1016/j.ces.2011.12.017>. <hal-00868983>

HAL Id: hal-00868983
https://hal-univ-rennesl.archives-ouvertes.fr /hal-00868983
Submitted on 17 Jan 2014

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://core.ac.uk/display/53004768?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.archives-ouvertes.fr
https://hal-univ-rennes1.archives-ouvertes.fr/hal-00868983




Hydrophobic VOC absorption in two-phase partitioning bioreactors;

influence of silicone oil volume fraction on absorbr diameter.

Eric Dumont?, Guillaume Darracq®®, Annabelle Couvert®, Catherine Couriol*®,
Abdeltif Amrane ¢, Diane Thoma$, Yves André$, Pierre Le Cloirec®.

2UMR CNRS 6144 GEPEA, Ecole des Mines de Nante hantrerie, 4 rue Alfred
Kastler, B.P. 20722, 44307 Nantes Cedex 3, France.
® Ecole Nationale Supérieure de Chimie de RenneRENIMR 6226, Av. du Général
Leclerc, CS 50837, 35708 Rennes Cedex 7, France.
¢ Université européenne de Bretagne, 35000 Rennascé:
4 Faculté Polytechnique de Mons, 56 rue de L'EparBA#00 Mons, Belgium.

Corresponding author:

Eric Dumont éric.dumont@mines-nantes.fr

Tel: +33 (0)2 51 85 82 66

Fax: +33 (0)2 51 85 82 99

Ecole des Mines de Nantes, La Chantrerie, 4 rueedIKastler, B.P. 20722, 44307
Nantes Cedex 3, France.



Abstract

A methodology to determine the diameter of an dilotontacting a gas phase and two
immiscible liquid phases (water/silicone oil mix@yiis presented. The methodology is
applied to a countercurrent gas/liquid randomlykedccolumn for the absorption of
three VOCs (toluene, dimethyl sulfide, or dimettidulfide). Whatever the silicone oil
volume fraction, Eckert’'s generalized pressure dropelation was used. The results
present the change in the column diameter throgltitange in the dimensionless ratio
D(@)/D(@=1) versus the silicone oil volume fraction for th@me operating conditions.
For toluene and dimethyl disulfide, characterizgdHg siicone oilValues equal to 2.3 and
3.4 Pa.m.mol™* respectively, it is highlighted that it is unwiseuse water/silicone oil
mixtures for mass transfer. In these cases, the&acbhetween the polluted air and pure
silicone oil requires roughly the same amount dtane oil as for a (90/10 v/v)
water/silicone oil mixture, but enables a 2-folcciase in the column diameter. For
dimethyl sulfide, which is characterized by a largeartition coefficient value
(Hvoc,siticone oit= 17.7 Pa.rﬁmol’l), the mass transfer operation should not be cersid
because large amounts of silicone oil are requivdtatever the silicone oil volume
fraction), which is not acceptable from an econopumt of view.

The feasibility of using a bioscrubber for the tmeant of hydrophobic pollutants
depends mainly on the partition coefficieniobiicone oi VOC absorption in TPPB
should therefore be restricted to pollutants charamed by a Kb siicone oil Value of
around 3 to 4 Pafmol™ or less. In this case, absorption can be effitjerdrried out

in a biphasic air/silicone oil system.

Key-words: Mass transfer; Absorption; Packed bed; DesigmtitRa coefficient;
Multiphase reactor



1. Introduction

The biological treatment of air loaded with VolatilOrganic Compounds (VOC)
requires the mass transfer of pollutants from tlas ghase to an aqueous phase.
However, VOC are often scarcely soluble in watedt #re addition of a non-aqueous
liquid phase (NAPL), immiscible with water, is ulygoroposed in order to improve
the mass transfer of pollutants (Kundu et al., 2@8nont et al., 2006a). In such cases,
hydrophobic VOC treatment can be achieved in acbideber in which the pollutant is
first absorbed into a liquid phase, consisting ahiature of an aqueous phase and a
NAPL, before being introduced into a two-phase ipaning bioreactor (TPPB,;
Daugulis, 2001). The VOC is then gradually trangférfrom the organic phase to the
aqueous phase in order to be degraded by micraysrga present in the latter. Once
regenerated, the mixture is recycled towards tiserder (Fig. 1).

Unfortunately, to date, hydrophobic VOC removasil restricted to laboratory-scale
experiments due to a lack of the knowledge requicedcale up. One of the main
difficulties is the calculation of the diameter (Bf)the column allowing the VOC mass
transfer between the gas phase and the water/NAB&uma. According to the
principles of absorption, the design of gas/liqasorption systems is controlled since
the contacting phases are well defined in termsnofar flow rates and physico-
chemical properties (McCabe et al., 1993). Forvemigas flow rate, the calculation of
the cross-section of the gas/liquid contactor imeslthe determination of the minimum
liquid flow, which mainly depends on the solutetjieon coefficient between the gas
and liquid phases. However, when the liquid phasesists of a mixture of an aqueous
phase and a non-aqueous liquid phase, the physgmical properties of the mixture
are not sufficiently known to enable the desigbéccarried out.

The aim of this study is to solve this issue byadticing a methodology to calculate the
column diameter as a function of the volumetricti@ of the organic solvent in the
mixture. The methodology is based, firstly, on tietermination of the partition
coefficient of the VOC between the gas and the unéxbf immiscible liquids (Darracq
et al., 2010), and secondly, on a new concept asriransfer between phases called the
"equivalent absorption capacity” (Dumont et al.1@0 The calculation procedure is

applied to a countercurrent packed tower treatingjvan gas flow rate loaded with



VOC (toluene, dimethyl sulfide (DMS) or dimethykdifide (DMDS)) by absorption in

water/silicone oil mixtures of varying composition.

awr treated

muxture (water + FAPL)

EERRE A

O AU oy

— 1 polluted ar
(VOO + O4)

HAPL

waler

HAPL

I

Fig. 1. Bioprocess for VOC treatment (NAPL=silican§.

2. VOC patrtition coefficients in water/silicone oilmixtures

According to the VOC to be transferred, the noneams liquid phase must be selected
in order to improve mass transfer and thus redbueeliguid flow rate needed for
absorption. In this study, the calculation is bagedhe use of silicone oil as the NAPL
whose ability to improve hydrophobic VOC mass tfanshas been clearly
demonstrated (Dumont et al., 2006b; Darracq et280L0). The physical properties of
the silicone oil (dimethylpolysiloxane; Rhodorsiluids 47V5 from the Rhodia
Company, France) are: viscosity: = 5 mPa.s; densityp = 930 kg/mi; molecular
weight: M = 740 g/mol. According to the VOC to lredted, the composition of the

mixture must be judiciously chosen in order to aehian optimal mass transfer. On one



hand, it can be reasonably assumed that an incire#fse silicone oil volume fraction in
the mixture will lead to a dramatic decrease in theture flow rate needed for
absorption, and will thus reduce the vessel dianaatd the capital costs of the process.
In this case, it seems obvious to contact the gasewith pure silicone oil in order to
design a column diameter as small as possible.n®rother hand, as silicone oil is a
relatively expensive product, the amount to be wexlild be limited in order to reduce
the operating cost. Consequently, one of the ahgdle of this study is to determine
precisely the amount necessary for the VOC massfeain relation to the mixture

composition (in order to select the optimal one).

The major problem for the design of such an absodepends directly on the
knowledge of the equilibrium solubility of the VORetween the gas phase and the
water/silicone oil mixture. As demonstrated by Dunet al. (2010) from experimental
measurements, the VOC partition coefficient betwagnand a water/silicone oil
mixture (Hocmixturd CaN be expressed as a function of the VOC pantitpefficients for
air/water and air/silicone oil respectively, and agunction of the silicone volume

fraction in the mixtured):

1 _ (-9 ¢
H "H @

H

voc, mixture voc, water voc, silicone oil

Values of the air/water and air/silicone oil paotit coefficients for the three studied
VOC are summarized in Table 1gmepresents the ratio of partition coefficients. As
can be observed in Fig. 2, the decrease i3 tkwure With silicone oil addition is more
pronounced for increasinggmatios. Moreover, it is possible to consider tthet VOC
absorption capacity of any water/silicone oil meticorresponding to the sum of both
water and silicone oil absorption capacities) igado the VOC absorption capacity of
a pseudo-homogeneous phase whose partition ceeffid Hoc mixwre IN this case, it is
assumed that any water/silicone oil mixture carcharacterized by specific physical
properties (mainly molecular weight and densityjikr to those of a single liquid
phase. This empirical idea, developed by Dumordle{2010), has been called the

"equivalent absorption capacity” concept.



DMDS DMS Toluene

Partition coefficient in watemHyocwater) 111.9 182.680
Partition coefficient in silicone 0iHyoc siliconeoit) 3.4 17.7 2.3
Ratio mg=Hyocwater/ Hvoc silicone oil 33 10 296

Table 1. VOC partition coefficients 298 K (Pa mmol*; Dumont et al., 2010
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Fig. 2. VOC partition coefficients between air amater/silicone oil mixtures.

3. "Equivalent absorption capacity” concept

This empirical "equivalent absorption capacity” cept is based on experimental mass
transfer measurements (DMDS, DMS and toluene) ezhrout in a batch reactor
between air and various water/silicone oil mixturéee experimental procedure has
been previously described (Dumont et al., 2010)ianas finally demonstrated that the
absorption capacity of any water/silicone oil mnetus equivalent to that of a pseudo-
homogeneous phase whose physical properties (mMateseight Myixure and density
Pmixture) CaN be expressed using Egs. (2-3).



Hvocm' ure Mmixture Hvocm‘ ure rixture
Mnixture:(l_w)MWaIef H tare Poig + qmvls'liconeoiI H e - (2)

voc, water lowater voc,silicone oil losiliconeoil

Hvoc mixture Hvoc mixture
Prixture = (l_ w)pwater H—Xt + D Psilicone oil H—Xt (3)

voc, water voc,silicone oil

As can be observed in Egs. (2-3), the mathemagixatessions of IMixwre aNd Prixture
depend on the physical properties of water andosig oil, logically balanced according
to their proportions in the mixture (i.e. @-Myater aNd @ Msjiicone oif (1-4P) Pwater 2N

@ Psilicone oil Fespectively). However, the physical propertieswaiter and silicone oil
should also be balanced using the non-dimensioa@bsr Hoc mixturd Hvoc water @Nd
Hyoc mixturd Hvoc siicone ot Which must be explained. From experimental diathas been
established that material balances in both moldremume units can only be satisfied
if the actual absorption capacities of water ahdaie oil, respectively, are considered.
Let us take an example, such as DMDS absorptiorguesi(90/10 v/v) water/silicone oll
mixture @ = 0.1). If a given volume of this mixture is cotsied, the absorption is
mainly due to silicone oil (due todwps siicone oi), Whereas silicone oil represents only
0.3% of the total mole number present in the mixt(kig. 3). On the contrary, water,
which represents the major element in the mixtdren{ the mole number point of
view), has a weak absorption capacity (due mddwawe). In order to satisfy the
material balance expressed in molar units, it lgentshown that the importance of the
mole number of water must be moderated by using oarection factor
(Hvoc,mixturdHvoc,wate) SO that the actual absorption capacity can bentékto account. In
the same way, the importance of the mole numbaeailicbne oil must be corrected by
using the factor (¢ mixiurdHvoc silicone oi). Eventually, it was shown that the DMDS
absorption capacity by a (90/10 v/v) water/silicamieé mixture is equivalent to the
absorption capacity of a pseudo-homogeneous phassew (i) partition coefficient
calculated using Eq. (1) is equal to 26.7 Pamol* corresponding to a 4-fold decrease
with regard to Hvpswater (Fig. 2); and (ii) molecular weight is equal to45§/mol and
whose density is 945 kgfinwhich highlights the relative importance of e oil
compared to water in the absorption process. Assalt; the "equivalent absorption

capacity" concept presents the great advantagehoWwisg that a heterogeneous



water/silicone oil absorbent is able to react @aseudo-homogenous phase from a mass
transfer point of view.
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Fig. 3. DMDS absorption for a unit volume of a (BQA/v) water/silicone oil mixture
(¢=0.1). Relative importance of silicone oil compatedvater in terms of mole number

and absorption capacity.

4. Calculation procedure for determining the columndiameter
In designing a countercurrent gas/liquid absorther,gas composition and flow rate are

generally known. The first task is thus to detemtime liquid flow from a mass balance

(Fig. 4). For this purpose, an absorption factas Asually defined (Eq. 4):

A=— (4)



The absorption factor A corresponds to the ratithefslope of the operating line L/G to
that of the equilibrium line m (Fig. 4). A is coast when both lines are straight, which
is the case for air treatment applications. Assgntivat a water/silicone oil mixture has
an absorption capacity equivalent to that of a geehomogeneous liquid phase, the

relationship between m and the partition coeffitisrgiven by (Eq. 5):

m= H 1 M G Iom'xture (5)
— ¥ Vvoc,mixture RT M
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Fig. 4. Mass balance diagram for a countercurresbigption column.

The minimum required liquid rate () can be calculated from the composition of the
inlet gas and the solubility of the VOC in the noipd (equilibrium being assumed).
Considering the following operating conditions: tfie gas flow rate remains constant
during absorption and (ii) the water/silicone oiixtare entering the absorber is VOC
free (%=0), the minimum liquid-to-gas ratio {}-/G) corresponds to the slope of the
equilibrium line (m) and consequently A=1. It isngeally specified that the liquid flow
rate (L) must be as much as 25 to 100% greaterttiearequired minimum (McCabe et
al., 1993). Once obtained, the molar liquid flowerd) must be converted into a mass
liquid flow rate (L’) in order to size the columnadheter by using the generalized
pressure drop correlation chart (Eckert, 1970) whadsseissa and ordinate correspond

to variables named X and Y (Fig. 5.):



x=t | Pe_ (6)
G lom'xture

GIQ F :u:fmre (pwater /Iom'xture)
g IOG lomixture

Y= )

In Eqgs. (6-7).pmixwre COrresponds to the density of the absorbing lid&d. 3). In Eq.
(7), G'q is the mass gas flow rate per unit cross-sectiansd of the columnQ). In
flooding conditions, which determine the minimumsgible diameter of the column,
G'q =Gqopand Y = Y. F is the packing factor, depending on the sizthefpacking
material filling the column (Coulson et al., 20@2)d Lmixwre IS the dynamic viscosity of
the absorbing liquid. Introduced early in théthEntury, the generalized correlation of
packed column flood points has constantly evohabtbiving the progress in packing
materials. In an extensive book devoted to thedfluilynamics of packed columns,
Mackowiack (2010) described and analyzed the mostesgmtative correlations
proposed in the literature. Comparisons betweereladions are critically proposed.
Mackowiack (2010) indicated that the Eckert's correati not applicable for
vapor/liquid systems, remains valid for air/watert Bhould be used with caution. As
the objective of this study is to determine theng®in the column diameter according
to the silicone oil volume fraction for the sameemiing conditions and for the same
packing material (through the change in the dinaisss ratio Dg)/D(¢@=1) versus the
silicone oil volume fraction), the accuracy of tkekert flood correlation should be
sufficient for a first approach. Once the optimuiitene oil volume fraction has been
determined, the column can then be designed, ircansl approach, using a more

accurate method as described in theélkdaviack’'s book (2010).

The conversion between the molar flow rate and thesntiquid flow rate is given by

Eq. (8), which is based on the knowledge of the modér weight of the mixture given
by Eqg. (2):

L'=LM mixture (8)

10



Coupling Egs. (1-5, 8) and Eg. (6) gives:

X: pmixture A 1 (9)
\ oo RT [{ 1 1 J 1 }
¢+
H H

voc,silicone oail
Eq. (9) can be rearranged as:

X = pn"ixture AH

voc, mixture
Ps RT

(10)

According to Eg. (10), X changes linearly witRokhixture (the density of the mixture
can reasonably be considered as a constant acgdadthe silicone oil volume fraction
because water and silicone oil densities are ckeefigure 5).
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Fig. 5. Change in the dimensionless fa¢t@ccording to VOC partition coefficients,

From X values, the ¥ factor is calculated according to Eckert's floaglicurve
correlation given by Piché et al. (2001) for 084X < 6 (Eq. 11; Fig. 6). The gas
flooding mass flux per unit cross-sectional areghefcolumn (&) ) is then obtained
from Eq. (12) derived from Eq. (7).
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log,, (Y, ) = - 0289]log,, X]? - 1081[log,, X] - 1682 (11)
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Fig. 6. Generalized pressure drop correlation (GP&hart fromeckert (1970)
flooding line equation given bigiché et al. (2001)

Since flooding is an unacceptable operating camwlitit is usually proposed to design
the column diameter by using gas mass flux €65% Gg r. The cross-sectional area

and the column diameter are then determined usisg @3-14).

GI
Q=—_ 13
G, (13)
Dz\/4Q= Y4G (14)
T !
065 ”\/ F(I)2 g IOG pmxture
F lum:xture(pwater /lom'xture)

From Eq. (14), the column diameter can be calcdlédeany water/silicone oil mixture
(D(@) as well as for an absorption in pure silicone(Bi(¢=1)). The dimensionless

ratio giving the change in diameter according ®ghicone oil volume fraction is:

12



D(qo) - ( YFI ((0) ]_025 ( pmixture(qo) ]_0125([10%;1& /Iom'xture ((0: 1)]]_025( /'Im'xture ((0) joos

D(w: 1) YFI (¢: 1) lom'xture (¢: 1) [pwater /pm'xture (40)] lumixture (¢: 1)
(15)

The F parameter no longer appears in Eg. (15) bedtisspossible to assume that the
same packing material can be used whatever tlersdioil volume fraction (there is no
limitation of packing size according to column diter). Otherwise, a@mixwure iS Close
to pwater according to the silicone oil volume fraction {adicated above), the second
and third terms in the right member of Eq. (15)@ose to one (they range from 0.99 to
1 and 0.98 to 1 for 8 @< 1, respectively). Moreover, consideripgixure the silicone

oil has a dynamic viscosity of the same order ofynitade as that of water (only 5

) 005

times higher) and, consequently, the te(rmmu,e(w)/ Heiseure (@=1) can logically be

estimated to range from 0.92 to 1 fox@ < 1. Eq. (15) can therefore be reasonably

simplified as:
D(®) { Y (9) J_Ozs (16)
D(p=1) \Yq(p=1)

5. Results and discussion

The calculation procedure, applicable regardlesshef volumetric air flow rate, is
applied for the following operating conditions: &mospheric pressure P = 101,325 Pa
and temperature T = 298 Kd = 1.186 kg/m), (i) the water/silicone oil mixture
entering the absorber is VOC freeX® in Fig. 4), (iii) the absorption factor is chose
A=15(L=1.5mQG).

For each water/silicone oil mixture, the liquid mdw rate needed for absorption is
determined by using Egs. (4, 8). From L, it is pbksto calculate the volumetric
mixture flow rate Q needed for absorption (Qs logically related to @ and the
partition coefficients of the VOC in water and ilne oil, respectively) as well as the
silicone oil amount present in the mixturesi(€dne oil ¢ = @ Q). Furthermore, each

calculated silicone oil amount can be compared #ighmaximum quantity of silicone

13



oil needed for absorption correspondingpte 1 (Qiiicone oil may. Data are plotted in Fig.
7. Moreover, Fig. 8 presents the change in the soaless factor I/D(¢@=1) versus

the silicone oil volume fraction according to Egg)1
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Fig. 7. Percentage of the maximum silicone oil woduneeded for absorption.

For a VOC much more soluble in silicone oil thamiater (large m value; the case of
DMDS and toluene, compared to DMS), Fig. 7 shovas ithwould be better to use pure
silicone oil for absorption. For instance, if a @fsilicone oil mixture with only 10% of
solvent (i.e. 90/10 v/v) is chosen to absorb todyeénwill be necessary to use a quantity
of silicone oil equal to 97% of the amount needadain absorption in the pure solvent
(confirming that toluene is sparsely soluble inevatFor DMDS absorption in a (90/10
v/v) mixture, it will be necessary to use a quanit silicone oil equal to 78.5% of the
maximum amount of silicone oil. Consequently, foV@C characterized by angm
value greater than 30, it can be concluded thatisieeof a water/silicone oil mixture at
low silicone oil volume fraction requires a quaytaf solvent roughly equal to the
amount needed for an absorption in a pure sili@hleut involves designing a column
with a much larger diameter than that actually eeefdr an absorption in pure solvent.
In other words, the absorption should be carriedbgucontacting the polluted air with
pure silicone oil in order to minimize the columrardeter. Thereby, as observed in

Fig.8, in comparison with air/water absorptigm= 0), the air/silicone oil absorptio (

14



= 1) enables a 2-fold decrease in the column dianfet DMDS and 4-fold decrease
for toluene. For a (90/10 v/v) water/silicone oikitare, the results are roughly the same
for the two pollutants and the column diameter #&hdoe 40% greater than that

calculated for an absorption in pure silicone oil.

The absorption of DMS by water/silicone oil mixturissdifferent because DMS is
characterized by a moderate; malue (nx = 10; Table 1) mainly due to its weak
solubility in silicone oil. As can be observed ingF7, the use of a (90/10 v/v)
water/silicone oil mixture requires 53.3% of thecamt needed for an absorption in
pure silicone oil. Accordingly, the absorption ceipa of water is not insignificant
compared to that of silicone oil in relation to thigh value of the partition coefficient
Hpws siicone oil (Table 1). From Fig. 8 and in comparison with dicsne oil absorption
(p = 1), the column diameter should be 50% greatan tiat for an absorption in a
(90/10 v/v) water/silicone oil mixture (90% greatean absorption in pure watep €

0) is considered). In other words, for DMS, therg®in diameter versugis relatively
moderate in relation to the grvalue (same order of magnitude as DMDS) but the

diameter of the absorber will be large related he high value of the partition
coefficient Hus siiicone oil
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Generally speaking, the present study has higlddyktat pollutant mass transfer must
be carried out between the gas phase and purerslicil since the VOC to be treated
presents a large solubility in silicone oil. Thedidity of using a bioscrubber for the
treatment of hydrophobic pollutants mainly deperats the partition coefficient
Hyoc silicone oil (@Nd, Of course, on the price of pure silicong. dih increase in k¢ siicone

o has only a slight influence on the column diamddewhereas its effect on the
guantity of silicone oil Qicone oif IS Very marked (Dumont et al.,, 2011). Hence, for
hydrophobic pollutants characterized by a largeueabf the partition coefficient
Hvoc siicone ol the mass transfer operation must not be consldespecially from an
economic point of view. Conversely, for hydropholpicllutants characterized by a
partition coefficient Hocsiicone ol Of around 3 to 4 Padmol® or less, a biological
treatment in two steps could be achieved in a singlit presented in Fig. 9. The
pollutant would first be transferred from air torpusilicone oil in a dumped packed
column, and then degraded by the micro-organismsa itwo-phase partitioning
bioreactor (TPPB). In order to limit the strippinfjtbe pollutant in the aqueous phase,
the packed column should be judiciously placed alibe TPPB.

When designing a dumped packed column, the coluenghhmust also be considered
in order to determine the packing volume neededafmsorption. The calculation of
tower height requires overall mass transfer coefiis (K.a or Ksa) as well as the
driving forces. However, mass transfer in an aitéwailicone oil process can be
described by six local mass transfer coefficiefrttan and to each phase. Accordingly,
it is easy to understand why mass transfer mectmasnis TPPB have been only rarely
studied experimentally (Quijano et al., 2009). Rexs in the literature (Dumont and
Delmas, 2003; Clarke and Corriea, 2008) have higk#d the need to address the
complexities of the determination of the overall s;aransfer coefficient (&) in
gas/liquid/liquid systems. Three markedly differdfita behavior trends have been
reported according to the volume fractiapdenerally ranges from 0 to 20%) of the
non-aqueous phase liquid used d&Kincrease; Ka peak; Ka decrease or constant).
Consequently, the prediction of & is complex and specific experimental
measurements are needed according to the NAPL @&edying the absorption of
styrene in water-silicone oil mixtures identicalttise used in the present study (but
only for 0< @<10%), Dumont et al. (2006) reported thaakemains roughly constant

with increasing silicone oil volume fraction. Obugly, further studies should be
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carried out in order to determine theakchange for larger silicone oil volume fractions
(0 < @<100%). To date (and to the best of our knowledd® literature data are still
too disparate to allow the TPPB technology to morenf lab-scale to full-scale
applications. To conclude, it is interesting to ntitat, since the absorption of the
pollutant should be carried out directly betweemaaid pure silicone oil (as suggested
above), Ka could easily be estimated and compared to theved@r system using

literature correlations. As a result, absorberglesiould be easier.
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Fig. 9. Single unit for VOC treatment (NAPL=silic®wil).
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6. Conclusion

A calculation procedure based on the "equivalesbgiiion capacity” concept has been
applied to determine the diameter change of aigasdlcontactor column as a function
of the volumetric fraction of the organic solventa water/silicone oil mixture. For
hydrophobic VOC very soluble in silicone oil {dsiicone oi Of around 3 Pa.fmol* or
less), whatever their affinity for water (case @iiene and DMDS), it seems unwise to
use water/silicone oil mixtures for mass transfdre contact between the polluted air
and pure silicone oil requires roughly the same @amof silicone oil as for a (90/10
v/v) water/silicone oil mixture, but enables a Mfalecrease in the column diameter.
For hydrophobic VOC moderately soluble in silicanle(case of DMDS), the treatment
by a bioscrubber using water/silicone oil mixturgsould be carefully considered

because large amounts of silicone oil are required.

Nomenclature

A: absorption factor (-)

D: column diameter (m)

F: packing factor (i)

G: molar flow of the gas (mol'h

G’: mass flow of the gas (kg™

G'q: gas flow rate (kg.fA.h™)

H: partition coefficient (Pa.fomor™)
K_a: overall mass transfer coefficient)s
L: molar flow of the liquid (mol.H)

L": mass flow of the liquid (kg.1)

L’ : liquid flow rate (kg.nf.h%)

M: molecular weight (kg.maj)

m: slope of the equilibrium line (-)
mg: distribution coefficient (-)

R: ideal gas constant (8.314 J.th&l™)
T: temperature (K)

Qc: gas flow rate (hh™)
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Q.: liquid mixture flow rate (Mh™)
Qsilicone oif Silicone oil flow rate (Mh™); Qsiicone oil = @ QL
x: molar fraction of VOC in the liquid phase (-)

y: molar fraction of VOC in the gas phase (-)

Greek letters

@ silicone oil volume fraction (-)
n: dynamic viscosity (Pa.s)

K dynamic viscosity (cPo)

p: density (kg.rv)

Q: cross-sectional area fjn

Superscripts

*: equilibrium

Subscripts

0: bottom of the column

DMS: relative to dimethyl sulfide
DMDS.: relative to dimethyl disulfide
Fl: flooding

G: gas phase

L: liquid phase

max: maximum

min: minimum

mixture: relative to water/silicone oil mixture
silicone oil: relative to silicone olil
VOC: Volatile Organic Compound
water: relative to water

z: top of the column

Q: relative to the cross-sectional area of the colum
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