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Abstract 

Absorption of hydrophobic Volatile Organic Compounds (VOCs) in multiphase system gas water 
PolyDiMethylSiloxane (PDMS, i.e. silicone oils) was considered. Absorption experiments were 
carried out in a countercurrent gas-liquid absorber filled with Raschig rings as packing. Three 
absorbing liquids, water, PDMS and a mixture of water/PDMS (90/10 v/v) were used to transfer 
toluene and dimethyl disulfide (DMDS) selected as VOC targets. Moreover, the Equivalent 
Absorption Capacity (EAC) concept previously developed to characterize the mixtures of 
water/PDMS was applied to the experimental data obtained at three different gas flow rates (18, 
25 and 32 m3 h-1). Experimental measurements showed that absorption efficiencies (E) were low 
for water (around 2-8% for toluene and around 12-25% for DMDS) and higher for PDMS (from 
88% to 98% according to the operating conditions). For the water/PDMS mixture, it was shown 
that the PDMS addition increased significantly the absorption of pollutants (E values in the range 
25 to 65% according to the operating conditions). Besides, it was emphasized that the EAC 
concept describes satisfactorily the absorption behavior of the water/PDMS mixture. Finally, 
results confirmed that pure PDMS has to be used rather than a (90/10 v/v) water/PDMS mixture 
for hydrophobic VOC absorption. Using pure PDMS as absorbing liquid (dynamic viscosity of 5 
mPa s), high absorption efficiencies (up to 98%) were obtained for L’/G’ value around 5 (L’/G’ 
corresponding to the ratio between the specific flow of the liquid and the specific flow of the 

gas). Under such conditions, pressure drops (ΔP) in the packed column and overall mass transfer 

coefficients (KLa) were around 1000 Pa m-1 (G’ = 1.06 kg m-2 h-1) and 5 10-3 s-1, respectively. 

Keywords: Multiphase absorption; Mass transfer; Silicone oil; Air pollution; VOC; PDMS. 



  

 

Nomenclature 

A: absorption factor (dimensionless) 
C: VOC concentration (g m-3) 
D: column diameter (m) 
E: efficiency (dimensionless) 
G: molar flow of the gas (mol s-1) 
G’: specific flow of the gas (kg m-2 s-1) 
H : partition coefficient (Pa m3 mol-1) 
KLa : overall mass transfer coefficients (s-1) 
L: molar flow of the liquid (mol s-1) 
L’: specific flow of the liquid (kg m-2 s-1) 
M: molecular weight (kg mol-1) 
N: Number of stages (dimensionless) 
m: partition coefficient (dimensionless) 
R: ideal gas constant (8.314 J mol-1 K-1) 
T: temperature (K) 
Q: flow rate (m3 s-1) 
V: packing volume (m3) 
Z: packing height (m) 

 
Greek letters 
 ΔP: pressure drop (Pa) 

φ: PDMS volume fraction (dimensionless) 
η: dynamic viscosity (Pa s) 
ρ: density (kg m-3) 

 
Superscripts 

*: equilibrium 
 
Subscripts 

G: gas 
L: liquid 
in: inlet 
out: outlet 
Mix: relative to the mixture 
Water: relative to the aqueous phase 
PDMS: relative to the silicone oil phase 

 

 

 



  

 

 

1. Introduction 

The removal of volatile organic compounds (VOCs) can be achieved using bioscrubbers. 

However, some VOCs are scarcely soluble in water leading to mass transfer limitations. In 

response to the low solubility of hydrophobic pollutants, a Non Aqueous Phase Liquid (NAPL) 

can be added to water in order to improve the mass transfer of pollutants from the gas phase to 

the liquid phase [1–3]. The NAPL acts therefore as a reservoir of pollutants. To date, 

PolyDiMethylSiloxane (PDMS, i.e. silicone oils) have been identified as the best organic 

solvents for the biological treatment of hydrophobic VOCs [4]. The biodegradation of VOCs is 

then obtained using a process in three steps: (i) the “absorption step”: a gas/liquid contactor 

dedicated to the VOCs absorption from the gaseous phase to the liquid phase (PDMS or 

PDMS/water mixture); (ii) “the biodegradation step”: a Two Phase Partitioning Bioreactor 

(TPPB) allowing the biodegradation of VOCs contained in the PDMS. In this step, VOCs are 

gradually transferred from the PDMS to the water phase containing microorganisms. Hence, the 

biodegradation of hydrophobic pollutants allow to “regenerate” the PDMS; (iii) “separation 

step”: once regenerated, the PDMS is separated from water and recycled without microorganisms 

towards the absorber (Fig. 1). The aqueous phase containing the biomass is partially recycled in 

the TPPB. 

The present study is devoted to the absorption step. The mass transfer in such multiphase system 

(gas/PDMS/water) can be performed in a countercurrent gas–liquid absorber whose design 

procedure is well described in the literature [5,6]. However, when the liquid phase consists of a 

mixture of an aqueous phase and a non-aqueous liquid phase, the physicochemical properties of 

the mixture have to be sufficiently known to enable the design to be carried out. The major 



  

problem for the design of such a multiphase absorber depends directly on the knowledge of the 

equilibrium solubility of the VOCs between the gas phase and the water/PDMS mixture. To solve 

this issue, an Equivalent Absorption Capacity (EAC) concept has been developed for reactor 

design [7–9]. According to this concept, the absorption capacity of any water/PDMS mixture is 

equivalent to that of a pseudo-homogeneous phase whose physical properties (VOC partition 

coefficient Hmix, molecular weight Mmix and density ρmix) can be calculated whatever the PDMS 

volume fraction in the mixture (φ). To date, the EAC concept, developed from batch experiments 

[9], has been used to predict the influence of the silicone volume fraction on the physical 

absorption of different VOCs in a countercurrent gas–liquid absorber [8]. However, these 

predictive results need to be validated for continuous conditions. The aim of this study was 

therefore to experimentally apply the concept to data obtained in a countercurrent gas–liquid 

packed absorber contacting a gas flow and a (90/10 v/v) water/PDMS mixture. Three gas flow 

rates loaded with toluene and dimethyl disulfide (DMDS) selected as VOC targets were used. 

Moreover, results from the EAC concept were critically compared to results obtained from the 

classical procedure calculation based on linear change in VOC partition coefficient with PDMS 

volume fraction. 

 



  

 

Fig. 1. Absorption–biodegradation process with organic phase regeneration for hydrophobic 
VOCs treatment. 

 

 

2. Equivalent Absorption Capacity (EAC) concept 

This empirical concept is based on experimental mass transfer measurements carried out in a 

batch reactor between air and various water/PDMS mixtures. The experimental procedure 

described in Dumont et al. [9] demonstrated that the absorption capacity of any water/PDMS 

mixture is equivalent to that of a pseudo-homogeneous phase whose physical properties 

(molecular weight Mmix and density ρmix) can be expressed using the following equations: 
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The VOC partition coefficient (Hmix) between air and a water/PDMS mixture is expressed as a 

function of the VOC partition coefficients for air/water and air/PDMS, respectively, and as a 

function of the silicone volume fraction in the mixture (φ). It can be observed that the 

mathematical expressions of Mmix and ρmix depend on the physical properties of water and PDMS, 

balanced according to their proportions in the mixture (i.e. (1-φ) Mwater and φMPDMS; (1-φ) ρwater and 

φρPDMS, respectively). Moreover, the physical properties of water and PDMS should also be 

balanced using the non-dimensional ratios Hmix/Hwater and Hmix/HPDMS. The importance to take 

into account these correction factors on the actual absorption capacity of the mixture was 

highlighted in Dumont et al. [7]. These correction factors allow to moderate the importance of the 

mole number of water, which has a weak absorption capacity, and to actually consider the 

importance of the mole number of PDMS, which has a large absorption capacity. From a mass 

transfer point of view, the EAC concept presents the advantage of showing that a heterogeneous 

water/PDMS mixture has an absorption capacity equivalent to that of a pseudo-homogeneous 

phase [8]. 

 

3. Material and methods 

3.1. Chemical products 

Silicone oil (PDMS, Rhodorsil® fluids 47V5) with a viscosity of 5 10-3 Pa s was purchased from 

the BlueStar Company, France. The molecular weight and the density of this PDMS are 740 g 

mol-1 and 910 kg m-3, respectively. 



  

Toluene (C7H8; CAS number: 108-88-3; purity ≥ 99.5%; Sigma Aldrich) and dimethyldisulphide 

(CH3–S–S–CH3; CAS number: 624-92-0; purity ≥ 98%; Sigma Aldrich) were chosen as target 

pollutants due to their slight solubility in water. Table 1 summarizes the physical data of the 

selected pollutants. Partition coefficients for PDMS were experimentally measured through a 

static headspace method [4], and partition coefficients for water (i.e. Henry’s constants) are from 

literature data [10,11]. 

 

Table 1. Some physical data of the selected pollutants (T = 298 K). 

 Toluene DMDS 

Molecular weight (g mol-1) 92.1 94.2 

Density (kg m-3) 870 1046 

Partition coefficient PDMS (Pa m3 mol-1) 2.7 3.4 

Partition coefficient water (Pa m3 mol-1) 680 111.9 
 

 

3.2. Experimental 

VOC absorption was studied in a packed gas-liquid contactor (inside diameter 0.12 m) filled with 

1/2 inch glass Raschig rings (hydraulic diameter 1.06 10-2 m; surface area 310 m2; porosity 0.82). 

The packing (height 1.0 m; volume 11.3 L) was held in place top and bottom by grids and the 

column was topped with a bespoke droplet collector. The polluted air was generated by injecting 

liquid VOC in an air stream by means of a syringe dispenser (Fig. 2). Using this system, inlet 

concentrations were 60 ± 7 mg m-3 and 92 ± 15 mg m-3 for toluene and DMDS, respectively. The 

polluted air was then introduced into the bottom of the column and the liquid was flowed 

counter-currently. The air flow was regulated by means of a membrane valve placed after the fan 

and measured by a rotameter (GF Type SK 20 CH-8201 Schaffhausen Switzerland). The column 

was fed with liquid by means of a centrifugal pump (Iwaki MD100, Iwaki America Inc.) and the 



  

liquid flow rates were regulated by means of a valve and measured by a rotameter (GF type SK 

11 CH-8201 Schaffhausen Switzerland). 

Studies were carried out for three gas flow rates (around 18, 25 and 32 m3 h-1, respectively) at a 

constant gas temperature (T = 298 K) controlled by means of a thermal exchanger. For each gas 

flow rate, VOC absorption was studied using three liquid solutions, i.e. (i) water, (ii) PDMS and 

(iii) a (90/10 - v/v) water/PDMS mixture (φ = 0.1). Mass transfer efficiency was determined from 

inlet and outlet VOC concentration measurements using a Flame-Ionization Detector FID (JUM 

109 L THC Analyzer) calibrated from standards. Pressure drops were measured using vertical U-

shaped tube filled with water. 

 

Fig. 2. Experimental set-up for VOCs absorption. 

 

3.3. Calculation procedure 

The absorption performances were experimentally determined in terms of VOC removal 

efficiency: 
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In an absorption column treating diluted gas, the experimental efficiencies can be described using 

the Kremser formula [5]: 
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Where A is the absorption factor and N the number of stages. 
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In Eq. (6), m is the dimensionless VOC partition coefficient between gas and liquid phases. The 

relation between m and H is given by the following equation: 
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Using Eqs. (6-7), the calculation of the absorption factor is evident for water (φ = 0) and for 

PDMS (φ = 1). However, it is more difficult for the water/PDMS mixture (φ = 0.1) since the liquid 

mole flow rate, the molecular weight and the density of the gas and liquid phases have to be 

determined. Using the Equivalent Absorption Concept, i.e. assuming that a water/PDMS oil 

mixture has an absorption capacity equivalent to that of a pseudo-homogeneous liquid phase, the 

liquid mole flow rate is: 
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Replacing the expressions of Mmix and ρmix (Eqs. (1-2)) in Eqs. (6-7), the absorption factor for a 

water/PDMS mixture can be expressed as [8]: 
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An alternative form of the absorption factor can be given by replacing the expression of Hmix (Eq. 

(1)) in Eq. (9): 
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The objective of this study is to show that experimental results obtained for a water/PDMS 

mixture can be analyzed provided that the EAC concept is used to calculate the absorption factor. 

However, it has to be noted that the absorption factor (Eq. 6) for water/PDMS mixtures can also 

be calculated using the assumption that the physical properties (partition coefficient, molecular 

weight and density) follow a linear evolution from water to PDMS. Such linear evolution was 

occasionally used to model mass transfer in mixtures of water and immiscible solvents [12–14]. 

According to this “linear model”: 

�
���

� �1 � �� �
����	


 � �
�
��

 (11) 

�
���

� �1 � �� �
����	


 � �
�
��

 (12) 

�
���

� �1 � �� �
����	


 � �
�
��

 (13) 

The difference between the EAC concept and the “linear model” model clearly appears in Fig. 3 

showing Hmix values as a function of the PDMS volume fraction (φ). For the water/PDMS mixture 

used in this study (φ = 0.1), the physical properties of the mixture calculated according to the EAC 

concept and according to the “linear model” are summarized in Table 2. 

For all experiments, the hydrodynamic of the column was characterized on the basis of the 

overall mass transfer coefficients KLa calculated according to the following equations [15]: 
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Table 2. Physical properties of the water/PDMS mixture (φ = 0.1) calculated using the EAC 
concept (Eqs. (1-3)) and according to the “linear model” (Eqs. (11-13)). 

 Toluene DMDS 

 EAC concept Linear model EAC concept Linear model 

Hmix (Pa m3 mol-1) 26.1 612.3 26.7 101.1 

Μmix (kg mol-1) 0.717 0.090 0.597 0.090 

ρmix (kg m-3) 913 991 929 991 

 

 

 

Fig. 3. Partition coefficient values (Hmix) for water/PDMS mixtures calculated according to the 
EAC concept and according to the “linear model” (left: DMDS; right: toluene). 
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4. Results and discussion 

4.1. Determination of the loading zones 

In order to determine the liquid flow rates which could be used for absorption studies, the wet 

pressure drop measurements were measured for the systems air/water, air/PDMS and 

air/water/PDMS mixture. The loading zone was then obtained from the analysis of the pressure 
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drop curves log ΔP vs log UL (Fig. 4). Such curve allows to experimentally determine both the 

loading point and the flooding point for each system studied. Example given at Fig. 4 clearly 

shows the effects of PDMS volume fraction and liquid flow on the pressure drop in the column. 

Loading and flooding points are reached at lower liquid flow rates for PDMS, which 

demonstrated the influence of liquid viscosity (Table 3). According to the results reported in this 

table, the influence of liquid viscosity is nonetheless less marked at high liquid flow rate (32 m3 

h-1) than at low liquid flow rate (18 m3 h-1). Considering the liquid flow rates at the flooding 

point, the range of liquid flow rates to use for the study of the absorption of hydrophobic VOCs 

was set according to the absorbing liquid and gas flow rates (Table 4). 

 

 

Table 3. Loading and flooding liquid flow rates according to gas flow rates and PDMS volume 
fraction (φ). 

 QL loading (m3 h-1) QL flooding (m3 h-1) 

QG (m3 h-1) φ = 0 φ = 0.1 φ = 1 φ = 0 φ = 0.1 φ = 1 

18 0.296 0.283 0.270 0.710 0.663 0.633 

25 0.219 0.200 0.187 0.438 0.317 0.296 

32 0.170 0.159 0.152 0.270 0.252 0.241 
 

 

Table 4. Range of liquid flow rates used for absorption studies. 

 φ = 0 φ = 0.1 φ = 1 

QG (m3 h-1) QL (m3 h-1) L’/G’ QL (m3 h-1) L’/G’ QL (m3 h-1) L’/G’ 

18 0.26 – 0.50 10.5 - 20.5 0.26 - 0.47 10.8 - 19.4 0.096 - 0.33 3.6 - 12.3 

25 0.26 - 0.42 7.6 - 12.8 0.24 - 0.40 7.1 - 11.5 0.096 - 0.24 2.6 - 6.9 

32 0.14 - 0.28 3.3 -6.5 0.14 - 0.25 3.4 - 5.7 0.096 - 0.19 2.0 - 4.4 
 

 



  

 

Fig. 4. Example of loading zone determination (QG = 25 m3 h-1; UG = 0.90 m s-1) 

 

4.2. Pressure drops 

Pressure drop measurements were carried out for all absorption experiments. Results obtained for 

both toluene and DMDS, and for each gas flow rate are presented in Fig. 5. As it can be observed, 

slight differences can exist between pressure drops recorded for toluene and DMDS experiments 

under the same operating conditions. Such differences allow to determine the accuracy of 

pressure drops measurements, which is around 25-30%. According to Fig. 5, at a constant L’/G’ 

ratio, ΔP are significantly higher for PDMS than for water, and results obtained for water/PDMS 

mixture are bounded between both. This expected result is obviously due to the viscosity of the 

PDMS which is 5 times higher than that of water. For an absorption column packed with Raschig 

rings, the viscosity of PDMS might have a considerable impact on the energy costs of the 

process, and another packing could be considered in order to minimize the pressure drops for an 

industrial application. 
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Fig. 5. Pressure drops for each gas flow rate (open symbols: water; shaded symbols: water/PDMS 
mixture (90/10 v/v); closed symbols: PDMS; continuous lines: toluene experiments; dashed lines: 

DMDS experiments). 

 

4.3. VOC absorption 

Absorption efficiencies for all experiments are presented in Fig. 6. Firstly, it can be observed that 

pollutant absorption is weak for water used as absorbing liquid (φ = 0). In relation with partition 

coefficient values (H = 680 and 111.9 Pa m3 mol-1 for toluene and DMDS, respectively), 

efficiencies are very low for toluene (around 2-8%) and slightly higher for DMDS (around 12-

25%). Secondly, the addition of 10% PDMS increases significantly the capacity of the column to 

absorb pollutants, with removal efficiencies ranging from 25 to 65% according to gas and liquid 

flow rates. Such finding is mainly due to the significant decrease of the partition coefficient 

values due to PDMS addition (H = 26.1 and 26.7 Pa m3 mol-1 for toluene and DMDS, 
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respectively). It has to be noted that partition coefficient values for water/PDMS mixture are 

similar for both pollutants although values for water are very different. This can be explained 

because the partition coefficient values of pollutants for PDMS are similar, while according to 

Eq. (3), the partition coefficient of water has no influence on the partition coefficient of mixture 

for a 10% PDMS volume fraction (Fig. 3). Thirdly, for PDMS used as absorbing liquid (φ = 1), 

pollutant absorption efficiencies are ranged from 88% to 98% according to the operating 

conditions. Such expected results, which are similar for toluene and DMDS, are consistent with 

the low partition coefficient values of pollutants (H = 2.7 and 3.4 Pa m3 mol-1 for toluene and 

DMDS, respectively). From Fig. 6, it can be noticed that absorption efficiency is slightly 

dependent on the L’/G’ ratio for bad and good absorbents (water and PDMS respectively). 

Nonetheless, for pure PDMS, it has to be emphasized that absorption efficiency slightly 

decreased for L’/G’ ratio lesser than 4. Indeed, under such conditions, the liquid flow rate is 

lower than the loading flow rate (Table 3) and consequently, the amount of PDMS used for 

absorption is insufficient to keep the packing surface thoroughly wet. Conversely, for the 

water/PDMS mixture, absorption efficiency is strongly dependent on the L’/G’ ratio. In a first 

approach, one may suppose that VOC absorption in pure absorbing liquids (water or PDMS) 

would be mainly governed by thermodynamic properties rather than the hydrodynamic of the 

column, whereas for water/PDMS mixture, hydrodynamic conditions would have a major 

influence on absorption efficiency. In order to check this assumption, the overall mass transfer 

coefficients have to be considered. Example of KLa measured for a gas flow rate of 25 m3 h-1 is 

presented in (Fig. 7). It can be observed that the increase of viscosity lowers the mass transfer 

coefficient. For water, and considering all operating conditions, it was measured that KLa ranges 

from 1 10-2 to 3 10-2 s-1, which corresponds to the values reported in the literature [15]. For 

PDMS, KLa values range from 2 10-3 to 1.2 10-2 s-1 and it has to be noted that the greatest KLa 



  

value determined for PDMS roughly corresponds to the lowest KLa value measured for water. 

For water/PDMS mixture, KLa values are on the whole between water and PDMS values. To sum 

up, it can be emphasized for pure absorbing liquids, that the concentration driving force, low for 

water and high for PDMS, controls the mass transfer in the case of water, whereas it is not the 

limiting factor for PDMS. Moreover, for water/PDMS mixtures, both the concentration driving 

force and the KLa influence the mass transfer. Such finding can be highlighted by the 

determination of the absorption factor as explained below. 

 

 

Fig. 6. Absorption efficiency for all experiments (open symbols: water; shaded symbols: 
water/PDMS mixture (90/10 v/v); closed symbols: PDMS; continuous lines: toluene experiments; 

dashed lines: DMDS experiments; circle: 18 m3 h-1; square: 25 m3 h-1; triangle: 32 m3 h-1). 
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Fig. 7. KLa values vs L’/G’ ratio according to the absorbing liquid (open symbols: water; shaded 
symbols: water/PDMS mixture (90/10 v/v); closed symbols: PDMS; continuous lines: toluene 

experiments; dashed lines: DMDS experiments). 

 

The experimental absorption efficiencies are compared with efficiencies calculated using the 

Kremser formula. Figs. 8-10 show results obtained for the three gas flow rates and for the target 

pollutants, DMDS and toluene. For water, values of the absorption factor are close to 0, in 

relation to the high partition coefficient values (Table 1). Conversely, for PDMS used as 

absorbing liquid (φ = 1), the low partition coefficient values of the pollutants allow to obtain 

absorption factors higher than 2, which corresponds to satisfactory conditions for an effective 

absorption. For this absorbing liquid, the comparison between experimental results and Kremser 

formula indicates that the packed bed in the absorption column is equivalent to two theoretical 

stages at a gas flow rate of 25 m3 h-1. In other words, it can be concluded that the height 

equivalent to a theoretical plate (HETP) is 0.5 m for these operating conditions, which is in 

agreement with the values reported in the literature for a randomly packed laboratory-scale 
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absorption column [16]. As it can be observed in Figs. 8-10, the number of stages logically varies 

according to the gas flow rate studied because a greater gas flow increases the mass transfer in 

the packing bed. This trend is clearly evidenced in Fig. 11 giving the change in KLa vs gas flow 

rates, even if the change in KLa values is moderated owing to the liquid viscosity. According to 

this figure, it has to be noted that KLa values for toluene were systematically lower than KLa 

values for DMDS (around 30%). Since the operating conditions were the same for both 

pollutants, and assuming that mass transfer can be satisfactorily described by the double film 

theory, it can be concluded that the difference would be due to a difference between the diffusion 

coefficient values of VOCs rather than difference between gas/liquid superficial areas or 

boundary layer thicknesses. An attempt of experimental measurement of the diffusion coefficient 

values of DMDS and toluene in the PDMS used was carried out [4]. According to this study, 

diffusion coefficient values were 5.65 10-10 and 8.72 10-11 m2 s-1 for toluene and DMDS, 

respectively. Such results are not in agreement with KLa values reported in Fig. 11 suggesting 

that DMDS diffusion coefficient should be higher than toluene diffusion coefficient. For 

comparison, [15] reported a diffusion coefficient of toluene in a viscous liquid absorbent (DEHA, 

i.e. di(2-ethylhexyl) adipate; η = 12.5 10-3 Pa.s at 293 K) of 8.65 10-10 m2 s-1. Such a value could 

be consistent with the diffusion coefficient of toluene in PDMS. Unfortunately, DMDS and 

toluene diffusion coefficient values in various PDMS are not available in the literature and the 

accurate experimental determination of this physical property in viscous fluid remains always a 

challenge. As a result, we have to remain cautious about the interpretation of the difference 

between KLa measured for both pollutants. In the last analysis, this difference could give 

information about the accuracy of the experimental measurement of the mass transfer between air 

and a viscous fluid in a randomly packed tower. 



  

 

Fig. 8. Absorption efficiency vs absorption factor for gas flow rate QG ≈ 18 m3 h-1 
UG ≈ 0.66 m s-1; G’ ≈ 0.78 kg m-2 s-1). 

 

Fig. 9. Absorption efficiency vs absorption factor for gas flow rate QG ≈ 25 m3 h-1  
(UG ≈ 0.90 m s-1; G’ ≈ 1.06 kg m-2 s-1). 
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Fig. 10. Absorption efficiency vs absorption factor for gas flow rate QG ≈ 32 m3 h-1  
(UG ≈ 1.10 m s-1; G’ ≈ 1.30 kg m-2 s-1). 

 

 

Fig. 11. Change in KLa vs gas flow rate for PDMS as absorbing liquid (continuous lines: toluene 
experiments; dashed lines: DMDS experiments). 
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For the water/PDMS mixture (φ = 0.1), the absorption factor (Eq. (6)) is calculated according to 

the EAC concept (Eq. (9)), and according to the “linear model” (Eqs. (6-8, 11-13)). Figs. 8-10 

demonstrate that the procedure calculation based on linear change in VOC partition coefficient 

with PDMS volume fraction cannot be used for mixtures of immiscible liquids. Indeed, the 

calculated absorption factor values are lower than the absorption factor corresponding to an 

infinite number of ideal stages, which is obviously not possible. This result is due to the use of 

wrong values of partition coefficients which are higher than the actual values experimentally 

measured and modeled using Eq. (3) (Table 2). Conversely, experimental results highlight that 

the EAC concept describes satisfactorily the absorption behavior of the water/PDMS mixture. 

According to Figs. 8-10, i.e. whatever the gas flow rate, the absorption efficiency strongly 

depends on change in absorption factor value. This information is consistent with that reported in 

Fig. 6 highlighting the strong dependence of the absorption efficiency versus L’/G’ ratio. Given 

that the partition coefficient values are constant for all experiments carried out with water/PDMS 

mixture (H = 26.1 and 26.7 Pa m3 mol-1 for toluene and DMDS, respectively), such finding 

signify that the absorption efficiency mainly depends on the amount of PDMS flowing in the 

column, whatever the amount of water, as it will be shown below. Nonetheless, it has to be 

noticed that the absorption efficiencies measured for toluene for the gas flow rate QG = 32 m3 h-1 

(25% ≤ E ≤ 43%) were significantly lower than those determined for DMDS in similar conditions 

(Fig. 10). Such a result can be explained by the hydrodynamic of the column as shown in Fig. 12 

giving the KLa values for the different gas flow rates. As observed in this figure, for QG = 32 m3 

h-1, KLa for toluene are four-fold lower than for DMDS, which cannot be explained by a possible 

inaccuracy of the experimental measurement. The most likely explanation is that the flow of a 

mixture of immiscible liquids having different densities in the column could not be 

homogeneous. Consequently, hydrodynamic characterization could vary significantly from one 



  

experiment to another. Obviously, such an observation is not in favor of the use of a water/PDMS 

mixture at industrial scale. 

To highlight that the absorption efficiency of a water/PDMS mixture mainly depends on the 

amount of PDMS in the column, whatever the amount of water, Fig. 13 presents the absorption 

efficiency versus the PDMS amount flowing in the column (QPDMS = φ QL). For the first time to 

our knowledge, it can be observed that absorption efficiency is proportional to the PDMS flow 

rate for water/PDMS mixture. Moreover, it appears that high efficiencies obtained for absorption 

using PDMS as absorbing liquid (φ = 1) do not require an amount of PDMS significantly higher 

than the amount of PDMS used in the water/PDMS mixture. Taking into account that water has 

only weak capacity to absorb hydrophobic VOCs, such a result leads us to question about the 

usefulness of using any water/PDMS mixtures to achieve an efficient absorption. Indeed, the use 

of water/PDMS mixtures involves designing an absorption column with a much larger diameter 

than that actually needed for an absorption in pure PDMS (φ = 1). In a previous study devoted to a 

calculation procedure based on the EAC concept applied to a countercurrent gas/liquid absorber 

[8], a mathematical development generalized to any VOCs demonstrated that the amount of 

PDMS (QPDMS = φ QL) needed for pollutant absorption in a countercurrent gas/liquid absorber 

could be calculated as follows: 
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 (15) 

According to Eq. (15), the flow rate of PDMS depends directly on (i) the gas flow rate to be 

treated, (ii) the absorption factor chosen, (iii) the PDMS volume fraction chosen and (iv) VOC 

partition coefficient values. Based on Eq. (15), the ratio between the amount of PDMS used in 

the present study for absorption experiments and the amount of PDMS theoretically needed for 



  

an efficient absorption was calculated for each experiment (QPDMS min). An arbitrary value of the 

absorption factor (A = 2) was chosen to apply Eq. (15). For all experiments carried out with 

PDMS as absorbing liquid (φ = 1), the amount of PDMS used was higher than the amount 

required for an efficient absorption (up to 8 times for toluene), which explained that absorption 

efficiency was close to 1 especially at low gas flow rate. At high gas flow rate QG = 32 m3 h-1, the 

absorption efficiency are slightly lower (around 90%), the amount of PDMS used being slightly 

higher than 100% of the amount required for absorption. This finding is mainly due to the 

increase of the number of VOC molecules that had to be transferred because the pollutant 

concentration was kept constant during experiment whatever the gas flow rate. For experiments 

carried out with water/PDMS mixture as absorbing liquid (φ = 0.1), results are detailed in Fig. 14. 

It is shown that the amount of PDMS used was around the amount required for an efficient 

absorption only for some experiments carried out at low gas flow rate QG = 18 m3 h-1. In these 

cases, absorption efficiencies higher than those measured were expected. For others experiments, 

results presented in Fig. 14 clearly illustrate that the amount of PDMS used in the water/PDMS 

mixture was not sufficient to ensure an efficient absorption. For a gas flow rate QG = 32 m3 h-1, 

the amount of PDMS used was lower than 40% of the amount required, which explains the 

decrease of the absorption efficiency in spite of the increase in KLa. As a result, the use of the 

EAC concept to analyze the experimental data confirms that water/PDMS mixtures should not be 

selected as absorbing liquid to treat DMDS and toluene. To summarize, it can be emphasized that 

it is unwise to use water/PDMS mixtures for mass transfer because an efficient absorption in a 

(90/10 v/v) water/PDMS mixture requires roughly the same amount of PDMS that the amount 

needed for an absorption in pure PDMS. The use of water/PDMS mixture for hydrophobic VOC 

absorption has drawbacks because the presence of water: (i) has only a weak influence on 

absorption efficiency; (ii) implies to design a column having a diameter higher than a column 



  

designed for pure PDMS; (iii) generates high pressure drops. Conversely, the use of an absorber 

contacting gas and pure PDMS phases presents the following advantages: (i) to reduce the size of 

the column (in diameter, and in height) and (ii) to obtain high absorption efficiencies at 

moderated values of L’/G’ ratio which allows to limit pressure drops. Nonetheless, the use of 

pure PDMS leads to a decrease in KLa in regards to values obtained for water/PDMS. However, 

this decrease is moderated and largely compensated by the affinity of VOCs for PDMS. 

 

 

Fig. 12. Change in KLa vs gas flow rate for the water/PDMS mixture (continuous lines: toluene 
experiments; dashed lines: DMDS experiments). 
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Fig. 14. Amount of PDMS flowing in the column divided by the amount of PDMS needed for 
absorption (Absorption factor A = 2; continuous lines: toluene experiments; dashed lines: DMDS 

experiments). 

 

 

5. Conclusion 

The Equivalent Absorption Capacity (EAC) concept was applied to a countercurrent gas–liquid 

contactor for the absorption of hydrophobic VOCs (DMDS and toluene). For the first time, it was 

emphasized from experimental data that the EAC concept describes satisfactorily the absorption 

behavior of the water/PDMS mixture. Moreover, the predicted results given in [8] showing that 

pure PDMS has to be used rather than a (90/10 v/v) water/PDMS mixture for hydrophobic VOC 

absorption were experimentally confirmed. Using pure PDMS as absorbing liquid (dynamic 

viscosity of 5 mPa s), high absorption efficiencies (up to 99%) were obtained for L’/G’ value 

around 5. For these operating conditions, pressure drops in the packed column) and KLa values 

were around 1000 Pa m-1 (G’ = 1.06 kg m-2 h-1 and 5 10-3 s-1, respectively. Consequently the 
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biological treatment of air loaded with these pollutants should be highly effective at industrial 

scale in an integrated system coupling a countercurrent packed-bed absorption column combined 

to a Two-Phase Partitioning Bioreactor for pollutant degradation and PDMS regeneration. 
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Highlights 

 

Absorption of hydrophobic VOCs in multiphase system gas/water/PDMS was considered 

Experiments were carried out in a gas-liquid absorber filled with Raschig rings 

Water, PDMS and a mixture of water/PDMS (90/10 v/v) were used as absorbing liquids 

The EAC concept characterizes well the absorption behavior of water/PDMS mixture 

Pure PDMS has to be used rather than the mixture for hydrophobic VOC absorption 

 

 

 

 


