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Vapor Adsorption of Volatile Organic
Compounds Using Organically Modified

Clay

Su-Jin Park, Young-Bo Kim, and Sang-Do Yeo

Department of Chemical Engineering, Kyungpook National University,

Daegu, Korea

Abstract: Organically modified clay was used to adsorb volatile organic compounds

from a gaseous phase. The organoclay was prepared by adsorbing hexadecyltrimethy-

lammonium (HDTMA) on the surface of montmorillonite particles. Two volatile

organic compounds (VOCs), chlorobenzene and trichloroethylene, were adsorbed to

the organoclay using a fixed adsorption bed. The adsorption was carried out at

various inlet concentrations of gaseous VOCs in a carrier gas (nitrogen). The adsorp-

tion behavior of VOCs was investigated using natural clay and two types of organo-

clays, which had different HDTMA loadings. Adsorption breakthrough curves were

obtained, and the adsorption data were modeled with two adsorption isotherms. Desor-

ption of VOCs was also conducted using pure nitrogen, and the desorption profiles

were fitted with two different theoretical models. It was found that the organoclay

possesses significant adsorption capacity towards VOCs and the uptake depends on

the degree of HDTMA loading on clay surface.

Keywords: Organoclay, VOCs, adsorption, montmorillonite, HDTMA

INTRODUCTION

Organically modified clay (organoclay) has been used as an alternative to solid

adsorbents and can be substituted for expensive solid adsorbents such as

activated carbon. Natural clay particles, such as bentonite and montmorillonite,
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have a hydrophilic nature. However the clays can be modified to have organ-

ophilic characteristics by exchanging their surface ions with cationic surfactants

(1, 2). The organoclays showa dramatically enhanced immobilizing and sorption

power towards various environmental contaminants such as phenols, PCBs, and

PAHs (3, 4). Themajor research interest in organoclays include the adsorption of

organic compounds from liquidmedia such aswaste water. Studies have focused

on the adsorption kinetics and adsorption capacity for toxic organic materials,

and the researchers have measured adsorption isotherms and equilibrium

behavior between organoclays and aqueous media (5–7). However, the adsorp-

tion from gaseous phase has rarely been conducted for organoclays, whichmight

be worth investigating in order to develop inexpensive adsorbents for the

removal of air contaminants such as volatile organic compounds (VOCs).

Modification of the surface properties of natural clays is made by a simple

ion exchange with organic cations. Among the many types of natural clays,

montmorillonite is easily modified by exchanging its inorganic cations with

quaternary ammonium cations, which may result in an increase in the inter-

lamellar spacing and exposure of new adsorption sites for organic

compounds (8, 9). The adsorption sites of the organoclay include both the

external surface and the enlarged inter-lamellar spacing of the particles

which may provide the selectivity due to the creation of a sorption zone (or

phase) into which hydrophobic contaminants can be partitioned (10). The

adsorption capacity and surface property of the modified clay strongly

depends on the degree of surfactant loading on the clay surface. A general

model of surfactant sorption on a clay surface is the formation of a

monolayer or hemimicelles at the clay surface that is due to the strong ionic

bonds (11). Therefore, the cationic surfactant forms a stagnant layer at the

interface of the clay and the adsorbing media.

The layer of surfactant on the clay surface exhibits two roles. Firstly, the

layer definitely provides the sites for adsorption of the organic compounds.

Therefore the higher concentration of surfactant on the clay surface will

enhance the adsorption capacity for organics. Secondly, the surfactant layer

may induce a mass transfer resistance for the adsorbing species which

diffuse from the liquid (or gas) phase to the clay surface. Therefore, the sur-

factant loading on the clay surface may control the adsorption capacity as

well as the mass transfer resistance for the clay particles.

In this study, we investigated the adsorption behavior of two volatile

organic compounds (chlorobenzene and trichloroethylene) on montmorillo-

nite organoclays which were modified by hexadecyltrimethylammonium

(HDTMA). Two types of organoclays that had different HDTMA loadings

were used. The VOCs were adsorbed from a gaseous phase (nitrogen), and

the adsorption isotherms were determined by using a dynamic response

technique. The desorption behavior was also investigated by using pure

nitrogen, and desorption profiles were fitted with two theoretical models.

This study suggests that organoclays can be utilized as possible adsorbents

for air decontamination as well as for water purification.
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EXPERIMENTAL METHODS

Materials

Montmorillonite was purchased from Aldrich Chemical Co. (Lot 06016PN).

Hexadecyltrimethylammonium (HDTMA, in the form of a 25 wt% solution

in water) which is quaternary amine cations of the form [(CH3)3NR]
þ was

also purchased from Aldrich Chemical Co. (Lot 0526JN). Chlorobenzene

(99.5%) and trichloroethylene (99.5%) were obtained from Junsei Chemical

Co. All the chemicals were used as received.

Clay Modification

The purchased montmorillonite clay was purified by repeated washing and

digestion steps using distilled water and 35% H2O2 solutions. The washing

process removed impurities and clay organics from the base montmorillonite

particles. Scanning electron microscopy showed that the average particle size

of washed montmorillonite particle was ca. 20 mm. The cation- exchange

capacity (CEC) of the clay sample was measured using calcium acetate

(Ca(CH3COO)2) solutions. The CEC of washed clay was 50.4 meq/
100 g-clay that corresponded to 161 mg HDTMA/g-clay.

The washed clay was organically modified by HDTMA. In this study, two

types of organoclays that had different HDTMA loadings were prepared. First,

a 5000 ppm HDTMA solution in distilled water was prepared. Next, 30 g of

washed clay was added to 1000 ml of the HDTMA solution. The solution

was agitated at 300 rpm for 24 hrs in order to allow the sorption of

HDTMA onto the clay surface. The clay was separated from the solution by

filtering and it was dried in an oven at 608C for 24 hrs. The HDTMA

loading of this organoclay was measured by a total organic carbon analyzer

(TOC, TOC-5000 Shmadsu), and the loading was found to be 152 mg

HDTMA/g-clay. This amount of HDTMA loading was roughly close to

100% (actually 94.4%) of the CEC of washed clay (161 mg HDTMA/g-
clay). For convenience, therefore, this clay sample was named as organoclay

CEC 100. In order to prepare the other type of organoclay, a 2500 ppm

HDTMA solution was prepared. The HDTMA concentration of this solution

was half of the concentration of the previous solution. Next, 30 g of washed

clay was added to 1000 ml of the solution and the same procedure was

repeated. The clay sample prepared from this procedure was named as orga-

noclay CEC 50 because the HDTMA loading should have been reduced by

half compared to organoclay CEC 100. In this study, three clay samples

(washed clay, organoclay CEC 50, and organoclay CEC 100) were used in

the adsorption experiments. Physical properties of the used clays are given

in Table 1.
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Adsorption and Desorption Experiments

Two VOCs (chlorobenzene (CB) and trichloroethylene (TCE)) were adsorbed

on washed clay, organoclay CEC 50, and organoclay CEC 100, respectively.

Properties of the investigated VOCs are given in Table 2. Nitrogen was used as

the gas-phase carrier for the VOC adsorption, and also used to desorb VOCs

from clays.

Figure 1 shows the experimental apparatus used for adsorption and desor-

ption of VOCs. The unit consists of three parts: a VOC saturator, an adsorption

bed, and a gas analyzer. For adsorption experiments, the adsorption bed

(7.75 mm ID, 9.5 mm OD, 310.0 mm length) was loaded with 14.5 g of clay.

Next, nitrogen, whose flow rate was controlled by the mass flow controller

M1, was saturated with a VOC by bubbling it through the saturator S1. Before

the VOC-saturated nitrogen was introduced into the adsorption bed, the flow

stream was mixed with pure nitrogen whose flow rate was controlled by the

mass flow controller M2. In this way, the inlet concentration of the gas stream

was adjusted as desired. During the above procedure for adjusting the inlet

concentration, the gas stream passed through a bypass line to analyze the inlet

concentration by a gas chromatograph. To start the adsorption, the stream was

switched from the bypass to the adsorption bed, which generated the positive

step change of inlet concentration. The effluent stream from the adsorption

bed was analyzed using an online sampling valve and a gas chromatograph

equipped with a DB-1 capillary column and a FID. The adsorption experiment

was completed when the effluent concentration became close to the inlet value.

After the adsorption was finished, the desorption experiment was

conducted by flowing pure nitrogen through the VOC-saturated adsorption

Table 1. Properties of the clays used in this study

Clay type Surface area (m2/g) Pore volume (cc/g) Pore size (Å)

Washed 150.1 0.175 38.4

CEC 50 55.8 0.107 38.2

CEC 100 21.9 0.083 38.2

Table 2. Physical properties of the investigated volatile organic compounds

Property Chlorobenzene (C6H5Cl) Trichloroethylene (C2HCl3)

Molecular weight (g/mol) 112.5 131.4

Normal boiling point (8C) 132.0 86.9

Critical temperature (8C) 359.2 271.1

Critical pressure (bar) 44.6 49.5

Vapor pressure (258C, kPa) 1.58 9.87
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bed. The concentration of VOC in the effluent stream was analyzed, and the

experiment was continued until the VOC concentration in the effluent stream

reached the detection limit of the gas chromatograph. The flow rate of the

nitrogen stream was measured by a soap bubble meter. The nitrogen flow

rate was maintained at 1.2 ml/s for both the adsorption and desorption experi-
ments. All experiments were conducted at room temperature which is 238C.

RESULTS AND DISCUSSION

Dynamic Response Technique

A dynamic response technique enables us to determine the amount of adsorp-

tion of VOCs based on the adsorption breakthrough curves (12). In this

technique, the concentration of a VOC in the gas phase gives a positive step

change at the entrance of the adsorption bed, and the responding effluent

concentration is monitored as a function of time at the exit of the bed. Based

on the mass balance, the resulting breakthrough curve is used to obtain the

amount of VOC adsorbed on the bed. Let mi and me be the masses of a VOC

entering and exiting the bed, respectively, then the mass of adsorbed mad

becomes equal to mi2me. Based on this principle, the mass of adsorption in

Figure 1. Experimental apparatus for adsorption and desorption of volatile organic

compounds. (A) gas regulator, (B) check valve, (C) adsorption bed, (D) soap bubble

meter, (M1-M4) mass flow controller, (S1-S2) VOC saturator.
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time t is calculated using the inlet concentration Ci, the effluent concentration

Ce, the volume flow rate of gas phase V, and the molecular weight of an

adsorbing component M as follows.

mad ¼ MVCi

ðt
0

ð1� Ce=CiÞdt

� �
ð1Þ

Eq. (1) enables the calculation of the mass of adsorption based on the adsorp-

tion breakthrough curves that are obtained at various inlet concentrations. This

equation also allows us to determine the amount of desorption using the

desorption profiles obtained from desorption experiments.

Adsorption Breakthrough Curves

Figure 2 shows the adsorption breakthrough curves of chlorobenzene on three

types of clays. The ordinate is the ratio of effluent concentration Ce to the con-

centration of the chlorobenzene-saturated nitrogen stream Cs. The saturated

concentration of chlorobenzene in nitrogen was 15,000 ppm. The abscissa is

the volume of nitrogen passed through the adsorption bed. Figure 2 is a

record of effluent concentration responding to the step change of inlet concen-

tration from zero to a particular value. Various inlet concentrations (Ci) were

used in the range of 0.26–0.68Cs as shown in the figure legends. Figure 2

shows the effect of the HDTMA loading on organoclay on the adsorption

behavior of chlorobenzene. The three plots in Fig. 2 correspond to the break-

through curves for washed clay (a), organoclay CEC 50 (b), and organoclay

CEC 100 (c), respectively. It should be noted that the ordinate and abscissa

in these three plots are plotted with the same scale.

Comparison of the three plots in Fig. 2 illustrates the difference in the

pattern of the breakthrough curves depending on the HDTMA loading on

organoclays. The breakthrough curves for washed clay show steep slopes

with the relatively delayed breakthrough points. For example, the break-

through point for a curve obtained at inlet concentration of 0.68Cs occurred

when 4200 ml of nitrogen was used. Then the curve sharply increased from

zero to final concentration and quickly stabilized. This trend was more

apparent when a higher inlet concentration was used. The shape of a break-

through curve that has a very steep slope indicates that the adsorption of

chlorobenzene on washed clay is close to an ideal adsorption system of no

mass transfer resistance, no axial dispersion, and an infinitesimal width of

mass transfer zone (13).

The breakthrough curves for organoclays, however, have appreciably

more gentle slopes than the curves for washed clay. In addition, the slopes

of curves for organoclay CEC 100 (Fig. 2(c)) are more gentle compared to

the curves for organoclay CEC 50 (Fig. 2(b)). Moreover, the breakthrough

points for organoclays appeared earlier than those of washed clay, and the
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effluent concentrations increased slowly before they reach the final stabilizing

concentrations. This trend became more apparent as the HDTMA loading of

organoclay increased and as the inlet concentrations of VOC became

greater. These results imply that as the HDTMA loading on the clay surface

increases, the mass transfer zone becomes broader due to the increased

mass transfer resistance at the interface of the gas phase and the clay. It has

been recognized that as the concentration of surfactant increases on the clay

surface, the hydrophobic tails of the surfactant molecules tend to associate

to form multilayers on the clay surface. These phenomena may provide not

Figure 2. Adsorption breakthrough curves of chlorobenzene on washed clay (a),

organoclay CEC 50 (b), and organoclay CEC 100 (c). The curves represent the effluent

concentration responding to the various inlet concentration of chlorobenzene.
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only the more adsorption sites for VOCs but also the higher mass transfer

resistance for diffusing molecules from a gas to a clay surface.

Figure 3 illustrates a schematic model that describes the adsorption

surface of lower-surfactant-loading organoclay (a) and that of higher-surfac-

tant-loading organoclay (b). The figure shows the formation of the sorption

zone at the interface of the clay surface (alumino-silicate sheet) and gas

phase which is induced by the presence of surfactant molecules. In the

washed clay, this sorption zone does not exist.

The thickness of this sorption zone may be proportional to the degree of

surfactant loading, and the higher surfactant concentration may cause the

formation of multilayers on the clay surface. The increase of adsorption

capacity in organoclay CEC 100 is attributed to the enlarged sorption zone

in which the molecules of VOCs can be captured.

Figure 4 shows the adsorption breakthrough curves of trichloroethylene

on washed clay (a) and on organoclay CEC 100 (b). In case of adsorption

experiments of trichloroethylene, only the low range of inlet concentration

(0.19–0.29Cs) was used. In Fig. 4, the breakthrough points of trichloroethy-

lene are located somewhere between the origin and a point on x-axis at

which ca. 2000 ml of nitrogen was utilized. The saturated concentration of tri-

chloroethylene in nitrogen was 93,000 ppm. It was found that in these low

inlet concentration ranges, there was no significant difference in the break-

through behavior for washed and organoclays.

Adsorption Isotherms

The breakthrough curves shown in Figs. 2 and 4 were analyzed by Eq. (1) to

calculate the mass of adsorption, which was divided by the weight of clay in

the bed to give the amount of uptake per unit mass of clay. Figure 5 shows the

Figure 3. Schematic model that describes the adsorption surface of lower-surfactant-

loading organoclay (a) and that of higher-surfactant-loading organoclay (b).
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Figure 4. Adsorption breakthrough curves of trichloroethylene on washed clay (a)

and organoclay CEC 100 (b). The curves represent the effluent concentration respond-

ing to the various inlet concentrations of trichloroethylene.

Figure 5. Langmuir and Freundlich adsorption isotherms of chlorobenzene (a) and

trichloroethylene (b) on washed clay, organoclay CEC 50, and organoclay CEC 100.

S.-J. Park et al.1182
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uptake of chlorobenzene (a) and trichloroethylene (b) as a function of the inlet

concentration of a VOC in nitrogen.

In Fig. 5, the experimental data were used to model two adsorption

isotherm equations. First, the Langmuir isotherm equation was used as

follows.

qe ¼
qmbC

1þ bC
ð2Þ

where qe is the uptake of a VOC per unit mass of clay, qm is the monolayer

adsorption capacity, b is the adsorption equilibrium constant, and C is the

equilibrium concentration of gas phase. In addition to the Langmuir

isotherm, the Freundlich isotherm equation was used as follows.

qe ¼ kC1=n ð3Þ

where k is the equilibrium constant and n is the empirical constant. We

adopted the Langmuir and Freundlich isotherms because these equations are

the most popularly used isotherms, and we intended to examine if the two

isotherms could successfully fit the adsorption data. In addition these

isotherms provide the information on the monolayer adsorption capacity

and the equilibrium constant. The two adsorption isotherm equations were

fitted using experimental data with correlation coefficients greater than

0.999 for all isotherms. The obtained constants for Eqs. (2) and (3) are

listed in Table 3. It was found that the monolayer adsorption capacity qm
and the adsorption equilibrium constant b for Langmuir isotherm and the equi-

librium constant k for Freundlich isotherm obviously increased with the

HDTMA loading for both chlorobenzene and trichloroethylene.

The isotherms in Fig. 5 show that the adsorption capacity for chloro-

benzene and trichloroethylene increased in the sequence of washed clay,

organoclay CEC 50, and organoclay CEC 100. A minor exception was

observed in the low concentration range of chlorobenzene (Fig. 5(a)),

where the washed clay exhibited a slightly higher or an almost equal

uptake compared to the organoclay CEC 50. These results imply that at a

Table 3. Adsorption isotherm constants for Langmuir and Freundlich isotherm

equations

Langmuir Freundlich

VOC Clay qm (mg/g-clay) b (L/mg) k(L/g-clay) n

CB Washed 156.8 0.0642 115.3 1.458

CEC 50 208.9 0.198 148.0 1.038

CEC 100 221.8 1.049 178.6 1.092

Washed 297.6 0.571 220.3 1.134

CEC 100 449.9 0.605 326.7 1.146
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low concentration range of VOCs, the adsorption capacity of the three types

of clays may be similar. At a high concentration of VOCs, however, the

organoclays showed an enhanced adsorption capacity compared to the

washed clay, and the adsorption capacity increased with the HDTMA

loading on clay surface. In Fig. 5, the adsorption isotherms extrapolated

the experimental data and the resulting isotherms predicted the adsorption

capacity that can be obtained when the inlet concentration of a gas

stream is saturated with VOCs. It was found that the saturation capacity

predicted by the Freundlich isotherm was slightly higher than the

capacity predicted by the Langmuir isotherm. Based on the extrapolated

value by the Langmuir isotherm, the adsorption capacity of organoclay

CEC 100 exceeded that of washed clay by 60% for chlorobenzene and

55% for trichloroethylene, respectively.

Figure 5 shows that the saturation capacities of trichloroethylene are greater

that those of chlorobenzene. This can be explained by the higher vapor pressure

of trichloroethylene than chlorobenzene. Due to the higher vapor pressure of

trichloroethylene, the saturation concentration Cs of trichloroethylene in

nitrogen became much higher than that of chlorobenzene, which caused the

larger saturation capacity of trichloroethylene compared to chlorobenzene.

Desorption Profiles and their Modeling

Desorption was conducted by flowing pure nitrogen through the adsorption

bed immediately after a set of adsorption experiments was completed. Desorp-

tion data were obtained by measuring effluent concentrations as a function of

time, and the data were plotted as a function of the nitrogen used. Figures 6

and 7 show the typical desorption profiles of chlorobenzene and trichloroethy-

lene, respectively. Figure 6(a) shows the desorption profiles of chlorobenzene

for washed clay and these data were obtained from desorption experiments of

clays whose adsorption breakthrough curves were as shown in Fig. 2(a).

Similarly, the data in Fig. 6(b) are the desorption profiles for organoclay

CEC 100 and these data were obtained from clays whose adsorption curves

were as shown in Fig. 2(c). The experimental data in Fig. 6(c) is identical

to those in Fig. 6(b), but these two figures contain the curves that were calcu-

lated from two different models. Figure 7 shows the desorption profiles of tri-

chloroethylene for washed clay (a), organoclay CEC 100 (b and c),

respectively, and the Figs. 7(b) and 7(c) contain the curves that were calcu-

lated from two different models. Overall observation indicated that the desorp-

tion profiles monotonically decreased with time (or with the amount of

nitrogen used).

The desorption profiles were analyzed by adopting two different models

that had been applied for our previous research (14). Firstly, the system was

simplified by assuming that the gas stream in the bed was efficiently mixed

and the concentration gradient inside the bed was negligible. Therefore, the
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



equilibrium was the only factor contributing to the desorption process. Based

on this assumption, Brady et al. suggested the following mass balance

equation over the desorption bed (15).

W
du

dt
¼ �VC ð4Þ

Figure 6. Desorption profiles of chlorobenzene from washed clay (a), organoclay

CEC 100 with the Brady model (b), organoclay CEC 100 with the Tan & Liou

model (c).
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whereW is the mass of clay, u is the VOC concentration in the clay phase, V is

the volume flow rate of the gas phase, and C is the VOC concentration in the

gas phase. The VOC concentrations of the two phases are linearly related as

follows.

u ¼ KC ð5Þ

Figure 7. Desorption profiles of trichloroethylene from washed clay (a), organoclay

CEC 100 with the Brady model (b), organoclay CEC 100 with the Tan & Liou

model (c).

S.-J. Park et al.1186

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



where K is the distribution coefficient of VOC between clay and gas phases.

Using Eq. (5) the solution of Eq. (4) becomes,

lnðu=u0Þ ¼ �
V

KW

� �
t ð6Þ

where uo is the initial VOC concentration in the clay phase. Eq. (6) allows the

calculation of the distribution coefficient K by fitting the experimental data

with the desorption profiles. This simplified linear model might be inaccurate

for modeling a fixed bed. However, the adsorption bed used in this study was

of relatively short length and the flow rate of the gas phase relatively low,

hence equilibrium could be attained in the adsorption bed.

Secondly, we adopted another model that was suggested by Tan and Liou

(16). A material balance in the bed (without considering the axial dispersion)

can be written as

1
@C

@t
þ u

@C

@z
¼ �ð1� 1Þ

@S

@t
ð7Þ

where 1 is the bed porosity, u is the superficial velocity of gas stream, and S is

the VOC concentration per unit volume of clay. The initial and boundary con-

ditions are at t ¼ 0, C ¼ 0 and z ¼ 0, C ¼ 0. The linear desorption kinetics

used is as follows.

@S

@t
¼ �kS ð8Þ

where k is the desorption rate constant. The initial condition is at t ¼ 0, S ¼ So.

The solution of Eqs. (7) and (8) with the initial and boundary conditions gives

the expression for the concentration at the exit of adsorption bed Ce.

Ce ¼
1� 1

1
S0 exp �k t �

1L

u

� �� �
� expð�ktÞ

� �
ð9Þ

where L is the bed length. The amount of desorption can be calculated by inte-

grating Ce with respect to time. The desorption rate constant k is determined

by the regression of Eq. (9) with the experimental data.

The desorption profiles that were calculated from two models (Brady and

Tan & Liou models) are shown in Figs. 6 and 7. The two models successfully

fit the desorption data by adjusting two parameters (the distribution coefficient

K for the Brady model and the desorption rate constant k for the Tan & Liou

model). The evaluated values of the distribution coefficient K and the desorption

rate constant k are listed in Table 4. In this table, Ci/Cs stands for the inlet con-

centration of the gas stream when the clay was used for adsorption experiments.

It was found that the evaluated distribution coefficients and desorption rate

constants of a particular VOC did not show any significant difference for a

given type of clay. The values were almost constant regardless of the inlet con-

centration and the type of clay. The distribution coefficient and desorption rate
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constant of chlorobenzene were in the range of 1770.2–2647.5 cm3/g and

0.000154–0.000265 min21, respectively, for all types of clays and for all

ranges of VOC concentrations. The distribution coefficient and desorption

rate constant of trichloroethylene were in the range of 376.3–581.5 cm3/g
and 0.0006–0.001 min21, respectively. The distribution coefficient K of chlor-

obenzene was an order of magnitude greater than that of trichloroethylene, and

the desorption rate constant of trichloroethylene was much higher than that of

chlorobenzene. These results indicated that trichloroethylene was more likely

to transfer from clay to a gas phase compared to chlorobenzene, and therefore

it was easier to remove trichloroethylene from clays than chlorobenzene.

In our previous study (14), we have found that the adsorption capacity of

organoclays was not damaged during the repeated processes of adsorption and

desorption experiments. Therefore, the organoclays that processed by desorp-

tion experiment can be recycled for further adsorption of VOCs. In this

respect, the present study shows the potential capability of organoclays for

adsorption media of gaseous organic contaminants and demonstrates the

possible regeneration method of used organoclays using vapor extraction

technology.

CONCLUSIONS

Adsorption and desorption of chlorobenzene and trichloroethylene were

carried out using washed clay, organoclay CEC 50, and organoclay

Table 4. Distribution coefficient K and desorption rate constant k used for desorption

profiles

VOC Clay Ci/Cs K(cm3/g) k (min21)

CB Washed 0.26 2514.2 0.000156

0.31 2269.4 0.000175

0.55 2107.1 0.000187

0.68 1958.6 0.000202

CEC 50 0.33 1463.8 0.000265

0.44 2033.3 0.000231

0.54 1770.2 0.000219

0.65 1812.0 0.000214

CEC 100 0.27 2030.4 0.000194

0.37 2253.8 0.000172

0.51 2647.5 0.000166

0.57 2502.3 0.000154

TCE Washed 0.19 580.6 0.000629

0.29 483.7 0.000715

CEC 100 0.20 581.5 0.000600

0.29 376.3 0.001091

S.-J. Park et al.1188

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



CEC 100. The shape of the breakthrough curves indicated that as the

HDTMA loading on the clay surface increased, the mass transfer zone

became broader due to the higher mass transfer resistance at the interface

of the gas and the clay surface. Adsorption data were well represented

by Langmuir and Freundlich isotherms. Organoclays showed the higher

adsorption capacity compared to washed clay, and the adsorption capacity

increased with the amount of the HDTMA loading on the organoclay.

Desorption profiles were fitted by two different models, and the distribution

coefficients and desorption rate constants were evaluated. The results

revealed that trichloroethylene was easier to be desorbed from clays

compared to chlorobenzene.
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