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Abstract−Extraction of deactivatived materials from contaminated clay soils (Tonsil CO 610 G) by supercritical carbon

dioxide was investigated. Effect of different conditions including extraction temperature (308.15-338.15 K) and pressure

(100-330 bar) (thermodynamic conditions), flow rate (4.2-42.6 cc/min), and static time (45-85 min) were investigated to

find the optimum conditions for extraction of deactivatived materials. Based on the different experiments, optimum

conditions for flow rate (4.2 cc/min), static time (85 min) and extraction pressure and temperature (330 bar and 313.15

K) were obtained. In addition, the GC-MS analysis and Bromine index (BI) analysis were revealing that the clay soil

is activated and could be used as catalyst again.
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INTRODUCTION

Last century legacy of rapidly developing and changing tech-

nologies and industrial products and practices frequently generated

inappropriate disposal and spill of harmful materials, threatening

both public health and the environment. Soil/sediment contamina-

tion by volatile organic compounds (VOCs) including polychlori-

nated biphenyl (PCBs), polycyclic aromatic hydrocarbons (PAHs),

dichlorodiphenyltrichloroethane (DDT), dioxins and furans, pesti-

cides, etc., is still of a signicant concern. Currently, there are few

economically and technically practicable technologies for the treat-

ment of various soils/sediments contaminated by a plethora of chemi-

cals at wide levels of contamination. Conventional techniques such

as thermal desorption, incineration and liquid solvent extraction are

expensive and involve risks associated with air and residual pollu-

tion. The supercritical extraction (SCE) technology largely has been

built on knowledge acquired in the use of supercritical fluids (SCFs)

for extracting organic compounds from solid matrices for analyti-

cal work.

In the field of extraction processes, using supercritical fluids such

as carbon dioxide (CO2) overcomes many drawbacks linked to the

use of liquid organic solvents such as liquid hexane. Solvents com-

monly used present problems of toxicity and residual content after

extraction. In addition to toxicity, there is also the problem of security

during storage due to ammability [1]. In this context, using super-

critical CO2 has many advantages: it is nontoxic, not ammable and

CO2 separation is easily done by a simple depressurization. There

is no residual organic solvent trace in the nal products. Besides, the

extraction by supercritical CO2 decreases the unit operation num-

ber in the process in comparison with classical processes. The CO2

critical temperature is low (31 oC), which is interesting for the extrac-

tion of thermo-labile components. By varying pressure beyond its

critical value (73.8 bar), it is possible to control the solvent power to

a large extend, permitting an important selectivity. Eventually, super-

critical CO2 presents other interesting physical properties: low vis-

cosity close to that of gases and high matter diffusivity, between

liquids and gases ones. These tunable properties are very important

for the local efficiency of extraction in a porous solid matrix. Typi-

cally in SCF extraction, a simple solvent gas, such as CO2, is con-

tacted with a solid or liquid phase at high pressure and moderate

temperature. Slight changes in the temperature or pressure of the

system can cause large changes in the density of the solvent and

consequently in its ability to solubilize heavy nonvolatile waste com-

pounds from the solid or liquid phase. For example, by manipula-

tion of the system pressure, a nonvolatile can be extracted. Follow-

ing a pressure letdown, generally to below the system’s critical con-

ditions, this same material can be completely precipitated from the

solvent. Thus, the SCF phenomenon offers a unique opportunity

for separation and recovery of difficult-to-separate materials in one

processing stage. Supercritical fluid densities compare to liquid den-

sities; however, their viscosities and diffusivities are intermediate to

typical liquid and gas values of these properties. Thus, SCFs have

the solvent power of liquids with better mass-transfer characteris-

tics than typical liquids. Consequently, separation efficiencies for SCF

extractions can be much higher than for liquid solvent extractions.

In other words, the diffusivity of supercritical CO2 is one to two

orders of magnitude higher than for other uids, which permits rapid

mass transfer, resulting in a larger extraction rate than that obtained

by conventional liquid extraction [2]. Several studies about super-

critical uid extraction have been carried out in the last few decades.

For example, Ge et al. [3] reported the use of supercritical CO2 as

well as CO2 and ethanol mixture to extract andrographolide in an

own built extractor unit. Kumoro et al. [4] investigated the effect of

the solvent ow rate, pressure, and temperature on the supercritical

CO2 extraction of andrographolide. In addition, Chen et al. [5,6]

investigated the inuence of magnetic eld on the morphology of the

andrographolide from supercritical CO2 extraction-crystallization and

the recrystallization of andrographolide using the supercritical uid

anti-solvent process.
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The effectiveness of supercritical fluid extraction (SFE) from such

matrices is difficult to predict due to the complex interplay of tem-

perature, pressure, matrix type, and co-solvent type and amount. A

systematic study of the rates of extraction of PAHs, or similar mix-

tures, from a highly contaminated topsoil or sediment has yet to

appear [6-18]. Most of the studies have either been on model solid

matrices (many with spiking), have focused on a single contami-

nant, or have looked only at total recoveries. In addition, in SFE of

porous solids, solubility effects alone can sometimes explain the

influences of temperature and density on recoveries [19].

Among the many related objectives of supercritical carbon diox-

ide extraction applications one can point out PAHs from environ-

mental samples [20], SCE advantages over classical liquid solvent

extraction [21], the SCE success and some of the future research

needed to upscale SCE process [22], comparison of SCE method

with other techniques [23], the use of selective SCE to study sorp-

tion/desorption processes and bioavailability of persistent organic

pollutants (POPs) in sediments [24], etc.

Based on the above discussions, the efficiency of supercritical

CO2 extraction can be affected by many factors including pressure,

temperature and extraction duration. So, in this paper we have investi-

gated the effects of SCF temperature, pressure, static time, and flow

rate on total recoveries of the contaminations from clay soils by one-

factor-at-a-time design of experiments.

Finally, the content of the activated catalysts was analyzed by

two different analyzing tests: GC and bromine index. Gas chroma-

tography (GC) is used in analytical chemistry for separating and

analyzing compounds that can be vaporized without decomposition.

Typical uses include testing the purity of a particular substance, or

separating the different components of a mixture (the relative amounts

of such components can also be determined). In some situations,

GC may help in identifying a compound. Gas chromatography-mass

spectrometry (GC-MS) is a method that combines the features of

gas-liquid chromatography and mass spectrometry to identify differ-

ent substances within a test sample. Applications of GC-MS include

drug detection, fire investigation, environmental analysis, explo-

sives investigation, and identification of unknown samples. In this

regard, the GC-MS analyses were used to identify the contents of

the catalyst. In addition, bromine index was used to find if the acti-

vated catalyst was sufficiently activated.

In petrochemical enterprises, aromatic streams obtained from

catalytic reforming and cracking processes always contain undesir-

able trace olefins [25] which are harmful to the downstream tech-

nological processes and the applications of aromatics [26]. Hence,

the impurities must be removed before aromatic streams are routed

to the petrochemical processes provided with the suitable treatment

technologies [27]. Two processes have been proposed for remov-

ing trace olefins from aromatics: activated clay treating and cata-

lytic hydrogenation treating [28]. Based on this fact, the bromine

index of the processed hydrocarbon using activated catalyst was

measured to find if the activated catalyst is efficient or not.

EXPERIMENTAL

1.Materials

Tonsil CO 610 G was kindly supplied from Jam Petrochemical

Company. In addition, the CO2 (purity>99.9%) was purchased from

Abughadareh Gas Chemical Company, Iran. The particle size dis-

tribution, physiochemical properties and chemical analysis of used

Tonsil CO 610 G are given in Tables 1-3. In a refinery, aromatic

streams are obtained from catalytic reforming and thermal cracking,

and these streams usually contain trace olefins such as monoole-

fins, multiolefins, and styrene. These olefins must be removed, for

they may cause negative effects on the following operation. Clay

treatment and catalytic hydrogenation treating utilizing Tonsil CO

610 have been widely used for removing trace olefins from aro-

matics. Clay treatment is simple to operate, while the particular clay

used especially Tonsil CO 610 has a very limited lifetime. In general,

the Tonsil CO 610 is contaminated by olefins which reduces their

active sites, and if these adsorbed olefins are removed from the cata-

lyst sites, catalyst can be reused.

Tonsil CO 610 catalysts are one of the most used catalysts for

refining of edible oils (e.g., raps oil), fats, waxes and mineral oils

(production of lubricants), reclamation (re-refining) of spent oil. In

addition, Tonsil CO 610 G in particular is utilized in the aromatic

clay treatment unit.

2. Extraction Setup

The used extraction pilot plant designed for maximum pressure

and temperature of 400 bar and 373.15K, respectively, is shown in

Fig. 1. A similar apparatus was used previously by a co-author [29].

Carbon dioxide supplied from a gas cylinder was liquefied through

Table 1. Particle size distribution of Tonsil CO610 G

>1.25 mm 00.2%

1.25-1.0 mm 05.0%

1.0-0.5 mm 68.0%

0.5-0.25 mm 24.3%

<0.25 mm 02.5%

Table 2. Physiochemical properties of Tonsil CO610 G

Loose bulk density 840 g/l

Free moisture (2 hr, 110 oC) 7.0%

Loss on ignition (2 hr, 1,000 oC) 10.0%

pH (10% suspension, filtered) 7.7

Free acidity 0.3 mg KOH/g

Total acidity 1.7 mg KOH/g

Chloride content 0.3 mg Cl/g

Surface area 100 m2/g

0-80 nm 0.11 ml/g

Table 3. Chemical analysis of Tonsil CO610 G

SiO2 62.0%

Al2O3 16.0%

Fe2O3 04.3%

CaO 03.0%

MgO 02.8%

Na2O 00.3%

K2O 01.6%

Loss on ignation 09.8%

Total 99.8%
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a cooling unit. Liquid carbon dioxide was compressed by a high-

pressure air driven oil-free reciprocating pump (Haskel, USA), allow-

ing flow into a surge vessel to dampen the fluctuations generated

by the operation of the pump, and then went to a preheating coil

and reached the supercritical condition. Also, at the outlet of the

surge tank a bourdon gauge in the range of 0-400 bar by a division

of 1 bar was placed to monitor the pressure of the system easily.

Then supercritical carbon dioxide entered into the equilibrium cell

(180 cc). The surge tank and the extraction vessel were surrounded

by a regulated hot water jacket to set the temperature of system up

to 373.15K. The extraction temperature could be sensed easily by

a PT-100 thermocouple with precision of 1K. It must be mentioned

that during the experiments, the extraction pressure and temperature

were held constant in the range of 3% of instrumental full scale by

continuous monitoring of the system operational conditions.

The contaminated soil (about 28 g) was packed by glass beads

and glass wool in a stainless steel basket. The glass beads were used

to increase the surface area between the contaminated soil particles

and the SCF. Also, the glass wool was used to prevent carrying out

the soil particles over the SCF flow. The basket was then placed

into an extraction vessel and held in until the desired conditions had

been obtained. In this procedure the difference between the initial

and final weight of the basket is the amount of the extracted con-

taminations from the clay soil.

That is, after finishing the extraction process, we reweighted the

sample and considered the difference between the initial and final

Fig. 1. Schematic diagram of the used extraction apparatus.

Fig. 2. The used apparatus for Bromine index determination.
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mass of the soil as the amount of the extracted contamination. The

mass of extracted contaminations was determined to be 0.1mg by

using a Sartorius BA110S Basic series balance. The typical mass

of solute for each experiment was greater than 50mg, giving a poten-

tial error due to weighing of 0.2wt%. The vented carbon dioxide

was passed through bubble flow meter with precise calibration of

0.001 ft3. Also, the catalyst samples were dried before any meas-

urements under a temperature of 323.15K during a night to ensure

no water or carbon dioxide was present in the samples.

3. GC-MS Analysis

GC-MS analysis was performed to reliably check the feasibility

of the used method for the regeneration of the spent catalyst. In this

direction, after filtering the sample, we used a GC-MS analysis instru-

ment (Hewlett-Packard 6890) to check the composition of the poi-

soned catalyst and regeneration ones. The column used for separation

was an HP-5MS separation column (25m×0.25mm i.d). The static

phase was phenyl methyl cyclohexanol, which is a water absorber.

The instrument temperature was changed from 333.15K to 523.15K

with the rate of 3K/min. The used gas was helium (purity>99.99%)

at a constant injection rate of 1.2 cc/min.

4.Experimental Apparatus and Procedure for Bromine Index

(BI) Determination

A PVT apparatus (see Fig. 2) was used to measure the Bromine

index (BI) of the cleaned clays. The setup consisted of two main

Table 4. The obtained results of different experimental conditions†

Experiment

no.

Flow

rate

(cc/min)

Static

time

(min)

Dynamic

time

(min)

Extraction

temperature

(K)

Extraction

pressure

(bar)

Initial weight

of contaminated

soil (g)

Final weight

of contaminated

soil (g)

Extracted

contamination

from soil (g)

Changed

weight

fraction %

Effect of flow rate

01 42.6 85 010 313.15 100 27.7362 27.7173 0.0189 0.068

02 26.4 85 016 313.15 100 27.7173 27.6700 0.0473 0.171

03 14.4 85 030 313.15 100 27.6700 27.6160 0.0540 0.195

04 06.6 85 060 313.15 100 27.6150 27.5400 0.0750 0.272

05 04.2 85 100 313.15 100 27.5620 27.4750 0.0870 0.316

06 03.6 85 120 313.15 100 27.4600 27.3750 0.0850 0.310

07 02.4 85 180 313.15 100 27.7362 27.6482 0.0880 0.317

Effect of static time

08 02.4 45 180 313.15 100 28.4780 28.4040 0.0740 0.260

09 02.4 55 180 313.15 100 28.3832 28.2992 0.0840 0.296

10 02.4 60 180 313.15 100 28.2340 28.1480 0.0860 0.305

11 02.4 70 180 313.15 100 28.0265 27.9375 0.0890 0.318

12 02.4 80 180 313.15 100 27.9355 27.8485 0.0870 0.311

13 02.4 85 180 313.15 100 27.7362 27.6482 0.0880 0.317

Effect of extraction pressure

14 02.4 85 180 313.15 100 27.7362 27.6482 0.0880 0.317

15 02.4 85 180 313.15 140 27.7100 27.6200 0.0900 0.325

16 02.4 85 180 313.15 160 27.6700 27.5795 0.0905 0.327

17 02.4 85 180 313.15 180 27.5565 27.4645 0.0920 0.334

18 02.4 85 180 313.15 190 27.4650 27.3680 0.0970 0.353

19 02.4 85 180 313.15 200 27.4432 27.3458 0.0974 0.355

20 02.4 85 180 313.15 210 27.3071 27.2100 0.0971 0.356

21 02.4 85 180 313.15 220 27.1000 27.0028 0.0972 0.359

22 02.4 85 180 313.15 250 27.1232 26.9700 0.1532 0.565

23 02.4 85 180 313.15 280 27.2560 27.0700 0.1860 0.682

24 02.4 85 180 313.15 310 27.3501 27.1600 0.1901 0.695

25 02.4 85 180 313.15 330 27.0100 26.8200 0.1900 0.703

Effect of extraction temperature

26 02.4 85 180 308.15 200 28.6913 28.5940 0.0973 0.339

27 02.4 85 180 313.15 200 27.4432 27.3458 0.0974 0.355

28 02.4 85 180 323.15 200 27.7140 27.6200 0.0940 0.339

29 02.4 85 180 328.15 200 27.6700 27.5850 0.0850 0.307

30 02.4 85 180 333.15 200 27.6470 27.5800 0.0670 0.242

31 02.4 85 180 338.15 200 27.5542 27.4900 0.0642 0.233

†All the experiments were performed at constant used volume of carbon dioxide (425 cc)
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parts: (1) supplying supercritical CO2, and (2) keeping equilibrium

between solid and supercritical CO2. CO2 was first entered into the

displacer and it was then pressurized by means of a reciprocating oil-

free water-free high pressure manual pump (Haskel Pump, BUR-

BANK, USA) to the desired pressure. The pressure in the displacer

was monitored by a bourdon gauge pressure with a range of 0-450

bar (DEWIT) with the division of 1 bar. The homemade variable

volume equilibrium cell was wrapped by a circulating oil jacket

and heated to the desired temperature. The cell temperature was

controlled by a feedback controller connected to the PT-100 ther-

mocouple with precision of ±1K. Also, the pressure of equilibrium

cell was monitored by a digital pressure gauge (WIKA, 3769867)

ranging up to 400 bar with the division of 0.1 bar. Similar to the

extraction pilot plant, the temperature and pressure of the system

were held constant in the range of 5% of the instrumental full scale

by continuous monitoring of the operational conditions. The system

pressure of each experiment was maintained to within ±0.1 bar of

the desired pressure. The equilibrium cell was rated for pressures

of 600 bar at 673.15K. It was made of stainless steel 316 with an

internal volume of 30 cc equipped with a sapphire window. All of

the process tubing used in this apparatus was 1/8-inch O.D. tubing

made of stainless steel 316.

Finally, 20 g of the clay soil was contacted with 20 g hydrocar-

bon in the PVT cell to determine the Bromine index for more reliable

conclusion on the efficiency of the extraction process. In this direc-

tion, the mixed soil and hydrocarbon was kept under the pressure

of 10 bar and temperature of 448.15K for one hour.

RESULTS AND DISCUSSION

In the present investigation, 44 experiments (see Table 4-5) were

conducted to investigate the effect of different parameters on the

extraction of deactivatived components from contaminated clay soils.

The used design of experiments was based on changing one factor

at a time.

The list of targeted parameters which can affect SCE processes

is itself impressive: characteristics of SCFs (with and without modi-

ers) and solid matrix, thermodynamic and kinetic conditions (e.g.,

temperature, pressure, density, and ow rate), water content, solute

physical and chemical properties, etc. To select a unique set of opti-

mum conditions under these circumstances for an efficient and cost-

effective SCE process is a daunting task. To explain the application

of SCF to the extraction of organics from soils, this paper is divided

into different sections. In this study, the optimum conditions of dif-

Table 5. The obtained results from different extraction temperatures and pressures†

Experiment

no.

Flow

rate

(cc/min)

Static

time

(min)

Dynamic

time

(min)

Extraction

temperature

(K)

Extraction

pressure

(bar)

Initial weight

of contaminated

soil (g)

Final weight

of contaminated

soil (g)

Extracted

contamination

from soil (g)

Changed

weight

fraction %

32 2.4 85 180 313.15 100 27.7362 27.6482 0.0880 0.317

33 2.4 85 180 323.15 100 27.7165 27.6465 0.0700 0.253

34 2.4 85 180 328.15 100 27.6465 27.5945 0.0520 0.188

35 2.4 85 180 333.15 100 27.5940 27.5535 0.0405 0.147

36 2.4 85 180 338.15 100 27.5530 27.5135 0.0395 0.143

37 2.4 85 180 313.15 140 27.7100 27.6200 0.0900 0.325

38 2.4 85 180 323.15 140 27.6700 27.5950 0.0750 0.271

39 2.4 85 180 328.15 140 27.5950 27.5350 0.0600 0.217

40 2.4 85 180 333.15 140 27.5360 27.4910 0.0450 0.163

41 2.4 85 180 338.15 140 27.4910 27.4490 0.0420 0.153

42 2.4 85 180 313.15 160 27.6700 27.5795 0.0905 0.327

43 2.4 85 180 323.15 160 27.5560 27.4760 0.0800 0.290

44 2.4 85 180 328.15 160 27.4760 27.4060 0.0700 0.255

45 2.4 85 180 333.15 160 27.4000 27.3487 0.0513 0.187

46 2.4 85 180 338.15 160 27.3480 27.2980 0.0500 0.183

47 2.4 85 180 313.15 180 27.5565 27.4645 0.0920 0.334

48 2.4 85 180 323.15 180 27.4640 27.3790 0.0850 0.309

49 2.4 85 180 328.15 180 27.2800 27.2029 0.0771 0.283

50 2.4 85 180 333.15 180 27.2030 27.1430 0.0600 0.221

51 2.4 85 180 338.15 180 27.1430 27.0849 0.0581 0.214

52 2.4 85 180 308.15 200 28.6913 28.5940 0.0973 0.339

53 2.4 85 180 313.15 200 27.4432 27.3458 0.0974 0.355

54 2.4 85 180 323.15 200 27.7140 27.6200 0.094 0.339

55 2.4 85 180 328.15 200 27.6700 27.5850 0.085 0.307

56 2.4 85 180 333.15 200 27.6470 27.5800 0.067 0.242

†All the experiments were performed at constant used volume of carbon dioxide (425 cc)
††Results of runs 26-31 are used as runs 52-56
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ferent parameters including flow rate, dynamic and static time and

extraction pressure and temperature are obtained and the results of

the performed experiments are explained in each section.

1. Optimization of Different Experimental Conditions

1-1. Effect of Flow Rate

SCF ow rate showed important effects on both solutes desorp-

tion rate and nal residual concentrations. The effect of ow rate on

SCE rates has been used to determine whether the extraction is limited

primarily by analyte solubility and retention of analytes on matrix

active sites (i.e., the solubility/elution process) or by the desorption/

kinetic process [30].

Based on the above point, in the first part of this study, the ffect

of the flow rate was investigated on the extraction of deactivatived

components from clay soils. To find the optimum flow rate, seven

experiments with different flow rates (2.4, 3.6, 4.2, 6.6, 14.4, 26.4

and 42.6 cc/min) were performed while the other parameters includ-

ing static time (85min) and extraction temperature and pressure

(313.15K and 100 bar) were held constant. The obtained results

show that the increase of the flow rate from 2.4 to 3.6 cc/min leads

to an increase of deactivatived components amount, while further

increase in the flow rate (3.6-42.6 cc/min) causes a reduction in the

amount of extracted deactivatived components. This observed trend

(see Table 4 and Fig. 3) could be related to this phenomenon that

the extraction rates controlled primarily by the solubility/elution pro-

cess showed direct correlation with SCE ow rates, while the extrac-

tion rates for samples that are controlled primarily by the kinetics

of the initial desorption step showed little or no change with differ-

ent SCE ow rates. Even similar samples can show different types

of behavior.

For example, the extraction rates of many PAHs from a highly

contaminated soil depend heavily on SCE ow rate and are therefore

limited primarily by the solubility/elution step, while the extraction

rates of the same PAHs on a less contaminated soil show little or

no dependence on ow rate and are therefore are limited primarily

by the desorption/kinetic step.

Samples limited by the solubility/elution step are extracted most

efficiently using dynamic SCE, while samples limited by desorption/

kinetic step are efficiently extracted using either static or dynamic

SCE. On the other hand, this observed trend could be described as fol-

lows: at the low flow rates (<4.2 cc/min) equilibrium can be achieved

in the system, so the amount of extracted contaminations increases

as the flow rate increases. But, when the flow rate exceeds a specific

value, the gas velocity is higher than that enough to reach the equi-

librium. Therefore, the amount of the extracted contamination will

be decreased.

Finally, based on these experiments and the fact that there is no

significant difference between extracted amount of contaminations

of 2.4 and 4.2 cc/min flow rate, the 2.4 cc/min was selected as an

optimum flow rate for the rest of the experiments.

1-2. Effect of the Static Time

In the second series of the experiments, six were performed to

find the optimum static time to achieve the highest extraction amount

of the soil contaminations. Static time is a duration during which the

system is kept at desired operational conditions, namely, extraction

pressure and temperature to ensure the equilibrium is reached in the

system. In addition, the optimum static time is a duration in which

the maximum amount of compound is solubilized in the supercriti-

cal carbon dioxide. In this part, six different static times (45, 55,

60, 70, 80 and 85min) were tested while the other experimental

conditions including extraction pressure and temperature (100 bar

and 313.15K), flow rate (2.4 cc/min) and dynamic time of 180min

were kept constant. As can be seen in Fig. 4 and Table4, the amount

of the extracted soil contaminations is increased as the extraction

static time is increased. In other words, the obtained results reveal

that a significant increase can be seen when the static time is increased

from 45min to 60min.

But also, a slight increase is introduced as the static time is in-

creased from 60min to 85min. This increase in the extracted amount

of the soil contamination can be explained in this way: the static

time is in a direct relationship to the saturation of the supercritical

carbon dioxide with soil contaminations. So higher static time is

necessary to achieve real saturation of the SCF with solute. Finally,

the static time of 85min was considered as an optimum static time

for the rest of the experiments based on these findings.

1-3. Effects of Pressure and Temperature (Density)

Thermodynamic conditions of temperature and pressure (SCF

Fig. 3. The flow rate dependence of the amount of extracted con-
taminations.

Fig. 4. The effect of static time on the amount of extraction of con-
tamination from clay soil.
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density) are the main factors affecting an SCE process. The experi-

ments conducted in this section were divided into two parts, a) the

optimum extraction temperature and pressure were obtained by chang-

ing one factor at a time, and b) five series of experiments were carried

out to investigate the better interactions of the extraction tempera-

tures and pressures.

In this regard, in the first stage of this section, the effect of pres-

sure (100, 140, 160, 180, 190, 200, 210, 220, 250, 280, 310, 330

bar) at the fixed extraction temperature of 313.15K was investi-

gated. The obtained results revealed that the extraction efficiency

of the supercritical carbon dioxide increases as the extraction pres-

sure increases (Fig. 5(a)). Based on this obtained results it can be

concluded that in the investigated pressure range, there is no opti-

mum extraction pressure value.

In addition, in the last part of this study, the effects of the dif-

ferent thermodynamic parameters including extraction pressure (100,

140, 160, 180, 190, 200, 210 and 220 bar) and temperature (308.15,

313.15, 323.15, 328.15, 333.15, and 338.15K) were investigated

to clearly find the interaction between the extraction pressure and

temperature on the extraction of contaminations from the deacti-

vated clay soil. And, since working with high pressures and tem-

peratures is difficult, the extraction pressure was increased just to

220 bar in the following experiments.

In the first series of experiments, eight were performed at differ-

ent extraction pressures (100, 140, 160, 180, 190, 200, 210, and 220

bar) while the other experimental conditions (flow rate at 2.4 cc/

min, dynamic time 180min, static time at 85min and extraction

temperature at 313.15K) were kept constant. The conducted exper-

iments reveal that the increase of extraction pressure from 100 bar

to 220 bar increases the amount of the extracted contaminations

from 0.088 gr to 0.097. This obtained trend could be related to the

density change of the supercritical carbon dioxide with the increase

of extraction pressure. In other words, when the extraction pressure

is increased, the density of the supercritical fluids will be increased,

which causes higher solvating power of the supercritical fluids.

After examining the effect of extraction pressure, six experiments

at different extraction temperatures (308.15, 313.15, 323.15, 328.15,

333.15, and 338.15K) were conducted at the constant flow rate (2.4

cc/min), extraction pressure (200 bar) and static time (85min). The

obtained results are shown in Fig. 5(b) (see Table 4). By consider-

ing the obtained results, it is completely obvious that increase of

the extraction temperature causes a reduction in the amount of the

extracted contaminations.

This finding could be related to these phenomena that it is gen-

erally accepted that the temperature affects SCE recovery by chang-

ing both the thermodynamic (density) and kinetics of the process.

There are opposite temperature effects on SCE such as decreasing

uid density, and hence, the solute recovery on one hand and increas-

ing solute solubility through its vapor pressure, on the other hand.

So, the obtained results show that in these experiments the domi-

nant effect between the lower density (higher extraction tempera-

ture), which leads to lower solvating power and higher solubility

through the vapor pressure of the solute, is the reduction of the solute

solubility because of the lower supercritical density at the higher

extraction temperatures. Besides its effect on solubility, temperature

can affect rates of SFE through solute interactions with the matrix,

as in kinetically-controlled desorption of contaminants [31]. There-

fore, the total amount of solute that can be desorbed may some-

times depend on temperature alone and a higher temperature can

increase recovery even at lower SCF density.

Finally, more experiments were carried out to better investigate

the interactions of the extraction temperature and pressure. For this

purpose, five series of different experiments were carried out. At

each series, the extraction pressure was held constant while the extrac-

tion temperature (308.15, 313.15, 323.15, 328.15, 333.15, and 338.15

K) was varied. The obtained results shown in Fig. 6 reveal the before

observed trends for all of the pressures and temperatures.

Many literatures reported successful results of different extrac-

tion conditions, some of which are discussed as follows. Screening

studies of PCB desorption from soils/sediments were conducted in

a laboratory scale SCE apparatus to provide basic information in

this aspect [32,33]. The effects of temperature on PCB desorption

were studied. The results showed the effectiveness of SCE as a tech-

nology for the cleanup of PCB contaminated soils/sediments at 30

min of extraction at 313.15K and 101bar as more than 90% of PCBs

in river sediments were removed. The extraction of PCBs from spiked

samples showed even higher efficiencies.

In another example, the effects of temperature and pressure on

Fig. 5. (a) The effect of the different extraction pressures on the
amount of extracted contaminations and (b) the effect of
the different extraction temperatures on the amount of the
extracted contaminations.
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recovery of SCE were studied [30]. SCE conditions using SC-CO2

at 313.15-423.15K were developed to allow sequential extraction

of PCBs associated with rapidly desorbing, moderately, slowly, and

very slowly desorbing sites on polluted sediments and soils [34].

The results demonstrated that the sample matrix and not PCB iden-

tity was most important in controlling desorption behavior.

SCE rates of both spiked and native polychlorinated dibenzo-

dioxins (PCDDs) and PAHs from different environmental samples

were examined at constant uid density and ow rate [35]. The reported

results showed increasing the SCE temperature as an effective method

to increase SCE rates. Marine sediment, diesel soot, and air partic-

ulate matter were extracted with SC-CO2 at 405 bar or modied CO2

at 80 and 473.15K for 15min of static followed by 15min of dy-

namic SCE [36].

An increase in PAH recoveries was observed for all three sam-

ples by raising the temperature from 353.15 to 473.15K, which

demonstrated that the temperature enhancement was independent

of the sample matrix. In addition, in extracting diuron and linuron

from a soil, pressure increases improved recoveries to a greater extent

at lower temperatures, due to the greater density changes possible

there [11].

Moreover, to quantify the effects of temperature and pressure on

SCE, certied materials (e.g. PCBs from river sediment, PAHs from

urban air particulate matter, and PAHs from highly contaminated

soil) were extracted with pure CO2 at conventional (323.15K) and

high (473.15K) temperatures [37]. At 323.15K, raising the extrac-

tion pressure (355-659 bar) had no effect on extraction efficiencies.

However, PCBs from sediment and PAHs from air particulates were

efciently extracted only if the temperature was raised to 473.15K.

At 473.15K, PCBs were effectively extracted at any pressure, while

both higher temperature and pressure increased the recovery of PAHs

from air particulates. These results showed that temperature is more

important than pressure for achieving high extraction efficiencies

when the interactions between pollutant and sample matrices are

strong.

2. GC-MS Analysis of Thee Extracted Contaminations

In the previous sections, optimum conditions of different param-

eters including flow rate (0.04 cc/s), static time (85min), extraction

pressure (200 bar) and extraction temperature (313.15K) were ob-

tained. In the present section, some GC-MS analyses were con-

ducted to investigate the composition of the extracted contamina-

tions (see Table 6). The obtained analyses show that, at the lower

extraction pressure (100 bar), more butane could be extracted while

at the higher extraction pressures (200 and 220 bar) leads to extrac-

tion of heavier components (C10+). In addition, at moderate pres-

sures (160 bar) a wide range of hydrocarbon component (C4-C8

and C10+) was extracted. Also, in all of the extraction pressures,

extraction of heavier components (C10+) was observed and showed

that using SCE technology could be advantageous to separate the

heavy components from the contaminated soil. In addition, it is com-

pletely obvious that as the pressure increases, the power of super-

critical carbon dioxide to extract more C10+ increases.

3. Determination of Bromine Index (BI Index)

Finally, several experiments were carried out to measure the Bro-

mine index (BI index) of the regenerated and original spent cata-

lysts. As previously described, 20 g of hydrocarbon (see Table 7)

was contacted with 20 g of the clay catalyst (both spent one and

regenerated one). Clay and hydrocarbon were contacted for total of

20min to ensure enough residence time was given to the system.

In addition, considering WHSV equal to 1, 20min for contacting

hydrocarbon and clay seems enough to ensure any reaction happens.

Percolation tests were conducted seven times to find the 20min

Fig. 6. Interaction of extraction pressure and temperature.

Table 6. The results of GC-MS analysis for different runs

Component %
Run

14 15 19 21

C1 ---------- ---------- ---------- ----------

C2 ---------- ---------- ---------- ----------

C3 ---------- ---------- ---------- ----------

C4 44.47P 19.42P ---------- 1.73P

C5 ---------- ---------- 8.50P ----------

C6 ---------- ---------- ---------- ----------

C7 ---------- ---------- ---------- 0.52A

C8 ---------- ---------- ---------- 0.35A

C9 ---------- ---------- ---------- ----------

C10 ---------- ---------- ---------- ----------

C10+ 55.53P 80.58 91.5 97.40 

P: Paraffin, A: Aromatic, N: Naphthenic

Table 7. Composition of the used hydrocarbon in BI index deter-
mination experiments

Component Weight fraction %

Benzene 31.33

Toluene 53.99

C8 paraffinic 00.02

C8 naphthenic 00.03

Ethyl-benzene+styrene 00.28

P-xylene 02.89

M-xylene 06.39

O-xylene 02.68

C9 aromatic 02.39

C10 aromatic 0.1
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time for this BI determination experiment. Generally, two different

experiments were conducted. In the first one, the BI index was meas-

ured immediately after percolation test (see Table8) the second exper-

iment was performed in this way that, after processing the clay with

hydrocarbon, prior to BI index measurement; clay was acid washed

and then the BI index was measured. The difference between these

two different experiments is given in Table 8. Totally, the obtained

results revealed that using acid washing can increase the efficiency

of the clay regeneration if followed by supercritical extraction pro-

cess. Acid washing is usually performed since the elimination of

metals contaminating the clay soil is not possible by supercritical

carbon dioxide extraction. The activated clay soil by supercritical

carbon dioxide must be treated by acid to wash any undesirable metals

from the catalyst surfaces to enhance the efficiency of the catalyst.

Finally, the GC-MS analysis can only be used to determine the

composition of the extracted contaminations during the SFE oper-

ation. But, the BI index is an indication which reveals the amount

of olefins (contaminations) that act as a poison for the clay catalyst.

Generally, since the amount of olefins in the clay catalysts is signifi-

cantly low, it is just the BI index can be used as an indication for

the good performance of the clay catalyst. Totally, if the BI is below

10, the clay catalyst will efficiently remove the trace of olefin during

the process, while the higher value of BI index means no proper

olefin removal acts as a poison for following processes and cata-

lysts. Considering all of these facts, if after SFE treatment the BI

index is reduced to below 10; higher efficiency of regenerated cata-

lyst is meant.

CONCLUSIONS

Forty different experiments were performed to find the optimum

experimental conditions for different effective parameters including

flow rate (2.4 cc/s-42.6 cc/min), static time (45-85min), extraction

pressures (100-330 bar) and temperatures (308.15-338.15K) based

on changing one factor at a time. The obtained results show that

increase of the extraction pressure from 100 bar to 330 bar shows a

significant increase in the amount of the extracted contaminations

and a slight change in the extracted amount of the contamination

were observed. In addition, the experiments reveal the dual effect

of the flow rate. The experiments show that increase of the flow

rate from 2.4 cc/s to 4.2 cc/min causes a slight change in the amount

of the extracted contaminations. But, further increase in the flow

rate from 4.2 to 42.6 cc/min causes of reduction in the extracted

amount of the contaminations. Also, it was found that increase of

the extraction temperature leads to decrease of the extracted amount of

the contaminations. Finally, some experiments were performed that

led to selection of 85 min as an optimum static time for the highest

amount of extracted contaminations.

Furthermore, five GC-MS analyses were performed that show

the success of the SCE technology to extract the heavy components

(C10+). Additionally, the analyses show that at the lower extraction

pressures higher butane was extracted. While at the higher extrac-

tion pressures higher amount of heavy components was extracted.

Finally, the obtained results demonstrated that SCE can be used to

activate and clean the contaminated clay soil.

ACKNOWLEDGEMENTS

The authors would like to thank Shiraz University for support-

ing this research. In addition, the authors are grateful to thank Bor-

zouyeh Petrochemical Company (BPC) for their kind support during

this project.

REFERENCES

1. O. Boutin and E. Badens, J. Food Eng., 92(4), 396 (2009).

2. P. Tonthubthimthong, S. Chuaprasert, P. Douglas and W. Luewisut-

thichat, J. Food Eng., 47(4), 289 (2001).

3. F.H. Ge, X.X. Lin, X.F. Huan, Q. Shi, B. Liang, J. Li and G. Zhong,

J. Chin. Med. Mater., 25, 101 (2002) (in Chinese).

3. A. C. Kumoro and M. Hasan, Chin. J. Chem. Eng., 15(6), 877

(2007).

4. K.X. Chen, X.Y. Zhang, J. Pan, W.C. Zhang, J. Yong and W.H.

Yin, J. Cryst. Growth, 258(1-2), 163 (2003).

5. K.X. Chen, X.Y. Zhang, J. Pan and W.H. Yin, J. Cryst. Growth,

274(1-2), 226 (2005).

6. B. O. Brady, C. P. Kao, R. P. Gambrell, K. M. Dooley and F. C.

Knopf, Ind. Eng. Chem. Res., 26, 261 (1987).

7. K.M. Dooley, C. P. Kao, R. P. Gambrell and F. C. Knopf, Ind. Eng.

Chem. Res., 26, 2058 (1987).

Table 8. Results of the BI index for one of the performed experiment with and without acid washing

Test name Unit
Regenerated with SCF

without acid washing

Regenerated and

acid washing

 Spent

catalyst

Input

hydrocarbon

Bromine index mgBr/100 g sample 11 9 25 110

Bromine number gBr/100 g sample

Mercaptans ppm

Water ppm

Carbonyl number ppm

Dissolved oxygen ppb

Peroxide number ppm

As ppb

Pb ppb

Hg ppb

Cu ppb



Regeneration of catalyst clay soils (Tonsil CO 610 G) by supercritical carbon dioxide 851

Korean J. Chem. Eng.(Vol. 30, No. 4)

8. K.M. Dooley, D. Ghonasgi, R. P. Gambrell and F.C. Knopf, Envi-

ron. Prog., 9, 197 (1990).

9. S. B. Hawthorne and D. J. Miller, J. Chromatog., 403, 63 (1987).

10. S. B. Hawthorne, D. J. Miller, Anal. Chem., 1705 (1987).

11. M. E. McNally and J. R. Wheeler, J. Chromatog., 447, 53 (1988).

12. T.A. Andrews, R. C. Ahlert and D. S. Kosson, Environ. Prog., 9,

204 (1990).

13. R.K. Hess, C. Erkey and A. Akgerman, J. Supercrit. Fluids, 4, 47

(1991).

14. A. Akgerman, C. Erkey and S.M. Ghoreishi, Ind. Eng. Chem. Res.,

31, 333 (1992).

15. S. Kothandaraman, R. C. Alhert, E. S. Venkataramani and A. T.

Andrews, Environ. Prog., 11, 220 (1992).

16. V. Lopez-Avila and W. F. Beckert, Supercritical fluid extraction in

environmental analysis. supercritical fluid technology: Theoretical

and applied approaches to analytical chemistry, F. Bright, M.

McNally, Eds., ACS Symposium Series 488; American Chemical

Society: Washington, DC (1992).

17. H. Lee, T. E. Peart and R. L. Hong-You, J. Chromatog., 605, 109

(1992).

18. A. Laitinen, A. Michaux and O. Aaltonen, Environ. Technol., 15,

715 (1994).

19. S. J. Macnaughton and N.R. Foster, Ind. Eng. Chem. Res., 33, 2757

(1994).

20. M.D.A. Saldana, V. Nagpal and S. E. Guigard, Environ. Technol.,

26, 1013 (2005).

21. V. Camel, Analyst, 126, 1182 (2001).

22. E. Bjorklund, T. Nilsson, S. Bowadt, K. Pilorz, L. Mathiasson and

S. B. Hawthorne, J. Biochem. Bioph. Methods, 43, 295 (2000).

23. S. B. Hawthorne and J.W. King, Principles and practice of analyt-

ical SFE, chromatography: Principles and practice. II. Practical

supercritical fluid chromatography and extraction, Harwood Aca-

demic Publishers, 219 (1999).

24. S. Bowadt and S. B. Hawthorne, J. Chromatog. A, 703, 549 (1995).

25. S.H. Brown, J. R. Waldecker and M. Lourvanij, Process for reduc-

ing bromine index of hydrocarbon feedstocks: The United States,

US 7744750[P] (2005).

26. C.W. Chen, W. J. Wu, X.S. Zeng, Z.H. Jiang and L Shi, J. Ind. Eng.

Chem. Res., 48(23), 10359 (2009).

27. H.B. Stephen, E.H. Terry and P.W. Arthur, Decreasing BI-reac-

tive contaminants: The United States, US 6368496B1[P] (2002).

28. S.H. Brown, T. E. Helton and A. P. Werner, Decreasing Br-reac-

tive contaminants in aromatic streams: The United States, US

6781023[P] (2004).

29. H. Rajaei, A. Amin, A. Golchehre and F. Esmaeilzadeh, J. Super-

crit. Fluids, 67, 1 (2012).

30. S. B. Hawthorne, A. B. Galy, V.O. Schmitt and D. J. Miller, Anal.

Chem., 67, 2723 (1995).

31. J. J. Langenfeld, S. B. Hawthorne, D. J. Miller and J. Pawliszyn,

Anal. Chem., 65, 338 (1993).

32. P. Chen, W. Zhou and L. L. Tavlarides, Environ. Prog., 16, 227

(1997).

33. K. Hartonen, S. Bowadt, S. B. Hawthorne and M.-J. Riekkola, J.

Chromatog. A, 774, 229 (1997).

34. E. Bjoerklund, S. Bowadt, L. Mathiasson and S. B. Hawthorne, J.

Environ. Sci. Technol., 33, 2193 (1999).

35. J. J. Langenfeld, S. B. Hawthorne, D. J. Miller and J. Pawliszyn,

Anal. Chem., 67, 1727 (1995).

36. Y. Yang, A. Gharaibeh, S. B. Hawthorne and D. J. Miller, Anal.

Chem., 67, 641 (1995).

37. J. J. Langenfeld, S. B. Hawthorne, D. J. Miller and J. Pawliszyn,

Anal. Chem., 65, 338 (1993).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


