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Abstract: Polycyclic aromatic hydrocarbons (PAHs) can be formed easily during the

refinery processes of crude petroleum. Their accumulation poses serious operating

problems and their removal is of great importance. In this investigation we tested

the ability of activated carbon to remove a number of the PAHs compounds from

mixtures of organics solvents, with different chemicals structures and polarities.

Batch adsorption tests were used to investigate the effect of chemical structures and

polarities of solvents on the adsorption of naphthalene, anthracene, and pyrene on

activated carbon. Our investigation revealed that aromatic solvents have high affinity

for activated carbon and therefore, inhibit PAHs adsorption, while polar solvents

have low affinity for activated carbon and consequently the adsorbent sites are more

available for the PAHs molecules. This behavior can be explained by the fact that

the PAHs and benzene molecules are able to form p–p complex between

p- electrons of benzene rings and active sites on an activated carbon surface. An
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increase in the molecular weight of aliphatic solvents such as hexane and heptane has

little effect on adsorption of PAHs to activated carbon. However, cyclic hydrocarbon

solvents such as cyclohexane increase the adsorption of small PAHs and decrease

the adsorption of heavier PAHs molecules, probably as a result of differences in

solubilities.

Keywords: PAHs adsorption, activated carbon, non-aqueous media, equilibrium

isotherms

INTRODUCTION

PAHs commonly refer to a large class of organic compounds containing two

or more fused aromatic rings made up of carbon and hydrogen atoms. PAHs

are chemically inert, soluble in many organic solvents, and are highly lipophi-

lic. Therefore, the behavior and the biological effects of PAHs vary in the

environment (1). PAHs with low molecular weights (e.g., naphthalene and

phenanthrene) are highly mobile in an aquatic environment and present sig-

nificant acute toxicity to many organisms. Many PAHs of higher molecular

weights (e.g., benzo(a)pyrene) have been shown to be highly carcinogenic

and have significant persistence up to many years in the environment (2).

On the other hand, some of these PAHs have a certain industrial importance

(e.g., in dyes, plastics, pharmaceuticals, and the pesticides industry) (3).

PAHs are found naturally in crude oil, creosote, coal tar, and coal. The

release of PAHs have been reported during production and processing, of plas-

ticizers, dyes, and pigments; however, most PAHs enter the environment via

the atmosphere from incomplete combustion processes, such as the processing

of coal and crude oil during refining, coal gasification, and coking. Crude

petroleum oil is also distinguished by the relatively high ratio of

compounds with saturated five–membered rings and the presence of highly

strained molecules, such as 4,5-methylene phenanthrene (4).

Many techniques (e.g., bioremediation (5–9), ozonation (10–15), photo-

degradation, and adsorption (16) have been applied successfully for the mini-

mization of PAHs in wastewater of domestic and/or industrial plants and

soils. The adsorption techniques are the most frequently used in batch mode

for the minimization of such complex species in liquid or gas phases due to

its high efficiency and applicability to be used at high temperatures.

Activated carbon was considered the most frequent and effective solid

adsorbent in this field. Other adsorbents (e.g., alumina, zeolite, fly ash,

soils, and clays (17–20) have also been employed successfully to remove

PAHs.

The formation of small amounts of PAHs from hydrocracking reactions

can build up to concentrations that cause fouling of cooled heat exchanger

surfaces, equipment, and fluid lines. The PAHs can build up to the limit of

their solubility at temperatures commonly used for the condensation and the
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separation of the hydrocracker output products. The fouling problem may also

gradually reduce the heat transfer to some extent that conversion and/or feed

rate must be reduced. In the light of present trends towards heavier feedstocks,

the adsorption, solubility, and precipitation of PAHs are consequently of great

interest in the petroleum industry (21, 22). The removal of these compounds

from exhausted gases has been studied by Mastral et al. (23–25). However,

the studies on the adsorption of PAHs from non-aqueous media are scarce.

Therefore, the objective of this work is to investigate the possibility of the

minimization of PAHs compounds from organic media using activated

carbon. Further, more different factors affecting the adsorption process of

PAHs from non-aqueous media will be investigated.

EXPERIMENTAL

Reagents and Materials

A commercial activated carbon (CAC) manufactured by BDH, chemical lab-

oratory supplies (Poole, BH15 1TD, England) was used as a solid adsorbent

without further treatment and activated in a vacuum oven at 473.15 K

overnight. The BET surface area, the average pore diameter, and other

physical parameters of the CAC are summarized in Table 1.

High purity (98–99%) PAHs, namely naphthalene (NA), anthracene

(AN), and pyrene (PY) were obtained from Merck. The solid adsorbates

were dissolved in the required hydrocarbon solvents to simulate the media

of hydrocracker output fluids. BDH (UK) and Fluka (Switzerland) organic

solvents, namely hexane, n-heptane, cyclohexane, benzene, and methanol

were used without further purification. Benzene was used as the base unit

for the PAHs compounds. The non- polar solvents hexane, heptane, and cyclo-

hexane represent the major components in the hydrocracker output fluids.

Methanol was used to investigate the influence of solvent polarity on the

adsorption of PAHs onto the CAC. The PAHs used in this study and their solu-

bility in mole fraction are listed in Table 2.

Table 1. Physical properties of the CAC adsorbent

Property Value

BET surface area, m2/g 734

Total pore volume, cm3/g 0.4335

Average pore diameter, oA 23.6

Bulk density, g/L 500

Particle size, mm 850–1700

Ash content, % (w/w) 5–8

Adsorption of PAHs onto Activated Carbon 3611
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Apparatus

A thermostated water bath shaker (model SB-16, Techni Inc. UK) equipped

with a temperature controller (Tempter Junior TE-8J) was used in the batch

experiments. A Pye-Unicam double beam UV-Visible spectrophotometer

(SP400, UK) was used for measuring the absorbance of each PAH at lmax

versus solvent blank. The adsorption of a pure solvent in its gaseous state

onto a CAC adsorbent was critically investigated using the apparatus given

in Fig. 1. The apparatus is composed of two reservoirs one for the

adsorbent (1) and the other one for pure solvent (2). The two reservoirs are

connected to each other via two valves (3 and 4) and a manifold was

connected to a vacuum pump through a valve (5).

Recommended Batch Sorption Procedures

To investigate the effect of the solvent polarity on the adsorption of the

different PAHs onto the CAC adsorbent, the adsorption isotherms of each

Figure 1. Apparatus for adsorption of pure solvent onto activated carbon.

Table 2. Mole faction solubility for the PAHs in different solvents at 298–299 K

PAHs/
solvent Methanol Hexane Heptane Cyclohexane Benzene Ref.

Naphthalene 0.0235 0.1168 0.1300 0.1487 0.2946 (27, 28)

Anthracene 0.00024 0.00129 0.00157 0.00157 0.00742 (29)

Pyrene 0.00149 0.00852 0.01101 0.01089 0.06316 (30, 31)

A. M. Dowaidar et al.3612
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PAHs were constructed. In a series of Erlenmeyer flasks (100 ml capacity), a

known weight (0.25 + .001 g) of the solid adsorbent was added to 50 ml of

the PAHs compound at a concentration ranging from 50 to 1,000 mg/l in

the appropriate organic solvent. The flasks were shaken in a thermostated

water bath shaker kept at 25 + 0.18C for 48 h. The adsorbent particles were

separated from the solution by filtration and the equilibrium concentration

of the required PAHs was determined spectrophotometrically at lmax. The

amount of the PAH adsorbed on the activated carbon was finally calculated

employing the equation:

qe ¼ ðCo � CeÞ �
V

W
ð1Þ

where, qe is the amount of PAHs adsorbed at equilibrium (mg/g); Co and Ce

are the initial and equilibrium concentrations of PAHs (mg/l), respectively; V

is the volume of the sample in liter; and W is the weight of the adsorbent

in grams.

Determination of Adsorption Capacity

Semi-quantitative tests were performed separately for the adsorption of each

solvent as a single component from a gaseous state. A known mass of

activated carbon was placed in a reservoir (1), and a suitable volume of a

solvent was then placed in the other reservoir (2). The apparatus was

evacuated for several minutes while the valve on the solvent line was

closed, and the evacuation continued in the activated carbon line. After 30

minutes, the valve from the evacuation line to the pump was closed and the

activated carbon line went in a vacuum. The adsorption started slowly

through the opened valve on the solvent line (4) and left for several days to

reach equilibrium. After equilibrium, the activated carbon sample was

reweighed and the increase in the adsorbent weight was then calculated.

The amount of solvent adsorbed at room temperature was then calculated.

RESULTS AND DISCUSSION

It is well known that the adsorption of PAHs onto porous solids is complicated

by the structure of the PAHs molecule and the energetically heterogeneous

nature of the solid surface. Thus, the surface area available in the geometrical

sense, to the large molecule may contain a range of adsorption sites of

different adsorptive power. The adsorption phenomenon is a manifestation

of complicated interactions among the adsorbent, the adsorbate, and the

solvent involved. The affinity between the adsorbent and the adsorbate is

the main factor controlling the adsorption process (26). Thus, the influence

Adsorption of PAHs onto Activated Carbon 3613
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of the chemical structure of the adsorbate and the polarity of the non-aqueous

solvent has been critically investigated.

A preliminary investigation of the adsorption capacities of the CAC

towards pure organic solvents are summarized in Table 3. The data revealed

that the aromatic solvent (benzene) adsorbs to CAC better than the polar

solvent (methanol). Furthermore, the adsorption of pure solvents with the

same number of carbons (i.e. n-hexane, cyclohexane, and benzene) is

dependent of the chemical structure of the solvent. The high affinity of

CAC towards aromatic solvent can be attributed to its aromatic nature

rather than the solvent polarity where the dielectric constant slightly

increases from aliphatic to aromatic hydrocarbons.

The adsorption capacities of CAC towards PY from non-aqueous solvents

are also, listed in Table 3. The data reveals that the chemical structure of the

solvent plays an important role in the adsorption process. It can be seen that

the adsorption of PY mixed with polar or non-aromatic solvents is higher

than that mixed with the aromatic solvent. The high affinity of a CAC

towards an aromatic hydrocarbon solvent creates a competition between the

solvent and PAHs molecules as a result of the aromaticity of these

molecules. Thus, the aromatic solvent molecules are able to compete with

PY molecules and reduce the adsorption uptake to one-third of its uptake

from methanol. Due to the aromatic nature of benzene molecule, a p–p

complex will be formed between the p- electrons of the benzene rings and

the active sites on the carbon surface (27). The small molecular size of the

benzene molecule, as compared to PY molecular size, enhances the adsorption

of benzene by diffusion to narrow pores which are inaccessible for the large

PY molecule. A little competition between the non-aromatic hydrocarbon

solvents and PY molecules has been noticed. This explains why activated

carbon has lower adsorption capacities for PY in an aromatic solvent than

in cyclic and aliphatic hydrocarbon solvents.

Figures 2–4 clearly shows the adsorption capacity of a CAC towards

PAHs in organic solvents is a function of PAHs structure and solvent

polarity. In other words, PY (four fused aromatic rings) adsorbs to CAC

better than NA and AN (two and three fused aromatic rings, respectively).

Additionally, the adsorption of PY in methanol is higher than that in

Table 3. Adsorption capacities of CAC towards pure solvents and pyrene

Solvent Polarity

Dielectric

constant

Solvent

adsorbed mg/g

Pyrene

adsorbed mg/g

Methanol Polar (aliphatic) 32.63 234.21 182.84

Hexane Non-polar (aliphatic) 1.90 240.40 165.93

Cyclohexane Non-polar (cyclic) 2.00 281.70 151.14

Heptane Non-polar (aliphatic) 1.90 293.71 149.03

Benzene Non-polar (aromatic) 2.30 346.97 65.08

A. M. Dowaidar et al.3614
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non-polar hydrocarbons solvents. This behavior is most likely attributed to

the difference in the polarity of methanol and hydrocarbon solvents. The

low solubility of PAHs in a polar solvent and their high affinity to the non-

polar surface of the activated carbon may represent an important parameter

for increasing the adsorption capacity from methanol.

The high affinities between PAHs and benzene as a solvent (solubility)

restrict the adsorption of PAHs molecules in the aromatic solvent (28). The

solubility of a substance decreases as the difference between its polarity and

the polarity of the solvent increases. Thus, the adsorbed amount of the PAH

molecule increases as its solubility in the solvent decreases.

Figure 2. Adsorption isotherms of naphthalene onto CAC from organic solvent at

25 + 0.18C.

Figure 3. Adsorption isotherms of anthracene onto CAC from organic solvent at

25 + 0.18C.

Adsorption of PAHs onto Activated Carbon 3615
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Figure 5 shows the effect of the PAH’s molecular weight on the adsorp-

tion process. An increase in the number of aromatic rings in a PAH molecule

decreases its solubility and as a result its adsorption ability to activated carbon

increases (29–33).

Table 4 reflected the influence of the solubility of the PAHs on their

adsorption ability to activated carbon. The maximum adsorption capacity

for the tested PAHs was obtained in methanol due to the lowest affinity

between the PAHs molecules and the solvent molecules. The PAHs have

low solubility in methanol due to incompatible intermolecular forces while

the PAHs have a high solubility and great interaction forces towards

benzene molecules, yielding a minimum adsorption capacity in an aromatic

Figure 4. Adsorption isotherms of pyrene onto CAC from organic solvent at

25 + 0.18C.

Figure 5. Adsorption isotherms of the tested PAHs in benzene at 25 + 0.18C.

A. M. Dowaidar et al.3616
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solvent. The adsorption uptake follow the order:

Methanol . n-hexane . cyclohexane

Increasing of the molecular weight of the aliphatic solvents (e.g., hexane

and heptane) has little effect on the adsorption capacity of NA and PY (Fig. 6).

It was noticed that, there is a slight increase in PY uptake in hexane than in

heptane which can be attributed to the lower solubility of PY in hexane. Fur-

thermore, the adsorption of PAH from cyclic hydrocarbon solvents (e.g.,

cyclohexane) increases is high compared to PAHs from aliphatic hydrocarbon

solvents (Fig. 7).

The adsorption isotherms of the tested PAHs in different organic solvents

using CAC at 25 + 0.18C are demonstrated in Figs. 2–4. The adsorption of

PAHs showed isotherms close to type I (34). The initial part of the isotherm

represents the micropore filling. The slope of the plateau at higher concen-

trations is due to multilayer adsorption on the non-microporous surface

(mesopores, macropores, and the external surface) (23).

Table 4. Adsorption capacities of CAC towards some PAHs in different solvents

PAHs

Solvent

Methanol

mg/g

Hexane

mg/g

Heptane

mg/g

Cyclohexane

mg/g

Benzene

mg/g

Naphthalene 92.62 45.50 53.47 75.97 4.40

Anthracene 178.15 — 129.04 151.93 37.30

Pyrene 182.84 165.93 149.03 151.14 65.08

Figure 6. Adsorption of naphthalene and pyrene from hexane and heptane at

25 + 0.18C.

Adsorption of PAHs onto Activated Carbon 3617
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The Langmuir and Freundlich models were employed for modeling the

adsorption isotherms (35). The linear forms for Langmuir and Freundlich

models are as shown in Eqs. (2–3), respectively:

Ce

qe
¼

1

KL

þ
aL

KL

Ce ð2Þ

log qe ¼ logKF þ
1

n
logCe ð3Þ

where, qe is the adsorption capacity at equilibrium (mg/g); Ce is the adsorbate

equilibrium concentration mg/l, KL and aL are the Langmuir constants (l/mg),

KF and n are the Freundlich constants.

The data suggest the applicability of the Langmuir isotherm for the

present systems, and formation of monolayer coverage of the adsorbate at

the outer surface of the adsorbent. Langmuir constants and correlation coeffi-

cient (R2) in organic solvents are summarized in Table 5. The RL values for all

studied systems were found in the range 0 , RL,1 suggesting favorable

adsorption of PAHs onto the investigated adsorbent.

The parameters KF and n of the linear plots using Freundlich equation are

reported in Table 6. The n values for all studied systems, range between 1.320

and 2.892. The minimum value being for adsorption of PAHs from benzene

while the maximum value is for adsorption from methanol. The results are

in good agreement with the data reported in literature (36). Table 6 shows

that the highest KF values obtained are for adsorption of PAHs from

methanol systems while the lowest values are for the adsorption of PAHs

from benzene solvent.

Figure 7. Adsorption of naphthalene and anthracene from cyclohexane and heptane

at 25 + 0.18C.

A. M. Dowaidar et al.3618
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Table 5. Langmuir parameters for PAHs adsorption from different solvents

PAHs

Langmuir parameters

Solvent KL dm3 g21 aL dm3 mg21 qmax, mg g21 RL (2) R2

Naphthalene Methanol 1.428 0.014 102.35 0.067 0.99

Cyclohexane 1.493 0.019 77.630 0.049 0.986

Hexane 0.573 0.012 48.890 0.079 0.959

Heptane 0.383 0.006 61.519 0.138 0.970

Benzene 0.011 0.001 8.047 0.422 0.980

Anthracene Methanol 14.201 0.072 197.72 0.014 0.983

Cyclohexane 10.774 0.070 154.830 0.014 0.971

Heptane 5.041 0.038 132.803 0.0257 0.970

Benzene 0.139 0.003 54.978 0.284 0.998

Pyrene Methanol 37.749 0.200 188.90 0.005 0.985

Cyclohexane 8.889 0.060 149.22 0.017 0.950

Hexane 16.307 0.097 168.676 0.010 0.964

Heptane 7.055 0.045 155.172 0.022 0.982

Benzene 0.364 0.004 84.988 0.189 0.991
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CONCLUSION

The adsorption of PAHs onto non-polar adsorbents such as activated carbon

depends on the chemical structure of the solvent and the solvent aromaticity.

The adsorption capacity of the PAHs on CAC from organic solvents contain-

ing aromatic ring decreases due to the competition between the aromatic

solvent and PAHs molecules. The polarity of media has a significant effect

on the adsorption capacity of the adsorbent. The low solubility of the PAHs

in polar solvents increases the adsorption uptake due to the lower affinity

between PAHs and polar media. The adsorption isotherms of the tested

PAHs can be predicted successfully using Langmuir and Freundlich

isotherms with good correlation coefficients.

REFERENCES

1. Casarett, L.J. and Doull, J. (1996) Toxicology: the Basic Science of Poisons, 5th
Edn.; McGraw-Hill: New York.

2. Eisler, R. (1987) Polycyclic aromatic hydrocarbon hazards to fish, wildlife, and
invertebrates: A Synoptic Review. Biological Report, 85.

3. Moore, S.W. and Ramamoorthy, S. (1984) Organic Chemicals in Natural Waters.
Applied Monitoring and Impact Assessment; Desanto, R.S. (ed.); Springer Verlag:
New York.

4. Blumer, M. (1976) Polycyclic aromatic hydrocarbons in nature. Sci. Am., 234: 35.
5. Wild, S.R. and Jones, K.C. (1989) The effect of sludge treatment on the organic

contaminant content of sewage sludge. Chemosphere., 19: 1765.

Table 6. Freundlich parameters for PAHs adsorption from different solvents

PAHs

Freundlich parameters

Solvent KF (dm3 g21) n R2

Naphthalene Methanol 5.666 2.185 0.962

Cyclohexane 8.013 2.822 0.965

Hexane 4.669 2.892 0.994

Heptane 2.314 2.095 0.999

Anthracene Benzene 0.028 1.320 0.938

Methanol 17.675 1.816 0.916

Cyclohexane 19.905 2.536 0.981

Heptane 13.830 2.527 0.989

Pyrene Benzene 0.475 1.502 0.988

Methanol 31.091 2.174 0.928

Cyclohexane 18.754 2.579 0.988

Hexane 26.106 2.649 0.988

Heptane 14.657 2.278 0.980

Benzene 1.376 1.657 0.993

A. M. Dowaidar et al.3620

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



6. Barr, D.P. and Aust, S.D. (1994) Mechanisms white rot fungi use to degrade

pollutants. Environ. Sci. Technol., 28: 78.

7. Meulenberg, R., Rijannrts, H.M., Doddema, H.J., and Field, J.A. (1997) Partially

oxidized polycyclic aromatic hydrocarbons show an increased bioavailability and

biodegradability. FEMS Microbiol. Lett., 152: 45.

8. Sepic, E., Bricelj, M., and Leskovsek, H. (1997) Biodegradation studies of poly-

aromatic hydrocarbons in aqueous media. J. Appl. Microbiol., 83: 561.

9. Chang, B.V., Chang, S.W., and Yan, S.Y. (2003) Anaerobic degradation of poly-

cyclic aromatic hydrocarbons in sludge. Adv. Environ. Res., 7: 623.

10. Altschuler, L. and Berliner, E. (1966) Rates of bromination of polynuclear

aromatic hydrocarbons. J. Am. Chem. Soc., 88: 5837.

11. Rivas, F.J., Beltrán, F.J., and Acedo, B. (2000) Chemical and photochemical

degradation of acenaphthylene. Intermediate identification. J. Hazard. Mater.,

B75: 89.

12. Corless, C.E., Reynolds, G.L., Graham, N.J.D., and Perry, P. (1990) Ozonation of

pyrene in aqueous solution. Water Res., 24: 1119.

13. Sundstrom, D.W., Weir, B.A., and Klei, H.E. (1989) Destruction of aromatic pollu-

tants by UV light catalyzed oxidation with hydrogen peroxide. Environ. Prog., 8: 6.

14. Sundstrom, D.W., Weir, B.A., Barber, T.A., and Klei, H.E. (1992) Destruction of

aromatic pollutants and microorganisms in water by UV light and hydrogen

peroxide. Water Pollut. Res. J. Can., 27: 57.

15. Zevos, N. and Sehensted, K. (1978) Pulse radiolysis of aqueous naphthalene

solutions. J. Phys. Chem., 82: 138.

16. Walters, R.W. and Luthy, R.G. (1984) Equilibrium adsorption of polycyclic

aromatic hydrocarbons from water onto activated carbon. Environ. Sci.

Technol., 18: 395.

17. Streuli, C.A. (1971) The interaction of aromatic compounds in alcohol solution

with Sephadex LH-20 dextran. J. Chromatogr., 56: 219.

18. Ake, C.L., Wiles, M.C., Huebner, H.J., McDonald, T.J., Cosgriff, D.,

Richardson, M.B., Donnelly, K.C., and Phillips, T.D. (2003) Porous organoclay

composite for the sorption of polycyclic aromatic hydrocarbons and pentachloro-

phenol from groundwater. Chemosphere., 51: 835.

19. Eltekov, Yu.A., Khopina, V.V., and Kiselev, A.V. (1972) Effect of silica surface

dehydroxylation on adsorption of aromatic hydrocarbons from solution in

n-alkanes. J. Chem. Soc. Faraday Trans. I., 68: 889.

20. Cavalcante, C.L. Jr. and Ruthven, D.M. (1995) Adsorption of branched and cyclic

paraffins in silicalite. 1. equilibrium. Ind. Eng. Chem. Res., 34: 177.

21. Ali, S.H., Al-Mutairi, F.S., and Fahim, M.A. (2005) Solubility of polycyclic

aromatics in binary solvent mixtures using activity coefficient models. Fluid

Phase Equilib., 230: 176.

22. Al-Sharrah, G.K., Ali, S.H., and Fahim, M.A. (2002) Solubility of anthracene in

two binary solvents containing toluene. Fluid Phase Equilib., 193: 191.

23. Mastral, A.M., Garcia, T., Callen, M.S., Murillo, R., Navarro, M.V., and

Lopez, J.M. (2002) Sorbent characteristics influence on the adsorption of PAC:

I. PAHs adsorption with the same number of rings. Fuel Proc. Technol., 77–78:

373.

24. Mastral, A.M., Garcia, T., Murillo, R., Callen, M.S., Lopez, J.M., and

Navarro, M.V. (2003) Measurements of polycyclic aromatic hydrocarbon adsorp-

tion on activated carbons at very low concentrations. Ind. Eng. Chem. Res., 42:

155.

Adsorption of PAHs onto Activated Carbon 3621

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



25. Mastral, A.M., Garcia, T., Murillo, R., Callen, M.S., Lopez, J.M., Navarro, M.V.,
and Galban, J. (2003) Study of the adsorption of polyaromatic hydrocarbon binary
mixtures on carbon materials by gas-phase fluorescence detection. Energy and
Fuels., 17: 669.

26. Furuya, E.G., Chang, H.T., Miura, Y., and Noll, K.E. (1997) A fundamental
analysis of the isotherm for the adsorption of phenolic compounds on activated
carbon. Sep. Purif. Technol., 11: 69.

27. Radovic, L.R., Moreno-Castilla, C., and Rivera-Utrilla, J. (2000) “Carbon
materials as adsorbents in aqueous solutions”. In Chemistry and Physics of
Carbon; Radovic, L.R. (ed.); Marcel Dekker: New York, 27, 227.

28. Marzec, A. (2000) Intermolecular interactions of aromatic hydrocarbons in car-
bonaceous materials: A molecular and quantum mechanics. Carbon, 38: 1863,
and references therein.

29. Heric, E.L. and Posey, C.D. (1964) Interaction in nonelectrolyte solutions. solubi-
lity of napthalene in some mixed solvents containing benzene. J. Chem. Eng.
Data., 9: 35.

30. Acree, W.E. Jr. (1994) Polycyclic Aromatic Hydrocarbons in Pure and Binary
Solvents; Oxford University Press: Oxford, United Kingdom, 54.

31. Roy, L.E., Hernandez, C.E., and Acree, W.E. Jr. (1999) Solubility of anthrancene
in organic non-electrolyte solvents. Comparison of observed versus predicted
values based upon Mobile Order Theory, polycyclic aromatic compounds 13: 105.

32. Roy, L.E., Hernandez, C.E., and Acree, W.E. Jr. (1999) Thermodynamics of
mobile order theory. Part 3. Comparison of experimental and predicted solubilities
for fluoranthene and pyrene. Polycyclic Aromatic Compounds., 13: 205.

33. Judy, C.L., Pontikos, N.M., and Acree, W.E. Jr. (1987) Solubility of pyrene in
binary solvent mixtures containing cyclohexane. J. Chem. Eng. Data., 32: 60.

34. Brunauer, S. (1945) The Physical Adsorption of Gases and Vapors; Clarendon
Press: Oxford, U.K.

35. Walters, R.W. and Luthy, R.G. (1984) Equilibrium adsorption of polycyclic
aromatic hydrocarbons from water onto activated carbon. Environ. Sci.
Technol., 18: 395.

36. Adamson, A.W. (1990) Physical Chemistry of Surfaces, 5th Edn.; Wiley:
New York.

A. M. Dowaidar et al.3622

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


