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Removal of Polycyclic Aromatic Hydrocarbons Present
In Tyre Pyrolytic Oil Using Low Cost Natural Adsorbents
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Abstract—Polycyclic aromatic hydrocarbons (PAHSs) are formed
during the pyrolysis of scrap tyres to produce tyre pyrolytic oil
(TPO). Due to carcinogenic, mutagenic, and toxic properties PAHs
are priority pollutants. Hence it is essential to remove PAHs from
TPO before utilising TPO as a petroleum fuel alternative (to run the
engine). Agricultural wastes have promising future to be utilized as
biosorbent due to their cost effectiveness, abundant availability, high
biosorption capacity and renewability. Various low cost adsorbents
were prepared from natural sources. Uptake of PAHSs present in tyre
pyrolytic oil was investigated using various low-cost adsorbents of
natural origin including sawdust (shisham), coconut fiber, neem bark,
chitin, activated charcoal. Adsorption experiments of different PAHs
viz. naphthalene, acenaphthalene, biphenyl and anthracene have been
carried out at ambient temperature (25°C) and at pH 7. It was
observed that for any given PAH, the adsorption capacity increases
with the lignin content. Freundlich constant K and 1/n have been
evaluated and it was found that the adsorption isotherms of PAHs
were in agreement with a Freundlich model, while the uptake
capacity of PAHSs followed the order: activated charcoal> saw dust
(shisham) > coconut fiber > chitin. The partition coefficients in
acetone-water, and the adsorption constants at equilibrium, could be
linearly correlated with octanol-water partition coefficients. It is
observed that natural adsorbents are good alternative for PAHs
removal. Sawdust of Dalbergia sissoo, a by-product of sawmills was
found to be a promising adsorbent for the removal of PAHs present in
TPO. It is observed that adsorbents studied were comparable to those
of some conventional adsorbents.

Keywords—Acenaphthene, anthracene, biphenyl, Coconut fiber,
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|. INTRODUCTION

OLYCYCLIC Aromatic Hydrocarbons (PAHS) is also

called as polynuclear hydrocarbons, produced as gases or
particles and are created from incomplete combustion when
organic matter is burnt so these are considered as persistent
environmental contaminants and many of them are suspected
of being carcinogenic [1], [2]. Due to their carcinogenic,
mutagenic and toxic properties they are priority pollutants [3].
Anthropogenic sources [4], [5] of PAHs as combustion of coal
and oil [6], exhaust from motor vehicles [7] and water
effluents from petrochemical plants [8] are significant
compared to natural sources. Bioremediation [9], [10],
ozonation [11], [12], adsorption and photo degradation [13]
are the techniques have been applied successfully for the
minimization of PAHs in domestic and/or industrial
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wastewater. The adsorption of PAHs onto activated carbon
from various media such as oil [15], [16] gaseous [17], [18]
and water [19], [20] has been reported.

It was reported that pyrolysis of scrap tyres produced oil
similar in properties to a light fuel oil, with similar calorific
value, sulphur and nitrogen contents. The oil was found to
contain 1.4 % sulphur and 0.45 % nitrogen on mass basis and
have similar fuel properties to those of diesel fuel. The oils
contained significant concentration of polycyclic aromatic
hydrocarbons, the concern over PAH is centred on the
associated health hazard, some of which have been shown to
be either carcinogenic and/or mutagenic [21]-[23] and may
therefore restrict their handling.

Due to often resistant to biological degradation, PAHs are
not efficiently removed by conventional physiochemical
methods such as coagulation, flocculation, sedimentation,
filtration or ozonation [24]. However, adsorption processes are
effective in removal of persistent organic pollutant. Activated
carbon is widely used [25], but high cost and difficult
regeneration are clearly disadvantages [26]. Interesting
alternatives for removal of organic pollutant [27], [28] from
wastewaters are presented by using low cost natural
adsorbents [31], [32]. In India, huge amounts of waste are
produced by large scale agriculture, mainly saw dust
(Shisham), which contains lignin 14-34%, neem bark contains
14.63% lignin, 3.43% protein, 0.68% alkaloids and 4.16%
minerals and coconut fiber contains lignin 32% for which
applications are only sparingly available.

TABLE
AVERAGE CHEMICAL COMPOSITION OF SOME OF THE AGRICULTURAL
WASTES
Agricultural Lignin Cellulose Hemicellulose Sources
Wastes (%) (%) (%)
Coconut shell 37-40 33 08 [22], [23]
Sugar cane [20], [21],
bagasse 22 a4 27 [29], [30]
Wood Sawdust ~ 25-30 40-55 24-37 [14]
. [24], [25],
Rice husk 20 37 24 [33], [34]

The purpose of this study was to investigate the adsorption
features of adsorbents from agricultural waste materials with
respect to removal of PAHs from TPO. Results were
compared with performances of some commercial adsorbents
used in practice.

Il. MATERIALS AND METHODS

A.PAHs
PAHSs: naphthalene (Nap), acenaphthene (Acen), biphenyl
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(Biph) and anthracene (Anthr) (>98% purity) were obtained
from Loba Chemie (Mumbai, India).

B. Adsorbents

The adsorbents used in the present work are mainly of low
cost agro residue/ agricultural wastes of natural origin.
Agricultural waste viz. wood fiber/ saw dust (shisham),
coconut fiber, Neem bark were collected from nearby places.
These waste materials were washed with water and dried.
These dried materials were then crushed and grinded into
small pieces and converted into powder form. Then adsorbent
powder was dried to remove moisture in sunlight and stored in
airtight flasks. The resulting product is used as adsorbent
without any pretreatment.

C.Instrumental Analysis

A gas chromatograph supplied by Thermo Fisher equipped
with a flame ionization detector (FID) and with a capillary
DB-5 column was used for qualitative and quantitative
analysis of PAHs. The volume for injection was 1 pL. The
analysis started at 120°C and the temperature was increased to
250°C at a rate of 10°C/min. Nitrogen was used as a carrier
gas at a flow rate of 1mL/min. PAHs were quantified using
calibration curves by direct injection of standard mixtures with
known concentrations.

D.Adsorption Studies

PAHSs were diluted by dissolving in acetone (0.2 g/50 mL).
Then 0.50 g dry adsorbent was added in flasks containing
PAH in acetone and samples containing different adsorbents
were prepared and for pure analysis of TPO, in a closed flask
50ml of TPO diluted in 50ml of acetone, to reduce the
viscosity, in different closed conical flasks and four different
dry adsorbents of weight 0.50gm the sample was shaken for
12 h at ambient temperature (25+ 2°C) (pH 7.5). After
filtration, PAHs were quantified by GC-FID. The same
procedure was repeated for all the PAHs and adsorbent
studied.

The adsorption capacities were calculated based on the
differences of the concentrations of solutes before and after
the experiment (1):

qe = (Co — CHV/W (1)

where, g, is the concentration of the adsorbed solute (mg/g);
Coand C, are the initial and final concentration of the solute in
solution (mg/L); V is the volume of the solution (mL) and W
is the mass of the adsorbent (g). Adsorption isotherms
(relationship between the adsorption capacities and the
concentrations of PAHS) were investigated using the
linearized form of the Freundlich sorption isotherm equation
as reported by [16].

I1l. RESULTS AND DISCUSSION

A. Optimization of pH

The dependence of bisorption capacities of PAHs on
various pH are shown in Fig. 1, The bisorption capacity

increased with increasing pH of PAHSs solution. As the pH of
the solution increases from 2.0 to 7.0, PAHSs show an increase
in binding to the adsorbent with optimum binding reaches at
pH 7.0. This gives us an insight into the mechanism of the
binding involved within the adsorbent. Previous studies have
reported the binding of PAHs to some agricultural wastes with
optimum pH lying between 6 and 7.
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Fig. 1 Effect of pH on adsorption of naphthalene on saw dust
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Fig. 2 Effect of time on adsorption of naphthalene on saw dust

B. Optimization of Equilibrium Adsorption Time

Effect of contact time on adsorption is shown in Fig. 2. It is
evident from figure that with increase in contact time
adsorption of PAH increases. Initially rate of adsorption is
high and after 10hr to 14hr there is slight increase in
adsorption rate and after 12hr adsorption is almost constant.

C.Adsorption Isotherms

Adsorption is usually described through isotherms, that is,
the amount of adsorbate on the adsorbent as a function of its
pressure (if gas) or concentration (if liquid) at constant
temperature. The nature of solvent evidently influences the
adsorption of solutes. It remains true that interactions between
an adsorbent and an organic adsorbate can be governed by
Langmuir and Freundlich isotherms [25], [35], [36]. The
Langmuir model is based on monolayer adsorption on equi-
energetic active surface sites, while the Freundlich model
relies on heterogeneous adsorption. However, to evaluate the
linearity, the experimental data were only fitted to the
linearized form of the Freundlich sorption isotherms equation

),
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1
logq. = log Ky + ;lag C.

2
@) Biphenyl

where, ¢ is the concentration of the adsorbed solute (mg/g);
C. is the concentration of the solute in solution (mg/L); K¢ (mg
g~ 11" g1y s related to the adsorption capacity of adsorbent
and 1/n is related to the surface heterogeneity. Straight lines
were obtained by plotting log g. against log C., for multi
solute adsorption as shown in Figs. 3-5, Freundlich parameters
(1/n and Ky) were obtained slopes and intercepts.
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Fig. 3 Freundlich adsorption isotherm of naphthalene using shisham
as adsorbent
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Fig. 4 Freundlich adsorption isotherm of acenaphthene using shisham
as adsorbent

Fig. 5 Freundlich adsorption isotherm of bipheny! using shisham as
adsorbent

The adsorption process of organic solutes is determined by
various interactions that govern the association between solute
and adsorbent, such as Van der Waals and dipole-dipole
interactions, electrostatic forces, and weak intermolecular
associations [37], [25]. Since PAHSs are non-polar compounds,
adsorption must be governed mainly by hydrophobic
interactions [38], [27]. In order to reveal a potential
relationship between adsorption efficiency and lignin content,
experimental partition coefficients, K,q, were correlated to the
published n-octanol-water partition coefficients, Ko, [38].

TABLE Il
SELECTED PROPERTIES OF PAHS STUDIED
Name Structure Formula Molecular Log

weight (g/mol)  Kow _

=

Anthracene OO Ci4Hio 178.2 4.6
s

Blphenyl O—@ CioHyo 154.21 4.09

Acenaphthene OG CioHs 152.19 3.98

Naphthalene . CioHs 128.17 3.30

-\-H""*-..

TABLE Il
PARAMETERS DERIVED FROM FREUNDLICH ISOTHERM EQUATION FOR THE ADSORPTION OF PAHS ON DIFFERENT NATURAL ADSORBENTS (25°C, PH
7.5)
Naphthalene Acenaphthene Biphenly Anthracene

Freundlich parameters Freundlich parameters Freundlich parameters  Freundlich parameters

Kr 1n R? Ky 1n R? Ky 1/n R? Kr 1/n R?

Shisham 0.030 0.89 0.92 0.011 0.96 0.95 0.015 1.01 098 0.027 0.82 0.97

Coconut Fiber 0.060 1.56 0.90 0.020 1.22 0.92 0.015 198 095 0.048 0.89 091

Chitin 0.135 0.08 0.88 0.33 1.99 0.94 0.127 0.15 094 0015 0.26 0.93
Partition coefficients (K,s) defined (3), were calculated Kois = qe/Ce 3)

from the linear variation of the sorbed PAHs concentrations,
ge, With aqueous naphthalene solution, C, [27], [28]. For each
sample event, K, was determined from the regression g
versus C,. The slope of the graph yields the partition
coefficient (3):

where (Kas), (Mg Kg asomend Mg L™ is the partition
coefficients, C. is the dissolved PAHs concentration (mg L™)
and g is the mass of sorbed PAHs per dry unit weight of
adsorbent (mg g). The natural polymers lignin fraction has

188



International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:9, No:2, 2015

been identified as the principal factor determining the degree
of sorption of nonpolar compounds [28]. Thus, the lignin-
water partition coefficients (Kiignin) for PAHSs interacting with
intact adsorbent (i.e. Shisham, Coconut fiber, Chitin) were
calculated (4) from adsorbent partition coefficients (K,g4) and
lignin mass (fiignin):

Klignin = ads/flignin (4)

where Kigin (Mg kg™ ignin/mg L) is the partition coefficient
between lignin and the solution; fignin (fiignin 9 adsorbent): the
amount of lignin present. For this study, fiigi, was considered
to be equivalent to 34% (fiignin = 0.34) for shisham, to 32%
(fiignin= 0.32) for coconut fiber and 20% (fiignin=0.20) for chitin.
The parameter K, is the n-octanol-water partition coefficient
and is a measure of a compound’s hydrophobicity. The
equilibrium Ky was calculated while published K,, values
[38] for PAHs was used. The parameter Ky, is the n-octanol-
water partition coefficient and is measure of compound’s
hydrophobicity. Thus, the partition coefficients of PAHs by
shisham and coconut fiber based on the lignin content can be
estimated from the known values of K, These results
confirm previous observations on adsorption of aromatic
hydrocarbons to agricultural wastes which appear to be
controlled mainly by the lignin content [27], [28]. The higher
lignin content in sawdust (shisham) 34% compared to coconut
fiber 32% and 20% in chitin, agrees with the extent of
adsorption of PAHs followed the order: activated charcoal>
shisham> coconut fiber> chitin the adsorption features of
agricultural wastes proved well comparable to those of
conventional adsorbents such as activated charcoal for
removing PAHSs from organic solvents.

IV. CONCLUSIONS

Polycyclic aromatic hydrocarbons (PAHS) are priority
pollutants due to their carcinogenic, mutagenic and toxic
properties. When tyre pyrolytic oil (TPO) is utilized as fuel
alternative, PAHs present in TPO are generally released with
exhaust during automobile combustion and enter into
environment. Hence it is necessary to reduce the concentration
of PAHSs up to the acceptable levels before utilizing TPO as a
fuel alternative.

This study showed that adsorption of polycyclic aromatic
hydrocarbons (naphthalene, acenapthene, anthracene and
biphenyl) from tyre pyrolytic oil can be affected using low-
cost adsorbents of natural origin. Widely available agricultural
residues such as shisham saw dust and coconut fiber could be
useful for the purpose. From the analysis of results obtained it
may be concluded that, the contact time is an important factor
in the adsorption of PAHs. The equilibrium time was reached
at 12 hr. A correlation could be found with the lignin contents
of agricultural residue used to prepare adsorbents and it is
observed that PAHs adsorption is directly proportional to
lignin content. The adsorption efficiencies followed the order
activated charcoal> shisham> coconut fiber> chitin.

The adsorption features of agricultural wastes proved well
comparable to those of conventional adsorbents such as

activated charcoal for removing PAHs from organic solvents.
The adsorption isotherms are in good agreement with
Freundlich model.

REFERENCES

[1] Public Health Service, Toxicology profile for polycyclic aromatic
hydrocarbons. Agency for Toxic Substances and Disease Registry,
Public Health Service, US Department of Health and Human Services,
Atlanta, GA, 1990.

[2] E. Alcock, S.C. Wilson, M.J. Wang, S.R. Wild, A.P. Sewart, K.C. Jones,
“Long-term persistence of organic chemicals in sewage sludge-amended
agricultural land: a soil quality perspective”, Adv. Argon., 55, 1996, pp.
345-391.

[3] E. anoli, and C. Samara, “Polycyclic hydrocarbons in natural waters:
sources, occurrence and analysis”, Trends Anal. Chem., 18, 1999, pp.
417-428.

[4] G. Witt, “Polycyclic aromatic hydrocarbons in water and sediment of the
Baltic Sea”, Mar. Pollut. Bull.,31, 1995, pp.237-248.

[5] M. Charlesworth, M. Service, and C.E. Gibson, “PAHSs contamination of
Irish Sediments”, Mar. Pollut. Bull., 44, 2002, pp.1421-1424.

[6] T. Nielsen, “Traffic contribution of polycyclic aromatic hydrocarbons in
the center of a large city”, Atmos. Environ., 30, 1996, pp.3481-3490.

[7] C.J. Halsall, P. J.Coleman, B. J. Davis, V. Burnett, K. S. Waterhouse, P.
Jones Hardings, K. C. Jones, “Polycyclic aromatic hydrocarbons in UK
urban air”, Environ. Sci. Technol. 28, 1994, pp. 2380-2386.

[8] C. Domeno, C. Nerin, “Fate of polyaromatic hydrocarbons in the
pyrolysis of industrial waste oils”, J. Anal. Appl. Pyrol., 67, 2003, pp.
237-246.

[9] S.D. Barr, “Mechanisms white rot fungi use to degrade pollutants,”
Environ. Sci. Technol., 28, 1994, pp. 78-87.

[10] H. M. Eulenberg, H.J. Rijaanrts, J.A. Doddema, Field, “Partially
oxidized polycyclic aromatic hydrocarbons show an increased
bioavailability and biodegradability”, FEMS Microbol. Lett., 152, 1997,
pp. 45-49.

[11] F.J. Rivas, Beltran, B. Acedo, “Chemical and photochemical degradation
of acenaphthalene. Intermediate identification,” J. Hazard. Mater. B 75,
2000, pp. 89-98

[12] G.L. Corless, Reynolds, N. J. D. Graham, P. Perry, “Ozonation of
pyrene in aqueous solution”, Water Res. 24, 1990, pp. 1119-1123.

[13] R.W. Walters, R.G. Luthy, “Equilibrium adsorption of polycyclic
aromatic hydrocarbons from water onto activated carbon”, Environ. Sci.
Technol. 18, 1984, pp. 395-403.

[14] X. Dai, X. Yin, C. Wu, W. Zhang, Y. Chen, “ Pyrolysis of waste tires in
a circulating fluidized-bed reactor”, Energy, 26, 2001, pp. 385-399.

[15] Z. Gong, K. Alef, B. Wilke, P. Li, “Activated carbon adsorption of
PAHs from vegetable oil used in soil remediation”, J. Hazard. Mater.
143 (2007) 372-378.

[16] F.M.T. Luna, A.A. Pontes-Filho, E.D. Trindade, 1.J. Silva Jr., D.C.S.
Azevedo, C.L. Cavalcante Jr., “Removal of aromatic compounds from
mineral naphthenic oil by adsorption”, Ind. Eng. Chem. Res. 47 (2008)
3207-3212.

[17] H. Zhou, Z. Zhong, B. Jin, Y. Huang, R. Xiao, “Experimental study on
the removal of PAHs using induct activated carbon injection”,
Chemosphere 59 (2005) 861-869.

[18] A.M. Mastral, Y. Garcia, M.S. Callen, M.V. Navarro, J. Galban,
“Removal of naphthalene, pheanthrene and pyrene by sorbents from hot
gas”, Environ. Sci. Technol. 35 (2001) 2395-2400.

[19] C.O. Ania, B. Cabal, C. Pevida, A. Arenillas, J.B. Parra, F. Rubiera, J.J.
Pis, “Removal of naphthalene from aqueous solution on chemically
modified activated carbons”, Water Res. 41 (2007) 333-340.

[20] C. Valderrama, X. Gamisans, J.L. Cortina, A. Farran, F.X. de las Heras,
“Evaluation of polyaromatic hydrocarbon removal from aqueous
solutions using activated carbon and hyper-cross linked polymer
(Macronet MN200)”, J. Chem. Technol. Biotechnol. 84 (2008) 236-245.

[21] P.T. Williams, Sampling and analysis of polycyclic aromatic compounds
from combustion system: a review, of the Institute of Energy, 63 (1990)
22-30.

[22] M. L. Lee, M. Novotny and K. D. Bartle, “Analytical Chemistry of
Polycyclic Aromatic Compounds”, Academic Press, New York, USA.
1981.

[23] J. P. Longwell, “Polycyclic aromatic hydrocarbons and soot from
practical combustion systems, in Lahaye, J. and Prado, G. (eds), Soot in

189



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:9, No:2, 2015

Combustion Systems and its Toxic Properties (Plenum Press, New York,
USA).

R.E. Hinchee and B.C. Alleman, R.E. Hoeppel, R.N. Miller (Eds.),
“Hydrocarbon Bioremediation”, CRC Press, Boca Raton, FL, USA,
1994.

D.O. Cooney, “Adsorption Designer for Wastewater Treatment”, Lewis
Publishers, London, England, UK, 1999, pp.45-190.

S.B. Lalvani, T. Wiltoski, A. Hubner, A. Weston and N. Mandich,
“Removal of hexavalent chromium and metal cations by a selective and
novel carbon adsorbent”, Carbon, 36, 1998, pp. 1219-1226.

T.B. Boving and W. Zhang, “Removal of aqueous phase polynuclear
aromatic hydrocarbons using aspen wood fibers”, Chemosphere, 54,
2004, pp. 839-881.

A.A. Mackay, P.M. Gschwend, “Sorption of monoaromatic
hydrocarbons to wood”, Environ. Sci. Technol., 34, 2000, pp. 839-845.
A. Pandey, C.R. Soccol, P. Nigam and V.T. Soccol, “Biotechnological
potential of agro-industrial residues. I: sugar cane bagasse”, Biores.
Technol., 74, 2000, pp. 69-80.

D.E. Teixeira, A.C. Florian and M.A.E. Santana, “Test for natural decay
resistance of the sugar cane bagasse particle board”, Scientia Forestalis.,
52,1997, pp. 29-34.

P. Noguera, M. Abad, V. Noguera, R. Purchades and A. Maquiera,
“Coconut coir waste a new and viable ecologically-friendly peat
substitute” Acta Horticult., 517, 2000, pp. 279-286.

O.A. Carrijo, R.S. De Liz and N. Makishima, “Fiber of green coconut
shell as an agricultural substrate Horticult”, Brasileira, 20, 2002, pp.533-
535.

Z. Jumanova, T. Sdykov, E. Seitmuratov, G. Dalimova, “Lignins from
Oryza sativa chemistry of natural compounds”, 42, 2006, pp. 724-726.

B. Xiao, X.F. Sun, R.C. Sun, “Chemical, structural and thermal
characterizations of alkali-soluble lignin and hemicelluloses, and
cellulose from maize stems, rye straw and rice straw” Polymer
Degradation and Stability, 74, 2001, pp. 307-319.

S.P. Deosarkar and V.G. Pangarkar, “Adsorptive separation and
recovery organics from PHA and SA plant effluents”, Sep. Purif.
Technol. 38, 2004, pp. 241-254.

E. Ayranci, “Adsorption kinetics and isotherms of pesticides onto
activated carbon cloth”, Chemosphere, 60, 2005, pp. 1600-1607.

G. Mckay, “Use of Adsorbents for the removal of Pollutants from
Wastewater”, CRC Press. Boca Raton, FL, USA, 1995.

R.P. Schwarzenbach, P.M. Gschwend and D.M. Imboden,
“Environmental Organic Chemistry”, Wiley Interscience, New York,
USA, 1993.

190



