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a b s t r a c t

This review evaluates a number of different agricultural waste adsorbents and types of dyes. Certain
wastewater containing different dye contaminants causes serious environmental problems. Recently,
growing research interest in the production of carbon based has been focused on agricultural by-products.
Low cost adsorbents derived from agricultural wastes have demonstrated outstanding capabilities for the
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removal of dyes from wastewater. Therefore, low cost agricultural waste adsorbents can be viable alterna-
tives to activated carbon for the treatment of contaminated wastewater. The use of cheap and eco-friendly
adsorbents have been studied as an alternative substitution of activated carbon for the removal dyes from
wastewater. The dye adsorption capacities of agricultural waste adsorbents vary, depending on the char-
acteristics of the individual adsorbent, the extent of surface modification and the initial concentration of

adsorbate.
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1. Introduction
Dyes are considered to be particularly dangerous organic com-
pounds for the environment [1,2]. According to Chakrabarti et al.
[3], nearly 40,000 dyes and pigments are listed which consist of
over 7000 different chemical structures. Most of them are com-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:ayhandemirbas@hotmail.com
dx.doi.org/10.1016/j.jhazmat.2008.12.114


2 A. Demirbas / Journal of Hazardou

F
r

p
a
o
m
p

a
i
[

w
f
h
[
t
l
t
c
c
d

r
w
d
[

i
c
p
d
[
r

c
a
A
s
b
a

By forming intramolecular and intermolecular hydrogen bonds
ig. 1. Process flow diagram of activated carbon preparation from agricultural
esidue.

letely resistant to biodegradation processes [4]. It was estimated
bout 10,000 of different commercial dyes and pigments exist and
ver 7 × 105 tonnes are produced annually worldwide [5]. It is esti-
ated that 10–15% of the dye is lost in the effluent during the dyeing

rocess [6,7].
Recent studies indicate that approximately 12% of synthetic dyes

re lost during manufacturing and processing operations. Approx-
mately 20% of these lost dyes enter the industrial wastewaters
8,9].

Dyes from dyeing processing wastewaters are found in the
astewater streams of industrial processes, including paint manu-

acture, dyeing, textiles, paper, and others [10]. Various techniques
ave been employed for the removal of dyes from wastewaters
11–19]. The adsorption is one of the most effective methods and
he main adsorbent used in dye removal is activated carbon. The
ow cost agricultural waste adsorbents can be viable alternatives
o activated carbon for the treatment of contaminated wastewater
ontaining different classes of dyes [20]. Pearce et al. [21] made a
omprehensive review of a method using bacterial cells to remove
yes from textile wastewater.

An inexpensive adsorption method has been developed for the
emoval of indigo carmine, a highly toxic indigoid class of dye from
astewater. Waste materials—bottom ash, a power plant waste and
e-oiled soya, an agricultural waste have been used as adsorbents
22].

Activated carbon has been generally used to remove compos-
te reactive dye from dyeing unit effluent [23]. However, activated
arbons are expensive due to their regeneration and reactivation
rocedures. In recent years, growing research interest in the pro-
uction of carbon based has been focused on agricultural residues
24]. Fig. 1 shows a process flow diagram of activated carbon prepa-
ation from agricultural residue.

An activated carbon was developed from coconut shell fibers,
haracterized and used for the removal of methylene blue (basic)
nd methyl orange (acidic) dyes from wastewater successfully [25].

ctivated carbons were prepared from the agricultural solid wastes,
ilk cotton hull, coconut tree sawdust, sago waste, maize cob and
anana pith and used to eliminate heavy metals and dyes from
queous solution [26–28]. Adsorption of all dyes and metal ions
s Materials 167 (2009) 1–9

required a very short time and gave quantitative removal. Exper-
imental results indicate that the activated carbons are effective
for the removal of dyes from contaminated wastewater. Since all
agricultural solid wastes used in this investigation are freely, abun-
dantly and locally available, the resulting carbons are expected to
be economically viable for wastewater treatment [29].

The use of cheap and ecofriendly adsorbents have been stud-
ied as an alternative substitution of activated carbon for the
removal dyes from wastewater. Adsorbents prepared from sugar-
cane baggase—an agroindustries waste were successfully used to
remove the methyl red from an aqueous solution in a batch reactor
[30].

The main goal of this review is to provide a summary of recent
information concerning the use of agricultural waste materials as
adsorbents for dyes in wastewaters.

2. Chemical structures of agro-lignocellulosic materials

Agricultural residues are lignocellulosic substances which con-
tain three main structural components: hemicelluloses, cellulose
and lignin. Lignocellulosic materials also contain extractives. Gen-
erally, three main components have high molecular weights and
contribute much mass, while the exractives is of small molecu-
lar size, and available in little quantity. In general, lignocellulosics
have been included in the term biomass, but this term has broader
implications than that denoted by lignocellulosics. Lignocellulosic
materials have also been called photomass because they are a
result of photosynthesis. The chemical components of lignocellu-
losic materials were extensively studied by David and Hon [31].

2.1. Hemicelluloses

Hemicelluloses consist of different monosaccharide units. The
polymer chains of hemicelluloses have short branches and are
amorphous. Because of the amorphous morphology, hemicelluloses
are partially soluble or swellable in water. Hemicelluloses (arabino-
glycuronoxylan and galactoglucomammans) are related to plant
gums in composition, and occur in much shorter molecule chains
than cellulose. Hemicelluloses are derived mainly from chains of
pentose sugars, and act as the cement material holding together the
cellulose micells and fiber [32]. The backbone of the chains of hemi-
celluloses can be a homopolymer (generally consisting of single
sugar repeat unit) or a heteropolymer (mixture of different sugars).
Among the most important sugar of the hemicelluloses component
is xylose. In hardwood xylan, the backbone chain consists of xylose
units which are linked by �-(1,4)-glycosidic bonds and branched by
�-(1,2)-glycosidic bonds with 4-O-methylglucuronic acid groups.
For softwood xylan, the acetyl groups are fewer in the backbone
chain. However, softwood xylan has additional branches consisting
of arabinofuranose units linked by �-(1,3)-glycosidic bonds to the
backbone. Hemicelluloses are largely soluble in alkali and, as such,
are more easily hydrolyzed [33–38].

2.2. Cellulose

Cellulose is a linear polymer chain which is formed by joining the
anhydroglucose units into glucose chains [39]. These anhydroglu-
cose units are bound together by �-(1,4)-glycosidic linkages. Due to
this linkage, cellobiose is established as the repeat unit for cellulose
chains. Cellulose must be hydrolyzed to glucose before fermenta-
tion to ethanol.
between OH groups within the same cellulose chain and the sur-
rounding cellulose chains, the chains tend to be arranged parallel
and form a crystalline supermolecular structure. Then, bundles
of linear cellulose chains (in the longitudinal direction) form a
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icrofibril which is oriented in the cell wall structure [10]. Cellulose
s insoluble in most solvents and has a low accessibility to acid and
nzymatic hydrolysis. Chemical modification of cellulose is promis-
ng technique for modifying its physical and chemical properties to
mprove the adsorption property toward dye removal.

.3. Lignin

Lignins are polymers of aromatic compounds. Lignin is a natural
olymer which together with hemicelluloses acts as a cementing
gent matrix of cellulose fibres in the structures of plants. Their
unctions are to provide structural strength, provide sealing of
ater conducting system that links roots with leaves, and protect
lants against degradation [40]. Lignin is a macromolecule, which
onsists of alkylphenols and has a complex three-dimensional
tructure. Lignin is covalently linked with xylans in the case of hard-
oods and with galactoglucomannans in softwoods [41]. The basic

hemical phenylpropane units of lignin (primarily syringyl, guaia-
yl and p-hydroxy phenol) are bonded together by a set of linkages
o form a very complex matrix. This matrix comprises a variety of
unctional groups, such as hydroxyl, methoxyl and carbonyl, which
mpart a high polarity to the lignin macromolecule [10,42]. Cel-
ulose and lignin structures were extensively investigated in the
arlier studies [43–48].

.4. Extractives

Extractives are the organic substances which have low molecu-
ar weight and are soluble in neutral solvents. Resin (combination
f the following components: terpenes, lignans and other aromat-
cs), fats, waxes, fatty acids and alcohols, terpentines, tannins and
avonoids are categorized as extractives [49].

. Species and properties of some typical dye materials

Dyes are classified by the application technique used, and by
heir chemical structure. All commercial dyes are organic chemicals.
igment is a colored substance that is insoluble in water, usually in
he form of a fine powder. It is reported that over 100,000 commer-
ially available dyes exist [4,5,50]. The color of a dye is provided by
he presence of a chromophore group. A chromophore group is a
adical configuration consisting of conjugated double bonds [1].

Dyes may be classified in several ways, according to chemical
onstitution, application class and end use. Dyes are now classified
ccording to how they are used in the dyeing process. Main dyes
re grouped as acid dyes, basic dyes, direct dyes, mordant dyes, vat
yes, reactive dyes, disperse dyes, azo dyes, and sulfur dyes. Typical
yes used in textile dyeing operations are given in Table 1.
Reactive dye is a class of highly colored organic substances, pri-
arily utilized for tinting textiles. The very first fiber reactive dyes
ere designed for cellulose fibers, and are still used mostly in this
ay. Reactive dyes are used extensively in the textile industry, due

o their superior dyeing properties, especially in terms of fastness.

able 1
ypical dyes used in textile dyeing operations.

ye class Description

cid Water-soluble anionic compounds
asic Water-soluble, applied in weakly acidic dyebaths; very bright dyes
irect Water-soluble, anionic compounds; can be applied directly to

cellulosics without mordants (or metals like chromium and
copper)

isperse Not water-soluble
eactive Water-soluble, anionic compounds; largest dye class
ulfur Organic compounds containing sulfur or sodium sulfide
at Water-insoluble; oldest dyes; more chemically complex
s Materials 167 (2009) 1–9 3

Fiber reactive dye is the most permanent of all dye types. Unlike
other dyes, it actually forms a covalent bond with the cellulose or
protein molecule, as the dye molecule has become an actual part of
the cellulose fiber molecule. Azo, anthraquinone and pthalocyanin
are major classes of reactive dyes [23]. It is estimated that 2% of dyes
produced annually are discharged in effluent from manufacturing
treatments whilst 10% was discharged from textile and associated
industries [51]. However, only a limited number of studies on the
removal of reactive dyes have been found in the literature.

Various kinetic parameters such as the mass-transfer coefficient,
effective diffusion coefficient, activation energy, and entropy of
activation were evaluated to establish the mechanisms. It was con-
cluded that methylene blue adsorption occurs through a film diffu-
sion mechanism at low as well as at higher concentrations, while
methyl orange adsorption occurs through film diffusion at low con-
centration and particle diffusion at high concentrations [24].

Equilibrium isotherms were analyzed by Langmuir, Freundlich,
Dubnin–Radushkevich, and Tempkin isotherms [11]. The adsorp-
tion equilibrium data obeyed Langmuir, Dubnin–Radushkevich,
and Tempkin isotherms. The adsorption capacity was found to be
2.6 mg/g of carbon. Increase of temperature increased adsorption.
Acidic pH was favorable for the adsorption of dye. Studies on pH
effect and desorption show that chemisorption seems to play a
major role in the adsorption process.

4. Treatment processes for dye removal from wastewater

Treatment processes for contaminated waste streams include
chemical precipitation, membrane filtration, ion exchange, carbon
adsorption and co-precipitation/adsorption [52].

Adsorption has been proved to be an excellent way to treat
industrial waste effluents, offering significant advantages like the
low cost, availability, profitability, easy of operation and efficiency,
in comparison with conventional methods especially from econom-
ical and environmental points of view [53–55]. Low-cost adsorbents
are materials that generally require little processing and are abun-
dant in nature, or are by-products or waste materials from other
processes. Agricultural by-products are available in large quanti-
ties and constitute one of the most abundant renewable resources
in the world. The abundance and availability of agricultural by-
products make them good sources of raw materials for activated
carbons. Due to their low cost, after being expended, these materials
can be disposed of without expensive regeneration. Many biomass
materials such as bark, coconut shells, and wood are used in the pro-
duction of commercial activated carbons [56,57]. Removal of dyes
by agricultural by-products and other low-cost sorbents has been
investigated intensively by Banat [54], Hameed et al. [58], Hameed
and El-Khaiary [59,60], Tan et al. [61], Din et al. [62], and Yener et
al. [63].

4.1. Dye removal by biological, physical and chemical methods

Dye removal technologies can be divided into three categories:
biological, physical and chemical [64]. Because of the high cost and
disposal problems, many of these conventional methods for treat-
ing dye wastewater have not been widely applied at large scale in
the textile and paper industries [65]. At the present time, there is
no single process capable of adequate treatment, mainly due to the
complex nature of the effluents [66].

Biological treatment is often the most economical alternative
when compared with other physical and chemical processes [67].

However, their application is often restricted because of technical
constraints. Biological treatment requires a large land area and is
constrained by sensitivity toward diurnal variation as well as toxi-
city of some chemicals, and less flexibility in design and operation
[68].
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Different physical methods are widely used, such as membrane-
ltration processes such as nanofiltration, reverse osmosis,
lectrodialysis and adsorption techniques.

Chemical methods include coagulation or flocculation combined
ith filtration, precipitation–flocculation with Fe(II)/Ca(OH)2, elec-

roflotation, electrokinetic coagulation, conventional oxidation
ethods by oxidizing agents (ozone), irradiation or electrochem-

cal processes. Waste Fe(III)/Cr(III) hydroxide was used for the
dsorption of Congo red (direct dye) from aqueous solution. The
arameters studied include agitation time, initial dye concen-
ration, pH and adsorbent dosage. The adsorption capacity was
valuated by using both the Langmuir and Freundlich adsorption
sotherm models. Removal of the dye was maximum, 91% at pH 3.
ow desorption (9%) with water seems to indicate that the dye is
ostly held by the adsorbent through ion-exchange [69].
The chemical methods are often expensive, and although the

yes are removed, accumulation of concentrated sludge creates
disposal problem. There is also the possibility that a secondary
ollution problem will arise because of excessive chemical use.

Erythrosine is a water-soluble xanthene class of dye. Erythro-
ine has been removed from wastewater using adsorption over
ottom ash – a power plant waste and de-oiled soya – an agricul-
ural waste [70]. De-oiled soya is a waste product obtained during
he processing of soyabean in soya oil extraction mills. Bottom
sh, a power plant waste, and de-oiled soya, an agricultural waste
aterial, were employed for the removal and recovery of Quinoline

ellow, a water-soluble dye [71].

.2. Dye removal using agricultural waste materials

The by-products from the forestry and agricultural industries
ould be assumed to be low-cost adsorbents since they are abun-
ant in nature, inexpensive, require little processing and are
ffective materials. These materials are available in large quantities
nd may have potential as sorbents due to their physico-chemical
haracteristics and lowcost. Sawdust is an abundant by-product of
he wood industry that is either used as cooking fuel or as packing

aterial. Sawdust is easily available in the countryside at negligible
rice [72]. The role of sawdust materials in the removal of pollutants
rom aqueous solutions has been reviewed recently [73]. Sawdust
as proven to be a promising effective material for the removal of
yes from wastewater [74].

.2.1. Sorption and desorption mechanisms
The sorption mechanism involves chemical bonding and ion-

xchange. The sorption mechanisms can be explained by the
resence of several interactions, such as complexation, ion-
xchange due to a surface ionization, and hydrogen bonds. One
roblem with sawdust materials is that the sorption results are
trongly pH-dependent [58]. There is a neutral pH beyond which
he sawdust will be either positively or negatively charged. Ho and

cKay [75] showed that the sorption capacity of basic dye is much
igher than that of acid dye because of the ionic charges on the dyes
nd the ionic character of sawdust.

Reactive dyes attach to their substrates by a chemical reaction
hat forms a covalent bond between the molecule of dye and that of
he fiber. Thus the dyestuff becomes a part of the fiber and is much
ess likely to be removed by washing than are dyestuffs that adhere
y adsorption. The most important characteristic of reactive dyes is
he formation of covalent bonds with the substrate to be colored.
hus the dye forms a chemical bond with cellulose, which is the

ain component of cotton fibers.
Khattri and Singh [12] also noted that the adsorption capacity

f Neem sawdust was highly concentration dependent. Chemical
retreatment of sawdust has been shown to improve the sorp-
ion capacity and to enhance the efficiency of sawdust adsorption
s Materials 167 (2009) 1–9

[76–78]. Another waste product from the timber industry is bark,
a polyphenol-rich material. Because of its low cost and high avail-
ability, bark is very attractive as an adsorbent. Like sawdust, the
cost of forest wastes is only associated with the transport cost
from the storage place to the site where they will be utilized [79].
Bark is an effective adsorbent because of its high tannin content
[80]. The polyhydroxy polyphenol groups of tannin are thought
to be the active species in the adsorption process. Morais et al.
[80] studied adsorption of Remazol BB onto eucalyptus bark from
Eucalyptus globulus. Tree fern, an agricultural by-product, has been
recently investigated to remove pollutants from aqueous solutions
[81]. Other agricultural solid wastes from cheap and readily avail-
able resources such as cotton stalks [82], palm tree [82], wood pulp
[83], bagasse [84], date pits [57], corncob [85], barley husk [85],
wheat straw [86], wood chips [87] and orange peel [88] have also
been successfully employed for the removal of dyes from aqueous
solution.

The wheat husk has been activated and used as an adsorbent
for the adsorption of Reactofix golden yellow 3 RFN from aqueous
solution. The equibrium adsorption level was determined to be a
function of the solution pH, adsorbent dosage, dye concentration
and contact time. The equilibrium adsorption capacities of wheat
husk and charcoal for dye removal were obtained using Freundlich
and Langmuir isotherms [89].

5. Dye removal using commercial activated carbons

Adsorption methods employing solid sorbents are widely used
to remove certain classes of chemical pollutants from wastewater.
However, amongst all the sorbent materials proposed, activated
carbon is the most popular for the removal of pollutants from
wastewater. In particular, the effectiveness of adsorption on com-
mercial activated carbons for removal of a wide variety of dyes from
wastewaters has made it an ideal alternative to other expensive
treatment options [90].

Commercially available activated carbons are usually derived
from natural materials such as wood, coconut shell, lignite or coal,
but almost any carbonaceous material may be used as precursor for
the preparation of carbon adsorbents [91]. Because of its availabil-
ity and cheapness, coal is the most commonly used precursor for
activated carbon production [92]. The sorption properties of each
individual coal are determined by the nature of the original vege-
tation and the extent of the physical–chemical changes occurring
after deposition [93]. Coal based adsorbents were used by Mohan
et al. [94] for dye removal. However, since coal is not a pure mate-
rial, it has a variety of surface properties and thus different sorption
properties.

5.1. Availability of activated carbons from agricultural wastes

Agricultural and forestry by-products may also offer an inexpen-
sive and renewable additional source of activated carbons. These
waste materials have little or no economic value and often present
a disposal problem. Therefore, there is a need to valorize these low-
cost by-products. Thus, conversion of waste materials into activated
carbons would add considerable economic value, help reduce the
cost of waste disposal and most importantly provide a potentially
inexpensive alternative to the existing commercial activated car-
bons. Activated carbon was prepared from dried municipal sewage
sludge and batch mode adsorption experiments were conducted to

study its potential to remove composite reactive dye from dyeing
unit effluent [95].

A wide variety of carbons have been prepared from agricultural
such as bagasse [96], coir pith [97], banana pith [98], date pits [57],
sago waste [98], silk cotton hull [98], corncob [93], maize cob [98],
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Table 2
Cm [(mol/L) × 105] values for various dyes on treatment with different agricultural
adsorbents.

Adsorbent Acid blue 15 Acid red 119 Acid violet 17 Acid violet 49

Bagasse charcoal 0.159 0.194 5.027 –
Ground shells charcoal 9.500 13.200 13.300 8.400
Pea shells charcoal 0.810 5.830 1.590 4.140
Tea leaves charcoal 6.736 10.990 4.873 3.084
Wheat straw charcoal – 10.818 4.271 3.703

Table 3
B (mol−1) values for various dyes on treatment with different agricultural adsorbents.

Adsorbent Acid blue 15 Acid red 119 Acid violet 17 Acid violet 49

Bagasse charcoal 16685 8607 40143 –

Tables 4 and 5 give the k and (1/n) values in Freundlich equation
[114].

The effects of experimental parameters, such as initial dye
concentration, contact time, sorbent dosage, initial pH, tem-
perature are the most effective parameters on adsorption of

Table 4
(1/n) values for various dyes on treatment with different agricultural adsorbents.

Adsorbent Acid blue 15 Acid red 119 Acid violet 17 Acid violet 49
A. Demirbas / Journal of Haz

alm kernel shell [99], rice husk [100], bagasse [101], fruit stones
102], nutshells [102], pinewood [103], sawdust [104], coconut tree
awdust [98], coir pith [105] and soy hull [106] were used for dye
emoval from aqueous solution.

.2. Dye removal using activated carbons from agricultural wastes

The activated carbons prepared from agricultural by-products
ave been recently described. The ability of activated carbon and
ifferent low-cost by-products and waste material as sorbents to
emove various reactive dyes from aqueous solutions and wastew-
ters was investigated [16,28,58,107].

Juang et al. [93] reported that the adsorption capacities of
ctivated carbons made from bagasse had very large values of
dsorption capacity of dye onto carbon. A suitable carbon should
ossess not only a porous texture, but also high surface area.
ecently, Guo et al. [108] showed that the adsorption does not
lways increase with surface area. Besides the physical structure,
he adsorption capacity of a given carbon is strongly influenced by
he chemical nature of the surface. The acid and base character of a
arbon influences the nature of the dye isotherms. The adsorption
s a complicated process depending on several interactions such as
lectrostatic and non-electrostatic interactions.

The commercial activated carbon presents several disadvan-
ages [91]. It is quite expensive, the higher the quality, the greater
he cost, non-selective and ineffective against disperse and vat dyes.
he regeneration of saturated carbon is also expensive, not straight-
orward, and results in loss of the adsorbent. The use of carbons
ased on relatively expensive starting materials is also unjustified
or most pollution control applications [109].

The adsorption of dyes onto active carbon depend surface charge
n the carbon in the presence water. Activated carbons demonstrate
high capacity for both acid and basic dyes [1]. The effects of various
xperimental parameters of dye adsorption are initial pH, dye con-
entration, sorbent dosage, ion strength, and residence time. The
nexpensive and readily available adsorbent provides an attractive
lternative material for adsorption process.

Mahogany sawdust was used to develop an effective carbon
dsorbent. This adsorbent was employed for the removal of direct
yes from spent textile dyeing wastewater. The results indicate that
he Mahogany sawdust carbon could be employed as a low cost
lternative to commercial activated carbon in the removal of dyes
rom wastewater [110]. The sorption kinetics and equilibrium of
asic dye onto palm kernel shell activated carbon (PKSAC) were
tudied. These studies suggested that PKSAC could be used as low-
ost alternatives in wastewater treatment for dye removal [111].

. Dye adsorption kinetics

Isotherm adsorption models have been used in waste stream
reatment to predict the ability of a certain adsorbent to remove a
ye pollutant down to a specific discharge value. When a mass of
dsorbent and a waste stream are in contact for a sufficiently long
ime, equilibrium between the amount of dye adsorbed and the
mount remaining in solution will develop. For any system under
quilibrium conditions, the amount amount of dyes sorbed by the
dsorbent is generally calculated using the mass balance of Eq. (1):

X

W
= (Co − Ce)

V

W
(1)
here X/W (typically expressed as mg dye/g media) is the mass of
ye per mass of media, Co is the initial dye concentration in solution
nd Ce is the concentration of the dye in solution after equilibrium
as been reached. V (liter, L) is the initial volume of dye solution
nd W (g) is the weight of the adsorbent material.
Ground shells charcoal 2814 2414 991 1986
Pea shells charcoal 18643 1243 9570 3362
Tea leaves charcoal 1009 2975 80258 11894
Wheat straw charcoal – 5303 38209 7165

Adsorption data for wide range of adsorbate concentrations are
most conveniently described by adsorption isotherms, such as the
Langmuir [112] or Freundlich [113] isotherms.

The Langmuir and Freundlich isotherm models are only appli-
cable to batch adsorber systems where sufficient time is provided
to allow equilibrium between the dye pollutant in solution and the
dye adsorbed on the media to occur. During the flow through the
adsorbent, many of the pollutants are expected to come into con-
tact with active surface sites and thus be retained on the surface of
the adsorbing media.

With the data for Freundlich and Langmuir equations were
employed to study the sorption isotherms of dyes. The Langmuir
equation is shown as follows:

Ce

X
= Ce

Cm
+ 1

bCm
(2)

where Ce (mg/L) is the concentration of the dye solution at equilib-
rium and X (mg/g) is the mass of dye adsorbed (X) per gram (M) of
adsorbent. Cm is the mass of dye that 1 g of adsorbent can adsorb
when the monolayer is complete and b is the isotherm constant for
particular adsorbate adsorbent combination. The Cm and b values
were calculated from the slopes (1/Cm) and intercepts (1/bCm) of
linear plots of Ce/X.

The Freundlich equation was linearized as follows:

log
X

M
= log k + 1

n
log Ce (3)

where x/m is the amount of acid dye adsorbed (X) per unit weight
(M) of adsorbent, Ce is the equilibrium concentration and k and n
are the empirical constants and their values were obtained from the
intercept (log k) and slopes (1/n) of linear plots of log(X/M) versus
log Ce.

Tables 2 and 3 give the Cm and b values in Langmuir equation.
Bagasse charcoal 1.46 5.13 1.16 6.56
Ground shells charcoal 2.21 1.67 1.55 1.71
Pea shells charcoal 3.83 1.45 3.03 1.34
Tea leaves charcoal 1.47 1.89 2.05 5.03
Wheat straw charcoal 2.53 2.53 - 3.56
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Table 5
k values for various dyes on treatment with different agricultural adsorbents.

Adsorbent Acid blue 15 Acid red 119 Acid violet 17 Acid
violet 49

Bagasse charcoal 0.79 0.05 0.007 0.009
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The adsorption capacity for the adsorbent was increased from 10.84
to 39.98 mg/g as the DB-86 concentration increased from 25 to
125 mg/L [16].

At lower concentration, the ratio of the initial number of dye
molecules to the available surface area is low, subsequently, the
round shells charcoal 0.13 0.45 0.45 0.26
ea shells charcoal 0.06 6.85 0.13 7.62
ea leaves charcoal 0.76 0.25 0.005 0.08

heat straw charcoal 0.50 0.11 0.001 0.02

yes [30,114–119]. Equilibrium sorption isotherms and kinet-
cs of methylene blue adsorption on non-conventional and
ow-cost adsorbents were extensively investigated by different
esearchers [16,17,29,50,60,63,66,72,119]. The experimental data
ere analyzed by the Langmuir, Freundlich and Temkin mod-

ls of adsorption. The adsorption isotherm data were fitted
ell to the Langmuir isotherm. The kinetic data obtained at
ifferent initial concentrations were analyzed using pseudo-first-
rder, pseudo-second-order and intraparticle diffusion equations
17,115–119]. Langmuir, Freundlich, Redlich–Peterson, Temkin and
ubinin–Radushkevich isotherm models were also used to illus-

rate the experimental isotherms and isotherms constants [59,120].

.1. Effect of temperature

Some structural changes in the dyes and the adsorbent occur
uring the adsorption. The adsorption capacity of the activated car-
on increases with the increase in experimental temperature from
03 K to 333 K [8]. The adsorption capacity of adsorbent depends on
he thermodynamic parameters, such as �G◦, �H◦ and �S◦ [121].
he values �H◦ and �S◦ are obtained from the slope and inter-
ept of Van’t Hoff plots. The values are the range of 1 and 93 kJ/mol
ndicating the favorability of physisorption. The positive values of

H◦ show the endothermic nature of adsorption and the possibil-
ty of physical adsorption. In the case of physical adsorption, while
ncreasing the temperature of the system, the extent of dye adsorp-
ion increases, this rules out the possibility of chemisorptions. The
egative values of �G◦ show that the adsorption is highly favorable

or Congo red. The positive values of �S◦ show increased disorder
nd randomness at the solid solution interface of the adsorbent [8].
he effect of temperature on the methylene blue removal on saw-
ust was investigated [50]. The methylene blue removal ratio on
he sawdust decreased along with increasing experimental tem-
erature.

.2. Effect of contact time and initial dye concentration

The efficiency of dye removal was increased as the contact time
ncreased and lowers initial dye concentration [30]. Optimal equi-
ibrium time of various dyes with different charcoal adsorbents
rom agricultural residues (bagasse, groundnut shells, pea shells,
ea leaves and wheat straw) is between 4 and 5 h [114]. In general,
dsorption of dyes increased with increasing of sorbent dosage. For
cidic dyes the ratios of dyes sorbed had approached maximum
alues when sorbent dose of 5 (g/L) was used [114].

The relation between removal of direct blue 86 (DB-86) and con-
act time were studied to see the rate of dye removal. The results
f percentage removal of DB-86 at pH 2.0 with increasing of con-
act time using activated carbon from orange peel (COP) are given
n Fig. 2 [16]. It was found that more than 64% removal of DB-86
oncentration occurred in the first 5 min, and thereafter the rate of

dsorption of the DB-86 onto COP was found to be slow.

The experimental results of adsorptions of Congo red (CR), Mala-
hite green (MG) and Rhodamine B (RDB) on the activated carbon
t various initial concentrations (5, 10, 15, 20, 25 and 30 mg/L)
ith contact time are shown in Fig. 3 [8]. The percent adsorption
Fig. 2. Effect of contact time on the removal of different initial concentrations of
DB-86 using activated carbon from orange peel (COP) (6 g/L) at pH 2.0. Source: Ref.
[16].

decreases with the increase in initial dye concentration, but the
actual amount of dye adsorbed per unit mass of carbon increased
with increase in dyes concentration. It means that the adsorption
is highly dependent on the initial concentration of dyes [8].

The effect of initial concentration of DB-86 in the solution on
the capacity of adsorption onto the adsorbent was also studied and
shown in Fig. 2 [16]. The experiments were carried out at fixed
adsorbent dose (0.6 g/100 mL) in the test solution, at ambient tem-
perature (298 ± 2 K), pH 2 and at different initial concentrations of
DB-86 (25, 50, 75, 100 and 125 mg/L) for different time intervals (5,
10, 20, 30, 45, 60, 90, 120, 150 and 180 min). As seen from Fig. 2,
the percentage of adsorption efficiency of the adsorbent decreased
with the increasing of initial DB-86 concentration in the solution.
Fig. 3. Effect of contact time on the adsorption with the initial concentration of
20 mg/L. Source: Ref. [8].
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ig. 4. Effect of system pH on adsorption of direct blue 86 (100 mg/L) onto activated
arbon from orange peel (6 g L−1) at room temperature (298 ± 2 K), agitation speed
00 rpm for the minimum contact time required to reach the equilibrium (180 min).
ource: Ref. [16].

ractional adsorption become independent on the initial concen-
ration [8]. In the process of dye adsorption initially dye molecules
ave to first encounter the boundary layer effect and then it has to
iffuse from boundary layer film onto adsorbent surface and then
nally, it has to diffuse into the porous structure of the adsorbent
16].

.3. Effect of pH on dye uptake

The initial pH of solution can significantly influence adsorption
f dyes. Maximum adsorptions of acidic dyes were obtained from
he solutions with pH 8–10 [114].

Fig. 4 shows the variations in the removal of dye from wastewa-

er at various system pH. From Fig. 4, it is evident that the maximum
emoval of direct blue 86 (DB-86) color is observed at pH 2 [16].
imilar trend of pH effect was observed for the adsorption of Direct
ed 28 and Acid Violet on activated carbon prepared from coir
ith [122,123], as well as for the adsorption of direct blue 2B and

ig. 5. Effect of pH on the removal of dyes (CR: Congo red, MG: Malachite green;
DB: Rhodamine B). Source: Ref. [8].
s Materials 167 (2009) 1–9 7

Direct Green Bon activated carbon prepared from Mahogany saw-
dust [124]. Fig. 5 shows the variations in the removal of dye from
solutions at different pH [8]. From Fig. 5, there is a change in the per-
cent removal of dyes over the entire pH range of 3–9. This indicates
the strong force of interaction between the dyes and the activated
carbon that, either H+ or OH− ions could influence the adsorption
capacity. Here the interaction is larger at pH 6 due to the compe-
tence of acidic H+ ion with dye cation for the sorption sites [8].

7. Conclusion

Recently, various low-cost adsorbents derived from agricultural
wastes have been investigated intensively for dyes removal from
contaminated wastewater. Locally available agricultural wastes are
easily converted their charcoals which can be used as activated
carbons. Removal of dye contaminants from wastewaters using
agricultural based activated using agricultural based activated car-
bons has been investigated in this work. Sorption is an effective
process for decolorization of textile wastewaters.

Initial dye concentration, contact time, sorbent dosage and pH
are the most effective parameters on adsorption of dyes. The effects
of these parameters on the adsorption of dyes can be examined by
optimal experimental conditions. The isothermal data of adsorption
followed both Langmuir and Freundlich models. The data maybe
useful for designing and fabrication of an economically cheap treat-
ment process using batch or stirred tank flow reactors for the
removal of methyl red from diluted industrial effluent.
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