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A B S T R AC T

The adsorption of a reactive dye, Ariazol Scarlet 2G (AS2G) (C.I.: Reactive Red 234), onto compost, 
from aqueous solutions, was studied in a batch system. The effects of initial dye concentration, 
initial pH and sorbent mass have been studied. Four two-parameter isotherm models–Langmuir, 
Freundlich, Temkin and Harkins Jura – were used to fi t the experimental data using a nonlinear 
trial-and-error method. The best fi t of the adsorption isotherm data was obtained using the 
Langmuir model (X2 = 1.97E−03). A comparison of kinetic models applied to the adsorption of 
AS2G on compost was evaluated using the pseudo-second order, Elovich and Lagergren fi rst-
order kinetic models. Results showed that the pseudo-second order kinetic model was found 
to agree well with the experimental data. An intra-particle diffusion model analysis showed 
multi-linearity with two steps and a non-zero intercept which indicated the intra-particle diffu-
sion model is not a dominant rate controlling mechanism in the sorption of AS2G by compost.
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1. Introduction

Improper treatment and disposal of dye-contami-
nated wastewaters from textile, dyeing, printing, ink 
and related industries have provoked serious environ-
mental concerns all over the world [1]. Different types 
of dyes are currently manufactured and the largest con-
sumers of these dyes are the textile industries [2], paper 
and pulp industries [3], pharmaceutical industries [4], 
tannery [5], and Kraft bleaching [6] industries. Dyes, as 
they are intensively colored, cause special problems in 
effl uent discharges, their effects are aesthetically more 
displeasing rather than hazardous, and can prevent 
sunlight penetration thus decreasing photosynthetic 

activity in aquatic environments. Furthermore, some 
azo dyes that cause the effl uent color have been impli-
cated as being mutagenic/carcinogenic as well as toxic 
to aquatic life [7,8]. Dye concentrations may be well 
below 1 ppm, i.e., lower than many other chemicals 
found in wastewaters, but are still visible even at such 
low concentrations [9]. Hence, the removal of dyes from 
such wastewaters is the major environmental concern of 
much research papers.

Among many structural varieties of dyes that fall 
into either the cationic, non-ionic, or anionic type, 
anionic dyes are the direct, acid and reactive dyes [10]. 
Brightly colored water-soluble reactive and acid dyes 
are the most problematic, as they tend to pass through 
conventional treatment systems unaffected with relative 
ease [11]. The color fastness, stability and the resistance 
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of dyes to degradation have made color removal from 
industrial wastewaters diffi cult. They are not readily 
degraded under the aerobic conditions prevailing in 
biological treatment plants [12] and therefore effl uents, 
in most cases are colored upon leaving the plant.

In general, there are four main methods of reducing 
color in textile effl uent streams: physical methods, chem-
ical methods, biological methods and emerging tech-
nologies [13]. Among the physico-chemical processes, 
adsorption technology is considered to be one of the 
most effective and proven technologies having potential 
application in both water and wastewater treatment [14]. 
Activated carbon is the most commonly used sorbent of 
organics removal by adsorption [15]. Although commer-
cial activated carbon is the preferred sorbent for color 
removal, its widespread use is restricted due to high cost. 
As such, alternative non-conventional sorbents have 
been investigated. It is well known that natural materi-
als such as soil, waste materials from industry and agri-
culture and biosorbents can be obtained and employed 
as inexpensive sorbents [16]. Sorption of polycyclic 
aromatic compounds to colloid dispersions of humic 
substances [17], adsorption of herbicides [18–20] and 
pesticides [21–23] in soils are some interesting examples.

Many investigations have studied the feasibility of 
using inexpensive alternative materials like date pit 
[24], mansonia wood sawdust [25], bamboo carbon [26], 
hydrolyzed oak sawdust [27], eucalyptus bark [28] and 
pine-cone [29,30] as carbonaceous precursors for the dye 
removal. Compost is a porous, solid matrix that is capable 
of adsorbing various organic and inorganic compounds 
[31], and appears to be a feasible alternative to activated 
carbon. The objectives of the present study were to assess 
the ability of compost to remove a reactive dye, Reac-
tive Red 234(AS2G) from aqueous solution and to eval-
uate adsorption kinetic models. In one study Tsui et al. 
[32] reported the capacities of a compost for the sorption 
of several acidic, basic, direct and reactive dyes. They 
reported compost has relatively low sorption capacity for 
the removal of reactive dyes in comparison with acidic 
and basic dyes. Our study for the sorption of another 
reactive dye, Reactive Red 234, shows the compost has 
considerably more effectiveness for this reactive dye.

This study is the fi rst kinetic study on the use of 
compost to treat of dye-contaminated water with the 
regards to the study of several isotherm models (Lang-
muir, Freundlich, Temkin and Harkins-Jura) and several 
kinetic models (pseudo-second order, fi rst-order and 
Elovich) and intra-particle diffusion model. The factors 
studied include the infl uence of initial dye concentration, 
initial solution pH, and mass of sorbent on the sorption 
kinetics. Pearson’s chi-square statistic was used to evalu-
ate the goodness-of-fi t of isotherm and kinetic models to 
experimental data. Residual mean square error (RMSE) 

was also used as a measure of the differences between 
model predicted values and the values actually observed 
from the experimental data. The isotherm and kinetic 
models parameters were determined by the nonlinear, 
trial-and-error method using OriginPro 8 SR1 Software.

2. Materials and methods

2.1. Adsorbent and dye

The cheap and widely available sorbent used in this 
study is compost, obtained from Kermanshah munici-
pal solid waste recovery and composting company in 
the west of Iran. The compost was derived from the 
thermophilic processing of organic municipal solid 
wastes. The compost passed through an 8 mesh sieve 
and the residuals on 30 mesh sieve were used as sorbent 
in this study. The chemical characteristics of the com-
post are shown in Table 1. The N2-BET surface area of 
compost is approximately 3 m2/g [33]; such low surface 
area measurements are subject to some inaccuracy. One 
reactive dye, Ariazol Scarlet 2G (C.I.: Reactive Red 234), 
was used in this study. This reactive dye is based on the 
vinyl sulphonyl reactive system. AS2G was bought from 
Alvansabet Co. in Hamadan.

Based on the Boehm titration [34] results, the equiva-
lent numbers of each basic and acidic groups based on 
the solution neutralization were calculated. As shown in 
Table 2, small concentrations of basic groups and consid-
erable concentrations of acidic groups are present on the 
surface of compost. If the acidic groups are divided into 
three individual groups, large concentrations of pheno-
lic groups are found on the surface of compost sorbent. 
Compared to phenolic and lactonic groups, carboxylic 
groups are less abundant on compost surface.

2.2. Batch equilibrium method and dye concentration 
measurement

Adsorption processes were studied in 100 ml Erlen-
meyer fl asks inside an incubator container (Model TS 

Table 1
Chemical composition of the compost sorbent

Parameter Level Parameter Level (mg g−1)

N 1.43% Fe 12.6
P 0.53% Mn 0.40
K 1.60% Zn 0.38
Organic C 16.31% Cu 0.85
pH (1:2.5)a 8.5 Pb 0.42
Ec × 10−3 (1:2.5)a 18 Cd 0
aMass of compost (g): volume of dionized water (ml).
Source: Kermanshah municipal solid waste recovery and 
composting company in the west of Iran.
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606/2-i). The contents of all Erlenmeyer fl asks were 
mixed thoroughly using magnetic stirrers with a fi xed 
setting to achieve a constant speed; the reproducibility 
of the agitation was confi rmed by checking duplicate 
samples. The variables studied were initial dye concen-
tration, initial pH solution and adsorbent mass. The bal-
ance used was a Sartorius ED124S and the pipettes were 
Precicolour HGB Germany.

To measure dye concentrations in all experiments, 
2 ml samples were taken at irregular intervals and at the 
equilibrium time for doing kinetic and equilibrium stud-
ies, respectively. After the agitation was stopped most, 
but not all, of the suspended adsorbent material settled. 
Consequently, a 2 ml sample was taken for fi nal clarifi ca-
tion. A volume of 2 ml distilled water was added to each 
sample and all samples were centrifuged at 3800 rpm 
(Model – 301 Sigma) for 30 min. It should be noticed that 
the adsorption time was not included in length of cen-
trifugation time in this study. A range of centrifugation 
times were tested to remove small amounts of residual 
solids and it was found that optical density measurement 
values only changed a small amount on average about 
5%. Then the dye concentrations in the samples were 
measured spectrophotometrically at the wavelength 
corresponding to the maximum absorption wavelength 
(λmax), 505 nm, using a UV-1700 Pharmaspec Shimadzo 
spectrophotometer. The amount of dye adsorbed onto the 
compost sorbent, qe (mg g−1) was calculated as follows:

( )0 e
e

C C V
q

W
−

=  (1)

where C0 (mg l−1) and Ce (mg l−1) are the initial and equi-
librium concentrations of dye, respectively. qe (mg g−1) 
is the amount of dye sorbed, W (g) the mass of the com-
post sorbent and V (l) is the volume of the liquid phase. 
The residual centrifuged sample was found to contain 
a very small yellow discharge from the compost which 
did not interfere with the dye adsorption band.

2.3. Effects of initial dye concentration

The effect of initial dye concentration on the sorp-
tion was studied in three Erlenmeyer fl asks at a fi xed 
temperature, 20.3°C, and initial pH 7.5 ± 0.2. A 2 g sample 

of compost with 30 mesh size was added to each 100 ml 
volume of AS2G dye solution. The initial concentrations 
of dye solutions were 202.3, 150 and 97.3 mg l−1.

2.4. Effects of compost mass

Various amounts of compost sorbent of 0.5, 2 and 
4 g were added to each 100 ml dye solution (100 mg l−1) 
at pH 7.4 ± 0.3. The fl asks were sealed and the contents 
stirred for 45 h at 20.3°C.

2.5. Effect of initial solution pH

The initial pH of the solution is an important factor 
which must be considered during sorption studies. A 4 g 
mass of compost was added to each 100 ml fl ask of dye 
solution (98.13 mg l−1) at 20.3°C. The experiments were 
carried out at pH 2.3, 5, 7 and 9.5 using H2SO4 (0.1 M) 
and NaOH (0.1 M) for pH adjustment. A 100 ml micro-
pipette (Model Transferpette) and a digital pH meter 
(Model Sartorius Professional Meter PP-50) were used 
for pH adjustment.

2.6. Chi-square and residual error analysis

To evaluate the fi t of kinetic and isotherm equations 
to the experimental data, the residual root mean square 
error (RMSE) analysis was used to measure the kinetic 
and isotherm constants. RMSE can be defi ned as:

( )
2
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1

1
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2

N
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The chi-square test [35] is given as
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If data from the model are similar to the experimen-
tal data, X2 will be a small number; if they are different, 
X2 will be a large number.

The subscripts “exp” and “calc” show the experi-
mental and calculated values and N is the number of 
observations in the experimental data; the smaller the 
RMSE value, the better the curve fi tting.

3. Results and discussion

3.1. Equilibrium modeling

Equilibrium data are employed for represent-
ing the equilibrium states of an adsorption system. 
These data can give useful information regarding the 
adsorbate, the adsorbent, and the adsorption process. 

Table 2
Surface functional groups of compost

Group Value (eq g−1)

All basic groups 2.16 × 10−3

All acidic groups 4.58 × 10−3

Carboxylic 0.83 × 10−5

Lactonic 1.75 × 10−3

Phenolic 2.75 × 10−3
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 Four adsorption isotherm models, Langmuir [36], Freun-
dlich [37], Temkin [38] and Harkins-Jura [39] were used 
to describe the equilibrium between adsorbed dye on the 
adsorbent and dye in solution at constant temperature.

The Langmuir equation, which is valid for mono-
layer sorption onto a surface with a fi nite number of 
identical sites, is given by Eq. (4):

=
+1

e
e

e

abC
q

bC  (4)

where Ce (mg l−1) is the equilibrium concentration of 
dye in solution, a (mg g l−1) is the maximum amount of 
adsorbed dye per unit mass of compost sorbent corre-
sponding to complete coverage of the adsorptive sites, 
qe (mg l−1) refer to the amount of dye adsorbed at equi-
librium time and b (l mg−1) is the Langmuir constant 
related to the energy of adsorption.

The essential characteristics of the Langmuir iso-
therm can be expressed in terms of the dimensionless con-
stant separation factor or equilibrium parameter, RL [40] 
which is defi ned by Eq. (5):

=
+ 0

1
1LR

bC
 (5)

where b is the Langmuir constant and C0 (mg l−1) is the 
initial concentration of the sorbate in solution. The val-
ues of RL indicates the type of isotherm to be irreversible 
(RL = 0), favorable (0 < RL < 1), linear (RL = 1) or unfavor-
able (RL > 1).

The empirical Freundlich equation based on sorp-
tion onto a heterogeneous surface is given by Eq. (6):

=
1

n
e f eq k C  (6)

where Ce (mg l−1) is the equilibrium concentration and 
qe (mg g−1) is the amount adsorbed dye per unit mass of 
the adsorbent. The constant n is the Freundlich equation 
constant that represents the parameter characterizing 

quasi-Gaussian energetic heterogeneity of the adsorp-
tion surface [41]. The Freundlich constant, n, gives an 
indication on the favorability of adsorption. It is gener-
ally stated that values of n in the range of 2–10 repre-
sent good, 1–2 moderately diffi cult, and less than 1 poor 
adsorption characteristics [42].

Various amounts of compost sorbent of 0.5, 1, 2, 3, 
4, 5, 6 and 7 g were added to each 100 ml dye solution 
(37.0 mg l−1) at pH 7.5. The fl asks were sealed and the 
contents stirred for 3 d at 20.3°C. The adsorption iso-
therms and constant parameters of the isotherm equa-
tions were calculated by the nonlinear trial-and-error 
method [43]. Fig. 1 shows the theoretical and experi-
mental adsorption data and the values of the isotherm 
parameters and related Chi-square values are shown in 
Table 3. As shown, the Freundlich and Langmuir iso-
therms were generally a satisfactory fi t to the experi-
mental data as indicated by coeffi cient of determination 
(R2) and Chi-square statistic. However, the Langmuir 
isotherm shows a better fi t to adsorption data than the 
Freundlich isotherm. The fact that the Langmuir iso-
therm fi ts the experimental data well may be due to 
homogeneous distribution of active sites on the compost 

Fig. 1. Theoretical isotherms and experimental data.

Table 3
Two-parameter isotherms constants

Model Parameter symbol Parameter value Standard error R2 X2 RMSE

Temkin bT 16.90 1551 0.991 3.70E−03 1.45E−02
KT 1.867 0.610

Harkins-Jura B 4.915 0.286 0.981 4.79E−01 1.42E−01
AH 0.503 0.081

Freundlich KF 0.226 0.022 0.988 5.28E−03 1.72E−02
n 3.615 0.410

Langmuir a 0.718 0.020 0.995 1.97E−03 1.06E−02
 b 0.139 0.014    
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 surface; since the Langmuir equation assumes that the 
adsorbent surface is energetically homogeneous [36]. 
The parameters a and b for the Langmuir model were 
obtained 0.718 mg g−1 and 0.139 l mg−1, respectively.

It is apparent that the value of the Freundlich con-
stant, n, obtained indicates favourable adsorption charac-
teristics, as it is equal to 3.61, and although the capacity is 
quite low. Moreover, RL values indicate favorable adsorp-
tion of AS2G onto compost particles as it is decreased 
from 0.069 to 0.034 with an increase in concentration from 
97.3 to 202.3 mg l−1 and lies between 0 and 1 at all concen-
trations tested (Table 4).

The derivation of the Temkin isotherm [38] assumes 
that the fall in the heat of sorption is linear rather than 
logarithmic, as implied in the Freundlich equation [44]. 
The Temkin isotherm has generally been applied in the 
following form [45]:

( )lne T e
RT

q K C
Q

=
Δ

 (7)

where, T (K) is the absolute temperature, R is the univer-
sal gas constant (8.314 kJ kmol−1 K−1), KT is the equilib-
rium binding constant (l mg−1), and ΔQ is the variation 
of adsorption energy (kJ mol−1). These parameters were 
calculated by nonlinear regression fi tting. The variation 
of adsorption energy, ΔQ = (−DH), is positive for AS2G 
dye and is 16.9 kJ mol−1. This indicates the adsorption 
reaction is exothermic [46]. The theoretical isotherm 
curve is compared with the corresponding experimen-
tal data in Fig. 1 and the obtained error function values 
are presented in Table 3. The experimental equilibrium 
curve is relatively close to that predicted by the Temkin 
model. Consequently, the Temkin isotherm can describe 
the adsorption isotherms of AS2G onto compost accept-
ably. X2 and RMSE values for the Langmuir and the Tem-
kin models were obtained 0.002, 0.011 and 0.004, 0.015, 
respectively. The comparison of the error functions X2 
and RMSE show that the Langmuir model describes the 
experimental data better than Temkin model.

The Harkins-Jura [39] adsorption isotherm can be 
expressed as:

1
2

log
H

e
e

A
q

B C

⎛ ⎞
= ⎜ ⎟−⎝ ⎠

 (8)

where AH and B are the isotherm parameter and the 
constant, respectively. The isotherm equation accounts 
for multilayer adsorption and can be explained by the 
existence of a heterogeneous pore distribution. The 
theoretical and experimental isotherm data according 
to the Harkins-Jura [39] isotherm model for the sorp-
tion of AS2G dye onto compost are shown in Fig. 1. 
According to the obtained error functions in Table 3, this 
model shows the poorest agreement with experimental 
data and this result indicates adsorption of dye onto the 
compost cannot be described well the assumptions of 
the Harkins-Jura model.

In paper by Tsui et al. [32] some values for the 
adsorption of reactive dyes on compost are presented. 
The highest adsorption value for Reactive Red 2 dye 
reported by using the experimental data as equal to anti-
log 0.5, which is about 0.003 mg g−1 (Fig. 3b of Ref. [24]). 
The maximum point adsorption capacities for other 
dyes on compost in Fig. 3b of Tsui et al. [32] are about 
0.080, 0.014, 0.005 and 0.002 mg g−1 for Basic Blue 9, Acid 
Black 24, Acid Orange 74 and Direct Orange 39 dyes, 
respectively. These values are signifi cantly lower than 
the data for the Reactive Red 234 dye obtained in the 
present study which is 0.718 mg g−1. More work needs to 
be done to explain why this is the case.

3.2. Kinetic studies

For evaluating the adsorption kinetics of AS2G dye, 
pseudo-second order [46], fi rst-order [48] and Elovich 
[49] kinetic models were used. The conformity between 
experimental data and the model-predicted values was 
expressed by the nonlinear Chi-square statistic.

3.2.1. Kinetic models

3.2.1.1. The pseudo-second order model. The pseudo-second 
order rate equation is expressed as Eq. (9):

=
+

2
2

2 1
e

t
e

q k t
q

q k t
 (9)

where k2 is the rate constant of pseudo-second order 
model (g mg−1min−1).

The pseudo-second order kinetic model considers 
the rate-limiting step as the formation of a chemisorp-
tive bond involving sharing or exchange of electrons 
between the sorbate and the sorbent [50]. In contrast to 
the other kinetic models, it predicts the behavior over 
the whole range of studies supporting a pseudo-second 
order equation and is in agreement with chemisorption 
being the rate controlling step. An inverse relationship 
was observed in the values of the overall pseudo-
second order reaction rate (k2) and initial dye concentra-
tion based on Table 5 data. This was consistent with the 

Table 4
Parameters of the langmuir isotherm

C0 (mg l−1) a (mg g−1) b (l mg−1) RL

97.3 0.718 0.138 0.069
150 0.718 0.138 0.046
202.3 0.718 0.138 0.034
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observations reported by Low et al. [51] for the biosorp-
tion of basic dyes by water hyacinth roots and Wara-
nusantigul et al. [52] for basic dye biosorption by giant 
duckweed (Spirodella Polyrrhiza).

An empirical correlation was made between pseudo-
second order overall rate parameters, k2 and the initial 
dye concentration [53,54]. A straight line logarithmic 
plot with a coeffi cient of determination of 0.769 was 
obtained between log k2 and log C0 can be expressed as:

Log k2 = −0.725log C0 + 2.362 (10)

The negative slope obtained in this relationship 
could be related to the inverse relationship in the values 
of the pseudo-second order rate constant and the initial 
dye concentration.

3.2.1.2. The Elovich model. The Elovich kinetic model is 
generally expressed as:

ln 1
lntq t

αβ= +
β β

 (11)

where α is the initial adsorption rate (mg g−1 min−1), β is the 
desorption constant (g mg−1) during any one experiment.

Table 5 shows the kinetic parameters and the values 
of Chi-square statistic for Elovich and fi rst order models. 
Chi-square statistic values for Elovich model can be com-
parable with pseudo-second order model. Comparison 
of Chi-square statistic for Elovich and pseudo-second 
order models show that the latter described the rate of 
dye sorption onto compost better than the Elovich model.

3.2.1.3. Lagergren fi rst-order model. The Lagergren fi rst-
order kinetic model is expressed as Eq. (10):

( )1exp lnt e eq q q k t= − −  (12)

where k1 (g mg−1 min−1) is the rate constant of the Lager-
gren fi rst-order model.

As can be seen from Table 5, the values of the Chi-
square statistic of the fi rst-order model cannot be com-
parable with other models. The pseudo-fi rst order 
equation of Lagergren did not fi t well over the range of 
contact times and did not describe well the rate of dye 
sorption onto the compost.

3.2.2. Effects of compost mass

Fig. 2 shows the adsorption of AS2G as a function of 
compost mass. It seems that with an increased mass of 
compost, more surface area is made available and there-
fore the amount of absorbed dye per unit surface area of 

Table 5
Kinetic parameters of dye uptake by compost

Experimental parameters Elovich model First-order model Pseudo-second model

m (g) pH C0 
(mg l−1)

qe 
(mg g−1)

β α X2 RMSE k1 X2 RMSE k2 X2 RMSE

0.5 7.4 100 0.69 7.7 0.75 4.14E−03 0.026 0.3 1.06E−02 0.042 0.543 3.81E−03 0.0251
2 7.4 100 0.49 8.9 0.28 1.68E−03 0.016 0.21 2.91E−03 0.022 0.433 8.95E−04 0.0122
4 7.4 100 0.39 10.6 0.18 9.95E−04 0.012 0.17 2.21E−03 0.019 0.408 7.41E−04 0.0111
2 7.5 97.3 0.38 45.1 17650 7.03E−04 0.01 1.3 2.09E−03 0.018 7.61 4.24E−04 0.0084
2 7.5 150 0.5 42.7 1.63 7.03E−04 0.01 1.52 1.69E−03 0.016 7.518 5.39E−05 0.0029
2 7.5 202.3 0.68 25.4 36240 1.48E−03 0.015 1.32 5.63E−03 0.03 4.302 5.32E−04 0.0094
4 2.3 98.1 1.45 6.8 118 1.23E−02 0.045 0.86 7.13E−02 0.109 0.937 9.57E−04 0.0451
4 4.7 98.1 0.77 13.1 72.2 4.69E−03 0.027 0.85 1.31E−02 0.046 1.779 9.57E−04 0.0126
4 7.1 98.1 0.44 25.8 146 1.61E−03 0.016 0.99 4.17E−03 0.026 3.757 6.16E−04 0.0101
4 9.2 98.1 0.35 25.5 10.7 2.27E−03 0.019 0.66 3.04E−03 0.022 3.087 7.06E−04 0.0108

Fig. 2. Kinetics of AS2G dye adsorption onto compost at vari-
ous sorbent masses (pH = 7.4 ± 0.3, Temperature = 20.3°C, 
Dye concentration = 100 mg l−1).
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 absorbent decreases [54]. The pseudo-second order kinetic 
model fi ts well to experimental data at various compost 
masses and showed a better degree of fi tness in compari-
son with the Elovich and the fi rst-order kinetic models.

Table 5 shows the pseudo-second order kinetic model 
parameters of AS2G sorption by compost at several exper-
imental conditions. It can be seen that the dye removal 
effi ciency increases from 3.5% to 16 % and the amount of 
adsorbed dye per unit of compost mass decreases from 0.7 
to 0.4 mg g−1 with the increase of compost sorbent mass 
from 0.5 to 4 g for a given initial dye concentration and pH.

3.2.3. Effects of initial dye concentration

As shown in Fig. 3, the amount of absorbed dye 
per unit mass of compost increased rapidly in the fi rst 
fi ve hours and slowly until equilibrium. In addition, 
equilibrium data in Table 5 reveals that, the percent of 
removal effi ciency decreased from 15.50% to 13.28 % 
with the increase of initial dye concentration from 97.3 to 
202.3 mg l−1. This may be due to the fact that increased bulk 
liquid phase dye concentration increases with increasing 
C0 and therefore increases the rate of chemisorption at the 
surface adsorption sites of the compost [55]. The pseudo-
second order kinetic model showed satisfactory fi ts with 
the experimental data with low Chi-square values (Table 
5). The equilibrium sorption capacity (qe) increased from 
0.377 to 0.672 mg g−1 with the increase of initial dye con-
centration from 97.3 to 202.3 mg l−1.

3.2.4. Effects of initial solution pH

The results showed that the adsorption capacity 
decreases signifi cantly with the increase in the pH. This 
trend can be explained by the fact that low acid pH range 

might correspond to the rate of dissociation of the AS2G 
dye with maximum ionization of the molecule which 
enhances the electrostatic attraction between anionic and 
cationic species of both sorbate and adsorbate [56]. More-
over, high pH ranges may be attributed to the increase 
of hydroxyl ions leading to formation of aqua complexes 
thereby retarding the dye sorption [57]. As seen from 
Fig. 4 the pseudo-second order kinetic model shows 
well fi ts with experimental data at various pH values. 
The values of the rate constant, the equilibrium capac-
ity, and the removal effi ciencies are shown in Table 5. 
Sorption capacity decreased from 1.453 to 0.349 mg g−1 
with the increase of initial pH from 2.3 to 9.2.

Based on the results obtained from the analysis of 
the sorption data with pseudo-second order kinetic 
model it can be suggested that the pseudo-second order 
kinetic model described the sorption of AS2G onto com-
post better than the other models tested.

3.2.5. Intra-particle diffusion study

In spite of the kinetic analyses demonstrating that 
the mechanism appears to follow pseudo-second order 
kinetics, it is still important to assess the contribution of 
intra-particle diffusion on the rate controlling process.

The most commonly used simplifi ed technique for 
identifying the mechanism involved in the adsorption 
process is by using an intra-particle diffusion model 
[58–60] as:

= 1/2
t dq k t  (13)

where kd (mg g−1 h−1/2) is the intra-particle diffusion 
rate parameter. If intra-particle diffusion occurs, then qt 
against t1/2 will be linear and the line will pass through 

Fig. 3. Kinetics of AS2G dye adsorption by compost sorbent 
at several initial dye concentrations (pH = 7.5 ± 0.2, Tempera-
ture = 20.3°C, Sorbent mass = 2g).

Fig. 4. Kinetics of AS2G dye adsorption by compost sorbent 
at several initial pH (Mass of sorbent = 4g, Temperature = 
20.3°C, Dye concentration = 98.13 mg l−1).
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the origin, if the intra-particle diffusion was the only rate 
limiting parameter controlling the process [59,60]. Other-
wise, some other mechanism is also involved [61]. Figs. 5 
and 6 illustrate intra-particle plots for AS2G sorption onto 
compost for different dye concentrations and initial pH 
values, respectively. The fi gures show two linear portions. 
Different linear sections have been attributed to diffusion 
control through different pore size ranges, for example, 
mesopores, micropores and mesopore–micropore tran-
sition. But there are serious problems interpreting the 
mechanism as pure intra-particle diffusion because: (i) the 
root time plots do not go through the origin and demon-
strate a signifi cant intercept, (ii) for a pure homogeneous 
pore distribution the slope of the linear plot should be 
reciprocal 0.5 [60], (iii) the time to reach equilibrium is too 

short for conventional intra-particle adsorption diffusion 
processes which are typically 10–30 d [61], (iv) agricultural 
wastes do not have a signifi cant porous structure therefore 
an intra-particle diffusion rate controlling process is most 
unlikely. Recent studies have identifi ed the importance 
between the pore size distribution and molecular size of 
the adsorbent and the diffusion time to reach equilibrium 
[62,63]. The values of the intercept give an idea about the 
thickness of the boundary layer, the greater the intercept 
the greater the boundary layer effect [64].

The data indicate that the intra-particle diffusion 
model is not a good representative model but because of 
the linearity of the plots it could be involved in part of the 
operative mechanism in the sorption of AS2G by compost.

4. Conclusion

The results of the present investigation showed 
that the mature, thermophilic compost has a relatively 
considerable capacity (0.718 mg g−1) for the removal of 
reactive dye, AS2G, from aqueous solution over a wide 
range of concentrations. The results showed that the 
adsorption equilibrium data fi tted well to the Langmuir 
and Temkin models. The value of the Chi-square statis-
tic for the Langmuir, Temkin, Freundlich and Harkins-
Jura isotherms were 1.97E−03, 3.70E−03, 5.28E−03 and 
4.79E−01, respectively. The high value Chi-square statis-
tic for the Harkins-Jura model shows this model could 
not described the experimental data well. The adsorp-
tion process was dependent on initial dye concentra-
tion, mass of sorbent and the pH. Intra-particle diffusion 
does not play a signifi cant role in the sorption of AS2G 
onto the compost in the present study. The pseudo-
second order kinetic model showed the best model fi ts 
with the experimental data with the lowest Chi-square 
values and is important in the sorption of AS2G onto the 
compost. The adsorption of dye was highly pH-depen-
dent and the results showed that the adsorption capac-
ity decreases signifi cantly with increase in the pH. The 
optimum pH for the dye removal was found to be 2.3.

Based on our study it is apparent that the adsorption 
capacity of compost for reactive dyes is low, even though 
our capacities were an order of magnitude greater than the 
previous work. The search for waste agricultural products 
as adsorbents is driven by their low cost which in the case 
of compost is effectively zero. But the mass required to 
remove a commercial quantity of reactive dye effl uent is 
very large and raises further issues of handling problems.
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Symbols

b — Langmuir constant (l mg−1)
a —  Maximum adsorption capacity in 

Langmuir model (mg g−1)
I —  Intercept of the intraparticle diffusion 

model (mg g−1)
C0 —  The initial concentration of the solute in 

the bulk solution (mg l−1)
Ce —  The equilibrium concentration of the 

solute in the bulk solution (mg l−1)
kd —  The intraparticle diffusion rate constant 

(mg g−1 min−1/2)
k1 —  Lagergren pseudo-fi rst-order rate 

constant (min−1)
k2 —  the pseudo-second-order rate constant 

(g mg−1 min−1)
KF —  Freundlich constant indicative of the 

relative sorption capacity of the sorbent 
(mg1−1/n l−1/n g−1)

n —  Freundlich constant indicative of the 
intensity of the sorption

KT —  The Temkin equilibrium binding constant 
(l mg−1)

bT —  The variation of adsorption energy in 
Temkin model (kJ mol−1)

AH — The Harkins-Jura isotherm parameter
B — The Harkins-Jura isotherm constant
α —  The initial adsorption rate of Elovich 

model (mg g−1min−1)
β —  Elovich model desorption constant (g mg−1)
qt —  The amount of solute sorbed at any time t 

(mg g−1)
qe —  The amount of solute sorbed per unit 

weight of sorbent at equilibrium (mg g−1)
qm —  The maximum sorption capacity (mg g−1)
R2 — coeffi cient of determination
X2 — The chi-square statistic
RMSE — Residual root mean square error
N —  Number of observations in the experi-

mental data
RL — Dimensionless separation factor of Hall
t — Time (min)
W — Sorbent mass (g)
V — Volume of dye solution (l)
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