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Kinetics study of the ability of compost material for removing Cu2+
from wastewater
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The objective of this study is to examine the ability of a
2+
compost material for removing Cu from aqueous
solutions with different parameters using continuous
fixed-bed column. Compost was characterized by using
Fourier transform infrared spectroscopy which revealed
that the metal binding is mainly contributed to the ionic
interaction of the metal cations with the carboxyl groups
in the hemic substances. Scanning electron microscope
images were utilized for morphological analysis of the
adsorbent and has revealed that the changes in compost
composition could be related to the mechanism of
metal binding. Energy dispersive X-ray spectroscopy was
used before and after the metal had loaded and gives a
2+
good evidence on compost adsorption of Cu and the
metals have its involvement in the interaction in the
2+
adsorption process. The influence of the initial Cu
concentration, flow rate, bed heights of the
column, and ion exchange have been studied in this
research. The adsorption kinetic models have revealed
2+
that the behaviour of the Cu adsorption is dependent on
rate of concentration, flow rate, and bed heights.

In recent decades, the annual global release of heavy
metal reached 22,000 tons (metric tons) for cadmium,
939,000 tons for copper, 783,000 tons for lead and
1,350,000 tons for zinc (Singh et al., 2003). Consequently,
it became very important to remove such contaminants
from industrial wastewater before they are discharged
into the environment. While a number of researchers
have attempted to resolve this problem through the
use of different technologies, an efficient and cost
effective approach for heavy metal removal is still remains
a big challenge. Adsorption has been recognized as an
effective process in most of the industrial water and
wastewater treatment. Moreover, adsorption methods
using the fixed bed system has shown a trend for removal
of heavy metal and simple in construction. It can be
conducted in single or in series columns at same time.
In addition, the operation is preferred when dealing with
a large volume of wastewater as the process is conducted
continuously and is controllable. This, in turn, the
application is more practical and economical for
an industrial scale operation. In an effort to develop a
useful, easy to use, eco-friendly and low-cost application,
the study conducted attempted the removal of
heavy metal by compost material. Compost has
several benefits, such as improving soil fertility,
soil structure, increasing plant fertility, increasing
water absorption capacity. Besides its use as fertilizer,
compost can also be applied as a heavy metal
adsorbent. Specifically, relatively little attention has been
devoted to studying the effects of compost in contentious
mode of heavy metal removal via adsorption.
It would thus be of interest to study whether these
materials will be feasible for metal removal. Copper is
applied in several industries and can be serious problem
when discharged into the environment without
treatment, excessive amount are poisonous to
humans and animals. Health effects caused by cupper well
reported in literature. Therefor this paper aims
2+
to evaluate the adsorption of Cu by using compost
material as an adsorbent application.
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1. Introduction

Heavy metals are major environmental pollutants and
their destructive is a challenging of increasing significance
for environmental surroundings. The contamination of
aquatic environments has increased due to the
discharging of destructive and no-biodegradable
compounds present in the wastewater of several
industrial activities. It has been reported in numerous
studies that such heavy metals have high potential
for inducing severe damage on human health and natural
aquatic environment due to their predisposition to
bio-accumulate and permanence (Feng et al., 2009).
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Garé compost was provided by laboratory of
biocombustibles from Szent Istvan University, Gödöllő
(Hungary). Garé is a communal sewage sludge, slurry mud
and chicken manure with straw, its chemical composition
evaluated by SEM and depicted in Table 1. The compost
was ground and sieved into fractions below 2 mm.
The fractions collected below mesh size of 2 mm were
designated for the characterization and adsorption
investigations without any pre-treatment. The particular
weight was 5, 10, and 15 g and has packed accordingly to
the column's heights and act as a fixed bed in the column.
Previous research has investigated the adsorption process
in batch experiments using different heavy metals as an
adsorbed onto same compost and the results give a good
removal of such metals using compost (Benjared et al.,
2016).
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2.1. Preparation of adsorbent

elements have been reduced or diapered such as Na, Cl.
+
Amount of exchangeable cations Na was reduced after
metal adsorption (Galindo et al., 2013; Vieira et al., 2014).
The appearance of Cu feature on the surface of adsorbent
indicates that the adsorbent studied was able to bind
metal ions. Moreover it can be said that other elements
2+
have involved in the ion exchange process with the Cu
ions. From Table 1 the analysis of adsorbent also indicated
that carbon was a major component in compost, followed
by oxygen and nitrogen. Because of the heterogeneous
structure and composition of the compost, the chemical
elemental analysis was expected to show the chemical
constitutes which could influence the heavy metal
adsorptive capacity of the adsorbent. Figure 2b, reveals
that the morphological changes in raw compost, is due to
2+
adsorption of Cu on the compost surface.

OO

2. Materials and methods
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The glass columns were 30 cm long, 1.2 cm internal
diameter with porous ending at the bottom. The column
packed with desired amount of compost representing the
height of the bed column with two supporting layers of
glass wool at the top and the bottom. Columns positioned
vertically and adsorption tests were performed in
continuous down flow method besides the experiments
were conducted at room temperature. The schematic
diagram is illustrated in Figure 1. Wastewater kept in an
overhead container and the only driving force of the
solution through the column is the gravity and it is
manually controlled for its flow operation. A flow control
valves used to adjust the flow at 4 and 8 mL/min.
The initial heavy metal concentration of 20 and 100 mg/L
2+
of Cu was prepared using analytical grade (CuSO45H2O)
(Merck, Germany) by dissolving the required quantity of
copper sulphate in distilled water. It was further diluted to
obtain standard solutions. 1000 mL of aqua solution field
the on overhead tank and then charged into fixed bed
columns. The samples were collected at different time
2+
intervals to analyze Cu traces using atom absorption
spectrophotometer.
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2.2. Fixed bed column construction

3.

Result and discussion

3.1. Analysis and characterization of compost
3.1.1. Scanning electron microscopy (SEM)

The surface morphology of the compost was examined by
2+
SEM before and after Cu was loaded. The scanning
electron microscope was set at x35 and x50 magnification,
while the accelerated voltage was set at 5 kV in order to
obtain high-resolution micrographs at different adsorbent
spots. Figure 2a, shows how an irregular surface, which is
heterogeneously shaped and cracked probably favours
2+
the sorption of Cu on different parts of the adsorbent;
making it a propitious adsorption technique. From Table 1
2+
it was observed that after adsorption of Cu , ions of other

Figure 1. Experimental set up

3.1.2. Energy dispersive X-ray spectroscopy (EDX)
EDX analysis provided direct confirmation for the copper
adsorption onto the compost material. The samples were
coated with gold prior to analysis to avoid electron
charging. Resulting interaction with metal ions, the
2+
presences of Cu can be observed in EDX spectrum of the
compost. The EDX spectrum before and after exposure
2+
with Cu . The disappearance of some metal presence
after metal ion adsorption can be attributed to
ion-exchange mechanism, this behaviour has also
2+
reported by (Kamari et al., 2014). The appearance of Cu
features can be observed on EDX spectrum at different
2+
energy values indicate that the adsorption of Cu was
able to bind metal ions on compost surface.
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Figure 2. Scanning electron micrograph (SEM) of compost before (a) and after (b) Cu loading

3.1.3. Fourier transform infrared spectroscopy (FTIR)
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While the characteristic peaks of the main organic
components are present in all spectra, no significant
differences can be observed: the different ratio of the
various peaks (indicating different composition from the
major organic substances) is probably simply related to
the very heterogeneous compost sample as very low
amounts of sample (less than 10 mg) is required for a
pellet. Moreover, there were no major changes such as
the appearance or disappearance of peaks was observed
in the treated samples when compared to the references.
Supposing that the metal binding is mainly due to the
ionic interaction of the metal cations with the carboxyl
groups in the humic substances, a shift in the ratio of the
peaks related to the protonated and dissociated carboxyl
groups could indicate the metal binding. However, the
-1
peak related to the protonated carboxyl around 1720 cm
is not observed even in the reference, probably due to the
salt formation occurring with other present cations (such
as Na, K etc.), and during the treatment only the change

of the cation occurs; thus, the metal binding has no
noticeable effect on the spectra. Figure 3 indicated the
-1
peak of 3400 cm is wide band related to the OH and NH
-1
groups and 2930 cm C-H stretching in the -CH2- groups;
1630 C=O bond (mainly in the carboxyl groups), though
the relative wide peak probably indicates the presence
of C=C and amide groups as well, 1430 related to the O-H
and C-O bonds, then 1380 probably CH bonds, although
other peaks related to other groups such as nitrate may
also be present, which is indicated by the non-steep curve
at lower wavelengths. 1070, 1030 relatively wide band
related to the C-O-C bonds in various polysaccharides, the
size and relativity of the two peaks is simply related to the
differences in the polysaccharide ratio (such as the starch,
cellulose, etc. content; the presence of clay minerals may
also affect the band). There are likely more characteristic
peaks, which overlap with the most intensive
ones mentioned above, thus making their identification
difficult in a complex sample like compost, which
contains a wide variety of organic compounds.
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Table 1. Chemical composition of raw compost and after loaded with Cu
Sample

Raw compost

Raw compost

Cu loaded

Cu loaded

Magnification

x35

x50

x35

x50

Element

At. ratio

wt%

At. ratio

wt%

At. ratio

wt%

At. Ratio

wt%

C

42.478

33.232

44.96

36.711

44.323

35.685

41.372

33.629

N

10.427

9.513

10.054

9.574

10.438

9.8

11.433

10.838

39.964

42.861

42.915

46.467

39.605

41.275

40.439

43.985

0.243

0.364

0.287

0.449

Mg

0.484

0.767

0.349

0.577

0.188

0.306

0.154

0.253

Al

0.739

1.298

0.528

0.968

0.721

1.304

0.753

1.376

Si

2.338

4.277

1.565

2.988

2.342

4.409

2.15

4.087

P

0.598

1.207

0.31

0.653

0.314

0.652

0.269

0.563

S

0.274

0.573

0.24

0.522

0.184

0.396

0.125

0.272

Cl

0.135

0.311

0.084

0.202

1.562

0.298

0.793

0.1

1.841

4.807

0.733

1.996

1.022

Fe

0.224

0.816

0.153

0.583

0.273

Cu

0.131

3.2. Adsorption kinetics studies for bed column

0.263

0.098

0.259

2.747

0.495

1.344

1.021

0.18

0.678

0.055

0.235

0.558
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3.2.1. Mathematical description
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The performance of the bed column system can be
estimated using the shape of the breakthrough curve
attained from the plot of Ceff/Co contrary to time t, where
Ceff and Co are the effluent and influent concentrations.
The adsorbed metal ion concentrations in the column are
observed by a plot of the adsorbed metal concentration,
Cad = (1) or normalized concentration defined as the ratio
of effluent metal concentration to influent concentration
(Ceff/Co) as a function of time or volume of effluent Veff.
The essential dynamics for column demonstration at
various operating a breakthrough curve study are the bed
height, ﬂow rate, and initial inlet concentration. The
effects of these factors on the profile of the breakthrough
curve and column performance were studied and
illustrated in Table 2.

UN

Cad Inletconcentration(Co )
–Outletconcentration (Ceff )
Veff (mL)  Q total

where Q = Volumetric
ttotal = Total flow time (min)

qtotal (mg) 

(2)
flow

Q
Q tttotal

Caddt
1000 1000 t0

 mg  qtotal
qeq 

X
 g 

(1)

rate

(mL/min)

(3)
(4)

The metal removal percentage was determined from the
relationship (5):

%R  *(Co – Ceff )Q.t / mt+  100

(5)

Figure 3. FTIR spectra of raw compost and Cu (II) loaded
3.2.2. Effect of initial inlet concentration on breakthrough
curves
The effect of the initial inlet concentration on
breakthrough curves was evaluated using 20 and 100 mg/L
2+
of Cu inlet concentration solutions, while setting up the bed
height at 2.4, 3.1 and 6.5 cm of absorbent respectively, the
flow rate was manipulated at 4 mL/min and 8 mL/min.
Table 2 is demonstrating the results obtained from the
column. The breakthrough times of these curves decrease, and
the curves dispersed and emerged slowly with increasing initial
inlet concentration as demonstrated in Figure 4 at 20 mg/L
concentration this effect was also observed by (Abdolali et al.,
2017). Higher removal percentage was observed with the
decrease of inlet concentration (Oguz et al., 2014). Both qeq
and qtotal increased considerably by the increase of inlet
2+
concentration. qtotal increased from 19.77 mg at Cu
concentration of 20 mg/L to 95.12 mg when the inlet
concentration was 100 mg/L. qeq increased from 3.88 mg/g to
17.55 mg/g at 20 mg/L and 100 mg/L respectively.
Similar tendency has been reported by other researchers

2+
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(Martín et al., 2016). This increase in the IE capacity could be
2+
explained by the fact that a higher influent Cu concentration

5

results in a higher driving force for the transfer process to
overcome the mass transfer resistance (Sun et al., 2014).

Table 2. Mathematical description of column parameters at various operating conditions
Concentration (mg/L)
20
20
20
20
20
20
100
100
100
100
100
100

Amount (g)
5
10
15
5
10
15
5
10
15
5
10
15

qtotal (mg)
19.17
19.55
19.78
17.68
18.76
19.3
78.24
85.86
95.1
75.61
83.19
89.89

qeq (mg/g)
3.84
1.95
1.31
3.53
1.87
1.28
15.6
8.58
6.34
15.1
8.31
5.99

(%)
96
98
99
88
94
97
78
86
95
76
83
90

FS

Bed Height (cm)
1.1
2
3.1
1.1
2
3.1
1.1
2
3.1
1.1
2
3.1

OO

Flow rate (min/L)
4
4
4
8
8
8
4
4
4
8
8
8
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Table 2 shows the column parameters at various
operating conditions and its effect on adsorption process.
This table also gives the removal percentage of ions at
different operation conditions. Figure 5, demonstrate the
breakthrough curve which became steeper and elevated
when the flow rate changed from 4 to 8 mL/min, similar
observation noticed by (Gong et al., 2015) for removal of
2+
Cu by biosorption onto coconut shell in fixed-bed
column systems. At higher flow rate, it takes additional
time for the bed to get saturated; whereas for lower flow
2+
rate there was sufficient time for the Cu solution to get
adsorbed on adsorbent. The column performed well at
the lowest flow rate (Ozdemir et al., 2009; Uddin et al.,

2009). The percentage of Cu removal also decreases with
increasing in flow rate and higher removal percentage
occurred at slower flow rate. Table 2 shows the effect of
flow rate on the adsorption capacity (qtotal) and
equilibrium adsorption (qeq). When the flow rate rise, both
qtotal and qeq decreases, similar observation has been
observed by (Luo et al., 2011; Riazi et al., 2016), however
qeq was not reported with significant effect considerably.
At higher flow rate, residence time of effluent in the bed
is low. This is due to a decrease in contact time between
the metal ions and the compost at higher linear flow
rates. As the adsorption rate is controlled by intraparticulate diffusion, an early breakthrough occurs leading
to a low bed adsorption capacity (Taty-Costodes et al.,
2005).
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3.2.3. Effect of inlet flow rate on adsorption

Figure 4. Effect of concentration 20, 100 mg/L at different bed heights, flow rate 8 mL/min

3.2.4. Effect of bed depth on breakthrough curves
The breakthrough curves at diﬀerent bed height (2.4, 3.1
and 6.5 cm) are shown in Figure 6, using a constant
influent concentration of 20 with a ﬂow rate of 4, it is
clear that the shape and slope of curve is changing with

the variation of the bed depth. The breakthrough time
increases at higher bed depth of adsorbent. The slope of
the breakthrough curve decreases with the increasing
in bed height, which result in a higher mass transfer
zone (Ahmad and Hameed, 2010). The column parameters

6
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al., 2016). A correlation is found between the reduction of
bed height and the lower retention of metallic ions in
consequence of this is because the adsorbent has
2+
insufficient contact time to attract the adsorbate Cu .
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obtained from effect of bed height is listed in the Table 2.
According to Table 2, when the bed height increases, the
removal percentage increases and the maximum
adsorption capacity of the column is also increased,
similar trend was observed by (Jain et al., 2013; Mishra et

TE
D

Figure 5. Effect of flow rate at 20 mg/L concentration at different bed heights, flow rate 4 and 8 mL/min

3.3. Breakthrough curves and kinetics modelling

CO
RR

3.3.1. Adams–Bohart model

EC

In order to study the effect of the fixed bed column
performance and to scale it up for industrial applications,
three models investigated here and its implication.
Adams–Bohart, Yoon–Nelson and Thomas models are
used to analyse the behaviour of adsorbent–adsorbate
adsorption in this research.

The Adams–Bohart is given in equation 6 as:

C 
K NZ
ln  0   k ABC0 t  AB 0
C
U0
 eff 

UN

The Adams–Bohart adsorption model was applied to
experimental data for the description of the initial part
zone of the breakthrough curve. Plotting ln Co/Ceff against

t, using linear regression analysis on all breakthrough
curves have ben plotted, the respective values of kAB and
N0 were calculated and presented in Table 3. This model
assumed that the biosorption rate is proportional to the
residual capacity of the solids and the concentration of
the sorbent substances (Calero et al., 2009).

Figure 6. Effect of bed height at concentration 20 mg/L and 4 mL/min flow rate

(6)
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3.3.2. Thomas model kinetics
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This model expressed through the second-order law of
kinetic reaction without the presence of axial dispersion
even when the bed depth was at the minimum and the
breakthrough occurred immediately after the flow started
as indicated by (Apiratikul et al., 2008). The Thomas
equation is given by equation 7 as:

k thqom
 C

ln  0  1  1 
 k thq0 t
C
Q
 eff


(7)

Where C0 is the initial metal concentration (mg/L), Ceff is
2+
effluent Cd concentration (mg/L), at time t, kth is Thomas
2+
model constant, L/min.mg. q0 is maximum Cu adsorption
capacity (mg/g), m is mass of the adsorbent (g) and Q is
flow rate (ml/min). The kinetic coefficient kth and the
adsorption capacity of the column q0 can be determined
from a plot of ln [Co/Ceff - 1] against t at a given flow rate
using linear regression. Thomas model aims at calculating
the adsorption rate constant of the solid phase
concentration of the metals on the adsorbent from the
continuous mode studies. From results of Thomas model
it clear that values of R ranges from 0.90 to 0.97. It can be
observed from the Table 3, that the Thomas constant
2+
decreases with the increasing of the initial Cu
concentration from 0.000185 to 0.000037 at 20, 100 mg/L
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respectively, this is in a good agreement with (Aksu et al.,
2004). In addition, q0 increased from 10.3 to 49.5 mg/g to
20, 100 mg/L respectively. The appearance of such results
are due to the driving force for adsorption concentration
differences between the solute on the adsorbent and the
solute in the solution. In consequence, this high driving
2+
force is a result of the higher Cu concentration, which in
turn, resulted in better column performance.
This behaviour can be attributed to the increases in
concentration that leads to increase in driving force for
adsorption and will increase it. It can be observed that
with the increases in flow rate, the maximum adsorption
capacity is decreased and the coefficient Kth will also
increase. This is because the residence time for solute in
the bed is less, a similar trend was observed by (Sarma et
al., 2008). Overall the value of q0 decreased with increase
in bed height and corresponding Kth values increased in
general, this is in agreement with (Baral et al., 2009).
This is because, at higher bed heights, more reactive sites
were available and driving force for adsorption increased.

PR

3.3.3. Yoon–Nelson kinetic model

The Yoon–Nelson model is based on the assumption that
the rate of adsorption is decreasing in the probability of
adsorption, of adsorbate molecules, and is proportional to
the probability of the adsorbate adsorption and the
adsorbate breakthrough on the adsorbent (Han et al.,
2008). The values of (kYN) and τ are determined from the
slope and intercept of ln(C0/(C0-Ceff)) versus t and the
results are given in Table 6. The Yoon Nelson model is
given in equation (8).

TE
D

Where Co = influent concentration (mg/L); Ceff = effluent
concentration (mg/L); kAB = adsorption rate coefficient
(L/mg/min); N0 = adsorption capacity coefficient (mg/L); Z
= bed depth (cm); N0 = linear velocity (cm/min); and
t = time (min). The amount of metal concentration
adsorbed mg/g is calculated through the factor N0
(adsorption capacity coefficient in mg/L). The kinetic
constant values of kAB and N0 are determined from the
slope and intercept of ln (C0/Ceff) versus t and are listed in
Table 4. The adsorption rate coefficient kAB decreases as
the increasing in the influent concentration from
0.000235 to 0.000032 as given in Table 3. The adsorption
capacity coefficient (N0) increases with the increase of the
influent concentration from 45.5 to 351 mg/L, similar
trend observed by (Bulgariu et al., 2013). These results are
accounted for on the basis that the greater availability of
solute molecules on an adsorbent surface will affect
2+
higher uptake of Cu molecules by unit mass of
adsorbent. When the concentration is increasing, more
solute molecules form greater concentration gradients,
which ultimately reduce the adsorption rate coefficient.
The adsorption rate coefficient kAB is an indication of
volume of influent treated by unit amount of adsorbent at
unit time. When the flow rate increased from 4 to 8
mL/min the adsorption rate coefficient increased and N0
decreased, this is in agreement with (Cheraghi et al.,
2016), the decrease in adsorption capacity is because of
the lower residence time of solute in the column. Both kAB
and N0 did not show any precise tendency with the
changes of bed heights.

7

 C0 
ln 
 k YN t   k YN
 C0  Ceff 

(8)

The time required for 50% adsorbent breakthrough (τ),
decreases from 285, 250, 333 to 212, 185, 101 min on
increasing the initial metal concentration from 20 to 100
mg/L when the bed height set at 2.4, 3.1 and 6.5 cm
respectively. In addition, it decreases from 303, 208, 263
to 135,129,100 min on the increasing flow rate from
4 to 8 mL/min, which can be attributed to the rapid
saturation of bed with higher flow rates along, this is in a
good agreement with the results obtained by
(Acheampong et al., 2013). The increases in kYN is in
parallel with the increase of concentration and flow rate,
however there is no specific trend with increasing of bed
heights. Furthermore, kYN is in general is increasing with
the increases of bed height as depicted in Table 3.
However, the values of τ are found to be higher in most
cases than the t value at 50% breakthrough
experimentally that observed under all conditions of
evaluation, this is also in good agreement with previous
studies (Víctor-Ortega et al., 2016).

2+
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Table 3. Parameters predicted by the Thomas, Adams Bohart, and Yoon Nelson Models parameters

4.

Bohart Parameters

q0
(mg/g)

kth
(mL/min.m)

R

KAB
(L/min.mg)

N0
(mg/g)

R

KYN
1
(min )

τ
(min)

R

10.3
7.59
4.46
10.3
7.49
4.46
49.5
27.1
35.5
35.3
22.8
27.8

0.0002
0.0002
0.00025
0.00037
0.000385
0.0005
0.000037
0.000044
0.000025
0.000096
0.000105
0.000058

0.92
0.9
0.93
0.92
0.9
0.93
0.93
0.97
0.95
0.91
0.9
0.9

0.000185
0.00026
0.00014
0.00051
0.000425
0.00038
0.000073
0.000044
0.000033
0.000086
0.000116
0.000165

103.64
49.92
66.88
29.48
22.74
18.84
377.04
335.66
384.51
244.82
130.14
79.31

0.91
0.92
0.92
0.93
0.98
0.9
0.92
0.92
0.96
0.97
0.96
0.91

0.0033
0.0048
0.0038
0.0074
0.0077
0.01
0.0037
0.0044
0.0025
0.0096
0.0105
0.0058

303
208
263
135
129
100
270
400
104
95
227
174

0.92
0.93
0.96
0.92
0.9
931
0.89
0.97
0.9
0.91
0.9
0.9

Conclusions
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different conditions designated on bed column.
In addition, compost is very effective and
environmentally friendly adsorbent which can be used in
wastewater treatment without any chemical treatment.
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