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a b s t r a c t
Four calcium alginate (ALG)-activated carbon (AC) composites were prepared by ionic gelation 
method using calcium alginate and Merck activated carbon at different ratio ALG/AC ranging from 
1/1 to 1/4. The obtained spherical beads samples were characterized by scanning electron microscopy, 
zero point of charge (pHZPC) and Fourier transform infrared spectrometry spectroscopy and tested 
for methylene blue removal from aqueous solutions in continuous mode. The bed depth service time 
model adequately described methylene blue adsorption onto the prepared composites. Parameters 
effecting breakthrough curves such as bed depth, flow rate and inlet dye concentration were 
investigated using Adams–Bohart, Thomas, and Yoon–Nelson models which showed good fit for 
the breakthrough curves. It has been found that the amount of adsorbed dye decreases with increas-
ing ALG/AC ratio and Ct/C0 values reaching a maximum value of 40.70 mg/g. Adsorption through a 
packed bed column is a feasible and economical technique for the removal of dyes. We can conclude 
that the composite material of calcium alginate and activated carbon can effectively be used to remove 
dyes from wastewater.
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1. Introduction

Industrial activities in the last decades have increas-
ingly threaded not only the environmental but also had 
a negative impact on aquatic life and human health [1]. In 
particular, dyes used extensively in textile industry, in the 
paper, rugs, printing, leather, and food represent a highly 
visual class of pollutants [2–4]. Not easily biodegradable, 
most synthetic dyestuffs are resistant to environmental con-
ditions due to their complex aromatic structures, they are 
toxic to aquatic life, carcinogenic, mutagenic and can affect 

of seriously human health by damaging vital organs once 
discharged directly without any prior treatment [5]. In this 
study, methylene blue dye has been chosen as adsorbate 
molecule, because it is widely used in industry for dying 
cotton, wood and silk [6] and also can be easily be removal 
from wastewater by most adsorbents [7]. When released in 
the environment, it can generate health disease to human 
and animals such vomiting, diarrhea, and eyes injuries [5]. 
Hence, it is desirable to remove methylene blue-causing 
contaminants from effluents before its discharge into the nat-
ural environment. Several techniques have been proposed 
for dyes removal from wastewater such as, Chemical and 



357A. Boucherdoud et al. / Desalination and Water Treatment 154 (2019) 356–368

physical like degradations, flocculation, coagulation, and 
ion exchange [8–10]. The adsorption on a solid adsorbent 
remains a technique of choice because of is the simplicity, 
ease of use and the low costs. As a solid, activated carbon 
(AC) is an adsorbent widely used because of its well-defined 
chemical and textural properties among other adsorbents. 
Activated carbons prepared from many wastes as precursors 
applied to methylene blue (MB) removal from liquid efflu-
ents have been largely reported in the literature [11–14], but 
limited to batch processes in a simple stirring vessel. In this 
paper research, continuous mode (fixed-bed column) was 
used to remove the above-mentioned dye as largely adopted 
in industrial scale [15,16]. Commercial activated carbon from 
Merck encapsulated in sodium alginate at different ration 
was used as an adsorbent for this purpose.

Sodium alginate is a substance is a natural polymer 
composed of two monomeric units, β-D-mannuronic acid 
and α-L-guluronic acid. It is a biocompatible substance and 
nontoxic, recognized as safe by the food and drug adminis-
tration, it is highly viscous and is often used as an emulsifier 
and is responsible for the exchange property as a gelling 
agent [17,18]. These properties give sodium alginate a variety 
of uses in many industries such as paint, dye thickener and 
can remove effectively heavy metal toxins from the blood-
stream when used in specified doses. It is extensively used 
in titanium nanoparticles, magnetite nanoparticles [19,20] 
and activated carbon immobilization [21]. Several materi-
als have been used to synthesize encapsulated nanopar-
ticles for functional adsorbents development in order to 
remove methylene blue and other dyes [22,23]. Due to their 
biodegradable behavior, non-toxic, less expensive and pos-
sessing significant pollutants adsorption capacity, calcium 
alginate-activated carbon composite materials are the 
preferred one compared to TiO2/CS (Chitosan) nanocompos-
ites (63.58% removal) [24], gum/Al2O3 nanocomposite (90% 
removal) [19], Ag/CeO2/ZnO nanostructure (98% removal) 
[25] and Chitosan–clay composite [26]. In addition the 
prepared material is cheap and uses non-toxic chemical 
compared to the resin [27]. It is also regenerable and bio-
degradable, compared to the nano-composite prepared with 
metals such as chitosan-SnO2 [28], nanosized yttrium doped 
CeO2 [29] and Fe3O4–Trisodium citrate nanocomposite [30]. 
Effect of ALG/AC ratios on methylene blue adsorption in 
continuous mode was the aim of this study since for most 
applications, continuous flow saves time, energy, costs and 
can increase productivity. It can also be more effective than 
batch processing.

2. Materials and methods

2.1. Materials

Chemical reagents: Sodium alginate (91% purity) from 
LOBA Chemie Pvt. Ltd. (India), Activated carbon from Merck 
(Germany), Calcium chloride from Sigma Aldrich (USA)and 
methylene blue from Merck (dye content ≥ 85%) used in this 
study were of analytical grade

Stock solutions with known concentrations were pre-
pared according to standard procedure by dissolving the 
required amount of methylene blue in distilled water. 
Successive dilutions were used to obtain working solutions 

of the desired concentrations. Table 1 summarizes some 
important characteristics of the studied dye.

2.2. Preparation of composite beads ALG/AC

The composite beads alginate-activated carbon (ALG/AC) 
was prepared by ionic gelation method. Exact amount of 
powdered activated carbon ranging from 1.0 to 4.0 g was 
dispersed in 100 mL of deionized water, stirred until a clear 
homogeneous solution is obtained. The solution was added 
slowly to 100 mL of sodium alginate (1%, w/v) and the mix-
ture was stirred for 2 h. Once the mixture was homogenous, 
250 mL of calcium chloride solution (2 wt.%) was added 
using a peristaltic pump at a flow rate of 4 mL/min. The all 
was gently stirred to prevent any agglomeration. Composite 
beads were instantaneously formed in the gelation bath and 
cross-linked for 15 min. Finally, we get composite beads at 
different ALG/AC ratio (1/1, 1/2, 1/3, and 1/4).

2.3. Samples characterizations

Fourier transform infrared spectrometry (FTIR) was per-
formed on KBr discs (approximate weight fraction of 0.1%) 
using a attenuated total reflectance platinum Diamond 1 
Refl spectrometer on composite beads samples to identify 
the functional groups responsible for the chosen dye uptake. 
Measurements were performed in the wave number range of 
4,500–400 cm–1 at 1 cm−1 spectral resolution.

Scanning electron microscopy-energy dispersive X-ray 
(SEM-EDX) spectroscopy was used to observe the samples’ 
topography and to identify and to localize elements at the 
surface of the materials composite beads by phase contrast. 
The scanning electron microscopy (SEM) analysis was used to 
facilitate the analysis of specific zones at the surface of differ-
ent composite beads. This was done using an environmental 
SEM HIROX SH 400 M SEM-EDS Bruker apparatus.

The zero point of charge (pHzpc) defined as the absence 
of both positive charge (required by adsorbent surface due 
to H+ adsorption at low pH) and negative one (required by 
adsorbent surface due to H+ release at high pH values). It is of 
fundamental importance in carbon surface characterization 
since it measures the carbon’s acidity/basicity at which the 
surfaces charge density is zero [31,32].

pHzpc was determined as follows: 50.0 ± 0.1 mL of a 
0.01 ± 0.01 M aqueous solution of NaCl was placed in each 
of a series of stoppered conical flasks. The initial pH (pHi) of 
the solution in each flask was adjusted (from 2 to12) using 
0.01 ± 0.01 MHCl or NaOH, respectively, following which 
0.15 ± 0.01 g of activated carbon was added to each flask and 

Table 1
Chemical structure and characteristics of adsorbed dye

CI 52015
Molecular formula C16H18ClN3S.3H2O
Molecular weight (g mol–1) 373.90
Maximum wavelength (λmax) 665
Supplier Merck
CAS number 7220-79-3
Water solubility (g/L) 44
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the resulting suspensions stirred for 48 h then the final pH 
(pHf) value was measured Methylene blue outlet concentra-
tion was determined by measuring the absorbance at 664 nm 
with JENA-UV-visible spectrophotometer.

2.4. Experimental procedure

The fixed-bed columns experiments were made of glass 
tube of 17 mm inner diameter and 200 mm height at ambi-
ent. Both column ends are connected using silicone tubing 
for sucking Methylene blue solution which is continuously 
fed to the fixed bed of composite beads at room temperature 
using a peristaltic pump. The treated samples collected on 
the output of the measured time intervals. As long as the 
outlet solution concentration is bellow the upper limit, its 
purification is taking place.

The experiments were performed by varying the bed 
height (5, 10, and 15 cm), the initial concentration of meth-
ylene blue solution (100, 200, and 300 mg L–1) and the flow 
rate (4, 6, and 8 mL min–1) for different composite beads as 
shown in Table 2. In order to remove traces of methylene 

blue, the column was flashed with distilled water prior to 
each experiment.

3. Results and discussion

3.1. Composite beads characterization

Before testing the prepared composite beads for methylene 
blue removal from aqueous solutions in continuous mode, 
samples were characterized as follow:

3.1.1. Infrared characterization

FTIR analyses were performed for all samples. Analysis 
of the measured IR spectra (Fig. 1) show characteristic peaks 
at 3,244 cm–1 due to OH− stretching. At 1591 and 1,405 cm–1 

strong bands assigned to the symmetric and anti sym-
metric stretching vibration of the carboxyl group (COO–), 
strong band at 1,024 cm−1 related to C–O–C anti symmetric 
stretching. Other peaks were detected around 2,914 cm–1 
related to aliphatic C–H vibrations. Low intensity peak at 
3,720 cm−1 and 2,323 cm−1 reveals to the presence of amine 
function (N–H bonds) and nitrile function C≡N, a weak band 
at 2,046 cm−1 represents the elongation of alkyne function 
C≡C, band at 815 cm−1 relating to the deformation out of the 
plane of group =C–H, After adsorption spectrum (e) shows 
an appearance of three peaks at 1,392 cm–1 attributed to 
aromatic CN, 799 cm–1 corresponds to the group C–S and 
554 cm–1 corresponds to the C=C aromatics

3.1.2. Surface morphology characterization

Fig. S1 shows SEM giving a general surface morphology 
images for the different composite beads with a granular 
morphology of rough and irregular spherical shape (Fig. S2) 
due to crosslinking between different polymer chains. For 
all studied ALG/AC ratios, we have noticed the existence of 

Table 2
Fixed bed properties and operating conditions

Composite beads Bed height 
(cm)

Flow rate 
(mL/min)

Inlet concentration 
(mg/L)

ALG/AC (1/1) 5 6 100
10 4 100

6 100
200
300

8 100
15 6 100

ALG/AC (1/2) 5 6 100
10 4 100

6 100
200
300

8 100
15 6 100

ALG/AC (1/3) 5 6 100
10 4 100

6 100
200
300

8 100
15 6 100

ALG/AC (1/4) 5 6 100
10 4 100

6 100
200
300

8 100
15 6 100

 
Fig. 1. FTIR spectrum of (a) Merck activated carbon and their 
composite beads at different ratio ALG/AC (1/1), (b) ALG/AC 
(1/2), (c) ALG/AC (1/3), (d) ALG/AC (1/4), and (e) after methylene 
blue adsorption.
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small particles agglomeration due to the calcium chloride 
solution impregnation. Particles amount is more important 
with the ratio 1/4 and become low with the increasing ALG/
AC ratio which is confirmed by a high percentage of calcium 
relative to carbon for the ratio 1/4 on the EDX spectrum 
(27.19% C, 10.20% Ca) otherwise the ratios 1/3 and 1/4 shows 
a porous structure with large pores confirmed by a good 
adsorption capacity. Energy-dispersive (EDS) X-ray spectrum 
(Fig. S1) show a high percentage of oxygen for the ratios 
1/1 and 1/2 (61.93%, 56.74%) confirms in the FTIR analysis 
by an intense band relative to (OH) groups. Higher carbon 
values are noticed in the 1/3 and 1/4 ratios (38.54%, 44.6%) 
compared to 1/1 and 1/2 ratios (27.19%, 28.97%), respectively. 
The percentage of Ca varies between (10%–16%) and the 
percentage of Na does not dissect 1.29% for all samples

3.1.3. The point of zero charge

The difference between initial (pHi) and final (pHf) values 
(ΔpH = pHi – pHf) was plotted against pHi. The intersection 
point of the resulting curve shown in Fig. 2 with the abscissa, 
at which ΔpH = 0, gave the point of zero charge values of 
the samples before and after encapsulation with the sodium 
alginate [33,34].

As shown in Fig. 2 (ratio (¼) case) there is increase in pH 
value from 6.85 to 8.7 due to the effect of the alkaline media of 
the sodium alginate presence after encapsulation.

3.2. Column studies

Continuous adsorption study in fixed-bed column system 
was expressed by the breakthrough curve plots. The later are 
simply represented by the ratio of outlet dye concentrations 
to their initial ones as a function of flow time (Ct/C0 = f(t)) 
which are commonly used to provide information on param-
eters influencing in the functional column such as total 
adsorbed dye quantity qtotal (mg) in the column calculated 
from Eq. (1)

q Q C dt
t

t

total ad

total

=
=
∫1 000 0,

 (1)

From which the equilibrium dye uptake (qeq) in the 
column (or maximum adsorption capacity of the column) can 
be obtained as defined by Eq. (2)

q
q
meq
total=  (2)

As the total amount of dye adsorbed (qtotal) per g of sorbent 
(m) at the end of total flow time [35–37], the adsorption 
column capacity at 50% breakthrough time was calculated 
from qeq,(50%) = ((breakthrough time) × (flow rate) × (feed 
concentration))/adsorbent mass).

3.2.1. ALG/AC ratio effect

Various experiments were performed to study the effect 
of ratio ALG/AC.  During all tests, a flow rate of 6 mL/min, 
an inlet concentration of 100 mg/L and a bed height of 10 cm 
were kept constant, while ratios of ALG/AC were varied 
as follow: 1/1, 1/2, 1/3 and 1/4. Results are shown in Fig. 3. 
Saturation times of 152, 272, 376, and 488 min corresponding 
to different ALG/AC ratios used respectively were obtained 
at Ct/C0 = 0.9. The break-through time increases with 
decreasing ALG/AC ratio while methylene blue uptake at 
equilibrium increased with decreasing the same ratios as 
mentioned in Table 3. The maximum adsorbed value of 
methylene blue at equilibrium obtained was 40.70 mg/g at 
ALG/AC ratio of 1/4.

3.2.2. Bed height effect

Since dye accumulation is largely dependent of the sor-
bents amount present in the column, bed height plays an 
important role in continuous adsorption process. Obtained 
breakthrough curves for the adsorption of methylene blue 
onto composite beads with different ALG/AC ratio (1/1 to 1/4) 
using various bed heights raging from 5 to 15 cm at constant 
dye inlet concentration of 100 mg/L and constant flow rate of 
6 mL/min are shown in Fig. 4.

 
Fig. 2. pH drift plot of composite beads ALG/AC (1/4) and Merck 
activated carbon.

 

Fig. 3. Effect of ALG/AC ratios on breakthrough curves for 
methylene blue adsorption (Conditions: inlet concentration 
 = 100 mg/L, bed height = 10 cm, flow rate = 6 mL/min and 
ambient temperature).
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As can be seen from the plots (Fig. 4) and values (Table 4), 
increasing bed height will increase the break through time. 
A higher adsorption rate was observed at higher bed height 
due to the increase in the composite beads mass resulting 
in mass transfer zone increase and providing then more 
binding sites for dye adsorption [38–40]. The proportion-
ality between bed heights and adsorbent amounts would 
provide a larger service area leading to an increase in 
the volume of the treated solution [41]. In other words, 
methylene blue solution throughput volume is propor-
tional to bed height, due to the availability of more number 
of sorption sites [42].

3.2.3. Feed flow rate effect

The effect of flow rate on methylene blue adsorption was 
conducted at different influent flow rates of 4, 6 and 8 mL/min, 
with constant inlet adsorbate concentration of 100 mg/L and 
adsorbent bed height of 10 cm as listed in Table 5. Fig. 5 
shows the resultant breakthrough curves. At higher flow rate 
of 8 mL/min, the breakthrough occurred faster than the one 
exhibited by lower flow rate of 4 mL/min. That means that 
saturation occurs quickly at higher flow rates, while longer 
time is taken to reach saturation for lower flow rate resulting 
in more adsorption uptake [43,44].

3.2.4. Inlet dye concentration effect

The influence of adsorbate inlet concentration on 
the column performance was studied in the range of 

100–300 mg/L at constant bed height of 10 cm and flow 
rate of 6 mL/min. The breakthrough curves are illustrated 
in Fig. 6 and column operating parameters are presented in 
Table 6. We can see from Ct/C0 plots (Fig. 6), that the com-
posite beads were exhausted faster at more concentrated 
dye solutions for all studied cases in which the earlier 
breakthrough points were reached at higher concentration 
meaning that increasing inlet concentrations will decrease 
breakthrough points. This is due mainly to a decrease in 
adsorption zone length and then quick saturation of bind-
ing sites [45]. While latest breakthrough points were reached 
at lower inlet dye concentrations indicating that the mass 
transfer coefficient decreases (slowing transport) giving the 
possibility to the column the ability to treat a larger volume 
of solution [46,47].

A brief comparative literature survey concerning 
adsorption capacity of various nanocomposite adsorbents 
for methylene blue removal is shown in Table 7.

3.2.5. Bed depth service time

The Bed depth service time model is generally used not 
only to predict the relationship between bed depth (Z) and 
service time (t) but also to offer a simplest approach and 
rapid prediction of bed performance in terms of operating 
parameters and process concentrations.

This model provides useful data in changing operating 
parameters of an adsorption process by simply measuring 
beds adsorption capacities to different breakthrough values. 
The relationship between the break time and the bed height 
is given by Eq. (3)
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A linear relationship between bed-depth and service time 
may be given by Eq. (4)
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C0 is the solute initial concentration (mg L–1), Cb is the 
concentration of solute at breakthrough (mg L–1), Z the 
column bed depth (cm), ϑ is the influent linear velocity 
(cm min–1), N0 the adsorption capacity per unit volume of 
fixed bed (mg mL–1) representing the column saturation con-
centration, K is the adsorption rate constant (L mg–1 min–1) 
and t the column service time (min). Fig. 7 shows plots 
of t vs. Z will give a straight line with slope = N

C
Z0

0ϑ
 and 

Table 3
Fixed-bed column adsorption capacity various ratio ALG/AC

Composite beads Bed height (cm) Initial dye concentration (mg/L) Flow rate (mL/min) Equilibrium uptake qeq (mg/g)

ALG/AC 1/1 10 100 6 16.59
ALG/AC 1/2 10 100 6 24.25
ALG/AC 1/3 10 100 6 33.75
ALG/AC 1/4 10 100 6 40.70

Table 4
Column data and parameters with different bed height ( ) on the 
equilibrium uptake (qeq) at 50% of Ct/C0 and saturation time (ts) 
for adsorption of MB onto composite beads

Composite beads Z (cm) C0 (mg/L) Q (mL/min) ts (min)

ALG/AC 1/1 5 100 6 140
10 100 6 160
15 100 6 180

ALG/AC 1/2 5 100 6 210
10 100 6 280
15 100 6 340

ALG/AC 1/3 5 100 6 300
10 100 6 380
15 100 6 480

ALG/AC 1/4 5 100 6 420
10 100 6 500
15 100 6 560
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an intercept = 1 1
0
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  from which N0 and K are 

respectively obtained.
Fig. 7 shows the effect of ALG / AC ratio on time (t) versus 

bed depth (Z) plots. The adsorbed dye amount increases with 
the decreasing ALG/AC ratio. The best adsorption capacity 
was obtained for 1/4 ratio which is 2.6 times higher than the 
1/1 ratio. It can also be seen from Table 8 that the adsorption 
rate constant (K) decreases with increasing ALG/AC ratio.

From Fig. 8, it can also be said that the sorption capac-
ity increases with increasing time because the adsorption 
capacity obtained at Ct/C0 = 0.9 is greater than that at 0.2, 
and the rate constant K decreases with time as indicated 
in Table 9. With coefficients of determination greater than 
0.99, the experimental data are well represented by the 
mathematical model.

4. Breakthrough data modeling

4.1. Application of Thomas model

Thomas model is one among many proposed 
mathematical models to describe the adsorption process 
in continuous mode [53]. It is based on the mass transfer 

theorem which assumes that the pollutant diffuses through 
a liquid film around the surface of adsorbent particles. By 
its simplicity, this model is widely used to determine both 
the adsorbent maximum adsorption capacity and its rate con-
stant needed in columns design [54]. The linearized form of 
Thomas model given by Eq. (5):

ln Th
Th

C
C

K q m
Q

K C t
t

e0
01−









 = −  (5)

where Ct and C0 are the concentrations of methylene blue 
solute (mg L–1) at time (min) t = t and t = 0, respectively; KTh 
is the rate constant (L mg–1 min–1), Q is the flow rate (L min–1), 
qe is the total adsorption capacity (mg g–1), and m is the mass 
(g) of the adsorbent.

Fig. 9 shows that the experimental data were fitted this 
model in order to evaluate adsorbents maximum capacities 
(qe) as a function of initial concentration keeping bed depth 
and flow rate constant. Values of KTh, qe and R2 for the case of 
(ALG/AC = 1/4) ratio at the mentioned conditions are shown 
in Table 10. The adsorption capacity (qe) strongly depends 
on influent concentration. It increases with increasing ini-
tial concentration, while the constant KTh decreases. Same 
phenomena were reported in the literature [55,56].

Fig. 4. Bed height effect on breakthrough curves at different ALG/AC ratio, (a) ALG/AC = 1/1, (b) ALG/AC = 1/2, (c) ALG/AC = 1/3, 
(d) ALG/A = 1/4. (Conditions: Inlet concentration = 100 mg/L, flow rate = 6 mL/min, room temperature).
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Table 5
Effect of flow rate Q on equilibrium uptake (qeq)50% and saturation time (ts) for methylene blue adsorption onto composite beads

Composite beads Q (mL/min) C0 (mg/L) Z (cm) ts (min) qeq (50%)(mg/g)

ALG/AC 1/1 4 100 10 220 2.57
6 100 10 160 3.20
8 100 10 100 4.13

ALG/AC 1/2 4 100 10 300 4.83
6 100 10 280 5.93
8 100 10 240 6.77

ALG/AC 1/3 4 100 10 440 7.63
6 100 10 380 8.77
8 100 10 340 10.33

ALG/AC 1/4 4 100 10 540 10.76
6 100 10 500 11.90
8 100 10 420 13.67

Fig. 5. Feed flow rate effect on breakthrough curves at different ALG/AC ratio, (a) ALG/AC = 1/1, (b) ALG/AC = 1/2 (c) ALG/AC = 1/3, 
and (d) ALG/A = 1/4. ([Inlet MB] = 100 mg/L, bed height = 10 cm, room temperature).
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Table 6
Effect of influent concentration on the equilibrium uptake (qeq)50% and saturation time (ts) for methylene blue adsorption onto 
composite beads

Composite beads C0 (mg/mL) Q (mL/min) Z (cm) ts (min) qeq(50%) (mg/g)

ALG/AC 1/1 100 6 10 160 1.10
200 6 10 120 1.93
300 6 10 70 3.20

ALG/AC 1/2 100 6 10 280 2.73
200 6 10 200 4.00
300 6 10 160 5.90

ALG/AC 1/3 100 6 10 380 5.17
200 6 10 360 7.06
300 6 10 260 8.77

ALG/AC 1/4 100 6 10 500 7.83
200 6 10 440 10.33
300 6 10 320 11.87

Fig. 6. Inlet concentration effect on breakthrough curves at different ALG/AC ratio, (a)ALG/AC = 1/1, (b) ALG/AC = 1/2 
(c) ALG/AC = 1/3, and (d) ALG/A = 1/4. (Flow rate Q = 6 mL/min, bed height = 10 cm, room temperature).
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4.2. Application of Adams–Bohart model

The Adams–Bohart model is used for the description of 
the initial part of the breakthrough curve (Ct/C0 = 0–0.5) [57]. 
There is proportionality between the adsorption reaction 
rate, the adsorbent residual active sites and the adsorbate 
concentration. The equation of Adams–Bohart model in its 
linear form is expressed as follows [58]:

ln
C
C

K C t
K N Z
v

t

0
0

0







 = −AB

AB  (6)

where KAB is rate kinetic constant of Adams–Bohart model 
(L mg–1 min–1), v is the linear velocity (cm min–1) and C0 and 
Ct (mg/L) are the influent and effluent methylene blue con-
centrations. The values of KAB and N0 of this model shown 
in Table 10 were evaluated from the linear plot of ln (Ct/C0) 
versus t as shown in Fig. 10.

The bed maximum adsorption capacity per unit volume 
of adsorbent increases with increasing inlet methylene blue 
concentration at fixed bed height and flow rate indicating a 
growth in N0 values. While the kinetic constant KAB decreases 
with increasing inlet concentration at the same conditions. 
These obtained values showed that increasing influent 
methylene blue concentration can lead to good column 
performance.

4.3. Application of Yoon–Nelson model

Based on the proportional probability relationship 
between the decrease rate of adsorption for each adsorbate 

Table 7
Comparison of adsorption capacity of various nanocomposite 
adsorbents for methylene blue removal

Adsorbent qmax (mg.g–1) References

Activated lignin-chitosan blends 36.25 [48]
Chitosan nanocomposite beads 20.41 [49]
Stishovite-TiO2 nanocomposite 11.88 [50]
Fire clay-MnO2 nanocomposite 25.34 [51]
Graphene oxide/Ca alginate 

composites
181.81 [26]

Alginate-coated perlite beads 104.10 [52]
Alginate-activated carbon 

composite
40.70 This work

  

Fig. 7. Bed Depth Service Time at different ratio ALG/AC 
for methylene blue adsorption. (Conditions: C0 = 100 mg/L, 
Q = 6 mL/min).

Table 8
Calculated BDST model constants for adsorption of methylene blue adsorption at different ALG/AC ratios (Conditions: C0 = 100 mg/L, 
Q = 6 mL/min)

ALG/AC ratio Equations K (×105) (L/mg min) N0 (×10–2) (mg/L) R2

1/1 y = 5.2x + 25.33 54.723 13.754 0.9764
1/2 y = 9.3x + 43.00 32.240 24.599 0.9833
1/3 y = 10.9x + 81.33 17.045 28.831 0.9854
1/4 y = 13.9x + 153.00 9.061 36.766 0.9961

 
Fig. 8. Bed depth service time as a function of bed height for 
MB adsorption: case: 1/4 ratio, (Conditions C0 = 100 mg/L, 
Q = 6 mL/min).

Table 9
Calculated BDST model constants for methylene blue adsorption 
of at different bed height for ¼ ratio, (Conditions: C0 = 100 mg/L, 
Q = 6 mL/min)

Ct/C0 K(×105)(L mg–1 min–1) N0 (×10–2) (mg/L) R2

0.2 9.061 36.77 0.996
0.9 4.134 39.15 0.996
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molecule, the adsorption amount and its breakthrough on 
the adsorbent, Yoon–Nelson model can be used to attenuate 
limitations of Adams–Bohart model of breakthrough curves 
in their ending period [58]. It is a simple theoretical model 
that requires no data on adsorbent properties and physi-
cal characteristics of the adsorption bed used. The linear 
expression of Yoon–Nelson model is given by Eq. (7).

ln
C

C C
K t Kt

t0 −









 = −YN YNτ  (7)

where KYN (min–1) is the rate constant and τ (min) is the 
time required for 50% adsorbate breakthrough obtained 
from slope and intercept of ln(Ct/(C0–Ct)) as a function of 
time t plots shown in Fig. 11. This model was applied to our 
experimental date in order to investigate the breakthrough 

behavior of methylene blue through bed of composite beads 
at different inlet concentrations, flow rates and bed heights. 
For these two later, figures and values are not shown.

Values shown in Table 10 indicate that KYN rate constant 
increases with the increasing inlet concentration of methylene 
blue at constant flow rate Q and bed height Z. Whereas, the τ 
values were found to decrease with increase in influent con-
centrations and there is a similarity between the calculated 
τ values and the experimental ones

At fixed flow rate and adsorbent mass, increasing 
influent concentration will increase KYN values indicating 
then a narrower mass transfer zone and a greater mass trans-
fer coefficient between phases and therefore, the adsorbate 
can easily be adsorbed. Since τ is related to the adsorbent 
capacity, greater capacity results in greater τ values which is 
the case in this study.

5. Conclusion

The prepared calcium alginate/activated carbon com-
posites were found to be effective adsorbents for the 

 

Fig. 10. Linear plot of Adams–Bohart model at different 
concentration (Conditions: Q = 6 L min–1, Z = 10 cm).

 

Fig. 11. Linear plot of Yoon–Nelson model with experimental 
data at different influent concentration (Conditions: Q = 6 L min–1, 
Z = 10 cm).

 
Fig. 9. Linear plot of Thomas model with experimental data 
at different inlet concentrations (Conditions: Q = 6 L min–1, 
Z = 10 cm).

Table 10
Models parameters for methylene blue adsorption at (Conditions: 
ALG/AC = 1/4, Q = 6mL/min, Z = 10 cm)

Model Parameters Influent concentration 
C0 (mg/L)

100 200 300

Adams–Bohart KAB (×105) (L /mg.min) 7.50 3.20 3.13
N0 (×10–2) (mg/L) 92.18 175.01 186.33
R2 0.93 0.89 0.96

Thomas KTh (×105) (L/mg.min) 13.10 7.40 7.17
qe (mg /g) 19.60 30.99 35.78
R2 0.96 0.93 0.94

Yoon–Nelson KYN (×102)(1/min) 1.31 1.65 2.15
τ (min) 359.17 276.11 209.34
τexp (min) 356 310 237
R2 0.97 0.95 0.94
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removal of methylene blue from aqueous solution at dif-
ferent variables such as influent concentrations, composite 
ALG/AC ratios, flow rates and bed heights. It is found that 
there is an increase of 82.55% (according to Thomas model) 
in adsorption capacity with increasing inlet concentration 
from 100 to 300 mg/L. Maximum uptake was obtained for 
ALG/AC ratio of ¼ and increasing bed height causes an 
increase in the saturation time by 3 times. Effects of bed 
depth and of flow rate on breakthrough curves were also 
investigated using Adams–Bohart, Thomas, and Yoon–
Nelson models showing good fitting for all examined range 
of breakthrough curves at different influent concentrations 
and fixed flow rate and bed depth. Adsorption through a 
packed bed column is a feasible and economical technique 
for the removal of dyes.
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Fig. S1. EDX microanalyses and SEM images of composite beads 
at different ALG/AC ratio, (a) ALG/AC = 1/1, (b) ALG/AC = 1/2, 
(c) ALG/AC = 1/3, and (d) ALG/A = 1/4.

 

Fig. S2. SEM image of composite beads spherical shape.
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