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In this study, the adsorption of methylene blue (MB) from an agueous
solution on copper-alginate (Cu(ll)-A) granules containing activated
carbon derived from polyethylene terephthalate (PEtAC) with different
experimental conditions was investigated. The composition and structure
of the granules were characterized by SEM and BET methods. The effect
of various variables including dye concentration, pH, adsorbent amount,
and contact time was investigated by batch method. Equilibrium data
were evaluated using Langmuir, Freundlich, and Temkin isotherms. The
adsorption isotherm fits well with the Langmuir model (0.9973), which
shows that the MB dye adsorption on the granules is homogeneous. The
maximum adsorption capacity under optimal conditions for the removal
of MB was 86.96 mg/g. Kinetic data were analyzed using the first-order
and second-order Lagergren equations. The quasi-second-order model
showed the best fit for the synthetic studies (R? = 0.9997). In addition, no
obvious decrease was observed after up to five adsorption cycles,
indicating that the PETAC/Cu (Il) -A adsorbent has good stability and
reusability. Overall, the results show that the prepared granules can be
used as an efficient adsorbent for the treatment of colored effluents.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

biodegradation with conventional physical and
biological oxidation treatment  processes.

Various pollutants such as dyes and heavy metal
ions following the arrival to ecosystems lead to
serious global environmental pollution. Large
amounts of dyes are used in the textile, leather,
paper, rubber, cosmetics, and synthetic
detergents industries. Dye effluents discharged
from mentioned industries possess serious
environmental and health problems. Colored
substances like dyes usually have a synthetic
origin and complex aromatic molecular structure
which  makes them highly resistant to
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Methylene blue (3, 7-Bis (dimethylamino)
phenothiazin-5-ium chloride, MB) is a water-
soluble organic dye, widely used in textile
industries and is the most commonly used
substance for dying cotton, wood, and silk.
However, MB can cause eye burns which may be
responsible for permanent injury to the eyes of
humans and animals. It can result in nausea,
diarrhea, vomiting, breathlessness, and mental
confusion. Accordingly, the effective removal of
MB in the environmental area has attracted
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considerable  attention. Dyes cannot be
completely removed by means of conventional
biological treatment processes, such as activated
sludge and anaerobic digestion: due to their low
biodegradability, nearly 90% of reactive dyes
remain unchanged after undergoing an activated
sludge process. Several physicochemical
technologies including coagulation/flocculation,
membrane separation, ion exchange, chemical
oxidation, electrochemical techniques, and
photocatalysis protocols have been studied for
the purpose of removing dye from wastewater.
Compared with these methods, the adsorption of
dyes from an aqueous solution has proven to be
an excellent approach to treating effluents as well
as a cost-effective technique. Among different
adsorbents, activated carbons (ACs) have
received significant attention due to their unique
properties such as chemical stability, low price,
high specific surface area, and outstanding
adsorption capacity.

Material and Methods

Sodium alginate (Na-A) and cupric chloride
dihydrate (CuCl..2H,0, 99%) were purchased
from Merck and methylene blue was supplied
from Sigma Aldrich.

The adsorption of methylene blue from aqueous
solution on copper (ll)-alginate (Cu(ll)-A)
granules containing activated carbon derived
from polyethylene terephthalate (PETAC/Cu(ll)-
A) with different experimental conditions was
investigated. The composition and structure of
the PETAC/Cu(I)-A granules were
characterized by scanning electron microscopy
(SEM) and the N adsorption-desorption test. To
study the effect of important parameters like the
initial dye concentration, pH, adsorbent amount,
and contact time on the adsorptive removal of
MB, batch experiments were conducted. For
each experimental run, 10 mL of MB solution at
a specified optimum concentration and pH was
mixed completely with adsorbent over a fixed
time. The residual concentration of MB in the
solution was monitored every 5 min intervals
using the UV-vis spectrophotometer at 655 nm
(Amax of the dye).

Results

SEM analysis was performed to study the
structure and morphology of the prepared
granules. SEM images of the PETAC and
PETAC/Cu(Il)-A sample are shown in Fig. 1.
As shown in Fig. 1a, it can be seen that the
carbon particles with a mean dimension of
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several tens of micrometers were prepared. The
outer surface of PETAC/Cu(ll)-A granules
displays a characteristic rough and porous
structure.

1mm

Fig. 1: a) FE-SEM images of PETAC and b)
PETAC/Cu-A

Fig. 2 illustrates the N, adsorption and
desorption isotherms of the PETAC/Cu(ll)-A.
The typical type | isotherm of the Brunauer-
Deming-Deming-Teller (BDDT) classification
system is observed for prepared product.
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Fig. 2 N2 adsorption/desorption isotherms of the
prepared products

Adsorption  properties and  equilibrium
parameters of each isotherm model indicate the
interaction of adsorbent-adsorbate and give
comprehensive information about the nature of
the interaction. Equilibrium data were evaluated
by the well-known Langmuir, Freundlich, and
Tamkin isotherms. The Langmuir model best
describes the MB dye adsorption, which shows
that the MB dye adsorption on the granules is
homogeneous. The maximum  adsorption
capacity under optimal conditions (adsorbent:
0.04 g, contact time: 3 h, pH~6, temperature: 25
°C) for the removal of MB was 86.96 mg/g. The
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corresponding isotherm parameters from models

are listed in Table 1.

Table 1 Calculated parameters of adsorption isotherm models of MB on PETAC/Cu(ll)-A

Model Parameters
Langmuir '%%Tg : qm8(6rrl1§ég) 0.59273
Freundlich i mgg (/m 9 323 0.55242
Temkin 9.?53 22P.(§4 0.2?6218

To explore the potential of using a solid
adsorbent such as PETAC/Cu(ll)-A adsorbent, it
IS very important to investigate the kinetics of the
adsorption. This involves studying the adsorption
rate to determine the effects of various factors on
the process. This usually occurs through careful
monitoring of the experimental conditions that
affect the speed of the adsorption process, until it
reaches equilibrium. The kinetic data obtained is
then used to develop appropriate mathematical
models to describe the interactions between the
adsorbate molecule and the solid adsorbent. Two
of the most widely used Kinetic models, i.e.
Lagergren  pseudo-first-order equation and
pseudo-second-order equation were used to
research the adsorption kinetic behavior of MB
onto PETAC/Cu(Il)-A  adsorbent. The
consistency between the experimental and the
model-predicted data was investigated by
calculating correlation coefficients (R? values
closer to 1 means more applicability of the
model) and by observing the extent to which the
experimental adsorption capacity is close to the
theoretical value. The linear correlation
coefficient value (R?) for the pseudo-second-
order adsorption model has a high value (>99%)
for PETAC/Cu(ll)-A adsorbent. the best fit of the
pseudo-second-order kinetic model in the present
system (R? = 0.9997), indicates that MB
adsorption is limited by the chemical adsorption
process.

The cycle performance of adsorbent is critical for
practical application. Reusability of
PETAC/Cu(Il)-A adsorbent was evaluated by
MB removal under identical experimental
conditions. At the end of one experiment, the
adsorbent was separated and subsequently
washed with ethanol. Then, the adsorbent was
dried under a vacuum at 60 °C overnight before
another reaction cycle. As shown in Fig. 3, the
proposed adsorbent retained 85% MB removal
efficiency after five adsorption cycles. It means
that the PETAC/Cu (1) -A adsorbent was able to
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be reused for at least five cycles and exhibited no
significant loss of activity.

100 -

1 2 3 4 5

Cycle number

Fig. 3 Reuse of PETAC/Cu (lI) -A adsorbent for the
removal of MB

MB removal (%)
ul ~
o ol
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Conclusion

In summary, microsphere adsorbents based on
ACs derived from plastic wastes were prepared
and employed for the removal of MB. The
maximum monolayer adsorption capacity of MB
was 86.96 mg/g and the pseudo-second-order
kinetic model agreed well with the MB
adsorption Data. The driving force for the
adsorption is the strong tendency of Lewis acid
Cu(Il) centers to bind with Lewis basic N atoms,
as well as m-n interaction between basal planes of
the carbon and MB. The spent PETAC/Cu (1) -A
can easily be reused by organic solvent washing
and can be regenerated effectively with some
loss in adsorption performance.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Calculated parameters of adsorption Kinetics models of MB on PETAC/Cu(I)-A

Adsorbent pseudo-first-order pseudo-second-order
ki (min?)  de (Mg/g) R? ka2 (g/mg.min) de (Mg/g) R?
PETAC 0.0154 13.29 0.77 0.0141 22.62 0.9977
PETAC/Cu (II) -A 0.0174 5.94 0.8899 0.00328 25.97 0.9964
Ing, = InKp + ;lnC‘E ) @i pgpl-F-¥
3 - Trd o3z prgnl Bk il Veexe (xlaw Ol anlp
(all) Sleed Q3> (0 0ad Gl oole Hlake AT gl e ools

oY= 0.0115x + 0.066
R2=0.9973

g
© 1
O T 1
0 100 200
C, (mg/l)
5 A
()
4 -

Lng, (mg/g)
w

y« 0.3097x + 2.9963

2 R2=0.9542
s
1 T T T 1
-5 -2 1 4 7
LnC, (In mg/l)
120 -
(@)

80 - o?*

0o{¢ _
y = 9.4534x + 29.366
R2=0.8618
-40 . : : .
-5 -2 1 4 7

LnC, (In mg/l)
sl Jsls 55, MB iz slaJoe -0 IS
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Table 3 Separation factor values based on the
Langmuir equation

Concentration (mg/l) RL
50 0.10
100 0.054
150 0.037
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Table 2 Calculated parameters of adsorption isotherm
models of MB on PETAC/Cu(1D)-A

Model Parameters Value

Langmuir K (L/mg) 0.1742
gm (Ma/g) 86.96
R? 0.9973

Freundlich Ks (mg/g (I/mg)¥")  20.011
N 3.23
R? 0.9542

Temkin Bt 9.453
Kt 22.34
R? 0.8618
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Table 4 Maximum adsorption capacity of MB dye using various adsorbents

Adsorbent gm (Mg/g)  Com(g/l) pH Reference
FesOs@hierarchical hollow silica spheres 71.45 40 7 (Zhang et al. 2014)
MWCNT 59.7 10 6 (Wang et al. 2012)
Kaolin 52.76 100 6 (Mouni et al. 2018)
Iron based metal organic framework 8.65 5 - (Arora et al. 2019)
Magnetic graphene oxide modified zeolite 82.15 40 pH>9 (Huang et al.2019)
Rejected tea 147 100 6 (Nasuha et al. 2010)
Rice husk 40.6 100 8 (Vadivelan and Kumar 2005)
Fe304 @Guanidine 1.37 10 6 (Najafi et al. 2018)
Vegetal fiber activated carbons 40 20 4 (Cherifi et al. 2013)
Sawdust/MgO 59.17 100 12 (Ansari et al. 2018)
PETAC/Cu (1) -A 86.96 100 6 This Research

slaall; 5lead 0y slaJgil S (ol @t 4 a5 b
2 g Ceed 5l Gl S lsie 4wl o PETAC
)‘).S oolazwl Sy90 ésj LSLQO.L.:Y] B> 6‘)) w):.mo
WSylejl Ll 5o lotales] ol & ez b 05,S
)MMJ uél} )‘ OMT Cowdo @L.) J..QL! 6‘;: ..)5,..4‘50 L)LQAM
).:Lw 9 Lsﬂ $|5.A ).a‘ 9 oolawl G’_‘B‘j x_)LmJ 6‘)‘.’ IR
6):’5")""\3‘ ‘) o.\;.;)” B> u‘).».a S99y oMsls 6[.&:0.\;3“}”

S,5

Loold ay  ow yiawd
O 0 gt cpl j0 0als adei b ouds colaiul sleosls

el 00 48] s

S5 o i oL
8l olay digSze a5 o)l oo el dlin pl odinn g
Syl dlde ol el b g ories boadaly o

References

Ahmad, A. A., Hameed, B. H. and Ahmad, A. L.
(2009). Removal of disperse dye from
aqueous  solution using  waste-derived
activated carbon: Optimization study. J.
Hazard. Mater., 170(2-3), 612-619. DOI:
10.1016/j.jhazmat.2009.05.021.

Ai, L. and Jiang, J. (2010). Fast removal of
organic dyes from aqueous solutions by
AC/ferrospinel composite. Desalin., 262(1-

Environment and Water Engineering

&S amii - ¥

O ab g wax JEe 50 D3l ol ey 5o
B> slp 15l g A (Semadly Wil olge 5l Jol> Jld
@S ols ol asdllae guls .ol solaiul 135,

bl sle pH o oL loe Bis SIS o YL -
saals sVl Bi> L ol osgaze jo 5 0l Jol>

il

Edig,d 5y p 3ol 3l eslatwl b Jobs sl ools -Y
Sools (i Colpo 4 Az Lol bl eSed g
W3S Cund 25eS3Y p gl 5l (Jolas
)l oolawl l.) g_JéL>- S99y 2 MB g_AJ.> UJ).IG )_».5‘J.> -Y
ol Cawds APIAF MO/G 5 9055Y Joo

9 Jﬁ‘ d.».:).A 4\.»...0 aJoleo )l oolawl L: ‘_;i:.w.w L;LQOQ‘O -¥

i (iSly 285 18 Jlos 9 )90 ()5 5Y pod ach

3), 134-40.
05.059.

Al-Salem, S. M., Lettieri, P. and Baeyens, J.
(2009). Recycling and recovery routes of
plastic solid waste (PSW): A review. Waste
Manage., 29(10), 2625-2643. DOI: 10.1016/
j.wasman.2009.06.004.

DOI:  10.1016/j.desal.2010.

ol swdign 5 S jlanmes

Vol. 8, No. 4, 2022

b

\f’\ ul.»....uo) sf o)Lo.A:: A o)jd


https://doi.org/10.1016/j.jhazmat.2009.05.021
http://dx.doi.org/10.1016/j.desal.2010.05.059
http://dx.doi.org/10.1016/j.desal.2010.05.059
https://doi.org/10.1016/j.wasman.2009.06.004
https://doi.org/10.1016/j.wasman.2009.06.004
bshahmorady@gmail.com
Typewritten text
775


\Al4

VE) sl

Allegre, C., Moulin, P., Maisseu, M., Charbit, F.
(2006). Treatment and reuse of reactive
dyeing effluents. J. Membr. Sci, 269, 15-34.
DOI: 10.1016/j.memsci.2005.06.014.

Ansari, R., Mohammadpur, A., Rasoli Gamarodi,
E. and Kermanian, H. (2018) Removal of
methylene blue dye by sawdust coated with
nanoparticles MgO. J. Appl. Chem. 13(46),
219-237.  DOIl:  10.22075/chem.2017.
10419.1014.

Arora, C., Soni, S., Sahu, S., Mittal, J., Kumar, P.
and Bajpai, P. K. (2019). Iron based metal
organic framework for efficient removal of
methylene blue dye from industrial waste. J.
Mol. Lig., 284, DOI: 343-352.10.1016/
j-molliq.2019.04.012.

Awaja, F. and Pavel, D. (2005). Recycling of
PET. Eur. Polym. J., 41(7), 1453-1477. DOI:
10.1016/j.eurpolymj.2005.02.005.

Cherifi, H., Fatiha, B. and Salah, H. (2013).
Kinetic studies on the adsorption of
methylene blue onto vegetal fiber activated
carbons. Appl. Surf. Sci., 282, 52-59. DOI:
10.1016/j.apsusc.2013.05.031.

Dabrowski, A. (2001). Adsorption—from theory
to practice. Adv. Colloid Interface Sci., 93(1-
3), 135-224. DOI: 10.1016/S0001-8686(00)
00082-8.

Fayazi, M. (2019). Facile hydrothermal synthesis
of magnetic sepiolite clay for removal of Pb
(1) from aqueous solutions. Anal. Bioanal.
Chem. Res., 6(1), 125-136. DOI:
10.22036/abcr.2018.141470.1227.

Fayazi, M. and Ghanbarian, M. (2020). One-pot
hydrothermal synthesis of polyethylenimine
functionalized magnetic clay for efficient
removal of noxious Cr(VI) from aqueous

solutions. Silicon, 12(1), 125-134. DOI:
10.1007/s12633-019-00105-9.
Fayazi, M., Taher, M. A., Afzali, D. and

Mostafavi, A. (2016). Enhanced Fenton-like
degradation of methylene blue by
magnetically  activated  carbon/hydrogen
peroxide with hydroxylamine as Fenton
enhancer. J. Mol. Liqg., 216, 781-787.
DOI:10.1016/j.molliq.2016.01.093.

Fayazi, M., Taher, M. A., Afzali, D. and
Mostafavi, A. (2015b). Preparation of
molecularly  imprinted polymer  coated
magnetic multi-walled carbon nanotubes for
selective removal of dibenzothiophene.

Environment and Water Engineering

Mater. Sci. Semicond. Process., 40, 501-507.
DOI: 10.1016/j.mssp.2015.07.018.

Fayazi, M., Taher, M. A., Afzali, D. and
Mostafavi, A. (2015a). Removal of
dibenzothiophene using activated carbon/y-
Fe 03 nano-composite: kinetic  and
thermodynamic investigation of the removal
process. Anal. Bioanal. Chem. Res., 2(2), 73-
84. DOI: 10.22036/abcr.2015.10158.

Gupta, K. and Khatri. O. P. (2019). Fast and
efficient adsorptive removal of organic dyes
and active pharmaceutical ingredient by
microporous carbon: Effect of molecular size
and charge. Chem. Eng. J., 378, 122218-
122224, DOI: 10.1016/j.cej.2019.122218.

Hao, O. J., Kim, H. and Chiang, P. C. (2000).
Decolorization of wastewater. Crit. Rev.
Environ. Sci. Technol. 30, 449-505. DOI:
10.1080/10643380091184237.

Kannan, N. and Sundaram, M. M. (2001).
Kinetics and mechanism of removal of
methylene blue by adsorption on various
carbons— a comparative study. Dye. Pigment.
51, 25-40. DOI: 10.1016/S0143-7208(01)
00056-0.

Huang, T., Yan, M., He, K., Huang, Z., Zeng, G.,
Chen, A. and Chen, G. (2019). Efficient
removal of methylene blue from aqueous
solutions using magnetic graphene oxide
modified zeolite. J. Colloid Interface Sci.,
543, 43-51. DOI: 10.1016/j.jcis.2019.02.030.

Mallakpour, S. and Behranvand, V. (2017).
Water sanitization by the elimination of Cd?*
using recycled PET/MWNT/LDH composite:
morphology, thermal, kinetic, and isotherm
studies. ACS Sustain. Chem. Eng., 5(7),
5746-5757. DOI: 10.1021/acssuschemeng.
7b00344.

Mayakaduwa, S. S., Kumarathilaka, P., Herath,
., Ahmad, M., Al-Wabel, M., Ok, Y. S. and
Vithanage, M. (2016). Equilibrium and
kinetic mechanisms of woody biochar on
aqueous glyphosate removal. Chemosphere,

144, 2516-2521. DOl: 10.1016/j.
chemosphere.2015.07.080.
Mouni, L., Belkhiri, L., Bollinger, J. C,

Bouzaza, A., Assadi, A., Tirri, A. and Remini,
H. (2018). Removal of Methylene Blue from
aqueous solutions by adsorption on Kaolin:
Kinetic and equilibrium studies. Appl. Clay

Ol ot 5 S jlanmes

Vol. 8, No. 4, 2022

&

\f’\ ULM...A) sf o)Lo.:: A o)jd


https://doi.org/10.1016/j.eurpolymj.2005.02.005
https://doi.org/10.1016/S0001-8686(00)00082-8
https://doi.org/10.1016/S0001-8686(00)00082-8
https://doi.org/10.1016/j.molliq.2016.01.093
https://doi.org/10.1016/j.mssp.2015.07.018
https://dx.doi.org/10.22036/abcr.2015.10158
https://doi.org/10.1021/acssuschemeng.7b00344
https://doi.org/10.1021/acssuschemeng.7b00344
https://doi.org/10.1016/j.chemosphere.2015.07.080
https://doi.org/10.1016/j.chemosphere.2015.07.080
bshahmorady@gmail.com
Typewritten text
776


VYY sk phie iz
Sci., 153, 38-45. DOI: 10.1016/j.clay. solution. Environ. Nanotechnol. Monit.
2017.11.034. Manag., 9, 154-163. DOI: 10.1016/j.enmm.

Najafi, S., Salimi, F. and Karami, Ch. (2018).
Removal of methylene blue in aqueous
solution using modified Fe3Os magnetic
nanoparticles by guanidine. Pet. Res., 28(98),
49-52. DOI: 10.22078/pr.2017.2601.2214.

Nasuha, N., Hameed, B. H. and Din, A. T. M.
(2010). Rejected tea as a potential low-cost
adsorbent for the removal of methylene blue
J. Hazard. Mater., 175(1-3), 126-132. DOI:
10.1016/j.jhazmat.2009.09.138.

Ngulube, T., Ray Gumbo, J., Masindi, V. and
Maity, A., (2017). An update on synthetic
dyes adsorption onto clay based minerals: a
state-of-art review. J. Environ. Manag., 191,
35-57. DOI: 10.1016/j.jenvman.2016.12.031.

Niazi, A., Jafarian, B. and Ghasemi, J. (2008).
Kinetic spectrophotometric determination of
trace amounts of palladium by whole kinetic
curve and a fixed time method using
resazurine sulfide reaction. Spectrochim. Acta
- A: Mol. Biomol. Spectrosc., 71(3), 841-846.
DOI: 10.1016/j.saa.2008.02.010.

Oz, M., Lorke, D. E., Hasan, M. and Petronaiou,
G. A. (2010). Cellular and molecular actions
of methylene blue in the nervous system.
Med. Res. Rev. 31, 93-117. DOI:
10.1002/med.20177.

Rachna, Km., Agarwal, A. and Singh, N. B.
(2018). Preparation and characterization of
zinc ferrite-Polyaniline nanocomposite for
removal of rhodamine B dye from aqueous

2018.03.001.

Rafatullah, M., Sulaiman, O., Hashim, R. and
Ahmad, A. (2010). Adsorption of methylene
blue on low-cost adsorbents: a review. J.

Hazard. Mater. 177, 70-80. DOI:

10.1016/j.jhazmat.2009.12.047.
Sobhanardakani, S., Ghoochian, M., Jameh-

Bozorghi, S. and Zandipak, R. (2017).

Assessing of removal efficiency of indigo
carmine from wastewater using MWCNTSs.
Iran. J. Sci. Technol. Trans. A: Sci., 41,
1047-1053. DOI: 10.1007/s40995-017-0312-
z.

Vadivelan, V. and Kumar, K. V. (2005).
Equilibrium,  Kkinetics, mechanism, and
process design for the sorption of methylene
blue onto rice husk. J. Colloid Interface Sci.,
286(1), 90-100. DOI: 10.1016/j.jcis.2005.
01.00715848406.

Wang, S., Ng, C. W., Wang, W., Li, Q. and Hao,
Z. (2012). Synergistic and competitive
adsorption of organic dyes on multiwalled
carbon nanotubes. Chem. Eng. J., 197, 34-40.
DOI: 10.1016/j.cej.2012.05.008.

Zhang, J., Li, B., Yang, W. and Liu, J. (2014).
Synthesis of magnetic FesO.@ hierarchical
hollow silica nanospheres for efficient
removal of methylene blue from aqueous
solutions. Ind. Eng. Chem. Res., 53(26),
10629-10. DOI: 10.1021/ie5000533.

How to cite this paper:

Fayazi, M. (2022). Adsorption of methylene blue using carbon-alginate granules. Environ. Water Eng., 8(3), 765—

777. DOI: 10.22034/JEWE.2022.317408.1687

Environment and Water Engineering

ol swdign 5 S jlanmes

Vol. 8, No. 4, 2022

b

(A RN ul.»....uo) f o)LoA;'} A 0,90


https://doi.org/10.1016/j.enmm.2018.03.001
https://doi.org/10.1016/j.enmm.2018.03.001
https://doi.org/10.1016/j.cej.2012.05.008
https://doi.org/10.1021/ie5000533
bshahmorady@gmail.com
Typewritten text
777


