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Abstract: The use of synthetic chemical dyes in various industries, including plastics,
paper manufacturing, cloth dyeing, printing and leather treatment, has increased considerably
over the last years, resulting in the release of dye-containing effluents into the aquatic and
soil ecosystems. There are many techniques to remove the waste after dying process
(coagulation, chemical precipitation, reverse osmosis, extraction, filtration, biological
treatment and adsorption). The releasing of dyes from many industrial plants is
environmentally hazardous. The most important goal for the waste water purification is to
find the low-cost adsorbents with high selectivity and long life. In our study, an effort has
been made to prepare efficient composite materials for dyes removal from aqueous solution
based on medium molecular weights deacetylated chitin i.e. poly(D-glucosamine) and a bio-
degradable nontoxic anionic polysaccharide sodium alginate filled with magnetite
nanoparticles. Alginate composite beads coated with poly(D-glucosamine) were prepared
using layer-by-layer (LbL) deposition method. During the adsorption process the
concentrations of dyes in solution waste were determined according to the general

spectrophotometer method.
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1. INTRODUCTION

Over the last few decades, society has become
increasingly sensitive towards the protection of the
environment. Wastewater containing dyes is very
difficult to treat, since the dyes are recalcitrant
molecules and resistant to aerobic digestion. There are
more than 100,000 commercially available dye [1].
Many of the industrial dyes are toxic, mutagenic,
teratogenic, and carcinogenic. A synthetic dye cannot
be efficiently decolorized by traditional methods. All
technologies for colour removal (biological, chemical
and physical) have advantages and drawbacks.
Chemical methods include coagulation or flocculation
combined with flotation and filtration, conventional
oxidation methods by oxidizing agents, precipitation-
flocculation with Fe(II)/Ca(OH),, -electroflotation,
irradiation or electrochemical processes. These
chemical techniques are expensive, and although the
dyes are removed, there are problems with
accumulation of concentrated sludge. Biodegradation
methods such as fungal decolourization, microbial
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degradation, adsorption by microbial biomass and
bioremediation systems are commonly used for
industrial ~ effluents  treatmant because many
microorganisms such as bacteria, yeasts, alges and
fungi are able to accumulate and degrade different
pollutants. The physical method adsorption does not
result in the formation of harmful substances and is
superior to other methods in terms of initial cost,
flexibility and simplicity of design, ease of operation
and insensitivity to toxic pollutants. Decolourisation is
a result of two mechanisms: adsorption and ion
exchange and is influenced by many physio-chemical
factors, such as, dye/sorbent interaction, sorbent
surface area, particle size, temperature, pH, and contact
time. The first step to the efficient adsorption process is
to search for the low-cost adsorbent materials with long
life, with high capacity and high selectivity to reduce
the procedure cost. Synthetic dyes are considered the
most difficult to treat because they contain complex
aromatic structures, which make them more stable and
more difficult to be biodegraded. The adsorbent should
possess few basic qualities such as porous in structure
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(resulting in high surface area), smaller in size and time
taken for adsorption equilibrium should be as
depressed as possible with the purpose that it can be
used to remove dye wastes in a short period [2,3]. The
emergence of tailored nanoparticles with magnetic
properties and high adsorption competence for an
extended mixture of compounds, offer a novel tool to
deal with waste water purification [4]. Magnetic
adsorbents can be efficiently used for the separation of
various dyes both from solutions and suspensions. The
magnetic adsorbents could be separated based on their
nanostructures because the ease of direction of
magnetization would vary depending on the ordering
of atoms in the magnetic structure. In general,
adsorbent used are smaller in size since smaller size
adsorbents have increased surface area leading to
highest adsorption capacity. External magnetic field
applied to materials determines the property of
magnetic particles. Descriptions of orientations of the
magnetic moments in a material aid to identify
different forms of magnetism observed in nature. Five
basic types of magnetism can be described:
diamagnetism,  paramagnetism,  ferromagnetism,
antiferromagnetism and ferrimagnetism. Diamagne-
tism is a central attribute of all atoms, and the
magnetization is very small and opposed to the applied
magnetic field direction. As it is rewieved in bibliog-
raphy, [5] many materials exhibit paramagnetism,
where a magnetization develops parallel to the applied
magnetic field as the orbit is increased from zero,
however, the effectiveness of the magnetization is
small. Ferromagnetism is the property of those
materials that are inherently magnetically ordered and
which develop spontaneous magnetization without the
need to utilize a field. A disparity on ferromagnetism is
ferrimagnetism, where different atoms possess
different moment strengths, but at that state is still an
ordered state below a certain critical temperature. The
magnetic material can be sorted based on their
susceptibility, i.e., diamagnet (y<0), paramagnet
(x> 0), ferromagnet (y > 0). It has been proven that
many of the unique magnetic properties of
nanoparticles can be atributed to the high surface-to-
volume ratio. The substantial characteristic of an
adsorbent is the quantity of adsorbate accumulated on
adsorbent, which is generally estimated from the
adsorption isotherms.

2. EXPERIMENTAL PART
2.1 Materials

Cresol red 4,4'-(1,1-dioxido-3H-2,1-
benzoxathiole-3,3-diyl)bis(2-methylphenol) was

purchased from Merck Company. (Soluble dye with
melting point 290 °C and density 0.98 g/mL at 25
°C). Bio-degradable nontoxic anionic polysaccharide
sodium alginate was obtained from Sigma-Aldrich
(type180947). Medium molecular weight poly(D-
glucosamine) i.e. chitosan animal origin was obtained
from Sigma-Aldrich. (type 448877). Viscosity 200-
800cP, 1wt. % in 1% acetic acid (25 °C,
Brookfield). Chitosan is manufactured commercially
by deacetylation of chitin, which is the structural part
in the exoskeleton of crabs and shrimp and cell walls
of fungi. The chemical structure of chitosan is given
in the Figure 1. On average, the molecular weight of
commercially prepared chitosan is in the range from
3800 to 20,000 Daltons. The synthesis of chitosan is
in general the deacetylation of chitin using sodium
hydroxide in excess as a reagent and water as a
solvent. This reaction pathway at complete
deacetylation)yields up to 98% product. Magnetite
(Fes04) was purchased from Merck Company. It is a
mineral and a member of the spinel group. Magnetite
is the most magnetic of all the naturally occurring
minerals. Numerous natural and synthetic adsorbents
were used, out of which magnetic composites (MCs)
and magnetic nanocomposites (MNCs) have gained
much attention presently in the removal of dyes from
aqueous solution.

o

Figure 1. The chemical structure of chitosan
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2.2. Preparation of chitosan-coated beads

The beads prepared from  alginate
nanocomposites coated with chitosan were obtained
using layer by layer (LbL) method. In the first step,
sodium alginate (0.3035 g) was dissolved in 10 ml
of distilled water by continuous stirring until a
homogeneous mixture was obtained. Fe;O0; (1%
mass) was added into this solution and in the
ultrasonic bath. After 30 minutes the solution was
kept in the sonicator for further 15 min. The final
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solution was dropped into the CaCl, (2% mass)
solution with a proper syringe at 300 K and
completely dispersed magnetite beads were
obtained. The spherical beads were formed for 30
minutes in the gelling solution with gentle stirring.
The beads were collected by filtration and washed
several times with distilled water. Magnetic alginate
nanobeads were incubated in the the solution of
chitosan which was previously prepared by
dissolving of 3 grams of chitosan in 1L of acetate
buffer solution (0.02 mol/L of sodium acetate/acetic
acid 1%) at pH 5.0. Then, the beads were taken out
and washed several times with distilled water. The
samples were dried in an oven at 60 °C until constant
weight.

2.3. Adsorption experiments

For adsorption process determination the dye
stock solution was obtained by dissolving weighted
cresol red in distilled water (concentration 1gL™).
The cresol red solutions were obtained by diluting
the dye stock solution in accurate proportions to
required initial concentrations (50ppm; 25ppm;
12.5ppm). The samples including magnetite powder
and bio-degradable polymer blend were used as the
adsorbent. 25 ppm dye solution was used to follow
the effect of the temperature on adsorption. The
adsorption was followed using spectrophotometer at
the wavelength (A,,.x=376, 440 and 574 nm for pH of
6, 8 and 10), respectively. The uptake percent (%) of
dye was calculated from the experimental results.
The solution of cresol red was prepared with
different pH values (6, 8, 10) to study the effect of
pH adjusting by NaOH and HCI solutions.
Adsorption experiments were carried out with and
without magnetic field. Magnetometer was used to
investigate the effect of the magnetic field on the
adsorption. During the adsorption process, the
concentrations of red dye wwas determined
according to general spectrophotometer method at
its ~ maximum  wavelength over  working
concentration range as given in method. The uptake
percentage of dye was estimated using the equation
given below:

c, —c
Uptake % =——

100 (1)
C

o

where C, (mgL") and C. (mgL"') are the
concentrations of cresol red in the solution at the
initial time (t = 0) and any time (t = t), respectively.

C() _Ce

Max uptake % = x100 2)

C

o

where C,. represents the concentration of cresol red
in the solution at equilibrium and used for the
calculation of maximum uptaken value. The mass of
cresol red adsorbed at any time (C = C,) and at
equilibrium (C = C,) per unit mass of the adsorbents
(q) was calculated from the Eq 2.

c —¢C
0 <V

€)

where q is the adsorbed amount of cresol red in the
solid phase at equilibrium (q=q.) and time t (min)
(q=qu), respectively. V (L) indicates the volume of
dye solution and W (g) is the weight of the
adsorbent. Adsorption experiments were carried out
in the glass-stoppered flasks immersed in a
thermostatic shaker bath. Samples were kept for 25
ml of different concentrations of cresol red
solutions. During the adsorption process, the
samples were taken at the pre-determined time
intervals and adsorbents were separated from the
solution using a magnet. The difference between the
concentrations of cresol red solutions before and
after adsorption gives the adsorbed amount of dye
on the adsorbents. 25 ppm of dye solution was used
at different temperatures and pH to follow the effect
of temperature and pH on the adsorption.

q:

3. RESULTS AND DISCUSSION

The image and size of magnetic beads
before and after adsorption are given in the Figure 2.
The removal of cresol red by the adsorbent as a
function of contact time was studied (Table 1).
When the initial concentration of cresol red
increased from 12.5 to 50 ppm, the uptaken value
increased from 8% to 18% . If a magnetic field was
applied during the adsorption process, the uptake
amount of cresol red increased from 21% to 33%,
with the concentration of cresol red varying from
12.5 to 50 ppm. Rapid adsorption (in 100 min) was
observed using a magnetic field. The effect of initial
pH on the adsorption of cresol red onto magnetic
beads is shown in Figure 3. The adsorption capacity
increases when the pH increases. The presence of
hydroxyl and amino groups in chitosan serve on the
adsorption active sides. High adsorption values were
obtained at pH = 10. The comparison of the
adsorption of 25 ppm dye solution as related to the
magnetic field presence at the same conditions is
shown in Figure 4. Kinetic study of adsorption of
cresol red from an aqueous solution onto the
adsorbent was carried out, by the well-known
Lagergren’s pseudo first-order and pseudo second-
order model.
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Figure 2. The size of nanocomposite beads a) after and (b) before adsorption process

5 without magnetic fleld z in magnetic ieid
*
50 * % % d
+ it i L i
- . N L + A
a ' i 4 pH=10 'i : =4 4 pH=10
‘i pR= i m & W pH=§
01, g " " 5 & m:.l" ;
[ |
0 B -
opl '8
’ 1w w w 401 fmin] 0 1w m e sy min.)
Figure 3. Adsorption of cresol red at different pH values, at 25°C and solution concentration,
25 ppm (with and without magnetic field)
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Figure 4. Comparing the adsorption with and without the influence of the magnetic field
Pseudo first-order rate expression is given as,  following equation:
dg/dt =k;(qe— q0) 4 In(ge—qy) = Inge-kit (5)

Integrating of Eq (4) for the boundary where, ki is the pseudo first-order rate constant of
conditions, at t=0, q, =0 and t=t, q=q, gives the the adsorption (min™).
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It was estimated that for obtained curves the
correlation coefficients, R%, have high values, 0.995,
0.997 and 0.998 for the concentration of 50 ppm, 25
ppm, 12.5 ppm, respectively. The results indicate the
applicability of this kinetic equation on the
adsorption process. The calculated (qec.) values for
all adsorbents are much closer to the experimental
(qe.exp) values in the case of pseudo first-order kinetic
model (Table 1). These results verify the adequacy
of the pseudo first order model. The experimental
data were also applied to the pseudo second order
kinetic model based on the adsorption capacity. The
correlation coefficients, R? obtained from the second
order kinetic model depicted low values and the
experimental values of (qecxp) do not agree well with
the calculated values (qeca) for this model. This
result shows that the second order kinetic model
does not fit well with the whole range of contact
time. The effect of temperature on the adsorption
capacity of magnetic nanoparticles was studied for
different temperatures, 25 °C, 40 °C, 60 °C for the
same concentration of 25 ppm. The adsorption
capacity decreases with the increasing temperature,
indicating that the adsorption is an exothermic
process. Using these results the date thermodynamic
parameters were estimated.

Table 1. Kinetic parameters for cresol red adsorption
obtained at 25 °C for solutions with different

concentration.
Parameters 50ppm | 25ppm | 12,5 ppm
Je,cal 24.47 12.75 3.24
Je.exp 28.36 12.71 4.45
K, 0.0149 0.0188 0.0133

4. CONCLUSIONS

The efficient composite materials for dyes
removal from aqueous solution based on medium
molecular weights chitosan and a bio-degradable
nontoxic anionic polysaccharide sodium alginate
filled with  magnetite nanoparticles  were
synthesiyed. Alginate composite beads coated with
chitosan were prepared using layer-by-layer
deposition method. During the adsorption process
the concentrations of dyes in solution waste
determined according to the general

spectrophotometer method. The uptake value of
cresol red on the magnetic beads adsorbent, in the
magnetic field was higher than in the non-magnetic
field. The adsorption percentage of dye on the
adsorbent increases with increasing dye
concentration. The adsorption equilibrium was
obtained in 100 minutes in magnetic field. The
pseudo first order and second order model were used
to determine the kinetics of adsorption process. First
order kinetic model provides good correlation for the
dye adsorption. The themperature effect studies
assessed that the adsorption of cresol red on the
magnetic nanobeads increased with the temperature
ranging from 25 °C to 60 °C. This result shows that
this adsorption process is endothermic.

5. ACKNOWLEDGEMENT

This work was supported by Istanbul
University BAP unit. Project number: BAP -37192

6. REFERENCES

[11 G. Z. Kyzas, D. N. Bikiaris, Recent
Modifications  of  Chitosan  for  Adsorption
Applications - A Critical and Systematic Review,
Mar Drugs, Vol. 13—1 (2015) 312-337.

[2] M. Vakili, M. Rafatullah, B. Salamatinia,

A. Abdullah, M. Ibrahim, K. Tan, Z. Gholami,
P. Amouzgar, Application of chitosan and its
derivatives as adsorbents for dye removal from
water and wastewater — A review, Carbohydrate
Polymers, Vol. 113 (2014) 115-130.

[3] P. Wang, T. Yan, L. Wang, Dye uptake by
magnetic chitosan BioResources Removal of
CongoRed from Aqueous Solution Using Magnetic
Chitosan Composite Microparticles, Bioresources,
Vol. 8—4 (2013) 6026—6043.

[4] M. Yagub, T. Sen, S. Afroze, H. Ang, Dye
and its removal from aqueous solution by adsorption
-A review, Advances in Colloid and Interface
Science, Vol. 209 (2014)172—-184.

[5] R. Sivashankar, A. Sathya, K. Vasantharaj,
V. Sivasubramanian, Magnetic composite an
environmental super adsorbent for dye sequestration
— A review, Environmental Nanotechnology,
Monitoring and Management, Vol. 1-2 (2014) 36—
49.



Ayse Z. Aroguz, et al., The preparation of composite materials based on magnetite nanoparticles ...
Contemporary Materials, VII-1 (2016) Page 88 of 88

FOR

JOBUJABE KOMITIO3UTHUX MATEPUJAJIA O/l HAHOUYECTULA MATHETUTA
N HATPUIJYM AJITUHATA 3A TTPEUMIITRABABE OTITA/THUX BOJA

Caxerak: [IpuMeHa cHHTETHYKHX O00ja y pa3HUM HHIYCTPHjCKUM TpaHaMa,
yKJbYy4yjyhn miacTuky, Npou3BOMBY namnupa, 0ojemwe ozehie, MITaMIapcTBO U TPETUPAHE
KOXKe, MOCIEA’UX TOJUHA 3HAYAjHO j€ Iopaciia, LITO je Pe3yITHPAIO OTIYLITAHhEeM
OTHAIHKUX BOJA KOje caapiku 00je y eko-cucreMe Bojia U 3emibuinTa. [locToju Besuku 6poj
METOJZia 32 YKJIamame OTMMaga HAKOH TEXHOJOIIKMX IOCTylmaka Oojema (Koarynanuja,
XEMHJCKO TaJlOKeHe, peBep3uOMIIHA 0CMO03a, eKCTpakiuja, (uiITpanuja, OHOJIOLIKH
TpeTMaH W aJcopIIHja). YKiIamame 00ja koa BehuHe HHIYCTPHjCKHUX TMOCTpPOjema je
€KOJIOIIKY oracHo. HajBakxHHMjHM Kopak Koj npeunmhaBama OTIIAHUX BoJa je 00e30enuTn
ancopOeHTe BENMKE CEJICKTHMBHOCTH KOjU MMajy HHCKY IIEHY M Iyr BeK Tpajama. Llusm
Haler paja je Ouo Ja ce 3a yKiamame 00ja M3 BOAEHHX pacTBOpa IpHIipeMe eukacHu
KOMIIO3UTHH MAaTepHjali Ha OCHOBY JCAlleTWIOBAaHOI XHUTHWHA, TO jecT momu(/-
TIIyKOCaMUHA) CpelHUX MOIIGKYJICKAX Maca ¢ OWO-IerpamabmiHOT  HETOKCHYIHOT
HoJiMcaxapyia HaTpUjyM ajlrHHaTa ca HaHoYecTHIlaMa MarHetura. KoMnosutHe airnHaTHe
rpaHyJie cy npekpuBane mosu(/l-riayko3aMuHOM), METOZOM HaHoIewa ciioj mo cioj (LbL).
Y ToKy mpoueca ajcopmiuje, KOHIEHTpauuja Ooja je mnpaheHa NPUMEHOM OIIITE
CHEKTPO(POTOMETPH]CKE METO/IE.

Kibyyne peun: oTmagHe BoOje, aJCOPIIHMja, HAHOTEXHOJOTHjE, IOJIMMEPHU
KOMIIO3UTH.



