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Chitosan-magnetite composite (CS-MNPs) was made by an in-situ
combined co-precipitation method. Material characteristics were
investigated by X-ray, SEM, BET, and VSM methods. CS-MNPs has
a spherical shape with a diameter of around 20 nm and a surface area
of 119.43 m?/g. Magnetic characteristic of the CS-MNPs has a good
saturation magnetization of 36.5 emu/g. Adsorption of Rhodamine B
dye (RhB) was studied through parameters such as solution pH,
contact time, initial RhB concentration, and temperature. RhB
adsorption kinetics onto CS-MNPs was described using a pseudo-
second-order model. Adsorption isotherms were in agreement with
Langmuir and Freundlich adsorption models. Maximum adsorption
capacity decreased from 271.79 to 148.41 mg/g when temperature
raised from 293 to 313K. Adsorption process is spontaneous, random
and endothermic.
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Chitosan - ma nhé tit
Rhodamin B

bong hoc

M® hinh hip phu
Nhiét dong hap phu

Vit liéu composite chitosan — ma nhé tit (CS-MNPs) di dwoc tong
hop bang phuong phap in-situ két hop dong két tia. Cac dic trung
cua vit ligu da duogc nghién ciu thong qua cac phuong phap X-Ray,
SEM, BET va VSM. Vit liéu CS-MNPs da tong hop ¢ dang hinh
cau vai duong kinh khoang 20 nm, dién tich bé mat 119,43 m%g. Vat
liéu c6 tir tinh t6t vai tir d6 bdo hoa 1a 36,5 emu/g. Kha nang loai bo
thudc nhuém rhodamin B (RhB) dd dwoc nghién ciu théng qua
nghién ctru anh hudng cua cac tham sb hap phu: pH dung dich, thoi
gian hap phu, ndng d6 ban diu cua RhB va nhiét do hdp phu. Pong
hoc qué trinh hdp phu RhB trén CS-MNPs tuan theo mé hinh gia
dong hoc bac 2. Qua trinh hap phu phu hop theo mé hinh hip phu
Langmuir va Freundlich. Dung lwong hip phu cuc dai giam tur
271,79 dén 148,41 mg/g khi nhiét do ting tir 293 dén 313K. Qué
trinh hap phu 1a qua trinh ty xay ra, dién ra ty nhién va thu nhiét.
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1. Introduction

Nowadays, the problem of water pollutants such as heavy metals, pesticides, dyes, ... are
being investigated by scientists. Rhodamine B dye (Figure 1) is widely used as a textile pigment
that is frequently used. The toxicity of rhodamine B (RhB) is both acute and chronic. Vomiting
and poisoning can be caused by mild rhodamine B toxicity. When rhodamine B accumulates in
the body for a long time, it can lead to cancers [1]. As a result, RhB must be removed from water
sources. Adsorption is one of the most commonly used methods because of its low cost,
simplicity, high removal efficiency and easy reuse of adsorbents [2], [3].

Chitosan-magnetite composite (CS-MNPs) is a material made from chitosan and FesO, that has
excellent biological and magnetic properties. CS-MNPs have a wide range of applications in
biomedicine and adsorption [2]-[6]. However, there hasn't been much research related to the usage
of CS-MNPs in adsorption field in Vietnam. Due to its magnetism, the usage of CS-MNPs as
adsorbents will offer advantages in terms of recovery and reuse [7], [8]. Process of removing RhB
from aqueous was mentioned in this work by investigating influential parameters in the adsorption
process. Kinetics, isotherms, and thermodynamics of the adsorption process were also studied.
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Figure 1. Structure of Rhodamine B dye
2. Experiment

2.1. Chemicals

All chemicals used for synthesis were analytical grade and ordered from Sigma Aldrich and
Xilong company with purity 98.0 - 99.9%, including iron (lII) chloride hexahydrate
(FeCls.6H,0), iron (I1) sulfate heptahydrate (FeSO4.7H.0), sodium hydroxide (NaOH), chitosan
(CS), and rhodamine B (RhB).

2.2. Synthesis of CS - MNPs composite

MNPs were synthesized using a co-precipitation method with a Fe®*: Fe?* molar ratio of 1:2.
In-situ engineering was used to create the composite. During the preparation of Fe** and Fe?
solutions, chitosan was also added. The amount of Fe?* and Fe3* solutions was calculated so that
the mass ratio of CS and MNPs formed was 5:5. The synthesis lasted 50 minutes at 80°C, pH of
13. The synthesized material was washed in distilled water and dried for 24 hours at 70°C. CS-
MNPs were easily separated by magnets.

2.3. Analysis methods

Morphology of CS-MNPs were determined by Scanning Electron Microscopy (SEM) on FE-
SEM Hitachi S-4800 (Japan). Crystalline phase analysis was carried out on an X-ray
diffractometer — D2-Phase Bruker (Germany) with radiant Cu Ko (A = 1,5406 A). Magnetic
properties of materials at room temperature were measured by a vibrating sample magnetometer
(VSM). Surface area of the material was determined according to Brunauer—Emmett—Teller
method (BET).

2.4. Adsorption experiments

The adsorption of RhB onto CS-MNPs was used to study removal of RhB from aqueous. pH
of solution (2-10), contact time (5-180 minutes), initial concentration of RhB (Co = 5-150
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mg/L), and temperature (293-303-313 K) were used to study effect on adsorption process.
Volume of RhB solution was 50 mL. pH of solution was changed using HCI and NaOH
solutions. The remaining components were kept constant when studying influence of one factor.

Concentrations of RhB before and after adsorption were determined by standard curve method
on UV-Vis U2900 Hitachi (Japan) at maximum absorption wavelength Amax = 554 nm.

Adsorption capacity of RhB at equilibrium time and at time t was determined according to
equations (1) and (2), respectively. RhB removal efficiency was determined according to
equation (3).

q, = W (mg/g) (1)
q = W (mg/g) 2)
RE = Loc_ J 100 (%) 3)

0
In which: Co, Ce, C; are concentration of RhB at initial time, equiblium and time t (mg/L); g. and
Qe are capacity adsorption at equibrilium and time t (mg/g); V is volume of RhB solution (V = 0.05 L),
M is mass of CS-MNPs (M = 0.02 g). RE is removal efficiency of adsorption process (%).

3. Results and discussion
3.1. Characterization of CS-MNPs
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Figure 2. The XRD of CS, MNPs and CS-MNPs (a), SEM images of CS-MNPs (b), Nitrogen adsorption —
desorption isotherms of CS-MNPs (c), Magnetization curves of MNPs and CS-MNPs (d)

XRD results (Figure 2a) showed that 2-theta = 29.97°, 35.45°, 43.24°, 53.49°, 57.15°, 62.81°
corresponded to lattice faces [hlk] = (220), (311), (400), (422), (511) and (440) of spinel structure
of FesO4 [7], [9]. Furthermore, a diffraction peak at 2-theta location corresponded to 11.15°
shown on the plot, demonstrated the presence of CS in composite [6], [10]. Spinel structure of
Fes04 was unchanged when combined with chitosan. This demonstrated that composite materials
composed of CS and MNPs successfully made. Average crystal sizes of MNPs and CS-MNPs
were calculated with the Debye-Scherrer formula (Equation 4) [10]. Average crystal sizes of
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MNPs and CS-MNPs were 8.70 nm and 5.95 nm, respectively. Composites' average crystal size
is less than that of individual MNPs. This can be explained by the fact that CS played as a
surfactant when forming NMPs crystals while synthesizing materials [5].
K.A
p.cosé )

D is the average crystallite size (nm), K is the Scherrer constant (K = 0.9), X is the wavelength
of the X-ray source (A = 0,15400), B is the full width at half-maximum (FWHM) of the main peak
diffraction (radians), 0 is the peak position (radians).

CS-MNPs has a uniform spherical shape with a diameter of around 20 nm, as shown in SEM
image (Figure 2b). Surface area of CS-MNPs was 119.43 m%/g using the N adsorption isotherms
(Figure 2c). This was higher than the previous study (88.7 m?/g) [9]. Saturation magnetization of
CS-MNPs was 36.5 emu/g, lower than that of individual MNPs (63.5 emu/g) (Figure 2d).
Because of the absence of non-magnetic chitosan in CS-MNPs, saturation magnetization value of
CS-MNPs was lower than that of MNPs (42.5%). However, this value of material was larger than
that result reported by Li Gui yin et al. (21.5 emu/g) [4].

3.2. Effect of adsorption factors on the RhB dye removal efficiency
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Figure 3. Effect of adsorption factors on the RhB dye removal efficiency: pH (a), contact time (b), initial
concentration of RhB and temperature (c)

Figure 3 showed effect of several factors (pH, contact time, initial concentration of RhB,
temperature) on adsorption of RhB in aqueous onto CS-MNPs. At pH of 6 - 8, results (Figure 3a)
showed that CS-MNPs has high effectiveness in removing RhB. It might be explained that: RhB
has a pKa value of 3.7. RhB exists as RhB* when pH is less than 3.7. RhB existed in zwitterionic
form (RhB*) when pH was greater than 3.7 [3]. CS-MNPs, on the other hand, has 6.7 points of
zero charge. Surface of CM-MNPs was positively charged when pH was less than 6.7, while
surface of CS-MNPs was negatively charged when pH was greater than 6.7. As a result of the
charge competition on surface of CS-MNPs and RhB at pH 2, adsorption efficiency decreased.
Adsorption was attributed to charged interaction of RhB and CS-MNPs surface at pH > 3.7,
which increased removal effectiveness. On the other hand, RhB removal effectiveness at pH 6,
which is close to the natural pH of water, was nearly equivalent to that at pH 7 and 8, so pH 6
was chosen for further research.

RhB removal efficiency (Figure 3b) was quite stable from 50 to 180 minutes. As a result, 60
minutes was chosen as adsorption equilibration time. RhB removal efficiency decreased as the
initial concentration of RhB and adsorption temperature raised (Figure 3c).

3.3. Adsorption kinetics

Experimental data were fitted to pseudo-first- and second-order, Temkin, intra-particle-
diffusion models to investigate the adsorption kinetics (Figure 4). The pseudo-first- and second-
order, Temkin, intra-particle-diffusion nonlinear equations were given by equations 5, 6, 7, and 8,
respectively [7], [8], [11], [12].
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Where: Ki(1/min) is the adsorption rate constant of this model. Kz (g/mg.min) is the second-
order adsorption rate constant. Ki, is the diffusion rate constant (mg.min®%/g); C is constant. A
(mg/g.min) is the initial rate of adsorption rate and B (g/mg) is the Elovich constant.
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Figure 4. The fitting curves of RhB adsorption Figure 5. The fitting curves of Langmuir,
kinetic models onto CS-MNPs Freundlich and Temkin models for RhB onto CS-

MNPs at different temperatures

The regression coefficient R? according to the pseudo-second-order model is higher than the
remaining R? values and closes to 1 (R = 0.97), as in Table 1. On the other hand, the adsorption
capacity according to pseudo-second-order (qe) is likewise near to the experimentally found
maximum adsorption capacity (dexp). As a result, the pseudo-second-order model fits the RhB
adsorption kinetics onto CS-MNPs. This was also in agreement with other previous researches on
RhB adsorption kinetics onto adsorbents [7], [8], [11]-[13].

Table 1. The parameters of RhB adsorption isotherm onto CS-MNPs

Pseudo-first-order Pseudo-second-order Elovich Intra-particle-diffusion
R?=0.85 R2=0.97 R?2=0.92 R%2=0.75
K1=0.12 Kz =0.43.102 A =108.96 Kin=1.61

(1/min) (g/mg.min) (mg/g.min) (mg.min%5/g)
ge = 42.15 (mg/g) ge = 45.13 (mg/g) B =0.18 (g/mQ) C=25.93

Oexp = 44.25 (Mg/g)

3.4. Adsorption isotherm

RhB adsorption onto CS-MNPs was investigated with Langmuir, Freundlich, and Temkin
isotherm adsorption models (Figure 5). The Langmuir, Freundlich, Temkin equations are given
by equations (9), (10), (11), respectively [7], [8], [11], [12], [14].

K,C
qe — Qmax L>e (9)
(1+K.C,)
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g, = K exp(C.") (10)
q. =F;T—Tln<KTce) 1)

where C. and (e are concentration of RhB (mg/L) and capacity adsorption (mg/g) at
equilibrium. Qmax is the maximum adsorption capacity of monolayer (mg/g). K. is Langmuir
constant (L/mg). Ke (mg*®™ LY /g) and n are Freundlich isotherm constant and adsorption
intensity, respectively. Adsorption process's favorability is dependent on the value of 1/n.
Favourable adsorption is defined as a value of 1/n between 0 and 1 [15].

Kt (L/mg) is Temkin isotherm constant, br (J/mol) is Temkin isotherm constant related to
adsorption heat. R (8.314 J/mol. K) is the gas constant. T (K) is the absolute temperature.

Ri is a Langmuir parameter that is calculated using equation (12). The value of R, is connected
to the adsorption process' feasibility or favorability. Following is the relationship between RI and
adsorption favorability: A R, value between 0 and 1 indicates favourable adsorption, R} > 1
denotes unfavourable adsorption, and Ry = 0 and R, = 1 denote reversible and linear adsorption,
respectively [8], [12].

R—— ot
(1+K.Cp)

Regression coefficients (R?) for Langmuir and Freundlich models at investigated temperatures
are high and near to 1 (R? = 0.98 and 0.99), as shown in Table 2. That demonstrated that
adsorption of RhB onto CS-MNPs follows both Langmuir and Freundlich models. R, and 1/n
values also indicated that RhB adsorption process onto CS-MNPs was favourable.

KL values increased as temperature increased (T = 293, 303, 313 K), while the maximum
adsorption capacities calculated with Langmuir model decreased (Qmax = 271.79, 196.95, 148.41
mg/g). That indicated that when temperature raised, adsorption rate increased while adsorption
efficiency reduced.

Table 2. The parametre of adsorption model at different temperatures

(12)

Langmuir isotherm

Temperature (K)

Qmax (Mg/g) K10 (L/mg) RL R?
293 271.79 3.47 0.97-0.66 0.98
303 196.95 4.61 0.96 -0.59 0.98
313 148.41 5.79 0.95-0.54 0.98
Freundlich isotherm
Temperature (K) n Kr 1/n R?
(mgl»(lln)ll_l/n /g)
293 1.92 22.08 0.52 0.99
303 2.22 22.85 0.45 0.98
313 2.51 11.23 0.40 0.98
Temkin isotherm

Temperature (K) br (3/mol) Kz (L/mg) R?
293 54.32 0.68 0.91
303 66.80 0.72 0.96
313 84.49 0.81 0.98

3.5. Adsorption thermodynamic

To study thermodynamic adsorption, values of standard free energy (AG®), standard enthalpy
(AH®) and standard entropy (AS®) were determined with the equations 13 and 14:

AG® = -RT InKc (13)

AG? = AH? - TAS® (14)
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in which, equilibrium constant Kc could be calculated using several coefficients such as
Langmuir isotherm constant (K.), Freundlich isotherm constant (Kr) and distribution coefficient
(Kq). In this study, Kc was determined from Langmuir isotherm constant. Because K¢ must be
dimensionless, K. value must be multiplied by 10° to obtain the density of pure water (mg/L).
Plot of AG® versus T was used to calculate AH® and AS° [16].

Values AG® were negative when calculated using equation (13). RhB adsorption onto CS-
MNPs was shown to be a spontaneous process. Standard enthalpy and entropy values were 19.50
kJ and 115.23 J/mol.K, respectively (Figure 6). This result also coincided with RhB adsorption
thermodynamic onto previously studied materials such as L-Ser capped FezO4 NPs, and MIL-53-
Fe MOF/Magnetic Magnetite/Biochar Composites [8], [11].
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Figure 6. Effect of the standard free energy to temperature
4. Conclusion

CS-MNPs composite material has been successfully synthesized by in-situ combined with co-
precipitation method. The material has a spherical shape with a diameter of roughly 20 nm and a
surface area of 119.43 m?/g. Magnetic characteristic of material is good. At a pH of 6, CS-MNPs
adsorbs RhB dye well, with a contact time of 60 minutes. When initial concentration of RhB and
adsorption temperature increase, efficiency of RhB removal decrease. The pseudo-second-order
model can be used to explain RhB adsorption process onto CS-MNPs. Langmuir and Freundlich
adsorption models apply to RhB isotherm adsorption. Adsorption temperatures are 293K, 303K,
and 313K, maximum adsorption capacity are 271.79, 196.95, and 148.41 mg/g, respectively. RhB
dye adsorption onto CS-MNPs is endothermic, spontaneous, and random.

Acknowledgment

This research is funded by Thai Nguyen University of Sciences (TNUS) under grant number
CS2020-TN06-13.

REFERENCES

[1] N. Belachew, D. R. Devi, and K. Basavaiah, “Facile green synthesis of I-methionine capped magnetite
nanoparticles for adsorption of pollutant Rhodamine B,” J. Mol. Liq., vol. 224, pp. 713-720, 2016.

[2] N. Belachew, D. Rama Devi, and K. Basavaiah, “Green synthesis and characterisation of L-Serine
capped magnetite nanoparticles for removal of Rhodamine B from contaminated water,” J. EXp.
Nanosci., vol. 12, no. 1, pp. 114-128, 2017.

[3] C. M. Navarathna et al., “Rhodamine B Adsorptive Removal and Photocatalytic Degradation on MIL-
53-Fe MOF/Magnetic Magnetite/Biochar Composites,” J. Inorg. Organomet. Polym. Mater., vol. 30,
no. 1, pp. 214-229, 2020.

[4] G. Yin Li, Y. Ren Jiang, K. Long Huang, P. Ding, and J. Chen, “Preparation and properties of magnetic

http://jst.tnu.edu.vn 17 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(07):11-18

Fe304—chitosan nanoparticles,” J. Alloys Compd., vol. 466, no. 1-2, pp. 451-456, 2008.

[5] G. Unsoy, S. Yalcin, R. Khodadust, G. Gunduz, and U. Gunduz, “Synthesis optimization and
characterization of chitosan-coated iron oxide nanoparticles produced for biomedical applications,” J.
Nanoparticle Res., vol. 14, no. 11, p. 964, 2012,

[6] F. Assa et al., “Chitosan magnetic nanoparticles for drug delivery systems,” Crit. Rev. Biotechnol., vol.
37, no. 4, pp. 492-509, 2017.

[7]1 M. A. Zulfikar, S. Afrita, D. Wahyuningrum, and M. Ledyastuti, “Preparation of Fe304-chitosan
hybrid nano-particles used for humic acid adsorption,” Environ. Nanotechnology, Monit. Manag., vol.
6, pp. 64-75, 2016.

[8] Y.-C. Chang and D.-H. Chen, “Preparation and adsorption properties of monodisperse chitosan-bound
Fe304 magnetic nanoparticles for removal of Cu(Il) ions,” J. Colloid Interface Sci., vol. 283, no. 2,
pp. 446-451, 2005.

[9] H. Rasoulzadeh et al., “Parametric modelling of Pb(II) adsorption onto chitosan-coated Fe304 particles
through RSM and DE hybrid evolutionary optimization framework,” J. Mol. Liq., vol. 297, p. 111893,
2020.

[10] A. Sirivat and N. Paradee, “Facile synthesis of gelatin-coated Fe304 nanoparticle: Effect of pH in
single-step co-precipitation for cancer drug loading,” Mater. Des., vol. 181, p. 107942, 2019.

[11] T.N. Le, T. D. Tran, and M. Il Kim, “A Convenient Colorimetric Bacteria Detection Method Utilizing
Chitosan-Coated Magnetic Nanoparticles,” Nanomaterials, vol. 10, no. 1, p. 92, 2020.

[12] K. Liu, H. Li, Y. Wang, X. Gou, and Y. Duan, “Adsorption and removal of rthodamine B from
aqueous solution by tannic acid functionalized graphene,” Colloids Surfaces A Physicochem. Eng.
Asp., vol. 477, pp. 35-41, 2015.

[13] A. A. Oyekanmi, A. Ahmad, K. Hossain, and M. Rafatullah, “Statistical optimization for adsorption of
Rhodamine B dye from aqueous solutions,” J. Mol. Lig., vol. 281, pp. 48-58, 2019.

[14] F. Hayeeye, M. Sattar, W. Chinpa, and O. Sirichote, “Kinetics and thermodynamics of Rhodamine B
adsorption by gelatin/activated carbon composite beads,” Colloids Surfaces A Physicochem. Eng. Asp.,
vol. 513, pp. 259-266, 2017.

[15] S. Radoor, J. Karayil, J. Parameswaranpillai, and S. Siengchin, “Adsorption Study of Anionic Dye,
Eriochrome Black T from Aqueous Medium Using Polyvinyl Alcohol/Starch/ZSM-5 Zeolite
Membrane,” J. Polym. Environ., vol. 28, no. 10, pp. 2631-2643, 2020.

[16] H. N. Tran, S. J. You, and H. P. Chao, “Thermodynamic parameters of cadmium adsorption onto
orange peel calculated from various methods: A comparison study,” J. Environ. Chem. Eng., vol. 4,
no. 3, pp. 2671-2682, 2016.

http://jst.tnu.edu.vn 18 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

