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Abstract 

The removal of Rose Bengal dye (RB) from aqueous solution was tested by the adsorption process at initial dye concentration 

in the range of 3–50 ppm. For this purpose, a novel and sustainable Chitosan/Zirconium oxide nanocomposite (CS/ZrO2 NCs) 

was prepared by incorporating Zirconium oxide nanoparticles (ZrO2 NPs) into Chitosan nanoparticles (CS NPs). The prepared 

CS/ZrO2 NCs samples were characterized by many spectral techniques such as XRD, FTIR, SEM, EDX and TEM. The 

adsorption conditions such as dye concentration, contact time and CS/ZrO2 mass ratios were optimized. The experimental data 

shows that CS/ZrO2 containing 30% of ZrO2 NPs (CS/ZrO2 (30%)) has the highest adsorption capacity for eliminating RB dye 

among all the prepared samples. The maximum dye removal efficiency increased from 46% for Chitosan to 78% for the 

sample containing 30% of ZrO2 in CS/ZrO2 NCs. Isotherm models such as Langmuir and Freundlich were analysed. Kinetic 

studies indicated that Freundlich isotherm and pseudo-second order models are the best fitting for our experimental results.  

Keywords: Chitosan, ZrO2, adsorption, Isotherm, Kinetics  

 

1. Introduction 

The purity of water became an important issue due to 

industrialization activities. Fresh water that presents 

on the earth’s surface is subjected to many uses and 

demands. It is used for drinking, domestic and 

municipal uses, agricultural, irrigation, industries, 

navigation, and recreation. Water gets easily polluted 

because it has the ability to dissolve more substance 

than any other solvent. The used water becomes 

contaminated and is called wastewater [1]. Water 

pollution became one of the major environmental 

challenging problems faced by the world and it can 

be defined as alteration in physical, chemical, or 

biological characteristics of water   through natural or 

human activities and making it unsuitable for its 

designated use. Major parts of the contaminants are 

coming from different industry containing heavy 

metals, hazardous dyes, radioactive pollutants, toxic 

chemicals, fluoride etc. Some industrial activities 

such as textile, colouring, cosmetic, paint, food, 

paper, printing, and pharmaceuticals are considered 

as a big demand from the environmental point of 

view because many hazardous synthetic dyes are 

generally heavily produced [2]. 

 

The biodegradation of organic dyes is difficult due to 

its aromatic molecular structure. Organic dyestuffs in 

wastewater of many industries are extensively 

discharged to the environment affording serious soil 

and water pollution due to biological degradation, 

high chemical oxygen demand (COD) of water and 

inflected toxicity on humans [3]. On the basis of a 

survey, it has been reported that textile industry, 

pharmaceutical factory, leather industry, plastic 

industry disposed 50000 tons of dyes per year to the 

water bodies. The industrial dye compounds prevent 

the sunlight and afford hazard damage to aquatic and 

human life. So many techniques are being used to 

improve the traditional water treatment processes 

including physical processes or chemical treatments 

[4-6]. Adsorption is the most effective and broadly 

utilized technique. The most important advantages of 

adsorption are its relatively low cost and its ease 

implementation of the operation process. The 

effectiveness of the adsorption process depends on 

the performance of the adsorbent material [7]. 
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Recently, many adsorbents such as activated carbon 

[8-10], barium phosphate [11], carbon nanotube [12], 

alginate bead [13], smectites [14], graphene [15], 

zeolite [16] and polysaccharides [17] have been 

widely used for dye removal but most of them have 

one or more disadvantages such as low adsorption 

capacity, high cost, unsatisfactory separation and the 

need for large amounts of adsorbent. 

Due to some disadvantages in all dye degradation 

methodologies, attention toward chitosan-based 

adsorbents has increased for the adsorption of dyes. 

Chitosan is a biodegradable [18], nontoxic [19], 

natural polysaccharide [20-23] and one of the readily 

available polymers with relatively high abundance 

and sustainable materials with divergent functional 

groups that are employed in broad range of 

applications [24]. It is derived by deacetylation of 

chitin which is one of the most profuse natural poly 

saccharides [25]. It has antibacterial activity and 

binding tendency with pollutants which facilitate the 

efficient adsorption process in water treatment. 

Additionally, it is biocompatible, biodegradable, less 

toxic, and convenient in chemical modifications, 

which exhibit high adsorption abilities in neutral 

solution [26]. Many research works reported that the 

interaction of primary amine group in chitosan with 

various groups through 3-D network formation can 

improve the mechanical stretch and adsorption ability 

of chitosan-based polymer nano composite. Although 

chitosan has many advantages, it is still needed to 

enhance its catalytic activity and adsorption 

efficiency [14, 27]. Combining chitosan, and other 

reactive materials with a selective affinity toward 

anions sorption would constitute a viable approach to 

develop multi-functional composites to 

simultaneously remove both cations and anions from 

water. 

Zirconium oxide is a physically rigid material with 

chemical inertness. It’s a harmless element with good 

stability, cheap and eco-friendly material. It has high 

resistance against attacks by acids, alkalis, oxidants 

and reductants [28, 29], so Zirconium oxide-based 

materials are used in many applications including 

automobile engine parts, wire-drawing dies, and 

cutting tools. Additionally it’s used in dye removal 

by adsorption and photocatalysis methods [29, 30], 

Metal oxide nanoparticles (MONPs) have unique 

properties differ from their properties in large scale 

[31]. However, they can easily coagulate when 

applied directly. This problem can be solved by 

introducing a suitable carrier or stabilizer [32]. 

In the present work, to develop nanocomposite with 

high efficiency towards dye removal, Chitosan 

nanoparticles and Chitosan/ZrO2 nanocomposite 

(CS/ZrO2 NCs) were prepared with different ratio of 

dopant metal oxide. The synthesized nanocomposite 

was characterized by several spectral techniques 

FTIR, SEM-EDX, XRD and TEM analysis. Removal 

of hazardous Rose Bengal dye were optimized 

according to percentage of metal oxide doped on 

pristine material, the initial concentration of dye and 

contact time. Adsorption models were applied, and 

thermodynamic parameters were calculated. 

 

2. Materials and methods 

2.1. Materials 

Chitosan (degree of deacetylation: >75 %, average 

molecular weight: 200 kDa and chemical structure 

shown in Scheme 1), Sodium Tripolyphosphate 

(STPP), sodium hydroxide, Acetic acid, Rose Bengal 

dye (C20H2Cl4I4Na2O5) and Zirconium (IV) oxide 

(ZrO2 nano powder with size <100 nm) were 

purchased from Sigma-Aldrich. 

 

2.2. Preparation of Chitosan nanoparticles 

Chitosan (CS) nanoparticles were prepared by 

dissolving chitosan at the concentration of 0.5% 

(W/V) in acetic acid 1% (V/V) and then the pH was 

adjusted at 4.6-4.8 by adding 1N NaOH. Chitosan 

NPs were shaped spontaneously after addition of 3 ml 

of 0.25 % (W/V) of aqueous sodium tripolyphosphate 

solution under continuous magnetic stirring. The 

nanocomposites were purified by centrifugation at 

9000 rpm for 30 min. Supernatants were discarded, 

and the chitosan nanoparticles were extensively 

rinsed with de-ionized distilled water to remove any 

sodium hydroxide and thereafter freeze dried before 

further use and analysis [33]. 

Scheme (1): Structure of Chitosan 

 

2.3. Preparation of Chitosan-ZrO2 Nanocomposite 

Different amounts of ZrO2 were sonicated in CS 

nanoparticles solution (2% w/v in acetic acid 1% v/v) 

for 20 min then the suspension was stirred for 8 h at 

room temperature (25°C), washed with ultrapure 

water by ultracentrifugation to remove unbound CS, 

and dried at room temperature to obtain CS-ZrO2 

nanocomposites with different ZrO2 percentage [34]. 

The final composite nanoparticles (CNPs) were 

referred as CS/ZrO2 (1%), CS/ZrO2 (10%), CS/ZrO2 (20%), 

CS/ZrO2 (30%), CS/ZrO2 (40%) and CS/ZrO2 (60%), where 

the subscript number between brackets refers to the 

ZrO2 percentage. 
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2.4. Characterization of Chitosan/ZrO2 

nanocomposite 

Characterization of the catalysts was performed using 

several methods. X-ray diffraction (XRD) was 

carried out using (X PERT PRO – PAN Analytical) 

diffractometer with Cu radiation and a 2θ range of 4–

80º. Fourier transfer infrared (FTIR) spectrum was 

recorded by BRUKER Spectrum using attenuated 

total reflectance mode, in the wave number range of 

400–4,000 cm
-1

. Scanning electron microscopy 

(SEM-EDX) analysis was carried out using Quanta 

FEG 250/EDAX with field emission gun, FEI 

company – Netherlands) to investigate the surface 

morphology of the composites. Transmission electron 

microscopy (TEM) was carried out using TEM 

(JEOL JEM 2100, Tokyo, Japan), where the 

suspension of the material was sonicated for 10 

minutes (crest Ultrasonics Crop., New Jersey, USA). 

Few drops were loaded on carbon coated copper grid, 

left to dry and then the grid-loaded sample was 

examined.  

 

2.5. Adsorption experiments 
RB dye (Scheme 2) removal efficiency by using 

Chitosan, ZrO2 and CS/ZrO2 nanocomposite was 

applied by comparing the adsorption of Rose Bengal 

dye with the time. To perform the experiments, 100 

ml of 50 mg L
-1

 dye solutions were added into 0.1 g 

of catalyst. The solution was mixed in dark for 60 

min to achieve adsorption-desorption equilibrium. 

Samples (2 ml) were regularly collected at different 

time intervals and analyzed by UV-visible 

spectrophotometer. 

In order to investigate the effect of Chitosan/ZrO2 

mass ratios on the sorption of RB dye, various mass 

ratios of (Chitosan/ZrO2) were used (over a range of 

1%, 10%, 20%, 30%, 40% and 60% ZrO2). The 

experiments were conducted for 60 min in 100 ml 

solution containing 50 mg L
-1

 RB dye using 0.1 g 

composites. Also to investigate the effect of initial 

dye concentration, adsorption isotherm experiments 

were carried out for 30 min by changing initial 

concentrations of RB dye over a range of 50, 30, 15, 

7 and 3 mg L
-1
, at a fixed adsorbent dose of 0.1 g. 

 

To determine the amount of eliminated dye from 

aqueous solution the suspension was filtered, and the 

supernatant was analyzed using Lambda UV/vis 

spectrophotometer (Perkin Elmer). The adsorption 

capacity and dye removal percent were calculated 

using the following expressions (Eqs. 1 and 2): 

   (
     

 
)                  

              (
     

  
)             

Where C  is the initial concentration, Cₑ is the 

equilibrium concentration and Ct amount of adsorbed 

dye. V is the volume of RB dye solution and M is the 

adsorbent weight. The adsorption isotherms and 

kinetic models were applied to calculate the different 

parameters and select the best model for the 

adsorption process. 

 

Scheme (2) Structure of Rose Bengal dye 

 

3.  Results and Discussion 

3.1. Characterization of Chitosan/ZrO2 

nanocomposite  

3.1.1 X-ray diffraction  
The XRD spectra of Chitosan, ZrO2 and CS/ZrO2 (30%) 

NCs were shown in Fig. (1). Chitosan, Fig. (1a), 

showed a broad peak at 2 θ= 20º with small peak at 2 

θ = 47º which are corresponding to a crystalline 

structure of Chitosan [19]. Whereas, XRD spectrum 

of ZrO2 is presented in Fig. (1b) and showed five 

bands at 2θ = 16.39°, 19.22°, 24.82°and 30.68°. 

These signals are assigned to ZrO2 structure [35, 36]. 

The XRD spectrum of CS/ZrO2(30%), Fig (1c), showed 

peaks at 2θ = 12.57°, 16.34°, 18.79°, 20.42°, 25.06°, 

29.87°, 31.64°, 38.53°, 39.26°, and 62.41° after 

loading with ZrO2 with extraordinary broadness in 

the peak. The peak at 2θ = 20.42° was overlapped by 

that of raw Chitosan. The results may indicate the 

incorporation of ZrO2 into Chitosan.  

Figure (1): XRD spectra of Chitosan (a), ZrO2 (b) and 

CS/ZrO2 (30%) NCs (c) 

 

3.1.2. Fourier transfer infrared (FTIR) 

The obtained FTIR spectral results for Chitosan, ZrO2 

and CS/ZrO2 (30%) NCs are presented in Fig. (2), and 
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has been obtained in the range of 4000–400 cm
-1

. Fig. 

(2) Shows different bands around 3330, 2920, 2870, 

2360, 1640, 1380, 1110, 675 and 478 cm
-1

. The band 

around 3330 cm
-1

 is typically associated to the 

hydroxyl group [27], whereas, that found near 1640 

cm
-1

 is related to the bending vibration of adsorbed 

water hydroxyl [27].  Bands near 2920, 2870, 1380 

and 1110 cm
-1

 are assigned to Chitosan [19], 

meanwhile, that around 675 and 478 cm
-1

 are related 

to ZrO2 and band at 2360 cm
-1

 is related to stretching 

vibration of hydroxyl zirconium (Zr–OH) bond [36]. 

In Fig. (2), there is a slight shifting in some peaks and 

transmittance percentages (%T) of waves duo to 

incorporation of ZrO2 into Chitosan. 

 

 

 
 

Figure (2): FTIR spectra of Chitosan (a), ZrO2 (b) and 

CS/ZrO2 (30%) NCs (c) 

3.1.3. SEM-EDX and TEM analysis 

The morphologies and microstructures of prepared 

samples were studied via high resolution scanning 

electron microscope (SEM) and Transmission 

electron microscopy (TEM) analyses. SEM images of 

Chitosan, ZrO2 and CS/ZrO2 (30%) NCs composites 

were represented in Fig. (3a-c). the SEM images data 

(at magnification 5 µm) shows that pure Chitosan in 

Fig. (3a) has an average size of 80–110 nm. Fig. (3b) 

shows that pure ZrO2 presented an irregular particle 

with an average size of 56–89 nm. Fig. (3c) shows 

Chitosan/ZrO2 (30%) NCs where composite materials, 

chitosan and ZrO2 were tightly coupled together with 

an average size of 31–44 nm. The TEM technique 

was used to further explore the microstructures of the 

prepared samples. The TEM images of pure Chitosan 

is shown in Fig. (3d) and Chitosan/ZrO2 (30%) NCs is 

shown in Fig. (3e). the data shows the prepared 

samples form a small aggregation with an average 

size in the range of 21-109 nm for pure Chitosan and 

55-92 nm for Chitosan/ZrO2 (30%) NCs. These size 

range indicates that the prepared samples are 

obtained which reflects the high surface areas of the 

nano particles that increases the efficiency of their 

removal capacities. The Energy Dispersive X-ray 

spectroscope (EDX) analysis of ZrO2 were 

represented in Fig. (3f) confirmed the presence of Zr 

and O. 

 

 
 

Figure (3): SEM spectra of Chitosan (a), ZrO2 (b) and 

CS/ZrO2 (30%) NCs (c), TEM of Chitosan (d) and 

CS/ZrO2 (30%) NCs (e), EDX of ZrO2 (f). 

 

3.2 Adsorption of Rose Bengal dye over the 

prepared nanocomposites 

3.2.1  Effect of Chitosan/ZrO2 mass ratios 

The removal of Rose Bengal dye by CS/ZrO2 NCs at 

different mass ratios is shown in Fig. (4).  It was 
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found that, the increase in the mass ratio of ZrO2 lead 

to a gradual increase of dye removal until reaching 

CS/ZrO2(30%) which shows the highest adsorption 

efficiency. The dye removal efficiencies of Chitosan, 

ZrO2, CS/ZrO2 (1%), CS/ZrO2 (10%), CS/ZrO2 (20%), 

CS/ZrO2 (30%), CS/ZrO2 (40%) and CS/ZrO2 (60%) were 

found to be 46%, 22%, 60%, 66%, 73%, 78%, 56% 

and 51%, respectively. The data show that the 

removal % approaches 46% over nano-chitosan and 

increased to 78% over CS/ZrO2 nanocomposites with 

increasing mass ratio of ZrO2 to 30% which is 

considered as the optimum ZrO2 ratio. The increase 

in the removal efficiency of the dye up to 30% loads 

of ZrO2, may imply the enlargement of Chitosan 

specific surface areas by providing of more active 

centres of ZrO2 nanoparticles to the sum of internal 

surface areas of the original porous structure. 

 

 
 

Figure (4): Effects of CS/ZrO2 mass ratios on removal 

of RB dye 

The increase in the mass ratio of ZrO2 more than 30% 

leads to a decrease of dye removal efficiency, which 

may be due to the possible tendency of aggregation 

of ZrO2 nanoparticles on some Chitosan surface sites. 

Consequently, ZrO2 NPs may mask some of the 

adsorption active sites and hinder the removal of dye. 

Because CS/ZrO2 (30%) sample shows the highest 

adsorption efficiency for RB dye, it was used for all 

the studies below.   

 

3.2.2 Effect of initial dye concentration: 

Removal of Rose Bengal dye by CS/ZrO2 (30%) NCs 

composites at different initial dye concentration is 

shown in Fig. (5). Initial RB dye concentrations were 

changed between 3 to 50 mg L
-1

. The dye removal of 

3 mg L
-1

 solution was found as 91%, while it was 

85%, 80%, 73% and 72% for 7, 15, 30 and 50 mg L
-1

, 

respectively. 

The difference between the removal percentages 

depends on the occupation of active sites by the 

adsorbate molecules. Certain numbers of active sites 

on catalyst were occupied by RB dye molecules and 

could be shielded by dye molecule at higher 

concentration, which causes a decrease on dye 

removal. 

Figure (5): Effect of initial dye concentration removal 

using Chitosan, CS/ZrO2 (30%) and ZrO2 

3.2.3 Effect of contact time: 

Removal of Rose Bengal dye (50 ppm) by (0.1 g) 

CS/ZrO2 (30%) NCs composites at 60 min is shown in 

Fig. (6). the removal of RB dye by CS/ZrO2 (30%) NCs 

catalyst was 47% in first 5 min. and reached 78% in 

60 min. The removal efficiency becomes constant 

and negligible after 60 min. The high efficiency of 

the CS/ZrO2 (30%) in removing dye at early stage, may 

be explained by the combined effect of the 

enrichment of CS/ZrO2 (30%) NCs adsorption sites, 

along with the initial high concentration of the 

adsorbate. At later stages of the test, the reduction of 

uptake capacity may be attributed to the blocking 

effect of the pores and channels by dye molecules 

accumulation which results in slower rate of dye 

diffusion into the majority of the adsorbents. 

 

Figure (6): removal percentages of RB dye at different 

times 

3.2.4 Adsorption isotherms 

Langmuir [37] and Freundlich [38] model’s equations 

in Table (1) are commonly used to describe the 

adsorption isotherms for application in the 

wastewater treatment design. Experimental and 

theoretical adsorption isotherms for the chitosan, 

ZrO2 and CS/ZrO2 NCs. 
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(Table 1) Kinetic equations. 

Model Equation 
Eq. 

no. 

Freundlich  Ln qe= ln Kf + 
 

 
 Ln Ce 1 

Langmuir 

 

 
  

  

 
 

      

 
  

    

 

   
 

      

 

2 

3 

Pseudo-first-

order 
Ln(qe-qt) = Lnqe,1-K1t 4 

Pseudo-second-

order 

 

   
 

 

      
  

 

  
  

h=K2qe2 

5 

Intraparticle 

diffusion 
qt = kipdt

0.5
 + C 6 

Liquid film 

diffusion 

ln(1 − F) = −kfdt + C 

f=qt/qe 
7 

 

(Table 2) The Nomenclature of the equations constant. 

 

qe 
Amount of solute sorbate at equilibrium 

(mmol g
−1

) 

qt Adsorbed amount at time (t) 

Ce 
Equilibrium concentration of adsorbate 

(mmol L
−1

) 

C0 Initial metal ions concentration (mmol L
−1

) 

Kf Multilayer adsorption capacity (mmol g
−1

) 

n Freundlich isotherm constants 

Qmax 
Theoretical maximum adsorption capacity 

(mmol g
−1

) 

KL Energy of adsorption (L mmol
−1

) 

RL Separation factor 

qe,1 

qe,2 

Amount of solute sorbate on the surface of 

the adsorbent at equilibrium and at any 

time   (mmol/g). 

K1 
k1 (               ) is pseudo-first 

order rate constant at equilibrium  

K2 
K2 (min

−1
) is pseudo-first order rate 

constant at equilibrium  

t Time (min.) 

h Initial adsorption rate                  

Kipd 
Intraparticle diffusion rate coefficient 

                  

t
0.5

 Half life time 

C 
Thickness of the boundary layer 

             

F 
kfd are fractional attainment of equilibrium 

and film diffusion rate constant 

Kfd Film diffusion rate coefficient 

 

Freundlich isotherm 

 For a favourable adsorption process n should be 

more than 1 [39]. The Freundlich constant, Kf, 

(adsorption capacity) value was increased with 

CS/ZrO2 NCs. The n values at equilibrium are greater 

than 1, reflecting a favourable adsorption in three 

samples. The results indicated that the chitosan, ZrO2 

and CS/ZrO2 NCs have strong adsorption capacity for 

RB dye in solution. 

 

Langmuir isotherm 

The theoretical maximum adsorption capacity (qmax) 

values were 35.97, 17.15 and 46.73 mg/g for 

chitosan, ZrO2 and CS/ZrO2 NCs, respectively. The 

value of separation factor RL indicates the type of the 

adsorption isotherm to be either unfavourable (RL > 

1), linear (RL = 1), favourable (0 < RL < 1) or 

irreversible (RL = 0). The RL values reported in Table 

(3), show that the behaviour of RB dye adsorption 

chitosan, ZrO2 and CS/ZrO2 NCs were favourable (0 

< RL < 1). The regression coefficients were very 

close to unity namely, R
2
 = 0.9852, 0.9816 and 

0.9985 for chitosan, ZrO2 and CS/ZrO2 NCs, 

respectively, Table (3). These data show the well-

fitting of adsorption data for RB dye to Freundlich 

model, as compared to Langmuir isotherm. 

 
 (Table 3) Adsorption isotherm parameters RB on 

chitosan, ZrO2 and CS/ZrO2 NCs in aqueous solution. 

 

3.2.5 Adsorption kinetic models 

Kinetic models can be helpful in understanding the 

mechanism of sorption and evaluating the 

Adsorbent Chitosan ZrO2 CS/ZrO2 

 
Qo  

(mg/g) 
35.97 17.15 46.73 

L
an

g
m

u
ir

 p
ar

am
et

er
s Kl 

(L/mg) 
0.0481 0.0179 0.1467 

RL 0.29 0.53 0.12 

R
2
 0.9021 0.8615 0.8917 

F
re

u
n

d
li

ch
 

p
ar

am
et

er
s 

 

n 1.3 1.16 1.55 

Kf 

(mg/g) 
1.853 0.335 6.056 

R
2
 0.9852 0.9816 0.9985 
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performance of the adsorbent. In the present study, 

the sorption kinetic data were analyzed by pseudo-

first-order [40], pseudo-second-order [41], 

intraparticle diffusion [42] and liquid film diffusion 

[43]. The kinetic model’s data are presented in Table 

(4). 

The pseudo-first order rate equation was proposed by 

Lagergren [16] and is widely used for the adsorption 

of liquid/solid system. The pseudo-first order plots 

for RB dye on surface of chitosan, ZrO2 and CS/ZrO2 

NCs, are shown in Fig. (7-a). The values of the 

adsorption rate constant (k1) for RB dye obtained 

from the straight-line plot were 0.116, 0.70 and 0.06 

min
−1

 for chitosan, ZrO2 and CS/ZrO2 NCs, 

respectively at initial RB dye concentration of 3 ppm. 

The values of correlation coefficients were 0.79, 1.00 

and 0.78 for chitosan, ZrO2 and CS/ZrO2 NCs, 

respectively. But the values of the amount of solute 

sorbate at equilibrium (qe) calculated from this 

straight line differed appreciably from the values of 

qe obtained experimentally. Therefore, pseudo-first 

order kinetic model described RB dye adsorption, 

whereas RB dye adsorption did not follow pseudo 

first order kinetics. 

Pseudo-second order model suggests that both 

number of adsorption sites on the material surface 

and concentration of adsorbate ions in the liquid 

phase determine the rate. Pseudo-second order plots 

for chitosan, ZrO2 and CS/ZrO2 NCs are shown in 

Fig. (7-b).  The values of k2 for chitosan, ZrO2 and 

CS/ZrO2 NCs adsorption were found to be 0.509, 

16.58 and 0.13 g/mg min, respectively at 3 ppm. The 

regression coefficient values Table (3) for, chitosan 

ZrO2 and CS/ZrO2 NCs were 1.00, 1.00 and 0.91 at 3 

ppm, which indicated the better suitability of pseudo-

second order kinetics in the adsorption process, as 

compared to pseudo-first order model. 

 

Figure (7) Kinetic models for chitosan, ZrO2 and 

CS/ZrO2 NCs at concentration 3 ppm a) Pseudo first 

order, b) Pseudo second order, c) Inter-particle 

diffusion and d) Liquid film diffusion models. 

 

3.2.6 Adsorption mechanism 

3.2.6.1. Intraparticle diffusion 

Once adsorbed on the surface, solute particles diffuse 

into the pores on the surface of adsorbent and form 

bonding, which may be the rate determining step.  

For an adsorbing system the straight line should pass 

through the origin and the intercept value provides an 

idea about the deviation from intraparticle diffusion 

model or contribution of the film diffusion 

mechanism [44]. The value of Intraparticle diffusion 

rate coefficient (kipd) for chitosan, ZrO2 and CS/ZrO2 

NCs adsorption were observed to be 0.35, 0.11 and 

0.47 mg/g min
0.5

 at 3 ppm Fig. (7-c). Plots were 

straight line but did not pass through the origin and 

had intercepts of 0.36, 0.17 and 0.19 at 3 ppm, which 

suggested that adsorption of RB dye did not depend 

on intraparticle diffusion step. The intraparticle 

process depends on the size of the particle to be 

adsorbed and size of the pores on the surface of the 

three adsorbents.  

 

3.2.6.2. Liquid film diffusion 

The liquid film diffusion model was employed to 

investigate whether interface between solid and 

aqueous phase played a role during the transportation 

of the adsorbate from solution to the adsorbent. If 

film diffusion is rate controlling step, then the rate 

will depend on the thickness of film surrounding the 

adsorbent particle. The values of film diffusion rate 

coefficient kfd = 0.12 g/g min for chitosan with 

intercept -0.54, kfd = 0.7 g/g min for ZrO2 with 

intercept 0.01 and kfd = 0.06 g/g min for CS/ZrO2 

NCs with intercept -0.28. The insignificant non-zero 

intercept values indicated that the dye removal may 

be followed by film diffusion mechanism. Smaller 

deviations might be due to the shear on the particles 

during agitation, which considerably reduced the 

thickness of the aqueous layer surrounding the 

particles. Thus boundary layer resistance or film 

diffusion might be rate-limiting step in RB 

adsorption. 

 

4.  Conclusions 

In the present work, Chitosan nano particles and 

Chitosan loaded ZrO2 nano composite were prepared 

and applied for the removal of the Rose Bengal dye 

(RB) from aqueous solution. Adsorption isotherms 

well fitted in the adsorption data for RB dye to 

Freundlich model. The results obtained from kinetics 

revealed that, the pseudo-second order was the better 

model refereeing to the chemical adsorption 

mechanism for dye removal. Current results show 

that, 30%ZrO2 loaded Chitosan is efficient for RB 

removal from waste water. 
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(Table 4) Kinetic parameters RB on chitosan, ZrO2 and CS/ZrO2 NCs in aqueous solution

A
d

so
rb

en
t 

C
o

n
c.

 p
p

m
 

 
Pseudo first-order 

model 
Pseudo second-order model 

 

Intraparticle diffusion 

model 

 

Liquid film diffusion 

qe,1,cal 

(mg/

g) 

K1 

(min
-1

) 
R

2
 

qe,2,cal 

(mg/

g) 

K2 

(g/m

g 

min) 

h 

(mg/g 

min) 

R
2
 

Kint 

mg/g 

min
-

0.5
 

 

C 

(mg/g

) 

R
2
 Kfd C R

2
 

C
h

it
o

sa
n

 

50 20.25 0.063 0.98 178.6 0.004 0.71 0.93 3.44 -2.11 0.93 0.06 0.08 0.98 

30 19.05 0.095 0.98 57.14 0.015 0.85 0.59 3.22 -1.38 0.96 0.09 0.13 0.98 

15 9.02 0.106 0.99 13.00 0.065 0.85 1.00 1.62 -0.09 0.99 0.11 0.05 0.99 

7 4.44 0.124 0.97 5.65 0.094 0.53 0.98 0.78 0.09 0.99 0.12 0.07 0.97 

3 1.16 0.116 0.79 2.08 0.509 1.06 1.00 0.35 0.36 0.82 0.12 -0.54 0.79 

Z
rO

2
 

50 5.94 0.19 0.88 8.10 0.19 1.54 0.97 1.30 0.58 0.88 0.19 -0.13 0.88 

30 5.00 0.12 0.82 7.58 0.21 1.57 0.99 1.21 0.62 0.91 0.12 -0.27 0.82 

15 2.08 0.17 0.84 3.56 0.59 2.11 1.00 0.61 0.60 0.82 0.17 -0.48 0.84 

7 0.36 0.19 0.58 1.56 5.26 8.18 1.00 0.27 0.41 0.68 0.19 -1.46 0.58 

3 0.65 0.70 1.00 0.65 16.58 10.8 1.00 0.11 0.17 0.68 0.70 0.01 1.00 

C
S

/Z
rO

2
 

50 28.14 0.11 0.95 38.76 0.19 7.52 0.99 6.01 3.38 0.94 0.11 -0.17 0.95 

30 12.16 0.10 0.69 23.36 0.50 11.72 0.99 3.85 4.20 0.80 0.10 -0.61 0.69 

15 6.78 0.08 0.61 13.11 0.43 5.62 0.99 2.13 2.30 0.80 0.08 -0.62 0.61 

7 5.00 0.15 0.95 6.78 0.33 2.22 1.00 1.10 0.92 0.87 0.15 -0.21 0.95 

3 2.11 0.06 0.78 3.22 0.13 0.43 0.91 0.47 0.19 0.95 0.06 -0.28 0.78 
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