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ABSTRACT 
ZnO was prepared from ZnSO4.7H2O and (NH4)2CO3 by direct precipitation method followed by calcination of ZnCO3 at 
6000C. Prepared ZnO was characterized by FTIR, LIBS and SEM techniques, respectively. ZnO was used as an adsorbent to 
remove the textile dye, Remazol Black-B (RBB), from aqueous solution. Adsorption of RBB on ZnO was carried out at 
three different temperatures 22oC, 30oC and 45oC. Different kinetic models were used to interpret kinetics of adsorption. 
It was observed that the kinetics of adsorption follow pseudo-first-order model and adsorption complies with Langmuir 
isotherm. It was also found that with the increase of the temperature the amount of RBB adsorbed on ZnO decreased, 
which indicated the physical nature of adsorption. Furthermore, the experimental values of the thermodynamic 
parameter such as enthalpy of adsorption ( H), Gibbs free energy of adsorption ( G) also revealed the exothermic 
physisorption of RBB on ZnO. 
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INTRODUCTION  
Thousand of dyes have been extensively utilized in various industries such as the textile, leather, paper, 
printing, food, solvent, rubber, plastic, cosmetics, petroleum, pesticide, wood-preserving chemical, paint, 
pigment and pharmaceutical industry, which generate a huge amount of dye effluent per year [1]. The 
effluents of textile dying and knitting industries contain a large amount of unfixed azo dyes, which come 
out into the environment without prior treatments. During the washing process, the exhausted reactive 
dyes are quite a large amount in their hydrolyzed and unfixed form [1,2]. The disposal of dye effluent into 
the environment without appropriate treatment can sternly affect aquatic life due to the reduction in light 
penetration and its toxicity. Much dye and colour effluent is toxic and has mutagenic, teratogenic and 
carcinogenic effects that influence the environment, ecosystems [3] and affect human life. Therefore, the 
removal of dyes from effluent is indispensable not only to defend human life but also from the 
environmental point of view to protect water resources. 
A number of conventional treatment methods such as physical [4-7] (adsorption, coagulation, filtration 
etc) chemical [8-10] (oxidation, reduction) and biological [11,12] treatment have been applied to dispose 
of hazardous dyes from industrial effluent. Among all of these methods, the physical adsorption process 
at the solid–liquid interface is regarded as one of the most economic, efficient, and effective methods for 
decreasing the concentration of water body dyes in effluent or removing a wide range of organic and 
inorganic pollutants from wastewater [13,15]. Recently, intensive interest has been growing on the 
adsorption techniques for the abstraction of dyes from wastewater onto various adsorbent such as such 
as epiolite [16-18], kaolinite [19], Montmorillonite [20.21] Bentonite [22], bottom ash [23], peat [24], 
activated carbon [25,26], polymers [27], de-oiled soya [28], hen feathers [29], and rice straw [30].  
In this context, ZnO was prepared, characterized, and used as an adsorbent to remove dyes from aqueous 
solution. The textile dye named Remazol Black-B (C26H21N5Na4O19S6, MW: 991.82g, λmax = 594.50 nm, ε= 
29412 L mol-1cm-1) in aqueous solution was used as model textile dyes. 
 
MATERIALS AND METHODS  
Remazol Black-B (RBB) (Dystar, Germany) was used without further purification. Commercial ZnO from 
(Fluka, Switzerland) was used as a fingerprint in LIBS for the characterization of prepared ZnO. 
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ZnSO4.7H2O (≥ 30%, Merck, Germany), (NH
were purchased from Merck, Germany.
ZnO was prepared from ZnSO4

calcination of ZnCO3. Stoichiometrically equimolar ratio of ZnSO
separately in double distilled water. The beaker containing ZnSO
at 60oC. Then, the (NH4)2CO3 solution was added slowly to the previous solution with constant stirring 
until complete precipitation of ZnCO
ambient temperature for 96 hours. The resulting product was filtered and washed with deionized water 
repeatedly to remove SO4

2- ions completely. The sample was dried in an oven and the dried product was 
then calcined at about 600 oC for 3 hours in a muffle furnace.  
For LIBS analysis, both the prepared ZnO and commercial ZnO powders were turned into small balls 
using glue, separately. These balls were air
with Nd:YAG laser which produces a plasma of all the ele
surface morphology of the ZnO was investigated by field emission scanning electron microscope (JEOL, 
JSM-6490LA, Japan) under an acceleration voltage of 15 kV. For SEM analysis, the dried powder of ZnO 
was dispersed on a conducting carbon glued strip. The FT
region of 4000 cm-1 – 400 cm-1 
record the spectra of the ZnO.  
All the aqueous solutions were prepared with double distilled water. A certain amount of ZnO was used to 
prepare ZnO suspension and soaked overnight to achieve the smoothness of the surface for the purpose 
of adsorption study. Batch adsorption experiments were conducted in order to eva
contact time, an initial concentration of RBB, and temperatures. In each batch experiment, a definite 

concentration of RBB (5.0 -7.0 × 
standard flask at room temperat
remaining dye in the solution was monitored by using a double beam UV
1610A, Shimadzu, Japan) at the maximum wavelength of RBB (λ

carried out at three different initial dye concentrations, 5 
of ZnO and isotherms studies were also conducted at three different temperatures of 22
45oC. In all the adsorption experiments the pH of the solution was kept constant at 5.83. 

 
RESULTS AND DISCUSSION  

Characterization of Prepared ZnO
Laser-induced breakdown spectroscopy (LIBS) allows multi
including solid, liquid and gas. In order to characterize the prepared ZnO, LIBS experiment was 
in the range between 380 - 500 nm
commercial ZnO (Fig 1a) shows peaks at 467.576 nm, 471.783 nm, and 480.604 nm, whereas, prepared 
ZnO (Fig 1b) shows peaks at 467.606 nm, 471.819 nm, and 480.618 nm. LIBS spectrum is capable of 
showing emission lines for almost all the elements present in the sample together with the aerial oxygen. 
 

Figure 1: LIBS spectrum of (a) c

The spectrum of the commercial ZnO is used as a fingerprint for the prepared ZnO. The spectral
both the ZnO are almost identical with each other suggesting the purity of the prepared ZnO. The ZnO (Fig 
1b) also gave two small peaks at close to 400 nm, which may arise due to the presence of trace amount of 
impurity in the sample. 
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≥ 30%, Merck, Germany), (NH4)2CO3 (≥ 30%, Merck, Germany) and all others chemicals 
were purchased from Merck, Germany. 

4.7H2O and (NH4)2CO3 by direct precipitation method followed by 
. Stoichiometrically equimolar ratio of ZnSO4.7H2O and (NH

separately in double distilled water. The beaker containing ZnSO4.7H2O solution was kept in a water bath 
solution was added slowly to the previous solution with constant stirring 

until complete precipitation of ZnCO3. After vigorous stirring for 4 hours, the product was aged at 
re for 96 hours. The resulting product was filtered and washed with deionized water 

ions completely. The sample was dried in an oven and the dried product was 
for 3 hours in a muffle furnace.   

IBS analysis, both the prepared ZnO and commercial ZnO powders were turned into small balls 
using glue, separately. These balls were air-dried followed by drying in an oven at 110 
with Nd:YAG laser which produces a plasma of all the elements present in the sample. The shape and 
surface morphology of the ZnO was investigated by field emission scanning electron microscope (JEOL, 

6490LA, Japan) under an acceleration voltage of 15 kV. For SEM analysis, the dried powder of ZnO 
ed on a conducting carbon glued strip. The FT-IR spectra of the samples were recorded in the 

 with 2 cm-1 resolution. Attenuated total reflection (ATR) was used to 

prepared with double distilled water. A certain amount of ZnO was used to 
prepare ZnO suspension and soaked overnight to achieve the smoothness of the surface for the purpose 
of adsorption study. Batch adsorption experiments were conducted in order to eva
contact time, an initial concentration of RBB, and temperatures. In each batch experiment, a definite 

 10-5 M) and a particular amount (0.05 g) of ZnO was taken in a 50 mL 
standard flask at room temperature and agitated for the fixed time intervals. After adsorption, the 
remaining dye in the solution was monitored by using a double beam UV–Vis spectrophotometer (UV
1610A, Shimadzu, Japan) at the maximum wavelength of RBB (λmax=594.50 nm). Kinetic studies 

carried out at three different initial dye concentrations, 5 × 10-5 M, 6 × 10-5 M and 7 
of ZnO and isotherms studies were also conducted at three different temperatures of 22

. In all the adsorption experiments the pH of the solution was kept constant at 5.83. 

Characterization of Prepared ZnO  
induced breakdown spectroscopy (LIBS) allows multi-elemental analysis of different materials 

including solid, liquid and gas. In order to characterize the prepared ZnO, LIBS experiment was 
500 nm for both the prepared and commercial ZnO. The LIBS spectra of the 

commercial ZnO (Fig 1a) shows peaks at 467.576 nm, 471.783 nm, and 480.604 nm, whereas, prepared 
ZnO (Fig 1b) shows peaks at 467.606 nm, 471.819 nm, and 480.618 nm. LIBS spectrum is capable of 

n lines for almost all the elements present in the sample together with the aerial oxygen. 

LIBS spectrum of (a) commercial and (b) prepared ZnO.

The spectrum of the commercial ZnO is used as a fingerprint for the prepared ZnO. The spectral
both the ZnO are almost identical with each other suggesting the purity of the prepared ZnO. The ZnO (Fig 
1b) also gave two small peaks at close to 400 nm, which may arise due to the presence of trace amount of 
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≥ 30%, Merck, Germany) and all others chemicals 

by direct precipitation method followed by 
O and (NH4)2CO3 was dissolved 

O solution was kept in a water bath 
solution was added slowly to the previous solution with constant stirring 

. After vigorous stirring for 4 hours, the product was aged at 
re for 96 hours. The resulting product was filtered and washed with deionized water 

ions completely. The sample was dried in an oven and the dried product was 

IBS analysis, both the prepared ZnO and commercial ZnO powders were turned into small balls 
dried followed by drying in an oven at 110 oC, then irradiated 

ments present in the sample. The shape and 
surface morphology of the ZnO was investigated by field emission scanning electron microscope (JEOL, 

6490LA, Japan) under an acceleration voltage of 15 kV. For SEM analysis, the dried powder of ZnO 
IR spectra of the samples were recorded in the 

resolution. Attenuated total reflection (ATR) was used to 

prepared with double distilled water. A certain amount of ZnO was used to 
prepare ZnO suspension and soaked overnight to achieve the smoothness of the surface for the purpose 
of adsorption study. Batch adsorption experiments were conducted in order to evaluate the effects of 
contact time, an initial concentration of RBB, and temperatures. In each batch experiment, a definite 

M) and a particular amount (0.05 g) of ZnO was taken in a 50 mL 
ure and agitated for the fixed time intervals. After adsorption, the 

Vis spectrophotometer (UV-
=594.50 nm). Kinetic studies were 

M and 7 × 10-5 M using 0.05 g 
of ZnO and isotherms studies were also conducted at three different temperatures of 22oC, 30oC, and 

. In all the adsorption experiments the pH of the solution was kept constant at 5.83.  

elemental analysis of different materials 
including solid, liquid and gas. In order to characterize the prepared ZnO, LIBS experiment was recorded 

The LIBS spectra of the 
commercial ZnO (Fig 1a) shows peaks at 467.576 nm, 471.783 nm, and 480.604 nm, whereas, prepared 
ZnO (Fig 1b) shows peaks at 467.606 nm, 471.819 nm, and 480.618 nm. LIBS spectrum is capable of 

n lines for almost all the elements present in the sample together with the aerial oxygen.  

 

. 

The spectrum of the commercial ZnO is used as a fingerprint for the prepared ZnO. The spectral data for 
both the ZnO are almost identical with each other suggesting the purity of the prepared ZnO. The ZnO (Fig 
1b) also gave two small peaks at close to 400 nm, which may arise due to the presence of trace amount of 
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SEM image of ZnO (Fig 2) shows a non
of particles (120 nm) can also be considered as nanoparticles.
FT-IR measurements were undertaken in order to further confirm the formation of ZnO. ATR
 

Fig

 

spectra of ZnO were recorded between 400 cm
spectrum (Fig 3) is attributed to the stretching vibration of Zn
cm-1 along with additional peaks in the region of 1550 cm
attributed to the presence of organic impurities. The absence of such peaks in prepared sample ensures 
the highly pure state of ZnO sample.
Effect of Initial Dye Concentration on Adsorption of RBB
It was observed that the dye uptake was increased from about 20 mg/g to 27 mg/g with the increase of 
dye concentration (Fig.4b), which might be ascribed to an increase in the drivin
concentration gradient with the increase in the initial dye concentration 
chemical structure of the dye RBB (Fig. 4a), active sites and free hydroxyl ions were increased with the 
increase of the concentration of RBB. The effect of contact time on the uptake of RBB is also shown in the 
Fig 4b. The dye uptake increased with the increase in contact time. 

Figure 4: (a) Molecular structure of RBB, and
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f ZnO (Fig 2) shows a non-crystalline and flaky shape of ZnO with porosity and the small size 
of particles (120 nm) can also be considered as nanoparticles. 

IR measurements were undertaken in order to further confirm the formation of ZnO. ATR

 
igure No. 2: SEM image of prepared ZnO. 

Figure 3: FTIR-ATR spectra of ZnO. 

spectra of ZnO were recorded between 400 cm-1- 4000 cm-1. The peak at about 522 cm
spectrum (Fig 3) is attributed to the stretching vibration of Zn-O bond [31]. ZnO shows FTIR peak at 522 

along with additional peaks in the region of 1550 cm-1- 1300 cm-1 [31]. The latter peaks were 
attributed to the presence of organic impurities. The absence of such peaks in prepared sample ensures 

of ZnO sample. 
Effect of Initial Dye Concentration on Adsorption of RBB  
It was observed that the dye uptake was increased from about 20 mg/g to 27 mg/g with the increase of 
dye concentration (Fig.4b), which might be ascribed to an increase in the drivin
concentration gradient with the increase in the initial dye concentration [32,33]. Moreover, according to the 
chemical structure of the dye RBB (Fig. 4a), active sites and free hydroxyl ions were increased with the 

ion of RBB. The effect of contact time on the uptake of RBB is also shown in the 
Fig 4b. The dye uptake increased with the increase in contact time.  

Molecular structure of RBB, and (b) dye uptakes vs time for the absorption of RBB on ZnO
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crystalline and flaky shape of ZnO with porosity and the small size 

IR measurements were undertaken in order to further confirm the formation of ZnO. ATR-FTIR  

 

. The peak at about 522 cm-1 in the FTIR 
. ZnO shows FTIR peak at 522 

The latter peaks were 
attributed to the presence of organic impurities. The absence of such peaks in prepared sample ensures 

It was observed that the dye uptake was increased from about 20 mg/g to 27 mg/g with the increase of 
dye concentration (Fig.4b), which might be ascribed to an increase in the driving force of the 

. Moreover, according to the 
chemical structure of the dye RBB (Fig. 4a), active sites and free hydroxyl ions were increased with the 

ion of RBB. The effect of contact time on the uptake of RBB is also shown in the 

 

time for the absorption of RBB on ZnO. 
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The Maximum removal of RBB from aqueous solution was obtained after 13 hours. Initial adsorption was 
rapid due to the adsorption of dye onto the exterior surface, after that dye molecules enter into pores 
(interior surface), relatively slow process. The re
concentration and remained constant after equilibrium 
Effect of Temperatures   
The adsorption studies were carried out at a set of temperatures in order to observe the effect of 
temperature on the adsorption and the results are shown in Fig 5. It was observed that with the increase 
of temperature the adsorption capacity decreased, which indicated the exothermic nature of adsorption. 
This decrease in adsorption with the increase of temperature is due to
adsorbent [35]. 
 

Figure 

Kinetics of Adsorption of RBB on ZnO
Many kinetic models were developed in order to find intrinsic kinetic adsorption parameters. In this 
respect, two different kinetic models such as the pseudo
find out adsorption mechanism. Usually, kinetics of
equations:  
log (qe-qt) = log qe  -  k1t…………(1) pseudo
t/qt = 1/(k2qe

2)  +  t/qe  …………(2) pseudo
Where, qt is the amount of dye adsorbed (mg/g) at various times t, q
(mg/g) for both pseudo-first and second order adsorption, k
the adsorption (hrs-1) and k2 is the pseudo
equation (1), plots of log (qe-qt) vs time give straight lines (Fig 6(a)).  These straight lines are used to 
obtain the kinetic parameters for pseudo
plots of t/qt against time also give straight lines (Fig 6(b)) which are used to obtain the kinetic parameter 
for pseudo-second-order equation. The rate constant (k
adsorption rate, (h = k2qe

2) of dyes under different conditions were calculated from these plots and are 
given in the following Table-1. The correlation coefficients of the first (R
model (R2

2), suggests that the adsorption of RBB on ZnO follows the pseud
 

Figure 6: Applicability of (a) pseudo 

                     53 | P a g e      

The Maximum removal of RBB from aqueous solution was obtained after 13 hours. Initial adsorption was 
rapid due to the adsorption of dye onto the exterior surface, after that dye molecules enter into pores 
(interior surface), relatively slow process. The removal of RBB increased with the increase in 
concentration and remained constant after equilibrium time [34]. 

The adsorption studies were carried out at a set of temperatures in order to observe the effect of 
orption and the results are shown in Fig 5. It was observed that with the increase 

of temperature the adsorption capacity decreased, which indicated the exothermic nature of adsorption. 
This decrease in adsorption with the increase of temperature is due to the decrease of surface activity of 

 

ure 5: The adsorption isotherms of RBB on ZnO. 

Kinetics of Adsorption of RBB on ZnO 
Many kinetic models were developed in order to find intrinsic kinetic adsorption parameters. In this 
respect, two different kinetic models such as the pseudo-first and second order equation were tested to 
find out adsorption mechanism. Usually, kinetics of adsorption is described by the following Lagergren 

t…………(1) pseudo-first order model [36,37]  
…………(2) pseudo-second order model [38] 

is the amount of dye adsorbed (mg/g) at various times t, qe is the maximum adsorption capacity 
first and second order adsorption, k1 is the pseudo-first order rate constant for 

is the pseudo-second order rate constant (g mg-1 hrs
) vs time give straight lines (Fig 6(a)).  These straight lines are used to 

obtain the kinetic parameters for pseudo- first order equation. Similarly, according to the equati
against time also give straight lines (Fig 6(b)) which are used to obtain the kinetic parameter 

order equation. The rate constant (k1, k2), correlation coefficients (R
) of dyes under different conditions were calculated from these plots and are 

1. The correlation coefficients of the first (R1
2) and second

), suggests that the adsorption of RBB on ZnO follows the pseudo-first-order kinetic model.

(a) pseudo first order kinetic model and (b) second order kinetic model 

adsorption of RBB on ZnO. 
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The Maximum removal of RBB from aqueous solution was obtained after 13 hours. Initial adsorption was 
rapid due to the adsorption of dye onto the exterior surface, after that dye molecules enter into pores 

moval of RBB increased with the increase in 

The adsorption studies were carried out at a set of temperatures in order to observe the effect of 
orption and the results are shown in Fig 5. It was observed that with the increase 

of temperature the adsorption capacity decreased, which indicated the exothermic nature of adsorption. 
the decrease of surface activity of 

Many kinetic models were developed in order to find intrinsic kinetic adsorption parameters. In this 
first and second order equation were tested to 

described by the following Lagergren 

is the maximum adsorption capacity 
first order rate constant for 

hrs-1). According to the 
) vs time give straight lines (Fig 6(a)).  These straight lines are used to 

first order equation. Similarly, according to the equation (2), 
against time also give straight lines (Fig 6(b)) which are used to obtain the kinetic parameter 

), correlation coefficients (R1
2, R2

2), and initial 
) of dyes under different conditions were calculated from these plots and are 

) and second-order kinetic 
order kinetic model. 

 
and (b) second order kinetic model to 
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Table 1: Kinetic parameters of first and second
Co (g/L) Pseudo-

k1 (mg/g.hrs)

0.04 0.092 
0.05 0.112 

0.06 0.106 
 
Intraparticle Diffusion Model  
The intraparticle diffusion model is given by the following equation 
qt = kpt1/2 ………….(6)  
Where, qt is the amount adsorbed (mg/g) at time t and 
(mg/g min1/2). A plots qt vs t1/2 might provide a multilinearity 
steps take place during the adsorption process such as (1) 
solution to the adsorbent external surface through the boundary layer diffusio
adsorbate from the external surface into the pores of the adsorbent, and (3)
on the active sites on the internal surface of the pores 
the origin, which indicates that more than one process affects the adsorption but only one is rate limiting 
in any particular time range [42,43]
As shown in Table 2, the slope decreased from the first 
the intraparticle diffusion of RBB molecule into micropores was the rate
process [35]. 
 

Figure 7: Plots of intraparticle diffusion model of adsorption of RBB on Z
 

Table 2: Intraparticle diffusion parameters for adsorption of RBB on ZnO

Concentration kp1 (mg/g hrs

6 × 10-5 M 7.4533
7 × 10-5 M 7.5412

 
Adsorption Isotherms of RBB on ZnO at Different 
In order to investigate adsorption behavior of the RBB on ZnO, the experimental equilibrium adsorption 
data was analyzed using two adsorption isotherm models; the Freundlich 
expressed by equations 3 and 4 respective
Freundlich isotherm:  qt = KF C1/n  ……………….... (3)
Langmuir isotherm:   qt = KL.C.qo / 
Where, KF parameter is related to the adsorption capacity and n is a measure of adsorption intensity. The 
Langmuir constant KL, is related to the 
capacity (corresponding to complete monolayer coverage). Equation (3) and (4) can be written as 
Log qt = log KF + (1/n) log Ce  …….…… (5)
1/qt = 1/qo + (1/KL.qo). 1/Ce    …………. (6) 
According to equation 5 and 6, the plots of Freundlich and Langmuir isotherms are as follows in Fig.8. 
Binding parameters for the adsorption of RBB on ZnO calculated from the slopes and intercepts of the 
straight lines are presented in Table 3, together with the co
criterion. The values of correlation coefficients (R
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: Kinetic parameters of first and second-order models 
-first order model Pseudo-second order model

(mg/g.hrs) R1
2 k2 × 105 

(g/gm.hrs) 

h = (k2qe
2) 

(mg/g.hrs) 

 0.9975 7.81 0.0352 
 0.9882 9.88 0.0323 

 0.9947 8.36 0.0315 

The intraparticle diffusion model is given by the following equation  

is the amount adsorbed (mg/g) at time t and kp is the intraparticle diffusion rate constant, 
might provide a multilinearity [39,40] or would indicated the number of 

steps take place during the adsorption process such as (1) transport of adsorbate molecules from the bulk 
solution to the adsorbent external surface through the boundary layer diffusion; (2) diffusion of the 
adsorbate from the external surface into the pores of the adsorbent, and (3) adsorption of the adsorbate 
on the active sites on the internal surface of the pores [41]. Fig. 7 shows that the lines do not pass through 

h indicates that more than one process affects the adsorption but only one is rate limiting 
[42,43]. The slope of the linear portion reflected the rate of the adsorption. 

As shown in Table 2, the slope decreased from the first portion to the second portion. This implied that 
the intraparticle diffusion of RBB molecule into micropores was the rate-limiting step in the adsorption 

 

: Plots of intraparticle diffusion model of adsorption of RBB on Z

: Intraparticle diffusion parameters for adsorption of RBB on ZnO

(mg/g hrs1/2) R1
2 kp2 (mg/g 

hrs1/2) 
7.4533 0.9669 0.43323 
7.5412 0.9854 1.0506 

Adsorption Isotherms of RBB on ZnO at Different Temperatures 
In order to investigate adsorption behavior of the RBB on ZnO, the experimental equilibrium adsorption 
data was analyzed using two adsorption isotherm models; the Freundlich [36] and the Langmuir 
expressed by equations 3 and 4 respectively. 

……………….... (3) 
/ (1 + KL.C)…….. (4) 

parameter is related to the adsorption capacity and n is a measure of adsorption intensity. The 
, is related to the energy of adsorption and qo is the maximum values of adsorption 

capacity (corresponding to complete monolayer coverage). Equation (3) and (4) can be written as 
…….…… (5) 
…………. (6)  

to equation 5 and 6, the plots of Freundlich and Langmuir isotherms are as follows in Fig.8. 
Binding parameters for the adsorption of RBB on ZnO calculated from the slopes and intercepts of the 
straight lines are presented in Table 3, together with the correlation coefficients (R
criterion. The values of correlation coefficients (R2) for the three models (Table 3) suggested that 
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second order model 

 
R2

2 

0.9856 
0.9847 

0.9956 

is the intraparticle diffusion rate constant, 
or would indicated the number of 

transport of adsorbate molecules from the bulk 
n; (2) diffusion of the 

adsorption of the adsorbate 
. Fig. 7 shows that the lines do not pass through 

h indicates that more than one process affects the adsorption but only one is rate limiting 
. The slope of the linear portion reflected the rate of the adsorption. 

portion to the second portion. This implied that 
limiting step in the adsorption 

: Plots of intraparticle diffusion model of adsorption of RBB on ZnO. 

: Intraparticle diffusion parameters for adsorption of RBB on ZnO 

R2
2 

0.8233 
0.9982 

In order to investigate adsorption behavior of the RBB on ZnO, the experimental equilibrium adsorption 
and the Langmuir [44], 

parameter is related to the adsorption capacity and n is a measure of adsorption intensity. The 
is the maximum values of adsorption 

capacity (corresponding to complete monolayer coverage). Equation (3) and (4) can be written as  

to equation 5 and 6, the plots of Freundlich and Langmuir isotherms are as follows in Fig.8. 
Binding parameters for the adsorption of RBB on ZnO calculated from the slopes and intercepts of the 

rrelation coefficients (R2) as a goodness of fit 
) for the three models (Table 3) suggested that 
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experimental data were more suitable to the Langmuir models than to the Freundlich model. For all the 
experiments the values of n are greater than one which indicates good adsorption 
 

Figure 8: (a) Freundlich and (b) Langmuir isotherm of the adsorption of RBB on 

Table 3: Characteristic parameters of adsorption of RBB onto
Temperatur

e 
(K) 

Freundlich isotherm
KF x 10

(mg/g).(L/M)
/n 

295 3.827

303 2.088
308 1.827

 
Thermodynamic Study of Adsorption of RBB on ZnO
Using the values of constant, KL, and the following equation, the thermodynamic parameters 

G (kJ/mol) and S (kJ/mol) can be calculated for adsorption of RBB on ZnO.
ln KL = - H / RT + constant   ………(7)

G = - RT ln KL             ..…….. (8) 
S = ( H - G) / T           ……… (9) 

Where, R is the real gas constant and T is the absolute Temperature.

Table 4: The thermodynamic parameters of adsorption of RBB on ZnO
T (K) G (kJ/mol)

295.00 -3.107
303.00 -3.217
308.00 -3.492

 
 The value of apparent enthalpy change (
1/T (R2 = 0.9568) is negative, which indicates the fact that the 
ZnO and favored by the decrease in temperature. This relation would be explained by the increased 
solubility of RBB at higher temperatures. At the same time, the solubility of the adsorbent increases and 
hence the availability of adsorption sites decreases
adsorption is found lower than 100 kJ/moles, thus, it can be presumed that the adsorption is physical in 
nature [46]. Furthermore, the negative values of 
spontaneous process. G up to 
adsorbent and the adsorbate molecules (physical adsorption), while 
kJ/mol involve sharing or transfer of charge from the adsorbent surface to the adsorbate molecules in 
order to form a coordinate bond (chemical adsorption)
kJ/mol, which indicates that physical adsorption is the predominant in the adsorption process
apparent entropy change ( S) values are almost constant over the temperature range. The positive 
entropy characterizes an increased disorder of the system due to the loss of
dye molecules before adsorption on the ZnO. It would be suggested that the driving force for adsorption is 
due to the effect of both enthalpy and entropy
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experimental data were more suitable to the Langmuir models than to the Freundlich model. For all the 
riments the values of n are greater than one which indicates good adsorption [45]

(a) Freundlich and (b) Langmuir isotherm of the adsorption of RBB on 

Characteristic parameters of adsorption of RBB onto ZnO
Freundlich isotherm Langmuir isotherm

x 10-3 
(mg/g).(L/M)1

n R1
2 qo 

(mg/g) 
KL x 10-6

 

(L/M) 

3.827 1.908 0.9543 61.576 2.758 

2.088 2.286 0.9550 60.282 2.487 
1.827 2.908 0.9760 59.808 1.039 

Thermodynamic Study of Adsorption of RBB on ZnO  
, and the following equation, the thermodynamic parameters 

G (kJ/mol) and S (kJ/mol) can be calculated for adsorption of RBB on ZnO. 
t   ………(7) 

 
Where, R is the real gas constant and T is the absolute Temperature. 

 
The thermodynamic parameters of adsorption of RBB on ZnO

G (kJ/mol) H (J/mol) S (J/mol.K)

3.107  
-0.951 

7.31
3.217 7.48
3.492 8.25

The value of apparent enthalpy change ( H) computed from the slope of linear dependence of lnK
= 0.9568) is negative, which indicates the fact that the exothermic physical adsorption of RBB on 

ZnO and favored by the decrease in temperature. This relation would be explained by the increased 
solubility of RBB at higher temperatures. At the same time, the solubility of the adsorbent increases and 

vailability of adsorption sites decreases [46]. Again, the calculated value for enthalpy of 
adsorption is found lower than 100 kJ/moles, thus, it can be presumed that the adsorption is physical in 

. Furthermore, the negative values of G confirm that the dye adsorption on ZnO is a 
up to -20 kJ/mol are associated with electrostatic interaction between 

adsorbent and the adsorbate molecules (physical adsorption), while G values more negative than 
kJ/mol involve sharing or transfer of charge from the adsorbent surface to the adsorbate molecules in 
order to form a coordinate bond (chemical adsorption) [47]. Table 4 shows that the 

es that physical adsorption is the predominant in the adsorption process
S) values are almost constant over the temperature range. The positive 

entropy characterizes an increased disorder of the system due to the loss of water, which surrounds the 
dye molecules before adsorption on the ZnO. It would be suggested that the driving force for adsorption is 
due to the effect of both enthalpy and entropy [49].  
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experimental data were more suitable to the Langmuir models than to the Freundlich model. For all the 
[45] of RBB on ZnO.   

 
(a) Freundlich and (b) Langmuir isotherm of the adsorption of RBB on ZnO. 

ZnO 
Langmuir isotherm 

R2
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 0.9937 

 0.9848 
 0.9944 

, and the following equation, the thermodynamic parameters H (kJ/mol), 

The thermodynamic parameters of adsorption of RBB on ZnO 
(J/mol.K) 

7.31 
7.48 
8.25 

H) computed from the slope of linear dependence of lnKL Vs 
exothermic physical adsorption of RBB on 

ZnO and favored by the decrease in temperature. This relation would be explained by the increased 
solubility of RBB at higher temperatures. At the same time, the solubility of the adsorbent increases and 

. Again, the calculated value for enthalpy of 
adsorption is found lower than 100 kJ/moles, thus, it can be presumed that the adsorption is physical in 

that the dye adsorption on ZnO is a 
20 kJ/mol are associated with electrostatic interaction between 

values more negative than -40 
kJ/mol involve sharing or transfer of charge from the adsorbent surface to the adsorbate molecules in 

the G values are <-20 
es that physical adsorption is the predominant in the adsorption process [48]. The 

S) values are almost constant over the temperature range. The positive 
water, which surrounds the 

dye molecules before adsorption on the ZnO. It would be suggested that the driving force for adsorption is 
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CONCLUSION 
Flaky and porous ZnO was prepared, characterized by FTIR, SEM, LIBS experimental techniques and 
equilibrium kinetic as well as thermodynamic studies were executed for the adsorption of dye on ZnO. 
The characteristic parameters for each isotherm and related correlation coefficients suggest that 
adsorption follows Langmuir isotherm. The adsorption of RBB on ZnO satisfied the pseudo-first-order 
kinetic model more precisely. Intraparticle diffusion kinetic model reveals that RBB slowly transports via 
intraparticle diffusion into the pores and is retained in micropores. Thermodynamic parameters disclose 
the exothermic and physical nature of adsorption. 
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