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Abstract 

In this work, the adsorption of DB2 dye on yttrium oxide (Y2O3) nanoparticles was investigated under various experimental 

conditions. The effect of temperatures and pH were studied, it was noted that the increasing in temperatures increases the 

adsorption quantity, which is increased in icidic medium and decreased in basic medium. The isotherm models ( Langmiur, 

Freundlich, Temkin, Halsey and Harkins-Jura) were applicated and the isotherms can be arrange according to its high 

correlation-coefficients as follows: Freundlich (0.969) > Harkins-Jura (0.957) > Halsey (0.944) > Temkin (0.942) > Langmiur 

(0.902), the Freundlich isotherm model is suitable for the adsorption process. Thermodynamic Parameters such as ΔH, ΔG   

and ΔS were calculated from the slops and intercepts of the linear variation of lnk against 1/T, where noted that the adsorption 

of DB2 dye on Y2O3 nanoparticles is (endothermic reaction)   
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Introduction 

Dyes can be described as substances which, when 

used on a substrate give color by a method, which 

altersat least briefly, any crystal shaped by the 

colored substances .Such substances with massive 

coloring capability are wide applied  in the textile, 

pharmaceutical, food, cosmetics, plastics, 

photographic and paper industries [1].  azo dyes are 

the most important class of commercial dyes, which 

constitute more than half of the dye chemistry  [2]. 

Azo dyes are common synthetic colorants released 

into the environment [3]. They institute the largest  

 

class of dyes used in industry [4, 5], are widely used  

to dye numerous materials such as leather, plastics 

[6], textiles, food, paper, and cosmetics [7, 8] and 

they are utilized in high tech applications such as 

“lasers and non-direct optical frameworks", “warm 

exchange printing and fuel cells”, “dye sensitized 

solar cells”, “photodynamic treatment”, and “metallo 

chromic indicators” [9]. Adsorption have been 

reported as a good method to remove organic dyes 

from wastewaters [10]  because of its straight 

forwardness, cost viability and extraordinary 

proficiency Numerous kinds of both regular and 

manufactured adsorbents have been evaluated for the 

expulsion of colors and elective toxins from 
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wastewater [11] . In this research used yttrium oxide 

nano particles (Y2O3) as adsorbent, Yttrium oxide is 

one of the most common compounds of rare earth 

and has been used in a wide variety of fields such as 

optics, advanced ceramics, optoelectronics, and 

practical composite additives [12], due to their 

attractive properties, including high corrosion 

resistivity, wide optical transmission range, good 

thermal stability and high melting point of around 

2410 Co [13].    (Fig. 1) shows the geometric structure 

of the dye: 

Fig. 1. The Structure of Direct Blue 2 (DB2) Dye 

 

Experimental 

Materials  

   Direct blue 2 (DB2) dye was collected from 

Baghdad's factory textile industry and Y2O3 

nanoparticles was purchased from Sigma (Sigma–

Aldrich).  

 

Methods: 

Determination of Calibration Curve: 

   To determine the calibration curve for DB2 dye at 

constant wavelength (λmax= 566nm) by using (Bear-

Lambert Law): (A=ε.b.c) to determine the molar 

absorbance coefficient (ε= 0.012) and (R2 = 0.999). 

(Fig. 2) shows this relation: 

 

 Fig. 2. Calibration Curve of DB2 Dye 

 

Characterization of Y2O3 Nanoparticles: 

   X-Ray diffraction (XRD) was used for Y2O3 

nanoparticles characterization and Debye-Scherrer 

equation was used to calculate the crystal size (D) of 

Y2O3 nanoparticles: 

                            

                               …. (1) 

 

“λ is the wavelength in angstrom, β is the maximum 

full widith and θ the angle obtained from 2θ values 

corresponding to maximum intensity peak in XRD 

pattern” [14]. The mean crystal size of Y2O3 

nanoparticles was (33.36 nm). (Fig. 3) shows the 

XRD spectra of Y2O3 nanoparticles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. XRD Spectra of Y2O3 Nanoparticles 
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Adsorption Experiments: 

Solutions Preparation: 

   DB2 its formula is C32H21N6Na3O11S3, its M.Wt. is 

830.7 g/mol. Stock solution of 1000 mg·L−1 was 

prepared by distilled water. 

 

Batch Experiments: 

   The adsorbent dose of 0.1 g has been added to 100 

mL conical flasks that accept 7.5 ml of DB2 dye band 

- aid of accepted concentrations (70, 90, 110, 130, 

150 and 160) mg.L−1. The flasks were placed under 

the set altitude of acquaintance time (30 min), afraid 

acceleration (182 rpm) and temperature (24.5 Co). A 

foresaid altitude of accumulation abstracts were kept 

connected during the improvment of assorted ambit 

furnishings on the DB2 dye adsorption abundance of 

Y2O3 nanoparticles. The temperature furnishings, pH 

on the adsorption abundance of Y2O3 nanoparticles 

were activated within (25–50) Co. After the 

accumulation experiment, the clarify was analyzed at 

566 nm amicableness for DB2 application UV / VIS 

spectrophotometer. The abundance of DB2 dye 

adsorbed on Y2O3 nanoparticles was affected 

application Equation 2: 

                                                                    

….. (2) 

 

“Co and Ce are the concentrations of initial and 

equilibrium (mg·L−1), respectively, Qe is the 

adsorption quantity of DB2 dye (mg·g−1), V the 

solution volume (L) and m is the adsorbent mass (g)” 

[15]. 

 

Results and Discussion 

UV Spectroscopy: 

   In (Fig. 4) the UV spectra of DB2 dye shows bands 

at (231, 314 and 566) nm: 

 

 

 

     
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. UV Spectra of Direct Blue 2 (DB2) Dye. 

 
Adsorption study: 

Effect of Temperature: 

   The adsorption of DB2 dye on Y2O3 nanoparticles 

using different temperatures (25, 40 and 50) Co at 

constant concentration of dye solution were studied 

and the study results shows in    (Fig. 5) 

 

 
Fig. 5. Effect of Temperature on adsorption quantity of DB2 dye on 

Y2O3 nanoparticles 

 

From (Fig. 5) observed that the adsorption quantities 

were increased when the temperatures increased. 

 
Effect of pH:                                                                                                                                                         

   The adsorption of DB2 dye on Y2O3 nanoparticles 

at different pH (1.6, 3, 6.5, 8 and 10) using constant 

concentration of dye solution and constant 
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temperature 30Co was studied for 30min and the 

study results shows in (Fig. 6). 

 

 

Fig. 6. Effect of pH on adsorption quantity of DB2 dye on Y2O3 

nanoparticles 

 

From (Fig. 6) observed that the adsorption quantities  

 

 

of DB2 dye on Y2O3 nanoparticles were increased in 

the acidic medium and decreased in basic medium. 

 

Adsorption Isotherms: 

   Table 1 shows the laws of adsorption isotherm 

models.  Figures 7, 8, 9, 10 and 11 shows the 

relations of adsorption isotherm models: 

 
Fig. 7. Adsorption Isotherm Model of  Langmiur 

 

 
TABLE 1. The Laws of Adsorption Isotherm Models 

Isotherm Linear Form Plot of Linear Form Parameters 
Langmuir[16] 1 1e

e

e m L m

C
C

q q K q
  


 

Ce vs Ce/qe qm , KL 

Freudlich[17, 18] 1
e F eLogq LogK LogC

n
   

Log Ce vs log qe KF 

TTemkin[19] 

 

Ln Ce vs qe b , KT 

Halsey[20] 

 

Ln Ce vs ln qe KH, nH 

Harkins-Jura[21] 

 

Log Ce vs 1/qe
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Fig. 8. Adsorption Isotherm Model of Freundlich 

 

 
Fig. 9. Adsorption Isotherm Model of Temkin                                                

 

 
Fig. 10. Adsorption Isotherm Model of Halsey 

 

 

 

 

 

 
Fig. 11. Adsorption Isotherm Model of Harkins-Jura 

 

Table 2 shows the parameters of adsorption isotherm 

models of DB2 dye on Y2O3 nanoparticles: 

 

TABLE 2. Parameters of Adsorption Isotherm Models of 

Adsorption DB2 dye on Y2O3 nanoparticles 

Model Parameters 

Langmiur qm       2.583 

KL       0.028 

R2           0.902 
Freundlich 1/n      2.282 

KF       0.091 

R2       0.969 

Temkin b         155.822 

KT       16.621 

R2        0.942 
Halsey nH            0.391 

KH         0.081 

R2        0.944 
Harkins-jura AHJ       2.898 

BHJ       1.472 

R2        0.957 
 

It is found from the table above that the freundlich 

isotherm model is appropriate for the adsorption of 

DB2 dye on nanoparticles Y2O3.  

 

Thermodynamic Study: 

   Thermodynamic parameters were calculated to 

study the effects of temperature on the adsorption 

quantity of DB2 onY2O3 nanoparticles. The 

coefficient of distribution Kd was calculated from 

Equation 8: 
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                                            …..(8) 

The enthalpy, ΔH (kJ·mol−1) and entropy ΔS (kJ·mol−1) 

were calculated from the Van’t Hoff [21] plot by equation 9  

                  

       ….. (9) 

 

(Fig. 12) shows the relation between lnKd and 1/T : 

 

 

Fig. 12. The relation between lnKd and 1/T 

 

The  free energy change (ΔG) (kJ·mol−1) values were 

obtained from Equation 10 [22]. 

                           ….. (10) 

 

The thermodynamic parameters for the adsorption of 

DB2 on Y2O3 nanoparticles are shown in table 3: 

 

TABLE 3. Thermodynamic Parameters for The Adsorption of DB2 

Dye on Y2O3 Nanoparticles 

ΔHo 

(kJ.mol-1) 

ΔSo 

(kJ.mol-1.K-1) 

ΔG1
o 

(kJ.mol-1) 

ΔG2
o 

(kJ.mol-1) 

ΔG3
o 

(kJ.mol-1) 

 

20.327 

 

-0.0789 

 

43.839 

 

45.022 

 

45.811 

 

The positive value of ΔHo showed that it was 

(endothermic reaction) the adsorption of DB2 dye on 

Y2O3 nanoparticles. 

 

 

 

 

Conclusions 

We concluded in this work that the adsorption 

isotherm model (Freundlich isotherm) is suitable for 

the adsorption of DB2 dye on Y2O3 nanoparticles and 

this reaction is endothermic reaction because of the 

positive value of ΔHo. 

 

Conflicts of Interest 

   There are no conflicts to declare. 

 
Acknowledgments 

   The authors would like to thank Mustansiriyah 

University for its support in the present work. 

 

References 

[1] Amit B, Sivanesan SD, Tapan C. "Azo dyes: past, 

present and the future". Environ. Rev. 19(NA): 350–

370 (2011). 

[2] Bharat CD, Hitendra MP, Ritu BD, Dhirubhai JD. 

“Synthesis, characterization and dyeing assessment of 

novel acid azo dyes and mordent acid azo dyes based 

on 2-hydroxy-4-methoxybenzophenone on wool and 

silk fabrics”. J. Serb. Chem. Soc. 75(5): 605-614 

(2010). 

[3] John AB. “Microbial Degradation of Azo Dyes”. 

Progress in Industrial Microbiology. 32: 157-176 

(1995). 

[4] Jack TS, Lorne. I,  Renganathan V. “Hydroxyl radical 

mediated degradation of azo dyes: evidence for benzene 

generation”. Environmental Science &Technology.    

28(7): 1389-1393 (1994). 

[5] Maulin PS. “Biodegradation of Azo Dyes by Three 

Isolated Bacterial Strains: An Environmental 

Bioremedial Approach”. Journal of Microbial & 

Biochemical Technology S3: 1948-5948 (2014). 

[6] Anjali P, Poonam S, Leela L. “Bacterial decolorization 

and degradation of azo dyes”. International 

Biodeterioration & Biodegradation. 2007; 59(2): 73-84. 

[7] Samavia B, Shatirah A, Mushtaq A, Khaled SB, 

Muhammad AA. “Study of Modern Nano Enhanced 

e
d

e

q
K

C


ln d

S H
K

R RT

 
 

G H T S   

https://pubs.acs.org/author/Spadaro%2C+Jack+T
https://pubs.acs.org/author/Isabelle%2C+Lorne
https://pubs.acs.org/author/Renganathan%2C+V


 ADSORPTION ISOTHERMS AND THERMODYNAMIC STUDY  .. 
__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 63, No. 12 (2020) 

 

4737 

Techniques for Removal of Dyes and Metals”. Journal 

of Nanomaterials 2014: 1-20 (2014). 

[8] Olfa N, Besma M, Riadh T, Lassaad B, Abdelwahed H, 

Naseur H. “Complexation and Extraction of Transition 

Metal Cations by New Azodyes: Synthesis, Structure 

Elucidation and Binding Properties”. Asian Journal of 

Chemistry. 30(6): 1195- 1200 (2018). 

[9] Mariam A, Hanadi YM, Kamal US, Ramadan AM. 

“Synthesis and Spectroscopic Properties of New Azo 

Dyes Derived from 3-Ethylthio-5-cyanomethyl-4-

phenyl-1,2,4-triazole”. Moleculaes. 19: 2993-3003 

(2014)  

[10] Ghasemian E, Palizban Z, “Comparisons of azo dye 

adsorptions onto activated carbon and silicon carbide 

nanoparticles loaded on activated carbon”. Int. J. 

Environ. Sci. Technol. 13: 501-512 (2016). 

[11] Mohammed HJ, Kadhim BJ, Aseel SH. “Adsorption 

Study of Some Sulphanilic Azo Dyes on Charcoal”. E-

Journal of Chemistry. 8(2): 739-747 (2011). 

      

[12] Sodeh S, Seyed J Ahmadi, Morteza H. “Adsorption of 

Lead Ions in Aqueous Solution Using Yttrium Oxide 

Nanoparticles”. Journal of Nano Research, 16: 83-87 

(2012). 

[13] Jiao H, Xiao-dong L, Ji-guang L, Xu-dong S. 

“Colloidal Stability of Aqueous Suspensions of Nano-

Yttria Powders”. International Journal of Materials 

Science and Engineering. 1(1): 28-31 (2013). 

[14] Sibel MK, Ali EE, Demet T, Mehmet E.  “XRD and 

SEM Results of WO3 Thin Films Deposited on Quartz 

Glasses”. International Journal of Applied Science and 

Technology, 4: 136-140 (2014). 

[15] Deola M, Braja NP. “Preferential and Enhanced 

Adsorption of Dyes on Alum Doped 

Nanopolyaniline”. Journal of Chemical & Engineering 

Data 63(9): 3427-3437 (2018). 

[16] Peige, Yixin Y, Xiaoting Z, Jiahua N, Hui Y, Shufang 

T, Jinhua Z,  Minghua L. “Highly Efficient, Rapid, 

and Simultaneous Removal of Cationic Dyes from 

Aqueous Solution Using Monodispersed Mesoporous 

Silica Nanoparticles as the Adsorbent”. 

Nanomaterials, 8(4): 1-50 (2018). 

[17] Barakat A. F. Kamel, Amel S. Mahdi, Athraa A. 

Ahmed, Dina A. Ali, Kafi M. Dawood. “Adsorption 

Isotherms, Kinetics and thermodynamic studies of Vat 

Brown 16 Dye using ZnO and Nano-ZnO Particles”.  

Research J. Pharm. and Tech. 11(10): 4613-4618 

(2018). 

[18] Junsheng L, XinW. “Novel Silica-Based Hybrid 

Adsorbents: Lead(II) Adsorption Isotherms”. The 

Scientific World Journal. 2013: 1-6 (2013) 

[19] Muhammad TA, Abdulrahman AA, Muhammad S. 

“Adsorptive Removal of Reactive Black 5 from 

Wastewater Using Bentonite Clay: Isotherms, Kinetics 

and Thermodynamics”. Sustainability. 7(11): 15302-

15318 (2015). 

[20] Sumanjit K, Seema R, Rakesh KM. “Adsorption 

Kinetics for The Removal of Hazardous Dye Congo 

Red by Biowaste Materials as Adsorbents”. Journal of 

Chemistry, 2013: 1-12. (2013). 

[21] Nimibofa A, Augustus NE, Donbebe W.” Modelling 

and Interpretation of Adsorption Isotherms”. Journal 

of Chemistry, 2017: 1-11 (2017). 

[22] Rounak M. S., “Kinetic & Thermodynamic Study for 

Adsorption– Desorption of Diazinon with Copper in 

The Presence of Surfactant”. Global Journal of 

Science Frontier Research Chemistry. 12(4): 17-31 

(2012). 

 


