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Abstract 

Adsorption kinetics is the study of how a system's sorption characteristics evolve over time, with 

surface coverage providing information on the pace at which this happens. As a result of this 

interaction, a thin layer of the adsorbate will form on the adsorbent's surface. The Langmuir, 

Freundlich, Temkin, and DubininRadushkevich adsorption isotherms were used for the analysis. 

Using a linear chi-square statistic test, we found that the Freundlich isotherm provided the 

greatest match for our experimental data. At room temperature, the Langmuir model predicted 

maximum adsorption capacities of 19.12. Analysis of the adsorption kinetics shows that the 

pseudo-second order model best describes the adsorption rate. Based on the data, the optimal 

concentration of adsorbent in the system was somewhere around 5 g/L, resulting in a removal 

effectiveness of 96.5 percent. 
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INTRODUCTION 

The pace of a process may be determined by measuring how much of the surface is covered, an 

aspect of adsorption kinetics. Since the sorption and desorption processes take time, it is crucial 

to assess the adsorption kinetics in order to optimize the adsorbent's design and regeneration 

Understanding the kinetic characteristics of adsorption and desorption is crucial for 

characterizing the sorbate's transport inside the sorbent and onto its surface sites. Since the 

surface chemistry and the adsorption processes contribute to practical applications in catalysis, 

corrosion, and the controlled removal of chemical species from condensed media and vapors, 

there has been a lot of interest in learning about adsorption kinetics Optimal circumstances 

(contact duration, temperature, adsorbent dose, and pH), the mechanism of sorption, and a 

putative rate-limiting step may all be gleaned through kinetic adsorption experiments The 

experimental isotherm data are put to the test using kinetic models to learn more about the 

adsorption mechanism. The study of motion and its causes, such as forces and torques, is known 

as kinetics, and it is the domain of classical mechanics in the fields of physics and engineering. 

The word "kinetics" has been largely replaced by "dynamics" in physics textbooks since the 

middle of the 20th century, however it is still often used in engineering. 

The study of continuous functions in velocity space is known as kinetics in plasma physics. For 

the most part, this is discussed in relation to processes that alter thermal velocity distributions or 

to other situations in which non-thermal (non-Maxwellian) velocity distributions are present. 

Fluid equations are inadequate for describing these kinetic plasmas. In certain branches of 

chemistry and physics, such as chemical physics and physical chemistry, kinetics may also refer 
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to chemical kinetics. Examples of such contexts include "physical kinetics," "crystal growth 

kinetics," and similar phrases. 

To evaluate the diffusion of an adsorbate inside a material's pores, scientists use a technique 

called adsorption kinetics, which measures the adsorption capacity as a function of time under 

constant conditions of pressure or concentration. The importance of interfacial contact in 

designing electrocatalysts should be emphasized, and the adsorption kinetics relationship should 

be developed, with pH and various voltage settings taken into account. Adsorption is the process 

by which atoms, ions, or molecules in a gas, liquid, or dissolved solid cling to a surface. In doing 

so, a thin layer of the adsorbate is deposited onto the adsorbent's surface. In contrast to 

absorption, in which a liquid or solid dissolves a liquid by permeating it, diffusion involves the 

two phases existing independently of one another Although adsorption often occurs first, it is a 

surface process whereas absorption encompasses the whole volume of the substance. Both 

processes are referred to collectively as sorption, whereas desorption is the inverse. 

Adsorption is a byproduct of surface energy, much as surface tension. If you break down a bulk 

material into its component atoms, you'll find that each of those atoms has its bonding needs 

supplied by other atoms in the material, whether those needs be ionic, covalent, or metallic. 

Adsorbent surface atoms, however, are not completely encircled by other adsorbent surface 

atoms, and thus they may bind to adsorbates. Adsorption may be categorized as physisorption or 

chemisorption, depending on the species involved Electrostatic attraction is another possible 

cause. 

LITERATURE REVIEW 

Uduakobong a. Edet et.al (2020)In order to prevent the eutrophication of aquatic bodies, 

phosphates must be removed from treated wastewater prior to effluent release. Chemical 

precipitation is the primary method for removing phosphates from wastewater, but it is both 

costly and has a large environmental impact. This research set out to determine whether 

reclaimed bricks might be used as an adsorbent in wastewater treatment to get rid of phosphates. 

Adsorption processes were determined by studying the kinetics, isotherms, and thermodynamics 

of adsorption. Adsorption capabilities were shown to increase with contact duration, adsorbent 

dose, and starting phosphate concentration. The kinetic analysis revealed that distinct processes 

predominated during different phases of adsorption, indicating that adsorption was controlled by 

many mechanisms. For the adsorption of phosphates onto brick particles with a maximum 

adsorption capacity of 5.35 mg/g, pseudo-second-order kinetics provided a more accurate 

representation of the adsorption process, and the Langmuir isotherm provided a sufficient 

description of the adsorption.  

C a riyanto, et.al (2019)Pollutants from heavy metals tend to collect in waterways and soil, 

posing serious health risks to humans. Activated carbon and other adsorbents are effective in 

removing or reducing the concentration of heavy metals like Co (II). Because water hyacinth 

leaves (WHL) may adsorb both organic and inorganic substances, using activated carbon from 

water hyacinth leaves (Eichhornia crassipes) has the potential to lower the concentration of 
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heavy metals in the environment. The purpose of this research was to establish the ideal 

adsorption kinetics and isotherm models for Co (II) adsorption utilizing activated carbon 

extracted from water hyacinth leaves (ACWHL). After 24 hours of impregnation at a ratio of 1:4 

(w/w) and carbonization at 400°C, the ACWHL is ready for activation at 600°C for 60 minutes, 

completing the two-stage activation process (physical and chemical activation) using 30% 

H3PO4 as an activator. In order to analyses the samples, a UV-Vis spectrophotometer was 

employed. Adsorption data for Co (II) onto ACWHL were found to best fit a pseudo second-

order kinetic model (R 2 = 0.3086) and an Elovich isotherm (R 2 = 0.664), with a maximum 

adsorption capacity of 140.725 mg/g.  

Muhammad Imran Khana, et.al (2019)In this study, we looked into the room temperature 

batch adsorption of the anionic dye Eosin-B (EB) onto an anion exchange membrane (AEM) 

(BI). Contact duration, membrane dose, starting dye concentration, and temperature are only 

some of the operational factors studied in relation to their impact on the percentage of EB 

removed from the aqueous solution. Moreover, several models, including pseudo-first-order, 

pseudo-second-order, Elovich, liquid film diffusion, modified Freundlich, and Bangham models, 

have been used to the study of adsorption kinetics. The results demonstrate that the pseudo-

second order kinetics provides a very good match to the adsorption data. Experiment data have 

been fit using non-linear isotherms with two parameters and three parameters. The computed 

Gibb's free energy (DG°), enthalpy (DH°), and entropy (DS°) indicate that adsorption of EB 

onto anion exchange membrane (B1) is an exothermic process. 

MATERIAL AND METHODS 

Maximum adsorption of ciprofloxacin occurs at a wavelength of 285 nm, giving the compound a 

molecular weight of 331.34 g/mol. In this experiment, CPX was acquired from Sigma-Aldrich 

(>98% purity) and utilized as-is. 

Washing the red dirt with distilled water and then drying it at 110 degrees Celsius for 24 hours 

yielded a usable product. After 24 hours of soaking in 200 ml of 1N H2SO4, 10 grammes of 

washed red dirt were dried at 110 oC. A sample of acid-treated red mud with an average particle 

size of 120 microns was obtained in this way and utilized in the research. Using Scanning 

Electronic Microscopy (SEM), we analyzed the surface shape and performance of raw and acid 

treated red mud to draw comparisons. With the use of a BET study performed on an ASAP 2020 

V3.04 H, Micromeritics, USA surface area analyzer, the surface areas of both untreated and 

acid-treated red mud were calculated. 

Adsorption tests were performed in 100 mL working volume in a 200 mL flask. Flasks were 

prepared with 5 grof RM and diluted to the desired concentrations using stock solutions. To get 

the starting pH of 6.5 0.2, either 0.1M HCl or 0.1M NaOH was added. Once the flasks were 

filled, they were sealed and shaken for 75 minutes at 200 revolutions per minute in a rotary air 

shaker. Adsorption was analysed at a temperature of 28.1 2 oC. A control adsorption experiment 

was repeated, but this time without the addition of RM. We ran every experiment three times to 

ensure accuracy, and provide below is the mean value of those results. At regular intervals, 
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flasks were opened to retrieve samples of the liquid within. The accumulated 

 

FIGURE 1. Chemical structure of CPX 

Before determining the residual tetracycline concentration, liquid samples were centrifuged 

at 4000 rpm for 10 minutes, and the supernatant was filtered through a 0.45 m membrane. 

High-performance liquid chromatography (HPLC) linked to a photodiode array detector is 

used to quantify CPX quantities (PDA, Surveyor, Thermo Scientific, USA). For the 

chromatographic evaluation of CPX, a Luna C18 column (150 mm 3.0 mm, 3 M, 

Phenomenex, USA) is used, with the mobile phase consisting of 87.5% water (0.1% formic 

acid) and 12.5% acetonitrile. 

Through the use of the following equation, we were able to determine the total quantity of CPX 

adsorbed: 

 

where C0 is the initial concentration of CPX (mg/L) and qe is the quantity of CPX absorbed 

per unit weight of activated red mud (mg/g). Ce is the CPX equilibrium concentration in the 

solution (mg/L), V is the volume of the solution and m is the dose of activated red mud (g). 

RESULTS 

Specific surface area is lower for raw RM (21.4 m2/g) than for acid-treated RM (28.7 m2/g). 

Raw RM had a pore size of 18.75 nm, whereas acid-treated RM had a pore size of 17.44 nm. 

Acid treated RM has a larger surface area and pore volume than raw RM. 
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FIGURE 2. SEM image of red mud before and after CPXadsorbed 

 

FIGURE 3. The SEM- EDAX micrograph of a: raw red mud b: red mud treated with H2 

SO4. 

The RM SEM before and after adsorption of CPX is shown in Fig. 2a and b, respectively. It is 

evident that RM has a high pore density, suggesting that CPX may be trapped and absorbed 

inside the material. 

Hematite (Fe2O3), Goethite (FeO (OH), and Quartz are the major phases found in RM, which is 

a complex combination of several other minerals (SiO2). Scanning electron microscopy findings 

were used to evaluate the differences between the surfaces of raw RM and RM that had been 

activated by acid pretreatment. Fig. 3a and b show SEM-EDAX micrographs of raw RM and 

RM samples that have been treated with acid. Raw RM has a high concentration of metals such 

as Al, Si, Ti, and Fe, according to EDAX analysis. By subjecting RM to acid, the intensities of 

Fe, Ti, Si, and Al have been dramatically reduced. 
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FIGURE 4. Effect of contact time and concentration on CPX removal (pH =7, Adsorbent 

dosage 5 g/L and temperature= 28±2°C). 

EffectOfContactTimeandInitialCpxConcentration 

Adsorption of CPX by RM is shown to be affected by contact duration and starting con- 

concentration in Fig. 4. With CPX gone, Was quick from the moment of first touch till the 

point of saturation. For CPX concentrations ranging from 10 to 100 mg/L, the time to reach 

equilibrium was found to be 75 minutes. This might be because equilibrium is reached after 

the optimal contact time of 75 minutes has been reached. Since there were initially more 

active sites on the surface of the adsorbent available to remove CPX than were really 

needed, the removal rate was greater in the beginning. Due to a decline in the total number 

of active sites, the removal rate slowed as contact time progressed.  

With an increase in CPX concentration from 10 to 100 mg/L, the equilibrium absorption of 

CPX dropped from 96.5 to 78.4. When CPX concentration rises, fewer active sites on the 

adsorbent are available for elimination (Putra et al., 2009). 

EffectOfAdsorbentDose 

As can be seen in Fig. 5, the removal of CPX increased with adsorbent dosage, reaching a 

maximum of 25.2 mg/g (89.6%) at 5 g/L of adsorbent dose. Increasing the dose of the 

adsorbent leads to more CPX elimination since there is more adsorbent surface area 

available  

Adsorption Kinetics: The rate at which a pollutant is removed from an aqueous solution may be 

predicted using kinetics, and the data it offers is invaluable for unravelling the mechanism of the 

adsorption process. Many models, including pseudo-first order, pseudo-second order, intramolecular 

diffusion, and the Elovich model, have been developed to study and describe adsorption based on 

experimental evidence. The linear expressions for the pseudo-first-order adsorption rate and the 

pseudo-second-order adsorption rate are as follows:  
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FIGURE 5. Effect of adsorbent dosage on CPX adsorption (C0 = 50 mg/L, time = 75 min, 

pH = 7, temp= 28 ± 2°C). 

 

Amount of CPX adsorbed on surface at equilibrium qe (mg g−1) amount of CPX adsorbed on 

surface at time qt (mgg−1) , and pseudo first order rate constant (k1, min1) (min). Data from a 

log(qe-qt) vs time plot was used to determine the adsorption rate constant, k1, and equilibrium 

adsorption capacity, qe, which are shown in Table 1. 

 

where k2 (g mg-1 min-1) is the pseudo-second order rate constant. Using the t/qt vs. t plot, 

we were able to determine the adsorption rate constant, qe, and k2, which are summarised 

in Table 1. Pseudo first order kinetics has a correlation value of 0.94, which is not less than 

that of second order kinetics (0.997). As a result, a fit to pseudo-second-order kinetics is 

made. 

INTRAPARTICLEDIFFUSION 

Boundary film development or intraparticle (pore) diffus- sion of the CPX on the solid surface 

from the bulk of solu- tion may be the limiting stage in CPX adsorption. The following equation, 

developed by Weber and Morris to describe the diffusion process: 

 

The thickness of the boundary layer may be inferred from the value of the intercept C. What 
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is the constant of intraparticle diffusion, K? (Mg g−1 min−0.5) which are judged by the qt 

and q intercept and slope t1/2. 

ELOVICH 

Another rate equation with a nonuniform absorbing surface. Visualized as: 

 

is the rate of absorption in the beginning (mg g−1min−1).  how steady is desorption (g 

mg−1) which are determined by the qt-lnt plot's intercept and slope. 

Table 1. Adsorption kinetics constants of adsorption of CPX onto RM 

 

Adsorption Isotherm Models: An appropriate model that may be utilized for design 

consideration was identified by fitting the CPX equilibrium data to the Langmuir, Freun- dlich, 

Temkin, and DubininRadushkevich equation. 

LangmuirIsotherm 

The Langmuir isotherm takes monolayer formation during the adsorption process as a given 

and assumes that adsorbate molecules do not interact with one another. In its linear version, 

the Langmuir isotherm looks like this, assuming monolayer adsorption on a uniform 

adsorbent surface: 

If qmax (mg∙g−1) is the greatest value of qe that may be achieved when Ce is increased and 

is the adsorbent's maximum adsorption capacity for monolayer formation. Increases in the 

adsorption bond's strength are reflected in a rise in the b parameter, a coefficient 

proportional to the energy of adsorption. From the linear regression plot of, the values of 

qmax and b are calculated. (Ce/qe) against Ce. Adsorption and the lack of monolayer 

development cannot be explained by the Langmuir model, as seen by the linear plot in the 

opposite direction. 
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FreundlichIsotherm 

The Freundlich isotherm has a long history of use with heterogeneous solid catalyst. In order 

to describe multilayer adsorption with interaction between adsorbed molecules, the 

Freundlich equilibrium isotherm equation must be used, which is an empirical relation. Here 

is a linear version of the Freundlich equation: 

 

where KF is the adsorbent's capacity for the adsorbate and 1/n is the adsorption intensity of 

CPX on the solid, which is proportional to the adsorption strength. The KF and n values are 

obtained from a linear regression plot of log qe against log Ce. Adsorption on 

heterogeneous surfaces with a constant energy density and reversible adsorption may be 

modelled using this method. Adsorption model linear plot with high regression factor 

suggesting model performance. 

TemkinIsotherm 

In the Temkin model, interactions between adsorbing species and the adsorbent are 

considered. According to this isotherm, up to a certain maximum binding energy, adsorption 

is characterized by a uniform distribution of binding energies, and the heat of adsorption of 

all molecules in the layer falls linearly with coverage owing to adsorbent-adsorbate 

interactions. 

 

 Linear Temkin equation =as well as the accompanying equilibrium constant, denote the 

maximum binding energy. Temperature, denoted by the letter T, is expressed in Kelvin. R is the 

universal gas constant, which is 8.314 J.mol1.K1, and b is the Temkin constant, which is 

proportional to heat absorption. /J∙mg−1. 
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Slope and intercept of qevslnCe are used to determine A and. Predictions of gas-phase 

equilibria are more amenable to the Temkin equation than liquid-phase predictions. Since 

adsorbed molecules do not always arrange in a closely packed form with similar 

orientation, the liquid phase is a more complicated phenomenon. An excellent regression 

value and linear fit indicate that this model well describes the adsorption process. 

DubininRadushkevichIsotherm 

Porosity, free energy, and adsorbent properties may all be estimated with the help of this model. 

The isotherm model accounts for surface heterogeneity and adsorption potential variation. The 

following linear Equation is a popular use of this model:  

Table 2. Isotherms constants for the removal CPX onto RM 

 

A formula for determining the Polanyi potential, is as follows:  

With adsorption energy represented by the constant B. (mol2 J−2), Saturation capacity qm 

in theory. The Dubinin constants are shown in Table 2. From this B value, we may get the 

mean free energy of adsorption (E), defined as the amount of energy needed to move one 

mole of the CPX from an infinitely dilute solution onto a solid surface. 

The isotherm constants are shown in Table 2. Models such as the Freundlich model, the 

Langmuir model, the Temkin model, and the DubininRadushko- evich model all show that 

multilayer development occurs alongside adsorption of CPX. The Temkin plot adsorbed 

energy. 368.08 J.mg−1This indicates a robust connection between RM and CPX and an 

endothermic adsorption process. CPX physisorption on RM is indicated by an energy value 

of around 875.2 J/mole. 

 

 

 



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

230 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

CONCLUSION 

Kinetics is the sub-discipline of classical mechanics that studies the connection between motion 

and its driving factors, such as forces and torques, in the fields of physics and engineering. The 

adsorption process may be broken down into two broad categories: physisorption and 

chemisorption. This research looked at the efficacy of Red Mud in removing Ciprofloxacin by 

adsorption. Around an adsorbent dosage of 5 g/L, a 96.5% removal efficiency of CPX was 

attained. The contact period, adsorbent dosage, and CPX antibiotic concentration all had a role 

in how effectively the antibiotic was removed from the solution. The investigation of adsorption 

isotherms demonstrates that the Freundlich model provides the best match to the data about the 

adsorption equilibrium. The pseudo-second order kinetics model provided a good match for the 

data on CPX adsorption on RM stone. 

REFERENCES 

1. Uduakobong a. Edet and augustine o. Ifelebuegu (2020) kinetics, isotherms, and 

thermodynamic modeling of the adsorption of phosphates from model wastewater using recycled 

brick waste  

2. C a riyanto*, e prabalaras (2019) the adsorption kinetics and isoterm of activated carbon 

from water hyacinth leaves (eichhorniacrassipes) on co (ii)  

3. Muhammad Imran Khana,b,*, MushtaqHussainLasharic , MajedaKhraishehd, 

ShabnamShahidae , ShaguftaZafarf , PrasertPrapamonthong , Aziz urRehmanh, SaimaAnjumf , 

NaseemAkhtarf , FarzanaHanif  (2019) Adsorption kinetic, equilibrium and thermodynamic 

studies of Eosin-B onto anion exchange membrane  

4. Ademiluyi, f. T. &nze, j. C. (2016). Sorption characteristics for multiple adsorptions of 

heavy metal ions using activated carbon from nigerian bamboo. Journal of materials science and 

chemical engineering, 4,39-48. 

5. Ayash,m. A. A., elnasr, t. A. S. &soliman, m. H. (2019). Removing iron ions 

contaminants from groundwater using modified nanohydroxyapatite by nano manganese oxide. 

Journal of water resource and protection, 11(6),789-809. 

6. Ebelegi, a. N., ayawei, n. &wankasi, d. (2020). Interpretation of adsorption 

thermodynamics and kinetics. Openjournal of physical chemistry, 10,166- 182.  

7. Edet, u. A. &ifelebuegu, a. O. (2020). Kinetics, isotherms, and thermodynamic modelling 

of the adsorption of phosphates from model wastewater using recycled brick waste. Processes, 

8,665,1-15. 

8. Islam, a., chowdhury, m. A., mozumder, s. I. &uddin, t. (2021). Langmuir adsorption 

kinetics in liquid media: interface reaction model. Acs omega, 6, 14481-14492.  



International Journal in Management and Social Science  
Volume 09 Issue 12, December 2021 ISSN: 2321-1784 Impact Factor: 7.088 
Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com                               
Double-Blind Peer Reviewed Refereed Open Access International Journal  

  

231 International Journal in Management and Social Science 
http://ijmr.net.in, Email: irjmss@gmail.com 

 

9. Javadian, h., ghorbani, f. Tayebi, h. &hosseini, s. M. (2015). Study of the adsorption of 

cd (ii) from aqueous solution using zeolitebasedgeopolymer synthesized from coal fly ash; 

kinetic, isotherm and thermodynamic studies. Arabian journal of chemistry, 8,837-849.  

10. Meera, m. S. &ganesan, t. K. (2015). Adsorption isotherm and kinetics studies of 

cadmium (ii) ions removal using various activated carbons derived from agricultural bark 

wastes: a comparative study. Journal of chemical and pharmaceutical research, 7(4),1194-1200.  

11. Mhemeed, a. H. (2018). A general overview on adsorption. Indian journal of natural 

sciences, 9(51),16127-16131.  

12. Mohamed, z., abdelkarim, a., ziat, k. &mohamed, s. (2016). Adsorption of cu (ii) onto 

natural clay: equilibrium and thermodynamic studies. Journal of material and environmental 

science,7(2),566-570. 

13. Musah, m., yisa, j., suleiman, m. A. T., mann, a. &shaba, e.y. (2018) a. Study of isotherm 

models for the adsorption of cr (vi) ion from aqueous solution onto bombaxbuonopozense calyx 

activated carbon. Lapai journal of science and technology, 4(1),22-32. 

 


