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1 INTRODUCTION                

Cadmium is one of the heavy metals found in amounts that 

exceed the WHO recommended maximum concentration 

requirements. This pollutant contaminates the water and land 

environments(Gordon, Callan, and Vickers 2008). The 

release of cadmium into the environment poses a major risk 

to health and environment, particularly in developing 

countries (Joseph et al. 2019). Its inhibits biological process 

and contaminate the environment (Mockaitis et al. 2012).  

 
Sources of cadmium concentration found in polluted waste 

are anthropogenic: alloy manufacturing, battery, 

electroplating, mining, plastic manufacturing, smelting, 

fertilizers, metal refining process etc. The persistence of 

cadmium in the environment is as a result of exceeding its 

permissible limits which can cause a variety of acute and  

 

 

 
chronic disorders on ingestion (Ishfaq et al. 2013).Previous 

researchers have established hypertension, lung insufficiency,  

renal disturbances as some of the adverse effects caused by 

cadmium exposures. Other health problems as it relates to 

cadmium contamination are intestine ulceration, liver 

necrosis, and prostate and bronchial cancer (Mockaitis et al. 

2012).This global issue requires the enforcement of adequate 

sustainable treatment methods for effluents. 

 

Research carried out on the treatment of heavy metal polluted 

wastewater have highlighted a global need to develop low 

cost, environmentally friendly and effective materials to 

tackle this issue(3,5,6). Treatment of cadmium containing 

effluent has lead to the development safe alternative methods 

such as biosorption. Adsorption is considered a typical mass 

transfer process that involves the transfer of adsorbate from 

the bulk fluid phase to the adsorbate pores (46). 

   IKR Journal Of Engineering and Technology  

(IKRJET) 

 
Journal homepage:https://ikrpublishers.com/ikrjet 

Volume-1, Issue-1(March-April) 2025 
                                                                                                                                   ISSN:XXXX-XXXX(Online) 

 

Abstract 
        Adsorption is a commonly used treatment for wastewater. The utilisation of Luffa cylindrica as an adsorbent had previously 

been adopted to treat wastewater laden with heavy metal ions.  The investigation of Luffa cylindrica (LC), an adsorbent, applied 

for the uptake of the cadmium ions was carried out. The adsorption capacity was increased when the LC was treated with NaOH. 

The solution pH, immersion time, initial adsorbate concentration and adsorbent concentration influences the uptake of the 

cadmium ions. At an optimum pH range approximately within6 &8, the adsorption capacity increased. The pseudo second order 

kinetic and Sips isotherm models showed the best fit. The characterisation of the LC shows the presence of binding groups that 

aid adsorption. The mass transfer factor model (MTfM) was applied, and it showed no dependence of the metal ion adsorptive 

mass transfer on film diffusion.  The MTfMfurther shows the impact of treated LC on the adsorption capacity.  The outcome of the 

efficiency of LC as an excellent adsorptive material and the molecular understanding of the    LC showed its potentiality to be 

used as an adsorbent wastewater treatment in developing countries. This material can further be utilised to produce 

nanomaterials to be applied in wastewater treatment. 
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The use of biological materials with functionalised surfaces 

capable of removing trace metals and other contaminants 

from water has received much attention. These materials, are 

termed biosorbents, and have been used in the adsorption 

process during recent decades as an alternative 

technology(Ali, Asim, and Khan 2012). Such materials are 

commonly utilised for their renewable nature, and their 

ability to biodegrade. Current studies have focused on plant 

materials that are by-products of other industries, such as 

coconut hull, sawdust or palm kernel shells (Ali, Asim, and 

Khan 2012).  

 

The loofa sponge, derived from the sub-tropical plant Luffa 

cylindrica (LC), is grown annually in Nigeria and many other 

countries such as China and Japan. In some countries, it is 

common for the loofa fruit used as a feed for poultry and as a 

vitamin supplement for aqua feeds. The mature fruit (fibrous 

residue) is used to produce sponges and gourds, and then is 

considered as a waste material (Ajuru and Nmom 2017). The 

smooth cylindrical shaped fruit is approximately 12cm long, 

the reticulate matrix which consists of various fibrous 

interwoven cords are found in the sponge-like flesh 

material.The cords are made up of parenchyma cells, which 

areresponsible for the plant metabolic activities. This makes 

up the cellular structure. The cords comprises cylindrical 

fibres which are flexible and hollow(10,11) and are composed 

of fibrils. Resinous lignocellulose material comprising of 55-

90% cellulose, 10-23% lignin, 8-22% hemicellulose make up 

the fibrils and the exact percentage depends on the plant 

origin, weather conditions, nature of soil, etc. This 

lignocellulosic material make up the inner part of the loofa 

fruit which forms the typical loofa sponge used in this 

research and its dried form has been used as a domestic 

cleaning material for years (Emene and Edyvean 2019). 

 

The LC has a large proportion of cellulose material, which is 

used to remove heavy metal ions from aqueous solution. 

Studies have reported the LC material to possess the ability to 

remove both metal cations (Emene and Edyvean 2019) and 

organic pollutants from aqueous solutions due to the presence 

of active functional groups within the molecular 

structure(Dubey, A.Shiwani 2012). Suhas et al. (Suhas et al. 

2016), modified cellulose, present in LC, by chemicals to 

improve the heavy metal adsorption capacity. This 

enhancement attributes to an increased surface area and easily 

accessible functional groups for  further adsorption (Suhas et 

al. 2016).  

LC represents a low cost, renewable, biodegradable solution 

for sustainable water treatment plants in developing countries 

(I. O. Oboh and Aluyor 2009). To successfully develop this 

as a sustainable process on a large scale, it is important to 

understand the surface properties of LC, the metal speciation 

of the cadmium ions removed from water, chemistry of 

adsorption and wastewater streamsin order to optimize the 

process.  

This paper will investigate the efficiency process of 

chemically treated LC as an adsorbent in the removal of 

cadmium ions from aqueous solution, across the pH range 3-

9. The adsorptive mass transfer resistance was explained 

during the adsorption of cadmium via the mass transfer 

model. The simple methodology used for the modification of 

the LC and results obtained contribute to a further 

understanding of the relationship between cadmium ion 

adsorption and LC properties (LC-Cd adsorption mechanism) 

under optimum conditions which attributes to a promising 

optimization  wastewater treatment strategy for developing 

countries.  

2 Material and methods 

2.1 Reagents and stock solutions 
The chemicals used were of analytical grade. The stock 

solution of 1 g/L of Cd (II) was prepared by dissolving 

cadmium sulfatesalt, obtained from Sigma-Aldrich, United 

Kingdom, in deionised water. The desired concentrations 

were obtained by diluting the stock solution at a varied 

concentration from 50 to 200mg/L. 0.1 M HCl and NaOH 

solutions were used to alter the solution pH. 

 

2.2 Chemical Modification of Luffa 

Cylindrica (LC) 
This is the surface clean up and preparation process for the 

treatment of LC(Akhtar, Iqbal, and Iqbal 2003). The LC 

(dried fibres) was purchased in the United Kingdom. The 

surface impurities and seeds were removed by washing with 

distilled water, then alkali treated by soaking in 4% NaOH at 

room temperature for 1h. The LC fibres were washed in 

distilled water until the pH was almost neutral, and then dried 

in the oven at a temperature of 90 °C for 24h.The samples 

were then ground and sieved to a 1 mm particle size fraction. 

The dried samples were stored for utilization in further 

experiments. 

 

2.3 Characterisation of chemically 

treated LC (ATLC) 

2.3.1 Surface Analysis of chemically treated LC and 

LC 

The surface of the loofa was analysed by an Analytical 

Scanning Electron Microscope (SEM) (Model JOEL JSM- 

6010LA) coupled with energy dispersive X-ray (EDX) with 

an accelerating voltage of 10kV and at a magnification of 

x550 SS60.The chemical characteristics was analysed by 

using a Nicolet 6700 Fourier Transform Infra-red (FT-IR) 

Spectrometer to identify the functional groups that interact 

with cadmium ions.50mg of ATL Csample (˂ 250µm 

thickness) were prepared for ATR- FTIR analysis. 

Measurements were made in transmittance mode using a 

spectral resolution of 4cm-1 by 256 scans and approximately 

150 seconds per step across the range 4000cm-1 to 650 cm-
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1.The surface area of each sample of ATLC was determined 

from nitrogen adsorption at 77.2K in the range of relative 

pressure (p/p0) of 0.05 – 1 by using a Micromeritics 3Flex 

instrument. The samples were degassed at 150oC for 24 

hours.  A three-parameter non-linear fitting procedure was 

utilised and the ATLC samples were subjected to a 99-point 

BET surface analysis. Adsorption isotherms were produced 

for the ATLC samples. The conventional single point method 

of relative pressure was used. 

 

2.4 Batch adsorption experiments 
All batch studies were performed as single contacts with the 

contact of 1g of 1mm size of ATLC with 200 mL of cadmium 

ion aqueous solution. Experiments were done at 

concentration range of 50 to 200mg/L; and at pH each of 3, 5, 

7 and 9. High concentrations were used to determine the 

relationship during adsorption because lower concentration 

showed a high adsorption capacity that could not show an 

entire mass transfer mechanism for this research. The ATLC 

and aqueous solution were mixed for 24 hrs at an agitation 

speed of 200rpm at 21 °C on a magnetic stirrer. The 

adsorption behaviour was determined using the following; 

qe = (
Ci−Ce

Ce
) ×

v

m
    (1) 

qe is the weighted distribution of the metal ions where Ci is 

the initial aqueous concentration of the cadmium ions before 

contact and Ce is the aqueous concentration of the cadmium 

ions after equilibration. V is the volume of the aqueous phase 

(mL) and m is the mass of the ATLC (g). The percentage 

removal (R%) was determined by difference (using eqn. 2) 

and the concentrations of the cadmium determined by ICP-

MS. 

R% =  
Ci−Ce

Ci
× 100    (2) 

Where Ci is the initial metal concentration before contact and 

Ce is the concentration of the cadmium ion in the aqueous 

solution after contact with the ATLC. pH measurements for 

solutions were determined using a silver/silver chloride 

reference electrode calibrated from pH 4-7 using buffers. The 

error was determined using the aqueous solution 

concentrations prior to contact (triple measurements). 

 

2.5 Determination of adsorption isotherm 

behaviour 
All adsorption isotherms were carried out as single contacts 

with the contact of 1 g of ATLC with 200 mL of aqueous 

solution. Commonly used two parameter fitting model,  was 

used to determine the fitting ability due to its quantitative 

criteria for evaluation(17,18). The 3 parameter model which 

gives a clearer evaluation of the data was also utilised. The 

data were fitted to Langmuir, two site Langmuir (Vilar et al. 

2009), Temkin and Sips models, equations (3-8). 

 

 

 

2.6 Calculations 
The fitting was carried out by using linear regression and by 

non-linear least squares analysis using Graph Pad (Vilar et al. 

2009). 

Langmuir 

𝑞𝑒 =
𝐾𝐿𝐶𝑒

1+𝑎𝐿𝐶𝑒
     (3) 

The monolayer saturation capacity, qm (mg L-1), was 

calculated from the Langmuir equation using equation (4). 

𝐾𝐿 = 𝑞𝑚𝑎𝐿     (4) 

Two site Langmuir 

𝑞𝑒 =  
𝑄1𝑏1𝐶𝑒

1 + 𝑏1𝐶𝑒
+  

𝑄2𝑏2𝐶𝑒

1 +𝑏2 𝐶𝑒
   (5) 

Temkin 

𝑞𝑒 =
𝑅𝑇

𝑏𝑇
𝑙𝑛(𝐴𝑇𝐶𝑒)    (6) 

Sips 

𝑞𝑒 =  
𝐾𝑠𝐶𝑒

𝛽𝑠

1 + 𝑎𝑠𝐶𝑒
𝛽𝑠

    (7) 

Error measurements in the isotherm constants was calculated 

from the linear form of the model using the calculated values 

obtained from Excel via deviations of the experimental data 

from the best fit line. 

 

2.7 Determination of the kinetics of 

extraction 
The kinetics was carried out with the contact of 1 g of ATLC 

with 200 mL of aqueous phase. The ATLC and aqueous 

solution were mixed for a period of 24 hrs at room 

temperature and 5 mL samples were collected at set time 

intervals. The data was fitted using a linear fit of pseudo 

second order models, but do not take into account the 

mechanism of reaction.  

 

The linear form of the pseudo-second-order kinetic model 

(Foo and Hameed 2010) is as follows; 

 
𝑡

𝑞𝑡
=

1

𝑘2𝑞𝑒
2 +

1

𝑞𝑒
𝑡                          (8) 

 

Where k2 = pseudo second order reaction constant (hr-1). 

The non-linear form for the pseudo second-order kinetics is 

given below; 

𝑞𝑡 =
𝑘2𝑞𝑒

2𝑡

1+𝑘2𝑞𝑒𝑡
             (9) 

The non-linear form was fitted using the minimization of the 

sum of square errors (SSE) using SOLVER(Yang et al. 

2014). The t1/2 was calculated by the relationship; 

𝑡1
2⁄ =

1

𝑘2𝑞𝑒
           (10) 

The initial sorption rate h0(Foo and Hameed 2010) is given 

by; 

ℎ0 = 𝑘𝑞𝑒
2           (11) 

Film and pore diffusion 

𝑡1
2 ⁄

= 0.03 
𝑟

𝑜2

𝐷𝑝
                        (12) 

Where Dp is the pore diffusion coefficient 



10 | P a g e  
  

Copyright©IKR Journal of Engineering & Technology (IKRJET).Published by IKR Publishers 
 

𝑡1
2⁄  = 0.23 

𝑟𝑜 𝜕

𝐷𝑓
 × 

𝑐̇

𝑐
          (13)                

where Df is the film diffusion coefficient. 

The equation (12) was used to calculate the pore and film 

diffusion coefficient to determine the rate-controlling step of 

the sorption process.  

The Boyd model confirms the external mass transfer as the 

rate-limiting step of the sorption process. 

Boyd model 

𝐵𝑡 =  −0.4977 − 𝐼𝑛(1 − 𝐹)         (14) 

A simplification of the mass transfer model is presented in 

equation (15) and equation (16): 

= 𝐼𝑛 𝑞𝑒 = 𝐵 +  
1

𝛽
 × 𝐼𝑛 𝑡                          (15) 

Where B and 
1

𝛽
are the intercept and slope respectively.  𝐵 =

𝐼𝑛 ([𝐾𝐿𝑎]𝑔) − 𝐼𝑛{𝐼𝑛 (
𝐶𝑜

𝐶𝑒
)}/ β                      (16) 

Where [𝐾𝐿𝑎]g  gives the global mass transfer factor. 

3 Results and Discussion 

3.1 Chemical modification of Luffa 

cylindrica (LC) 
The morphology observation of LC, shown in Figure 1, 

appears flaky dry with a large amount of single particles on 

the surface. In Figure 2, the morphology of the ATLC is 

broken up with a less number of loose particles on the 

surface. This may be as a result of the removal of the lignin 

and hemicellulose compounds and exposed pores (Nong, 

Zhou, and Wang 2016).Ghali et al.  (Ghali et al. 2009)showed 

that to treatL. cylindrica fibres with 4 % NaOH gives it a 

higher crystallinity index and improves its adhesion 

behaviour(Ghali et al. 2009). 

 

 
 

 
 
 

 

 

 

 

 

 

 

 

 

Figure 1: Surface morphology of untreated loofa (raw loofa) 
      

      

      

      

      

      

      

      

      

      

      

     

Figure 2: Surface morphology of ATLC 

The surface properties of ATLC was enhanced after treatment 

with alkali. 4% NaOH was successfully used without damage 

to the crystalline region of the LC because researchers have 

reported the maximum percentage of NaOH to treat L. 

cylindrical to be at 8%. Ghali et al.(Ghali et al. 2009), 

investigated the pre-treatment of Luffa fibres by 4% NaOH 

that led to successful delignification(Ghali et al. 2009). This 

modification displays additional functional groups of OH- 

have been added onto the surface area of L. cylindrica 

(22,23). 

The surface characteristics of the ATLC with a BET surface 

area of 43.10m2/gis higher than the untreated LC at 25.32m2 

/g (Table 1). This shows an increased surface area. This 

increase in surface area and pore volume after alkali 

treatment by 41.3% and 29.4% respectively shows the 

involvement of the LC surface and pore particles in 

improving the adsorption process. 

 

Table 1. BET result values of the chemically treated(ATLC) 

and untreated L. cylindrica (LC) 

Data Untreated 4% NaOH treated 

Surface area 25.32m2/g 43.10m2/g 

Specific surface area 5.75m2 7.00m2 

Total pore volume 0.012cm3/g 0.017cm3/g 

   

 

Figure 3: FT-IR spectra of ATLC and untreated loofa at 

21°C, 256 scans 
 

Figure 3& 4 show the changes in the bands surface chemistry 

during adsorption with the untreated and treated LC. These 

show characteristic functional groups on the LC across the 

800cm-1 to 4000cm-1range, The peak at 3340 cm-1 is 

attributed to the stretching vibration of the O-H group. A shift 

to 3323cm-1  and 1040cm-1 shows a change in the binding 

energy pattern(10,17,22). The stretching vibration at band 

range 1035cm-1 and 1250cm-1 are attributed to the cellulose 

while the characteristic bands at 1450cm-1 to 1600cm-1are 

attributed to lignin. The peak at 1735cm-1 and 1550cm-1 

changes which shows the disappearance of hemicellulose and 

lignin(Rodriguez Correa, Otto, and Kruse 2017).The main 

adsorption bands are shown to have changed (various 

functional groups)in Table 2. This change depicts the effect 

of alkali treatment. The presence of O-H groups 



11 | P a g e  
  

Copyright©IKR Journal of Engineering & Technology (IKRJET).Published by IKR Publishers 
 

(exchangeable protons) are attributed to a higher and stronger 

band at 3100cm-1 to 3600cm-1. This stronger band exposes the 

hydroxyl groups for adsorption(25,26). The stretching band in 

range 3545 to 3050cm-1 indicates characteristic strong 

intramolecular hydrogen bonds that leads to strong adhesion 

adsorption properties(27,28). 

  

Table 2: Change in transmission FTIR results at specific 

regions of absorbance 

 

Region  ∆T%  Corresponding 

absorbance 

Reference 

1265cm-1-

1460cm-1 

(fingerprint 

region) 

+0.6 

- 

+1.1 

O-H bending (29,30) 

1540cm-1 -0.85 N-H bending  (Anastopoulos, 

Massas, and 

Ehaliotis 2013) 

1735cm-1 +0.6 C=O stretching 

(carbonyl group 

of ketone) 

(Jayamani et al. 

2014) 

2890cm-1 +0.8 C-H stretching  (10,20) 

3340cm-1 +1.6 O-H bonding (10,16,29) 

 

Alkali treatment disrupts the hydrogen bonding of OH- 

functional groups on the LC thereby removing off H+ for 

adsorption of ions(23,32). Carboxyl group are the dominant 

functional groups of ATLC in adsorption. Therefore, the 

difference in the binding energy of the functional groups as 

shown by the spectra peaks in Figure 3 indicates the 

importance role of O-H in the adsorption of cadmium ions 

onto ATLC.  The LC possesses lignin, cellulose and 

hemicellulose and this is shown by the presence of the 

characteristic bands, which shows the functional groups on 

the LC surface (Emene and Edyvean 2019).Figure 4 shows an 

increase in the zeta potential values and when treated with 

alkali depicts an increase towards linearity. The LC structure 

changes after modification with alkali.  This is compared to 

the untreated cucumber peel, a biological material that 

contains cellulose, hemicellulose and lignin, and possesses 

carboxyl and hydroxyl groups. This material shows a 

negatively charged surface that increases in the zeta potential 

values as the pH is increased from pH 2 to 6 (Saueprasearsit, 

Nuanjaraen, and Chinlapa 2010). Lower pH tends to cause 

the colloids in the system to coagulate and form more 

particles that are visible in solution. The zeta potentials of 

ATLC over the pH range of 2 – 10 shows a negative surface 

charge on the LC (Emene and Edyvean 2019). The increase in 

the magnitude of the negative zeta potential of ATLC in 

solution shows the availability of free functional groups 

available for exchangeable protons in adsorption which 

creates bonds on the surface and these protons are responsible 

for the charge created on the LC surface (Emene and Edyvean 

2019). The zeta potential increases as pH increases, which 

suggest a potential stability for cadmium adsorption as pH 

increases. The negative surface charge at increased pH 6 to 8, 

shows the increased zeta potential. This further explains the 

various factors that contribute to the adsorption mechanism of 

cadmium ions onto LC. Since formation of hydroxylated 

cadmium ions are expected over pH 6 (shown in figure 7), pH 

5 -7 (optimum mV values) is determined as the appropriate 

pH for an effective adsorption process (Emene, 2018). 

 

Figure 4: The zeta potential of ATLC and cucumber peel at 

constant ionic strength in aqueous solution as a function of 

pH 

 

As compared to the chitin-lignin material which possesses a 

high carbon content and the grafted LC sponge, the presence 

of a negative zeta potential value over a range of pH 1 to 12 

is attributed to the presence of specific functional groups, 

such as -COOH and -OH, which facilitate the adsorption 

process of cadmium ions(34,35). 

 

3.2 Adsorption studies as a function of 

acid and anion concentration onto 

ATLC. 
The effect of pH on the adsorption of cadmium onto ATLC is 

shown in Figure 5. It can be seen that the percentage removal 

shows a maximum uptake at pH 7. 

 

Figure 5: Effect of solution pH conditions on the percentage 

removal of Cd after 24hrs contact; cadmium ion 

concentration: 50mg/L; agitation speed: 200rpm; at 

temperature 21oC, 5g/l biosorbent dosage 
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pH is the most important controlling factor in the adsorption 

process of heavy metal ions (Saeed et al. 2009). There is the 

competition of H+ ions for the binding sites on ATLC when 

the equilibrium pH is below 5 thereby decreasing the 

adsorption capacity. This lowers the adsorption process. At 

pHs greater than 6 the reduced in removal of cadmium ions is 

most likely attributed to the hydrolysis of the cadmium ion in 

aqueous solutions. This depicts the difference in cadmium 

species and their ability to be adsorbed at different solution 

pH. The optimum adsorption of cadmium ions occurs below 

the point of zero charge (pHpzc of 7.2).It is observed above pH 

6 to be stable and this shows an initial maximum adsorption 

(Figure 6). Therefore, the results show the dominance of the 

adsorption process to be attributed to exchangeable ions 

present and other adsorption mechanisms involved (Iqbal et 

al. 2009).As shown in Figure 6, the cadmium species present 

(Cd(OH)2 ) at pH 6 and above gives approximately 50% of 

the cadmium available for adsorption. The potential effect of 

the cadmium ion speciation as a function of pH is presented 

in Figure 6 and carried out using Hyss2009 program and 

stability constants from the NIST database.The protonated 

complexes Cd(OH)4
2-build up to a maximum of below 20% 

of hydroxylated Cd as it relates to free Cd ions. The 

attachment of cadmium ions onto the surface of LC occurred 

at above pH of 6 and this shows that Cd (OH)2  are being 

attached during the adsorption process. Furthermore, above 

pH 6, hydroxylated forms of the cadmium ionsare expected to 

precipitate which leads to a reduced adsorption capacity. The 

loss of cadmium ions from solution cannot be ascertained to 

be all due to adsorption onto the LC surface. At pH 4.8, free 

cadmium ions are disappearing as the Cd(OH)2 start to formas 

the pH increases. The cadmium ions, Cd(OH)2dominant 

form), complexes are formed with the dominant active 

charged sites on the LC surface. The percentage values for 

optimum adsorption of cadmium at optimum pH values were 

reported in literature (38,39). 

Figure 6: Distribution of cadmium nitrate species in aqueous 

solution at 210C as a function of pH (Ekberg and Brown 

2016). 

3.3 Isotherm behaviour of removal 
The isotherm fitting parameters for all the isotherm models 

tested is given in Table 3 based on linear regression and non-

linear regression using Graph Pad(20,63). The isotherms are 

used to determine the best fit in order to explain and suggest 

the model that best predicts the adsorption process that 

occurs(I. Oboh, Aluyor, and Audu 2009).  The isotherm 

fitting parameter was calculated using various models as 

shown in equations 3- 7 for cadmium adsorption onto ATLC 

at 21 °C for a contact time of 24 hrs. This was done by 

utilising the non-linear least squares fitting using Graph Pad 

and SOLVER. The equilibrium concentration and adsorption 

capacity relationship is depicted in Figure 7.  

 

 

Figure 7: Cadmium isotherm from pH 7.0 ± 0.1 at 21 °C and 

24 hr. contact time. Sips model fit shown by dashed line 

 

None of the utilised isotherm models, two site Langmuir, 

Langmuir and Temkin satisfactorily predicted the 

experimental data but all fitted to a R2 value over 0.9. The 

adsorption behaviour of cadmium ions fitted the Sips model 

and was shown (Figure 7) to give the best fit with a R2 value 

of 0.928. The model fittings to the Sips model did not show a 

heterogeneous adsorption on the LC surface, which possesses 

both weak and strong sites but a monolayer homogeneous 

surface adsorption. The activation energy, which shows a 

chemisorption mechanism that involves both the surface and 

pores of the LC is as a result of the presence of two different 

sites which are available for adsorption.Furthermore, it 

explains and supports the different mechanisms of the 

adsorption process that occur with the utilisation of LC and 

explicitly explains the mechanism process. 

The adsorption capacity of cadmium ions are enhanced by 

modification with alkali treatment. Optimum removal of 

cadmium ions (Cd(OH)2) is at pH 7 with a 60.7% percentage 

removal and the loss of cadmium ions from solution cannot 

be ascertained to be attributed to adsorption onto the LC 

surface because of the precipitated hydroxylated forms of 

cadmium.  Compared to other adsorbents, such as 55% of 

cadmium adsorption by polyphosphate-modified kaolinite 

clay (Amer, Khalili, and Awwad 2010), the modified loofa 

(ATLC) shows a greater percentage removal of cadmium 

ionsat  210C. 

 

3.4 Kinetics of extraction 
The batch kinetic models are adequately utilised because they 

are essential in the explicit description of the adsorption 
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mechanism and to determine the potential controlling steps of 

mass transfer. The obtained results shows a best fit to the 

pseudo-second order (PSO) (Figure 9)(Graph Pad 

Prism)which shows the involvement of two species in the 

sorption process of cadmium ions. As agreed with literature, a 

pseudo second order model best describes the adsorption of 

divalent metal ions(Vilar et al. 2009). The rate constant of a 

pseudo second order model (k2) rises and falls as pH is 

increased (Table 5).And (k2) increases as concentration 

increase still a peak is reached (Table 6). This depicts a 

reduced adsorption rate and the resistance in the micropores 

is increased, till the peak is at equilibrium(Emene 2015). The 

PSO model fit has a R2 value of above 0.9 for each utilised 

concentration and pH as shown in Table 5 and 6. The fastest 

exchange rate occurred between 2 and 15mins and this may 

further be explained that the exchange positions are initially 

on the surface. The increase in initial concentration leads to in 

an increase in K2 and then a decrease. Further decrease in 

K2showed further increase in concentration. This implies that 

a faster adsorption occurs at lowest concentration because it 

shows the lowest k2 value. Other experimental factors imply 

that diffusion and other factors play an important role in the 

kinetic process of adsorption of cadmium ions. This kinetic 

process explicitly explains the relationship between the 

number of available adsorption sites and the rate of 

adsorption. The availability of binding sites relates to the 

initial concentration of cadmium ions and the equilibrium 

time once adsorption capacity is occurs(45,46). The change in 

the k2 value when concentration increased is explained due to 

a decrease in the adsorbates’ chemical potential which limits 

their driving force (Mohamed et al. 2021). 

 
Figure 8: Pseudo second order kinetic using non-linear 

regression in SOLVER (Hossain, Ngo, and Guo 2013), = 

50mg/L, Cd2+ in solution at pH 7.0 ± 0.1 at 21 °C.PSO model 

shown with dashed line 

 

Model efficiency, which equates to the correlation coefficient 

R2 value, is a good measure to avoid errors that may occur 

due to the experimental data values and it is the best indicator 

for model fitting data values. The non-linear chi square test 

values also confirm the best fit of the model to the experiment 

data of the adsorption process system. More accurate 

estimations are implied with smaller NSD values(47,48). 

 

3.5 Mechanistic mass transfer model:  
It represents the plot of Inqe versus In t which gives a straight 

line.  

 
Figure 9: Linear regression for cadmium adsorption from pH 

7.0 ± 0.1 at 21 °C and 24 hr. contact time. Mass transfer 

model fit shown by line 

 

The plot of Inqe versus Int (Figure 10) shows a good 

correlation with an R2 value of 0.997. The intercept (B (mg/g) 

and slope (1/β (g h/mg) values, 5.69 and -6.68 respectively, 

explains the definition of the mass transfer potential and the 

adsorbate-adsorbent affinity as it relates to the cadmium 

adsorption mechanism.  The negative B value is attributed to 

decline in the adsorption driving force as the cadmium ion 

concentration in the bulk fluid reduces.  The presence of a 

low mass transfer factor explains the presence of a significant 

affinity between LC and cadmium ions during the adsorption 

process (Mohamed et al. 2021).PSO k2 values at a higher and 

lower concentration, shows that sorption and desorption 

occur as the cadmium ions concentration increased in value. 

This shows that film diffusion is the controlling step in the 

mass transfer process and it is not predominantly represented 

as the concentration increases. This means at a lower 

concentration the adsorption system is not explained by film 

diffusion. 

 

Table 3:  Kinetic parameters of pseudo second order (Linear 

regression) at varying pH values at 21 °C 

 

pH qe (mg·g-1) h0 (mins) k2 (g·mg-1·min-1) R2 

3 3.032 1.73E-01 0.078 0.997 

5 6.743 9.43E-01 0.021 0.994 

7 6.840 2.96E-00 0.063 1.000 
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Table 4:  Kinetic parameters of pseudo second order (Linear 

regression) at pH 7 at 21 °C 

 

Concentration 

(mg/L) 

qe (mg·g-

1) 
R

2
 

k2 (g·mg-1·min-

1) 

50 5.672 0.985 0.012 

70 5.896 0.990 0.013 

100 6.845 0.999 1.906 

150 8.292 0.994 0.225 

    

4 Conclusions 

This report results show that LC has a promising potential in 

the removal of cadmium ions from aqueous solutions. The 

NaOH treatment of LC improves the adsorption capacity. The 

results from the negative zeta potential show a negatively 

charged LC surface. The change in frequency obtained from 

the characteristic bands due to vibrations at prominent peaks 

on the LC, shows the functional groups involved in the 

adsorption process onto the LC. The uptake efficiency of Cd 

(II) indicates dependence on pH, cadmium ion concentration 

and time. The optimum pH of the adsorption of cadmium ions 

by LC at 21oC was at pH 7 at equilibrium. The Sips isotherm 

model showed the best fit. The removal of Cd (II) ions is 

negatively affected by the possible desorption of the 

hydroxylated forms of cadmium ions present in the aqueous 

solution. The kinetics model fit indicated that the PSO model 

gives the best fit and the adsorption rate was at 

0.225g/mg/min at150mg/L. The mass transfer factor gives 

insight into the mass transfer resistance, therefore the sorption 

processes of the cadmium ions by loofa were not solely 

controlled by film diffusion mechanism. This shows a 

feasible chemisorption reaction. 

Cadmium ion adsorption as compared to few researchers 

have been found to have a higher maximum loading capacity 

than LC used in this report but because the LC material is 

economically viable, widely available in Nigeria, does not 

require a surface properties’ modification process that is 

expensive, it utilises no extensive technological applications 

and can also easily accessible in large quantities, it is 

regarded as a sustainable material on a global scale(49,50).  

Loofa is easily grown in large quantities and its accessibility 

can support in it being widely used in developing countries.  

The design of this adsorption system and potential 

nanotechnology with LC, as the biosorbent, will help to create 

internal revenue in Nigeria and also assist in tackling the 

environmental issues in the Niger Delta and other parts of the 

country(9,50). 
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