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Abstract:  

     The primary goal of this research is to create a new material with a successful composition 

and high monarchy absorption.. This material is prepared by use two main accessories {banana 

leaves and silver particles} with the use of other secondary accessories .Laboratory experiments 

were carried out by removing ionstech from {FeIII}, (II) and Pb (II) and use the prepared 

compound (BLP) / (AgNPs) as adsorbent. The studyer concluded the following: The 

displacement of ionstech increases in a direct proportion to the rise in  (contact time, temperature, 

agitation speed, and dose of absorbents), and the displacement percentages were 77, 87, and 92 

percent, respectively, for (Z., lead, and iron), The 45-minute dumping period. Metal ion binding 

occurs naturally., practical, and endothermic, as demonstrated by thermodynamic parameters, and 

as demonstrated by kinetic studies, the process is best characterized by pseudo-second-order 

kinetics. The adsorption data of Zn(II), Pb(II), and Fe(III) ionstech on (BLP)/(AgNPs) were 

found to be better represented by the Langmuir isothermal model, with regression coefficients (R 

= 0.998) and maximum adsorption capacities of 200, 254, and 238 mg/g for Z. (II), lead (II), and 

iron (III), respectively. 

Keywords: green (agricultural) waste, intensive metals, banana tree, ion reduction, silver, 

absorption 

 

1- Introduction 

    Without a question, the modern world is experiencing a water crisis, and access to clean water 

has become a universal demand. Water shortages are caused by pollution, global warming, and 

the quickening rate of human population development. As a result, it is now essential to use 

affordable and environmentally friendly technologies as effective means of conserving the 

world's limited freshwater supplies. [1]. 

     Without a question, the modern world is experiencing a water crisis, and access to clean water 

has become a universal demand. Water shortages are caused by pollution, global warming, and 

the quickening rate of human population development. As a result, it is now essential to use 

affordable and environmentally friendly technologies as effective means of conserving the 

world's limited freshwater supplies [4]. There is a great danger that trivalent and divalent 
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intensive metal ionstech, such as                           are indispensable in all spheres of 

existence. Concentrates of any size can be dangerous to human health because they can enter the 

food chain and endanger all living forms[6]. The high danger posed by metal ionstech inspires 

researchers to look for novel ways to safeguard the environment and people using various 

treatment procedures [7]. Conventional techniques like solvent extraction, electrochemical 

precipitation, ion exchange, reduction, electrolysis, chemical precipitation, and filtraten have 

been used, but the majority of these techniques are either ineffective or not economically feasible, 

especially for low concentrations of intensive metal ionstech [8]. One of the most popular, 

effective, and affordable techniques for water and wastewater cleaning is adsorption [9, 10]. 

Several adsorbents, including "clays, polymers, silica, agricultural waste, carbon nanotubes, and 

activated carbon," have been investigated for the removal of heavy metal ions from waste water 

[11]. The sorbents made from agricultural wastes have many benefits, including broad 

availability, environmental friendliness, and technical suitability for a variety of environmental 

circumstances. (slow absorption and weak affinity for heavy metals), which prompts researchers 

to look into chemically altering farm waste absorbents[14]. 

    Since they can be grown year-round, bananas are a popular crop. More than 130 nations in the 

globe cultivate bananas, and millions of tons of bananas are produced worldwide each year[15]; 

Because it can be a source of sorbent material, banana cultivation refuse should be taken into 

account. Sieved banana leaf crushed (BLP), which is extracted from homogenized crushed, can 

be used as an absorbent for wastewater purification. In fact, nanoaccessories have been used as 

adsorbents in wastewater treatment, and this technology has attracted a lot of interest because of 

its high efficiency and cheap cost, when compared to the accessories of the old methods [16]. The 

following variables increase the face reactivity of nanoaccessories:: (1) high face area. (2) the 

free energy of the raised face. (3) massive to the high number of active sites per unit. These 

elements render the accoutrements effective adsorbents[17, 18]. Due to their superior adsorbent 

monarchy, high catalytic activity, and good performance, silver nanoparticles (AgNPs) have been 

investigated as potential adsorbents.. This is because of their favorable chemical and physical 

monarchy. They are biocompatible, inexpensive, and highly absorbable[19, 20]. Studies using 

compounds of silver nanoparticle as adsorbents to extract heavy metal ions and organic pollutants 

from aqueous solutions suggest outstanding application and high efficacy[21, 22]. However, NPs' 

poor stability and propensity to aggregate may limit their applicability in wastewater 

purification[2]. Banana leaf crushed (BLP) is used as mechanical support to hold AgNPs for 

possible applications in wastewater treatment. (BLP) is a plentiful agricultural waste that is safe 

for the ecosystem and can be used as an absorbent. [14]. Silver ionstech were fattened into (BLP) 

by taking advantage of its inherent porosity, followed by the reduction of silver ionstech into 

silver nanoparticle, with the goal of maximizing the adsorption efficiency, utilizing both (BLP) 

and (AgNPs), and overcoming the aggregation of AgNPs and avoiding release into solution. Each 

of the applied (BLP) oxygen nodes (AgNPs) acts as a binding site for AgNPs due to the high 

abundance of each. [23]. The purpose behind this work was to fabricate               
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composites with the advantages of both (   ) and (     ) to remove 

                          developed by watery solutions tech. The effect of temperature, 

adsorbent dose, solution pH, and agitation speed on extensive metal ion adsorption was examined 

as well as several other reaction conditions. 

2. The practical side (application) 

2. 1. raw accessories 

Gamma Laboratory Chemicals supplied the silver nitrate. El Nasr Chemical Company was the 

supplier of the glucose. (ADWIC, Egypt). Hexahydrates of lead nitrate, zinc nitrate, and ferrous 

sulphate were purchased from study-lab fine chemical factories. Each of the remedies contained 

only top-notch substances. used traditional methods and demineralized water to make them. 

2. 2. Prepare the required solution 

                          In order to make stock solutions, double-distilled water was used to 

dissolve the necessary amount of mineral salts.. Working solve(50–250 mg/L) were modified by 

appropriately diluting the standard solution with double-distilled water for the tested metal ions.. 

2. 3. Crushed banana leaf or shape 

After being cleaned with hot distilled water to remove impurities, the gathered banana leaves 

were allowed to dry for 24 hours before being used as a mechanical support to hold AgNPs while 

the reduction process was being carried out. 

2 . 4. Innovation of silver (nanoparticle) fattened with banana  leaves (as crushed) 

     Silver nanoparticles (AgNPs) were adsorbed on a specific pulverized banana leaf by reducing 

Ag+ ions in an aqueous solution. AgNO_3 and 1 g of BLP are mixed together in 50 mL of water 

before glucose solution is added to the reaction mixture. The reaction mixture had a total capacity 

of 100 ml. AgNO_3 concentration was between 0.00 and 0.07 mol/L, while glucose 

concentration was 0.05 mol/L. After that, the combination was stirred at 75°C for 45 minutes. A 

dark brown precipitate that coated the face of the BLP suggested the formation of AgNPs. The 

finished product was filtered, cleaned with distilled water, and desiccated for two hours at 60 

degrees Celsius.. Gaining the absorbance of the reaction mixture through spectral filtering at 

_(max)14= 420 nm helped to support the generation of AgNPs. The data show that the condensed 

band at 420 nm is a face plasmon resonance band that developed as a consequence of the 

activation of free electrons in AgNPs [22]. 

2. 5. Job description 

X-ray refractometer was used to identify the phases of crystals.(XRD, GNR APD-20000 PRO X-

ray). Using KBr pellets and a PerkinElmer 1430 spectrometer, (BLP) and (BLP)/(AgNPs) 

infrared transmittance studies were carried out. A scanning electron microscope was used to 

study the morphology of BLP/AgNPs. (SEM), TV Joel-JSM-6510. 

2. 6. Observations of adsorption 

Batch adsorption experiments were applied to remove                           from 

synthetic solveby a               complex. An          digital magnetic stirrer with a 
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PT 1000 temperature sensor and a 2 cm Teflon-coated magnetic stir bar is applied to stir the 

intensive metal ion               complex solution. A prescribed amount of (BLP)/(AgNPs) 

synthesized is stirred into a prescribed volume of an intensive metal ion solution at a prescribed 

starting concentration for a prescribed period of time at a prescribed rate, Using a digital pH 

meter, the solution's temperature and pH were altered by the adding of either NaOH (0.1 mol/L) 

or HCl (0.1 mol/L) and recorded. (Model pH System-361, India). One study involved collecting 

and filtering out 1 ml samples of the chemical reaction of an intense metal ionstech (BLP) 

solution at regular intervals.(AgNPs) The amount of concentrated heavy metal particles in the 

filter was measured using an atomic absorption spectrophotometer, model AA55 from the 

American Varian Corporation. Using Eqs. (1) and (2), it was possible to calculate the 

displacement rate (R%) and the amount of concentrated metal ions adsorbed per unit mass of 

adsorbent at time t (q_t).  

(2),          
 

 
                               

   
       

  
                                

 

Where, the introductory concentrated of intensive metal ionstech is represented by      ،    

specifies the concentrated of intensive metal ionstech at time            ،   is the volume of the 

solution      and   is the massive per gram of the adsorbent. 

3. Finding and discussion 

3. 1. Profile 

3. 1. 1. Diffraction of X-rays 

When studying phase and crystal structure, XRD is a trusted fingerprint depiction technique. 

[24]. The X-ray outcomes are shown in (Figure 1). The BLP peak was found to be associated 

with the cellulose group crystal plane [25]. Native cellulose, which can be either crystalline or 

amorphous, is believed to be the primary component responsible for the values obtained for the 

intense peak at 22.54. [26]. The new compound produced from saturated (BLP)-saturated 

(     ) can be described crystalline with       peaky around 20 = 38.3, 45.14 and 64.35, 

characterizing the refract meter levels of (111), (200), and (220) respectively, AgNPs peaky 

around = 45.14 and 64.36 indicate that the smaller AgNPs are incorporated into the BLP. In 

general, the broad and small peaky in the X-ray refractometer pattern are linked to the small 

particle size. This has to do with how silver is made, which is a face-cubic diamond. Thus, there 

is unequivocal evidence for the development of Ag nanoparticles stabilized on BLP [27]. 

3 . 1. 2. An (FT-IR) Spectrum 

The usable group of the (BLP) was determined using FTIR spectroscopy, which was also used to 

show how silver nanoparticles are produced. It facilitates research into the chemistry of synthetic 

substances.                and consequently the potential reactions between their employable 

group and intense metal ions[28].       spectra of (   ) and               are seenin Fig. 
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2. As demonstrated, the presence of an O-H extension group is confirmed by the strong 

absorption peak at 3420.53 centimeters. (Phenol, alcohol, and carboxylic acid) [29]. The peaky 

observed at 2910.38       and 2851       were assigned to asymmetric C–H clusters and 

extended symmetric  –  clusters [30]. The peaky at 1732.56      are the curvature monarchy 

of the [31]     group. The peak at 1519.24       has been assigned to (C = C) 

 
Figure 1 XRD. Spectra of the                   composite 

 

 

 

 

 

 

 

. 

 

Figure 2. FTIR spectra of                   composite. 

Aromatic ring tremor stretching, which is attributed to aliphatic C-H stretching in (CH _3,C - O) 

stretching, and CH bending at a wavelength of 1380.72 cm-1 [33]. While the band at 1248.23 

cm(-1) can be attributed to C-C, C-O, and (C=O) stretching, the band at 1332.58 cm depicts the 

(C-C) and (C-O) ring stretching shakings [33]. [34] Additionally, peaky at 896 cm-1 and 655 cm-

1 are ascribed, respectively, to the C-H rocking shakings of the cellulose group and the (C-O-H) 

group. As a result, following impregnation with (AgNPs, AgNPs), the bands have been 

effectively loaded as shown by the disappearance of some peaks and changes in the intensity of 

some bands. (BLP). These functional groups may make it easier for powerful metal ions to be 

absorbed. 
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3 .1. 3. Compound Morphology 

    image depiction is a technique applied to gain the face morphology of the generated 

adsorbent           ). the       (white spots) clearly have a quasispherical shape and 

uniform size distribution. The AgNPs adhered well to the BLP face due to the silver's high 

affinity for oxygen and nitrogen in the BLP workable group[22] 

3 .  2. The impact of adsorption of intensive metal ionstech on the reaction coefficients 

The (BLP)/(AgNPs) complex was studied in adsorption studies to remove Zn (II), Pb (II), and Fe 

(III) ions from aqueous solutions. The contact time, initial intensive metal ion concentration, 

temperature, adsorbent dose, agitation speed, and solution pH were all varied during the 

adsorption process. Each parameter's unique effect is methodically analyzed and researched.. The 

experimental finding showed the expected sensitivity of                              ionstech 

Each metal ion's precedence in an aqueous solution depends on the pH. The following are the 

ideal circumstances for experimentstech: Except where otherwise noted, the following conditions 

were used: 0.1 g of adsorbent, 100 ppm of metal ions, 300 rpm of stirring, 0.1 L of aqueous 

solution at 30°C, pH = 5 (for Zn(II)L), and pH = 6 (for Pb(II) and Fe(III) ionstech). 

3. 2. 1. period of contact's effect 

All other factors were held constant while analyzing the effect of contact time on the (50-250 

ppm) adsorption of Zn(II), Pb(II), and Fe(III) ions on (BLP/AgNPs). Figure 3 depicts the effect 

of contact duration on the percentage displacement of the initial 50 ppm Zn(II), Pb(II), and Fe 

concentrate.(III). The percentage of                           ionstech removed at time t 

increased sharply with time and reached a plateau after about 35 min. Approximately 70%, 70%, 

and 75% of the                           ionstech are removed after 35 minutes of stirring, 

respectively. The efficiency of the metal ionstech's adsorption rises with longer contact times. 

The amount of time needed for Zn(II), Pb(II), and Fe movement at equilibrium (I I I) Ionstech 

was determined to be 35 minutes because the adsorption efficiency declines as contact time rises 

up to 120 minutes. The BLP/AgNPs adsorbent mainly employs the intraparticle diffusion model 

and intricate adsorption processes when adsorbing Zn (I I), Pb (I I), and Fe (I I I) ions [36]. Due 

to the availability of active sites on the surface of (BLP), the rate of adsorption of Zn (I I), Pb (I 

I), and Fe (I I I) ions increased quickly during the initial period.(AgNPs). As a result, as vacant 

sites for uptake became less and less available over time, the uptake of intensive metal ionstech 

reduced. 

3. 2. 2.  The impact of the dose of the adsorbent 

Adsorbent dose quantity and adsorbent/solution rate have a significant impact on adsorption 

efficiency in the batch adsorption technique. [37].  Figure 4 shows The displacement rates of 

                          ionstech were gained with different doses of           and fixed 

metal ion concentrates.. , the displace men percentage increased from (73–95%), (84–100%), and 

(86–100%) for                           ionstech, respectively. by boosting the BLP/AgNPs 

dosage from 0.05 to 0.25 g. This behavior may be caused by the increased adsorbent used in the 
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adsorption process, the larger surface area, and the consequent increase in the number of ionstech 

exchange sites accessible [38]. 

3.2.3. Impact of introductory                          concentratens 

The initial concentrations of Zn(II), Pb(II), and Fe(III) ions were changed between 60 and 260 

ppm at a fixed dose in order to study the effects they had on the adsorption reactions. (0.1) g of 

         . Figure 5 shows that the displacement rate of                           ionstech 

decreases with increasing introductory concentrated from (84-60%), (90-73.6%) and (98-76%), 

although respectively, such as metal ionstech 

 
 

Fig 3. Contact time's effect on Zn displacement rate                        ionstech on 
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Fig. 4. Adsorbent dose's effect on Zn displacement rate (II)                      ionstech 

 
Fig. 5. Impact of metal ion concentrated on the displacement rate of 

                             ionstech 

    The concentrated increases from (55 to 255) ppm. The concentrated-dependent displacement 

percentage of elemental metal ionstech may be due to the existence of abundant active adsorption 

sites on the face of (            with low concentrates of metal ionstech, and the face of free 

          of metal ionstech, but at high concentrates, there are few active sites on The face of 

          that prevent additional metal ions from being absorbed into the  

3. 2. 4. Impact of Temperature 

The results of the experiment supported the hypothesis that temperature has a substantial effect 

on the ability of (BLP/AgNPs) to adsorb Zn(I I), Pb (I I), and Fe (I I I) ions from aqueous 

solutions. The temperatures used for the adsorption experiments ranged from 25 to 40 degrees 

Celsius. Figure 6 demonstrates that the amount of Zn(I I), Pb (I I), and Fe(I I I) ionstech removed 

by (BLP / AgNPs) increases from (70-86%), (82-96%), and (82-95%), respectively, as the 
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temperature raises from 25 to 50 °C. Better Zn (II), Pb (II), and Fe(I I I) ion displacement occurs 

at higher temperatures, which can be ascribed to the increased rate of sorbate diffusion within the 

adsorbent's pores and the reduced viscosity of the liquid [40]. The reaction behavior supports the 

adsorption process' endothermic character. 

3. 2. 4. 1. thermodynamic indicators. The thermodynamic behavior of adsorption of 

                           ) ionstech on the face of (         ) Indicators that can be used 

to describe shifts in energies include Gibbs free energy change (G°), enthalpy change (H °), and 

entropy change. (S°) determined by Eq (3). 

 
Fig. 6 . Impact of temperature on the displacement rate of                              ionstech 

                             

where R is the gas constant (8.314 J/mol K) and K_(c) is the solute distribution coefficient, which 

is equal to q _(e) / C_e. The equation makes use of the values of K_(c). (3) Calculating (G°), 

(H°), and (S°) using Eq (4). 

                             

Equation (Eq. ), which gives the Van't Hoff equation, can be used to determine the values of 

other thermodynamic parameters (5). 

      
     

  
 

     

    
                        

By determining the slope and intercept, thermodynamic parameters were derived from linear 

van't Hoff plots (lnK_C vs 1/T). (Fig. 6). The results are summarized in Table 1, and positive 

values of H and S show endothermic adsorption of Zn (II), Pb (I I), and Fe (I I I) ions on 

(BLP/AgNPs) and increased randomness at the solid/solution interface, respectively. Negative 

values of G° encouraged the natural and practicable adsorption of Zn (I I), Pb (I I), and Fe (I I I) 

ions [41]. 
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3. 2. 5 . Impact speed of Agitation  

The rate of agitation in a reaction mixture, an inherent factor affecting the adsorption process, 

impacts the dispersion of the reactants.., the affinity of adsorbents/adsorbents, and massive 

transfer. the shape 9 

 
Figure7. Plot showing the temperature range's relevant 1/T and ln K_(c) values. 

Table 1. Thermal absorption indices for 𝟏                                         

       K  

( Metal) 

(ion) 

(ΔH° ) 

        

ΔS° 

           

299 304 309 314 

         695 2.55 - 

(2099.3) 

- 

(3337.7) 

- 

(4246.3) 

- 

(4724.9) 

          1196.9 4.12 - 

(3766.9) 

- 

(5018.3) 

- 

(6624.8) 

- 

(8271.3) 

         829 2.99 - 

(4498.6) 

- 

(5829.4) 

- 

(7046.8) 

- 

(7663.3) 

 

 
Figure 8. agitation speed's effect on the displacement rate of zinc                           

ionstech 
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Results from experiments on the effects of agitation rates of (100, 200, 300, and 400) rpm on the 

adsorption of Zn.(II)                      ionstech on the face of          , in other fixed 

limits. The displacement efficiencies increased from (63–82%), (76–92%) and from (80–94%) 

                           , respectively, with increasing agitation speed. . Increases in the 

diffusion rates of Zn(II), Pb (I I), and Fe (I I I) ions in the bulk solution, a decrease in the 

boundary layer, and an increase in the rate of ion transport in the solution might all be 

contributing factors to the displacement rate increasing [42], while the agitation speed Slow water 

may cause adsorbed particles to accumulate in the solution. 

3 .2 .6. PH effects in solutions 

     Solution By affecting the solution chemistry of intensive metals and the face charge density of 

the adsorbent, pH significantly affects the adsorption of intense metal ions. [43]. The impact of 

pH on the displacement of                           ionstech by the           complex 

was investigated, and the finding are seenin. Because at exponential values, the adsorption 

process was examined at pH  7. Real adsorption experiments are restricted by the formation of 

insoluble metal hydroxides at higher pH levels caused by intense metal ions[44]. Figure 9 shows 

that the displacement percentage increased as a function of pH for Z. (I I), lead (II), and iron (III) 

ionstech from (27-77%), (23-88%), and (30-91%), respectively. At pH (5) and pH (6), 

respectively, the displacement percentages with Zn (I I), Pb (I I), and Fe (I I I) ionstech reached 

highest values of 79%, 88%, and 91%. Low pH causes hydrogen ions to compete with metal ions 

for binding sites on the surface of BLP/AgNPs, which results in greater adsorption and 

displacement efficiencies for metal ions[45]. On the other hand, as pH increases, the competition 

between protons (H+) and positively charged metal ions at the face sites diminishes, leading to an 

increase in displacement rate. At neutral pH levels or higher, high adsorption efficiencies for the 

BLP/AgNPs adsorbent are expected; however, strong metal ions may precipitate as insoluble 

metal. 

    The real evaluation of the adsorption process is restricted by hydroxides above pH 6 [46]. By 

forming a complex, metal ions can create a stable and strong bond with the workable group on 

the surface of BLP/AgNPs. The current adsorbents demonstrated high Zn (I I), Pb (I I), and Fe (I 

I I) ion According to the experimental results, the adsorbents produced from agricultural waste 

have lower displacement efficiencies and higher adsorption capacities. 

3 . 3  Isotherms of Adsorption 

Adsorption isotherms are used to explain how the solution and adsorbate are distributed during 

equilibrium adsorption and to pinpoint the mechanism underpinning the adsorption process. [47]. 

Three isothermal models—Langmuir, Freundlich, and Temkin—were used to evaluate the data 

obtained from the adsorption of Zn (I I), Pb (I I), and Fe (I I I) ions on (BLP/AgNPs). The 

Langmuir adsorption isotherms presumptively adsorb uniform sides and monolayers. The 

Langmuir absorption is defined by Eq(6). 
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q_e is the capacity of the adsorption process at equilibrium (mg/g), q_mis is the maximal active 

site capacity (mg/g), and K_L (L mg(-1)) is the Langmuir constant to calculate the adsorption 

energy. where C_e is the equilibrium concentration of the element in solution (mg/L). As seen in 

Fig. 9, by plotting the association stechhip C_e / q_evs. C_e, the values of q_m and KK_L can be 

ascertained from the slope and intercept of the graphs. 

  
Figure 10. Langmuir adsorption isotherms of                           ionstech on the face 

of           

; Table 2 provides a summary. The dimensionless separaten factor (R_L) provided by Eq. (7) 

served as a proxy for the affinity between the adsorbent and the adsorbent in the Langmuir 

isothermal model; 

    
 

      
                       

The initial metal ion condensed (mg/L) is represented by Co. When its values are between zero 

and one, the R-L value characteristics show that the nature of adsorption is advantageous. A 

favorable adsorption interaction stech is indicated by the estimated R_L values for the adsorption 

of Zn(I I), Pb.(I I), and Fe.(I I I) ionstech on (BLP/AgNPs), which are, respectively, (0.39, 0.29), 

and 0.2 at 50 mg L(-1). A heterogeneous face and multilayer adsorption are the foundations of 

the practical Freundlich equation. Eq. can be used to determine the Freundlich isotherm's linear 

shape.(8). 

              
 

 
                   

where K_(F) and n, which are determined by the intercept and regression of the lnq_(e) vs. 

lnC_(e) plot shown in Fig. 11, are, respectively, adsorption capacity and adsorption strength. The 

resulting 1/n values shown in Table 2 support BLP/AgNPs' substantial adsorption capability. The 
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Temkin isotherm includes a component that accounts for the heat of adsorption reaction stitch 

and assumes a uniform distribution of binding energies [48]. Eq provides the shape in a linear 

form.(9), 

                                

The equation (B-t = RT/ b), where b is the heat of absorption (J/mol) and A is the equilibrium 

constant connected to the maximal binding energy (l/g), can be used to visualize a histogram of 

q_e vs. lnC_e. Absolute temperature (K) and the gas constant (8.314 J / mol K) are denoted by 

the letters T and R, respectively. (Fig. 12) and Table 2 contains the values of the isothermal 

constants that were given. With correlation coefficient values close to unity, it was determined 

that the Langmuir isotherm was the best model for explaining the adsorption of Zn (I I), Pb (I I), 

and Fe (I I I) ions on the surface of (BLP/AgNPs) based on the adsorption coefficients discovered 

in Table2. 

      The Langmuir isotherm and the experimental findings concur, which points to a consistent 

face and monolayer coverage. To determine whether BLP/AgNPs is a suitable adsorbent, its 

adsorption capacity is investigated. The Langmuir isotherm and experimental findings agree, 

which points to uniform face and monolayer coverage. In order to evaluate BLP/AgNPs as an 

adsorbent, its adsorption capacity was compared to that of other previously investigated 

adsorbents listed in Table 3. Previous studies addressed using banana leaves as adsorbents and 

showed that they had a moderate capacity for adsorption [49], There was a critical need to boost 

the absorption of available, cheap sorbents as a result. (banana leaves). In this research, AgNPs 

were added to the faces of banana leaves to increase their capacity for adsorption. All of the 

metal ions and impurities that are presently present are removed using the novel BLP/AgNPs 

adsorbent compound, which is also a suitable fine adsorbent for various effluents and wastewater. 

Table 2. Isotherms data  of ionstech onto face. 

Adsorption isotherm Parameters Values / metal ionstech 

Langmuir 
 

0.033 0.06 0.07 

 
191 mg 245 mg 229 mg 

 
0.996 0.994 0.998 

Freundlich 
 

16.3 mol 22 mol 30.6 mol 

 
0.5 0.56 0.48 

 
0.98 0.97 0.999 

Temkin  
42.7 J 59 J 50 J 

    
 

0.98 0.98 0.98 
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Fig 11. The Freundlich isotherm for the absorption of Zn (I I), Pb (I I), and Fe (I I I) ions on 

BLP/AgNPs face. 

 
Figure 12 shows the Temkin isotherm for the deposition of Zn (I I), Pb (I I), and Fe (I I I) ions onto 

the face of BLP/AgNPs. 

Table3. Adsorption capacities  for ionstech  to other previously 

studied . 

Adsorbent 
Metal ionstech as an 

adsorbate, (mg/g) 
References 

   BLP/AgNPs  209 268.4 250.8 This study 

flax/ fibres 9.2983 11.8151 
 

51.1 

Albizia lebbeck pod(s) 9.086 7.887 
 

52.1 

manganese dioxi  24.618 
 

77.737 53.1 

bael/ leaves 
 

137.5 
 

54.1 

bael/ leaves 1.98 
 

3.08 55.1 

 

Fe         Pb     Zn  

Fe         Pb     Zn  
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3. 4. Kinetics of Absorption 

to understand binding patterns better; To predict the rate of Zn (I I), Pb (I I), and Fe (I I I) ion 

adsorption on the surface of (BLP/AgNPs), whether through a chemical reaction or a massive 

transfer, numerous kinetic models have been used. 

3. 4. 1. The kinetic paradigm of pseudo-first order 

Assuming that the number of open adsorption sites is inversely proportional to the displacement 

rates of heavy metal ions, this model explains the adsorption rate based on the adsorption 

capacity [55]. A general formulation of the first-order Lagergren form is given by equation (10). 

                     ( 
   

     
 )                       

where q_e and q_t represent, respectively, the equilibrium and time-dependent amounts of 

concentrated metal ionstech deposited on the surface of (BLP/AgNPs). (min). The slope and 

curve of the parabola (q_e-q_t) vs. t are used to calculate the equilibrium capacity and pseudo-

first-order kinetic constant, respectively. (not shown). The final numbers for q_e, k_1, and R2 are 

shown in Table 4. Kinetic theory The adsorption of Zn(II), Pb(II), and Fe(III) ions on 

BLP/AgNPs cannot be explained by false first class because the calculated values of q_e were 

very different from the experimental values. 

3.4.4. The kinetic paradigm of pseudo-second order 

Metal ions that are equilibrium-adsorbed on the surface of the adsorbent at time t are measured 

using a pseudo-second-order process [56, 57]. as shown by Eq .(11); 

 

  
   

 

      
  
   

 

  
                

To identify variables like k_2,  q_e, and R2, plots of t/q_t vs. t (not shown) are used. The 

intercept and slope of the plot were used to determine the second-order rate constant k_2 (g mol(-

1) min(-1)) and q_e (mg/g)f, which are both shown in Table 4. Introductory(h) was given to the 

absorption rate with the calculated values of k_2 and q_e specified by Eq.(12) 

       
                             

The second-order model is consistent with the adsorption of Zn (II), Pb (II), and Fe (II I) ions on 

the surface of the (BLP/AgNPs), as evidenced by the high correlation coefficient that is close to 

unity R2=0.999 and the satisfactory fit of the kinetic data to the obtained experimental findings. 

 

3. 4. 3. Model for intraparticle diffusion 

Because the diffusion mechanism could not be found using earlier pseudo-second-order models, 

Weber and Morris created an intraparticle diffusion model to study the stages of the diffusion 

mechanism and the characteristics of the rate-limiting step. [58]. The intraparticle flow is 

provided by Eq.(13), 
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where the number of metal particles, q_t (mg g (-1)), is present. At time t, Zn(II), Pb(II), and 

Fe(III) adsorbed as k_(p) (mg/g min(0.5)), respectively, on adsorbents (BLP/AgNPs). , Pb(II), 

and Fe(II), which were deposited on (BLP/AgNPs), indicate the intraparticle speed limits, and C 

represents the breadth of the boundary layer that was produced. The intraparticle diffusion plot 

(not shown) demonstrates the existence of two distinct phases in the adsorption process. The 

explanation of the exterior face's absorption appears in the first linear section. In the second 

phase, which is shown by the second linear section in Table 5, Zn(II), Pb(II), and Fe(II) ions 

gradually adsorb inside the pores of the BLP/AgNPs particles. The rate values for stages k_(p1) 

and k_ are given.(p2). The figure also deviates from the origin, demonstrating the use of 

additional kinetic models to regulate the adsorption of Zn (II), Pb (II), and Fe (II I) ions as well as 

the fact that intraparticle diffusion is not the only factor affecting rate.[59]. 

3. 4. 4. Interaction mechanism 

The Zn (I I), Pb (I I), and Fe (I I I) ionstech adsorption mechanisms on the (BLP/AgNPs) hybrid 

may be caused by the physical adsorption and/or precipitation of metal ions. Additionally, it is 

suggested that chemisorption as well as the intricate electrostatic interplay between the positively 

charged metal ionstech and silver nanoparticle (Ago) may all be involved in the metal ionstech's 

adsorption. 

Table 4. Models for the adsorption of ions onto surfaces using adsorption rates 

Metal ion    
Model of pseudo-first order 

Model of pseudo-second 

order 

mg/l 
       

Zn ( II ) 

55 46.2 30.3 7.59 1.078 49.72 2.42 1.0989 

110 86.9 61.2 6.831 1.089 95.04 1.001 1.0989 

165 116.6 66.9 4.84 1.045 123.2 1.1 1.0989 

220 141.9 84.6 4.4 1.045 151.8 0.891 1.0989 

275 165 104 3.3 1.023 173.8 0.803 1.0978 

Pb (I I) 

55 49.5 35.3 4.18 1.067 55.22 1.54 1.0989 

110 96.8 54.9 5.72 1.056 103.84 1.32 1.0989 

165 144.1 82.3 5.61 1.045 150.37 0.869 1.0967 

220 181.5 107 7.48 1.078 190.63 0.825 1.0978 

275 202.4 114 4.29 1.045 210.76 0.902 1.0989 

Fe (I I I) 

55 51.7 31.7 7.37 1.045 54.56 2.75 1.0989 

110 100.1 63.5 7.37 1.078 106.37 1.21 1.0989 

165 146.3 80.7 7.15 1.0747 149.38 1.166 1.0989 

220 182.6 98.8 5.72 1.045 188.65 1.034 1.0989 
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275 209 113 7.04 1.078 217.36 0.99 1.0989 

 

Table 5. Intraparticle diffusion  

Metal ion mg/l Intraparticle  mode 

 

Zn(II) 

55 3.3 1.078 0.682 1.067 
 

110 5.28 1.089 1.76 1.078 
 

165 6.05 1.078 2.31 1.034 
 

220 6.71 1.089 2.53 1.034 
 

275 7.48 1.078 3.19 1.067 
 

Pb(II) 

55 7.26 1.089 1.65 1.078 
 

110 10.67 1.089 3.63 1.045 
 

165 13.09 1.089 4.07 1.078 
 

220 13.53 1.089 4.73 1.034 
 

275 16.83 1.078 6.93 1.067 
 

Fe(III) 

55 7.26 1.089 1.54 1.078 
 

110 10.67 1.089 3.63 1.045 
 

165 13.09 1.089 4.07 1.078 
 

220 13.53 1.089 4.73 1.034 
 

275 16.83 1.078 6.6 1.067 
 

 

development of decreased metal ions. According to Eqs. (14), and complications and reduction 

could happen. (15), 

        (
 

 
)                                                             

                                                                       

Workable group on     faces may contribute to the adsorption of                           

ionstech as H-metal ion exchange, adsorption of metal-ion face complexes, or both. According to 

Eq., there may be intense metal ion adsorption.(16), 

                                                                          

The results of the laboratory studies supported the idea that increasing pH enhances the 

adsorption of strong metal ions, which is inhibited in an acidic medium. 

4. Conclusion 

    The focus of the research was on creating an effective and reliable test material (test) of 

composition (3), validating impregnation and X-ray refractometer (XRD) patterns, and analyzing 

raw infrared accessories using the Fourier transform. Fe (III) from aqueous solutionstech, and the 
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experimental studyer discovered that the adsorption conditionstech and the adsorption can with 

the increase of both (1) contact time had a substantial impact on the adsorption of Zn (I I), Pb (I 

I), and Fe (I I I) ions. (2) The adsorbent's dosage. (3) Temperature and the rate of movement. (4) 

The pH of the solution was controlled during the mineral adsorption, and the maximum 

adsorption was obtained at pH 7 for the Zn(I I) ion and pH 8 for the Pb (I I) and Fe (I I I) ions.  

The absorption of Zn(II), Pb(II), and Fe (I I I) ions follows the intraparticle diffusion model and 

the pseudosecondary system's kinetics. The prepared material will also be helpful in a number of 

industries and for treating liquid waste. 
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