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Abstract 

In this research, poly acrylate-acrylamide (P-AM) was incorporated into an iron 

(Fe3O4@SiO2) ‎nanocomposite to develop a Fe3O4@SiO2/P-AM adsorption material for Cu (II) 

ion adsorption. First, Fe3O4 was ‎synthesised, then coated with Silica, and ultimately, 

Fe3O4@SiO2/P-AM was produced using the co-precipitation ‎method. Meanwhile, The aqueous 

phase dispensability of the Poly acrylate-acrylamide (P-AM) material increases ‎inclusion 

adsorption efficacy and the adsorption process. The polymer's structural and morphological 

characteristics ‎were cautiously studied utilising advanced techniques such as XRD, FE-SEM, 

EDX, TEM, AFM, FTIR, and BET ‎surface area characterization. Pleasantly, the 

Fe3O4@SiO2/P-AM nanocomposite displayed substantially higher ‎adsorption effectiveness than 

its component elements, resulting in a remarkable removal rate of about 89.3% during ‎‎360 

minutes. The adsorption process was fully examined, with four independent factors taken into 

account: periods ‎of‎time‎ranging‎from‎5‎to‎360‎minutes,‎solution’s‎pH‎is‎ranging‎from‎3‎to‎12,‎

adsorbent dosage ranging from 1 to 3 ‎g/L, and Cu (II) concentration ranging from 25 to 125 

mg/L. The best parameters for removing copper metal by ‎adsorption utilising Fe3O4@SiO2/P-

AM as adsorbent material were pH 7, 3 g/L dosage of adsorbent, contact time ‎‎360 min, and 

starting Cu (II) ion concentration of 25 mg/L, according to the experimental results. Furthermore, 

the ‎Langmuir Isotherm was used to analyse and characterise the adsorption process, with 

regression (R2) of 0.99 ‎indicating the best match to the equilibrium data. According to this 

definition, the process is mono  layer adsorption ‎on a homogenous adsorbent surface with no‏-‏

contact between the adsorbed molecules. In comparison to other models, ‎the Kinetic analysis 

reveals that the experimental data matches pseudo-second-order model (R2 =0.99). 

Furthermore, ‎because it is magnetic and stable, it is extremely likely to be employed in practise  ‏.‏

Keywords: Polymeric Nanocomposites, copper ion, adsorption, batch adsorption, Water 

treatment, Fe3O4@SiO2/P-AM ‎Nanocomposites, and Metal ions.‎ 
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Introduction 

Water contamination by heavy metals that are harmful, such as copper, mercury, lead, 

chromium, ‎and arsenic is a major global environmental hazard. These heavy metals are very 

toxic and have been ‎associated to a variety of negative health consequences in humans, including 

renal disease, respiratory ‎problems, bone abnormalities, cancer, and high blood pressure. The 

biggest contributors to the release ‎of copper and other heavy metals into the environment are 

various industrial activities, such as ‎electroplating, smelting, alloy manufacture, pigment 

production, plastic production, battery ‎manufacturing, mining, and refining [1],[2]. These heavy 

metals build quickly in organisms and can ‎harm both the environment and human health [3],[4]. ‎ 

Aquatic ecosystem pollution with copper has complex and wide-ranging negative effects. 

It ‎may get into these ecosystems from a number of different places, including runoff from 

agriculture, ‎industrial discharges, and weathering of rocks. After being injected, copper stays in 

these settings for ‎long stretches of time, contaminating food chains and directly endangering 

human populations [5],[6]‎‏.‏‎ ‎Exposure to copper can impact human health in both positive and 

negative ways. One of the vital ‎trace elements, copper is involved in many biological processes, 

including the action of enzymes. Too ‎much copper exposure can be poisonous and have negative 

health effects. Acute copper poisoning ‎can result in a number of clinical disorders, and in 

extreme circumstances, even death [7]. Severe ‎neurological abnormalities, anaemia, and liver 

poisoning have all been linked to prolonged exposure to ‎copper. Long-term exposure to copper 

dust in work environments has been investigated, and it was ‎discovered that cumulative exposure 

to respirable copper dust did not negatively impact lung function ‎‎[8]. Given that exposure to 

copper nanoparticles has been demonstrated to cause certain pathological ‎alterations in organs as 

well as an increase in the blood content of ceruloplasmin, it is crucial to take ‎the particle size 

distribution of copper aerosols into account. In general, the degree, duration, and ‎individual 

susceptibility of copper exposure all affect health outcomes [9].‎ 

Adsorption is a practical and economical way to extract heavy metal ions from 

wastewater ‎with low concentrations. It has benefits including efficient adsorption, quick 

absorption, no sludge ‎production, energy economy, and simple operation. For this aim, a variety 

of adsorbents have been ‎employed in the literature, such as mesoporous silica [10], activated 

carbon [11], and inexpensive ‎natural lignocellulosic substrates. For highly concentrated 

wastewater, other methods such as reverse ‎osmosis, chemical treatment, and electrochemical 

treatments are frequently used; but, in less ‎concentrated circumstances, these methods might be 

costly. Conversely, adsorption works well with ‎wastewater that has low concentrations and may 

still maintain a significant amount of adsorption ‎capacity in these situations [12]. Owing to their 

large surface area and superparamagnetism, magnetic ‎nanoparticles (MNPs), in particular 

Fe3O4, have drawn attention as adsorbents for the heavy metal ‎ions removal from solutions [13]. 

Fe3O4 MNPs, however, have several drawbacks, such as their ‎sensitivity to oxidation and 

congestion, which can reduce their surface area, recyclable nature, and ‎reactivity[14]. A 

protective coating layer is frequently applied to improve chemical stability and ‎dispersion in 

order to get around these challenges [15]. Because of its ease of surface alteration, ‎chemical 

resilience, and compatibility with biological systems, silica has been acknowledged as an ‎ideal 

coating option for Fe3O4 MNPs [16]. Fe3O4@SiO2 magnetic composite particles have been 
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shown ‎to be efficient for adsorption in earlier studies, emphasising their quick and reliable 

adsorption ‎capabilities [17].‎ 

Polymers with poly amines and poly‏-‏ carboxyl groups have shown good heavy‏-‏ ‏‏‏ metal 

ion ‎adsorption performance. Effective adsorption of heavy metal complexes is made possible by 

the ‎rational microenvironment created via altering a triethylenetetramine (TETA) chain's stretch 

state in ‎an amine-functionalized porous organic polymer (POP) [18].‎ 

In this study, solution dispersion polymerization was used to create a nanocomposite that 

had ‎more carboxylate and amino groups on its surface. The goal was to methodically examine 

the ‎composites' capacity for adsorption of Cu (II) ions. The characteristics of the synthesized 

adsorbent ‎were assessed using XRD, FE-SEM, EDX, FTIR, AFM, TEM, and BET surface area 

characterization ‎techniques. The study examined the combined effects of solution pH, adsorbent 

dose, and Cu (II) ‎concentration on the removal efficiency (R%) as the responses. Additionally, 

various adsorption ‎isotherm models were evaluated, and also the different adsorption kinetic 

models, such as pseudo-‎first-order, pseudo-second-order.‎ 

2- Experimental Section 

2.1 Chemicals 

NaOH (LOBA Chemie,‎ India),‎ FeCl3•6H2O‎ (LOBA‎ Chemie;‎ 10‎ g)‎ and‎ FeSO4•7H2O‎

(SCHARLAU, ‎Spain; 10g), ethanol (Alpha Chemika, India), ammonia (30% NH3; Applichem 

Panreac), ‎Tetraethylorthosilicate‎(TEOS‎≥99.0%;‎Fluka),‎K2S2O8,‎HCl‎(ReAgent,‎UK),‎Acrylic‎

Acid (AA), Aryle ‎Amide (AM). ‎ 

2.2 Co-precipitation technique for synthesis of Fe3O4 nanoparticles 

Using‎ a‎ dropper,‎ 500‎ mL‎ of‎ 1.5‎ M‎ NaOH‎ ‎ was‎ added‎ to‎ the‎ combination‎ of‎ FeCl3•6H2O‎

and ‎FeSO4•7H2O‎at‎80°C‎while‎stirring‎continuously  ‎ 50 mL of 0.5 M HCl was used to dissolve‏.‏

5g. After ‎that, the Fe3O4 precipitant that was created was gathered using a magnet, repeatedly 

cleaned in ‎deionized water, and allowed to dry for seven hours at 50°C to get the final form as 

shown in Fig.1.‎ 

2.3 Synthesis of Fe3O4 nanoparticles covered with silica 

‎30 mL of pure ethanol (Alpha Chemika, India), 10 mL of deionized water, and 1 mL of 

ammonia ‎‎30% NH3were added to Fe3O4 nanoparticles in 0.5 g. This concoction was kept for 30 

minutes in an ‎ultrasonic tank, and then added Tetraethylorthosilicate TEOS in 2.5 mL stirred for 

22 hours. ‎Fe3O4@SiO2 nanoparticles was dry at ambient temperature.‎ 

2.4 Fabrication of Fe3O4@SiO2/P-AM Composite Material 

First of all, sodium hydroxide was employed in a water bath kept at 5°C to create acrylic acid 

in ‎neutralization degree. Figure.1 shows the process for producing Fe3O4@SiO2/P-AM is 

described below. ‎For 30 minutes, 5 g of Fe3O4@SiO2 was subjected to ultrasound in 100 mL of 

distill water. The solution ‎was then transferred to a 500- milliliter container containing 25 mL of 

Acrylic Acid Na solution ‎‎(containing 10 g of AA), 10 g of AM, and 0.3 g of TEOS. For duration 
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of fifteen minutes, the container ‎was filled with gas of nitrogen. The container was then filled 

with twenty milliliters of K2S2O8, and the ‎resulting mixture was raised to 55°C approximately 

one and a half hours.‎ 

 

 

Figure 1. Schematic Synthesis of Fe3O4@SiO2/P-AM Nanocomposites 

 

2.5 Studying Adsorption Processes Experimentally 

By dissolving CuCl2 in distill water and controlling its concentration, a stock solution of Cu (II) 

was ‎created.‎Solution’s‎pH‎was‎adjusted‎as‎necessary‎with‎HCl‎and‎NaOH.‎Batch‎tests‎were‎run‎

in a ‎shaker set to 60 rpm for 360 minutes at ambient temperature. 100 mL of Cu (II) solution and 

0.3 g of ‎adsorbent were used in a standard trial's round-bottom flask to facilitate the adsorption 

process. The ‎engagement time was changed from 5 to 360 minutes in order to investigate the 

impact of contact ‎time. By varying the starting Cu+2 concentration, which ranged from 25 to 125 

ppm, the adsorption ‎isotherm was created in 6 hours. A range of aqueous pH values (3–12) were 

investigated at room ‎temperature with 0.3 g of catalyst and a starting Cu (II) concentration of 

100 ppm. For every test after ‎that, the pH setting that was most appropriate was selected. After 
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filtering, the concentration of ‎cadmium ions was determined with (AAS) atomic absorption 

spectrophotometer. The removal rate ‎‎(R%) and adsorption capacity(qe) of Cu(II) in mg/g [19], 

were determined by using equations 1 and 2, ‎respectively. The constants Co and Ce in the 

equations reflect the starting and equilibrium levels of the ‎chemical (in mg/L, respectively). The 

total solution's volume (in Liters) is represented by V, while the ‎weight of the adsorbent is 

represented by m (in gram).‎ 

 

R (%)=
     

  
                                                                         (1) 

qe= 
        

 
                                                                                     (2) 

‎3- Result and Discussion 

3-Characterization 

‎   The crystallographic structure of Fe3O4 was evaluated using X-ray diffraction (XRD) analysis 

after ‎surface modification. The XRD plans of Fe3O4, Fe3O4 @ SiO2, and Fe3O4 @ SiO2/ P-

AM are shown in ‎Fig.‎2.‎characteristic‎peaks‎at‎2θ=‎30.4°,‎35.9°,‎43.5°,‎54.0°,‎57.4°,‎and‎63.2°‎

were seen in the pure ‎Fe3O4 sample; these peaks corresponded to the crystallographic planes 

(220), (311), (400), (422), (511), ‎and (440). Similarities were seen in XRD plans of Fe3O4 and 

Fe3O4@SiO2, and all of the recognizable ‎peaks of Fe3O4 were preserved in Fe3O4@SiO2, 

suggesting that the silica coating had no appreciable ‎effect on the crystalline structure of Fe3O4 

compare with [20]. Interestingly, a strong peak with an ‎intensity of around 103.7 was identified 

at‎ 2θ‎ =‎ 35.4°‎ in‎ the‎ final‎ results.‎ The‎ P-AM layer in ‎Fe3O4@SiO2/P-AM nanocomposite is 

responsible for the intensity drop, indicating that the ‎nanocomposite was successfully 

synthesized.‎ 
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Figure 2. Crystallographic Structure of (a) Fe3O4, (b) Fe3O4@SiO2, (c) Fe3O4@SiO2/P-

AM 

‎   Using FE-SEM (Figure 3a, b, c, and d) to analysis the morphology, the Fe3O4@SiO2/P-

AM ‎nanoparticle's average size was found to be 14.66 nm. A good platform for heavy metal 

adsorption is ‎provided by the composite's superfine and plushy structure. The magnetic influence 

of the ‎nanoparticle is thought to be responsible for the agglomeration effect, since it facilitates 

the simple ‎separation of the magnetic nano-catalyst compare with [21].‎ 
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Figure 3. (a, b, c, d) The FE-SEM images for Fe3O4@SiO2/P-AM, (e) The 

EDX ‎Analysis    for ‎Fe3O4@SiO2/P-AM Nanocomposite.‎ 
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The purity of Fe3O4@SiO2/P-AM sample was identified using the energy dispersive X-

ray ‎analysis (EDX) as shown in Figure 3e. The sample contained the elements O, Fe, Si, C, N, 

and Na. ‎Furthermore, the sample is incredibly clean since no peaks related to impurities are seen.‎ 

To determine the absorbed volume and average surface area, the (BET) surface area 

analysis ‎test uses N2 for the adsorption/desorption process. Figure 4. illustrates this. Typical IV 

isotherms with ‎mesoporous surfaces are represented by the Fe3O4@SiO2/P-AM nanocomposite. 

Hysteresis loop types ‎found in the highest relative pressure zone indicate the appearance of a 

meso-porous pore structure in ‎nanocomposite. The pore volume of Fe3O4@SiO2/P-AM is 0.15 

cm³/g, the pore size is 11.44 nm, and ‎the specific surface area is 52 m²/g.‎ 

 

 

 

Figure 4.  (a) N2 Adsorption/Desorption and (b) Distribution of Pore Size Curve (BJH 

method) for ‎Fe3O4@SiO2/P-AM Nanocomposite 

The (FT-IR) peak at 571 cm-1 is the typical peak of the Fe–O bond stretching 

vibration, ‎whereas the wide peak at 1067 cm-1 belongs to the Si-O-Si vibration. This indicates 

SiO2 effectively ‎coated Fe3O4 particles. Besides, at 805 cm-1 may indicate to N–C vibration for 

secondary amines, ‎which suggests the successful binding of Fe3O4@SiO2- APTES and the 

copolymers. While the peak at ‎‎1661 cm-1 relates to the telescopic vibration of the carbonyl. C–H 

bond stretching vibrations are ‎associated with the typical peaks ranging from 2800 to 3300 cm-1. 

The pre- and post-adsorption ‎spectral lines reveal large and blunt peaks around 2981-3489 cm-1, 

confirming the existence of ‎association –OH. Figure 5, further depicts the peaks at 1509 cm-1 

and 1526 cm-1 are compatible with ‎the symmetric and ansymmetrical telescopic peaks of COO–. 

After Cu (II) adsorptions by ‎Fe3O4@SiO2/P-AM, the peaks at 1509 cm-1 and 1526 cm-1 moved 

to 1490 cm-1 and 1519 cm-1, which ‎is a result of the interaction between Cu and –OH and 

formation of Cu–OH band.‎ 
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Figure 5. FT-IR for Fe3O4@SiO2/P-AM Nanocomposite Pre- and Post-adsorption  .  

Using a study with an Atomic Force Microscope (AFM), Fig. 6 shows the different 

bumpy ‎structure and the nanocomposites particle size distribution, which confirms that the 

average diameter ‎of the particles is 36.30 nm, and the particle size range is (32-58 nm).‎ 

 

 

 

Figure 6. AFM Three Dimensional Image for the Fe3O4@SiO2/P-AM Nanocomposite and 

the ‎Granularity Accumulation Distribution.‎ 
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‎   The TEM study as Figure 7. used to examine the morphology of the surface of the 

nanocomposite. ‎Two unique areas are seen, each with a different concentration of electrons, 

illustrating how the core-‎shell structure was formed. The Fe3O4 core was located in the middle 

of the black portion, while the ‎silica shell was near the edge of the grey region. This indicates 

that SiO2 covers Fe3O4 particles ‎efficiently.‎ 

  

 

Fig.7.TEM Picture of Fe3O4@SiO2/P-AM Nanocomposite.‎ 
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3.2 Batch Adsorption Experiments 

 

 Effect of contact time: Using Fe3O4@SiO2/P-AM as catalyst, a variety of trials were 

conducted. to ‎look at how time affects copper ion adsorption from an aqueous solution as Figure 

8. The time-‎dependent nature of copper ion adsorption was fully investigated using a range of 

contact times. The ‎aqueous solution was used in 100 ml volumes for the room temperature 

studies. Using a stock solution, ‎the concentration of the mixture was carefully adjusted to 100 

ppm. To speed up the adsorption ‎process and preserve the solution's natural pH, 0.3 g of catalyst 

was added. No further additives were ‎used. A remarkable maximum removal efficiency of 89.3% 

for copper ions was attained after 360 ‎minutes. This result highlights the crucial role that time 

plays in the adsorption process and the ‎Fe3O4@SiO2/P-AM catalyst's efficaciousness in 

eliminating copper ions from the aqueous solution.‎ 
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Figure 8.‎   Effect of Contact Time on the Adsorption Removal of Fe3O4@SiO2/P-AM 

Nanocomposite 

 

 Effect of pH: When examining the adsorption capabilities of composite materials, the 

solution’s‎‎pH is a crucial component. The adsorption performance of Fe3O4@SiO2/P-AM was 

examined at pH ‎between 3and 11 in order to avoid Cu (II) from producing precipitates and to 

ascertain the ideal pH ‎value for adsorption. The adsorbent's adsorption efficacy steadily rises and 

eventually stabilizes when ‎the pH value rises. Figure 9. shows that the optimal outcome is 

achieved when the Fe3O4@SiO2/P-AM ‎adsorbent is utilized at pH = 7. The electrostatic 

attraction‎mechanism‎between‎Cu‎(II)‎and‎solution’s‎‎pH may be the cause of the influence of pH 

on Cu (II) removal. When the pH is low, say less than 7, ‎the imine group's nitrogen atom 
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preferentially attaches to protons, leaving Fe3O4@SiO2/P-AM's surface ‎positively charged. This 

makes it difficult for Cu (II) to adsorb [22].‎ 
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Figure 9. The Influence of pH on Adsorption Removal of Fe3O4@SiO2/P-AM 

Nanocomposite.‎ 

 

 Impact of metal ion content: Investigating the mechanism of interaction between the 

adsorbent ‎and the Adsorbate also depends critically on the starting concentration. To examine  

the impact of the ‎starting ion concentration on the adsorption process, the beginning 

concentration of Cu (II) was (from ‎‎25 mg/ L to 125 mg/ L). As the concentration of contaminant 

ions rises, the adsorbent may approach ‎equilibrium more quickly at lower concentrations, but the 

removal efficiency of Fe3O4@SiO2/P-AM for ‎the target heavy metal ions (Cu) is increasing as 

shown in Figure 10. This is because there are enough ‎vacant active sites that are filled by a 

restricted number of Adsorbate molecules at a lower ‎concentration [23].‎ 
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Figure 10. Impact of Concentration on the Adsorption Removal of Fe3O4@SiO2/P-

AM ‎Nanocomposite.‎ 

 

 Effect of dose catalyst: Figure 11. demonstrates how a dosage increase significantly increases 

the ‎pace at which heavy metal ions are removed, while the adsorption capacity steadily declines. 

This is ‎because the number of active sites given grows with adsorbent quantity, leading to better 

removal ‎efficiency; nevertheless, dose increments up to a specific concentration do not 

significantly enhance ‎the removal rate. In contrast, the quantity of free active adsorption sites 

rises when nearly all of the ‎heavy metals in the aqueous solution are absorbed by the adsorbent, 

which reduces the adsorbent's ‎adsorption capacity. In addition, Adsorbent aggregation and 

subsequent reduction in adsorbent ‎adsorption capability can result from high adsorbent 

concentrations [24]. The effects of the catalyst ‎dose on the rate at which ions of heavy metal 

removed are examined. There was around 0.3 g of ‎Fe3O4@SiO2/P-AM.‎ 
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Fig. 11.‎   Effect of Catalyst Dose on the Adsorption Removal of Fe3O4@SiO2/P-AM 

Nanocomposite.‎ 

 

4- Isotherm and Kinetics Studies ‎ 

Adsorption isotherm diagrams are frequently used for the investigation of isotherm 

functions. ‎These figures show how, while maintaining a constant temperature, the amount of 

adsorbate on the ‎adsorbent and the pressure or concentration relate to one another. The maximal 

adsorption capacity ‎‎(qe) can be ascertained by examining these isotherms. To create an exact 

equation that captures the ‎observed affects and can be used to design, it is imperative to analyze 

these isotherms. As Figure 12a ‎shows, three isotherm models; Langmuir, Freundlich, and 

Temkin models, were employed. Of these ‎models, the Langmuir adsorption isotherm model 

attracted particular interest since it provided ‎valuable insights into the Fe3O4@SiO2/P-AM 

sample's adsorption characteristics. [25]. The adsorption ‎equilibrium constant (kL), which is 

reported in liters per milligrams, and the maximum quantity of ‎adsorption (qo), which is 

measured in milligrams per gram, are important factors in the Langmuir ‎isotherm model. It is 

possible to determine if the adsorbent surfaces are homogeneous via ‎incorporating data from 

experiments into the Langmuir model. This allows for the interpretation of the ‎uniformity of 

adsorption throughout the surface. ‎ 

The Freundlich isotherm model [26], for Fe3O4@SiO2/P-AM is seen in Figure 12b. The 

parameters ‎kf and n in the Freundlich isotherm model stand for the adsorption intensity and 

capacity, respectively. ‎A smaller fractional value of (n) within the range of 0 to 1 indicates the 

presence of limited adsorptive ‎forces acting on the surface of the sorbents. Conversely, a value of 

n greater than one suggests a ‎significant level of adsorption. The versatility of the Freundlich 

isotherm lies in its applicability to both ‎heterogeneous and homogeneous surfaces, as it portrays 

the occurrence of multi-layer adsorption. ‎ 
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In Figure 12c, the Temkin isotherm model is presented. According to this model [27], the 

findings ‎suggest a linear drop in the adsorption heat of all molecules as the surface coverage of 

the adsorbent ‎increases. This observation implies that the adsorption process is controlled by a 

steady-state binding ‎energy distribution, eventually reaching the maximum binding energy. 

When used in this context, the ‎binding constant (kt) stands for the maximal binding energy given 

in liters per milligrams (L/mg). In ‎addition, the parameter (bt), which is measured in joules per 

mole (J/mole), is a constant linked to the ‎heat of sorption. The manufactured Fe3O4@SiO2/P-

AM sample exhibits the best degree of fitting for ‎the Langmuir isotherm model (R2 = 0.99), as 

indicated by the (R2) values listed in Table 1. Equations ‎‎(3, 4, and 5) are equations of the 

Langmuir, Freundlich, and Temkin models, respectively.‎ 

  

 

Figure 12. Langmuir Isotherm Model (a), Freundlich Isotherm Model (b), Temkin 

Isotherm ‎Model(c) of the Prepared Fe3O4@SiO2/P-AM Nanocomposite.‎ 
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                                                                       (5) 

 

Table 1. Isotherm Parameters of the Three Models.‎ 

 

The goal of the experiment was to identify the ideal operating parameters for the batch 

adsorption ‎process by focusing on the kinetics of copper adsorption on the Fe3O4@SiO2/P-AM 

adsorbent material. ‎Determining the rate at which the adsorbate stays at the solution border 

requires an understanding of ‎the adsorption kinetics. In this experiment, two kinetics models 

were used: the pseudo-first-order and ‎pseudo-second-order models [28]. A number of factors, 

such as particle size, porosity type, mobility in ‎the solution, and the hydrodynamics of particle 

interactions in the medium, work together to form and ‎dictate the adsorption rate of a particular 

molecule. The first and second ‏‏‏ order models are shown in ‎Fig. 13a and 13b, respectively. 

Equations (6 and 7) are equations of the kinetics models the pseudo-‎first-order and pseudo-

second-order model, respectively. Where qt is the amount of chosen compounds ‎adsorbed at time 

t (mg/g), qe is the amount of chosen compounds adsorbed at equilibrium (mg/g), and ‎k1 is the 

pseudo-first order rate constant (1/min). The rate constant for the second-order equation, ‎denoted 

as k2 (g/mg‎‏.‏min), can be observed in the provided data. The table clearly indicates that 

the ‎Pseudo-second-order model demonstrates the highest level of conformity when applied 

to ‎Fe3O4@SiO2/P-AM, with an exceptional goodness of fit (R2 = 0.99) (k2 = 0.013 g/mg  min).‎‏.‏

                      (6)‎ 

  ⁄
 
 

 

     
 

 

  
                                                   (7) 
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Table 2. The parameters governing the kinetics of adsorption in the two models. 

 

 

 

 Figure 13.‎   Pseudo-first-order Model (a) and Pseudo-second-order Model (b) of the 

Prepared ‎Fe3O4@SiO2/P-AM Nanocomposite  .  

Regeneration Study 

To assess the stimulator's long-term efficacy, more research is required. Cu (II) removal rate 

with ‎Fe3O4@SiO2/P-AM nanocomposite is shown in the data in Figure 1‎ ‏4‏ ‎. The Cu (II) species 

underwent ‎amazing collapse within six reaction cycles. The nanocomposite showed an 

impressive removal ‎efficacy of 89.3% in the first cycle, but by the sixth cycle, it had decreased to 

77.5%. However, the ‎overall effectiveness of the catalyst was hampered by the bulk that was 

gradually lost during the ‎separation process. This result highlights the excellent regeneration 

potential of the Fe3O4@SiO2/P-‎AM composite as a specially formulated adsorbent for Cu (II) 

removal. The process was carried out ‎through the batch process. In the first cycle, the 

contaminated water (100 ppm, pH 7, catalyst amount ‎‎0.3 g) was mixed with Fe3O4@SiO2/P-

AM, and after 360 minutes, The catalyst was extracted using ‎centrifugation, and it was then put 

to another baker containing polluted water (100 ppm, pH 7, ‎catalyst quantity 0.3 g), and the 

process was repeated six times.‎ 
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Figure 14 Regeneration Study of Fe3O4@SiO2/P-AM Nanocomposite for Six Cycles at 

Initial Cu (II) ‎Concentration = 100 ppm, Dose Catalyst = 3 g/L, Reaction Time = 360 min.‎ 

Conclusions 

Finally, created an efficient Cu (II) ion adsorbent by synthesizing a core-shell amino-

functionalized ‎‎(Fe3O4@SiO2/P-AM) nanocomposite using dual copolymers, acrylic acid (AA) 

and acrylamide (AM). ‎The polymerization procedure produced discrete active sites on the 

magnetic core-shell nanomaterial, ‎and the characterization investigations verified the production 

of the Fe3O4 crystal integrated into the ‎silicate structure. Fe3O4@SiO2/P-AM nanocomposites 

demonstrated impressive Cu (II) adsorption ‎performance, with an initial concentration of 100 

ppm and a qmax of 220.26 mg/g at pH 7. The dosage ‎of the adsorbent was 3 g/L. It was 

demonstrated that the Langmuir isotherm model (R2 = 0.99) was the ‎most accurate model for 

simulating the adsorption process. Additionally, the pseudo-second-order ‎kinetic model (k2 = 

0.013 mg/g.s) confirmed that the nanocomposites active sites determine the ‎adsorption rate. 

According to the mechanism, sorption on the heterogeneous active sites occurs as a ‎rate-

dependent step after the first film diffusion stage, which is caused by the attraction of 

electrostatic ‎charges of the negative charged functional groups on the adsorbent surface. 

Ultimately, several ‎adsorption-desorption cycles were used to show the reusability of the 

adsorbent. The results showed ‎material stability, with performance slightly declining from 89.3 

to 77.5% after the sixth cycle.‎ 
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أيونات  لأمتصاص Fe3O4@SiO2/P-AM  وتوصيف المركبات النانوية ذات القشرة الاساسية تصنيع
 الصرف الصحي النحاس بكفاءة من مياة

 اسامة اكرم سعيد                  عامر اسماعيل زهراء

 ‏قسم‏الهندسة‏الكيميائية،‏كلية‏الهندسة،‏جامعة‏النهرين،‏بغداد،‏العراق.

   الخلاصة

‏‏ ‏ (  Fe3O4‎@SiO2‎ )  ( في مخكب نانؽي مؼ أكديج الحجيج/الديميكا  P-AM أكخيلاميج )-في البحث، تػ دمج بؽلي أكخيميت‏
، ثػ تست Fe3O4‎ أولًا، تػ ترشيع  (.  II لامتراص أيؽنات الشحاس )  Fe3O4@SiO2/P-AM لتطؽيخ مادة امتراص 

لؽقت نفدو، فإن طخيقة التخسيب السذتخك. وفي ا باستخجام   Fe3O4@SiO2/P-AM ، وفي الشياية، تػ إنتاج SiO2‎ إضافة 
( في السخحمة السائية تعدز أداء الامتداز الستزسؼ وعسمية  P-‎AM أكخيلاميج )-قابمية الاستغشاء عؼ مادة بؽلي أكخيميت

  FE-SEMو  XRD الييكمية والسؽرفؽلؽجية لمبؽليسخ بعشاية باستخجام تقشيات متقجمة مثل  الامتداز. تست دراسة الخرائص 
أظيخ   Fe3O4@SiO2/P-AM لتؽصيف مداحة الدطح. أن السخكب الشانؽي   BETو  FTIRو  AFMو   TEMو  EDXو
 360% خلال    89.3فعالية امتراص أعمى بكثيخ مؼ العشاصخ السكؽنة لو، مسا أدى إلى معجل إزالة ممحؽظ يبمغ حؽالي  

 360إلى  5الفتخة الدمشية تتخاوح مؼ  كامل، مع أخح أربعة عؽامل مدتقمة في الاعتبار:  بذكلدقيقة. تػ فحص عسمية الامتداز 
جػ / لتخ، وتخكيد الشحاس  3إلى  1وجخعة السستدات تتخاوح مؼ  ، 12إلى  3السحمؽل تتخاوح مؼ   pH دقيقة، ودرجة حسؽضة 

( II  يتخاوح مؼ )الشحاس عؼ طخيق الامتداز باستخجام  معجنممغػ/لتخ. أفزل السعمسات لإزالة   125إلى  25
 Fe3O4@SiO2/P-AM    جػ / لتخ مؼ السادة السازة،  3، وجخعة 7كسادة مستدة ىي الخقػ الييجروجيشي ‎,‎  والفتخة الدمشية

 خجاماست مجػ / لتخ. ، وفقا لمشتائج التجخيبية. علاوة عمى ذلغ، تػ  25( بسقجار  II دقيقة، وبجء تخكيد أيؽن الشحاس )  360
إلى أفزل  0.99بسقجار  (  R2‎ لتحميل وتؽصيف عسمية الامتداز، حيث يذيخ الانحجار )  Langmuir Isotherm نسؽذج 

أحادي الطبقة عمى سطح مستد متجانذ مع عجم  تطابق مع بيانات التؽازن. وفقا ليحا التعخيف، فإن العسمية عبارة عؼ امتداز 
الشساذج الأخخى، يذيخ التحميل الحخكي إلى أن البيانات التجخيبية تتطابق  السقارنة مع . بةوجؽد اترال بيؼ الجديئات السستد 

(. علاوة عمى ذلغ، نعخًا لكؽنو مغشاطيديًا ومدتقخًا، فسؼ السحتسل  R2 = 0.99‎ الثانية الدائفة ) بذكل جيج مع نسؽذج الجرجة 
  استخجامو في السسارسة العسمية. ججًا 
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