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Abstract 
 

   The green synthesis of nanoparticles and activated carbon has attracted researchers' interest due to its rapid, cost-effective, 

sustainable, and environmentally friendly nature. In this paper, the synthesis of activated carbon (AC) and nickel oxide nanoparticles 

(NiO-NPs) from Ficus carica leaf and their extracts for the removal of malachite green from aqueous solutions. activated carbon 

(AC) was synthesized from Ficus carica leaves using a pyro-carbonic acid microwave method. In contrast, nickel oxide nanoparticles 

were produced using leaf extracts as a reducing and stabilizing agent. The manufactured activated carbon and NiO nanoparticles 

were characterized by Brunauer-Emmett-Teller analysis, scanning electron microscopy with energy-dispersive X-ray spectroscopy, 

X-ray diffraction, and Fourier transform infrared spectroscopy. The influence of various factors, including malachite green 

concentration, pH, contact time, and dosages of NiO, AC, and NiO/AC, was examined using Response Surface Methodology (RSM) 

in Design-Expert (13 Stat-Ease). the optimal parameters for achieving maximum removal efficiency of malachite green dye were 

determined to be an initial concentration of 150 mg/L, pH of 4, a contact period of 120 minutes, and an adsorbent dosage of 0.25 g/L, 

resulting in removal efficiencies of 97.9202%, 98.8932%, and 99.9776%, respectively. The equilibrium adsorption data were 

analyzed using the Langmuir, Freundlich, and pseudo-first- and second-order kinetic models. the results indicated that the Freundlich 

isotherm and pseudo-second-order kinetic models were the most effective in representing the equilibrium adsorption data. 
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1- Introduction 
 

   Currently, an eco-friendly and pure environment is 

regarded as a prominent subject in academic research and 

industry.one of the primary environmental pollutants is 

industrial effluents containing highly colored dyes with 

substantial quantities of organic solids [1]. malachite 

green, as a coloring dye, has various industrial 

applications, including the dyeing of silk, textiles, leather, 

plastics, and paper, as well as serving as a fungal and 

parasitic insecticide in aquaculture  [2-4]. Despite its 

various applications in coloring, malachite green is a toxic 

metal ion detrimental to aquatic organisms due to its 

mutagenic and carcinogenic properties  [5, 6]. various 

practical strategies and solutions have been implemented 

to generate more sustainable water resources, including 

coagulation and flocculation [7], oxidation or ozonation 

[8, 9], membrane separation [10], biodegradation [11], 

adsorption [12, 13]. Among these methods, adsorption is 

a dependable technique due to its simplicity, high 

efficiency, and low cost [14]. activated carbon (AC) is an 

amorphous form of carbon that is subjected to specific 

treatments that create a highly intricate internal pore 

structure and a substantial surface area, resulting in a cost 

highly effective and superior adsorbent , as noted by [15]. 

Activated carbon features significant porosity, a 

considerable surface area (up to 3000 m²/g), varied 

surface chemical properties, and high surface reactivity, 

making it an exceptionally efficient adsorbent for the 

removal of diverse organic and inorganic pollutants in 

aqueous solutions [16-18]. Coal, wood, and coconut shell 

are the primary carbonaceous materials employed in the 

industrial production of activated carbons, as stayed by 

[19] .However, these kinds are sometimes expensive and 

imported, compelling developing nations to pursue 

economical and accessible feedstock for the synthesis of 

activated carbon for industrial uses, potable water 

filtering, and wastewater treatment. agricultural by-

products can be classified into two main categories: (I) 

Soft, compressible, low-density waste materials, including 

rice husks, sugarcane bagasse, and peanut and soybean 

shells; and (II) hard, dense, non-compressible agricultural 

by-products, such as pecan and walnut shells, along with 

stones from dates, apricots, or cherries. Various suitable 

agricultural by-products include olive cakes and olive 

stones. Recent studies have examined many materials as 

precursors for activated carbon (AC), including olive 

waste cakes [20], dates stones [15], tobacco stems [21], 

almond shells [22], corn cobs [23], waste tea [24], waste 

apricots [25], sawdust [26], cherry stones [27], rice bran 

[28], durian shells [29], herb residues [30]. In recent 

years, nanostructured materials have attracted significant 
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attention due to their nanoscale particles, enhanced 

surface area, volume, quantum effects, chemical 

reactivity, conductivity, and lightweight characteristics 

[31]. These materials can be generated using 

hydrothermal, microemulsion, electrospray, 

coprecipitation, laser ablation, and sol-gel methods [32, 

33]. However, these methods are quite expensive, offer 

minimal results, and use hazardous chemicals that harm 

the environment [34]. Consequently, bio-derived 

materials present a cost-effective and eco-friendly option 

for the adsorption of dyes and pollutants from wastewater 

effluents [35, 36]. nickel oxide is a notable metal oxide 

that has drawn current interest through green synthesis 

methods using various plant extracts for diverse 

applications, due to its non-toxicity, simplicity, cost-

effectiveness, environmental friendliness, short reaction 

durations, and natural biodegradability [37-43]. The 

characteristics of activated carbon and NiO nanoparticles 

motivated the current research. In this research Ficus 

carica leaf was used to prepare activated carbon by pyro 

carbonic acid with microwave technique and Ficus carica 

leaf extract was used to synthesis NiO nanoparticles. The 

activated carbon, NiO nanoparticles, and NiO/AC were 

characterized by Brunauer-Emmett-Teller analysis, 

scanning electron microscopy with energy dispersive X-

ray analysis, X-ray diffraction, and Fourier transform 

infrared spectroscopy. Finally, the NiO nanoparticles, 

activated carbon AC, and NiO/AC were used for 

malachite green removal from aqueous solution. Design-

Expert (13 Stat-Ease) software with Response Surface 

Methodology (RSM) was employed to examine the 

influence of initial concentration, pH, contact time, and 

the dose of NiO, activated carbon (AC), and NiO/AC on 

the malachite green removal efficiency. 

 

2- Materials and methods  

 

2.1. Chemicals 

   Malachite Green (MG) dye was used as the contaminant 

and acquired from Sigma Aldrich.  all solutions were 

formulated using pure water the pH of the solution was 

modified by the addition of 0.1 N HCl or NaOH solution. 

a stock solution of various concentrations was generated 

from a standard MG dye solution by dissolving 1 g of MG 

dye in 1 L of distilled water. the standard solution was 

diluted with distilled water to get the required dye 

solution concentrations (0 – 250 mg/L). the 

concentrations of dye were quantified using UV-visible 

spectroscopy (λ = 617 nm) with the calibration curve 

shown in Fig. 1. 

 

2.2. Preparation of activated carbon 

 

   Ficus carica leaf were collected from the gardens of the 

University of Baghdad. the leaf is first cleaned with water 

to remove dirt and dust, then dried in the shade for 24 

hours, and subsequently placed in an oven at 100°C for 

two hours. the leaf was ground and sorted to a particle 

size ranging from 720 micrometers to 1 millimeter. After 

that, the sample was pre-prepared and activated following 

the process documented by [30] .the sample was 

submerged with 80% H3PO4 at an impregnation ratio of 

1:2 for 8 hours, subsequently filtered to remove excess 

acid, and then placed in a glass reactor for microwave 

activation at 700 watts for 20 minutes. the activated 

carbon was washed with hot water to remove acid 

residues until the pH of the wash water reached 6.5-7, 

after that dried at 105˚C for 24 hours, and finally grinding 

to the desired particle size. 

 

2.3. Preparation of NiO-NPs 

 

   Fresh Ficus leaves were harvested, cleansed, and air-

dried at room temperature subsequent to cleaning, 40 g of 

leaf powder was put into 400 ml of autoclaved distilled 

water. the solution was placed on a heated plate at 70–80 

°C for 2 hours under magnetic stirrer. after cooling, the 

crud extract was filtered three times using Whatman filter 

paper, and the supernatant was collected at a pH of 6.8. 

the leaf extract was preserved at 4°C for subsequent 

research to produce NiO nanoparticles on activated 

carbon, 7.5 g of Ni (NO3)2·6H2O was dissolved in 50 ml 

of water and agitated for 30 minutes at room temperature. 

then, 30 ml of leaf extract was incrementally added to the 

Ni (NO3)2·6H2O solution to obtain a clear brown solution. 

Subsequently, the resulting sol was agitated for 4 hours 

using a magnetic stirrer at a constant temperature of 80 

°C. Finally, a green and viscous gel was noted to remain 

in the dish, which was subjected to drying at 180 °C for 2 

hours. The dried gel undergo calcination for 3 hours at a 

temperature of 300 °C to yield a greyish-black powder. 

Similar process was applied to prepared NiO 

nanoparticles using sol–gel method [44].  

 

2.4. Preparation of (NiO-NPs) on AC 

  

   Add 0.5 g of NiO nanoparticles to 250 mL of distilled 

water and homogenized the solution on a magnetic mixer 

for 20 min. then add 5 g of the AC to the solution and 

blend at 500 rpm for 2 h. Finally, purified the mixture by 

washing and filtration with distilled water, and dried at 

105 °C overnight. Then, the product was calcined at 350 

°C for 4 h to obtain final composite adsorbent material. 

similar process was applied to prepared Ag/ZNO-AC 

composite photocatalyst using certain quantity of 

Ag/ZNO with AC [45]. 

 

3- Result and discussion 

 

3.1. Brunaure, Emmett, and teller (BET) 

 

    The liquid nitrogen adsorption-desorption isotherm was 

using to calculated the specific surface area of the raw 

material, activated carbon, and AC/NiO. the specific 

surface area, particle size, and pore volume were 

calculated using the Brunauer-Emmett-Teller (BET) 

method with a HORIBA SA-900 series analyzer from the 

USA, as presented in Table 1. 
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Fig. 1. Calibration curve for MG concentration 

 

Table 1. BET analysis of activated carbon 

Sample 
surface area 

[m2 /g] 

Average pore diameter 

[nm] 

Total pore volume  

[cm3 /g] 

Ficus carica  0.0193 5.6405 0.012645 

activated carbon 904.5264 2.38746 0.539879 
AC/NIO  961.6142 2.35487 0.5661 

 

The BET surface areas of Ficus carica leaf-derived 

activated carbons were significantly elevated, attributed to 

the evaporation and breakdown of water and volatile 

components, which create fissures and porosities on the 

activated carbon's surface during production. similarly, 

the BET surface areas of AC/NiO increased to 961.6142 

m²/g due to the presence of NiO nanoparticles on the 

activated carbon surface, which possesses a higher 

surface-to-volume ratio than activated carbon. Similar 

results were found for the surface modification of 

activated carbon using silver nanoparticles [46].   

 

3.2. Scanning electron microscopy (SEM) with EDS 

 

  The surface morphology and topographical features were 

analyzed using a scanning electron microscope (SEM) 

The resulting images are three-dimensional and precisely 

represent the surface contour. The Energy Dispersive X-

ray Spectrophotometer is used to analyze the elemental 

composition of the precursors (EDS). Fig. 2, Fig. 3, and 

Fig. 4 illustrate the surface morphology of Ficus carica 

leaf, activated carbon (AC), and nickel oxide 

nanoparticles (NiO-NPs) on AC. Fig. 2 illustrates that the 

surface of the Ficus carica leaf is soft and uniform, 

exhibiting a small number of pores. in contrast, Fig. 3 

illustrates that the activated carbon surface is 

heterogeneous, characterized by a porous structure with 

varying shapes and sizes. this phenomenon may occur due 

to the decomposition and volatilization of the activating 

agent and non-carbonaceous materials during the 

activation and carbonization processes [47]. Fig. 4. show 

a little alteration in the surface morphology of the 

composite activated carbon. this discovery may be 

ascribed to surface coverage and pore volume obstruction 

caused by metal oxide particles formed on the surface 

[48]. the pores formed in the activated carbon enhance the 

adsorption of diesel oil due to the diffusion and reactivity 

of H3PO4 with cellulose compounds, resulting in the 

production of phosphate ester. as a result, the phosphate 

ester decomposed, creating micropores during the 

microwave activation. Fig. 5, Fig. 6, and Fig. 7 illustrate 

the elemental compositions of the precursor and activated 

carbon as determined by spectroscopic (EDS) techniques. 

the results showed that chemical activation and 

microwave carbonization increased the carbon content 

from 48.41% in Ficus carica to 84.30% in the generated 

activated carbon (see Table 2, Table 3, and Table 4).The 

elemental compositions altered due to the increase of 

activated carbon [49]. In addition, the elemental 

compositions of composite activated carbon showed a 

significant reduction in carbon content attributable to the 

presence of metal oxides on the surface resulting from the 

thermal precipitation of NiO on activated carbon [50]. 
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Fig. 2. Scanning Electron Microscope (SEM) image of Ficus carica leaf 

 

 
Fig. 3. Scanning Electron Microscope (SEM) for AC 

 

 
Fig. 4. Scanning Electron Microscopy of NiO/Activated Carbon 

 

3.3. Fourier Transform Infrared Spectroscopy (FTIR) 

 

    Fourier Transform Infrared Spectroscopy IR Affinity-1 

Shimadzu, Japan was used to determine the functional 

groups present on the surfaces of Ficus carica leaf, 

activated carbons, and NiO/AC, as illustrated in Fig. 8, 

Fig. 9, and Fig. 10. The FTIR spectra for activated carbon 

derived from Ficus carica leaf, across the wavelength 
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range of 4000 to 450 cm-1, are illustrated in Fig. 8. The 

Ficus carica exhibits several peaks that indicate the 

complex characteristics of the raw material. The peaks in 

the range of 3500-4000 cm-1 were attributed to the OH 

stretching vibration, resulting from the presence of 

alcohols, chemisorbed water, and phenols [51]. the 

absorption peaks in the range of 2500-3500 cm-1 are 

attributed to -CH, -CH2, and other saturated aliphatic 

groups. Similarly, the peak at 2300 cm−1 corresponds to 

the OH band, while the peaks at 1500-2000 cm−1 indicate 

the presence of COOH. The peaks within the range of 

1000-1500 cm-1 indicate aldehyde C=O and phenol C=C 

groups, while the peaks between 500-1000 cm-1 relate to 

the vibrational bending of aromatic compounds. [52, 53]. 

in addition, several peaks vanished due to activation, 

while others emerged as a result of new bond synthesis in 

activated carbon. The peaks identified between 3500-

4000 cm-1 are attributed to the oscillation of the stretching 

bond of free hydrogen associated with −OH groups [51]. 

the absorption bands within the range of 2500-3000 cm−1 

correspond to the C-O stretching vibration bond of carbon 

dioxide or carbon monoxide. the peak in the range of 

2000-2500 cm-1 refers to the bond stretching vibrations of 

alkynes (C≡C),while the peaks between 1500-2000 cm-1 

pertain to the stretching vibrations of C=C [54]. The 

peaks between 1000-1500 cm−1 are attributed to the 

symmetric and antisymmetric stretching of (N=O) and C-

O-C bonds [55]. The peaks at 3700–3200 cm−1 

correspond to the -OH bond stretching on the activated 

carbon surface. the peak between 1000-1500 cm–1 

corresponds to the vibrational mode of H–OH, while 

HOH bending was seen between 1600-2000 cm–1 [56].  A 

high stretching at 490 cm–1 is linked to the heterogeneous 

nucleation of the Ni–O bond, indicating that the 

composite activated carbon was successfully produced 

[57]. 

 

 
Fig. 5. Energy Dispersive Spectroscopy (EDS) for Ficus carica leaf 

 

Table 2.  Elemental composition of Ficus carica leaf 
Element Weight % Atomic % Weight % Error 

C 48.41 54.98 8.48 

Ni 15.75 2.00 0.00 
Si 5.84 3.03 0.23 

P 17.26 13.56 0.23 

N 12.74 26.43 0.48 

Total  100.00 100.00  
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Fig. 6.  Energy Dispersive Spectroscopy for Activated Carbon 

 

Table 3. Elemental composition of activated carbon 
Element Weight % Atomic % Weight % Error 

C 84.30 96.53 10.55 

Ca 6.29 0.71 0.51 
Al 4.37 2.23 0.41 

Ba 3.73 0.37 0.47 

K 1.31 0.16 0.23 

Total  100.00 100.00  

 

 
Fig. 7.  Energy Dispersive Spectroscopy for Nickel Oxide/Activated Carbon 

 



R. M. Hadi and S. D. Salman / Iraqi Journal of Chemical and Petroleum Engineering 26, 4 (2025) 133 - 150 

 

 

139 
 

Table 4. Elemental Composition of NiO/Activated Carbon 
Element Weight % Atomic % Weight % Error 

C 72.31 54.98 10.55 
Ni 8.66 2.001 0.48 

Si 5.03 3.03 0.23 

P 7.26 13.56 0.23 
N 6.74 26.43 0.48 

Total  100.00 100.00  

 

 
Fig. 8.  FTIR Spectrum of Ficus carica Leaf 

 

 
Fig. 9.  FTIR Analysis for Activated Carbon 

 

 
Fig. 10.  FTIR for NiO/Activated Carbon 
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3.4. Experiments design 

 

   Batch experiments for the adsorption of malachite green 

using NiO nanoparticles, activated carbon (AC), and 

NiO/AC adsorbents were conducted with 50 ml of 

working material at room temperature and a continuous 

agitation speed of 200 rpm. a certain quantity of adsorbate 

(0.05-0.25) was introduced to various concentrations of 

MG solution samples (50-250 mg/L) at differing pH 

levels (4-10) and varying adsorption durations (30-240 

min) the residual concentration of MG in each sample 

post-adsorption was quantified using UV-Visible 

absorption spectroscopy (Shimadzu AA1600, Japan) and 

the calibration curve shown in Fig. 1. The adsorption 

capacity and removal efficiency of MG by each adsorbent 

were determined using Eq. 1, Eq 2.  

 

𝑞𝑒 =
(𝐶𝑜−𝐶𝑒)𝑉

𝑊
                                                                       (1) 

 

𝑅𝐸% =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
× 100%                                                         (2) 

 

   Where qe is the adsorption capacity at equilibrium 

(mg/g), Co and Ce are the initial and equilibrium 

concentrations of the cyanide (mg/L); V is the volume 

(L); W is the weight (g) of adsorbent, RE is the removal 

efficiency.  

   A DESIGN EXPERT (version 13 Stat-Ease) employing 

the RSM / I-Optimal method was used to design a series 

of experiments based on various independent variables, 

including MG concentration, pH, contact time, and 

adsorbent dosage, each assessed at five different levels. 

the independent variable along with its levels and the 

removal efficiency for various adsorbents is shown in 

Table 5 and Table 6. 

 

Table 5. Experimental levels of independent variables in adsorption 

Factor Name Units Level 1 Level 2 Level 3 Level 4 Level 5 

A Conc. mg/L 50 100 150 200 250 

B pH pH 4 6 7 8 10 

C Time Min 30 60 120 180 240 

D Dosage          gm/50 mL     0.05 0.1 0.15 0.2 0.25 

 

3.5. Adsorption Process Optimization  

 

   The overall model for removal efficiency on the 

adsorbent can be described by the following quadratic Eq. 

3; 

 

𝑌 = 𝛽𝑜 + ∑ 𝛽𝑖
4
𝑖=1 X𝑖 + ∑ 𝛽𝑖𝑖

4
𝑖=1 X𝑖

2 + ∑ 𝛽𝑖𝑗
4
1≤𝑖≤𝑗 X𝑖X𝑗 + ε                     (3)             

 

   Where Y is model response of equation, 𝑋𝑖 is 

independent factor, Ԑ is error of the model, intercept of 

model,  𝛽𝑜 is intercept of model,  𝛽𝑖 , 𝛽𝑖𝑖 , 𝛽𝑖𝑗  are linear, 

quadric, and interaction coefficients [58]. 

   The regression models for the removal efficiencies of 

malachite green, expressed in coded terms of the 

components using NiO, AC, and NiO/AC adsorbents, are 

formulated based on the general equation and analyzed 

through the analysis of variance (ANOVA) test, as 

presented in Eq. 4, 5, and 6, along with Table 7, Table 8, 

and Table 9. 

 
𝑅𝐸1%(𝑝𝑏) = 62.2148 + 0.0875𝐴 + 5.1132𝐵 + 0.1362𝐶 −
54.6812𝐷 − 0.0037𝐴𝐵 + 0.00003𝐴𝐶 + 0.2463𝐴𝐷 + 0.0096𝐵𝐶 −
0.3.6375𝐵𝐷 − 0.1362𝐶𝐷 − 0.00043𝐴2 − 0.2321𝐵2 − 0.00012𝐶2 +

152.6444𝐷2                                                                        (4) 

 
𝑅𝐸2%(𝐶𝑢) = 64.2272 + 0.08833𝐴 + 5.2235𝐵 + 0.1477𝐶 −
58.1257𝐷 + 2.77𝐴𝐵 + 0.165𝐴𝐶 + 0.2391𝐴𝐷 − 0.01012𝐵𝐶 +
3.609𝐵𝐷 − 0.1425𝐶𝐷 − 0.00043𝐴2 − 0.2358𝐵2 − 0.00014𝐶2 +

172.53332𝐷2                                                                      (5) 

                                                                                
𝑅𝐸1%(𝑍𝑛) = 64.1090 + 0.0915𝐴 + 5.9012𝐵 + 0.1378𝐶 −
71.9593𝐷 − 0.00342𝐴𝐵 + 0.000029𝐴𝐶 + 0.23879𝐴𝐷 −
0.01065𝐵𝐶 + 3.2830𝐵𝐷 − 0.1105𝐶𝐷 − 0.00045𝐴2 − 0.2786𝐵2 −

0.000115𝐶2 − 211.4688𝐷2                                                (6)      

 

   The Tables indicate that the regression models for dye 

removal using NiO, AC, and NiO/AC showed satisfactory 

concordance with experimental data, as the difference 

between the adjusted R² and projected R² was below 0.2 

[59].similarly, the models and their interacting variables 

for each term are significant (P < 0.05), indicating that 

each model can be refined to enhance the projected 

outcomes. 

   Fig. 11 - Fig. 12 illustrate response surface plots 

showing the removal effectiveness of malachite green by 

NiO, AC, and NiO/AC adsorbents. Fig. 11 (a, b, c) 

indicates that the removal efficiency was higher and 

showed modest variation across different concentrations 

and pH levels. the adsorption behavior of malachite green 

on NiO and NiO/AC is nearly identical, however it differs 

significantly for AC. this indicates that the influence of 

the nanomaterial adsorbent was dominant in the 

adsorption process of NiO and NiO/AC in comparison to 

AC. Consequently, the use of NiO nanoparticles on 

activated carbon diminished nanoparticle aggregation and 

enhanced malachite green adsorption. a similar trend was 

noted for the adsorption of malachite green on activated 

carbon derived from Ficus Carica leaves, including both 

metal and nonmetal oxides Fig. 12 (a, b, c) illustrates the 

relationship between adsorbent dose and adsorbate 

concentration. it was found that removal efficiency 

marginally increased with the increasing of adsorbent 

dose, reaching maximum removal efficiency at an 

adsorbent dose of 0.25 mg/50 ml and a malachite green 

concentration of 150 mg/L.  

   The removal effectiveness diminished as the 

concentration of malachite green increased. this means the 

adsorbent achieves saturation capacity at 150 mg/L, after 

which desorption dominates at higher concentrations. 
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similar results were achieved by [60]. Fig. 13 (a, b, c) 

illustrates the modification of the adsorbent dosage (0.05-

0.25 mg/50ml) with the solution pH ranging from 4 to 10. 

It was noted that the removal effectiveness improved with 

both pH and adsorbent dosage, achieving maximum 

removal efficiency at 0.25 mg/50ml and pH 4. The 

removal efficiency diminished as pH increased. it means 

that the interaction is more pronounced at a pH of 

approximately 6, due to the rivalry between acidic H+ 

ions and dye cations for sorption sites, which reverses at 

elevated pH levels. Same results were observed for the 

adsorption of malachite green on rattan sawdust and acid-

activated low-cost carbon [61, 62]. 

 

Table 6. Experimental runs generated by RSM with I-Optimal method 

Run 
A: Conc. 

(mg/L) 

B: pH 

pH 

C: Time 

(min) 

D: Dosage 

(g/50mL) 

RE1% 

(NiO) 

RE2% 

(AC) 

RE2% 

(NiO/AC) 

1 250 6 240 0.2 94.6721 96.1773 98.4057 

2 150 7 120 0.15 93.6906 98.1306 98.3751 

3 150 7 120 0.15 93.6906 98.1306 98.3751 

4 100 4 240 0.2 94.0412 97.8969 98.7433 

5 50 10 240 0.25 93.6556 97.5464 98.0384 

6 50 4 30 0.1 96.8453 85.247 98.688 

7 100 4 180 0.05 94.0412 97.6701 98.7433 

8 50 8 240 0.05 93.3401 98.6495 98.71 

9 100 6 30 0.25 95.2164 98.1306 98.751 

10 150 7 120 0.15 93.6906 98.8247 98.8367 

11 150 4 120 0.25 97.9202 98.8932 99.9776 

12 250 4 30 0.05 83.5256 77.3564 89.7019 

13 250 10 240 0.05 97.0556 83.6594 96.867 

14 100 6 30 0.25 95.969 98.8747 99.186 

15 50 8 60 0.05 96.1443 95.5979 98.952 

16 200 8 30 0.05 88.5205 87.118 92.9465 

17 50 7 120 0.2 94.7422 97.2659 98.4793 

18 250 4 30 0.2 89.0638 84.2926 93.517 

19 100 10 30 0.15 97.7216 98.6669 99.608 

20 250 10 120 0.25 96.3546 98.0185 99.172 

21 150 10 240 0.15 96.1443 94.1098 98.52 

22 250 10 30 0.15 90.9566 89.5133 94.5044 

23 250 4 180 0.05 89.2741 87.5256 94.836 

24 150 7 120 0.15 93.6906 98.7518 98.3751 

25 50 7 120 0.2 94.7422 97.2555 98.4793 

 

Table 7. ANOVA for the quadratic model of dye removal 

Source Sum of square df Mean square F value P value  

Model 261.29 14 18.66 73.74 < 0.0001 significant 

A-Conc. 37.27 1 37.27 147.25 < 0.0001 
 

B-pH 19.85 1 19.85 78.43 < 0.0001 
 

C-Time 4.70 1 4.70 18.57 0.0015 
 

D-Dosage 19.45 1 19.45 76.83 < 0.0001 
 

AB 1.87 1 1.87 7.41 0.0215 
 

AC 62.44 1 62.44 246.73 < 0.0001 
 

AD 13.83 1 13.83 54.64 < 0.0001 
 

BC 0.0222 1 0.0222 0.0878 0.7731 
 

BD 6.80 1 6.80 26.88 0.0004 
 

CD 1.07 1 1.07 4.24 0.0664 
 

A² 2.74 1 2.74 10.83 0.0081 
 

B² 19.05 1 19.05 75.26 < 0.0001 
 

C² 4.05 1 4.05 15.99 0.0025 
 

D² 0.5841 1 0.5841 2.31 0.1597 
 

Adjusted R² 0.9844      

Predicted R² 0.9178      
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Table 8. ANOVA for the quadratic model of dye removal 

Source Sum of square df Mean square F value P value  

Model 929.28 14 66.38 77.41 < 0.0001 significant 

A-Conc. 95.33 1 95.33 111.17 < 0.0001 
 

B-pH 28.36 1 28.36 33.07 0.0002 
 

C-Time 61.60 1 61.60 71.83 < 0.0001 
 

D-Dosage 157.02 1 157.02 183.11 < 0.0001 
 

AB 8.55 1 8.55 9.97 0.0102 
 

AC 1.32 1 1.32 1.54 0.2430 
 

AD 47.93 1 47.93 55.89 < 0.0001 
 

BC 85.43 1 85.43 99.62 < 0.0001 
 

BD 6.50 1 6.50 7.58 0.0203 
 

CD 14.28 1 14.28 16.65 0.0022 
 

A² 68.39 1 68.39 79.75 < 0.0001 
 

B² 17.41 1 17.41 20.30 0.0011 
 

C² 7.45 1 7.45 8.69 0.0146 
 

D² 11.56 1 11.56 13.48 0.0043 
 

Adjusted R² 0.9798      

Predicted R² 0.9044      

 

Table 9. ANOVA for the quadratic model of dye removal on the surface 

Source Sum of square df Mean square F value P value  

Model 145.46 14 10.39 43.91 < 0.0001 significant 

A-Conc. 27.52 1 27.52 116.32 < 0.0001 
 

B-pH 3.03 1 3.03 12.81 0.0050 
 

C-Time 10.24 1 10.24 43.29 < 0.0001 
 

D-Dosage 14.67 1 14.67 62.01 < 0.0001 
 

AB 0.0839 1 0.0839 0.3545 0.5648 
 

AC 18.13 1 18.13 76.62 < 0.0001 
 

AD 11.98 1 11.98 50.64 < 0.0001 
 

BC 1.06 1 1.06 4.50 0.0600 
 

BD 0.0025 1 0.0025 0.0106 0.9199 
 

CD 1.89 1 1.89 8.00 0.0179 
 

A² 4.43 1 4.43 18.74 0.0015 
 

B² 1.35 1 1.35 5.69 0.0382 
 

C² 1.82 1 1.82 7.70 0.0196 
 

D² 0.1523 1 0.1523 0.6436 0.4410 
 

Adjusted R² 0.9879      

Predicted R² 0.9205      

 

4- Adsorption isotherm model  

 

   The experimental and theoretical results for AC and 

NiO/AC were analyzed through the correlation between 

malachite green dye concentration and the adsorption 

capacity of activated carbon and composite adsorbents 

under equilibrium conditions. the Langmuir and 

Freundlich isotherm models were employed to determine 

the diffusion of the adsorbate from the liquid phase to the 

solid phase [63, 64]. The equilibrium conditions were 

established for an adsorption duration of 120 minutes, 

malachite green dye concentrations ranging from 50 to 

250 mg/L, a pH of 4, and an adsorption dose of 0.25 g per 

50 mL. The data fitting is illustrated in Fig. 14 and Fig. 

15, and the isotherm model constants are given in Table 

10. The coefficients of the Freundlich models for NiO 

nanoparticles, AC, and NiO/AC show superior fit 

compared to the Langmuir models. This means that 

malachite green adsorption linked to multilayer 

adsorption on the sorbent surface sites [65]. 

 

5- Adsorption kinetic models  

 

   To assess the mass transfer rate of the adsorption 

process, which includes residence time and the adsorbate 

at the solid-liquid interface, two adsorption kinetic models 

were used for a duration of 120 minutes, with malachite 

green dye concentrations ranging from 50 to 250 mg/L, at 

a pH of 4, and an adsorption dose of 0.25 g per 50 ml. to 

characterize the dye adsorption mechanism on composite 

activated carbon, adsorption rate constants were 

determined using pseudo-first order and second-order 

models, with data fitting illustrated in Fig. 16 and Fig. 17. 

The kinetics of the two model coefficients were 
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summarized in Table 11. The correlation coefficient R² 

was used to access the consistency between experimental 

data and model predictions; models with a higher R² are 

more effective in characterizing the adsorption kinetics. 

Compared to pseudo-first order, the results demonstrate 

that pseudo-second-order kinetics yields superior R² 

values. this indicates that the adsorption rate was 

inversely proportional to the square of the dye 

concentration during a chemical process affected by the 

interaction between adsorbate and adsorbent [66]. 

 

 

 
 

 
Fig. 11. (a, b, c). The effect of the initial concentration and pH for NiO, AC and NiO/AC 

 

 

 
 

 
Fig. 12. The effect of the initial concentration and adsorbent dose for NiO, AC and NiO/AC 

(c) 

(a) 

(a) 

(b) 

(b) 

(c) 
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Fig. 13. The effect of the adsorbent dose and pH of solution NiO, AC and NiO/AC 

 

 
Fig. 14.  adsorption Langmuir isotherm plots 

 

Table 10. Coefficients of the adsorption isotherm model 
                                       Langmuir                                                             Freundlich 

 KL (L/mg) qm (mg/g) R2 kf (mg/g) n R2 

NIO 0.2738 45.451 0.9589 9.7030 1.7367 0.9931 

AC 0.2570 50.2324 0.9725 2.7257 1.6553 0.9915 
NIO/AC 0.2769 49.3971 0.97863 2.7516 1.5239 0.9921 

y = 0.0803x + 0.022

R² = 0.9589

y = 0.0774x + 0.0199

R² = 0.9726

y = 0.0756x + 0.018

R² = 0.9762
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Fig. 15.  Freundlich isotherm adsorption plots 

 

 
Fig. 16.  Pseudo-first order plots 

 
Fig. 17.  Pseudo-second order plots 
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Table 11. adsorption kinetic model coefficients 
                                     First Order                                                     Second Order 

 k1 (min-1) qe (mg/g) R2 k2 (min-1) qe (mg/g) R2 

NIO 0.01233 8.8561 0.9095 -0.0322 31.0222 0.9992 
AC 0.0052 8.5480 0.8691 -0.0324 30.8519 0.99979 

NIO/AC 0.0114 5.0405 0.9236 -0.0326 30.6209 0.9998 

 

6- Conclusion 

 

   This research investigated the adsorption of malachite 

green from aqueous solution using Green NiO 

nanoparticles, activated carbon, and composite activated 

carbon adsorbents. Ficus carica leaf was used to prepare 

activated carbon by pyrolysis of carbonic acid with 

microwave technique, and Ficus carica leaf extract was 

used to synthesize NiO nanoparticles. the NiO 

nanoparticles, activated carbon, and NiO/AC were 

characterized by Brunauer-Emmett-Teller analysis, 

scanning electron microscopy with energy dispersive X-

ray analysis, X-ray diffraction, and Fourier transform 

infrared spectroscopy.  

   The characterization results showed a high BET surface 

area of 961.6142 m²/g for AC/NiO, due to the presence of 

NiO nanoparticles on the activated carbon surface.  

Design-Expert (13 Stat-Ease) software with Response 

Surface Methodology (RSM) was employed to analyze 

the effects of initial concentration, pH, contact time, and 

the doses of NiO, activated carbon (AC), and NiO/AC on 

malachite green removal efficiency. the maximum 

removal efficiencies were obtained at optimum conditions 

of pH 4, a contact time of 120 min, an adsorbent dosage 

of 0.25 g/50 mL, and a dye concentration of 150 mg/L. 

Adsorption isotherm and kinetic studies were conducted 

to determine the adsorption type and mechanism using the 

Langmuir and the Freundlich isotherm models, as well as 

pseudo-first- and second-order kinetic models. the results 

indicated that the Freundlich isotherm and pseudo-

second-order kinetic models were the most effective in 

representing the equilibrium adsorption data for all types 

of adsorbents. Consequently, the adsorption process of 

malachite green on the NiO nanoparticles, activated 

carbon, and NiO/AC was chemosorption on multilayer 

surface sites. 
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بات نأوراق  من المنشط الكاربون مع  نانويةكل الالتخليق الأخضر لجسيمات أكسيد الني
 الأخضركيت لإزالة المال  ةالتين ومستخلص

 
 ١ نسلما اود، سامي د، *١ رغد محمد هادي

 
 ، العراق47024بغداد  هندسة الخوارزمي، جامعة بغداد،الية، كلية ائحيقسم هندسة الكيمياء الأ ١

 
  الخلاصة

 
ميز به استحوذت عملية التخليق الأخضر للجسيمات النانوية والكاربون المنشط على اهتمام الباحثين لما تت   

ون الكارب تتناول هذه الورقة البحثية تخليق. ديقة للبيئةمن سرعة وكفاءة من حيث التكلفة، الاستدامة وكونها ص
خلصاتها لإزالة صبغة من أوراق التين ومست (NiO-NPs) وجسيمات أكسيد النيكل النانوية (AC) المنشط

قنية من أوراق التين باستخدام ت (AC) تم أنتاج الكربون المنشط. المالاكيت الخضراء من المحاليل المائية
ت ربونيك والمايكرويف، بينما تم إنتاج جسيمات أكسيد النيكل النانوية باستخدام مستخلصاحامض البايروك

 تحليل تم توصيف الكاربون المنشط المُصنّع وجسيمات أكسيد النيكل النانوية باستخدام .الأوراق كعامل مختزل
                   ة،لمشتتة للطاقتيلر، والمجهر الإلكتروني الماسح مع تحليل الأشعة السينية ا - إيميت -بروناور

                 ة،تم فحص تأثير العوامل المختلف. وحيود الأشعة السينية، ومطيافية الأشعة تحت الحمراء بتحويل فورييه
 ACو NiO بما في ذلك تركيز صبغة المالاكيت الخضراء، ودرجة الحموضة، ووقت التلامس، وجرعات

   Design-Expert (13 Stat-Ease) جية استجابة السطح، باستخداممنهتطبيق ، من خلال NiO/ACو
               أوليً قدره بتركيزلتكون  المثلى لتحقيق أقصى كفاءة إزالة لصبغة المالاكيت الخضراء عواملتم تحديد ال 

                     لتر،/مغ 0.25 امتزاز قدرهادقيقة، وجرعة  ١20، وفترة تلامس 4لتر، ودرجة حموضة /مجم ١50
 . ، على التوالي99.9776% و 98.8932%، 97.9202% قدرها إزالة أعطى كفاءةمما 
إلى  الإضافةوفقًا لنماذج لانغموير وفرويندليش المتساوية الحرارة، ب نعند الاتزاتم تحليل بيانات الامتزاز    
حرارة متساوي اللنتائج إلى أن نموذج فروندليش الأشارت اوقد . من الدرجة الأولى والثانية ةزائفالنماذج الحركية ال
 .في تمثيل بيانات الامتزاز االأكثر تأثير كانت  الثانية النماذج الحركية الزائفة من الدرجةو 
 

 .اوراق نبات التين، الجسيمات النانوية، الكاربون المنشط، المالاكيت الاخضر الكلمات الدالة:
 

 


