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Introduction 

Dyes are an extensive group of pollutants found 

worldwide 1. These dyes are primarily employed in a 

variety of industries, including cosmetics, textiles, 

rubber, and pharmaceuticals 2. Substances utilized to 

prepare dyes are also extremely toxic or 

carcinogenic, posing numerous health concerns to 

people 3,4. Several techniques have been documented 

to eliminate synthetic dyes, including filtration, 

coagulation, precipitation, ozonation, ion exchange, 

reverse osmosis, advanced oxidation, adsorption 5, 

and photocatalytic degradation processes have 

removed organic pollutants from polluted 

wastewater 6. Adsorption has an advantage over 

other technologies due to its simple design and 

inexpensive investment in terms of initial cost and 

land. Adsorption is a technology frequently 

employed in industrial wastewater treatment to 

remove organic and inorganic impurities, and it has 

piqued the interest of researchers 7.  

Photocatalytic degradation is an efficient technology 

for nonselective mineralization of dyes due to its 

convenience of use, low cost, and employment of 

highly reactive and powerful oxidative free radicals 
8. (AOPs), which involve the generation of hydroxyl 

free radicals (•OH), are considered promising 9. The 

photocatalytic process is one of the AOPs that 

involves using semiconductors like (TiO2) 10, (ZnS) 
11, (ZnO) 12, and (Fe2O3) 13 to generate •OH and other 
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reactive oxidizing species. Both organic and 

inorganic contaminants can be destroyed by AOPs 6. 

Between magnetic ferrites nanoparticles, zinc ferrite 

(ZnF-NPs) have gained attention in several fields, 

such as supercapacitors, gas sensors, hydrogen 

sensors, and photocatalytic applications 14.  

Green metal nanoparticle synthesis has an advantage 

over other traditional chemical approaches since it is 

easy, safe, one-step, and inexpensive, reducing the 

risk of toxicity in our system, and developing stable, 

reproducible materials 15,16. Plant extracts in general 

such as,  Ficus leaves extract 17, for the synthesis of 

bimetallic Iron/copper nanoparticles, and tea leaves 

extract for the synthesis of Iron nanoparticles 18, 

bacterial or fungal biomass 19 and biopolymers  are 

used to produce nanoparticles. The plant extract 

includes various aromatics and phenolic species, 

reducing metal salt and stabilizing the nanoparticles 
20. It is also environmentally friendly because it emits 

no toxic byproducts into the environment 21,22. The 

mechanism proposed for the photocatalyst reaction 

in the presence of zinc ferrite is the potential of ZnF 

NPs to oxidize pollutants in the system, according to 
23. 

𝐙𝐧𝐅𝐞𝟐𝐎𝟒 + 𝐡𝐯 → 𝐙𝐧𝐅𝐞𝟐𝐎𝟒 (𝐞𝐂𝐁
−  +𝐡𝐕𝐁

+ )             1 

Oxidation of water holes 

𝐡𝐕𝐁
+ + 𝐇𝟐𝐎 → 𝐇+ +• 𝐎𝐇                                     2 

Oxidation of hydroxyl ions by hole  

𝐡𝐕𝐁
+ + 𝐎𝐇 → • 𝐎𝐇                                3 

Oxygen reduction by electron 

𝐎𝟐 + 𝐞−  →.• 𝐎𝟐
−                     4 

The dye's interaction with hydroxyl radicals  

Dye + .• 𝐎𝟐
− → products Degradation                5 

Dye + 𝐡𝐕𝐁
+  → products Degradation                  6 

.• 𝐎𝟐
− + 𝐇𝐎𝟐

.• → 𝐇+ → 𝐇𝟐𝐎𝟐 + 𝐎𝟐                   7 

Dye + • 𝐎𝐇 → Degradation of the dye             8 

There are no studies that have discussed the green 

method's ability, "especially eucalyptus leaves," to 

produce ZnF-NPs. Synthesis of ZnF-NPs by various 

extracts such as piper nigrum seeds 24, M.burkeana 

plant 25, and Limonia acidissima juice 26. This study 

employed eucalyptus leaves extract as the green 

reducing and capping agent to generate ZnF-NPs.  

This study's primary goal is to investigate the 

degradation of acid black 210 (AB210) dyes from the 

synthesis of aqueous solutions by two approaches 

(Adsorption and Photocatalytic processes) using a 

low-cost and eco-friendly catalyst as follows: 

1- The green synthesis of zinc ferrite (ZnF-NPs) 

nanoparticles is environmentally friendly and 

prepared for the first time from eucalyptus leaves 

easily and economically. Eucalyptus trees are 

available locally and abundantly. 

2- Using a photoreactor employing 24 UV-A lamps. 

It has a wavelength of 365 nm. It is located within 

the ultraviolet region (UV-A) of electromagnetic 

radiation, as most of the sun's rays that reach the 

earth are within the ultraviolet region (UV-A), and in 

the future, it is possible to rely on sunlight only as a 

source of energy as an alternative to using the 

photoreactor to investigate the degradation of the 

same dye (AB210) by the batch photocatalytic 

process. 
 

Materials and Methods 

Chemicals  

The compounds used were of high purity (99.9%). 

Eucalyptus leaves used in this work were picked up 

from the garden of the University of Baghdad, Iraq. 

The dye acid black 210 (AB210) was taken from the 

leather tanning factory (Karadaa region). Zn(NO3)2 

and Fe(NO3)3 were obtained from a central drug 

house (CDH) in India, while 100% ethanol was 

obtained from CARLO ERBA reagents in France. 

Catalyst Preparation 

1- Preparation of the leaf extract 

The synthesis procedure was taken from 6 with slight 

modifications. Initially, the eucalyptus leaves were 

picked up from the yard at the University of Baghdad 

and repeatedly washed for dust and difficult dirt 

removal using distilled water. The leaves were then 

dried in the oven for 12 hours at 50 centigrade. The 

leaves were crushed to a fine powder when 

thoroughly dried. 150 mL of deionized water was 

used to wet 10 g of powdered eucalyptus leaves in an 

Erlenmeyer flask for 30 minutes while stirring at 

80°C. The resulting extract was cooled and filtered 

through filter paper; the filtrate was then kept at four 

centigrade before it was used as a capping and 
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reducing agent to synthesis zinc ferrite nanoparticles 

(ZnF-NPs).  

2- To complete the ZnF-NPs preparation, zinc nitrate 

of 2.273 g and ferric nitrate of 7.23 g were 

submerged in 100 mL of deionized water. Following 

that, 150 mL of eucalyptus leaves extract (reducing 

agent) was slowly added to the salts solution with 

agitated for approximately 60 minutes. The produced 

solution was microwaved for 15 minutes in a 

domestic microwave oven. Following that, mixture 

was vacuum filtered and rinsed with distilled water 

many times and 100% pure ethanol. The collected 

black precipitate was calcined at 600 centigrade for 

4 hours  before being pulverized with a mortar and 

pestle to a fine powder See Fig. 1 26. 

 
Several characterization techniques were applied to 

analyze the synthesized ZnF-NPs to characterize the 

structure, morphology, specific surface area, size, 

and other essential characteristics. The size and 

shape were identified using SEM (model Tescan 

Vega3, USA). The latter is paired with an EDAX 

examination that provides more details regarding the 

chemical components. Additionally, specific surface 

area, pore size, and pore volume were determined 

using the BET analysis (TriStar II Plus version 2.03 

instrument, USA). Finally, FTIR used for examine 

the functional groups of ZnF nanoparticles 

(Shimadzu, Japan).

 
Figure 1. Schematic diagram of ZnF-NPs Synthesis, (a) Photocatalytic process in Photoreactor, (b) 

Adsorption process 

Batch Process 

Batch experiments of AB210 removal through an 

adsorption and photocatalytic process were carried 

out in a Beaker Pyrex 1 liter. The effect of several 

operational parameters was studied during both 

processes, including pH ranging (2-9), the 

temperature ranging (25-55 ℃), AB210 

concentration ranging from (5- 40 mg/L) and amount 

of ZnF-NPs in the range of (0.1-1 g/L). Initially, 

(One M from H2SO4 and NaOH) were utilized to 

modify the pH of solutions. Accordingly, in 

adsorption process ZnF-NPs were added to the dye 

solution and magnetically shaken for 2 minutes and 

at a temperature of 25 ℃ to enable the ZnF-NPs to 

be diffused homogeneously inside the solution. The 

ZnF-NPs Synthesis and using in two adsorption and 

photocatalytic process using a photoreactor, The 

photoreactor is used to accomplish the photocatalysis 

process under UV- light radiation type A. 24 UV-A 

lamps, at a maximum wavelength peak of  365 nm  

were put within a cylindrical aluminium container to 

create a reflecting surface for incident photons. The 

photo reactor has two fans installed at the top that 

supplies cooling air and protects the reaction vessel 

from the hot lamps as shown in Fig. 227. The samples 

were obtained at regular intervals during the 

experiment and filtered using a 0.45 µm membrane 

filter. Finally, A UV/Vis spectrophotometer with a 

max of 465nm was used to measure the concentration 

of AB210. Follows the equation was used to compute 

the AB210 removal efficiency. 

%DR =
Co− Ct

Co
x 100 %                                    9 

Where %DR is the removal efficiency,  C•  is initial 

AB210 (mg/L) and final Ct  is AB210 at time t. 

https://doi.org/10.21123/bsj.2024.9359
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Figure 2. (a) Configuration of photoreactor used in the photocatalytic reaction, (b) top view of 

photoreactor. 

Results and Discussion 

Characterization of ZnF-NPs 

FT-IR used a mid-IR spectrum (400-4000 cm-1) to 

define functional groups of ZnF-NPs. Because of the 

O-H stretching of polyphenols, significant 

eucalyptus leaves extract peaks exhibited a broad 

band at 3419.79 cm-1 28. The spectrum depicts the 

two primary absorption peaks of spinel ferrite as 

shown in Fig. 3. The intrinsic stretching vibration of 

Zn-O at tetrahedral sites caused the strongest 

absorption band at 551.64 cm-1 29. The stretching 

vibration of Fe-O at octahedral sites caused the 

weakest absorption band at 441.70 cm-1. The 

stretching vibration of the C-H bond is visible in the 

weak bands at 2924 and 1386 cm-1. The H-O-H 

stretching vibration of adsorbed water molecules is 

ascribed to the band at 1641 cm-1.The peak at 

1031.92 cm-1  is attributed to carbon dioxide 

adsorbing on the particles' surface 30. The results 

show that the prepared sample has the predicted 

ferrite structure.  

 

Figure 3. FT-IR of ZnF-NPs. 

The estimated optical energy band gap was 2.52 eV 

as shown in Fig. 4. This discovery demonstrates that 

these ZnFe2O4 nanoparticles have a narrow bandgap, 

allowing them to function as an effective light 

catalyst. The fundamental process of photocatalyst 

activation. To do this, photons with energies (=hv) 

more significant than a photocatalyst's band gap 

(BG) must be absorbed 31. This causes electrons (e-) 

to move from the valence band to the conduction 

band, creating a hole (h+) in the valence band. These 

https://doi.org/10.21123/bsj.2024.9359


 

Published Online First: September, 2024  

https://doi.org/10.21123/bsj.2024.9359 

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

divided holes and electrons can, however, these 

separated holes and electrons can recombine and 

release the absorbed energy as heat. This 

photogenerated (e-) and (h+) then react with easily 

accessible oxidants and reductants to form powerful 

and unstable radicals, which react with the 

contaminant and mineralize it to carbon dioxide and 

water while also producing a variety of intermediary 

species See Fig. 5 32. 

 
Figure 4. UV-Visible absorption spectra and band 

gap energy diagram of ZnF-NPs. 

 
Figure 5. Basic principle of photo catalysis. 

SEM of ZnF-NPs were taken at different 

magnifications of 1 µm, 500, and 200nm. High-

magnification micrographs confirm the formation of 

ZnF-NPs with a mean diameter of 32 nm. 

Furthermore, aggregation was observed in some 

areas, which depended on the nature of the synthetic 

route and the radiation treatment used during the 

ZnF-NPs synthesis33. From these results, The 

ZnFe2O4 nanoparticles showed a homogeneously 

dispersed and narrow   size distribution as shown in 

Fig. 6. EDAX analysis revealed the chemical 

compositions (Zn, Fe, and O) of produced 

nanoparticles as shown in Fig. 7. According to the 

figure, there are no impurities in the synthesized ZnF 

–NPs 34. 

 
Figure 6. SEM of ZnF-NPs. 

 
Figure 7. EDAX analysis of ZnF-NPs. 

 

The pore size, (SSA), and pore volume were 

estimated using the (BET). The SSA, pore volume, 
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and pore size were 42 m2/g, 0.11 cm3/g, and 10 nm. 

Intervals between homogeneous metal-oxide and 

water molecule adsorption on the surface of the 

materials resulted in typical mesoporous structure 35. 

The high SSA of ZnF NPs increases the efficiency of 

the adsorption and photocatalytic processes. 

Zeta potential measurement is an essential indicator 

for determining particle stability. High zeta potential 

values indicate that the nanoparticles are stable and 

resist aggregation, whereas low potential indicates 

that the nanoparticles are unstable and have a high 

tendency to flocculate. That zeta potential analysis 

generated a high negative value of  -47.41 mV, 

indicating that ZnF-NPs are stable as shown in Fig.  

8 36. The presence of phenolic chemicals in 

eucalyptus leaf extract accounts for this stability 37,38.  

 

 
Figure 8. Zeta potential analysis of ZnF-NPs. 

The XRD analysis was conducted to learn more 

about crystallinity, phase identification, and 

crystalline size, green synthesized ZnFe2O4 NPs 

calcined at 600°C displayed two diffraction peaks at 

35.26, 46.86, 53.11, and 56.62, respectively, which 

are indexed to the planes (311), (331), (422), and 

(511). These peaks indicated that the cubic spinel 

structures of the ZnF-NPs had formed. The XRD 

patterns revealed that the peaks were extremely 

intense and narrow, indicating that the materials are 

highly crystalline. Other peaks, 2θ of 24.138, 33.152, 

40.854, and 63.989 corresponding to (012), (104), 

(113), and (300), respectively as shown in Fig. 9, 

were identified as being related to the phase of 

hematite (α-Fe2O3). These peaks were identified as a 

result of the production of the hematite phase by air 

heating of spinel ferrites 39. 

 
Figure 9. XRD patterns of synthesized ZnF 

nanoparticles (a) Standard XRD pattern and (b) 

ZnF NPs XRD pattern. 

Effect of Parameters on Adsorption and 

Photocatalytic Process 

Effect of the ZnF-NPs  

The influence of ZnF-NPs dose on the degradation of 

AB210 was investigated, and the nanoparticle dose 

was adjusted between (0.1 -1 g/L) while the other 

operational conditions remained unchanged. Figure 

10a illustrates the removal efficiency of AB210 after 

300 min of adsorption experiments are 16,19,23, and 

25 % for doses 0.1,0.25,0.5,0.75, and 1.0 g/L, 

respectively. Raising the adsorbent dosage, as 

indicated, improves the surface and availability of 

adsorption sites 40. After reaching equilibrium, 

increasing the adsorbent dose reduces the extent of 

the AB210 removal capacity due to a split in flux or 

gradient of the concentrate between the 

concentration of the dissolved mass in the solution 

and the concentration of the dissolved mass in the 

adsorbent. When a result, once adsorbent mass 

increases, the amount of dye absorbed in the solution 

for each unit mass of adsorbent decreases 41. In 

contrast, photo-degradation process, Fig. 10b 

illustrates the removal efficiency was 36, 50, 65, 68, 

and 71 % after 180 minutes for the same doses in 

adsorption experiments. These results showed that 

the photo-degradation rate increased with increasing 

catalyst loading. This phenomenon happened as a 

result of increased active surface area and the number 

of reaction sites. The preliminary promotion of 

higher degrading activity was related to enhance the 

photocatalyst's surface area, increased binding sites 

on the photocatalyst surface, and production of •OH 
42 From an economic standpoint, 0.75 g/L ZnF-NPs 

was chosen as the optimum amount for both 

processes due to the highest removal efficiency when 

the ZnF-NPs amount was chosen to be the ideal 
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quantity for both processes due to the closest removal 

efficiency at 1 g/L of ZnF-NPs. 

 
Figure 10. Effect of the amount of ZnF-NPs at 

AB210 concentration, pH, and temperature of 25 

mg/L, 4 (a) 5 (b) and 25 ℃ respectively, (a) 

adsorption process, (b) photocatalytic process. 

 

Effect of pH 
 The adsorbent charge's surface and solubility 

properties are controlled by how acidic, neutral, or 

essential the working solution, which substantially 

influences dye removal. Fig. 11a, shows that removal 

rate of AB210 was studied at pH range (2-9) by 

keeping other operating conditions constant. The 

AB210 removal efficiencies were 17, 20, 23, 39, 35, 

and 30 % for pH 2, 3, 4, 5, 7, and 9, respectively. 

Because ZnF-NPs partially dissolve at low pH (2 and 

3), active sites on catalyst surface are diminished and 

thus reducing the removal efficacy of ZnF-NPs. 

Furthermore, at the essential condition (pH 9), the 

hydroxyl ion and AB210 molecules compete on the 

ZnF-NPs active sites, decreasing the removal 

efficiency 43,44. 

Moreover, as in Fig. 11b, in the photo-degradation 

process, the AB210 removal rates increased from 42 

to 75 % when pH increased from 2 to 7 and increased 

to 78 % at pH 9. This happened because the acidic 

media caused the photo-corrosion of ZnF-NPs, 

which led to the dissolution of the catalyst. In 

contrast, increasing the effectiveness of catalyst at 

primary conditions is due to the existence of more 

hydroxyl ions which facilitate the photo generation 

of hydroxyl radicals and prevent the dissolution of 

ZnF-NPs.  As a result, 5 and 7 were selected as the 

ideal pH for the adsorption and photocatalysis 

processes, respectively.  

 

 

Figure 11. Effect of initial pH at ZnF-NPs dose, 

AB210 concentration, and temperature were 0.75 

g/L, 25 mg/L, and 25 ℃, (a) adsorption process, 

(b) photocatalytic process. 

 

The Effect of Temperature 

By retaining all the other operation conditions 

constant, the temperature of experiments was 

changed in range (35-55 ℃).  In Fig.12a, the 

adsorption process, the removal efficiencies of 

AB210 were 39% to 67 % when the temperature was 

raised from 25 to 55 ℃. With increasing 

temperatures, more active sites become available, 

and the adsorbent surface becomes activated, 

explaining the increase in the removal of AB210. In 

addition, the dye molecules obtained the necessary 

energy at higher temperatures because of enhanced 

diffusion and mobility of AB210 dye ions from the 

bulk solution to the surface of ZnF-NPs 45,46. Figure 

12b indicates that during the photodegradation 

process, the removal rate of AB210 was 75, 77, 81, 

and 83 % at a temperature of 25, 35, 45, and 55 ℃ 

after 180 minutes of photocatalytic reaction. 

Increasing temperature leads to faster photocatalytic 

reaction, increasing the production of •OH 47. 

https://doi.org/10.21123/bsj.2024.9359
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Figure 12. Effect of temperature at ZnF-NPs dose, 

concentration AB210, and pH were 0.75 g/L,25 

mg/L, and 5 (a),7 (b) respectively, (a) adsorption 

process (b) photocatalytic process. 

The Effect of UV Intensity 
Fig. 13 illustrates the removal rate of AB210 was 72, 

81, and 90% for UV intensity 6, 15 and 24 W/m2, 

respectively. The removing efficacy enhanced as the 

UV intensity increased because it generated more 

photons, causing more electron-hole pairs to be 

excited and generating more •OH 48. The UV 

intensity of 24 W/m2 was regarded the best. 

 
Figure 13. Effect of UV-intensity on 

photocatalytic process at ZnF-NPs dose, 

concentration AB210, pH, and temperature were 

0.75 g/L, 25 mg/L, 7 and 45℃ respectively. 

The Effect of Initial AB210 Concentration 

Initial concentration is a vital factor to study because 

it considered a driving force to force up the 

movement between the liquid and solid phases. As a 

result, the effects of AB210 removal efficiency were 

studied at AB210 concentration range from 5-40 

mg/L while keeping the other operation conditions at 

optimum values. In Fig. 14a, the removal rates were 

74, 66, 62, 44, and 39% at AB210 concentrations of  

5-40 mg/L. The results showed that maximum 

removal were at 5 and 10 mg/L because unoccupied 

sites were available. Rising AB210 concentration of 

more than 10 mg/L causes more dyes molecules to 

go toward these open nanoparticle locations then the 

amount of accessible active sites in the adsorbent 

decreases, resulting in a reduced AB210 removal 

efficiency 9,. On the other side, Fig. 14b illustrates the 

photocatalytic degradation in the same range of dye 

concentration given removal efficiency of 100, 98.7, 

94, 89.6, 85 and 81 % at AB210 concentrations of  5-

40  mg/L, respectively. Beer-Lambert's law states 

that light absorption rises with dye concentration, 

preventing more photons, particularly in the deeper 

part of the solution, from reaching the catalyst 

surface. Therefore, the number of charge carriers 

produced and the degradation efficiency would 

decline, leading to decreased •OH production and, 

consequently, the removal efficiency 49,50. 

Furthermore, the availability of active sites is a 

priority in the photocatalytic process, and increasing 

the initial AB210 concentration reduces the number 

of available active sites 51,52. 

 
Figure 14. Effect of initial concentration AB210 at 

ZnF-NPs dose, pH, and temperature were 0.75 

https://doi.org/10.21123/bsj.2024.9359
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g/L, 5 (a) and 7 (b) 24 W/m2 and 45 ℃ 

respectively, (a) adsorption process (b) 

photocatalytic process. 

Adsorption Kinetics 

To examine mechanism of dye sorption onto ZnF-

NPs, the adsorption data was estimated using three 

models below. The following is the pseudo-first-

order rate equation: 

log(qe − qt) = log qe −
 k1 t

2.303
             10 

Where qe and qt are the dye-adsorbed amounts 

(mg/g) at equilibrium and t time (min), respectively, 

and k1 (min -1) is the pseudo-first-order rate constant. 

The values of k1 were calculated from log (qe – qt) 

versus t plots, Fig. 15 a.  

The rate equation for the pseudo-second-order model 

is as follows: 
t

qt
=

1

k2 qe
2 +

t

qeTo 
                  11 

Where k2 (g/mg.min) is the pseudo-second-order rate 

constant derived from plots of t/qt versus t Fig. 15 b. 

Rate equation for the Elovich model is as follows: 

qt =
1

β
In(αβ) +

1

β
In(t)       12 

Where: α initial adsorption rate (mg.[g. min]-1), β : 

desorption rate constant (g.mg-1 ) 

Table 1 demonstrates that the regression coefficient 

R2 for the Elovich model was low, indicating poor 

model fit. In contrast, the regression coefficient R2 

for the pseudo-second-order kinetic model is greater 

than R2 for the pseudo-first-order kinetic model, 

showing that the pseudo-second-order is the best-fit 

model to  

represent AB210 adsorption kinetic by ZnF-NPs. 

Furthermore, the Elovich model is appropriate in 

chemical adsorption studies for systems with 

heterogeneous adsorbing surfaces. The slope and 

intercept between q_tand ln (t) can be used to get the 

Elovich parameters and, as illustrated in Fig. 15c, 

where and are the adsorption and desorption rate 

constants. Table 1 shows that changing the starting 

concentration of AB210 has an effect on the values 

of α and β. As a result, the value of β decreased as 

the initial AB210 concentration climbed from 5 to 40 

mg/L, and there was no significant fluctuation with. 

Furthermore, the results demonstrated that the rate of 

adsorption α is greater than the desorption constant 

β, demonstrating the viability of adsorption. 

 
Figure 15. Kinetic models (a) pseudo-first-order, 

(b) pseudo-second-order, and (c) Elovich model. 

 

Table 1. Adsorption kinetic parameters of AB210 onto ZnF-NPs. 
Elovich model Pseudo-second-order Pseudo-first-order AB210 

  mg/L 
2R β α 2R 2k 

2R 
1k 

0.9 9.551 0.172 0.992 0.356 0.91 0.0264 5 

0.85 5.102 0.530 0.998 0.389 0.7 0.02 10 

0.87 2.717 0.932 0.997 0.167 0.78 0.0225 20 

0.83 2.549 1.153 0.999 0.286 0.71 0.0292 30 

0.8 2.465 1.346 0.998 0.197 0.69 0.0267 40 
 

https://doi.org/10.21123/bsj.2024.9359


 

Published Online First: September, 2024  

https://doi.org/10.21123/bsj.2024.9359 

P-ISSN: 2078-8665 - E-ISSN: 2411-7986 
 

Baghdad Science Journal 

Adsorption Thermodynamic 

AB210 adsorption onto ZnF-NPs was studied at 

different temperatures (20, 35, 45, 55 ℃) to establish 

the adsorption's spontaneity, nature, and application. 

These adsorption qualities can be determined using 

(∆G°), (∆H°), and (∆S°) thermodynamic parameters, 

which were obtained from the equations below38. 

∆Go = ∆Ho − T∆So … … 13 

∆Go = −RTlnKc  … …   14 

Kc =
qe

Ce
…………………15 

KC is the distribution constant (L.g-1). Similarly, Fig. 

16a, ∆S° and ∆H° can be calculated from the 

intercept and slope of the graph of ∆G° vs 

temperature (K).  

In addition, the Arrhenius equation described below 

can also be used to calculate activation energy.  

lnkobs = lnA −
Ea

RT
        16 

ln (
Ct

Co
) = −kobs t         17 

Where Ea is the activation energy (kJ.mol-1), A is the 

Arrhenius constant (J.mol−1k−1 ), and kobs are the 

rate constant (min−1). Fig. 16b illustrates the slope 

of the plot between ln (kobs) and 1/T as represented 

by activation energy Ea. Table 2 illustrates the 

thermodynamic characteristics of the AB210 

adsorption onto ZnF-NPs. At the investigated 

optimum temperature, the Gibbs free energy (∆G°)  

was -1.895 kJ/mol, which had a positive value 

demonstrating the non-spontaneity of the adsorption 

process 53. The positive value for ∆H° (30.5 kJ.mol-

1) revealed the adsorption of AB210 onto ZnF-NPs 

was an endothermic process at the solid-solution 

interface and that the AB210 ions had an appropriate 

affinity for nanoparticles. The result of (∆S°) was 

positive (0.10173 kJ. mol.k−1), showing increased 

spontaneous interference in the process of adsorption 

at the solid-liquid interface and a suitable affinity of 

AB210 ions for nanoparticles 54. 

 
Figure 16. Linear form of (a) Eyring Polanyi 

equation, (b) Arrhenius equation for ZnF-NPs. 

Adsorption Isotherm 

The adsorption isotherm frequently calculates the 

maximum adsorption rate of adsorbates and 

adsorbents. The formulas (17-20) are utilized to 

analyze interaction between ZnF-NPs (the 

adsorbent) and AB210 (the adsorbed dye) in 

Langmuir, Temkin, Freundlich, and Dubinin 

isotherm model as illustrate in Fig. 17.  Table .3 lists 

adsorption isotherm parameters. 

Langmuir model is based on forming of a 

monomolecular adsorbate layer on the adsorbent's 

surface, and all active centers have the same energy 

and enthalpy. The equation for the Langmuir 

adsorption isotherm is as follows: 

1

qe
=

1

qmax.KL
(

1

Ce
) +

1

qmax
           18 

Where qmax: saturation adsorption of Langmuir 

(mg.L-1) , 𝐾𝐿: equilibrium constant of  Langmuir 

(L.mg-1). 

The Freundlich model is employed to illustrate 

adsorption on a heterogeneous surface. Due to this 

model, the adsorption centers have different energy 

values, and the active adsorption centers with the 

highest energy fill first. The Freundlich model 

isotherm equation appears as follows: 

log qe = (
1

n
) log Ce + log KF         19 

Where KF: the Freundlich adsorption constants; 

1  n⁄ : factor of heterogeneity 

According to the Temkin isotherm, the highest 

binding heat of sorption BT was positive (0.5651 

kJ.mol-1), which denotes an exothermic adsorption 

process, Temkin model is shown below. 

qe = BT ln Ce +  BT lnKT             20 
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BT =
RT

bT
        21 

Where  𝐾𝑇: maximum binding energy (L.g-1), 𝐵𝑇: 

maximum binding heat of sorption (KJ.mol-1), R: 

ideal gas constant (0.008314 Kj.mol-1.K-1) ,and T: 

absolute temperature (K). Because it does not 

indicate surface homogeneity or adsorption potential 

constancy, the Dubinin isotherm is more general than 

the Langmuir isotherm.  

nqe=  lnqm − βε2           22 

ε = RT ln(1 +
1

Ce
)         23 

E = 
1

√(2β)
           24 

Where 𝑞𝑚: the theoretical saturation capacity, 𝛽: 

Dubinin constant (mol2 .Kj-2) , 𝜀: Duninin isotherm 

constant ,and E: adsorption energy (kJ.mol-1). 

 

 
Figure 17. Isotherm models. 

Table 2.Thermodynamic coefficients. 
Coefficients 

 

Values 

∆G∘ 

kJ/mol 

-1.895 

∆H∘ 

KJ/mol 

30.5 

∆S∘ 

kJ/mol.K 

0.10173 

Ea 

KJ/mol 

30.502 

A 

J/mol.K 

2.048x105 

 
  

Table 3. Isotherm factors for the adsorption of AB210 by ZnF-NPs at various concentrations (AB210). 
Langmuir Freundlich Temkin Dubinin 

qmax KL R2 RL KF 1

n
 

R2 KT BT R2 qm β E R2 

0.465 5.887 0.991 0.662 0.74 0.481 0.91 1.00 0.56 0.92 1.31 0.282 1.33 0.9 

 
Conclusion 

Green ZnF-NPs nanoparticles were effectively 

synthesized using a eucalyptus plant extract and a 

microwave-assisted green technique. The 

characterization results of ZnF-NPs show porous 
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nanoparticles a particle size of 32 nm and SSA of 42 

m2/g. Furthermore, the crystalline structure and 

presence of certain polyphenol groups were proven 

through XRD and FT-IR results. Applying ZnF-NPs 

in the photocatalytic process gives better removal 

efficiency than the adsorption process, and 

photocatalytic degradation occurs more quickly than 

adsorption. A 100% removal efficiency was 

achieved at 5 mg/L of AB210 and was entirely 

removed within 30 minutes at optimal pH of 7, UV-

intensity 24 W/m2, and temperature of 45 ℃. During 

the photocatalytic process, the removal efficiency 

was 74% through adsorption. According to the 

thermodynamic and kinetic study, adsorption 

process was physisorption, endothermic, and the 

pseudo-second-order model kinetic provided best fit. 

As a consequence, green synthesis is a recommended 

technique for increasing ZnF-NPs photocatalytic 

activity, which is needed to remove different organic 

pollutants from wastewater. 
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الامتزاز والتحفيز الضوئي للتخليق الحيوي لجسيمات الزنك الفريت النانوية لإزالة الصبغة 

 من الوسط المائي 012الحمضية السوداء 

  0أحمد خضير حسان ،1محمد عبد عطيه ،1زهراء عقيل نجم

 0قسم هندسة الكيمياء الاحيائية ،كلية الهندسة الخوارزمي، جامعة بغداد، بغداد، العراق

 ركز بحوث البيئة والمياه، وزارة العلوم والتكنولوجيا، بغداد، العراقم0

 

 

 

 ةالخلاص

عن طريق تقنية الامتزاز والتحفيز الضوئي باستخدام  001عالجت هذه الدراسة مياه الصرف الصحي الملوثة بصبغة حمض الأسود 

جزيئات الزنك الفريت النانوية. تم تشكيل جسيمات الزنك الفريت النانوية بتقنية التخليق الأخضر باستخدام أوراق الأوكالبتوس كعامل 

مقياس ،  Brunauer-emmett -tellerللإلكترون ، الأشعة السينية المشتتة للطاقة ، حيود الأشعة السينية ،  اختزال. المسح المجهري

 20إلى التبلور والشكل الكروي للجسيمات النانوية المصنوعة من الفريت الزنك بحجم جسيم يبلغ  SEMأشارت الصور من  .زيتا

الرئيسية  . تم فحص تأثير العواملضوئيالحلل تالمفاعل ضوئي لإنجاز عملية  استخدام نانومتر. بالإضافة إلى ذلك ، تضمنت هذه الدراسة

في الظروف المثلى  ٪02دقيقة  081على الامتزاز و التحلل الضوئي للصبغة. بناءً على نتائج الامتزاز ، كانت فعالية إزالة الصبغة بعد 

، جرعة الجسيمات النانوية الفريت الزنك ، ودرجة الحموضة ،  AB210درجة مئوية لتركيز  25،  5/ لتر ،  غم 1.05م / لتر ، غ 5

م / لتر من الصبغة بالكامل في غودرجة الحرارة ، على التوالى. في المقابل ، أظهرت نتائج التحلل الضوئي أنه تمت إزالة خمسة مل

درجة مئوية. تمت  25، ودرجة حرارة  0/ م طوا 02، وشدة الأشعة فوق البنفسجية  0دقيقة عند درجة الحموضة المثلى  21غضون 

 . Dubininو  Temkinو  Langmuirو  Freundlichدراسة متساوي درجة حرارة الامتزاز باستخدام نماذج 

عملية الامتزاز، الطريقة الخضراء، الدراسات الحركية والحرارية الديناميكية، المحفز الضوئي، جسيمات نانوية من  الكلمات المفتاحية:

 فيريت الزنك.
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