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Abstract 

Modern, promising and environmentally friendly nanomaterials was used as adsorbent 

material, [AL2O3 Nanoparticles, loaded Aloe vera Gum]. It is a natural material that is 

secreted from the (Aloe vera plant) based nanocomposites using sol-gel method to increase the 

surface area to Phosphate removal. 

Selectors within a range are dose of (Al2O3/AG) nanoparticles (20-100 mg), initial ion 

concentration (Ci) 3.7-10.7 mg/L. pH for solution 3,4,5,7, and 9, contact time 5-100 minutes, 

wavelength of light (yellow, white, red, green, blue, and sunlight), and magnetic field (MF) 

300-500 mTesla. Batch experiments were conducted using The Hanna Phosphate High-Range 

Checker. 

Results showed the best dose 60 mg, pH 5, wavelength red, contact time 100 min and Ci 

of PO4
-3

 at 7.6 mg/L. It is found that the Langmuir adsorption model fairly fits the 

experimental data; while the pseudo-second-order kinetic model fits the adsorption. The 

adsorption capacity is increased with the decrease of initial concentration of the pollutant 

(phosphate) and is directly proportional to the dose of Al2O3/AG nanocomposites adsorbent. 

The best conditions obtained using Al2O3/AG is compared with fly ash and Al2O3 NPs. 

The surface area of Al2O3/AG nanocomposites was recorded as 124.255 m
2
. g

-1
. The best 

operating condition that gives the highest removal was used to test AL2O3 NPs and fly ash. It 

is proved that AL2O3/AG gives higher removal than that of AL2O3 NPs and fly ash. 

Keywords: Adsorption capacity, Aloe vera Gum (AG), Al2O3 Nanoparticles, Light intensity, 

Phosphate, Removal efficiency. 
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1. Introduction 

Phosphate poisoning can occur in both humans and animals and manifests primarily as 

gastrointestinal distress. The effects of phosphorus on plants and the aging of marine life in its 

vicinity are the most crucial aspects of this element in surface water[1
 
 and [2]. Eutrophication 

can happen when there is more phosphate in an aquatic environment as shown in Figure 1. This 

process speeds up the natural aging process in that environment. Because of eutrophication, there 

are more plankton and algae, which throws off the normal cycle of making things and eating 

them. At first, this will increase the number of water animals because there will be more food [3] 

 

 

 

 

 

 

 

 

 

 

Figure 1 Water Poisoning as a Result of Phosphorous Pollution Causes Increased levels of 

Nutrients. It can lead to Water Pollution and Algae Blooms 

To remove phosphate from water and water bodies, there are many methods, the most 

important of which is the adsorption method, which is one of the common methods that do not 

need complex conditions  [4]. The selection of diverse adsorbents for the adsorption of 

phosphate was implemented, yielding favorable outcomes. However, the method was deemed 

unsuitable for extensive implementation. Consequently, the development of a carbon-based 

nanocomposite sorbent that is both cost-effective and readily available, while also exhibiting 

high efficacy, is imperative for efficient removal of pollutants and anionic nutrients [5], the 

carbon-based nanocomposite exhibits distinct benefits compared to alternative adsorbents due to 

its notable efficacy, lack of harmful properties, economical value, and potential for widespread 

implementation. [6]. Biological removal processes; such as used activated sludge and used algae-

based treatment [7and 8]. 
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Advanced removal processes; such as metal-organic frameworks (MOFs) adsorption, 

adsorption by zirconium and its composites and adsorption by nanostructured binary oxides. The 

selection of diverse adsorbents for the adsorption of phosphate was implemented, yielding 

favorable outcomes. However, the method was deemed unsuitable for extensive implementation. 

Consequently, the development of a carbon-based nanocomposite sorbent that is both cost-

effective and readily available, while also exhibiting high efficacy, is imperative for efficient 

removal of pollutants and anionic nutrients [5].  

The method adsorption by nanostructured binary oxides was chosen for the purpose of 

this study. It was used alumina nanoparticles on porous activated carbon as a support material for 

catalyst as adsorbent material to phosphate removal. 

There are many studies that depend on alumina nanoparticles loaded either on gum or 

other catalyst.  

Below Table 1 shows some studies and the findings of the researchers 

Table 1 Comparison of Catalytic Activity of Al2O3/AG Nanocomposites with Similar Kinds 

of Studies 

Catalyst 

with NPs 

Removal 
Efficiency, 

% 

Adsorbent 
Dose (mg) 

Contact 
Time, min. 

Surface 
Area 

(m
2
.g

-1
) 

Reference 

Guar gum/Al2O3 90 100 mg 220 154.22 [9] 

Al2O3/Fe2O3 75 200 mg 90 97.45 [10] 

Al2O3/MOG 95 10 mg 75 176.92 [11] 

Ag–AgO/Al2O3 81 15 mg 90 105.47 [12] 

Al2O3/Morina gum 

oleifera gum 

activated carbon 

84 45 mg 105 111.85 [13] 

Al2O3/AG 86 60 mg 100 124.255 Present study 

 The aim of this study is to remove phosphate compounds from Industrial water that 

contains different concentrations by adsorption technology using newly developed, promising 

and environmentally friendly adsorbents (alumina nanoparticles on aloe vera plant gum activated 

carbon (AG) as a support material for the catalyst as adsorbent material). 

2. Description of the Study Area 

Wastewater samples were taken from Tigris river near wastewater dumps in different 

regions of Salah Al-Din Governorate in (Sharqat, Baiji, Tikrit, Al-Alaam, Al-Dour, Samarra, Al-

Dhuluiya, Balaad, and Dujail). Table 2 includes some characteristics of those samples while 

Figure 2 represents the location of sampling sites. Phosphates concentration found in some areas 

exceeds the permissible Iraqi specifications for the water disposed in the sewage pipes and 

dumped to the water source (the river) were the limit is (3 mg / liter). Below are the results of 

chemical analysis of water samples taken from approved sites within three months, which were 

conducted at the Salah al-Din Water Resources Laboratories. 
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Table 2 Some Properties of Water Samples Taken from Approved Sites During December 2022 – 

February 2023 

coordinates UTM Values For Location Sec. 

 

 

 

Y X PO4  (ppm) EC T.D.S pH 

Fe

b. 

Jan

. 

Dec. Feb. Jan. Dec. Feb. Jan. Dec. Feb. Jan

. 

De

c. 

3933205 340541 1.1 1.2 0.8 469 488 478 242 245 239 7.89 7.4

8 

8.2

2 

Sharqat 

district 

1 

3855400 367363 4.6 1.5 1.2 475 458 485 263 233 243 8.12 8.1

5 

8.3

2 

Baiji 

district 

2 

3844058 377847 2.3 1.3 1.8 467 467 467 238 231 233 7.88 7.4

7 

7.9

0 

Al alaam 

district 

3 

3843969 377922 2.2 2.8 2.1 479 489 469 239 235 235 8.12 8.1

5 

8.0

1 

Al alaam 

irrigation 
channel 

4 

3837034 378172 1.4 1.8 1.1 466 496 466 243 245 233 8.03 8.0

3 

8.1

8 

Tikrit 

district 

5 

3813850 388150 2.7 2.3 4.3 451 489 459 249 239 229 8.23 8.1
8 

8.4
0 

Al-Dour 
district 

6 

3782421 395314 2.8 2.1 2.8 532 514 522 231 261 261 8.34 8.6

9 

8.3

5 

Samarra 

district 

7 

3794572 394022 2.1 2.2 2.1 561 571 555 279 276 277 8.46 8.4
2 

8.4
6 

Rasasi in 
Samarra 

8 

3770620 435711 2.8 1.8 2.8 583 691 680 341 340 340 8.09 8.1

2 

8.0

8 

Dhuluiya 

district 

9 

3774225 423870 2.5 4.5 5.5 623 652 602 341 305 301 8.12 8.0
7 

8.0
7 

Rasasi,in 
Dhuluiya 

10 

3773404 438577 2.6 3.6 4.6 4056 4145 4070 2079 2015 2040 8.71 8.2

2 

8.0

9 

AL-Azim 

in 
Dhuluiya 

11 

3765486 425872 2.4 2.8 3.4 4769 4458 4563 2212 2191 2281 8.23 7.9

8 

8.4

5 

Balaad 

district 

12 

3742478 444057 3.3 3.3 3.2 4212 4358 4256 2110 2178 2128 7.89 7.7
8 

7.9
8 

Dujail 
district 

13 
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Figure 2 A Map with Coordinates Universal Transverse Mercator (UTM) Preparation and 

Design Division of Geographic Information Systems, Salah al-Din Water Resources, 2023 

3. Experimental Program 

3.1 Apparatus  

ESP Ultraflat Magnetic Stirrer supplied by VELP Scientifica Srl, located in Italy, and has 

a speed of 1100 rpm. It is excellent for detecting particles and color shifts are used in current 

study. The Hanna Phosphate High-Range Checker®, the accuracy and resolution of chemical test 

kits are constrained due to their reliance on visual perception by the human eye for the detection 

of color variations and in order to accurately ascertain the concentration of ions, sophisticated 

instrumentation integrates a light source, such as an LED or tungsten lamp, with a filter and a 

light sensing detector. The Eco Testr pH Thermo Fisher Scientific Inc. Massachusetts, Waltham, 

USA. This device was relied on for the purpose of adjusting the acidic medium of the solutions 

used in this study. 
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3.2 Preparation Materials 

3.2.1 Preparation of Aloe vera Gum (AG)  

After collecting the gum for the aloe vera plant, drying it under sun rays, then washing 

with a concentrated acid solution at pH 3 of H2SO4 60% 3:1 (v/w), drying it again without 

nitrogen and isolated from air in the 110°C drying oven for 4 hours, then heating it to a 

temperature of 700 °C for 3 hours, and for the purpose of getting rid of acidity, it is washed with 

ion-free water for four consecutive times and then dried last so without nitrogen and isolated 

from air in the oven drying for 9 hours at 110°C. 

3.2.2 Preparation of Al2O3/AG  

Using the well-known Sol-gel method, Al2O3 nanoparticles It is a non-amorphous 

powder and homogenized made in the United States of America purchased from the local 

markets and has a particle size of 50 nm is loaded on activated carbon (AG) to form Al2O3/AG 

nanocomposites. Al2O3 is mixed with AG in a ratio of 2:1 (w/w) and then add a solution of 

sodium hydroxide (0.5 M) in a point with continuous mixing, the mixing period lasts for two 

hours for the purpose of homogenizing the solution, the solution is left for a period and then 

filtered for two times and washed between them with ethanol and deionized water, the result is 

dried in the drying oven for 6 hours and a temperature of 100 ° C. About which the powder 

Al2O3/AG nanocomposites is formed [11].    

 3.2.3 Preparation of Fly Ash 

Fly ash is prepared by burning Reeds and Sedge that are found along river banks. 

Because of the possible grain composition of the fly ash, it was modified. NaOH solutions of 

1M, 3M, and 6M were utilized for the modification. Fly ash was subjected to a 1:10 weight ratio 

treatment in NaOH solutions. After that, the mixture was incubated for 24 hours at 55° C. The 

mixture was filtered after treatment, carefully rinsed in distilled water, dried in an oven at 75° C. 

The finished solid products were then examined physically and chemically.                        

3.3 Adsorbent Characterization 

The following section looks at how the created catalyst's surface area and pore volume 

are spread out (BET) techniques. And XRD, SEM were measured in each of the Alkhora 

company nano research lab in Baghdad. As well Oil Research and Development Center, Ministry 

of Oil.  

3.3.1 The SEM images 

SEM examines the surface morphologies of fly ash, Al2O3 NPs, and Al2O3/AG 

nanocomposites. The SEM images of fly ash are shown in Figure 3. From these images, the 

surface is relatively smooth, while for Al2O3/AG, shown in Figure 4 the surface becomes rough 

and micropores could be found obviously. pore volume values are a benefit for the adsorption of 

phosphate [13]. The SEM image for α-Al2O3 NPs shown in Figure 5 is very smooth clearly 

because it is completely homogeneous and equal in size to the nanoparticles due to its processing 

from US Research Nanomaterials. 
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The microscopic study shows that the surface of the fly ash is changing. It now has holes 

on its surface, which makes it look like a broken piece of ice. The Figure 3 shows that objects 

that look like hexagonal rods are being made.  

Figure 4 shows SEM images that show the uneven spread of Al2O3NPs on the surface of 

AG, which looks like a hexagonal rod structure as shown in Figure 6. 

The particles of AG tend to make a lot of macropores and mesopores, which were mostly 

filled with Al2O3 particles. This makes it easier for Al2O3 particles to absorb light and boosts 

their ability to act as photocatalysts  [14]. When you look at Figures 5, you can see that pure 

Al2O3 NPs tends to group together into crystallites of equal sizes. Al2O3NPs also grow on the 

surface of AG, which makes the surface of Al2O3/AG nanocomposites rough and full of holes. 

Al2O3/AG nanocomposites had smaller particles than Al2O3NPs by themselves.[15] say that 

this type of small particle is a good choice for getting clear of both organic and artificial 

molecules. 
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Figure 3 SEM Images for Fly Ash 
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Figure 4 SEM Images for Al2O3/AG Nanocomposites 

 

 

 

 

 

 

 

 

Figure 5 SEM Images for α-Al2O3 Nanoparticles the Sample Exhibits a Very Narrow 

Particle Size Range of 50 nm 
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Figure 6 Predicted Shape of Both Molecule Al2O3 NPs, Fly Ash and Molecule Formation of 

Al2O3/AG Nanocomposites 

3.3.2 The XRD analysis 

Figure 7 shows the X-ray diffraction pattern of Al2O3/AG. It has a broad hump, which 

shows that the structure is primarily amorphous. The peaks are sharp and high, typical of 

Al2O3/AG indexed to the face of carbon.  

The pattern for fly ash shows few peaks and rather small the diffraction peaks at 2θ 

values of 18.04°, 26.75°, 29.15°, 43.26°, and 47.9° Figure 8. Presence of no broad hump. 

 The pattern for AL2O3 NPs shown in Figure 9 it also has peaks that match, but they are 

much weaker. They might act like a mask on AG, and their size has been cut down a lot, making 

the points less intense. When the average size of the crystallites gets smaller, the surface area of 

the AL2O3 particles supported by activated carbon gets bigger.  

Figure 10 shows the X-ray diffraction (XRD) patterns of fly ash, Al2O3, and Al2O3/AG 

catalysts, for the purpose of easy comparison between different diffraction peaks. 

 

Figure.7 XRD Pattern of Al2O3/AG 
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Figure 8 XRD Pattern of Fly Ash 

 

Figure 9 XRD Pattern of Al2O3 NPs 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 XRD Patterns of Al2O3 NPs Fly Ash and Al2O3/AG 
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 3.3.3 The BET analysis 

The analyzes of the surface area conducted on Ministry of Oil in Baghdad on the date 

4/30/2023 as follows in Table 3 

Table 3 BET Analyses 

Sample name Surface 

area, m
2
/g 

Method Detection 

limit 

Uncertainty 

value 

Calibration 

(Internal or 

External)  

Al2O3/AG 124.255 ISO 9277/2010 

  

 

(0.1-2000) 

 

0.182 % Auto 

Al2O3 NPs 51.235 

Fly ash 46.438 

The BET study of the nanocomposites shows what the surface looks like and how big the 

pores are. Table 3 shows this. Also, a BET test was used to figure out that the surface area of 

Al2O3/AG nanocomposites is about 124.255 m
2
/g. The ions can move through the sample with 

the right pore size and the right amount of surface area. This improves the binding efficiency and 

the photocatalytic potential of the sample. The Al2O3/AG nanocomposites made by chemical 

synthesis are very good at absorbing and breaking down light. 

3.4 Experimental Procedure 

The most critical elements influencing the processes are the initial concentration, the 

concentrations were taken through the Iraqi standard specifications allowed for the concentration 

of phosphate in the river, which was 3 mg/l up to 10 mg per liter, which is the highest expected 

measured value in the river. Dose of adsorbent Al2O3/AG nanocomposites, different dosage 

were taken to know the expected effect. Contact time,by conducting 24-hour test trials to find out 

the contact time. pH, basic, acidic and neutral solutions were taken to know the effect of the 

acidic medium. Magnetic field intensity, available in the laboratory and light wavelength, 

available in the laboratory. The range of possible values for each of these operating variables is 

presented in Table 4 

Table 4 Range of Values of the Used Operating Variables 

Parameters No. Variables Values 

Feedstock 1 PO4 

Temperature, °C 1 Room temperature (19-22) °C 

Initial concentration of PO4 (ppm) 4 3.6,5.6,7.6,10.6 

Dose of adsorbent (mg) 5 20,40,60,80,100 

pH 5 3,4,5,7,9 

Magnetic field strength (mTesla) 4 300,400,500,600 

Wavelength light   6 white, green, red, yellow, blue, sun light 

Contact time (minute) 8 5,15,30,45,60,75,90,100 
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4. Results and Descussion 

4.1 Adsorption Isotherm  

There are multiple models available for the representation of adsorption data, with the 

Freundlich and Langmuir models being the most extensively employed. These two models have 

been utilized in the current study. The calculation samples for the constants of these two models 

for the three adsorbents are included in Table 5 and Table 6. The aforementioned tables indicate 

that the correlation coefficient R2 value for the Langmuir model surpasses that of the Freundlich 

model. This implies that the Langmuir model provides a more accurate fit to the experimental 

data. The calculated adsorption capacities for Al2O3/AG, Al2O3 NPs, and Fly Ash respectively 

have been determined. Visual representations of the data, in accordance with the Freundlich and 

Langmuir models, can be seen in Figure 11.A and Figure 11.B, respectively. [16] and [17]  

Freundlich model      LogQe = logkF + 1/n logCe                                                                     (1)  

Langmuir models       
  

  
 

 

    
 

 

  
                                                                          ( ) 

Where; 

Ce is equilibrium concentration (mg/L),   

KL is the Langmuir constant,  

Qe is are the adsorbate capacity (mg/g), 

Qm is the maximum adsorption capacity (mg/g), 

KF , n is the Freundlich constant. 

  

Figure 11 Adsorption Isotherm Parameters (Ci=7.6mg/L, Dose 60 mg, MF 500mT, pH 5, 

and Red Light, (A) Freundlich Linear Model (B) Langmuir Linear Model  

y = -0.3411x + 2.0596 
R² = 0.9692 
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Table 5 Freundlich and Langmuir Models Constants 

Dose of 

Al2O3/ 

AG mg  

Equilibrium 

concentration 

mg/L  

Freundlich parameters Langmuir parameters 

n k R
2
 a b R

2
 

Initial concentration of PO4 = 7.6 mg/l, CT = 105 min, pH = 5, MFS =600 mT and Red Light 

20 1.311 -3.0367 114.6304 0.9531 -1.88889 196.0784 0.9824 

40 1.258 -2.9788 172.901 0.9511 -2.20454 103.0927 0.9908 

60 1.211 -2.9316 114.7097 0.9692 -2.11267 66.66666 0.9924 

80 1.125 -2.9788 86.43706 0.9511 -2.10638 50.50505 0.9901 

100 1.102 -2.79798 69.83931 0.9401 -2.02411 39.52569 0.9889 

 

Table 6 Samples of Adsorption Constants Calculations 

 

 

 

 

 

 

4.1.1 Effect of Al2O3/AG Dose  

Figure 12 shows the effect of AL2O3/AG dose on the adsorption capacity at pH of 5 and 

9, respectively. The figure shows an increase in adsorption capacity when the dose of AL2O3/AG 

is increased. This trend agrees well with  [18] and  [19] . That higher initial concentration gives 

higher chance of collisions with adsorption sites. Moreover, the driving force of mass transfer is 

better, which will reduce the mass transfer resistance and increase the adsorption capacity[20]. 

The best dose for the adsorbent was 60 mg of AL2O3/AG which gave the best adsorption 

capacity. 

Initial concentration of PO4 = 7.6 mg/l,Dose 60mg, CT = 105 min, pH = 5, MFS =600 mT and Red Light 

Adsorbent   

Equilibrium 

concentration 

mg/L  

Freundlich constants Langmuir constants 

n k R
2
 a b R

2
 

Al2O3/ 

AG 1.211 -2.93169 114.7097 0.9692 -2.11267 66.66666 0.9924 

Al2O3 NPs 2.654 -2.97885 172.901 0.9991 -2.20454 103.0927 0.9995 

Fly Ash 2.845 -2.93169 114.7097 0.9959 -2.11267 66.66666 0.9971 
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Figure 12 Effect of AL2O3/AG Dose on Adsorption Capacity, CT =100 Minute, and Red 

Light (A) pH =5, (B) pH =9. 

4.1.2 Effect of Initial Concentration of Phosphate 

Figure 13 shows decreasing effect of the initial concentration of phosphate on adsorption 

capacity for adsorbent AL2O3/AG dose at pH of 9 and 5, respectively. Here, it was noted that the 

increase in the initial concentration leads to a decrease in the adsorption capacity. Many 

researchers have stated that the more there is an increase in the initial concentration, the more 

possibility of meeting with adsorption sites of adsorbent or collision with those sites[21],  [22] 
and [23]. The best adsorption capacity was at a concentration of 7.6 mg/L, and this concentration 

will be adopted when comparing the adsorbents.      

 

Figure 13 Effect of Initial Concentration of PO4
-3

 on Adsorption Capacity for Adsorbent 

AL2O3/AG Dose at MF =500mT, CT =100 Minute, and Red Light, (A) pH =5, (B) pH =9. 

 

0

250

500

750

1000

1250

1500

10 20 30 40 50 60 70 80 90 100110

A
d

so
rp

ti
o

n
 C

ap
ac

it
y,

 m
g/

g 

Dose, mg   

conc. 3.7 mg/L
conc. 5.6 mg/L
conc. 7.6 mg/L
conc. 10.7 mg/L

100

110

120

130

140

150

160

2 4 6 8 10 12

A
d

so
rp

ti
o

n
 C

ap
ac

it
y,

 m
g/

g 

Concentration, mg/L   

Dose 20 mg
Dose 40 mg
Dose 60 mg
Dose 80 mg
Dose 100 mg

80

100

120

140

160

10 20 30 40 50 60 70 80 90 100110

A
d

so
rp

ti
o

n
 C

ap
ac

it
y,

 m
g/

g 

Dose, mg   

conc. 3.7 mg/L
conc. 5.6 mg/L
conc. 7.6 mg/L
conc. 10.7 mg/L

0

250

500

750

1000

2 4 6 8 10 12

A
d

so
rp

ti
o

n
 C

ap
ac

it
y,

 m
g/

g 

Concentration, mg/L   

Dose 20 mg
Dose 40 mg
Dose 60 mg
Dose 80 mg
Dose 100 mg

B A 

A B 



 
JOURNAL`S UNIVERSITY OF BABYLON FOR 

ENGINEERING SCIENCES (JUBES) 

امعة بـــــــــابــل للعلــــــــوم الهندسيةـــــــمــــــجلــة ج  

 

Vol. 32, No. 3. \ 2024  ISSN: 2616 - 9916 

 

145 
 

4.1.3 Effect of pH  

Figure 14 explained the beginning by increasing the effect of the acid function pH on the 

adsorption capacity up to function 5. Figure 14 A, B, Cand D show a rapid rise of the pH 

function up to point 5 and then begin to gradually descend to the lowest point and then starting to 

gradually descend, this corresponds to[24]. When the pH is increased by more than 5, it will 

increase the competition between the hydrogen ion and the secondary ions, which leads to a 

decrease in the adsorption capacity and this consequently affects the adsorption sites [25]. 

 

 

Figure 14 Effect of pH on Adsorption Capacity for Adsorbent AL2O3/AG Dose at MF 

500mT, CT=100 Minute, and Red Light, (A) Ci =3.7 mg/L, (B) Ci =5.7 mg/L, (C) Ci =7.6 

mg/L, (D) Ci =10.7 mg/L 
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4.1.4 Effect of Wavelength Light  

It became clear the slow effect of light by exposing the sample to a different wavelength 

light intensity, where it begins to rise to stability at a time of 7 hours, and that the effect of the 

red color was higher than the rest Figure 15. As a result of the photocatalyst of some 

nanocomposites and the fact that the narrow wavelength of the red color has given the highest 

adsorption capacity for the rest of the colors, where the photoactivation is of great importance in 

stimulating the adsorption sites of the adsorbent to receive the largest amount of pollutants  [26] 

and [27] . 

 

Figure 15 Effect of Contact Time on Adsorption Capacity at MFS =500 mTesla, and pH =5, 

(A) Ci= 3.7 mg/L, AL2O3/AG Dose of 80 mg, (B) Ci= 7.6 mg/L, AL2O3/AG Dose of 60 mg. 

4.2 Adsorption Kinetics of Al2O3/AG  

The purpose of this study was to analyze and assess the tendency of the process towards 

various kinetic models. During the investigation, it was noted that the observed process adhered 

strictly to the principles of pseudo-second-order kinetics. The pseudo-first-order equation  

   (     )                                                                                                                       ( ) 

  Where; 

k1 is the rate constants of the pseudo-first-order model equations, (min 
-1

),  

qe is the total of adsorbed material at equilibrium (mg. g 
-1

), 

qt is the total of adsorbed at time t (mg. g 
-1

), 

t is irradiation time (hour)  [28]  

First, it was tested pseudo-first order equation and was determined by analyzing plots of 

the natural logarithm of the initial concentration divided by the concentration at a given time 
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against the duration of irradiation. Figure 16.A illustrates the linear correlation between the 

natural logarithm of the initial concentration divided by the concentration at a given time 

(ln(C0/Ct)) and the duration of irradiation; k1 and qe can be calculated from the slope and 

intercept.   

Then it was tested pseudo-second-order kinetics from equation (4) 

 

  
 

 

    
 
 

 

  
                                                                           (4) 

Where; 

 k2 is the rate constant of the pseudo-second- order kinetic model equations, (g.mg
-1

.min 
-

1
) Figure 16. B, by the plot, is a straight line with a slope of 1/qe and intercept 1/(k2qe

2
). The 

calculated values of k2, qe and their corresponding correlation coefficient (R
2
) are presented in 

Table 7. It shows the correlation coefficient (R
2
) of the pseudo-second-order kinetic equation is 

more (>0.99). Therefore, the pseudo-second-order kinetic model can better describe Phosphate 

adsorption[29]. By determining the rate constant (k2) value, it was observed that the maximum 

value of k2 was 4.95×10
-4

 for red light. Similarly, the maximum of (R
2
) values was 0.9996 for 

red light. In both instances, it was observed that the rate constant value was higher when 

photocatalysis was induced by red light in conjunction with adsorption. Hence, the findings 

validate that the physical composition of Al2O3/AG nanocomposites substantially enhances the 

photocatalytic activity compared to its pure nanoparticle counterparts when subjected to various 

light irradiation conditions. This is very consistent with [30], but it varies greatly with [31]  

Table 7 Parameters of Phosphate Adsorption onto Al2O3/AG under Different Wavelength 

using Pseudo-First Order and Pseudo-Second-Order Kinetic Models. 

Wave- 

lenght 

Light 

C0 qe pseudo-first order equation pseudo-second-order equation 

(mg.L-1) (mg.g-1) K1  

(min-1) 
qe 

(mg.g-1) 
R2 K2 

(mg.g-1.min-1) 
qe 

(mg.g-1) 
R2 

Red 7.6 108.333 2.50×10-3 101.211 0.9942 4.95×10-4 117.64 0.9996 

Yellow 7.6 76.25 1.61×10-3 71.367 0.9155 4.20×10-4 80.63 0.9992 

Green 7.6 107.5 2.47×10-3 100.458 0.9862 1.33×10-4 112.41 0.9979 

Blue 7.6 62 1.85×10-3 59.457 0.9821 3.95×10-4 66.225 0.9983 

White 7.6 103.333 2.40×10-3 101.147 0.9886 1.61×10-4 113.63 0.9936 

Sunlight 7.6 64 2.35×10-3 61.336 0.9586 3.31×10-4 69.444 0.9975 
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Figure 16 The Kinetic Model of Phosphate Ions Removal at Ci= 7.6 mg/L, AL2O3/AG Dose 

of 60 mg, MFS 600 mTesla,CT 8 hour, and pH= 5 (A) The Pseudo-First-Order Reaction, 

(B) The Pseudo-Second-Order Reaction 

4.3. Comparison Among Al2O3/AG, Al2O3 NPs and Fly ash  

Many experiments are conducted using Al2O3 NPs and fly ash adsorbents based on the 

best results of the previous schemes. The obtained results are compared with those using 

Al2O3/AG. 

Figures 17, 18, 19, and 20 show the effect of dose, pH, magnetic field strength, and wave 

length respectively on phosphate removal efficiency for the three adsorbents. It is clear that 

Al2O3/AG gives the highest removal followed by Al2O3 NPs and fly ash. Although Al2O3/AG 

does not have smaller particle size, it has the higher surface area according to BET analysis 

Table 3 it gives the highest removal. The reason for this behavior is to the physical composition 

of Al2O3/AG nanocomposites most attractive to phosphate and its higher surface area which 

provides more adsorption sites[32]. That adsorption process depends on the nature and 

properties of adsorbent and adsorbate. Adsorbent properties include surface area which is 

increased with the decrease of particle size[33].  

That many parameters affecting the adsorption process which are the basis of a lot of 

research to find the optimum conditions for adsorption process[34]and [35]. These parameters 

include initial pollutant concentration, pH, adsorbent dosage, and particle size abbreviated in 

Table 8. A lot of work proved that the adsorption is increased with the increase of the adsorbent 

surface are [36] and [37]. 
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Figure 17 Effect of Different Adsorbent Dose on                Figure 18 Effect of pH on Removal Efficiency             

Removal Efficiency of PO4
-3

  

 

Figure 19 Effect of Magnetic Flux Strength on                           Figure 20 Effect of Contact Time on 

Removal Efficiency                                                              Removal Efficiency   

                                                                                               

Table 8 Summary of the Comparison (Al2O3 NPs, Fly Ash and Al2O3/AG Nanocomposites) 

for the Adsorption Phosphate. 

Parameters Al2O3/AG Al2O3 NPs Fly ash 

SEM images, particle size range, (nm) 43.24 - 97.71 50 31.66-53.64 

Surface Area, (m
2
/g) 124.25 51.235 46.438 

Optimumadsorbent dose, (mg) 60 80 100 

Optimum pH 5 5 4 

Optimum Magnetic Flux Strength, (mTesla) 500 500 500 

Optimum Wave length Light red red Sun light 

Adsorption isotherm models Langmuir Langmuir Langmuir 

R
2
 0.9924 0.9995 0.9971 

Adsorption capacity, (mg/g) 63.24 - 969.38 59.79 - 244.68 54.11 - 219.02 

Highest removal efficiency, (%) 85.52 65.33 63.15 
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5. Conclusions 

 The synthesized Al2O3/AG nanocomposites is better than Al2O3 NPs and fly ash in phosphate 

removal. 

 pH at 5 is the best effective parameter of the phosphate removal process for all Al2O3/AG and 

Al2O3 NPs, but pH 3 is the best effective for fly ash in phosphate removal. 

 The effect of the magnetic field and wavelength is not quickly and requires time in addition to 

being ineffective at low concentrations. 

 The best dose for Al2O3/AG nanocomposites was 60 mg/L and the best initial concentration of 

phosphate was 7.6 mg/L. 

1. The increase in dose is directly proportional to the adsorption capacity while the initial 

concentration is inversely proportional to the adsorption capacity. 

 The maximum removal efficiency is (85.52%) for Al2O3/AG nanocomposites and the lowest 

removal efficiency is (2.88 %) for fly ash. 

 It was shown that changing the pH is very effective in increasing the phosphate removal rate, 

as the acidic medium is more effective in removing phosphates. 

 The effect of light does not appear during the first hour, but for up to about 7 hours, and it has 

little effect, but it must be taken into account, and the red color appears more effective than 

others in removing phosphates. 

 It is found that the Langmuir model fit the adsorption capacity while the pseudo-second-order 

kinetic model is fit the adsorption. 

 The surface area of AL2O3/AG nanocomposites was 124.255 m
2
. g

-1
, AL2O3 NPs was 51.235 

m
2
. g

-1
, and fly ash was 46.438 m

2
. g

-1
. 

Nomenclature 

Abbreviations: Description 

AG Aloe vera Gum  

a, b Constants of Langmuir. 

ATP Adenosine triphosphate 

Co  Concentration 

Ce  Equilibrium concentration 

Cf  Final concentration 

Ci  Initial concentration 

COD Chemical oxygen demand 

CT Contact Time 

DNA Deoxyribonucleic acid 

K  Freundlich's constant 

MO Metal oxide 

MOFs Metal-organic frameworks 

NPs  Nanoparticals 

pH Indicates how acidic or basic a substance is, and the scale ranges from 0 to 14 

ppm parts per million 
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R%  Removal efficiency 

R
2 
 Correlation coefficient 

RNA Ribonucleic acid 

TSP Trisodium phosphate with the chemical formula Na3PO4 

VFAs Volatile fatty acids 

WWTPs Wastewater treatment plants 

XRD X-ray diffractometers 
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الالهمينا  ،الصبار/ محملة على جل نبات Al2O3النانهية مقارنه بين ثلاث مهاد مازة وهي المركبات 
 والرماد المتطاير في إزالة الفهسفات من نهر دجلة Al2O3النانهية 
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 الخلاصة 

صسغ على السحسل  /AL2O3تم استخجام مهاد نانهية حجيثة وواعجة وصجيقة للبيئة كسهاد ماصة، ]الجديسات الشانهية 
باستخجام طخيقة سهل جل ( لانتاج جديسات نانهية (Aloe vera plantمن  برهرة طبيعية وىي مادة تفخزالربار[. 

 .والخماد الستظايخ AL2O3الجديسات الشانهية إضافة الى  لديادة مداحة الدظح لإزالة الفهسفات

( ، ملغم 20-100) (AL2O3 / AG)عخوف التذغيل السدتخجمو في ىحه الجراسة ىي الجخع للجديسات الشانهية 
دقيقة، شجة  5-100 (CT)، وقت التلامذ 9-3/ لتخ. درجة الحسهضة  لغمم 3.7-10.7 (Ci) الابتجائيتخكيد الأيهنات 

، والظهل السهجي للزهء )الأبيض والأخزخ والأحسخ والأصفخ والأزرق 300-500 mTesla (MF)السجال السغشاطيدي 
 م جياز ىانا عالي السجى لقياس تخكيد الفهسفات.وضهء الذسذ(. أجخيت تجارب دفعية باستخجا

PO4من  Ciملغ، الزهء الأحسخ، و  60دقيقة، الجخعة  CT 100، 5أشارت الشتائج إلى أن الخقم الييجروجيشي 
-3 

يشاسب إلى حج ما البيانات التجخيبية. في حين أن الشسهذج  Langmuirم / لتخ. وجج أن نسهذج امتداز لغم 7.6عشج 
الحخكي الدائف من الجرجة الثانية يشاسب الامتداز. تدداد قجرة الامتداز مع انخفاض التخكيد الأولي للسلهث )الفهسفات( 

 .AL2O3 / AGوتتشاسب طخديا مع جخعة السستدات الشانهية 

 AL2O3ومع الخماد الستظايخ  AL2O3 / AGعلييا باستخجام تست مقارنة أفزل الغخوف التي تم الحرهل 
NPs مداحة سظح السخكبات الشانهية  قياس. تمAL2O3 / AG تم استخجام أفزل 1-. غم2م  124.255 حيث كانت .

أن  . وقج تم اثباتوالخماد الستظايخ AL2O3 NPs لاختبار كل من إزالةندبة أعلى والتي أعظت  التذغيليةغخوف ال
AL2O3 / AG  يعظي إزالة أعلى منAL2O3 NPs .والخماد الستظايخ 

  .الالهفيخا، الجديسات الشانهية للألهميشا، شجة الزهء، الفهسفات ىلام: سعة الامتداز، الكلمات الدالة
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