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ABSTRACT 
 

This work demonstrates the successful utilization of the Egyptalum company solid waste (slag) for 
recovery of high-efficiency γ-alumina to be applied as an effective adsorption medium for nitrate 
uptake from its aqueous solutions. The composite of the sorbent was characterized by XRD, SEM, 
FTIR, PZC, and BET surface area (SBET). The new sorbent has high surface area, it was found to 
be 202.39 m2/ g).Also, the adsorptive capacity for nitrate removal was investigated bya series of 
batch adsorption experiments,and theinfluence of the adsorption controlling parameters such as 
contact time, adsorbent dosage, pH of the solution, initial concentration of nitrates, and temperature 
on the removal efficiency of NO3

-by alumina from AlSW was evaluated.Furthermore, adsorption 
isotherms and kinetic studies of the adsorption process were examined. The results of nitrate 
adsorption were well fitted by pseudo-second order kinetic model, and well explained by Langmuir 
isotherm model.The maximum adsorption capacity as described from the Langmuir equation was 
found to be 7.09 mg/ g. 
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1. INTRODUCTION 
 
Recently, a considerable attention has been 
increasingly devoted towards the industrial 
operations by-product or the waste of different 
factories worldwide. 
 
Egyptalum Company in Nag-Hammadi city in 
upper Egypt produces huge quantities of 
aluminum solid waste AlSW (more than 15000 
tons annually)during the production of aluminum 
metal sheets or during recycling of aluminum 
metal scraps [1-2]. Due to its highly alkaline 
nature in water (pH>10.0) and the presence of 
different impurities persisting in it, AlSW is 
considered one of the biggest Al waste sources 
which are difficult to recycle. Herein, 
accumulation of AlSW in these large amounts 
during aluminum industry creates a serious 
environmental risk [3], so recovery of useful 
materials such as active alumina from this 
aluminum industry chemical waste to be applied 
in the removal of environmental pollutants is an 
attractive subject of research for both economic 
and environmental necessities.In this study, 
AlSW is converted into highly efficient 
mesoporous γ-Al2O3 at low calcination 
temperature (400°C). 
 
Activated γ-alumina is one of the most important 
oxidic adsorbents which is widely utilized for 
water treatment due to its high affinity for a broad 
range of analytes. γ-alumina exhibit a relatively 
large number of surface OH groups, which 
substantially define its adsorption properties.γ-
alumina is insoluble in water and can react with 
both acidic and basic materials due to the 
amphoteric nature of aluminum oxide. Alumina is 
characterized by its high specific surface area, 
mechanical strength, low-temperature 
modification, very good thermal stability, 
amphoteric properties, porosity, and ability to be 
shaped with well-defined pores. Due to these 
unique properties, porous alumina is typically an 
excellent candidate as a potential adsorbent in 
several purification and bleaching processes as 
well as a catalyst and catalyst support for a large 
number of industrial processes [4-5]. 
 
Nitrates menace all water resources. 
Contamination of surface and groundwater with 
nitrates has emerged as an insistent problem on 
a global scale over the past three decades [5-8]. 
Elevated nitrate concentrations in potable water 
supplies can lead to various pernicious health 

hazards on both human and animal beings 
causing in some cases fatal results [4,9-10]. 
Moreover, the existence of high levels of nitrates 
in water stimulates numerous environmental 
risks such as eutrophication [11]. 
 
In humankind,Excessive consuming of nitrate-
contaminated water can cause many health risks 
such as methemoglobinemia in newborn infants 
(also known as a blue-baby syndrome) [12-17]. 
Pregnant women are also insecure from this risk 
[12,18]. In adults, exposure to high levels of 
nitrates (above the admissible level) in drinking 
water is a risk factor for specific cancers due to 
the formation of carcinogenic N-nitrosamines and 
N-nitrosamides in the stomach [12]. Recent 
studies have found that nitrates can cause 
diabetes [19], the prevalence of infectious 
diseases, decrease of iodine uptake [20-21], 
hypertension, abdominal pain, diarrhea,  
vomiting, blood in urine and stool, changes in  
the immune system, spontaneous abortions, 
mental depression, weakness, and birth defects 
such as central nervous system birth defects [22-
24]. 
 
In animals, nitrate poisoning causes symptoms 
like abdominal pain, diarrhea, weight loss, 
abortion of brood animals, decreased levels of 
glucose and alkaline phosphatase,dark brown or 
"chocolate" colored blood in sheep;furthermore, 
coma and death may happen within a few hours 
in cattle [4,12] and [25]. For perniciousness of 
nitrate and the possible health risk, The United 
States Environmental Protection Agency 
(USEPA), and Bureau of Indian Standards have 
set limit of nitrate in drinking water to be 45 mg/L 
as nitrate (10.2 mg/L nitrate-N) [13], whereas 
WHO (the World Health Organization) have set 
international maximum permissible level of 50 
mg/L as nitrate (11.3 mg/L nitrate-N) [26].    
 
Due to its high stability and water solubility, 
nitrate is considered the most common 
contaminant in groundwater [27]. Towering levels 
of nitrates have been already observed in 
groundwater in many parts over the world at 
alarming rates, including USA, UK, Japan, China, 
India, Mexico, Morroco, and Saudia Arabia [12, 
18,28-30]. Excessive use of fertilizers, municipal 
wastewater, and septic systems outflow are the 
main sources of water contamination with 
nitrates.Additionally,manufacture of explosives, 
pharmaceutical, nitro-organic compounds, 
processed meat (nitrates and nitrites are widely 
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used as meat preservatives), and paper 
industries [31]. 
 
Elimination of nitrate ions from water by the 
traditional treatment processes is difficult, so 
numerous methods and techniques have been 
developed for nitrate removal from waters like, 
biological denitrification [32-34], reverse osmosis 
[35], electrodialysis [30], chemical reduction [36-
37], ion exchange resins [10,23,38], and 
adsorption [7,13,27] and [31]. Among these 
techniques, adsorption provides ease and 
flexibility in operation, simplicity in design, high 
efficiency, and many adsorbents can be 
regenerated for multiple uses by an appropriate 
desorption process.Therefore, adsorption is 
considered one of the most efficient methods for 
removal of pollutants from water [39]. 
 
Development of novel and cost-effective 
adsorbents has increased concern since the 
production of activated carbon is expensive, non-
selective, co-adsorption of naturally occurring 
organic matter (NOM) can lead to adsorptive 
interference, and it interacts with treatment 
chemicals [40], so removal of nitrates onto 
alumina prepared from AlSW is considered a 
low- cost, economical, efficient and eco- friendly. 
 
2. MATERIALS AND METHODS 
 
2.1 Chemicals 
 
All the chemicals and reagents used in this study 
were of analytical grade and were used as 
received without any further purification (except 
potassium nitrate, which was pre-dried at ~108°C 
for 24 hours before applying). All experimental 
solutions were prepared using deionized (DI) 
water, which was also used to rinse and clean 
the samples. The stock solution of nitrates was 
prepared from KNO3 (1000 mg/L) purchased as 
an ultrapure product from Merck (Germany), by 
dissolving 1.63g of KNO3(F.W. = 101.1 g/mol.) in 
1.0 liter of DI water.  Standards and nitrate 
spiked samples at a required concentration 
range were prepared by appropriate dilution of 
stock solution with DI water for further use. New 
solutions were prepared before each experiment 
to avoid any possible contamination. The desired 
pH values of solutions were adjusted by either 
0.5 M HCl (37% w/w, F.W. = 36.46 g/mol.) 
(pureproduct of Merck)or 0.5 M NaOH (F.W. = 40 
g/mol.), which is a 99% pure product of Merck 
(Germany). Ammonium hydroxide NH4OH 
(anAnalaR-grade product of Riedel-de-Haen AG 
(Germany)) was used for synthesis of adsorbents 

(30% w/w, F.W. =35.04), while NaCl (F.W. = 58.4 
g/mol.) was used in the experimental 
determination of PZC of the tested adsorbents. 
 
2.2 Apparatus 
 
For the characterization of the prepared 
adsorbents, the surface functional groups were 
analyzed by Fourier transform infrared 
spectroscopy (FTIR, the JASCO 4100), the 
surface area measurements were determined by 
Automatic ASAP 2010 Micromeritics sorptometer 
(USA) at liquid nitrogen temperature. The 
morphology of the synthesized adsorbents was 
characterized using a scanning electron 
microscopy (SEM, JSM-5500LV model) 
operating at 25 kv. In batch experiments, the 
nitrate concentrations were measured by using 
Hanna instrument (HI 96786), whereas the pH 
measurements were made using precision pH-
meter (Model PHS-3C). Temperature-controlled 
water bath with shaker model (WB-110X) was 
used for shaking the samples at different time 
intervals. 
 
2.3 Synthesis of Adsorbent 
 
Aluminum solid waste (AlSW) was obtained from 
Egyptalum Company (Nag-Hammadi, Egypt). It's 
a loose gray powder, crushed and sieved to finer 
particle size before using.Chemical analysis 
showed that the AlSW has the following 
composition (in mass %): Al (44.8%), N (6.0%), 
C (2.0%), Mg (1.5%), Si (1.1%), Fe (1.2%), Na 
(0.7%), F (0.3%), Ti (0.03%), V (0.02%) and Mn 
(0.2%). The major constituent compounds of 
AlSW were found to be aluminum oxide, metallic 
aluminum, fluoride salts and aluminum nitride 
according to [3]. For the synthesis of the sorbent, 
25g of AlSW was dissolved in an appropriate 
volume of hydrochloric acid under vigorous 
stirring at 60◦C.NH4OH was added dropwisely 
until the pH of the solution was attained to 8.0. A 
white precipitate of Al(OH)3. The final precipitate 
was washed,dried, and ignited at 400 ◦C in 
dynamic air. For simplicity, alumina derived from 
aluminum solid waste was designated as A-
AlSW. 
 
2.4 Point of Zero Charge (PZC) 
 
Five bottles, each one contains 50 ml of NaCl 
(0.01M), and 0.1 g of sorbent,were prepared then 
the starting pH of the solution in each bottle was 
adjusted by using NaOH (0.5 M) or HCl (0.5 M) 
solutions at (2, 4, 6, 8, and10). The final pH of 
the solutions was measured after 48 hours of 
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agitation with the sorbent, and ∆pH was 
calculated according to [41] with some 
modifications. 
 
For determination of the acidity or basicity of the 
adsorbent's surface, measurements of the 
surface pH of the tested adsorbent samples were 
performed. 0.1 g of dry adsorbent sample was 
added to 50 ml of distilled water and stirred for 2 
hrs. The suspension was kept for 48 hours at the 
room temperature to reach equilibrium, then the 
final pH was measured (developed from 
methodology described by Kyzas et al. [42]). 
 
2.5 Adsorption Studies 
 
Sorption studies were carried out in batch mode 
owing to its simplicity of reliability and easy to 
extrapolate at a larger scale for a practical 
application. A fixed dosage of each sorbent (6.0 
g/L) was shaken at 150 rpm with 50 ml of KNO3 
solution at a concentration equals (50 mg/L, pH= 
6.65 ± 0.2) in capped glass bottles (250 ml) at 
different time intervals to attain the equilibrium at 
a fixed temperature (except when the effect of 
temperature is studied). The above samples for 
each sorbent were filtered off and the nitrate 
concentration in the supernatant was 
determined. All the experiments were performed 
under un-buffered conditions. For accuracy, 
experiments were performed in duplicate using 
identical conditions and mean values were taken 
for calculations (the maximum deviation was 3-
5%). All used apparatus in the experiments were 
thoroughly pre-cleaned with DI water. The 
percentage of removal of nitrates was calculated 
by the Eq. (1): 
 

%Removal = [(Ci ــــCf)/ Ci] * 100          (1) 
 
Where Ci, Cfare the initial and the final 
concentrations of NO3

 solution in mg/L. (qe) is ـــــ
the (mg) amount of the adsorbate per (g) amount 
of adsorbent (Hafshejani et al., 2016), adsorption 
capacity (mg/g) was calculated by Eq. (2): 
 

qe=
�Co-Ce�V

mx1000
                                     (2) 

 
Where Co and Ce are the initial and final 
concentration at equilibrium (mg/L), m is the 
mass of adsorbent dose (g), V is the volume of 
the solution (ml). 
 
2.5.1 pH studies  
 
In order to study the effect of pH of solution on 
nitrate  adsorption onto alumina from AlSW, the 

pH of  KNO3 solution (50 mg/L)  was adjusted to 
different values (2,3, 4, 6,8, and 10) by using  
NaOH (0.5 M) or HCl (0.5 M) solutions. The 
experiments were performed at sorbent dose 6.0 
g/L in the batch method,and then samples were 
shaken for 2 h at the room temperature. The pH 
of the resulting solutions was then determined. 
 
2.5.2 Adsorbent dosage studies  
 
Different adsorbent doses (from 1 to 20 g/L) were 
placed in 50 ml of KNO3 solution at a fixed 
concentration of (50 mg/L) and at an initial pH 
value 4.0, then was shaken for 2h at 150 rpm 
and at the room temperature. 
 
2.5.3 Kinetic studies  
            
For kinetic studies, 50 ml KNO3 solution 
(50 mg/L) and fixed adsorbent dose 6.0 g/L were 
used at different contact time values (35-140 
min.) at pH 4.0at the room temperature. 
 
2.5.4 Effect of initial concentration  
 
50 ml of nitrates at different concentrations (15-
85 mg/L) at pH 4.0 was added to sorbent dose 
6.0 g/L and shaken for 2h to investigate the 
effect of Initial concentration on adsorption of 
nitrates onto alumina prepared from AlSW at the 
room temperature. 
 
2.5.5 Effect of temperature  
 
To evaluate the effect of temperature on sorption 
of nitrates onto alumina from AlSW, 50 ml KNO3 
solution (50 mg/L) and adsorbent dose 6.0 g/L at 
pH 4.0 were shaken for 2 hr  at different 
temperature intervals (25-55ºC). 
 
3. RESULTS AND DISCUSSION 
 
3.1 Characterizations of the Adsorbent  
 
Specific surface area or surface area per unit 
mass of a solid is an important characteristic in 
understanding the structure, formation and 
potential applications of different materials. For 
this reason, it is necessary to determine and 
control it accurately. An increase in specific 
surface area (and therefore increase in the 
concentration of reactive sites) is expected to 
lead to an increase in reaction rates or ion 
sorption at the adsorbent-solution interface. The 
specific surface area was determined using the 
theory of Brunauer, Emmet and Teller (BET) 
applied to the N2 adsorption/desorption data [43]. 
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The adsorption capacity of active alumina is 
directly related to its specific surface area and 
pore volume. In the current study, the surface 
area of the tested sample (SBET, in m2 g−1) was 
calculated and derived from nitrogen adsorption 
isotherms at liquid nitrogen temperature. 
Obtained results illustrate that A- AlSW can be 
precisely described as mesoporous i.e., 
Containing pores with diameters in the range 
from 40 to 1000 A° (or 4–100 nm) [3]. The 
calculated SBET the pore volume, and the 
average pore diameter were found to be 202.39 
m2/ g, 0.39 cm3/g, and 76.34 Å, respectively. This 
value exceeds the surface areas of a number of 
commercially available aluminas as well as 
aluminas prepared by other researchers such as 
nano alumina [5] and modified γ-Al2O3 [43]. 
 
3.1.1 X-ray diffraction (XRD) analysis  
 
The XRD pattern of calcinated alumina at 400ºC 
in dynamic atmosphere of air is displayed in        
Fig. 1. The presence of γ-alumina phase in the 
sample is confirmed. 
 
3.1.2 SEM analysis  
 
The SEM micrographs helped in recognizing the 
texture and porosity of the A-AlSW. Fig. 2 shows 
the scanning electron microscopy images for the 
A-ALSW which performed by using SEM & EDX 
Model FEI INSPECT S50 operating at 20.0 kv 
Fig. 2. The sponge-like rough surface is 
observed from the SEM image. This roughness 
of surface may possibly be useful in nitrate 
sorption from water. Also, The SEM observations 

depicted porous surface texture of the adsorbent 
material which is needed to be an efficient 
adsorbent. Rahmani et al. found similar structural 
features taken by using SEM micrographs for 
nano alumina [44] and Goli and Upadhyayulaalso 
obtained similar texture for chitosan/alumina 
composite [45]. Roughness and the internal 
surface of A-AlSW are responsible for its high 
efficiency for nitrate ions removal.  
 
3.1.3 FTIR analysis  
 
The Fourier transform infrared for the solid 
adsorbent was performed to indicate the 
functional groups on the sorbent surface 
responsible for adsorption of nitrates Fig. 3. The 
FTIR spectra for alumina prepared from AlSW 
were obtained in the range of 600–3500 cm–1. An 
absorption band at3470 cm−1was observed, it 
may be due to deformational vibrations of 
physically adsorbed water on the surface [9,15]. 
The absorption band at 2357 cm−1 is 
characteristic for CO2 [15]. Another band was 
observed at ca. 1620 cm−1 which indicate the 
presence of alumina, similar results have been 
reported by [5]. Finally, the absorption band 
located at ca. 607cm−1 is characteristic to the Al-
O vibrations in AL2O3 [5]. 
 
3.1.4 Point of zero charge PZC and surface 

properties  
 
Point of zero charge is a pH value exists at which 
the sum of negative charges equals the sum of 
positive charges and the net charge of the 
surface is zero. 

 

 
 

Fig. 1. The XRD pattern for A-AlSW 
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Fig. 2. The SEM micrograph for alumina from AlSW 
 

 
 

Fig. 3. FTIR Spectra of A-AlSW 
 
To assess the affinity of the surface of              
the sorbent to the ionic species, the position       
of PZC is essential to be determined [46]. In    
Fig. 4, the pH-dependent of adsorption      
process onto alumina from AlSW has             
been demonstrated. The initial pH of the nitrate 
solution is plotted versus ∆pH(the difference 
between the initial and final pH values of 
solutions).The point of intersection of the plot pH 
initial at ∆pH=0 is the point of zero charge              
PZC in which the surface acquires a net zero 
charge [3]. This is assembled according to Eq. 
(3): 
 

Al-OH2
+������	Al-OH 


�����	 AlO _           (3) 

As alumina prepared from AlSWis added to a 
liquid solution below its PZC value (<pH=6.2), 
the surface of alumina acquires a net positive 
chargeas the surface protonated via the 
adsorption of excess hydrogen ions H+,whereas, 
at pH above its PZC value (>pH=6.2), the 
surface deprotonated via the desorption process 
of H+, and consequently acquires a net negative 
charge [47-48]. It means that the surface is 
positively charged at low pH values and 
negatively charged at high pH values. 
 

3.2 Effect of pH 
 
The influence of pH values on the adsorption 
capacity of nitrates onto alumina from AlSW has 
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been illustrated in Fig. 5. The results indicate that 
the adsorption percentage of nitrates decreases 
as the initial pH value of the solution increases, 
similar trends were obtained by [5,47]. Higher 
adsorption capacities for nitrates were observed 
at lower pH values (at an acidic medium where 
pH < 6.2).This may be attributed to the positive 
surface charges of adsorbent [3,9] according to 
Eq. (4): 
 

Al-OH2
+ + NO3

_ ������	  AlOH-NO3 (or AlNO3 +H2O)   
(4) 

 
After pH value of 6.2, no significant change in the 
removal percentage of nitrates with rising pH of 
the solution.This may be explained by 
electrostatic repulsion of anionic nitrate by the 
negatively charged alumina surface at higher pH 

(at pH values>PZC)as represented in equation 
(3). Therefore,we can conclude that the PZC is 
the key parameter that controls the adsorption 
uptake of nitrates onto alumina prepared from 
AlSW. 
 
3.3 Effect of Adsorbent Dose  
 
The results constructed in Fig. 6 show an 
increase in nitrate uptake by increasing the 
amount of the adsorbent material. The 
percentage of removal of nitrates increased from 
36.5 % to 80.2 % for increasing the sorbent 
dosage from 1g /L to 20g /L. This may be due to 
the increase in the active sites on the surface of 
the adsorbent materials by increasing the 
dosage. Similar results have been published by 
[49]. 

 

 
 

Fig. 4. PZC of A-AlSW 
 

 
 

Fig. 5. Effect of pH on percentage removal of nitra te ions by alumina from AlSW 
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Fig. 6. Effect of sorbent dose on percentage eremov al of nitrate by A-AlSW 
 
3.4 Effect of Initial Nitrate Ions 

Concentrations 
 
Initial concentrations of nitrate ions play an 
important role in the mass transfer between     
the aqueous and solid phase.By increasing  
initial nitrate concentration, the nitrate removal 
efficiency decreases.Nitrate removal efficiency 
decreased from 97.3% to 40.2% for      
increasing the initial nitrate concentration from   
15 mg/L to 85 mg/L at fixed adsorbent doses     
as plotted in Fig. 7. That is may be         
attributed to the saturation of the most active  
sites at a fixed dose of the adsorbent          
surface with increasing concentration (as       
more nitrate molecules would be provided).    
That also may be due to an increased      
diffusion rate of nitrate to adsorption sites to 
saturate them; similar trends have been reported 
by [50]. 
 

3.5 Effect of Contact Time 
 
Adsorbent/adsorbate contact time is an important 
factor in the adsorption processes in contact time 
depends on the nature of the used system [51]. 
The influence of time on nitrate uptake by A-
AlSWis illustrated in Fig. 8. Nitrate removal 
efficiency increases with increasing the contact 
time from 0 to 60 minutes.After 60 minutes, the 
equilibrium is reached. Similar trends have been 
published by Abderrahim et al. [52]. 
 
It's clear from the obtained results that the initial 
uptake of nitrates onto active alumina prepared 
from AlSW is quite rapid where more than 50% 
of the nitrate ions are adsorbed within 30 
minutes.This fast adsorption though in small time 
may give a prediction that the type of nitrate 
adsorption onto alumina prepared from AlSW is 
chemisorption. 

 
 

Fig. 7. Effect ofinitialconcentration onpercentage removal of nitrate ions by A-AlSW  
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Fig. 8. Effect of contact time on percentage removal of nit rate ions by A

 

Fig. 9. Effect of temperature on
 
3.6 Effect of Temperature 
 
Obtained results in Fig. 9 showed that the 
percentage of nitrate adsorption increased with 
the increase of the temperature from 25 to 55ºC. 
That may be attributed to the acceleration of 
some originally slow adsorption steps and 
enhancement of the mobility of nitrate ions from 
the bulk solution towards the adsorb
These results give a proof of the endothermic 
nature of the adsorption process of nitrates onto 
active A-AlSW. Other authors have similar 
results [5,47]. 
 
3.7 Equilibrium Studies 
 
Analysis of the equilibrium data is important to 
develop an equation which accurately fit the 
results and could be used for design 
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Analysis of the equilibrium data is important to 
ation which accurately fit the 

results and could be used for design 

purposes.There are numerous models that can 
explain the equilibrium studies to describe the 
relationshipbetween the amount of nitrate ions 
adsorbed and the nitrate concentration that 
remaining in the solution of adsorbate 
(equilibrium adsorption). The equation 
parameters and the underlying thermodynamic 
assumptions of these equilibrium models often 
provide some insight into both the adsorption 
mechanism and the surface properties and 
affinity of the sorbent. The most famous models 
are Langmuir and Freundlich models, which were 
given by the following equations mentioned 
below: 
 
3.7.1 Langmuir isotherm model  
 
This model is used to describe the maximum 
adsorption capacity of the adsorbent 
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material.The Langmuir isotherm is based on the 
assumptions that solutes are chemically 
adsorbed at a fixed number of active sites, and 
each active site can only hold one molecule 
(monolayer adsorption). All sites are 
energetically homogeneous and there is no 
interaction between the adsorbates. The 
Langmuir equation is written by Eq. (5): 
 

�� =  �� ����
������                                                             (5) 

 
And its linear form can be expressed by Eq. (6): 
 

�
�� = �

�� ��  . �
�� + �

��                                      (6) 

 
Where Ce and qe are as they mentioned above. 
While qm (mg/g) is the maximum adsorption 
capacity and KL (L/mg) is Langmuir constant 
related to the affinity of binding sites or bonding 
energy. An essential feature of Langmuir 
isotherm is the dimensionless constant 
separation factor or equilibrium parameter is KR 
which can be used to predict whether an 
adsorption system is favorable or unfavorable [9] 
can be expressed by Eq. (7):  
 

�� =  �
������                                                            (7) 

 
Where Ka is the Langmuir constant and Co is the 
initial metal ion concentration. 
 
3.7.2 Freundlich isotherm model  
 
The Freundlich model assumes that the uptake 
of ions occurs on a heterogeneous surface by 
reversible and multilayer adsorption. The model 
can be described by the Eq. (8): 
 

�� = �����
                                                 (8) 

 
Where Kf (L/g) and n are Freundlich constants 
characteristics of the system and indicate the 
adsorption capacity and adsorption intensity, 
respectively [9]. The linear form of Freundlich 
equation can be written as Eq. (9): 
 

log �� = �
$ log �� + log ��                            (9) 

 
3.7.3 Temkin isotherm model   
 
The Temkin isotherm is usually used for 
heterogeneous surface energy systems (non-
uniform distribution of sorption heat) [53]. The 
Temkin equation suggests a linear decrease of 
adsorption energy as the degree of completion of 

the adsorptional centers of an adsorbent is 
increased. The heat of adsorption of all the 
molecules in the layer would decrease linearly 
with coverage due to adsorbent-adsorbate 
interactions. As mentioned before, the adsorption 
is characterized by a uniform distribution of 
binding energies, up to some maximum binding 
energy [20]. The Temkin isotherm can be 
expressed in a linear form as presented in 
equation (10):  
 

ee CBAnBq lnl +=
                            (10) 

 
Where B = RT/b, B is a constant related to the 
heat of sorption (J/mol.) obtained from the 
Temkin plot (qe versus ln Ce). A is the 
equilibrium binding constant (L/mg), R is the 
universal gas constant (J.mol-1.K-1), T is 
temperature K, and b is the heat of adsorption 
which is directly related to coverage of nitrate 
ions onto A-AlSW due to adsorbent-adsorbate 
interaction. At temperature =298K, the b value 
(b= RT/B) nitrate adsorption onto A-AlSW is 
higher than 80 KJ/mol. (b= 1698.13 KJ/mol) 
Which indicating a chemical adsorption process 
and is a  quite higher that reveals the strong  
ionic interaction between nitrate ions and A-
AlSW [53]. 
 
The Freundlich, Langmuir, and Temkin plots are 
presented in (Figs. 10, 11 and 12) and their 
constants were calculated and presented in 
Tables 1, 2. 
 
The parameter KRderived from Langmuir 
equation indicates the shape of isotherm where 
KR can take so many values. Such values are 0> 
KR> 1; KR>1; KR = 1 or KR = 0 which denotes to 
favorable, unfavorable, linear or non-linear 
adsorption process, respectively [47]. 
 
The values of correlation coefficients (R2) of both 
Langmuir and Freundlich equations are higher 
than 0.94 which imply that both monolayer 
adsorption and heterogeneous surface 
conditions are possible. Also of note, that the R2 
values of two models were very close to one 
another, that indicate the adsorption of nitrate on 
A-AlSW is complex and may be controlled by 
multiple processes. 
 
The values of constants for each adsorption 
isotherm model were calculated to evaluate the 
surface properties and affinity limit of the 
adsorbent material for nitrate ions. The obtained 
results were summarized in Table 1. All the 
obtained results of the equilibrium study suggest 
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that A-AlSW is an effective adsorbent for the 
nitrate adsorption from aqueous solution, where 
(i) the values of the Freundlich isotherm 
constants (Kf and n) showed easy uptake and 
good adsorption process of nitrate ions from 
aqueous solutions with high adsorptive capacity. 
Where, the value obtained from Freundlich 
isotherm constant n is 5.68 (n >1), gives an 
indication that the removal of nitrate ions onto A-

AlSW is an effective adsorption process. Also, 
the high value of Kf indicates the high adsorption 
efficiency for nitrates by A-AlSW. (ii) According to 
the results shown in Table 2, all the KR values 
between 0 and 1 (range between 0.275 and 
0.662) that indicate a favorable and efficient 
adsorption process in the entire initial 
concentration and signifies that A-AlSW is a 
proper adsorbent for nitrate ions adsorption. 

  
Table 1. Freundlich, langmuir, and temkin constants  for A-AlSW at25± 2°C  

 
Freundlich constants  Langmuir constants  Temkin constants  
n 1/n Kf R2 qm KL R2 B A R2 
5.68 0.176 1.522 0.946 7.092 0.034 0.985 1.46 0.089 0.858 

 

 
 

Fig. 10. Langmuir adsorption isotherm, 1/C e versus  
1/qe for A- AlSW 

 

 
 

Fig. 11. Freundlich adsorption isotherm, log C e versus  
log q e forA- AlSW 
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Fig. 12. Temkin plot for nitrate ions–(A-AlSW) syst em at room temperature  
 
Table 2. Langmuir dimensionless equilibrium 

parameter for A-AlSWat 25 ± 2°C 
 
Initial concentration (mg/L)  KR  values  
15 0.662 
30 0.494 
40 0.423 
50 0.370 
60 0.328 
70 0.295 
85 0.257 

 
3.8 Kinetic Studies 
 
The adsorption kinetics deal with the rate at 
which sorption occurs. The order of adsorbate-
adsorbent interactions has been described by 
using various kinetic models. Of these, pseudo-
first order, pseudo-second order, and intra-
particle diffusion models are used. The equation 
parameters of these models often provide some 
insight into both adsorption mechanism and the 
affinity of the sorbent.  
 
3.8.1 Pseudo-first order model  
 
The Lagergren first- order equation describes the 
adsorption of liquid–solid systems based on the 
solid capacity [54]. The linear form of Lagergren 
is written as in Eq. (11): 
 

log(�� − �') = log �� − ��
).*�*                           (11) 

 
Where the qe and qt (mg/g) are the amounts of 
adsorbate per amount of adsorbent at equilibrium 
and at any time t and K1 (min-1) is the rate 
constant of pseudo-first order. 
 

3.8.2 Pseudo-second order model  
 
Pseudo-second order equation indicates the 
sorption system of nitrates [55] and can be 
express as Eq. (12): 
 

+
�+ = � 

, +  �
��  '                                                         (12) 

 
Where h = k2qe2 
 
K2 (g /mg. min.) is the rate constant of pseudo-
second order model. 
 
3.8.3 Intra-particle diffusion model  
 
Beside the adsorption on the outer surface of 
adsorbent, there is a possibility of transport of 
adsorbate ions from the solution to the pores of 
adsorbent due to stirring in a batch process. This 
possibility was tested in order to show the 
existence of intra-particle diffusion in the 
adsorption process, (qt). The most-widely applied 
intra-particle diffusion equation expressed by 
Weber and Morris equation, the amount of nitrate 
ions sorbed per unit mass of sorbent at time t 
was plotted as a function of square root of time   
(t 0.5) [56,57]. 
 
The intra-particle diffusion model equation is 
written by Eq. (13): 
 

�' =  �-.' �./                                                       (13) 
 
kad is the intra-particle diffusion rate constant 
(mg/g min0.5). 
 
The plots of pseudo-first order, pseudo-second 
order, and intra-particle diffusion model are 
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presented in Figs. 13, 14 and 15, while their 
constants are shown in Table 3. 
 
Kinetics data for nitrate ions adsorption by A-
AlSW at fixed temperature were tabulated in 
Table 3, while the values of the respective 
correlation coefficient of applicability (R2) as well 
as the constants of pseudo–first, pseudo–second, 
and intra-particle diffusion model for nitrate-(A-
AlSW) system were summarized in Table 3. 
According to the correlation factors R2 values, the 
obtained results are fitted well only the pseudo-
second order model, furthermore the 
experimental value of the equilibrium uptake 
qe(exp.) of nitrate adsorption by A-AlSW (5.01 
mg/g) is closer to the calculated value qe(cal.) of 
the pseudo-second order model (4.17 mg/g).     
This result gives a sign that nitrate uptake onto      

A-AlSW is controlled by chemical reaction. 
Similar results have been obtained by other 
authors [55]. Also, Equation (14) is used to 
determine the best-fit for kinetic models by the 
square sum of errors (SSE) values [53]: 
 
001
= 2 (��(�34) − ��(5-6)))

��(�34)                                   (14) 

 
The lowest value of SSE is the best model for the 
particular system. It is clear from SSE that 
pseudo-second order kinetic (SSE = 0.0179) has 
lower SSE value than pseudo-first-order kinetic 
(SSE = 2.654) which prove that the experimental 
data follow pseudo-second-order kinetics 
comparatively better than pseudo-first-order. 

 

 
 

Fig. 13. Linear plots of Lagergren rate equation fo r nitrate removal  by alumina from AlSW 
 

 
 

Fig. 14. Linear plots of pseudo-second order for ni trate removal by alumina from AlSW  
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Table 3. Pseudo–first, pseudo–second, and intrapart icle diffusion model constants for A-AlSW  
 

   Pseudo -first order  Pseudo -second order  Intra -particle diffusion  qe (Exp)  
K1 qe R2 K2 qe R2 Kad R2 
6.91×10-3 1.37 0.765 1.54×10-2 4.72 0.978 0.135 0.761 5.02 

 

 
 

Fig. 15. Linear plots of Weber and Morris Intrapart iclediffusion,q t versus t 0.5 for removal of 
nitrates by alumina from AlSW 

 
In this work, the intra-particle particle diffusion 
model linear plot as shown in Fig. 15. The 
curvedoes not pass through the origin. This 
indicates that the removal of nitrate ions is 
complex and the intra-particle diffusion is not the 
only rate-limiting step for the whole reaction [20, 
56]. The overall rate of adsorption process of 
nitrate by intra-particle diffusion model can be 
given by the following three steps: (1) the first 
step represents the diffusion of nitrateions to the 
external surface of the sorbent (fluid transport), 
(2) the second stepindicates the gradual 
adsorption (film diffusion), (3) the third 
stepexplains the final equilibrium due to 
reduction of nitrate concentration in the solution 
and decrease of active sites of alumina prepared 
from AlSW (surface diffusion) [47]. 
 
4. CONCLUSION 
 
Batch experimental tests on nitrate adsorption 
showed that alumina prepared from AlSW has a 
high affinity for adsorbing nitrate pollution.  The 
results of this study showed that the rate of 
adsorption of nitrates obeys pseudo–second 
order rate equation. The obtained results are 
best fitted to Langmuir and Freundlich adsorption 
isotherms. All the equilibrium and kinetic studies 
prove that adsorption of nitrates onto alumina 
prepared from AlSW is chemisorption. At the end 
of this study, we can suggest using alumina 

prepared from AlSWfor removal of nitrates with 
high capacity in a short time and considered as a 
low –cost, efficient and environmental –friendly 
adsorbent material. 
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