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Abstract 
In the present study for the first time, a novel polyacrylonitrile-silver nanocomposite 

nanofiber was synthesized by electrospinning for adsorbing sulfur compounds in natural 
gas condensate. The synthesized material was characterized by SEM, EDAX, and XRD. 
The presence of C, N, O, and Ag proved that the composite was synthesized 
successfully. In order to achieve the best adsorption conditions, the effect of contact 
time, adsorbent dosage and initial sulfur compound concentration was examined. Under 
optimal values, efficiency of greater than 90% was found. In addition, different 
isotherms and kinetics models were tested to describe the sorption process. It was found 
that Freundlich (0.9900) was superior to Langmuir (0.9688), Temkin (0.9648) and 
Dubinin-Radushkevich (0.8273) models, revealing that sulfur compounds tend to for, 
multilayers on the heterogeneous surface of polyacrylonitrile-silver nanocomposite 
nanofiber. The energy value of the adsorption was 23.57 kJ/mol, indicating 
chemisorption reactions. Based on kinetics studies, the desulfurization by nanofibers 
followed Pseudo-second-order and Elovich kinetics. Finally, the desulfurization 
function of nanocomposite was studied and validated using adsorbent columns. The 
obtained results demonstrate polyacrylonitrile-silver nanocomposite nanofiber as a 
promising material in the field of desulfurization. 
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Introduction 
Gas condensate is considered as one of the most 

valuable products derived from natural gas reservoirs, 
the price of which is slightly higher than those in crude 
oil on global markets. Cuts 5 and 6 are the major 

components of gas condensate [1]. In addition, sulfur 
compounds are one of the most important contaminants 
of gas condensate which release toxic gases by 
combustion, damage metals, catalysts in the engine, and 
fuel cells [2, 3]. In this regard, the existing general 
methods for removing sulfur compounds of fuels 
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include: oxidation methods, adsorption via a solvent, 
surface absorption in stationary phase bed and 
hydrodesulphurization [4]. However, there are some 
disadvantages for the above-mentioned methods: such 
as the requirement for difficult operating conditions 
such as high temperature and high pressure; the 
necessity for expensive catalysts; high energy 
consumption and failure to remove some sulfur 
compounds. Therefore, providing a new, low-cost, and 
practical method is needed to remove these compounds 
from gas condensate to enhance its quality. 

Traditional materials for adsorptive removal of sulfur 
are zeolites, activated carbon, and alumina, which are 
regarded as porous materials and perform 
desulfurization mainly via adsorption. The 
implementation of transition metal ions incorporated in 
these materials leads to reactive adsorption via σ–π 
bonding between metal ions and adsorbates, which 
results in enhancing their performance [5]. Bakhtiari et 
al. [6] reported the optimization of sulfur adsorption 
over Ag-zeolite nano-adsorbent with a thiophene 
adsorption efficiency close to 50 ppm for 5.53% metal 
content. Another study, the combination of 
electrochemical oxidation and solvent extraction 
approaches was suggested to reduce the sulfur content 
in condensate gasoline down to 13.1 μg/g with a 
desulfurization efficiency of 99.62% [7]. Furthermore, 
Adedibu et al. [8] synthesized zig-zag 1D coordination 
polymer of copper(II) [Cu(4-mba)2(H2O)3] and revealed 
that this complex had the potential for desulfurization of 
fuel with an observed adsorption capacity of 9.6 mg/g at 
32 0C for 6 h. More recently, the polystyrene 
nanofibrous membrane loaded by Ag+ cations can be 
employed for deep desulfurization [9]. Further, the 
desulfurization of gasoline was conducted by 
acrylonitrile electrospunned nanofibers, including lead 
nanoparticles [10]. 

Nanocomposites and nanofibers are among the 
candidates which are used for filtration and purification 
as well as composites strengthening, fuel cells, 
electronic and tissue engineering [10-12]. The high 
surface-to-volume ratio, high flexibility in 
functionalizing of surfaces, and excellent mechanical 
properties are considered as some of the important 
features related to nanofiber composites compared to 
conventional fibers. Chemical vapor deposition, 
hydrothermal technique, mechano-chemical methods 
and electrospinning are of the primary composite 
preparation methods, that among them electrospinning 
has gained attention of many scholars [13–15]. 
Electrospinning is regarded as a simple and cost-
effective approach for the synthesis of nanofibers [16, 
17]. In the recent years, many researchers have tried to 

synthesize fibrous composite for the removal/adsorption 
of nickel [18], chromate [19], methylene blue [20], 
congo red [15], methyl orange [21], protein [22], and 
mercury [23]. In view of sulfur compound removal, few 
number of studies have carried out. Desulfurization of 
gasoline using acrylonitrile electrospun nanofibers and 
lead nanoparticles led to removal efficiency and 
adsorption capacity of 93.31% and 31.4 mg S/g, 
respectively [10].     

Utilization of noble metals with nanomaterials, 
including Pt, Ag and Au could improve the capacity of 
the composite, and many scholars suggested them as a 
promising material in the field of environmental 
technology and remediation. ZnO/Ag/GO 
nanocomposite was employed for the removal of 
naphthalene, and resulted in 92% degradation of the 
pollutant [24]. Yang et al. [25] proposed ZnO/Ag 
nanocomposites for dye elimination. Ammonia 
adsorption in Ag/AgI-coated hollow waveguide was 
also reported by Jinyi et al. [26]. Another 
nanocomposite namely, biogenic Ag@Fe was utilized 
for methyl red removal and resulted in maximum 
adsorption capacity of 125 mg/g [27]. In the case of 
gases, dimethylsulfide and t-butylmercaptan removal 
from pipeline natural gas fuel by means of Ag-zeolite 
was studied [28]. Nair and J. Tatarchuk (2011) 
attempted to remove species from hydrocarbon fuels by 
supported silver adsorbents [29]. Desulfurization of 
hydrocarbon fuels was also conducted by Ag/TiO2 [30]. 
These reports are a clear demonstration of the fact that 
Ag could have superior adsorption capacity in the 
adsorption process to remove the contaminant such as 
sulfur species.    

In the current study for the first time, electrospun 
polyacrylonitrile-silver nanocomposite was synthesized 
and utilized for desulfurizing condensate. The prepared 
nanocomposite was characterized, and then employed to 
investigate the effect of time and adsorbent dosage. The 
whole process was studied by kinetics and isotherm 
models.  

 

Materials and Methods 
Materials 

The PAN powder, DMF, AgNO3 and all other 
chemicals were all purchased from Sigma Aldrich (with 
high purity) and were used without further purification. 
Distilled water was used during the study. 
 
Characterization  

First, a scanning electron microscope (FE-SEM; LEO 
440i) was used to evaluate the morphology and surface 
structure of the synthesized nanocomposite. Then, the 
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ߝ = ܴ݈ܶ݊ ൬1 +  ௘൰ܥ1

where qe (mg/g) is the amount of sulfur compounds 
adsorbed per unit mass of polyacrylonitrile/Ag at 
equilibrium; qmax (mg/g) is the maximum adsorption 
capacity of polyacrylonitrile/Ag; β (mol2/kJ2) is a 
constant related to the adsorption energy; and ε (kJ/mol) 
is the adsorption potential. The constant parameters are 
obtained from linear plot of lnqe versus ε2. 

Temkin isotherm model was proposed based on the 
adsorption energy in which states that adsorption energy 
tends to decreased linearly by occupation of the empty 
sites of polyacrylonitrile/Ag by sulfur [36]. This model 
is written as: ݍ௘ = ܴܾܶ ܣ݈݊ + ܴܾܶ  ௘ܥ݈݊

where b is called Temkin constant, relating to the 
heat of adsorption process, and A is Temkin isotherm 
constant. The parameters are calculated from slope and 
intercept of linear plot of qe versus lnCe.  

Figure 7 and Table 1 show the linear plot and 
constants of the D-R and Temkin isotherms, 
respectively. According to the obtained R2 values, it can 
be stated that Temkin was more suitable than D-R 
model. The appropriateness of Temkin isotherm over D-
R model could also be figured out by the semi-large 
difference between the maximum experimental 
adsorption capacity and D-R qm value. Furthermore, D-
R isotherm could provide substantial information 
regarding the adsorption energy, which is calculated by: ܧ = 1ඥ2ߚ 

where E is the adsorption energy (kJ/mol). Generally, 
according to E value adsorption isotherm is categorized 
into physical adsorption and chemical adsorption. 
Physical sorption processes have low adsorption energy 
that is usually lower than 8 kJ/mol [37]. In the current 
study for sulfur adsorption by polyacrylonitrile/Ag 
composite, the E value was found 23.57 kJ/mol, 

demonstration chemical interactions between adsorbent 
and adsorbate. Considering all four isotherms, it can be 
deduced that the order of isotherm fitting is as follows: 

 Freundlich > ݎ݅ݑ݉݃݊ܽܮ > ܶ݁݉݇݅݊ > ܦ − ܴ 
 
Therefore, it can be concluded that sulfur adsorption 

follows Freundlich assumptions.  Finally, as shown in 
Table 2, a comparison was made between the 
desulfurization performances of the nanocomposites 
developed in the present study with those of the 
previous reports. As shown, the adsorption capacity of 
nanofiber described in this work is considerably higher 
than those in previous reports, which demonstrates its 
higher adsorbent ability for desulfurizing the gas 
condensate. 
 
Kinetic studies 

The rate of chemical reactions states how fast the 
system is working, and could highly affect the in-situ 
operational parameters. Accordingly, kinetic models are 
categorized into two different groups, providing 
different insights regarding the reactions. The first 
group, called solute concentration-based, considers the 
fluctuation of the adsorbate concentration regardless of 
the adsorbent presence. This approach intends the initial 
and final concentration of the sulfur compound in the 
solution. In another perspective, the mass of the 
adsorbent and sulfur concentration changes is 
considered, known as adsorbent dosage-based models.  

Among solute concentration-based models, first 
order and second order equations have been utilized in 
many investigations. First and second order rate 
equations are expressed as follow [38]: ݈݊ܥ௧ = ଴ܥ݈݊ − ௧ܥ1 ݐଵܭ = ݐଶܭ +  ଴ܥ1

where Ct (mg/L) and C0 (mg/L) refer to concentration 
of sulfur at time t and initial sulfur concentration, 
respectively. K1 and K2 are the constant parameters of 

 
Table 2. Comparison of the adsorption capacity of thesynthesized PAN/Ag nanofibers with other works in desulfurization 
proccess 

Adsorbent Adsorption capacity 
(mg/g adsorbent) 

Reference 

30 wt% Ni/SBA-15 with a low-sulfur diesel 1.7 [44] 
Nickel nanoparticles inside the mesopores of MCM-41 b 1.67 [45] 
Pelletized Ce–Y zeolites 0.86 [46] 
30 wt% Ni/SBA-15 1.7 [47] 
Ni-based adsorbent 14.2 [48] 
ACFH–Cu+ 19.0 [49] 
Graphene-like boron nitride 28.17 [50] 
PAN–ABS–Pb 31.4 [10] 
PAN/Ag nanofiber 102 In this work 
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polyacrylonitrile/Ag nanocomposites was placed in 10 
mL of gas condensate with the total sulfur 150 mg/L 
and the total sulfur content was reached to 90 mg/l (40% 
adsorption) after 30 minutes. Then, the nanocomposites 
were placed under hydrogen gas purge for 10 minutes 
and again the same nanocomposites were inserted into 
10 mL of gas condensate with 150 mg/L total sulfur 
content, and the total sulfur content was reached to 110 
mg/L (26.7% adsorption) after 30 minutes. Based on the 
results, the nanofibers were recovered and the sulfur 
compounds were adsorbed again by the nanofibers 
under the hydrogen gas purge, indicating their good 
recoverable behavior.  

Finally, it is fair to suggest that the prepared material 
in the current study for desulfurization, has an 
appropriate removal/adsorption efficiency as well as the 
synthesis procedure is simple and cost-effective.    
 
Conclusion 

In this work, polyacrylonitrile/silver nanoparticles 
nanocomposite was prepared for the first time to adsorb 
sulfur contents in gas condensates. XRD peaks revealed 
that Ag nanoparticles were available in the composite 
and SEM images showed that the fibres were 
synthesized very well. These nanofibers are connected 
to each other at different points, which are not 
completely separate. It was found that by increasing the 
contact time and adsorbent dosage, desulfurization 
enhanced and got higher performance. Furthermore, 
lower concentration of sulfur compounds was beneficial 
in terms of adsorption/removal. Based on the results in 
adsorption isotherms, the adsorption of sulfur 
compounds was followed by Freundlich isotherm. Such 
behavior was ascribed to heterogeneous nature of the 
polyacrylonitrile/silver nanoparticles that tend to 
establish chemical bonds with the sulfur compounds. 
The energy of the adsorption calculated by Dubinin-
Radushkevich equation also stated identical deduction 
by showing the process to be chemical-based sorption. 
Further, kinetic studies indicated that desulfurization by 
using nanocomposite follows pseudo-second-order 
kinetics. Furthermore, the adsorbent column studies 
confirmed the usability of desulfurization process with 
polyacrylonitrile/Ag nanocomposite with a good 
recovery performance. Finally, the unique adsorbent 
ability and simple synthesis makes it a good candidate 
for industrial applications. 
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