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Introduction
The most Pollutants such as volatile organic 
compounds (VOCs, BTEX)and semi-volatile 
compounds (SVOCs, Di-nitrotoluene) release to 
air and environment by various industrial processes 
and human activity such as petrochemical facilities, 
motor vehicles, metal processing/finishing 
industries, gas stations, and energy sectors. 
Transport-derived emissions of volatile organic 
compounds (VOCs) have decreased owing to 

stricter controls on air pollution.  The high fraction 
of volatile chemical products (VCP) emissions is 
consistent with observed urban outdoor and indoor 
air. VCP contribute fully one-half of emitted VOCs 
in industrialized cities. Based on previous study, 
the toluene concentration was the most predominant 
among all the targeted compounds in air. So, removal 
of toluene from air is very important  [1-5]. These 
compounds (VOCs) are associated with allergies 
and adverse respiratory effects [6] and some of them 
have been classified as carcinogenic to humans 
(benzene, formaldehyde) by the International 
Agency for Research on  cancer[7] . A complex 
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A B S T R A C T
A new sorbent based on mixture of bismuth oxide-fullerene nanoparticles 
(Bi2O3-NF) was used for degradation/removal of toluene from workplace 
and artificial air by UV-photocatalytic oxidation method (UV-PCOM). 
By set up of  pilot, standard gas of toluene was generated with difference 
concentrations, and then was passed through UV lamp-glass quartz cell 
accessory(UV-GQC) by SKC pump at optimized flow rate. Following the UV 
irradiation, the electrons and holes can undergo redox reactions with toluene 
on the Bi2O3 surface that lead to the formation of toluene intermediates and 
toluene. Toluene and intermediates was physically and radically absorbed 
on the 200 mg of NF at room temperature and then, desorbed from it at 185 
OC before determined by GC/FID. In optimized conditions, the adsorption 
capacity and removal efficiency of NF were obtained 212 mg g-1 and 
more than 95%, respectively. The chemically absorption mechanism of 
toluene on NF was mainly obtained due to radically group of NF (OHo, 
COo) with methyl of toluene (CH2

o) and physically adsorption depend on 
characterization of NF. In addition the flow rate and temperature had highly 
impact on NF for removal efficiency and absorption capacity of toluene 
from workplace and artificial air.
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combination of physicochemical and biological 
phenomena takes place to finally convert pollutants 
into innocuous compounds (mostly CO2, H2O and 
biomass)[8].The accumulation of VOCs is the 
greatest problem in air atmospheric pollutions with 
cars or industrial activity. The BTEX pollutants 
(benzene, toluene, ethylbenzene and xylenes) 
generated in air by gasoline combustion in car 
engines and caused a risk to human health[9]. The 
BTEX have a carcinogens effect in humans. They 
readily volatilized and distributed over large regions 
of air and have important role in photochemical 
oxidants and organic aerosols[10]. Among various 
types of VOCs, toluene is one of the most commonly 
used substances in industry and commerce as a 
solvent in paints, siliconesealants, many chemical 
reactants, rubber, printing ink,adhesives (glues), 
lacquers, leather tanners, and disinfectants[11, 12]. 
Most of VOCs are regarded as toxic compounds 
for human beings and the environment. symptoms 
associated with exposure to VOCs include eye 
irritation, nose and throat discomfort, headache, 
allergic skin reaction, nausea, fatigue, or dizziness, 
nervous system effects, liver toxicity, cancer[13, 
14]. If inhaled or contacted, toluene can cause 
dermatitis (dry, red, cracked skin) and damage 
the nervous system and kidneys[12, 15]. The 8-h 
time-weighted average (TWA) for occupational 
exposure to toluenein accordance with ACGIH, 
OSHA, NIOSH methods is respectively 50, 
200 and 100 ppm. Therefore, toluene emission 
control has become more stringent. Growing 
concerns on exposure to toxic air pollutants has 
led to intensive search for the best available 
technology for remediation of air pollutants[16, 
17]. A number of physical, chemical and biological 
technologies such as membrane separation[14] 
،adsorption[18], catalytic oxidation[19]  and 
advanced oxidation[20] have been developed to 
remove VOCs successfully. The control of toluene 
emission is often accomplished by catalytic 
oxidation or adsorption. The adsorption process is 
widely used  as a simple and effective operation[21].
Adsorption of VOCs by activated carbon (AC) 
has proven to besustainable, environmentally 

friendly, economical and efficient which makes it 
the most commonly used technique[22]. Toluene 
removal by adsorption is the traditional method 
for cleaning air contaminants [23-25]. However, 
the use of adsorbents just transfers pollutants 
from the gaseous phase to the solid phase and 
causes a disposal and regeneration problem[15]. 
Many studies have been done to remove toluene 
using carbon adsorbent such as activated 
carbon fibers (ACFs)[22], NaOCl oxidized 
carbon nanotubes[26], Zeolite[15],Nano-
graphene modified by ionic liquid[27] . 
Buckminsterfullerene(C60) a hydrophobic 
molecule comprise a class of nanomaterials that 
are made of a newly discovered allotrope of carbon 
and  composed of 60 carbon atoms arranged in a 
hollow spheres, ellipsoids, or tubes spherical shape, 
has gained wide application in many industries, 
including biomedical technology, electronics, 
optics, and cosmetics[28-30]. In recent years, 
advanced oxidation processes have been considered 
as a way to pollute organic pollutants. These 
methods are based on the production of highly active 
species such as hydroxyl radicals (OH0) that can 
oxidize a wide range of organic pollutants. Among 
the advanced oxidation processes, heterogeneous 
photocatalytic are used as a successful method 
for the analysis of organic pollutants[31-33]. 
Degradation of volatile organic compounds 
such as, o-xylene, n-hexane, n-octane, n-decane, 
methylcyclohexane and 2,2,4-trimethylpentane in 
the gas phase by heterogeneous photocatalysis with 
titanium dioxide/ultraviolet light was achived at 52-
62OC. in this way, devices based on heterogeneous 
photocatalysis do not need flame for VOC oxidation, 
this will allow it to be installed safely even in areas 
vulnerable to fire and explosion[34, 35]. In this 
study, the UV-PCOM based on Bi2O3-NFwas used 
for efficient removal of toluene from air. The Bi2O3/
UV irradiation increased the removal efficiency of 
toluene from air by chemically adsorption of NF. 
Experimental parameters such as concentration, 
UV irradiation, temperature, the value of Bi2O3-
NF, flow rate, contact time, desorption, absorption, 
and repeatability were studied and optimized. 
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The performance of the proposed method was  
evaluated.

2. Experimental
2. 1. Instrumental:
Gas chromatography (GC) was used for
determination of toluene in air (Agilent,
Netherland). The FID detector was selected for
toluene analysis in air/gas. The polyethylene tubes
(PET) are simple devices that introduce a pure air
stream from electro air cleaner (EAC, Canada,
model HEPA 600M) into bags. Adjusted valves
are used to control of gas flow rate from Germany.
For sampling, the air bags, septum port and air
sampling apparatus were used. GC equipped with
a split/splitless injector, FID, and a column coated
with cross-linked polydimethylsiloxane gum
(50 m × 0.2 mm id.). For determining of toluene
with GC, The temperature of injector and detector
was adjusted to 200°C and 2700°C, respectively.
The temperature of oven was tuned from 50°C to
240°C which was held for 10 min. Hydrogen as the
carrier gas was used at a flow rate of 1.0 mL min-1 

with split ratio of 1:100. The different volumes of
glass vials (10-200 mL, Aldrich, Germany) with
air tight cap (PTFE) were used in batch or static
system. The polyethylene tubes and bags were
used as a transport and storage of air in static/
dynamic system. TGS 2180 (China) and Dräger
Pac 3500 (Lübeck, Germany) detectors were used
for continuous measurement of H2O vapor and
O2 concentrations in gas fluid, respectively. The
TGS detector has high sensitivity to water vapor
and its conductivity depends on absolute humidity
(0.7~150 gm-3). Preheat of tubes and bags caused to
capture water droplets. The toluene evaporated from 
chamber accessory, mixed with purified air and
introduced to bags. For validation of methodology,
the concentration of toluene in polyethylene bags
was determined by GC-MS before and after passed
through Bi2O3-NF. The quartz glass tube (QGT,
10 cm) as a column sorbent was used for Bi2O3-
NF.  In this study, QGT with 0.4 cm diameter and
10 cm length was filled with 200 mg of Bi2O3-
NF. The gas tight syringes (SGE) were used for

sampling of toluene and injection to GC.  In this 
study, toluene generation system, QGT, PET, bags, 
electric power supply accessory (50-280 VAC, 10A, 
20-800 oC, Italy), pneumatic valves (Germany) and
Ar gas were used for evaluation of toluene removal
from air. The accuracy of results was achieved by
injecting a standard concentration of toluene in the
chamber accessory before determined by GC-FID/
GC-MS.

2.2. Reagents and solutions
All reagents with high purity and analytical grade 
were purchased from Merck and sigma Aldrich 
(Darmstadt, Germany). All aqueous solutions were 
prepared in ultra-pure deionized water (R≥18 MΩ 
cm-1) from Milli-Q plus water purification system
(Millipore, Bedford, MA, USA). The analytical
grade of toluene solution was purchased from
Sigma Aldrich, Germany (CAS N: 108-88-3,
99.8%). For calibration of toluene, the approximate
concentrations of toluene in methanol were prepared 
by 0.1, 0.2, 0.3, 0.4, 0.5, 1.0, 2.0, and 5.0% (v/v).
The analytical grades of other reagents such as,
HNO3, HCl, methanol, ethanol and acetone were
prepared from Merck (Germany).  Bismuth nitrate
(Bi (NO3).5H2O), sorbitol and distilled water used
for the preparation of Bi2O3 nanoparticles. Bismuth
nitrate (CAS N: 383074) and sorbitol (CAS N: 50-
70-4) were purchased from Sigma Aldrich.  The
solutions were freshly prepared and stored just in
a fridge (4 °C) to prevent decomposition. All the
laboratory glassware and plastics were cleaned by
soaking in nitric acid (10%, v/v) for at least 24 h
and then rinsed with deionized water before use.

2.3. Synthesis bismuth oxide and fullerene 
nanoparticles
Bismuth oxide nanoparticles (BONPs) were 
prepared by special solid dispersion evaporation 
technique (SDAT) with carrier solutions such as 
sorbitol and flame sprays pyrolysis technique 
(FSPT) by organodimethicone (ODIM). By 
SDAT Synthesis, 5 g of solid bismuth nitrate [Bi 
(NO3).5H2O] dissolve in carrier solutions (5 ml) 
and stirred for 20 min at room temperature followed 
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by sonication at 25 ºC in an ultrasonic bath (40 kHz 
and 100 W). The mixture was diluted with 10 mL 
of distilled water and put on heater magnet stirrer 
plate for 30 min. The pH of sample solution was 
optimized up to 7 and no precipitation was occurred 
during processes. The oven provided programmable 
heating up to 90–110 ºC for 50 min. Then dark 
brown sediment was formed after the evaporation 
of water. After 1 hour yellow sediment was formed 
in  550–600 ºC and nano particles is decomposed at 
800 -1200 ºC. In order to obtain pure BONPs and 
remove the metal nanocatalysts, the product was 
stirred in 18% HCl solution for about 16 h at an 
ambient temperature. Then, the sample was washed 
repeatedly (10N) with deionized water until the 
solution became neutral. The treated product was 
finally dried in oven at 100 ºC. So, bismuth nitrate, 
sorbitol and distilled water used for the preparation 
of Bi2O3 nanoparticles medical grade by proposed 
procedure. For synthesis of fullerene (NF), fullerene 
soot (FS) was purchased from Sigma-Aldrich and 
pure fullerene (NF) was achieved with activated 
carbonand silica gel (TEM size: 30-100 nm) [36]. 
The pure fullerene (C60) from fullerene soot (FS) 
was done by two methods. By first procedure, 
a Soxhlet extractor with toluene was used for 
separation of light and heavy fullerenes (Fig. 1). 
The electric arc was used for producing of FS with 
low purity up to 7%. The second way was obtained 

by column chromatography with stationary phase 
and mobile phase of activated carbon/ silica gel and 
chlorobenzene, respectively.

2.4. Characterization 
The morphology of the mesh sorbent Bi2O3 and NF 
was examined using scanning electron microscopy 
(SEM, Phillips, PW3710, Netherland) and 
transmission electron microscopy (TEM, CM30, 
Philips, Netherland). The nanoparticle powder of 
Bi2O3 is dissolved in water or ethanol with ultrasonic 
bath and after drying, was prepared for TEM in 
scale of 50-100 nm. The elemental composition 
of the samples was tested by energy dispersive 
X-ray microanalyser (EDX, QuanTax 200, Rontec,
Germany) which was attached to SEM. X-ray
diffraction (XRD) patterns for Bi2O3 nanoparticles
were recorded by a GBC MMA diffractometer
with beryllium-filtered Cu Kα radiation (1.55Å)
operating at 35.3 kV and 30 mA. FT-IR 8400
(Kyoto, Japan); UV–vis spectrophotometers
Scinco S-2100 (SCINCO, Twin Lakes, WI, USA),
NMR Jeol 90 MHz (JEOL Ltd., Tokyo, Japan),
and rotary evaporator (Heidolph Laborota 4000,
Schwabach, Germany) were used for nanofullerene
(NF) characterization.

2.5. Removal Procedure
The concentration of toluene vapor in pure air was 

Fig. 1. The schema of light and heavy fullerenes
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prepared by pilot chamber (Fig. 2). The toluene 
vapor was generated by and mixed with pure air 
(210 mL of O2 per L; 2.5 mL of H2O per L) at 25oC. 
This mixture was restored in polyethylene bag (5 
Lit) and toluene was determined by GC-MS and 
GC-FID. Based on producer, in bath scale set up, 
10 mL of standard solutions of toluene (40-100 mg) 
was convert to vapor gas and mixed to pure air and 
then pass through silica gel and Bi2O3  nanoparticles 
with flow rate of 500 mL min-1 at 10 min which was 
irradiated by UV in quartz glass tube (QGT). Then, 
toluene and intermediates was absorbed on NF by 
physically and radically formation. Finally, toluene 
and intermediates desorbed from NF at 185OC 
before determined by GC/FID. For validation of 
methodology, GC-MS and spike of sample was 
used. This method can be applied for toluene 
removal from artificial and workplace air.

3. Results
In this research, Bi2O3-NF was used for efficient 
removal of toluene from air. The Bi2O3 based on UV 
irradiation can be increased the removal efficiency 
of toluene from air by radically adsorption. The 
characterization of Bi2O3/NF such as TEM, SEM, 
XRD, XRD and IR was prepared. The important 
parameters include, toluene concentration, intensity 
of UV irradiation, temperature, the mass of Bi2O3-
NF, flow rate, time and repeatability were studied 

and optimized.

3.1. TEM, SEM, XRD and IR
The results of synthesis for Bismuth oxide 
nanoparticles have been obtained in a series 
of scanning electron microscope (SEM) and 
transmission electron microscopy (TEM) images. 
It was clarified that the size of nanoparticles are 
obtained below 100 nm. The TEM and SEM images 
of Bi2O3 have been demonstrated in figure 3 (a, b). 
SEM and TEM of fullerene nanoparticles (NF) was 
shown in figure 4(a, b) which was between 50-100 
nm. The XRD of Bi2O3 and NF was shown in figure 
5 a and 5b, respectively. The IR of NF (C60) was 
shown in figure 6. 

3.2. The effects of humidity 
The concentration of toluene vapor in pure air was 
prepared at 25oC (210 mL of O2 per L; 2.5 mL of 
H2O per L). This mixture was restored in 5 Li of 
polyethylene bag. Finally, toluene vapor in pure air 
was removed from air by UV-PCOM method. By 
procedure, the effects of humidity on adsorption 
capacity of Bi2O3-NF in QGT were examined in 
different humidity (10-60%). The value of humidity 
in the pilot chamber was adjusted by the water 
tank valve by auto electronic system in present of 
silica gel. By increasing of humidity more than 
40%, the removal efficiency of Bi2O3-NF was 

Fig. 2. The pilot of toluene vapor generator in pure air and adsorption procedure
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Fig. 3a. TEM picture of Bi2O3 Fig. 3b. SEM picture of Bi2O3 

Fig. 4a. TEM picture of NF

decreased (Fig. 7). The Previous study showed 
that the trap device packed with silica composite – 
multi walled carbon nanotubes (MSN-MWCNTs) 
prepared based on sol–gel technique was used 
for evaluation of volatile organic compounds at 
20% humidity. Increasing of humidity may be 
reduced the adsorption active sites on NF which 
was occupied by water (-OH). On the other hand, 
the nanoparticles of NF stick together with water 
molecules increase in size and decrease of surface 

 Fig. 4b. SEM picture NF 

area. All examinations were achieved by toluene 
concentration (40 mg L-1), flow rate (500 mL min-

1), temperature (25oC), and 200 mg of Bi2O3-NF. 
In optimized condition, the 20% humidity had low 
effects on toluene removal from air less than 5%. 
Also, the results showed us, the humidity had lower 
effect than temperature. 

3.3. The effect of toluene concentration
By optimizing conditions, the toluene removal 
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from air based on Bi2O3-NF was studied in different 
toluene concentration from 10-100 ppm (mg L-1). 
The high surface area in NF based on UV lamp-
glass quartz cell accessory (UV-GQC) caused to 
increasing of the adsorption capacity for toluene 

removal from air. At high concentration of toluene, 
the Bi2O3-NF can be acted as a favorite sorbent. 
The optimum of toluene concentration for removal 
efficiency (>99%) with 200 mg of Bi2O3-NF, NF, 
Bi2O3 was achieved, 42.4 mg L-1, 20.6 mg L-1 

Fig. 5a. XRD spectra of NF  

Fig. 5b.  XRD spectra of Bi2O3

Fig. 6. The IR spectra of NF
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and 2.3 mg L-1 in 25oC, respectively. The results 
showed, in optimized concentration, the Bi2O3-
NF had more adsorption capacity and removal 
efficiency than others. 

3.4. The effect of temperature
The temperature has a main factor for removal 
efficiency of toluene from air by Bi2O3-NF. As 
prevent to condensing toluene, the special thermal 
accessory was used in pilot chamber for heat 
controlling up to 115°C. The column of QGT was 
used at below 45oC. The effect of temperature was 
studied between 20─200 OC. The results showed us, 
the absorption recovery of Bi2O3-NF was depended 
to temperature. Desorption of toluene from Bi2O3-
NF was occurred at 185oC. In optimized conditions, 
the removal recovery for toluene based on Bi2O3-NF 
was more than NF up to 45oC (Fig. 8).  Sone et al 
showed that the adsorption of toluene was decreased 
by increasing temperature. Increasing temperature 
more than 50oC had negative effects on removal 
efficiency of Bi2O3-NF and had more effected on 
humidity. In this study, the adsorption capacity of 
Bi2O3-NF and NF has obtained 212 mg g-1 and 99.6 
mg g-1, respectively. Other parameters such as, the 
surface area, flow rate, kind/ porosity/ source/ size 
sorbent and chemical and physical adsorption can 
be affected on removal of toluene from air. The 
low adsorption capacity of nanosorbents related to 

greater amounts of amorphous structure with low 
surface area or increasing of temperature. 

3.5. The effect of sorbent mass 
The amounts of Bi2O3-NF (1:1) as a sorbent in the 
range of 20 to 300 mg were tested on the recoveries 
of toluene removal from air at 25oC. It was found 
that 220 mg of Bi2O3-NF was sufficient for 
quantitative recoveries of toluene removal from air. 
Extra mass of Bi2O3-NF had no significant effect 
on the efficient removal of toluene vapor in air. So, 
200 mg of Bi2O3-NF was selected as an optimized 
mass sorbent by UV-PCOM. Also, the Bi2O3 and 
NF and Bi2O3-NF had maximum recovery up to 
5.1% and 48.4% and more than 95%, respectively. 
These results confirm that the radically group of 
NF (OHo, COo) with methyl of toluene (CH2o) had 
important role for removal of toluene in present of 
Bi2O3 by UV-PCOM. 

3.6. The effect of flow rate
    The flow rates were optimized in order to obtain 
the maximum recovery by proposed method. So, 
the effect of different flow rates between 100 to 
1000 mL min-1 was examined by Bi2O3-NF at room 
temperature. The flow rate was measured by a digital 
rotameter in input and output of QGT in optimized 
conditions. The results showed us, the removal 
efficiency and adsorption capacity of Bi2O3-NF 

Fig.7. The effects of humidity on toluene adsorption by silica gel/ Bi2O3-NF
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was decreased in more than 550 mL min-1 of flow 
rate. So, 500 mL min-1 of flow rate was selected as 
optimum flow rate for removal of toluene in air. 
Higher flow rate was significantly decreased the 
adsorption recovery of Bi2O3-NF. Based on results, 
the maximum of toluene adsorption by exterior and 
interior sites of NF was obtained at less than 500 
mL min-1. Figure 9 show the effects of difference 
flow rate on the removal efficiency and adsorption 
capacity in optimized conditions. 

3.7.  Method Validation
Due to obtained Results, the Bi2O3-NF was 
selected as a novel sorbent for removal of toluene 
vapor from air. By proposed method, a mixture of 
10─100 ppm of toluene vapor which was generated 
by pilot, storage in PE bag (5 L). Then, the mixture 
of toluene in artificial air moved to Bi2O3-NF in 
present of argon gas as a carrier gas. The different 
standard of toluene (mg) in air was validated by 
high sensitive and accurate GC-FID/GC-MS before 
using by UV-PCOM. Since no certified reference 

Fig. 8. The effects of temperature on toluene adsorption and desorption from Bi2O3-NF

Fig. 9. The effects of flow rate on toluene removal by Bi2O3-NF and NF 
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material (CRM) for toluene in air are currently 
available, the spiked of toluene concentration (10-
100 ppm) were used for validation of proposed 
method. At optimized conditions in 5 and 10 
minute, 20 ppm and 40 ppm of toluene vapor in 
air was almost removed by Bi2O3-NF, respectively 
(bag 5 L). The efficient recovery of spiked samples 
is satisfactorily reasonable which indicates the 
power ability of UV-PCOM based on Bi2O3-NF for 
removal of air toluene. After thermal desorption of 
Bi2O3-NF in QGT, the toluene concentration was 
on-line determined by GC-FID. The validation of 
methodology was confirmed using GC-MS (Table 
1, 2). 

4. Discussion
Volatile organic compounds (VOCs) are released 
from various sources  such as chemical processing 
industries involved with the manufacturing, 
handling, and the distribution of paints, lubricants, 
and liquid fuels  and are unsafe for human health are 

known to have  and environmental functions[37]. 
The numerous VOC treatment technologies have 
emerged, such as incineration, condensation, 
biological degradation, absorption, adsorption, and 
catalysis oxidation. One of the common techniques 
to monitor  BTX in ambient air is the use of a 
sorbent/solvent for the trapping and extracting of 
VOCs from air or gas[38]. In this study, the toluene 
removal from air was investigated based on mixture 
of bismuth oxide-fullerene nanoparticles (Bi2O3-
NF) by UV-photocatalytic oxidation method (UV-
PCOM). The obtained results showed that flow 
rate and temperature had highly impact on NF 
for removal efficiency and absorption capacity of 
toluene from air. Many researchers investigated 
on toluene removal from air based on various 
absorbents. The removal of toluene from air 
through Nano-graphene modified by ionic liquid 
(NG-IL) was studied. In this study the effect of 
different conditions such as; toluene concentration, 
humidity, and temperature on the adsorption were 
investigated. The results showed the adsorption 

Table 1. Method validation based on by spike of toluene concentration in artificial air by Bi2O3-NF/GC-FID (mg L-1)
Tolene a Bag of pilot Spike of toluene Results b Recovery (%)
1.0 0. 93 ± 0.04 1.0 1..79 ± 0.05 96.2
5.0 4.58 ± 0.27 5.0 8.89 ± 0.46 97.1
10.0 9.43 ± 0.53 5.0 14.19 ± 0.65 101.2
15.0 14.39 ± 0.75 10.0 22.54 ± 1.23 94.6
20.0 19.70 ± 0.96 10.0 28.57 ± 1.33 98.2
25.0 24.65 ± 1.14 15.0 40.11± 2.16 102.7

a  (Floe rate 500 mL min-1, Peak Area of GC-FID, 200 mg, T=45oC)
b (Mean of three determinations ± confidence interval, P = 0.95; n = 5)

Table 2. Comparing of Bi2O3-NF, Bi2O3 and NF for removal of toluene from artificial air by GC-FID/GC-MS (mg L-1) 

Sorbent* Bag Added GC-FID a GC-MS a GC-FIDRecovery (%) GC-MS Recovery (%)

NF 5.0 ----- 2.34± 0.02 2.45± 0.02 46.8 49.0
5.0 4.53± 0.03 4.78± 0.04 43.8 46.6
10.0 6.68± 0.04 7.09± 0.05 43.4 46.4

Bi2O3-NF 5.0 ----- 4.88± 0.05 4.93± 0.06 97.6 98.6
5.0 9.71± 0.09 9.77± 0.10 96.6 96.7
10.0 14.95± 0.15 14.64± 0.16 101.1 97.1

Bi2O3 5.0 ----- 0.74± 0.03 0.77± 0.04 1.5 1.5
5.0 1.43± 0.07 1.51± 0.05 1.4 1.5
10.0 2.24± 0.12 2.33± 0.09 1.5 1.6

a (Mean of three determinations ± confidence interval , P = 0.95; n = 5)
* (500 mL min-1 air flow rate, 200 mg, T=45oC)
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capacity was decreased by raising the sorbent 
humidity above 50 percent and the toluene capture 
capacity for NG-IL was 126 mg g-1 which was 
lower than Bi2O3-NF [27]. By UV-photocatalytic 
oxidation method, the capacity of toluene 
absorption with Bi2O3-NF was 212 mg g-1 which 
was depended to UV-photocatalytic oxidation. 
Lillo-Ródenas showed that the removal percentage 
for toluene also may depend on porosity and the 
surface chemistry of adsorbent. They showed that 
adsorption capacities  for benzene and toluene was 
obtained 34 g per 100 g activated carbon(AC) and 
64 g per 100 g, respectively which is lower than 
Bi2O3-NF by UV-PCOM [39]. Surface chemistry 
of activated carbon has an important  role on the 
removal of aromatic compounds in air  because it 
affects both electrostatic and dispersive interactions 
between adsorbents and adsorbates [40].  In 
proposed method,  the chemically absorption of 
toluene on NF mainly obtain due to radically group 
of NF (OHo, COo) with methyl of toluene (CH2o). 
Rezaei et al. have been used as complex system 
of nano-particles of titanium dioxide on exposing 
them by ultraviolet radiation. The results showed 
titanium  dioxide  nanoparticles  when  subjected  to 
ultraviolet  radiation  ,exhibit  strong  oxidizing  and 
regenerative properties and can be used to remove 
toluene vapors in  high concentrations but it need 
more  time  for  adsorption  process   and titanium 
dioxide nanoparticles is expensive as compare to 
carbon compounds [41]. In addition, the use of a 
suitable adsorbent according to the type of sorption 
can be helped for removal toluene from air. Ichiura 
at el. has suggested a sorbent based on zeolite or 
activated carbon as a photocatalyst bed  to improve 
the efficiency  of adsorption with higher recovery 
[42]. 
Shojaee  showed that ZSM-5 has a porous surface 
with surface area of 356.4 m2 per gram. That 
after the calcination at temperature of 450°c it 
decreased to 332.5m2 per gram. The results of the 
photocatalytic degradation process showed that 
the best performance of ZSM-5/TiO2 bed was 
at concentration of 50 ppm, so that was able to 
remove %42 toluene vapors which was lower than 

Bi2O3-NF [43,44]. According to obtained results, 
removal of toluene from air based on Bi2O3-NF / 
UV-PCOM was very rapid and absorption capacity 
increased up to 212 mg per gram. Rezaee et al. 
studied on the potential of MnO/GAC and MgO/
GAC composites for toluene adsorption from 
air stream. They showed that, by increasing inlet 
toluene concentration from 100 to 400 ppm, the 
breakthrough time of MgO/GAC and MnO/GAC 
was decreased [45]. So, the proposed method based 
on Bi2O3-NF had many advantages such as, high 
efficiency, simple, low cost for toluene removal 
from air as compared to other methods.   

5. Conclusions
In this study, the removal of toluene from air was 
obtained based on Bi2O3-NF and UV-PCOM. 
By procedure, many advantages such as, high 
efficiency, high capacity, low cost, simple and fast 
adsorption was achieved. In optimized conditions, 
toluene concentration, Bi2O3-NF mass, temperature 
and flow rate were evaluated. The capacity of 
sorbents, recovery, and removal efficiency of 
Bi2O3-NF, Bi2O3 and NF was studied by CG-FID 
and GC-MS. Based on the results, the recovery of 
Bi2O3-NF was more than Bi2O3 and NF sorbents. 
Also, the maximum adsorption of toluene was 
achieved with 200 mg of Bi2O3-NF by flow rate 
of 500 mL min-1 (450C). Thermal accessory was 
used for toluene desorption from Bi2O3-NF at 180 
oC.  Due to characteristics of Bi2O3-NF based on 
physically and radically adsorption, toluene was 
efficient removed from air by proposed method. 
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