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ABSTRACT

Introduction: Volatile organic compounds (VOCs) are hazardous toxic pollutants in the air, which are
released from various industrial sources. Due to the adverse effects of xylene on health, the effective
removal of VOCs from the air by nano sorbents is crucial. In this study, nanographene (NG) and
nanographene oxide (NGO) were used as adsorbents to investigate the efficiency of xylene removal.

Material and Methods: In this study, in order to investigate the absorption efficiency of nanographene
and nanographene oxide after the synthesis of nano absorbents in a dynamic system, xylene vapor
was produced in a chamber in pure air and stored in a Tedlar sampling bag and then transferred to the
adsorbent. Subsequently, the effect of various parameters such as xylene concentration, inlet air flow
rate, and absorbent mass values at 32% humidity and 25°C temperature on the absorption rate and
performance of the desired absorbents was investigated. Finally, the gas chromatographic flame ion
detector (GC-FID) determined the concentration of xylene in air after the adsorption-desorption process.

Results: The average adsorption efficiencies for NG and NGO were found to be 96.8% and 17.5%,
respectively. The characteristics of the NG and NGO adsorbents indicated that the particle size range was
less than 100 nanometers.

Conclusion: The results demonstrated that the adsorption efficiency of NG for the removal of xylene
from the air is higher than that of NGO. The GC-MS method validated the proposed approach in real air
samples.
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Thus, efficiently removing VOCs from the air by

Volatile organic compounds (VOCs) are nano adsorbents is important. Considering that
hazardous and toxic pollutants present in the air the release of these compounds is increasing in
and are released from various industrial sources. developed countries and on the other hand there

are restrictions on the release of them, the control
* Corresponding Author Email: fgolbabaei@tums.ac.ir of Xylene emission is crucial. Among recovery
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methods, absorption is one of the most desirable
and effective method with low cost and high
efficiency.

Among carbon absorbents, graphene is a two-
dimensional base material of hexagonally arrayed
carbon atoms consisting of graphite, which has
favorable properties such as high theoretical
specific surface area (up to 2620 m2/gr), light
weight, small size and superior electrical, thermal,
and mechanical properties. Also, it can absorb
chemical materials with a benzene ring such
as xylene, so it has made graphene an excellent
absorbent for xylene.

Graphene oxide is one of the most important
derivatives of graphene, it has a high surface area,
excellent conductivity and strong mechanical
resistance.

In this study, the absorption efficiency of xylene
is investigated using Nano graphene and Nano
graphene oxide adsorbents in a dynamic system
and the effect of flow rate, amount of adsorbent,
and concentration of xylene on it is studied and
optimized.

2. MATERIAL AND METHODS

In this experimental-analytical study, the
removal efficiency of xylene vapors on Nano
graphene and Nano graphene oxide in the dynamic
system from the air was studied. The synthesis
of NG and NGO was carried out at the Iranian
Research Institute of the Petroleum Industry. In
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this study, according to the NIOSH method, 14
solutions of xylene from 10-3000 ppm as standard
calibration were prepared. For validation, the
standard concentration of xylene was injected
by syringe into the chamber, and the final xylene
concentration in the PE bags was determined by
GC-MS. Finally, according to the peak areas of
injecting different xylene concentrations into the
injector of GC, a calibration curve was obtained.

In this study, different concentrations of
xylene were injected by syringe into the chamber
in presence of pure air. Then, the micro personal
sampling pump (SKC, 20-300 ml min-1) in different
flows passed the air containing xylene from the
chamber into a stock sampling bag (1-5L). Then Air
containing xylene was moved to the sorbents Nano
graphene and 200 ml min-1 for Nano graphene
oxide. The amount of absorbent mass in each test
was considered to be 10, 20, and 30 mg for Nano
graphene and 200 mg for Nano graphene oxide.
The Repeatability of NG was investigated too.

3. RESULTS AND DISCUSSION

The particle size of NG and NGO was obtained
below 100 nm by SEM and 30 nm by TEM. Also,
XRD images showed a cubic structure of NG and
NGO. The mean adsorption efficiencies for NG and
NGO were obtained 96.8% and 17.5%, respectively.
In this study, the effect of xylene concentration, flow
rate and adsorbent mass were investigated (Figl,2).
The results showed that increasing the amount
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Fig. 1: The combined effect of concentration and adsorbent amount on efficiency
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Fig. 2: The eftect of air flow rate and amount of adsorbent mass on the absorption efficiency of nanographene adsorbent

Table 1: Adsorption efficiency of nanographene and nanographene oxide in different concentrations

row Adsorbent xylene concentration (ppm) air flow rate (mL/min) adsorbent mass (mg) efficiency (%)
1 NG 50 50 10 95.3
2 NG 100 50 10 94
3 NG 150 50 10 92
4 NG 200 50 10 90.1
5 NGO 200 200 100 14
6 NGO 200 50 100 21

of adsorbent and decreasing the concentration
enhanced the removal efficiency of NG. Similarly,
increasing the adsorbent mass while decreasing
the airflow also led to an increase in NG removal
efficiency. In other words, the absorption efficiency
was higher at lower concentrations and flow rates.

The results of this study showed the maximum
absorption efficiency of Nano graphene and
graphene oxide for removing xylene from the air was
96.8% and 21% respectively (Table.1). According to
similar studies, the absorption efficiency of toluene
from the air was 97.3 and 23.5 for NG and NGO
respectively. This indicates the low absorption
efficiency of graphene oxide for BTEX compounds.
This variation is due to the difference in surface
structure and size of NG and NGO. Because the
absorption efficiency of Nano graphene oxide was
not as expected and desirable, optimizing effective
factors on adsorption efficiency was not carried out.
So, Graphene oxide adsorbent is not recommended
as a suitable adsorbent.

It has been shown in various studies that
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increasing the airflow decreases the absorption
efficiency of Nano adsorbents and other adsorbents.
These results are consistent with the present study.
It can be said that with increase in flow rate, the
reaction time decreases and the xylene molecules
do not have the necessary time to interact with the
absorbent surface in available adsorption sites.

The amount of absorbent is also another
variable that can increase the adsorption efficiency
of different absorbents which has been proven in
another study. Increasing the amount of adsorbent
increases the chance of trapping the xylene by the
adsorbent.

4. CONCLUSIONS

The present study found that the maximum
adsorption efficiency of graphene and graphene
oxide for removing xylene from the air was 96.8%
and 21%, respectively. The findings demonstrated
that graphene oxide is not suitable as an adsorbent.
The mass of the adsorbents used in this study was
significantly lower compared to other studies on

Journal of Health and Safety at Work 2024; 14(4)



A. Tabrizi et al. / Efficiency of Removing Xylene Vapor

carbon adsorbents, yet graphene demonstrated
high efficiency in xylene adsorption. It is expected
that higher concentrations of xylene could also
be removed with greater adsorbent mass; the
study suggests creating an optimal substrate for
xylene adsorption on the adsorbent to utilize
maximum adsorption sites. Additionally, graphene
and graphene oxide can be modified with other
materials to enhance pollutant trapping. This
approach could achieve maximum efficiency at
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lower air flow rates. The findings indicate that
graphene has an adsorption efficiency of 96.8%,
which is somewhat higher than other carbon
structures under similar conditions. Overall, the
NG adsorbent shows potential for effective xylene
removal from the air.
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