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ABSTRACT

Introduction: Toluene is considered as a group of chemical contaminants, causing problems for people’s
health. Due to the high rate of evaporation and rapid emission in the surrounding environment, it leads
to the exposure of many employees and people at risk and, subsequently, its irreparable effects on their
health in different jobs. Therefore, its removal is very important. In the present study, this contaminant
was removed using the copper metal-organic framework (MOF) under different operating conditions.

Material and Methods: In this study, the copper MOF was synthesized using the one-pot and in situ
method. Physical and morphological properties of the adsorbent were investigated using BET, XRD, FTIR
and SEM techniques. The efficiency of the adsorbent in removing toluene from the air stream under the
dynamic adsorption system was investigated by examining the effect of the variables of adsorbent mass,
pollutant concentration and humidity. Isotherm, thermodynamics and kinetics equations were used to
evaluate the data.

Results: The results of experiments determining the properties of the metal-organic framework showed
the formation of pure Cu-BDC crystals with mean and particle size distribution of 1.95 nm. The specific
surface area calculated by the BET method for the mentioned sample was 686 m2 g* and the total volume
of structural pores was 0.335 g cm?. The presence of micropores increased the dynamic adsorption
capacity of toluene. The findings follow the Langmuir isotherm model and the Pseudo-second order
kinetic model. Based on the results of thermodynamic studies, entropy change (AS°) and enthalpy change
(AH°) were equal t0-0.44 k) mo"* K* and-15.67 k) mol?, respectively. Gibbs free energy change (AG°) was
also calculated negatively, indicating that the adsorption process was spontaneous and exothermic. The
regeneration of the adsorbent was 77% after three cycles.

Conclusion: According to the results of this study, the microporous copper MOF can be used as a result of
cheapness, high access, high adsorption capacity and appropriate regeneration rate in different operating
conditions for adsorption of toluene.
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1. INTRODUCTION

Toluene is one of the aromatic hydrocarbon
which includes a methyl group attached to the
benzene ring with the same properties similar
to benzene but is much less dangerous than this
material. Toluene is found in large amounts in
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coal tar. The emerge of the primary sources of
this substance is due to human activities in the
environment through the engines of vehicles and
aircraft, and leaks caused by the distribution of
gasoline and oil in stations and cigarette smoke.
Toluene can easily affect the nervous system and
cause fatigue, memory loss, insomnia.
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Fig. 1. Effect of different adsorbent mass values on adsorption capacity under constant operating conditions

About 10 % of the removal methods used in the
industry is based on the adsorption process. There
are several adsorbents for the adsorption of volatile
organic compounds, including activated carbon,
graphene, zeolites, and metal-organic frameworks.

Metal-Organic Frameworks (MOFs) have high
porosity due to the shape of the pores. They can
be used as adsorbents, including volatile organic
compounds. Copper MOF has received much
attention due to its excellent stability against
hydrolysis as well as high-temperature tolerance.

The main aim of this study is to introduce
the copper metal-organic framework adsorbent
as a promising and low-cost adsorbent for the
purification of air stream contaminated with
toluene vapor as a representative of volatile organic
compounds with high removal performance and
appropriate regeneration efficiency.

2. MATERIAL AND METHODS

In this study, the performance of the copper
MOF as an adsorbent was investigated for the
removal of toluene in the gas phase on a laboratory
scale.

The copper MOF was synthesized using in situ
simple hydrothermal method. In order to study
the adsorbent, a system consisting of a charcoal
tube, humidifier, air pump, thermostated bath,
flow meter, syringe pump, humidity/temperature
controller, PID VOC detector, adsorbent bed and a
U-shaped manometer was designed. We performed
XRD, FTIR, SEM and BET to study properties of
the adsorbent. Also, we applied MP and BJH
methods to define pore size distribution (PSD).

Isotherms (Langmuir and Freundlich models),
kinetics (pseudo-first-order and pseudo-second-
order models) and thermodynamic parameters
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(AS°, AH® and AG®°) were examined to determine
the surface adsorption process.

3. RESULTS AND DISCUSSION

The SEM of copper MOF shows the structure of
a single cubic crystal and intertwined crystals that
match the results of the XRD test. The copper MOF
adsorbent isotherm is classified as type I isotherm
categorized as containing micropores (< 2 nm in
pore). Based on the BET analysis, the specific surface
area and total volume of pores and the mean diameter
of the adsorbent were obtained as 686 m* g, 0.335
cm’® g' and 1.95 nm, respectively. According to
MP and BJH methods, the adsorbent mainly has a
micropore structure with some mesopore.

The adsorption capacity of the adsorbent was
determined 180.28 mg g"' under constant operating
conditions (mass: 100 mg, flow rate: 150 ml min-
1, initial concentration: 350 ppm, temperature:
40 °C, humidity: 50%). The results of the present
study showed that micropores are of the important
factors in the removal of toluene.

Fig. 1 shows the toluene adsorption over
the adsorbent with different adsorbent mass
values. In this experiment, the constant operating
parameters were the flow rate of 150 ml min™, the
concentration of 350 ppm, the temperature of 40
°C and the humidity of 50%. The results of the
effect of adsorbent mass on adsorption capacity
show that the adsorption capacity decreases
with increasing adsorbent mass. Increasing the
amount of adsorbent will cause faster adsorption
of pollutants. This reduces the available molecules
to create maximum surface coverage, which will
decrease the amount of pollutants adsorbed per
unit weight of the adsorbent.

The results of the effect of toluene concentration
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Fig. 2. The adsorption isotherm of toluene: (a) Langmuir; (b) Freundlich
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Fig. 3. The regenerability of copper metal-organic framework

on the adsorption capacity show that as the
concentration increases, the breakthrough time
decreases and the adsorption capacity increases.
Concentration gradient occurs faster and this
factor increases the amount of dynamic adsorption
capacity of the adsorbent. On the other hand, as the
concentration of pollutant increases, the ratio of
the number of pollutant molecules to the number
of active sites at the adsorbent surface increases,
and adsorption will occur more rapidly due to
the increase in diffusion rate and penetration
rate inside the adsorbent pores. Therefore, full
saturation of the adsorbent sites at the adsorbent
surface will occur in a shorter time.

The adsorption parameters in relative humidity
conditions of 80% were significantly reduced
compared to adsorption in relative humidity
conditions of 30% and 50%. At higher relative
humidity levels, water adsorption occurs due to
capillary density. The presence of water molecules
in the adsorbent structure prevents the adsorption
of toluene molecules..
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Isotherm parameters were obtained according
to the linear evaluation of the models. According to
Figs. 2 a,b, the regression coefficients and the higher
R? of the Langmuir model than the Freundlich
model, the Langmuir model was determined more
suitable for adsorption data. The agreement of
adsorption data with Langmuir isotherm indicates
that the adsorbent surface has a homogeneous
structure and similar active sites.

Thermodynamic parameters for the adsorption
of toluene at different temperatures show that the
adsorption process of toluene in the gas phase over
the adsorbent is a spontaneous, exothermic and
physical reaction.

By comparison of R? coefficient values in the
two kinetic models, the adsorption process is
better described with the pseudo-second-order
model, which indicates the physical and chemical
adsorption complex in the present study over the
adsorbent.

As shown in Fig. 3, the adsorption capacity of
toluene was obtained 148.93 mg g' in the third
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recycling. The synthesized adsorbent showed
sustainable capacity and high regeneration
efficiency.

4. CONCLUSIONS

In this study, the copper MOF adsorbent was
used to remove toluene from the air stream. The
structure of the adsorbent pores played an essential
role in the adsorption properties of toluene. The
results showed that micropores had a positive
effect on toluene adsorption capacity. The results
also showed that the adsorption capacity increases
with decreased adsorbent mass values from 0.5
to 0.1 g, an increase in toluene concentration
rates from 100 to 400 ppm and a decrease in the
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humidity levels from 80 to 30%. Based on the study
of isotherms and kinetics, the adsorption process of
toluene over the adsorbent can be better explained
using the pseudo-second-order model and the
Langmuir model. Thermodynamic findings show
that the adsorption of toluene over the adsorbent is
a spontaneous, exothermic and physical reaction.
The microporous copper MOF adsorbent is
promising and highly efficient in toluene removal
due to its high adsorption capacity and appropriate
regeneration efficiency.
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