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Background: Aromatic organic solvents are extensively used in various industries. Xylene is a colorless, transparent liquid, with the
characteristic odor of the aromatic hydrocarbons family, which is widely used in industries. Adsorption is a conventional method of
purifying polluted air containing volatile organic compounds (VOCs). Zeolite has many unique properties such as high capacity, molecular
sieve characteristics, nonflammability, thermal stability, and strong acid sites. Moreover, it is reconstructed at low temperatures.
Objectives: In this study, we investigated the effect of various parameters on the adsorption capacity of natural zeolite (clinoptilolite) for
xylene adsorption.

Materials and Methods: Physical and chemical properties of natural zeolites were tested by scanning electron microscopy (SEM)
and energy dispersive spectroscopy (EDS) and elemental analyses of natural zeolites were characterized by X-ray diffraction. Xylene
concentration was measured at various times through concentrations-measured valve before and after the adsorbent bed reactor by the
direct reading of Phocheck (Ion Science Ltd, UK).

Results: Experimental results showed that clinoptilolite is a potential sorbent for xylene in the range of ppm, and the breakthrough time
would be reduced by increasing the concentration. The optimal temperature of xylene adsorption on natural zeolite was 35°C and by
increasing the temperature, the absorption efficiency of clinoptilolite was declined. The results showed that the breakthrough time and
the exhaustion point time at the optimal conditions are 65 and 95 minutes, respectively. Adsorption capacity of clinoptilolite was obtained
as1.69 mgxylene/g zeolite.

Conclusions: Experimental results showed that clinoptilolite is a potential sorbent for xylene in the range of ppm and the breakthrough
time was reduced by increasing the concentration. Adsorption rate were increased by increasing concentration of xylene. Presence of
xylene molecules in high concentration enhances their transfer and contact with adsorbent; as a result, by increasing gas concentration,

breakthrough time in zeolite will be shorter.
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1. Background

Volatile organic compounds (VOCs) are air pollutant
factors that are emitted from volatile liquids or solids.
These compounds contain organic carbon products and
are vaporized by a various process (1). Eye and throat irri-
tation as well as damage to central nervous and liver may
occur due to the prolonged exposure to VOCs. VOCs may
also have carcinogenic effects. The role of VOCs as a pre-
cursor in the formation of photochemical smog, global
warming, climate change, and the other environmental
problems is fully established (2, 3).

Xylene is one of the most commonly used aromatic sol-
vents in industry. Xylenes exist in ambient air as a mix-
ture of ortho-isomers, meta-isomers, and para-isomers.
At room temperature, xylene isomers are colorless, vola-
tile, and flammable liquids with a sweet odor (4-6). It is
often combined with other aromatic and aliphatic hydro-
carbons.

Xylene was used in 110 companies and was the second

most frequent organic solvent detected in the ambient
air (6). Xylene is very harmful to both human health and
the environment, even at very low concentrations (7).
Sources of xylenes include petrol, motor vehicles, pe-
troleum refineries and terminals, service stations, lawn-
mowers and other petrol-fuelled implements, chemical,
polyester, and paint manufacture, dyes, and lacquers,
wood burning stoves, and fireplaces (6). According to
studies, xylene concentration of more than 270 to 350
ppm has been reported in the industry (8). The current
occupational safety and health act (OSHA) standard
for xylene is an average of 100 ppm over an eight-hour
work shift. National Institute of Occupational Safety and
Health (NIOSH) has recommended to change the permis-
sible exposure limit to an average of 100 ppm over a work
shift of up to ten hours per day, forty hours per week, with
an acceptable average ceiling level of 200 ppm over ten-
minutes period (9).
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VOCs are solved into the blood and are distributed
throughout the body. Distribution of absorbed xylene in
humans and rodents is characterized by preferential up-
take in well-perfused and lipophilic tissues such as brain,
liver, lungs, and body fat. Studies in humans and animals
show that the central nervous system is one of the main
target of xylenes (10). According to the aforementioned
information, for preventing health and environmental
problems, xylene should be removed from polluted air
stream before emission to the environment (4). VOCs
are present in many waste gases and can be effectively
removed through the adsorption process. Activated car-
bon and zeolite are common adsorbent (7). Adsorption
is accomplished by two types of chemical and physical
methods, but the maximum amount of adsorption is via
physical type (11).

Due to some advantages such as capability of zeolites
to adsorb molecules in high moisture, resistance to heat-
ing, complete regeneration, and huge resource, they are
more cost-effective than activated carbon in certain sys-
tems. Moreover, zeolite systems can be one of the effec-
tive solutions to remove xylene due to the simplicity of
operation and easy maintenance (12).

In order to optimize design of adsorption processes,
it was necessary to have an accurate modeling to simu-
late the dynamic behavior of the adsorption system. A
requisite for the proper design of the adsorption pro-
cesses is prediction of the concentration-time profiles,
or the breakthrough curve of the column output (13). The
purpose of this study was to evaluate the breakthrough
curves of zeolite for xylene adsorption; therefore, we test-
ed the effect of xylene concentration, flow rate, tempera-
ture, and other related parameters. In this study, xylene
was used because of its frequent use as a solvent in indus-
tries (14) and natural zeolite was used as sorbent. There

are huge resources of zeolite especially clinoptilolite in
Iran for example in Semnan, Miyaneh, Talheh, Roodehen,
Taleghan, Tabas, Kerman and Zahedan (15).

2. Objectives

In this study, we investigated the effect of various pa-
rameters on the adsorption capacity of natural zeolite
(clinoptilolite) for xylene adsorption.

3. Materials and Methods

Zeolite was purchased from Afrand Tooska Company.
In order to prepare the adsorbent, zeolite was first grind
and then separated in three sizes by means of graded
sieving (standard ASTM sieves) (12). Characteristics of
prepared zeolite as well as its elements were analyzed by
scanning electron microscopy (SEM), energy dispersive
spectroscopy (EDS), X-ray diffraction (XRD), and X-ray
fluorescence (XRF).

Xylene vapor was prepared through vapor saturation
method (16, 17). Porosity was determined by measuring
the amount of water required to saturate a given volume
of zeolite in a graduated cylinder, which was similar to
the reactor system (18). The water content of zeolite was
measured through heat treatment in a furnace of 300°C
for 24 hours (by means of weight difference before and
after heating).

To perform the test, 10 g of zeolite sample was weighed
by an accurate electronic microbalance. That was condi-
tioned for one hour at 300°C in an electric furnace; these
conditions can eliminate over 98% of water in the zeolite
(7). Then the zeolite sample was placed in the adsorbent
bed reactor. According to studies, a steel tube was pre-
pared with 2.2-cm internal diameter and 15-cm height as
adsorbent bed reactor (19). The total schematic of system
is shown in Figure 1.
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Figure 1. System Schematic
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Before and after placing xylene in adsorbent bed, its
concentration was measured by Phocheck (Tiger model,
Ion Science Ltd, UK) at different time points. Each ex-
periment was performed three times and breakthrough
and saturated point for each of them was recorded. To
regulate and maintain a constant temperature, we used
a heater tape and digital thermostat (Pooyesh, TMC 101)
that was placed around the adsorbent bed reactor and
was controlled by thermocouple sensor.

The breakthrough time was defined as the time taken
to make the outlet concentration reach 5% of inlet con-
centration (2, 7, 20, 21). Typically, when the outlet concen-
tration is equal to the inlet concentration, the absorption
ends that means that equilibrium is achieved (saturated
zeolite by xylene at the selected temperature) (14).

4. Results

4.1. Adsorbent Characteristics

Adsorbent characteristics were achieved by XRD and
XRF analyses. Figure 2 shows the XRD profiles natural zeo-
lite, evaluation of main images in XRD analysis indicated
that this profiles was in agreement with standard card
80-0464, which is from clinoptilolite family.

Table 2 shows XRF analysis result for zeolite samples in
which the ratio of Si/Al is equivalent to 6.47. The results
show that the porosity of this type of zeolite was 24% and
the quantity of water in the zeolite samples were calcu-
lated at 7.73%. Different experimental conditions in this
study are shown in Table 1.
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Figure 2. Analysis of X-Ray Diffraction results of Iranian Natural Zeolite Samples

Table 1. Different Experimental Conditions

Test Cases Test Values
Inlet Xylene Concentration, ppm 100,200,300
Inlet Gas Flow, L/min 0.3,0.4,0.5

Bed Temperature, °C
The Amount of Adsorbent, g

Adsorbent Particle Size, mm

35,40, 50, 75,100
5,10

0.5,1,1.5

Table 2. Analysis of X-Ray Fluorescent Results of Iranian Natural Zeolite Samples &

Natural Zeolite, % LOJI Na,0 MgO AlO, Sio P,05 SO; K,0 CaO TiO, Fe,O, Sr Zr
12.87 3.094 0.757 10.648 68.847 0.03 0.024 1309 1316 0.163 0.881 0.043 0.018
2 Abbreviation: Sr, strontium.
Health Scope. 2014;3(3):e17528 3
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Table 3. Calculated Parameters From Breakthrough Curves @

Optimal Test Conditions

Parameters

tp, min

Q,L/min C, ppm C,mg

tp,min Vg, L Vg, L qp mg Xylene/g

Zeolite

qp mg Xylene/g
Zeolite

Tempera- 0.3 200

ture, 35°C

0.868 51

Concentra-
tion, 200
ppm

03 100 0.434 90

Flow rate,
0.3 L/min

03 200 0.868 51

Particle
size, 0.5
mm

0.3 200 0.868 65

Weight of
the adsor-
bent bed,
10g

0.3 200 0.868 51

100 153 30 133 2.604

160 27 48 117 2.08

100 153 30 133 2.604

95 19.5 28.5 1.69 2.47

100 15.3 30 133 2.604

@ Abbreviations: Vg, volume of breakthrough point; Vg, volume of exhaustion point; tg, time of breakthrough point; t, time of exhaustion point; q,

breakthrough capacity; and qg, exhaustion capacity.

Figure 3. Effects of Temperature on the Breakthrough Point Curve of Xylene on Iranian Natural Zeolite

1.2 1
11 .o...,ﬁiliﬂ!!
| ° o
0.8 1 o -~
] |
1 A
1 A
o 4 * o
s} 0.6 1 PY | | o
“ 1 [ ]
1 *
i o
0.4 : u
| ° . A 4 50degre
1 LN O 40degre
0.2 A * A35d
j ) A 35degre
i (] W 75degre
] [ :EA @ 100degre
0 LN B B B B B B B B B B B B B B B B B |
0 10 20 30 40 50

volume, litr

12 7
1] @0 og ,’H (LT

] ° o

08 1 L4 ”
] |
. A
1 A
J ¢ _0

@ 0.6 ] o E%g
“ 1 [ ]

1 *

0.4 A ™ o
] i .. A 0 40degre

02 - r A 35degre
] e A ¢ 50degre
] o M 75degre
. A
1 @& '& ®100degre

0 T T T T T T T T
0 50 100 150 200
Time , min

w=10 g,Q= 0.3 L/min, mesh =1mm, and inlet concentration (Cinlet) =200 ppm.

4.2. The Effect of Temperature

To determine the effect of temperature on xylene ad-
sorption, experiments were performed at different tem-
peratures (35%, 40%, 50%, 75%, and 100%). In all experi-
ments the inlet xylene concentration was fixed at 200

ppm, weight of zeolite sample and the gas flow rate were
10 g and 0.3 L/min, respectively. Figure 3 shows the break-
through curves during adsorption by the zeolites at five
different temperatures.

As can be observed in the diagram, the breakthrough

Health Scope. 2014;3(3):e17528
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point duration at 35°C and 40°C were 51 and 40 minutes,
respectively. On the other hand, the total adsorption and
the exhaustion point duration were the same for both of
them (100 minutes). Therefore, increasing the tempera-
ture will reduce time and volume of the breakthrough
point and exhaustion point at zeolite bed.

When bed temperature was increased to 100°C, the
breakthrough curve was shifted further, which indicates
the quick saturated bed. Therefore, at the temperature of
100°C, breakthrough and exhaustion time were respec-
tively 20 and 52 minutes. Thus, the results indicated that
the optimum temperature for taking out xylene from air
by zeolites was 35°C.

4.3. The Effect of Xylene Concentration

To determine the effect of the xylene concentration at
breakthrough point, tests were performed for different
inlet concentrations of xylene, i.e.100,200,and 300 ppm.

For each run, 10 g of zeolite was set in bed with an opti-
mum temperature (35°C) and the flow rate of 0.3 L/min.
As Figure 4 shows, with increase in concentrations, the
breakthrough time was decreased. Therefore, with an in-
crease in concentration from 100 to 300 ppm, the break-
through time decreased from 90 to 35 minutes. However,
with an increase in concentration, the exhaustion time
was reduced from 160 to 92 minutes.

The results showed that decreasing inlet concentra-
tion led to an increase in time and volume of the break-
through and exhaustion point. By a decrease in the inlet
concentration at a certain flow rate, the total amount

of VOC imported into larger pores of the zeolite was de-
creased. Thus, for saturation of the zeolite bed is required
arelatively long time.

4.4. The Effect of Air Flow

Experiments were conducted at various flows: 0.3, 0.4,
and 0.5 L/min. In all the test runs, the weight of the ze-
olite was 10 g, the temperature of the bed was 35°c, and
inlet concentration of stream was kept constant at 200
ppm.

Figure 5 shows the breakthrough point curve of VOC. As
can be seen, when the flow rate increased from 0.3 to 0.5
L/min, the breakthrough time and exhaustion point du-
ration were reduced from 43 to 30 minutes and 100 to 50
minutes, respectively.

By increasing the flow rate, breakthrough time of zeo-
lite was reduced. On the other hand, by increasing the
flow rate at a certain VOC concentration, the input VOC
flow into the zeolite pores per time unit was increased
and thus, did not have sufficient time for adsorption.

4.5. The Effect of Particle Size

In this study, three size of zeolite particle, in other
words, 0.5,1,and 1.5 mm, were tested. For each run, 10 g of
the zeolite sample was used. The bed temperature was set
at the predetermined optimum temperature (35°c) and
the flow rate was set at 0.3 L/min.

As observed in Figure 5, by decreasing the particle size
of the zeolite, the time and volume of the breakthrough
and exhaustion points were increased.

Figure 4. Effects of Xylene Concentration on the Breakthrough Point Curve of Xylene on Iranian Natural Zeolite
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Figure 5. Effects of Flow Rate on the Breakthrough Point Curve of Xylene on Iranian Natural Zeolite

12 -
t 223 T E‘. co oo
08 1
] [ |
] °
] °
§ 0.6 : -
U -
04 -
] o o
02 - - |
] L4 @ Q=0.31/min
] 0. L4 B Q=0.4]/min
0 wmmente® __ ¢0-05lmin
0 >0 100 150
Time, min

12
1 ‘z- y e
] L 2
08 -
1 [
. m e
1 °
Q 0.6 : .
U -
0.4 -
] ( X2
] n
02 ] P 4 © Q=0231/min
] f W Q=0.41/min
o bomampt® _____ *0-0Slmin
0 10 20 30 40 50

volume, litr

w=10 g, C=200 ppm, mesh =1mm, and T=35°C.

Figure 6. The Effect of Particle Size of the Zeolite on the Breakthrough Point Curve of Xylene on Iranian Natural Zeolite
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4.6. The Effect of Zeolite Weight

The experiments were performed on different zeolite
weights (5 and 10 g) in the absence of the other variables.
As we expected and saw in the results of the volume and

duration of the breakthrough and exhaustion points, by
increasing the amount of adsorbent, the level of active
sites for the absorbed VOC was increased.

Health Scope. 2014;3(3):e17528
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Figure 7. Effect of the Weight of Zeolite on the Breakthrough Point Curve of Xylene on Iranian Natural Zeolite
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5. Discussion

Anumber of operational conditions influenced the rate
of xylene uptake by natural zeolite. These include flow
rate, particle size, zeolite weight, temperature, and xy-
lene concentration.

5.1. The Effect of Temperature

The optimum temperature of xylene adsorption on nat-
ural zeolite was 35°c and by increasing temperature, the
adsorption efficiency of natural zeolites was declined. It
is important to note that the observed reverse trend in
the breakthrough characteristic at higher temperatures
was typical to most of the adsorbents/adsorbate system.
This reduced adsorption due to loss of the active sites for
adsorption at high temperatures (2). Since the adsorp-
tion is an exothermic process, adsorption rate is inversely
proportional to temperature. On the other hand, by in-
creasing temperature, adsorption rate is reduce and ris-
ing temperatures, makes the desorption to the system.

5.2. The effect of Xylene Concentration

An increase in initial xylene concentration resulted in
an increase in the amount of adsorbed xylene and a de-
crease in total efficiency of natural zeolite for the removal
of xylene from air. This decrease in efficiency was seen by
a general reduction in the adsorption percentage, which
represents the efficiency of the process. Adsorption rate
was increased by increasing concentration of xylene. The
presence of abundant xylene molecules enhances trans-

Health Scope. 2014;3(3):e17528

fer and contact with adsorbent; as a result, by increasing
gas concentration, breakthrough time will be shorter in
zeolite.

5.3. The Effect of Air Flow

These investigations also showed that, in the same con-
ditions, an increase in the gas flow rate caused a decrease
in the breakthrough and saturation time. Slower flow
rates gave better adsorption efficiencies and capacities
in comparison with faster ones. Increasing the flow rate,
produces the turbulent flow and xylene molecules would
not have enough time for adsorption at the zeolite.

5.4. The Effect of Particle Size and Zeolite Weight

More amount of adsorbent resulted in greater adsorp-
tion efficiencies due to an increase in residence time and
available adsorption sites. In addition, by increasing the
sorbent particle size from 0.5 to 1.5 mm, the adsorption
capacity and breakthrough time were considerably de-
creased although a decrease in the particle size caused an
increase in the system pressure drop.

These findings are of particular importance in design-
ing selective adsorbents for environmental applications
such as the removal of VOCs and xylene in industries.
Experimental results showed that Iranian natural zeolite
is potentially a sorbent for xylene in the examined range
of ppm concentration, especially at lower flow rates. This
study showed good agreement with other studies (22-24).
To optimize the conditions of the adsorption process, fur-
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ther studies should be performed for other gases in VOC
groups.
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