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Abstract. In this paper, the photocatalytic degradation of procion red dye, one of the most frequently
used dyes in the textile industry, was studied. The objective of the research is to study the ZnO-Zeolite
nanocomposite application to degrade procion red dye by using different irradiation sources. The
adsorption isotherm was also investigated. The ZnO-Zeolite nanocomposite was prepared by a sol-gel
process. Photodegradation test was applied under the sunlight irradiation, ultraviolet (UV) lamp, and in
a darkroom. The dye degradation was also examined by the synthetic zeolite and ZnO for a comparison.
Another objective of this study is to analyse the appropriate adsorption isotherm to describe the
degradation process of procion red dye by using ZnO-Zeolite nanocomposite. The adsorption ability
of the nanocomposite was described by Langmuir and Freundlich isotherms. The adsorption of the
nanocomposite was reported to depend on the degradation time. The highest photodegradation result
of 98.24 % was achieved by irradiating 50 mg/l of procion red dye under the sunlight for 120 minutes.
The result showed that the Langmuir adsorption isotherm was the appropriate adsorption equation for
the degradation process of procion red dye by using ZnO-Zeolite nanocomposite with R2 value of 0.995.

Keywords: Nanocomposite, ZnO, zeolite, adsorption isotherm, photocatalytic degradation, procion
red.

1. Introduction
The growing textile industry, in addition to producing
commercial products, also produces byproducts in the
form of dye wastewater. Procion red is one of most
often used synthetic dye that is hard to decompose
and is present in the wastewater. One of the most
important aspects of water treatment technology is
the process to remove the organic compounds in the
wastewater [1]. Based on previous research, there are
several conventional methods used to degrade textile
dye wastewater. However, the photodegradation pro-
cess and the use of photocatalyst is the best and most
suitable method for wastewater treatment.

The photocatalytic oxidation process combines UV
irradiation with a catalyst; TiO2, CdS, ZnO [2]. The
photocatalytic reaction produces hydroxyl radicals as
an oxidator to break down the pollutant gradually in
a stepwise process [3]. ZnO is the most suitable and is
often used as a photocatatalyst [4]. In photocatalytic
applications, semiconductor ZnO is cheaper than the
other nanosized metal oxides and ZnO is also better
due to its environmental stability. The adsorption
capacity of the photocatalyst is still weak, and the

combination of photocatalyst and adsorbents will solve
this problem [5].

This combination is carried out in order to maximize
the dye pollutants’ contact with photocatalysts [6].
The adsorbent used also does not need to be regen-
erated because the photocatalyst will immediately
degrade the pollutants that have been absorbed in the
adsorbent in situ so that the adsorbent is not easily
saturated.

Zeolite has good adsorption properties and has
a large surface, so it is used as an adsorbent and
helps the adsorption-catalytic process [7]. The acti-
vation of zeolite aims to increase its purity [8]. How-
ever, synthetic zeolite, which has physical properties
is much better than natural zeolite; the pore size of
the synthetic zeolite is uniform, and it maximizes the
adsorption results. This is the basis for selecting
the synthetic zeolite adsorbents to be combined with
the ZnO photocatalysts.

The zeolite adsorbent also has a good adsorption
ability. The adsorption capacity can be determined
by the adsorption isotherm equation, generally by
the Freundlich or Langmuir equation [9]. Among the
several adsorption isotherms, the equations proposed
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by Freundlich and Langmuir are most frequently used
and are very useful for a mathematical description of
adsorption from aqueous solutions [10].

Therefore, this study will use the photodegradation
process as a method of removal of red procion tex-
tile colour substances using composites consisting of
photocatalyst ZnO and synthetic zeolite adsorbent.

In this study, the sol-gel process is used for the
formation of ZnO-Zeolite nanocomposites, the process
will produce metal oxides using alcohol or water [11].
Based on several researches that have been carried
out, the ZnO-Zeolite nanocomposite was applied for
the photodegradation process of procion red dye, and
the effect of the irradiation source in the photodegra-
dation process should also be seen.

Therefore, in this study, the determination of the ad-
sorption isotherm that is suitable for the degradation
process of the procion red dye by using ZnO-Zeolite
nanocomposites was also considered, to study the
adsorption mechanism and the interaction between
the adsorbent and the absorbed substance, and to
determine the maximum adsorption capacity [12].

2. Materials and methods
Zinc acetate, zinc oxide, ethanol, NaOH, and HCl
were obtained from Sigma Aldrich and synthetic pro-
cion red powder dye was obtained from dyestuff store
(Fajar Setia, Jakarta). Commercial synthetic zeolite of
A-Type (Na2O.Al2O3.2SiO2.4.5H2O) was purchased
from PT. Phy edumedia, East Java.

Synthetic zeolites with a 400 mesh size have been
activated by heating in oven at 110 °C for 2 hours,
then washed with 0.4 M HCl for 60 minutes, and finally,
washed with distilled water. The synthetic zeolite was
dried in an oven at 110 °C for 2 hours [13].

2.1. Synthesys and characterisation of
ZnO-Zeolite nanocomposite

ZnO-synthesis zeolite nanocomposite is produced by
sol-gel method, as referred to in [13]. The reason
for using the precursor weight of Zinc acetate and
zeolite 2:1 is because the ratio produces the highest
degradation of colour substances, as it was discovered
in previous research [14] which has also compared the
influence of ZnO and zeolite photocatalyst ratios and
the 2:1 weight ratio is the best ratio.

Zinc acetate as precursor is added with active syn-
thetic zeolite in the precursor and synthetic zeolite ra-
tio of 2:1, then dissolved in 80 ml of 99 % ethanol. The
precursor and zeolite mixture was heated in a reflux
flask to 76 °C for 2 hours. Then, 225 ml of 2 M NaOH
was added to the solution and stirred for 60 minutes.
The mixture was stood for 12 hours and then it was
filtered. Next, the precipitate obtained was heated
at 60 °C for 24 hours and then stored in a desiccator
to keep it dry [13]. The ZnO-Zeolite nanocomposites
were analysed by SEM-EDX, BET, and XRD.

2.2. ZnO-Zeolite nanocomposite
application for photocatalytic
degradation

ZnO-Zeolite nanocomposite have been tested for the
degradation of 50 mg/l of procion red dye. Dye pho-
todegradation was applied in three ways, by using
sunlight, ultraviolet (UV) lamp and dark conditions.
The use of only zeolite and only ZnO was also tested
for the photodegradation process. Before the degra-
dation process, the maximum wavelength of procion
red solution was measured. A 100 mg of ZnO-Zeolite
nanocomposite, mixed with 25 ml of 50 mg/l procion
red, was stirred and placed directly under the sun.
Experiments using sunlight were carried out at noon
between 11.00 am–1.00 pm. The light intensity at that
time was measured by a luxmeter.

Samples were tested in several time variations from
5–120 minutes; first, they were filtered and then the
colour degradation was analysed. The experiments
were also carried out with ultraviolet light irradia-
tion [14] by using UV lamp (Evaco 254 nm) and in
dark conditions. The experiments in dark conditions
were carried out without turning on the UV lamp and
closing the reactor using a black plastic coated box.

The final dye’s absorbance and dye’s concentration
were measured by using a UV-Vis spectrophotometer.
The maximum wavelength of procion red solution is
470 nm. The degradation percentage of procion dye
and the adsorption percentage formulas are shown in
Equations (1) and (2).

Degradation P ercentage = A0 − A1

A0
× 100 % (1)

Equation (1) explains how to find the dye degradation
percentage, A0 is the value of the initial absorbance
of the dye and A1 is the value of the final absorbance.

Adsorption P ercentage = C0 − C1

C0
× 100 % (2)

Equation (2) shows the adsorption percentage calcu-
lation, C0 is the value of the initial concentration of
the dye and C1 is the value of the final concentration.

2.3. Determination of ZnO-Zeolite
nanocomposite adsorption isotherm
type

The adsorption process in dark conditions with ZnO-
Zeolite nanocomposite provides data on the pho-
todegradation results of procion red dye in the form
of adsorption values and the final concentration of the
dye. The data analysis weas performed by determin-
ing the final content of the procion red dye after the
adsorption process.

Calculations of the Langmuir and Freundlich equa-
tions are carried out to determine the pattern or type
of adsorption isotherm suitable for the absorption
process of procion red dye by ZnO-Zeolite nanocom-
posites. The calculation results of each type will be
plotted on the graph, and the most suitable ZnO-
Zeolite nanocomposite adsorption isotherm will be
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Figure 1. SEM image of ZnO.

determined. A good linearization of the line on the
graph and the coefficient of determination R2 ≥ 0.9
(close to 1) are parameters for determining the cor-
responding adsorption isotherm equation to describe
the degradation process of procion red dye using the
ZnO-Zeolite nanocomposite.

The Langmuir isotherm model in Equation (3) as-
sumes that a single particle will be adsorbed by each
site and a monolayer on the surface of adsorbent will
be formed by the adsorbate,

Ce

qe
= 1

a.b
+ 1

a
Ce. (3)

The Freundlich isotherm in Equation (4) explains
the adsorption on heterogeneous surfaces and microp-
orous adsorbent [2].

ln qe = ln Kf + 1
n

ln Ce (4)

3. Results and discussion
3.1. ZnO-Zeolite nanocomposite

characters
Figure 1 shows the SEM image of ZnO with a mag-
nification of 15 000. The image shows a uniform dis-
tribution of the particle shape. Figure 2 presents the
SEM image of activated synthetic zeolite with a mag-
nification of 10 000. The active synthetic zeolite has
a smoother structure and has a more regular shape and
size than before the activation process. The EDX re-
sults of ZnO-Zeolite nanocomposites showed that ZnO
and zeolite components are present in the ZnO-Zeolite
nanocomposite with a Zn content of 56.13 % and an
oxygen content of 22.42 % weight percent. The other
components are carbon content of 12.61 %, aluminium
of 2.75 % and silica of 6.09 % weight percent [13]. The
silica and aluminium contents indicate the presence
of zeolite in the nanocomposites. SEM image result
of the nanocomposite, with a magnification of 10 000,
is showed in Figure 3. The nanocomposite particle
distribution and particle size look smooth and uni-
form.

Based on a previous study, the surface area of the
nanocomposite that consists of ZnO and synthetic

Figure 2. SEM image of Activated Synthetic Zeolite.

Figure 3. SEM image of ZnO-Zeolite nanocomposite.

zeolite also has a significant impact on the photodegra-
dation process. The results of BET characterisa-
tion showed that the surface area of the activated
synthetic zeolite was 47.192 m2/g, for ZnO, it was
19.192 m2/g, and for ZnO-Zeolite nanocomposite, it
was 95.981 m2/g. The ZnO-Zeolite nanocomposite has
the highest surface area. These BET results have also
been discussed in previous research by [13].

The XRD of ZnO-Zeolite nanocomposite confirmed
and proved that the nanocomposite consisted of zinc
oxide (ZnO) and synthetic zeolite components as
shown in Figure 4. The XRD pattern of the nanocom-
posite shows the diffraction peaks at 2θ of 31.43°,
34.51°, 36.37°, and 54.99° that are identical to hexag-
onal ZnO peaks [15]. The other peaks found at 2θ=
10.01°, 22.12°, 26.11°, and 29.98°, represent the pres-
ence of synthetic zeolite [16], [13].

3.2. The photodegradation results of
procion red

Overall, the highest dye photodegradation was
achieved by using the ZnO-Zeolite nanocomposite
for the longest time period of 12 minutes. Research
by [17] showed similar results where ZnO photocata-
lysts with natural zeolites were the most effective and
resulted in the highest degradation of dyes. The per-
centage rate of dye removal increases by increasing the
time up to 120 minutes, because the nanocomposite
has a high photocatalytic activity and produces more
hydroxyl radicals to degrade the dye, moreover, the
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Figure 4. XRD of ZnO-Zeolite nanocomposite.

ZnO photocatalysts will directly degrade pollutants
on the surface of the zeolite adsorbent.

The photodegradation process was applied by using
three different materials in different irradiation condi-
tions. Figures 5–7 below shows a graph comparing the
decrease in the procion red dye concentration by using
nanocomposite of ZnO-Zeolite, ZnO, and synthetic
zeolite under three different exposure conditions, the
sunlight, UV light, and in dark conditions.

The results of the photodegradation using nanocom-
posite and ZnO under the sunlight showed the highest
photodegradation percentage of procion red as com-
pared to the photodegradation application under the
UV light and dark conditions. As shown in Figure 5,
the procion red dye showed the highest degradation
rate by using nanocomposites under the sunlight.

During 5 minutes of degradation by using nanocom-
posites, the concentration of procion red dye under
sunlight has decreased by 24.5 %, by 18 % under the
UV lamps, and in the dark conditions, the concentra-
tion decreased by 17 %. During 15, 25 and 30 minutes
of degradation, it was seen that the degradation of
procion red under the UV light was higher than that
of sunlight, this was due to the intensity of sunlight
that was changing over the time, due to this, it was
possible that the sun’s intensity was decreasing or
lower so the removal of colour substances also de-
creased.

After degrading under the sunlight for 30 minutes,
the percentage of degradation was 70 % and had
reached 91 % at 60 minutes of degradation. Degra-
dation under the sunlight for 120 minutes resulted
in the highest percentage of degradation of procion
red, 98.24 %, meanwhile, in the case of the UV lamp,
the degradation percentage was 90.42 %. The lowest

degradation percentage of only 28.56 % was obtained
in the dark conditions. As can be seen in the Figure 5,
the degradation of procion red in the dark conditions
by using ZnO-Zeolite nanocomposite showed no sig-
nificant increase after 60 minutes, indicating the pos-
sibility that the zeolite adsorbent could have become
saturated over time.

Degradation by using only ZnO also showed a simi-
lar result. Based on Figure 6, it can be noticed that
the highest decrease in procion red concentration was
obtained with radiation from the sunlight. However,
for 20, 25, and 30 minutes, the UV lamp degradation
shows higher results than under the sunlight, this is
also due to the intensity of sunlight, which is not con-
stant changes over time and at that time, the intensity
of sunlight was low, thus reducing the degradation
process. For 120 minutes, the percent degradation of
procion red under the sun has reached 97.65 %, for UV
lamp, it reached 80.64 %, and in the dark conditions
it was still low, only 35.57 %.

ZnO-Zeolite nanocomposite and ZnO can decom-
pose procion red dye using either a direct exposure to
the sunlight or by using the UV lamp. This is because
the ZnO-Zeolite nanocomposite and ZnO only, work
based on the photocatalytic mechanism. These results
are also reported from the research conducted by [18],
which states that the differences in light sources also
have an impact on the photocatalytic process. The
photocatalytic process occurs under ultraviolet light
(UV lamp) and the sun as the light source.

The sunlight can produce the highest percentage
of degradation because the intensity of the light pro-
duced is very high. The sun’s intensity is much greater
than the UV rays. Energy from the sunlight produces
the highest percentage not because it is better than
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Figure 5. Effect of irradiation sources on degradation percentage of 50 mg/l procion red by using ZnO-Zeolite
nanocomposite.

Figure 6. Effect of irradiation sources on degradation percentage of 50 mg/l procion red by using only ZnO.

the UV light, but because the energy from the sunlight
is much higher than from the UV light installed in
the reactor. The wavelength of sunlight is polychro-
matic, the sunlight has a wide range of wavelengths
from ultraviolet light to infrared light, while the UV
light is monochromatic, meaning that the range of
wavelengths is narrower.

The photocatalytic process is yields better results
using sunlight as a light source as compared to UV
lamps. This is due to the fact that the sunlight has
more energy than ultraviolet light, meaning a higher
electron excitation takes place [18]. The sunlight
has a greater light intensity than the UV light. The
sunlight also has a wider wavelength, resulting in the
highest reduction in dye concentration [17].

Research by [2] also reached similar results, namely
that the percentage of dye degradation in the sunlight
was higher than for the ultraviolet light, or the con-
ditions without any light. The greater the sunlight

intensity, the easier the photocatalytic process runs,
so the percentage of dye degradation will be higher
as well. The sunlight causes an even greater rate of
decomposition of the dye. Electrons can be excited
to a higher energy level due to the energy emitted by
light both by sunlight and UV rays [19].

In this study, photodegradation was carried out
between 11.00 am–1.00 pm, during hot conditions, or
when the measurement results of light intensity by
the luxmeter are very high. In that time frame, the
highest light intensity measurement results were ob-
tained, around or more than 100 000 lux. The results
have shown that the highest average light intensity
is at 12.00 am–1.00 pm. The large number of active
photocatalysts exposed to visible light enhances the
formation of hydroxyl radicals for the photodegrada-
tion process [20].

The photodegradation mechanism of sunlight and
UV rays is different, the percentage degradation of
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Figure 7. Effect of irradiation on adsorption percentage of 50 mg/l procion red by using synthetic zeolite.

the sun is higher than that of UV light. The sunlight
provides a lot of visible light irradiation and its pho-
todegradation uses the ultraviolet light mechanism
and the visible light mechanism, whereas the UV light
only uses the ultraviolet light mechanism [21]. Photon
energy from the UV light makes the percentage of
degradation increase, this is also due to the excitation
of electrons and the formation of hydroxyl radicals.

The results of degradation in dark condition are not
significant, because in dark conditions, there are no
photons that can activate the ZnO or ZnO-Zeolite
nanocomposite, so there were no hydroxyl radicals
formed which are strong oxidizers for the photodegra-
dation process of procion red. When it is dark, the
degradation process happens only due to the entrap-
ment process carried out by zeolite particles.

In dark conditions, there is no light that will help
the ZnO photocatalysts to produce hydroxyl radicals
that can degrade dyes, so the photocatalytic process
does not run optimally, this is the reason why the
degradation results of using nanocomposite and ZnO
in the dark conditions are so unsatisfying. The ZnO-
Zeolite nanocomposite can still degrade procion red
dye even in dark conditions due to the dye adsorption
process carried out by synthetic zeolite, but the results
are still not optimal because they are not assisted by
the ZnO photocatalytic process.

In the ZnO-Zeolite nanocomposite degradation, the
ZnO photocatalyst plays a more important role as well,
because in terms of its sustainability, the catalyst
can be used continuously, and its sustainability is
more guaranteed than that of the adsorbent. When
using zeolite adsorbent, after the dye is absorbed, the
adsorbate can become saturated and can no longer
serve as an adsorbent. A longer degradation time
will result in the zeolite getting saturated and the
semiconductor photocatalyst ZnO itself then becomes
responsible for the degradation of the dye.

Figure 7 shows the effect of irradiation on the
adsorption percentage of procion red dye by using

only synthetic zeolite. The adsorption of procion red
showed that the highest yield was obtained in dark
conditions. Meanwhile, the percentage of dye removal
by using UV lamp and under the sunlight were 29.73 %
and 23.74 %, respectively.

After 120 minutes, the adsorption in dark conditions
reached an adsorption percentage of 78 %, 50.64 %
for the UV lamp, and 27.91 % for the sun. After
90 minutes, the percent adsorption by synthetic ze-
olite did not increase anymore, this was due to the
adsorption process of procion dye was only made by
synthetic zeolite adsorbent, so which could have be-
come saturated.

The adsorption percentage by using the synthetic ze-
olite under the sunlight and the UV light is lower than
in the dark conditions because the adsorption process
of procion red dye, unlike in the case of ZnO and
nanocomposites, works based on the photocatalytic
method that requires the light. The dye concentra-
tion decreasing was due to the adsorption process
of the dye by the synthetic zeolite. The adsorption
percentage by using the synthetic zeolite is quite low
due to the fact that the adsorption process is only
made by the zeolite adsorbent, for which the adsorp-
tion process occurs only at the surface. Meaning the
larger the surface area of the zeolite is, the more dye
is adsorbed [22].

The ZnO-Zeolite nanocomposite gave the highest
photodegradation percentage as compared to using
ZnO and synthetic zeolite, this is because they not only
use the dye adsorption process by synthetic zeolite, but
are also aided by the ZnO semiconductor presence in
the ZnO-Zeolite nanocomposite. The effect of zeolite
is also increased under the sunlight or UV light.

3.3. Types of adsorption isotherm for
degradation of ZnO-Zeolite
nanocomposite

The adsorption process carried out in dark conditions
by using ZnO-Zeolite nanocomposite provided data

243



T. E. Agustinai, R. Gayatri, D. Bahrin et al. Acta Polytechnica

Ce [mg/l] qe ln qe ln Ce Ce/qe

50 33.56 4.11 1.41 3.51 8.18
100 81.31 4.67 1.54 4.44 18.21
150 128.12 5.47 1.69 4.91 24.77
200 176.53 5.87 1.77 5.24 32.14
250 227.25 5.69 1.73 5.47 41.69

Table 1. Calculation of the values of qe, Ce/qe, ln qe, and ln Ce for Freundlich and Langmuir Isotherms.

Figure 8. Freundlich Isotherm Graph.

on the degradation results of the procion red dye in
the form of the adsorption value and the final concen-
tration of the dye. Experiments in dark conditions
were carried out without turning on the UV lamp and
closing the reactor using a black plastic coated box.

The interaction between the adsorbent and the ad-
sorbate was described in several types of adsorption
isotherms. This adsorption isotherm will show the
maximum capacity of the adsorbent [23]. The results
were then analysed using the adsorption isotherm
equation. The suitable type of adsorption isotherm for
the adsorption process of procion red dye by ZnO-
Zeolite nanocomposite was determined using the Lang-
muir and Freundlich equations. These equations are
very well known and applicable [23].

In wastewater treatment, Freundlich and Langmuir
isotherm equations are the most used. The calculation
results of each type were plotted on the graph and the
most suitable ZnO-Zeolite nanocomposite adsorption
isotherm was be confirmed. The adsorption process
of the adsorbent against the adsorbate and the max-
imum capacity of the adsorbent can be specified by
determining the appropriate type of adsorption [24].

The adsorption process of ZnO-Zeolite nanocom-
posite was applied by varying the dye concentration
during the degradation time of 60 minutes. The value
of procion red dye concentration was set to 50, 100,
150, 200, and 250 mg/l.

The values of qe, Ce/qe, ln qe and ln Ce were calcu-
lated to be included in the Langmuir and Freundlich
isotherm equations and are presented in Table 1. The
qe value is obtained from the following Equation (5):

qe = (C0 − Ce) × V

W
. (5)

Plotting the values for Ce/qe and Ce will yield the
Langmuir equation and plotting ln qe versus ln Ce will
yield the Freundlich equation.

3.4. Freundlich isotherm
A good linearization graph and the value of the coeffi-
cient of determination R2 ≥ 0.9 (close to 1) show the
corresponding adsorption isotherm equation. Figure 8
demonstrates the relationship between ln qe and ln Ce

in the Freundlich isotherm equation. Based on the
graph, an equation in the form of a linear equation
y = 0.088x + 1.369 and the value of R2 = 0.849
were obtained. The linear equation of the Freundlich
isotherm graph fulfils Equation (6) and gives a con-
stant Kf value of 3.933, a value of 1/n of 0.088 and
an n value of 11.403.

ln qe = ln Kf + 1
n

ln Ce. (6)

K and 1/n are Freundlich constants indicating the
rate of adsorption and heterogeneity factors. Fre-
undlich described a heterogeneous adsorption system.
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Figure 9. Langmuir Isotherm Graph.

The value of Kf (mg/g) also indicates the power or
the maximum adsorption capacity of the material.
The value of 1/n > 1 explains that the saturation
of the adsorbent is not achieved; on the contrary,
when 1/n < 1, the adsorbent has been saturated by
the adsorbate molecules, this happens more in the
adsorption system [24].

3.5. Langmuir isotherm
The Langmuir isotherm equation is illustrated in
Figure 9, which shows the Ce/qe and Ce relation-
ship curves for the Langmuir isotherm. The Lang-
muir graph produces the linear equation of y =
8.098x + 0.705 an R2 = 0.995.

Ce

qe
= 1

a.b
+ 1

a
Ce. (7)

The linear equation of the Langmuir isotherm graph
follows the Equation (7) and gives a constant value of
b of 11.488 l/mg and a of 0.124 mg/g. The value of b is
the Langmuir equilibrium constant or constant (l/mg)
and the value of a is the maximum concentration value
in the solid phase (mg/g), which can also indicate the
maximum adsorption capacity of the material.

Table 2 shows the adsorption isotherm parameters
for both types of adsorption isotherms. Based on
the Langmuir and Freundlich graphs, the adsorption
isotherm equation that is suitable for the process of
degradation of the procion red dye with ZnO-Zeolite
nanocomposites is the Langmuir adsorption equa-
tion with an R2 value of 0.995, while the Freundlich
isotherm equation does not meet the requirements,
because the coefficient of determination R2 is 0.849.

This is also similar to [2] research, where the dye
adsorption isotherm pattern carried out by the ZnO-
Zeolite composite follows the Langmuir isotherm, and
from the graph, it can be seen that it produces a co-
efficient of determination R2 that is close to 1 (0.94)

Isoterm Langmuir Isoterm Freundlich

R2 = 0.995 R2 = 0.849
b = 11.488 L/mg n = 11.403
a = 0.124 mg/g Kf = 3.933 mg/g

Table 2. Adsorption Isotherm Parameters.

as compared to the isotherm. Freundlich does not
comply because the value of R2 = 0.1. The research
of [24] also conducted a similar study and obtained
the highest correlation coefficient (R2) value found
in the Langmuir isotherm, this indicates that the ad-
sorption of liquid waste follows a Langmuir isotherm
approach.

This shows that the adsorption of procion red dye
by using ZnO-Zeolite nanocomposite is more appropri-
ate and in accordance with the Langmuir adsorption
isotherm type, as evidenced by the value of the corre-
lation coefficient (R2) which is closer to 1 as compared
to the Freundlich isotherm type, so it can be assumed
that the adsorbed dye or adsorbates are adsorbed in
a single form (monolayer) and the adsorption process
of procion red dye by using ZnO-Zeolite nanocom-
posite is a homogeneous one. However, Freundlich
isotherm type describes a multilayer adsorption pro-
cess and involves more physical interactions [3].

4. Conclusions
Photodegradation application by using ZnO-Zeolite
nanocomposite produced a higher decomposition per-
centage of the procion red dye under the sunlight as
compared to UV light and in the dark condition. The
highest degradation percentage was 98.24 % by irra-
diation under the sunlight for 120 minutes. The pho-
todegradation process of procion red dye using the
ZnO-Zeolite nanocomposite followed the Langmuir
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adsorption isotherm pattern with the linear equation
y = 8.098x + 0.705, the coefficient of determination
R2 = 0.995, Langmuir constant value b of 11.488 l/mg,
and a maximum adsorption capacity a of 0.124 mg/g.

List of symbols
Ce Equilibrium concentration [mg/l]
C0 Concentration of initial pollutants [mg/l]
qm The adsorption capacity at maximum
qe Amount of adsorbate at equilibrium [mg/g]
V Volume of sample [l]
W Adsorbent weight [g]
a Maximum adsorption capacity [mg/g]
b Langmuir constant
Kf , n Freundlich’s empirical constant
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