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Preparation of ZSM-5/TiO, photocatalyst by dip-coating method
and evaluation isopropanol removal capacity
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ABSTRACT

The incorporation of TiO, with zeolite ZSM-5 has been explored to facilitate photocatalytic activ-
ity and establish a continuous volatile organic compound (VOC) treatment system. In this study,
composites of ZSM-5 and commercial TiO, with various ratios were successfully deposited onto
cylindrical glass tubes by the dip-coating method using specialized equipment. To improve sus-
pension stability and mitigate the sedimentation of heavy particles, a carboxymethyl cellulose ad-
ditive was introduced into the mixture. The morphology properties and component determination
were characterized with SEM-EDX, revealing the homogeneous distribution after applying the dip-
coating method, showing a minor deviation of only 4% to 12% between actual and theoretical mass
loadings. Photocatalytic performance was evaluated through the removal of gaseous isopropanol
(IPA) utilizing an air simulation system coupled with gas chromatography (GC-FID) analysis. A wide
range of factors, including humidity, concentration of VOC, UV light intensity, and the catalyst's
mass, were simulated to investigate their effect on the photocatalyst's performance and make a
conclusion in the most optimal working condition. Gas chromatography (GC) analysis of VOC con-
tent after treatment asserts the superiority of materials containing ZSM-5 and TiO, at appropriate
ratios (2:8 and 6:4) over TiO, solely, with higher photocatalytic efficiency (47.7% and 42.9%). The
higher the humidity and VOC concentrations, the lower the productivity of the photocatalyst. Fur-
thermore, long-term activity testing demonstrated the excellent structural stability and durability

e
]

'Faculty of Chemical Engineering, Ho

Chi Minh City University of Technology
(HCMUT), Ho Chi Minh City, Vietnam

2Vietnam National University, Ho Chi
Minh City, Vietnam

Correspondence

Nguyen Quang Long, Faculty of
Chemical Engineering, Ho Chi Minh City
University of Technology (HCMUT), Ho
Chi Minh City, Vietnam

Vietnam National University, Ho Chi
Minh City, Vietnam

Email: nglong@hcmut.edu.vn

History

e Received: 14-05-2025

e Revised: 11-07-2025

o Accepted: 07-07-2026

e Published Online: 01-10-2026
DOI : https://doi.org/10.32508/vnuhcmj-
et.v9i4.1512

‘ '.) Check for updates

Copyright

© VNUHCM Journal. This is an
open-access article distributed
under the terms of the Creative
Commons Attribution 4.0
International license.

of the optimized composite, which maintained a consistent conversion efficiency of approximately
46% over 6 consecutive hours of continuous operation. Interestingly, doubling the deposited cat-
alyst mass from 0.1 g to 0.2 g yielded no significant increase in photocatalytic efficiency, indicating
that performance is primarily governed by the component ratios exposed directly to light rather
than total coating mass. Quantitatively, increasing the UV intensity from 2 to 4 lamps significantly
accelerated hydroxyl radical generation and doubled the maximum treatment efficiency. There-
fore, the most optimal condition and catalyst preparation process should be surveyed for the ef-

fectiveness of VOC gas treatment.
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INTRODUCTION

Volatile organic compounds (VOCs) are produced
and emitted from a diverse range of sources both
indoor and outdoor as key ingredients in house-
hold products and intermediates in chemical synthe-
sis. Among those, major contributors to VOCs are
petrochemical activities and the burning of fossil fu-

els in industries and vehicles 2.

Being exposed to
VOCs through inhalation, ingestion or skin contact
can cause symptoms like headaches, nausea, and irri-
tation in the short-term, and cancer growth in case
of high content in prolonged periods®. Numerous
methods have been developed to enhance VOC re-
moval which can be separated into two categories:
recovery technology including absorption, adsorp-
tion, condensation, membrane separation, etc., and
destruction technology embracing combustion, pho-

tocatalysis, biodegradation, low-temperature plasma,
etc?.
In this research, the combination of adsorption and
photocatalysis methods is studied using two primary
materials: zeolite ZSM-5 and Titanium dioxide TiO,.
The high adsorption capacity of zeolite is attributed
to their pore topology with microporous channels
and/or cages, creating high surface area and pore vol-
umes®. Moreover, since hydrophobicity increases
with the Si/Al ratio, high silica zeolites are applied
to form an inorganic surface with strong adsorption
affinity towards the organic compounds®. In ad-
dition, TiO; is the predominant photocatalyst em-
ployed in photocatalytic applications since it can be
activated by UV light to generate electron and hole

pairs’~®. The photo-generated electrons can either
directly reduce the organic contaminants or interact

with electron acceptors (for example, O;) to reduce
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it to superoxide radical anion O, e then degrade
the contaminants. In addition, photo-generated holes
can either directly oxidize the organic molecules, or
interact with OH™ or H,O to oxidize them into ¢ OH
radicals and then degrade the organic contaminants’.
With the support of the unique structural properties
and chemical composition of zeolite, the composite
exhibits an improvement in the photocatalytic overall
performance '°.

Extensive research has been conducted to explore
and optimize the synthesis of TiO/zeolite compos-
ites, aiming to enhance their structural and functional
properties for photocatalytic applications. Several
methods have been investigated to generate the com-
position of TiOy/zeolite, resulting in various proper-
ties for size, shape, specific surface area, hydropho-
bicity, photocatalytic degradation time, etc. Sol-gel
method is one of the most popular method'!~!3. T.
Kim et al. employed Titanium (IV) isopropoxide as a
precursor for titanium dioxide, incorporating zeolite
13X into the synthesis. As the zeolite-to-TiO, ratio
increased from 0.5 to 1.5, the material’s BET surface
area rose sharply, exceeding 500 m? g~!. The study
also revealed that the regeneration efficiency of the
composite is higher than that of the bare zeolite fil-
ter, proven by over 90% and 80% after the first two
cycles for formaldehyde and toluene, respectively '°.
In the study conducted by the S. Sudrez team, TiO,
particles were homogeneously distributed on hierar-
chical ZSM-5 zeolite using the incipient wetness im-
pregnation method. This synthesis approach resulted
in a twofold increase in BET surface area, reaching
approximately 338 m? g~!, and achieved the highest
photocatalytic activity toward HCHO with only 8%
TiO, loading*. According to Y. Kosuke’s research,
mechanical mixing enables precise comparisons be-
tween photocatalysts by allowing a broad range of
TiO, and adsorbent compositions, while preserving
the TiO, particle size and crystallinity. This is at-
tributed to the adsorption of molecules onto the mi-
croporous crystal surfaces 1°.

In this study, the MFI-type zeolite ZSM-5 was incor-
porated with commercial TiO, via a mechanical mix-
ing technique, supported by a Carboxymethyl Cellu-
lose (CMC) additive to facilitate the formation of a
stable suspension. A simple and suitable dip-coating
process was employed to deposit the materials onto
a cylindrical glass tube, with the objective of attain-
ing a homogeneous thin film and enhancing the pho-
tocatalytic performance of the composite. CMC was
introduced to improve mixture uniformity and stabil-
ity, supporting the dip-coating process by increasing

viscosity. The catalytic efficacy was assessed using iso-
propanol (IPA) and compared among various samples
under a diverse array of experimental conditions.

MATERIALS-METHODS

Materials

Zeolite Na-ZSM-5 was previously synthesized and
characterized by CATlab (Department of Physico-
chemical and Analytical Technologies - Faculty of
Chemical Engineering, HCMUT) '°. Titanium Diox-
ide (TiO,) P25 is purchased from Degussa (99.9% pu-
rity, APS: 25nm). Additives Carboxymethyl cellulose
(CMC) is produced by Nippon Paper Co., Ltd, Japan
(>90%). Other substances include Sodium Hydrox-
ide (NaOH, >96%) from Xilong, China, and Ethanol
(C,H50H, >99.5%) from VN-Chemsol Co., Ltd.

Instrumentation

A dip coating apparatus (Department of Applied
Science, HCMUT) consists of 4 main components:
the control box, support stand, motor, and lifting
clamp, operating at a consistent speed of 30 cm
min—!. X-ray diftraction (XRD) pattern of the com-
posite was performed using an X-ray diffractometer
(Bruker D2 phaser, Germany). Elemental composi-
tion and high-resolution images of surface topogra-
phy were obtained by Scanning electron microscope-
energy dispersive X-ray (SEM-EDX) (FE-SEM Hi-
tachi 4800). VOC removal efficiency was calculated
from VOCs output content analyzed by Gas Chro-
matography - Flame Ionization Detector (GC-FID)
(Hewlett-Packard 5890 Series II Plus). To test the
VOC gas removal efficiency of the composite, an air
simulation system can be employed to establish spe-
cific conditions as demonstrated in Figure 1. This
system operates on two primary gas sources: pure
nitrogen (> 99.99%) and pure oxygen (> 99.99%),
combined at a ratio of 4:1, which is similar to the
composition of air. Additionally, precise amounts of
IPA and water vapor are introduced into these gas
streams at varying ratios to achieve the desired con-
centration and humidity levels for experimental con-
ditions. Additionally, this reaction system includes
four Sanko Denki F10T8BLB lamps (UV radiation in-
tensity 1.5W).

Procedure

The initial step involved treating the surface of a glass
tube 30cm long with 50 mL of 10 wt.% sodium hy-
droxide over 1 hour to eliminate contaminants, acti-
vate the surface, and etch it for enhanced adhesion in
subsequent steps. Subsequently, the tube was rinsed
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Figure 1: Schematic drawing of VOC gas simulation
system [Source: Authors]

1. Flowmeter 2. VOC gas bubbler 3. H,O container
4. Gas stabilizer 5. Reaction tube 6. UV lights (4
lights) 7. GC-FID equipment

with distilled water and underwent drying in an 80°C
oven until no water drop was observed on the surface.
Firstly, the solution of CMC additive in 25 mL dis-
tilled water was prepared and mixed vigorously by
magnetic stirring for 1 hour to form a thick and trans-
parent solution. At the same time, solid powders of
Zeolite ZSM-5 and TiO; were suspended with various
weights as demonstrated in Table 1 in 25 mL of dis-
tilled water using ultrasonic mixing. The additive so-
lution was then combined with the solid powder sus-
pension and stirred for 2 hours to create a uniform
mixture. The coating was created by dipping the glass
tube into the slurry using the dip coater approximately
25 times until a desired amount was obtained, with air
drying about 5 minutes between dips. Following the
dipping process, the tube was dried at 80°C for 5 min-
utes and heated to 400°C for 2 hours to eliminate the
remaining additives from the surface of the tube.

Table 1: The catalyst data for preparation with
variations in ZSM-5 and TiO, ratios

Sample Mass of
ZSM-5(g)  TiOy(g)  CMC(g)

TiO, 0 0.50 0.50
Z-T 2:8 0.10 0.40 0.50
Z-T 4:6 0.20 0.30 0.50
Z-T 6:4 0.30 0.20 0.50
Z-T 8:2 0.40 0.10 0.50
ZSM-5 0.50 0 0.50

[Source: Authors]

Two primary categories of experimental analysis ex-
ist: investigation into various ratios between two solid

materials, and examination of external factors influ-
encing the performance of photocatalysts. In the for-
mer set of tests, six coated tube samples with differing
ratios of ZSM-5 and TiO, were analyzed and evalu-
ated under consistent conditions to select the most
suitable and exemplary sample for subsequent studies.
Utilizing an air simulation system, several parameters
were adjusted to assess their influence on catalytic effi-
ciency. These parameters included the concentration
of isopropanol, humidity of the gas mixture, intensity
of UV light, catalyst mass, etc. Table 2 describes all the
sets of experiments that were conducted. All samples
went through 2 continuous stages: adsorption until
saturation point and oxidization by UV light.

RESULTS AND DISCUSSION

XRD pattern of the composition

ZT-6:4

MFI (ZSM-5)

m
TiO2- P25

T

‘ TiO:2 (Rutile) Standard|

‘ TiO: (Anatase) Standard
L L Ll

s 10 15 20 25 30 35 40 45 50 55 60
Two theta (deg.)

Intensity (a.u.)

MFI (ZSM-5) Standard

Figure 2: XRD pattern of sampleZ-T 6:4 [Source: Au-
thors]

By comparing to the standard Powder Diffraction File
data of TiO; (Anatase structure and Rutile structure)
from JCPDS No. 83-2243 and No. 87-0710 and MFI
(ZSM-5) from JCPDS No. 42-0024, the XRD peak of
Z-T 6:4 demonstrated in Figure 2 showed a signifi-
cant compatibility. The 26 peaks of the sample cor-
responded to the characteristic diffraction peaks of
MFI (ZSM-5) at 7.94°, 8.88¢, 23.167, 23.987, 24.44°
associated with (011), (020), (031), (051), (303) and
(313) lattice plane '”. The diffraction pattern of sam-
ple Z-T 6:4 exhibited the peaks at 25.29%, 36.15%,
48.10%, 53.987, and 55.14°, synchronizing to that of
the Anatase structure of TiO, and at 27.49°, 36.15%,
41.32°, 54.44°, 56.75°, corresponding to the rutile
structure. It is noticeable that the intensity of peaks in
the synthesized sample is comparable with the stan-
dard materials.
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Table 2: Investigation of various factors on photocatalytic activity

ZSM-5: TiO, ratio
(Humidity: 0%
IPA concentration: 1000 ppm
Number of UV lights: 4 UV lights
Catalyst mass: 0.1g
Flowrate: 50ml/min
Duration: 1 hour)

Humidity
(IPA concentration: 1000 ppm
Number of UV lights: 4 UV lights
Catalyst mass: 0.1g
Flowrate: 50ml/min
Duration: 1 hour)

IPA concentration
(Humidity: 0%

Number of UV lights: 4 UV lights
Catalyst mass: 0.1g
Flowrate: 50ml/min

Duration: 1 hour)

Number of UV light
(Humidity: 0%

IPA concentration: 1000 ppm
Catalyst mass: 0.1g
Flowrate: 50ml/min

Duration: 1 hour)

Catalyst’s mass
(Humidity: 0%
IPA concentration: 1000 ppm
Number of UV lights: 4 UV lights
Flowrate: 50ml/min
Duration: 1 hour)

Durability
(Humidity: 0%
IPA concentration: 1000 ppm
Number of UV lights: 4 UV lights
Flowrate: 50ml/min
Catalyst mass: 0.1g)

TiO,

250
ppm

Z-T 2:8 Z-T82 Z-T82 ZSM-5
0% 20% 50% 50% 60%
500 ppm 1500 1500 2000
pRm pRid ppm
2 UV lights 4 UV lights
0.1g 0.2g
6h

[Source: Authors]

SEM and EDX results

Morphology of the coating nanocomposite with 3 rep-
resentative samples is characterized by SEM as shown
in Figure 3. The micrograph of the TiO; layer demon-
strated the attachment of TiO; nanoparticles into
clusters with the size varied from 0.5 m to 4/t m, scat-
tering randomly on the surface. From Figure 3(b) and
Figure 3(c), it is noticeable that the incorporation of
ZSM-5 and TiO; had no effect on the morphology of
the initial materials. Small particles deposited on the
outer surface of spherical ZSM-5 crystals which can
be observed in Figure 3(b) are TiO;. As depicted in
Figure 3(c), ZSM-5 proved its ability to prevent the

conglomeration of TiO, by the presence of more dis-
persed particles compared to Figure 3(a).

EDX analysis results of the element’s weight percent
and atomic percent are presented in Table 3. Ma-
jor elements were detected as predicted, as visually
shown in Figures 4 and 5, including oxygen, sodium,
aluminum, silicon, and titanium without impurities.
From Table 4, compared to 80% wt.% of TiO; in the
suspension mixture, around 71.97% of TiO, was de-
posited on the glass tube surface which was calcu-
lated from 43.18% weight of titanium element ana-
lyzed by EDX. The result indicated that sample Z-T
6:4 contains 24.96 wt.% of titanium which was equiv-
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Figure 3: SEM analysis images of coating materials
of (a) TiO, (b) Z-T 2:8 (c) Z-T6:4 [Source: Authors]

Table 3: Elements’ content of sample ZT-2:8 and

ZT-6:4
Z-T2:8 Z-T 6:4
Ele- Weight ~ Atomic =~ Weight  Atomic
ment % % % %
O 43.82 66.54 57.18 75.19
Na 1.61 1.70 2.68 2.45
Al 0.47 0.43 0.71 0.55
Si 10.92 9.44 14.47 10.84
Ti 43.18 21.90 24.96 10.96

[Source: Authors]

Table 4: Comparison between the actual deposited
TiO,; wt.% and expected TiO, wt.%

Sam- TiO, Actual TiO, Theory Error

ple (%) (%) (%)
Z-T 71.97% 80% 10.04%
2:8

Z-T 41.60% 40% 4.00%
6:4

[Source: Authors]

1 2 3 4 5 [ i & 9 10|
Full Scale 3248 cts Cursor: 0.000

Figure 4: EDX analysis image of sample Z-T 2:8
[Source: Authors]

Full Scale 3031 cts Cursor: 0.000

Figure 5: EDX analysis image of sample Z-T 4:6
[Source: Authors]

Figure 6: The element distribution of sample Z-T 2:8
analyzed by EDX [Source: Authors]

!

Figure 7: The element distribution of sample Z-T 6:4
was analyzed by EDX mapping [Source: Authors]
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alent to 41.60% of TiO, on the composite. In general,
an insignificant difference between the expected TiO;
and the actual coating amount was found. With re-
spect to zeolite ZSM-5, the Si/Al molar ratio exhibits
negligible alternation subsequent to the incorpora-
tion of TiO,, persisting at 21-fold. This ratio indi-
cated that ZSM-5 was a hydrophobic material, form-
ing a strong adsorption affinity surface to trap organic
compounds.

The distribution of elements aluminum, silicon, and
titanium are displayed in Figures 6 and 7. These im-
ages show that all of the elements are homogeneously
dispersed on the surface of these two analyzed sam-
ples. In the case of sample Z-T 2:8, as demonstrated in
Figure 6, titanium is confirmed to be densely packed
within the sample space while particles in sample Z-T
6:4 cover with a sparser density.

Adsorption and photocatalytic activity of
catalysts on isopropanol (IPA)

0.4

IPA output C/CO

0.2

0
0 § 10 15 20 25 30 35 40 45 S50 55 60 €5 70
Adsorption time (minutes)

Figure 8: IPA adsorption capacityof samples with
various mixing ratios (C;p4 = 1000ppm, no humid-
ity, N»:O, = 8:2, flowrate: 50 mL/min)

[Source: Authors]

The adsorption capacity of six composites investi-
gated on isopropanol at the concentration is 1000
ppm, with no humidity, and at room temperature was
demonstrated in Figure 8. The TiO, samples, Z-T
2:8, Z-T 4:6, Z-T 6:4 all has relatively short satura-
tion times ranging from 30-50 minutes. For the TiO,
sample, Z-T 2:8, the saturation adsorption time is 30
minutes, while for the Z-T 4:6 and Z-T 6:4 samples,
it is 50 minutes. ZSM-5 sample illustrates the high-
est adsorption capacity compared to others, proved
bya stable adsorption during the first 15 mins, the
ratio of C/Cy stands at 0.06, which was marginally
lower than other samples (C/Cy of Z-T 2:8, Z-T 4:6,
Z-T 6:4, Z-T 8:2is 0.18; 0.29; 0.19; 0.14 respectively).
Numerous articles have indicated that zeolite ZSM-

5 is an effective VOC adsorbent '8-2!. Zeolite has a

large specific surface area with many porous struc-
tures capable of capturing gas molecules effectively.
Thus, isopropanol still existed in considerable quan-
tities on the surface of the Z-T catalyst following the
adsorption stage and needed 60 mins to achieve the
adsorption saturation for the Z-T 8:2 sample. Most of
these adsorbed isopropanol species were located on
the zeolite ZSM5’s surface. Physical adsorption prob-
ably occurred because the adsorption was carried out
at room temperature. The Z-T 2:8 sample demon-
strates rapid IPA adsorption capability in just 25 min-
utes, with the output ratio to the saturated concen-
tration (C/Cy) reaching 0.97, significantly higher than
other samples. However, after 30 minutes, it no longer
shows adsorption capacity. It can be concluded that
the coating layer on the surface of the tube is predom-
inantly TiOj, the ratio of ZSM-5 to TiO, is low, lead-
ing to a low adsorption capacity.

TiO2 013 Zsm-5 TIO2
Zsm-5 38
zT8:2 024 008
Z-T6:4 14 012
zT2:8 | 003 014

Adsorption capacity (mglg)

Figure 9: Total adsorptioncapacity and adsorption
capacity of each material (C;p4 = 1000ppm, no hu-
midity, N»:O, = 8:2, flowrate: 50 mL/min)

[Source: Authors]

Figure 9 illustrates the total adsorption capacity,
which was calculated based on the adsorption curves
obtained at conditions of no humidity and an IPA
concentration of 1000 ppm. Moreover, the actual de-
posited amount of ZSM-5 and TiO, was estimated de-
pending on the theory that the adsorption capacity
of each material is highly proportional to the coated
weight.
highest adsorption capacity belongs to ZSM-5 with

In accordance with previous articles, the

38.4 mg/g. In contrast, the tube coated with purely
TiO; just adsorbed a third of that. In general, it is no-
ticeable that the adsorption capacity rises with the in-
crease of ZSM-5, as proven by 17.23 mg/g, 26.48 mg/g,
and 32.18 mg/g for Z-T 2:8, Z-T 6:4, and Z-T 8:2, re-
spectively.

From the total adsorption capacity of composites and
pure materials, the occupancy of each substance on
the coated layer was calculated. The mass of each
component was calculated based on the assumption
that its adsorption in the mixture was proportional
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to the adsorption of each material alone. The desired
deposited amount of ZSM-5 was higher than the ac-
tual amount on three samples: Z-T 2:8, Z-T 6:4, and
Z-T 8:2. It can be explained by the fact that zeolite
particles are much heavier compared to nano TiO>-
P25. Therefore, zeolite ZSM-5 had a tendency to sed-
iment in the suspension, despite the support of CMC
as a stabilizer agent. Instead of 20%, 60%, and 80% of
ZSM-5 as predicted, the layers contain 18%, 54%, and
76%, respectively. The errors varied from 5% to 12%
compared to the ZSM-5 in the mixture and in EDS
result, which is not too significant.

—e—TIO2

ZSM-5 —@—Z-T2:8

Z-T6:4 —o-Z-T8:2

Removal Efficiency (%)

20

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Reaction time (min)

Figure 10: IPA photocatalytic activity of composites
with various mixing ratios (C;p4 = 1000ppm, no hu-
midity, N»:0, = 8:2, flowrate: 50 mL/min)

[Source: Authors]

IPA conversion efficiency of the samples at different
ratios exhibits significant differences in values and
increases with the rise of TiO, content in this ex-
periment. As predicted, the tube coated with purely
ZSM-5 displays nearly no photocatalytic activity with
roughly 3.5% IPA being removed since ZSM-5 is not a
photocatalytic active material. Regarding the samples
containing TiO, the IPA removal ability increased
significantly in the first 30 to 40 minutes and then be-
came relatively stable or experienced increased effec-
tiveness. Among those, the Z-T 8:2 sample demon-
strates low photocatalytic activity, with the highest
conversion reaching only 20.2% within 60 minutes
of the reaction. On the other hand, the photocat-
alytic activity of Z-T 6:4 and TiO, samples was higher
compared to Z-T 8:2, with maximum conversions of
42.9% and 47.7% respectively. As observed in Fig-
ure 10, sample Z-T 2:8 shows the highest photocat-
alytic efficiency compared to other samples, which is
47.7%.

The zeolite structure consists of framework types that
allow for the penetration of light. Consequently, there
is easy interaction between the light and the TiO; sites

on the TiO2/ZSM-5. Zeolite ZSM-5 plays an impor-
tant role in photocatalytic activity since it serves two
crucial functions. Firstly, the effective dispersion of
TiO, as nanoparticles on zeolite ZSM-5 limits the ag-
glomeration of TiO, and enhances the efficiency of
UV light utilization during the photo-activation step.
Secondly, the porous structure of ZSM-5 captures or-
ganic particles, fostering a reaction with unstable hy-
droxyl radicals and oxygen anion radicals. This is
the reason why higher IPA removal was obtained on
the Z-T 2:8 and Z-T 6:4 samples as compared to that
on the pure commercial TiO,-P25. Therefore, syner-
gistic adsorption-photocatalysis resulted in superior
performance of the catalyst in the photocatalytic ac-
tivity for IPA removal. In the first 30 minutes af-
ter turning UV light, the reaction efficiency increased
gradually to reach a certain stability. This situation
can be explained by the saturation of IPA on the sur-
face pores at the beginning, which prevented newly
introduced IPA molecules from being captured and
oxidized. Based on the results obtained, Z-T 2:8 was
selected for further investigation and evaluation of the
influence of external factors. This choice is based on
the fact that sample Z-T 2:8 demonstrates the best in-
teraction between the two types of materials. This is
significant for the application of the material in pho-
tocatalytic processes that require prolonged activity,
such as VOC treatment.

70

60 —e—HD 0% —=—HD 20% HD 30% —+—HD 50% —+—HD 60%

50
40 ///‘_V—b_H
30

" ././V//_‘

10 S
S —— = S S SN S ]
rad

0 5 10

Removal Efficiency (%)

0

15 20 25 30 35 40 45 50 55 60 65

Reaction time (minutes)

Figure 11: IPA photocatalytic activity of sample Z-T
2:8 atadifferent relative humidity (C;p4 =1000ppm,
N,:0, = 8:2, flow rate: 50 mL/min)

[Source: Authors]

Figure 11 shows Z-T 2:8 samples analyzed under five
conditions: no humidity, 20%, 30%, 50%, and 60%
humidity. It illustrates stable photocatalytic activity
within 60 minutes of the reaction. Under no humidity
conditions, the highest IPA photocatalytic conversion
reaches 47.7%, indicating the potential for prolonged
photocatalysis. Under the test condition of this study,
the IPA decreased when relative humidity decreased
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from 47.7% to 6.1%. At 20% humidity, there is a sig-
nificant decrease in photocatalytic efficiency, with the
highest conversion reaching 31% within 60 minutes.
Finally, at 60% humidity, the overall conversion de-
creases compared to 30% humidity, with a conversion
rate of 4.9% at minute 25, stabilizing under 5% until
the end of the period.

Studies on the impact of humidity on VOC decom-
position suggest that increased humidity limits the
conversion of VOCs. In photocatalytic reactions, wa-
ter molecules often participate, promoting the forma-
tion of =OH radicals. However, in photocatalytic re-
actions, water vapor competes with adsorption cen-
ters on the catalyst surface, reducing VOC adsorp-
tion. When water vapor reaches a certain concentra-
tion, the formation of =OH radicals does not increase
with further humidity. Therefore, it can be seen that
IPA photocatalytic efficiency decreases with increas-
ing humidity in these experiments. Additionally, it
can be concluded that this catalyst doesn’t prove its
stability with respect to rising humidity.

—+—250PPM
1500PPM

—=&— 500PPM
—#—2000PPM

1000PPM

Removal Efficiency (%)

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Reaction time (minutes)

Figure 12: IPA removal rate ofsample Z-T 2:8 at dif-
ferent IPA concentrations (no humidity, N,:0,= 8:2,
flow rate: 50 mL/min)

[Source: Authors]

It can be observed from Figure 12 that the influence
of the initial IPA concentration on the catalyst’s treat-
ment capability. Generally, the efficiency of IPA re-
moval decreases with increasing initial concentration.
The IPA removal was reduced by approximately 40%
when the initial IPA concentration increased nearly
doubled from 1000 ppm to 2000 ppm. At an initial
concentration of 1000 ppm, the catalysts VOC re-
moval capability reaches approximately 47.7% within
1 hour of observation. Additionally, samples ob-
served at an initial concentration of 250 ppm and
500 ppm show the highest catalyst capability, with
the maximum conversion rate at these concentrations
reaching 57.2% and 53.1% respectively. However,

there was no significant difference when the initial

concentration decreased from 1000 ppm to 249 ppm.
When the concentration approached 1500 ppm and
2000 ppm, the photocatalytic efficiency remained sta-
ble at the lowest level of approximately 26% and 17%,
respectively.

The test results above indicated that lower VOC
concentrations were advantageous for photocatalytic
degradation. When increasing the IPA concentra-
tion to a certain level, the removal efficiency does not
change considerably. However, when the concentra-
tion exceeds the permissible level, the performance
This phe-
nomenon occurs since the high concentration of VOC

of capacity also significantly decreases.

cover partially or completely catalyst active point, hin-
dering the exposure to UV light which can activate the
generation of electron and hole pairs. In case of low
concentration as 250 ppm and 500 ppm, the photocat-
alytic activity showed no significant difference com-
pared to 1000ppm. This situation can be explained
by the fact that the lower the concentration, the less
IPA particles adsorbed on the ZSM-5 surface. These
molecules are located further away from TiO; active
sites, thus, highly oxidative species cannot interact
with.

60 —+—2uv
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—s—4uv

Removal Efficiency (%)
2
]
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Figure 13: IPA photocatalytic activity of sample Z-T
2:8 under 2 UV light modes (C;ps = 1000ppm, N»:0;
= 8:2, flow rate: 50 mL/min)

[Source: Authors]

The influence of UV intensity on the efficiency of pho-
tocatalytic treatment was studied by keeping all reac-
tion conditions constant and varying the UV inten-
sity. Based on Figure 13, we can see that under both
conditions of 2 UV lamps and 4 UV lamps, the ma-
terial exhibits stable photocatalytic oxidation capabil-
ity. However, increasing the lamp intensity from 2
lamps to 4 lamps significantly increases the treatment
efficiency. At the 20" minute, the conversion rates
for 2 lamps and 4 lamps are 22.19% and 38.90%, re-
spectively. Meanwhile, the maximum photocatalytic
efficiency at 2 lamps is 24.70% at minute 60", and
the maximum photocatalytic efficiency at 4 lamps is
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47.70%. Therefore, this survey has shown that un-
der the condition of 4 UV lamps, higher efficiency is
achieved. Generally, as the light intensity increases,
the generation of hydroxyl free radicals in the VOC
processing becomes easier, providing more energy for
higher efficiency of photocatalytic oxidation.

Removal Efficiency (%)

0 50 100 150 200 250 300 350

Reaction time (minutes)

Figure 14: The photocatalytic capacity of sample Z-
T 2:8 for 6 hours (C;p4 =1000ppm, N2:0, =8:2, flow
rate: 50 mL/min)
[Source: Authors]

Long-term activity investigation helps assess the
durability of the catalyst in use. Figure 14 illustrates
the VOC processing capabilities of material sample
Z-T 2:8, which contains significant TiO; in the mix-
ture. The graph shows that under this reaction condi-
tion, sample Z-T 2:8 still demonstrates stability and
photocatalytic efficiency, approximately 46% after 6
hours of testing. It starts to reach stable efficiency at
50 minutes, stands at 44.1%, and continues to main-
tain the efficiency capacity of the catalyst till the end of
the period. There is a slight change in photocatalytic
efficiency compared to the previous experiment con-
ducted in 1 hour. Additionally, this result can demon-
strate that the catalyst proves the high capacity and its
effectiveness to remove VOC during long-lasting ex-
periments. The stability of catalytic material is gener-
ally improved at the cost of photocatalytic efficiency.

The mass ratio of ZSM-5/TiO; during the loading
process affects the ratio of ZSM-5 and TiO; in the re-
sulting composite adsorbent. A too-low TiO, loading
ratio does not achieve the synergistic effect of ZSM-
5 and TiO; in adsorption, while an excessively high
ratio leads to increased cost due to the high price of
TiO, and ineffective utilization of ZSM-5. Therefore,
the experiment was designed with a TiO,/ZSM-5 ra-
tio 6:4 mass of 0.1g and 0.2g. From Figure 14, it
can be observed that as the ZSM-5/TiO, mass ratio
increases from 0.1g to 0.2g, the adsorption capacity
significantly improves for the Z-T 6:4 composite ad-
sorbent. The higher the mass of the sample is, the
longer the time the sample takes to reach the satu-
ration point. The saturation adsorption time of 0.2g

——2.T6:40.1g
—e—2-T6:40.2g

IPA output C/C0

6 10 20 30 40 50 60 70 80 90
Reaction time (minutes)
Figure 15: Varying adsorption capacity with re-
spect to the varying mass of Z-T 6:4 sample (C;ps =
1000ppm, N,:0, = 8:2, flow rate: 50 mL/min)
[Source: Authors]

Z-T 6:4 takes nearly 85 minutes compared to half of
the period with respect to 0.1g Z-T 6:4. The results in
Figure 15 clearly show that when the adsorbent mass
was increased, this resulted in an increase in the ad-
sorption of IPA. The main reason for this is that as the
adsorbent mass increases, more adsorption sites are
available per mass of the adsorbent surface, and thus

the total amount of IPA that is removed increases 2.

—e—ZT6:40.1g

—e—Z.T6:40.29

oo
20 ’/.——-o—"/’f

IPA photocatalytic efficiency(%)
5
8

0 5 10 15 20 25 30 35 40 45 50 55 60 65

Reaction time (minutes)

Figure 16: Photocatalytic activity with respect
to the varying mass of the Z-T 6:4 sample (C;p4
=1000ppm, N,:0;, = 8:2, flow rate: 50 mL/min)
[Source: Authors]

The photocatalytic activity of sample Z-T 6:4 is de-
picted in Figure 16 during 60 minutes in constant con-
dition. It is noticeable that there was no considerable
difference in photocatalytic efficiency in spite of dou-
bling the catalyst mass, proven by 47.2% and 42.9% re-
moval capacity at the end of the period for the mass of
0.1g and 0.2g, correspondingly. This result indicates
that the efficiency of the ZSM-5/TiO, composite ex-
hibits a high degree of dependency on ratios between
two components and shows no direct proportion to
deposited mass. This phenomenon can be explained
by the fact that merely TiO, particles located on the
outer surface of the tube are exposed to UV light and
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activated. Therefore, an appropriate amount of cata-
lyst should be surveyed and selected to ensure that the
photocatalytic activity is optimized while consuming
materials economically.

CONCLUSIONS

In this study, the nanocomposite of Zeolite ZSM-
5/TiO; has been successfully prepared by the dip-
coating method with the support of a CMC additive to
obtain an ideal suspension and uniform coating sur-
face. By using an air simulation system and GC-FID
analysis equipment, it has been proved that the pho-
tocatalytic activity of TiO, is enhanced significantly
with the addition of ZSM-5. With the same coating
amount, the ratio of ZSM-5 to TiO, equal to 2:8 dis-
plays the highest IPA removal percentage with 47.7%
compared to 42.9% and 41.2% of ratio 6:4 and TiO»,
respectively. The catalyst has shown its durability via
the ability to maintain consistent photocatalytic effi-
ciency within 6 consecutive hours. In humid condi-
tions and lighting intensity, the oxidative reaction of
the composite decreases with increased humidity and
is proportional to the number of UV lights.
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TOM TAT

Viéc két hop TiO, véi zeolite ZSM-5 da dugc nghién cliu nham thic ddy hoat tinh xuc tac quang
dé xtt ly cac hop chét hru co dé bay hoi (VOQ) lién tuc. Trong nghién cltu nay, cac vat liéu xdc
tac composite gitta ZSM-5 va TiO, thuong mai véi nhiéu ty 16 khac nhau da dugc ldng dong thanh
cong lén cac 8ng thiy tinh hinh try bang phuong phap nhing pha. BE cai thién do én dinh clia
hé huyén pht va gidm thiéu su ldng dong clia céc hat ndng, chat phu gia carboxymethyl cellulose
(CMQ) da duoc dua vao hén hop. Cac dac tinh hinh thai va thanh phan cau tao da dugc dac trung
bang phuong phép SEM-EDX, cho thay su phan bé dong déu sau khi dp dung phuong phap nhiing
pht, déng thai biéu thi mic dé sai léch nhd chi tir 4% dén 12% gitta ham lugng khéi luong thuc té
va ly thuyét. Hiéu suat xutc tac quang dugc danh gia thong qua kha nang loai bo khi isopropanal
(IPA) bang céch str dung mét hdn hogp méd phong khong khi két hop véi phan tich sac ky khi (GC-
FID). Cac yéu t6 bao gom do 4m, ndng dé VOC, cudng do anh sang UV va khéi lugng chat xdc tac
da dugc khao sat anh hudng ctia chiing dén hiéu sudt clia chét xtc tdc quang, ti do dua ra két luan
vé diéu kién hoat dong téi uu nhat. Két qua phan tich sac ky khi (GC) vé ham lugng VOC sau x ly
kh&ng dinh hoat tinh t6t clia cac vat liéu chtra ZSM-5 va TiO, & cac ty lé thich hap (2:8 va 6:4) so Vi
viéc chi strdung don & TiO,, vai hiéu suat xUc tdc quang cao hon (dat lan luct 47,7% va 42,9%). Do
am va néng dé VOC cang cao thi nang sudt clia chét xUc téc quang cang gidm. Thém vao do, thir
nghiém hoat tinh theo thai gian da chiing minh dé bén va do 6n dinh cdu triic cia mau composite
81 uu, khi vat liéu nay duy tri hiéu sudt chuyén hoa 6n dinh & muic xap xi 46% trong 6 gi&s hoat dong
lién tuc. Bén cach dé, viéc tang gap doi khoi lugng chat xdc tac lang dong tir 0,1 g 1én 0,2 g khdng
lam tang dang ké hiéu sudt xuc tac quang, di€u nay chi ra réng hiéu suat xtr ly chl yéu bi chi phoi
bai ty 1& clia cac thanh phan dugc tiép xUc truc tiép véi anh sang hon 1a tdng khéi lugng 16p phd.
V& mat dinh lugng, viéc tang cudng dd den UVt 2 1én 4 bong da thuc ddy dang ké qua trinh tao
ra cac goc ty do hydroxyl va lam tang gdp doi hiéu sudt xtr ly téi da. Do do, diéu kién phu hgp nhat
va quy trinh ché tao chat xuc tac can dugc khao sat ky luéng dé nang cao hiéu qua xt ly khi VOC.
Tu khoa: Zeolite ZSM-5, TiO2, Phuang phép nhing phu, Loai bd isopropanol, Hoat tinh xuc tac
quang

Trich dén bai bao nay: Diém Ngoc N T, Gia Han P L, Quang Long N. Téng hop hop chét xc tac quang
ZSM-5/TiO; bang phuong phap nhiing phii va danh gia kha nang loai bé isopropanol (IPA). VNUHCM
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