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Abstract
This paper examines the manufacture and properties of honeycomb adsorbent capable of volatile organic 

compound (VOC) adsorption and catalytic oxidation. A sheet 0.25 mm thick consisting mainly of ceramic fibers and 
zeolite Y was produced to form a honeycomb with holes of a constant size. A Pt catalyst was then impregnated 
to analyze toluene adsorption and catalytic oxidation properties. The Pt catalyst was distributed uniformly across 
the surface of the honeycomb adsorbent, and there was an insignificant amount of adsorption degradation due to 
the addition of the catalyst. It was also found that the adsorption properties did not change significantly even after 
repeated room temperature adsorption and high temperature catalyst oxidation cycles. Adsorption amount was 4.5 
wt% when the partial pressure of toluene was 0.5 mmHg, and the conversion rate was 98% at over 245°C.
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Introduction
In the electronics industry, propylene glycol methyl ether acetate 

(PGMEA) is used as a sensitizing and insulating solvent when 
manufacturing components [1], while organic solvents such as hexane 
are used catalytic cracking process [2-4] and toluene volatile organic 
compounds (VOC) are widely used in the industrial printing and 
painting processes [5-7]. VOC is a substance that produces ozone in 
reaction with light when released to the atmosphere, and is known to 
cause serious side effects such as paralysis and migraines when it enters 
the body through breathing. Thus, regulations restricting atmospheric 
VOC emissions are being strengthened, and efficient VOC removal 
facilities are being demanded to improve industrial working conditions.

Methods such as thermal oxidation, catalytic oxidation [8,9], 
adsorption and concentration using activated carbon or zeolite Y and 
ZSM-5 [10-12] are currently being used to remove low concentrations 
of VOC at industrial sites. Thermal and catalytic oxidation, which is 
most commonly used, removes emitted VOC through combustion 
or a catalytic incinerator. This method is disadvantageous in that the 
operation and maintenance costs are high, as it continuously requires 
auxiliary fuel to maintain oxidation temperature.

Another common method is adsorption removal using activated 
carbon, in which activated carbon adsorbs VOC until saturation 
and is disposed of, or recycled for reuse, through pressurization or 
temperature changes. However, this method is disadvantageous in 
that it requires periodic exchanges of adsorbent and includes a risk of 
combustion in the activated carbon tower.

Among these various VOC removal methods, a rotary adsorption, 
concentration and catalytic combustion method using a honeycomb 
adsorption rotor [13-16] is a relatively efficient technique. This method 
combines the adsorption and catalytic combustion process, which 
continuously performs adsorption, recycling and concentration, and 
cooling processes by rotating the honeycomb adsorption rotor with 
the adsorbent, and supplies the concentrated VOC resulting from the 
recycling process to the catalytic converter for combustion. There is 
nearly no loss of adsorption gas pressure by the cylindrical honeycomb 
adsorption rotor used in this process, and the large surface area to 
volume ratio enables efficient reactions between the adsorbent and 

adsorption gas. It is particularly advantageous in that the method 
uses the heat from the catalytic combustion of concentrated VOCs, 
which comes from the recycling process, in the adsorption recycling 
process, resulting in nearly no auxiliary fuels being used. Nevertheless, 
since rotary adsorption and catalytic combustion uses two separate 
adsorbents, a VOC removal facility that operates in a more compact 
and economical manner is required. This research was conducted to 
develop a multifunctional honeycomb adsorbent with adsorption 
and catalyst oxidation features for application in an integrated VOC 
adsorption and catalytic combustion process.

Experiment Section
Manufacturing the honeycomb adsorbent

A 0.25 mm thick ceramic sheet consisting mainly of zeolite Y (UOP, 
HISIV-1000) with a 5.5 SiO2/Al2O3 ratio and ceramic fibers (KCC, Bulk 
1260) was manufactured [17,18]. The BET surface area determined by 
adsorption of nitrogen was shown to be 284 m2/g and the zeolite Y content 
can be determined to be 43%. Two ceramic sheets were molded into a wave-
shape, with one side having a pitch of 4.0 mm and height of 1.8 mm, and 
wound together to create a cylindrical honeycomb adsorbent of a diameter 
of 98 mm and length of 150 mm. The honeycomb adsorbent was put to dry 
in a solution of 10 nm silica particle solids at 10%, and was dried at 105°C 
and calcinated at 550° for 1 hour to completely remove the organic matter 
in the honeycomb adsorbent. The final weight of honeycomb adsorbent 
was 139.4 g (Figure 1).

Manufacturing the multifunctional honeycomb adsorbent

The addition of the Pt catalyst was through the impregnation 
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adsorption and catalytic combustion airflow rates were kept uniform 
through the use of a mass flow controller, and the multifunctional 
honeycomb adsorbent was activated before the adsorption test by 
supplying external air that was heated to 200°C by a blower to the 
multifunctional honeycomb adsorbent for 30 minutes. The adsorption 
process controlled VOC concentrations by mixing standard toluene gas 
with the uniform supply of external air supplied by the blower. When 
valves AV101, AV103, and AV105 were opened, the VOC contaminated 
air went through the multifunctional honeycomb adsorbent within 
the reactor to be adsorbed, and was then emitted. For the catalytic 
combustion reaction, external air was heated to 300°C using an electric 
heater after the adsorption process, whereupon the temperature of the 
catalyst layer and the concentrations at the exit of the reactor tower 
were analyzed in real-time [21-23].

Results and Discussion
Surface characteristics of the honeycomb adsorbent

The surface characteristics of the multifunctional honeycomb 
adsorbent were analyzed through SEM and EDS mapping (Figures 
4 and 5). As shown in Figure 1, on the surface of the ceramic sheet 
containing zeolite Y, the zeolite Y particles are evenly distributed 
around the ceramic fibers that form the frame. The robust binding of 
ceramic fiber and zeolite Y particles due to silica binders prevented 
the loss of gases being processed. Additionally, Figure 5, which shows 
the EDS mapping of Figure 4 in order to check the distribution of Pt 
catalyst on the surface of the ceramic sheet, shows an even distribution 
overall, indicating successful catalyst loading through adsorption.

Toleune adsorption properties of the honeycomb adsorbent

Figure 6 shows the results of measuring the toluene adsorption 
properties of the honeycomb adsorbent device using a gravimetric 
gas adsorption measuring device, the magnetic suspension balance 
(30G-500P, Rubotherm). As shown by the two comparative graphs, the 
adsorption equilibrium rate before and after the addition of Pt is nearly 

method, and used a zeolite Y containing honeycomb adsorbent 98 mm 
in diameter and 150 mm in length as the catalyst carrier. It was deposited 
in a 0.005 mole Tetraammineplatinum (II) Chloride [Pt(NH3)4CL2] 
solution for 30 minutes. Then it was dried at 70° for 24 hours, and 
kept in a reactor at 320° at an oxygenation rate of SV=30,000 h–1 and 
heating rate of 0.5°C/min for 2 hours. It was then reduced by heating 
up to 300°C with hydrogen 10% (nitrogen balance) as the reduction 
gas at flow rate of SV=30,000 h-1 and heating rate of 1.7°C/min. The 
final amount of Pt(0) catalyst loaded was 0.911 wt% of honeycomb 
adsorbent (Figure 2) [19,20].

Evaluation of the adsorptive and catalytic reactions of the 
multifunctional honeycomb adsorbent

The apparatus to evaluate the toluene adsorption and catalytic 
reaction properties of the multifunctional honeycomb adsorbent 
containing zeolite Y and Pt(0) catalyst is depicted in Figure 3. As 
shown in the figure, after the multifunctional honeycomb adsorbent 
was charged in the reaction tower, thermocouples were installed at the 
entrance (T1), middle (T2), and exit (T3) to analyze the temperature 
changes in real-time. Furthermore, the VOC concentration before and 
after the reaction tower was also analyzed in real-time through the use 
of a total hydrocarbon analyzer (HORIBA THC-5100). In addition, the 

Figure 1: SEM images of ceramic sheet with zeolite Y(x500).

Figure 2: Multifunctional honeycomb adsorbent (size: dia. 98 mm, length 150 
mm).
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Figure 3: Diagram of the multifunctional honeycomb adsorbent evaluator.
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identical. That is, the adsorption property of zeolite Y is maintained 
throughout the process of adding Pt to the honeycomb adsorbent 
containing zeolite Y. The use condition for the multifunctional 
honeycomb adsorbent with VOC adsorptive and catalytic oxidation 

features that this research aims to develop is a VOC concentration 
below 300 ppm, which is relevant to toluene pressures under 0.2 
mmHg. Therefore, when actually applied to the VOC removal process, 
the honeycomb adsorbent adsorptive catalytic oxidation device that 
was created by this research appears to experience no degradation of 
adsorption efficiency due to the addition of Pt catalyst.

The results of the analysis of the honeycomb adsorbent’s adsorption 
and desorption properties with regard to toluene polluted air, which 
was used to design the actual VOC adsorption removal process, is 
presented in Figure 7. As shown in the graph, when toluene polluted 
air at 340 ppm was supplied at 40 Nl/min, toluene began to be desorbed 
in 8 minutes, and became equal to the concentration at the entrance 
in roughly 23 minutes. A notable result is that the adsorption and 
desorption properties before and after loading the catalyst are nearly 
identical, similar to the recorded adsorption equilibrium. Furthermore, 
when assuming that the rotary VOC removal process uses a cylindrical 
honeycomb adsorbent at a rotation speed of 4 rph, approximately 36 
ppm of the toluene polluted air is desorbed since the adsorption zone 
is 12 minutes. Under identical conditions, the adsorption removal 
efficiency is expected to be about 89.5%, and the concentration of 
polluted air or throughput needs to be reduced by 10% for increased 
adsorption removal efficiency.

Catalytic combustion properties of honeycomb adsorbent

Figure 8 shows the experimental results of catalyst layer 
temperature changes on the conversion rates. That is, it shows the 
conversion rates following temperature changes in the reactor catalyst 
layer when the honeycomb adsorbent has been placed in the reactor 
and the concentration of toluene polluted air was changed from 500, 
1000, 1500 ppm while being supplied at a rate of 5,000 h-1. As shown 
in the graph, at a catalyst layer temperature of 150C, the conversion 
rate (γ) following catalytic combustion increased to 87%, 97% and 98%, 
respectively. The low conversion rate of 87% for toluene polluted air at 
500 ppm is expected to be the result of the catalyst layer temperature 
being lower than that of the stable reaction temperature coupled with 
insufficient temperature increases to the catalyst layer by catalytic 
combustion. When the temperature of the catalytic layer exceeded 
200°C, conversion rates in toluene polluted air at 500 ppm (○,△) were 
all over 98%, and identical results were observed even when increasing 
the concentration of polluted air.

Figure 9 shows the results of continuous analysis of toluene 

Figure 4: SEM image of the surface of the multifunctional honeycomb 
adsorbent (x2,000).

Figure 5: PT distribution on the multifunctional honeycomb adsorbent by EDS 
mapping.

Figure 6: Toluene adsorption equilibrium rate of honeycomb adsorbent before 
and after Pt catalyst addition.

Figure 7: Toluene polluted air adsorption properties of the honeycomb 
adsorbent before and after the addition of Pt catalyst.
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adsorption and catalytic oxidation by the multifunctional honeycomb 
adsorbent. Both the toluene concentration at the reactor’s exit and 
the temperature of the multifunctional honeycomb adsorbent were 
analyzed after placing the multifunctional honeycomb adsorbent in 
the reactor, sending toluene polluted air at 1025 ppm at a rate of 5000 
h-1, and increasing the temperature of the catalyst layer from 35°C to 
300°C. This resulted in the concentration of toluene being emitted by 
adsorption remaining low at 5 ppm when the temperature of the catalyst 
layer was below 60°C, for 99.5% removal efficiency. Afterwards, when 
the adsorption and catalytic oxidation reactions failed to occur due to 
the effects of rising temperatures in the catalytic layer and adsorption 
saturation, the concentration of toluene emissions sharply increased to 
about 230 ppm, but showed stabilization in temperature and removal 
efficiency after catalytic combustion following a rise in catalyst layer 
temperature to over 150°C.

The results of such analysis led to the design of the VOC removal 
process using a multifunctional honeycomb adsorbent as depicted in 
Figure 10. As shown in the figure, the multifunctional honeycomb 
adsorbent was divided into a ratio of adsorption zone (8): catalytic 
combustion zone(1): cooling zone(1) through the use of external 
equipment. In addition, adsorption of polluted air occurs at room 
temperature by supplying polluted air to the adsorption zone while 

rotating it at a rate of 3~4 rph. After adsorption saturation, the polluted 
air is moved to the catalytic combustion zone where the catalytic 
combustion reaction occurs via air at a temperature of roughly 250°C; 
it is emitted after catalytic combustion, with temperatures rising by 
roughly 100°C as a result of the catalytic combustion. The emitted 
air is then mixed again with the cooling air at the exit in a uniform 
ratio, to be recirculated as the air needed for the catalytic reaction. 
The catalytic combustion zone is heated by the catalytic combustion 
reaction; this heated zone can be cooled by supplying some of the room 
temperature air that is expelled after adsorption. This adsorption-
catalytic combustion-cooling process is only possible by the use of 
the multifunctional honeycomb adsorbent, and can be a much more 
efficient process for removing VOC contaminated air.

Conclusion
To develop a multifunctional honeycomb adsorbent capable of 

VOC adsorption and catalytic combustion, a ceramic sheet containing 
adsorbents was produced, and a catalyst was added to the honeycomb 
adsorbent that utilized these sheets. The manufacturing process was 
optimized, and an analysis of the adsorption properties of such a 
manufactured multifunctional honeycomb adsorbent showed nearly 
equal toluene adsorption amounts before and after the addition of the 
catalyst. Furthermore, analysis of the catalytic combustion confirmed 
that the manufacture of a multifunctional honeycomb adsorbent with 
adsorption and catalytic oxidation properties was successful in that the 
conversion rate exceeded 98% when the temperature of the catalyst 
layer was over 200°C. Such a multifunctional honeycomb adsorbent 
can simply a rotary VOC removal process that involves adsorption - 
heated recycling and concentration - catalytic combustion - cooling 
into a process that only involves adsorption - heating and catalytic 
combustion - cooling, thus enabling more compact facilities and 
economical system management.
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