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ABSTRACT: Photocatalytic oxidation is an emerging technology for destruction of dilute air 
contaminants that is currently under commercial development, which using TiO2 as photocatalyst. UV 
illumination of the TiO2 film placed in a gaseous formaldehyde (HCHO) / air container resulted in the 
total degradation of formaldehyde to CO2 and H2O. Despite its potential advantages, the key 
unresolved issues in the commercial application of photocatalytic oxidation technologies to 
contaminated air purification are that of optimum photocatalytic reactor design and the load of 
photocatalyst. In this paper, successive alternating banks of UV lamps and structured catalyst 
support monoliths are mounted directly in a square duct. The photocatalyst TiO2 was loaded on the 
surface of honeycomb monoliths by different methods. The square duct including banks of UV lamps 
and structured catalyst support monoliths was put in a 4 cubic meters glass container. The polluted 
gas was injected into the container. The photocatalytic degradation of air contaminants was studied. 
The results shown that the air contaminants formaldehyde can be degraded by photocatalytic 
oxidation technology. The photocatalytic efficiency was different photo-initiated by UV lamps with 
peak wavelength at 254 nm and 365 nm. The distance between the UV lamps bank and the 
honeycombs monoliths was found to affect the efficient of photodegradation.  
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1. INTRODUCTION  
On average, people spend 88% of their time in 

indoor environment. The quality of indoor air has a 
direct impact on human health [1]. Buildings were 
designed to be more airtight to save energy since the 
energy crisis in 1970s. And the indoor decoration 
becomes popular in china in recent years. More and 
more pollutants come into indoor environment. 
Occupants in such situation often characterize as 
drowsiness, headaches, sore throats, and mental 
fatigue. This phenomenon is known as a sick building 
syndrome (SBS). In general, there are three 
mitigation measures to reduce SBS, namely source 
control, ventilation and air cleaning. The first two 
methods are usually impossible as the source is 
unreachable and the ventilation is often ungovernable 
by building occupants. Thus air cleaning is a feasible 
and convenient method for the individual occupant to 
improve indoor air quality.  

Photocatalytic oxidation technology is an 
emerging and promoting technology for gas-phase 
pollution control, which use semiconductor TiO2 as 
photocatalyst. Titanium dioxide (TiO2), as a 
photooxidative catalyst exhibits many advantages, 
which can not only function at ambient conditions of 
temperatures and pressure, but can also use the 
mildest and most prevalent oxidant, molecular oxygen 
(O2), and is active against the broadest possible 
range of contaminant structure[2-5]. Much work has 
been done in recent years on the photocatalytic 
treatment of environmental pollutants found in the gas 
phase for possible application to decontamination, 
purification, and deodorization of the atmospheres [6-
7]. One of the possible targets for these materials is 
the elimination of indoor air pollution, for example, the 

destruction of formaldehyde [8]. This is because the 
intensity of ultraviolet (UV) light in a typical indoor 
environment is considered to be adequate for the 
decomposition of trace-level organic contaminants in 
air. 

Perhaps the most significant unresolved technical 
barrier to successful widespread commercialisation is 
optimum photocatalytic reactor configuration and 
design. It is relatively easy to design a laboratory-
scale reactor that simultaneously contacts an 
irradiated catalyst uniformly and efficiently. However, 
at the commercial level, design of a physically 
compact photocatalytic reactor that simultaneously 
and efficiently contacts the activating light, solid 
catalyst, and the contaminated gas while providing 
high photon utilization is not straightforward. For 
integration of photocatalytic oxidation for air 
purification in HVAC systems in office buildings and 
factories, it is crucial that the design be characterized 
by relatively low power consumption. This 
requirement implies that the photocatalytic oxidation 
unit must yield low-pressure drop operation and must 
utilize the UV photons efficiently. 

In order to aid an energy-efficient PCO design, 
research on the mathematical modelling of air flow, 
photon flux field and mass transfer for photocatalytic 
monolith reactors had been carried out [9-11]. The 
successive alternating banks of UV lamps and 
honeycomb monoliths are mounted directly in an air 
duct. The lamp can irradiate the monolith front and 
back faces to utilize the UV photons efficiently. Air 
contaminant is forced through the monolith channels, 
which are coated with the active titania photocatalyst. 
Since then, there are not any researches on it. The 
purpose of this paper is to study the monolith reactor 
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performance of photocatalytic degradation of 
formaldehyde. 

  
2. Experiments 
 
2.1 Preparation of TiO2 film  

Conventional powder catalysts suffer from 
disadvantages in stirring during the reaction and 
separation after the reaction [12]. Preparation of the 
catalysts coated as thin films make it possible to 
overcome these disadvantages and to extend 
industrial applications. In this paper, the formaldehyde 
was used as reactant gas. The contaminative 
formaldehyde are the general pollutants of indoor air, 
which can cause the health trouble as cancer. TiO2 
(Degussa P-25) was used as a photocatalyst. The 
catalyst was used as received without any pre-
treatment. Water suspension with 3% of TiO2 was 
coated on the square-channeled cordierite  
honeycomb monolith as supporting substrate. It was 
then calcinated at 160 oC for 1h with a temperature 
gradient of 10 oC per minute. The weight of TiO2 
imposed is determined by the weight difference 
before and after the coating procedure. Figure 1 is a 
photograph of honeycomb monolith. 

  

 

Figure 1: Photograph of cordierite monolith 

 
2.2 Reactor and experiments.  

The configuration of the reactor was shown as 
figure 2.The successive alternating banks of UV 
lamps and honeycomb monoliths are mounted 
directly in a squared air duct. The UV lamps are low-
pressure mercury “black” lamps with the peak 
wavelength at 365 nm, or are germicidal lamps 
emitting primarily at 254 nm. The light intensity of UV 
lamps were determined by a UV meter. The reactor is 
built into 0.5 m long, 0.2×0.2 m2  cross-section duct. 
The duct can accommodate up to five individual 
square monoliths and 5 lamp banks. Every bank can 
contain 3 UV lamps with power of 4 W. the reactor 
wall is made of stainless steel. The duct’s inner walls 
are coated with aluminium foil to reflect UV light. A 
blower at the end of reactor provides the desired flow.  

The reactor was placed in an 2  m12×× 3 airproof 
container, which was made of stainless steel and 
glass. Inside the sealed container, there are two fans, 
which can stir the polluted gas uniformly. Before 
experiment, the UV lamps were shut off and the high 
concentration polluted gas was injected into the 
airproof container. After the polluted gas and air in the 
airproof container was mixed uniformly, the UV lamp 
and the blower in the reactor was turned on. The 
concentration change of formaldehyde was measured 
by the 4160-type formaldehyde analyser every two 
minutes, which was produced by the American 

Interscan Company. The humidity in the airproof 
container was controlled by commercial electrode 
humidifier and a humidity controller simultaneously.   

 

 

Figure 2: The squared channelled reactor 

 
3. Results and discussion 

The photocatalytic degradation of formaldehyde to 
CO2 and H2O over TiO2 catalyst illuminated by 
different wavelength of UV lamp is shown in Figure 3. 
The distance between the UV lamps and the 
Honeycomb monolith surface is 1.5 centimetres. Prior 
to the experiment, the adsorption had reached 
equilibrium, as shown in the steady concentration 
form 0 to 10 min. At 10 min, the UV lamp was turned 
on and the photodegradation of formaldehyde 
initiated. Figure 3 shows that the effect of the 
germicidal lamps on the photodegradation of 
formaldehyde is higher than that of low-pressure 
mercury “black” lamps. Here, 1ppmv=1.25mg/m-3. 
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Fig. 3 Photodegradation of formaldehyde 

 

 
The removal rate of formaldehyde is calculated by 

Eq. (1) 
 
Removal(%) 

initial concentration-concentration at time t

initial concentration
=

100％

 
Where the initial concentration is the adsorption 
equilibrium concentration and the concentration at the 
time t is the concentration after the UV lamp was 
turned on for time t. Fig.4 shows the removal of 
formaldehyde initiated by different UV lamp. It can be 
seen that the photodegradation of formaldehyde is 
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more than 80% in an hour after the UV lamp with the 
peak wavelength at 254 nm was turned on. However, 
the removal of formaldehyde photodagraded by the 
UV lamp with the peak wavelength at 365 nm is only 
more than 50%. The reason is that the energy of 
germicidal lamps is much higher than that of low-
pressure mercury “black” lamps. Table 1 shows the 
light energy at different wavelenth and chemical bond 
energy. As shown in table 1, the energy of light with 
wavelength at 254 is higher than that of C-H bond 
energy. So the germicidal lamps can also cut the 
carbon- hydrogen bond to decompose the 
formaldehyde harmlessly. The germicidal lamps and 
photocatalytic action together make the removal of 
fomaldehyde higher than that of low-pressure 
mercury “black” lamps. At the same time, the 
germicidal lamps can kill the bacterium and virus. 
Therefore, photocatalytic technology initiated by 
germicidal lamps can decompose the pollutants and 
kill the germs and virus simultaneously. 
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Fig. 4 Formaldehyde conversion illuminated by 
different UV lamp 

 
Table1: Light energy and chemical bond energy. 
___________________________________________ 

Light            Light            chemical         Bond 
wavelength   energy             bond           energy 

(kJ/mol)                              (kJ/mol) 
 200      598          O-H          462 
 300       397          C-H           413 
 400      301          C-C            347 
 500      238          C-Cl       326 
 700      171          N-N         158 
 800      146          O-O         138 
                                                
    The effect of germicidal lamps on the degradation 
of formaldehyde was also performed, shown in figure 
5. The honeycomb monoliths coated with TiO2 was 
took out from the reactor, only the germicidal lamps 
were. Same as above, prior to the experiment, the 
adsorption had reached equilibrium, as shown in the 
steady concentration form 0 to 20 min. at 20 min, the 
germicidal lamps were turned on. It can be seen that 
only germicidal lamps can also degrade the 
formaldehyde. Using the Eq. (1), the removal of 
formaldehyde by germicidal lamps is more than 30% 
for 1 hour. This results confirmed that the germicidal 
lamps can improve the efficient of photocatalytic air 
purification. 
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Figure 5 The effect of germicidal lamps on the 
degradation of formaldehyde 

 
The experiment about the effect light intensity on 

the photodegradation of formaldehyde was also 
performed, shown in figure 6. The germicidal lamps 
emitting primarily at 254 nm were used as light 
sources. The light intensity was controlled by the 
distance between the UV Lamps and honeycomb 
monoliths. The nearer the distance between the UV 
Lamps and honeycomb monoliths, the higher the light 
intensity on the surface of monoliths will be. The 
efficient of photodegradation of formaldehyde 
increased with the decrease of the distance between 
the UV Lamps and honeycomb monoliths. Thus, 
when the photocatalytic air purifying unit integrated 
with the heating, ventilation, and air-conditioning 
(HVAC) system, the distance between the UV Lamps 
banks and honeycomb monoliths can’t to be longer. 
So the honeycomb monoliths coated with nanometer 
TiO2 can utilize the all the photon from the light 
source. 
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Fig.6 The effect of light intensity on the 

photodegradation of formaldehyde 

 

 
3. Conclusions 
    The removal of the formaldehyde in HVAC systems 
in office buildings and factories by the use of 
photocatalytic technology is feasible. More than 80% 
and 50% of formaldehyde was removed photo-
initiated by the germicidal lamps and low-pressure 
mercury “black” lamps separately. The light intensity 
was found to affect the photodegradation significantly. 
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So the distance between the UV lamps and 
honeycomb monoliths, which mounted directly in the 
HAVC duct, can't to be too long.  
 
 
REFERENCES: 
 
[1]  Ao C H, Lee S C, Mak C L, Chan L Y, 2003. 
Photodegradation of volatile organic 
compounds(VOCs) and NO for indoor air purification 
using TiO2 : promotion versus inhibition effect of NO. 
Applied Catalysis B: Environmental, Vol.42, pp119-
129. 
[2] Peral J and Ollis D F, 1992. Heterogeneous 
Photocatalytic Oxidation of Gas-Phase Organics for 
Air Purification: Acetone, 1-Butanol, Butadiene. 
Journal of Catalysis, Vol. 136, PP554-565. 
[3] Obee T N and Brown R B, 1995. TiO2 
photocatalytsis for Indoor Air Applications: Effect of 
Humidity and Trace Contaminant Levels on the 
Oxidation Rates of Formaldehyde, Toluene, and 1,3-
Butadien. Environmental Science and technology, Vol. 
29, PP1223- 
[4] Sauer M L, and Ollis D F, 1996, Photocatalyzed 
Oxidation of Ethanol and Acetaldehyde in Humidified 
Air. Journal of Catlysis, Vol. 158, pp570-582. 
[5] Ohko Y, Tryk D A, Hashimoto K, Fujishima A, 
1998, Autoxidation of Acetaldehyde Initiated by TiO2 
Photocatalysis under Weak UV Illumination. Journal 
of Physical Chemistry B, Vol. 102, pp2699-2704. 
[6] Pichat P, Disdier J, Hoang-Van C et al., 2000, 
Purification/deodorization of indoor air and gaseous 
effluents by TiO2 photocatalysis. Catalysis today, 
Vol.63, pp.363-369. 
[7] Sunada, Kikuchi K Y, Hashimoto K, Fujishima A, 
1998, Bactericidal and Detoxification Effects on TiO2 
Thin Film Photocatalysts. Environmental Science 
Technology. Vol.32, pp726- 
[8] Noguchi T and Fujishima A, Photocatalytic 
degradation of gaseous formaldehyde using TiO2 film. 
Environmental science & technology, 1995, 32: 3381-
3383. 
[9] Hossain M M, Raupp G B, Hay S O, Obee T N. 
Three-dimensional developing flow model for 
photocatalytic monolith reactor. AICHE Journal, 1999, 
45:1309-21. 
[10] Raupp G B, Alexialdis A, Hossain M M, 
Changrani R, First-principles modelling , Scaling laws 
and design of structured photocatalytic oxidation 
reactors for air purification. Catalysis Today, 2002, 
69:41-49. 
[11] Votruba J, Sinkule J, Hlavacek V, Skrivanek J, 
Heat and mass transfer in monolithic honeycomb 
catalyst-I. Chemical Engineering Science, 1975, 
30:117-123. 
[12] Votruba J, Mikus O, Nguen K, Skrivanek J, Heat 
and mass transfer in monolithic honeycomb catalyst-II. 
Chemical Engineering Science, 1975, 30:200-206. 
[13] Negishi N, Iyoda T, Hashimoto K, Fujishima 
A,  Preparation of transparent TiO2 thin film 
phoyocatalyst and photocatalytic activity, Chem. 
Lett., 1995, 841-842. 
 
 
 

Achnowledgments 
    The authors gratefully acknowledage the financial 
support of the P. R. National Natural Science 
Foundation and National Key Technologies R & D 
Program on SARS for the partial support of this work. 
 


	1. INTRODUCTION
	2. Experiments
	3. Results and discussion

