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Abstract. Heterogeneous photocatalytic oxidation (PCO) has shown to be a prom-
ising air purifying technology. Nitrogen monoxide (NO) is one common indoor air 
pollutant. The present paper addresses the PCO reaction in indoor conditions using 
NO as target pollutant with the gypsum plasterboard as a special substrate and 
carbon-doped TiO2 as photocatalyst. A photocatalytic reaction setup is introduced 
for the assessment of the indoor air quality. The PCO effect of the carbon-doped 
TiO2 is evaluated using different light wavelengths. Furthermore, the influence of 
the reactor volume on the PCO rate is studied. The Langmuir-Hinshelwood model 
is applied to describe the photocatalytic reaction mechanism. Experimental results 
show the validity of the L-H model in the present research. Using this model, a 
mathematical expression is proposed to describe the concentration change in the 
reactor.  

1   Introduction 

To indoor air quality (IAQ) has been paid much attention because of the important 
role it plays on human beings. NOx (NO and NO2) and Volatile Organic Com-
pounds (VOCs) in indoor air can be emitted from building materials, furniture, 
heating sources, cooking, tobacco smoke, and the pollutant can even come from 
outside. Photocatalytic oxidation (PCO) has been studied since 1970s [2, 6, 7] and 
shown as an effective technology for outdoor air pollution control in building ma-
terials [8, 9].  

The present research addresses indoor air quality using the photocatalytic 
technology. Gypsum plasterboard is used as substrate material for the application 
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of photocatalyst in this research, because it is used widely as an indoor wall board 
owing to its good fire resistance and aesthetics properties. A PCO setup for indoor 
air purifying research was developed. NO is chosen as the target pollutant in the 
first research stage.  

2   Experimental 

TiO2 is widely used as photocatalyst because of its excellent properties like safety, 
low price, stability, and high photocatalytic efficiency [11]. However, TiO2 can 
only be activated by UV light which is only 0.1-5 µW/m2 in indoor illumination 
[10]. A modified photocatalyst is used in this research to utilize the visible light, 
which is carbon-doped TiO2 (Kronos, Germany) with a cut-off wavelength of 535 
nm (band gap of 2.32eV) that corresponds to bluish green light [3]. The carbon-
doped TiO2 was deposited onto the glass fibres, which were then sprayed onto the 
gypsum plasterboard paper with a good bonding between them. 

The schematic diagram of the PCO setup for indoor air assessment is shown in 
Fig. 1. The setup, made from non-adsorbing plastic materials with a size of 100 × 
200 mm2 (W × L), is developed according to standard ISO 22197-1 [1]. The  
experimental setup is composed of the reactor, visible light source, gas supply, 
analyzer, parameters controller. A detailed description can be found in [9]. The ap-
plied visible light source is composed of three cool day light lamps of each 25 W 
(Philips, The Netherlands), emitting a visible radiation in the range of 400 to 700 
nm. The light intensity can be adjusted with a light intensity controller, is measured 
using a VIS-BG radiometer (Dr. Gröbel UV-Elektronik GmbH, Germany).  
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Fig. 1 Schematic diagram of photocatalytic oxidation setup 

3   Results 

PCO can be divided into three main steps: (1) mass transport and adsorption of 
pollutants from the bulk air to the surface of catalyst; (2) PCO on the catalyst; (3) 
desorption and mass transport of the reaction products from the surface of catalyst 
to air. The theory behind the PCO of NO can be found [4, 5, 12].  
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Recovery test of the samples was carried out by letting NO flows through the 
reactor in the dark. Results indicate that no photocatalytic reaction takes place in 
the dark and the average recovery efficiency is 97.6% shown as Table 1.  

The photocatalytic reaction takes place immediately when the sample is ex-
posed to the visible light. A total reaction time of 30 minutes was employed in the 
present research. The conversion of NO is calculated using equation (1). 
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where Cin is the initial NO concentration and the Cout is the average pollutant con-
centration at exit during the last 5 minutes in the measurement time. According to 
PCO reactions, the NO2 produced during the PCO could not turn into NO3

- com-
pletely, so the exit pollutant concentration is calculated as the total of exit NO and 
NO2 concentrations. Table 1 shows some PCO results.  

Table 1 PCO of NO. Experimental conditions: flow rate: 3 L/min; light intensity: 10 W/m2; 
relative humidity: 50 %; room temperature (21.1-22.9 °C). Concentration unit: ppm 

Cin CNO at 10 min    Exit CNO Exit CNO2  Recovery (%) Degradation (%) 

0.0992 0.0963 0.0280 0.0107 96.3 61.30 

0.3003 0.2929 0.1519 0.0306 97.6 39.17 

0.5002 0.4928 0.3158 0.0401 98.6 28.82 

1.0010 0.9767 0.7785 0.0524 97.7 16.91 

4   Kinetic Studies 

The Langmuir-Hinshelwood (L-H) rate model has been employed to describe the 
reaction in gas-solid phase for heterogeneous photocatalysis [8]: 
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where r is the oxidation rate (mg/m2s), k is the rate constant (mg/m2s), K is the ad-
sorption constant (m3/mg), and C is the initial NO concentration (mg/m3).  

Along the longitudinal of the reactor, the NO mass balance reads: 
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where vair (m/s) is the linear air flow rate along the reactor, and av (1/m), with 
av=A/V,  as the active surface area per reactor volume because the PCO reaction 
only occurs in the sample surface, A (m2) is the active surface area of the sample 
(in the present study, A=LW) and V (m3) is the reactor volume (V=LWH), L, W, 
and H are the length, the width, and the height of the reactor, respectively.  

Expression (4) is obtained by solving differential equation (3) considering the 
boundary condition C(x = 0) = Cin, yielding: 
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  (4)     

where Q (m3/s) is the volumetric flow rate of the pollutant (Q=vairWH), and  
Cout =C(x = L). 

The experimental data is in good agreement with the L-H model as shown in 
Fig. 2 which indicates that the L-H model is suitable to be used to in this research. 
The k and K obtained from the intercept and slope of the trend line in Fig. 2 are 
5.75 × 10-4 (mg/m2s) and 7.593 (m3/mg), respectively. The accuracy of the trend 
line is also reflected by the accuracy of the initial NO concentration which is ad-
dressed in the first column of the Table 1. 

y = 228.88x + 1737.7
R2 = 0.9995
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Fig. 2 Plot of NO photocatalytic degradation using L-H model 

5   Discussion  

To assess the effect of the light source, experiments with UVA have been exe-
cuted as well. The obtained conversion rate is then 52.6%, with as experimental 
conditions: initial NO concentration: 1.0 ppm; flow rate: 3.0 L/min; UVA light in-
tensity: 10.0 W/m2; relative humidity: 50%; room temperature (21.5°C) which is 
in accordance with [3]. The results indicate that the carbon-doped TiO2 has a simi-
lar effect as the undoped TiO2 in UV light region, which is more than three times 
of that of the visible light with the same experimental conditions.  

The PCO reactor size also plays an important role in PCO study. The  present 
reactor has a fixed surface size with the height, the distance between the paralleled 
surface of the testing sample and the covering glass plate, can be adjusted by the  
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screws in the bottom of the reactor. In the present study, 3 mm is used as a stan-
dard height. Equation (4) shows the final concentration only relates with the initial 
concentration with a fixed volumetric flow rate. To study the influence of the reac-
tor height, tests were deployed shown in Fig. 3. The results indicate that the PCO 
has no relation with the reactor height. To improve the PCO rate, one method is to 
increase the contact area of the sample with the pollutant, e.g. to increase the sur-
face area of the photocatalyst.  

Fig. 3 PCO results. Reactor 
height: Initial NO concentra-
tion (0.5 ppm): 5 mm (right) 
and 3 mm (left); initial NO 
concentration (1.0 ppm): 5 
mm (right) and 3 mm (left) 
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6   Conclusions  

With the application of plasterboard as substrate and carbon-doped TiO2 as photo-
catalyst and NO as pollutant, PCO has been proved to be a promising air purifying 
technology for indoor air quality improvement in the present research. 

The kinetic L-H model is applied to describe the PCO reaction mechanism. A 
mathematical expression is obtained to express the concentration change in the re-
actor. The L-H model turns out to agree well with the experimental results.  

The study of the reactor shows that only the surface area of the reactor influ-
ences the PCO rate. The effect of the carbon-doped TiO2 is studied and UV light 
has a rather better PCO effect than that of visible light. So how to use the UV light 
in indoor conditions will be an important topic in the next research stage. 
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