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Synopsis:

In the previous reports, kinetic studies were carried out on the photocatalytic oxidation of
toluene in the gas phase over photocatalyst bound building material with a small 20L test chamber,
and computational fluid dynamics (CFD) simulations were also carried out on the same boundary
conditions that were used in the experiments. In this study, building materials in the form of
ceramic tiles with bound TiO, as photocatalyst were prepared with the thermal spraying technique
without using any binder and used as photocatalytic building materials. The kinetic equation for
toluene photo-oxidation over TiO, coated building material could be expressed by the
Langmuir-Hinshelwood type kinetics. The kinetic parameters for the surface reaction were first
determined by using experimental results and then optimized by using the corresponding CFD
simulations for considering non-uniformity distributions of toluene on photocatalyst bound
building materials. These kinetic parameters were identified as a function of the illumination
intensity. Also, a CFD based numerical simulation method integrated with a Langmuir
—Hinshelwood type model was applied to the analysis of toluene concentration distributions in a
real-scale room model. The reduction performance of toluene concentration in the PCO process
was parametrically analyzed as a function of the layout of the TiO, coated building materials.
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Fig. 1 Conceptual diagram of photocatalytic reaction
modeling in CFD
Table I Illuminance simulation

Algorithm | Radiosity method

Meshes 928 (32x29)

Pyrex glass (Transmittance : 100%)
SUS304 (Reflectance : 90%)
Target PCO material ( Reflectance :30%)

Material
Properties

Pyrex glass

Fluorescent lamps

v Transmittance: 100%

Test specimen

SUS304 Wall Reflectance: 30%

Reflectance: 90%

Fig. 2 Outline drawing of illuminance simulation
in Case 3
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Fig. 3 Result on the floor surface of illuminance
simulation in Case 3
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Geometry 3.50m(x) x 3.29 m(y) x 2.40m(z) N A AR LT,
Meshes 1,613,799 (tetra & prism) FRHTRE FUTAE R RO ML s DR G D
Turbulence Low Re type k-¢ model y =1.37 @ z-x ‘F-ifi:Plane (b), Y7V oV ERTOPEEE
Model (Abe-Kondoh-Nagano Model) LSS ATBEZ R x =1.75 @ y-z i1 :Plane (a) &% 'z =0.60
Scheme Convection term: QUICK x-y “F-ii:Plane (¢) 3 Wi TR 5 (Fig. 4 2MR), 7=,
Area: 9,=0.07 m NV DA BITTERIRATRED 260 pgm’® & 725
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Wall Treatment Contaminant concentration: 0C/0x = 0 ii}‘%t Pf:i’éﬁﬁﬁi@i‘ﬁ@%iﬁ@ﬂ%ﬂlfﬁ L TR 705
Contaminant Passive contaminant AELT9,
Table3  Concentration analysis results of basic case (Case 1~Case 3)
C, C, G C. C, C.
Case 3 3 3 3 3 3 nl-]
[mng/m’] [ng/m] [mg/m] [mg/m] [ng/m’] [mng/m’]
260 260 520 325 227 274 0.00
2 260 256 515 319 223 269 0.02
260 236 490 289 205 247 0.09
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Fig. 4 Outline of real scale model for CFD and display section of analysis result
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(a) Velocity
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(c) Case 2

(d) Case 3

Fig. 5 Results of flow field analysis and results of analysis of dimensionless toluene concentration distribution in

each cross section (Case 1~Case 3)
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Table 4 Analysis results of surface illuminance
of building materials in each case [Ix]

Case Maximum Minimum Average
3 871 516 729
4 787 489 664
5 796 381 646
6 659 441 601

F 7 AR O E R A O LT R EE L
Case 3. Case 4 72 5 TNT Case 6 DA ER & [fifE & FH A
G- Case 7 bR E LT Z DA, Case 7 DR
BRFERIT L=1.05 [m/m’] & 72 D,
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(a) Case 3 (floor) (b) Case 4 (lower wall side) (c) Case 5 (upper wall side) (d) Case 6 (ceiling surface

Fig. 6 Installation of building materials for each case in parametric analysis

| i 0.5
D

[ ]
z
x=1.75 T_, ¥

>0.5

z=0.60 T_, .

205
D D
o L
05— 05—
. 0.5
L

(a)Case 3 (b) Case 4 (c)Case 5 (d) Case 6

Fig. 7 Results of analysis of dimensionless toluene concentration distribution in each cross section (Case 3~Case 6)

Table 5 Concentration analysis results of changing installation position of building materials (Case 3~Case 7)

Case © 3 Ca3 © 3 c 3 Ca 3 & 3 -]
[ng/m’] bgm’] | g’ | [mgm’] | [ngm’] [ng/m’]

3 260 236 490 289 205 247 0.09

4 260 244 501 307 209 255 0.06

5 260 245 503 308 208 256 0.06

6 260 246 503 308 205 256 0.05

7 260 230 480 281 190 235 0.12

Q N Illuminance
‘ Position
[Ix]
Floor 451

>0.5
Lower wall side 348

Ceiling surface] 229

. . x=1.75 cross section =137 cross section z=0.60 cross section
(a) Average illuminance on each wall surface (b) Dimensionless toluene concentration

Fig. 8 Analysis results of Case 7
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