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Abstract

Ammonia is a major compound of odor in livestock house. To enhance the performance of ammonia oxidation
(decomposition), the gas-liquid, two phase photocatalytic oxidation system was designed and prepared in this
study. Commercial P-25 as TiO, catalyst was used for ammonia decomposition. V/P-25 catalyst prepared by sol-
gel method was also used for the removal of by-producted NO, in NH; oxidation reaction. When TiO, was used as
a photocatalyst, the conversion to N, in ammonia decomposition reached above 90% until 200 hr (The air flow rate
of 4 L/min with the ammonia concentration up to 25 ppm.). However, considerable amounts of NO and NO, were
formed as a result of NH; oxidation (as a by-product). Therefore, we added Vanadia impregnated TiO, (P-25)
catalyst for the removal of NO, at the end of reaction trail. The results of a pilot-scale operation were successful to
achieve the simultaneous removal of NH; and NO, about 81 and 87%, respectively.
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[ 100 mL ethanol in 300 mL beaker ]

¢<——— Stirring for 10hr

Ii\ddition of TTIP 28.4g+(Al, V(l, 5, 10mol%))

<«————— Stirring for 30 min

[ Addition of 35wt% HNOj to fix pH=3 I

l<— Stirring for 2 hr

| Addition of H,0 0.4 mol ’

l<—_ Stirring for 12 hr

L Evaporation at 80~ 90°C

Drying at 100°C for 24 hr |

!

’ Calcination at 500°C for 3hr ‘

}

Me/TiO, powder
(Me=Al. V)

Fig. 1. Preparation of Al-TiO,, V-TiO, catalyst.
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Fig. 2. Apparatus of photo-catalysis system of AI-TiO, and
V-TiO,.
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Fig. 4. Removal of NH; with liquid/gas phase in lab. scale continuous system.
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Fig. 5. XRD Patten of Metal-TiO, (1, 5, 10 mol% V-TiO,, 1, 5, 10 mol% AI-TiO,).
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Table 1. The physical properties of TiO, and Metal-TiO,
particle.

Surface area  Pore volume Peak pore size
Catalyst

(m¥/g) (cm¥g) (nm)
TiO, 48.20 0.07 52.1
1 mol% V-TiO, 11.88 0.03 101.4
5 mol% V-TiO, 27.41 0.04 72.5
10 mol% V-TiO, 28.18 0.05 64.6
1 mol% Al-TiO, 52.52 0.094
5 mol% Al-TiO, 82.89 0.13 47
10 mol% Al-TiO,  185.67 0.27 57
45
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(a) Photo-decomposition of NH;
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40
1 —m—Pp.25
35 1 o e TiO,
NHj inject ppm 10% Al-TiO,
_ 301 —v— 5% V-TiO,
E )
g 204 — " ./.
Z ’ ’
T 154
[ S
Z 10 -
[
51 / T
0 ——¥
T T T T
—40 ~20 0 20 40 60

Time (min)

(b) Selective catalytic reduction of NO,

Fig. 6. Photo-decomposition of NH; and selective catalytic reduction of NO, for various catalysts in continous system

at 4 L/min air flow.
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V/P-25 V/P-25
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P-25  V/P-25 (%) P-25  V/P-25 (%)
0 22 22 0 0
10 0 0 100 13 24 81.5
20 0 2 90.9 17.7 2.2 875
30 0 3 86.3 18 2.2 87.7
40 0 4 81.8 174 2.2 87.3
50 0 4 81.8 17.7 2.2 87.5

Fig. 7. Photo-decomposition of NH, (in ppm) selective
catalytic reduction of NO, (in ppm).
*Raw concentration of NH;: 22 ppm
Reactant — Product

*Conversion (%)= x 100
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Ao wgh BN A Rriol AAT g FehuE el A=A AF QT 519
Series connection Parallel connection
\Y%
——»1 i \Y H H \Y g }—-’
\Y%
v EV v +\”2+ +V\ }'x\dX X__Y'
Fg i=1 Fo Fo o —r F, NF,
Fig. 8. Photo decomposition effect of reactor form.
Table 2. Comparison of NH; removal effeciancy for different reactor connections.
(a) Series connection: Change of reaction concenturation
Time (min) 0 10 20 30 40 50
. Cone. (25 ppm) 25 0 0 0 0 0
Change of concenturation (ppm) Conc. (45 ppm) 45 - 8 9 10 10
(b} Parallel connection: Change of reaction flow rate
Time (min) 0 10 20 30 40 50
4 L/min 15 0 0 0 0 0
Change of fiow rate (ppm) 20 L/min 15 0 0 0 o 0

7.6cm

Fig. 9. Apparatus of Pilot scale system.
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(c) Total flow rate: 20 L/min
Fig. 10. Photodecomposition of NH; (in ppm) and the by-

production of NO, from NH, {in ppm) at various
inlet gas flow-rates.
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Fig. 11. Photodecomposition of NH; (in ppm) and the by-
production of NO, from NH, {(in ppm) at various
light source intensity.
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Fig. 12. Concentration change of NH; in a pilot-scale mo-
del livestock house.
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