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Abstract : Direct catalytic decomposition is a promising method for controlling the emission of nitrous oxide (N,O) from the
semiconductor and display industries. In this study, a y-ALOs catalyst was developed to reduce N,O emissions by a catalytic
decomposition reaction. The y-AlLOs catalyst was prepared by an extrusion method using boehmite powder, and a N,O
decomposition test was performed using a catalyst reactor that was approximately 25.4 mm (1 in) in diameter packed with
approximately 5 mm of catalysts. The N,O decomposition tests were carried out with approximately 1% N,O at 550 to 750 C, an
ambient pressure, and a GHSV=1800-2000 h™'. To confirm the N,O decomposition properties and the effect of O, and steam on
the N,O decomposition, nitrogen, air, and air and steam were used as atmospheric gases. The catalytic decomposition tests
showed that the 1% N,O had almost completely disappeared at 700 C in an N, atmosphere. However, air and steam decreased
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the conversion rate drastically. The long term stability test carried out under an N, atmosphere at 700 C for 350 h showed that the

N,O conversion rate remained very stable, confirming no catalytic activity changes. From the results of the N,O decomposition
tests and long-term stability test, it is expected that the prepared y-Al,Os catalyst can be used to reduce N,O emissions from

several industries including the semiconductor, display, and nitric acid manufacturing industry.
Keywords : Nitrous oxide, N,O decomposition, Direct catalytic decomposition, Noble metal-free catalyst, y-Al,O;
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Table 1. Atmospheric lifetimes and GWP of greenhouse gases [2] units per year) [7,16]
Greenhous gases Atmospheric lifetime (yr) GWP N,O emission sources Mt N,O-N/yr
CO, 50-200 1 Terrestrial 6.6
CHy4 12 21 Natural Marine 3.8
N.O 120 310 Atmospheric sources 0.6
CF, 50,000 6,500 Agriculture 4.1
CyFs 10,000 9,200 Biomass burning 0.7
C;Fs 2,600-7,000 7,000 Industry, energy, and transport 0.9
C4Fs 3,200 8,700 Anthropogenic Wastewater 0.2
SFs 3,200 23,900 Ocean 0.2
CHF; 250-390 11,700 Solvent and other 0.05
NF; 50-740 8,000 Aquaculture 0.05
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Figure 1. Schematic diagram for y-Al,O; catalyst manufacturing process.
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Figure 2. Schematic diagram for N,O decomposition test system.
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Table 3. N,O decomposition as a function of gas composition, temperature, and GHSV conditions

N, Air N,O Steam Temperature (C) GHSV (h")
Case 1 Balance - 1% - 550-700 1818
Case 2 - Balance 1% - 600-750 1818
Case 3 - Balance 1% 7.5% 600-750 1967
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Table 4. DeN,O performance of various catalysts

N.O E31E 98t y-ALO; Zufjof] st

AT 13

Catalyst Promoter Feed condition GHSV (h") |T(C)| Conv.(%) | Ref.
Co-Mn-Al - 0.1mol% N,O in He balance 601 450 ~83
Co-Mn-Al 1.8% K 0.1mol% N,O in He balance 601 450 ~100 [30]
Co-Mn-Al 3.1% K 0.1mol% N,O in He balance 601 450 ~81

ALO; - 5000ppm N,O in He balance 11000 450 0 B31]
0.5%Ru/Al, O3 - 5000ppm N,O in He balance 11000 450 100
10%Co/ZnO - 1% N,O in He balance 30000 500 ~100
10%Co/ALO; - 1% N,O in He balance 30000 500 ~80
10%Co/MgO - 1% N>O in He balance 30000 477 100 3]
15%Co/MgO - 1% N>O in He balance 30000 450 100
15%Co/MgO - 1% N,O + 5% O, in He balance 30000 500 100
15%Co/MgO - 1% N,O + 5% O, + 2% H>0 in He balance 30000 550 100
Ir/Al - 1000ppm N,O in He balance 40000 600 ~100
Ir/Ce - 1000ppm N,O in He balance 40000 600 ~85

Ir/AlCe - 1000ppm N,O in He balance 40000 600 ~100 3]

Ir/AlCe - 1000ppm N,O + 2vol.% O, in He balance 40000 ~500 50
1%Rh/CeO, - 500ppm N,O in Ar balance 60000 300 100
1%Rh/CeO, - 500ppm N,O + 6% O, + 6% H,0 in Ar balance 60000 350 100 [39]

1%Rh/AL 04 - 500ppm N,O + 6% O, + 6% H,0 in Ar balance 60000 350 40
Co-Mn-Al - 0.1mol% N,O in He balance - 450 ~85
Co-Mn-Al - 0.1mol% N,O + 0.15mol% CO in He balance - 350 100 [29]
Co-Mn-Al - 0.1mol% N,O + 0.15mol% CO + 20mol% O, in He balance - 450 ~55
NiO - 5000ppm N,O + 2% O, in He balance - 300 50
CuO - 5000ppm N,O + 2% O, in He balance - 365 50
MgO - 5000ppm N,O + 2% O, in He balance - ~500 50 [40]
ALO; 5000ppm N,O + 2% O, in He balance - >500 50
Co30;4 - 5000ppm N,O + 2% O, in He balance - 382 50
1wt.%Ba/Co304 - 5000ppm N,O + 2% O, in He balance - 209 50
NiO - 200ppm N,O + 1% O, in N; balance 45000 450 ~40 26]
BigNiOy 5 - 200ppm N,O + 1% O, in N, balance 45000 385 90
Cl;:islz/gin/ - 12vol.% N,O + 16.8vo0l.% O, in N, balance 7200 603 99
Cu-35%2Zn/ ) 12vol.% N,O + 16.8vol.% O, + 2.02V01:% CO, + 696ppm CO + 7200 561 99 [41]
v-ALO; 134ppm NO; + 211ppm NO in N, balance

v-ALOs - 1% N,O in N, balance 1818 700 99.5 )

v-ALO; - 1% N,O in Air balance 1818 750 | 99.6 S{i’(‘isy

v-ALOs - 1% N,O + 7.5% H,O in Air balance 1967 750 94.9
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Figure 4. Long-term stability test of y-Al,O5 catalyst for 350 h at
700 C.

—— Used (350 h reaction, Case 1)
Fresh
y-AlL,O5 (JCPDS. #29-0063)

Intensity (a. u.)

N N | |
NA VAN
10 | 210 | 3|O | 4|O | 5|0 | 6|0 | 7|0 | 8IO | 9

2theta (degree)

Figure 5. XRD curves of the catalyst before and after the 350 h
reaction.
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Table 4. BET surface area of the fresh y-Al,O; catalyst and after
N,O decomposition for 350 h at 700 C
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Figure 6. SEM/EDS analysis of the fresh y-Al,O; catalyst and after
N,O decomposition for 350 h at 700 C.
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