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Direct Decomposition of Nitrous Oxide over Fe-beta Zeolite
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Abstract : The effect of calcination temperature or hydrothermal treatment of commercial Fe-beta zeolites in the
range of 450-900°C were examined in the direct decomposition of N;O. Fe-beta zeolites used were characterized
using XRD, N; sorption, ”’A1 MAS NMR and XPS. Although the surface area and micropore volume of Fe-beta
zeolite after calcination at 900°C and hydrothermal treatment at 750°C decreased ca. 30%, a larger decrease in
the surface area and micropore volume by hydrothermal treatment was observed than by calcination treatment
alone. However, the Al sites in frameworks of zeolite were conserved in stable tetrahedral form resulting from
low degree of dealumination which was related to the adjacent Fe ions on the Al sites. This could likely be
correlated with the conservation of high surface area and micropore volume of Fe-beta zeolites. The increase in
the calcination or hydrothermal treatment temperature caused the increase of decomposition temperature of N2O
and the severe deactivation was observed after hydrothermal treatment than calcination treatment.
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Table 1. BET surface area and micro- and total pore volume
of calcined and hydrothermally aged Fe-beta zeolites
used in the N;O decomposition

Pore volume  Degree of

Treatment Temfze,c"“‘) ure (5[22171; ©mg)  crystallinity
& Mcao Toal
550a 697 0229 0478 100

550 613 0.195 0419 95

Calcined 700 603  0.182 0.448 80
800 546 0.182 0.422 62

900 449 0126 0.391 59

450 641 0.205 0.440 100

550 630  0.181 0453 91

Hydrothermal 650 610 0.175 0.488 80
750 543  0.161 0422 69

900 222 0.006 0.268 54

* Calcined at 550°C for 4 h. The other zeolites were treated for 10 h.
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Figure 1. XRD patterns of Fe-beta zeolites (A) calcined at (a) 550C for 4 h and (b) 550TC, (c) 700¢C, (d) 800C,
and (e) 900°C for 10 h and (B) hydrothermally aged at (a) 450°C, (b) 550C, (¢) 650C, (d) 750C and

(e) 900TC for 10 h.
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Figure 2. N, adsorption-desorption isotherms of Fe-beta
zeolites calcined at 550°C(H) for 4 h and 550°C
(@), 700°C(A), 800°C(V), and 900°C(@) for
10 h.
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Table 2. XPS binding energies of Fe-beta zeolite calcined or
hydrothermally aged at different treatnent temperature

Binding energy (eV)

Treatment Temp:arature Fe 2p
40 Al 2p O 1s
2p 1z 2p 32
550a 744 5322 724.4 710.8
550 744 5322 7243 710.4
Calcined 700 74.4 5321 7242 710.3
800 743 5322 7239 710.3
900 743 5321 7244 710.2
450 744 5322 7243 710.3
550 744 5321 7242 710.3
Hydrothermal 650 742 5322 7241 710.2
750 742 5321 7240 710.2
900 742 5322 7244 710.3

* Calcined at 550°C for 4 h. The other zeolites were treated for 10 h.
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Figure 3. Al MAS NMR spectra of Fe-beta zeolites (A) calcined at (a) 550°C for 4 h and (b) 550C, (c)
700°C, (d) 800C, and (e) 900C for 10 h and (B) hydrothermally aged at (a) 450°C, (b) 550°C,

(c) 650°C, (d) 750°C and () 900C for 10 h.
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Table 3. XPS analysis of Fe-beta zeolite calcined or hydrothermally aged at different treatment temperatures

Treatment Temp. Atomic percent (%) Si/ Al Fe/ Al
(C) Na Fe 0 Si Al ratio ratio

550a - 0.46 72.42 24.62 251 9.8 0.18

550 0.01 0.33 71.82 26.02 1.83 14.2 0.18

Calcined 700 0.01 0.47 71.68 26.16 1.68 15.6 0.28
800 0.02 0.45 72.43 25.43 1.66 153 0.27

900 0.21 0.42 71.68 25.33 2.35 10.8 0.18

450 - 0.38 72.84 24.83 1.95 12.7 0.19

550 - 0.22 71.57 26.42 1.79 14.8 0.13

Hydrothermal 650 - 0.36 71.76 26.12 1.76 14.8 0.21
750 - 0.30 71.34 26.68 1.68 15.9 0.18

900 - 0.43 70.79 2691 1.87 14.4 0.23

* Calcined at 550C for 4 h. The other zeolites were treated for 10 h.
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Figure 4. XP spectra of Al 2p (A), Fe 2p (B), Si 2p (C) and O 1s (D) electron level for Fe-beta zeolites calcined
at (a) 550°C for 4 h and (b) 550C, (c) 700°C, (d) 800C, and (e) 900°C for 10 h.



Table 4. Reaction temperature in 20, 50, 90% conversions
for direct decomposition of N;O over Fe-beta
zeolites calcined or hydrothermally aged at
different treatment temperatures

Temperature  Taw  Tigheomna Tsos

T o ] o
reatment (C) © (O ()
550 444.5 467.2 497.5
700 455, 479.6 513.
Calcined 9 ? 2133
800 470.2 4974 531.7
900 485.2 509.5 541.9
450 445.7 4723 509.4
550 460.9 487.4 524.1

Hydrothermal

650 469.3 493.4 525.8
750 469.8 495.6 531.4

* Temperature of light-off means that of 50% conversion of N;O.
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Figure 5. XP spectra of Al 2p (A), Fe 2p (B), Si 2p (C) and O 1s (D) electron level for Fe-beta zeolites
hydrothermally aged at (a) 450C, (b) 550C, (¢) 650C, (d) 750°C and (e) 900°C for 10 h.
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Figure 6. Direct N;O decomposition over Fe-beta zeolites (A) calcined at (a) 550°C (4), (b) 700°C (2), (c) 800C
(@), and (d) 900C (H) for 10 h and (B) hydrothermally aged at (a) 450C, (b) 550C, (c) 650C,

(d) 750C and (e) 900°C for 10 h.
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