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Table 1. Conversion of NO and NH; to N;O over catalyst described in Example L
0.050 g catalyst used. Space velocity ~ 600,000 hr.
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T(‘C) 02(%) | NH3(ppm) | NO(ppm) | NHz(ppm) | NO(ppm) | Na(ppm) | N2O(ppm) N:O
300 | 1 500 500 465 473 14 18 52.7%
350 | 1 500 500 397 432 37 47 55.7%
400 | 1 500 500 291 397 70 85 54.8%
450 | 1 500 500 193 378 101 110 52.2%
500 | 1 500 500 132 378 124 117 48.5%

Table 2. Conversion of NO and NH; to N;O over catalyst described in Example IL
10 0.050 g catalyst used. Space velocity ~ 600,000 hr.

Example lil
Five hundred grams of ZrOCl,-8H.0 were dissolved with stirring in 6.0 liters
of distilied water. To this, a solution containing 66 grams of (NH4)sM070.44H,0 in
15 500 mi of H,O was added. Finally, a solution containing 263 ml of conc. NH,OH and
500 mi of distilled H,O was added dropwise over a 3045 minute period. The pH of
the solution was adjusted to approximately 9 by the addition of 146 grams 6f
concentrated NH,OH. This slurry was then placed in a steambox for 72 hours. The
product formed was recovered by filtration, washed with excess water, and dried
20 overnight at 85°C. The material was then calcined in air at 600°C for 3 hours.
Chemical analysis of the dried materials showed an Mo/Zr ratio of 0.19 (weight
basis); this corresponds to a water-free sample composition of approximately 11.4%
Mo. Table 3 shows the activity and selectivity of this sample for N,O formation. The
higher concentrations of molybdenum gives both higher activities and selectivities
25 than observed in Example .
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inlet concentrations outlet concentrations selectivity to
T | O(%) | NHs(ppm) | NO(ppm) | NH3(ppm) | NO(ppm) | N2(ppm) | N2O(ppm) N0
N (°C)
300 1 500 500 402 403 62 30 32.8%
350 1 500 500 306 330 89 85 49.0%
400 1 500 500 197 280 28 157 61.7%
450 1 500 500 111 260 106 204 65.9%
500 1 §00 500 57 261 115 220 65.8%

Table 6. Conversion of NO and NH; to N;O over catalyst described in Example VL
0.054 g catalyst used. Space velocity ~ 600,000 hr™,

5 Example Vil ‘
This catalyst was prepared in a manner identical to Example V except that it
was calcined in air at 830°C for 3 hours. Table 7 shows that calcining at 830°C
lowers both activity and selectivity to N2O.

inlet concentrations outlet concentrations selectivity to
T(°C) | O2A(%) | NH3(ppm) | NO(ppm) | NHa(ppm) | NO(ppm) | Nz(ppm) | N-O(ppm) N.O
300 1 500 500 449 453 29 21 41.7%
350 1 500 500 376 401 54 57 51.1%
400 1 500 500 276 361 77 102 57.0%
450 1 §00 500 183 336 97 140 §8.2%
500 1 500 500 115 327 112 161 59.0%
10 Table 7. Conversion of NO and NH; to N;O over catalyst described in Example VIL
0.052 g catalyst used. Space velocity ~ 600,000 hr™.
Example Vili
. A solution containing 41.4 grams of (NH,)sMo70244H.0 and 200 grams of

15 H.0 was prepared. The solution was slowly added to 150 grams of silica (HiSil 233)
and placed in a polypropylene bottle. This mixture was mixed using a roller
overnight. The product formed was recovered by filtration, washed with minimum
water, and dried overnight at 85°C. The material was then calcined in air at 540°C
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for 3 hours. From the preparation we expect this sample to contain approximately

15% Mo by weight. Table 8 shows that this Mo/SiO; catalyst can also convert nitric
oxide and ammonia into N0, although in this case with a lower selectivity than most
of the examples described above. '

5
inlet concentrations outlet concentrations selectivity to
T(°C) | Ox(%) | NH3(ppm) | NO(ppm) | NHa(ppm) | NO(ppm) | Na(ppm) | N2O(ppm) N0
300 1 500 500 471 472 21 10 31.1%
350 1 500 500 442 442 40 18 31.3%
400 1 500 500 392 401 66 32 32.8%
450 1 500 500 323 351 100 54 35.2%
500 1 500 500 205 280 150 92 38.1%
Table 8. Conversion of NO and NH; to N2O over catalyst described in Example VIIL
0.147 g catalyst used. Space velocity ~ 200,000 hr,
Example IX
10 Table 9 shows that bulk MoQ;, obtained from the Aldrich Chemical Company,
is also an effective catalyst for converting nitric oxide and ammonia into N2O.
Compared to the supported catalysts, selectivities at 350°C and below are higher,
but fall steadily as temperature increases.
inlet concentrations outlet concentrations selectivity to
T(°C) | Ox(%) | NH3(ppm) | NO(ppm) | NH3(ppm) | NO(ppm) | Nao(ppm) | N.O(ppm) N2O
300 1 500 500 462 468 10 33 76.0%
350 | 1 500 500 386 415 29 73 71.4%
400 [ 1 500 500 243 353 72 128 63.9%
450 | 1 500 500 32 340 151 148 49.5%
500 1 500 500 0 449 194 61 23.8%
15 Table 9. Cenversion of NO and NHj to N.O over catalyst described in Example IX.
0.266 g catalyst used. Space velocity ~ 120,000 hr,
Example X

The data shown in Table 10 were collected using the catalyst described in
20 Example lll. They show that selectivity to N,O is not a strong function of inlet nitric
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equimoiar amounts. There is no reason to believe that feeding much higher
concentrations of nitric oxide and ammonia would not also result in the formation of
correspondingly high concentrations of N2O.

’ inlet concentrations outlet concentrations selectivity to
T(°C) | O2(%) | NHa(ppm) | NO(ppm) | NH3(ppm) | NO(ppm) [ Nz(ppm) | N.O(ppm) N:O
500 1 500 500 242 311 63 157 71.4%
500 1 200 200 84 132 25 68 73.4%
500 1 350 350 163 220 45 114 71.7%
500 1 750 750 387 463 95 230 70.9%
500 1 907 907 481 560 115 277 71.6%

Table 10. Conversion of NO and NH; to N,O over catalyst described in Example IIL
Effect of variations in inlet NO and NH; concentrations,
0.050 g catalyst used. Space velocity ~ 600,000 hr™.

10 Example XI
The data shown in Table 11 were collected using the catalyst described in
Example V. They show that significant amounts of N.O are formed even if nitric
oxide and ammonia are not fed in equimolar amounts.

inlet concentrations outlet concentrations selectivity to
T(°C) | Ox(%) | NH3(ppm) | NO(ppm) | NH3(ppm) | NO(ppm) | N2(ppm) | N2O(ppm) N2O
500 1 500 500 32 208 108 265 71.1%
500 1 625 375 54 108 148 260 63.7%

15  Table 11 Conversion of NO and NH; to N,O over catalyst described in Example V.
Effect of variations in inlet NO and NH; concentrations.
0.064 catalyst used. Space velocity ~ 450,000 hr™.

Example Xli
20 The data shown in Table 12 were collected using the catalyst described in
Example IV. They show that some N,O is formed even when no nitric oxide is fed,
. i.e., when only ammonia and oxygen are fed. Selectivities are lower, however, than
when equimolar amounts of nitric oxide and ammonia are fed.

003
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Outlet concentrations percent to
T inlet | NHi(ppm) | NO(ppm) | Na(ppm) | N,O(ppm) | conversion* N2OT
(°C) | Oz(ppm)
450 1 319 347 52 "M 32.5 68.3
450 4.5 319 342 53 116 33.8 68.6
475 1 278 326 58 137 38.9 70.4
475 4.5 276 320 57 145 40.4 71.8
500 1 247 310 62 159 44.2 72.0
500 2 240 306 61 167 45.6 73.5
* defined as (N + N, O)(inlet NH; + inlet NO)
tdefined as (N:O)(N: + N;0)
Table 13, Effect of oxygen concentration on conversion of NO aud NH; over Mo/ZrO;
calcined at 600°C,
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