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Abstract

Conve‘iptional processes of ammonia oxidation have been utilizing the precious metal catalysts
such a""s platinum, rhodium and rpalladium. In this study, however, base metal oxides were
employed as the catalysts for the production of nitric oxide. In particular, cobalt oxide, ferric
oxidé-bismuth oxide, and three-components mixed oxide such as Co-Al-Ca, Fe-Al-Ca and Ni-
Ba-Ti were prepared in the laboratory and the optimum reaction conditions were determined.
The effect of exothermic reaction in the catalyst bed was made negligible by introducing
reactant gases in the form of small pulses along with helium to the micro-reactor system
connected to the gas chromatograph. Quantitative analysis of product gases were carried out
by using Porapak Q, molecular sieve 5A and activated charcoal as column materials for the
gas chfomatography. It was observed that the base metal oxide catalysts lowered the tem-
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perature range for the maximum yield of nitric oxide and nitrogen dioxide by 150 to 200°C

in comparison to the case of precious metal catalysts. The mechanical strength as well as the

catalyst life were found to be sufficient for industrial applications. .
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16. Thermocouple 22. Potentiometer
17. Heater 23. Gas Chromatography
18. Slidac 24, Recorder

19. Relay 25. Digital Integrator

Fig. 1. Flow Diagram for Ammonia Oxidation with Micro-Reactor
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Table 1. Operation Condition for Ammonia Oxi-

dation
Air/NH, 9.204
Feed Concentration  NHj 9.8%, O» 18.04%, N2
72.16%

Reactor St. St. 5mmg X 5cm

0.5gr Particle, Height 3cm
700°C in Helium Gas for 1
hr

G.S.H.V. 2.9gr reactant/hr gr cat.

Reaction Temperature 400~900°C

Catalyst Packing
Catalyst Activation
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Table 2. Example of the Oxidation Ratio

Catalyst: (4) Co-Al-Ca #1

ANHz o= Xero=0. 0982

xNvO:Xpn:O. 7216

ANgro= XLsro =01 1874

G.S.H.V=2.9gr - reactant/gr - Catalyst, hr

Temp. (°C) 400 600 650 j 700
Zo=11 0.0134 0.0481 0.0593 | 0. 0565
ANOa= X2 — 0. 0070 0.0147 0. 0146
AN20=13 0.0172 0.0136 0. 0052 0. 0042
TN= X4 0.7290 0.7187 0.7174 0.7195
20:=1s 0.1043 0. 0675 0. 0584 0. 0604
XANE = X6 0.0185 — — | _
Ymo0=11 0.1176 0. 1450 0. 1449 0.1448
& 1.357% 1072 4.877% 1072 6.018X10°2 5. 733X 1072
X - 7.105% 107 1.495%10°2 1.483%1072
&y 3.479% 1072 2.768%1072 1.065x1072 8.5461073
gy 3.094% 1072 1.445% 1072 1.223%10"2 1.730% 1072,
& 4.836%1072 8.355x10"2 8.577x10"2 8.070X1072
f_; 34 7.930=10"2 9,800 102 9.800x10°2 9.300X10°?
X 0. 8092 1. 0000 1. 0000 1,000
O.R. 0.4395 0.8525 0.8752 0.8235
Sto=8 0.1711 0. 4977 0. 6141 0..5850
Sxo,=S; - 0.0725 0.1525 0.1513
Snj0=Ss 0.4387 0. 2824 0.1087 0. 0872
Sx, =84 0. 3902 0.1474 0.1247 0. 1765
Sxo-+Sxo; 0.1711 0.5702 0. 7666 0.7353
Yno=Y1 0.1385 0.4977 0.6141 0. 5850
Yno,= Y2 - 0.0725 0.1525 0.1513
Yy,0=Ys 0. 3550 0. 2824 0.1087 0.0872
Yn, =Y 0.3157 0.1474 0.1247 | 0.1705
Yxo+ Yo, 0.1385 0.5702 0.7666 | 0.7353

Fig. 2614 n¥ upel zro] tmu]old] igin
22 JE Windl =et §48 Fohske 600°C
14bel®l Kifsrel se&s) ®#sly Fig. 39
Bead 29 BRAAE &E7 £xEE B
KHE(2-2)7F #i75& Aoz A=

=g Fig, 39 BEi{kzks}t Fig. 48 NO«o) o
T REEE HEGhE 2xsh $E4E NO g
dRitde] 4z NO7F 445 23 (2-4)7
A gelvs Aoz @ik o8} L Hig
2 BEA@E ALY BERERQ Fig 744
FEA ¢ 4 Aok F N0 AR 400°C
ol 7}z w3 NO & 700°C & A 22 iy

>

Zaste] 700°C oAbl A= EHELH SO =
AEm Ny7t 2 ARslE Aos ualch
NO, & BREHES Ss1A NO s ks
Aat EEe P4 Ao 2 4 gt
WIS E Rl Wl NO, o el o)t 9
T B RSk e Ea] B3l e
NO Y sx 4 257t 200°C 7tk =3 NO,
o el A vk o)s) e B NO, <
QRS e (@2-De] Aedd dejun 3
22 HAT 4 grh. = BB =
REERE: MEMe 2 o} G.CO KR 4
ol 4 NO &t 0,219 KfEe] Qolukd eo-}
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A iR bttt

o
hama

ERER

A; jth Chemical species

C total molar concentration(moles/unit vol.)

C: molar concentration of A;(moles/unitvol.)

C, total molar concentration in reference
composition (moles/unit vol.)

C;o molar concentration of A; in reference
composition (moles/unit vol.)

C:, heat capacity (cal/mole/’K)

AF free energy of formation (cal/mole)

4H heat of reaction (cal/mole)

H. enthalpy of product (cal/mole)

H,. enthalpy of reactant (cal/mole)

K, chemical equilibrium constant

N total number of moles present

Ny total number of moles in reference com-
posi tion

ststZat R A 13 1979¢ 2%

N; number of moles A, present

Nj,number of moles of A; in reference com-
position

S; selectivity to reaction 7

S; selectivity to A;

X conversion of NH,

X; extent of reaction 7 (moles)

x; mole fraction of A; .

x;o mole fraction of A, in reference compo-
sition

Y: yield to reaction ¢

Y; yield to A;

«;; stoichiometric coefficient of A4; in reahtlon
;

_ 7

a; {_—1'. aij

&; intensive extent of reaction 7 (moles/unit
vol.)

& &i/C

i  denotes reaction 7 (i=1,2,3,4)

J  denotes pecies j (7=1,2, 7)
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