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Abstract — The selective catalytic oxidation of ammonia was carried out in the presence of natural manganese ore (NMO)

and manganese as catalysts using a homemade 1/

" reactor at 10,000 hr'! of space velocity. The inlet ammonia concentration

was maintained at 2,000 ppm, with an air balance. The manganese catalyst resulted in a substantial ammonia conversion,
with adsorption activation energies of oxygen and ammonia of 10.5 and 22.7 kcal/mol, respectively. Both Ty, and T,
defined as the temperatures where 50% and 90% of ammonia, respectively, are converted, decreased significantly when alu-
mina-supported manganese catalyst was applied. Increasing the manganese weight percent by 15 wt% increased the lower
temperature activity, but 20 wt% of manganese had an adverse effect on the reaction results. An important finding of the
study was that the manganese catalyst benefits from a strong sulfur tolerance in the conversion of ammonia to nitrogen.
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Fig. 1. Experimental apparatus.
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Fig. 2. Ammonia conversion at different manganese oxidation num-
bers.
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Table 1. Kinetic data for NH; oxidation

Catalysts Temperature (°C)  E,; (kcal/mole)  E, (kcal/mole)
NMO 100~130 10.5 22.7
MnO, 100~130 14.8 20.1
Mn,04 100~130 18.7 384

E,: activation energy for O, adsorption step E,: activation energy for NH;
adsorption step
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Table 2. Binding energy of Mn oxides [19]
Peak type
Bond type 2P 2P3n
MnO, 653.9eV 6423 eV
Mn,O4 6529 eV 641.4eV

Table 3. Selectivity of nitrogen at different temperatures (%)

Temp (°C) NMO MnO, Mn,0;
100 89.5 84.6 85.2
125 88.0 78.6 81.6
150 86.0 70.9 81.6
175 76.1 66.0 70.1
200 72.4 63.3 62.0
225 68.0 57.6 60.8
250 65.0 53.2 62.0
300 63.0 489 60.2
350 61.5 473 583

ok = USITE. 700 °CollA] A3 Fwle] A¢- Fig. 30 Rt 4
Fke} o] iAo 543] Hashs 2le = 4 Stk 5 o R
Yokl NOx F2] Mo L 52 ke Kolom Hi Hskes
LS 2k oE XY Suliehs g 20w dolsigitt

W] AU A= Table 29} 7Eo] AtaPdejol w2 gk
2017k A19] gl 578 7HA AL k. T1efv 7 4Rk Al Sl
Absp7tel tisto] Fad ol o] e stellu A= fhUokel kA
o thsto] Table 13} 3t 217] vk A¥E vhehdiar Sl o] &
1A 2] A e gk el o] 948 wlwsl] $lskel NMO,
MnO,, Mn,0,2] A4 AE=E Table 3¢ LERAGITE. Table 3014
MnO,, Mn,05= E3hS GFuut JAlE ARgete] Alxst Wik
ujo]u], Absl7R= X%dh vhe} o] Ajxsto] ARSI Table 3
ol Aol thet Adeiwmwks vehliar QLo AA] v s
& LRt QA kot AAE Aleleh v A] AAVdE-e tie]
N,0% Zgheo] v HolaE=ulel vlste] vil-¢- 9=aA| et
Wik, B8k Table 190 WP 52 &4 8o #] 9A] MnO,, Mn,0,
B} Qs JERFER R Aol X 2] B85 T3t vl 93}
o} & = Qlok, mgk grbdA el Fig. 5ol LER wkel o] w)Eke)
Ags R TN FYLEE I UE 5 otk

3-2. el E4s 3|

Korean Chem. Eng. Res., Vol. 46, No. 3, June, 2008



502 2l -

1.0
0.8
9
= 064
ko)
o
@
g 04
s Y —o— Ag,0,0.5/NMO
o @ Ag,0,3YNMO
—g— Ag,0,(5)NMO
0.2
0.0 T -
0 200 400 600

Temperature(°C)

Fig. 5. Ammonia conversion at different amounts of Ag in NMO.

Fig. 60141 K= nfe} 2ho] ®715ulo] tisto] @2 Y& Tio,
o} y-ALOsOl thste] ARkt 7:0,8] 3¢ 714 W ZF Aats]
Aol whE EA 2] Apol7F A vehtar Holg4e] ARgelME 4
7l 95o] B Ao O Q15to] 7r0,9] ARgel whE whE-
o] PRk FAAQ1 QRlo] ou R F Ao wiAlst
Atk Fig. 6= TiO, = ARESE 73991 y-ALOE AHESE A% ]
Wik aglowy Fuls s TR s 2F5E AR
7otk Bgk Akhe] Mg FA7)7] flEte] CeE A7
ojuf gAle] et JFS B ElefolE ARES A AlRe] &
ol $rshAl veRdar otk ol Eleb ol ©A9] B¢ A
do] el ehh= BAJel eJgt Zlojrt. mdt o] ARg-S
TR R0 ® ARG AR A2e] E4do] oRgE 98t
LR T1eu NOxe] i Aige] Srksk R TelE R o
ZFEE ARSI ok 21 aEE] Kolof st

Fig. 7 Cos ZFME "g7ke] F5ulol] ARg-3 9= dAl=
AFH|UE ARESE 9ok TS Fig. 82 @RS EJERolR A}
&3 A9 v Stk o]9} o] FUgh vwE flste] 2zt

o

o] gHlo® EAF AL vl AgHEo] TUsH RHPOEH

100 o o o

—e— Mn(2)Cu(2)Ce(1)/AL0,

80 -® Mn(2)Cu(2)Ce(1)/TiO, ¢
< ;
< 60
o
4
2
S 404
o

20

0 —@ T T
0 100 200 300 400 500

Temperature(°C)

Fig. 6. Ammonia conversion in the presence of Mn, Cu, Ce/Al,O; (S.V.:
10,000 hr'!, ammonia concentration: 2,000 ppm).

3lerast w46 H|3E 2008 62

T8 - AR
100
—e— Mn(3)Co(0.125)/AL0,
80 @ Mn(3)Co(0.25)/A1,0,
-3 - Mn(3)Co(0.5)/AL,O, ||f
—_ = Mn(3)Co{0.75)/ALO, ]
2
= 60 4
i=]
2
[
>
g 40 -
[&]
20 A
0 T T T
0 100 200 300 400 500

Temperature(°C)

Fig. 7. Ammonia conversion in the presence of Mn, Co/Al,O; (S.V.:
10,000 hr'', ammonia concentration: 2,000 ppm).

100
—e— Mn(3)[TiO,
80 1 —y— Mn(3)Co(0.5)TiO,
— - Mn(3)Co(1)Ti0,
&
= 604
k=]
&
4]
E 40
&}
20
0 - ! . : :
0 100 200 300 400

Temperature(°C)

Fig. 8. Ammonia conversion in the presence of Mn, Co/TiO, (S.V.:
10,000 hr'l, ammonia concentration: 2,000 ppm).

TRl AAAQL Bt e R 24 7hs v wste] YeRGITE

T 19ollA AuHd Fig 69 Aol FU3HA Fig. 77 Fig. 8
S Blwshd Elgfyols AREEE 47t A0 S A 4
I ek o= Al 13 vehd BE 387 F1HES 10,000 hr!
oA AFet ArfEy vk FrEeA Fullo] T e 7]
3ol e gk e VR Aol &, AAF e
= HeRopt WA vhehbar UAIRE 23] $Hd ) Skl wh
2 Wshs YeR} oA gt o) ElERole] EAo] omg
3wt.%2] Sl 32 Fuljo) ol Fuj o] Fato] F83) Hof Q)
omF Qlsle] o ode] P vEhA] Xakal Qe Ao AL
FHE wbde] GRS S ARESE Aol 25ve] $)
e} A ZefAe] kol MEgo] Tk S-S & 5 A,
HAAAQ YL EE 78RS U9kt

o]2]gt 54 Table 42 Tsp} Toper HFERA 3olA] & 5= St
71, Ty 50%2] AHES WEPlE 2555, Top 90%2] A
S-S YRl 55 YERATE Table 4= 5L gt A 7014
Al AAE L Qi 7 FEmol it nd S50 el
25U A88-S Yehls G2 5E Bk ot} ulehA




EElel Shiiole] e Abskg 503

Table 4. Ammonia conversion in the presence of various catalysts

Catalyst T5(°C) Too(°C)
Mn(3)/TiO, 245 279
Mn(2)Cu(2)Ce(1)/Al,0; 271 328
Mn(2)Cu(2)Ce(1)/TiO, 227 280
Mn(3)Fe(1)Ni(1)/TiO, 309 350
Cu(1)Mn(2)Fe(1)Ni(1)/TiO, 346 381
Mn(3)Ni(0.5)/TiO, 202 237
Mn(3)Ni(1)/TiO, 227 265
Mn(3)Co(0.5)/TiO, 238 265
Mn(3)Co(1)/TiO, 244 281
Mn(3)Co(0.125)/A1,0, 290 361
Mn(3)Co(0.25)/Al,0, 318 359
Mn(3)Co(0.5)/AlL,O; 287 322
Mn(3)Co(0.75)/Al,0; 275 307
Mn(3)Ni(0.125)/ALO, 305 325
Mn(3)Ni(0.25)/AL,0, 306 357
Mn(3)Ni(0.5)/AL,0, 282 337
Mn(3)Ni(0.75)/AL,0, 275 321
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Fig. 9. Ammonia conversion in the presence of Mn, Ni/Al,O; (S.V.:
10,000 hr'!, ammonia concentration: 2,000 ppm).
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Fig. 10. Ammonia conversion in the presence of Mn, Ni/TiO, (S.V.:
10,000 hr'!, ammonia concentration: 2,000 ppm).
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