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Abstract

A unit emission reduction of nitrous oxide (N,O) from anthropogenic sources is equivalent to a 310-unit CO, emission
reduction because the N,O has the global warming potential (GWP) of 310. This greatly promoted very active development
and commercialization of catalysts to control N>O emissions from large-scale stationary sources, representatively nitric acid
production plants, and numerous catalytic systems have been proposed for the N>O reduction to date and here designated to
Options A to C with respect to in-duct-application scenarios. Whether or not these Options are suitable for N,O emissions
control in nitric acid industries is primarily determined by positions of them being operated in nitric acid plants, which is
mainly due to the difference in gas temperatures, compositions and pressures. The Option A being installed in the NH;
oxidation reactor requires catalysts that have very strong thermal stability and high selectivity, while the Option B
technologies are operated between the NO, absorption column and the gas expander and catalysts with medium thermal
stability, good water tolerance and strong hydrothermal stability are applicable for this option. Catalysts for the Option C,
that is positioned after the gas expander thereby having the lowest gas temperatures and pressure, should possess high deN,O
performance and excellent water tolerance under such conditions. Consequently, each deN,O technology has different
opportunities in nitric acid production plants and the best solution needs to be chosen considering the process requirements.

Key Words : Nitrous oxide (N2O), Nitric acid plants, Catalytic emission controls, Process-gas options, Tail-gas options
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Fig. 1. A simplified schematic of nitric acid production plants.
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Table 1. A composition of gas streams in nitric acid production plants (Blanco et al., 1993; EFMA, 2000; MHSPE, 2001; Perez-

Ramirez et al., 2003; Ruszak et al., 2008)

Stream N,O NO 0, H,O
(ppm) (ppm) (%) (o)
Process-gas 1.5~2.5" 95~97" - -
Tail-gas 300~3,500 100~3,500" 1~4 0.25~3
Note. “-: no data or not applicable; NOx: NO + NO,.

“In %.
® As of NOx with NO/NO ratios near 1.
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Fig. 2. Catalytic process options for abating N,O from nitric acid production plants.
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Fig. 3. Option A technologies for reduction in N>O emissions from nitric acid production plants: (a) Replacement of the
gauze support to deN,O catalysts; (b) Insertion of deN,O catalysts below the gauze support; (c) Extension of the NH;
oxidation chamber.
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A7 4= Qe oS- 5 AEolt). ofof 2 Aley
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Uz(Table 1), 4719 22 39| 234 NO+=
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Table 2. Option A-1 technologies for abating N,O from nitric acid production plants

Technology Catalyst DeN,O Requirements and problems
(%)
Decomposition Different types’ 70~90 - Catalysts selective highly to decompose N>O in the presence of

NOx (95~97%)

- High temperatures (800~950°C)

+ Thermal stability of catalysts at such high temperatures

+ Relatively short lifespan of deN,O catalysts due to sintering at the
high temperatures

* See Table 3.
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Table 3. Commercial N>O decomposition catalysts for
Option A-1 systems

Catalyst Temp. Commercialized by
0
CuO/AL O3 800~950 BASF
C0,A104/Ce0; 800~950 Yara International
Lao sCe2C00;3 800~950 Johnson Matthey
C0304/Ce02 890 Norsk Hydro Agri
Supported Rh, Pd 800~950 Heraeus
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= tail-gas R0 AL NO F4-8 B4
ko] 9k v|7]712 7191719} gas expander Ato]o]
RIS RZ(Fig. 2), Option Aof| H|3l| A2 o= uf
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Table 4. Option B technologies for abating N>O from nitric acid production plants

Technology Catalyst DeN,O

(%)

Requirements and problems

Commercialized by

Decomposition Fe-zeolites >80

+ Medium temperatures (430~500°C)

Uhde” and Sud Chemie

+ Catalysts stability at such temperatures

NSCR Pd/ALLOs >70

+ Reducing agents, representatively CHa CRI

- High temperatures (450~650°C)

+ Large CO; and CO emissions

+ Catalysts stability at such temperatures
+ Exotic materials for a gas expander

+ High energy and maintenance costs

SCR Fe-zeolites 40

+ Medium temperatures (390~450°C)

Uhde” and Sud Chemie

+ Reducing agents such as NH3, CHa, etc
+ CO,, CO and unburned hydrocarbons emissions

Note. NSCR: non-selective catalytic reduction; SCR: selective catalytic reduction.

* In the ThyssenKrupp Group.

® In the CRI/Criterion that is an affiliate of Royal Dutch Shell Group.

Tail-gas SrfiEal7 |52 285t N.,OE A|AY
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L4 80% oSl N.O AAESE 4& 4+ Aot
(Table 4). Tail-gas ZujEs)o] ZHEE= 227}
process-gas 3l H ol Hlsl S| WAk, Ash= 4
Fo) WhBAS B el Addons
480°C o)) Whg- st apE T gtk - SR
S 282 A9, Table 10] 014 91%0] tail-gas
UYof] FE38H= NOL(100~3,500 ppm)= A|AE 4= §1
=0, olejg Aplo] Thde R 2gsias orrh. 9f
s, NO, AAS Slat g3 E e Ye) Al
S SCR 714€ deN,O Zul24 Fto] 2714
o2 A93}H 57| tjEo|clKimz}t Ham, 2010).

oFA] 7143} Hle} ZFo), tail-gas ol = 300~3,500
ppm N;O ©Jo] = 100~3,500 ppm %] NO 7} 2o

ZASIEE(Table 1), o= FAlo AAT HH o=
S HEE g ARgE o] & Z10] NSCR 7]&o|th
0] 71%&-2 gas expander Zttof AX|H tail-gas 7}
712 7|7 AS 4-2(450~650°C, EFAQl deN,O
S $JallAl= 550°C o))t Sof) HAA(A L] T
o] H7FAQ1 CHy AFE TFo = FYdste] N.O
2} NOLE S| AA3=H|(EFMA, 2000; MHSPE,
2001; Perez-Ramirez 5, 2003), BA}F o]S<] 3t A
A B2 71270 9 90% o]4Fo]aL, CRIo| ofsf A8
St Pd/ALOs Sli7} 714 d 2] ARE-E] AL QltH(Table
4). 1, 2 72 At o g o) vj7| kA 2
Hdo|ug Zulo] g2 QHA/do] otof faL, i)
CHsE Fsliof 317] wizoll &4u|7} o9 =5 ¥
gk ok e} o] 2 Q15| A F2A7EAR] COE HFo =2
HEIAI e A O] Qlek E3h NSCR Ao A
O] At g0 & 13) Au| ekl A 7] 7kA0)
2&7F 800°CE 23 =& QL o] ¢ gas
expander®| 7|42 Q@45 o TAI7F AEE 4= 9L
THMHSPE, 2001). Hxa(44 H, T NH; ZdHE
purge gas® AME-E= Ho)E SHAI 2 AR 7390l
L 300°C AZO H7|7tA 2xE giElm=
(EFMA, 2000), ©=0] 2.9 1 g & 3}1x]= 97|
ol thEFe] w717k A7kgo] whE 714 Q1 BlE-
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27h% T3 4= Qi Aol ol

%]= Uhde/Sud Chemieo] <Js] AF83l= Fe-
zeolite(ferrierite, ZSM-5) ZufjA}of| Al NH; X Bk}~
2(CHy 5) SHUIAIE AF8-8k= SCR 7] 4-8-5}o]
N>09} NO©] SAII7E AE3k ujo] oJ5HHEPA,
2010; Hevia®2} Perez-Ramirez, 2008; Perez-Ramirez
S, 2003), 40% HZ=2] N,O AAET 90% o]4+S]
NOx AAES ¥& = e 2oz deA o
(Table 4). o] 7]&& WUZufZA(single catalytic
process) & NONO, BAIA|IAS A#et 4= ek
#leket o] glon, ofs] 300-450°Ce] &
225 28k QA BT ¢ Qe N0 AAE
(420°CollA] 40%)-2 A HAtA2 ZHEof|A] 419
Ho @ ok ol 14 Eata e,

s, A ey, 212 So Y ufjEE
=NOE Aty o2 A|ASH| 93t H4 2 NH; &
AR SH= NH3-SCR HA-FAE0] de| AMS-E]
o] $¥31, o] & $J3 SCR E1f| 24= V,05-WO,/TiO, 7}
74 i Ho|chKim ¥ Ham, 2010). D4k Z20
E9] HLo= tail-gas Hof] EAI5H= NOE v &3]
|71 olstz A|AsH ] $15ke] V,0s-WOY/TIO, =
whE 47 - 2 Qlon, o] Eujg Iz &
£310] N2OSFNOE 54l 0]l A7 8t} Bl el
o] ILE3| AlEEojgkor}, V,05-WOs/TiO, ZujAt
N NoO= AAEA] b= Ao YEHTHEPA,
2006). whebA], ikl EHE A WA E=N.0S
AAS e 71Ee] X - eHEm ol
NH;-SCR &234-8 V,05-WO3/TiO, 1] Ak
+ S5k 2] deN,O-§ Z1iE AAsfopit & A
ol

3.4.3. Option COfl Mget deN.0 Z0i7|&
Option Bof| 23t deN,O &1lj 7|52 o| 2% o
2= end-of-pipe-gas oA NLOE A|A37] 95t
Option Coj] -85 4= J=H|(MHSPE, 2001; Perez-
Ramirez 5, 2003), & 7]&9] 7P & A5 gas
expander S-tho]] A-§-stu 2 AikA| 2 S E] A
=0 9= 7129 gas expandere] thgh 7§22 5-0]
QTEXA] g=rh= AHolt} Gas expander $tho] 2
{5 Option C deN,O 7|&-2 Atz oz of$ o

2 "j7]7129] 4E(1 bar)d S=(TAULE ZHE:
100~200°C, 0] ZHE: 200~300°C)= 27] of
TLof|(Perez-Ramirez 5, 2003; van den Brink 5,
2001), o7t 2ol APH o= Q5= deN,O
Ao &3] A5 HsiAl= m9- 93 deN.O
Fufj7} Aol w77k A7FEE Q1% 1287
2ok #9tst A ARgo] @t

Option CE 93]l NSCR deN,O 7]&-g #8374
Foll, AA| == o 2719] 8= =7]+= Option B 7]
SOl A AREERE AT H Aokt TE2Ee NoO
AARES 24T 4 Slck Option BoA =%
SCR 7)< &3} Option Cof| 288 4= 3l=4|, NH;1+
ol s SHA = ARE-5to] Fe-zeolite Fufl/doll A
U= 729 NoO AlAES 271 fl8iA= wi717F
29] L5 4% 350°C oo 2 AYrtdsfFEoiof
gtk o HAA R oY FFO| HIpE AT
= Q1o CHa BFFAISHA] o828 21 o] fi== ZdTh
2o & gk w77k 25 2 Q18| n]Hkg- CH, slip©]
- =7] wjEo|tHvan den Brink 5, 2001). Zujj&
3fi*H& Option Cof| 2}-§-5}2L4} Stk uj 7|7k 0] 2
L5 F49H400°C oo & 7tgsfigeojof st 3=

e DERNERE R

4 28

N,O | ©97F&2R2 CO, 310 Tl s
stog A2 SHES}F -2 it N,O HiE¢
O ZHE O] N,O &7+ $lsto] thofet Sl7]4
o) N - 3=k FAA R SHES deN,O
Fu7|EE0] A8 A A= T S
< ol Ao ] - HER=Lf] 23] H-9-Ht.
ke, A-8-5ta1af sh= $iA]ol et N,OE T+
Sl 7hn0] 2%, 24, oY o] dA8] gEiA| AL
o|& QI8 deN,O 8-F1E0] Q%= deN.O &
A, AEe, A8, a4 ol A= A]7]
oot} NH; 4HES-7] o] AX]=]= Option
A deN,O Fj5-2 31204 9] AP AT} 52 Al
g 9 1S SEAIAF SHAIEL w9 =2 BRE2
ojlm g Zuj24]9] deN,O A2 FA EAI7} A

oF=t}. Option Bell At Sul5e FLol4o] o
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PR, Boll that WAl 9 S derg Aol aEls
g, o] 8 714:0] NO, S5k} gas expander A}
ol $13/5}7] Wo|ck. Gas expander FEHA &
A=) Option € HhEA]0]7|4-& At Ao 744 v
717k £E0] T HOS THFHER £ deN,O
AT} ol o AT TS 2SS WaE
sie. whebd, AAEER0) B4 FH) wefet
T Fo)2A RTEE SASS delsk] 2o 7]
2848 Adsks Zo] A% ZUER R %

= N0 AlAE Fri7 ]2 ol

gael 2

£ T 20119 AFATA T ARATAA Y
AR 71 2AFREAR oA AP A Y(Grant #:
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