
Korean o r. Chem. Eng, 18(5), 630-634 (200 I) 

A S t u d y  o f  N i t rous  O x i d e  D e c o m p o s i t i o n  over  C a l c i u m  O x i d e  

D o w o n  Shun*, Hyo Sup Chang*, Yeong Seong Park*, DaI-Hee Bae and Gyoung Tae Jin 

Fluidization Technology Research Center, KIER, Daejeon 305-343, Korea 
*Department of Environmental Engineering, Daejeon University, Daejeon 300-716, Korea 

(Received 13 March 2001 �9 accepted 26 M a y  2001) 

Abst rac t -A study of N20 decomposition reaction in a fixed bed a reactor over bed of CaO particles has been 
conducted. Effects of parameters such as concentration of inlet N20 gas, reacting tempera~re and content of COJ 
CO gas present in the reacting materials on the decomposition reaction have been investigated. The results showed 
that the comrersion of N20 decompositio:'t was accelerated by the increase of reaction tempera~m-e, and the existence 
of CO, while the rate was hindered by the existence of CO> Heterogeneous gas solid reaction kinetics was proposed 
for N~O decomposition and compared with homogeneous reaction kinetics. 
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INTRODUCTION 

One of the iIiajor environmental issues is the global wam~ing re- 
Iated with the emission of CO2, VOCs, CH4, N20, etc. Nitrous oxide 
(N20), which is emitted to the environment mostly during ilaturaI 
processes, has been reported to have over 200 times stronger green- 
house effect than CO> Major source of N20 generation is the ox- 
idation of nitrogen components by bactezia in the soil. Therefore, 
des~uction of the forests and land cleming, especially excessive 
utilization of nitrogenous fel~lizer, can make the emission worse. 
Also, incineration of wastes and utility generation using fossil fuel 
can be another source [de Scete, 1994; Federal Enelgy Technology 
Center U.S. Department of Energy, 1999]. Around 10% of N20 
release is reported to be contribnted by coal combustion process. 

The circulating fluidized bed (CFB) coal combustion boilers 
showed excellent combustion and boiler efficiency. However N20 
emission in fluidized bed combustor is 30-120 ppm, which is sig- 
nificantly higher than that of other coal bun-m-g combustors [~-~rnand 
and Andez~son, 1989; HiI~nen et al., 1991 ]. 

In the CFB power plant CaCO 3 is injected to the combustor for 
sulfur removal, then N20 is decomposed over unreacted CaO and 
the emission is suppressed [Michael et al., 15;03; Kh-n and Pm-k, 
1987; Kim and Rhee, 1999]. In this study the decomposition of N20 
over CaO was studied. The effects of reacting temperature and con- 
tent of COJCO on the decomposition reaction were analyzed, and 
a idnetic study considering the catalytic effect of CaO was con- 
ducted. 

THEORY 

N20 decomposes on the surface of CaO, and CaO acts as cat- 
alyst [Iisa et al., 15;01; Jol~sson et al., 1991; Peter mad Johmsen, 
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1993; GceI et aI., 1994; Lee et al., 1994; Mo~itomi et aI., 1991]. 
There is inlrinsic gas-solid reaction on the surface of a catalyst, and 
the reactk)n order is suggested to be f~-st order [Shimizu et al., 1993]. 
The concenh'ation of CO can be high, up to several thousand ppm, 
at the lower section of a CFB combustoi: CO is known to ~-omote 
N20 decompositioi1 Few works have been done for the heteroge- 
neous mechanism and kinetics for N20 decomposition. Previous 
workers only approached with homogeneous reaction n~echanism. 
In tim work, we suggest a heterogeneous reaction n~ect~aism using 
Langmuir & Hinshelwcod mcdel as follows [Smith, 1981; Satter- 
field, 1993]: 

(1) 

N~ Os N~ + I/205+s (2) 

N~+ I/2O~ (3) 

s is an active site on the surface of CaO where N20 decomposition 
can cccur, and N2Os describes the state of N20 adsorption on the 
active site of CaO. IfEq. (2) is the rate-detenni~m~g step, which 
means the slowest reaction, the equation of reaction can be expressed 
as follows. 

k~Ks[N~O] k'~K[N~O] 
i - 1 +K[N~O] - 1 +K[N~O] (4) 

When Eq. (4) is integrated, it can be expressed as follows: 

- I n ( I -  X~;,o ) _ k',~K .K (5) 
[N~O]oX,,o [N~O]oX~,o 

In Eq. (5), residence time ('c) is defined as follows: 

W = --  (6) 
pF 

In the equation above, W is packing weight of CaO, p is the den- 
sity of CaO, and F is the flow rate in the experimergaI condition. 

Eq. (5) can be expressed graphically to get reaction rate constant 
and equilibrium constant fi-om the slope and intercept, respectively. 
The activation energy and pre-exponentiaI factor can be obtained 
fi-om the rate constant (I~) of different reaction temperature by using 



A Study of Nilrous Oxide Decomposition over Caldtan Oxide 

the Anhenius equation. The homogeneous reaction x~te equaion 
can be propo~xt by using Eq (3). The rate is expressed as r=k', [N20] 
and it can be integrated to make -lu(1-~o)=k'{c. Thus, the het- 
erogeneous and homogeneous equation can be compared graphi- 
cally. 

EXPEREVIENTAJ_, 

Experim a~tal devices used in this study consiAed of reactor, flow- 
meter, preheatet; and analyzer (Fig. 1). 2"tie reactor was made of a 
quatz tube with inside diameter o1"2.5 enl mid height o1"50 cm. A 
quartz sintered plate was installed at the lower pail of  the t~eactor to 
support the CaO particles. In order to contt~ol the reaction temtxa'a- 
ture an infimed furnace with PID controller was adopted. Tenlper- 
amres were measured at uppa, middle, lower sections of  the reac- 
tor. A flow meter was installed at the gas inlet to regulate the inlet 
gas. Feed gas was preheated up to 260 ~ by a heating tape before 
being introduced to the reactor. 

The gas concenlrations of  up-flow mid down-flow were meas- 
ured by hi line gas analyzers. A mixture of  CaO particles (0.3 g) 
mid quartz beads (4 g) was filled hi the reactor and thai the nilrogen 
gas was supplied into the reactor until the reactor was heated up. 
When the temperate  of the inside of the reactor reached the ex- 

Table 2. CaCO~ a n d  CaO analyses 

Limestone CaO 54.14%, MgO 0.94%, H~O 0.02% 

Surface area Surface area 
BET (CaCO~) m~/g (CaO) m~/g 

4.36-4.52 7.52-8.02 
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Fig. 1. Schtmatic dia~amml of experimental apparatus. 

Table  1. E x p e r i m e n t a l  cond i t i ons  

Variables Experimental conditions 

Bed mataials CaO (0.3 g)+quaatz (4 g) 
Flow rate (l/nfin) 3.5 
Temperature C C) 800-900 
N~O (ppm) 200-1000 
CO (ppm) 50-3000 
CO~ (%) 0-15 
N~ Balance 

pefimental condition, the nitrogen gas was switched to sample gas. 
Experimental data such as reaction teanperaure and N20 concen- 
tration were measured by regulm" intervals at the given conditions. 

The experimental conditions are expressed in Table 1. CaO cat- 
alyst used in the experiment was made by calcination of the lhne- 
stone fi~onl DmlYang City in Korea Its chmactefistics are showu in 
Table 2. 

RESULTS AND DISCUSSION 

1. Effect of Tempa 'a ture  
N20 convetsian according to each temperatme is sho~al in Fig. 2. 

Reaction at file packed bed of  CaO shows that N20 conversion iu- 
creased as file reaction tempaaure increased. The increase of  the 
conversion is due to the increase of the rote constant of the surface 
reaction, as commented by other resemchea~ [lisa et al., 1991; God 
et al., 1994; Lee et al., 1994; Shinlizu et al., 1993]. 

N20 deconlposition in qumtz bed without CaO was ahnost nil, 
implying ahomogeneons or heterogeneous reaction a the inert sin'- 
face did not occur. Through the analysis o f  product gases, it was 
also found that N20 was decomposed to N2 m/her than NO. 
2. E f f e c t  o f  CO z Concenla-alion 

hffluence of CO2 on N20 decomposition when CO2 coexists is 
presented in Fig. 3. As the concenl1~ion of CO2 increased, N20 
conversion was gradually decreased until the concenamion of  CO 
reached 10%. When concenlmtion of  CO2 reached over 10%, the 
N20 conversion rapidly dea-eased. The reduction of  decomposi- 
tion seemed to be related to themlodynamic property of  CO2 such 
tha at ahigh concentr~ion of  CO2, CO2can be absolbed into linle- 
stone. CO2 andN20 will compete with each other ova" the active 
site on Ca(3, which results in the decrease of  catalyst function [Shi- 
mizu et al., 1992]. 
3. E f f e c t  o f  C O  C o n c e n W a f i o n  
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Fig. 3. Effect of  CO~ concentration on N~O decomposition. 
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Fig. 4. Effect of  CO concentration on N~O decomposition. 

N20 conversion when CO ccexists is shown in Fig. 4. When CO 
concentration increased from 0 to 3,000 ppm, N20 convei~ion aIso 
is increased Compared to the results of other researchers [Shimlzu, 
et al., 1993; Johnsson and Johansen, 1994], in this st~dy the con- 
vei'sion was relatively low, but the trend was simiM: The reason 
for lower conversion of this work is asscclated with the different 
property of Ca�9 and sample gas concentration. 

In case of Jotmson et al., who cmried out an expei~nent with con- 
centration more thaa 3% of CO, it was shown that more than 90% 
of  N20 could be decomposed using solid catalyst contff~aing 67% 
of CaO [Johnsson and Job_amen, 1994]. In this st~dy, it was found 
that even tho~w,=h the extent of increase is not high, CO in low 
concentration promoted the N20 decomposition. 

Measurements of XRD of raw CaO and after CO/N20 co-de- 
composition are exv-essed in Fig. 5, respectively. Fig. 5(a) is the 
Ca�9 analyzed before experiment, and mostly it consisted of Ca�9 
and a bit of impurities such as lVlgO. In Fig. 5@ the characteristic 
peak of carbon appeared on the surface of CaO, and the smaller 
peak of CaQ is showln_ In the case of CO/N20 reaction CO is ac- 
fively adsorbed on CaO s~rface and part of CO is converted to car- 
bor~ 

The micro pore surface area was measured by BET method and 
is shown in Table 3. As shown in Table 3, the BET surface area al- 
most did not change after the decomposition of N20 alone; the sur- 
face area drastically decreased after the N20 decomposition reac- 
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Fig. 5. Results of the XRD analysis: (a) Before experiment, (b) After 
experiment. 

Table 3. Results of BET analysis 

Before After expei-nnent After experiment 
experiment without CO with CO 

BET surface 7.52-8.02 7.32-7.94 1.97-2.55 
area (mVg) 

tion with CO. It can be concluded that in the reaction when CO co- 
exists, physical change of  CaO can be presumed to occur. 
4. Kinet ics  S tudy  

In this study the assumed reaction rate equation is intrinsic reac- 
tion. Therefore, we need surface concentration over izarticle. We 
measured only bulk concentration. The difference between the bulk 
concenlration and the surface concenlration can be correlated in 
terms of dflnensionless group, i.e., in temps of j-factor [Smith, 1981]. 
The j-factor for mass transfer is the relationship between Shervvocd 
number, k,,,p/G, Reynolds number dpG/p, and Sct~mdt number/.t/ 
pD. The equation is as follows: 

_k,.pa.,r ~ ]'" 

The ratio (a,,,/a~) allows for the possibility that the effective mass- 
transfer area (a,,) may be less than the total external area (a,) of the 
particle. Experimental reaction rate is as follows [Smith, 1981]. 

rp:k,,,a,,,(C~- C,) (8) 

The difference between the bulk concen~-ation and the surface 
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concentration can be calculated by combining Eqs. (7) and (8). 
In a typical reaction condition C~ (N~O) is 1.58x10 -~ ITLITIOI/ITI 3 

and calculated C~-C~ is 3.21x10 -~~ :ranoI/m 3 at 850~ i.e., C~ is 
similar value to C~. Therefore, ~ i c  reaction rate can be calcu- 
lated by using bulk concentration of N~O. The 1`esults of expemnents 
applied to theo1`etical equation are exv-essed in Fig. 6. Reaction rate 
constant (k',) of the reaction are 794, 2,541, 2,690 s -~, respectively 
at 800, 850, 900 ~ 

Arrhenius plotting was done and expressed in Fig. 7 in order to 
obtain activation ene1`gy of the related reaction and frequent factor 
(A), and the obtained activation energy and frequent facto:-were 
128.9 KJ/mol, 1.77* 109, respectively. N20 decomposition rate e%~a- 
tion on the surface of CaD including above two par~'nete:~ is ex- 
pressed as the followmg equation. 

d[N~O] 1.77• I09 exp[-I28.9/(RT)lK~r,o[N~O] 
dt (1 +K~r,o[N20]) 

CONCLUSION 

The conclusions ofN20 decomlx)sition on the surface of calcium 
oxide are as follows: 

1. Creation of NO in N20 decomposition 1`eaction was not detect, 

able, mid the most of the N20 seemed to convert to N2. Also, as the 
temperature increased, the conversion of  the reaction increased. 

2. When C-X32 coexisted with N20 and the concentration of C Q  
was over 10%, catalytic decomposition of N20 decreased by reverse 
calcination of limestone by CQ.  When CO coexisted with N20, 
N20 deconlposition reaction was l~-omoted. 

3. Reaction rate equation of N20 decomposition by using CaD 
catalyst is as follows: 

d[N~O] _ 1.77• 109 exp[- 128.9/(RT)]K~r,o[N~O] 
dt (1 +K~,oEN~O]) 

4. CaD made of domestic limestone showed a catalytic activ- 
ity to N20 decomposition. 

NOMENCLATURE 

I" 

K 
k~ 
S 
,r 

F 
T 
W 
[i]o 
P 
X~ 
k,~ 
G 
a,,, 
a, 
D 
Cb 
C~ 
dp 

: reaction rate [mol/m3s] 
: equilibrium constant [-] 
: reaction rate constant [1/s] 
: active sites rathe surface of  CaO [-] 
: residence time [s] 
: flow rate [m3/s] 
: temperature [K] 
: packed weight ofCaO [kg] 
: initial concentration of i  component [lnOI/lTi 3] 
: density of  CaO particle [kg/m 3] 
: conversion of i component [-] 
: reaction rate constant [ITIO1/II13S] 
: mass velocity [kg/m2s] 
: external surface area/unit mass of  particle [mVkg] 
: total external area of  a particle [m2/kg] 
: bulk diffnsivity [m2/s] 
: bulk concentration [mmol/m 3] 
: svkrface concen~afion [mmoI/m 3] 
: particle diameter [m] 
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