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Abstract

The reactive absorption of NO in aqueous solutions of Fe'(EDTA), resulting in the formation of a nitrosyl complex, Fe''(EDTA)(NO), is a
key step of the BiodeNOx process for the removal of NOx from industrial flue gas. Oxygen present in the flue gas will also absorb and oxidize
Fe"(EDTA). This is an undesired reaction, because the resulting Fe™(EDTA) does not react with NO. To explore the industrial applicability of the
process, a rate based model for the simultaneous reactive absorption of NO and O, in aqueous Fe"(EDTA) solutions in a counter current packed
column has been developed. The effect of process conditions on absorber performance (NO removal efficiency, selectivity, Fe'(EDTA) conversion)
have been assessed. Using standard conditions, the column height needed to remove 90% of an initial 250 ppm of NO was less than 1 m. The
amount of oxidized iron was approximately equal to the amount of the nitrosyl complex, even though oxygen was present in a 200-fold excess over
NO. The absorber performance was particularly dependent on the operating temperature, where lower temperatures favoured both the NO removal

efficiency and selectivity. Remarkably, the model indicated that overdesign of the absorber can result in decreasing absorber performance.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Atmospheric emission of NOx causes various environmental
problems, such as an increase in ground-level ozone, smog and
acid rain formation, and the depletion of the ozone layer. A
promising technique for the removal of NOx from industrial
flue gas is the BiodeNOx process. It consists of two discrete
stages: in a first, physico-chemical stage NO is absorbed into an
aqueous iron chelate solution, and in a second, biological stage
the iron chelate is regenerated while at the same time NO is
converted to harmless nitrogen [1].

In the absorber section, the absorption of NO is accompanied
by a rapid reversible reaction of NO with the iron chelate in the
solution. This way, both the NO absorption rate and capacity
of the solution to accommodate NO are greatly increased. If
ethylene diamine tetracetic acid, EDTA, is used as the chelating
component, nitrosyl complex formation can be written as

Fe'(EDTA)>~ + NO = Fe!l(EDTA)(NO)*~ ()

In general, industrial flue gases contain molecular oxygen,
typically in amounts ranging from 2% to 10%. Dissolved oxygen
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also reacts with the iron chelate, where the ferrous chelate is
oxidized irreversibly to ferric chelate according to

0, + 4Fe'"(EDTA)?*~ + 2H,0 — 4Fe™(EDTA)™ + 40H™
(2

In its ferric form, Felll (EDTA) can no longer bind NO. Thus,
the oxidation according to reaction (2) is an unwanted side
reaction since it consumes Fell(EDTA) that is needed for NO
absorption. Additionally, the work load of the second, biological
stage of the BiodeNOXx process increases, because Fe!l((EDTA)
has to be recovered not only from the nitrosyl complex via reduc-
tion of NO to N, but also from ferric chelate via reduction of
Fe''(EDTA).

A typical flue gas from a coal-fired power plant can contain,
say, 250 ppm NO and 5% O;. In such a (realistic) case the oxygen
concentration in the gas exceeds the NO concentration 200-fold.
Thus, for any practical application of the BiodeNOx process, it
becomes very important to assess the extent of the unwanted
oxidation reaction (2) as compared to the desired reaction (1) in
a typical absorber.

In this contribution we present a model for the performance
of BiodeNOx absorbers based on the results of previous studies
on various aspects of the BiodeNOx absorption process [2-5].
The main objectives are to investigate the absorber dimensions
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Nomenclature

A nitric oxide NO
interfacial area, m
geometric area of packing, m? m~
ferrous iron chelate Fe'(EDTA )%~
concentration, mol m~3 or vppm

a 2
ap

B

C

D diffusion coefficient, m? s~
dp

E

F

m—3
3

characteristic packing dimension, m
enhancement factor
molar flow, mol s!

Fp packing factor, m?> m—3

g gravitational acceleration=9.81 m? s~!

J flux of absorption, molm~2s~!

k mass transfer coefficient, ms™!

ko kinetic constant for the oxygen absorption,
m®mol 25!

o oxygen

P nitrosyl complex Fell(EDTA)(NO)2~

Q ferric iron chelate Fe''(EDTA)~

r1, rp  reaction rates, see Eqs. (7)—(8), mol m 357!

S cross-sectional reactor area, m?

Vs superficial velocity, ms™!

XB conversion of Fel'(EDTA)>~

Greek symbols

eL liquid hold-up
n efficiency

nw viscosity, Pas
0 density, kgm™3
o selectivity
Subscripts

G gas phase

L liquid phase
Superscripts

b bulk

i interface

in inlet

out outlet

needed to obtain a desired NO removal efficiency and the fea-
sibility of the NO removal in the presence of relatively large
oxygen excess concentrations. The influence of the operating
temperature and the iron chelate concentration on the absorber
performance are also investigated.

2. Model development

Various reactor configurations for reactive gas—liquid absorp-
tion have been developed and commercialized. We have selected
a counter current packed tower absorber for our modeling study.
This reactor appears to be particularly appropriate for the Biode-
NOx process as it offers a high interfacial area, and is capable of
handling high gas superficial velocities with a low pressure drop.
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Fig. 1. Packed column reactor configuration.

A representation of the reactor configuration is given in Fig. 1.
A gas mixture containing NO and oxygen is fed at the bottom
of the column. The aqueous phase containing Fe'l(EDTA) is fed
to the top of the column.

The gas phase component balances, assuming plug flow, read:

dCh G
Vs.G an = Inea (n=A,0) 3)

where J, G is the absorption flux of NO (A) or oxygen (O)
through the gas liquid interface (see Fig. 2), with the positive
direction from the gas towards the liquid. The boundary condi-
tions to Eq. (3) simply state that at the bottom of the column,
the gas phase concentrations equal the gas feed concentrations:

(Cn@lpeo =Cil'g (n=A,0) @)

gas bulk gas film

C

”
“n,Gs

J”.(f Jn, L

liquid film liquid bulk

Fig. 2. Mass transfer fluxes and generalized profiles according to the film model.
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For the liquid bulk, we have the balances:

dcn L
dh

where J,, 1. denotes the diffusion flux from the interface region
into the liquid bulk (see Fig. 2) with the positive direction
towards the bulk. R, 1. denotes the reaction rate in the liquid
bulk, positive for the reactants A, O and B (ferrous chelate)
negative for the reaction products P (nitrosyl complex) and Q
(ferric chelate), and e, denotes the liquid hold-up in the packed
bed.

The boundary conditions to Eq. (5) relate the liquid phase
concentrations at the top of the column to the liquid feed con-
centrations:

(Capey =Ci’. (n=A,0,B,P,Q) (6)

The system of Egs. (3)—(6) constitutes a two-point boundary
value problem and was solved using a relaxation method. The
equations contain the fluxes J,, 1. and J,, g.These fluxes are related
to the concentration gradients in the gas and liquid film layers
(see Fig. 2) and were calculated numerically.

Vs.L =—-Jyra+eLR,L (n=A,0,B,P,Q) (5)

3. Calculation of the fluxes

In the scrubber, we have absorption of NO (A) and oxygen
(O) across the gas liquid interface. In the liquid, the diffusive
transport is accompanied by chemical reactions, according to
reactions (1) and (2). The rates of reactions (1) and (2) are given
by [2,3]:

C
ry =ky (CACB - KP> @)

r = kaCoCh 8)

According to the film model, see Fig. 2, the material balances
for diffusion with parallel reaction in the liquid film read [6]:

d’c
Da~r3 =Ra=ri (0=x=) )
d2C0
Do—y5 =Ro=r2 0=x=9) (10)
X
d’Cg
DBW:RB:V1+4”2 0=x=x<9) (1)
d*c
by =Re=-n (0=x=) (12)
dZCQ
Do~ o' =Rq=—4n (0 <x<9) (13)

The boundary condition at the liquid bulk side of the film
reads for all components:

(Cn)xzs = Cn,L (14)

where C,, 1, denotes the liquid bulk concentration in the absorber
at the height where the fluxes are calculated. At the interface, a
distinction is made between transferable and non-transferable

components. For the dissolved gases the interface condition
reads:

D, (dc") — ko (cn,c - (C)‘°> (n=A,0)
x=0

dx my
s)
while for non-transferable components we have:
dc, )
=0 (m=B,P,Q (16)
( dx x=0
For the fluxes across the gas liquid interface we have:
Ci
hnG=kan|(Crg= "5 (1=A.0) (17
n

and for the fluxes from the liquid film into the liquid bulk at
x=4:

JuL = —Dy <ddcn> (n=A,0,B,P,Q) (18)
X ) x=s

The concentration profiles of the components were calculated
by solving the system of Eqs. (9)—(13), using arelaxation method
to obtain finite difference equations and solving the system with
the method of Newton. Subsequently, the fluxes were calculated
using Eqgs. (17) and (18). To obtain the gradient of the concen-
tration at x=4, a Taylor series expansion of the corresponding

concentration was used.

4. Physico-chemical constants and model parameters

The nitrosyl complex formation reaction, Eq. (1), is first
order in the substrates and the product. The rate of the reaction
was measured by Schneppensieper et al. [7]. The equilibrium
constant for the reaction as a function of the temperature was
measured previously in our group work [2] as

K =ex @—853 3
= exp T . (m”/mol) (19)

All kinetic studies concerning the oxidation reaction (2) indi-
cate that the reaction is first order in oxygen. However, the order
in iron chelate appears to be more complex and values between
1 and 2 have been reported [8—10]. Recent studies have indi-
cated that the order in iron is a function of the iron chelate
concentration [11,12]. At low concentrations (<10 mol/m?),
the reaction is first order in iron whereas it becomes second
order at higher concentrations. At typical BiodeNOx absorp-
tion conditions (T'=50-55°C, CrerEpTa)=10-50 mol/m3,
Cno =0-250vppm, Co, =10-20%, pH 7), the reaction was
shown to be first order in oxygen and second order in iron
chelate [3], as shown in the rate given by Eq. (8). The rate con-
stant for the oxidation reaction as a function of the temperature
was measured previously in our group and may be expressed
as [3]:

4615.4
ko = exp (10.156 -7

) (m®/mol? s) (20)
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where no significant variation of ky was observed in the pH
range of 5-8. This is in line with the observations of Zang and
Van Eldik [11], who measured k; in the pH range of 1-7, and
found no variation of k; for pH > 5 while increased values were
found for pH < 4. In the calculations we assumed that acidic
gaseous components that could be present in the gas feed do not
lower the pH below 4.5, so we can safely use Eq. (20) to obtain
k.

The diffusion coefficient of NO in water is given by Wise
and Houghton [13]. The diffusion coefficient of oxygen in
Fe'l(EDTA) solutions at various concentrations was calculated
using the diffusivity of oxygen in water [14] and corrected for
the presence of electrolytes [15]. The diffusion coefficients of
the iron chelate, Dy, was taken from O’Conner et al. [16].
The diffusion coefficients of NO and oxygen in the gas phase
were calculated using an expression given by Reid et al. [17].
The viscosity of the gas phase was assumed to be equal to
the viscosity of Nj, which is given by Daubert and Danner
[18].

The solubilities of NO and O, in Fe(EDTA) solutions
were determined from physical absorption experiments using
N>O and the results are reported in previous papers of our
group [2,3]. We also measured the relative viscosity and the
density of the aqueous Fe!'(EDTA) solutions at various con-
centrations and temperatures. The results were published earlier
[5].

An overview of the physical constants obtained at a temper-
ature of 323 K and an iron chelate concentration of 10 mol/m3
is given in Table 1.

Many types of so-called random packing materials are com-
mercially available. From a technical point of view, based on
a trade off between on the one hand the desire for a low-
pressure drop, leading to larger packing material diameters,
and on the other hand the benefits of a large surface area,
pointing at smaller packing diameters, we chose to perform
the modeling calculations using the properties of 1in. Pall
rings.

The mass transfer coefficients in the column were estimated
using the well-known equations of Onda et al. [19,20]. The sur-
face area, packing factor, packing dimensions, flooding limits,
minimum wetting flow rate of the liquid, and the pressure drop
were obtained or calculated from the data and expressions given
by Trambouze et al. [21]. The liquid hold-up in the column was
calculated according to Buchanan [22].

Table 1

Overview of physical constants at 7=323 K and Creniepta) = 10 mol/m?
Parameter Value

Doy (m2/s) 8.65 x 1077

Do, L (m?/s) 407 x 1079
DrenEpTA)L (M?/5) 1.08 x 1072

Do, (m?/s) 2.79 x 1073

Do, G (m?/s) 240 x 1073

Heno (Pam?/mol) 7.2 x 10*

Heo, (Pam3/mol) 1.08 x 10°

IFell(EDTA) LW 1.02
prenEpTA) (kg/m?) 992

5. Results and discussion
5.1. Definition base case and results

The reactor model is developed for the treatment of a typical
flue gas of a coal-fired power plant. The oxygen concentration
in the flue gas was set at 5vol.% and the NO concentration
at 250 vppm. The temperature of the flue gas and the operat-
ing temperature of the absorber, in the base case, were set at
323 K. The desired removal efficiency for NO was 90%. The
input concentrations, process conditions and design variables
for the base case are given in Table 2. Typical superficial gas
and liquid velocities for packed columns were applied. The lig-
uid velocity was set to guarantee full wetting of the packing.
The gas phase velocity was always typically between 55% and
60% of the flooding value. The pressure drop for the base case is
290 Pa.

The inlet iron chelate concentration was selected on the basis
of earlier simultaneous absorption studies of NO and O; in
Fel(EDTA) solutions in a stirred cell reactor [4].

Model calculations for the base case indicate that a column
height of 0.91 m is required to obtain 90% NO removal effi-
ciency. The total iron chelate conversion, Xp, in the absorber is
about 6.3%.

The calculated selectivity of the gas absorption, as defined in
Eq. (21), is equal to 45% for the base case, meaning that 45%
of the Fe'(EDTA) is converted to Fell(EDTA)(NO) and 55% is
oxidized to Fe'(EDTA):

C
o=—" % 100% @21
Cp + CQ

5.2. Liquid film concentration profiles

The calculation of the molar fluxes out of the gas phase and
from the liquid film into the liquid bulk also produces the concen-
tration profiles of the components in the liquid film. An example
of such a set of profiles is shown in Fig. 3. Note that these profiles
were obtained at the very bottom of the column. Further up the
column, different concentration levels prevail and consequently

Table 2

Base case input, process conditions and design variables
Parameter Value

T (K) 323

cfg;z (vol.%) 5

Clo (vppm) 250

CRS (vppm) 25

VsL (m/s) 0.01

VSG (m/s) 1
Chunepta) (MOl/M?) 30

kG.No (m/s) 3.55x 1072
kG,0, (m/s) 3.30 x 1072
kLNo (m/s) 3.88x 1074
kL0, (m/s) 1.83 x 1074
a (m%/m3) 240
Flooding (%) 54%

eL 0.058
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Fig. 3. Typical concentration profiles in the liquid film at 2=0[m]. Base case
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conditions, but with CZ;, EDTA) = 60 mol/m”.

different profiles were obtained. Nevertheless, the profiles are
typical in that the overall picture was always qualitatively sim-
ilar: the concentrations of A and P varied almost linearly with
the film depth because reaction (1) is reversible, instantaneous
and always Cp > Ca, and the profiles of O and Q were also
linear or, at most, only slightly curved because reaction (2) is
only moderately fast.

In the literature, the influence of a reaction on the absorp-
tion rate of a component is often quantified using the so-called
enhancement factor, E, which is defined as the ratio of the
actual absorption flux to the flux that would have resulted
from the same conditions but without any reaction. In this
work, the enhancement factors encountered were in the range
of Ep=(0.3-8) x 10% and Ep =1.0-3.0, for NO and oxygen,
respectively.

In Fig. 3 the profiles of the dissolved gasses are plotted as
the ratio of their concentrations to the concentrations that would
be in physical equilibrium with the local gas phase concentra-
tions. Not only does this scale the profiles nicely into the 0-1
interval, but it also illustrates another general observation. The
ratio Co/(moCo,G) almost exactly equals one at the interface,
indicating that the absorption of oxygen is completely liquid
phase limited, with negligible gas phase resistance. The interface
concentration ratio of NO, on the other hand, is much smaller
than one, indicative of considerable gas phase resistance for this
component.

5.3. Effect of the column temperature

Previous experimental studies in stirred cell contactors have
shown that the temperature has a profound effect on the overall
absorption rates of NO and oxygen. Lower temperatures favored
the overall rate of NO absorption compared to the overall rate
of oxygen absorption [4].
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o
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T

Fig. 4. Calculated column height for 7=90% as a function of the temperature.
See Table 2 for the other conditions.

The effect of the column temperature on column performance
has been modeled in the range 298-323 K. At lower tempera-
tures, the calculated height of the packed column to achieve
90% removal efficiency decreased considerably. As shown in
Fig. 4, the calculated height at 298 K is 30% lower than at 323 K.
These findings are in line with earlier experimental studies in a
stirred cell contactor [2], where it was shown that the overall NO
absorption rate is significantly higher at lower temperatures.

The selectivity of the gas absorption, Eq. (21), is also strongly
temperature dependent and increases from 45% at 328 K to 66%
at 298K, see Fig. 5. Hence, the undesired oxidation reaction
is suppressed considerably at low temperatures. The pressure
drops at lower temperatures are lower than the value calculated
for the base case (328 K). These modeling results imply that
the absorber unit should be operated at temperatures as low as
possible.

54. Eﬁ‘ect Ofl‘he‘ inlet CFell(EDTA)

The inlet CreniepTa) has shown to be an important process
variable in simultaneous absorption experiments in stirred cell
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Fig. 5. Calculated o (solid line) and Xg (dotted line) as a function of the tem-
perature for 90% NO removal. See Table 2 for the other conditions.
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Fig. 6. Required column height for 90% removal efficiency as a function of the
inlet CreniepTa). Solid line: base case (T'=323 K); dashed line: T=298 K. See
Table 2 for other conditions.

contactors [4]. Model calculations with inlet CreqepTa) in the
range between 10 and 60mol/m® were applied to study the
effects on the absorption process in the packed tower reactor.
All other conditions were equal to the base case as given in
Table 2. The inlet CrenqepTa) has a pronounced effect on the
column performance, see Fig. 6 for details. The required height
of the packed tower for 90% removal efficiency is 85% lower at
60 mol/m> when compared to 10 mol/m>.

The selectivity as a function of the Crenepra) i rep-
resented in Fig. 7. The selectivity initially increases with
an increasing CreliEDTA), it reaches a maximum value for
Crell(EDTA) ~ 35 mol/m3 and subsequently decreases. To sup-
press Fe oxidation at high temperatures, it appears beneficial to
work in the range of 30-40 mol/m3. As expected, Xp decreases
when the CreepTA) increases. Xg is only 3.4% when the highest
concentration of iron chelate is applied in the simulation.

In the previous paragraph, it was shown that it is favorable
to operate the column at low temperatures. The effect of the

70 70

60 1 -60

50 1 - 50
401 40 _
S 8
0301 F30 2

20 - 20

104 TSIl F10

0 +— . . : —+0

10 20 30 40 50 60
CreiepTay

Fig. 7. o and Xp as a function of Crenepta) and temperature for 7n=90%.
T=323K:o (solidline), Xg (dotted line); T=298 K: o (dashed line), Xp (dashed-
dotted line). See Table 2 for the other conditions.

CreanEDTA in the inlet on column performance was also eval-
uated for 7=298 K. The results are given in Figs. 6 and 7. As
expected, the required column height for 90% removal efficiency
is lower when applying higher Creriepra) (Fig. 6). The required
height at 298 K is always lower compared to 323 K, irrespective
of the Creniepta). The selectivity of the process as a function
of the CreanepTa Shows a different pattern at the two temper-
atures. At 323K, the selectivity versus the Crerepra) Shows
an optimum at about 30-40 mol/m>. This optimum is absent at
328 K and a small decrease of o was observed when increasing
the CreniEDTA)-

5.5. Negative effect of overdesign

Simulations performed for the base case (T=323K) and a
relatively low Crerepra) (10 mol/m3) reveal a very remarkable
feature (Fig. 8). It appears that the column efficiency lowers
when the height of the column is increased beyond an optimum.
This suggests that NO desorption may occur at certain condi-
tions within the column and particularly when increasing the
column length. In case the Creriepra) €XCeeds 10 mol/m3, NO
desorption was not observed. For instance, at 30 mol/m3, effi-
ciency drops were not observed when increasing the column
height up to 12 m.

This lowering of the efficiency when using longer absorption
columns in combination with low inlet FeH(EDTA) concentra-
tions is likely the result of the mutual interactions between the
reaction of Fe!'(EDTA) with NO and oxygen. Gambardella et
al. [2] reported that the reaction between NO and CrenepTA
is an equilibrium reaction, whereas the reaction with oxygen
is irreversible [3]. Both reactions occur simultaneously in the
column and it is well possible that at certain conditions (high
temperature and low CreriepTA)), the NO concentration in the
gas phase is lower than the equilibrium value. These findings
indicate that overdesign of the absorber unit may result in
reduced column performance.

We can explore this peculiar behaviour by taking a closer look
at the gas phase concentrations of NO and oxygen versus the
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Fig. 8. Efficiency of the NO removal as a function of the reactor height. Base
case with Creriepta) = 10 mol/m3. See Table 2 for the other conditions.
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Fig. 9. Variation of the gas phase concentrations of NO (A) and oxygen (O)
over the height of the packing. Base case conditions, but with C"

Fell(EDTA)
10 mol/m?. Solid lines: H=12.0 m; dotted lines: H=2.3m.

relative height of the packing for two different packing heights
with otherwise similar conditions, see Fig. 9.

The column heights were purposely chosen in such a way,
i.e. at 12.0 and 2.3 m, that the NO removal efficiency is exactly
the same, to illustrate the remarkable behaviour that overdesign
of the absorber can result in a reduced efficiency. Although the
NO concentration in the gas leaving the absorber is the same,
the variation over the column height is very different. Also, the
amount of oxygen absorbed in case of the 12.0 m packing height
is more than three times larger as compared to the 2.3 m column.
To understand the differences, a plot of the NO absorption fluxes
for both cases is helpful, see Fig. 10.

In the case of the 2.3 m column, the absorption flux is always
in the gas-to-liquid direction, and varies approximately in the
range of (1.0-1.5) x 1073 molm~2s~!. As a consequence, the
NO concentration in the gas phase gradually and monotonously
decreases.

In case of the 12.0 m column, the amount of oxygen absorbed
into the liquid is very large, which, in the lower part of the
column, results in such a large conversion of Fe'l(EDTA) to
Fell(EDTA) that the equilibrium reaction (1) is driven into the
opposite direction, and desorption of NO occurs.

In the case of the 12.0 m packing, the peculiar variation of
the NO flux, with two extremes (see Fig. 10), can be explained

10° 3.5

2 -1
[molm™ s']

_1 | bottom

i top
0.0 0.2 0.4 0.6 0.8 1.0

hH 1]

Fig. 10. Variation of the NO flux leaving the gas phase with the height of the
packing. Conditions: see Fig. 9. Solid line: H=12.0 m; dotted line: H=2.3 m.

for example if we follow the liquid as it flows down the pack-
ing starting at the top of the column, #/H = 1. First the flux is
positive because the almost lean liquid has not yet absorbed
much oxygen, and it increases as we move down the column
because the NO concentration increases resulting in a larger
driving force for absorption. Going further down the packing,
the increase of the NO flux drops, and is turned into a decrease
below h/H = 0.85 because less and less Fel'(EDTA) is available
due to oxidation. Below A/H=0.55 NO is desorbed from the
liquid because the oxidation of Fell(EDTA) drives the equilib-
rium reaction (1) in the reverse direction and Fel(NO)(EDTA)
is converted into free NO and Fe'l(EDTA). Below A//H = 0.2 the
NO flux becomes somewhat less negative because of depletion
of Fell(NO)(EDTA).

6. Conclusions

A rate based, steady state reactor model has been developed
for the simultaneous absorption of NO and oxygen in an aqueous
Fe!l(EDTA) solutions in a counter current packed column reactor
atisothermal conditions. When applying typical BiodeNOx con-
ditions (Crenepta) = 30 mol/m3, T=323 K, Cnoin =250 vppm,
Co,in =5 vol.%) combined with superficial velocities for the lig-
uid and gas phase of 0.01 and 1 m/s, respectively, the calculated
height of the scrubber to achieve 90% NO removal efficiency is
0.91 m.

A remarkable improvement in absorber performance may be
expected when operating the column at lower temperatures. Not
only the required column height for 90% removal efficiency
is reduced considerably, but also the overall rate of undesired
oxidation reaction is significantly reduced.

Variations of the inlet CreriepTa) at 328 K, indicate that the
selectivity of the absorption process shows a maximum value
(45%) at Creriepta between 30 and 40 mol/m3. Lowering the
temperature from 323 to 298 K results in higher selectivities
(62%) and the observed maximum of the selectivity as a function
of the CFE(II)EDTA is absent.

At certain process conditions, desorption of NO may occur,
leading to a lowering of the NO removal efficiency at increasing
column lengths. These findings indicate that overdesign of the
absorber unit may result in reduced column performance.
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