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The development of a new electrochemical process for the absorption of NO, from industrial waste
gases is described. Conversion of NO was performed by an indirect outer cell process using dithionite
as the redox mediator and Fe®»EDTA as the complexing agent. The absorption process, involving
complex formation with Fe®™EDTA in the absence and presence of dithionite, was investigated using
a packed bubble column. In semibatch experiments the dependence of different system parameters on
the degree of NO conversion was studied: concentration of dithionite and Fe®™EDTA, gas flow rate,
oxygen content, and temperature. The reaction products in the gas phase and in the liquid phase were
analyzed using gas chromatography and ion chromatography, respectively. This analysis proved
that, instead of N, or N,O, ammonia and amidosulfonic acid are the main reaction products in the
solution. The kinetics and the conditions for the regeneration of dithionite by electrochemical re-
duction of sulfite were studied on RDE and by experiments in a divided cell. For the dithionite
production a current efficiency of about 80% was found in 0.2 M Na,SO4 at pH 5.6. By combining the
chemical NO absorption in a gas/liquid contactor with the electrochemical regeneration of dithionite
in a divided plate and frame cell a degree of NO conversion better than 90% under continuous
operation can be obtained.
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combustion units, chemical plants or extremely dusty
waste gases. Examples are the emissions from glass

1. Introduction

More stringent regulations governing the emission of
toxic gases from industrial sources have evoked an
increasing demand for new and efficient abatement
techniques. The well-established conventional wet
and dry processes which are applied for the removal
of SO, and NO, in large-scale power plants are not
flexible enough to cope with the varying conditions of
discontinuously operating smaller scale heating
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manufacturing, cement or limestone production, heat
treatment and surface processing of metals, nitric
acid production or mineral oil refineries. This situa-
tion has encouraged the development of new elec-
trochemical concepts for gas purification as an
alternative to conventional chemical techniques
where the toxic components of off-gases are con-
verted by catalytic or noncatalytic oxidation or by
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reduction reactions to nontoxic components or pro-
ducts [1-7]. An inherent advantage of electrochemical
processes is the conversion of chemical components
either directly or indirectly by an electrochemical in-
ner-cell or outer-cell process [8—18] where the electron
as a ‘clean reagent’ is the counterpart of redox che-
micals, of which huge amounts are added in most of
the conventional chemical processes. Other ad-
vantages which make electrochemical processes at-
tractive are their versatility, energy efficiency,
amenability to automation and cost effectiveness.

The basic principles of electrochemical gas pur-
ification and several examples of processes which
have been developed and tested either in the labora-
tory or applied on an industrial scale can be found in
the literature and are not repeated here [9,10,12].

The results presented in this paper deal with the
development of a new electrochemical process for the
removal of NO, as part of an overall process for the
simultaneous removal of SO, and NO, [17-20]. The
experiments described were restricted to the treat-
ment of nitrogen monoxide, NO, which is the main
component (95%) of the nitrogen oxides found in
combustion gases.

2. Experimental details

The experiments for studying the absorption and
conversion of NO were performed in a cylindrical
perspex glass laboratory column 11 cm in diameter
filled with a packing of Raschig rings (dia. 1.5 cm) 46
cm high. A packing of glass spheres (dia. 1 cm) at the
inlet served as the gas distributor to avoid channel
flow formation. The temperature was controlled by a
cryostat (Haake) and a cooling coil around the col-
umn. The composition of the gas phase with respect
to N,, N,O or O, at the inlet and outlet of the col-
umn was measured discontinuously by a gas chro-
matograph (Carlo Erba) in combination with an
integrator (Spectra Physics 4270). Continuous ana-
lyses of the NO and NO, content were carried out
with an NO, analyser (Beckmann). In all the experi-
ments helium was used as the carrier gas to allow a
sensitive proof of N, as a possible reaction product.
To simulate realistic conditions, O, was present at a
magnitude of a few per cent in most experiments.

In the case of test gas mixtures containing NO and
O; as individual components, the formation of NO,
by gas phase reactions was largely suppressed by es-
tablishing the NO mixture with the carrier gas first
and finally adding the oxygen just in front of the inlet.
The dosing and gas flow rates were adjusted by mass
flow controllers (Hastings, HFC202). The composi-
tion of the solution was analysed by means of atomic
absorption spectroscopy AAS (Perkin Elmer 1100B)
and ion chromatography IC (Dionex 20001/SP).

Kinetic investigations of the electrochemical di-
thionite regeneration were made on lead electrodes in
a conventional three-electrode cell under potentio-
static control using a rotating disc electrode RDE.
The current efficiency ®° for the regeneration of di-

thionite was measured in a divided cell with a cation
exchange membrane (Thomapor, 50382), a porous
lead cathode of 84 cm? geometrical electrode area as
the working electrode and an expanded metal sheet
anode made of titanium dioxide as the counter elec-
trode. An Ag/AgCl electrode (E, = 0.207 V) served
as the reference electrode in combination with a
Luggin capillary. All potentials quoted refer to the
standard hydrogen electrode (SHE).

On a laboratory scale the regeneration of dithio-
nite was performed in closed loop experiments under
galvanostatic conditions using a plate and frame cell
(Electro Cell AB, SU Electro MP Cell) with a lead
electrode of 0.01 m? area and a cation exchanger
membrane. The lead electrodes were activated by
cathodic pre-electrolysis with /= —-3A in 0.2 M
Na,SOy4-solution.

3. Results and discussion
3.1. Overall process scheme

From the viewpoint of process engineering there are
several alternative methods of carrying out an elec-
trochemical gas purification process. In any case, the
pollutant species must be transferred from the gas
phase into a liquid phase of an electrolyte where the
conversion can take place either by direct electro-
chemical reduction or oxidation at the cathode or
anode of an electrochemical cell or by an indirect
reaction mechanism where the pollutant species is
converted via a redox mediator system. The redox
mediator may be present at a remarkably higher
concentration and homogeneously dissolved in the
purging solution or as a heterogeneous catalyst. In
both cases the redox mediator must be regenerated by
an electrochemical reaction. The indirect process
offers the advantage of higher space/time yield be-
cause the whole bulk of the solution acts as a reaction
space, whereas in the direct process the space/time
yield is limited by the specific electrode area. Both the
direct and indirect electrochemical conversion with
regeneration of the redox mediator can be achieved
by an inner-cell or outer-cell process.

Figure 1 shows the scheme of the NO, conversion
process which is the subject of the present investiga-
tion of NO, removal. It represents a typical outer-cell
process consisting of an absorption column and an
electrochemical cell for the regeneration of the redox
mediator. The absorption column contains dithionite
as the homogeneous redox mediator by which the NO
molecule is reduced in the liquid phase. To improve
the solubility of the nitrogen monoxide, Fed»EDTA
is present in the solution as a complexing agent. The
scrubber is designed as a packed bubble column to
improve the mixing of the gas and the liquid phases
by turbulence promoters. The absorption liquid is
pumped through the cathode compartment of an
electrochemical plate and frame cell, where the sulfite
SO3~, which is formed by the homogeneous reaction
of NO with dithionite, is regenerated at the cathode
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Fig. 1. Scheme of the indirect process for removal of NOy with
dithionite as the redox mediator and Fe®EDTA as the complexing
agent.

to dithionite. The regenerated absorption solution
re-enters the absorption column under counter
current flow conditions with respect to the gas flow
direction.

The processes which take place at different parts of
the gas purification reactor have been studied sepa-
rately in detail and the results will be described in the
following.

3.2. NO absorption

An intricate problem of all wet processes is the low
solubility of NO in aqueous solutions. This is indicated
by the low value of the Henry coefficient H which at
room temperature (7= 298 K) is found in the range of
1.01 x107* mol dm=3 Pa~! < H <1.92 x 10~¥mol
dm—3Pa~! [21]. This is about three orders of magni-
tude lower than the Henry coefficient of sulfur
dioxide. The physical solubility of NO cannot be
substantially improved either by variation of the pH
within the range 0 < pH < 13 or by decreasing the
temperature; for example, in the temperature range of
T = 283-363 K the Henry coefficient (H) varies in the
range (2.55-0.37) x 1078 mol dm~3 Pa~! [22]. To

phase boundary
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increase the mass transfer of NO from the gas phase
into the liquid phase, the absorption equilibrium at
the gas/liquid phase boundary must be disturbed by a
chemical reaction by which NO is continuously
withdrawn from the interphase leading to a change in
the concentration profile within the boundary layer
and a modification of the transport equations (see
Fig. 2). Depending on whether highly oxidizing re-
agents like KMnO,, NaClO,, NaClO, H,0O,,
K;Cr,07, Ce (1v) or reducing agents like Na,S,04 are
used for the oxidation or reduction of NO, the wet
chemical processes can be divided into absorption—
reduction or absorption—oxidation processes [23].

Another possibility is the oxidation of NO in the
gas phase, leading to a more soluble species such as
NO; or N;03 [24]. This approach was implemented
in the Walter simultaneous process where NO is
oxidized with ozone to NO, which is then converted
to NH4NOj after absorption in a solution containing
aerated ammonia [25].

In the present investigation the absorption-re-
duction pathway was followed using dithionite S,03~
as the reducing agent. Figure 3 shows a semibatch
absorption experiment with dithionite in the ab-
sorption liquid where the gas phase contains a fixed
concentration of NO (0.07 vol%) and O, (3 vol%) at
the inlet. Comparing the concentration transients of
NO and NO, at the outlet in Fig. 3(a) with the cor-
responding transients of S;03~, SO}~ and SOj™ in
the liquid phase, Fig. 3(b), the absorption of NO is
limited and disappears almost completely when the
dithionite is consumed. During the continuous de-
crease of S,03 the degree of NO absorption varies
between 30% and 50%. The overall consumption of
S,03%~, corresponding to 0.306 mol compared with
the amount of 0.036 mol of absorbed NO, indicates
that the greater part of the dithionite is consumed by
other reactions. This is also evident from the si-
multaneous formation of SO~ in Fig. 3(b) and from
a similar experiment shown in Fig. 4(a) and (b) which
was performed in the absence of NO. In this experi-
ment absorption of O, takes place as long as S,03™ is

phase boundary
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Fig. 2. Concentration profiles at the gas/liquid phase boundary: (a) physical absorption and (b) reaction controlled mass transfer of species A.
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Fig. 3. Semibatch experiment of NO absorption with SZOAZ[ as the
reducing agent: (a) gas-phase analysis and (b) solution analysis.
System parameters: gas flow rate ¢f =4.56dm®min~!, partial
pressure of oxygen po, =2.9kPa, volume of the liquid phase
y! =3.3dm’, gas holdup & = 0.046, T = 313K, absorption liquid
buffered with citric acid/citrate.
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Fig. 4. Semibatch experiment of O, absorption with 5205* as the
reducing agent in the absence of NO: (a) gas-phase analysis and (b)
solution analysis. System parameters: gas flow rate
¢¢ = 3.93dm’ min~!, volume of the liquid phase V' = 3.3dm?, gas
holdup ¢ = 0.048, T = 313 K, absorption liquid buffered with citric
acid/citrate.

present in the solution, leading to the formation of
SO;~ and SO3~ according to the following reaction:

$,02” + H,0 + 0, — SO2 + 803 +2HY (1)

The deviation of the concentration ratio [SO%‘]/
[SOZ~] from unity implies a competitive reaction [26]:

28,07 +2H,0 + 0, — 4 HSO; (2)

These results demonstrate the fact that the reduction
of NO by dithionite in the presence of oxygen is not
selective and yields only low degrees of NO conver-
sion.

To improve the selectivity and efficiency of
the absorption process, experiments with different
metal chelate complexes (Fe®EDTA, Co™EDTA,
Co"-triethylenetetraamine) were carried out to in-
crease the mass transfer of NO and its concentration
in the solution. The most promising results were
found with Fe®EDTA. Figure. 5 shows a typical
absorption experiment with Fe®™EDTA in the ab-
sence of S,03", indicating the absorption of NO by
the formation of a complex according to

FeEDTA + NO = Fe"EDTA(NO)  (3)

From the graphic integration of the absorption curve
in Fig. 5 the overall amount of absorbed NO,
Acno.abs, Was determined, and by using the known
Henry coefficient H = 1.47 x 10-8 moldm > Pa™!,
the complex-formation constant K of Reaction 3
could be calculated from the following equations:

CFellEDTA(NO)

K= (4)
CFelEDTA X CNO
through mass balance, to
K — AcNO,abs - HPI%IO (5)

(cEenppra — AcNoabs + Hpio ) X Hpfio

A value of K =1.36 x 105dm>mol™! was found,
which means that under these conditions the solubi-
lity of NO is enhanced by a factor of 2.6 x 10 with
respect to the physical solubility of NO. After at-
taining the equilibrium state of the complexation
process (Equation 3) no further absorption of NO

230
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Fig. 5. Semibatch experiment of NO absorption by complex for-
mation with Fe®EDTA. System parameters: gas flow rate
¢ = 3.63dm’° min~!, volume of the liquid phase V' = 3.2dm?, gas
holdup ¢ = 0.044, T = 313K, pH 7.0, cpemppra = 9.1 mmol dm 3.
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takes place. It is therefore necessary to combine this
reaction with a redox process to withdraw the dis-
solved NO continuously from the Fe®EDTA(NO)
complex, thus disturbing the adjustment of the
absorption equilibrium. To obtain a suitable redox
mediator, dithionite was combined with Fe@EDTA,
leading to an enhanced conversion of NO as
demonstrated by the batch experiment in Fig. 6. In
comparison with the experiment in the absence of
Fe®EDTA, Fig. 3(a), there is a marked increase in
the degree of NO conversion, X = 0.9, which remains
almost constant as long as dithionite is present in the
solution (cf. Fig. 6(a) and (b)). The excess of the
SO%f over SO?[ in Fig. 6(b) is higher than that found
in the experiment without Fe®™EDTA (Fig. 3(b))
which in addition to Equations 4 and 5 can be
attributed to the following reaction:

2Fe™EDTA + $,0; + 2H,0 —2FeEDTA
+2803" +4H" (6)

where Fe@EDTA is the oxidation product of
Fe@™EDTA and the dissolved oxygen.

The formation of SO}~ in the solution is not found
in the absence of oxygen. This is demonstrated by the
experiment shown in Fig. 7. The gas phase analysis in
Fig. 7(a) exhibits a high degree of NO conversion and
the formation of N,O when the dithionite is con-
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Fig. 6. Semibatch experiment of NO absorption with Fe'WEDTA
as the complexing agent and szof as the reducing agent: (a) gas-
phase analysis and (b) solution analysis. System parameters: gas
flow rate ¢f =4.56dm’min~!, volume of the liquid phase
V! =3.3dm’, gas holdup ¢ = 0.046, T = 313K, partial pressure of
oxygen po, =2.9kPa, cpangpra = 2.33mmol dm?, absorption
liquid buffered with citric acid/citrate.
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Fig. 7. Semibatch experiment of NO absorption with Fe'WEDTA
as the complexing agent and SZOi’ as the reducing agent: (a) gas-
phase analysis and (b) solution analysis. System parameters:
gas flow rate ¢¢ =3.93dm’min™', volume of the liquid phase
V'=33dm’, gas holdup ¢=0.045 T =313K, pHG64,
CremgpTA = 2-62mmol dm~3, absorption liquid buffered with citric
acid/citrate.

sumed. As expected NO, cannot be detected. It
should be pointed out that the formation of N; as a
reaction product could not be confirmed in any of the
experiments contrary to other statements in the lit-
erature [27, 28]. In this experiment the ratio of the
absorbed NO to consumed $,0; is close to
[NOJ/[S,05 7] ~ 1. A quantitative analysis revealed
that 42% of the NO is converted to NH; and 7% to
NH,(SO3;H). Other possible reaction products, such
as HN(SOs;H),, N(SOs;H),, HN(SO;H)OH and
N(SO;H),0H, could not be identified due to the lack
of reference substances. The formation of these
compounds by the absorption of NO on systems
containing Fe"WEDTA and sulfite in the solution has
recently been demonstrated in the literature [29].

3.3. Degree of NO conversion

The degree of NO conversion X was found to be
mainly dependent on the concentration of
Fe™EDTA but not on that of dithionite. Figure 8
shows experimental results of NO conversion ob-
tained with variable Fe®™EDTA concentrations. At
[Fe"EDTA] = 2 x103moldm™> the degree of
conversion attains a value of almost X = 0.9. Sys-
tematic investigations of the dependence of X on
other system parameters, such as the partial pressure
of NO, the gas flow rate ¢®, and the temperature 7'
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Fig. 8. Degree of NO conversion X with Szoff as function of the
Fe™EDTA concentration. System parameters: gas flow rate
¢ = 3.93dm® min~!, volume of the liquid phase V! = 3.3dm?, gas
holdup ¢ = 0.046, T = 313 K, pH 6.8, partial pressure of NO at the
inlet pno = 732 Pa.

have also been performed and the results are shown
in Fig. 9(a)—(c). With increasing NO content and gas
flow rate ¢® the degree of conversion decreases due to
kinetic limitation and decreasing residence time of
NO in the gas/liquid contactor. The significant in-
crease of X with the temperature 7 indicates that the
complex kinetics of NO conversion with Fe®™EDTA
and dithionite is mainly reaction controlled.

A mathematical model which describes the steady
state absorption process has been developed [20].
This model is based on the two-film theory and ap-
proximates the absorption column as a cascade of
stirred tank reactors with first order reaction kinetics
with respect to NO and Fe®™EDTA and zero reac-
tion order with respect to dithionite.

3.4. Electrochemical regeneration of the redox
mediator

The kinetics of electrochemical dithionite regenera-
tion by the cathodic reduction of sulfite was studied
on lead electrodes in sulfate solutions at 4 < pH < 7
and sulfite concentrations in the range of 2 x 1073
< cgor <2 x 1072 mol dm™ using the RDE. The

overall reaction is
2HSO; 4 2H" 4 2¢”—S,03” +2H,0 (7)

Figure 10 shows typical cathodic polarization curves
at different rotation frequencies w. At potentials
—1.2 < Esyg < —0.45V the reduction process is
mainly under limiting diffusion control (region II). In
region I, the reaction proceeds under mixed diffusion
and reaction control. The increase in the cathodic
current density in region 111 is mainly due to the onset
of the hydrogen evolution reaction. The base line
curve in Fig. 10 obtained in the absence of SO3~
shows that the contribution of hydrogen evolution
can be ignored in regions I and II.

Figure 11 shows the dependence of the limiting
diffusion current density on the concentration of
sulfite for two rotation frequencies at constant po-
tential and pH. The linear dependence indicates that
the electrochemical reaction corresponds to the sulfite
reduction. Different reaction mechanisms are dis-
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Fig. 9. Degree of NO conversion X as function of different system
parameters: (a) partial pressure p of NO, (b) gas flow rate ¢%, and
(c) temperature 7, constant parameters: volume of the
liquid phase »'=3.3dm®, pH~6.5. Other parameters: (a)
CreEpTA = 0.29mmoldm™, ¢¢ = 3.93dm’ min~!, T = 313K; (b)
cremppta = 0.96mmoldm ™2,  pli, =91Pa, T=313K; (¢
Ccremppra = 0.96mmol dm ™3, pit ) = 732 Pa, ¢¢ = 3.93dm* min~'.
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Fig. 10. Cathodic polarization curves of sulfite reduction on a lead
electrode at different rotation frequencies, w: (l) 9.42, (®) 58.6 and
(%) 107.8s7'. System parameters: electrolyte: 9.15 x 1073 mol
dm~3 HSO7,0. 2 mol dm~ Na,Sos, pH 4.55, T = 298K.
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Fig. 11. Dependence of the limiting current density / on sulfite
concentration.  System  parameters:  0.2moldm > Na,SOy,
E=—0.79V vs SHE, pH4.55, T =298K. Key : (M) o = 9.425s"!
and (%) o = 107.3s7 1.

cussed in the literature [30], depending on the pH. In
the pH range of 3.5 < pH < 6 the following me-
chanism was postulated by Kolthoff and Miller [31]

HSO; +e~ == SO; + OH™ 8)

280; = $,03~ 9)

The cathodic current density can be expressed by the
following formula:

—ve F kY CHSO; €Xp [— o}? (E - Eg)]

T 1161 D26 1/2f0 exp[— %L (E— EY)]
(10)

which is equivalent to the well known Frumkin
equation [32] for a mixed charge transfer and diffu-
sion controlled process. The first order reaction (8) is
considered as the rate determining step and the re-
verse reaction is neglected.

Figure 12 shows experimental plots of i against
Vo and optimum fit results using Equation 10. The
shape of the experimental curves is well reproduced
by the model simulation, however a quantitative
agreement could not be achieved, which is also in-
dicated by the fit parameters. The reason for this
deviation may be the insufficient surface activity of

i
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Fig. 12. Plots of experimental data i against \/w and optimum fits
using Equation 10 for sulfite reduction at the rotating disc lead
electrode. System parameters: 9.15 x 107> moldm~* HSO;,
0.2 moldm > Na,SO,, pH4.55, T =298 K. Parameters: diffusion
coefficient D¢ : 1.52 x 10-%cm?s~!, mass transfer coefficient
k0 =438 x 10~ cms~!, symmetry factor o = 0.921. E: (H) - 0.59,
(®) — 0.54, (%) — 0.49 and (@) — 0.44V vs SHE.

the lead electrode or the possible dependence of the
surface concentration of the reactant HSO3 on the
surface pH which according to Equation 8 increases
with the reaction rate, leading to a shift of the dis-
sociation equilibrium

HSO; + OH™ == S03™ + H,0 (11)

to the right. At pH > 7.4 the reduction of hydrogen
sulfite was found to disappear completely [33].

For technical applications the current efficiency ®°
of the electrochemical generation of dithionite is of
practical importance.

cVv.F
It
where V' is the volume of the catholyte and 7 the
current intensity. The concentration-time depen-
dence of dithionite and sulfite obtained from experi-
ments on a porous lead foam electrode in a divided
cell using ion chromatography IC is shown in Fig.
13(a) and the corresponding current efficiency ®° is
shown in Fig. 13(b). The decrease in SO%‘ corre-
sponds to the stoichiometric formation of dithionite
SgOf[ according to Equation 7. The possible for-
mation of thiosulfate S,03~ was found to be negli-
gible. The mean value of the current efficiency
®° = 0.8 shows that lead works as a good electrode
material for the formation of dithionite. The loss of
20% in current efficiency may be attributed to the
formation of Hj. At extremely negative electrode
potentials, Esgyg = —1.8V, the formation of dithio-
nite vanished completely, indicating the strong in-
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Fig. 13. Electrochemical regeneration of dithionite by reduction of
sulfite using a porous lead foam electrode in a divided cell: (a)
concentration-time dependence and (b) current efficiency as a
function  of  polarization  time.  System  parameters:
0.2moldm ™ Na,SOy, E = —0.89V vs SHE, pH 5.9, T = 298 K.
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fluence of surface pH on this reaction. For technical
applications, control of the solution pH and the
electrode potential is therefore important.

3.5. Combined NO-absorption and electrochemical
dithionite regeneration

To test the NO absorption under continuous opera-
tion, the absorption column was connected to a di-
vided plate and frame cell (cf. Fig. 1). For the
continuous regeneration of dithionite the absorption
solution was pumped through the cathode compart-
ment of the cell. Figure 14 shows the initial period of
this experiment, when the electrochemical cell is not
in operation and the absorption liquid contains only
Fe™EDTA and sulfite. When the electrolysis current
I is switched on at time #;, the NO concentration
drops sharply to a low value due to the formation of
dithionite and remains at this level even after pro-
longed operation. The rate of NO conversion calcu-
lated from the partial pressure difference Ap ~ 90 Pa
at [ # 0 and the gas flow rate ¢ = 4.3dm’ min~! is
2.7 x 10~°mols~'. On the other hand, calculation of
the Faradaic dithionite production from the applied
current / = 1.35 A yields a value of 7 x 10~®mols~!
with ve =2 for the overall reaction valency, cf.
Equation 7. Assuming that each NO molecule con-
sumes one SZOi_ in the conversion reaction (see the
analysis of the experiment of Fig. 7) an over-
production of dithionite must be considered if a
current efficiency of approx. ®° = 0.8 is taken into
consideration. This was also confirmed by solution
analysis with regard to dithionite, indicating a
satisfactory current yield for the indirect electro-
chemical process.

The performance of the NO absorption device was
tested by varying the different system parameters.
Figure 15 demonstrates the flexibility of the system.
In this experiment oxygen was present at a certain
level in the gas phase. Despite the 3 vol % O, the de-
gree of NO conversion approaches almost 100% after
switching on the electrolysis current at point 1 in

100 L t NO"™
1
g0}
o 60 |
Pl
201 NQO
0 . . _ . L
] 100 200 300 4i) SO0 GU0
—_—
i/ min

Fig. 14. NO absorption with electrochemical regeneration of the
redox mediator dithionite in a divided plate and frame cell. System
parameters: current intensity / = 1.35A at ¢t > #|, cpemgpra = 1
mmoldm 3, gas flow rate ¢&8 =4.3dm’min~', liquid flow rate
¢' =55dm*h~!, volume of the liquid phase V'=3.7dm?, gas
holdup &~0.05, 7 =313K, initial sulfite concentration:
0.46moldm™>.

100 [
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80
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Fig. 15. NO absorption with electrochemical regeneration of the
redox mediator dithionite in a divided plate and frame cell by
varying the system parameters. Point (1) current intensity
I =1.35A, point (2) increase in O, partial pressure po, = 5.8 kPa,
point (3) increase in NO partial pressure pno = 200 Pa, point (4)
increase in current intensity / = 2.0 A, point (5) liquid flow rate
¢'=100dm*h7 !, }i)oint (6) increase in the helium carrier gas stream
¢¢=7.1dm’>min"'. Initial system parameters: [ =0A,
CFe(DEDTA = 3 mmol dm’3 -1

, gas flow rate ¢®=4.3dm’min"!,
volume of the liquid phase V'=3.7dm’, liquid flow rate
¢' =55dm*h™', gas holdup ¢~ 0.05, T =313K, pH6.6, sulfite
concentration: 0.36 mol dm >, dithionite concentration:
0moldm™, NO partial pressure pno = 100 Pa, O, partial pressure
po, = 3.1kPa.

Fig. 15. Doubling the O; concentration (point 2) did
not affect the degree of NO conversion. However, a
significant increase in NO at the outlet was observed
when the partial pressure of NO was doubled
(point 3). An increase in current I by 50% (point 4)
cannot counteract this effect. A more effective method
is to increase the liquid flow rate ¢' (point 5), leading
to an enhancement of the mass transport controlled
dithionite regeneration. Increasing the He carrier gas
flow rate from 4.3 dm* min~"! to 7.1 dm® min~" (point
6) has no effect on the steady state NO outlet con-
centration except for a short discontinuity in the
system response.

On the basis of these experimental results and the
theoretical model derived for the NO absorption [20],
the following parameters, which are of technical im-
portance, can be estimated. For a given normalized
space velocity v = ¢%/Vg = 200dm> h™' dm™> corre-
sponding to ¢¢ = 15.7dm* min~!, /g = 3.6dm’, and
FeWEDTA 14.8 mmoldm™ a degree of conversion
X =0.92 is calculated for a partial pressure of
pno = 120Pa. Under these conditions a specific
energy consumption of Es = 0.012 kWhm™> can be
calculated for the electrolysis at a minimum current
intensity / =2.3A at a typical value of the cell
voltage U, = 5.2 V.

4. Conclusion

The present investigations demonstrate the feasibility
of electrochemical processes for waste gas treatment.
A high degree of NO conversion (X > 0.9) could be
achieved by an indirect electrochemical reduction of
NO with dithionite as the redox mediator and
Fe®™EDTA as the complexing agent in an outer cell
process. The advantage of this technique is its high
flexibility by which the process can be easily adapted
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to various industrial conditions, in particular for
small scale applications. Since the process tempera-
ture is below 100°C it is also attractive for the
treatment of waste gas emissions at low temperatures.
Another inherent advantage is the fact that the redox
mediator can be regenerated in an electrochemical
step in contrast to conventional processes where large
amounts of chemicals are consumed to keep the
conversion process running. The process is easy to
control by adjusting the cell voltage and electrolysis
current, and is thus amenable to automation. Due to
the low specific energy consumption the running costs
are relatively low compared with other processes.
Since the reaction products accumulating in the so-
lution consist of reduced nitrogen compounds, a
special solution treatment is necessary. Similar to the
technique applied by the SNCR process the reduced
nitrogen compounds can be converted to NH; radi-
cals by injecting the solution into the hot zone of a
burner (7T = 1200K), leading to an additional NO
reduction in the off gas according to the reaction

NH; + NO — N> + H,O

This, however, needs further investigations.
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