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S50LVING Nﬂx POLLUTION PROBLEMS Iﬂ .NITRIC ACID MANUFACTURING PLANTS
J. ROIROK, Rhdne Poulenc Chimie de Base, France

SUMMARY

The NO, content of tail gases from a standard nitric acid
manufacturing plant depends on the absorption efficiency;
in other words, mainly on the pressure factor.

Initially, the NO, cleansing problem was tackled simply
by increasing the absorption pressure; although it is
an efficient method, it cannot be applied to old plants
and it demands a high energy input.

Various processes were then proposed for solving the
praoblem of old plants, that i3, low-pressure absorptions.
OnLy selective catalytic destruction of NO, with ammonia
ig used on an industrial scale today.

Atthough efficient with respect to pollutiaon control,
this method involves a loss of ammonia yield which is not
ingignificant; in order to reduce this lLloss, RHONE
POULENC have developed a High Efficiency Absorption,
based on a Liquid-phase oxidation of NO, and used in com-
bination with the catalytic destruction: these two tech-
niques used together enable the most stringent standards

for NO, lLevels to be met in each case and at minimum cost.

BACKGROUND TO NQ, EMISSIONS

NO, emissions cannot be disregarded as recent estimates
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shaw that 500 millioen tonnes are discharged annyally inta

the atmosphere.

Most of these emissiaons, approximatety 90%, originate
from natural phenomena {organic matter decomposition,
thunderstorms, etc.), the remainder originating from un-
natural sources such as interpmal combustion engines,

power stations and chemical industries,

Although NO, emissions from the chemical industry repre-
sent anly a very small fraction of the total (Ref. (1),
(2}), reducing them became essential because of thaijr
relative concentration on the one hand and because of
their Localization near Large urban populations on the
other,

Therefore, RHONE POULENC being a producer and user of ni-
tric acid and also a seller of nitric processes, has had
to undertake studies on the reduction of NO, emissians
from nitric acid manufacturing units, and has developed
ariginal pollution-control technologies which are par-
ticularly well suited for nitriec acid plants, but which
can also be used for other sources of NO, emission whether
they are in other chemicai processes or alternatively in
fumes from power stations which contain both nitrogen and

sulphur oxides.

NOy EMISSION FROM NITRIC ACID PLANTS

Most of the nitriec acid used inm the world is produced in
the diluted form (concentration: 58 to 68% by weight) and

ig used in the manufacture of fertilizers.

It is produced from ammonia, accordinmg to the overall re-
action below:
NHz + 2 0z

> HNOz + H30 (1

AlLL processes employed are based on this oxidation, they
only vary in respect of pressure levels. Thres fundamentaL
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stages can be distinguished (see flow diagram in Figure
1)

High-temperature combustion of ammenia in air, in the

presence of a catalyst:
NH3 + 5/4 0> > NO + 3/2 Ha0 + Q—/‘(E)

Oxidation of NO by air:
NO + 1/2 03 —> NGy + Q_/ (3

Absorption of NO> in water at lLow temperaturea
NOp + 1/3 HpQ -~——> 1/3 NO + 2/3 HNO3 + Q-——/44)

In practice, reactions (3) and (4) are simultaneous and
incomplete: as a result, after absorption, the gases
emitted still econtain NO, and usually have the following
characterisfics:

3

3,200 to 3,500 Nm
Oxygen = 2 to 4% by volume
NO, 200 te 3,000 ppm by volume (30% of which is
in the faorm of NOj}

Flow rate /7t HNO3

L]

Thus, for a standard nitric¢ acid plant, the emission of
smoke containing 1,000 ppmv of NO, is equivalent to dis-
charging approximately 9.5 kg of HNO3 (in the form of NO,)
to the atmosphere, per tonne of nitric acid produced,.

At present, the generatly agreed international standard
for modern plants is 1.9 kg of HNO3 (in the form of

NO,) per tonne of acid produced, which amounts to approxi-
mately 200 ppmv of NO,, which necessitates either carry-
ing out a final absorption under high pressure or the

installation of a supplementary cleansing cell.

It should be noted that the colour of the smoke origi-
nates from NOs only, NO being colourless: the same total

NO, content may give rise to very different colour
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intensities; smoke containing Less than 150 ppmv of NO3

will be practically invisible.

OPTIMIZATION OF CONVENTIONAL ABSORPTION

The first logical step for reducing NO, emission from
nitric acid plants involves finding ways for optimizing
the operation of conventional absorption, that is,

Studying the effect of the main parameters involved.

The conventional absorption is carried out in plate
cotumns in which gases flow in the direction cpposite to
the Liquid; the recovery of NO, in the form of dilute
nitric acid makes use of reactions (3) and (4) mentioned
above, reactions which are carried out in the following

order:

Oxidation of NO in the gaseous phase in the space be-
tween plates, with a reaction rate which js relative-

Ly slaw and which inecreases with decreasing temperature.
Absorption of NO2 in the Liguid phase on the plates.

This is an ¢xido-absorption, the averall efficiency of
which is related to the thermodynamics and the kinetics

of these reactions, in other words, to the scperating con-
ditions (especially pressure) and to the column technology

(especially volume present).

The simulaticn of a congrete industrial example (see
Figures 2, 3 and 4) Leads to the following general abser-
vations:

* More than 95% of NO, present at the start of absorption
are recovered in the first third of the column: the
efficiency decreases considerably when the NO, Llevel
is below 5,000 ppmv. The absorption volume required
te reach 1,000 ppmv is twice that rqquifed for the de-
crease from 60,000 teo 5,000 ppnmv.
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It will be seen lLater that this Loss aof efficiency
-related to the kinetics of NO oxidation in the gaseous
phase, which becomes very slow at laow partial pressures
and at Low oxidation levels, may be Limited by means

of a new absorption technique.

A very small change 1n pressure has a significant
effect on the final NOy, lLevel: it i3 therefore advis-
able to minimize losses of plLant Load (omission of
valves or unnecessary monitoring devices, ¢leaning the
filters) and to find out an optimum point of operatian

of the rotating machine.

Lowering the temperature of the cooling water over the
entire absorption altso has a significant effect: but,
the practical implementation wouldg involve prohibi-
tively high costs {(supply of appraoximately 300,000

kilLogram calories per tonne of acid produced),

Increasing the oxygen Level by imjecting additional air
{and not pure oxygen) does not have a significant
effect because the partial pressures of NO, are reduced
by dilution and the losses of load are increased,

A Lowering of the concentration of acid produced has
more effect the higher the initial concentration: in
practice, a drop of the arder aof 1X may often be
achieved by improving the "cleaning” part of the plant
s@ as not to strip the NO, contained im the crude acid,

but to convert them into acid.

A drop in production Leads to a drop in pollution due
to the simultanegus effect of an increase 1n the
cooling and am increase in the residence time (para-
meters beneficial to the kinetics of reaction (3)).

The injection Level of condensates (mean HNO3 con-

centration: 30 to 35%) produced upstream of the
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absorption should be chosen judiciously: too Low an
injection modifies the acid profile of the column sig-
nificantly and increases the NO, Level by approximately
10%, whereas tooc high an injection has very Little
effect.

This study leads to the decisive conclusion that under
dverage pressure, the critical Llevel of 200 ppmv of NO,
cannot be achieved by the optimization of the canventional
parameters for regulating absorption and even resorting

to solutions which are not economically sound.

In order to be sure of achieving this chjective, it is
essential to carry out the absorption under a pressure
greater than 10 bars absolute; but this high pressure,
which constitutes the first industrial solution to the
NO, pollutien problem, does not represent the universally

ideal solution because:

Firstly, it can oniy be envisaged for old plants which
operate under lLow or medium pressure and which cannot

be altered,

Secondly, when applied to future plants, it invelves
an additional consumption of compression energy and
necessitates, if a satisfactory ammonia yield of the
plant is to be maintained, changing from a single
pressure process to a two-pressure process, which

invelves greater investment costs.

$ince 1975, RHONE POULENC has undertaken 2 study to re-
view the various processes which are likely to solve the
problem of NO, emissions from nitric acid plants which

operate at Low or medium pressure,
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TECHNIQUES FOR CONTROQLLING NO, POLLUTION

The treatment of NO, effluents raises a Large number

of problems related to the complexity of the chamistry

of nitrogen oxides, to the extreme diversity of the NO,
emissions (in quality and guantity of NO,)}. and to the ana-
Lytical problems encountered; the lLarge number of patents
related to this subject i3 the proof thereof.

In the more restricted area Limited to effluents from
nitric acid manufacturing plants, a multipkicity of pre-
cesses are to be found; they may be classified inte three
Large categories according to the fate of NO,:

a, Process which decomposes NO, into nitrogen and water,
b, Process which recovers NO, in the form of nitric acid.
t. Process which converts NO, into secondary products.

The Last category, which corresponds for example to
scrubbing with an slkaline solution, eliminates the gase-
ous effluent by creating a lLigquid effluent. Therefore,
this process has few industrial applications, except in
some specific cases where the Liquid effluent can bhe up~

graded.

The second category, which covers both the improvement of
absorption by regulating the parameters mentioned abiove

as well as the use of the absorption/adsorption-desorption
cycle, Leads to a Limited perfarmance or prahibitively

high operating costs.

Only the first category seems to be capabile of guaran-
teeing a satisfactory industrial efficiency under all

circumstances today.
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PROCESSES INVOLVING THE DESTRUCTION OF NO .

These processes, in combination with 4 “reducing agent",
carry out the destruction of the NO, molecule into Nz and

02, at high temperature and in the presence of a catalyst.

After a first generation of noen-selective catalysts, that
is catalysts with which it was necessary tg burn the
axygen present before the destruction of MOy, all the pre-
sent industrial processes are of the type "selective
catalysis in the presence of ammonia”.

Gaseous ammonia is injected into the tail gases; the
mixture passes over a catalytic bed (in general, vanadium

oxide) and the following reactions take place:

2NH, + 3NO - 3H20+512N2+q._/ (s)
$NE; 43N0, —> 6HO + 7728, + q_/ (6)

Considering the selectivity of the reaction, the reagent
quantitiss are very small (hence, a Laow heat output) and

10¢ vpm of NO, is easily achieved,
But there are two types of constraint:

Constraint of operation.

The reactivity of the catalyst remains effective only
over a restricted range of temperature, generally 2307
to 330°: hence the necessity to provide a pre-

heating of the gases, in many old plants.

Praofitability constraint.

Ammonia consumptien quickly becomes prohibitive: for
@ standard nitric acid plant, lowering NO, from 2,200
to 200 vpm involves a reduction in the ammonia yield

2.1%, resulting in an increase in the cost of produc-
tion of the acid of approximataely 2% (see Figure §),
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Therefore, RHONE PQULENC has developed a selactive cata-
lysis in the presence of ammonia, the only effective
indystrial solution in order to meet the most stringent
anti-pellution standards under 2ll circumstances, but
seeking to eliminate the constraints above, and especially

the need to operate at relatively high temperatures.

RHONE POULENC CATALYST FOR THE REDUCTION QF NO,

The RHONE PQULENC catalyst, designated as ON 110 (Ref.
(3)), contains 10% by weight of vanadium penteoxide de-
posited on 3 mm-diameter alumina beads; it is employed
in the form of a 0.2 to 0.5 m thick bed over which passes
the gas to be treated into whicth the reguired amount of

ammania has been injected.

The reaction mechanism proves to be more complex (Ref.
(6)) than described by the two theoretical reactions men-
tioned above and inveolves the formation of the intermedi-

ate HNOz; this 15 shown by:

A reactivity and an ammeonia consumption closely related
to the NO3»/NO, ratio,

A change in this ratic compared with its eriginal

value (see Figure 5).
The conversion rate obtained, that is, the ratio:

NQ, input - NQ, qutput

NO, input

depends on various parameters such as temperature, pres-
sure, oxygen level, NO2/NO, ratio, quantity of catalyst,
etc.; it is observed that it proves necessary to re-
strict this Level to values generailly Less than 90X in
order to avoid the emission of residual ammonia (see

Figure &).
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110 cata-
Lyst, related to the optimization of the comtrolled porg-

Minimum operating temperature of 170° (instead of

the usual 2300), heance the possibility of use in most
of the old ptants without the need for heating the

gases to be treated (see Figure 7},

Increased activity over a wide temperature range, from
170% to 380°%.

The first industrial plant was put inte operatien in 1981;

in this unit,

the same catalyst Load has been

in use can-

tinuously for 5 years without any sign of Loss of activity.

7 industrial units have already been instatled in EURGOPE

and several projects are currently under study {(see List

aof references).

Nitric acid units equipped with the
RHONE POULENC (DCN)™ catalytic cell

) Gas NO. Level
Starting Country Pressure flow rate Temperature pRmy
date biabs. Nm?/h at entry. °C input/output

1981 GREECE 3.5 30,000 210 1200/200
1985 GREECE 4.1 30,000 180 1300/200

3.6 15,000 210 1500/200

4.0 30,000 280 1200/24Q0
1984 FINLAND 3.7 42,000 215 1200/200
198a*% FINLAND 4.2 34,000 210 1500/ 200
1986% GREECE. 4,1 28,000 190 1000/200

* not yer in operation
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Therefore, the catalyst ON 110 enables the NO, content of
the effluents from the old nitric acid plants to be re-
duced to below 200 ppmv; nevertheless, the ammaonia con-
sumption guickly becomes prohibitive when the gases to be
treated have a high NO, content. Figure 8 shows a
deterioration in the total ammonia yietd of a standard
nitric acid plant when a catalytic cell is installed to

achieve 200 ppmv NO,.

In fact, at a given point on the graph, the overall ammonia

balance sheet for 1 tonne of acid produced is as follows:

Conventional Absorption
absorption + DCN

NO, content, plant outlet (ppmv) 2200 200
Ammonia consumption (kg)
Combustion 278.2 2a78.2
Absorption lLoss 5.8 5.8
Injection into DCM 0 _ 6.0
Total 284.0 290.0
Total ammonia yield % - 95 22.

In order to prevent this lLloss of ammonia yield, RHONE
POULENC then supplemented the OCN reactor with a high
efficiency absorption which recovers a part of the NO, in
the form of HNOz.

HIGH EFFICIENCY ABSORPTION

The HEA (High Efficiency Absorption) technigue, patented
by RHONE POULENC results from studies on the fundamental
mechanisms controlling the oxido-absorption of nitric
acid in the region of Low NO, partial pressures: it is
based on the formation and oxidatiom of the intermediate
HNQ2 in the Liquid phase, without an external oxidizing
agent,
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Without going inte the theoretical details of the HEA
system (Ref. (53)), it is pointed gut that the passage
through the intermediate HNO; seems to be fundamental
because it introduces a totally new concept to the final
absorptian:

In conventional absorption, the plates are increasingly
spaced aout, in order to promote oxidation in the gase-
ous phase (reaction 3): hence a very large calumn

height.

In HEA absorption, this height is divided by 2 or 3
because the increase in efficiency is obtained by pro-
moting the oxidation in the lLiquid phase, and not that
in the gaseous phase (see Figure 9).

In fact, it has been demonstrated that reaction (4}, 1in
some areas (pNOy, NO/NO2), is the sum of two reactions in
the Liguid phase:

2 Y + Mo, > 2HNO, (4@

2 BNO, —=> 2
3 » 2/3 HNO + 4/3 Ko + 2/; Hzo b

and that it is possible to increase tha production of
acid without NO being evolved, by promoting the oxidatian
of HNO2 in the Liquid phase according to the reaction

2 HNOz + 03 =——> HNO3 (7)

Ltoncretely, by means of a welt-suited technology which
forms the subject of the patent Ref, (&), reaction (7)'is
promoted at the expense of reaction (4b); this leads to
the fallowing advantages compared with a conventional

absorptian:
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For an equal plant volume, improved efficiency,
For an equal absorption efficiency, plant volume two
to three times zsmaller.,

(Pressure 3.5 b abs) $tandard HEA
absorption absorption

3

Column volume (m v 0.35 v yV
Inlet NQ, concentration {(ppmv) 2500 2500 2500
Qutlet NO, concentration (ppmv) 1800 1800 1300

Additionatlly, the oxidation Level of the gases (NO2/NO,
ratio) is strongly reduced at the outlet af the HEA
column, which reduces the intensity of the colour of the

smoke.
Five industrial columns of this type have already been
installed in EURQPE, for pressures ranging from 2 to 8.5

bars absolute and gas flow rates of 15 to 65,000 Nmsih.

ADVANTAGES AND APPLICATIONS OF THE RHONE PQULENC PROCESS

By coupling an HEA cell and a DCN reactor, RHONE PQULENC
i3 then capable of providing an cptimum solution to

the problem of NO, emission from nitric acid plants, by
guaranteeing the observance of the most stringent anti-
pollution standards, for a minimum of operating costs

{see Figure 10).

The integration into an existing plant is measy: the HEA
column is placed in series with the existing absorpticrn
and the DCN call is placed just upstream of the decom-

pressign turbine.

The ingrease in ammonia yield brought about by this solu-

tion greater in magnitude the higher the initial NO,
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concentration; for exampie, in the case dealt with above,
it is observed that the HEA column enables the initial
yield to be recovered without the DCN reactor (gee Figure
Ba)d.

Furthermore, the "HEA + DCN" as a whole, lLeads to a cer-
tain number of other advantages:

* L , .
Stabilization of the NO, concentration at the reactor
inlet, which facilitates the regulation of ammonia
injection.

* Possibility of treating gases with a high NGy concen-
tration without the need to use reactors with
several superimposed beds, with multiple ammonia in-
jections.

* Relative decrease in the NOz concentration, hence lower-
ing of the colour intensity of gases and of ammonia
consumption in the reactor.

* Reduced pollution, even during the initial stages of
starting up of the plant (whereas the DCN reactor can
only be put into operation after plant stabilization)

* Possibility of increasing the concentration of the
acid produced or the production capacity of the plamt,

Balance Sheet Standard Equipped Equipped with

{(for 1 tonne HN03) plant Wwith OCN (HEA + DCN)

Plamt outlet Nok concentration (pomv) 2200 200 200
Ammonia consumption (kg?
Combustion 278.2 278.2 278.2
Absorption Loss 5.8 5.8 3.1
Injection into BECN 0 6.0 J.o0
Total 284.0 290,90 284.3

Total ammonia yield % 95 93 94.9
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A cost analysis carried out within the Eurooean context
demonstrates the cost-effectiveness of the combinatign
"HEA + DCN" compared with the DCN reactor on its own for
& standard single-pressure dilute nitric agid plant of
capacity 350 t/day: depending on the initial NO, level,
the investment costs corresponding to the HEA column are

recovered in 1 to 3 years (see Table 1).

The first industrial plant incorporating such a unit was
built in 1987 and since then various other plants have
been sold (see Table IIl) and many projects are currently

under study.

CONCLUSION

A detailed knowledge of the mechanigms related to the
themistry of the HNOz intermediate has enabled RHONE
POULENC to tackle problems of NO, reduction systematically,
and to arrive at the economical solution best suited for
gach case, by optimizing the ¢perating range of the tech-

nigques available:

In the case of the revamping of old plants, after opti-
mizing the existing absorption, choice according to the
initial quality of the gases (pressure, oxidation lLevel,
oxygen content, etc.), and the econamical context, from

the following solutions:

DCN reactor (Low pressure)
Combination of HEA + DCN (medium pressure)

HEA column alone {(high pressure)

For new plants, incorporation into the conventional

absorption of a high efficiency absorption part, lead-
ing to & gain of approximately 20% on the total height
of the column, irrespective of the operating pressure:

hence, reduced investment costs.
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TABLE I

Comparison of profitability between

"HEA column + BCN reactor' and OCN reactor slone

Existing plant outlet for

2200 ppuv NO,

3200 ppmv RleN

1 tonne HN03 produced "HEA 4 ney" "HONT "HEA + pCN" nz_b.ed' DCN"

Performance

Qutlet NO (ppmv) 200 200 200 200

HNO, recovered (kg) 9,4 0 15.1 0

Ammonia injected (kg) 3.0 6.0 4.2 9.2

Total pressure Lass (bar) 0,23 Q.04 Q.23 0,12
t in DCN {°C) 13 26 15 3l

Operating costs (FF)

Acid recovered =7.08 -11.32

Ammonia 5.10 10.20 7.l4 15,30

Energy 0.%0 -1,90 0,30 =2.40

Total -1.03 8.30 -31,68 12.%40

ReLative gain from the 9,35 F/c HNDS 16,58 F/e ENOg

"HEA + DCN'" solution

Basis of costing in June 1985

= 1700 7/t NHy -

750 T/e HNQ3 - 0.3 T/Xwh
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TABLE II
RHONE POULENF process for reducing Nox

Industrial applications in nitric acid units

Date of Tail gas Pressure ppm v NO
. flow rate X
starting up Country Process Nm?/h bar abs' Inlet/outler
1981 GREECE HEA + DCN 30,000 3.3 2500/200
1983 FRANCE HEA 65,000 2.0 3000/ 149040
1984 SPAIN HEA 41,000 8,5 3800/800
1385 GREECE DCN 30,000 4.1 1300/200
DCH 13,000 3.6 . 1500/200
DCN 30,000 4,0 12007200
1985 FINLAND HEA + DCN &2,000 3.7 2500/ 200
1985%* FINLAND DeN 34,000 4.2
L9856 GREECE HEA + DCN 28,000 4,1 1800/12C0

*Not yet in Dperation
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TA/86/15%5 Soiving NOx pollution problems in nitriec acid manufacturing

plants by J. Roiron, Rhéne PFoulenc Chimie de Base, France

DISCUSSLUN : (Rapporteur T. Loyer, COFAZ 3A, France)

o

- Mr.

l.

P. ORPHANILES, Duetag, France

Have you applieda, in a new plant, your concept of 20% more
compact column? Is tne comparison made with actual offers of

competitors?
Can you alsc compare the pres=ure drop in the column?

It is often stated that, to avoid the formation of nitrites
and nitrates, one should operate at 210®* C minimum in the

catalyst angd avoid the simultanepus presence of NKOx ana
ammonla. What are the risks of operating at 1709 C?

what 1s the oistance between plates and the height of liquid
on each plate? :

There 15 no difficulty te incorporate a high efficlency part
in the column of a new plant. We have no sauch achievement, but
we atuaied it for a 1500 t/d duwual pressure plant,

The conventienal column would be about 60 m high to reach 200
ppm under 11 bar; in that case we propose a 43 m column.

The pressure arop in the high efficieney column i3 equal or
5-10% inferior to a conventioenal ecolumn. -

£210° C seems a very high temperature. The limit woula rather
ba 120-110* C for the activity of a catalyst.

The temporary exceas of ammoenia can be avolded by controlling
NH3 flowrate, NH3/NO2 ratio, by continuous analysis of NOx at

the entrance and exit, and by a coentinuous monitoring of
temperatures in the catalyst bed.

The distance between plates 13 imposed by manufacturing
problema (welding). It is linked with the reactions in liquid
phase according to & patentea liquid/gas contact technology.

b. CHRISTENSEN, Superfoa, Denmark
How does the liquid phase oxidation proceed?

What 13 the investment cost for a 3.5 bar absorption plant and
35,000 Nm3/hr tail gasa?

The liquid phase reaction 1is promoted by avoilding the
aeatruction of HNOZ.

External oxidizera could be added, according to our own

patenta, with extra «cost, but this is only of interest for
small amounts of effluentsa,
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For a 3100 t/d plant, 40-45,000 Nmi/hr ang a redyction from
2,500 to 200 ppm, the package column-reactor erected ana
commissioned would ¢ost about 4«5 million F. The cost varies

according to pressure, quality of the actual absorption and
HNO/NUZ ratio.

BARUCUNI RaQUF, SAEPA, Tunisia

The DCN process for destroying NOx with ammonia has no

advantage in comparison with thermal cracking. Why did vyou
choose it?

Can the effluent gases be recovered in the ammonia production
process?

The thermal c¢racking needs the addition of an oxidizing
substance wnich uses the existing oxygen, then the NOx, It is
a boiler operating at U4Q0° C and the steam produced ashould be
valorized.

The deatruction of ammonia 18 selective and ppma of NH3 should
pe added in relation to ppms of NO3, The temperature proauced

is limitea., To destroy 1.000 ppm NOx, the gas temperature
differential ias 10-15°7 C.

The effluent gases contain 97% N2, 2-4% 02, 200 ppm NOx and
some N20O. We do not know Af they can be used in the NH3
procesa.,

p.C., OCSTERWIJK, DEM, Netherlands

To reauce the NOx concentration of a small plant from 2,500 to
600 ppm at a 3.5 b pressure, iz the combination HEA <+ DCN
aavantageous Iin comparison with DCN alone?

If 230, what would be the investment corresponding to HEA to
process 40,000 m3/hr? ‘

This plant must be treating by a ¢ombination af

column=reacter, unless local economic conditions are
gifferent. If, for example, the price of ammonia is low and
that of energy is high, the reactor only can be used.

The cplumn has its limits and, in that case, the cost of a
column usea alone woulea be prohibitive., The reactor can also
pe usea to remove the peaks which the column ccoculd not absorb.
The columh could also be limited to 1,200 ppm in view of its
discolouring effect o¢on NQZ and the reactor could coperate to
produce 1000 ppm totally inviaible gases.



