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1 oa FEB. 
PROCESS AND INSTALLATION FOR THE RECOVERY AND/OR 

PURIFICATION OF THE NITROUS OXIDE CONTAINED IN A WASTE GAS 

Tne present invention relates to a process and 

an installation for the recovery and/or purification of the 

nitrous oxide (N20) contained in a flow of waste gas, particu­

larly a flow of gas given off by an industrial· unit producing 

adipic acid, nitric acid 1 glycoxylic acid, nitrous oxide or 

phenol. 

At pressnt, so as to preserve the environment, 

numerous efforts have been made by industries to put in place 

systems for treatment cf waste, particularly waste gases 1 such 

as combustion fumes, which previously were often discharged to 

the atmosphere without preliminary treatment. 

Thus, nitrous oxide is a compound which, in 

gaseous form, is considered as p~tentially active in the 

phenomenon of destruction of the stratospheric ozone layer, given 

that the latter has· a great tendency to decomp~se to NOx under 

the influence of natural ultraviolet radiation. 

Moreover, nitrous oxide takes part in the 

greenhouse effect in a manner similar to other regulated gases 

such as carbon dioxide (C02 ) or the fluorocarbonated compounqs, 

such as CFC. 

Nitrous oxide is conventionally found in waste 

gases or off gases disc::harged to the atmosphere by certain 

industrial units, such as units for the production of adipic acid 

or units for the producti9n, purification and storage of nitrous 

oxide. 
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It is therefore· necessary, in order to preserve 

the environment, to control the quantity of nitrous oxide dis­

charged by this type of indust:dal unit. 

The problem is therefore to be able to recover 

and, if possible, to recycle or economically use, in an effective 

manner, the nitrous oxide conta.ined in a waste gas or an off gas 

and this even if the proportion of nitrous oxide in the waste gas 

is high, for example more than 20%, even more than 50%. 

The present invention therefore relates to a 

prooeas for the recovery and/ or purification of at least a 

portion of the nitrous oxide {.N20) contained in a flow of waste 

gas containing nitrous oxide and at least; one other gaseous 

compound, in which: 

{a} at least one nitrous oxide portion.contained 

in the flow "of waste gas "is separated by permeation", and 

(b) at le~st one portion of the gaseous nitrous 

oxide separated in step {a} is recovered. 

Within the soope of the invention, the:r:e is meant 

by nwaste gas 11 , a gas or a gaseous mixture containing nitrous 

oxide conventionally discharged to the atmosphere with or without 

preliminary treatment. 

As the case may be, the process of the invention 

can comprise one or several of the following characteristics: 

- the flow of waste gas to be separated contains 

from s to 99.9% of nitrous oxide, preferably 20 to 99.9% by 

volume of nitrous oxide, more preferably so to 99~9% of nitrous 

oxide, by volume; 
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- the flow of waste gas to be separated contains, 

in addition, at least one gaseous compound selected from the 

group consisting of nitrogen, oxygen, carbon monoxide and gaseous 

compounds having a speed of permeation different from that of 

- the permeation is carried out by passage of the 

flow of waste gas to be separated through at least one permeation 

module, preferably at least one module with membrane fibers; 

- the permeation is carried out by passage of the 

flow of waste gas to be separated through several permeation 

modules, preferably with membrane fibers and/or arranged in 

cascade; 

- in step (b), a gas is recovered containing 80% 

to 100% of nitrous oxide, preferably at least 90% of nitrous 
- -

oxide, more preferably at least 95% of nitrous oxide; . 
- the flow of waste gas to be separated is an off 

gas from an industrial process, preferably an off gas from a 

process for the production of adipic acid, a process for the 

production of nitrous oxide, a process for the production of 

phenol, a process for the production of nitric acid or a process 

for the production of glyooxylic acid; 

- the waste gas to be separated is at a tempera­

ture comprised between -3o 0 c a.nd +80°C, preferably -20.0 c to 

+60°C; 

- the wast~ gas is at a pre~aure of 105 Pa to 107 

Pa, preferably 10' Pa to 6.10' Pai 
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in step (b) 1 a gas containing principally 

nitrous oxide is recovered at the permeate outlet of at least one 

permeation module; 

in step ·(b}, a gas containing principally 

nitrous oxide is recovered at the retentate outlet of at least 

one module. 

The invention also relates to an industrial 

installation adapted to us7 the process of the invention, which 

industrial installation permits the recovery and/or purification 

of at least one portion of the nit~ous oxide contained in a flow 

of waste gas containing nitrous oxide ~d at J,eaet one other 

gaseous compound, said installat~on compri~ing: 

- at least one source of a flow of waste gas 

containing nitrous oxide and at least one other gaseous compound, . 
permeation means permitting separating by 

permeation at leaat one portion of the nitrous oxide contained 

in the flow .of waste gas, and 

- means for ;recovering at least one portion of the 

nitrous oxide separated by the permeation means. 

As the case may be, the installation can comprise 

one or several of the follo~ing characteristics: 

~ the source of the flow of waste gas is an indus­

trial unit using an industrial process discharging waste gas, 

preferably a unit for the production of adipic acid, a unit for 

the product~on of nitrous oxide or a· unit for the production of 

phenol, a unit for the production of glycoxylic acid or a unit 

for the production of nitric acid; 
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- the permeation means comprise one or several 

membrane modules. 

The invention will now be described in greater 

detail with the aid of exalTl'ples and with reference to. the 

accompanying figu.res given by way of non-limiting illustration. 

Figure l shows the diagram of a unit for the 

production of nitrous oxide (N20} using the process for recovery 

and/or purification of the gaseous nitrous oxide contained in the 

waste gaa or off gas frQm said production unit and conventionally 

discharged to the atmosphere. 

More precisely, the nitrous oxide (N20) is 

produced conventionally in a production uni~ l for nitrous oxide, 

then stored in a first unit or storage site 2 in gaseous phase, 

for example. 

Conventionally, the production of nitrous oXide 

in the production unit l can be carried out so as to obtain a 

production flow of the order of 300 Nm3 /h and a purity of the 

nitrous oxide thus produced of the order of 99%, the impurities 

being principally oxyge~ and n~trogen. 

The gaseous nitrous oxide from the first storage 

site 2 is then liquified in a liquefaction u;i,it 3 before being 

sent to a second unit or storage site 4 and/or toward a third 

unit or storage site 5, before being sent to a filling unit 01 

for example one in which the N~O is filled into pressurized 

reoeptacl~s, such as gas bottles, more easily transportable. 

Within the second unit or storage site 4 , the 

nitrous oxide is stored at ambient temperature, for example at 
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20°C, and at high pressure, for example at 60.105 Pa, whilst in 

the third unit or storage site S, the nitrous oxide is stored at 

a lower temperature, for example at least -20°c, and at a 

pressure that is also lower, for example 20.105 Pa. 

Moreove~, in these two units or storage sites 4 

and S, the nitrous oxide is under t'W'o different conditions, 

namely in gaseous condition and in liquid condition, the gaseous 

phase being in equilibrium with the liquid phase. 

Within the· second and third storage units 4 and 

5, the purity of the ni~rous oxide constituting the liquid phase 

is approximately 99%. 

By contrast, the purity of the gaseoul'S phase thus 

stored is lower than that of the liquid phase, which is to say 

~hat it contains more impurities, particularly of the type of 
. . 

nitrogen, oxygen and hydrogen. 

1'.n analysis of the conq;>osition of the gaseous 

phase of the nitrous oxide stored in the storage units 4 and 5 

have given the results set forth in the following Table I. 
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TABLE I 

GASEOUS COMPOUND N20 Na. Oa. R2 

Unit 4 for storage 9S% 2.7% 0.3% < 0,1% 

at 60 .105 Pa 

Unit 5 for storage 85% 13% 2% < 0.1% 

at 20 .105 Pa 
. 

The percentages {%) are volume percentages (% by 

vol.}, 

It is customary periodically or continuously to 
' 

degas the storage sites 4 and s, which is to say that a portion 

of the gaseous phase contained in storages 4 and 5 is discharged 

to the atmosphere so as to avoid increase of the pressure within 

the storage units or chambers. 

Moreover, such a degassing permits eliminating a 

portion of the mentioned impurities co;ntained principally in the . 
gaseous phase. 

However, such degassing involves an untimely 

discha:x:ge to the atmosphe~e of a portion of the nitrous .oxide 

{N20} contained in the gaseous phase within the storage units 4 

and s. 

However, as will be seen in Figure l, it is 

possible to minimize the quantities of N2 0 discharged to the 

atmosphere by practicing a recovery, a purification and a 

·recycling of said N20 contained in the waste gases, which is to 

say the degassing or off gases. 
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More precisely, according to the invention, the 

off gases discharged from the second storage unit 4 are recovered 

at 13, then sent to a first permeation zone A, which permeation 

zone A comprises a membrane module 10 having preferential 

selectivity for nitrous oxide, so as to be able to recover at the 

permeate outlet 11 of said membrane module 10 a gas enriched in 

nitrous oxide, for example a gas containing at least .99% of 

nitrous oxide, which gas can then be returned to the first 

storage site 2. 

!n the embodiment of Figure 1, the nitrous oxide 

from the storage unit 4, recovered at 13, is at a pressure higher 

than that of the storage site 2 into which it is returned after 

concentration by permeation. Thereafter, no recompression is 

necessary to move the nitrous oxide from the site 4 to the aite 

2 1 via the membrane-module 10. 

It will be easily understood that this arrangement 

. is particularly advantageous in terms particularly of equipment. 

Moreover, at the retentate outlet 12 of the 

membrane ~ule 10 there is recovered a gas impoverished in 

nitrous oxide and containing impurities, nitrogen, oxygen and/or 

hydrogen, which gas impoverished in N20 can be discharged at 30 

to the atmosp~ere. 

Similarly, the ~a.ate gases from the third storage 

site S a:re :recovered at 14, then aent to a second permeation zone 

B, which comprises two membrane modules 20 and 20' arranged in 

cascade, which is to say that the permeate outlet 21. of the first 

module 20 feeds the second module 20' with gas to be separated. 
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High purity nitrous oxide, for example of the. 

order of 99%, is recovered at the permeate outlet 21' of the 

second permeation module 20' and is then returned to the first 

storage site 2. 

Moreover., the gaseous mixtures impoverished in 

nitrous oxide recovered at the retentate outlet 22 and 22' of the 

permeation modules 20 and 20 1 are discharged at 30 to the 

atm6sphere. 

From Figure l, it will be easily understood that 

the process of the invention permits efficient recycling of the 

nitrous oxide contained in the purge gases or waste gases of the 

storage sites 4 and 5 for nitrous oxide, which is to say giving 

economic value to the waste gases which until now were discharged 

to the atmosphere, giving rise at the same time to a pollution 
' 

of che environment. 

The membranes used to separate t~e nitrous oxide 

from the other compounas are conventional membranes, which is to 

li?ay that those skilled in the art are able to select such 

membranes knowing that they are to select membranes having a 

preferential selectivity for the nitrous oxide re+ati'Ve to the 

other compounds, particularly nitrogen and/or oxygen. 

Figure 2 shows, ~n a.manner analogous to Figure 

l, an industrial installation for the production of adipio acid, 

incorporating the process for nitrous oxide recovery according 

to the present invention, so as to be able to recover and recycle 

the major portion of the nitrous oxide that is found in the waste 

gases from processes for the production of adipic acid. 
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More precisely, adipic acid is produced in a 

production unit 31 for adipic acid, discharging waste gases rich 

in nitrous oxide (N20) and containing moreover other gaseous 
~ 

com.pounds, in particular carbon monoxide {CO). 

The waste gas thus regenerated is recovered at so, . . 
compressed at 3S before being sent to a permeation zone compris­

ing two permeation modules 40 and ·40 1 arranged in cascade. 

The waste gases rich in nitrous oxide are 

subjected to a first separ.ation in the first membrane module ~o, 

so as to recover, on the permeate si_de, a gas enriched in nitrous 

oxide, which is if desired compressed at 39', before being 

subjected to a new concentration by permeation in the second 

membrane module 40" • 

The gaseous mixture poor in nitrous oxide, 

recovered at the re~entate outlet of tne 'first membrane module 

40 and at the retentate outlet of the second membrane module 40' , 

is recovered at 51 and 53 respectively, before being discharged 

to the atmosphere at 30. 

The gas recovered at the permeate outlet 54 of the 

second membrane module 40' is recovered, then sent to a storage 

site 32 in gaseous phase, given that the gaseous mixtur~ thus 

recovered (in 54) is constituted .of nitrous oxide of high purity, 

which is to say Of a purity greater than about 99.9%, the 

impurities being essentially carbon monoxide. 

'I'hen, so as to permit its reuse, the gaseous 

nitrous oxide subjected successively to compression at 38, for 

example to a pressure of 60 .105 Pa, a liquefaction at 33 if' 
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desired, a new storage at 34, for example in liquid phase at a 

pressure of about 60.105 .Pa, and a tempe:rature of the order of 

20°C, a further purification, for example by cryogenic 

distillation at 35, so as to eliminate the major portion of the 

residual carbon monoxide (CO}, if desired a new storage at low 

temperature, for example at -20°c and at a pressure of the order 

of 20.105 Pa, before being sent to a user site 37. 

Moreover, it is also possible to recover the waste 

gases rich in nitrous oxide dischar~ed during the purification 

at 35 by distillation and/ox: the degassing gases from the 

chambers or analogous storage means at 36, to be able to recycle 

it. 

Thus, the waste gas produced by the purification 

unit 35 is recovered and sent at 55 to the membrane module 40 so . ' .. 
as there to be purified by permeation, as explained above. · 

Moreover, the waste gases from degassing of the 

storage 3 6 are, themselves, reoovered and sent at 56 to a gaseous 

nitrous oxide storage 32 before being subjected to a new cycle 

of compression at 38, liquefaction at 33 and purification at 35. 

The repeated treatment of .the waste gases from the 

process for the production of adipic acid at 31 is carried out 

by a method according to the present invention and pe:rmi ts 

considerably decreasing the quantity of-nitrous o~ide discharged 

to the atmosphere, thanks to a selective recovery and ;retreatment 

of these waste gases by permeation. 

In other words, the process according to the 

present invention permits, on the one hand, producing and making 
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economically valuable the major portion of the nitrous oxide 

contained in waate gases from the unit 31 for the production of 

adipic acid and, on the other hand, decreasing the discharges of 

nitrous oxide which promote the greenhouse ef feet and the 

destruction of the ozone layer. 

EXAMPLE 

So as to show the effectiveness of the process for 

the recovery and/or_purifioation of nitrous oxide according to 

the present invention, a series of tests {A to C} was carried out 

with waste gases whose composition is given in the following 

Table II, at different permeation pressures and temperatures. 

These waste gas@!s were separated by permeation by 

means of one or several permeation modules. 

The product gas rich in nitrous oxide is recovered 

at the permeate outlet and analyzed. 

Moreover, the production yield at the permeate 

outlet has also been determined. 

It will be seen from Table II that the process 

according to the invention permits recovering the major portion 

of the nitrous oxide contained in a waste gas, so as to be able 

to render economically valuable this nitrous oxide, which is to 

say to recycle it, instead of discharging it ta the atmosphere. 

However, it is to be stated that the process of 

the present invention is not limited ,to the recovery of waste 

gases from a production unit for nitrous oxide or for a unit for 

producing adipic acid, but can be applied to any process whose 

use gives rise to waete gases or off gases rich in nitrous oxide. 
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* C L M S * 

Claims 

1. Process for the recovery and/or purification 

of at least one portion of the nitrous oxide {N20} contained in 

a flow of waste gas comprising nitrous oxide and at least one 

other gaseous compound, in which! 

(a} at least one nitrous oxide portion contained 

in the flow of waste gas is separation by permeation, and 

(b) at least one portion of the gaseous nitrous 

oxide separated in step (a) is recove~ed. 

2. Process according to claim l, characterized 

~n that the flow of waste gas to be separated contains from S to 

99.9% of nitrous oxide, preferably from 20 to 99.9% by volume. 

3 . Process according to one of claims l or 2, 

chaX'acte:rized in that the flow of waste gas to be separated 

contains moreover at least one gaseous co~onent selected from 

the group consisting of nitrogen, oxygen and carbon monoxide, 

4. Process aecording to one of claims 1 to 3, 

characterized in that the permeation is carried out by passage 

of the flow of waste gas to he separated through at least one 

permeation module, preferably at least one module with membrane 

fibers. 

This Sheet Has· Been Replaced 
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s. Process according to one of claims 1 to 4, 

characterized in that in step (b), a gas containing 80 to 100% 

of nitrous oxide, preferably at least 90% of nitrous o~ide, is 

recovered. 

6. Process according to one of claims l to 5, 

characterized in that the flow of waste gas to be separated is 

a waste gas from an industrial project, preferably a waste gas 

emanating from a process for the production of adipic acid, a 

process for the production of nitrous oxide, a process for the 

produC!tion of nitric acid, -a process for the production of 

glycoxylic acid, or a process for the production of phenol. 

7. Process according to one of claims l to 6 ,. 

characterized in that the waste gas to be separated is at a 

temperature comprised between -30°C and +80°C, preferably -20°c 

to +60°C. 

8. Process according to one of claims l to 7, 

characterized in that the waste. gas is at a pressure of 105 Pa to 

107 Pa, preferably 10' Pa to 6.106 Pa. 

9. Industrial installation for the recovery 
. 

~d/or purification of at least a portion of the nitrous oxide 

CN.o} contained in a flow of waste gas contai~ing nitrous oxide 

and at least one other gaseous compound, comprising: 

- at least one source of a flow of waste gas 

containing nitrous oxide and at least one other gaseous compound, 
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permeation means permitting separating by 

permeation at least one nitrous oxide portion contained in the 

flow of waste gas1 and 

- means for recovering at least one portion of the 

nitrous oxide separated by the permeation means. 

10. Installation according to cla~m 9, character­

ized in that the source of the f lo-w of waste gas is aIJ, industrial 

unit using an industrial process discharging said waste gas, 

preferably a unit for the production of adipic acid, a unit for 

the production of nitrous oxide, a unit for the production of 

phenol, a unit for the production of glyco~lic acid or a unit 

for the production of nitric acid. 
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