
EP 0 496 853 B1 Description This invention, relates to the extraction of
dinitrogen pentoxide ([err]) from its mixture with nitric acid, and in
particular to the extraction of [err] from solutions of such mixtures in
organic solvents. 5      It is known that concentrated solutions of [err]
in nitric acid can be prepared by the electrochemical oxidation of
dinitrogen tetroxide ([err]) in concentrated nitric acid. This represents
one of the most cost- effective methods of producing[err] currently
available. According to USSR Inventor's Certificate SU-1089047A, a mixed
[err]/nitric acid solute may be precipitated from concentrated solutions of
[err] in nitric acid by the addition thereto of moderate amounts 10 of cold
liquid [err]. [err] has a strong affinity for nitric acid, and in order to
extract from the solute relatively pure [err], the solute is sublimed at
[err] to [err] and the sublimate condensed onto a cold surface at [err].
Once the acid-free solid [err] has been prepared, it may then be dissolved
in a suitable carrier, typically an inert organic solvent such as a
chlorinated alkane, for subsequent use in a wide variety of nitration
reactions. 15     There are a number of disadvantages associated with the
method of N205 extraction disclosed in SU- 1089047A. Sublimation must be
conducted at a reduced pressure of typically about 50mm Hg in order to
avoid the need for higher sublimation temperatures which would otherwise
cause the [err] to decompose rapidly. The build-up of condensed [err]
gradually reduces the thermal efficiency of the cold surface on which the
sublimate forms. Any moisture present during the condensation of the [err]
sublimate and Its 20 subsequent dissolution in an organic solvent produces
yet more nitric acid by reaction between the moisture and the [err]. It is
an object of the present invention to overcome the disadvantages associated
with this aforemen- tioned method. Accordingly, a method of extracting N205
from a mixture of nitric acid and[err] containing less than 25 50wt %
nitric acid comprises the steps of: (a) providing a solution of the mixture
in a first body of inert organic solvent, (b) contacting the solution with
a carrier gas containing ozone at a temperature sufficient to transfer at
least part of the [err] from the solution into the carrier gas, and (c)
condensing the [err] transferred to the carrier gas in a second body of
inert organic solvent at a 30   temperature lower than that of step (b).
The mixture will typically contain from 4 to 40% nitric acid. The mixture
may, for example, comprise [err] contaminated with nitric acid during its
preparation by contact with moisture; or It may comprise an [err] solute
recovered from a mixture of [err] and [err] in nitric acid. Typically the
first body of solvent will contain from 2wt% to 20wt% [err] and up to 10wt%
nitric acid. 35    It has been found that by appropriate selection of
contact temperature, [err] readily transfers into the gas phase even when
step (b) is performed at atmospheric pressure, leaving the relatively
involatile nitric acid behind in solution within the first body of inert
solvent. The presence of ozone in the carrier gas ensures that any [err]
produced by decomposition of the [err] during its vaporisation and
subsequent reabsorption in solvent is rapidly reconverted to [err], so
obviating the need to conduct step (b) at a 40  pressure which is
significantly sub-atmospheric. Much if not substantially all of the ozone
is subsequently dissolved In the second body of inert solvent along with
the [err] thereby increasing the effective thermal stability of the
recovered[err] and maintaining its purity. Any moisture present in the
carrier gas is converted in step (b) to relatively involatile nitric acid
by 45  reaction with [err] and is rapidly absorbed by the first body of
inert solvent. Nitric acid contamination of the second body of solvent is
thereby reduced or even eliminated. This obviates the need to dry the
carrier gas before use in the present method. The carrier gas itself
preferably comprises ozonised oxygen or ozonised air which may conveniently
be supplied from a conventional ozoniser, ozonised air being especially
preferred because of its relatively 50 lower cost. The carrier gas
preferably contains from 0.2 to 4% by weight, and more preferably from 0.5
to 2% by weight, of ozone. An ozone concentration of less than 2% by weight
is most preferred in order to prevent a rapid and potentially hazardous
build-up of dissolved ozone in the second body of solvent. 



Step (b) is preferably conducted at a temperature of [err] to [err], more
preferably from -5 C to +15 C. At temperatures within the range [err] to
[err], especially [err] to [err] is stripped 55 from solution and does not
undergo appreciable thermal decomposition provided the carrier gas is
thereafter quickly brought into contact with more solvent in step (c). In
order to provide a large surface area of contact between the solution and
carrier gas, and to provide a high rate of [err] transfer into the gas
phase, step (b) is conveniently conducted within a first packed column.
Continuous stripping of the [err] 3    EP 0 496 853 B1 may be performed by
contacting the carrier gas and first body of inert organic solvent in
continuous countercurrent or continuous cocurrent flow. The first body of
solvent is preferably recirculated to promote effective transfer of N205
into the gas phase. Step (c) is preferably conducted at a temperature of
-15 * C or less, preferably [err] or less, in order to 5  ensure
substantially complete recovery of [err] from the carrier gas. At
temperatures below [err] no significant improvement in [err]and ozone
removal from the carrier gas occurs, but since the vapour pressure of the
solvent steadily declines with decreasing temperature so the amount of
solvent recovered from the carrier gas into the second body of inert
solvent increases and this in turn obviates the need for a subsequent
solvent recovery step. For this reason, step (c) may be performed at
temperatures typically as 10 low as [err] though at the expense of
increased cooling costs. In order to promote efficient and continuous
recovery of [err] from the carrier gas, the carrier gas and the second body
of inert organic solvent are preferably contacted in countercurrent flow,
most preferably within a second packed column. The second body of solvent
is preferably recirculated to promote the build up of a high concentration
of [err] therein. 15    The chemical identity of the first and second
bodies of solvent are preferably the same to avoid the problem of solvent
vapour from the first body contaminating the second. Preferably, this
solvent comprises a [err] or[err] chloroalkane,especially dichloromethane,
or a chlorofluorocarbon such as a [err] or[err] chlorofluoroalkane.
Examples of the invention will now be described in more detail with
reference to the accompanying 20 drawing, which illustrates apparatus
specifically adapted for performing the present method. The apparatus
illustrated in Figure 1 comprises a feedstock reservoir 2, a metering pump
6 with a motor 8, a stripper column 10 containing a packed section 12, a
stripper column recirculation pump 14, an absorber column 16 containing a
packed section 18, and an absorber column recirculation pump 20. A stripper
solvent recirculation line 22 extends from the bottom to the top of the
stripper column 10 25 through the stripper column recirculation pump 14.
Similarly, an absorber solvent recirculation line 24 extends from the
bottom to the top of the absorber column 16 through the absorber
recirculation pump 20. Each of the stripper and absorber recirculation
lines has an offtake line 26 and 28 respectively fitted with a valve 30 and
32 respectively. A feedstock transfer line 34 connects between the
reservoir 2 and the stripper recirculation line 22 through the metering
pump 6. Solvent makeup lines 36 and 37 connect with the 30 stripper
recirculation line 22 and absorber recirculation line 24. A gas inlet line
38 extends from an oxygen supply 40, through an ozone generator 42 and into
the top of the stripper column 10. At the top of the absorber column 16 is
a gas outlet line 44. The two columns are connected below their respective
packed sections by a gas transfer line 46. Cooling coils 52, 54 and 56 are
fitted, respectively in the reservoir 2, in the bottom of the stripper
column 10 and in the bottom of the 35 absorber column 16. These coils are
used to control the temperature of the solvent at various parts of the
apparatus. PROCESS DESCRIPTION 40    1. With the equipment dry and purged
with nitrogen to remove all traces of moisture, a quantity of inert organic
solvent is charged to the stripper column 10 and absorber column 16. 2. The
absorber column recirculation pump 20 is switched on and the temperature of
the solvent in the absorber column 16 brought down to below [err] using the
cooling coil 56, the actual temperature 



selected being set by the partial pressures of the components in the gas
stream to minimise product and 45    solvent losses. The reactor column
recirculation pump 14 is also switched on. 3. The oxygen stream is then
switched on from its source 40 to reduce the temperature of the solvent in
the stripper column by evaporation, and the ozone generator 42 brought into
operation and adjusted for optimum conditions. The oxygen stream passes
down the packed section 12 of the stripper column 10 in cocurrent flow with
stripper column solvent, through the gas transfer line 46, up the packed
section 18 of 50   the absorber column in countercurrent flow with absorber
column solvent, and out through the gas outlet line 44. 4. Using the
metering pump 6, a solution of [err] and nitric acid in inert organic
solvent is continuously metered from the reservoir 2 into the circulating
solvent of the stripper column 10. The solvent partially evaporates and
cools in the gas stream as it passes down the packed section 12 of the
column 10. At 55   the same time, [err] is stripped out of the solution
into the gas stream. 5. In the packed section 18 of the absorber column 16,
the gas stream contacts the recirculating low temperature absorber solvent
which removes from the gas stream the solvent, [err] and ozone carried over
from the absorber column 10. Product is continuously removed from the
recirculating absorber 4    EP 0 496 853 B1 solvent through the offtake
line 28 with the valve 32 open, so that a constant level of solvent in the
bottom of the absorber column is maintained. The concentration of the [err]
in the product can be reduced by continuously adding fresh solvent at a
controlled rate to the recirculating absorber solvent through the makeup
line 37. 5     6. In order to prevent an excessive build-up of nitric acid
in the recirculating stripper solvent, the pump 6 is intermittently
switched off and stripping allowed to continue until the recirculating
solvent is essentially free of [err].Thereafter the oxygen source 40 and
recirculation pump 20 are switched off and the nitric acid-laden solvent in
the stripper column 10 is drained through the offtake line 26 (with the
valve 30 open) for subsequent solvent recovery. The valve 30 is then
closed, and a quantity of fresh Inert organic to    solvent is charged to
the absorber column 10 through the makeup line 36. Steps 2 to 5 above are
then repeated. EXAMPLES 15    In the following examples, the stripper and
absorber columns were each charged with dichloromethane (41kg) and
recirculated at 1200 kg/hr. Oxygen was fed through the ozone generator to
give 1wt% ozone at an ozone flowrate of 50g/hr. Dichloromethane, solution
containing 12wt%[err] and 4wt% nitric w. acid was metered in at 0.38kg/hr.
The temperature of the solvent in the bottom of the reservoir, stripper
column and absorber column was controlled at, respectively,[err] and [err].
Typical steady-state conditions in 20 the recirculating stripper solvent
and absorber solvent are given in Table 1 belo TABLE 1 EXAMPLE
RECIRCULATING STRIPPER SOLVENT           RECIRCULATING ABSORBER SOLVENT 26
*wt% [err]         *wt% nitric acid      *wt% [err]          *wt% nitric
acid 1             5.45               1.76                 12.32
0.63 2             5.86                1.59                11.95
0.46 3             5.23                1.73                12.20
0.57 30       4             4.52                4.04                12.17
0.63 5             5.72                1.88                12.13
0.97 Analysis of samples by Laser-Raman at ambient temperature ([err]) At
[err] some of the [err] in the product taken from the recirculated absorber
solvent was present as a solid suspension. Similar results were also
obtained in one further example (Example 6) with the temperature in the
bottom of the absorber column 16 maintained at -25 C. Solvent recovery was
required to remove solvent 



vapour present in the exhaust gases. Claims 1. Method of extracting N205
from a mixture of nitric acid and [err] containing less than 50wt% nitric
acid comprising the steps of: (a) providing a solution of the mixture in a
first body of inert organic solvent, (b) contacting the solution with a
carrier gas containing ozone at a temperature sufficient to transfer at
least part of the[err] from the solution into the carrier gas, and (c)
condensing the N205 transferred to the carrier gas in a second body of
inert organic solvent at a 50       temperature lower than that of step
(b). 2. Method according to claim 1 characterised in that the carrier gas
comprises ozonised oxygen or ozonised air. 55 3. Method according to claim
1 or claim 2 characterised in that the carrier gas contains from 0.2 to
4wt% of ozone. 4. Method according to any one of the preceding claims
characterised in that step (b) is performed at a temperature of from [err]
to + [err]. 5    EP 0 496 853 B1                      *   C   L   M   S   *
solvent through the offtake line 28 with the valve 32 open, so that a
constant level of solvent in the bottom of the absorber column is
maintained. The concentration of the [err] in the product can be reduced by
continuously adding fresh solvent at a controlled rate to the recirculating
absorber solvent through the makeup line 37. 5    6. In order to prevent an
excessive build-up of nitric acid in the recirculating stripper solvent,
the pump 6 is intermittently switched off and stripping allowed to continue
until the recirculating solvent is essentially free of [err].Thereafter the
oxygen source 40 and recirculation pump 20 are switched off and the nitric
acid-laden solvent In the stripper column 10 is drained through the offtake
line 26 (with the valve 30 open) for subsequent solvent recovery. The valve
30 is then closed, and a quantity of fresh inert organic 10    solvent is
charged to the absorber column 10 through the makeup line 36. Steps 2 to 5
above are then repeated. EXAMPLES 15    In the following examples, the
stripper and absorber columns were each charged with dichloromethane (41kg)
and recirculated at 1200 kg/hr. Oxygen was fed through the ozone generator
to give lwt% ozone at an ozone flowrate of 50g/hr. Dichloromethane solution
containing 12wt% [err] and 4wt% nitric w. acid was metered in at 0.38kg/hr.
The temperature of the solvent in the bottom of the reservoir, stripper
column and absorber column was controlled at, respectively, [err] and
[err]. Typical steady-state conditions in 20 the recirculating stripper
solvent and absorber solvent are given in Table 1 belo TABLE 1 EXAMPLE
RECIRCULATING STRIPPER SOLVENT          RECIRCULATING ABSORBER SOLVENT 25
*wt% [err]        *wt% nitric acid     wt% [err]           wt% nitric acid
1            5.45               1.76               12.32               0.63
2            5.86               1.59               11.95               0.46
3            5.23               1.73               12.20               0.57
4          4.52               4.04               12.17               0.63 5
5.72               1.88               12.13               0.97 Analysis of
samples by Laser-Raman at ambient temperature ([err]) At 50 C some of the
[err] in the product taken from the recirculated absorber solvent was
present as a solid suspension. Similar results were also obtained in one
further example (Example 6) with the temperature in the bottom of the
absorber column 16 maintained at -25 C. Solvent recovery was required to
remove solvent 



40 vapour present in the exhaust gases. Claims 1. Method of extracting
[err] from a mixture of nitric acid and [err] containing less than 50wt%
nitric acid comprising the steps of: (a) providing a solution of the
mixture in a first body of inert organic solvent, (b) contacting the
solution with a carrier gas containing ozone at a temperature sufficient to
transfer at least part of the [err] from the solution into the carrier gas,
and (c) condensing the [err] transferred to the carrier gas in a second
body of inert organic solvent at a temperature lower than that of step (b).
2. Method according to claim 1 characterised in that the carrier gas
comprises ozonised oxygen or ozonised air. 3. Method according to claim 1
or claim 2 characterised in that the carrier gas contains from 0.2 to 4wt%
55     of ozone. 4. Method according to any one of the preceding claims
characterised in that step (b) is performed at a temperature of from [err]
to [err]. 5    EP 0 496 853 B1                              *   C  L   M  S
* 5. Method according to any one of the preceding claims characterised in
that step (c) is performed at a temperature of from [err] to [err]. 6.
Method according to any one of the preceding claims characterised in that
the solvent of the first 5      and/or second bodies of solvent comprises a
[err] or [err] chloroalkane or a chlorofluorocarbon. 7. Method according to
any one of the preceding claims characterised In that the chemical
identities of the first and second bodies of solvent are the same. 10  8.
Method according to any one of the preceding claims characterised in that
each of the first body of solvent and carrier gas are provided as separate
streams. 9. Method according to claim 8 characterised in that the carrier
gas and first body of solvent are contacted in step (b) in countercurrent
or cocurrent flow. 15 10. Method according to claim 8 or claim 9
characterised in that the first body of solvent is recirculated. 11. Method
according to any one of claims 8 to 10 characterised in that the second
body of solvent is provided as a separate stream. 20 12. Method according
to claim 11 characterised in that the carrier gas and second body of
solvent are contacted in step (c) in countercurrent flow. 13. Method
according to claim 11 or claim 12 characterised in that the second body of
solvent is 25     recirculated. Patentanspuche 1. Verfahren zur Extraktlion
von N205 aus einer Mischung von Salpetersaure und N205, die weniger als 50
30     Gew.-% Salpetersaure enthalt, das die Schritte: (a) Vorsehen einer
Losung der Mischung in einem ersten K6rper eines inerten organischen
Losungsmittels, (b) Kontaktieren der Ldsung mit einem Ozon enthaltenden
Trfgergas bei einer ausreichenden Temperatur, um wenigstens einen Teil des
N20s aus der LWsung in das Tragergas zu UberfUhren, 35        und (c)
Kondensieren des in das Tragergas UberfUhrten N205 in einem zweiten Korper
eines Inerten organischen L6sungsmittels bei einer niedrigeren Temperatur
als der des Schritts (b) umfaBt. ' 40 2. Verfahren nach Anspruch 1, dadurch
gekennzeichnet, 



daB das TrAgergas ozonislerten Sauerstoff oder ozonisierte Luft aufweist.
3. Verfahren nach Anspruch 1 oder Anspruch 2, 45     dadurch
gekennzeichnet, daB das Tragergas 0,2 bis 4 Gew.-% Ozon enthalt. 4.
Verfahren nach irgendeinem der vorstehenden AnsprUche, dadurch
gekennzelchnet, 50     daB der Schritt (b) be! einer Temperatur von -10 * C
bis + 30 *C durchgef~hrt wird. 5. Verfahren nach Irgendeinem der
vorstehenden Anspriche, dadurch gekennzeichnet, daB der Schritt (c) bei
einer Temperatur von -15 * C bis -70 * C durchgef~hrt wird. 55 6. Verfahren
nach irgendeinem der vorstehenden AnsprUche, dadurch gekennzeichnet, dal
das Losungsmittel des ersten und/oder des zweiten Losungsmittelk6rpers ein
C,- oder C2- 6    EP 0 496 853 B1                    *    C   L   M   S   *
Chloralkan oder eonen Chlorfluorkohlenstofi aufweist. 7. Verfahren nach
irgendeinem der vorstehenden AnsprOche, dadurch gekennzeichnet, 5      daB
die chemischen- Identitaten des ersten und des zweiten Losungsmittelkorpers
die gleichen sind. &  Verfahreri nach irgendeinem der vorstehenden
Ansprflche, dadurch gekennzeichnet, daB jeweils der erste
ioLsungsmittelkorper und das Tragergas als getrennte Strome vorgesehen 10
werden. 9. Verfahren nach Anspruch 8, dadurch gekennzeichnet, daB das
Tragergas und der erste L6sungsmittelkorper in Schritt (b) im Gegenstrom
oder Parallelstrom 15     kontaktiert werden. 10. Verfahren nach Anspruch 8
oder Anspruch 9, dadurch gakennzoichnet, daB der erste Losungsmittelkorper
zurtckgeflhrt wird. 20 11. Verfahren nach irgendeinem der AnsprUche 8 bis
10, dadurch gekennzeichnot, daB der zweite Losungsmittelkorper als ein
gesonderter Strom vorgesehen wird. 25 12. Verfahren nach Anspruch 11,
dadurch gekennzeichnet, daB das Tragergas und der zweite
Losungsmittelkorper im Schritt (c) im Gegenstrom kontaktiort werden. 30
13. Verfahren nach Anspruch 11 oder Anspruch 12, dadurch gekennzoichnet,
daB der zweite Losungsmittelkorper zurOckgefthrt wird. Revendlcatlons 35 1.
Proc6d6 pour extraire N20s d'un melange d'acide nitrique et de N205
contenant moins de 50 % en poids d'acide nitrique, le proced6 comprenant
les 6tapes consistant h: (a) foumir une solution du m~lange dans un premier
corps de solvant organique inerte, (b) mettre la solution en contact avec
un vWhicule gazeux contenant de lPozone, a une temperature 40
suffisante pour provoquer le transfert d'au moins une partie du N205 de la
solution dans le vehicule 



gazeux, et (c) condenser le N205, transf~rd dans le vWhicule gazeux, dans
un second corps de solvant organique inerte, & une temperature inf~rieure &
celle de l'etape (b). 45 2. Procedd selon la revendication 1, caracterise
en co que le vehicule gazeux comprend de l'oxygbne ozonisW ou de I'air
ozonisW. 3. Proc~dd selon la revendication 1 ou la revendication 2,
caractdrlse en ce quo 1s vdhicule gazeux contient de 0,2 a 4 % en poids
d'ozone. 60 4. Proc~dd selon l'une quelconque des revendications
prycddentes, caractdrisd en ce quo 1'6tape (b) est effectu~e a une
temperature de -10 *C a + 30 *C. 5. Proc~dd selon l'une quelconque des
revendications prdc~dentes, caracterIsE on ce que l'Ntape (c) est 55
effectu6e & une temperature de -15 * C a -70 * C. 6. Proc~dE selon l'une
quelconque des revendications pr~c6dentes, caract&risE en ce que le solvant
du premier et/ou du second corps de solvant comprend un chloroalcane on C,
ou C2 ou un chlorofluoro- 7    *  C    L   M   S    * carbure. 7. Procede
selon l'une quelconque des revendications pr~cddentes, caract~ris6 on ce
quo le premier et le second corps de solvant ont la mgme idontitW chimique.
5 8. Proc~d6 solon l'une quelconque des revendications precedentes,
caractdris6 en ce quo le premier corps de solvant ot le v6hicule gazeux
sont fournis chacun sous formb de courants s~pards. 9. Proc~d4k solon la
revendication 8, caracteris4 en ce quo le v~hicule gazeiUx et le premier
corps de 10     solvant sont mis on contact & I 'tape (b) & contre-courant
ou en s 'coutant dans le m8me sons. 10. Procdd6 solon la revendication 8 ou
la revendication 9, caractbris4 en co quo le premier corps de solvant est
remis en circulation ou recacl6. 15  11. Proc6d6 solon I'une quelconque des
revendications 8 h 10, caract6ris6 en ce quo le second corps de solvant est
fourni sous forme d'un courant s6pard. 12. Proc~d6 solon la revendication
11, caracterlsd en ce quo le v~hicule gazeux et le second corps de solvant
sont mis en contact & contre-courant dans l'etape (c). 20 KJ013 Proc6d4
solon la revendication 11 ou la revendication 12, caractdris6 on co quo le
second corps de solvant est remis en circulation ou recycl6. 25 30 35 -40
45 50 55 8    


