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It 1s known to produce ka by an electrochemical
process. Such a process is descrlbed in GB Patent No. 2
245 003 in the name of one of the co- applicants.

Overall, such a process involves the conversion of
HNO3 to N:0s and water, with N;0, playing a role in the
electrochemical reactions. The product is N20s in
solution in HNOs with a small amount of N0, impuricy.
The concentration of N:0s in this product is typically
around 32 wt.% which is close to the saturation 001nt for
this solute/solvent system.

The importance of NzOs has recently increased due to
its application in the synthesis of energetic compounds,
and particularly energetic polymers such as poly(3-
nicratomethyl-3-methyloxetanet'(polyNIMMO) or Poly
.glycidyl nicrate (PolyGLYN). '

For use in organic nitration proéesses it is
desirable that the N;Os should be available in an inert
organic solvent, such as dichloromethane. This could be
achieved by solvent extraction from an HNOs solution.
However such a process would be prohibitively costly to
construct and operate, requiring substantial fixed planct.
There would also be a likelihood of back-contamination of
any electrolytic circuit by the organic solvent through
recycling of the HNOs.

It is known from USSR Ihventor's Certificate SU-
1089047A that solid N;Os can be separated from strong 35-
40 wt.% solutions of .{;0s in nitric acid by the addition
Of moderate amounts of N;0; at a ctemperature of -3 to 0°C.
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obtained from this solid material by low pressure
sublimation and subsequent’ condensation onto a cold
surface. The overall procedure, however, then becomes
iengthy and cumbersome and as such not suited to an
industrial process. Moreover, this method of N;Os
production requires a starting solution of N2Os in HNOs
which is electrochemically less efficient and more costly
to produce because of the very low proportion of N0,
which it must contain.

In UK Patent No. 2 245 266 in the name of one of the
co-applicants, there is disclosed a method of Nz0s
separation, wherein a solution of Nx0s in HNOs at a
temperature of at least 10°C (and containing at least 45
weight percent of dissolved N;O: and N:0s and further
having a dissolved N;Os: HNOs ratio by weight of at least
1:3) is cooled to less than 8°C until an N20s solvate
precipitates from the solution. The disclosure teaches -
that formation of a separate liquid N:0; Phase is to be
avoided since this reduces the yield of Nz0s

~ solvate, with a proportion of the NOs instead entering
the ligquid N0, phase. This is particularly tzue for
temperatures below about O to -5°C, at which the N0,
tends more readily to form a separate liquid phase.

It has been found that if the Nz0s/HNO3 mixture
obtained from the electrochemical process for producing
N20s is maintained at or near saturation with Nz0. and then
cdgled, phase séparation'cakes place in which N30, is the
‘principal solvent of one phase and HNO3 the principal
solvent of the other phase. N0s is present within, and
in equilibrium between, the two phases. The two phases
may be readily separated and the NOs in the N2O. phase can
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been found that Nz0s can be produced in an organic solvent
in a more pure form than has previously been achieved
through extraction from a (mainly) nitric acid solution
as described above. R - ' '

Further, it has been found that by using only a
small proportion of the recirculating anolyte stream of
the electrochemical process, NzOs can be effectively
stripped out of the mixture on a continuous basis without
disrupting the steady state operation of the
electrochemical process.

Accordingly, a first aspect of the present invention
provides a process for producing a solution of N:0s in an
organic solvent, comprising the steps of:

passing anolyte and catholye streams of NzO4 in HNO3
through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between an anode and a cathode thereof,
wnereby electrical current is passed through the cell and
Nz0s is electrochemically formed in the anode compartment,
characterised by the further steps of:

dividing off a portion of the anolyte stream and
causing the divided portion to separate to produce a
first N;O, solvent phase containing N;O0s and a second HNOs
solvent phase also containing NzOs;

separating the two phases in a separator; and

recovering Nz0s from the first N0, phase into an
organic solvent, to nyoduce a solution of Nz0s therein.
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An exit ‘temperature for the anolyte stream in the

range of 0 - 30°C is preferable more preferably in the

range 15 - 25°C. By this means it may be sought to

optimise the efficiency of the overall process of the

invention since the higher the temperature of the

starting solution, that is the anolyte stream, the

greater can be the quantity of Nz0s and N;0. dissolwved and

therefore the greater will be the quantity of N:0s in the

final separated N;0, Phase and so available for

crystallisation.

Preferably, the electrochemical process should
operate with the anolyte stream close to saturation with-
respect to N0,, the concentration of N0, typically being

at least 20 wt%, and preferably, at least 30 wt% 'of the
anolyte stream. '

The divided port:.on of the anolyte stream may be
caused CO separate into two phases either by cooling or
by addlelon thereto of Nz0: such that the divided portion
becomes over saturated with respect to N:0.. Addition of
furcher N;O. in this way also has the advantage of
increasing the volume of the separated -NZOL layer and
hence the amount of N;0s which may be removed from the
system as product.

The added NzO:..may consist of fresh liquid N;O.
recovered/recycled N20, from a prev1ous recovery processs,
"or a combination of both. ' '

Alternatively, a combination of addition of NzO: with
cooling may be used 3o cause two liquid phases to form.
In this case it is preferred to add N;O. to the divided
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According to a second aspect of the present
invention therefore there is provided a process for
producing a solution of N;0s in an organic solvent
comprising the steps of: '

passing anolyte and catholyte streams of NzO. in HNOs
through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between an anode and a cathode thereof,
whereby electrical current is passed through the cell and
N20s is electrochemically formed in the anode compartment,
characterised by the further steps of: '

dividing off a portion of the anolyte stream,
saturating the divided portion with N0, by addition
thereto of Nz0; with thorough mixing, to produce a first
N:0, solvent phase containing N;Os and a second HNOs
solvent phase also containing N20s |

separating the two phases in a separator; and

recovering N0s from the first N0, Phase into an
organic solvent to produce a solution of N:0s therein.

Preferably the process further comprises cooling the
divided portion subsequent to its saturation with N;O..

It is worth noting that use of such essentially
simple vaiables to control the process of the present
invention emphasises the advantage of the present process
over more elaborate coﬁntef-curfeﬁt type extraction
processes. |
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phases is instantaneously in the equilibrium proportion

making the partition more efficient than that of simple

solvent gxtraction where mass transfer consideérations

must be taken into account. Even where excess

N20, is added to the divided portion of the anolyte stream
(and either with or without subsequent cooling),'such
that the partition which'occurs is not strictly under
equilibrium conditions, in practice the results are
essentially very similar, provided the addition cakes
place with efficient mixing. It is necessary that whers
the divided portion is to be cooled, it should have been
thoroughly mixed beforehand. '

Where the divided portion is cooled, this should be
to a temperature of around -5 to + 15°C.

Further, the process should preferably operate with
the anoliyte stream close to saturation with respect .to
h&Os'compatible with the avoidance of crystallization of
N;0s in the anolyte stream. Typically, the concentration
of Nz0s will be at least 15 wt% and preferably at leasc I2
WC%.

The electrochemical cell preferably employs a
cationic exchange membrane (such as that described in UK
Patent No. 2 245 003 in the name of one of the co-
applicants), so that increases in the mass of HNO3 in the
anolyte stream by intra-cell transfer from the catholye
is avoided. Use of an anionic membfane would allow HNO3
to pass through from-catnolyte to anolyte such as to
éffectivéiy render coﬁcinudus operation of the
electrochemical and phase separation processes

.,

uneconomic. Y
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di fference between an anode and a cathode thereof, whereby electrical . i
current is passed through the cell and [err] is electro 'Qﬁkﬁ?*ﬁﬁﬁﬁbﬂ i
t he anode conpartnent, characterised by the further stefs of: REPU$@?
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process pydrielsd RoefiRr @perak@d continuously. The portion of the
anolyte stream divided off is advantageously such that,
under the conditions of transfer of N;0s which exist
downstream, the amount of transferred N;Os will
substantially equal the amount of NzOs bein§ generated in
the cell. 1In this way the cell, and hence the process,
may be operated in a steady state manner.

Preferably the divided portion is approximately 1
wt% to 20 wt% of the anolyte stream, and more preferably
approximately 5 wt%¥ thereof.

Recovery of N;0s from the N;0;, Phase may be-
accomplished in a number of ways, for exampie,
abstraction (extraction) or distillation (evaporation).
Possible recovery methods include:

chilling the N:0: phase to induce crystallization
either in bulk or on a cold surface and then respectively
filtering off the solid or draining the liquid phase £rom
the surface, followed by re—dissolving the sblid_Nﬂk in
an organic solvent; or |

applying reduced pressure to the N:0. phase to cause
the solvent N;O. to be distilled off and re-dissolving the
N20s produced in an organic solvent; or

feeding the N;0, phase directly into an organic
solvent and subjecting the mixture to fractional
distillation at reduced pressure to remove the volatile
N20:, leaving a solution of N20s in the organic solvent.

Any residual Nz0, in -the crganic solvent solution of
N20s can readily be converted to N:;0s by treating the
solution with ozone. 3
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optimse the efficiency of the overall process of the invention since the
hi gher the tenperature of the starting solution, that is the anolyte
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The preferred organic solvent for use in the. process
- of the present: invention is’ d:.chloromethane but other
suitable inert organic solvents such as halon (CFC)
substitutes or acetonitrile may be used instead.

Effluent N;O, (containing residual N;0s in solution
remaining after recovery of N;Os may be recycled to the
anolyte stream to maintain a high level of NzO. therein
especially if not prejudicially contaminaced by organic
compounds. At least some effluent N0, may, however, be
added to the divided portion of the anolyce' stream, as
described previously.

The overall process may therefore be operated such
that there is substantially no output N;0; waste such as
to contribute an effluent stream requiring costly
recovery processes.

The seps.rated HNO3 solvent phase may also be returned
to the anolyte stream. This substantially does away with
any HNO3; waste effluent stream and any associated
necessity for recovery.

N20s may then be obtained from the separated N0,
phase by further cooling whereupon substantially pure NzOs
crystallises out of solution. In consequence of the high
thermal solubility gradient found where N;O: is the
effective solvent, the proportion of N:0s which may be
recovered in a substantially pure form is high. This may .
then be separated off from the residual N;0. mother liguor
and dissolved in a suitable organic solvent. 1In this
manner solutions of Srzo; in organic solvents may be

e
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According to a third aspect of the present invention .
there is provided apparatus for use in a process for
producing a solution of N;Os in an organic solvent
comprising:

an electrochemical cell providing respective anode
and cathode compartments having a respective anode and
cathode, the compartments being capable of hawving
raspective first, anolyte and second, catholyte, streams
of N20. in HNO3 passed therethrough, said cell further
having means for applying a potential difference between
the anode and the cathode whereby, in use, an electric
current passes through the cell and N:0s is formed
electrochemically in the anode compartment, characterised
in that the apparatus further comprises:

means for dividing off a portion of the anolyte
stream and means for cooling the ‘divided portion to

produce a first N0, solvent phase contana.ng N20s and a
second HNO3 solvent phase;

a separator for separating the two phases; and

‘means for recovering N;Os from the first N»O. Phase
into an organic solvent to produce a solution of NzOs
therein.

Advantageously, the apparatus further comprises
means for injecting a stream of N;O. into the divided
portion prior to cooling the said porcion. In a yet
furcher aspect, the cooling means may be omitted and the
apparatus comprise o...y means for injecting a stream of
NzQ. iato the divided portion so as to produce a first NzO.
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In general, it will be appreciated that a
substantial range of variation in the degree of N20s
parcition between the two phases may be obtained by
addition of a requisite quantity of liquid N:O
accompénied by efficient mixing and either with or
without subsequent cooling.

The present invention will now be described by way
of example only, with reference to the€ accompanying ‘
drawings in which:

Figure 1 is an outline phase diagram of the HNOs-
N20.-N20s system;

-

Figure 2 is a schematic process flow diagram of the
method of the invention, and

Figure 3 is a simplified outline phase diagram
~derived from Figure 1 but showing additionally a typical
operation .according to the method of the inventcion.

A series of experiments was conducted to establish
the phase diagram illustrated in Figure 1.

Zxperiment 1

N20. was added to HNO3 progressively and with
thorough mixing at a temperature of 15°C until the
solution became hazy, indicating incipient phase
separation. The proportions of the two ingredients at
this point are recorded in Table 1.

Experiments 2 to 5

Four solutions of N;Os in HNO; were prepared
gravimectrically to alfferent strengths at 15°C and N0,
was then added progressively with thorough mixing until
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E riments 6 _to 11

The experlmental procedure ‘of Experlments 2 to 5 was
repeated with a further six solutions but at a
temperature of -15°C. The resulting data are again set
out in Table 1.

Experiment 12

The experimental procedure of Experiment 1 was
repeated except that in this case HNO; was added to N;O.
uricil the solution became hazy. The concentrations of
the two species at this point are given in Table 1.

Experiments 13 to 16
Four solutions of NzOs in N0, were prepared _
gravimetrically to different strengths at a temperature
of 15°C and HNO; was then added to each solutlon
- progressively until the solutions became hazy 1nd1cat1ng

incipient phase separation. The relative proportions of
the three ingredients at this point are recorded for each
of the solutions in Table 1.

Experiments 17 and 18

The experimental procedure of Experiments 13 to 16
was repeated with a further two solutions of N;Os in N;O.
but at a temperature of -15°C. The proportions at the
point of incipient phase separation for each of the
solutions are set out in Table 1.
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6 Wiere two phmsmmaaﬁeB sinply by cooling the divided portlon of
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I nstant aneously 1n t eqU|I|br|un1prpport|on maki ng thellp
efficient than that of sinple solvent extraction where nmalss_t :

consi derations nust be taken into account. Even where excess [err] I s added
to the di AABEE portion of the anolyte stream (and either with or w thout
subsequent coollng) such that the partltlon whi ch occurs is not strictly

under equifrTbriomTCoNTdt T practTee the Tesutts—are )
: wt¥% N20s in jwt% HNOs in wt% N20. in

Expt |Temperature|solution solution solution

1 +15°C 0 36 64

2 " 7 42 51

3 u 13 47 ' " 40

4 " . 20 . 47 33 _ ’
S " 24 45 31 -
6 -15° 6 S0 44

7 " 6 51 43

8 " 13 51 36

9 " 18 50 32

10 " 19 S1 30

11 " 26 S0 24

i2 +15°c 0 8 c2

13 " 8 8 g4

14 " 20 -7 . 73

15 " 25 7 - 68

le " 27 ' 0 73

17 -15°C 11 5 84

18 " . 12 0 88

Summary of Experiments

‘The results of Experiments 1 to 18 are shown plotted
on the phase diagram of Figure 1. The data points are
respectively designated as points A to R. Additional
point S which is known to represent the meeting point of
the solidus and liquidus lines at 25°C is taken from the
phase diagram which is Figure 1 of UK Patent No. 2 24S
266 in the name of one of the co-applicants;

It will be seen from the phase diagram of Figure 1
that two liquid phases can occur, and can be in
equilibrium'with'each other and with a solid N:;0s phase.
For compositions with a high proportion of HNQL
represented by the region towards the top of graph of
Figure 1, a dense ringle liquid phase exists with HNO; as
the major solvent and this conveniently forms the anolyte
for the described process.. As the N;O, component
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saturatiQq. ;egsgegesgei& hgdhgr Ehrggf@ tk@%&&\ﬁt% b 2 ﬁfé’é%&%r?s of

crystallization of [er he “anaol y ream
" concent r &hRoFASLIREAOR wﬁlmhsemaporeagtvgstmtnﬂhhd pﬁé?@ﬂébt?lat | east[err]

w % The cgh@el ROGhgRkex s%%Undpﬁ.QEﬁ&abeaégpiQYEo?mé&t we& cnfichange
menbr ane (such .,as fhat describe 003 I n the name of

one of tf&eFRIQFHEP ¥FP§) §31thgaﬁﬁcFéa%%segﬂl%hgrﬁﬁgs"bﬁh[EP?] in the

heavier HNO; phase and is represented by the region
ctowards the lowere left hand portion of the graph. Thus
the data points A to E lie-on the liquidus curve for

. +15°C and represent the maximum concentration of NxO: in
the acid phase at that temperature and for different Nz0s
concentrations. Beyond point E the liquidus curve
intersects with a solidus curve where solvate N;Os
crystallises out.

Likewise, data points F to J lie on the liquidus
curve for -15°C, with point K lying on the solidus ac
that temperature such that the intersection of the two
curves lies in the region between points J and K. Data
point S represents the actual intersection of liquidus
and solidus at a temperature of +25°C.

It will be appreciated that the preferred
composition for the anolyte in the process of the present
lnvenC1on lies between the curves for +25°C and -15°C and-
preferably close to the +15°C curves near to the point of
intersection, since this area provides the maximum
concentrations of both N20; and N:0s that can exist in the
anclyte before crystallisation or liquid phase
separation. In practice the opcimuﬁ anolyce composition
will lie above the saturation curves for the temperature
of operation in order to maintain a safety factor to
prevent crystallisation of N;0s occuring on cooling
surfaces or premature liquid phase separation.

A second liquid phase can also:co-exis; with the HNOs3
phase, and is shown by the region in the lower left
portion of the phase diagram beyond the curves defined by
data points M to 0, hese representing the approximate
position of the saturaction (liquidus) curve at +15°C,
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H Adsec®i

anol yte streamby intra-cell transfer fromthe catholye i.s-
an ani oni c nmenbrane woul d all ow HNO3 to pass through frp‘ a8 B \_Rcﬁ‘@
anol yte such as to effectively render continuous operatiQn of R

el ectrochem cal and phase separation plrocesses uneconomni ¢ Preferably
the divided portion of the anolyte stridamis a minor portion thereof.
This allows the cell and process to be operated continuously. The portion
of the andiBA% Quddmsjilntesgests withdvhat sobbdes yasacheyord, under the

condi ti onsp@ind reaasidepaine] @ nliedhionh c8¥i §61 dQYOSin@apeptdgepppuUNt Of
t r ansf erre&eNZOast wi_l I,

saturation limit for NxOs in N;0; at +15°C. A similar
intersection of the liquidus and the solidus curves
occurs beyond point Q for -15°C with point R in this case
illuscrating the saturation of N;Os in N0, at that
temperature. :

Referring now to Figure 2 of the drawings,
apparactus, gerieraliy designated 1, for use in a process
for producing a solution of N;Os in an organic solvent
comprises an electrochemical cell 2 providing respective
anode and cathode compartments 10, 20 having a respective
anode and cathode (not shown).

The anode compartmént 10 forms part of an anolyte
loop 11 having an anolyte storage compartment 12
containing N20s/HNO3s/N20.. The anode compartment io is
capable of having a first, anolyte stream of N;Os/HNOs3/N:O.
passed therethrough from the anolyte storaBe compartment
12 via the anolyte loop 11.

The cathode compartment 20 forms .paft of a catholyte
loop 21 having a 'cacho'lyce storage compartment 22
containing NpO./HNO3/water. The cathode compartment 20 is
capable of having a second, catholyte stream of
N20./HNO3;/water passed therethrough from the catholyte
compartment 22 via the catholyte loop 21.

- An explanation of the functioning of such .
electrochemical cells can be found in UK Patent No. 2 245
003. Essentially, a firsc, 'anolyte stream of
N20s/HNO3/N20: is passed through the anode compartment 10,
and a second, catholyte stream of .water/HNOs/N;O. passed’
through the cathode compartment 20 whilst applying a
potentia: difference between the anode and the cathode.

>
o

This Sheet Has Been Replaced

A




substantially equal the anount of [err] being generated in
this way the cell, and hence the process, may be operat é¢d-|
manner. Preferably the divided portion is approximately i
the anol yte stream and nore preferabgy approxi mately 5 w26
Recovery of [err] fromthe [err] Phase” may be acconplished in a nunber of

vays, fOr examheenasiagclhaRckeehlaehi-plhe0tsd éééiaa%heauﬁvf?ﬂ gration).

Possi bl e re(‘lI ﬁrépgﬁtho I nclu chi | g err ase To I'nduce
- crystalli 2 805 plpqurashegiicaidyl dosmedaés HG BREAer especti vel y
filtering confpaxitemenel i1d.or draining the liquid phase fromthe surface,
foll owed by re-dissolving the solid [err] in an organic solvent; or
appl yi ng reduced pressure to the [err] phase to cause
It is envisaged that, in use, the catholyte loon 21,

would initially contain concentrated (typically 98%) HNOs3
but would build up a considerable concentration of water
and N20; during the electrolysis. During operation of the
process small quantities of the catholyte stream would be
removed in a continuous manner and the catholyte stream
replenished with fresh HNOs3. *he material removed would
be treated to remove water as dilute HNO; residual
substantially water-free HNOs and N0. being recycled.

The anolyte lobp 11 contains the anolyte, which
would initially be Nz0: in HNO; but would build up to a
steady state (under extraction conditions) containing at
least 15% and 20% respectively of N;Os and N;O: (by

weight), during electrolysis depending on the temperature
of the anolyte.

It is further envisaged that the electrochemical
- cell 2 would employ a cationic exchange membréne such as
NAFION 324 or NAFION 350 which are proprietary materials
manufactured by Messrs DuPont de Nemours. -In the present
process, the concentration of N0, in the énolyte is
greacer than 20% w/w so that a cation exchange membrane

can be used without incurring an unacceptably low
efficiency.

The apparatus further provides means by.which a
minor portion (say between 1% and 20%) of the
N205/HNO3/N;O. anolyte stream can be divided off from the

- rest of the anolyte stream: the divided portion is shown
ds 31 on Figure 1. ' By dividing off only a small
proportion of the anolyte for further treatment, the main

~ electrochemical prc~ess can be 6peraced in a continous
manner under constant steady state conditions and
e
BeenRTlaced

T



I n an organic solvent; or feeding the [err] phase direct
sol vent and subjecting the m xture to fractional distil

pressure to renove the volatile [err]qsleaving a solutio
organi c solvent. Any residual [err] in“the organic solvent sol ution of

[err] cangr Il : 2 t ' t he | On. Wi th ozone.
Conveni entS |°§'/‘%t@r?e/>éf’25'ri s\(%%%éﬁgﬁkggﬁll ‘g%l)te)g %t%%{e%é%g?ecpu?@%eﬁ 'uosr!_:'under an
ozone conMPGRAY§Tat s pIsdmg ar Cant ANY @Y cRePITHPLORIPFRCeRS d b asul t of the
tendency ohnilyemelcessai80tRA¢nbee hi PBlatively small proportion of

the solute, N20s and since phase separation into N;O: and
HNO3 phases occurs under essentially equilibrium

conditions elaborate countercurrent methods involving
mass transfer of solute are not required: It will be
appreciated then that the application'of'the continuous
process of separation to the continuous output from the
électrolytic process provides a highly economical
procedure owverall and one which is well suited to an
industrial process.

The apparatus also provides a mixer 32 to which the
minor portion is passed, and in which further N:O. méy be:
introduced into the minor portion. Thereafter the minor
portion (with or without added N:0;) may be cooled to a
temperature of around -5°C to + 15°C using the cooler 33.

The apparatus also provides a separator 34 to which
the (optionally cooled) solution or mixture is then
' passed. The separator 34 allows the minor portion to
séparate into two parts, namely an upper N0 laYér
containing N:0s and small amounts of HNOs3 and a lower HNO3
layer containing both N;Os and NzOs.

The separator 34 may additionally include cooling
means whereby the minor portion may be maintained at the
desired temperature so as to promote the formation or the
upper and lower layers and take off means. by which the
upper and lower layers may be made remote from one '
another.

There is further provided abstragting means; in this
embddiment, in the form of a crystalliser 41 to which the
upper N;0; layer is passed. In the crystalliser 41 the
"N20, layer is chilled to induce Np0s precipitation.

Because 4t lower temperatures the viscosity of the
This Sheet Has Been Re[ilaced




The preferred organic solvent for use in the process of
I nvention is dichloronmethane but other suitable inert or
as halon (CFC) substitutes or acetonitrile may be used i El
[err] (containing residual [err] in s %utlon remai ni ng af ter=trecovery of
[err] nay be recycled to the anol yte reamto maintain a high | evel of

[err] >SREC] ot | al t at ed by _qrganic
. conpoundgrﬁgktrhﬁeeg:s c‘%ber% ‘e‘?‘? r}t}eq#) E?e (rj]l% %\?gg:q' eseé’&&é&lto t he
di vi ded pof tthm wfysded laime W05 stmmmh%mslxmm.a tFe ok gmagasustey ofThe overal |

process maysdéheidfalits WA AN &k thdled NBME d FMRYAA1N Y NO
out put [er%] waste such as to contribute an effluent streamrequiring

costly re? 1The separated [err] sol vent phase may al so be
ret ur ned :

The N20s crystals obtained from the crystalliser are
.only slightly contaminated -with HNO3 and_NhOa and can
thence be removed and redissolved in a suitable organic
solvent, such as dichloromethane.

The HNOs solvent phase produced by the separator 34
is recycled by return to the anolyte loop 11.

Further, effluent N0, remaining after abstraction of
N20s from the N:0. layer is recycled by feeding to an N0
storage tank 42, from which tank 42 the divided portion
31 may be injected with NzO; in the mixer 32 in an amount
sufficient to saturate the portion prior to separation
thereof in the separator 34, as previously explained.

Such recycling of what would otherwise be classed as
waste streams obviates the need to dispose of such, and
prov1des an associated cost advancage

The particular advantage of the process described
herewith may be said to depend on the fact that the HKNOs
phase has a high temperature solubility coefficient wich
respect to N0, but & lower coefficient with respect to
N20s which permits a rapid separation of the liquid phases
without crystallization of solid N3;Os when there is a
small reduction in temperature of the mixture and that
the N;0. phase has both a low content and low coefficient
'of solublllty of HNO3 but a high coeff1c1ent in respect of
Nz0s thus permitting the rapld and easy formation of
relatlvely pure Nﬁk_crys:als on reducing the temperature
of this phase. Hence a two stage reduction in
temperature with an Intermediate phase separation stage
will effect transfer of the N;Os from a saturated single
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to the anolyte st _ aﬁ substantially does away w t h_—asy a
ef fl uent sfm soci ated necessity for recovery.TH
be obt ai ned ated [err] phase by further cog@ling el eunan

substantlall rystallises g t of solution. |n=Eo equence of
t he high thermal solublllty gradient found where [err] is the effective

sol vent, the proportion of [err] which may be recovered in a substantially
pure fornphasai ghree Thompomgnt hehxters eparate dodiu ifororrn MBOE, estsival [err]

e ons HgEnald, dhSaglapgy |0 gfégiiebmeouqeg& 3etla1 1) d Yl mRnner

solutions _of [err] In vents na ai ne
substantlﬁPFW poieh ip $@¥ﬁ%bb¢ for re- so;uC1on in a suitable

organic solvent.

Operation of the process of this present invention
'may now be exemplified in the following manner.

Example 1

Based on a process of operating an electrochemical

. cell to generate NzOs in a mixture of N;O, and HNOs3 in
accordance with known procedures (see UK Patent No. 2 245
003), synthetic mixtures of all three components were
prepared and mixed thoroughly before being each allowed
to separate into two layers which were then isolated.
The synthetic mixtures each replicated a product of such
an electrochemical cell to which N;O, had been added and
which had been cooled to a temperature of 15°C. After
separation, samples of each layer were analysed to
provide the composition of the upper and lower phases.
The results are given in Table 2.

TABLE 2

sw/w in ¥w/w in upper ¥w/w in lower
mixture - layer layer
N20: N20s HNOs N20; N20Os HNOs3 N20s N20s HNOsz
47 19 34 7% 17 8 36 20 44
46 22 32 71 20 9 30 23 47

Example 2

A synthetic mixture w1th a composition correspondlng
approximately to that of the upper layers obtained in
Example 1 was prepared gravimetrically. The mixture was
then chilled to yield crystals which were filtered off
and washed with cold dichloromethane. Analyses of the



/

contamin h&Qﬁ&fk hmﬁlch can be obtained by either dire

of the [e t he Russian process descri bed 3 Q\IEEDWP&ﬁFeEg{]
extraction “E“ tures. According to a third aspgc onEWEp%ﬁ%
i nvention t OV|ded .apparatus 19or use in a proce$ cing a

sol ution of [err] In an organlc sol vent conprising: an electrochenical cel

providin resp tive node an A ' od ective
.anode ang) S¥H af?’t’ﬁbnts%g% ??3”@21 ggggé??ﬂ;mg q.r egl%gct ive
first, amhq&:elsmcbeé@moanctaM'ytV@S@tmem ghvepedin] TRRYeedr] passed

t her et hrough, said cell further having nmeans for applying a potential

di f f er encepgict Wween the anode and the cathode whereby, in use, an electric
current passes through the cell and [err] is fornmed

$w/w original $w/w washed
~ mixture tw/w wet crystals crystals
. N20s N20s HNOs3 N20; N20s HNO3 N20;, N20s HNOs3
68 28 4 ' 8 87 S -0 100 0

The processes described in Examples 1 and 2 and in
felation to the process flow diagram of Figure 2 may now
be further explained with reference to Figure 3 which

" shows a simplified represgentation cf the phase diagram oI
Figqure 1 with the solidi and liquidi of that diagram only
drawn in. In addition, the phase diagram of Figure 3
shows certain tie lines which connect the compositions of
two liquid phases co-existing in equilibrium. Such
liquid phases in equilibrium are possible where the
respective compositions at a given temperature each lie
on one of the two liquidi for that temperature."

For example, data points A and L on the l2f£t hand
axis. of the diagram of Figure 1 represent. two
compositions which are in equilibrium and which are
connected by a tie line lying along the left hand axis.
Moving to compositions further to the right on each
liquidus, those pairs of compositions which are in
equilibrium will be indicated by tie lines which lie
broadly parallel to the left hand axis, their exact
disposition reflecting the preferential uptake of the
solute N;Os in one of the solvent phases.

Point V represents a typical anolyte composition for
operation of an electrochemical cell at #15°C, ie with
ca. 30 wt% N0, and ca. 23 wt% NOs. Injection incto this
composition of N0, (with efficient mixing) is represented
by movement in the direc:ion of the arrow along the line
VV’, the composition V' corresponding to the composition



el ectrochemcally in the anode conpartnent, characterised in that
apparatus further conprises: neans for dividing off a p
anol yte stream and neans for cooling the divided portio
[err] solvent phase contaning [err] ag@ a second [err]
separator for separating the two phas€s; and neans for retﬁVérlng [err]
fromthe f irst [err]. Phase into an organic solvent to produce a sol ution

of [err] &hegrd rlnoé’ﬂélfmi ShtYich NeerPiey Afterf Wikh@taceonpri ses neans for
injecting a streamof [er Into the divided portion prior,to cooling the .-
sai d portForsSt#hlS3Rion,p H@PSasp%%?en?ﬁ%F I?qﬁyqﬁégﬁF XP be onitted and

t he apparguagcoi@si 6€ adlyd M@MISahd@rof nEeetminpn wiredon off [E1e] into the
divfded pQﬁSi?@engaéo&Bogiggggeva éﬁésﬁii§ﬁfé may be said to
reach a composition represented on the diagram of Figure
3 by point W. This, in. the embodiment chosen, represents
é'composition with ca. 46 Qp%:Nﬂh and ca. 19 wt¥% NzOs,
that is, of roughly the same composition as the mixtures
of Example 1.

Composition W is not a stable mixture and on being
allowed to divide will form two phases or layers with
compositions represeﬁted“by respective points W' and W*
1ying on the two liquidi at either end cf the tie line
W'W". From this point the two layers are separated and
the heavier acid layer represented by point W' is
returned back tb the anolyte loop (as previously
described in connection with Figure 2), while the
composition W", in which N0, is the solvent, is fed to
the chiller and crystalliser. The compositions at W' and
W" correspond approximately to those of the two layers

. produced .in Example 1 (Table 2).

When the NzO; solvent layer (W") is cooled, solid
pure Nz0s crystallises out as indicated by line W"X’. As
N20s crystallises out (ie a composition represented by
X’), the remaining N0, layer becomes enriched with
respect to N0, as represented by a composition at point
X. This composition is again unstable and the result
could be a further separation to compositions representced
by points Y and Y’ (shown this time as lying at either end
of tie line YY' on the respective liquidi at -15°C,
because of the cooling of. the liquid). In practice any
separate HNO; which'may_arise (ie.'composicion'Y) will be
entrained in the major'Nﬂh phase (composition Y’) and
will be returned to the earlier part of the process via

the N;O. storage tank 42 (Figure 2).
_ I —
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10 solvent phase containing [err] and a second [err] solvent phase. |
general, it will be appreciated that a substantial ran
t he degree of N205 partition betmeen the two phases may FeioBrE
addition of a requisite quantity of g id[err] acconpani ed by Bt
m xing and either with or w thout subs Euent cooling. The present i nvention
w Il now be described by way of exanple only, with reference to the
acconpanyi ng 19{ Bwndgsry N dd &b .givegguranclvice apmposicienpNasehdi agram of the
Lerr] [%ﬁﬁJné§€¥ ég N20s extracted is controlled by the flow race o
of the anolyte loop take-off, by the quantity of Nz0s
liquor mixed with it, and by the relative temperatures of

the separation stage and the crystalliser.

Sarg’
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Figure 2 is a schematic process flow di agram of an enbodi nent of the nethod

of the present invention, and Figure 3 is a sinplified outlin
di agram deri ved fron1F|gure 1 but showi ng additionally a YRL 6 ;@@5&6&{55&?}
according to the enbodi nent of the method of the present nventhgmecﬁl g
2. A series of experinents were conductzd to establish thé_phase—tagram —
illustrated in Figure. 1. Experinment 1 [err] was added to [err]

progressi VELRIMABd with thorough mxing at a tenperature of 15[err] until

the solution becane hazy, indicating incipient phase separation. The
proportions of the two ingredients at this point are recorded in Table 1.
Experiment $-2 t & BrPeasssbput poedueing e rjolutian rqf WePe in epar ed

organic solvent comprising the steps of:

passing anolyte and catholye streams.of Nz0. in HNOj .
'through respective anodé and cathode compartments of an
electrochemical cell whilst applying é. potential
difference between an anode and a cathode thereof,
whereby electrical current is passed through the cell and
N20s is electrochemically formed in the anode cbmpartmenc,
characterised by the further steps of:

-dividing off a portion of the anolyte stream and
causing the divided portion to separate to produce a
first N0, solvent phase containing N;0s and a second HNOs
solvent phase also containing NOs;

separating the two phases in a separator; and

recovering N.0s from the first N0, phase into an
organic solvent to produce a solution of N;Os therein.
2. A process for producing a solution of N;0s in an
organic solvent comprising the steps of:

passing anolyte and catholyte streams of N0; in HNOs
through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between an anode and a cathode thereof,
whereby electrical current is passed through the cell and
N20s is electrochemically formed in the anode compartment,
characterised by the further steps of:

dividing off a portion of the anolyte stream,
saturating the divided portion with N20; by addition
thereto of N0, with "’thorough mixing, to produce a first

This Sheet Has Been Reﬂ
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gravinetrically to different strengths at 15C and [err] was then added

progress
i ndi cati
cases, O
are reco
pr ocedur
but at a
Tabl e 1.

ively with thorough m xing until 11 the sol

ng incipient phase separation (whether |iquid THESSHEE%H&?@§E§I‘
i ent RERLACEDs

xperlnental

B S ST priade St A TR M bt A o0 but i

r solidus). The proportions of e three ingr
rded for each run in Table 1. perinments 6 t

sbeenpephag® also containing NzOs;
separating the two phases in a separator; and

recovering Nx0s from the first N0, phase into an
organic sqlVent'to produce a solution of N;Os therein.

3. A process according to claim 2, wherein, after

addition of N;0. to the divided portion, the portion is
cooled. '

4, A process according.to claim 3, wherein the portion
is cooled to a temperature of between -5 and +i5°C.

5. A process according to any one of claims 1 to 4,
wherein the concentration of N0, in the anolyte stream is
maintained at at least 20 weight%.

6. A process according to claim 5, wherein the*
concentration is maintained at at least 30 wt%.

7. A process according to any of claims 1 to § wherein

the concentracion of N:;Os in the anolyte stream is
maintained at at least 15 wt%.

8. A process according to claim 7, wherein the
concentration is maintained at. at least 20 wt¥%.
Q. A process according to any one of the preceding
claims, wherein the temperature of the anolyte stream
exiting from the

electrochemical cell is maintained in the range of 0 to
30°C. ' | |

10. A process according to any one of the preceding
claims wherein the _ortion of the anolyte stream which is

divided off is a minor portion thereof.

A O Y
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The experinental procedure of Experinent 1 was repeated except that in this
case [err] was added to [err] until the solution becane haz
concentrations of the two species at this point are giv
Experiments 13 to 16 Four solutions of [err] in [err]
gravimetrically to different strengths2&t a tenperature .
was then added to each solution progressively until the Sol uti ons becane
hazy indicating incipient phase separation. The rel ative proportlons of

the three, ngrﬁdé,g&gésgt é@%%dﬂp%% Qi@ dgﬁ %gg_nea afin Pe sol utions

in Table 7. |nents The experi nen rocedure o
Exper i nen?%rqgo‘?oc‘i%n%§e$e%’§§!e’d 54 49 ét"'ﬂf‘uPtfhéFet WBO%MFGt iS6%8aBf [err] in
[err] but at a tenperature of -15[err]. The proportions at t he

i2. A process according to claim 11, wherein the minor
portion comprises approximately 5 wt% of the anolyte .
stream. ' )

13. A process according to any one of the preceding
claims, wherein the NOs product is recovered from the
first N0, phase by chilling the N0, phase to induce
crystallization either in bulk or on a cold surface and
then respectively filtering off the solid or draining the
liquid phase from the surface, followed by re-dissolving
the solid N;0Os in an organic solvent.

14. A process according to any one of claims 1 to 12,
wherein the N;0s product is recovered frdm the first N0
phase by applying reduced pressure to the N;O; phase to
cause the solvent N0, to be distilled off and re-
dissolving the N;0s produced in an organic solvenctc.

15. A pfocess according‘to'any one of claims 1 to 12,
wherein the N;0s product is recovered from the £irst N;0.
phase by feeding the N;O. phase directly into an organic
solvent and subjecting the mixture to fractional
distillation at reduced pressure to remove the wvolatile
N3O, leaving a solution of NzOs in the organic solvent.

16. A process according to any one of the preceding

claims wherein the organic solvent is dichloromethane or
acetonicrile.

17.. Apparatus for use in a process for producing a
solution of N;0s in an organic solvent, which apparatus
comprises:

B 0 . AR
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poi nt “of incipient phase separation for each of the sol uti

in Table 1. TABLE 1 wt% [err] in W% [err] in wt 9

Tenper at ure sol ution . solution Solution 1

0 36 64 2 "25 7

51 3 " 13 40 4 "

ig =13fﬁgccrocheﬁ§ al cell prov%%mﬁg r=spective58node 24
and gatnode compartrrgpcs having a ggsgeccxve anode and 13

o1 cathode36 the compartments being capable of having

respective first, anolyte and second, catholyte, streams
of NzO. in HNOs; passed therethrough, said cell ZIurcher
having means for applying a potential difference between
the anode and the cathode whereby, in use, an electric
_current passes through the cell and Nﬂk is formed
electrochemically in the anode compértment, characterised
in that the apparatué further comprises:

. means for dividing off a portion of the anolyte
stream and means for cooling the divided porticn to
produce a first N0, solvent phase containing N;Os and a
second HNOs3 solvent phase;

a separator for separating the two phases; and

means for recovering N20s from the first N0, phase
into an organic solvent to produce a solution of NzOs
therein.

" 18. Apparatus according to claim 17 and further
'éomprising means  for injecting a stream of N3O. into the
divided off portion of the anolyte stream prior to
cooling the portion.

19. Apparatus according to claim 17 or 18, wherein
effluent N;0. remaining after recovery of N:0s from the N;O.
phase is recycled to the anolyte stream of the
electrochemical cell.

20. Apparatus according to claim 19, wherein at least a
part of the effluent N20. is recycled to be injected incto
the divided portion of the anolyte stream.
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24 12 0 B THIS SHEET ]-\A&BEEN
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68 16 | 27 0 73 1=

11 5 84 18 " 12 0

88 Summmuil -of APpa@aitmsnaschirdingsobt anyf cExpkaiments tﬂptZ)O 18 are shown
plotted 0 t; espectively
‘Whé%yinpk%éﬁggbéﬁﬁggh gggaggafvgn ;ﬁﬁﬁéﬁggﬁq ﬁgf%d

designated as pqQints A” rtiron own to
representth(%énr?é&cl%étﬁ(ﬂaﬁ‘t off thﬁeeégpr-a%haﬁacﬂ q‘EﬁJdes I ines at 25[err] is
taken fromthe phase diagramwhich irs Figure 1 of UK Patent No. 2 245
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266 in the name of one of the co- applicants. It wll
diagram of Figure 1 that two |iquid phases can occur,

be seep—from-the-phase——

and cgpnrHhe SHEET HAS BEEN

equilibriumw th each other and with a solid [err] phase [ CONPERIAGEINS

with a high proportion of [err]. represented by the

regi on |

of graph of Figure 1, a dense single liquid phase exists with [err] as the

maj or solvent and this conveniently forns the anol yt
process. As the [err] component 13 increases, a l
reached which represents the saturap t he m nor

e for the described
i qui dus curve is .
solvent [err]. Beyond

this curve a lighter second |iquid p%ase Is formed with [err] as

SOLVENT TRANSFER PROCESS FOR DINITROGEN PENTOXIDE

A process for the production of dinitrogen pentoxide (Néos) in an

organic solvent consists of dividing off a minor proportion (31) of the

anolite stream (11) of an electrolytic cell {

2) which is set up to

genefate N’205 and of cooling that portion and/or adding to the portion

a quanfity of N,O,, such that two phases are formed. The phases-are
separated (34) and the light (upper) N,0, phase is then stripped of

~ dissolved N 205+ ‘the N,0; being redissolved in

an organic solvent.

?Conveniently, the N0, phase is chilled (at 41) to produce crystalline

N’zo5 whlch ‘is dissolved in an organic solvent

such. as dichloromethane.

All effluent stfeams-may be recycled with addition only of fresh

concentrated nitric acid and fresh N,0, to make the process capable

of continuous operation.
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the major solvent. This phase is in equilibriumw th the heavier [err]
phase and is represented by the regi-on towards the | owere | eft hand portion
of the graph. Thus the data points Ato Elie on the liquidus curve for
+15[err] and represent the maxi mum concentration of [err] in the acid phase
at that tenperature and for different [d¥8] concentrations. Beyond point E
the liquidus curve intersects with a solidus curve where solvate [err]
crystallises out. Likew se, data points Fto J lie on the |Iiquidus curve
for -15[err], wth point KIlying on the solidus at that tenperature such
that the |ntersection of the two curves lies in the region between points J
and K.- Data point S represents the actual intersection of |iquidus and
solidus at a tenperature of +25[err]. It will be appreciated that the
preferred '

HN03
N&
0.4 o KEY
F G l ) .-15°E
05 ..v./..‘ 0'5' ® 15°C

0 ‘v-l-;\' . | A.25°C_




conposition for the anolyte in the process of the present invention lies
bet ween the curves for +25[err] and -15C and preferably close to the +15C
curves near to the point of intersection, since this area provides the
maxi mum concentrations of both [err] an@/3err] that can exist in the

anol yte before crystallisation or |iquid phase separation. In practice the
opti mum anol yte conposition will |ie above the saturation curves for the
tenmperature of operation in order to naintgin a safety=faetor to prevent
crystallisation of [err] occuring on cooI| surfaceségrEBrenature l'iquid
phase separation. A second |iquid phase.ca also CO- eXKS with the [err]
phase, and is shown by the region in the | | ef t prtLon of the phase
di agram beyond the curves defined by data |nts Mto Sghgge representing
t he approxi mate position of the saturation I|qU|dus) rveég +15C.

-}
- a
() Q o
A W
q =
< i :éEE
~3
-
A — o o
=z J71IAI3Y - zu
HONDIM Y3HIOW & =4 O
NZw] =
Z wnl L
>l “
rasEt
5 a%

36

CRYSTALLISATION LOOP
7
32 '
L\,@
L
’
SEPARATE

w
2
m ! Q—;ﬂ
. ;:tﬁ
QY| o L
[ <°°- Lf
ke Eo
: (1]
'? .
oo~
o
=S =
o Q w
ED << o
w < \d ~~ o
(e ~
=t
ot -
= N
= o Xo
=1 o 20
i ==
e < ~
& & S
~ 2 g
- U
o < : =
w Y ‘EL \g:g
EEN\ay N



14 This liquidus intersects with the solidus arc beyond point 0 and point P
lies on the solidus and represents the saturation limt for [err] in [err]
at +15[err]. A simlar intersection of the |iquidus and the solidus curves
occurs beyond point O for -15[err] with point Rin this case illustrating
the saturation of [err] in [err] at tha&/3tenperature. Referring nowto
Figure 2 of the draw ngs, apparatus, generally designated 1, for use in a
process for producing a solution of [err] in an organic solvent conprises
an el ectrochem cal cell 2 providing respective anode and cat hode
conpartments 10, 20 having a respective anode and

HNO 3

0.7

o'_'o1/o.z\03 0k 05 06 071
Yl w”




cat hode (nqtfsﬁomn). The anode conpartnment 10 forns part of ooty
11 having an anol yte storage conpartnent 12 containing [err
conpartment 10 is capable of having a first, anolyte strea
t heret hrough fromthe anol yte storage tonpartnent 12 via t
11. The cathode conpartnent 20 fornms part of a catholyte

.

r\n
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cat hol yte storage conpartnent 22 containing [err]/water. The cathode
conpartnment 20 is capable of having a second, catholyte stream of

[err]/water passed therethrough

catholyte loop 21. An explanation of the functioning of such

el ectrochem cal
a first,

»

1l

anol yte streamof [err]

A process for the production of dinitrogen pentoxide (Nzos) in an

* organic solvent consists of dividing off a minor proportion (31) of the

anolite- stream (11) of an electrolytic cell (2) which is set up to

gener?ate 1‘{205 and of cooling that portion and/or adding to the portion

a quantity of N,0,, such that two phases are formed. The phases-are
separated (34) and the light (upper) N ,0, phase is then stripped of
dissolved N, 0 - the Ny 0 being redissolved in an organic solvent.
Conveniently, the N Ou phase is chilled (at 41) to produce crystalline
N205 which is dissolved in an organic solvent such as dichloromethane.
All effluent streams may be recycled with addition only of fresh
concentrated nitric acid and fresh N,0, to make the pfocess capable
of continuous operation.

FIGURE 2

fromthe catholyte conpartnent 22 via the

cells can Pe=found in UK Patent No. 2 245 003. Essenti all.y,



I s passed through the anode conpartnent 10, and a sec@md m
“of water/[err] passed through the cathode conpartnent Z@EWQWEf&’bﬁHﬁE'ﬁg{
“potential difference between.the anode and the cathodg. Fg&m

rQ%ee{eet L Iy

#l ectrical ‘current is passed through the cell 2 and |
formed in the anode corrpartrrent 10 It IS enV| saged that, fmusg, the —
cat hol yte | oop : BB 53| DX > PENT DEY 98%
[err] but would build up a “consi derabl e concentration of wat er and [err]
during the electrolysis. During operation of the process small quantities
of -the cathol yte .gt.r%a.,ﬁw.cprbé:e‘ares to a process. for the recovery

of d:.n:.c*oaen pentoxide, NzOs from an anolycte loop of an

eliect c.':chem1 cal cell into an alternacive solvent system.

It is known to produce N0s by an electrochemical
process. Such a process is described in GB Patent No. 2
245 003 in the name of one of the co-applicants.

Overall, such a process involves the conversion of
HNO; to NzOs and watér, with N0, playing a role in the
electrochemical reactions. The product is NOs in
solution iz HNOy with a small amount of N20O: impurity.
The concentration of N20s in this product is typically

around 32 wt.% which is close to the saturation point Zor
this solute/solvent system. '

The importance of N;Os has recently increased due to
ics application in the synthesis of energetic compounds,
and particularly energetic polymers such as polyl(3-

nitratomethyl-3-methyloxetane) (polyNIMMO) or Poly
glycidyl nictrate (PolyGLYN). '

Fcr use in organic nitration processes it is
desirable that the Nx0s should be available in an inert
organic solvent, such as dichloromethane. This could be
achieved by solvent extraction £rom an HNO3; solution.
However such a process would be'prohibitively costly to
construct and operate, requiring substantial £fixed plant.
There would also be a likelihood of back-contamination of

anv electrolytic circuit by the organic solvent through
recycling of the HENOs.

It is known from USSR Inventor’'s Certificate SU-
1089047A that solid N20s can be separated from strong 35-
40 wt.%¥ solutions of N20s in nitric acid by the additicen
'of moderate amounts of N0, at a temperature of -3 to 0°C.



=J: emoved in a continuous manner and the cathol yte stream ||cBERKAGEMENTSHEET
fresh [err]. The material renoved would be 2reated to remove V\H[QrFEg 1998
dilute NO3 residual substantially water-free [err] and [ D?teber 110 R

Fecycl ed. The anolyte |oop 11 contains the anol yte, which—woufd |n|t|a||y

be [err] in mes dagh1wauliG Rikd&hNpe 405 8n SELadNE! éb%t%%ﬁ@x%rte‘a(uf\ﬁ&' on

condi tions) contgining._at |east 1 A)and 20% respectively of [err] and [err]
(by wei ght), SORSHGT FOISHT S RbFPHF AP (The (I E0%r eTBE t he
anolyte. It pa»efsantdeerofer}m@agad thiiad §dr}e1del aBDE qséueek?)z' cat ﬁﬁlshlaam(u)bl \C/im ]
enpl oy a cati xcha rane such a FLON 324 or. e
are propri et eﬁnals%%r%}rb%c?{ﬁ%ﬁlByn%gé\;%oﬁj%ﬁf:egé‘rﬁgrrﬁﬁrv?i VitPg he
present pr oc@s:s.d tﬂm%omts@smbé.%[ erRélanivhadyapukpt ¥20s qpredveer t han
20% W w SOt Ritje B el £ XL W0 EADREErial by low pressure

sublimation and subsequent condensation onto a cold
surface. The overall procedure, however, then becomes
lengthy and cumbersome and as such not suited to an
industrial process. Moreover, this method of NzOs
production requires a starting solution of N;Os in HNOz
which is electrochemically less efficient and more costly

- to produce because of the véry low proportion of N0,
which it must contain.

In UK Patent No. 2 245 266 in the name of one of the
~ co-applicants, there is disclosed a method of N:Os
' separation, wherein a solution of N»0s in HNOz at a
temperature of at least 10°C (and containing at least 45
weight percent of dissolved N20; and N20s and further ..
having a dissolved NzOs: HNOs; ratic by weight of at least
1:3) is cooled to less than 8°C until an N205 solvate
precipitates from the solution. The disclosure teaches
that formation of a separate ligquid N0, Phase is to be
avoided since this reduces the yield of N0s
. solvate, with a proportion of the N;Os instead entering
the liquid Nz0; phase. This is particularly true for
temperatures below about 0 to -5°C, at which the N0
tends more readily to form a separate liquid phase.

It has been found that if the Nz05/HNO3z mixture
obtained from the electrochemical process for producing
' N20s is maintained at or near saturation with N0, and then
cooled, phase separation takes place in which NxO; is the
. principal solvent of one phase and HNOz the principal
solvent of the other phase. N;Os is present w:.th:.n, and in
equilibrium between, the two phases. The two phases may
- be readily separatéd and the N;Os in the N;O; phase can



_can be used without incurring an unacceptably |ow effi TICy.
“further provides means by which a minor portion (say bét#E®R
the [err] "anol yte stream can be divided of8 fromthe rast of the anolyte,
sstream the divided portion is shown as 31 on Figure 1.|| Bfdi-vitibg ofE -~
only a small proportion of the anolyte for further treatment, the main

el ectrochenm gal cpEpcessctFneRerapeeat Réelrd racmONt MARU S, R RBGIraHdRY

constant steady state conditions _and 6 sol ute/solvent equi.lilbrium can
be. mai nt ai net=Phr BUGHBRR:. PIBSoVEr. BT FHTonh Mt St

process it ierganic solvent either directly by extraction or by
dissolution £folliowing isolation of solid N0s". It has
been found that NzOs can be produced in an organic solvent
in a more pure form than has previously been achieved
through extraction from a (mainly) nicric acid solution .
as described above.

Further, it has been found that by using only a
small proportion of the recirculating anolyte stream cf
the electrochemical process, N20s can be effectively
stripped out of the mixture on a continuous basis without
disrupting the steady state operation of the
eleccrocnemical process.

Accordingly, a first aspect of the present invention
provides a process for producing a solution of N20s in an
organic solvent, comprising the steps of:

passing anclyte and catholye streams of N;O. in HNO;
through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between an anode and a cathode thereof,
wnereby electrical current is passed through the cell and
N20s is electrochemically formed in the anode compartment,
characterised by the further steps of:

dividing off a portion of the anolyte stream and
causing the divided portion to separate to produce a
£irsc N0 solver_z'c_ phase containing N0s and a second HNOs
solvent phase also containing Nz0s;

separating the two phases in a separator; and

recovering NzOs from the first N;O, phase into an
organic solvent, to produce a solution of N;Os therein.



onIy necessary to renove a relatively small proportion sf=tHe=56I0t 3
“and si nce phase separation into [err] and [err] phases FEALACENEMT SH

EY

essentially equilibriumconditions elaborgte countercurifent 7 hEEB 1998
sinvol ving mass transfer of solute are not required. It jiDate be -appreciate
then that the application of the conti nuous process of atTom o the

conti nuous out putpfd qnet&e,?el_ %I )ét :A%sp%%%ﬁﬁ Qﬂr*%\“a@%% ) %I ieghl'y

economni cal procedure over al Sui te an industri al
process. ThERAHFHaS B & é@’b\f"é}’é‘} M%Q%ﬁxéﬁm’ta@qm c‘ﬁlltcﬁe 3 nor portion
i s passed, amshs.rw&msh.ufwtm Jedid [comaydia ideidoabesat ioat @£t Reem nor

portion. N portion (with or without added [err] may be
‘cooled to a%l[;a:t?rébéel% ur‘emf) ‘gér%und -5[err] to -15[err] using the cooler 33

The apparat us also provides a separator 34 to which

v An exit temperature for the anolyte stream in che
range of 0 - 30°C is preferable, more preferably in the
range 15 - 25°C. 3y this means it may be sought to
optimise the efficiency of the overall process of the
invention since the higher the temperature of the
starting solution, that is the anolytre stream, the
greater can be the 'quantity of N0s and Nz0. dissolved and
therefore the greater will be the quanticty of NxOs in the
final separated N0, Phase and so available for
crystallisation.

Preferably, the electrochemical process shou"d
operate with the anolyte stream close to saturation w:.:h
respect to Nz0:;, the concentration of Np;O; typically being

at least 20 wc%, and oreferably, at least 30 wt% of the
anolyte stream.

The divided portion of the anolyte stream may be.
caused to separate into two phases either by cooling or
by addition thereto of N;O. such that the divided portiocn
becomes over saturated with respect to NO:. Addition of .
further Nz20. in this way also has the advantage of
increasing the volume of the separated N0, layer and
hence the amount of NOs which may be removed from the
system as product. | '

The added N;0, may consist of fresh liquid N20.
recovered/recycled N;O. from a previous recovery processs,
or a combination of both. '

Alternatively, a combination of addition of N;O« with
cooling may be used to cause two licuid phases to form.
In this case it is preferred to add NzO. to the divided



the (optionally cooled) solution or nmixture is then pasrééipmﬁ§;ﬁﬁva53551..
34 allows the mnor portion to separate int® two parts, namel¥£
[err] layer containing [err] and small amounts of [err] lapgeall Qﬁ#ﬁ

Fayer containing both [err] and [err]. The separator 34 |uvay—addcitioraTy
I ncl ude cool | n e ' N | ' [

desired terrpgrag%: grg g ?g\l\ﬁa%g{%%)h pérl rmétne%ee 'oﬁrénf;%%ﬁ{%ge?ﬁ?%%eﬁgﬁggl té%gr
| ayers and tBRke SPPaFa&eT B WANGST the enpire LRRY okle PayEiSnaF be made
remote from gaeusaekldeiwitene, igrisktE8rcpbP¥hged abstracting neans, in
this enbodinment, in the formof a crystalliser 41 to which the upper [err]
| ayer is passed. In the crystalliser 41 the [err] layer is chilled to

i nduce [err] precinpicdoxdiny the@usscand | aspect asPpethe upeesehe inveonsibn of
t he

there is provided a process for producing a solution of
N205 in an organic solvent comprising the steps of:

passing anolyte and catholyte streams of NpO, in HNO3
" through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between.an anode and a cathode therecf, whereby
electrical current is passed through the cell and N0s is
electrochemically formed in the anode compartment,
characterised by the further steps of:

dividing. off a portion of the anolyte stream,
saturating the divided portion with N0, by addition
thereto of NzO;, with thorough mixing, to produce a first
N20; solvent phase containing Np0s and a second HNO3
solvent phase also containing N20s

separating the two phases in a separator; and

recovering N;Os from the first N0, Phase into an
organic solvent to produce a solution of NxOs therein.

Preferably the process'further comprises cooling the
divided portion subsequent to its saturation with Nz0s.

It is worth noting that use of such essentially
simple variables to control the process of the present
'invention_emphasises the advantage of the present process
over more elaborate counter-current type extraction
processes.



_m xture beconmes too high to allow satisfactory separati
“crystalline [err] fromthe liquor, a tenperature of -1%[
practicable lower limt for operation of crystalliser
ccrystals obtained fromthe crystalliser are only slightl ¥ =
[err] and [err] and can thence be renoved and redi ssolved in a suitable
organi c sol vent, sHbérastdocphasesedhangrodieed esinplpl mentophise produced
by the separ a'&ﬁ’in.ééu'éo"@?%{ﬁ'@é Exersaef}n:éoséﬁ@aﬁn%aé&égop 11. Further,
effluent [err] remainin ter abstractioon of |err] romthe [err] layer is
recycl ed by f@&dFhg=- Fﬁlaﬁ pEr FhesidBage téﬁk‘22°*4FBn?ﬁﬂFcﬁ“tank 42 the

di vided porti aemogeneous solution, the proportion of Nx0s in the two

phases is instantaneously iz the equilibrium proporcidn
, making the partition more efficient than that of simple
solvent extraction where mass transfer considerations
must be taken into account. E£ven where excess
N20:. is added to the divided portion of the anoclyte stream
(and either with or without subsequent cooling), such
that the partition which occurs is not strictly under
eqguilibrium conditions, in practice the results are
essentially very similar, provided the addition takes
place with efficient mixing. I: is necessary that whers
the divided portion is to be cooled, it should have been
thorouchly mixed beforehand.

Where the divided portion is cocled, this should be
to a temperature of around -3 to + 15°¢°C.

Further, the process should preferzably operate with
the anoiyte stream close to sacturation with respec:t to
N:0s compatible with the avoidance of crystallization of
N20s in the anolyte stream. Typically, the concentration
€2 NOs will be at least 13 wt% and preferably at ieast Il
wtk. ' . .

cationic exchange membrane (such as that described in UX
Patent No. 2 245 003 in the name of one of the co-

The electrochemical cell preferably employvs a

appiicants), so that increases in the mass of HNO3 in the
anolyte stream by intra-cell transfer from the catholye
is avoided. Use of an anionic membrane would allow HNO3
to pass through from catholyte to anolyte such as to
effectively render continuous operation of the
electrzchemical and phase separation processes
uneconomic. '



31 may be injected with N204 in the mxer 32 in an &
“saturate the portion prior to separation thereof in }HE
previously explained. Such recycling of what would o herwi se bd EFRsSH
-waste streams obviates the need to dispose of such, gnéeprovides g :
associ ated cost advantage. The particul ar advantage e process

described herewi bhefBYabeySahd EOvi8BANHo2RibACE ache tHRb1YHE EeEERmPhase
has a high tenperature sgfublllgé Co ffl&#ent miih resgect ;g [err] but a

| oner coef f F&i BnPRPENPPESPER: TPEERFr] WAPLR PetAVEsTReGHrd SBBarati on of
the Iiquid pkasesswcbhbet coeyatell czatinnonslgol | Gheepefrivhenothehe is a
smal | reduchi@nykl Legmanthubeagh bie &rsxaa{,gﬁglgg?%s%?tFeckeeghtphase has

both a | ow contént and | ow coefficient of so ) err] but a high
coef fi ci ent “PReFeSPECLOBRILEPPE PRUSTRBEAREt PAgN2d5e WRASPd eXd& Teasy

formati on oBiownstream, the amount of transferred N;Os will
substantially equal the amount of N:;0s being generated in
the cell. 1In this way the cell, and hence the process,
may be operated in a steady state manner.

as

Preferably the divided portion is approximatelj 1
wt¥ to 20 wt% of the anolyte stream, and more preferably
approximately 5 wt% thereof.

Recovery of NxOs from the N;O. Phase may be
accomplished in a number of ways, for example,
abstraction (extraction) or distillation (evaporation).
Possible recovery methods include:

chilling the Nz0. phase to induce crystallization
either in bulk or on a cold surface and then respectively
filrtering off the solid or draining the ligquid phase from
the surface, followed by re-dissolving the solid Nz20s in
an organic solvent; or |

applying reduced pressure to the N;O. phase to cause
the solvent N0, to be distilled off and re-dissolving the
N20s produced in an organic solvent; or '

feeding the NO: phase directly into an organic
solvent and subjecting the mixture to fractional
distillation at reduced pressure to remove the volatile
N20., leaving a solution of N:Os in the organic solvent.

Any residual N0, in the organic solvent solution of
N20s can readily be converted to NxOs by treating the
solution with ozone.



“rel atively pure [err] crystals on reducing the tenperat
"Hence a two stage reduction in tenperature with an inte
separation stage will effect transfer of the [err] fromiya samﬁm "
18 phase three conponent mxture into a solution in [ertl] Déeek whiCh 1 L:
readily crystallizable in an essentially pure form whi ch= able for

re-solution in a suitable organic vent. eration of the process of this
present - i nvent i oné?@veﬂbﬁf‘ﬁqegeﬁgﬁpﬁﬁsi 88-Fh* eCFBEPo%natﬁﬁﬁﬁeg?rExanpl el

Based on a pferessrofisepeunderngnanzehectprntabnisal atmosphere or at a
reduced temperature as a result of the tendency of NOs to
degrade over time. '

RERIAQENFIY

. ' The preferred organic solvent for use in the process
of the present invention is dichlcromethane but other
suitable inert organic solvents such as halon- (CFC)
substitutes' or acetonitrile may be used instead.

Effluent NzO. (containing residual NzOs in solution
remaining after reéovery of N:0s may be recycled to the
anolyte stream to maintain a high level of N:O. therein
especially i not prejudicially contaminated by organic
compounds. At least some effluent N0, may, lLowever, de
added to the divided portion of the anolvte stream, as
described previously.

{

The overall process may therefore be operated such
that there is substantially no output N0, waste such as
to contribute an effluent stream requiring costly
recovery processes.

_ The separated H#HNO3 solvent phase may also be returned

=0 the ancliyte stream. This substantially does away with

o any ENO; waste effluent stream and any associated
necessity for recovery.

N:0s may then be obtained from the separated N0
phase by further cooling whereupon substantially pure N0s
crystallises out of scolution. In consequence of the'high
chermal solubility gradient found whers N;O. is the

‘ _ sffective solvent, the proportion of N20s which may be
. recovered in a substantially pure form is high. This may
. then be separated off from the residual N;O. mother liguor
and dissolved in a suitable organic solvent. In this
"manner solutions of Nz0Os in organic solvents may be
obtained which are substantially purer i terms of



cell to generate [err] in a mxture of [err] and [err] _Lh_accordsrc
“known procedures (see UK Patent No. 2 245 003), synthé
three conponents were prepared and m xed thoroughly b
-allowed to separate into two |layers which“were then is
m xtures each replicated a product of such an el ectroc
[err] had been_added_and
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ich
I ch. had been cooled to a tenperature of 15[err].

After separ&??&ﬁ?lgﬁﬁﬁﬁe§ggﬁ E30Re HPEFAWERB BRaPPSEARET FYoFiGBeThe
conposi ti ondéfketheddppoiuancnl oferhehis®ss cehlecaresiultys tavee Ryissdan n Tabl e

| ayer
[err] 47

2. TABLE 2 YLwekd gescrib %WEbeQ URPRY cirecc: WeWalRilbaneLop xture
- Iazer Ferr ferrf
PePs/5Ps mixeypes. 7 g 36 20 44

According to a third aspeét of the present inventicn
ere is provided apparatus for use in a process for:
groducing a solution of N;Os in an organic solvent
mprising:

(4
wr

O
()

an electrochemical cell providing respective anode
and cathode compartments having a respective anode and
cathode, the compartments being capable of having

- respective first, anclyte and second, catholyte, streams

S N2O. in HNO3 passed therethrough, said cell further
having means for applying a potential difference between
the anode and the cathode whereby, in use, an electric
current passes through the cell and N0y is formed
electrochemically in the anode compartment, characterised
in that the apparatus further comprises:

means for dividing off a portion of the anolyte
tream and means for cooling the divided portion to
roduce a first N0: solvent phase contaning N0s and a

s
B
seccnd XENQO3 solvent phase;

separator for separating the two phases; and

»

means for recovering N;Os from the f£irst NxO: Phase
into an organic solvent to produce a solution of NxOs

Thearasin.

Ll

Advantageously, the apparatus further compriseé
means for injecting a stream of N0, into the divided
porcion prior to cooling the said portion. In a vyet
rther aspect, the cooling means may be omitted and the
apparatus comprise only means for injecting a stream of
N20. into the divided portion so as to produce a first N0
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m xture with a conposition correspondi ng appeoxi mately tfp that ?fE 1999g2ner
| ayers obtained in Exanple 1 was prepared gravinetrical | §f.P S g

then chilled to yield crystals which were filtered off and washed with cold

di chl or onet haraveNtalprase dolt@inin®l Nils"Nahdas¥nkebnd mwkus81oearof the
crystalline %r oduct obtai ned before and after washing are given in Table 3.
TABLE 3 %W w s&'nal %V w washed m xture
%V w wet crystals crystals [err] [err]

[err] In general, it will be appreciated that a substantial

' range of variation in the degree of N;Os partition between
the two phases may be obtained by addition of a requisite
quantity of liquid N;0; accompanied by efficient mixing
and either with or without subsequent cooling.

The present invention will now be described by way df
example only, with reference to the accompanying drawings
in which: :

Figure 1 is an outlir_fe phase diagram of the HNO3-Nz0;--
N2Os system; '

Figure 2 is a schematic process flow diagram of an
embodiment of the method of the present invention, and

Figure 3 is a simplified outline phase diagram
derived from Figure 1 but showing additionally a typical
operation according to the embodiment of the method of the
present invention of Fig 2.

A series of experiments were conducted to establish
the phase diagram illustrated in Figure. 1.

Experiment 1

. N2O, was added to HNOs progressively and with thorough
mixing at a temperature of 15°C until the solution became
hazy, indicating incipient phase separation. The
proportions of the two ingredients at this point are
recorded in Table 1. |

Expveriments 2 to S _
Four solutions of NzOs in HNO3 were prepared

gravimetricall_y to different strengths at 15°C and N0,
was then added progressively with thorough mixing until
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and liquidi of that diagramonly drawn in. phase
of Figure 3 _shows certain tie |ines which connect the conp03|t|ons of tmo

| i quid phaseﬁ’%&%ﬂﬂ‘sﬂ’ﬁg DefAFLNEHY i TRAISEERTG dRed BHRESe PRAF S qui | i bri um
are possi bl eegastae ildme (n&memtn Ve quidnesi Ris0ih djear i \&Ul tuam atarre each
e on one fo e o Liquidiodre SRl TR QUG sEor- A £.4at 2
points A an T?gure 1 re

on the e axl s of the diagram™o present'

two conposi tibdifs RHINEh 3% -ﬁ?‘?ﬁﬂﬂq ifRg lﬁﬁ%d-‘%l-éh Tard & ommnect ed by a tie
l'i ne Iy|ng along the left hand axis.
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The experimental procedure of Experiments 2 to 5 was
repeated with a further six solutions but at a

temperature of -15°C. The resulting data are again set
out in Table 1.

ri 12

The experimen:é.l procedure of Experiment 1 was
repeated except that in this case HNO: was added to N0
uncil the solution became hazy. The concentrations of
the two species at this point are given in Table 1.

= *q 1

Four solutions of N20s in N0, were prépared
gravimetrically to different strengths at a temperature
of 15°C and ENO3 was then added to each solution _
progressively until the solutions became hazy indicating

~incipient phase separar.ion.' The relative proportions oI
the three ingredients at this point are recorded for each
of the solutions in Table 1.

) ri 17 1

The experimental procedure of Experiments 13 to 16
was repeated with a further two solutions of Nz20s in N:0.
but at a temperature of -15°C. The proportions at the

point of incipient phase separation for each of the
solutions are set out ia Table 1. '
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Movi ng.to conpositions further to the right on each |i g = C
* of conpositions which are in equilibriumw Il be indic tREPUﬁ@EMﬁyq
which Iie broadly parallel to the |l eft hand axis, thei exacé gimmo
~reflecting the preferential uptake of the 88lute [err]limmen B NE T
sol vent phases. Point V represents a typical anolyte cd nmrtor
operation of an electrochem cal cell at +15[err], ie with ca. 30 wt% [err]

A

and ca. 23 WEBELErd]. Injection into this conposition of [err] (with
efficient mxing) is represented by novenent in the direction of the arrow
along the life VvV, TNE CONMPOSILI.ON ¥V .Conresponaing tq tng co ST 1ion
20 g P wt% Nz0s in w:’.p HNOs3 ’C:.J.n_ wr.g Nzorngr.
. Expt |Temperature|solution solution sclution

b +3i5°C 0 36 64
. A - 7 42 51

3 " 13- 47 40

4 o 20 47 33

5 " 24 45 31

6 -15°c 6 50 44

7 " 6 51 43

8 . 13 - 51 36

9 " . 18 50 32

10 " 19 51 30

11 " 28 50 24

12 -15°¢ C B 52

13 " 8 8 g4

14 "o 20 7 73

5 " 25 7 8

16 " 27 0 73

17 -i5°C 11 5 B4

18 " 12 4] 88

mmary of F rimen

The results of Experiments 1 to 18 are shown plotted
on the phase diagram of Figure 1. The data points are
- respectively designated as points A to R. Additicnal
point S which is known to represent the meeting point ci
the solidus and liguidus lines at 25°C is taken from the

phase diagram which is Figure 1 of UK Patent No. 2 245
266 in the name of one of the co-applicants.

It will be seen from the phase diagram of Figure 1
that two liguid phases can occur, and can be in
equilibrium with each other and with a solid N;Os phase.
or compositions with a high proportion of HNOs,

145 ]

A}

epresented by the regicn towards the top oI graph of
Figure 1, a dense single ligquid phase exists with HNO3 as
the major solvent and this conveniently forms the anolyts
for the described process. As the N;0O. component



of the nmother liquor which remains after ultimte crystal
" Dependent on the respective quantities of added [err] an
portion of the anolyte of conposition V, the mxture may s
sconposition represented on the diagram of “Figure 3 by poihtPaf Thig "
enbodi ment .chosen, represents a conposition with circa. 4 olerr]
circa. 19 wt % N205, that .is, of roughly the same conposition as the

wen®
amsnessansuer

and -

mi xt ures of ~BRARFFES. 2CIHFOSGUSIFIAMES Lo & SHesh B iF HRRFSBRPh bei ng
al lowed to dhei setwrhlifcer B whepldses colivayer SNOIN. CE@asid | thHiss

represent ed

' i s W and W Ly { ] quidi . at
i Lher end ST Re ot nasrces WARPRdkr e pnak el P Supined Wl iy o

oint™the Two |l ayeérs

separated af@® F@JRFaFcdventi-d IThiE RhGFeedentiad agniddianiumy Wisrh aher ned
back to thehaaoligie HNORPphasePaaNdi Q8Sk¥pdesent B&dpiNche region

towards the lowere left hand porticn of the graph. Thus
the data points A to E lie on the liguidus curve for
+15°C and represent the maximum concentration of N0, in
the acid phase at that temperature and for different Nz0s
concentrations. 3eyond point E the ligquidus curve
intersects with 2 solidus curve where solvate NOs
crystallises out. '

Likewise, data points F to J lie ocn the liguidus
curve for -15°C, with point K lying on the solidus at
that temperature such that the intersection of the two
curves lies in the region between points J and K. ' Data
point S represents the acrual intersection of liguidus

and solidus at a temperature of +25°C.

It will be appreciated that the preferred
composition for the anolyte in the process of the present
invention lies between the curves for +25°C and -15°C and
preferably close to the +15°C curves near to the point of

inctersection, since this area provides the maximum
' concentrations cof both N:0. and NxOs that ‘can exist in the
anclyte before crystallisation or liquid phase
separation. 1In practice the optimum anolyte composition
. will lie above the saturation curves for the temperature
of operation in order to maintain a safety factor to
prevent crystallisation of N0s occuring on cooling
surfaces  or premature liguid phase separation.

A second liquid phase can also co-exist with the HNOj
phase, and is shown by the region in the lower laft
portion of the phase diagram beyond the curves defined by
data points M to 0, these representing the approximate

position of thas saturation iiiguidus) curve at -15°C.



connection wth Figure 2), while the conposition W, in
“solvent, is fed to the chiller and crystalliger. The conp
W correspond approximately to those of the two | ayers pr
21 (Table 2). Wihen the [err] solvent |layer (W) is cool ed,

crystal l'i sesgulg Q%dm&@tﬁ@c@i‘sééf‘é W h - che L-smhuerx%abley%a Pdidd € a

. conposi tion represen‘t ed él ), the remaining [err] \g/ beco s enri ched
with respect 0 dbR9ink eri"’e%eﬂ?e'élh‘Bysalééﬁﬁo%P?l Sﬁp ESEBERt TR Thi s
conposi tion ls&tagaﬂdmslﬁbite fod Wig paswbd, atul+d srec.a A witnhelrazsepar ation

to conpositiqQns . re ente ojnts. Y and hown. t S | at
ei ther end of"r% gﬁo "ﬁtel &[lﬁ i bglé %‘X §§ lé?uglé{['l F’% %&:‘%%se
of the cooli keysing Ipoint d#orl m@?@w;ch pmyn‘seaan.at thier cpsehi ch may
arise (ie. COAQNdIANENG the!sdfuration of N0s in N:0, at that

*

temperature.

Referring now to Figure 2 of the drawings, apparatus,
generally designated 1, for use in a process for producing
a solution of Nz0s in an organic solvent comprises an
electrochemical cell 2 providing respective anode and
- cathode compartments 10, 20 having a respectivé anode and
- cathode (not shown). |

The anode compartment 10 forms part of an anolyte
loop 11 having an anclyte storage compartment 12
containing N2Os5/HNO3/N20;. The anode comparﬁment 10 is
capable of having a first, anolyte stream of NzOs/HNO3/N20;
passed therethrough from the anolyte storage compartment
12 via the anolyte loop 11. '

The cathode compartment 20 forms part of a catholyte
loop 21 having a catholyte storage compartment 22
containing Nz0,/HNO3/water. The cathode compartment 20 is
\ capable of having a second, catholyte stream .of
N0,/HNOz/water passed therethrough from the catholyte
compartment 22 via the catholyte loop 21.

An explanation of the functioning of such
electrochemical cells can be found in UK Patent No. 2 245
003. Essentially, a first, anolyte stream of N20s/HNO3/N20;
is passed through the anode compartment 10, and a second,
catholyte stream of water/HNO3/N20, passed through the
cathode cbmpartment 20 whilst applying a potential
difference between the anode and the cathode.



entrained in the major [err] phase (conposition Y') and

the earlier

part of the process via the [err] storage ta MMOE@NEB%

In summary, for a given anolyte conposition V, the quantl|ity of b
éxtracted is controlled by the flow rate of-the anol yte ogﬁeta L. GF f+
the quantity of [err] liquor nmixed with it, and by the réatve
tenperatures of thg separation stage and the crystalliser. 22 CLAI I\/B _

<1 Tils way electrical current is DaSSEd through the

cell 2 and N0s electrochemically formed in the anode
partment 10.

It is envisaged that, :ia use, the catholyte loop 21
would initially contain concentrated {(cypically 98%) HNO;
but would build up a considerable concentration of water
and N20: during the electrolysis. During operation of the

- brocess small quantities of the catholyte stream would be

removed in a continuous manner and the catholyte stream
replenished with fresh HENO;. The material removed would
‘be treated to remove water as dilute HNOs residual
substantially water-fres HNO; and N;O: being recycled.

The anolyte loop 11 contains che anclyte, which
would initially be Nx0. in HNO; but would build up to a
steady state (under extraction conditions) containing at
]_.eas:: 15% and 20% respectively of N;Os and N:O:. (by

weight), during electrolysis depending on the temperature
of the anolyte.

It is further envisaged that the electrochemical
cell 2 would employ a cationic exchange membrane such as
NAFION 324 or NAFION 350 which are proprietary materials
manufactured by Messrs DuPont de Nemours. In the present
process, the concentration of N;O. in tHe anolyte is
greater than 20% w/w so that a cation exchange membrane

can be used without incurring an unacceptably low
efficiency.

The apparatus further provides means by which a
minor portion (say between 1% and 20%) of the
N205/HNO3/N20;, anclyte stream can be divided off from the
rest of the anolyte stream: the divided pertion is shown
as 31 on Figure 1. By dividing off only a small
proportion of the anolyte for further treatment, the main
electrochemical process can be operated in a continous
manner under constant steady state condirions and
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1. A process for producing a solution of [err] in an|[oREROACEMENY@HEET |

- conprising the steps of: passing anol yte and cathol yte treans ?ﬁﬂ{ﬁbé] I
[err] through respective anode and cat hode.gonpart nment obteah. ]

. el ectrochem cal cell whilst applying a potential differ

anode and a cat hode thereof, whereby electrical current is passed through
.the cell and nt,
characteri se(#gglq;stt% ?el :&I tglFe‘p‘s(ija‘lo ng %#Q%ﬁgﬁ?honm&‘@

anol yte str ea“fﬂ%ﬁm'aby léYt\#ﬁa*ni)ra b‘(R?F—ét% GRPEFFULRRE PTOFEFSt F6nfhereto
of [err] W”brh"spr’%’éﬁbéﬁ- Ndo £aMSidG A adiiviedsd il Prdoersepar afe to
"~ produce a f|r er%% at hase cont.ai ni %&[err and. a sg\@gnd zgc?”]

sol vent phase l'rﬁal Ar 7P PSS | IREIW TR

separ at or; anﬂvwsemaaem@qcems] uhderm eleehrisllieechiphbsduinnt o an

- conditions elaborate countercurrent methods inveolving

mass transfer of solute are not required. It will be
appreciated then that the application of the cbntinuous
process of separation to the continuous ocutput from the
electrolytic process provides & highly economical
procedure overall and one which is well suited to an
industrial procesé.

The apparatus also provides a mixer 32 to which the
minor portion is passed, and in which further N:0. may be
introduced into the minor portion. Thereafter the minor
portion (with or without added N;0O.) may be cooled to a
temperature of around -5°C to + 15°C using the cooler 33.

The apparatus also ptovides a separator 34 to which
the (optionally coocled) sclution or mixture is then
passed. The separator 34 allows the minor portion to
separate into two parts, namely an upper N0, layer
containing N0s and small amounts of HNOs and a lower HNO3
iayer containing both NzOs and NxO.. '

The séparator 34 may additionally include cooling
means whereby the minor portion may be maintained at the
desired temperature so as to promote the formation or the
upper and lower layers and take off means by which the
upper and lower layers may be made remote from one
another.

_ There is further provided abstracting means, in this
. embodiment, in the form of a crystalliser 41 to which the
upper NzO. layer is passed. In the crystalliser 41 the
N;O, layer is chilled to induce N:0s precipitation.
Because at lower temperatures the viscosity of the
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-N204 to the divided portion, the portion i §7cool ed to a\t

wei ght % 2.

bet ween -5

vent to produce a solution of [err] therein;
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and +15[err]. 3. A process according to clal
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5°C represents a practicable lower limit for operation
of crystalliser 41.

The N;Os crystals obtained from the crystalliser are
only slightly contaminated with HNO3 and N:0. and can
thence be removed and redissolved in a suitable organic .
sclvent, such as dichloromethane. |

The HNO3 solvent phase produced by the sepérator 34
is recycled by return to the anolyte loop 11.

Further, effluent N;0. remaining after abstraction of
Nz0s from the N;O. layer is recycled by feeding to an N0
storage tank 42, from which tank 42 the divided portion
31 may be injected with N0, in the mixer 32 in an amount
sufficient to saturate the portion prior to separation
thereof in the separator 34, as previously explained.

Such recycling of what would otherwise be c‘assed as
waste screams obviates the need to dispose of such, and
provides an associated cost advantage.

The particular advantage of the process described
herewith may be said to depend on the fact that the HNOs
phase has a high temperature solubility coefficient with
respect to N20. but a lower coefficient with respect to
Nz0s which permits a rapid separation of the liguid phases
without crystallization of solid N;Os when there is a

small reduction in temperature of the mixture and that
the N0, phase has both a low content and low coefficient
of solubility of ENO3 but a high coefficient in respect of
N:Os thus permitting the rapid and easy formation of
relatively pure N;Os crystals on reducing the temperature
of this phase. Hence a two stage reduction in '
temperature with an intermediate phase separation stage
will effect transfer of the NOs from a saturated single
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5. A.process according to claim4, wherein the concerg MENTSHEET
mei ntai ned at at | east 20 wt % 6. A process accordi ng Ep‘aﬁé/kone
preceding clains, wherein the tenperature Qfathe anol ytle streaﬂﬂe fﬂ@g
-.from the el ectrochenical cell i's maintainedn the r andg O8f¢ ‘0 3oL-erris
7. A process according to any one of the preceding clarns, \/\herel n the

portion of the anoI%‘e streamwhich js divided off is a n1nor8§8 # n
thereof. 8. PIPHTTRTE® aToBRIRAY" t'&"’&‘t‘h‘l?ﬂ‘f’t%rsé’lll’r“ﬁ'ﬁé‘ Mih T9®n
conprises frownichoi@0istfeadilnecaysdallisl snlenmn &n essqmm@édy g di ng

to claims, \Mslg_“ hpd@@ L ngLi PoLid o;b,corg)réo'sﬁs. 1P aﬂ'gt,%r eceﬂ]% of the

anol yte stream . Orocess. according 1o any one of g cl ai ns,
wherein the [81'??“1)?0%1‘&36*(3?5 recovered fromthe

- Operation of the process of this present invention
may now be exemplified in the feollowing manner.

7y
fal
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._l

Based on a process of operating an electrochemical
cell to generate NgO0s in a mixture of N0, and HNOs in
accordance with known procedures (see UK Patent No. 2 245
003), synthetic mixtures of all three components were
prepared and mixed thoroughly before being each allowed
o separate into two layers which were then isolated.
The synthetic mixtures each replicated a product of such
an electrochemical cell to which NzO:. had been added and
which had been cooled to a temperature of 15°C. After
separation, samples of each layer were analysed to
provide the composition ¢f the upper and lower phases.
The results are given in Table 2.

ZABLE 2
. $w/w in . %¥w/w in upper . ¥w/w in lower
‘~ _ mixture layer layexr
N20: Nz0s5 HNO3 N20¢ N205 HENOs N20; N20s HNO3
47 19 34 75 17 8 36 20 44
46 22 32 71 20 9 30 23 47

Exampls 2

A synthetic mixture with a composition corresponding
approximately to that of the ﬁpp.er layers obtained in
Examplé 1 was prepared gravimetrically. The mixture was.
then chilled to yield crystals which were filtered off
and washed with cold dichloromethane. Analyses of the



first N204 phase by chilling the [err] phase to induce cr |z -
either in bulk or on a cold surface and then respectivqﬁﬁthbgmguﬂﬁﬁﬁﬁﬁ t he
solid or draining the liquid phase fromthe surface,

.re-dissolving the solid [err] in an organi& sol vent.
according to any one of clainms 1 to 9, wherein the [e_r__ e :
recovered fromthe first [err] phase by applying reduced pressure to the
[err] phasestbgtaatesihenselivenixcare] ahd bé dhat ckiyedatl iheapetodac:

di ssol vi ng [ ] duced s n.-an_o sol.ye A ess
accordi ng t%ggﬁ gééebgggégagﬁb %‘?%’QPgwﬂéﬁg ﬁL¥h§ErerrT pgggggt'Fs
recovered fLonlghe first N204 phase by feeding the [err] phase directly
into an orgaﬁgéésélvent and subjecting the m xture to fractional

w/w original *w/w washed

mixture tw/w wet crystcals crystals

Nz0, Nz0s HNOs N20: N20s HNOs3 . N20¢ NzOs HNO3
€8 28 & 8 g7 5 0 100 0

-

relation to the process flow diagram of Figure 2 may now
be further explained with reference to Figure 3 which

The processes described in Examples 1 and 2 and ir

shows a simplified representaticn cf the phase diagram of
Figure 1 with the solidi and liguidi cf that diagram only
drawn in. In addition, the pnase diagram of Figure 3
shows cerctain tie lines which connect the compositions of
two liguid phases co-existing in eguilibrium. Such
liguid phases in equilibrium are possible where the
respective compositions at a given temperature each lie
on one of the two liguidi for that temperature.

For example, data points A and L on the left hand
axis of the diagram of Figure 1 represent two
ccmpos¢t*ons which are in equilibrium and which are
connected by a tie line lying along the ,)left hand axis.
Moving to compositions further to the right cn each
liguidus, those pairs cl compositions which are in
eqguilibrium will be indicated by tie lines which lie
broadly parallel to the left hand axis, their exact
disposition reflecting the preferential uptake oI the
solute N;O0s in cne of the solvent phases.

Point V represents a typical anolyte composition feor
operation of an electrochemical cell at +15°C, ZIe with
ca. 30 wrc¥ NzO. and ca. 23 wt% N0s. Injectioa into this
composition of N;O. (with efficient mixing) is represented
by movement in the direction of the arrow along the line
VV’, the composition V'’ corresponding to the compoesition
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24 distillation at reduced pressure to renmpve the vol at
"solution of [err] in the organic solvent. 4@. A process accorq'h
one of. the preceding clains, wherein the organic sol venyl P&ed
-or acetonitrile. 14. Apparatus for use in a process for

sol uti on of ckettl bedbLroARle: SUYAN - WlEh 2PPALALURIRERRI | SCS:
. el ectrochem cal cel provi respective anode an ode conpartnents
havi ng a respystiald igssdon cl‘éaohodeDePhédebﬁpant whet FesFeTEid®abl e of

havi ng respegiine thidslof ided R dafigCeRdtneakRAbY Portilc®ABE &hd €rr] in
et Passed e U sl 1651, T NEL, PV g, 0o Jhots 2eplouing, @

a composition represented on the diagram of Figure 3 by

point W. This, in the embodiment chosen, represents a
composition with circa. 46 wt% N0, and circa. 19 wt%

Nz05, that is, of roughly the same composition as the

mixtures of Example 1.

Composition W is not a stable mixture and on being

allowed to divide will form two phases or layers with

- compositions represented by respective points W' and W"
lying on the two liquidi at either end of the tie line
W'W". From this point the two layers are separated and
the heavier acid layer represented by point W’ is returned
back to the anolyte loop (as previously described in
connection with Figure 2), while the composition W', in
which N30, is the solvent, is fed to the chiller and
crystalliser. The compositions at W’ and W' correspond
approximately to those of the two layers prcduced in
Exampie 1 (Table 2).

When the N0, solvent layer (W") is cooled, solid
pure NOs5 crystallises out as indicated by line W"X’. As
N20s crystallises out (ie a composition represented by
X’), the remaining Nz0; layer becomes enriched with
respect to Nx0, as represented by a composition at point
X. This composition is again unstable and the result
could be a further separation to compositions represented
by points Y and ¥’ (shown this time as lying at either end
of tielline YY' on the respective ligquidi at -15°C,

. . because of the cooling of the liquid). In practice any
separate HNO3z which may arise (ie. composition Y) will be
entrained in the major N0, phase (composition ¥’) and
will be returned to the earlier part of the process via
the N0, storage tank 42 (Figure 2).



.the anode and the cathode whereby, in use, an electric
through the cell and [err] is fornmed el ectrochem cally ijn
conpartnment, characterised in that the apparatus furthe
for dividing off a portion of the anolyte siream and nean
di vided portion to produce a first [err] solvent phase containing [err] and
a second [err] solvent phase; a separator for separating the two phases;
and neans for recoyeshmtatP| rtotr@nyivenf iaslvNR0dmbeser 164 ovancRegani c
solvent to produce_ a sglgk%on of %err]ithereig.1}5. y paﬁgt¥§ according to
claim 14, fUFRRFIEBnDT i MaG5gSHEARS LSr 1PnFRREFRYIEAsPY B of *PEr FR Pnto t he
di vided of f @brthenandélyhe hpobytaketeffim pyiuhetguanoiingof ¥Qortion
liguor mixed with it, and by the relative temperatures oI

the separation stage and the crystalliser.




25, 16. .Apparatus according to claim14 or 15, wherei

“remai ning after recovery of [err] fromthe2gerr] pha REPLACEMENT SHEBET!
anol yte stream of the electrochem cal cell. 17. Apparpatus fﬁc to
‘¢l aim 16, wherein at |least a part of the effluent [err]niss! reg:r vi.0. [

>r—1}

i njected i nggatiag di vided portion of the anolyte stream 18: Appara%ﬁ%=:
according to any of clains 14 to 17, wherein the separated NO3 sol vent
phase is returned to the anolyte streamof the electrochem cal cell. 19.

process foriproducpRgcassolfdir @rodudiHib d Eoluti@GRHE ¥0sVent aas

her el nbef or g, dgsgt! B8 venEth%fperrlesri%eg the steps of:

passing anolyte and catholyte streams of N0, in HNOs
through respective anode and cathode compartments of an
electrochemical cell whilst applying a potential
difference between an anode and a cathode therecf, whereby
electrical current is passed through the cell and NzOs is
electrochemically formed in the anode compartment,
characterised by the further steps of:

o~ - dividing off a portion of thé anolyte stream and, by
either or both steps of cooling or addition thereto of N0,
with thorough mixing, causing the divided portion to
separate to produce a first N0, solvent phase containing
N20s and a second HNO3 solvent phase also containing NzOs;

separating the two phases in a separator; and

recovering Nz0s from the first N0, phase into an
organic solvent to produce a solution of NzOs therein;

- and wherein the concentration of NpO; in the anclyte stream
is maintained at at least 20 weight%. .

2. A process accorxding to claim 1, wherein after
addition of N0; to the divided portion, the portion is
cooled to a temperature of between -5 and +15°C.

3. A process according to claim 1 or claim 2, wherein
« the concentration of N0, in the anolyte stream is '
maintained at at least 30 wt%.

4. A process according to any of claims 1 to 3, wherein
the concentration of NzOs in the anolyte stream is |
maintained at at least 15 wt%.
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to Figs 1 to 3. 20. An apparatus for use in a process f

sol ution of N205 in an organic solvent as,Qereinbefore (ﬂ&?ﬂdﬁﬁMﬁW RHEET

reference to Fig 2. i
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5. A process according to claim 4, whérein the

concentration is maintained at at least 20 wt%.

6. A process according to any one of the preceding
claims, wherein the temperature of the anolyte stream

exiting from the electrochemical cell is maintained in the’
range of 0 to 30°C.

7. A process according to any one of the preceding
claims, wherein the portion of the anolyte stream which is
divided off is a minor portion thereof.

8. A process according to claim 7, wherein the minor
portion comprises from 1 to 20 wt%¥ of the anolyte stream.

9. A process according to claim 8, wherein the minor
portion comprises approximately 5 wt% of the anolyte
stream.

10. A process according to any one of the preceding
claims, wherein the NpOs product is recovered from the
first N0, phase by chilling the N0, phase to induce -
crystallization either in bulk or on a cold surface and
then respectively filtering off the solid or draining the
liquid phase from the surface, followed by re-dissolving
the solid N0s in an organic solvent.

11. A process according to any one of claims 1 to 9,
wherein the N205 product is recovered from the first NzO,
phase by applying reduced pressure to the N;O, phase to
cause the solvent NzO; to be distilled off and re-
~dissolving the NxOs produced in an organic solvent.

12. A process accoxrding to any one of claims 1 to 9,
wherein the N2Os product is recovered from the first N20,
phase by feeding the N0, phase directly into an organic
solvent and subjecting the mixture to fractional
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distillation at reduced pressure to remove the volatile’
N20;, leaving a solution of N;Os in the organic solvent.

13. A process according to any one of the preceding
claims, wherein the organic solvent is dichloromethane oxr
~.acetonitrile.

14. Apparatus for use in a process for producing a
solution of Nz20s in an organic solvent, which apparatus
comprises: '

an electrochemical cell providing respective anode
and cathode compartments having a respective anode and
cathode, the compartments being capable of having
respective first, anolyte and second, catholyte, streams
of N0, in HNOs passed therethrough, said cell further
having means for applying a potential difference between
the anode and the cathode whereby, in use, an electric
current passes through the cell and Nx0Os is formed
electrochemically in the anode compartment, characterised
in that the apparatus further comprises:

means for dividing off a portion of the anolyte
stream and means for cooling the divided portion to
produce a first N0, solvent phase coni:aining N20s and a
second HNOsz solvent phase; .

a separator for separating the two phases; and

means for recovering N0s from the first N0; phase
into an organic solvent to producg a solution of NzOs
therein.

15. Apparatus according to claim 14, further comprising
means for injecting a stream of N0, into the divided off
portion of the anolyte stream prior to cooling the
portion. |
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16. Apparatus according to claim 14 or 15, wherein
effluent N0, remaining after recovery of NOs from the N0,
phase is recycled to the anolyte stream of the
electrochemical cell.

17. Apparatus according to claim 16, wherein at least a

part of the effluent N0, is recycled to be injected into
the divided portion of the anolyte stream. '

18. Apparatus according to any of claims 14 to 17,
wherein the separated HNO; solvent phase is returned to the
anolyte stream of the electrochemical cell.

18. A process forlproducing a solution of NOs in an
organic solvent as hereinbefore described with reference
to Figs 1 to 3. .

20. An apparatus for use in a process for producing a
solution of N20s in an organic solvent as hereinbefore
described with reference to Fig 2.
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