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(57) ABSTRACT

The invention relates to a cyclical method for producing a
nitrogen fraction, the purity of which is greater than or equal
to 95 mol %, and a hydrocarbon-enriched fraction from a
filler containing nitrogen and a hydrocarbon, said method
using a specific class of porous hybrid solids as an adsorbent
in a pressure-swing adsorption (PSA) process. The invention
also relates to equipment for implementing said method.
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CYCLICAL METHOD OF PRODUCING
HIGH-PURITY NITROGEN AND
OPTIONALLY A HIGH-PURITY

HYDROCARBON FROM A FEEDSTOCK
CONTAINING NITROGEN AND A
HYDROCARBON

RELATED APPLICATIONS

[0001] The present application is a National Phase entry of
PCT Application No. PCT/EP2012/075676, filed Dec. 14,
2012, which claims priority from U.S. Patent Application No.
61/710,333, filed Oct. 5, 2012, said applications being hereby
incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to a cyclical process
for the production of a nitrogen fraction with a purity of
greater than or equal to 95 mol % (2), on the one hand, and of
a fraction enriched in hydrocarbon (3), on the other hand,
from a feedstock (1) comprising nitrogen and a hydrocarbon,
and also to an installation for the implementation of this
process.

BACKGROUND OF THE INVENTION

[0003] There exist many processes in the energy industry,
the refining industry or the petrochemical industry during
which a mixture of nitrogen and hydrocarbon(s) is formed.
For example, during the production of polypropylene from
propylene, nitrogen is used to purify the polymer and in
particular in order to entrain the propylene which has not
reacted during the polymerization. In general, the propylene
also comprises a small fraction of propane.

[0004] The mixture of nitrogen and hydrocarbons often
cannot be recycled in the process. The mixture is thus incin-
erated and discharged to the air.

[0005] It would thus be desirable to be able to recover in
value this mixture of nitrogen and hydrocarbon(s). In particu-
lar, it would be desirable to be able to separate the nitrogen
from the hydrocarbon(s) and to recover high-purity nitrogen
using a system which consumes the least possible energy and
which has the highest possible yield. It would also be desir-
able to be able to recover the hydrocarbons with a high purity
and a high yield.

[0006] It is possible, for example, to use condensation or
membrane techniques or a combination of the two to recover
the hydrocarbons. However, the method is expensive and
yields are generally low.

[0007] The separation techniques also comprise absorption
by a chemical solvent (for example amines) or distillation.
However, these processes require bulky installations with
high operating expenses (OPEX) and capital expenses
(CAPEX).

[0008] Another solution consists in using solid adsorbents
subjected to adsorption and desorption cycles. The desorption
stage can be carried out either while reducing the pressure by
pressure swing adsorption (PSA) or else while increasing the
temperature by temperature swing adsorption (TSA).

[0009] Conventional solid adsorbents comprise active
charcoal, activated aluminas, silica gels or else other porous
metal oxides. However, the adsorption capacity of these
adsorbents is insufficient to compete with the industrial pro-
cesses described above.
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SUMMARY OF THE INVENTION

[0010] A subject matter of the invention is a cyclical pro-
cess for the production of nitrogen with a purity of greater
than 95 mol % (2), on the one hand, and of a fraction enriched
in hydrocarbon (3), on the other hand, from a feedstock (1)
comprising nitrogen and a hydrocarbon, said process using a
specific class of porous hybrid solids, metal-organic frame-
works (MOF), as adsorbent in a pressure swing adsorption
(PSA) process.

[0011] The process which is a subject matter of the inven-
tion makes it possible, starting from a simple and inexpensive
installation, to separate a nitrogen/hydrocarbons mixture in
order to recover either high-purity nitrogen or, simulta-
neously, high-purity nitrogen and high-purity hydrocarbons,
this being achieved with excellent degrees of recovery.
[0012] A subject matter of the invention is more specifi-
cally a cyclical process for the production of a nitrogen frac-
tion with a purity=95 mol % (2), on the one hand, and of a
fraction enriched in hydrocarbon (3), on the other hand, from
a feedstock (1) comprising nitrogen and a hydrocarbon, each
cycle comprising the following stages:

[0013] i) bringing said feedstock (1) into contact with an
adsorbent bed provided with a feed end and with a pro-
duction end and containing a solid adsorbent chosen
from porous hybrid solids, said contacting operation
being carried out under a pressure P;=0.1 MPa and a
temperature T,20° C;

[0014] ii) recovering, at the production end of the adsor-
bentbed, a first nitrogen fraction with a purity=95 mol %
@)

[0015] iii) depressurizing the adsorbent bed cocurrent-
wise down to a pressure P,<P, where P,=0.1 MPa, so as
to recover, at the production end of the adsorbent bed, a
second fraction of nitrogen with a purity=95 mol % (2);

[0016] iv) depressurizing the adsorbent bed countercur-
rentwise down to a pressure P;<P, where 0.05
MPa=<P;=<0.006 MPa, so as to desorb the hydrocarbons
from the bed and to recover, at the feed end of the
adsorbent bed, a first fraction enriched in hydrocarbon
3);

[0017] v) purging the adsorbent bed countercurrentwise
using the nitrogen fraction with a purity=95 mol % (2)
under the pressure P, so as to recover, at the feed end of
the adsorbent bed, a second fraction enriched in hydro-
carbon (3);

[0018] i) repressurizing the adsorbent bed countercur-
rentwise using the nitrogen with a purity=95 mol % (2)
or with the feedstock (1) up to the pressure P, ;

in which said adsorbent has a dynamic capacity with regard to
the hydrocarbon of at least 3 mmol/g between 0.25 MPa and
0.05 MPa at 50° C. and a dynamic capacity with regard to the
nitrogen of less than or equal to 0.50 mmol/g between 0.25
MPa and 0.05 MPa at 50° C.

[0019] The dynamic capacity of an adsorbent (mmol/g) is
defined as being the difference between the amount adsorbed
(mmol) per gram of adsorbent and the amount remaining
adsorbed (mmol) per gram of adsorbent after the desorption
stage. The dynamic capacity is a function of the adsorption
isotherms of the various constituents of the feedstock. Ignor-
ing the kinetic effects, the dynamic capacity of a given con-
stituent (in the case in point the nitrogen or the hydrocarbon)
can be estimated by the calculation of the difference between
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the amount adsorbed at the adsorption pressure and the
amount desorbed at the desorption pressure for this constitu-
ent.

[0020] The process which is a subject matter of the present
invention uses, as adsorbent, a solid belonging to the family of
the porous hybrid solids which is also called metal-organic
framework (MOF). Porous hybrid solids are well known to a
person skilled in the art. They are composed of inorganic
subunits (transition metals, lanthanides, and the like) con-
nected to one another via organic ligands (carboxylates, phos-
phonates, imidazolates, and the like), thus defining porous
crystalline hybrid networks.

[0021] Theinventors have found, unexpectedly, that porous
hybrid solids exhibiting a dynamic capacity as defined above
can be used in a pressure swing adsorption (PSA) process to
very efficiently separate gaseous mixtures of hydrocarbons
and nitrogen.

[0022] Preferably, the porous hybrid solid exhibits a
dynamic capacity with regard to the hydrocarbon of at least
3.5 mmol/g, preferably of at least 3.8 mmol/g, between 0.25
MPa and 0.05 MPa and a dynamic capacity with regard to the
nitrogen of less than or equal to 0.50 mmol/g, preferably of
less than or equal to 0.20 mmol/g, between 0.25 MPa and 0.05
MPa.

[0023] The porous hybrid solid according to the invention
can comprise one of the following metal ions: Mg, Ca, Sr, Ba,
Sc,Y, Ti, Zr, Hf, V,Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Co,
Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Hg, Al, Ga, In, TI, Si,
Ge, Sn, Pb, As, Sb or Bi, preferably Fe, Cu, Zr or Ti, more
preferably Fe.

[0024] The porous hybrid solid according to the invention
can comprise, as bidentate organic compound, one of the
following functional groups: —COOH, —CS,H, —NO,,
—B(OH),, —SO;H, —Si(OH),, —Ge(OH);, —Sn(OH);,
—Si(SH),, —Ge(SH),, —Sn(SH);, —PO;H, —AsO;H,
—AsO,H, —P(SH);, —As(SH);, —CH(RSH),, —C(RSH)
3, —CH(RNH,),, —C(RNH,);, —CH(ROH),, —C(ROH);,
—CH(RCN), and —C(RCN),, where R is preferably an
alkylene group having from 1to 5 carbon atoms orelse an aryl
group.

[0025] Preferably, the porous hybrid solid according to the
invention is chosen from MIL-100(Fe), MIL-125(Ti) or MIL-
125(Ti)_NH, or else from Cu-BTC or UiO-66.

[0026] The size of the pores of the porous hybrid solid can
be between 5 and 30 A. Preferably, the porous hybrid solid
exhibits a specific surface, measured according to the BET
method, of between 1000 m*/g and 3000 m*/g and more
preferably between 1500 m*/g and 2500 m*/g.

[0027] Generally, the porous hybrid solid will have to be
activated before beginning the adsorption stage, in particular
by thermal dehydration.

[0028] According to the present invention, the feed end of
the adsorbent bed is defined as being that via which the
feedstock (1) comprising the nitrogen and a hydrocarbon is
introduced at the time of the adsorption stage. The production
end of the adsorbent bed is defined as being that via which the
high-purity nitrogen is withdrawn during the adsorption
stage.

[0029] The feedstock (1) can originate from any process
capable of generating a gaseous mixture of nitrogen and
hydrocarbon(s), such as, for example, a plant for the produc-
tion of polypropylene. The process of the invention makes it
possible to separate gas mixtures comprising at least 30 mol
% of nitrogen and at most 70 mol % of hydrocarbon, prefer-
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ably at least 70 mol % of nitrogen and at most 30 mol % of
hydrocarbon. The feedstock (1) can comprise several hydro-
carbons: one present in a predominant amount (for example
propylene) and the others being present in a much lower
amount (for example propane, ethane, methane, and the like).
[0030] The hydrocarbon is preferably a linear or branched
alkane or alkene comprising between 1 and 20 carbon atoms,
preferably between 1 and 10 carbon atoms and more prefer-
ably between 1 and 5 carbon atoms and is more preferably
still propane or propylene.

[0031] Stagesi)to vi)ofthe process as described above can
be carried out by a PSA process, in particular in VPSA
(Vacuum Pressure Swing Adsorption) mode. The basic prin-
ciple of PSA is to take advantage of the ability of the adsor-
bent to adsorb more impurities at high pressure than at low
pressure. Thus, by linking together adsorption and desorption
phases, from a high pressure to a low pressure of the cycle, it
is possible to carry out a selective separation of the gas mol-
ecules. Furthermore, with adsorption units operating in
sequence, it is possible to continuously purify the gas to be
treated. The installation can thus comprise several beds of
adsorbents, for example between 2 and 4 adsorbent beds,
preferably 3 adsorbent beds.

[0032] Eachcycle ofthe process of the invention comprises
the following successive stages:

Stage (i): the feedstock (1) is introduced via the feed end of
the adsorbent bed under a pressure P,=0.1 MPa and a tem-
perature T,=0° C. The feedstock (1) thus comes into contact
with the porous hybrid solid. Preferably, P, is between 0.1
MPa and 1 MPa, more preferably between 0.2 MPa and 0.5
MPa and more preferably still equal to approximately 0.25
MPa. Preferably, T, is between 0° C. and 100° C. and more
preferably equal to approximately 50° C. The adsorbent bed
can be pressurized using the feedstock (1) or else with nitro-
gen.

Stage (ii): on passing through the adsorbent bed, the hydro-
carbon present in the feedstock (1) is adsorbed on the porous
hybrid solid. As the hydrocarbon exhibits a much greater
affinity for the porous hybrid solid than that of the nitrogen,
bringing the feedstock (1) into contact with the porous hybrid
solid results in an enriching of the feedstock (1) in nitrogen. A
nitrogen with a purity of greater than or equal to 95 mol % is
then recovered at the production end of the adsorbent bed.
[0033] Thehydrocarbon/nitrogen selectivity under the con-
ditions of stage 1) is at least 20 to 50° C. and 0.25 MPa. For
example, the propylene/nitrogen selectivity at 0.1 MPa and
50° C. for MIL-100(Fe) is approximately 40. The selectivity
is defined by the following formula:

Selectivity=xHC*yN,/(xN, *yHC)

in which:

xHC=Number of moles of hydrocarbon adsorbed/(Number
of moles of hydrocarbon adsorbed+Number of moles of
nitrogen adsorbed),

xN,=Number of moles of nitrogen adsorbed/(Number of
moles of hydrocarbon adsorbed+Number of moles of nitro-
gen adsorbed),

yHC=Number of moles of hydrocarbon in the feedstock/
(Number of moles of hydrocarbon in the feedstock+Number
of moles of nitrogen in the feedstock),

yN,=Number of moles of nitrogen in the feedstock/(Number
of' moles of hydrocarbon in the feedstock+Number of moles
of nitrogen in the feedstock).
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Stage (iii): the adsorbent bed is depressurized cocurrentwise
downto apressure P,<P, where P,=0.1 MPa, so as to recover,
at the production end of the adsorbent bed, a second nitrogen
fraction with a purity=95 mol % (2). Preferably, P, is between
0.2 MPa and 0.1 MPa, more preferably between 0.15 MPa
and 0.1 MPa and more preferably still equal to approximately
0.1 MPa.

Stage (iv): the adsorbent bed is subsequently depressurized
countercurrentwise down to a pressure P,<P, where 0.05
MPa=P,=<0.006 MPa, so as to desorb the hydrocarbons from
the bed and to recover, at the feed end of the adsorbent bed, a
first fraction enriched in hydrocarbon (3). This stage is com-
monly known as blowdown. Preferably, P; is between 0.05
MPa and 0.01 MPa, more preferably between 0.05 MPa and
0.025 MPa and more preferably still equal to approximately
0.04 MPa. The adsorbent bed can be depressurized using a
vacuum system.

[0034] On desorbing the hydrocarbon, the porous hybrid
solid is thus regenerated.

Stage (v): the adsorbent bed is purged countercurrentwise
using the nitrogen fraction with a purity=95 mol % (2) under
the pressure P, so as to recover, at the feed end of the adsor-
bent bed, a second fraction enriched in hydrocarbon (3).
[0035] If it is desired to recover in addition a fraction
enriched in hydrocarbon (2) with a purity=90 mol %, an
additional stage is carried out which consists in recycling a
portion of the fraction enriched in hydrocarbon (2) in the
adsorbent bed via the feed end before carrying out the depres-
surization stage iv), so as to saturate the bed with hydrocarbon
and to recover, on conclusion of stage iv), a fraction enriched
in hydrocarbon (2) with a purity=90 mol %. This stage is
commonly referred to as a rinse stage.

[0036] In this case, the depressurization stage iv) is prefer-
ably carried out under a pressure P, of between 0.05 MPa and
0.006 MPa, more preferably between 0.03 MPa and 0.006
MPa, more preferably still between 0.02 MPa and 0.006 MPa
and more preferably still at approximately 0.01 MPa.

Stage (vi): the adsorbent bed is repressurized countercurrent-
wise using the nitrogen with a purity=95 mol % (2) or with the
feedstock (1) up to the pressure P, .

[0037] The process of the invention makes it possible to
recover a nitrogen with a purity=95 mol % with a degree of
recovery of greater than or equal to 80%, preferably of greater
than or equal to 95%.

[0038] Ifthe additional stage consisting in recycling a por-
tion of the fraction enriched in hydrocarbon (2) in the adsor-
bent bed via the feed end is carried out before carrying out the
depressurization stage iv), the process of the invention addi-
tionally makes it possible to recover a hydrocarbon with a
purity=90 mol % and a degree of recovery of greater than or
equal to 80%, preferably of greater than or equal to 90%.
[0039] In apreferred embodiment, MIL.-100(Fe) is used to
separate nitrogen from propylene and to recover a high-purity
nitrogen by carrying out the stages described above. The
adsorption stage 1) is preferably carried out between 0.2 MPa
and 0.5 MPa, in particular at 0.25 MPa, and at 50° C. The
codepressurization stage iii) is preferably carried out between
0.1 and 0.15 MPa, in particular at 0.1 MPa. The blowdown
stage iv) and the purge stage v) are preferably carried out
between 0.05 and 0.025 MPa, in particular at 0.04 MPa. The
repressurization stage vi) is preferably carried out between
0.2 and 0.5 MPa, in particular at 0.25 MPa.

[0040] If in addition it is desired to recover high-purity
propylene, a portion of the fraction enriched in propylene (2)
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is advantageously recycled in the adsorbent bed via the feed
end before carrying out the depressurization stage iv). In this
case, the adsorption stage 1) is preferably carried out between
0.2 MPa and 0.5 MPa, in particular at 0.25 MPa, and at 50° C.
The codepressurization stage iii) is preferably carried out
between 0.1 and 0.15 MPa, in particular at 0.1 MPa. The rinse
stage is preferably carried out between 0.1 and 0.15 MPa, in
particular at 0.1 MPa. The blowdown stage iv) and the purge
stage v) are preferably carried out between 0.02 and 0.006
MPa, in particular at 0.01 MPa. The repressurization stage vi)
is preferably carried out between 0.2 and 0.5 MPa, in particu-
lar at 0.25 MPa.

[0041] Another subject matter of the invention is an instal-
lation for the implementation of the process as described
above in the specific case of a feedstock (1) comprising pro-
pylene and nitrogen.

This installation comprises:

[0042] a polymerization reactor with an inlet which
makes it possible to introduce propylene as reactant, said
propylene comprising a propane fraction, as well as the
other ingredients necessary for the polymerization;

[0043] agas/solid separator positioned at the outlet of the
polymerization reactor which receives the solid
polypropylene resulting from the polymerization reac-
tion and also an unreacted propylene/propane mixture,
said gas/solid separator additionally comprising:
[0044] an inlet which makes it possible to introduce

nitrogen intended to degas the solid polypropylene,
[0045] an outlet (A) for the nitrogen/propylene/pro-
pane gas mixture; and
[0046] an outlet (B) for recovering the solid polypro-
pylene;

[0047] at least one adsorbent column chosen from
porous hybrid solids, said columns making it possible to
receive the nitrogen/propylene/propane gas mixture so
as to produce, on the one hand, a nitrogen with a
purity=95 mol % and, on the other hand, a mixture
enriched in propylene and propane.

In addition, the installation can comprise:

[0048] aline which makes it possible to recycle the nitro-
gen with a purity=95 mol % in the separator,

[0049] aline which makes it possible to recycle the mix-
ture enriched in propylene and propane in the adsorbent
column, so as to saturate the bed with hydrocarbon and
to recover a fraction of propylene and propane with a
purity=90 mol %,

[0050] a line which makes it possible to recycle said
fraction of propylene and propane with a purity=95 mol
% in the polymerization reactor or else a distillation
column in order to separate the propylene from the pro-
pane starting from said fraction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 represents the adsorption isotherms for nitro-
gen on MIL-100(Fe) at different temperatures (50, 100 and
150° C.), up to 5 bar abs.

[0052] FIG. 2 represents the comparison between the
adsorption isotherms for nitrogen and propylene at 50° C. on
MIL-100(Fe).

[0053] FIG. 3 diagrammatically represents the stages of the
cyclical process A) according to the invention.

[0054] FIG. 4 diagrammatically represents the cyclical pro-
cess A) for continuous operation with 4 columns.
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[0055] FIG.5 diagrammatically represents the stages of the
process B) according to the invention.

[0056] FIG. 6 diagrammatically represents the cyclical pro-
cess B) for continuous operation with 3 columns.

[0057] FIG. 7 represents the adsorption capacity of MIL-
100(Fe) (“C;Hg (mol/kg)”) as a function of the pressure
(Pressure (bar abs.)) at 50° C. or at 70° C., either in the form
of cylinders (batch 1) or in the form of beads (batch 2), under
the conditions of Example 1 (simulation) or else under the
conditions of Example 2 (pilot plant).

[0058] FIG. 8 represents the comparison between the
adsorption isotherms for nitrogen and propylene at 70° C. on
MIL-125_NH,.

[0059] FIG. 9 represents the comparison between the
adsorption isotherms for nitrogen and propylene at 70° C. on
UiO-66(Zr).

DETAILED DESCRIPTION OF THE DRAWINGS

[0060] The examples which follow clarify the invention
without limiting the scope thereof.

[0061] In the examples which follow, all the pressures are
expressed in bar abs. (bar absolute). 1 bar=0.1 MPa.

EXAMPLES

Separation of Nitrogen and Propylene Using
MIL-100(Fe)

[0062] MIL-100(Fe) is an iron(III) trimesate porous hybrid
solid with a zeolite MTN topology synthesized at the Korea
Research Institute of Chemical Technology (KRICT) (Yoon
etal, 2010).
[0063] Two batches were tested:

[0064] batch 1: cylinders as described below,

[0065] batch 2: beads as described below.

1) Example 1

Measurements of Equilibrium and Simulation

[0066] FIG.1 represents the adsorption isotherms for nitro-
gen on MIL-100(Fe) as characterized in Table 2 at different
temperatures (50, 100and 150° C.),up to 5 bar abs., measured
in a Rubotherm magnetic suspension balance.

[0067] FIG. 2 represents the comparison between the
adsorption isotherms for nitrogen and propylene at 50° C. on
MIL-100(Fe) as characterized in Table 2.

[0068] It emerges from these isotherms that the propylene/
nitrogen selectivity at 1 bar abs. and 50° C. is approximately
40.

[0069] Two cyclical PSA processes were simulated:

[0070] A)process for production of high-purity nitrogen
from a nitrogen/propylene mixture,

[0071] B)process for production of high-purity nitrogen,
on the one hand, and of high-purity propylene, on the
other hand, from a nitrogen/propylene mixture.

[0072] The nitrogen/propylene mixture comprises 70 mol
% of nitrogen and 30 mol % of propylene. It is introduced into
the adsorbent bed under the following conditions: 70° C., 1
bar abs. and 4 SLPM, 10.7 mol/h. SLPM=Standard Liter Per
Min (Standard: 70° F. and 14.696 psiA (21° C. and 1 Atm)).
[0073] The process A) comprises the 5 following stages:

[0074] the nitrogen/propylene mixture is introduced at
the feed end of the adsorbent bed,

[0075] adsorption under a pressure of 2.5 bar abs.,
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[0076] the high-purity nitrogen is recovered at the pro-
duction end of the adsorbent bed,

[0077] cocurrentwise depressurization under a pressure
of 1 bar abs., in order to increase the degree of recovery
of the nitrogen,

[0078] countercurrentwise depressurization (blow-
down) under a pressure 0f' 0.4 bar abs., so as to recover a
first fraction enriched in propylene, then

[0079] a purge under a pressure of 0.4 bar abs. using a
fraction of the high-purity nitrogen, in order to regener-
ate the adsorption bed and to recover a second fraction
enriched in propylene,

[0080] countercurrentwise repressurization of the adsor-
bent bed using a fraction of the high-purity nitrogen.

[0081] The process B) comprises the same stages as the
process A), with in addition a rinse stage which consists in
recycling a portion of the fraction enriched in propylene
obtained on conclusion of the stage of countercurrentwise
depressurization in the adsorbent bed, so as to saturate the
latter with propylene and to thus recover a fraction of high-
purity propylene. The pressure in the countercurrentwise
depressurization stage and in the rinse stage is 0.1 bar abs.
FIG. 3 diagrammatically represents the stages of the process
A).

FIG. 4 diagrammatically represents the cyclical process A)
for continuous operation with 4 columns.

FIG. 5 diagrammatically represents the stages of the process
B).

FIG. 6 diagrammatically represents the cyclical process B)
for continuous operation with 3 columns.

The meanings of the expressions used in FIGS. 3,4, 5 and 6
are shown in the following Table 1:

TABLE 1
“Adsor.” Adsorption stage
“CoDep” or “CocD” or “D” Cocurrentwise depressurization stage
“Rinse” Recycling stage (rinse)
“Blowdown” or “Blowd” or Countercurrentwise depressurization stage
“B” (blowdown)
“Purge” Countercurrentwise purge stage
“Press.” or “P” Countercurrentwise repressurization stage
“N, product™ High-purity nitrogen recovered
“C3Hg product” High-purity propylene recovered
“C3Hg waste” Unrecovered propylene fraction
[0082] The mathematical model for carrying out the simu-

lation is that described in Da Silva et al., 1999, Da Silva and
Rodriges, 2001, and Ribeiro et al., 2008.

[0083] The values of the transport parameters required by
the model were calculated by employing the correlations
normally used. The axial dispersion coefficients of the mass
and of the heat, and also of the mass transfer and convection
heat transfer coefficients, were estimated by using the Wakao
and Funazkri correlations (Wakao and Funazkri, 1978; Yang,
1987; Da Silva 1999). The coefficient for heat transfer by
convection between the gas and the wall of the column was
calculated with the Wash and Froment correlation (Wash and
Froment, 1972). The macropore diffusivity was calculated
with the Bosanquet equation and the diffusivities were deter-
mined with the Chapman-Enskog equation (Bird et al., 2002).
The general properties of the gases, such as the density, the
viscosity and the molar specific heat, were obtained accord-
ing to Bird et al., 2002. It was assumed that the molar specific
heat of the adsorbed gas was equal to that of the gas phase
(Sircar, 1985).
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[0084] The dimensions of the adsorbent bed and the prop-
erties of the adsorbent are shown in the following Table 2:
TABLE 2

Length of the bed (m) 2

Diameter of the bed (m) 0.026

Porosity of the bed 041

Adsorbent MIL-100(Fe)

Form of the adsorbent cylinders

Radius of the cylinder (m) 1.5x 1073

Length of the cylinder (m) 3.85%x 1073

Particle density (kg/m®) 888

Porosity of the cylinder 0.34

Crystal diameter 14x 1073

[0085] The values of the transport parameters under the
feed conditions are shown in the following Table 3:
TABLE 3

Axial dispersion coefficient of the mass (m?/s) 55%x 107

Axial dispersion coefficient of the heat (W/nvK) 0.50

Mass transfer coefficient of the film (m/s) 2.3x 1072

Coefficient for transfer of heat of the film between 85

the gas and the particle (W/m?/K)

Coefficient for transfer of heat of the film between 60

the gas and the wall (W/m?/K)

Overall heat transfer coefficient (W/m?/K) 40

Macropore diffusivity (m?/s) C3Hg:3.04 x 1078
N,:3.07x 1073

Crystalline diffusivity (m?/s) C3Hg: 1.18 x 10710
N,: 1.13x 107

[0086] The energy consumption of the process was also
calculated. An adiabatic compression was assumed and the
following equation was used:

-1
1 Y [ P ]
Power = ,—]rLRngyT1 (P_l) -1

in which:

m is the efficiency, 1 is the molar flux, R, is the ideal gas
constant, T is the feed temperature, P, and P, are respectively
the inlet pressure and the outlet pressure and vy is the ratio of
the heat capacity of the gas mixture at constant pressure to the
heat capacity of the gas mixture at a constant volume (y=Cp/
Cv) (Mc Cabe et al., 1993; McAllister, 2009). For the com-
pression of the feed feedstock from 1 bar abs. to 2.5 bar abs.,
an efficiency of 85% was set. In the case of vacuum pumps
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(required for the countercurrentwise depressurization and
purge stages), an efficiency of 60% has been assumed.
[0087] The performance of the PSA process was evaluated
from the following parameters: purity of the product recov-
ered, degree of recovery and productivity as defined by Rota
and Wankat (Rota and Wankat et al.).

1.1. Recovery of the High-Purity Nitrogen (Process A):

[0088] The purity of the nitrogen is defined in the following
way:

n,SV2 (Adsorption) + n,SV2 (Depressurization)

1 (Adsorption) + 13, (Depressurization)

in which:

nNZS (Adsorption) represents the number of moles of nitrogen
exiting in the gas phase during the adsorption stage,

nNZS (Depressurization) represents the number of moles of
nitrogen exiting in the gas phase during the depressurization
stage,

Ny, (Adsorption) represents the total number of moles exit-
ing in the gas phase during the adsorption stage,

Ny, (Depressurization) represents the total number of
moles exiting in the gas phase during the depressurization
stage.

The degree of recovery of the nitrogen is defined in the fol-
lowing way:

n,SV2 (Adsorption) + n,SV2 (Depressurization) —

ﬂf/z (Purge) - nf,z (Pressurization)

nf,z (Adsorption)

in which:

nNZS (Adsorption) represents the number of moles of nitrogen
exiting in the gas phase during the adsorption stage,

nNZS (Depressurization) represents the number of moles of
nitrogen exiting in the gas phase during the depressurization
stage,

nNZE (Purge) represents the number of moles of nitrogen
entering the column during the purge stage,

nNZE (Pressurization) represents the number of moles of nitro-
gen entering the column during the repressurization stage,
nNZE (Adsorption) represents the number of moles of nitrogen
entering with the feedstock during the adsorption stage.

The simulation results are shown in the following Table 4:

TABLE 4

Duration of the stages (s)

Countercurrentwise
Cocurrentwise depressurization
Adsorption depressurization (blowdown) Purge Repressurization
300 100 250 500 50
P (bar abs.) P (bar abs.) P (bar abs.) Feed T (° C.)
2.5 1.0 0.4 70
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TABLE 4-continued
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Adsorption flow rate (SLPM)

Purge flow rate (SLPM)

4.0 0.24

Nitrogen recovered

Degree of Productivity Fraction enriched in propylene
Purity (%) recovery (%) (moly»/kg,z/h) Purity (%)
99.9 81.5 2.74 67.3

Energy consumption

19.7 W (3.2 Wh/molyy)

1.2. Recovery of the High-Purity Nitrogen, on the One Hand,
and of the High-Purity Propylene, on the Other Hand (Process
B):

[0089]
way:

The purity of the nitrogen is defined in the following

n,SV2 (Adsorption) + n,SV2 (Depressurization) + n,f,2 (Rinse)

3 (Adsorption) +

13 (Depressurization) + 13, (Rinse)

nNZS (Adsorption) represents the number of moles of nitrogen
exiting in the gas phase during the adsorption stage,

nNZS (Depressurization) represents the number of moles of
nitrogen exiting in the gas phase during the depressurization
stage,

nNZS (Rinse) represents the number of moles of nitrogen exit-
ing in the gas phase during the rinse stage,

Ny, (Adsorption) represents the total number of moles exit-
ing in the gas phase during the adsorption stage,

Ny~ (Depressurization) represents the total number of
moles exiting in the gas phase during the depressurization
stage,

Ny, (Rinse) represents the total number of moles exiting in
the gas phase during the rinse stage.

The purity of the propylene is defined in the following way:

nésHG (Blowdown) + nés He (Purge)

orat(Blowdown) + 15, (Purge)

in which:
nc, HGS (Blowdown) represents the number of moles of propy-

lene exiting in the gas phase during the countercurrentwise
depressurization stage,

nc, HGS (Purge) represents the number of moles of propylene
exiting in the gas phase during the purge stage,

Ny, (Blowdown) represents the total number of moles exit-
ing in the gas phase during the countercurrentwise depressur-
ization stage,

Ny, (Purge) represents the total number of moles exiting in
the gas phase during the purge stage.

The degree of recovery of the nitrogen is defined in the fol-
lowing way:

n,f,2 (Adsorption) + n,SV2 (Depressurization) +

n,SV2 (Rinse) — nf,z (Purge) — nf,z (Pressurization)

nf,z (Adsorption)

which:

nNZS (Adsorption) represents the number of moles of nitrogen
exiting in the gas phase during the adsorption stage,

nNZS (Depressurization) represents the number of moles of
nitrogen exiting in the gas phase during the depressurization
stage,

nNZS (Rinse) represents the number of moles of nitrogen exit-
ing in the gas phase during the rinse stage,

nNZE (Purge) represents the number of moles of nitrogen
entering the column during the purge stage,

nNZE (Pressurization) represents the number of moles of nitro-
gen entering the column during the repressurization stage,

nNZE (Adsorption) represents the number of moles of nitrogen
entering with the feedstock during the adsorption stage.

The degree of recovery of the nitrogen is defined in the fol-
lowing way:

nés He (Blowdown) + nésHG (Purge) — nESH6 (Rinse)

ngs e (Adsorption)

in which:

n., 3HGS (Blowdown) represents the number of moles of propy-
lene exiting in the gas phase during the countercurrentwise
depressurization stage,

ng 3HGS (Purge) represents the number of moles of propylene
exiting in the gas phase during the purge stage,

ng 3H6E (Rinse) represents the number of moles of propylene
entering with the feedstock during the rinse stage,

ng 3H6E (Adsorption) represents the number of moles of pro-
pylene entering with the feedstock during the adsorption
stage.
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7
The simulation results are shown in the following Table 5:
TABLE 5
Duration of the stages (s)
Countercurrentwise
Cocurrentwise depressurization

Adsorption  depressurization Rinse (blowdown) Purge Repressurization

800 100 600 250 600 50
P (bar abs.) P (bar abs.) P (bar abs.) Feed T (° C.)

25 1.0 0.1 70

Adsorption flow rate (SLPM) Rinse flow rate (SLPM)

Purge flow rate (SLPM)

4.0 1.3

0.17

Nitrogen recovered

Propylene recovered

Degree of Productivity Degree of Productivity
Purity (%) recovery (%) (moly»/kg,z/h) Purity (%) recovery (%)  (moly»/kg,z/h)
99.9 97.4 4.33 97.9 87.6 1.67
Energy consumption
36.6 W (5.0 Wh/molyy, 13.0 Wh/mol e 46)

2) Example 2 vaporized before entering the adsorption column in upward
fashion. The stream is controlled using a regulator located on
Experiment at the Pilot Scale the pump and using a system for regulating the flow rate, and
[0090] The dynamic adsorption capacity (dynamic capac- the pressure is controlled using a pressure-regulating loop

ity) of the MIL-100(Fe) with respect to propylene was deter-
mined at 50° C. and 70° C.

[0091] Furthermore, adsorption/desorption cycles in VPSA
(Vacuum Pressure Swing Adsorption) mode were carried out
in order to experimentally confirm the simulation results
described above.

2.1. Description of the Pilot Plant

[0092] The pilot plant is composed of nitrogen and liquid
propylene storage tanks, of a regulator which makes it pos-
sible to regulate the nitrogen flow rate, of a positive displace-
ment pump intended for the liquid propylene and of an evapo-
rator located over the mixture, upstream of the adsorption
column. The adsorbent (MIL-100(Fe) as described below)
bed is placed in the adsorption column with an internal diam-
eter of 1" and with a height of 2 m. This column is equipped
with an external jacket in which a temperature-regulated heat-
exchange fluid capable of operating between 20 and 200° C.
circulates. Three thermocouples are placed at the bottom, at
the middle and at the top of the column, at 0.1 m, 1 mand 1.80
m from the bottom of the adsorbent bed, at the center of the
column.

[0093] Pressure regulation at the column outlet makes it
possible to control the pressure in the column. A vacuum
pump is also connected to the column so as to be able to
operate under vacuum during the regeneration of the adsor-
bent. An in-line infrared analyzer makes it possible to analyze
the streams at the inlet and on the outlets of the column.
Flowmeters are also present at the inlet and at the outlet of the
adsorption column.

[0094] During the adsorption stage, the liquid propylene is
pumped using the positive displacement pump and mixed
with the nitrogen. The gas/liquid mixture is then completely

located after the adsorption column.

[0095] Thedesorptionstageis carried out by decreasing the
pressure by entrainment under vacuum, a small amount of
nitrogen being introduced into the column.

[0096] The MIL-100(Fe) tested is provided in the form of
beads with a diameter of 2.5 mm and with a specific surface,
measured according to the BET method, of greater than 2100
m?/g.

[0097] The MIL-100(Fe) has to be activated before use: 3
hours at 150° C. under vacuum of nitrogen. On conclusion of
the activation, the loss in weight is approximately 13%, with
respect to the initial weight. After each test, the MIL-100(Fe)
was reactivated under these conditions using a slight stream
of nitrogen under vacuum (less than 3 mbar).

2.2. Operating Conditions
Temperature: 20-200° C.

Pressure: 0-80 bar

[0098]
TABLE 6

Pressure Minimum Normal range Maximum

Adsorption 1 bar abs. 1-20 bar abs. 80 bar abs.

Desorption 0.02 bar abs. 0.1 bar abs. 5 bar abs.

2.3. Sampling and Analysis

[0099] The analysis of the various gas streams is carried out
in line using three-way valves. These valves make possible
the analysis of the mixture at the inlet of the column, of the
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mixture at the column outlet or of the mixture which passes
through the vacuum pump. The analysis is carried out using
an analyzer with a platinum-based infrared source (ABB).

2.4. Results

[0100] 2.4.1 Determination of the Dynamic Capacity of the
MIL-100(Fe) with Respect to Propylene at 50° C. And 70° C.

[0101] The breakthrough curves and the temperature pro-
files with regard to MIL-100(Fe) for propylene (feed flow
rate: 80 Sl/h+5%) at 50° C. and 1.25 bar abs. were deter-
mined. The operating conditions and the amount of propylene
adsorbed at equilibrium are shown in Table 7. The dynamic
capacity of the MIL-100(Fe) with respect to propylene at 50°
C. and 1.25 bar abs. is 4.290 mol/kg.

[0102] The breakthrough curves and the temperature pro-
files with regard to MIL-100(Fe) for propylene (feed flow
rate: 80 SI/h+5%) at 70° C. and 1.28 bar abs. and 2.4 bar abs.
were determined. The operating conditions and the amount of
propylene adsorbed are shown in Table 8. The dynamic
adsorption capacity of the MIL-100(Fe) with respect to pro-
pyleneat 70° C./1.28 bar abs. and 70° C./2.40 bar abs. is 3.862
mol/kg and 5.387 mol/kg respectively.

TABLE 7
Temperature 50° C.
Adsorption pressure 1.25
(bar abs.)
Adsorption temperature 323
X)
Average volumetric 80
flow at the inlet of the
column (SLhr)
Propylene in the feed 100
feedstock (%)
Molar flux at the inlet 9.92 x 107*

of the column (mol.s)
Weight of adsorbent 0.331
in the bed (kg)

Volume of the adsorbent 1.067 x 107
bed (m?)
True density of the 888
adsorbent (kg/m>)
Porosity of the bed (€) 0.65
Diameter (m) 0.02606
Height of the bed (m) 2
Atthe  Atthe  Atthe
T bottom middle top
Position of the sensors h (m) 0.10 1.00 1.80
Adsorbed at equilibrium  Amount of 1.418
propylene (mol)
Dynamic capacity 4.290
(mol/kg)
TABLE 8
Temperature 70° C.
Adsorption pressure 1 1.28
(bar abs.)
Adsorption pressure 2 240
(bar abs.)
Adsorption temperature 343
X)
Average volumetric 81.3

flow at the inlet of the
column (SLhr)
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TABLE 8-continued

Propylene in the feed 100
feedstock (%)

Molar flux at the inlet
of the column (mol.s)
Weight of adsorbent 0.331
in the bed (kg)

1.01 x 1073

Volume of the adsorbent 1.067 x 107
bed (m?)
True density of the 888
adsorbent (kg/m>)
Porosity of the bed (€) 0.65
Diameter (m) 0.02606
Height of the bed (m) 2
Atthe Atthe  Atthe
T bottom middle top
Position of the sensors h (m) 0.10 1.00 1.80
Equilibrium 1 Amount of 1.276
propylene
adsorbed (mol)
Dynamic capacity 3.862
(mol/kg)
Equilibrium 2 Amount of 0.504
propylene
adsorbed (mol)
Dynamic capacity 5.387
(mol/kg)
[0103] FIG. 7 represents the adsorption capacity of the

MIL-100(Fe) (“C;H, (mol/kg)”) as a function of the pressure
(pressure (bar abs.)) at 50° C. or at 70° C., either in the form
of cylinders (batch 1) or in the form of beads (batch 2), under
the conditions of Example 1 (simulation) or else under the
conditions of Example 2 (pilot plant).

[0104] It can be seen in FIG. 7 that the adsorption capacity
of'the MIL-100(Fe) with respect to propylene under dynamic
conditions (Ex. 2) is very similar to that determined under the
static conditions (Ex. 1). The results are uniform.

[0105] These results on a pilot plant validate the results
obtained by simulation and show that porous hybrid solids,
such as MIL-100(Fe), exhibit a dynamic adsorption capacity
with respect to hydrocarbons, in particular propylene, which
is sufficiently high (at least greater than 3 mmol/g) to make
possible efficient separation of the nitrogen within pressure
ranges appropriate for an industrial application.

[0106] 2.4.2 Cycles in VPSA (Vacuum Pressure Swing
Adsorption)
[0107] Adsorption/desorption cycles in VPSA (Vacuum

Pressure Swing Adsorption) mode were carried out in order to
experimentally confirm the simulation results of example 1.

Stages:

[0108] adsorption (2.5 bar abs.),

[0109] cocurrentwise depressurization (1.5 bar abs.),

[0110] countercurrentwise depressurization (blow-
down) (0.5 bar abs.),

[0111] countercurrentwise purge using 100% pure nitro-
gen,

[0112] repressurization using 100% pure nitrogen,

[0113] the nitrogen is recovered on conclusion of the

adsorption and cocurrentwise depressurization stages.



US 2015/0258489 Al

Operating Conditions:

[0114] adsorption pressure: 2.5 bar abs.
[0115] absorption temperature: 70° C.
[0116] desorption pressure: 0.5 bar abs.

Composition of the feedstock at the inlet of the bed: 70 mol %
propylene

[0117] 30 mol % nitrogen
Amount of activated MIL-100(Fe) (beads): 330 g

[0118] The results on a pilot plant in comparison with those
obtained by simulation are shown in Table 9:
TABLE 9

Unit Simulation Pilot plant
Adsorption time s 1180 1180
Length of the bed m 1.99 1.99
Diameter of the bed m 0.026 0.026
Flow rate of the feedstock ~ mol/h 2.68 2.68
Flow rate of the purge SLPM 0.13 0.13

MIL-100(Fe) ~ MIL-100(Fe)

Adsorbent cylinders beads
Diameter of the adsorbent m 0.0015 0.0025
Weight of the adsorbent kg 0.560 0.330
Density of the adsorbent kg/m? 888 888
Porosity of the bed 0.41 0.65

[0119] The purity ofthe nitrogen is defined according to the
following formula:

13, (Adsorption) + 113, (depressurization)

e (Adsorption) + 5, (depressurization)

in which:

[0120] n,,° (Adsorption) represents the number of moles
of'nitrogen exiting in the gas phase during the adsorption
stage

[0121] n,,° (depressurization) represents the number of
moles of nitrogen exiting in the gas phase during the
depressurization stage

[0122] ng,,” (adsorption) represents the total number of
moles exiting in the gas phase during the adsorption
stage

[0123] n,,,° (depressurization) represents the total
number of moles exiting in the gas phase during the
depressurization stage.

[0124] The degree of recovery of the nitrogen is defined
according to the following formula:

13, (AdS) + iy, (depressurization)

1%, (Recomp) + n§, (Ads) + niy, (purge)

in which:

[0125] n,,° (Ads) represents the number of moles of
nitrogen exiting in the gas phase during the adsorption
stage

[0126] n,.° (depressurization) represents the number of
moles of nitrogen exiting in the gas phase during the
depressurization stage
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[0127] n,,° (Recomp) represents the number of moles of
nitrogen entering the column during the recompression
stage

[0128] n,,° (Ads) represents the number of moles of
nitrogen entering with the feedstock during the adsorp-
tion stage

[0129] n,,° (purge) represents the number of moles of
nitrogen entering the column during the purge stage.

[0130] These values are determined over a complete cycle
after stabilization of the process.

[0131] The purity of nitrogen recovered is 97.6 mol %.
[0132] The degree of recovery of the nitrogen is 63.4%.
[0133] These results show that porous hybrid solids, such

as MIL-100(Fe), exhibit a dynamic adsorption capacity with
respect to hydrocarbons, in particular propylene, which is
high (at least greater than 3 mmol/g) over pressure ranges
appropriate for an industrial application.

[0134] Furthermore, these results show that porous hybrid
solids, such as MIL-100(Fe), can be used to separate nitrogen
from hydrocarbons in a very efficient way, that is to say with
very high levels of purity (>95%) and degrees of recovery of
greater than 80%, if, in addition, a stage of cocurrentwise
depressurization after the adsorption stage and a countercur-
rentwise purge using high-purity nitrogen as described in
example 1 are carried out.

3) Example 3

Measurements of Equilibrium on MIL-125(Ti)_NH,
or UiO-66(Zr)

[0135] FIG. 8 represents the comparison between the
adsorption isotherm for nitrogen and the adsorption isotherm
(black points) and desorption isotherm (white points) for
propylene at 70° C. over MIL-125(T1)_NH,, the characteris-
tics of which are shown in the following table 10.

[0136] FIG. 9 represents the comparison between the
adsorption isotherm for nitrogen and the adsorption isotherm
(black points) and desorption isotherm (white points) for
propylene at 70° C. over UiO-66(Zr).

TABLE 10
MIL-125 (Ti)_NH, Ui0-66(Zr)
Form of the adsorbent Powder Powder
Porosity 0.59 cc/g 0.8 cc/g
BET specific surface 1450 m?/g 1350 m%/g

[0137] The sorption isotherms were measured using a
device of IGA (Intelligent Gravimetric Analyzer, Hiden Ana-
Iytical Ltd.) type with control of the pressure of the gas (0-5
bar) at 70° C. Before carrying out the adsorption measure-
ments, the samples of adsorbent (30 mg) were dehydrated at
200° C. for 12 hours under vacuum (<10~ torr).

[0138] It emerges from these isotherms that the propylene/
nitrogen selectivity at 1 bar abs. and 70° C. over MIL-125
(Ti)_NH, is 47.2.

[0139] It emerges from these isotherms that the propylene/
nitrogen selectivity at 1 bar abs. and 70° C. over UiO-66(Zr)
is 33.4.

[0140] The embodiments above are intended to be illustra-
tive and not limiting. Additional embodiments may be within
the claims. Although the present invention has been described
with reference to particular embodiments, workers skilled in
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the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

[0141] Various modifications to the invention may be
apparent to one of skill in the art upon reading this disclosure.
For example, persons of ordinary skill in the relevant art will
recognize that the various features described for the different
embodiments of the invention can be suitably combined,
un-combined, and re-combined with other features, alone, or
in different combinations, within the spirit of the invention.
Likewise, the various features described above should all be
regarded as example embodiments, rather than limitations to
the scope or spirit of the invention. Therefore, the above is not
contemplated to limit the scope of the present invention.

1. A cyclical process for the production of a nitrogen frac-
tion with a purity=95 mol %, on the one hand, and ofa fraction
enriched in hydrocarbon, on the other hand, from a feedstock
comprising nitrogen and a hydrocarbon, each cycle compris-
ing the following stages:

1) bringing said feedstock into contact with an adsorbent
bed provided with a feed end and with a production end
and containing a solid adsorbent chosen from porous
hybrid solids, said contacting operation being carried
out under a pressure P,=0.1 MPa and a temperature
T,20°C.;

ii) recovering, at the production end of the adsorbent bed, a
first nitrogen fraction with a purity=95 mol % (2):

iii) depressurizing the adsorbent bed cocurrentwise down
to a pressure P,<P, where P,=0.1 MPa, so as to recover,
at the production end of the adsorbent bed, a second
fraction of nitrogen with a purity=95 mol %;

iv) depressurizing the adsorbent bed countercurrentwise
down to a pressure P;<P, where 0.05 MPa=<P,<0.006
MPa, so as to desorb the hydrocarbons from the bed and
to recover, at the feed end of the adsorbent bed, a first
fraction enriched in hydrocarbon

v) purging the adsorbent bed countercurrentwise using the
nitrogen fraction with a purity=95 mol % under the
pressure P;, so as to recover, at the feed end of the
adsorbent bed, a second fraction enriched in hydrocar-
bon;

vi) repressurizing the adsorbent bed countercurrentwise
using the nitrogen with a purity=95 mol % or with the
feedstock up to the pressure P;

in which said adsorbent has a dynamic capacity with regard
to the hydrocarbon of at least 3 mmol/g between 0.25
MPa and 0.05 MPa at 50° C. and a dynamic capacity
with regard to the nitrogen of less than or equal to 0.50
mmol/g between 0.25 MPa and 0.05 MPa at 50° C.

2. The process as claimed in claim 1, wherein the hydro-
carbon is a linear or branched alkane or alkene comprising
between 1 and 20 carbon atoms, preferably between 1 and 10
carbon atoms and more preferably between 1 and 5 carbon
atoms and is more preferably still propane or propylene.

3. The process as claimed in claim 1, wherein the porous
hybrid solid is chosen from the MIL group, preferably from
MIL-100(Fe), MIL-125(Ti) or MIL-125(Ti)_NH,, or else
from Cu-BTC or UiO-66.

4. The process as claimed in claim 1, wherein stage 1) of
bringing the feedstock into contact with the adsorbent bed is
carried out at a pressure P, of between 0.1 MPa and 1 MPa,
preferably of between 0.2 MPa and 0.5 MPa and more pref-
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erably at approximately 0.25 MPa and at a temperature of
between 0° C. and 100° C. and preferably at approximately
50° C.

5. The process as claimed in claim 1, wherein the cocur-
rentwise depressurization stage iii) is carried out at a pressure
P, of between 0.2 MPa and 0.1 MPa, preferably between 0.15
MPa and 0.1 MPa and more preferably at approximately 0.1
MPa.

6. The process as claimed in claim 1, wherein the depres-
surization stage iv) is carried out under vacuum.

7. The process as claimed in claim 1, wherein the depres-
surization stage iv) is carried out at a pressure P of between
0.05 MPa and 0.01 MPa, preferably between 0.05 MPa and
0.025 MPa and more preferably at approximately 0.04 MPa.

8. The process as claimed in claim 1, wherein, before
carrying out the depressurization stage iv), a portion of the
fraction enriched in hydrocarbon is recycled in the adsorbent
bed via the feed end, so as to saturate the bed with hydrocar-
bon and to recover, on conclusion of stage iv), a fraction
enriched in hydrocarbon with a purity=90 mol %.

9. The process as claimed in claim 8, wherein the depres-
surization stage iv) is carried out under a pressure P; of
between 0.05 MPa and 0.006 MPa, preferably between 0.03
MPa and 0.006 MPa, more preferably between 0.02 MPa and
0.006 MPa and more preferably still at approximately 0.01
MPa.

10. The process as claimed in claim 1, wherein the degree
of'recovery of nitrogen with a purity=95 mol % is greater than
or equal to 80%, preferably greater than or equal to 95%.

11. The process as claimed in claim 8, wherein the degree
of'recovery of hydrocarbon with a purity=90 mol % is greater
than or equal to 80%, preferably greater than or equal to 90%.

12. The process as claimed in claim 1, wherein the feed-
stock comprises at least 30 mol % of nitrogen and at most 70
mol % of hydrocarbon, preferably at least 70 mol % of nitro-
gen and at most 30 mol % of hydrocarbon.

13. The process as claimed in claim 1, wherein the feed-
stock originates from a plant for the production of polypro-
pylene.

14. A process for the production of polypropylene by poly-
merization of propylene optionally comprising a propane
fraction, in which the polypropylene resulting from the poly-
merization stage is separated from the propylene and propane
which have not reacted during the polymerization using a
gas/solid separator into which a nitrogen charge is introduced
in order to purify the polypropylene, which results in the
formation of a nitrogen/propylene/propane mixture, said pro-
cess being characterized in that said nitrogen/propylene/pro-
pane mixture is recovered and the stages as defined in any one
of’claims 2 to 13 are carried out in order to produce, on the one
hand, a nitrogen fraction with a purity=95 mol % and, on the
other hand, a fraction enriched in propylene and propane.

15. The process as claimed in claim 14, wherein a portion
of'the fraction enriched in propylene and propane is recycled
in the adsorbent bed via the feed end, so as to saturate the bed
with hydrocarbon and to recover, on conclusion of stage iv),
afraction enriched in propylene and propane with a purity=90
mol %.

16. An installation for the implementation of a process as
claimed in claim 14, wherein said installation comprises:

a polymerization reactor with an inlet which makes it pos-
sible to introduce propylene as reactant, said propylene
comprising a propane fraction, as well as the other ingre-
dients necessary for the polymerization;
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a gas/solid separator positioned at the outlet of the poly-
merization reactor which receives the solid polypropy-
lene resulting from the polymerization reaction and also
an unreacted propylene/propane mixture, said gas/solid
separator additionally comprising:
an inlet which makes it possible to introduce nitrogen
intended to degas the solid polypropylene,

an outlet (A) for the nitrogen/propylene/propane gas
mixture; and

an outlet (B) for recovering the solid polypropylene;

at least one adsorbent column chosen from porous hybrid
solids, said columns making it possible to receive the
nitrogen/propylene/propane gas mixture so as to pro-
duce, on the one hand, a nitrogen with a purity=95 mol %
and, on the other hand, a mixture enriched in propylene
and propane.

17. The installation as claimed in claim 16, wherein said
installation comprises a line which makes it possible to
recycle the mixture enriched in propylene and propane in the
adsorbent column, so as to saturate the bed with hydrocarbon
and to recover a fraction of propylene and propane with a
purity=90 mol %.
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