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FI LTERI NG A THREE- PHASE REACTI ON M XTURE The present

i nvention relates to a process for filtering a three-phase reaction

m xture conpriwd ray/4630& |iquid phase, alnon-dissol ved BSSIAERIAGISAT ¢
phase 5 and a gaseous phase. I n processes using
conpound conpri SRQCEHS FOR FIIELE nch (WHRERE PHAGR (R 14 2rh
cat al yst of Raney ni ckel or copalt t%ﬁg

, if_ﬁas beén observed
that in the absence of (H RERFIRS IPVRRE TN FFIRTFE 4D 2tHECSHEBnce of
hydr ogen, the &%r%]e functio

ssol ved

of the medi um have a harnful influence
on the activit§PorfiHeering %a%%f?%ighase reaction mlxﬁ?ﬁ%,c?ﬁp%%?%?%ular
in the processes for.th ogenat i of . jgrd ' L pes, and
even nore 15°% ;Jalrﬁlc%ék?ﬁ/e‘i e ;pr{%%e(g]éée%g#‘géldt %ﬂb%réf%g%l %‘? en§§i on

?Leacgi 2: ;gs![ I %ﬁﬁgﬁeﬁ%fﬁ%%&‘t he Applicant has denonstrated that

In processes using a compound comprising at
least one nitrile function and a non-dissolved catalyst
of Raney nickel or cobalt type, it has been observed
that in the absence of gas, and more particularly in

10 the absence of hydrogen, the nitrile functions of the
medium have a harmful influence on the activity of the
catalyst.

Thusg, in particular in the processes for the
hydrogenation of nitriles into amines, and even more

15 particularly in processes for the partial hydrogenation
of a dinitrile into aminonitrile, the Applicant has
demonstrated that the catalyst of Raney nickel or
cobalt type has a tendency to become deactivated in the
presence of nitrile functions, when the medium no

20 longer or only sparingly contains hydrogen.

Moreover, it turns out that metal catalysts
deposited on a support, which are also used, in
particular in hydrogenation processes, separate out
poorly by settling and are difficult to filter.

25 The present invention proposes a solution to
these problems, which consists in tangentially
filtering, on a membrane filter, at least some of a

three-phase reaction mixture comprising a liquid phase



‘cobalt type has a tendency to becone deactivated in the presence of
nitrile functions, when the nmediumno 20 | onger or only sparingly
cont at ns hydr ogen. Moreover, it turns out that netal
catal ysts deposited on a support, wRAich are also used, in
. particular in hydrogenation processes, separate out oorly b
settling and aire whidh quitrilke fiyncgionpmre fo‘fnd' a W‘S‘l‘% S%/nvept i on
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the catalx§t M@ﬂéeééme time recovering at least some of the filtrate
containing the reaction products.
The tangential circulation, relative to the
membrane and at high speed, of the mixture.to be
filtered minimizes the amount of solid retained on the
10 filter. It is thus possible to minimize the risks of
deactivation of the catalyst. It allows continuous
filtration while at the same time keeping the catalyst
in its reaction medium.
Generally, the circulation speed of the
15 reaction mixture through the membrane is between
0.5 metre/second and 20 metres/secbnd and preferably
between 1 metre/second and 10 metres/second.
The membrane filters used for the tangential
filtration generally consist of a flat or tubular
20 support and an inorganic or organic membrane, often
referred to as the active layer, which is a few
micrometres in thickness.
For the process of the invention, the
membranes used will preferably be inorganic membranes
25 which generally behave better chemically and thermally
with respect to the reaction mixture used.

The support and the active layer can be made

of the same material or of different materials. The



5 the sanme tinme recovering at | east sonme of the filtrate cont ai ni ng

the reaction products. The tangential circulation, relative
to the menbrane and at hi gh speed, of the m xture to be filtered
m fAim zes the amount of solid retained on3the 10 filter. It is thus
possible to mnimze the risks of | deactivation of the catalyst. _It
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t hi ckness. For the process of the invention, the
menbr anes usednddn lpd¥ef@iahdtePe ORI, MEWDS af€sn pore diameter
ranges between 1 nanometre and one micrometre.

For reasons of lifetime and regenerability of
the membrane, it is preferred in the present process to

10 use ultrafiltration membranes which have a mean pore
diameter of from 10 nanometres to 100 nanometres and a
cutoff threshold (whiéh is defined by the molecular
mass of the compounds stopped by the membrane and is
expressed in grams/mole or daltons) of greater than or

15 equal to 5 kilodaltons (kD) and preferably greater thanl
or equal to 100 kilodaltons.

The liquid phase of the reaction,mixture.to
be filtered essentially comprises at least one compound
containing nitrile functions, such as the unconverted

20 starting dinitrile or nitrile, the aminonitrile and/or
the amine and/or the.diamine formed, and an optional
solvent which can be, in particular, water and/or an
amide and/or an alcohol and/or an amine and/or ammonia.
The alcohols usually used are alkanols such as

25 methanol, ethanol, 1—propanol;-2-propanol and
l1-butanol, diols such as ethylene glycol and propylene
glycol, polyols or mixtures of the said alcohols. When

the solvent is an amide, use may be made in particular



25 which generally behave better chemcally and thermally W th

respect to the reaction m xture used. The support and the
active layer can be made of the same material or of di fferent
materials. The 4 active |ayer
of the filter can be made, for exanple,_of na, zircqni um

oxi de, titani @ @mwmomamld%%.q@qqny@etﬁmﬁm@? éﬁ‘eal so be
made of al um na, graphlt%¥%2|rc ni um ﬁﬁ;ﬂ tltanlun1d|qglde 5
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General ly, thls an. pore di netere e and one
m cronetre. ATE g xaméoef reasons o |fe I me and"]‘}é]egcgﬂe@é ility of

trari 1 rac ] SR e R L AL s
ave a Trean pore di aneter of from 10
nanonet r ess t 0 J4Q0; NFUBIK £8h W ydrogenated. The liquid phase also
generally comprises a strong inorganic base derived
from an alkali metal or alkaline-earth metal.

When water is present with another solvent,
the said solvent represents, on a weight basis, from

10 two to four times the weight of water.

The solid catalytic phase generally consists
of a catalyst based on Raney nickel and/or Raney
cobalt, optiqnally, but preferably, comprising a doping
element chosen from.the elements from Groups IVb, VIb,

15 VIIb and VIII of the Periodic Table of the Elements as
published in the Handbook of Chemistry and Physics,
S51st edition (1970-1971).

The catalyst based on Raney nickel and/or
Raney cobalt used in the process can thus comprise,

20 besides nickel or cobalt and the residual amounts of
the metal eliminated from the original alloy during the
preparation of the catalyst, i.e., generally,
aluminium, one or more other doping elements, such as,
for example, chromium, titanium, molybdenum, tungsten,

25 iron or zinc. |

Among these doping elements, chromium and/or
iron and/or titanium are considered as the most

advantageous. These doping elements usually represent,



cutoff threshold (which is defined by the nol ecul ar mass of the

conpounds stopped by the nmenbrane and is expressed in grans/ nole or
daltons) of greater than or 15 equal to 5 kilodaltons (kD) and preferably
greater than or equal to 100 kil odabt ons. The liquid

phase of the reaction mxture to ., be filtered essentially conprises at
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be made in particul ar
rhodium, nickel or cobalt, deposited on a support which

is generally a metal oxide, such as aluminas, silicas,
aluminosilicates, titanium dioxide, zirconium oxide or
magnesium oxide.
10 In the supported metal catalysts, the metal
generally represents from 0.1 to 80% of the weight of
the support, and preferably from 0.5 to 50%.
The solid phase generally represents from 1%
. to 50% by weight relative to the weight of the liquid
15 phase, without these values being critical.
| The gaseous phase consists essentially of
hydrogen.
The tangential filtration can be carried out
at a temperature which is advantageously that at which
20 the hydrogenation reaction is carried out. This
temperature is usually less than or equal to 150°C,
preferably less than or equal to 120°C and even more
preferably less than or equal to 100°C.
In concrete terms, this temperature is
25 usually between room temperature (about 20°C) and
100°C. The process can be performed, without any
technical difficulties, at a temperature below 20°C,

but there is no advantage in doing so on account of the
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whi ch can be used as solvent, nention may be made, for exanple, of the
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generally conprises a strong inorganic base_ derived froman al kali

netal or  al kalioweraroduriigen efficiency of theyhyAxegeRationresent with
anot her sol vent, the said solvent represents, on a weight basis, from
10 two to fJRAFEIRIE the weight of water. The solid

i ckel AﬁdPQ?SEa%SSGra' g %ﬁ??ﬁfﬂsﬁ%ﬁaﬂw%ﬁﬁ & '?%?Edf"%%%?.eﬁ. ng @
dopi ng t r%ﬁ' g%%%ﬂ% &Eﬂéd’”&cﬁ%ﬂé fi@tr%ﬁ,

VI1b and vm’o’f enents as edln
t he Handbaok rﬂaﬁ@rﬁ&h@é@ ﬂb 15, by the éﬁéés@ﬁéta@rwﬁ@ﬂocﬂ@?l)
sSe

The catalyst ba Raney nlck and/"or
hydrogenation reaction is carried out. However, it is

necessary to create a pressure greater than atmospheric
pressure. Generally, this pressure is between 1 bar
(0.10 MPa) and 20 bar (1 MPa) and preferably between

10 2 bar (0.5 MPa) and 10 bar (5 MPa). In practice, the
pressure is created by a pump which feeds the membrane
filter from the reactor.

The flow feeding the membrane filter
obviously depends on the amount of reaction mixture

15 present in the reactor, as well as the capacity of the
filter. It is also determined according to the reaction
progress, such that the liquid filtrate or permeate,
which will be at least partially recovered and treated
elsewhere, contains sufficient amounts of the intended

20 product (s) of the hydrogenation reaction.

The catalyst filtered in the presence of
hydrogen remains active and is recycled into the
hydrogenation reaction.

The example which follows illustrates the

25 invention.

EXAMPLE
A reactor fitted with a stirrer, means for

heating and cooling, means for introducing reagents at



Raney cobalt used in the process can thus conprise, 20 besides nickel or

cobalt and the residual anounts of the netal elimnated fromthe
original alloy during the preparation of the catalyst, i.e.,

general |y, al um nium one or nore oVher doping elenents, such as,

for exanple, chromum titanium nolybdenum tungsten, 25 I ron or zinc.
Among t hese doidisngan @asrt And Hrenaad ey at itsibeftemdra¥tiitani um are
consi dered as the npst advant ageous. These dopi ng el epents usual ly
represent, contains about 20 litres of a mixture composed,, P \vRi ght
basis relative to thebwejsght Pf ni ckel, from0%to 15% and preferably
from0%to 1098eight basis, of: 1o caiaiytic phase can al so consist of a

TR WL LS IS LY Ay ks Ea VL1 o 3 the Pe o Table
deposited n a support Whigh 45 aminocapronitrile '

- 9.1% hexamethylenediamine

- 14.2% water

- 5.2% Raney nickel with a mean particle
size of about 10 micrometres.

10 This solution is at a hydrogen pressure of
2 bar and at a temperature of 55°C.

A volumetric pump with a flow rate of 2 m®/h
is placed at the removal outlet located at the bottom
of the reactor, followed by an electromagnetic flow

15 meter and a manometer. The solution removed from the
reactor feeds a membrane filter consisting of a
graphite support and an inorganic active layer of
zirconium oxide with a cutoff threshold of 300 kD and a
mean pore diameter of between 25 and 50 nm (trade name

20 Carbosep M9 from the company Tech-Sep).

The filter-feed flow.is placed under a
hydrogen pressure of 2 bar and the circulation speed of
the reaction mixture through the membrane is about
5 m/s.

25 The flow of permeate is 67 kg/h.m?®. The
permeate is at atmospheric pressure.

No Raney nickel is found in the permeate.

The retentate containing the catalyst is



is generally a netal oxide, .such as alum nas, silicas,

al um nosilicates, titanium dioxide, zirconium oxide or magnesi um
oxide: 10 In the supported netal catalysts, the netal
geherally represents fromO0.1 to 80% of t8&e wei ght of t he support,
and preferably from0.5 to 50%" The solid phase generally
represents frgdifcgled inte BE ABAGHKIYHt rel ative to the weight of the
liquid 15 phase, w thout_ these val ues_bejng critical. The
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| ess than or equal to 100[err]C. In concrete terns, this

tenperature is 25 usual |y between roomtenperature (about 20[err]C and
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advant age in doi ng so on account of the | ower production
. efficiency ofwbhe7pyesogenation reacdtion. PCT/FR97/0@9PT essur e
di fference between the filter inlet and outlet, which is required for
the filtration, 5 can be provided |CLAEMS by the pressure at which the
hydr ogenation reaction is carried out. However, necessary to

create a pressure great&r thahlﬁraﬁseaepreceSS: ﬁhéEéGF@rléﬁﬁeﬁﬁlly, this
pressure is between 1 bar and 20 ba and preferably

1 MP
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5 reaction mixture comprising a liquid phase in which
nitrile functions are found, a gaseous phase comprising
hydrogen and a catalytic solid phase comprising Raney
nickel and/or cobalt or a supported metal catalyst, and
process for recycling the catalyst while at the same

10 time recovering at least some of the filtrate
containing the reaction products.

2. Process according to Claim 1,
characterized in that the membrane filter used for the
tangential filtration consists of a flat or tubular

i5 support and of an inorganic or organic membrane (or
active layer) which is a few micrometres in thickness.

3. Process according to Claim 2,
characterized in thet the active layer of the filter is
made of o-alumina, zirconium oxide, titanium dioxide or

20 graphite fibres and the support is made of graphite,
alumina, zirconium oxide or titanium dioxide.

4, Process according to either of Claims 2
and 3, characterized in that the membrane has a mean
pore diameter ranging between 1 nanometre and one

25 micrometre and preferably a mean pore diameter of from
10 nanometres to 100 nanometres.
5. Process according to one of Claims 1 to

4, characterized in that the liquid phase of the

This Sheet Hai|i3|e|e|n IlTlaced
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according to the fedcti®on® ~* progress, sucl AﬁqﬁE@N iltrate or
. per meat e, which will be at |east pagtially reBERIAEER and |reated

el sewhere, contains sufficient anbunts of the intended 20 product(s) of
t he hydrogenatésdricmohioture to be filtered Téssentbaysy tomprisdsin the

presence of hydrogen remains active and is recycled into the
hydr ogenat i onat ebedsorone cofipound contaiiingxaiptdlehfuhctbbhsws
illustrates the 25 I nventi on. EXAVPLE A reactor

fitted with asechragrthesunconverted shanting dkaitsvblengr RibRileor

i ntroduci ng reagents at 7 ..
g thg aminonitrile and/or the amine and/or the diamine

5 formed, and an optional solvent.

6. Process according to Claim 5,
characterized in that the solvent is chosen from water
and/or an amide and/or an alcohol and/or an amine
and/or ammonia.

10 7. Process according to one of Claims 1 to
6, characterized in that the solid catalytic phase
consists of a catalyst based on Raney nickel and/or
Raney cobalt, preferably comprising a doping element
chosen from the elements from Groups IVb, VIb, VIIb and

15 VIII of the Periodic Table of the Elements as published
in the Handbook of Chemistry and Physics, 51st edition
(1970-1971).

8. Process according to one of Claims 1 to
6, characterized in that the solid catalytic phase

20 consists of a metal, which is a metal from Group VIII
of the Periodic Table of the Elements, such as
ruthenium, rhodium, nickel or cobalt, deposited on a
support which is a metal oxide, such as aluminas,
silicas, aluminosilicates, titanium dioxide, zirconium

25 oxide or magnesiuﬁ oxide.

9. Process according to one of Claims 1 to
8, characterized in that the tangential filtration is

carried out at a temperature which is less than or

This Sheet Has Been Re'ilaced
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(0.10 MPa) and 20 bar (1 MPa) and preferably between

2 bar (0.5 MPa) and 10 bar (5 MPa).
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(57) Abstract

The invention discloses a method for filtering a three-phased reaction mixture,comprising a liquid phase, an undissolved solid catalytic
phase and a gas phase. More precisely it consists tangentially in filtering on one membrane filter at least one part of a three-phased reaction
mixture comprising one liquid phase in which are found nitrile functions, one gas phase comprising hydrogen and one solid catalytic phase
comprising nickel and/or Raney cobalt, or a supported metal catalyst, in recycling the catalyst while recuperating at least one part of the
filtrate comprising the reaction products.

(57) Abrégé

La présente invention conceme un procédé de filtration d’un mélange réactionnel triphasique, comportant une phase liquide, une phase
catalytique solide non dissoute et une phase gazeuse. Plus précisément elle consiste 2 filtrer tangentiellement sur un filtre 2 membrane au
moins une partie d’un mélange réactionne! triphasique comportant une phase liquide dans laquelle se trouvent des fonctions nitrile, une
phase gazeuse comprenant de I’hydrogéne et une phase solide catalytique comprenant du nicke! et/ou du cobalt de Raney. ou un catalyseur
métallique supporté, A recycler le catalyseur tout en récupérant au moins une partie du filtrat contenant les produits de la réaction.
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di am ne formed, and an optional sol vent. : Process
accordingsto £§é¢f&éh mixture comprising a liquid phase in whlch
nitrile functions are found, a gaseous phase comprising
hydrogen and a catalytic solid phase comprising Raney
nickel and/or cobalt or a supported metal catalyst, and
process for recycling the catalyst while at the same
10 time recovering at least some of the filtrate
containing the reaction products.

2. Process according to Claim 1,
characterized in that the membrane filter used for the
tangential filtration consists of a flat or tubular

15 support and of an inorganic or organic membrane (or
active layer) which is a few micrometres in thickness.

3. :Process according to Claim 2,
characterized in that the active layer of the filter is
made of o-alumina, zirconium oxide, titanium dioxide or

20 graphite fibres and the support is made of graphite,
alumina, zirconium oxide or titanium dioxide.

4. Process according to either of Claims 2
and 3, characterized in that the membrane has a mean
pore diameter ranging between 1 nanometre and one

25 micrometre and preferably a mean pore diameter of from
10 nanometres to 100 nanometres.

5. Process according to one of Claims 1 to
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* characterized int s chosen from wat er and/ or an

_am de and/or an allwullllmrlmcﬂlﬂ%%m ne 10 and/ or ammoni a.

‘7. Process accorddi ng t® ome © ai s 1 to 6, characterized in that
: the solid catal ytic phase COI’ISI st £0of a cat al yst based on Raney

kel d/ I ef | Si ' I
I ehasen firofEERESEETIAREL 1 SHRG G YA s B SHE VT of
t he Periodi c_Tabl e of tlg‘%é’tlé g'%{ltb% %%.l@étlle(a‘i%%%e ﬂllyn é%xl-iaéggbook of

Chemistry andePéEs™
Process accorgdl ri ts‘% e @on@d?ixf@ c]ork%nﬁ‘i’x Qnt‘i}lalré‘%ﬁ{dtzl%é n that the

solid catalytlc onsi sts of which is a netal from
Goup VIl gych %fs ttlme Eﬁfddiﬂﬂért&dols%aﬁftltdge aﬁzﬁrﬁ&rﬂlsa StGhitsile,

rut henium rhodium nickel or cobalt, deposited on a support which is
a metal exi dehesustimmitiilienamd/ ot thesidnitas armi Aoy ndsi |dicatiase titani um
di oxi de, zirconium oxi de or magnesi um oxi de.

formed, and an optional solvent.

6. Process according to Claim 5,
characterized in that the solvent is chosen from water
and/or an amide and/or an alcohol and/or'an amine

10 and/or ammonia.

7. Process according to one of Claims 1 to
6, characterized in that the solid catalytic phase
consists of a catalyst based on Raney nickel and/or
Raney cobalt, preferably comprising a doping element

15 chosen from the elements from Groups IVb, VIb, VIIb and
VIII of the Periodic Table of the Elements as published
in the Handbook of Chemistry and Physics, 51st edition
(1970-1971) .

8. Process according to one of Claims 1 to

20 6, characterized in that the solid catalytic phase
consists of a metal, which is a metal from Group VIII
of the Periodic Table of the Elements, such as
ruthenium, rhodium, nickel or cobalt, deposited on a
support which is a metal oxide, such as aluminas,

25 silicas, aluminosilicates, titanium dioxide, zirconium
oxide or magnesium oxide.

9. Process according to one of Claims 1 to

AMENDED SHEET




8, characterized

ains 1 to
S carried out at a tenperature

‘9. _ Process acc '1
2o tnat the tancd W IHRARM]
[ [ I 0 150[err]C, preferably less than or

which is less tharr or Lt mequal*t
and even nore pﬁéferably | ess than or equal to

“equal to 120[err]C , -
o, “char act er e PIHFARATHIE cric Ol o rep it 10 PR tacldh e e

9, character
i nl et and out ' - 04 ai. o é} MPa) and
preferably becjf%exéinéd sl 2 gagr. %%eﬁ%gégn@?ﬁ%ﬁbasr 5% %/g%ljt')gﬁ

equal to 150°C, preferably less than or equal to 120°C

and even more preferably less than or equal to 100°C.

10. Process according to one of Claims 1 to

9, characterized in that the pressure difference
between the filter inlet and outlet is between 1 bar

(0.10 MPa) and 20 bar (1 MPa) and preferably between

2 bar (0.5 MPa) and 10 bar (5 MPa).
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