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PRQCESS FOR THE PRODUCTION OF DIAMINODIPHENYLMETHANE AND
ITé HIGHER HOMOLOGUES.

The present invention relates to a process for the
production of diaminodiphenylmethane and its higher homo-
logues.

More specifically, the present invention relates to a
process for the production of 2,2', 2,4' and/or 4,4'-diami-
nodiphenylmethane and its higher homologous products.

Diaﬁinodiphenylmethane {MDA) . is .an intermediate for
the preparation of diphenylmethane diisocyanate (MDI)
which, in turn, is a reagent for the production of polymers
based on urethane/urea or epoxy'resins. MDA is tradition-
ally prepared from aniline, or from one of its derivatives,
by reaction with formaldehyde in the presence of a concen-
trated solution of a strong acid such as, for example, hy-
drochloric, sulfuric or phosphoric acid. Literary sources
which describe this type of synthesis are: J. Am. Chen.
Soc. 57, 888, 1975; Chem. Tech., November 1984, 670; Kirk

Othmer, Vol. II, 3™ Edition, 338-348.
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The patent U.S. 5,241,118 descriﬁes a process for the
preparation of 4,4'—diamin§ diphenylmethane which comprises
the reaction between aniline and formaldehyde in the pres-
ence of a solid catalyst selected from zeolites, in par-—
Eicular Y zeolite, ZSM~5 zeolite or zeolites modified with
one or more of the-ﬁéliowing metals: aluminum, boron, iron
and titgnidm. The reaction is carried out in a solvent me-
dium, at a temperature ranging from 50 to 200°C, at a pres-
sure dependin§ on the boiling point of the solvent used.

The Applicant has now found that the preparation of
4,4'~-diaminodiphenylmethane, optionally mixed with its 2,2°
and 2,4*' isomers, together with its higher homologues can
be carried out with optimum results using as catalysts me-
dium and large pore zeolites in acid form, partially or to-
tally exchanged.

The object of the present invention therefore relates
to a process for the preparation of diamino diphenyl meth-
ane, and its higher homologues having general formula (I):

®— CH,—[— CH, ] D (1)

l | |

NHR NHR NHR

wherein ® represents a phenyl group, R represents a hydro-

gen atom or a Ci—Cs (iso)alkyl, C4-Cio cycloalkyl or Ce—Ci2

aromatic radical, and n is an integer greater than or equal

to 1 and is such as to give a functionality ranging from 2
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to 4, which comprises the re-arrangement reaction of the
intermediate_having general formulé {(II):

® — NR-CH,-RN — @ (II)
in the presence of a zeolite in acid ferm having a spa-
ciousness index ranging from 2.5 to 19, extremes included.

The spaciousneéé'indeX-is a parameter which provides
the réal'pore width measurement of porous materfélé, such
as zeolites. The spaciousness index is a parameter de-
scribed in 1i£erature such as, for example, in U.S. patent
4,795,847 or in "Zeolites and Related Microporous Materiai:
State of the Art 1994", Studies in Surface Science and Ca-
talysis, vol. 84, 37, 1994, Elsevier Science B.V.; "Zeo-
lite: Facts, Figures, Future", 1989, 1115, Elsevier Science
Publishers, B.V.

According to the present invention, preferred zeolites
with a spaciousness index ranging from 2.5 to 19 are those
consisting of synthetic crystalline material having the
composition (III):

n+ _
My/n [(BA102)x (S1iO;) Je(Hy0), (III)
wherein x is less than 1, p is an integer greater than or
egual to 1, generally ranging from 1 to 20, M is a metal of

groups IA, IIA, or a lanthanide, n is the valence of M, and

wherein M can be partially or totally exchanged wj:th.H+ or



with the (NH¢)® ion or with an (NR'¢)" cation with R' an al-
kyl radical, for example C;—C4, or an aryl radical.

Examples of zeolite which are included in general for-
mula (III) and have a spaciousness index ranging from 2.5
to 19 are beta zeolite, mordenite, ZSM-12, MCM-22 and ERB-
1. The beta zébiite described in U.S. patent 3,308,069 an&
having a spaciousness index of ié;'is particularly pre-
ferred.

The zeolites used as catalysts in the process object
of the present invention are preferably in acid form, i.e.
in the form in which most of the cationic sites are occu-
pied by hydrogen ions. They can be used as such or modified
by the partial isomorphous substitution of aluminum with a
metal selected from boron, iron or gallium or mixed with a
ligand, for example alumina, and.in the form of extruded
pellets according to what is described in European patent
847,802.

The re-arrangement reaction takes place at a tempera-
ture ranging from 50 to 200°C, preferably from 120 to
180°C, in the presence of a solvent, selected from ali-
phatic or aromatic hydrocarbons or from halogenated aro-
matic hydrocarbons or aniline. Examples of particularly
suitable solvents are aniline and chlorinated aromatic hy-
drocarbons such as m-dichlorobenzene and chlorobenzene.

The intermediate having general formula {II} 1is a



product which is known in literature, in particular when R
is equal to hydrogen (aminal). This intermediate can be ob-
tained by the condensation of aniline, or a derivative of
aniline wherein R is different from -hydl_:ogen, with formal-
dehyde, or a compound capable of producing formaldehyde un-
der the reactlon conditions. In particular, either formal—
d_ehyde in aquec')us solution or formaldehyde in oligomeric
form (trioxane), pre-dissolved in a solvent, can be used,
with molar r;atios aniline/formaldehyde ranging from 2 to
10, preferably from 3 to 5. At the end of the synthesis,
the intermediate having formula (II} is separated with
known techniques such as physical separation, distillation,
etc. The product thus obtained can also be used with a wa-
ter content less than or equal to 3% by weight, pfeferably
less than or equal to 1.5%.

According to an alternative embodiment of the process
for the preparation of diamino diphenyl methane having gen-
eral formula (I), object of the present invention, the re-
arrangement reaction can be carried out by charging the
zeolitic catalyst into a reaction mixture comprising ani-
line, or one of its derivatives, and formaldehyde, or a
compound capable of producing formaldehyde under the reac-
tion conditions. In this alternative case, it is preferable
to operate with an excess of aniline, or its derivative, so

that it contemporaneously acts as reagent and solvent. It
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has been observed, in fact, that by using an excess of rea-
gent (aniline) instead of the traditional solvent, it ;s
possible to vary the composition of the end-product, as can
be noted from the enclosed examples.

The re-arrangement reaction according to the present

invention can be carried out batchwise, in continuous or

“.semi~-continuous at atmospheric pressure or at a value which

is such as to maintain the reactive system in liquid state.
Some illustrative but non-limiting examples are pro-
vided for a better understanding of the present invention

and for its embodiment.

EXAMPLE 1 - SYNTHESIS OF BETA ZEOLITE

58.8 g of tetraethylammonium hydroxide at 40% by
weight in aqueous solution and 1.9 g of sodium aluminate
(56% of Al;03) are added to 58.4 g of demineralized water.
The mixture is heated to about 80°C and is left under stir-
ring until complete dissoclution.

The Llimpid solution thus obtained is added to 37.5 g
of LUDOX: HS colloidal silica at 40% by weight of SiO2. A
homogeneous suspension is obtained, having a pH equal to
14, which is discharged into a steel autoclave and left to
crystallize under hydrothermal conditions at 150°C for 10
days, under static conditions and autogenous pressure.

The crystallized product is separated by filtration,

re-dispersed in demineralized water and re-filtered. A wet



zeolite panel is obtained, containing the organic templat-

ing agent tetraethylammonium and sodium.

EXAMPLE 2 - SYNTHESIS OF BETA ZEOLITE

The wet zeolite panel, prepared as described above, is
dried in an oven for 1 hour at 150°C and calcined-in»muffle
for 5 ‘hours at 550°C in a stream of air.

The calcined solid is dispersed in an aqueous solution
of ammonium acetate (150 g of water and 8 g of ammonium
acetate) for the ion exchange. This suspension is heated
under stirring for about an hour to 80°C.

The suspension is subsquently filtered and the solid
obtained is re-dispersed in demineralized water (150 ml)
for washing.” The suspension is then filtered and the ion
exchange and previous washing are'repeated in sequence. The
solid is then washed again and dried in an oven for 1 hour
at 150°C thus obtaining the zeolite in ammonia form. This
zeolite is calcined in muffle for S5 hours at 550°C in a
stream of air obtaining beta zeolite (spaciousness index =
19) in acid form. “

From elemental chemical analysis, the sodium residue
of this zeolite proves to be 106 ppm whereas the aluminum
content is equal to 3.14% ([Al]/([Na] = 252).

The product is characterized by means of X-ray dif-

fraction from powders.

EXAMPLE 3 - SYNTHESIS OF BETA ZEOLITE




The wet panel obtained in example 1 is re~dispersed in
an aqueous solution of ammonium acetate (200 g of water and
16 g of ammonium acetate) for the ion exchange. This sus-
pension is heated under stirriﬁg for about an hour to 80°C.

The suspension is subsequently filtered and the solid
obtained is re-dispersed inﬁﬁémineralized water (150 cc)
for washing. The suspension is then re—filtered and a wet
zeolite panel in ammonia/alkylammonia form is again ob-
tained.

From elemental chemical analysis, the sodium residue
in this latter sample proves to be equal to 112 ppm. The
aluminum content is equal to 3.38% ([Al]/([Na] = 257).

The product is characterized by means of X-ray dif-
fraction from powders.

EXAMPLE 4 - EXTRUSION OF BETA ZEOLITE

A catal?st is prepared, based on beta zeolite, pre-
pared according to example 3 and consequently not subjected
to calcination, and on alumina in the form of bohemite. The
catalyst was extruded according to the procedure described
in example 4 of the European patent 847,802.

EXAMPLE S - SYNTHESIS OF ERB-1 ZEOLITE

An alkaline solution consisting of sodium hydroxide is

3

charged into a three-necked 1000 cm” flask equipped with

reflux cooling and rod stirrer. The solution is brought to

the temperature value (70-80°C) by méans of a heating



jacket, and the aluminum source consisfing.of sodium alumi-
nate is theﬁ added, under stirring, obtaining a limpid so-
lution. The organic templating agent consisting of hex-
amethyleneimine is added to the reacEion mixture and the

silica source consisting of Areosil 200 is then slowly

“added.

Molar ratios | Si02/21,03 | N/Si0; | Na*/s5i0; OH™/5i0; H:0/810;

30 0.35 | 0.18 | 0.18 45

At the end of the addition, the reaction mixture is
maintained under magnetic stirring for about four hours at
the above temperature, is then cooled to room temperature
and is left in static aging for 24 hours. A homogeneous
“slurry is obtained, which is charged into a stainless steel
autoclave, placed in a weighing oven and kept under weigh-
ing stirring Eonditions for 10 days at a temperature of
150°C.

| At the end of the reaction a suspension is discharged,
from whiqh a solid is recovered by filtration, which, after
repeated washings with demineralized water, is dried in an
oven at 120°C. The dried solid is characterized by X-ray
diffraction from powders (XRD). The solid is then calcined
at 550°C for S5 hours in a stream of air.

A material is obtained which has the same diffraction

spectrum shown in figure 4 and table 3 of European patent



293,032.
This material is then exchanged with ammonium acetate
and obtained in acid form.

EXAMPLE 6

The intermediate having general formula (II) wherein R
is a hydrogen atom (aminal), is prepared by condensation
between aniline and formaldehyde. In particular, an aqueous
solution at 37% of formaldehyde is charged, under stirring,
into a reaction container containing aniline, so as to have
a molar ratio aniline/fofﬁéldehyde equal to 4. The tempera-
ture is gradually increased to 50°C.

At the end of the addition, the mixture is maintained
under stirring for 1 hour. The aqueous phase is then sepa-
rated from the organic phase consisting of aminal and non-
reacted aniline, in a separating funnel. The organic phase
is subsequently dried until there is a water content of
1.25%, and conserved for subsequent use.

EXAMPLE 7

4 g of aminal, 10 g of m-dichlorobenzene and 250 mg of
beta zeolite prepared according to example 2, are charged
into a glass autoclave. The autoclave is closed and is

maintained under stirring for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and

the reaction solvent is removed by distillation at reduced

pressure.

- 10 -



The reaction product is analyzed by means of H.P.L.C.

with the analysis method described in the Journal flir Prak-
tische Chemie, Band 328, Heft 1, 1986, 142-148.

Conversion: 98.54%;

Selectivity to 4,4'-MDA: 46.91%;

Selectivity to 2,4'-MDA: 13.77%;

trimers: 28.64%;

heavy products: 9.22%.

EXAMPLE 8

4 g of aminal, 10 g of aniline, as solvent, and 500 mg .
of beta zeolite prepared according to example 2, are
charged into a glass autoclave. The autoclave is closed and
is maintained under stirring.for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and
the reaction solvent is removed by distillation at reduced
pressure.

The reaction product is.analyzed by means of H.P.L.C.
Conversion: 98.3%;

Selectivity to 4,4'-MDA: 58.53%;
Sglectivity to 2,4"-MDA: 22.88%;
trimers: 5.98%;

heavy products: 9.22%.

EXAMPLE 9

4 g of aminal, 10 g of m-dichlorobenzene and 1 g of

mordenite (spaciousness index = 7), are charged into a-

_ll_



glass autoclave. The autoclave is closed and is maintained
under stirring for 6 hours at 150°C.
At the end, the mass is cooled to room temperature and

the reaction solvent is removed by distillation at reduced

pressure.
-The reaction product is analyzed by means of H.P.L.C.

Conversion: 98.70%;

Selectivity to 4,4'-MDA: 51.85%;

Selectivity to 2,4'-MDA: 9.92%;

trimers: 26.75%;

heavy products: 10.18%.

EXAMPLE 10

4 g of aminal, 10 g of aniline and 1 g of mordenite
are charged-into a glass autoclave. The autoclave is clcosed
and is maintained unaer stirring for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and
the reaction solvent is removed by distillation at reduced
pressure.

The reaction product is analyzed by means of H.P.L.C.
Conversion: 98.27%;

Selectivity to 4,4'-MDA: 71.12%;
Selectivity to 2,4'-MDA: 15.13%;
trimers: 6.93%;

heavy products: 5.09%.

EXAMPLE 11

._.12_



4 g of aminal, 10 g of m—dichlorobenzene and 1 g of
ERB-1 (spaciousness index = 8) prepared as described in ex-
ample 5, are charged into a glass autoclave. The autoclave

i3 closed and is maintained under stirring for 6 hours at

150°c.

At the end, the mass is cooled to room temperature and
the reactibn.solvent is removed by distillation at reduced
pressure.

The reaction product is analyzed by means of H.P.L.C.
Conversion: 98.70%;

Selectivity to 4,4 -MDA: 45.61%;
Selectivity to 2,4'-MDA: 20.94%;
trimers: 15.33%;

heavy products: 3.45%.

EXAMPLE 12

4 g of aminal, 10 g of aniline and 1 g of ERB-1 are
charged into a glass autoclave. The autoclave is closed and
is maintained under stirring for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and

the reaction solvent is removed by distillation at reduced

pressure.

The reaction product is analyzed by means of H.P.L.C.

Conversion: 99.99%;
Selectivity to 4,4*-MDA: 58.98%;

Selectivity to 2,4'-MDA: 22.24%:;

_13._



trimers: 15.33%:;
heavy products: 3.45%.
EXAMPLE 13

4 g of aminal, 10 g of m-dichlorcbenzene and 1 g of
ZSM-12 (spaciousness indéx = 3) are charged into a-glass
autoclave. The autoclave is closed and is maintained under
stirring for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and
the reaction.solvent is removed by distillation at reduced
pressure.

The reaction product is analyzed by means of H.P.L.C.
Conversion: 98.50%;

Seléctivity to 4,4'-MDA: 41.74%;
Selectivity to 2,4'-MDA: 15.07%;
trimers: 29.40%;

heavy products: traces.

EXAMPLE 14

4 g of aminal, 10 g of aniline and 0.5 g of ZSM-12 are
charged into a glass'autoclave. The autoclave is closed and
is maintained under stirring for 6 hours at 150°C.

At the end, the mass is cooled to room temperature and
the reaction solvent is removed by distillation at reduced
pressure.

The reaction product is analyzed by means of H.P.L.C.

Conversion: 98.34%;

- 14 -



Selectivity to 4,4°-MDA: 54.50%;
Selectivity to 2,4'-MDA: 30.36%;
trimers: 10.76%;

. heavy products:~2.87%.

EXAMPLE 15 (COMPARA{‘IVE)

4 g of aminal, 10 g of m~dichlorohenzene and 250 mg of
ZSM-5 (spaciousness index = 1) are charged into a glass
autoclave. The autoclave is closed and is maintained under
stirring for 6 hours.at i150°c.

At the end, the mass is cooled to room temperature and
the reaction solvent is removed by distillation at reduced
pressure.

The reaction product is analyzed by means of H.P.L.C.
Conversion: 73.80%;

Selectivity to 4,4'-MDA: 7.98%;
Selectivity to 2,4‘-MDA: 1.93%;
trimers: 39.85%:;

heavy products: 29.85%.

EXAMPLE 16 (COMPARATIVE)

4 g of aminal, 10 g of m-dichlorobenzene and 1 g of YH
zeolite (spaciousness index = 21}, commercial sample 320
HOA of Toyosoda, are charged into a glass autoclave. The
autoclave is closed and is maintained under stirring for 6

hours at 150°C.

At the end, the mass is cooled to room temperature and

- 15 -



the reaction solvent is removed by distillation at reduced

pressure.
The reaction product_is analyzed by means of H.P.L.C.

Conversion: 83.48%;

Selectivity to 4,47-MDA: 28.76%;

Selegtivity to 2,4'-MDA: 3.48%;

trimers: 31.40%;

heavy products: 19.86%.

EXAMPLE 17

5 cm® of beta zeolite, prepared according to the pro-
cedure described in example 2, compressed at 20 tons and
sieved to 70-100 mesh, are charged into a tubular reactor
having a diameter.of 12.5 mm and a length of 390 mm. A mix-
ture of aminal at 10% by wolume in ﬁ—dichlorobgnzene are
then fed to the reactor at a temperature of 180°C, a pres-
sure of 4 bars and an LHSV (Ligquid Hourly Space Velocity)
of 3.6 h™', referring to the active phase.

Samples are removed at the times indicated in Table 1,
which, after removal at reduced pressure of the solvent,

are analyzed according to the method described above.

- 16 -



TABLE 1

t.o.s. Conv. 4,4°'MDA 2,4°MDA trime;s heavy
{h) _ % products
1 T-95.34 24.86 2o.si 23.87 25.99
2 96.02  29.80 19.42 32.29 14.51
3 95.96 35.53  16.24  28.12  16.06
4 95.9 37.74 15.58 26.84 15.73
5 95.9 31.44 12.15 25.61 26.70
6 95.81 32.11 11.89 30.84 20.96

After 7 hours of reaction, the feeding

(LHSV =

of 25 hours of t.o.s. {(time on stream) without there being

any sign of deactivation phenomenon.

rate is varied

1hd) and the reaction mixture is fed for-a total

cated in Table 2.

The results are indi-

TABLE 2

t.o.s. Conv. 4,4"MDA 2,4"MDA trimers heavy
(h) % products
21 95.78 31.74 12.04 29.58 22.41
22 96.12 34.25 i2.09 26.30 25.70
23 95.9 33.90 12.60 28.27 21.12
24 95.68 32.13 12.60 28.87 22.08

_-25 95.59 30.72 12.32 ?9.61 22.94

- 17 -




EXAMPLE 18

10 cm® of extruded beta zeolite, prepared according to
the procedure described in example 4 with a quantity of li-
gand (Al203) equal to 50% by weight, which is sieved to 70-
.100 mesh, are charged into a tubular reactor having a di-
ameter of 12.5 mm.and a length of 390 mm. A mixture of ami-
nal at 10% by volume in m~dichlorobenzene are then fed to
the reactor ét a temperature of 180°C, a pressure of 4 bars
and an LHSV of 3.6 h™', referring to the active phase.

Samples are removed at the timeé indicated in Table 3,
which, after removal of the solvent at reduced pressure,

are analyzed according to the method described above.

- TABLE 3
t.o.s. Conv. 4,4'"MDA 2,4°MDA trimers heavy
(h) $ products
1 95.48  30.54 25.59 25.45 13.89
2 95.57 24.4 21.4 32.68 14.38
3 95.95 27.75 19.08 38.08 11.03
4 96,54 30.27 10.93 35.84 19.49
5 96.69 30.51 9.69 32.1 24.38
6 96.52 29.73 10.88 33.61 22.29

After 7 hours of reaction, the feeding rate is varied

(LHSV = lh*) and the reaction mixture is fed for a total

- 18 -



of 74 hours of t.o.s. without there being any sign of deac-

tivation phenomenon. The results are ‘indicated in Table 4.

TABLE 4 .
t.o.s. Conv. 4,4°MDA 2,4'MDA tri@ers heavy
_—(h) % ] - i products [
21 95.58 26.82 - 12.74  32.97 '23.05
22  95.64 26.52  13.2 31.78 24.13
23 95.55 26.77  13.42 T 31,37 23.98
24  95.47 25.49  13.67  31.28. 25.03
25  95.47 26.39  13.9 30.45 24.72
26  95.58 26.30  13.57  31.27 24.44
46  95.65 .27.93  13.45  27.07 27.19
47 95.40 27.35  14.34  29.00 24.70
49 95.40 27.95 14.47 28.30 24.68
50  95.48 28.15  14.17  28.08 25.08
51  95.59 28.63  13.68  27.24 25.93
52  95.42 28.19  14.41  27.95 24.87
53  95.17 27.27 14.39  27.52 25.99
69  95.01 25.62  14.36  27.41 27.62
74  95.36 29.62  14.23  25.82 25.68

EXAMPLE 19

10 cm® of extruded beta zeolite, prepared according to

the procedure described in example- 4, with a quantity of

_19...



ligand (Al203) equal to 50% by weight, which is sieved to
70-100 mesh, are charged into the tubular reactor of the
previous example. A mixture of aminal at 10% by volume in

aniline are then fed to the reéctqr at a témperature of

180°C, a pressure of 4 bars and an LHSV of 3.6 h™', refer-

ring to the active phase.

Samples are removed at the times indicateduin Tabié 5,
which, after removal of the solvent at reduced pressure,

are analyzed according to the method described above.

TABLE S

t.o.s. Conv. 4,4'MDA 2,4'MDA trimers heavy
(h) % products-
1 99.29  55.67 30.78 11.26 1.57

2: 99.9 57.88 30.03 7.96 4.13

3 99.9 53.85 26.50 14.25 5.1

4 99.9 59.16 29.21 8.42 3.24

5 99.9 58.41 28.87 10.07 2.65

After 7 hours of reaction, the feeding rate is varied
({LHSV = lhd) and the reaction mixture is fed for a total
of 145 hours of t.o.s. without there being any sign of de-

activation phenomenon. The results are indicated in Table

6.
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TABLE 6

t.o.s. Conv. 4,4'MDA 2,4’MDA trimers heavy
(h) % products

_ 22 99.9 51.24 33.19 11.98 3.59
23 99.9 50.87 35.12 10.44 3.51
24 99.9  50.98 35.97 9.94 3.11
26 99.9 48.15 32.97 14.9 3.98
28 99.9 51.45 35.86 10.4 2.29
46 99.9 48.23 32.88 13.83 5.06
48 99.9 52.32 35.58 10.33 1.80
50 99.9 51.89 34.88 10.6 3.15
54 99.9 49.69 34.06 10.56 5.68
56 99.9 48.51 32.91 14.53 4.04
72 99.9 51.78 35.24  10.06 3.16
74 99.9 51.04 34.32 11.3 3.33
76 99.9 50.77 34.14 10.78 4.30
78 99.9 51.40 27.82 11.34 2.43

145 99.9 50.46 33.83 11.97 3.73

After 145 hours of reaction,

brought to an LHSV

ture 1s fed for a total of 182 hours of t.o.s.

there being any sign of deactivation phenomenon.

sults are indicated in Table 7.

- 21 -
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TABLE 7

t.o.s. Conv. 4,4"'MDA 2,4'MDA trimers héavy _
(h) % products
- 149  99.9 47.98 28.86 _ 17.88 5.77
151 99.9  54.5 27.78  15.09 2.63
i68  99.9 53.48 26.3 16.36 3.86
175  99.9 54.39 27.82 14.13 3.66
192 95.9 56.17 28.24 13.41 2.18

After 192 hours, the composition of the reaction mix-
ture is varied by feeding aminal at 20% by Qolume in ani-
line. The feeding rate remains unvaried and the reaction
mixtgre is fed for a total of 240 hours of t.o.s. without
there being -any sign of deactivation phenomenon; The re-

sults are indicated in Table 8.

.TABLE 8
t.o.s. Conv. 4,4"MDA 2,4'MDA trimers heavy
(h) % products
197 99.9 51.09 25.19 17.86 5.86
216 99.9 52.2 23.04 19.51 5.23
222 39.9 51.51 24.78 19.38 4.31

- 22 -
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CLAIMS

1. A process for the preparation of diamino diphenyl
methane and its higher homologues having general formula

(I):

O— CH—[ CH,] D (1)
I ’ I n~-1

NHR NHR NHR
wherein @ rebresents a phenyl group, R represents a hydro-
gen atom or a Ci-Cs (iso)alkyl, C4-Ci0o cycloalkyl or CeCi2
aromatic radical, and n is an integer greater than or equal
to 1 and is such as to give a functionality ranging from 2
to 4, which comprises.the re—arrangement reaction -of the
intermediate having general formula (II):

@ — NR-CH,-RN — @ (II)

in the presence of a zeolite in acid form having a spa-
ciousness index ranging from 2.5 to 19, extremes included.
2. The pgécess according to claim 1, wherein the zeolites
with a spaciousness index ranging from 2.5 to 19 are those

consisting of synthetic crystalline material having compo-

sition (III)

n+

My/n [ (AlOz)x (Si0z)]e(H20), (IT1)

wherein x is less than 1, p is an integer greater than or

equal to 1, generally ranging from 1 to 20, M is a metal of

- 23 -
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groups IA, IIA, or a lanthanide, n is the valence of M, and
wherein M can be partially or totally exchanged with H or

with the (NH¢)® ion or with an (NR'¢)' cation with R' an al-

kyl or an aryl radical.

3. The process aécording to claim 1 or 2, whereig the
zeolifes are used as such or modified by partial isomor-
phous substitution of aluminum with a metal selected from
boron, iron or gallium or mixed_ with a ligand and formed
into extrudeé pelleté.

4, The process according to claim 3, wherein the zeolites
are selected from beta zeolite, ZSM-12, MCM-22 and ERB-1.
5. The process according to claim 4, wherein the zeolite
is beta zeolite.

6. The process according to any of the previous claims,
wherein the re-arrangement reaction takes place ét a tem-
perature ranging from 50 to 200°C.

7. The process according to any of the previous claims,
wherein the re-arrangement reaction takes place in the
presence of a solvent, selected from aliphatic or aromatic
hydrocarbons or from halogenated aromatic hydrocarbons and
aniline.

8. The process according to claim 7, wherein the solvent
is selected from aniline or chlorinated aromatic solvents
such as m-dichlorobenzene and chlorobenzene.

9. The process according to any of the previous claims,
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wherein the intermediate haviﬁg general formula (II) con-
tains water in a quantity less than or equal to 3% by

weight.

10. A process for the preparation of diamino diphenyl
methane having general formula (1) which,comprises_reacting
aniline, or one of its derivatives, and formaldehyde, or a
compound capable of prodﬁéiﬂglf§rmaldehyde under the reac-
tion conditions, in the presence of a zeolite in acid form
having a spaéiousness index ranging from 2.5 to 19.

11. The process according to claim 10, wherein the reac- -
tion is carried out with an excess of aniline, or one of

its derivatives, which thus acts as reagent and solvent

contemporaneously.
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