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Description

[0001] Methylene diphenylene diisocyanate isomers
(MDI) and the mixtures of the diisocyanates with higher
molecular weighthomologues known as poly-(methylene
diphenylene diisocyanate) (hereinafter PMDI) are widely
used as speciality binders for various composite materi-
als, with polyamines for polyureas and, together with pol-
yether and polyester polyols, to form the diverse range
of polyurethane materials including crosslinked rigid
foams for insulation, flexible foams for automotive seat-
ing and furniture and as elastomers & coatings. The iso-
cyanate itself can be used as the binder for a range of
other materials such as wood pieces in various forms
and granulated rubbers in the manufacture of various
composite products. PMDI is conventionally produced
by phosgenation of the corresponding mixture of
polyamines known as poly-(diamino diphenyl methane)
(hereinafter DADPM) formed from condensation of ani-
line and formaldehyde.

[0002] Methodswhich have beendescribed forthe pro-
duction of DADPM are numerous and varied. Conden-
sation of aniline and formaldehyde (as the aqueous so-
lution called formalin, as gaseous formaldehyde or as
the solid paraformaldehyde) can take place in neutral,
basic or acidic conditions, though conversion through to
the required polymeric primary amine product mixture
invariably requires the use of acidic species (even if, in
the reaction conditions, they may be deemed to be
present in their salt forms). The formalin may be used as
received or may be further concentrated by fractionation,
either by fractional distillation (for example EP 934922
and EP 1063221) or by means of a membrane-based
process (for example US 4067805 and EP 652201). The
more dilute fraction produced in these processes may be
used as such or may be disposed of.

[0003] Condensation of aniline with formaldehyde un-
der neutral or basic conditions produces so-called neutral
condensate, containing N,N’-methylene dianiline (ami-
nal) and possibly other anilinoacetals. The neutral con-
densate is then subsequently converted to secondary
amines and the final primary amine mixture by using acid-
ic species. Many embodiments of such processes have
been described including optional separation of water
from the neutral condensate and optionally further drying
of the condensate prior to acid addition (e.g. in US
2006/287555 where processing a multiphase reaction
system created upon addition of the acid can be avoided
by achieving a reaction mixture of defined composition
following water removal from the aminal). Heterogene-
ous solid acid catalysts have been described (e.g. in US
3362979, US 4039580 and US 4039581), as have a
range of homogeneous acids and, predominantly, aque-
ous mineral acids especially aqueous hydrochloric acid.
Aniline hydrochloride solid (see, e.g., US 4297294 and
EP 3303) and gaseous hydrogen chloride (US 3676497)
have also been described.

[0004] Alternatively, condensation of aniline and for-
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maldehyde directly under acidic conditions produces pre-
dominantly secondary amines which are subsequently
converted to the desired primary amines by the already-
in-place catalyst. A range of homogeneous acids and,
predominantly, aqueous mineral acids such as sulphuric
acid have been described but aqueous hydrochloric acid
is predominantly employed for commercial scale produc-
tion of DADPM. Extra acid may optionally be added dur-
ing the process. Extensive prior art exists on ways and
means of carrying out the reaction for example to manip-
ulate the composition of the final polyamine mixture or
to improve the process economics or to overcome
processing problems.

[0005] Extensive priorartexists for separating the acid-
ic reaction mixture into organic and aqueous phases by
addition of extra amine or by use of sufficient water in
the process or by removal of some water or by addition
of various inorganic salts or by addition of water-immis-
cible [hydrophobic] organic solvents or combinations of
these processing steps (e.g. EP 31423, GB 1450632,
GB 1567638, US 3996283, US 4094907, US 4130588,
US 5196591, US 5359141, US 5679841, US 5684180,
US 2006/287555). Benefits of such process variations
arise because at least a portion of the acidic catalyst may
be returned to the start of the reaction, thus decreasing
catalyst use. The composition of the separated organic
phase may also thus be manipulated in beneficial ways.
However, such process variations add significant extra
complexity to the process. For the return of the acidic
catalyst, additional processing equipment, which must
be corrosion resistant, is required and the catalyst return
is inevitably accompanied by some recycle of amine com-
ponents which must be compensated for. In cases where
additional water-immiscible chemicals such as chlorinat-
ed hydrocarbon solvents are employed, additional proc-
ess streams are also generated, inevitably leading to fur-
ther process complexity and cost. Thus, such methods
are rarely used in practice for large-scale commercial
production of polyaromatic polyamines such as DADPM.
[0006] Alternatively, the acidic catalyst may be partly
neutralised during the process in order to achieve a
claimedimprovementinthe colour of the polyisocyanates
derived by phosgenation of the polyamines produced by
the disclosed method (US 6031136). At the end of the
reaction, further base is added to complete the neutrali-
sation, whereupon the organic and aqueous phases sep-
arate due to density differences and can be worked up.
[0007] Despite the extensive and varied methods de-
scribed in the prior art and summarised above, large
scale commercial production of DADPM is carried out
predominantly according to the general principles de-
scribed below. Thus, conventionally, at the end of the
aniline/formaldehyde reaction, the acid catalyst is neu-
tralised completely. Many possible neutralisation agents
have been described but typically sodium hydroxide is
used. The resulting mixture thus predominantly consists
of unreacted aniline, the complex mixture which is the
polyamine product, water and sodium chloride. The or-
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ganic and aqueous (brine) phases separate because of
the differences in their densities. Economic advantages
which could arise from the use of lower levels of acid can
not be realised because the salt water resulting from the
subsequent neutralisation has a density too close to that
of the organic mixture to permit ready phase separation.
Thus, the ability to achieve a ready phase separation is
an absolute requirementforoperation of the conventional
DADPM process in large, complex industrial plant.
[0008] The separated first organic phase is subse-
quently washed by addition with mixing of a hot aqueous
stream, preferably water. Subsequent separation of the
phases produces a weak brine stream and a second or-
ganic phase essentially free of sodium chloride from
which unreacted aniline and water are subsequently re-
moved by fractional distillation (see GB 1517585). This
work-up procedure produces the required polyamine
mixture in a condition suitable for subsequent use. The
first separated brine phase will contain aniline and will,
in practice, still contain some DADPM. Thus, addition
with mixing of additional aniline to this brine phase is
frequently carried out at industrial scale. Subsequent
separation of the phases produces a brine stream con-
taining aniline but essentially free of DADPM and a sec-
ond organic phase consisting predominantly of aniline
together with the DADPM removed from the first brine
phase. Many examples of variations on the conventional
process comprising acid catalysed reactions followed by
neutralisation with base and ready separation of the
phases on the basis of their relative densities are dis-
closed in the prior art [see for example US 2006/094897,
US 2003/045745, US 6031136 and references therein].
[0009] Addition of organic solvents such as hydrocar-
bons or halo-hydrocarbons (such as toluene, xylenes,
monochlorobenzene, etc.) in the work-up stages of the
process has been used to improve the separation of or-
ganic and aqueous phases (see, e.g., DE 1569440) or
to improve the quality or composition of the separated
organic phase by separation of a tarry layer (GB
1192121). Likewise, the separated aqueous brine phase
can subsequently be extracted with organic solvents
such as benzene or toluene [JP 04-154744, JP
2004-026753] but the presence of such additional chem-
icals results in the generation of additional process
streams, requires separation and recovery of the solvent
and inevitably leads to further process complexity and
cost. Thus, such methods are rarely used in practice for
large-scale commercial production of polyaromatic
polyamines such as DADPM.

[0010] Conventionally, atthe end of the aniline/formal-
dehyde reaction, the acid catalyst is neutralised com-
pletely without the addition of further substances [as
mentioned in US 2006/287555] i.e. the subsequent sep-
aration of phases occurs solely on the basis of density
differences.

[0011] Similar processes also exist for condensing ar-
omatic amines other than aniline with formaldehyde. Mix-
tures of aromatic amines including aniline may also be

10

15

20

25

30

35

40

45

50

55

condensed with formaldehyde. These also require reac-
tion with acidic species and, when this is using mineral
acids (typically aqueous hydrochloric acid) and subse-
quent neutralisation with base (typically aqueous sodium
hydroxide solution), then such circumstances clearly fol-
low the techniques and limitations of the conventional
DADPM process.

[0012] Thus, the following description of a convention-
al process based on the condensation of aniline with for-
maldehyde (as formalin) with aqueous hydrochloric acid
as the catalyst and aqueous sodium hydroxide as the
neutralising agent is provided for clarity but it is to be
understood not to limit the scope of the invention. Figure
1 is also provided to assist the description but is not lim-
iting in any way. It is also to be understood that variations
to the following description and descriptive terms may be
encountered in practice but the principle stages and op-
erations are recognisable to those skilled in the art.
[0013] Anilineis mixed with aqueous hydrochloric acid.
Subsequently, formalin is added under controlled condi-
tions of temperature and mixing to produce the required
mixture of secondary amines containing various amino-
benzyl-anilines, whilst limiting formation of well known
impurities such as N-methylated species, N-
formylamines, formic acid and formates and various
types of so-called "quinazolines"to acceptably low levels.
The complex reaction mixture is then heated to facilitate
the rearrangement [so-called "isomerisation"] of the sec-
ondary amines to the required primary amines. The proc-
ess conditions and equipment configurations to carry out
this well known process are many and varied and include
batch, semi-batch, semi-continuous and continuous
processes, with variations on temperatures, pressures
and temperature/pressure/time gradients. All these proc-
ess variations, together with variations of the aniline-for-
maldehyde-HCI recipe and variations in the methods of
their combination (e.g. staged or split additions of rea-
gents) lead to many possible mixtures of primary amine
homologues and isomers, all well known to those skilled
in the art, and are simplified to "Reactors" in Figure 1.
[0014] When the concentration of amino-benzyl-ani-
line-type species is sufficiently low, as determined by on-
line or off-line analysis or operational experience, the re-
action is deemed to be complete and the acidic mixture
is neutralised.

[0015] According to the prior art, the neutralization is
conventionally conducted at temperatures of, e.g., from
90 to 100°C (H. J. Twitchett, Chem. Soc. Rev. 3(2), 223
(1974)). The hydroxides of the alkali and alkaline earth
elements are examples of suitable bases. Agueous
NaOH is preferably used and, optionally, with the inor-
ganic base in excess to ensure no acidic streams pass
to parts of the production plant not designed to withstand
the corrosive effects of such a material. Staged, partial
neutralisation is also known (US 6673970).

[0016] After neutralisation, the organic phase (pre-
dominantly aniline and DADPM) and aqueous phase
(predominantly aqueous sodium chloride solution - the
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so-called brine) separate due to density differences in
the Neutraliser Separator, the brine phase on the bottom
due to its higher density. In large scale production, the
separate phases typically undergo individual washing
stages as this is usually preferable to attempting suffi-
cient separation in a single stage and ensures both the
organic stream and aqueous brine stream going forward
in the process contain minimal quantities of the other
phase.

[0017] Thus,theorganiclayeriswashedinthe DADPM
Washer by addition of a certain quantity and quality of
water to remove residual salt species, such as sodium
chloride and sodium hydroxide. A temperature in excess
of approximately 70°C is required to overcome the prob-
lem of formation of the well-known [4,4-MDA]3.NaCl
complex (GB 1517585). The organic and aqueous layers
separate in the DADPM Work-up Separator due to den-
sity differences, the organic phase on the bottom due to
its higher density. The low density weak brine stream
produced will, of course, contain some level of organic
compounds depending on their solubilities and so is treat-
ed within the process, typically by addition to some other
suitable stream. The organic stream is then separated
by fractionation, typically by distillation in a DADPM Strip-
per column, to produce the purified DADPM product
ready for use as such or for conversion to the correspond-
ing polyisocyanate mixture by phosgenation or other
means. The separated stream of predominantly aniline
and water can be further treated and the aniline recycled
to the start of the process. The consequences of feeding
aniline and water forward to the phosgenation plant are
obvious and well-known (see, for example, Ulrich in
"Chemistry and Technology of Isocyanates”, John Wiley
& Sons, New York, 1996).

[0018] Likewise, the crude brine phase from the Neu-
traliser Separator is washed in the Brine Washer by ad-
dition of an organic solvent in order to remove residual
organic species. Any suitable solvent, for example tolu-
ene, monochlorobenzene or other suitable hydrocarbon,
can be used. However, use of aniline as the washing
solvent obviates the need for use of an extra chemical in
the production process. A temperature in excess of ap-
proximately 70°C is required to overcome the problem
of formation of the well-known [4,4-MDA];.NaCl com-
plex. Optionally, the aqueous stream from the DADPM
Work-up Separator, containing predominantly water, an-
iline and a relatively small amount of sodium chloride,
may be added here. The organic and aqueous layers
separate in the Brine Work-up Separator due to density
differences, the brine phase on the bottom due to its high-
er density. The washed brine will contain the washing
solventatits own solubility level and, thus, must be further
treated, typically by fractional distillation to remove the
solvent and, when this is aniline, in a fractional distillation
unit known as the Amine Brine Stripper. The fractional
distillation may optionally be performed with associated
steam injection (steam stripping). Some water is also si-
multaneously removed from the brine. The distilled sol-
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vent stream can be further treated elsewhere in the proc-
ess and, if the solvent is aniline, it can be recycled to the
start of the process. The brine can be further treated, for
example by bio-treatment, to reduce levels of organic
contaminants to very low levels for subsequent dis-
charge, for example, to the sea. The aniline used for the
washing leaves the Brine Work-up Separator containing
minor amounts of DADPM and saturated with water, thus
making it particularly suitable as the absorbent or part of
the absorbent for gaseous HCI if this is to be used in the
process as exemplified in WO 2007/065767.

[0019] Methanol, typically present in the original for-
malin, generally follows the aqueous phase in the various
separations. One way of dealing with this impurity is at
the Amine Brine Stripper, where it is vaporised and thus
forms part of the predominantly aniline-water stream.
Other volatile organic impurities for example cyclohexa-
nol, cyclohexylamine, dicyclohexylamine also concen-
trate in this stream. Fractionation of this stream, option-
ally by fractional distillation for example in a so-called
"Methanol Column", produces an aniline-water stream
which can be recycled to the process and a waste stream
of methanol and other impurities which may be disposed
of, optionally by incineration. This stream may also con-
tain a significant amount of water which is thus an alter-
native route for water out of the DADPM process com-
pared to the final brine stream.

[0020] A further option is to further fractionate the
methanol-water stream, optionally by a membrane-
based process such as pervaporation, into a water-rich
stream and a methanol-rich stream which contains most
of the other organic impurities. The water-rich stream is
thus significantly reduced in organic content and may be
passed directly to the final effluent or treated further whilst
the methanol-rich stream is significantly reduced in water
and thus can be incinerated more cheaply.

[0021] Thusthe two main streams leaving the plantare
the DADPM product stream and the clean brine stream.
The various streams containing aniline and water plus
other components such as DADPM, sodium chloride, so-
dium hydroxide and various impurities can be treated in-
dividually or combined in various ways known to those
skilled in the art to enable aniline to be recycled to the
start of the process by cost effective means. The recycle
aniline may optionally contain water and DADPM and
impurities at levels low enough not to impact detrimen-
tally on the main production process. A purge stream of
impurities (such as, for example, methanol, cyclohexa-
nol, cyclohexylamine, etc) may also be generated.
[0022] Process and equipment configurations for all
these so-called work-up processes are many and varied
and are well known to those skilled in the art. For exam-
ple, each of the mixing and associated separation oper-
ations can be in separate vessels or can be within a single
unit. The densities of the various streams may be mon-
itored by on-line density meters of various designs or
may be calculated based on the anticipated composition
and the measured temperature of the stream.
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[0023] It can be seen from the above description that
crucial to the work-up stages of commercial production
of DADPM are the various organic/agueous phase sep-
arations and that these are conventionally based on den-
sity differences.

[0024] The densities of the organic and brine phases
depend on the ratios of aniline, formaldehyde, HCI and
NaOH used, the amount of water present (dependent
upon the concentrations of all the aqueous reactants and
the water produced by the condensation of aniline and
formaldehyde) and the operating temperatures. In the
washing stages, additional factors influencing the densi-
ties of the organic and aqueous phases are the relative
amounts of the washing streams. It is to be understood
that the presence of impurities in any of the reactants,
reaction mixtures or other process streams, for example
methanol, cyclohexanol, cyclohexane, can influence the
density separations but such variations are not described
explicitly here.

[0025] Operational problems can be encountered in
the various phase separation stages of the process when
the densities of the organic and aqueous phases become
similar, such that the phases will not separate or will not
separate in a timescale which is commercially viable. In
particular, decreasing the amount of acid catalyst with
subsequent decrease of NaOH for neutralisation whilst
providing extra thermally-controllable residence time to
maintain the same or substantially the same polyamine
product mixture composition can be economically bene-
ficial, but the resulting brine will have lower density than
from a higher acid process. Thus, there will be a limitation
on the decrease in catalyst level which can be achieved
when problems arise in the organic/ aqueous separa-
tions.

[0026] Itis to be understood that these separation dif-
ficulties can occur in any of the separators, either indi-
vidually or simultaneously in more than one separator
and will be specific to the exact combination of factors
(aniline/formaldehyde/acid ratios, formalin strength, acid
strength, stream temperatures, volume and composition
of various streams within the process and, thus, overall
design of the total process, etc.) and, thus, that the object
of the presentinvention is to provide means to overcome
the problems of insufficient density difference to separate
aqueous and organic phases in the industrial scale pro-
duction of DADPM. Manipulation of the density difference
between aqueous and organic phases can not be over-
come with significant changes in the temperatures of the
phases without attracting significant extra costs in terms
of energy use and other problems such as the increasing
mutual solubility of the phases in each other at higher
temperatures and the problem of formation of [4,4’-
MDA];.NaCl solids at lower temperatures.

[0027] US 2007/0179317 teaches that separation of
the neutralised reaction mixture can be supported by the
addition of aniline and/or water. However, there are cer-
tain serious limitations inherent in such an approach :-
When decreasing the amount of acid catalyst used in the
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process, thus decreasing the amount of neutralising
NaOH and, hence, decreasing the density of the brine
phase, addition of extra aniline will indeed decrease the
density of the organic phase and, thus, can maintain the
density difference required for separation of the phases.
However, the extra aniline will increase the amount of
aniline which must be removed from the DADPM product,
thus increasing the capital and operating costs of the
production plant.

When decreasing the amount of acid catalyst used in the
process and, thus decreasing the amount of neutralising
NaOH and, thus, decreasing the density of the brine
phase, addition of sufficient extra water will decrease the
density of the brine still further, eventually reaching the
pointwhere the density differences are such thatthe brine
has lower density than the organic phase (so-called
"phase inversion" or "flipping" of the phases). Thus, the
phases can be separated but the brine phase is now so
dilute that the subsequent separation from aniline in the
still-required washing stage (to remove DADPM) is prob-
lematicand, in addition, there is a still greater total volume
of effluent to be dealt with.

[0028] Thus, it is an object of the present invention to
provide an economically beneficial process to overcome
the problems of insufficient density difference to separate
aqueous and organic phases in the industrial scale pro-
duction of DADPM, especially when operating low acid
DADPM processes. Here, low acid indicates a molarratio
of HClIto formaldehyde [expressed as CH,O equivalents]
from about 0.1 to about 0.2 and applies for DADPM man-
ufacture using aniline to formaldehyde molar ratios in the
range from about 2.0 to about 3.5.

[0029] It has now surprisingly been found that the ob-
ject of the present invention can be provided by means
of modifying the density of the aqueous phase without
recourse to utilisation or formation of any additional
chemicals or chemical mixtures beyond those that are
present as products of the conventional DADPM process
nor by any means which imparts the further problems to
the overall production process as is the case with the
above described prior art.

[0030] Accordingly, the present invention is related to
aprocess for the production of aromatic polyamines com-
prising the steps of

(a) reacting aromatic amine and formaldehyde in the
presence of an acid catalyst to produce a reaction
mixture containing di- and polyamines;

(b) neutralising the reaction mixture containing di-
and polyamines;

(c) separating the neutralised reaction mixture into
an organic phase containing di- and polyamines and
an aqueous phase;

(d) further treating the organic phase separated off
in step (c) to produce purified di- and polyamines by
(d1)washing the organic phase separation off in step
(c) with water or other solvent followed by (d2) sep-
arating the washed mixture into an organic phase
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and an aqueous phase and (d3) further fractionation
of the organic phase to produce purified di-and
polyamines onthe one hand and aromatic amine/wa-
ter on the other hand; characterised in that phase
separation in step (c) is facilitated by using any of
the following methods either on its own or in combi-
nation with one or more other methods of the follow-
ing methods:

(A) removal of some of the water by evaporation
from the neutralised reaction mixture obtained
in step (b) before the separation step (c) or re-
moval of some of the water by evaporation or
fractional distillation from the aqueous phase
during separation in step (c); (B) addition of an
inorganic salt to the neutralised reaction mixture
obtained in step (b) before the separation step
(c) or addition of an inorganic saltto the aqueous
phase during separation in step (c);

wherein the acid catalyst is hydrogen chloride and
the molar ratio of hydrogen chloride to formaldehyde
[expressed] as CH,O equivalents] is from 0.1 t0 0.2
and the aniline to formaldehyde molar ratio is in the
range from 2.0 to 3.5, and

wherein the aromatic amine is aniline and the aro-
matic polyamine is di-and poly(diamino diphenyl
methane).

[0031] According to the present invention the density
of the aqueous phase is modified by using any of the
following methods, either on its own or in combination
with one or more of the other methods:

(a) The density of the aqueous phase can be in-
creased by removal of some of the water from the
neutralised reaction mixture as further exemplified
in Methods 1 and 2 below;

(b) In addition to (a), the density of the aqueous
phase can be increased by addition of a suitable
quantity of solid sodium chloride or a concentrated
aqueous solution of sodium chloride as further ex-
emplified in Method 3 below;

(c) In addition to (a), the density of the aqueous
phase can be increased by return of a brine stream
of greater density generated from a weaker brine
stream from within the process itself as further ex-
emplified in Method 4, 5 and 6 below.

Brief description of the figures:
[0032]

Figure 1 is a schematic representation of a conven-
tional process for making DADPM.

Figure 2 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using Method 1.
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Figure 3 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using Method 2

Figure 4 is a schematic representation of a DADPM
process with density manipulation of the brine phase
by using either Methods 3 or 4.

Figure 5 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using Method 5.

Figure 6 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using Method 6.

Figure 7 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using a combination of evaporation and brine recy-
cle.

Figure 8 is a schematic representation of a DADPM
process with density manipulation of the brine phase
using acombination of evaporation and brine recycle
including a membrane-based method of brine con-
centration.

[0033] The various embodiments of the present inven-
tion are described below and with reference to the sche-
matic figures provided. Methods of modifying the density
of the organic phase are also possible (as described in
the patentee’s co-pending patent application of even
date) and can be used in combination with the presently
claimed methods of modifying the density of the aqueous
phase. It is to be understood that the Figures constitute
part of the present invention but are not intended to be
limiting in any way in terms of, for example, process en-
gineering and process design. The different embodi-
ments and further methods are referred to as numbered
Methods (Method 1, Method 2, etc.) but it is to be under-
stood that this is solely for the purposes of convenience
and that the present invention encompasses all of the
described embodiments for modifying the density of the
aqueous phase and their combinations and variations
with each other and with other embodiments or methods.
[0034] Method 1: The aqueous phase density can be
increased by removal of some of the water together with
some aniline from the neutralised reaction mixture by
fractionation, preferably by evaporation from the Neutral-
iser (Figure 2) thus ensuring proper operation of the Neu-
traliser Separator. The heat from the energy of neutrali-
sation may provide all or some of the energy requirement
for this process. Additional heat may be added by any
suitable means. The exact conditions for the operation
of the Neutraliser can be determined by those skilled in
the art but can be at approximately 100°C and atmos-
pheric pressure or may be at higher temperatures and
pressures.

[0035] Method 2 : Removal by fractionation, optionally
by fractional distillation (for example by evaporation in a
so-called Brine Evaporator), of some of the water from
the crude brine, thus increasing its density, after sepa-
ration from the crude neutralised organicreaction mixture



11 EP 2 203 407 B1 12

in the Neutraliser Separator prior to washing thus ensur-
ing proper operation of the Brine Work-up separator (Fig-
ure 3).

[0036] Method 3 : The density of the brine in the proc-
ess may be increased by addition of a suitable quantity
of solid sodium chloride or a concentrated aqueous so-
lution of sodium chloride, optionally at a controlled tem-
perature and with mixing, at a suitable pointinthe process
for example prior to the Neutraliser Separator for exam-
ple by addition to the Neutraliser (Figure 4) thus ensuring
properoperation of the Neutraliser Separator. Optionally,
the addition may be made to another suitable point such
as the Brine Washer to ensure proper operation of the
Brine Work-up separator.

[0037] Method 4 : Return of some of the brine to the
process, thus increasing the density of subsequent aque-
ous phase streams containing predominantly sodium
chloride and water, preferably prior to the separation of
the crude neutralised organic reaction mixture and the
crude brine for example by addition to the Neutraliser
(Figure 4) thus ensuring proper operation of the Neutral-
iser Separator. Optionally, the addition may be made to
another suitable point such as the Brine Washer to en-
sure proper operation of the Brine Work-up separator.
The brine being returned is more dense than the brine
forming from neutralisation of the reaction mixture be-
cause of the water removal via the Amine Brine Stripper
- Methanol Column route, which may optionally be further
enhanced with additional equipment in order to increase
the amount of water being removed.

[0038] Method 5 : Return of some of the brine to the
process, thus increasing the density of subsequent aque-
ous phase streams containing predominantly sodium
chloride and water, preferably prior to the separation of
the crude neutralised organic reaction mixture and the
crude brine for example by addition to the Neutraliser
thus ensuring proper operation of the Neutraliser Sepa-
rator where the concentration of sodium chloride has
been increased by fractionation of a more dilute brine
stream, optionally by a membrane-based fractionation
process, optionally by reverse osmosis or electrodialysis
or the like (Figure 5). Optionally, the addition may be
made to another suitable point such as the Brine Washer
to ensure proper operation of the Brine Work-up sepa-
rator. The concentrated brine may optionally be concen-
trated still further by one or more additional concentration
stages, optionally using membrane-based processes
(Method 6) (Figure 6).

[0039] Combinations of these methods include :-

Combination example 1 [Method 7] : Return of some
of the brine to the process, thus increasing the den-
sity of subsequent aqueous phase streams contain-
ing predominantly sodium chloride and water, pref-
erably prior to the separation of the crude neutralised
organic reaction mixture and the crude brine for ex-
ample by addition to the Neutraliser where the con-
centration of sodium chloride has been increased by
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fractionation of a more dilute brine stream, optionally
by fractional distillation (for example by evaporation)
(Figure 7).

Combination example 2 [Method 8] : Return of some
of the brine to the process, thus increasing the den-
sity of subsequent agueous phase streams contain-
ing predominantly sodium chloride and water, pref-
erably prior to the separation of the crude neutralised
organic reaction mixture and the crude brine for ex-
ample by addition to the Neutraliser thus ensuring
proper operation of the Neutraliser Separator where
the brine is first treated by fractionation, optionally
by fractional distillation such as evaporation or a
membrane-based process to remove all or essen-
tially all of the aniline, optionally together with remov-
al of some of the water, and the brine is then further
treated by fractionation, optionally by fractional dis-
tillation or a membrane-based process optionally by
reverse osmosis or electrodialysis or the like to gen-
erate a more concentrated brine stream (Figure 8)

[0040] Itisto be understood that other variations of the
embodiments and combinations of two or more of these
embodiments or their variations for modifying the density
of the aqueous phase, whether explicitly described or
not, are to be considered within the scope of the present
invention. Examples of such variations include but are
not limited to return of various streams to parts of the
process other than those mentioned specifically, for ex-
ample, to lines connecting vessels rather than vessels
themselves and use of additional mixing devices such
as dynamic or static mixers where deemed to be advan-
tageous by those skilled in the art. Variations to the proc-
ess embodiments of the present invention and their op-
eration can also be understood to exist at the start-up or
shut-down of the DADPM plant or when the plant is held
in a so-called "idle mode" during short-term production
interruptions.

[0041] Further differences to the specifics of the de-
scription given above but which constitute further em-
bodiments of the present invention occur when the proc-
ess of producing DADPM includes the use of gaseous
hydrogen chloride from whatever source rather than or
in combination with the use of aqueous hydrochloric acid
and when different concentrations and qualities of aniline
and formalin are used.

[0042] More detailed descriptions of the main embod-
iments of the present invention and the other methods
are described below and with reference to the schematic
figures provided.

[0043] Method 1 : Decreasing the amount of acid cat-
alyst with subsequent decrease of NaOH for neutralisa-
tion can be economically beneficial, but the resulting
brine will have lower density than from a higher acid proc-
ess. Thus, there will be a limitation on the decrease in
catalyst level which can be achieved when problems
arise in the organic/aqueous separations. This limitation
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can be overcome, thus facilitating increased economic
benefits, by removing some of the water, preferentially
as vapor, from the Neutraliser (Figure 2). This may be
carried out by means of simply venting the vapor from
the Neutraliser via a line to another suitable part of the
process or extra heat may be added to the neutralised
mixture by means of circulation of the mixture or part of
the mixture through a reboiler. Some aniline is also nor-
mally removed with the water, thus providing a means of
increasing the density of the organic phase if required,
for example, when operating high aniline / formaldehyde
recipes. The water/aniline stream may be combined with
other similar streams elsewhere in the plant.

[0044] Method 2 : Decreasing the amount of acid cat-
alyst with subsequent decrease of NaOH for neutralisa-
tion can be economically beneficial, but the resulting
brine will have lower density than from a higher acid proc-
ess. Thus, there will be a limitation on the decrease in
catalyst level which can be achieved before problems
arise in the organic/aqueous separations. This limitation
can be overcome, thus facilitating increased economic
benefits, by removing some of the water, preferentially
as vapor by fractionation of the crude brine stream exiting
the Neutraliser Separator, optionally by fractional distil-
lation, preferably by evaporation (Figure 3). Some aniline
is also normally removed with the water. The water/ani-
line stream may be combined with other similar streams
elsewhere in the plant.

[0045] Method 3 : Decreasing the amount of acid cat-
alyst with subsequent decrease of NaOH for neutralisa-
tion can be economically beneficial, but the resulting
brine will have lower density than from a higher acid proc-
ess. Thus, there will be a limitation on the decrease in
catalyst level which can be achieved before problems
arise in the organic/ aqueous separations. This limitation
can be overcome, thus facilitating increased economic
benefits, by increasing the density of the brine phase for
example in the Neutraliser Separator or in the Brine
Work-up Separator by addition of solid sodium chloride
or a concentrated aqueous solution of sodium chloride
at a suitable point in the process for example by addition
to the Neutraliser (Figure 4).

[0046] Method 4 : Decreasing the amount of acid cat-
alyst with subsequent decrease of NaOH for neutralisa-
tion can be economically beneficial, but the resulting
brine will have lower density than from a higher acid proc-
ess. Thus, there will be a limitation on the decrease in
catalyst level which can be achieved before problems
arise in the organic/ aqueous separations. This limitation
can be overcome, thus facilitating increased economic
benefits, by return of some of the brine to the process,
thus increasing the density of subsequent aqueous
phase streams containing predominantly sodium chlo-
ride and water, preferably prior to the separation of the
crude neutralised organic reaction mixture and the crude
brine for example by addition to the Neutraliser (Figure
4). The brine to be returned is more dense than the brine
forming from neutralisation of the reaction mixture be-
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cause of the water removal via the Amine Brine Stripper
- Methanol Column route.

[0047] Method 5 : Decreasing the amount of acid cat-
alyst with subsequent decrease of NaOH for neutralisa-
tion can be economically beneficial, but the resulting
brine will have lower density than from a higher acid proc-
ess. Thus, there will be a limitation on the decrease in
catalyst level which can be achieved before problems
arise in the organic/ aqueous separations. This limitation
can be overcome, thus facilitating increased economic
benefits, by increasing the density of the brine phase for
example in the Neutraliser Separator or in the Brine
Work-up Separator by recycling a brine stream which
has been produced by fractionation of the aqueous so-
lution by means of membrane-based fractionation using
semi-permeable membranes (Figure 5). The fractiona-
tion may take place in one or more locations of the work-
up system and may be membrane-based liquid-liquid
separation or technique e.g. Memstill® or the like. The
concentrated brine stream is preferably the retentate
stream. The low density brine stream may be sent for
disposal for example by bio-treatment before final dis-
posal or may be still further treated, optionally by a mem-
brane-based process such as reverse osmosis or elec-
trodialysis or other advanced membrane-based tech-
niques e.g. Memstill® to produce a clean or essentially
clean water stream suitable for disposal to the natural
environment and a more concentrated stream for incin-
eration or sequestration in a deep well disposal facility
or the like.

[0048] Method 6 : The concentrated brine stream be-
ing recycled as described above may be generated from
a more dilute brine stream by more than one stage (Fig-
ure 6).

[0049] Methods 7 & 8 : The density of the brine phase
for example in the Neutraliser Separator or in the Brine
Work-up Separator can be adjusted by addition of a more
concentrated brine by a combination of other methods
(Figures 7 & 8).

[0050] The described process steps for making
DADPM can be followed by the following steps in order
to prepare PMDI:

(1) dissolving the worked-up DADPM in solvent, typ-
ically chlorobenzene, and reacting with phosgene,
also optionally in the presence of solvent, to produce
PMDI;

(I working up and separating by known methods
the PMDI product into the range of di-isocyanate iso-
mers and PMDI mixtures.

[0051] The phosgenation reaction can be carried out
by any of the many and well known variations described
in the prior art.

[0052] For example, the DADPM can be dissolved in
chlorobenzene to a level of typically 10 to 60 wt%, pref-
erably 20 to 40 wt%, the resulting solution then being
introduced into reaction vessels typically by means of
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special mixing devices by means of which the amine
blend is thoroughly and intimately mixed with phosgene,
also optionally in solution, preferably in the same solvent
as the DADPM.

[0053] Reaction temperature at this stage is typically
in the range 50 to 150°C, preferably 75 to 95°C. The
product of this initial reaction stage may be worked up
immediately or there may be additional reaction, option-
ally in additional reaction vessels, optionally including ad-
dition of phosgene, for further digestion of reaction inter-
mediates and/or by-products. Many pressure and tem-
perature regime variations are known from the prior art
and many variations in process equipment can be em-
ployed.

[0054] On completion of the phosgenation reaction,
the crude MDI product can be separated from excess
phosgene, product HCI, and reaction solvent by any
means known to those skilled in the art, typically by dis-
tillation, and subjected to further work up such as the well
established thermal cracking of impurity compounds
known as "dechlorination". The mixture of di-isocyanate
isomers and PMDI homologues can be used as such or
further refined to give various di-isocyanate or polymeric
MDI products, typically by fractional distillation or frac-
tional crystallisation. All these process steps can be car-
ried out in batch, continuous or semi-continuous modes.

EXAMPLES
Reference example - conventional process

[0055] In a stirred batch reactor, 132 g of 30.7% aque-
ous hydrochloric acid was added to 609 g of 99.9% purity
aniline and the temperature was controlled to 50°C. 204
g of 47% formalin was then added over the course of 30
minutes controlling the temperature within the range 50
- 65°C. [An/F/HCl recipe of 2.05/1/0.35 molar]. The mix-
ture was isomerised for 170 minutes during which time
the temperature was increased to 137°C. This was fol-
lowed by neutralisation with 92 g of 50.4% NaOH (= 5%
excess) at a temperature of 95°C, the mixture separated
in an organic and aqueous phase (organic phase being
the top layer). The separated organic phase (695 g) was
washed with 104 g water at 95°C after which the mixture
readily separated into organic and aqueous phases (the
organic phase being the bottom layer). The organic
phase (716 g) was worked up further by distillation to
remove the aniline.

[0056] The separated aqueous phase (83 g) was add-
ed to the aqueous phase (344 g) from the neutraliser
separator and washed with aniline (142 g). The mixture
readily separated into organic and aqueous phases (the
organic phase being the top layer). The separated or-
ganic and brine phases could then be further treated fol-
lowing the principles described in the text.
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Comparative Example 1 - low acid process

[0057] Inastirred batchreactor,67 gof 30.7% aqueous
hydrochloric acid was added to 609 g of 99.9% purity
aniline and the temperature was controlled to 50°C. 204
g of 47% formalin was then added over the course of 30
minutes controlling the temperature within the range 50
- 65°C. [An/F/HCI recipe of 2.05/1/0.18 molar]. The mix-
ture was isomerised for 170 minutes during which time
the temperature was increased to 170°C. This was fol-
lowed by neutralisation with 47 g of 50.4% NaOH (= 5%
excess) at a temperature of 95°C, creating a mixture in
which the phases did not readily separate.

Example 1 - low acid process plus one embodiment of
the present invention

[0058] The neutralised non-separating mixture from
Comparative Example 1 was treated by addition of 136
g of 20% NaCl solution which resulted in separation of
organic and aqueous phases (the organic phase being
the top layer). Here the brine was prepared directly by
dissolving solid NaCl in water but other embodiments of
the present invention include preparation of such a brine
by recycling and concentrating previously separated
brine.

[0059] The separated organic and brine phases could
then be further treated following the principles described
in the text.

[0060] Analysisofthe organic material showed that the
polymeric DADPM produced contained 54.5 wt% di-
amines, 24.5 wt% triamines, 11.4 wt% tetramines and
9.6 wt% higher oligomers.

Claims

1. Process for the production of aromatic polyamines
comprising the steps of

(a) reacting aromatic amine and formaldehyde
in the presence of an acid catalyst to produce a
reaction mixture containing di- and polyamines;
(b) neutralising the reaction mixture containing
di- and polyamines;

(c) separating the neutralised reaction mixture
into an organic phase containing di- and
polyamines and an aqueous phase;

(d) further treating the organic phase separated
off in step (c) to produce purified di- and
polyamines by (d1) washing the organic phase
separated off in step (c¢) with water or other sol-
vent followed by (d2) separating the washed
mixture into an organic phase and an aqueous
phase and (d3) further fractionation of the or-
ganic phase to produce purified di-and
polyamines on the one hand and aromatic
amine/water on the other hand;
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characterised in that phase separation in step (c)
is facilitated by using any of the following methods
either on its own or in combination with one or more
other methods of the following methods:

(A) removal of some of the water by evaporation
from the neutralised reaction mixture obtained
in step (b) before the separation step (c); (B)
addition of an inorganic salt to the neutralised
reaction mixture obtained in step (b) before the
separation step (c);

wherein the acid catalyst is hydrogen chloride and
the molar ratio of hydrogen chloride to formaldehyde
[expressed as CH,O equivalents] is from 0.1 to 0.2
and the aniline to formaldehyde molar ratio is in the
range from 2.0 to 3.5, and

wherein the aromatic amine is aniline and the aro-
matic polyamine is di- and poly(diamino diphenyl
methane).

Process according to claim 1 wherein the aqueous
phase separated off in step (c) is further treated by
(e1) washing with aromatic amine or other solvent
followed by (e2) separating the washed mixture into
an aqueous phase and an organic phase and (e3)
further treatment of the aqueous phase to remove
the aromatic amine thereby leaving an effluent
stream.

Process according to claim 2 wherein the phase sep-
aration in step (c) is further facilitated by a method
(C): return of some of the aqueous phase obtained
in step (e2) or (e3) to the neutralised reaction mixture
obtained in step (b) or to the washed mixture in step
(e1).

Process according to any one of the preceding
claims wherein the process comprises the methods
(A) and (B).

Process according to any one of the preceding
claims wherein step (b) involves adding an excess
of base to neutralise the remaining acid catalyst.

Process according to any one of the preceding
claims wherein the acid catalyst is neutralised in step
(b) by adding sodium hydroxide.

Process according to claim 6 wherein the inorganic
salt of method (B) is sodium chloride.

Process according to any one of the preceding
claims wherein the aromatic polyamines in a subse-
quent step are phosgenated to obtain the corre-
sponding aromatic polyisocyanates.

Process according to claim 1, wherein method (B)
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10

10.

is used, the inorganic salt of method (B) being sodi-
um chloride, said sodium chloride being added as
solid sodium chloride.

Process according to claim 1, wherein method (B)
is used, the inorganic salt of method (B) being sodi-
um chloride, said sodium chloride being added as a
concentrated aqueous solution of sodium chloride.

Patentanspriiche

1.

Verfahren zur Herstellung von aromatischen Polya-
minen, umfassend die Schritte

(a) Umsetzen von aromatischem Amin und
Formaldehyd in Gegenwart eines Saurekataly-
sators, um eine Di- und Polyamine enthaltende
Reaktionsmischung herzustellen,

(b) Neutralisieren der Di- und Polyamine enthal-
tenden Reaktionsmischung,

(c) Auftrennen der neutralisierten Reaktionsmi-
schung in eine Di- und Polyamine enthaltende
organische Phase und eine wassrige Phase,
(d) weiteres Behandeln der in Schritt (c) abge-
trennten organischen Phase, um gereinigte Di-
und Polyamine herzustellen durch (d1) Wa-
schen der im Schritt (c) abgetrennten organi-
schen Phase mit Wasser oder anderem L&-
sungsmittel, gefolgt von (d2) Auftrennen der ge-
waschenen Mischung in eine organische Phase
und eine wassrige Phase und (d3) weiterem
Fraktionieren der organischen Phase, um einer-
seits gereinigte Di- und Polyamine und anderer-
seits aromatisches Amin/Wasser herzustellen,

dadurch gekennzeichnet, dass die Phasenauf-
trennung in Schritt(c)dadurch erleichtert wird, indem
eine der folgenden Methoden entweder allein oder
in Kombination mit ein oder mehreren anderen Me-
thoden der folgenden Methoden angewandt wird,

(A) Entfernen von etwas Wasser durch Ver-
dampfen aus der im Schritt (b) erhaltenen neu-
tralisierten Reaktionsmischung vor dem Auf-
trennschritt (c),

(B) Zugabe eines anorganischen Salzes zu der
im Schritt (b) erhaltenen neutralisierten Reakti-
onsmischung vor dem Auftrennschritt (c),

wobei der Saurekatalysator Chlorwasserstoff ist und
das Molverhaltnis von Chlorwasserstoff zu Formal-
dehyd (ausgedrickt als CH20-AquivaIente) 0,1 bis
0,2 betragt und das Molverhaltnis von Anilin zu
Formaldehyd in dem Bereich von 2,0 bis 3,5 liegtund
wobei das aromatische Amin Anilin und das aroma-
tische Polyamin Di- und Poly(diaminodiphenylme-
than) ist.
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Verfahren nach Anspruch 1, wobei die im Schritt (c)
abgetrennte wassrige Phase weiterbehandelt wird
durch (e1) Waschen mit aromatischem Amin oder
anderem Losungsmittel, gefolgt von (e2) Auftrennen
der gewaschenen Mischung in eine wassrige Phase
und eine organische Phase und (e3) weiterer Be-
handlung der wassrigen Phase, um das aromatische
Amin zu entfernen, wodurch Abwasser zuriickbleibt.

Verfahren nach Anspruch 2, wobei die Phasenauf-
trennung in Schritt (c) weiter durch eine Methode (C)
erleichtertwird: Rickflihrung von etwas derin Schritt
(e2) oder (e3) erhaltenen wassrigen Phase zu der
im Schritt (b) erhaltenen neutralisierten Reaktions-
mischung oder zu der gewaschenen Mischung in
Schritt (e1).

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei das Verfahren die Methoden (A)
und (B) umfasst.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei Schritt (b) die Zugabe eines Uber-
schusses an Base einbezieht, um verbleibenden
Saurekatalysator zu neutralisieren.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobei der Saurekatalysator im Schritt
(b) durch Zugabe von Natriumhydroxid neutralisiert
wird.

Verfahren nach Anspruch 6, wobei das anorgani-
sche Salz der Methode (B) Natriumchlorid ist.

Verfahren nach irgendeinem der vorhergehenden
Anspriiche, wobeidie aromatischen Polyamine in ei-
nem folgenden Schritt phosgeniert werden, um die
entsprechenden aromatischen Polyisocyanate zu
erhalten.

Verfahren nach Anspruch 1, wobei die Methode (B)
angewandt wird, das anorganische Salz der Metho-
de (B) Natriumchlorid ist und das Natriumchlorid als
festes Natriumchlorid hinzugegeben wird.

Verfahren nach Anspruch 1, wobei Methode (B) an-
gewandt wird, das anorganische Salz der Methode
(B) Natriumchlorid ist und das Natriumchlorid als ei-
ne konzentrierte wassrige Losung von Natriumchlo-
rid hinzugegeben wird.

Revendications

1.

Procédé pour la production de polyamines aromati-
ques, comprenant les étapes de :

(a) réaction d’'une amine aromatique et de for-
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maldéhyde en présence d’un catalyseur acide
pour produire un mélange réactionnel contenant
des di- et polyamines;

(b) neutralisation du mélange réactionnel con-
tenant les di- et polyamines ;

(c) séparation du mélange réactionnel neutrali-
sé en une phase organique contenant des di- et
polyamines et une phase aqueuse ;

(d) traitement supplémentaire de la phase orga-
nique séparéedans I'étape (c) pour produire des
di- et polyamines purifiées par (d1) lavage de la
phase organique séparée dans 'étape (c) avec
de 'eau ou un autre solvant puis (d2) séparation
du mélange lavé en une phase organique et une
phase aqueuse et (d3) fractionnement supplé-
mentaire de la phase organique pour produire
des di- et polyamines purifiées d’une part et de
'amine aromatique / eau d’autre part ;

caractérisé en ce que la séparation de phases dans
étape (c) est facilitée en utilisant n’importe lequel
des modes opératoires suivants isolément ou en as-
sociation avec un ou plusieurs autres modes opéra-
toires parmi les modes opératoires suivants :

(A) élimination d’'une certaine quantité de 'eau
par évaporation du mélange réactionnel neutra-
lisé obtenu dans I'étape (b) avant I'étape de sé-
paration (c) ; (B) addition d’un sel inorganique
au mélange réactionnel neutralisé obtenu dans
I’étape (b) avant I'étape de séparation (c) ;

dans lequel le catalyseur acide est le chlorure d’hy-
drogéne et le rapport molaire du chlorure d’hydro-
géne au formaldéhyde [exprimé en équivalents de
CH,0O]vade0,140,2 etle rapportmolaire de I'aniline
au formaldéhyde est compris dans l'intervalle de 2,0
a35, et

dans lequel 'amine aromatique est I'aniline et la po-
lyamine aromatique consiste en di- et poly(diamino-
diphénylméthane).

Procédé suivant la revendication 1, dans lequel la
phase aqueuse séparéedans I'étape (c) estsoumise
a un traitement supplémentaire par (e1) lavage avec
une amine aromatique ou un autre solvant suivi par
(e2) séparation du mélange lavé en une phase
aqueuse et une phase organique et (e3) traitement
supplémentaire de la phase aqueuse pour séparer
lamine aromatique, quittant ainsi un courant d’ef-
fluent.

Procédé suivant la revendication 2, dans lequel la
séparation de phases dans I'étape (c) estdavantage
facilitée par un mode opératoire (C) : retour d’une
certaine quantité de la phase aqueuse obtenue dans
I’'étape (e2) ou (e3) au mélange réactionnel neutra-
lisé obtenu dans I'étape (b) ou au mélange lavé dans
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I'étape (e1).

Procédé suivant 'une quelconque des revendica-
tions précédentes, ledit procédé comprenant les mo-
des opératoires (A) et (B).

Procédé suivant 'une quelconque des revendica-
tions précédentes, dans lequel I'étape (b) comprend
I'addition d’'un excés de base pour neutraliser le ca-
talyseur acide restant.

Procédé suivant 'une quelconque des revendica-
tions précédentes, dans lequel le catalyseur acide
estneutralisé dans I'étape (b) paraddition d’hydroxy-
de de sodium.

Procédé suivant la revendication 6, dans lequel le
sel inorganique du mode opératoire (B) est le chlo-
rure de sodium.

Procédé suivant 'une quelconque des revendica-
tions précédentes, dans lequel les polyamines aro-
matiques dans une étape ultérieure sont phosgé-
nées pour obtenir les polyisocyanates aromatiques
correspondants.

Procédé suivant la revendication 1, dans lequel le
mode opératoire (B) est utilisé, le sel inorganique du
mode opératoire (B) consistant en chlorure de so-
dium, ledit chlorure de sodium étant ajouté sous for-
me de chlorure de sodium solide.

Procédé suivant la revendication 1, dans lequel le
mode opératoire (B) est utilisé, le sel inorganique du
mode opératoire (B) consistant en chlorure de so-
dium, ledit chlorure de sodium étant ajouté sous for-
me d’une solution aqueuse concentrée de chlorure
de sodium.
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