Di carboxylic acid crystals The present invention relates to a
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crystals. This circunsgtance causes, for exanple when adipic acid is
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Crystalline dicarboxylic acids, and among these especi-ally adipic acid, are widely
15 used in chemical synthesis, for example for preparing polymers, especially poly-
amides. To ensure ease of processing and manipulation, the dicarboxylic acids are
usually converted into crystal powders (crystals). However, the average size distribu-
tion of these crystals should not be too small in order, for example, to reduce or avoid
dust formation during handling.
20
However, on lengthy storage of such crystals in heaps they display the property of
caking together to form larger crystallites. Larger transport and storage containers
such as big bags or silos can therefore often be emptied only with expenditure of
considerable mechanical force to break up caked crystals. This circumstance causes,
25 for example when adipic acid is used, an unwanted additional expenditure of time

and money.

Adipic acid crystallizes from pure solutions usually in the form of thin leaflets which
have a large contact area and thus, because of the attractive interactions between the

30 individual contact areas, make good adhesion between adjacent crystals possible.
Adipic acid crystals are described, for example, in R.J. Davey et al. in J. Chem. Soc.
Faraday Trans., 88 (23), (1992) 3461-3466.
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with this is often empirically thought to be connected with a deterioration in the flow
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20
A number of physical and chemical processes allowing the caking process to be
suppressed are described in the prior art. Thus, for example, when adipic acid is
stored in a product silo, small amounts of a dry gas are continuously passed through
the silo. Since this gas stream substantially removes traces of moisture which are

25 always present, there is essentially no formation of intercrystalline bridges, and
caking can thus be substantially prevented. This method has, however, the
disadvantage that it can be applied to transport containers only with difficulty, and in

particular not to big bags.

30 Another method for suppressing strong intercrystalline adhesion is to cover the
crystals with hydrophobic agents. Thus, for example, DE-A 1,618,796 describes
several possible ways of rendering the surface of adipic acid crystals hydrophobic by
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ent invention to provide a
process for preparing dicarboxylic acid crystals which do not have
the abovenentioned prior art disadvantages. It was a

It is an object of the present invention to provide a process for preparing dicarboxylic

20 acid crystals which do not have the abovementioned prior art disadvantages. It was a
particular object of the invention to provide, by means of a suitable process,
dicarboxylic acid crystals which show good flow behaviour and do not lose their
flowability even on lengthy storage either in product silos or in transport containers
such as big bags. It was likewise an object of the invention to provide dicarboxylic

25 acid crystals which show no great tendency to form fines either during preparation or
during handling, transport or before or during processing. It was another object of the
invention to provide, by means of a suitable process, dicarboxylic acid crystals which
have high product purity and are substantially free of contamination by coating agents
or crystallization aids.

30
We have found that these objects are achieved by subjecting a solution of a

dicarboxylic acid to crystallization with addition of at least one anionic
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15 flowability, long storability without caking, low residual moisture before the drying
step, and an average crystal size which is distinctly increased by comparison with

conventional crystals.

Another advantage of the invention is that when a high molecular weight anionic
20 polyelectrolyte as defined for the purpose of the present invention is used, in contrast
with the use of low molecular weight compounds as crystallization aids, even
extremely low concentrations, for example a few ppm based on the complete
crystallization solution, suffice to achieve the desired effect of free-flowing and
storable crystals with an average crystal size which is increased by comparison with
25 conventional methods, and with a narrow crystal size distribution, and thus a low

fines content.

When such small amounts of crystallization aid as are envisaged for the purpose of
the invention are added, in contrast to conventional monomeric additives, the amount
30 of crystallization aid remaining in the crystals is no more than only just measurable
and causes insignificant contamination having an adverse effect on further proces-

sability of the adipic acid. As a rule, the content of crystallization aid in the crystals
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20
The use of adipic acid represents a preferred embodiment in the implementation of
the process according to the invention.
In the process according to the invention for preparing dicarboxylic acid crystals, at
25 least one anionic polyelectrolyte having a molecular weight of at least about 2000 is

added to a solution containing at least the dicarboxylic acid to be crystallized. The
polyelectrolyte advantageously has a molecular weight of about 20,000 to about
2,000,000 and a molecular weight of about 100,000 to 500,000 is preferred for the
purpose of the invention. In an advantageous embodiment of the invention, a poly-

30 electrolyte having a molecular weight of about 200,000 to about 300,000 is
employed.
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the alkali metals, such as lithium, sodium or potassium. Likewise suitable as counter

ions are the quaternary ammonium ions obtainable, for example, from amino

15 compounds by protonation with acids.

However, the anionic polyelectrolytes preferably employed for the purpose of the
present invention are those whose anionic groups are in the acidic, ie. non-
neutralized, form.

20
It is preferred for the purpose of the present invention to employ anionic
polyelectrolytes which are at least dispersible in aqueous solution, preferably in water
itself, because crystallization from aqueous solution is preferred for the purpose of
the present invention. However, the anionic polyelectrolyte is preferably soluble in

25 water, where solubility in water means the formation of molecular solutions of the
anionic polyelectrolytes. Since the solubility in water of the anionic polyelectrolyte is
at least substantially determined by its anionic groups, the anionic polyelectrolytes
which are preferably to be used are those having a number of anionic groups which is
sufficient to produce solubility in water.

30

However, it is equally conceivable to use anionic polyelectrolytes whose number of

anionic groups is insufficient to produce solubility in water. However, anionic
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15 according to the invention, but they do not as a rule result in an improvement in the

crystals.

The solution employed in the process according to the invention thus contains,
besides the dicarboxylic acid to be crystallized, at least one anionic polyelectrolyte, as
20 a rule in an amount of about 0.001 to about 300 ppm, but preferably in an amount of
about 0.05 to about 200 ppm or about 0.1 to about 150 ppm. The polyelectrolyte is
particularly preferably employed in an amount of about 1 to about 80 ppm. The stated

amounts are based in each case on the entire solution to be crystallized.

25 In view of the small amount, which is to be added for the purpose of the present
invention, of anionic polyelectrolyte and the large excess of dicarboxylic acid to be
crystallized, it is also possible to employ an anionic polyelectrolyte with neutralized
anionic groups, accepting very slight contamination with traces of the base used to
neutralize the anionic polyelectrolyte. However, the use of neutralized anionic

30 polyelectrolytes is not preferred.

The anionic polyelectrolyte may have as functional group, for example, carboxyl



according ,0pdehRedidtdent i on, but they do not as a rule result leh’ an

i npr crystals. 15 The sol u;,j»
proc%%ml‘”mu o the invention thus contains, "\'co%\ hesh
di car I ‘o be crystallized, at |east one &MoONi cpo

“pol yel ectrol yte,
as a rule in an anmount of about-08001 to abo

. 308 ppm but
preferably in an anount of about 0.05 to about¥200 ppm or about 0.1

to about 150 T, t [ . ticGLl |y
el oyed i n al SRR EroLBs SF iy Sounsor,mixeilh o dHoCY e RAET Y
are based in ¢asfeveRsie aiohid@obrlactrelykoproferably has daeboxyy st allfd gredps, with

In view of the small anount, which |s to be added,. for the purpose of the

pr esent carbpRyl&FRUPS REINGMIEBI$hHior thsaroseet e INYERIMNd the | arge excess
of dicarboxylic acid to be crystallized, it is also possible to
enpl oy an anionic polyelectrolyte with neutralized 25 ani oni ¢ groups,
accepti ng ver Ruihblght at astasrienmioninpoiiytlbcttalye és fof exahple) age lyrserdpremared
neutralize the anionic polyel ectrolyte. wever, the.use of neytraljzed

ani oni c fromy GEYEF e26i%: oMGNRIYG apigy mlei¢ cde Jumaric acid, itaconic acid or

-9 oAl 88 B, %p%élgmeia rePRUE R kWO MBR oBiRup. for
exanpl e, carboxy groups, sul roups or phosphono groups or

m Xt ures of twioreme)bea thysslanér prepared frorhianiees rone bhthesmhamingers and at least

pol yel ectrol yte preferably has. carboxyl or sulfo groups, with
car boxyl gr oufPS¢ BEICREIOBPEERIVAISH 1§ &% ¢ %V@EQ%P%& 3 FEXPERAL AP G more af

Sui t abl #S atthés§?§%ﬂg&eor%%&%grspol yel ectrolyte is, for exanple, a polyner
rom

prepar e acryltc’acid, nethacrylic acid, maleic acid, fumaric
acid, itaconic acid or mesaconi ¢ acid nonomers, or a copolyner

prepared fromtwo or re,of these nQner.s, or a copol yner
prepared fr omEg“tamP%ésg? onNgablf W&%@e%ﬁr(?ﬁe?ggér%&?‘)ﬂt g’l"’é‘&%t"“rio‘lg)myly BHaCot her
mononer whi ch a’c@lﬂi@@, GlotiARO%! MLRURIeAirR" afhelhbié Ut HdlyindRz:onTOTIe Of

t hese pol yners or copol yners. Exanpl es of suitable nononers free

of carboxyl gmoipkcaciytevisnylly cowdin the monomers frecofydarbokegroupsdb Enamouny
ot her ol efins gnmenabl e t | ymerization, .The 15 ol yel ectro] ytg usually
cont ai nst® he PAHBARAROUE ﬂ§££§v¥’@%&§/‘fefa§lyo‘e}6§ ai"}?u%ow‘r‘ﬁ ot % by

weight. However, a smaller amount may also be advantageous, such as about 20 %

by weight, 15 % by weight, 10 % by weight or even less, for example only about 5 %
by weight or less.

20 It is advantageous for carrying out the process according to the invention if the
anionic polyelectrolyte is itself likewise soluble in the solvent used to dissolve the
dicarboxylic acid. However, because of the small amount to be added, it is
unnecessary for the solubility to correspond to or even exceed that of the dicarboxylic

acid. It is also possible to add anionic polyelectrolytes with a lower solubility.

25
In a preferred embodiment of the invention, polyacrylic acid having a molecular
weight of about 250,000 is employed as anionic polyelectrolyte.
The dicarboxylic acid is crystallized in the process according to the invention from a
30 solvent or a mixture of solvents. For the purpose of the invention, mixtures of

solvents are also referred to as "solvents” unless expressly indicated otherwise.
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However, it is preferred for the purpose of the invention to employ water as solvent.

20 Crystallization normally takes place when a supersatur-ated solution of the
dicarboxylic acid is present. There are various possibilities for initiating
crystallization. One possibility is to produce supersaturation of the solution by
reducing the amount of solvent, for example by continuously evaporating off the

solvent under atmospheric or reduced pressure.

25
Another possibility is to dissolve the dicarboxylic acid in the solvent at elevated
temperature, and to produce supersaturation by cooling the solvent to a lower temper-
ature, finally resulting in crystallization.

30 It is likewise possible to apply both methods simultaneously. This means cooling the

solution to a temperature below that at which the dicarboxylic acid was dissolved,

although the temperature is still high enough for the solvent to evaporate, with or
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If, for example, adipic acid is employed as dicarboxylic acid, it is advisable to carry
out the crystallization starting from an approximately 30 to 60 % strength solution of

adipic acid in water (about 70-95°C).

20 Crystallization is initiated by cooling the solution or by evaporating off the solvent,
with or without a reduction in pressure, or by a combination of the two methods.
Before or during the crystallization it is then possible to add a polyelectrolyte having
a molecular weight of at least 2000. The polyelectrolyte is preferably added before

the crystallization.

25
The crystallization is initiated and carried out in a continuous or batchwise process by
evaporating the solvent, cooling the solvent or a combination of the two methods,
normally until the suspension contains about 30 to 40 % by weight of solids. The
crystals obtained in this way can be removed in centrifuges and other separation
30 devices, for example suction filters, and be dried by any suitable processes. They

have the advantages referred to at the outset without further treatment.
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are required, the content of organic dicarboxylic acid is correspondmgly higher.

Thus, the dicarboxylic acid crystals according to the invention can contain the

organic dicarboxylic acid in an amount of at least about 99.5, 99.9, 99.95 or even

99.99 % by weight or more (based on dry matter).

15

Besides the organic dicarboxylic acid and the anionic polyelectrolyte, the

dicarboxylic acid crystals according to the invention may also contain other

substances, as a rule impurities, in small amounts. In this case, the content of

dicarboxylic acid together with the content of anionic polyelectrolyte and any other

20 constituents present amount to 100 % of the crystals.

The crystals according to the invention preferably contain adipic acid as dicarboxylic
acid. Other constituents which may be present in this case are, for example, the usual
impurities produced in the preparation of adipic acid by oxidizing a
25 cyclohexanone/cyclohexanol mixture, such as maleic acid, glutaric acid, succinic

acid, caproic acid, nitric acid and solvent residues, such as water.
The other constituents or impurities are usually present in an amount of about 1000
ppm, preferably less than 200 ppm and particularly preferably less than about 10 ppm

30 (based on the particular constituent or the particular impurity) in the crystals.

The invention likewise relates to the use of an anionic polyelectrolyte having a
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15 feed of the same composition and periodically drawing off small amounts of
suspension, for 8 hours until a stationary state is set up. At the end of the experiment,
the suspension present in the crystallizer is removed by centrifugation in a screen
bowl centrifuge at 600 g for three minutes. About 200 g of crystals with a residual
moisture content of 3.2 % and an average crystal size of 571 pum are obtained. After

20 drying under waterpump vacuum at 60°C for half an hour, the crystallites are stored
in a closed vessel. The crystals, which consist of isometric particles, are free-flowing

afier four weeks.

The crystals obtainable according to the example differ from known adipic acid
25 crystalline forms by being distinctly more compact while having a larger average
diameter, and thus they have a smaller surface area than crystals obtainable by
conventional processes and having a comparable average diameter, and have

essentially hydrophobic surfaces as outward-directed surfaces.

30 Comparative Example:

The same experiment without crystallization aid afforded crystals in the form of thin
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pol yel ectrol yte.
acid, methacrylic acid, maleic acid, fumaric acid, itaconic acid or mesaconic
acid monomers, or a copolymer prepared from two or more of these
monomers, or a copolymer prepared from at least one of these monomers and
at least one other monomer which is free of carboxyl groups, or a mixture of
15 two or more of these polymers or copolymers, is added as at least one anionic

polyelectrolyte.

3. A process as claimed in either of the preceding claims, wherein the at least
one anionic polyelectrolyte has a molecular weight of from 20,000 to
20 2,000,000, preferably 100,000 to 500,000.

4. A process as claimed in any of the preceding claims, wherein polyacrylic acid

having a molecular weight of 250,000 is employed as at least one anionic

polyelectrolyte.
25
5. A process as claimed in any of the preceding claims, wherein the at least one
anionic polyelectrolyte is employed in an amount of from 0.05 to 200 ppm,
preferably in an amount of from 0.1 to 150 ppm.
30 6. A process as claimed in any of the preceding claims, wherein adipic acid is

employed as dicarboxylic acid.
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9. Dicarboxylic acid crystals as claimed in claim 7 or 8, wherein adipic acid is

present as dicarboxylic acid.
10
10.  The use of at least one anionic polyelectrolyte having a molecular weight of

at least 2000 for preparing dicarboxylic acid crystals.

A R



