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Description

Field of the invention

[0001] This invention relates to a method for precipitating finely divided solid particles. In particular, this invention
relates to a new procedure that allows particles of average size less than 20 Pm to be obtained, with a narrow size
distribution ranging between 1 and 100 Pm, generally between 1 and 20 Pm, from a solution, and not a mixture, that
contains the compound to be precipitated.

Background of the invention

[0002] The quality of a large number of industrial products (medicines, explosives, colorants, pigments, cosmetics,
polymers, catalysts, chemical products for agriculture, etc.) depends on the physical characteristics (measurement, size
distribution, homogeneity, morphology, etc.) of the particles making them up. In conventional manufacturing processes
finely divided particles are obtained by means of a sequence of production stages: crystallization or precipitation, drying,
triturating or grinding, and homogenisation. Implementing any of these stages can be very costly for compounds that
are unstable at high temperature or which undergo degradation when subjected to mechanical action. The development
of methods for obtaining finely divided particles in a single production step is thus of considerable technological interest.
[0003] There exist in the state of the art various methods that relate to obtaining finely divided solid particles.
[0004] On one hand, there are methods which use solutions under pressure. Notable amongst the most widely used
of such methods is that described in the United States patent US 4582731, known as the RESS Procedure, and the
method described in international patent WO 9003782, known as the GAS Procedure.
[0005] On the other hand, there are methods in which cooling of the solution to be crystallized is caused by the
evaporation of a volatile fluid. Notable among the most widely used are the methods described in United States patent
US 4452621 and US 5639441, known as the DCC Procedure.
[0006] There follows a brief description of the mechanism used in each one of the procedures mentioned to obtain
finely divided particles.
[0007] Firstly, in the RESS (Rapid Expansion of a Supercritical Solution) Procedure the solid to be precipitated is first
dissolved in a fluid at a pressure and temperature higher than the critical temperature and pressure. This supercritical
solution is then expanded rapidly at atmospheric pressure, with the resulting precipitation of micrometric particles.
[0008] In this method, supersaturation of the compound in the solution to be precipitated is due to the rapid fall in the
solvating power of the supercritical gas caused by the sudden reduction of pressure.
[0009] Secondly, in the GAS (GAS Anti-Solvent) procedure, the gas or fluid under pressure acts as an anti-solvent
on a liquid solution of a compound C to be precipitated. Initially, said compound to be precipitated is dissolved in a fluid
A in order to form a solution A, and the solution A is then mixed at a pressure P, with a second fluid B, for example CO2,
which is converted into a gas when the pressure is reduced to atmospheric pressure. In this method the fluid A and the
fluid B have to be totally miscible at the pressure P. In the GAS procedure, however, the fluid B acts as an anti-solvent,
and precipitation of the compound C takes place during mixture of the solution A with the fluid B, at pressure P and
temperature T.
[0010] Thirdly, there exists a method in which the cooling of the solution to be crystallized is caused by the evaporation
of a volatile fluid, which is known as the DCC Procedure.
[0011] In a DCC (Direct-Contact-Cooling) procedure, <i.e. US-4452621,>the evaporation of a volatile fluid (refrigerant)
is used to provide the coldness necessary to permit precipitation. In this case, the degree of homogeneity of supersat-
uration throughout the entire solution to be crystallized depends of the quality of mixing between the solution and the
refrigerant liquid. The better the mixture the more homogenous the cooling will be, and the narrower the distribution of
particle size obtained.
[0012] In this crystallization process the solvent in which the compound to be precipitated is dissolved and the refrigerant
fluid are not miscible and, therefore, a solution is not formed before precipitation. In this case, moreover, the solution A
and the fluid B come into contact once the fluid B has been depressurised.
[0013] One major difference that should be highlighted between the methods of the prior art and that of this application
is that precipitation of the compound of interest takes place using a mixture and not using a solution that contains the
compound to be precipitated, as is the case in this invention.
[0014] EP-A-094158 relates to a method of crystallisation that permits the particle size distribution to be controlled.
[0015] In particular, EP-A-094158 relates to control of the particle size distribution by means of control of the temper-
ature of a suspension ("slurry"). However, suspension is taken to mean a fine solid material in a liquid medium and is,
therefore a mixture and not a solution.
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Description of the invention

[0016] A first objective of this invention is to provide a new method for obtaining finely divided solid particles, and
therefore particles with a large surface area, which is of considerable technological interest. The method of the invention
permits finely divided solid particles to be obtained from a solution that contains the compound to be precipitated. In the
prior art, on the other hand, small-size particles are obtained from a mixture which contains the compound to be precip-
itated.
[0017] A second objective of the invention is to provide a method which permits solid particles of an average size of
less than 20 Pm, and usually less than 10 Pm, to be obtained, with a narrow distribution of size of between 1 and 100
Pm, usually between 1 and 20 Pm.
[0018] A third objective of the invention is to provide a method useful for providing finely divided solid particles of a
large number of industrial products such as drugs, explosives, colorants, pigments, cosmetics, polymers, catalysts,
chemical products for agriculture, etc., which are difficult to make using other procedures existing in the state of the art
or which, in some cases, do not allow the production of average particle sizes of less than 20 Pm, and usually less than
10 Pm, with a narrow size distribution ranging between 1 and 100 Pm, and usually between 1 and 20 Pm.
[0019] A fourth objective of the invention is to disclose a method for providing finely divided solid particles at low cost.

Detailed description of the invention

[0020] In order to attain the objectives of this invention, the method for obtaining finely divided solid particles includes
the following stages:

a) Dissolving a compound C in a fluid A in order to provide a solution A;
b) Thermostatization of said solution at a temperature ranging between -50°C and 200°C.
c) Adding a fluid B to solution A until a pressure P is obtained.
And it is characterized in that said fluid B is miscible with said solution A and acts as a co-solvent in forming a
homogeneous solution AB, so that no precipitation at all takes place; and
d) Reducing the pressure of said homogeneous solution AB so as to produce the precipitation of said compound C.

[0021] The solid particles thus obtained present a narrow distribution of size and an average diameter of less than 20
Pm, and usually less than 10 Pm.
[0022] The faster the speed of depressurisation of the solution AB in stage d), the smaller will be the particle size
obtained and, therefore, the larger the surface area. This depressurisation causes an intense evaporation of the fluid B
and the consequent fast drop in temperature, which causes the supersaturation of the solution AB and precipitation of
particles of the compound C dissolved in said solution AB.
[0023] Advantageously, and unlike the RESS procedure of the prior art, in the method of this invention the supersat-
uration, necessary for the precipitation to take place, occurs due to the fast and homogeneous fall in the temperature
of the solution AB which includes the compound C to be precipitated. This fall down in temperature takes place homo-
geneously throughout the solution, since this is a solution and not a mixture, owing to depressurisation of the solution
AB, initially at a pressure P. During this depressurisation the fluid B is evaporated by boiling cooling the solution AB and
causing precipitation of the compound C.
[0024] Unlike in the GAS procedure, in the method of the invention the precipitation does not take place during the
mixing, at pressure P of the solution A with the fluid B. In the method of the invention, the fluid B does not act as an anti-
solvent, but rather as a co-solvent to form a new solution AB of the compound C at pressure P. Precipitation takes place
when the pressure of the solution AB is reduced suddenly as a result of the cooling caused by evaporation of the fluid
B. With the method of the invention particles of average size of less than 20 Pm, and usually less than 10 Pm, can be
obtained, with a narrow size distribution ranging between 1 and 100 Pm, and usually between 1 and 20 Pm.
[0025] As regards the differences between the method of the invention and the DCC procedure, it should be stressed
that although evaporation of a volatile fluid is also used to provide the coldness necessary for the precipitation to take
place, but unlike in the DCC process, in the invention the fluid B is dissolved at a pressure P in the solution A which
contains the compound C to be precipitated in order to form a new solution AB before evaporation and the consequent
precipitation of the compound C take place.
[0026] Thus, in the procedure of the invention, when the pressure is reduced and the fluid B evaporates, a very high
degree of homogeneity is achieved in the cooling due to the fact that said depressurisation takes place in a solution AB.
[0027] Moreover, with the method of the invention a high degree of supersaturation of the solution is obtained, which
permits the precipitation of particles of 0.1 to 10 Pm with a very narrow size distribution. (See Figure 1, which shows
two supersaturation curves in relation to time. With the method of the invention a high and homogeneous supersaturation
(curve a) is achieved at all points of the solution and, therefore, during crystallization the nucleation process is enhanced
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more than crystalline growth, providing small particles with a very narrow size distribution. In the prior art (curve b), for
example in the DCC process, there is a mixture of the solution A and the fluid B and, therefore, the trend in the crystallization
curve and the size and distribution of the particles will depend on the quality of the mixing (shaking speed, design of the
shaking apparatus, etc. of the solution A with the refrigerant fluid)).

In this invention:

[0028] Compound C is taken to be an industrial product selected from a drug, explosive, colorant, pigment, cosmetic,
polymer, catalyst, a chemical product for agriculture or other product that may be obtained in finely divided solid particle
form.
[0029] Fluid A is taken to mean any polar or non-polar solvent of the compound C, whether it be water or an organic
solvent or mixtures of organic solvents that are also miscible with the fluid B. Amongst the most widely used are acetone,
methanol, ethanol, ethyl acetate, toluene or mixtures thereof.
[0030] Fluid B is taken to be any fluid, liquid or supercritical, for example CO2, ethane, propane, which, one the one
hand, behaves as such at a process pressure P and temperature T and is also a gas at the discharge pressure and
temperature, normally atmospheric pressure and room temperature. And, on the other hand, said fluid B is miscible with
the fluid A and the solution A or only with the solution A, at a process pressure P and temperature T, so as to provide
a solution AB.
[0031] Moreover, in order that the method of the invention for obtaining finely divided particles can be carried out, the
solubility response of the compound C in mixtures of fluid A and fluid B, at pressure P and temperature T, must approximate
to a mathematical function, for example of the "asymmetric sigmoid" type, which is shown below: 

[0032] In which S is the solubility of the compound C, expressed in moles of C per moles of solvent, and XB is the
molar fraction of fluid B in the solvent (fluid A plus fluid B), that is, XB = moles B/(moles B + moles A), at a pressure P
and a temperature T which are shown in Figure 3 attached.
[0033] The coefficients α, β, γ and δ of equation 1 describe the variation of S with respect to XB, where XB is a value
between 0 and 1.
[0034] The yield of the method of the invention depends on the solubility behaviour of the compound C in mixtures of
fluid A and fluid B at a pressure P and a temperature T, and therefore of the coefficients α, β, γ and δ.
[0035] Advantageously, there is a suitable solubility curve when β > 0.3 and α ≈ ([CS]A - [CS]B) , with [CS]A being the
saturation concentration of the compound C in the pure fluid A and [CS] B being the saturation concentration of the
compound C in the pure fluid B.
[0036] When the coefficient β < 0.01 the requirements for carrying out the method in accordance with the invention
are not fulfilled. For values of β between 0.01 and 0.3 the viability of the method depends principally on the values of
coefficient γ, being preferable for absolute values of γ close to 0, and preferably lower than an absolute value of 0.3.
[0037] Furthermore, the solubility behaviour of the compound C in the solvent mixture does not depend on the value
of the coefficient δ, as can be seen from Table 1 which is included in the detailed description part of the figures.
[0038] It should be stressed that, although the function which describes the solubility of a compound C in a mixture
of solvent has been approximated to a function of the "asymmetric sigmoid" type, it is obvious that said approximation
can be carried out with other mathematical functions that can be approximated to the solubility function which permits
the method of the invention to be carried out.
[0039] The evolution of the composition of the compound C - fluid A - fluid B system, at pressure P and temperature
T, is shown by a straight line whose slope is :

- [C]A, where [C]A is the concentration of the compound C in the fluid A and ordinate at the origin [C]A.

[0040] The intersection of said straight line with equation 1 must arise at a value of XB > 0.2, preferably XB > 0.4,
where XB > is the molar fraction of fluid B in the solvent mixture (fluid A + fluid B). From XB > 0.2 good performance is
achieved in precipitation of the compound C. See Figure 3.
[0041] Advantageously, in order to maintain the conditions of pressure P and temperature T within the reactor before
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carrying out stage d) of depressurisation, an inert gas is supplied in the mixing reactor.
[0042] In this invention, inert gas is taken to mean any gas that does not interfere with the solubility between the
compound C and fluid A and fluid B and does not modify their chemical composition. Notable among the most widely
used are nitrogen, helium and argon.
[0043] This invention provides a method for obtaining particles of an average size smaller than 10 Pm and a very
narrow size distribution. See Figures 8 and 11.
[0044] Advantageously, and in accordance with the method of the invention, the making of a solution AB permits the
cooling of said solution AB to be carried out by depressurisation in a wholly homogeneous way, that is, almost at molecular
level. This promotes a high degree of nucleation compared with the crystalline growth with which particles of average
size less than 20 Pm, and generally less than 10 Pm are obtained, in addition to a narrow distribution of particle size.
See Figure 1 on the crystallization curve.
[0045] With the procedures described in the prior art it is not possible to obtain the high degree of nucleation that is
obtained with the method of the invention, since it is a solution and not a mixture. In the methods of the prior art the
cooling of the mixture that contains the compound to be precipitated arises through evaporation of a fluid which is in
more or less close contact with the mixture that contains said compound to be precipitated. There has nevertheless
been no description or suggestion that the evaporation of the fluid that permits the cooling of the solution is miscible
with solution A, in such a way that a new solution AB is formed. In the prior art, before depressurising in order to cool
the mixture two phases exist even where mechanical means have been used, such as shaking, that bring both phases
into intimate contact, and therefore the refrigerating effect that can cause evaporation of one of these phases cannot
be compared with the refrigerating effect caused by evaporation of the fluid B dissolved in the solution AB.

Description of the figures

[0046]

Figure 1 shows two supersaturation curves in relation to time.
Figure 2 provides a schematic representation of an installation for carrying out the method of the invention.
Figure 3 shows the variation in the solubility of a compound C with the composition of the solvent (fluid A and fluid
B) at a pressure P and a temperature T with values of the coefficients in accordance with equation 1 that permit the
method to be carried out according to the invention.
Figure 4 shows the variation in the solubility of a compound C with the composition of the solvent at a pressure P
and a temperature T with values of the coefficients in accordance with equation 1 that do not permit the method to
be carried out according to the invention.
Also included below are the figures corresponding to the examples of this invention.
Figures 5, 6, 7, 9 and 12 show the curves of variation of the solubility in moles of compound C/moles of solvent
(fluid A + fluid B) with the molar fraction of fluid B in the solvent.
Figures 8, 10 and 11 show the distribution of size of the particles using the Coulter technique using light dispersion.

[0047] The geometrical characteristics of the particles of precipitate (size and distribution of sizes) are measured by
the Coulter technique that uses light dispersion with Fourier lenses. Thus, by "particle size" is meant the value of the
median of the curve of distribution of particles, in % in volume, and by "distribution of sizes" is meant the value of the
standard deviation from the same curve.

Detailed description of the figures

[0048] Figure 1 shows two supersaturation curves in relation to time (t).
[0049] Said Figure 1 presents three differentiated zones: zone I in which there is no crystalline growth; zone II in which
there is crystalline growth but not nucleation; and zone III in which there is nucleation.
[0050] From Figure 1 it can be observed that in accordance with the method of the invention (curve a), said supersat-
uration curve develops in zone III over a brief period of time, and so there exists a high nucleation. Moreover, according
to the method of the invention there is little crystalline growth, zone II, when compared with the crystalline growth which
takes place according to the procedures of the prior art, and therefore a high number of solid particles
[0051] Figure 2 shows a schematic representation of an installation for carrying out the method of the invention which
allows particles with a very narrow size distribution to be obtained, of a size less than 20 Pm, and generally less than 10 Pm.
[0052] The equipment includes a tank 1 which contains the fluid B, connected through the pipe 2 to a pump 3 which
delivers the fluid B at high pressure. Addition of the fluid B in the mixing reactor 7, in which solution A (compound C and
fluid A) is situated, can be carried out through the upper part, through valves 4 and 6, or through the lower part through
valves 4 and 5. The addition to the mixing reactor 7 of an inert gas which is in a tank 8 is controlled through valve 9. The
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solution at pressure P, that had been prepared in the reactor 7, passes to the filter 11 through the valve 10, where a first
filtering at pressure P is implemented through the filter 11.
[0053] This filter is not necessary for carrying out the method of the invention, since no precipitation of compound C
takes place in the reactor mixture. It can nevertheless be useful to fit such a filter in order to eliminate possible solid
residue in the subsequent filtering.
[0054] At the outlet from the filter 11 and after passing through the valve 12, the solution undergoes a rapid reduction
of pressure down to atmospheric pressure, with the consequent precipitation of particles. During the filtering at atmos-
pheric pressure, these particles are retained on the filter 13 and the mother liquor is channelled to the tank 15 through
the valve 14.
[0055] As Figure 3 shows, fluid B can be added to solution A (compound C in fluid A), with concentration of [C]A lower
than the saturation concentration [Cs]A at temperature T, until a new solution AB of molar fraction XB(1) is formed, without
precipitation by "salting out" occurring, that is, precipitation by addition of fluid B.
[0056] The rapid reduction of pressure of the new solution AB leads to a sharp fall in temperature, homogeneously
throughout the solution, and this causes precipitation of the compound C. The uniform and fast reduction of temperature
at all points in the solution rapidly produces considerable supersaturation, thus boosting the nucleation process as
against crystalline growth and the obtaining of particles of average size of less than 10 Pm and with a very narrow size
distribution.
[0057] Figure 4 shows the variation in solubility of a compound C with the solvent mixture (fluid A and fluid B) at a
pressure P and temperature T, for which a method in accordance with the invention cannot be carried out.
[0058] If the variation of solubility of a compound C with the solvent mixture (fluid A and fluid B) is as shown in Figure
4, a precipitation in accordance with the method of the invention cannot be carried out. In this case, when the fluid B is
added to the initial solution A, at concentration [C]A at pressure P and temperature T, precipitation by "salting out" will
occur before having mixed a sufficient quantity of fluid B with solution A in order to obtain a homogeneous solution AB.
[0059] There follows a more detailed description of the figures corresponding to the examples.
[0060] Figure 5 shows the position of the acetaminophenethanol-CO2 mixture at 100 bar and 42°C immediately prior
to depressurisation (stage d), of example 1 (filled-in spot), in relation to the solubility curve of the acetaminophen in
ethanol-CO2 mixtures at 100 bar and 42°C. When the solubility curve shown in Figure 1 is adjusted by means of Equation
1 the following values were obtained for the coefficients: α = 0.092; β = 0.34; γ = -0.14 and δ = 1.3.
[0061] Figure 6 shows the position of the acetaminophenethanol-CO2 mixture at 100 bar and 42°C immediately prior
to depressurisation, of example 2, in relation to the solubility curve of the acetaminophen in ethanol-CO2 mixtures at
100 bar and 42°C. When the solubility curve shown in the figure is adjusted by means of Equation 1 the following values
were obtained for the coefficients: α = 0.092; β = 0.34; γ = -0.14 and δ = 1.3.
[0062] Figure 7 shows the position of the "solvent blue 35"- acetone-CO2 mixture at 60 bar and 25°C immediately
prior to depressurisation, of example 3, with respect to the solubility curve of the "solvent blue 35" in acetone-CO2
mixtures at 60 bar and 25°C. When the solubility curve was adjusted to Equation 1 the following values were obtained:
α = 0.018; β = 0.48; γ = -0.25 and δ = 71.
[0063] Figure 8 shows the analysis of particle size by the COULTER technique using light dispersion of example 3,
in accordance with the method of the invention.
[0064] Figure 9 shows the position of the mixture of "solvent blue 35"- acetone-CO2 mixture at 60 bar and 25°C
immediately prior to depressurisation, of example 4, with respect to the solubility curve of the "solvent blue 35" in acetone-
CO2 mixtures at 60 bar and 25°C. When the solubility curve was adjusted to Equation 1 the following values were
obtained: α = 0.018; β = 0.48; γ = -0.25 and δ 71.
[0065] Figure 10 shows the analysis of particle size by the COULTER technique using light dispersion of the fraction
of precipitation of particles of example 4, in accordance with the GAS procedure of the prior art.
[0066] Figure 11 shows the analysis of particle size by the COULTER technique using light dispersion of the fraction
of precipitation of particles of example 4, in accordance with the method of the invention.
[0067] Figure 12 shows the position of the acetaminophen- acetone-CO2 mixture at 100 bar and 42°C immediately
prior to depressurisation, of example 5, in relation to the solubility curve of the acetaminophen in acetone-CO2 mixtures
at 100 bar and 42°C. When the solubility curve was adjusted to Equation 1 the following values were obtained for the
coefficients: α = 0.12; β = 0.01; γ = 0.23 and δ = 2.3.
[0068] Provided below is Table 1, which gathers together all the values of the variables of equation 1 obtained in
accordance with the figures pertaining to the examples of the invention.
[0069] It is advantageous if the solution AB to be depressurised is in a position close to the curve of the variation of
solubility with the composition of the solvent and with values of XB > 0.2.
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Preferred embodiment of the invention

[0070] There follow below details of a preferred embodiment of the method of the invention schematised in Figure 2.

1. Introduction into the reactor of mixture 7, at a temperature T, of a certain quantity (Vi) of a solution A of the
compound C to be precipitated, with the fluid A being water or an organic solvent of mixtures of same such as
acetone, methanol, ethanol, ethyl acetate, toluene, etc.
2.Formation in the reactor 7 of a new liquid solution AB, at pressure P and temperature T, by means of addition
onto solution A of a fluid B, liquid or supercritical, for example CO2, ethane, propane, etc., which is a gas at atmospheric
pressure and is miscible with the fluid A at pressure P. The addition of the fluid B is implemented, via the pump 3,
through the lower part of the reactor 7 and keeping the valves 4 and 5 open and all the others closed. The addition
ends when there is a single liquid phase in the reactor 7 at pressure P.
3.Opening of valve 10, in order to establish the same pressure P in the reactor 7 and in the filter 11.
4.Depressurisation of the solution AB and filtering of the particles precipitated: the valve 9 is opened in order to
permit the entry of N2 at the pressure P. The valves 4 and 5 are closed in order to cut off the supply of CO2. Valve
14 is opened in order to ensure that the filter 13 is at atmospheric pressure. The valve 12 is opened gradually in
order to start depressurisation of the solution AB. At the filter 11, filtering is carried out at the pressure P and any
precipitate formed during the mixing of solution A with solution B is collected. At filter 13, filtering is carried out at
atmospheric pressure, and the particles formed in it by the method of the invention are retained. The mother liquor
is collected in the tank 15.
5.Washing of the precipitate: the valve 12, and then valve 14, are closed. The supply of N2 is shut off by closing
valve 9. The supply of CO2 through the upper part of the reactor 7 is opened up, by opening valves 4 and 6. Valve
12 is opened gradually until the filter 13 is at the desired washing pressure P. This pressure is maintained by means
of controlled opening of the valve 14. A certain flow of CO2 is maintained at pressure P through the filter 11, and at
pressure P1 through filter 13, in order to wash the precipitates contained in both filters.
6. Isolation of filter 13: the valve 12 is closed, the supply of CO2 is cut off by the closing of valves 4 and 5, the filter
13 is depressurised through valve 14, and the filter 13 is detached from the rest of the equipment in order to be able
to recover the precipitate contained in it.
7.The rest of the equipment is depressurised through valve 12.

Examples

Example 1

[0071] In the mixing reactor 7 of 2-litre capacity are placed 1,750 ml of a solution of the drug acetaminophen in ethanol
with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate of 7 kg/h until the
pressure in the reactor 7 reaches 100 bar. The temperature is kept constant at 42°C throughout the entire process. The
new acetaminophen-ethanol-CO2 mixture is left to stabilize at 100 bar and 42°C for 10 minutes (see Figure 5). The
supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started through valve 6, keeping the
pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2 and
sudden cooling of the solution homogeneously at all parts thereof occurs when valve 12 is opened, valve 14 having
been opened previously. The precipitate of acetaminophen produced according to the method of the invention is collected
in the filter 13 at atmospheric pressure and washed with CO2 at 40 bar. The size distribution of the particles of precipitate
obtained according to the method of the invention shows an average size of 15 Pm, with standard deviation of 18 Pm.
The yield of the process is 25%.

Table 1

Example no. α β γ δ

1 0.092 0.34 -0.14 1.3

2 0.092 0.34 -0.14 1.3

3 0.018 0.48 -0.25 71

4 0.018 0.48 -0.25 71

5 0.12 -0.01 -0.23 2.3
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Example 2

[0072] The presence of the filter 11 in the arrangement of the equipment used for carrying out precipitations according
to the method of the invention is justified in those cases in which it is appropriate to work with compound C-fluid A-fluid
B mixtures situated above the solubility curve. In such cases there is a possibility that part of the precipitation of the
compound C is by GAS process (WO 9003782), and, if this is the case, it would be collected in filter 11. The presence
of the filter 11 thus improves this invention, since whenever necessary, the precipitate produced by GAS process can
be separated from that produced by the method of the invention.
[0073] In the mixing reactor 7 of 2-litre capacity are placed 1,600 ml of a solution of the drug acetaminophen in ethanol
with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate of 7 kg/h until the
pressure in the reactor 7 reaches 100 bar. The temperature is kept constant at 42°C throughout the entire process. The
new acetaminophen-ethanol-CO2 mixture is left to stabilize at 100 bar and 42°C for 10 minutes (see Figure 6). The
supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started through valve 6, keeping the
pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2 and
sudden cooling of the solution, equally intensely at all parts thereof, occurs when valve 12 is opened, valve 14 having
been opened previously. The precipitate of acetaminophen produced by GAS process is collected in the filter 11 at 100
bar pressure. The precipitate of acetaminophen produced according to the method of the invention is collected in the
filter 13 at atmospheric pressure. Both are washed with CO2 at 40 bar. The size distribution of the particles of precipitate
obtained by GAS process has an average size of 50 Pm, with standard deviation of 30 Pm The size distribution of the
particles of precipitate obtained by the method of the invention has an average size of 15 Pm, with standard deviation
of 15 Pm. The yield of the GAS process is 5%, while that of the method of the invention is 30%.

Example 3

[0074] In the mixing reactor 7 of 2-litre capacity is placed 1,400 ml of a solution of the colorant "solvent blue 35" in
acetone with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate of 7 kg/h
until the pressure in the reactor 7 reaches 60 bar. The temperature is kept constant at 25°C throughout the entire process.
The new "solvent blue 35"-acetone-CO2 mixture is left to stabilize at 60 bar and 25°C for 10 minutes (see Figure 7). The
supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started through valve 6, keeping the
pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2 and
sudden cooling of the solution, equally intensely at all parts thereof, occurs when valve 12 is opened, with valve 14
having been opened previously. The precipitate of "solvent blue 35" colorant produced by the method of the invention
is collected in filter 13 at atmospheric pressure and washed with CO2 at 40 bar. The distribution of precipitate particle
size obtained using the method of the invention (Figure 8) has an average of 5 Pm, with standard deviation of 3 Pm.
The yield of the process is 80%.

Example 4

[0075] In the following example, the presence of the filter 11 is once again justified.
[0076] In the mixing reactor 7 of 2-litre capacity is placed 640 ml of a solution of the colorant "solvent blue 35" in
acetone with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate of 7 kg/h
until the pressure in the reactor 7 reaches 60 bar. The temperature is kept constant at 25°C throughout the entire process.
The new "solvent blue 35"-acetone-CO2 mixture is left to stabilize at 60 bar and 25°C for 10 minutes (see Figure 9). The
supply of CO2 is shut off and addition of He through the upper part of the reactor is started through valve 6, keeping the
pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2 and
sudden cooling of the solution, equally intensely at all parts thereof, occurs when valve 12 is opened, with valve 14
having been opened previously. The precipitate of "solvent blue 35" colorant produced by GAS process is collected in
filter 11 at 60 bar pressure. The precipitate of colorant produced by the method of the invention is collected in filter 13
at atmospheric pressure. Both are washed with CO2 at 40 bar. The distribution of precipitate particle size obtained using
the GAS process (Figure 10) has an average size of 70 Pm, with standard deviation of 65 Pm. The distribution of
precipitate particle size obtained using the method of the invention (Figure 11) has an average of 4 Pm, with standard
deviation of 6 Pm. The yield of the GAS process is 5%, while that of the process of the invention is 70%.

Example 5

[0077] The following example is equivalent to Example 2 in relation to the working conditions and arrangement of the
equipment, but in this case the fluid A is acetone instead of ethanol. The solubility curves of the acetaminophen-ethanol-
CO2 and acetaminophen-acetone-CO2 systems are completely different (compare Figure 6 and Figure 12). This is the
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reason why in Example 2 precipitation is obtained by the method of the invention, while in Example 5 GAS process
precipitation is obtained.
[0078] In the mixing reactor 7 of 2-litre capacity are placed 1,600 ml of a solution of the drug acetaminophen in acetone
with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate of 7 kg/h until the
pressure in the reactor 7 reaches 100 bar. The temperature is kept constant at 42°C throughout the entire process. The
new acetaminophen-acetone-CO2 mixture is left to stabilize at 100 bar and 42°C for 10 minutes (see Figure 12) . The
supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started through valve 6, keeping the
pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2 and
sudden cooling of the solution, homogeneously at all parts thereof, occurs when valve 12 is opened, valve 14 having
been opened previously. The precipitate of the acetaminophen produced by GAS process is collected in the filter 11 at
100 bar pressure and is washed with CO2 at 40 bar. Precipitate produced by the method of the invention is not collected
in filter 13. The size distribution of the particles of precipitate obtained by GAS process shows an average size of 50
Pm, with standard deviation of 39 Pm. The yield of the GAS process is 60%.

Example 6

[0079] In the mixing reactor 7 of 2-litre capacity are placed 1,350 ml of a solution of the drug "aspirin" in acetone with
a concentration in relation to saturation of 60%. Over this solution is added CO2 at a flow rate of 7 kg/h until the pressure
in the reactor 7 reaches 70 bar. The temperature is kept constant at 25°C throughout the entire process. The new
"aspirin"-acetone-CO2 mixture, with a molar fraction of CO2 of 0.6, is left to stabilize at 70 bar and 25°C for 10 minutes.
The supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started through valve 6, keeping
the pressure and temperature constant. Depressurisation of the solution, with resulting rapid evaporation of the CO2
and sudden cooling of the solution, at equal intensity in at all parts thereof, occurs when valve 12 is opened, valve 14
having been opened previously. The precipitate of the medicine "aspirin" produced by method of the invention is collected
in the filter 13 at atmospheric pressure and is washed with CO2 at 40 bar. The size distribution of the particles of precipitate
obtained by the method of the invention shows an average size of 14 Pm, with standard deviation of 15 Pm. The yield
of the process is 40%.

Example 7

[0080] In the mixing reactor 7 of 2-litre capacity are placed 1,300 ml of a solution of the organic compound "stearic
acid" in ethyl acetate with a concentration in relation to saturation of 80%. Over this solution is added CO2 at a flow rate
of 7 kg/h until the pressure in the reactor 7 reaches 100 bar. The temperature is kept constant at 25°C throughout the
entire process. The new "stearic acid"-ethyl acetate-CO2 mixture, with a molar fraction of CO2 of 0.6, is left to stabilize
at 100 bar and 25°C for 10 minutes. The supply of CO2 is shut off and addition of N2 through the upper part of the reactor
is started through valve 6, keeping the pressure and temperature constant. Depressurisation of the solution, with resulting
rapid evaporation of the CO2 and sudden cooling of the solution, at equal intensity in at all parts thereof, occurs when
valve 12 is opened, valve 14 having been opened previously. The precipitate of stearic acid produced by method of the
invention is collected in the filter 13 at atmospheric pressure and is washed with CO2 at 40 bar. The size distribution of
the particles of precipitate obtained by the method of the invention shows an average size of 2 Pm, with standard deviation
of 2 Pm. The yield of the process is 70%.

Example 8

[0081] In the mixing reactor 7 of 2-litre capacity are placed 900 ml of a solution of the organic compound "methenamine"
in ethanol with a concentration in relation to saturation of 90%. Over this solution is added CO2 at a flow rate of 7 kg/h
until the pressure in the reactor 7 reaches 100 bar. The temperature is kept constant at 25°C throughout the entire
process. The new "methenamine"-ethanol-CO2 mixture, with a molar fraction of CO2 of 0.7, is left to stabilize at 100 bar
and 25°C for 10 minutes. The supply of CO2 is shut off and addition of N2 through the upper part of the reactor is started
through valve 6, keeping the pressure and temperature constant. Depressurisation of the solution, with resulting rapid
evaporation of the CO2 and sudden cooling of the solution, at equal intensity in at all parts thereof, occurs when valve
12 is opened, valve 14 having been opened previously. The precipitate of "methenamine" produced by method of the
invention is collected in the filter 13 at atmospheric pressure and is washed with CO2 at 40 bar. The size distribution of
the particles of precipitate obtained by the method of the invention shows an average size of 8 Pm, with standard deviation
of 10 Pm. The yield of the process is 60%.
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Claims

1. Method for obtaining finely divided solid particles which comprises:

a) Dissolving a compound C in a fluid A in order to provide a solution A;
b) Thermostatization of said solution A at a temperature ranging between -50°C and 200°C;
c) Adding a fluid B to said solution A until a pressure P is obtained.
characterised in that said fluid B at pressure P is miscible with said solution A and acts as a co-solvent in
forming a <homogeneous> solution AB; and
d) Reducing the pressure of said <homogeneous> solution AB so as to produce the precipitation of said
compound C.

2. Method as claimed in Claim 1, characterized in that said compound C is selected from a drug, explosive, colorant,
pigment, cosmetic, polymer, catalyst, a chemical product for agriculture or other product that may be obtained in
finely divided solid particle form.

3. Method as claimed in Claim 1, characterized in that said fluid A is a polar or non-polar solvent such as water or
an organic solvent or mixtures of organic solvents that are miscible with the fluid B.

4. Method as claimed in Claim 3, where said fluid A is water, acetone, methanol, ethanol, ethyl acetate, toluene or
mixtures thereof.

5. Method as claimed in Claim 1, characterized in that said fluid B is any liquid or supercritical fluid which, on the
one hand, behaves as such at a pressure P and temperature T and is also a gas at the discharge pressure and
temperature, and on the other hand, is miscible with said fluid A and said solution A or only with said solution A, so
as to provide a solution AB.

6. Method as claimed in Claim 1, characterised in that before carrying out stage d) an inert gas is added the solution AB.

7. Method as claimed in Claim 6, in which said inert gas is any gas that goes not interfere with the solubility of compound
C in fluid A and fluid B or modify their chemical composition.

8. Method as claimed in Claim 6 or Claim 7, in which said inert gas is selected from among nitrogen, helium or argon.

9. Method as claimed in Claim 1, characterised in that the solubility response of said compound C in the solvent,
fluid A and fluid B, at pressure P and temperature T, approximates to a mathematical function of "asymmetric
sigmoid" type, which is shown below: 

In which:

- S is the solubility of the compound C, expressed in moles of C per moles of solvent;
- XB is the molar fraction of fluid B in the solvent, at a pressure P and a temperature T, and
- β > 0.01, γ = 0 and α ≈ ([CS]A - [CS]B), with [CS]A being the saturation concentration of the compound C in the
fluid A and [CS]B being the saturation concentration of the compound C in the fluid B, independently of the value
of δ.

10. Method as claimed in Claim 9, characterised in that β > 0.3.

11. Method as claimed in Claim 9, characterised in that | γ | < 0.3.
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12. Method as claimed in any of the previous claims in which the finely divided solid particles have an average particle
diameter of less than 20 Pm, generally less than 10 Pm, and a size distribution ranging between 1 and 100 Pm,
generally between 1 and 20 Pm.

Patentansprüche

1. Verfahren, um fein verteilte Feststoffteilchen zu erhalten, umfassend:

(a) Auflösen einer Verbindung C in einer Flüssigkeit A, um eine Lösung A zu erhalten;
(b) Thermostatisierung der Lösung A bei einer Temperatur von - 50 °C bis 200 °C;
(c) Zugeben einer Flüssigkeit B zur Lösung A, bis der Druck P erhalten wird, dadurch gekennzeichnet, dass
die Flüssigkeit B beim Druck P mit der Lösung A mischbar ist und als Co-Lösungsmittel bei der Ausbildung
einer homogenen Lösung AB wirkt, und
(d) Reduzieren des Drucks auf die homogene Lösung AB, um die Präzipitation der Verbindung C zu bewirken.

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Verbindung C ausgewählt wird aus einem Wirk-
stoff, einem Explosivmittel, einem Farbstoff, Pigment, Kosmetikum, Polymer, Katalysator, einem landwirtschaftlichen
chemischen Produkt oder einem anderen Produkt, das in fein verteilter fester Teilchenform erhältlich ist.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Flüssigkeit A ein polares oder nicht-polares
Lösungsmittel, beispielsweise Wasser, oder ein organisches Lösungsmittel oder Mischungen organischer Lösungs-
mittel, ist, die mit der Flüssigkeit B mischbar sind.

4. Verfahren nach Anspruch 3, wobei die Flüssigkeit A Wasser, Aceton, Methanol, Ethanol, Ethylacetat, Toluol oder
Mischungen hiervor ist.

5. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Flüssigkeit B irgendeine Flüssigkeit oder ein
superkritisches Fluid ist, das auf der einen Seite sich als solches bei einem Druck P und einer Temperatur T benimmt
und es weiterhin ein Gas bei einem Entladungsdruck und einer Temperatur ist, und es andererseits mit der Flüssigkeit
A und der Lösung A oder nur mit der Lösung A mischbar ist, um eine Lösung AB zu erhalten.

6. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass, vor Durchführung des Schrittes (d), zur Lösung AB
ein inertes Gas zugegeben wird.

7. Verfahren nach Anspruch 6, wobei das inerte Gas irgendein Gas ist, das nicht mit der Löslichkeit der Verbindung
C in der Flüssigkeit A und der Flüssigkeit B interferiert oder ihre chemische Zusammensetzung verändert.

8. Verfahren nach Anspruch 6 oder Anspruch 7, wobei das inerte Gas ausgewählt wird aus Stickstoff, Helium oder
Argon.

9. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Löslichkeitsantwort der Verbindung C in dem
Lösungsmittel, der Flüssigkeit A und der Flüssigkeit B, bei einem Druck P und einer Temperatur T sich einer
mathematischen Funktion vom "asymmetrischen sigmoiden"-Typus annährt, die wie folgt aussieht: 

In der:
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- S die Löslichkeit der Verbindung C ist, ausgedrückt in Molen C pro Mole Lösungsmittel;
- XB der Molenbruch der Flüssigkeit B im Lösungsmittel, bei einem Druck P und einer Temperatur T, ist, und
- β > 0,01, γ = 0 und α ≈ ([CS]A - [CS]B), mit [CS]A als Sättigungskonzentration der Verbindung C in der Flüssigkeit
A und [CS]B als Sättigungskonzentration in der Flüssigkeit B, unabhängig vom Wert δ.

10. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dass β > 0,03 ist.

11. Verfahren nach Anspruch 9, dadurch gekennzeichnet, dass |γ| < 0,03 ist.

12. Verfahren nach einem der vorhergehenden Ansprüche, wobei die fein verteilten Feststoffteilchen einen mittleren
Teilchendurchmesser von unter 20 Pm, im Allgemeinen unter 10 Pm, und eine Größenverteilung von 1 bis 100 Pm,
im Allgemeinen von 1 bis 20 Pm, aufweisen.

Revendications

1. Procédé d’obtention de particules solides finement divisées comprenant :

a) la dissolution d’un composé C dans un fluide A afin d’obtenir une solution A ;
b) la thermostatisation de ladite solution A à une température comprise entre -50 °C et 200 °C ;
c) l’ajout d’un fluide B à ladite solution A jusqu’à l’obtention d’une pression P ;
caractérisé en ce que ledit fluide B à la pression P est miscible avec ladite solution A et agit comme cosolvant
dans la formation d’une solution homogène AB ; et
d) la réduction de la pression de ladite solution AB homogène de manière à produire la précipitation dudit
composé C.

2. Procédé selon la revendication 1, caractérisé en ce que ledit composé C est choisi parmi un médicament, un
explosif, un colorant, un pigment, un cosmétique, un polymère, un catalyseur, un produit chimique pour l’agriculture
ou d’autres produits pouvant être obtenus sous la forme de particules solides finement divisées.

3. Procédé selon la revendication 1, caractérisé en ce que ledit fluide A est un solvant polaire ou non polaire, tel que
l’eau, ou un solvant organique ou des mélanges de solvants organiques qui sont miscibles avec le fluide B.

4. Procédé selon la revendication 3, dans lequel ledit fluide A est l’eau, l’acétone, le méthanol, l’éthanol, l’acétate
d’éthyle, le toluène ou des mélanges de ceux-ci.

5. Procédé selon la revendication 1, caractérisé en ce que ledit fluide B est un liquide ou fluide supercritique quel-
conque qui, d’une part, se comporte comme tel à une pression P et à une température T, et est également un gaz
à la pression de décharge et à la température de décharge, et d’autre part, est miscible avec ledit fluide A et ladite
solution A ou uniquement avec ladite solution A, de manière à fournir une solution AB.

6. Procédé selon la revendication 1, caractérisé en ce que, avant la réalisation de l’étape d), un gaz inerte est ajouté
à la solution AB.

7. Procédé selon la revendication 6, dans lequel ledit gaz inerte est un gaz quelconque qui n’interfère pas avec la
solubilité du composé C dans le fluide A et le fluide B ou qui ne modifie pas leur composition chimique.

8. Procédé selon la revendication 6 ou 7, dans lequel ledit gaz inerte est choisi parmi l’azote, l’hélium et l’argon.

9. Procédé selon la revendication 1, caractérisé en ce que le comportement de la solubilité dudit composé C dans
le solvant, le fluide A et le fluide B, à une pression P et à une température T, se rapproche d’une fonction mathématique
de type « sigmoïde asymétrique », qui est donnée ci-dessous : 
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dans laquelle :

- S est la solubilité du composé C, exprimée en moles de C par moles de solvant ;
- XB est la fraction molaire du fluide B dans le solvant, à une pression P et à une température T, et
- β>0,01, γ = 0 et α ≈ ([Cs]A - [Cs]B), [Cs]A étant la concentration de saturation du composé C dans le fluide A,
et [Cs]B étant la concentration de saturation du composé C dans le fluide B, indépendamment de la valeur de δ.

10. Procédé selon la revendication 9, caractérisé en ce que β > 0,3.

11. Procédé selon la revendication 9, caractérisé en ce que |γ| < 0,3.

12. Procédé selon l’une quelconque des revendications précédentes, dans lequel les particules solides finement divisées
ont un diamètre de particule moyen inférieur à 20 Pm, généralement inférieur à 10 Pm, et une granulométrie comprise
entre 1 et 100 Pm, généralement entre 1 et 20 Pm.
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