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Description

Technical Field

[0001] The present invention relates to a method for preparing nylon microspheres and nylon microspheres prepared
thereby. More particularly, the present invention relates to a method for preparing high molecular nylon microspheres
with controllable particle size, and nylon microspheres with high molecular weight and controlled particle size.

Technical Background

[0002] Nylon has been widely used in engineering plastics due to its high strength, high wearing resistance, high
chemical resistance, and good deformation resistance and anti-aging ability. Nylon synthesized by anionic ring-opening
polymerization has a much higher molecular weight than that of nylon synthesized by condensation polymerization, thus
it is superior in applicability.
[0003] Nylon particles see a great potential for application in coatings and raw materials for rollforming molding and
extrusion molding. Conventional processes for preparing nylon particles include solution precipitation, emulsion, direct
polymerization, mechanical ground (low temperature, slicing process and air flow crash), and the like. These processes,
however, typically suffer from such drawbacks as technical complexity, high cost and high energy consumption, irregular
powder shape, large particle size and wide distribution of particle size, rendering significant difficulty in their practical
application.
[0004] It is disclosed in European Patent No. EP1636292 that polyamide spherical particles were made by emulsion
polymerization. It is disclosed in WO 03097228 that polyamide spherical particles were made by interracial polyconden-
sation. However, these two processes are not suitable for industrial application for their process complexity and the
need of a great deal of solvent and dispersant.
[0005] A method is disclosed in Chinese Patent No. CN1624025 wherein a polyamide powder was obtained by mixing
polyamide granules and a water soluble polymer to give a co-blend with polyamide as the dispersed phase and the
water soluble polymer as the continuous phase, and then removing the water soluble polymer with water. While this
method is desirable in industrialized manufacture, the preparation of polyamide powder used as the raw material requires
consumption of a lot of energy.

Summary of the Invention

[0006] One object of the invention is to provide a technically simple method for preparing nylon microspheres suitable
for large-scale industrial production.
[0007] Another object of the invention is to provide nylon microspheres with high molecular weight and controlled
particle size.
[0008] In the first aspect of the invention, a method for preparing nylon microspheres is provided, characterized by
that the method includes steps (1), (2) and (3) as follows:

(1) A radically polymerizable monomer is dispersed in a molten lactam monomer, and a free radical initiator is added,
so that radical polymerization of the radically polymerizable monomer is carried out to give a mixture of a free radical
polymer and the lactam monomer;
(2) An initiator and an activator, used for anionic ring-opening polymerization of the lactam monomer, are added to
the mixture obtained in step (1) wherein the remaining radically polymerizable monomer and water are removed,
so that the anionic ring-opening polymerization of the lactam is carried out to give a polymer alloy of the free radical
polymer/polyamide; and
(3) The free radical polymer in the polymer alloy obtained in step (2) is removed by dissolution, giving nylon micro-
spheres.
wherein in step (1), the amount of the radically polymerizable monomer used is 10-50 weight% based on the total
weight of the radically polymerizable monomer and the lactam monomer.

[0009] In a preferred embodiment, the radically polymerizable monomer is one or more of those selected from the
monomers from which the free radical polymer can be formed and be soluble in the lactam monomer.
[0010] More preferably, the radically polymerizable monomer is one or more of those selected from the group consisting
of acrylate, methylacrylate, acrylamide, acrylonitrile, styrene, methylstyrene, vinyl pyrrolidone, vinyl acetate, divinyl ben-
zene, and derivatives thereof; and the radical polymer is a homopolymer of one monomer described above or a co-
polymer of two or more monomers described above.
[0011] In a preferred embodiment, in step (1), the amount of the radically polymerizable monomer used is 5-80 weight%
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based on the total weight of the radically polymerizable monomer and the lactam monomer.
[0012] More preferably, the amount of the radically polymerizable monomer used is 10-50 weight% based on the total
weight of the radically polymerizable monomer and the lactam monomer.
[0013] In a preferred embodiment, the lactam monomer is one or more of those selected from C4-C12 lactam, in which
case when the lactam is of one type, the polyamide is a homopolymer thereof, and when the lactam is of two or more
types, the polyamide is a co-polymer thereof.
[0014] In a preferred embodiment, the free radical polymerization in step (1) is carried out at 60-150°C.
[0015] In a preferred embodiment, the anionic ring-opening polymerization in step (2) is carried out at 120-250°C.
[0016] In a preferred embodiment, the anionic ring-opening polymerization of the lactam monomer is selected from
static casting or reactive extrusion.
[0017] In a preferred embodiment, in step (1), the free radical initiator is one or more of those selected from the group
consisting of azo initiators, organic peroxides initiators and oil soluble redox initiation systems, wherein the content of
the free radical initiator is 0.05-5 weight% based on the total weight of the radically polymerizable monomer and the
lactam monomer.
[0018] In a preferred embodiment, in step (2), the initiator is one or more of those selected from the group consisting
of lactam metal compounds, alkali metals, alkali metal hydrides, alkali metal hydroxides, alkali alkoxides or alkaline
carbonates, and the activator is one or more of those selected from the group consisting of substituted or unsubstituted
isocyanates, acetyl caprolactam, acyl chlorides or anhydrides.
[0019] More preferably, the initiator is one or more of those selected from the group consisting of sodium lactam,
sodium, potassium, lithium, NaH, LiH, NaOH, KOH or Na2CO3.
[0020] In a preferred embodiment, the particle size of the nylon microspheres is controlled by tailoring the ratio of the
free radical polymer to the lactam monomer.
[0021] In an embodiment, which is not part of the invention, the free radical polymer removed by way of dissolution
in step (3) is recycled and combined with the molten lactam monomer, providing a mixture of the free radical polymer
and the lactam monomer so that microspheres can be prepared by sequentially carrying out steps (2) and (3).
[0022] With the method of the invention, nylon microspheres are provided, characterized by that the weight average
molecular weight of the nylon lies in the range of 10000-300000, and the particle size of the nylon microspheres lies in
the range of 0.1-500 mm.
[0023] Preferably, the weight average molecular weight of the nylon lies in the range of 10000-80000, and the particle
size of the nylon microspheres lies in the range of 0.5-100 mm.
[0024] More preferably, the weight average molecular weight of the nylon lies in the range of 25000-60000, and the
particle size of the nylon microspheres lies in the range of 1-50 mm.
[0025] In a preferred embodiment, the nylon is a homopolymer of one monomer selected from C4-C12 lactams or a
co-polymer of two of more monomers selected from C4-C12 lactams.

Brief Description of the Drawing

[0026] Figure 1 shows the micrograph of the scanning electronic microscope (SEM) of the nylon 6 microspheres
prepared according to Example 1 of the present invention, at a magnification of 100x.

Detailed Description of the Invention

[0027] In comparison with the prior art, a significant feature of the invention is the preparation of a polymer alloy of
free radical polymer/polyamide by means of free radical polymerization and anionic ring-opening polymerization respec-
tively in a continuous in-situ polymerization mode. A lactam is used as the solvent of the radically polymerizable monomer
in the system, and the radically polymerizable monomer and the lactam monomer are polymerized separately in-situ by
means of continuous solution radical polymerization and anionic ring-opening polymerization, to give an alloy of these
monomers. In actuality, a number of free radical polymers per se are not soluble in lactam monomers , so that no polymer
alloy of free radical polymer/polyamide can be obtained in-situ by way of anionic ring-opening polymerization. However,
in accordance with the method disclosed in the present invention, a mixture of free radical polymer/lactam monomer
obtained by free radical polymerization is a clear and stable system, and the presence of free radical polymer has no
impact on the the anionic ring-opening polymerization of the lactam monomer.
[0028] Another significant, also essential feature of the invention is the preparation of spherical nylon particles with
regular shapes by means of phase-reversal. In general, in an alloy system of two polymers, the high-content polymer
is present as a continuous phase, while the low-content polymer is present as a dispersed phase. The term "phase-
reversal" means a situation in which the low-content polymer exists as a continuous phase, while the high-content
polymer exists as a dispersed phase. After an extensive study, the inventors have found that in the polymer alloy system
of free radical polymer/polyamide according to the invention, phase-reversal starts when the content of the free radical
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polymer is extremely low, so that a structure is formed where the free radical polymer exists as the continuous phase,
while the polyamide (nylon) exists as the dispersed phase. During the phase-reversal, the polyamide is present as
spherical particles, while the free radical polymer exists in the interspace between spheres in the polyamide phase, due
to the viscosity, interface strain, and the like. The polyamide phase exists as regular spheres in this particular phase
structure. Nylon microspheres with regular spherical shape can be prepared by dissolving a free radical polymer in a
suitable organic solvent, followed by washing and drying.
[0029] Yet another feature of the invention is the capability of controlling the size of nylon spheres by tailoring the ratio
of the contents of free radical polymer to lactam monomer. The size of the nylon spheres obtained is relatively large
when the ratio of free radical polymer to lactam monomer is relatively low. As the ratio of free radical polymer to lactam
monomer increases, the size of the nylon spheres decreases. In this way, nylon spheres with different particle sizes and
particle size distributions can be obtained by modifying the proportions of the components of the polymer alloy, so that
control over the size of nylon spheres can be achieved. More over, during the polymerization of the lactam, the molecular
weight of the nylon obtained is higher at lower concentrations of the initiator and the activator based on the lactam; and
the molecular weight of the nylon obtained decreases as the concentrations of the initiator and the activator increase.
Thus, control over the molecular weight of the nylon microspheres can be achieved by modifying the concentrations of
the initiator and the activator during the polymerization of the lactam.
[0030] In the method for preparing nylon microspheres according to the invention, a mixture of a free radical polymer
and a lactam monomer can be obtained by the following way: (1) a radically polymerizable monomer is dispersed in a
molten lactam monomer, and a free radical initiator is added, so that the free radical polymerization of the radically
polymerizable monomer is carried out, providing a mixture of a free radical polymer and the lactam monomer. In other
words, the mixture of a free radical polymer and a lactam monomer can be prepared on spot (such as in step (1)).
[0031] In a preferred embodiment, nylon microspheres are prepared in a continuous mode, wherein a mixture of a
free radical polymer and a lactam monomer is prepared first by free radical polymerization as described in step (1), and
then steps (2) and (3) are carried out to provide nylon microspheres.
[0032] In the preparation method according to the invention, the free radical polymerization in step (1) is preferably
carried out at a temperature in the range of 60-150°C. Depending on the type and amount of the free radical monomer,
the time for the polymerization is typically 4-72 hours.
[0033] In the preparation method according to the invention, the solvent used in step (3) for dissolving and removing
the free radical polymer is selected from those capable of dissolving free radical polymers but incapable of dissolving
nylon, including, for example, but not limited to acetone, tetrahydrofuran (THF), water, toluene, xylene, butanone, ethyl
acetate, propionitrile or mixtures thereof. Suitable solvents can be readily chosen by those in the art to dissolve and
remove the free radical polymer, so as to provide nylon microspheres.
[0034] The method according to the invention has the main advantages as follows:

(1) The production process is simple, the operation is easy, and the energy consumption and the production cost
are low;
(2) Some reagents used are recyclable, such as the solvent used to dissolve and remove the free radical polymer;
and the free radical polymer dissolved is also recyclable;
(3) The technique according to the invention can not only provide nylon microspheres with regular spherical shape,
but also realize effective control over the particle size of the nylon microspheres, e.g. in the range of 0.1-500mm.
Additionally, effective control over the molecular weight of the nylon microspheres can also be achieved, e.g. in the
range of 10000-300000. Preferably, the weight average molecular weight of the nylon is in the range of 10000-80000,
and the particle size of the nylon microspheres is in the range of 0.5-100mm. More preferably, the weight average
molecular weight of the nylon is in the range of 25000-60000, and the particle size of the nylon microspheres is in
the range of 1-50mm.

[0035] Nylon microspheres with regular spherical shape can be obtained according to the method for the invention.
More desirably, the particle size and the molecular weight of the nylon microspheres can be controlled by modifying the
content of the free radical polymer.
[0036] The nylon microspheres according to the invention can be used as powder coatings, and raw materials of
rollforming molding and extrusion, and the like.
[0037] The invention will be further described in the following specific examples. It is to be understood that these
examples are provided for illustrating the invention only, without any intention to limit the scope of the invention in any
way. The experiments described in the examples without indicating specific conditions are to be carried out in conventional
way, or under conditions specified by manufacturers. Unless otherwise indicated, all parts and percentages used in the
disclosure are based on weight.
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Example 1

[0038] Methyl methylacrylate (MMA) (25 weight%) and molten caprolactam were mixed and stirred at a constant
temperature of 80°C, 0.2 weight% azobisisobutyronitrile (AIBN) was added, and the free radical polymerization was
allowed to continue for 24 hours.
[0039] The mixture system was heated up to 16.-180°C, and was evacuated for 20 minutes to remove the remaining
MMA monomer and water. 4 weight% sodium caprolactam and 0.4 weight% 2,4-toluene diisocyanate (TDI) were added,
mixed homogeneously, and statically cast at the mold temperature kept between 160-180 °C.
[0040] The resultant polymer alloy of polymethyl methylacrylate (PMMA)/monomer cast nylon 6 (MCPA6) was crushed,
and then PMMA was dissolved using acetone. After filtration and drying, nylon 6 microspheres were produced. The
molecular weight of the nylon 6 microspheres was determined by gel permeation chromatography (GPC), the volume
average particle size was determined by laser diffraction, and the results were given in table 1. The scanning electronic
micrograph (SEM) of the nylon 6 microspheres according to this example was shown in Figure 1. It can be seen from
Figure 1 that spherical nylon particles with regular shape can be obtained in accordance with the method for the invention.

Example 2

[0041] Methyl methylacrylate (MMA) (20 weight%) and molten caprolactam were mixed and stirred at a constant
temperature of 100 °C , 0.3 weight% isopropylbenzene hydroperoxide was added, and the free radical polymerization
was allowed to continue for 20 hours.
[0042] The mixture system was kept at 120-140°C, and was evacuated for 20 minutes to remove the remaining MMA
monomer and water. 4 weight% sodium caprolactam and 0.4 weight% TDI were added, mixed homogeneously, and
statically cast at the mold temperature kept between 120-160°C.
[0043] The resultant polymer alloy of polymethyl methylacrylate (PMMA)/monomer cast nylon 8 (MCPAB) was crushed,
and then PMMA was dissolved using acetone. After filtration and drying, nylon 8 microspheres. were produced. The
molecular weight of the nylon 8 microspheres was determined by gel permeation chromatography (GPC), the volume
average particle size was determined by laser diffraction, and the results were given in table 1.

Example 3

[0044] Styrene (10 weight%) and molten caprolactam and octalactam (mass ratio 1:1) were mixed and stirred at a
constant temperature of 120 °C, 0.2 weight% isopropylbenzene hydroperoxide was added, and the free radical polym-
erization was allowed to continue for 20 hours.
[0045] The mixture system was heated up to 130-150°C, and was evacuated for 20 minutes to remove the remaining
styrene monomer and water. 4 weight% sodium caprolactam and 0.4 weight% TDI were added, mixed homogeneously,
and statically cast at the mold temperature kept between 140-180°C. The polymer alloy of polystyrene (PS)/monomer
cast nylon 6/8 (MCPA6/8) was obtained.
[0046] PS in the resultant polymer alloy was dissolved using tetrahydrofuran (THF). After filtration and drying, nylon
6/8 microspheres. were produced. The molecular weight of the nylon 6/8 microspheres was determined by gel permeation
chromatography (GPC), the volume average particle size was determined by laser diffraction, and the results were given
in table 1.

Example 4

[0047] Styrene (10 weight%) and molten caprolactam were mixed and stirred at a constant temperature of 60°C, and
0.2 weight% AIBN was added to initiate the free radical polymerization of styrene which was allowed to continue for 24
hours.
[0048] The system was heated up to 100-140°C, and was evacuated for 20 minutes to remove the remaining styrene
monomer and water. 4 weight% NaH and 0.4 weight% TDI were added, mixed homogeneously, and statically cast at
the mold temperature kept between 160-180°C.
[0049] PS in the resultant polymer alloy of polystyrene (PS)/monomer cast nylon 6 (MCPA6) was dissolved using
tetrahydrofuran (THF). After filtration and drying, the desirable nylon 6 microspheres were produced. The molecular
weight of the nylon 6 microspheres was determined by gel permeation chromatography (GPC), the volume average
particle size was determined by laser diffraction, and the results were given in table 1.

Example 5

[0050] Vinyl pyrrolidone (10 weight%) and molten butyrolactam were mixed and stirred at a constant temperature of
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80°C, and 0.3 weight% AIBN was added to initiate the free radical polymerization which was allowed to continue for 24
hours.
[0051] The system was heated up to about 180°C, and was evacuated for 30 minutes to remove the remaining vinyl
pyrrolidone monomer and water. 2 weight% KOH and 0.2 weight% TDI were added, mixed homogeneously, and statically
cast at the mold temperature kept between 140-160°C.
[0052] The resultant polymer alloy of polyvinyl pyrrolidone (PVP)/monomer cast nylon 4 (MCPA4) was crushed, and
PVP was dissolved using water. After filtration and drying, the desirable nylon 4 microspheres were produced. The
molecular weight of the nylon 4 microspheres was determined by gel permeation chromatography (GPC), the volume
average particle size was determined by laser diffraction, and the results were given in table 1.

Example 6

[0053] Methyl styrene (50 weight%) and molten caprinolactam were mixed and stirred at a constant temperature of
100°C, and 0.3 weight% AIBN was added to initiate the free radical polymerization of methyl styrene which was allowed
to continue for 24 hours.
[0054] The system was kept at 160-170°C, and was evacuated for 30 minutes to remove the remaining methyl styrene
monomer and water. 2 weight% sodium caprolactam and 0.2 weight% TDI were added, mixed homogeneously, and
statically cast with the mold temperature kept between 160-180°C.
[0055] The resultant polymer alloy of polymethyl styrene (PMS)/monomer cast nylon 10 (MCPA10) was crushed, and
PMS was dissolved using toluene. After filtration and drying, the desirable nylon 10 microspheres were produced. The
molecular weight of the nylon 10 microspheres was determined by gel permeation chromatography (GPC), the volume
average particle size was determined by laser diffraction, and the results were given in table 1.

Example 7

[0056] Acrylonitrile (35 weight%) and molten laurolactam were mixed and stirred at a constant temperature of 150°C,
0.5 weight% diisopropylbenzene peroxide was added as an initiator, and the free radical polymerization was allowed to
continue for 12 hours.
[0057] The system was kept at 150-170°C, and was evacuated for 20 minutes to remove the remaining acrylonitrile
monomer and water. 2 weight% sodium caprolactam and 0.2 weight% TDI were added, mixed homogeneously, and
statically cast at the mold temperature kept between 160-190°C.
[0058] The resultant polymer alloy of polyacrylonitrile (PAN)/monomer cast nylon 12 (MCPA12) was crushed, and
PAN was dissolved using propionitrile. After filtration and drying, the desirable nylon 12 microspheres were produced.
The molecular weight of the nylon 12 microspheres was determined by gel permeation chromatography (GPC), the
volume average particle size was determined by laser diffraction, and the results were given in table 1.

Example 8 [does not form part of the invention]

[0059] Polystyrene (PS) (available from Beijing Yanshan Petrochemical Co. under designation of 666D, molecular
weight 260000) (15 weight%) and molten caprolactam were mixed and stirred at a constant temperature of 120°C.
[0060] After the mixture system was heated up to 160-180°C, 4 weight% sodium caprolactam and 0.4 weight% 2,4-
toluene diisocyanate (TDI) were added, mixed homogeneously, and statically cast at the mold temperature kept between
160-180°C.
[0061] The resultant polymer alloy of polystyrene (PS)/monomer cast nylon 6 (MCPA6) was crushed, and PS was
dissolved using toluene. After filtration and drying, the desirable nylon 6 microspheres were produced. The molecular
weight of the nylon 6 microspheres was determined by gel permeation chromatography (GPC), the volume average
particle size was determined by laser diffraction, and the results were given in table 1.

Example 9

[0062] Methyl methylacrylate (15 weight%) and molten caprolactam were mixed and stirred at a constant temperature
of 90°C, and 0.4 weight% dibenzoyl peroxide (BPO) was added to initiate the free radical polymerization which was
allowed to continue for 24 hours.
[0063] The system was heated up to 150-180°C, and was evacuated for 20 minutes to remove the remaining monomer
and water. The above system was introduced into a reactive extruder, and after 4 weight% sodium caprolactam and 0.4
weight% TDI were added, reactive extrusion was carried out, the reaction temperature was kept at 250°C.
[0064] PMMA in the resultant polymer alloy of polymethyl methylacrylate (PMMA)/ nylon 6 (PA6) was dissolved using
acetone. After drying, the desirable nylon 6 microspheres were produced. The molecular weight of the nylon 6 micro-
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spheres was determined by gel permeation chromatography (GPC), the volume average particle size was determined
by laser diffraction, and the results were given in table 1.

Example 10

[0065] Styrene (40 weight%) and molten caprolactam were mixed and stirred at a constant temperature of 80°C, and
0.3 weight % AIBN was added to initiate the free radical polymerization of styrene which was allowed to continue for 24
hours.
[0066] The system was heated up to 100-120°C, and was evacuated for 20 minutes to remove the remaining styrene
monomer and water. The above system was introduced into a reactive extruder, and after 2 weight% sodium caprolactam
and 0.2 weight% TDI were added, reactive extrusion was carried out, the reaction temperature was kept at 250°C.
[0067] PS in the resultant polymer alloy of polystyrene (PS)/ nylon 6 (PA6) was dissolved using THF. After drying, the
desirable nylon 6 microspheres were produced. The molecular weight of the nylon 6 microspheres was determined by
gel permeation chromatography (GPC), the volume average particle size was determined by laser diffraction, and the
results were given in table 1.

Example 11

[0068] Vinyl pyrrolidone (25 weight%) and molten caprolactam were mixed and stirred at a constant temperature of
90°C, and 0.3 weight% BPO was added to initiate the free radical polymerization which was allowed to continue for 24
hours.
[0069] The system was heated up to 120-140°C, and was evacuated for 20 minutes to remove the remaining vinyl
pyrrolidone monomer and water. The above system was introduced into a reactive extruder, and after 2 weight% sodium
caprolactam and 0.2 weight% acetyl chloride were added, reactive extrusion was carried out, the reaction temperature
was kept at 230°C.
[0070] PVP in the resultant polymer alloy of polyvinyl pyrrolidone (PVP)/ nylon 6 (PA6) was dissolved using water.
After filtration and drying, the desirable nylon 6 microspheres were produced. The molecular weight of the nylon 6
microspheres was determined by gel permeation chromatography (GPC), the volume average particle size was deter-
mined by laser diffraction, and the results were given in table 1.

Example 12

[0071] Vinyl pyrrolidone (40 weight%) and molten capryllactam were mixed and stirred at a constant temperature of
120°C, 0.3 weight% isopropylbenzene hydroperoxide was added, and the free radical polymerization was allowed to
continue for 24 hours.
[0072] The system was heated up to 120-180°C, and was evacuated for 20 minutes to remove the remaining vinyl
pyrrolidone monomer and water. The above system was introduced into a reactive extruder, and after 2 weight% sodium
carbonate and 0.2 weight% TDI were added, reactive extrusion was carried out, the reaction temperature was kept at
250°C.
[0073] PVP in the resultant polymer alloy of polyvinyl pyrrolidone (PVP)/ nylon 8 (PA8) was dissolved using water.
After filtration and drying, the desirable nylon 8 microspheres were produced. The molecular weight of the nylon 8
microspheres was determined by gel permeation chromatography (GPC), the volume average particle size was deter-
mined by laser diffraction, and the results were given in table 1.

Example 13

[0074] Acrylamide (80 weight%) and molten laurolactam were mixed and stirred at a constant temperature of 150°C,
0.2 weight% hydroperoxide was added, and the free radical polymerization was allowed to continue for 6 hours.
[0075] The system was heated up to 150-180°C, and was evacuated for 20 minutes to remove the remaining monomer
and water. The above system was introduced into a reactive extruder, and after 2 weight% sodium caprolactam and 0.2
weight% TDI were added, reactive extrusion was carried out, the reaction temperature was kept at 250°C.
[0076] PVP in the resultant polymer alloy of polyacrylamide (PAM)/ nylon 12 (PA12) was dissolved using water. After
filtration and drying, the desirable nylon 12 microspheres were produced. The molecular weight of the nylon 12 micro-
spheres was determined by gel permeation chromatography (GPC), the volume average particle size was determined
by laser diffraction, and the results were given in table 1.
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Example 14 [does not form part of the invention]

[0077] Polymethyl methylacrylate (PMMA) (available from Shanghai Bihua Co. under designation of 255, molecular
weight 122000) (20 weight%) and molten caprolactam were mixed and stirred at a constant temperature of 80°C.
[0078] The mixture system was heated up to 160-180°C, 4 weight% sodium caprolactam and 0.4 weight% TDI were
added, and reactive extrusion was carried out while the temperature was kept at 250°C.
[0079] The resultant polymer alloy of polymethyl methylacrylate (PMMA)/ nylon 6 (PA6) was crushed, and PAAM was
dissolved using acetone. After filtration and drying, the desirable nylon 6 microspheres were produced. The molecular
weight of the nylon 6 microspheres was determined by gel permeation chromatography (GPC), the volume average
particle size was determined by laser diffraction, and the results were given in table 1.

Example 15

[0080] A mixture of styrene and methyl styrene (40 weight%, including 30 weight% styrene and 10 weight% methyl
styrene) and molten caprolactam were mixed and stirred at a constant temperature of 100°C, and 0.05 weight% AIBN
was added to initiate the free radical polymerization, giving a solution of styrene-methyl styrene co-polymer/caprolactam.
[0081] After 5 weight% NaCl and 2 weight% acetyl caprolactam were added to this solution, reactive extrusion was
carried out in a reactive type twin screw extruder, the reaction temperature was kept at 240°C.
[0082] The resultant polymer alloy was crushed, and styrene-methyl styrene co-polymer was dissolved using water.
After filtration and drying, the desirable nylon 6 microspheres were produced. The molecular weight of the nylon 6
microspheres was determined by gel permeation chromatography (GPC), the volume average particle size was deter-
mined by laser diffraction, and the results were given in table 1.

Example 16

[0083] Styrene (5 weight%) and molten caprolactam were mixed and stirred at a constant temperature of 100°C, 0.04
weight% AIBN was added to initiate the free radical polymerization, and then a solution of polystyrene/caprolactam was
obtained. To this solution was added 0.2 weight% NaOH and 2 weight% HDI (hexamethylene diisocyanate), and po-
lymerization was carried out in a mold, the reaction temperature was kept at 240°C.
[0084] The resultant polymer alloy was crushed, and polystyrene was dissolved using water. After filtration and drying,
the desirable nylon 6 microspheres were produced. The molecular weight of the nylon 6 microspheres was determined
using gel permeation chromatography (GPC), the volume average particle size was determined using laser diffraction,
and the results were given in table 1.

Table 1

Ex. No. Particle size (mm) Weight Average Molecular Weight (g/mol)

1 22 3.33104

2 48 4.93104

3 120 5.73104

4 110 4.03104

5 105 2.03104

6 3.7 2.33104

7 16 2.93104

8 100 4.23104

9 95 3.93104

10 5.4 4.33104

11 20 5.23104

12 4.3 2.93104

13 1.4 1.23104

14 39 3.83104



EP 2 022 809 B1

9

5

10

15

20

25

30

35

40

45

50

55

Claims

1. A method for preparing nylon microspheres, wherein the method includes steps (1), (2) and (3) as follows:

(1) A radically polymerizable monomer is dispersed in a molten lactam monomer, and a free radical initiator is
added, so that radical polymerization of the radically polymerizable monomer is carried out, to give a mixture
of a free radical polymer and the lactam monomer;
(2) An initiator and an activator, used for anionic ring-opening polymerization of the lactam monomer, are added
to the mixture obtained in step (1) wherein the remaining radically polymerizable monomer and water are
removed, so that the anionic ring-opening polymerization of the lactam is carried out to give a polymer alloy of
the free radical polymer/polyamide; and
(3) The free radical polymer in the polymer alloy obtained in step (2) is removed by dissolution, giving nylon
microspheres;
wherein in step (1), the amount of the radically polymerizable monomer used is 10-50 weight% based on the
total weight of the radically polymerizable monomer and the lactam monomer.

2. A method as described in claim 1, wherein the free radical polymer can be dissolved in the lactam monomer; and
the radically polymerizable monomer is one or more of those selected from the monomers from which a free radical
polymer can be formed and be soluble in the lactam monomer.

3. A method as described in claim 1, wherein the lactam monomer is one or more of those selected from C4-C12 lactam,
in which case when the lactam is of one type, the polyamide is a homopolymer thereof, and when the lactam is of
two or more types, the polyamide is a co-polymer thereof.

4. A method as described in claim 1, wherein the free radical polymerization in step (1) is carried out at 60-150°C; and/or
the anionic ring-opening polymerization in step (2) is carried out at 120-250°C; and/or
the anionic ring-opening polymerization process of the lactam monomer is selected from static casting process or
reactive extrusion process.

5. A method as described in claim 1, wherein in step (1), the free radical initiator is one or more of those selected from
the group consisting of azo initiators, organic peroxides initiators and oil soluble redox initiation systems, wherein
the content of the free radical initiator is 0.05-5 weight% based on the total weight of the radically polymerizable
monomer and the lactam monomer; and/or
in step (2), the initiator is one or more of those selected from the group consisting of lactam metal compounds, alkali
metals, alkali metal hydrides, alkali metal hydroxides, alkali alkoxides or alkaline carbonates; and the activator is
one or more of those selected from the group consisting of substituted or unsubstituted isocyanates, acetyl capro-
lactam, acyl chlorides or anhydrides.

6. A method as described in claim 1, wherein the particle size of the nylon microspheres is controlled by tailoring the
ratio of the free radical polymer to the lactam monomer.

Patentansprüche

1. Ein Verfahren zum Herstellen von Nylon-Mikrokugeln, worin das Verfahren die folgenden Schritte (1), (2) und (3)
einschließt:

(1) Ein radikalisch polymerisierbares Monomer wird in einem geschmolzenen Lactammonomer dispergiert und
ein Radikalketteninitiator wird hinzugefügt, so dass eine radikalische Polymerisation des radikalisch polymeri-
sierbaren Monomers durchgeführt wird, um eine Mischung aus einem Radikalkettenpolymer und dem Lactam-

(continued)

Ex. No. Particle size (mm) Weight Average Molecular Weight (g/mol)

15 4.5 2.93104

16 318 6.33104
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monomer zu ergeben;
(2) Ein Initiator und ein Aktivator, verwendet für die anionische Ringöffnungspolymerisation des Lactammono-
mers, werden zu der in Schritt (1) gewonnenen Mischung gegeben, worin das restliche radikalisch polymeri-
sierbare Monomer und Wasser entfernt werden, so dass die anionische Ringöffnungspolymerisation des Lac-
tams durchgeführt wird, um eine Polymerlegierung des Radikalkettenpolymers/Polyamids zu ergeben; und
(3) Das Radikalkettenpolymer in der in Schritt (2) gewonnenen Polymerlegierung wird durch Auflösung entfernt,
um Nylon-Mikrokugeln zu ergeben;

worin in Schritt (1) die Menge an verwendetem radikalisch polymerisierbaren Monomer 10-50 Gewichtsprozent
beträgt, basierend auf dem Gesamtgewicht des radikalisch polymerisierbaren Monomers und des Lactammonomers.

2. Ein Verfahren wie in Anspruch 1 beschrieben, worin das Radikalkettenpolymer im Lactammonomer aufgelöst werden
kann; und das radikalisch polymerisierbare Monomer eins oder mehrere von denjenigen ist, die gewählt sind aus
den Monomeren, aus denen ein Radikalkettenpolymer geformt werden und in dem Lactammonomer löslich sein
kann.

3. Ein Verfahren wie in Anspruch 1 beschrieben, worin das Lactammonomer eins oder mehrere von denjenigen ist,
die gewählt sind aus C4-C12-Lactam, wobei in dem Fall, wenn das Lactam von einer Art ist, das Polyamid ein
Homopolymer davon ist, und wenn das Lactam von zwei oder mehr Arten ist, das Polyamid ein Copolymer davon ist.

4. Ein Verfahren wie in Anspruch 1 beschrieben, worin die Radikalkettenpolymerisation in Schritt (1) bei 60-150°C
durchgeführt wird; und/oder
die anionische Ringöffnungspolymerisation in Schritt (2) bei 120-250°C durchgeführt wird; und/oder
der anionische Ringöffnungspolymerisations-Prozess des Lactammonomers gewählt ist aus einem Verfahren sta-
tischen Vergießens oder einem reaktiven Extrusionsverfahren.

5. Ein Verfahren wie in Anspruch 1 beschrieben, worin in Schritt (1) der Radikalketteninitiator einer oder mehrere von
denjenigen ist, die gewählt sind aus der Gruppe bestehend aus Azo-Initiatoren, organischen Peroxiden-Initiatoren
und öllöslichen Redox-Initiationssystemen, worin der Gehalt an Radikalketteninitiator 0,05-5 Gewichtsprozent be-
trägt, basierend auf dem Gesamtgewicht des radikalisch polymerisierbaren Monomers und des Lactammonomers;
und/oder
in Schritt (2) der Initiator einer oder mehrere von denjenigen ist, die gewählt sind aus der Gruppe bestehend as
Lactam-Metall-Verbindungen, Alkalimetallen, Alkalimetallhydriden, Alkalimetallhydroxiden, Alkalialkoxiden oder al-
kalischen Carbonaten; und der Aktivator einer oder mehrere von denjenigen ist, die gewählt sind aus der Gruppe
bestehend aus substituierten oder unsubstituierten Isocyanaten, Acetylcaprolactam, Acylchloriden oder Anhydriden.

6. Ein. Verfahren wie in Anspruch 1 beschrieben, worin die Partikelgröße der Nylon-Mikrokugeln gesteuert wird durch
Maßschneidern des Verhältnisses des Radikalkettenpolymers zu dem Lactammonomer.

Revendications

1. Procédé de préparation de microsphères de nylon, dans lequel le procédé comprend les étapes (1), (2) et (3) comme
suit:

(1) un monomère polymérisable par voie radicalaire est dispersé dans un monomère de lactame fondu, et un
initiateur de radicaux libres est ajouté, de sorte que la polymérisation radicalaire du monomère polymérisable
par voie radicalaire est effectuée, pour donner un mélange d’un polymère à radicaux libres et le monomère de
lactame;
(2) un initiateur et un activateur, utilisés pour la polymérisation anionique par ouverture de cycle du monomère
de lactame, sont ajoutés au mélange obtenu dans l’étape (1) dans lequel le reste de monomère polymérisable
par voie radicalaire et de l’eau sont éliminés, de sorte que la polymérisation par ouverture de cycle anionique
du lactame est effectuée pour donner un alliage polymère du polymère / polyamide à radicaux libre; et
(3) le polymère à radicaux libres dans l’alliage polymère obtenu dans l’étape (2) est enlevé par dissolution, ce
qui donne des micro-sphères de nylon;

dans lequel dans l’étape (1), la quantité de monomère polymérisable par voie radicalaire utilisée est 10-50 % en
poids par rapport au poids total du monomère polymérisable par voie radicalaire et du monomère de lactame.
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2. Procédé comme décrit dans la revendication 1, dans lequel le polymère à radicaux libres peut être dissous dans le
monomère de lactame; et le monomère polymérisable par voie radicalaire est un ou plusieurs de ceux choisis parmi
les monomères à partir desquels un polymère à radicaux libres peut être formé et être soluble dans le monomère
de lactame.

3. Procédé comme décrit dans la revendication 1, dans lequel le monomère de lactame est un ou plusieurs de ceux
choisis parmi C4-C12 lactame, auquel cas, quand le lactame est d’un type, le polyamide est un homopolymère de
celui-ci, et quand le lactame est de deux types ou plus, le polyamide est un copolymère de celui-ci.

4. Procédé comme décrit dans la revendication 1, dans lequel la polymérisation par radicaux libres dans l’étape (1)
est effectuée à 60-150° C; et / ou
la polymérisation anionique par ouverture de cycle à l’étape (2) est effectuée à 120-250° C; et / ou le procédé de
polymérisation anionique par ouverture de cycle du monomère de lactame est choisi parmi le procédé de coulée
statique ou procédé d’extrusion réactive.

5. Procédé comme décrit dans la revendication 1, dans lequel dans l’étape (1), l’initiateur de radicaux libres est l’un
ou plusieurs de ceux choisis dans le groupe constitué par les initiateurs azoïques, les initiateurs peroxydes organiques
et les systèmes d’initiation redox solubles dans l’huile, dans lequel la teneur en initiateur de radicaux libres est de
0,05 à 5% en poids par rapport au poids total du monomère polymérisable par voie radicalaire et du monomère de
lactame; et / ou
dans l’étape (2), l’initiateur est un ou plusieurs de ceux choisis dans le groupe constitué par les composés de lactame
métal, des métaux alcalins, des hydrures de métaux alcalins, des hydroxydes de métaux alcalins, des alcoxydes
alcalins ou des carbonates alcalins; et l’activateur est un ou plusieurs de ceux choisis dans le groupe constitué par
les isocyanates substitués ou non substitués, l’ acétyle caprolactame, les chlorures d’acyle ou les anhydrides.

6. Procédé comme décrit dans la revendication 1, dans lequel la taille de particule des microsphères de nylon est
contrôlé en adaptant le rapport du polymère à radicaux libres au monomère de lactame.
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