
Thermotropic polymers 

The present invention relates to thermotropic molding compositions and processes 

for the 	preparation 	thereof. 	In 	particular, 	the 	application 	relates to 	polymer 

particles 	with 	a 	temperature-dependent 	refractive 	index, 	processes 	for 	the 

preparation thereof, and the use of such polymer particles as additives for the 

preparation of thermotropic plastics. Further, the invention relates to processes for 

the preparation of thermotropic plastics, and the use thereof. 

Thermotropic materials reversibly change their scattering behavior of electromag-

netic radiation when the temperature changes. Thermotropic materials have a high 

light transmission or are transparent in a particular temperature range, i.e., they 

exhibit no or only minimal light scattering. This state is also referred to as the OFF 

mode in the following. When this temperature range is either exceeded or fallen 

short of, an increase of light scattering is observed. The resulting turbid state is 

also referred to as the ON mode in the following. Thermotropism is a reversible 

process: When reaching the starting temperature, thermotropic materials return to 

their original state. Depending on the direction of the switching process, a distinc-

tion can be made between positive (increase of turbidity as the temperature rises) 

and negative thermotropism (decrease of turbidity as the temperature rises). 

Positive thermotropic materials are of particular interest, because they can be 

employed, for example, in the glazing of buildings, greenhouses or solar collectors, 

as shading elements for the temperature-dependent regulation of the intensity of 

incident radiation. 

The scattering 	of electromagnetic 	radiation 	is effected 	on 	separate domains 

contained in a suitable matrix material. For scattering to occur, the domain and 

matrix must have different refractive indices. Generally, the scattering is particu 
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larly intensive if a) the difference between the refractive indices of the domain and 

matrix is as large as possible, b) the volume proportion of the scattering domains 

is high, and c) the size of the domains is similar to the wavelength of the electro-

magnetic radiation. In view of an application of thermotropic materials as shading 

elements (e.g., in building facades), the relevant quantity is not the total scatter-

ing intensity, but the backscatter fraction, because as much energy as possible is 

to be reflected, i.e., scattered into the rear half space, in the turbid state. A 

maximum backscatter efficiency is achieved when the diameter of the scattering 

domains is slightly 	below the wavelength 	of the 	light. 	Optimum 	backscatter 

properties for solar radiation (AM 1.5 Global) are obtained with diameters of d = 

200 to 400 nm (P.M. 	Nitz, "Optical modelling and surveying of thermotropic 

systems", doctoral thesis, Albert-Ludwigs-Universitat Freiburg, 1999). However, 

this optimum is very broad towards larger diameters, so that comparably good 

backscatter properties can also be achieved with domains in the size range of 

about 400 to 2000 nm. 

Regarding the switching mechanism, two concepts (A and B) can be distinguished 

for positive thermotropic materials according to the prior art: 

In concept A, the optical switching is based on reversible segregation and mixing 

processes. Such systems consist of at least two components with different refrac-

tive indices. In the OFF mode, the difference in refractive indices between these 

components cannot take effect, because they are homogeneously mixed on a 

molecular level. In this mode, the material has an averaged refractive index and is 

highly transparent in the ideal case. When a particular temperature, the lower 

critical 	solution 	temperature 	(LCST), 	is 	exceeded, 	phase 	separation 	occurs. 

Scattering domains are formed that predominantly or completely consist of one of 

the components. Now, since the refractive index of the scattering domains differs 

from that of the surrounding 	matrix, scattering occurs at the domain/matrix 

interface, and the material appears turbid. When cooled down below the LCST, the 

components mix again, and the scattering domains disappear, whereby the 

material returns to its original transparent state. 
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Thermotropic materials according to concept A, which are suitable for glazing 

elements, 	are either hydrogels 	(water/polymer mixtures) 	or polymer blends 

(mixtures of at least two polymers). Such LCST systems are frequently document-

ed in the patent literature. For thermotropic hydrogels, there may be mentioned, 

as examples: US 5,057,560, US 5,147,923, EP 0 678 534, and EP 0 873 367. 

Thermotropic polymer blends are described, for example, in EP 0 611 803, and EP 

0 181 485. 

Thermotropic LCST systems have numerous disadvantages: 

• Segregation/mixing processes require a high mobility on the molecular level. 

After several switching cycles, partial macroscopic segregation may occur, 

which results in sites of permanent turbidity. Thus, a permanent and com-

plete reversibility cannot be ensured. 

• Because 	minute changes in the 	composition 	already affect the 	phase 

behavior, LCST systems are very sensitive to impurities. Thus, for example, 

thermotropic polymer blends are very moisture-sensitive. 

• Because of the required molecular mobility, LCST systems do not show use 

properties typical of plastics. They do not function as independent, self-

supporting systems. Therefore, LCST systems are used in connection with 

support and cover layers, which are preferably made of glass or a transpar-

ent plastic. The integration of the thermotropic material between two layers 

is usually associated with a high technological expenditure. For thermotropic 

hydrogels, an edge composite that prevents water losses is additionally nec-

essary. However, extensive tests have shown that the diffusion tightness of 

the edge composite towards water is hardly controllable for periods of more 

than ten years. 

• Thermotropic hydrogels cannot be processed as thermoplasts because of 

their water content. The extrusion of thermotropic polymer blends is diffi-

cult, because the individual polymer components usually have clearly differ- 

ent viscosities. In addition, the processing temperature is above the switch- 
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ing temperature of the polymer blend. After the extrusion, a homogeneous 

polymer blend is not obtained, so that the turbidity is irreversible, i.e., re- 

mains even 	at temperatures 	below the switching temperature. 	In 	EP 

1 218 467, suitable auxiliaries (e.g., organic solvents) are added for the 

production by extrusion of multilayer sheets with a thermotropic polymer 

blend intermediate layer. Indeed, the segregation temperature can be in-

creased thereby to be above the processing temperature. However, these 

auxiliaries must be removed without residue in an additional process step, 

because minute impurities may already adversely affect the phase behavior 

of the thermotropic polymer blend. 

• LCST systems are usually not permanently durable either under thermal 

load or in the sunlight. Sites of permanent turbidity, a decrease of the 

switching stroke, an increase of hysteresis, and yellow discoloration are ob-

served as damage symptoms. Stabilizers, such as free-radical scavengers 

and light stabilizers, often remain ineffective and, in addition, can adversely 

affect the phase behavior. 

• LCST systems respond slowly to temperature changes, because the neces- 

sary diffusion processes proceed slowly. Thus, in particular, the transition 

from the turbid ON mode to the clear OFF mode may take several hours, 

and sometimes even days. 

In thermotropic materials according to concept B, no segregation/mixing processes 

are involved. Here, the change in transmission is caused by different temperature 

dependencies of the refractive indices of the components involved. Thermotropic 

materials according to concept B also consist of at least two components: 	a 

domain-forming additive, and a transparent polymer as a matrix. In the OFF 

mode, the refractive indices of the domains and the matrix are optimally similar, 

so that a high transparency is achieved. As the temperature increases, a significant 

decrease of the refractive index of the domains is observed, whereas the refractive 

index of the matrix remains almost constant. The system thereby changes into a 

light-scattering, turbid state. In order to achieve a significant and possibly rapid 

change of the refractive index with temperature, materials exhibiting a phase 
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transition in the range of the switching temperature are preferably employed as 

domain formers (thermotropic additives). 

In EP 0 000 868, DE 44 33 090, EP 0 946 443, DE 198 25 984 and EP 1 258 504, 

low-molecular weight organic substances exhibiting a melting transition in the 

range of the switching temperature are used as a thermotropic additive. For 

domains to form in the respective transparent polymer matrix, the thermotropic 

additive 	must be 	at least partially 	insoluble 	in 	the 	polymer matrix. 	Alkanes, 

carboxylic acids, esters and amides thereof as well as comparable classes of 

compounds are mentioned as suitable classes of low-molecular weight substances. 

The thermotropic additive is incorporated in a pure, i.e., "unprotected", condition. 

This implies some disadvantages: Usually, the thermotropic additive is effective as 

a thermotropic substance only within a particular concentration range (e.g., 2- 

5%). Below this concentration range, it is completely soluble and does not form 

domains, i.e., the additive and matrix exist as a unitary phase. Important material 

properties of the polymer matrix (for example, the adhesiveness to glass or a 

comparable support) can be adversely affected thereby. The domain formation 

starts only above a particular additive concentration, which may vary considerably 

depending on the matrix. In contrast, at high additive concentrations, there is a 

risk that permanent scattering effects over the whole temperature range occur. 

The thermotropic switching property would largely be lost then. Another disad-

vantage relates to the long-term stability to be expected. In the light-scattering ON 

mode, the thermotropic additive is liquid and is thus readily subject to diffusion 

processes. A loss of the switching effect and permanent scattering effects ensue. 

Different 	methods 	are 	proposed 	for 	preparing 	thermotropic 	layers with 	low 

molecular weight organic substances as thermotropic additives: In EP 0 946 443, a 

solvent-containing coating solution is first prepared, and then applied to a sub-

strate (e.g., float glass) by means of known coating methods of paint technology 

(such as knife coating, spraying or flow coating). Subsequently, the solvent is 

evaporated, and thermally induced cross-linking is performed. When the solvent is 

evaporated, vapors harmful to the environment and health are released. Increased 

investment costs for occupational safety are required then. From DE 198 25 984, 

the preparation of thermotropic laminated glass panels based on UV-curing casting 
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resin formulations is known. The thermotropic resins are filled into a gap between 

the panels, which is obtained by bonding two glass panels together with a suitable 

spacer between. The thermotropic resin is cured by irradiation with UV light. As a 

modification of this method, a process for preparing thermotropic sheets is claimed 

in EP 1 258 504. After the curing is complete, the two support panels are detached 

from one another by removing the spacer. In this way, a thermotropic sheet can 

be isolated. For the sheet to be detached easily, the support panel consists, for 

example, of a material with low adhesion properties (e.g., PTFE, silicone). 	In 

addition, EP 1 258 504 describes a method in which a solvent-free UV-curing 

formulation is applied to a planar support surface by means of a sheet casting 

device. After UV curing with exclusion of air, a thermotropic sheet results, which 

can be separated from the support layer. To conclude, it can be noted that none of 

the mentioned methods meets the requirements for an economically efficient 

production on a large industrial scale. 

In the scientific literature (Solar Energy Materials & Solar Cells, 93, 2009, pp. 

1510-1517), a further development is described in which the low molecular weight 

component is incorporated into the polymer matrix, not in a pure condition, but in 

the form of core/shell particles. The low molecular weight component — an n-

alkane mixture with a melting temperature of from 30 to 40 °C — forms the core 

and is coated with a protecting polymer shell. Encapsulating the low-molecular 

weight component yields a powdery material, which is always n the form of a solid 

in the range of the use temperature, and is clearly more easily to process as 

compared with the unprotected additive. The polymer shell prevents diffusion 

processes, so that the long-term stability is significantly improved. The technology 

for preparing casting resin laminated glass is established, but is not suitable for 

large-area applications. A transfer of this concept to current thermoplastic pro-

cessing methods, such as sheet extrusion, is described in DE 10 2007 061 513, 

among others. 

From EP 0 985 709, thermotropic plastic molding compositions are known in which 

specific copolymers instead of low molecular weight substances are employed as 

the thermotropic component. The copolymers employed are not thermodynamical-

ly miscible with the matrix polymer and therefore form domains within the polymer 
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matrix after thermoplastic processing. Since the thermotropic component shows a 

higher temperature dependence of the refractive index as compared to the matrix, 

the resulting thermotropic molding composition exhibits reversible turbidity as the 

temperature 	increases. 	Ethylene/glycidyl 	methacrylate 	or 	ethylene/C1_4-alkyl 

acrylate/glycidyl methacrylate copolymers (such as the Lotader®  GMA types from 

Arkema) and methacrylate/butadiene/styrene copolymers (such as the Paraloid®  

BTA types from Rohm & Haas) are preferably employed as the thermotropic 

component. The transparent polymer matrix preferably consists of amorphous 

polyamides or copolyamides (such as the Grilamid®  TR types from EMS Grivory). 

The two components are forcibly mixed into a thermotropic molding composition 

by compounding. 	For the further processing into molding 	parts, all common 

thermoforming processes can be applied, such as injection molding, injection 

blowing, and extrusion. In one embodiment, a transparent polyamide as a matrix 

component is compounded with an 	ethylene/glycidyl 	methacrylate copolymer 

(Lotader®  GMA AX 8840) as a domain former, and after the injection molding 

process, 	processed 	into 	sheets 	(100 	x 	100 	x 4 	mm). 	The thus 	prepared 

thermotropic polyamide sheets exhibit an almost continuous decrease of transmis-

sion at 560 nm as the temperature increases (room temperature —> 80 °C). The 

degree of turbidity in the ON mode increases , as expected, as the concentration of 

the thermotropic additive increases. It is a disadvantage that the transmission also 

decreases significantly in the OFF mode as the additive concentration increases, so 

that the effective "switching stroke" (difference in transmission between the OFF 

and ON modes) is low. This disadvantageous effect occurs already at relatively low 

additive concentrations (< 10%), which indicates an insufficient matching between 

the refractive indices of the additive and matrix. A high volume proportion of 

scattering domains, which is necessary for a high scattering intensity in the ON 

mode, with a simultaneously high transparency in the OFF mode cannot be 

achieved thereby. Because of the very broad switching range (room temperature 

—> 80 °C), these systems are not suitable for applications 	like, for example, 

overheating protection of buildings, in which a narrow switching temperature range 

of about from 25 to 40 °C or from 30 to 40 °C is demanded. In addition, the 

process described does not permit the domain size to be influenced selectively. 

Consequently, an optimization of the scattering properties (e.g., with respect to 

the backscatter fraction) is not possible. 
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It is the object of the present invention to provide thermotropic molding composi-

tions that overcome at least some of the mentioned drawbacks of the prior art. 

According to one aspect of the invention, the object is achieved by providing 

particles that can serve as a thermotropic additive. The particles according to the 

invention are obtainable by the copolymerization of 

a. from 30 to 95% by weight of one or more vinyl monomers with an alkyl side 

chain of at least 12 carbon atoms; 

b. from 0.1 to 10% by weight of one or more cross-linking agents; 

c. from 3 to 70% by weight of one or more vinyl monomers with 1 to 11 

carbon atoms in an aliphatic side chain, which optionally includes one or 

more functional groups; 

d. from 0 to 50% by weight of one or more vinyl monomers with an aromatic 

side group, which is optionally substituted. 

According to the invention, such a particle is produced 	by polymerizing vinyl 

monomers having a long aliphatic side chain in which the number of carbon atoms 

is 12 or more, with vinyl monomers whose aliphatic side chain includes 1 to 11 

carbon atoms, and may optionally include one or more functional groups. In 

contrast, the employed components a. are unsubstituted. One or more free-radical 

initiators are required for the polymerization. 

Further, vinyl 	monomers that include aromatic side groups may be present, 

wherein said aromatic side groups may be substituted. 

According to the invention, "vinyl monomer" means compounds of general formula 

-CH2=CR1R2. In many cases, R2  = H, and R1  includes the side chain optionally 

through a functional group. 

Different vinyl monomers are known to the skilled person. Particularly suitable 

vinyl monomers for the process according to the invention include acrylates. Then, 
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in the above mentioned formula, R2  is -C(=0)0R3, and R1  = H. In methacrylates, 

said R2  of the above mentioned formula is -C(=0)0R3, and R1  is a methyl group. 

Further suitable compounds include acrylamides, in which R2  is -C(=0)-NHR3; vinyl 

ethers, in which R2  is -0-R3; and, for example, vinyl esters, in which R2  of the 

above formula is -O-C(=O)-R3. 

R3  then corresponds to the side chain/side group as defined in a., c. and d. 

Further vinyl monomers are known to the skilled person. 

For the definition of component a., R3  is an unbranched alkyl group, i.e., acyclic 

and saturated. Preferred chain lengths include from 12 to 48 carbon atoms. 

Compounds having at least two groups capable of reacting with the vinyl mono- 

mers 	are 	employed 	as 	component 	b. 	Diethylenically 	unsaturated 	or 

polyethylenically unsaturated vinyl monomers are particularly suitable as cross-

linking agents or cross-linking mixtures. 

For component c., group R3  includes from 1 to 11 carbon atoms of an aliphatic. 

These too may basically be acyclic or cyclic, and in part unsaturated. In this case, 

however, R may comprise several functional groups, for example, hydroxy groups, 

esters, 	ethers, 	amides, 	amines, 	halogens, 	carboxy groups, 	and 	combinations 

thereof. For example, component c. could include one or two or three hydroxy 

groups in radical R2. 	R could also include one, two or three ester groups. A 

combination of a hydroxy group and a halide would also be possible. Mixtures of 

different vinyl monomers that meet the conditions of c. are also suitable. 

As an optional component, a vinyl monomer in which R3  is an aromatic side group 

can be contained as component d. Aromatic molecules have a ring system com-

prising delocalized electrons in conjugated double bonds, or unoccupied p orbitals, 

or lone electron pairs. Preferred compounds of this type are phenyl compounds. 

According to the invention, these may also be substituted, preferably with halo-

gens. The use of electron-rich heteroaromatics is preferred. 
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In one embodiment, another layer is grafted onto the particle according to the 

invention, which layer is obtained by the polymerization of vinyl monomers with 1 

to 11 carbon atoms in an aliphatic or aromatic side chain, i.e., R3 is an aliphatic or 

aromatic group with 1 to 11 carbon atoms in this case. 

For the grafting of another layer, bi- or multifunctional cross-linking agents with at 

least two differently reactive carbon-carbon double bonds are used. 

The particles according to the invention exhibit a first order phase transition in a 

temperature range of from -20 to 150 °C. 

The particles according to the invention are preferably prepared with an average 

particle diameter of from 100 to 10,000, or from 100 to 2000 nm, preferably from 

100 to 500 nm. The average particle diameter d50 is the value for which 50% by 

weight of all particles are heavier than the stated value, and 50% are lighter than 

the stated value. Such d50 values are determined, for example, by laser refraction. 

Preferably, the particles have a relatively narrow distribution. Thus, the particle 

diameter d90 value is preferably not greater than three times the d50 value. Thus, 

for example, if the d50 value is 200 nm, the d90 value is preferably 600 nm or 

less. The ratio of d90 to d50 values is thus preferably 	3, more preferably 	2. 

The particles according to the invention may further contain from 0 to 10% by 

weight of inorganic particles. 	Particularly suitable particles include silicates and 

oxides of the elements Al, Si, Zr, Hf, Ti, Zn, Pb, and possible mixed oxides 

thereof. 

The invention also relates to a molding composition containing a matrix and from 

1 to 50% by weight of the particles according to the invention, or of particles 

defined at least by the components a. and b., namely: 

Particles obtainable by the polymerization of 



a. from 30 to 99.9% by weight of one or more vinyl monomers with an alkyl 

side chain of at least 12 carbon atoms; 

b. from 0.1 to 10% by weight of one or more cross-linking agents; 

c. from 0 to 70% by weight of one or more vinyl monomers with 1 to 11 

carbon atoms in an aliphatic side chain, which optionally includes one or 

more functional groups; 

d. from 0 to 50% by weight of one or more vinyl monomers with an aromatic 

side group, which is optionally substituted. 

Such a molding composition is a thermotropic molding composition if it can change 

its light transmission under the action of heat. 

Between the particles and the matrix material, the difference of the refractive 

indices is preferably < 0.5, or < 0.3, or < 0.2, or < 0.1, or < 0.05, or < 0.01, 

based on the light-transmitting state. 

The refractive index can be controlled by selecting the components a. to d. in the 

particle. 

Preferably, the matrix material itself is transparent or translucent. Within the scope 

of the invention, "transparency" means light transmission with simultaneous look 

or image transparency. To distinguish it from transparency, "translucency" means 

light transmission without look or image transparency. 

Transparent and translucent molded parts are defined by a Tvisnh  of 75%, prefera-

bly 80%, under the measuring conditions stated in the Examples for optical 

characterization, with test specimens analogous to those of Example 6. 

In another embodiment of the invention, the object is achieved by the one- or two-

phase polymer particles according to the invention with an average primary 

particle diameter of from 50 nm to 10 pm, preferably from 100 to 2000 nm, 
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especially from 200 to 1000 nm, or from 500 to 1000 nm, containing, based on 

their total weight: 

A) 	from 10 to 100% by weight of a polymer phase A, obtainable by free-radical 

copolymerization of an oil-in-water mini-emulsion with a monomer mixture 

as the oil phase, comprising 

i) 30 	to 	99.9% 	by 	weight 	of 	one 	or 	more 	mono-ethylenically 

unsaturated monomers I with at least one C12-C48 n-alkyl side chain; 

ii) 0 to 60% by weight of one or more mono-ethylenically unsaturated 

monomers II with at least one C1-C11  n-alkyl and/or one C3-C48 i-alkyl 

side chain; 

iii) 0.1 to 20% by weight of one or more monomers III with at least two 

non-conjugated ethylenic double bonds; 

iv) 0 to 69.9% by weight of one or more (hetero)aromatic, mono-

ethylenically unsaturated monomers IV; 

v) 0 to 40% by weight of one or more other mono-ethylenically unsatu-

rated monomers V; 

and 

B) 	from 0 to 90% by weight of a polymer phase B, obtainable by the subse- 

quent free-radical graft copolymerization, in the presence of the polymer 

phase A obtained after step A), of a monomer mixture comprising 

i) 	0 to 100% by weight of one or more monomers VI from the group of 

C1-C10  alkyl (meth)acrylates; 

ii) 0 to 	100% by weight of one or more (hetero)aromatic mono-

ethylenically unsaturated monomers VII; 

iii) 0 to 50% by weight of one or more other mono-ethylenically unsatu-

rated monomers VIII; 

wherein the weight percentages of the monomer mixtures employed in the 

respective steps add up to 100% by weight. 
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Preferably, the polymerization is performed without adding an organic solvent in 

the organic phases. Such solvents may be, for example, n-alkanes, such as 1-

octadecane. 

Preferably, the polymer particles according to the invention do not have any 

anchoring groups in the surface of the particle core that deviate from the spherical 

arrangement. 

The particles according to the invention exhibit a first order phase transition in a 

temperature range of from -20 to 150 °C. 

Within the scope of the present invention, the prefix "Cx-Cy-" (with x and y = 1, 2, 

3, etc., and y > x) means that the related alkyl compound, class of alkyl com-

pounds or alkyl group may consist of x to y carbon atoms. Unbranched acyclic alkyl 

compounds, classes of alkyl compounds or alkyl groups bear the prefix "n-", while 

branched acyclic or cyclic ones bear the prefix "i-". "(Meth)acrylic" is short for 

acrylic or methacrylic compounds, "(hetero)aromatic" is short for aromatic or 

heteroaromatic compounds, and "(hetero)cyclic" is short for cyclic or heterocyclic 

compounds. 

For the preparation of thermotropic plastics, the particles according to the inven-

tion are mixed with a suitable transparent or translucent plastic. In this plastic, the 

particles are, in the ideal case, homogeneously distributed in the form of separate 

domains. The 	plastic forms the 	matrix, 	optionally 	in 	combination 	with 	other 

additives, and is therefore also referred to as a matrix plastic in the following. 

Differences in refractive index between the domains and matrix are characteristic 

of the occurrence of light scattering. At temperatures below the phase transition 

(OFF mode), the refractive indices of the domains, nD, and of the matrix, nM, are as 

similar as possible (nD  = nM), so that the thermotropic plastic ideally exhibits the 

transparency or translucency of the pure matrix plastic. In the temperature range 

of the phase transition, the refractive index of the domains decreases abruptly ((nD 

< nM), so that light is scattered at the domain/matrix interface, and the transpar-

ency or translucency is reduced (ON mode). The thermotropic plastic usually 
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shows the largest change of transmission in the temperature range of the phase 

transition. This temperature range is also referred to as the "switching tempera-

ture" in the following. 

The polymer phase A of the polymer particles according to the invention is a 

copolymer whose monomer units are selected from at least two (I, III) or from up 

to five different groups (I to V) or more. The monomers I are essential to the 

thermotropic switching behavior. Therefore, polymerization must involve at least 

one monomer I to form polymer phase A. In addition, polymer phase A is cross-

linked with at least one monomer III, in order that the shape and size of the 

polymer particles according to the invention are preserved in the subsequent 

processing steps. In contrast, whether and in what weight percentages monomers 

from the other classes II, IV and V are included in the polymerization critically 

depends on the desired switching temperature and the properties of the matrix 

plastic (refractive index in the temperature range of the OFF mode, compatibility 

with the polymer particles, etc.). 

The polymer phase A of the polymer particles according to the invention is 

constituted of 30 to 99.9% by weight, preferably 50 to 97% by weight, especially 

60 to 95% by weight, or 75 to 85% by weight, monomer units with n-alkyl side 

chains of 12 to 48 carbon atoms (monomers I). In some embodiments, the length 

of the n-alkyl side chains is within a range of from 12 to 16 carbon atoms, in 

others, it is within a range of from 20 to 48 carbon atoms. In some embodiments, 

two or more different monomers are employed together. 

After the 	free-radical 	polymerization, 	the 	monomers 	I 	form 	so-called 	comb 

polymers. They consist of a polymer main chain and many C12-C48 n-alkyl side 

chains bonded thereto. The side chains are usually covalently linked to the main 

chain through an anchoring group, for example, an ester group. 

In contrast to conventional partially crystalline polymers (e.g., polyethylene), in 

which the main chain crystallizes, what crystallizes here are the n-alkyl side chains 

(see N.A. Plate, V.B. Shibaev, Comb-Like Polymers. Structure and Properties, 

Polymer 	Sci.: 	Macromolecular 	Reviews 	1974, 	8, 	pp. 	117-253). 	The 	melt- 
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ing/crystallizing takes place at a particular phase transition temperature Tm. The 

phase transition temperature Tm  can be determined in the known way by means 

of differential scanning calorimetry (DSC). For side chain crystallization to occur, 

a minimum chain length is required, which may vary depending on the flexibility 

of the main chain. The minimum length is usually about 8 to 11 carbon atoms 

beyond the anchoring group. For side chains above the minimum length, the 

phase transition temperature Tm  increases as the length of the side chain 

increases. In an exemplary way, there may be mentioned the phase transition 

temperatures, 	as 	known 	from 	the 	literature, 	of the 	homopolymers 	of n- 

tetradecyl acrylate: Tm  = 	19.5 °C; and of those of n-docosyl acrylate: Tm  = 

67.7 °C (see K.A. O'Leary, D.R. Paul, Physical properties of poly(n-alkyl acrylate) 

copolymers, Part 1. Crystalline/crystalline combinations, Polymer 2006, 47, pp. 

1226-1244). 

By copolymerizing two or more monomers I having side chains of different 

lengths, each phase transition temperature can be adjusted through the weight 

ratio within the temperature window defined by the homopolymers. Then, for 

copolymers of, for example, two monomers I having side chains of different 

lengths, it holds quite generally that: The higher the proportion of the shorter- 

chain 	monomers 	(or the 	shorter 	its 	chain), 	the 	lower 	is 	the 	number 	of 

crystallizable carbon atoms in the copolymer, and the lower is the Tm. 

The monomers I are preferably selected from the group: 

Ia) 	of esters of a,p-ethylenically unsaturated C3-C4  carboxylic acids and C12- 

C48 n-alkanols; 

Ib) 	of the mono- and dialkyl esters of a,(3-ethylenically unsaturated C4-05 

dicarboxylic acids with at least one C12-C48 n-alkyl side chain as an ester 

radical; and 

Ic) 	of the allyl and vinyl esters of C13-C49 n-alkanoic acids. 
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Further groups of free-radically polymerizable 	mono-ethylenically unsaturated 

monomers I with at least one C12-C48 n-alkyl side chain are known to the skilled 

person. 

Preferred 	monomers 	I 	from 	group 	Ia) 	include 	the 	(meth)acrylates 	of 	n- 

dodecanol, n-tetradecanol, n-hexadecanol, n-octadecanol, n-docosanol, and n-

octacosanol. In addition to the pure compounds, commercial mixtures of C12-C48 

n-alkyl (meth)acrylates with n-alkyl radicals of different lengths (e.g., SA 1618 

of BASF) may also be used. In some embodiments, no octadecyl acrylate is 

added. 

The monomers I of group Ib) include the dialkyl esters of a,(3-ethylenically 

unsaturated C4-C6  dicarboxylic acids with two identical C12-C48 n-alkyl groups, two 

different C12-C48  n-alkyl groups, one C12-C48 n-alkyl group and one C1-C11  n-alkyl or 

C3-C48 i-alkyl group, and the corresponding monoalkyl esters with a C12-C48  n-alkyl 

group. Preferably, the dialkyl esters of maleic and itaconic acid with n-dodecanol, 

n-tetradecanol, n-hexadecanol, n-octadecanol, n-docosanol and n-octacosanol 

are employed. 

Preferred monomers I from group Ic) include the vinyl and ally! esters of n-

tetradecanoic, n-hexadecanoic, n-octadecanoic, n-docosanoic and n-octacosan-

oic acids. 

For lowering the phase transition temperature Tm  of a polymer predominantly 

formed from monomers I, there may also be used, in particular, free-radically 

polymerizable monomers having a 	linear alkyl side chain with 	less than 	12 

carbon atoms or a branched cyclic or acyclic alkyl side chain with 3 to 48 carbon 

atoms (monomers II). The monomers II are included in the polymerization at 

from 0 to 60% by weight, preferably from 0 to 40% by weight, especially from 0 

to 20% by weight, or from 1 to 60% by weight. 

The monomers II are preferably selected from the group IIa) of esters of a,13-

ethylenically unsaturated C3-C4  carboxylic acids and C1-C11  n-alkanols or C3-C48 i- 

alkanols, 	IIb) 	of mono- 	and 	diesters 	of a,13-ethylenically 	unsaturated 	C4-C6 
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dicarboxylic acids, and C1-C11  n-alkanols and/or C3-C48 i-alkanols, and IIc) the 

allyl and vinyl esters of C2-C12  n-alkanoic acids, and C4-C49 i-alkanoic acids. 

Preferred monomers II from group IIa) include the (meth)acrylates of methanol, 

ethanol, 	n-propanol, 	isopropanol, 	n-butanol, 	sec-butanol, 	isobutanol, 	tert- 

butanol, 	n-hexanol, 	n-octanol, 	2-ethylhexanol, 	n-decanol, 	isodecanol 	and 

isooctadecanol, cyclohexanol, 4-tert-butylcyclohexanol, borneol, isoborneol and 

3,3,5-trimethylcyclohexanol, and dihydrodicyclopentadienyl (meth)acrylate. 

Preferred 	monomers II from group IIb) include the diesters of maleic and 

itaconic acids with methanol, ethanol, n-butanol, isobutanol and 2-ethylhexanol. 

Preferred monomers II from group IIc) include vinyl and allyl acetate and the 

corresponding propionates, butyrates, valerates, capronates, decanoates, and 

laurates. In some embodiments, no vinyl acetate is employed. 

The scattering properties of the thermotropic plastic depend largely on the size 

of the scattering domains (see explanations above). The size of the scattering 

domains is primarily defined by the diameter of polymer phase A of the polymer 

particles according to the invention. For the shape and size of polymer phase A 

to be retained after the processing with the matrix plastic, polymer phase A is 

preferably cross-linked. Free-radically polymerizable di- or polyfunctional cross-

linking agents (monomers III) are used for interior cross-linking. These include 

monomers with at least two non-conjugated ethylenic double bonds. Monomers 

III are included in the polymerization at 0.1 to 20% by weight, preferably from 

0.1 to 10% by weight. 

As 	di- 	and 	polyfunctional 	monomers 	III, 	there 	may 	be 	used: 	Ma) 	the 

(meth)acrylic acid esters of polyhydric alcohols, IIIb) the vinyl and allyl ethers of 

polyhydric alcohols, and IIIc) (hetero)cyclic and (hetero)aromatic compounds 

disubstituted or polysubstituted with allyl, vinyl or (meth)acrylic groups. 

Suitable di- or polyfunctional monomers III of group IIIa) include, for example, 

ethylene glycol di(meth)acrylate, 1,3-butanediol di(meth)acrylate, 	1,4-butane- 
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diol 	di(meth)acrylate, 	1,6-hexanediol 	di(meth)acrylate, 	1,10-decanediol 

di(meth)acrylate, 	di(ethylene 	glycol) 	di(meth)acrylate, 	tri(ethylene 	glycol) 

di(meth)acrylate, tetra(ethylene glycol) di(meth)acrylate, di(propylene glycol) 

di(meth)acrylate, 	tri(propylene 	glycol) 	di(meth)acrylate, 	tricyclodecanedi- 

methanol 	di(meth)acrylate, 	2-hydroxy-1,3-di(meth)acryloxypropane, 	glycerol 

di(meth)acrylate, glycerol 	1,3-diglycerolate di(meth)acrylate, 	neopentyl glycol 

di(meth)acrylate, 	diurethane 	di(meth)acrylate, 	trimethylolpropane 	ethoxylate 

methyl 	ether 	di(meth)acrylate, 	trimethylolpropane 	tri(meth)acrylate, 	tri- 

methylolpropane ethoxylate tri(meth)acrylate (EO degree = 3-20), trimethylol- 

propane 	propoxylate 	tri(meth)acrylate, 	pentaerythritol 	tri(meth)acrylate, 

glycerol 	propoxylate 	tri(meth)acrylate, 	di(trimethylol)propane 	tetra(meth)- 

acrylate, 	pentaerythritol tetra(meth)acrylate, 	di(pentaerythritol) 	penta(meth)- 

acrylate, and di(pentaerythritol) hexa(meth)acrylate. 

Suitable di- or polyfunctional monomers III of group IIIb) include, for example, 

1,4-butanediol 	divinyl 	ether, 	1,6-hexanediol 	divinyl 	ether, 	di(ethylene 	glycol) 

divinyl 	ether, 	bis[4-(vinyloxy)butyl] 	adipate, 	bis[4-(vinyloxy)butyl] 	succinate, 

bis[4-(vinyloxy)butyl] 	isophthalate, 	bis[4-(vinyloxy)butyl] terephthalate, 	bis[4- 

(vinyloxy)butyl] 	1,6-hexanediy1 	biscarbamate, 	1,4-cyclohexane 	dimethanol 

divinyl 	ether, 	tris[4-(vinyloxy)butyl] 	trimellitate, 	ally! 	ether 	and 	trimethylol- 

propane diallyl ether. 

Suitable di- or polyfunctional monomers III of group IIIc) include, for example, 

divinylbenzene, 	2,4,6-triallyloxy-1,3,5-triazine, 	1,3,5-triallyI-1,3,5-triazine- 

2,4,6(1H,3H,5H)trione, tris[2-(acryloyloxy)ethyl] isocyanurate, 1,3,5-triacryloyl- 

hexahydro-1,3,5-triazine, 	2,2'-diallylbisphenol-A, 	2,2'-diallylbisphenol-A 	di- 

acetate ether, 1,4-phenylene di(meth)acrylate, bisphenol-A ethoxylate di(meth)- 

acrylate 	(EO degree 	= 	2-30), 	bisphenol-A glycerolate di(meth)acrylate, 	bis- 

phenol-A 	propoxylate 	glycerolate 	di(meth)acrylate, 	bisphenol-A 	di(meth)- 

acrylate, and bisphenol-F ethoxylate di(meth)acrylate. 

In the temperature range of the OFF mode, a transparency or translucency that 

ideally 	corresponds 	to 	that 	of the 	pure 	matric 	plastic 	is 	sought 	for 	the 

thermotropic plastics. For this purpose, it is required in most cases to match the 
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refractive index of the polymer particles according to the invention to that of the 

respective matrix plastic. The refractive indices nD2°  (X = 589 nm, 20 °C) of 

suitable transparent or translucent matrix plastics are within a range of 1.35 to 

1.65, for the majority within a range of 1.49 to 1.59 (see Saechtling Kunststoff 

Taschenbuch, 30th Edition, Carl Hanser Verlag, Munich, 2007, Table 8.28, pp. 

764-765). 	Homo- and copolymers formed from monomers I and optionally 

monomers II often have a lower refractive index at temperatures below the 

phase transition (OFF mode). 

In order to match the refractive index of the polymer particles according to the 

invention in the temperature range of the OFF mode to that of the matrix plastic, 

the monomers are copolymerized with the (hetero)aromatic monomers IV, the 

homopolymers of monomers IV having a refractive index nD2°  > 1.50, preferably 

nD20 > 1.55. They are copolymerized at 0 to 69.9% by weight, preferably at 0 to 

50% by weight, especially at 0 to 30% by weight. In some embodiments, the 

content of monomers IV is at least 0.1% by weight. 

The 	monomers 	IV 	are 	preferably 	selected 	from 	the 	group 	IVa) 	of 	vi- 

nyl(hetero)aromatics and IVb) of (hetero)aromatic (meth)acrylates. 

Suitable monomers IV of group IVa) include, for example, styrene, 4-acetoxy- 

styrene, 	2-bromostyrene, 	3-bromostyrene, 	4-bromostyrene, 	4-tert-butoxy- 

styrene, 4-tert-butylstyrene, 2-chlorostyrene, 3-chlorostyrene, 4-chlorostyrene, 

2,6-dichlorostyrene, 3,4-dimethoxystyrene, 2,4-dimethylstyrene, 2,5-dimethyl-

styrene, 4-ethoxystyrene, 3-methylstyrene, 4-methylstyrene, 4-vinylanisole, 3-

vinylbenzylchloride, 4-vinylbenzylchloride, 9-vinylanthracene, 4-vinylbiphenyl, 2-

vinylnaphthalene, 9-vinylcarbazole, N-vinylphthalimide, 2-vinylpyridine, 4-vinyl-

pyridine, and 1-vinyl-2-pyrrolidinone. 

Suitable 	monomers 	IV 	of 	group 	IVb) 	include, 	for 	example, 	benzyl 

(meth)acrylate, 	2-hydroxy-3-phenoxypropyl 	(meth)acrylate, 	phenoxyethyl 

(meth)acrylate, 	phenyl 	(meth)acrylate, 	pentabromobenzyl 	(meth)acrylate, 

pentabromophenyl 	(meth)acrylate, 	2,4,6-tribromophenyl 	(meth)acrylate, 	9H- 
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carbazole-9-ethyl 	(meth)acrylate, 	2-hydroxypropyl-2-([meth]acryloyloxy)ethyl 

phthalate, 1-naphthyl (meth)acrylate, and 1-pyrenemethyl (meth)acrylate. 

Alternatively or in addition to the monomers IV, cross-linking monomers III with 

an aromatic basic structure, such as divinylbenzene, 	may also be used to 

increase the refractive index. 

For improving the preparation and processing properties of the polymer particles 

according to the invention, monoethylenically unsaturated monomers other than 

the monoethylenically unsaturated monomers I, II and IV may be used as 

monomers V. They are copolymerized at 0 to 40% by weight, preferably at 0 to 

20% by weight, especially at 0 to 10% by weight, or at 1 to 40% by weight. In 

some embodiments, the content of monomers V is at least 0.1% by weight. 

The monomers V are preferably selected from group Va) of a,3-ethylenically 

unsaturated mono- and dicarboxylic acids, Vb) of a,(3-ethylenically unsaturated 

carboxylic 	anhydrides, 	Vc) 	of 	a,(3-ethylenically 	unsaturated 	carboxylic 	acid 

amides, and Vd) of hydroxy-, alkoxy-, carboxy-, amino-, epoxy-, sulfo-, silyl-

and halo-substituted alkyl (meth)acrylates, and heterocyclic (meth)acrylates. 

Suitable monomers V of group Va) include, for example, (meth)acrylic acid, 

maleic acid, and itaconic acid. 

Suitable monomers V of group Vb) include, for example, maleic anhydride, 

itaconic anhydride, and crotonic anhydride. 

Suitable monomers V of group Vc) include, for example, N-ethyl, N-isopropyl, N-

tert-butyl, N,N-dimethyl, N,N-diethyl, N-hydroxymethyl, N-hydroxyethyl, N-(3-

methoxypropyl), N-(butoxymethyl), N-(isobutoxymethyl), N-phenyl, N-diphenyl- 

methyl, 	N-(triphenylmethyl) 	and 	N-[3-(dimethylamino)propyl] 	(meth)acryl- 

amides. 

Suitable monomers V of group Vd) include, for example, 2-hydroxyethyl, 2- 

hydroxypropyl, 	3-hydroxypropyl, 	2-hydroxybutyl, 	3-hydroxybutyl, 	5-hydroxy- 
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butyl, hydroxyethylcaprolactone, 3-chloro-2-hydroxypropyl, 2-methoxyethyl, 2-

ethoxyethyl, 2-butoxyethyl, di(ethylene glycol) methyl ether, di(ethylene glycol) 

ethyl ether, di(ethylene glycol) 2-ethylhexyl ether, tri(ethylene glycol) methyl 

ether, 	ethylene 	glycol 	dicyclopentenyl 	ether, 	ethyldiglycol, 	ethyltriglycol, 

butyldiglycol, 2-carboxyethyl, 2-(dimethylamino)ethyl, 2-(diethylamino)ethyl, 2- 

(diisopropylamino)ethyl, 	2-(tert-butylamino)ethyl, 	3-(dimethylamino)propyl, 	2- 

[[(butylamino)carbonyl]oxy]ethyl, glycidyl, 2-(methylthio)ethyl, 	3-(trimethoxy- 

silyl)propyl, 	2-(trimethylsilyloxy)ethyl, 	3-[tris(trimethylsiloxy)silyl]propyl, 	tri- 

methylsilyl, 	2-chioroethyl, 	2,2,2-trifluoroethyl, 	tetrahydrofurfuryl 	and 	2-N- 

morpholinoethyl 	(meth)acrylates, 	and 	4-(meth)acryloylmorpholine, 	mono-2- 

([meth]acryloyloxy)ethyl 	succinate, 	and 	mono-2-([meth]acryloyloxy)ethyl 

maleate. 

In a preferred embodiment, the monomer phase for forming the polymer phase 

A contains: 

• 75 to 85% by weight monomer I; 

• 5 to 10% by weight monomer II; 

• 3 to 6% by weight monomer III, 4 to 6% by weight monomer VI; 

• 3 to 5% by weight monomer V. 

In other embodiments, the weight percentages of the monomer phase for 

preparing the polymer phase A are: 

• 65 to 75% by weight monomer I; 

• 15 to 25% by weight monomer II; 

• 3 to 6% by weight monomer III; 

• 4 to 6% by weight monomer V. 

In other embodiments, preferred contents of the monomer phase for preparing 

the polymer phase A are: 

• 85 to 92% by weight monomer I; 

• 3 to 6% by weight monomer III; 
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• 1 to 5% by weight monomer IV; 

• 3 to 6% by weight monomer V. 

In further embodiments, the contents of the monomer phase for forming the 

polymer phase A are: 

85 to 92% by weight monomer I 

3 to 7% by weight monomer III 

4 to 8% by weight monomer V. 

In further embodiments, preferred compositions of the monomer phase for 

preparing the polymer phase A are: 

85 to 94% by weight monomer I 

3 to 8% by weight monomer III 

3 to 8% by weight monomer V. 

The mentioned ingredients of the monomer phase for preparing the polymer 

phase A together amount to 100% by weight. In the mentioned embodiments, 

other ingredients may be contained in the monomer phase in 	principle. 	In 

addition to a polymerization initiator, these may also be admixtures of other 

substances in principle. Preferably, the further ingredients comprise less than 

5% by weight, more preferably less than 3% by weight, even more preferably 

less than 1% by weight, or less than 0.5% by weight. 

In some embodiments, the presence of polymer phase B is necessary. 

The preparation of polymer phase A of the polymer particles according to the 

invention is effected by free-radical copolymerization of an oil-in-water mini-

emulsion. 

Polymer particles within a size range of from 50 nm to about 1 pm are typically 

produced by one-stage or multistage oil-in-water emulsion polymerizations (see, 

e.g., 	C.S. 	Chern, 	Emulsion 	polymerization 	mechanisms 	and 	kinetics, 	Prog. 
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Polym. Sci. 2006, 31, pp. 443-486). For a better distinction from oil-in-water 

miniemulsion 	polymerization 	(o/w 	miniemulsion 	polymerization), 	the 	o/w 

emulsion 	polymerization 	is 	hereinafter 	referred 	to 	as 	"o/w 	macroemulsion 

polymerization". The starting point for the actual polymerization reaction is an 

o/w macroemulsion in which the monomers to be polymerized form the oil 

phase. The o/w macroemulsion is usually produced by simple mechanical stirring 

in the presence of a surfactant. The diameters of the monomer droplets are 

comparably large (>> 1 pm), and the size distribution is broad. The monomer 

droplets are not the principal site of polymerization. They rather serve as a 

monomer reservoir, from which the aqueous phase is supplied with the mono-

mer molecules that are at least partially water-soluble. The surfactant is usually 

employed 	above 	the 	critical 	micelle 	concentration 	(cmc). 	If this 	surfactant 

concentration is exceeded, several surfactant molecules associate into spherical 

micelles 	10 nm), in whose center the monomer molecules can be incorpo- 

rated. The initiator free radicals generated in the aqueous phase by water-

soluble polymerization initiators can now initiate the polymerization both in the 

monomer droplets and in the micelles filled with monomer molecules. Because of 

the high number of micelles as compared to the monomer droplets, the total 

surface of the micelles is many times larger, so that a polymerization initiation 

within the micelles is very much more probable (micellar nucleation). 

Industrially produced o/w macroemulsion polymerizates include, for example, 

impact modifiers for poly(meth)acrylate molding compositions. These two-phase 

or three-phase polymer particles with a core-shell or core-shell-shell morphology 

have a total diameter within a range of typically 100 to 300 nm (see, e.g., EP 

1 572 769). 	However, 	this 	method 	is 	hardly 	suitable 	for 	the 	free-radical 

polymerization of extremely hydrophobic monomer, such as monomer I accord-

ing to the invention. The water solubility of monomers I is usually insufficient for 

a monomer migration from the large monomer droplets through the aqueous 

phase to the site of polymerization. Only a few examples show that the diffusion 

of hydrophobic molecules can be promoted by suitable phase transfer agents, 

such as cyclodextrin (see, e.g., R.J. Leyrer, W. Machtle, Macromol. Chem. Phys. 

2000, 201, pp. 	1235-1243). 	However, this method is usually unsuitable for 

copolymerizations in which the weight percentage of the hydrophobic monomers 
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in the total weight of the monomers is 50% by weight or more. In addition, 

comparably large amounts of phase-transfer agents are necessary, which causes 

additional costs for increased amounts of materials employed, for the separation 

of such additives, and recovery thereof, if possible. 

Polymer particles formed from hydrophobic monomers can be synthesized by 

suspension polymerization in principle. Since the free-radical polymerization is 

started by oil-soluble initiators in such a case, the particle formation occurs 

almost exclusively in the monomer droplets rather than in the aqueous phase. 

However, 	the 	particle 	diameters 	of 	suspension 	polymerizates 	are 	usually 

considerably too large in view of the use according to the invention. Depending 

on the reaction conditions, polymer particles with diameters of from 10 pm to 

5 mm are typically obtained (see, e.g., Eduardo Vivaldo-Lima et al., An Updated 

Review on Suspension Polymerization, Ind. Eng. Chem. Res. 1997, 36, pp. 939- 

965). 

Therefore, miniemulsion technology is employed to form the polymer phase A of 

the polymer particles according to the invention (see, e.g., F.J. Schorck, Y. Luo, 

W. Smulders, J.P. Russum, A. Butte, K. Fontenot, Adv. Polym. Sci. 2005, 175, 

pp. 129-255). The o/w miniemulsion polymerization differs from the classical 

o/w macroemulsion polymerization in terms of processing conditions essentially 

by two peculiarities: 

a) a homogenization step; and 

b) optionally the addition of a costabilizer ("ultrahydrophobic"). 

In the homogenization step, an o/w miniemulsion is produced by the action of 

high shear forces, for example, in the form of ultrasound. The miniemulsion 

consists of kinetically stable droplets within the water phase that have a narrow 

size distribution mostly on a nano to submicro scale. The high stability of o/w 

miniemulsions 	as 	compared 	to 	o/w 	macroemulsions 	results 	from 	the 	co- 

operation of a surfactant and a costabilizer. While the surfactant stabilizes the 

droplets against collision and coalescence, the costabilizer prevents the so-called 

Ostwald ripening from occurring. The latter process includes the migration of 
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monomers from the small to the larger droplets as a consequence of high 

Laplace pressure in the small droplets. The costabilizer is present in the droplet 

phase in a dissolved and homogeneously distributed form, having a very low 

water solubility, which is why it is also often referred to as "ultrahydrophobic". 

Since the costabilizer does not participate in the monomer migration through the 

aqueous phase because of its low water solubility, Ostwald ripening would create 

a concentration gradient between the monomer droplets. The formation of a 

concentration gradient is unfavorable from a thermodynamic point of view. 

Therefore, 	virtually 	no 	Ostwald 	ripening 	tykes 	place 	in 	the 	presence 	of a 

costabilizer. Typical costabilizers include, for example, long-chain alkanes, such 

as n-hexadecane. No costabilizer is usually required for the synthesis of polymer 

phase A according to the invention, since the monomers I usually have suffi- 

ciently 	low 	water solubility 	and 	thus 	adopt the 	function 	of the 	costabilizer 

themselves. 	Performing 	the 	method 	without the 	addition 	of a 	costabilizer, 

especially of 1-octadecane, 	is 	preferred. 	In 	contrast to o/w macroemulsion 

polymerization, the particle nucleation takes place within the monomer droplets. 

This enables a very good control of the particle size, because a polymer particle 

is formed from almost every droplet. The droplet size and thus the particle size 

can be adjusted through the kind and amount of the surfactant. When ionic 

surfactants are used, the particle diameter is typically from 50 to 500 nm. Also, 

larger diameters of up to about 10 pm can be adjusted with non-ionic surfac-

tants, or by using protective colloids and/or Pickering systems. 

For the preparation of the polymer particles according to the invention, an o/w 

macroemulsion is produced at first in a per se known simple manner by mixing 

the respective monomers necessary for forming the polymer phase A into a 

uniform monomer phase, which is then introduced into an aqueous surfactant 

solution, for example, with mechanical stirring. Depending on the state of matter 

of the monomer I employed or of the mixture of two or more monomers I 

employed, it may be advantageous that the monomer phase is preliminarily 

heated for a uniform liquid monomer phase to result. In such a case, the 

temperature is preferably chosen only so high that the monomer phase is just 

uniformly liquid. As a rule, this temperature is around or slightly above the 

melting temperature of the monomer I or of the mixture of several monomers I 
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employed. Advantageously, the aqueous surfactant solution is also preheated to 

this temperature in order to prevent the monomer or monomers I from coagu-

lating when the two phases are combined. The aqueous surfactant solution may 

additionally 	contain 	buffer substances, 	such 	as 	sodium 	hydrogencarbonate, 

which provide for an advantageous pH of the aqueous phase in view of the later 

free-radical polymerization. 

In principle, any anionic, cationic and non-ionic surfactants that are also suitable 

for o/w macroemulsion polymerizations may be used as surfactants. Preferably, 

anionic and/or non-ionic surfactants are used. 

Common 	anionic 	surfactants 	include, 	for 	example, 	alkyl 	sulfates, 	alkyl 

sulfonates, 	alkylaryl 	sulfonates, 	alkyldiphenyloxide 	disulfonates, 	alkyl 

isethionates, alkyl sulfosuccinates, alkyl carboxylates, and alkyl phosphates with 

typically 8 to 18 carbon atoms in the alkyl radical. The counter-ion is usually an 

alkali cation (as a rule Na), or ammonium (NH4 ). 

Common 	non-ionic 	surfactants 	include, 	for 	example, 	ethoxylates 	of 	fatty 

alcohols, alkylphenols and fatty acids with typically 4 to 36 carbon atoms in the 

alkyl radical and a degree of ethoxylation of from 3 to 40. 

Further common anionic and non-ionic surfactants are known to the skilled 

person. They are described, for example, in Ullmann's Encyclopedia of Industrial 

Chemistry, Surfactants, Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, 2012, 

DOI: 10.1002/14356007.a25_747. 

The amount of surfactant is preferably chosen essentially so that the critical 

micelle concentration (cmc) in the aqueous phase of the finally resulting o/w 

miniemulsion is not exceeded. As a rule, the amount of surfactant is within a 

range of from 0.1 to 5% by weight, based on the amount of monomers con-

tained in the o/w miniemulsion. 

In order to prevent agglomeration, aggregation, coagulation or flocculation of 

the primary particles during the polymerization, it may be advantageous to 
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additionally add protective colloids to the aqueous phase. Possible protective 

colloids 	include 	high 	molecular 	weight 	water-soluble 	compounds, 	such 	as 

poly(vinyl 	alcohol), 	poly(vinyl 	pyrrolidone) 	and 	its copolymers, 	and 	cellulose 

derivatives, such as methylcellulose and 	hydroxypropylcellulose. The use of 

poly(vinyl alcohol) is less preferred. 

The o/w macroemulsion is homogenized by applying high shear forces to obtain 

an o/w miniemulsion as needed according to the invention. Such a high energy 

input can be produced by emulsifying machines, such as ultrasound reactors, 

high-pressure homogenizers, rotor-stator systems, static mixers, or combina-

tions thereof. With increasing energy input, the droplet size in the emulsion 

decreases at first. The amount of energy can be adjusted through either the 

intensity or the duration of energy input. For each emulsion of a specific compo-

sition, there is a limit of optimum energy input, which leads to a minimum 

droplet size. When this minimum droplet size is reached, additionally introduced 

energy merely leads to a further reduction of droplet size distribution. 

The miniemulsion used according to the invention is an essentially aqueous 

emulsion of monomers, stabilized by surface-active substances and having a 

particle size of the emulsified droplets of 10 nm to 600 nm, especially 40 nm to 

450 nm, preferably 50 nm to 400 nm. 

The proportion of monomer phase A in the total weight of the o/w miniemulsion 

is from 5 to 70% by weight, preferably from 20 to 50% by weight, or from 20 to 

40% by weight. Preferably, the proportion of the organic phase is more than 

15% or more than 20%, or more than 25% by weight. 

As free-radical polymerization initiators for forming the polymer phase A, there 

may be used, in principle, any compounds that are capable of initiating a free-

radical polymerization. In contrast to o/w macroemulsion polymerization, oil-

soluble initiators may also be used in addition to water-soluble ones. 

Suitable oil-soluble free-radical 	polymerization 	initiators 	include the common 

peroxo and azo compounds, such as dilauroyl peroxide, dibenzoyl peroxide, tert- 



- 28 - 

amyl peroxypivalate, tert-amyl peroxy-2-ethylhexanoate, 2,2'-azodi(isobutyro-

nitrile) and 1,1'-azobis(cyclohexanecarbonitrile). 

Suitable water-soluble free-radical polymerization initiators include, for example, 

the ammonium and alkali peroxodisulfates, cumene hydroperoxide, tert-butyl-

hydroperoxide, and hydrogen peroxide. 

So-called redox initiator systems may also be used as polymerization initiators. 

The water-soluble polymerization initiators mentioned above, for example, are 

suitable as oxidants for redox-initiated polymerization. Suitable reducing agents 

include, for example, 	sodium 	dithionite, 	sodium 	disulfite, 	sodium 	hydrogen- 

sulfite, 	and 	ascorbic 	acid. 	Further, 	the 	effectiveness 	of the 	redox 	catalyst 

systems can be further improved by adding metal salts, such as iron salts, 

optionally 	in 	combination 	with 	complexing 	agents. 	Further 	common 	redox 

initiator systems are described, for example, in A.S. Sarac, Redox polymeriza-

tion, Prog. Polym. Sci. 1999, 24, pp. 1149-1204. 

Depending on the state of matter and solubility behavior of the free-radical 

polymerization initiator, it may be supplied in bulk, as a solution, as a suspen-

sion, or as an emulsion. 

Water-soluble 	polymerization 	initiators 	are 	added 	to 	the 	o/w 	miniemulsion 

preferably as an aqueous solution only after the homogenization step. The risk of 

premature polymerization, especially during the energy-intensive homogeniza-

tion step, can be minimized thereby. 

Oil-soluble polymerization initiators having a sufficiently high decay temperature 

and a good solubility in the monomer phase can usually be added to the mono-

mer phase before the preparation of the o/w macroemulsion, and completely 

dissolved in the latter. Oil-soluble polymerization initiators having a low decay 

temperature are preferably added only at a later time, preferably after the 

homogenization step as a solution, suspension or emulsion. 
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The addition of the polymerization initiators may be done completely, in por-

tions, or continuously. Alternatively, part of the polymerization initiator may be 

added at once, and the remaining part metered continuously or in portions over 

an extended period of time. 

In some cases, it may be advantageous that two or more different oil- and/or 

water-soluble polymerization initiators are used. These preferably have different 

decay temperatures and are added at different times before and/or during the 

polymerization reaction. 

Usually, from 0.1 to 5% by weight of free-radical polymerization initiator is 

employed, based on the amount of monomers to be polymerized. 

The polymerization temperature mainly depends on the decay temperature of 

the 	free-radical 	polymerization 	initiators 	employed. 	Typical 	polymerization 

temperatures are from 20 to 100 °C, especially from 50 to 95 °C. Under condi-

tions of increased pressure, the polymerization temperature may also be more 

than 100 °C. The polymerization is usually performed under normal pressure. 

The reaction times for forming the polymer phase A are usually from 1 to 10 

hours, mostly from 1.5 to 4 hours. 

In a further synthesis step, a second 	polymer phase B that is different in 

chemical composition from polymer phase A can be grafted onto the polymer 

phase A prepared by o/w miniemulsion polymerization. The synthesis conditions 

are selected 	so that polymer particles with 	a 	core-shell 	morphology result. 

Polymer phase A then forms the inner core, and polymer phase B forms the 

outer shell. 

Whether an outer polymer phase B is required essentially depends on the 

compatibility between the polymer phase A and the matrix plastic. When the 

compatibility is insufficient, the polymer particles according to the invention are 

insufficiently distributed 	in 	the 	matrix 	plastic. The 	particles then 	often form 
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larger agglomerates or aggregates, whereby the material properties and optical 

properties of the matrix plastic are adversely affected. 

If the polymer phase A and matrix plastic are highly compatible, preferably no 

further polymer phase B is grafted onto polymer phase A. There are two main 

reasons for this: 	1) Because of polymer phase B, the weight proportion of 

polymer phase A in the total particle weight decreases. Consequently, in order to 

obtain a thermotropic plastic with comparable switching properties, the concen- 

tration 	of polymer particles 	in the thermotropic plastic must be 	increased, 

because only polymer phase B contributes to the thermotropic switching effect. 

This increases the required amount of materials, which usually causes additional 

cost. 	In 	addition, 	a 	higher 	particle 	concentration 	can 	adversely 	affect the 

material properties of the matrix plastic. 2) An additional polymer phase can 

reduce the transparency of the thermotropic plastic in the OFF mode. Because of 

the different chemical compositions, the refractive indices of polymer phases A 

and B as well as the matrix are also at least slightly different. 

If a second polymer phase B is grafted onto polymer phase A, the weight 

proportion of polymer phase B in the total weight of the particles according to 

the invention is from 5 to 90% by weight, preferably from 10 to 50% by weight, 

especially from 15 to 35% by weight. 

For the grafting of polymer phase B, monomers III having two non-conjugated 

ethylenic double bonds of different reactivity are preferably used in the synthesis 

of 	polymer 	phase 	A. 	In 	such 	graft 	cross-linking 	agents, 	a 	free-radically 

polymerizable double bond (e.g., of a methacrylic group) reacts at a similar rate 

as that of monomers I. The second double bond (e.g., of an ally) group) poly-

merizes at a significantly lower rate, so that some of these double bonds remain 

unchanged at the end of the polymerization. In this way, a graft cross-linking 

between two polymer phases is possible. 

In particular, allyl, methallyl and crotyl esters of a,13-ethylenically unsaturated 

carboxylic acids and dicarboxylic acids, preferably allyl (meth)acrylate and diallyl 

maleate, are suitable as graftable monomers III. 
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The polymer phase B of the polymer particles according to the invention consists 

of from 0 to 100% by weight of one or more monomers VI from the group of C1- 

C10  alkyl (meth)acrylates, from 0 to 100% by weight of one or more (het-

ero)aromatic monoethylenically unsaturated monomers VII, and from 0 to 50% 

by weight of one or more other monoethylenically unsaturated monomers VIII. 

The monomer selection or the selection of the weight proportion of monomers VI 

to VIII is preferably effected in such a way that the refractive indices of polymer 

phase B in the temperature range of the OFF mode are closely similar to those of 

polymer phase A and the respective matrix plastic. Ideally, polymer phase B and 

the matrix plastic have the same monomer composition. The polymer phase B 

and the matrix plastic are then to be considered a single phase, so that only one 

phase interface exists between the particle core (polymer phase A) and particle 

shell (polymer phase B). By optimally matching the refractive indices of both 

phases, a transparency or translucency approximately corresponding to that of 

the pure matrix plastic can thus be achieved in the temperature range of the 

OFF mode. 

Preferred monomers VI for forming polymer phase B include methyl, ethyl, n- 

propyl, 	isopropyl, 	n-butyl, 	sec-butyl, 	isobutyl, tert-butyl, 	n-hexyl, 	n-octyl, 	2- 

ethylhexyl, n-decyl, isodecyl, cyclohexyl, 4-tert-butylcyclohexyl, isobornyl and 

dihydrodicyclopentadienyl (meth)acrylates. 

As monomers VII, the above mentioned monomers IV may be used. 

As monomers VIII, the above mentioned monomers V may be used. 

In 	a 	preferred 	embodiment 	for 	poly(meth)acrylate 	molding 	compositions, 

polymer phase B is formed by the copolymerization of from 80 to 99.99% by 

weight of methyl methacrylate, and from 0.01 to 20% by weight of a C1-C8  alkyl 

acrylate (monomers VI). 

The monomers necessary for forming polymer phase B are added to the aqueous 

dispersion of polymer phase A after the polymerization of polymer phase A is 
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completed. The monomers are preferably added under such conditions that the 

formation of new particles is avoided, and the polymer phase B, which forms in 

this polymerization stage, is deposited as a shell around polymer phase A. 

Preferably, the monomers are added at the same rate as they are consumed. 

Preferably, the monomers necessary for forming polymer phase B are added as 

an o/w macroemulsion to the aqueous dispersion of polymer phase A. 	For 

preparing the o/w macroemulsion, the monomers are mixed with an aqueous 

surfactant solution, for example, by simple mechanical stirring. The aqueous 

surfactant 	solution 	may 	additionally 	contain 	buffer substances, 	in 	order to 

provide for an advantageous pH of the aqueous phase in view of the free-radical 

polymerization. 

In principle, all the surfactants mentioned above may be used as said surfac-

tants. Preferably, identical surfactants are used for both polymerization stages 

(polymer phase A and polymer phase B). 

The amount of surfactant in the o/w macroemulsion needed for forming the 

polymer phase B is preferably chosen so that the critical micelle concentration 

(cmc) of the surfactant in the aqueous phase containing polymer phase A is not 

exceeded, in order to minimize the risk of new particle formation. As a rule, the 

amount of surfactant is within a range of from 0.01 to 2% by weight, based on 

the amount of monomers contained in the o/w macroemulsion. 

Preferably, 	water-soluble 	free-radical 	polymerization 	initiators 	are 	used 	for 

forming the polymer phase B. Suitable initiators include the water-soluble free-

radical polymerization initiators mentioned above. 

The addition of the water-soluble free-radical polymerization initiator may be 

done at once or over an extended period of time during the polymerization of 

polymer phase B. Alternatively, part of the polymerization initiator may be added 

at once, and the remaining part metered over an extended period of time. 

Preferably, the water-soluble free-radical polymerization initiator is continuously 
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metered together with the o/w macroemulsion, either jointly or through a 

separate feed. 

Usually, from 0.01 to 1% by weight of free-radical polymerization initiator is 

employed, based on the amount of monomers to be polymerized. 

If water-soluble polymerization initiators are used already in the first polymeri-

zation stage when the polymer phase A is formed, and these are still available 

for forming polymer phase B in sufficient amounts during the second polymeriza-

tion stage, the further addition of water-soluble polymerization initiators can 

often be dispensed with. 

The 	proportion 	of 	monomer 	phase 	B 	in 	the 	total 	weight 	of 	the 	o/w 

macroemulsion to be metered is from 10 to 80% by weight, preferably from 25 

to 70% by weight, especially from 35 to 60% by weight. 

The reaction times for forming the polymer phase B after the addition of mono-

mers is complete are usually from 0.25 to 8 hours, mostly from 0.5 to 4 hours. 

Subsequently 	to 	the 	actual 	free-radical 	polymerization 	reaction, 	it 	is 	often 

advantageous to free the 	resulting 	particle 	dispersion 	largely from 	residual 

monomers and other volatile organic components. This can be effected, for 

example, by steam distillation or by stripping with an inert gas. Further, the 

content 	of 	residual 	monomers 	can 	also 	be 	reduced 	by 	free-radical 

postpolymerization, which can be initiated, for example, by adding the redox 

initiator systems mentioned above. Further suitable methods are described, for 

example, in P.H.H. Araujo et al., Techniques for Reducing Residual Monomer 

Content in Polymers: A Review, Polymer Engineering and Science, July 2002, 42 

(7), pp. 1442-1468. 

Optionally, from 0 to 2% by weight of a molecular weight regulator may be 

added in the polymerization of the respective polymer phase. The molecular 

weight regulator will be part of the respective polymer phase. Molecular weight 

regulators limit the length of polymer chains. In this way, the molecular weight 
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of the polymer phase can be matched to that of the subsequent phase or of the 

matrix plastic. 

For example, C1-C18  alkanethiols, such as 2-ethyihexane-, 1-dodecane- and 1-

octadecane thiols, are suitable as molecular weight regulators. 

After completion of the polymerization, the polymer particles according to the 

invention are obtained in the form of an aqueous dispersion with a solids content 

of typically from 20 to 50% by weight. The polymer particles according to the 

invention can be recovered from the aqueous dispersion, for example, by spray 

drying. 	However, this method 	has the disadvantage that the water-soluble 

polymerization aids are not separated off. 

Therefore, in a preferred embodiment of the process, the polymer particles 

according 	to 	the 	invention 	are 	recovered 	by 	a 	sequence 	of 	precipita- 

tion/coagulation, 	filtration, 	washing 	and 	drying. 	Since 	direct 	filtration 	of the 

dispersion is usually very time-consuming because of the small size of primary 

particles of the polymer particle according to the invention, the primary particles 

are precipitated/coagulated before the filtration. A number of different methods 

are known for this purpose. Thus, for example, dispersions can be coagulated by 

the addition of strong electrolytes. In salt coagulation, salts containing polyva-

lent cations, such as Ca2+, Mg2+  or Al3+, are usually employed. Further, methods 

are known that initiate coagulation of polymer dispersions without the addition 

of salts, for example, the application of high shear forces (shear precipitation), 

or freezing (freeze-coagulation). 

In another preferred method for the isolation of the polymer particles according 

to the invention, special extrusion methods are applied in which coagulation, 

dehydration and degassing are effected by means of a screw extruder in only 

one operation (see, e.g., DE 2917321). In this method, the water phase is 

separated off without leaving disturbing amounts of residues of the water-

soluble non-volatile components. The polymer is obtained as a molten strand, 

which may subsequently be pelletized. These methods additionally offer the 
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possibility to mix a polymer directly with a molding composition as a matrix 

plastic, so that another operation could be omitted. 

The primary particle mean diameters of the polymer particles according to the 

invention are selected from a range of 50 nm to 10 pm, preferably 100 to 2000 

nm, more preferably 200 to 1000 nm. Particle diameters in this size range are 

determined, for example, by laser diffraction. The d50 value is stated as a mean 

primary particle diameter. d50 means that 50% by weight of the particles are 

smaller, and 50% by weight of the particles are larger that the stated value. 

Primary particles means that aggregations/adhesions of the particles among 

each other are disrupted before the size is measured. 

The polymer particles according to the invention may further contain from 0 to 

10% by weight of inorganic nanoparticles. 	Particularly suitable nanoparticles 

include silicates and oxides of the elements Al, Si, Zr, 	Hf, Ti, Zn, Pb, and 

possible mixed oxides thereof. Preferably, the particle size of these inorganic 

nanoparticles is within a range of from 5 to 50 nm. Because of such doping, an 

extended temperature stability is observed in the polymer particles according to 

the invention. 

The invention also relates to a plastic that contains, based on its total weight: 

A) from 	1 to 80% by weight of the polymer particles according to the 

invention; 

B) from 20 to 99% by weight of a matrix, consisting of 

i) from 	50 	to 	100% 	by 	weight 	of at 	least 	one 	transparent 	or 

translucent matrix plastic; and 

ii) from 0 to 50% by weight of other additives. 

Such a plastic is a thermotropic plastic or molding composition, which reversibly 

changes its light transmission when the temperature changes. 
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Particularly 	suitable 	matrix 	materials 	include 	plastic 	polymers, 	such 	as 

poly(meth)acrylates, 	polycarbonates, 	polyolefins, 	polystyrenes, 	and 	mixtures 

thereof. Examples of suitable substances include polyethylene standard homo- 

and 	copolymers 	(e.g., 	PE-LD, 	PE-HD), 	cross-linked 	polyethylene 	derivatives 

(e.g., PE-X), ethylene copolymers (PE-ULD, PE-VLD, EVA, EVOH, EBA, EEAK, 

EMA, EAMA, COC, EIM), polypropylenes (PP), polystyrenes (PS), polystyrene 

copolymers (e.g., ABS, SAN), polyvinyl chlorides (PVC), polyvinyl butyrals (PVB), 

transparent polyamides (PA), polycarbonates (PC), and transparent PC blends, 

polyethylene terephthalate 	(PET), 	and transparent PET blends, 	polyethylene 

naphthalate (PEN), polyarylsulfones (PSU), polyethersulfones (PES), transparent 

cellulose derivatives (CA, CAB, CAP), and preferably polymethacrylate homo-

and copolymers or high impact resistance modifications (PMMA, AMMA, MBS, 

MABS, PMMI, PMMA-HI). 

Common transparent or translucent molding compositions as used for thermo-

plastic processing are suitable as a matrix plastic. They are selected from the 

group of polyethylene standard homo- and copolymers (e.g., PE-LD, PE-HD), 

ethylene copolymers (PE-ULD, PE-VLD, EVA, EVOH, EBA, EEAK, EMA, EAMA, 

COC, EIM), polypropylenes (PP), styrene polymers (PS, ABS, SAN), polyvinyl 

chlorides (PVC), 	polyvinyl butyral 	(PVB), thermoplastic polyurethanes (TPU), 

polymethacrylate homo- and copolymers, or high impact resistance modifica-

tions (PMMA, AMMA, MBS, MABS, PMMI, PMMA-HI), polyamides (PA), polycar-

bonates (PC), and PC blends, polyesters of terephthalic acid (PET, PBT) and 

blends, polyarylsulfones (PSU), polyethersulfones (PES), and cellulose deriva-

tives (CA, CAB, CAP). 

Particularly suitable transparent or translucent molding compositions from these 

groups 	include 	poly(methyl 	methacrylate) 	(PMMA), 	high 	impact 	resistant 

variants 	of 	PMMA 	(PMMA-HI), 	methyl 	methacrylate 	copolymers 	(AMMA), 

polymethacrylmethylimide 	(PMMI), 	transparent 	polyamides 	(PA) 	based 	on 

aromatic dicarboxylic acids or branched aliphatic or acyclic diamines, transparent 

polyamides (PA) based on dodecanedioic acid and a cycloaliphatic diamine, 

polycarbonate (PC) based on bisphenol A, polyethylene terephthalate (PET), 

polystyrene (PS), polyvinyl butyral (PVB), and thermoplastic polyurethane (TPU). 
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The measuring method described in the Examples is employed to determine the 

transparency of the matrix material. 

The thermotropic plastic can be prepared in a particularly simple way by mixing 

the polymer particles according to the invention with the molding composition as 

a matrix plastic and optionally further additives by compounding, for example, in 

an extruder or kneader. 

The resulting thermotropic molding composition can be formed with the usual 

methods for forming thermoplasts, such as extrusion, calendering, extrusion 

blow molding, injection molding, injection-compression molding, injection blow 

molding, and compression molding, into arbitrary molded parts, such as solid 

plates, multi-skin sheets, corrugated sheets, films, rods, tubes, or the like. 

In addition to thermoplastic molding compositions, other transparent or translu-

cent plastics may also be used as a matrix plastic. These include , in particular, 

curable molding compositions, and curable casting and laminating resins. In both 

cases, the resins are reactive resins that are cured by adding chemical curing 

agents, by UV radiation or electron beams, or by higher temperatures. Suitable 

reactive resins for preparing thermotropic plastics include, in particular, trans-

parent or translucent formaldehyde resins, unsaturated polyester resins, epoxide 

resins, silicone resins, diallyl phthalate resins, and diallyl diglycol carbonate. 

For the preparation of thermotropic PMMA, in addition to thermoplastic pro-

cessing with PMMA molding compositions (acrylic glass XT), the so-called casting 

method (acrylic glass GS) may also be applied (DE 639095, see also Ullmann's 

Encyclopedia 	of 	Industrial 	Chemistry, 	Polymethacrylates, 	Wiley-VCH 	Verlag 

GmbH & Co. KGaA, Weinheim, 2013, DOI: 10.1002/14356007.a21_473.pub2). 

The casting method is of importance, in particular, when products with a high 

optical quality, mirror finish and a high thickness are demanded. As a precursor 

of thermotropic acrylic glass GS, a 	mixture of PMMA, 	methyl 	methacrylate 

(MMA), the polymer particles according to the invention, a thermal polymeriza- 

tion 	initiator 	and 	optionally 	further 	additives, 	such 	as 	(cross-linking) 

comonomers, stabilizers etc., is preferably used. The polymerization is typically 
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effected in a sealed flat chamber consisting of two glass sheets with flawless 

surfaces, and a spacer. For polymerization, the filled flat chamber, in a horizon-

tal or vertical position, is heated at a temperature program adapted to the 

conversion within a range of 20 to 60 °C for several hours. The final polymeriza-

tion is effected at temperatures of 110 to 130 °C. Alternatively, thermotropic 

acrylic glass may also be prepared by a continuous casting method, such as the 

dual belt method (US 3,376,371). 

In principle, the thermotropic molding composition may contain further ingredi-

ents, for example, glidants, antiblocking agents, mold-release agents, stabilizers 

(antioxidants, 	light 	stabilizers, 	thermal 	stabilizers), 	antistatic 	agents, 	flame 

retardants, colorants, impact modifiers, plasticizers, adhesion promoters, fillers, 

enhancers, blowing agents, etc., and mixtures thereof. 

In a particularly simple way, the molding composition can be prepared by mixing 

the particles according to the invention with the matrix by compounding, for 

example, in an extruder or kneader. 

The thermotropic plastics according to the invention may of course also be used 

for preparing composite materials. Thus, the thermotropic plastic is bonded to 

further materials, 	such as glass, 	plastic, 	wood, 	metal 	and the 	like, so that 

composite 	materials 	are obtained, 	such 	as, for example, 	laminated 	sheets, 

laminated glasses, glasses coated with a thermotropic adhesive sheet or a 

thermotropic lacquer. Depending on the matrix plastic, the common methods 

can be applied for this purpose, such as coextrusion, multicomponent injection 

molding, adhesive bonding, 	laminating, casting, spraying, knife coating, flow 

coating, and the like. 

The molding composition according to the invention may then be used for the 

preparation of final products, for example, by extrusion or injection molding, to 

obtain molded parts, such as solid plates, multi-skin sheets, corrugated sheets, 

films, tubes, or the like. 
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These molded parts obtainable therefrom are suitable, for example, as overheat-

ing protection and glare protection in winter gardens, greenhouses, carports, or 

in the glazing of buildings. 

The thermotropic plastics and the thermotropic molded parts or plastic parts 

prepared therefrom are suitable, for example, for glazings of buildings, vehicles, 

winter gardens, greenhouses; for glass facades, glass facade elements and 

curtain walls; for solar glass and light-directing solar glass; for insulating glass, 

heat-protection glass, and insulating plates; for laminated glass, safety glass, 

and 	laminated sound 	insulating glass; 	for carports, 	balcony glazing, terrace 

roofing, glass houses, indoor swimming pool glazings and roofings; for roof, 

overhead and fanlight glazing; for industrial glazing; for transparent construction 

elements, skylight domes, continuous rooflights and barrel vaults; for profiled 

glass, hollow chamber plates, and panels; for transparent heat insulation; as 

covers for solar collectors and photovoltaic modules; for sun protection films and 

lacquers; 	for agricultural and greenhouse films; 	as a laminating film for, for 

example, 	laminated 	glass; 	for indoor glazing, 	partition walls, 	room 	dividers, 

shower cabinets, glass doors and sliding glass doors; for decorative glass; for 

luminaire covers, 	lampshades, 	reflectors and 	optical 	waveguides; 	for optical 

lenses and eyeglass lenses or their coatings; for luminous advertising and neon 

signs; for traffic signs and sign boards, and for packaging. 

Figure 	1 	shows 	a 	scanning 	electron 	micrograph 	of 	the 	coagulated 	dry 

polymerizate from Example 1. The mean primary particle diameter d50 of the 

polymerizate is within a range of from 100 to 400 nm. 

Figure 2 shows two measuring set-ups employed for the optical characterization 

of specimens. 

Figure 3 shows the spectra of the normal-hemispheric transmittance as seen in 

Example 9. 
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Figure 4 shows the transmittance of the normal-normal visible transmittance 

(Tvisnn) 	as 	calculated 	from 	the 	transmittance 	spectra, 	plotted 	against 	the 

temperature. 

The invention is further illustrated by means of the following Examples. 

Example 1 - Preparation of the polymer particles according to the invention 

For Example 1, polymer particles according to the invention were prepared, 

which can be used as a thermotropic additive for poly(methyl methacrylate) 

(PMMA) as a matrix plastic. They are suitable for both thermoplastic processing 

with commercial PMMA molding compositions (acrylic glass XT, Examples 6 and 

7), and for the preparation of PMMA castings (acrylic glass GS, Examples 8 and 

9). The two-phase polymer particles according to the invention consist of the 

polymer phases A and B at a weight ratio of A/B = 75/25% by weight (based on 

the amounts of monomers employed). 	Polymer particles according to the 

invention that consist of only one polymer phase A are usually unsuitable for 

thermoplastic processing 	with 	PMMA molding 	compositions. 	Because of the 

mostly insufficient compatibility of polymer phase A with PMMA molding compo- 

sitions, 	corresponding 	molded 	parts 	often 	exhibit 	permanent 	turbidities, 

inhomogenities and numerous particle agglomerates as damage pattern. 

The monomer composition of both polymer phases is shown in Tables 1 and 2. 

The composition of polymer phase A was selected in such a way that the related 

thermotropic 	PMMA 	molded 	parts 	or castings 	reversibly 	change their 	light 

transmission mainly within a temperature range of from 30 to 40 °C. Quite 

generally, for a switching temperature of 30 to 40 °C, only those monomers I or 

mixtures of two or more monomers I are suitable whose homo- or copolymers 

have a phase-transition temperature Tm above the switching temperature, since 

the Tm  is lowered by copolymerization with further monomers from groups II to 

V. Therefore, ODA was selected as monomer I for polymer phase A. The phase 

transition temperature of the homopolymer p(ODA), Tm  rz,  50 °C (see K.A. 

O'Leary, D.R. Paul, Physical properties of poly(n-alkyl acrylate) copolymers, Part 

1. Crystalline/crystalline combinations, Polymer 2006, 47, pp. 	1226-1244), is 
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about 10 to 20 K above the phase transition temperature required 

ing temperature of 30 to 40 °C. Therefore, the phase transition 

polymer phase A is reduced by copolymerization with BA (monomer 

be kept in mind that the remaining monomers III to V also 

lowering of Tm. For the graft cross-linking of both polymer phases 

(monomer III) was incorporated by polymerization. In order 

molded parts or PMMA castings having a high transparency in 

range of the OFF mode, the refractive index of polymer phase 

that of the PMMA matrix (nD2°  = 1.49) by copolymerization with 

(monomer V) was incorporated by polymerization as a fifth 

polymer phase A. 	Thus, 	the 	preparation 	and 	processing 	properties 

polymer particles according to the invention could be improved. 

For polymer phase B, a composition was selected that typically 

that of commercial PMMA molding compositions. On the one hand, 

the compatibility of the particles according to the invention 

matrix; on the other hand, an optimum matching of the refractive 

polymer phase B and the matrix plastic can thus be achieved, 

improves the transparency in the OFF mode. For the preparation 

PMMA molding compositions, small amounts of acrylates (e.g., 

used 	as 	comonomers, 	which 	provide 	the 	molding 	composition 

processability and 	a 	higher thermal 	stability, 	in 	addition to 

monomer. 

Starting materials 

Table 1: Monomer phase A for forming the polymer phase A 

for a switch-

temperature of 

II). It is to 

contribute to the 

A and B, ALMA 

to obtain PMMA 

the temperature 

A was matched to 

styrene. HEMA 

component of 

of the 

corresponds to 

this improves 

with the PMMA 

indices of 

which decisively 

of commercial 

EA) were mostly 

a 	good 

MMA as a main 

Substance Mass [g] Proportion [% by weight]' Monomer2  

ODA 48.00 80.0 I 

BA 4.20 7.0 II 

ALMA 2.40 4.0 III 

Styrene 3.00 5.0 IV 

HEMA 2.40 4.0 V 
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1: based on monomer phase A 

2: according to the classification according to the invention 

For the free-radical polymerization of monomer phase A, 0.60 g 

as an oil-soluble polymerization initiator. 

The related aqueous phase A is composed of 0.30 g of SDS, 0.075 

and 140 g of ultrapure water. 

Table 2: Monomer phase B for forming the polymer phase B 

of LPO was used 

g of NaHCO3, 

Substance Mass [g] Proportion [% by weight]' Monomer2  

MMA 19.20 96 VI 

EA 0.80 4 VI 

1: based on monomer phase B 

2: according to the classification according to the invention 

The related aqueous phase B is composed of 0.020 g of SDS, 0.010 g of 

NaHCO3, 0.020 g of NaPDS, and 20 g of ultrapure water. 

Equipment 

Ultrasonic 	homogenization: 	HIELSCHER 	Ultrasonic 	reactor 	UP200S 	with 

Sonotrode S14 and the settings Amplitude 100% and Cycle 1. 

Metering pump: HEIDOLPH Pump drive PD 5101, Pump head SP QUICK D 1,6, 

TYGON 2001 flexible tube 0,8/1,6, metering at Stage 10. 

Vacuum filtration: Filter MACHERY-NAGEL MN 640 W (moderately fast, 150 mm 

diameter), plastic frit (150 mm diameter), 1000 ml filter flask, membrane pump. 



- 43 - 

Procedure 

An aqueous phase A temperature-controlled to 35 °C was charged first. In a 

circulating 	air drying 	cabinet, 	monomer I was 	melted 	completely at 60 °C. 

Monomers II to V were previously warmed up in a water bath (35 °C) and 

combined with the liquid 	monomer I with 	magnetic stirring. The resulting 

monomer phase A was kept at 35 °C for another 15 min with continuous stirring. 

Immediately before the combination of monomer phase A and aqueous phase A, 

the oil-soluble initiator was added to monomer phase A, and completely dis-

solved with magnetic stirring. The combined phases were predispersed to an o/w 

macroemulsion by vigorous stirring with a magnetic stirrer at 35 °C for 10 min. 

Subsequently, the o/w macroemulsion was homogenized with ultrasound for 

30 min to an o/w miniemulsion. During the ultrasonic treatment, the mixture 

was cooled with a water bath (25 °C), and the interior temperature was moni-

tored. In addition, the emulsion was stirred with a magnetic stirrer to ensure an 

essentially uniform temperature distribution. During the ultrasonic treatment, 

the interior temperature was within a range of from 30 to 45 °C. After the 

ultrasonic treatment, the o/w miniemulsion was transferred into a polymerization 

vessel preheated at 35 °C. A 500 ml three-necked flask with a reflux condenser, 

inert gas inlet and precision glass stirrer was used as the polymerization vessel. 

The revolutions per minute of the precision glass stirrer was set to 300 rpm by 

means of an electronic stirrer. A temperature-regulated oil bath with a stirring 

hot plate was used to heat the polymerization vessel. Magnetic stirring provided 

for a uniform temperature distribution in the oil bath. The o/w miniemulsion was 

degassed at an oil bath temperature of 35 °C and with stirring under a flow of 

inert gas (argon) for 15 min. The flow of inert gas was reduced, and the 

miniemulsion heated at 85 °C. Subsequently, polymerization was performed for 

another 120 min at 85 °C with a constant number of revolutions. During the two-

hour polymerization time of polymer phase A, the o/w macroemulsion for 

polymer phase B was prepared. Thus, the monomer phase B was combined with 

the aqueous phase B, and stirred vigorously with a magnetic stirrer for 30 min. 

After the end of the two-hour polymerization time of polymer phase A, the 

resulting o/w macroemulsion was added dropwise over a period of 45 min using 

a metering pump at 85 °C. After the addition was complete, stirring was contin- 
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ued for 120 min at 85 °C and with a constant number of revolutions. Subse-

quently, the oil bath was removed, and the particle dispersion coagulated. For 

this purpose, the dispersion was transferred in to a beaker while still warm, and 

admixed with 	150 ml of a 0.5% magnesium sulfate solution with vigorous 

stirring 	with 	a 	magnetic stirrer. 	The 	coagulate 	was 	filtered 	under vacuum 

conditions. The remaining filter residue was washed another five times with 

250 ml of water each, to remove all water-soluble polymerization aids complete-

ly if possible. The wet polymerizate was dried under a hood until its mass 

remained constant to obtain 73.4 g of a colorless solid. 

Particle analytics 

The dry polymerizate from Example 1 was characterized by differential scanning 

calorimetry using a PERKIN ELMER DSC 4000. Two heating curves and one 

cooling curve were recorded in a temperature range of from —20 to 120 °C and 

with a heating or cooling rate of 10 K/min (sequence: heating curve 1, cooling 

curve 1, heating curve 2). Cooling curve 1 and heating curve 2 were employed 

for evaluation. A first order phase transition is found. Cooling curve 1: onset 

temperature = 	34.4 °C, peak temperature = 	30.3 °C, delta H 	= —39.2 J/g; 

heating curve 2: onset temperature = 30.7 °C, peak temperature = 39.0 °C, 

delta H = 39.4 J/g. 

Figure 	1 	shows 	a 	scanning 	electron 	micrograph 	of 	the 	coagulated 	dry 

polymerizate from Example 1. The mean primary particle diameter d50 of the 

polymerizate is within a range of from 100 to 400 nm. 

In the following Examples 2 to 5, the preparation of other polymer particles 

according 	to 	the 	invention 	with 	different 	phase 	transition 	temperatures 	is 

documented. 
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Example 2 - Preparation of the polymer particles according to the invention 

Starting materials 

Table 3: Monomer phase A for forming the polymer phase A 

Substance Mass [g] Proportion [% by weight]1  Monomer2  

DCA 42.00 70.0 I 

BA 12.60 21.0 II 

ALMA 2.40 4.0 III 

HEMA 3.00 5.0 V 

1: based on monomer phase A 

2: according to the classification according to the invention 

For the free-radical polymerization of monomer phase A, 

used as an oil-soluble polymerization initiator. 

The related aqueous phase A is composed of 0.30 g of SDS, 

and 140 g of ultrapure water. 

Table 4: Monomer phase B for forming the polymer phase B 

0.30 g of AIBN was 

0.075 g of NaHCO3, 

Substance Mass [g] Proportion [% by weight]1  Monomer2  

MMA 19.00 95 VI 

EA 1.00 5 VI 

1: based on monomer phase B 

2: according to the classification according to the invention 

The related aqueous phase B is composed of 0.020 g 

NaHCO3, 0.020 g of NaPDS, and 20 g of ultrapure water. 

of SDS, 0.010 g of 
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Procedure 

The procedure was analogous to Example 1, with the following changes: 

Monomer I was melted completely in a circulating air drying cabinet at 80 °C. 

The aqueous phase A, the monomer phase A and the o/w macroemulsion 

prepared from both phases were controlled to a temperature of 45 °C. During 

the ultrasonic treatment, the emulsion was cooled with a water bath (35 °C). 

The interior temperature was within a range of from 40 to 55 °C. After the 

ultrasonic treatment, the o/w miniemulsion was transferred into a polymerization 

vessel preheated at 45 °C. 

The polymerization initiator AIBN needed for forming the polymer phase A was 

added to the o/w miniemulsion at 45 °C only after the ultrasonic treatment. 

71.9 g of a colorless solid was obtained. 

Particle analytics 

The particle analytics were performed using DSC by analogy with Example 1. 

Heating curve 2 was employed for evaluation. A first order phase transition is 

found. Heating curve 2: onset temperature = 46.5 °C, peak temperature = 

52.8 °C, delta H = 47.5 3/g. 
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Example 3 - Preparation of the polymer particles according to the invention 

Starting materials 

Table 5: Monomer phase A for forming the polymer phase A 

Substance Mass [g] Proportion [% by weight]1  Monomer2  

ODA 27.00 45.0 I 

HDA 27.00 45.0 I 

ALMA 2.40 4.0 III 

BzMA 1.20 2.0 IV 

HPA 2.40 4.0 V 

1: based on monomer phase A 

2: according to the classification according to the invention 

For the free-radical polymerization of monomer phase A, 0.60 g 

as an oil-soluble polymerization initiator. 

The related aqueous phase A is composed of 0.30 g of SDS, 0.075 

and 140 g of ultrapure water. 

Table 6: Monomer phase B for forming the polymer phase B 

of LPO was used 

g of NaHCO3, 

Substance Mass [g] Proportion Ph by weight]I  Monomer2 

MMA 19.20 96 VI 

EA 0.80 4 VI 

1: based on monomer phase B 

2: according to the classification according to the invention 

The related aqueous phase B is composed of 0.020 g of SDS, 0.010 g of 

NaHCO3, 0.020 g of NaPDS, and 20 g of ultrapure water. 
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Procedure 

The procedure was analogous to Example 1, with the following changes: 

Both monomers I were melted completely together in a circulating air drying 

cabinet at 60 °C. 

After the polymerization, the particle dispersion was coagulated by freezing. For 

this purpose, the particle dispersion was stored in a freezer at —18 °C for 24 

hours. After thawing, the coagulate was filtered, washed and dried analogously 

to Example 1. 

75.2 g of a colorless solid was obtained. 

Particle analytics 

The particle analytics were performed using DSC by analogy with Example 1. 

Heating curve 2 was employed for evaluation. A first order phase transition is 

found. Heating curve 2: onset temperature = 30.9 °C, peak temperature = 

37.3 °C, delta H = 48.7 J/g. 

Example 4 - Preparation of the polymer ❑articles according to the invention 

Starting materials 

Table 7: Monomer phase A for forming the polymer phase A 

Substance Mass [g] Proportion [% by weight]1  Monomer2  

DCA 54.00 90.0 I 

ALMA 2.40 4.0 III 

HPA 3.60 6.0 

1: based on monomer phase A 

2: according to the classification according to the invention 
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For the free-radical polymerization of monomer phase A, 0.60 g 

water) was used as an oil-soluble polymerization initiator. 

The related aqueous phase A is composed of 0.30 g of SDS, 0.075 

and 140 g of ultrapure water. 

Table 8: Monomer phase B for forming the polymer phase B 

of BPO (75%, in 

g of NaHCO3, 

Substance Mass [g] Proportion [% by weighty Monomer2  

MMA 12.30 82 VI 

Styrene 2.70 18 VII 

1: based on monomer phase B 

2: according to the classification according to the invention 

The related aqueous phase B is composed of 0.015 g of SDS, 0.0075 g of 

NaHCO3, 0.015 g of NaPDS, and 15 g of ultrapure water. 

Thus, the weight ratio of polymer phases A and B is A/B = 80/20 by weight 

(based on the amounts of monomers employed). 

Procedure 

The procedure was analogous to Example 1, with the following changes: 

Monomer I was melted completely in a circulating air drying cabinet at 80 °C. 

The aqueous phase A, the monomer phase A and the o/w macroemulsion 

prepared therefrom were controlled to a temperature of 50 °C. 	During the 

ultrasonic treatment, the emulsion was cooled with a water bath (40 °C). The 

interior temperature was within a range of from 40 to 60 °C. After the ultrasonic 

treatment, the o/w miniemulsion was transferred into a polymerization vessel 

preheated at 50 °C. 
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The polymerization initiator BPO needed for forming the polymer phase A 

added to the o/w miniemulsion at 50 °C only after the ultrasonic treatment. 

The o/w macroemulsion of monomer phase B was added dropwise over a period 

of 35 min. 

67.9 g of a colorless solid was obtained. 

Particle analytics 

The particle analytics were performed using DSC by analogy with Example 

Heating curve 2 was employed for evaluation. A first order phase transition 

found. Heating curve 2: onset temperature = 58.8 °C, peak temperature 

63.7 °C, delta H = 67.8 J/g. 

Example 5 - Preparation of the polymer particles according to the invention 

was 

1. 

is 

= 

Starting materials 

Table 9: Monomer phase A for forming the polymer phase A 

Substance Mass [g] Proportion [% by weight]' Monomer2  

DCA 33.00 55.0 I 

ODA 22.20 37.0 I 

ALMA 2.40 4.0 III 

HPA 2.40 4.0 V 

1: based on monomer phase A 

2: according to the classification according to the invention 

For the free-radical polymerization of monomer phase A, 

used as an oil-soluble polymerization initiator. 

0.30 g of AIBN was 
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The related aqueous phase A is composed of 0.30 g of SDS, 0.075 

and 140 g of ultrapure water. 

Table 10: Monomer phase B for forming the polymer phase B 

g of NaHCO3, 

Substance Mass [g] Proportion [% by weight]1  Monomer2  

MMA 19.60 98 VI 

BA 0.40 2 VI 

1: based on monomer phase B 

2: according to the classification according to the invention 

The related aqueous phase B is composed of 0.020 g of SDS, 0.010 g of 

NaHCO3, 0.020 g of NaPDS, and 20 g of ultrapure water. 

Procedure 

The procedure was analogous to Example 1, with the following changes: 

Monomer I was melted completely in a circulating air drying cabinet at 80 °C. 

The aqueous phase A, the monomer phase A and the o/w macroemulsion 

prepared therefrom were controlled to a temperature of 50 °C. During the 

ultrasonic treatment, the emulsion was cooled with a water bath (40 °C). The 

interior temperature was within a range of from 40 to 60 °C. After the ultrasonic 

treatment, the o/w miniemulsion was transferred into a polymerization vessel 

preheated at 50 °C. 

The polymerization initiator AIBN needed for forming the polymer phase A was 

added to the o/w miniemulsion at 50 °C only after the ultrasonic treatment. 

76.1 g of a colorless solid was obtained. 
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Particle analytics 

The particle analytics were performed using DSC by analogy with Example 1. 

Heating curve 2 was employed for evaluation. A first order phase transition is 

found. Heating curve 2: onset temperature = 48.3 °C, peak temperature = 

52.8 °C, delta H = 57.1 3/g. 

Example 6 - Thermotropic PMMA molding composition and molded part 

For preparing a thermotropic molding composition according to the invention, 

the polymer particles from Example 1 were mixed in a molten state with an 

impact modified PMMA molding composition (LUCITE DIAKON CLH952 and IM 

9386 at a ratio of 60 to 40% by weight) at temperatures of from 220 to 250 °C. 

For mixing in a molten state, a 10-zone twin-screw extruder (COPERION ZSK 

18) was used. The hot compound strand of the thermotropic PMMA molding 

composition is intensively white and turbid when it leaves the extruder nozzle. 

After cooling to room temperature, it clears up visibly. The cold compound 

strand was subsequently pelletized. 

The pelletized compound was subsequently processed further on an automated 

injection molding machine (ENGEL VIKTORY 200/50 Focus) at temperatures of 

240 to 260 °C to form solid plates of dimensions 60 x 60 x 2 mm. 

Example 7 - Thermotropic PMMA molding composition and molded part 

For preparing a thermotropic molding composition according to the invention, 

polymer particles with identical compositions were mixed in a molten state with 

the impact modified PMMA molding composition PLEXIGLAS zk4HC (EVONIK) at 

temperatures of from 210 to 250 °C. For mixing in a molten state, a twin-screw 

desk-top compounder with a pair of co-rotating screws (COLLIN ZK 25 T, 

TEACH-LINE) was used. After cooling to room temperature, the compound 

strand was pelletized. 
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The pelletized compound was processed further with a laboratory plate press 

(COLLIN P 200 M) to form a solid plate of dimensions 50 x 50 x 4 mm. The 

pellets were spread between two Kapton protective films in the cavity of a 

compression 	frame, 	and 	subsequently 	compression-molded 	between 	two 

chrome-plated and mirror-finished brass plates at a temperature of 220 °C and 

under a pressure of 200 bar. 

Example 8 - Thermotropic PMMA solid plate prepared by the casting method 

For preparing a cast PMMA solid plate (acrylic glass GS) having thermotropic 

properties according to the invention, the industrial flat chamber method in a 

simplified set-up was used. A simple chamber formed from two float glass sheets 

(100 x 100 x 5 mm), a 3 mm thick PVC string as a spacer and four foldback 

clamps served for polymerization on a laboratory scale. A prepolymer consisting 

of 10% by weight of the molding composition PLEXIGLAS 7N and 90% by weight 

of the monomer MMA was used as a PMMA precursor. A mixture of 15% by 

weight of the polymer particles according to the invention and 85% by weight of 

prepolymer was mixed with a magnetic stirrer with a high number of revolutions 

for 60 min to form a homogeneous particle/prepolymer dispersion. Subsequent- 

ly, 	0.2% 	by weight (based 	on the total weight of the 	particle/prepolymer 

dispersion) of the polymerization initiator LPO was added with stirring. Stirring 

was 	continued 	for 	another 	10 min. 	The 	resulting 	thermally 	curable 	parti- 

cle/prepolymer dispersion was filled into the chamber and heated at 58 °C in a 

vertical position in a circulating air drying cabinet for 16 hours for polymeriza-

tion. The final polymerization was performed at 110 °C for 2 hours. Subsequent-

ly, the thermotropic PMMA solid plate was isolated from the chamber. It has a 

layer thickness of 2.9 mm. 

Example 9 - Thermotropic PMMA solid plate prepared by the casting method 

The procedure was analogous to Example 8, except that a PVC string with a 

diameter of 5 mm was used as the spacer for the chamber. The layer thickness 

of the thus prepared thermotropic PMMA solid plate was 4.6 mm. 
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Optical characterization of Examples 6 to 9 

The injection-molded PMMA part (Example 6), the compression-molded PMMA 

part (Example 7) and the two cast PMMA solid plates (Examples 8 and 9) were 

characterized optically by temperature-dependent measurements of the trans-

mittance in the wavelength range of the solar spectrum (280-2500 nm). Figure 2 

shows both 	measuring set-ups employed for the optical characterization of 

specimens. In both cases, the incident beam hits the test specimen at a right 

angle. If only the directional portion of the radiation at an exit angle of 90° is 

detected, this is called 	normal-normal transmittance 	(Tnn). 	In contrast, 	in 	a 

normal-hemispheric 	transmittance 	measurement 	(T„ h), 	the 	entire 	forward- 

scattered (diffuse) radiation is detected in addition to the directional portion. 

Thus, the normal-hemispheric transmittance indicates the total transmittance of 

the test specimen. 

All the transmittance measurements were performed with a two-beam spectro-

photometer from the company JASCO (V-670). For normal-hemispheric meas-

urements, a 60 mm Ulbricht integrating sphere with a solid sample holder from 

the company JASCO was used. 

The test specimens were equilibrated at the respective temperature in a thermo-

statically controllable sample holder for at least 20 min. The OFF mode was 

measured at 25 °C, and the ON mode was measured at 85 °C. 

The integrated transmittance percentages Tvis and Tsol were calculated from the 

measured spectra, taking into account the spectral distribution of the visible light 

(vis) or of the solar radiation (sol) (according to DIN EN 410: Determination of 

luminous 	and 	solar characteristics 	of glazing, 	European 	Standard 	EN 	410, 

German version, European Committee for Standardization, Brussels, 1998). 

An evaluation of the thermotropic switching properties of the specimens was 

performed on the basis of the following characteristics of radiation transmission: 
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Tvis„, Tvisnh  = percent normal-normal (nn) or normal-hemispheric (nh) trans-

mittance in the visible wavelength range (380-780 nm), taking into account the 

spectral 	brightness sensitivity and the 	normalized 	relative spectral 	radiation 

distribution of the standard illuminant D65. 

Tsolnh  = percent normal-hemispheric (nh) transmittance in the solar wavelength 

range 	(300-2500 nm), 	taking 	into 	account the 	normalized 	relative 	spectral 

radiation distribution of the global radiation. 

ATabs = absolute difference of the respective transmittance between the OFF and 

ON modes as calculated according to ATah, = T(OFF) - T(ON). 

ATrei  = relative difference of the respective transmittance between the OFF and 

ON modes as calculated according to ATrei  = 100 - [T(ON)/T(OFF) * 100]. Thus, 

ATrei indicates the percent change in transmittance, based on T(OFF). 

Table 11: Specimens for optical characterization 

Example Method Content' Layer thickness 

6 Compounding and 

injection molding 

20% by weight 2.0 mm 

7 Compounding and 

compression molding 

20% by weight 4.0 mm 

8 Casting method 15% by weight 2.9 mm 

9 Casting method 15% by weight 4.6 mm 

1: Proportion of the polymer particles according to the invention 

weight of the specimen, based on the weight proportions employed. 

in the total 
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Table 12: Results of the normal-hemispheric transmittance measurements at 

25 °C (OFF) and at 85 °C (ON) 

Example Tvisnh  

(OFF) 

Tvisnh  

(ON) 

1 ATvisnh  

abs 

ATvisnh  

rel 

Tsolnh  

(OFF) 

Tsolnh  

(ON) 

1  ATsolnh  

abs 

ATsolnh  

rel 

6 82% 56% 26% 32% 79% 59% 20% 25% 

7 82% 39% 43% 52% 74% 40% 34% 46% 

8 89% 60% 29% 33% 85% 64% 21% 25% 

9 85% 42% 43% 51% 81% 49% 32% 40% 

The test specimens of Examples 6 to 9 have a high light transmittance in the 

OFF mode (Tvisnh  (OFF) = 82 to 89%). The solar transmittance is only slightly 

lower (Tsolnh  (OFF) = 74 to 85%). Increasing the temperature reduces the 

visible transmittance Tvisnh  to from 26 to 43%, and the solar transmittance 

Tsolnh  to from 20 to 34%. The relative changes, based on the transmittance in 

the OFF mode, are from 32 to 52% in the visible wavelength range, and from 25 

to 46% in the solar wavelength range. 

Figure 3 shows the related spectra of the normal-hemispheric transmittance for 

Example 9. 

In 	addition to the 	measurements of normal-hemispheric transmittance, the 

compression-molded PMMA part from Example 7 was characterized by tempera-

ture-dependent measurements of normal-normal transmittance. Thus, the test 

specimen was heated in a thermostatically controllable sample holder directly in 

the beam path of the spectrometer gradually from 20 to 85 °C. At temperatures 

of 20, 22.5, 25, 27.5, 30, 32, 34, 36, 38, 40, 42, 50 and 85 °C, transmission 

spectra were recorded in a wavelength range of 280-2500 nm. The preheating 

time was from 15 to 60 min. In Figure 4, the transmittance values of normal-

normal visible transmittance (Tvisnh) as calculated from the transmission spectra 

are plotted against temperature. In the temperature range of the OFF mode (20 

to 30 °C), Tvisnh  is almost constant. From a specimen temperature of about 

30 °C, there is onset of thermotropic switching. Then, in a temperature range of 
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from 30 to 40 °C, the transmittance decreases significantly by more than 75%. 

Above 40 °C (ON mode), Tvisnn  decreases only slightly. 

This Example shows that the largest reduction in transmittance can be observed 

in the range of the phase transition temperature Tm  of the polymer phase A of 

the particles according to the invention. The clouding occurs within a compara-

tively narrow temperature window parallel to the specimen temperature. The 

switching times are short. Upon cooling, the specimen returns to the original 

transparent state. The clarification occurs with a slight delay at slightly lower 

temperatures. 

Abbreviations used in the text 

AIBN 	azobis(isobutyronitrile) 

ALMA 	allyl methacrylate 

BA 	n-butyl acrylate 

BPO 	dibenzoyl peroxide 

BzMA 	benzyl methacrylate 

DCA 	n-docosanyl acrylate 

EA 	ethyl acrylate 

HDA 	n-hexadecyl acrylate 

HEMA 	2-hydroxyethyl methacrylate 

HPA 	hydroxypropyl acrylate (mixture of isomers) 

LPO 	dilauroyl peroxide 

MMA 	methyl methacrylate 

NaHCO3 	sodium hydrogencarbonate 

NaPDS 	sodium peroxodisulfate 

ODA 	n-octadecyl acrylate 

SDS 	sodium dodecylsulfate 

All quoted documents are included herein by reference in their entirety, unless 

the 	disclosure 	contained 	therein 	is 	in 	contradiction 	to the 	teaching 	of the 

invention. 
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CLAIMS: 

1. 	Polymer particles with an average primary particle diameter of from 50 nm 

to 10 pm, containing, based on their total weight: 

A) 

and 

from 10 to 100% by weight of a polymer phase A, obtainable by free-

radical copolymerization of an oil-in-water mini-emulsion with a mon-

omer mixture as the oil phase, comprising 

i) 30 to 99.9% by weight of one or more mono-ethylenically 

unsaturated monomers I with at least one C12-C48 n-alkyl side 

chain; 

ii) 0 to 	60% 	by weight of one or more 	mono-ethylenically 

unsaturated 	monomers II with at least one C1-C11  n-alkyl 

and/or one C3-C48 i-alkyl side chain; 

iii) 0.1 to 20% by weight of one or more monomers III with at 

least two non-conjugated ethylenic double bonds; 

iv) 0 to 69.9% by weight of one or more (hetero)aromatic, mono-

ethylenically unsaturated monomers IV; 

v) 0 to 40% by weight of one or more other mono-ethylenically 

unsaturated monomers V; 

B) from 0 to 90% by weight of a polymer phase B, obtainable by the 

subsequent free-radical graft copolymerization, in the presence of the 

polymer phase A obtained after step A), of a monomer mixture corn-

prising 

i) 0 to 100% by weight of one or more monomers VI from the 

group of C1-C10  alkyl (meth)acrylates; 

ii) 0 to 100% by weight of one or more (hetero)aromatic mono-

ethylenically unsaturated monomers VII; 
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iii) 	0 to 50% by weight of one or more other mono-ethylenically 

unsaturated monomers VIII; 

wherein the weight percentages of the monomer mixtures employed in the 

respective steps add up to 100% by weight. 

2. The 	polymer particles according to claim 	1, 	characterized 	in that said 

polymer particles exhibit a first order phase transition in a temperature 

range of from —20 to 150 °C. 

3. The polymer particles according to at least one of claims 1 and 2, character-

ized in that the monomers I are selected from the group Ia) of esters of 

11,13-ethylenically unsaturated C3-C4  carboxylic acids and C12-C48 n-alkan-

ols; Ib) of the mono- and dialkyl esters of a,(3-ethylenically unsaturated 

C4-C6  dicarboxylic acids with at least one C12-C48 n-alkyl side chain as an 

ester radical; and Ic) of the ally! and vinyl esters of C13-C49 n-alkanoic ac-

ids. 

4. The polymer particles according to at least one of claims 1 to 3, character-

ized in that said monomers II are selected from the group IIa) of esters of 

a,(3-ethylenically unsaturated C3-C4  carboxylic acids and C1-C11  n-alkanols 

or C3-C48 i-alkanols, IIb) of mono- and diesters of oc,I3-ethylenically un-

saturated C4-C6  dicarboxylic acids, and C1-C11  n-alkanols and/or C3-C48 

i-alkanols, and IIc) the allyl and vinyl esters of C2-C12  n-alkanoic acids, 

and C4-C49 i-alkanoic acids. 

5. The polymer particles according to at least one of claims 1 to 4, character-

ized in that the proportion of polymer phase B in the total particle weight is 

0% by weight, and the monomers III are selected from the group of IIIa) 

the (meth)acrylic acid esters of polyhydric alcohols, IIIb) the vinyl and 

allyl 	ethers 	of 	polyhydric 	alcohols, 	and 	Ilic) 	(hetero)cyclic 	and 	(het- 

ero)aromatic compounds disubstituted or polysubstituted with allyl, vinyl 

or (meth)acrylic groups. 
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6.  The polymer particles according to at least one of claims 1 to 4, character-

ized in that the proportion of polymer phase B in the total particle weight is 

more than 0% by weight, and the monomers III are selected from the 

group of allyl, methallyl and crotyl esters of a,(3-ethylenically unsaturated 

carboxylic acids and dicarboxylic acids. 

7.  The polymer particles according to at least one of claims 1 to 6, character-

ized in that said monomers IV are selected from the group IVa) of vi-

nyl(hetero)aromatics and IVb) of (hetero)aromatic (meth)acrylates. 

8.  The polymer particles according to at least one of claims 1 to 7, character-

ized in that said monomers V are selected from the group Va) of a,(3- 

ethylenically 	unsaturated 	mono- 	and 	dicarboxylic 	acids, 	Vb) 	of 	a,13- 

ethylenically unsaturated carboxylic anhydrides, Vc) of a,(3-ethylenically 

unsaturated 	carboxylic 	acid 	amides, 	and 	Vd) 	of 	hydroxy-, 	alkoxy-, 

carboxy-, 	amino-, 	epoxy-, 	sulfo-, 	silyl- 	and 	halo-substituted 	alkyl 

(meth)acrylates, and heterocyclic (meth)acrylates. 

9.  The polymer particles according to at least one of claims 1 to 8, character-

ized in that said monomers VII are selected from the group IVa) of vi-

nyl(hetero)aromatics and IVb) of (hetero)aromatic (meth)acrylates. 

10.  The polymer particles according to at least one of claims 1 to 9, character-

ized in that said monomers VIII are selected from the group Va) of a,[3- 

ethylenically 	unsaturated 	mono- 	and 	dicarboxylic 	acids, 	Vb) 	of 	a,(3- 

ethylenically unsaturated carboxylic anhydrides, Vc) of a,(3-ethylenically 

unsaturated 	carboxylic 	acid 	amides, 	and 	Vd) 	of 	hydroxy-, 	alkoxy-, 

carboxy-, 	amino-, 	epoxy-, 	sulfo-, 	silyl- 	and 	halo-substituted 	alkyl 

(meth)acrylates, and heterocyclic (meth)acrylates. 

11.  The polymer particles according to at least one of claims 1 to 10, character-

ized in that said polymer phase B is formed by the copolymerization of 

from 80 to 99.99% by weight of methyl methacrylate, and from 0.01 to 

20% by weight of a C1-C8  alkyl acrylate. 
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12.  The polymer particles according to at least one of claims 1 to 11, character-

ized in that the weight proportion of polymer phase B in the total weight of 

the particles according to the invention is from 5 to 90% by weight, pref-

erably from 10 to 50% by weight, especially from 15 to 35% by weight. 

13.  The polymer particles according to at least one of claims 1 to 12, character-

ized in that said polymer particles contain from 0 to 10% by weight of inor-

ganic particles selected from the group of silicates and oxides of the ele-

ments Al, Si, Zr, Hf, Ti, Zn, Pb, and possible mixed oxides thereof. 

14.  The polymer particles according to at least one of claims 1 to 13, character-

ized in that the respective polymer phase contains from 0 to 2% by weight 

of 	a 	molecular 	weight 	regulator 	selected 	from 	the 	group 	of C1-C18 

alkanethiols. 

15.  A process for preparing the polymer particles according to at least one of 

claims 1 to 14, in which 

A. an aqueous phase A of water and surfactant is provided; 

B. from 10 to 100% by weight of a monomer phase A, comprising 

i) 30 to 99.9% by weight of one or more mono-ethylenically 

unsaturated monomers I with at least one C12-C48 n-alkyl side 

chain; 

ii) 0 to 	60% 	by weight of one or 	more 	mono-ethylenically 

unsaturated 	monomers II with at least one C1-C11  n-alkyl 

and/or one C3-C48 i-alkyl side chain; 

iii) 0.1 to 20% by weight of one or more monomers III with at 

least two non-conjugated ethylenic double bonds; 

iv) 0 to 69.9% by weight of one or more (hetero)aromatic, mono-

ethylenically unsaturated monomers IV; 

v) 0 to 40% by weight of one or more other mono-ethylenically 

unsaturated monomers V; 
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is added, and the mixture is at first predispersed with stirring to form 

an 	o/w 	macroemulsion, 	then 	homogenized 	to 	form 	an 	o/w 

miniemulsion, and finally polymerized up to a conversion of at least 

90% by weight, based on the total weight of monomers I, II, III, IV 

and V; 

C) 	from 0 to 90% by weight of a monomer phase B, comprising 

i) 0 to 100% by weight of one or more monomers VI from the 

group of C1-C10  alkyl (meth)acrylates; 

ii) 0 to 100% by weight of one or more (hetero)aromatic mono-

ethylenically unsaturated monomers VII; 

iii) 0 to 50% by weight of one or more other mono-ethylenically 

unsaturated monomers VIII; 

is added, the mixture is polymerized up to a conversion of at least 

90% by weight, based on the total weight of monomers VI, VII and 

VIII; and the resulting polymer is isolated from the aqueous phase, 

wherein the stated weight percentages of the monomer phases A and 

B add up to 100% by weight; 

characterized in that ultrasound 	reactors, 	high-pressure homogenizers, 

rotor-stator systems, systems with static mixers, or combinations thereof 

are used for the homogenization step for forming the o/w miniemulsion 

containing the monomer phase A and the aqueous phase A. 

16. 	The process according to claim 15, characterized in that the monomer 

phase B is added under such conditions that the formation of new parti- 

cles is avoided, and the polymer phase B, which forms in this polymeriza- 

tion stage, is deposited as a shell around polymer phase A formed from 

the monomer phase A in the first polymerization stage. 
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17.  The process according to at least one of claims 15 and 16, characterized in 

that said monomer phase B is added as an o/w macroemulsion at the 

same rate as it is consumed. 

18.  The process according to at least one of claims 15 to 17, characterized in 

that one or more oil-soluble and/or water-soluble free-radical polymeriza-

tion initiators are used for polymerizing monomer phase A. 

19.  The process according to at least one of claims 15 to 18, characterized in 

that from 0.1 to 5% by weight of free-radical polymerization initiator is 

employed for polymerizing monomer phase A, based on the amount of 

monomers to be polymerized. 

20.  The process according to at least one of claims 15 to 19, characterized in 

that one or more water-soluble free-radical polymerization initiators are 

used for polymerizing monomer phase B. 

21.  The process according to at least one of claims 15 to 20, characterized in 

that from 0.01 to 1% by weight of free-radical polymerization initiator is 

employed for polymerizing monomer phase B, based on the amount of 

monomers to be polymerized. 

22.  The process according to at least one of claims 15 to 21, characterized in 

that the polymerization temperature for the respective polymerization 

stage is from 20 to 100 °C, preferably from 50 to 95 °C, especially from 

60 to 90 °C. 

23.  The process according to at least one of claims 15 to 22, characterized in 

that anionic and/or non-ionic surfactants are used. 

24.  The process according to at least one of claims 15 to 23, characterized in 

that the amount of surfactant is chosen so that the critical micelle concen- 

tration 	(cmc) 	of the 	surfactant 	in 	the 	aqueous 	phase 	of the 	o/w 

miniemulsion containing said monomer phase A is not exceeded. 



-64- 

25.  The process according to at least one of claims 15 to 24, characterized in 

that a pH of the aqueous phase A that is advantageous for free-radical 

polymerization is provided by adding buffer substances, such as sodium 

hydrogencarbonate. 

26.  The process according to at least one of claims 15 to 25, characterized in 

that the monomer phase A and the aqueous phase A are preheated to a 

temperature of from 25 to 100 °C, preferably from 30 to 60 °C, before being 

combined to an o/w macroemulsion. 

27.  The process according to at least one of claims 15 to 26, characterized in 

that the solids content of the aqueous dispersion obtained after completion 

of the polymerization is from 10 to 70% by weight, preferably from 20 to 

60% by weight, especially from 30 to 50% by weight. 

28.  The process according to at least one of claims 15 to 27, characterized in 

that the polymer particles according to at least one of claims 1 to 14 are re- 

covered 	from 	the 	aqueous 	phase 	by 	a 	sequence 	of 	precipita- 

tion/coagulation, filtration, washing and drying after the polymerization is 

complete. 

29.  The process according to at least one of claims 15 to 28, characterized in 

that the polymer particles according to at least one of claims 1 to 14 are 

precipitated or coagulated by the addition of salts containing polyvalent 

cations, such as Ca2+, Mg2+  or Al3+, after the polymerization is complete. 

30.  The process according to at least one of claims 15 to 29, characterized in 

that the polymer particles according to at least one of claims 1 to 14 are co-

agulated by freezing at temperatures of from 0 to -40 °C, preferably from 

-10 to -30 °C, after the polymerization is complete. 

31.  The process according to at least one of claims 15 to 30, characterized in 

that the polymer particles according to at least one of claims 1 to 14 are re- 
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covered from the aqueous phase by coagulation, dehydration and degas-

sing using a screw extruder after the polymerization is complete. 

32. The process according to at least one of claims 15 to 31, characterized in 

that, after the polymerization is complete, the polymer particles according 

to at least one of claims 1 to 14 are coagulated, dehydrated and degassed 

using a screw extruder and mixed with a molding composition as a matrix 

plastic in a single operation. 

33. A plastic material, characterized by comprising, based on its total weight: 

a. from 1 to 80% by weight of polymer particles according to at least 

one of claims 1 to 14; 

b. from 20 to 99% by weight of a matrix, consisting of 

i. from 50 to 100% by weight of at least one matrix plastic; 

and 

ii. from 0 to 50% by weight of other additives, such as glidants, 

antiblocking agents, mold-release agents, dispersants, anti-

static agents, flame retardants, colorants, impact modifiers, 

plasticizers, adhesion promoters, fillers, enhancers, blowing 

agents and stabilizers, such as antioxidants, light stabilizers, 

thermal stabilizers. 

34. The plastic material according to claim 33, characterized by exhibiting a 

change of the total light transmittance according to DIN EN 410 of at least 

5%, based on the maximum total light transmittance of the plastic plate or 

film, within a temperature range of from —20 to 150 °C when formed into a 

plastic plate or film with a layer thickness of 2 mm. 

35. The plastic material according to at least one of claims 33 and 34, charac-

terized in that a thermoplastic molding composition selected from the group 

of polyethylene standard homo- and copolymers (e.g., PE-LD, PE-HD), 
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ethylene copolymers (PE-ULD, PE-VLD, EVA, EVOH, EBA, EEAK, EMA, 

EAMA, COC, EIM), polypropylenes (PP), styrene polymers (PS, ABS, SAN), 

polyvinyl chlorides (PVC), polyvinyl butyrals (PVB), thermoplastic polyure-

thanes (TPU), polymethacrylate homo- and copolymers, or high impact 

resistance modifications (PMMA, AMMA, MBS, MABS, PMMI, PMMA-HI), 

polyamides 	(PA), 	polycarbonates 	(PC), 	and 	PC 	blends, 	polyesters 	of 

terephthalic 	acid 	(PET, 	PBT) 	and 	blends, 	polyarylsulfones 	(PSU), 

polyethersulfones (PES), and cellulose derivatives (CA, CAB, CAP) is used 

as a matrix plastic. 

36.  The plastic material according to at least one of claims 33 to 35, character-

ized in that a thermoplastic molding composition selected from the group of 

poly(methyl 	methacrylate) 	(PMMA), 	high 	impact 	resistant variants 	of 

PMMA 	(PMMA-HI), 	methyl 	methacrylate 	copolymers 	(AMMA), 

polymethacrylmethylimide (PMMI), transparent polyamides (PA) based on 

aromatic 	dicarboxylic 	acids 	or 	branched 	aliphatic 	or acyclic 	diamines, 

transparent polyamides (PA) based on dodecanedioic acid and a cycloali-

phatic diamine, polycarbonate (PC) based on bisphenol A, polyethylene 

terephthalate (PET), polystyrene (PS), polyvinyl butyral (PVB), and ther-

moplastic polyurethane (TPU) is used as a matrix plastic. 

37.  The plastic material according to at least one of claims 33 and 34, charac-

terized in that curable molding compositions and curable casting and lami-

nating resins, such as transparent or translucent formaldehyde resins, un-

saturated polyester resins, epoxide resins, silicone resins, diallyl phthalate 

resins, and diallyl diglycol carbonate, are used as a precursor of the ma-

trix plastic. 

38.  The plastic material according to at least one of claims 33 and 34, charac-

terized in that thermally curable prepolymer mixtures of poly(methyl meth-

acrylate) (PMMA), methyl methacrylate (MMA), at least one free-radical 

polymerization 	initiator and optionally (cross-linking) comonomers are 

used as a precursor of the matrix plastic. 
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39.  A process for preparing the plastic material according to at least one of 

claims 33 to 36, characterized in that the polymer particles according to at 

least one of claims 1 to 14 are mixed with the matrix by compounding, es-

pecially in an extruder or kneader. 

40.  The 	process 	according 	to 	claim 	39, 	characterized 	in 	that said 	plastic 

material according to at least one of claims 33 to 36 is subsequently formed 

by suitable methods, such as extrusion, calendering, extrusion blow mold- 

ing, 	injection 	molding, 	injection-compression 	molding, 	injection 	blow 

molding, 	and 	compression 	molding, 	into 	molded 	parts, 	such 	as solid 

plates, multi-skin sheets, corrugated sheets, films, rods, tubes or other 

molded parts. 

41.  The process according to at least one of claims 39 and 40, characterized in 

that said plastic material according to at least one of claims 33 to 36 is sub-

sequently bonded with other materials, such as glass, plastic, wood, metal 

and the like, for example, by coextrusion, multicomponent injection mold-

ing, adhesive bonding, laminating, casting, spraying, knife coating, flow 

coating, and the like. 

42.  A process for preparing the plastic material according to at least one of 

claims 33, 34, 37 and 38, characterized in that the polymer particles accord-

ing to at least one of claims 1 to 14 are mixed with the curable precursor of 

the matrix plastic, and the mixture is cured to plastic parts, such as plates, 

films and the like, or to composite materials, such as laminated glasses. 

43.  Use of the plastic material according to at least one of claims 33 to 38 for 

the preparation of molded parts and plastic parts, such as solid plates, 

multi-skin sheets, corrugated sheets, films, rods, tubes, and the like. 

44.  The use according to claim 43 for glazings of buildings, vehicles, winter 

gardens, greenhouses; for glass facades, glass facade elements and cur- 

tain walls; 	for solar glass and 	light-directing solar glass; 	for insulating 

glass, heat-protection glass, and insulating plates; for laminated glass, 
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safety glass, and laminated sound insulating glass; for carports, balcony 

glazing, terrace roofing, glass houses, indoor swimming pool glazings and 

roofings; for roof, overhead and fanlight glazing; for industrial glazing; for 

transparent construction elements, skylight domes, continuous rooflights 

and barrel vaults; for profiled glass, hollow chamber plates, and panels; 

for transparent heat insulation; as covers for solar collectors and photo-

voltaic modules; for sun protection films and lacquers; for agricultural and 

greenhouse films; as a laminating film for, for example, laminated glass; 

for indoor glazing, partition walls, room dividers, shower cabinets, glass 

doors and sliding glass doors; for decorative glass; for luminaire covers, 

lampshades, 	reflectors and optical waveguides; 	for optical 	lenses and 

eyeglass 	lenses or their coatings; 	for luminous advertising 	and 	neon 

signs; for traffic signs and sign boards, and for packaging. 

45. Particles, obtainable by the copolymerization of 

a. from 30 to 95% by weight of one or more vinyl monomers with an 

alkyl side chain of at least 12 carbon atoms; 

b. from 0.1 to 10% by weight of one or more cross-linking agents; 

c. from 3 to 70% by weight of one or more vinyl monomers with 1 to 11 

carbon atoms in an aliphatic side chain, which optionally includes one 

or more functional groups; 

d. from 0 to 50% by weight of one or more vinyl monomers with an 

aromatic side group, which is optionally substituted. 

46. The particles according to claim 45, characterized in that another layer is 

additionally 	grafted 	thereon, 	wherein 	said 	layer 	is 	obtainable 	by 	the 

polymerization of one or more vinyl monomers with 1 to 11 carbon atoms in 

an aliphatic and/or aromatic side chain. 
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47.  The particles according to claim 45 or 46, characterized in that said particles 

exhibit a first order phase transition in a temperature range of from -20 to 

150 °C. 

48.  The particles according to any of claims 45 to 47, characterized in that said 

vinyl monomers are selected from acrylates, methacrylates, acrylamides, 

vinyl ethers, vinyl esters, and mixtures thereof. 

49.  The particles according to any of claims 45 to 48, characterized in that the 

average particle diameter thereof (d50) is from 100 to 2000 nm, preferably 

from 100 to 500 nm. 

50.  The particles according to at least one of claims 45 to 49, characterized in 

that the particle diameter d90 value thereof is larger by maximally 200% 

than the d50 value. 

51.  The particles according to at least one of claims 45 to 50, characterized in 

that said particles contain from 0 to 10% by weight of inorganic particles se-

lected from the group of silicates and oxides of the elements Al, Si, Zr, Hf, 

Ti, Zn, Pb, and possible mixed oxides thereof. 

52.  A molding composition containing a matrix and from 1 to 50% by weight 

of the particles according to any of claims 45 to 51 and/or particles ob-

tainable by the polymerization of 

a. from 30 to 99.9% by weight of one or more vinyl monomers with an 

alkyl side chain of at least 12 carbon atoms; 

b. from 0.1 to 10% by weight of one or more cross-linking agents; 

c. from 0 to 70% by weight of one or more vinyl monomers with 1 to 11 

carbon atoms in an aliphatic side chain, which optionally includes one 

or more functional groups; 
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d. 	from 0 to 50% by weight of one or more vinyl monomers with an 

aromatic side group, which is optionally substituted. 

53.  The molding composition according to claim 52, characterized in that said 

matrix is transparent. 

54.  The molding composition according to claim 52 or 53, characterized in that 

a change of the normal-hemispheric transmittance in the solar spectral 

range of the molding composition of at least 5% occurs in a temperature 

range of from -20 to 150 °C. 

55.  The molding composition according to any of claims 52 to 54, characterized 

in that said matrix is selected from (meth)acrylates, polycarbonates, poly-

ethylene terephthalates, polyamides, polyolefins, polystyrenes. 

56.  A process for preparing the molding composition according to any of claims 

52 to 55, characterized in that particles according to any of claims 45 to 51 

are compounded with a matrix. 

57.  A molded part obtainable by molding the molding composition according to 

any of claims 52 to 55. 

58.  The molded part according to claim 57, characterized in that said molded 

part is a solid plate, a multi-skin sheet, a corrugated sheet, a film, or a 

tube. 

59.  Use of the molded parts according to claim 57 or 58 as overheating 

protection and glare protection in winter gardens, greenhouses, carports, 

or in the glazing of buildings. 


