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Description

Object of the Invention

[0001] As expressed by the title of the present speci-
fication, the invention relates to a photocatalytic and in-
frared-emitting ceramic powder applicable to textile fib-
ers and to the method for producing said powder.
[0002] The object of the invention more particularly re-
lates to a composition which, consisting of a mixture of
alumina, silica, zircon and titanium oxide, makes up a
micrometric or nanometric ceramic powder with photo-
catalytic capability when it is excited by light and for emit-
ting in the far infrared region when heated, being sus-
ceptible to being incorporated in natural or synthetic tex-
tile fibers and therefore in fabrics to provide them with
additional properties, for example bactericidal properties.
[0003] In parallel, a second aspect of the invention re-
lates to the method for producing said ceramic powder
from the mixture of the elements making it up and which
can be found in variable amounts.

Field of Application of the Invention

[0004] The field of application of the present invention
is simultaneously comprised within the chemical sector
and the textile sector, primarily concerning the industry
dedicated to producing natural or synthetic textile fibers
and which can in turn be woven for producing fabrics,
alone or mixed with others.

Background of the Invention

[0005] PatentdocumentJP63274660,filedin 1988, re-
lates to a ceramic mixture designed to improve the effi-
ciency of driers and heaters. Said powder consisted of a
mixture of mineral oxides such as alumina, silica, titania
and zircon, and was doped with small amounts of colloi-
dal sized platinum and palladium particles. This powder
could be consolidated and formed using a conventional
calcium aluminate cement.

[0006] After 1990 a series of patents emerged which,
using powder mixtures such as the one described in the
mentioned patent, incorporate these particles in natural
and artificial fabrics to improve some properties thereof,
such as comfort, thermal insulation, infrared emission,
and some biological properties, such as muscle perform-
ance.

[0007] Patent document EP0462275B1 (1990), relat-
ing to a "Powder which radiates feeble-energy infrared
rays, synthetic fiber containing the same, and textile
products produced therefrom" can be mentioned among
said patents. The patent describes a powder mixture of
alumina and pure titanium, sometimes with other com-
ponents such as silicon carbide, with finely divided me-
tallic platinum and/or palladium additives. According to
said patent, said mixture would show infrared activity. It
also claims synthetic fibers loaded with this powder, and

15

20

25

30

35

40

45

50

55

the textiles produced with them.

[0008] Patent document
JP19920213557/US199403004307 (1995), relating to a
"Far infrared radiant composite fiber containing metal”,
claims fabrics produced with synthetic fibers including
platinum and at least one metal oxide of the metals alu-
minum, silicon and titanium, with the property of emitting
infrared radiation when contacted with the human body.
[0009] Another case to cite is patent document EP
1291405B1 (2006), relating to a "Composition for far in-
frared irradiation with excellent antistatic property and
fiber and textile product both containing the same". It
claims a composition with antistatic properties, bacteri-
cidal properties and infrared radioactive properties, con-
taining in all the possible proportions: a) alumina; b) at
least one of the oxides TiO, and SiO,; c) at least one
element or compound of the following: platinum, a plati-
num compound, palladium, a palladium compound, irid-
ium, an iridium compound, rhodium, or a rhodium com-
pound; d) at least one of the following components: silver
or a silver compound. The claims also include producing
fibers, fabrics, and packaging material containing such
compositions.

[0010] Finally, patent document
US415532P/ES2341765 (2010): "Method for enhancing
muscle performance" has a single claim for a method for
enhancing muscle performance, consisting of wearing a
given type of textile material, and not a method for pro-
ducing same, or a specific mineral composition. The
mentioned compositions are generic compositions (tita-
nium dioxide, alumina, silicon oxides), and are covered
by the earlier patents mentioned above.

[0011] However, at least the applicant is unaware of a
powder having photocatalytic activity, susceptible to be-
ing loaded in textile fibers and fabrics, capable of elimi-
nating contaminants, odor-causing molecules, nitrogen
oxides, etc., having been described.

[0012] On the other hand, it is known that a number of
applications of the photocatalytic properties of titanium
oxide TiO, have emerged in the last 10 years. When
titanium dioxide is exposed to light containing UV rays,
air-purifying properties, self-cleaning properties and an-
timicrobial properties can be spontaneously and simul-
taneously generated on the surface of the material con-
taining it.

[0013] Thatis because titanium dioxide is a photocat-
alytic material having an electronic structure made up of
two bands, the valence band (full of electrons) and the
conduction band (no electrons). The energy difference
between the conduction band and the valence band is
referred to as the forbidden band, and when a photon
with energy exceeding said band comes into direct con-
tact with this photocatalytic material, an electron (e-) of
the valence band moves to the conduction band, thereby
leaving an electron vacancy (h+). Some of the photoex-
cited, electron-vacant pairs are diffused towards the sur-
face of the photocatalytic material, where they are re-
tained to participate in chemical reactions with oxygen
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and water molecules present in the environment.
[0014] The electron vacancies (h+) can react with ad-
sorbed donor molecules such as water molecules to pro-
duce hydroxyl radicals (highly reactive).

[0015] Acting as an electron acceptor, the oxygen
present in air can react with electrons to form superoxide
radical anions (0,-). The hydroxyl radicals (oxidizers) and
the superoxide radical anions (reducers) generated on
the surface of TiO, have demonstrated enormous capa-
bility of degrading different types of microorganisms, al-
most all types of organic contaminants and other inor-
ganic compounds such as NOx and SO, (Maury, A. et
al.; Mat. Construccion, 60(298), 33-50. 2010).

[0016] Generally, the fast rate of degradation of the
compounds is a function of light absorption, transport of
the photogenerated charges (e- and h+) to the surface,
recombination of e- and h+, reaction of e- and h+, on the
surface of the photocatalyst, mass transfer of the reac-
tants and the characteristics of the particles, in relation
to both structural characteristics and morphological char-
acteristics.

[0017] Titanium dioxide can crystallize into three types
of crystalline structures which are: rutile (tetragonal),
anatase (tetragonal) and brookite (orthorhombic). Of
these three crystalline forms of TiO,, rutile is the most
stable, because anatase and brookite are transformed
into rutile under heating. Brookite has no significant pho-
tocatalytic activity when itis used with visible light. Rutile,
in turn, has the smallest forbidden band, 3.0 eV (equiv-
alent to 413 nm in wavelength), whereas anatase has
the largest forbidden band, 3.2 eV (388 nm). Both forbid-
den bands are close to the border wavelength between
the long UV wavelength (315- 400) and visible light
(400-700). When long UV wavelengths coming only from
visible light were used, a considerable reduction in the
photocatalytic activity of TiO, was observed. Therefore,
many efforts were made to reduce the magnitude of the
forbidden band and to allow the photocatalytic effect of
TiO, to be produced with visible light. Highlighted among
these strategies is the use of metal doping (iron and wolf-
ram) and non-metal doping (carbon, nitrogen and sulfur)
in TiO, (Milani, R.; et al.; SASBE 3rd International Con-
ference Proceedings. 2009).

[0018] Despite the described background documents,
relating to the present invention, no patent or invention
having the technical, structural and constitutive features
of the ceramic powder herein proposed as claimed has
been found.

Brief Description of the Invention

[0019] The invention relates to a micrometric or nano-
metric ceramic powder having photocatalytic activity
when it is excited by light and which is made up of a
mixture of alumina, silica, zircon and titanium oxide in
variable amounts. Furthermore, a secondary property of
this ceramic powder is the capability of emitting electro-
magnetic radiation in the far infrared region when it is
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heated.

[0020] The percentages of the different components
are in proportions ranging between 1 and 80%, 100%
being the sum total thereof.

[0021] The method for producing said powder compris-
es the mixture of ceramic powder which is ground to sizes
less than 20 microns, in any of the conventional dry or
wet industrial or laboratory grinding devices.

[0022] The powder mixture is then incorporated to nat-
ural or synthetic textile fibers, either in mass or in the
form of a surface coating, by conventional methods in
the textile industry.

[0023] Fibersloaded with the ceramic powders are wo-
ven by hand or in mechanical weaving machines for pro-
ducing fabrics, cords, nets, etc.

Description of the Drawings

[0024]

Figure 1 shows the representation of a microscopic
view of fibers loaded with the ceramic powder of the
invention.

Figure 2 shows a graph of the x-ray fluorescence
spectrum of a sample of the ceramic powder object
of the invention, where its main chemical compo-
nents are observed.

Detailed Description of the Invention

[0025] Specifically, as previously described the inven-
tion relates to a ceramic powder susceptible to being
used as a filler in natural or artificial textile fibers made
up of a mixture of two types of minerals: a first type, con-
sisting of alumina (Al,O3), silica (quartz, SiO,), and zircon
(SiO4Zr), the main feature of which is its stability and
refractoriness, and according to the mentioned literature,
its capability of emitting in the far infrared region when
these compounds are heated. The other fundamental
component is titanium oxide, TiO,, in the form of anatase
or rutile, with a strong photocatalytic capability, as ex-
plained in the background of this invention. This photo-
catalytic activity has bactericidal, anticontaminant and
anti-odor effects.

[0026] The invention also describes the method for
preparing the mixture of components and the use thereof
in loading fibers and fabrics.

[0027] More specifically, the components of the ceram-
ic powder are as follows:

Silica, silicon oxide, and more specifically
SiO,.-Quartz, alpha-SiO,, which is a low-tempera-
ture silica polymorph, is used. It is one of the most
abundant minerals in the earth’s crust and is ob-
tained with very high purities for the glass industry,
ceramic industry, refractory industry, etc.

[0028] Its properties are: hardness: 7; specific weight:
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2.65 gl/cc; streak: white; fracture: conchoidal; no exfolia-
tion; rhombohedral system; vitreous luster; hexagonal
shape; belongs to the family of silicates (tectosilicates);
pyroelectric and piezoelectric.

[0029] Alumina, corundum - Its chemical formula is al-
pha- Al,Os. It is very stable and melts at a very high
temperature (2020°C). It has great chemical inertia. Its
monocrystalline form is the sapphire. It is the main raw
material in advanced ceramics and refractories.

[0030] Properties: hardness: 9; specific weight: 4.0
g/cc; streak: white; fracture: conchoidal; no exfoliation;
trigonal system; vitreous luster; hexagonal shape, in tab-
lets or prisms.

[0031] Zircon, zirconium silicate, specifically SiO4Zr.-
This is a refractory compound with a very high melting
point (2400°C). It contains small amounts of hafnium and
is sometimes weakly radioactive. ltis used in refractories,
advanced ceramics, as precious stone, in insulating fib-
ers, etc.

[0032] Properties: hardness: 7.5; specific weight: 4.07
g/cc; streak: white; fracture: conchoidal; no exfoliation;
tetragonal system; vitreous luster; tablet or prismatic
form; belongs to the family of silicates; fluorescent under
ultraviolet light.

[0033] The mixture of these components has the ca-
pability of emitting radiation in the farinfrared region when
heated at a low temperature. This property is inherent to
the composition and structure of the components, and is
sufficiently described in the literature.

[0034] Titania, titanium oxide, specifically TiO,.- It is
presented in three polymorphic forms: brookite, anatase
and rutile. Anatase and rutile have photocatalytic activity.
They are used in paints, coatings, enamels, etc.

[0035] Properties of the anatase form: hardness: 5.5;
specific weight: 3.9 g/cc; streak: white; fracture: subcon-
choidal; crystalline system: tetragonal; shape: bipyram-
idal masses; special properties: photocatalytic activity.
[0036] Properties of the rutile form: hardness: 6.5; spe-
cific weight: 4.25 g/cc; streak: white; fracture: conchoidal;
crystalline system: tetragonal; shape: short prisms, nee-
dles, twin crystals; special properties: photocatalytic ac-
tivity.

[0037] It should be pointed out that micrometric or na-
nometric ceramic powder is understood in the present
invention as a mixture of the mentioned mineral compo-
nents in variable proportions, and for producing same,
said components are subjected to a mixing and subse-
quent grinding process assuring the final fineness of the
mixture.

[0038] It is important to point out that the particle size
of the final powder must be less than 20 microns, and
preferably less than 5 microns, with an important fraction
below the micron. This size is achieved by using grinding
systems well proven in the industry, fundamentally jet
grinders or attrition grinders. In any case, the effective-
ness of the powder will be greater the larger the specific
surface and therefore, the smaller the particle size there-
of.
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[0039] Likewise, in the present invention loading the
textile fibers is understood as the process by means of
which the ceramic powder is added or incorporated to
the mass or to the surface of the fibers, which can be
done in two different processes:

a) mass incorporation of the powder into the polymer
during the spinning process by mixing suitable
amounts thereof to the polymer pellet; or

b) coating the surface of the fibers with the mineral
powder, working under hot conditions or by means
of a suitable solvent, i.e., by means of a sizing proc-
ess designed for this purpose.

[0040] The percentage of ceramic powder added to
the fiber must be enough so that its effect is noticeable,
i.e., the concentration of active elements must be enough
to produce infrared emission and the photocatalytic effect
sought, but this concentration cannot be so high so as
to modify the fiber lightness and flexibility properties and
the capability thereof of being woven.

[0041] As a result, the percentage of ceramic powder
added to the fiber must be comprised between 0.5 and
5% by weight, except for special applications, in which
the percentage can be higher.

[0042] Examples of the method for preparing the pro-
posed ceramic powder according to the invention are pro-
vided below.

Example 1

[0043] This example relates to the preparation of the
ceramic powder starting from raw materials existing on
the market, and using standard ceramic processing lab-
oratory equipment. The method object of the example is
as follows:

- 100 grams of micronized alumina powder (purity >
98%) are weighed and transferred to a container
made of an inert material, such as porcelain, glass,
stainless steel, etc.

- 100 grams of quartz powder having a purity greater
than 99% are weighed and added to the alumina in
the container.

- 50 grams of zircon having commercial purity are then
weighed and again added to the mixture.

- The powder is stirred with a spatula, and 250 millili-
ters of ethyl alcohol or methyl alcohol are added. It
is stirred until a plastic mass is formed, which is trans-
ferred to an attrition grinder, adding 150 milliliters of
distilled water. The mixture is ground in the presence
of 30% stabilized zircon balls 2 mm in diameter.

- After 20 minutes of grinding, the zircon balls are sep-
arated by sieving, and the suspension of the ceramic
powder is dried at a temperature less than 50°C.

- Finally, the dry powder is sieved through a sieve hav-
ing a mesh opening of 75 microns and packaged for
use.
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Example 2

[0044] Like in Example 1, this example relates to the
preparation of the ceramic powder starting from raw ma-
terials existing on the market and using standard ceramic
processing laboratory equipment. The method object of
Example 2 is as follows:

- 200 grams of commercial kaolinite of formula Al,O4,
28i0,,2H,0 are weighed and transferred to a con-
tainer made of an inert material, such as porcelain,
glass, stainless steel, etc.

- 100 grams of zircon having commercial purity are
then weighed and added to the kaolinite powder.

[0045] The powder is stirred with a spatula and 300
milliliters of ethyl alcohol or methyl alcohol are added. It
is stirred until a plastic mass is formed, which is trans-
ferred to an attrition grinder, adding 200 milliliters of dis-
tilled water. The mixture is ground in the presence of 30%
stabilized zircon balls 2 mm in diameter.

- After 20 minutes of grinding, the zircon balls are sep-
arated by sieving, and the suspension of the ceramic
powder is dried at a temperature less than 50°C.

- Finally, the dry powder is sieved through a sieve hav-
ing a mesh opening of 75 microns and packaged for
use.

[0046] As previously indicated, the powder mixture is
intended for being incorporated to natural or synthetic
textile fibers, either in mass or in the form of a surface
coating, by conventional methods in the textile industry.
[0047] Figure 1 shows the representation of a micro-
graph of a synthetic polymer thread loaded with the ce-
ramic powder of the invention, fibers (1) having diameters
of 10.22 + 1.36 microns and having a fairly smooth sur-
face, as well as filler particles (2) of the ceramic powder
on some points of its surface being able to be seen there-
in.

[0048] Figure 2 shows a graph of the x-ray fluores-
cence spectrum of a sample of the ceramic powder object
of the invention, where its main chemical components,
i.e., oxygen, silicon, aluminum, zirconium and titanium,
are shown.

[0049] Having sufficiently described the nature of the
present invention as well as the manner of putting it into
practice, it is not considered necessary to further de-
scribe the invention so that any person skilled in the art
can understand the scope thereof and the advantages
derived from it, it being hereby stated that the invention
can be carried out to practice within its essential features
in other embodiments differing in detail from the one in-
dicated by way of example, and such embodiments will
be likewise covered by the protection which is sought
provided that the fundamental principle thereof is not al-
tered, changed or modified.
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Claims

1. A photocatalytic and infrared-emitting ceramic pow-
der applicable to textile fibers which, having photo-
catalytic capability when it is excited by light and for
emitting in the far infrared region when heated, is
characterized by consisting of a micrometric or na-
nometric mixture of variable amounts of alumina, sil-
ica, zircon and titanium oxide.

2. The photocatalytic and infrared-emitting ceramic
powder applicable to textile fibers according to claim
1, characterized in that the percentages of alumina,
silica, zircon and titanium oxide are in proportions
ranging between 1 and 80%, 100% being the sum
total thereof.

3. The photocatalytic and infrared-emitting ceramic
powder applicable to textile fibers according to claim
1 or 2, characterized in that the particle size of the
final powder is less than 20 microns.

4. The photocatalytic and infrared-emitting ceramic
powder applicable to textile fibers according to claim
2, characterized in that the particle size of the final
powder is less than 5 microns.

5. A method for producing ceramic powder according
to the ceramic powder described in any of claims
1-4, characterized in that it comprises dry grinding
or wet grinding systems provided with jet grinders or
attrition grinders.

6. The method for producing ceramic powder accord-
ing to claim 5, characterized in that it comprises
the following steps:

- weighing the components and transferring
them to a container made of an inert material,
such as porcelain, glass, stainless steel, etc.;

- stirring with a spatula and adding ethyl alcohol
or methyl alcohol, stirring until forming a plastic
mass, which is transferred to a grinder, adding
distilled water, grinding the mixture in the pres-
ence of 30% stabilized zircon balls 2 mm in di-
ameter;

- after 20 minutes of grinding, separating the zir-
con balls by sieving, and drying the suspension
ofthe ceramic powder atatemperature less than
50°C;

- finally, sieving the dry powder through a sieve
having a mesh opening of 75 microns and pack-
aging for use.
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