
EP 0 201 179 B1 Description The present invention relates to a black
ceramic powder material. More particularly, this invention relates to a
method of producing such a black ceramic powder material and articles
manufactured s  therefrom, which powder material may be produced from a
variety of industrial wastes and natural metal ores containing titanium,
vanadium, chromium and manganese. The invention further relates to a black
ceramic powder material and articles, producable therefrom, which powder is
produced by the method of the present invention. For thousands of years,
ceramics have been produced from naturally occurring ceramic materials. 10
However, the manufacture of ceramic materials and articles having specific
properties from industrial production materials has been carried out only
relatively recently. In order to meet new demands throughout the world,
novel ceramic materials are continuously being developed. One type of
ceramic material that is in particular demand is black ceramic, because
black ceramic articles have the ability to absorb light and heat energy
with great efficiency and such articles also emit infra-red rays when
heated. 16  Properties of ceramics also include corrosion resistance,
oxidation-resistance and resistance to peeling and ageing. Furthermore,
ceramics may also be used at high temperatures. Ceramic bodies are also
hard and these and other properties possessed by the black ceramic bodies
make them ideal materials for use as absorbing and emitting element in many
fields such as the field of transference between heat and light energy. 20
Presently, the black pigment to be added to a ceramic material in the
manufacture of a black ceramic article comprises industrially produced
oxides of manganese, cobalt, nickel and other suitable compounds. However,
the industrially produced compounds currently used in the production of
black ceramic articles are extremely expensive and only produced in
relatively small quantities so that the manufacture of black ceramic
articles in large quantities is extremely difficult and expensive. Thus, at
present, infra-red absorbing 25 and emitting elements are made by coating a
layer of radiating or absorbing material onto a substrate which does not
have the required property, such as a metal, a silicon carbide or zircon
sand ceramic, a plastics or other such material. Although articles made by
this method have proved adequate with regard to radiation absorption
properties, such articles are somewhat complex to manufacture and have the
disadvantages that the coating layer tends to age and peel off.
Furthermore, the coating method Is also relatively expensive. 30
Accordingly, it has been an important goal, researched by scientists in the
field for many years, to manufacture a black ceramic material and various
articles manufactured therefrom, having a high absorption and radiation
rate and ageing resistance at a relatively low cost. The present inventors
have unexpectedly found that some industrial wastes and natural ores can be
used for the manufacture of such a black ceramic material. 35     One
object of the present invention is to provide a method of producing a black
ceramic article from a variety of industrial wastes and/or natural ores,
which contain titanium, vanadium, chromium, manganese and iron, all of
which are relatively common elements that are easy to obtain. Another
object of this Invention is to provide a black ceramic powder material,
containing 0.1 - 20% of titanium dioxide by weight, as well as other
essential elements. The third object of the present invention is to provide
various shaped 40  black ceramic articles containing at least 0.05 - 20%
titanium dioxide, and other essential elements, and to provide a black
pigment, comprising such a ceramic powder, which pigment can be used in
coating rubber, plastics materials, ceramic or any other suitable substrate
and as use as a black colouring additive to other compositions. According
to the present invention there is provided a process for producing a black
ceramic powder 45 from a starting material comprising an industrial waste
selected from the group consisting of vanadium residue, pyrite cinder and
chromium slag, the steps of the process are selected from any one of: (1)
grinding the starting material to obtain a suitable size black ceramic
power less than 20 mesh (0.84 mm); (2) calcining the starting material at a
temperature above 800 C for 1-60 minutes and then grinding; or so   (3)
grinding the starting material into a suitable size powder, shaping the
powder into a green body with a suitable form, calcining the green body and
grinding the calcinated body iunto a suitable sized powder; characterized
in that the powder comprises a mixture of 0.5% to 2% by weight of vanadium
pentoxide, 3% to 20% by weight titanium dioxide, 4% to 15% by weight
manganese oxide, 1% to 20% by weight 



chromium (111) oxide, and 30%-80% by weight iron trioxide based on the
weight of the black ceramic 55    powder. The present invention further
provides a black ceramic powder produced in accordance with the process of
the present invention and a black ceramic article manufactured from such a
black ceramic powder. 2    * EP 0 201 179 B1 The most important feature of
the method  of the present invention is that the starting materials are
relatively inexpensive and easy to obtain. According to the present
invention industrial wastes can be used. Depending on the selected starting
material, some additives may be added, but such additives are not
necessary. The essential feature of the material from which the black
ceramic powder is made is that the 5  total amount of titanium dioxide,
vanadium pentoxide, chromium (III) oxide and manganese oxide contained in
the starting material is at least 3% by weight, at least 1% by weight of
titanium dioxide and at least 1% by weight of vanadium pentoxide being
present. Besides the advantage of the low cost and ease of access to the
starting material, the method of the present invention is, further, very
simple to carry out. Conventional processes and apparatuses in this field
can be used and there is no need for special 10  equipment or special
processing steps. Raw materials which may be used as starting materials for
the production of black ceramic powder according to the present invention
are industrial wastes such as pyrite cinder, vanadium residue and chromium
slag. The term "vanadium residue" refers to the residue after impregnation
of a vanadium slag, which slag is obtained by refining liquid iron
containing vanadium, which liquid iron is the product of processing
vanatititaniferrous magnetite. 15    Additives which may be added to the
starting material in the production of a black ceramic powder according to
the present invention include common clay, porcelain clay, porcelain stone,
earthenware clay, coal clay, shale, coal stone, red mud, boron mud, talcum,
titanium slag, lemon slag, furtural slag, methyl cellulose, starch, arabic
gum, water glass, binder and some metal oxides. Many industrial wastes
cause environmental problems because, at present, no use can be found for
20 them and thus they cannot be sold. Furthermore, to remove such
industrial wastes is expensive and treatment Is required to ensure that
they do not pollute the environment. It is, therefore, particularly
preferable that the raw materials for the present invention are industrial
wastes, such as vanadium residue, pyrite cinder and chromium slag.
Particularly preferred is vanadium residue from which an extremely good
ceramic may be obtained and to which, in the present invention, no
additives need be added, according to 25 experiments carried out by the
inventors. The process for producing a black ceramic powder material of the
present invention may be any conventional one, such as: 1. Grinding the raw
material, which may comprise a single material or a mixture of materials,
to obtain a suitable size black ceramic powder, less than 20 mesh (0.84
mm); 30    2. Calcinating the starting material above a temperature of
[err], preferably [err], for 1 - 60 minutes and then grinding; or 3.
Grinding the starting material into a suitable size powder, shaping the
powder into a green body with a suitable form, calcinating the green body.
and grinding the calcinated body into a suitable size powder. A black
ceramic powder material, produced by any one of the above mentioned
processes, has good 35 agglomerative properties. When shaped by
conventional methods, it can be calcinated into various articles of various
forms. The composition of a black ceramic powder according to the present
invention may vary within a broad range, depending on the composition, cost
and  location of the selected raw material, and on the composition of the
overall starting material which may comprise additives. The black ceramic
powder of the 40 present invention comprises 0.5 - 2% by weight vanadium
pentoxide, 3 - 20% by weight titanium dioxide, 4 - 15% by weight manganese
oxide, 1 - 20% by weight chromium (III) oxide, 30 - 80% by weight iron
trioxide and other elements may be present. 



Other materials may be added during the process of manufacturing the
articles of the present invention. However, the finished articles should
contain a total amount of 1% by weight of titanium dioxide, vanadium 45
pentoxide, chromium (III) oxide and manganese oxide. Preferably the
finished articles should contain 0.1 - 2% by weight vanadium pentoxide, 1 -
12% by weight titanium dioxide, 1 - 15% by weight manganese oxide, 0.1 -
20% by weight chromium (III) oxide. The formed black ceramic articles may
have many shapes, and may be used in many different applications, such as
infra-red radiating elements, heat collectors, heat exchangers, heat
radiators, furnace liners, surface decoration of buildings and other
ordinary ceramic so articles. Infra-red radiating elements include
infra-red heaters and infra-red generators in the form of plates, tubes,
convexes and the like, either with coating or without coating. Besides the
use of the black ceramic powder in direct manufacture of commercially
useful black ceramic articles, the black ceramic powder can also be used in
various applications as follows: 1. Use as a black pigment which may be
added into a black glaze or composite coating or any 55    composition
which may require a black colouration. 2. Use as a heat-absorbing material
which may be applied on the surface of a furnace in order to absorb the
heat of the atmosphere within the furnace and transmit it to the objects to
be heated. 3. Use as a stable black powder filler which may be used in
plastics and rubber. 3    EP 0 201 179 B1 4. Use as a black filler which
may be used in architectural decorative coatings and in manufacturing
architectural decorative surface plate. By way of illustration and for a
better understanding of the present invention, several embodiments of the
present invention will now be described, by way of example only, with
reference to the following 5 examples. Example 1. 10    Vanadium residue
was directly ground by a ballmill to 160 mesh powder. Example 2. is
Vanadium residue was calcinated at 11 50 C for 0.5 hour and then ground to
160 mesh powder. The composition of the powder obtained is indicated In the
following table. Composition table (%) by weight 20    [err]     [err]
[err]    [err]    [err]             [err]  [err] 1.18   64.42   13.26
6.74    8.52   1.19    0.65   3.13   0.96 25 Example 3. Two parts of pyrite
cinder powder having a size of 160 mesh, ground by a dry method, and one
part of chromium residue powder having a size of 140 mesh were mixed
together with a suitable amount of water. 30 The homogeneous mixture so
formed was shaped into a bar of 10 mm diameter by conventional means. The
bar was then broken into cylinder shapes of length 15 - 20 mm after drying.
These cylinder shaped pellets were then calcinated at 1220 C for 10 minutes
and then ground into 160 mesh black powder. 35  Example 4. A mixture of 98
parts of the powder obtained in Example 1 and two parts of methyl cellulose
was mixed with a suitable amount of water and made into particles having a
diameter of between 0.5 - 2 mm. 70 parts of clay, 10 parts of arenaceous
quartz and 10 parts of feldspar were then mixed and ground Into powder. 10
40 parts of the particles and 90 parts of the powder were mixed, and shaped
into the form of a small plate having the dimensions of 20 mm x 20 mm x 5
mm. The plate was then calcinated at 1200 C for one hour. The resulting
product was a small porcelain plate having a white base, in which there
were a lot of black flecks. 45 Example 5. The black powder of Example 2 was
used as a filler in the manufacture of polyethylene plastics, substituting
for the ordinary carbonate filler. In a conventional process, application
of 10% by weight of the 



50 powder of Example 2. based on the total amount of the powder and
polyethylene, and using no other black pigment, gave a black polyethylene
product. Example 6. 55 Black ceramic powder, produced in Example 1, was
mixed with a suitable amount of water and was applied onto the inner walls
of a calcinating furnace. After 24 hours it was subjected to a temperature
of [err] and formed a black ceramic coating on the surface of the wall. The
depth of the coating 4    EP 0 201 179 B1 was 0.2 - 1 mm. A comparison with
a similar furnace having no heat absorbing material applied thereto showed
an energy saving of 3 - 5% in the case where the black ceramic coating was
applied. 5  Example 7. 99.5 parts of the powder of Example 1 was mixed with
0.5 parts of methyl cellulose and water and was then shaped, dried, and
calcinated at [err] for one hour to produce a ceramic tube having an outer
diameter of 31 mm, an inner diameter of 25 mm and a height of 40 mm. The
radiating rate of the tube was 10 0.84 - 0.86 at [err]. Example 8. 15    A
mixture of 60 parts of black ceramic powder produced in Example 2, 20 parts
of clay, 10 parts of talcum powder and 0.5 parts of sodium carbonate was
ground with a ball-mill, then shaped, dried and calcinated at [err] for one
hour to produce a ceramic tube having an outer diameter of 32 mm, an inner
diameter of 25 mm and a length of 1000 mm. The radiating rate of the tube
was 0.8394 - 0.8620 at 500 - [err] 20 Example 9. A mixture of 7 parts of
ceramic powder produced by Example 3 and 3 parts of 80 mesh clay powder 25
was shaped and calcinated at 1170 C for 6 hours. The black ceramic body
produced thereby had a radiating rate of 0.857 - 0.867 at 500 - 600 C.
Example 10. 30 The mixture produced in Example 8 was prepared as a pulp and
was then poured into a mould wherein an electrothermal wire was already
disposed. The shaped article produced therefrom was calcinated at [err] for
1 hour. The resulting product was a core-type infra-red element, having a
diameter of 15 mm, a length of 400 mm and an electric work rate of 300 w.
35 Example 1 1. The mixture of Example 8 was shaped by moulding, then dried
and calcinated at [err] for 1 hour. 40 The product was a black solar energy
collector being a tank with an inlet and outlet for water, having a length
of 640 mm, width of 420 mm, height of 70 mm, and a wall thickness of 3 mm.
Example 12. 45 A mixture of 60 parts of the ceramic powder produced In
Example 2 and 40 parts of clay powder of 80 mesh was shaped and calcinated
at [err] for 2 hours to produce a black ceramic plate of 100 mm x 100
mmx8mm. 50 Example 13. The mixture of Example 8 was prepared as a pulp with
water. The pulp was poured into a mould, which moulded the pulp into the
shape of a figure. After releasing the pulp, the figure was dried and
calcinated at 55  [err] for 1 hour. The product has a height of 300 mm and
a wall thickness of 2 mm. 5  



EP 0 201 179 B1 Claims 1. A process for producing a black ceramic powder
from a starting material comprising an industrial waste selected from the
group consisting of vanadium residue, pyrite cinder and chromium slag, the
steps of 5     the process are selected from any one of: (1) grinding the
starting material to obtain a suitable size black ceramic powder less than
20 mesh (0.84 mm); (2) calcining the starting material at a temperature
above 800 C for 1-60 minutes and then grinding; or 10        (3) grinding
the starting material into a suitable size powder, shaping the powder into
a green body with a suitable form, calcining the green body and grinding
the calcinated body into a suitable sized powder; characterized in that the
powder comprises a mixture of 0.5% to 2% by weight of vanadium pentoxide,
3% to 20% by weight titanium dioxide, 4% to 15% by weight manganese oxide,
1% to 20% by weight 15     chromium (III) oxide, and 30%-80% by weight iron
trioxide based on the weight of the black ceramic powder. 2. A process
according to Claim 1 wherein the calcinating temperature Is [err] to [err].
20 3. A process according to Claim 1 or 2 wherein the industrial waste is
vanadium residue. 4. A black ceramic powder comprising vanadium pentoxide,
titanium dioxide, manganese oxide, chromium (III) oxide and iron trioxide
produced in accordance with the process of any one of Claims 1 to 3. 25 5.
A ceramic article made from the black ceramic powder of Claim 4. 6. A
ceramic article according to Claim 5 containing 0.1% to 2% by weight
vanadium pentoxide, 1% to 12% by weight titanium dioxide, 1% to 15% by
weight manganese oxide, 0.1% to 20% by weight chromium (ll) oxide. 30 7. A
ceramic article according to Claim 5 selected from the group consisting of
an infrared absorbing or emitting element, a heat collector, a heat
exchanger, a heat radiator, a furnace liner and a ceramic plate. 35 & A
black ceramic solar energy collector formed from the black ceramic powder
according to Claim 4. Revendlations 40 1. Proced6 de fabrication d'une
poudre c6ramique noire a partir d'une matibre premiere comprenant un dechet
Industriel choisi dans le groupe qui comprend les residus de vanadium, les
cendres de pyrite et les laitiers de chrome, les 6tapes du proced6 dtant
choisies parmi l une des 4tapes suivantes: (1) le broyage de la matibre
premiere sous forma dune poudre ceramlque noire de dimensions convenables
inferieures a 0,84 mm (20 mesh), 45        (2) la calcination de la matibre
premibre a une temperature superieure a 800 'C pendant 1 a 60 min, puis le
broyage, ou (3) le broyage de la matibre premiere sous forme d'une poudre
de dimensions convenables, la mise de la poudre sous forme d'un corps cru
de forme convenable, Ia calcination du corps cru et le broyage du corps
calcin6 sous forme d'une poudre de dimensions convenables, 50
caractdrisW en ce que la poudre est un melange de 0,5 a 2 % en poids de
pentoxyde de vanadium, 3 a 20 % en poids de bioxyde de titane, 4 & 15 % en
poids d'oxyde de manganese, 1 a 20 % en polds d'oxyde de chrome (IlI). et
30 a 80 en poids de trioxyde de for, par rapport au poids de la poudre
ceramique noire. 56 2  Proced6 selon la revendlcation 1, dans loquel la
temperature de calcination est comprise entre 1 000 et 1 400 * C. 3.
Procede selon la revendication 1 ou 2, dans lequel les dechets industrials
sont des residus de    EP 0201 179 B1 



vanadium. 4. Poudre ceramique noire contenant du pentoxyde de vanadium, du
bioxyde de titane, de I'oxyde de manganese, de l'oxyde de chrome (III). et
du trioxyde de fer, et preparse par mise en oeuvre du 5     procede selon
'une quelconque des revendications 1 a 3. 5. Article ceramique fabrique a
partir de la poudre cerarhique noire de la revendIcation 4. 6. Article
ceramlque selon la revendication 5, contenant 0,1 a 2 % en polds de
pentoxyde de vanadium, 1 10     a 12 % en polds de bioxyde de titane, 1 a
15 % en poids d'oxyde de manganese, 0,1 & 20 % en polds d'oxyde de chrome
(Ill). 7. Article ceramique selon la revendication 5, choisi dans le groupe
qui comprend un element d'absorp- tion ou d'4misslon d'infrarouge, un
collecteur de' chaleur, un echangeur de chaleur, un radiateur 15
thermique, un revetement de four et une plaque ceramlque. 8 Collecteur
dOnergle solaire de c~ramique noire, form6 de la poudre ceramlque noire
selon la revendicatlon 4. 20 Anspr~che 1. Verfahren zur Herstellung elnes
schwarzen keramischen Pulvers aus einem Ausgangsmaterial, das ein
industrielles Abfallprodukt umfait, ausgewdhlt aus der Gruppe, die aus
Vanadinrickstand, Pyritzunder 25     und Chromschlacke besteht, wobel die
Schritte des Verfahrens ausgewahit sind aus den folgenden: (1) Mahlen des
Ausgangsmaterlals, um eln schwarzes keramisches Pulver In elner geeigneten
GroBe von weniger als 20 mesh (0,84 mm) zu erhalten; (2) Kalzinleren des
Ausgangsmaterials bel elner Temperatur oberhalb 800 C fOr 1-60 Mlnuten und
anschilelendes Mahlen; oder 30        (3) Mahlen des Ausgangsmaterials zu
einem Pulver geeigneter GroBe, Ausformen des Pulvers zu elnem GrUnfing
geeigneter Form, Kalzinieren des Grlnlings und Mahlen des kalzinierten
Korpers zu einen Pulver geeigneter GrMe; dadurch gekennzeichnet, dan das
Pulver eln Gemisch von 0,5 Gew.-% bis 2 Gew.-% Vanadinpent- oxld, 3 Gew.-%
bis 20 Gew.-% Titandloxid, 4 Gew.-% bis 15 Gew.-% Manganoxid, 1 Gew.-% bis
20 35     Gew.-% Chrom(ill)-oxid und 30 Gew.-% bis 80 Gew.-% Elsentrioxid,
bezogen auf das Gewlcht des schwarzen keramischen Pulvers, umfalt. 2.
Verfahren nach Anspruch 1, dadurch gekennzeichnet, daB die
Kalzinlerungstemperatur 1 000 C bis 1400 C betrfigt. 40 3. Verfahren nach
Anspruch 1 oder 2. dadurch gekennzeichnet. daB dss Industrielle
Abfallprodukt VanadsinrOckstand Ist. 4. Schwarzes keramisches Pulver,
welches Vanadinpentoxid, Titandioxid, Manganoxid, Chrom(ill)-oxid und 45
Elsentrioxid umfalt, hergestellt gemalB dem Verfahren nach elnem der
AnsprUche 1 bis 3. 5. Keramischer Artikel, hergestelit aus dem schwarzen
keramischen Pulver nach Anspruch 4. 6. Keramischer Artikel nach Anspruch 5,
dadurch gOekennzeichnet, daB er 0,1 Gew.-% bis 2 Gew.-% 50
Vanadinpentoxid, 1 Gew.-% bis 12 Gew.-% Titandioxid, 1 Gew.-% bis 15 Gew.-%
Manganoxid, 0,1 Gew.-% bis 20 Gew.-% Chrom(lil)-oxid enthalt. 7.
Keramischer Artikel nach Anspruch 5, ausgewAhIt aus der Gruppe, die aus
einem infrarotabsorbieren- den oder -emittierenden Element, einem
Warmekollektor, einem Warmetauscher, einem Warmestrah- 56    ler, einem
Ofenauskleidungsmaterial und einer keramischen Platte besteht. 8 Schwarzer
keramischer Sonnenenergiekollektor. hergestellt aus dem schwarzen
keramischen Pulver nach Anspruch 4. 7    


