
Coating process for manufacture or reprocessing of
sputter targets and X-ray anodes The present invention
relates to a process for application of layers to
sputter targets or X-ray anodes, which layers contain
only small amounts of gaseous impurities, such as
oxygen. The application of refractory metal layers to
surfaces displays numerous problems. In the familiar
processes, the metal is usually melted completely or
partly, as a result of which the metals readily
oxidize or take up other gaseous impurities.
Conventional processes, such as deposit welding and
plasma spraying, must therefore be carried out under
an inert gas or in vacuo. In this case, a high outlay
on apparatus is necessary, the size of the structural
components is limited and the content of gaseous
impurities here is still not satisfactory. The
introduction of large amounts of heat transmitted into
the object to be coated leads to a very high potential
for distortion and ensures that these processes cannot
be employed in the case of complex structural
components, which often also comprise components which
melt at low temperatures. Such structural components
are, in particular, so-called sputtering targets, that
is to say sources of metal which are employed in
cathode sputtering of metal. Complex structural
components must therefore be dismantled before
processing, which as a rule means thatprocessing is
uneconomical in practice, and merely recycling of
materials (scrapping) of the structural components is
carried out. In vacuum plasma spraying, impurities of
tungsten and copper which originate from the
electrodes used are moreover introduced into the
layer, which as a rule is undesirable. For example, if
layers of tantalum or niobium are used for corrosion
protection, these impurities reduce the protective
action of the coating by the formation of so-called
micro-galvanic cells. In the case of sputter targets,
this contamination can lead to components becoming
unusable . These processes moreover are melt
metallurgy processes, which always involve their
inherent disadvantages, such as, for example,
unidirectional particle growth. This occurs in
particular in laser processes, wherein a suitable
powder is applied to the surface and is melted by a
laser beam. A further problem lies in the porosity,
which can be observed in particular if a metal powder
is first applied and this is then melted with a heat
source. It has indeed been attempted in WO 02/064287
to solve these problems by merely superficially
melting and sintering the powder particles by a beam
of energy, such as e.g. laser beams. However, the
results are not always satisfactory, a high outlay on
apparatus is necessary and the problems associated
with an indeed reduced but nevertheless high
introduction of heat 



into a complex structural component remain.
WO-A-03/106, 051 discloses a method and an apparatus
for low pressure cold spraying. In this process a
coating of powderparticles is sprayed in a gas
substantially at ambient temperatures onto a
workpiece. The process is conducted in a low ambient
pressure environment which is less than atmospheric
pressure to accelerate the sprayed powder particles.
With this process a coating of a powder is formed on a
workpiece. EP-A-I, 382, 720 discloses another method
and apparatus for low pressure cold spraying. In this
process the target to be coated and the cold spray gun
are located within a vacuum chamber at pressures below
80 kPa. With this process a workpiece is coated with a
powder. In view of this prior art it was the object of
providing a novel process for recycling of sputtering
targets or X-ray anodes in which no recycling of
materials or dismantling of the target is necessary
and which is distinguished by a low introduction of
heat and outlay on apparatus and a broad applicability
for various carrier materials and sputter materials or
X-ray anode materials, and wherein the metal to be
applied is not melted or superficially melted during
processing. The object of the present invention is
achieved in that a desired refractory metal is applied
to the desired surface by a process according to claim
1 . Processes in which, in contrast to the
conventional processes of thermal spraying (flame,
plasma, high-velocity flame, arc, vacuum plasma, low
pressure plasma spraying) and deposit welding, no
superficial melting or melting of the coating
material, caused by thermal energy generated inthe
coating apparatus, occurs are in general suitable for
this. In this context, contact with a flame or hot
combustion gases is to be avoided, since these can
have the effect of oxidation of the powder particles
and the oxygen content in the layers obtained
therefore increases. These processes are known to the
person skilled in the art, for example, as cold gas
spraying, cold spray processes, cold gas dynamic
spraying, kinetic spraying and are described, for
example, in EP-A-484533. The process described in the
patent DE-A-10253794 is likewise also suitable
according to the invention. The so-called cold spray
process or the kinetic spray process are particularly
suitable for the process according to the invention;
the cold spray process which is described in
EP-A-484533, to which reference is expressly made, is
suitable in particular. A process for application of
coatings to surfaces of sputter targets or of X-ray
anodes which is thus advantageously employed is a
process wherein a gas flow forms a gas /powder mixture
with a powder of a material chosen from the group
consisting of niobium, tantalum, tungsten, molybdenum,
titanium, zirconium, mixtures of at least two thereof
or alloys thereof with one another or other metals,
the powder has a particle size of 0.5 to 150 



mm , wherein a supersonic speed is imparted to the gas
flow and a jet of supersonic speed which ensures a
speed of the powder in the gas/powder mixture of 300
to 2,000 m/s, preferably 300 to 1,200 m/s, is formed
and the jet is directed on to the surface of an
object.On the surface of the object, the impinging
metal powder particles form a layer, the particles
becoming severely deformed. The powder particles are
advantageously present in the jet in an amount which
ensures a - flow rate density of the particles of from
0.01 to 200 g/s cm2, preferably 0.01 to 100 g/s cm2,
very preferably 0.01 g/s cm2 to 20 g/s cm2, or most
preferred from 0.05 g/s cm2 to 17 g/s cm2 . The flow
rate density is calculated from the formula F =
m/(p/4*D2 ) , where F = flow rate density, D = nozzle
crosssection, m = powder delivery rate. A powder
delivery rate of e.g. 70 g/min = 1.1667 g/s is a
typical example of a powder delivery rate. At low D
values of below 2 mm values of markedly greater than
20 g/s cm2 can be achieved. In this case F can easily
assume values 50 g/s cm2 or even higher at higher
powder delivery rates. An inert gas, such as argon,
neon, helium or nitrogen or mixtures of two or more
thereof, is in general used as the gas with which the
metal powder forms a gas/powder mixture. In particular
cases, air can also be used. If safety regulations are
met also use of hydrogen or mixtures of hydrogen with
other gases can be used. In a preferred version of the
process the spraying comprises the steps of: -
providing a spraying orifice adjacent a surface to be
coated by spraying;- providing to the spraying orifice
a powder o f a particulate material chosen from the
group consisting o f niobium, tantalum, tungsten,
molybdenum, titanium, zirconium, mixtures of at least
two thereof or alloys thereof with one another or
other metals, the powder having a particle size of 0.5
to 150 mm , said powder being under pressure;
providing an inert gas under pressure to the spraying
orifice to establish a static pressure at the spraying
orifice and providing a spray o f said particulate
material and gas onto the surface to b e coated; and
locating the spraying orifice in a region o f low
ambient pressure which is less than 1 atmosphere and
which is substantially less than the static pressure
at the spraying orifice to provide substantial
acceleration of the spray of said particulate material
and gas onto said surface to be coated. In another
preferred version of the process the spraying is
performed with a cold spray gun and the target to b e
coated and the cold spray gun are located within a
vacuum chamber at pressures below 80 JcPa, preferably
between 0.1 and 50 kPa, and most preferred between 2
and 10 JcPa . Further advantageous embodiments can b e
seen from the claims . 



The refractory metal, which is employed in powder form
as the powder according to the invention, in general
has a purity of 99 % o r more, such as 99.5 % or 99.7
% or 99.9 % .According to the invention, the
refractory metal advantageously has a purity of at
least 99.95 % , based on metallic impurities, in
particular at least 99.995 % or at - least 99.999 % ,
in particular at least 99.9995 % . If an alloy is
employed instead of an individual refractory metal, at
least the refractory metal has this purity, but
preferably the entire alloy has this purity, so that a
corresponding highly pure layer can be produced. The
metal powder moreover has an oxygen content of less
than 1,000 ppm oxygen, or less than 500, or less than
300, in particular an oxygen content of less than 100
ppm. Refractory metal powders having a purity of at
least 99.7 % , advantageously of at least 99.9 % , in
particular 99.95 % , and a content of less than 1,000
ppm oxygen, or less than than 500 ppm oxygen, or less
than 300 ppm oxygen, in particular an oxygen content
of less than 100 ppm, are suitable in particular.
Refractory metal powders having a purity of at least
99.95 % , in particular of at least 99.995 % , and a
content of less than 1,000 ppm oxygen, or less than
than 500 ppm oxygen, or less than 300 ppm oxygen, in
particular an 5 oxygen content of less than 100 ppm,
are suitable in particular . Refractory metal powders
having a purity of at least 99.999 % , in particular
of at least 99.9995 % , and a 0 content of less than
1,000 ppm oxygen, or less than than 500 ppm oxygen, or
less than 300 ppm oxygen, in particularan oxygen
content of less than 100 ppm, are suitable in
particular. In all the abovementi-oned powders, the
total content of other non-metallic impurities, such
as carbon, nitrogen or hydrogen, should advantageously
be less than 500 ppm, preferably less than 150 ppm. In
particular, the oxygen content is advantageously 50
ppm or less, the nitrogen content is 25 ppm or less
and the carbon content is 25 ppm or less. The content
of metallic impurities is advantageously 500 ppm or
less, preferably 100 ppm or less and most preferably
50 ppm or less, in particular 10 ppm or less. Suitable
metal powders are, for example, many of the refractory
metal powders which are also suitable for the
production of capacitors. Such metal powders can be
prepared by reduction of a refractory metal compound
with a reducing agent, and preferably subsequent
deoxidation. In this procedure, for example, tungsten
oxide or molybdenum oxide is reduced in a stream of
hydrogen at elevated temperature. The preparation is
described, for example, in Schubert, Lassner,
"Tungsten", Kluwer Academic/Plenum Publishers, New
York, 1999 or Brauer, "Handbuch der Praparativen
Anorganischen Chemie", Ferdinand Enke Verlag
Stuttgart, 1981, p . 1530.In the case of tantalum and
niobium, the preparation is 



usually carried out by reduction of alkali metal
heptaf luorotantalates and earth alkaline metal -
heptaf luorotantalates or the oxides, such as, for
example, sodium heptaf luorotantalate, potassium
heptafluorotantalate, sodium heptafluoroniobate or
potassium heptafluoroniobate, with an alkali metal or
alkaline earth metal. In this procedure, the reduction
can be carried out in a salt melt with the addition
of, for example, sodium, or in the gas phase, calcium
vapour or magnesium vapour advantageously being used.
The refractory metal compound can also be mixed and
heated with the alkali metal or alkaline earth metal.
A hydrogen atmosphere may be advantageous. Numerous
suitable processes are known to the person skilled in
the art, and process parameters from which he can
choose the suitable reaction conditions are known.
Suitable processes are described, for example, in US
4483819 and WO 98/37249. After the reduction, a
deoxidation advantageously takes place. This can be
effected, for example, by mixing the refractory metal
powder with Mg, Ca, Ba, La, Y or Ce and subsequent
heating, or heating the refractory metal in the
presence of a getter substance in an atmosphere which
renders possible transfer of oxygen from the metal
powder to the getter substance. The refractory metal
powder is then usually freed from the salts of the
deoxidizing agent with an acid and water and dried. It
is advantageous here if, when metals are used for
decreasing the oxygen content, the metallic impurities
can be kept low.A further process for the preparation
of pure powders having a low oxygen content comprises
reduction of a refractory metal hydride with an
alkaline earth metal as the reducing agent, thus such
as disclosed, for example, in WO 01/12364 and
EP-A-1200218 . The invention moreover relates to a
process for reprocessing or production of a sputter
target (source of metal in cathode sputtering of
metal) , wherein a gas flow forms a gas/powder mixture
with a powder of a material chosen from the group
consisting of niobium, tantalum, tungsten, molybdenum,
titanium, zirconium or mixtures of two or more thereof
or alloys thereof with at least two thereof or with
other metals, the powder has a particle size of 0.5 to
150 mm , wherein a supersonic speed is imparted to the
gas flow and the jet of supersonic speed is directed
on to the surface of the object to be reprocessed or
produced. A sputter target is a source of metal in the
cathode sputtering of metal. These are employed in the
production of integrated circuits, semiconductors and
other electrical, magnetic and optical products.
During the sputtering process, in general the metal
surface of the sputter target is worn away
non-uniformly, which leads to a furrow on the surface.
To avoid contamination with the material of the
backing plate or even a catastrophic breakthrough of
cooling liquid, the sputter targets are not 



used until the refractory metal layer is used up, but
are taken out of service promptly beforehand, so that
only a relatively small amount of the refractory metal
is used up when a new sputter target is employed.
However, themajority can merely be sold as scrap, or
their materials recycled, since removal of the backing
plate is required and connection to a new refractory
metal plate is necessary. The backing plate here,
however, is the part of the sputter target which is of
lower value. There is therefore a need for a technique
which either renders possible reprocessing of a
sputter target without having to detach the backing
plate for this or which renders possible to deposit
the sputter material direct to the backing. For this
purpose, the furrow in a used sputter target is topped
up again with the particular refractory metal by the
cold spray process, as described above. For this, the
jet of supersonic speed of the gas/powder mixture is
directed on to the furrow and moved over the complete
length and shape of the furrow. This is repeated as
often as is necessary to top up the furrow again, so
that the surface of the sputter target forms a
substantially flat area again and/or the topped-up
material is raised slightly above the surface of the
sputter target. Preferably, the jet of supersonic
speed of the gas/powder mixture is then directed on to
the remaining surface of the sputter target and guided
over the complete length, breadth and shape of the
sputter target surface until a uniformly thick and
flat layer which completely covers the surface of the
sputter target has been obtained. The rough surface
obtained can then be ground and polished by the
conventional processes, so that the desired smooth
surface is obtained.During production of a new sputter
target, the layer is applied to a backing plate.
Depending upon the construction of the target the jet
of supersonic speed of the gas/powder mixture is
therefore either directed on to the complete surface
of the backing plate of the sputter target and guided
over the complete length, breadth and shape of the
sputter target surface, until a uniformly and
sufficiently thick and flat layer which completely
covers the surface of the sputter target has been
obtained or only the contact area of the plasma is
coated whicht results in a considerable saving of
material. The layer thickness is usually more than
0.01 mm. Preferred are layers with a thickness between
0.1 and 100 mm, more preferred between 0.5 and 50 mm,
still more preferred between 5 and 45 mm, still more
preferred between 8 and 40 mm, still more preferred
between 10 and 30 mm, still more preferred between 10
and 20 mm and most preferred between 10 and 15 mm. The
purities and oxygen contents of the layers obtained
should deviate not more than 50 % and preferably not
more than 20 % from those of the powder. This can
advantageously be achieved if the sputter target to be
reprocessed is coated under an inert gas. Argon is 



advantageously used as the inert gas, since because of
a higher density than air, it tends to cover the
object to be coated and to remain present, especially
if the sputter target is in a vessel which prevents
the argon from escaping or flowing out and argon is
topped up continuously.The process according to the
present invention is particularly suitable for the
processing or production of sputtering targets,
because on the one hand during production by
thermomechanical processes crystallographic preferred
orientations which can change at different intervals
often occur, so that no uniform texture is obtained
and instead so-called bands, that is to say regions of
different preferred orientations. In thermomechanical
processes, this can be prevented only with a high
outlay. In contrast, a uniform texture in which the
preferred orientations vary, for example, less than 30
% with respect to any desired plane on the surface,
these planes running perpendicular, parallel or
diagonally to the normal to the surface, and the
preferred orientations varying by less than 30 % over
the thickness of the refractory metal layer, may be
obtained by the process according to the invention. A
uniform particle size distribution (grain size) is
likewise obtained in the layers, so that also no bands
of different particle size are obtained if this is not
desired. In processes in which powder is applied to
the sputter target and melted, experience shows that
bubbling and particle growth occurs. This also cannot
be observed in the process according to the invention.
After application of the layer, the surface of the
sputter target must be ground and polished in order to
obtain asuitable smooth surface. This can be carried
out by the conventional processes according to the
prior art. In the production of a new sputter target,
the layer is applied to a backing means, e.g. to a
backing plate. This plate is in general a plate of
copper or aluminium or an alloy of at least one of
these metals with beryllium. This backing plate can
contain channels in which there is a cooling medium.
The backing plate and therefore also the sputter
target can be in the form of a plate having a circular
or angular cross-section, as a rod, cylinder, block or
any other desired shape. Additional structural
components liquid cooling coils and/or a larger
coolant reservoir and/or complex flanges or other
mechanical or electrical structures can also be
attached. The layers which are applied according to
the invention, or layers which are produced during
production or reprocessing of a sputter target, have a
high purity and a low oxygen content . These layers
advantageously have an oxygen content of less than
1,000 ppm oxygen, or less than 500, or less than 300,
in particular an oxygen content of less than 100 ppm. 



In particular, these layers have a purity of at least
99.7 % , advantageously of at least 99.9 % , in
particular of at least 99.95 % , and a content of less
than 1,000 ppm oxygen, or less than than 500 ppm
oxygen, or less than 300 ppm oxygen, in particular an
oxygen content of less than 100 ppm.In particular,
these layers have a purity of at least 99.95 % , in
particular of at least 99.995 % , and a content of
less than 1,000 ppm oxygen, or less than than 500 ppm
oxygen, or less than 300 ppm oxygen, in particular an
oxygen content of less than 100 ppm. In particular,
these layers have a purity of 99.999 % , in particular
of at least 99.9995 % , and a content of less than
1,000 ppm oxygen, or less than than 500 ppm oxygen, or
less than 300 ppm oxygen, in particular an oxygen
content of less than 100 ppm. The layers according to
the invention preferably have a total content of other
non-metallic impurities, such as carbon, nitrogen or
hydrogen, which is advantageously less than 500 ppm
and most preferably less than 150 ppm. With the
process of this invention layers with higher impurity
contents can also be produced. The layer applied has a
content of gaseous impurities which deviates not more
than 50 % , or not more than 20 % , or not more than
10 % , or not more than 5 % , or not more than 1 %
from the content of the starting powder with which
this layer has been produced. In this context, the
term deviation is to be understood as meaning, in
particular, an increase; the layers obtained should
thus advantageously . have a content of gaseous
impurities which is not more than 50 % above the
content of the starting powder.The layer applied
preferably has an oxygen content which deviates not
more than 5 % , in particular not more than 1 % from
the oxygen content of the stating powder. In all the
abovementioned layers, the total content of other
non-metallic impurities, such as carbon, nitrogen or
hydrogen, should advantageously be less than 500 ppm
and most preferably less than 150 ppm. In particular,
the oxygen content is advantageously 50 ppm or less,
the nitrogen content is 25 ppm or less and the carbon
content is 25 ppm or less. The content of metallic
impurities is advantageously 50 ppm or less, in
particular 10 ppm or less. In an advantageous
embodiment, the layers moreover have a density of at
least 97 % , preferably greater than 98 % , in
particular greater than 99 % or 99.5 % . The density
of the layer here is a measure of the closed nature
and porosity of the layer. 97 % density of a layer
means that the layer has a density of 97 % of the bulk
material. A closed, substantially pore-free layer
always has a density of more than 99.5 % . The density
can be determined either by image analysis of a
cross-section image (cross-section) of such a layer,
or by helium pyknometry. The latter method is
preferred less, since in the case of very dense
layers, pores present in layers further-removed from
the surface 



are not detected and a lower porosity than is actually
present is therefore measured. The density can be
determined by image analysis by first determining the
total area of the layer to be investigated in the
image sectionof the microscope, and then relating this
area to the areas of the pores. Pores which are
far-removed from the surface and close to the
interface to the substrate are also recorded by this
means. A high density of at least 97 % , preferably
greater than 98 % , in particular greater than 99 % or
99.5 % , is important in particular in the production
or reprocessing of sputter targets. The layers show
high mechanical strength which is caused by their high
density and by the high deformation of the particles.
In the case of tantalum, the strengths are therefore
at least 80 MPa, more preferably at least 100 MPa,
most preferably at least 140 MPa if nitrogen is the
gas with which the metal powder forms a gas/powder
mixture. If helium is used, the strength usually is at
least 150 MPa, preferably at least 170 MPa, most
preferably at least 200 MPa and very most preferred
greater than 250 MPa. The present invention therefore
also relates to sputter targets comprising at least
one layer of the refractory metals niobium, tantalum,
tungsten, molybdenum, titanium, zirconium, mixtures of
two or more thereof or alloys of two or more thereof
or alloys with other metals which have the
abovementioned properties. In particular, the layers
are layers of tantalum or niobium. Preferably layers
of tungsten, molybdenum, titanium zirconium or
mixtures of two or more thereof or alloys of two or
more thereof or alloys with other metals,
verypreferably layers of tantalum or niobium, are
applied by cold spraying to the surface of a substrate
to be coated. Surprisingly it has been found that with
said powders or powder mixtures, preferably with
tantalum and niobium powders, possessing a reduced
oxygen content, for example an oxygen content below
1000 ppm there can be produced cold sprayed layers
with very high deposition rates of more than 90 % . In
said cold sprayed layers the oxygen content of the
metal is nearly unchanged compared to the oxygen
content of the powders. These cold sprayed layers show
considerably higher densities than layers produced by
plasma spraying or by vacuum spraying. Furthermore,
these cold sprayed layers can be produced without any
or with small texture, depending on powder properties
and coating parameters. Sputter targets comprising
cold sprayed layers produce in the sputting process
thin layers showing an uniformity and an electric
resistivity comparable with thin layers prepared with
conventional sputter targets. Surprisingly it has been
found that with decreasing oxygen content of the cold
sprayed target layers density and other properties of
the sputtered layers are improved (??OK??) . Metal
powders which comprise alloys, pseudo-alloys and
powder mixtures of refractory metals with suitable
nonrefractory metals are also suitable for use in the 



processes according to the invention. Sputtering
targets which the same alloy or pseudo-alloy can be
reprocessed or also produced therewith. These include,
in particular, alloys, pseudo-alloys or powder
mixtures of a refractory metal chosen from the group
consisting of niobium,tantalum, tungsten, molybdenum,
zirconium and titanium with a metal chosen from the
group consisting of cobalt, nickel, rhodium,
palladium, platinum, copper, silver and gold. Such
powders belong to the prior art, are known in
principle to the person skilled in the art and are
described, for example, in EP-A-774315 and
EP-A-1138420 . These can be prepared by conventional
processes; thus, powder mixtures are obtainable by
homogeneous mixing of ready-made metal powders, it
being possible for the mixing to take place on the one
hand before the use in the process according to the
invention, or also to be carried out during production
of the gas/powder mixture. Alloy powders are usually
obtainable by melting and mixing of the alloying
partners together. According to the invention,
so-called pre-alloyed powders can also be used as
alloy powders . These are powders which are produced
by a process in which compounds, such as e.g. salts,
oxides and/or hydrides, of the alloying partners are
mixed and then reduced, so that intimate mixtures of
the particular metals are obtained. Pseudo-alloys can
moreover also be used according to the invention.
Pseudo-alloys are understood as meaning materials
which are obtained not by conventional melt
metallurgy, but e.g. by grinding, sintering,
infiltration or by spray drying / agglomerating with
and without subsequent sintering of the materials
together. Known materials are, for example,
tungsten/copper alloys or tungsten/copper mixtures,
the properties of which are known and are listed here
by way of example:Molybdenium/copper alloys or
molybdenium/copper mixtures in the same ratios as
stated above are also known. Molybdenium/silver alloys
or molybdenium/silver mixtures which comprise e.g. 10,
40 or also 65 wt .% molybdenum are also known.
Tungsten/silver alloys or tungsten/silver mixtures
which comprise e.g. 10, 40 or also 65 wt .% tungsten
are also known . These can be employed e.g. in
heatpipes, heat sinks or, generally, temperature
management systems. Tungsten/rhenium alloys can also
be employed, but the metal powder is an alloy of the
following composition: molybdenum 94 to 99 wt. % ,
preferably 95 to 97 wt.%, niobium 1 to 6 wt.%,
preferably 2 to 4 wt.%, zirconium 0.05 to 1 wt.%,
preferably 0.05 to 0.02 wt.%. Like pure refractory
metal powders, these alloys can be used in a purity of
at least 99.95 % for reprocessing or production of
sputter targets with cold gas spraying. Materials
which are suitable for the processes according to the
invention are listed in Tables 1 to 15. Individual
materials are designated by the number of the
tablefollowed by the number of the combination of the
components 



and the amount of the non-refractory metal as in Table
1 . For example, material 22.0005 is a material
described in Table 22, wherein the precise composition
is defined with the non-refractory metal and the
amount thereof as listed in Table 1 , position no. 5 .
Suitable niobium alloys are listed in Table 1 . Table
1Improved method for preparing ginkgo extracts having
a low content of 4'-O-methyl pyridoxine and/or
biflavones The present invention relates to an
improved multi-step method for preparing an extract
from ginkgo biloba having a reduced content of
4'-O-methyl pyridoxine and/or biflavones, wherein the
depletion is effected by filtration over an adsorber
resin and/or an ion exchanger and the substances to be
removed are retained on the resin. The invention
further relates to an extract from ginkgo biloba
having a reduced content of 4'-O-methyl pyridoxine
and/or biflavones which is obtainable by the method
according to the present invention, as well as to its
use. Since decades, extracts from the leaves of ginkgo
biloba are used as a medicament. They are currently
used for the treatment of different kinds of dementia
and symptoms thereof as well as cerebral and
peripheral blood circulation disorders. Ingredients,
the efficacy is associated with, are terpene lactones
(ginkgolides A, B, C and bilobalide) as well as
glycosides of flavones (quercetin, kaempferol and
isorhamnetin). The leaves of ginkgo biloba also
contain components which do not contribute to the
desired efficacy, but which may be responsible for
risks and side effects. In addition to unpolar plant
ingredients such as ginkgolic acids, those components
are 4'-O-methyl pyridoxine and biflavones. In a ginkgo
extract, which is efficacious and at the same time as
safe as possible and as low in side effects as
possible, these compounds should thus not be present
to the largest possible extent. 4'-O-methyl pyridoxine
may cause symptoms of poisoning such as convulsive se
i zures and unconsciousness. Thus, this compound is
also referred to as ginkgotoxin. The biflavones
contained in ginkgo exhibit an immunotoxic potential
and may elicit contact allergies. These biflavones
contained in ginkgo are predomi nantly the compounds
amentoflavone, bilobetin, ginkgetin, isoginkgetin and
sciadopitysin.4'-O-Methyl pyridoxine: Biflavones:
Amentoflavone: R1 = R2 = R3 = H Bilobetin: R1 = R3 =
H, R2 = OCH Ginkgetin: R33 _= UH, DR11 -= DR22 _= OCH3
Isoginkgetin: R1 = H, R2 = R3 = OCH3 Sciadopitysin: R1
= R2 = R3 = OCH3 Methods for depleting 4'-O-methyl
pyridoxine and simultaneously biflavones as well as
the extracts obtained are already described in EP 1
037 646 B1. Therein, 4'-O-methyl pyridoxine is
retained using an acidic cation exchanger and the
bifla vones are adsorbed on activated carbon.
Preferably these depletion steps are car ried out
after step f) of the method according to EP 1 037 646
B1 (page 3), i.e., after "treating the solution with a
lead compound or an insoluble polyamide". The method
of EP 1 037 646 B 1 is based on the method originally
described in DE 39 40 091 C2.In EP 1 037 646 B 1 the
depletion of the biflavones and 4'-O-methyl pyridoxine
is carried out at a stage of the method (step T)),
wherein relatively high contents of lead salts and
ammonium salts are present such that an increased
amount of ion exchanger has to be employed.
Furthermore, the depletions of biflavones and
4'-O-methyl pyridoxine are de scribed and claimed in
combination only. However, depending on the limits to
be possibly established in the future and in view of
the requirement of as low a modi 



fication of the extract composition as possible, it
may be desirable to remove the biflavones or
4'-O-methyl pyridoxine only. Furthermore, the contents
of less than 50 ppm of 4'-O-methyl pyridoxine and less
than 100 ppm of biflavones which are aspired in EP 1
037 646 B 1, are still com paratively high. Since EP 1
037 646 B 1 does not describe a comparative example,
also the actual degree of depletion achieved in
Examples 2 and 3 cannot be seen from this reference.
Thus, it is the object underlying the present
invention to provide a method for pre paring ginkgo
extracts having a low content of 4'-O-methyl
pyridoxine and/or a low content of bioflavones which
does not have the disadvantages indicated above and,
in particular,  wherein well recyclable and/or very
inexpensive adsorbents are employed,  which leads to
contents of 4'-O-methyl pyridoxine of less than 20
ppm, pref erably less than 10 ppm and particularly
preferred less than 2 ppm and/or contents of
biflavones of less than 20 ppm, preferably less than
10 ppm and particularly preferred less than 5 ppm and
which leads to extracts having preferred contents of
flavonoides of 20 to 30% by weight (particularly
preferred 22.0 to 27.0%), of terpene lactones of 4.5
to 8.5% by weight (particularly preferred 5.0 to 7.0%,
preferably 2.8 to 3.4% ginkgolides A, B and C and 2.6
to 3.2% bilobalid) and of ginkgolic acids (5 ppm at
the most), wherein said contents of flavonoids of 22.0
to 27.0%, of terpene lactones of 5.0 to 7.0% (2.8 to
3.4% thereof ginkgolides A, B and C- A - and 2.6 to
3.2% thereof bilobalid) and of ginkgolic acids (5 ppm
at the most) fulfil the requirements of the German
Pharmacopoeia 2003 ("Deutsches Arzneibuch"; DAB).
According to the DAB the flavonoids are determined in
the form of quercetin, kaempferol and isorhamnetin
after acidic hydrolysis and calculated as flavonoid
glycosides. This object could be solved by separating
the biflavones using adsorber resins and/or separating
4'-O-methyl pyridoxine via acidic ion exchangers. In
order to produce the extracts according to the present
invention, preferably the following method is carried
out, wherein steps a) to i) as well as m) are
essentially described already in DE 39 40 091 C2, the
total disclosure content of which, in particular with
respect to the details of the method, shall be
incorporated into the present application by
reference: a) extracting the leaves of ginkgo biloba
(drug) at a temperature of 20-100 0C, pref erably
40-60 0C, using water-containing acetone having a
content of 20-90% by weight, a water-containing
alkanol having 1 to 3 carbon atoms (methanol, ethanol,
n-propanol and isopropanol) and a content of 20-90% by
weight or anhydrous methanol, wherein the ratio drug :
solvent amounts to 1:4 to 1:20, preferably 1:5 to
1:10, b) separating the organic solvent by evaporating
the solvent to a content of 10% by weight at the most
(preferably 5% by weight at the most), wherein water
may be added during the final distillation steps, c)
diluting the remaining aqueous solution with water to
a solids content of 5 to 25% by weight (preferably 15
to 20% by weight), cooling the solution to a tem
perature below 25C (preferably about 10 to 12C) and
allowing the remaining aqueous solution to stand until
a precipitation is formed, d) treating the remaining
aqueous solution with ammonium sulfate (preferably to
a content of up to 40% by weight, particularly
preferred 25 to 35% by weight) and subsequently
extracting the solution at least once using methyl
ethyl ketone or amixture of methyl ethyl ketone and
acetone (preferably in a ratio of 9:1 to 4:6, in
particular 6:4), e) concentrating the extract obtained
(preferably to a solids content of 50 to 70% 



by weight) and diluting the extract with a mixture of
ethanol and water to obtain a solution containing 50%
by weight water and 50% by weight ethanol and having a
solids content of 10% by weight, f) treating the
solution with a lead compound (preferably with lead
acetate, lead hydroxide acetate, lead nitrate or an
aqueous suspension of lead hydroxide) until a change
in colour from brown to umber occurs, or an insoluble
polyamide (preferably polyamide 6, polyamide 6,6 or
crosslinked polyvinylpyrrolidone (polyvidone)), g)
extracting the filtered solution using an aliphatic or
cycloaliphatic solvent having a boiling point of 60 to
1000C, h) concentrating the remaining
aqueous-alcoholic solution, subsequently treating the
solution with ammonium sulfate and extracting the
solution with methyl ethyl ketone and ethanol, (the
solution is preferably concentrated under reduced pres
sure to an ethanol content of about 5% at the most,
added with ammonium sulfate to a content of 20% by
weight and extracted with the solvent in a ratio of
8:2 to 5:5, preferably 6:4), i) concentrating the
organic phase obtained to a solids content of 50 to
70% by weight, k) dissolving the concentrate in an
aqueous alkanol having 1 to 3 carbon atoms and
optionally filtering the product, I) filtration over
an adsorber resin and/or an ion exchanger, wherein the
substances to be removed are retained on the resin and
m) drying the concentrate (preferably at a maximum
temperature of 60 to 800C) under reduced pressure to
obtain a dry extract having a water content of less
than 5%. It is the advantage of the method according
to the present invention that the de pletion step is
carried out at the end of the method. Thus, a smaller
amount of theion exchanger has to be employed and
particularly low contents of 4'-O-methyl pyridoxine
and/or biflavones are obtained. Preferred adsorber
resins in step I) are resins based on optionally
substituted styrenes/ divinylbenzenes such as Diaion
HP-20, HP-21 or Sepabeads SP-207 and SP-850. Preferred
ion exchangers are strongly acidic ion exchangers such
as Merck I or Amberlite IR-120. The filtration
optionally includes the usual rinsing us ing further
solvent. The aqueous alkanol in step k) is aqueous
methanol, ethanol, n-propanol or isopropanol having a
content of 20-90% by weight, respectively, preferably
aqueous ethanol, a concentration of 40 to 60% by
weight being particu larly preferred. A subject of the
present invention are extracts, in particular dry
extracts, which are obtainable by the method according
to the present invention and which exhibit the
following contents:  less than 20 ppm, preferably less
than 10 ppm and in particular less than 2 ppm
4'-O-methyl pyridoxine and/or  less than 20 ppm,
preferably less than 10 ppm and in particular less
than 5 ppm biflavones. Furthermore, subject of the
present invention are extracts, in particular dry ex
tracts, which are obtainable by the method according
to the present invention and which exhibit the
following further contents:  20 to 30% by weight,
preferably 22.0 to 27.0% by weight flavonoids,  4.5 to
8.5% by weight, preferably 5.0 to 7.0% by weight
terpene lactones and  less than 10 ppm, preferably not
more than 5 ppm ginkgolic acids. A further subject of
the present invention are extracts, in particular dry
extracts, which are obtainable by the method according
to the present invention and which exhibit the
following contents: 20 to 30% by weight, preferably
22.0 to 27.0% by weight flavonoids,  2.5 to 4.5% by
weight ginkgolides A, B and C in total, preferably 2.8
to 3.4% by weight ginkgolides A, B and C in total, 



2.0 to 4.0% by weight, preferably 2.6 to 3.2% by
weight bilobalide,  less than 10 ppm, preferably not
more than 5 ppm ginkgolic acids and  less than 20 ppm,
preferably less than 10 ppm, particularly preferred
less than 2 ppm of 4'-O-methyl pyridoxine and/or  less
than 20 ppm, preferably less than 10 ppm and
particularly preferred less than 5 ppm of biflavones.
According to the European Pharmacopoeia, dry extracts
generally have a dry residue of at least 95% by
weight. The extracts according to the present
invention can be administered in the form of powders,
granules, tablets, dragees (coated tablets) or
capsules, preferably orally. In order to prepare
tablets, the extract is mixed with suitable
pharmaceutically ac ceptable adjuvants such as
lactose, cellulose, silicon dioxide, croscarmellose
and magnesium stearate, and pressed into tablets which
are optionally provided with a suitable coating, for
example made of hydroxymethylcellulose,
polyethyleneglycol, pigments (such as titanium
dioxide, iron oxide) and talcum. The extract according
to the present invention can also be filled into
capsules, optionally under the addi tion of adjuvants
such as stabilizers, fillers and the like. The dosage
is such that 10 to 2000 mg, preferably 50 to 1000 mg
and particularly preferred 100 to 500 mg extract are
administered per day. A further subject of the present
invention are medicaments, food products and other
preparations containing these extracts, optionally in
combination with other substances such as active
ingredients and/or pharmaceutically acceptable
adjuvants. The term "food product" as used herein
particularly refers to dietetic food products, dietary
supplement products as well as medical food and
dietary sup plements.Examples Preparation of the
extract solution used in Examples 1 and 2 as well as
in Comparative Examples 1 and 2 Dried leaves of ginkgo
biloba (drug) were extracted at a temperature of about
500C using seven times their weight (w/w) (i.e.
drug-solvent ratio is 1:7) made up of acetone/water
60/40 (w/w) (step a)). The organic solvent was largely
separated from the extract (step b)) and the re
maining concentrated aqueous solution was diluted with
water to a solids content of about 10% by weight. The
solution was cooled to a temperature of about 12C
under agitation and the resulting precipitate was
removed (step c)). About 30% by weight ammonium
sulfate was added to the remaining aqueous solution
and the solution formed was extracted using a mixture
of methyl ethyl ke tone and acetone in a ratio of 6:4
(step d)). The extract obtained was largely
concentrated and the concentrate thus obtained was
diluted with water and ethanol such that a solution
containing 50% by weight water and 50% by weight
ethanol at a solids content of about 10% by weight was
obtained (step e)). The solution was filtered and the
filtrate was added with an aqueous solution of lead
hydroxide acetate (step f)). After a further
filtration, the remaining aqueous alcoholic solution
was extracted with heptane (step g)). Subsequently,
the remaining aqueous alcoholic solution was
concentrated under reduced pressure to an ethanol
content of about 5% and ammonium sulfate was added
such that a content of about 20% by weight based on
the water content was achieved.The solution obtained
was extracted using a mixture of methyl ethyl ketone
and ethanol in a ratio of 6:4 (step h)). The resulting
organic phase was largely concentrated (solids content
of about 55% by weight) (step i)). Then the product
was diluted with ethanol and water such that a
solution having an ethanol content of about 75% and a
solids content of about 15% was obtained (step k)). 



Example 1: Ginkgo extract having a reduced content of
4'-O-methyl pyridoxine 1249 g of the extract solution
obtained according to the preparation method de
scribed above was adjusted with water to an ethanol
content of about 40% (w/w) and applied to 50 ml
(corresponding to 0.28 ml/g of the dry extract)
Amberlite IR- 120 (strongly acidic ion exchanger)
(column: about 2 x 16.5 cm; flow: about 8 ml/min)
(step I)), followed by rinsing with 200 ml of 50%
ethanol (w/w). The result ing solution was
concentrated on a rotary evaporator and dried in
vacuum at 500C (step m)): 179.4 g. As can be seen from
the following table, a content of 4'-O-methyl
pyridoxine of 0.4 ppm was achieved without essentially
modifying the contents of ingredients which are
relevant with respect to the efficacy. Comparative
Example 1: Ginkgo extract without depletion according
to step I) of the present invention 98.4 g of the
extract solution employed in Example 1 were
concentrated by evapo ration and dried in vacuum at
500C: 14.7 g.Example 2a): Ginkgo extract having a
reduced content of biflavones 500 g of the extract
solution obtained according to the preparation method
de scribed above were adjusted with water to an
ethanol content of about 40% (w/w) and applied to 400
ml (corresponding to 5.7 ml/g of the dry extract)
Sepabeads SP-850 (adsorber resin) (column: about 4 x
32 cm; flow: about 8 ml/min) (step I)), followed by
rinsing with about 2 I of 40% ethanol (w/w) in total.
10% of the result ing solution (259.3 g) were
concentrated on a rotary evaporator and freeze-dried
(step m)): 6.92 g. The remaining 90% of the solution
were employed in Example 2b). As can be seen from the
following table, biflavone contents of less than 1 ppm
were achieved, respectively, without essentially
modifying the contents of ingredi ents which are
relevant with respect to the efficacy. Example 2b):
Ginkgo extract having a reduced content of 4'-O-methyl
pyridoxine and biflavones 90% of the solution obtained
in Example 2a) (2334.1 g) were applied to 25 ml
(corresponding to 0.40 ml/g of the dry extract)
Amberlite IR-120 (strongly acidic ion exchanger)
(column: about 1.5 x 11 cm; flow: about 10 ml/min)
(step I)), fol lowed by rinsing with 100 ml of 40%
ethanol (w/w). The resulting solution was concentrated
on a rotary evaporator and freeze-dried (step m)): 6
1.67 g. As can be seen from the following table, a
content of 4'-O-methyl pyridoxine of 0.4 ppm and
contents of biflavones of less than 1 ppm were
achieved, respec tively, without essentially modifying
the contents of ingredients that are relevant with
respect to the efficacy.Comparative Example 2: Ginkgo
extract without depletion according to step I) of the
present invention 50 g of the extract solution
employed in Example 2a) were concentrated by
evaporation and freeze-dried: 7.05 g. Comparative
Example 3: Ginkgo extract with biflavone depletion and
4'-Omethyl pyridoxine depletion after treatment with a
lead compound (step f)) according to EP 1 037 646 B1
Dried leaves of ginkgo biloba (drug) were extracted at
a temperature of about 500C using seven times their
weight (w/w) (i.e. drug-solvent ratio is 1:7) made up
of acetone/water 60/40 (w/w). The organic solvent was
largely separated from the extract and the remaining
concentrated aqueous solution was diluted with water
to a solids content of about 10% by weight, cooled to
a temperature of about 12C under agitation and the
resulting precipitate was removed. About 30% by weight
ammonium sulfate was added to the remaining aqueous
solution and the solution formed was extracted using a
mixture of methyl ethyl ke tone and acetone in a ratio
of 6:4. 



The extract obtained was largely concentrated and the
concentrate thus obtained was diluted with water and
ethanol such that a solution containing 50% by weight
water and 50% by weight ethanol at a solids content of
about 10% by weight was obtained. The solution was
filtered, the filtrate was added with an aqueous solu
tion of lead hydroxide acetate and filtered again
(step f)). 150 ml of the solution thus obtained
(portion of dry extract: 7.1%; ethanol content: about
50%) were stirred with 2.5 g (corresponding to 0.1 7
g/g of the final product) active carbon for 30 minutes
at room temperature. The filtrate was applied to
acolumn with 4.2 ml (corresponding to 0.28 ml/g of the
final product) strongly acidic cation exchanger (Merck
I). The ion exchanger column was washed with 4 x 5 ml
EtOH (50%). The combined eluates were extracted by
shaking using 3 x 70 ml n-hexane. The ethanol/water
phase was concentrated on a rotary evaporator and
diluted with water to 100 g . The extract solution
thus obtained was extracted with 1 x 40 ml, 2 x 30 ml
and 1 x 20 ml of a mixture of methyl ethyl
ketone:ethanol in a ratio of 3:2, wherein 15 g
ammonium sulfate was added to achieve phase
separation. The organic phase was stirred for 1 h at
room temperature after adding 25 g am monium sulfate.
The undissolved ammonium sulfate as well as the
aqueous phase formed were separated. The extract
solution was concentrated on a rotary evaporator at
500C and dried in vacuum at 600C: 14.8 g. As can be
seen from the following table, a 4'-O-methyl
pyridoxine content of 52 ppm and a biflavone content
of 3 1.3 ppm and, thus, significantly higher con tents
and inferior depletion results are achieved compared
to Example 2b) accord ing to the present invention.
The determination of the contents of flavonoids,
terpene lactones and ginkgolic acids listed in Table 1
was carried in accordance with the DAB. The
quantitative determination of 4'-O-methyl pyridoxine
was performed by means of HPLC and fluorescence
detection after enrichment via Sep Pak Plus C18 car
tridges, followed by enrichment via Bond Elut LRC-SCX
cartridges, wherein a Phenomenex Prodigy 5 m ODS-3
HPLC column and a gradient of trifluoroacetic acid (pH
2) : methanol = 9:1 (v/v) methanol, were employed. The
determination of the contents of the biflavones listed
in Table 1 was per formed by means of HPLC and UV
detection at 340 nm via a Waters Nova PakC18 column
using a gradient of water: acetonitrile of 9:1 (v/v) +
0.3% by volume phosphoric acid (85%) acetonitrile +
0.3% by volume phosphoric acid. In each case,
calibration was performed using reference substances
having a high, defined purity grade.Table 1:
Composition of the extracts according to examples
given above n. d. = not detectableClaims 1. Method for
producing an extract from ginkgo biloba having a
reduced content of 4'-O-methyl pyridoxine and/or
biflavones, characterized by the following steps of
the method: a) extracting leaves of ginkgo biloba
using water-containing acetone, a wa ter-containing
alkanol having 1 to 3 carbon atoms or anhydrous
methanol, b) separating the organic solvent by
concentrating the solvent to a content of 10% by
weight at the most, wherein water may be added during
the final disfiliation steps, c) diluting the
remaining aqueous solution with water to a solids
content of 5 to 25% by weight, cooling to a
temperature below 25C and allowing to stand until a
precipitate is formed, d) treating the remaining
aqueous solution with ammonium sulfate and
subsequently extracting at least once using methyl
ethyl ketone or a mixture of methyl ethyl ketone and
acetone, e) concentrating the extract obtained and
diluting with an ethanol-water mix ture to obtain a
solution containing 50% by weight water and 50% by
weight ethanol at a solids content of 10% by weight, 



f) treating the solution with a lead compound or an
insoluble polyamide, g) extracting the filtered
solution using an aliphatic or cycloaliphatic solvent
having a boiling point of 60 to 1000C, h)
concentrating the remaining aqueous-alcoholic
solution, followed by treat ing with ammonium sulfate
and extracting with methyl ethyl ketone and ethanol,
i) concentrating the organic phase obtained to a
solids content of 50 to 70% by weight, k) dissolving
the concentrate in an aqueous alkanol having 1 to 3
carbon at oms and optionally filtering, I) filtration
over an adsorber resin and/or an ion exchanger,
wherein the sub stances to be removed are retained on
the resin andm) drying the concentrate at reduced
pressure to obtain a dry extract having a water
content of less than 5%. 2. Method according to claim
1, wherein the aqueous alkanol in step k) is aqueous
ethanol. 3. Method according to claim 2, wherein the
aqueous ethanol is ethanol having a content of 40 to
60% by weight. 4. Method according to any one of
claims 1 to 3, wherein the adsorber resin in step I)
is a resin based on optionally substituted
styrenes/divinylbenzenes. 5. Method according to any
one of claims 1 to 3 , wherein the ion exchanger in
step I) is a strongly acidic ion exchanger. 6. Extract
from leaves of ginkgo biloba, characterized by having
the following contents:  less than 20 ppm 4'-O-methyl
pyridoxine and/or  less than 20 ppm biflavones. 7.
Extract according to claim 6, characterized by having
a content of less than 10 ppm 4'-O-methyl pyridoxine.
8. Extract according to claim 6, characterized by
having a content of less than 2 ppm 4'-O-methyl
pyridoxine. 9. Extract according to any one of claims
6 to 8, characterized by having a con tent of less
than 10 ppm biflavones. 10. Extract according to any
one of claims 6 to 8, characterized by having a con
tent of less than 5 ppm biflavones.11. Extract
according to any of claims 6 to 10, characterized by
having the fol lowing contents:  20 to 30% by weight
flavonoids,  4.5 to 8.5% by weight terpene lactones
and  less than 10 ppm ginkgolic acids. 12. Extract
according to any of claims 6 to 10, characterized by
having the fol lowing contents:  22.0 to 27.0 % by
weight flavonoids, 5.0 to 7.0% by weight terpene
lactones and  5 ppm ginkgolic acids at the most. 13.
Extract according to any of claims 6 to 10,
characterized by having the fol lowing contents:  22.0
to 27.0 % by weight flavonoids,  2.8 to 3.4% by weight
ginkgolides A, B and C in total,  2.6 to 3.2% by
weight bilobalid and  5 ppm ginkgolic acids at the
most. 14. Use of an extract according to any one of
claims 6 to 13 for the manufacture of a medicament,
food product or other preparation for the treatment of
de mentia and symptoms thereof and/or cerebral or
peripheral blood circulation disorders. 15.
Medicament, food product or other preparation,
characterized by a content of a ginkgo extract
according to any one of claims 6 to 13. 


