
PASTES FOR COATING SUBSTRATES, PROCESSES FOR
THEIR PRODUCTION AND THEIR USE        The invention presented here concern
pastes for the production of strip conductors, resistors, capacitors and
solders from powdery substances, that exist in a liquid dispersion, from
the group of the metals, metal compounds and/or alloys and/or borium and/or
carbon, process for their production as well as their use.   Pastes for the
production of strip conductors, resistors, capacitors or solders on the
basis of organic solvents are sufficiently known. Also known are such
pastes for the production of optical coatings as well as for the screening
of magnetic, electromagnetic or neutron radiation.  The coating of
substrates with such pastes, which are dispersions of powdery substance in
organic binding agents and/or solvent, have also been the state of
technology of many years. The patents US A 4.024.629 and US A 4.546
describe pastes, which list cyclohexanol, ethanol and toluol as typical
dispersion and solving agents. These mixtures of known polar, homopolar and
aromatic solvents are ecologically problematic in various ways. They smell
strongly, are flammable, hazardous to waste water and partially toxic.
Correspondingly costly are the work protection measures as well as the
equipment for avoiding emissions that  have to be taken when using those
pastes.   



-2-   In general terms it should be noted that all currently known pastes
are manufactured on the basis of common organic solvents, where necessary
combined with binding agents. Where binding agents are used they provide
for film-forming.   Water-based lacquers contain pigments combined with one
or more water-thinnable binding agent. The DE-A 4133487, for example,
describes the use of metallic pigments combined with water-thinnable
binding agents based on polyester, polyacrylates or polyurethanes.  The
binding agent is used to form a continous film fully        enclosing the
pigment to be applied, and in this way fixing and protecting it.   In
similar fashion the US-A 5171631 describes the inclusion of the pigment
titanium dioxide used as a dye in a system consisting of organic binding
agents - here based on vinyl acetate/butyl acrylate copolymers using
aluminium oxide trihydrate as a non-ionogenic rheological additive in
propylene glycol solvent. In this intance, too, the performance of the
applied coating is ensured only in the presence of the binding  agent(s).
The DE-A 4202705 shows the coating of substrates with  precious metals with
a water-based system in which the metal component is present as a solution.
In this instance again a polymer-based  organic film or matrix forming
agent is required. The precious   metal to be precipitated is directly
deposited from a solution by an in- situ reduction with a preferred
precious metal concentration in the solution of 0.01 to 2 weight percent or
preferably 0.02 to 0.5 weight percent. This shows metals being deposited
from a solution using a binding agent, not however, metals being deposited
from a dispersion.   The invention was therefore   to provide pastes which
in terms of their technical suitability would not be in any way inferior to
that of known pastes, but at the same time  would not have the
disadvantages of the present state-of-technology pastes described earlier.



-3-    Pastes have now been found that fulfil these requirements. These are
pastes used to produce conductors. resistors, capacitors or solders from
powdery materials present in liquid dispersions from the group of metals.
metal compounds and/or metal alloys and/or boron and/or carbon and
characterised by the fact that the powdery materials from one or more of
the groups are refractory metals, precious metals. transition metals,
refractory metal oxides, refractory oxide compounds, silicides, titanates,
zirconium oxide, indium tin oxide and rare-earth oxides, and furthermore
that the liquid dispersions are water-based, contining water-thinnable
non-ionogenic rheological additives in mixtures of 0.2 to 20 weight percent
relative to the solids content and free from film-forming  substance and
organic solvents.   The pastes developed according to this invention are
free from organic solvents. They can be processed into functional coatings
without having to use organic solvents and/or chlorofluorocarbons and/or
chlorinated    The pastes developed according to this invention can be
thinned with water. All additive ingredients necessary to achive
rheological properties such as the viscosity of these new pastes can either
be completely removed by heat treatment during the manufacture of coatings
or remain as inert residues in the heat treated coatings. If necessary,
they can be easily removed with water during processing, for example during
the cleaning of the processing plant and  thus do not require the use of
organic solvets. Furthermore, these newly developed pastes are odourless
and not flammable. Ecologically detrimental effects which are criticised in
currently used pastes are not to be expected with these newly developed
pastes.   With the newly developed pastes, mixtures are &voured consisting
of powdery materials and water-thinnable. rheologically  effective
additives.  Preferred are aqueous siliceous dispersions, or favoured are
also as non- ionogenic rheological additives associative thickeners based
on polyglycol ether, polyurethane;   particularly favoured are those based
on toluylene  



-4-   diisocyanates (TDI) and/or hexamethylene diisocyanates (HDI). Also
favoured are diphenylmethane diisocyanates (MDI) and/or isophorone
diisocyanates (IPDI). If necessary, further wetting and/or stabilising
agents may be used.   Typically dispersed powdery materials are metals - as
for example powders of the refractory metals niobium, tantalum, molybdenum,
tungsten; or of transition metals such as iron, cobalt, nickel, chromium,
copper, or of precious meals silver, gold, platinum, palladium: alloys, for
example precious metal alloys such as silver/palladium alloys: oxides, as
for example oxides of refractory metals niobium, tantalum, molybdenum,
tungsten, or oxides with special electrical properties as for example
zirconium oxide, indium tin oxide. tantalates, niobates,  titanates,
rare-earth oxides, or oxides with magnetic properties: nitrides, as for
example titanium nitride or aluminium nitride or borium nitride; carbide or
carbonitride, as for example tungsten carbide, tantalum carbide or
tungsten, tatanium carbide, titanium carbonitride; borium or borides, as
for example amorphous or crystalline elementary borium, aluminium boride,
rare-earth borides, as for example europium boride and/or gadolinium
boride; silicides, as for example molybdenum silicides or tungsten suicides
in stoichiometric or non stoichiometric form, chalkogenides, as for example
zinc sulphide, molybdenum sulphide and/or tungsten sulphide and/or carbon
in various modifications. The above listed  solids may be present
individually or in any combination. The solids content of the newly
developed pastes should ideally be  between 5 and 95 weight percet,
especially favoured are 50 to 90 weight percent.   The ingredients present
in the dispersion should preferably be chosen in such a way that after a
temperature treament at 550[err]C, the dry weights of the pastes  no longer
contain any rsidual organic substances.   The newly developed pastes may be
poduced by dispersing the powdery substances in water and by  adjusting the
rheological properties of the aqueous dispersions using rheologically
effective additives. In this respect,  it 



may be an advantage to influence the theological properties of the pastes
with additional wetting agents. Common polyurethane thickeners already
partly contain appropriate wetting agents.              The object of this
invention is also the use of these newly developed pastes. They are ideal
for coating anorganic substrates, such as glass, ceramics, glass-ceramics,
enamel and metals, and also organic substrates, such as plastics. Ideally,
the substrates should be coated using printing methods and especially
useful are screen printing, offset printing, and/or squeegeeing and/or
casting and/or immersion and/or spraying and/or electrostatic application
processe. The necessary structuring of the layers may best be achieved by
printing or lithographic techniques- including UV-lithography. Thw
application of any conceivable printing technique is feasible. The newly
developed pastes are particularly useful as metal coating pastes.   In the
following the invention is explained by means of examples.
-6-   Examples  



Example 1 (Molybdenum Paste)    In order to produce a molybdenum paste. 70
weight per cent of molybdenum metal powder with an  average grain  size of
about 2 [err]m (FSSS) with 5 weight per cent of the 5associative thickener
Borchigel*) LW44 (HDI - hexamethylene diisocyanate,emulsion 44 per cent in
water) 8 weight per  cent Borchigen*) DFN (polyglycol ether) and 3 weight
per cent of wetting agent Borchigen*) ND  (phosphoric acid ester amine
salt)*** are dispersed with water (with 100 weight per cent) using a
roller. The paste produced in this way is ideal for manufacturing
conductors for ceramic multi-chip  modules based on  aluminium oxide and
ensures in particular that through-hole plating between the individual
layers is  achived in one single printing process.     Example 2 (Tungsten
Paste)    A dispersion of 75 weight per cent tungsten metal powder with
FSSS = 1.4 [err]m and 12.5 weight per  cent of the associative thickener
Borchigel*) DP40 (TDI = toluylene  diisocyanates, emulsion 44 per cent in
water) was prepared with water (with 100 weight per cent) as a  metal
coating paste.    Example 3 (Silicide Paste)    As per example 1 a
dispersion of 60 weight per cent molybdenum disilicide with an average
grain  size of 10 [err]m (FSSS) and 11 weight per cent of PU additive
Borchigen*)  DFN was produced in water (rest with 100 per cent). The
rheological behaviour of the paste was  standardised by adding 5 weight per
cent of silicic acid (dispersion with 30 per cent in water). The  paste
prepared in this way is ideal for applying   heating conductor layers on
ceramic substrates, such as silicon nitride.      



- 7 -   Example 4 (Oxide Paste)   Analogous to the above examples, a
dispersion of 65 weight per cent niobium oxide with an average grain size
of 2 [err]m (FSSS) and 5 weight per cent Borchigel*) LW44 (HDT) as well as
11 weight Per cent Barchigen*) ND was prepared in water as a paste for
producing non-conducting coatings.   Example 5 (Alloy Paste)   75  weight
per cent of a pulverised   nickel/chrominum/borium alloy with an average
grain size of 15 [err]m and 8 weight per cent  Borchigen*) DFN as well as 3
weight per cent Borchigen*) ND were dispersed in water using a roller. A
useful matel coating paste was the result.   Example 6 (Metal Paste)   81.6
weight cent of silver powder with an average grain size of 0.3-5.0 mim in
accordance with FSSS and 7.4 weight per cent Borchigen*) DFN were dispersed
in water under argon atmosphere using a dissolver. A paste was produced
which is ideal for applying conducting layers, such as edge metal  coating
on ceramic capacitors or applying resistance conductors on glass.   Example
7 (Metal Paste)   72.3 weight per cent of nickel powder with an average
grain size of <3 mm in accordance FSSS and with spherical grain shapes was
dispersed with 8.9 weight 



per cent Borchigen*) DFN in water under argon atmosphere using a dissolver.
The nickel paste produced in this way is ideally suited for producing
conducting layers, such as inside wiring tracks of ceramic capacitors.
REPLACEMENT SHEET       Example 8 (Metal Paste)   90.6 wit per cen of
capacitor quality  tantalum powder was dispetsed in water with 0.3 weight
per cent Borchigen*) DFN and Borchigen*) ND respectively using a kneader.
The paste produced in this way is ideally  suited to produce anodes for
electrolytic capacitors.   *) Borchigel and Borchigen are registered
trademarks of Gebr. Borhers AG, Goslar.   The pastes described in the above
examples were applied to substrates  using screen printing and were dried
at tenperature of up to 550[err]C. Oxide pastes were  simply  dried in
ambient air.    Metal pastes were dried under vacuum using  inert gas. In
all instances the organic additives present were fully removed. Additional
purifying processes were not neccessary. SUbsequebcely the temperature was
raised in order for the solids to sinter until they achieved the required
properties.   Example 9   48 weight per cent of an indium tin oxide powder
with a mean grain size of<800 nm 



and 8 weight per cent Borchigen*) DFN  were dispersed in water using a
dissolver. A paste was produced which is ideally suited to apply
transparent conducting structures on glass.      32 weight per cent of a
niobium  oxide with a main grain size of 0.3 to 0.6 [err]m 3 weight per
cent Borchigel*) LW 44 (HDI) as well as 8 weight per cent Borchigen*) ND
were dispersed in water using a bead mill. The paste produced in this way
is suitable for producing coatings in order to incrase the refractive index
of glass.                                                       9   Example
11   50 weight per cent of a silicon dioxide with a mean grain size of
50... 100 nm and 4 weight per cent Borchigel*) LW 44 (HDI) as well as 8.5
weight per cent Borchigen*) ND were dispersed in water. The paste produced
in this way is suitable for producing coatings to reduce reflection on
glass.          



10    Patent Claims   1.     Pastes for producing conductors, resistors,
capacitors or solders from powdery          substances present in liquid
dispersions from the group of metals, metal compounds and/or          metal
alloys and/or borium and/or carbon and charactised by the fact that the
powdery          substances are one or more of the group o refractory
metals, precious metals, transition          metals oxide compounds of
refractory  metals, silicides, tianates,  zirconium oxide, indium
tin oxide and          rate-earth oxides and furthermore that the liquid
dispersions are water-based containing          water  thinnable, non-
ionogenic, rheological additives in mixture of 0.2 up to 20 weight per
cent relative to the solids content and free of film-forming substances and
organic solvents.   2.     Pastes in accordance with claim I above,
characterised  by the fact that the         amount of additive is 0.5 to 16
weight per cent.   3.     Pastes in accordance with one of claims 1 and 2
above, characterised by the fact that the non-          ionogenic,
rheological additives are associative thickeners based on polyglycol ether.
4.     Pastes in accordance with one of claim  1 and 2 above are
characterised by the         fact that the nin-ionogenic rheological
additives are associative thickners based on         polyurethane.   5.
Pastes in accordance with claim 4 above, characterised by the fact that the
associative         thickeners are based on toluylene diisocyanates (TDI)
and/or hexamethylene diisocyanates         (HDI).    



11    6.     Pastes in accordance with one or more of claims 1 to 5 above,
characterised by the fact that          they show a content of 5 to 95
weight per cent of the powdery substances.   7.     Pastes in accordance
with one or more of claims 1 to 6 above, characterised          by the fact
that they show a solids content of 50 to 90 weight per cent of the
powdey substances.   8.     Pastes in accordance with one or more of claims
1 to 7 above, characterised by  the fact that          their dry  weight no
longer contains any residual organic substances after having been heat
trated at 550[err]C.   9.     Pastes in accordance with one or more of
claims 1 to 8 above, characterised by the fact that          the pastes are
metal coating pastes, where the powdery  substances are refractory metals
of          the group niobium, tantalum, molybdenum, tungsten, rhenium,
metals of the group          gold silver, platinum, palladium and/or
transition metals of the group iron, chromium,          cobalt,  nickel
and titanium.   10.    Pastes in accordance with one or more of claims 1 to
8 above, characterised by the fact that         the powdery substances
belong to the group of refractory metal oxides, niobates and/or
tantalates and/or titanates.   11.    Pastes in acordance with one or more
of claims  1 to 8 above, characterised by the fact that 



the preferred silicides are molybdenum  silicide and/or tungsten
silicide of varying stoichiometry.   12.    Manufacturing processes for
pastes in accordance with one or more of claims 1 to 11 above,
chracterised by the fact that the powdery substances are dispersed in water
and that         associative thickeners are added.
12    Pastes in accordance with one or more of claims 1 to 11 above, used
for coating substrates    using printing methods, preferably screen
printing, offset printing and/or squeegeeing and/or casting and/or
immersion and/or spraying and/or electrostatic application.   Pastes in
accordace with one or more of claims 1 to 11 above, used for coating which
are structured using printing methods or lithographic processes.    


