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LEAD-FREE BRUSH GRADE FOR HIGH TEMPERATURE APPLICATIONS
Technical field

This invention relates fo brushes for low voltage applications that are often
subjected to very high temperatures due o the high current densities to which
they are exposed. This is particularly the case for brushes used in starters and
engine cooling fans of automobiles and battery-powered tools.

Background of the invention

Commonly, lead is used to reduce the effect of over-heating of electrical
motors that work for a long time with high current densities. However, the
increasing environmental need to eliminate lead from carbon brushes has

imposed the replacement of lead with more environmentally-friendly materials.

For example, lead was replaced with tin or zinc, or alloys thereof
(EP-B-0625222 - DEUTSCHE CARBONE AG). More recenily, patent
application DE-A-10201923 (DEUTSCHE CARBONE AG) discloses the
replacement of lead with tin, zinc, bismuth, alloys or compounds thereof (such
as oxides, carbonates, etc..) for brushes that are offen subjected to high
femperatures due to the high current densities fo which they are exposed.
Nevertheless there remain séme applications where those replacements are
not sufficient.

For example, brushes for a 1.4kW permanent magnet, gear reduced starter
work for much longer than brushes for standard starters. Over their lifetime, they
are thus subjected to very high temperatures (400°C - 500°C) for several
minutes (typically 5 minutes) whereas standard starters work only few seconds
at lower temperatures. Tests have been designed and carried out fo select

appropriate brushes that may work under such severe conditions. One of them,
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called "oattery run down test,” is basically an overload test where a starter
motor cranks the engine for 5 minutes without interruption (or until the battery
runs down). In this particular fest, the starter motor is supplied with a high
density current for 5 minutes opposed to the 2 seconds needed for a “standard
crank cycle” test. The exiremely long cycle time overheats the brush, the brush
box and the commutator to the point where the brush does not perform
properly afferwards. It is just one example among many different tests which
load a starfer motor for an extended period of time, or with a higher current

density than under normal operation when starting an internal combustion
engine,

The solution disclosed by patent application DE - A— 102 01 923, consisting
of adding ZnO, ZnCOs and/or Zn, does not overcome the severe temperature
problem which arises when the “battery run down test” is performed. Thus, the
brushes of prior art with lead-replacing materials do not give satisfactory resuits
with the “bcﬂe[y run down test” and the applicant has looked for new brush

materials that give a longer life for low voltage electrical motors.

Summary of the invention

The first object of the invention is a sliding contact element for high current
densities , typically higher than 15 A/cm2, comprising copper particles, black
mix particles that result from milling a mixture of graphite particles and organic
binders, and containing as lubricant additives one or more lead-replacing
metals or compounds thereof, which typically belong to the group consisting of
Sn, Zn, Bi, Mn, their alloys, their oxides and their basic carbonates,
characterised in that it also comprises a solid lubricant that has a
decomposition temperature in air higher than 450°C, i.e. approximately the
decomposition femperature of molybdenum disulphide.



WO 2005/099048 PCT/EP2004/004655

10

15

20

25

30

-3-

Preferably, the lead-replacing lubricant additive is Sn, Zn, ZnO or, more
preferably, zinc basic carbonate ZnCOs. Optiondlly, the sliding contact
element comprises also abrasive particles such as silica or silicon carbide
particles.

The applicant started from temperature measurements made during the
"battery run down test." They showed that the temperature of lead-containing
brushes exceeded 450°C but the temperature of brushes with ZnCOs3 reached
over 500°C. Considering that the lubricating effect of graphite is greatly
reduced at these temperatures, the applicant started with the idea that the
brush should also contain at least one solid Iubricant other than graphite and
that such a solid lubricant should be stable at high temperatures such as 500°C
or more.

Molylbdenum disulphide (MoSz) was usually used as an additional solid
lubricant in lead-containing brushes. In the absence of lead, the temperature
may rise above 500°C and the use of MoS: becomes unsatisfactory. Moreover,
patent application JP- A - 53147 609 teaches the use of a sintered copper alloy
for a brush material, said alloy containing a mix of tin, zinc and zinc sulphide.
However JP-A-53147 609 advises against the addition of molybdenum,
fungsten or iron sulphides in such a copper alloy, because said sulphides
decompose at the sintering temperature of the copper alloy.

In the present case, the applicant has not tried to manufacture a carbon-
filled sintered copper alloy but has developed a manufacturing process of a
brush material comprising a copper-filled carbon matrix. This material was
obtained by heat treating a mix of copper particles, black mix particles
(particles that result from miling a mix of graphite particles and organic
binders), lead-replacing lubricant material particles and, optionally, abrasive
particles. The mix was treated at a temperature below the usual sintering
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temperature of copper materials, typically at 720°C, in order to carbonize the

organic binders or resins properly.

Taking info considderation the fact that tungsten disulphide and boron nitride
have decomposition temperatures (in air) about 100°C and 500°C above that
of Mo$S: respectively, the applicant supposed that they would be able on the
one hand to remain substantially stable during the heat treatment of the brush
material (f heated in an inert gas) and on the other hand to survive the
"oattery run down" fest without losing their lubricating properties. The
decomposition temperature of MoSzis approximately 450°C: if heated in the
open air af such a temperature, the molybdenum disulphide oxidizes and
decomposes, the oxidation reaction giving molybdenum and sulphur oxides.
By adding in the brush material a solid lubricant such as tungsten disulphide or
boron nitride instecad of molybdenum disulphide, the applicant succeeded in
obtaining brushes that were able to perform the battery run down test.

According fo the invention, the sliding contact element for high current
densities, typically higher than 15 A/cm2, contains copper particles, black mix
particles, particles of lead-replacing metals or compounds thereof, such as Zn,
Sn, Bi or their oxides or their carbonates, and particles of solid lubricant such as
fungsten disulphide or boron niiride, the weight content of copper being
preferably between 30 and 70 %, the weight content of lead-replacing metals
or compounds thereof being preferably between 0.5 and 5§ %, and the weight
content of solid lukoricant that has a decomposition femperature higher than
450°C being preferably between 0.5 % and 8%.

Another object of the present invention is a process for manufacturing a
sliding contact element for high current densities, typically higher than 15

A/cm?, containing as lubricant additives one or more lead-replacing metals or
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compounds thereof (typically Sn, Zn, Bi, Mn or their alloys or their oxides or their
basic carbonates) comprising the following steps:

a) mixing graphite, organic binders, such as phenolic resin, polyamid resin or
pitch;

b) optionally drying the premix resulting from step a), preferably by applying
heat below the lowest curing temperature of the organic binders;

¢) milling and sizing said premix;

d) blending said premix with any combination of atomized copper, copper
flakes and electrolytic copper powder;

e) compressing the resulting mixed powder;

f) sinfering said compressed powder;

wherein abrasive additives, such as silica or silicon carbide particles, are
optionally added either in premixing step a) or in blending step d);

wherein said lead-replacing metals or compounds are added either in
premixing step a) orin blending step d);

characterized in that said solid lubricant having a decomposition temperature
(in air) higher than 450°C is also introduced either in mixing step @) or in
blending step d).

Preferably said lead-replacing metal or compound is zinc carbonate.

Preferably, said solid lubricant having a decomposition temperature in air
higher than 450°C is eithier tungst-2n disulphide or boron nifride.

Sintering step f) is preferably carried out at approximately 720°C in an inert
atmosphere, typically containing mostly hydrogen. At such a tfemperature level
the organic binders or resins are properly carbonized. However, lower
temperatures are also possible with longer sintering fimes.
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The resulting sintered material is machined to the desired shape of the sliding
contact element. If this sliding contact element is an electrical motor brush, the
blend is compressed in a mould also containing the end of a shunt wire, then
sintered and machined to the wanted shape.

Example
In this example, all the percentages are weight percentages.

Brushes for a gear reduced starter were manufactured by preparing a blend of
31% black mix particles, 656% copper powder and 4% tungsten disulphide WS2.
The black mix particles were obtained by mixing, miling and sizing a premix
comprising 82% graphite, 12% phenolic resin and 8% zinc carbonate. The blend
powder was then compressed in a mould that also contained the end of a
shunt wire and sintered at 720°C in a non-oxidizing atmosphere containing
mostly hydrogen. At least, brushes were machined to obtain the desired shape.

40 of said brushes have been subjected to a battery run down test (BRD test)
consisting of

@) applying continuously a current density of 100 A/cm2 for 300 seconds
through the sliding contact surface between the brush and the motor collector
and

o) lasting afterwards at least 10 000 cycles of regular start.
All of said 40 brushes performed satisfactorily this BRD test.

Alternative brushes were manufactured with a similar process, without adding
fungsten disulphide: a blend containing 65% copper powder and 31% black
mix particles (82% graphite, 12% phenolic resin, 8% ZnCO3) and 4% MoS: was
compressed, sinfered and machined. 40 of these brushes were subjected to
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the same battery run down test: they lasted only between several hundred
(approximately 300) to a few thousand (approximately 4500) cycles of regular
fest afterwards. Thus, none of them was able to perform the BRD test: the
plastic brush holders melted in such a manner that they were no more able to

hold the brush against the commutator and the commutators showed severe
damage.
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CLAIMS

1. Sliding contact element for high current densities, typically higher than 15

A/cm2 comprising copper particles, black mix particles that result from
miling a mixture of graphite particles and organic binders, and
containing as lubricant additives one or more lead-replacing metals or
compounds thereof, which typically belong to the group consisting of Sn,
Zn, Bi, Mn, their dlloys, their oxides and their basic carbonates,
characterized in that it also comprises a solid lubricant that has a

decomposition temperature in air higher than 450°C.

. Sliding contact element according to claim 1 wherein said solid lubricant

is tungsten disulphide.

3. Sliding contfact element according to claim 1 wherein said solid lubricant

is boron nitride.

. Sliding contact element according to any one of claims 1 to 3, wherein

the weight percentage of said copper particles is behween 30% and 70%,
the weight percentage of said lead-replacing metals or compounds
thereof is between 0.5% and 5% and the weight percentage of said solid
content is between 0.5% and 8%.

. Process for manufacturing a sliding contact element for high current

densities according to anyone of claims 1 fo 4, containing as lubricant
additives one or more lead-replacing metals or compounds thereof,
which typically belong to the group consisting of Sn, Zn, Bi, Mn, their alloys,
their oxides and their basic carbonates, comprising the following steps:

a) mixing graphite, organic binders;
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b) optionally drying the premix resulting from step a), preferably by
applying heat below the minimal curing temperature of the organic
binders;

¢) milling and sizing said premix;

d) blending said premix with any combination of atomized, flake and
electrolytic copper powder;

e) compressing the resulting mixed parficles;

f) sintering said compressed particles;

wherein abrasive additives, such as silica or siicon carbide, are optionally
added either in premixing step a) orin blending step d),

wherein said lead-replacing metals or compounds are added either in
premixing step a) or in blending step d),

characterized in that said solid lubricant having a decomposition
temperature in air higher than 450°C is also infroduced either in the mixing

step a) orin the blending step d).

6. Process for manufacturing a sliding contact element according to claim 4,

wherein said lead-replacing metal or compound is zinc basic carbonate

InCQOa3S.

7. Process for manufacturing a sliding contact element according fo claim 4 or
5, wherein said solid lubricant having a decomposition temperature higher

than 450°C is tungsten disulphide.
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