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This invention relates to the treatment. of cai-
bon: brushes ‘and more parblcularly 102 Drocess
for: applying .to. carbon brushes- predétermined
amounts of lead halide compoimds. capable of
improving the operating characteristics thereof.

It is'known that cepper commutators and slip
rings, when operating against .carbon. briushes
under ordinary aumospherlc conditions,, develop
5 film. cn the surface of the cominutator or lip
ring which imparts good operating characteris-
tics to the combination. A partzcular feature of
this film is a low coefiicient of frietion.  'With &
properly built- -up H1m on the surface of the coin-
mutator or slip ring. the carbon brush will operate
for.prolonged periods of time Wlth a, relatively
insignificant rate of wear:

On the other hand, under certain adverse con-
ditions which may be met: at high- altltudes, for
example, the film on copper commutators. i§ de-
f‘omposed cr broken down and w1ll not be ‘bullt
mu**ator lackmg the desired. fﬂm will Wear and
dust at an exceedingly rapid rate. In aireraft
motors angd generators, carbon. brushes have beén
Inown to dust.at rates of -5’> an hout and more
at altitudes.of 40,000 feet Tikewise, in cértain
transportation service; such as -on railway. and
strestear service, the benefieizl filth -on- copper
commutators in’ the motors thereof may 1ot be
present, or only partially present. Carbon
brushes in such equipment ‘have. been knoWn to
wear at an excessive rate, thereby requiring. fre-
quent lay-overs of 16comotives for replacement of
the carbon, brushes. . In §6me. eases, the coeffi-
cient of friction of the commutators. of elecbrlcal
railway lccomotives has been. so high that:the
carhon brushes have been broken thereby caus-
ing unsatisfactory service of the equibmeiit.

Tt has been discovered that-ceftain halide com-

pounds -of metals; when apphed to,. or incor-
porated within, .carben brushes,. premobe the
building up of a beneficial filin on the.surface of
the commutators even under ‘the.miost adverse
conditions, thereby .greatly reducing the rate of
wear and dusting of the brushes: However, Hot
211 metal halides are satlsfactory for this. purpose
Hydroscopic or dellquescent metal halidés in par-
ticular have been found . to be undes1rab1e sirice
they will  absorb sufficient. moisture from . the
atmosphere for the-metal halide to. .dissol¥e. in
the condensed water and: to.drain. out .of the
brushes. The halides. of the alkali- metals: are
not- suitable in some eases, since they. -appear. to
decompose and form the. alkali hydromdes and
cause exeessive sparking. and. 0therw1se detrl—
mentally  affeet the. operating. of: . the. carbon
brushes:against - commutators. Therefore only a
few metal-halides are reasonably useful for brush
applications.:

A possible- explanatmn for the eﬁectweness of
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the meta] halides in producing satisfactory filins
on comirutators is as follows. The metal hdlide,
for example, ‘lead chloride; within the carbon
brush at the point of contact with the copper
commutator is heated and by reason of the Heat
oF in’ combination with the effécts of the pas-
sage of electrical current decomposition and reac-
tion with the copper surface takes place to pro-
duce 2 copper .chloride,  However, the copper
chloride so produced is unstable and even in the
preuence of small traces of oxygen readily reacts
to form a c¢opper oxide filin or coating, Exten-
sive experimentation-indicates that the filh o
¢opper’ commutators is a copper oxide coating
which is duplicated by the film produced by the
interaction of the metal halide w1th the copper.
In any event, results in service indicate that a
beneficial film resulting in the' optlmum performi-
ance of c¢arbon brushes and copper: commutator
résults when metal halides are present in the
brushes. In fact, in some cases commutators’
which were in a rough and unsatisfactory condi-
tion on certain electric rallway motors using un-
treated  carbon birushes were greatly improved
after several thousand’ hours’ gperation against
carbon brushes carrying metal halides.

In order to provide for the retertion for the life
of the brush of the mietal halide applied théreto
in predetermined amounts, it is preferred to use
metal halides having a high melting tempera-
ture and a high boiling temperature thereby
assuring an’ exceedmgly 10w vapor pressure under
the" conditions of operation. ' Brush and c¢oim~
mitator temperatures of from_ 150° C. to'200° C.
are not uncommon. Metal halides havxng 3 10w
Boiling point by comparison will steadily evapos
rate when the brush to which they are applied
becomes heated during iise. Therefore, the lat<
ter metdl halides will” be present in smaller
amounts with passdge of tlme ahd eventudlly
little of no metal halide will be present:

The process of applying to or mcorporatlng in
brushes the mietdl halides is rendered quite dif-
ficult when msetal halidés dré selected that meet
the desirablé requirénients herein listed. A high
melting point metal halide is difficult to melt and
apply ih niolten staté £6 the carbon brush, Pro-
longed immersion Ras besh found only moderately
satlsfactory to -cause the meétdl halide to peie-
trate the potes of-abiush. Due to the high melt-
itig temperatires, problems of decompbsition:and’
difficulty in-handling liquids heated: to highiteni=
peratures ehiter the picture. A decided: health
hazard is encountered since the lead vapors from
molten halides are present and are quite danger-
ous. Solutions of metal Ralides sufficiently ¢on-
centrated to permit a practical amount. of metal
halide to be: absorbed by the porous brushes are
not feasible in most cases. For certain extreme
conditions such ds-afe ehcountered in sircraft
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operation to be satisfactory brushes must carry
as much: as 50% by weight of metal halide. The
problem of incorporating this amount of metal
halide in a carbon brush therefore is considerable.

The object of this invention is to provide a

process for-impregnating carbon brushes with a’

redetermined amount of a. metal halide.

A further object of the invention is to prepare

solutions of lead halides having a high concen-
tration of the halide therein to provide for eco-

nomically impregnating carbon brushes with pre-

determined amounts of the lead halide.

Other cobjects of the invention will in part-be
obvious and will in part-appear hereinafter. =

According to the invention, lead c¢hloride, lead
bromide and lead iodide have been found to be
metal halides meeting all the requirements of a
satisfactory impregnant for improving the per-
formance of carbon brushies. The three halides
having high melting points of 501° C., 373° C,,
and 402° C., respectively, and a boiling point of
well over 900° C. for each one. These lead halides
have a low solubility in water and therefore will
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not be leached out in service where water may . .

be encountered in one way or another. Carbon
brushes impiragnated with varying amounts of one
or more of these lead halides have given excelléent
service in cooperation with copper commutators
and slip rings in many varieties of extreme sur-
face conditions.

It has been discovered that concentrated solu-
tions of lead chloride, lead bromide or lead iodide
or mixtures of any two or all three may be pre-
pared by preparing an aqueous solution con-
taining lead, ammonium, acetate and the respec-
tive halide radical. -The maximum weight of lead
halide which may be dissolved in thé solutions is
closely related to the weight of the ammonium
acetate present in the solution. - As the concentra-
tion of ammonium acetate in the ammonium so-
lution is increased, an almost equivalent increase
of the saturation point of the lead halide in the
solution is attained. In addition, the maximum

amount of the lead halide soluble in the solution

inereases somewhat with the temperature.

“A typical aqueous solution which has been pre-
pared for the practice of the invention was com-
posed of 40 parts by weight of lead chloride, 50
parts by weight of ammonium acetate and 50
parts by weight of water. In another case, a
solution composed of 75 parts by weight of water
and 25.parts by weight of ammonium acetate
would only dissolve 20 parts by weight of lead
chloride.. In another case, a solution composed
of 70 parts by weight of water and 70 parts by
weight of ammonium acetate dissolved 40 paris
by weight of lead chloride and 4 parts by weight
of lead bromide. All of these solutions were used
successiully in impregnating electrographitic
brushes. ) . ‘ ‘

The lead halide need not be used as such in
preparing solutions of this inventien. A mixture
was prepared by combining:

C Water. .o parts by weight__ 48.5

Lead acetate - _________.___. parts.. 41.25
Ammonium bromide_______________ do..__ 214
Ammonium acetate._____ parts by weight_. 37.

This solution was equivalent to one produced by
dissolving 40 parts by weight of lead bromide in
a solufion composed of 50 parts by weight of wa-
ter and 50 parts by weight of ammonium acetate.
Solutions have been prepared by mixing prede-
termined proportions of lead acetate, ammonium
chloride, ammonium acetate and water. Mixtures
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of ammonium chloride and ammonium bromide
and ammonium iodide or any two may be pre-
pared as decided.

The relatively concentrated lead halide solu-
tions prepared by any of the processes herein set
forth may be applied to either carbon plates after
graphitizing treatment or to brushes that have
been fully machined and cut to shape. The
brushes or carbon plates are disposed in the
concentrated solutions of the lead halide for
a. few minutes. in order to soak up the solution
in-the pores -of the carbon body. Preferably
the brushes are subjected to vacuum . before
the solution of lead halide is applied thereto
in order to expedite the impregnation. Elec-
trographitized carbon has a greater porosity
than metal graphite brushes, which are not sub-
jected to the high temperature baking treat-
ment of the former. The extensive porosity of the
graphitized brushes renders them more amenable
to the practice of the present invention.

After the carbon bodies have absorbed sufficient
of the solution, generally a volume of solution
equivalent to about 256% of the volume of the
brush will be absorbed by a graphitized plate or
brush, the carbon bodies may be removed from
the solution. The brushes soaked with the solu-
tion are then subjected to a heat-treatment first
to drive off the water and then the temperature
is increased to cause the ammonium acetate to
decompose into-volatile components. - It is be-
lieved that the ammonium acetate will decompose
into water and acetamide. Five hours heat-treat-
ment at 180° C, has been found sufficient to re-
move all put the lead halide. The lead halide
component, of the solution is disposed throughout
the pores of the carbon brush member. If the
amount of lead halide present is insufficient for
the intended use of the brush, one or two addi-
tional treatments may be necessary. For brushes
to be employed in extreme aircraft applications,
three impregnations employing a concentrated
lead chloride solution containing 40 grams of
lead chloride per 100 cc. of a solubion composed
of equal parts by weight of ammonium acetate
and water will apply to the brush about 20% of
its weight of lead chloride. For railway locomo-
tive service, a single application of a similar solu-
tion or even a much less concentrated solution is
usually entirely adequate. The amount to be ap-
plied to the brush depends upon the requirements
of the service to which the brushes are to be put.

The electrical properties of carbon brushes in-
corporating lead chloride, lead iodide or lead
bromide are not adversely affected. When ap-
plied to electrical generators, the brushes have
given excellent electrical service with a long life.
Brushes treated according to the invention have
met all the requirements imposed thereon and
have been found to be fully dependable. The per-
formance of many types of apparatus embodying
such brushes has been improved and the neces-
sity of replacing brushes at predetermined inter-

- vals previously required in noncritical locations

65

has been reduced. Therefore, the brushes meet
commercial and industrial requirements.

The process set forth herein enables the brush
manufacturer to economically and conveniently

. ‘prepare brushes having desirable wear and non-
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dusting characteristics for all kinds of service,
including extreme conditions corresponding to
those met at the highest altitudes of airplane op-
eration. The invention enables the preparation
of brushes more rapidly than has been possible
by any process proposed or known heretofore,
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Sinée éertain ehanges in carrying out the proc-
ess embodied in the invention described herein
may be made without departing from its scope,
it is intended that all matter contained in the
above description shall be interpreted as illus-
trative and not in a limiting sense.

I claim as my invention:

1. In the proecess ¢f treating a carbon brush
to apply thereto a lead halide compound to im-~
prove the operating characteristics thereof, the
steps comprising producing an aqueous solution
containing substantial amounts of ammonium
acetate, dissolving a lead compound selected from
the group consisting of lead chloride, lead iodide
and lead bromide therein, applying the solution
to the carbon brush, and heat treating the brush
first to evaporate the moisture, thereby precipi-
tating within the pores of the brush the lead
compound and ammonium acetate, and then to
decompose the ammonium acetate into sub-
stances that volatilize leaving only the lead com-
pound in the pores of the carbon brush,

2. In the process of treating a carbon brush to
apply thereto a lead halide compound to improve
the operating characteristics thereof, the steps
comprising, dissolving in water substantial
amounts of substances containing only am-
monium, acetate and lead radicals and a halide
radical selected from the group consisting of

chloride, iodide and bromide, to provide a solu- g

tion having dissolved therein a large amount
of the substances containing the radicals, apply-
ing the aqueous selution to the carbon brush and
heat-treating the carbon brush to a temperature
sufficient to evaporate the waler and the am-
monium and acetate radicals therefrom thereby
precipitating the lead halide compound in the
pores of the carbon brush.

3. In the process of treating a carbon brush
to apply thereto a lead halide compound to im-
prove the operating characteristics thereof, the
steps comprising producing an aqueous solution
containing of the order of from 10% to 50% by
weight of ammonium acetate, dissolving {o about
saturation of a lead compound selected from the
group consisting of lead chloridp, lead iodide and
lead bromide therein, applying the solution to
the carbon brush, and heat-treating the brush
first to evaporate the moisture, thereby precip-
itating within the pores of the brush the lead
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compound and ammonium acetate, and then to
decompose the ammonium acetate into substances
that volatilize leaving only the lead compound in
the pores of the carbon brush.

4. In the process of treating a carbon brush
to apply thereto a lead halide compound to im-
prove the operating characteristics thereof, the
steps comprising producing an agueous solution
containing substantial amounts of ammonium
acetate, dissolving a lead compound selected from
the group consisting of lead chloride, lead iodide
and lead bromide therein, applying the solution
to the carbon brush, heat-treating the brush
first to evaporate the moisture, thereby precip-
itating within the pores of the brush the lead
compound and ammonium acetate, and then to
decompose the ammonium acetate into sub-
stances that volatilize leaving only the lead com-
pound in the pores of the carbon brush, reapply-
ing the solution to the carbon brush and heat-
treating to deposit more lead compound in the
carbon brush.

5. In the process of treating a carbon brush
to apply thereto a lead halide compound to im-
prove the operating characteristics thereof, the
steps comprising, dissolving in water substantial
amounts. of substances containing only am-
monium, acetate and lead radicals and a halide
radical selected from the group consisting of
chloride, iodide and bromide, to provide a solu-
tion containing more radicals than the water by
weight, applying the aqueous solution to the car-
bon brush, heat-treating the carbon brush to a
temperature sufficient to evaporate the water
and the ammonium and acetate radicals there-
from thereby precipitating the lead halide com-
pound in the pores of the carbon brush, reap-
plying the solution to the carbon brush and heat-
treating to deposit more lead compound in the
carbon brush.

LAWRENCE E. MOBERLY.
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