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(54) METHOD FOR MANUFACTURING A COPPER-BASED COMPOSITE MATERIAL FOR

ELECTRICAL CONTACTS

(57)  The invention relates to methods for manufac-
turing a copper-based composite material for manufac-
turing electrical contacts that can be used in high-voltage
electric apparatuses, for example as contacts in an arc-
suppression vacuum chamber. Once two compression-
molded briquettes have been produced from a mixture
of copper and chromium powders and from copper pow-
der, a source of alloying components is arranged be-
tween said briquettes and heating is carried out up to a
temperature of 700-900°C in a vacuum at 10-3-10-5Torr,
which is maintained for 30-60 minutes, followed by ag-
glomeration in a hydrogen atmosphere or inert gas at-
mosphere at a temperature of 1085-1150°C until a cop-
per layer of a thickness of 2.5-5.0 mm is formed above
the briquette compression-molded from a mixture of cop-
per and chromium powder. The resultant blank is cooled
to a temperature of 900-920°C at a rate equal to or ex-
ceeding 20°C/min, and annealing is carried out at a tem-
perature of 500-700°C for 30-120 minutes. The proposed
method makes it possible to produce a composite mate-
rial containing a copper layer of the necessary thickness
with a finely dispersed structure without internal tensions
and to simultaneously combine three separate techno-
logical operations involved in the process of agglomer-
ating the composite material in one batch in the vacuum
chamber, thereby reducing the production cost of the ma-
terial.
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Description

[0001] The invention relates to powder metallurgy, in
particular to methods of manufacturing sintered materials
based on copper for electrical contacts used in low volt-
age and high voltage electrical devices switching circuits,
preferably AC circuits with current up to 630 A. In details,
the invention relates to method for manufacturing a cop-
per-based composite material for electrical contacts.
[0002] Interms of technical essence, the closest ana-
log is a method of manufacturing a copper-based com-
posite material for electrical contacts, comprising prep-
aration of a powder mixture of at least two powder com-
ponents - conductive and heat resistant components,
pressing powder mixture and obtaining a blank, which is
sintered to obtain a copper-based composite material for
electrical contacts [RF Patent N2 2063086, IPC 6
NHO01H33/66, Publ. 1996.06.27].

[0003] The disadvantage of the described method is
the long duration of the process and, consequently, the
high cost of the resulting material for electrical contacts.
The long duration of the process is due to the need to
perform multiple loadings and unloadings of a vacuum
chamber to carry out separate manufacturing operations.
In addition, the quality of the produced material is insuf-
ficient, in particular, for making contacts of vacuum circuit
breakers switching AC circuits with currents even below
400 A due to the impossibility to achieve the required
degree of impregnation of the powder mixture of conduc-
tive and heat-resistant materials with copper.

[0004] The goal of the proposed invention is to provide
such method of manufacturing a copper-based compos-
ite material for electrical contacts, which would reduce
the cost of manufacturing a copper-based composite ma-
terial for electrical contacts by way of reducing the
number of loadings and unloadings of a vacuum chamber
to perform three separate technological operations with
one vacuum chamber loading, i.e. heating blanks in inert
gas or hydrogen atmosphere to a temperature of alloying
of interphase border of chromium-copper powder com-
ponents by a surface-active agent, impregnation of a
blank made of copper and chromium powder mixture with
alloying components to produce copper layer over blank
made of copper and chromium powder mixture, cooling
the obtained blank and annealing the blank.

[0005] Thisgoalsisachieved by the proposed method,
which, like the known method of manufacturing a copper-
based composite material for electrical contacts, com-
prises preparation of a powder mixture of at least two
powder components - conductive and heat resistant com-
ponents, pressing powder mixture and obtaining a work-
piece, which is sintered to obtain a copper-based com-
posite material for electrical contacts, and, according to
the invention, copper and chromium powders are prelim-
inarily mixed in a high-power mill to obtain a fine homog-
enized copper and chromium powder mixture, the ob-
tained powders are pressed to produce two compres-
sion-molded briquettes: one of copper and chromium
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powder mixture and another from copper powder, a
source of alloying components is arranged between said
compression-molded briquettes, the mixture is heated
up to a temperature of 700-900°C in a vacuum chamber
under vacuum of 10-3 - 10-3Torr and is kept under these
conditions 30-60 minutes to remove unwanted impurities
and/or admixtures, which is followed by alloying of inter-
phase border of chromium-copper powder components
by surface-active agent in inert gas atmosphere or in hy-
drogen obtained from metal hydride at a temperature of
1085-1150°C with simultaneous impregnation of com-
pression-molded briquettes of copper and chromium
powders with alloying components until a copper layer
of a thickness of 2.5-5.0 mm is formed above the com-
pression-molded briquette from a mixture of copper and
chromium powder, the obtained blank is cooled from im-
pregnation temperature of 1085-1150°C to a tempera-
ture of 900-920°C at a rate equal to or exceeding
20°C/min, the cooled blank is annealed at a temperature
of 500-700°C for 30-120 minutes, and a blank of copper-
based composite material for producing electrical con-
tacts is obtained.

[0006] Another feature of the proposed method is that
after obtaining two compression-molded briquettes -
from a mixture of copper and chromium powders and
from copper powder, a source of alloying components is
arranged between these briquettes, such source having
a form of a grid.

[0007] Another feature of the proposed method is that
after obtaining two compression-molded briquettes -
from a mixture of copper and chromium powders and
from copper powder, a source of alloying components is
arranged between these briquettes, such source having
a form of a film or foil.

[0008] Another feature of the proposed method is that
after obtaining two compression-molded briquettes -
from a mixture of copper and chromium powders and
from copper powder, a source of alloying components is
arranged between these briquettes, such source having
a form of a coating applied onto the surface of one of the
compression-molded briquettes.

[0009] Another feature of the proposed method is that
after obtaining two compression-molded briquettes -
from a mixture of copper and chromium powders and
from copper powder, a source of alloying components is
arranged between these briquettes, such source having
a form of a vacuum coating deposited onto the surface
of one of the compression-molded briquettes through
mask.

[0010] Another feature of the proposed method is that
alloying of interphase border of chromium-copper pow-
der components is carried out using surface-active agent
of the following composition (in wt.%):

carbon-0.10-0.12

silicon - 0.06 - 0.08
manganese - 1.80 - 2.00
chromium -17.0 -18.0
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nickel - 8.90 - 9.00
titanium - 0.70 - 0.80
iron - the rest.

[0011] Preliminary processing and blending of copper
and chromium powders in high-power mill is aimed at the
destruction and deformation of the original powder par-
ticles, resulting in formation of active surfaces which are
capable of "cold welding" and formation of fine homog-
enized copper and chromium (Cu-Cr) powder mixture.
Such mixture does not segregate by density during un-
loading from the drum, transportation and loading into
the mold matrix. During the processing the mixture is
activated, which intensifies the subsequent processes of
impregnation and liquid-phase sintering.

[0012] The authors have experimentally found the op-
timal operating conditions of heat treatment of copper
and chromium powder mixture in a vacuum chamber.
These parameters are: the temperature of 700-900°C,
vacuum of 10-3 - 10-5 Torr and maintaining under these
conditions for 30 - 60 minutes to remove unwanted im-
purities and/or admixtures. It was found out that under
temperatures below 700°C and keeping in a vacuum
chamber during less that 30 minutes copper and chro-
mium powder mixture still contains volatile oxides, which
have a negative impact on the quality of the obtained
product. Heating of the mixture above 900°C triggers
evaporation of chromium (at the temperature of 907°C)
and copper (at the temperature of 946°C). Vacuum below
10-3 Torr is not effective, because there were cases of
powders oxidation observed. Vacuum over 10-5 Torr is
not economically justified, because further vacuum in-
crease does not significantly improve the quality of the
resulting material. In case of keeping the powders under
these conditions for less than 30 minutes, the cases of
incomplete removal of unwanted impurities, in particular
oxide films, were observed. Increase of dwelling time
over 60 minutes is not economically justified, because it
does not significantly improve the quality of the resulting
material.

[0013] Placement of the source of alloying compo-
nents between obtained compression-molded briquettes
of copper powder and copper-chromium powder mixture
enables, under further heating of the blanks in an inert
gas atmosphere at a temperature of 1085-1150°C and
dwelling time of 15-20 minutes, to perform the alloying
of interphase border of chromium-copper powder com-
ponents with surface-active substance with simultane-
ous impregnation of copper and chromium powder mix-
ture briquette with alloying components to form 2.5 - 5.0
mm thick copper layer over the briquette of copper and
chromium powder mixture. This process occurs due to
improvement of chromium wetting with copper, which re-
sults in more intense impregnation, reducing the number
and size of closed pores in the contact material, improve-
ment of thermal-physical properties and reducing the
process time. The optimum temperature in a vacuum
chamber 1085-1150°C is determined experimentally by
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the authors. The lower limit of temperature in the vacuum
chamber 1085°C corresponds to copper melting point,
so it can not be lowered. Increasing the temperature
above 1150°C leads to copper evaporation, which reduc-
es the effectiveness of briquette impregnation. The cop-
per layer thickness of 2.5 - 5.0 mm over the briquette of
copper and chromium powder mixture is determined by
the future operating conditions of the contact pair man-
ufactured from the produced material, i.e. rated current,
switching frequency, the nature of the load. The thickness
of the copper layer is determined by the concentration of
surface-active components, which are intended to im-
prove the wettability of chromium powder by liquid copper
and decrease the surface tension of molten copper, i.e.
reducing the height of liquid copper meniscus over the
surface of the briquette of chromium and copper powder
mixture, as well as the copper quantity itself.

[0014] The subsequent cooling of the blank from im-
pregnation temperature to the temperature of 900-920°C
is performed at arate equal to or greater than 20 degrees
per minute in order to fix the fine structure of chromium-
copper and copper and to reduce the likelihood of shrink-
age cavities. The authors have experimentally deter-
mined that the blank cooling rate below 20 degrees per
minute results in increasing grains in the structure of the
future blank, which does not allow to obtain high-quality
material.

[0015] The resulting blank is annealed under these op-
timal parameters: temperature of 500-700°C, 30 - 120
minutes. Because only with these parameters the blank
maintains fine structure and tensions in the lattice are
decreased. These optimal parameters were found ex-
perimentally by the authors. The heating to atemperature
below 500°C and during less than 30 minutes adversely
affects the quality of the finished product, since there
were cases of incomplete relaxation of stresses in the
blank. Heating at the temperature over 700°C during
more than 120 minutes is not justified economically, be-
cause it practically has no effect on the quality of the
finished product.

[0016] Source of alloying components can be made in
the form of foil, grid or vacuum coating. Its design is de-
termined by the technological possibilities of the material
manufacturer. The authors believe, the most promising
structure is a vacuum coating deposited on the flat sur-
face of one of the blanks through a mask, because it
provides the desired composition and necessary amount
of alloying components. The simplest structure is a foil.
In this case it is sufficient to obtain the melt of necessary
composition or select a ready metallic material or alloy
in the form of an ingot of the necessary composition and
with required amount of alloying components, heat it and
roll it between the rollers to obtain a foil of the desired
thickness.

[0017] Surface-active agents are used in an amount
of 1-3 wt.% of the total weight of the contact material to
improve wettability and activation of the sintering and im-
pregnation process.
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[0018] The composition and quantity of the alloying
components for alloying the interphase border of chro-
mium-copper powder components are selected experi-
mentally based on conditions to improve the wetting of
interphase border by copper melt and to reduce the sur-
face tension of molten copper in the mixture of chromium-
copper powders. Such substances for chrome-copper -
copper melts may be substances based on silicon, man-
ganese, nickel, and are selected experimentally based
on the technological possibilities of the material manu-
facturer and the intended working conditions of the con-
tact material.

[0019] As an example, the authors have used for al-
loying of interphase border of chromium-copper powder
components a source of alloying components of the fol-
lowing composition (in wt.%):

carbon-0.10-0.12

silicon - 0.06 - 0.08
manganese - 1.80 - 2.00
chromium - 17.0 - 18.0
nickel - 8.90 - 9.00
titanium - 0.70 - 0.80
iron - the rest.

[0020] Fig. 1 illustrates a blank of electric contact Cu-
Cr material with a copper sublayer, obtained by the pro-
posed method.

[0021] Example. The copper-based composite mate-
rial for electrical contacts was produced. The following
materials were used: electrolytic copper powder accord-
ing to GOST 4960-75, PMS-1 grade with a copper con-
tent of 99.72%, and chromium powder of PH-1M grade,
a certificate # 22-03 of 02.10.2008.

[0022] The operations of mixing and grinding of copper
and chromium powders was carried out in a high power
mill. A planetary mill, attritor, ball mill etc. may be used
as a device for mixing and grinding powders. Blend
modes (operating tools rotation speed, mixing time, balls
mass to material mass ratio, etc.) were selected experi-
mentally. The balls impact on the components of the
treated powder material exceeds the ultimate compres-
sive strength and shear of plastic copper and solid chro-
mium. The amount of copper (Cu) powder introduced
into chromium (Cr) during the mixture preparation was
10-40 wt.%, depending on the Cr content in the compo-
sition of the contact material, with increasing of Cr content
in the Cu-Cr composition from 45 to 70 wt.%, the amount
of copper in Cu-Cr mixture was decreased from 40 to 10
wt.%, respectively. The processing and blending of cop-
per and chromium powders in high-power mill resulted
in destruction and deformation of the original powder par-
ticles, which leaded to formation of active surfaces which
were capable of "cold welding" of microgranules that
caused formation of fine homogenized copper and chro-
mium (Cu-Cr) powder mixture. Such mixture did not seg-
regate by density during unloading from the drum, trans-
portation and loading into the mold matrix. During the
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processing the mixture was activated, which intensified
the subsequent processes of impregnation and liquid-
phase sintering.

[0023] To obtain the briquettes of required shape and
size, the Cu-Cr powder mixture was subjected to press-
ing in molds. Cu concentration in Cu-Cr mixture and the
residual porosity of the compressed briquette are the
main parameters determining the amount of Cr in the
manufactured composite material after the obtaining a
blank impregnated with copper melt. The minimum Cr
amount in Cu-Cr composite material manufactured ac-
cording to the principle of forming rigid Cr structure im-
pregnated with Cu is about 45 wt.% according to specific
weights of Cr - 7.15 g/cm3 and Cu - 8.93 g/cm3.

[0024] The maximum amount of Cr in the composite
material is determined by the possibility to form a raw
briquette with a minimum amount of Cu in Cu-Cr mixture
and minimum porosity of compression-molded briquette
without cracking and is about 70 wt.%. Cu-Cr blanks were
pressed using the pressure from 2 to 8 tons per square
cm. Increasing of the compression pressure over 8 tons
per square cm results in delamination of the compres-
sion-molded blanks. With increasing Cr concentration in
the composite material the compression pressure was
increased. In order to impregnate the blanks, the bri-
quettes of copper powder (chips) were pressed together
with alloying components source. For uniform distribution
of surface-active elements at the Cr-Cu interphase bor-
der and facilitation of compression, the source of allying
components is made in the form of foil, grids of different
shape, discrete vacuum coating. Such coating may be
applied by known methods, for example, using a process
described in the article:

M3HOCOCTOUKOCTDh  KEePaMHUYCCKHX

PEXKYIMUX HHCTPYMEHTOB Ha

OCHOBC HUTPpHJIA KPCMHHUA co

CILTOMIHBIMH U TUCKPCTHBIMHA

HUTPHUAOTUTAHOBBIMHA IIOKPBITHAMMU.

I'necuH . JIsmenko b.a, POMEHKO

CH. u Ip. llopomikoBas Mmetamnyprus
-1997. - No11/12. - P.93-96. (The wear resistance of sil-
icon nitride based ceramic cutting tools with continuous
and discrete nitride titanium coatings. Gnesin, G.G.,
Lyashenko, B.A., Fomenko, S.N. et al. - Powder Metal-
lurgy). A grid or foil of alloying components is placed into
the lower mold die and covered with necessary amount
of copper powder or chips, and then press the composite
blank using the pressure of 1.5-3.0 tons per square cm.
[0025] For uniform distribution of surface-active ele-
ments at the Cr-Cu interphase border and facilitation of
compression, the source of allying components is made
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in the form of foil, grids of different shape, vacuum coat-
ing.

Heat vacuum treatment:

[0026] Connected porous briquette of Cu-Cr powders
mixture, Cu powder briquette and a source of alloying
components located between the briquettes were sub-
jected to heat vacuum treatment together. Briquettes
were placed into container made of a material which does
not react with molten Cu and Cr. The copper briquette
was placed onto upper surface of the briquette in such a
way that grid with surface-active substance was in con-
tact with the surface of Cu-Cr blank. Container was
placed into vacuum over chamber. Heat vacuum treat-
ment was performed in a vacuum chamber in vacuum of
10-5Torr, at 800°C for 60 min to remove adsorbed gases,
volatile components from the blanks, to destroy and re-
move oxide films. After heating and keeping for 60 min-
utes inert gas or hydrogen produced from the metal hy-
dride was supplied into vacuum chamber through the in-
let valve to produce a pressure of 200 Torr and the tem-
perature was raised to 1150°C at a rate of 10-15 degrees
per minute.

Impregnation.

[0027] Copper melting and alloying of chromium-cop-
per (Cr-Cu) interphase border with surface-active com-
ponents, liquid-phase sintering of briquettes and theirim-
pregnation with copper occurs in the temperature range
of 1085-1150°C in inert gas or hydrogen atmosphere.
The blank was kept during 10-20 minutes in this temper-
ature interval. Optimum dwelling time was selected ex-
perimentally depending on the blank mass, heat capacity
and pressure of the gas atmosphere.

[0028] The amount of copper necessary forimpregna-
tion of the blank (structure) was calculated on the basis
of its residual porosity and the amount of copper required
for the formation of a 2.5 - 5 mm thick layer intended to
divert heat flow from the working surface of the contact
assembly and welding or soldering of the contact to arc-
suppression vacuum chamber terminals.

[0029] In the example, the source of alloying compo-
nents is in the form of a grid having the following com-
position (in wt.%): C-0.12; Si-0.08; Mn-2.0; Cr-18.0; Ni-
9.0; Ti-0.8; Fe - up to total of 100.0. The mass of the
source of the alloying components is in the range from
1.0 to 3.0 wt.% of the total mass of the contact material.
A source of alloying components is used in order to im-
prove the wettability and facilitate the processes of sin-
tering and impregnation.

Cooling.
[0030] In order to obtain the blanks with fine structure,

impregnated Cu-Cr blanks were cooled from the impreg-
nation temperature to the crystallization temperature at
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a rate of 20-28 degrees/min.

[0031] To relieve internal stresses, the structure was
annealed in inert medium at 650-670°C for 120 minutes.
[0032] Thus, the proposed invention has enabled to
achieve the goal: to provide such method of manufactur-
ing a copper-based composite material for electrical con-
tacts, with the cost of manufacturing of such electrical
contacts lower that the cost of manufacturing contacts
made of material obtained according to prototype proc-
ess due to creation of conditions allowing to reduce the
number of loadings and unloadings of a vacuum chamber
to perform three separate technological operations with
one vacuum chamber loading, i.e. heating blanks in inert
gas or hydrogen atmosphere to a temperature of alloying
of interphase border of chromium-copper powder com-
ponents by a surface-active agent, impregnation of a
blank made of copper and chromium powder mixture with
alloying components to produce copper layer over blank
made of copper and chromium powder mixture, cooling
the obtained blank and annealing the blank.

[0033] The resulting composite material for contacts
was tested in contactors operating in power circuits of
the rolling stock of Ukrainian railways. The service life of
contacts made of the proposed composite contact ma-
terial was 50-60% longer than the service life of conven-
tional contacts.

Claims

1. Amethod of manufacturing a copper-based compos-
ite material for electrical contacts comprising prep-
aration of a powder mixture of at least two powder
components - conductive and heat resistant compo-
nents, pressing powder mixture and obtaining a
blank, which is sintered to obtain a copper-based
composite material for electrical contacts, charac-
terized in that copper and chromium powders are
preliminarily mixed in a high-power mill to obtain a
fine homogenized copper and chromium powder
mixture, the obtained powders are pressed to pro-
duce two compression-molded briquettes: one of
copper and chromium powder mixture and another
from copper powder, a source of alloying compo-
nents is arranged between said compression-mold-
ed briquettes, the mixture is heated up to a temper-
ature of 700-900°C in a vacuum chamber under vac-
uum of 10-3 - 10-5 Torr and is kept under these con-
ditions for 30-60 minutes to remove unwanted impu-
rities and/or admixtures, which is followed by alloying
of interphase border of chromium-copper powder
components by surface-active agent in inert gas at-
mosphere or in hydrogen obtained from metal hy-
dride at a temperature of 1085-1150°C with simulta-
neous impregnation of compression-molded bri-
quettes of copper and chromium powders with alloy-
ing components until a copper layer of a thickness
of 2.5-5.0 mm is formed above the compression-
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molded briquette from a mixture of copper and chro-
mium powder, the obtained blank is cooled from im-
pregnation temperature of 1085-1150°C to a tem-
perature of 900-920°C at arate equal to or exceeding
20°C/min, the cooled blank is annealed at a temper-
ature of 500-700°C for 30-120 minutes, and a blank
of copper-based composite material for producing
electrical contacts is obtained.

A method according to claim 1, characterized in
that after obtaining two compression-molded bri-
quettes - from a mixture of copper and chromium
powders and from copper powder, a source of alloy-
ing components is arranged between these bri-
quettes, such source having a form of a grid.

A method according to claim 1, characterized in
that after obtaining two compression-molded bri-
quettes - from a mixture of copper and chromium
powders and from copper powder, a source of alloy-
ing components is arranged between these bri-
quettes, such source having a form of a foil.

A method according to claim 1, characterized in
that after obtaining two compression-molded bri-
quettes - from a mixture of copper and chromium
powders and from copper powder, a source of alloy-
ing components is arranged between these bri-
quettes, such source having a form of a coating ap-
plied onto the surface of one of the compression-
molded briquettes.

A method according to claim 1, characterized in
that after obtaining two compression-molded bri-
quettes - from a mixture of copper and chromium
powders and from copper powder, a source of alloy-
ing components is arranged between these bri-
quettes, such source having a form of a vacuum coat-
ing deposited onto the surface of one of the com-
pression-molded briquettes through mask.

A method according to claim 1, characterized in
that alloying of interphase border of chromium-cop-
per powder components is carried out using surface-
active agent of the following composition (in wt.%):

carbon-0.10-0.12

silicon - 0.06 - 0.08
manganese - 1.80 - 2.00
chromium -17.0 -18.0
nickel - 8.90 - 9.00
titanium - 0.70 - 0.80
iron - the rest.
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