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Abstract: A series of experiments were carried out using different admixed lubricant contents, different compaction

pressures and temperatures in order to study the warm compaction of copper powder. Results show that too much

admixed lubricant will lead to the squeeze out of the lubricant from the compact during the warm compaction pro-

cessing of Cu powder. Results also show that blisters can be found in sintered samples that contain lubricant less

than 0. 15% ( mass fraction). Optimal warm compaction parameters for producing high density powder metallurgy

copper material are obtained. Compacts with green density of 8. 6 g/ cm® and a sintered density of 8. 83 g/ ¢cm” can be

produced by warm compacting the Cu powder, which contains 0. 2% admixed lubricant, and is compacted at 145 'C

with a pressure of 700 M Pa.

Key words: powder metallurgy; copper; warm compaction
Document code: A

CLC number: TF 12

1 INTRODUCTION

Copperbase materials are generally used in
the electrical contact components due to their ex-
cellent electrical conductivity. Electrical conductiv-
ity strongly depends on the chemical composition
and density of the materials. Conventional powder
metallurgy (P/M) processing can produce copper
green compact with a density of 8.3 g/cm’, which
is equivalent to a relative density of 93% when
compared with the full density pure copper. Me
chanical properties and electrical conductivity of
the conventionally compacted materials are sub-
stantially less than those of their full density coun-
terparts. There are many processes that can pro-
duce P/ M parts with high density, such as powder
forging and double press/ double sinter. However,
warm compaction is the most economical and effec
tive way. With minor modification on the conven-
tional P/M equipment and approximately 20%
higher than the cost of conventional compaction,
irom-base green compact with a density of 7. 4 g/
em’, which is equivalent to a relative density of
95%, can be obtained by single press''™ ( com-
pared to a density of 7. 1 g/em’, which is equiva-
lent to a relative density of 91%, obtained by con-
ventional compaction). The only difference be
tween the warm compaction and the conventional
room temperature compaction is that the powder

has to be treated with special lubricant, and then
raised to the pre-set temperature and compacted in
a heated die, which is maintained at the warm com-
paction temperature (about 150 C). Since the first
publication of the warm compaction technique in
1994, most of the warm compaction researches and
applications were focused on the iron-base powder
metallurgy. In this study, warm compaction tech-
nique was employed to increase the density of P/ M
copper materials. Warm compaction can not only
produce compact with higher green density, but al-
so offer the compact with higher green strength,
which will open the door for green machining. The
high green density will lead to the high sintered
density and thus provide the sintered materials
with better mechanical properties and electrical
conductivity. Besides, the amount of admixed lu-
bricant used in warm compaction is relatively lit-
tle, and this is vital in the production of high-den-
sity, high-conductivity P/M materials, therefore
warm compaction is preferred rather than conven-
tional room temperature compaction. In manufac
turing high-density P/M copper materials, the
general practice is using double press/ double sinter
technique, which is quit tedious. In this study,
warm compaction technique was introduced in the
fabrication of high-density, high-conductivity P/ M
Cu material. Effects of lubricant content, compac
tion temperature and compaction pressure on the
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green density of the compacts prepared by warm
compaction were studied.

2 EXPERIMENTAL

High purity (99. 7%, unless mentioned, all
concentrations are reported in mass {fraction
throughout this paper) electrolytic Cu powder,
which was produced by Chongqing M etallurgical
Group, China, with a particle size of 74 Bm was
used in this study. The mixed powder was pre
pared by mixing the Cu powder with a polymeric
lubricant in a V-type mixer for 120 min. The ad-
mixed lubricant contents used in this study were 0,
0.02%, 0.06%, 0.1%, 0.15%, 0.2%, 0.3%,
0.4% and 0.6% . The mixed powder was heated to
the pre-set temperature and then compacted into
standard tensile specimens (1SO2740 —1973) in a
heated steel mold, which was maintained at the
pre-selected compaction temperature. Compaction
pressures ranging from 100 MPa to 700 M Pa and
compaction temperatures ranging from ambient
temperature to 200 C were used. The green com-
pacts were sintered under a cracked ammonia re-
ducing atmosphere in a continuous belt furnace.
Pre-sintering was carried out at 800 C for 0. 5 h
and sintering was carried out at 1 000 C for 1 h,
then cooled at 50 C for 1h.

Density of the compacts was measured by Ar-
chimedes method.

Samples for ejection force measurement were
cylindrical in shape with 12 mm in diameter and
6.6 mm in height. The warm compacted Cu sam-
ples, which contain different amounts of lubricant,
were warm compacted at 145 'C using a compaction
pressure of 700 MPa, the maximum ejection force
was then recorded during the ejection process. In
order to make sure that the ejection force encoun-
tered in the warm compaction of Cu is comparable
to the value that was generally accepted in the in-
dustrial application, Fe2Cu-1C powder with dif-
ferent contents of Zn stearate was compacted at
room temperature and then its ejection forces were
measured. The reason to use Fe2Cu-1C sample
with Zn stearate as lubricant for comparison is that
it is one of the most commonly used compositions
in P/M industry'*>'. Ejection force measurements
were carried out by a CMT5105-100 kN computer
controlled universal testing machine, which was
produced by Sans Material Test Instrument Co.

Data reported in this study were the average of
at least three separate measurements.

3 RESULTS AND DISCUSSION

Fig. 1 shows the relationship between the
green compact density and the compaction pressure

for samples compacted at room temperature using
0. 6% admixed lubricant. Using a lubricant con-
tent of 0. 6% is based on the experience obtained
from the warm compaction of iron-base materi

s'“™ Fig. 1 shows that with increasing compac

al
tion pressure, the green density of the compact in-
creases but the increasing rate becomes slow. The
green density is the highest when the compaction
pressure reaches 700 MPa. Experience from the
warm compaction of iron-based powders tells us
that the powder compressibility profile between
warm compaction and conventional room tempera
ture compaction is very similar, although the warm
compacted sample always has higher green densi-
ty, therefore, 700 MPa is chosen as the optimal
compaction pressure in this study.
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Fig. 1 Relationship between green compact
density and compaction pressure for samples
compacted at room temperature using

0. 6% admixed lubricant

In order to find out the optimal compaction
temperature, green compacts were prepared by
compacting Cu powder mixed with 0. 6% lubricant
at different temperatures using a compaction pres-
sure of 700 M Pa. Fig.2 shows the relationship be
tween the green compact density and the compac
tion temperature. It elucidates that the density in-
creases steadily as compaction temperature rises
until it reaches at approximately 100 C, then the
green density increases sharply and reaches the
maximum at 135 C and then drops sharply. The
steady increase in compact density at the lower
compaction temperature range is due to the fact
that the lubricant s friction coefficient decreases

6
(el However,

steadily as the temperature increases
as the temperature continues to rise, the lubricant
undergoes a phase transformation and its fluidity
increases. When a certain green compact density is
reached, the deformed Cu particles will squeeze the
fluidized lubricant out of the compact. Our experi

ments show that when the compaction temperature
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reaches 120 C, lubricant is squeezed out of the
compact and forming films at the surfaces of the
green compacts. The compressibility of the Cu
powder is significantly higher than that of the Fe
powder. A content of 0. 6% admixed lubricant may
be good for the warm compaction of Fe powder but
the higher compressibility of the Cu powder will
produce compact with higher density, which means
the compact will contain less voids leading to the
squeeze out of the lubricant when a certain density
is reached by the compact. It is well known that
the density of the lubricant is much lower than that
of Cu and it occupies certain spaces in the compact;
the sudden squeeze out of the lubricant at approxi-
mately 120 'C will of course lead to the sharp in-
crease in the compact density. The sharp drop of
the green density after the compaction temperature
reaches 135 C is because of the decrease in the effi-
ciency of the lubricant that is caused by the dimin-
ished ability in forming lubrication film on the sur-
faces of the powder particles. From Fig. 2 it can be
seen that conventional room temperature compac
tion can produce compacts with density of 8. 1 g/
em’, while warm compaction can produce compacts
with density of 8.4 g/cm’, which is significantly
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Fig. 2 Relationship between green density and
compaction temperature for samples compacted at
700 M Pa using 0. 6% admixed lubricant

From the above result we may conclude that
an admixed lubricant content of 0. 6% is not suit-
able for the warm compaction of Cu powder.
Therefore, in order to optimize the admixed lubri-
cant content, green compacts were prepared by
compacting Cu powder mixed with different con-
tents of lubricant using a compaction temperature
of 145 C and a compaction pressure of 700 M Pa.
Fig. 3 shows the relationship between the green
compact density and the admixed lubricant content
for samples compacted at 700 MPa and 145 C.
Using 145 C as warm compaction temperature is

based on the experimental result obtained from
Fig. 2 and also based on the experience obtained
from the warm compaction of iron-base materi-
als'" . From Fig. 3 we can see that the green
compact density increases slightly as the lubricant
content increases up to 0. 15%, then drops sharply
if there is further increase in lubricant content.
Admixed lubricant is important when compacting
metal powders in a die since it reduces interparti-
cle friction, particle-die wall friction and ejection
force. As pointed out by many authors'™', the
most important role for lubricant is to overcome die
wall friction rather than interparticle friction. If
the admixed lubricant content is too low, it cannot
effectively reduce the frictional forces that involve
in the compaction process. However, if there is
too much lubricant, density and mechanical prop-
erty of the sintered compact will be lowered. The
admixed lubricant occupies spaces in the compact
at the expense of the relatively heavier metal pow-
ders, and thus unavoidably lowers the green densi
ty of the compact. The friction reduction caused by
the lubricant will increase the effective pressure
during the compaction and in turn it will increase
the compact density. For sample with very little a-
mount of admixed lubricant, not only the effective
compaction pressure cannot be maximized, but also
the inter-particle friction will hinder the particle re-
arrangement during the compaction process and
thus reduce the green density to certain extend.
Therefore, there exists an optimal admixed lubri-
cant content that can produce compact with the
highest green density. In this study, the highest
green density can be obtained by using an admixed
lubricant content of 0. 15% . However, if the green
density of the compact is too high, the number of
isolated voids in it will be increased and there is no
way out for the trapped gases, such as entrapped
air or dissociated lubricant, which leads to the blis-
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Fig. 3 Relationship between green compact
density and admixed lubricant content for
samples compacted at 700 M Pa and 145 C
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tering of the sintered samples''” . Fig. 4 shows the

relationship between the sintered compact density
and the admixed lubricant content for samples
compacted at 700 M Pa and 145 C. From Fig. 4 we
can see that the sintered density of the compact in-
creases sharply as the lubricant content increases
up to 0. 15%, then drops slightly if there is further
increase in lubricant content. Experimental results
show that blisters can be found in sintered samples
that contain lubricant less than 0. 15% and that is
the reason why the sintered densities of the sam-
ples that contain less than 0. 15% lubricant is ab-

normally low.
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Fig. 4 Relationship between sintered
density and admixed lubricant content for
samples compacted at 700 M Pa and 145 C

Table 1 shows the maximum ejection force for
145 C warm compacted Cu samples using polymer-
ic lubricant and for room temperature compacted
Fe2Cu1C samples using Zn stearate as lubricant,
using a compaction pressure of 700 MPa. The aim
of this comparison is to make sure that the ejection
force encountered in the warm compaction of Cu is
comparable to the value that are generally accepted
in the industrial application. The reason to use Fe
2Cu-1C sample with Zn stearate as lubricant for
comparison is that it is one of the most commonly
used compositions in P/M industry'* . Experi
mental result shows that the maximum ejection

Table 1 Maximum ejection force (kN) for warm
compacted Cu samples and room temperature
compacted Fee2Cu-1C samples

Lubricant content/ %

Sample
0.15 0.2 0.4 0.6 0.8

Warm compacted Cu
with polymeric 8.0 6.9 57 55 3.8

lubricant

Room temperature
compacted Fe2Cu 1C — 6.3 56 57 4.9

with Zn stearate

force for the warm compacted samples is very close
to that obtained from conventional room tempera
ture compacted iron-base sample using zinc stearate
as lubricant. Although 0. 15% admixed lubricant
will give the compact with the highest sintered
density, 0. 2% is chosen as the optimal admixed
lubricant content in order to avoid blistering and
also to protect the mould from severe wear.

4 CONCLUSIONS

Warm compaction is an effective way to pro-
duce high density Cu-base powder metallurgy ma-
terials. Compared with conventionally compacted
samples, the warm compacted samples have higher
green densities. The increase in density is approxi
mately 0. 3 g/cm’. In warm compaction process,
the admixed lubricant content must be controlled
within an optimal range. If it is too much, the de
formed Cu particles will squeeze the fluidized lubri-
cant out of the compacts; if it is too little, the
green compact density is too high, and the number
of isolated voids will be increased leading to the
blistering of the sintered samples. A powder met-
allurgy copper material with a green density of
8.57 g/ em’ (a relative density of 96%) and a sin-
tered density of 8. 83 g/cm’(a relative density of
98.6%) can be obtained by warm compacting Cu
powder, which contains 0. 2% admixed lubricant,
at 145 C with a pressure of 700 MPa. The sintered
materials were prepared by pre-sintered at 800 C
for 30 min, and then sintered at 1000 C under
cracked ammonia atmosphere for 60 min.
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