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LUBRICATING BEHAVIOR OF COPPER RHENATE

AT ELEVATED TEMPERATURES
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ABSTRACT The copper rhenate ( Cu( Rey) ») was prepared using chemical method, and its thermal stabili-

ty was analysed by TGA( T hermogravimetric Analysis) . The lubricating behavior of the copper rhenate at ele-

vated temperatures were determined under three rubbing- pairs ( A1,03/ Glass, Al,O3/ Stainless steel and Glass/

Glass) by means of highrtemperature pirrorr disc tester. The resulis show that the copper rhenate dehydrates

at 80~ 150 C, decomposes from 510 to 730 C, and has a good lubricating property between room tempera-
ture and 700 ‘C, especially from 450 to 600 ‘C, in which its friction coefficient is about 0. 15. Under the rub-

bing pairs of Al,O3/stainless steel, the copper rhenate possesses long-term lubricating role at highrtempera-

tures.
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1 INTRODUCTION

With the rapid development of industries
and high technology research, there are more
and more mechanisms used at high tempera
tures, such as rubbing- pairs of aviation mecha
nisms, heat process equipment for nonferrous
metals, mechanic device of nuclear reactor and a
diabatic motors. The problem of high- tempera
ture lubrication of these equipment is required to
be resolved urgently. But most of the single con-
stituent solid lubricants have no alkFround an-
tifriction function from room temperature to high
temperature( above 800 C). Thus, to find and
study solid lubricants used in wider temperature
range is an important subject. Sliney combined
chronium carbide( Cr3Cy) with silver and barium
fluroide/ calcium fluoride ( BaF,/ CaF,) to make
selflubricating coating which can work in a
wider temperature range[ ' Peterson investigat-
ed the lubricating property of several kinds of
oxides and mixed oxides'”’. The antifriction

roles of oxide films on the surface of high-tem-

perature self-lubricating alloys were also stud-

fed 771

rhenate has been investigated by the authors!

The lubricating behavior of the iron
6]

2

based on which the copper rhenate was com-
pounded, which has better lubricating property
than iron rhenate, and may be generated during
the wear process of Cu- Re alloys at elevated
temperatures. The lubricating behavior of the
copper rhenate was evaluated at elevated temper-
atures.

2 EXPERIMENTAL

2.1 Preparation of samples

First, pure rhenum powder was added into
solution of H,0O, and stirred. After the rhenum
powder had dissolved completely, the excessive
H,0;, and H20 were removed away by heating
and a solution of HReO4 was obtained. The
next, NH4OH was dripped into a solution of Cu-
SO4 until the precipitation process completed,
then pure Cu( OH)2 was obtained by full cen-
trifugal wash. At last, the Cu( OH), was added
into the solution of HReO4 and stirred. After the
complete dissolution of the Cu( OH),, hydrated
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copper rhenate ( Cu( ReO4)2*H20) powder was
prepared using the heating evaporation method.

2.2 Apparatus and test procedure

The friction coefficient was determined with
a selfF-made pimromdisc wear device, which was
driven by a stepless motor. A furnace surrounds
the pirrorrdisc sample, so that the friction test
can be run at room temperature up to 800 C.
The friction force was continuously recorded
with an X-Y recorder. The signal of friction
comes from a stress sensor pressed by an arm
which is connected with the ball sample holder
rigidly, as shown in Fig. 1.
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Fig. I Schematic diagram of high

temperature wear apparatus
1l —Dead weight; 2 —Stress sensor;
3 —Balance; 4 —T hermocouple;
6 —Furnace;

8 —Pin holder

5 —Disc specimen;

7 —Pin specimen;

The disc samples were made of two differ
ent kinds matte meterials, glass and stainless
steel, whose surface roughness ( Ra) is about 3
um. The pin samples were Al,O3 ball and glass
ball with a diameter of 12. 7mm. The pow der of
copper rhenate was smeared on frictional orbit of
disc. The tests were run under a load of 20N,
and at a speed of 0. 12 m/s. At each tempera
ture, the test was run over 10 min. When the
testing temperature was changed, the disc sam-
ple was replaced, the touching position of the

ball sample was also changed and washed with

alecohol.
3 RESULTS AND DISCUSSION

3.1 Dependence of friction coefficient on time

The dependence of friction coefficient ( H)
on sliding time for the powdered copper rhenate
under three kinds of rubbing pairs is shown in
Fig. 2. At the initial stage of slide, the dry pow-
dered copper rhenate on disc surface was not
compressed and formed film with bearing capact
ty. Part of the load was exerted on the asperr
ties, therefore the friction coefficient is high.
After some time of slide, the tips of the asperr
ties were smashed, then the powderd copper
rhenate could act as effective lubricant, as a re
sult the friction decreased. Comparing the three
curves in Fig. 2, it can be seen that the friction
coefficient is relatively low and stable under the
rubbing pair of Al,03/ Glass. Under the rubbing
pair of AlO3/stainless steel, the value of H in-
creases slowly with sliding time. This is because
that the stainless steel is relatively soft, and un-
der the repeated action of the harder balls, the
asperities would be pressed to flat gradually, and
the lubricating films would be squeezed to two
sides of the friction orbit. The friction form is a
mixture of ceramic/ metal and oxide/ oxide, 1. e.
partial film lubricating state. Thus the value of
His relatively higher.

Fig. 3 shows the dependence of friction co-
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1—AL Oy/Stainless steel
0.5 2—Glass/ Glass
3—ALO;/Glass
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Fig. 2 Dependence of friction coefficient
on time at room temperature
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efficient on sliding time of the copper rhenate at
500 C. Comparing Fig. 1 with Fig. 2, it can be
seen that the lubricating behavior of the copper
rhenate at 500 C is better than that at room
temperature. The lowest friction coefficient is as
small as 0. 11.
the value of B under the rubbing pairs of Glass/

But there are two steep rises of

Glass and Al,Oz/ Glass respectively at 2. 8 min
and 5. 5 min, which shows that the lubricating
films were broken. X-ray diffraction analysis of
the debris on wear track collected at those mo-
ments demonstrated that besides the glass con-
stituent in the debris, CuO is the main con-

stituent and the copper rhenate is very little.

3 1—AlL,O;/Stainless steel
2—Glass/Glass
3—AL 0,/ Glass

0 5 10 15 20 25 30 35 40

t/ min

Fig. 3 Dependence of friction
coefficient on time at 500 C

3.2 Dependence of friction coefficient on tenr

perature

The dependence of friction coefficient on
temperature is shown in Fig. 4. Although the
value of H under different rubbing pairs have
some differences, the tendency of variation of lu-
bricating behavior of the copper rhenate vs tem-
perature is similar, namely the value of His low-
r (0.18~ 0.21) from room temperature to
100 C; relatively higher (0.38~ 0.41) from
200 C to 300 C; above 300 C, the friction de
creases, and the value of His lowest (0. 13~
0. 15) at 500 C, but above 500 C, the friction
coefficient increases slowly.

In order to fully understand the lubricating
behavior of it. TGA was carried out on the cop-
per rhenate. the result in Fig. 5 shows that ex-

cept a dehydration mass loss at 80~ 150 C,
there exists an obvious mass loss from 510 C to
730 C, which corresponds to the decomposition
of the copper rhenate as follow:

Cu( R804) 2 }R8207 T+ CuO

1—Al, O3/ Stainless steel
0.4 2—Glass/Glass
3 A1203/ Glass
0.3}
3,
0. 2 °
0. 1
] 100 200 300 400 S00 600 700
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Fig. 4 Dependence of friction coefficient
on temperature
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Fig. 5 TGA diagram of copper rhenate

The volatile Re;07 is a soft oxide with good
lubricating behavior. Because of the friction heat
and the bad thermal conductivity of the glass
disc, the real temperature on the wear track is
far higher than the tested. Thus, the decompo-
sition of the copper rhenate will be sped up and
its lubricating role will disappear, which can be
explained by curves 2 and 3 in Fig. 3. Because
the surface of the Al,O3 ball is smoother than
that of the glass ball and relatively thin film can
play lubricating role, the service life of the lubri-
cating film corresponding curve 3 is longer than
that of curve 2. Curve 1 in Fig. 3 shows that the



e 46 -

Trans. Nonferrous Met. Soc. China Dec. 1997

value of His still low under the rubbing pair of
A1,03/ stainless steel through a sliding time of 40
min. One reason is that the thermal conductivity
of stainless steel is better than that of glass, and
the temperature on the wear track of stainless
steel is lower than that of glass. Accordingly the
decomposition rate of the copper rhenate on
stainless steel disc is also lower than that of on
glass disc, the other reason is that the hardness
of stainless steel is lower than that of glass and so
the copper rhenate can embed and diffuse in
stainless steel more easily and even has chemical
reaction with stainless steel and produce other
rhenum - containing with lubricating role.
According to the results of TGA and Fig. 4,
it is clear that the copper rhenate has very good
lubricating role, when it contains crystal water
or is within the range of decomposition tempera-
ture. After the dehydration of it at 200 ~
300 C, the value of M increases a little but the
oxide still has lubricating role. Because its melt-
ing point ( 640 C) is within its decomposition
temperature, the Cu( ReO4)2 can be thought to
have very good lubricating behavior at test tem-
peratures near the melting point. The result &
grees with a conclusion in Ref. 2 that oxide will
still display good lubricating property when its
melting temperature is within 200 C of the test

temperature.

4 CONCLUSIONS

(1) The copper rhenate dehydrates at 80~
150 C and decomposes from 510 C to 730 C.

(2) The copper rhenate shows good lubrr
cating property from room temperature to
700 C, expecially from 20~ 100 C and from
400~ 700 C, its friction coefficient is about
0. 15; under the rubbing pair of ceramic/ metal,
it possesses long-term lubricating role at high
temperatures.
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