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[Abstract] The oxidation of PM Cir 50Cr, MA Cur40Cr and MS Cur 40Cr alloys at 800 C in 0. 1 MPa O, was studied.

The most important difference of their oxidation behaviors is the formation of an exclusive chromia scale on the surface of

the MS Cuir40Cr alloy and a continuous chromia layer beneath an outer CuO layer corresponding MA Cur 40Cr alloy, while

a complex scale composing of CuO, Cuz0, CuzCr;04 and Cry03 formed on the PM Cur 50Cr alloy. T his result implies that

alloy microstructure affects their oxidation behaviors largely. Microcrystalline structure provides numerous diffusion paths

for reactive component chromium, shorter diffusion distance and rapid dissolution of Crriched second phase. All these fa-

vor the exclusive formation of the most stable oxide.
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1 INTRODUCTION

The purpose of this study is to examine the oxi
dation behavior of CuCr alloys with different mi
crostructures. Not only because Cu-Cr alloys are
known candidate as vacuum electricity switch materi-
als, but also ideal binary two-phase materials for illus-
trating the oxidation behaviors of two-phase alloys be-
cause the two metal elements have very small mutual
solubility and do not form intermediate phases. More-
over the thermodynamic stability and the growth
rates of their oxides are largely different'". In previ
ous investigation, it has been reported that many ma-
terials containing two or more different metal phases
have different oxidation behaviors with respect to the

common single-phase alloys'*~ !

. Especially the mr
crostructure of an alloy has significant effects on its
oxidation behavior'>!. So that this paper examines the
scaling behaviors of CurCr alloys prepared by pow der
metallurgy ( PM ), mechanical alloying (MA) and

magnetron sputtering technique (MS).
2 EXPERIMENTAL

Three CuCr alloys with nominal chromium con-
tents of 50%, 40% and 40% ( mass fraction) have
been prepared respectively by powder metallurgy
(PM), mechanical alloying (MA) and magnetron
sputtering technique (MS), and denoted as PM Cur
50Cr, MA Cur40Cr and MS Cu40Cr. The alloy mr

crostructures are shown in Fig. 1. They all contain a

mixture of the solid solutions of chromium in copper
( a phase, light) and of copper in chromium ( B
phase, dark), which are practically identical to the
two pure metals as a result of the very low solubility
of Cr and Cu.

For all alloys the a phase forms the matrix
which contains a dispersion of the particles of the B
phase. The main difference in the three alloys con-
cerns the particle size of the B phase. PM Cu50Cr al-
loy has phase particle size about 100 Pm ( Fig. 1(a))
and bellow 1 Hm in MA Cu40Cr alloy (Fig. 1(b)).
But MS Cur40Cr alloy is a coating that has a thick-
ness of around 25 Pm and has the same component
with the substrate to eliminate the interdiffusion be-
tween the coating and the substrate. X-ray analysis
(Fig. 2) shows that it contains a and B phases and
they are too small to be observed by SEM. So only a
bright layer can be seen for MS Cu40Cr alloy.

Samples of about 2. 5 em” surface area were oxi
dized for 24 h in 0. 1 MPa pure oxygen at 800 C by
means of a Cahn microbalance mod. 2000. Corroded
samples were examined by means of X-ray diffraction
(XRD), optical microscopy (OM) and scanning elec
tron microscopy (SEM) for phase identification and
structural analysis.

3 RESULTS

The oxidation kinetics of the three CuCr alloys
is shown in Fig. 3. The oxidation kinetics of the PM
Cur 50Cr alloy is approximately parabolic, for MA Cu-
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Fig. 1 Microstructures (SEM/BEI) of CuCr alloys
(a) —=PM Cur 50Cr; (b) —M A Cur40Cr
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Fig.2 X-ray diffraction pattern of
MS Cur40Cr alloy

40Cr and MS Cur40Cr alloys the oxidation rate de
creases with time at the beginning, then tends to a
constant. The mass gain of the MS Cur40Cr alloy is
less than the MA Cu40Cr alloy and the mass gains of
the MS Cur40Cr and the MA Cur40Cr alloy are much
less than the PM Cu-50Cr alloy.

The scale structures grown on the three CuCr
alloys after 24 h oxidation are shown in Fig. 4.

The oxidation of the PM Cu50Cr alloy produces
complex scales (Fig. 4(a)). The outer region is com-
posed of a thin continuous CuO (gray) and a uniform
Cu20 layer (light) beneath it. The inner region cor
responding to the alloy-consumption zone contains a
Cu20 matrix, inside which there are bigger particles
of chromium metals still unoxidized surrounded by a
thin layer of chromia and then by an outer thick layer
of the double oxide CuzCr;04. The oxidation of the
MA Cu40Cr alloy forms simple scales, the outer lay-
er is a continuous CuO and the inner layer is a contin-
uous Cr03, a Crdepleted region forms beneath it
(Fig. 4(b)). But the oxidation of the MS Cu-40Cr
alloy only forms an external chromia layer and a
Crdepleted region beneath it (Fig. 4(c).

16

< PM CuS0Cr
© MA Cud0Cr
a MS Cud0Cr
12}

Mass gain/ (mg*cm ™ ?)
[+ ]

D 00 2 R RO RRR
0 300 600 900 1200 1500

Time/min
Fig.3 Oxidation kinetics of three Cu-Cr alloys in
0. 1 M Pa pure oxygen at 800 C

4 DISCUSSION

The scaling behaviors of the three Cu-Cr alloys
with different microstructures after 24 h oxidation are
obviously different. The PM Cu-50Cr alloy produces
a complex scale containing the pure oxides of both
copper and chromium ( CuyO, CuO and Cr,03) as
well as the double oxide CuyCry04. The CuO is only
present in the outmost layer of the scales, where the
oxygen activity is sufficient for its stability. The out-
er region of the scales contains only copper, while
chromium is confined in the inner-scale region in the
form of its oxide or of the double CuCr oxide. It is
result of the fact that diffusion through the scale is
faster for copper than for chromium and the two pure
metal oxides have the larger difference between their
growth rates. Except at places where the chromium
concentration is sufficient to prevent the oxidation of
copper completely or when the amount of copper and
chromium in the scale is sufficient to produce a single
layer of double oxide surmounting a continuous chro-
particles of chromium still
partly in the metallic state are observed inside the

Finally,

mia layer.
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Fig.4 Micrograph of cross section of
Cur Cr alloys oxidized in 0. 1 MPa O, at

800 C for 24h (SEM/BEI)
(a) —PM Cur50Cr; (b) —M A Cur40Cr; (¢) —MS Cur40Cr

scale. Generally, the chromium-metal particles are
surrounded by a layer of chromia and then by a double
oxide and often by a matrix of copper oxide. This de-
pends on the large difference between the rates of oxi-
dation of copper and chromium. The matrix of the al-
loy nearly always made of the alpha phase is oxidizing
more rapidly than the chromium particles, the
chromium particles are then incorporated still not
completely corroded into the scale, where they may
be preserved for some time due to kinetics reasons.
The corrosion behavior of these chromium particles
will then depend also on their size, because large par
ticles will take a longer time than smaller particles to
be converted into the oxide.

The oxidation of the MA Cu-Cr alloy with simr

lar chromium contents in the same experiment condir

tions formed the external scales containing outer layer
CuO and inner layer Cr,03 and produces a depletion
of chromium in the alloy. The formation of a continu-
ous external layer of chromia on this alloy is rather
surprising in view of the low solubility of chromium in
copper and of the consequent two-phase nature of
these materials. In fact the exclusive growth of an ex-
ternal scale composed of the most stable oxide is much
more difficult for two-phase than for solid-solution bi-
nary alloy, as already predicted and observed in varr
ous cases'® ¥ For many two-phase alloys, such as
CurAg, FeCu and Fe Ce, this type of scale structure
was not achieved even under quite high concentrations
of the most reactive component. This difference be-
tween the scaling behavior of the two kinds of Cu-Cr
alloys is attributed to the small particles of the B
phase in the alloy. The scaling behavior of alloys with
small grains and phase particles can differ from that of
corresponding alloys with large grain and phase parti
cles, as already observed in a number of studies con-
cerning alloys presenting very small or even extremely
small grain sizes'”'. In fact, for MA CurCr alloy me-
chanical alloying process introduces large amount of
grain and particle boundaries that act as preferential
diffusion paths and increase the rate of transport of
chromium to the interface alloy/ scale. Another possi-
ble effect is related to the fact that the solubility of Cr
in the grain and particle boundaries is certain larger
than in the bulk. An increase of the solubility favors
again the transition from the internal to the external
oxidation of the reactive element. Finally, the rate of
dissolution of the B phase particles should increase as
a consequence of their much larger surface area as
compared to samples with the same composition but
containing coarse particles. At the same time the dis-
tance between two B phase particles is shorter. All
these are effective in increasing the flux of Cr to the
surface to produce a protective Cr,03 scale. For M'S
Cur40Cr alloy the particles of B phase are small to
nanometer to more quicken the diffusion of Cr and the
dissolution of B phase and provide the more short dis-
tance between the two B phases. The flux of Cr to
the surface is sufficient to produce a protective Cr03
scale that cuts off the growth of transient Curoxides.
This implies that microcrystalline reduces the critical
concentration of the most-reactive component needed
for the transition from the internal to the external ox-
idation, as proposed by WANG et all® '

The scaling rates of the present MA Cu-40Cr al-
loy and MS Cu-40Cr alloy are lower than those mea-
sured for PM Cu50Cr alloy of similar compositions,
as shown in Fig. 3. The difference is small for MA
Cur40Cr and MS Cur40Cr, which is in agreement
with the scale morphologies. A complex scale con-
taining amount of CuO and Cu0 occurs on the PM
Cur50Cr alloy, while a simple scales forms on MA
Cur40Cr and MS Cu-40Cr alloys, especially a contin-
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uous external layer of chromia which protect the alloy
substrate from being corroded further formed on M'S
Cur40Cr alloy. So the scaling rate of the latter is low=
er.

S CONCLUTIONS

1) The oxidation behaviors of the three Cu Cr
alloys are quite different. The oxidation of PM Cu
50Cr alloy forms a complex scale containing CuO,
Cuz0, CuzCr;04 and Cr03, while MA Cur40Cr and
MS Cu40Cr alloys form simple scales containing a
continuous Cr,03 layer and a Crdepleted layer be
neath it. Especially an exclusive scale of chromia is
produced on the MS Cu40Cr alloy.

2) The mass gains of MA Cu40Cr and MS Cur
40Cr alloys are much less than that of PM Cu-50Cr
alloy. The mass gains of MS Cur40Cr alloy are even
less than that of MA Cu40Cr alloy. The difference is
mainly attributed to different microstructures.

3) The MA Cu40Cr and MS Cu40Cr alloys
have more grain and phase particle boundaries than
PM Cu-50Cr alloy, which can act as preferential dif-
fusion path for chromium. At the same time the small
particles of chromium can dissolve into copper phase
rapidly and provide shorter diffusion distance. So the
supply of chromium to the external scale becomes
much more effective.
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