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Abstract

The aim of this work is to identify the wetting of refractory metals with copper alloys. We
investigated the effect of chromium (0; 0.12; 0.24; 0.61 and 1.22 at.%) in Cu-Cr alloys and Cu-
-Cr-Zr (0.85 at.% Cr, 0.20 at.% Zr, balance Cu) on wetting of pure molybdenum, molybdenum
alloy (1.0 at.% Ti, 0.08 at.% Zr – TZM) and tungsten. Only the binary alloys with the lowest
Cr concentration (0.12–0.61 at.%) effectively wet refractory substrates.

K e y w o r d s: wetting, copper alloys, refractory metals, microstructure

1. Introduction

Metal matrix composites (MMCs) with tailorable
anisotropy can be prepared from both continuous and
discontinuous fibres [1–5]. However, the highest mech-
anical and thermal properties of unidirectional com-
posites are only in direction parallel to the fibre ori-
entation. The properties of composites perpendicular
to fibre orientation are markedly lower. To eliminate
these effects the combination of fibre orientation or
combination of fibres with various properties can be
used.
In many cases, it is necessary to use material with

stable structure at the temperatures up to 700◦C with
the highest possible thermal conductivity and to have
the possibility to control thermal expansion. One type
of such materials is copper matrix continuous fibre
composite. Tungsten fibres have coefficient of thermal
expansion (CTE) about 4 × 10−6K−1. To decrease
expansion of MMCs to lower values the carbon fibres
can be used. CTE of these fibres in direction parallel
to fibre axis is even negative. Combination of refract-
ory metal fibres and plates and carbon fibres gives the
material with very low thermal expansion and relat-
ively high thermal conductivity. However, the carbon
materials are not wetted by copper or some copper al-
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loys [6, 7]. Even relatively high pressure in autoclave
is not sufficient to infiltrate carbon fibres by copper
in whole volume. Improving wetting can be reached
by adding the carbide-forming element to the copper,
e.g. Cr, Zr. However, addition of such metal to copper
lowers its thermal conductivity. The optimum amount
of carbide forming element that improves wetting of
carbon fibres is not established. In some papers [8–
11] it was discussed that copper with low concentra-
tion of chromium (about 1.0 at.%) wetted the vitreous
carbon. Composites prepared from pitch-based carbon
fibres have better mechanical and thermal properties
even if 0.3 wt.% of Cr was used in copper matrix [12,
13].
The aim of this contribution is to recognize the in-

fluence of concentration of chromium in Cu-Cr and/or
Cu-Cr-Zr alloys on the wetting of pure molybdenum,
molybdenum alloy TZM and tungsten substrate and
potential creation of new phases at the boundary
between these constituents.

2. Experiment

Copper-chromium alloys with 0.12; 0.24; 0.61 and
1.22 at.% Cr prepared in induction furnace and Cu-
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Fig. 1. Time dependence of wetting angle of TZM (a) mo-
lybdenum (b) and tungsten (c) with Cu-Cr and Cu-Cr-Zr

alloys for 1150◦C.

Cr-Zr alloy were used. Substrates from molybdenum,
TZM and tungsten of diameter 15mm and thickness

Fig. 2. Boundary between TZM substrate and drop of Cu-
1.22at.%Cr alloy.

of 2 mm were cleaned in ultrasound using acetone.
Cu alloy in the form of cylinder with 6mm diameter
and 4 mm tall was inserted on substrate into the fur-
nace, which was a part of apparatus for wetting angle
measurement – sessile drop method. After melting
an alloy in vacuum the drop was photographed dur-
ing 240 s at 1150◦C. Wetting angles were measured
from the photography and time dependence of wet-
ting angle was made. After solidifying the specimen
was cut perpendicularly to the plane of substrate and
after metallographic treatment the structure of the
interface between drop and substrate was studied to
identify the effect of chromium on the creation of new
phase at the interface. Electron microscopy equipped
with X-ray analyser (EDAX) was used.

3. Results and discussion

The results of time dependence of wetting of mo-
lybdenum, TZM and tungsten by Cu-Cr-Zr and/or
Cu-Cr alloys with various amount of chromium at
1150◦C are given in Fig. 1a–c. The wetting of mo-
lybdenum, TZM and tungsten with pure copper and
alloy with low amount of chromium (up to 1.22 at.%)
is very good and decreases with time to the value of
30◦. Alloy containing Cr and Zr even does not wet
substrate made of molybdenum, TZM and tungsten.
Poor wetting or even not wetting of studied refractory
metals by CuCrZr alloy may be due to the presence of
thin oxide layer on the surface of an alloy. Zirconium
is extremely sensitive to oxidation, but detecting of
this layer is difficult.
Figures 2 and 3 show the interface between TZM

and/or W substrates and the drops of Cu-1.22at.%Cr
alloy. No interlayer between substrate and the drop
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Fig. 3. Boundary between W substrate and drop of Cu-
1.22at.%Cr alloy.

Fig. 4. Boundary between TZM substrate and drop of Cu-
Cr-Zr alloy.

detectable using SEM was observed. Neither particles
containing chromium were observed in the drop.
Chemical composition of some points of Cu-Cr-Zr
drop and/or boundary between TZM substrate was
also studied (Fig. 4). The relatively high concentra-
tion of Zr (17.2 at.%) in particle (point A1) indicates
to formation of Cu5Zr phase. The higher concentration
of Cr (9.8 at.% at point A2) near the TZM substrate
indicates the formation of Cr0.3Mo0.7 alloy. In all other
measured points practically the pure copper was de-
tected. Similar chemical compounds (Cu5Zr, ZrW2)
may be formed at the interface between Cu-Cr-Zr al-
loy and W substrate. Zirconium (10.2 at.%) and tung-
sten (16.9 at.%) were found in point A6 (Fig. 5). But
exact determinations of phase formation have to be

Fig. 5. Boundary between W substrate and drop of Cu-
Cr-Zr alloy.

established by proper method.

4. Conclusion

The obtained results can be summarized as follows:
– Cu alloys with low concentration of chromium

(0.12–0.61 at.%) wet molybdenum, TZM and tung-
sten.
– The wetting angle of tungsten by Cu-Cr alloy is

lower than 30◦C for Cr concentration up to 1.22 at.%.
– The highest used concentration of chromium in

a Cu-Cr alloy increases the wetting angles of melted
drops on substrates from molybdenum or molyb-
denum alloy.
– Cu-Cr-Zr alloy does not wet studied refractory

substrates; near the interface with refractory metal
increased concentration of Zr was detected indicating
formation of Cu5Zr phase.
– Wetting experiments have shown which Cu alloys

can be used for preparing composites reinforced with
refractory metals in various form (wire, thin plate)
and/or hybrid composites with carbon fibres by infilt-
ration method.
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