42 KOVOVE MATERIALY, 42, 2004, ¢&. 1

STRUCTURAL TRANSFORMATIONS AT THE Cu-Ti
INTERFACE DURING SYNTHESIS OF
COPPER-INTERMETALLICS LAYERED COMPOSITE

ANDRZEJ DZIADON*, MAREK KONIECZNY

This article is mainly devoted to examination of the structure formed at a Cu-Ti
interface. Investigations were concerned with the structural transformations of a Cu-Ti
couple at a temperature of 890°C because this was the lowest temperature sufficient for
the formation of the Cu-intermetallic phases composite. Holding for a few minutes, the
Cu-Ti couple results in the formation of a thin layer at the interface. Prolongation of the
heating time leads to reactions in the liquid state. Using X-ray microprobe analysis, the
intermetallic compounds: CusTi, CusTis, CuTi, and CuTiz were identified in the reaction
zone. The predominant part of the dendritic structure is the mixture of CusTi and Cu4Tis,
copper rich phases, therefore a liquid front of reaction is moving into the copper. The
microhardness of the reaction products and of the elemental Cu and Ti components was
measured. Finally, it was shown that the copper-intermetallic layered composites can be
formed by high temperature reactions from copper and titanium sheets.
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STRUKTURNE TRANSFORMACIE NA ROZHRANI Cu-Ti
V PRIEBEHU PRIPRAVY VRSTEVNEHO KOMPOZITU
MED-INTERMETALICKE FAZY

Clanok sa venuje najmi skiimaniu Struktiry, ktora sa vytvara na rozhrani Cu-Ti.
Vyskum sa tyka Strukttrnych transformécii dvojice Cu-Ti pri teplote 890°C, ktorti sme
uréili ako najnizsiu teplotu postacujicu na pripravu kompozitu Cu-intermetalické fazy. V
dosledku niekolkominttovej vydrze na tejto teplote sa vytvori tenkd vrstva na rozhrani.
PredlZenie ¢asu ohrevu vedie k reakciam v tekutom stave. V reakénej zéne sme pomocou
rontgenovej mikroanalyzy ur¢ili intermetalické zliceniny: CusTi, CusTiz, CuTi a CuTis.
KedZe hlavnou ¢astou dendritickej struktiry je zmes fdz bohatych na med CusTi a CuyTis,
front reak¢nej taveniny sa postva smerom do medi. Merali sme mikrotvrdost reakénych
produktov a zdkladnych komponentov Cu a Ti. Nakoniec sa ukazalo, Ze z pasov medi
a titAnu modZeme pomocou vysokoteplotnych reakcii pripravit vrstevny kompozit med-
-intermetalické fazy.
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1. Introduction

Copper is commonly used as a very good electrical conductor, but its conduc-
tivity is conditioned by retaining high purity. Unfortunately, pure copper has a very
low abrasion resistance. On the other hand, the copper-based alloys have high level
of hardness and wear resistance, but their electrical conductivity is much lower in
comparison with copper. For example, tin bronze, silicon bronze and manganese
bronze have an electrical conductivity lower than 10 m/Q-mm? while pure copper
has 59.7 m/Q-mm? [1].

It appears that a composite consisting of layers — copper partitioned by hard
intermetallic phases — could meet the opposed requirements. Certainly, the main-
tenance of high purity copper in the layered composite is necessary to obtain its
high electrical conductivity. We intended to synthesise the layered composite based
on copper and copper-titanium intermetallic phases. The intermetallic phases were
formed by high temperature reactions between copper and titanium in solid and
liquid state.

Metal-intermetallic composites are unique structures, as they offer an attrac-
tive combination of properties from both component phases. The process of forming
intermetallic compounds from reaction between elemental powders has been widely
used to produce intermetallic and ceramic powders and in situ two-phase compos-
ites [2-6]. Recently, it was shown that metal-intermetallic phases layered composites
can be processed on the way of self-propagating high temperature synthesis of in-
termetallic compounds at the interface between Ni and Al, Al and Fe and also Al
and Ti foils [7-9]. The primary purpose of this study was to recognise the effect of a
high temperature on the structure and development of the interfacial zone between
copper and titanium. In order to do it, a microscopical examination of the reaction
zone was performed to identify the intermetallic phases. Progress of the synthesis
process with prolonged time of reaction between elemental Cu and Ti components
was also investigated. Finally, the structure of the composite containing layers of
copper metallurgically bonded with alternately located layers of intermetallic, was
presented.

2. Experimental procedure

Series of attempts allowed us to find that a temperature of at least 890°C
was necessary for the start and rapid development of structural processes at the
interface of Cu-Ti couple. Materials used in this experiment were M1E copper
(containing 99.9 % Cu) and WT-0 titanium containing impurities: oxygen 530
ppm, nitrogen 100 ppm, carbon 200 ppm, aluminium 2700 ppm and iron 900 ppm.
The 10 x 10 mm specimens were cut from 2.5 mm thick copper and 2.0 mm thick
titanium sheets. The joining surfaces were polished on 600 grade abrasive paper
just before bonding, and a sample (Cu-Ti couple) was placed in a vacuum furnace.
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Pressure of 5 MPa that was used to ensure a good bonding was released at a tem-
perature of 850°C. For the study of the structure forming at the Cu-Ti interface
(using an electron microscope JMS 500), the sample was held at a temperature of
890°C for 10 minutes and then was furnace-cooled to room temperature. The chem-
ical composition of the phases was determined by an electron microprobe analysis
using ISIS 300 Oxford Instruments. The Cu-Ti couple specimens prepared for the
study of intermetallic layer growth were held in a vacuum furnace at a temperature
of 810°C under a pressure of 5 MPa to obtain initial contact between Cu and Ti
components (but not to start rapid synthesis reaction). The joined Cu-Ti samples
were maintained at a constant temperature of 890°C for different times and then
air-cooled. Progress of the reaction was determined by measuring of the thickness
of the intermetallic phases layer using optical microscopy. For this purpose, the
specimens were mechanically polished and etched to reveal the structure of the in-
termetallic layer. Vickers (HV0.065) measurements were performed by Hanemann
microhardness tester mounted on Neophot 2 microscope.

3. Results and discussion

Examinations of the Cu-Ti couple specimens that were held at a temperature
of 890°C for different times allowed us to find that two successive processes took
place at the reaction zone. At the beginning, the thin layer was formed at the Cu-
-Ti interface, which appeared to be rather uniform if carefully etched samples were
observed by an optical microscope. This stable diffusion process was followed by a
sudden onset of structure transformation, which in effect yielded a heterogeneous
dendritic structure. The structures observed for these two processes are shown in
Figs. 1 and 2. Figure 1 shows a thin layer formed at the boundary between copper
and titanium after holding a Cu-Ti couple at a temperature of 890 °C for 5 minutes.
Figure 2 shows a layer formed in Cu-Ti sample, which was held for 10 minutes at
the same temperature. The dendritic structure of the layer indicates that this stage
of the Cu-Ti reaction proceeds in the liquid phase. The thickness of the reaction
zone was measured as a function of the holding time at a temperature of 890°C for
the Cu-Ti couple. Result of the measurements is shown in Fig. 3. The dependence
can be expressed by the equation d = At™ with the time exponent value n > 1
(d— thickness of the layer, t — holding time, A — constant). So, the rate of synthesised
layer growth exceeds a parabolic growth [10-12] of intermetallic phases due to
interdiffusion of the components in solid state. The microhardness of the dendritic
layer was 510-550 HV. Comparatively measured, the microhardness of copper and
titanium were 72 and 220 HV, respectively (indentations are shown in Fig. 4).

A structural analysis of the Cu-Ti reaction zone was performed by a scanning
electron microscope equipped with a system for microprobe analysis. There were
two aims of these examinations:
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Fig. 1. A copper-titanium couple forming
at 890°C for 5 minutes.
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Fig. 3. Thickness of intermetallic phases
layer dvs. time of holding ¢ of Cu-Ti couple
at temperature of 890°C.

Fig. 2. Reaction zone formed after holding
a copper-titanium couple at 890°C for 10
minutes.

Fig. 4. Indentations of the Vickers pene-
trator in copper, intermetallic phases and
titanium layers.

— identification of the chemical composition of phases synthesised at the reac-

tion zone,

— determination of the titanium concentration profile across the interface be-
tween the layer of copper and the layer of Cu-Ti reaction products.
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Fig. 5. Microstructure formed at the front Fig. 6. Microstructure formed at the front
of the reaction between Cu and Ti elements.  of the reaction between Cu and Ti elements.

Figures 5 and 6 show the microstructure of the reaction zone between Cu and
Ti components. On the copper side, we can distinguish the heterogeneous zone
formed during solidification (region marked B), the homogeneous A, C, D, and E
regions, and the two-phase structure (region F) in the neighbourhood of titanium.
A study of the above structures was based on the Cu-Ti binary phase diagram
presented in Fig. 7.

The elemental analysis performed by the X-ray spectroscope was made for
areas marked A, B, C, D, E, and F in the micrographs shown in Figs. 5 and 6. An
example of X-ray diffraction spectrum for A-area of the specimen is given in Fig. 8.
The Cu:Ti ratio, about 4:1, suggests a CuyTi intermetallic compound. Using X-ray
microanalysis, it was found that for single-phase areas marked C, D and E, C is
CuyTis, D is CuTi and E (very thin layer) is CuTis. The chemical composition of
the zone marked B was 67 at.% Cu and 33 at.% Ti. It should be mentioned that
in the case of B area X radiation was simultaneously emitted by two phases of the
structure. This result indicates, according to the phase diagram of Cu-Ti system
(Fig. 7), a mixture of CuyTi and CuyTiz phases. A similar analysis allowed us to
find that a two-phase structure observed in the neighbourhood of titanium (area F
in Fig. 6) containing 93 at.% Ti is the eutectoid mixture of two phases: CuTis and
solid solution of copper in titanium.

The above results indicate that the structure between Cu and Ti plates is
formed due to solid state transformations and liquid phase reactions. We can easily
distinguish the boundary between these regions. It is evident from metallographical
examinations that the predominant part of intermetallics is synthesised in the re-
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Fig. 7. Cu-Ti binary phase diagram [13].

gion passing from a liquid state to a solid state. So, growth of the CuyTi + CuyTis
structure seems to be the factor responsible for the progress of the process and de-
velopment of the interfacial zone. Since the structure resulting from solidification
of locally melted reaction zone contains phases rich in Cu, melting consumed more
Cu than Ti. For this reason, the boundary between the intermetallic layer and the
copper migrates toward the copper side.

It is very important for the high electrical conductivity of Cu-intermetallic
phases composite to maintain a low concentration of titanium in the copper layers
of the composite. The plot of the concentration of Ti and Cu across the layer of
intermetallics into the adjacent layer of copper, as obtained by X-ray diffraction, is
presented in Fig. 9. The results of the Ti concentration measurements are listed in
Table 1. The concentration profile shows that the penetration of Ti atoms across
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Fig. 8. X-ray spectrum for A-marked area
of structure depicted in Fig. 5.

Fig. 9. Microstructure and concentration
of Cu and Ti profiles across the interface
intermetallic phases-copper.

the intermetallics-copper boundary is very limited. Structural transformations that

occur with the liquid phase contribution are passing too fast to cause an increase
of Ti concentration in the copper layer, excluding the vicinity of the intermetallic

phases-copper interface.
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Fig. 10. Microstructure of the Cu-interme-
tallic phases layered composite formed at
temperature of 890°C.

The structural phenomena that are
taking place at the copper-titanium in-
terface allow the proposition of an easy
and economical method of producing
a layered composite. Copper and tita-
nium sheets are formed alternately into
a packet and heated to form intermetal-
lic layers. It is obvious that all the ti-
tanium must be fully consumed and
transformed together with part of the
copper sheets into intermetallic com-
pounds. Any ratio of Cu layers to in-
termetallic layers in the composite can
be obtained by choosing the thickness
ratio of starting Cu and Ti sheets. So,
the electrical and mechanical properties
of the composite can be designed. An
example of the Cu-intermetallic phases
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Table 1. Titanium segregation in copper at the copper-intermetallic phases boundary.

Distance from intermetallic phases zone [um] | Titanium concentration [at.%)]
5 4.14
10 2.60
15 0.23

composite structure formed at a temperature of 890°C is presented in Fig. 10. Ob-
served at low magnification, the structure of a Cu-intermetallic phases composite is
similar to the composites produced on a base of Ni, Fe and Ti with coupled metals
by self-propagating high temperature reactions [7-9].

4. Conclusions

The principal results of this study can be summarised as follows:

1. In a consequence of a reaction occurring between copper and titanium at a
temperature of 890 °C, an inhomogeneous structure is formed at the interface of Cu-
-Ti couple. It was found using microprobe analysis that the reaction zone contains
intermetallic compounds, most probably: CuyTi, CuyTiz, CuTi and CuTi,.

2. The reaction zone growth is controlled by an increase in the dendritic struc-
ture.

3. The predominant part of the structure formed in the reaction zone is the
CuyTi + CuyTis intermetallic mixture.

4. Since the main part of the reaction products are phases rich in copper, a
front of the Cu-Ti reaction migrates into the copper.

5. The concentration of titanium in the copper elemental layer, measured
across the intermetallics-copper boundary, strongly decreases with increasing dis-
tance from this boundary.
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