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ABSTRACT

The structure and properties of the new Ti/TiB2 composite based coating electrode materials prepared by the ion beam
sputtering method was analyzed by the SEM, four-probe method and electrochemical workstation. The results show that the
introduction of TiB: intermediate layer can be enhanced binding between the surface coating and the substrate with change
the base material structure of electrode, and mud-crack shaped morphology of electrode surface is improved, in addition the
resistivity of Ti/TiB2 based coating electrical is reduced 16% than that of Ti-based electrode. Furthermore, the
electrochemical behavior of the electrode can be improved by the use of TiB: intermediate layer, and that laying the
foundation for energy-saving fall of the electrode in the practical application.
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1. INTRODUCTION

Wet electrolytic (electro-winning) is one of the main
methods and the future development direction in the field of
extraction of nonferrous metals [1]. Electrolysis as the "heart"
of the device in the electrode, its great influence on the
electrolytic process [2]. So,the selection and preparation of
electrode materials preparation is an important subject and
difficult problem in wet electrolytic industry and
electrochemical industry[1,3,4].

In hydrometallurgy industry, Ti based coating anode is
expensive, the insulating layer was formed on the surface of
Ti during the electro-deposition process which lead to coating
failure [5-7]. Research shows that the base of electrode
performance improvement is the change of the electrode
matrix material [8-9], the researchers is so that prolong the
service life of the electrode a middle transition layer to
protect the substrate [10-14]. At present, due to emergence of
many new metal ceramic, the selection of the anode material
has been increasing steadily [15]. In practices, it can be
proved that the advantages of the TiB2 metal ceramics has
the merits of high stability, good conductivity and corrosion
resistance. The TiB2 metal ceramics that has been
successfully applied to the protective layer of carbon cathode
in the electrolytic aluminum is the best candidate material for
reinforcing agent for the preparation of metal ceramic
composite materials [16].

Accordingly, this study proposes a new Ti base laminated
layered composite materials which essentially a sandwich in
which the core is TiB2. TiB2 that is the intermediate
transition layer is not only a corrosion protection layer and an
electron transport layer electrode matrix material, but also the
link strengthened layer between the reactive coating and Ti
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matrix. In the preparation method, the Intermediate coating
can be made in ion beam sputtering to TiB2 in our study.

2. EXPERIMENTAL PROCEDURE

Commercially pure Ti (TA1l) and TiB2 sputtering target
that the purity was 99.99% were employed in this study. The
sizes of the samples were TAl — 0.8mmx50mmx50 mm.
Oxide films of Ti could form easily on each surface. The Ti
surfaces were processed as follows: 10% of the alkaline
solution— distilled water—~ 5%HF+15%HNO3— distilled
water— vacuum oven dried.

The ion sputtering equipment was used in the experiments,
the main parameters of the equipment were as follows: the
flow of Ar was 8.5sccm, the electric voltage was 2.8KV, the
beam current was 70mA and the sputtering time was 60min.

The active electrode surface coating of electrode are two
element active coating, these substances are used in the
preparation of coatings as follows: RuClI3+3H20 (oRu=37%),
C16H3604Ti, HCI (36%), CH3 (CH2)30H, The Ru and Ti
molar ratio of coating is 3:7.

The microstructures and interface features of the Ti-TiB2
composite materials were observed using a Philips XL-30
ESEM scanning electron microscope (SEM). The resistivity
of the Ti-TiB2 composite materials was measured by Four-
probe method. The electrochemical performance of the Ti-Al
composite materials were analyzed using a CHI600A
electrochemical analyze instrument.



3. RESULTS AND DISCUSSION

3.1 The microstructure of micro bonding interface
topography

The matrix Ti is coated with TiB2 to solve the problem of
easy failure of coating. Study of TiB2 intermediate layer
bonding interface effects on between coating and metal base
by SEM. Fig.l shows the scanning electron microscope
(SEM) images of micro bonding interface topography, 1# is
traditional Ti based anode coating materials, 2#is the research
on the preparation of Ti /TiB2 based coating anode materials,
where X is the surface active coating, Y is metal base, Z is
the TiB; layer.
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Figure 1. The SEM images of the bonding interface and
coating surface morphology
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The image of bonding interface indicate in Fig.1 that 1-1#
is an image of bonding interface traditional Ti based coating
anode, it has so long and narrow crack from the coating
surface to the substrate of Ti that Ti matrix is directly
exposed to the outside. It is not only the electrolyte can make
coating and substrate occurs corrosion through these cracks
into the coating, but also bubbles that is produced in the
reaction generated stress effect on crack to peeling of the
coating during the process of electrochemical reaction.
Moreover, oxygen that is produced in the oxygen evolution
reaction will be combined with the substrate to generate the
TiO2 insulating layer what cause the failure of high active
oxide coating.

The image of bonding interface indicate in Fig.1 that 2-1#
is an image of bonding interface of based coating anode on Ti
/TiB2 laminated composites, the thickness of coating is about
12um and the average thickness of TiB2 intermediate layer is
about 653nm. Furthermore, it has no gaps appear between the
middle layer and the substrate, and the coating is a tightly
coupled state on the surface of the substrate is about 3pm.
From the above, it is clear that, excellent binding effect
between coating and metal base, it is better to protect the
substrate and to prevent the failure of coatings for the life of
electrode prolongs.

Both the surface of Ti based coating materials and the
Ti/TiB2 based coating material are showing a typical mud
crack morphology with reference to surface morphology in
the Fig.1 1#-2 and 2#-2. There are a large number of first
cracks in the coating surface, and a few small second cracks
appeared the mud crack block. The formation of first crack is
mainly the difference in thermal expansion between the
coating and Ti matrix, the thermal stress which leads to
cracks generated between them. The formation of second
crack is caused by the uneven stress distribution which due to
precipitation of TiO2 and RuO2 in coating in Ru-Ti oxide
coating. We can see from the Fig.1 1#-2 and 2#-2, the crack
width of Ti/TiB2 matrix(<<1um) anodes smaller than that of
traditional Ti matrix(about 3.11um) anodes in the surface
morphology of the coating. The mud crack block are uniform
in size.

It can be seen from Fig.1 that the TiB2 middle layer can
improve the status of combined with the surface coating and
substrate by changing the structure of the electrode matrix
material. TiB2 intermediate layer protects the Ti matrix so
that it does not react with oxygen ions in the reaction to
prevent the emergence of TiO2 insulation layer. Moreover,
the introduction of TiB2 intermediate layer reduced the
binding interface crack, thereby prolonging the service life of
the electrode.

3.2 The resistivity of the composite materials

According to electrode material the path of the electric
current import and export in actual use and the principle of
four-probe resistance measurement. In this study, the current
flows from the Ti layer to the sample, through the interface
between Ti/ TiB2, finally flows out from the surface of the
TiB2.The results from four-probe resistance measurement,
Table 1, show that there is the resistivity of Ti/ TiB2
composite electrode and Ti electrode.



Table 1. The contrast of different samples resistivity

No. p/pQecm
1% 51.16
2% 42.23

Table 1 show that the Ti/TiB, composite electrode material
had dropped. By comparison with the resistivity of Ti based
coating electrode, that of Ti/TiB, based coating electrode
decreased by 16%, it shows that the conductive properties of
the electrode have been improved. As can be seen from the
Fig.1 and Tablel, the number of cracks in the coating was be
reduced by a large degree to the coating and matrix is closely
bonded, so that the resistance decreases in the electrons
transmission process to reduce the resistivity of the
composites, and excellent conductive properties is the basis
of electrochemical performance.

3.3 The electrochemical properties of the composite
materials

Excellent electrochemical performance has a vital role to
the application of electrode material. Therefore, the
electrochemical properties of the composites were tested by
the electrochemical analyze instrument. We tested the steady-
state anodic polarization curve by the Linear sweep
voltammetry (LSV) in the saturated KCI solution. The results
shown in Fig.2, where the 1¥ sample is Ti matrix and there is
a TiB; intermediate layer in 2* sample.
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Figure 2. Linear Sweep Voltammetry (LSV) of different

As can be seen from the Fig.2, when the potential is less
than 1.06V, the density of current does not change, but when
the potential is greater than 1.06V, all the electrodes of the
current changes are obvious with the potential rise, and the
density of current of Ti/TiB, composite electrode increases
much faster than that of Ti electrode. That is to say, the
density of work exchange current of Ti/TiB, based coating
anode was significantly higher than that of Ti based coating
anode in the same electrode potential, and the polarization
potential of Ti/TiB, based coating anode was significantly
lower than that of Ti based coating anode in the same density
of current. For example, the density of current of 1% sample is
0.1074A+cm? and that of 2* sample is 0.3189 Aecm? when
the polarization potential is 1.20V, the density of current
Ti/TiB, based increased nearly two times than that of Ti
based, moreover, the polarization potential of 1* sample is
1.197V and that of 2* sample is 1.137V when density of
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current is 0.10 Aecm™? In actual use, the polarization

potential reduction means a lower cell voltage, this is also the
basis of saving energy and reducing consumption of the
electrode materials.

The surface of metal anode can have a large number of
electronic, the electrochemical reactions occurring
completely on the surface and the rate of reaction increased.
The potential of electrode changes 100mV, the activity of
electrocatalytic can be increased by 10 times in
electrochemical etching course. Therefore, Ti/TiB2 based
anode coating has a more excellent -electrochemical
polarization performance than that of Ti based coating anode.
From the viewpoint of electrochemical kinetics [7, 17], the
steady polarization curves actually reflect the characteristics
of relationship between the electrode reaction velocity and
electrode potential (the overpotential), and it points out that
the potential is the driving force to the electrochemical
reaction of electrode, the electrode reaction is easy to happen
for the driving force is small and the overpotential is low.
Therefore, the electrochemical reaction rate of Ti/TiB2 based
coating electrode faster than that of Ti based coating anode,
the positive charge accumulated less in the reaction interface
of Ti/TiB2 based coating electrode to reduce the electrode
reaction force and to improve the electrocatalytic activity of
the electrode.

Add it all up, we can see combined with Fig.1 and Tablel
that the introduction of TiB, intermediate layer on the
electrochemical properties and resistivity of the composite
materials has the impact of the same law, because of the
boride intermediate layer plays a key role to improve the
bonding conditions between the electrode coating and
substrate, and stable binding interface has a protective effect
on the performance of electrode. In addition, it is a problem
that must be considered which is different interfacial
wettability and interfacial characteristics in the preparation of
intermediate layer for electrode materials process.

4. CONCLUSIONS

() The combination have obvious improvement
between the coating and substrate by introduce the TiB»
intermediate layer to Ti based coating electrode, it is better to
protect the substrate and to prevent the failure of coatings for
the life of electrode prolongs.

(2) By comparison with the resistivity of Ti based
coating electrode, that of Ti/TiB, based coating electrode
decreased by 16%, and the resistance decreases in the
electrons transmission process to reduce the resistivity of the
composites, and excellent conductive properties is the basis
of electrochemical performance.

(3) In electrochemical performance, Ti/TiB, composite
materials has excellent electrochemical properties to pure Ti,
the polarization potential of the Ti/TiB, composite based
decreased about 60mV to the polarization potential of Ti
based, the density of current the Ti/TiB, composite based
increased nearly two times than that of Ti based.

Therefore, the introduction of TiB, can improve the
interface bonding state and micro structure of coating
electrode to directly influence the conductivity and
electrochemical performance of the electrode, so that it
improve the catalytic activity and service life of the electrode.
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