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Field assisted bonding is a method to make a direct
bonding between metals and solid electrolyte ceramics by
applying an electric field. This method has been reported
for glasses') and beta-alumina® in which the mobile ion is
Na*. Other works also have been done for the effect of
external pressure,’) for the effect of surface imperfect-
ness,4) and so on. In this paper, field assisted bounding is
extended to zirconia, which is an O?~ ion conducting solid
electrolyte ceramic.

Zirconia used in this work is stabilized with 15 mol%
MgO, and the size used for field assisted bonding is 13 mm
in diameter and 4 mm in thickness. Industrial grade pure
metals (> 99.5%), Cu, Ni and Al are used for both anode
and cathode electrodes. The size of a metal plate is 15 mm
- X 25 mm and 2 mm in thickness. Both surfaces of a zir-
conia disk and each surface of two metal plates which
directly contact with the zirconia disk are polished with a
#1500 emery paper. After polishing, the specimens are
degreased in aceton with an ultrasonic cleaner. Then the
specimens are assembled as a zilconia disk is sandwiched
between two metal plates. For applying an electric field,

Standard resistance

lead wires are percussion welded to the metal plates. The
assembly is setted in a vacuum furnace as shown in Fig. 1.
Then, the assembly is heated in a vacuum (7 X 1073 Pa) to
a required temperature at the heating rate of 50 K/min.
When the temperature reaches a required temperature, an
external pressure and a dc current are applied to the
specimen. In this work, all experiments were done below
1073K, and the maximum applied field was 100 V and
2A. A slight external pressure of 10 MPa was applied to
make an intimate contact between a zirconia disk and
electrode plates. After field assisted bonding, the assembly
is cooled at the rate of 10 K/min.

Under high applied electric field, current across zirc-
onia increases with time.%) Same result was recognized in
this work. As shown in Fig. 2, a constant voltage was
applied until current reached a required constant current,
and then the constant current was kept. By changing the
value of constant current and the time of applying electric
field, the total amount of electricity across zirconia was
controlled.

Figare 3 shows interface parts of both anode side and
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Fig. 1 Schematic diagram of bonding apparatus and circuit for applying electric field.
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cathode side of Cu (anode)/Zirconia/Cu (cathode) joint
bonded at 1073 K for 20 min. The applied field was 50V,
1 A and the total amount of electricity was 900 coulombs.
As shown in Fig. 3, a layer was produced at interfaces of
both anode side and cathode side. The layer produced at
the anode interface was identified as Cu, O by X-ray dif-
fraction. A possibility of bonding between zirconia and
metals by making an oxide layer at the anode interface
was mentioned,®) and the bonding strength will depend on
the nature of oxide.?) In this case, Cu, O layer was thick
and brittle, so the joint broke easily in the layer. Strong
bonding was achieved at cathode side for the bonding of
zinconia to Cu. By pin contact Pt cathode electrode,
segragation of zirconia itself did not occure.’) But, by
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Fig. 2 Voltage and current changes during bonding of Ni
(anode)/Zirconia/Ni (cathode) at 1073K.
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Fig. 3 ~Microphotographs of both anode and cathode side
cross-sections of Cu (anode)/Zirconia/Cu (cathode)
joint bonded at 1073K for 20 min under electric
field of 50V and 1 A.
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face contact Cu cathode electrode, a layer which has
metallic luster was produced by segragation of zirconia at
the cathode side interface as shown in Fig. 3. Figure 4
shows a SEM photograph and EDX element analysis
results of the cathode side bonding part. The layer con-
tains both Cu and Zr as shown in Fig. 4. If an electric field
was not applied, both anode side and cathode side layers
were not produced. The detail of the layer formation will
be discussed in future reports.

Similar result was obtained for the joint of Ni (anode)/
Zirconia/Ni (cathode), but clear layer was not seen at the
anode side interface as shown in Fig. 5. At the cathode
side a layer is produced, and the layer contains Ni and Zr
as shown in Fig. 6. Though the bonding strength of anode
side was 0.5 MPa, the bonding strength of cathode side
was 5 MPa. The specimen was broken in zirconia itself
when the cathode side bonding strength was measured. It
was thought that since zirconia became brittle under a
high electric field”) and some cracks were induced by a
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Fig. 4 SEM photograph and EDX element analysis
results of cathode side interface of Cu(anode)/
Zirconia/Cu(cathode) joint bonded at 1073K

for 20 min under electric field of 50V and 1A,
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thermal stress.

Several bonding conditions and results are summerized
in Table 1. Since current or voltage changes with time, the
quantities in Table 1 refrect maximum values as shown in
Fig. 2. From Table 1, Cu, Ni and Al make a layer at cath-
ode side interface with zirconia under an electric field.
By making a cathode side layer, zirconia bonds strongly
with metals. As shown in Table 1, if an electric field was
not applied the cathode side layer was not produced. For
Cu, a cathode side layer was not produced at the bonding
temperature of 873 K, though the total amount of elec-
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Fig. 5 Microphotographs of both anode and cathode side
cross-sections of Ni (anode)/Zirconia/Ni (cathode)
joint bonded at 1073K for 60min under electric
field of 100V and 1 A.
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Fig. 6

SEM photograph and EDX element analysis
results of cathode side interface of Ni(anode)/
Zirconia/Ni (cathode) joint bonded at 1073K
for 60min under electric field of 100V and
1A.

Table 1 Bonding conditions and results of field assisted bonding of zirconia to metals.

Bonding conditions

Formation of Ia.yer*

No Metals Temp. Time Voltage Current Amount of Anode Cathode
electricity side side
(K) (min) (V) (mA) (C)

1 Cu 873 60 100 1000 1500 O X
2 Cu 973 60 50 2000 5100 O O
3 Cu 973 60 50 1000 1600 @) @)
4 Cu 1073 20 50 1000 900 O O
5 Cu 1073 20 0 0 0 X X
6 Ni 873 60 100 1000 1050 X O
7 Ni 973 30 50 1000 900 X O
8 Ni 1073 60 50 1000 3400 X O
9 Ni 1073 60 0 0 0 X X

10 Al 873 10 100 90 80 X O

¥ QO:Clear layer was produced

X :Clear layer was not producerd
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tricity was 1500 coulombs. So, applying an electric field
and heating to a temperature is necessary for making a
cathode side layer. When glass or beta-alumina was field
assisted bonded to metals, bonding was achieved at anode
side by moving of Na* ions to cathode.!*?) But, for the
bonding of zilconia to Cu, oxide layer was produced at
anode side by moving of 02 ions to anode under an elec-
tric field. As above mentioned, the oxide layer produced
at the zirconia/Cu interface was weak, so a strong bonding
was not obtained at anode side. The bonding strength at
anode side will depend on the nature of oxide layer. How-
ever, the most interest point is that strong bonding was
achieved by mutual diffusion of Zr and metals at the
cathode side interface between zirconia and metals under
an electric field. The detail of this bonding process will be
discussed in future reports.
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