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An Application of Oxygen Ionic Conductivity of Zirconia

to Metal-Zirconia Joining

Kiyoshi NoGl, Hiroyuki TAKEDA, Motoki SAKASHITA and Kazumi OGINO

Synopsis :

A new joining method has been developed which is applicable to metal-zirconia systems.

This method has the following advantages ;

1. Ability to make joining without load,
Ability to make joining in a short time,
Ability to make joining to any surface area,
No oxidation of the metal surface,

No special equipment is required,
Ability to be used even with complex shapes,

Nk W

Ability to control the thickness of the reaction layer,

8. Ability to be used with zirconia sprayed materials.
In the present work, chiefly, an Fe-zirconia system was investigated and it was confirmed that this

method was applicable to other metal-zirconia systems.

Key words : ceramics ; joining ; ZrO, ; sprayed materials ; metal-ZrO, joining.
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Fig. 1. Diagram for current circuit for joining ex-
periment. :

Type 1 Type 2

1. Stainless rod 2. Fe disk 3. ZrO; sample 4. Metal sample
Fig. 2. Detail of setup for observation on metal-
zirconia interface after joining experiment.
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1. Stainless rod 2. Fe disk 3. Lead wire 4. ZrO; sample
5. Metal sample (Fe, Ni, Fe-Ni) 6. Porous Al;03 guide

Fig. 3. Detail of setup for mesuring fracture
strength of metal (Fe, Ni, Fe-Ni)-zirconia joining
sample.
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1. Stainless rod 2. Fe disk 3. ZrO; sample
4. Metal sample (Al powder) 5. Porous Al;O3 guide
Fig. 4. Detail of setup for mesuring fracture

strength of metal (Al powder)-zirconia joining
sample.

=8F(I—2¢c)/(zd®) X 107°
o, : EAHE (MPa)
I: ZFEEAMOEHE (m)
c: WMESLBEAEOBOEHE (m)
EAFRENER (m)
F: B8 L 2B OWE (N)

3. # 2

3-1 $-Ja=-7Eaex

3-1-1 FEERE

EEL&M % Table 1 ICRT. BEBIE—HHOATE
L7, @EFERLZAICO VT, BRAORE
TTRCRIGLAFER LR, —HEGLAbDBRS

.

Table 1. Joining condition of Metal/ZrO, (15
mol%MgO).
No Metal Temp. Voltage Electric quantity Time
’ (K) V) ) (min)
1 Fe 1623 2.0 2500 46.0
2 Fe 1623 1.5 654 9.0
3 Fe 1623 1.5 150 9.0
4 Fe 1623 1.5 30 1.0
5 Fe 1623 1.5 12 1.0
6 Fe 1723 1.0 18 1.5
7 Ni 1173 25.0 882 60.0
8 Ni 1373 3.0 24 20.0
9 Ni 1573 4.0 103 15.0
10 Ni 1673 2.5 135 1.5

(a) S.E.M. image (b) Fe image (c) S.E.M. image
(d) Fe image

Photo. 1. Reaction zone (Fe-ZrO, [15M]).
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(a) S.E.M. image (b) Zr image (c¢) Fe image
Photo. 2. Reaction zone (Fe-ZrO, [15M]).
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Electric quantity (C)

Fig. 5. Relation between electric quantity and
thickness of reaction zone.
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Table 2. Joining condition of Metal/ZrO,.

No. Metal ZrO; T(elr(n)p. Interface Quzg;ity T(i:)’e Reference™’

11 Fe 15M 1723 1 630 360 0
I 600 360 0

12 Fe'" 15M 1723 1 18 90 0
il 18 90 0

13 Fe 8Y 1723 1 100 500 0
1 100 500 0

14 Fe 8Y 1723 1 50 250 0
] 50 250 0

15 Fe O9M 1723 1 6 60 o
] 6 60 0

16 Fe-Ni 15M 1673 1 18 90 0
i 18 180 o

17 Fe-Ni 15M 1673 1 18 90 0
18 180 R

il 18 90 0

18 180 R

18 Fe-Ni 15M 1673 1 105 2100 R
1 105 2100 R

19 Ni 15M 1673 I 1000 2010 0
il 1000 2010 0

20 Ni  15M 1673 1 9 180 R
il 90 180 R

21 Al 15M 1173 — 18 1800 o)
22 Al 15M 1173 — — 1800 —

*) 0 : Oxidation R : Reduction

Table 3. Fracture strength of Meta/ZrO;.

No. Jomlzls%)ratlo Fractuﬁps;)rength Fracture place
11 83.8 30 ZrO3 bulk
12 65.6 94 ZrOg bulk
13 81.2 16 ZrQz bulk
14 33.3 15 ZrOy bulk
15 86.0 9 Interface
16 38.8 53 Interface
17 23.9 160 Interface
18 37.2 4 Interface
19 Not joining

20 8.9 327 Interface
21 83.7 73 Interface
22 61.9 37 Interface

Fracture strength of ZrOz (8 mol%Y203)=134 (MPa)
Zr03 (9 mol%Mg0)=225 (MPa)
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Photo. 3. Diffusion zone (Ni-ZrO, [15M]).
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1. ZrOj sample 2. Fe sample 3. Pore 4. Interfacial layer
Fig. 6. Schematic diagram of interface between
710, and Fe at 1623 K and 1 723 K.
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(a) S.E.M. image (b) Fe image
Photo. 4. Reaction zone (Fe-ZrO,
[8Y1).

(a) Microstructure (b) Diffusion zone
Photo. 5. Diffusion zone and
microstructure of ZR-9M.
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1. Nickel rod 2. ZrOj sample 3‘; Fe sample 4. Lead wire
Fig. 7. Detail of joining experiment for Fe-
zirconia which has a curved interface.

Photo. 6. Result of joining experiment.
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1. Nickel rod 2. Fe sample 3. Sprayed ZrQO; sample 4. ZrOs
disk 5. Hole 6. ZrO; pipe 7. Fe disk 8. Stainless rod

Fig. 8. Detail of setup for Fe-sprayed zirconia
joining experiment.

Table 4. Joining condition and joint strength of
Fe/sprayed ZrO, .
Experimental condition
Oxidation — Reduction Joint
strength
Temp. Quantity Time | Temp. Quantity Time
(K) © (s) K) © (s)
1673 0 0 — — — —
1673 100 500 — — — Weak
1673 100 500 1673 100 500 Weak
1673 100 500 1673 500 2500 Weak
1673 100 500 1573 500 2500 Strong
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FeO 'Y NVa=70RBIC 1 NTBEEREL, HE
KB PBREL TR W L Th o,

5) Yna= 7 ORTFED, ANSVIBEICIE, B
PNIAZTORFUCEE LIS KBS ERIT .

6) AHER, H-IVa- 7T REIMEOES, B
KTV T BRI CLERTE 5.
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