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ZIRCONIA, PROCESSING AND PROPERTIES
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This paper is a review and on ¢verview of zirconia. Zirconia is one of the important oxide ceramics. This paper
describes preparation methods and properties of zirconia fine powders. ,

There are several methods to make fine zirconia powders such as (1) mechanical, (2) thermal decomposition, (3)
precipitation or hydrolysis, (4) hydrothermal, (5) melting and rapid quenching, (6) etc. As for hydrothermal, (1)
oxidation, (2) crystallization, (3) decomposition, (4) resa, reactive electrode submerged arc, (5) hydrothermal-
microwave,(6) hydrothermal electrochemical, (7) precipitation, (8) etc.

Methods for fine ZrO; grains, especially hydrothermal methods

Zirconia is one of the important oxide ceramics. There
are many methods to make pure zirconia powders such as
(1) chlorination and thermal decomposition, (2) alkali

oxide decomposition, (3) lime fusion, (4) thermal

dissociation, (5) chemical pure and/or fully and partially
stabilized zirconia powders. M.A.C.G.Van de Graaf and
A.J. Burggraaf are described chemical zirconia. Properties
are different from each method. (Table 1.) Concerning
hydrothermal, (1) oxidation, Fig.1, (2) crystallization
Fig.2, (3) decomposition, (4) precipitation Fig.3, (5) reac-
tive electrode submerged arc, (6) electrochemical Fig.4, (7)
addition of microwave, (8) efc. '
Processing of hydrothermal homogeneous precipitation
is shown in Fig.5 and properties are shown in Table 2.
Microstructure of the sintered zirconia is shown in Fig.6.
Important points of hydrothermal products
Important points of hydrothermal powder are shown in
Table 3.
Powders by hydrothermal process are many different points
from the other methods. These are shown in Table 3.

Table 3
Major differences of powders and processing between
hydrothermal and the other technology based on mainly for

powder preparation by W.J. Dawson, by D.L. Segal, by

D.W. Jhonson, Jr. and S. SOmiya

1) Powders are formed directly from solution

2) Powders are an hydrous, crystalline or amorphous.
It depends on producing of hydrothermal powder
temperature,

3) Itis able to controll particle size by hydrothermal
temperature,

4) Ttis able to controll particle shape by starting ma-
terials,

5) It is able to controll chemical, composition, sto-
ichiometry, efc.

6) Powders are highly reactive in sintering.

7) Many cases, powders are not need calcination.

8) Many cases, powders are not milling process.
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1) Mechanical 4

3) Precipitation or a

4) Hydrothermal » a

Table1  Methods for Fine ZrOy Grain

=

Ball Milling
(Powder Mixing)  b) Atuition Milling
¢} Vibration Milling

-

2) Thermal Dccompési(ion a) Heating (Evaporation)

b) Spray Drying

¢) Flame Spraying

d) Plasma Spraying

¢} Vapor Phase (CVD)

f) Freeze Drying (Cryochemical)

<

£

g) Hot Kerosene Drying
h) Hot Pewoleum Drying

Neutralization and Precipitation

NI

Hydrolysis b) Homogeneous Precipitation

c

&

Coprecipitation
dy Salts Solution
¢) Alkoxides
f) Sol-Gel

L2

Z

Precipitation (Coprecipitation)

b) Crystallization

¢} Decomposition

d) Oxidation

¢) Synthesis

f) Elecochemical

g) Mechanochemical

1} RESA (Reactive Electrode Submerged Arc)

Hydrothenmal + Microwave
Hydrothermal  + Ultrasonic

5) Melting and Rapid Quenching
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Fig. 1

TEM of Zirconia
powder by hydrothermal
oxidation, 100 MPa,

500°C, 3h.
71/0=0.33

500nm

Fig. 2

TEM of Zirconia, (mono)
powder by hydrothermal
crystallization,

400°C, 100MPa, 24h.
using 8 wt % KF sol.

v

Table2  Hydrothermal ZrO; powders by Chichibu Onoda

Typical characteristics

- - . . Powder ZY30 ZY80 P20
Yttrium-Chlorid Zi Oxy-~ : > o
lﬁla 6Hz0 orice I l Z;rocéf;‘g'gzgxy Chlondel Chermical composition ZrOi (wi%) 9;; slgg >90.9
Alg0; 0010 0.010 0,005
dissolution Si0y 0010 0.010 0.005
Fez03 0.005 0.005 0005
|__hydrothermal treatment ] g;’?o 0001 0.001 0.001
u <001 <0.01 <0.01
. Ignition loss 15 15 840
crystalline sof R
rystaliine 8o Crystallite size om) | 22 22 20
fine particle Average particle size_*1) (pm) 95 - 0.5 15
- Specific surface area *2) (m2g) 0 % %
Sintered specimens 1400°Cx2hs | 1500°Cxzhs
. . Bulk density {g/lem?) 6.05 5.85
) calcined particle Bending strength *3) MPa) | 1000 .| 300
Fig. 5 Hydrothermal Zr0, process by Chichibu Onoda Fracture toughness *4) __ (MPam¥?) 60 2.5
Vicker's hardness (GPa) 125 110
Thermal expansion 20-1000°C 110 10.6
(x10%7C)

*1) Photo Sedimentation Method *2) B.E.T. Method(Ny)
*3) 3-Point Bending Method *4) M.1. Method
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Fig.3 TEM of hydrothermal hoinogeneous precipitation
zirconia powder (Chichibu Onoda Cement Corp.)

Fig. 6 TEM of the zirconia sintered at 1400°C. for 1h.
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Fig.4 Schematic illustration of the electrochemical cell and circuit arrangements
for hydrothermal electrochemical method

(a) Counter electrode (Pt plate); Cathode, (b) Thermocouple, (¢) Stirrer, (d) Reference
electrode (Pt plate), (e) Working electrode (Zr plate); Anode.

= DC Pg\;}ve‘rl
£ % Paigh,
) Potent;m
sta
Ammeter Poteantioreter —
Electrolytic
1
autoclave Glass beaker
= |
- =g L—— s s & -y

B o | Il

6. P.Reynen, H. Bastius, B. Pavlovski, D. Von Mallincrodt, Production of High-purity Zirconia by
Hydrothermal Decomposition Zircon (ZrSiOy4), Advances in Ceramics, Vol. 3, Science and Technology
of Zirconia, pp. 464-475 1981, Am. Ceram. Soc.

7. Catalogues of ChichibuOnoda Cement Corp.

8. M. Yoshimura, S.E. Yoo, and S. SOmiya, ZrO; Formation by Anodic Oxidation of Zr Metal Under
Hydrothermal Conditions, Res. Lab. Eng. Mat, Tokyo Inst. Tech., No. 1421-32 1989

9.  D. Segal, Hydrothermal Synthesis of Ceramic Powders, in Chemical Synthesis of Advanced Ceramic
Materials, 114-123 1989

10. A, Kumar and R. Roy, RESA- A Wholly New Process for Fine Oxide Powder Preparatxon J. Materials,
Research 3 (6) 1373 1988

11.  S. Komarneni, R. Roy, and Q.H. Li, Microwave-Hydrothermal Synthesis of Ceramic Powders, Mat. Res.
Bull., 27 pp. 1393-1405 1992



