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Abstract

Effects of CuO addition on the sintering ability and the phase stability of Y-TZP (Yttria
doped Tetragonal Zirconia Polycrystals) were studied. The CuO dopants were found to be
quite effective in reducing the sintering temperature to obtain full density and refining the
grain size. The maximum allowable concentration of the dopants was limited to 0.3mol%
for CuO to maintain fully tetragonal phase. With the addition of these dopants, the flexual
strength decreased by 20% in comparison with the undoped specimen but the fracture

toughness increased by 15%.
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Table 1 Chemical composition (wt%)

Zr0: Y205 Ca0 NaxO Ig.loss
9409 538 001 001 019

9407 543 001 0.01 0.16
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Vo

Vm © Volume fraction of m phase

Table 2 X-ray diffraction condition

Target Cu
Voltage, Ampere 45kV, 35mA
Slit D.S(deg) 1
S.S(deg) i
R.S(mm) 0.15
Sampling Width(deg) 0.02
Scanning Speed(deg/min) 4, 05
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Table 3 Dilatometer Condition

Atmosphere Air
Heating Rate 240C/h
Cooling Rate 300C/h
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Fig. 1 Schematic
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: Flexural strength(Pa)

: Load at the fracture(N)

: Distance of support points(m)
: Distance of load points(m)
. Width of specimen(m)
: Thickness of specimen(m)
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Fig. 3 Relative density vs amount of CuO dopant
for 3Y-TZP

(a) 3Y~TZP (1,450°C x 2h,0.59m)

(b) 3Y-0.3mol% CuO(1,300C X 2h,0.40um)
Fig. 4 SEM micrographs of (a)3Y-TZP and
(b)3Y-0.3mol%Cu0
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Fig. 5 Volume fraction of m phase vs amount of
CuO dopants for 3Y-TZP
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Table 4 Mechanical properties

Fracture Toughness|Flexural Strength
(MPam™) (MPa)
3Y-TZP 54 706
3Y-0.3mol%Cu0 64 580
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Fig. 8 Flexural strength and fracture toughness of
doped and undoped 3Y-TZP

4. & B

1) CuO®] #rle @iHe BUA}E zysiez
TZPE #AE 4 sl AL 0.3mol%
CuO°l it

2) CuOR Yol &) dAAe) 7b3la, F3H7)4
3Y-TZPRt}IE 150-200CHE G2 42754
A AEEs) 28 AFAE S F Uk

3) 2A2ES] Al o FAHAEG PHT
47E 7H 2AAE de U

4) &S] CuOH7IE AL FubshAa, F37%
EE 0% % A3

= 7

2 =i dERIUETR Y FFAT A3t
ol FHA Zoldl, =opAl BECKR MM LEH
BN FArssyc)

il

b

Ao
r

1) EAHRA, “BEEHTOBKLBLE T
»H3I6F 95, pp.881-834, 1997
2) Hwang, Chin-Mau James and I-Wei Chen,



BB & - BNTE

"Effect of a Liquid Phase on Superplasticity
of 2mol%-Y203-Stabilized Tetragonal Zirconia
Polycrystals”, J. Am. Ceram. Soc.73[6],

Yb, Sc, Mg, Ca)", J. Am. Ceram. Soc., 80[1]
pp.171-75, 1997

9) Gadalla, Ahmed M. and Paisan Kong-
kachuichay, "Compatible Phases of the
Y205-CuO-Cu0 Systems in Air”, ]J. Mater.

pp.1626-32, 1990
3) Scott, HG,"ZrOz = Y03 FAR B, J- Mater:

Sci., 10[9] pp.1527-1535, 1975

4) Kingery, W.D., "Densification during Sintering
in the Presence of a Liquid Phase, 1. Theory”,
J. Appl. Phys., 30(31, pp.301-306, 1959

5) BN BEH “ oLa=TxI73iIv 720
PAT A AR, SRR 34% 65, pp.315-
320, 1994

6) Kingery, Browen, Uhlmann %, /JM&fth
7 3y 7 AMERIEATY,  NHEHZBE,
1987

7) Toraya, H., M. Yoshimura and S. Somiya,
"Calbration Curve for Quantitative Analysis
of the Monoclinic-Tetragonal ZrO: System
by X-Ray Diffraction” J. Am. Ceram. Soc.,
67, C119, 1984

8) Yashima, Masatomo, Teruo Hirose, Masato

and Masahiro

E 't
p453,

Kakihana, Yasuo Suzuki
Yoshimura, “Size and Charge Effects of
Dopant M on the Unit-Cell Parameters
of Monoclinic Zirconia Solid Solutions

ZroosMo202-5 (M=Ce, La, Nd, Sm, Y, Er,

Res., Vol.6, No.3, Mar, 1991

10) Seidensticker, John R. and Merrilea J. Mayo,
"Thermal Analysis of 3mol% -~Yttria-
Stabilized Tetragonal Zirconia Powder Doped
with Copper Oxide” ,J. Am. Ceram. Soc.,
79(2] pp.401-406, 1996

11) Kim, Woo-Jin, J. Wolfenstine and O.D.
Shierby, "Tensile Ductility of Super Plastic
Ceramic and Metallic Alloys”, Acta. Metal.
Mater. Vol.39, No.2, pp.199-208, 1991

12) Chen, I-Wei and Liang An Xue, "Development
of Superplastic Structural Ceramics”, J. Am.
Ceram. Soc., 73[9] pp.2585~2609, 1990

13) Hwang, C-M. J. and I-W. Chen, "Effect of a Liquid
Phase on Superplasticity of 2-mol%-Y203-
Stabilized Tetragonal Zirconia Polycrystals”
J.Am. Ceram. Soc., 73, pp.1626-1632, 1990

14) Wakai, F., S. Sakaguchi and Y. Matsuno,
"Superplasticity of Yttria- Stabilized
Tetragonal ZrO2 Polycrystals” Adv. Ceram.
Mater., 1, p.259, 1986



