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Effects of forming pressures on pore defects in ITO target
prepared by cold isostatic pressing-pressureless sintering

LIU Zhi-hong, CHEN Wei, LI Yu-hu, LIU Zhi-yong

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: Pore defects are the primary cause that affects the density and uniformity of ITO target. The formation
mechanism of pores, as well as their evaluation in the forming process, were studied in ITO target preparation by cold
isostatic pressing-pressureless sintering. The effects of forming pressures in mould and cold isostatic pressing on pore
defects and relative densities of ITO green body and sintered target were investigated. The results show that even though
the pressure in mould pressing is much less than those in isostatic pressing, mould pressing has a significant impact on
the elimination of pore defects. As the pressure in mould pressing increases from 4 MPa to 20 MPa, the porosity of sizes
between 15—45 um in the green body decreases from 1.09% to 0.2% after cold isostatic pressing at 200 MPa. The yield
pressure of ITO granules used in this study is about 12 MPa. When the pressure in mould pressing is lower than 12 MPa,
ITO granules in the green body only suffer from compressive deformation; while the pressure is larger than 12 MPa, ITO
granules in green body are crushed in mould pressing, resulting in the densification of ITO green body, therefore
eliminating the pores. Under pressures of 24 MPa in mould pressing and 250 MPa in isostatic pressing, respectively, the
relative density of obtained ITO green body reaches 59.3%, and after pressureless sintering, the relative density of the
obtained ITO target reaches up to 99.1%.
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Fig. 1 SEM image of ITO granules
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Fig. 2 XRD pattern of ITO granules

1 ITO
Table 1
fraction, %)

XRF

XRF analysis result of ITO granules (mass

Mg Al Ti Ni Cu Zn Sr

0.0002 0.0003 0.0003 0.0002 0.0002 0.0005 0.0006

Fe Pb Ca Gd As Si Total

0.0006 0.0002 0.0015 0.0004 0.0004 0.0001 0.0055
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Fig. 3 SEM images of fracture surfaces of green bodies after mould pressing at different pressures: (a) 4 MPa; (b) 8 MPa; (c) 12
MPa; (d) 16 MPa; (e) 20 MPa; (f) 24 MPa
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4 200 MPa ITO SEM

Fig. 4 SEM images of fracture surfaces of ITO green bodies obtained by mould pressing at different pressures and then cold

isostatic pressing at 200 MPa: (a) 4 MPa; (b) 8 MPa; (c) 12 MPa; (d) 16 MPa; (e) 20 MPa; (f) 24 MPa
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(161 Table 2 Pore size distributions of ITO green bodies obtained
ITO under different pressure combinations between mould and cold
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Fig. 5 Pore size differential distribution curves of ITO green 4 MPa 200 MPa cc >3
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6 24MPa

SEM

Fig. 6 SEM images of fracture surfaces of green bodies obtained by mould pressing at 24 MPa and then by cold isostatic pressing
at different pressures: (a) 100 MPa; (b) 150 MPa; (c) 200 MPa; (d) 250 MPa
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Fig. 7 Pore size differential distribution curves of green

bodies obtained at different cold isostatic pressures
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Fig. 8 SEM images on morphological evaluation of porosity
defect resulted by dimpled ITO granule under different
combination treatment between mould and isostatic pressing
pressures: (a) Mould pressing at 4 MPa and isostatic pressing at
200 MPa; (b) Mould pressing at 24 MPa and isostatic pressing
at 100 MPa; (c) Mould pressing at 24 MPa and isostatic
pressing at 200 MPa
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Fig. 10 Relative densities of green bodies obtained by mould SHINOHARA [22 ABE @3
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different pressures
1 SEM

Fig. 11 SEM images of fracture surfaces of sintered ITO targets under different pressure combinations between mould pressing and
cold isostatic pressing: (a) Mould pressing at 8 MPa and isostatic pressing at 200 MPa; (b) Mould pressing at 16 MPa and isostatic
pressing at 200 MPa; (c) Mould pressing at 24 MPa and isostatic pressing at 100 MPa; (d) Mould pressing at 24 MPa and isostatic
pressing at 150 MPa; (e) Mould pressing at 24 MPa and isostatic pressing at 200 MPa; (f) Mould pressing at 24 MPa and isostatic
pressing at 250 MPa
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Table 3 Relative densities of sintered ITO targets under
different pressure combinations between mould pressing and

cold isostatic pressing

Mould pressing  Cold isostatic pressing Relative
pressure/MPa pressure /MPa density/%

8 200 98.2

16 200 98.5

24 100 98.4

24 150 98.6

24 200 98.9

24 250 99.1

ITO
3
1) ITO

3

2) ITO 12
MPa ITO
4 MPa 20 MPa 15~45 pm

1.97% 1.5% 200 MPa
15~45 pm
1.09% 0.2%

3) 24 MPa 100 MPa 250
MPa [~15pum  15~45
pm 1.12% 1.08% 0.23%

0.26%
4) ITO 24 MPa
52.9% 250 MPa
59.3%

99.1%
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