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Zirconia films were prepared by the CVD method using
thermal decomposition of zirconium-tetra-i-propoxide
with He gas under 20 kPa. The films on the substrate
consisted of fine particles less than 1 #m and were
metastable tetragonal-zirconia. The maximum deposi-
tion rate was 6 nm/s at 673 K and a reactant gas con-
centration of 0.05 mol%. The profile of deposition rate
was calculated using a simplified reaction and coagula-
tion model. The calculated results showed a good
agreement with the experimental data under the oper-
ating conditions of 673 K and 0.07 mol%. Deposition
rates for the system used are estimated with this
model.

Key-words : Chemical vapor deposition, Ziyconium, Numeri-
cal analysis, Ultrafine particle, Zirconium tetra-i-propoxide
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Fig. 1. Schematic diagram of experimental apparatus.(1) He
cylinder, (2) Needle valve, (3) Flow meter, (4) Vacuum gage,
(5) Gas heater, (6) Stop valve, (7) Oil bath, (8) Evaporator, (9)
Electric furnace, (10) Reactor, (11) Hg-manometer, (12) Leak
valve, (13) Powder removing bottle, (14) Vacuum pump.
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Fig. 2. Schematic diagram of reactor.
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Table 1. Experimental condition.
time of raction [min.] 30
pressure [Pa] 2.00x104
reactor temperature [K] 823,653,873

He gas flow rate x107%[mol/s] 1.48 2.37 | 3.33 | 3.92
ZTIP concentration 0.01 0.01 | 0.01 0.01
at inlet of reactor [mol%] 0.08) 0.07] 0.07] 0.04
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Fig. 3. Schematic representation of experimental results.
(a) T=623 K, Cy;=0.01 mol% and G=3.33 x 103 mol/s;
(b) T=653 K, Cy;=0.01 mol% and G=3.33 x 10-3 mol/s;
(¢) T=673 K, Cy1=0.01 mol% and G=3.33 x 103 mol/s;
(d) T=653 K, Cy;=0.05 mol% and G=2.37 x 10-3 mol/s;
(e) T=653 K, Cy;=0.05 mol% and G=3.33 x 10~3 mol/s;
(f) T=653 K, Cy;=0.05 mol% and G=3.92 % 103 mol/s;
(g) T=623 K, Cy;=0.05 mol% and G=3.33 x 103 mol/s;
(h) T=673 K, Cy;=0.05 mol% and G=3.33 x10~3 mol/s.
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Fig. 4. SEM photographs of ZrO, films at 7=673 K, Cy;=0.05
mol% and G=3.33x10-3 mol/s.

(a) top surface of wisker-like deposit, (b) top surface of film,
(c) cross section of film, (d) cross section of transparent film.
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Fig. 5. XRD patternds of ZrO, films at T=653 K, Cy;=0.05
mol% and G=3.33 X 10~3 mol/s.
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Fig. 6. Distributions of deposition rate onto substrate at Cyp
=0.05 mol% and G=3.33 x 103 mol/s.
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Fig. 7. Relationship between zirconium tetra-so-propoxide

(ZTIP) concentration at inlet of reactor and maximum deposition
rate. (a) particle precipitation, (b) wisker-like deposit.
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Fig. 9. Calculated evolution of velosity and temperature profiles
in gas-phase at 7=673 K and G=3.33 X 10~3 mol/s.
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Fig. 10. Calculated evolution of Cy, Np and My at T=673 K, Cy;
=0.04 mol% and G=3.33x 103 mol/s.
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Fig. 11. Calculated evolution of deposition rate at Cy;=0.04
mol% and G=3.33 X103 mol/s.
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Fig. 12. Calculated evolution of deposition rate at 7=653 K and
G=3.33x10"3mol/s.
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