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ABSTRACT

Ultrafine SyN; and 5iN;+31C mixed powders were synthesized through thermal plasma chemical vapor
deposition (CVD} using a hybrid plasma, which was characterized by the supersposifion of a radio-frequency
plasma and arc jet. The reactant SiCl, was injected into an arc jet and complelely decomposed in a hybrid
plasma, and the second reactant CH,; and/or NH; mixed with H. were injected mto the tail flame through
double stage ring shts. In the case of ultrafine SuN; powder synthesis. reaction efficiency increased significantly
by double stage injection compared lo single stage one, aithough crystallizing behaviors depended upon injection
speed of reactive quenching gas (NH:+N.) and injection method. For ithe preparation of SiN,+SiC mixed
powders, N/C composition ratio could be controlled hy regulating the injection speed of NH; and/or CH, reactant
and H, quenching gas mixtures as well as hy adjusting Lhe reaction space.
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Fig. 1. Schematic view of a hybrid plasma reactor cha-
mber designed for the preparation of ultrafine
ceramic powders: L represents the distance
from the 1st slit.
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Fig. 2. Schematic view of gas quenching systems: (a)
The slit width can be controlled by adiusting
the micrometer. (b} Double-stage slit gas quen-
ching is also possible by inserting flange.
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Table 1. Expedimental Conditions

(1) Gas flow rate(SLM*)
Arc jet gas 10 (Ar)
Sheath gas 30-35(Ar}+0.2(Hy
Carrier gas 2-2.5(Ar)
(2) Reactants injection rate
CH,(SLM) 0.1-0.3
NH:(SLM}/0.5-2
SiCli{g/min) 0.52
(3) Quenching Hy{SLM) 15-20
(4) Injection posiians
LiLy), (Ly, Loicmy** 0-2
(5) Slit width(um) 30-400
(6) DC power supply(kW) 6
(7) RF plale power output(kW) | 18-20

*SLM is standard L/min. **(L,) and (L,, Ls} represent
injection positions described as a function of the dista-
nce (L} from the 1st sli in the case of a single- and
double-stage injection respectively.
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Table 2. Process Variables for Si;N, Synthesis
Run Injection method Qscr, Qner (SLM*) NH,/SiCL, Qu,(SLM} W um)
series (position) (g/min) L, L. molar ratio L L. L, L.
1 Single-stage 15 2 10 20 30
(Li=0¢cm) 15 2 10 20 60
15 2 10 20 120
1.5 2 10 20 400
2 Double-stage 15 1 1 10 10 10 50 | 50-400
(L1, La)=1(0, 2 em) 1.8 1 1 8 10 10 150 | 50-400
15 1 1 i0 10 10 400 50-400
*SLM is standard L/min, **W, represents slit width.
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Fig. 3. Effect of slit width on the free-5i, o-5isN;, and
nitrogen contents in products: (C) single-slage
injection, (@) double-siage injection.
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Fig. 4. Electron micrographs of the SisNy powders pre-
pared by regulating the slit width: micrographs
(a) and (b} correspond (a) and {b) in Fig. 3, res-
pectively.
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Table 3. Process Variables for

the Synthesis of SiN;+SiC Mixed Powders

, _ Qo (SLM*) | QuiSLM) | Quy(SLM) W, (um) Injection position
Run series | Qs (g/min) L L L L L L L L o Lo
1 10 0.3 05 | 10 | 10 50 | 50 ©, 2)
0.9 0.3 05 | 10 | 10 50 | 150 ©, 2)
1.2 0.3 05 | 10 | 10 50 | 400 ©, 2)
2 11 0.3 05 | 10 | 10 | 150 | 30 ©, 2)
09 0.3 05 | 10 | 10 | 150 | 150 {, 2)
0.8 03 05 | 10 | 10 | 150 | 400 ©, 2
3 11 01 | 05 | 10 50 | 50 ©, 2)
0.9 01 | 05 | 10 50 | 150 o, 2
10 D1 | 05 10 | 10 50 | 400 ©, 2
4 0.9 01 | 05 10 | 10| 150 | 30 ©, 2
0.9 01 | 05 10 | 10 | 150 | 150 {0, 2)
*SLM is standard L/min, **W, represents slit width.
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sition ratio in products: (Q) run series 1, (@)
run series 2, @ run series 3, and (@) run series
4 in table 3, respectively.
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Fig. 6. Electron micrographs of the SisNy-+SiC mixed
powders prepared by regulating the slit width:
micrographs (a) and (b) correspond to (a) and
(b in Fig. 5, respectively.
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