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Effect of the Flow Rate of Flame Gases on the Crystal Structure of
TiO, Nanopowder Synthesized by Flame Method
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'Nano-Materials Research Center, Korea Institute of Science and Technology, Seoul 136-791, Korea
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Abstract TiO, nanopowder has been synthesized by means of the flame method using a precursor of titanium
tetraisopropoxide (TTIP, Ti(OC,H,),). In order to clarify the effect of cooling rate of hot flame on the formation of
TiO, crystalline phases, the flame was controlled by varying the mixing ratio and the flow rate of gases. Anatase
phase was predominantly synthesized under the condition having the steep cooling gradient in flame, while a slow
cooling gradient enabled to form almost rutile TiO, nanopowder of above 95%.
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Table 1. Synthesis conditions of TiO, nanopowders by flame method

No,  Gas composition Combustion  Total gas flow Max. flame  Crystalline size(nm) Fraction of
(O,/CH,/N,) ratio (O,/CH,) rate (slm) temp. (°C) Anatase Rutile Rutile phase (%)
1 5/0.3/0.5 16.7 53 1190 422 - 34
2 3/0.3/0.5 10.0 33 1200 43.2 - 1.3
3 2/0.3/0.5 6.7 23 1200 415 - 0
4 1/0.3/0.5 3.3 1.3 976 40.9 - 0
5 0.5/0.3/0.5 1.7 0.8 700 46.1 48.8 28.9
6 5/0.6/0.5 8.3 5.6 1100 39.1 - 3
7 3/0.6/0.5 5.0 3.6 1408 38.5 - 1.7
8 2/0.6/0.5 33 2.6 1230 42.8 — 0
9 1/0.6/0.5 1.7 1.6 931 44.3 45.7 58
10 0.5/0.6/0.5 0.8 11 750 32 457 33
11 5/0.9/0.5 5.6 59 1400 35.8 -
12 3/0.9/0.5 3.3 39 1400 41 -
13 2/0.9/0.5 2.2 29 1450 41.1 - 0
14 1/0.9/0.5 1.1 1.9 850 40.6 444 48
15 0.5/0.9/0.5 0.6 1.4 800 37.6 42.7 45
16 1/0.3/0.2 33 1.3 737 40.6 - 0
17 2/3.0/0.6 0.7 5.6 1100 554 55 95
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Fig. 1. Side view of reaction flame of horizontally fixed burner (Flow rates of oxygen gas are: (a} 0.5 slm (0,/CH,/N,=0.5/0.3/
0.5), (b) 1.0 sim (1.0/0.3/0.5), (c) 3.0 sim (3.0/0.3/0.5) and (d) 5.0 sim (5.0/0.3/0.5).
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Fig, 2. X-ray diffraction patterns of TiQ, nanopowders

synthesized at different flow rate of oxygen gas with con-

stant flow rates of methane and nitrogen of 3.0 shm and 0.5

sim.
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(d)
Fig. 3. SEM micrographs of TiO, nanopowders synthesized at different oxygen flow rate with constant flow rates of meth-
ane and nitrogen of 3.0 sim and 0.5 slm: (a) 0.5 slm, (b) 1.0 slm, (c¢) 3.0 slm and (d) 5.0 sim.
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Fig. 5. X-ray diffraction patterns of TiO, nanopowders
synthesized at different flow rates of methane gas with

constant flow rates of oxygen and nitrogen: (a) (0,/N,=0.5/
0.5) slm and (b) (O,/N,=1.6/0.5) stm.

T T T ¥ T T T T T ¥ T T T T T T T
1100 | 0\\0 B
1000 F . ¢ .
N E"‘_”\o 5 L0.6/0.5 (AR=50:50)
O 900 f q “‘\\\\ 1
~ |
£ so0f — * 1
© . A A
@G 700 @ b
g | a AF506005 o
(3] o0 - ® =60 (] 3
2 600y (A.R=60:40) 510.6/0 5=(Anatase 100%)
500 | \ 1/0.3/0.5=(Anatase 100%)-
I m 1/0.3/0.2=(Anatase 100%)
400 I 1 i 1 I3 1 I3 1 1

0 10 20 30 40 50 60 70 80
L (mm)

Fig. 6. Variation of flame temperature with distance from
the burner surface along the center line of the flame
formed at each synthesis condition.
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