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Abstract: Modispersed silica fine particles were produced from the hydrolysis of Si(OCsHs)s by using batch-semibatch mixed systems. Four types
of mixed process, ie, batch-batch, batch-semibatch, semibatch-batch, semibatch-semibatch, were used in order to measure mean particle size,
particle size distribution, yield, and packing density. As a result of the test, silica particles prepared by semibatch-semibatch process were larger
than those produced from any other systems in particle size and yield. On the other hand, silica particles prepared by batch-semibatch process
were better than those produced from any other systems in particle size distribution and packing density. Especially, it was found that particle size
of SiO» prepared by semibatch-batch process decreased with increasing the reaction time. Therefore, batch-semibatch process was a successful
method for controlling the size, i, a narrow distribution of a particle size which ranges to several microns.
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1. water bath 2. micro feed pump 3. stirrer 4. reactor

5. N2 gas 6. H,O solution 7. TEOS solution

Figure 1. Schematic diagram of the semibatch reactor system.
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Table 1. Operating Systems Used for Preparation of Silica Fine
Particles

Operating
system

First step Batch Batch Semibatch ~ Semibatch
Second step Batch Semibatch Batch Semibatch

B-B B-§ S-B S-S

itw 9208656

Sampless

528658

Figure 2. SEM micrograph of particles made at following
conditions (Ist step: batch, 2nd step: batch, Si(OC:Hs)s 05 M,
H0 60 M, NH/,OH 0.7 M): (a) 80 min, d=120 nm; (b) 300
min, d =184 nm; (c) 420 min, d =230 nm.
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Figure 3. Change in particle size with reaction time (1st step:
batch, 2nd step: batch).
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Figure 4. SEM micrograph of particles made at following
conditions (Ist step: batch, 2nd step: semibatch, Si(OCzHs)s 05 M,
H:0 6.0 M, NH:OH 0.7 M): (a) 120 min, d =150 nm; (b) 250 min,
d=22 nm; (c) 360 min, d =325 nm; (d) 520 min, d =370 nm.
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Figure 5. Change in particle size with reaction time (Ist step:
batch, 2nd step: semibatch).
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Figure 6. SEM micrograph of particles made at following
conditions (1st step: semibatch, 2nd step: batch, Si(OCoHs)s 0.5
M, H0 6.0 M, NHOH 0.7 M): (a) 80 min, d =263 nm; (b) 180
min, d =83 nm; (¢) 470 min, d =127 nm.
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Figure 7. Change in particle size with reaction time (Ist step:
semibatch, 2nd step: batch).
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Figure 8. SEM micrograph of particles made at following
conditions (1st step: semibatch, 2nd step: semibatch, Si(OCaHs)s
05 M, HO 60 M, NH,OH 0.7 M): (a) 150 min, d =320 nm; (b)
350 min, d =378 nm; (c) 463 min, d =352 nm; (d) 540 min, d=
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Figure 9. Change in particle size with reaction time (Ist step:
semibatch, 2nd step: semibatch).
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type systems.
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Figure 11. Comparison of the nucleation and growth step of
four type systems: (a) batch-batch; (b) batch-semibatch; (c)
semibatch-batch; (d) semibatch-semibatch.

Table 2. Comparison of the Properties of Silica Particles
Obtained by Using the Four Type Systems

Operating Particle size Yield Particle No. Particle size Second

system (um) (%) density  distribution nucleation
B-B 0.184 510  2.139x 10" O No
B-S 0263 543 1517x107 @) No
S-B 0.127 391  2529x10%® A Yes
S-S 0.335 621 8410x10% X Yes
©: Excellent, O: Good, A: Not bad, X: Bad
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