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Effect of Concentration of Tetraethoxysilane and Hydrochloric Acid
on the Morphologies of Mesoporous Silica Microspheres
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Abstract

Tetraethoxysilane(TEOS) as a silica precursor and hydrochloric acid as an acid catalyst have been used in a

surfactant-template synthesis of micrometer-sized mesoporous silica microspheres based on the macroemulsion

technique. Increase in the concentration of tetraethoxysilane of the reaction mixture has a serious destructive effect

on the particle shape and pore structure. As the acid concentration increases, relatively small microspheres are

formed without destroying their spherical morphology of the particles as well as the pore structures. However, due to

the attractive interaction between particles in an acidic condition, strong silica agglomerates are formed, and

therefore are subject to a post-ultrasonic treatment to separate into an individual single particle.
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Fig. 1. Two types of mixer used in a synthesis of mesoporous silica
microspheres: (a) A magnetic stirrer with a Teflon-coated magnetic
bar, (b) a mechanical overhead stirrer with a two-bladed Teflon-coated
impeller.
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Fig. 3. SEM images of the silica particles prepared using a magnetic
stirrer with a molar ratio of x TEOS: 0.34 n-dodecylamine: 0.9 EtOH:
0.12 HDEHP: 262 H20: 6.019 HCl where x equals {a} 0.27, (b} 1.00,
(c) 1.81, (d) 2.62, (e) 3.43, and (f) 4.24.

Fig. 4. SEM images of the silica particles prepared using a mechanical
overhead stirrer with a two-bladed impeller with a molar ratio of x
TEOS: 0.34 n-dodecylamine: 0.9 EtOH: 0.12 HDEHP: 262 H,0:
0.019 HCI where x equals (a) 0.27, (b) 1.00, (c) 1.81, (d) 2.62, {(e)
3.43, and (f) 4.24.
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Table 1. Chemical vield of mesoporouos silica microspheres larger
than c.a. 25, prepared with a molar ratio of 0.34 n-dodecylamine:
0.9 EtOH: 0.12 HDEHP: 262 H,0: 0.019 HCI for 1 hr, depending
on the molar ratio of TEOS and the type of mixing such as a
mechanical overhead stirrer with a two-bladed impeller and a
magnetic stirrer

Yield (%)
TEOS {mol) - —
Overhead stirrer Magnetic stirrer
0.27 91 93
0,51 95 04
1.00 90 97
1.81 87 85
2.62 67 83
343 45 67
424 45 63
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Fig. 5. N, adsorption and desorption isotherm of mesoporous silica
microspheres prepared using a mechanical overhead stirrer with a two-
bladed impeller with a molar ratio of x TEOS: 0.34 n-dodecylamine:
0.9 EtOH: 0.12 HDEHP: 262 H,0: 0.019 HCI where x equals
equals (a) 0.27, (b) 1.00, (c) 1.81, (d) 2.62, (e) 3.43, and (f) 4.24.
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Fig. 6. N, adsorption and desorption isotherm of mesoporous silica
microspheres prepared using a magnetic stirrer with a molar ratio
of x TEOS: 0.34 n-dodecylamine: 0.9 EtOH: 0.12 HDEHP: 262 H,0:
0.019 HCI where x equals equals (a) 0.27, (b) 1.00, (c) 1.81, (d) 2.62,
(e) 3.43, and (f) 4.24.
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Table 2. Effect of the concentration of tetraethoxysilane on the
structural properties of silica microspheres prepared with a
molar ratio of 0.34 n-dodecylamine: 0.9 EtOH: 0.12 HDEHP:
262 H,0: 0.019 HC)

. TEOS BET total average
stirger type . surface area | pore volume | pore diameter
(mol) (m¥/g) (em3/g) (nm)
0.27 769 0.41 2.1
1.00 1,021 0.65 25
o 1.81 962 0.87 3.6
magnetic stirrer
2,62 927 1.28 5.5
3.43 889 1.63 74
4,24 896 2,08 9.3
0.27 835 0.43 2.1
1,00 1014 0.59 2.3
mechanical 181 547 0.58 43
overhead stisrer 262 906 110 49
3,43 914 1,13 5.0
4.24 867 1.42 66
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Fig. 7. Pore size distribution of mesoporous silica microspheres,
depending on the type of mixing and a molar ratio of TEOS. (a)
and (b) for mechanical overhead stirrer with a two-bladed impeller,
and (c) and {d) for magnetic stirrer. Pore size distributions are
calculated from the adsorption branch of the nitrogen isotherm
using the BJH {Barrett-dJoyner-Halenda) method.
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Fig. 8. Compressive force vs. displacement curve of the silica
microspheres prepared with a molar ratio of x TEOS: 0.34 n-
dodecylamine: 0.9 EtOH: 0.12 HDEHP: 262 HZO0: 0.019 HCI, where
x equals {a} 1.00 (synthesizing for 1 hr), (b} 1.00 (synthesizing for
13 hr), {c) 4.24 (synthesizing for 1 hr), and (d) 4.24 (synthesizing
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Table 3. Effect of reaction time on the compressive strength of
silica microspheres prepared with a molar ratio of 1 TEQOS: 0.34
n-dodecylamine: 0.9 EtOH: 0.12 HDEHP: 262 H,0: 0.019 HCI,
using a mechanical overhead stirrer

§ ) 1 hour 13 hour

ample

’ ) iy | ko | ot |25 | o oy | ko oy [CRE823
1 11 5 45 | 325 | 23 | 34 7 | 202 | 160 | 62
2 1 3 15 | 101 | 32 | 39 | 12 | 321 | 188 | 72
3 17 7 70 | 218 | 16 | 40 10 | 243 | 137 | 83
4 17 4 33 100 39 40 10 239 132 69
5 20 6 43 | 92 | 38 | 43 13 | 322 | 156 | 66
6 24 6 59 90 33 44 11 382 | 175 | 42
7 26 6 87 | 118 | 42 | 45 13 | 537 | 237 | &2
8 26 6 75| 98 | 33 | 46 18 | 510 | 211 | 62
9 32 8 136 | 119 | 38 | 51 14 | 436 | 150 | 70
10 38 9 157 | 96 | 38 | 53 12 | 537 | 172 | 63
Avg. | 23 4 72 | 136 | 33 43 12 | 373 | 172 | 65
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Fig. 9. SEM iages of the silica microspheres prepared wi

ratio of 1 TEOS: 0.34 n-dodecylamine: 0.9 EtOH: 0.12 HDEHP: 262
H,0: x HCl, where x equals (a) 0.000, (b) 0.019, (c) 0.039, and (d)
0.078.
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