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Preparation and Properties of Corrosion Inhibitor-Loaded Hollow Silica Microspheres
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Abstract: Polystyrene microspheres were prepared via an emulsion polymerization method and used as hard templates to form
hollow mesoporous silica microspheres. The structural properties of silica microspheres were characterized by scanning electron
microscopy, transmission electron microscopy, thermogravity analysis, small angle X-ray diffraction, nitrogen adsorption—desorption
isotherm analysis. The effects of synthesis parameters (i.e., amounts of ammonia and silane precursor) on the microsphere size,
thickness and mesopore size of silica microspheres were investigated, and the optimum reaction conditions were 6.25 mL of ammonia
and 10 g of tetracthylorthosilicate. The hollow microspheres as a host are loaded with benzotriazole, and then coated with a two-layer
polyelectrolyte shell by a layer-by-layer deposition process. The inhibitor release profile revealed that the polyelectrolyte shell
lowered the release rate of benzotriazole-loaded hollow silica microspheres by 5 times.

Keywords: silicon dioxide microspheres; polystyrene microspheres; benzotriazole; sustained release
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Table 1 Preparation conditions of polystyrene (PS) microspheres

PS microspheres m(St)/g m(PVP)/g m(AIBA)/g V(ethanol)/mL V(deionized water)/mL
PS-1 10.000 2.000 0.125 100 0
PS-2 10.000 2.000 0.125 80 20
PS-3 10.000 2.000 0.125 0 100

St is styrene; PVP is polyvinylpyrrolidone; AIBA is 2,2’-azobis[2-methylpropionamidine] dihydrochloride.

13 #HEFP=NHAL S RERER

¥ 50 mL. FAA TR 5.0 g (1) PS THER L
SR 1.0 g 1) CTAB AR 1 L =3k, hn
ANTC/KLBE 250 mL 257K 25 mL, HLBgSEH:
30 min. #%ZMEE 2, IA—EEAWMZEI/K, 1 min
J I — € W 1) TEOS FREdi 50 mL, LA 12 3i¥/min
(iR I B et o PREFBEFE Y. 24 h )5, Kl
%11 PS@Si0, Tk 250y 3 K, 1E 60 CHEIAT
PEAETET 12 b, U A ERRFES . BB RO
W, DBkl 10 °C/min (3R = T
4600 °C, {RURIERE 2.50 G e S, B3k

AL SiO, ER AR . 3R 2 AL Si0,
Tl BR 1 HAARIR R 2
1.4 203 BTA FEH = SiO, ek aY 515k

¥ 2.0 g % 1) Si0,-3 T ER 5 BIAE 200 g BTA
B H R ECN 10%), NZHE S5+,
BESHTEMRE 0.1 MPa LLF, #& 30 min Ji5 X
i Si0, 73 B, H 207 25 H BTA £4K Si0, Tk,
TN 60 CHAE T T4 120 # LR B BES 3 5
321 BTA 113k Si0, Bk FH A W ik bR ik 9 76
BRFCRINM BTA, TG 2I73 BTA 1240
fL Si0, IR (BTA@SIO5)-



+ 586 CTERR ER 2540 J Chin Ceram Soc, 2020, 48(4): 584591 2020 4
F2 HIERE SO, HITIEEYF
Table 2 Preparation conditions of hollow SiO, microspheres using different amounts of ammonia
Hollow SiO, m(PS-1)/g m(PS-2)/g m(PS-3)/g V(ammonia)/mL m(TEOS)/g
SiO,-1 5 12.5 5
Si0,-2 5 12.5 5
Si0,-3 5 12.5 10
Si0,-3-A2 5 25.0 10
Si0,-3-A3 5 37.5 10
Si0,-3-A4 5 50.0 10
Si0,-3-T2 5 12.5 15
Si0,-3-T3 5 12.5 20

TEOS is tetraethylorthosilicate.
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Table 3 Comparison of surface areas, pore radia, and pore

volumes of PS@SiO,-2 and hollow SiO,-2

microspheres
Sample Surface area/(m”>g™") Pore radius/nm Pore volume/(cm®g ")
PS@Si0,-2 5.87 6.2 0.303
Si0,-2 162.67 8.7 4.308
2
z SiO,-3
Q
£
Si0,-2
1 1 Il Il
0 1 2 3 4 5

200(°)

Kl 4 178 Si0,-2 Al Si0,-3 Bk SAXS i
Fig. 4 Small angle X-ray scattering (SAXS) spectra of
hollow Si0,-2 and SiO,-3 microspheres
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