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Abstract — Characteristics of nano-structured SiO,:Zn hollow powders prepared in the micro drop fluidized reactor
process were investigated with respect to bandgap energy and surface activity. The SiO,:Zn hollow powders were suc-
cessfully prepared continuously in the one step process with reasonable production efficiency, with varying the amount
of THAM (tris(hydroxymethyl)-aminomethane) additive and concentration of Zn** ions. The doping of Zn*" ions into
Si0, lattice led to the reduction of bandgap energy by forming the acceptor level of Zn>* below the conduction band of
Si*" ions. The hollow shape also contributed to reduce the bandgap energy of SiO,:Zn powders. The doping of Zn>* ions
into SiO, hollow powders could enhance the surface activity by forming SiO-H stretching and oxygen vacancies at the

surface of SiO,:Zn powders.
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Fig. 1. Experimental apparatus.

1. Reactor 8. Micro bubble Generator
2. Furnace 9. Micro bubble port

3. Ultrasonic atomizer 10. Filter & collector

4. Precursor solution 11. Separator

5. Filtered & compressed air ~ 12. Distilled water reservoir
6. Flow meter 13. Liquid foam generator
7. Regulator & controller
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Fig. 2. Effects of C;;,,, on the SEM images of SiO,:Zn hollow powders prepared in the MDFR (T =900 °C, U-=10.0 L/min, U, = 0.1 L/min,
Cg; = 0.2 mol/L, IPA/H,0 ratio = 1/3, pH = 1.5, C,, = 2.0 at.%, Cyy 4, [Wt%] : 0(A), 1.0(B), 2.0(C), 3.0(D), 4.0(E)).
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Fig. 3. Effects of C, on the SEM images of SiO,:Zn hollow powders prepared in the MDFR (T = 900 °C, U, = 10.0 L/min, U, = 0.1 L/min,
Cg; = 0.2 mol/L, IPA/H,O ratio = 1/3, pH = 1.5, Cpyp43,=4.0 wt%, C,, [at.%] : 0.5(A), 1.0(B), 1.5(C), 2.0(D)).
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Fig. 4. Effects of Cyy;,, on the diffuse reflectance spectra and bandgap
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Fig. 5. Effects of C,, on the diffuse reflectance spectra and band-
gap energy of SiO,:Zn hollow powders prepared in the MDFR
(T=900"°C, U-=10.0 L/min, U, =0.1 L/min, Cg;=0.2 mol/L,
IPA/H,0 ratio = 1/3, pH = 1.5, C 4.5, = 4.0 wt%, C,,, [at.%]
: 0.5(A), 1.0(B), 1.5(C), 2.0(D)).
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Table 1. Bandgap energy of SiO,:Zn hollow powders prepared in the

MDFR
Cg(molL) Cryp (Wt.%) C,,(at.%)  Bandgap Energy
A 0.2 0 2.0 4.04
B : 0.2 1.0 2.0 3.98
C : 0.2 2.0 2.0 3.95
D : 0.2 3.0 2.0 3.94
E : 0.2 4.0 2.0 3.88
F : 0.2 4.0 0.5 4.31
G : 0.2 4.0 1.0 4.19
H : 0.2 4.0 1.5 4.07
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Fig. 7. FT-IR spectra of SiO,:Zn hollow powders prepared in the
MDFR (T =900 °C, U-=10.0 L/min, U,;z = 0.1 L/min, Cg; =
0.2 mol/L, IPA/H,O ratio = 1/3, pH = 1.5, C 5 = 4.0 wt%,
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Fig. 8. X-ray photoelectron spectra of O 1s peak for SiO,:Zn hol-
low powders prepared in the MDFR (T = 900 °C, U, = 10.0
L/min, U/ = 0.1 L/min, Cg; = 0.2 mol/L, IPA/H,0 ratio = 1/3,
pH =1.5, Cry,=4.0 wt%, C,, [at.%] : 0.5(A), 1.0(B), 1.5(C),
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559 X-ray Photoelectron 2] AZ}E Fig. 8l YEFYSITY. Fig. 8
oA & = QL0 Si0,:Zn YYAtel] Zn®* o]0] g w = <fel] uhet
AR} Ak, Ak ASE 2]l Bakao] ofo] Wslshs Z1S & ¢
Atk F, BB EE Zn?' 029 o] T whet Az; Akt
Thaslo] Ak Ago] TVl 21E & ¢ Atk Ak Ade] Tk
Ak BH WHSA Q) SUHE ofm|st R [18-22], ¥ A2 W4
oM Aol B E = Zn?t o] 2] Ft Skl Wt Si0,:Zn
A Y] wA WA Frketthar 3 4= 9l o] Sio, T
zof zn? o] &-0] =335 uj Si*' 0] & 2] F 7] 0.040 nm©] L,
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o] ER[23], 0]-2] 7] xlel7t AT o & AL §it 0] -2] UFI}
7t o] &0 & X g W74 #E AR5 S8l Ak o9
Agro] 717] AFBE F, Zn? o]0 =Yo7 Qe FE Aoz
Si0, T2oIA Si; Zn 0, o %2 M3k o] Aks o] 22 Aglo]
vEldtar 8 = glom o]gfdt P2 Zn?' o]0 Y Fvt
71kl whet S7kshckar g 4= 9t

O

(1) mA4 A . %7
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