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Experimental study on pretreated rice husk combustion in bench-scale
fluidized bed for the production of nanosilica
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Abstract; To investigate the feasibility of industrial preparation of nano-silica process by pretreated rice husk
combustion in fluidized bed, the combustion test of pretreated rice husk was carried out in a bench-scale fluidized
bed and active rice husk ash ( RHA) samples were obtained. Scanning electron microscopy, energy dispersive
spectroscopy , transmission electron microscopy, X-ray fluorescence spectrometer and specific surface area and pore
size analyzer were used to characterize the microstructure and physicochemical properties of bed material and RHA
and then the effects of acid pretreatment on the combustion state of rice husk in fluidized bed and the performance
of RHA were deeply studied. The results showed that the pretreated rice husk burned well in the bench-scale
fluidized bed and the bed material’s agglomeration was not happened. The obtained RHA consisted of 15-50 nm
nanoparticles and had abundant mesoporous pores of about 4 nm, SiO, purity of higher than 98 wt.% and ultra-low
residual carbon content of less than 0.08wt.%. Acid pretreatment greatly eliminated the limitation of combustion
temperature on RHA properties under low temperature condition, however, the temperature constraints gradually
appeared when temperature above 800 °C. In brief, the fluidized bed combustion of acid-pretreated rice husk could
achieve the purpose of preparing high purity and high active RHA | and the pretreatment effect of sulfuric acid was
better than citric acid.
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Fig.1 Bench-scale fluidized bed
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Tab.1 Particle size distribution of quartz sand

LA G/ mm B i /%
0.212~0.250 8.66
0.250~0.300 30.88
0.300~0.500 35.01
0.500~0.850 25.45
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Tab.2 Proximate and ultimate analysis of rice husk samples (dry basis)

o Tl s (St 538 % ) TEEAHT RN %) HHV/
e wy mES EER c H 0 N s M-k
KAk FE 16.01 68.63 16.36 40.31 510 3790  0.55 0.13 14.98
AR TAL 15.31 68.86 15.83 39.41 511 3978  0.30 0.09 14.79
PR T AL 3 15.20 68.75 16.05 3970 530 39.17  0.57 0.06 14.74
*3 BEHEMNIZLERS
Tab.3 Chemical components of rice husk samples
- Biht S8 (mg - g7")
feioe
K Na Ca Al Fe Mn Cl
HAb 3.805 0.359 2.188 0.407 0.044 0.197 0.361 2.355
TR WiAb 0.069 0.286 1.024 0.046 0.028 0.156 0.019 0.035
FrEAE RR TR B 0.162 0.334 1.497 0.098 0.030 0.147 0.089 0.028
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Fig.2 FTIR spectrum of rice husk samples
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Tab.4 Parameters of rice husk combustion experiments in

bench-scale fluidized bed

A LR Lt e e
BRI - WALHRE, il
(m-s™')  SEPRIEEE/C .
(m-s™)
600 0.072 613 0.265 3.69
700 0.067 721 0.296 4.41
800 0.063 828 0.326 5.19
900 0.059 915 0.356 6.01
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Fig.3 Structural characterization of quartz sand after rice husk combustion under sulfuric acid pretreatment at 800 °C
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Fig.4 Macromorphology images of RHA obtained from rice husk combustion in bench-scale fluidized bed at 600-900 °C

(b) % TEM &

5 BRENERUKTFRS 47 RHA BRIV RRE

Fig.5 Micromorphology characterization of four RHAs obtained from rice husk combustion in bench-scale fluidized bed
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Fig.6 Pore characterization curves of various RHA samples
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Tab.5 Composition and unburnt carbon content of RHA obtained under different pretreatments and combustion temperatures %
1 TRRR AL 5% I T HRBE IR/ C PR R AL 3 A5 1 T BABEIRLEE / C
L%y 600 700 800 900 600 700 800 900
Si0, 98.030 98.310 98.830 98.220 98.060 98.150 98.120 97.860
Na, O 0.046 0.052 - 0.026 0.024 - 0.019 0.022
MgO 0.024 0.023 0.020 0.029 0.027 0.028 0.040 0.038
Al, 0,4 0.493 0.578 0.354 0.311 0.644 0.681 0.524 0.532
P, 04 0.140 0.135 0.120 0.187 0.220 0.187 0.154 0.230
50, 0.197 0.107 0.086 0.085 0.102 0.123 0.084 0.096
K,O0 0.084 - 0.049 0.078 0.079 0.084 0.095 0.091
Ca0 0.401 0.204 0.160 0.205 0.390 0.372 0.465 0.393
TiO, 0.034 0.111 0.023 0.024 0.038 0.048 0.044 0.047
Cr, 05 0.051 0.042 - - 0.050 0.020 0.043 0.039
MnO 0.050 0.040 0.036 0.062 0.057 0.046 0.063 0.094
Fe, 0, 0.345 0.342 0.277 0.697 0.253 0.220 0.304 0.517
NiO 0.043 0.013 0.007 0.027 0.015 0.008 0.013 0.007
CuO 0.008 0.005 0.008 0.006 0.004 0.004 0.006 0.006
Zn0O 0.007 0.003 0.004 0.009 0.004 0.005 0.005 0.005
SrO 0.004 0.001 0.001 0.003 0.002 0.005 0.001 0.004
Cl 0.031 0.026 0.026 0.024 0.029 0.021 0.021 0.023
5 A 0.080 0.060 0.040 0.070 0.070 0.070 0.050 0.060
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FT A R B o T [ A 2 35 T 58 I R e 50
RHA [ ERfb M.
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