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Abstract

To address the high production cost of traditional porous mullite ceramics, porous mullite-based
ceramics were prepared via die pressing and subsequent sintering at 1250°C under ambient pres-
sure, using metallurgical solid wastes—fly ash and acid blast furnace slag—as the main raw mate-
rials, with Alz03 as a supplementary aluminum source, spherical graphite powder as the pore-form-
ing agent, and a 3 wt% polyvinyl alcohol (PVA) solution as the binder. The effects of raw material
ratio and particle size on the properties of the ceramics were investigated. The results indicate that
by regulating the mass ratio and particle size of fly ash and acidic blast furnace slag, porous mullite
ceramics with favorable water purification effects and adsorption performance can be prepared.
The maximum difference in total dissolved solids before and after water filtration reached 33 ppm,
while the maximum adsorption rates for hexavalent chromium ions and methyl orange reached
30.89% and 20.45%, respectively. Phase analysis reveals that the sample is primarily composed of
mullite, anorthite, and corundum phases, and the microstructure shows the presence of numerous
irregular pores.
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Table 1. Chemical composition table of fly ash and acid blast furnace slag/wt%
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4 SiO2 ALOs3 TiO2 CaO K20 Fe20s
IR 42.16 28.00 1.63 23.67 1.25 3.29
BR M e s 37.44 11.07 10.75 26.62 3.01 5.74
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Table 2. Experimental scheme table
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Figure 1. Sintering process diagram
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Figure 2. Diagram of water purification performance test device
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Figure 3. Schematic diagram of adsorption performance testing device
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Figure 4. Relationship diagram of water purification performance of samples with mass ratio of fly ash to acid blast furnace
slag and particle size
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Figure 5. Variation of water purification performance of samples with mass ratio of fly ash to acid blast furnace slag (a) and

particle size (b)
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Figure 6. Comparison diagram of solution colors before and after Cr (VI) adsorption for 9 groups of samples
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Figure 7. Relationship diagram of Cr (VI) adsorption rate of samples with mass ratio of fly ash to acid blast furnace slag and
particle size
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Figure 8. Variation of Cr (VI) adsorption rate of samples with mass ratio of fly ash to acid blast furnace slag (a) and particle
size (b)
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Figure 9. Comparison diagram of solution colors before and after methyl orange adsorption for 9 groups of samples
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Figure 10. Relationship between methyl orange adsorption rate of samples and mass ratio of fly ash to acid blast furnace slag
and particle size
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Figure 11. Variation of methyl orange adsorption rate of samples with mass ratio of fly ash to acid blast furnace slag (a) and

particle size (b)
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Figure 12. XRD patterns of the optimal sample
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Figure 13. SEM Micro-graphs of the optimal sample
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E 14, R EXIBERRA

cps/eV
80 Element  Weight/%  Atomic/%  Error/%
] 0 39.92 57.25 0.57
703 Al 24.94 17.12 0.17
ol Si 18.14 14.62 0.15
] Ca 14.84 9.71 0.10
501 Ti 1.66 0.75 0.01
] Fe 1.47 0.56 0.01
404 Ti
] 6°  msi @ T Fe
301
20
104 ‘ ‘
o LI A .l
I PR DL LR L B W g v ¥ ¥ L ¥ LR [ L I T L L ST L T
-1 0 1 2 3 4 5 6 7 8

Energy [keV]

Figure 15. EDS spectrum of the selected area of the optimal sample
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