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Abstract: The ceramic slurry is prepared using alumina and calcium carbonate powder as matrix materials,
polyvinyl alcohol solution as a binder, and acetic acid as a dispersant. Different porous alumina-based
ceramics are printed by micro-extrusion 3D printing technology. The effects of hole structure and thickness
on the sewage filtration performance and its affecting mechanism of porous alumina-based ceramics are
investigated. The results show that the multi-layer cross-hole alumina-based ceramic samples with the hole
diameter less than 0.1 mm are successfully fabricated by the micro-extrusion 3D printing method with a
stepwise 30° filling angle and varying filling rates. The cross hole distribution can divert sewage flow and
increase the effective filtration area, while the thicker multi-layer cross-hole porous alumina-based ceramic
provides a longer path for sewage filtration, facilitating the removal of small molecular particles in the
sewage. When the filling rate is 90% and the ceramic thickness exceeds 8 mm, the sewage turbidity
removal rate exceeds 90% , and the filtered sewage turbidity is below 10 NUT, satisfying the industrial and
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agricultural requirements for water. Based on adsorption, screening-filter cake-deep bed filtration

mechanism, a filtration mechanism model of the multi-layer cross-hole and through-hole structures is

established. The multi-layer cross-hole alumina-based ceramics with submicron and micron-sized holes

perform better in terms of permeability and filtration ability, compared to through-hole alumina filtration

ceramics, possessing higher potential for sewage treatment applications. This research provides valuable

reference for the application of micro-extrusion 3D printing technology in the field of porous ceramic

filtration.

Key words: micro-extrusion 3D printing technology; porous alumina ceramics; multi-layer cross-hole;

sewage filtration
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Fig.1 Microstructural morphology(a) and particle size distribution(b) of alumina powder
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Table 1  Chemical composition of alumina powder
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Fig.2 Microstructural morphology(a) and particle size distribution(b) of CaCO; powder
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Table 2 Physicochemical parameters of polyvinyl alcohol

Molecular formula

[C,H,0],

Average molecular weight

110000-130000

Viscosity/(Pa-s) pH Scorch residue/ % Hydrolysis temperature/"C

21.0-33.0 5-8 <2.0 90-95
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Table 3 Composition and ratio of alumina-based ceramic slurry

ALO,/ % CaCO,/ %

PVA aqueous solution/ %

Acetic acid/ % Silicone defoamer/ %

57 20 21

1 1
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Table 4 Micro-extrusion printing process parameters

Extrusion head Height/mm Printing speed/

diameter/mm (mm+min ")

0.51(inner diameter ~ 0.306(height between 1.0 10*(extrusion

of outlet end of adjacent floors ) head moving speed )

extruder head )

==Y
Ul Guiding
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Wl Ball screw
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Fig.3 Micro-extrusion 3D printing device self-developed by the laboratory
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Table 5 Physical and chemical parameters of quartz powder

Refractoriness/  Soil content/ Homogeneous
Si0,/% Fe,0y/% 8

C % rate/ %
=99.5 <20.15 =>1730 <0.3 90.70

Unfiltered sewage
200 NTU
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Fig.4  Filtration device diagram(a) and configured sewage(h)
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Fig.5 Single-layer through-hole alumina-based filtration ceramics with different shapes of internally filled holes when the filling rate was 50 %
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Fig.6  Distribution of internal filling holes in single-layer through-hole alumina-based filtration ceramics under different filling rates

(a)square holes; (b)triangular holes; (¢)hexagonal holes
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Table 6  Single-layer through-hole filtration ceramics internal filling size results

Hole shape Filling factor/ % Body size/pm Sintered body size/pm Sintering shrinkage/ %
Square holes 50 503.38 443.38 11.92
70 280.64 244 .41 12.91
90 143.63 122.54 14.68
Triangular holes 50 581.22 493.32 15.12
70 264.77 232.27 12.27
90 158.26 129.55 18.14
Hexagonal holes 50 814.71 814.42 0.04
70 405.88 420.57 —3.62
90 253.5 269.71 —6.39
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Fig.7 Double-layer through-hole alumina-based porous filtration ceramics structure
(a)filtration layer; (b)support layer; (¢ )integral structure
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Fig.8 Preparation process of multi-layer cross-hole alumina-based filtration ceramics
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Fig.9 Multi-layer cross-hole alumina-based filtration ceramics
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Fig.10 Single-layer through-hole alumina-based porous ceramics filtration sewage results

(a)water turbidity after filtration; (b)filtration efficiency
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Fig.11 Filtration results of double-layer through-hole alumina-based ceramics

(a)water turbidity after filtration; (b)filtration efficiency
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Fig.12 Filtration results of multi-layer cross-hole alumina-based ceramics

(a)water turbidity after filtration; (b)filtration efficiency
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Table 7 Optimal filtration efficiency of different hole ceramics

Filter ceramics hole structure

Optimum filtration efficiency/ %

Improvement rate of multi-layer cross-hole/times

Single-layer through-hole 47.15
Double-layer through-hole 66.35
Multi-layer cross-hole 80.65
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Fig.13 Sewage treatment effect of cross-hole ceramic filtration membrane with different thicknesses
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