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Abstract: A new block filter material with well-developed pores and stable chemical properties was prepared from a biomass ash by
short-term and high-temperature sintering. The phosphorus adsorption properties, as well as the kinetics and thermodynamic
behaviors, of this material were investigated in this paper. The results of the static adsorption experiments show that the biomass ash
filter achieved higher phosphorus adsorption per unit under conditions of higher initial phosphorus concentration, higher reaction
temperature, longer adsorption time, or lower solid-liquid ratio. Among these parameters, the solid-liquid ratio was the primary
controlling parameter affecting phosphorus adsorption by the filter material. The maximum adsorption per unit of the filter material
reached 7.72mg/g, when the initial concentration of phosphorus was 90mg/L, the reaction temperature was 55°C, the adsorption time
was 1250min, the pH was 3, and the solid-liquid ratio was 1:200(g:mL). The surface of the material exhibited a heterogeneous
structure, and its phosphorus adsorption was primarily driven by multilayer physical endothermic adsorption, supplemented by
monolayer or multilayer spontaneous chemical adsorption. Under the dynamic adsorption conditions, the phosphorus adsorption
capacity of this filter material per unit was 9.8, 22.27 and 27.22 times that of three common commercial filter materials, including
coconut shell biochar, ceramsite and natural zeolite, respectively. This indicates excellent adsorption properties, enabling water
purification while achieving biomass ash disposal and recycling, making it highly valuable for promotion.

Key words: biomass ash; filter media; phosphorus; adsorption; kinetic modeling; thermodynamics
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Fig.1 Diagram of self-assembled dynamic adsorption system
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Table 1 Design of factor levels in the orthogonal experiment
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Table 2 Heavy metal content of the raw biomass ash(mg/kg)

Cr Ni Cu As Cd Pb
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Fig.2 Results of characterization analysis of the raw biomass

ash and filter materials
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Table 3 Pore structure parameters of biomass ash filter

materials
SgeT Shmic Stnes Viet Vinic Vines D,
(m’g)  (m'g) (m¥g) (emYg) (cm'lg) (em’/g)  (nm)
0.7355 0.5749 0.3487 0.001595 0.000288 0.001485 8.6757

22 IEZWRETR

BRI &5 A T3 4060 Hb AT J7 2253 W7, 45
Skl 3(a). 3(b)FraR 0 T4 € W E K 0.05 5
0.01, A\ F 43 A 4T Fo05(4,4)=6.39, Fo.01(4,4)=15.98.
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B3R, 55 7 2553 B 5 R — S DR 0 Tl R R
(W AE T 2 HO W R AU 10mg/L [V B2
45°C BRI A] 500min.pH=11. [ b\ 1:25(g:mL),
W B 22T LA 51 100%, JHb IR 247 W5 B4 0.25meg/g;
X Tl 2R LA IR B 1R B T 2 S O B R I AR K
FE 90mg/L. JNVIREE 55°C. WeNAE) 1250min.
pH=3. [EV& L. 1:200(g:mL), M s HAy W B & i i
7.72mg/g, W I3 42.91%.



4

H

RTREE: R TODER W2 PR REWT T

x4 E£YRK

Table 4 Results of orthogonal experiment for phosphorus

PR R IR M IE R ik I 45 2R

adsorption by biomass ash filter materials

A& a(mg/L) A(C) p(min) &

WL B AR I

e(g:mL) G7F

(%) Hi(mglg)
1 10 15 32 3 125 1 6200 016
2 10 25 8 5 1:50 2 1855 0.9
3 10 35 200 7 1:100 3 4091 041
4 10 45 500 9 1:200 4 5881 118
5 10 55 1250 11 1:400 5 4704  1.88
6 30 15 8 7 1200 5 390 023
7 30 25 200 1:400 1 270 032
8 30 35 500 11 125 29930  0.75
9 30 45 1250 3 1:50 3 8273 124
10 30 55 32 5  1:100 4 2927 088
1 50 15200 11 1:50 4 4560  1.14
12 50 25 500 3 1:100 5 4343 217
13 50 35 1250 5 1200 1 1613  1.61
14 50 45 32 7 1400 2 824 1.65
15 50 55 80 9 125 3 6397  0.80
16 70 15 500 5 1400 3 345 097
17 70 25 1250 7 125 4 6555 115
18 70 35 32 9 1:50 51525 0.3
19 70 45 80 11 1:100 1 1568  1.10
20 70 55200 3 1200 2 1883 2.4
21 90 15 1250 9 1:100 2 1583 143
22 9 25 32 11 1200 3 708 127
22 9 35 80 3 1400 4 556  2.00
24 9 45 200 5 125 57932 179
25 90 55 500 7 1:50 1 4809 216
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Fig.3 Results of orthogonal experiment for phosphorus

adsorption by biomass ash filter material
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Fig.4 Effect of solid-liquid ratio on adsorption properties of

the filter materials
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Fig.5 Fitting results of the kinetic model for phosphorus adsorption by the filter material
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