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Recovery of Calcium Phosphate from Sewage Sludge Ash
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ABSTRACT: In this study, optimum extraction conditions for phosphorus recovery from sewage sludge ash(SSA) were
investigated. For this purpose, an experiment was conducted to determine optimal recovery conditions for Ca-P type
phosphorus by using calcium component in the recycled aggregate residue. The phosphorus content of sewage sludge
ash was confirmed to be 5.0 %. When H>SO; was used as an extract, concentration of 1 N H,SO,, L/S ratio of
10, and extraction time of 30 min were found to be the optimal extraction conditions. Phosphorus was extracted by
using optimal extraction conditions, and then the heavy metals eluted with phosphorus were removed using 1~20 g
of cation exchange resin. In 20 g of cation exchange resin, Fe 71.3%, Cu 82.4%, Zn 79.9%, and Cr 15% were removed.
After that, the mixing ratio of the calcium extract obtained from the recycled aggregate residue (RAR) was changed
to 1:1, 1:5, 1:10. The pH of the SSA to RAR mixture was adjusted to 2, 4, 8 and 12 by the addition of 5 N NaOH
to the mixture of 1:5, and the phosphorus was recovered as Ca-P type precipitate. The optimum pH was 8. When
recycled aggregate residues were used, the weight of calcium phosphate increased, but the amount of wastewater generated
also increased. Therefore, it was concluded that the use of recycled aggregate residue was not economically feasible.
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Table 1. Chemical composition change of sewage sludge ash before and after acid extraction by XRF analysis

(unit : %)
Ca K P Fe Si Ba Zn Cu S Othhr
Before acid extraction | 7.71 5.68 498 4.44 2.50 0.56 0.27 0.12 0.11 723
After acid extraction 15.7 4.03 1.36 6.50 3.79 0.46 0.26 0.10 6.22 61.52
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Fig. 1. Particle size distribution of sewage sludge ash
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Fig. 2. Particle size distribution of recycled aggregate residue
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Table 3. pH and Ca concentration according to L/S ratio
of recycled aggregate residue

L/S (L/kg) 5 10 20

pH 11.63 11.40 11.82

Leached Ca Conc. (mg/L) 76.5 113.2 309
Ca content in RAR (mg/kg) | 382.5 1132 1545
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Table 4. Concentration of dissolved phosphorus with
different acid extract concentration

acid extract conc. IN|[2N | 4N
phosphorus conc. (mg/L) 3085 | 3274 | 5450
phosphorus content in SSA (mglkg) | 15424 | 16370 | 27251
recovery rate (%) 303 | 32.1 | 535
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Table 5. The concentration of dissolved phosphorus

according to L/S ratio

L/S ratio (L/kg) 5 10 20

used SSA weight (g) 200 | 100 50
phosphorus conc. (mg/L) 3085 | 3242 | 1823
phosphorus content in SSA (mg/kg) | 15424 | 32424 | 36461
recovery rate (%) 303 | 63.7 | 71.6
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Table 6. pH change according to mixing ratio of phosphorus
extract to calcium extract

phosphorus extract vs. calcium extract pH
1:0 0.95
1:1 1.26
1:5 1.68
1:10 2.02
0:1 11.40
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Table 7. Ca-P precipitate weight and phosphorus recovery
with pH change

pH 2 4 8 12
Ca-P precipitate weight
1.24 6.70 8.79 9.05
(gke)
P content in precipitate 3831 | 2068 | 2715 | 2793
(mg/kg)

P content in filtrate
after pH adjustment 2818 | 1124 513 224

(mg/kg)

P recovery rate (%) 12.0 64.8 84.1 92.6
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Table 8. Mass balances of phosphorus recovery process for sewage sludge ash

Case input (unit : kg) output (unit : kg)
SSA | HaSO4 | NaOH | Water | RAR CER Ca-P (P) | Wastewater | Ash RAR CER
1 1 0.49 0.398 11.99 - ?0007(58]) 13.0 0.774 -
2 1 0.49 0.384 | 61.99 5 ?00092403) 62.9 0.774 5
3 1 0.49 0.334 | 61.67 5 ?6?081850) 62.6 0.774 5 2
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