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alkali for the phosphorus recovery [17], but in this experiment reuse of 
the alkali waste water was not examined. �e insoluble components in 
the generated ash were separated as the residue using �lter paper. �e 
outline of the method is shown in Figure 1.

Alkali mixing rate

In order to �nd out the appropriate mixing rate, 50g of raw sludge 
was mixed with of 0.5g to 5g of NaOH (reagent, which was dissolved 
with 10mL of water), 0.5g to 2g of KOH (reagent, which was dissolved 
with 10mL of water), and also mixed with 0.5g to 2g of Na2CO3 (solid 
powder) respectively. �ese mixtures were dried as described above, 
and were incinerated. �e generated ash was mixed with 200mL of 
water, and �ltrated using the �lter paper. Phosphorus concentration of 
the �ltrate was analyzed using the molybdenum color metric method. 
�e result shows that the phosphorus concentrations of the �ltrate 
are increased with higher addition rate of the alkali (NaOH, KOH 
or Na2CO3) toward 2g, later, trend of the phosphorus concentration 
plateau shown in the Figure 2. From the result, the appropriate addition 
rate of the alkali was determined (Table 1) [18].  

State of the recovered materials

In order to con�rm the chemical state of the recovered phosphorus, 
as the 1st run, 500g of the sludge was mixed with 10g of NaOH 
(dissolved by 20mL of water), and incinerated as mentioned above. �e 
phosphorus containing �ltrate (500mL) was concentrated to 100 mL, 
and the phosphorus was recovered as a form of the crystal, and the 
alkali waste water (about 50mL) was le�. In the 2nd run, 1100g of the 
sludge was also mixed with 22g of NaOH, and incinerated as described 
above. �e �ltrate (1000mL) was concentrated to 200 mL, and the 
phosphorus was recovered with the alkali waste water (about 100mL). 
�ese alkali waste water were dried for the analysis. �e amounts of 
the recovered phosphorus and residues are shown in the Table 2. �e 
phosphorus recovery rate was estimated by comparing the phosphorus 
concentrations in the ashes (ash of the raw sludge and residues), 
and the recovery rates were estimated 75% to 75%. �e recovered 
phosphorus was analyzed using X-ray analyzer (Rigaku Cooperation 
SPECTRO XEPOS). �e recovered phosphorus are mainly composed 
of Na2O and P2O5 (Figure 3) and con�rmed to be made of Na3PO4 
by the X-ray di�raction Rigaku Cooperation (Figure 4). �e alkali 

Figure 1: Phosphorus recovery method.

Amount of the added alkali (g)
Figure 2: Relation of the phosphorus with the alkali addition rate.

Reagent Amount of the raw sludge Amount of the alkali ,QFLQHUDWLRQ�WHPSHUDWXUH��Û&�
NaOH 50g 1g 750
KOH 50g 2g 750

Na2CO3 50g 3 2g 900

Table 1: Appropriate addition ratio.
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Remarks
Ash; Ash of the raw sludge,  NaOH; Residue (NaOH),  KOH; Residue (KOH)
Na2CO3; Residue (Na2CO3 )

Figure 5: Chemical composition of the ash and residue of the basic experiment.

Figure 6: X-ray spectrum of the ash of the raw sludge.

Figure 7:  X-ray spectrum of the residue (NaOH).

 Figure 8: X-ray spectrum of the residue (KOH).
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or potassium phosphate) which has many usages, and which can be 
re�ned using crystallization techniques. Various kinds of chemical 
changes were found in the ash components through the phosphorus 
recovery, which is considered to be related with the phosphorus 
recovery. Phosphorus recovery from dehydrated sludge is a simple and 
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