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Abstract: In order to find the best method of the phosphorus recovery, some kinds of the phosphorus recovery methods were applied 
using the same raw material. The acid treatment shows the highest recovery performance, on the contrary, the alkali treatment 
indicates the lowest recovery rate. The recovery rate was improved by the application of the heat treatment or hydrothermal method. 
In the acid treatment, the recovered phosphorus is mainly composed of aluminum phosphate, conversely, in alkali treatment, 
recovered phosphorus was mainly composed of sodium phosphate containing a small amount of aluminum. But the aluminum 
content in the phosphorus decreased by introduction of the heat treatment or hydrothermal method. 
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1. Introduction 

Sewage sludge contains significant amounts of 

phosphorus, and in order to recover the phosphorus in 

them, some kinds of recovery methods using acid [1] 

or alkali [2] are investigated. In the phosphorus 

recovery by the acid treatments, the recovery rate is 

high but recovered phosphorus is mainly composed of 

aluminum phosphate [3], which has little utilization. 

On the contrary, alkali treatment can recover the 

phosphorus as a form of sodium phosphate which has 

many usages. However, the recovery rate is low 

compared to the acid treatment [4], and to solve the 

matter, incineration treatment [5] or hydrothermal 

method [6] are considered. Like this, phosphorus 

extraction performance differs depending on the 

recovery method or extraction condition and also 

composition of the raw materials. 

In order to find the best method of the phosphorus 

recovery, we investigated the phosphorus transfer in 

these treatment (acid treatment, alkali treatment, heat 

treatment or hydrothermal method) using the same 
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raw material [7]. In this experiment, as a raw material, 

charcoal of the sewage sludge and incinerated ash of 

same charcoal were used.  

2. Methods 

2.1 Raw Material 

As a test material, charcoal of the sewage sludge and 

ash which was made by incineration of the same 

charcoal, were used. The charcoal is made from sewage 

sludge treated in the oven at 750 °C. The chemical 

composition of the ash component is shown in Table 1. 

2.2 Extraction Method 

We compared 4 types of methods as follows (each 

procedure is shown in Fig. 1). 

(1) Acid treatment at room temperature [8] 

The ash or charcoal is mixed with diluted sulfuric 

acid and the phosphorus is extracted in acidic 

condition (blow pH 2) at room temperature, and 

extracted phosphorus was precipitated by 

neutralization in conditions around pH 6 to pH 8, and 

recovered by filtration. 

(2) Alkali treatment at room temperature 

The ash is mixed with aq. solution of sodium 
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hydroxide at room temperature, and dissolved 

phosphorus is recovered as a form of sodium 

phosphate by vaporization. 

(3) Alkali heat treatment [9] 

An aq. solution of the sodium hydroxide is mixed 

with ash or charcoal, and treated at 750 °C, later, 

washing water is added to the treated mixture (already 

be changed to ash) for slid/liquid separation. The 

phosphorus is recovered by the vaporization of the 

filtrate. 
 

Table 1  Chemical composition of the raw material (ash).  

Component Na2O Al2O3 SiO2 P2O5 K2O CaO Fe2O3 Others 

Weight (%) 3.58 13.06 26.04 21.52 1.63 10.02 14.84 9.31 
 

 
(a) Acid treatment at room temperature (Mark; Acid–RT) 

 
(b) Alkali treatment at room temperature (Mark; Alkali-RT) 

 
(c) Alkali treatment by incineration (Mark; Alkali-750) 

 
(d) Hydrothermal treatment (Mark; Hydro) 

Fig. 1  Phosphorus recovery methods. 
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(4) Hydrothermal method [10] 

Aq. solution of sodium hydroxide is added to the 

ash or charcoal of sewage sludge, and treated at 

100 °C to 120 °C. In 1 h, later, washing water was 

added to the treated mixture for the solid/liquid 

separation. The phosphorus is recovered by the 

vaporization of the filtrate. 

3. Results and Discussions 

3.1 Phosphorus Extraction Rate 

The combination of the raw materials (ash and 

charcoal) and recovery methods (4 types) are shown in 

Table 2. 

In order to make a sufficient reaction, the excessive 

amounts of the reagents (H2SO4 or NaOH) which are 

considered to make a complete reaction, were added 

to the raw materials (ash or charcoal), and the 

experiments were carried out on mixing rate also 

shown in Table 2. 

The chemical composition of the raw materials, the 

recovered phosphorus and the residue were analyzed 

using an X-ray analyzer. 

The phosphorus recovery rate was calculated by 

comparing the P2O5 concentration between the raw 

material and residue using Eq. (1). The acidic 

treatment shows the highest recovery performance 

which reaches around 90%. On the contrary, the alkali 

treatment indicates the lowest recovery performance 

(the recovery rate about 60%), however, the recovery 

rate improved almost 80% by the introduction of the 

incineration or hydrothermal treatment (Fig. 2). 

R-rate = (P-raw × W-raw - P-treated × W-treated) / 

P-raw × W-raw                         Eq. (1) 

R-rate: Phosphorus recovery rate; 

P-raw: P2O5 content in the raw material (charcoal or 

ash); 

W-raw: Weight of the raw material (charcoal or 

ash) 
 

Table 2  Combination of the raw material and applied method. 

Mark Raw material Method  Amount of the raw material Amount of the reagent 

Acid-RT Ash Acid treatment at room temperature Ash 5 g H2SO4 3 g 

Acid-RT charcoal Acid treatment at room temperature Charcoal 5 g H2SO4 4 g 

Alkali-RT  Ash Alkali treatment at room temperature Ash 5 g NaOH 4 g 

Alkali-750 Ash Alkali heat treatment Ash 5 g NaOH 4 g 

Alkali-750 Charcoal Alkali heat treatment Charcoal 5 g NaOH 3 g 

Hydro Charcoal hydrothermal method (120 °C) Charcoal 50 g NaOH 30 g 
 

 
Using ash                                            Using charcoal 

Fig. 2  The comparison of the phosphorus recovery rate between some recovery methods.  
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Fig. 3  Chemical composition of the recovered phosphorus.  
 

 

Fig. 4  The chemical composition of the residue. 
 

P-treated: P2O5 content in the treated material 

(residue). 

W-treated: Weight of the treated material (residue). 

3.2 Composition of the Recovered Phosphorus 

The composition of the recovered phosphorus and 

the residue are shown in Figs. 3 and 4. The recovered 

phosphorus by the acid treatment was mainly 

composed of P2O5 and Al2O3, and considered to be 

made of aluminum phosphate. In the alkali treatment 

at room temperature, recovered phosphorus contains 

Na2O and P2O5, which is considered to be composed 

of sodium phosphate, however, small amount of 

aluminum component in the recovered phosphorus. 

Using the heat treatment or hydrothermal method, the 

remaining aluminum components became lower [11, 

12], which indicates that another reaction happened in 

these treatments, and further investigations are 

needed. 

Finding the usage of the recovered phosphorus is a 

very important matter. The phosphorus which was 

recovered by the acid treatment is mainly made of 

aluminum phosphate, which has some kinds of usage 

[13, 14]. However, the purity of the recovered 
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aluminum phosphate is not good enough for these 

usages, and also purification of them is not considered 

to be cost effective. The phosphorus recovered by the 

alkali treatment is mainly composed of sodium 

phosphate, which is easily purified by the application 

of the crystallization method. As mentioned, the heat 

treatment or hydrothermal method can recover lower 

aluminum contents, which will be useful when taking 

account of the usage of the recovered phosphorus. 

The significant amount of the residue is also 

discharged by the phosphorus recovery, and finding a 

usage of the residues is also an important matter.  

4. Conclusions 

In order to find an optimal condition of the 

phosphorus recovery, some recovery methods were 

investigated using the same raw material. The highest 

recovery rate was found in the acid treatment, 

however, the recovered phosphorus was mainly 

composed of aluminum phosphate. The alkali method 

can recover the phosphorus as a form of sodium 

phosphate, however, the recovery rate is low 

compared to the acid treatment, and also contains a 

small amount of aluminum component. However, the 

recovery rate and purity of the recovered phosphorus 

is improved by introduction of the incineration or 

hydrothermal method. These performances differ 

according to some recovery conditions or raw 

materials [15], hence, much further research is 

necessary. 
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