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Abstract
Water sludge contain significant amounts of phosphorus, and in order to recover the phosphorus, some kinds of methods are 
investigated. One of the methods, phosphorus recovery from the dehydrated sludge by incineration is considered to be useful. The 
dehydrated sludge was mixed with the reagent of NaOH, KOH or Na2CO3, and incinerated at 750 °C or 900 °C. Phosphorus in 
the generated ash of the sludge was dissolved by the addition of the hot water, and recovered by the evaporation of the extract. 
The recovered phosphorus was confirmed to be an alkali metal phosphate, and the recovery rate reached about 75%.
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Introduction
Phosphorus is a very important element, and regarded to be one 
of the indispensable elements of life. However it distributes in a 
limited area of the world, and Japan is importing all of it from 
other nations, and finding the domestic sources are needed. A large 
amount of wastewater sludge is discharged through the construct-
ing a sewage treatment facility [1]. The water sludge contains a 
significant amount of phosphorus, and the phosphorus concentra-
tion in the sludge is increased by the introduction of the advanced 
phosphorus removal technique [2]. However, a useful recycling 
technique is not established, and some of them are used as a com-
post for fertilizer, but this usage is not became popular because 
of the hygienic factor [3]. In Japan, most of the sludge is now 
incinerated through heat energy recovery to reduce the amount of 
the waste. Some of the generated ash of the sludge is used as ce-
ment raw material [4] or construction ingredients [5], however, 
the phosphorus in the sludge is discharged into the environment 
without utilization. 

In order to recover the phosphorus from the sludge, some kinds 
of the methods using alkali [6] or acid [7, 8] are investigated. The 
acid treatment can recover the phosphorus with high performance 
[9]. However, the recovered phosphorus mainly contained a form 
of the aluminum phosphate [10] which is used as sintering material 
or encapsulation reagent of the heavy metals [11], but the usage is 
limited. On the other hand, with the alkali treatment, the recovered 
phosphorus is mainly composed of calcium phosphate with small 
amounts of aluminum which is widely used for fertilizer. Howev-

er, the recovery rate is low compared with the acid treatment [12], 
and introduction of the technique is not practically going on. 

We found that the phosphorus recovery rate became high by the 
treatment at high temperature [13, 14]. However, how to use the 
heat source of the treatment is an important matter. In Japan, al-
most all dehydrated sludge is already incinerated as mentioned 
above, and the techniques about the incineration are already es-
tablished. Therefore, incineration of the water sludge with alkali 
compounds, is considered to be a effective method for phosphorus 
recovery. Based on this concept, the investigation of the phospho-
rus recovery was carried out, and phosphorus was successively 
recovered [15]. 

Method
Raw material
The dehydrated sludge (referred to as raw sludge) which was dis-
charged at the Yokkaichi-City Waste Water Treatment Facility, was 
used. The aq. solution of the NaOH and KOH or powder of Na-
2CO3 was mixed with the raw sludge (water content 82%), and 
dried at 105°C for 24 hours. 

Incineration Method of the Sludge
A basic matter is to find out the suitable incineration method of the 
sludge. The raw sludge was mixed with the alkali compounds with 
a finite ratio followed by incineration. A suitable instrument for the 
incineration is not provided, so in order to make easy incineration 
of the sludge, the incineration was carried out in 2 steps. In the first 
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step, the dried sludge mentioned above was put into the evaporat-
ing dish (made of porcelain), and heated to about 500°C using an 
oven. The volatile organic components in the sludge were evapo-
rated, and the sludge was changed to charcoal. In the second step, 
the charcoal was incinerated at 750°C (NaOH , KOH) or 900°C 
(Na2CO3) using an electric furnace. These temperatures are con-
sidered best from former research [16]. In the practical treatment, 
the incineration will be carried out using the furnace at once. The 
ash (referred to as generated ash) was generated by this treatment. 
As a comparison, raw sludge was incinerated the same way with-
out the addition of the alkali. 

Extraction of The Phosphorus
The generated ash was mixed with hot water (about 90℃, mixing 
ratio: liquid/solid = 10/1) to dissolve the phosphorus component 
in the ash, and was filtrated using filter paper (Toyo Roshi Kaisha, 

LTD). The filtrate was concentrated by evaporation, and cooled at 
5℃ for one day. The phosphorus was recovered as a form of crys-
tal from the cooled filtrate by separation using filter paper. With 
this method, the filtrate has to be concentrated to the proper densi-
ty by evaporation techniques. However, evaporation needs much 
energy, so in order to save energy, an extraction method using low 
liquid/solid ratio (considered to 2/1 0r 3/1) and counter current 
extractions [17] are recommended.

Furthermore, the significant amounts of the alkali waste water re-
mained. This waste water will possibly be reused as the alkali for 
the phosphorus recovery [18], but in this experiment, reuse of the 
alkali waste water was not examined. The insoluble components in 
the generated ash were separated as the residue using filter paper. 
The outline of the method is shown in Fig.1.

Figure 1: Phosphorus Recovery Method

Alkali mixing rate
In order to find out the appropriate mixing rate, 50g of raw sludge 
was mixed with of 0.5g to 5g of NaOH (reagent, which was dis-
solved 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. These mixtures were 
dried as described above, and were incinerated. The generated ash 
was mixed with 200mL of water, and filtrated using the filter pa-

per. Phosphorus concentration of the filtrate was analyzed using 
the molybdenum color metric method. The result shows that the 
phosphorus concentrations of the filtrate 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 
Fig. 2). From the result, the appropriate addition rate of the alkali 
was determined (Table 1 [19]). 

Table 1: Appropriate Addition Ratio

Reagent Amount of the raw sludge Amount of the alkali Incineration temperature (℃)
NaOH   50g 1g 750
KOH   50g 2g 750
Na2CO3   50g 2g  900
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Fig. 2 Relation of The Recovered Phosphorus with The Alkali Addition Rate 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 1 2 3 4 5 6

NaOH

Na2CO3

KOH

Figure 2: Relation of The Recovered Phosphorus with The Alkali Addition Rate

State of the Recovered Materials
In order to confirm 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. 
The phosphorus containing filtrate (500 mL) was concentrated to 
100 mL, and the phosphorus was recovered as a form of the crys-
tal, and the alkali waste water (about 50mL) was left.
 
In the 2nd run, 1100g of the sludge was also mixed with 22g of 
NaOH, and incinerated as described above. The filtrate (1000mL) 
was concentrated to 200 mL, and the phosphorus was recovered 
with the alkali waste water (about 100mL). These alkali waste 
water were dried for the analysis. The amounts of the recovered 
phosphorus and residues are shown in the Table 2. 

The 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%. The 
recovered phosphorus was analyzed using X-ray analyzer (Rigaku 
Cooperation SPECTRO XEPOS). The recovered phosphorus are 
mainly composed of Na2O and P2O5 (Fig.3), and confirmed to be 
made of Na3PO4 by the X-ray diffraction (Rigaku Cooperation, 
Fig.4) [20].

The alkali waste water contained a significant amounts of the alka-
li (Na2O) and phosphorus, and these components are considered to 
be reusable as the raw material.  

Table 2: The Amounts of The Recovered Materials And Recovery Rate

Item Raw sludge NaOH Generated ash Filtrate Residue Phosphorus P recovery rate
Run 1 500g 10g 11.6g 500mL 8.5 7.7 74%
Run 2 1100g 22g 43 1000mL 19 26 75%
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Figure 3: Chemical Composition of The Residue and Recovered Phosphorus

Figure 4: X-ray Spectrum of The Recovered Phosphorus

Chemical Change of The Ash Components of The Sludge 
50g of the raw sludge was mixed with each alkali metal compound, 
and treated as described above, and the chemical compositions of 
the ash of raw sludge and the residue were analyzed using an Xray 
analyzer, and the results are shown in Fig 5. 

The phosphorus component in the residue was decreased, com-
pared to the ash of raw sludge because of the phosphorus ex-

traction. On the contrary, other components like Fe3O3, SiO2, Al2O3 
CaO were almost same. The component of Na2O increased in the 
case of the NaOH or Na2CO3, and K2O also increased in the case 
of the KOH. In order to identify the reaction through the phos-
phorus recovery, X-ray diffraction analysis was carried out on the 
ash of the raw sludge and the residue using X-ray diffraction ana-
lyzer. The X-ray diffraction spectrums are shown in Fig.6, Fig.7, 
Fig.8) The ash of the raw sludge, SiO2 and Fe2O3 component was 
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dominant, on the contrary compounds made of Na,Al,Si or K, Al 
Si were found in the residues. Some ash components like SiO2, 
Al2O3 react with alkali metal compounds and form Zeolite, which 

is widely known [21]. It is considered that some kinds of chemical 
reactions happened like the one through the phosphorus recovery 
processes, and the reactions are enacting an important role.
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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

 
 

Fig 7 X-ray spectrum of the residue (NaOH) 

 

 
 

Fig. 8 X-ray spectrum of the residue (KOH) 
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Figure 7: X-ray spectrum of the residue (NaOH)
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Figure 8: X-ray spectrum of the residue (KOH)

Future Prospect of This Method 
In order to find out a practical way of phosphorus recovery from 
the dehydrated sewage sludge, the incineration method of the 
sludge was investigated. The sludge was mixed with alkali metal 
compounds, and incinerated at the 750°C or 900°C. Phosphorus 
was recovered by the extraction from the generated ash with the 
addition of water followed by concentration. The recovery rate of 
the phosphorus reached about 75%, and the recovered phosphorus 
was considered to be mainly made of alkali metal phosphate (con-
sidered to be sodium phosphate or potassium phosphate) which 
has many usages, and which can be refined using crystallization 
techniques. Various kinds of chemical changes were found in the 
ash components through the phosphorus recovery, which is con-
sidered to be related with the phosphorus recovery. Phosphorus 
recovery from dehydrated sludge is a simple and energy effective 
way, and considered to be useful. However, there are many mat-
ters which will need to be considered before the method can be a 
practical technique.

Adaptability against Various Kinds of The Raw Sludge
The chemical composition of the sludge differ depending of the 
discharging source [22], and also chemical state of the phosphorus. 
The reaction of the phosphorus recovery is considered to be relat-
ed with the ash components as mentioned above, especially the 
ratio of the sodium, aluminum and silicon are important matters. 
Therefore, the recovery rate is considered to differ from where the 
raw sludge originated, and some adjustment of the method will be 
needed on accepting the raw sludge.    

Incineration facility
In order to the make a practical technology, mass treatment is need-
ed. The sludge has high viscosity, and mixing with large amounts 
of the alkali reagents is needed. The mixture of the sludge and 
alkali is incinerated by the furnace, but the furnace should be made 
of alkali durable materials [23].   

Usage of the Ash Components
Significant amounts of the residue (generated ash) are habitually 

discharged. Large amounts of the ash are discharged in Japan, and 
finding the dumping sites are very difficult [24], therefore finding 
out the usage of them is an important matter. Some of them are 
now used for cement raw material as mentioned above, however, 
high content of the phosphorus in the cement is considered to low-
er the cement quality, and the usage will be limited. In order to ex-
pand further utilizations, wide utilization of the ash is an important 
matter. The residue of this method is considered to be compounds 
of aluminum silicate what chemical and physical properties are not 
yet investigated, and finding out the usage of the ash is important, 
so further investigation is needed.
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