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Abstract: Sewage sludge contains significant amounts of phosphorus, and in order to establish the phosphorus recovery, an
investigation of phosphorus recovery from carbonized sewage sludge was investigated. Carbonized sewage sludge was mixed with a
potassium hydroxide aqueous solution and treated in hydrothermal conditions for 2 hours. After this treatment, hot-water was added
to the treated mixture and phosphorus containing extract was recovered. Phosphorus was recovered as a form of potassium phosphate
from phosphorus containing extract. Optimal recovery conditions were investigated in treatment temperature, and recovered
phosphorus was confirmed as potassium phosphate by X-ray analysis, and its recovery rate was estimated to be about 76-77%.
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1. Introduction Phosphorus removal, some alkali-extraction methods
[7] have been investigated, and hydrothermal
processes [8] are considered useful compared to
conventional alkali extraction. The hydrothermal
processes are considered to be based on the reaction
shown in Eq. (1):

The amount of the sewage sludge is increasing due
to the wide introduction of sewage systems, and most
of the sewage sludge has been disposed in a landfill
site as a waste. Sewage sludge contains significant
amounts of  phosphorus, however, recovery
technology has not been well developed, and a lot of Sewagesludge (SiO,, AIPO,) + nMOH +zH,0 —»
phosphorus in the sludge is not recycled, and this M,0 -xALQO,-ySiO, -zH,0 + M,PO,
important element is discharged into the environment
without utilization. In order to establish the
phosphorus recovery technology from sewage sludge,
many studies of the chemical processes [1-5] are
under way.

Charcoal has many usages as a fuel, adsorbent, and
other industrial materials, and one of the recycle
methods, carbonization techniques [6] has been
introduced. However, charcoal made from sludge has
limited utilization because of high ash content,
especially  phosphorus  component.  Phosphorus
removal has some advantage for recovery of
phosphorus and charcoal of low ash content.

M)

where, M is alkali metal.

In this method, the charcoal is mixed with ag.
solution of alkali metal hydroxide (like NaOH or
KOH), and treated at 70 °C to 160 °C. After 2 or 6
hours of heating, phosphorus is extracted by addition
of the hot water to the treated mixture.

Treated charcoal is separated by filtration, and
extracted phosphorus (expected to be alkali metal
phosphate) can be recovered by crystallization
followed by vaporization of the filtrate (as shown in
Fig. 1). NasPO,4 was recovered by this method using
NaOH as mentioned in previous report [9].
*Corresponding author: Masaaki Takahashi, researcher, Potassium and phOSphorus are one of the inevitable
research field: environmental technology. elements of plants [10], and recovery from sewage
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Fig.1 Phosphorus recovery method.

sludge is regarded important matter. We investigated a
recovery method of KsPO, using KOH and found the
optimal recovery conditions.

2. Method
2.1 Raw Material and Extracting Apparatus

The experiments were carried out using the
charcoal of sewage sludge which was made from
sewage sludge by carbonization in an anaerobic
chamber at 700 °C.

The reactor vessel (capacity: 300 mL) is made of
steel with a small hole in the cap shown in previous
report [11]. The charcoal was mixed with ag. solution
of potassium hydroxide and put into the reactor vessel,
heated in the heating chamber. After treatment, treated
charcoal was transferred into the extracting vessel
(1,000 mL), phosphorus was extracted by addition of
hot water.

2.2 Phosphorus Recovery Condition

The optimal phosphorus recovery conditions are
considered from the previous report [12], as mixing
ratio (v/v); 1:1, alkali addition rate; 30 g KOH/50 g
charcoal and heating time 2 hours to 6 hours.

In order to find an optimal heating temperature, 10 g
of charcoal was mixed with ag. solution of KOH (6 g
in 10 mL of water), and heated in some treating
temperature (up to 160 °C), in the condition (mixing
ratio, alkali addition rate as mentioned before).
Phosphorus concentration in the filtrate was analyzed
by chemical analysis, and high phosphorus extraction

rate was found in a temperature around 95 °C to 160
°C (shown in Fig. 2). From these results, optimal
phosphorus recovery conditions are decided as shown
in Table 1.

3. Result and Discussion
3.1 Feature of the Recovered Materials

In order to confirm the feature of the recovered
phosphorus, 50 g of charcoal was mixed with ag.
solution of KOH (KOH: 30 g + H,0O: 50 mL), and
heated at 120 °C, 2 hours later, transferred into the
vessel, extraction was carried out by addition of 500
mL of hot water, and maintained at 90 °C in 10
minute, later, filtrate (filtrate-1) was recovered using
filter paper (No2, ADVANTEC, Toyo Roshi Kaisha,
Ltd.). The filter mass was added 500 mL of hot water,
and heated at 90 °C in 10 minute, and filtrate-2 was also

Table 1 Optimal recovery condition.

Mixing rate s/lL=1:1
KOH addition rate KOH 6 g in 10 g of charcoal
Treatment temperature 120°C
Heating time 2 hours to 6 hours
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Fig. 2 Extracted phosphorus amount to treatment

temperature (Charcoal: 10 g, NaOH 6 g, Heating time: 2 h).
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recovered like before. The filter mass was dried at 105
°C, and 42 g - 44 g of treated charcoal was recovered.

The phosphorus in the filtrate was expected to be a
form of K3PO,, which had very high solubility in
water, and also contains non-reacted KOH, therefore,
direct dehydration was considered difficult. In order to
investigate the composition of the recovered
phosphorus, non-reacted KOH was converted to KCI
by neutralization. 35 g of HCI (Wako Chemicals Co.
Ltd, assay 35%) was added to the filtrate (filtrate-1 +
filtrate-2, total 1,000 mL) , and adjusted to pH 4.0,
and dried by evaporation at 105 °C, and 45 g of
phosphorus was recovered. The recovered phosphorus
contains KCI which was formed by neutralization, and
substantial amount of the phosphorus (as a form of
NaH,PO,4) was estimated 22 g by chemical mass
balance.

The treated charcoal was incinerated at 600 °C for
analysis. Incinerated ash and recovered phosphorus
were analyzed using XRF (Rigaku Corporation.
SPECTRO XEPOS).The appearance of the treated
charcoal is black grain, and no-apparent change in its
features was found and ash content was almost same
compared to non-treated charcoal as shown in Table 2.

The ash of the treated charcoal was mainly
composed of SiO,, Al,O3, Fe,03; CaO and K,0 as
shown in Fig. 3. The amount of the phosphorus in the

Table 2 Amount of recovered material.

treated charcoal was decreased by the phosphorus
removal. However, small amounts of non-reacted
P,Os remained in the treated charcoal, and SiO,, CaO
and Fe,O3; component in the charcoal were relatively
increased by the treatment because of elution of the
phosphorus. K,O content in the treated charcoal has
increased. K,O is considered to be remained with
residue water in the charcoal or any reaction of KOH
and ash components of the charcoal. The recovered
phosphorus is mainly composed of K,O and P,Os, ClI
and a small amount of Na,O and Al,O3. KCI, KH,PO,,
and compound of Al and P was found by X-ray
diffraction (Rigaku Corporation) as shown in Fig 4.
KCI was considered as a by-product of neutralization,
KH,PO, was also considered to be formed by
neutralization (conditional change: strong alkali to pH
= 4) [13]. Al component in the recovered phosphorus
was considered to be non-reacted phosphorus which
was directly extracted from charcoal as a form of
AIPOQ,. From these results, recovered phosphorus was
considered mainly composed of potassium phosphate
(K3POy,) from this chemical composition and extracted
condition (in high alkali condition: pH > 13).

3.2 Phosphorus Recovery Rate

The phosphorus recovery rate was calculated as
Eq. (2).

Raw charcoal (A) KOH Treated charcoal Recovered phosphorus
Amount 509 309 43¢ 459
Ash content 59-60 % - 58-60% -
100% T o
M Others
80% +—— c
1
60% - Fe203
mCao
40% - m K20
20% - mP205
mSi02
0% -
HAI203
Raw charcoal Treated charcoal Phosphrus = Na20

Fig.3 Composition of the recovered materials (content of the ash component).
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Fig.4 XRD of the recovered phosphorus.

P(%)=(FPLlx ALl-P2x A2) +PLx ALx100 (2)
where, Al (%) was ash content of the non-treated
charcoal, A2 (%) was ash content of the treated
charcoal, P1 (P: mg/ash: g) is phosphorus content in
the non-treated charcoal and P2 (P: mg/ash: g) was
phosphorus content in the treated charcoal.

Phosphorus recovery rate was estimated to be 76%
to 77%, which was higher compared by the result that
carried out using NaOH [14].

4. Conclusions

In order to find a method of phosphorus recovery
from charcoal, hydro-thermal method using KOH was
investigated. Phosphorus was successfully recovered
as potassium phosphate from the charcoal of sewage
sludge by this treatment, and its optimal recovery
condition was investigated, and the recovery rate was
estimated to be 76-77%. The treated charcoal of this
method has lower concentrations of phosphorus and is
regarded more useful compared to a non-treated one
because of its lower phosphorus concentration.
Phosphorus was recovered as a form of K;PO, by this
method, which is regarded good for fertilizer,
however, further investigations are needed to attain a
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