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Abstract : Phosphorus (P) is an essential and irreplaceable element for all living organisms, and it is widely used as a fertilizer.
Unfortunately, it is estimated that phosphate reservoir is depleted within about 100 years. Sewage sludge ash (SSA) is an
alternative resource for P recovery because of its high P content. However, SSA cannot be directly used as a fertilizer due to
heavy metals in it and low P bioavailability. Thermochemical treatment with Cl donor is known to reduce heavy metal contents
and increase P bioavailability of SSA. Literature review on thermochemical technologies of SSA for the reduction of heavy
metals and bioavailability enhancement has been carried out to estimate the status of current P recovery technology and to
develop strategic future research plan for P recovery. The review showed that CaCl, and MgCl, were the most effective Cl donors
and reaction temperature (<1000 C) was the critical operation condition for the reduction. The removal efficiency depends on the
species of heavy metals. Thermochemical technology of SSA for P recovery showed the possibility of commercial application in
the near future to overcome the coming crisis of human sustainability by P depletion, but it needs cost effectiveness and more
ecofriendly process to reduce energy consumption.
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Figure 2. Peak of global phosphate rock production in 2033 based

on peak phosphorus curve calculated in 2009 (adopted
from [8]).
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Figure 3. Sewage sludge occurrence and disposal in Korea based
on year 2014.

WS Eo) et 9on 1 WFL 99| Figure 37 2t}
ARy A ALE= g whgo s 27 Huslel
oA 315 ol Ytk Hu|sHs w4 SR B7] A

Morocco
25.8

Brazil

5.7

Israel ¥~ 39 e

Syria

-

Russia
11.0

Australia
26
Sum of all other countries
ca.11.7

Figure 1. Global phosphate production in 2010 (Unit: million tons) (Adopted from [5]).
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Table 1. Chemical composition of SSA (by XRF)
Element Na | Mg Al Ca P K Fe
gkg'SSA | 04 | 152 | 862 | 91.5 | 86.2 | 21.3 | 587
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Table 2. Protocols of BCR sequential extraction of sewage sludge Fa&o] 2 4EkE R 243 ol s34 AE
ash =2 Az E=dol w1 SVl Yot 7|18 S8 AlA
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Figure 4. Conceptual process of thermochemical sewage sludge ash treatment for the recovery of phosphorus as a P-fertilizer.
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Table 3. Antoine coefficients and vapor pressure of various chlorine
donors

Vapor

A B C nggzr?%l)re pressure

(mmHg)
MgCl, | 7.13801 | 6696.775 | 161.05 778-1412 12.90
CaCl, | 9.22 13570 |273.15 | 836.85-1007.85 | 0.01
KCl |6.93314|5810.351 | 17.98 | 770.85-3196.85 | 8.52
NaCl [7.96318 | 8432.235 | 194.07 | 800.75-1465.05 | 3.92
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Figure 5. Schematic diagram of experimental set-up of the thermochemical SSA treatment.
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Table 4. Bioavailability of P compounds by 2% citric acid
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Figure 7. Bioavailability of P in the SSA before and after the ther-
mochemical treatment. (Adopted from [41]).
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Figure 8. Crystalline structure of the raw SSA (A) and the crystalline structures of the SSA after the thermochemical treatment with CaCl, (B)
and MgCl, (C). (Adopted from [41]).
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Figure 9. Chemical fractionation of P from SSA before and after the
thermochemical treatment with Cl-donors. (l: WSP,
Fe-P, m: Al-P, :Ca/Mg-P, m: Residual) (Adopted from
[41]).
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Nomenclature

X-Cl, : Chlorine donor

X-0 : Metal oxide from chlorine donor
MCl, : Chlorinated heavy metal
MO : Heavy metal oxides
Y : Heavy metal removal [%]
ci : Content of heavy metal before treatment [mg/kg]
m; : SSA mass before treatment [kg]
) : Content of heavy metal after treatment [mg/kg]
m : SSA mass after treatment [kg]
logioP  : Vapor pressure in logjo scale [mmHg]
A, B, C : Antoine coefficients
T : Temperature [C]
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