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ABSTRACT: This study is a literature review on the recovering phosphorus from Incinerated Sewage Sludge Ash(ISSA),
which has relatively high content of phosphorus. Experimental conditions and influencing factors related to the recovery
of P and removal of heavy metals by wet and thermochemical methods were discussed. For the practical application
of the recovery of P from ISSA, an integrated process linked to incineration facilities is required in terms of economy
from the perspective of the entire system including disposal of wastewater and residues generated during the recovery process,

and minimizing added chemicals and energy consumption.
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Table 1. Conditions of Acid Extraction for P Recovery from ISSA
P content Mean particle size , e L
(% as P) (um) Acid conc. Solid/Liquid Leaching time Ref.
H,SO, IN . .
9.78 25.8 HCl IN 1:10 S min 2
10.82 H,SO4 IN 1:10 30 min 4
4.98 115 H,SO4 IN 1:10 30 min
H,S0,; IN .
597 13.06 NaOH IN 1:10 2 hr 6
6.64~11.97 HCI 02 M 1:50 2 hr 9
6.64 H,SO, 2N 1:100 2 hr 10
12.9~13.4 H,SO,4 0.08 M 1:10 3,7,14 day 14
791 H,S0,0.2 M 1:20 2 hr 15
9.19 HCl 0.8M 1:20 4 day 16
3.93~9.18 150-510 H,SO4 14% 1:2 10 min 22
7.6 108.8 H,SO4 0.38N 1:20 2 hr 24
4.05 30.0 H,SO4 IN 1:10 2 hr 26
4.07 56 38

Table 2. Concentration of Major Elements and Heavy Metals in ISSA

Max Min Median Ref.

P (%) 134 3.89 8.81 2,4, 5,9, 10, 14, 15, 16, 18, 22, 24, 26, 30, 32, 35, 37, 40
Fe (%) 16.7 1.57 6.9 2, 4, 5, 10, 14, 15, 16, 18, 22, 24, 26, 30, 32, 35, 37, 40
Al (%) 10.5 1.97 6.29 2, 4, 10, 14, 15, 16, 18, 22, 24, 26, 30, 32, 35, 37, 40
Ca (%) 16.3 1.52 8.5 2, 4, 5, 10, 14, 15, 16, 18, 22, 24, 26, 30, 32, 35, 40
Si (%) 20 2.5 13.7 2, 4, 5, 10, 15, 16, 18, 22, 24, 26, 30, 32, 35
Mg (%) 8.36 0.62 1.52 2, 4, 10, 16, 18, 22, 24, 30, 32, 35, 40

Zn (mg/kg) 5741 430 2330 9, 14, 15, 16, 18, 22, 24, 26, 32, 35, 37, 40

Cu (mg/kg) 1113 86.8 712 9, 14, 15, 16, 18, 22, 24, 32, 35, 37, 40

Pb (mg/kg) 824 50 140 9, 14, 15, 16, 18, 22, 24, 32, 35, 37, 40

Ni (mg/kg) 524 23.6 59.7 9, 14, 15, 16, 18, 22, 24, 32, 35, 37, 40

pH 124 8.0 9.1 3, 11, 14, 26, 35, 37, 38

3}, 99(1)

7152

, 2021



©
El)

2 i
ON
AC)
9‘11‘
2
)

A} FFoll whet ISSA Wi9] Al Fed
AA HEZPISSAS] B8-S 7t 7
A= FAlE Hge B oFFe WAE
& g d& Aotk

ISSA €] Q1 calcium phosphates (Ca-P), aluminum
phosphates (Al-P), iron phosphates (Fe-P) & 2.2 EX|
shH, o] 52 ARO = B3AI717] HlelAE ol R
P 1EY 389 | H7} Bash, AA12+E MO,
K;0, CaO, CaCOs, Ca(OH),%} 22o] kol == A&
So] EXStER Bt g glo] AQHTH?

ISSA 9] Ahsl=o] 2AS ¥ 875 4t
o] 2 e AT 2 ALk

g & U,

I3
u
do
1>
o

kg 3k
m= 1.749(% CaO) + 0.962(% Al,0,) + 0.614(% Fe, 0;)
2.433(%MgO) + 1.582 (% Na,O) + 1.041(% K,0)

—0.691(%P,0,) — 1.225(%S0,)

FEY9 FEE INO| /Mg €5 & & Atk

2 O Rol= 35HE P Fol o o)y

off
b

TE e, Bt gHE ARgShE B9 0.5 M|
IN°] & % Far} ok a7HA| 9] FiFel o}
= = 11 5A40] ofdze

2 g 497 BouZ [SSAC] 3HF 88 P
4G ARE FE3HE A FE2 Hx pHET= e
=017 1L1~1.7 Y9 ke A w2 [SSAR S
B &8 72+ o] EWEL pHel we} &3 &
& AW BAe) dEAER FEe FRe 47
A/FZEq o] 1ANZS A aEste]of Fit) 1A
gh yAuH R FE99] FErt o Faskth.
Q19| 3] S = dZE] §ARTE= S
Ho] aFpAolglon, Fito] 71 EFH o hy-
droxyapatite FEN & P& 3]Fdh= 79 4 & F
o] b o] 27 Ca A2 Ao = B2 pHollA

= A3l ofd AHE FAo] Be Brlo] WA

J. of KORRA, 29(1), 2021

o). kA AREE Moo AEdE T AR
a1 stedof gt

Battsooj et al.”oll 2J3Hd IN F=, 9H] 1:109]
A GAH99%)0] FrH93%) R )l FF E) =
Tt B sk

Hu et al.”& 0.2 M2] HCIC.Z L/SH] 50 w7} 73
ARE 1HPS o A F2oNA HZHolgar sk
o} 4ke] F=rF B vbE, L/SH|[ZF o u g A
AoRE 99 OE AT AR 29 ARES

2 By, A4 B8 AgAE 32 F A9
A2E TARE W LSl e Aol 42 AL

=2 dod,
Choi et al.?¢] 2]3hd IN 34tO 2 ISSAS 5
Z°] IN NaOHE F= o2 AHg v Hls}

L
g
= = L =1 = 5
o Qo] FEFEE EoUk FIE SEFEE G
=
L

2ol Psdisith. ol & Fo| FFE FE
AEHA @7 | mgl ve] Be Fx
H9e.

7 3 =
92 3083 ZARIES Wl 0.044 g P/g ashe] 1 F
=

FEARNE 27} 15YE SRS ) F2
Aol BolX| 729 F9| & FEE 3
e W, P EEE gashs 4Fe B, o
£ 318 pr} AlshEo] FAE A FasE Ao
2 S0P, mekd AUAA 7 FEABE P
o 35 ZHeME HhgE A Uk

3.2, ‘4=t FYol| ofet ISSAZFE{Q] ¢

Semerci et al.'’& ISSAS AE8HH FEWH
o]-g3te] Q1S 3|l WS A8l em, o
$3ll Sulfur oxidizing bacteria (SOB)E ©]-&3}
7 o] YESHA P 34 2 g &7, 40% vl ok,
10 gL A& & zdolAnk 4F A v =2 oY
A AL da Folu, o]= QJFo|A FYafof gt
AESH P FF9 E82 It A &3,
ol & &l sl ofsf AdHT ISSA e
Fet} Al9] F5+= P A7 Wil me} Aol g, A
£ 02 PE A A A-7-HT} HH o R pE
AASH= 737l ISSA W] Feut Al9] 57} o}

o

£



a2l 222 9

ol

ek &ZbA) 9 gheFo] & 79 27] pH7} 8o
O F FolHA & 4ks) wAEe] A4S AAsHA
Aok 59A 68.6 %2 P7F F=H oM (2g A7HA,
L/S=100, 30°C, 180 rpm), We}A] AJ=8H4] WPHe 2
TP FES AT HA: HIARES 590 A89Hh

33. FEU=2REH P 22| L
P

o

5]+ MgtNH, +P FE| 2 ZAfste] AHdES

Struvitet} Ca-P FEje] Hydroxyapatite =

FAAA BlFetAY A A FHE
AT

ol
-

N m[o r{r

Soe e ok
4 2 ook
Mot

3.3.1. Struvite A4

Choi et al.?& P =0 NH, 7} =38 A&
T5 AAYoz a1, MgCl - 6H, 05 T3}
P:IN:Mg = 1:1.3:1.32.2 3} Struvite FEIZ PE 3]
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Xu et al.”& Struvite 7 FAS 2130 magnesium
chloride(MgCl, + 6H,0)2} ammonium chloride (NH4CI)
£ F7¥ste] 433 A pH 10014 MgN:Pe] H|7}
1.05:0.98:1 w] Huje] P &7} o|FoH ) =
Struvite FAdollA 2 AAE TH] FLE+= pH >
N:P > Mg:P2] =4S HAF]) Struvite U] S5
4 &7F8 7no] 150-800 mg/kg, Cu”} 260-350 mg/kg -
2 7)2A] o|ul9] kS H A, Struvite2] bioavailability
= 94%ATh
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Al-P$} Fe-P FEHIZ JAANAA Fa%0| Ai
SE =2 3 3 ON HCIZ JAES oA =2
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o]-g3le] PE FET &, AV|FA WS o] 83t
FTEES AAAT 715 dRdAe go=2
IS 7] FFellA 1493 Fegs o 24.6%2] P
7} FFo0=2 o) 53H) A4k F2] Acidity constants
(pKa)= HsPO,, HoPO,, HPOS, PO B & Z+2} 2,12,
72, 120]2& pH 20]3}8] @& pHoll A= H;POE
ZA5te] A2 wx gomw Hr|EAuPHO T
o] AAFR kom, pH7} FolxE Hdste] p
£ AEH SR 37T F glA Dot wahA] 90% ©)
el p7t o] & FHIE EA87] A3 = pH7T 39]

Fojof itk P= F=olAM I, FEES &

=ollA FFgo RN XY= FaET PrF A
H HAHE RS BAEtaA shoh
Guedes et al.'"V& 14U7F AV B4 07 A3 &
U= Zo] RuxdE Yio AL EAI A
98%7} POIATHE 4~ T == 79-89 g P/kg). S5
AAZF 77 ZAE AL CuE 149 24 F oF 80%

7} AAFReH, 7 G AAEES B AL
Pbo} FeZ ZHz}t oF 4%, 5%+ AAE AT

Ebbers et al>”-& ZABo] 37181 A7) EAA=x]9) 2
MRl AZ|EARAAE vlwstd on, SR/ 0.19
M 3EES FEH 08 ARgstod(aLgH] 1:10, HF
50 mA) HAE71K3,7,14Q)0 WE P 3ot S5
ol tigk B skTh Ado] 271Q0 S,
=, ol W Q1A Yol wEHe §lo]
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1. 1000C UQlofAe] 224 [ & Hj2
AAry

2005%3~2009 = o] A= SUSAN(Sustainable
and safe re-use of municipal sewage sludge for nutrient
recovery) projecteh= O] E 0.2 SIEEHAE TEL
2 27AEe, ISSAdl ¢ZE BdS Ja €4
Agste] FEEe LAIA AASHEA, ISSAS
FEH 5L HYPAIA bicavailabilityS A
71E A5 FYER e, AAEL e ~EFo}
°] ASH DECAP} AFHE e sixlomn, #dsto
oo =g ST

Adam et al?& 3HEE A F2| P 355 9J5iA
20 AAEE At F, skresiAlE &4

Flue gas with
heavy metal chlorides

A28l F7184S A A, o]ojA] 1SSAY MeCl,
U CaCLo} 22 A4 A& 9 a1(150g MeCly/kg
A7) 1000C W jol|lA] A4 Pﬂ(mﬂ e xﬂl
A=A (Fig. 1), AEE dds 5 Po AEol&
7t wold& ARA Ade FalA AT Ol
i dAaFAE QAR Eol & H+= Fdo] e
B2 [SSAQ] FHEEE] 30% ATV} FEE B
7kl 1SSAS} AaFAA7F & EREEE 519
o} A3 A EE 53l ISSA W2 Cd, Pb, Zn, Cu 5=
Aol AA=ENOH, ISSA T2 F8 ZE FAA=
HEAEQ] K7} 10-15% Fits]o] 4= o),

Vogel et al.*-2 ISSA°IA PE 35317 $J8) 7}
2% HCIE fAFAAZ o3t 245 ¥4
A71A % “FER(150 g Clkg ISSA, 1000C,
300N HIE FEES 7HFo R et A
A= WHS ARFeATh o] WHe FE5 AA
o= &E3A 0|0 o bioavailability ZHollA £
3ka], B2 A2 Aol ISSAS MgCO: S Edsh= A
< AT

Herzel et a13°>—8— ISSA°A Ta5S AASH] ¢
3 Na,SO; 22 Na,COs;9F L EAZ AxAZ] 3}

TEHA(SS)E T T3 (ISSA:SS=5:1) 1000C
o] A 303t FAA YT BN FE&HS AAS,
Ay E-2] biocavailabilityS FFAI7)= AP £ A
SAEE ST oluf NaP Hl= 1.75 o)do=
3l om, AZ2 3o A= ISSA:SS:Na,SO, = 5:12F
3ot

Ash DEC processt= G384 21 A 2ol ofs)
ISSARRE FTa&5S AASIL, §4A &
T JE HEE A= WOl Rotary Kilnoll A

k71 8-

Air

Rotary furnace

———————

Sewage sludge ash

850-1000 °C

Mg-/CaCl,

Fig. 1. Thermochemical process (principle) of SUSAN-project®”.

-

Secondary raw material
for P-fertilisers
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ISSA° &ZHe] &3 (MgO, NaHCO;)3 A4 A
NaCl)E €3I 900~1050C & =04 20E3F %1 &
3t FEES FUHI P o] =2 AHES
1.1 t/t ashe] ¥]&= LA TP, Ash DEC process
118 kWhit,,2] 21719} 520kWhit,, 2] ARE o=
st=tl, 3R 22343 Ash DEC processE
FHMA G ThE HAS ISSAE WA )R] &
a1, vkE AA YA 7 e o] H-g-ol= of
U] ARSES 50% AAZE 4 ok

Mattenberger et al.’>-2 ISSAE- 900~1100C R $]ollA]
KCl, MeCLE H7H(AZx 715 244 FA19] 5~15%)
& 3] Rotary kilng o]-&3t] T545E H3tE &
B2 FUAIA A S T8k LA
°] & Cd, Pb 52 tiF-E AAFAOY, FEH
o2 Fsh= Cu, Znd H7H| 2] Sl whet AlA
o] T2 AEgS BHY+ed, Cud A4¢ KCE F
F 7347} oA =9k Zno) A9 MeCL7H O =
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Fig. 2. Overview of the approaches to recover P from sewage sludge ash'®.
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AR B AS, FEW AR FRE FEL
Table 3. Limit Values for Heavy Metals in Fertilizer
(Unit : mg/kg, except for Al)
China™ Switzerland? Finland® Germany® Austria® Korea®
As 25 40 - 45
Cd 3 3 1.5 4 15 5
Cr 600 200 300 - 667 200
Cu 500 400 600 70 778 360
He 1 1 1 2
Ni 100 50 100 80 100 45
Pb 300 200 100 150 100 130
Zn 1500 1300 1500 1000 3333 900
Al 1.5 %
J. of KORRA, 29(1), 2021
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