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Trends of phosphorus recovery technology from sewage sludge ash
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ABSTRACT

Phosphorus (P) is a limited, essential, and irreplaceable nutrient for the biological activity of all the living organisms. Sewage
sludge ash (SSA) is one of the most important secondary P resources due to its high P content. The SSA has been intensively
investigated to recover P by wet chemicals (acid or alkali). Even though H,SOs was mainly used to extract P because of
its low cost and accessibility, the formation of CaSO4 (gypsum) hinders its use. Heavy metals in the SSA also cause a significant
problem in P recovery since fertilizer needs to meet government standards for human health. Therefore, P recovery process
with selective heavy metal removal needs to be developed. In this paper some of the most advanced P recovery processes
have been introduced and discussed their technical characteristics. The results showed that further research is needed to
identify the chemical mechanisms of P transformation in the recovery process and to increase P recovery efficiency and the yields.
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wAge &Aoo Frkshe FAE Holn gt
(National sewer information system, 2014). w24 5o
Ui sk seAE mRdor Aejetn oluAL
Ao siaal weto] Wasih Saje sl
SoA9 Ay dAghs AvEy 2014 129 H )=
sk A AAEL F 957AR T g, &
Zh i, dxsto] AYsta vk 1 5 2SS
A AeF 7HEdl 56%E AAskaL glom =g v
e A =3} H=mSh AME 24 ER o835t
7IeF o2 vy (Fig. 2). sk &84 A&
Aoz &g sh7|ols w2 TR Qg F,
ofF 9 wA wzeol A2t tha ofF il Hl§o]
o] E= o] Sl sk &RAE ax2tsto] A4
HE 3l &3 A] 27 A (sewage sludge ash, SSA)=

433} §71%0] Ao AAR] L7k am opH7}
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Fig. 1. Annual sewage sludge production in Korea (National
sewer information system ‘14).
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Fig. 2. Current status of sewage sludge treatment in Korea
(National sewer information system '14).

1
)
flo ofN o

e W, ZEY WA BE AYA Aol B4

a =5 wER de AgH Aok AEA el

A Qe BE AZN BeE s B4 vy PRy

diit-io] U4k (phosphates) FeEj = A o] 2fgt
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B st & A= el 7lofshe A
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| 3t} (Ryther et al, 1971).
AL 2z HRE o) TFEL Ha
Q1584 (phosphate rock) 2. =5 I Fch g
?13] X (apatite) & ot S o= A3ste} 7]
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= 22 FFor HAHOoE (P05 30% 7
3+8-5F (Vuuren et al., 2010), 2134 9] 71x]&= Q19
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2 wjAE o] It} (Jewell and Kimball, 2016). L G|
ol#)gt WAk T 100d HEE ugE Ao
A=t} (Cooper et al., 2010). wabA] Fig. 30 2l
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Fig. 3. Phosphate rock price fluctuation trend in Morocco
(1960~2010) (Mew, 2016).
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Fig. 4. Speciation of orthophosphates depending on pH
expressed as mole fraction of total P.
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1.5 of¢

AR 314 SEARRE QL B45he AT
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WA ofom Q1] = i =of ¢l& st el
Z2 A 57} Hr} (Kriiger et al., 2015; Herzel et al., 2016).

AUl 0 2 SSAo= Al-P, Fe-P, Ca-P & 23+ 4
et P <l FetEo] EAstA Hrt (Petzet et al.,
2012). 713} SSA W9] & 3lgrste] B HIR
U B NAAR AHESE] flsliA = AlL-P, Fe-P 3|
o] 9l sfgrEo] opd AlEo| of FHd CaP HO
Mg-P FHEj 2] ¢l sIgE= 3]43flof stt} ESE SSA
FEEE O TRl ) Wl VR 7124
= 2ot AS 555 AlAE ZL3It} (Jeon and
Kim, 2018). 7} <l 3}3HE=9] pHell W& &3l =7F A
2 Aolstr] witof o] & &= Ao|E 0|85t

A
-

l

Yat= Feio] ¢ FFEE I4EtvA FFES A
Ast= Ao] &4 38HA <l 34 7)&0 7]E Q]

Heolth. Fig. 5= ol ¢l a}5&E9] pHoll & &8-3f
=5 YePAT} (Gustafsson, 2012).

54 38HA] 9l 34 71se g7y Ak 085t
SSA9| ¢l 841X the 2t 7l R A E AA
Hal= Felo] ¢loz s|3ick 8L SSA 2 9l 3l
&5 2ol AR T4 Z;S %t% AA A,
Z *JOﬂ H 218] As Wz HAYSS ‘%‘3—%

A, 12]aL o] 9] ﬁxﬂ“ J;‘7P 4 LC
ﬁeﬁﬁok o SAR Jopdoh

HoleRoAE Q1] 7]EAQ] A wiAFY &
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Fig. 5. Various solubility curves of the phosphate compound
made by Visual MINTEQ 3.0. (Black solid line: AIPO,,
grey solid line: FePOy, black dashed line: hydroxyapatite,
grey dashed line: CaHPO,, dotted line: Cas3(PO4),).
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Q1o &4 A7 Wi AA= 485
]‘lu o] w2t EIJF dzbe] W elofAe <l
PO,™ °3EH§ ARkt whebA A 3o <l
< o5t 2ol vekd 4= Qlok
H4 e ?_é}%‘% hydroxyapatite (Cas(PO4);OH)
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2% u|AE(PAOs, phosphorus accumulating organisms)-2-
183 Al7jsHs wholc). Qubdom ABslY ol A7)
] © & EBPR(enhanced biological phosphorus removal)

0]-235tc} (Comeau et al.,1986). EBPR-S & 7] A1}
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cHFiz 6, 94 @] A PAOK: el tiah 2
SEkAg R HFAHVFA, volatile fatty acid)2 4435}l AL
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Fig. 6. Biological phosphorus removal under anaerobic and
aerobic conditions.
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SsA leacing exchange vaporator H;PO,
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Purification Concentration
((®) H,SO, Ca(OH),
l Na,S o X,S
—bl Sulfide precipitation
Acid supernatant supernatant residue
SSA leacing P recovery [—» Ca-P
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l conditioning i
Acid supernatant | Liquid/Liquid | supernatant residue
SSA —¥ . . P recovery —» Ca-P
leacing Extraction !
residue supernatant

Fig. 7. Summary of some experimental processes for P recovery from SSA reported in the literature; (A) Schaum et al. (2007),
(B) Donatello et al. (2010), (C) Franz (2008), (D) Petzet et al. (2012), (E) Dittrich et al. (2009).

gol oja] 71X oFolee] Fepol wiste] wle- A&
oAt H| 7 V|ES Z2Tol= B SSAE H|R®, B
o AR S0z AT % Qlck webs &43keHy
o] 23t ) B4 /1%L 2% AAE AR ¥
g FAlol AL sfjof gt
A7 54] sheba] PHL o] 8a) SSARLE o
136

Q1 ]apof] TRE 9] =70 WEEEQITE SSAo|A 5
A pslH o R Q& 346l 7]&oll= Schaum et al.
(2007)] ‘SEPHOS’, Donatello et al. (2010)¢] ‘BIOCON’,
Franz et al. (2008)2} Petzet et al. (2012)¢] ‘SESAL-PHOS’,
Dittrich et al. (2009)2] ‘PASH’ 34 S0] 3o EH 7}x]
&4 shrEY RS oheol LerdckFig 7).
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54 gheha] S o]-83k SSARFE S 2l 3|4
71L& %7] Oliver and Carey (1976)°f 2J3} 3=

& % 8719 SSA AlEE HS0:9F HCIZ: o]
3ol €233 pH 1.5 njwte] A z+2- 76,

S8e MEsh= A7 1976 A
ol AAHOR ol o] girka AE
A9tk TRt o)F QlgAe] TPR QIFt 5|24l
MYOR AR e A&HOR FsN 2
BHoz Qo] 35 AT et B ATAED 4
Ho] o] =718}t (Driver et al.,, 1999; Schipper
et al,, 2001; Levlin et al., 2002; Cordell et al., 2009;
Cooper et al., 2011).
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Z3} 0.25, 0.5, 1 Me] HCIZ 8% A] Z+2F SSA Y| A
Al Q1 v §EF Q19 ol 65, 75, 85%= LB,
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BEEH dider 42 = o4 HCE
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o]-8% uj7} NaOHE ©o] & of Hr} =2 &E5&S
B ¢t} E3 Biswas et al. (2009)2] Lo 4= SSA 9]
o] 2 H,SO,, HNO;, HCl, H;PO,, NaOHE ©]-&
= AEE FRIsHTE o] 7-f-ol%= NaOHo|
o8& o &&F A7t 55 FHold
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2.2.4 MZ 0|35t Qo BF
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Ao 2 el HSO47F 91 3l 34
Holth. 1dd SSARRE QS F4dh= WH
o] | 5

A g A BRI A B

pis

%0 oo 9

SSARNE A §EAZ U Q1 Wyto] ope} the
T4 ool Lol FREE BAo] £E0] Aojyirhs
Z o]t} (Biswas et al., 2009; Tan et al., 2011; Lee et al.,
2014). ol2l3t o) o] SSAS] §F olF 4o
At e AUo A48T 5 it DY AT
sk 24l wasit.

Takahashi et al. (2001)& H,SO,E ©]-&
Z 0% AP FeHE AL 5] g
stoict. WA SSAE H,SO.2F BES-A|A pH 2 0|59
204 A &S Pt AF & %
RS o Eo) 1) £ WAsArt. o
WS Ol4po] NaHCO: & £l51o] o
AR oR Z/AAT. Ea oabo] £
FulE2 AIPO; A9 FEH] 111 W7
o F7I= Al(SOssE FYsITh pH7}F 4714 S7F
gk AF 8EH O Qi AFulE AlPO, FHIE A
I Qlofike}. oju) sl AAEL 7o Hels Eo
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Table 1. Various wet chemical phosphorus recovery methods from sewage sludge ash.

Leach.mg Reference Scale Processes Obtained
solution product
NaOH Sewerage Technolorgy Development Lab SS.A lefachmg .wﬂh KOH and precipitation Ca-P K,PO,
Project Committee (2007) with lime milk.
. SSA leaching with H,SO, (pH 2) and
Takahashi et al. (2001) Lab 1 eutralization with NaHCO; until pH 4. N
SSA leaching with H,SO, (pH 1.5) and
Schaum et al. (2007) Lab neutralization with NaOH until pH 3.5. ALP
SSA leaching with 14% H,SO, and
H,S0, removed heavy metals using ion exchanger
Franz (2008) Lab resin and sulfide precipitation. And Cap
precipitation with CaO.
SSA leaching with H,SO, and the
Wet Donatello et al. (2010) Pilot |supernatant was passed through an ion H,PO,
chemical exchange resin to remove metal ions.
method SSA leaching with 8% HCI and Liquid-
Dittrich et al. (2009) Pilot |liquid extraction was performed to remove Ca-P
heavy metals. And precipitation with CaO.
SSA leaching with 1 N HCI and residues
HCl Petzet et al. (2012) Lab dissolved in 1 N NaOH. Afterwards CaCl, Ca-P
added to supernatant and Ca-P precipitated.
SSA leaching with 1 N HCI during pH
. control (~pH 4) and residues dissolved
L 1. (2017 L -P
im et al. (2017) ab in 1 N NaOH. Afterwards CaCl, added Ca
to supernatant and Ca-P precipitated.
H,PO, Gorzada et al. (2012) MlCI‘.O- SS.A leaching with H;PO, and precipitation Ca-P
technical | with CaO.
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