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Research progress on phosphorus recovery from incinerated sewage

sludge ash based on wet—-chemical techniques

HU Shaogang, ZHANG Jing, YANG Wulin*

(School of Environmental Science and Engineering, Peking University, Beijing 100871, China)
Abstract; As one of the essential nutrients for plant growth, phosphorus plays an indispensable role in
the development of modern agriculture and is in great demand. Since global phosphorus reserves are
limited and phosphorus resources are not renewable, incinerated sewage sludge ash (ISSA) is consid-
ered to be a potential secondary phosphorus resource due to its high phosphorus content and huge annu-
al production. The paper summarizes the current status of research on the recovery of phosphorus from
ISSA based on wet—chemical technology, which mainly includes the phosphorus extraction process and
the subsequent production process of phosphorus products. The phosphorus extraction process mainly
involves acid extraction using acidic reagents, alkaline extraction based on alkaline reagents, and con-
tinuous extraction with a combination of various methods. The phosphorus production process primarily
yields phosphorus products from phosphorus—rich solutions by means of chemical precipitation and crys-
tal precipitation, generally yielding calcium phosphorus (Ca-P) , struvite (MgNH,PO, - 6H,0) and
vivianite (Fe,(PO,), - 8H,0), all of which can be used as phosphorus fertilizers to promote plant
growth. The difficulty of recovering phosphorus products from ISSA based on wet—chemical technology

is that sludge incineration ash is enriched with a large number of heavy metals and other impurity ele-
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ments, and it is necessary to reduce the content of impurities in the solution through various purification
pretreatment means, so as to improve the purity of the subsequently recovered phosphorus products. In
this paper, various purification pretreatment means based on wet—chemical technology are reviewed,
mainly including ion exchange impurity removal technology ( CER) , phosphorus adsorption—desorption
technology, and precipitation impurity removal technology through pH control. In conclusion, this
paper discusses the feasibility and necessity of recovering phosphorus products from ISSA , summarizing
the methods and technical routes of recovering phosphorus products from ISSA based on wet— chemical
technology, revealing the basic principles of recovering phosphorus products from ISSA using wet—
chemical technology, and providing technical references for developing new technologies for recovering
phosphorus from ISSA.

Keywords: Incinerated sewage sludge ash; Phosphorus recovery; Wet—chemical technology; Phos-

phorus extraction; Phosphorus product
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Fig. 1 Schematic representation of the phosphorus

cycle in nature
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Fig. 2 Main composition of ISSA
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Fig. 3 Phosphorus extraction from sludge incineration ash based on thermochemical techniques
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Fig. 4 Schematic for the phosphorus products recovered from ISSA based on the acid extraction techniques
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Table 1 Recent research on extracting phosphorus from ISSA through acid reagents

15 BB IR

i e BHEEGSCR  BRI<HER  BEEIeE #hes S5O0
P

8.0% 0.05 mol/L, 150 mL/g,4 h,30 °C 100% TR B o x [80]

5.9%~7.8% 0.19 mol/L,20 mL/g,2 h 72% ~91% CER x H,PO,  [81]

7.0%~9.9% 0.38 mol/L,20 mL/g,2 h 100% TG I & [82]

7.2%~7.5% 0.30 mol/L,20 mL/g,0.5 h 90% b J o [83]

3.5% 0.10 mol/L,20 mL/g,2 h 88% BRUTIE+CER 79.7% IR ¥} [50]

3.5% 0.20 mol/L,20 mL/g,2 h 94% X ¥ ¥ [29]

_— 4.1% 0.20 mol/L,20 mL/g,2 h 74% EDTA FRa4 ¥ 5 [84]

5.8% 0.25 mol/1,,30 mL/g,2 h 82% CER B2 69.1% 50 (4]

7.8% 0.25 mol/L,10 mL/g,2 h 88% X & X [70]

4.1% 0.20 mol/L,20 mL/g,2 h 74% EDTA [fZ% G 5 [84]

5.8% 0.25 mol/L,30 mL/g,2 h 82% CER BR4: 69.1% 53H [41]

7.8% 0.25 mol/L,10 mL/g,2 h 88% X J x [70]

7.6% ~9.6% 0.20 mol/L,20 ml./g,2 h 76% ~92% X ¥ 5 [64]

4.5% 0.20 mol/L,50 mL/g,12 h 93% b 81.1% BEEadk  [33]

8.0% 0.10 mol/L,150 mL/g,4 h,30 °C 100% PEREPE R B T T [80]

6.6% ~12.0% 0.50 mol/L,50 mL/g,2 h 95% CER ¥ 5¥A  [85]

EINT 0.6% 2.00 mol/L,5 mL/g,2 h 93% B ITE 70.0%  BE P [86]

5.9% 5.20 mol/L,3 mL/g, 10 min 72% X 61.2% FER [87]

9.2% 0.80 mol/L,20 mL/g,4 h 97% CER 84.0% B3A [71]

10.0% 0.40 mol/L,25 mL/g,2 h 95% & J ¥ [88]

_ 3.5% 0.20 mol/L,20 mL/g,2 h 83% X X [29]

fie 4.0% 0.50 mol/L,10 mL/g,2 h 70% X & X [37]

7.8% 0.30 mol/L,30 mL/g,2 h 89% x & ¥ [70]

iR 7.8% ~15.5% 2.70 mol/L,4.3 mL/g,2 h 50% ~92% T p ¥ [89]

5.1%~7.6% 0.17 mol/L,50 mL/g,2 h 90% X & & [90]

TR 3.5% 0.20 mol/L,20 mL/g,2 h 95% Jo ¥ 7o [29]

7.8% 0.25 mol/L,50 mL/g,2 h 95% b J G [70]

FrEEIR 3.5% 0.20 mol/L,20 mL/g,2 h 80% I ¥ o [29]
W, b TCHLER o A% B IR VA W bl T e B UK BT AR IR S TR 25 10 T DL — R EEIR 4%
AU AT 32 T DTS U 6 48 v 52 B it T e R R EE R, DI A 7 R Al R Y 5 2

AT LLSE PR S 35 90% ~ 100% B i $ Bt sk 17 %00

(AR B0 A2, IR 42 B R AN AT skt 6 2>

VA

EHEHITEMESE TR B RR M, 5
ELHE DN T5 U8R VR I A R A e X
R, TS A AL T B B IS YR IR
M TR ME 4R A on R, i HE & nl
W Bl 7 2l B, BH B TS e M IR (CER) H
ﬂw“ﬁﬁ'ﬁww&ﬁmﬂﬁﬁﬁﬁwﬁf
T REARAE P BB = i 24 B & 1, Horb CER 4
*3%&@%%@&%%%%@%&%&$%m

i B R N W I R X A e Y B R T
Wﬁ%”%,lwg?%ﬁ%%%%%%Wﬂ%

AT Ui VR R 5 O B B AR S AR B A TR
R R T SR, B e DA — L8 T ez 15 R
BEVR AT A FAAE ARG s 4l B 1 S 38 7= i
1HIRR IR A B HOR A3 14 K5 15 R 1
VR B LA Tl T AR 1 X F A A% &8 BHA DX 3R, 1
R 53 T 4 S B ) R R RS 28 B AR X8, PH AR X
Bh RS RS EAUY 2%, S T TG IR IR P
TCEMZRE FIA R B SR & E R

5



I, 8591 1) 40 A T A B AR 25 B B8V X JE A
K Rb B R AS | DRI A Sl B AT 5 7 R 8 S R i
gl WAL PE L R REAS B2 IS IR R P e
P TR 7 i R AR
2.2 FIREUEA

15 RSB K T K 280 4 8 AN 2 FEmd I A 5%
TR ABER R (AL-P) MEkBE (Fe-P) L & WIRE
FERRPE S R, D3 T Bl R B A i okt
B )i L2 aE A TR 30 AR = — Bl LA T T A
15 VR BE R IR R Y 7 vk . DR EBCR R BB
TR — 8 Sk 5 B P AR 2 F5 NaOH |, KOH 45 3
I SRR (5) F(6) 5 IR BB K
B S, 5 AR I ) K E )R T &R
AR BBAETS RSB IK . HdiE, H AR 817 1
— AT A [R5 U B8 e K H s e i 1
Wit , BEF AR FI R NaOH %5 WM 5 8 36 4% i v 4
Bk (W R BCR I 75% ) AR5 Ca( OH),
TR 2 B WA TR P P A B A Y B
VS YRR 15 e B8 e I R R Al i ) T, il Ak
R BCH AR i 4l A A I AR

AIPO,+ 4O0H"=—=AI(OH),+ PO,  (5)
FePO,+ 30H ==Fe(OH),+ POT  (6)

BB B A A5/l L Ko i B ORI A
S Bl T Ve B e K S/ L B 3 V5 e A
B P AR OB AT 25 R A B IR
BERY S BRI 20% (L CaO 1) B, Bl 4R B3 A K
@ T TG e B be Ik R B e =
Tl i Ul 205 23R 114 PR 2t A 58 Al 300 ) ok B T
(B 150 L DA S B ] 45 . >4 NaOH AR 2 JAO. 1
mol/L T ZE 0.8 mol/L, 75 & &b I i # i 2 B
R A Bt 22 30, {E 8 9 4R BOSCR AR T 309%™,
15 VR A e i T v A o ek B R 55 i B By 1k %
WA HR IR T o ) e Tk B o 15 Il Ik Ay (59
W) A it , DN SO IR AR B R BUSCR 1Y

R A B FE B AR (NaOH ) D75 Y8 58 58 JK
P HUBE A 38R A R B2 HUCE R (HCT L H, S0, ) 1
PEEUR R A, B R T3 A 4 R 5 R
Rl A SCHkHR 1, NaOH 5 HCI %A FE M &
FRY5 U8 H A3 45 L 80. 5% F1 77.9% 1 B, {H Kt
NaOH 5 HCl ik 20 4 1% 2L 48 B0 U b e
BEAVEE BRI E 91.7% Y L PR A SE (1 B
FE AT LUK B R B vk 5 A g H AR IS8 T, A
T 12 75 U B 8 K B 1 IO Bk %
2.3 EEZRIEAR

PR B U B R RE A V5 A 225 5 B D Bk 4 )
AW AL E MR R ESE TR T Ml
JEE PR 7 i T A %) it v R O 7 4 Ul 1
R BRI T BT B R TS U832 R )
@ P, DA B T S A Al B R B
FAR HARAE b o T 4 8 IR e, (ET5 Je 4 be K
Wl B PR B A PR LB () $R BUSOR 515 T AR b K
ML 5, PR, 3 3 3% S 3 BT ¥ T LAREAIG
W AR S I R AR U Je SR R K T Y
BECE, A SCHRIRGE , 38 it HCL ¥ i B 0TS e 3%
PR B LR SR IE K5 VIR I ) pH A % 3
ZEA TR A AR B (AL-P) ULTE Yy , o 1
PR B AR DIE W B R (pH = 13) , |5
A o AR R A P v Al S R A
WG AR QNP 5 Fron, A, A SCEkdRGE | 8 AR
PRV TR IS e B e I b s e 2, I 15 R
IR pH T E 3 L4 AR BE (AL-P) Ak
(Fe—P) ULUEY , 2R 58 13 T3 i HCI 13X 500H Bl U e
VIR, JF A i BH 2 s BB i 2 R A v
BRI A= BT 2, DU S BTS2 b Ik h w1
IO it A SRR T 3 T SR AR B
AT LSS PR AR B v Il g v 0 B 1) 5 e
i, BT 2 DU 2R (EDTA ) M5 R B K8 K
H BRI 42 B e, T R ARG V5 Ui A B K v )

AR B A B URBEHR
(HCL. H,S0,. HNO;%) (NaOH. KOHZ%) (HCL. H,80,%)|  (CaCl,. MgCl,. NH,CI)
VR AR IR TS
(CER)
p ° e
o0, LI P ¢
® Al ‘  ° JET o WY ® o 53
® Fe ...Wo —..o...&oo ”b—@
® Ca t b W
CER 090, L
6;%’1":[‘[_1'[ ... .'..:. .. .. p ... .:“‘. ..
BHRBGARE o B BRI R BRI B ity R
e BV =] iy JET oH<3 [EREN G TP A PR R

(9384 RIETEREE)

5 ETESIRBEARR MG IR O KB~ ma iRz

Fig. 5 Schematic for the phosphorus products recovered from ISSA based on the sequential extraction techniques
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Fig. 7 Schematic diagram of sludge incineration ash resource

utilization based on wet chemistry—based technologies
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