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Optimization of the Phosphorus Recovery Process from Sludge Electro-dewatering
Filtrate Using Response Surface Methodology

ZHANG Guoliang,, XU Wendi,ZHAO Hongfei, LAI Qiuling, WANG Jiayi,
WANG Yihan,CHEN Yuting, ZHANG Dong

( Shenyang Ligong University , Shenyang 110159 , China)

Abstract; The magnesium ammonium phosphate method was adopted to recover phosphorus from
the filtrate of sludge electro-dewatering. The effects of initial pH, initial phosphorus concentration,
magnesium-to-phosphorus ratio and nitrogen-to-phosphorus ratio on the phosphorus recovery rate
were investigated. The process conditions were optimized by response surface methodology (RSM) ,
and the generated crystals were characterized and analyzed. The results showed that when the initial
pH was 10, the initial phosphorus concentration was 134. 62 mg/L, the magnesium-to-phosphorus
ratio was 1. 57, and the nitrogen-to-phosphorus ratio was 1. 82, the predicted phosphorus recovery
rate was 99. 00% ,and the measured result of the filtrate made up under the above conditions was
98.90% . Under these conditions, the phosphorus recovery rate from the filtrate of sludge electro-de-
watering was 98. 60% ,indicating that the prediction model obtained by RSM is accurate and relia-
ble. The results of scanning electron microscopy ( SEM) ,energy dispersive spectroscopy ( EDS),
and X-ray diffraction (XRD) analysis all indicated that the crystals were magnesium ammonium
phosphate hexahydrate. The optimized magnesium ammonium phosphate method can efficiently re-
cover phosphorus from the filtrate of sludge electro-dewatering, significantly reduce water eutrophi-
cation, and alleviate the shortage of phosphorus resources.
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Table 1 Basic characteristics of raw sludge

PE FORE/ % AR % pH

BYNE K] /s

BIRHE/ (g- L") SR/ (uS-em™!)

) {E 98.20 65. 61 6.38

32.4 18. 05

164. 17 0. 17

2) V5 R uE R

i 3 H B U8 B K 2 BT YR E AT L Bl
KGR IRIER , 1 SRR B SR R
Wk, 15 URIERE R 6.5 em, W V5 e Uk 4R VR ot
L EEIG IR S YA R RT3 E 1
NE 36 E AR (B kK2R ) s el EL
P8 EARE N 2.5 V/em, B B4 8 h, 7E 3%

VERF TSR SEBBEK 5 15 U8 D e B A % 5 46,
WA G RATT 4 CUKFE 2, A
KI5 IR A5 7K R H 88.96% , B 15 8 & 7K
B 87.23% , S5 AT UL AE I PHAR A S e S B
WR&E G, TH IR B RS B i W A L2
T (SCOD) 4 (390 +20) mg/L | IE R ER v F
(415 £15) mg/L EAAUKEE N (210 +10) mg/L,



% 4 3

KE RS . vh o R AT R LK R P AR I T 77

1— B J;0— 4R, 3— B AR AR 4— T ARG S— FHAR =
6— I ;7B E
1 ZBRKEE
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Fig.2 Single-factor experimental results
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Table 2 RSM experimental design factors and levels

K
Hx -1 0 1
WA (A)/(mg-L~1) 120 130 140
WL (B) 1.2 1.4 1.6
AW C) 1.5 1.7 1.9

R3 MM EERBRETARRER

Table 3 RSM experimental design scheme and results

S e L
1 -1 -1 0 91. 62
2 1 -1 0 93.38
3 -1 1 0 94. 89
4 1 1 0 98. 88
5 -1 0 -1 90. 94
6 1 0 -1 94.77
7 -1 0 1 98. 01
8 1 0 1 98. 96
9 0 -1 -1 89.76
10 0 1 -1 95. 65
11 0 -1 1 97.97
12 0 1 1 98. 41
13 0 0 0 97.02
14 0 0 0 96. 99
15 0 0 0 97. 67
16 0 0 0 97.33
17 0 0 0 97.09
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Table 4 Analysis of variance results of the regression equation

T3 2R Rl H ¥orz FiH PE B
A 130. 40 9 14. 49 84.75 <0.000 1 B
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Fig.4 Response surface plots of the effect of interaction

of different factors on the phosphorus recovery rate
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P 6 g b C 1) 208 80 R G 7K 35 e DR AR B
ZE AR R IOCR M, th &l 6 R b < 2]
PRSI DU R OCE 0 A, 15 S XS
ARAR 5 2 B2 X Sl Y o 5 1 Rl L 58 4 ) 7,
BRI I SR AR A, B R —
B AR T H PR A ) 5 AR A R
AOARLEE

(b Hi HBE KI5 YR8 e A AR R 45 PR
6 RETESHE

Fig.6 Surface element distribution map

P 7 Sy ey T 1 208 T L I 7K 5 T D 9 A
AR 1 X SR RETS (EDS ) &1, 1T U0 Rl A
1 N.O Mg P JLE A, HAE PURNICER I FRAE I
(B R o B — B, Ul B Ml R A B A A
Al B2 o, Ji T Al —Fp ) B, EDS % #50#r
SRS PR AR A 4 I8 3R 4R W TR B R I
BEAR—Z HPIA IR N JTR & S A, 5
SR AT 1 e v B ) B | 3k 36 0 R
e A5l e, SR JH THT 41 RE 1 20 A7 I ARG IS 31 i R
HROCER oA, RIEAFAE TR & BN E

=3 21
-1 S

6.40r
5.6k ©
Jq2t — s
- ¢51.48- TR N O Mg P Bit
< 3.841 BEMU% 657 48.02 20.73 24.68 100.00
= 3.20 BEF5¥u% 916 58.62 16.65 15.57 100.00
2,56
1921
1.28f
0.64 1
0 13 26 39 52 65 7.8 9.1 104 11.7 13.0
4 fRllkeV
5.60 () b Bt B A B 45 AL PR i
5.04
4.48 — -
- 392 T N O Mg P &
£ 3.36 REABU% 8.65 47.03 1915 25.17 100.00
Qz.so BEF5¥u% 11.97 57.00 15.27 1576 100.00
2.24
5 1.68
1.12
el A : : : : : : )
0 13 26 39 52 65 7.8 91 104 11.7 13.0
Z&/keV
(b) o FRLIBEAK TS VBB WA SR B 5 SRR

7 X SIS
Fig.7 X-ray energy dispersive spectra

2.4.2 X GHEAH

X T A S YRR 0 7 375 90 108 T A L ) 245
FERHET X ST (XRD) 4087, 25 5 an &l 8 B
718, P DL PR R LR U R i B R AR 0 L5 R TR
BRAEARME T ( PDF#97-001-4269 ) #H 4T 57 , 1 W 9
Tl ST 181 S 75K A5 W R B B

B LB TS TR IR

WJUMJ, . RERREG

Az RS SR

A

J"L ‘J i BRI A A5 e

e

MgNH,PO,+6H,0

(PDF#97-001-4269)
10 20 30 40 50 60 70 80 90
20/(°)

8 XRD Eif
Fig.8 XRD patterns




82 koM o® L K ¥ ¥ R %45 %
bon emission [ J ]. China Environmental Science, 2024, 44

LA (6) :3259 —3269. (in Chinese)
3 fAle [8] Rl FERRET, sKUUA, 5. AR5 5 U i B i3 K i fe i

1) 3R S A T WA B
VA I SCRA A SIS 36 25 00 8 pHL o 10, WA B
J9130 mg/L BERELL N 1.4, AR M 1.7, 1F
ARSI AT IERERR R MR IAF] 97. 02%

2) LW w2 BERELL AR L O B AR
TE TR £ 1T Wi 23 Sy i 87 722 6 SR P o 17 R T 95 %o
T 2T AL . DAL T B 2510 - 0 0 e
JER 134.62 mg/L, BE®E L 1.57, A BE L R
1,82, MRALAAE T A8k MR B 99. 00%
SR A IR Sl B 45 Wk 0T [ R A5 T ) T o 0 v
FERE I B, SR 4y 98. 90% | 1145
PEREAT R 7K 75 0 20 V8 v W9t 1) [l 00 745 1l [l i
AT 98, 60% , =M HUHA A BEIE , BEISR I
o T T A 3] ) U S AL v A T 5 SR AR
PEOCAL S TR Bl B 445 fit vk T A 8 I i v i K 75
JEnEWE rh A IEBEIREL

3) K L DR 5 H I K 75 R RV A I 45
B HERT SEM EDS XRD 2 437, i 01 2 7
W5 7oK BRRR B B
£ 2 3Lk ( References ) :
[1] Huang Y Q,Zhen Y H,Liu L L, et al. Comprehensive com-
petitiveness assessment of four typical municipal sludge treat-
ment routes in China based on environmental and techno-eco-
nomic analysis[ J]. Science of the Total Environment,2023,
895.165123.
U kG A T WM, A XU R TS KAL)
K] EATRE RO MK, 2025,1(5) 1 -7.
Wang F,Gao L L,Wan M H, et al. Research on green devel-
opment of urban wastewater treatment plants under the “dual
carbon” background[ J]. Civil Engineering and Green Build-
ing,2025,1(5) ;1 =7. (in Chinese)
Starck T,Fardet T,Esculier F. Phosphorus recycling from hu-
man excreta in French agroecosystems and potential for food
self-sufficiency [ J |. Nutrient Cycling in Agroecosystems,
2024,129(3) .411 -425.
Starck T,Fardet T,Esculier F. Fate of nitrogen in French hu-
man excreta; current waste and agronomic opportunities for
the future[ J]. Science of the Total Environment,2024,912;
168978.
Xue T Z,Dong B,Li W H, et al. Phosphorus recovery and mi-
crobial community analysis during anaerobic co-fermentation
of excess sludge and food waste[ J |. Journal of Environmental
Chemical Engineering,2025,13(5) :117398.
Liu X L,Li AJ,MaL S,et al. A comparison on phosphorus
release and struvite recovery from waste activated sludge by
different treatment methods[ J ]. International Biodeterioration &
Biodegradation,2020,148 ;104878.
AR, PR R, B GE 15 TR I K AR BT 5% 9 8 B ik +E
HCHEE AT [ T]. v E FREERL 2024 ,44(6) 23259 -3269.
LiL P, Yan B B, Wang Z, et al. Comparative analysis of

[4]

(6]

sludge dewatering technology from research progress and car-

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

SHAAE[T]. P IEE =R ( AR M) ,2020,59(6) -
33 -40.
Wu Z Y,Liang Y X,Zhang S J, et al. The best combination of
parameters for electroosmosis dehydration of sewage sludge
[J]. Acta Scientiarum Naturalium Universitatis Sunyatseni ,
2020,59(6) :33 —40. (in Chinese)
Zhang Q M, Cui G D, He X, et al. Effects of voltage and pres-
sure on sludge electro-dewatering process and the dewatering
mechanisms investigation[ J]. Environmental Research,2022 ,
212:113490.
BN, 5207 07, KB4, S5 i I i AR B R 75 e T 9
BRI DE ST RE [ T]. FRERL 22 51K ,2014,37 (S2)
247 -251.
Xue Y G,Wu F F,Liu X J,et al. A review on phosphorus re-
covery technology and its application in the sewage sludge re-
cycling[ J]. Environmental Science & Technology, 2014, 37
(S2):247 -251. (in Chinese)
Lin H,Wang Y L,Dong Y B. A review of methods, influen-
cing factors and mechanisms for phosphorus recovery from
sewage and sludge from municipal wastewater treatment plants
[J]. Journal of Environmental Chemical Engineering,2024,
12(1).111657.
Astals S, Martinez-Martorell M, Huete-Herndndez S, et al. Ni-
trogen recovery from pig slurry by struvite precipitation using
a low-cost magnesium oxide[ J]. Science of the Total Envi-
ronment,2021,768 :144284.
Veza I, Spraggon M, Rizwanul Fattah I M, et al. Response sur-
face methodology (RSM) for optimizing engine performance
and emissions fueled with biofuel : review of RSM for sustain-
ability energy transition[ J]. Results in Engineering ,2023,18 .
101213.
FUPE RS, Y. BT NI R ) Fe 28 VI #T5
WK HEREDL A ST [ 1] . BRBERME ,2022,35(6) 113 - 18,
24.
He X,Xu W D, Chang S. Optimization of Fe** Fenton-like
conditioning process to improve the sludge dewatering per-
formance based on response surface methodology [ J]. Envi-
ronmental Science and Technology,2022,35(6):13 - 18,
24. (in Chinese)
HJ 704—2014 135 ARBHNIIE BRIRESNIR R - ST
IHEIERELLS].
HJ 535—2009 /K 5T Z & A9 52 98 a5 e Bk [ S .
Hao X D,Wang C C,van Loosdercht M C M, et al. Looking
beyond struvite for P-recovery[ J]. Environmental Science &
Technology,2013,47(10) :4965 —4966.
Wang Y Z,Mou J W, Liu X N, et al. Phosphorus recovery
from wastewater by struvite in response to initial nutrients
concentration and nitrogen/phosphorus molar ratio [ J]. Sci-
ence of the Total Environment,2021,789 .147970.
Carrillo V, Fuentes B, Gémez G, et al. Characterization and
recovery of phosphorus from wastewater by combined tech-
nologies[ J]. Reviews in Environmental Science and Bio/
Technology,2020,19(2) :389 —418.
oM, 2V, AR, 45 3k T RSM A AY 1 SR # &
Fe®/H, 0, M fif 15 9 2 A1 [ T]. = 45 K HEsK, 2021, 37
(21) :100 - 106.
Ma S Y,Li Y Y,Hao M Y, et al. Analysis of microwave cou-
pled with Fe’/H,0, for sludge disintegration based on re-
sponse surface methodology[J]. China Water & Wastewater,
2021,37(21) :100 - 106. (in Chinese)
Tk, A — A HA A 2R X R AR TS R Y A S B
SRS IS 5T D] WA IR « /R I Tolk K%, 2019.
(TS ARAH)



