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Abstract: An innovative technique for extracting phosphorus and synthesizing high-purity vivianite from incinerated sewage sludge
ash was explored in this investigation, which experienced three principal stages, including leaching with sulfuric acid, purification
via resin adsorption, and crystallization through iron electrocoagulation. The optimal conditions for acid leaching of phosphate (PO’ )
from incinerated sewage sludge ash were examined by the response surface methodology, and the optimal operational parameters for
the iron electrocoagulation process were determined by the Box-Behnken Design. The results indicate that phosphorus extraction
efficiency of 92.80% was achieved at a liquid-to-solid ratio of 37.60mL/g, a sulfuric acid concentration of 0.125mol/L, and an acid
leaching duration of 90.0min, the metal cations interfering with phosphate precipitation, such as Ca**, Mg*", A", and Fe*"*" were
efficiently removed by 732cation exchange resin, all phosphorus was removed from the solution successfully during the iron
electrocoagulation process at an initial solution pH value of 2.00, a current of 2.00A, and a reaction time of 30.0min, meanwhile,
vivianite with a purity of 97.37% were synthesized. The outcomes show that the three-step method facilitates phosphorus recovery
from incinerated sewage sludge ash. 61.44% of the phosphorus was retrieved as high-purity vivianite through the three steps; the
recovery process costs 14.66yuan per kilogram product of vivianite and yields a profit of 30.68yuan.
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Table 1 Influence factors and value in the acid leaching
experiments
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Fig.1 The flow chart of phosphorus recovery as vivianite
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Table 3 Results of orthogonal acid leaching experiments

Run gL [i73i3 IKE WS (%)
(min)  (mol/L) (g) PR E FHME
1 10.0 0.20 5.0 28.69 29.96
2 50.0 0.20 3.0 64.76 64.77
3 50.0 0.10 1.0 53.63 50.51
4 10.0 0.30 3.0 37.08 32.70
5 50.0 0.20 3.0 61.98 64.77
6 90.0 0.10 3.0 26.35 30.74
7 50.0 0.20 3.0 67.55 64.77
8 90.0 0.30 3.0 92.23 93.11
9 50.0 0.20 3.0 62.45 64.77
10 90.0 0.20 5.0 56.48 52.49
11 50.0 0.20 3.0 67.08 64.77
12 90.0 0.20 1.0 82.44 81.17
13 50.0 0.30 1.0 70.57 70.96
14 10.0 0.20 1.0 29.50 33.49
15 50.0 0.30 5.0 68.35 71.46
16 10.0 0.10 3.0 21.83 20.95
17 50.0 0.10 5.0 18.18 17.79
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Table 4 Results of the orthogonal electrocoagulation

experiment
Run pH i 1(A) T(min) PLRE(%)
SEIAE BRI
1 2.00 1.25 10.0 21.97 20.48
2 2.00 1.25 50.0 87.10 87.60
3 2.00 2.00 30.0 99.81 97.80
4 2.00 0.50 30.0 43.57 46.57
5 3.00 0.50 10.0 0.00 -1.51
6 3.00 0.50 50.0 90.03 86.53
7 3.00 1.25 30.0 73.87 73.87
8 3.00 2.00 10.0 75.96 79.46
9 3.00 2.00 50.0 39.11 40.62
10 4.00 0.50 30.0 48.79 50.80
11 4.00 1.25 10.0 34.04 33.54
12 4.00 1.25 50.0 14.12 15.61
13 4.00 2.00 30.0 37.63 34.63
14 3.00 1.25 30.0 73.87 73.87
15 3.00 1.25 30.0 73.87 73.87
16 3.00 1.25 30.0 73.87 73.87
17 3.00 1.25 30.0 73.87 73.87
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Fig.3 Variations of removal efficiency of P, product purity, DO and pH values during the electrocoagulation processes
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Table 5 The contents of main ions in acid leaching solution
before and after CER treatment

i PO, -P Ca® Mg* AP* & Fe
(mgl) (mgll) (mgl) (mgl) (mg/L)

CER Al 790.55 399.35 117.00 410.70 258.98
CERJGi  537.87 4.62 2.19 0.74 10.13
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Fig.5 XRD spectrum, SEM image and EDS results of the recovered product

F 6 MiT RS PR YRR AR KR SRS e
Table 6 Comparison of the researches on extraction and

recovery of phosphorus from sludge incinerated ash

BHIK BAHA  EHOTR ﬁﬁlﬂ”f;ﬁ w ?jfrg
[31] ¥ #n CaCl, 61.20 BT 93.75
[32] cEr  DMMeCLAL o B34 98.10

NH,CI
[18] KA B FeCl, 51.88  WEHT  95.73
AR CER K HL 2 61.44  WPH 9737
2.4 AT

X e AR I R AT 1) T AT AR 73
% T84T A T2 R 2. Bkl SO AE,
Tt r] B AT BARIZ S S5 R WAL 7.

FEARSLIG P B 1kg V58 SE R IR IR HE I
A I 2 A T 2R e [, RT3 8 0.16 7k (1 KA
RRAE R 7 B TE 45 R A SR 1 =25 ik Rl
W IR R AL 14.66 JG/kg. N VEAL % 7 4 I 4 55 1k,
Wi AR 5 e B PR R R R . 4l A
AT AT LEAL A 2 PR VE P ke BEBRD™

ZIEFER IR 15.18kg PH = T AC b g 19.36kg Fll
TR Bk 1.87kg, ALY 119.49 Jt/kg M L2
LA RAE R R Y B AL T R 250, 0 b T it
P IR I ¥ 5 7 (R0 S o B, >R B 8 5 1Rk A
/b5 HRE AR B BT IR B, AT A 3 B T
R A, BT R T T S Bl 45.34 T0/kg!®),
PRI R A B 20 30.68 Jt/kg.
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Table 7 Cost analysis of the vivianite recovery process
iH HHE ks 2 Ot/kg)
IR 2.76kg/kg 0.30 JG/kg 0.83
FF5 T A 45 0 g 2.47kg/kg 4.00 Ji/kg 9.88
R 0.52kg/kg 4.60 Ji/kg 2.39
HFE 3.05kW-h/kg  0.51 J6/kW-h 1.56
Sl 14.66

FE B AT FC, 7320 B 1AM e AR PR S0k
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2,00, HLY 2.00A. VS TE] 30.0min 7 M4
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3.3 TEeMRR-glifb-E g DA RO 2k
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30.68 Ji/kg.
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