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Simulation of optimization of process parameters of nitrogen and phosphorus recovery in biogas slurry derived
from swine manure by struvite precipitation method

LI Ai—xiu', ZHAI Zhong—wei', DING Fei—fei>, DU Lian-zhu', ZHANG Ke—qiang"

(1.Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.College of Resources and Environment, Jilin
Agricultural University, Changchun 130117, China)

Abstract: The present study focuses on exploring the process conditions of nitrogen and phosphorus recovery from biogas slurry and optimiz—
ing the process parameters using a chemical method to alleviate the difficulties faced by large—scale farms in the digestion of biogas slurry.
The biogas slurry of swine manure was assessed. By using the struvite precipitation method, the influence of factors such as pH, magnesium:
nitrogen ratio, and phosphorusnitrogen ratio on the nitrogen and phosphorus recovery rate was investigated and optimized using the Box—
Behnken response surface methodology design. The optimum conditions for the recovery of nitrogen and phosphorus in biogas slurry from
swine manure were a pH of 10, a magnesium: nitrogen ratio of 1.1, and a phosphorus: nitrogen ratio of 0.6. Under the above optimized con—
ditions, the recovery rates for ammonia and phosphate were 65.21% and 89.47%, respectively. In the actual experiments, the recovery rates
for ammonia and phosphate were 65.01% and 90.81%, respectively, with difference values of 0.20% and 1.34%, respectively, indicating
good fit with the regression model.

Keywords: nitrogen and phosphorus recovery; swine manure; response surface methodology; optimal parameters
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Table 1 The characteristics of biogas slurry

WiEdEks  pH
WEE 8172027

NH;-N/mg-L7" POy-P/mg L' Mg*/mg-L"
746£16 27.08+3.01 24.50+1.30

FBAUES NI B , DR5000 484 AT
WAAEIEE T pH 1T, HL T 43T K-, AA-6300C
JEFIRI A YEERE T 4 H sl e B .

A C ] - (1)10% 20 A A0 A7 R0 T ) < FREL
100 g AL, EAE | LA, WiRMAA; (2)1.2
mol - L EHFREL i . AR 10 mL HCl 481 A
90 mL ZE18K B HE 51 FF R VR pH A,

1.3 iKW A&

IRIGR A IS 1L ABEAr, 50 HitE 250 mL

TBWGHAT RN, R0 B AN 1,

o\ o1
L1 L S

B RkETEE

Figure 1 The device of the experiment
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Table 2 The table of different factors and levels of

response surface analysis
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Figure 2 The effect of pH value on nitrogen and

phosphorus recovery
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Figure 3 The effect of Mg/N ratio on nitrogen and

phosphorus recovery
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Figure 4 The effect of P/N ratio on nitrogen and

phosphorus recovery
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Table 3 The experimental design and results

Ry pH P:N Mg:N AR HRINME%  BERRERRINCR/%  BERRE TG/ %
1 10.00 0.50 0.90 56.27 57.87 78.52 75.21
2 10.00 0.50 1.10 58.31 58.96 89.20 84.79
3 10.00 0.40 1.00 51.63 49.22 89.20 91.63
4 8.00 0.60 1.00 46.05 48.47 49.32 46.88
5 10.00 0.60 1.00 63.49 63.66 85.64 90.93
6 9.00 0.50 1.00 50.14 49.26 78.33 77.32
7 9.00 0.60 0.90 57.22 55.45 81.49 79.52
8 9.00 0.40 1.10 41.83 43.60 87.62 89.59
9 9.00 0.40 0.90 42.23 43.05 75.16 76.05
10 9.00 0.50 1.00 48.91 49.26 84.65 77.32
11 8.00 0.50 1.10 46.87 45.27 37.20 40.52
12 9.00 0.50 1.00 51.63 49.26 75.36 77.32
13 8.00 0.40 1.00 38.56 38.39 55.79 50.50
14 9.00 0.50 1.00 47.00 49.26 70.94 77.32
15 9.00 0.60 1.10 56.54 55.72 82.68 81.79
16 9.00 0.50 1.00 48.64 49.26 77.34 77.32
17 8.00 0.50 0.90 46.19 45.54 29.89 34.29
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Figure 5 The effect of P/N ratio and pH value on nitrogen recovery
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Figure 6 The effect of Mg/N ratio and pH value

on phosphorus recovery
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Table 4 The ANOVA results of phosphorus and ammonia recovery rate

BRIBCRLIE R T 20

BRRRER (MR SE 2 SR 5 2800

ss F ss F P
Y 663.16 13.81 0.001 1 5042.37 16.53 0.000 6
A-pH 338.57 63.47 <0.000 1 3 628.09 107.06 <0.000 1
B-P:N 300.69 56.37 0.000 1 9.34 0.28 0.615 7
C-MgN 0.33 0.063 0.809 6 125.08 3.69 0.096 2
AB 475 0.89 0376 7 2.12 0.063 0.809 6
AC 0.46 0.087 0.776 6 2.82 0.083 0.781 2
BC 0.019 3.480E-003 0.954 6 31.75 0.94 0.365 3
A? 10.25 1.92 0.208 3 970.90 28.65 0.001 1
B 3.35 0.63 0.453 9 259.27 7.65 0.027 9
o 4.94 0.93 0.368 0 49.68 1.47 0.265 2
B 37.34 237.21
AL 25.33 2.81 0.171°8 137.96 1.85 0.278 1
afii s 12.01 99.26
B 700.50 5279.59
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