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Ammonia Stripping and Acid Absorption Integrated
Test Device for Vinasse Slurry Treatment

LIU Shan'? LIU Sheng' GUO Baoshou' ZHANG Zigiang® HE Rongyu’ DONG Renjie'

(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Yantai Research Institute, China Agricultural University, Yantai 264670, China
3. CECEP Green Carbon Environment Protection, Beijing 100055, China)

Abstract; The ammonia nitrogen concentration in vinasse slurry is high, and the use of ammonia
stripping technology to recover nitrogen nutrients has problems such as low utilization rate of alkali agent,
poor gas-liquid contact effect and low ammonia absorption effect. In order to improve the ammonia
recovery efficiency and process economy of vinasse slurry, the conditions of the vinasse slurry ammonia
stripping process were optimized, and the effects of different temperatures, Ca( OH), dosage and filler
types on ammonia stripping and acid absorption were explored. The influence of the operation effect of the
integrated test device was evaluated, and the economical evaluation of the ammonia stripping process from
the vinasse slurry was carried out. The results showed that the order of importance of influencing factors
was obtained by orthogonal test was alkali dosage, air flow and temperature. The optimal process
parameter combination was Ca( OH), dosage of 6.6 g/L, gas flow of 6 L/min and at a temperature of
52°C, the corresponding ammonia nitrogen removal rate was 99.0% ; Ca(OH), had a good removal
effect on SCOD and TP, and the corresponding SCOD and TP removal rates were 32. 5% and 65.7%
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under the condition of 6. 6 g/L alkali dosage. The addition of Ca( OH), compared with the plan without
alkali significantly improved the removal rates of ammonia nitrogen, TN, EC, SCOD and TP in the
stripping process, reaching 97.4% ~97.7% , 79.8% ~84.2% , 68.3% ~77.4% , 36.8% ~45.3%
and 77. 1% ~91.0% , respectively. The suitable anmonia stripping parameters are hacketten filler 37°C
and twice adding Ca(OH),. The ammonia nitrogen removal rate reaches 97.4% , the effluent ammonia
nitrogen concentration is as low as about 100 mg/L, and the ammonia recovery amount reaches 1.22 kg/m’.
Compared with the scenario of no alkali addition and one-time alkali addition, the ammonia nitrogen
removal rate can exceed 97% in the two-time alkali addition process scenario. The effluent ammonia
nitrogen concentration was low (about 100 mg/L) , and the treatment cost was 9. 75 yuan/m3 , which had
a relatively good economy. Therefore, ammonia stripping had good suitability for the treatment of scenario
with high ammonia nitrogen concentration. The efficient recovery of nitrogen nutrients through ammonia

stripping can relieve the pressure of biogas slurry farmland utilization, which was of great significance for

2022 4

the resource utilization of biogas slurry.

Key words: vinasse slurry; ammonia stripping; acid absorption; economic evaluation
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Tab.1 Characteristics of vinasse slurry raw materials
EC/ NH, -N/ TN/ COD/ SCOD/ TP/
S8 pH {H TS/ % VS/TS 1 ] l l ]
(uS+em™) (mg-L°") (mg-L7") (mg:L7") (mg-L7") (mg-L7")
B 8.23+0.07 5.07 0 71.20 30 320 +49 5314 £179 6025 +£209 52700 +898 29075 +2 494 555 +30
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Tab.2 Orthogonal experimental design of ammonia

nitrogen stripping for vinasse slurry
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Fig. 1  Schematic of ammonia nitrogen stripping test device
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Tab.3 Experimental design of ammonia stripping and acid absorption integrated device for vinasse slurry treatment
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Fig.2  Effects of temperature, alkali dosage and gas flow on ammonia nitrogen removal
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Tab.4 Orthogonal test ammonia nitrogen range analysis

S HA LR

.
MBS omL M Ak mE /%
1 1 1 1 81.8 +4.09
2 1 2 2 87.2 +£5.23
3 1 3 3 98.8 £3.95
4 2 1 2 95.3 £6.67
5 2 2 3 97.2 £3.89
6 2 3 1 94.3 £4.71
7 3 1 3 93.1 +£5.59
8 3 2 1 97.8 £6.85
9 3 3 2 94.8 £5.69
K, 267.8 270.2 273.9
K, 286. 8 282.2 277.3 840.3
K, 285.7 287.9 289. 1
k, 89.3 90. 1 91.3
k, 95.6 94. 1 92.4 93.4
ks 95.2 96.0 96. 4
R 6.3 5.9 5.1
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Tab.5 Changes of SCOD and TP concentrations of biogas slurry in different alkali dosage experiments (37°C, 1 L/min)

Ca(OH), #hn i/ R AT i SCOD TP %%/
(gL ") SCOD/(mg-L~") TP/(mg-L~") SCOD/(mg-L~") TP/(mg-L~") LB/ % %
0 29 075 =2 494 555 +30 (28 348 +2326)* (546 £23)* 2.5" 1.6°
2.6 28 760 +2 480 543 +45 (24820 +1685)" (356 £19)" 13.7° 34.5°
6.6 29 103 + 1 695 565 +35 (19644 +1842)° (194 £15)° 32.5¢ 65.7°
9.2 29 350 +2 755 532 +26 (18402 +1653)° (143 £11)° 37.3° 73.1°¢
11.9 28 535 + 1 844 577 £41 (17064 +1644)° (129 £22)° 40.2° 77.6°

TE AR T8 a b e Fom 3225 (P <0.05) s 4[] 58 3 om Jo b # k22 5+ (P >0.05) .
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Fig. 3

Effects of different temperatures on

operation effect of ammonia nitrogen stripping
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Fig.6 Matter and energy flow under different scenarios of Ca(OH), addition
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Fig.7 Economic comparison analysis of different scenarios
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Tab.6 Economic comparison of different resource utilization approaches for ammonia nitrogen biogas slurry
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