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Optimization of Continuous Air-recirculation Process for
Ammonia Removal by Response Surface Methodology

PANG Changle' BAI Linjie' LIU Liang’
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Tianjin Municipal Biomass Solid Waste Resources Technology and Engineering Center, Nankai University ,
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Abstract; Anaerobic digestate of pig manure has the characteristics of continuous and quantitative poly.
The effluent of anaerobic digestate contains a large amount of ammonia nitrogen. The processing capacity
of the two stage air-recirculation stripping process is difficult to meet industrial requirements for treatment
of anaerobic digestate of pig manure. Gas flow rate, liquid flow rate and gas — liquid ratio were chosen as
running parameters of continuous air-recirculation process. The running parameters were studied and the
process was optimized by response surface methodology. The initial ammonia nitrogen concentration of
anaerobic digestate was (1 444 + 37) mg/L.. Ammonia nitrogen removal rate could reach (66.81 %
0.24)% when the gas flow rate, liquid flow rate and gas — liquid ratio were 530 L/h, 445 mL/h and
2 036, respectively, which was the best optimal parameters combination. The model optimized by
response surface methodology could well analyze and predict ammonia nitrogen removal efficiency of
continuous air-recirculation process for treating anaerobic digestate of pig manure. Gas — liquid ratio was
the limiting factor for the process of continuous air-recirculation stripping process. According to
perturbation plots of ammonia removal efficiency, the influence order from large to small of the three
selected parameters for removal ability of ammonia nitrogen was gas — liquid ratio, liquid flow rate and gas
flow rate. The process could be used to strip and recover ammonia nitrogen from anaerobic digestate of pig
manure. It could reduce foaming tendency of treated fluid and the foams could be broken more quickly
than the two stage air-recirculation stripping process. The process could reduce the height of stripping
tower and investment of engineering. The result can provide some references for the continuous processing
for anaerobic digestate of pig manure.

Key words: pig manure; anaerobic digestate; ammonia removal process; continuous air-recirculation

stripping ; response surface methodology
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Fig.1 Schematic diagram of air-recirculation stripping system
LGB 2 B TR 3 AE 4 RRENER
SCRRWMICERTE 6 BN 7. WOl 8 MM SR
9. MR L 3 3R
1.1.2 5P 5R

(1) 8] 200 mL 2 g F 7K/ 37 ¢ Ca(OH), (LA
CaO 1) , F JH o 45 4 2% 40 B 10 min , K B b i 52
T2E A 4 LB R CO, H. pH {E 24 9. 00 1) FiiAb
PR B R  BEPE SR BRI pH {H 2 12.00 =
0. 10, FFPTRE 12 b, fff i — St sk 2 —dit .

(2) B35 /9 pH {2l 12.00 3 & 13 | 78
SHIRGIE AR 36°C J5 B AR AR, IR 4% 46 IR 5
£ 36°C, I Ji A RN G 2 2, 7R 38 B E R
PO IT 5t 90 065 3l 22, R ) 10 mL Ji5 3O A
5 mL J]F 4% W48 bRl 5E o
L2 REMBR S AE

16 A 2 DRI A W R G T X —
USR ( Fh it =X [ 44 PR 405 s 2 ) L 25 ¥ A LA, pH
H}7.61 £0.05, 4l 5 4 i A1 24 &5 i vk 2 43 Sl
HN(3087 £57) mg/L F1(1444 £37) mg/L,

1.3 Wit

VeI B RO AR LA O A R R ]
it %, .x, Ml %, , | | Box — Behnken % i} ( BBD) 5
EVOF =R =Ko R 3 Wk 15 4K
5, R Mg gk 1 s,

FIH RSM #:47 Z WA A, 153 2] ) 2 0 A A
Ry

y=by +b,x, +b,x, +byx, +b,x) +by,x; +byxs +
bi,%, %, + 052,25 + byyx,%, (1)

Krf y— A RBIRR, %



290 & ML M % IR

2017 4

% 1 Box— Behnken iZitiX I T E 4
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Tab.2 Experimental design and results
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Fig.3 Response surface plots of factor interaction
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Fig.4 Perturbation plot of ammonia removal efficiency
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