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Abstract: Ammonia stripping process consumes large amounts of alkali. The packed column is easy to
scale and cause pressure drop. The tray tower has the disadvantages of discharge and the large fine
droplets loss by entrainment. Besides, the absorption of ammonia nitrogen in the exhaust gas is
incomplete. In order to solve the above problems, a two-stage air-recirculated stripping process was
developed and used in the gas-liquid reactor to remove the ammonia nitrogen during anaerobic digestion of
pig manure. A mathematical model focusing on the effects of controlling factors ( gas flow rate, dose of
alkali and gas-to-liquid ratio) on one response (ammonium nitrogen removal efficiency) was developed
and fitted by response surface methodology (RSM). The results showed that the pH value could rise from
8.03 to 8. 86 in 1 h by stripping CO,. The alkalinity of anaerobic digestion was decreased from (8 953 +
297) mg/L to (8283 £21) mg/L. Stripping carbon dioxide was conducive to reduce the buffer capacity
of anaerobic. The ammonium nitrogen removal efficiency could reach 96. 78% (dose of lime 22. 13 g,
gas flow rate 6 L/min, gas-to-liquid ratio 3000). The two-stage air-recirculation process could be used to
remove and recover ammonium nitrogen in anaerobic digestion of pig manure without pretreatment in this
system. The RSM further optimized the two-stage air-recirculation ammonia removal process. The
developed gas-liquid reactor could be used to remove ammonium nitrogen with air-recirculated stripping
process.

Key words: Pig manure  Anaerobic digestion =~ Ammonia stripping process  Response surface

methodology  Two-stage  Air-recirculated stripping

Wk H . 2015 -01 =29 &8l H 4. 2015 —04 —07

s R HARBFI A (363 140 BESLH (20124101803 ) L seirFHE IG5 H (D141100001214001 . D141100001214002) Fi
“F S R A VEB I (2012BADATBO2)

(B : XL OB S WLk, ST R ARV RISF AR TR BHGACL B FFE , Bl Tiuliang198104@ 163. com

AR e E R, W2 N, 3 W A M TR 415 Email: pangel @ cau. edu. en



212 /A =

2015 4

51

WEERA A 5 A RERFEFRILR, WIE
AT L AFL 3 [ B 40 % 2 45 1 1
S T 4 i3k e 5 7 A ) i A R AR AL
PR AR AT A 28 V% B b BT 1 B ) A 1, 247K
HERERT 0.2 mg/L, FHiE KT 0.01 mg/L, 5
TR K S Y Y TR AR K
A B K % RE S T i 5 1 A
TS K o DR AT A 9 A i A7 e o A
3P a3 A, NH,-N 72 RS A& BR, REAS h AN
R4 5, 7= A B F B R PM2.5 ) NH, -N Al
NO; -N, kst el IEHpeae" 7540205 43 51
X b AU R TR PM2. 5 BURTFSE, &
NH, -N NO; -N & H BRI 1o

TR A8 I B SR R 0% A I AT A RE IR, el i 2
S HE R, o 2 B CODM | H R B I A1
NH, -N iyt o NH, -N R R 1 iy
TS BRIRA R BT L %L Hilk
NH, -N ¥ FF i #8 i GB 18596—2001( & & 75 75 I
15 PHERCRR ) B E L N T R K K Y
TG Iy, — 675 VWO T4 26 R A AL NHL -N
BB ERBFIE, infbaeTisest " Bk 2 4, i
ik R — R LR T2, B2 PRI T
BRI AL

IR R BV B8 08 G A0 K A R E I K P
NH,-N BB (EFERE By A A6 1 R AF PR | 1 Hit %
X FE R IS A7 7 — R B AR MRS, f 20k}
AR e R R SRS 2 A B TRk
A IR Y R A S E B R e e, B
FE R TG Y o BRI i B, AS SO B B A
SCAGERRBERR T 2, B R L 1 A A LR 28
ST L B DR AT AU P T B Kb B AR R
2%,

1 #RFTE

1.1 ReRERREEG

EGTENAE 0. 15 m 55 0. 40 m A HLBE RS S
RN e h kT o ARG 2l 7 i A B AL A
TR A IR M B B CO, B B TR A ke
BRI IR R K B (0. 5 mol/L H,80,) 5%,
A LZB — 6 RIBEBE % 1 S A T 42
RSB EI A RN A, RS5OSR
WeAEFH o B BT % 4%, i 1 FT7R o

2 B v L A e DR HE K PR R R RN B et R

T

K1 AR R G E A

Fig. 1 Schematic diagram of air-recirculated

stripping system
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Tab.1 Characteristics of anaerobic digestion

24 Bl
pH A 8.03 +0.05
TS/ % 1.93 £0.02
COD/(mg-L~1) 5585 £120
BODs/(mg-L~") 895 + 176
NH, -N R/ (mg-L°") 1449 +62
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Tab.2 Variables and coding standards of
Box — Behnken design

e K
-1 0 1
AW/ (Lomin ') 6 3 10
B/ g 16 20 24
S 1500 2250 3000

I RSM #4720 4804 A8l — 1 k2
T A AR
Y=by +b,x, +byx, +byx; +b,,x7 +
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Tab.3 Experimental design matrix and results

A= %;/(Lemin~") %/ X3 Y/ %
1 10 16 2250 75.59
2 8 16 3000 83. 82
3 6 16 2250 77.28
4 8 24 1500 81.45
5 10 20 3000 94. 47
6 6 20 1500 79.55
7 20 3000 96. 44
8 8 16 1500 60. 07
9 8 20 2250 89. 58
10 10 20 1500 74. 80
11 10 24 2250 88. 35
12 8 24 3000 95. 48
13 8 20 2250 88. 47
14 6 24 2250 93. 87
15 8 20 2250 90. 49
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Fig.2 Predicted value vs real value
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