H34E  H23M &k TR R Vol.34 No.23
186 2018 12 A Transactions of the Chinese Society of Agricultural Engineering Dec. 2018

TE IR X F 178 R R K R SR I #2 M
GFE, 08 RETT, GSEM, FER, kAR TRE

Ch AP REE B A IG5 T RS R FE T, Est 100081)

i OE: fWBENESTER A TUCE 5k, SR ZIER S MR R M. 25RAZ L2 Bk, SR IFAR
HLPRIARITE pH {8 10.5, S 2 000, ¥ 30 CHIZM FRMEBR, REKW.: 02 MERFRKIHER R
(ammonianitrogen, NHz-N) -5 % B3 10 2 5 T 6 /R AR (P<0.05), WRBE 2 h, ZUE00-F3 25 BR 243 31l 80.7%-
59.0%71 77.4%. %51 NaOH {724k 75 & (chemical oxygen demand, COD) | 545 X HL 2 A VR Bk PRAG, e &l 44
(total solid, TS) AEKERE A (volatile solid, VS) K| OH™ S A= 45 4 BB A K 2010 B (R /K S 8 b o W i i
FR{E COD #4538, i TS VS HITMK. 3FMIERMLRESH LR SERB BT COD Vi) R \ALA VS
MR BRFARR, EAFAEREER (P>0.05), WAKELS TSH P EBRREESTELLHEK (P<0.05). ik
ETOZIERRNL 20 L 8 2h, 1L 1) 1 mol/L B B W IBR it 2  h & AU T 38 TR IS 36y 35.8%, e A R Az 2k SR
AIEZr o

KEEIR: A EMREUR: Bk RRREH: RS @KU, S RIREH

doi: 10.11975/j.issn.1002-6819.2018.23.023
PESES: X713 MEFRERD: A

SRR, BLAH, KET, LHiEf, FEE, KAR ERE (BHEENMENEISERSENRERNZmM]. RUT
23Rk, 2018, 34(23): 186—192. doi: 10.11975/j.issn.1002-6819.2018.23.023 http://www.tcsae.org

Zou Mengyuan, Dong Hongmin, Zhu Zhiping, Zhan Y uanhang, Yin Fubin, Zhang Wangin, Cao Qitao. Effect of different types of
sluggishness packings on ammonia stripping of piggery biogas slurry[J]. Transactions of the Chinese Society of Agricultural

XEHS: 1002-6819(2018)-23-0186-07

Engineering (Transactions of the CSAE), 2018, 34(23): 186 — 192. (in Chinese with English abstract)
http://www.tcsae.org

10.11975/j.issn.1002-6819.2018.23.023

0 351 5

Bt o [ A O R AR A A R K e, KRR SR
7R K IR B R S AT A AR A IR TS G XU H 2
I JEEESR, R PRAE AR A B & & S A LR
R D, 73R TR AT ST IR AR 35 4 ) B U AL
A, w0 H R B AR T Gy, R BAT B A
BHZH D, HREBSR TR E RS R A
Wid & AT IR S B S A . HBR A Bk, AR
kPR B SR RAE 2 SRS . VMR BRI A PR LK
U, HBE SR B BRI TR A Bk BE. A
HREITR, WANEA IR KRR, 4 RS
IR = AR A T e, (BRI A4
bt 5 A T i A S e Y R S A Y VR R AL
FIBZRH A2 SR A HLR K, A AR, &=
IR, AT, BARHRURA Y, i
AT IR L AR L2t SO R R R TR KRR e s AT
o8

Wk Hi: 2018-09-10  f&1THH: 2018-10-22

BEEBH: RWERDIRARERFHEARERAR S E & RHH
(2017YFD0800804) % i

BT B, BT LRI B S5FIH .

Email: zoumengyuanl228@sina.com

KIBEES: REF, WL, 0, PRI BERSERHILEE &z
J7i%. Email: zhuzhiping@caas.cn

doi :

W22 DA SR R R N K, TERRE ST
SR FE o e, R R K BT & R B SE BRIk 57
Bk =S, AP R RIRE G LA T & R I-F
WIS, BRAK A AR I 2 AT LAAS b et =0 A i 3 NS
H T LB R R = S R R I e B R
ZOOLHE pH AR R EL IR BE RGN ) K A g 12
TR e, BERWEH SN, &R T2 2
7R K s e e, Bk KM, 5%
5B 7 T 9R0 B A K P20 22 e S TR e U R K R Ak
IR . [ A R B e DLZH A T 2R & Wi
AR B BRI PP I T R AT, BT
AN 5 ¥ PHE SEURL T 8 3% TR T I R I L b

ALY IR A2 0 2 THER . 4 R BRATFAL RS2 R
TSR REAT E R B A, B AN (R M SRR & A IR
It 25 R DA B WR B S VR CODL TS V'S AL 1 I,
16 78 RN AR IR G, HE— 2B TSR] BE 2RI FE
T R W SOV S R it R SR U SRR, R R IR B
A FRFR LR AR SR
1 MR55EE
RWEE
WK 1 s, 50 B A H] oo R R T,
WG B 0 SR FR W B S L v R e B . BT
KH PLC (S7-200, #8EP[TT AR dmfeteh], B
BESXML (RT-H3285AA, 75 M i DUE se HL i 2 A PR 2

1.1



i 23 1 AR A [ 45

PEPESURE RS S0 T W ORI R i) 187

FD ARBENT . pH TR IR . BERE S AR AR AN
10 Fo PR M BB (SK-102HE, RYITE 845 B 301k
FRARAT]D o 45 b5 o - fil it A V8 R L P 11 152
E SHUE BRIEA InHsE . BB VEBARTIN 2 i 30
R (204K, HEIRTAEGEINEARAFTD LB
FFRIIGE. HRIREEEREE G, MR NHREIEE
ZREIA R B E A E T RN

WLIEM N HLBEEE, & 1.5m, W 015m (&
ZE 100 D, TEAHSR D, HR O Rmkck, W
AR 2, KA RA K, BACkEdESIEESR
REEFIETT (LZM-15G, Rk Tk B 3R]
FHGE AL, WL 5 JES S0 I A [ 7K B8 5 ik Y b 4%
A RONANEEAN, K 06m, % 05m, = 05m,
WA 150 L, WEbzdEdidEds. pH it (PG-118, Lifg
TARAIAERF R A FDD IR E AL (WRN-001,
RN TH R 57 BB IR A D FUine. InZiEsh
I B OE R ORRE, T A AR R pH ME
BB EEA TN A NS, ARAR 5L, BliGEshZE
B — U RO, —uiE B A TR T (LBZ-6,
BT & BHAECUCGR B R AR JaEEmk, EBA
INZGGE BN ZE 3 P AT K R . WO B T A A
FGE, MBPCNEPLIERS, GRS L, WRUHEE %
EREHER DRI AR RNEE, AR BN KR

W AR T, BRARNLIR S, MR 2 S R
) B, G IE e, E A kA R,
B S B S5 BE B W, LB RIE S EE, 1E
WaEE., mARMESMHER OHE G, Sk
R, FBAE4 I NaOH il R FgtE, saHEAN KA.
P ey 3 B H W G, T PATIRE .

— 4

x ST

N ¥

i S
EET“;

|

L‘ 16
1

7

1 OMZAEE 2. WRIESIAR 3 W e 4 HRE 5 Wl
6. hANGE 7. ke E 8 BUKEE 9 PRk 100 MBS 11 AR
P 120 BESRWL 13, n#vE 14, pH iF 15 fiEdEet 16, REHG
18 17. figwih

1. Alkaline solution perigtdtic pump 2. Biogas durry peristaltic pump 3. Liquid
flovmeter 4. Gas outlet 5. Absorption tank 6. Neutrdization tank
7. Absorption plant 8. Alkaine solution tank 9. Aeration device 10. Stripping
tower 11. Gas flowmeter 12. Aerator 13. Heating rod 14. pH meter
15. Mixing device 16. Temperature thermocouple 17. Liquid storage tank

Bl kBEATE
Fig.1 Schematic diagram of stripping part
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Tablel Water quality index of biogas slurry in ammonia
stripping experiments

A
& cop/
(mg-L™)

Mg ERNE
Total Volatile
solid/%

b 0 IS¥ <
IR e T
(mgL™)  (mgL™)

pH f&

Index pH value

solid/%

B
Biogas 649.1+60.5 707.1+66.1 793.4+60.5 7.87+0.06 0.34+0.08 0.29+0.11
slurry
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Fig.2 Threetypes of packing materials in ammonia
stripping experiments
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Table2 Performance parameters of packingsin ammonia
stripping experiments

MHAEZH Performance parameters

BEV RRES —
Types of packing Lb R TR fLpax THERET MR
materias Specific surface Voi d" &% Dry packing  Density/
areal(m?m™) O tagtorim (hmY

UVEATE S

Polyhedral hollow ball 500 84 844 85000
/R 3K Pall ring 155 87 239 53 500
FiALIR Fluidized bed >500 >95 - 135256

1.4 IEFREN S HEL IR

SRR H NH, N, TN, COD. pH f&. TS Al
VS & F KT AR AR AT E 738 . NH.-N. TN F1 COD
53 R K R - IR BN 3 e e BE v . i B R B A Ak -
BHMI B VL A FR T, AR AR HACH COD
Reactor Model DR 6000 (HACH Company, USA), pH {&
% METTLER TOLEDO FiveGo F2-Standard {8 . pH
it (METTLER TOLEDO Company, CH) ll5E, TS*MH
MEFFRBUEVEIE, VS K RIBErR i &% E -

RIGFIEKH] Microsoft Excel 2016 4bFE, %H SAS
9.2 Geit AT AT BE T

2 GER55H

2.1 ERMEERERAMERAERENZIN

Rt 35 TR 2 ) 2 B S 0 Z T BR R PR A R AL PR
R, RIS REY, g Shifii, ERERM LR
HIRE W H (626.7+38.4). (655.3+925) HI (665.3+
125) mg/ll B¢y (73.02¢1.0). (151.0£19.0) F1 (64.7+
18.9) mg/lL (& 3a), “F¥JLERZFESIN 88.4%. 77.0%
F190.3% (K&l 3b); SAMFI IR EE 7l B (660.0+
66.0). (665.0+ 15.0) Al (766.7+61.8) mg/L [%4 (120.0+
12.0). (160.0+ 16.0) 1 (113.3+34.0) mg/L (& 3c), F
PIEBE N 81.8%. 75.9%F1 85.2% (/& 3d). %l
% TH BRFI AL PR IEURE X VA R 2 0 25 I 2R B 3 vy T 6if UK
IR (P<0.05), HILLEE/RIR, 250 ZHERARARIE
B LR AR S HER 2 BE RO, AT 18 R W 35 1<
WA ARFIE R &, KA T R A, 3 A
(I8 50 R . MTBRIE 2 h I, VB AN T %&bk
KO B4 MIAF] 80.7%. 59.0%A1 77.4%, A%
MR O 45 A F] 78.3%. 62.7%H 72.2%. KT L%
TRD 3R AR A R SRRV I 150 min B, 22 0RT B U~ 340 5
BIRE AT 120 min, K 250 £ THERIK I 240 F1 300 min

I, BSR4 SR A 4 i) s T 210 A 270 min, AHAD
EJURE A () SR B (A i o 2 BRI U T 38 o R B A
HAEREES (P>0.05), AR N s <o A
NI P A IR VR I R B BUREAS Y 51 S AR IR B il 45
HHRIZATRRRE L R A AR A LR, AR
250 2 TV BRAE A3 PR R FBESE R, R JBEINT TE) 4% 6 72 2 h DA
o ARIGEE R HADE R RG24 R LA T EdE, 38
NI PR S TEIE R A 30 C, A ELA 4000, pH 145l
N 9. 10 F1 11 (&A1 FIRBLE AR FREESATEW, WRBLRE
SIAEEIEARN 25 mm, MR EEEE 2020
BRAE /R PAAEORE, B A% 00 22 T BRAEDRE A W B A oV R
SR8 22 B3y m TR IR IORL, pH BN 110, SR
FH 25100 22 THBRFN i) SR R SEURFRBE 5 vV I~ 35 2
B4R 50 5N 88% 411 76%.
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2.2 BRI EE%& cOD T{LAIR M
A K pH A8 % 84T NaOH T Ca OH ), %1227,
BTN Ca(OH), J& K AE R I FE 45 &) r= AR 3 26 3H
REAE & S B IUTIEY), JEH NaOH A Ik /K 28 4
F I fE 7 528, AR 58 SR Y NaOH 1 35 V3 Wi 1) pH {H
24 NaOH [ 8 n& A 3.7 g/L i, Wk i i i 1 pH
H~Fh 7.87 JHEF) 1052, Wi 3 Fros, NBsiHE
pH 1H 5, WOBREE COD 435l (756.0+38.9).
(860.0+32.4) Fl1 (834.7+28.7) mg/L T %)y (495.0+£7.1).
(593.0+14.0) 1 (573.5+23.5) mg/L, “F-#%E B 5H
N 34.5%. 31.0%F1 31.3%. XAJHESE KNI NaOH A
ASCASE VA R FRLAAR DT AR B SO, TR A R R 1) JEL S A
%5, R 1AW 5] RAETTIEP, BT DR
Ca fll Mg T i CaCO3 Fll Mg(OH)%Y, B — & FITR B R .
Braz 2% Wi /K AT IR BRALB], ZEFEI Ca (OH) ,
{45 pH E4 6.0 I, COD %N 29.7%., Jeifs4™
M NaOH i M 1E¥R G K, TREEE 5 HKF
CODyn [ % K 50%~60%. [ i L2257 R4,
AL NN 5 g/L ) Ca (OH) i, COD M %EBH &
714 30.13%.
£33 MBSWREHLFEESE COD Mk

Table3 Variation of chemical oxygen demand (COD) after
adding sodium hydroxide and ammonia stripping

. JnfigJs COD Wifi Ja COD
Ukl K J?ﬁz ?OD COD after adding COD after
Types of PR sodium hydroxide ammonia stripping
ackin Content of COD — -
P 'alg inbiogasslurry/ REIKE  EERE  BEWE  XBE
materials (mg-L Y Content Remova  Content Removal
I(mg-L™Y) rate/%  /(mg-LH)  rate/%
EUVEATTEES
Polyhedral 756.0+38.9  495.0+7.1 345 550.0+25.6  27.2
hollow ball
B JRIR
: 860.0+32.4 593.0+140 31.0 676.3x358 214
Pall ring
AR
Fluidized bed 834.7£28.7 5735+235 313 637.3£7.1 23.6

W5 H oy 2RI SO 2 T ER . SR IR RN AL R IE
B, G aE R, 20k 5h B, I s Wi TR COD
4y WIFFE ) (550.0£25.6) . (676.3+35.8) Al (637.3+
7.1) mg/L, IX A RE A2 PR Wi ik R AN Wi v R VA R R )
NH, F1 OH TRk NHa, 33 H HAR ST IR B FRAG, etk
UHLJE I SR EE B, kL 2 e B R AR 55, TRBEACR
35 . Raboni ZEBUSE it /R BRI B S K05 e, TR
BB BN 5 & 43 %5 35%11) NaOH 1 41911 FeCls 15,
COD 1) Z:Br#IA 50%LL F, WBH B COD iy kR 4k
BN 5%, SRS BRARF, wRER R B
B IR S A I B R iR s AN R, FeCls I
WERL T IREESUR . e, S B AV i s, VB COD
S35 2B 2293 Tl R 27.2%. 21.4%F1 23.6%. A LN,
Wi ik FE VAT COD WP H) LR HIFRAK T 7.3%.
9.6%fl1 7.6%, 3 FPIERLXT T InH-5 Wk i 5 v i COD Py
EBRR P BUAAE LR E Z T (P>0.05), #1 NaOH 1]
PABRARIE IS 7 COD, IR it 2 S AH R COD
HHr s .

2.3 ERMAEITRBR & pH BT LRSI

WR I R 23 AR S s 0 2 T BR S 1R IR RAAAL PRI
Bl WK 4 B, IR SRR, &0 5h b, BT
pH 18 45 i (10.51+0.03). (10.54+0.01) A1 (10.50+0.02)
F%y (10.17+0.03). (10.27+0.05) Al (10.01+0.04), “F
BIREME 4> 58 0.34. 0.27 1 0.49. RALIRIFEL TV
WG FE pH AR PR Bae R AR i 25 e T 2 00 22 THI BRFI i /R B 4
Kl (P<0.01), #5022 BN TEMW G pH 1 R
B E TR E (P<0.05). EWBEFET, Wi
TV R T PR S A A3 SO A e (AR SR, oV
H 22 BRVETR A A ) CO, A VA 5B MM, Bl ik
R ERREEHEAT, NH W&, YB3 &R 0 = R
ANWTBEAS, B E TERN pH AEA — E R BRI,
AR T JE SR pH BT

R4 WEREIEBEpHE. TSH VSHT{L

Table4 Variations of pH value, total solid and volatile solid
before and after ammonia stripping

PSR IES W AT WS

Types of Before ammonia stripping After ammonia stripping
packing pHE Mk HERMIEE  pHE  MEfk  ERNHE
materidls  pHvaue TS% fAVS% pHvaue TS% [k VS%
ESUVEATTEN

Polyhedral  10.51#0.03 0.76 025 10.17+0.03 0.70 0.20
hollow ball

/_'A\

SRR 0842001 090 032 1027:005 075 0.20
Pall ring

ALK
Fluidized beq 1050£0.02 092 030 1001004 0.73 0.18

2.4 ERFEIFKREIDBE TS A1 VS TR

R 3 rh 23 2 3 2 0 2 THIBR L 6 R IR RN Ak PR
BE, RIGLE RN, Bohn NaOH 578 pH 54 105
J&» B TS H-FIIME 55 B 0.29%. 0.36% 1 0.35%1 i1
%] 0.76%. 0.90%7!1 0.92%, 43 7|34 /il 166%. 153%F1 162%

(R 4. {8 VS BI~F¥ME 5 31 B 0.24%. 0.31%71 0.29%
BhnE 0.25%. 0.32%7#1 0.30%, X [] fE &K N K&K
OH ™ AT LA IR VA VB HF A= 9 10 400 L 4 4 » 8 L P9 20 B RE T
BN, [FIR KRR T HERE RS T, ¥
AN EA A R P Valo 251381 3.65 g/L
(1) KOH ¥AE 170 “CHIZ&AF T Vb BT B BRI IR 7K
REEHESYE, 60min Fi5YEH TS AT VS [k H 253 71
N 51%A1 94%. XI|BEFAIH] 8 mol/L ) NaOH 53 i
TSYRIRATR pH E N 12.0, BALEE S5 TS M VS 1
il HH 2% 433l i T 37.0%711 60.0%.

25 5h kB, W TS BISFIE 7350 F B2 0.70%-
0.75%#1 0.73%, MKMiiEFEF TS WP LBRE N 51H
7.2%. 16.3%F1 20.7%, WMARIEEXAEBEH TS #°F
EBpFEE R T 02 HEKIER (P<0.05). B VS 1
SEME A RS 0.20%. 0.20%F11 0.18%, Wi it it #4
VS £ B2 5 50 20.5%. 36.6%F11 41.5%, 3 fiiiH
BRI VS FIF8 LR AR E 2R (P>0.05).
X A] e AW B FEAS W FEVA R ) OH, 43 [
PRYTTE BUAS AR, 1T ELAR IR B 4 30 20 ML R
BT A FE S DR R ISR A, SRR S TS
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M VS (LGRS, Laureni 255 ILER B O
BTSN —A> pH (B >12 FSEREH AT DL B i 78 i
RS AT 60% 1) A HLE A>T 3% . #n
NaOH AJ LU ANiEW) TS AT VS, {HWR i i FE S fd VR
(] TS Fl VS BRI
2.5 AEERIKE TR IR B &S B IR UER
I 78 250 22 THIERAE R I IECRE, R UACHE H 43 73 9 T
1L 1. L5 A1 2 mol/L BRERM I, At -h¥sim 20 L
T, ¥ NaOH /75 pH {4 10.5, 1525 BN
FERTTERIE BN, GREFRI LN 2000, eSS
JN#E 30 C. 3MERRIMLEREY, &t 2 h W,
BB A ) ¥ R &R L 4y i B (566.0£16.0 )
(599.3+25.8) #il (578.74#59.9) mg/L [44(189.3+28.1).
(150.7+25.0) F1 (182.0+25.5) mg/L, ~FI4ii/b 5 A
ST 7 533.3. 8973.3 179333 mg, S ML
Jei» L mol/L %R R R e Hh U U i & 43 5l 2 680.0,
2 470.0 1 3590.0 mg, 1.5 mol/L I &M ek 2 U o
B398 2 700.0. 1750.0 il 4530.0 mg, 2 mol/L HIHER
WIS R & U = 43 o 1 700,04 3 730,04 2 490.0 mg.
WA 4 fios, 1. 1.5 A1 2 mol/L F it & R Ui ont V3 VR0 st
FEAH RSN ICE S5 35.8%. 36.7%7F1 32.4%.
3 B I AR EE A TR MR AR e Wl B R R R ST 24
WA RS2 (P>0.05), 2552 ok i ms
GrrEs 1 mol/L B ER SR E N BAR R i . Jiang
2418 P Jo 0 B 92.5% 1A B IR e A 24 2% % T VR W IR
Jid g S, W WSO i A B 3 I N IR USSR A
327 mi/min i, 2 L BREX 2RISR N 73.8%. 381
FAPILLERE 40 °C. <L 50 A1 pH fH 105 ik S
KR B0 A FRFE SR, B R R B [ A T
0.4 mol/L RER AW HAE NG, & IRl ARk 2
TO%AE A7 o AR I B R W SO A T TR AN A2
40%, ] G A2 R A RSO MR R R B IS SR L AR
SEAAR G RIBGREf HBE . AFESBEE TS
AN [ AR L TR R TR ot R e J22 /= 2 R O3 SR T A
BT R A

100
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80 _
70 o I Absorption
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B 4 RF)E R AR BOMRA R LR A B R
Fig.4 Absorption rate of stripped ammoniain sulfuric
acid absorbent with different molar concentrations

3 & i

ARG LI I BB R, WA T A RS I IR X
PR RS R DL R D A AT W 5 JE VR COD TS A1 VS 11
ARAE DL, BT T A [R] EE SRR P ) R PR MAC TR T AL
2 MEERIR B RS PR AR, EELERWT:

‘B 4) Lt Percentage/%
S
S

D 0 Z HERAFAL R IR T = B LB R R
Fim TR (P<0.05), R LEZHBR, S /RIFAR
WARSERIRE 2 h, SRR 2 R 7508 80.7%.
59.0%F1 77.4%. i€ 0 2 HIBRBAW 2 h LA, &
R LBRBOR BT BRI

2) N NaOH Ji, VHVRH] COD [l s 47 XL 2= AR
AR PEAR, WOBLS COD ¥ #&m, 3 FpiEklxt COD
FE TN 5 W i J T 220 25 Bk 5 1) AR A AN AE 25 22 57

(P>0.05). OH X =4 45 K IR AR 73T 4 B R 7K

FEAE P NGRS YK TS AT VS 380,  ASRIHE 3R}

W RCRAE TS A VS FEM i J& B35 LB R AFAE 2 57

TALIRIERINS TS P8 KB R B 2w T 250 2 1 ER

(P<0.05), fH 3 FiFELNS VS P b 22 A 3

(P>0.05),

3) 1. 15712 mol/L BRI & T Ik
W53k 35.8%- 36.7%F1 32.4%, MR AAZAE
FER (P>0.05). ZEHEINIECRMZEE, 1 mol/L
AR R W AT 9 AL 3R 4%

[Z * 3 WA

[1] AppelsL, Lauwers J, Degréve J, et al. Anaerobic digestion in
global bio-energy production: Potential and research
challengesJ. Renewable & Sustainable Energy Reviews,
2011, 15(9): 4295—4301.

21 BREM, BEB BRIRE, & KRB EES TRREK R
WG EE AR, HEVAS, 2010, 28(1): 14—20
Chen Yucheng, Yang Zhimin, Chen Qinghua, et a. An
overview on disposal of anaerobic digestate for large scale
biogas engineering[J]. China Biogas, 2010, 28(1): 14—20.
(in Chinese with English abstract)

[3] &0, MhiZete, 1RZEHE, & ARKEERNE BRI TR 7>
T[] PEVAR, 2012, 30(3): 17—20
Li Yiwen, Qu Yinghua, Xu Yilin, et a. Change of nutrition
contents of biogas slurry with different fermentation raw
materialg[J]. China Biogas, 2012, 30(3): 17—20. (in Chinese
with English abstract)

[4] #recty, A7, WEM, FOE. FIEREKREPEER
T A B ILAETH AN A6 [ ARk TR AR,
2012, 28(21): 208—214.

Jn Hongmei, Fu Guangging, Chang Zhizhou, et al.

Distribution of nitrogen in liquid and solid fraction of pig and

dairy manure in anaerobic digestion reactor[J]. Transactions

of the Chinese Society of Agricultura Engineering

(Transactions of the CSAE), 2012, 28(21): 208—214. (in

Chinese with English abstract)

(5] TWezR. KIEERDOVEVE . VEWBR 7> BB W S VE AE i
FIEFRERD]. #%: IhARRI K2, 2016,

Yu Xiaodong. Effects of Fermentation Raw Material on

Composition of Biogas Residue, Biogas Slurry and Effects of

Biogas Slurry in Tomato Cultivation[D]. Tai’an: Shandong

Agricultural University, 2016. (in Chinese with English

abstract)

(6] Hikhi, BRE, BAEA. EREECFHIUR S HEoR R
W, FEEA, 2015, 33(2): 42—50
Cao Rukun, Chen Hao, Zhao Y uzhu. Resource utilization of
biogas durry: Current status and future prospectsJ]. China
Biogas, 2015, 33(2): 42—50. (in Chinese with English
abstract)



% 23 1

ARAB Ak M ORI AR SO 1 37 T VR A i S R K 5

191

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(19]

(16]

[17]

(18]

(19]

S¥tgh, TR, BSLR, S R R IR T BOR
WEFCHE R[] BTSSR, 2018(3): 339—344

Ma Yanru, Ding Jingtao, Zhao Lixin, et a. Advances in
recycling and reuse of nitrogen from biogas sSlurry[J].
Environmental Pollution & Control, 2018(3): 339—344. (in
Chinese with English abstract)

G NSRS, EM, S EREIMER . o A EER
BRG], RF54k, 2014, 4(10): 54—57

Han Min, Liu Kefeng, Wang Shunli, et a. Definition,
ingredient, approaches and risks for reuse in biogas slurry[J].
Journal of Agriculture, 2014, 4(10): 54—57. (in Chinese with
English abstract)

Limoli A, Langone M, Andreottola G. Ammonia removal
from raw manure digestate by means of a turbulent mixing
stripping process[J]. Journal of Environmental Management,
2016, 176: 1—10.

T WAL B A RUR K R R R AU R ). 4k
R, 2013(2): 144—146

Gustin S, Marinsek-Logar R. Effect of pH, temperature and
ar flow rate on the continuous ammonia stripping of the
anaerobic  digestion  effluent[J]. Process Safety &
Environmental Protection, 2011, 89(1): 61— 66.

Bl R, B4, g, S WOBRIRAC B UK K )
WEFEFIS FHBEREL]. Aifb 1, 2014, 43(11): 1348—1353.
Aosiman-Tuerdi, Yang Ling, An Di, et a. Progresses in air
stripping for treatment of ammonia wastewater[J].
Petrochemical Technology, 2014, 43(11): 1348—1353. (in
Chinese with English abstract)

O], HWEH], =P AWOBANEER LB TP R ER
AR AE[]. P LS4, 2008, 2(8): 1062—1065
Huang Haiming, Xiao Xianming, Yan Bo. Experimental
research on treatment of ammonia nitrogen wastewater by
ammonia stripping in a rare earths separation factory[J).
Chinese Journa of Environmental Engineering, 2008, 2(8):
1062—1065. (in Chinese with English abstract)

HIBREE. B~ WP A T2 b PR 52 g v ik
I FL[D]. W PR RS, 2013

Liu Qiongxia Pilot Study on Treatment of Landfill Leachate
by Ammonia Stripping-Biological Contact Oxidation
Process[D]. Liuzhou: Guangxi University of Technology,
2013. (in Chinese with English abstract)

Ferraz F M, Povinelli J, VieiraE M. Ammonia removal from
landfill leachate by air stripping and absorption[J].
Environmental Technology, 2013, 34(15): 2317—2326.

Park S, Kim M. Innovative ammonia stripping with an
electrolyzed water system as pretreatment of thermally
hydrolyzed wasted sludge for anaerobic digestion[J]. Water
Research, 2015, 68: 580—588.

Liao PH, Chen A, Lo K V. Removal of nitrogen from swine
manure wastewaters by ammonia stripping[J]. Bioresource
Technology, 1995, 54(1): 17—20.

Zhang L, Lee Y W, Jahng D. Ammonia stripping for
enhanced biomethanization of piggery wastewater[J]. Journal
of Hazardous Materials, 2012, 199(2): 36—42.

BT B —IR Al B AF R PR K DR A K R
BFFD]. Dkl 2@ TR, 2015

Jin Yaoyong. Experimental Study on the Treatment of
Anaerobic Effluent of Dary Wastewater by Ammonia
Stripping and Coagulation[D]. Ma anshan: Anhui University
of Technology, 2015. (in Chinese with English abstract)

[20]

(21]

[22]

(23]

[24]

(29]

(26]

[27]

(28]

[29]

BUBZR, ZiEse, BER, 5. @B+ E 0 A#/H0,
RIS TR B IR P AL IR K []. /KA B AR, 2016(5):
120—123.

Yin Xudong, Li Dehao, Mao Yufeng, et a. Pretreatment of
high concentration coking wastewater by ammonia stripping
and Fe-C micro—€lectrolysis combined with H,O,[J].
Technology of Water Treatment, 2016(5):120-123. (in
Chinese with English abstract)

Bonmati A, Flotats X. Air stripping of ammonia from pig
slurry:  Characterisation and feasibility as a pre- or
post—treatment to mesophilic anaerobic digestion[J]. Waste
Management, 2003, 23(3): 261—272.

Lei X, Sugiura N, Feng C, et al. Pretreatment of anaerobic
digestion effluent with ammonia stripping and biogas
purification[J]. Journal of Hazardous Materials, 2007, 145(3):
391—397.

WEMESE, #AE, KREF, % REBEREAEER
RIAWBIERI S, R TSR, 2012, 28(11):
205—211.

Sui Qianwen, Dong Hongmin, Zhu Zhiping, et al. Ammonia
stripping control parameters for improving effluent treatment
effect in anaerobic digesters of piggery wastewater [J).
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(11):
205—211. (in Chinese with English abstract)

5. Fenton-Z W iE-SBR Ab3H 75 & 38 IR IR AU TH A it
BATFL[D]. Kb WiRARL R, 2012,

Li Yong. Study on Fenton-ammonia Stripping-SBR
Treatment of Anaerobic Digestion Water of Livestock
Feceg[D]. Changsha: Hunan Agricultural University, 2012.
(in Chinese with English abstract)

2811 Fg. RS 95 A= % 58 7 VE WU A 5 A RSO 5 [D)].
HIR: PIRIKY, 2016

Gong Chuannan. Removal and Recovery of Nitrogen From
Dairy Farm Biogas Slurry By Ammonia Stripping[D].
Chongging: Southwest University, 2016. (in Chinese with
English abstract)

EA. RO WO AR I 25 R R K e R P
WFFE[D]. B B K, 2013

Wang Wei. Study on Influence of a New Packing on
Ammonia Nitrogen Removal from High Strength Ammonia
Wastewater by Gas Stripping and Desorption Method[D].
Wuhan: Wuhan University of Science and Technology, 2013.
(in Chinese with English abstract)

MR, W V2 Ak B I 30295 DR o v AR P2 S R0 2 LR i [
K. FEERESEE, 2012, 37(4): 128—131

Chen Jian. Main disposa influencing factors of high
concentration ammonia nitrogen in landfill leachate by air
stripping method[J]. Environmental Science & Management,
2012, 37(4): 128—131. (in Chinese with English abstract)
Fhite, HEHE, REK, F RBETUE B R K T
AWM RS TN, LR, 2007, 25(3):
38—40.

Li Ruihua, Wei Chaohai, Wu Chaofei, et al. The testing
conditions of air stripping as a pretreatment for ammonia
nitrogen in coke plant wastewater and project application[J].
Environmental Engineering, 2007, 25(3): 38 — 40. (in
Chinese with English abstract)

Quan X, Ye C, Xiong Y, et a. Simultaneous removal of
ammonia, P and COD from anaerobically digested piggery



192 Flk TR AR Chttp://www.tcsae.org) 2018 4F

wastewater using an integrated process of chemical [34] Raboni M, Viotti P. Predictive model of limestone scaling in

precipitation and air stripping[J]. Journal of Hazardous ammonia stripping towers and its experimental validation on a

Materials, 2010, 178(1/2/3): 326—332. treatment plant fed by MSW leachate-polluted groundwater[J].
[30] XU, FRILEERST SN K 5 )R KR M R ) 2 BRI AL Waste Management, 2017, 59: 537—544.

[D]. Pz K22K%%, 2012 [35] XUBEFs. 375 e PR A I 7= B ok A AR Ak T LR AT 7

Liu Qi. Removal Experimental Researching on Heavy Metal [D]. %5 {LESK%, 2008.

and Humic Acid in Water by Formation Compound Mg-Al Liu Xiaoling. The Condition Optimization of Sewage Sludge

Hydroxides[D]. Xi'an: Chang’an University, 2012. (in for Producing Volatile Fatty Acids and the Investigation of

Chinese with English abstract) Acidogenic Mechanism[D]. Wuxi: Jiangnan University, 2008.
[31] BRAUE, FhOF, SZER. I KHES K E A iR Y (in Chinese with English abstract)

FGT VB RR HsEm S [ ). #4 1K, 2010, 39(1): [36] Vao A, Carrére H, Delgenés J P. Thermal, chemical and

95—090. thermo-chemical pre-treatment of waste activated sludge for

Chen Yingmin, Sun Xinli, Wu Jngran. Influence of anaerobic digestion[J]. Journal of Chemical Technology &

phosphorous antiscalant used in recycling utilization system Biotechnology, 2004, 79(11): 1197—1203.

of blow—down water from circulating water upon the [37] Laureni M, Palatsi J, Llovera M, et a. Influence of pig slurry

coagulation effect[J]. Thermal Power Generation, 2010, 39(1): characteristics on ammonia stripping efficiencies and quality

95—0909. (in Chinese with English abstract) ofthe recovered ammonium-sulfate solution[J]. Journal of
[32] Braz R, PirraA, Lucas M S, et a. Combination of long term Chemical Technology & Biotechnology, 2013, 88(9): 1654—

aerated storage and chemica coagulation/flocculation to 1662.

winery wastewater treatment[J]. Desalination, 2010, 263(1): [38] Jang A, Zhang T, Zhao Q B, et a. Evauation of an

226—232. integrated ammonia stripping, recovery, and biogas scrubbing
[33] Jeili, XFEES, F°F, £ NaOH e fE3FHEES K a4k system for use with anaerobically digested dairy manure[J].

HTREPRS A, 47KHEPK, 2011, 37(1): 57—59. Biosystems Engineering, 2014, 119(4): 117—126.

Effect of different types of sluggishness packings on ammonia
stripping of piggery biogasslurry

Zou Mengyuan, Dong Hongmin, Zhu Zhiping™, Zhan Yuanhang, Yin Fubin, Zhang Wangin, Cao Qitao
(Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: The treatment effect of ammonia stripping which is a pretreatment method of piggery biogas slurry is affected by
many factors including pH value, temperature, air liquid ratio and packings etc. On the basis of previous studies, ammonia
stripping effects of piggery biogas slurry in polyhedral hollow ball, pall ring and fluidized bed packing were studied in this
article. Effects of adding sodium hydroxide and stripping in different types of packings on chemical oxygen demand, total
solid and volatile solid of biogas slurry were also discussed. 50 L piggery biogas slurry which had been pretreated by
flocculation, solid-liquid separation and paper tape filtration in turn was added to each tank. The same volume of polyhedral
hollow ball packing, pall ring packing and fluidized bed packing were loaded in the air stripping tower respectively. The
packings material are polypropylene plastics, whose diameter are both 25 mm. Biogas slurry was stripped for 5 hours under the
conditions with pH value of 10.5, air liquid ratio of 2 000 and temperature of 30 ‘C. 150 mL sample was taken from the tank
every half hour during the stripping process. The stripping effects in different types of packings were analyzed. The results
showed that the ammonia nitrogen average removal rates in polyhedral hollow ball packing and fluidized bed packing were
significantly higher than that of pall ring packing (P<0.05) and the ammonia nitrogen average removal rates were 80.7%,
59.0% and 77.4%, respectively, when the air stripping tower ran for 2 hours. Considering the operational energy consumption
and ammonia nitrogen and total nitrogen removal effects, polyhedral hollow ball packing was selected as the preferred material.
The operation time should be controlled within 2 hours. The chemical oxygen demand of biogas slurry partial decreased on
account of the compression of the twin electrical layer and coagulation after adding sodium hydroxide. The total solid and
volatile solid of hiogas slurry both increased because of the destruction of microorganism structure and the hydrolysis of
macromolecular matters after adding sodium hydroxide. The chemical oxygen demand of biogas slurry partia increased,
meanwhile, the total solid and volatile solid both decreased after ammonia stripping. The variations of chemical oxygen
demand average removal rates and volatile solid average removal rates were different as a result of the differences in
performance parameters of three types of packings, but they had no significant differences in three types of packings (P>0.05).
The total solid average removal rate in fluidized bed packing was significantly higher than that of polyhedral hollow ball
packing (P<0.05). 20 L piggery biogas slurry was stripped for 2 hours under the conditions with pH value of 10.5, air liquid
ratio of 2 000 and temperature of 30 ‘C in polyhedra hollow ball packing and stripped ammonia was absorbed by 1 L sulfuric
acid of 1, 1.5 and 2 mol/L, respectively. The average absorption rates were 35.8%, 36.7% and 32.4%, respectively, and they
had no significant differences (P>0.05). Considering the absorption effect and economy, 1 mol/L sulfuric acid was selected as
the preferred absorbent to absorb stripped ammonia.

Keywords. ammonia; removal efficiency; biogas durry; fluidized bed packing; polyhedral hollow ball packing; pall ring packing



