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1.1 RIE# Y

TR0 R 0 38 v 1 AT RS X B BB A
U, AR PR R, K I Chydraulic
retention time, HRT) b 15 d. VEWIYVELH KRRV
R, BURE IS 205 0.13 mm Y8 R 5t g Kk 2% 5 64T
I AT XS I IR B TR bR 0 . A (total
nitrogen, TN) JJUEIKIE N ( (3 860.44+137.33) mg/L) ,
% 2% (ammonium nitrogen, NH; -N) K H
((3280.80+138.50)mg/L) , 4.4 5 %A i& (chemical oxygen
demand, COD) JitE AL h ( (4318.47+140.28) mg/L) ,
pH {H% (8.38+0.55) , Hi % (electricity conductivity,
EC) & ( (31.31£1.10) mS/cm) , M[E{A (total solid,
TS) FiESECN 1.32%+ 0.06%, ¥EKIEFE (volatile
solid, VS) JitE /80 47.72%+3.03%.
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1. Airinlet 2 Seal cover 3. Suctiong-pipe 4. Temperature testing hole
5. Exit pipe 6. Sampling pipe 7. Liquid storage tank
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Fig.1 Structure of biogas slurry storage container
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FIRTIAN 0.1 m®, 2 5 FIiRE 12 A a,
iU A URE RS 3 50 HE AR G R BT SR o ek
frasdste Vs AL AR B, SR 20 mm AL
B, N ORIEM A RCR, AU B AR 5 He
AL IDORE 1 BE B AR A0 0 TP A o A e e R
A R AR U L 2 0 AR i R SR TR T
HH T AV T IS A = P T AT [ F 2 B Ak T
WL .

B 2 From . HE Al he B A 35 I W fik
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PR AT R 8 . 2 PRI H 1
KN TR RO ORI g el IR AR Z
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1. Biogas slurry storage tank 2. Acid absorption bottle 1 3. Acid absorption

bottle 2 4. Surge flask 5. Mixde bottle 6. Air damper 7. Gas flowmeter
8. Air pump
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Fig.2 Experimental devices schematic diagram
1.3 REHZESEIT
13,1 RagAERLRIE

RV BUAE AR AN ) RGBS, 8 AR
At A7 I DUAR N 77 2 RGO T Rl SR - U R,
TH A 143 ) B AR 04 64 124 18, 24,
36, 48, 60, 72 m’h 9 MBHSE, A BEE N 0.5 h,
KRS ARG R T, I
RO 80 3 U543 o R AR ) v A, 0 2 (RIS Ry
1 min, & R | 10 om Ao E0GI ) [R)
PP BELAE R 25 ORGHAE,  AEAE XGEAE R R 9 AN i X
HITIME, s E R RGE R C R .

48 L3R WA URN R S I 5 1EAH DK R (R=0.99),
o WS1. WS2 XU 440 3 ()3 5430l A 32.86 FH
67.52 mh, TR ARG R ITIR,  SEprlae i f <
BRI ENVEELE (32.86+0.50) A1 (67.52+0.50) m*/h.
HREFOL A 30 A 50 3 W ) T 3 o) 5 B 88 1 XU S Pl AT
1), BONAERAT o
1.3.2 BRAIFELRE

AARISAANAS [F] KT F VE A R R, T R 0
(WS0) « 1 (WS1) . 2 (WS2) m/s 3 ik, %+
WSO, RFEIEN SRR I, B HORE 1 Ik (E
F-09:00-09:30) , BURERIAUTR] R 0.5 h, FTEUKIEI A 1d
WYBTRESE R S 6T WS1. WS2 4k, fF R
IOFE 8 U, JLr s 1 KIUREIS R] (] WSO, IRCHE (1] g s 1]
i 2h, BRK0.5h, 8 YR TE] P T EEAE D HES
FE OB R, 3 ARG 15d. N TR
AP EH RSN A, wE 3 A AN,
AR AT S AR R S WS0. WS1. WS2 M), A&
FEIE AR, FH A S S b s SR

RIS 1. 3. 7. 100 130 15 RHUEE, HUFER
) AR F 08:00,  HURE Fir i ok 35 s K v M A T R
A1, AT FERIBORE L IORE . B OCIORE 50 mL, Bl 5 1841
B, 1000 r/min B0 10 min J5, HCE)JETE R
NRF LA teg s
1.4 WA
1.4.1 &AARGAHT

WS WA RN 1 R 0.02 mol/L PR R VAL Vi i 5 , Wi
58 IR R S VR T AR B A T A 2, IESRAT: 15 de

S/ R I B NH;-N (g/ (m*d)) "7

= (V\+V,—V;) -C-NK-M/1000 (1)
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X v BRSO 1 R NS AR IR AR, mL; V)
RSO 2 TR FERR R IMAARN, mLs v kR
FIFIERAL (=0,1,2) TIRRSFER IR AR, mL; C Wi
FRBRUEASIRIR S, mol/Ls N RS T IMEE/K ik, g/mol,
NEL 145 K BB 2] 1 m® 03 R4, AR
5 K105 M ORISRy 1 d RS, X1
WSO0, MK 1, WSI. WS2 XG4+~ M Jy 48,
1.4.2 ZALIBATFNE

TEARES I FE PNV BOE SR, AT B AR AR E
pH {87 pH # (MP511, SANXIN) ill5E; B SRAHS
AL (DDS-307, Fk) WE s EECR FH i I i B e v
fl AN YO BRI E s B A (NHL-ND ] A3 3%
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WA SRR T o 2 — RO T E R TR E s 2
A R AR IR v (SB-1 2, JEAERHD AT I
1.4.3 XEFEIE AT

R HHE 5T Excel2007. SPSS19.0 B A: 74T 4> Bt
] Duncan J7iE A &AL PR IAIEHE £ P=0.05 7K1 %
ST
2 FER5SH
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TS5 B 5% M I R 1 B A UL A B2 NH A NH, 1)
PrEoHA, TEHEA R SRR R Y, TFR R I
K NH;, TAN(RZZ)ANESE, pH AL R,

NH, 1
TAN |4 10(Pke—pH)
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ph;009018+(

T ph, 4 NH; (Rfife 5 SR O HG. T OB WaEE, Co
FERRFFA B pH EAZ W RTEE N, ISR, NH; %
KA o O T il ML VA R R (KR, H 3
R B BCE AR P, JF L B Ad SR SO Vi R A
AR AP PR SE R S P AT R S o, DI AR
0.5h, BL1d ISt 1 PRI (AT o R e, &R
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Note: RT represents the indoor temperature. WS0: Wind speed, 0 m's™'; WS1:
Wind speed, 1 m's™'; WS2: Wind speed, 2 m's™.
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Fig.3 Temperature of biogas slurry during storage
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3 YIRS ik A7 I B b 21 kol =Y B S T S B
AR s (LK 4), KGE WST. WS2 350 21 i 11
SRR B ST RGER 0 R4, WS0. WSI.
WS2 W] 4h ¥ WA A Rl =4 A 1.05. 2.54
3.35 g/(m>d). Bl TFURZENE LTt, JEAEEE 12 RIS R
A1 2.28 . 4.42.7.21 g/(m*d), BfiJ5 N %, G500 1.41,
2.37. 3.60 g/(m>d), HIyEHERBRES M 1.20. 2.60
1 4.77 g/(m*d), WK 1.80. 3.90. 7.12 g, FHXS
WSO0 41, WS1. WS2 A k=N nliem T 116.67%
F1295.56%.
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Ammonia emission flux/(g-m2-d')
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Fig.4 Daily ammonia emission flux of biogas slurry during
storage under different wind speed
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3 ZH R0 10 A A8 T o YA S5 ) I A £ N ) 9 £ R
TG BRI (i 5, HEAIEREE—3, W
WP A ETE IR 3 280.80 mg/L, BHESRE
LI i, WRPEBWT ETHIFAESS 7 RIKB|EEAE, WSO,
WSI1. WS2 7352k 3451.27, 3 562.60, 3 582.67 mg/L. Ifi
WA Y R A R R PR 14 0 LA S RT o3 i) ek b - s
BRI ET IR T B, ffAr 45 R 23502 3 030.20
2 762.67. 2 794.87 mg/L, FEMR5 RN 7.64%. 15.79%-
14.81%.
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Fig.5 Changes of NH; -N concentration during
biogas slurry storage
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TEDREE KB IG W], B CIRAF TR I 3073 i A W
e, HEGEW pH A ETT, BB, AR5 T
A FEHRINHT4G pH {H 4 8.38, fi#ifrid Firh 3 414 pH
LB Al A7 I TR S s B sl 6, (HZ T
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Ammonium nitrogen concentration/
(mg'L™)
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P, WSO EF+ 2518 5 P, 1M WS1. WS2 £5E
PGS, WG 4E R WS0. WSI1. WS2 WK pH
3553 9.17. 8.82. 8.92, n] WAk AF- 44T NI
() pH A _ETFEE B, {HE WS1. WS2 ik 4H I %A W%
P2 (P>0.05).
2.5 BiREERIESELERNTH

THWAEAT R 5 25 BRAGSRAR AR tb e 1 fow . 3 41
WAL S5 WS VR EC 5. TN iR . COD Jiik
B VS s E3SA BT B WS0. WST. WS2
TN WK ES M R T 10.97%. 18.95%. 25.83%; COD
R R T 10.38%. 18.61%. 20.35%; VS Jiti
BT 14.12%. 23.78%. 4.38%; TN Hl COD JfifEik
JEE ) S Bt R TR K B B 38K, WST. WS2 41 F
Bl S22 v T WSO, il RS R T AT R4 A 4k
b TR wE R R s Y, R EE T P SR
IR NI % . WST. WS2 [a] TN J5 5 S8 [ 2=

SR (P<0.05), {H COD JRHHkE EIE TG B2
5 (P>0.05), VS Jii i 3 Bt A X [ 38 T B i 2 2>
WS2 WREGAL TS i 7 5o TR E, FER RS 4 A7
R PSR A E TR KR, SEHILT 2 “ik
£V
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pH{E pHvalue
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Fig.6 Changes of pH value during biogas slurry storage

F 1 BRGEFRERIBULIERR
Table 1 Properties of biogas slurry before and after storage

A3 B P LIRSS ISYTES PR R
Treatments Total nitrogen/(mg-L™") Chemical oxygen demand/(mg-L™") Electricity conductivity/(mS-cm™)  Total solid/%  Volatile solid/%

zz:i 3860.44+137.33a 4318.47+140.28a 31.31+1.10a 1.32+0.06b 47.72+3.03b

WS0 3436.93+138.93b 3870.16+101.31b 27.77£0.21b 1.22+0.02¢ 40.98+2.46a

fﬂﬂj WS1 3128.83+98.11¢ 3515.15+182.24¢ 25.59+0.56¢ 1.32+0.05b 36.37£2.27a

WS2 2863.21+135.50d 3439.83+103.09¢ 26.38+£0.27¢ 1.60+0.05a 45.63+1.88a

Ee FSEALRA R BEOR 2257 B F KT (P<0.05) o R,

Note: Different letters mean significant difference at 5% level. The same below.
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K, I R R A0 R B R B G R e KB, e
T 7 KA RGAAEAT, O RO 48 T id vk o, A8
IR A It A 3 e, AR R e K L
FHE2, BT A 53 TR IR AN ) JRGE i A7 ok R v 4
PERA E B E o ARWFTUA [T DLW TR 0 & 1
fEfr R €. N AKIES eI, Hrp WSo K
FHA B AEAE 1 A, WS, WS2 K Z il B
Y0, R G RSN YR Aol A7 A 5 P i A7 DA B i e IR
EAF A E PRSI R, KOS 45 R B oR A
SO T e B i — RO AR A G R, BRI
A EAff H ST AN [ TR i A7 2 Ao

AHIE G (1 78 VAT A A aok A S 4 Al it R
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R4, AT T R HE T IR IR 4 e,

X HH ST 45 SR AT (R v e SR S AR R AT {1
HEAE 4583020, WSO 1R 2 1% Al v T LA
FUah FAT, B ARG BT IS 2 TR R G Bk Fe b
(pH 1 8.38, NH;-N iK% 3 280.80 mg/L) Hlilfi K
iR, AEE R B TR S R .

BT SRR R FE I B ERYT, EaT DL
) B ORI 27 43 BT LA 25 00 TR 88 s Y VG 3k
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A G0 A R ¥ Bt Ak BT ) 8 n S B 2 T S R AR AR RN
Ht, X5 Olofsson Z5'S WF5y 4k R —5, HARIFIE S
AR ROB BRI 8 XYW AR NH
+OH'==NH;+H,0 “Fflii % &, B & & A4y
R ANV T R R

3 AR IG A A R b pH R YA B A7 1 1] F 358 o
AT, FEREB TSR CO. HCO; k% AR 1k
S, (EAIRE RIS pH B, W3S O
FVBW, WI4G pH A 7.18) IR HITEEPY O 2, ¥l
G pH {H 7.48; 4-3SVHW, #IUA pH {H 8.02) , HikL¥
FH BRI XS 26 2 WvH v R B F A . (HRT 15 d) DA KA1
LR > ARG 5 5 T A S R 56

4 % it
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BRSO At DO S S T VR % R PR K 5 11

FERFEME, 58T

1D ARG SR 3 AR % A7 B b &% A Ry
EICTH G AR, WSOCE I fif 47) WSTRH
M1 m/s, AR 32.33 m¥/h). WS2(XIHE AN 2 mis, <
M 65.72 m/h)LESS 12 Rk $I4% K IEAH 2.28.4.42.
721 g/(m*d), H¥EIEREESH N 120, 2.60 F
477 g/(m*d) , RIEREN 1.80. 3.90. 7.12 g.

2) WAL R pH YA ETHEAHA . WA
REEEEREAAE, BARIREEM AL 2
AT 5 B A A, 28 7 IR BIE{E, WSO, WS1,
WS2 RIEAL1433 Ky 3 451.27. 3 562.60 3 582.67 mg/L.

3) WS0. WS1. WS2 {44l TN ik E. COD
FUE k. VS BT BISA PR R Horp TN Bk
LS5 R T 10.97%. 18.95%. 25.83%; COD Jii fifk
R T 10.38%. 18.61%. 20.35% ; VS N
BT 14.12%. 23.78%-. 4.38%. TN Jiit K % Hl COD Jit
A S 520 R o o PR T 3 KT K

4) AR WS1. WS2 2/ 3% K & Lk WS0 233
PR T 116.67%H1 295.56%. FTLL, HEUE A A7 R
5 DA B 7 i A 7 T DA D S A RO T R R R R K
WEEIG YL,
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Effect of wind speed on ammonia volatilization characteristics
of chicken manure biogas slurry

Xue Wentao'?, Sun Qinping™, Lin Cong? Liu Bensheng®, Wang Yue!, Li Jijin', Zou Guoyuan*
(1. Institute of Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China,
2. College of Water Resources &Civil Engineering, China Agricultural University, Beijing 100083,China)

Abstract: In order to study the characteristics of ammonia (NH3) emission and the variation of its chemical properties under
different wind speeds, an equipment for storing biogas slurry and monitoring the NHj; volatilization was designed. Sampling
and monitoring of ammonia gas by using forced aeration method, this equipment was used to investigate the NH; volatilization
and degradation of total nitrogen (TN), chemical oxygen demand (COD) of biogas slurry under the wind speeds of 0 (confined
storage, WS0), 1 m/s (gas flow 32.33 m*h, WS1), and 2 m/s (gas flow 65.72 m’/h, WS2). Results showed that the NH;
volatilization of chicken manure biogas slurry showed similar patterns in three wind speed conditions, which increased during
the early period followed by decreasing, and all reached their peaks on the 12th day, being of 2.28, 4.42 and 7.21 g/(m*d),
respectively. The total amount of ammonia volatilization during storage is 1.80, 3.90 and 7.12 g, respectively. The temperature
of the biogas slurry fluctuated within the range of 13-24 °C during the storage, and this temperature fluctuation trend is
similar to the changing trend of room temperature for all three conditions. The initial pH value of the chicken manure biogas
slurry was 8.38, showing a weak alkalinity. During the storage process, the pH values of WS0, WS1, and WS2 increased
continuously, and reached 9.17, 8.82, and 8.92 at the end of storage. The nitrogen element in the chicken manure biogas slurry
was mainly kept in the form of ammonium nitrogen, which accounted for 84.99% of the total nitrogen content at the beginning
of the test. The concentrations of ammonium nitrogen showed an increasing pattern firstly, and reached their peaks in the
seventh day, being of 3 451.27, 3 562.60, and 3 582.67 mg/L, then followed by decreasing, being of 3 030.20, 2 762.67, and
2 794.87 mg/L at the end of the storage. The decline percentages of the ammonium nitrogen were 7.64%, 15.79%, and 14.81%
in three conditions, respectively. The declines of TN and COD were positively correlated with the wind speed. The TN content
of the biogas slurry decreased by 10.97%, 18.95%, and 25.83%, and the COD concentration decreased by 10.38%, 18.61%,
and 20.35%, for WS0, WS1land WS2, correspondingly. Together, these results provide evidence for designing reasonable
storage environment of biogas slurry and NH; mitigation measure.

Keywords: ammonia; emission control; wind speed; biogas slurry



