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B OB N TSRS N % (continuous stirring tank reactor, CSTR ) B4 IH AL AL PRI ZE 19 J2 sh iR, i3 &
4R = MR XS 2 U B (0 5 VA AE CSTR Wl A7 iR (36 °C) IRETHALI R B8, i 4y 2 20 3R V5 Ui o 1
YA R A RE a4 T, B ) BRI 2% Vi FE XS 0 T uk YIRS M TS Ve A B B RS 2SR T (2.1%.
3.2% 1 5.2%) W7 4 w5 Ve IE AL RE J0 . S5 R R i i 3B G4 TH o REXG MR BT 1 5 vk BE % YAk s Ak B — E ik
FEXNY AR TEPEVS VR, 2Rk 2 B IR B 5.2% A, CSTR #ERAG HLH Al (organic loading rate, OLR ) | &b & {45 &t
(total solid, TS ) 2% B A I T Ak 23 HEEF] 1.5 g (L-d) ™, 60% Fl 1 L. (L-d) ™", HEEARFR D EALELE (65+3) %
e, RVECERBE R ik B 1200 mg L, B HE BN BE G, ¥ R T M B R X 2 Rk R T i A 75 2 9
b, DT I 2 S B8R AE H3s 15 O CSTR IR A0 AL Ak BE v AL B gl $ i 708 00 0 i, HOA B S A BLE A0 sk
R L

KB ARG A RANA; X3 HIIe; 5 sh

BEEELRHUAL & & FRE N, B 8RERETE, ol BENFETECER 126
e & IR ATNE R AL PE, R ad ™ RIS G, (R 2 00 B 8 IR BE ML ) i 2 SR A
JR o N2 FH R AR A B AL B B 8 268 AT LUK AT HLR S ROt e A 9 AR W B g, 38 B IR STV
PEAER AT H Y, RETE AR DL S B Qe il Be U Il ORI SRAE PR T AS 2732 (1 B2

R FEJE TR R S R EURL XS 3 H A SO PR R SRR AR =P, N TR EH AL AR R, B A
AP 7> = F R R (NH3-N), ZRAE KT AR G0 AR R a0 RS A o = A dm el A S, st i 51
EHER AR (volatility fatty acids, VFA) MR, SECREWR pH T, 20 RAHE LR EIZ
AF1O90, T B A BR SRV AL AL BRSSO HE T N o S B R R R B SR AR B AT R 5, OB
a5 A B R 1 g PR ST A R R P, AL R PR SR RE 03k B R EN . SRTA
CSTR 2 BEAHUR SV A 3 J7 3k, B WNANEE AT T RERBITT, 5 PE X PRR (HE A%
JS &%) A1 CSTR BEAT 1 xF EEWF AT, A BLAE il 26 A T CSTR BA BAF iy b BEACR AN SRR, AR T
PR A AL BERS FE (1 T R Bl ] AKBH 251 3@ 3 32 4 Bk CSTR 197K 7115 B3 (hydraulic retain time,
HRT) (755K B2 R OLR, s Zhti b 4T 1 RATH AL AL RS JE ) R 3, A BERG FE 1) A fiE 7114 5

Y #s H #A: 2017-11-15; & A B #A: 2018-03-27
EEWME: BEXARRFEESTMIE (51308460)
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0.822 g- (L-d) ' (LLVS i), 1b2:FHE % & (chemical oxygen demand, COD) 2 [ Fik # 55%~60%, 7= H
FiEIEF] 03 L-(L-d) ~', WIS B EE 61.8%~T1%, [N 3885k 7 AR K. MoK%EL 7
CSTR o0 48 T 337 3 PR 8078 Ak 3 sl RE R AT M 0, % B R 0% s Il Y o 1 % 14 11 1420 g AN VIFA 1T DLAE
R W) s 823 AT RICR B BB R AR JANKE 55 U1 R IR A0 A Ab 31 A4 S IRE YRS e A m ), Lhit T
H R S E IR U L R AN BE DR U B — R B B AR, R A N T T Y X TR B R B RO R AT
EREIBAT /R, HREE SIS R R SUR s — B R RO B iy, s — R L R R g
T FRAE, VEA MR EIRE KT EAK. T 830 CSTR 77k BA KEM I, (HRFHZH LT3tk
KGR PSR IE G YGRS I, HEAT R B2 )R 3 (0 7T 8 & LR E .

ASZIGTE CSTR W, FIH BRI m B IRE (2.1%. 3.2% 1 52%) W77k, KT HIRR
FTH AL XS FE 0 S B L, N R R AR IS AT AR A R bR (TS £BRFE. B2 M AR
B RV SN 2% 10 5 B B, 38 3 5o e P v ) EE A S5 R0 0 ) A Ak R I, R BT I B
it R ISR AL, LY S B CSTR PR 0T 1 Ak B v 50 SRR A8 16 77 7.

1 MR5EE
1.1 ZWEE

SISTEE 1 BRI CSTR W ibAT, RM#NA VLIS R, NEASEM I MERE, il
60 - min~', N AR EAFNSL, HRARA 6L, KN AANE AMER K I, 8 A AR R
KRR 35°C, FHURBIKIERFESEREAT, S B A% 3 58 00 AT H v Ak 5 Ve il i 3 38 B 3l e & e I
WS ARETNEH R E.

I BirERS
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Fig. 1 Schematic diagram of continuous experiment
12 BEERSEMTIR
6 X FE A P AL MBI BOR 58 = S I vl K 97 1537, $h L RS E, TSR, IR LR

R SIS AR P o, A2 BE R Hholl TS O 33.5%, i /K A C 22 52 56 BT 75 R B2, 3B B SR I N 1 o
s WG ETS Y I E P 5 R K AR B BRI, HAE RS Y MR AR 2 s
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Table 1 Characteristics of chicken manure

SEIGH B TS/% VS/% TCOD/ (mg-L™")  SCOD/ (mg-L7')  TAN/ (mg-L™") pH BRE/ (mg L7
et 1 (1~35d 2.1+03 1.6+0.2 21 800 = 500 1060 + 30 250+ 15 7.66 +0.24 2370 +36
B2 (36~78 ) 35+02 25+0.1 33200 + 534 1190+ 25 527+ 15 6.74 +0.32 2970 +38
M3 (79~100 d) 5205 4202 61 500 + 420 1690 29 1294 +22 7.15+0.25 5850 +42

e TS ONEERE R VS ONERMIERE A S E; TCOD AEILETR AR SCOD NEMMEM AT AE; TAN NAREIKE.

®2 MISREHE

Table 2 Characteristics of inoculated sludge

TS/% VS/% pH W/ (mg LD TCOD/ (mg-L™") SCOD/ (mg-L™")

1.18 £ 0.05 0.74 +0.03 7.15+1.2 2334+11 2508 + 63 1347 +24

1.3 Zigit

SIS FE | B s CSTR kAT, RB#8 A U AR HIE 6 L, iR B 7E F il 35 °C /K°F, HRT
[ 58 4 30 d, 4 IE FE A 60 r-min~!, [ B IE A 24 T REOR B 38 Bk HORFE 200 mL, 4% K S I
(B oy 6 Kk, RRUGHE HRMARN 33. 3 mL, /N TR B AN 1%, SRRV 4 LiETES
VTR 2%, FF 52 A R T 6.

BA RGBSy 2 NP 1B EEEH RS REN Y, R 2 d IR B R
1d, &R BT 200 mL, RIS IGREE N 2%, HE— B AT RERE, 1817 30 d J5 B 28 i
PEVS Ve MB35 B 20 6 Ly 5 2 B B IR IH AL RE D38 T, %5040 3 M B (BB 1. BB 2
A B 3), g% IE R R RN &k, ST 100 d, BBtk xS 389 7 0N 2.1%.
3.5% 1 5.2%.

14 HWHE

15 R 3E B YN 4 HOWE = SR AR, 158 T8 4 B8 0 58 0 38 43 5 7 S A8 bR AR BT AR B[R s 1
W, FEEARERHNE, R, K EERAE bR AN SO o R [ B TR 2 k. TS A VS R
Ze AR S g kU e, pH SR A pH R4 (PB-10 2 2 IR A ER AR A A, Jbnt) i
ATM5E, COD H RIS M bL L E CENDERR R AR AR, 5B-1B) , 54 md A ke
OBl (HC-3018R, B ER A AR AR, HED &O GOk 4°C, 15000 min™,
20 min), BEE b WO BRI E VB (CaCO5) (APHA 1998) | K5 4 F i Wi i 0.22 pum JE T
JEJE T B R tE coD (SCOD) LS ZEIRE (TAN) |, B& A KW b @kl E, HHRARE
(free ammonia nitrogen, FAN) &R W /NSRS F

EAN Lo
TAN 10~ (0:0018+ 21292

! (D

H S &R HE R SRR (SINAGAWA WET 0.5A) Wl 52, 885> (CH, F1.CO,) KA
ik (R GC-2014) Wl &, TCD Al 4%, #S0N He, #EFE RIS I 2% 35 FE 3 531 4 150 °C A1 100 °C,
FEIR AR E A 80 °Co VFA & K F A AH (v (138 GC-2014) %€, FID A dilas, N, A#A, @
WA (stablilwax-DA Column 30 m x 0.82 mm), A KA FHEFET, ¥R E 80°C, LA 10 °C-min™!
() T 2R T 2 150 °C IR FF 6 min, AW 88 ¥R B N 250 °C.

2 HERS50H
2.1 SiREMMEIMEHHESETR

DR ARSI A it B [ v ¥ e 2 B P T AR IR T AR VR IR OK, ANREE B T mIRE S 3. [

5E HRT 24 30d, K HH &R RE TS S 2% B 3S 38 16 J7 1060 6 M 75 Ve dEAT Bk 5 7%, BIIT )5 J 9L 2% i3k At
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1d, %M 2d)EEFIFEEL WmiEIRItiE T 30d. B2 gL iE 3= S &/ CHy 35
i, B2 v UE B E S RIMGIEEAT, B REARM, #1154 BEkd T LAEs, F
15 KRR KM O0S L (L-d) 7Y, J5 15dP=S/MEBE WA Tk sh, X FEEEEERIMEATR
S, YMEGE R P EABREL 04 L (Ld) ' A, BAGRIMLIIE = H S & 15d 4 F ETF
B, J5 15 d 1B T8 . CHy R 0 BN KB IF IR 1K 20%, B THEI 255 15 KI 60%, 1 CO, 14
o B 75% 1B 72 58 1E 30% Fi 47, CHy AR 73 B A8 fb i 35 5 = S B AR bl A e AR — 8, 1X 5 )
el 75 CSTR H YL TG M5 e 2 R AP IR AS I 25 A — 250, Ul B h i 5 V8 & B PR 9L 5 R )R 4T

15 Ve YAk R4S 0 Bl Ye I TU2E W0 TR B S A L), ey VI o I X 3 Rk R )R IR AR, ZE9IAE AT B
DAXE 2 98 TR 00 110 BRI i I 1 B /D, XS A ML) B R 2R 8, — BT (0] 5 RE A8 V8 Ak XS S 1 R
ot R B IR M B R, TV AR CHy AR AR 23 BOZ W T =y, H T AT R B8 B B A B A WL AE S N A
R R, R RSB R, WSS R AR K E S, B2 )5 W b K W 28 IR R
Fib, Wt e R EREE N, T HPSEE 15d A4 HIEE, 256 TR,
e R TR .
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Fig. 2 Change of biogas production and biogas composition during sludge acelimation period
22 HUBRNREFARRESITHR
HALRE S ERTHEN T Bt — DY TE RIS e, 2 BA A — @ IR XS FE M RE J1, AT R I 3l
CSTR. PRAEH AR AT LLFIAT HLA 25 B A 7 IR BUR PR AR 1O, R 25 B Bdb BHR L AN A, A5 1% 50
Gy SEE Sy 3 AN B (BB 1. BB 2 BB 3), RIS A HLSE COLRD Bl Rk B2 1 $2 T [ 22
FETr, BRI B E AL 60% LA L, B A REREA KA, R OLR #17 T —
BrBesed. 2R 3R BOR IR AR HIF 2K, B3 9 E AR RE iR T BRI IS AT ROCR .
R 3 CSTR BITEMBRLERIEIRE 7K F

Table 3 Average performance index of fermentation broth of CSTR in every phase

. . TR/ TAN/ VFA/ TCOD/ SCoD/ =

SIS S/9 SI% “H, B
ST B 8/% VS/% pH (mg-L7H (mg:L”")  (mg-L™") (mg-L™") (mg-L7") CH,y /%

BB 1 1.12+0.12 0.74 £0.18 729 +0.24 3315+67 269 + 30 102 + 31 9033 +48 269 + 32 612

BB 2 1.32+0.15 0.84 +0.25 7.50 +0.21 4497 £ 45 672 +42 217+£29 10256 = 102 1134+24 63+2

BB 3 2.11+0.24 1.33+0.26 7.67+0.19 6683 +58 1060 + 53 531+36 15370 £213 1012 + 68 64 +2

ME 3 LLEH, 24 OLR 43518 0.5« 0.8 F1 1. 5 g-(L-d)"' I, HHL G 2% (ORR) 2 Bk #
35%, 40% F1 80% (ORR A MG 7E e N #s Hak LRI Z), 45K, BEE XS OLR FIE %
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BTt KB R P RYR RN, A E R E R EREE, FAYL A LR (ORR) H
40% ET+ 2 70%, i B SN A 2R (A AL B A e 0 B S 5, B A BILAD I DR SR AL TR R D e WAL
RAfe —J7i, k3 Frs, & B i SRR B 5 THm F 22 52 7, 3 BB A
BN 04, 0.6 F11LOL-(L- D~ A, B e i I &5 2R R, i 38 AT AL BE 71 21 i B
AR B MUK KRB, AR CHy AT CO, AR BUR AL T 60% 1 30% i, XFEZ
ZRTEYETG IR i 7 KIE 30 d G RPEIIAE, WM CAEARRRE . NIU S5 17 56T 38 26 PR K IR S0 TH
a8 R, FEXSFEEHLAAT N 2.0 g (LD I, HEAEN 120 (LD, 5iZELRKBAA
BUAAARF 72 SURE JAH— B NIU 2515 A0 MICHAUD S8U°1 3 HY R S TE AL SR AL BN Je I A B, AERR 2 38
ITHr Bt, CHy A1 CO, AR 53 $0 53 0138 B 60% F1 35%, 5 A SEER 45 R — 8. 78 ZCIRBL AT BLE 9 R4
AR TR7R &%, BEWEIRAS I8 SIS B 4% A B ZE P B 3l 70 SRk, DA OB 1 OLR 3o v i 51 il A=
YA BE PR R ELIAE B0 A sein s RARWIRE R SERHA ML T 3t i, P2 BB BT, RN
LOL-(L-d) ™", #E— 25 1 B B B2 A4 2 Hb P e i B 11 1 D g R 4o
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A ﬁﬁ A & ﬁﬂ Aﬁﬁa & a & 860
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Fig. 3 Change of OLR, TS, biogas production and biogas content during digestive ability to ascent

TERABY B R AR I2 4T I FE T, ORR L3, =R E WA B3I B ZE T &S,
TR ERY BE 15 28057, TS 2 B % M 60% T B& 2] 40%, 7= XM 0.8 L (L-d) ' F £ 0.2 L (L-d) 1,
HIFEFRATREA 2 4> — R XS R AW MIEAT, KEAR R B 6200 NH-N R VEA [ %55 1%
Wit %, SECT R B R I B B HI ) BOR P 2 BT CSTR MK 0 E BT (HRT) 59545
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BE IS 1F] (sludge retain time, SRT) #H%E, HERIEFRIN &8 S EE G R E S d ok, BT EEF
PR, SCAE IR EEASBEAE I S A I, BT DL B 1 R 2R ) SR W i T S BB AT RCR T R, R AT
ROR T B I, UCR B OLR FIZE K HRT (80 SRT) ¥ 77 VE KK & s B (138 47 2R
2.3 HUBRANRAPIRRENEL

Hy 38 28 b S A KB B R R R AR 0 s

Ze AR B R RUR (NH*ND 1T ¢ teor

F LR 53 4 S DR AR A0 0 L S 77 R 7 A o TAN

MEIERY, BRI FIE (FAN) REFEmMAE £ % o

POAILIE, SEORANN AN B TR pH IR, A 2

SRR L E R, e 5 o B oge e,

JIHEFHB B TAN M FAN AL, WLLE iR § | L, ° o

SRFFIT BLHO TAN FI FAN K 4 S8 7 B #2983 P p T o O6g000% 00 o

ANHY B TAN I FAN 5 363 4 5155 51 400, 700 000 go000 00 0 T 0 o7
O0E 20 40 60 80 100

F1°1 200 mg-L~" #1100, 200, 350 mg-L™", 45 it it i
VFA WK JZ /N T 600 mg-L7!, A T BURKF, ALK Ea 340as 4RI TAN 1 FAN R IR EEAS 1L
" ’fhﬂ%’ W Fg A ) HR R G 2425, Y TAN i Fig.4 Change ofi Igﬁ:lj:i}iﬁg E)la:;scz(;rtlcentration during
WIEIAE] 1700 mg- L' B, 46 %5 PRAATH A B 72 2E
HHIER, 24 TAN BT 8K B2k 3 2 500 mg- L~ I, 4 23 60 B e & e 75 77 AR ], DUAN S5 124 BfE 57 K%
B, 4 FAN 1A 2] 600 mg: L7 I, 4 23 06 I 7= A2 AN R 200, 17 A 5256 1 TAN ¥ FE 8 =i 9 1 200 mg- L1,
FAN 5 5129 350 mg- LY, P93 #RAE D BAE DL T, #4830 9258 I R H L 030 5.
24 HUBENRAHMABRMERNETL

5 NTHARE TSR IR R B SCOD pH FHBR B (A8 A I B, 7E58 1 BB, pH AR &b T B 7t
#adh, 3B MRITFEE 7.2 A1 3 200 mg-L™' ETF£] 7.6 A1 4 700 mg-L1, 33 5 5 i 109 2 v 2K 4 5 M R R 2K
Vo 45 e A NH, =N, (RS R TR i 52 A pH 3 15y, HAGR 240 T IR /K P 2 BRI 2 0 F e
R B M A HIE R, SR B A G I R, VEA AN BE A IR Ak S TR B A — R A BT AR
F, 51 pH BRI, SUE pH 1F 9 Il s B 281847 e An 2k R, (BAEARSLIS Y, VFA REA
£ 600 mg- L', TAN ¥R FE i 519 1200 mg L7t AR A B RICR F= A= i FH, WU S50V B 98 308 38 R4 TH
I B, 24 VEA /NT 3 500 mg- L' BF, pH B2 RATE#T =, (2% VFA KT 3 500 mg-L!
I, 2 BT TG 0 B EE K A VEA 8RR, pH K B 2 ECKE R TR B, T A SRS VEA

2000 8000 78 -
—_ & & 77rF o &
7, 1600F fon L <,
_ 0 6 000 -3 o 76+ o O’O o <
2 1200f ® o0 & ® 0, 0,° 0 ©
£ T o oo 7 s E 4000 °% 050" E I
o) o8 206¢ = C o
8 800}F o @0 & fd P %o % 740 @
8 Z @ = %
2, o o 73L&
% 400 = 2000 | o %
H = 720,
N N e
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
BT E)/d JE478Y )/d JEFTR )/
(a) SCODHyZEAL (b) B (¢) pHAEfL

Bl JHALREJJERFHYT SCOD. AT pH H7E 4L
Fig. 5 Change of SCOD, alkalinity and pH during digestive ability to ascent
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IR /NTF 600 mg-L7!, KX pH UG = A8 520 . HEAR SCOD 5 M 83 s 1T IR % A B #%
MM, (HRE—EREE FR WO B, AR 1R A R, SCOD — EL A& 52 1E 800~1 200
mg L1 Z (0], AT oK R R 1) IR KV, B N 28 R BN A BT

3 g

1) 45 3 CSTR Ab XS I 7 N5 I YL FITE AL RE SR T 2 NP IR, ALRERS YIS Y8, & 7T LA

B e TG e T ARG FE T fE

2) HERIIGRER B 5.2% I, RBASAHLGE (BLVS i), TS LERFEM > HAE 231k

B 1.5 g (L-d)7'y 60% A1 1 L-(L-d) ", Hor FEEARFR 73 8082 € 7E 65% A, CSTR JE BN .

3) BAEEERE, TAN SREEF 1200 mg L, AR I INH A VEA 2RI 4.
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Start-up of continuous stirring tank reactor treating chicken manure by
stepwise increasing influent solid concentration

PEI Mengfu ', QIANG Hong >*, YANG Yinan %, LIU Xiaopei 2, SONG Zimei *

1. College of Machinery and Electron Engineering, Northwest A&F University, Yangling 712100, China
2. College of Resource and Environment, Northwest A&F University, Yangling 712100, China

Abstract In order to improve the anaerobic digestion start-up efficiency of continuous stirring tank reactor (CSTR)
to dispose chicken manure, a new method by increasing influent chicken manure concentration was investigated
in mesophilic condition (36 °C) .The whole experiment was divided into two steps-acclimation and digestive ability
improvement, and the aim of them were acclimating the active sludge to chicken manure by feeding 2% concentration
into the reactor intermittently, and improving the digestion ability of active sludge by increasing the substrate
concentration (2.1%, 3.2%, 5.2%). The results showed that the digestion ability was improved with the chicken
manure concentration up to 5.2%, the organic removal rate (ORR), the total solid (TS) removal rate and the biogas
yield reached to 1.5 g-(L-d)™!, 60% and 1 L-(L-d)~!, respectively. The methane volume fraction was continuously
stabilized at (65 + 3)%. The ammonia inhibition did not appear while the maximum ammonia concentration was
1 200 mg-L~'. The sludge activity could be acclimated with gradient influent TS into the reactor .This study provided
a new method to start up the CSTR for high nitrogen substrate anaerobic digestion treatment, which could supply a

favorable theoretical and practical reference for the future researches.

Key words continuous stirring tank reactor; anaerobic digestion; chicken manure; sludge acclimation; start-up
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