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FESE 100 mme AR I AR Bk K, AR
500 mm, =250 mm. RALHEEAN KR, (R
W HAA Ve /Ky B s SRS IR DhRE . R At sy
3 650 mm, K544 400 mm, B A/KIE 600 mm,
R 82 Lo JE Al Bk AR FT N bAoA, @it
EIES T RNDOERE, Tkt KRR AL, K
WA B, SERM—IREIR . VAR E
H B4 e B K F Sl B A R 4t

WKL Y5 I P BEAL Bl 7 225 R FH I 2 3R 2
LR 500 mL MIHIEN, 2 5B A VR
ORE VR SARIAE 1, B E i PR 2 LR 35°C
100 r/min 2514 F SV o 350 K HHF A A8 AL B v
WL R 53 3N 200 mL ¥R 5 e
1200 mL (1) A EE . Bokys Y I B RS is TN
JoK AT A QAR IR AU N 2% N o S S SR 1 T 5
uli, ARPEIRIGHCE L COD IR E 4 Ak 578,
813. 1086+ 1459, 2705 } 3196 mg/L. #bkl5¢HE
Ja, MZIREYA, FAWI S min HBR A,
R S T B I o SIS BRI 5 VR A R M
IR AR E (MLVSS) fifbZFi% & (COD) .
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Fig.1 Schematic diagram of the pulse cycle corridor reactor
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Fig.2 Sketch of the experimental equipment on anaerobic the
methanogenesis kinetics of granular sludge
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Table 1  Characteristics of composted algae water
it R A bsYi73 AT H 1l
COD/(mg'L") TNAmgL') TP(mgL") SS/(mgL") P
3 000~6 600 55~125 12~46 365~1002 5.8~7.0

1.3 StmBSA®

KT IV R A 44T 53 1Y,
i COD: FEIREE, 7578 (MLVSS X H & &
PAED , AR AR E T (KA
FYEEBARIEA T e, R R E o
S (HPLC) ¥AIE S 3 TE 3R (TMC-LR) |
MAMMEESE T % (EMC-LR) M. RAUBRIVS IR Z
TALELIG KA XL30E U4 i 7~ B AUBe 3 B IR AR
tAEmNS . TTC-IARER ] TF s Bkl &
F 3% F] McDonald-Chen ﬁ\ﬁ[ﬁﬁlﬁgﬁipo]\ Wl F. 420
KRR,
1.4 RIGIEITIEH &4

ok e A0 A R R A e 0 e DR AR 4 v e B
H B TS KA RIARTE e, Hie e
MLVSS 5 20 g/Lo R5%0 % ek k77 =0, il
K COD Jivs e BEAN /K Ji45 B INFA] (HRT)
(177 ACkE DA AR g o BN R DT Tyl
1A B AR B s R is AT 3 AN B
Pty 90 do VIR B K AR P AR I 2
HERLT A, EHIHEK COD Bk EAE 1000~
2000 mg/L ZcA7, HRT 24 5d, BKPPEFAIZY 50 min,
BRUAGT R 02~0.4 kg/(m*d) A, YL
30d; ARG HEK COD i Bk AfE
2 400~6 000 mg/L, HRT Jj 1.5~3 d, ik Hf i) 50~
35 min, ZBUAHH 0.8~3.5 kg/(m’-d), ¥4k 35 d;
feogiafTi: HEK COD JisEikE{E 6 000~6 600
mg/L, HRT 4 36 h, BB 35 min, ZF0
iAE 4.0 kg/(m’-d) A, 384T 25 d.

2 FERE5SH

2.1 BB RIERE Y RFFRIESE COD £
PRI

wE 3. 4 Frosteitk s s B B 4 2k K
COD 3 1 000~2 000 mg/L, Hi7K COD 7£ 500~965
mg/L, ZBRFA 50%L A7, [N A AR AT AL
N 0.2~0.4 kg/(m’-d). X B H & B H40 i
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BESNHTIE T (BRI AR AR 5 e i 5 38 B Aot 4t I
Mo G I 1Y 7K 7745 B N TR B A AR 47 4T
M RE R 75 Y8 1 AR, 3 1 s . i 5o AT 5 2
WE IO . FE AT B R B, COD 28R fiu i
M 0.8 kg/(m’-d) LT+ 3.5 kg/(m’-d) , #E/K COD Jit
RSN 2 400~6 000 mg/L, i 5 8% 1 fik
PREFE] CA 50 min 4658 31 35 min) , SR 5 5

7000 ~ —s=— HEZKCOD COD of influent

—=— CODZ:F# COD removal rate
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)24 36 h, ¥ 7K COD J5t &8 & 71 6 000~6 600 mg/L
JiAi, COD BRIAFILH] 4.0 kg/(m>d) A4, X
V4% COD (1) 2: % Fa e ik 2 80%., 7K COD it
WELE 1500 mg/L LAY,
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Fig.3 Variations in COD removal of pulse cycle corridor anaerobic reactor
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Fig.4 Relationship between volumetric loading and COD removal of pulse cycle corridor anaerobic reactor
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2.2 RFEBITESEENTME

ik A A X IR A R A I, 9 Ak B R T 5 A
FR R R P AT SRR R LK 5. 1
YIMEEBE, AT 15d, VAR MR, K
2124 0.05 LAL-d), 3X it B B 3 2% = FE e B 90 12k
XTS5 Zeid 30 d 224 YIMEREAN AT HE 0, IR
O 85 R = AR Bt A AR A Aoy ()1 KT v o 2%
BUATTIN 0.8 LTHE] 3.5 kg/(m>-d)INf, A F
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1.10 LAL-d). fEASSEIBAT I, e e AR Ab K
T S R R0, HRT 20 36 h, 85 454 ik ol
I R), 3880 WG ST RN 2 K R, v IR R A
FRG KA, WS LFIrgse, il

—e— HBUAFT Volumetic loading

KR i Volumetric loading/(kg-m-d™")
-~
T

FE A 558 T o B, B SN A I AR
R, KNP SRIEE 1.20 L(L-d) , B
ik e 415 B 2R DR AR s I i Ak TS A B Sz
DRSS S YRR
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Fig.5 Relationship between biogas production rate and volumetric loading of pulse cycle corridor anaerobic reactor

2.3 RARFEEITHRETRER

WP e R (Microcystis)  FA IR &
(An-abaena) . il JE (Oscillatoria) M EkE &
(Nostoc ) [T 5= L6 e 7 A IR AR = W ok 3 s
#3% (Microcystin, MC) . [T fl3E 875 2= T8k
Ko A, gkt IS KRS 34
SRS, RN AR R T IS AT 3R] R S
R T B K (TMC-LR ) 1 4b % & %
(EMC-LR ) ¥ [ fift 2% S0 o )65 380 6 3 /K v
TMC-LR. EMC-LR [ % BIFE 517~345.
311~205 ug/L, ik kb g 2 =X SRl IR A R A
H17KH TMC-LR. EMC-LR (K] J5 B 55 BB &2
31~15.21~11 ug/L, “F¥FLBr3E)IER] 90%LL |
SR 25K TS IR IR T R L R 2 A R
T T IR R O ) DR AR5 e % 17K
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Fig.6 SEM of sludge surface
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U, Vo EEIE AR (COD/VSS )i K , mg/(mg-h);
Vinax N #5¢ K EE 26 5T B fi# ( COD/VSS ) i &,
mg/(mgh); S AFEFTTEIRE, mg/L; Sn AMEAY)
BAA I O IR S, mg/Ls K A AR £, mg/L;
X NP AEYIRIE, mg/L;
AGIG T (R T 2 7 d Ao R
MR AR T, BIR AKX RN
S

V=v_ (2)
K, +S§
WA
L& 1,1 (3

V VoS Vi

WAL (3, GG M 3 ) 2756 Hs

(W 2, X UV~1S, BATHLRS, WK 7

Bz, A3 2K G IR 3 IRAE DA S N2 55 7 (R TR

ToUR R T B R A s g 2 i RO
V =0.0522 L (4)
11770+ S

F2 FREIEFRIRET 89 LB BRI R0 L =R ek &
Table 2 Specific substrate degradation rate and specific
methane production rate under different concentrations

TGRS IR g (cHyvss)
substrate (CODNSS) A specific methane
. specific substrate .

Concentreﬁlony degradation rate/ prO(;}il.CtIO-Ill.EZ_\lt o/
(mgL™h (mg-mgh") (mL-mg"-h™)
570 0.00237 0.00689
816 0.00357 0.0099
1075 0.00418 0.00112
1465 0.00615 0.00164
2715 0.00966 0.00249
3190 0.01054 0.00259

450
400 r
350
300
> 250 *
200 +
150
100
50
0 0.0005  0.0010 0.0015 0.0020

1/
W S AIEFUREIREE, mgL!, V A HIETFEEE mgmg h!

B7 UV-1/S b L
Fig.7 Fitting curve between 1/V and 1/S

Jo P A1 B 2R PR AL e I 45 5% % TR RIURE V75 Ve
FEACBRIGE N 7 d AN, L Vo 8 0.0522
mg/(mg-h)=1.253 mg/(mg-d), K=11 770 mg/L, ¥3E
RHR=0.9896, F [ 450 55°C 44 T W45

T4 P RERU R K P T P AR 22l 4.97 mg/(mg-d),
K7 10 093 mg/L; 4417 FHASP17E 28°C 4444 TS
BBE K B e 1 R s DKL R o A A O R
1.25 mg/(mg-d), AWFFTRHA Monod #5284 ) IF AR
LRI 25 R F8 12522505 E 2R ARl A%
WEFCI o> 45 RAC B O 2 N, Nk — Ik
HH, 5 s s AR R 1T R H] Monod B AIA
(i) B R LA R B A 6 v i v 24 Al X IR A s 0 2%
REFR I IR ARGV K AHRTEE R, Vipax AHXTESE
/N, IR BEFINET SO IR 2 AN A R

TR ik T 20 B IR AR 0T o FE A R
FOMR, 7 FGEH R A LR o SR A R 2 TR P O &R

X (5 Pt
46 =y [ﬂj (5)
Xdt Xdr
U, dG/Xdr g FREid R, BRLIN ) A B i
Je R e/, mL/(mgh)s v 4 FRE R REL
LBREAL COD HHIBE ™ 5, mL/mg; dS/Xdr At
FLFE (COD/VSS) %, mg/(mgh).

PG (5 Mk 2 B g5 R, R s
RN o B A R AT e MU S WK 8, WA
Fer= 2 240y 0.256 mL/mg, A HE I E G
e R AECH 0.35 mL/mg!", RFEBAEIY 73%. L7
PR e 6 15 L o e g e 2 [RS8 AR DG, 3L
e ZECh 0.9909,

0.0030
0.0025
0.0020 r

0.0015 r

L e

Specific methane production rate/(mL-mg"-h")

0.0010 r

0.0005

0 0005 0010 0015

L35 i A P52
Specific substrate degradation rate/(mg-mg'-h™")

B8 bF Ttk £ 5 R ik R s A K
Fig.8 Fitting curve between specific methane production rate
and specific substrate degradation rate
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7 HBE R AU A E 0 R 7 R et 1

S5 I 245 HH ORI 9 TR . RS
T B I A S 3 T B B T g K 2 T
R U] SN 2 P K AR TR A J S A % D
e FeE I ER AR AE 25.0~26.4 umol/(min-g), X
T SN2 A K A I FR R EA T R B B TTC-MAL
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TR RGN IAE VI I U 5 TS, S A
153~ 180 pg/(min-g) G [H NI 5l ; il Fano 27 HbE
Y TR I — Ry, wTVE AR AL L A IR 2
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T WATORLY S JE S Fano 7F 0.45~0.55 pmol/g, i
B IR R e M s iy o Bt R i A o A IR A
SN AISAT I AN G, B0k e P A HLS s i
TEPERR B b, TR Dk

7 o 200f 0.6
e 32

5 _2¢ A v & 10} R

% FY g o S~ 04

g ¢ / 2 o - 04f

5L e Z ¥ nof £ %

£ E / o E N5 03}

2o el £ 5 sof S g

o g e ® 3 é = 02t

3 / ;
CREdY = wf E oaf
9 =
P S S S S S S | = L L L ' s s s ' s 0 1 L 1 L L 1 L L J
0 10 2030 40 50 6070 80 90 10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
I 1) Time/d I 1) Time/d I 1) Time/d
a. H 1§ Proteinase b. TTC-li %/ Dehydrogenase c. §fil§ Coenzyme F420
B9 BaEHeEAk
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Capability of pulse cycle corridor anaerobic reactor treating
composted algae water

Yu Yaqin®?, Li Xiwu*, Wu Yifeng?, Xu Lijuan*
(1. School of Energy and Environment, Southeast University, Nanjing 210096, China;
2. Dept of Civil Engineering, Yancheng Institute of Technology, Yancheng 224051, China)

Abstract: As a typical high organic concentration wastewater, composted algae water from the Taihu Lake could
be treated with anaerobic biological treatment technology for clean energy biogas. During this process,
Cyanobacteria are easy to float and crust in the reactor, thus affecting the efficiency of the gas production and
reducing the processing effect of the reactor. Therefore, the design of an efficient anaerobic reactor suitable to the
characteristics of cyanobacteria was the main task of the study.

We designed a new type of anaerobic reactor, the pulse cycle corridor anaerobic reactor, and considered the
performance of processing composted algac water from the Taihu Lake. Simultaneously, sequencing batch
experiments on the methanation dynamics of the enriched granular sludge through the stable operation of the
reactor was adopted to provide theoretical support on further promotion of treating cyanobacteria. Main contents
and results were as follows:

With an inoculated aerobic activated sludge from municipal sewage treatment plant, the reactor started up at
chemical oxygen demand (COD) concentration of 2000 mg/L, hydraulic retention time (HRT) of 5 d and
temperature of (30-35)°C for 30 d; the pulse cycle corridor anaerobic reactor achieved a stable state. The COD
removal efficiency was above 60%, and biogas productivities of unit volume was 0.08 L/(L-d) at this level. When
volumetric loading rate increased stage by stage from 0.8 kg/(m’-d) to 3.5 kg/(m’-d), the reactor could perform
steadily with a COD removal efficiency as high as 80%. Meanwhile, biogas productivities of unit volume was 1.2
L/(L-d). The reactor had some advantages of quick start-up speed, tending to forming the particulate the sludge
and enduring pulse load by shortening the pulse time, increasing the number of cycle of cyanobacteria in the
reactor, extending the flowing time of cyanobacteria in the reactor channel, overcoming the phenomenon of
cyanobacteria floating, and raising the probability of contact between the cyanobacteria and the sludge.

The removal rate of microcystins (TMC-LR, EMC-LR) was over 90%, which indicated that the reactor had a
good removal effect on microcystins of the composted cyanobacteria. The main reason for microcystins removal
was the effective intercept of cyanobacteria by a large number of cultivated anaerobic granular sludge and the
enrichment of numerous indigenous bacteria in the reactor.

The methanation kinetics of composted algae water substrated with the granular sludge from the pulse cycle
corridor anaerobic reactor was investigated. The maximum specific degradation rate, half saturation constant, and
yield coefficient were 1.253 mg/(mg-d), 11 770 mg/L, and 0.256 mL /mg, respectively. Observed by a scanning
electron microscope (SEM), the granular sludge was found in the stabilization stage with coupled growing
micro-organisms, including methanosarcina, filamentous bacteria, and rod-shaped bacteria. Proteinase, coenzyme
Fay0 and TTC-dehydrogenase activity of granular sludge from pulse cycle corridor anaerobic reactor had been in
high level during the duration of the experiment.

Results indicated that the pulse cycle corridor anaerobic reactor could effectively deal with the algae-laden
water from the Taihu Lake. It provided important value for the biogas fermentation of algae.

Key words: anaerobic digestion, kinetics, enzyme activity, composted algae water, volumetric loading



