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o A, ARCWFR T Gt AR A 7 A AnMBR H B BE S-S BCRRAE 2, S5 R/, £ 35°C, fafah
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TRk v IR A 244 T 1 F e AL R R (K, K, Hoh DCH, ¥ & . a3 i 1% & DCH, /4 i 7K COD ¥ Lt 4] ¥ %5
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FRPBERIN TS5 Y o 53— 5T, AnMBR 7Kt & A7 8 2 (¥ i 4 WY ¢ (dissolved methane, DCH,),
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H e 2 — P il % K, DCH, i W5 PIORE 0 81 K R0) 23 1 B RE ot Ui 28 R 3 2000 . AT s P &
B, AnMBR 7k DCH, i Jii & % & o 8.8~19.1 mg-L™', DRIk, i ¥ 26 A4 F %t o5 i B b 72 i Y
23%~88%. TERZWFFEH, 45 DCH, MW E &% & T A e # B i B (E, EP AnMBR H K1
DCH, A A & a4 A kg U2, ok 4 0 28 RIAH Ee T 38 DCH, M550k 1.3~4.1 505, B4 3015
i AN E SRS B AT X AnMBR 7K DCH, $E47 mIOTBUS T 8 ar B RCR, (H LR BAA e E
REELTHAE . LI T AR K S R R e V- SAG T 2 3 O R e A R, AL TR
RO R FZ RN B AT A ANt s . IRARCR L W) B, FEANE AL AnMBR K
DCH, Wy i Fn AT 3R 2 519, YEO 51 75 R HIR & WG 2 1) AnMBR i iF5x 25 SR % B, Bl
& T P T R ORI K, AR TR R e R B R BRI, NN AR T DCH, 1 5 e A
o WA T80 % AnMBR A B BE -1 4 BORRAE 52 ), A 2858 3 Je By 48 ia 47 7 SN 4, 5
PR FEAR DCH, OV EE . S itt, AHFFE4E XS AnMBR 7K 7746 DCH, i # Fl[A) 5, 3£ T AnMBR
v B K A B R, HR9E T ORI far AR A 7 SO A AL 2 B A DCH, B9 520 o 487 bk i i
Jot SRR T F B AR AL B T ) B AnMBR H B2 () S BC AR AF , 3E— 2 T8 S O R Gis
15, DA AR AnMBR A RR HERCE fTRERESR LS % |
1 #Rl5RE*®
1.1 LWRE

A S8 BF F AnMBR %6 B a0 & 1 TR, N RO A AL BE S A A K O R B & 4R
(K xFEx =30 cmx20 cmx25 cm), AREFA 11 Lo [0 & N IECE R AW 24 (PVDF) 4 5 ) v 2s £F
HEfE (MBR-0.1F, TAERLIERE), BELEM BRI U R, B804t 80 M3, BAMRAEZ AN . AME 53
7 0.8 mm 1 1.8 mm, BEALAEHN 0.1 pm, BEALAF AR 0.19 m*. N #F 2 7K SR FH i 2h 22 4 4l
(BT100-2), =& MEFEABRAF]), HKE S BEH M Z A 72835 8% (SIN-P300, 1 At M1 5
AL B AR BRA R, W00 B 25 A8 1k o RO 2 AR 5 8 N #0028 L A1),
T2 FE LA S AR R, P IR R eh s N e T A e B T R RO e TR A W T T
TA AR RN PR B80S 7 JIT P SR o g 2 A 3435 A U 11 R 1SR S0 #T

: HWE

\/
PVDF 23 1 4k i
K HE
— 8=
TEIRSE

HEAK B
E 1 AnMBR ¥ REBREE
Fig. 1 Schematic diagram of AnMBR experimental device
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AnMBR 1247 E #2810 min, A H7K 8 min, #4532 min, KW RS A 2 FhS R AR S
3 MK IIDKE P8 7K TR A R [ E K 0 A BEAT IR IR TR &5 NI 1 IR ZE (JVP-100AB) #EFT IR
Kk IR A
1.2 EMERESI AKX

SR i 4% BTG U8 Sk SR R AR Uk TS U8, B T IR AR TS U R B R A o S 1 K R PR R
B R Z L BRI A AR N T R i LR K, HARK R R s 023 gL R E
0.11 gL' KH,PO,. 1gL"'K,HPO,. 0.05gL"'Na,SO,. 0.1 gL' MgCl,-6H,0. 0.05 g'L"' CaCl,-2H,0.
10mL-L' e E . 10 mL-L' 44 R (i e R M4l R BRGS0, Syl
JE RV EE N 1 g L' (BRI 08N . 3 285 08 1 FH B AR S 90 R AT 3
1.3 SZWEHE

2 AnMBR [V #% R (35+1) °C, K F1 FEMBRIEITEYE
J7 455 B2 1) | (HRT) > 20 h, @ AR K Table 1 Operation conditions of different phases
COD K8 I i g i) iy o S Nigefa g4t BB fififkgmd))  #KCODAmgL)  iRATK
BAT 87 d, AT R AR B far AR A 24 A, 0.6 500 (2
M6 NBrE, Hrh 3K (AL B OXF A, 0.6 500 TRk
i (4 #F 7K COD 43 ] & 500, 1 000, 1 500 B, 1.2 1000 (328
mg' L7, BT FIRAG T MERIRA L B, 1.2 1000 M kb
Rk PR A, 87 T A 1, C, 1.8 1500 {32

B R HCHE K K B 2 CODE (W A C 1.8 1500 Wk

(Hach) i 7] &, 2125815-CN), B i ¢ iR
B WRE S T DCH, v BE I 22 (W, 1.4); TH A4S N ISCER UM ) A FRURT 3 5 e il SO &, <A
ik (K32 GC7900, ) sy b7 H A4y K & . BT BEES e, BUR M NIR A WRH T4 E
(MLSS #1 MLVSS) 1l & (5 %).
14 SRR G E

1) 7K ¥ DCH, 9 22 . 7K v i DCH,, SR F T80 28 74 1 #4700 22 o 7F 20 mL A9 %% B/l i A
3.5mol-L ' AYERAR 1 mL, FHFHMH 7= B be il A AL BRI M, MO 2% PR 4E 9 mL YR A RE S AN
M. B /NIAE 25 °C B4R 5 T 4R % 5 min, JFACE 3 b CH, A B WCE#, P /5 B 1 mL To
AR T A S T AR R . R AR 4 T Th DCH, B9 B AR 9 = A A4 Gl ()P B
o MR A A T L (2),

CoeqVo+CreqViL
EE (1)
X: C MW DCH, () BT 5t Ve B, mge L5 Coq /& Vi J5 FF O T8 25 o CH, 19 o & ok B2
mg L' C &R b 5 T2 SF 0 CH, BT KBS, mg L' Vg Hl vy 23 ) S B i b i 14
MARMIAR, L,

G

%:—&i—
Ppeq- Mcp,
e Py, J2 CH, TE 0 S o 5 WOAH 7 # I 1 70 JK. . Pas Moy CH, BYAHXS 2 7 Bt , 16 grmol™';
H,, J =R, mol-(m’Pa)™', 7E25 °C K 1.4x107 mol-(m’-Pa)',
2) COD Jit V-t 5 . 7e4 Lidisfrfa s, W= )" #17 COD WY kHi 5, LI i f
GIRZ/E i T [

(@)

Cin = Cer + Cpen, + Coen, + Cotner 3
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Xrp: €, M Cp a3 i HIK COD, mg-L™'s Cpen, ¥ DCH, it ¥ E (LA COD 1), mg'L™'; Coen, N
PL COD A4 CH, ik E, mgL'; Cope LA A WIS AW RA R HE RS- (0T
AW 7 W) (SMP), M A1 3 & W (EPS)) A= 1% FN B 1R £k 8 it 55 21 19 #E & A ML (DL COD it),
mg-L'. K77 A 1Y CH, #% 1k 5 COD(CH,+20,=C0O,+2H,0). fH 1 & &, CO, AL otk COD, ik
AN ELTE COD Jii - i Hp 221
3)CH, & it Z W iH5 . AnMBR H CH, H VAR ] S0R 9 4% 5T R B0RT =X ()1 471153
Ki= (%ZCTHA)(CL 1ce )= Q(V?L @
a KHRT(C— 1)

€q

b K, AW S E R RE, b ¢ MR DCH, BT, mg' L' O, W k™
SR, Lh'y VIERNVARMAMAER, L; Pe, A AnMBR T2 1 CH, i94) H, Pa; R EFIIES
T %, 831x10° L-Pas(mol'K)'s TRIEE, K; Oy (Q/V) Wi # iy CH, 7”&, L(L'hy';
C,, /=55 CH, 3 HeAb T ) % F- 8 () DCH, i BT EE MR B, mg' L' K, /& CH, I A%, 35°C
i & 1.18%x1077 mol-(L-Pa) ',

HFeEITAE . CH, WAL K 37.8 MI-m >, Fi2 B BB &% #a %00 %R N 35% 1153 CH, %% # 1 1 Hi BB
GG RN A s AT R R IR A BT I A5 1Y BE & 75 oK 2k A5 1 D) s 17 AR X (6)
VA A7k B i R BRI (E) H IR A5 RE VR T FE 5 IR R e i 75 e VR 1 25 (B3 (X (7))

37.8Vey, X35%
Wen, = ?—460 (5)
e Wen, iy CH, ¥ ALRIHLBE, kWh; Ve CH, BUIRER, m’
Pt
WiE = 1000 (6)

K Wy NI THFERRERL, kWh; PRI YIE, RIS TIR R 3 W, IREGWRIEAR R
IR 20 W ¢ HRAGIEITHT ], he

E = Wisie — Wen, ™
2 #ER518

2.1 BHERMERE
AW AnMBR 2Li217 87 d, [ 5 KW #5 ) HRT & 20 h, 3 o 3 0 32k /K COD 3k #& 117 fp

TE M R 5T T 52 0 e A ) TR 6 98 =X A7 AL fi-0s | uki-12 Fifi=1.8

Y R R R 45 02 T T B0 R HEHK 1) T T T T
COD [ B ok L MNP 2 B s . e O [ [ e
B, AnMBR 7] SZ 30X A7 ML P 0 A2 B o oreor F‘W'go .
COD 1 5 W 4 g 90%, TR TR 2 9| P
ANMBR XA BUI 03 T B 42 R B KR 8| i Ik
B B EMBURE S s 2 T = ihKCoD S
7R BT AnMBR i a1 6 A AL 00 f e e 120
WY HY 32 W AR 0 TR IR 4, 76 K T S—

0 10 20 30 40 50 60 70 80 90

N 71 Fl S . 3.4V UEs
COD Jy 500 mg-L™', ik 0.6 kg'(m’-d) ', et

TEHIE S HER N # 7K 1) CODHE. > -

i 78 15 5 *’E‘ft TR R i K 7 o fit % 2 AnMBR &E1T 5 T AN KR8
(48+4.9) mg'L™, Xf i COD 2 [ % Jy (90.7+ Fig. 2 Removal performance of organic matter under different
0.8)%; IRk piR &5, COD & operating conditions of AnMBR
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RHETEE (96.8£0.4)% . X &= MR APk iR A 0 RGN sl B o &, 2 T 300 5 i 0 1 422 fk
SR, e T AP L BRRCRPY,
22 BIRS-B2ECHFE

1 AnMBR (s 17l f2H, M E %217 T F ) CH, 7= 1= (Qy) 1 DCH,, 4546 = & X
(4) 71 H PEE DCH, A B A5 I 2250 (K ). WK 3 B, 4% By BN 2% 0 AH o DCH, #3940 F 53 4 Fn
RA, DCH, e B MBI EE ) 1.3~2.1 %, %K F #2389 AnMBR ' DCH, 33 19 1 3 3 [l 2
P2l AR g T, TRk v TR A B DCH, (43 BE R 10 RS 2 AR T4 3R TR A B (18] 3(e)~(d))-
TEG A 0.6 kg-(m*-d)' F, TEIRIRA KT DCH, 4 202 mg-L™", X py i fnEE A 2.1; 1 1R =k vh iR
40 DCH, J 12.6 mg- L', MR A1 E R 1.3, EREEREH FARSKM T CH, i K, AR S5
M), K, BKEF, CH, GETE4f H MV ARY H2= <SAH, MM A R T B A% DCH, Wk B2 S b iz . K, 38
G PR R | IRAROR L RS B RIR SRR R A U, FEARERGE T, RO g N T AR
SR RAGRE A, MR A KR AR CH, i K, Bk, X FEEh 2 RN &R —m,
iﬁﬂmﬂlj‘?ﬁ'a%lﬁ%%ﬂ@{w’/jfiﬁﬁ; 3 —J7 T, s, IRk R A A ALY BRSO
U, X CH, 19 Ov B K . 7E A ] 7 fif K 7, YEO 45 5% FH VB A8 3 IR & i DCH, 1 32 10 #1 J3E y
2.2~2.5M" %F RV K, 9 (0.018+0.003)~(0.088+0.017) h™', Hitml W, YR =Pk milk & 76 A% DCH, %k J¥
S5 AR R E 5 TET B VR AARARE B B AR PR IR S EAA A RSOR o

28 1.8 28 " 1.8
- K, 116 -k, {16
241 A : 24r _a :
0, J14 ~ 0O, / 1 -
207 12 = 20r 2=
L 16} {10 2 Z 16} 1o 2
2t {08 7 &gl {08 7
S S
08 A 106 = 081} A 106 <
104 Q 104
04t / loa 04t 1oa
0 1 1 1 0 O 1 1 1 0
0.6 12 1.8 0.6 12 1.8
RRUA R (kg - (m? - d)) AR/ (kg - (m* - d))
(a) TER A HTCH,IY O FIK (b) JR= Pk BT CH,AQ K |
30 __ — 2.4 30 24
—m— NN #EDCH, e i s e e
2| ZASMIDCH gk |22 - DN TRIEDCH, 7 122
~ .}\ s ~ 72 9 9DCH e ji
! i ! ST o i
= 20} i i7<\?/ 20 2 5l —m— A 2.0
S {18 & 2 {18 H
= 15} = st =
=2 116 8 = 116 B
= 10t = 10}
5 N {14 E N 114
a A — .
5t {12 5t {12
0 1.0 0 1.0
0.6 12 1.8 0.6 12 1.8
AR/ (kg - (m? - d)) HRU ) (kg - (m® - d))
(c) PEERIE A I DCH, fit v Ji Filash (A (d) TR Bk T DCH, 4 v J32 Rl A A 2

B3 AnMBRIZ{TIZiEH CH, & Q, M K,,. DCH, KR E T I8 E
Fig.3 O, and K|, of CH,, DCH, concentration and supersaturation during AnMBR operation

WE 3 s, BE#OK AR A, 2 FIRG 700 DCH, WA FH . Hrh, TEHIR A
) DCH, 1 202 mg- L' EJF 2 23.4 mg-L™'(I€ 3(c)), *}M; DCH, flad i AR iy 2.1 = 1.9; R kb
IRA WY DCH, 1 12.6 mg- L' J} & 15.6 mg-L ' (& 3(d)), X} DCH, AR i 1.3 & 1.2, w1
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i, WA ST, DCH, 1)l i Fn R B BT BRI . X — 4535 YEO U [ ifF o8 45 R — 3.
CH, 1y O, B 1 faf 59 48 T+ it 8% Jm (& 3(a)~(b)), Ov 5 7 faf S 48 I i 1F A 56 56 & (R?=0.998),
WIJEKOON % P i fff 5% it 45 1 T AL B 4598 . oA CH, 19 K, 1E HE T Oy(GR (@), FIrbh Ko, B £
far S TN WG, HL 5 By o 52 B0 R A 0 IE M 26 6 &R (R™=0.997). 1 fi faf (1.8 kg-(m’-d)™") Hif
CH, % K, ((0.57+0.03) h™") 2 J % 1 17 (0.6 kg-(m*-d)™") I} K, ((0.15+£0.01) h™") {1 3~4 £ . Z¢ LRk,
CH, [ Ov Ml K, ¥4 5 f oy W 2 AH OC , Bl & 1 far 2 F+ DCH, AW A5, {H DCH, #9745 b R B (3 n £%
O /NT Ov, ik B G fr 4R T K, R RSBSOS 30 £ 0 DCH, ¥ B 2= A, i il
DCH, 7E L1 1 BE b S 30 T B i 35

7£ AnMBR fizfrid B, A ANREE T Lo CH, 285/ A i 43 A I ZE 17K COD Hr i
b (WL 4). W T, 763 IR A B CH, of & CH, K i 7K COD iy L 1 #4415 T 1R =X ik o iR &
W, G0 4 0.6 kg-(m*-d)', G IR SIS CH, & B CH, K k7K COD #Y Fb 451 23 91 K 76.0% FiI
50.2%; YRR ePIRE A BHRAS CH, d 4 CH, Kt /K COD (1) Fe 143 51 b 84.5% F1 57.0% . X 2K A TR
kIR A (K, R AR E CH, IVRAH M A A& B, X5 SO Br gl ;R — 2

WE 4 frn, BEEEKAM AT, DCH, &4 CH, &7k COD ) Fb Iz T /%, 1i<4 CH,
B CH, K 7K COD # He 5 A W7 185, W] AnMBR 75 & T 6 R B8 25 50 3 A5 WL b 4 RE 1 R 17 [0
W, A, AnMBR HRT RIS AS CH, (5 #E7K COD Y HL A (50.29%~60.09%) % T3 5 SCHRRE (19 CH,
Fr i 70%~85%%21, X & HH T AN 5T 5 VR AL BT G oM AR MR BE R K, BT B9 3E 7K COD il 67 fif 7K S
BART LRRGE , AR F SO BTt 09 K, BRI S 3 T £ A 7K COD Ll DCH, JE X AETE

EZJDCH, 5 CH, Ll —e— “USCH, /K COD ] DCH, i MCH, ] —e— “TASCH, kil /K COD H i
RN AACH, i 8 CH, [l —m— DCH, 57k COD H.fl NN AASCH, 4 B CH, ] —m— DCH, 5 3# Kk COD L4
100 F 100 F

= ek
80 | %/ 150 80 - 450

440 - 40

60

D
f=}
T

130 130

40

'S
S
T

120

NN \m X

20 F

ASZSRCH, 5 A CH, L f1/%
[}
(=}

//% N

SASIARCH, ik COD L %
SASHERCH, 137K COD H /%

AZSERCH, 5 A CH, L f1/%

1.2 1.8 0.6 1.2 1.8
AR/ (kg - (m® - d)™) AR/ (kg - (m® - d))
(a) MEENEA (b) IRk

4 57 CH,# DCH, &2 CH, fisk COD LI
Fig. 4 The ratios of gaseous CH, and DCH, to total CH, and influent COD

2.3 BHUMEK

7K COD 7 AnMBR H 55 46 E 2X 0] BE M S AH CH,. DCH,, E¥m KA KRB, AT
HE— 2 B SRR P L o m, X452 T.00 T AnMBR #5477 COD i fia, 45 F0LE 5.
& 50, M CH, (DCH+ % CH,) /i #F 7k COD Y 3= % ¥ 4y, 4 61.0%~67.4%, DCH, 5 It K
4.3%~16.1%. Lk COD T34 CH,. DCH, 17K COD JinflJ5 5 # 7K COD B ZH R RN Cpes TE
3PN R B BT T Y LG CR 24.4%~30.6%, X 8 4r COD £ TAEY & & . A AR
(SMP. EPS) 97 A= Flfsf s 1) B B2 6 3 J 5%, 76 H At AnMBR H s W5 3] 1 25l Y COD #% 4617,
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BXAC,. NNC.,, A Coen, 3 Co, BAC,. NNC,, P Co, B Coen,
100 100 -
80 80
60 — 60 — T f f T T T
g - T T g . M A
s 1 L] A L] g L] M R
© 40 T . - © 40 T . .
- T 1 1 T -
A ——— - - - - -
AR R o AR R R
20F F1 7 - 1 20F 17 - C T 1
- 1 T T 1 T 1 1 1
- — - 1 - - -
- 1 T T 1 T 1 1 T
0 | I | | | T T I 0 | | | | | T T T I
0.6 1.2 1.8 0.6 12 1.8
BRGAT/ (kg + (m? - d)) BRGAT/ (kg + (m? - d))
(a) TEIRIRA (b) JR= Pk nh

B 5 FEIRT AnMBR i#7K COD RE F&
Fig. 5 Influent COD mass balance of AnMBR under different operation conditions

B A~z A7 0 R A X AnMBR #EAT R, H N A N A B i (MLVSS) AL B/, A 6 020.4
mg- L' HE i F] 6 820.7 mg-L™' . E¥ i (MLVSS) 5 COD Wi B R APV R 1 g=14 ¢, IHEFAIAL,
AT A K coD 5T Cy., 19 3.1%~3.5%, LI E&5FFHKIBY Cpe 7T HELLIA DS =8
(SMP. EPS) WJEXAFAE . WA= AR 7™ W 20 Kor 7RI 2 HE RN AR (1 BB, R 5 AT e i s
& YA IR R BRI, SRR BT RS 4. ST AR TR i 5 TR I 200k ok W A R
15 Y4 B RFAIE 52 00 5 B i 22 F— A0 9T .
24 BEEST

P RE A R T 28 GE I IR R R DU ) B S A, i R T OR S R A 25 (R
R AT, AnMBRizfTid B R £ HRT S5l IEE , 25 BrBef fr i fig i E 2ok ARG 7
AIHLAE s & B By I RE ok UM CH,. #1247 258 T /Y CH, [l i AR 5C BE & 7153 0L 141 6 Al
Kl 7.

wiE 7 pros, M FERES, WA RS R CH, B 3ok H S fE AR AR, TR
kiR A 0 CH, ™ & LA PR IR & 20 T3S T 6.5%~9.2% (&1 7).t ESCo il i, X EHEZH
PLY e AL R s 9 UM CH, 8. 75— T, i I& 6 FIIE 7 al g, IR Ak iR & s i REAE R A
16 PRI A 1 15%, (0 H B B R AR T T 6.5%~9.2%, Wk, 840 iE, R Bk b iR & 6t

AnMBR & fE & 14 & Lb 1E 25 IR A 0 FEAR T s

85.9%~88.0%. Bt #& i fay 19 $2 F+, AnMBR &L Y A T
LR RIHE I, 5 507 (1.8 ke o) ) s} B e N

S HEFE H AR 1717 (0.6 kgr(m*d)y I R T 4
16.9%. FUCAIA, 38 i 03 0E 17 2 5000 45 03,
HRT %5 i — 2§27+ 171 47 A F) T 55 B AnMBR 40
PR K o B BE BT T H E AR B AR

-

HBE [P /((L - d) )
[\S}

ASLAM %5 B e 47 fif oy 5.8 kg-(m*-d) ' (9 4% 1 "N
T, 7 A AR P A R oh S .
T 0.099 kWh-m™ (B 24y, 5 A BF5E i 06 "2 b

AR/ (kg - (m? - d)™)
- o <7 T Ak EL ST M 56 A
= T a7 15 47 i AnMBR 5 52 31 GE 1 3 7 5l 2 4% 6 AnMBR E{T:31249 CH, B Ui &

N&E—
4578 — 2 Fig. 6 CH, recovery during AnMBR operation



57 R ST SIRA T 2O PRI AW S &% b HR e -0 BCRRAIE ) B2 2409

RS ARt TR Pt BE
R I ot 7 A il e RRRA I e 7 A il ek
40 Vv SRER 6 — \ AN
3 | sk \\
0 4l
B oo [ T L
£ w0l z T
£2r Z L[
=t &
ki 0 -_ = 1k
sk 0
of SANNN -1+
0.6 1.2 1.6 0.6 1.2 1.8
ARG/ (kg - (m® - d)™) AR/ (kg - (m* - d)™)
() FEENE A I A T H7 (b) Rk i BE 5L 23 B
7 AnMBR BT ERIRER FE
Fig. 7 Energy balance analysis during AnMBR operation
3 i

1) HRT 4E357E 20 h, #E/K 57 R 0.6~1.8 kg-(m*-d) ' BYiz47 &4 F, AnMBR 1] 52 Bl @& 50k E 1Y
ALY £ BRRCR (COD ZBRF>90%), TR 2K i & B A9 WL 22 BRSOR HAG PR TR A I 5 4

2) AnMBR 7E IR 2k #h IR A B (K, K), CH, REE 4 b AV AHY B2 <A, JL DCH, Yk B it
TR K o5 k7K COD Y HL 134 LU ARG IR TR A IR, HLBE S $2 7, X g8 btk — 45 41K

3) AnMBR # /K K 43 COD (61.0%~67.4%) %4t T CH,, HH S AH CH, /i b 50.29%~60.0%,
Tl 43 K COD = BLHAL R S A= W AR 7= 9 o

4) AnMBR 7R =X Bk o 1R A B9 6L BE #E L 1 28R & B IK 85.9%~88.0%, $ & i faf A A T SE
AnMBR &b ¥ {5 /K0t f A e i VA EL B RE R AL AR

& F X H

(1] )0, XUE, B, 4 LT SR LBl (7] W8, R, &5 IREREY RN A5 KA B R (058 SO 5
R BB FREE T R2E4, 2020, 14(8): 2011-2019. RIRRTEL). Rl HHR, 2016, 36(4): 139-149.
(2] XUHESR, TR, RS, 55 RERE Y R NP BT S K= ke [8]  HUETE A, de LOS COBOS-VASCONCELOS D, GOMEZ-BORRAZ

PERE KA WA IHARAE (D). BREERI AT, 2022: 1-15. T, et al. Control of dissolved CH, in a municipal UASB reactor effluent
[3] PFLUGER A, VANZIN G, MUNAKATA-MARR J, et al. An anaerobic by means of a desorption — biofiltration arrangement[J]. Journal of
hybrid bioreactor for biologically enhanced primary treatment of Environmental Management, 2018, 216: 383-391.

domestic wastewater under low temperatures[J]. Environmental Science [9] COOKNEY J, MCLEOD A, MATHIOUDAKIS V, et al. Dissolved

Water Research & Technology, 2018, 4(11): 1851-1866. methane recovery from anaerobic effluents using hollow fibre
[4] STAZI V, TOMEI M C. Enhancing anaerobic treatment of domestic membrane contactors[J]. Journal of Membrane Science, 2016, 502: 141-

wastewater: State of the art, innovative technologies and future 150.

perspectives[J]. Science of the Total Environment, 2018, 635: 78-91. [10] YEO H, AN J, REID R, et al. Contribution of liquid/gas mass-transfer
[5]  HUb, kG, B8, 4. DA WA ISR B 75 K WF 5% 3k 2 [0). 16 timitations to dissolved methane oversaturation in anaerobic treatment of

THERE, 2021, 40(4): 2338-2346. dilute wastewater[J]. Environmental Science & Technology, 2015,
[6] CHEN R, NIE Y, JI J, et al. Submerged anaerobic membrane bioreactor 49(17): 10366-10372.

(SAnMBR) performance on sewage treatment: removal efficiencies, [11] GOUVEIA J, PLAZA F, GARRALON G, et al. A novel configuration
biogas production and membrane fouling[J]. Water Science and for an anaerobic submerged membrane bioreactor (AnSMBR). Long-

Technology, 2017, 76(6): 1308-1317. term treatment of municipal wastewater under psychrophilic


http://dx.doi.org/10.12030/j.cjee.202005128
http://dx.doi.org/10.1016/j.scitotenv.2018.04.071
http://dx.doi.org/10.16085/j.issn.1000-6613.2020-1060
http://dx.doi.org/10.16085/j.issn.1000-6613.2020-1060
http://dx.doi.org/10.2166/wst.2017.240
http://dx.doi.org/10.2166/wst.2017.240
http://dx.doi.org/10.16159/j.cnki.issn1007-8924.2016.04.021
http://dx.doi.org/10.1016/j.memsci.2015.12.037

2410 W TR %174
conditions[J]. Bioresource Technology, 2015, 198: 510-519. effluent: Emission or recovery?[J]. Frontiers of Environmental Science

[12] HARTLEY K, LANT P. Eliminating non-renewable CO, emissions & Engineering, 2022, 16(4): 161-163.
from sewage treatment: An anaerobic migrating bed reactor pilot plant [24] LINDMARK J, THORIN E, BEL FDHILA R, et al. Effects of mixing
study[J]. Biotechnology and Bioengineering, 2006, 95(3): 384-398. on the result of anaerobic digestion: Review[J]. Renewable and

[13] SMITH A L, SKERLOS S J, RASKIN L. Anaerobic membrane Sustainable Energy Reviews, 2014, 40: 1030-1047.
bioreactor treatment of domestic wastewater at psychrophilic  [25] YEO H, LEE H. The effect of solids retention time on dissolved
temperatures ranging from 15 °C to 3 °C[J]. Water Research & methane concentration in anaerobic membrane bioreactors[J].
Technology, 2015, 1(1): 56-64. Environmental Technology, 2013, 34(13-14): 2105-2112.

[14] SANCHIS-PERUCHO P. ROBLES A, DURAN F. et al. PDMS  [36] SMITH A L, SKERLOS S J, RASKIN L. Psychrophilic anacrobic
membranes for feasible recovery of dissolved methane from AnMBR membrane bioreactor treatment of domestic wastewater[J]. Water
effluents[J]. Journal of Membrane Science, 2020, 604: 118070. Research, 2013, 47(4): 1655-1665.

[15] LEE E, ROUT P R, KYUN Y, et al. Process optimization and energy [27] Yoo R, KIM J, MCCARTY P L, et al. Anacrobic treatment of
analysis of vacuum degasifier systems for the simultaneous removal of municipal wastewater with a staged anacrobic fluidized membrane
dissolved methane and hydrogen sulfide from anaerobically treated bioreactor (SAF-MBR) system[J]. Bioresource Technology, 2012, 120:
wastewater[J]. Water Research, 2020, 182: 115965. 133-130.

[16] LUO G, WANG W, ANGELIDAKI 1. A new degassing membrane L

[28] PAUSS A, ANDRE G, PERRIER M, et al. Liquid-to-gas mass transfer
coupled upflow anaerobic sludge blanket (UASB) reactor to achieve in- . . . L
in anaerobic processes: Inevitable transfer timitations of methane and
situ biogas upgrading and recovery of dissolved CH, from the anaerobic . . . . .
hydrogen in the biomethanation process[J]. Applied and Environmental
effluent[J]. Applied Energy, 2014, 132: 536-542. )
Microbiology, 1990, 56(6): 1636-1644.
[17] BANDARA W M K R, SATOH H, SASAKAWA M, et al. Removal of
[29] WIJEKOON K C, VISVANATHAN C, ABEYNAYAKA A. Effect of
residual dissolved methane gas in an upflow anaerobic sludge blanket
organic loading rate on VFA production, organic matter removal and
reactor treating low-strength wastewater at low temperature with
microbial activity of a two-stage thermophilic anaerobic membrane
degassing membrane[J]. Water Research, 2011, 45(11): 3533-3540.
bioreactor[J]. Bioresource Technology, 2011, 102(9): 5353-5360.
[18] WU P, NG K K, HONG P A, et al. Treatment of low-strength o
» . . . [30] ¥k, B, A, 4. AnMBRAIE BB DR 935 1730 HE K
wastewater at mesophilic and psychrophilic conditions using
. . L . L S URAFE ], WK EEAR, 2022, 41(8): 95-100.
immobilized anaerobic biomass[J]. Chemical Engineering Journal, 2017,
311: 46.54 [31] BASSET N, LOPEZ-PALAU S, DOSTA J, et al. Comparison of aerobic
. . . granulation and anaerobic membrane bioreactor technologies for winery
[19] STAZI V, TOMEI M C. Dissolved methane in anaerobic effluents: A
. . . . wastewater treatment[J]. Water Science and Technology, 2014, 69(2):
review on sustainable strategies for optimization of energy recovery or
20-327.
internal process reuse[J]. Journal of Cleaner Production, 2021, 317: 320-327
125350 [32) 9L, Wi, SRR E, . TR SO0 R AnMBROAE I 5 1 7
I E HETLEY 2% b s

[20] ZHAO Z, ZHANG Y, WOODARD T L, et al. Enhancing syntrophic B HIBEFELT]. BRAY - SEOR, 2011, 31(4): 65-69.
metabolism in up-flow anaerobic sludge blanket reactors with [33] BERTOLA N C, GIANNUZZI L, ZARITZKY N E, ct al. A modified
conductive carbon materials[J]. Bioresource Technology, 2015, 191: method to determine biomass concentration as COD in pure cultures and
140-145 in activated sludge systems[J]. Water SA, 2002, 28(4): 463-468.

[21] JIMENEZ-ROBLES R. GABALDON C. MARTINEZ-SORIA V. et al. [34} LEI Z, WANG J, LENG L, et al. New insight into the membrane fouling
Simultaneous application of vacuum and sweep gas in a polypropylene of anaerobic membrane bioreactors treating sewage: Physicochemical
membrane contactor for the recovery of dissolved methane from and biological characterization of cake and gel layers[J]. Journal of
water[J]. Journal of Membrane Science, 2021, 604: 118070. Membrane Science, 2021, 632: 119383.

[22] CHENG H, LI Y, HU Y, et al. Bioenergy recovery from methanogenic [35] &z, ZEBes. BB MBRAE A A P 74 T A A5 T A5 5
co-digestion of food waste and sewage sludge by a high-solid anaerobic JRTS Y MBS (0], R KA TR 241, 2013, 27(6): 1064-1071.
membrane bioreactor (AnMBR): mass balance and energy potential[J]. [36] ASLAM M, MCCARTY P L, SHIN C, et al. Low energy single-staged
Bioresource Technology, 2021, 326: 124754, anaerobic fluidized bed ceramic membrane bioreactor (AFCMBR) for

[23] ZHANG X, GU J, MENG S, et al. Dissolved methane in anaerobic wastewater treatment[J]. Bioresource Technology, 2017, 240: 33-41.

(FTAE % 452 W )


http://dx.doi.org/10.1016/j.biortech.2015.09.039
http://dx.doi.org/10.1002/bit.20929
http://dx.doi.org/10.1016/j.memsci.2020.118070
http://dx.doi.org/10.1016/j.watres.2020.115965
http://dx.doi.org/10.1016/j.apenergy.2014.07.059
http://dx.doi.org/10.1016/j.watres.2011.04.030
http://dx.doi.org/10.1016/j.cej.2016.11.077
http://dx.doi.org/10.1016/j.jclepro.2021.128359
http://dx.doi.org/10.1016/j.biortech.2015.05.007
http://dx.doi.org/10.1016/j.biortech.2021.124754
http://dx.doi.org/10.1016/j.rser.2014.07.182
http://dx.doi.org/10.1016/j.rser.2014.07.182
http://dx.doi.org/10.1080/09593330.2013.808675
http://dx.doi.org/10.1016/j.watres.2012.12.028
http://dx.doi.org/10.1016/j.watres.2012.12.028
http://dx.doi.org/10.1016/j.biortech.2012.06.028
http://dx.doi.org/10.1128/aem.56.6.1636-1644.1990
http://dx.doi.org/10.1128/aem.56.6.1636-1644.1990
http://dx.doi.org/10.1016/j.biortech.2010.12.081
http://dx.doi.org/10.2166/wst.2013.713
http://dx.doi.org/10.3969/j.issn.1007-8924.2011.04.013
http://dx.doi.org/10.1016/j.memsci.2021.119383
http://dx.doi.org/10.1016/j.memsci.2021.119383
http://dx.doi.org/10.3969/j.issn.1003-9015.2013.11.12.02
http://dx.doi.org/10.1016/j.biortech.2017.03.017

57 R ST SIRA T 2O PRI AW S &% b HR e -0 BCRRAIE ) B2 2411

Effects of load and mixing mode on methane gas-liquid distribution
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Abstract Dissolved methane (DCH,) is commonly found in the effluent of anaerobic membrane bioreactor
(AnMBR), thus easily causing energy loss and greenhouse effect. Understanding the characteristics of methane
gas-liquid distribution is crucial to improve the methane recovery in AnMBR. This study investigates the effects
of load and mixing mode on the methane gas-liquid distribution in AnMBR. The results showed that the
AnMBR achieved favorable organic removal (COD removal >90%) at 35 °C and 0.6~1.8 kg-(m*-d)™" load, but
DCH, remained oversaturated (oversaturation ratio of 1.3~2.1) throughout operation. As the load was elevated,
DCH, concentrations also increased while the oversaturation ratios decreased. Wave-pulse mixing mode, with
higher methane transfer coefficient (K7,), resulted in lower DCH, concentration, oversaturation ratio and the
proportion of DCH, to influent COD compared with cyclic mixing mode. Most of the influent COD was
converted to methane in gaseous form (50.2%~60.0%). The total energy consumption of reactor under wave-
pulse mixing mode was 85.9%~88.0% lower than that of cyclic mixing mode. Elevating load is prone to achieve
a net energy balance during AnMBR wastewater treatment.

Keywords anaerobic membrane bioreactors (AnMBR); dissolved methane; load; mixing mode; transfer
coefficient
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