%43 %5% 1 H Tolb 7k Ak 3 Vol.43 No.1
20234 1 A Industrial Water Treatment Jan.,2023

DOI:10.19965/j.cnki.iwt.2022-0265

TEIRF 2 (o R 55 )
RIS (0SID)

FEPEH Y MBR BEhis (T
Anammox T2 & IR 5 3%

BUR, R & LR E K
(AT U A% BRETETRER, RE T RERRAN G 7 RN EHE L LR T, X% 300401)

[BE] BAY Y 2 (MBR)AE A —Fl i 2 84 K 48 & S A (Anaerobic ammonia oxidation , Anammox ) JZ 1/ %% 37 £
BRI BT 2 e . BRI, BRE5 Ye 1) U £ 7 MBR 7E Anammox 45 3% 19 TRV H o 9 72 IS Y I 0, %41 T
— b 3 B 2, AR X R R 2E E B B RE A MBR T TS 311547 Anammox T 25, 3T AR 2 O 5 45 1
SR Ak JRE BT 7K A BY 10 T K i, DA S SR 1 1 1 e T S A R 1 il R . R AR 28 55 B AT
JIIJE B Anammox T. 25, ELEE AT 81 d A 1k 1) 5 460 5 28 4 ) 7% 4 (BS T 3K 51 0.045 MPa) o 25 AR I 37 T s 44
1 MBR AL AT LA4E 48 Anammox T. 2009 i sl R, 38 w] DIA RUG2 A iis e . IR B8 45 AR B L1817 81 d 4 14
LY T B A2, H 3295 Je iy o B AR SR 45 H 1 IR AR 2 B AL T (AnAOB) B AE K AR =4 . Rl i1
Ansys Fluent B3 T 2058 47 3 B rb <o 252 14 Jo] B 0 i S 46 4, DA T A4 3l 0 2% iy B i e 17 < =X 8 2 471 28 A M0 4 1Y
MUHE . WF5E 2 W, BEE 20 1 B0 30 5 b 18 7 3 5 910 0 R 7K I 38 32 A D 1 R T e o 22, 0 38l 2 B 2 O T G

(R ] DA A TS Gy 5 B A 1 B 4%

[FESZES] X703.1 [XERFRIZAD] A [XEHS ] 1005-829X(2023)01-0124-07

New-type membrane module MBR start and operate

Anammox process and the control of membrane fouling
YUN Hongying, MENG Hao, XING Fanghua, WANG Tao
( Tianjin Key Laboratory of Clean Energy and Pollutant Control , School of Energy and
Environmental Engineering , Hebei University of Technology , Tianjin 300401 , China )

Abstract: Membrane bioreactor(MBR) , as an efficient Anammox reactor, has attracted extensive attention from re-
searchers. However, membrane fouling restricts the engineering application of MBR in Anammox field. To slow
down the formation of membrane fouling, a new-type umbrella membrane module was designed. And then, MBR was
used to start Anammox process with this new-type membrane module, which could realize the automatic cleaning,
and prolong life span by forming a specific flow field structure to strengthen near water flow velocity and shear force.
The Anammox process was successfully started after 55 days of operation, and the condition for membrane module
replacement (the transmembrane pressure reached 0.045 MPa) was not reached until 81 d of operation. The results
showed that the new membrane module MBR could not only shorten the start-up period of Anammox process, but
also effectively alleviate membrane fouling. Scanning electron microscopy (SEM) results showed that obvious cake
layer was formed on the surface of the membrane module after 81 days of operation, and the main pollutants were
AnAOB with cauliflower structure and their metabolites. At the same time, Ansys Fluent was used to simulate the
flow field structure around the umbrella-shape membrane module during operation, and explained the mechanism
how the module could alleviate membrane fouling from fluid dynamics perspective. The results showed that the for-
mation of cake layer was significantly controlled by the enhanced shear force and velocity of water flow around the
membrane module acting on the unfold membrane wire.

Key words: Anaerobic ammonia oxidation( Anammox ) ;membrane fouling ; membrane bioreactor
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Table 1 The composition of simulated waste water

45y A/ (mg- L")
NH,"-N 50
NO, =N 50
CaCl, 226.5
KHCO, 1250
MgSO, 97.5
KH,PO, 25
FeSO,-7H,0 25
EDTA-2Na 1.75
355 12.5

T A5 8L 7K A TS il 4 F) 1.4 mL/L 3B T &R
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Table 2 The composition of the trace element solution

iy J b/ (mg - L")
EDTA 15 000
ZnS0,+7H,0 430
CoCl,+6H,0 240
MnCl,-4H,0 990
CuS0,-5H,0 250
Na,Mo0,-2H,0 220
Na,Se0, - 10H,0 210
Na,W0,+2H,0 50
H,BO, 14

B J5 12 47 B Bk FH VAl A B B 45 52 s KA
Anammox-MBR # /K , 2 H 4 I £ 5 1 2 )i K B .
FEIA St R RS TR 3,

®3 MBREMAFIEITIR
Table 3 Operating conditions of MBR

By Bt AT NH, =N NOSNE g,
(mg-L™") (mg-L7")
B1IR—H 55K 50 50 24

R0 S A
Hi56 K—Hi65K 40.45-42.73 8.76~12.89 24

o 66 K—4 73K 67.73~70.34 1123~1532 24
BITHB -
474K —45 81K 85.94~87.33 12.45~17.29 24

[7i] BT FH O v T R s K A 3T s e iR R 1Y
TR TS PR AE R 3 RS R T YR 4% T #ET RTQ-PCR
K, ¥E ¥ & A ik + 3 Anammox B A (AnAOB %%
J£ R 0.8x10" copies/g) BTG Je VE A 205 e , [] i A1)
FH B vk I R 2 R TS U A MILSS T MLVSS 43 51
3 130 mg/L #12 500 mg/L
1.3 KERAHFZE

Sk T IORS B b T B A i Bl o AR 1 AR AR A
B, 4% B CROR B 7K Wa I 43 A J7 1) % 4 B 3 K Y
B IR EAT I . Ho NH, =N SR 98 B 5 43
HIEIE L  NO, NSRRI N-(1-Z838 ) -2 /oot
JE 2 (SP-721E B 3 5606 B3t , ), NO, =N R H
S Hh 23 OO B B (MI-41K B9 28 4h 23 5% 6 B 3,
)P, ik H K pH R AE 5 28 pH 3T (SX-620 A, |-
W= A5 ) BEAT R I, 7K DO 1 JH 3 i X (JPBJ-
608 7, v [ F /) #E AT W o
1.4 ARHBE(SEM)

i SEM AT L 7E 13 K 5 5 94 2K 92 51 WL 2% K 41
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Fig. 2 Nitrogen changes during
Anammox start-up and operation
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EAL P, % L H A 4 MBR B 31 3£ 4T Anammox LT 7 & JE 35 4 15 |

AR A Y R A A 1 K NH =N R AL T
T R R A (55.23~95.67 mg/L) o [A] B K
NO, -N L U SEALE 5 0 3BT 02 ¥ 2 25 me/L
Zedi, K NO, =N — B AL FRAR K (<5 mg/L)
0 B2 B G 1 D PR R R L A R AE AR IR A
5 B SN A E P (5 25 R—5 33 ),
I 7K NH, =N 48 35 78 (50+5) mg/L, 5 #F K K 5
-, Uk B A RN T AR AV LR AR B .
K NO, =N F+ 85 % 30 mg/L £ 47 , 7K NO, N H 47 1
2N R S AE AL i B 0 55 5% B Anammox 35 PE R B
. TG PE R N 33~55 d, IR BT E 34 d, " A
1V i 2 4 ) s % 25 Bk, HH K NH,=N #TH K NO, -
N 43 5 2 7.35 mg/L 1 0.03 mg/L, 136 B 26 3 i B 4
() Anammox I P . [ NV #1217 & 55 d B, NO, =N/
ANH,"-N F1 NO, -N/ANH,"-N 43 % ¥4 % 7F 1.17
0.25 247, 5SS BUE 2, H 2 A MO A R A LB
Ry W) 3k #) 85.30% F1 99.38%, i A = 5 K ik F
81.6% , 7% W] Anammox L. 25 IN B 3, H B shinf[a] 2>
T U i 58 (an 3k 4 fr s ) o
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Table 4  Starting time and load of several different reactors

_ e
B it 3% i ﬁ?ﬁﬁi}i{ %,

SBR®" 64 0.26

SBBR!? 107 0.58

SMBBR'> 100 0.69

UASB! 75 0.18

BRI HURL AR BR A W R 90 0.26

BTG A A AL MBR 55 0.08

B B Anammox T. 25 J5 , SR FIE i 4k 1. 25 5K
Bt KA R 2 56 K—2F 81 KA /K , I 1 % 5 45
AT o B AL T 207 A A R 200 403K B H:
H K 3 A E| Anammox—MBR /7, o 7K 356 it i B B B
PESEIN , Anammox T 25 H /K %0 2 He B H 30/ 35 6 %
Bl AR AE R BAR AT, 7K NO, =NAR T 10 mg/L,
HiK NH, -NAK T 18 mg/L, JX W #4817 B4 77 K, H
SR PR B 3k B i K, O 0.16 ke/(m-d) , BEHET
REBRBEEH 82%, RN AHILZIT81d, RIMM R
I 1 B R 5R DA B R e R M U B e o A 1
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Fig. 3 TMP condition of umbrella-shape membrane module
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mox L. 25, fdi A =X B4 4, 2 1 #% 38 17 31 d, TMP
iK% 0.034 MPa, #2200 40 AL . A L T 3% SEBIF 5%
(R B35 G 1 00, AR 50 R FH A Sl PR 05 e %
W AT UL e MBS AL A W LA 54 o R I 3 2% % MBR

—127-



W B 5

Tl KA F 2023-01,43(1)

Jii 8l Anammox 33 2 A IR TS 4L 0E O o
23 WmBmA

WF5E R WY, WA B4 BT 1 3 AT LUAT 80 B TORRUAE
JRE T b T5 e RO . A RS R L U g X
MBR I 75 e A B 252 . Rt it 3 45 48 Ak 7T LA
A R % g M5 S G o fd Ansys Fluent 8R40
VL g s AT ek R v A U AR O A A B AL 4 2R B
AR . AT SN o AR PR Y — S e R 8
B PO A B ], U %6 HL R R 3 1 O, 4
DL 4,

B4 REFABREEZNL

Fig. 4  Velocity change inside the reactor
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