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Study on Fouling Behaviors of Forward Osmosis Membranes in Anaerobic
Osmotic Membrane Bioreactors

HU Taozhan', WANG Xinhua?*, WANG Chen', LI Xiufen'?

(1. School of Environmental and Civil Engineering,Jiangnan University, Wuxi 214122, China;2. Jiangsu Key
Laboratory of Anaerobic Biotechnology, Wuxi 214122, China )

Abstract. Performance and fouling of forward osmosis (FO) membranes were investigated in an
anaerobic osmotic membrane bioreactor assisted with microfiltration membrane (AnMF-OMBR )
treating the synthetic domestic wastewater. The results indicated that the salinity in the reactor could
effectively controlled at a level of about 3 mS/cm with the help of MF membrane. The thin-film
composite polyamide FO (TFC-FO) membrane had an excellent rejection for organic matters and
phosphorus,while had a limited rejection for ammonia nitrogen. The water flux of TFC-FO
membrane declined from an initial value of 7.94 LMH to a final value of 2 LMH during 30 days
operation of the AnMF-OMBR. Based on the stable salinity in the reactor,the flux decline was
mainly due to the membrane fouling, which was composed of organic fouling,inorganic fouling and
biofouling. Compared to the inorganic fouling,organic fouling and biofouling played a more
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important role in the fouling of TFC-FO membrane. The analyses of confocal laser scanning

microscope (CLSM) indicated that total cells, proteins and B-D-glucopyranose polysaccharides were

the dominant foulants. Moreover,the physical backwashing cannot recover the permeability of the

fouled TFC-FO membrane ,implying that the irreversible fouling was the main membrane fouling.

Keywords: forward osmosis, membrane fouling, biofouling,anaerobic osmotic bioreactor, physical

backwashing

BB 3 (FO) & — MR B & 25 3K 8) ),
K5 F B & W E T Bt B i 0, 5
FH K I3 FE 3 48 2 B8 2l 3 104 A 106 =68 8 A B L FO
i EL A 595 Ye A Ao KK R U REREMIR 45— &
HIHE A, B 25 R OB 2 i G TR, 2014 47 3 m
e F R FO 5 IR A AR A AT R —FpoBr
T ) JEE A ) B 2 —— DR SR IE 8 3 T A ) IR A
(AnOMBR)"\, - 55 4% 5 1) IR S0 B5E A ) S5 oL 45 A L
AnOMBR ff ) FO B8 i) 5 2080 L 328 T 7KK i
A DL HEREAT MR s T FO BRI e et , — 2
FERE 2% T Y59 3T AnOMBR T HA 1R <
[R] WSO K Tl A R A, 4 B Sk ¥ 7K Ak 43 358
PET Y,

H AT, AnOMBR 7 7 119 )ffi £ 32 2202 56 B R
HRS Yl A Z BT ST R, © G A B 0 (MF) B
fif e 7 AnOMBR i) £ B2 B 210, 8K, H i 6 T
AnOMBR Ht FO JEY5 Y447 Ry IR FE 80, A FO
R Y42 1 1 R 3 o 56 ARBF ST AR & MF R
AnOMBR (AnMF-OMBR) B 44 , W TEHLT5 94 A= 9
15 YL FAT HL TS Y 5 D7 T4 AR AT FO RS 15 YL AT
R, IR B 6 0% il B G AT AT

M2

11 IXWKE

WE 1 7, AnMF-OMBR 25 8 19 45 3R A5
4.98 L, MF i1 FO 5 [a] if 12 5 78 ) 2% o o MF i
(L FAERHE A BRA FIARAL) B8 5T R 2R i 9 &
i (PVDF) , HoF- 34042 0.2 um, MF JIE ) i it
F T s A s il o FO R A HT 2 w) AR 7 1) 3R ok e
HAE W (TFC) , HoK B & R A G5B 3E 2800 0k
5.0x10™"2(m/s Pa) 1 9.4x10° m/s™™", FO [ &
P2 50 1] JFORRB Y 7 SOk R I TS e ™ AnMF-
OMBR R FH &4t A & 7 A4 1 18 S HE1 706 ¥k 8 %
JR e L R 38 43R A R AR5 e o

LSS

1 AnMF-OMBR I Zifi#
Fig. 1 Flow chart of the AnMF-OMBR

ARSI PRI 0.5 M4 S A Sk AT DA U BB o
SR FH L 2 4 4 A (OKD-650, Hh [ I K v A 4%
A BRZ W) R HE 5 U OB e B2 A AR E , B 25 T U
LSRR T B (E I, W3 R PR A 2 ol ok £R 2
B 5 M AL BT A BBOR T, B2 LS R K
SR BE(E

BEABE R E N, 4B AR (25+1)
Co 1GRAFEBIE (SRT) 2 90 do sK Iy 45 & i) [a]
(HRT)Ff FO Ji 38 & 4 g m 22 1k, il oy 12.5~
90 ho {RAHIPEERE AN 2 Limin, T I BORAE P
X% 0.4 L/min,
1.2 #7hi5R M SLI Ak

el 15 Y8 B0 0 B R Sk T K AR BT 7
25°CTN 1Y & I e v B 7% 60 d 5 PR #) AnMF -
OMBR 1, AnMF-OMBR (9] 4 V& 15 W& 8 I [ 1A ik
J& (MLSS ) Fl 4 % 1k 1 [8 (A vk 3 (MILVSS) 73331 o
3.8 F12.8 ¢/l S5 FHOK SR FHN TOHBE i) i A 400 28
TooK, T WOSCHR [13-14], A 0 k2 7 A
(COD) . & A L (TOC) | & Bk (TP) . & & (TN) Hl
NH,*-N ¥ & 43 3] & 370.2+4.8.152.9 +4.8 3.35+
0.16.29.0+0.37 #1(35.2+1.1) mg/L,

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



WA, F: REGERED RS BT EITAR

1.3 =ZWAHE

COD \NH,~~N, TN, TP, MLSS fiI MLVSS #]}
R s e Jr s i g Y, TOC Sk A TOC il 7 41X
(Shimadzu TOC=Vesh, Japan)il 2 . {8 SR AA
AH 8, 3% /X (Shimadzu GC-2010 Plus,Japan) il & , E.
TR 12 BROCHRT16].

h 255 FO BTG Gt ol , SR Hi il 7 B 3
(SEM) (Olympus IX51) W% Y I 2 02 S FRE
fif B g B 0 1 X 520634 (EDX) (Olympus 1X51)
TR TG W U R A R Z EYR AL 5
JeI R A B isE (CLSM) (ZEISS LSM 710,ZEISS,
Germany ) 1) 75 72 73 115 Y 6 IR0 1T 1) Z2 68, 26 11 5 fn
AR W 08 A, €700 9 ] 4 DA S 3 4 ) e £ 0o 7
DUSCHR[LT7]. oAb 323 KO 35 Y BT i 75 44 49, itb 47
MLSS DA K MLVSS J3#r , $2 507 % WL SCRR 18]

14 it

B 2 HoaiE i —Ff FO 35 JL 3 3t 7
A O T H R PEXT AnMF-OMBR Hr FO i
MG YRR, 24 FO Y & B 22—y i 8
FO J5E R B s, AT S vh gk o 7R AT B b ok
iF, JEORHGCR A LS 2R 0 20 mS/em (1) S AL BNV TR,
MPIRCR T LB 1K, HAGH#E A 0.4 L/min,
M FO BRI EE o 25 CRIRE N R byt 12 h 5,
FHTA AnMF-OMBR iz 17,

WP

2.1 AnMF-OMBR iz fT

RS TR A VR e 2% I () 1 78 A 4 [ 2
Jm o MNP 2 HRT DA B, B0 #% P R R — 4
FETE 3 mS/em Zofy o X UL, MF 19 /i A BEGE A 20
i R B AR AnMF-OMBR 7E I3 B 3 55 iz
7o MF A RLF il b B 2 222 i T HALAR ol DL A i
BREN RS, XAET MF 2178t n] DU &
FHE S 2% N IR, BT 2 38 W] LR B, 280
30 d B4z 17 ,FO JiE 38 &t N 7.94 LMH T [ 2] 2
LMH, =5 |, B2 054 W7 AnOMBR H1 &3 T
FO JE58 5 1Y g il ™ te4h, 5 AnMF-OMBR Hp g R
LR YEHF 5T (CTA) [ FO JEAR LLM, TFC 44 3 i) FO i
138 IR, X AT RERE BT TFC By 15 Y 1T
Cigs

fEREA B TR, BT FO X TOC Fi1 TP
) R RERR K Y TOC F TP 43 317N T 5 mg/L Al

0.5 mg/L, #R1fi ,FO X NH-N JL-F- 3% A # & 6
J1, S BU K AAE 2.13~50.69 mg/L, X 2
A E R F NaCl A5 A Y U, Na+f) 52 17 47 10
KT Cl MR R T4, 35 0 I8 R 9 K NH+—
N BB IBOE ™, e sh , AnMF-OMBR 1) H ¢ 7
M 0.26~0.29 L CH, g COD, 5 3CHR[10]45 5254 .

—_
=)
1

46

ol =
. o K
.y

]

Tr = 14 &
2 Stas .l A, A 4 aaata a4 §
@ 4L LY T IT] nf’;v
: LETT 12 ®

3+ "smm,

2 "ug

1

0 | 1 1 1 ! 1 0

5 10 15 20 25 30 35

KHd

E2 FOEBEMRERESENTLER

Fig. 2 Water flux of FO membrane and conductivity of
mixed liquor during the operation of AnMF —
OMBR

22 BESESH

221 FHRBHIHRBHRALEAR N T HEIT
)1 i FO 5 ek, 43 ilid 5k SEM 1 EDX 43
BT BTG 5 YL P T A DA BB R T R i 4Lk, anf&l 3
FE 4 PR,

() Bl

3 HWESIEHERN SEM
Fig. 3 SEM images of the virgin FO membrane and the

(b)V5 G5t

fouled FO membrane
A3 IR S 9 e B SEM X e, AT L&
B, 5 Y i) FO 5 T T o K15 ey, [l ] 5 1 3
FEAEER M S . DUIEL 4 0] DU i, RIS G 490 1)
73434 N.O Na Mg .P.S . Cl.Ca #l Fe %55 1. &
BTy TRC R WA N, EDX 925 R 5] FO
R T B 7 G W B A C R SO A LY A, R

A& 5 4otk £ 240 2019 £ 38 5 10 19 HEEH




RESEARCH ARTICLE

HU Taozhan,et al: Study on Fouling Behaviors of Forward Osmosis

Membranes in Anaerobic Osmotic Membrane
Bioreactors

TS Y 1) W 4 S 36 B, T 75 Y 4 1) MILVSS/
MLSS A9 e AE M 0.85, iX i B FO BT A5 e LA
HLAUVEY)IS g F

Sum Spectrum

Element N (0] Na
Weight/% 20.66  40.56  3.96

Element  Cl Ca Fe

Weight%  2.29 1280 134

Full Scale 7544 cts Cusor:0.000 keV

B4 SHER EDX
Fig. 4 EDX image of the fouled FO membrane
222 HWAEY T RSN TOLRALE CLSM
(1 77 % T AR AT 6 A HIL 0 R Bl A 0 18 g A 1
DL P, SR i 5 ik — 204 FO 75 L Ay A AL
A5 Qe AT 00 o IR S AT LR B, A= 5 ¢
JZRIEE N 30 pm, S WY SO SR R E

= 7
60
200 300 400500
o 100 X/um

(a) E 20t

(¢) o ~D-MH I £ M

a-D-nik i 24 Je B-D-mtig Zh . kY E AR
B—D— L I 2 M 42 I Ak 11 2R 4R 7 5 3 T OB A 2
WG YR o 5 B-D-ML il Z A L , a-D-ntt i 2 b
R W s /N T B-D-nik g Z2 4% ot m] LAAS
FO A HLAAE TS5 e i) T 2o R RUEY) . A
JEU AT B-D—nL i 2 4k o
23 itk

h T E Mg X FO Y5 gl fE T K A
M, M FO @ ERESE 2 LMH .3 LMH f1 4 LMH /&%
BREAT 7R, AR AN 6 FrR o 2 FO [ &
T REE) 2 LMH B (55 1R 247 o i, i 0 Ja 10
FO [ A iz 4738 Bk SE T, 3 U6 W] L I A B b i
YRS G i A AT O o 2 FO JRGE R R 3
LMH i (25 2 J39)) 647 S o e 19 80001 5 T 6 Dy 2
LMH B3 E25 R — 4o SR, 24 FO [ & T [ 3
4 LMH i (56 2 J& ) st OF #R B vb i, FO 3 8 T &
# 4.5 LMH. SR AERF 2 d J& , FO I i 38 7 3L
TRER] 4 LMH PUF o LA BRSO yeas R Ui, AR
A ey 38 8 I BEAT B gt nT DAAE — R R

(d) B -D-Ntkmi 2 17k

5 FORBEAERHMEYEMAE.E AR a-D-MLIE S #EF B-D-Mt v % ¥ CLSM E 4

Fig. 5 CLSM images of total cells, proteins, —D—glucopyranose polysaccharides and 3—D-glucopyranose polysaccharides

in the FO biofouling layer

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



WA, F . RS EIE A Y B B0 BT AT AR

o TR el ot Oune e SR

FO 35 e i W S ORI PR . Ptk 7645 19 B

5 AT LA B R FH A 25 T VR 19 7 25 R 4K S AnMF— 1) MF 9 A A 28 % © AnMF-OMBR g
OMBR 1 FO ¥5 Y 5 1) i it HIEBR, M, AnMF-OMBR FUA7 £4¢15 TOC il
10 TP i) S BRACR . SRTT , 1 T FO XS NH/—N i &
oFa SCRAT B LUK AR NN WS A

j'._x = AL 2) £ AnMF-OMBR iz 17 F2 1 , TFC-FO i
o taa ek M R, I B S e BB TFC-FO
s IR F T 95 Y IR T TE WL e A BLI5 e 15 2 435
4

3

2

1

0

38 H/LMH

. igiite, ., PGS A 1052 A 15 Y, ELLAAT DLIS Yo R 35 e oy
e, [y o A HLT S A 5 e ) B4 S Bk 9 2
P 1A B-D—IL I 220
T S S S 3) S AP AnMF-OMBR #t TFC-FO {5
FHud e JELE I RUR AN

B 6 TREEEETR % FOETHEM
Fig. 6 Effects of physical backwashing at different flux

point on the FO membrane performance

S Hk:

[1]GUY S,WANG Y N,WEIJ,et al. Organic fouling of thin-film composite polyamide[J]. Water Research,2013,47:1867-1874.

[2 ]1MI B X,ELIMELECH M. Chemical and physical aspects of organic fouling of forward osmosis membranes [J]. Journal of
Membrane Science,2008,320(1-2):292-302.

[3 ] WANG R,SHI L, TANG C Y Y,et al. Characterization of novel forward osmosis hollow fiber membranes [J]. Journal of
Membrane Science,2010,355.158-167.

[4]ZHANG Q Y,JIEY W,LOONG W L C, et al. Characterization of biofouling in a lab-scale forward osmosis membrane bioreactor
(FOMBR)[J]. Water Research,2014,58.141-151.

[5 ] LUTCHMIAH K,VERLIEFD A R D,ROEST K,et a. Forward osmosis for application in wastewater treatment: A review [J].
Water Research,2014,58.179-197.

[6] WANG X H,CHANG V W C,TANG C Y Y. Osmotic membrane bioreactor (OMBR) technology for wastewater treatment and
reclamation : Advances, challenges, and prospects for the future[J]. Journal of Membrane Science,2016,504:113-132.

[7]CHENL,GUY S,CAO C Q,et al. Performance of a submerged anaerobic membrane bioreactor with forward osmosis membrane
for low-strength wastewater treatment[J]. Water Research,2014,50.114-123.

[8]GU Y S,CHEN L,NG J W, et al. Development of anaerobic osmotic membrane bioreactor for low-strength wastewater treatment
at mesophilic condition[J]. Journal of Membrane Science,2015,490:197-208.

[9] TANG M K Y,NG H Y. Impacts of different draw solutions on a novel anaerobic forward osmosis membrane bioreactor
(AnFOMBR )[J]. Water Science and Technology,2014,69(10):2036-2042.

[10] WANG X H,WANG C,TANG C Y et al. Development of a novel anaerobic membrane bioreactor simultaneously integrating
microfiltration and forward osmosis membranes for low-strength wastewater treatment [J]. Journal of Membrane Science,
2017,527.1-7.

[11] WEILJ,QIU C,TANG C Y Y,et al. Synthesis and characterization of flat-sheet thin film composite forward osmosis membranes
[J]. Journal of Membrane Science,2011,372.292-302.

[12] LAY W C L,ZHANG Q,ZHANG J, et al. Study of integration of forward osmosis and biological process : membrane performance

under elevated salt environment[J]. Desalination,2011,283.:123-130.

A& 5 4otk £ 540 2019 £ 38 5 10 17 K




HU Taozhan,et al: Study on Fouling Behaviors of Forward Osmosis
RESEARCH ARTICLE Membranes in Anaerobic Osmotic Membrane
Bioreactors

[13] CHEN Kang, WANG Xinhua, LI Xiufen, et al. Impacts of calcium ion on short-term membrane fouling [J]. Chinese Journal of
Environmental Engineering,2012,6(2):471-476.(in Chinese)

[14] CHEN Chunmei,ZHANG Jun,LI Xiufen,et al. Effect of aeration intensity on the components of extracellular polymeric
substances and their distribution in membrane bioreactor system [J]. Journal of Food Science and Biotechnology,2015,9.
920-925. (in Chinese)

[15] [ ZE PR R SRy, K RO KA 43 87 7 2 IM. db e« b = BB R 2 At , 2002.

[16] ZHANG Xiang,ZHANG Wei, LIU Jindun,et al. Study of the optimized conditions during analyzing the component of biogas by
gas chromatogram[J]. China Academic Journal Electronic Publishing House,2007,7:119-201.(in Chinese)

[17] YUAN B, WANG X H,TANG C Y, et al. In situ observation of the growth of biofouling layer in osmotic membrane bioreactors
by multiple fluorescence labeling and confocal laser scanning microscopy[J]. Water Research,2015,75.188-200.

[18] KWAN S E,ZEEV E B,ELIMELECH M. Biofouling in forward osmosis and reverse osmosis : Measurements and mechanisms[J].
Journal of Membrane Science,2015,493.703-708.

[19] SMITH P J,VIGNESWARAN S,NGO H H,et al. A new approach to backwash initiation in membrane system [J]. Journal of
Membrane Science,2006,278:381-389.

[20] WANG Z W,MA ] X, TANG C Y Y,et al. Membrane cleaning in membrane bioreactors: A review [J]. Journal of Membrane
Science,2014,468:276-307.

[21] WANG X H,YUAN B,CHEN Y et al. Integration of micro-filtration into osmotic membrane bioreactors to prevent salinity
build-up[J]. Bioresource Technology,2014,167:116-123.

[22] HOLLOWAY R W,RAGNERY J,NGHIEM L D, et al. Removal of trace organic chemicals and performance of a novel hybrid
ultrafiltration-osmotic membrane bioreactor[J]. Environmental Science and Technology,2014,48.10859-10868.

[23] XUE W C,TOBINO T,NAKAJIMA F,et al. Seawater-driven forward osmosis for enriching nitrogen and phosphorous in treated
municipal wastewater ; Effect of membrane properties and feed solution chemistry[J]. Water Research,2015,69:120-130.

[24] HASSAN I B,LAFFORGUE C,AYADI A, et al. In situ 3D characterization of monodispersed spherical particle deposition on

microsieve using confocal laser scanning microscopy[J]. Journal of Membrane Science ,2014,454:283-297.

I ) SE (= T -

SWER-FELZLE/N\BRAFYEERETEEZAHTS

2 EHIE] 2019 45 11 H 21-24 H

S AR AR ) T

E B O b EkES

A I 7L R E A S AR R 04 2 TR A AL DA B 3 A @ b 2 Ak W 2 T ST =
WAL RIR WG TR 5 R B A

Koz I B HER

TR : 150

B &R N R

T WP 46 : zxiao@xmu.edu.cn

M 1% : 15859270353

o bkt E A BT B R ] R i 422 5

WA L RIRT= 2B S A U B2 5 2 R IR =W 10 6 B3 3 R SR 7= W (4 Ak 2 A W 27 54 R SR 7= W A D 25 ) )

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.38 No.10 2019



