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Abstract: A separate microfiltration and forward osmotic membrane bioreactor (MF-OMBR)
system was constructed for the treatment of domestic sewage, and its performance of continuous operation
for 14 days was investigated when the hydraulic retention time (HRT) was 5 h, 8 h and 12 h, respectively,
so as to reveal the effect of HRT on the operational performance and membrane fouling of the combined
process. When the HRT of the reactor was increased from 5 h to 12 h, more serious salt accumulation was

observed. However, the overall conductivity was less than 2.5 mS/em, indicating that the salinity was low.
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When the HRT was 5 h, 8 h and 12 h, respectively, there was no significant difference among the initial
fluxes of forward osmosis (FO) membrane, whereas the flux decreased by 54.8%, 49.8% and 67.3%
respectively after 14 days. Under different HRT conditions, the MF-OMBR system had a good

performance for the treatment of domestic sewage. The MF and FO system demonstrated removal rates of

more than 93.0% for TOC and more than 95.6% for ammonia nitrogen, and the FO system along had the

removal rates of more than 77.0% for TN and more than 98.7% for TP. The comprehensive benefit of MF-
OMBR system was the best when the HRT was 8 h. Under different HRT conditions, the organic

compounds on the surface of the FO membrane were protein and polysaccharide. When the HRT was 8 h,

the effective control of membrane fouling was realized due to the reduction of contaminant loading rate

and soluble microbial products (SMP) on the surface of the FO membrane.
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Fig.1 Schematic diagram of split MF-OMBR device
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FO 558 | MF 58
F5 | #/(L. | /(L. | HRT/h | CRT/h | Qo/Qy| CF1H
m~2-h") | m?-h™)
5.94+ 1691+ | 5.00+ | 5.54+ | 0.11= | L.11%
! 2.24 0.02 0.19 0.01 0.04 0.04
6.71x 9.62+ | 8.01+ | 9.76+ | 0.22+ | 1.22+
2 222 0.40 0.20 0.41 0.08 0.08
551+ 6.10+ | 11.97+ | 15.6+ | 0.30+ | 1.30+
. 2.79 0.76 0.24 1.96 0.18 0.18
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Tab.2 Elemental analysis results of FO membrane
and FO fouled membrane %

e FO B ANIA HRT 4544 75 G i
5h 8 h 12 h
C 62.31 54.54 62.07 55.76
0 36.66 23.67 25.23 21.34
Na 0.50 2.59 2.44 2.27
Mg — 0.25 0.21 0.29
Al — 0.05 0.79 1.23
Si — 0.10 1.36 1.89
P — 3.77 1.63 4.60
S — 0.83 0.66 1.25
Cl 0.53 1.53 2.70 3.18
K — 0.32 0.22 0.33
Ca — 2.23 1.92 6.38
Fe — 1.12 0.79 1.20

MFE 2R LIEH B C.0ICESN, 2 HRT H 12 h
B, HoAth o0 28 AR XS B i 43 U R T HRT R 8
h 75 Y5 (B Na b ) , 1 HRT 4 5 h ) Na Mg .P.S
K.Ca .Fe % o2 AN & & A /3 R FHRT A 8 h i1y
75 YL i, BB HRT A 8 h 1Y FO X JCHL TG Y A X 45
B, 5800 g R —30 X A T FO BEEE)Z
fen HE R P A S 2 e i e P AR 25 AR A KO

3 i

@© £ MF-OMBR &%, L i #F HRT # K,
AR R BB ), (R AR b TR ER K-, HRT K5,
8 A1 12 h ) 14 d i &t N K 35351 0 54. 8% .49. 8%
67 3%, 1t i it~ % 25 5 19 Ji A2 R [A] HRT ™
A= 1CP BRGE e i A B R[]

@ Y HRTH5.8F12hif, MF-OMBR & %;
XA 1 15 7K 0 A BRASCR R4, MF AT FO X TOC AT
R 22 B8 R 35 5] 93. 0% F195. 6% LA I, FO %
TN FITP (1) 2B 5 H3K 2] 77. 0% F198. 7% VA I,
M HRT R 5 hBF, MF AR5 5T K 5 B K HRT
12 h iS55 2L AR S 7 b T A K . AR 5 bk
FAFEZ% JE HRT N 8 h Al . I MF-OMBR R 48
AT RASRAF AT A i ¥4 K B2 R 3T 2 K 7k
J5) (GB/T 18920—2020) [} MF H 7K 1 i i J5it ) T B
W(FO K)o

@  FEMF-OMBR R4+, # L T HRT 4 5 fl
12 h, 24 HRT 4 8 h i} SMP -2 B #4241 , BEPS “F- 1
WBEAE HRT R 12 h (95544 N B T F% . FTIR Ml
B4 BT 25 2R W], HRT A 43 R0 FO R i A ML)
AT R TA] HRT 2548 T A ALY v B A 25 50
JEE R ALY R F B 24 HRT y 8 h i1y
15 YL Wik B T S A 12 h A, Ho s LA 32 AL
PeF FO B 1 1Y SMP 75 &

Sk

[1] LEBRONY A R, MOSER P B, MOREIRA V R, et al.
Osmotic membrane bioreactor (OMBR) in refinery
wastewater treatment: the impact of a draw solute with
lower diffusivity in the process performance [J].
Chemical Engineering Journal, 2021, 406:127074.

[2] ACHILLI A, CATHT Y, MARCHAND E A, et al. The

forward osmosis membrane bioreactor: a low fouling

alternative to MBR processes [J]. Desalination, 2009,

239(1/3): 10-21.

[ 3] PARVEEN F, HANKINS N. Comparative performance

of nanofiltration and forward osmosis membranes in a

lab-scale forward osmosis membrane bioreactor [J].

Journal of Water Process Engineering, 2019, 28: 1-9.

[4] SONG XY, XIEM, 1LIY, e al. Salinity build-up in

osmotic membrane bioreactors: causes, impacts, and

potential cures [J]. Bioresource Technology, 2018,
257: 301-310.

- 81 -



%394 % 19# ‘:P 2 K /ﬁk 7K www. cnww 1985, com
[ 5] JANG D, HWANG Y, SHIN H, et al. Effects of salinity [14] HUANG Z, ONG SL, NGHY. Submerged anaerobic

(7]

(8]

[10]

(1]

[12]

[13]

on the characteristics of biomass and membrane fouling
in membrane bioreactors [J].
2013, 141: 50-56.

NGUYEN N C, CHEN S S, NGUYEN H T, et al.

Bioresource Technology,

Innovative sponge-based moving bed-osmotic membrane
bioreactor hybrid system using a new class of draw
solution for municipal wastewater treatment [J]. Water
Research, 2016, 91: 305-313.

SIDDIQUE M S, KHAN S J, SHAHZAD M A, et al.
Insight into the effect of organic and inorganic draw
solutes on the flux stability and sludge characteristics in
the osmotic membrane bioreactor [J]. Bioresource
Technology, 2018, 249: 758-766.

LUO W H, HAI F I, PRICE W E, et al. Evaluating
ionic organic draw solutes in osmotic membrane
bioreactors for water reuse [J]. Journal of Membrane
Science, 2016, 514: 636-645.

WANG X H, CHEN Y, YUAN B, et al. Impacts of
sludge retention time on sludge characteristics and
membrane fouling in a submerged osmotic membrane
bioreactor [J]. Bioresource Technology, 2014, 161:
340-347.

PATHAK N, LIS, KIM Y, et al. Assessing the removal
of organic micropollutants by a novel baffled osmotic
membrane bioreactor—microfiltration hybrid system [J].
Bioresource Technology, 2018, 262: 98-106.

ZHU W J, WANG X H, SHE Q H, et al. Osmotic
membrane bioreactors assisted with microfiltration
membrane for salinity control (MF-OMBR) operating at
high
implications [J]. Chemical Engineering Journal, 2018,
337: 576-583.

WANG X H, YUAN B, CHEN Y, et al. Integration of

micro-filtration into osmotic membrane bioreactors to

sludge  concentrations:  performance  and

prevent salinity build-up [J]. Bioresource Technology,
2014, 167: 116-123.

FIE, sRIUK, ZEEF, . KI5 R A A
YR GRS Y [ ], PR TR 4, 2021, 15
(7): 2460-2467.

WANG Yajun, ZHANG Siyong, LI Jinshou, et al.
Effect of hydraulic retention time on MBR membrane
[J].
Engineering, 2021, 15(7): 2460-2467(in Chinese).

fouling Chinese  Journal of Environmental

[15]

[16]

[17]

[18]

[19]

[20]

bioreactor for low-strength  wastewater
effect of HRT and SRT on
performance fouling [7].
Research, 2011, 45(2): 705-713.

QIU G L, ZHANG S, RAGHAVAN D S S, et al.
high

municipal wastewater and enhanced phosphorus recovery

membrane
treatment : treatment

and membrane Water

Towards through-put  biological treatment of
using a hybrid microfiltration-forward osmosis membrane
bioreactor with hydraulic retention time in sub-hour level
[J]. Bioresource Technology, 2016, 219: 298-310.
BT, ERAR, XILT, . BOR EDTA-2Na X
IE% % MBR BT HEREM 2 [T ] b E 47K HEk
2021, 37(11): 9-16.

YANG Yingming, WANG Xudong, LIU Xuanning, et al.
Effect of EDTA-2Na draw solute on operating
performance of forward osmosis MBR [J]. China Water
& Wastewater, 2021, 37(11): 9-16(in Chinese).

LAY W C L, ZHANG J S, TANG C Y, et al. Factors
affecting flux performance of forward osmosis systems
[J]. Journal of Membrane Science, 2012, 394/395:
151-168.

QIU G L, TING Y P. Direct phosphorus recovery from
municipal wastewater via osmotic membrane bioreactor
(OMBR) for wastewater treatment [J]. Bioresource
Technology, 2014, 170: 221-229.

HOLLOWAY R W, WAIT A S, SILVA A F D, et al.
Long-term pilot scale investigation of mnovel hybrid
ultrafiltration-osmotic ~ membrane  bioreactors [ J].
Desalination, 2015, 363: 64-74.

Prifgae, 20T, BRh i, 45 . 7K J745 B I E] % MBR
TRV A R W ) A R S )], BREE AR A
i, 2014, 8(3): 1086-1090.

WU Haiyan, LI Kaiming, CHEN Zhongying, et al.
Influence of hydraulic retention time on formation of
soluble microbial products in MBR [J]. Chinese Journal
of Environmental Engineering, 2014, 8(3): 1086-1090

(in Chinese).

« 82 -

PEEE A XX 77 (1997- ), 2, BEv Ak A, A+ i
GEA G T ) R R K AL BRI SR
E-mail: xuanningliu@163.com
7% B #:2022-03-04
f& [ B #3:2022-05-09
(%l AE2EA)



