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differential function in time, which relies on the attachment 
and detachment of cake layer 

hm The membrane’s effective thickness 

H2O2 Hydrogen peroxide 

H2SO4 Sulphuric acid 

J The permeate flux 

k The factor representing the detachment of the cake layer 
from the membrane surface 

kDa Unified atomatic mass unit 
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K2Cr2O7 Potassium dichromate 

KH2PO4 Potassium phosphate 

MLSSe The MLSS concentration in the aqueous phase after 
emulsification 

MLSSi The initial MLSS concentration of the mixed liquor sample 

md,o  Outer membrane diameter 

md,i Inner membrane diameter 

Mg Magnesium 

MGMS Modified corn starch 

MgSO4·7H2O Magnesium sulphate 

MPE Organic flocculant 

MPE50 Organic flocculant (cationic polymers) 

MPL30 Cationic polymers 

MnCl2·7H2O Manganese chloride 

NALCO MPE50 Cationic polymers 

nc Cake fouling factor to explain the typically observed 
exponential rise of TMP due to the cake layer resistance 
especially at the final stage of operation of an MBR system 

np Pore fouling factor to explain the typically observed 
exponential rise of TMP due to the pore fouling resistance 
especially at the final stage of operation of an MBR system 

NaCl Sodium chlorite 

NaClO Sodium hypochlorite 

NaHCO3 Sodium hydrogen carbonate 

Na2MoO4·2H2O Sodium molybdate dehydrate 

NH2OH Hydroxylamine 

NH4-N or NH4
+ Ammonia nitrogen 

(NH4)2SO4 Ammonium sulphate 

NO2-N or NO2
- Nitrite 

NO Nitric oxide 

N2 Nitrogen gas 

N2O Nitrous oxide 

NO3-N or NO3
- Nitrate 

PAM-MGMS Polyacrylamide-starch composite flocculant 
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pH Power of hydrogen or potential hydrogen  

PM30 A kind of polyethersulfone membrane 

PO4-P Orthophosphate 

Poly-1 Cationic polymers 

Poly-2 Modified cationic polymers 

rp Membrane pore radius  

R80  Membrane bioreactor with 80 nm pore-sized ceramic 
membrane 

R100  Membrane bioreactor with 100 nm pore-sized ceramic 
membrane 

R200  Membrane bioreactor with 200 nm pore-sized ceramic 
membrane 

R300  Membrane bioreactor with 300 nm pore-sized ceramic 
membrane 

R2 Squared value of correlation coefficient 

RC Cake layer resistance 

RM Intrinsic membrane resistance 

RIR Irreversible fouling resistance 

RP Pore blocking resistance 

RT Total fouling resistance 

SMPtotal Total soluble microbial products 

t The filtration time 

T Temperature 

TATE & LYLE 
Mylbond 168 

Starch 

Ti-MBR Electro-membrane bioreactor with titanium anodes 

TN Total nitrogen 

ZnSO4·7H2O Zinc sulphate 

x Independent variable 

y Variable 

∆MLSS/∆t Biomass growth rate 

ΔP Transmembrane pressure gradient 

∆TMP/∆t Membrane fouling rate 

YW 30 A kind of regenerated cellulose membrane 
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Greek symbols 

Symbol Description 

αc Specific resistance of the compressible cake layer 

αp Pore size reduction coefficient 

γ Shear rate 

ƞf Average fraction of soluble particles that accumulate in 
membrane pores 

ρc Density of the cake layer 

ρP Density of biomass 

τ Shear stress 

μ Viscosity of the permeate 
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Abstract  

In recent years, membrane fouling has become a critical issue of membrane 

bioreactor (MBR) in wastewater treatment. To resolve this obstacle, introducing 

biomass carriers or flocculants into submerged MBR (SMBR) has become one of the 

effective technologies for membrane fouling control. This study aims to provide an in-

depth analysis on membrane fouling behaviour in SMBRs with sponge and/or the 

patented green bioflocculant by considering the properties of activated sludge and cake 

layer. A new functional media (sponge modified plastic carrier) was also developed to 

enhance the performance of integrated moving bed biofilm reactor-membrane 

bioreactor (MBBR-MBR) systems. The results suggested that sponge addition in a 

SMBR (SSMBR) or bioflocculant addition in a SMBR (MBR-G) reduced cake layer 

formation and limited pore blocking, thus effectively minimizing membrane fouling. 

Better sludge characteristics were obtained in both of the SSMBR and the MBR-G due 

to less soluble microbial products (SMP), lower biomass growth and sludge viscosity, 

higher protein to polysaccharide ratio in extracellular polymeric substances, higher zeta 

potential, greater relative hydrophobicity, larger floc size and better flocculation ability. 

The presence of sponge or bioflocculant in the SMBR also eliminated extracellular 

polymeric substances (EPS), SMP and/or biopolymer clusters (BPC) on membrane 

surface. Consequently, cake layer (RC) and pore blocking resistance (RP) were 

decreased in the SSMBR and the MBR-G. A modified resistance-in-series model 
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proposed for the SMBR with and without bioflocculant could quantitatively 

demonstrate the impacts of sludge characteristics on membrane fouling. In the SSMBR, 

a longer hydraulic retention time (HRT) of 6.67 h permitted more considerably fouling 

reduction comparing to shorter HRTs (5.33 and 4.00 h). Moreover, lower RP and RC at 

the prolonged HRT were mainly ascribed to the elevated protein to polysaccharide ratio 

in SMP (SMPP/SMPC) of mixed liquor, together with the declined EPS and BPC in cake 

layer. SMP was not the primary membrane foulant when the SSMBRs were operated at 

different HRTs. Bioflocculant addition at the optimum HRT of 6.67 h further mitigated 

fouling in the SSMBR by improving activated sludge and cake layer characteristics. The 

integrated MBBR-MBR with the sponge modified plastic carriers showed better 

removal of DOC, NH4-N, T-N and PO4-P than the MBBR-MBR with plastic carriers 

only. Furthermore, the sponge modified plastic carriers also eliminated SMP of mixed 

liquor, and reduced SMP and BPC on membrane surface, which ameliorated membrane 

fouling, RP and RC as compared to the plastic carriers.    

 

Keywords: Submerged membrane bioreactor (SMBR); Moving bed biofilm reactor 

(MBBR); Integrated MBBR-MBR; Sponge; Bioflocculant; Hydraulic 

retention time (HRT); Sponge modified plastic carriers; Membrane fouling; 

Nutrient removal; Cake layer; Modelling  

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


	Title Page
	Certificate of original authorship
	Acknowledgements
	Table of contents
	Table titles
	Figure captions
	Abbreviations
	Nomenclatures
	Greek symbols
	Abstract

