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A B S T R AC T

We have demonstrated an integrated coagulation–ultrafi ltration (UF) process for enhanced 
removals of phosphate and dissolved organic carbon (DOC) in tertiary treatment. A lab scale 
system with hollow fi ber UF membranes was used in the study. Dead-end operation was 
applied in the study since its advantages of low energy consumption and high water recovery 
over cross-fl ow operation. The results showed that removals of phosphate and DOC at alum 
dosage of 10 mg l−1 in the study were >99% (or phosphate <0.03 mg l−1 in product) and 25%, 
respectively. The coagulation time in the new integrated coagulation-UF process was reduced 
to 1 min with much less foot-print. The concentration of alum dose could be further optimized 
between 5 and 10 mg l−1.
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1. Introduction

Integrated coagulation–UF/microfi ltration (MF) pro-
cess has been increasingly attractive for water treatment 
and reuse because it combines the advantages of both 
coagulation and UF/MF not only with high effi ciency of 
production, small footprint, ease and economics of oper-
ation but also with obviously improved water quality 
and membrane fouling [1–11]. A laboratory in-line fl oc-
culation-submersed MF/UF membrane hybrid system 
was tested in tertiary wastewater treatment and ensured 
over 70% DOC removal [1]. Optimal fl ux improvement 
of coagulation–UF in reuse of secondary effl uent was 
found at high alum dose of 50 mg l−1 in a batch labora-
tory study [2], however, it was reported at a low alum 

dose of 2.5 mg l−1 in a continuous pilot study on site [3]. 
Optimization of combined MF for water treatment was 
conducted and the specifi c-cake resistance as a function 
of pH or coagulant dose was focused [4]. Phosphorus 
removal in secondary effl uent for water reuse has been 
optimized using an in-line addition of alum prior to 
UF [6]. The process involved hydraulic mixing of alum 
into the feed and subsequent coagulation. As a result, 
the coagulation time (12–14 min) was greatly reduced 
comparing to conventional coagulation–fl occulation–
settling treatment and a high phosphorus removal was 
achieved with the product of ≤0.3mg l−1 (5 mgl−1 in the 
feed) [6].

Previous studies using either conventional coagula-
tion followed by UF/MF or an inline coagulation (with-
out settling) combined with direct UF/MF [12,13], have 
demonstrated effective control of fouling, improved 
membrane permeability and superior permeate quality. 




