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PROBLEM AND RESEARCH OBJECTIVES: 
Use of micron filtration for treatment of water and wastewater is growing rapidly. In 
many installations, operators have required the post-design application of coagulants in 
order to achieve the design water production rates. However, strategies for in-line 
coagulation / micron filtration had not been established. This project addressed the use of 
coagulants for micron filtration. The objectives were to determine the coagulation 
conditions that could result in low trans-membrane pressures (TMP), long operation 
between chemical in-place cleaning (CIP), and removal of contaminants such as natural 
organic materials. 

METHODOLOGY: 
The research involved bench-scale testing at Penn State and collaboration with membrane 
vendors and membrane users for field applications.  The major independent variables for 
both bench-scale and pilot-scale testing were total organic carbon (TOC) concentration, 
coagulant type, coagulant dose, pH, zeta-potential of the resulting solids, permeate flux 
and other operating conditions.  

A bench-scale Pall Microza microfiltration unit was used for tests on water from the 
Susquehanna River near Duncannon PA. The objective was to determine appropriate 
coagulation conditions so that membrane filtration would produce a finished water in 
compliance with the Enhanced Surface Water Treatment Rules, especially regarding the 
need to remove at lest 35% of TOC. The focus of these experiments was to determine the 
effect of coagulation on water quality and therefore experiments were run at the relatively 
low permeate flux of 50 gal/day/ft2 (gfd). The same experimental set-up was 
subsequently used for other synthetic and natural waters. 

In other bench-scale experiments, flat membranes were used in recirculated-batch 
experiments, and permeate flux was regularly increased from about 10 gfd to about 180 
gfd. Various coagulation conditions were tested. The rate of increase of trans-membrane 
pressure (TMP) with permeate flux was used to estimate the “critical flux”, i.e. the 
permeate flux at which rapid fouling of the membrane occurred. Water quality was also 
determined for each coagulant and permeate flux condition. 

Pilot-scale and full-scale field tests were performed at Duncannon PA and other 
locations, in collaboration with consultant and municipal partners. 

PRINCIPAL FINDINGS: 
Addition of coagulants improved removals of contaminants and also resulted in 
decreased TMP for a given permeate flux. Low solids loading was achieved through 
manipulation of pH as well as selection of the best coagulants for each water supply. 
Aluminum chlorohydrate was universally effective, while alum, ferric chloride, and 
polyaluminum chlorides were very effective coagulants for some waters and were poor 
coagulants for other waters. Coagulants were effective even when the conditions were 
inappropriate for conventional water treatment practices, i.e. when the zeta potential and 
coagulant dose prohibited formation of solid phases that could be removed by 
conventional clarifiers and rapid filters. Bench-scale results accurately predicted pilot-
scale performance, especially for removal of contaminants such as TOC and manganese. 



Application of the bench-scale results to full-scale membrane facilities resulted in 
decreased TMP for the design flux. 
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