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Introduction  
  

Ceramic membranes are physically and chemically robust, and 

intensive cleaning can therefore be applied. Operation under the 

condition of a high membrane flux may be possible with such 

intensive membrane cleaning when ceramic membranes are 

used for drinking water treatment. Mechanical scouring of 

membranes with granular materials is possible when flat-sheet 

membranes are used1). When it was combined with PACl 

pretreatment, operation under the condition of a high membrane 

flux was possible in our previous study. However, even with 

such intensive cleaning and pretreatment, gradual increases in 

TMP was observed in long-term operation due to accumulation 

of adhesive gel layer. In this study, characteristics of the gel 

layer developing on the surface of flat-sheet ceramic 

membranes under conditions of high membrane fluxes were 

investigated, and effective cleaning methods for this gel layer 

was developed.  

  

 

Material and methods 
  

Surface water of Chitose river and Toyohira river collected 

from existing drinking water treatment plants was used as 

the feed water in this study. Flat-sheet ceramic membranes 

with a nominal pore size of 0.1 μm (Meidensya, Japan) were 

used in all experiments. Membrane filtration was carried out 

with the constant flow-rate mode of operation. Membrane 

flux was fixed at 125 LMH. Backwash was periodically 

carried out at 30-minutes intervals with flux of 500 LMH. 

Each backwash lasted for 30 seconds and was accompanied 

by air sparging in the tank. Granular materials (cylindrical, 

4 mm, PEG) were placed in the tank, and they scratched the 

membrane surface during air sparging. The volume of 

granular materials placed in the tank was 10% of the tank 

volume. For coagulation pretreatment, poly aluminum 

chloride was added with the dosage of 10 mg/L and rapid 

mixing was carried out for 2 minutes. At termination of 

some experiments, in-line chemical cleaning of fouled 

membrane was carried out by injecting chemical reagent 

(alkaline NaClO (1000ppm, pH12), oxalic acid (1000ppm) 

or HCl (pH2)) into membrane module from the permeate 

side until the solution filled the inside of the module. After 

that, module was left in the filtration tank for 1 hour to 

ensure the sufficient reagent contact time with foulants. 

Images of fouled membrane surfaces were obtained by a 

scanning electron microscope (SEM). A Fourier transform 

infrared spectroscope (FT-IR) was used for obtaining 

information on functional groups of organic matter in 

cake/gel layers of the fouled membranes. 

  

  

Results and discussion 
  

Gel layer formation in long-term operation 
When filtration time was short (< 10 hours), fouling was almost 

completely controlled by PACl pretreatment combined with 

granules and intensive backwash performed with flux of 500 

LMH (data not shown). In these experiments, fouling layer was 

loose and was easily scraped off from the membrane surface by 

granules and backwashing. This result was in good accordance 

with that obtained in our previous study2). However, when 

filtration time was extended (i.e,> 120 hours), gradual increase 

in TMP was observed (Fig. 1). Membrane fouling in such long-

term filtration was caused by deposition of transparent gel layer. 

This gel layer could not be removed by the routine granular 

scouring and the intensive backwash.  

 

Structure and compositions of the gel layer 
In order to obtain insights into the structure of fouling gel layer, 

fouled membranes were observed by using SEM. Fig. 2 shows 

SEM images of the pristine and fouled membranes after 120 

hours filtration experiments which is corresponding to Fig. 1. It 

was found that the gel layer had a less porous and dense 

structure, which led to the low permeability of water. Gel-like 

substances uniformly covered the surface of the membrane. As 

seen in Fig. 2, fouled membrane surfaces had flat structures. 

Such structures of the fouling layer were considered to be 

resistant to shear stress generated by granules, and the fouling 

layer thus remained on the membrane surface. After completion 

of 120 hours of filtration shown in Fig. 1, accumulated gel 

layers were scraped off from membrane surfaces and was 

subjected to FT-IR analysis. Fig. 3 shows FTIR spectra of the 

gel layers. Broad peaks near 1000~1100 cm-1 and 3300~3400 

cm-1 indicate the presence of carbohydrate-like substances3). 

The peak near 1040 cm-1 corresponds to -S=O stretching of 

acidic polysaccharides which are adhesive and likely to cause 

severe fouling4). Removal of such adhesive fouling layer of 

polysaccharides is necessary for further mitigation of membrane 

fouling. 

 



Chemical cleaning of membrane fouled with gel layer 
In order to clean membranes fouled with gel-like substances 

effectively, in-line chemical cleanings with different reagents 

were investigated. Fig. 4 shows the recovery of water 

permeability achieved by chemical cleanings. Alkaline NaClO 

(1000 ppm, pH12) showed better cleaning performance 

compared to oxalic acid or HCl. Organic matter in the gel layer 

was effectively decomposed by contacting with NaClO. The 

chemical cleaning using multiple reagents (NaClO-HCl, 

HClNaClO or oxalic acid-NaClO) showed better cleaning 

performances compared to chemical cleaning using a single 

reagent. When NaClO was used after acid cleaning, recovery of 

permeability reached over 95%. Removal of inorganic 

substances certainly enhanced the effectiveness of chemical 

cleaning by NaClO. It was thought that stable filtration of 

surface water by ceramic flat-sheet membranes with periodical 

inline chemical cleaning using multiple reagents would be 

possible. Fig. 5 shows increase in TMP in the filtration 

experiment conducted under the same condition as that for Fig. 

1 (PACl pretreatment with granules and backwash flux of 500 

LMH). Water permeability recovered to the same level as 

pristine membrane (over 99% of recovery rate) by the in-line 

chemical cleaning, and the increases in TMP after the chemical 

cleaning was not accelerated (Fig. 5). It is thought that ceramic 

flat-sheet membrane can be operated stably for a long period 

when the proposed cleaning is carried out. 

  
 

Conclusion 
 

In this study, characteristics of the gel layer developed in the 

surface of ceramic flat-sheet membranes filtering surface water 

were investigated, and effective cleaning methods to remove 

such gel layers were developed. Dense and flat gel layer 

mainly composed of polysaccharides caused membrane 

fouling in long-term filtration. In-line chemical cleaning using 

alkaline sodium hypochlorite (pH12) and acid was found to be 

effective to remove the adhesive gel layer. It is thought that 

ceramic flat-sheet membranes can be operated stably under a 

high membrane flux of 125 LMH by using the suggested inline 

chemical cleaning method (acid followed by alkaline NaClO).   

 

 

 

 

 

 

 

 

 
Fig. 1. Increase in TMP in tests in which PACl pretreatment was combined with 

granules. 

 

 

 

 

 

 
Fig. 2. SEM images of the surface of the pristine membrane (left) and surfaces of 
fouled membranes (middle: Chitose river, right: Toyohira river) after 120 hours of 
operation corresponding to the filtration experiments shown in Fig. 1. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. FT-IR spectra of raw water (Chitose river and Toyohira river), gel layers 
collected from membrane surfaces after 120 hours of operation corresponding to 
the filtration experiments shown in Fig. 1. 

 

 

 

 

 

 

 

 
Fig. 4. Recovery rate of water permeability after each chemical cleaning. Fouled 
membranes were prepared by 120 hours filtration of water samples from Chitose 
river in which PACl pretreatment and granules were combined. 

 

 

 

 

 

 

 

 

 
Fig. 5. Increases in TMP in tests in which PACl pretreatment and granules were 
combined. Water sample from Chitose river was used as feed water. In-line 
chemical cleaning was carried out when filtration time reached at 120 hours. 
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