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Abstract: The aim of this study is to evaluate the optimal conditions of membrane filtration process. 

Both laboratory test and pilot-scale test were conducted to examine a treated water on blending water. 

The water sample were prepared by blending a raw water and the effluent water filtered through an 

organic membrane. The optimal efficiency in the treatment of water quality at the lab-scale test was 

generated under conditions of flux at 2.0 m3/m2∙day, the blending ratio of 4:1, and the optimal dosage 

of coagulant at 20 ppm. The pilot-scale test resulted in that the optimal efficiency was obtained under 

conditions of flux at 2.0 m3/m2∙day and the blending ratio of 6.0:1. However, the different results 

between lab-scale and pilot-scale tests on the optimal dosage of coagulant implied that it is difficult to 

achieve the stable condition of process operation at the low level of coagulant. In summary, the results 

indicated that, in the combination process of organic membrane and ceramic membrane, the recovery 

efficiency was achieved above the level of 98.4 %. Compared to 92.1 % in a single organic membrane 

process, the combination process is 6.3 % more efficient than the single one. This combination process 

of water treatment lead to stable recovery rates by the optimal input of dosage, less pollution load to 

water, and a stabilized filtration system. 

Keywords: ceramic membrane; combination process; microfiltration; optimization; recovery 

efficiency 

 

1. Introduction 

Water quality has kept deteriorating originated from agricultural residues, sewage and industrial 

wastewater [1,2]. Securing clean water is one of the challenges to be overcome globally [3,4]. Research 

has been conducted in various ways to meet the increasing demand of safe water: such as, 

technological advances, water reuse, desalination of seawater [5,6]. 

It is important for the human needs to have purification methods for drinking water. Removal of 

natural organic matter (NOM) is a major issue for the production process of drinking water [7]. NOM 

includes residues of microalgae, plants and microorganisms as well as dissolved organic matter 

(DOM) consisting of fulvic acids, humic acids, molecular weight organics, polysaccharides and 

biopolymers [7].  

Such substances addressed ahead are generally quantified by DOC (dissolved organic carbon) 

[8]. DOC compositions vary widely in surface water. UV absorbance at 254 nm (UV254) represent 

humic substances including double bond and benzene ring [9]. Specific ultraviolet absorbance254 

(SUVA254) yields a quantitative estimate of aromatic content per unit concentration of organic carbon 

[10]. In addition, drinking water requires high level of clarity and very low turbidity [11]. 
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In order to achieve the high standard of drinking water quality, membrane technology is possibly 

proposed as a strong method [12]. Recently membrane technology has become more economically 

sound, according to the growth of using membrane filtration technology [1,9,13,14]. Membrane 

technology for water treatment is known as microfiltration(MF), ultrafiltration, nanofiltration, reverse 

osmosis, forward osmosis, membrane distillation, electro dialysis, and pervaporation [1]. They have 

been classified according to process and purpose of water treatment system. 

In particular, MF treatment an important role in treating surface water for the purpose of 

drinking water security [15-17]. Organic membranes used for drinking water treatment are relatively 

inexpensive, and many studies have been conducted and widely used for reverse osmosis, 

pervaporation [18-20]. However, it is difficult to sustain the use of organic membrane due to the 

following problems that include a decrease of quality in membrane permeability, an increase of 

cleaning times, and a decrease of lifespan [21]. Such disadvantages are main obstacles in application 

to drinking water treatment processes. In contrast, ceramic membranes have advantages over organic 

membranes; for example, mechanical resistance, pressure resistance, long service lifespan, chemical 

inertness, thermal stability, and easy rinsing [22-26]. 

In addition, a process utilizing blending of raw water and treated water has been proposed to 

reuse waste water to drinking water [27]. Blending also dilute pollutants in water so that it is an 

important treatment method for drinking water sensitive to pollutants. Water utilities typically 

should meet the seasonal demand, or decrease in reliance on raw water. There are multiple sources of 

water, and it is important to comply with drinking water guidelines [27,28]. Optimizing the blending 

ratio of water from different sources may minimize the overload of a raw water. An optimization 

method is needed to achieve an appropriate blending ratio. In this way, it can contribute to improving 

the recovery efficiency of raw water in the purification plant [29]. 

This study aims to evaluate the processing performance of ceramic membrane in order to ensure 

continuous drinking water from blending water. Lab-scale study was processed to confirm the 

optimal dosage of coagulant and a blending ratio, and to demonstrate the optimal efficiency in the 

treatment of the ceramic membrane. In addition, the pilot-scale shows the recovery efficiency through 

the combination process of organic and ceramic membrane filters. Based on lab, pilot-scale is 

proceeded to suggest the optimal process for the membrane process and field application.  

 

2. Materials and Methods  

2.1. MF membrane set-up and operational control for lab and pilot-scale 

Raw water samples were collected from Y Dam in Korea, and backwashing water was obtained from 

G water purification plant (J city, Korea). The pilot-scale plant was built up near the location of G 

water purification plant. Table 1 presents the properties of the MF membranes used for both 

laboratory-scale and pilot-scale tests. The schematic diagram according to the composition of the 

experiment is shown in Fig.S1 and Fig. S2. Properties of raw water and back-washing water are 

shown in Table 2. Treated water sample was prepared by blending a raw water with a backwash 

water filtered through organic membrane. From the process of blending water samples, it is possible 

to find out the performance of ceramic membrane and the optimum blending ratio. We prepare 

blending water samples in lab-scale test at a constant ratio. However, the pilot-scale showed a slight 

difference in blending in contrast to the lab-scale. Difficulties in blending evenly back-washing water 

and raw water occur when organic membrane were operated not consistently so that its process was 

unstable. 

The operational condition of flux was set at 1 m3/m2·day (flux 1) to 4 m3/m2·day (flux 4). In order to 

achieve stable state of the plant, a flux rate was applied at 1 m3/m2·day for organic membrane and 2 

m3/m2·day for ceramic membrane. Organic membrane is designed to be operated for a total of 48 

cycles per day (at 1 cycle/30min per module). One cycle of the process consists of filtration (28 min) 

and backwashing (2 min). Backwashing process include the application of 5 ppm NaOCl with air 
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rinsing. Inorganic membrane process was operated for 120 min filtration and 108 second 

backwashing, and then a chemical enhanced backwash was conducted once a day. Backwashing 

process was conducted by putting the pressure of 5 bar with the use of the treated water filtered 

through ceramic membrane. Afterwards, the residues from the module were removed by putting the 

pressure of 2 bar air rinse.  

 
Table 1. Properties of the MF membrane for lab and pilot-scale 

Scale Lab Pilot 

Material Ceramic Polyvinylidene 

fluoride (PVDF) 

Ceramic 

Module size (mm) Φ 30 ∙ L 100 Φ 216 ∙ L 2,160 Φ 216 ∙ L 2,338 

Pore size (µm) 0.1  0.1 0.1  

Membrane area (m2) 0.04  75  25  

pH range 1 ~ 14 1 ~ 12 1 ~ 14 

Pressure range (kgf/cm2) 20  3  20 

 

Table 2. Properties of water samples 

Water sample Characteristics Value 

Raw water pH 7.22 

Turbidity (NTU) 0.669 

UV254 (cm-1) 0.036 

SS (mg/L) 10 

TOC (mg/L) 2.43 

DOC (mg/L) 2.38 

Back-washing 

water 

pH 6.97 

Turbidity (NTU) 7.01 

UV254 (cm-1) 0.107 

SS (mg/L) 20 

TOC (mg/L) 5.45 

DOC (mg/L) 2.27 

 

2.2 Analytical devices 

 A pH meter (F-74BW, HORIBA, Japan) was used for measuring pH. Total organic carbon (TOC), 

DOC and UV254 were measured by a TOC analyzer (TOC-LCPH,Shimadzu, Japan) and UV-VIS 

spectrophotometer recording spectrometer (UV-1240, Shimadzu, Japan), respectively. A turbidity 

meter (Orion AQ4500, Thermo Scientific, Singapore) was adopted to measure turbidity, which 

recorded nephelometric turbidity unit (NTU). SUVA254 is the ratio of UV254 to the concentration of 

DOC in the water (Eq.(1)) [30].  

SUVA254(L/mg · m)=UV(cm–1) × 100(cm/m)/DOC(mg/L)(1) 

2.3 Jar test 

Jar test was conducted to derive the coagulation conditions by rapid mixing at 120 rpm for 15 

seconds, slow mixing at 20 rpm for 15 min, and precipitation after 10 min. The concentration of 

coagulant was varied to find out the optimum dosage of coagulant. The coagulant used for the tests 
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was A-PAC 10.6% (as Al2O3). After coagulant injection, turbidity, UV254, TOC, and DOC were 

analyzed to determine optimal coagulation conditions. 

 

3. Results and Discussion 

3.1. Lab-scale 

3.1.1. Estimation of optimal dosage of coagulant (A-PAC) by jar test 

The results of jar test and the analysis of treated water quality include that, regardless of blending 

ratios, the dosage of coagulant (A-PAC 10.6%) at 20 ppm showed stable efficient rates; therefore, the 

operational dosage of coagulant is 20ppm.  

Turbidity changes of treated water by coagulant doses and blending ratio were depicted to show 

that the lowest value for all blending conditions at 20 ppm of coagulant was estimated to be 0.45 NTU 

to 0.72 NTU (Fig.1a). UV254 was measured from 0.061 cm-1 to 0.076 cm-1 at the stage of initial blending. 

Fig. 1b presents that UV254 at the unit of 0.02 cm-1 showed no significant changes from 15 ppm to 30 

ppm (Fig. 1b). Therefore, the dose of coagulant of UV254 is determined at 15 ppm to 30 ppm. The 

initial value of DOC for blending was measured from 2.847 mg/L to 3.241 mg/L. Fig.1c shows that the 

coagulant dose was reliably effective from 15 ppm (1.646 mg/L to 2.040 mg/L). However, the timing 

point of satisfying all the blending ratio was observed at 20 ppm (1.647 mg/L to 1.954 mg/L). 

Consequently, the results imply that the optimal dose of coagulant is estimated at 20 ppm. 

 
Figure. 1 Changes of (a) turbidity, (b) UV254, and (c) DOC of treated water by coagulant doses and 

blending ratio 

 

3.1.2. Estimation of optimal flux according to blending water 

The transmembrane pressure (TMP) of the lab-scale was measured with the results of the lab-scale 

test accordingly blending and flux. The result of LR1 showed 11.2 pka to 36.1 pka up to flux 3, but 

flux 3.5 was over 40 pka unlike other samples (Fig.2a). In addition, more than the result of flux 3.5 

showed a tendency of TMP to increase in treatment time. In the case of LR2 and LR3, the pka below 

40 was shown in all flux with 10.3 pka to 35.5 pka and 10.2 pka to 32.2 pka, respectively (Fig.2b, 2c). 

The TMP results of LR4 were 7.9 pka to 24.8 pka that in case of LR4(Fig.2d), this process was able to 

operate up to 4 fluxes without a sudden change in TMP, alike LR2 and LR3. Therefore, on the lab-

scale basis, no significant change in the differential pressure was observed in the process except for 

the sample of LR1. Unless the blended raw water exceeds the water quality value of LR1, the process 

can be operated without any difficulty up to flux 4. 
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Figure. 2 Differential pressure according to blending ratio and flux on lab-scale: as each condition (a) 

LR1; (b) LR2; (c) LR3; (d) LR4 

 
3.1.3. Effects of blending ratio and flux on ceramic membrane 

Table 3 shows the properties of samples before and after the process. Table 4 presents the removal 

efficiencies according to the process. The pH of all treated sample ranged from 7.2 to 7.5, which is 

similar to the initial value of 7.3 to 7.4, and also all meet WTO drinking water standards of 6.5 to 8.0 

[31]. The initial value of turbidity was formed from 1.41 NTU to 3.18 NTU. The all treated sample 

through the ceramic membrane showed a very low turbidity value of up to 0.068 NTU. In addition, 

the WTO drinking water standards satisfied 0.5 NTU [31]. 

The pH and turbidity showed no difference in blending and flux in all treated waters. The effect of 

the ceramic membrane was very low [32,33]. Turbidity was continually measured below 0.5 NTU for 

all experimental samples, which implies a superb turbidity removal capacity of the applied process. 

Turbidity treatment also showed very high removal efficiency (minimum: 96% and maximum: 98%). 

TOC of the blending sample showed 2.181 mg/L to 3.483 mg/L, and the TOC of LR1 showed 3.483 

mg/L (Table3). For LR1, the flux was 2.942 mg/L at 2.712 mg/L and the treatment efficiency ranged 

from 15% to 21%. TOC of LR2 was 3.199 mg/L, and after treated sample of TOC increased 2.523 mg/L 

to 2.812 mg/L according to each flux. Treatment efficiency was also shown from 12% to 21% (Table4). 

For LR1 and LR2, the TOC did not show a significant difference in the effluent value (within 10%) 

according to each flux. The TOC of LR3 and LR4 were 2.468 mg/L and 2.181 mg/L, respectively. After 

treated LR3 of TOC was 1.968 mg/L to 1.998 mg/L according to each flux, and in case of LR4 was 1.723 

mg/L to 1.767 mg/L according to each flux. In order to continue to receive a low TOC of 2 mg/L, the 

blending ratio should be maintained above LR3. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 February 2020                   doi:10.20944/preprints202002.0008.v1

https://doi.org/10.20944/preprints202002.0008.v1


6 

 

The initial value of UV254 ranged from 0.041 cm-1 to 0.052 cm-1. The effluent had very low values (up to 

0.023 cm-1). Treatment efficiency was also more than 50% in all conditions except for LR4. UV254 

showed low value due to the effect of the ceramic membrane [32]. The initial value of DOC showed 

1.976 mg/L to 2.569 mg/L. Except for LR1, the effluent concentrations mostly increased as the flux 

increased. All samples showed DOC values below 2 mg/L except for LR1. The initial DOC is 

important cause to determine DOC in the effluent. Thus, experimental data suggests that it is possible 

to obtain an optimum blending and flux.  

Several research studies have demonstrated the effectiveness of the treatment of organic materials 

and UV254 through membrane treatment [34,35]. This study also showed the similar results. TOC, 

UV254, and DOC showed a sufficient reduction through this process. As UV254 and DOC get lower that 

NOM was also expected to show a sufficient reduction [34,36]. 

The results shed light on that pH and turbidity met WTO standards in all processes. Turbidity also 

showed a high removal efficiency at least 96.9%. Lab-scale processes require dilution above LR3 to 

achieve low TOC (< 2mg/L). However, the flux rate was not a significant factor. UV254 showed low 

values in all processes at a maximum 0.023 cm-1. In the case of DOC, the dilution factor should be 

more than LR2 to obtain a low DOC of less than 2 mg/L. Therefore, in order to satisfy the required 

properties, the dilution ratio rather than the flux control should be more than LR2. 

 

Table 3. Sample characteristics according to blending ratio and flux for lab-scale 

Blending ratio*  

and flux 

Sample  

name 

Characteristics 

pH Turbidity  

(NTU) 

TOC  

(mg/L) 

UV254  

(cm-1) 

DOC  

(mg/L) 

Before Blending  

(2:1) 

Lab-Run 1 (LR1) 7.4 3.18 3.483 0.052 2.569 

Blending  

(4:1) 

Lab-Run 2 (LR2) 7.3 2.90 3.199 0.048 2.109 

Blending  

(6:1) 

Lab-Run 3 (LR3) 7.3 1.78 2.468 0.045 2.285 

Blending  

(8:1) 

Lab-Run 4 (LR4) 7.3 1.41 2.181 0.041 1.976 

After 1 flux LR1 7.2 0.065 2.712 0.018 1.908 

1.5 flux 7.2 0.040 2.744 0.016 2.045 

2 flux 7.2 0.050 2.748 0.016 1.956 

2.5 flux 7.2 0.045 2.804 0.018 2.050 

3 flux 7.2 0.042 2.920 0.016 2.145 

3.5 flux 7.2 0.057 2.934 0.018 1.998 

4 flux 7.2 0.046 2.942 0.015 2.099 

1 flux LR2 7.3 0.068 2.523 0.015 1.510 

1.5 flux 7.3 0.068 2.548 0.015 1.503 

2 flux 7.3 0.048 2.618 0.015 1.658 

2.5 flux 7.3 0.044 2.281 0.016 1.612 

3 flux 7.3 0.045 2.720 0.016 1.652 

3.5 flux 7.3 0.037 2.710 0.016 1.649 

4 flux 7.3 0.047 2.812 0.017 1.643 

1 flux LR3 7.5 0.044 1.968 0.018 1.779 

1.5 flux 7.5 0.047 1.998 0.018 1.814 

2 flux 7.5 0.041 1.975 0.018 1.865 

2.5 flux 7.5 0.039 1.965 0.019 1.879 
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3 flux 7.5 0.037 1.979 0.018 1.811 

3.5 flux 7.5 0.038 1.971 0.019 1.712 

4 flux 7.5 0.043 1.988 0.018 1.738 

1 flux LR4 7.5 0.043 1.723 0.020 1.540 

1.5 flux 7.5 0.040 1.735 0.023 1.548 

2 flux 7.4 0.039 1.754 0.021 1.541 

2.5 flux 7.5 0.036 1.767 0.020 1.602 

3 flux 7.5 0.041 1.757 0.019 1.588 

3.5 flux 7.5 0.041 1.760 0.018 1.614 

4 flux 7.5 0.036 1.759 0.019 1.632 
* Blending ratio: raw water mix back-washing from organic membrane treated water 

 
Table 4. Sample of removal efficiency according to blending ratio and flux for lab-scale 

Sample name and 

each flux 

Characteristics 

Turbidity (%) TOC (%) UV254 (%) DOC (%)  

LR1 Flux 1 97.9 22.1 65.3 28.2 

Flux 1.5 98.7 21.2 67.8 23.1 

Flux 2 98.4 21.1 67.6 26.4 

Flux 2.5 98.5 19.4 65.3 22.9 

Flux 3 98.6 16.1 68.2 19.3 

Flux 3.5 98.2 15.7 65.1 24.8 

Flux 4 98.5 15.5 69.4 21.0 

LR2 Flux 1 97.6 21.1 67.6 28.4 

Flux 1.5 97.6 20.3 68.7 28.7 

Flux 2 98.3 18.1 67.8 21.3 

Flux 2.5 98.4 16.1 66.6 23.5 

Flux 3 98.4 14.9 65.8 21.6 

Flux 3.5 98.7 15.2 66.4 21.8 

Flux 4 98.3 12.1 65.2 22.1 

LR3 Flux 1 97.5 20.2 60.2 22.1 

Flux 1.5 97.3 19.0 58.9 20.6 

Flux 2 97.7 19.9 59.3 18.3 

Flux 2.5 97.8 20.3 56.0 17.7 

Flux 3 97.9 19.8 58.7 20.7 

Flux 3.5 97.8 20.1 56.2 25.1 

Flux 4 97.5 19.4 59.8 23.9 

LR4 Flux 1 96.9 21.0 50.7 22.1 

Flux 1.5 97.1 20.4 43.4 21.6 

Flux 2 97.2 19.5 48.0 22.0 

Flux 2.5 97.4 18.9 51.2 18.9 

Flux 3 97.0 19.4 54.1 19.6 

Flux 3.5 97.0 19.3 56.5 18.3 

Flux 4 97.4 19.3 53.3 17.4 

 

3.1.4. SUVA254 reduction effect by blending and flux 

The changes of UV254 and DOC according to blending and flux were evaluated and the changes of 

SUVA254 are summarized in Table 5. The SUVA254 initial value of LR1 was 2.02 L/mg · m. The test 
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resulted in 0.71L/mg · m at 0.94L/mg · m depending on the flux after membrane treatment and all 

outcomes were below 1.00 L/mg · m. LB2 (SUVA254 of 2.28 L/mg · m) generated the outcome of 1.03 

L/mg · m at 0.97 L/mg · m depending on the flux after treatment, which all result were below 1.00 

L/mg · m except for4flux. In case of LR3, SUVA254 value was 1.97 L/mg · m, and after treatment the 

results were 1.03 L/mg · m at 0.96 L/mg · m depending on the flux. In addition, all results showed the 

level of below 1.00L/mg · m at all flux except flux 4, alike LR2. For LR4 the SUVA254 showed an initial 

value of 2.07 L/mg · m. However, the results were 1.12L/mg · m to 1.49L/mg · m depending on the 

flux and the value were 1.00 L/mg · m or more at all fluxes. Removal efficiency was also the lowest 

28.2%. 

LR1 was possible at all fluxes to obtain low SUVA254 (<1 L/mg · m). The other samples (LR2 and LR3) 

require less than 3.5 fluxes for obtainment of low SUVA254 (<1 L/mg · m).  

SUVA254 is a very useful parameter to provide information on the chemical properties and process 

effectiveness of organic materials [37]. SUVA254 is also directly related to the aromatic carbon content 

of organic matter [38]. SUVA254, which represents these indicators, confirmed a significant reduction 

through this process. Thus, ceramic membranes are a sufficient process to reduce the NOM of 

drinking water [39], and through proper blending and flux control of raw water, this process can 

obtain low SUVA254 continuously. 

Table 5. Removal effect and efficiency of SUVA254 according to mixing ratio and flux 

Sample name  

and each flux 

SUVA254  

(L/mg · m) 

Removal  

efficiency (%) 

Sample name  

and each flux 

SUVA254  

(L/mg · m) 

Removal  

efficiency (%) 

LR1 Raw 

water 

2.02 - LR2 Raw 

water 

2.28 - 

Flux 1 0.94 53.3 Flux 1 0.99 56.4 

Flux 1.5 0.78 61.3 Flux 1.5 1.00 56.2 

Flux 2 0.82 59.5 Flux 2 0.90 60.3 

Flux 2.5 0.88 56.5 Flux 2.5 0.99 56.5 

Flux 3 0.75 63.1 Flux 3 0.97 57.5 

Flux 3.5 0.90 55.4 Flux 3.5 0.97 57.4 

Flux 4 0.71 64.6 Flux 4 1.03 54.6 

LR3 Raw 

water 

1.97 - LR4 Raw 

water 

2.07 - 

Flux 1 0.99 56.4 Flux 1 1.30 37.3 

Flux 1.5 1.00 56.2 Flux 1.5 1.49 28.2 

Flux 2 0.96 60.3 Flux 2 1.36 34.2 

Flux 2.5 0.99 56.5 Flux 2.5 1.25 39.7 

Flux 3 0.97 57.5 Flux 3 1.20 42.2 

Flux 3.5 0.97 57.4 Flux 3.5 1.12 46.1 

Flux 4 1.03 54.6 Flux 4 1.16 43.8 

 
 

3.2. Pilot-scale 

3.2.1. Operational process of the plant and conditions of differential pressures 

The plant-scale test was designed to be operated according to the operating conditions obtained 

through the lab-scale process. However, as to making samples, certain proportion of samples resulted 

from lab-scale were not exactly applied to the pilot-scale, and a constant ratio were maintained as 

much as possible. The blending ratios and characteristics of the pilot scale samples was addressed in 

Table 6. When also changing the operating conditions, cleaning-in-place was performed to make the 

initial condition same to the lab-scale. Afterwards, the treated water characteristics were analyzed 

under conditions of stable operation. 
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The optimal dosage of coagulant was operated at 20 ppm which was obtained from the lab-scale test. 

The operating pressure of the inorganic membrane was applied at 20 kgf/cm2 (1,961.33 kPa), but the 

maximum possible pressure was set to 1.5 kgf/cm2 (147.1 kPa) for maintaining stable condition in 

operating actual process. Priority PR5 with the least differential pressure was used for flux selection. 

As a result, (Fig. 3a), pressure was close to 100 kPa in flux 4. Therefore, in this study, flux was chosen 

as 2 m3/m2·day (flux 2) for stable and sustainable operation of membrane process. Employing the 

selected flux, a differential pressure test was conducted to check the differential pressure of each 

sample. As a result (Fig. 3b), all conditions were possible to ensure stable operation not exceeding 50 

kPa. 

 
Figure. 2 Differential pressure depending on the conditions in the pilot-plant process: (a) differential 

pressure of PR5 depending on flux; (b) Differential pressure according to flux 2 and blending ratio 

 

3.2.2. Effect of blending ratio on pilot-scale 

Table 6 shows the water quality values before and after pilot process. Turbidity was very low at 0.001 

NTU under all conditions. UV254 showed mostly constant blending sample values (0.044 to 0.054 cm-

1) and then, treated water also showed relatively constant values (0.021 to 0.026 cm-1). However, the 

lowest value was 0.021 cm-1 in PR3 and PR5. The initial value of DOC was 2.59 mg/L at 2.89 mg/L 

and after treatment DOC were showed at the level of 1.41 mg/L to 2.19 mg/L. Showing the lowest 

value in PR3 (1.41 mg/L). The initial value of SUVA254 shows a value of 1.57 L/mg · m to 2.06 

L/mg · m, and the value of SUVA254 after treatment is 1.19 L/mg · m to 1.59 L/mg · m, which is 1.3 

times lower than before treatment. Therefore, the ceramic process is regarded as effective in reducing 

disinfection by-products. 

Overall, the blending sample is expected to be stable and continuous operation when operating 

with flux 2 and PR3 during the pilot-scale process of ceramic membrane. 

 

Table 6. Sample characteristics with blending ratio and flux for pilot-scale 

Blending ratio*  

and flux 

Sample  

name 

Characteristics 

pH Turbidity  

(NTU) 

UV254  

(cm-1) 

DOC  

(mg/L) 

SUVA254  

(L/m-mg) 

Before Blending  

(3.7:1) 

Pilot-Run 1  

(PR1) 

7.3 4.44 0.052 2.59 2.01 

Blending  

(4.6:1) 

Pilot-Run 2  

(PR2) 

7.1 4.20 0.054 2.62 2.06 

Blending  

(6.0:1) 

Pilot-Run 3  

(PR3) 

7.1 2.34 0.047 2.75 1.71 

Blending  

(6.7:1) 

Pilot-Run 4  

(PR4) 

7.0 1.98 0.044 2.80 1.57 
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Blending  

(7.5:1) 

Pilot-Run 5  

(PR5) 

7.1 0.91 0.046 2.65 1.74 

After Flux 2 PR1 7.6 0.001 0.025 1.63 1.53 

PR2 7.2 0.001 0.024 1.80 1.33 

PR3 7.2 0.001 0.021 1.41 1.49 

PR4 7.2 0.001 0.026 2.19 1.19 

PR5 7.2 0.001 0.021 1.64 1.28 

* Blending ratio: raw water mix back-washing from organic membrane treated water 

 

3.2.3. Increased recovery efficiency by combination process 

Table 7 shows the recovery efficiency of organic membrane process and combination process applied 

to raw water treatment. The recovery rate was 92.1% when operating with flux 1 in the organic 

process. The recovery efficiency of the combination process according to the blending ratio was 96.2% 

~ 98.4%. Recovery data analysis showed the highest recovery when the blending ratio was 6.0:1 (PR3). 

The low recovery efficiency (92.1%) when the organic membrane was operated alone, but the 

combination process was used, the recovery efficiency can be greatly increased. Thus, by adjusting 

the blending ratio and flux, the overall recovery efficiency of the membrane filtration system could be 

operated at more than 98%. 
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Table 7. Recovery efficiency of single process and combination process on pilot-plant 

Process Sample 

name 

Treated water (m3/d) Backwash water (m3/d) Drain water (m3/d) Recovery efficiency* (%) 

Organic process Raw 137.7 7.4 3.8 92.1 

Process Sample 

name 

Treated 

water 

(organic) 

(m3/d) 

Treated 

water 

(ceramic) 

(m3/d) 

Backwash 

water 

(organic) 

(m3/d) 

Backwash 

(water 

ceramic) 

(m3/d) 

Raw 

water 

(organic) 

(m3/d) 

Drain 

water 

(organic) 

(m3/d) 

Raw water 

+ Drain water

(organic)** 

(m3/d) 

Recovery 

efficiency*** 

(%) 

Combination 

processes  

(organic & ceramic) 

PR1 137.7 119.4 7.4 0.6 141.5 3.8 124.1 97.9 

PR2 117.4 121.1 98.3 

PR3 118.3 121.8 98.4 

PR4 121.7 130.9 96.2 

PR5 118.5 122.9 98.0 

* Recovery efficiency (%): (treated water - backwash water) / (treated water + drain water) ·100

** The raw water was different for each process depending on the blending ratio during process operation. 

*** Recovery efficiency (%): (treated water (ceramic) + treated water (organic) - backwash water (organic) - backwash (water ceramic)) / (raw water (organic) + raw 

water + drain water (organic)** - backwash water (organic) - drain water (organic)) 
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4. Conclusion

This study found out the effects of ceramic membranes and the optimal blending and fluxes 

through the lab and pilot-scale. The optimal dosage of coagulant was estimated at 20 ppm through 

the lab-scale test. It also showed the best treatment at blending 4:1, but the effect of flux was not 

significant. The optimum conditions of the pilot process considering the differential pressure and 

treated water quality were flux 2 and blending 6:1. With employing the outcomes, the operation of 

ceramic membrane filtration at the pilot-scale resulted in a significant reduction of the membrane 

load and obtained clean water quality. In addition, SUVA254 values were very low. Accordingly, this 

result implied that the concentration of humic substances was relatively low among organic 

materials. The recovery efficiency was 92.1% in a single process, but a high recovery efficiency of up 

to 98.4% in the combined process of organic and ceramic membranes. The implication of the results 

include that the combination process has an excellent effect and a recovery efficiency in the 

treatment of the blending samples. 

Author Contributions: Sung-joon Kim overall control this paper. 
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