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Abstract 
In this study, a novel non-immersed ultrafiltration membrane separation device was 
applied to a rural decentralized water supply project and studied its water purification 
effect and changes in membrane flux and transmembrane pressure difference. The 
experimental results showed that the total number of colonies and coliform were close 
to zero in the effluent, respectively. Chromaticity, turbidity, and COD aligned with China's 
national drinking water standards. Moreover, the membrane flux and transmembrane 
pressure difference maintained stable change trends and varied slowly, and the 
equipment can provide users with stable and sufficient drinking water. 
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1. Introduction 

Water resources are one of the essential resources for human survival and sustainable development 
[1]. However, with the increasing water pollution and water scarcity, decentralized water supply 
security problems are becoming more and more serious [2]. Due to the lack of practical technology, 
equipment for easy operation, simple maintenance, and reliable effluent quality, it is difficult for 
farmers' drinking water to meet the national drinking water standards safely and stably [3,4]. 

Ultrafiltration can effectively remove particles, colloidal species, and microorganisms in water. 
Especially, it has an excellent removal effect on pathogenic microorganisms. It is easy to integrate 
and automate management, with unique application advantages in decentralized water supply systems, 
which has become the core of the third generation of water treatment technology [2]. Submerged 
ultrafiltration has been a relatively new application form in the water treatment industry in recent 
years. Submerged ultra-filtration places the membrane module directly in the water body to be treated 
and produces water through negative pressure or siphon. The open filtration form reduces the 
requirements for pretreatment of influent water, increases land usage efficiency, and has gradually 
become another new type of membrane application form [5]. However, this type of equipment has 
the disadvantages of frequent cleaning and using a high dosage of chemical cleaning agents, and the 
high cost of manual maintenance. What is more, the operation and maintenance are complicated and 
time-consuming. In particular, it is not conducive to online backwashing and chemical cleaning under 
submerged conditions [6]. 

In this study, the author used the non-immersed ultrafiltration membrane separation device produced 
by Suzhou Menghai Water Technology Co ltd, which can conveniently realize filtration and online 
washing of membrane surface at the same time and has the advantages of easy cleaning, easy 
maintenance, low consumption and simplified operation [7]. The primary purpose of this study is to 
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investigate the application effect of this non-immersed ultrafiltration membrane separation device in 
the rural decentralized water supply. 

2. Materials and Methods 

2.1 Experimental Setup 

The whole process flow of a non-immersed ultrafiltration Membrane separation device in 
water treatment is shown in Figure 1, and the core processing element of the device is the non-
immersed membrane module. The equipment adopted flat sheet ceramic membranes with an average 
pore diameter of 0.04μm and an ultrafiltration membrane area of 45m2. The whole device is 
controlled by PLC and can be entirely operated or adjustable to manual control. 

 

 
A1-A2:Valves; B1:Water feed pump; B2:Vacuum pump; B3:Backwash Pump; C: UF membrane 

module;D: Filtered water tank; E: Chemicals dosing tank. 

Figure 1. Process flow chart of non-immersed ultrafiltration membrane separation device 

2.2 Working Principles 

Gravity driving led to the relative tangential motion between raw water and membrane module to 
form cross-flow filtration, which can ameliorate the adverse impacts of membrane fouling 
and concentration polarization effectively. The shear stress, centrifugal force, and filtrate turbulence 
generated on the non-immersed flat sheet UF membrane surface can make a solute diffusion from the 
membrane surface to the main solution, which was helpful to inhibit the cake layer formation on the 
membrane surface and retard membrane fouling. This study adopted a direct ultrafiltration process to 
purify the raw water efficiently by using the ultrafiltration membrane to physically intercept the 
suspended particles, colloids, natural macromolecules, microorganisms, and germs. 

2.3 Experimental Methods 

The water extracted from a river in Suzhou, China, was taken as the experimental water source for 
simulating rural decentralized water supply. The physicochemical indexes of the source water quality 
were good, but the chromaticity, turbidity, and COD exceeded the standard. The equipment was 
continuously operated for 8 hours per day (uninterrupted) and continuously operated for 60 days 
during the experiment. Chromaticity, turbidity, COD, membrane flux, and transmembrane pressure 
of effluent from the equipment were observed and recorded, and make sure influent flow was always 
7.5m3/h.  

During the experiment, each period of water production is one hour. Periodic backwashing was 
carried on at intervals between two water production periods to prevent membrane fouling. 
Backwashing lasted two minutes each time, and the flow rate was 600L/min. When the 
transmembrane pressure rose to 0.06 MPa, it was considered that the membrane was utterly polluted, 
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then the was chemical backwashing with 2% citric acid or 0.04% NaOH added into backwash water 
through a backwash pump, which duration and the flow rate was the same as water backwashing. 

3. Results and Discussion 

3.1 Water Quality Analysis 

Table 1 gives a comparative overview of the raw water quality in the present study and the product 
water of the non-immersed ultrafiltration membrane separation device in contrast to Chines drinking 
water standards. Furthermore, if one of the test indicators exceeds the standard limit, the water sample 
is judged as unqualified. According to the testing reports from the local disease prevention and control 
centre, both removal rates of total coliform and the total number of colonies approached 100%, and 
the indexes such as chromaticity, turbidity, and COD are in line with "Sanitary Standard for Drinking 
Water"(GB/T 5749 – 2006). 

 

Table 1. Comparison of inlet and outlet water quality 

Test items Drinking water limit Influent Outlet 

Chroma (°) ≤ 20 15 2 

Turbidity (NTU) ≤ 3 12.3 0.15 

Stinky Null Null Null 

Visible to the 

naked eye 
Null Null Null 

COD(mg/L) ≤ 5 6.4 4.3 

Total number of 

Colonies (CFU/mL) 
500 820 Not detected 

Total coliform 

(MPN/100mL) 
Not detected Not detected Not detected 

3.2 Membrane Flux and Membrane Pressure Difference 

During the experiment, the suction method was used to drain water from the membrane module, and 
the vacuum gauge was used to monitor the operating pressure of the membrane. However, for the 
convenience of data processing, the negative pressure was converted into positive pressure. The 
variation of membrane flux and transmembrane pressure difference under two different initial 
transmembrane pressure differences during the experiment in a period of water production is shown 
in Figure 2 below. 

It can be seen from Figure 2 that the production rate and TMP of UF membrane water showed a 
significant negative correlation. Under different initial transmembrane pressure differences, the 
equipment’s membrane flux and transmembrane pressure difference can maintain stable change 
trends and have the same change trend, respectively. The reason is that the equipment uses cross-flow 
filtration to clean the membrane surface simultaneously, ensuring stable variations of the membrane 
flux and transmembrane pressure difference.  

It can also be seen from Figure 2 that the average membrane flux is 45.14L/m2·h at 30kPa, and the 
average membrane flux at 40kPa increased by 4.4 % compared with the average membrane flux at 
30kPa, which reached 47.05 L / m2·h. In addition, transmembrane pressure differences are less than 
80kPa, which meets the operational requirements of a non-immersed ultrafiltration membrane 
separation device. 
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Figure 2. Variation of membrane flux and transmembrane pressure difference under different initial 

transmembrane pressure difference 

4. Conclusion 

The analysis of the experimental results shows that the non-immersed ultrafiltration membrane 
separation device can maintain a stable water output and effluent quality only via direct ultrafiltration 
when dealing with drinking water sources with good water quality. Furthermore, the effluent quality 
can meet or exceed the Chinese National Standard for Drinking Water Hygiene (GB/T 5749 – 2006), 
which can stably meet the water demand of farmer households. 

The non-immersed ultrafiltration Membrane separation device has the advantages of small footprint, 
simple maintenance, and easy management and has the advantages of long-term no-clean and low 
energy consumption. What is more, it is more suitable for the rural technical management level. So 
the non-immersed ultrafiltration Membrane separation device will have broad application and 
promotion space. 
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