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1 Surface characteristics of the membrane

2 Scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) of 

3 the membrane was performed to make sure that TiO2 NPs were immobilized on the surface of the 

4 membrane. The results are shown in Fig. S1. Fig S1a shows the SEM image of the membrane with 

5 3.04 g m-2 TiO2 NPs distribution on the membrane. It was found that the whole surface of the 

6 membrane was covered by TiO2 NPs that certified the successful immobilization of TiO2 NPs on 

7 the membrane. Fig. S1b shows the EDX mapping of the membrane surface for elemental Ti. EDX 

8 mapping also confirm that the particles in SEM image are of TiO2 that are well spread and 

9 immobilized on the membrane surface. 

10
11 Fig. S 1. Surface of the membrane with 3.04 g m-2 TiO2 distribution, (a) SEM image of the surface of the membrane, (b) EDS 
12 mapping of elemental Ti of the surface of the membrane
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14 Stability of TiO2 NPs attachment

15 Fig. S2 shows the results of stability of TiO2 NPs attachment on the surface of the 

16 membrane. A simple yet significant test was performed to assess the attachment stability of the 

17 membrane. Cross-flow UF was performed with pure water while adjusting the pressure as 0.1 MPa 

18 and cross-flow rate as 0.5 L min-1. The turbidity of the water in feed was measured before starting 

19 the filtration test and after finishing the filtration test. Whereas, turbidity of permeate was regularly 

20 measured for 24 h. The turbidity of feed was higher before starting the filtration test than the 
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1 turbidity of the feed after finishing the filtration test. The low turbidity of the feed after finishing 

2 the filtration test assured that TiO2 NPs were firmly attached on the membrane surface and were 

3 not detached by the cross-flow pressure over the membrane. The turbidity of permeate remained 

4 lower than feed throughout the filtration test, which assured that TiO2 NPs were not leached out 

5 of the membrane.

6
7 Fig. S 2. Test for the stability of TiO2 NPs attachment on the surface of the membrane.
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9 Pore size analysis

10 Fig. S3 shows the pore size distribution of the membranes. It was found that the average pore size 
11 of the membrane without TiO2 NPs was 35 nm (Fig. S3a). Whereas, the average pore size of the 
12 membrane with TiO2 NPs in membrane matrix and on surface of the membrane was 65 nm (Fig. 
13 S3b). 
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1
2 Fig. S 3. Pore size analysis of the membranes, (a) membrane without TiO2 NPs; (b) membrane with TiO2 NPs (TiO2 inside 
3 membrane matrix= 1.5%, TiO2 NPs distribution on membrane surface = 3.04 g m-2)

4


