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S1. Photocatalytic membrane system used for the experiments. 

 

Figure S1. Schematic diagram of the filtration system used to test the unmodified and modified 

membranes. 1) UV-LED system 2) Feed container 3) Membrane filter 4) Permeate container 5) Vac-

uum pump. 
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S2. Membranes used in the experiments. 

 

Figure S2. Visual appearance of unmodified membrane (E1 to 4) and the modified membranes (E6 

to E17). 

S3. Digital image processing. 

All the SEM images were analyzed using the ImageJ-FIJI software (Version 1.53s) to 

evaluate porosity, pore density, mean pore size and mean particle size. For the unmodi-

fied membrane, the magnification of 3000× was selected, while for all the modified sam-

ples the magnification of 30,000× was selected. 

To have an accurate measurement each image was divided in four different sections. 

First, the scale of the image was set using the scale of the micrograph, then the area for 

analysis was selected and the threshold of the image was adjusted. After filtering the bi-

nary SSimage the particles were analyzed, and the results were copied in a spreadsheet to 

evaluate the pore size using the area of the pores given by the software and equation 1 of 

the area of a circle. The process is illustrated in Figure S3. 
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Figure S3. (a) Division of the micrograph (b) Threshold adjustment (c) Normal distribution obtained 

with the values of pore size. 

For the analysis of the particle size a similar procedure was followed. However, the 

morphological segmentation plugin from ImageJ-FIJI was used to improve the identifica-

tion of individual particles.  
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Figure S4. (a) Division of the micrograph (b) Morphological segmentation (c) Threshold adjustment 

(d) Normal distribution obtained with the values of particle size. 

S4. Calculation of the pore density and percentage porosity of the membranes.  

𝑃𝑜𝑟𝑒 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (
1

𝑚2
) =

# 𝑝𝑜𝑟𝑒𝑠

𝐴𝑚𝑒𝑚
 (S1) 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =  
𝐴𝑝𝑜𝑟𝑒𝑠

𝐴𝑚𝑒𝑚
× 100 (S2) 

Where Amem is the area of image analyzed and Apores is the area occupied by the pores 

on the image. 

S5. Calculation of the percentage of rejection (Equation (S3)) for both total coliforms 

and E. coli. was calculated. 

% 𝑅𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 = 100 × (1 −
𝐶𝑝

𝐶𝑓
) 

(S3) 

Where, Cp = concentration of the respective bacteria in the permeate and Cf = concen-

trations of the same bacteria on the feed. 

The percentage of treatment provided by the combined adsorption/retention and 

photocatalytic process was determined with a mass balance calculating the number of 

bacteria in the feed, permeate and retentate (Equation (S4)). 

% Treatment = 100 − (
(

MPNR

100
× VR) × 100

(
MPNF

100
× VF) − (

MPNP

100
× VP)

 (S4) 

Where MPNF, MPNP, MPNR represent the MPN of bacteria in the respective stream 

(Feed, Permeate or Retentate) per 100 mL of sample and VF, VP, VR correspond to the vol-

ume of the respective sample. 
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During operation, the permeate flux was also calculated (Equation (S5)). 

J =  
Vp

Am × t
  (S5) 

Where J is the permeate flux (L/𝑚2·h), Vp is the volume of sample permeated (L), Am 

is the surface area of the membrane system (m2) and t is the time required for the perme-

ation (h). 

S6. Defects found in the membranes after thermal treatment. 

 

Figure S5. Cross section of the membranes modified and thermally treated. 


