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Toxicity of common modifying agents 

 

 

 

 

 

 

 

 

Figure S1. Comparison of the lethality of different membrane modifying 
agents: poly(acryclic) acid (PAA), polyethylenimine (PEI), 
poly(diallyldimethylammonium chloride (PDDA), poly(dopamine) (PDA), 
and 3,5-diaminobenzoic acid.  
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(Bio)fouling analyses 

Static fouling experiments were conducted by immersing the modified and unmodified anion-exchange 
membranes in river and sea water (characterized in Table 1 of the main manuscript) as well as in a cell 
suspension (1.2 × 108 CFU/mL) of Aeromonas hydrophila isolated from a real surface water. After 14 days, the 
membranes were analyzed via FTIR (Figure S2) and SEM (Figure S3).  

 

 

 

 

 

 

 

 

Figure S2. FTIR analysis of unmodified (a) and modified (b) membranes after fourteen-day 
immersion in river and sea water as well as in a cell suspension (1.2 × 108 CFU/mL) of Aeromonas 
hydrophila isolated from a real surface water. 

Sea water and river water: notorious differences were not observed between the control and the unmodified 
as well as modified membranes subject to sea and river water. However, small differences were observed: 
e.g., a peak around 1652 cm-1 for the presence of C=O groups (for sea water and river water) and at around 
1029 cm-1 that can be associated with C-O groups (river water).  

Aeromonas biofouling: Bacteria presence detected-band at around 3283 cm-1 that indicates the presence of –
N-H groups, at around 1647 cm-1 for carbonyl groups for amide groups, as well as 1545 cm-1 for the –COO- 
groups. A decrease in the –CH band at 1464 cm-1 was also observed because of the presence of the bacteria 
on the surface. A new band at around 1229 cm-1 was also detected that may be associated to PO2- groups 
belonging to phospholipids. 

 

Figure S3. SEM images before and after 14-days immersion of the unmodified and modified 
membranes in river and sea water as well as in a cell suspension (1.2 × 108 CFU/mL) of Aeromonas 
hydrophila isolated from a real surface water. 
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Effect of chemical cleaning on membrane surface 

Coupons of modified and unmodified membranes (2cm x 1cm, Ralex-AEM) were immersed in NaOH (4 g/L 
and 30 g/L) and NaClO (3 mg/L). After 7 days, the membranes were analyzed via FTIR (Figure S4) and SEM 
(Figure S5).  

 
Figure S4. FTIR analysis of unmodified (a) and modified (b) membranes after 
seven days immersion in NaOH (4 g/L and 30 g/L) and NaClO (3 mg/L). 

As represented in Figure S4, the most characteristic bands of the unmodified membrane were the 3384 cm-1 
for OH groups for water adsorbed, the 2925 cm-1, 2838 cm-1 and 1472 cm-1 for aliphatic C-H groups as well as 
the 1624 cm-1 for ester groups. Regarding the modified membrane (Figure A8b), in addition to the previous 
bands, the 1733 cm-1 (-C=O st), the 1559 cm-1 (-COO- assym st), 1431 cm-1 and 1360 cm-1 (-COO-sym st) for the 
carboxylate bond of the ester group formed after modification with the polyacrilyc acid, were also among 
the most characteristic bands. The water adsorbed can be also presented at 1647 cm-1 in accordance with the 
increasing of the band around 3384 cm-1 for hydroxyl groups. After the exposure to NaOH, the FTIR results 
showed that for both unmodified and modified membranes, new bands appear at approximately 1638 cm-1 
and 1362 cm-1, which are associated with COO-stretching (asymmetric and symmetric respectively). This 
could be due to the well-known reaction between the polyester and NaOH. On the other hand, no differences 
were observed for both membranes after 7 days of exposure to NaClO.  
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Figure S5. SEM analysis before and after seven days immersion of the unmodified 
and modified membranes in NaOH (above: 4 g/L and 30 g/L) and NaClO (below: 
3 mg/L). 

 

Additional SEM images using model foulants 

Figures S6 (membrane surface) and S7 (cross section) display the SEM images of unmodified and modified 
membranes fouled with model organic solutions of SDS and SDBS.   

 

 

 

 

 

 

 

 

 

 

 

Figure S6. Membranes’ surface images obtained by SEM: (a) unmodified + SDS (25 ppm); (b) unmodified + 
SDBS (25 ppm); (c) modified + SDS (25 ppm); (d) modified + SDBS (25 ppm); (e) unmodified + SDS (250 
ppm). 

(b) (a) (c) 

(d) (e) 
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Figure S7. Membranes’ cross section obtained by SEM: (a) virgin unmodified; (b) virgin modified; 
(c) unmodified + SDS (25 ppm); (d) unmodified + SDBS (25 ppm); (e) modified + SDS (25 ppm); (f) 
modified + SDBS (25 ppm); (g) unmodified + SDS (250 ppm). 

 

 

A Donnan dialysis test 

Figure S8 shows the time evolution of sulfate concentration in the feed and receiver 
compartment of a two-compartment cell for evaluating the efficacy of the PAA modifying 
procedure. Since under batch Donnan dialysis conditions, the final state of the system 
corresponds to the Donnan equilibrium condition the final sulfate concentrations in the 
receiver compartment were expectedly the same for the unmodified and modified 
membrane. However, for a continuously operating (meaning mass transport rate-
controlled) RED process, the rejection of sulfate would be clearly higher for the modified 
membrane.    
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Figure S8. Comparison between unmodified and modified commercial Ralex AEMs by means of sulfate rejection. F = feed 
compartment; R = receiver compartment. 
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