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 14 

CO2 background 15 

The CO2 gas is a polar molecule which reacts with water according to the following equations [1]:  16 

 17 

                                                              𝐶𝑂2(𝑔)  ↔  𝐶𝑂2(𝑎𝑞)                                                              (1) 18 

                              𝐶𝑂2(𝑎𝑞)  + 𝐻2𝑂 ↔  𝐻2𝐶𝑂3 (𝑎𝑞) ↔ 𝐻𝐶𝑂3
−  +  𝐻+  ↔  𝐶𝑂3

2− +  𝐻+                      (2) 19 

 20 

Materials and methods 21 

Kinetics of CO2 bubbles nucleation: in the first 30 minutes CO2 gas was simply bubbled through 22 

the water to stripe off any residual gases. Then the pressure tank was firmly sealed to prevent any 23 

CO2 leaks.  24 

 25 

UF module 26 

The average diameter of a membrane fiber was estimated as follows [2]: 27 

 28 

                                                                       𝑑𝑙𝑚 =  
𝑑𝑜𝑑− 𝑑𝑖𝑑

ln(𝑑𝑜𝑑/𝑑𝑖𝑑)
          (S1) 29 
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where dlm is the average fiber diameter (m), dod is the outside fiber diameter (m), and did is the 30 

inner fiber diameter (m). 31 

 32 

The rejection was calculated as follows: 33 

 34 

                                                     𝑅 = 100(1 − 
𝐶𝑝

𝐶𝑓
)                                                            (S2) 35 

 36 

where R is the rejection (%), 𝐶𝑝 is the permeate TOC (mg/L), and 𝐶𝑓is the feed TOC (mg/L). 37 

 38 

The experiments aimed at observation of CO2 bubble nucleation were conducted with a cartridge 39 

containing one hollow fiber with a surface area of 0.00058 m2. 40 

 41 

Surface characterization and analytical methods 42 

FE-SEM: each membrane sample was coated with the electrically conducting material at a 43 

thickness of 5 nm. The electron voltage was set at 5 kV and the current was set at 32 pA.  44 

 45 

To obtain FE-SEM images of the membrane surfaces before and after backwashes, two 46 

experiments in identical conditions were run for each type of backwash (saturated CO2 solution 47 

backwash or Milli-Q backwash). For each backwash type, one experiment was halted after 3rd 48 

fouling run and the other experiment was halted after 3rd backwash. The membrane from each 49 

experiment was extracted, dried and subjected to FE-SEM analysis. Each experiment was 50 

duplicated to ensure data reproducibility and FE-SEM images in Figure 9 (B-F) represent 51 

characteristic images from each type of experiment. 52 

 53 

AFM: The AFM was conducted in a tapping mode in the air. The AFM probe was FESPA with a 54 

spring constant of 2.8 N/m. Two identical fouling experiments with 6 mg/L of TEP were conducted 55 

for saturated CO2 solution backwash or Milli-Q water backwash. For each backwash type, one 56 

experiment was halted before the 5th backwash and the other experiment was halted after the 5th 57 

backwash. The membrane cartridge was extracted, dried and subjected to AFM analysis. AFM 58 

images presented in Figure 8 represent characteristic images from each type of experiment. 59 

 60 
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ICP-MS: The instrument was pre-calibrated with each measured ion (5-points calibration). The 61 

calibration curves were linear with the coefficients of regression R2 being > 0.99 during the entire 62 

period of measurements. 63 

 64 

TOC: The instrument was pre-calibrated by using 5-points calibration. At least three Milli-Q water 65 

samples were run in between the actual samples to ensure no carry on of the residual organics. 66 

 67 

IC: The anion detection and quantification were done using a Dionex 1600 ion chromatography 68 

system equipped with a suppressor, a conductivity detector, eluent generator configured with a 69 

potassium hydroxide eluent cartridge, and an anionic self-regenerating suppressor. A Dionex guard 70 

column 15 (50 mm × 2 mm) and an analytical column 15 (250 mm × 2 mm) were used and the 71 

eluent concentration comprised 30 mM of potassium hydroxide and the suppressor current was set 72 

to 26 mA at a constant flow of 0.35 mL/min. A multi anion standard solution from ThermoFisher 73 

Scientific which included 200 ppm of each Cl- and SO42- was employed for system calibration. The 74 

data was collected and analyzed through the Chromeleon software (ThermoFisher Scientific). 75 

 76 

Results 77 

Table S1. BSA rejection as a function of backwash type. Feed water: 2 mg/L of BSA at pH 8. 78 

Backwash type Rejection, % 

Saturated CO2 solution 84.0±1.8 

Milli-Q water 86.8±3.4 

Acidic at pH solution 85.7±5.6 

 79 
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 80 

 81 

Figure S1. Particle size distribution of SiO2 particles in Fuso suspensions: (a) PL-3, and (b) PL-82 
7. 83 

 84 
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