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The particle size, surface area, pore size distribution, and amount of surface groups 

of MAR and PAC are presented in Table S1. It can be seen that the average particle 

size of MAR was smaller than that of PAC, but the difference (25.2 versus 32.1 μm) 

was not remarkable. The BET surface area of MAR was much smaller than that of PAC, 

and the pore size distribution of the two adsorbents varied significantly. Mesopores 

with widths in the range of 10～50 nm accounted for 78% of the pores of MAR, 

whereas PAC was abundant in micropores and pores larger 10 nm only took up 14%. 

The average pore size of MAR was much larger than that of PAC (16.4 versus 2.2 μm). 

The amounts of surface functional groups were quantified by Boehm titration 1, 2. The 
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amount of phenol on the surface of MAR was similar with that on PAC, but there were 

much less other functional groups on MAR. The surface groups of MAR were supposed 

to be formed during the dissolution of polyethersulfone in organic solvent (N-methyl 

pyrrolidone) and its precipitation in water, while the abundant surface groups of PAC 

were mainly formed during the carbonization and activation process 3.

Table S1 Physical and chemical properties of MAR and PAC.

Parameter MAR 1 PAC 1

Average particle size (d50, μm) 25.2 ± 0.8 32.1 ± 0.7
Zeta potential (mV) 2 −22.4 ± 1.0 −23.9 ± 0.9
BET surface area (m2/g) 108 ± 9 1219 ± 13 
Average pore size (nm) 16.4 ± 0.5 2.2± 0.1

Micropore (w < 2 nm) 0.031 ± 0.003 0.244 ± 0.013
Small mesopore (2 < w < 10 nm) 0.021 ± 0.003 0.075 ± 0.004
Large mesopore (10 < w <50 nm) 0.215 ± 0.015 0.037 ± 0.003

Pore volumes 
(cm3/g)

Macropore (w > 50 nm) 0.010 ± 0.002 0.016 ± 0.002
Phenol 0.11± 0.02 0.10± 0.01
Carboxyl 0.01± 0.01 0.52± 0.08
Lactone 0.01± 0.01 0.07± 0.01

Surface group 
amount based on 
Boehm titration 
(mmol/g) Basic 0.09± 0.01 1.15± 0.02

Note: 
1. Values represent average ± standard deviation, n=3.
2. Zeta potentials of MAR and PAC were measured at the pH of 7.0± 0.1.

FTIR spectra of MAR and PAC are shown in Figure S1. For MAR, many strong 

peaks can be attributed to functional groups of the polyethersulfone molecule: peaks at 

1323, 1299, 1150, 1105 and 560 cm-1 were related to sulfone groups; bands located at 

3000, 1582, 1485, 870, and 835 cm-1 were attributed to the presence of aromatic rings; 

a strong peak at 1241 cm-1 was due to the aromatic ether structure 4, 5. Meanwhile, peaks 

at 3660-3500 cm-1 and 1040 cm-1 indicated the presence of O-H and C-O bonds, 

respectively, suggesting the formation of some surface groups during preparation. With 



respect to PAC, the peaks were mainly due to surface functional groups. The peak 

around 3640 cm-1 was assigned to stretching vibration of O-H, while the strong peak at 

1040 cm-1 could be attributed to stretching vibration of C-O 6. The presence of C=O 

and aromatic rings was confirmed by the presence of peaks around 1650 and 1460 cm-

1, respectively 7. 

Based on Boehm titration and FTIR analysis, the surface chemistry of PAC used 

in this study was similar with those reported in literature 3, 7. Compared with PAC, there 

was less oxygen surface groups on MAR, but the sulfone, ether and aromatic rings in 

the structure of polyethersulfone molecules can also act as reactive functional groups. 

Therefore, apart from the hydrophobic interaction, it was possible that some NOM 

molecules were adsorbed due to specific interactions, such as hydrogen bonds. 
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Figure S1. FTIR spectra of MAR and PAC.

DOC concentrations in permeate of UF, MAR/UF and PAC/UF are shown in 

Figure S2. The addition of PAC resulted in obvious improvement of permeate quality, 

but the addition of MAR only slightly decreased DOC in permeate compared with UF 

alone. The results were consistent with the much lower specific surface area and 



adsorption capacity of MAR compared with PAC.
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Figure S2. Effects of MAR and PAC addition on DOC concentration in membrane permeate
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