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Table S1. Summary of the water flux data of the membrane before (Jperore) and after (Juger) the surface modification with low surface energy

matierals in the literature and the water flux ratios (Japier/Joetore), as Well as the corresponding membrane characteristic changes calculated from the

data in the literature.

Number Water Flux Before  Water Flux After Ratio of Relative Relative Porosity ~ Relative Thickness Reference
Modification Modification Water Flux ~ Pore Size Change Change After Change After
(Joefore) [L m? h'l] (Jafter) [L m> h'l] (Jatter/betore) ~ After Modification Modification modification
PVDF-HFP based membranes
1 ~23.5 ~12.5 0.532 n.a. n.a. n.a Lee et al., 2016
2 314 13.3 0.424 n.a. n.a. n.a Huang et al., 2017 *
3 21 ~19 0.905 n.a. 25% | 3% Anetal, 2018
4 ~11 ~9 0.818 n.a. n.a. n.a Luetal,2018*
PVDF based membranes

5 23.5 13.6 0.579 n.a. n.a. n.a Boo etal., 2016 °
6 30 25.2 0.840 n.a. n.a. n.a Luetal, 2017 °
7 13.17 11.22 0.852 55% | 5% 7% 1 Woo et al., 2018’
8 ~10.7 ~9.7 0.907 35%1 n.a. 0.5%1 Zheng et al., 2018 *
9 24.9 18.3 0.735 0.3% | 1.5% | n.a Luetal,2018°
10 ~5.7 ~4.7 0.825 24 % | 1% | 2%1 Wang et al., 2018 '
11 30.9 23.4 0.757 n.a. n.a. n.a Duetal, 2018 "
12 18 14 0.778 n.a. n.a. n.a Karanikola et al., 2018 "2
13 ~29.1 ~19.3 0.66 1% 1 n.a. n.a Wang et al., 2019 "
14 32 27.78 0.868 n.a. 6% | n.a Chen et al., 2020 '*

n.a. : not available

1 : increase

| : decrease
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Figure S1. Schematic illustration of hydrophobic modification processes of (a) QF membranes and (b)

AAO membranes.
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Section 1. Estimation of capacitance using EIS. When immersed in the electrolyte solution, the
unwetted hydrophobic membrane will keep air trapped in membrane pores and make two liquids
separated. In this scenario, with the negligibly small impedance across the electrolyte (1 M NaCl
solution), the membrane can be modeled as a parallel circuit of a resistor and a capacitor in the

EIS.">'® The impedance of the membrane, Z, can be expressed as:

1

A
1.
T4 joC (SL.)

where R is the resistance of air-filled hydrophobic membrane (Q), j is the imaginary unit, @ is
angular frequency (rad/s) and w = 2zf, where fis the frequency of the applied potential (Hz), and

C is the capacitance (/). The magnitude of the impedance, |Z|, is then calculated as:

1
S2.
’%+w2(]2 (52.)

When tested with a high frequency (w » R'C™), the capacitive reactance (v’ C”) becomes

1Z] =

the dominant part of the impedance and thus |Z| can be approximated to:

1 1

Eq. (S3) can then be rewritten as:
In|Z| = —-Inf — In(2nC) (S4.)

Based on Eq. (S4), the plot of In|Z| versus Inf shows a straight line with slope of
approximately —1 in the high-frequency zone (See Figure S4 as an example). We determined the

capacitance (C) using the impedance measured at the highest testing frequency, 10° Hz.



Section 2. Membrane structure characterizations. The membrane thickness was determined
with an electronic micrometer. The maximum and mean pore sizes of the modified membranes
were measured by capillary flow porometry (3H-2000PB, Beishide Instrument). All samples
were firstly applied with compressed nitrogen gas to determine the gas permeability.
Subsequently the dry membrane samples were completely wetted by a low-surface-tension liquid

(Porefil, yY=16 mN-m™") and tested under the same condition.

Gravimetric method was used to determine the membrane porosity by measuring the weight
of modified QF membrane and pristine QF membranes. All membranes were cut into circular
samples (diameter is 22.0 cm) with a punch cutter. The porosity of the membranes (¢p) can be

calculated using the following equation:

Wm - WQF + WQF
Dpypr-nrp ~ Douartz (S5.)
A-l

€P=1_

where W, and Wyr are the weights of the modified membranes and pristine QF membrane,
respectively; Dpyprprp (1.78 gvcmf3 ) and Dgyar- (2.65 g-cmf3 ) are densities of PVDF-HFP and
quartz fiber, respectively; A refers to the surface area of the membrane sample and / is the

membrane thickness.

The liquid entry pressure (LEP) was investigated by using a homemade transparent dead-end
membrane cell. In brief, a dry membrane sample was secured in the membrane cell and then the
cell was filled with 25 mL distilled water. A vacuum pressure was then progressively applied on
the permeate side until the first sign of water droplet coming out from the back surface of the
membrane, when the pressure was recorded as the LEP of the membrane sample. At least
triplicate measurements with different membranes were tested for the calculation of the averaged

LEP.
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Section 3. Measurement of water vapor flux and salt rejection in DCMD experiments. The
weight change in the permeate was monitored by a digital balance (Symmetry 4202E PT, Cole-
Parmer) with an accuracy of £0.01 g and the weight data was collected by WinWedge software

(TALtech, PA) to calculate the real-time water flux, Ji, (L-m>h™), using the following equation:

mp
pA, At

T x1000 (S6.)

where Amp (kg) is the mass change of the permeate solution during the time period of Az, p is the

water density (kg-m™), 4,, is the effective membrane area (m?), and At is the time interval (h).

The conductivity of the permeate solution was monitored in real-time by a conductivity
meter (Oakton CON 2700, Oakton Instruments, Vernon Hills, IL) with a built-in software and the
conductivity meter has a measurement accuracy of 0.1 puS cm ', The salt (NaCl) rejection, R,

was calculated by using the following equation:

o 1 _ AUCor)/JAmAt 57

Csr

where Vp is the total permeate volume (L). Csr and Csp are the salt concentrations in the feed and
permeate solutions, respectively. A(VrCsp) indicates the total mass of salt that passed through the

membrane during the time period of At.
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Figure S2. SEM micrographs of the morphologies of (a) FAS-3 QF membrane and (b) FAS-9 QF

membrane.
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Table S2. Characteristics of modified QF membranes

Membranes Thickness Porosity Mean pore size Max. pore size  Liquid entry
(mm) (%) (um) (um) pressure (LEP)
(kPa)
QF-AS 0.568 £0.007 90.9+0.2 4.21£0.30 5.88 £ 0.04 28.5+0.5
QF-FAS-3 0.573 £0.005 90.8+0.4 438 +£0.18 5.89+£0.17 32.5+0.5
QF-FAS-9 0.576 £ 0.004 91.0+0.2 427 +0.16 6.00 +£0.01 33.8+1.0
QF-FAS-17  0.570 £ 0.003 90.8+0.2 4.19 £0.16 5.83+0.21 39.0+£0.8
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Figure S3. Water vapor fluxes of the AS QF (circle symbols), FAS-3 QF (square symbols), FAS-9 QF
(triangle symbols), and FAS-17 QF (diamond symbols) membranes in DCMD tests using 0.5 M NacCl at
60 °C as the feed solution and distilled water at 20 °C as the permeate solution. All membranes showed a

salt rejection higher than 99.5% over the entire tests.
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Figure S4. Impedance spectra of AS QF membrane obtained by using 1 M NaCl solution (y = 74 mN/m,
circle symbols) and 1M NacCl solution with 0.05 mM SDS (y = 46 mN/m, diamond symbols) as the

electrolyte solution.
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Figure S5. Estimated capacitances of the modified QF membranes based on the impedance measurements
using 1 M NacCl solution with different surface tensions (SDS added) as the electrolyte solution. Error

bars represent standard deviations from three different membrane samples modified with each different

silane.
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