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Materials characterization

XRD patterns of the materials were gained in the 2 € range from 5° to 60° on a Bruker D8
Advance diffractometer with Cu Ka radiation at 40 kV and 40 mA. The N, adsorption isotherm was
measured at —196 °C using an ASAP 2020 instrument. Ahead of analysis, the samples were degassed
at 150 °C for 4 h under vacuum. The BET surface area was computed at relative pressure ranging
from 0.05 to 0.20. The total pore volume was calculated from the amount adsorbed at a relative
pressure of about 0.99. Field-emission scanning electron microscope (SEM) was executed on a
HITACHIS-4800 to observe the morphologies of the materials. High-resolution transmission electron
microscopy (HRTEM) was executed on a JEM-2010UHR electron microscope at 200 kV. FT-IR
measurements were performed on a NicoletS-4 Nexus 470 spectrometer using the KBr pellet

technique. The spectra were gathered with a 2 cm™!

resolution. Thermogravimetric (TG) analyses
were performed using a thermobalance (STA-499C, NETZSCH). The analyte was heated from room
temperature (~25 °C) to 800 °C at a rate of 10 °C/min using platinum pans under a flow of air gas.
Analyses of the polystyrene were performed on a Shimadzu gel permeation chromatography (GPC)
with a molecular weight range coverage of 1,000,000 to 92 Da. Tetrahydrofuran was used as the
solvent and the sample concentrations were adjusted to be ~1-1.8 mg/mL. GPC was performed in
the batch processing mode with a solvent flow rate of 1 mL/min and the spectra were obtained using
a diode array UV-vis detector at 259 nm wavelength. These GPC analyses were performed using
Shimadzu LCsolution software. The water contact angle was measured by static drop method on the

model DROPMETER A-100P video optical contact angle measuring instrument. After pressing, the

sample is placed on the platform and a drop of water is added to calculate the contact angle. The
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accuracy of water contact angle measurement is 1 degree. X-ray photoelectron spectroscopy (XPS)
analysis was carried on a Physical Electronic PHI-550 spectrometer equipped with an Al Ka X-ray
source (1486.6 eV) at 10 kV and 35 mA. Quantitative analysis of Cu' content was calculated by a
wet chemistry titration method.! UV-vis spectra were gained using the Cintra 20 (Australian)
spectrometer in the reflection mode. The spectra of samples were obtained in the wavelength range
of 250-800 nm at intervals of 1 nm with a BaSO4 reflectance standard used as the baseline. For the
evaluation of the long-term stability of Cu!, Cu'-containing samples were placed in a container
containing a saturated solution of NaCl at room temperature with RH=75% to accelerate the

oxidation of Cu'. The exposed samples were characterized at different intervals.

ADS experiments

The model fuel used for ADS experiments was prepared by mixing thiophene, BT, or DMDBT
with isooctane, and the sulfur content was ~550 ppmw. Moisture is present in all commercial fuels.
In order to test the effect of moisture on desulfurization capacity, the model fuel containing 550
ppmw thiophene in isooctane was mixed and thoroughly agitated with 300 ppmw water. ADS
experiments were performed in a vertical quartz column at room temperature. The model fuel was
allowed to contact the adsorbent pumped up with a mini creep pump at the rate of 3 mL/h.
Adsorbents were pretreated in flowing Ar at 150 °C for 4 h followed by cooling to room temperature.
Effluent solutions were collected periodically until saturation was reached. The sulfur content of
effluent solutions was analyzed using a Varian 3800 gas chromatograph (GC) equipped with a

pulsed-flame photometric detector (PFPD). A calibration curve was prepared to verify the GC results.
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Breakthrough curves were generated by plotting the normalized sulfur concentration versus the
cumulative fuel volume, which was normalized by the adsorbent weight. The normalized sulfur
concentration (c/co) was obtained by measuring the ratio of the detected sulfur content (c) to that of

the initial sulfur content (co). The adsorption capacity was obtained from integral calculus.
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Table S1 Textual properties and elemental composition of samples

SBET Vo Elemental content (wt%) PS content
Sample
(m?/g) (cm?/g) C H (Wt%)
MIL-101(Cr) 3332 1.87 31.0 4.6 -
Cu'M 2058 1.06 26.0 4.8 -
Cu'M@PS-1.5 1751 0.89 28.9 5.0 4.4
Cu'M@PS-2 1918 0.97 30.8 5.1 7.2
Cu'M@PS-2.5 1549 0.81 31.9 5.1 8.8

CuM@PS-r 1608 0.80 30.6 5.1 6.9
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Table S2 GPC data for PS after polymerization of styrene

Sample My My Mw/M,
PS-1.5h 5786 81550 14.1
PS-2h 6668 84987 12.7
PS-2.5h 7505 116790 15.6
CuM@PS-1.5 68767 151348 2.20
CuM@PS-2 92542 167169 1.81
CuM@PS-2.5 125502 230094 1.83
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Table S3 Effects of moisture on the desulfurization capacity of the adsorbents

Adsorption capacity ~ Adsorption capacity Concentration of

Adsorbent for fuel without H,O for fuel with H,O H>O additive in Ref.
(mmol/g) (mmol/g) the fuel

Cu'M@PS-2 0.208 0.202 300 ppmw This work

Cu'M 0.210 0.079 300 ppmw This work
Cu()Y 0.168* 0.0265% 300 ppmw 2
AC-WPH 0.0130 0.0122 56 ppmw 3
Cu(DY@P(3.1%) 0.537¢ 0.535% 300 ppmw 4
Zn/Ni/Cu-BTC 0.0300 0.0145 500 ppmw 5
Zn55/Cu-BTC 0.0248 0.0221 water-saturated® 6
AC 0.0261 - 0 !
Cu()Y 0.548? - 0 4
20Cu/SBA-15 0.155 - 0 8
20 wt % Zn/Al203 0.0875 - 0 ?
MOF-5@AC 0.113 - 0 10
20Ni-MIL-101 0.0689 - 0 "
HP-UiO-66-SOsAg 0.233 - 0 12

@ Breakthrough capacity of sulfur. ® Model fuel was mixed and thoroughly agitated with distilled

water and then the water-saturated simulated oil can be obtained after getting rid of the water phase.
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Figure S1 XRD patterns of MIL-101(Cr), Cu'M@PS-1.5, and CuM@PS-2.5.
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Figure S2 UV-vis absorption spectra of MIL-101(Cr), Cu"M, and Cu'M.
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Figure S3 SEM images of (A) Cu'M, (B) CuM@PS-1.5, (C) CuM@PS-2, and (D) Cu'M@PS-2.5.
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Figure S4 (A) TG and (B) DTG profiles of MIL-101(Cr), Cu'M and Cu'M@PS.

S11



)
S
>

3 B

F’ - -O—

S MIL-101(Cr)

& _ CuM@PS-r

L 800 3

§ :

s § CuM@PS-2

T 400 | =

=]

S MIL-101(Cr

g 0k . L . L . L . I . L | 1 ( )
00 02 04 06 08 10 T T mmmm—

Relative pressure (p/p,) Pore width (nm)

Figure S5 (A) N> adsorption-desorption isotherms and (B) pore size distributions of MIL-101(Cr),

Cu'M@PS-2, and Cu'M@PS-r.
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Figure S6 HRTEM images of (A) Cu'M, (B) CuM@PS-1.5, (C) Cu'M@PS-2, and (D)

CuM@PS-2.5.
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Figure S7 FT-IR spectra of MIL-101(Cr), Cu'M, and Cu'M@PS.
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Figure S8 GPC trace of high molecular weight PS in Cu'M@PS.
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Figure S9 Static water contact angles and pictures of (A) MIL-101(Cr) and (B) Cu'M@PS-r with a

drop of water.
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Figure S10 Breakthrough curves of the model fuel containing 550 ppmw thiophene over
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Figure S11 Breakthrough curves of the model fuel containing 550 ppmw BT or DMDBT over

Cu'M@PS-2.
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Figure S12 Breakthrough curves of the model fuel containing 550 ppmw thiophene over Cu'M and

Cu'M@PS-2 after exposure to humid atmosphere with 75% RH for 168 h.
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