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Apparatus
FT-IR analyses were examined on a MAGNA-IR 750 (Nicolet) spectrophotometer by using a KBr pellet and
wavenumber was adjusted from 400 to 4000 cm!. The powder X-ray diffractions of the composites were
measured by using a Shimadzu D-6000 X-ray diffractometer along with Cu-Ka irradiation (A = 1.5418 A) as a
source. The SEM and EDX measurement were conducted with a Zeiss Supra 55 scanning electron microscopy
and energy dispersive X-ray spectroscopy, respectively. For the SEM images of Al,O; and the CYCU-3@AlLO;
composites, they beads were cut into two pieces, and the SEM image were taken from the cross section. The ICP
elemental analysis was analyzed by the Spectro Arcosepo of the German Spike analysis instruments. The BET
analyses were collected on an ASAP-2020 (Micrometrics USA) equipment at 77 K and nitrogen atmosphere.
The specific surface area (SBET) was measured from the linear isotherm part of the BET equation (P/Py = 0.05-
0.3). The distribution in pore size was derived from the desorption branch of the N, isotherm through a
combination of Dubinin-Radushkevich (DR) method (0.35 — 10 nm pore size distribution analysis) and Barrett-
Joyner-Halenda (BJH) method (10 — 70 nm pore size distribution analysis). TG/DTA analysis was made on a
Netzsch STA449 with a temperature rate of 10 °C min-1 in the temperature range of 25 to 800 °C under air flow.
HR-TEM images were obtained by JEOL JEM 2100 with the acceleration voltage of 200 kV. The sulfur and
nitrogen content was studied by Agilent 1100 Series HPLC with following specifications: column of C-18 with
4.6 mm in diameter and 150 mm in length and filter of 5 pm in diameter, 30°C of column temperature. The initial
mobile phase was composed of 90% methanol and 10% water while the gradient elution was done by using a
100% methanol for 10 min with its flow rate of 1.0 mL/min.
Synthesis of CYCU-3@Al,O; composites
In fact, we synthesized a series of CYCU-3@Al,O5 with different mass ratio of added H,SDC to y-Al,O3 in
the synthesis process of our experiments (the 5%, 10% and 20% meant the mass ratio of added H,SDC to
v-AL,O5 in the synthesis), including CYCU-3@Al,0; (30%) and CYCU-3@AlO; (40%). By measuring
the loading amount of MOF on Al,O; through elemental analysis, we found that when it was greater than
20%, the loading amount of CYCU-3 on the carrier remained almost unchanged (The elemental analysis
date is as follows), meantime more CYCU-3 powders also formed in the reaction solution, which is not
good in economic view. Considering the reasons of saving economy, our experiment ultimately chose three
proportions: 5%, 10%, and 20%.
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Table S1 The elemental analysis of CYCU-3@ Al,O;3(5 ~ 10 ~ 20 ~ 30 and 40%)

Name N(%) C(%) H(%) S(%)
CYCU-3@AL05(5%) 031 5.09 0.85 0.06
CYCU-
0.37 5.86 0.91 0.05
3@ALO5(10%)
CYCU-
0.32 7.88 1.02 0.04
3@ALO(20%)
CYCU-
0.34 7.93 1.02 0.05
3@ALO5(30%)
CYCU-
0.36 7.98 1.04 0.04
3@ALO(40%)
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Fig. S1 Elemental lining of the cross-section of CYCU-3@Al,03(20%) composite bead.
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Fig. S2 TGA-DTA curves of the CYCU-3@A1,03(20%) composite.

Table S2 BET surface area and pore size of CYCU-3@ALO; (5. 10 and 20%) composites

BET surface area DR method BJH method

(m?%/g) (0.35 - 10 nm) (10 — 70 nm)
CYCU-3@ALO; (5%) 585 1.79 11.78
CYCU-3@AlL,05 (10%) 685 1.81 12.53
CYCU-3@ALO; (20%) 840 1.85 16.57

Table S3 The maximum adsorptive desulfurization capacities of DBT comparison between present work and

some reported work.

Adsorbent Qmax Simulated oil Co (ppmwyg)
(mg S/g MOF) (System)
Zn,O(BDC);! 12.7 iso-octane 300/fixed bed
Zn,0(BDC);! 9.1 iso-oct:toluene(85:15) 300/fixed bed
MOF-505! 20.5 iso-octane 300/fixed bed
MOF-505! 14.9 iso-oct:toluene (85:15) 300/fixed bed
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UMCM-150!
UMCM-150!
MIL-1012
Z1F-8-derived porous carbon 3

ZIF-8-derived porous carbon 3

Cr-BDC*
Cr-BTC*
Activated Al,05°
CMK-3°¢
CMK-5°¢
Carbon aerogel”
Activated carbon®
Activated carbon spheres®
Cu(I)-Y zeolite!?
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Activated Carbon loaded Na,
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HKUST-1"
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CYCU-3 This work
CYCU-3@AI1,05(5%) This work
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work

CYCU-3@AL,05(20%) T™is
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66.6
28.9
26.7
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41.0
3().7 This work
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10.9
21.7
15.1
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17.6
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15.0¢
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n-octane
n-hexane
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Table S4 Comparison of the adsorptive denitrogenation capacities of different adsorbents in model oil system.

Adsorbent Type of NCCs @ Conditions Reported
(mg-NCC/g)
Activated Carbon’- 1719 Ql.liIlOliIle, - 39.0 --
indole
Cu-y?? arljr(rjlact?c“;iiﬁlgs i 30 a
Silica-zirconia cogel?! Mixed - 10.0 -
Alumina® Quinoline, . 7.16 -
indole
Uio-66-NH,?3 24 IND 312 - --
Uio-66-SO;H?3 24 IND 239 - -
MIL-101-ED? IND 336 - --
Uio-66-COOH?3 24 IND, PY 130 - -
NH,-Uio-6623 24 indole 312 37.3 -
CYCU-3@A1,03(20%) indole 201 39 This work
Quinoline 372 56 This work
Acridine 393 63 This work
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Fig. S3 Effect of solvents applied in the regeneration of the CYCU-3 and CYCU-3@y-Al,O5 (5, 10 and 20%)

composites on the adsorptive removal of DBT and ACR.
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Fig. S4 Effect of regeneration cycles on the performances of adsorptive removal of TH, BT and DBT over

regenerated CYCU-3 and CYCU-3@y-Al,O5(5, 10 and 20%) composites (by washing with methanol). The

recyclability experiments were carried in individual solution system. For every 10 mL of model fuel, 0.1g of

adsorbent was applied.
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