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Text S1: More Experimental Details

Materials. The biomass used in this work was sawdust, a naturally abundant
lignocellulosic biomass waste obtained from a local timber treatment plant in Hefei,
China. The biomass was first crushed using a high-speed rotary cutting mill, and the
produced particles with the particle size smaller than 0.12 mm (120 mesh) were
collected and then dried in an oven at 378 K overnight. The proximate analysis and
elemental composition of the biomass was analyzed and shown in our previous
work.>' Magnesium chloride hexahydrate (MgCl,®6H,0, 99% purity) was purchased
from Sinopharm Chemical Reagent Co., Ltd., China and used without further
purification.

The MgCl, loaded biomass was prepared in an adsorption process using the
biomass as an adsorbent at room temperature. Briefly, 5.0 g of biomass and 1000 mL
of MgCl, solution with an Mg concentration of 1540 mg L™ (the average Mg content
in the sea water) were mixed in a flask and shaken in a constant temperature oscillator
at 200 rpm for 300 min. Then the water in the mixture was filtrated, and the solid
residue was dried at 378 K till constant moisture was reached, then sieved again to
collect the particles with size smaller than 120 mesh for further use.

Pyrolysis experiment. A certain amount of MgCl, loaded biomass was first
placed in the feed pipe under a nitrogen flow (400 MI/min), and the nitrogen flow was
maintained for 20 min to remove air from the pyrolysis system. Soon after the
temperature of the heating zone reached the setting value (773-973 K), the MgCl,

loaded biomass was fed into the quartz tubular reactor via a piston. The volatiles



formed during the fast pyrolysis process were swept out by a nitrogen flow (200
mL/min), and condensed by cold ethanol to obtain bio-oil.

Characterization of the mesopores carbon stabilized MgO NPs (mPC-MgO).
The elemental compositions (C, H, and O) of the mPC-MgO were determined by an
elemental analyzer (VARIO EL III, Elementar Inc., Germany), while their Mg
contents were analyzed by inductively coupled plasma-atomic emission spectrometry
(ICP-AES, Optima 7300 DV, Perkin-Elmer Co., USA). XRD analysis of the
mPC-MgO was performed in an 18 kW rotating anode X-ray diffractometer
(MXPAHF, Rigaku, Japan) using nickel-filtered Cu Ka radiation source (30 kV/160
mA, L = 1.54056 A). The samples were scanned from 20" to 80" with a scan rate (20)
of 0.02°s™", and the diffraction peaks were assigned to the corresponding crystalline
phases by comparison with the powder diffraction files from Joint Committee on
Power Diffraction Standards (JCPDS). The thermal stability of mPC-MgO was
characterized with a DTG-60H/DSC-60 thermogravimetric analyzer (Shimadzu Co.,
Japan) under N, atmosphere, with a heating rate of 5 K min™ from room temperature
to 773 K. The structural features of the mPC-MgO were analyzed by nitrogen
adsorption-desorption isotherms, which were mersured at 77 K on a Micromeritics
Gemini apparatus (ASAP 2020 M+C, Micromeritics Co. USA) after degassing the
samples at 573 K under vacuum for 4 hours. Specific surface areas of the samples
were obtained by the Brunauer, Emmett, and Teller (BET) method, while their pore
volumes were calculated by the amount of nitrogen adsorbed at a relative pressure of

0.99. The surface morphology of the mPC-MgO was analyzed using scanning



electron microscope (SEM, Sirion 200, FEI Co., USA) and transmission electron
microscope (TEM, JEOL-2100F, Japan) coupled with energy dispersive X-ray (EDX)
spectrometer. The chemisorption analysis was conducted with
temperature-programmed desorption (TPD) apparatus, which composed of a
fixed-bed flow reactor and a QIC20 mass spectrometer. The procedure for the CO,
chemisorption analysis is described as follows: 100 mg of the mPC-MgO material
was placed into the fixed-bed flow reactor, and heated at 500 °C under an Ar flow of
30 mL min" for 120 min to remove the gas adsorbed on the material. After the
temperature decreased to 80 °C, the CO, adsorption was performed under a CO, flow
of 30 mL min™ for 60 min, then the gas flow was switched to Ar at 25 °C to sweep the
remaining CO, and desorb the physically adsorbed CO, for 18 h. Afterwards, the
temperature was increased from 25 to 500 °C with a rate of 10 -C min” to desorb the
chemisorbed CO;. The desorbed CO, species were analyzed by the QIC20 mass
spectrometer. For comparison, the carbon material without MgO (mPC-773) was also
analyzed with the same method.

After CO, capture, the used mPC-MgO was further characterized by FTIR and
XPS. For the FTIR analysis, the sample was first mixed with KBr at a ratio of 1:100
and compressed into films, then analyzed using an FTIR spectrometer (EQUINOXS55
IR spectroscopy, Bruker, Germany). The XPS characterization was carried out
through an X-ray photoelectron spectrometer (ESCALAB250, Thermo-VG Scientific

Inc., UK) using monochromatized Al Ka radiation (1486.92 eV).
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Table S1. The texture features and elemental compositions of the mPC-MgO

mPC-MgO Surface area  Pore volume  Average pore size MgO crystals  Elemental composition (wt.%)
(m* g™ (cm’ g (nm) size (nm)* C H 0° Mg
mPC-MgO-773 279 0.140 2.01 17.1 563 1.1 215 21.1
mPC-MgO-873 306 0.156 2.03 18.6 56.7 1.1 21.7 205
mPC-MgO-973 298 0.152 2.04 17.8 570 1.6 220 194
mPC-773 14.0 0.067 332 - 76.7 3.5 19.8 -

* calculated from the (2 0 0) diffraction peak of XRD patterns using the Scherrer equation.
® calculated by difference: O = 100- C- H- Mg

Table S2. Analysis of the main peaks in the XPS spectra of the fresh and regenerated catalysts

Elements  Before CO, capture After CO, capture
Peak B.E. (eV) FWHM (eV) At. % Peak B.E. (eV) FWHM (eV) At. %
Cls 284.8 1.26 72.1 284.8 1.24 743
O1s 532.6 3.72 14.7 532.6 3.67 159

Mg 2p 50.9 2.99 6.21 50.9 2.94 6.01




Table S3. Comparison of the different CO, capture trappers reported in literature with the trapper in

this work
CO, trapper

Al,O5 supported MgO
K,CO; activated MgO
Mesoporous carbon supported MgO
Mesoporous MgO
K,CO; promoted MgO
Mesoporous carbon stabilized MgO NPs
Surfactant promoted amine sorbents
Ca0-Ca,,Al 4033
Mesoporous amine-modified SiO,
Al,O3, Ca0, and MgO composites
Amine-functionalized mesoporous capsules

* determined at first cycle

Maximum capture
capacity (mol kg™)*
1.36
1.98
2.09
2.27
4.49
5.45
3.22
~6.0
6.97
7.73
7.90

Total cycle
number
5
17

19
10
45
Not mentioned
65
50

Capture Regeneration

temperature (K)  temperature (K)

333 623

748 748

298 623-723

373 1073

323 423-723

353 673

303 383

963 1163

298 Not mentioned

923 1123

348 383

Reference

S2
S3
S4
S5
S6
This work
S7
S8
S9
S10
S11
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Table S4. Band positions for the function groups of mPC-MgO before and after CO, capture

Functional groups Band  positions (cm™)
Before CO; capture  After CO, capture
O-H or O-Mg configurations stretching 3439 3434
-CH symmetric stretching 2921 2916
CO; stretching - 2317
C=0 asymmetric stretching - 1631
O-H deformation vibration 1592 1550
0O-Mg configurations deformation vibration 1447 1442
C-O stretching 1119 1127
Finger print of O-Mg vibration 687 685
633 637

496 498
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Fig. S1. Thermal stability of the mPC-MgO materials prepared at different
temperatures.
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Fig. S2. Pore size distributions of the mPC-MgO NPs prepared at different

temperatures
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Fig. S3. TEM-EDX analysis of the mPC-MgO-873. The Cu is present because copper
wire mesh is used to support the samples inTEM analysis
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Fig. S4. XPS survey spectra of the mPC-MgO-873 before and after CO, capture
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Fig. SS. The adsorption-desorption isotherm of the mPC-773
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Fig. S6. Comparsion of the capture of the CO,, Np,and O, by the mPC-773
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Fig. S7. CO2-TPD profiles of the mPC-MgO materials and the carbon support
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Fig. S8. CO, capture at three different temperatures and a fixed time of 60 min
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Fig. S9. Comparison of the CO2 capture performance between the mPC-MgO-873

and the commercially available MgO NPs
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Fig. S10. Potential reduction of the CO, emission in the coastal areas of China by

mPC-MgO synthesized by pyrolysis of MgCl,-preloaded biomass
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