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Abstract The stereotype of flexible MOFs(Amino-MIL-53) and carbonized porous carbon prepared from renewable resources
is successfully synthesized for CO, reduction application. The textural properties of these microporous materials are investigated,
and their CO, storage capacity and separation performance are evaluated. Owing to the combined effects of CO,-Amino
interaction and its flexibility, a CO, uptake of 2.5 mmol g is observed in Amino-MIL-53 at 20 bar 298 K. In contrast, CH,
uptake in Amino-MIL-53 is very low up to 20 bar, implying potential sorbent for CO,/CH, separation. Carbonized samples
contain a small quantity of metal residues(K, Ca, Mg, S), resulting in naturally doped porous carbon. Due to the trace metal,
even higher CO, uptake of 4.7 mmol g' is also observed at 20 bar 298 K. Furthermore, the CH, storage capacity is 2.9 mmol
g at 298 K and 20 bar. To evaluate the CO, separation performance, the selectivity based on ideal adsorption solution theory
for CO,/CH,4 binary mixtures on the presented porous materials is investigated.
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Fig. 1. Schematic diagram representing the synthesis of (a) MIL-

53(Al)-NH, and (b) microporous carbon from agricultural waste
products.
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Fig. 2. XRD patterns of (a) MIL-53(Al)-NH,, (b) Carbonized Peanut shell(PS).
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Fig. 3. (a) N, adsorption isotherms of MIL-53-NH, and PS, (b) Pore size distribution(PSD) of samples calculated from the adsorption

branch of the isotherms.

Table 1. EDS data for PS composition.
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Fig. 4. Single component CO, and CH, adsorption isotherms for (a) MIL-53-NH2 and (b) PS at 298 K up to 20 bar.
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Table 2. CO, and CH, uptake on MIL-53-NH2 and PS at 298K,
20 bar.

Temperature ~ CO,(mmol/g) CHy(mmol/g)
MIL-53-NH2 298K 2.5 0.12
PS 298K 4.7 2.92
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5. The (a) CO, and (b) CH, heat of adsorption for MIL-53-NH, and PS.
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Table 3. Fitting parameters of the Langmuir-Freundlich model for the CO, and CH, adsorption isotherm in the MIL-53-NH2 and PS.

CO,
R? Q1 b, n Qm2 b, ny
PS 0.99475 2.62467 0.83554 1.37799 2.62467 0.83606 1.37813
MIL-53-NH2 0.99925 1.57806 0.70433 1.93845 1.2713 1678.39245 0.33072
CH,
R’ Qm1 b n Qm2 b, ny
PS 0.99999 2.33011 0.17808 1.09938 1.30489 1.03175 1.17409
MIL-53-NH2 0.99899 0.13674 0.42043 1.28081 0.01239 0.00281 0.22564
@ e G 4.4 E
e F%-47] FAANMOFs) B4 F 38 aal Qe
8 | f' MIL-53¢] amino(NH,)712 3718t A|&9} o]atsbeka
: | | CO,, PS b CO,, MIL-53-NH2 o] HFeA S =glon, Bd MOFSAS tiAlslr] S8l
’ ’ P‘roessure(b;; ° ’ ’ ’ P‘r[;ssure(ba‘rs) ° ’ Hlo]l 9 #H71&E = el BZ L EFAA §83Fo)H
To T AR ol FAAZ A sk F A2 v
WAL 747F 528 mYget 692 mYg HoH, AL 20 bar
C e oM Hr o]Astekh FHL 2.5, 47 mmol/gS R PS
3 _-"'. CH, PS g CHy, MIL-53-NH2 b S s FAESY ol wE waE
b | offet et A vhel AFFEK, Ca, Mg, Sl Sl

Pressure (bar) Pressure (bar)

Fig. 6. (a), (b) COy, (c¢), (d) CHy4 adsorption isotherms for MIL-53-
NH, and PS. Curves are fits to the Dual-site Langmuir-Freundlich
model for IAST calculation.
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Fig. 7. CO,/CH, selectivity of PS at 298 K up to 20 bar.

Qe SRR

HJc}. MIL-53(A1)-NH,2] 4 A
o] AkslErA o] F4 35
_(%

7} gilen, wgke] SR}
22k 2}o]2 WW breakthrough curve 3ol 1j
d BYs & < AUk

R

olitslekAele] WS =57] Wi E HRIth PS A
AellA 5, argellA 108 =7F vtk MIL-
T Y=g 73 7= AR o4k

H)a) wgke] S2HRFo] w9 m]RFolgt
BW 33 breakthrough curve 7ol % 4
ZHA7F 2 AdSS g

-
9r=

53(Al-NH,2] 7
slera E_Zl—al:oﬂ

bl
h=4
3
yal

i) l"lr
o m[o

Acknowledgment

This work was supported by Gyeongnam National
University of Science and Technology Grant 2018.

References

1. IEA, CO, Emissions from Fuel Combustion 2017, Retrieved
May 30, 2018 from https://www.iea.org/publications/
freepublications/publication/CO,EmissionsfromFuel-
CombustionHighlights2017.pdf

2. S. A. Rackley, “Carbon Capture and Storage”, ed. S. A.
Rackley, p. xi, Butterworth-Heinemann, Boston, USA
(2010).

3. W. S. Ahn, J. Kim and H. Y. Kim, Korean Chem. Eng.
Res., 51, 171 (2013).

4. S. Yan, M. Fang, W. Zhang, W. Zhong, Z. Luo and K.
Cen, Energy Convers. Manage., 49, 3188 (2008).

5. H. I. Lee, J. D. Lee and Y. D. Kim, Korean J. Mater.

es., 18, 650 (2008)



422 ARA - et - 0R - uAY

6. J. C. Fisher, R. V. Siriwardane and R. W. Stevens, Ind.
Eng. Chem. Res., 50, 13962 (2011).

7. 1. Park, N. F. Attia, M. Jung, M. E. Lee, K. Lee, J.
Chung and H. Oh, Energy, 158, 9 (2018).

8. S. Hug, L. Stegbauer, H. Oh, M. Hirscher and B. V.
Lotsch, Chem. Mater., 27, 8001 (2015).

9. W. R. Lee and C. S. Hong, NICE (News & Information

=

for Chemical Engineers), 31, 466 (2013).

10. M. Mihaylov, K. Chakarova, S. Andonova, N. Drencheyv,
E. Ivanova, A. Sabetghadam, B. Seoane, J. Gascon, F.
Kapteijn and K. Hadjiivanov, J. Phys. Chem. C, 120,
23584 (2016).

11. T. S. Blankenship and R. Mokaya, Energy Environ. Sci.,
10, 2552 (2017).



