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Carbon capture and storage (CCS) is considered to be a promising technology in reducing atmospheric CO2
concentration. Among the CO2 capture technologies, adsorption has grabbed significant attention owing to its
advantageous characteristics discovered in recent years. Solid adsorbents have emerged as one of the most

versatile CO2 adsorbents.

porous carbon amine functionalization physisorption chemisorption CO2 capture

activated carbon Greenhouse effect

| 1. Introduction
1.1. Physical and Chemical Properties of CO»

Carbon dioxide (CO,) is a triatomic gas under ambient conditions &I, which is abundant, non-toxic, recyclable, and
economical &. Moreover, CO, sublimates from solid-state to gas at —78 °C under atmospheric pressure and is
comparatively inert. As a commonly known fact, CO, gas that naturally occurs in the Earth’s atmosphere is of
paramount importance to photosynthesis . From an economic point of view, CO, can be converted into high-
value chemical products such as urea, carbonates, and acrylates & through catalytic conversion, mineralization,
photochemical, or electrochemical reactions, and supercritical CO, can be also utilized in various industrial fields,
including food beverages, refrigerants, transportation fuels, fire extinguishers, polymer synthesis, medical, and
exploitation of heavy oil. Solid-state CO, can be used in artificial rainfall and concrete production 4],

1.2. Trend of Atmospheric CO, Concentration and Potential CO, Emissions
Sources

Although the natural carbon cycle controls the CO, concentration level in the Earth’s atmosphere 11, due to both
anthropogenic activities and natural emissions, the current atmospheric CO, concentration reached around 416.5
ppm in mid-2020 8, which is ~40% greater than the beginning of the industrial revolution (280 ppm) in 1750 IR
with an average growth rate of 2 ppm per year B9, |n other words, the global emission of CO, was estimated to
be more than 36 MT in 2017, which is 18-fold greater than compared to the 1800s L1, Although it is a consensus
that the amount of atmospheric CO, should not exceed 350 ppm [2 according to the predictions by the
International Panel on Climate Change (IPCC), it is expected to reach up to 570 ppm by 2100 [2213]14] ¢ js
identified that the main causes for the tremendous increase in such atmospheric CO, concentration are mainly

associated with various anthropogenic activities, including vehicular emissions, fossil-fuel power plants,
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deforestation, chemical processes 13, and waste treatment 18, which have been growing steadily due to rapid
industrialization and urban development 217, The natural emission sources, including soil degradation processes

and volcanic activities, are also responsible for supplying atmospheric CO, to some extent [2&l,

1.3. Significant Outcomes Owing to the Trend of Increasing CO, Emissions

Unfortunately, the non-controllable anthropogenic activities have negatively affected human beings 22 and the
entire ecosystem B8 by releasing greenhouse gases, including CO,, into the atmosphere. Among the greenhouse
gases, CO, is considered as one of the primary sources, contributing to roughly 64% of the total greenhouse effect
(241201 The progressive increase in atmospheric CO, concentration is responsible for climate change, which might
adversely impact the global environmental processes, such as the long-term rise in global temperatures, changes
in rainfall patterns, rising sea levels [21ll22] pcean acidification 23, species extinction, melting of polar ice (o1
shrinkage of snow covers (24 and severe weather events, ranging from flash floods (23 hurricanes, freezing
winters, severe droughts 22 heat waves 28], urban smog 17, and cold streaks [ZZ. According to the predictions
made by IPCC, the rise in sea level of 3.8 m 1428 and rise in mean global temperature by 3.7 °C 2289 gre
expected by 2100 [24]. Besides, the increasing trend of CO, in the air might cause various air-borne diseases,
which will increase the risk of health complications B2l. The economic loss due to climate change is expected to be
5-20% of the global domestic production (12281 Therefore, extensive research projects are currently underway to

reduce and control CO, emissions from power plants, industries, and transportation 22,

1.4. Approaches to Reduce Atmospheric CO, Concentration

Three feasible strategies to reduce CO, emissions are exhibited by the modified Kaya identity as expressed in
equation (1) [28. They are namely, (i) improving the energy efficiency of coal-fired plants B384l (i) change of the
fossil fuels to renewable and carbon-free energy resources 31, and (iii) utilization of carbon capture and storage
(CCS) technologies [28138137],

GDP E C
P GDP E 9%

CD=P

where CD: CO, emissions, P: Population, GDP: economic development in gross domestic production, E: energy

production, C: carbon-based fuels used for energy production, and S¢g,: CO, sinks [28],

Apart from the above-mentioned three strategies, enhancing partial pressure in exhaust gas [2€, geoengineering
approaches including afforestation and reforestation 28, flue gas separation, and carbon mineralization B2 can
also be considered. Among the different CO, mitigation options, IPCC has suggested CCS as a promising
technology for achieving a 19% reduction of global CO, emissions by 2050 B4, CCS can reduce CO, emissions
(typically 85-90%) from significant stationary point sources such as power plants, cement kilns, and NG wells 49
(41 Nevertheless, CCS is considered a mid-term solution in reducing global warming, climate change, and
simultaneously allowing humans to continue using fossil fuels until a renewable and clean energy source is

discovered to replace them (24, CCS is comprised of three significant steps, namely, (i) capture of emitted CO,
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from power plants and industrial processing without releasing them into the atmosphere, (ii) transportation of the
captured and compressed CO,, and (iii) underground storage of the captured CO, (261421431 However, the process
of CO, capture, which accounts for 70-80% of the total cost, has proven to be the major barrier for the deployment
of CCS 14444l |nterestingly, in recent years, carbon capture storage and utilization (CCSU) has grabbed significant
attention compared to CCS owing to the convertibility of the captured CO, into commercial products 421481 The
success of CCS and CCSU technologies are associated with the CO, adsorption efficiency, ease of handling,

manufacturing cost, and renderability of the associated materials 221,

1.5. Co2 Emission Sources

The CO, emission sources are the primary candidates for potential applications of CCS or CCSU technologies.
Therefore, from a community and industrial point of view, CO, capture from typical gas streams, including flue gas,
biogas, flare gas, syngas, and ambient air, has grabbed significant interest 44, Table 1 depicts the summary of the

compositions of different gas streams.

Table 1. Compositions of different gas streams which act as potential CO, capture opportunities (Reprinted with

permission from ref. 471481y

Cement Dry _ Biogas Generated from Naftural Gas Coal-Fired
Component Rotarv Kiln Atmospheric  Waste Water Treatment Fired Flue Flue Gas
y Air Plant Sludge Gas
N, 59 vol % 70 vol % 0-1 vol % 73-80 vol % 70‘?2 vol
co, 19 vol % 410 ppm 19-33 vol % 3-8 vol % 11_5/05 e
H,0 13 vol % - - 7-14.6 vol % 5_102 L
0, 7 vol % 21 vol % <0.5 vol % 45-15vol %  3-6 vol %
S0, 5-1200 ) ) <10 ppm 200-4000
ppm ppm
SO; - - - - 0-20 ppm
NOy 100-1500 ) ) 50-70 ppm 200-800
ppm ppm
co . i ) ) 50-100
ppm
Hz - 0.5 vol % - 5-300 ppm  5-20 g/m®
Particulate - - - - -
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Cement Dry Biogas Generated from  Natural Gas Coal-Eired
Component Rotary Kiln Atmospheric  Waste Water Treatment Fired Flue Flue Gas
y Air Plant Sludge Gas
matter
H2S - - 100-4000 ppm . -
Ar - 0.9 vol % - - -
Xe - 0.1 vol % - - -
Ne : 18 ppm - = .
He - 5.2 ppm - - -
CHg4 - 1.6 vol % 60-75 vol % - -
Kr - 1.1 vol % 5 try. In
N2O - 0.3 vol % - - - erdam,

I ne Netnerianas, ZULb; pp. 3—L11.
2. Salehi, S.; Anbia, M.; Hosseiny, A.H.; Sepehrian, M. Enhancement of CO2 adsorption of

1.6006h Capture Techmelogiesultivalled carbon nanotubes/Cd-nanozeolite composites. J. Mol.

Struct. 2018, 1173, 792-800.
Table 2 depicts the comparison of the leading carbon capture technologies. According to Table 2, carbon capture

P\ B bR i RHRER e BRUMRy R OUSSARRNSAelNGR AR EIYIERSstion, and i)
pod LSRRI AR D) MRS LR G CARMUER SIS b VR MR 2 24 Ping s O 80h 591, The
oo godditiZimaych; asinmesaurd aihBier@bemtyrd . diffier, for e@ch, teichihoe . Resoneindhctors impacting
COforapilule lefiierayirisatedgasrooyzsition gpheresamitteinighaBOR eaptanergs pzearias a3seameglywith
regStesation&7, 26, 1007-1013.

5. Qin, F.; Guo, 2.3 Wapg, 5 Oty S 514 e Rz nalls M09SR: RSt ARARgligne-based porous
carbon nanosheet for carbon dioxide capture. Appl. Surf. Sci. 2018, 491, 607—-615.
CO2 Capture

Technology Advantages Disadvantages ilate
. _ Green
Pre- _ e The concentration of CO, « When applying to new power plants, the
Cogk;:f:éon produced within these processes technology is not yet commercialized and
range from ~15-60% which requires a high capital investment due to major
makes it easy to capture B alternatives to be done into boiler and flue gas US
systems [28] 58

» Process of gasification and water gas shift

reactions are expensive and quite challenging Bl

rbohydr.

« High energy penalty associated with regeneration

of chemical solvents 22!
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CO2 Capture . ytubes
Technology Advantages Disadvantages
2, 81—
« Large energy penalty requirement for providing
1 pure oxygen sorbent
« Absence of complete preparation methods 24
1 » Avoids the requirement of id
Oxy-fuel chemicals or other means of CO,  Pure oxygen is expensive (22 0.
combustion separation from flue gas (52
1 « Limited knowledge regarding the technology 23 1€
)31-
» Environmental impacts associated are higher due
to energy intensive air separation process 52
1 n
» Readily applicable for large-scale
in newly built and existing power « Requirement of huge energy supplies for sorbent
1 plants without upgrading and regeneration 53!
reconstruction 5]
« Requires the separation of impurities from
1 Post- » Repairing does not discontinue captured CO, B8l gosteen
combustion the procedure of the entire power 3, 27,
capture . i is di i i
p plant and it can be regulated or COs, in the flue gas is diluted with a concentration
. managed easily 58! ranging from 10-15% which requires high
recovery and capital costs and 25-35% T,
« Shorter time required for creation additional energy for plant operation (28]
[57]
1 35S
.. ____, ___ 118506.

18. Lal, R. Acceleration soil erosion as a source of atmospheric CO2 soil. Soil Tillage Res. 2019, 199,
35-40.

1'3 iu léellw &%BWB(éﬁtg“fW%Z &/let“\is a, E. MOF-5 derived carbon as material

for CO2 adsorption. R. Soc. Chem. 2019 18537.
2. bifdserptian Processaf&Qang, P.; Klomkliang, N.: Supasitmouskol, S.; Chaemucheun, S.

Effects of nitrogen and oxygen functional groups and pore width of activated carbon on_carbon

(50].
Ads(ﬁ)r (()Felga?p%mgc$éarrﬁ%%orrgteunr%n g%tek}]lghlxc ep ?]desn%)n urface B Oé)grtéeg and fhm_g[éonalltles Adsorption

of CO, onto a material occurs through different types of mteractlons between the gas molecules and the adsorbent.

23 hFiftionNdh hé clabdliieilas M PrisisEHsiRh bt (ilseAahidomiidizd, BoSalehp¥MNSMr dadefarimikiprocess
as Npwisd NidhdMe BeealirlyuRrapgiationsand sbiaatrrisatirnebARd&ESdHNsbesaledvaiaphene 3
tab@ide QS Gt ACSOBBHRENpHydisrftisnRINICEMaGsorphierm. Sci. 2019, 61, 297-305.

22. Dassanayake, R.S.; Acharya, S.; Abidi, N. Biopolymer-based material from polysaccharides:
Properties, processing, characterization and sorption applications. Adv. Sorpt. Process Appl.
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2018, 1-24.
23. Li, Y.; Xy DWei n€ K ‘ N dop c‘,arb
: 120y off iSi a(* sel ctl sorgion bf

Ph ti
24. Omidfar, N.; R//I%%%rr?]é%%hzadeh A.; Rorous\substiat€arbon dl0X|§e ao0 I8rp?on by modified carbon

nanotubes. Asia-Pac. J. Chem. Eng. 2015, 10, 885-892.

Figure 1. Schematic of the interactions between gas molecules and the adsorbent surface during physisorption

5n %L%?nsusé\{lpt&a %ﬂht\é 4 gv% perm%s%H rtgrlnng I%Backaglng waste-derived activated carbon for

carbon dioxide capture. J. CO2 Util. 2018, 26, 380-387.

26. Lee, S.; Park, @ble \fOmRHM I SiliAf 4oR 6102 AR TP CAMH B aESeEPRIT L aPRESENG. Chem.
2015 23 1-11

Process Advantages Disadvantages
2 ) ) » CO, capture capacity decreases with rile
» More appropriate for high pressure ) .
o increasing temperature (21651
applications 63
2 o d
) ) « Low CO, uptake at low pressures 471
» Adsorbent is easily regenerated, and low 41,
. . . [m]
Physisorption LS T GG ST el « Low CO, selectivity for combustion flue
as streams 42 .
2 « Relatively stable even past 200 °C 19 J ion of
e Adsorption capacity decreases in the
« Low cost for adsorbent preparation ©4 . . )[;_2]
3 presence of water angmuir
~ Chemisorption .« High selectivity towards CO, due to « Slower than the physisorption process 9 0-Si02
strong interactions between basic species
on the adsorbent surface and the acidic « Functionalization of porous materials with
3 CO, molecule [421(68] amine groups decreases the CO, capture sjtes
capacity due to pore blockage [68171] 2023
» High adsorption capacity at low CO,
partial pressures such as in the ambient « High energy requirement for regeneration
3 air [421671[68] of the adsorbent (2 ‘ganic-
353, 1-
« Enhanced adsorption capacity in the * Low cyclic stability due to amine
presence of water (64169 degradation (881, Higher cost associated
3 with adsorbent synthesis 64! porous
« Comparatively higher mechanical stability
[45] o Chemisorbents can permanently bind to
2 n

gases such as SO, to decrease the

capacity of active sites for CO, capture l. Surf.
[72]
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(@8]

Process Advantages Disadvantages .; Laoui,
» Grafted amines volatilize and degrade nd

above 120 °C due to instability at higher

temperatures [z2]

3 ived
» A corrosive environment could be
produced during the regeneration of
3 spent adsorbent due to the presence of ctured
amine groups 24 S, 146-
3\‘7. nNacii, \9., n\ciiiall, A., rain, o. NUIT Ul 1icLlcivaluvliio (HnHuauycii aliu suliul )~uual uvpcu vui |l-StarCh

based porous carbons for selective CO2 adsorption and separation. J. CO2 Util. 2021, 51,

2.2.0bffférent Regeneration Strategies

40. Benedetti, V.; Cordiolj, E.; Patuzzi, F.; Baratieri, M. CO2 adsorgtion study oniPure and chemically
The attached CO, molecules onto the adsorbent surface could be regenerated throu% the (i 6prgsArsure swing

activated chars derived from commercial biomass gasifiers. J. CO2 Util. 2019, 33, 4¢ .
adsorption (PSA), (ii) temperature swing adsorption (TSA), (i) vacuum swing adsorption (VSAJ, (iv) pressure and

AlacGuro sWingaisorptBunPYSA), Mid @halrgtrid. sdivgmdSoldiso UE Sktivaiad eay ORI E! R k@A the
adwsngieanadagassentagésQ? ameasptiosycbbanbnEsthtdgid20h88dgdid?aidm method depends on the
431.6611'%?5 q?a?}élfcg.r; 48 Sﬁ'&ﬁéﬁé‘,%ﬁ%‘ﬁﬂ%‘?&ﬁ? Rf Jaroniec, M. Amidoxime-functionalized
microcrystalline cellulose-mesoprous silica composites for carbon dioxide sorption at elevated

Table 4. Comparison of different regeneration strategies.
temepratures. J. Mater. Chem. A 2016, 4, 4808-4819.

4 Regeneration

i rials
Strategy Advantages Disadvantages ‘
—612.
« Long heating and cooling time periods 62
4 ro
« Simple in operation (62 « Longer desorption time than PSA [28] 8, 361,
Temperature swing . i I . 28]
adsorption (TSA) Can use low-grade heat from Higher energy requirement than PSA
4 power plants (4] ne-
» Rapid adsorbent deactivation due to sorption

coking at higher temperatures 28!

4
Pressqre swing « Lower energy requirement than « Compression of the flue gas streams 2
adsorption (PSA) TSA 28]
4 » Dilute gas streams may result in intense A
« Easy operation 2 energy consumptions during PSA 72
4 « Low capital investment than TSA 1 carbon
and VSA [
4 . 5 . » ling

exploration of the critical factors for CO2 adsorption capacity on porous carbon materials at
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Regeneration

Strategy Advantages Disadvantages
5 » Applicability over a wide range of fect of
temperatures and pressures [26] char for
- » More economical than TSA and
Y PSA 128 - i ]
e Further improvements are required 4
. before commerecialization 28
d o « Independent purge gas flow £ .
5 Electric swing \ critical
adsorption (ESA) « The adsorbents should have good —
« Fast heating and cooling rates [69] ] 169 —102.
electrical conductivity €2
< ants: A
+ Low energy consumption 2
ere

. « Applicability in large point sources . . .
Vacuum swing &gp y gep « Energy intensive operation tions

adsorption (VSA) !

n

55. Wang, P.; Guo, Y.; Zhao, C.; Yan, J.; Lu, P. Biomass derived wood ash with amine modification for
post-combustion CO2 capture. Appl. Energy 2017, 201, 34-44.

5%%&”5?}5'@ R‘?;rc%\%‘?tjm %@I%Q§8r9\em C.; Dalai, A.K. Review of post-combustion

carbon dioxide capture technolggies using activated carbon. J. Environ. Sci. 2019, 83, 46—63. .
When synthes??lng an pse ecttlng an e?f%ctive %o%’ a sor%ent, (t:he mateﬁal shouldnbe economlgca and operational

SeimiNlagneio BIYOHE ratienafofel awersBattles @dth dnsedrate dho@R Gagfiutie siogivdvwindesTdiga5): (i) CO.
adsbepripe atpaeityeTha cldgigsioD eppatine plagé & ndted ycten difeo teksermigisse tiengm dloitveé gideorbent to be
inséteiy ensityhef Sisieptenacaufechoclogy: theodelieiip dtforwayc G445 . (N7 Regenerability: The adsorbent

S BRI % RO e R S B R o € TP e SRR SR R s ot
TS A ISP Sl 9" REISFUYRL R 193 elifaRig gy 7f oner spectes (g N2
methane (CH4), sulfur dioxide (SO>), hydrogen sulfide (H2S), and moisture) [E][’LQ]@]' (iv) Adsorption/desorption

S9ndiandh Ml vagerefdn/axssptionas GLrirdsaibenisgmaissiplionngelcdifgsenieonfdiionse Gluem. ()
Théﬂﬁﬁi,%ié&; 2hd4mdditBrical stability: During the cyclic regeneration process, the microstructure and

60 BaRIRMITSe At TRERL: AW 2N FEtRtPEHigM BB rETo HIf AN LSt hiithe aedb IR{PA RPESAURY
cor@w%éﬁgeﬂv%yg)@gp@eH'tgmgﬁy_nRﬁé%g{eéoﬁm_@,sgtyr’egg@y_[{%ggtes. Additionally, the amine-functionalized

adsorbents should be resistant against oxidizing agents and contaminants such as sulfur oxides (SOX), nitrogen

O ceLNGG - waldl Wpior Bnd hie&RARG ez 1YRD, By HFRALFAUKIESE MRd RRITRMRALEH SR 9L
' es for efficient CO?2 capture. ChemeEng. J. 2018,

.N-dl%)ed hierarchiqalv\ﬁﬂrou carbon m%cr tu
using cheéap raw matérials while"adopting a cost-effective and energy-saving synthesis routes

358, 1507-1518.
632G T RN VR LSS, OF GUFACOT SBar B A STRAY ol Rir 8 RIS R RSN AP NRS Fra s efs-

74][77
ChemSusChem 2017, 10, 1303-1317. ™).
€ Parameter Requirement apture:
CO2 adsorption capacity 3—4 mmol/g
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€ Parameter Requirement dified
Regenerability >1000 cycles 0.
€ CO2 gas selectivity over other gases >100 ns for
Adsorption/desorption kinetics >1 mmol/g.min
€ Adsorbent cost $5-15/kg sorbent 02

Lapuie. Dicakuiiuuyil audUIlpuull Stuuy. J. CIHIVIIUILL CIIgTl. 21y, £U10, 4, 040—000.

GZ.'A'.I’diﬁ%iﬁcehrﬂk)f&/é%ﬂ?éﬂ\{léhfbjf 8'6’2 'a%t}%r}ex:; Gong, J.; MIjOWSka,.E.; Tang, T. Se.zlectlve. |
preparation of biomass-derived porous carbon with controllable pore sizes towards highly efficient

Nuleérausaqitidies Ghent Etuhidre20dfR8% 4PBra®dic and industrial settings have developed promising

XD R PRSACSHMILANE KCEUITEBRNS. SIS W chp%re‘\\/ié{aéﬁ%rﬁtiéﬂsi?{ bR d1ave been
dis?ﬂ}ﬁ%{ﬁg;ﬂ"}é}ﬂn&ﬁﬂé‘?ﬂs_"’éh'ﬂj_n@ I(P.Féhéqﬂl_it%ga}cﬁ'ﬁtgg ﬁ’rlé)é’l_sgét_aolite imidazolate frameworks (ZIFs),

grafted and impregnated polyamines 24, activat(_ed alumina, carbonizgd porous arom_atic frameworks (PAFS),

6§ov\é{aﬂgoﬂé’hh¥aﬁa$év&é’r@99(cbh§ﬁmgﬂ,z-bé?éﬁg’%é&&’b%l%é#s‘Qﬁdpsﬂ*q@?r%%%&ﬂgursegﬁ%@&r%%n

nard Y EAGEIY S RRMING BrRRatS T lipstersized IHEEQRP LR $aTPON spheres for post-
combustion CO2 capture. Appl. Energy 2016, 168, 282—-290.

72-5impertance of GarbansBased Adsorhents fox Effective GO GAPHMS A A. cvD

synthesis, functionalization and CO2 adsorption attribute of multiwalled carbon nanotubes.
Of the previously mentioned CO, adsorbents, though zeolites and well-ordered frameworks exhibit high CO»

Processes 2019, 7, 634. [39] _ .
adsorption capacities at relatively lower pressures ==, the CO, adsorption performance gradually decreases in the

7do-praisalcd of Raoningk 88188, Zsikiris yamab) 6 iarStithy ofhmisiechunelicnedi Zeshinesepo res s 2adanIc O,
adsaspidn 2o staragemcaatetialscPrasesseso? 0ibistBred 56 .Additionally, the usage of MOFs has been severely

7isg e, R BBl PSS LBDAHY DHTEICE o afa AR MIbAslbARSaRy BBTBaH kTRl ™
and el SMP B PRS- TR AIRSERAlGre sual 2085 BAd> EreAfse1BE 9GP fraactea
ap;:ll)jga,tlions due to their relatively high operational costs and high viscosity, leading to corrosion-related problems
[87]

73. Xu, C.; Ruan, C.; Li, Y.; Lindh, J.; Stromne, M. High performance activated carbons synthesized
Onfiienvihanpasdudesadplicei{orR chgitbehanateiicimealy sejeotivaly ikemovalivbvalaiilgs agamictraced back
to raorapIEMNESOA g S ugtainthB sty Blimars 1id20l&réd charcoal formed through the incomplete combustion

A, SRR S e S b TR IEIR 8T PSSR ERES b AR S NRNe ety activated
Ca SRR AR AREP SR, SR SPIReS AR P SRS LA Swi S Ry Popfgoed materials
can be used as appropriate candidates in catalysis, electronics, fuel cells, biology, metal recovery, and gas storage

Tand\epiratipnaiimeyshi, A.A.; Jahanshaki, M. Adsorptive separation of CO2 and CH4 by the

broom sorghum based activated carbon functionalized by diethanolamine. Korean J. Chem. Eng.
Am30d the34fotdBeridhed wide range of applications, carbon-based porous materials can serve as appropriate

AENGaER3h, 57 B, WMo IGT SRUGRIATEYA AR RO N HRR Siion ecEmBRNELO2
2SCIPIRT, BRI R Ao IS QB Biciyate P RSO ERE P8R R8P0 1t BILH
controllable pore structure, high thermal stability [15] good chemical resistance against alkaline and acidic media

1) GUNSEsh1BFNE In S cs TN T e ¢eo dreratiOR IR R rbhuiFA R (B, RigRZpRar R WaG Qo3 G 22
(031 adB AR e LAR EatEN CignalizRH gl ayshidAicr MEOr xR MES QRIS MaiRrg 09, SRy 48, and
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TiRxRaisp litr alokethrddtod adapidly $riVsufidasolundinejgidatdr Lhiniddtidhalgodedlihaglantepptimiratichenyical
corispivins e usikoe-teckaigueddid sdsor pioaxpfoiacbdn diexicke, bylemiimaded basitica/algingtadsorption
strategiyaddte: Experiments characterization and regeneration studies. Int. J. Environ. Anal. Chem.

2021.

79. Sahequi, H.; Galvez, M.E.; Bacatirini, V.; Cheng, Y.; Steinfeld, A.; Zimmermann, T.; Tingant, P.
Fast and reversible direct CO2 capture from air onto all-polymer nanofibrillated cellulose-
polyethylenimine foams. Environ. Sci. Technol. 2015, 49, 3167-3174.

80. Gan, G.; Li, X.; Fan, S.; Wang, L.; Qin, M.; Yin, Z.; Chen, G. Carbon aerogels for environmental
clean-up. Eur. J. Inorg. Chem. 2019, 2019, 3126-3141.

81. Alveraz-Gutierrez, N.; Gil, M.V.; Rubiera, F.; Peviada, C. Kinetics of CO2 adsorption on cherry
stone-based carbons in CO2/CH4 separations. Chem. Eng. J. 2017, 307, 249-257.
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