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N-DOPED ACTIVATED CARBON OBTAINED FROM PLANT
WASTE BY DIFFERENT PRODUCTION METHODS FOR
ADSORPTION OF CO,

The pressing need to reduce CO, emissions and combat climate change
has spurred a global commitment towards achieving carbon neutrality.
While transitioning to renewable energy is pivotal, the limitations in
renewable energy production highlight the necessity for alternative
approaches. The focus on capturing and sequestering CO, has led to the
exploration of porous solids, including zeolites, metal-organic frameworks
(MOFs), porous organic polymers (POPs), and porous carbons. Porous
carbons, with their low cost, widespread availability, large surface area,
and ease of design, have garnered attention. However, their reported CO,
adsorption capacities are currently limited. Addressing this constraint,
nitrogen doping (N-doping) has proven effective in augmenting surface
adsorption sites on porous carbon structures. Various production methods,
such as chemical activation with nitrogen-containing compounds, physical
methods utilizing nitrogen-containing gases, and hydrothermal methods,
have been implemented. Particularly noteworthy is the application of
nitrogen-doped activated carbon derived from plant waste, showcasing
high surface areas, suitable structures, and significant CO, adsorption
capacities. This positions them as promising candidates for large-scale
CO, capture initiatives, contributing to global efforts in mitigating climate
change.

Keyword: N-doped Activated carbon, CO, adsorption, chemical
activation, physical activation, nitrogen-containing compounds,
Hydrothermal activation.
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Introduction

The imperative to curtail CO, emissions globally has fostered a commitment
to reducing global warming, with many nations pledging carbon neutrality
and proposing timelines. Shifting from fossil fuels to renewable energy is
a primary strategy, although the production of renewable energy remains
insufficient [1]. Another crucial avenue for achieving carbon neutrality involves
capturing and sequestering CO, while preserving fossil fuel energy [2]. Porous
solids, encompassing zeolites, metal-organic frameworks (MOFs), porous
organic polymers (POPs), and porous carbons, are touted as promising adsorbents
for CO, absorption due to their lower regeneration energy requirements and
reduced environmental impact. Porous carbons, particularly valued for their
cost-effectiveness, availability, large surface area, and versatile design, receive
heightened attention for regeneration [3] a series of licorice residue-derived
porous carbons were prepared with nitrogen-doped hydrothermal carbonization
and KOH activation. The N-doped porous carbon activated at 600 °C exhibited
excellent CO, adsorption capacity (6.43 mmol/g at 0 °C and 1 bar, 3.89 mmol/g
at 25 °C and 1 bar. However, despite these advantages, reported porous carbons
often exhibit limited CO, adsorption capacity, ranging from 0.5 to 3.2 mmol/g
under standard conditions. N-doping of carbon structures emerges as an effective
approach to augment surface adsorption sites [4]. The International Union of
Pure and Applied Chemistry (IUPAC) classifies porous materials based on
pore size into micro-pores (<2 nm), mesoporous (2—50 nm), and macro-pores
(>50 nm). Tailoring the pore size of activated carbon is crucial for optimizing
CO, absorption [5]. Microporous activated carbon, with a higher surface area
and more adsorption sites, excels in adsorbing CO,, while larger pore sizes in
mesoporous or macro porous activated carbon prove more effective in high-
flow or high-concentration CO, applications [6]. Various methods, including
two-stage physical, one-stage chemical [7], direct pyrolysis, pyrolysis in
gas and steam environments, and one-stage hydrothermal carbonization, are
employed to produce activated carbon [3]a series of licorice residue-derived
porous carbons were prepared with nitrogen-doped hydrothermal carbonization
and KOH activation. The N-doped porous carbon activated at 600 °C exhibited
excellent CO, adsorption capacity (6.43 mmol/g at 0 °C and 1 bar, 3.89 mmol/g
at 25 °C and 1 bar. Simultaneously, nitrogen sources like urea [8], ammonia, and
melamine contribute to the nitrogen-doping process [4].

Methodology and material

In this comprehensive review article, an in-depth exploration of nitrogen-
doped activated carbon derived from plant waste for CO, adsorption is undertaken.
Rigorous scrutiny of contemporary and trustworthy articles, alongside reputable
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websites, forms the foundation of this review, ensuring the inclusion of the latest
advancements and reliable information. The primary focus revolves around
understanding the intricate aspects of synthesis methods, elucidating the properties,
and deciphering the CO, adsorption capacities exhibited by nitrogen-doped
activated carbon sourced from plant waste.

A significant emphasis is placed on the influence of different nitrogen sources,
delineating their impact on the characteristics of nitrogen-doped activated carbon
specifically tailored for CO, adsorption. Additionally, there is a notable focus
on comparing the production methods employed by scientists in the creation of
these carbon materials. This scrutiny encompasses a myriad of nitrogen sources,
encompassing diverse plant waste precursors, to ascertain their nuanced effects
on the final adsorption performance. The synthesis pathways, properties, and CO,
adsorption capacities are meticulously dissected to provide a holistic overview. By
delving into the intricacies of nitrogen-doped activated carbon, this review aims
to contribute valuable insights into the advancement of sustainable and effective
solutions for CO, capture, aligning with contemporary environmental challenges
and sustainable practices.

Result and discussion

Principle

The synthesis of nitrogen-doped activated carbon from plant waste for CO,
adsorption is a meticulously defined process, as illustrated in (Scheme 1). In the
initial step, plant waste such as walnut shells [9]we report for the first time the
fabrication of walnut shell-derived nanoporous carbon with chemical adsorption
sites for CO, adsorption at mediate (1 bar, sugarcane bagasse, or bamboo
charcoal [10] is carefully chosen for its appropriateness as a carbon precursor.
Concurrently, nitrogen sources like urea, ammonia, or melamine are selected
to introduce nitrogen functionality. Subsequently, diverse synthesis methods,
encompassing chemical activation, physical activation [7], or hydrothermal
approaches [3] a series of licorice residue-derived porous carbons were prepared
with nitrogen-doped hydrothermal carbonization and KOH activation. The N-doped
porous carbon activated at 600 °C exhibited excellent CO, adsorption capacity
(6.43 mmol/g at 0 °C and 1 bar, 3.89 mmol/g at 25 °C and 1 bar, are chosen, and
applied. Each method involves subjecting the selected precursors to carbonization
and activation processes, resulting in the formation of nitrogen-doped activated
carbon. This material, enriched with nitrogen functionalities, exhibits enhanced CO,
adsorption capabilities [7]. The final stage involves a comprehensive characterization
process to assess and evaluate specific characteristics such as surface area, porosity,
and nitrogen content, ensuring the production of tailored nitrogen-doped activated
carbon optimized for CO, capture applications [11].
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Scheme (1) principle of synthesizing of N-doped activated
carbon in different methods.

Production methods of N-doped AC

Nitrogen doped activated carbon (AC) is already produced by scientists from
different types of plant waste by various activation methods and they obtained
N-doped AC with high surface area, suitable structure and pore size and huge
adsorption capacity for uptake CO,.

1- Chemical Activation with Nitrogen-Containing Compounds: In this
method, the precursor material is impregnated with a nitrogen-containing
compound, such as urea or melamine, before carbonization and activation [5].
The activation process is carried out at high temperatures, typically between
700-900 °C and adding some activation agent like KOH, ZnClI [12] ... This

method results in the incorporation of nitrogen atoms into the activated carbon
structure [13].
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Scheme (2) process of chemical activation method
for production of N-doped AC.
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A very high-quality nitrogen doped activated carbon has been synthesized
from sustainable biomass by chemical activation method(direct) with the assistance
of melamine. The obtained N-doped AC with 2.1wt % N dopants possesses a
high surface area (2477.27 m*g) and pore volume (1.93 cm?/g). The N doped
AC displayed enhanced 0.83wt % at 298 K, 100 bar) and adequate CO, uptake
capacity (2.85 mmol/g at 298 K, 1 bar and 4.49 mmol/g at 273 K, 1 bar). activation
mechanism with the assistance of melamine was proposed in accordance with the
experimental data. The facile method of preparing N doped AC has potential for
large-scaled production [14]

2- Physical Methods: Physical activation is a widely used method for
producing activated carbon. The process involves the carbonization of a precursor
material and followed by activation using a physical agent, such as steam or carbon
dioxide. Nitrogen doping can be achieved during the physical activation process
by introducing nitrogen-containing gases, such as ammonia or nitrogen gas [7].
Several studies have investigated the physical method of producing N-doped AC.

Steam

73 Carbonization activation
-)
400 °C (4 h)
Plant waste ./-/ Carbonized charcoal EF‘ ® N-doped AC
/ [
Thermocouple Somels aachs l
5 /" Neutralization ‘
Quartz Net Tube Furnace | QuartzNet =" e
H [Waste Gas
E H A N-doped AC Washing & ’
N,
‘ . .. Filtering —

o L
Controller .... Drying at m
— & e
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Furnace; that is used for carbonization and activation

Cylinder

Scheme (3) process of physical activation method
for production of N-doped AC.

As instance the production of N-doped AC by physical activation with carbon
dioxide and nitrogen gas was conducted. The precursor material was carbonized at
800 °C and activated with carbon dioxide and nitrogen gas at 800 °C for 2 hours.
The resulting N-doped AC had a high nitrogen content and a well-controlled pore
size distribution, making it suitable for use in catalysis applications [15].

Another study investigated the effect of activation temperature on the
properties of N-doped AC produced by physical activation with steam and
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ammonia. The precursor material was carbonized at 900 °C and activated with
steam and ammonia at temperatures ranging from 750 to 950 °C for 2 hours. The
study found that the activation temperature had a significant effect on the pore
size distribution and nitrogen content of the N-doped AC [16].

3- Hydrothermal method: this is a promising technique for producing
nitrogen-doped activated carbon due to its ability to incorporate nitrogen into the
carbon structure and control the pore size distribution. In this method the precursor
is mixed with a nitrogen-containing compound, such as urea or ammonia, and
placed in furnace tube for several hours and 400—800 °C according to the type of
precursor. And after passing hydrothermal treatment, applied carbonization and
activation steps the same as physical method on threated material [17].

As instance synthesized nitrogen-doped activated carbon from peanut shells
using a hydrothermal method, used solution of urea as source of nitrogen and
followed by chemical activation with potassium hydroxide (KOH). The synthesized
activated carbon had a high surface area of 2700 m*g and a nitrogen content
of 4.9 %. The adsorption isotherm showed that the activated carbon had a high
CO, adsorption capacity of 7.6 mmol/g at 298 K and 1 bar [3] a series of licorice
residue-derived porous carbons were prepared with nitrogen-doped hydrothermal
carbonization and KOH activation. The N-doped porous carbon activated
at 600 °C exhibited excellent CO2 adsorption capacity (6.43 mmol/g at 0 °C and
1 bar, 3.89 mmol/g at 25 °C and 1 bar.

Similarly, synthesized nitrogen-doped activated carbon from bamboo shoots
using a hydrothermal method followed by activation with KOH. The synthesized
activated carbon had a high surface area of 2494 m2/g and a nitrogen content of
4.63 %. The CO, adsorption capacity of the activated carbon was found to be
4.46 mmol/g at 298 K and 1 bar [18].

However, the selection of raw materials with excellent carbon content and
no inorganic components, suitable production method and high nitrogen content
doping agents are all important to obtain N-doped activated carbon with high
quality (high surface area, high adsorption capacity, and suitable pore size and
pore structure).

Characterization of N-Doped Activated Carbon:

The characterization of nitrogen-doped activated carbon is essential to
understand its properties and performance for CO? adsorption. Several techniques
have been used in recent studies, such as scanning electron microscopy (SEM) [19],
transmission electron microscopy, X-ray diffraction (XRD) [7], Fourier transform
infrared spectroscopy (FTIR) spectroscopy, and Brunauer-Emmett-Teller (BET)
surface area analysis [19].
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For instance, characterized nitrogen-doped activated carbon obtained from
corn cob by the hydrothermal method using SEM, TEM, XRD, FTIR, and Raman
spectroscopy. The SEM images showed that the activated carbon had a highly
porous structure with a large surface area. The TEM images showed that the
activated carbon had a graphitic structure with a large number of edge planes.
The XRD and Raman spectra confirmed the presence of graphitic carbon and
nitrogen-containing functional groups. The FTIR spectra showed the presence of
various functional groups, such as C=0, C-N, and N-H, which can contribute to
CO, adsorption [9].

Conclusion

The imperative to combat climate change has driven a global commitment
to achieving carbon neutrality, necessitating innovative approaches for CO,
capture. Porous carbons, including nitrogen-doped activated carbon derived from
plant waste, have emerged as promising candidates for large-scale CO, capture
initiatives. These materials exhibit high surface areas, suitable structures, and
significant CO, adsorption capacities, addressing the limitations of reported
porous carbons. The synthesis of nitrogen-doped activated carbon involves a
well-defined process, emphasizing the selection of plant waste and nitrogen
sources, such as urea, ammonia, or melamine. Various production methods,
including chemical activation, physical activation, and hydrothermal methods,
result in N-doped activated carbon with diverse properties. Chemical activation
with nitrogen-containing compounds, such as melamine, urea, or ammonia, has
proven effective, yielding high-quality N-doped activated carbon with enhanced
CO, uptake capacity. Physical activation methods, utilizing nitrogen-containing
gases like ammonia, demonstrate control over pore size distribution and nitrogen
content. Hydrothermal methods, leveraging nitrogen-containing compounds, offer
promise for incorporating nitrogen into the carbon structure. Characterization
techniques, such as SEM, TEM, XRD, FTIR, and BET analysis, are crucial
for understanding the properties and performance of nitrogen-doped activated
carbon. These techniques reveal the highly porous structure, graphitic nature,
and presence of nitrogen-containing functional groups, contributing to CO,
adsorption. In conclusion, nitrogen-doped activated carbon derived from plant
waste presents a sustainable and effective solution for CO, capture, aligning with
global environmental challenges and sustainable practices.
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OCIMJIIK KAJIJIBIKTAPBIHAH CO,
AJICOPBLMSIJIAY YIITH TYPJII OHAIPIC OJICTEPIMEH
AJIBIHFAH N-KOCBLTFAH BEJICEHJAEH KOMIP

CO, woleapbinbliapbii asaumy Jcone KIUMammoly o32epyimern
KypecyOiy esexkmi Kascemminiei komipmeei Oeumapanmsi2blHa KOJ
arcemrizyee Hcahanovix MiHOemmemeHi bIHManaHobiposl. JKanapmuliamoin
IHepeus2a Kouty Manbi30bl 60I2AHbIMEH, JHCAHAPMBIIAMbIH IHEPSUSHDL
6HOIpyOe2i wekmeyiep banama mociioepoiy Kaxcemminiein Kepcemeoi.
CO -ni ycmayea oicone cexeecmpneyze nasap ayoapy xeyekmi Kammol
3ammapobl, COHbIH TuiHOe Yeorummepoi, MeMaLI-OPeaAHUKATbIK KAHKALIAPObl
(MOF), keyexmi opeanuxanvik nonumepaepoi (IIOI1) oscone xeyexmi
Kemipmexmepoi zepmmeyee okendi. Keyexmi kemipmexmep, oiapovly
MoMeH KyHbIMeH, KeH Mapan2anobleblMeH, YiKeH Oeminiy ayoanbimeH
JHCOHe OUBAUHHBIY KapanaublMObLIbleblMeH HA3ap ayoapovl. [lecenmeH,
onapoviy CO, adcopoyusnbiy MymKindikmepi Kazipei yaKoimma wiekmeyi.
Ocvl wekmeyoi wewte omuipuin, azommol Kocnaaay (N-oonuue) xeyexmi
KeMIpmeKmi KypbliblMoapoazbl Oemmix aocopoyust y4acKeiepin ya2aumy
yuiin muimoi exeHin oanendedi. Kypawwvinoa azom 6ap Kocwvlivblcmapmer
XumusnblK, OenceHOipy, KypamviHOa azom o6ap 2azoapovl NatdaiaHamvlH
Qusuranvix, 90icmep dHroHe 2UOPOMepMUsIbIK d0ICep CUAKMbL SpMypii
eHOIpic vdicmepi dcyszeee acvlpbliovl. OCIMOIK KAIOLIKMAPbIHAH
ATLIHAMBIH A30M KOCbLI2AH benceHIpineen KoMIpoi KOIOAHY epexule Ha3ap
ay0apmaosi, oHblH Oeminiy Hco2apbl ayOaHOapsl, KOJIAULbL KYPbLIbLMOapbl
arcone manbizovl CO, adcopoyuaneiy kabinemi. byn onapovt Kiumammory
e32epyiH sceninoemyoei Hcahanowik Kyui-icicepee yiec Kocamvlt ayKbMObl
CO, any bacmamarapsl ywin nepcnekmusansl ymimkepiep peminoe
Kepcemeoi.

Kinmmi coesdep: N-gocnaranean 6encendipineen komip, CO,
a0CcopoYUACH, XUMUATBIK AKMUBMEHY, (DUIUKATBIK OeNceHOIPY, KypaMbIHOA
azom bap KocwLivicmap, I uoOpomepmMuanbl akmueayus.
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*P. [loicos', M. Amamanos’
"Vuusepcuter Humpysa,

Adranucran, Humpys;

2MHCTHTYT IpO0OIIeM ropeHus,
Pecny6imka Kazaxcran, T. AlTMaThL
IMoctynuno B penakumio 30.11.23.
IHoctynuino ¢ ucnpasnenusimu 24.04.24.
IIpunsTo B neuars 26.08.24.

AKTABUPOBAHHBIN YT OJIb N-JIOIIMPOBAHHBIMN,
TMOJYYEHHBINA U3 OTXOJIOB 3ABOJIOB PA3JTMYHBIMU
METOJAMMU MMPOU3BOJICTBA, VIS AICOPBIINA CO,

Ocmpas neobxooumocmo coxpawenusn eviopocos CO, u 6opbobL ¢
UBMEHeHUueM KIUMama CmuMyauposana 21o0aibtyio nPUueepiCenHoCb
00CIMUIICEHUIO YTIEPOOHOU HEUMPATLHOCHIU. XONs nepexo0 Ha 80300HO&AeMble
UCMOYHUKU DHEPSUL UMEe Peluarowjee 3HaUeHUe, 0PaHUYEHIs] 8 NPOU3B00CIGE
B0300HOGTAEMOU FHEP2UU NOOYEPKUBAION HEODXOOUMOCHb AIbMEPHAMUBHBIX
100x0006. Axyerim na ynasmusarum u cexsecmpayuu CO, npueei K uccnedoeanro
HOPUCIILIX MBEPOBIX ME, BKTIOYAS YEOIUNbL, MEMWUIOOP2AHUYECKUE KAPKACHL
(MOEF), nopucmule opeanuyeckue nonumepvt (CO3) u nopucmuolii yenepoo.
Topucmviti y2nepoo bnaeo0apst ceoeti HUBKOLU CIOUMOCHIU, UWILPOKOL OOCHIYNHOCHIL,
OONbULOTE NIOWAOU NOBEPXHOCHTU U NPOCIOME KOHCMPYKYUU NPUGTIEK GHUMAHUE.
Oonaxo ux saaenennas cnocoornocme k aocopoyuu CO, 6 nacmosaujee
epemsa ocpanuyena. [l pewenus amoeo 0SpaHudeHus: J1ecuposane a3omom
(N-necuposariue) okazanocs 3QheKmueHbIM 8 YeeuueHUU MeC NOBEPXHOCMHOU
aocopoyuy Ha NOPUCIbIX YeepoOHbIX cmpykmypax. Peamuzoeansl pasuunble
MeMOObl NPOUBOOCBA, MAKUE KAK XUMUHECKAS AKMUBAUUS A30MCOOEPHCAUUMU
COEOUHEHUAMU, PUBUHECKUE MEMOObL C UCHONL30BAHUEM A30MCOOEPIHCAUUX 2308,
auopomepmanbiule memoobl. Ocodo20 GHUMAHUA 3ACTIYAHCUBAET NPUMEHEHUE
AKMUBUPOBAHHOR0 YJist, IESUPOBAHHOR0 A30MOM, NOTYHEHHOL0 U3 PACTIUMETLHBIX
0mMxX0008, OeMOHCIPUPYIOWE20 DOLULYIO NIOWAOL NOBEPXHOCTU, NOOX0OSAUjUE
CMPYKNPbL U 3HA4UMeNbHYI0 cnocobocmp Kk adcopoyuu CO,. Omo denaem ux
MHO2000eWaroWUMY KAHOUOAMAMU HA KPYRHOMACUWMADHbIE UHUYUAMUBHL 1O
ynagmearuro CO.,, cnocoocmeys 2nooabHbIM Y CUTUSAM O CMSIRYEHUIO NOCTIEOCMEULL
UBMEHEHUs. KIuMama.

Kouesvie cosa: N-neeuposariviti akmusuposatinbiti yeors, aocopouyus CO,
XUMUHECKAS AKIMUBAWUS, (PUSUHECKAS AKIMUBAYUS, A30MCO0EPAHCALLUE COCOUHEHLL,
2UOPOMEPMATLHAS AKIMUBAYLLA.
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DneKTpoHEI Oacta
2,56 Mb RAM
[HapTTe! 6acna Tabars! 7,94.
Tapanemver 300 naHa. barackr kemiciM OOWBIHIIIA.
Kommsiotepne 6erreren A. K. Temupranunosa
Koppexropnap: A. P. Omaposa, JI. A. Koxac
Tanceipsic Ne 4292

Cnano B Habop 04.03.2024 r. IToanucano B nevats 29.03.2024 .
DNEKTPOHHOE U3JJAHNE

2,56 Mb RAM
Ve . 7,94. Tupax 300 3x3. Llena noroBopHast.
Komnsrotepnas Bepctka A. K. Temupranmunosa
Koppexropsr: A. P. Omaposa, 1. A. Koxac
3aka3 Ne 4292
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