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Abstract

Background and Objectives : Two urgent matters receiving much attention from many researchers are: (1) reducing
the amount of greenhouse gases that cause global warming, especially carbon dioxide, which is generated from
combustion to produce energy. The most applicable technology for CO, capture is an adsorption process; (2)
zero waste through the recycling process and transformation into value-added goods. The objective of this research
is to study the CO, adsorption on activated carbon made from apricot stones, a waste product from a food
processing factory, and to investigate the CO, adsorption on activated carbon added Zn, Cu, and Ce metals,
including CuZn and CeZn metals.

Methodology : Apricot stones were converted into activated carbon (ASAC) by chemical activation with potassium
hydroxide and carbonization at 750°C. Metallic adsorbents were prepared by adding 1.0wt%Zn, 1.0wt%Cu,
1.0wt%Ce, 0.5wWt%Cu1.0wt%Zn, and 0.5wt%Ce1.0wt%Zn by impregnation technique to modify the ASAC-activated
carbon surface. The morphology characteristics of these prepared adsorbents were analyzed by scanning electron
microscopy, and their surface area, pore volume, and average pore size were determined by N,, physisorption. For
the CO, adsorption, adsorption isotherm was investigated at 0°C.

Main Results : All metallic adsorbents had a higher surface area, except 1.0Ce/ASAC, and a smaller pore size
when compared with ASAC-activated carbon. A 1.0 Zn/ASAC adsorbent possesses the highest surface area
(756.90 m2/g) and the biggest pore size (1.90 nm) when compared with other metallic adsorbents. The CO,
adsorption isotherms’ results showed that the modified ASAC-activated carbons with metals can enhance the CO,

capacity. The CO, capacity of 1.0Zn/ASAC was 90.49 cm®/g, which was the highest value. The next order was
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1.0Ce/ASAC (90.01 cm3/g) and then 0.5Ce1.0Zn/ASAC (89.91 cm3/g), whereas the CO, capacity of ASAC-activated
carbon was 699.83 Cms/g, which was the lowest value.

Conclusions : The BET surface area and pore size of ASAC-activated carbon affected the CO, capacity. Adding
metals (1.0Zn, 1.0Cu, 1.0Ce, 0.5Cu1.0Zn, and 0.5Ce1.0Zn) to ASAC-activated carbon made it absorb more CO,
than ASAC-activated carbon alone. The CO, capacity of the studied adsorbents was in the order: 1.0Zn/ASAC >
1.0Ce/ASAC > 0.5Ce1.0Zn/ASAC > 1.0Cu/ASAC > 0.5Cu1.0Zn/ASAC > ASAC.

Keywords : adsorption ; carbon dioxide ; activated carbon ; apricot stones
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Table 1 Elemental composition of agricultural wastes that can be used for activated carbon preparation

Amount; wt%

Material Reference
C H N o] S
Apricot stones 49.8 5.8 5.4 38.9 0.1 (Jansri & Santikunaporn, 2021)
Cherry seed 53.9 7.1 0.3 38.4 0.3 (Li & Zhao, 2013)
Grape seed 55.4 7.0 1.5 35.9 0.2 (Li & Zhao, 2013)
(Gonzalez-Dominguez
Cashew nut shell 67.5 5.7 1.0 25.8 -
et al., 2024)
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Figure 1 Scanning electron microscope (SEM) images at 1000x magnification of ASAC-activated carbon

and metallic adsorbents
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Table 2 Physical properties of ASAC-activated carbon and metallic adsorbents

prepared in this study

BET surface area  Pore volume Average pore
Adsorbent
(m?qg) (cm®lg) volume (nm)
ASAC 699.83 0.34 1.92
1.0Zn/ASAC 756.90 0.36 1.90
1.0Cu/ASAC 704.23 0.32 1.82
1.0Ce/ASAC 682.42 0.32 1.84
0.5Cu1.0Zn/ASAC 753.94 0.35 1.84
0.5Ce1.0Zn/ASAC 731.91 0.35 1.88
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o

Waiarsunsagadundniadinlans wuda 1.0Zn/ASAC anunsngadufinaansuaulaeanlas 90.49 gnuaarf

al

uRAssaniy dududngengn uaziefansuaniziagadulanziananudn 1.0Ce/ASAC (90.01 gnuaarf
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LIuRNAsEaniY) aunsngaduinsasusulaeanlaslanngn 1.0CU/ASAC (89.20 gnunariauRiumssianiy) ianilas
uifdniuRiiares 1.0Ce/ASAC azAnngn 1.0CW/ASAC Lwiﬁmmmgwgummgﬂdﬂ dlefinaidalans Ce sise Cu sawriu
Zn Wu4n ﬂfmummmmmﬁq@ﬂﬁu%mm (0.5Cu1.0Zn/ASAC uwaz 0.5Ce1.0Zn/ASAC) ﬁmﬁﬁﬂdﬁﬁmmma@msﬁu
faanFueulneanladues 1.0Zn/ASAC Lﬁ@amnﬂ?mmﬁuﬁawmﬁq@meﬁuﬁmmﬁﬁﬁndwm 1.0Zn/ASAC uay

WLIMFRR gL 0.5Ce1.0Zn/ASAC HAuaunsnlunisgadufingansuaulaeenlasgininsagad 0.5Cu1.0Zn/ASAC

Table 3 CO, capacity obtained from the studied adsorbents

CO, capacity

Adsorbent
(cm®lg)

ASAC 82.55
1.0Zn/ASAC 90.49
1.0Cu/ASAC 89.20
1.0Ce/ASAC 90.01
0.5Cu1.0Zn/ASAC 86.76
0.5Ce1.0Zn/ASAC 89.91

Table 4 Comparisons of CO, uptakes at 1 bar on various activated carbons

CO, capacity Temperature
Adsorbent Reference
(cm®/g) °c)

ASAC 82.55 0 This work
1.0Zn/ASAC 90.49 0 This work
ACCu1-1073 92.38 0 (Acevedo et al., 2020)
ACCu2-1073 53.16 0 (Acevedo et al., 2020)
ACCu3-1073 112.00 0 (Acevedo et al., 2020)
AC 14.72 30 (Akpasi & Isa, 2022)
NaOH-PSAC 24.43 30 (Younas et al., 2016)
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Table 4 uansANAINIs0 uNNIRAdLRNgAfUenlnaanlafaasfiagadu ASAC uay 1.0Zn/ASAC MLaFeN

v [
a v o a a o o o 1 o o o=l

AUANIAN AU LA AT AU NI WA LATE NTUA NI UATEAY 1URNITUE ASAC WAL 1.0Zn/ASAC AT

a

uannilaenidathauaznseduniaainaaaisazatawunadanlansenlas (KOH) Aquungi 750 A maidas

9 al

' 1
=2 = !

fifunngeduinaansueuliean’ss 82.5 uay 90.49 gnuNATITWAINAIABNTN ATNANAL TIANAAINA1IEINITD
= o 1 o o e‘-ﬂl = é] a o nﬂl Aﬁl a A o &Y [ 2 & 1 1
wWrsuinauAuduANdusMeTanauaInaWiIsea ) Midsuageduitsanfueulieanlasey ludee 14.72 -

112.00 gRUARLIURWASFAENTH (Acevedo et al., 2020)

39150INANI5IAE

'
o

mﬂmﬁmew’ﬁmﬂmxﬁmﬂmﬁmmvﬁ”'mﬂﬁfa\‘i@g@ma‘mf%Lﬁﬂm@mmmﬁmﬂmm (SEM) m@qﬁq@muﬁﬁﬂm

o o

Tuauasetlazdiuladn daasdulanenininsnlanzdeawazlanzsan laun Zn, Cu, Ce, CuZn WAz CeZn ANNAFL

a

o

azliuafiunnsinaiu Insdnwnizduguina1vesiagadu 1.0CUASAC uay 0.5Cu1.0Zn/ASAC HANNASEARITL

al

o

199597AFU ASAC d9uAagAfy 0.5Ce1.0Zn/ASAC HANEurdnig1uaneaifd19aIndagady 1.0Zn/ASAC uay

al
¥ ¥ ]

1.0Ce/ASAC TneTanzilnaguituiia usiliwiunissusaiueeslanzawialnnjuuivuiie i idiugngulidaan Gapin
drilunaeanisunnguugige wasdedenalignguaninalunjyudoaslsd (Daptardar, Koti, & Rajmohan, 2015)

& miusanedU 0.5Ce1.0Zn/ASAC asiaungnguiad lnaindifianady 1.0Ce/ASAC usFagadu 0.5Ce1.0Zn/ASAC

[ '
o o oA

Hauagngwanndnfagady 1.0Zn/ASAC Asiudntudniguing1asdenasie g BET UFunmsgngy wazauing

Y]

'
=< o o s @

nuearaasdagatusin A ssanfagadu ASAC uardagadulansfiaiuansinaiu Wefiansantsunmnis

o & I a o '

aadufingansueulaeanlas Nguu)iiagi 0 ssmaadaaaziiuldetinedniaudn nstiuaniniuinsesdagadu

q al
¥ '

ASAC saanaiiinlanzlunisfneniiaunsadaeiinanainisn lunisgadufinganfueulaeanlas

antianenIanIneesdagadudenasiaiuinnisgaduingafusulaeenlas Tnaaniziuiing BET uay

a A

WAINIULRAL Fanadl ASAC Hilfuanisgaduingasueulaeanladaingn iWasandnuiie BET Aaudnasn

waziamagnguaaelvnjge Wemauiusmgadulans fagadl 1.0Ce/ASAC TaRNUNRY BET Haaiign deaandnsn

PRZ o

Aadu ASAC wsinauRENIiNsgadufingasueulaeenlaigandidanadl ASAC uunaiiasnnainauiagngui

a
'

LANad (1.82 < 1.92 w1 tuums) A Aty 0.5Ce1.0Zn/ASAC ANUAR9 BET (731.91 ANT1NATANTH) UAZTUIATNTY
1a@el (1.88 wluims) Aeudnegs ausageduiisaifueulneen’asdla IndlAssiy 1.0Zn/ASAC waz 1.0Ce/ASAC
fepnadumazdnilequgulany Ce saniu Zn TansivaefinniantiAiniualngnaLasuniu (Synergistic effect) (Jin

et al., 2019; Zhang et al., 2024) ganaliianumnnzanlunisgaduintaisuanlaaanlas (Hosseini et al., 2015)
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d} = o & I (3 o o 1 [ A rn; = A & 6V
WauBeumeufsununisgadufinaanfusulasenlafuesiogadudwinduwsmszananidaendatiaalae
) D =y = - - o = o N, v o
Hrunianszfuniaaidas inunadenlansen lasuazafue luadun 750 asanaadualwanddeiiianndiaeeiu
ANUANAUANFTENTUAINNWITEEN AITTUNIARLLAAN TR BN T NLAT AN T AU AN N8It NT1ET
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nelugngundaumanndt 2.00 wluams (Kozhukharov et al., 2022; Lee & Park, 2013)
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a
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a
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o o o Aa ! o &Y [ s
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