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Abstract

Increasing the concentration of carbon dioxide in the atmosphere has Received: 15 September 2023
forced governments to place this issue among their most important Accepted: 29 January 2024
problems. There are different methods to capture carbon dioxide. One of Page Number: 65-78

the most important ones is adsorption that employs adsorbents such as
activated carbon, which can be synthesized from various bio-wastes. In
this research, activated carbon was synthesized from Oleaster seed to
adsorb CO; by investigating various effective parameters as well as its
stability during adsorption/regeneration cycles. The CO, adsorption
capacity of the adsorbents was investigated utilizing thermogravimetric
analysis (TGA). The adsorbent synthesized in the weight ratio of KOH:
biomass as 2:1, with the adsorption capacity of 2.78 mmol/g was
introduced as the selected sample. Results indicated that with the increase
in temperature from 25 to 50°C, at CO. concentration of 90%,
the amount of adsorption decreased from 2.78 to 1.79 mmol/g, due to
the endothermic nature of CO, adsorption process. It was also found that
by reducing the entering concentration of CO, from 90 to 10%, the CO-
adsorption rate of the selected adsorbent decreased from 2.78 mmol/g to Keywords:
1.03 mmol/g, regarding less contact between the adsorbent particles and Carbon Dioxide,
CO, molecules. It was concluded that the adsorbent synthesized from
Oleaster seed shows an acceptable capability to adsorb CO,. This
adsorbent also showed an excellent stability during the cycles, which
makes us to introduce it as a good candidate for industrial applications.
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Figure 1. FTIR spectra of pyrolyzed seed (P) and activated seed (ACK,P;) samples.

1. Fourier-Transform Infrared Spectroscopy

2. Scanning Electron Microscope
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Figure 2. SEM images of (a) P, (b) ACK,P, (c) ACK;P,, (d) ACK,P, samples.
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Figure 4. TGA results of (a) ACK,Pi, (b) ACK;Py, (¢) ACK4P; samples during three cycles at adsorption temperatures of 25 and 50 °C

and regeneration temperature of 120 °C in CO, gas concentrations of 90 and 10%.
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Figure 6. TGA results of (a) P during 3 cycles (b) ACK,P; during 25 cycles at adsorption temperatures of 25 °C
and regeneration temperature of 120 °C in CO, gas concentrations of 10%.

(1&-€) caaiarg w0 9 340 0 losd — e )l gemamminy Jw = Ylial ol (s Jio &g pults

23
] 9
: N
Table 1. Absorption capacity of activated samples along with pyrolyzed sample during three cycles at adsorption v "3?,
temperatures of 25 °C and regeneration temperature of 120 °C in CO: gas concentrations of 90%. I
R\ .
Adsorption rate ] § i
Adsorption capacity unit ] 2 .
First cycle Second cycle Third cycle Average ] TO 3)
o (mmol/g) 1.63 1.62 1.60 1.62 P b
(wt %) 7.18 7.14 7.06 7.13 : 9 >
(mmol/g) 2.78 2.77 2.80 2.78 ] N
ACKzP1 ] :
(wt %) 12.23 12.17 12.32 12.24 ;
ACKap (mmol/g) 2.52 2.49 2.47 2.49 P\
3P1 ] 5
(wt %) 11.09 10.96 10.88 10.98 ] 1_')
(mmol/g) 2.41 2.42 2.41 2.41 -
ACK4P1 -
(wt %) 10.59 10.63 10.59 10.60 ; 3
T
i .
¢ N
(@ .
2.75 ‘ : -A
120 : 34
2.25 } s )'
3 475 [ oL o 2 \')\
: e & P
< 125 ‘ 80 = 2 -1)
= = ) .
:g- 60 = ) 3
= 075 ‘ & o
0.25 40 E
-0.25 ‘ 20 E
o S000 10000 15000 20000 25000 30000 35000 40000 :
Time (s) 1
e=m—P T profile s
(b) i
325 )
275 1 M fh 2 E
225 ] 100 S
R ) i
E 175 | || » ‘g’ S
3 125 1 | g i
E 125 ‘ . g :
& i 3
025 § “ E
-0.25 ‘ 20 E
0 50000 100000 150000 200000 250000 :
Time (s) ]



B Juals
FO-YA 1m0 - s cmlogd 9 kb

—

e J2b 2,8 O3 Slaslizwll oy ,S saSlss (sl

Yd

oS wile laJld ()5 5lP @i )b oS 35l oo alixde
ez Cd b 5l 8T bgae Cewgy b gl LS Sl eadadg Jlad
Lol sl oy Baiod opl )0 Gdtiie ©3lr Alwgdy ool oo
Ol Al 8095 sy gy a7 8,5 Sl o 1y Sl b
U8 ()8 e ol (e g el S Ll o O3>
ol ymepdle ol oo ol A i Laesg S ol
sool ol Lot Jlb ()8 i (9051 45 355 0 oanlie
L SeaSay oudi i JLad ()5 aread Somb los o
Los il Ly a8 oyl stz gily el by elonds plool aomies
L oslog; oYL wds ol w0 52olS CO2 i s b
3odaes Jbd (08 Lamlie;d guals olS 5l ondags Jbd (n)S
o= e Blacal Aozl K0 gl sl zsly p dsin dvs
091 ;S Aol B35 s b Cuodls )l (3l (8o BeioS
Sl LS )T gm0 gy b gusls olS (slovoogicns ; losliaiwl 13
@l gl ol pl dw ) o Slaia e (U )8 e
Loodle 5T barslio o 3dod (ol )0 ool Jld op S
e feS adgi Ange by oot ol bbb b 3l lsiea

a3 Sligizg b gl Al Y-F
eST6s (639,5 clale )3 ACKoP1 coitn Wil i ljee

sladld ()8 @iz Gl LYOC iz lod g aoys A ()
(M) Jsoz 59 ol @l 5 alie gl Sldllas 5o ond i
JLsb 30,5 45 59 o dlimde gl apazgily ko 3l
Lol 55T baslia s (6 gy o o Shes 3| ACK2P:
Ol 45 Conl zly .l [l 95 0 Bl Slalllas (o ool i
S weeSTes 6055 cbale Ll 5 o Ladlr (B i
ml 53 oudyiie codiie Wil iz Gl b Loy Al
il Ly o o)l 5t 4 jsbslod S oo (o il anlllas
Sil33 CO2 iz s cailoles 4y iy 5 00,5 dSTigo il
sbald 50,5 CO2 Qi (e a5l anaz gl 1A sl oo
cbale 0 (YY) Jeoz jo sadall)l sl Gladlas )0 cud i
o Gl 8,550 b g oad (155 (gaeyd Ve ) weSTiss
35 50 S anSTlss (goms,e A cbile ) ols Asdlas o
COz Cdz (lpe &5 05 (S (lion o ooliiul (53455
Sl n @iz Ol 5l aalllas () 55 ezt JLsd (S
deSTgs CBE a5 _ayld o () Jsaz o 00,53 ol

(o=l ymogde dgaales iy Wil as 0 Voo (60g,9 (9,S

oo SEEAT u oudd yit SLAJLS (S b dsdllas oyl oudd yit ACK P, diie wila CO; i o ySlac duuslls Y Jgua

Table 2. Comparison of the CO: adsorption performance of selected adsorbent ACK:>P; synthesized in this study with
activated carbons synthesized in similar researches.

Type of synthesized activated carbon

Activated carbon prepared from oleaster seed with Potassium
hydroxide activator agent
Activated carbon synthesized from almond shell with O, activator
agent
Activated carbon synthesized from Cherry core with CO,
activator agent
Activated carbon synthesized from Cladophora with N, activator
agent
Activated carbon synthesized from Coffee grounds with CO,
activator agent
Activated carbon synthesized from rice husk with ZnCl, activator
agent
Activated carbon prepared from Argan fruit peel with Potassium
hydroxide activator agent
Activated carbon synthesized from Olive stone waste with CO,
activator agent
Activated carbon prepared from Bamboo with Potassium
hydroxide activator agent

Adsorption COZ.
COo; temperatu re adsorptlon Reference
Concentration ©C) amount
(mmol/g)
907. 25 2.78 This study
1007, 25 211 [29]
1007. 25 2.60 [30]
1007, 25 264 [31]
1007. 25 2.40 [32]
1007. 25 1.30 [33]
1007. 25 5.63 [12]
1007. 25 2.43 [34]
1007, 0 7.00 (35]
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