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average CO, concentration in the earth's atmosphere h

[5], about 21 ppm increment which h as risen to approximately 400 ppm by volume

as superseded Previous records,

The most promisin i i

e (C;c); g met?w on;gﬁ)n?e(;f geducmg CO; emissions is by post-combustion carbon capture and
glies [6]. Post-combustion capture of CO, from coal-fire power plant was

b?_fed on ?bSOTDIion processes using alkanolamine/water
;i; QEC:‘"(;QUE suffers from the harmful effects associated
solvent loss and high energy consumptio includes equipment corrosion, alkanolamine toxicity,
by the use of solid adsorbents [12.13].pklon {1112]. These challenges were proposed to be overcome

L’;arrzcc‘t?g:iz‘;nge\-'vilt?‘te'?iszecgsearch has being going on in the development of low cost sorbent
selectivity, good re eg blz adsorption capacity, good adsorption/desorption kinetics, high CO,
[14.15.1 6'1_?] A nur?':brc‘:rgf Iiete:'a:t?,lrrgey Sorben.tlishich can serve as alternative for capturing CO,
4,195,16,17]. are avai i ili [
this incllude: Activated carbori able on the synthesis of CO,-philic sorbent materials,

(23,24,25]. (18,19], silicas [20], zeolites [21,22] and metal-organic frame works

To achieve high CO, afisorption on activated carbon, lots of work has been carried out to regulate the
pore structure of actlvatgq carbon in the preparation using different activation methods [26].
Know[e_dge abogt crystallinity is highly relevant in the development of activated carbon, as a
crystall{ne form is usu:-ally preferred. In contrast to amorphous material, a crystal has well-defined
properties (meltl_ng point, solubility). These parameters should be known in order to control final
product. Crystalline adsorbent from different agricultural waste for CO, capture and storage have been

documented. Only little reported works on the use of Jatropha curcas shell activated carbon for CO,
capture and storage are available.

Amine-modified solid adsorbents make use of the amine groups grafted or loaded on the porous
materials to adsorb CO,. CO, adsorption on these adsorbents is mostly a chemical process and the
adsorption mechanisms mainly include: 1) under dry condition, primary and secondary amines form
carbamate with CO; and tertiary amine works only as proton acceptor; 2) under humid condition,
amines react with CO, to produce bicarbonate in the presence of water [27]. The amine-maodified
adsorbents can be prepared by two methods. One method is to physically impregnate amine into the
porous materials, but the amines with low molecular weights (MW) can be leached easily in the
adsorption and regeneration processes, resulting in bad reuse performance. Another method is to
chemically graft amine onto the porous materials, and the adsorbents are stable in the reuse process.
This method have repotedly been used for functionalization of AC from different agricultural wastes
[27].

Jatropha curcas shell is a cheap carbonaceous matgrial that is abundantly available and can‘easny be
used to prepare high quality microporous carbon with we!l-developed pore structure. Some |mpo!1ant
features of Jatropha curcas shell that makes it a potential source of activated carbgn includes; the
shell's external surfaces which is full of cavities and low oxygen groups that suggest high surface area
and hydrophobic characteristics [28]. Therefore, this study was de§1gned to take advantage of ﬁorpni-
of these characteristics to further modify the activated carbon resulting from Jatropha curcas shell wi

the aim of improving its CO, adsarption capacity.
2. MATERIALS AND METHODS

2.1 Materials

AC) produced from Jatropha curcas shell was used. Detail procedure

and the properties of the JAC produced can be found In %ﬂﬁﬁ?éﬁ:ggg;gg?'vtgf L‘L‘ﬁ}lﬁgﬁ
; : was purchased from Al &
la);l?‘li(:;ﬁecr:igh-r!;ftt:l]iﬁgogommirr;zrg%‘gz Production Plant, Kaduna State Nigeria and used without further

purification.

Microporous activated carbon (J
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2.5 Adsorption Kinetics

The adsorption kineti ;
i metic data of this work were fitted by the Lagergren pseudo-first-order and pseudo-

second-order models [34]. To t X
[35,36]. (34] est the conformity of the experimental work, R? values were analyzed

In(ge —q) = In g, — kit (4)
el o1
e et (5)

}/rvn?: qt)a ?se ?hn: géggcgigi)ﬁra;te t}::Ie amounts of CO, adsorbed at equilibrium and at time t respectively, k;
was obtained from the slo'c;r t::hratg constant while k; is the pseudo-second-order rate constant. k;
from the slope and int pe of the linear plot of In(q, — q,) against time while q, and k, were evaluated

Pe and intercept of the linear plot of t/q, against time. The pseudo-first-order and pseudo-
second-order kinetics are presented in Fig. 9 and Fig. 10 respectively.

2.6 Thermodynamics Studies

'Tl'fle mafgnutugie of the activation energy (£,) is important in any of adsorption process due to the
information it provides on the mechanism of the adsorption process. To calculate the
activation energy of the adsorption process, the Arrhenius equation as shown in Equation 5 was

applied [37].

Wi'!ere. k is the rate constant of pseudo-second-order kinetic model (g/mg:min), £, is the adsorption
activation energy (J/mol), T is the adsorption temperature in Kelvin, R is the gas constant (8.314
J/imolK), and k, is the temperature independent factor (g/mg:min).

2.5 Isosteric Heat of Adsorption

The isosteric heat of adsorption (Q) which is also known as the difference between the adsorption
and desorption activation energy is the absolute value of the differential enthalpy of adsorption [38]. It
represents the strength of the adsorbate-adsorbent interaction [39]. The Qg (kJmarl") of CO,
adsorption onto JAC and JAC-TEA was evaluated from the Clausius-Clapeyron equation as stated

below [40].

&(In Pco;) _Qst )
6(1/T) R

| pressure (Pa), Tis the absolute temperature (K), and R is the universal

Where Pcozis the CO; partia emf
). The linearized form of the equation is;

gas constant (8.314 Jmol 'K

(In Pco;) = QRif 1/7) (8)

The Q,was then evaluated from the slope of the straight line graph of In Pco; against 1/T

2.7 Desorption Study

Thermal desorption technique was used to regenerate spent adsorger?t. tTl;uje Ispent atc]isorbent wads
i i i lass crucible, charged into an oven and heated. It was then removed,
B tion temperature and time of 100°C and 60 min were used

cooled and then reweighed. The desorp
respectively. 10 cycles %f adsorption/desorption of COz on adsorbent were conducted [29].
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2.8 Characterization of the Activated carbon

X-ray diffraction (XRD) measurements s )

Using Cu Ka radiation at 2 scan rate (26) of 0‘; o ang A0 mA respective y.t he e e Quanta
accelerating voltage and applied current wer siE adsorbe t were ta g )

f the plain an ne impregné & i v, grunauer- mmett-Teller

lerating v2 ) 3 was used to determine

morphological structure O
i i CO ion /|
200 Scanning Electron Micros py (2 ts versio activated B o

NOVA 4200e Quantachrome NovaWin -onal group ©
the surface area and porosity of the adsorbent: fundlolnfraged spectrophotometer.
determined using SHIMADZU FTIR-8400S Fourier Transform

2.9 Degree of Crystallinity
: i thod of Ref. [41]. The
Degree of crystallinity of samples was quantitatively'SStima:fgv fs?ilowmg HEin= (41l
equation used to calculate the degree of crystalhnlty is as follows:
()

_ A
= —
ActAa

Xc
area on the X-ray

crystallinity; Ac refers t0 the crystailized

Where Xc refers to the degree of .
s area on the X-ray diffractogram.

diffractogram; Aa refers to the amorphou

3. RESULTS AND DISCUSSION

3.1 Characterization of the Activated Carbon

3.1.1 XRD

Fig. 1 shows the XRD pattern of JAC and JAC-TEA. The appearance of CaCOs compound at 28 =
29° revealed the crystalline nature of boths adsorbent [42]. The % peak area of the CaCOs compound

for both JAC and JAC-TEA shows a relatively egual percentage crystalinity. The % peak area of
Cas(PO4);0H compound at 2 8 = g° - 48° that carries the hydroxyl group (OH) is observed to
ne of the factors responsible for the increase in CO, adsorption

increase for JAC-TEA, this is o
capacity of JAC-TEA because —OH- functional groups enhances CO, capture [43]. The crystalline

structure observed is a treme dou! i { ivati
A ndous development impacted on the agricultural wastes upon activation

3.1.2 Scaning Electron Microscopic Analysis (SEM)

I;‘:ogggc?:t?gﬁ [45??&“2% e proatea ige found to be 49.9% which is higher than 2-9%

: : ated carbon samples studied. This hi e B

attribut ied. This hi

meast?: ;? ;?:egfsfgf s‘::ugacos as confirmed by XRD analysis resd?th F(I;iryis\t?:lhm:y“.cc.’md_ be

e : ructure which in tun s responsible f T E gh crystallinity 1s a
y crystalline material. or high adsorption characteristic

3.1.3 Scaning Electron Microscopic Analysis (SEM)

The SEM images of plain adsorb i
oo 2 ent (JAC), modified adsorbent (JAC-TEA) and spent adsorbent (JAC-
sorben

Fig. 2a shows the morph
phological structure of JAC. It shows a well devel
eveloped pore structure of a

regular average dimensi
a less regular dimensi::?snguaes t:)eyl'ei;lf gnt;y XRD pattern, while the pore st
regnated on its sy structure of JAC-TEA shows

morphological structure of a s
ent rface e
pent adsorbent JAC-A: as shown in Fig. 2b. Fig. 2¢ is the

presence of CO, adsorbed on the LA
surface of the adsorbent, hitish: appearance there signifies e
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Intensity (count)

Fig. 1. XRD pattern of JAC and JAC-TEA compounds identified; * = C,Ca0,H,0: # = CaCO; and
A = Caz(PO4),0H

Fig. 2. SEM images of (a) JAC (b) JAC-TEA and (c) JAC-A image magnification: x5534

3.1.4 Brunaure-Emiiett-Teller (BET)

urface area and porosity gave surface area of 689.41mf/g and pore
Is within the range of 0.2-0.6 m*/g for activated carbons with large pore
therm ploted suggested that the adsorbent is microporous in
rding to IUPAC classification [46]. Therefore, the large pore
e of the activated carbon produced from Jatropha curcas
ble for CO; adsorption. The significant surface areas
he surface area of an activated carbon, the better its
higher specific surface area than the activated
| palm empty fruit bunch and coconut shells

The BET analysis_of JAC s
volume of 0.35 cm*/g. This falls within-
volumes [46]. The nitrogen adsorption iso
nature which is of the type | isotherm acco
volume coupled with the microporous natur
shell in this work can be said to be highly favoura
recorded is an added advantage since the larger t 5
adsorption capacity. In [29], it was shown that JAfC as‘.) !
carbons (AC-EFB, AC-CNS) [47],”Synthesized rom
under the same experimental conditions.
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etics on JAC and JAC—TEA

JAC.
Table 2. Parameters for CO, adsorption kin u
Adsorbent Pseudo-first-order kinetics Pseudo-’°°°',““';'|‘|’1"," kine’
1, (Mg g ki (min” R (e (MY £ 2
JAC 18.24 0.414 0.9593 66.67
JAC-TEA 20.78 0.4437 0.978 79.37
VRS RIES

e e s

]

y=-04437x 30341
R-0978

‘lﬁt“("“h‘-'llm!)

0.09
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0.07 1
0.06 1
0.05 4

2.5 9 .‘\\
2) - :\\ .
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&
e _.0.4143x + 2.9034
= R2=0.9593 y
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