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Abstract — In this study, amine and metal oxide additives were investigated to improve CO, adsorption capacity of
activated carbons (ACs). The characteristics of surface modified ACs were studied by X-ray photoelectron spectroscopy
(XPS), N, adsorption, X-ray diffraction (XRD), and BET. Amine surface treatment decreased specific surface area and
pore volume of ACs, but increased alkalinity by the incorporated nitrogen functional groups. Adsorption capacities of
amine functionalized ACs was larger than original ACs, because basic group which can react with CO, was grafted on
the ACs surface. Presence of copper oxides on ACs also enhances the carbon dioxide adsorption. The copper oxides
could increase the adsorption rate of carbon dioxides due to the acid-base interaction (or electron acceptor-donor inter-
action). It was found that copper oxide loading was a promising method to improve the CO, adsorption capacity of ACs.
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Table 1. Physical and chemical properties of the amines
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Amine (type) Molecular formula Molecular weight N content (% wt)  Density (g/cm’)  CO, adsorption site
Urea (primary) CO (NH,), 60 47 1.34 2
Melamine (primary) C3HgNg 126 67 1.57 3
Diethylenetriamine (DETA) (secondary) C4Hi3N; 103 41 0.95 3
Polyethylene-imine (PEI) (secondary) H (NHCH,CH,)nNH, 423 35 1.07 1
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Fig. 1. The N, full isotherms of the pristine and amine functional-
ized ACs.
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Fig. 2. Relations of pH of the pristine and amine functionalized ACs.

Table 3. XPS of the pristine ACs and amine functionalized ACs

Atomic contents (%)

Samples

C 0 N Si
ACs 94.28 5.72 - -
Urea-ACs 87.85 6.6 5.02 -
Melamine-ACs 87.85 6.6 5.02 -
DETA-ACs 88.99 6.63 3.95 -
PEHA-ACs 87.80 743 423
PEI-ACs 81.38 8.37 9.74 -
ASTP-ACs 88.70 6.79 1.93 2.59
'R o hbslebA FAR2 G A9 V]l B HoR F&st
£ Hgolr oliksleks T2 £ 20.4 mgCO, /gl = S5
v}, w3k ofgl HAE A e E9 AP ElglS u o|Aksler
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Table 2. Pore structure parameters for the pristine and amine functionalized ACs

Samples Syer (M) V7 (emg) Vi cmg) V! (em’lg)
ACs 929.0 0.904 0.290 0.695
Urea-ACs 776.3 0.744 0.114 0.630
Melamine-ACs 693.8 0.718 0.060 0.658
DETA-ACs 668.1 0.657 0.066 0.591
PEHA-ACs 520.7 0.550 0.039 0.511
PEI-ACs 460.3 0.464 0.017 0.292
ASTP-ACs 452.0 0.395 0.040 0.355

“Specific surface area : BET equation (P/P;=0.05-0.1).
bTotal pore volume: Vads (P/P3=0.995)x0.001547.
“Micropore volume

9Mesopore volume
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Fig. 3. The CO, adsorption isotherms of pristine and amine func-
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Table 4. Textural properties of the As-received activated carbons, Neat Cu-loaded activated carbons, and Cu,O-loaded activated carbons as a

function of the oxidation time

As-received Neat Cw/ACs Cu,0-2/ACs Cu,0-5/ACs Cu,0-10/ACs
Sper (m?/g) 2,100 1,610 1,590 1,565 1,510
Vit (em¥/g) 1.15 0.81 0.80 0.78 0.75
V£ (em®/g) 1.22 0.90 0.89 0.88 0.86
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