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Abstract

This study investigated the possibility of new adsorbent materials made from pig bone-based biomass. To this end, the properties
of pig bone-based activated carbon (PAC) prepared from animal biomass were investigated, and its carbon dioxide adsorption
performance was examined. KOH was used as the activation agent, and the specific surface area increased with increasing
activation temperature, and the adsorption efficiency of carbon dioxide also increased. The sample activated at 800 °C exhibited
the largest specific surface area of 1208.7 m%/g and the highest CO, adsorption efficiency of 3.33 mmol/g at 273 K, 1 bar.
However, the specific surface area and the CO, adsorption efficiency decreased at activation temperatures above 900 °C due
to crystallinity changes and overactivation. On the other hand, when the selectivity was calculated using the ideal adsorption
solution theory, PAC-900 samples at 273 K and below 0.8 bar showed the best selectivity. These results suggest that the
high selectivity of carbon dioxide/nitrogen adsorption at 273 K is due to the carbon dioxide adsorption capacity of hydrox-
yapatite formed by the decomposition of carbonate when pig bone is activated at 900 °C and its crystallinity.
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Table 1. Elemental Analysis Result and ICP-AES Elemental Analysis
of PBC

Element C H (0] N S
Elemental
composition 68.7 6.3 17.2 7.8 0
(%)
Element Ca P Na K Mg S
Mass
concentration 234017 114879 12243 5444 4645 1887
(ppm)
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Figure 1. SEM image of (a) PBC, (b) PAC-600, (c) PAC-700, (d)
PAC-800 and (e) PAC-900.

Table 2. The Surface Chemical Species of PAC

Atomic percent (%)
C (0) Ca N Na P
PAC-600 32.55 43.68 13.66 1.34 0.28 8.49
PAC-700 49.38 35.71 8.57 1.95 0.26 4.13
PAC-800 51.06 34.58 8.43 1.51 0.37 4.05
PAC-900 41.72 40.93 11.89 1.63 0.4 3.43
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Table 3. N1s, Ca2p Peak Parameters of PAC

N species ratio (%)

Ca species ratio (%)

Pyridinic Pyrrolic Graphitic Ca(OH), CaO CaCOs
PAC-600 29.78 44.79 24.43 47.66 34.99 17.35
PAC-700 42.12 40.66 17.22 28.17 39.66 32.17
PAC-800 31.67 31.67 36.66 25.18 40.18 34.64
PAC-900 33.25 33.37 33.38 38.32 27.45 34.23
= Pyridinic N Pridinic N (O,
(a) &= Pyrrolic N (b) R Pyreotic N - — % -
- = Graphitic N ’;‘ ) Graphitic N 3 E [ caco,
s s < <
@ =
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(©) == Pyerolic N (@ e PrrrolicN.
= P Graphitic N| I [ Graphitic N =
= & &
= = =

396 3908 400 402 404 396 398 400 402 404

Binding energy (eV) Binding energy (eV)

Figure 2. Deconvolution of NI1s peaks of XPS spectra of (a)
PAC-600, (b) PAC-700, (c) PAC-800 and (d) PAC900.
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Figure 4. Physicochemical properties of activated carbon prepared at
different temperatures; (a) Raman spectra, (b) FT-IR curves, (c) XRD
patterns.
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Figure 3. Deconvolution of Ca2p peaks of XPS spectra of (a)
PAC-600, (b) PAC-700, (c) PAC-800 and (d) PAC-900.
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Figure 5. Pore characterization of activated carbon prepared at different temperatures; (a) N, adsorption-desorption isotherms and (b) pore size

distribution with NLDFT.

Table 4. Specific Surface Area and Pore Structure Parameters of PAC

Specific surface area Total pore volume

Micropore volume

Mesopore volume  Pore width < 0.8 nm  Pore width < 0.5 nm

(m*/g) (cm’/g) (cm’/g) (em’/g) (em’/g) (cm’/g)
PAC-600 202.4 0.39 0.03 0.29 0.06 0.04
PAC-700 645.4 0.32 0.26 0.06 0.06 0.06
PAC-800 1208.7 1.02 0.60 0.42 0.47 0.43
PAC-900 319.7 0.42 0.18 0.24 0.15 0.11
Table 5. CO,, N, Adsorption of PAC [Adsorption Unit: mmol/g]
Temp. Pressure PAC-600 PAC-700 PAC-800 PAC-900
0.1 bar 0.43 0.72 0.83 0.58
273 K
1 bar 0.90 2.41 3.33 1.78
CO,
0.1 bar 0.54 0.38 0.67 0.20
298 K
1 bar 1.38 1.59 2.94 0.78
0.1 bar 0.004 0.007 0.012 0.006
273 K
N 1 bar 0.11 0.09 0.13 0.20
’ 0.1 bar 0.005 0.007 0.004 0.005
298 K
1 bar 0.10 0.08 0.04 0.46
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Figure 6. CO,/N; adsorption selectivity of PAC samples (a) at 273 K
(b) at 298 K.
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