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Abstract

This study focused on developing a stable, effective CO, adsorbent from Received: 25 May 2025
Astragalus biomass for industrial gas treatment. First, the Astragalus Accepted: 20 September 2025
root was carbonized at 600°C in a nitrogen and activated with Page Number: 97-112

phosphoric acid to produce porous activated carbon (with a specific
surface area of 518.34 m?/g and an average pore diameter of 2.46 nm).
Then, it was modified with magnesium oxide nanoparticles prepared by
the co-precipitation method. For carbon dioxide absorption, cylindrical
monoliths (4x5 cm) were fabricated using polyvinyl alcohol binder.
Experiments in a pilot reactor with a mixed gas (10% CO, and 90% N)
showed that the CO, adsorption capacity at operating conditions (25 °C
and 1 bar pressure) reached 1.355 mmol/g, which was improved due to
the combination of physical (porosity) and chemical (magnesium

) ) : e Keywords:
carbonate formation) adsorption. The fractional order kinetic model Carbon Dioxide
(R? > 0.999) and Freundlich isotherm (R? > 0.998 at temperatures (25 to Monolith ’
85 °C) were the best fit to the data. This monolith was introduced as Astragalljs
a promising option for large-scale industrial CO, adsorption due to its Adsorption

low cost, structural stability, and high efficiency.
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Figure 1. Synthesis method of ACC/MgO monolith.
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Figure 2. Setup designed to perform surface adsorption experiments.
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Figure 3. FTIR spectrum of (a) ACC, (b) ACC/MgO.
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Figure 4. SEM images for (a) ACC, (b) ACC/MgO.
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Figure 8. Breakthrough curves of 10% CO, in N, with ACC/MgO adsorbent.
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Table 1. Estimated capital cost of activated carbon synthesis from Astragalus.

Equipment Cost ($) Equipment
Instrumentation 16,645 Transportation
Piping and material transport (augers) 75,263 Storage and hammer mill
Electrical installation 19,823 Rotary dryer
Buildings 302,475 Two-rotary kilns
Yard improvements 92,634 Rotary mixer
Service facilities 216,255 Washing unit
Land 74,447 Separator unit
Engineering and supervision 157,327 Glass-lined, acid, and wash tanks
Construction expense 422,296 Acid and water storage tanks
Contractor’s fee 19,718 Sieve
Contingency 52,325 Total equipment cost
Total capital costs 2,903,606 Equipment installation

Cost ($)
3264
8424

32,128 each
85,247 each
55,830
46,325
54,561
14,657
12,948
2282
1,012,211
9146

Al Ty i34 (3a33 Y J o

Table 2. Estimated capital cost for synthesis ACs from Astragalus.

Item Annual cost($) Item Annual cost($)
Labor Raw materials 178301
Astragalus shell
Operating labor 22965 Phosphoric acid 250000
Maintenance labor 18293 Utilities
Supervision 29872 Lab 81,252
Fringe benefits 6133 Water 146,365
General works Natural gas 4878
|
General and 7685 Electricity 16,682
administrative
Property insurance and .
46525 Supplies
tax
Depreciation 3224 Operating supplies 98324
Total cost 965051 Maintenance supplies 54532
088 5V Jad ([ 5S i A LsdA Y Jgua
Table 3. Summary of costs for synthesis AC from Astragalus.
Purchased equipment cost ($) 1,002,123
Total capital cost ($) 2,903,606
Total fixed capital investment (3$) 1,124,356
Total annual operating cost ($) 965,051
Estimated annual production (kg) 435,000
Estimated cost of AC ($/kg) 1.83
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Table 4. Comparison of CO, adsorption performance of adsorbent synthesized in this study with activated carbons synthesized in similar

researches.

Type of Activated Carbon CO, Concentration ten?s:r?z:titri(e); o) €O, ad?(r;rrt:]t;?/r;)amount Reference
Almond shell 100% 25 211 10
Cherry core 100% 25 2.6 39
Cladophora 100% 25 2.64 40
Coffee grounds 100% 25 2.4 41
Rice husk 100% 25 1.3 42
Argan fruit 100% 25 5.63 43
Olive stone 100% 25 243 44
Bamboo 100% 0 7 45

Astragalus 10% 25 1.355 This study
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