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Adsorption characteristics of cadmium ions by phosphorus-modified biochar
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Abstract  Phosphorus-rich materials are widely utilized across diverse fields due to their excellent biocompatibility,
abundant availability, non-toxicity, and remarkable adsorption capacity for heavy metal ions. Loading phosphorus-rich
materials onto porous biochar represents a promising strategy. Herein a phosphorus-modified biochar (PBC) was
successfully prepared from corn cob via phosphorus solution impregnation. The adsorption performance of the biochar for
cadmium ions before and after modification was compared. The environmental conditions affecting cadmium ion adsorption
by PBC were investigated, and the mechanisms responsible for the enhanced adsorption capacity post-modification were
explored. The results showed that PBC, prepared by impregnating in a 0.065 mol-L™" K3PO4 solution for 24 hours followed
by pyrolysis at 550 “C, exhibited the best adsorption performance. Analytical characterization indicated that phosphorus
compounds in the modified biochar played a crucial role in the precipitation of Cd**. The adsorption capacity of PBC for
cadmium ions reached (104.58+0.47) mg-g”', which was nearly five times that of the unmodified biochar. PBC
demonstrated good adsorption performance within the pH range of 4 to 7, with common cations such as K*, Ca**, and Na*
in the solution showing negligible interference on Cd** adsorption. Further characterization revealed that PBC had a
significantly larger specific surface area (53.17 m?+g™") and pore volume (0.15 cm?+g™") compared to the original biochar
(specific surface area: 8.81 m*-g"', pore volume: 0.04 cm®-g"'). Additionally, the surface of PBC was enriched with
functional groups capable of forming precipitates with cadmium ions. Thus, it can be concluded that phosphorus
modification is an effective approach to enhance the adsorption capacity of biochar for cadmium ions.
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Tab.2 BBD experimental results of Cd** adsorption by PBC
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HeFE/(mol - L") (mg-g™)

1 0.100 K,PO,-3H,0 500 96.851
2 0.100 K3PO4' 3H,0 600 90.466
3 0.100  KHPO,-3H,0 550 36.518
4 0.030 K,PO,-3H,0 500 100.680
5 0.065 KHZPO4 500 42.285
6 0.065 KH,PO, 600 42712
7 0.100 KH,PO, 550 45349
8 0.065 KHPO,-3H,0 600 94.463
9 0.065 K3P()4'3H20 550 111.131
10 0.065 K,HPO,-3H,0 500 94.085
11 0.065 KSl)O4'3H20 550 108.865
12 0.065 K,PO,-3H,0 550 103.945
13 0.030 KHZP()4 550 11.286
14 0.030 K,HPO,-3H,0 550 82.188
15 0.030 K3PO4' 3H,0 600 106.503
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Three-dimensional plot of Cd** adsorption response of PBC
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Tab. 3  Kinetic parameters of Cd(II) adsorption by PBC and BC
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PBC Cd(Il) 0.25871 64.47 0.9542 0.00505 68.69 0.9688
BC cd( 1) 0.00762 11.28 0.9944 0.00055 13.85 0.9970
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Fig. 6  Adsorption isotherms of Cd (1) on corn cob biochar at
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Tab.5 Thermodynamic parameters of Cd** adsorption by PBC

T/K  AGY(kJ-mol™)  ASY[J+(mol-K)']  AH/(kJ-mol™)
288 -0.27

298 -1.55 242.26 69.87
308 -5.16
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Tab. 6 Specific surface area and pore structure of hiochar
YRR REAY(m* g LR (em®g™") FIHLEE/Mmm

PBC 53.17 0.15 14.11

BC 8.81 0.04 3.35
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Fig. 7 SEM-mapping before and after biochar modification as well as EDS plots
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Fig. 8 FTIR spectra of modified and unmodified biochar
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Fig. 9 X-ray photoelectron spectroscopy of corn kernel biochar before and after modification
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