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Abstract: Cr( VI) has been identified as a significant contaminant in the environment, exhibiting properties of high
toxicity, easy migration and strong carcinogenicity. These characteristics render it a substantial hazard to both water

environment safety and human health. The efficient removal of Cx(VI) has consistently been a focal point in the field
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of environmental remediation. Biochar has been demonstrated to possess a good ability to adsorb heavy metal ions.
The preparation and modification of biochar from agricultural waste is not only an effective approach to realize the
resource utilization of agricultural waste, but also can effectively enhance the removal efficiency of Cr(VI) by
biochar. In this study, peanut shell and sesame straw were utilised as raw materials to prepare original biochar, and
consequently SF=HBC and PF-ZBC were prepared by composite modification methods of “ferric chloride+sodium
alginate” and “ferric chloride+chloroapatite” , respectively. Then, the experiments were conducted to investigate
the impacts of biochar type, pH value and biochar dosage on the adsorption efficiency of Cr(VI) in water. Combined
with the theories of adsorption kinetics, adsorption isotherms and adsorption thermodynamics, the adsorption
processes of Cr(VI) by two kinds of composite—modified biochars (SF-HBC, PF-ZBC) were analyzed. At the same
time, by comprehensively applying characterization methods such as SEM, FTIR, XRD and XPS, the adsorption
mechanisms and differences of Cr(VI) in water by SF-HBC and PF-ZBC were analyzed. The research results
showed that acidic conditions were more conducive to the adsorption of Cr(VI) in water by SF-HBC and PF-ZBC.
In comparison with PF-ZBC, SF-HBC exhibited a broader pH application range. The removal efficiency of Cr(VI)
by SF-HBC in water maintained at 63% at pH=8, which was significantly higher than that of PF-ZBC(17.5%). The
adsorption processes of Cr(VI) by SF~HBC and PF-ZBC both conformed to the pseudo—second—order kinetic model
and the Langmuir isothermal adsorption model, indicating that the adsorption processes of Cr(VI) by the two were
mainly chemical adsorption of monolayer and were spontaneous endothermic processes. A comparison was made for
the pseudo—second—order kinetic parameter k, and the Langmuir isothermal adsorption parameter K. It was
determined that SF=HBC exhibited a faster adsorption rate, while PF~ZBC demonstrated a stronger binding force
with Cr( VI), indicating that there were significant differences in the adsorption behaviors between the two. The
mechanism study demonstrated that the adsorption mechanism of Cr(VI) by SF-HBC was a multifaceted process
involving physical adsorption, redox and complexation. The adsorption mechanism of Cr(VI) by PF-ZBC was found
to be physical adsorption, redox, complexation and co—precipitation. It was determined that the adsorption of Cr(VI)
by SF-=HBC was predominantly governed by the complexation of organic functional groups and redox reactions,
while PF-ZBC mainly exhibited a more efficacious removal of Cr(VI) through the combination of redox,
complexation, and phosphate co—precipitation mechanisms. A significant disparity was observed in the adsorption
mechanism of Cr(VI) between SF-HBC and PF-ZBC.The study findings can provide theoretical basis and technical
reference for the efficient resource utilisation of agricultural waste and the efficient treatment of Cr(VI), which is of
positive significance for promoting the treatment of heavy metal pollution and the development of green
environmental functional materials.
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Fig.3 Adsorption capacity and removal rate of Cr( VI) by two kinds of

composite modified biochar under different biochar dosage conditions
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Tab.l Kinetic fitting parameters of Cr( VI) adsorption by SF-HBC and PF-ZBC

HE— G 1 F R E S 8

MEZ ) 1R G B

OH/(mg-g’I) kl/(min’]) Oe/(mg-gfl) kz/(g-mgfl-min’]) R?
SF-HBC 6.324 9 0.006 94 0913 6.863 1 0.001 48 0.961
PF-ZBC 5.3533 0.003 31 0.929 6.091 6 0.000 07 0.961
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A oM AR R X CrCOVD W B 2452 B R AT 1 5
AG 4 NHEL I A6 BT i 3K X R BIR A S A
F|F SF=HBC F1 PF-ZBC % Cr( VI AR Bt 5 764 7] I
£ R R, SF=HBC (1) AG® 2 %o} B 3 R % KT PF-
ZBC, i B SF-HBC % Cr VD) ) W Bt i F2 1) B & A2
FERS 5 T PF-ZBC.
2.3 REHHIESHT
23.1 A RBACH TS

W13 4 7 , SF-HBC F1 PF-ZBC 1 w(H)/w(C)

%2 SF-HBC.PF-ZBC3f Cr( VD RIS REMESE
Tab.2  Adsorption isotherm fitting parameters of Cr( VI) by SF-HBC and PF-ZBC

Langmuir SR RS IR LA 2 B

Freundlich 258 % B30 S50

EURFR 0, /(mg-g™) K /(L-mg™) R K/ (mg! ™1 ™) n R
SF-HBC 11.689 0.490 0.998 5.343 5.573 0.903
PF-ZBC 8.600 0.763 0.988 4.499 5.421 0.973

&3 SF-HBC.PF-ZBC Wi Cr(VDHRNFHMESH
Tab.3  Fitting parameters of thermodynamic model for adsorption of Cr(VI) by SF-HBC and PF-ZBC
AG'/(kJ-mol™)
AW B Cy/(mg-L™") AH’/(kJ-mol™) AS’/(kJ-mol™-K™)
298 K 308 K 318K
10 14.219 0.108 -18.040 -19.001 -20.205
20 19.312 0.120 -16.433 -17.743 -18.832
SF-HBC 30 12.918 0.094 -15.169 -16.370 -17.054
40 16.756 0.104 -14.266 -14.974 -16.348
50 12.033 0.085 -13.652 -13.907 -14.949
10 46.732 0.216 -17.573 -19.554 -19.991
20 30.015 0.151 -15.105 -16.564 -18.132
PF-ZBC 30 26.159 0.965 -13.440 -15.358 -16.082
40 16.971 0.102 -13.368 -14.666 -15.397
50 12.304 0.086 -13.234 -14.364 -14.941
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Tab.4  Basic physicochemical properties of SF=HBC and PF-ZBC

TCR TR AU % i %

IR PRI W(©) w0(e) IR o T
LES C H 0 N (m?-g™) (emg™)

SF-HBC 169 4516  3.621 2578  0.69 0.00 0.080 0.571 1.841 0.062 13.40
PF-ZBC 278 8227 230 1528 148 0.16 0.028 0.186 249.48 7.57 1.45

43 5124 0.08 A1 0.028 , SF-HBC 1 PF-ZBC 1 w (0)/
w(C4r1240.571 F10.186. SF-HBC ] w (HD/w(C)
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FLA% N 7.57 nm, £ 4 SF-HBC (0.062 nm) ] 122 % ;
1M SF-HBC ] L2 B K, 4 13.40 em’/g, PF-ZBC 1]
LA N 1.45 em¥go X Fh 22 5 32 BT B0 T VR
AN A6 AR 5T AR W R 22 TR T AN A AR B A ok
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Fig.6 SEM images of SF=HBC and PF-ZBC
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Fig.7 FTIR spectra of SF=HBC and PF-ZBC before and after adsorption
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Fig.8 XPS spectra of SF-HBC before adsorption
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