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Abstract: To efficiently remove Cd (II) from water, this study prepared a novel adsorbent by compositing hydrochloric acid-activated
attapulgite with hydrochar and in-situ loading iron-manganese bimetallic oxides. The material was characterized by SEM-EDS, XPS,
XRD, FTIR, and BET, revealing the synergistic chemisorption of Cd (II) by iron-manganese oxides and functional groups such as
hydroxyl and carboxyl groups. The optimally proportioned adsorbent exhibited a maximum Cd (II) adsorption capacity of 66.8mg/g.
The adsorption process followed pseudo-second-order kinetics and the Langmuir model, indicating predominantly monolayer
chemisorption. After five adsorption—desorption cycles, the material retained approximately 75% of its initial adsorption capacity,
demonstrating excellent regeneration performance. These experimental results provide a reliable technical basis for low-cost, highly
efficient, and reusable remediation of heavy metals in water bodies.
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Cd(Il) by different adsorbents
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HCA 2569 0.093 0.8061 27.34 0.0039  0.9998

Cd  HATP 1742  0.161 0.9334 17.96 00123 0.9996
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Table 3  Fitting parameters of intraparticle diffusion model for adsorption of Cd(II) by different adsorbents

ol B . WKL A A . .
Kai Ci R Ko G Ry Kas G R;
HCA 1.990 8.631 0.9616 1.127 13.142 0.9999 0.052 25.465 0.7391
Cd HATP 1.563 7.473 0.8890 0.306 14.224 0.9281 0.018 17.314 0.9341
FMHCA 6.979 4.662 0.9851 1.160 37.764 0.9087 0.083 53.577 0.8227
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Fig.8 Langmuir, Freundlich, and Temkin models for Cd (II)
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Table 4 Parameters related to Langmuir, Freundlich, and Temkin models
4R W Langmuir #7#4 . Freundlich #x74 : Temkin 7! .
qm K R Kr n R Bt Kt R
HCA 28.42 0.1701 0.981 8.08 3.8114 0.932 4.63 3.5651 0.973
Cd HATP 18.18 0.1208 0.983 5.10 3.9180 0.937 3.14 2.1044 0.968
FMHCA 66.64 0.3182 0.982 24.01 4.4068 0.902 10.55 6.6514 0.960
_ . 70
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Table 5 Comparison of adsorption properties of different 60F [ |7
adsorbents for Cd (II | 1k
1D % 50 7/3ﬁ 7 —I——;/]'f
Om (mg/g) £ 40 5
W — ik - 2 .
Cd (11 g 1 g
— €30} 7 7 7
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R AR 1137 132] 10} , 7 %
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composite 0 0.5 1 5
PCMN600 27.47 [34] B FIRJE (mmol/L)
thiol-modified lotus seedpod biochar 68 [35] Bl o ANFENRE Nats K6 Cdn)W 5%
mesoporous silica-alumina composites 19.51 [36] Fig.9 Effect of different concentrations of Na* and K* on the
FMHCA 66.8 AT adsorption of Cd(II)
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