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Adsorption study of heavy metals in simulated water by sludge biochar modified with attapulgite materials
TAO Ling"***, XTAO Yiran', REN Hanru"*, LI Yunmeng', MU Xuri', ZHU Rui', TONG Caili', GAO Min’, REN Jun">**

(1. School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Ministry of Education
Engineering Research Center of Water Resource Comprehensive Utilization in Cold and Arid Regions, Lanzhou 730070, China; 3. Key
Laboratory of Yellow River Water Environment in Gansu Province, Lanzhou Jiaotong University, Lanzhou 730070, China; 4. Gansu
Hanxing Environmental Protection Co., Ltd., Lanzhou 730070, China; 5. Ningxia Normal University, Guyuan 756099, China)

Abstract: To properly treat municipal sludge and improve the performance of biochar adsorbent for the adsorption of various heavy metals.
Sludge biochar modified with attapulgite materials was prepared by pyrolysis using sludge and attapulgite as raw materials. The adsorption
performance of the modified materials for Cd**, Cr’", Zn*" and Ni*" in simulated water was investigated. The results showed that when the
mass ratio of sludge biochar to attapulgite was 2: 1, pH was 5, the addition amount was 1 g+ L™, and the concentration of the four heavy
metals of 10.0 mg- L™, the removal of Cd*, Cr**, Zn* and Ni** by the modified material was 83%, 87%, 89% and 88%, respectively. The
adsorption processes of Cd*, Cr**, Zn** and Ni*" by modified materials followed the quasi first order kinetic model and Langmuir model. The

adsorption mechanism of the modified materials on heavy metals was determined by characterization means such as scanning electron
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microscope, X—ray diffraction and infrared spectroscopy. It mainly consists of pore filling, complexation of oxygen—containing functional

groups, heavy metal - electronic interactions, ion—exchange of Na* and co—precipitation of silicates and CO3 . In this study, the sludge

biochar modified with attapulgite prepared presented excellent adsorption for the removal of multiple heavy metals, which provides a new

idea for the study of simultaneous removal of multiple heavy metals in water bodies and the utilization of sludge.

Keywords : sludge; biochar; attapulgite; alkali modification; heavy metals
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significant differences in the removal rates of the same heavy metal by different materials.
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Figure 1 Removal rate of Cd**,Cr’*,Zn*" and Ni*" by sludge biochar modified with attapulgite
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Table 1 Adsorption rate constants of quasi first order kinetic model and quasi second order kinetic model for

Cd*,Cr*,Zn* and Ni*" adsorpted by modified biochar

F4E Por:! WE—Z 50 J1 4 B7 The quasi first order kinetic model WE G50 J1 24 BE5 The quasi second order kinetic model
Heavy metal Material k| q/(mg-g") R ko q/(mg-g™") R
Ccd* SBAO1 0.042 30 8.56 0.986 5 0.005 89 9.45 0.9790
SBA10 0.025 61 8.50 0.990 8 0.003 21 9.72 0.990 6
SBA11 0.030 25 8.66 0.970 0 0.004 79 9.56 0.960 4
SBA12 0.021 01 8.81 0.995 4 0.002 49 9.17 0.9812
SBA13 0.021 92 8.89 0.993 9 0.002 96 9.07 0.977 4
SBA21 0.020 86 8.42 0.982 7 0.002 65 9.75 0.980 1
SBA31 0.033 12 8.49 0.984 0 0.001 45 9.95 0.940 4
Cr* SBAO1 0.03125 8.46 0.9939 0.005 05 9.32 0.970 1
SBA10 0.040 17 8.42 0.9820 0.005 92 9.32 0.983 5
SBA11 0.030 84 8.59 0.994 3 0.003 86 9.85 0.990 9
SBA12 0.023 52 9.07 0.983 8 0.002 44 9.80 0.9750
SBA13 0.014 25 8.68 0.983 7 0.001 62 9.31 0.992 6
SBA21 0.019 86 8.70 0.9959 0.002 18 9.37 0.984 3
SBA31 0.019 05 8.55 0.987 9 0.005 26 9.50 0.955 5
In** SBAO1 0.024 36 7.44 0.9913 0.003 24 8.76 0.995 1
SBA10 0.034 68 7.20 0.998 0 0.002 37 9.13 0.995 1
SBAI11 0.022 24 8.23 0.989 4 0.002 58 9.79 0.988 7
SBA12 0.027 89 8.10 0.9810 0.002 03 9.18 0.994 6
SBA13 0.028 88 7.49 0.988 9 0.002 28 8.54 0.997 2
SBA21 0.032 51 8.71 0.987 1 0.003 96 9.96 0.994 2
SBA31 0.025 11 8.41 0.997 2 0.002 95 9.91 0.995 6
Ni** SBAO1 0.036 19 7.30 0.9873 0.005 64 7.63 0.991 9
SBA10 0.023 25 7.34 0.9725 0.003 61 7.96 0.991 8
SBA11 0.055 78 7.50 0.964 8 0.009 53 8.17 0.990 3
SBA12 0.040 29 8.18 0.967 9 0.006 49 8.64 0.990 0
SBA13 0.023 13 8.12 0.974 3 0.002 87 8.21 0.992 0
SBA21 0.018 38 8.57 0.973 1 0.001 89 8.65 0.994 2
SBA31 0.051 79 8.58 0.976 1 0.007 62 9.21 0.991 0
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Table 2 Adsorption isotherm parameters for Cd**, Cr**,Zn’* and Ni** adsorpted by modified biochar

FL)R R Langmuir # Langmuir model Freundlich #/ Freundlich model
Heavy metal Material ol (mg-g™) Ki/(L-mg™) R 1/n Kil(mg' ™+ L'+ g™) R
Cd> SBAO1 9.03 0.829 17 0.967 6 0.021 48 8.466 64 0.8712
SBA10 9.93 0.917 74 0.885 1 0.136 82 7.778 85 0.768 4
SBA11 9.67 0.719 12 0.973 5 0.022 08 6.367 69 0752 1
SBAI2 9.14 0.972 85 0.990 2 0.071 68 7.291 51 0.8850
SBAI13 9.11 0.985 54 0.963 0 0.055 12 7.556 33 0.840 4
SBA21 9.87 0.940 83 0.966 2 0.022 65 8.147 27 0.747 5
SBA31 9.37 0.952 33 0.9617 0.027 35 8.039 97 0.740 0
o SBAO1 6.81 0.51976 0.9937 0.067 10 4.490 17 0.9639
SBA10 7.77 1.196 07 0.854 1 0.44172 6.757 64 0.8178
SBA11 8.84 0.971 64 0.9220 0.080 84 7.740 98 0.845 6
SBA12 9.43 0.399 79 0.998 4 0.040 23 7.238 33 0.9573
SBAI13 9.72 1.768 88 0.9830 0.044 76 7.347 24 0.955 4
SBA21 8.99 0.576 77 0.9839 0.066 54 7.420 58 0.900 6
SBA31 8.45 0.870 77 09516 0.092 83 7.660 97 0.8427
Zn* SBAOI 7.38 4.247 34 0.996 3 0.447 65 5.247 31 0.9732
SBA10 7.00 6.021 45 0.9926 0.615 94 6.193 32 0.9879
SBAL1 9.08 6.126 75 0.984 2 0.477 88 6.453 53 0.965 3
SBAI2 8.08 6.667 53 0.994 1 0.544 01 6.637 24 0.9712
SBAI13 7.70 6.236 12 0.9828 0.466 25 6.403 33 0.906 7
SBA21 9.30 7.958 75 0.996 5 0.605 31 8.988 70 0.990 1
SBA31 8.51 7.036 84 0.995 4 0.654 03 7.245 64 0.988 7
N SBAO1 8.20 4.138 94 0.989 1 0.483 94 4.898 94 0.9572
SBAL0 8.31 6.600 69 0.989 8 0.389 11 6.016 57 0.896 2
SBA11 8.12 6.022 72 0.978 4 0.507 13 6.72275 0.947 2
SBA12 8.90 7.358 14 0.998 1 0.585 25 7.123 42 0.979 2
SBA13 8.72 6.684 10 0.995 5 0.402 40 6.810 67 09104
SBA21 9.05 7.106 26 0.991 1 0.652 31 7.476 43 0.997 3
SBA31 9.50 8.536 87 0.998 3 0.576 82 8.651 70 0.994 2
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Figure 2 Scanning electron microscopy of sludge biochar modified with attapulgite (X30 000 times )
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Figure 3 X-ray diffraction pattern and infrared spectra of sludge biochar modified with attapulgite
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