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Adsorption characteristics of Cd** and Pb** on biochar/attapulgite composites

LI Beibei"*, ZHANG Yaping"", GUO Bingyue’, YANG Kunpeng', SHEN Kai', HU Wenyou®

(1.Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, School of Energy and Environment, Southeast
University, Nanjing 210096, China; 2.Geological Exploration Technology Institute of Jiangsu Province, Nanjing 210008, China; 3. Institute
of Soil Science, Chinese Academy of Sciences, Nanjing 210042, China)

Abstract: A novel low—cost biochar/ attapulgite composite material was prepared by pyrolysis under anoxic conditions with different
proportions of rice straw, wheat straw, and attapulgite. Batch adsorption experiments were conducted to investigate the effects of adsorption
time, initial concentration, and pH on the adsorption efficiency of Cd** and Pb**. SEM, BET, XRD, and FTIR were used to characterize the
composite materials before and after adsorption, and the adsorption mechanisms were studied from qualitative and quantitative
perspectives. The results showed that the Pseudo—second—order kinetic model and the Langmuir isotherm model could describe the Cd*

and Pb* adsorption processes of the composites better. Compared with the original biochar and attapulgite, the composites RABC5-1 (the
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ratio of rice straw to attapulgite was 5: 1) and WABC3-1 (the ratio of wheat straw to attapulgite was 3: 1) showed better adsorption

performance. The maximum adsorption capacities for Cd* were 132.97 mg- ¢ and 132.39 mg- g™'; for Pb*, they were 222.60 mg- g™ and

220.55 mg - ¢!, respectively. The quantitative analysis revealed that precipitation was calculated to be 84.6% and 77.3% in the Cd*
adsorption, 82.0% and 78.3% in the Pb*" adsorption by RABC5-1 and WABC3-1, respectively, which was the main mechanism for heavy

metal adsorption by composite materials, followed by cation exchange, functional group complexation, and cation— 1 interaction, which

contributed less to the overall adsorption. The study demonstrates that the composites RABC5—1 and WABC3-1 have great adsorption

properties for Cd*" and Pb** and are potential adsorption materials. The mechanism analysis also reveal that precipitation is the dominant

mechanism for the adsorption of heavy metals by the composites.

Keywords : biochar; attapulgite; heavy metal; adsorption; quantitative analysis
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Table 1 Basic physical properties of adsorbent materials
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. A AR
Adsorbing Productivity/% Specific surface  Pore volume/ Mean pore
material oduetiviiylo area/(m’-g™") (em’-g™) size/nm
RABC3-1 51 253.05 0.2252 7.00
RABC5-1 39 271.77 0.245 8 6.82
RBC 34 69.00 0.0227 10.62
WABC3-1 49 274.20 0.228 9 6.83
WABC5-1 37 332.83 0.268 8 6.61
WBC 31 15.10 0.008 6 43.40
ATP — 79.20 0.0717 4.23
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Figure 1 Sorption kinetic of Cd** and Pb** on different adsorbent materials
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Table 2 Kinetic parameters of adsorption kinetics equations for Cd** and Ph** adsorption on different adsorbent materials

HE— 2 5) )y # A T

e 2R ) )y e T

e BB g/ Pseudo-first—order kinetic model Pseudo-second—order kinetic model
Heavy metal Adsorbing material (mg-g™)
¢/(mg+g")  k/(L-min™) R ¢/(mg-g")  k/(10° g*min”'-mg™) R

Cd RABC3-1 58.30 52.92 0.08 0.9575 56.07 0.197 3 0.988 5
RABC5-1 60.00 55.32 0.10 0.956 3 58.30 0.247 4 0.986 1

RBC 54.27 47.54 0.04 09110 51.85 0.086 1 0.963 8

WABC3-1 57.86 54.18 0.13 0.968 5 56.53 0.3470 0.996 0

WABC5-1 57.72 53.80 0.13 0.969 2 56.17 0.3423 0.994 4

WBC 38.39 33.04 0.06 0.934 8 35.48 0.204 3 0.974 3

ATP 20.68 19.97 0.11 0.988 7 20.89 0.791 3 0.982 4

Pb RABC3-1 181.67 162.74 0.03 0.967 5 175.24 0.027 1 0.994 6
RABC5-1 199.85 190.01 0.03 09710 204.79 0.0195 0.996 5

RBC 161.14 144.85 0.01 0.944 1 160.98 0.0114 0.983 1

WABC3-1 199.61 184.05 0.02 0.954 5 200.39 0.016 5 0.996 0

WABC5-1 184.77 164.50 0.02 0.9309 182.58 0.0115 0.994 4

WBC 116.30 104.60 0.03 0.964 2 113.11 0.039 4 0.993 0

ATP 98.46 92.63 0.02 0.976 0 102.12 0.0210 0.994 6

TE e A SEBRY- B A 5 g AARDLF- 8 B

Note: ¢.. is the actual equilibrium adsorption capacity: g. is the simulated equilibrium adsorption capacity.
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Table 3 Adsorption isotherms parameters for Cd**and Pb* sorption on different adsorbent materials
iy AR Langmuir Freundlich
Heavy metal Adsorbing material Ki/(L-mg™) qul/(mg-g™) R Ki/(mg' "L g™) n R
Cd RABC3-1 0.625 2 126.05 0.979 4 41.33 0.301 3 0.918 8
RABC5-1 1.295 6 132.97 0.901 6 50.73 0.233 3 0.726 1
RBC 1.080 6 68.32 0.958 9 26.11 0.207 1 0.864 2
WABC3-1 0.3729 132.39 0.954 3 39.43 0.320 4 0.9126
WABC5-1 0.685 6 103.41 0.962 6 34.22 0.275 4 0.940 7
WBC 0.649 0 61.35 0.9220 22.62 0.2111 0.880 6
ATP 0.061 4 57.66 0.943 6 10.18 0.3277 0.922 8
Pb RABC3-1 1.8219 188.55 0.9379 79.53 0.162 1 0.850 8
RABC5-1 34723 222.60 0.986 2 106.69 0.145 8 0.8151
RBC 44451 172.01 0.977 3 75.35 0.1523 0.886 2
WABC3-1 1.305 4 220.55 0.992 9 88.72 0.169 2 0.728 3
WABC5-1 1.3792 188.01 0.965 8 75.02 0.170 1 0.812 4
WBC 3.6107 129.72 0.946 9 59.61 0.1347 0.748 8
ATP 0.0727 105.16 0.966 7 28.82 0.2132 0.927 8

BEXE Cd™ H P> W e R v, W BRI T i 2 IR RJS B R IR BOWLAS A . anlEl S R AR RER

ECER G| 4R R AT A R I A1 S BROMLRS (1) Z2 AL &5 A, HLR AR E IR Al AR A )21k
2.5 WRFRALE ZER X R ATP C ) 2 B A e e tii o [HIRT,
2.5.1 ULiEEH % B Cd>* 8% Pb*> ) , RABCS5—1 Fl WABC3—1 % i H Bl

UM L (SEM) T BE 05 FOUL L S W2 S b4t ORI AR 0 UEWT S AR R B 1 4
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Figure 3 Effects of pH on Cd** and Pb* sorption by different adsorbent materials
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Figure 4 Zeta potential of composite materials
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Figure 5 Scanning electron microscopy of composite materials before and after the adsorption of Cd** and Ph**
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Figure 6 XRD patterns of RABC5-1 and WABC3-1 before and after the adsorption of Cd** and Ph*"
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Table 4 Adsorption capacity of composite materials on Cd** and Pb* in solution through ion exchange

! RABCS5-1+Pb

i% i % Transmittance /%
?
@)
i

K Wave length/cm™

W A4 Single ion exci:;?aijfp%:iitiicily/ (mg-g™) Tots E‘%?ﬁﬂf&”&mi i
Adsorbing - S " : . otal 1<in fexfhange z?dflorptlon
. K Ca? Na Mg? capacity/(mg-g™")
Cd* Ph* Cd* Pb* Cd* Ph* Cd* Pb* Cd* Pb*
RABC3-1 0.85+0.05 1.62+0.03  2.35+0.16 24.26+0.33 9.17+0.15 9.47+0.15 0.35+0.03 0.41+0.04  12.72+0.03 35.76+0.50
RABC5-1 0.39+0.02  0.72+0.02  1.35+0.09 28.13+0.22 2.35+0.07 2.03+0.06 0.94+0.03 1.40+0.08 5.02+0.17 32.28+0.29
RBC 9.10+0.33  10.47+0.14 0.76+0.03  5.66+0.18  6.65+0.24 7.35+0.17 0.50+0.02 1.27+0.15 17.01+0.60 24.75+0.36
WABC3-1 0.34+0.02  0.55+0.02  4.61+0.08 32.55+0.37 3.73+0.09 4.32+0.30 0.83+0.03 1.27+0.04 9.50+0.23 38.69+0.31
WABC5-1 0.36+0.02 1.02+0.07  6.46+0.08 28.45+0.26 8.03+0.08 5.05+0.07 0.34+0.02 1.28+0.07 15.19+0.15 35.79+0.37
WBC 10.64£0.29  9.55+0.33  0.49+0.03  1.74+0.11  0.73+0.03  9.92+0.19 0.03+0.01 0.13x0.03 11.89+0.32 21.34+0.68
ATP 0.41+0.01 0.62+0.04  2.33+0.10 14.84+0.35 5.74+0.12 3.73x0.23 0.64+0.02 1.13x0.12 9.11+0.17 20.32+0.52
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Figure 7 FTIR spectra of RABC5-1 and WABC3-1 before and after the adsorption of Cd*" and Pb*
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Figure 8 Adsorption capacity and relative contribution of each adsorption mechanism during the adsorption of Cd** and Ph**
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