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Characteristics of bovine bone biochar at different pyrolysis temperatures and its adsorption of Cd*

HUANG Tao, HU Linchao’, WU Jianan, ZHANG Wenyi, MAO Linqiang

(School of Environmental Science and Engineering, Changzhou University, Changzhou 213164, China)

Abstract: Here, the physicochemical properties of hovine bone biochar and its adsorption properties for Cd* at different pyrolysis
temperatures were studied. Bovine bone biochar was prepared at 300, 350, 400, 500, 700, and 900 °C using waste bovine hone as the raw
material and the method of slow pyrolysis with limited oxygen at a controlled temperature. The bovine bone biochar was characterized by
thermogravimetric analysis (TG ), Fourier transform infrared spectroscopy (FTIR), and scanning electron microscopy (SEM), and its Cd*
adsorption characteristics were analyzed using batch adsorption experiments. The results showed that the pH value and ash content of
bovine bone biochar increased with increasing pyrolysis temperature, simultaneously the aromatics gradually strengthened, and the pore
size and specific surface area increased, but the contents of volatile matter, organic carbon, and total nitrogen decreased. The pseudo—
second order kinetics model could accurately fit the adsorption kinetics of Cd** for the five bovine bone biochar species (R*>0.999), and
the adsorption rate was dominated by intra—particle diffusion near the adsorption equilibrium. The Cd*" isothermal adsorption process of
bovine bone biochar was consistent with the Langmuir model. Bovine bone biochar prepared at 700 °C showed the best adsorption effect on
Cd* and the maximum equilibrium adsorption capacity was 44.32 mg+¢™'. With the increase in pyrolysis temperature, the complexation of
functional groups in the Cd*" adsorption mechanism of bovine bone biochar was weakened, whereas the surface adsorption, cation exchange,
and  electron coordination effects increased. Our results suggest that energy consumption costs and tail gas collection should be fully
considered in the process of preparing bovine bone biochar on a practical scale.

Keywords : bovine hone; biochar; adsorption kinetics; adsorption isotherm; Cd*
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Figure 1 Thermogravimetric analysis of beef bone materials
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Table 1 Physicochemical properties of bovine bone biochar at

different pyrolysis temperatures

IR % w (R w(FERIT) pHE
Biochar Yield Ash/% Volatile matter/%  pH value
J5RY: — 70.81+0.07 27.47+0.12 5.62+0.04
CBC300 83.64+0.32  82.16+0.12 14.36+0.11 6.52+0.06
CBC350 80.32+0.41  83.18+0.03 11.20+0.04 6.60+0.01
CBC400 77.14+0.31  87.73+0.11 9.12+0.08 6.71+0.02
CBC500  75.76+0.24  88.22+0.14 8.68+0.15 7.23+0.07
CBC700 73.61+0.31  91.00+0.16 7.91+0.13 8.88+0.09
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Table 2 Specific surface area, average pore size and pore volume

parameters of bovine bone biochar

BET R i P fLAR FLIATR
Bioche BET specific surface ~ Average pore Pore volume/
toehar area/(m*-g™") diameter/nm (ecm®-g™)
JAE 36.58 23.44 0.214
CBC300 48.33 20.74 0.250
CBC700 71.37 19.77 0.352
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Figure 2 XRD patterns of bovine bone biochar at different

pyrolysis temperatures
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Table 3 Parameters of adsorption kinetics equation of bovine bone biochar under different pyrolysis conditions

W 1R

Quasi—first—order kinetic equation

VIR Qe

W) )1 E I

Pseudo-second order kinetic equation

Elovich f5 75
Elovich model

Biochar (mg-g™)

q/(mg-g")  ki/min”' R q/(mg-g") k/(g-mg'-min") A/(g-mg' min"') R* a/(g-mg'-min') B/(g-mg') R
CBC300 39.10  34.72+0.42 0.024+0.07 0.806 39.84+0.44  0.000 6+0.001 1.038+0.21 0.999 8.787 0.190+£0.21 0.990
CBC350 41.32 36.63+0.38 0.031+0.06 0.741 41.96+0.36  0.000 7+0.003 1.317+0.31 0.999 17.354 0.196+0.18 0.986
CBC400 42.61 39.96+0.24 0.193+0.18 0.720 42.77+0.32  0.003 9+0.005 7.079+0.17 0.999 - 0.355+0.32  0.840
CBC500 43.12  40.93x0.31 0.224+0.12 0.752 43.23x0.21  0.004 9+0.007 9.195+0.22 0.999 - 0.409+0.36 0.809
CBC700 4432  41.91x0.42 0.227+0.15 0.742 44.44+0.22  0.004 3+0.008 8.492+0.32 0.999 - 0.397+0.34 0.826

x4 FEBBEGTHEBENRTR AT HARESH
Table 4 Diffusion equation parameters of bovine bone biochar particles under different pyrolysis conditions

H W% 55— B Bt First stage 25 B Second stage 25 — By Bt Third stage
Biochar g, /(mg+g"+min™®?) C R Kp/(mg-g' -min™) G, R Ky /(mg+g™+min™) (03 R
CBC300 2.32+0.14 6.53+0.21 0.978 1.11£0.11 15.73+0.15 0.981 0.28+0.03 29.06+0.15 0.901
CBC350 2.31+0.12 9.59+0.24  0.978 1.11+0.14 18.80+0.13 0.979 0.25+0.02 32.30+0.12  0.905
CBC400 2.19+0.16 22.18+0.15 0.939 0.49+0.16 34.57+0.08 0.954 0.03+0.04 41.53+0.11 0.972
CBC500 2.03+0.11 24.89+0.12 0.922 0.39+0.07 36.69+0.09 0.945 0.02+0.02 42.25+0.08 0.966
CBC700 2.05+0.14 25.63+0.28 0.926 0.41+0.21 37.46+0.14 0.992 0.02+0.03 43.36+0.15 0.995

1% WHART]
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Figure 6 Adsorption kinetics of bovine bone biochar for Cd*
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Table 5 Adsorption isotherm fitting parameters of Cd** by bovine bone biochar

W Langmuir Freundlich
Biochar o/ (mg-g™) Ki/(L-mg™) R 1/n Ki/(mg-g™) R

CBC300 51.32+0.22 0.117+0.14 0.966 0.33+0.02 11.43+0.82 0.861
CBC350 56.84+0.38 0.122+0.24 0.948 0.34+0.03 12.53+0.74 0.821
CBC400 71.02+0.14 0.131+0.07 0.914 0.400.03 13.72+0.86 0.821
CBC500 72.4340.15 0.151+0.10 0.912 0.39+0.03 15.00+0.92 0.810
CBC700 73.80+0.26 0.168+0.18 0.901 0.39+0.03 16.10+1.04 0.788
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Figure 7 Adsorption isotherms of Cd** by bovine bone biochar
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Figure 8 Changes of the concentration of ion exchangeable cations in the solution with sorption time
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Figure 9 FTIR spectra and XRD of CBC300 and CBC700 before and after adsorption of Cd**
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Figure 10 Scanning electron microscope (SEM) of CBC300 and CBC700(Xx10 000 times) before and after adsorption of Cd**
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