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Characteristics and mechanisms of Cd** adsorption by high— and low—silicon straw biochar

TAN Dan"**, WANG Heng">?, MEI Chuang"*?, GAO Liyang" >, CAI Kunzheng"**

(1. College of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2. South China Key
Laboratory of Tropical Agricultural Environment, Ministry of Agriculture and Rural Affairs, Guangzhou 510642, China; 3. Guangdong
Provincial Key Laboratory of Ecological Circulation Agriculture, Guangzhou 510642, China)

Abstract: Materials from wild type (WT, high—Si) and silicon (Si) — defective mutant material (isif, low—-Si) were pyrolyzed to prepare
biochar at 300, 500 C, and 700 °C. The adsorption characteristics and mechanisms of high - and low—silicon biochar for Cd** were
investigated. The total Si concentration of WT and lsi] were 17.88% and 7.42%, respectively; WT biochar showed higher Si concentration
and larger specific surface area and porosity compared with [si/ biochar. Elemental analysis, electron microscope energy spectrum scanning
analysis (SEM=EDS), fourier infrared spectral analysis (FTIR), specific surface area analysis (BET-N,), and other characterization
methods showed that, as pyrolysis temperature increased, the yield of biochar decreased, the pH value and specific surface area increased,
and the Si—O0—Si bond was observed at the 471, 788 em™, and 1 090 em™ peaks for both high and low silicon biochar. Adsorption
experiments showed that both WT and Isi/ biochars had the best effect on Cd** adsorption in an aqueous solution at pH 6 and solid—liquid

ratio 1 g+ L™". The adsorption kinetic model demonstrated that the dynamics adsorption process of WT and lsi/ biochars were more in line
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with the quasi—secondary kinetic model (R*>>0.9), chemical adsorption played an important role in the absorption of Cd. Furthermore, the

isothermal adsorption fitting by Langmuir and Freundlich models could better reflect the adsorption behavior and characteristics of biochar.

Combined with the basic physicochemical properties, FTIR and SEM-EDS analysis showed that the Cd adsorption mechanisms of both

types of biochar included ion exchange, precipitation, and functional group networking. High temperature and WT biochar had better

effects on Cd* adsorption, possibly due to their higher Si concentration, large specific surface area and pore volume, higher cation density,

and richer functional groups.

Keywords:silicon; straw biochar; Cd*'; adsorption property
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Table 1 Physical-chemical properties of rice materials and biochars

VRETRR Rt Y F 2B 28

TG FR Test indicator ~ WT Isil WT300 WT500 WT700 Isi 1300 1si 1500 Isi 1700
PR % 42.06 30.62 27.66 41.67 30.03 26.54
pH 8.500.61 9.40+0.10 9.47+0.06 8.23+0.12 9.30+0.10 9.43+0.12
N/% 1.535 1.609 2.072 2.076 1.430 2.383 2.238 1.550
0/% 44906  48.123 21.271 11.742 11.429 18.484 13.156 12.984
Cl% 39.909  41.616 56.521 65.843 64.690 62.882 66.491 67.331
H/% 5.132 6.059 4.829 3.235 1.972 4.059 3.309 1.901
SI% 0.699 0.420 0.449 0.428 0.403 0.411 0.438 0.441
CIN 26.004  25.864 27.284 31.715 45.247 26.392 29.711 43.435
C/H 7.777 6.868 11.704 20.351 32.800 15.491 20.095 35.414
R A (m?-g") 1.34 1.39 1.37 22.81 35.44 2.10 4.03 19.91
LAY (em®-g™) 0.000 15 0.000 23 0.000 35 0.003 90 0.009 30 0.000 04 0.001 40 0.005 00
FHIL AR mm 20.80 15.37 29.98 8.53 15.19 11.01 29.71 11.32
K'/(mg-g") 8.84+1.18 15.14+1.07  16.40+0.47 28.35+2.27 27.50+2.75 2421+1.24 29.56+0.70 35.03+3.94
Ca®/(mg-g) 4.14+0.53 2.47+0.18  7.45+2.41 6.83+0.31 9.93+0.41 4.94+0.18 7.25+0.14 9.26+0.34
Na"/(mg-g™) 0.21+0.01 0.274#0.02  0.36+0.03 0.62+0.03 0.77+0.02 0.48+0.02 0.74+0.05 0.91+0.01
Mg*/(mg-g") 1.93+0.33 1.26+0.10  3.20+0.27 3.70+0.08 4.83+0.31 2.49+0.01 4.13+0.06 4.53+0.19
Si/% 17.88 7.42 8.66 15.94 15.55 3.78 5.30 591
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Figure 1 Effects of pH and solid-liquid ratio on adsorption of Cd** by biochars
R2 BEEVRBM S NFEINESH
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Figure 2 Effects of adsorption time on the adsorption of high— and low— Si biochars
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Table 3 Constants and correlation coefficients for the kinetic adsorption by low—Si biochars
‘ WA I W AT —
C* e B Pseudo—first-order kinetic equation Pseudo—second—order kinetic equation foer it
Cd*concentration/(mg-L™")  Biochar Qui/(mg-g™)
Ki/min™ Q./(mg-g™) R KJ/(g-mg'-min")  Q./(mg-g") R
10 Isi1300 0.028 9 7.6154 0.6125 0.008 0 8.1050 0.944 3 8.23
Isi1500 0.1255 83110 0.494 9 0.1343 8.370 4 09137 8.38
Isi1700 0.118 1 8.2386 0.554 4 0.097 8 8.318 8 0.892 8 8.42
50 Ist1300 0.035 4 40.926 3 0.704 0 0.002 0 42.640 7 0.954 7 42.59
Ist1500 0.651 0 473425 0.923 6 0.103 7 47.429 4 0.967 5 47.43
lst1700 0.021 0 48.872 8 0.376 3 0.0137 49.059 2 0.862 4 48.99
100 Isi1300 0.024 3 58.3013 0.746 8 0.001 0 61.282 1 0.952 4 59.55
Isi1500 0.6217 76.554 6 0.7517 0.049 3 76.833 6 0.908 5 76.19
Isi1700 0.649 2 78.570 3 0.445 5 0.091 3 78.640 0 0.926 3 78.75
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Table 4 Isothermal fitting parameters for high— and low— Si

biochars adsorption

He W Langmuir Freundlich

Biochar (), /(mg-g") Ki/(L-g") R Ke/(mg™-L"-g") 1/n R
WT300  390.57 0.0007 0.998 1.83 0.80 0.998
WT500  288.85 0.0022 0.998 1.62 0.82 0.997
WT700  287.96 0.0025 0.998 0.85 0.91 0.999
Lsi1300  377.70 0.001 0 0.999 1.11 0.87 0.100
Lsi1500  297.18 0.0020 0.997 1.49 0.83 0.999
Lsi1700  331.68 0.0020 0.998 1.92 0.81 0.997

e W o 25 38 K v AR W ik, 49 R 160.70 mg -
g 148.77 mg- g (K 3a Fl1& 3¢) -
2.5 FTIR 5 SEM-EDS 43 #f

FTIR 43 # s 7w (B 4) , AR R & AREEAE Y
RIE RE 22 5380/ o I 3 400 em™ A A b g0
BRRFFL(—OH) PR3N ;1 500~1 600 cm™' 7 FEl N+
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TR C—OMFEIR 3 . —CH, . 3534 C %55 g A1 A9 A8
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The solid lines in graphs a and ¢ represent the adsorption amount of Cd** by biochar, while the dashed lines represent the removal rate of

Cd* from aqueous solution
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Figure 3 Cd* adsorption isotherms and model fitting of high— and low=Si biochars
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Figure 4 FTIR spectra of high— and low=Si biochars
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Figure 5 SEM-EDS images of wild—type material (high—Si) and prepared biochars(x50 000)
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Figure 6 SEM-EDS images of silicon mutant material (low—Si) and prepared biochars (x50 000)
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