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Methylmercury adsorption characteristics of thiol-modified biochar in water
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Abstract: Pyrolysis biochar was prepared from cow dung, sludge, and bamboo shavings and modified by 3-
mercaptopropyltrimethoxysilane. Elemental analysis, scanning electron microscopy, and Fourier transform infrared spectrometry were used
to characterize the biochar before and after thiol modification. Isothermal adsorption and adsorption kinetics experiments were used to

conduct a comparative study of the different raw material-modified biochars and to discuss their methylmercurg (MeHg) adsorption
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mechanisms. The aim was to explore the MeHg adsorption characteristics and mechanisms of thiol-modified biochar. The results showed

that O—Si groups were successfully introduced onto the biochar surface, which proved that the introduction of sulthydryl groups was

successful. Thiol-modified biochar has an enhanced ability to complex MeHg, which is mainly due to the stronger complexing ability of

sulfur—containing groups (—SH, C—S) to MeHg. After modification, the adsorption of MeHg onto the three types of biochar conformed to

the quasi—second—order adsorption kinetics and Langmuir isotherm adsorption equation. The maximum fitting adsorption capacity of thiol—
modified biochar to MeHg reached 526~1 450 ng - ¢”', which was significantly higher than that of raw biochar (331~533 ng - ¢™). The
adsorption rate constant (k») of modified biochar (1.800~2.640) was significantly higher than that of raw biochar (0.014~0.156). All the

results showed that compared with the raw biochar, the adsorption capacity of thiol-modified biochar was significantly improved, which

effectively removed MeHg in water mainly through the functional groups (—SH and C—S) with MeHg formed —SHgCH; and (CH;Hg),S

and other complexes.

Keywords: biochar; sulfhydryl; complex; methylmercury
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Table 1 Elementary composition of raw and thiol-modified biochar
FEA, JLE YL Element composition J5iF- . Atomicratio BET/
Sample N/% Cl% H/% S/% 0/% H/C (N+0)/C (m*-g™)
CB 0.44 7.84 0.78 0.29 9.32 1.19 0.94 5.68
SCB 0.69 13.80 1.60 6.80 10.10 1.39 0.59 1.66
SB 0.85 9.77 0.78 0.93 12.20 0.96 1.01 25.80
SSB 0.35 10.80 1.31 5.56 4.92 1.46 0.37 2.36
BB 0.49 81.90 1.83 0.11 4.83 0.27 0.05 27.90
SBB 0.35 65.00 2.83 7.78 7.93 0.52 0.10 1.82

TE: CB A2 W e, SCB R B AL A 26 W 2, SB g 15 8 A= W ¢ , SSB R S ZE AU 5 e A ¥ < , BB S 7 Ji A= 49 ¢, SBB b B B e A7 )i A=

Wwé. Tl

Note: CB is cow dung biochar, SCB is thiol-modified cow dung biochar, SB is sludge biochar, SSB is thiol-modified sludge biochar, BB is bamboo chip

biochar, and SBB is thiol-modified bamboo chip biochar. The same below.

Jei , BRI e I 2 FLEE N B BLAL /N AR o itk
Je FER TR AR , ORI, [R] i FLBR A — o

1 YRR JE R IERRE (x5 000 &)
Figure 1 SEM images of raw and thiol-modified biochar
(x5 000 times)
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C./q.=1/(q.b)+C./q. (1)

lg q.=lg Ki+1/n 1g C. (2)
A H 2 g MeHg 11 W2 [ 1, ng - g5 o W MeHg 1Y
e KW ng- g C.oF MeHg B9 4 &, pg - mL';
b A Langmuir J7 F2 0 W & %0, mL - pg™s K Fil n hy
Freundlich J5 2 3¢ T W R 25 15 FH B o B 55500 B
1 B B K, G E, Freundlich 52 H 1/ 7E 0~1
YO L PN 278 W B 25 50 1R A T, DT 2 0 3 7 R o e L i
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Table 2 Isothermal adsorption parameters of MeHg by raw and
thiol-modified biochar

Langmuirﬁﬂ Freundlich 557
gzt Langmuir model Freundlich model
Treatment
b/(mL-pg") qu/(ng-g') R K; 1/n R

CB 0.526 325 0.994 5.55 0.823 0911
SCB 0.164 1450 0.986 201.00 0.920 0.984
SB 0.002 533 0.996 4.01 0.833 0.991
SSB 0.152 1116 0.999 145.00 0.706 0.997
BB 0.216 331 0.995 2.35 4.110 0.954
SBB 1.596 526 0.982 283.00 0.735 0.944
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Figure 3 Kinetics adsorption curves of MeHg by raw and

thiol-modified biochar

F3 NEEWRI MeHg IR 3 N ZHEHEXSH
Table 3 Fitted kinetics parameters of MeHg adsorption by raw
and thiol-modified biochar

He— B 1% it &SI PAE
Kb Pseudo first-order Pseudo second—order
Treatment hfmin g /(ngeg) R k:/](ni-:%" . olngg) R
CB 0.064 275 0.961  0.156 284 0.970
SCB 0.143 399 0.999  2.640 400 0.999
SB 0.011 254 0976 0.014 282 0.994
SSB 0.151 391 0.999  1.880 392 0.999
BB 0.054 383 0.988  0.126 395 0.999
SBB 0.160 391 0.999 1.870 392 0.999
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