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Effect of deashing treatment on sorption kinetics of naphthalene and 1-naphthol on wheat straw—derived
biochar

ZHANG Meng', LU Yao—-bin', ZHU Yi-tao', LUO Ya—qi', LI Wei', LI Ping—ping', WANG Xi-long®

(1.Co-Innovation Center for Sustainable Forestry in Southern China, College of Biology and the Environment, Nanjing Forestry University,
Nanjing 210037, China; 2. Laboratory for Earth Surface Processes, College of Urban and Environmental Sciences, Peking University,
Beijing 100871, China)

Abstract: To elucidate the mineral effects of biochars on the sorption of organic pollutants (OPs), we investigated the sorption kinetics of
naphthalene and 1-naphthol on both pristine and deashed wheat straw—derived biochars obtained at different temperatures. The kinetics
data better fitted with the pseudo second—order model, followed by the two—compartment model in comparison with the pseudo first—order
model. Deashing treatment increased the aromatic carbon content of biochars, thereby enhancing their n—m and hydrophobic interactions
with the two tested compounds. Deashing also reduced the surface polarity of biochars, especially the O—alkyl polar components, thereby
enhancing the accessibility of their hydrophobic carbon domains, mainly the aromatic carbon components. Hence, the equilibrium sorption

capacity (Q.) of naphthalene and 1-naphthol increased. Reducing the external exposure of polar functional groups by mineral removal
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enhanced the diffusion of naphthalene molecules toward the hydrophobic sorption sites, thereby increasing its sorption rate constant for the

fast—sorbing fraction on biochars (k..). However, the substituted polar —OH group in 1-naphthol was able to interact with polar groups on
biochars or mineral O-containing surfaces via H-bond that greatly contributed to its fast sorption. The H-bonding was weakened after
deashing, which could account for a higher k.. value of 1-naphthol by the original biochar than that of its corresponding deashed one.
Deashing increased the amount of aromatic components and porous structures in biochars, which were responsible for the slow sorption of
naphthalene and 1-naphthol, resulting in increased contributions of the slowly sorbing fraction to the total sorption (fi.). The increased
condensation of organic carbon in deashed biochars hindered the diffusion of naphthalene and 1 —naphthol molecules into biochars.
Additionally, increasing the surface area and porosity of biochars prolonged the sorption equilibrium time, and thus the rate constants for
the slow sorption fraction (k.. ) of both compounds decreased. The results of this work could help us better understand the effect of

minerals, chemical composition, and spatial arrangement of polar functionalities of biochars on the sorption of OPs and predict their fate in

soils after biochar application.

Keywords : biochar; organic pollutants; deashing; sorption kinetics; two—compartment model
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Table 1 Physicochemical properties of the original and deashed biochars

1 H Trems W300 W400 W500 DW300  DW400  DW500

BRTTRA C/% 5491 57.55 60.14 61.00 64.44 65.27

Bulk elemental composition H/% 242 238 2.09 2.55 237 2.08
N/% 0.69 1.08 1.16 1.40 1.64 1.48

SI% 0.40 0.26 0.26 0.03 0.05 0.05

0/% 24.76 21.68 15.77 28.34 2433 22.54

W4y Ash/% 16.82 17.05 20.58 6.69 7.17 8.58

JEF e Atomic ratio H/C 0.53 0.50 0.42 0.50 0.44 0.38
(0+N)/C 0.35 0.30 0.21 0.37 0.31 0.28

SR E R Ak 2 R I 0~50 ppm AEHLCHE Wik Alkyl C/%  29.50 26.18 23.06 20.50 13.50 11.37
Chemical shift and carbon assignment 5 109 1o o & O-alkyl C/% 9.50 7.92 6.29 10.70 9.33 8.56
109~145 ppm J5 75k Aromatic C/% 44.00 51.60 57.97 52.90 64.07 67.67

145~163 ppm [ 3 Phenolic C/% 8.60 7.85 7.58 8.70 8.30 8.20

163~190 ppm 2 JLfik Carboxyl C/% 6.10 4.88 3.69 5.50 3.70 3.40

190~220 ppm ik LAk Carbonyl C/% 2.30 1.57 1.41 1.70 1.10 0.80
WAk Polar C/% 26.50 22.22 18.97 26.60 22.43 20.96
i 7K 4% Hydrophobic C/% 73.50 77.78 81.03 73.40 71.57 79.04
FMICEAN, C/%  &FlTotal 71.02 72.58 74.46 80.99 88.52 90.19
Surface elemental composition c—c 49.80 52.02 56.00 61.00 7111 73.14
C—OH 16.56 15.29 10.51 12.10 11.60 8.30

=0 4.66 2.18 1.36 3.50 3.54 3.25

COOH 0 3.09 6.59 4.39 2.27 5.50

N/% 1.63 1.23 0.61 2.79 1.39 1.27

0/% 15.39 14.60 13.58 12.82 8.42 6.95

Si/% 11.96 11.63 11.35 3.40 1.67 1.59

(0+N)/C 0.18 0.17 0.14 0.15 0.08 0.07

R ERR Surface polar C/% 21.22 20.55 18.46 20.00 17.41 17.05
F 1B Surface area/(m*+g™) 29.34 34.97 38.83 35.06 49.92 51.34
LT Micropore volume/(cm?+g™) 0.001 0.001 0.002 0.002 0.003 0.004
AfL KALAEFLZ F1 Sum of meso— and macro—pore volumes/(cm*+g™) 0.016 0.028 0.031 0.029 0.049 0.052

VI AR B A o S0 T Rt PRI | B BBk 15 v 22 R 5 0 KB 05 T BRI SRR 0 sk 5 e 2 A s AR AL RR Sy C—OH ,C=0 Fl COOH 7% it
Z A

Note : Polar C = sum of O-alkyl C, phenolic C, carboxyl C and carbonyl C; Hydrophobic C = sum of alkyl C and aromatic C; Surface polar C = sum of
C—OH,C=0 and COOH content.
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Figure 1 Relationships between the ash content of all biochars and their bulk or surface polarity including (0+N)/C index

and polar carbon content
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Figure 2 Sorption kinetics of naphthalene and 1-naphthol on the original and deashed biochars
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Table 2 Parameters for sorption kinetics of naphthalene and 1-naphthol on the original and deashed biochars
fitted with three kinetic models
FE Models k49 Compounds S5 Parameters W300 W400 W500 DW300 DW400 DW500
% % 0./(mg-kg™) 15513 16 876 17 810 16 898 20 494 20 838
Pseudo first—order  Naphthalene kb 0.127 0.117 0.100 0.112 0.069 0.065
R 0.586 0.601 0.454 0.852 0.876 0.464
1-25 1 0J(mg-kg") 406 825 426 278 449730 392072 517108 525735
1-naphthol ha/h™ 0.638 0.611 0.568 0.602 0.491 0.480
R 0.259 0.521 0.495 0.175 0.295 0.460
W% %% Q./(mg-kg™) 16 813 18 823 20201 18 855 24 161 24 668
Pseudo second- Naphthalene k' 0.100 0.087 0.068 0.083 0.064 0.059
order R 0.980 0.993 0.991 0.990 0.988 0.993
1-250%) 0/(mg-kg™) 465404 474734 503 457 432 841 585979 596 545
1-naphthol k! 0.900 0.809 0.659 0.774 0.385 0.348
R 0.999 0.999 0.990 0.989 0.998 0.994
W % 0.(mg-kg™) 15 869 17975 19419 18 009 23 569 24 100
Two=compartment  Naphthalene S 0.64 0.51 0.49 0.49 038 031
fom 0.36 0.49 0.51 0.51 0.62 0.69
/™ 0.098 0.123 0.139 0.244 0382 0.395
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Figure 3 FTIR spectra of original biochar,deashed biochar and

compound-sorbed sorbent sample
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DW500 derived from the two—compartment model
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