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Sorption of acetochlor by biochars derived from wood dust and swine manure at different pyrolytic tempera—

tures

WANG Zi-ying, QIU Meng—yi, YANG Yan, SUN Ke"

(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China)
Abstract: Raw material and pyrolytic temperature of biochar greatly influence its properties and thus pollutant adsorption. Fourteen biochars
obtained from two raw material sources(wood dust and swine manure ) at seven pyrolytic temperatures were used to investigate their adsorp—
tion of acetochlor. As pyrolytic temperature increased, the polarity of biochars decreased, while their aromaticity and CO,—surface area(CO,~
SA) enhanced. The organic carbon(OC) concentrations on the biochar surface were generally higher than the corresponding bulk OC con—
tents. Acetochlor had higher sorption capacity on swine manure biochars(SWBs) than on wood dust biochars( WDBs ), mainly due to higher
ash content of SWBs. At low pyrolytic temperatures (< 450 °C), a positive correlation between biochar surface polarity[(O+N )/C] and the
sorption affinity lgK,. indicated that the surface polarity might dominate the sorption of acetochlor by WDBs through H-bonding interaction.
At high pyrolytic temperatures( = 450 °C ), however, a positive correlation between the biochar aromaticity and 1gK,. suggested that aro—
matic C might control the sorption of acetochlor on biochars. Moreover, there were significant correlations between sorption coefficients(non—
linearity index n and 1gK,.) and OC normalized CO,—SA(CO,-SA/OC ) of biochars, indicating that pore filling could be a factor affecting
acetochlor adsorption on biochars.

Keywords: biochar; acetochlor; adsorption; CO,—surface area; surface polarity; aromatic C
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Figure 1 Molecular structure of acetochlor
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Table 1 Elemental composition, atomic ratio, ash content and surface area of biochars and their raw materials

Rl WKo31%  Cl%  NI%  HI%  0/% H/IC  0/C  (O0+N)/C  COrSA/m’-g" CO-SA/OC /m+g” LA em® g
WDO 0.6 47.6 0.1 6.1 426 154 067 0.67 NM NM NM
WD250 1.0 56.3 0.0 5.7 371 121 049 0.49 85.0 151.0 0.027
WD300 2.0 65.4 0.0 5.3 273 097 031 0.31 155.0 237.1 0.047
WD350 22 68.7 0.0 5.1 240 090 026 0.26 180.8 263.2 0.054
WD400 9.1 69.4 0.1 4.6 167 080  0.18 0.18 288.9 416.2 0.081
WD450 3.7 75.9 0.1 3.7 167 038 0.6 0.17 408.1 537.7 0.111
WD500 3.9 81.3 0.0 3.6 112 053 010 0.10 4332 5329 0.119
WD600 4.6 84.5 0.0 2.9 8.0 041 007 0.07 544.6 644.5 0.149
SW0 30.1 32.4 2.5 4.8 322 176 074 0.81 NM NM NM
SW250 29.5 443 4.0 3.9 184 104 031 0.39 81.0 182.8 0.026
SW300 41.8 36.5 3.2 3.6 149 118 031 0.38 89.6 245.5 0.03
SW350 39.7 40.1 3.4 32 137 096 026 0.33 109.5 272.9 0.033
SW400 384 422 3.5 2.9 129 083 023 0.30 166.9 395.5 0.047
SW450 50.9 33.7 2.6 2.6 102 091 023 0.29 162.0 480.7 0.046
SW500 50.4 36.9 2.7 2.1 7.9 0.67  0.16 0.22 216.3 586.2 0.057
SW600 52.3 35.5 2.5 1.8 7.9 0.60  0.17 0.23 206.1 580.6 0.057

T : CO-SA/OC FEA R (OC)PRHEALHT CO-~SA s NM 7R A s WD F1 SW 3 Il 7R AR A A= W e R A A= 7%
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Table 2 Major surface elemental composition, atomic ratio and the main results of "C—NMR spectra of biochars
Fea FIM 1 ICHE AT L FHY CCAEREILRI I 45 R
" C/% 0/% NI% Si/ (0+N)/C ST I% BWiRE/% SRR
WD250 75.48 22.40 0.30 1.81 0.23 45.72 54.28 50.70
WD300 76.03 20.76 0.36 2.85 0.21 61.43 38.57 36.97
WD350 84.25 14.42 ULd 1.33 0.13 64.73 35.27 29.20
WD400 80.38 16.04 1.19 2.39 0.16 74.46 25.54 23.49
WD450 74.60 18.80 UL 6.58 0.09 90.94 9.06 20.61
WD500 84.32 11.57 0.32 3.80 0.11 92.61 7.39 14.66
WD600 88.78 8.13 UL 3.09 0.07 96.81 3.19 7.40
SW250 56.23 24.81 4.25 2.36 0.40 50.00 50.00 34.83
SW300 61.43 19.56 2.90 1.74 0.28 62.01 37.99 23.74
SW350 52.27 24.71 3.16 1.94 0.41 68.56 31.44 24.70
SW400 64.18 18.66 4.52 3.02 0.28 83.89 16.11 21.84
SW450 48.50 25.70 4.55 12.32 0.48 86.77 13.23 13.93
SW500 68.69 14.95 3.27 2.18 0.20 98.80 1.20 9.09
SW600 48.80 26.10 3.11 4.20 0.46 99.33 0.67 8.98
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Figure 3 Relationships between properties of biochars
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Figure 4 Adsorption isotherms of acetochlor on raw materials and their biochars
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Table 3 Freundlich parameters and K, of acetochlor adsorption on raw materials and their biochars
. - ] . R 1K, leK./mL g
: C.=0.01S, C.=0.01S, C.=0.1S, C=1S,
WDO -1.21 0.96+0.017 6 1.00 1.65 1.97 1.93 1.89
WD250 0.10 0.67+0.023 12 1.00 1.96 2.21 1.88 1.55
WD300 0.56 0.49+0.008 20 1.00 1.81 1.99 1.48 0.98
WD350 0.60 0.42+0.030 12 0.98 1.61 1.77 1.19 0.62
WD400 0.33 0.50+0.008 20 1.00 1.59 1.75 1.25 0.74
WD450 2.12 0.23+0.006 18 0.99 2.46 2.58 1.81 1.04
WD500 2.44 0.19+0.005 18 0.99 2.66 2.75 1.95 1.14
WD600 2.78 0.19+0.002 18 1.00 2.99 3.07 2.26 1.45
SWO -0.88 0.87+0.003 6 1.00 1.66 2.15 2.02 1.89
SW250 0.60 0.67+0.008 12 1.00 2.46 2.81 2.48 2.15
SW300 0.65 0.55+0.005 20 1.00 2.09 2.53 2.08 1.63
SW350 1.40 0.47+0.007 12 1.00 2.59 2.98 2.46 1.93
SW400 1.74 0.42+0.006 20 1.00 2.73 3.11 2.53 1.95
SW450 1.47 0.38+0.003 20 1.00 2.34 2.81 2.19 1.57
SW500 2.06 0.34+0.009 20 0.99 2.78 3.21 2.55 1.89
SW600 2.05 0.34+0.012 20 0.99 2.79 3.24 2.58 1.93

T N i 50 WD il SW 235 m WA A B LR W) e RSB ST A W 0

FAGERAY (R 3), X 5OAHMIRGE 20, 55
LV PR A B e ol 5 o 0 1 s 39 v A AL TS e L
A TLFRRCR SR, B 3 B R B, L BB AE
IR WDBs (3R 1 B <450 °C) T i 1K, {8 Bl v
JE T i SRR AR R B, P RE SR H S S R W
W BT R AR R, 2B 3 v () U] LUy
TE B L - S2 I TIARIR A 9 o v ) B 480 1 R A
DLR S AL ] LS 5T il s, DR T AR AR
TR A= ¢ (PSR BE < 450 °C) RE 38 3o & f W% [ 2, 2
JHie o ARIEA W 51T (O+N)/C Al 1K, 22 18] (2 2 Y
IEASEE & (B 6b)BRE T Eal R, T A9 1
T AT PR B 7 T ) T v TR AT, BRI T VBT LY

AIRENE, SR WDBs (0% FERE il i B2 A4 T T
REAl e b T i A P ok AR LI =450 °C), 3 1K
(ELANT7 7 JE Z [ AFAEIE AR G & (18] 6c ), N LB
PURIELE AT, 57 A4l REIE T2 S LR W) e T
ITRER o Bl PR IRLEE A TG, 2R R A5 AL R g )
A SBZEH N - BT HASZ AR (ED A/ TR AL T
AIRER, e L AR R DT B R A A -
EDA JCREAf, BERT LSS 5 i 1R ol LI 2 i
SRR T R ORI R — A TR R R
AL m BT3RS 5 EDA SO .

R 7 2SR K m-m EDA J2)¥ 28, Chun SEMHf
BT LI SRR R AT R K A LTS Y e A= W) ok



T S R L A L %

1.or1
O WDBs(r=0.96,P<0.01)

0.8 w SWBs(r=0.98,P<0.01)
061

04 r

02

0.3 0.5 0.7 0.9 1.1 1.3
H/C

0.6

02} O WDBs(r=-0.96,P<0.01)

V¥ SWBs(r=-0.97,P<0.01) )
O 1 1 1 1 1 1
40 50 60 70 80 90 100
TR REI%
10

O WDBs(r=-0.92,P<0.01)
08F W SWBs(r=-0.92,P<0.01)

Ovwy
0.6F

047

130 2I50 3I50 4I50 5I50 6I50
CO,-SA/OC/m?*- g
Bl S &R Z ERRE IR IR IE L M E F (n) T
RIERZ EHEXKF
Figure 5 Relationships between nonlinear adsorption coefficients

(n) of acetochlar adsorption on biochars and biochar properties
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Figure 6 Relationships between IgK,,. of acetochlar adsorption on
biochars and biochar properties
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