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Phenanthrene Adsorption on Biochars Produced from Different Biomass Materials at Two Temperatures

YAN Yu, WANG Zi-ying, JIN Jie, QIU Meng-yi, HAN Lan—fang, SUN Ke"

(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China )
Abstract ; The properties of biochars are profoundly influenced by biomass materials and pyrolytic temperature. Different biochars produced
from swine manure, maize stalk, and wood—dust at two heating temperatures( HTTs, 250 and 400 °C) were characterized and their adsorption
of phenanthrene( PHE ) was investigated. The physical and chemical properties of the biochars varied greatly with pyrolytic temperatures and
feedstocks. The relatively high—temperature biochars(RHTBs ) had fewer polar functional groups, higher ash contents, and more aromaticity
than the relatively low—temperature biochars (RLTBs ) did, indicating that hydrophobicity of biochars increased with increasing HTTs.
The RHTBs showed greater CO,—surface areas( CO,~SAs) than RLTBs, indicating more porous surface structure of the RHTBs. At the same
HTT, the plant residue—derived biochar( PLABs) had greater CO,—SAs than animal waste—derived biochar( ANIBs ), but ANIBs had signifi-
cantly higher ash contents than PLABs did. The adsorption isotherms of PHE on biochars were nonlinear and well fitted by Freundlich mod—
el. The RHTBs produced from swine manure and maize residue exhibited higher PHE adsorption capacity compared to the RLTBs, indicat—
ing that HTTs influenced the adsorption capacity. The ANIBs had higher PHE adsorption capacity than PLABs at the same HTT, which may
be influenced by the ash contents. Negative correlation of Freundlich coefficient(n) with CO,—SA and the aromaticity of biochars suggested
pore—filling mechanism and m—m bonding interactions, respectively. The results of this study highlight the impact of feedstocks and HTTs on
biochar characteristics and thus adsorption behaviors.
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Table 1 Ash contents, elemental compositions, atomic ratios, CO,—surface areas(CO,~SAs) and total pore volume of biochars

o e SERLLAE T L WA TR ALIBY
o % 1% N/% H/% 0/% H/C 0/C  (0+N)/C mieg! em'+g”
SW250 29.5 4430 401 3.85 18.40 1.04 031 0.39 81.0 0.026
MA250 54 55.70 0.80 443 33.70 0.96 0.45 0.47 1102 0.034
W0250 1.0 56.30 0.01 5.66 37.10 1.21 0.49 0.49 85.0 0.027
SW400 38.4 4220 3.52 291 12.90 0.83 0.23 0.30 166.9 0.047
MA400 7.0 72.80 126 3.83 15.10 0.63 0.16 0.17 274.0 0.077
W0400 9.1 69.40 0.14 463 16.70 0.80 0.18 0.18 288.9 0.081
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Figure 1 Comparisons of CO,—~SA(a) and aromaticity(b) between low—temperature biochars(RLTBs)

and high—temperature biochars(RHTBs )
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Figure 2 Correlation between CO,—surface area( CO,—SA ) and organic carbon(OC) contents(a) and between OC-normalized

C0,-SA(CO,-SA/OC) and aromaticity (b ) of biochars
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Table 2 Functional groups of biochars from "C NMR spectra

B ALk Fem  mokikay PR I ik Rk Pk IS ol WRPERR b
(0~45)x107 (45~63)x10° (63~93)x10° (93~148)x10° (148~165)x10° (165~187)x10° (187~220)x10" % %
SW250 28.1 79 9.0 37.1 7.9 6.7 34 50.0 348
MA250 12.9 94 27.1 36.0 75 43 3.0 46.8 513
W0250 10.0 9.5 33.0 393 4.9 19 14 457 50.7
SW400 13.6 0.8 0.1 64.6 11.0 4.9 5.0 83.9 21.8
MA400 11.8 1.9 1.1 72.9 9.3 1.4 L5 84.8 15.2
W0400 16.8 45 2.5 59.7 9.7 39 29 74.5 235

1 a P JE=100x75 F ik (93~165)x107 [ 35 F 1 (93~165)x 10+ h5 ik (0~93)x107],
b M= P R D55 (45~93 ) x 10+ B P75 75 e ( 148~165 )x 10 +HR KL (165~187 )x 105+ 3 K5k ( 187~220)x 107,
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Table 3 Freundlich isotherm parameters and calculated

phenantherne adsorption by biochars

Vol
Samples  1gKy n N R? K lgK,/mL-g

(€=0.0055,) (C€.=0.005S,)
SW250 229 0.71x0.05 16 0.980 11 7545.40 5.42
MA250 2.18 0.70+0.02 20 0.996 91 492.64 522
WO0250 2.00 0.73x0.02 20 0.994 62 918.20 5.05
SW400 3.36 0.37+0.02 20 0.955 771 002.51 6.26
MA400 253 0.61+x0.02 19 0.991 172 687.41 5.37
WO0400 2.14 0.53+0.03 20 0.967 60 526.33 4.94

T« K B AHOGSEL, (ngekg Wmg 1) "s N R SCBei s s Ko
BB LRI R AU(K (= K CY ), Lokg™ OC
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Figure 5 Correlation between Freundlich nonlinearity coefficient
(n) of phenanthrene adsorption and CO,~SA(a) and aromaticity
(b) and between 1gK,, and ash contents( ¢ ) of biochars
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