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Influences of different aging processes on biochar physicochemical properties and the adsorption of phthalic
acid esters

MIN Lu—juan’, LIU Jin-ming', ZHANG Peng"", XIAO Hui’>, SUN Hong-wen'

(1. MOE Key Laboratory of Pollution Processes and Environmental Criteria, Tianjin Engineering Center of Environmental Diagnosis and
Contamination Remediation, College of Environmental Science and Engineering, Nankai University, Tianjin 300350, China; 2. Tianjin
Institute of Agriculture Resource and Environment, Tianjin 300384, China)

Abstract: To determine the effect of common aging processes on biochars in the agricultural soil environment and their influence on the
adsorption capacity of the biochars, three original biochars by pyrolyzing rice straw at pyrolysis temperatures (PTs) of 300, 500 and 700 °C
under limited oxygen were prepared. The biochars were further aged by water aging, root secretion aging, H.0, oxidation aging, and acid
aging, and their physicochemical properties and the adsorption capacity to two phthalic acid esters (PAEs), diethyl phthalate (DEP) and

dibutyl phthalate (DBP), were analyzed. The results showed that the four aging treatments all increased the organic component proportions,
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specific surface areas, and total pore volumes of the biochars, but decreased the inorganic component proportions. Such effects were

increased by aging processes in the following order: acid aging > H.0, oxidation aging = root secretion aging>water aging. The adsorption

well followed the Freundlich model and was higher for DBP than for DEP. The aging treatments all significantly increased the adsorption

capacities of moderate— and high—PT biochars (500 °C and 700 °C) to PAEs and acid aging was more efficient than the other three aging

treatments. This was due to the high proportion of inorganic components in the moderate— and high—PT biochars, which could be easily

removed by acid aging, releasing part of the organic adsorption sites and pores, and then increasing the accessibility of adsorption sites for

PAEs. Therefore, the biochars prepared at medium— and high—PTs have a strong potential to adsorb DBP and DEP, the most common

plasticizers in water and soils. Their application needs to consider the aging process in the soil environment and their physicochemical

properties, as well as the targeted pollutants to guide the healthy development of biochar technology.
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0.5 em KUF AR R RS, a5 )5 & F S gk
(SX2-2.5-12, Kt AR SE g s A BR 2 v, )
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W o B4 300,500 CHITT700 °CF il & 40 2% 2 W e 3 )
Fric & B300,B500 £1B700.

1.2 ZUEYRHIFE
1.2.1 SRERFKBEZA AP i%

B2 g W14 E W %, LA 40 mL 1 mol - L™ HC1: HF
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PAFHIE D Ve R TS TN FURL, B T T
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Table 1 Elemental composition of original and aged biochars

W) ALy e TeHLL 4y He 1) JGE TR [ 43 L Elemental composition/%  JiLF H Atomic ratio

Biochars  Organic component proportion/%  Inorganic component proportion/% C H N 0 H/C (0+N)/C
B300 78.89 21.11 55.81 4.06 227 17.74 0.87 0.27
B500 70.29 29.71 53.37 2.33 2.84 11.74 0.52 0.21
B700 62.90 37.10 49.16 1.22 0.89 11.63 0.30 0.19
AB300 99.36 0.64 67.89 5.04 3.20 23.23 0.89 0.30
AB500 98.44 1.56 79.57 3.02 3.04 12.81 0.46 0.15
AB700 98.03 1.97 84.07 1.46 1.46 11.05 0.21 0.11
HB300 84.09 15.91 56.51 435 2.25 20.98 0.92 0.31
HB500 75.98 24.02 60.76 2.42 2.78 10.02 0.48 0.16
HB700 70.57 29.43 58.94 1.30 1.93 8.41 0.26 0.14
RB300 83.94 16.06 51.84 4.36 2.65 25.09 1.01 0.41
RB500 73.38 26.62 56.37 2.39 2.62 11.99 0.51 0.20
RB700 69.37 30.63 55.90 1.59 1.41 10.47 0.34 0.16
WB300 84.38 15.62 57.84 4.27 2.74 19.52 0.89 0.29
WB500 74.49 25.51 60.60 3.10 1.83 8.96 0.61 0.14
WB700 67.29 32.71 56.82 0.97 0.70 8.81 0.20 0.13
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Table 2 Special surface area and porosity of original and
aged biochars

e LRI SALIATR MALABL PR
Biochars ~ Sper/(m*+g™)  Vi/(mm®+g™") Vieo/(mm®+g™) D /nm

B300 3.3 0.006 8 0.000 1 8.22

B500 343 0.027 1 0.003 4 7.56

B700 242.0 0.129 8 0.0752 2.15
AB300 5.7 0.014 4 0.000 1 10.10
AB500 131.0 0.141 8 0.020 4 4.33
AB700 536.0 0.348 5 0.154 3 2.60
HB300 4.6 0.008 6 0.000 2 741
HB500 89.9 0.074 5 0.016 5 3.32
HB700 429.0 0.226 2 0.1135 2.33

RB300 4.0 0.008 2 0.000 1 8.12
RB500 90.7 0.069 6 0.019 6 3.07

RB700 384.0 0.2169 0.1149 2.36
WB300 39 0.009 6 0.000 1 13.20
WB500 86.1 0.061 7 0.029 9 2.87
WB700 417.0 0.2409 0.1252 2.31

FER I, AWk KRG L 2 4 22 ) G S AR A o
3 ARG SR AR W (R) A AR AR 5 R
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Figure 1 FTIR spectra of original and aged biochars
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#3 MRMZUE WK DEP F1 DBP BB Freundlich B & S8
Table 3 Freundlich isotherm parameters for the sorption of DEP and DBP by original and aged biochars

PAEs HE W) 1k Biochars n 1K R 1gKoc lgKoc/lgKow
DEP B300 0.680+0.021b 2.71+1.35g 0.998 2.92 1.15
B500 0.348+0.027de 3.23+1.98d 0.976 3.58 1.41
B700 0.283+0.018f 3.93+1.54h 0.981 4.35 1.71
AB300 0.759+0.018a 2.83+1.36f 0.998 2.91 1.15
AB500 0.352+0.012de 3.66+1.37¢ 0.996 3.87 1.52
AB700 0.269+0.015f 4.36+1.81a 0.988 4.59 1.81
HB300 0.660+0.032b 2.89+1.65¢f 0.992 3.07 1.21
HB500 0.416+0.018¢ 3.33+1.91d 0.973 3.62 1.42
HB700 0.293+0.006ef 4.01+1.14b 0.994 437 1.72
RB300 0.70720.028ab 3.01%1.72¢ 0.974 3.18 1.25
RB500 0.432+0.012¢ 3.28+1.70d 0.981 3.58 1.41
RB700 0.322+0.012¢ 3.93+1.35b 0.992 4.30 1.69
WB300 0.6600.017b 2.96+1.48e 0.995 3.14 1.24
WB500 0.374+0.014d 3.34+1.88d 0.990 3.72 1.46
WB700 0.330£0.013e 4.00+1.54b 0.992 437 1.72
DBP B300 0.63020.036bc 3.48+1.97¢ 0.988 4.69 1.10
B500 0.41720.019de 3.65+1.82¢d 0.993 4.97 1.16
B700 0.312+0.024( 4.12+2.23ab 0.972 5.53 1.30
AB300 0.708+0.029a 3.73+1.98¢ 0.985 4.82 1.13
AB500 0.6560.032b 4.05+2.13b 0.981 5.17 1.21
AB700 0.584+0.022¢ 4.2242.17a 0.984 5.55 1.30
HB300 0.718+0.029a 3.68+1.93c¢d 0.989 4.85 1.13
HB500 0.4760.019d 3.71£1.93¢ 0.990 4.98 1.17
HB700 0.449+0.015d 4.22+1.84a 0.993 5.54 1.30
RB300 0.738+0.028a 3.76+1.90c 0.992 4.92 1.15
RB500 0.398+0.012¢ 3.78+1.82¢ 0.995 5.09 1.19
RB700 0.449+0.016d 4.15+1.95ab 0.983 5.48 1.28
WB300 0.697+0.047ab 3.57+2.11d 0.983 473 1.11
WB500 0.462+0.020d 3.80+2.01bc 0.984 5.10 1.19
WB700 0.458+0.011d 4.34+1.81a 0.992 5.67 1.33

T« Kow NV =K 53 BC 25 Al — S AN ] P RE R R 12 0.05 KF B 225 B3

Note: Ko indicates octanol-water partition coefficient; Different letters in the same column indicate significant difference at 0.05 level.
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