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Characterization of phosphorus adsorption behaviors by biochar with benzene polycarboxylic acid molecular
biomarkers

ZHANG Jun'?, ZHOU Dan—dan"*, CHANG Zhao—feng'?, WANG Wei'?, LI Fang—fang'?, LIU Yang'?, CHU Gang'?, GU Zheng—gang’
(1.Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China; 2.Yunnan
Provincial Key Laboratory of Soil Carbon Sequestration and Pollution Control, Kunming 650500, China; 3.Faculty of Civil Engineering and
Mechanics, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: Biochar has good applications in agricultural non—point pollution control owing to its porous, large specific surface area, rich
oxygen—containing functional groups, and strong aromaticity. However, biochar is difficult to separate from soil particles after its
application to soil, limiting the prediction of adsorption behaviors of biochar to agricultural non—point source pollutants. Molecular
biomarker technology has made important contributions to the understanding of organic carbon behavior, and the benzene polycarboxylic
acid (BPCAs) molecular biomarker method may provide a new perspective for understanding the interactions between biochar and
phosphorus. In this study, batch experiments were carried out to investigate the adsorption behaviors of tobacco stalk, pine wood, and their

derived biochars. Results showed that the content of BPCAs and the contribution rate of mellitic acid to BPCAs increased with an increase
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in pyrolysis temperature of biomass and biochar. The content of each BPCA and the contribution rate of benzene hexacarboxylic acid

(B6CA) to BPCA increases with an increase in pyrolysis temperature. The degree of aromatic condensation of biochar continued to

increase. The amount of phosphorus adsorbed by biochar decreased with an increase in pyrolysis temperature. Biochar from tobacco stalk

had the largest adsorption capacity for phosphorus at 400 °C, while biochar from pine wood had the largest adsorption capacity at 200 C.

The decrease in surface oxygen—containing functional groups and the increase in electrostatic repulsion negatively affected the adsorption

capacity of the biochars. Adsorption capacity of biochar from tobacco stalk was higher than that of biochar from pine for the former larger

specific surface area and higher content of B6CA.

Keywords: biochar; benzene polycarboxylic acids ;molecular biomarker; phosphorus ; adsorption
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Table 1 Physical and chemical properties of biochars

E7/V i K5y A

pH

JCE T Elemental analysis

Biochars  Yield/%  Ash/% Specific surface area/m’ g™ N/ C/%  H/%  O/%  SI%  H/IC  0/C  (N+0)/C
TBCO — 157 6.9620.11 13.41 110 3956 535 3488 052 162 1058  0.69
TBC200  76.65 513 7.06£0.07 15.68 205 4991 585 3265 065 141 785 0.53
TBC400 3445 977  7.870.00 23.60 223 6429 334 1409 097 062  2.63 0.19
TBC600 2822 1078  9.30+0.10 234.05 164 6913 214 1081 099 037 188 0.14
WBCO — 0.65  5.60+0.13 5.09 001 4430 617 4764 012 167 081 0.81
WBC200  85.60 108  6.72+0.00 12.38 004 5560 573 3268 010 124 044 0.44
WBC400  36.69 395  7.5020.01 15.80 006 7499 386 1885 014 062 0.19 0.19
WBC600 3008 410  7.82:0.03 24733 004 7781 239 1269 021 037 0.12 0.12
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Figure 1 Content of individual BPCA in biochars of tobacco stalk and pine wood
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Figure 4 Zeta potential of different pyrolysis temperature biochars
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Table 2 Freundlich and Langmuir isotherm fitting results of phosphorus adsorption
Freundlich Langmuir
/}:%ﬁé Ki/(L-kg™) Ki/(L-kg™)
Biochars K n R Qn/(mg-kg™) Ki/(L-kg™") R
1 10 1 10
TBCO 12.77 0.54 0.748 12.77 4.38 80.03 0.14 0.807 9.92 46.89
TBC200 21.18 0.51 0.834 21.18 6.83 122.80 0.14 0.739 15.27 72.06
TBC400 29.02 0.76 0.953 29.02 16.82 583.51 0.04 0.962 24.11 175.75
TBC600 18.83 0.81 0.902 18.83 12.16 523.97 0.03 0.916 16.20 126.72
WBC200 5.31 0.94 0.976 5.31 4.61 921.11 0.01 0.975 4.86 46.36
WBC400 14.97 0.64 0.856 14.97 6.58 222.26 0.04 0.774 9.27 67.37
WBC600 70.41 0.17 0.810 70.41 10.34 108.96 1.77 0.726 69.61 103.13

600 CHY , n (A% 4 0.17, 57 B 5 0=l 28 1 g
RRAE o BRI, KHAT A 90 o 200 2 0 HH A B 45 2, B A fi
T TR, n BRI T, A 4 1 R o AR i 32 A 0 55
FHSCHIEFE N, n A /N T S5 e H 18 B3 50 17 B o
A, n ARG/, W B R F 40 AT 3 FEL R K, @ 3t n
B 5 AW PR T G ZR (1 6) AT &3, il 3R At Uk 2 14
i, Freundlich #& %Y {1 F 26 4 1 7 n {5 WBC )
BSCA/B6CA & H/C J5iF 34 5 g 3 1EAH E (P<0.01) ,

M TBC L Z o 3 H/C ROURIEA Y 1%, i
A ] RERUR T H A HLAL 53, T BPCA Bl U1 s R 1Y
AR BT, A2 9 o BT 55 ¢ BRAR L A 45 R 50T
I, A1KE BPCA 43 45 s 03k FH 1 A= W o o 1 L 1
SERTERR MO B R B, AR AR I AL 24K
P, ] 237 BSCA/BOCA Fll n {2 B E R LR,
WA EARIRE P(1.10 mg- L) &, 49
BEXT P I AR R 6 2R B (K, W36 2) R I, Bl P vk i

A JHFF B HAA
00 150 p BIAA
® TBC600 @ WBC600
O TBC400 O WBC400
240 F m TBC200 120 rmwBc200 o0 A
OWBCO =
= =~ 90
£ 180 vy
< 120 =
=Y > 30
60
opE----8-- B
go o
0 _ L L L ]
30 5 10 15 20
C./(mg-L") C./(mg-L™")
Langmuir ——— Freundlich

B 5 EFFEMRFRAARED R PR IR 2k
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