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Abstract: To determine the effect of biochar application on adsorption capacity of contaminants from soils,
biochars derived from dead pigs (PB) and Platanus orientalis branches (POB) were selected. A batch equili-
bration method was used to explore the underlying mechanisms of kinetic and thermodynamic adsorption.
Treatments included an untreated control, 2% PB-treated soil, and 2% POB-treated soil, and were replicated
three times. Results indicated that both PB and POB enhanced adsorption capacity of Zn** from a Zn**-DEP
(diethyl phthalate) composite solution(P<<0.05), and the capacity increased with an increase of biochar appli-
cation rates (P<<0.05). Compared with the untreated control, saturated adsorption increased 31.61% in the 2%
PB-treated soil, which was 5.90 times that of the 2% POB-treated soil. Additionally, adsorption kinetics could
be well described by a pseudo-second order kinetics model with adsorption processes mainly including liquid
film and intraparticle diffusion. The thermodynamic adsorption process was a spontaneous endothermic reaction
primarily controlled by a hydrogen bonding force. In addition, the application of DEP obviously promoted the
adsorption of Zn* onto the soils(P<<0.05). This study could provide a scientific reference for the application of
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biochars in the remediation of soils contaminated with both heavy metals and phthalate esters (PAEs). [Ch, 5
fig. 3 tab. 39 ref.]
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Table 1  Physicochemical properties of biochars used in the experiment

LR/ , Y L JTEAY
W pH . B/ (mg-g") &E/(mg-g?) F/(mg-g') E/(mg-g") B/ (mg-g™) . e
(dS+m™) (mg-g™) (m*g™)
¥ 5% (PB) 10.04 2.17 37.52 1.74 55.89 474 7.85 600 23.10
B EFEM 7% (POB)  9.47 0.22 81.32 2.24 15.74 045 0.05 66 2.80
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Figure 1 Scanning electron microsope (SEM) and energy dispersive X-ray spectrometry (EDS) results of biochars derived from dead pigs
(A, C) and Platanus orientalis branches (B, D)
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Figure 2 Fourier transform infrared spectra of biochars derived ~ Figure 3  Saturated adsorption quantity of Zn?>* in different

from dead pigs and Platanus orientalis branches treated soils
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Figure 4  Adsorption quantity of Zn* in soil at different time
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Figure 5 Kinetics plots for the adsorption of Zn* on different treated soils

x2 AEALIE T IERH Zn*H) 4 FE)HEERSE

Table 2 Parameters of four kinetic models for the adsorption of Zn** on different treated soils

DEP/ W — G 1 W R Elovich 772 Y VAN E/N O
L] UKL A RIGH R 8 (mg - g7+ h %)
(mg-L7")  KYh R*  (QJ(mg-g') Ky(mg-g'-h™) R? B R?
K, K, Ky
ck 0 04791 0.8196 0.570 8 1.846 7 0.998 8 16.3452 0983 4 0.066 2 0.0422 0.0116
POB,; 0 0.4861 0.7914 0.5897 1.774 8 0.998 9 155159 09727 0.072 3 0.0392 0.0112
POB, 0 0.599 1 09092 0.6132 1.583 1 0.998 8 13.798 8 0.991 4 0.088 4 0.028 3 0.010 8
PB, 0 0.489 8 0.8332 0.6249 1.738 3 0.999 1 14.8192 0.980 8 0.077 5 0.0377 0.0139
PB, 0 0.667 2 0.8904 0.716 4 1.193 9 0.998 8 10.9242 0.991 6 0.106 8 0.049 5 0.024 8
ck 25 0.558 8 0.797 7 0.6161 1.700 3 0.999 0 13.7155 0.940 6 0.096 2 0.016 6 0.017 1
POB,; 25 0.5521 0.7434 0.6377 1.479 2 0.998 7 13.066 8 0.941 9 0.093 7 0.028 1 0.018 1
POB, 25 0.544 3 0.8422 0.6445 1.617 3 0.998 9 13.5759 0.969 0 0.094 6 0.018 1 0.032 4
PB, 25 05142 08851 0.7191 1479 1 0.999 0 12.794 3 0.982 9 0.090 3 0.040 7 0.026 7
PB, 25 0.4827 0.780 0  0.808 4 1.244 3 0.999 8 11.3507 0.976 4 0.097 2 0.0527 0.0269

MY 22 5B VR I R WA N, TR T R TR R G B R HEA TR, AN, DEP F1iR %
TURIE R 0 F1 25 mg-L7 I, Wi 13 XS R AG e Xk, BRI p93s i, AG #axHEis K,
1M DEP FI4G BT W FE A 25 mg- L7 i, A0 AG X HES R TFAIN DEP (i Ab3R, Hofg e b ¥R i £
BEAG M ERE R e SHEE R, as RS Lk sh g ss ahie—2,

J578 AH {H AT 3B 7R AN [R) AL 3+ SEXHA R B S O HLEE RS S5 58 A3 AH Ol 8~40 kJ-mol™,
AH (R /INAT F T4 38 30 55 4 Ja 2 7 W B [ A AL R, 108 B2 W o aod A LA U R g R 3208,
AH <40 kJ-mol™, JEPIFRULEH, WHAE AS S5 1M, 16 BBl F B PR AL R, HIFEE N Zn
TN ES A A AT REAAAE HA RS B TR B A P, DT B0

3 ik

TSIV 2 A0 R R ) 2 320 P 488 e SRV B R W AR, ELREAE Wy S it o 14939 Do s
BORSGIR . DEP FEAEZR1ET S8 BRI B AR S0 1A 100 b A T 5 o O I SR i, ELAR R A BRAR VA
[l AR e Ak PRASCR BE 25 1 28l AR ] Al R AN ) Kb P 4 0o o 4 J e PSR 80 DEP

$R2 i 25 R R o [ - S0t o < e PO B PR, HCMRREATL A S RO BEORUBORE 3 A R TR T . AN TR Ak 3



1058 Wi A MR R 2019 47 12 H 20 H
®3 BAELTERM ZHIRNFESH
Table 3 Thermodynamic parameters for the adsorption of Zn** on different treated soils
DEP Ab3 T K AG AH AS DEP Ab3 T K AG AH AS

15 58096 -42130 145064 0.0653 15 64154 -44505 127297 0.059 8

25 7.6089 -5.0278 145064 0.065 3 25 79372 -51324 127297 0.059 8

ck 35 93117 -57136 145064 0.0653 ck 35 95700 -5.7837 127297 0.059 8

45 102787 -6.1604  14.506 4 0.065 3 45 106022 -6.2423 127297 0.059 8

55 125458 -6.8976 14506 4 0.065 3 55 124528 -6.8773 127297 0.059 8

15 6.6062 -45207 132678 0.0622 15 6.8655 -46129 125665 0.060 1

25 86697 -53511 13.2678 0.0622 25 89811 -54386 125665 0.060 1

POB, 35 103242 -59779 132678 0.0622 POB, 35 109340 -6.1249 125665 0.060 1

45 11.7930 -6.5237 132678 0.062 2 45 120312 -6.5766 125665  0.060 1

55 13.1110 -7.0178 132678 0.062 2 55 131105 -7.0177 125665 0.060 1

15 7.0794 -4.6864 143262 0.066 4 15 8.0313 -49884 114913 0.0576

25 93336 -55340 143262 0.066 4 25 101599 -57441 114913 0.057 6

0 POB, 35 11.1382 -6.1723 143262 0.0664| 25 POB, 35 116678 -62912 114913 0.0576
45 132433 -6.8304 143262 0.066 4 45 136314 -69067 114913 0.057 6

55 147240 -73342 143262 0.066 4 55 143373 -72616 114913 0.057 6

15 79551 -49656  13.868 0 0.0657 15 8.6764 -51734 115211 0.058 4

25 103872 -57989 13.868 0 0.0657 25 112617 -59992 115211 0.058 4

PB, 35 123353 -64337 13.8680 0.0657 PB, 35 128086 -65301 115211 0.058 4

45 145123 -7.0723 13.8680 0.0657 45 148515 -7.1334 115211 0.058 4

55 161991 -75946 13.8680 0.0657 55 156403 -74988 11.521'1 0.0584

15 93981 -53647 124532 0.0621 15 95871 -54124 125887 0.062 9

25 11.8857 -6.1328 124532 0.062 1 25  12.6322 -6.2837 125887 0.062 9

PB, 35 137741 -6.7162 124532 0.062 1 PB, 35 146023 -68657 125887 0.062 9

45  16.0465 -7.3380 124532 0.0621 45 168329 -74645 125887 0.062 9

55 17.8097 -7.8530 124532 0.0621 55 184091 -7.9433 125887 0.0629
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s THC; AG J kJ-mol™; AH 4 kJ-mol™'; AS g kJ-mol™+K"!
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