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Table 1 Physico—chemical properties of chlorobenzenes

K5 R i IR ik L AR R - )
AR I G " S-S R
Melting point  Boiling point Solubility Vapor pressure Henry's constant
Chlorobenzenes : s : Kow (25°C )
() () (mg L™, 25C) (Pa, 25C)  (kPam’mol™, 25%C)
FH K PeCB 86.0 277 0.83 1.00 0.977 5.03
NHEAKEHCB 230 322 0.02 0.0023 0.005 6.18
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Table 2 Elemental composition and specific surface of the wheat straw biochar

N REFE TLR AR T It L FR1H R
Wheat straw Elemental composition ( % ) Atomic ratio Specific surface
biochar C H N 0 0/C (0+N) /C H/C (m*g™)
WSB400 57.60 4.71 2.82 34.87 0.45 0.49 0.98 0.97
WSB500 58.40 4.42 2.76 34.42 0.44 0.48 0.91 3.42
WSB600 59.60 3.93 2.78 29.08 0.37 0.40 0.79 1.23

H: WSB400., WSBS00FWSB60043 5]k = FAS [R) il £ B2 (0 /N A FF A= 5¢, T Note: WSB400, WSB500 and WSB600

stands for three kinds of wheat straw biochar pyrolyzed under different temperatures. The same below

06AUNAT By <500

15KV W.x500° 50mm

15 kV

P S [ Y 1 5 B /N A2 R AT A 9 ¢ B SEM L5

Fig.1 Scanning electron microscope images of wheat straw biochar pyrolyzed under different temperatures
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¢ 1) 5 S B L 45 4 18 B IR U 8, X 5 Chun
s U R IE g AL, kg, NEREAT AR
1 0 25 K8 R IO 52 380 o s TR A DR 9, 00k LR
AF A5 1 002 AL 7= A A 7 ) 5% 10
2.2 HEMHEBRAIEIE (FTIR)

INAE R A= W W B R T B 2T A% L DL
2o ANIRIE B RE A 45 PR 37 A AN R i i g >0
AL EE 400 °C il 8 1 A= ) e BT 328 19 218 E RE
A, 3 600 ~3 100 em™ "&b Ay 55 W Wi A 2 3 -OH
RSN 1 693 em ™Ak Sy KR IR Bl K L v
C=0XLHE "5 1 594 cm b K FFHF A C=CHIC=0
AEE P51 433 em b H-COOHFMI-CHO ' ;
1373 em b R HEEE-CH, 0, EHIAEAE DL/
LREFEEY RS ARG IR IR ; 1 104
em b WY B HCE A A F I C-0-CHRE
1 000 ~ 675 em ™ “AC-HE/NES PR3N, b E g Al
TEWSB500H 4 £ 5, (HZIEREAR /N, Uil
BREHA AU . WSB60OM H fE A1 & A= 1 ok i 3%

DIoe F at==nlaos
ownsren OO OF
—— bt

-3 602
3364

%14 % Transmittance (%)

WSB6DO-+EICB
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FE: WSB400, WSBS00HIWSB600 43 5 A7 = FlA [w] il 45 W BE 11

INEREFE A B, PeCBRIHCB Y fLAU R RIS @A FRR, T IF

Note: WSB400, WSB500 and WSB600 stands for three kinds of

wheat straw biochar pyrolyzed under different temperatures, and

PeCB and HCB for pentachlorobenzene and hexachlorobenzene,

respectively. The same below

K2 NRERTLER 5 M SRS B8 B 2T A

Fig.2 FTIR spectra of wheat straw biochar before and after

absorption of chlorobenzenes
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Fig.3 Kinetics curves for sorption of chlorobenzenes on wheat straw biochar

( Curves were fitted ones with the pseudo—second-order equation )
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Table 3 Kinetics parameters for sorption of chlorobenzenes on wheat straw biochar
o fR—2R 8l 12 J5 R =208 1 i e -3 4 25 50 1 27 T
o INERER I - . - ) e .
A First order kinetics equation Second order kinetics equation Elovich kinetic equation
Chloreh Wheat straw
“hlorobenzenes ‘ k ‘ k, b
biochar 4 : 2 e ; R’ ¢ R’
(mgkg™) (h™) (mgkg™") (mg'kgh™) (mgkg™) (mgkg™)
HEER WSB400 1 653 0.258  0.887 1771 0.0002 0.943 687 268 0.982
PeCB WSB500 1535 3.081 0.952 1594 0.0031 0.967 1212 123 0.828
WSB600 1431 1.228 0.855 1550 0.0009 0.929 850 209 0.979
A% S WSB400 1677 5.220 0.943 1732 0.0056 0.978 1472 86.7 0.868
HCB WSB500 1675  5.886  0.990 1710 0.0081  0.999 1530 56.8  0.745
WSB600 1 489 9.415  0.992 1 505 0.0235 0.995 1426 28.1 0.807
3500 4000
e i 3500 F
= 3000
g 3000
%‘ 2500
8 2500
5 2000F
o0 2000
£ 1500F
_g = WSB400 1500 F . WSB400
< 1000 o WSB500 O WSB500
] A WSB600 1000 A WSB600
=
=500 500 f
0 1 L L 1 0 1 1 1 1 L
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

Pk (mg L)
K4 SETE/NEREAT YR LR AR (18 4 Freundlich B & 26 )

Fig.4 Sorption isotherms of chlorobenzenes on wheat straw biochar ( Curves were fitted ones with the Freundlich equation )

FHSE (mg L)

*4 SEXENERHEYR LOBRMEFRESH
Table 4 Sorption isotherm parameters of chlorobenzenes on wheat straw biochar
IINFE RS FT e Henry Freundlich Langmuir
EES
Wheat straw K, b K; o 4
Chlorobenzenes ) 2 1/n 2 R?
biochar (L kg’] ) (mg kg’] ) (L kg" ) (mg kg’l ) (mg L")
WSB400 11479 121 0.992 10504 0912 0.987 33 454 2.55 0.985
B S
PeCR WSB500 9962 340 0.956 71918  0.628  0.986 6218 0.29 0.994
e
WSB600 4925 266 0.988 4323  0.698 0.995 5980 0.62 0.987
WSB400 18 213 165 0.987 21 660 1.122  0.985 13 603 0.94 0.985
e
INHAAR
HCB WSB500 20 229 297 0.964 15236 0.732  0.988 7 354 0.16 0.995
WSB600 6031 571 0.921 5446 0.611 0.969 5609 0.29 0.991

FEIT 1, XU WSBA00 X 52 H ity Wiz [ 45 i 2k 5t 2k
PR, AFT 3R B 3 o 2 I o 45 I 2 3 2l A AR
RIRTEC . B PRI (9 TH S, Freundlich 87
T U/ n BB W 25 01 /NT 1, W B 45 R e AR Ze 1 7%

FERGI, A e AR e A W o 45 Uk 4 = 2 vl R
[ . XF Langmuir®4 77 7 9 Q#4743 A vl
I, = INZ TSR AR W %o T e S A ) i R T R 4
O K /NI T WSB400 > WSB500 > WSB600, %
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Fig.5 Contributions of partition and surface adsorption to total sorption of chlorobenzenes on wheat straw biochar
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SORPTION PROCESS AND MECHANISM
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Abstract Recently, biochar, prepared through incomplete combustion or pyrolysis of crop straws, has
been a hot spot in the research of agriculture and environment. Amendment of biochar into the soil may help
sequestrate C, reduce emission of greenhouse gas, improve soil fertility and hence crop yield. Besidess,
biochar has a relatively high specific surface area, well-developed pore structure and abundant surface
functional groups. Chlorobenzenes ( CBs ) are a typical kind of chlorinated hydrophobic organic pollutants
and widely used in many industries, such as dye, pharmacy, pesticide and organic synthesis. China is a
major producer of CBs in the world. As a result of their extensive application, CBs have been detected in
soil, vegetable, water body and various environmental media, in China, posing a great potential risk to
the environment. Remedying CBs contaminated environment has attracted wide concerns. Although some
progresses have made in the study on biochar adsorbing hydrophobic organic contaminants, little has been
reported about biochar adsorbing high chlorinated benzene. Elucidation of the process and mechanism of
biochar adsorbing CBs will help readers better understand interactions between biochar and hydrophobic

organic pollutants, and use biochar scientifically in environmental remediation.
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In this study, straw was used as raw material biochars and pyrolyzed under three different temperatures
(400°C, 500°C and 600°C ) into three different kinds of biochar, which were marked as WSB400,
WSB500 and WSB600, respectively. Elemental compositions of the biochars were determined using an
element analyzer, their specific surface areas measured using the BET method; their surface functional
groups analyzed using a Fourier transform infrared spectrometer, and their surface morphological features
characterized using a scanning electron microscope. And kinetics and isotherms of biochar adsorbing
pentachlorobenzene ( PeCB ) and hexachlorobenzene ( HCB ) were explored using the batch equilibration
method.

Results show that organic components in wheat straw were carbonized during the pyrolytic process,
and their carbonization degree increased, but O/C, (O+N) /C and H/C of the biochars decreased with the
temperature rising from 400°C, 500°C to 600°C, indicating that the wheat straw based biochar decreased
in hydrophilicity and polarity, but increased in aromaticity with the rising pyrolytic temperature. Higher
pyrolytic temperature depleted surface polar functional groups in the biochar. The three different kinds of
wheat straw biochars were all able to adsorb CBs in water quickly and efficiently. The sorption process could
be divided into two phases: rapid sorption process and subsequent slow sorption and equilibrating process.
It took about 48 hours for the sorption to reach equilibrium. The biochars adsorbed HCB faster than it did
PeCB and the pseudo-second-order kinetic equation could be used to better describe the sorption process. CBs
adsorption did not affect much FTIR spectra of the three kinds of biochars sorbing, indicating that the sorption
was dominated with physical sorption. In terms of CBs saturated sorption quantity, the three kinds of biochars
followed an order of WSB400 > WSB500 > WSB600. With the rising pyrolytic temperature, the adsorption of
PeCB and HCB on the biochars became more and more nonlinear. The adsorption of PeCB and HCB displayed
an apparent linear isotherm on WSB400, but concave non-linear curves on WSB500 and WSB600. A linear
isotherm signifies presence of partition, while a nonlinear isotherm that of surface adsorption. The analysis
of contributions of partition and surface adsorption to total sorption of CBs on wheat straw biochar reveals
that higher temperature in biochar preparation turns the sorption mechanism from partition dominated into
partition-surface adsorption co-dominated one.

Key words Biochar; POPs; Sorption kinetics; Sorption isotherms
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