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Adsorption Mechanisms of Cadmium on Biochars Derived from Corn Straw

LI Li, LU Yu—chao, LIU Ya, SUN Hong-wen", LIANG Zhong-yao

MOE Key Laboratory of Pollution Process and Environmental Criteria, College of Environmental Science and Engineering, Nankai Universi—
ty, Tianjin 300071, China
Abstract Biochar is a novel porous carbonous material derived from pyrolysis of biomass in the partial or total absence of oxygen. In the pre—
sent study, two biochars were generated from corn straw at pyrolysis temperatures of 350 “C and 700 C referred as BC350 and BC700 , and
their structural characteristics were analyzed. The two biochars were investigated for their capacity for Cd adsorption from aqueous solu—
tion. The degree of aromatic structure, hydrophobicity, pore volume, specific surface area, and porosity of biochars were found higher for
BC700. The adsorption of Cd onto biochar surface was better described by Two-site Langmuir than by One—site Langmuir adsorption
isotherm, suggesting the involvement of multiple adsorption processes. Both ion exchange adsorption and cation—m interaction were proposed
for the adsorption of Cd on biochar. Ton exchange mechanism accounted for 13.7% for BC350 and 1.1% for BC700 of total adsorption
capacity, respectively; while the corresponding proportion of cation— interaction was 86.3% and 98.9%, indicating the leading role of
cation— interaction in Cd adsorption. The FTIR spectrograms showed different adsorption sites of aromatic—m structures for cation—r
interaction and oxygen—containing groups for ion exchange adsorption in biochars. The BC700 showed better adsorption performance than
BC350 with greater adsorption capacity and lower desorption rate. BC350 was affected by solution pH by a greater extent as compared to
BC700, due to the greater proportion of ion exchange adsorption sites.
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Table 1 Composition and selected properties of BC350 and BC700
e 1% SZS A{] 3 /,1 /mmOI.gil -1 ! PH"/L'
C H N S O m" g cm'e g mmol - g
BC350 70.2 4.14 1.46 0.28 21.4 19.3 7.72 0.005 7 0.99 1.00 0.10 1.49 6.75
BC700 78.1 1.87 1.64 0.27 15.2 26.7 120 0.081 3 0.001 0.23 0 1.99 10.3
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One-site Langmuir Two-site Langmuir
Qumg-g’  Ki/L-mg” R Quimg g’ Ki/L-mg'  Quimg-g’  KiJL-mg' Q. /mg-g’ R
BC350 334 0.045 0.924 2 54 0.523 2 33.8 0.019 8 39.2 0.990 1
BC700 52.9 0.160 0.982 5 0.6 0.504 6 52.3 0.159 5 52.9 0.990 5
Two —site Langmuir One —site BC350  BC700
Langmuir 13.7% 1.1% - 86.3%
Cd ° 98.9% - Cd
222 o
- Cd BC350 BC700
el Qu i 5.37/0.61=8.8
1 o 1 2.0/0.23=8.7
2Surf-OH+Cd**— Surf-O ,Cd+2H*
- Qn> 33.82/52.30=
2Surf-ONa+Cd**— Surf-O ,Cd+2Na* 0.65 1
1.49/1.99=0.75
- ™
Cd
29) pH _
o 50F
) — ) ® BC350
° e 40F -0-BC350
o E-D o ¥ BC700
Cm +2H,0—Cm-H,0"+ OH- ] “¥BCT00
Cm-H;0*+Cd—Cw-Cd+H;0" L0
Cm+Cd—Cw-Cd = Cd d 10
— 0 20 40 60 80 100 120
01 . /mg-T."
2 Cd
m Figure 2 Adsorption isotherms and desorption curves of
° Cd on two biochars
pH o
Two-site Langmuir K, 223 Cd FTIR
Qn Cd FTIR 3
0 BC350  3700~2900 cm™
_ 28] —OH
K. - K. N
KL 1 KL 2 1
2 1700~1600 ¢cm™ N C=0
—T o C=C 1120 em™
Qni1/0., Q0. 2 Cc-0 N 800~700 cm™



31 11

2281

BC700 3423 cm™

- O
-OH 1820 cm™
[24]
FTIR
BC350
3423 .2360 cm™
3641 cm™ -OH Cd
-OH
BC350 Cd o
BC700 1300 ¢cm™ 1396 ¢cm™
1500~1300 cm™
iy
Cd o
—T BC700 o
N 1390 BC 350 A
R 2360 0y BC 350 B
3641 = 1616 BC 700 A
BC 700 B

1622

1620 1396

2380
2400

Jem

1800 1200 600

3600 3000

3 Cd A B
Figure 3 FTIR spectrograms of two biochars before A and
after B the absorption of Cd

2.3 pH Cd
4 pH
° pH Cd
Cd
Cd pH Cd
o BC350 BC700 Cd
pH BC350
o pH pH=2 Cd
30% pH=4  BC700
90%  BC350 47%:, BC350 pH

BC700 o

100}
80
S
60 F
I - Cd
401 ¥ BC700
I -O- BC350
0= 4 6 8" 1
pH
4 pH Cd

Figure 4 Effect of pH on Cd

adsorption onto two bi

0

ochars

pH
™ H* Cd
pH  <pHpe
Cd
31 -
Cd o
pH H* H*
Cd
BC350  BC700 - BC350
BC700 BC350
On1/Qn 13.7% BC700  Q../Q. 1.1%
pH - pH
BC350 pH BC700
90% o pH -
pH=4 o
24 Cd
2 Cd - BC350
BC700 14%  0.5%
Cd
Cd o Two—
site Langmuir BC350  BC700
Qu1/0n
13.7% 1.1%
) 132]
- O
BC700 BC350
-



2282

Cd 2012 11

o 350 C 700 °C
H/C 0.059
o/C 0.31

0.024
0.19 SSA

7.72 m*- ¢! 120 m*- g™
2 BC350  BC700
Langmuir Two-site Lang—
muir One-site Langmuir R?
0.99 o -
Cd
- BC350
BC700 86.3% 98.9%.
T
3 BC700 Cd 529 mg-g™
BC350 39.2 mg-g™ 0.5%
BC350  14% °
pH 30%
100% BC350
pH BC700 o

[1] Emma M. Black is the new green[J]. Nature, 2006, 442 624-626.

[2] Lehmann J, Gaunt J, Rondon M. Bio—char sequestration in terrestrial e—
cosystems—A review|[]J]. Mitigation and Adaptation Strategies for Global
Change, 2006, 11 2 395-419.

[3] Laird D A. The charcoal vision A win—win—win scenario for simultane—
ously producing bioenergy, permanently sequestering carbon, while im—
proving soil and water quality[J]. A gronomy Journal, 2008, 100 1 178-
181.

[4] Uchimiya M, Lima I M, Klasson K T, et al. Contaminant immobilization
and nutrient release by biochar soil amendment Roles of natural organic
matter[]]. Chemosphere, 2010, 80 8 935-940.

[5] DeLuca T H, MacKenzie M D, Gundale M J. Biochar effects on soil nu—
trient transformations [M]//Lehmann ], Joseph S. Biochar for environ—
mental management Science and technology. London Earthscan, 2009
251-270.

[6] Major J, Steiner C, Downie A, et al. Biochar effects on nutrient leaching
[M]//Lehmann J, Joseph S. Biochar for environmental management Sci—
ence and technology, London Earthscan, 2009 271-287.

[7] Tagoe S O, Horiuchi T, Matsui T. Effects of carbonized and dried chick—

en manures on the growth, yield, and N content of soybean[J]. Plant and

Soil, 2008,306 1 211-220.

[8] Van Zwieten L, Kimber S, Morris S, et al. Effects of biochar from slow
pyrolysis of papermill waste on agronomic performance and soil fertility
[J]. Plant and Soil, 2010, 327 1 235-246.

[9] Harvey O R, Herbert B E, Rhue R D, et al. Metal interactions at the
biochar—water interface energetics and structure—sorption relationships
elucidated by flow adsorption microcalorimetry[J]. Environmental Sci-
ence and Technology, 2011,45 13 5550-5556.

[10] Beesley L, Moreno—Jimenez E, Gomez—-Eyles J L. Effects of biochar
and greenwaste compost amendments on mobility, bioavailability and
toxicity of inorganic and organic contaminants in a multi—element pol—
luted soil[J]. Environmental Pollution, 2010, 158 6 2282-2287.

[11] Liu Z, Zhang F S. Removal of lead from water using biochars prepared
from hydrothermal liquefaction of biomass[J]. Journal of Hazardous
Materials, 2009, 167 1-3  933-939.

[12] , . . Ph

[J]- ,2011,30 11 1851-1857.
AN Zeng-li, HOU Yan-wei, CAI Chao, et al. Lead adsorption
characteristics on different biochars derived from rice straw[J]. En—
vironmental Chemustry, 2011, 30 11 1851-1857.

[13] Uchimiya M, Lima I M, Thomas Klasson K, et al. Immobilization of
heavy metal ions Cu , Cd , Ni , and Pb by broiler litter—derived
biochars in water and soil [J]. Journal of Agricultural and Food
Chemistry, 2010, 58 9 5538-5544.

[14] Uchimiya M, Klasson K T, Wartelle L. H, et al. Influence of soil proper—
ties on heavy metal sequestration by biochar amendment 1. Copper
sorption isotherms and the release of cations[J]. Chemosphere, 2010, 82

10 1431-1437.

[15] Chen X, Chen G, Chen L, et al. Adsorption of copper and zinc by
biochars produced from pyrolysis of hardwood and corn straw in aque—
ous solution|J]. Bioresource Technology, 2011, 102 19 8877-8884.

[16] Trakal L, Komarek M, Szakova J, et al. Biochar application to metal -
contaminated soil Evaluating of Cd, Cu, Pb and Zn sorption behavior
using single—and multi—element sorption experiment|]]. Plant, Soil and
Environment, 2011,57 8 372-380.

[17] Kong H L, He J, Gao Y Z, et al. Cosorption of phenanthrene and mer—
cury from aqueous solution by soybean stalk—based biochar[]].
Journal of Agricultural and Food Chemistry, 2011, 59 22 12116-
12123.

[18] Chun Y, Sheng G, Chiou C T, et al. Compositions and sorptive proper—
ties of crop residue—derived chars[]J]. Environmental Science and
Technology,2004,38 17 4649-4655.

[19] Boehm H P, Eley D D. Chemical identification of functional groups|J].
Advances in Catalysis, 1966, 16 179-274.

[20] Uchimiya M, Wartelle L. H, Klasson K T, et al. Influence of pyrolysis
temperature on biochar property and function as a heavy metal sorbent
in soil[J]. Journal of Agricultural and Food Chemistry, 2011, 59 6
2501-2510.

[21] Radovic L R, Moreno—Castilla C, Rivera—Utrilla J. Carbon materials as
adsorbents in aqueous solutions| M]//Radovic L. R. Chemistry and

physics of carbon, New York Marcel Dekker. 2001 227-405.



31 11

2283

[22] Cao X, Harris W. Properties of dairy—manure—derived biochar perti —
nent to its potential use in remediation|]J]. Bioresource Technology,
2010, 101 14 5222-5228

[23] Downie A, Crosky A, Munroe P. Physical properties of biochar[M]//
Lehmann J, Joseph S. Biochar for environmental management Science
and technology, London Earthscan, 2009 13-32.

[24] Antal Jr M J, Gronli M. The art, science, and technology of charcoal
production[]J]. Indusirial and Engineering Chemusiry Research, 2003,
42 8 1619-1640.

[25] Boehm H. Some aspects of the surface chemistry of carbon blacks and
other carbons[J]. Carbon, 1994,32 5 759-769.
[26] Rivera—Utrilla J, Sanchez—Polo M. Adsorption of Cr on ozonised
activated carbon: Importance of C—cation interactions|J]. Water Re -

search,2003,37 14 3335-3340.

[27] Sanchez—Polo M, Rivera—Utrilla J. Adsorbent—adsorbate interactions in
the adsorption of Cd and Hg
Environmental Science and Technology,2002,36 17 3850-3854.

[28] Cho H H, Wepasnick K, Smith B A, et al. Sorption of aqueous Zn

on ozonized activated carbons[J].

and Cd by multiwall carbon nanotubes The relative roles of oxygen—
containing functional groups and graphenic carbon[J]. Langmuir, 2009,
26 2 967-981.

[29] , Cu®, Pb*

[J]. ,2003,40 1 102-109.
YANG Ya-ti, ZHANG Yi-ping. The characteristics of Cu®* and Pb**
electrostatic and specific adsorptions of constant charge soil colloids|J].
Acta Pedologica Sinica, 2003,40 1 102-109.

[30] Ma J C, Dougherty D A. The cation—m interaction[J]. Chemical Re -
views, 1997,97 5 1303-1324.

[31] Kadirvelu K, Kavipriya M, Karthika C, et al. Mercury
by activated carbon made from sago waste[J]. Carbon, 2004, 42 4
745-752.

[32] , . [J].

,2001,10 3 181-184.
YANG Ya-ti, ZHANG Yi-ping. Kinetics of copper desorption from

adsorption

constant charge soil colloid[J]. Soil and Environmental Sciences, 2001,

10 3 181-184.

1 b4
2013 4 19—22 o “
1 2. 3 4. 5
6. 7 8.
9. N °

1.

2. Word E-mail

3. 4 b

4. 2013 3 10

5. E-mail:caep@vip.163.com “ 7 (

) CNKI( Do ( )
2013 8 o
300191 31 ( )
13702119778 13920028209

022-23674336

E-mail: caep@vip.163.com http://www.aes.org.cn



