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Review of Biochar as Adsorbent for Aqueous Heavy Metal Removal

HAN Lujia LI Yanfei LIU Xian HAN Yahong
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract; Biochar has a bright prospect due to its good surface properties, pore structure and broad raw
materials of its production. It has already been a hotspot in the fields of environment, agriculture and
energy. It can be produced from a variety of biomass feedstock, such as agricultural residues, manures,
wood, bone and so on, under oxygen-limited conditions. It has great potentials for heavy metal
remediation and waste water treatment due to its unique properties, low price, easy processing and wide
range of preparation material. The existing literature was incorporated to understand the overall sorption
research of heavy metals on biochar adsorbents. However, there was still lack of information on the roles
of different sorption mechanisms for biochar. The effects of feedstock materials and pyrolysis temperature
on biochar characteristics and metal adsorption capacity were discussed. The interaction mechanisms
between biochar and heavy metals, such as ion exchange, complexation, physical sorption, precipitation
and electrostatic interactions were analyzed in detail. The influence of adsorption conditions and heavy
metal species on heavy metals adsorbed by biochar was also included. At the end, the future research
directions on sorption of heavy metals by biochar were proposed. The review would help to build
important theory and methodology foundation for directly controlling production and scientific utilization of
biochar.
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Tab.1 Maximum adsorption of heavy metals in water by

biochar with different raw materials and pyrolysis temperature

il 7 wAL W 6 ok 3k
S W i
JkH HEC EER 2
(mg-g™")
KRG AT 700 Pb(Il) 126.58 [61]
FORAEFF 700 Pb(Il) 121.95 [61]
INEFEFF 350 ~500 Ph(I)  50.00 [62]
A6 A= FEFF 400 Cd(II) 89.60 [63]
JKFE R FF 700 cd(ll) 60.61  [61]

KGR 700 Cd(II) 39.68 [61]

INEFEFF 350~500 Cd(N)  5.95  [62]
KGR 400  Cu(ll) 53.12  [63]
RS FT 400  Cu(ll) 37.76 [63]
AL FF 700 Zn(N) 23.03 [64]

LT 500 Ni(I) 11.93  [65]

A g 700 Pb(I) 47.62 [61]

A 300 Ph(I) 425  [66]

AR 400 ~450 Cr(VI)  7.51  [67]

EIRA ok 400~450 (V) 493 [67]

WS AJE 700 cd( 1) 6.67 [61]
L/AZN 300 Cu( 1) 4.46 [68]

AL 500 Cu(ll) 0.476  [69]

BA 500 Cu(T) 0.307 [69]

HAEK R 400 Cu(ll) 48.49 [70]

HIA 2 500 Cu(ll) 0.28 [69]

MR 500 Cd(T) 13.24 [71]

7 350 ~500 Ph( 1) 45.45 [62]
E (IR Ry 350 Ph(Il) 4530 [72]
GRS 300 Pb( 1) 2.40 [66]
A = 5 350 cd(ll) 3830 [72]
T 350 ~500 Cd(I)  6.29 [62]
7T 700 Zn( 1) 24.90 [64]
5% 650 Ni¢tII) 20.00 [73]

W3k 400 Ph(I) 230.70 [60]

428 200 Ph( ) 132.80 [74]

B 400 Cd(II) 117.01  [60]

43 350 Cd(lI) 51.40 [75]

biE 400 Cu(ll) 88.23 [60]

=@ 43 350 Cu(ll) 54.40 [75]
5 3 ) e 400 Zn(I) 79.62  [60]
43 350 Zn( 1) 32.80 [75]

JCES 600 Ni(II) 10.94 [76]

LIALN 600 Pb( 1) 106.40 [77]

IR Sh(Il) 110.10 [78]

R Sh( V) 17.42  [78]

VA3 RLN 600 cd(ll) 49.57 [77]

1% F B 500 Pb(Il) 86.96 [79]

W 750 (M) 7.44  [51]

o J SR K 400 cd(ll) 9.35 [80]
TH A R 600 Pb( 1) 135.40 [81]

it 3 i 300 Cr(VI) 123.00 [82]

R RUAR 34 500 Ph( 1) 34.41 [83]

AR RUIR 34 500 Zn( 1) 41.23  [83]

Y MR RUIR 3 500 Cu( 1) 44.17  [83]
SR RV 3 500 Cd(I) 39.81 [84]

B A= ¢ ek K A Hh o 45 TR ) R L PR S I

Fig.1 Conceptual illustration of heavy metal sorption

mechanisms on biochar
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