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Sorption and co—sorption of methylene blue and Pb( I ) onto rice husk—based biochars modified by nitric acid
via microwave heating
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(1.Department of Municipal Engineering, Nanjing Tech University, Nanjing 211816, China; 2.Department of Environmental Science, Nanjing
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University, Nanjing 210093, China)

Abstract : Biochars derived from various biomass feedstocks through slow pyrolysis/carbonization in an oxygen limited environment have
been considered as promising low—cost and sustainable sorbents for organic and inorganic contaminants’ removal from aqueous solution. The
related researches show that appropriate chemical modification of the pristine biochars will improve its adsorption capacity greatly. In this
work, rice husk, a common agricultural by product, was chosen as a feedstock to prepare biochars through the pyrolysis at 600 “C and 300 C
under oxygen—limited conditions. The resulting pristine biochars were oxidated by nitric acid via microwave heating and water—bath heating,
respectively, to obtain four kinds of modified biochars. Then, the batch adsorption experiments of a cationic dye—methylene blue (MB) and a
heavy metal ion—Pb( Il ) onto the modified biochars were carried out to compare the adsorption effect of different biochars. The results in—

dicated that the modified biochars exhibited greater adsorption capacity for Pb( Il ) and MB than the pristine biochars, and the experimental
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data could be well fitted by the Langmuir and Freundlich isotherm model (R*>>0.90). Kinetic data showed that the adsorption of Ph( II )

and MB onto the modified biochars followed well with the pseudo—second order kinetic model, and the adsorption reached equilibrium in

about 2 h. In the pH range of 2~6, the removal of Ph( Il ) increased with the increase of solution pH and reached the maximum at pH 6. The

removal rates of MB also increased with pH increasing from 4 to 8, and the maximum value was observed at pH 8. The co—adsorption experi—

mental results showed that the adsorption of Pb( Il ) onto modified biochars was greatly decreased with increasing molar ratio of MB/Pb

(I ), suggesting the possible competitive adsorption of MB and Ph( Il ) onto biochars. Biochars modified with different heating methods had

different adsorption performances for Ph( I ) and MB.

Keywords: biochar; adsorption isotherm ; adsorption kinetics ; co—sorption
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Table 1 Modification of the rice husk—based biochars
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Figure 1 FT-IR spectra of the modified and control biochars
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Figure 2 Effects of initial concentrations of Ph( Il ) and MB on their sorption onto the control and modified biochars
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Table 2 Isothemal parameters for adsorption of Pb( I ) and MB

onto the pristine and modified biochars

Langmuir Freundlich
TiH Wk qm/,] KL/,I R Kﬁ{.ﬂ . R
mg+g”  L-mg Lemg g

Ph(Il) W600 128  0.14 098 40.6 426 095
W600D 315 001 096 0.83 1.85 095

W300 404 030 096 18.5 6.54 0.90

W300D 162  0.02 098 2.46 3.17 0.92

B600 528  0.06 096 16.9 495 093

B600OD 339  0.02 098 3.36 2.60 0.90

B300 51.1 003 098 9.70 3.64 096

B300D 322 001 095 0.70 172 092

MB  W600 240 185 095 12.7 508 0.90
W600D 167  0.62 096 5.87 3.61 094

W300 456 153 088 24.0 474 081

W300D 640 024 095 2.15 3.85 098

B600 224 129 093 10.8 459 090

B60OD 124 032 097 4.13 3.70  0.96

B300 597 175 098 28.0 3.61 093

B300D 278  0.07 098 0.48 2.65 0.99
RETCHEAE ) o 1 A R R RE S e X IR A= W i o

2.3 MR Pft e ) ot oL MR ST B A W B AR IR Ph (D)
MB H0

H11E] 3a AP 3b AR, Bl A (] A 28 4, Ak A
FEHELE YA T Ph( L) F MB F I B i A W 1
Mo AE 2 h A R 3 BRI I Bt IR e ] £ S 4
MR B TLP- DR A AN, (A BRI AR Kb TS AP iR
Ao TEM PRI AR B , 15 0 m 5 I 590 35 1 g R i =
1% ,Ph( 1) F MB 7555 55X 2623 (i s 25 5, T
TR T BEAT DR T R R 3 3 5K i i 3 9
Ph(I1) AN MB AHRBE D/, W B 3k R 9 3R 50 1A Bk
/N TRV IR B e At AN SO 1R T, Ph (I ) Al
MB JF4f3 i YRS 5E 5 A= W) SS9 R FL B 1) PR A%
7 AT B 25T I 5 300 R A0, 5 o 590 35 1 g
o 2 S 20 D 2, WO R L A

AT RSP R e A W s kS PhC D)
1 MB BYZ 12 B, LU Db —2sl 2
Dh = Zzh 12 R e tERss e A M BRI M Ph (1)
1 MB AR T4 G o AT H A G SO
TE A TS I B 2R o D — g 12— B 5 IR
fR W IR BT B, D 2l s D g R o A W o ot
FEIRAT R o Dh—sh 1122 TR (3) Ph — s 12

605'
a
_o50F L e -
oL ‘r.-ar-"" * b
=0 |
a0,
H f
£ 30 -: -
= * -"r'!:'““'*_:.‘,,' ..............................................
~ ™ — 0 N -
= 20?!
= 107
r
00 .................. é ..a...la.O.a..la.S ............... .20 ................ 2.5
5 8] /h
507 b
TR SO S S -
i‘.s_.. )
_dory P S
W et
F
= [
i
%; ZOrE
:: ?- oo — '.'.'.'.'.'.'.ZZZZZIZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ;
= s
10
00 ................. g.a..lab ................ 1.5 ................ 2 6.;..25
[ 8] /h

# W600 £ W300 W B600 [1B300 - th—2sh J1%

& 3 IR pHETE RS R R B A P B Bt Ph( 11 )R MB f9320m
Figure 3 Effects of contact time on adsorption of Pb( I ) and MB

on the modified biochars
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Table 3 Kinetic parameters for the pseudo first—order and second—order kinetic models for adsorption of Ph( I ) and MB

on the modified biochars
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MB W600 25 16.8 16.4 1.28 0.77 17.7 10.7 0.89
W300 50 41.4 37.2 1.81 0.77 39.1 7.81 0.90
B600 25 17.9 14.8 1.81 0.74 15.7 19.0 0.88
B300 50 50.0 46.6 224 0.47 47.6 103 0.78
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Figure 4 Effects of solution pH on adsorption of Ph( I ) and MB on the modified biochars
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