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Abstract: Microwave assisted KOH activation has been " ” +

utilized for preparation of biomass adsorption material based MB MB N[B{

on agricultural waste rice husks (RH). Batch experiments were ? ) B -
conducted to evaluate the sorption performance of cationic dye H O Ho ' \@H
methylene blue (MB) by modified rice husks (MRH) from 7\\M g

aqueous solutions. The effects of solution initial pH, dosage of \f\j-o W M
the adsorbents, salt concentration, the dyeing and finishing \H° . +
auxiliary concentration, contact time and temperature on MB I\{B + MB M:B

adsorption were investigated. The results showed that MRH

Adsorption mechanisms for MB onto MRH

had a wide appropriate pH range of 5~11 for MB adsorption, (cellulose repeating unit as an example)

which showed the potential applicability in the actual water

body. With NaCl concentration increasing from 0 to 0.2 mol/L, the removal efficiency of MB decreased from 58.24%
to 1.86%; while, MB removal increasesd with increasing SDBS concentration. The sorption process for MB onto
MRH was an endothermic reaction and the adsorption process reached equilibrium within 30~45 min. The obtained
product MRH had a maximum MB adsorption capacity of 109.9 mg/g. The experimental kinetic data were well
described by the pseudo-second order model and the best fitting for MB experimental equilibrium data was achieved
with the Langmuir isotherm, which was a rapid and monolayer adsorption process. Film diffusion was the
rate-limiting step which was primarily responsible for the adsorption of MB on MRH. Physical adsorption inside the
pores of biomass materials and O—H functional groups adsorption both contributed to the adsorption mechanism.
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Fig.1 Effect of adsorbent dosage on removal rate of methylene
blue
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Fig.2 Effect of initial pH on removal rate of methylene blue
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Fig.5 Adsorption isotherms for methylene blue by modified rice husk at different temperatures
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Table 1

Isotherm adsorption model constants

Langmuir model

Freundlich model

Tenrgp./ Maximal capacity, Langmuir constant, Regression Freundlich Heterogeneity Regression
Gmax /(Mg/g) K1/(L/mg) coefficient, R? constant, K¢/[(mg/g)(L/mg)""] factor, n coefficient, R?
20 94.34 0.283 0.9987 28.04 3.738 0.9130
25 104.17 0.162 0.9975 28.05 3.880 0.9473
30 109.89 0.138 0.9968 27.17 4.004 0.9585
Temp./ D-R model Temkin model
© Theoretical saturation ~ The constant related to the Mean free energy, Regression Temkin Temkin Regression
capacity, gm/(mg/g) sorption energy, E,/(kJ/mol) coefficient, R? constant, 4 constant, B coefficient, R?
20 78.63 0.099 2.246 0.8398 18.794 11.507 0.9799
25 82.24 0.076 2.563 0.8237 17.015 12.446 0.9862
30 82.59 0.067 2.740 0.7613 14.393 13.263 0.9874
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W B 34 5 S H06 B T 5B ER N T AR B o R
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kJ/mol, & AEW) AR X6t SV R IR A P R B R A 4
R PR, S5 5 B34 R —80 AG°<0 RI\AD A
RN 7. R R B W Bt S B R I I B I AR AGOLE R
fEL R iR B TR T K, R AR A R TR B R AT
— kUL, BRI B AR o R AT E AR 0~—20
kJ/mol, A2 B H—80~—400 kJ/mol 1281, B A e 55 M Ff

W5 AGP=—2.156~-2.347 kJ/mol, FHiZidiEFE
NI, e Ak, ASON IEAE 3R BH I F SR WS AE A Y A
LTI 1R 22 AN R 7 (3 ST 1Y TG 3 R 4 K 12526,
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Table 2 Thermodynamic parameters

Temp. Standard Gribbs free Standard enthalpy  Standard entropy
K energy change, change, change,
AGY/(kJ/mol) AH®/(kJ/mol) ASY/[J/(mol-K)]
293 -2.156
298 -2.293 3.450 19.170
303 —2.347
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TEAIGG pH=6.64 UHEFREFHINE 2 /L &4 T,
AN 7 0. FR RS 8 ) 0 TR B R A 0 SR A ARk ot ST PR 8 D
Bt BRI 18] ¢ ARG NP 6 BT, 240 min 3IK 0% T
M. TLAE Y, 0 VR BB g R BT (] S 17
WK, 1E 30~45 min P RIS ACTA IR PRSP 487, W BT i
oA 2 BB R, BB 1 A B B
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Fig.6 Adsorption kinetic curves of methylene blue at different
initial concentrations
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D 200 PR 2 B e i IV P 5 S AR 89 0 7 8 9
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W B I3 3 E R B 750 4/ 2 T e R o 7] P 85 A (L P
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6 Fit.
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Fig.7 Fitting curves and parameters of pseudo first-order model and pseudo second-order model
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FEAED AR BRI HLER, iR 2 H 2k s IR

HIB2L H & 8(b)F1# 3 AT LAE H, Boyd #&4Y il 4 2 1
A1 % 22 HAFAE AR (0.424~1.371), WY HUE
R D IR, W W A A AR ) R B
EESEM, 5 Mahmood Z5B31f 25 52501,

s0 L (a) Webber-Morris model g L (b) Boyd model
I 44 4« « « « o
2 [ Plot=0.424~1.371
_ 0o e ©° © 00 © 6 | R=0.7265~0.7966 m
L _ . 05
= 20 1 K, =0.0481~4.97 mg/(g-min ") . H
E 5 b=2.24~24.08 mg/g 4 L
- F N = ®E = = [ ]
20 -
L . 2 L
L & MB initial concentration/(mg/L) MB initial concentration/(mg/L)
10 L ] §0 o 80 <« 100 = 50 o 80 4 100
- Fit 0 Fit.
0 L | | | | | | | | L | L | L | L | L
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"2 Time, ¢t/min
K 8 Webber-Morris #5# fil Boyd #EAIHN A i 28 & 5 %4
Fig.8 Fitting curves and parameters of Webber-Morris model and Boyd model
%% 3 Weber-Morris #l1 Boyd 1281 &%
Table 3 Parameters obtained from Weber-Morris and Boyd models
. Weber-Morris model Boyd model
Initial MB - T -
. Intra-particle The constant depicting Intraparticle . .
concentration, e . . e . The correlation Boyd The correlation
Col(mg/L) diffusion rate constant,  resistance to mass transfer in  diffusion coefficient, coefficient. R? intercent coefficient. R?
oAmg K,/[mg/(g-min®%)] the boundary layer, b/(mg/g) D/(cm?/s) ? P ’
50 4.97 2.24 6.3x1071° 0.9363 1.357 0.7265
80 0.879 18.69 6.2x1071° 0.9362 1.371 0.7935
100 0.0481 24.08 2.1x107!° 0.9435 0.424 0.7966

g
A10 pm 10 um

(a) Rice husk (b) Modified rice husk
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Fig.9 SEM images of rice husk, modified rice husk and methylene blue-loaded modified rice husk

(c) Methylene blue-loaded modified rice husk
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Table 5 The physical properties of RH and MRH

Property Rice husk Modified rice husk
BET surface area/(m?/g) 0.21 5.53
Pore volume/(cm?/g) 0.0052 0.020
Average pore diameter/nm 49.31 55.83
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Fig.10 FT-IR spectra of rice husk, modified rice husk and
methylene blue-loaded modified rice husk
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