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Adsorption of methylene blue from water by citric
acid modified orange peel

LI Rong-hua, LI Man-lin,ZHANG Zeng-qiang, MENG Zhao-fu,
YANG Zheng-liang, SUN Xi-ning

(Collage of Sciences, Northwest A&F University ,Yangling s Shaanzi 712100, China)

Abstract: [Objective] The effects of citric acid modification on the pollutant adsorbed by orange peel
sorbents were discussed. [Method)] The crude orange peel (OP) was selected as raw sorbent material and
was modified with citric acid to produce potentially sorbents,citric modified orange peel( COP) and basified
citric modified orange peel(MOP). The dye methyl blue (MB) was chosen as the pollutant in the study.
COP,MOP and OP were evaluated for their MB removal capacities from water by batch experiments. The
effects of various experimental parameters (e. g. ,initial pH, MB mass concentration, sorbent dosage, tem-
perature) were examined, and the adsorption kinetics and thermodynamics were also discussed. [Result])
The ratio of MB sorbed on the 3 sorbents were controlled by the pH of the system. For the MOP sorbent,
there was no significant change on the MB sorption when the pH stayed between 2—10. While the OP and
COP sorbents reached the adsorption equilibrium when the pH was up to 6. Under the same temperature
the order of maximum adsorption capacity was such as MOP>>0OP>COP, and the maximum adsorption ca-
pacity was 112, 45,27.59 and 189. 92 mg/g for the OP,COP and MOP respectively under 30 ‘C. The iso-

thermal fitted the Langmuir model and the adsorption processes followed the pseudo-second-order rate ki-
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netics, and the adsorption equilibrium could be obtained in 120 minutes,and the overall adsorption process

was endothermic and spontaneous. [Conclusion) The basified citric modified orange peel was a potential

sorbent which can be used in the wastewater treatment and absorb MB effectively.

Key words: orange peel; citric acid modification; bio-sorbent; Mmethyl blue; adsorption capacity;

wastewater purification
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Table 1 The fitted values of the parameters of Pseudo-first-order rate kinetics and Pseado-second-order rate kinetics
) Iy A — By I A
Pseudo-second-order rate kinetics Pseudo-first-order rate kinetics
“&Kﬁﬁﬂ /(g + kg™ 1)
Sorbent 8" e ky/(kg+ g™t . -
T A THAH min r ki /Cmin~ 1) r
Expected value Calculated value
OP 17.98 17.95 0.371 0.999 9 0.285 0.967 1
COP 17.50 17. 64 0.017 0.999 3 0.019 0.976 5
MOP 19. 57 19. 65 0.120 0.999 8 0.137 0.955 9
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Table 2 The fitted values of the parameters of Elovich model and Intraparticle diffusion model
N Elovich 5 %1 Intraparticle diffusion &%
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Sorbent ; = P
a B r ka/(g* kg™ e min %) r

OP 0.394 1.94X10°7 0.807 7 0.5135 0.807 7

COP 0. 886 2.71X10°6 0. 888 5 0.237 6 0.959 5

MOP 0.403 4.37X10°8 0.897 2 0.649 4 0.897 3
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Table 3 Comparison of the fitness results of the absorption isotherm for the3 sorbents at different temperatures
% 5 L/ C Langmuir Fredundlich
Sorbent  Temperature an/(g+mg=)  K./(L+mol™!) - K, n r
30 112.45 3 038.13 0.998 8 1. 00X 10° 1. 15 0.981 0
(@) 40 141.19 3 706.47 0.999 1 2.90X10° 1. 04 0.992 8
50 253.73 4 466.52 0.997 4 1.06 X107 0.79 0.9857
30 27.59 2793.91 0.997 6 1.47X 10" 1.13 0.980 3
COP 40 27.93 3 296. 34 0.999 7 5.41X10° 1. 34 0.990 7
50 29.59 4 287.60 0.999 4 5.44X10° 1.39 0.986 1
30 189. 92 3382.72 0.998 5 4,04 X10° 1.03 0.998 4
MOP 40 225.02 3 795.39 0.998 4 8.01X10° 0.99 0.995 7
50 260. 62 4 017.76 0.999 5 1.35X 108 0.96 0.993 5
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Fig. 8 Gibbus Energy versus T plots of the 3 sorbents
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Table 4 Thermodynamic parameters of Langmuir model

8 Jff 5 AG/(k] + mol™!)

2 W) \ . - AH/(KI » mol 1) AS/(J » mol 1« K1)
Sorbent 30 C 40 C 50 C

OP —20. 20 —21.39 —22.57 15.68 118.4
COP —19.99 —21.08 —22.46 17.47 123.5
MOP —20.47 —21.45 —22.28 6.98 90. 7
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