
World Applied Sciences Journal 31 (Applied Research in Science, Engineering and Management): 01-04, 2014
ISSN 1818-4952
© IDOSI Publications, 2014
DOI: 10.5829/idosi.wasj.2014.31.arsem.1

Corresponding Author: Al-Abdullatif Asma Omar, Department of Chemistry, Faculty of Science, 
University of Malaya, Kuala Lumpur Malaysia.  

1

Isotherm Parameters of Methylene Blue Adsorption on 
Coconut Husk Fiber Based-Activated Carbon

Al-Abdullatif Asma Omar, Abd Hamid Yahaya, Rosiyah Yahya and Hatem A AL-Aoh

Department of Chemistry, 
Faculty of Science, University of Malaya, Kuala Lumpur Malaysia

Abstract: The adsorption of methylene blue (MB) on activated carbon fiber (ACF) was studied in a batch
system.  Langmuir  and  Freundlich  models were applied to investigate adsorption  isotherms. It was  found
that, the Langmuir model fits well with the experimental data. It was observed that the ACF has higher
adsorption capacity. The results obtained indicate that the adsorption of MB on ACF is endothermic process.
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INTRODUCTION The main negative  aspect  of  the activated carbon

Wastewaters generated from chemical industries higher price compared to the commercial activated
related to the use and synthesis of MB are always carbons [7]. Therefore, to increase  the functionality
polluted by this organic contaminants. Human who is and  application  capabilities  of  activated  carbon
exposed to these contaminated wastewaters will suffer fibers it would  be  sensible  to  use cheaper materials
from tachycardia, methemoglobinemia, cyanosis, like  natural  fibers  as  precursors  for the  production
convulsions, dyspnea, irritation to the skin and of activated carbon fibers. Although, the fibers
gastrointestinal tract, nausea, vomiting, and/or diarrhea obtained from coconut husk are abundant in tropical
[1, 2]. Therefore, it is very important to remove the MB countries like  Malaysia,  have  little  ash content and
from industrial wastewaters before its discharge to the are cheap in  comparison  with  industrial fibers, only
environment. For this, adsorption technique was one  attempt  has   been   carried  out by Al-Aoh and
applied by many researchers  as  the  best method for his co-worker  [8]  to  examine  the adsorption
removal of MB from wastewaters. Conventionally, performance of  MB,  on  ACF  from coconut husk
granulated and powdered activated carbons are the fibers. The L19 orthogonal array of Taguchi
oldest and the most widely used adsorbents. It was experimental design method was applied by Al-Aoh [9]
also reported that the slow intraparticular diffusion in to optimize the experimental   conditions   for
granulated activated carbon is a problem encountered preparation  of  ACF with   higher   adsorption
in the using of adsorption technique to water treatment performance  towards  MB. He reported that some of
[3]. Powdered activated carbon due to its prattle nature, experimental  parameters  are  significant  and  the
its usage in adsorption technique generates fine carbon others have insignificant effects on the adsorption
[4]. Therefore, additional work such as separation of capacity of MB on the  prepared  samples. Therefore,
PAC from the fluid after use is required [4]. Thus, the the main aim of this work was to investigate the
use  of  commercially GAC and PAC has  been  limited adsorption  parameters  of  MB  by  coconut  husk
in recent  years  [5].  For  these reasons, activated fibers   based-activated  carbon  prepared  under
carbon fibers have got much attention from many optimal conditions using L9 orthogonal array of
researchers  as  a  new  adsorbent for the  purification Taguchi  method  and  AVOVA analysis. Type Style
of  contaminated   gaseous  and  liquid   phases  [6]. and Fonts.

fibers  produced  from  manufactured fibers  is  its
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Wherever Times is specified, Times Roman or (2)
Times New Roman may be used. If neither is available
on your word processor, please use the font closest in
appearance to Times. Avoid using bit-mapped fonts. (3)
True Type 1 or Open Type fonts are required. Please
embed all fonts, in particular symbol fonts, as well, for where,  qe  is  the  amount of adsorbate adsorbed
math, etc. at equilibrium (mg/g), qmax the maximum adsorption

Experimental: The Coconut husk fiber-based activated coverage on the surface (mg/g), Ce is the concentration
carbon (ACF) was prepared in a horizontal tube furnace of  the  adsorbate  at  equilibrium (mg/L), KL (L/mg) is
under optimized conditions. The optimized parameters the Langmuir constant and KF (mg/g) (L/mg)1/n with
were; activation temperature of 600 °C, 50% w/v ZnCl2 1/n are Freundlich  constants  related to adsorption
concentration, activation time of 3 h and 3 days of capacity and adsorption intensity of the adsorbent,
soaking time. Adsorption of 200, 300, 400, 600 and 800 respectively. If the value of 1/n is between 0 and 1 the
mg/L of MB solution onto fixed amounts (~0.03 g) of adsorption is favorable [10].
ACF was carried out at 30, 45 and 60 oC in a batch The essential characteristics of the Langmuir
system. These experiments were performed by adding isotherm can be expressed by a dimensionless factor
25  mL  of  each  solution  to 30 mL amber bottles each called equilibrium parameter RL which is defined by
of  which  contained  the required  amount  of  ACF. Equation 4
The amber bottles were sealed and placed in an
incubator   shaker    without   any    pH    adjustment. (4)
The  bottles  were  shaken  at   an  agitation  speed of
150 rpm for four days to reach equilibrium. The mixtures
were  filtered  and  the  final concentrations of MB in Where, KL is the Langmuir constant and C  is the
the filtrate were diluted and measured by UV-visible initial adsorbate concentration. The value of RL
spectrophotometer (Shimadzu, Japan) at the MB indicates the type of isotherm to be either unfavorable
maximum wavelength (618 nm). The amounts of MB (RL >1), linear (RL=1), favorable (0< RL < 1) or
adsorbed  at  equilibrium, qe (mg/g) were calculated irreversible (RL=0).
from Equation 1. The results obtained were used for
determination of the adsorption capacity and the other
isotherm parameters. The  effect  of temperature was
also investigated using these results.

(1)

Where  Co  and  Ce  (mg/L)  are  the  initial  and Fig 1: Langmuir  isotherm  model  for   the  adsorption
final  concentrations   of  MB,  respectively,  W (g) is of MB on ACF at three different temperatures
the mass of adsorbent used,  qe  (mg/g) is the (30, 45 and 60 °C)
adsorption  amount  per  unit  gram  of  the  adsorbent
at equilibrium,  and  V  (L)  is  the  volume of the
solution.

RESULTS AND DISCUSSION

Before The  linear  forms  of  the Langmuir
(Equation 2) and the Freundlich (Equation 3) models
were employed in this work in order to investigate the Fig 2: Freundlich  isotherm  model  for  the adsorption
adsorption behavior for ACF towards MB at three of MB on ACF at three different temperatures
different temperatures (30, 45 and 60 °C). (30, 45 and 60 °C).

capacity corresponding to complete monolayer

0
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Table 1: Langmuir and Freundlich parameters and the separation factors (RL) for the adsorption of MB onto ACF at three different temperatures 
(30, 45 and 60 °C)

Langmuir isotherm Freundlich isotherm
------------------------------------------------------------------- -----------------------------------------------------------------------

Adsorbent Temperature °C qmax (mg/g) KL (L/mg) RL R2 KF (mg/g)(L/mg)1/n 1/n n R2
ACF 30 175.44 0.016 0.074 0.983 33.88 0.251 3.98 0.731

45 217.39 0.063 0.020 0.994 144.68 0.057 17.54 0.799
60 312.50 0.050 0.025 0.998 100.13 0.190 5.26 0.980

The plots of Ce/qe versus Ce for Langmuir model better  fit  than  the  Freundlich model. The values of
are given in Figures 1. In addition the plots of ln qe the  parameters  confirmed  that  the  prepared ACF has
against ln Ce for Freundlich model are represented in a significant adsorption  affinity towards MB.
Figures 2.  The  isotherms  parameters of Langmuir Moreover, Adsorption of MB on ACF was obtained to
(qmax and KL) and Freundlich (KF and n) with the be endothermic and spontaneous process.
corresponding correlation coefficients (R2) were
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