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Abstract: Removal of methyl red from aqueous solution onto coconut husks and coconut shell, a low cost 
agricultural waste material in a batch process was investigated. Adsorption and removal was studied as a 
function of amount of adsorbent (0.02-0.08 g), pH (2.0-12.0) and initial concentration (200-800 mg L -'). 
Adsorption data were modeled using Langmuir, Frenndlich and Tempkin adsorption isotherm models. 
Equilibriwn data of the biosorption process fitted very well into Langmuir isotherm model. The maximwn 
adsorption capacity was approximately 71 mg g-1 for both coconut husks and coconut shell at an 
optimwn pH 12. Adsorption kinetic was verified by pseudo-first order and pseudo-second order kinetic models. 
The results indicated that the dye uptake process followed the pseudo-second order which suggest that 
adsorption of the dye was through a chemical sorption. From the removal experiments, the results indicated that 
coconut husks and coconut shell could not effectively be employed as a low-cost adsorbent for the removal 
of basic dyes (methyl red) from aqueous solution as its removal is concentration dependent. 

Key words: Adsorption, methyl red, coconut husk, coconut shell, eguilibrilllll, isotherm, kinetics 

INTRODUCTION 

Removal of dye from effluents of chemical industries 
such a s plastics, dyestuffs, textile, pulp and paper has 
remained a problem of increasing concern to the 
environmentalists. It is estimated that 2% of dyes 
produced annually are discharged as effluents from 
manufacturing operations whilst 1 0% are discharge from 
textile and associated industries. Most of these dyes are 
already known to be suspected carcinogenic and 
genotoxic to hlllllan and nature. The presence of these 
dyes even at very low concentrations is highly 
observable and rmdesirable. Thus, dye removal has been 
a very important and challenging task of wastewater 
treatment. Many health related problems such as allergy, 
dermatitis, skin irritation, cancer and mutations in hwnans 
are associated with dye pollution in water. They impart 
colour to water which is visible to hwnan eye and 
therefore highly objectionable on aesthetic grormds. Not 
only this, they also interfere with the transmission of light 
and upset the biological metabolism processes which 
cause the destruction of aquatic commmrities present in 
ecosysystem. Fwi:her the dyes have a tendency to 
sequester metal and may cause micro toxicity to fish and 
other organisms. 

Conventional wastewater treatment methods for 
removing dyes include physicochemical, chemical and 
biological methods such as coagulation and flocculation, 
adsorption, ozonatio:n, electrochemical techniques and 
ftmgal decolorization. Among these methods adsorption 
has gained favour in recent years due to proven efficiency 
in the removal of pollutants from effluents. Activated 
carbon as an adsorbent has been widely investigated for 
the adsorption of dyes but its high cost limits its 
commercial application. In recent years, there has been 
growing interest in finding inexpensive and effective 
alternatives to carbon such as rice husks, chitin, orange 
waste, lemon peel, raw barley straw, coconut coir pith, 
durian seed and etc., (Namasivayam et al., 2001; Ho et al., 
2005; Azbaretal., 2005; OfomajaaudHo, 2007; Xue etal., 
2008; Laksbmi et al., 2009; Tamez-Uddin et al., 2009; 
Amin, 2009; Abmad etal., 2015). 

Methyl Red (MR) is a commonly used monoazo dye 
in laboratory assays, textiles and other commercial 
products. It may cause eye and skin sensitization and 
pharyngeal or digestive tract irritation if inhaled or 
swallowed. Fwi:hermore, 1.1R is mutagenic nnder 
aerobic conditions and it rmdergoes biotransformation 
into 2-aminobenzoic acid and N-N' -dimethyl-p-phenylene 
diamine. Of latter, there has been increasing interest to 
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develop low-cost means of reducing ammmt as well as 
removing completely of J\1R in wastewater before being 
discharged into receiving water body (Ahmad et al., 
2015). 

In Malaysia, coconut is the fowi:h important 
industrial crop after oil palm, rubber and paddy in terms of 
total planted area. It is also one of the oldest agro-based 
industries. As an industry, coconut contributes very little 
to the overall economy of Malaysia. However, coconut 
still plays an important role in the socio-economic 
position of the Malaysian nrral population. About 63% of 
coconut production is for domestic conswnption and 
37% is for export and industrial processing. In terms of 
exports, the cmmtry has seen an increase in the export of 
end-products of coconut such as desiccated coconut, 
coconut milk powder and also activated carbon. As the 
husks and shells are readily available, we investigated the 
potential of such material in removing dyes from solution. 
Thus, in this study, the adsorption characteristics of 
methyl red-coconut husk system and methyl red-coconut 
shells system on a laboratory batch scale has been 
investigated. Parameters studied included adsorptive 
equilibriwn as frmction of dye concentration, adsorbent 
dosage and pH as well as the adsorption kinetics study. 

MATERIALS AND METHODS 

The adsorbents, coconut (Cocos nucifera L.) husks 
and shell was obtained from a local coconut processing 
mill in Kuantan area of Pahang, Malaysia. Methyl red 
(MR) was purchased from Sigma Aldrich Ltd. Other 
reagents include Sodium Hyroxide (NaOH) and 
Hydrochloric acid (HCl). All reagents were of analytical 
grade. Deionised water was used throughout the 
experiment. Other instruments employed for the work 
include UV-visible spectrophotometer (Model DR5000). 
weighing balance and pH -meter. 

Preparation of adsorbent: The coconut husks and shell 
were soaked in deionized water for 3 day and washed 
several times with water rmtil all the colored extract was 
removed and clean water obtained. Both materials were 
oven dried at 80 and 120°C, respectively rmtil a constant 
weight was obtained. The resulting material was grormd 
and sieved using a 50-300 )Jill sieve to obtain particles in 
this range. These were stored in a plastic container prior 
to use for adsorption studies. 

Preparation of adsorbate: Methyl Red (MR) dye was used 
as adsorbate to determine the adsorption performance of 
the prepared activated carbon. The properties of 1.1R dye 
used are listed in Table 1. 

Table 1: Properties of methyl red 
Pro erties 
Chemical name 
Common name 
Generic name 
CAS munber 
Color indexed number 
Ionization 
Maximtun wavelength 
Empirical formula 
Molecular weight 

Values 
4-Dimethylamino azobenzene-2-carboxylic acid 
Methyl red 
Acid red 2 
493-52-7 
25,019 
Acidic 
410nm 
C1sH1sN30 
269.3 g mol- 1 

The dye stock solution was prepared by 
dissolving 1.0 g of dye in deionised water in a 1 L 
volwnetric flask and made to a concentration of 1 g L - 1

. 

The working solutions were obtained by diluting the dye 
stock solution in accurate proportions to needed initial 
concentrations (50-100 mg L - 1

) and were used to obtain 
a calibration curve. 

Adsorption experiment 
Adsorption capacity and removal efficiency of dye: 
Standard solution of methyl red in distilled water was 
prepared at 1 000 mg L - 1 concentrations and was 
subjected to spectrophotometer. Its absorbance value at 
1 000 mg L - 1 concentration was recorded. The coconut 
husk and coconut shell granules weighing 0.1 g was first 
placed in glass centrifuge tubes. The 10 mL of a standard 
methyl red solution at a concentration of 1000 mg L - 1 was 
added to the tubes. The mixtures were shaken 
continuously at 160 rpm in a controlled room temperature 
and left to settle before samples were taken after 30 
and 60 sec. 15 and 30 min, 1-5. 12 and 24 h, respectively. 
The concentrations of methyl red in the samples were 
measured using lN-Visible spectrophotometer. The 
adsorption capacity and removal efficiency of methyl red 
by coconut husk and coconut shell activated carbons 
could be expressed as follows: 

Where: 
AC 

RE (%) 

c -c RE(%) ~-' __ r x!OO 
c, 

(!) 

(2) 

The adsorption capacity of methyl 
red 

= The removal efficiency of methyl 
red 

C, and C£ (mg L - 1
) = The concentration of methyl red 

before and after adsorption 
experiments 
The solution volwne of methyl red 
The dosage of coconut husk and 
coconut shell activated carbon 

2501 



D
ye

 re
m

ov
al

 (%
) 

 

100

0

Removal                 Adsorption capacity 

A
ds

or
pt

io
n 

ca
pa

ci
ty
 

 

300 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 

0                                   0.05                                 0.1 

Amount of adsorbent (g)  

(a) 

(b) 

D
ye

 re
m

ov
al

 (%
) 

 

100

0

A
ds

or
pt

io
n 

ca
pa

ci
ty
 

 

300 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 



R
em

ov
al

 (%
) 

 

0 100 200 300 400 500 600 700 800 900 
Initial concentration (mg L-1) 

100

50

0

R
em

ov
al

 (%
) 

 

100

50

0

(a) 

(b) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

50
30
10

-10

A
ds

or
pt

io
n 

(m
g 

g-1
) 

 

A
ds

or
pt

io
n 

(m
g 

g-1
) 

 

50
 
 
 
 
 
 
 
 
 
 

0

0      100     200      300     400     500    600     700    800   900 
 

Initial concentration (mg L-1) 

(a) 

(b) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pH 

100

50

0A
ds

or
pt

io
n 

(m
g 

g-1
) 

 

(a) 

(b) 

2                4             6               8             10            12 

100

50

0A
ds

or
pt

io
n 

(m
g 

g-1
) 

 



(a) 

(b) 

0.1

0.05

0

 

1/
q 

e  

0                        0.005                       0.01                      0.015 
1/Ce 

y = 7.861x+0.0068 
R2 = 0.9989 

 

y = 8.2068x+0.0023 
R2 = 1 

 

0.1

0.05

0

 

1/
q 

e  



 
log Ce 

2.0

1.5

1.0

0.5

0

lo
g 

q 
e 

 
(a) 

(b) 2.0
1.5
1.0

0.5
0

lo
g 

q 
e 

 

y = 0.8447x-0.6166 
R2 = 0.9942 

 

y = 0.9472x-0.819 
R2 = 0.9998 

 

ln Ce 

60

]

40

20

0
0                                           5                                                   10 

40

30

20

10

0

qe
  

(a) 

(b) 

y = 21.241x-86.684 
R2 = 0.9684 

 

y = 18.02x-71.748 
R2 = 0.9818 

 

qe
  



(a) 

(b) 

 
 
 

 
 
 
 

0                                     100                               200 

1.0

0.5

0

t/q
t 

2

1

0

t/q
t 

(a) 

(b) 



J. Eng. Applied Sci .• II (I I): 2500-2507. 20I6 

Am in. N.K .• 2009. Removal of direct blue-! 06 dye from 
aqueous solution using new activated carbons 
developed from pomegranate peel: Adsorption 
equilibrium and kinetics. J. Hazard. Mater. 165: 52-62. 

Azbar. S.S .• A.G. Liew. D. Subardy. K.F. Hafiz and 
M.D .I. Hatim, 2005. Dye removal from aqueous 
solution by using adsorption on treated sugarcane 
bagasse. Am. J. Applied Sci .• 2: 1499-1503. 

Bulu~ Y. and H. Aydin. 2006. A kinetics and 
thermodynamics study of methylene blue adsorption 
on wheat shells. Desalimtion. 194: 259-267. 

Crini. G. and P.M. Badot. 2008. Application of chitosan a 
natural amino polysaccarida for dye removal from 
aqueous solutions by adsorption process using 
batch studies: A review of recent literature. Progress 
Polymer Sci .• 33: 399-447. 

El-Sayed, G.O .• 2011. Removal of methylene blue and 
crystal violet from aqueous solutions by palm kernel 
fiber Desalimtion. 272: 225-232. 

Etim. U.J .• S.A. Umoren and U.M. Eduok. 2012. Coconut 
coir dust as a low cost adsorbent for the removal of 
cationic dye from aqueous solution. J. Saudi Chern. 
Soc. 10.1016/j.jscs.2012.09.014. 

Gomez. V .• M.S. Larrechi and M.P. Callao. 2007. Kinetic 
and adsorption study of acid dye removal using 
activated carbon. Chemosphere. 69: 1151-1158. 

Ho. Y.S .• T.H. Chiang and Y.M. Hsueh. 2005. Removal of 
basic dye from aqueous solution using tree fern as a 
biosorbent. Process Biochem., 40: 119-124. 

Karman. N. and M.M. Sundaram. 2001. Kinetics and 
mechanism of removal methylene blue by adsorption 
by various carbons-comparative study. Dyes 
Pigment. 51: 25-40. 

Klllllar, P.S., S. Ramalingam, C. Senthamarai, 
M. Niranjanaa and P. Vijayalakshini et al .• 2010. 
Adsorption of dye from aqueous solution by cashew 
nut shell: Studies on equilibriwn isotherm, kinetics 
and thermodynamics of interactions. Desalin., 
261: 52-60. 

Lakshini. U.R.. V.C. Srivastave. D.!. Mall andD.H. Lataye. 
2009. Rice husk ash as an effective adsorbent: 
Evaluation of adsorptive 
Indigo Carmine dye. J. 
90: 71 0-720. 

characteristics for 
Environ. Manage., 

Low, K.S. and C.K. Lee, 1990. The removal of cationic 
dyes using coconut husk as an adsorbent. Pertanika, 
13: 221-228. 

Magdy. Y.H. and A.A. Daifulla)i 1998. Adsorption 
of a basic dye from aqueous solutions onto 
sugar-industry-mud in two modes of operations. 
Wast. Manage .• 18: 219-226. 

N amasivayam, C., K.M. Dinesh, K. Selvi, 
B.R. Ashiuffunissa. T.T. Vanathi and R.I. Yamuna. 
2001. Waste coir pith-a potential biomass for the 
treatment of dyeing wastewaters. Biomass Bioenergy, 
21: 477-483. 

Ofomaja. A.E. and Y.S. Ho. 2007. Equilibrium 
sorption of anionic dye from aqueous solution 
by palm kernel fibre as sorbent. Dyes Pigments, 
74: 60-66. 

Salleh, M.A.M .• D.K. Mahinoud, W.A.W.A. Karini and 
A. Idris, 2011. Cationic and anionic dye adsorption 
by agricultural solid wastes: A comprehensive 
review. Desalination, 280: 1-13. 

Tamez-Uddin. M. M. Aklitarul-Islam. S. Mahinud and 
M. Rukanuzzaman, 2009. Adsorptive removal of 
methylene blue by tea waste. J. Hazard. Mater., 
164: 53-60. 

Weber. T.W. and R.K. Chakiavor~ 1974. Pore and solid 
diffusion models for fixed-bed adsorbers. AIChE J., 
20: 228-238. 

Xue. S.W .• Z. Yin, J. Yu and S. Cheng. 2008. The removal 
of basic dye from aqueous solution using agricultural 
by products. J. Hazard. Mater.. 157: 374-385. 

2507 


	2500-2507_Page_1
	2500-2507_Page_2
	2500-2507_Page_3
	2500-2507_Page_4
	2500-2507_Page_5
	2500-2507_Page_6
	2500-2507_Page_7
	2500-2507_Page_8

