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The potential of garlic peel (GP), agricultural waste, to remove methylene blue (MB) from aqueous solu-
tion was evaluated in a batch process. Experiments were carried out as function of contact time, initial
concentration (25-200 mg/L), pH (4-12) and temperature (303, 313 and 323 K). Adsorption isotherms
were modeled with the Langmuir, Freundlich, and Temkin isotherms. The data fitted well with the Fre-
undlich isotherm. The maximum monolayer adsorption capacities were found to be 82.64, 123.45, and
142.86 mg/g at 303, 313, and 323 K, respectively. The kinetic data were analyzed using pseudo-first-order
and pseudo-second-order models. The results indicated that the garlic peel could be an alternative for
more costly adsorbents used for dye removal.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Dyes usually have a synthetic origin and complex aromatic
molecular structures which make them more stable and more
difficult to biodegrade. Today there are more than 10,000 dyes
available commercially [1]. Dyes are widely used in textiles, paper,
rubber, plastics, leather, cosmetics, pharmaceutical and food indus-
tries. The discharge of colored wastewater from these industries
into natural streams has caused many significant problems such
as increasing the toxicity and chemical oxygen demand (COD)
of the effluent, and also reducing light penetration, which has a
derogatory effect on photosynthetic phenomena [2]. Methylene
blue (MB) has wider applications, which include coloring paper,
temporary hair colorant, dyeing cottons, wools, and coating for
paper stock. Though methylene blue is not strongly hazardous,
it can cause some harmful effects. Acute exposure to methylene
blue will cause increased heart rate, vomiting, shock, Heinz body
formation, cyanosis, jaundice, quadriplegia, and tissue necrosis in
humans [2].

The conventional methods for treating dyes containing wastew-
aters are coagulation and flocculation [3], oxidation or ozonation
[4,5], membrane separation [6] and activated carbon adsorption
[7,8]. Currently adsorption on activated carbon is widely used for
removal of dyes, but it is still considered expensive adsorbent.
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Recently, various low-cost adsorbents derived from agricultural
waste or natural materials, have been investigated intensively for
dye removal from aqueous solutions. Many researchers have inves-
tigated the use of cheap and efficient alternative substitutes to
remove dyes from wastewater. Some of these alternative adsor-
bents are palm ash and chitosan/oil palm ash [9,10], shale oil ash
[11], pomelo (Citrus grandis) peel [12], de-oiled soya and bottom ash
[13], sunflower seed shells and mandarin peelings [14], wheat husk
[15,16], guava leaf powder [17] and steel and fertilizer industries
wastes [18].

Garlic peel, agricultural and easily available waste, could be
an alternative for more costly wastewater treatment processes.
Due to the high consumption of garlic, massive amounts of peels
are disposed, causing a sever problem in the community. In the
interest of the environment, we propose this agricultural waste
as a low-cost adsorbent to remove methylene blue from aqueous
solution.

The aim of this study was to evaluate the potentiality of gar-
lic peel (GP) for the removal of MB from aqueous solution. The
effects of initial dye concentration, contact time, solution pH and
temperature on MB adsorption were evaluated.

2. Materials and methods
2.1. Adsorbate

Methylene blue supplied by Sigma-Aldrich (M) Sdn Bhd,
Malaysia was used as an adsorbate. The characteristics of the dye
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Table 1
Properties and characteristics of MB

Generic name
Chemical name (IUPAC)

Methylene blue
3,7-bis(Dimethylamino)-phenazathionium
chloride tetramethylthionine chloride

Chemical formula Ci16H1gCIN3S-3H,0

Molecular weight (g/mol) 373.90
Molecular volume (cm3/mol)  241.9
Molecular diameter (nm) 0.80
Amax (nm) 668
Colour index number 52,015
N,
Chemical structure
(H3C),N s/ N(CH;),
bocr

are listed in Table 1. Distilled water was used for preparing all
solutions.

2.2. Preparation and characterization of GP adsorbent

Garlic peels (GP) used in this study was obtained from the veg-
etable market in Nibong Tebal, Penang, Malaysia. The sample was
washed with distilled water, boiled with water for 30 min, filtered
out and dried in an oven at 60 °C for 24 h. The dried materials were
crushed and sieved to desired mesh size (100-300 pwm). The pre-
pared GP sample was stored in an airtight container for further
use. No other chemical or physical treatments were used prior to
adsorption experiments.

Textural characterization of the GP was carried out by N, adsorp-
tion at 77 Kusing Autosorb I (Quantachrome Corporation, USA). The
surface functional groups of GP were detected by Fourier transform
infrared (FTIR) spectroscope FTIR-2000, PerkinElmer. The spectra
were recorded from 4000 to 400cm~'. Surface morphology of
porosity of the GP were studied using scanning electron microscopy
(SEM) analysis.

2.3. Batch equilibrium and kinetic studies

Adsorption experiments were carried out by adding a fixed
amount of GP (0.30g) to a series of 250 mL conical flasks filled
with 100 mL diluted solutions (25-200 mg/L). The conical flasks
were then sealed and placed in a water-bath shaker and shaken
at 100 rpm with a required time at 303, 313 and 323 K. The flasks
were then removed from the shaker, and the final concentration
of dye in the solution was measured at maximum wavelengths
of MB (668 nm) using a double beam UV/vis spectrophotometer
(Shimadzu UV/vis1601 Spectrophotometer, Japan). The amount of
dye adsorption at equilibrium ge (mg/g) was calculated from the

following equation:

(G -GV

ge =2 (1)

where C, and Ce (mg/L) are the liquid phase concentrations of dye at
initial and equilibrium, respectively, V(L) the volume of the solution
and W (g) is the mass of adsorbent used.

The procedure of kinetic tests was basically identical to those of
equilibrium tests. The aqueous samples were taken to preset time
intervals and the concentrations of dye were similarly measured.
The amount of adsorption at time t, q; (mg/g), was calculated by

(Co—Cr)V

G =0 2)

2.4. Effect of initial concentration and contact time

0.30g sample of GP was added to each 100 mL volume of MB
solution. The initial concentrations of dye solution tested were 25,
50, 100, 150 and 200 mg/L and the experiments were carried out at
303K for 210 min.

2.5. Effect of temperature

0.30 g sample of GP was added to each 100 mL volume of MB
aqueous solution at different initial concentrations. The experi-
ments were carried out at 303, 313 and 323 K for 210 min.

2.6. Effect of solution pH

Effect of solution pH was investigated at pH 4, 6, 8, 10 and
12. 0.30 g sample of GP was added to each 100 mL volume of MB
aqueous solution having an initial concentration of 100 mg/L for a
constant adsorption time of 210 min.

3. Results and discussion
3.1. Characterization of GP adsorbent

The BET surface area, total pore volume and average pore diam-
eter of the GP were found to be 0.561 m?/g, 1.12 m3/g and 7.96 nm,
respectively. The FTIR analysis is shown in Table 2. The spectra dis-
play a number of absorption peaks, indicating the complex nature
of the material examined (figure not shown). The FTIR analysis indi-
cated broad bands at 3567 cm~!, representing bonded —OH groups.
The peak around 1635cm~! correspond to the C=0 stretch. The
bands observed atabout 831 cm~! could be assigned to the aliphatic
C—H group. As seen in Table 2, the spectral analysis before and after
dye adsorption indicated that —OH groups, C=0 stretching, C—0
stretching and C—OH stretching groups were especially involved
in MB adsorption. Fig. 1 shows the SEM micrograph of GP sample
before and after dye adsorption. The surface of dye-loaded adsor-
bent (Fig. 1(b)) is different from the surface of adsorbent before
adsorption (Fig. 1(a)).

Table 2
The FTIR spectral characteristics of GP before and after adsorption
IR peak Frequency (cm™1) Assignment
Before adsorption After adsorption Differences
1 3567 3546 -21 Bonded —OH groups
2 1635 1631 -4 (=0 stretching
3 1433 1440 +7 C—O stretching of ether groups
4 1069 1055 -14 —OH stretching vibrations
5 831 830 -1 C—H out-of-plane deformation
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Fig. 1. SEM micrograph of the particles of GP (a) before (b) after MB adsorption
(magnification: 1000x ).

3.2. Effects of initial dye concentration and contact time

Fig. 2 shows the adsorption uptake versus the adsorption time
at various initial MB concentrations at 303 K. The amount of dye
adsorbed (mg/g) increased with increase in time and then reached
equilibrium. The amount of dye removed at equilibrium increased
from 7.97 to 57.91 mg/g with the increase in dye concentration from
25 to 200 mg/L. It is clear that the removal of dye depends on the
concentration of the dye. The initial dye concentration provides the

70
* 25 mg/L = 50 mg/L 4 100 mg/L
6oL x 150 mg/L X 200 mg/L
X X * X
50 %
X X X =
T 40
‘g X X
g; 30 % " A A A
< X A
20 X A
- - n [ ] L
10 A
] . * * * *
. .
0 1 1 1 1
0 50 100 150 200 250
t (min)

Fig. 2. The variation of adsorption capacity with adsorption time at various initial
MB concentrations (T=303 K, W=0.30g, V=100 mL).
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Fig. 3. Effect of pH on the adsorption of MB onto GP (T=303K, C,=100mg/L,
W=0.30g, V=100 mL, contact time =210 min).

necessary driving force to overcome the resistances to the mass
transfer of MB between the aqueous and solid phases [19]. A sim-
ilar phenomenon was observed for the adsorption of methylene
dye onto banana stalk waste [20], pomelo (C. grandis) peel [12] and
castor seed shell [21].

The adsorption of MB on GP was also studied as a function of
contact time in order to find out the equilibrium time for maxi-
mum adsorption. The results show that equilibrium time required
for the adsorption of MB on GP range from 60 to 90 min for solu-
tions with initial dye concentrations of 25-50 mg/L. However, more
than 130 min for MB solutions within initial dye concentrations of
100-200 mg/L. The samples were left for 210 min to ensure equi-
librium. An equilibrium adsorption time of 135 min was reported
for the adsorption of methylene blue onto wheat shells [22] and
150 min for the adsorption of methylene blue on fallen phoenix
tree’s leaves [23].

3.3. Effect of solution pH on dye adsorption

The pH of dye solution plays an important role in the whole
adsorption process, particularly on adsorption capacity [2]. The
effect of pH on the adsorption of MB at equilibrium (ge) by GP is
shown in Fig. 3. The ge was found to increase with increasing pH.
Lower adsorption at acid pH was probably due to the presence of
excess of H* ions competing with the dye cations for adsorption
sites. At higher pH values (6-12) the dye adsorption was almost
constant. The surface of GP may contain a large number of active
sites, and the solute (dye) uptake can be related to the active sites
and also to the chemistry of the solute in the solution. At higher pH,
the surface of GP particles may become negatively charged, which
enhances the positively charged MB cations through electrostatic
forces of attraction [2]. Similar trend was observed for adsorption
of methylene blue onto Posidonia oceanica (L.) fibres [24], yellow
passion fruit peel [25] and methyl violet onto sunflower seed hull
[26].

3.4. Effect of temperature on dye adsorption

The effect of temperature on the adsorption rate of MB on GP was
investigated at 303, 313, and 323 K. Increasing the temperature is
known to increase the rate of diffusion of the adsorbate molecules
across the external boundary layer and in the internal pores of the
adsorbent particle, owing to the decrease in the viscosity of the
solution. In addition, changing temperature will change the equi-
librium capacity of the adsorbent for a particular adsorbate [11].
The adsorption capacity increased from 82.64 to 142.86 mg/g when
temperature of the solution was increased from 303 to 323 K, indi-
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Table 3
Isotherm parameters for removal of MB by GP different temperatures

I[sotherms Parameters Temperatures (K)
303 313 323
Langmuir Qo (mg/g) 82.64 123.45 142.86
b (L/mg) 0.085 0.044 0.05
R? 0.98 0.93 0.97
Freundlich Kr (mg/g (L/mg)'/m) 7.88 6.297 6.79
n 1.57 1.326 1.24
R? 0.99 0.99 0.99
Temkin K; 11.95 10.37 4.95
B 15.88 18.71 20.66
R? 0.96 0.93 0.96

cating the process to be endothermic (Table 3). This may be a result
of increase in the mobility of the dye with increasing tempera-
ture. Anincreasing number of molecules may also acquire sufficient
energy to undergo an interaction with active sites at the surface.
Furthermore, increasing temperature may produce a swelling effect
within the internal structure of the GP enabling large dye to pene-
trate further [27].

3.5. Adsorption equilibrium

The adsorption isotherm indicates how the adsorption
molecules distribute between the liquid phase and the solid phase
when the adsorption process reaches an equilibrium state. The
analysis of the isotherm data by fitting them to different isotherm
models is an important step to find the suitable model that can be
used for design purpose [28]. The isotherm data were fitted to the
Langmuir, Freundlich and Temkin isotherms.

The Langmuir isotherm [29] is represented by the following lin-
ear equation:

g+ (3)-

where C. (mg/L) is the equilibrium concentration, g. (mg/g) the
amount of adsorbate adsorbed per unit mass of adsorbate, and Q,
and b are the Langmuir constants related to adsorption capacity and
rate of adsorption, respectively. When Ce/qe was plotted against Ce,
straight line with slope 1/Q, was obtained (Fig. 4), indicating that
the adsorption of MB on GP follows the Langmuir isotherm. The
Langmuir constants b and Q, were calculated from this isotherm
and their values are listed in Table 3.

The essential characteristics of Langmuir isotherm can be
expressed by a dimensionless constant called equilibrium param-
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Fig.4. Langmuir isotherms for MB dye adsorption onto GP at different temperatures.

5
ik
5L
@
=
£
5 1
* 303K
" 133K
T . 323K
0 , ; :
0 | 2 3 4

InCe

Fig. 5. Freundlich isotherms for MB dye adsorption onto GP at different tempera-
tures.

eter Ry, defined by [30]

_ 1
T 1+4bGC,

where b is the Langmuir constant and C, (mg/L) is the highest dye

concentration. The value of R indicates the type of the isotherm to

be either unfavorable (R > 1), linear (R = 1), favorable (O<R < 1) or

irreversible (Ry =0). Values of R, were found to be 0.05, 0.102 and

0.09 at 303, 313 and 323K, respectively and confirmed that the GP

is favorable for adsorption of MB dye under conditions studied.
The linear form of the Freundlich equation [31] is

RL (4)

ll‘lqe=1nK]:+%ll‘1Ce (5)

where (. is the amount adsorbed at equilibrium (mg/g) and Ce is
the equilibrium concentration of the MB. K and n are Freundlich
constants, n giving an indication of how favorable the adsorption
process and Kr (mg/g (L/mg)!/") is the adsorption capacity of the
adsorbent. The slope 1/n ranging between 0 and 1 is a measure
of adsorption intensity or surface heterogeneity, becoming more
heterogeneous as its value gets closer to 0 [32]. The plot of Inge
versus In Ce (Fig. 5) gives straight lines with slope 1/n. Fig. 5 shows
that the adsorption of MB also follows the Freundlich isotherm.
Accordingly, Freundlich constants (Kg and n) were calculated and
listed in Table 3.

Temkin isotherm [33] is represented by the following equation:

RT
e = B In(K:Ce) (6)
Eq. (6) can be expressed in its linear form as
ge =B InK; +BInCe (7)
where
RT
B=- (8)

The adsorption data were analyzed according to Eq. (7). A plot
of ge versus In Ce (Fig. 6) enables the determination of the isotherm
constants K; and B. K; is the equilibrium binding constant (L/mg)
corresponding to the maximum binding energy and constant B is
related to the heat of adsorption. The values of the parameters are
given in Table 3.

From Table 3, the Freundlich isotherm model yielded the best
fit with the highest R? value (0.99) at all temperatures compared
to the other two models. Table 4 lists the comparison of maximum
monolayer adsorption capacity of MB onto various adsorbents. It is
clear that GP used in this work had a relatively suitable adsorption
capacity of 82.64mg/g if compared to other adsorbents found in
the literature.
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Table 5
Kinetic parameters for the removal of MB by GP at 303 K

qc (mg/g)

0 1 2 3 4
InC,

Fig. 6. Temkin adsorption isotherm of MB onto GP at different temperatures.

Table 4

Comparison of the maximum monolayer adsorption of MB onto various adsorbents

Adsorbents Maximum monolayer adsorption References
capacity (mg/g)

Garlic peel 82.64 This work

Rice husk 40.50 [34]

Raw beech sawdust 9.78 [35]

Oil palm trunk fibre 149.35 [36]

Broad bean peels 192.72 [37]

Activated rice husks 0.21 [38]

Date pits 80.31 [39]

Jute processing waste 22.47 [40]

3.6. Adsorption kinetics

The rate constant of adsorption is determined from the pseudo-
first-order rate expression given by Lagergren [41]:

log(de — qc) = log ge — (%) t )
where g and g; (mg/g) are the amounts of dye adsorbed at equi-
librium and at time t (min), respectively, and k; (min~1) is the
rate constant of adsorption. Values of k; and ge were calculated
from the plots of log(qe —q;) versus t (Fig. 7) for different ini-
tial concentrations of MB are presented in Table 5. It can be seen
from Table 5 that the adsorption data were well represented by
Lagergren’s model with R2 >0.92 for all initial MB concentrations
studied.

C, (mg/L) Pseudo-first-order kinetic Pseudo-second-order kinetic
ge (mg/g) ki (min~') R? e (mglg) k2 (x10°g/ R?
(mgmin))
25 7.18 0.014 0.98 10.89 8.42 0.98
50 15.51 0.021 0.99 21.88 2.13 0.99
100 40.45 0.021 0.98 63.69 0.24 0.95
150 77.19 0.031 0.92 69.93 0.21 0.99
200 90.65 0.027 0.94 93.45 0.11 0.99
20
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Fig. 8. Pseudo-second-order kinetics for adsorption of MB adsorption onto GP at
303K.

The kinetic data were further analyzed using the pseudo-
second-order model [42] expressed as

QI_kzqg Je

where the equilibrium adsorption capacity (qe), and the pseudo-
second-order constants k; (g/(mgmin)) can be determined
experimentally from the slope and intercept of plot t/q; versus t
(Fig. 8). The model fits the kinetic date very well with R? > 0.95,
which is better than pseudo-first order kinetic (Table 5). These
results suggest that the adsorption of MB on GP may be best
described by the pseudo-second-order kinetic model with high
correlation coefficients.

(10)
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Fig. 7. Pseudo-first-order kinetics for adsorption of MB dye onto GP at 303 K.
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Fig. 9. Weber and Morris intraparticle diffusion plots for removal of MB at different
initial dye concentrations.
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3.7. Intraparticle diffusion

Weber and Moris plot [43] was used to investigate intraparticle
diffusion mechanism. The model is

G = kit'/2 4 (1)

where k; (mg/gmin'/2) is intraparticle diffusion rate constant. If
intraparticle diffusion is rate-limited then plots of adsorbate uptake
q¢ versus the square root of time (t1/2) would result in a linear rela-
tionship and k; values can be obtained from these plots (Fig. 9). If the
regression of g versus t!/2 is linear and passes through the origin,
then intraparticle diffusion is the sole rate-limiting step. However,
the linear plots (Fig. 9) at each concentration did not pass through
the origin. This indicates that the intraparticle diffusion was not
only rate controlling step.

4. Conclusions

Garlic peel, an inexpensive and easily available material, was
found to very effective to remove MB from aqueous solutions. The
equilibrium data were analyzed using the Langmuir, Freundlich,
and Temkin isotherm models. The maximum monolayer adsorp-
tion capacities were found to be 82.64, 123.45 and 142.86 mg/g
at 303, 313 and 323K, respectively. Equilibrium data fitted very
well with Freundlich isotherm equation. The kinetics of the adsorp-
tion process was found to follow the pseudo-second-order kinetic
model.
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