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Abstract

Oil palm trunk fibre (OPTF) — an agricultural solid waste — was used as low-cost adsorbent to remove malachite green (MG) from aqueous
solutions. The operating variables studied were contact time, initial dye concentration, and solution pH. Equilibrium adsorption data were analyzed
by three isotherms, namely the Freundlich isotherm, the Langmuir isotherm, and the multilayer adsorption isotherm. The best fit to the data was
obtained with the multilayer adsorption. The monolayer adsorption capacity of OPTF was found to be 149.35 mg/g at 30 °C. Adsorption kinetic
data were modeled using the Lagergren pseudo-first-order, Ho’s pseudo-second-order and Elovich models. It was found that the Lagergren’s model
could be used for the prediction of the system’s kinetics. The overall rate of dye uptake was found to be controlled by external mass transfer at the
beginning of adsorption, then for initial MG concentrations of 25, 50, 100, 150, and 300 mg/L the rate-control changed to intraparticle diffusion at a
later stage, but for initial MG concentrations 200 and 250 mg/L no evidence was found of intraparticle diffusion at any period of adsorption. It was
found that with increasing the initial concentration of MG, the pore-diffusion coefficient increased while the film-diffusion coefficient decreased.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Synthetic dyes are extensively used in many industries such
as the textile, leather tanning, paper production, food technology,
hair colorings, etc. Wastewaters discharged from these industries
are usually polluted by dyes. Malachite green (MG) is most com-
monly used for the dyeing of cotton, silk, paper, leather and also
in manufacturing of paints and printing inks. Malachite green
is widely used in distilleries for coloring purposes [1]. Mala-
chite green has properties that make it difficult to remove from
aqueous solutions and also toxic to major microorganisms [2].
Though the use of this dye has been banned in several countries
and not approved by US Food and Drug Administration [3], it
is still being used in many parts of the world due to its low-
cost, ready availability and efficacy [4] and to lack of a proper
alternative. Its use in the aquaculture practice in many countries,
including Malaysia has not been regulated [5]. Malachite green
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when discharged into receiving streams will affect the aquatic
life and causes detrimental effects in liver, gill, kidney, intes-
tine, gonads and pituitary gonadotrophic cells [6]. Therefore,
the treatment of effluent containing such dye is of interest due
to its esthetic impacts on receiving waters.

Various attempts have been made for MG removal from
the wastewater. These include photo-degradation [7,8], photo-
catalytic degradation [9—-11] and adsorption [12,13]. Activated
carbon has been widely investigated for the adsorption of basic
dyes [14-18]. However, extensive research has been under-
taken recently to develop alternative and economic adsorbents.
A number of non-conventional sorbents has been reported in
the literature for their capacity to remove malachite green from
aqueous solutions, such as de-oiled soya [19], agro-industry
waste, Prosopis cineraria [20], bagasse fly ash [21], hen feathers
[22]., iron humate [23] and modified rice straw [24].

In this work, we attempt to utilize oil palm trunk fibre (OPTF),
an agricultural solid waste periodically left in the field on replant-
ing and pruning, as an alternative low-cost sorbent in the removal
of malachite green from aqueous solutions. Palm-oil industry is
one of the most important agro-industries in Malaysia [25]. The
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Malaysian palm-oil industry is growing rapidly and becomes
a very important agriculture-based industry, where the country
today is the world’s largest exporter of palm oil and expects out-
put in 2006 to be up 5% at almost 16 M tonnes. Oil palm trunk is
amajor lignocellulosic-rich, solid waste material generated from
palm-oil upstream industry [26]. As a result of declining yields,
replanting of trees is usually carried out after 25-30 years. Lim
[27] estimated that the replanting of 1 ha generates about 80.4
tonnes of dry biomass, of which palm trunks contribute about 66
tonnes and fronds 14.4 tonnes. Replanting activity is expected
to increase substantially starting from this decade. Thus, large
quantities of biomass, of the order of a few million tonnes of dry
matter, will from now on be generated annually [28]. Trunks
of mature trees that have been cut to allow replanting should
be recycled more effectively. Currently most of the felled trees
are sectioned and either left to rot on the plantation grounds or
are piled into stacks for eventual burning [29]. When left on the
plantation floor, these waste materials create great environmen-
tal problems. Therefore, economic utilization of these fibres will
be beneficial.

The objective of our investigation was to investigate the
potential of OPTF, an agricultural solid waste, as a novel adsor-
bent in the removal of the basic dye, malachite green, from
aqueous solutions.

2. Materials and methods
2.1. Adsorbate

The dye, malachite green oxalate, C.I. Basic Green
4, C.I. Classification Number 42,000, chemical for-
mula=Cs5p;Hs54N4O12, MW =927.00, Apax =618 nm (measured
value) was supplied by Sigma—Aldrich (M) Sdn Bhd, Malaysia
and used as received. Fig. 1 shows the chemical structure of
malachite green oxalate.

2.2. Adsorbent
Section of oil-palm trunk was procured from a plantation not

far from the Engineering campus, Nibong Tebal. The section was
left to dry naturally out site the laboratory. The dried section was
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Fig. 1. Chemical structure of malachite green oxalate.

firstly chopped to pieces ca 1in.? in size, ground and sieved to
obtain a particle size range of 0.5-1 mm. The prepared sample
was washed repeatedly with boiled water till washed water is
clear from any color and finally washed with deionized water and
oven dried at 70 °C for 24 h to constant weight. The dried sample
was stored in plastic bottle for further use. No other chemical or
physical treatments were used prior to adsorption experiments.
The chemical composition of the oil palm trunk fibre (% dry
weight, w/w) is the following: cellulose 41.2%, hemicelluloses
34.4%, lignin 17.1%, ash 3.4%, extractives 0.5%, and ethanol
solubles 2.3% [30].

2.3. Preparation and characterization of the sorbent

The surface functional groups of the OPTF were detected
by Fourier transform infrared (FTIR) spectroscope (FTIR-
2000, Perkin-Elmer). The spectra were recorded from 4000 to
400cm~!. In addition, Scanning electron microscopy (SEM)
analysis was carried out for the OPTF to study the surface
morphology before and after MG adsorption.

2.4. Equilibrium studies

Batch equilibrium studies were carried out by adding a fixed
amount of sorbent (0.30 g) into 250-mL Erlenmeyer flasks con-
taining 200 mL of different initial concentrations (25-300 mg/L)
of dye solution at pH 5. The flasks were agitated in an isothermal
water-bath shaker at 130 rpm and 30 °C for 2 h until equilibrium
was reached. Aqueous samples were taken from the solutions
and the concentrations were analyzed. At time =0 and at equi-
librium, the dye concentrations were measured by a double beam
UV/vis spectrophotometer (Shimadzu, Model UV 1601, Japan)
at 618 nm. The amount of equilibrium adsorption, g. (mg/g),
was calculated by:

_(C—C)Z (D
gde = (Lo oy

where C, and C. (mg/L) are the liquid-phase concentrations
of dye at initial and equilibrium, respectively. V is the vol-
ume of the solution (L) and W is the mass of dry sorbent
used (g).

2.5. Effect of solution pH

The effect of solution pH was studied by agitating 0.30 g
of OPTF and 200 mL of dye solution of dye concentration
100 mg/L using water-bath shaker at 30 °C. The experiment
was conducted at different pH from 2 to 10. Agitation was
provided for 195 min contact time which is sufficient to reach
equilibrium with a constant agitation speed of 130 rpm. At equi-
librium, the dye concentrations were measured by a double beam
UV/vis spectrophotometer (Shimadzu, Model UV 1601, Japan)
at 618 nm. The pH was adjusted by adding a few drops of diluted
0.1N NaOH or 0.1N HCI before each experiment. The pH was
measured by using a pH meter (Ecoscan, EUTECH Instruments,
Singapore).
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2.6. Adsorption kinetics

For kinetic studies, 0.30g of OPTF was contacted with
200 mL malachite green solutions of dye concentrations
25-300 mg/L using water-bath shaker at 30 °C and pH 5. The
agitation speed was kept constant at 130rpm. At predeter-
mined intervals of time, solutions were analyzed for the final
concentration of malachite green by a double beam UV/vis
spectrophotometer (Shimadzu, Model UV 1601, Japan) at a
wavelength of 618 nm, maximum absorbance.

3. Results and discussion
3.1. Characteristics of the adsorbent

Specific surface area (SSA) is the accessible area of adsor-
bent surface per unit mass of material. Because the surrounding
phase can modify the surface area, each method used for measur-
ing the surface area has its shortcomings and uncertainties. The
interference by the surrounding phase is especially problematic
for the Bruner-Emmet-Teller (BET) N; adsorption/desorption
isotherm method because the entire surface is modified by vac-
uum treatment before N, adsorption. As an alternative to the
BET method, the adsorption of dyes from aqueous solution has
been used to determine the SSA of many substances such as
layered silicate [31], sludge ash [32] and cotton [33]. Assuming
that the OPTF surface is homogenous and completely covered
by dye molecules, the SSA (m?/g) of OPTF can then be related
to the first layer adsorption density (/") as described in Eq. (2):

SSA = I'nNA 2)

where N is the Avogadro’s number (6.023 x 10?3 molecules/

mol) and A is the apparent surface area occupied by one MG
molecule. The value of adsorption capacity is calculated as
(shown in Section 3.4 below). Studies have shown that MG
molecules are adsorbed in a flat orientation, so that the occu-
pied surface area of one molecule of MG is196 AZ? [34]. The
SSA of OPTF calculated from Eq. (2) is 64.44 m?/g.

FTIR spectrum (figure not shown) of OPTF shows dis-
tinct peaks at 3433.83 (O-H stretch), 2942.26 (C-H stretch),
2379.68 (N-H stretch), 1610.98 (NH, deformation), 1497.83
(Phenyl), 1458.01 (CH, deformation), 1384.03 (CH3 deforma-
tion), 1272.83 (Si—C stretch), 1164.36 (C-N stretch), 1053.41
(C-O stretch), 772.6cm~! (CH» rocking) and 685.52 (C-S
stretch). It is clear that the adsorbent displays a number of
absorption peaks, reflecting the complex nature of the adsorbent.

Fig. 2 shows the SEM micrographs of OPTF samples before
after dye adsorption. The OPTF exhibits a caves-like, uneven and
rough surface morphology. The surface of dye-loaded adsorbent,
however, clearly shows that the surface of OFTF is covered with
a layer of dye.

3.2. Effect of initial dye concentration and agitation time
on dye adsorption

In order to study the effect of the initial concentration of MG
in the solutions on the rate of adsorption on OPTF, the experi-

Fig. 2. SEM micrograph of OPTF particle (magnification, 100): (a) before dye
sorption and (b) with dye adsorbed.

ments were carried out at a fixed adsorbent dose (0.30 g) and at
different initial dye concentrations of malachite green (25, 50,
100, 150, 200 and 300 mg/L) for different time intervals (10,
25, 45, 75, 105, 135, 165 and 195 min) at 30 °C. Fig. 3 shows
the effect of the initial dye concentration on the adsorption. As
the initial MG concentration increases from 25 to 300 mg/L the
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Fig. 3. Effect of initial concentration and contact time on malachite green
adsorption (adsorbent dose =0.30 g; temperature =30 °C).
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Fig. 4. Effect of pH on equilibrium uptake of MB (W=0.30g; V=0.20L;
Co =100 mg/L).

equilibrium removal of MG decreases from 82 to 43%. It is also
shown in Fig. 3 that the contact time needed for MG solutions
with initial concentrations of 25-100 mg/L to reach equilib-
rium at 115 min. For MG solutions with initial concentrations of
150-300 mg/L, equilibrium time of 140 min was required. How-
ever, the experimental data were measured at 195 min to make
sure that full equilibrium was attained.

3.3. Effect of pH on dye adsorption

The experiments were conducted at 100 mg/L initial dye
concentration with 0.30 g adsorbent mass at 30 °C for 200 min
equilibrium time. Fig. 4 shows the effect of pH on the adsorption
of MG by OPTF. It can be seen that dye adsorption was unfa-
vorable at pH <4. The decrease in the adsorption with decrease
in pH may be attributed to two reasons. As pH of the sys-
tem decreased, the number of negatively charged adsorbent
sites decreased and the number of positively charged surface
sites increased, which did not favor the adsorption of positively
charged dye cations due to electrostatic repulsion. Secondly
lower adsorption of MG at acidic pH is due to the presence
of excess H* ions competing with dye cations for the adsorption
sites of OPTF [35]. This, however, did not explain the slight
decrease of dye adsorption at higher pH values. There might
be another mode of adsorption (ion exchange or chelatation for
example) [35]. Similar result was reported for the adsorption on
methylene on cedar sawdust and crushed brick [35].

3.4. Equilibrium isotherms

In this study, three isotherms were used for describing the
experimental results, namely the Freundlich isotherm, the Lang-
muir isotherm, and the multilayer adsorption isotherm (MLA).
The Freundlich isotherm is used for non-ideal adsorption on het-
erogeneous surfaces. The heterogeneity arises from the presence
of different functional groups on the surface, and the various
adsorbent—adsorbate interactions. The Freundlich isotherm is
expressed by the following empirical equation [36]:

ge = KpC/" 3)

where Kr is the Freundlich adsorption constant and I/n is a
measure of the adsorption intensity.

The derivation of the Langmuir isotherm assumes ideal
monolayer adsorption on a homogenous surface. It is expressed
by [37]:

ge = gmKaCe
¢ T 14+ K,Ce

where C. is the equilibrium concentration (mg/L), g is the
amount of dye adsorbed (mg/g), gm is ge for complete monolayer
adsorption capacity (mg/g), and Kj, is the equilibrium adsorption
constant (L/mg).

If the adsorption takes place in a multilayer equilibrium on
a homogenous surface, the total multilayer adsorption capacity
(I', mg/g) can be expressed by the following equation [38]:

_ FmK]Ce[l _(K2Ce)n]
T 1= KC[l + (K1 — K2)Ce]

where ', is the monolayer adsorption capacity (mg/g), K, is
(L/mg) the equilibrium adsorption constant of the nth layer and
C. is the equilibrium MG concentration (mg/L). In the case of
multilayer adsorption, the amount of MG adsorbed in a sub-
sequent layer must be smaller than that in the previous layer.
Therefore, the term (K>C.)" ~ 0, and Eq. (5) can be simplified
to:

“

&)

r— I'WKCe
(I = K2Ce)[1 + (K1 — K2)Ce]

It can be seen that for ideal monolayer adsorption K, will have
a value of zero, and Eq. (6) will be reduced to the monolayer
Langmuir isotherm of Eq. (4).

Fig. 5 shows the fitted equilibrium data in Freundlich, Lang-
muir, and the multilayer adsorption (MLA) expressions. The
fitting results, i.e. isotherm parameters and the coefficient of
determination, R2, are shown in Table 1. It can be seen in Fig.5
that the MLA curve fits the data better than Freundlich and Lang-
muir models, this is also confirmed by the high value of R? in
case of MLA (0.9990) compared to Freundlich (0.9928) and
Langmuir (0.9575). This indicates that the adsorption of MG on
OPTF takes place as a multilayer adsorption on a surface that is
homogenous in adsorption affinity.
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Fig. 5. Isotherm plots for MG adsorption on OTPF at 30°C.
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Table 1
Isotherm constants for MG adsorption on OPTF at 30 °C

Langmuir isotherm model Freundlich isotherm model

Multilayer adsorption model

gm (mg/g) K, (L/mg) R Kr (mg/g) (L/mg)'™" n R I'n (mglg) Ky (L/mg) K3 (L/mg) R
149.35 0.01022 0.9575 5.248 1.746 0.9928 50.61 0.07103 0.003321 0.9990
3.5. Performance of OPTF 1 —
f f o © 25 mg/L vy —v Y
@ 50 mg/L v
Table 2 compares the adsorption capacity of different types 8o | R Qgﬂ: o
of adsorbents used for removal of MG [21,39—44]. The most g ggg mgﬁt
important parameter to compare is the Langmuir ¢, value since 5 6o v somgL - o a
.. . . (=] F
itis a measure of adsorption capacity of the adsorbent. The value )
of g, in this study is larger than those in most of previous works. E_—
This suggests that MG could be easily adsorbed on OPTE. 40 ¢
3.6. Kinetic study 20
In order to investigate the kinetics of adsorption of MG on o ; i i
OPTF, the Lagergren pseudo-first-order model (Eq. (7)) [45], 0 50 100 150 200
Time (min)

Ho’s pseudo-second-order model (Eq. (8)) [46], and the Elovich
model (Eq. (9)) [47] were used.

q = qe(1 —e780 )
2
_ qek2t
T= 15 gekot ®
q= (;) In(1 + oft) )

where ¢g. is the amount of adsorbate adsorbed at equilib-
rium (mg/g), g is the amount of adsorbate adsorbed at time ¢
(mg/g), ki is the rate constant of pseudo-first-order adsorption
(min~1), k; is the rate constant of pseudo-second-order adsorp-
tion (g/mg min), « is the initial adsorption rate (mg/g min), and
B is the desorption constant (g/mg).

The fittings of the experimental kinetic results to the models
are shown in Figs. 68, and the values of the estimated param-

Table 2

Comparison of adsorption capacities of various adsorbents for malachite green

Adsorbent gm (Mg/g) T(°C) References

OPTF 149.35 30 This work

Arundo donax root carbon 8.70 30 [39]
(ADRC)

Activated charcoal 0.179 30 [40]

Bentonite clay 7.72 35 [41]

Waste apricot 116.27 30 [42]

Activated carbon 149 25 [43]

Bagasse fly ash (BFA) 170.33 301 [21]

Activated carbons 8.27 30+1 [21]
commercial grade (ACC)

Laboratory grade activated 42.18 30+1 [21]
carbons (ACL)

Commercially available 222.22 30+1 [44]
powdered activated carbon

Groundnut shell based 222.22 301 [44]

powdered activated carbon

Fig. 6. The fitting of Lagergren’s model for MG on OTPF for different initial
concentrations at 30 °C.
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Fig. 7. The fitting of pseudo-second-order model for MG on OTPF for different
initial concentrations at 30 °C.
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Fig. 8. The fitting of Elovich model for MG on OTPF for different initial
concentrations at 30 °C.
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Kinetic models parameters for the adsorption of MG on OPTF at 30 °C and different initial MG concentrations (C,, mg/L; g., mg/g; ki, min~!; ko, g/mg min, «,

mg/g min; and B, g/mg)

Co Gexp Pseudo-first order Pseudo-second order Elovich equation
e ki R? e ky R? o B R?

25 13.71 13.97 0.03239 0.9968 16.49 0.002256 0.9827 1.087 0.2703 0.9577

50 25.02 25.33 0.02864 0.9976 30.30 0.001062 0.9928 1.644 0.1420 0.9787
100 42.30 43.92 0.02233 0.9967 55.34 0.0003947 0.9870 1.662 0.06794 0.9724
150 55.81 56.70 0.02536 0.9992 69.46 0.0003845 0.9941 2.796 0.05787 0.9809
200 67.86 71.20 0.01966 0.9968 91.43 0.0002034 0.9910 2.260 0.03968 0.9815
250 83.09 89.04 0.01733 0.9958 117.72 0.0001306 0.9895 2.272 0.02917 0.9809
300 97.78 101.67 0.0203 0.9981 129.46 0.0001513 0.9938 3.442 0.02851 0.9853

eters are presented in Table 3. It was found that the fitting to
Lagergren’s pseudo-first-order model gives the highest values
of R? (0.9958-0.9992) and predicts g, more accurately than the
other two models investigated. Therefore, Lagergren’s model
could be used for the prediction of the kinetics of adsorption of
MG on OPTFE. The initial rates of adsorption were calculated
from Lagergren’s model and the pseudo-second-order models
from the equations:

ho,1 = kige (10)

hoa = ka q2 (11)

and the results are plotted in Fig. 9. It was found that the ini-
tial rate of adsorption increases with increasing the initial MG
concentration, which would be expected due to the increase
in driving force at higher concentration. The anomaly of #, at
Co=150mg/L is probably due to an experimental error in the
measurement of g at the early stages of adsorption.

3.7. Sorption mechanism

In order to gain insight into the mechanisms and rate-
controlling steps affecting the kinetics of adsorption, the kinetic
experimental results were fitted to the Weber’s intraparticle dif-
fusion [48] and Boyd’s film-diffusion [49] models.

3.5
3F

2.5
2t

o
=

15}
1}

05 -0- h, estimated from pseudo first order model
' -0~ h, estimated from pseudo second order model

-0+ h, = o from Elovich model
O L L I 1 L L
0 50 100 150 200 250 300

C, (mg/L)

Fig. 9. The variation of the initial rate of adsorption with the initial MG con-
centration.

The intraparticle-diffusion parameter, k; (mg/gmin®) is
defined by the following equation:

q=ki" +c (12)
where ¢ is the amount of MG adsorbed (mg/g) at time ¢, k; is
intraparticle-diffusion constant (mg/g min’~), and c is the inter-
cept. If the value of c is zero, then the rate of adsorption is
controlled by intraparticle diffusion for the entire adsorption
period. However, the plot of ¢ against /> usually shows more
than one linear portion, and if the slope of the first portion is not
zero, then film (boundary layer) diffusion controls the adsorption
rate at the beginning. Fig. 10 shows the intraparticle-diffusion
plot of MG adsorption on OTPF at 30 °C. It is obvious that
the plot is multilinear. In order to avoid subjective judgment in
choosing the beginning and end of each linear region, the pack-
age Number Crunching Statistical Software package (NCSS)
[50] was used to fit the data to the models by the method of
piecewise linear regression, the regression results are presented
in Table 4. It was found that for initial MG concentrations 25,
50,150, and 300 mg/L the rate of adsorption is initially controlled
by film diffusion then changes to intraparticle-diffusion control
after 55-71 min. On the other hand, for initial MG concentra-
tions 200 and 250 mg/L the rate of adsorption is controlled by
film diffusion from the beginning until equilibrium. Of course
there is a possibility that just before equilibrium there may be

100
-0-25 mg/L
-~ 50 mg/L
sol 100 mg/L
=150 mg/L
=& 200 mg/L
-0~ 250 mg/L
@ 60 F - 300 mg/L
o
E
o 40t
20
D 1 1 1 i 1 1

2 4 6 8 10 12 14
Time %3 (min?5)

Fig. 10. Intraparticle-diffusion plot for the adsorption at 30°C and different
initial MG concentrations, the thick lines represent the intraparticle-diffusion
periods.
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Table 4
Diffusion coefficients for adsorption of MG on OTPF at 30 °C, and different
initial concentrations (C,, mg/L; ¢, mg/g; ks, min~!; D;, cmzls)

Co D; x 100 c ki Pore-diffusion period®
25 7.50 10.98 0.2605 60-119
50 6.59 13.27 1.0753 64-120

100 7.04 19.66 2.0201 71-125

150 6.55 22.42 2.9370 55-130

200 5.68 - - -

250 5.08 - - -

300 5.51 18.59 6.996 69-128

4 Estimated from the second linear region according to the pore-diffusion
model (min).

a short period in which the rate of adsorption is controlled by
intraparticle diffusion, but the time intervals between the exper-
imental points (30 min) does not allow the identification of this
period with any certainty. It is also seen in Table 4 that the
intraparticle-diffusion coefficient increases with increasing con-
centration of MG. This can be explained by examining the values
of ¢ at the start of intraparticle-diffusion control; the overall
adsorption rate is controlled by intraparticle diffusion when the
values of g are about 12, 20, 35, 45, and 72 mg/g for initial
MG concentrations 25, 50,150, and 300 mg/L, respectively. The
increasing values of surface loading increase the driving force
for intraparticle diffusion.
The film-diffusion model of Boyd is expressed as:

F=1- <:2> exp(—Brt) (13)

where F is the fractional attainment of equilibrium, at different
times, ¢, and Bt is a function of F.

F=2 (14)

qe
where ¢; and g. are the dye uptake (mg/g) at time ¢ and at
equilibrium, respectively.
Eq. (13) can be rearranged to

Bt = —0.4977 — In(1 — F) (15)

Fig. 11 shows the Boyd plots of MG adsorption on OTPF
at 30 °C. The plots are linear in the initial period of adsorption
and do not pass through the origin but have intercept values
close to —0.4977, indicating that external mass transfer is the
rate limiting process in the beginning of adsorption. It should be
noted that the values of Bf become less reliable as equilibrium
is approached. For example, if a small experimental error (1%)
changes the value of F from 0.95 to 0.9595, the value of Bt
changes by 8.4% from 2.498 to 2.708. The same effect if even
more exaggerated at higher values of F. Therefore, the Boyd
plots cannot be used to predict the time at which film-diffusion
control ends if the transition happens to be close to equilibrium.
The slopes obtained from piecewise linear regressions (B) were
used to calculate the effective diffusion coefficient, D; (cm?/s)
from the equation:
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Fig. 11. Boyd plots for MG adsorption on OTPF at 30 °C and different initial
MG concentrations.

where r is the radius of the adsorbent particle assuming spherical
shape. The values of D; in Table 4 show that D; decreases with the
increase in C,. The domination of film diffusion for initial MG
concentrations 200 and 250 mg/L takes place at relatively low
values of Dj, 5.68 x 1079 and 5.08 x 107 cm?/s, respectively.

4. Conclusions

Oil palm trunk fibre, an agricultural solid waste, was success-
fully utilized as a low-cost alternative adsorbent for the removal
of hazardous dye like MG. The equilibrium adsorption data were
analyzed by the Freundlich isotherm, the Langmuir isotherm,
and the multilayer adsorption isotherm. The results indicate that
the multilayer adsorption isotherm fits the data better than the
other two models. The monolayer adsorption capacity of OPTF
based on Langmuir isotherm was found to be 149.35 mg/g at
30°C. It was found that the Lagergren’s model could be used for
the prediction of the kinetics of adsorption of MG on OPTF. The
overall rate of dye uptake was found to be controlled by external
mass transfer at the beginning of adsorption, then for some ini-
tial MG concentrations the rate-control changed to intraparticle
diffusion at a later stage, but for initial MG concentrations 200
and 250 mg/L no evidence was found of intraparticle diffusion
at any period of adsorption.
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