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 Abstract: In the present study, the Myristica fragrans shells (MFS) was used as low-cost 
bio adsorbent for the removal of Rose Bengal (RB) dye from aqueous solutions. The 
characteristics of MFS powder were studied before and after adsorption using different 
techniques such as Fourier transform Infrared spectroscopy (FTIR), Thermal Gravimetric 
Analysis (TGA), BET and BJH surface area analysis, Atomic Force Microscopy (AFM) 
and Scanning Electron Microscopy (SEM). Batch adsorption was adopted to evaluate the 
effect of various parameters on the removal of RB such as; time of contact (5–75 min), 
initial dye concentration (10–50 mg L–1), adsorbent dose (0.1–1.7 g L–1) and pH (3–12). 
The results revealed that the coverage of MFS surface by RB molecules involved the 
formation of ester bond (esterification), and the pore diameter decreased from 190.55 to 
2.43 nm when adsorption of RB onto MFS surface occurred. Experimental adsorption 
data were modelled using isotherm models including Langmuir, Freundlich, and Temkin. 
Temkin isotherm demonstrated to be the best isothermal model, and the results indicate 
that the adsorption of Rose Bengal on MFS surface follows pseudo second-order kinetics 
model. The adsorption of dye at different pH media showed that the esterification process 
was more preferred in acidic solution. 

Keywords: Myristica fragrans; chemical adsorption; Rose Bengal; isotherms; FESEM; 
BET 

 
■ INTRODUCTION 

The spread of huge quantities of toxic contaminants 
in surface water and groundwater has a potential effect on 
human health [1]. There are numerous toxic 
contaminants found in wastewater such as, heavy metals, 
Radiological contaminants, synthetic organic and 
inorganic contaminants (i.e., dyes, pesticides, phenolic 
compounds, petrochemicals, pharmaceuticals, etc.) [2-5]. 
Water contaminated with untreated dyes can cause a 
serious environmental impendence to aquatic and human 
life [6]. Many type of dyes are non-biodegradable in 
nature and under anaerobic conditions might decompose 
into carcinogenic aromatic amines [7]. Rose Bengal dye is 
a fluorescent compound that is widely used in early-stage 

diagnosis of keratoconjunctivitis sicca (KCS) in vivo 
effect on the human corneal epithelium [8]. Xanthene 
dyes have toxicity which cause a series of risks on the 
human health especially by inhibition of human drug-
metabolizing enzymes and can cause eye redness and 
itching [9]. 

Among waste water treatments such as, ozonation, 
photochemical degradation, reverse osmosis, membrane 
separation and coagulation, the adsorption process is the 
most effective, low cost and most easily available method 
that has been successfully employed for removing 
pollutants from the waste water [10]. Kaur et al. used UV 
light for the degradation of dyes and found that under 
UV light, very small degradation was observed [11]. 
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Numerous studies have focused on the utilization of 
natural materials, such as egg shells [12], bean peels [13], 
and marble waste [14], as adsorbents for the removal of 
pollutants from aqueous mediums. Activated carbon is 
the most widely used adsorbent for the removal of dyes 
from waste water effluents, due to its high capacity for 
organic compounds, howeverits application is still limited 
due to the high cost [15]. 

Myristica fragrans shell (MFS) is a waste product of 
the nutmeg industry. In the present study, MFS have been 
utilized for the removal of toxic materials from water. The 
adsorption dye on MFS surface was evaluated using 
different variable parameters. In addition, techniques 
such as AFM, FESEM, FTIR, BET/BJH, and TGA/DTA 
were used to elucidate the effect of dye adsorption on the 
surface characteristics of the adsorbent. 

■ EXPERIMENTAL SECTION 

Materials 

Hydrochloric acid (HCl, 37%), and Sodium 
hydroxide (NaOH, 99.5%) were purchased from BDH. 
Rose Bengal (C20H2Na2O5I4Cl4, Dye content 95%) was 
purchased from Sigma-Aldrich. The chemical structure of 
RB dye is present in Fig. 1. It is well-known that RB 
possess high solubility in water, and its λ max = 549 nm. 

Procedure 

Preparation of adsorbent 
The MFS powder was obtained from MFS waste, 

and was ground and sieved through 150 mesh sieve. After 
sieving, the collected fine powder was washed several times 
with distilled water to remove contaminants and soluble 
materials. The clean powder was then dried in an oven at 
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Fig 1. Rose Bengal chemical structure 

100 °C for 4 h and it was placed in a desiccator to keep 
dry until use. 

Batch mode adsorption studies 
The adsorption studies were done by batch 

experiments which aimed to determine the adsorption 
parameters such as contact time initial dye 
concentration, initial pH solution, and adsorbent dose 
by changing one parameter under study, while other 
parameters were set in a fixed value. Different 
concentrations (10, 20, 30, and 40 ppm) were obtained 
by successive dilution of a dye stock solution of 50 ppm. 
Five conical flasks (250 mL) containing 100 mL of dye 
solution and 1.7 g of MFS surface were stirred on a 
shaker water bath at the rate of 120 rpm for the required 
time of equilibrium. The equilibrium concentration of 
the solution were determined by using UV-Visible 
technique (Shimadzu, UV-1650PC) at λ max (nm), after 
separation of the supernatant. The quantity and the 
removal percentage of the adsorbed dye on the 
adsorbent at the equilibrium time (qe) were calculated 
using Eq. (1) and (2) respectively. 
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where C0 and Ce are RB concentrations (ppm) at the 
initial and the equilibrium time, respectively. qe (mg g–1), 
is the amount of RB adsorbed on a fixed adsorbent mass 
(g) at the time of equilibrium. V is the volume (in L) of 
the initial RB solution. 

Characterization 
MFS before and after dye adsorption were 

characterized by Shimadzu 8400S FTIR with 
wavenumber range of 400–4000 cm–1 at a scan 
resolution of 4 cm–1. Field emission scanning electron 
microscope (FESEM, MIRA3 TESCAN) with 
accelerating voltage 10 kV and angstrom AFM 
(SPMAA3000) were used to study the surface 
morphology of MFS surface. Under nitrogen 
atmosphere at 20 mL/min gas flow rate and heating at 
the rate of 20 min–1, the thermogravimetric analysis 
(TGA) was done by Perkin Elmer (TGA 4000). Surface 
area and pore analysis were carried out using Nova 
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2000e, (Quantachrome, Instruments Limited, USA) and 
the methods of the multipoint Brunauer, Emmett, and 
Teller (BET) method and BJH method. 

■ RESULTS AND DISCUSSION 

Characterization of MFS Before and After 
Adsorption 

Functional groups 
The FTIR spectrum of MFS before and after dye 

adsorption are shown in Fig. 2, in which the MFS spectrum 
shows a broad peak centered at 3385 cm–1 due to the 
intramolecular and intermolecular hydrogen bonding of 
the –OH, –NH2 groups. Stretching and bending vibration 
of the C-H band is shown in the MFS FTIR spectrum at 
2930, 2884, 1427, 1381, and 1321 cm–1. A strong peak 
located at 1653 cm–1 is indexed to the carbonyl group 
(C=O) stretching vibration, while a weak band with 
multiple peaks at 1040, 1123, 1238 and 1267 cm–1 is 
assigned to alcohols, carboxylic acids and ethers (1000–

1320 cm–1 attributed to C–O stretch) [16]. As reported 
in the literatures, the carbonyl stretching vibration of 
free RB is shown at 1614 cm–1 [17]. The FT-IR spectra of 
MFS after dye adsorption shows the carbonyl frequency 
at wavenumber, 1734 cm–1, which confirms that the dye 
has been covalently attached to the MFS, and also the 
formation of an ester bond between alcoholic and 
carboxylic groups [18]. In addition, a broadband of  
3385 cm–1 was shifted to higher wavenumber of  
3419 cm–1 due to the weakness of the MFS 
intermolecular hydrogen bonding between its molecules 
after adsorption of the RB dye. 

Surface topology 
AFM image of the MFS before adsorption is 

depicted in Fig. 3(a). As AFM technique reveals, the 
morphology of MFS to be a porous surface with 
roughness average of about 5.35 nm and surface skewness 
of about -0.234. Fig. 3(b) depicts the AFM images of the  

 
Fig 2. FTIR spectra of RB dye and MFS before and after dye adsorption 

 
Fig 3. AFM images of MFS (a) before) and (b) after dye adsorption 



Indones. J. Chem., 2020, 20 (5), 1152 - 1162   
        
                                                                                                                                                                                                                                             

 

 

Azal Shakir Waheeb et al.   
 

1155 

MFS after adsorption of the dye. Dye adsorption causes 
the lowering of porosity of the MFS surface and increasing 
of thickness in comparison with the state before adsorption. 
The AFM rough analysis of the MFS negative Skewness is 
due to the number of surface valleys that were higher than 
the peaks [19], and after adsorption of the dye, the 
skewness value became positive due to the decrease in the 
number of valleys and enclosed by dye molecules [20]. 

Surface morphology 
The surface morphology of MFS before and after 

adsorption were examined by scanning electron 

microscopy, as presented in Fig. 4. MFS image shows 
irregular particle shapes with large scale of pores. After 
dye adsorption, the surface of MFS was smooth and had 
no sharp edges with small scale pores in compression 
with MFS, and the coated surface clearly shows that dye 
particles were accumulated on the surface of MFS. 

Surface area and porosity 
Fig. 5 shows BET adsorption-desorption isotherms 

of MFS before and after adsorption. The obtained surface 
properties such as the BET surface area, and the BJH 
pore volumes are  summarized in Table 1.  According to  

 
Fig 4. SEM images of MFS (a) before and, (b) after dye adsorption 

 
Fig 5. (a) and (b) BET isotherms of Nitrogen adsorption–desorption before and after dye adsorption respectively, (c) 
and (d) BJH pore size distribution curves before and after adsorption respectively 
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Table 1. Surface area, pore size and average diameter of 
MFS and MFS-RB 

 Surface 
area (m2/g) 

Pore volume 
(cc/g) 

Average pore 
diameter (nm) 

MFS 4.4 0.0177 190.55 
MFS-RB - 0.0050 2.43 

the classification proposed by (IUPAC), the isotherms of 
MFS can be classified as type III, where the adsorbate 
uptake increases exponentially due to the weak 
interaction between the adsorbate (N2 gas) and the 
adsorbent and to the microporous nature [21]. In 
reference to literature, the hysteresis loops of MFS is H3 
type which is indexed to the presence of non-rigid 
aggregates of sheet-like particles or assemblages of slit-
shaped pores [22]. The surface area of MFS was 4.4 m2/g. 
whereas MFS after the adsorption of RB have 
schematically undefined curves and cannot be applied to 
the BET sorption isotherm models which may be due to 

lower surface area of the sample. This results complies 
with their morphology (Fig. 3 and Fig. 4). The pore 
volume and pore diameter of the MFS surface decreased 
with the adsorption of molecules due to the filling of the 
pore voids with the dye molecules. Results show that the 
pore volume decreased by 71.29%, and the average 
diameter decreased from 190.55 to 2.43 nm due to the 
dye adsorption on the MFS surface. 

Thermal Analysis 

The Thermogravimetric analysis results of MFS 
before and after dye adsorption are shown in Fig. 6. TGA 
and DTA curves of MFS show three steps in weight loss 
(Table 2); The first stage of weight loss in the 
temperature range of 30 to 200 °C represents the removal 
of physically adsorbed water [23]. The second step of 
weight loss in the temperature range of 200–500 °C can 
be attributed to the organic breakdown of MFS biomass 
and the loss of the organic volatile compounds. The third 

 
Fig 6. TGA/DTA curves of MFS (a) before and (b) after dye adsorption 

Table 2. TGA/DTA data of MFS and MFS-RB before and after adsorption of RB 

 
DTG peak 

(°C) 
TG range 

(°C) 
Mass loss 

(%) 
Remaining 

mass 
Possible explanation 

MFS 

93.96 30–200 6.589 93.411 Dehydration 
359.12 200–480 61.684 31.727 Volatilization of organic compounds 
541.22 480–800 25.414 6.313 Carbonation 

MFS-RB 
160.38 30–200 6.811 93.189 Dehydration 
237.76 200–500 57.465 35.724 Volatilization of organic compounds 

- 500–800 30.846 4.878 Carbonation and Volatilization of RB dye 
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stage occurred in the range of temperature of 500–800 °C 
which corresponds to the carbonization of the material 
and formation of charcoal [24]. The charcoal residues 
after MFS and MFS-RB were heated to 800 °C, were 6.313 
and 4.878%, respectively. The decrease in the residues 
percentage (1.435%) of MFS-RB was due to the pyrolysis 
of the RB dye in the third stage of the TGA analysis, in 
accordance to the data obtained from the lookchem 
supplier web, in which the RB dye boiling point is  
741.8 °C at 760 mmHg [25]. 

Effect of Contact Time and Adsorption Kinetics 

The time-dependent behavior of the dye adsorption 
was investigated by varying the contact time between the 
RB dye and the MFS in the range of 5–75 min. The 
concentrations of the dye was kept at 50 ppm and MFS 
mass was kept at 1.7 g. The result for the removal of RB 
versus contact time is presented in Fig. 7. More than 80% 
of dye was adsorbed at contact time of 10 min and 
adsorption increased with time reaching to a maximum 
value in 65 min and afterwards remained constant. In 
context, the adsorption equilibrium time of the RB dye 
was 65 min for MFS. 

To investigate the kinetic mechanism of 
adsorption, the experimental data was fitted to the 
pseudo-first order, the pseudo-second order, and 
intraparticle diffusion models. The three models are 
generally expressed as follows: 
Pseudo-first order model (linear form) [26]: 

e t e 1ln(q q ) lnq k t− = −  (3) 
Pseudo-second order model (linear form) [27]: 

2
t e2 e

t 1 1 t
q qk q

= +  (4) 

Intraparticle diffusion model (linear form) [28]: 
0.5

t pq k t I= +  (5) 
where qe and qt = the amount of RB adsorbed at 
equilibrium and at t time, respectively (mg·g−1), k1 = the 
overall rate constant of pseudo-first order kinetics (min–1 
mg g–1), k2 = the rate constant of pseudo-second order 
(mg g−1 min−1), KP = the rate constant of intraparticle 
diffusion (mg g–1 min–1/2) and I = the intercept reflecting 
the thickness of boundary layer. 

Fig. 7(b), (c) and (d) show the kinetic models of RB 
adsorption on the MFS surface. The adsorption kinetic 
pseudo-second  order was  more  linear  with R2 of  0.999  

 
Fig 7. The removal and kinetics graphs models: (a) the removal (b) pseudo-first order (c) pseudo-second order and 
diffusion kinetics models of (d) intraparticle diffusion of RB using MFS 
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Table 3. Kinetic data of adsorption RB onto MFS 
 First order Second order Intraparticle diffusion 
qeexp 

(mg/g) 
k1 

(min–1 mg g–1) 
qe cal 

(mg/g) R2 k2 (min. 
g/mg) 

qe cal 

(mg/g) R2 kp  
(mg g–1 min–1/2) 

C 
(mg/g) R2 

1.610 0.057 0.147 0.824 0.902 1.622 0.999 0.013 1.497 0.884 
 
compared to the pseudo-first order plot and intraparticle 
diffusion plot (see Table 3). In addition, the value of (qe 
cal) in this model is closer and more accurate than the 
other models. This result confirmed that the adsorption 
process followed the pseudo-second order which assumed 
that chemisorption occurred, which involved chemical 
reactions between adsorbent and adsorbate [29]. 

Adsorption Isotherm Studies 

Fig. 8(a) shows the adsorption isotherm of RB dye. 
Referring to the theoretical basis of Giles’s classification of 
adsorption isotherms, the isotherm of RB was of S-type, 
which assumed that the adsorbent is possibly mesoporous 
or is not porous and has a high energy of adsorption. The 
reaction between adsorbent and adsorbate can be 
determined by isotherm study. There are different 
isotherm equations available for studying the 
experimental sorption equilibrium data. However, the 

most common types of isotherms are the Langmuir, 
Temkin and Freundlich models: 
Langmuir isotherm model [30]: 

e e

e m a m

C C 1
q q K q

= +  (6) 

Freundlich isotherm model [31]: 
( )e f elogq log K 1 n logC= +  (7) 

Temkin isotherm model [32]: 
e 1 T 1 eq B lnK B lnC= +  (8) 

where qe = the amount of RB adsorbed (mg/g) at Ce 
(equilibrium concentration), qm and ka are Langmuir 
constants related to adsorption efficiency and energy of 
adsorption, respectively. Kf and 1/n are constants 
incorporating the factors affecting the adsorption capacity 
and intensity of adsorption, respectively. β = RT/b, (T) 
is the thermodynamic temperature in Kelvin degrees 
and (R) is the universal gas constant, 8.314 J mol–1 K–1. 
The constant (b) is identified as the adsorption heat. 

 
Fig 8. (a) Adsorption isotherm, (b) Langmuir model, (c) Freundlich model and, (d) Temkin model of dye at pH 7 and 
25 °C 
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Table 4. Isotherm models data of adsorption RB onto MFS 
Langmuir isotherm Freundlich isotherm Temkin isotherm 

Ka (L mg–1) qm (mg/g) R2 KF (mg/g (L/mg)1/n) n R2 KT (L g–1) B R2 
0.066 5.310 0.661 0.372 1.295 0.908 0.982 0.916 0.980 

 
Fig. 8(b), (c) and (d) show the isotherm models of 

RB adsorption on the MFS surface. It is clearly seen that 
plot of Temkin isotherm is more linear with R2 of 0.980 in 
comparison to other models of isotherms (show Table 4). 
Temkin isotherm contains a factor that explicitly taking 
into the account of adsorbent-adsorbate interactions and 
assumes that heat of adsorption of all molecules in the 
layer would decrease linearly rather than in logarithmic 
manner with the coverage [33]. 

Adsorbent dosage 
To optimize the MFS dosage, the effect of 

adsorption amount on removal of RB dye was carried out. 
Fig. 9(a) shows the dependence of MFS mass on RB 
adsorption percentage. It was observed that RB removal 
increased with the increase of the amount of MFS 
adsorbent. The maximum removal of dyes was observed 
with the dosage (1.7 g) used for all subsequence 
experiments the results are shown in Fig. 9(a). 

Initial pH effect 
Different pH values (3, 4, 9 and 12) were used to 

study the pH effect on adsorption of RB dye onto MFS. 
Initial pH dye solutions were adjusted by using 0.1 N of 
HCl and 0.1 N of NaOH. Fig. 9(b) depicts the relationship 
between RB removal percentages with the initial pH 
values of the RB solutions .It is clearly seen that the 
amount of dyes removed at pH 3 produced a large 
adsorbate quantity. The dye removal was expected to 

increase due to the esterification process that was found 
to be more favorable at acidic solution (pH < 3). The IR 
spectral lines proves the occurrence of esterification by 
the appearance of a peak at 1734 cm–1. 

Effect of Temperature 
The effect of temperature on RB adsorption on 

MFS surface at (35–55) °C is shown in Fig. 10(a). It 
shows that the adsorption process decreased with the 
rise in temperature due to the reduced attractive forces 
between the RB molecules and MFS [34]. The enthalpy 
variation (∆H), and other thermodynamic parameters 
such as free energy variation (∆G), and entropy 
variation (∆S) follows the following equations [35]: 

m
Hln X C

RT
−∆

= +  (9) 

G RTlnK∆ = −  (10) 
G H T S∆ = ∆ − ∆  (11) 

where Xm is the maximum amount adsorbed (qm) at a 
certain value of concentration equilibrium (Ce), and (K) 
is the distribution coefficient. The value of ∆H° was 
determined from the slope value of the straight line of 
plotting ln Xm versus 1/T (Fig. 10(b)). The negative value 
of enthalpy (∆H = -42.447 kJ/mol) and entropy (∆S = -
147 J mol–1 K–1), confirmed the exothermic process and 
that the RB molecules have ordered arrangement on MFS 
surface [36]. On the other hand, the positive value of free 
energy (∆G = +3065 kJ/mol) indicated that the adsorption 

 
Fig 9. (a) Effect of adsorbent dosage and, (b) pH effect on adsorption of RB 



Indones. J. Chem., 2020, 20 (5), 1152 - 1162   
        
                                                                                                                                                                                                                                             

 

 

Azal Shakir Waheeb et al.   
 

1160 

 
Fig 10. (a) Effect of temperature and, (b) Van’t Hoff plots for the adsorption of RB onto MFS surface 

 
process was thermodynamically non-spontaneous [35]. 
The value of ∆H was more than 40 kJ/mol which indicates 
that the uptake of RB dye onto MFS could be attributed to 
a chemisorption process [37]. 

■ CONCLUSION 

In the present study, we examined the adsorption of 
Rose Bengal onto Myristica fragrans shells. We strongly 
suggest that chemisorption by ester bond formation 
between adsorbate and adsorbent occurred. This result 
was confirmed by FTIR and adsorption study. 
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