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 
Abstract—In this study, malt bagasse, a low-cost waste biomass, 

was tested as a biosorbent to remove the cationic dye Malachite green 
(MG) from aqueous solution. Batch biosorption experiments were 
investigated as functions of different experimental parameters such as 
initial pH, salt (NaCl) concentration, contact time, temperature and 
initial dye concentration. Higher removal rates of MG were obtained 
at pH 8 and 10. The equilibrium and kinetic studies suggest that the 
biosorption follows Langmuir isotherm and the pseudo-second-order 
model. The maximum monolayer adsorption capacity was estimated 
at 117.65 mg/g (at 45 °C). According to Dubinin–Radushkevich (D-
R) isotherm model, biosorption of MG onto malt bagasse occurs 
physically. The thermodynamic parameters such as Gibbs free 
energy, enthalpy and entropy indicated that the MG biosorption onto 
malt bagasse is spontaneous and endothermic. The results of the ionic 
strength effect indicated that the biosorption process under study had 
a strong tolerance under high salt concentrations. It can be concluded 
that malt bagasse waste has potential for application as biosorbent for 
removal of MG from aqueous solution. 
 

Keywords—Color removal, kinetic and isotherm studies, 
thermodynamic parameters, FTIR. 

I. INTRODUCTION 

HE removal of pollutants from wastewater is a matter of 
great interest to control the environmental pollution. 

Among the numerous industrial activities, textile is one of the 
main contributors for surface water bodies’ degradation once 
their wastewater contains different classes of dyes, heavy 
metals, surfactants, extreme pH and high values of salts, total 
solids, BOD and COD [1], [2]. The discharge of textile 
wastewater into the receiving stream is not only aesthetically 
unpleasant but can also lead to the depletion of dissolved 
oxygen and reduction of light penetration and photosynthetic 
activity [3], [4]. Furthermore, many textile dyes and their 
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metabolites are potentially toxic, mutagenic and carcinogenic 
to living systems [5], [6].  

Treatment of textile wastewaters is very difficult due to the 
complex and stable aromatic structure of synthetic dyes. 
Nevertheless, physical, chemical and electrical methods, such 
as coagulation, ultrafiltration, advanced oxidation processes, 
irradiation, electrolysis and ozonation are available for the 
treatment of dye-containing wastewater [7]-[11]. However, the 
long operation time, high sludge production, intensive energy 
requirements, and formation of toxic by-products in some 
cases can make these technologies impractical and expensive 
to operate [12].  

Adsorption is an efficient and economic process to remove 
pollutants from wastewater [13]. In the past decade, several 
studies have focused on adsorption of dyes from aqueous 
solution and wastewater using biomasses as adsorbent, such as 
orange bagasse [14], rice husk [15], yeast slurry from brewery 
[16], lignocellulosic industrial waste [17], walnut shell [18] 
and macroalgae [19]. Biomasses have gained particular 
attention because of easy availability, low cost and 
effectiveness. Generally, these materials are plentiful in 
nature, or are by-products or waste from industrial processes, 
having low or no economic value [20]. Malt bagasse is a by-
product generated in large amounts in beer industry, which 
makes it an interesting target for the examination of its dye 
biosorption potential. In the literature, biosorption studies on 
textile dyes using malt bagasse show unsatisfactory results, 
mainly because there is a high number of dyes commercially 
available, more than 100,000 [21], and a high chemical 
diversity of these compounds.  

In this study, the cationic triphenylmethane dye, MG, was 
used as a model compound. MG is widely used for coloring 
purpose of cotton, wool, silk polyacrylonitrile, nylon, paper 
and leather [22]. Furthermore, it is used as antifungal, anti-
bacterial and anti-parasitical therapeutic agent in aquaculture 
and animal husbandry [23]. However, MG is environmentally 
persistent and acutely toxic to a wide range of aquatic and 
terrestrial animals [24]. According to reports on animal study, 
MG was found to exhibit mutagenic, carcinogenic, genotoxic 
and teratogenic properties [25]-[27]. Although the use of this 
dye has been banned in several countries, it is still being used 
due to its ready availability, low cost and effectiveness.  

The main purpose of this study was to evaluate the ability 
of malt bagasse waste to remove MG from aqueous solution 
under different experimental conditions, including initial pH, 
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contact time, temperature, salt (NaCl) concentration and dye 
concentration. Furthermore, analyses on kinetic, isotherm and 
thermodynamic of dye removal were also performed as well as 
the characterization of malt bagasse was evaluated by Fourier 
transform infrared spectroscopy (FTIR). 

II.  MATERIALS AND METHODS 

A. Dye Solution 

The cationic dye MG (empirical formula C23H25ClN2; 
molecular weight = 364.90) was purchased from VETEC – 
Sigma-Aldrich, Brazil, and its chemical structure is shown in 
Fig. 1. Stock solutions of MG were prepared by dissolving the 
powdered dyestuff in distilled water (1.0 g/L) and the other 
concentrations were obtained by diluting this stock dye 
solution. The pH of the solution was adjusted to the desired 
value by adding 0.1 M HCl or 0.1 M NaOH. The maximum 
absorbance (λmax = 617) of MG was determined by a UV-
Visible spectrophotometer (Hach DR6000). 

 

 

Fig. 1 Chemical structure of MG dye 

B. Preparation of Biosorbent 

Malt bagasse waste was obtained from an artisanal brewery 
in Brazil. It was washed several times with distilled water for 
removing dirt and soluble impurities, and then dried at 80 °C 
to constant weight. Next, malt bagasse was crushed and 
sieved, using an ASTM Standard sieve, to select the particle 
sizes between 500 and 250 μm and then stored in desiccators 
for further use. 

C. Biosorption Assays 

Biosorption assays were conducted with 250 mL 
Erlenmeyer flasks containing 100 mL aqueous solution of 
MG. Flasks were agitated on a rotary shaker at 150 rpm. In 
order to predict the effect of some physicochemical variables 
on the removal of MG by malt bagasse, variables such as pH 
(2, 4, 6, 8 and 10), salt (NaCl) concentration (1.0, 2.5, 5.0, 7.5 
and 10 g/L), contact time (0-120 min), temperature (25, 35 and 
45 °C) and initial dye concentration (50, 100, 150, 200 and 
300 mg/L) were evaluated. After equilibrium to be reached at 
each experiment, the malt bagasse was removed from the 
suspension by filtration (membrane filter Ø 0.45 μm) and the 
residual dye in the solution was measured quantitatively by 
UV–Vis spectrophotometer (Hach DR6000) at λmax = 617 nm. 
The biosorption experiments were executed in triplicates. To 
calculate the dye removal efficiency, R (%), and dye 
biosorption capacity (qe, mg/g) of malt bagasse waste at the 
equilibrium (1) and (2) were used, respectively: 

𝑅ሺ%ሻ ൌ
஼೔ି஼೐

஼೔
 ൈ  100         (1) 

 

𝑞௘ ൌ
ሺ஼೔ି஼೐ሻ

஻
            (2) 

 
where Ci and Ce are the initial and the equilibrium dye 
concentrations (mg/L) and B is the biosorbent concentration in 
solution (g/L).  

D. FTIR Analysis  

FTIR analyses were used to determine the functional groups 
on the malt bagasse and their responsibility for MG 
adsorption. FTIR was performed on a Shimadzu IRAffinity-1 
spectrophotometer (Model: IRAffinity-1; Catalogue Number: 
206-73500-38; Serial Number: A21374902249S1; Brand: 
Shimadzu Corporation spectrophotometer). After adsorption 
of MG until adsorption equilibrium, the residual dye solution 
was filtered (membrane filter Ø 0.45 μm) and the residual 
biosorbent dried at 80 °C for 48 h after washing with ultra-
pure water three times. The samples (1 mg biosorbent) were 
mixed with spectroscopically pure KBr (100 mg), and pellets 
were fixed in a sample holder. The qualitative analyses were 
carried out using the following parameters: Measured Mode 
(% Transmittance), Apodization (Happ_Genzel), Number of 
Scans (200), Resolution (16), Range (400-4700 cm-1), Gain 
(1). The acquisitions of spectra were made using IRSolution 
software (Version 1.50). The background obtained from KBr 
disks was automatically subtracted from the sample disks 
spectra. 

III. RESULTS AND DISCUSSION 

A. Effect of pH 

The effect of initial pH on the removal of MG by malt 
bagasse waste at a dye concentration of 50 mg/L, 1.0 g/L 
biosorbent, 25 ºC and contact time of 120 min is illustrated in 
Fig. 2. pH significantly influenced the MG biosorption of malt 
bagasse, probably because this parameter affects the ionizing 
functional groups of cells walls [28], [29]. The biosorption of 
the dye was maximum at pH 8 and 10 (85.7 and 86.9%, 
respectively). The higher uptakes that were obtained at basic 
conditions may be explained in terms of electrostatic 
interactions between MG and biosorbent [30]. At lower values 
of pH, the different functional groups on the surface of 
biosorbent are protonated and thereby limit the approach of 
positively charged dye cations [31]. As the pH becomes 
higher, the net electronegativity of the biosorbent increases 
due to deprotonation of different functional groups and then 
the electrostatic interactions between the negatively charged 
biosorbent and the positively charged MG dye cations lead to 
dye removal from the solution. The increase in dye 
biosorption at higher pH may also be related to the reduction 
of H+ ions, which compete with dye cations at lower pH for 
the same sites on the biosorbent surface [31]. Similar results 
were reported by Tsai et al. [32] using beer brewery waste to 
remove the cationic dye methylene blue. Whereas pH of 
textile wastewater is commonly alkaline [33], the pH 10 was 
used in subsequent studies. 
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Fig. 2 Effect of pH on biosorption of MG by malt bagasse waste 
(biosorbent dosage = 1.0 g/L, [MG] = 50 mg/L, contact time = 120 

min, temperature = 25 ºC) 

B. Effect of Contact Time 

An ideal biosorbent should quickly adsorb the pollutant 
from liquid phase and establish the equilibrium. So, the effect 
of contact time as a function of temperature was studied at a 
dye concentration of 50 mg/L, 1.0 g/L biosorbent and pH 10. 
As shown in Fig. 3, for the given temperatures, a rapid 
biosorption of MG occurred within the first 10 min and was 
gradually slowed down until the equilibrium, which was 
achieved at 60 min. The fast biosorption during the first initial 
10 min could be explained by the large number of free active 
binding sites on the adsorbent surface at the beginning of the 
experiments. Also, it can be seen that removal of MG 
increased from 86.9 to 97.7% when the temperature was 
increased from 25 to 45 °C. An increase in MG removal 
capacity of the biosorbent with temperature indicates the 
biosorption of MG on malt bagasse is kinetically controlled by 
an endothermic process. 

C. Effect of Salt Concentration (NaCl) 

In general, textile wastewater contains high amounts of salts 
(up to 10 g/L NaCl or Na2SO4) [34]. In this study, the effect of 
salt concentration (NaCl) on the biosorption of MG by malt 
bagasse waste was evaluated at a dye concentration of 50 
mg/L, pH 10, 45 ºC, 1.0 g/L biosorbent. When salt 
concentration was increased from 0.0 to 10.0 g/L it was found 
that the effect of NaCl on the dye removal was practically 
negligible (Fig. 4). This indicates that an elevated ionic 
strength with NaCl does not electrostatically interfere with the 
binding of MG to the active sites of biosorbent significantly, 
and therefore, from a practical point of view, the malt bagasse 
can be used for removal of MG from salt-containing 
wastewaters [30]. 

D. Effect of Initial Concentration of Dye 

The effect of initial concentration of MG on removal 
capacity of the malt bagasse waste was investigated using 
solutions of dye ranging from 50 to 300 mg/L, pH 10, and 45 
°C. Fig. 5 indicated that the removal of dye decreased with 
increasing initial dye concentration. This effect can be 
explained by a fixed number of adsorption sites for a given 
biosorbent dosage, which become saturated at a certain dye 

concentration. However, the biosorption capacity increased 65 
mg/g when the initial dye concentration was raised from 50 to 
300 mg/L. The initial dye concentration results in an increased 
adsorption capacity because it provides a driving force to 
overcome all mass transfer resistances of dyes between the 
aqueous and solid phase [35].  

 

 

Fig. 3 Effect of contact time on the biosorption of MG by malt 
bagasse waste at different temperatures (pH = 10, biosorbent dosage 

= 1.0 g/L, [MG] = 50 mg/L) 
 

 

Fig. 4 Effect of salt concentration (NaCl) on biosorption of MG by 
malt bagasse waste (pH = 10, biosorbent dosage = 1.0 g/L, [MG] = 

50 mg/L, contact time = 120 min, temperature = 45 ºC) 
 

 

Fig. 5 Effect of initial dye concentration on the biosorption of MG by 
malt bagasse waste (pH = 10, biosorbent dosage = 1.0 g/L, contact 

time = 120 min, temperature = 45 °C) 
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E. Biosorption Kinetics 

The adsorption is a time-dependent process. So, kinetic 
studies are useful for the design and evaluation of sorbents 
[36]. In this study, kinetic studies on MG removal were 
conducted with constant initial dye concentration (50 mg/L), 
1.0 g/L biosorbent, at temperatures of 25, 35 and 45 °C. 
Mostly used kinetic models including pseudo-first order [37], 
pseudo-second order [38] and intraparticle diffusion [39] were 
applied to experimental data. 

The linear forms of pseudo first-order and pseudo second-
order models are expressed by (3) and (4):  

 

logሺ𝑞௘ െ 𝑞௧ሻ ൌ  log 𝑞௘ െ 
௄భ

ଶ.ଷ଴ଷ
𝑡       (3) 

 
௧

௤೟
ൌ  

ଵ

௄మ௤೐
మ ൅ 

ଵ

௤೐
𝑡            (4) 

 
where qe (mg/g) and qt (mg/g) are the amounts of dye 
adsorbed by biosorbent at equilibrium and at time t, 
respectively. K1 (1/min) and K2 (g/mg min) are the pseudo-
first order and pseudo-second order adsorption rate constants, 
respectively. 

The pseudo-first order constants K1 and qe were calculated 
from the slope and intercept of the plot between ln (qe - qt) 
versus t (Fig. 6 (a)). The kinetic data in Table I demonstrated 
that although pseudo-first order model resulted in good fits for 
all temperatures (0.941 < R2 < 0.987), the experimental qe 
values (43.1, 45.7 and 48.8 mg/g at 25, 35 and 45 °C) did not 
agree with the calculated ones (28.25, 24.43 and 32.43 mg/g at 
25, 35 and 45 °C). Therefore, this result suggests that this 
model was not appropriate for describing the adsorption 
kinetics of MG onto malt bagasse waste. 

The pseudo-second order constants K2 and qe were 
calculated from the slope and intercept of the plot between t/qt 
versus t (Fig. 6 (b)). The fitting of the kinetic data in the 
pseudo-second order equation showed excellent linearity with 
high correlation coefficient (R2 >0.999) for all temperatures 
and the biosorption capacities (qe) estimated were much closer 
to experimental qe values (Table I). By increasing the 
temperature, the pseudo-second order rate constant values 
changed from 0.0018 to 0.0049 g/mg min. So, it can be 
inferred that the MG biosorption onto malt bagasse waste 
followed pseudo-second order kinetics. Similar results during 
studies of MG adsorption on other biomasses have been 
reported in the literature [35], [40].  

The intraparticle diffusion model was used to identify the 
diffusion mechanisms and is represented by (5): 
 

𝑞௧ ൌ  𝐾୧ୢ𝑡଴.ହ ൅  𝐶          (5) 
 
where C is the intercept (mg/g) and Kid is the intraparticle 
diffusion rate constant (mg/g min0.5). By plotting qt versus t0.5, 
the values of Kid and C were obtained. According to this 
model, if the plot crosses the origin (C = 0), the adsorption 
process is controlled only by intraparticle diffusion. Fig. 6 (c) 
showed similar overall features of multilinear plots with two 
steps. The first step is attributed to the external surface 

adsorption or instantaneous diffusion stage, during which a 
large amount of MG is rapidly adsorbed by the external 
surface of the biosorbent [41]. This is considered the fast step, 
demonstrated by the highest Kid constant values (Table I). The 
second step is the gradual biosorption stage controlled by 
intraparticle diffusion. As the plots did not cross the origin (C 
≠ 0), they suggest that the intraparticle diffusion is not the 
only mechanism of biosorption operating and probably, the 
biosorption kinetics of MG onto malt bagasse waste was 
controlled by both surface and intraparticle diffusion 
processes.  

 
TABLE I 

KINETIC PARAMETERS ESTIMATED BY THE PSEUDO FIRST-ORDER, PSEUDO 

SECOND-ORDER AND INTRAPARTICLE DIFFUSION MODELS FOR THE MG 

BIOSORPTION ONTO MALT BAGASSE WASTE 

Parameters 
Temperature (°C) 

25 35 45 

qexperimental (mg/g) 43.1 45.7 48.8 

Pseudo-first order 

K1 (1/min) 0.035 0.039 0.067 

q1 (mg/g) 28.25 24.43 32.43 

R2 0.941 0.987 0.986 

Pseudo-second order 

K2 (g/mg min) 0.0018 0.0028 51.02 

q2 (mg/g) 46.95 48.54 51.02 

R2 0.998 0.999 0.999 

Intraparticle diffusion 

Step 1 

Kid (mg/g min0.5) 4.058 3.866 3.859 

C (mg/g) 13.67 19.70 25.18 

R2 0.931 0.949 0.950 

Step 2 

Kid (mg/g min0.5) 1.149 0.689 0.146 

C (mg/g) 33.54 41.28 50.31 

R2 0.988 0.965 0.927 

F. Biosorption Isotherms 

Biosorption isotherms provide essential information in 
optimizing the use of adsorbents. In this study, the equilibrium 
experiments were performed with different initial dye 
concentrations (50-300 mg/L), using 1.0 g/L biosorbent at 45 
°C. The Langmuir [42], Freundlich [43] and D-R [44] models 
are commonly used to describe adsorption isotherms and, 
therefore, were applied to describe the equilibrium biosorption 
data of MG onto malt bagasse waste.  

The Langmuir isotherm model assumes that the uptake 
occurs on a homogeneous surface by monolayer sorption 
without interaction between adsorbed molecules. The 
Langmuir model is expressed in (6): 

 
஼೐

௤೐
ൌ ଵ

௄ಽ௤೘ೌೣ
 ൅ ஼೐

 ௤೘ೌೣ
         (6) 

 
where qe (mg/g) is the amount of dye adsorbed by the 
biosorbent at equilibrium, Ce (mg/L) is the dye concentration 
in the solution at equilibrium, qmax (mg/g) is the maximum 
monolayer adsorption capacity, and KL (L/mg) is the Langmuir 
constant related to the affinity of the binding sites and 
adsorption energy. By plotting Ce/qe versus Ce, KL and qmax 
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were calculated. The Langmuir model has a high linear 
correlation coefficient (R2 = 0.997, Fig. 7 (a) and Table II), 
indicating the formation of a monolayer of MG covering the 
malt bagasse. The maximum monolayer dye biosorption 
capacity (qmax) of the biosorbent is 117.65 mg/g (Table II). 
The maximum adsorption capacities of MG onto various 
biosorbents reported in the literature are listed in Table III. 
The adsorption capacity of malt bagasse waste obtained for 
MG in this investigation is higher than those of many 
corresponding adsorbent materials. 

The empirical Freundlich model is based on heterogeneous 
surface sorption and can be expressed as in (7):  
 

ln 𝑞௘ ൌ  ln 𝐾௙  ൅  
ଵ

௡
ln 𝐶௘          (7) 

 
where Kf ((mg/g) (mg/L)-1/n) and n (dimensionless) are the 
Freundlich constants related to the biosorption capacity and 
biosorption intensity, respectively. The values of Kf and n 
were calculated by plotting lnqe and lnCe and were estimated 
at 58.557 and 6.13, respectively. As can be seen in Fig. 7 (b) 
and Table II, the Freundlich model does not fit the data of 
biosorption experiment as well as Langmuir model, as 
indicated by the values of the correlation coefficients (R2 = 
0.750). 

 

Fig. 6 Plots for pseudo-first order (a), pseudo-second order (b) and intraparticle diffusion (c) models for the biosorption of MG onto malt 
bagasse waste, at different temperatures 

 

 

Fig. 7 Plots for Langmuir (a), Freundlich (b) and D-R isotherms (c) for the biosorption of MG onto malt bagasse waste 
 

TABLE II 
BIOSORPTION ISOTHERM CONSTANTS FOR THE BIOSORPTION OF MG ONTO MALT BAGASSE WASTE 

Langmuir model Freundlich model D‐R model 
qmax (mg/g) KL (L/mg) R2 KF (mg/g)(mg/L)-1/n n R2 qs (mg/g) Β (mol2/J2) E (kJ/mol) R2 

117.65 3.864 0.997 58.557 6.13 0.750 116.32 5.0 x 10-7 1.00 0.963 
 

TABLE III 
 COMPARISON OF MG ADSORPTION CAPACITY FOR DIFFERENT BIOSORBENTS 

Biosorbent T (°C) pH qmax (mg g-1) Reference 
Caulerpa racemosa var. cylindracea (marine alga) 45 6.0 25.67 [45] 

Sodium carbonate treated rice husk 50 7.0 27.03 [46] 
Potato peel 25 4.0 32.39 [47] 

Pine tree root decayed by brown-rot fungi 40 4.0 42.63 [4] 
Forestry waste mixture Room temperature 8.0 52.61 [48] 

Leaf of pineapple (Ananas comosus) 25 9.0 54.64 [49] 
Corn cob 27 8.0 80.64 [50] 

Walnut shell Room temperature Ambient pH 90.80 [18] 
Thermally activated Pithophora sp. (algae) 30 5.0 117.65 [51] 

Malt bagasse 45 10 117.65 This study 
Lignin sulfonate-based mesoporous materials 55 7.0 150.38 [52] 

Casuarina equisetifolia needle 45 Ambient pH 154.30 [53] 
Ginger waste 50 9.0 188.60 [54] 
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The D–R isotherm model was used to distinguish the nature 
of biosorption as physical or chemical. The linear form of the 
D-R isotherm equation is given by (8):  

 
ln 𝑞௘ ൌ ln 𝑞௠ െ  𝛽𝜀ଶ         (8) 

 
where qe is the amount of dye adsorbed per unit mass of 
biosorbent, qm is the theoretical adsorption capacity (mg/g), β 
is a constant related to biosorption energy and ɛ the Polanyi 
potential, which is calculated by (9):  
 

𝜀 ൌ 𝑅𝑇 𝑙𝑛 ቀ1 ൅  ଵ

஼೐
ቁ          (9) 

 
where R (8.314 J/mol K) is the ideal gas constant and T (K) is 
the absolute temperature.  

The values of qm and β were determined from the slope and 
intercept of the linear plot of ln qe versus ɛ2 (Fig. 7 (c)). The 
mean free energy of biosorption (E, kJ/mol), represented by 
(10), was estimated using the constant β: 

 

𝐸 ൌ  ଵ

ඥଶఉ
           (10) 

 
When E value falls within the range from 8 to 16 kJ/mol, 

the biosorption process is controlled by a chemical 
mechanism, while for E < 8 kJ/mol, the biosorption process 
occurs through a physical mechanism. As can be seen from 
Table II, the calculated mean free biosorption energy (E) was 
1.00 kJ/mol, which indicates that the biosorption process of 
MG onto malt bagasse waste was probably physically 
controlled. 

G. Thermodynamic Studies 

The thermodynamics parameters of MG biosorption onto 
malt bagasse waste, i.e., Gibbs free energy change (∆G°), 
enthalpy (∆H°) and entropy (∆S°) were calculated by (11) and 
(12): 

 
∆𝐺° ൌ  െ𝑅𝑇 ln𝐾஽         (11) 

 
∆𝐺° ൌ  ∆𝐻° െ 𝑇∆𝑆°         (12) 

 
The combination of above equations gives: 

 

ln𝐾஽ ൌ  ∆ௌ°

ோ
െ ∆ு°

ோ
𝑥 ଵ

்
         (13) 

 
where KD (qe/Ce) is the distribution coefficient, T (K) is the 
absolute temperature and R is the universal gas constant 
(8.314 J/K mol). Values of ΔH° and ΔS° were determined 
from the slope and intercept equation of the plot between lnKD 
as a function of 1/T (Fig. 8). The thermodynamic results are 
listed in Table IV. The negative values of ∆G° indicate that 
the MG biosorption onto malt bagasse is spontaneous and 
feasible at all the studied temperatures (25, 35 and 45 °C). The 

change in the standard enthalpy (∆H°) was positive (85.7 
kJ/mol) suggesting that the biosorption is endothermic in 
nature. The ΔS° parameter was also found to be positive 
suggesting that the randomness at the biosorbent/solution 
interface increases during the biosorption of the dye. 
 

 

Fig. 8 Plot of lnKD versus 1/T for estimation of thermodynamic 
parameters 

 
TABLE IV 

 THERMODYNAMIC PARAMETERS ESTIMATED FOR MG BIOSORPTION ONTO 

MALT BAGASSE 

T (°C) KD ∆G° (kJ/mol) ∆H° (kJ/mol) ∆S° (J/mol K) 

25 6.66 -4.699 85.7 0.297 

35 10.77 -6.090   

45 44.89 -10.062   

H. FTIR Analysis  

FTIR technique is an important tool to identify the 
functional groups in the surface of an adsorbent. As seen in 
the spectrum of malt bagasse (Fig. 9 (a)), a strong and broad 
band ranging 3200-3600 cm−1 is indicative of the presence of 
O–H and N–H groups. The peaks at 2924.09 and 2854.65 cm-1 
are attributed to the C–H stretching vibration of methyl and 
methylene groups [55]. The band at 1743.65 cm-1 corresponds 
to C=O stretching vibration likely in esters [56] while protein-
related bonds of amide I (C=O stretching) and amide II 
(combination of N–H bending and C–N stretching) are 
observed at 1651.07 and 1543.05 cm-1, respectively [57]. The 
bands at 1458.18 and 1373.3 cm−1 are assigned to the bending 
vibrations of C–H [58] and C–N stretching vibrations are 
observed at 1249.87 cm−1. The peak at 1049.28 cm-1 is 
attributed to C–O or C–N stretching vibrations of primary 
alcohols or amines [59]. The spectrum of MG-loaded malt 
bagasse suggests that various functional groups detected on 
the surface are involved in the adsorption (Fig. 9 (b)). The 
peaks observed around 3317.56 (O–H/N–H), 2862.36 (C–H), 
1543.05 (N–H/C–N) and 1049.28 (C–O/C–N) were 
significantly changed. The shifts of these bands may indicate 
the possibility of malt bagasse interaction with MG dye 
molecules via these functional groups. 
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(b) 

Fig. 9 FTIR spectra of malt bagasse before MG adsorption (a) and after MG adsorption (b) 
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IV. CONCLUSION 

In this study, malt bagasse waste was evaluated as a 
possible biosorbent for removal of MG, a cationic dye, from 
aqueous solution. The biosorption process proved to be 
dependent on the pH of the solution, temperature, contact 
time, and initial concentration of dye. Maximum biosorption 
rates were obtained at pH 8 and 10. The kinetics of the 
biosorption process followed pseudo-second-order model. 
Experimental equilibrium data provided best fit with the 
Langmuir isotherm model and the maximum biosorption 
capacity was estimated at 117.65 mg/g (at 45 °C). According 
to D-R isotherm model, biosorption of MG onto malt bagasse 
occurs physically. Thermodynamic parameters, ∆G° and ∆H°, 
indicated that the MG biosorption onto malt bagasse is 
spontaneous and endothermic. In conclusion, malt bagasse 
may be an economic, effective and ecofriendly option for the 
removal of the cationic dye MG from aqueous media. 
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