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Abstract−Removal of melanoidin pigment from molasses spent wash was investigated using a new adsorbent. Solid
adsorbents were fabricated from charcoal fly ash and clay. The effect of various molasses concentration (6 to 12 g/l)
on removal efficiency was studied. The obtained results revealed that maximum removal efficiency of 82% was achieved
at the molasses concentration of 6 g/l and contact time of 7 h. The saturated porous adsorbents were regenerated and
reused to conduct similar experiments. The achieved data showed that more than 90% of the capacity of the fresh ad-
sorbent was recovered after regeneration. Various adsorption isotherms of Langmuir, Freundlich, Temkin and Harkins-
Jura were applied to interpret the obtained experimental data. The obtained results revealed that the sorption data were
well described by the Harkins-Jura model. Also, various kinetic models of pseudo-first order, pseudo-second order,
Elovich and intra-particle diffusion were used to predict the characteristic parameters which are useful in process design.
It was concluded that the best fit was obtained with pseudo-second order kinetic model at low molasses concentrations.
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INTRODUCTION

Depletion of fossil energy resources and deterioration of the envi-
ronment are two major concerns of mankind. These issues remind
us of the need to find alternative fuel resources which could be re-
newable, sustainable and count for eco-friendly fuels. Therefore, in
developed countries there is a growing trend towards the use of bio-
mass-based energies. These technologies, which use waste or plant
matter to produce energy, emit less greenhouse gas than fossil fuels
and are cost-wise competitive with conventional energy resources
[1,2].

Liquid biofuel, especially bioethanol, is one of the alternatives
with the potential to be replaced with fossil fuels. Bioethanol can
be produced from various feedstocks such as sugarcane residues,
corn stoves, wood wastes and agricultural residues [3]. Among all
these resources, sugar-based residues contain fermentable sugar and
are appropriate for ethanol production; whereas, the other resources
require additional pretreatment processes to become fermentable
sugar [4].

Molasses is one of the byproducts of the sugar production pro-
cess and is the final residue from the sugar crystallization unit. It is
used as a carbon source for animal feed and biofertilizer. Molasses
is also the most common feedstock for fermentation industries such
as ethanol and backer's yeast production. It has a high content of
sugar and is locally available in low cost [5-7].

The major problem associated with the molasses industry is the
production of large quantities of brown-colored effluents known as
spent wash. It has been reported that molasses spent wash in alcohol
fermentation is nearly 15 times of the total amount of alcohol pro-
duced [8]. Disposal of such huge quantity of waste stream without

further treatment can cause serious environmental damages. The
effluent streams of these industries are extremely colored and have
high organic load. The spent wash is characterized as a waste efflu-
ent having very high chemical oxygen demand (COD) (65,000-
130,000 mg/l) and biochemical oxygen demand (BOD5) (30,000-
96,000 mg/l), acidic pH (4-5), bad smell and dark brown color [9].
The main colored compounds that are developed during sugar pro-
cessing can be categorized into three major groups of melanins, mel-
anoidins and caramels [10].

Melanoidins widely originate from molasses-based distilleries and
fermentation industries. Formation of melanoidins involves a set of
chemical reactions between amino compounds and carbohydrates
during the Maillard reaction [11]. Melanoidin has the empirical for-
mula of C17-18H26-27O10N with a molecular weight in the range of 5,000
to 40,000 [12]. Melanoidin has commercial and nutritional signifi-
cance as it serves the color and flavor of the foods, which are the
key factors to attracting consumers. But, investigations have revealed
some harmful effects of melanoidins as mutagenic, carcinogenic
and cytotoxic effects [11]. Therefore, discharge of the highly colored
spent wash, which is enriched with melanoidin, is a great threat to
the environment. The dark brown color of these effluents prevents
sunlight and oxygen to penetrate into aquatic systems such as rivers,
lakes and lagoons. Disposal of such waste streams into the soil reduces
its alkalinity and manganese content. It also inhibits seed evolution
and destroys vegetation [13,14].

Decolorization of molasses spent wash by physical, chemical and
biological methods has been investigated by a number of research-
ers [5,12,15-19]. Adsorption as a physical treatment technique has
proven to be effective for wastewater treatment. Although adsorp-
tion may be a costly method, utilizing low cost materials as adsor-
bent makes the adsorption process to be cost effective [12,15]. Fly
ash and clay have been found as potential and low cost adsorbents
to remove color from waste streams. Clay is a natural scavenger of
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water pollutants and fly ash is a waste material, originating in sig-
nificant amounts in combustion process. Currently, annual world-
wide production of coal ash is estimated to be 700 million tons, from
which at least 70% is fly ash [12]. Although part of the fly ash is
used in applications such as light concrete preparation, large quan-
tities are still not used and disposed. The large amount of fly ash
discarded in coal-fired power stations can be utilized as a potential
adsorbent for color removal [12,15,20].

The aim of the present research was to investigate the decolori-
zation of molasses spent wash by using a novel adsorbent. The ad-
sorbent was fabricated from a mixture of charcoal fly ash and clay.
The performance of the fabricated adsorbent was evaluated in a series
of batch experiments. Various adsorption isotherms and kinetic models
were implemented to interpret the experimental data. The coefficients
and important parameters of these models were also calculated.

MATERIALS AND METHODS

1. Preparation of the Adsorbent
Molasses was provided from a local sugar factory, Fariman, Iran.

It was a dark brown and dense liquor with sugar concentration of
315 g/l. DNS method was applied to determine the sugar concen-
tration of the molasses before and after the decolorization process
[21].

Fly ash was locally obtained from Tonekabon, Iran. It was sup-
plied from combustion of wood-wastes. Clay was provided from a
ceramic industry, Sophal Tabarestan, Neka, Iran. A solid mixture
of fly ash and clay with proportions of 60 and 40 wt% was pre-
pared. The mixture was blended thoroughly and uniformly. In the
preparation process of the granulated adsorbents, 10 ml of distil-
lated water and 10 ml of 8 wt% polyvinyl alcohol (Merck, Ger-
many) were added to 8 g of uniformly mixed solid adsorbent. The
paste material was pelletized, air-dried and placed in a furnace (Nober-
therm, Germany) and heated to 600 oC for 2 h. The porous and cal-

cined solid pellets were used in batch experiments. Fig. 1 shows
the SEM micrograph of the fabricated adsorbent.

To determine the surface functional group of the adsorbent, a Fou-
rier transform infrared (FTIR) spectrum was recorded over the fre-
quency range of 4,000 to 400 cm−1 using a spectrometer (Bruker,
Model Vector 22, Germany). Fig. 2 shows the FTIR spectrum of
the fly ash-clay adsorbent. The FTIR spectrum of the adsorbent in-
dicated the presence of several functional groups. The presence of a
strong absorption band at 3,300 cm−1 confirmed the presence of dom-
inant hydroxyl group (–OH). The carbonyl functional group (C=O)
was found at wavelength of 1,640 cm−1. The peaks at wavelength
of 2150 cm-1 represented carboxyl (-COO) functional group [22].
All of these surface functional groups of the fabricated adsorbent
can interact with the molasses molecule.
2. Batch Experiments

To obtain the equilibrium concentration of the adsorbate, batch
experiments were conducted in a series of Erlenmeyer flasks (250
ml). Each flask contained 5 g of the adsorbent and 100 ml of 10 g/l
molasses solution (10 g molasses was diluted in 1,000 ml of distilled
water). All the flasks were kept at the same condition. They were
placed in a shaker (Stuart, UK) which was set at 190 rpm to ensure
sufficient mixing and effective mass transfer. A similar procedure
was followed for another set of Erlenmeyer flasks containing the
same molasses solution without the adsorbent as blank. For a time
interval of 60 min, flasks were removed from the shaker and the
final concentrations of pigments in the solution were analyzed. To
determine the equilibrium concentration, the adsorption experiment
was prolonged to 20 h. However, it was observed that a contact time
of 7 h was enough to achieve equilibrium as the molasses removal
efficiency was almost constant after this contact time. The molasses
concentration was determined with a spectrophotometer (Unico,
2100 series, USA). Maximum absorbance was found to be at the
wavelength of 664 nm for molasses. A calibration curve was devel-
oped for a range of molasses solutions with defined concentrations.
The final concentration of the samples was determined by using
the calibration curve. Similar experiments were conducted with vari-
ous molasses concentrations of 6, 8 and 12 g/l to determine the equi-
librium concentrations. The amount of molasses adsorbed per massFig. 1. SEM micrograph of the fabricated adsorbent.

Fig. 2. FTIR spectrum of the fly ash-clay adsorbent.
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of the adsorbent was calculated based on the following equation:

(1)

3. Regeneration of the Adsorbents
To regenerate the saturated adsorbents, the used adsorbents were

heat treated and baked in the furnace at 600 oC for 1 h in the pres-
ence of air. Similar batch experiments were conducted with the regen-
erated adsorbents. The molasses removal efficiency of the fresh and
regenerated adsorbents was compared.
4. Adsorption Isotherms and Kinetic Models

Various adsorption isotherms of Langmuir [23], Freundlich [23],
Temkin [24] and Harkins-Jura [24] were used in this study to inter-
pret the obtained experimental data. The linearized form of various
adsorption isotherms are summarized in Table 1.

The controlling mechanism of the adsorption process was inves-
tigated by fitting pseudo-first order [25], pseudo-second order [25],
Elovich [23] and intra-particle diffusion [25] kinetic models to the
experimental data. Various applied kinetic models are tabulated in
the linearized form in Table 2.

RESULTS AND DISCUSSIONS

1. Effect of Initial Molasses Concentration on Removal Effi-
ciency and Adsorption Capacity

To evaluate the effect of molasses concentration on removal effi-
ciency, various concentrations of 6, 8, 10 and 12 g/l were examined.
The amount of molasses removed from the solution was calculated
based on the following equation:

(2)

Fig. 3 depicts the adsorption capacity of the adsorbent with respect
to contact time. The filled and open data points represent the fresh
and regenerated adsorbents, respectively. As observed in this figure,
increasing the initial molasses concentration from 6 to 12 g/l improved
the adsorption capacity from 98 to 170 mg/g. This increase was due
to the great driving force provided by high molasses concentrations
to overcome the mass transfer resistance between the aqueous and
solid phases. A similar trend was followed while using the regener-
ated adsorbents. The adsorption capacity of the regenerated adsor-
bents was slightly different from the fresh ones, which confirmed
the effectiveness of the regeneration process. The obtained results
demonstrated that after a contact time of 7 h, a molasses removal
efficiency of 82, 78, 75 and 74% was achieved for initial concen-
trations of 6, 8, 10 and 12 g/l, respectively.
2. Adsorption Isotherm

Adsorption isotherms are used to evaluate the performance of
the adsorbents in the adsorption process. They represent the sur-
face properties of the adsorbents and also describe the interaction

q = 
C0 − C( ) V⋅

W
--------------------------

Molasses removal efficiency %( ) = 
Co − Ct

Co
---------------⎝ ⎠
⎛ ⎞ 100×

Table 1. The linearized form of various applied adsorption isotherms

Isotherm model Linear equation

Langmuir

Freundlich

Temkin qe=B1lnKT+B1lnCe

Harkins-Jura

Ce

qe
----- = 

1
KLqmax
-------------- + 

Ce

qmax
--------

qe =  KF +  
1
n
--- Celogloglog

1
qe

2
----⎝ ⎠
⎛ ⎞

 = 
B2

A
-----⎝ ⎠
⎛ ⎞

 − 
1
A
----⎝ ⎠
⎛ ⎞ Celog

Table 2. The linearized form of various applied kinetic models

Kinetic model Linear equation

Pseudo-second order

Pseudo-second order

Elovich

Intra-particle diffusion

qe − q( ) = qe − 
k1

2.303
-------------tloglog

t
qt
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1
kqe

2
------- + 

t
qe
----

q = 
1
β
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1
β
--- tln

q = f Dt
rp

2
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⎛ ⎞

1/2

 =  Kit1/2
 + I

Fig. 3. Effect of initial molasses concentration on adsorption capac-
ity: filled data points for fresh adsorbent and open data po-
ints for regenerated adsorbent.

Table 3. The constants and important parameters of various applied
isotherms

Isotherm Parameters Obtained values
Langmuir qmax

KL

R2

∆q (%)

210.54
2.273×10−4

0.881
17.641

Freundlich KF

n
R2

∆q (%)

1.352
1.642
0.975
4.440

Temkin B1

KT

R2

∆q (%)

84.37
2.736
0.937
6.258

Harkins-Jura B2

A
R2

∆q (%)

3.687
6250
0.980
3.232
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between the adsorbate and adsorbent [26,27]. Various adsorption
isotherms were applied in this study to fit the experimental data.
The results of this investigation are in Table 3. The constant and
coefficients of the adsorption models were calculated from the linear
plot of the isotherms. The suitability of the applied adsorption iso-
therm to represent the experimental data was verified in terms of
regression coefficient (R2). Generally, the regression coefficient is
not a sufficient criterion for selection of a suitable model. Thus, a
normalized standard deviation (q) was used to compare the valid-
ity of the models [18,28]:

(3)

where N is the number of data points. The higher value of R2 and
lower value of q implies the accuracy of a model to predict the ex-
perimental results. The obtained values of R2 and ∆q for the various
adsorption isotherms are in Table 3.

Fig. 4 shows the Langmuir equation fitted to the experimental
data. The Langmuir isotherm represents the monolayer coverage of
the adsorbate on the adsorbent surface. As observed in this figure,
the Langmuir model failed to fit the experimental data, and thus the
adsorption of the molasses on the adsorbent surface was not mono-
layer. The calculated R2 (0.881) and ∆q (17.641) also confirm the
deviation of this model from the experimental results. Generally, a
dimensionless equilibrium parameter (RL), which is also known as
a separating factor, is used to assess the Langmuir isotherm. RL is
represented by the following equation:

(3)

where Co is the initial solute concentration and KL is the Langmuir
constant. The value of RL>1 represents unfavorable, RL=1 linear,
0<RL<1 favorable and RL=0 irreversible adsorption process [29].
In the current work, the RL values of 0.423, 0.355, 0.306 and 0.268
were, respectively, obtained for molasses concentrations of 6, 8, 10
and 12 g/l, which indicates a favorable adsorption process.

The Freundlich isotherm is usually applied to predict the surface
heterogeneity of the adsorbent as well as multilayer coverage on
the surface. The Freundlich isotherm applied to the experimental

data is depicted in Fig. 5. It was observed that the achieved experi-
mental data were well represented by the Freundlich isotherm with
R2 of 0.975 and a corresponding ∆q value of 4.44. The coefficients
of KF and n were easily obtained from the intercept and slope of
the linearized isotherms (Table 3). The magnitude of n gives an idea
about the favorability of the adsorption process and n>1 indicates
favorable adsorption condition [30]. In the current investigation, an
n value of 1.642 was obtained, which satisfies the favorable criterion.

The Temkin isotherm assumes uniform distribution of binding
sites on the adsorbent surface. Fig. 6 represents the plot of this iso-
therm applied to the experimental data. The values of Temkin rate
constant (KT) and B1 determined from the slope and intercept of
the linearized isotherms are in Table 3. The obtained results revealed
that this model was fairly well fitted to the experimental data due
to the achieved values of R2 (0.937) and ∆q (6.258).

The Harkins-Jura adsorption isotherm was also applied to pre-
dict the adsorption behavior of the system as presented in Fig. 6.
The constants of the isotherm were calculated from the slope and
intercept of the linearized isotherm (Table 3). Amongst the various
adsorption isotherms, this model showed a good agreement with
the obtained experimental data with R2 of 0.980 and ∆q of 3.233.
The Harkins-Jura adsorption isotherm represents the existence of
heterogeneous pore distribution in the structure of adsorbent and
indicates multilayer adsorption of adsorbate on the surface.

∆q( )% = 

qexp − qcal( )/qexp[ ]2∑
N −1

--------------------------------------------- 100×

RL = 
1

1+ KLC0( )
-----------------------

Fig. 4. Langmuir adsorption isotherm fitted to the experimental
data.

Fig. 5. Freundlich adsorption isotherm fitted to the experimental
data.

Fig. 6. Temkin adsorption isotherm fitted to the experimental data.
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3. Kinetic Studies
Kinetic models have been proposed to determine the mechanism

of the adsorption. The adsorption mechanism depends on the physi-
cal and chemical properties of the adsorbent and also the mass trans-
fer process [27]. In the present investigation, various kinetic models

were applied to the obtained experimental data. The pseudo-first
order kinetic model in the linearized form which is a plot of log (qe−q)
against t is presented in Fig. 8. The rate constant of k1 was deter-
mined from the slope of the plot (Table 4). It was observed that the
obtained experimental data were in a good agreement with this model,
and a high correlation coefficient of R2≥0.970 was obtained in all
cases. However, the calculated qe values showed a great deviation
from the experimental ones, which demonstrates the inapplicabil-
ity of this model to describe the kinetics of molasses adsorption on
the adsorbent.

Fig. 9 shows the linearized form of the pseudo-second order model
applied to the experimental data. The calculated kinetic parameter
of the model is also presented in Table 4. It was observed that the
achieved experimental data were in a very good agreement with this
kinetic model especially at high molasses concentrations (R2=0.99).
Besides, in most cases the calculated values of qe which were ob-
tained from this model were in a reasonable agreement with the
experimental data. Such agreements between the calculated param-
eters and experimental data imply that the adsorption of molasses
on the adsorbent follows pseudo-second order kinetic model.

The Elovich kinetic model is usually used to describe the chemi-

Fig. 7. Harkins-Jura adsorption isotherm fitted to the experimen-
tal data.

Fig. 8. The linearized form of the pseudo-first order kinetic model.

Table 4. The kinetic parameters of various applied kinetic models

Kinetic model Parameters
Obtained values

C0=12 C0=10 C0=8 C0=6
Pseudo-first

order
k1

qcal

qexp

R2

2.303×10−4

127.938
170.232
0.970

2.303×10−3

107.646
150.816
0.991

4.606×10−4

100.231
126.312
0.975

2.303×10−4

76.067
98.534
0.993

Pseudo-second
order

k2

qe

qexp

R2

9.298×10−5

166.667
170.232
0.992

6.044×10−5

142.857
150.816
0.990

5.716×10−5

111.111
126.312
0.941

6.794×10−5

90.909
98.534
0.964

Elovich α
β
R2

109.563
0.039
0.973

284.777
0.035
0.983

282.906
0.046
0.912

359.427
0.052
0.946

Intra-particle
diffusion

Ki

I
R2

3.940
41.51
0.985

4.319
21.01
0.994

3.405
9.22

0.969

2.960
5.14
0.990

Fig. 9. The linearized form of the pseudo-second order kinetic
model.
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sorptions of adsorbate on the adsorbent with a heterogeneous sur-
face [18]. Fig. 10 presents the linearized form of the Elovich kinetic
model. The slope and intercept of a plot of q against ln t were used
to calculate the model constants as shown is Table 4. This model
also presented a relatively good agreement with the achieved exper-
imental data.

The intra-particle diffusion model was also implemented to iden-
tify the diffusion mechanism of the adsorbate and the rate-control-
ling step. Generally, sorption of adsorbate on adsorbent includes
several steps of i) transport of the solute molecule from the bulk
aqueous phase to the adsorbent surface, which is considered as film
diffusion, and ii) diffusion of the adsorbate into the interior struc-
ture of the adsorbent [31]. The intra-particle diffusion gives an insight
to the diffusion mechanism. The linear form of this kinetic model
is depicted in Fig. 11, which is a plot of q against t0.5. The intra-par-
ticular diffusion rate constant was obtained from the slope of this
plot (Table 4). Also, the value of I (intercept) gives an idea about
the thickness of the boundary layer and the large values of I repre-
sent great effect of boundary layer [32]. It was concluded that the
diffusion was the rate-controlling step due to the considerable val-
ues obtained for I and good agreement of the experimental data with
this kinetic model at various molasses concentrations (Table 4).

CONCLUSION

Removal of melanoidin pigment from molasses spent wash was
investigated by using a novel fabricated adsorbent. The achieved
equilibrium data were analyzed through various adsorption isotherm

models. The obtained experimental data were well described by
Harkins-Jura and Freundlich isotherms which represent the multi-
layer adsorption and heterogeneous surface of the adsorbent. Among
various kinetic models applied to the experimental data, the best fit
was obtained with a pseudo-second order kinetic model. Also, the
adsorption mechanism was successfully predicted using the intra-
particle diffusion model. It was also concluded that the decoloriza-
tion process did not influence the sugar concentration of the molas-
ses solution.
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NOMENCLATURE

Ce : equilibrium concentration of adsorbate in the solution [mg/l]
Co : initial concentration of adsorbate in the solution [mg/l]
qe : amount of adsorbate per mass of adsorbent at equilibrium

[mg/g]
qmax : maximum adsorption capacity of the adsorbent [mg/g]
qt : amount of adsorbate per mass of adsorbent at time t [mg/g]
KL : Langmuir adsorption constant [l/mg]
KF : Freundlich adsorption constant [(mg/g)·(l/g)1/n]
n : dimensionless adsorption intensity in Freundlich equation
KT : Temkin equilibrium binding constant [l/mg]
B1 : Temkin adsorption constant
t : time [min]
A : Harkins-Jura adsorption constant [mg2/g·l]
B2 : Harkins-Jura adsorption constant [g/l]
k1 : pseudo-first order adsorption rate constant [1/min]
k2 : pseudo-second order adsorption rate constant [g/mg·min]
Ki : Intra-particular diffusion rate [mg/g·min0.5]
I : constant related to the thickness of boundary layer
rp : adsorbent particle radius [m]
D : effective diffusivity of adsorbate within the adsorbent [m2/

min]
V : volume of molasses solution [l]
W : mass of the adsorbents [g]
α : Elovich initial adsorption rate constant [mg/g·h]
B : Elovich constant related to the extent of surface coverage and

activation energy g/mg]
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