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Abstract

The utilization of molasses waste as Rhodamine B adsorbent has been investigated by studying adsorption isotherm and
adsorption kinetics. The sample used is a variation of the concentration of Rhodamine B 10, 25, and 50 mg/L for kinetics
adsorption and 50 mg/L, 100 mg/L, 150 mg/L, 200 mg/L, and 250 mg/L for isotherm adsorption. Kinetic analysis
adsorption being tested by pseudo-first-order and pseudo-second-order rate equation, as for the equilibrium equation
being tested by Langmuir and Freundlich adsorption isotherms. Study shows that Langmuir equation model and pseudo-
second-order are the most suitable to be applied. The adsorption constant is obtained of 1.1664 L/g and qmax of 221.8279
mg/g in Langmuir Equation. Whereas for pseudo second order equations obtained values of ge, exp and ge, ca which are
slightly different. The ge, cal values obtained were 8.142 mg/g, 23.141 mg/g, and 53.895 mg/ g for various concentrations.
K value is obtained with a range of 0.001754-0.000294 and a value of R2 with a range of 0.8249-0.995 for various
concentration. Intraparticle diffusion in this study is not the only rate control measure due to the plot linear at each
concentration does not cross the origin
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Introduction

Pollution due to industrial and human activities is a very serious concern these days. Textile and paper industry effluents
are one of the major contributors to water pollution. Rhodamine B (C2sH31CIN2O3) is one of the dyes in the textile industry.
Rhodamine B is a synthetic dye in the form of crystalline powder, odourless, green or reddish purple in colour and
commonly used to dye cotton, wool, straw, silk, and bamboo. Rhodamine B is a compound that is difficult to degraded
naturally by microorganisms because it has a structure consisting a base amino group and a benzene core. Rhodamine b
is a toxic compound because it contains alkylating that if contaminated in the human body can cause dermatitis, slimy
skin, diarrhea, kidney damage, anemia, cancer, and liver failure (Mahatmanti et al., 2017).

Molasses is one of the wastes produced by sugar factories in the form of viscous liquid that has a brown colour obtained
from the crystallization of sugar. Molasses can no longer be formed into sugar but still contains sugar content with a
concetration around 50.23% (Wardani & Pertiwi, 2013). Molasses is a very common product and an economical carbon
source sompared to other sugar sources (Joshi et al., 2008). Adsorption of dye waste generally uses activated carbon and
chitosan as adsorbents. Chitosan as a adsorbent has been widely used but has a disadvantage that chitosan is easily soluble
at low pH so it is not able to adsorb adsorbate at low pH conditions because the active site (amine group) of chitosan is
protonated and its adsorption ability is easily influenced by anion in the water (Joshi et al., 2008). Activated carbon is an
amphoteric that can be negatively and positively charged and depends on the pH pf the solution tu adsorb organic and
inorganic materials. Activated carbon (Siregar et al., 2021) as a dye adsorbent is one of the alternatives in dye waste
treatment because it is more selective, competitive approach, effective, and cheap.

Materials & Methods
Materials

The Materials needed in this study are Molasses, Rhodamine B, H,SO4 96 %, NaOH 4N, and aquadest.
Methods

The effect of pH was first studied. The initial pH of the solution was adjusted using either HCl or NaOH to obtain the
desired initial pH at the range 2.0 to 11.0 that the pH readings were measured with a pH meter. Initial concentration of the
solution and the adsorbent mass were fixed at 50 mg/L and 0,3 g, respectively. The studies were carried out at 30°C to
investigate the optimum initial pH that will give the higest percent removal of the adsorbent after 2 hour.

Batch sorption studies were performed at different Rhodamine B concentrations 50, 100, 150, 200, and 250 mg/L to
obtain the equilibrium isotherms and 10, 25, and 50 mg/L to obtain the kinetics adsorption with 0,3 g of mass adsorbent.
Series of Erlenmeyer flask filled with 250 ml of Rhodamine B solution of varying concentrations and shaken using a shaker,
which was operated at 150 rpm until reached equilibrium for isotherm studies and for 2 hour for kinetics studies. The
samples were collected every 12 hours for isotherm studies and every 10 minutes kinetics studies. The samples solution
that was free from adsorbent was analysed using Uv/Vis spectrophotometer at 553 nm wavelength.
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The amount of Rhodamine B adsorbed per gram of carbon at given time, qt (mg/g), can be calculated from:

_ Vx (Co-Ct)
qt= & M)

where C0O (mg/L) is the initial of Rhodamine B concentration in liquid phase, Ct (mg/L) is Rhodamine B concentration in
liquid phase at given time, V (L) is total volume of Rhodamine B solution and m (g) is mass of adsorbent

Results and Discussion
Effect of Initial pH

One of the major parameters controlling the adsorption of Rhodamine B on sorbents is the value of pH. A change in
pH affects the adsorptive process through dissociation of functional groups on the adsorbent surface active sites
(Muhammad et al., 2011), (Hardi et al., 2022). The effect of initial pH on the adsorption equilibrium was studied by varying
the initial pH of the solution with initial concentrations of 50 mg/L.

Figure.1 indicates the the effect of initial pH on the removal of Rhodamine B solutions onto activated carbon. It can be
seen that the percent removal was very low at strong base condition. The percent removal decreased from 97,59% to 60,57 %
at initial pH 2,0 - 4,0, respectively. The maximum percent removal was observed at initial pH 2,0 for 97,59%. At low pH,
Rhodamine B is present as a monomer, whereas at low pH higher the attractive electrostatic interactions between the
carboxyl and xanthene groups of Rhodamine B monomer can increase the aggregation of dye molecules to larger dimers.
Smaller monomer dye molecules can diffuses into the adsorbent micropores more easily than the dimer forms supports
adsorption in an acidic environment (Wierzbicka et al., 2022). It is a common observation that the surface adsorbs anions
well at low pH due to the presence of H* ions, whereas surface active for adsorption of cations at higher pH due to OH
ion deposition (Jumasiah et al., 2005).
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Figure 1. Effect of Initial pH

Isotherms Adsorption

Langmuir equation is the most widely used isotherm equation for modelling equilibrium which is valid for monolayer
sorption onto surface with a finite number of identical sites which are homogeneously distributed over the sorbent surface
and is given by:

Ce 1 1
Ce o +— 2
q, Kirgm gm Ce @

Where KL indicates the constant Langmuir adsorption (L/mg), Ce is concentration of adsorbate (mg/L), ge is amount
of adsorbate adsorbed at equilibrium (mg/g), and qm is adsorption maximum capacity (mg/g). With the condition that
Ce is the equilibrium concentration of the analyte in solution (mg/L). ge is the amount of analyte adsorbed at equilibrium
(mg/g). KL is the Langmuir adsorption constant (L/mg). qm is capacity maximum adsorption (mg/g). The values of KL
and qm can be determined by graphical relationships between Ce and Ce/qe (Hu et al., 2011).

The Freundlich isotherm describes equilibrium on a heterogeneous surface where energy of the adsorption is not
equivalent for all adsorption sites, thus allowing multi-layer adsorption. The Freundlich equation is given as:

Inq,=Inkf+2InC, 3)

where kf is the Freundlich constant (L/mg) and n is the Freundlich exponent. The plot of In ge versus In Ce produces a
straight line with slope =1/n and intercept = In b.

Table 1. Isotherm Parameter on Rhodamine B Adsorption Using MAC

Parameter Isotherm
Langmuir Freundlich

qmaks (mg/g) 221,8279 -

KL (L/mg) 1,166465 -

43



Journal of Renewable Energy, Electrical, and Computer Engineering, 4 (1) (2024) 42-47

KF (L/g) - 101,6481
n - 2,5463
R2 0,9951 0,8371
0,0450 6
0,0400
5
0,0350
@)
0,0300 4
5 O
E0,0250 . ;
)
00,0200 s
0,0150 2
0,0100
1
0,0050
0,0000 0
0 2 4 6 8 10 _2/0 _110 O/O 1/0 210 310
Ce Ln Ce

(@) (b)

Figure 2. (a) Langmuir Isotherm Equation Curve; (b) Freundlich Isotherm Equation Curve

From Table 2 and Figure 2, the adsorption process using the Langmuir isotherm produces R2 0.9951, qm of 221.8279
mg/g and KL of 1.166465 L/mg. Parameters qm is a constant indicating the solute adsorbed at the time the adsorbent
mass is in a saturated state or exhibits single-layer adsorption (monolayer) or in other words qm is the maximum
adsorption capacity an adsorbent with units of mg/g. Langmuir adsorption constant (KL) indicates the degree of
adsorbate-adsorbent interaction. KL has a higher value shows a strong adsorbate-adsorbent interaction while the KL value
is smaller exhibits a weak interaction between the adsorbate molecule and the surface adsorbent. Once the pollutant
occupies the site, no further adsorption takes place can happen on that site. There is no interaction between the molecules
adsorbed on the site neighbors, the adsorption on the surface is localized, meaning that the atoms or adsorbed molecules
are adsorbed at definite sites and are localized (Langmuir, 1917).

The coefficient can be determined Freundlich (KF) and also the intensity coefficient value (n) of the adsorbent. The
adsorption coefficient (KF) can be used as an indicator of adsorption capacity and n is the adsorption intensity. A KF value
of 101.6481 L/g was obtained, and a value of n of 2.5463. The Freundlich isotherm describes adsorption as reversible and
not limited to the formation of single layers. In general, the higher the value of Kr the higher the adsorption capacity
(Malik, 2003). One of the constants Another Freundlich constant is n. Adsorption intensity (n) is a measure of deviation of
adsorption linearity which is generally used to determine the rate the truth of an adsorption. If the value for n =1 then
adsorption occurs is linear. If the value for n <1 then the adsorption process is a process chemical adsorption, but if the
value for n > 1 then the adsorption is physical adsorption (Ozcan et al., 2005).

Kinetics adsorption

Pseudo-first-order kinetics assumes that the kinetics is affected by One of the reactants is the concentration of the
adsorbate. Pseudo first order assumes that the adsorbate concentration is excess compared to the number of available
active sites on the adsorbent surface. Lagergren presented the pseudo first order reaction model expression (PFO) as
follows:

In (q,-q,)= Inq_-kqt @)

Where ge and qt are the amount of adsorbate adsorption per mass of adsorbent on equilibrium and at each time t (min),
and ki(min-1) is the rate constant PFO equation. First-order pseudo-kinetics assumes that the kinetics is affected by one of
the reactants, namely the concentration of the adsorbate. To determine the equation linear by plotting the value of In (qe-
qt) vs t.

The pseudo second order adsorption reaction (PSO) model expression is obtained from the equation:

_ 1,1

t
a koqe? * q_et (5)

To determine the linear equation by plotting the values of t/qt vs qe (Ho & McKay, 1998), (McKay et al., 1997).

Table 2. Parameters Obtained from The Pseudo First Order Equation

Conc (mg/L) qe,exp e, calc k1(1/mg. min) R2
10 7,92084 2,850 0,019 0,6625
25 20,6683 16,996 0,028 0,8373
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Figure 3. (a) PFO Equation Curve; (b) PSO Equation Curve

Observations from Table 2 and figure 3 indicates that the values of e, caic are much different from qe, exp- This shows that
pseudo-first-order equations cannot well explained the adsorption characteristics of Rhodamine B by activated carbon
from molasses. From Table 2 it also informs that the rate constant, k1, increases of 0.019, 0.028 and 0.034 g mg-1min-1 for
concentrations of 10, 25 and 50 mg/L, p this reveals that the faster adsorption reaches equilibrium with higher initial
concentration of Rhodamine B. In many adsorption processes, Lagergren's pseudo-first-order equations are only able to
explain in stages the beginning of the adsorption process (initial stage) and unable to describe for all contact time
(Muhammad, 2019).

Table 3. Parameters obtained from the pseudo second order equation

Conc (mg/L) Je,exp e, calc k2 R2
10 7,920 8,142 0,01754 0,995
25 20,668 23,141 0,002247 0,9658
50 36,542 53,895 0,000294 0,8249

The observation results in Table 3. show that there has been an increase the value of ge and a decrease in the value of
K. This is in line with the research which states that together an increase in concentration will lead to an increase in the
value of ge and a decrease the value of k; caused by adsorption stopping resistance to higher dye concentrations (Gad &
El-Sayed, 2009). For the application of pseudo-second-order kinetic models the correlation coefficient R2 must be high
enough and ge, ep must be close enough to e, calc (Muhammad, 2019).

Intraparticle Diffusion

Dynamic adsorption data can be used to identify steps rate-controlling step in the adsorption process (Arasteh et al.,
2010). Adsorption of sorbate in sorbents takes place in several steps, involving the transport of solute molecules from the
solute phase to the liquid phase. surface of solid particles (film diffusion) and diffusion of dissolved molecules into the
interior of the pores, which is usually a slow process. The intraparticle diffusion model is based on the theory proposed
by Weber and Morris (Weber & Chakravorti, 1974) will produce the equation following;:

qe = kiqt®® (6)

Where qt (mg/g) is the amount adsorbed at time t, kid (mg/g.min0.5) is the intraparticle diffusion rate constant
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Figure 4. Intraparticle Diffusion Curve

The uptake of RhB onto activated carbon from molasses depends on both film diffusion and intra-particle diffusion,
and which is faster will control the overall rate of transfer. Thus, the concentration of adsorbed RhB, qt (mg g-1) is plotted
against the application time of the Weber-Morris Equation as shown in Figure 4. According to the intra-particle diffusion
model, the linear plot shows the rate controlled by intra-particle diffusion. In a well-stirred batch system, external diffusion
resistance is much reduced. Therefore, intraparticular diffusion with adsorption is more likely to be the rate controlling
step. At certain time limits for intraparticle diffusion as illustrated in Figure 4. curve shows linear characteristics.

Tabel 4. Intraparticle diffusion parameter

Co (mg/L) Kid R?
10 0,213519 0,9621
25 1,079217 0,8999
50 3,515795 0,9402

The intraparticle diffusion parameter, kig, for this region is determined from the slope plot of q versus t05 with varying
adsorbate concentrations. The equation value obtained is y = 0.2135x + 5.46 for an initial concentration of 10 ppm, y =
1.0792x + 8.49 for an initial concentration of 25 ppm, and y = 3.5158x - 1.9075 for an initial concentration of 50 ppm. Data
obtained from table 4.14, the diffusion rate, kiq, is in the range of 0.213-3.515 mg g—1 min—0.5 with the R2 value being
between 0.8999-0.9621. It was found that the kid value increased with increasing adsorbate concentration, which is in line
with research conducted by (Wu et al., 2009). However, the linear plot at each concentration does not pass through the
origin. This suggests that intra-particle diffusion is not just a rate-controlling step (Ozer et al., 2007).

Conclusions

Adsorption process of Rhodamine B dyes by activated carbon adsorbents from molasses follows the Langmuir isotherm
model with a correlation level of R2 is 0.9951 with a qmax of 221.82 mg/g. Adsorption kinetics of Rhodamine B dye by
adsorbent activated carbon from molasses has a tendency to match pseudo second order equations get the value of the
correlation coefficient (R2) between 0.8249-0.995 with the values qe, exp and e, calc have only slight differences. The reaction
rate for this model was obtained between 0.000294-0.17537 g/mg min. The linear plot at each concentration does not pass
through the origin. This suggests that intra-particle diffusion is not just a rate-controlling step. Therefore it can be
concluded that Molasses Activated Carbon (MAC) has the potential to become an adsorbent for the adsorption of
Rhodamine B dyes.

References

Arasteh, R., Masoumi, M., Rashidi, A. &M, Moradi, L., Samimi, V., & Mostafavi, S. T. (2010). Adsorption of 2-nitrophenol
By Multi-Wall Carbon Nanotubes From Aqueous Solutions. Applied Surface Science, 256(14), 4447-4455.

Gad, H. M. H,, & El-Sayed, A. A. (2009). Activated Carbon From Agricultural By-Products For The Removal Of
Rhodamine-B From Aqueous Solution. Journal Of Hazardous Materials, 168(2-3), 1070-1081.

Hardi, S., Kristian, A., Hasibuan, A., Nasution, A., & Alfhisyari, M. (2022). Mitigation Of Soil Resistivity Using
Composition Of Zeolite, Nacl, And Charcoal. Journal Of Physics: Conference Series, 2193(1), 12032.

Ho, Y.-S., & Mckay, G. (1998). Sorption Of Dye From Aqueous Solution By Peat. Chemical Engineering Journal, 70(2), 115-
124.

Hu, X., Wang, |, Liu, Y., Li, X,, Zeng, G., Bao, Z., Zeng, X., Chen, A., & Long, F. (2011). Adsorption Of Chromium (VI) By
Ethylenediamine-Modified Cross-Linked Magnetic Chitosan Resin: Isotherms, Kinetics And Thermodynamics.
Journal Of Hazardous Materials, 185(1), 306-314.

Joshi, S., Bharucha, C,, Jha, S., Yadav, S., Nerurkar, A., & Desai, A.J. (2008). Biosurfactant Production Using Molasses And
Whey Under Thermophilic Conditions. Bioresource Technology, 99(1), 195-199.

Jumasiah, A., Chuah, T. G., Gimbon, J., Choong, T. S. Y., & Azni, L. (2005). Adsorption Of Basic Dye Onto Palm Kernel

46



Journal of Renewable Energy, Electrical, and Computer Engineering, 4 (1) (2024) 42-47

Shell Activated Carbon: Sorption Equilibrium And Kinetics Studies. Desalination, 186(1-3), 57-64.

Langmuir, I. (1917). The Constitution And Fundamental Properties Of Solids And Liquids. II. Liquids. Journal Of The
American Chemical Society, 39(9), 1848-1906.

Mahatmanti, F. W., Rengga, W. D. P., Kusumastuti, E., & Others. (2017). Chitosan/Silica/Polyethylene Glycol (Ch/Si/P)
Composites Membrane As Selective Adsorbent Of Rhodamine B From Aqueous Solution. Asian Journal Of Chemistry,
29(2), 283.

Malik, P. K. (2003). Use Of Activated Carbons Prepared From Sawdust And Rice-Husk For Adsorption Of Acid Dyes: A
Case Study Of Acid Yellow 36. Dyes And Pigments, 56(3), 239-249.

Mckay, G., El-Geundi, M., & Nassar, M. M. (1997). Equilibrium Studies For The Adsorption Of Dyes On Bagasse Pith.
Adsorption Science \ & Technology, 15(4), 251-270.

Muhammad, Chuah, T. G., Robiah, Y., Suraya, A. R., & Choong, T. S. Y. (2011). Single And Binary Adsorptions Isotherms
Of Cd (II) And Zn (II) On Palm Kernel Shell Based Activated Carbon. Desalination And Water Treatment, 29(1-3), 140~
148.

Muhammad, M. (2019). Penyerapan $B$-Karoten Menggunakan Karbon Aktif Tempurung Kelapa Sawit: Kajian Kinetika.
Jurnal Teknologi Kimia Unimal, 3(2), 53-63.

Ozcan, A.S., Erdem, B., & Ozcan, A. (2005). Adsorption Of Acid Blue 193 From Aqueous Solutions Onto BTMA-Bentonite.
Colloids And Surfaces A: Physicochemical And Engineering Aspects, 266(1-3), 73-81.

Ozer, D., Dursun, G., & Ozer, A. (2007). Methylene Blue Adsorption From Aqueous Solution By Dehydrated Peanut Hull.
Journal Of Hazardous Materials, 144(1-2), 171-179.

Siregar, W. V., Hasibuan, A., Setiawan, D., Widarjo, W., & Others. (2021). Households Carbon Emissions In Aceh,
Indonesia: Regulator Perspective. Calitatea, 22(184), 111-114.

Wardani, A. K., & Pertiwi, F. N. E. (2013). Produksi Etanol Dari Tetes Tebu Oleh Saccharomyces Cerevisiae Pembentuk
Flok (Nrrl--Y 265). Agritech, 33(2).

Weber, T. W., & Chakravorti, R. K. (1974). Pore And Solid Diffusion Models For Fixed-Bed Adsorbers. Aiche Journal, 20(2),
228-238.

Wierzbicka, E., Kusmierek, K., Swi\ Katkowski, A., & Legocka, I. (2022). Efficient Rhodamine B Dye Removal From Water
By Acid-And Organo-Modified Halloysites. Minerals, 12(3), 350.

Wu, F.-C,, Tseng, R.-L., & Juang, R.-S. (2009). Initial Behavior Of Intraparticle Diffusion Model Used In The Description Of
Adsorption Kinetics. Chemical Engineering Journal, 153(1-3), 1-8.

47



