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Bazik Yellow 51 Boyar Maddesinin Pirin¢ Kabugu ve Yanmis Pirin¢ Kabugu Kullanilarak
Adsorpsiyonunun Kinetik, izoterm ve Termodinamik incelemeleri

Elif BAYRAK TEZCAN?, Zeynep CEYLAN?, Filiz NURAN ACAR?*

OZET: Bu calismada; piring kabugu ve yanmus piring kabugu (yakilarak aktif karbon formuna getirilmis)
katyonik bir boyar madde olan Bazik Yellow 51(BY51) boyar maddesinin sulu ¢6zeltiden adsorpsiyonla
gideriminde diisitk maliyetli bir adsorbent olarak kullanilmistir. Piring kabugu ve yanmis piring kabugunun
karakterizasyonu SEM (Scanning Electron Microscope) ve FTIR (Fourier Transform Infrared Spectroscopy)
kullanilarak yapilmistir. Baglangic boyar madde konsantrasyonu ve temas siiresi, pH, sicaklik dahil olmak iizere
tiim operasyonel parametrelerin boyar madde giderim verimi lizerine etkileri incelenmistir. Tiim ¢alismalar kesikli
modda yapilmistir. Adsorpsiyon verileri Langmuir ve Freundlich izoterm modellerine uyarlanarak analizi
yapilmig ve tek tabaka adsorpsiyon kapasitesi hesaplanmistir. Kinetik veriler yalanci birinci ve yalanci ikinci
mertebe kinetik modellerine uyarlanmig ve yalanci ikinci mertebe kinetik modeline uydugu tespit edilmistir.
Entalpi (AH®), entropi (AS°) ve serbest enerji degisimleri (AG®) gibi termodinamik parametreler de
incelenmistir. Serbest enerji degisimi Bazik Yellow 51 boyar madde adsorpsiyonunun piring kabugu ve yanmig
piring kabugu i¢in ¢alisilan tiim sicakliklarda kendigilinden gerg¢eklesebilecegini gostermistir. Bu durum da piring
kabugu ve vanmis piring kabugunun, sulu ¢ézeltiden katyonik boyar madde giderimi i¢in uygun bir adsorbent
olarak kullanilabilecegini gostermistir.

Anahtar Kelimeler: Adsorpsiyon, Piring kabugu, Yanmis piring Kabugu, Bazik Yellow 51

Kinetics, Isotherm and Thermodynamic Studies of The Adsorption Behavior of Basic Yellow 51 Onto
Rice Husk and Burned Rice Husk

ABSTRACT: In this work, rice husk and burned rice husk were used as low cost adsorbents to remove a cationic
dye, Basic Yellow 51(BY51) , from aqueous solution by adsorption. Characterization of rice husk and burned rice
husk was carried out with Scanning Electron Microscope and Fourier Transform Infrared Spectroscopy. The
effects of operational parameters on the efficiency of dye removal including initial dye concentration, contact
time, pH, and temperature were investigated. All series experiments were carried out in batch mode. Equilibrium
data were analyzed using Langmuir and Freundlich isotherm models and monolayer adsorption capacity was
calculated. Kinetic data were studied using pseudo first order and pseudo second order Kinetic models and dye
removal was found to follow the pseudo second order kinetic model closely. Thermodynamic parameters such as
enthalpy change (AH®), entropy change (AS®) and free energy change (AG°®) were also investigated. Free energy
change showed that adsorption of Basic Yellow 51 was spontaneous at all studied temperatures for rice husk and
burned rice husk. It is proposed that rice husk and burned rice husk may be suitable as adsorbents for removal of
cationic dyes from aqueous solution.
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INTRODUCTION

Many  industries  produce  colored
wastewater containing dyes, such as textile, paint,
and cosmetic industries. Colored wastewater
presents serious problems for receiving
environments. Essentiality, this feature of
wastewater from industry can severely affect
aquatic life due to the reduction in sunlight
penetration and toxicity. Besides, many synthetic
dyes and color discharges have carcinogenic and
mutagenic effects on nature and humans (Haddad
et al.,, 2012). Dyes can be categorized into
cationic, anionic and nonionic dyes. Cationic
dyes, also called basic dyes, play an important
role in the textile industry and are widely used in
silk, wool, nylon and acrylic dyeing processes.
Water-soluble cationic dyes carry a positive
charge on their molecules and release colored
cations into the solution. Cyanine, hemicyanine,
diazahemicyanine, thiazine, triarylmethane,
oxazine and acridine are the main functional
chemicals in cationic dyes (Gupta and Suhas,
2009 ; Salleh et al., 2011). The adsorption process
is one of the effective methods that has been
successfully utilized for color removal from
wastewater containing cationic dyes. Many
adsorbents have been trialed to reduce cationic
dye concentrations in aqueous solutions as an
alternative to active carbon, which is an expensive
adsorbent. Such alternatives include: sepiolite
(Santos and Boaventura, 2016), Moroccan clays
(Elmoubarki et al., 2015), wheat straw (Gong et
al., 2008 ; Hassanein and Koumanova, 2010),
waste carrot leaves and stems (Kuswaha et al.,
2011), pineapple stems (Hameed et al., 2009),
sugar beet pulp (Mucurovic et al., 2012), rice husk
and rice husk ash (Sharma et al., 2010 ).

Rice husk is abundantly available as a by-
product of the rice milling industry and creates
potential environmental problems. Every vyear,
millions of tons of rice husk are produced as
waste material. Rice husk is an agricultural waste,
accounting for about one-fifth of the annual gross
rice production in the world. Any possible use of

this waste will yield economic as well as
environmental dividends (Sharma et al., 2010 ;
Chakraborty et al., 2011).

The main aim of this study was to
investigate the potential for using rice husk and
burned rice husk as adsorbents for the adsorption
of Basic Yellow 51 (BY51). The effects of initial
dye concentration, contact time, pH and
temperature on BY51 adsorption were studied.
Adsorption isotherms, kinetic parameters and
thermodynamic parameters were also calculated
and discussed.

MATERIALS AND METHODS

Cationic dye used in this study was
Astrazon Yellow 5GL supplied by Dystar. The
color index name of Astrazon Yellow 5GL is
Basic Yellow 51 (BY51), C.I. 1480538. The
molecular structure of BY51 (C2oH2sN304S) is
shown in Fig. 1. BY51 has molecular weight of
403.49 g/mol. The dye stock solution was
prepared by dissolving accurately weighed dye in
distilled water to the concentration of 1 g/L. The
experimental solutions were obtained by diluting
the stock solution of dye in accurate proportions
to the desired concentrations.

Rice husk was collected from a rice mill
factory in Balikesir, Turkey. It was washed with
distilled water several times to remove all dust-
like impurities. The washed material was dried in
an air oven at 100 °C for 24 h. Then, the material
was ground by a domestic mixer and sieved to
constant particle size(<1.00 mm) and the BET
Surface Area of RH was measured as 19.82m?.g"
! Dried rice husk was burned in an oven at 500
°C during 1 h. After burning, the material was
sieved with a 0.5 mm sieve and the BET Surface
Area of BRH was measured as 48.22 m2.g2. In
the experiments, the material remaining under the
screen was used. The absorbance of color was
read at 425 nm for BY51 solution using a
spectrophotometer (Shimadzu -160A). Samples
were centrifuged before color analysis and
supernatant solution was analyzed for residual
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color at 425 nm. The primary adsorption test was
carried out on both the RH and BRH to compare
their adsorption capacity values for BY51 dye
removal. Adsorption experiments were conducted
in batch mode to investigate the effects of various
process parameters such as pH, initial dye
concentration and temperature on the adsorption
of Basic Yellow 51 with RH and BRH. The
selected parameters were solution pH (between
3-8), BY51 concentration (between 25-150 mg
L1), contact time (1-180 min), and solution
temperature (between 22 — 40 °C). Conical flasks

of 250 mL containing 150 mL of dye solution
with known pH, and concentration were shaken
in a shaking incubator at 200 rpm, 22 °C for 180
min. After equilibration time, the samples were
removed and centrifuged at 4000 rpm for 15 min.
Then  the centrifuge was  analyzed
spectrophotometrically for residual adsorbate
with  the appropriate  method (UV-vis
spectrophotometer, Shimadzu 160-A). To study
the effect of pH, Basic Yellow 51 solutions with
varying pH were created using H>SO4 (Merck)
and NaOH (Merck) solutions.

o HB?
\ O

\

Figure 1. Molecular structure of Basic Yellow 51 dye

Equilibrium and kinetic experiments were
carried out by taking a known amount of RH and
BRH in 250-mL flasks containing 150 mL of the
dye solution with different initial dye amounts
(25-150 mg L1) at original pH of solutions and at
22 °C with 1.25 g L™ adsorbent dosage. Agitation
was applied for 180 min, which is enough time to
reach equilibrium. Then, the most commonly
employed adsorption isotherm models of the
Langmuir and Freundlich isotherm models were
applied in this present investigation. The kinetic
data was analyzed using pseudo-first order and
pseudo second order kinetic models. Adsorption
of BY51 onto RH and BRH was investigated at
22, 25, 30 and 40 °C under optimized conditions.
Various thermodynamic parameters such as
enthalpy changes (AH®), entropy changes (AS®)
and Gibbs free energy changes (AG®) were used

to determine the spontaneity of the adsorption
process.

RESULT AND DISCUSSION

Scanning Electron
(SEM)

The morphological characteristics and
surface features of the RH and BRH adsorbents
were studied with Scanning Electron Analysis
(SEM) (Zeiss Sigma 300). SEM images of RH
and BRH before and after dye adsorption are
shown in Fig. 2 a, b, ¢, d. Before adsorption, a
hollow and rough structure was determined. After
adsorption of dye onto RH and BRH, the surface
roughness changed and the pores are packed for
both adsorbents.

Microscope  Analysis
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Figure 2. SEM images of RH (a) before adsorption, (c) after adsorption; SEM images of

BRH (b) before adsorption, (d) after adsorption.

Fourier Transform
(FTIR)

The functional groups were determined
with FTIR spectra (Bruker VERTEX 70v). FTIR
analyses were carried out with a scanning range
of 4000 — 400 cm™. The results of FTIR analysis
of adsorbents before and after adsorption of BY51
are shown in Fig. 3a and 3b, respectively. RH
consists of cellulose, hemicellulose, lignin and
wax that presumably occur as alkene, esters,
aromatics, ketones and alcohols with oxygen
containing different functional groups (Sovattei et
al., 2013). The wide peak at 3901.97 to 3566.36 -
cm—1 and stretching indicates presence of —OH
and —NH groups (Muinde et al., 2017) before
adsorption for RH. After adsorption, one peak
shifted from 3901.97 to 3903.90 cm—1 on the RH
adsorbent. This stretch is due to the silanol group
(Si-OH) and to water adsorbed on the surface
(Vieira et al., 2014). The peaks at 2929.85 cm™,
2592.31 cm, and 2212.34 cm™ are C-H stretch,
-OH from carboxylic acids and CC —= from
alkynes in the RH, respectively (Muinde et al.,
2017). The bands between 1740 cm™ and 1720
cm™ and between 1680 cm™ and 1600 cm™ for

Infrared Spectroscopy

RH suggest C=0 (ester and carboxylic group
from hemicellulose) and C=C (water absorbed)
(Ceylan et al., 2018). The stretching of aromatic
rings from lignin appeared at 1508.32 cm™ and
1458.17 cm for RH adsorbent. Bands at 1080.13
cm? also defined the presence of O-Si-O
vibration attributable to asymmetrical stretching
band vibration (Ferraro et al., 2010 ;
Hadipramana et al., 2016). The vibration of C-O-
H bending (ester) at 1450-1375 cm?, C-H
bending 900-690 cm™ and C-C stretch at 700-400
cm (Syafri et al., 2011) were present. For RH,
C-C stretch was observed at 607.57 cm™. The
bands between 800 and 468 cm™ for RH suggest
the presence of Si-H bonds (Srivastava et al.,
2006).

The peaks for BRH are at 3901.97, 3853.75,
3736.36, 3566.36, 2214.27, 1953.88, 1494.82,
1080.13, and 609.50 cm™. The existence of
groups —OH, —NH, Si-OH, C-H, aromatic, C=0
stretch, Si-O stretch and C-C stretch were
observed. The major shift of the Si-O group band
at 1080.13 cm™ is responsible for adsorption
(Naiya et al., 2011).
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Figure 3. FTIR spectra of (a) RH, (b) BRH before and after BY51 adsorption.

Effect of pH

The initial pH of the dye solution is one of
the most important parameters controlling the
adsorption process, particularly the adsorption
capacity. The pH of a medium will control the
magnitude of electrostatic charges which are
imparted by the ionized dye molecules.
Therefore, the rate of adsorption will vary with
the pH of an aqueous medium (Malekbala et al.,
2012). Generally, at low pH solution, the
percentage of dye removal will decrease for
cationic dye adsorption (Salleh et al., 2011). To
study the effect of pH on BY51 adsorption onto
RH and BRH, experiments were carried out at 50
mg L initial dye concentration with 0.5 g L*!
adsorbent dosage at 22 °C for 180 min. Fig. 4
shows the effect of pH on the adsorption capacity
at pH ranges of 3-8 for both RH and BRH
adsorbents. As can be seen in the figure, an acute
increase in dye removal was observed when
surrounding pH was increased from 3 to 8. The

amount of BY51 adsorbed increased from 9.10 to
31.03 mg g* and 12.86 to 65.38 mg g* with the
increase in pH from 3 to 8 for RH and BRH
adsorbents, respectively. This result indicates that
the adsorption was strongly pH dependent. A
consistent increase in adsorption capacity of RH
and BRH, especially BRH, was noticed as the pH
increased from 3 to 4, but further increase in pH
from 4 to 8 did not seem to affect the sorption in
any way. Similar trends were reported for the
adsorption of methylene blue, a cationic dye, onto
wheat shells (Bulut and Aydin, 2006), pineapple
stem waste, (Hameed and Khairy, 2008) and
malachite green (basic green 4), a cationic dye,
onto rice straw-derived char (Pavan et al., 2008).
The lower adsorption of BY51 at a low pH may
be because the adsorbent surface becomes
positively charged due to the presence of excess
H* ions competing with the cation groups on the
dye for adsorption sites. At a higher solution pH,
the adsorbent surface may become negatively
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charged, which enhances the attraction for
positively charged dye cations through
electrostatic forces. Similar observations were
reported showing that maximum cationic dye

adsorption on agricultural waste occurs at high
pH values (Hameed and Khairy, 2008 ; Pavan et
al., 2008 ; Wang et al., 2008).
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Figure 4. Effect of pH: Comparison of adsorption capacity values for adsorbent
(Co=50mg L, M=0.5gL?, 22°C)

Effect of contact time and initial BY51
concentrations

It is essential to evaluate the effect of
contact time required to reach equilibrium for
designing batch adsorption studies (Hadipramana
et al., 2016). The effect of contact time and initial
BY51 concentration on the maximum adsorption
capacity for the two adsorbents is shown in Figs.
5 and 6. Adsorption capacities were studied using
a range of BY51 concentrations between 25-150
mg L at fixed adsorbent dosage (1.25 g L),
natural pH and 22°C temperature for both
adsorbents. The effect of initial dye concentration
can be determined by preparing an adsorbent —
adsorbate solution with fixed adsorbent dose and
different initial dye concentration for different

time intervals and shaking until equilibrium. The

40,00
~ 30,00
o
2 20,00
£ @ © © o o
T 10,00 ©®

0,00

0 50 100

t (min)

results showed that the adsorption of BY51
increased with an increase in agitation time.
However, fast uptake of dye took place in the
initial stage of the adsorption process and then the
adsorption rate became gradually slower until it
reached a constant value for both adsorbent
experiments. The uptake of dye was increased
from 15.36 to 34.43 mg g}, and 16.82 to 46.30
mg g* for RH and BRH adsorbents at 180 min
experimental time, respectively, as the initial dye
concentration increased from 25 to 150 mg L.
The increase in initial dye concentration will
cause an increase in the loading capacity of the
adsorbent and this may be due to the high driving
force for mass transfer at high initial dye
concentration (Bulut and Aydin, 2006).

150 200

Figure 5. Effect of contact time for various initial BY51 dye concentrations onto
RH adsorbent (M= 1.25 g L%, natural pH, 22 °C, Co: 25-150 mg L!)
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Figure 6. Effect of contact time for various initial BY51 dye concentrations onto
BRH adsorbent (M= 1.25 g L, natural pH, 22 °C, Co: 25-150 mg L})

Equilibrium isotherms

In order to optimize the design of an
adsorption system to remove dye, it is important
to establish equilibrium data for each system. In
the present study, experimental data were tested
with the Langmuir and Freundlich isotherm
models.

The Langmuir isotherm describes the
existence of a monolayer of adsorbate at the outer
surface of the adsorbent with a finite number of
identical sites and is expressed by (Hameed et al.,
2009);

ce

Jde = q‘f%zece or o (ﬁ) + (QLO) ce (Eq.1)

where Qmax 1S the monolayer adsorption
capacity of the adsorbent and b represents the
constant related to the affinity of the binding sites.
The  Freundlich  isotherm  predicts
equilibrium on a heterogeneous surface and hence
does not assume formation of a monolayer. The

Freundlich equation is given by (Hameed et al.,
2009 ; Malekbala et al., 2012 ; Ceylan et al.,
2018).

Ge = Ke.CY™  or

logq. - log Ky + (=) logc, (EQ.2)

where Kr and n are Freundlich constants
related to adsorption capacity and adsorption
intensity, respectively.

The parameters obtained from the
Langmuir and Freundlich isotherms and the
correlation coefficients are listed in Table 1. The
applicability of the isotherm is compared by
judging the correlation coefficients (R?). R?
values for Langmuir isotherms were found to be
higher than those for Freundlich isotherms for
both adsorbents. This indicates that the adsorption
of BY51 on RH and BRH takes place as
monolayer adsorption on a surface that is
homogeneous in terms of adsorption affinity and
BRH is more effective than RH to remove BY51
dye from aqueous solution.
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Table 1. Adsorption isotherm constants for BY51 adsorption onto RH and BRH

Isotherms RH BRH
Langmuir isotherm
Qmax (Mg g'™%) 38.759 49.020
b (L mg?) 0.071 0.123
R? 0.985 0.997
Freundlich isotherm
n 3.47 3.32
Kr 9.25 12,51
R2 0.979 0.927

Adsorption kinetics

The adsorption Kkinetics of BY51 onto RH
and BRH were calculated with both pseudo first
order (Lagergren) and pseudo second order (Ho)
kinetic models. The pseudo first order Kinetic
model is given as (Chowdhury et al., 2011).

In(q. — q¢) = Inq, — kit (Eq.3)

where g: (mg g%) represents the amount of
adsorbate adsorbed at a predetermined time t
(min), ge (mg g?) is the amount of adsorbate
adsorbed at equilibrium and ki
(1 minY) is the rate constant.

The pseudo second-order kinetic model,
known as the Ho equation, is defined as follows
(Lagergren, 1898 ; Ho and McKay, 1998):

t 1 1
— = — t Eg.4
e kzq§+qe (Ea.4)

where k2 (g mg™*min™) is the pseudo second
order rate constant and h (mg g'min?) is the
initial adsorption rate.

The rate constants, correlation coefficients
and other essential parameters for Kinetic rate
models were calculated for RH and BRH as seen
in Table 2. It can be observed that R? values for
the pseudo second order were higher than for the
pseudo first order model. According to R? values,

the pseudo first order kinetic model was in the
range of 0.7652 - 0.9904 and 0.8993 - 0.9604,
whereas the pseudo second order model ranges
were 0.9901 - 0.9994 and 0.9889 — 0.9987 for RH
and BRH, respectively.
Effect of temperature

Solution temperature is an important
parameter for the adsorption mechanism. Any
change in the temperature causes a change in
adsorption efficiency and adsorption. The effect
of temperature on BY51 removal was also
investigated using RH and BRH adsorbents at 50
mg/L initial dye concentration and natural pH.
The selected temperature values were set at 22,
25, 30, and 40 °C and adsorption capacity results
from this study are indicated in Figure 7.
Comparing the adsorbents, it is a fact that the
adsorption capacity of BRH is higher than RH at
all different temperatures. For both adsorbents, a
gradual increase in adsorption capacity was
detected at an initial dye concentration of 50 mg
L. The results indicated that the uptake capacity
increased with increased temperature, which is
attributed to enhanced diffusion of BY51
molecules towards active sites on RH and BRH
leading to higher adsorption capacity.
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Table 2. Comparison of adsorption kinetic models for different initial
BY51 concentrations onto RH and BRH at 22 °C

Pseudo First Order Kinetic

Pseudo Second Order Kinetic

Co k1 et R? ko ez h R?
(mg LY (1 min) (mg g (gmg’mint)  (mgg")  (mgg'min?)

RH 25 0.0099 43501 0.9296 0.0089 15.6006 2.1661 0.9901
50 0.0233 15.0179 0.7652 0.0028 24.9376 1.7413 0.9958
75 0.0188 13.4245 0.9802 0.0030 26.1780 2.0558 0.9976
100 0.0108 5.8060 0.9100 0.0071 31.9489 7.2472 0.9976
125 0.0138 9.1306 0.9904 0.0066 33.7838 7.5329 0.9992
150 0.0320 17.3420 0.9694 0.0041 35.8423 5.2671 0.9994

BRH 25 0.0127 7.9378 0.8993 0.0042 20.0000 1.6800 0.9889
50 0.0154 13.7499 0.9243 0.0029 34.7222 3.4963 0.9943
75 0.0157 15.5200 0.9313 0.0026 43.2900 4.8725 0.9951
100 0.0209 18.3442 0.9598 0.0022 46.9483 4.8491 0.9963
125 0.0200 16.0842 0.9604 0.0032 47.3934 7.1876 0.9981
150 0.0177 11.8905 0.9462 0.0044 48.3092 10.2686 0.9987
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Figure 7. Effect of temperature: Comparison of adsorption capacity values for adsorbents
(Co=50mg L, M=1.25 g L, natural pH)

Thermodynamic parameters

The thermodynamic parameters such as
Gibbs free energy change (AG®), enthalpy (AH®)
and entropy (AS°) were calculated using the
following equations (Chowdhury et al., 2011 ;
Abbas and Trari, 2015).

AG® = —RTInK, (Eq.5)
AG° = AH — TAS° (Eq.6)
From Eq. 5-6 we get;

AH° AS°
l‘l’le =T + = (Eq7)

T is the temperature in Kelvin and R is the
universal gas constant defined as 8.314 J mol1.K"
! The values of AH® and AS° were determined
from slope intercept of the plot of InKy against
1/T (Fig. 8). The values of AG® were calculated
using Eq 6. The values for the thermodynamic
parameters are presented in Table 3. The negative
values of AG® and the positive values of AH®
indicate that the adsorption of BY5ldye was
spontaneous and endothermic. In addition,
positive values of AS° imply increased
randomness of the solid solution interface during
adsorption (Chowdhury et al., 2011).
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Figure 8. Plots of InKq versus 1/T for RH and BRH adsorbents: Continuous lines
represent fit of the experimental data (C, = 50 mg L%, M=1.25 g L},natural pH)

Table 3. Thermodynamic parameters (Co=50 g L!, M=1.25 g L%, natural pH)

Ads. Temperature AG® AH® AS°
(K) (kj molt) (kj molt) (j molt.KY)
RH 295 -4,6595 28.1445 111.2
298 -4.9931
303 -5.5491
313 -6.6611
BRH 295 -2.2835 144.5970 497.9
298 -3.7772
303 -6.2667
313 -11.2457

CONCLUSIONS

In this study, the abilities of RH and BRH
adsorbents to remove BY51, a cationic dye, from
aqueous solution were investigated. At the same
time, adsorption performances of RH and BRH
were compared under all experimental
conditions. Experimental results show that RH
was effective for the removal of BY51. However,
BRH is an even more effective adsorbent.
Equilibrium data obtained had isotherms
calculated wusing two adsorption isotherm
equations: Langmuir and Freundlich models.
Adsorption isotherms abided well by the
Langmuir model for both adsorbents. The
maximum adsorption capacity values were found
to be 38.76 mg g and 49.02 mg g for RH and
BRH, respectively. The adsorption was
dependent on the pH of the aqueous solution, with
a high uptake of cationic dye, BY51, at high pH.
The kinetic studies of BY51 dye indicated that the
adsorption kinetics of dye onto RH and BRH

followed pseudo second order kinetics at different
dye concentration values. The rise in temperature
increases the amount of BY51 dye adsorbed.
Thermodynamic data demonstrated that BY51
adsorption onto RH and BRH was spontaneous
and an endothermic reaction.
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