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Removal of Tartrazine Dye onto Mixed-Waste
Activated Carbon: Kinetic and Thermodynamic
Studies

Numerous studies have been performed on the conversion of individual types of waste
into activated carbon (AC). However, this study focused on the evaluation of the
simultaneous conversion of different types of wastes (palm, paper, and plastic wastes)
into AC via copyrolysis. The tartrazine adsorption capacity onto the produced AC was
optimized. The results showed that the carbon content of the AC improved as the
calcium hydroxide concentration varied from 0.0 to 2.0 mol L. In addition, the volatile
matter and ash content were reduced as the concentration of calcium hydroxide was
increased from 0.0 to 2.0 mol L. The tartrazine adsorption capacity of the prepared AC
samples increased as the calcium hydroxide concentration increased from 0.5 to
2molL™" at a carbonization temperature of 400°C for 2h and a final activation
temperature of 500°C for 1h. Effective adsorption occurred at pH 2. The maximum
adsorption capacity (74.9mgg ') was obtained with a contact time of 300 min and an
initial tartrazine concentration of 150 ppm. The adsorption kinetics of tartrazine were
modeled with pseudo-first order, pseudo-second order, and intraparticle diffusion
models, which revealed that the tartrazine adsorption onto the AC showed a best fit with
the pseudo-second order kinetic model. The thermodynamic parameters AG®, AH®,
and AS° indicated that the adsorption of tartrazine onto the AC was spontaneous and
endothermic. The values of AG® were between —1.3 and —2.3 k] mol~*, and the AH® and
AS®values, in the temperature range of 25-50°C, were 9.12kJ mol ' and 35.5] mol 'K,
respectively. In general, the thermodynamic parameters indicate that the adsorption is
spontaneous and endothermic.
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wastewater [10-12], and adsorptive removal was found to be the most
effective method [13, 14]. Activated carbon (AC) is commonly used for

The high production level and use of dyes worldwide generates
colored wastewater, which is a cause of environmental concern.
Textile companies, dye manufacturing industries, paper and pulp
mills, tanneries, electroplating factories, distilleries, food companies,
and a host of other industries discharge colored wastewater [1-4].
Currently, there are more than 10000 dyes commercially available,
and it is estimated that approximately 10-15% of the synthetic dyes
that are used are washed away in waste streams during processing
operations [5-8|. Tartrazine is a widely used yellow dye found in
cosmetics, foodstuffs, medicines, and textiles. This dye is carcino-
genic and causes allergic reactions [9]. Thus, the decolorization
of this dye is an important process in wastewater treatment.
Numerous studies have been performed on the decolorization of
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adsorptive removal. However, the use of commercially available AC is
limited because of the high manufacturing costs [15]. Therefore,
recent research has been focused on searching for economical and
effective adsorbents for dye adsorption [16-19]. Agricultural waste
like clay [20], durian shell [21], Hevea brasiliensis [22], banana stalk
waste [23], termite feces [24], the marine red alga Porphyra yezoensis
Ueda [25], chitosan [26], chitosan-coated bentonite beads [27], the
forest waste Xanthoceras sorbifolia seed coat [28], and mango seed [29],
are considered to be suitable alternative adsorbents. However, the use
of agricultural waste products as adsorbents without a pretreatment
process leads to an increase in the chemical oxygen demand and
biological oxygen demand. In addition, the total organic carbon
levels will increase because of the release of the soluble organic
compounds that are included in the agricultural waste [30]. The
conversion of these waste products into porous AC will circumvent
these problems [31-35]. Santhi and Manonmani [36] reported that AC
prepared from the peel of the Cucumis sativa fruit is effective in the
decolorization of wastewater contaminated with malachite green
dye. Chen et al. [37] reported the conversion of municipal sewage

Clean — Soil, Air, Water 2014, 42 (12), 1824-1831



CLEAN

Soil Air Water

sludge into AC for the treatment of dye wastewater. Senthilkumar
et al. [38] prepared AC from sisal fiber (Agave sisalana sp.) and
pomegranate peel (Punica granatum sp.) for the effective removal of
reactive orange 4 dye.

Domestic solid waste production in Saudi Arabia is 12 million tons
per year; organic wastes represent the highest proportion of this
waste (79%). Palm wastes are produced annually in Saudi Arabia at a
rate of 100 000 tons per year [39]. By converting solid waste to AC, two
positive environmental impacts are achieved. The unwanted wastes
are reduced, and AC is produced as an alternative adsorbent that will
overcome the problem of colored wastewater. The previous methods
found in the literature typically pyrolyze one type of waste to produce
AC; however, recently, a novel method for the recovery of wastes via
their co-processing to produce liquid tar or gasification products has
been proposed [40-42]. Therefore, we evaluated the simultaneous
conversion of different types of waste (palm, paper, and plastic) into
AC via copyrolysis. The effect of the final activation time at 500°C as
well as the concentration of the activating agent (calcium hydroxide)
was investigated. We aimed to optimize the copyrolysis temperature
and time and thereby to maximize the carbon content of the
produced AC. The efficiency of the prepared AC for tartrazine dye
removal from aqueous solutions was evaluated. Batch adsorption
experiments were conducted to evaluate the adsorption process over
a wide range of operating conditions (sorbate concentration, pH,
contact time, and adsorbent dose). In addition, the kinetics and
thermodynamic parameters of the adsorption process were studied.

2 Materials and methods
2.1 Materials

The precursors used in this study were palm waste, paper waste, and
plastic waste that were collected from a municipal solid waste station
in Riyadh. These types of waste are the most highly produced in Saudi
Arabia. The elemental analysis of the precursor materials is shown
in Tab. 1.

Tartrazine is a synthetic lemon yellow azo dye and its chemical
structure is shown in Scheme 1. The preparation of the stalk
solution is achieved by dissolving 1 g of tartrazine in 2 L of distilled
water.

2.2 Preparation and characterization of the mixed-
waste AC

In this study, a three-stage process [43] was modified for the
preparation of mixed-waste AC. The mixed wastes (palm, paper, and
plastic) were simultaneously copyrolyzed. The copyrolysis process
was optimized to maximize the carbon content and the adsorption
efficiency of the produced mixed-waste AC. In this process, the
precursors are carbonized, impregnated, and then activated for a
specific period of time. The pulverized palm stem, paper, and plastic
waste were mixed with a ratio of 1:1:1 by weight and initially

Table 1. The elemental analysis of the precursor materials

Element Palm stems Waste paper Plastic
Carbon (%) 45.56 37.83 91.42
Hydrogen (%) 5.91 5.57 7.82
Nitrogen (%) 0.82 0.08 0.12
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Scheme 1. The chemical structure of tartrazine.

carbonized at 400°C for 2h. The char that was produced was
chemically activated with calcium hydroxide. The char (40g) was
mixed with 200ml of a 2mol L™ " calcium hydroxide solution. The
slurry was maintained in an ultrasonic bath at 40°C for 1h to
achieve maximum penetration of the solute molecules into the
texture of the waste materials. The resulting homogenous slurry was
dried at 110°C for 20h, and the resulting impregnated char was
activated at 500°C for 45min. The obtained mixed-waste AC was
allowed to cool and was washed with a 0.2 mol L' HCl solution for
0.5h to remove the surface ash. Subsequently, the sample was
washed with distilled water numerous times to ensure the complete
removal of the remaining acid (to reach a final pH of 6-7). After
washing, the samples were dried at 110°C for 24h, cooled in a
desiccator, sieved through a 100-mesh filter (US Standard), retained
on a 300-mesh filter, and stored in airtight bottles for further study.
The carbon yield of each sample was calculated using the following

Eq. (1):

Yield (%) — (%) X 100 (1)

0

where W is the dry weight (g) of the final mixed-waste AC and W, is
the dry weight (g) of the precursor material.

The samples were examined using a Jeol (JSM-6380 LA) scanning
electron microscope (Japan). The Fourier transform IR (FTIR) spectra
of the samples were recorded using a spectrophotometer (Thermo
Scientific, USA). Elemental analysis was performed using a Perkin
Elmer Series II CHN analyzer.

2.3 Batch adsorption studies

The prepared mixed-waste AC (0.03 g in each flask) was transferred to
100ml Erlenmeyer flasks and 80 ml of tartrazine solution (50 ppm)
were added. The mixture was placed on a shaker at 150 rpm for 5h at
25°C. The solution was filtered, and the tartrazine concentrations
were determined by spectrometry at the wavelength of maximum
absorbance, 400 nm, using a double beam UV-Vis spectrophotometer
(Thermo Scientific). The blank replicates were prepared without
adding AC. The same procedures were followed to evaluate the effect
of temperature on the adsorption capacity.

The adsorption capacity of the AC samples was evaluated using the
following Eq. (2):

(Co — Ce)V

= @)

Q=

where Q. is the adsorption capacity (mgg '), C, is the initial
concentration of the tartrazine, C, is the equilibrium concentration
of the tartrazine, Vis the volume of the solution (L), and M is the mass
of the adsorbent (g).
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3 Results and discussion

3.1 The yield and properties of the prepared
mixed-waste AC

The overall yield of AC increased as the calcium hydroxide
concentration increased from 0.0 to 2molL™". The higher yield of
mixed-waste AC may be due to the inhibition of the formation of
volatile matter by the activating agent (calcium hydroxide). The
inhibiting effect of chemical activation on the volatile matter increases
with a higher concentration, thereby increasing the carbon yield,
enhancing the aromatic condensation reactions and facilitating the
evolution of molecular hydrogen from the hydroaromatic structure of
the precursor. The liberation of the hydrogen makes available some
active sites on adjacent molecules that can undergo aromatization
(polymerization) reactions. As a result of these reactions, the volatile
molecules are stabilized, and the carbon yield is increased.

The FTIR spectra of the AC prepared from the mixed waste showed
the following bands: 3650 and 3629 cm ™, which are related to the OH
stretching vibration; 3440 and 3428cm™’, arising from the NH
stretching vibration in primary amines; 2928 cm ' and approximate-
ly 3100cm ™, which are related to the aliphatic and aromatic CH
stretching vibration; and 1700cm ™", which is related to the CO
stretching vibration. In addition, bands were detected at approxi-
mately 1600, 1585, and 1514-1450 cm™*, which are related to CC
stretching in an aromatic ring.

Table 2 shows the ultimate and proximate analysis of the AC samples
that were obtained from the copyrolysis of the mixed waste and
activated with different concentrations of calcium hydroxide. The
results showed a reduction in the volatile matter and ash content as
the concentration (impregnation ratio) of calcium hydroxide was
increased from 0 to 2 M. This reduction may have been caused by the
inhibition of excessive burn-off as the concentration of calcium
hydroxide increased, resulting in a higher yield of carbon and fixed
carbon and a lower content of volatile matter and ash. The same trend
was observed by increasing the activation time at 500°C. In addition,
the carbon content (fixed carbon and elemental carbon) increased as
the calcium hydroxide concentration increased. The value of elemental
carbon was consistent with that of fixed carbon, and, for each sample,
the fixed carbon value was lower than that of the elemental carbon.

3.2 The effect of chemical and physical activation
on the adsorption capacity (mgg ')

The tartrazine adsorption capacity of the prepared AC samples
increased as the calcium hydroxide concentration increased from 0.5
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Figure 1. The effect of calcium hydroxide concentration (a) and final
activation time at 500°C (b) on the tartrazine adsorption capacity (mgg~")
of mixed-waste AC prepared by copyrolysis of mixed waste.

to 2mol L' with carbonization at 400°C for 2 h and final activation
at 500°C for 1h (Fig. 1a). The same trend was observed when we
increased the final activation time at 500°C from 30 to 120 min
(Fig. 1b). These results were correlated with the properties of the AC,
as shown in Tab. 2. The increase in the adsorption capacity for
tartrazine removal with increasing calcium hydroxide concentration
and increasing activation time at 500°C occurs because the chemical
and physical activation promotes porosity in the carbon. A higher
level of carbon porosity provides increased access to the bulky
molecules of tartrazine, thereby raising its removal efficiency [44].
The scanning electron microscopy images (Figs. 2 and 3) showed the
micro-porosity of the mixed-waste AC that was produced from the
mixed waste and confirmed that chemical activation and physical
activation with calcium hydroxide widen the pores and promote
porosity in carbon, explaining the improvement in the adsorption
capacity. Therefore, AC can be prepared by simultaneous copyrolysis
of mixed solid waste and is effective for dye removal.

3.3 Adsorption studies

3.3.1 The effect of pH

The pH of the aqueous solution is an important factor in controlling
the surface charge of the adsorbent and the degree of ionization or
polarity of the adsorbate in the solution [45]. Therefore, the role of the
hydrogen ion concentration was examined using solutions with pH
values ranging from 2 to 14. Figure 4 shows that the maximum
adsorption capacity of the mixed waste AC for the tartrazine dye was
obtained at a pH of 2 and was 72.03mgg'. The adsorption capacity
decreased to 24.24mgg ' at pH 5, and a subsequent increase in
the pH caused the adsorption capacity to increase again until it
reached 50.95mgg™" at pH 10. This result may be attributed to the
presence of various functional groups, such as OH, NH,, CC, and CO,

Table 2. Proximate and ultimate analysis of carbon samples obtained through copyrolysis of mixed waste

Activation condition

Proximate analysis (wt%, dry)

Ultimate analysis (wt%, dry basis)

Calcium

hydroxide Activation

(mol L) time (min) Moisture Volatile matter Ash Fixed carbon Carbon Hydrogen Nitrogen Oxygen
0 60 2.354 26.667 5.912 65.067 67.56 2.84 1.23 28.37
0.5 60 2.742 24.443 10.487 62.328 71.88 5.14 0.86 22.12
1 60 2.807 21.761 10.828 64.604 72.05 4.54 1.05 22.36
2 60 2.874 17.556 9.664 69.906 75.34 3.22 0.84 20.60
1 30 3.191 23.443 7.692 65.674 70.59 3.31 1.02 25.08
1 60 3.328 21.997 8.211 66.464 73.68 6.33 0.45 19.54
1 90 3.481 18.766 8.836 68.907 74.03 3.14 1.14 21.69
1 120 3.846 15.33 11.158 69.666 74.85 2.77 112 21.26
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Figure 2. Scanning electron microscope image of mixed-waste AC prepared from copyrolysis of mixed wastes with a carbonization temperature of 400°C
for 2 h, chemical activation with (a) 0.0molL~", (b) 0.5molL~", (c) 1.5molL~", and (d) 2mol L~ calcium hydroxide and a final activation temperature of
500°C for 1h.

as indicated from the FTIR results, and also to the presence of 3.3.2 The effect of contact time and initial tartrazine
partially charged groups in the tartrazine structure, such as COO, concentration

SOz, and OH. The presence of these groups allows the formation of

covalent bonds, columbic forces, hydrogen bonds, or weak van der =~ The amount of tartrazine adsorbed onto the mixed-waste AC was
Waals forces. The occurrence of the double bond serves to enhance  studied as a function of the contact time at different initial
the interaction between the dye and the AC [46]. concentrations at 30°C and at the desired pH. Figure 5 shows the

Zeky X1,888° 18xm

Figure 3. Scanning electron microscope image of mixed-waste AC prepared from copyrolysis of mixed wastes with a carbonization temperature of 400°C
for 2h, chemical activation with 0.5molL~" calcium hydroxide and a final activation temperature of 500°C for (a) 0.5, (b) 1.0, (c) 1.5, and (d) 2h.
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Figure 4. The effect of pH on tartrazine adsorption onto mixed-waste AC.
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Figure 5. The effect of contact time and initial tartrazine concentration on
tartrazine adsorption onto mixed-waste AC.

effect of contact time on tartrazine adsorption by mixed-waste AC for
four different concentrations of tartrazine (25, 50, 100, and 150 ppm).
The amount of tartrazine that was adsorbed increased with
increasing contact time. The adsorption rate was rapid at the
beginning of the adsorption process, and then the rate decreased and
became constant after the equilibrium point. The saturation point is
nearly reached at 300min, and at this time the tartrazine that is
desorbing from the mixed-waste AC is in a state of dynamic
equilibrium with that being adsorbed onto the mixed-waste AC. The
amount of tartrazine adsorbed at the equilibrium time reveals the
maximum adsorption capacity of the mixed-waste AC. The removal of
tartrazine increased from 19 to 74.9mgg " as the initial concentra-
tion increased from 25 to 150 ppm, indicating that the removal is
affected by the initial concentration. The mass transfer driving force
increased when the initial concentration increased and, therefore,
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tartrazine concentration is larger, and the removal becomes
independent of the initial concentration, whereas at high tartrazine
concentrations, this ratio is low. Therefore, we concluded that the
initial concentration significantly affects the adsorption capacity.

3.3.3 Kinetic studies

Studies of the adsorption rate are important for the design of batch
adsorption systems. The modeling of kinetics data aids in the
selection of the optimum operating conditions. Lagergren’s pseudo-
first order equation [47] is expressed as follows:

dg
= klde —a) (3)

where ¢. and g, are the adsorption capacities at equilibrium and at
time t, respectively, and k; is the rate constant of the pseudo-first
order adsorption (min~?). After integrating and applying boundary
conditions, q;=0 to q;=¢q; at t=0 to t=t, the integrated form of
Eq. (3) becomes the following:

log de — (klt) (4)

log(q. —q,) = 5303

The pseudofirst order rate constant, k;, is calculated by plotting
the graph of log(q. — q) versus time t (Fig. 6a). The calculated k, values
and the corresponding linear regression correlation coefficient
values are shown in Tab. 3. The linear regression correlation
coefficient value, R?, was low and the calculated g values (14.8, 8.11,
35.7, and 35.4mgg ') are significantly different from the experi-
mental g. values (19, 37.32, 69.59, and 74.96mgg ') for initial
tartrazine dye concentrations of 25, 50, 100, and 150, respectively,
indicating that this model cannot be applied to predict the
adsorption kinetics.

The pseudo-second order kinetic rate equation is expressed as
follows [48]:

g — ) (5)

dt

where g. and ¢, are the adsorption capacities at equilibrium and at
time t, respectively, and k, is the rate constant of the pseudo-second
order adsorption (gmg 'min ). After integrating and applying
boundary conditions, g, =0 to g, =g, at t=0 to t=t, the integrated
form of Eq. (5) becomes the following:

t 1 1

resulted in a higher adsorption capacity. At low concentrations, the — = 2 +—t (6)
ratio of the available surface of the mixed-waste AC to the initial e Qe e
(a) + 150ppm = 100ppm +50ppm 25ppm (b) 25° 150 ppm =100 ppm - 50 ppm 25 ppm (c) 100 - + 150 ppm = 100 ppm - 50 ppm - 25 ppm
i
15 1 20 1 2 801
g 1 15 £ 601
L os - 5 =
_EB 0 .\- 1 E
-0.5 5 _/ ‘% 20
3
-1 4 T T ) 0 - - - - . Z 0 y - - " ,
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Figure 6. Plots of Lagergren’s pseudo-first order (a), pseudo-second order (b), and intraparticle diffusion models (c) for tartrazine adsorption onto mixed-

waste AC.
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Table 3. The parameters of the kinetic constants obtained for tartrazine adsorption onto mixed-waste AC

Pseudo-first order

Pseudo-second order

Intraparticle diffusion model

Ci Qe,exp kl (1073) qe,cal kz (1074) QE,cal h kid C

(ppm) (mgg ') (min~') (mgg) R* (gmg 'min"!) (mgg ) (mgg 'min"') R® (mgg 'min!) (mgg) R
25 19 0.033 14.8 0.94 47x1072 199 1.86 0.999 0.384 12.723 0.80
50 3732 0.007 811 028  34x1073 375 478 0.997 0.325 30828  0.73
100 69.59 0.015 35.7 0.87 96x10°* 72.4 5.03 0.997 1.193 48.042 0.90
150 7496 00069 354 090  43x10°* 793 2.7 0.993 2.186 34005 091

where t is the contact time (min), and q. (mgg ') and q? (mg g 1) are
the amount of solute that is adsorbed at equilibrium. Figure 6b shows
the linear relationship of the plot of t/q, versus t, from which q. and k
can be determined from the slope and intercept, respectively.

The calculated k, values and the corresponding linear regression
correlation coefficient values are shown in Tab. 3. The results showed
that the calculated g, values (19.9, 37.5, 72.4, and 79.3mgg ™) are in
agreement with the experimental q. values (19, 37.32, 69.59, and
74.96 mg g~ ) for initial tartrazine dye concentrations of 25, 50, 100,
and 150 ppm, respectively.

The intraparticle diffusion model was tested to identify the
diffusion mechanism [49] and is expressed as follows:

q¢ = kidtl/z +C (7)
where k;q is the intraparticle diffusion rate constant (mg g~ min~*/?),
and C is the intercept (mgg™?).

The plot of g, versus t'/ gave a straight line, and the values of ki
were determined from the slopes of the plots. The values of C
provided information about the boundary layer, i.e., a larger value for
the intercept indicated that there was a larger contribution of the
adsorption at the surface. The data for tartrazine adsorption onto the
mixed-waste AC that were applied to the intraparticle diffusion
model are shown in Fig. 6¢, and the results are shown in Tab. 3. The
results showed that at low tartrazine concentrations of 25 and
50 ppm, the value of R* was 0.80 and 0.73, respectively, whereas at
higher tartrazine concentrations of 100 and 150 ppm the value of R*
was 0.90 and 0.91, respectively. These results indicate that the
adsorption of tartrazine molecules onto the mixed-waste AC is a
diffusion-controlled process only at a high concentration.

Table 3 shows that among these three models, the pseudo-second
order kinetic equation had high R* values, and the experimental q.
values are in agreement with the calculated g. values. The low
values of R? for the pseudo-first order model indicated that this model
did not fit the data well. Therefore, we concluded that the pseudo-
second order kinetic model provided the best description of the
mechanism of adsorption of tartrazine onto the prepared mixed-
waste AC.

3.3.4 The effect of the adsorbent dose

The effect of the mixed-waste AC dose on the tartrazine adsorption
process was evaluated. The adsorption capacity decreased from 68.9
to 7.7mgg ' with an increase in the adsorbent concentration from
0.3 to 6gL ", with an initial tartrazine concentration of 150.9 ppm
(Fig. 7). This result shows that at a low mixed-waste AC dose, all of the
carbon surfaces are in contact with the tartrazine, allowing the
maximum interaction.

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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3.3.5 Thermodynamic study

The thermodynamic parameters, free energy (AG°), enthalpy (AH®),
and entropy (AS®), were evaluated using the following equations:

AS® AH®
logKg = —> 271
0884 =5 303R ~ 2.303RT (8)
AG® = —RTInKq (9)

where K, is the equilibrium partition constant calculated as the
ratio between the adsorption capacity (q.) and the equilibrium
concentration (C), R is the gas constant (8.314Jmol 'K '), and T is
the temperature in Kelvin (K).

From Eq. (8), a plot of logK, versus 1/T (Fig. 8) reveals the AH® and
AS° values. As shown in Tab. 4, the negative AG° value reveals that the
process of tartrazine adsorption onto mixed-waste AC is spontaneous.
A typical AG® value between 0 and —20 kJ mol " indicates a physical
adsorption process, whereas a more negative AG® value between —80
and —400 k] mol ! indicates a chemical adsorption process [50-54]. In

& 80

2

= 60 4
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2 40
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Figure 7. The effect of adsorbent concentration on tartrazine adsorption
onto mixed-waste AC.
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Figure 8. Thermodynamic study of the adsorption of tartrazine onto
mixed-waste AC.
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Table 4. Thermodynamic parameters for the adsorption of tartrazine
onto mixed-waste AC

Thermodynamic parameters

T (K) AG® (kJmol™?) AS® Jmol 'K AH® (k] mol %)
298 -13 35.5 9.12

303 -16

313 -17

323 -23

the present study, the values of AG® (—1.3 to —2.3kJ mol ') indicate a
typical physical process. The values of AH® and AS® were obtained
from the van’t Hoff equation in the temperature range from 25 to
50°C as 9.12kJmol ! and 35.5] mol ' K%, respectively, at a pH 2 and
using an initial tartrazine concentration of 100 ppm. The positive
value of AH® (9.12 k] mol ') suggests that the adsorption process was
endothermic, and the positive value of AS® (35.5] mol ' K ') indicates
that the degree of freedom (or disorder) was increased.

4 Concluding remarks

Mixed-waste AC prepared by the simultaneous copyrolysis of mixed
solid waste (palm stems, paper, and plastic) by chemical and physical
activation showed a high efficiency for the removal of tartrazine dye
from aqueous solutions. The yield and carbon content of the mixed-
waste AC increased as the calcium hydroxide concentration increased
from 0.0 to 2mol L. The maximum adsorption capacity for tartrazine
removal was obtained at pH 2, a contact time of 300 min and an initial
adsorbate concentration of 150 ppm. The kinetics of tartrazine
adsorption followed the pseudosecond order rate model. The
adsorption capacity of tartrazine at equilibrium increased from 19 to
749mgg ' as the initial tartrazine concentration increased from 25 to
150 ppm. The thermodynamic parameters, AG®, AH’, and AS°, showed
that the adsorption was spontaneous and endothermic in nature.
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