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ABSTRACT

Leather activated carbon (LAC) was prepared from the leather waste by HsPO,4 impregnated
at 105°C for 3h and activated at 450°C for 1h in a muffle furnace. Based on LAC, Mn-modi-
fied leather activated carbon (LAC-Mn) was also studied. The two adsorbents were
characterized by scanning electron microscopy, pore distribution, N, adsorption/desorption
isotherms, Fourier transform infrared spectroscopy, and X-ray photoelectron spectroscopy.
Several factors, such as contact time, dosage, and pH were studied, which indicated that
cation exchange, hydrophobicity, and n-electron-donor-acceptor interaction were likely the
adsorption mechanisms for basic fuchsin adsorption. Meanwhile, adsorbent effects of LAC
and LAC-Mn were highly pH dependent, which reached maximum under alkaline
conditions. The adsorption kinetic followed the pseudo-second-order kinetic model with high
correlation coefficients (R*>0.99), which means intra-particle diffusion process was not the
only mechanism involved. Thermodynamics showed that the Langmuir isotherm equation
can describe adsorption isotherms, and the maximum adsorption capacity of activated
carbon increased from 139.28 to 182.48 mg/g after being modified by Mn(II). The adsorption
process was a spontaneous and endothermic process.

Keywords: Adsorption; Basic fuchsin; Mechanism; Leather activated carbon; Modified by
Mn(II)

1. Introduction

Dyes have been widely applied in many
industries, such as printing, leather tanning, optical
communication, etc. Thus, nowadays a large amount
of dye wastewater is produced, which is not only
toxic to all life-forms [1] but also badly affect the
appearance of surface water. Basic fuchsin, a complex
red phenyl methane dye, is often used in biological
experiments as a biological stain, which is the most
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powerful nuclear dye and is also used in textile indus-
try [2]. It is also applied as coloring agent in paper
printing and textile dyeing.

Activated carbon is well known because of its
highly developed porous structure and high
adsorption capacity. However, its high cost limits the
application of activated carbon in large-scale treat-
ments. Nowadays, some researchers have searched for
cheaper material as the precursor, including date pits
[3], agricultural solid wastes [4], silk cotton hull [5],
Indian Rosewood sawdust [6], oak sawdust [7], etc.
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To our knowledge, the main original material of pre-
paring activated carbon is cellulose, and the activated
carbon produced by protein is lighter than that pro-
duced by cellulose. Leather waste is one of the three
waste streams in tanning industry, which has a certain
amount of protein. The landfill of leather waste dis-
posal would occupy a larger area of land, thus the
eco-friendly treatment methods should be taken
measures.

In this study, leather waste was used as the pre-
cursor to prepare activated carbon, which is also an
economic method to deal with the solid waste. A
few investigations have used leather waste as an
activated carbon raw material [8]. H3PO, and
MnSO, were chosen as the activating and modifying
agent, respectively. In the previous study, leather
activated carbon (LAC) modified by Mn(ll) was not
discussed. The research aimed to compare the prop-
erties of original and modified activated carbons
under different conditions, and discuss the adsorp-
tion mechanism. The surface physical and chemical
properties of activated carbon were also character-
ized using the scanning electron microscopy (SEM),
surface area analyzer, Fourier transform infrared
spectroscopy (FTIR), and X-ray photoelectron spec-
troscopy (XPS).

2. Materials and methods
2.1. Materials

The start material used in the activated carbon was
the leather waste in a tanning industry. The analogue
dye wastewater was prepared with basic fuschin
(Mw =337.85, chemical formula Cy0H,,CIN3;, and
Amax=543nm). The molecular structure of basic
fuschin is illustrated in Fig. 1. All the reagents used
were of analytical grade, and the experimental water
was deionized water.

Fig. 1. The molecular structure of BF.
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2.2. Preparation of LAC

LAC was prepared as follows: the leather waste
was washed with the deionized water repeatedly to
remove the dust, and then be heated at 50°C. The
dried material was crashed into a number of particles
with diameter of 5-10mm by using a scissors, then
was dipped with a 40 wt.% H;PO, solution at a ratio
of 1:1 (g L/g H3PO,) at 105°C for 3h. After that, the
impregnated samples were placed into a pyrolysis
reactor and activated at 450°C for an hour in a muffle
furnace. When the char cooled down to the room tem-
perature, the sample was boiled with 40ml of 10%
HCI to nearly dry. Then, the mixture was washed
with deionized water to remove the chloride ions and
other ions until the pH of the filtrate reached neutral
and heated at 120°C for 2 h. Ultimately, the dried sam-
ple was crushed and sieved at the mesh size of 100-
140 mesh, and kept in a desiccator for study. After the
above process, the leather waste activated carbon
(LAC) was acquired.

Modified leather waste activated carbon was pre-
pared by the following steps: a certain amount of
LAC was mixed with 100 ml MnSO, solution (100 mg/
L), and then shook at 125rpm in a water bath shaker
for 24 h. Then, the solid was separated from the solu-
tion using the vacuum filtration, and heated at 105°C
for 12h. Thus, the Mn-modified activated carbon was
referred to as Mn-modified leather activated carbon
(LAC-Mn).

2.3. Characterization of activated carbons

The surface morphology of activated carbons was
measured by the SEM (Hitachi S-520, Japan). Aper-
ture properties and Brunauer-Emmett-Teller (BET)
surface areas of LAC and LAC-Mn were determined
by a surface area analyzer (Quantachrome Corpora-
tion, USA), and N, as the adsorbate at 77K. The
specific surface areas (Sggr) and the total pore vol-
ume (V) were estimated from the manufacturer’s
software; the micropore surface area (Sp;), external
surface area (Se.t), as well as the micropore volume
(Vmic) were derived from t-plot method; the pore size
distribution was deduced based on the density func-
tional theory and the BET. From the relation:
D,=4V/Sger, the mean pore (Dp) can be deter-
mined. The surface functional groups of activated
carbons were determined by FTIR (Fourier-380FTIR,
USA). The element speciation and chemical oxidation
state of Mn before and after adsorption were
measured by XPS. It was determined using a spec-
trometer (ESCALAB 250) with MgKa irradiation
(1,486.71eV of photons) as an X-ray source.
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2.4. Experiment
2.4.1. Adsorption experiments

Several influencing factors of BF adsorption on LAC
and LAC-Mn were discussed, such as pH and adsorbent
dose. For each experiment, a certain amount of LAC or
LAC-Mn was added into a 250-mL Erlenmeyer flask
containing 100 ml solution of basic fuchsin, and shaken
at 20+1°C in a water bath shaker (SHZ-88) until the
equilibrium was reached. Then the BF solution was fil-
tered and the absorbance of the filtrate was determined
by a UV /visible spectrophotometer (UV-754, shanghai,
China) at the maximum wavelength (4,.x =543 nm). In
pH studies, the initial pH was regulated to 3-11 using
different concentrations (0.01, 0.1, 1.0, and 2.0 M) of HCl
or NaOH. The adsorption isotherm experiments were
performed at 20, 30, and 40°C. The adsorption capacity
(ge (mg/g)) and percent removal of BF were calculated
from the following equation:

Je = (CO _che)v (1)

Co — Ce

Removal (%) = C

x 100 )

where Cy (mg/L) and C. (mg/L) are the initial and
equilibrium concentrations of BF solutions, respec-
tively. V (L) is the volume of BF solutions and W (g)
is the mass of activated carbon.

The adsorption kinetic experiment was carried out
in a 1,000ml beaker, which was placed on an electro-
magnetic stirrer at 20°C with a speed of 125rpm. A
certain mass (1g) LAC or LAC-Mn was added into
1,000ml BF solution with the initial concentration of
150mg/L. At a certain time interval, 10ml sample
was taken out and filtered to determine the concentra-
tion of filtrate. And the adsorption amount at a spe-
cific time, ¢;, is determined by the following equation:

go= 0V ®)

where g; (mg/g) represent adsorption amount of BF at
a particular time.

2.4.2. Desorption experiments

The distilled water or different concentrate NaOH
solution (0.05, 0.1, 0.15, and 0.2M) was used to con-
duct the desorption experiment. After the activated
carbon was saturated with BF solution, the adsorbent
was filtered and washed to remove the BF on the
surface. Then, the sample was dried in a vacuum
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oven at 80°C. After that, a certain mass of activated
carbon was mixed with 100ml of distilled water or
different concentrate NaOH solution, and agitated at
20+£1°C for 24h. And the percentage of desorption
was determined using the following equation:

% Desorption = Ma (4)

My

where my (mg/L) is the amount of BF desorbed and
m, (mg/L) is the amount of BF adsorbed.

3. Results and discussion
3.1. Characterization of activated carbons
3.1.1. Analysis of SEM and pore structure

The surface structure property of LAC and
LAC-Mn can be shown in Fig. 2. It was seen that the
two adsorbents had a rough and loose surface, which
was scattered with different size apertures. The reason
can be explained that the raw material was dipped
with phosphoric acid at high temperature could accel-
erate depolymerization, dehydration, and particle
swelling of the protein material [9]. The shrink of pore
was hindered in the process of activation due to the
occupancy of phosphoric acid molecule, thus the
developed pore structure formed. The pore structure
was small, which can be explained that leather waste
has low carbon content in mass than lignocelluloses
material and form small pores. After modifying by
Mn(I), the pores were diminished.

The pore size distribution and N, adsorption/
desorption isotherms of LAC and LAC-Mn are shown
in Fig. 3. The pore size distribution shows that most
of the pores belonged to the micro-mesopores (<5nm).
According to the International Union of Pure and
Applied Chemistry, this N, adsorption/desorption
isotherms for both of the adsorbents corresponded
with the IV curve. The surface areas and porosities of
LAC and LAC-Mn are displayed in Table 1. It can be
shown that the LAC-Mn had a high specific surface
area (Sggr) than LAC, and the BET surface area
increased by 14.34% and the total pore volume by
31.61%. The results could be explained that the sedi-
mentation of Mn oxides as its oxidation process could
enhance the development of micropore and increased
the surface area of micropore. Thus, the BET surface
area and total pores volume increased.

3.1.2. FTIR results

The surface functional groups which played
important role in the properties of activated carbon
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Fig. 2. Scanning electron micrograph of LAC (a) and LAC-Mn (b).
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Fig. 3. Pore size distribution curves of the adsorbent and
the insert figure is N, adsorption/desorption isotherms.

can be perceived from the infrared spectrum curves. It
is shown in Fig. 4(a) that the peaks of LAC absor-
bance bands were at 502.42, 1,237.63, 1,414.33,
1,561.78, and 1,616.50cm ™', while the LAC-Mn at
507.31, 591.94, 751.87, 1,043.19, 1,232.65, 1,408.30, and
1,572.84cm™!. The peaks between 1,000 and
1,310cm ™" may be attributed to the v(C-O-C) vibra-
tion [10], and this vibration became apparently after
modifying by the Mn(Il). The absorbance spectrum at

Table 1
The surface areas and porosities of LAC and LAC-Mn

1,561.78cm™ ! in LAC and 1,572.84cm™' in LAC-Mn
were assigned to C=O in the quinine structure [11].
Compared the two infrared spectrum curves, the
curve of LAC-Mn became sharp and strong, which
indicated that Mn was adhered to LAC. more number
of peaks appear in LAC-Mn

Fig. 4(b) and (c) showed the infrared spectrum
curves of the two adsorbents and BF-load adsorbents.
It can be seen that some new peaks emerged between
1,043 and 1,600cm ™" and the curves became weaker.
The range of 1,043.50-1,362.57 cm ! may be the char-
acteristic peaks of C-N stretching vibration, which
indicated that BF was appeared on the surface of LAC
and LAC-Mn. Furthermore, the LAC-BF had a high
number peaks than the LAC-Mn-BF, indicating that
the loading of Mn(II) changed the adsorption of BF
onto LAC-Mn.

3.2. Effects of adsorbent dosage

The effect of adsorbent dosage for BF adsorption
on LAC and LAC-Mn was discussed on the condition
of various adsorbent dosages (0.1, 0.2, 0.4, 0.8, 1.0, 1.2,
1.6, 2.0, 24, and 3g/L) at the BF concentration of
150mg/L. It is shown in Fig. 5 that the removal effi-
ciency escalated with the increasing of dosage, which
can be explained that the doses increased effective

Activated carbon  Sggr (m?/g)  Se (M?/g) (%)

LAC
LAC-Mn

509.46
582.50

242.38
214.79

Smic (mZ/g) (%)

47.58 267.08
36.87 367.71

Vi(em’/g) Vi (m®/g) (%) D, (nm)
52.42 0.310 0.124 40.00 1.29
63.13 0.408 0.182 4461 1.23
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Fig. 4. FTIR spectra of the three adsorbents before and
after BF adsorption.

surface area and thus added the adsorption sites
effectively. Moreover, when the adsorbent dosage of
LAC-Mn was more than 1g/L, the dye removal per-
centage exceeded 90%; consequently, 1g/L was iden-
tified as the optimum adsorbent dosage for
subsequent experiments.

Compared with LAC, LAC-Mn had a better
adsorption property, which showed that Mn(II)
improved the adsorption capacity onto LAC-Mn. It
can be explained that Mn(II) played a catalytic role in
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Fig. 5. The effect of adsorbents dosage on the removal of
BF (Cp=150.0mg/L, dosage=0.1, 0.2, 0.4, 0.8, 1.0, 1.2, 1.6,
2.0,24,3¢g/L, T=20°C).

adsorbing BF, which reduced the activation energy
under the same adsorbent dosage. Thus, the adsorp-
tion capacities enhanced. In addition, Mn-loaded
would alter and introduce types of functional groups,
which was also in favor of providing adsorption sites.
Consequently, the effect of BF adsorption was
elevated.

3.3. Effects of contact time

The effect of contact time to BF adsorption on
LAC/LAC-Mn is shown in Fig. 6(a). It can be known
that the adsorption capacity of BF increased rapidly at
the beginning of 100 min, and then this trend slowed
to equilibrium. It can be explained that a large num-
ber of idle adsorption sites were gradually occupied
by the BF molecule. And more than 80% of this pro-
cess was accomplished during the first 100 min. Fig. 6
(a) also shows that the equilibrium time for the two
adsorbents was about 550min, and the adsorption
efficiency of BF onto LAC-Mn was better than LAC.
Ultimately, 600min was chosen as the shaking time
for the further experiment.

3.4. Effect of pH and adsorption mechanism

The value of pH is one of the significant factors in
the process of adsorption; it can alter the surface
charge of adsorbent and species of BF. Fig. 7 displays
the effect of initial solution on adsorption capacity. It
indicates that BF was pH-dependent, namely, the
adsorption effect was better under alkaline condition
(pH 7-10) than the acid condition (pH 3-6) for both of
the adsorbents. Similar results had been reported by
Gupta et al. [2].
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Fig. 6. (a) Adsorption kinetics of BF onto LAC and LAC-
Mn, and modeling using the pseudo-first-order (dashed
lines) and pseudo-second-order (solid lines) equations and
(b) using intra-particle diffusion model.

As seen from Fig. 7, when the value of pH
increased from 3 to 8, the adsorption capacity of BF
increased. BF molecules were protonated in acid
condition and have positively charged surface, thus
the cationic BF was the dominating forms in solution
at acidic condition. Thus, ion exchange may be a
considerable mechanism in adsorbing BF on LAC and
LAC-Mn. The protons on the surface of LAC and
LAC-Mn exchanged with cationic BF by positively
charged groups [12], which made BF molecules
connected to adsorbents. Consequently, a part of
protons entered into the solutions. Furthermore, the
structure of BF would be destroyed at acidic condi-
tion. In basic condition, the surface of LAC and BF
molecules embodied a negative charge, indicating that
the interaction would become inferior owing to
electrostatic repulsions. For LAC-Mn, the Mn(Il) in
alkaline region can combine with part of the OH™ and
decrease the assault of OH . Hence, the adsorption
capacity still enhanced. But the adsorption capacity
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Fig. 7. The effect of pH on the adsorption amounts of BF
(Cp=150.0mg/L, dosage=1.0g/L, T=207C).

increased; there might be other mechanisms to
enhance it. The molecule of basic fuchsin contains
three -NH, and three benzene ring structures, in
which benzene ring structure is the chromogenic func-
tional group and -NH, is the auxochromic functional
group. The conjugated system in BF increased the
mobility of the electrons, which made binding force of
n electrons weak, and thus the energy required for
n—n* dropped. The activated carbon also contains
basic n-band of the graphitic planes [13]. Thus, the n-
electron-donor—acceptor (EDA) interaction [14] may
participate in the BF adsorption onto LAC or LAC-
Mn. The leather material contains protein composi-
tion, therefore, has a strong hydrophobicity, which
can integrate with hydrophobic substances.

Fig. 8 shows the XPS survey spectra for LAC-Mn
before and after BF adsorption. It is indicated that
elements C and O emerged on the LAC-Mn and
LAC-Mn-BF. The XPS spectra of Mn 2p;,, shows
intensive peaks at 645.388 and 641.601 eV for LAC-Mn
shift slightly to 642.349 and 640.972eV after adsorb
BE. It could be explained that the Mn(IV) oxidized
into Mn(II), and BF was deoxidated, thus the color
faded. Consequently, ion exchange, n-EDA interaction,
and hydrophobicity are the mechanism of adsorbing
BF by LAC and LAC-Mn.

3.5. Adsorption kinetics

The adsorption kinetics model is an important tool
to discuss the adsorption process and adsorption
mechanism. The experimental date obtained were
simulated using pseudo-first-order Eq. (5), pseudo-
second-order Eq. (6), and intraparticle diffusion
models Eq. (7) [15,16].



2446

638 639 640 641 642 643 644 645
Binding energy (eV)

638 640 642 644 646 648 650
Binding energy (eV)
Cls
Ols
Mn 2p

LAC-Mn-BF

T T T
0 200 400 600 800 1000
Binding energy (eV)

Fig. 8. XPS survey spectra for LAC-Mn before and after BF
adsorption.

In(ge — q¢) = Ingy — kqt (5)

t_1 .1,
g kg ge

qr = kit + G (7)

where g. and g; (mg/g) are the amounts of BF
adsorbed at equilibrium and at time t (min), respec-
tively; k; (min™"), k, (g/(mgmin)), and ki (mg/
gmin'/?) are the pseudo-first-order rate constant,
pseudo-second-order rate constant, and the intra-parti-
cle diffusion rate constant, separately; C; represents
the thickness of boundary layer. And according to
known dates, ki, k, kint, and C; can be obtained by
drawing fitted cure.

Table 2 shows kinetic model parameters and coef-
ficients for basic fuchsin adsorption. It is revealed that
the pseudo-second-order kinetic model was more
appropriate to describe this adsorption process than
the pseudo-first-order kinetic model due to the high
correlation coefficients. Moreover, the adsorption
capacity (geca) from pseudo-second-order kinetic
model was more closer to experimental data (qeexp)-
Fig. 7(a) displays the adsorption kinetics and model-
ing of LAC and LAC-Mn using the pseudo-first-order
and pseudo-second-order models, which also illus-
trated this point.

The intra-particle diffusion is a model of rate-limit-
ing step, which is determined by the plot of g, versus
t'/2. 1t is revealed in Fig. 7(b) that the lines are multi-
linearity and do not pass through the origin, indicat-
ing several steps occurred in the process of adsorbing
BF onto the two adsorbents. There were three stages
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for the adsorption of BF onto LAC and LAC-Mn. At
the beginning stage, the sharp phase was the result of
external diffusion of BF molecules, namely the film
diffusion. The second phase was the rate-limiting
(pore diffusion or intraparticle diffusion) which was
gradually adsorbed to the adsorbents, the third stage
finally slowed down to equilibrium due to the low
concentrate of BF and aperture saturated of activated
carbons. Table 3 shows the intra-particle diffusion
model parameters for the adsorption of BF onto LAC
and LAC-Mn, the increasing C; indicates an increasing
of the thickness of the boundary layer.

3.6. Adsorption isotherms and thermodynamics
3.6.1. Adsorption isotherms

Adsorption isotherm is often used to reflect the
adsorbate distribution between the liquid and solid. In
this study, the experiment was conducted at different
temperature (20, 30, and 40°C), and the obtained data
were fitted using three commonly used models,
namely Langmuir, Freundlich, and Tempkin iso-
therms [17]. The equations are as follows:

Ce 1 Ce

Ce_ 1 G 8

e quL qm ( )
1

Ing. = InKg + Eln Ce )

e = BT IIIAT + BT In Ce (10)

where C. (mg/g) is the equilibrium concentration of
basic fuchsin, g. (mg/g) is the amounts of BF
adsorbed at equilibrium, and g,, (mg/g) is the maxi-
mum adsorption capacity. K, (L/mg) is the Langmuir
adsorption constant, K ((mg/g) (L/mg)'/") is the
Freundlich constant related to adsorption capacity, n
is the Freundlich exponent which represents adsorp-
tion intensity, Br is the Tempkin constant, and At (L/
min) is the equilibrium binding constant.

The fitting curves for the two adsorbents were
drawn and the parameters can be acquired and shown
in Table 4. It displayed that Langmuir model had a
correlation coefficient (R%) of more than 0.99, which
indicated that Langmuir model is more suitable to
describe this adsorption process than the other two
equations. Thus, the adsorption of BF onto the two
adsorbents inclined to be monolayer adsorption. The
maximum adsorption amounts of LAC and LAC-Mn
reached to 139.28 and 182.48 mg/L at 40°C, g, and Kg
enhanced with the increase of temperature, which
proved this adsorption was an endothermic process.
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Table 2
Kinetics parameters for basic fuchsin adsorption onto LAC and LAC-Mn
Activated carbon  geexp (mg/g)  Pseudo-first-order kinetic model Pseudo-second-order kinetic model
ki x107° (min™")  geca (mg/g) R? ky x107* (g/mgmin)  geca (mg/g) R?
LAC 109.55 8.35 75.24 0983 2.36 113.25 0.997
LAC-Mn 123.73 9.56 59.47 0957 6.73 125.47 0.999
Table 3
Intra-particle diffusion model parameters for the adsorption of BF onto LAC and LAC-Mn
Activated carbon The first stage The second stage The third stage
kinn (mg/g min'/?) C; R? kintx (mg/g min'’?) C, R? kins (mg/g min'?) Cs R?
LAC 8.73 9.58 0.962 4.01 40.38 0943 1.35 7829  0.880
LAC-Mn 27.19 495 0946 5.15 55.02 0.959 0.77 105.84 0.966
Moreover, the values of n were higher for LAC-Mn where R (8.314]/(mol-K)) is the wuniversal gas

than LAC, indicating the LAC-Mn was more favorable
than LAC. It can be shown that the load of Mn**
improved the properties of LAC significantly. A com-
parison of the adsorption capacities for basic fuschin
by other low-cost adsorbents is displayed in Table 5.
It is shown that leather waste is a promising precursor
for preparing activated carbon.

3.6.2. Adsorption thermodynamics

Adsorption thermodynamics parameters, enthalpy
change (AH), Gibbs free energy change (AG), and
entropy change (AS) were calculated by the following
equations [18,19]:

constant, T (K) is the absolute temperature, and K (L/
mol) is the Langmuir constant. AH and AS were
obtained from the intercept and slope of the plot of
AG versus T.

It can be known from Table 6 that the adsorption
process is spontaneous due to the negative AG values.
And the positive AH values for the two adsorbents
indicated an endothermic process, which was consis-
tent with the previous mentioned. The values of AH
are in the range of 2.1-20.9kJ/mol, which belong to
physical adsorption [20]. The positive values of AS
reflect that the appetency between the adsorbents and
basic fuchsin becomes random.

3.7. Desorption studies

AG = —RTInK (11)
Desorption experiments can be used to further
determine the adsorption mechanism of the adsorp-
AG = AH —TAS 12) " fon process as well as the feasibility of activated
Table 4
Isotherm model constants for BF adsorption onto adsorbents
Isotherm models Constants LAC LAC-Mn
20°C 30°C 40°C 20°C 30°C 40°C
Langmuir Im (mg/g) 132.28 135.14 139.28 130.38 160.51 182.48
ky (Lmg ™) 0.47 0.72 0.70 0.68 3.30 1.05
R? 0.998 0.996 0.997 0.991 0.999 0.998
Freundlich kg (mg gfl)(l/mg)l/” 71.86 77.55 80.45 101.39 107.61 111.97
n 7.61 8.09 8.19 13.16 10.03 8.44
R? 0.957 0.926 0.958 0.744 0.966 0.993
Tempkin Br 13.63 13.05 12.95 8.62 12.22 15.39
Ar 145.18 329.31 475.33 160,331.69 8,561.24 1,881.83
R? 0.989 0.973 0.984 0.719 0.973 0.997
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Table 5

Comparison of the adsorption capacity with literature data

Adsorbent Im (mg/g) Data

resource

Cation-exchange resin 178.6 [21]

Graphene-based magnetic 89.4 [22]
nanocomposite

Super absorbent polymer 11.7 [23]

Bottom ash 9 [2]

Deoiled soya 13 [2]

AC/ferrospinel composite 101.0 [24]

LAC 139.28 In our study

LAC-Mn 182.48 In our study

Table 6

Thermodynamic parameters for the adsorption of basic
fuchsin onto two adsorbents

Activated t(°C) AG AH AS
carbon (k] /mol) (k] /mol) (k] /(mol K))
LAC 20 —29.151 15.097 0.151
30 —31.260
40 —32.185
LAC-Mn 20 —30.064 15.390 0.159
30 —35.074
40 —33.245

carbon regeneration. Little desorption (<0.7%) with
different concentrates of NaOH solutions, indicated
that BF was adsorbed onto activated carbons mainly
by chemisorption, and the strong affinity between BF
and adsorbents may be electrostatic attraction or ion
exchange. Thus, desorption of BF was difficult to
achieve.

4. Conclusions

In this study, leather waste was chosen as the
precursor to prepare activated carbon, and then was
modified by Mn(II). The basic fuchsin adsorption
capacity improved from 139.28 to 182.48 mg/g (~31%)
by loading Mn onto LAC. And the BF adsorption indi-
cated a pH-dependant behavior for the two
adsorbents. The mechanisms for basic fuchsin adsorp-
tion were likely cation exchange, hydrophobicity and,
n-EDA interaction. The data fit the pseudo-second-
order kinetics model better than the pseudo-first-order
kinetics, while the Langmuir isotherm equation can
describe the adsorption isotherms. Thus, it was
displayed that the BF adsorption was a process of
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chemisorption and monolayer adsorption. Thermody-
namics results showed that the adsorption processes
was a spontaneous and endothermic process. The pres-
ent work showed LAC is a promising adsorbent and
would promote the development of dye adsorption.
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