G| UJ\J\IJI(
‘ln Al METRICS

Research article Journal of Human, Health and Halal Metrics; 2020, 1(1): 42-56
https://doi.org/10.30502/JHHHM.2020.107920

Study of Reactive Red 195 anionic dye adsorption on calcined marble powder as
potential eco-friendly adsorbent

Samaneh Farrokhzadeh'*, Habib Razmi?, Behrooz Jannat?

1- Analytical Chemistry Research Lab, Faculty of Basic Sciences, Azarbaijan Shahid Madani University,
Tabriz, Iran.
2- Halal Research Center of IRI, FDA, Tehran, Iran.

This paper is open access under Creative Commons Attribution-NonCommercial 4.0 International license.

Submission: 24 February 2020  Revision: 26 February 2020  Acceptance: 10 March 2020

Abstract

Background and objective: Recently, use of inexpensive and available adsorbents have been studied for
removal purposes. One of main sources of environmental pollutions is uncontrolled discharge of wastewater
containing synthetic dyes that may result in adverse effect on human health. At this study, removal
efficiency of marble powder (MP) and calcined marble powder (CMP) as potential and low cost natural
adsorbents for removal of Reactive Red 195 as anionic dye was investigated.

Materials and methods: The adsorbents were characterized by X-Ray diffraction, Fourier Transform
Infrared spectroscopy, scanning electron microscopy and zeta potential measurements. Anionic dye of
Reactive Red 195 was used as adsorbate. Raw MP was collected from marble processing plant and its
calcination was done at 750°C for 3 h in furnace.

Results and conclusion: Effect of variables including pH, adsorbent dose, contact time, dye concentration
and temperature were monitored by a batch system. Adsorption reactions at equilibrium followed Langmuir
isotherm and pseudo-second order kinetic models. Maximum adsorption capacity of 103.092 mg g was
observed for CMP that was more than MP (1.218 mg g?). Results showed that calcination process can
significantly reduce negative charges on surface of marble powder and promote its efficiency for anionic
dye removal. Thermodynamic study revealed that adsorption of Reactive Red 195 on CMP was exothermic
and spontaneously. In conclusion, abundance of MP as inorganic waste and its transformation to CMP by
simple calcination process makes it an efficient, available and economic candidate for water purification.

Keywords: Adsorption isotherm, calcined marble powder, kinetic, Reactive Red 195, removal

1. Introduction dyes of different origin are produced and
Nowadays, one of important sources of environ- consumed commercially, of which nearly 30%
mental pollution is chemical coloring agents in are not stable and make toxicity to the
wastewater such as those released from textile environment. Reactive dyes have interfering
factories [1]. Approximately, more than 10000 effects on aquatic ecosystems even at low
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guantities by inhibition of sunlight penetration
into water and impair photosynthesis [2—6]. In
addition, they have carcinogenic effect on living
cells. Reactive azo dyes are popular because of
their low cost, variety, good solubility and
stability in water [7,8]. Due to high stability and
complex chemical structure, they are resistant
against physical, chemical and biological
treatments [9]. Therefore, there is a concern on
their removal from environment and further
possible health issues threating the habitants. In
this regard, some treatments based on physical,
chemical and biological processes are used such
as membrane filtration, coagulation, microbial
biodegradation, oxidation, ozonation and bio-
sorption [1,10-12]. However, there is great
attention to develop alternative techniques due to
some practical or economical restrictions [13].
Among them, adsorption process is advantageous
due to its simplicity, high efficiency and
applicability for various pollutants [11,14,15].
Recently, use of inexpensive and available
adsorbents containing clay-derived chemicals
such as bentonite, perlite, lignite, silica, zeolite,
peat, Kaolin and agricultural/industrial waste
have been studied [16-22]. Marble powder (MP)
is inorganic adsorbent, which is frequently found
in Spain, Eygept, Greece, Turkey and Iran. It
contains chemical ingredients of CaCOs, SiO,
A|203, MgO, FEQOs, K,O and Na,O. MB is
produced through building and manufacturing
operations and has been used as available,
abundant and low-cost inorganic adsorbent for
treatment of dye contaminated waters [23,24].
For example, desirable results were observed for
its efficiency in methylene blue removal [24].
Interestingly, calcination process can signifi-
cantly increase its ability. Therefore, trans-
formation of MB to calcined form by simple
process introduced it an efficient, economic,
available and high potential candidate for this
purpose. At this study, adsorption characteristics
of raw MB and calcined marble powder (CMP)
was examined to find out an applicable way in

protection of environment, animals, plants and
human against deteriorative agents. Reactive Red
195, a toxic anionic azo dye with five sulfonic
groups (Figure 1), was selected as model. Effect
of pH, adsorbent dose, contact time, dye
concentration and temperature on adsorption
were studied. At the end, isotherm, kinetic and
thermodynamic behaviors of process are
discussed.

2. Materials and methods

2.1. Materials

Anionic dye of Reactive Red 195 was supplied by
Merck (Darmstadt, Germany). The chemical
structure of dye was given in Figure 1.

Cl
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Figure 1- Chemical structure of Reactive Red 195

NaO;S

Stock solution of Reactive Red 195 at concen-
tration of 1000 mg I was prepared and further
dilutions were made by addition of double
distilled water. Sodium hydroxide and hydro-
chloric acid were purchased from Merck (Darms-
tadt, Germany) and concentration of 0.1 mol I*
was used for pH adjustment. Absorbance of
solutions was measured at Amax=517 nm before
and after reactions. MP was collected from a
marble processing factory located in Tehran
(Iran).

2.2. Preparation of calcined marble powder
Raw MP was washed several times by distilled
water and dried at 60°C for 12 h. Dried sample
was sieved to get particles of 75 pm. Then, raw
powder was calcined at 750°C for 3 h in furnace
[25,26]. CMP was stored in a falcon tubes for
further experiments.
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2.3. Apparatus

X-ray diffraction (XRD) analysis were carried
out using Bruker AXF (D8 Advance) diffracto-
meter with Cu K, radiation in 26 angle ranging
from 10° to 80°. Fourier transform infrared (FT-
IR) Spectrometer (Bruker model Vector 22,
Ettlingen, Germany) in range 500-4000 wave-
number (cm?) was used. Scanning electron
microscopy (SEM) imaging for observation of
surface morphology was done by S-4800 Hitachi
scanning electron microscope (Japan). Centri-
fugation at 958 xg for 15 min was done to
separate adsorbent solid particles from super-
natant. Absorption of supernatant was read at 517
nm by UV-VIS spectrophotometer model T80.
Zeta potential of MP and CMP was measured
using Malvern instrument (UK). pH of dye solu-
tion was measured using Metrohm 744 pH-meter.

2.4. Adsorption experiment

Adsorption process of Reactive Red 195 on MP
and CMP was carried out through a batch system.
A series of 25 ml of dye solution in various
concentrations were prepared and poured into a
beaker of 50 ml, separately, followed by addition
of a known dose of MP and CMP. The mixture
was stirred for 1 to 50 min at room temperature
by magnetic stirrer. After achieving steady state
adsorption in the experiment (approximately 30
min), 3 ml of mixture was drawn and centrifuged
at 958 xg for 15 min. Absorbance of residual dye
in supernatant was read at Amax=517 nm in UV-
VIS spectrometer. Adsorption percent of
Reactive Red 195 on the adsorbents (R%), and
adsorbed amount of Reactive Red 195 per unit
mass of the adsorbent at equilibrium (ge: mg g2)
are calculated by following equations (Eqg. 1 and
2):

R(%):( 0~ )
0

x 100 Eq. 1
=t L Eq. 2
Where, C,and C. are dye concentration at time 0

and equilibrium (mg 1), respectively; V is
volume of Reactive Red 195 solution (I) and m is

MP and CMP mass (g). ge (mg g) is amount of
adsorbed Reactive Red 195 per g of MP and
CMP.

3. Results and discussion

3.1. Characterization of adsorbents

X-ray diffraction analysis was done to study the
crystallinity of MP and CMP. XRD patterns
provide convincing evidence about change of
calcite phase of MP to CaO phase. As shown in
Figure 2, main diffraction peak of MP is observed
at 20=29.720" and other peaks at 20=23.360’,
39.720° and 47.800° correspond to diffraction of
calcite phase (CaCOs) [24]. Furthermore, there
are other peaks at 20=29.720°and 65 for SiO,, at
20=43.440" for Mg(OH), and weak peaks for the
other residual components [23,24]. In compari-
son to MP, intensity of CaCO; peak (main peak
of calcite phase) was little in CMP showing that
calcite phase was significantly transformed to
CaO through calcination process (Figure 2). With
regard, CaO phase peaks approximately at
206=32°, 37°, 54°, 64° and 67° were emerged for
calcined powder.

1000 A
800 A

600 -

L;l L o (CMP)

400 A

Intensity (a. u.)

200 A MP)
0 J,J'JAAlM' ALAL_'A_

10 30 50 70
20 (degree)

Figure 2- XRD patterns of MP and CMP

FT-IR spectra of MP and CMP are presented in
Figure 3. Spectrum of MP clearly shows the
bands of calcite phase (CaCO;) at 712, 1418,
1800 and 2515 cm™ [24]. Weak peaks at 1800 cm-
Land 2515 cm? refer to C=0 group and HCOs'in
calcite structure [23]. In comparison, FT-IR spec-
trum of CMP shows that intensity of calcite phase
decreased and a new peak at 3643 cm™ emerged
owing to stretching OH in Ca(OH), that formed
by water adsorption on CaO component [27].
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Figure 3- Fourier transform infrared spectra of MP and CMP

SEM images and surface morphology of MP and
CMP are shown in Figure 4. As can be seen, MP
shows a rigid structure (Figure 4A) while CMP
has fine and soft surface (Figure 4B) that
facilitates effective dye adsorption on its porous
and homogenous structure.

Zeta potential describes electric charge distri-
bution on material surface. It reflects electrostatic
interactions between adsorbate and adsorbent and
can evaluate stability of colloidal dispersion.
Relevantly, high zeta potential in colloidal
dispersions prevents particles’ aggregation and
prolonged stability of system is expected. Figure
5 shows zeta potential of MP and CMP under
same condition (pH=9, T=25°C). As can be seen
in the figure, zeta potential of —20.060 mV was
detected for MP and positive zeta potential of
+22.040 mV was detected for CMP. Based on the
results, repulsive electrostatic forces between MP
and anionic dye caused poor adsorption effici-
ency compared to attractive electrostatic forces
between CMP and anionic that resulted in better
adsorption.

SEM HV: 15.0 kv WE: B.75 mm Ll
Wiew field: 59.3 pm Det: SE 10 pm

SEM MAG: 3.50 kx  Date{midiy): 022216  Creme

SEM HV: 15.0 KV WD: 5.79 mm
View field: 24.4 pm Det: SE
SEM MAG: 8.50 kx Date{m/dly): D2/22/16 o

Figure 4- SEM images of A) MP and B) CMP
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Figure 5- Zeta potential analysis of MP and CMP

3.2. Influence of effective variables on adsorp-
tion process

Experimental design provides some advantages
such as finding optimum condition of trials. In
our study, one-factor-at-a-time (OFAT) app-
roach was used to find out optimum levels of
main effective variables for further experiments.

3.2.1. Effect of pH on adsorption capacity

Due to the fact that pH of solution largely
influences electrostatic interactions, this variable
was examined. Therefore, a couple of dye
solution were prepared at various pH ranging
from 2 to 12. To find optimum point, dye
adsorption on CMP was measured and its
efficiency remained constant in all cases. pH of
dye solutions was measured after addition of
certain dose of CMP. All samples showed
alkaline pH (10-12) despite different initial pH of
dye solutions. Indeed, adjusted pH of dye
solutions was rapidly changed upon addition of
CMP (CaO-based adsorbent) to dye solution.
This might be due to partial dissolution of
alkaline metal oxides in CMP when it was
exposed to dye solution during contact time.
Therefore, one of the most advantages of CMP
was its pH-independent efficiency.

3.2.2. Effect of adsorbent dose

Figure 6a shows impact of MP and CMP dose on
the result. For both adsorbents, adsorption
efficiency increased by increasing the adsorbent
mass due to enhanced availability of active sites
on the structure. Maximum dye removal
efficiency was achieved by 2400 and 50 mg of
MP and CMP, respectively. Adsorption level was
not considerably changed at higher concent-
rations due to fully engagement of anionic dye (at
constant concentration) on adsorbents’ active
sites. The results clearly confirmed that calcina-
tion could improve adsorption potential of CMP.

3.2.3. Effect of contact time

Contact time of dye solution with MP and CMP
can control adsorption dynamics. To examine,
some trials were conducted in range of 5 to 60
min at optimum adsorbent dose (50 and 2500 mg
for CMP and MP) and dye concentration (100 mg
I1) (Figure 6b). At first, amount of adsorbed dye
per unit mass of CMP increased rapidly and then
was constant until the end of study. The quick
initial rise was probably due to abundance of free
active sites on surface of the adsorbent that were
available to dye interaction and then fully occu-
pied at equilibrium. Therefore, optimum contact
time for Reactive Red 195 removal by MP and
CMP was 30 and 20 min, respectively.

3.2.4. Effect of initial dye concentration
Various initial dye concentrations ranging from
20 to 160 mg I** was studies at optimum adsorbent
dose (50 and 2500 mg for CMP and MP, respec-
tively) and contact time (20 and 30 min for CMP
and MP, respectively). According to Figure 6c,
adsorption increased by increasing the dye
concentration. It may be related to abundance of
active sites on adsorbents, enhanced driving force
and decreased diffusion resistant for uptake of
dye ions. Moreover, effective collisions of
adsorbent and dye will increase at high concent-
rations [26, 28-32]. As a result, dye concentration
up to 150 mg It was introduced in practice.
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Figure 6- Effect of a) adsorbent dose, b) contact
time and c) initial dye concentration on Reactive
Red 195 adsorption by MP and CMP

3.2.5. Effect of temperature

This study was carried out in range of 30-70°C.
According to Figure 7, adsorption capacity of
CMP was decreased at high temperature [33, 34].
In comparison, the changes were not significant
for MP might be due to its lower adsorption
capacity.

50 - CMP
CMP CcMP
40 A
> 30 A
£
= 20 A
10 -
MP MP MP
o T T 1
30 50 70

Temperature (°C)

Figure 7- Effect of temperature on adsorption of
Reactive Red 195 on MP and CMP

3.3. Adsorption isotherms

Adsorption isotherms show distribution equilib-
rium of adsorbate between aquatic solution and
adsorbent. Adsorption equilibrium data were
obtained by using different initial dye concent-
rations at constant time. Then, data were analysed
by isotherm models of Langmuir, Freundlich,
Tempkin and Dubinin-Radushkevich (D-R)
through which the best model that appropriately
fitted to the adsorbate/adsorbent interaction was
selected. Langmuir isotherm linear equation (Eq.
3) that corresponds to monolayer sorption of
adsorbate molecules on homogenous surface of
adsorbent [32] is expressed as follows:

Sz — 4 — Eq. 3

Where, @ is amount of adsorbed dye at
equilibrium (mg g?1), Ce is equilibrium concen-
tration of dye solution (mg IY), gm is maximum
adsorption capacity of adsorbent (mg g1), k. is
Langmuir constant corresponding to free energy
of adsorption process (I mg?) (Figure 8A).
Equilibrium parameter, Ry, is an important factor
for shape prediction of isotherm and describes
favorability (O<R.<1), linearity (R.=1), irrevers-
ibility (R.=0), and unfavorability (R.>1).
Adsorption features of Langmuir isotherm is
expressed by following equation [21]:
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Ru=— Eq. 4

All values of R. in present study were between 0
and 1 (Table 1 and Figure 8B) indicating that MP
and CMP were favorable inorganic adsorbents of
Reactive Red 195 under optimized experimental
condition.

In contrast, Freundlich isotherm is based on
multilayer adsorption with a uniform distribution
of sorption heat over heterogeneous surface.
Linearized form of Freundlich isotherm is:

Inge=1In kF+(1) In ce Eq. 5

Where, keis Freundlich constant (mg-@" gt L")
and n is extent of deviation from linearity of
process that used to determine linear (n=1),
physical (n>1) and (n<l1l) chemical type of
reaction. At this study, n=2.32 and n=1.83 was
calculated for dye adsorption on MP and CMP
which confirmed that the dye was physically
adsorbed.

Tempkin isotherm studies heat transfer between
adsorbate and adsorbent [35]. Its linearized equ-
ation is expressed as follows:

g=BInA+BInC; Eq. 6

Where, B is constant and related to heat of
sorption process. It is calculated from B=RT/b
equation; i.e., b is constant of Tempkin isotherm
(3 mol), R is gas constant (8.314 Jmol*K), T is
absolute temperature (°K) and A is equilibrium
binding constant (I mg?).

To provide energetic information about mechan-
ism and type of dye adsorption on adsorbent, D-
R isotherm was studied [31,36]. The linear form
of D-R isotherm is shown in Eq. 7.

Lnge=Ingn—Kopr & Eq. 7

Where, Q. is adsorbed amount of dye per unit
mass of adsorbent (mg g*), gm is adsorption
capacity related to D-R isotherm (mg g%), Kor is
a constant related to adsorption energy (mol?J?)
and ¢ is Polanyi potential given by equation 8.

e=RTIn(1+ 5) Eq. 8

Parameter of E (declared in Eq. 9) is used to
determine nature of adsorption process. This
parameter is defined as mean free energy of
process in transfer of one mole adsorbate on
adsorbent surface and its magnitude is calculated
according to following equation [36,37].

_ 1
E_vz— Eqg. 9

Magnitude of E predicts whether adsorption is
conducted by physical (E<8 kJ mol?), ion
exchange (8<E<16 kJ mol?) or chemical (E>16
kJ mol?) interactions [38]. In our study, E values
were 1.580 and 0.700 kJ mol™ for MP and CMP
suggesting that the adsorption process was
physical in nature.

Plots of isotherms for Reactive Red 195
adsorption on MP and CMP are shown in Figure
8a-e and isotherm parameters are summarized at
Table 1.

Correlation  coefficients (R?) of isotherm
equations state that the equilibrium adsorption
data are well explained by Langmuir isotherm
model. Based on this finding, monolayer
adsorption of dye on MP and CMP was occurred.
It is important to analyze errors of experimental
and calculated values to evaluate fitness of
empirical equilibrium data. At this work, a non-
linear Chi-Square test was used [39] that is
according to the following mathematical
equation:

(qe, o~ Ue, cal )2

qe, exp

Eq. 10

X*= &,

Where, Qeexp and Qeca are equilibrium capacity
obtained from experiment and calculation (mg g
b, respectively. If Qeexp is similar to ge.ca, it will
be the best fitted isotherm for adsorption system.
According to the calculated values of X2 for
isotherm models in our study, Langmuir isotherm
model was the best.
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3.4. Adsorption Kinetics

Kinetic of adsorption process depends on
physical and chemical properties of adsorbent
and transfer of adsorbate mass on adsorbent
surface [40,41]. Dynamic of Reactive Red 195
adsorption on MP and CMP was investigated by
various models including pseudo-first order,
pseudo-second order, intra-particle diffusion and
Elovich [42,43]. The linearized equation of
pseudo-first order kinetic is shown in Eq.11 [42].

log (d — ) = log (dk) - 535 5 Eq. 11

In the equation, ge and g: (Mg g?) are adsorption
capacity at equilibrium and any time, respec-
tively, and ky is rate constant of first order kinetic
model (min?). In pseudo-second order kinetic
model, rate-limiting step is chemisorption [44].
This model is expressed as follows:

== Eq. 12

In the equation, k. is rate constant of pseudo-
second order equation (g mg™ min?).
Intra-particle diffusion model (Weber-Morris
model) elucidates mechanism of dye absorption
into pores of adsorbent [45]. Equation of intra-
particle diffusion was proposed by Weber-Morris
model (Eq. 13):

Ot = kair t 22+ C Eq. 13

Where, kqir is rate constant of intra-particle
diffusion model (mg g*! min®%), and C is
thickness of boundary layer (mg g2).

Elovich kinetic model describes heterogeneous
adsorption energy over the adsorbent surface
(Weber and Morris). The kinetic equation for this
model was expressed in Eq. 14:

qe==In (ab) + = In (1) Eq. 14

Where, a (mg g* min) and B (g mg?) are rate
constants for Elovich equation and represent the
magnitude of surface coverage.

The kinetic curves are depicted in Figure 9a-d and
the fitness parameters are shown at Table 2.
According to Table 2, value of g. calculated from
pseudo-second order model was close to
experimental ge for both MP and CMP.
Moreover, a linear response with high correlation
coefficients for t/g: against t indicated that the
process could be described by pseudo-second
order Kinetic.
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Figure 8- Plots of adsorption isotherms obtained for adsorption of Reactive Red 195 on
MP and CMP: a) Langmuir, b) values of R, ¢) Freundlich, d) Tempkin and e) Dubinin-
Radushkevich isotherm models.
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Table 1- Isotherm parameters for adsorption of Reactive Red 195 on MP and CMP

Isotherm Parameters MP CMP
Langmuir gm(mg g ) 1.218 103.092
1/q, =1/(k,a,c.) /q, k. (I mg?) 0.469 0.118
RL 0.096-0.013 0.174-0.050
b 0.222 2.124
R? 0.963 0.955
Freundlich n 2.323 1.830
Ing, =Ink. {1/n)Inc, ke (I mg™) 0.361 9.608
R? 0.909 0.924
x 0.206 4.850
Tempkin B 0.272 21.961
g. =BIn (A) BIn (C,) A(Img? 4.379 1.223
R? 0.900 0.951
P 0.162 2.128
D-R g'm(mg g™ 0.975 59.120
Ing, =Inqgj, kK€ Kor (Mol?J?) 0.2 x 10 1x10°
E (kjmol %) 1.581 0.707
R? 0.827 0.898
3.5. Adsorption thermodynamics
A°, A

Impact of temperature on adsorption system of
Reactive Red 195/MP and Reactive Red
195/CMP is evaluated by thermodynamic para-
meters to provide information about energy
changes within the systems. Free energy (AG’, kJ
mol™), enthalpy (AH’, kJ mol™) and entropy (AS’,
Jmolt K1) changes define thermodynamic nature
of process. Magnitude of free energy (AG) as
important factor for spontaneity is determined by
equations 15 and 16 [46-48].

A°=A°- A° Eq. 15
A°=- 1n Eq. 16

Where, R (8.314 J mol* K1) is gas constant, T
(°K) is temperature and k. (L mol?) is distribution
coefficient that could be determined by the
following equation (Eq. 17).

Where, ge is amount of dye adsorbed on adsor-
bent, and C. is concentration of dye at equilib-
rium. AH" and AS’ are calculated from slope and
intercept of In (k) against 1/T (Figure 10)
according to equation 18.

o )=-—+
Thermodynamic parameters are shown at Table
3. AG’ for adsorption of dye on MP increased
from 6.017 to 9.617 kJ mol? by increasing the
temperature which shows non-spontaneity of
adsorption process. In the case of CMP, the
negative free energy confirmed that the process
was spontaneous. Negative values of enthalpy
change for both MP and CMP indicated an
exothermic nature of adsorption and negative AS’
showed a decreased randomness at solid-solute
interface.

Eq. 18
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Figure 9- Kinetic models of Reactive Red 195 adsorption on MP and CMP: a) pseudo-first order, b) pseudo-

second order, c) intra-particle diffusion and d) Elovich
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Table 2- Kinetic parameters of Reactive Red 195 adsorption on MP and CMP

Model Parameter MP CMP
Pseudo-first order e.exp (Mg gh) 0.999 47.580
log(q. - ;) dogq, kt/2.303 Ge (Mg gt 0.448 1.391
Ky (min™Y) 0.096 0.327
R? 0.970 0.904
Pseudo-second order ge(mgg?) 1.006 49.010
t/q =1/k,q,> +/q, Kz (mg It min) 2.202 0.029
R? 0.9997 0.9998
Intra-particle diffusion C 0.834 37.725
g, =k t* € Kair (Mg g~* min-0%) 0.028 1.720
R? 0.852 0.903
Elovich (mg g min?) 37.8 x 10° 11.9 x 10°
q =1/bIn( apt/ Ib(t) (gmg?) 21.780 0.343
R? 0.963 0.977

Y =3.182X - 8.3015

| R? =0.9356
2 DMOMP)

Y =2.5548X - 10.814

2 R? = 0.9996
A/‘/(IVIP‘)

458 3 3.2 3.4

1T (K1) x 103

Figure 10- Effect of temperature on adsorption
kinetic of Reactive Red 195 on MP and CMP

4. Conclusion

CMP as a new, low-cost, available and high
potential adsorbent was obtained by thermal
treatment of MP. The calcination process could
significantly enhance dye removal capacity of
MP. The results revealed that Reactive Red 195
removal efficiency as an anionic pollutant was
pH-independent.  Experimental data were
modeled by four adsorption isotherms through
which Langmuir isotherm provided the best
fitness to equilibrium data. Adsorption capacity
of CMP for dye removal was significantly higher

Table 3- Thermodynamic parameters of Reactive
Red 195 adsorption on MP and CMP

Adsorbent AG® AH® AS®
(KJ mol?) (J molY) (I moltk?)
30°C 50°C  70°C
6.017 7.778 9.617 -21.090 -89.383
-5.758 -3.606 -3.021 -26.455 -69.018

than MP that introduced it a potential candidate
for wastewater treatment. Adsorption Kinetic
followed pseudo-second order model. Thermo-
dynamic analysis revealed that removal of
Reactive Red 195 from aqueous solution by CMP
was spontaneous and through exothermic
process.
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