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Summary: Together with increasing world population, developing technology and rapid
industrialization process bring about environmental pollution. Nowadays, cleaning environment
from industrial wastes and pollutants is of utmost importance. Some organic materials, produced by
the majority of textile waste, cause environmental pollution. Many dyestuffs, which are hazardous
for environment, can be released to environment by industrial organizations without having any
precaution. Textile dyestuffs, being above certain concentrations, can cause poisoning of aquatic
organisms. Dyestuffs can be classified as following: Anionic: Direct, acid and reactive dyes
Cationic: Basic dyes Nonionic: Disperse dyes It can be said that most problematic group of dyes
used in the textile industry is the group of reactive dyes. Analyzing performed studies shows that
these views are supported. Today, adsorption techniques are gaining ground due to efficiency in
removal of too stable pollutants. Adsorption is, economically, a reasonable method and we can say
that it provides formation of high quality products. With the development of industry search for
materials, to be used as adsorbent for removal of factory wastes and water-soluable dyestuffs from
water, accelerates. In our study, from natural adsorbents diatomite(Caldiran/VAN) is used as an
adsorbent material. The removal of natural red and basic blue from aqueous solution using diatomite,
was investigated with respect to the adsorbent dose (0,02 g), initial concentration (20-140 mg/L),
temperature (between 25 and 45°C), on batch adsorption were studied as a function of contact time.
The lineer Langmuir, Freundlich and Temkin adsorption equations were applied to describe the
equilibrium isotherms. In addition, the pseudo-first-order, pseudo-second-order and intraparticle
diffusion models were used to determine the kinetic data. The experimental data were well fitted by
the pseudo-second-order kinetic model. Thermodynamic parameters such as the enthalpy (AH®),
Gibbs free energy (AG") and entropy (AS®) shoved spontanecous and endothermic in nature of
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adsorption for both of adsorbents.
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Introduction

Diatomite is suitable for industrial
applications owing to its low density, high porosity,
high melting point (1400°C-1750°C), low thermal
conductivity, solubility in high alkaline and HCI
solutions. Diatomite is employed as an insulation
material in dye and agricultural protection medicines.
In addition, diatomite has been used in cosmetics,
pharmaceuticals and chemical industry. Similarly,
diatomite is utilized as a catalyst carrier in metal,
metal oxide, acid-salt contacts and as a catalyst in
various processes ranging from sulfurization to free
polymerization [1]. Diatomite (SiO,.nH,0) is a soft,
light colored, slightly sedimentary rock formed by
the accumulation of silica shells of diatoms and
fossilized from algae in water [2]. It is known that
diatomite is used in the sugar industry in our country
because it is sterile and harmless to health, abundant
in our country, convenient in terms of usage, also it
provides clarity and filtration quality in world
standards [3]. Usage area of Diatomite as an
industrial raw material depends on not only its
mineralogical structure but also physical properties

such as adsorption capacity, surface area, pore
volume, surface load. Great deals of modification
methods are applied to improve the adsorption and
physicochemical properties of diatomite [4]. The
process of adsorption based on interactions between
an adsorbate and an adsorbent at the surface-water
interface. Therefore, surface properties of the
adsorbent play an important role in the sorption
process [5]. Adsorption is one of the methods used in
removing heavy metals from aqueous solutions.
Natural or modified diatomite has already been used
for the adsorption of different elements from water
and [6]. The equilibrium adsorption isotherm is very
important in case of desing any adsorption process.
Equilibrium studies give an indication about the
relation between adsorbent and adsorbate [7]. On the
other hand, the adsorption mechanisms could be well
understood through kinetic models such as lagergren
firs-order, pseudo second-order and intraparticle
diffusion equations [8]. Batch adsorption technique
was used in this study in order to determine the
equilibrium data. Experimental results were applied
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to Langmuir, Freundlich and Temkin isotherms. First
order, pseudo second order and intraparticle diffusion
kinetic models were calculated for determination of
adsorption mechanism.

Experimental

The adsorbent. Diatomite used as an
adsorbent was collected from Caldiran region in Van
Basin Lake in Eastern Anotolia (Turkey). The
powdered natural diatomite sample was washed by
distilled water and dried in a drying oven at 110°C.

X-ray fluorerescence spectrometer (XRF,
Philips 2400) was used for chemical analysis. The
diatomite from Caldiran-Van region consisted of the
compounds of 69.70% SiO,, 11.50% ALO; 4.40%
Fe,03, 0.65% Ti0,, 0.80% Na,O, 1.40% K,O. Loss
on ignition was determined as 11.55% (8).

The moleculer structure of this basic blue is
shown in Fig.

Basic Blue (C20H16N40682)
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Dye Name: Metylene Blue
Molecular Formula: Cyo0H sN4O6S,
Molecular weight, g/mol: 482.57

A max. (nm): 617

The moleculer structure of this naturel red is
shown in Fig.

Natural Red (CsH,CINy)
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Dye Name: Neutral Red
Molecular Formula: CysH,CINy
Molecular weight, g/mol: 288.78
A max. (nm) : 533
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Material

In this study, the characterization and
adsorption properties of some dyes (natural red and
basic blue) on the diatomite obtained from Caldiran
district of Van province were studied. Natural red and
basic blue dyes used in the experiments purchased
from Sigma-Aldrich (St. Louis, MO, USA). The
collected samples from the Van-Caldiran area were
powdered by a grinder. 100 g of diatomite were
stirred in 2 L of distilled water for 12 hours at room
temperature. Then let it be precipitated. The solution
was separated by filtration and it was dried in an
oven at 110°C. It was sieved with 400 mesh (LOYKA
ESM 200) sieve and stored in polyethylene bags for
future.

Preparation of dye solutions

The stock solutions of 500-1000 mg/L (ppm)
natural red and basic blue were prepared with ditilled
water, and then they were diluted to the desired
concentrations (20, 40, 80, 100, 140 mg/L). The pH
of the dye solutions was adjusted with 0.IN NaOH
(Merk) and 0.1 N HCl (Merk) solutions using a pH
meter. The measurement was performed by a WTN
pH meter (Series ISOLAB, Laborgerate GmbH).

Effect of initial dye concentration on adsorption

20, 40, 80, 100 and 140 mg/L dyestuff
solutions were used to investigate the effect of the
initial dye concentration on adsorption. Adsorption
experiments were carried out by shaxing 20 mg of
sorbent with 50 mL aqueous solution of natural red
and basic blue in 250 mL-Erlenmayer flasks placed
in a temperature controlled shaxing water bathat
different concentrations, pH and temperatures as a
function of time. The adsorption of natural red and
basic blue on the diatomite was carried out at 25°C,
35°C and 45°C for each concentration. Natural pH
values for natural red and basic blue were 6.9 and
6.0, respectively. The amount of natural red and basic
blue, q. were calculated using the folloving equation

q:=(Co-Co)V/m (M

where, . is the amount of dye natural red and basic
blue (mg/g). Cy and Ce are the initial equilibrium
liquid phase concentration of dye (mg/L),
respectively. V is the volume dye solution (L), and m
adsorbent mass (g).

Bath adsorption studies

Adsorption experiments were carried out in
a temperature-controlled shaking water bath at a
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stirring speed of 120 rpm by adding 10 ml of dye
solutions onto 2 mg of diatomite. After that, 10 ml
samples were taken from these mixtures at the
specified time intervals (1, 5, 10, 15, 20, 30, 60, 90,
120, 150 and 180 min) and they were centrifuged at
3.500 rpm for 3 min. After centrifuged supernatants
were analyzed for the determination of the final
concentration of natural red and basic blue by using
an UV-vis spectrophotometer. The maximum
absorbance values of these samples were measured at
533 nm for natural red and at 617 nm for basic blue
at the maximum wavelength in a UV-visible
spectrophotometer. The amounts of adsorbed dye on
the diatomite were calculated by subtracting from the
initial dye concentration.

Equilibrium adsorption isotherm models

The adsorption equilibrium data on the
diatomite of the dye were fitted to the Langmuir,
Freundlich and Temkin isotherms used commonly.

Langmuir isotherm: The adsorbent surface is
a single layer on the adsorption where the Langmuir
isotherm is valid. This isotherm also increases
linearly along with adsorption and adsorbent initial
concentration.

Ce/qe: 1 /KLqm+Ce/qm (2)

The mathematical expression of the
Langmuir  isotherm is calculated via the
dimensionless separation R; constant defined by
Webber and Chakkravorti to find the suitability of
adsorption [9].

R =1/(1+KCy) (3)

Ry > Unfavorable adsorption

0 <Ry <1 Favorable adsorption
Ry = 0 Irreversible adsorption
Ry =1 Lineer adsorption

Ry: the dimensionless separation factor
constant, K;:Langmuir isotherm constant (L/mg)
related to the adsorption energy, C,: initial
concentration (mg/L). The value of Ry constant from
0 to 1 indicates the adsorption nature to be
unfavorable, favorable or irreversible [10].

Freundlich isotherm

The Freundlich isotherm is used to describe
the adsorption of various adsorbent molecules from
solution phase. The lineer form of Freundlich
isotherm is representent by the equation
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qe:KF-Cel/n (4)
logq.=logKs+(1/n)logC, %)

where . is the amount of diatomit adsorbed per unit
weight the sorbent (mg/L), Kr is (mg/g) the measure
of adsorption capacity and 1/n is the intercept and
slope of the plot of log q., log C. respectively. The
magnitude of the exponent 1/n gives an indication of
the favorability of adsorption.

In this equation Kg [(mg.g'l) (mg.L™")]" and
n are the Freundlich constants related to adsorption
capacity and adsorption intensity.

Temkin isotherm

The heat of adsorption and the adsorbate-
adsorbent interaction on adsorption isotherms were
studied by Temkin and Pyzhov, who assumed that
because of the adsorbate-adsorbent interactions, the
energy of the molecules adsorption will decrease
linearly with coverage [11].

q=RT/brInArC, (6)
and can be linearized as:
q.= BInA+BInC,

where B=RT/b, .B is the Temkin constant related to
heat of sorption (j/mol), A, is the Temkin isotherm
constant (L/g), R the gas constant (8.314 J/mol K)
and T the absolute temperature (K). Therefore, by
plotting g, versus In C, enables one to determine the
constants A, and B.

Kinetics models

Several kinetic models have been proposed
to express the adsorption mechanism of solute
molecules onto an adsorbent.

Pseudo-first-order kinetic equation

The linear form of pseudo-first-order model
was described by Lagergren

dqgy/dt=ki(q;-q¢) @)

where g, and q; are the amount of solute adsorbed at
equilibrium and at a time, t, (mg.g™") respectively, and
k, is the pseudo-first-order rate constant (min™).
Integration Eq (7) for the initial and conditions t=t,
q=qs, a linear plot is obtained [12].
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log(qe-qt)zlogqe—kl/Z.303.t (8)

Pseudo-second-order kinetic

The pseudo-second-order model can express

as
dq/d=k,(qe-qr) Q)
t/q=1 /kzqez-‘rt/qe (10)

where q. and q; are the amounts of dye adsorbed at
equilibrium and at time t (mg.g'l), k, (g.mg'l.min'l).
Intraparticle Diffusion Model

This model describes about the diffusion of
the adsorbate from the outer surface into the pores of
the composite [13-15]. It is also known as Weber and
Morris equation is given as
q=K,t"*+C (11)
where K, is the particle diffusion rate constant (mg.g"

"min™), C characterizes the extent of diffusion. The
value of K, can is obtained by plotting g, against t'2,

Adsorption thermodynamic study

By evaluating these parameters, it is possible
to decide whether the process is spontaneous or not.
Reactions happen spontaneously at a given
temperature AG' is a negative value. With the slope
and intercept giving the values of AH” and AS’
respectively. The free energy of an adsorption
process is associated with the equilibrium constant by
the following.

Thermodynamic parameters such as standard
free energy change (AG"), Standard enthalpy change
(AH") and standard entropy change (AS") can be
calculated as [16].

AG’=-RTInK, (12)

where, AG is the free energy exchange (kj/mol), T is
the absolute temperature in Kelvin (K), R is the ideal
gas constant (8.314 J/molK), Ky (L/g) is a
thermodynamic equilibrium constant obtained with
the Eg.

InK4=AS’/R-AH"/RT
A plot of In K versus 1/T.

(13)

Result and Discussions

The diatomite sample was taken from the
Van-Caldiran region in Turkey. The analyses
revealed that the diatomic particles are present in a
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clay-bearing environment and these particles are
circular and platelets with a size range of 0.005-0.025
mm. It is seen that diatomite collected from the
region consists of SiO, in a ratio of 69.70% and a
small amount of various oxide compounds based on
the analysis performed [17].

(Table-1)

Table-1: Chemical analysis of original diatomite.

Component  SiO, AL O3 Fe,O; TiO, Na,0 K,0 KKK

Massive % 69.70  11.50 4.40 0.65 0.80 1.40 11.55

Effect of initial material concentration on adsorption

Concentrations of 20, 40, 80, 100 and 140
mg/L of natural red and basic blue were studied to
determine the effect of initial dye concentrations. The
maximum adsorption values at 20 minute for
concentrations of 20 and 40 mg/L for natural red was
19.49 mg/g and 39.83 mg/g and for concentrations of
80 mg/L, 100 mg/L and 140 mg/L, the maximum
adsorption values at 150 minute were determined to
be 39.94 mg/g, 79.88 mg/g, and 99.72 mg/g,
respectively. The maximum adsorption values at 20
minute for concentrations of 20 and 40 mg/L for
basic blue was 19.65 mg/g and 39.60 mg/g and for
concentrations of 80 mg/L, 100 mg/L and 140 mg/L,
the maximum adsorption values at 150 minute were
determined to be 79.67 mg/g, 99.22 mg/g, and 139.05
mg/g, respectively. These results showed that at low
concentrations, the adsorption has similar trends and
at a very early point of times, adsorption reaches the
equilibrium. After this point, there is no significant
change in the amount of adsorbed material. It has
been also observed that an increase in the
concentration led to an increase in the adsorption.

Adsorption isotherms
Freundlich isotherm

The constant K¢ is an approximate indicator
of adsorption capacity, while 1/n is a function of the
strength of adsorption in the adsorption process and
the smaller 1/n, the greater the expected
heterogeneity. The Freundlich isotherms plotted on
diatomite at different temperatures in the adsorption
of natural red and basic blue is shown in Fig. 2.
Using the Freundlich isotherm, the value of n found
natural red 1.2921 and basic blue 1.6326 denotes
spontaneous adsorption. Values of n in the range
1<n<0 indicate favorable bio sorption [18]. As the
amount of the adsorbed substance is quite low in the
solution, the results were calculated as negative
values.
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Fig. 1: (a). Effect of initial concentration on adsorption of Natural red on diatomite surface (R=25°C,pH=6.9,
w/v=20mg) (b). Effect of initial concentration on adsorption of Basic blue on diatomite

surface(R=25"C, pH=6.0, w/v=20mg).
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Fig. 2: (a). Freundlich isotherm of adsorption of natural red of diatomite (pH:6.9, w/v:20 mg ) (b). Freundlich

isotherm of adsorption basic blue of diatomite (pH: 6.0, w/v:20 mg).
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Fig. 3:

w/v:20 mg) and (b). Langmuir isotherm of adsorption of basic blue onto diatomite at various

temperatures( pH:6.0, w/v:20 mg).

(a) Langmuir isotherm of adsorption natural red onto diatomite at various temperatures ( pH:6.9,
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Freundlich constants and the correlation
values of lines plotted using n values of these two
dyes are given in Table-2.

It was seen that the correlation values
obtained for the natural red shows compatible trends
with Freundlich isotherm. The Freundlich isotherm is
compatible with basic blue at 308K. n value greater
than 1 indicates that the diatomite is favorable for
adsorption of natural red and basic blue. It is known
that when the correlation coefficient approaches 1,
the favorability increases [19].

Table-2: Freundlich  isotherm constant in the
adsorption of natural red and basic blue on diatomite
at different temperatures.

Natural red Basic blue
T(K) 298 308 318 298 308 318
Kr (mg/g) 03007 0.3764 03772  0.2850  0.2805  0.3450
n 1.5130 1.2921 1.3080 0.7459  1.6326  1.8378
R’ 0.9245 0.8423  0.8982  0.7493  0.9770  0.7384

Langmuir isotherm

The Langmuir constants, the correlation
values of lines plotted using q,,, and K values of two
dyes at different temperatures are given in Table-3.
As seen from Table-3, The Langmuir isotherm
constant, q,, and K increased with increasing the
temperature, indicating that the sorption density was
higher at higher temperatures [20].

Table-3: Langmuir isotherm constants in adsorption
on natural red and basic blue on diatomite at different
temperatures.

Natural red Basic blue
T (K) 298 308 318 298 308 318
Ky (L/mg)  0.2856 1.5174 0.7307 1.4009 0.2040  0.5231
qm(mg/g) 3125 4347 526.3 30.1 3333 833.3
Ry 0.1489 0.0318 0.0640  0.1492 0.0297  0.0264

As can be seen from the table, since the
correlation coefficient values of natural red at
different temperatures is high, it can be said that it is
compatible Langmuir adsorption model. The value of
Ry found natural red ( 0.1489, 0.0318, 0.0640) and
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basic blue (0.1492, 0.0297, 0.0264) is between 0 and
1. It can also be seen that the Langmuir isotherm is
compatible with basic blue at 308 K. Based on these
results, adsorption for natural red occurred in
homogeneous regions on diatomite and it can
partially occur for basic blue. Langmuir isotherm
constant on diatomite of natural red q,, (312.5, 434.7,
526.3) and basic blue q, (30.1, 333.3, 833.3). Ky
natural red (0.3007, 0.3764, 0.3772) and basic blue
(0.2850, 0.2805, 0.3450). As can be seen from the
values, the adsorption capacity for each dyestuff is
reduced due to competition from the dyes. [21-23].

Temkin isotherm

Temkin isotherm for natural red and basic
blue is given in Fig. 4. Temkin isotherms for natural
red and basic blue are shown in Fig 4(a) and Fig 4(b).
Temkin isotherm equilibrium binding constant Ar
and constant related to heat of adsorption.

q= (RT/by) InKy +(RT/by) InC,

B = RT / br and correlation values for the
two dyes are given in Table-4. It can be said that the
correlation values obtained for natural red are
compatible with Temkin and it is compatible at 308K
for basic blue [24-26].

Table-4: Temkin isotherm constant on diatomite of
natural red and basic blue at different temperatures.

Natural red Basic blue
Temp.(K) 298 308 318 298 308 318
by 121.94 108.69  107.05 57.74 139.75 144.75
At 4.80 4.68 3.20 3.75 2.90 2.90
R’ 0.9384 09111  0.9172  0.8358  0.9452  0.8890

Kinetic models

For the interpretation of the kinetic batch
experimental data three different kinetic models were
used: (1) the pseudo-first order kinetic model, (2) the
pseudo-second order kinetic model and (3) the intra-
particle diffusion model.

BO BO
A OB AN 7%
5 60 60
= -
d A B0 + o m w 50
5 A B 440 #208K 6 ® 208K
E = £ i 40
- W308K 8 30 | M308K
A -] + 20
PO o 1 A318K AN * 20 | 4318K
am o+ 10
0
_] -4 2 0 v
-5,0000 -4,0000 -3,0000 -2,0000 -1,0000 0,0000
InCe(mgL-1)
5 InCe (mg L-1) b
Fig. 4: (a) Temkin isotherm in the adsorption of Natural red onto diatomite ( pH:6.9, w/v:20 mg) and (b).

Temkin isotherm in the adsorption of basic blue on diatomite ( pH:6.0, w/v:20 mg).
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Table-5: Intra-particle diffusion, pseudo-first and-second order kinetic parameters of natural red adsorption

onto diatomite and basic blue concentrations (T=298 K).

. qe, pseudo-first order pseudo-second order intraparticle diffusion model
Adsorbent Concentlf_a:tlon experimental kq Qo> 2 q Qo> 2 2
(mg.L") (mg.g™) (min™") calculated R ka(g.mg”min") calculated R ki R
20 9.98 0.0603  0.0246  0.8135 1.022 9.99 1 0.029 0.6204
T . 40 19.97 0.0439  0.0455  0.9627 0.011 20449 0.9794 0.089 0.9166
= 80 39.96 0.0508  0.0817  0.9356 0.892 40.00 1 0.075 0.9312
£$ 100 49.96 0.0377  0.0768  0.9846 2.020 49.75 1 0.042 0.9399
5% 140 99.79 0.0112  0.0499  0.4619 0.964 69.44 1 0.097 0.9825
20 9.98 0.0377 5142 0.5648 3.44 9.83 1 0.0007 0.5147
2 g 40 19.94 0.0865  0.088  0.8554 0.94 19.84 1 0.0965 0.7420
- 80 39.88 0.0255  0.133  0.7401 0.371 39.84 1 0.0243 0.8541
g S 100 49.75 0.0366  0.201  0.7777 0.340 49.50 1 0.0208 0.9408
27 140 69.58 0.0251  0.188  0.8411 0.414 69.44 1 0.0207 0.9395
t {min) t (min)
0,0000 0,000
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Fig. 5: (a). Pseudo-first orders kinetics of natural red adsorption on diatomite different concentrations at 298
K (b). pseudo-first order kinetics of basic blue adsorption on diatomite different concentrations at 298
K.
20,0000
20,0000 ®
= @
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£ ny i
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£ > - 100 mgt-1 5 - & 2! Ak et
= 30000 m 4 & ¥120mga| | T 50000 - i =oameld |
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0,0000 ﬁ* ﬁ & & x X 1
0 100 200 0.0000
0 100 200 b
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Fig. 6: (a). Pseudo-second order adsorption kinetics of natural red onto diatomite different concentrations and

at 298K (b). pseudo-second order adsorption kinetics of basic blue onto diatomite different

concentrations at 298 K.

It can be said that the correlation values on
the chart are low as the adsorption does not fit the
kinetic model of the pseudo- first order. The q. values
obtained from the equations should be the same or
similar to the experimental q. values [27-29]. It was
observed that the kinetic truths and correlation values
(R?=1) obtained for natural red and basic blue. As the
ge values obtained from the equations are close to the
experimental q. values, it can be said that the
adsorption is compatible with kinetic modeling from

the pseudo-second order. This suggests that both dyes
may have a chemical interaction with the diatomite
[30-32].

When the intra-particulate diffusion line was
examined, it was observed that the intra-particle
velocity constant values increased in concentration
residue [33].
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Fig. 7: (a) intraparticle diffusion drawings for natural red and diatomite adsorption different concentration at

298 K and (b). intraparticle diffusion drawings of basic blue and diatomite adsorption different

concentration at 298 K.
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Fig. 8: (a). Clausius-Clapeyron equation for the adsorption of natural red with diatomite ( C, =20mg/L,

pH=6.9) and (b). Clausius-Clapeyron equation for basic blue adsorption with diatomite ( C,=20

mg/L, pH=6.0) .

Table-6: Themodynamic parameters of natural red (Cy:20 mg.L"', pH:6.9) and basic blue (Cy:20 mg.L™",

pH:6.0) of different temperatures.

Natural red Basic blue
Temperature AG® AH" AS® Temperature AG® AH" AS®
‘C) K. (j.mol™) J.mol™) (j.moI K™) ‘C) K. (j.mol™) (j.mol™) (j.moI K™)
25 6.34 -15707.8 25 4.05 -10034.1
35 6.76 -17029.3 22323.4 127.2 35 6.37 -16311.7 126904.8 461.2
45 6.90 -18242.5 45 7.26 -19194.3
The standard Gibb's free energy (AG”)  Conclusions

values for natural red and basic blue were observed
as negative. Accordingly, it can be said that the
adsorption process by diatomite of both dyes is a
spontaneous process. Regarding these dyes, AG®
decreases with increasing temperature. This indicates
that a higher adsorption is actually occurred at higher
temperatures. At higher temperature, ions are readily
desolvated and thereby their adsorption becomes
more favorable [34-36]. Standard enthalpy (AH") and
standard entropy (AS°) values of natural red and basic
blue are found. Positive enthalpy indicates that
adsorption is endothermic, while positive values of
AS’ indicate changes in adsorbent surface [37].

In this paper, concentration on adsorption
seems to be high. With increasing concentration, the
adsorption was completed longer. With increasing
concentration, the amount of dyestuff per gram of
adsorbent increased, while adsorption of the face
decreased. It has been found to be compatible with
Langmuir isotherm model for natural red, and 308K
for basic blue. The adsorption for natural red is partly
performed in homogeneous regions on the diatomite
and this was performed partly for basic blue. Both
dyes have shown that the pseudo second-order kinetic
model looks better for the Freundlich isotherm model
for natural red. As the amount of the adsorbed
substance is quite low in the solution, the results were
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calculated as negative values. The negative AG’
values obtained at all contact temperatures of the
biosorption process were found to be a spontaneous
process of adsorption by diatomite from both dyes.
Adsorption has been found to be more suitable at
higher temperatures. Diatomite can be classified as a
highly effective adsorbant compared to other low-
cost adsorbents.
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