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This work includes studying the removal efficiency method of
bromothymole blue (BTB) from industrial waste water by using
thermally activated Attapulgite clay (ATC) and by activated carbon (AC)
as adsorbent when applying adsorption technology. The most efficient
dose obtained for the removal of BTB by AC and ATC is then using 20
mL of dye solution with 3*10-# M concentration are 0.03 and 0.1 g
respectively. The use of AC required 0.03g of AC to give % ads 95.97
while the use of 0.1 g of ATC gave % ads. 91.71, The results gave a
preference of the clay ATC to be used as a cheap and efficient adsorbent.
Comparison of the adsorption efficiency of the Attapulgite clay with
commercial activated carbon where carried out. The optimal conditions
of the adsorption systems under study such as effect of dose, initial
concentration, and temperature were investigated. Two isotherm
models, Langmuir and Freundlich were fitted to the experimental data
of adsorption. The thermodynamic Functions of the studied systems
(AHe, AG®, AS°) were estimated. The results of the thermodynamic study
showed that the forces controlling the adsorption process of the
systems under consideration are physical in nature. The adsorption
process is exothermic, occur spontaneously in the direction of
connecting the dye to the clay surface, and forming less random system.
The research also included achieving kinetic study by application of the
pseudo first-order and pseudo second-order reaction models on the
experimental data of the studied system, this indicted by the value of R2
(0.999) and the agreement between the experimental and calculated ( ge
) . The second order equation were better fitted to the experimental
data of the system under consideration. In addition, the matching of the
calculated ge value (34.843 mg/g) with the practical (33.821 mg/g) one
sustain this results. The application of the intra-particle diffusion
method showed that, the diffusion process of the adsorbed molecules
into the pores present on the adsorbent surface is not the only
mechanism driving the adsorption process in the studied reaction
Kairr.(mg.g™".min"%) = 0.893, R2 = 0.943.
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Introduction

One of the major problem facing the environment now days is the presence of several types
of toxic dyes in wastewater due to industrial activities in various fields such as rubber, textile,
paper, leather and plastic industries representing one of the huge development and big
challenges in the environment[1]. Harmful dyes and/or their bio decomposition products
affecting the ecosystem, plants, and human as a result. They have wide applications such as
coloring paper, dying cotton, and wool [1]. Bromothymol blue has various names such as
bromothymol sulfone phthalate or BTB, it also works as a pH indicator in the applications those
required measuring pH near 7 [2]. Its pka values were used in common for measuring and
estimating the pH of the carbonic acid in a liquid (Figure 1). The carbonic acid is a weak acid in
the solution with protonated and deprotonated forming color ranges from yellow to blue
according to pH ranges (Figure 1). It is also used in many applications such as observing
photosynthetic activities, respiratory indicator to carbon dioxide[3], in conjunction with phenol
red or methyl red to monitor asparaginase enzyme[4]. Pollution is usually occurs by introducing
a hazardous substances into the environment with industrial waste water without a proper
treatment before sending it to the environment. Water pollution could be the biggest problem to
universe with many types of pollutants such as chemical, biological, or naturally existing
pollutants [5-7]. Water pollution has great effect on the environment, as well as human and
animals [8, 9]. It is subjected to the effects of various causative factors and exhibits significant
effects at various time [9]. Now day, there are many attempts to develop various technique to
control all types of pollutions [10].

The bromothymol blue is considered one of the most effective pollutant in waste industrial
water [11]. Recently, the need for safe and economical methods for the removal of dyes from
waste water such as Bromothymol blue (BTB)[1], was become an essential task to get rid of this
pollutant.

Attapulgite clay, is known as a palygorskite, its composition is a Mg.Al2Si4010(OH).4H20
Magnisum aluminum phyllosilicate , which is a type of fuller’s earth [12, 13].

Conventional methods such as photodegradation, biosorption, reverse osmosis, coagulation,
ozonation, electrochemical oxidation, and adsorption are commonly used to remove the
hazardous pollutants [14-16]. However, adsorption process found particular interest because of
its high efficiency, ease of use and economic consideration [14, 17-19]. Many types of adsorbents
such as carbon materials, clays, biomaterials, nanoparticles, nanocomposites, leaves fly ash and
many other adsorbent have been extensively used for the removal of dye from aqueous solution
[20-23].

Freundlich equation is an adsorption isotherm. It is an empirical relationship that is
applicable on to gas- solid and liquid- solid systems [24]. However, Langmuir isotherm model is
designed to explain the adsorption dependence on the assumed adsorbate behaving as an ideal
gas at isotherm conditions. The relation between adsorption and desorption is a reversible
relationship [25, 26]. According to this survey, this work is aimed to get efficient method to
remove bromothymol blue from industrial waste water via using thermally activated Attapulgite
clay with activated carbon from their aqueous solutions via using adsorption technology.
Comparison between the adsorption efficiency of Attapulgite clay and activated carbon is carried
out.
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Figure 1: BTB Structure and different colors at various pH conditions [4].

Thermodynamic study

The advantages of this study can give indication to the spontaneity of the reaction could it
occurs without the need for external conditions. It also determines the nature of the forces
controlling adsorption in addition the order of studied system.

The thermodynamic study is usually carried by calculating the equilibrium (K) constant of
adsorption system at certain concentration and at varies temperature. The values of standard
Gibbs free energy (AG°) at certain condition is estimated by equation (1)

AG°= - nRTInK ............ (D

Where n is the number of mole, T is the absolute temperature and R is the gas constant
(8.314 ]. mol -1. K'1). The value of standard enthalpy AHe is determined from Vant’ Holf equation

(2)
AS

—AH
LnK—?+? .......... (2)

The plot of In K versus 1/T give a straight line with a slope equal (- AH /R .... AH= - slope *R)
and intercept = ( A5°/R)

In this study the thermodynamic function (AG®°, AH°, AS° are calculated at various initial
concentration in the range ( (1-9)* 10 -# M. The obtained results are given in Table 1.

Table 1 indicate that at certain concentration the increase of temperature decreases the value
of equilibrium constant. This means that the adsorption effecting decreases with increases
temperature. In same time at various concentration and constant temperature, the adsorption
decreases with increasing concentration. All these phenomenon are supporting the exothermic
nature of adsorption. These resulted show that, the adsorption of the studied system is physical
adsorption signalized by the values of AH< 40 (K].mole'l ). The negative values of AG® refer to
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that , the adsorption system under consideration could occur spontaneously and increase the
order of the system .

Estimation of thermodynamic functions from isotherm constants, the application of isotherm
equation on the experimental obtained data is usually carried out by applying a single
temperature and various concentration. In order to calculate the thermodynamic functions from
isotherm constants.

In order to calculate the thermodynamic constant, various temperature must be used each of
them must be applied on various concentration (i.e.,, application of isotherm at different
temperatures). Two isotherm namely Freundlich and Langmuir are used for this purpose (figure
2,3,4).

Table 1: values of equilibrium constants and thermodynamic functions at equilibrium for
adsorption of BTB at different initial concentrations and in the absolute temperature range (283-
318K)

Bromothymol Temp. K K AH° AG® AS®
blue (BTB) ' (k].mol™) (kl.mol™) | (J.mol *.K™)
288 15.952 -37.7248 -6.632
298 12.247 -37.8836 -6.207
308 11.561 17496 -36.4566 -6.268
1*10-4 318 8.976 -36.7744 -5.802
328 6.068 -38.3521 -4.917
288 11.474 -30.8680 -5.8427
298 9.345 -30.8580 -5.5370
3*10-4 308 8.057 -14.737 -30.4862 -5.3430
318 7.331 -29.7673 -5.2667
328 5.045 -31.4614 -4.4134
288 8.751 -21.1264 -5.1940
298 8.374 -20.1785 -5.2653
5*%10-4 308 6.755 -11.278 -20.7363 -4.8917
318 6.076 -20.4657 -4.7704
328 4.992 -21.0186 -4.3843
288 7.472 -21.3575 -4.8156
298 6.368 -21.4084 -4.5868
7*10-4 308 6.062 -10.9666 -20.6239 -4.6144
318 4.746 -21.5378 -4.1176
328 4.298 -21.3116 -3.9763
288 6.009 -29.2497 -4.2937
298 5.986 -12.716 -27.7990 -4.4335
9*10-4 308 5.055 -27.8183 -4.1496
318 3.945 -28.5817 -3.6286
328 3.267 -28.9301 -3.2285
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adsorption value for BTB dye.
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Experimental method

The BTB is supplied by the chemical company (Merck). It has the structure shown in Figure 1
and a molecular weight (624) g. mole-1 distle water is used as a solvent to prepare all solutions in
mixture with ethanol. UV-Vis spectrophotometer of type (Cecil CE-1021.) is employed to
measure the absorption of the dye at its Amax = 434nm.

Adsorbent

Two adsorbents were selected for performing this study

1- Activated carbon

Commercial activated carbon supplied by Merk were selected for achieving this study. It was
used for comparing its efficiency to that of clay as adsorbent for the removal of the BTB dye from
aqueous solution. The commercial carbon was placed in an electric oven at 150 C° before using it
for drying.

2- Thermal Activated Atabalguide Clay

The raw atabalguide clay, is first grinded finely and then placed in a large beaker containing
distilled water. The colloidal part is representing the clay particles, while the stony parts are
fallen into the bottom of the beaker.

The clay particles were then isolated by decantation and the stony part is neglected. The
suspended part is then filtered, washed well in water, then ground again, and the clay particles
were separated into certain sizes using molecular sieves. The thermal activation of clay is carried
out by placing the clay in an electric oven at temperatures ranging between (100-400 C°)

Batch Method

This Study is included the determination of effect of contact time, effect of initial concentration,
effect of pH of solution and effect of temperatures. A single component batch method was carried
out to achieve these studies. The amount of adsorption capacity (mg/g) estimated by the
determination of residual dye using equation (3)

ge= " p. i (3)

m

Ci—Ce

% Adsorption=

Where the ( Ci ) and ( Ce ) are the initial and equilibrium (mg/L) dye concentration respectively,
(m) is the weight of the adsorbent (ATC) (g) and (V) is the volume (liter) of the solution used.

Preparation of stock solutions:
Preparation of standard solutions

A 100 mL solution was prepared with a concentration of (3*10-4 M ) of Bromothymol blue
(BTB) by using a mixture of ethanol-water with a ratio 30:70% (V:V) as a solvent. All the
solutions used in the study were measured at the ( Amax) of the dye using the solvent as a blank.
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Results and Discussion
Calibration Curve and Wavelength

As a first step of this work, calibration curve is made up using a range of concentration (1x10->-
1x10-4 M) for the estimation of the amount of adsorbed dye the curve was within the detection
limit of Beers law. A straight line is obtained with Rz = 0.9996. This calibration curve is presented
in figure 5.

0.3 -
abs 025 | Y =2424.2x+0.0007

0.2 - R%=0.9996
0.15 -
0.1 -
0.05 -

0

0 0.00002 0.00004 0.00006 0.00008 0.0001 0.00012

conc

Figure 5: Calibration curve of the BTB according to Beers law

Effect of dose

The effect of dose is usually carried out by using a certain dye concentration and varying the
amount of the adsorbent. This study is carried out often to estimate the amount of adsorbent
required to reach equilibrium within a range of dye concentrations without total removal of the
dye, so the effect of other parameter, kinetic and thermodynamic studies can be achieved.

The study is conducted as a measure of the efficiency of Attapulgite clay (ATC) as adsorbent
compared to the commercial activated carbon (CAC). The clay was chosen as an alternative
adsorbent since it was collected from a local area and can simply obtained. It is therefore, even if
we use more amount of the clay to achieve the same result, it would be economically better
compared to the CAC. In the rest of the study, the ATC used for further applications. The results
obtained from using CAC and ATC as adsorbent for the removal of BTB from its aqueous solution.

The result of the Table 2, indicate that, the most efficient dose obtained for the removal of
BTB by AC and ATC is then using 20 mL of dye solution with 3*10-# M concentration are 0.03 and
0.1 g respectively. The use of AC required 0.03g of AC to give % ads 95.97 while the use of 0.1 g of
ATC gave % ads. 91.71, The results gave a preference of the clay ATC to be used as a cheap and
efficient adsorbent.
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Table 2: Effect of adsorption capacity and adsorption % at 298K by using Dye solution of 3*10-* M

Compd. Adsorbent Dose g/1 ge (mg/g) Ads. %
0.01 349.020 93.22

BTB AC 0.02 177.084 94.60
0.03 119.772 95.97

0.05 71.966 96.11

0.07 52.066 97.35

0.07 42.506 79.47

BTB ATC 0.09 34.776 83.60
0.1 34.336 91.71

0.2 18.300 97.76

0.3 12.235 98.03

Effect of initial concentration

The effect of initial concentration is very important for studying adsorption. The resulted
data can be used for the application of the isotherm equation on the experimental data. It also
can provide a strong driving forces to overcome all the resistances precluding the mass transfer
between the solution and solute.

The mass transfer phenomenon occurs in three stages. First the dye molecule moves from its
location in the solution into the boundary of the solid surface. The dye molecules move to attach
to the solid surface and finally diffuse into the adsorbent pours structures.

The results of the effect of initial concentrations of BTB on the ATC listed in Table 3 in the
range between 1*10-4 - 9*10-4 M show that the best adsorption percentage in at 3*10-# M. This
can be interpreted, as the dye concentration increased the number of dye molecules increased
and since a certain amount of clay (ATC) contain a certain number of active sites available for
adsorption, when increasing the concentration more dye molecules will be left in the solution.
This will decrease the adsorption percentages calculated numerically.

Effect of contact time

20 mL of dye solution of concentration (1x10-4) M are placed in a nine conical flasks. Same
amount (0.1 g) of adsorbent was added to them. The conicals were shacked at constant
temperature and after continuous shaking (100 cycles/min).
Nine solutions containing equal concentrations (1x10-4M) of the dye were prepared and the
same amount 0.1 g of adsorbent was added to 0.1 them . The cared were shouted at constant
temperature and at continuous shaking (100 rpm). The nine solutions were filtered at different
times (10,20, 30, 40, 50, 60, 70, 90, 80 )mintes respectively. The adsorbed quantities were
estimated using the

Spectrophotometer method. The adsorption capacity (qt mg/g) at any time of the adsorbed
BTB dye by ATC is determined using equation (3). This effect of contact time is presented in
figure 6.
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Figure 6: The variation of % ads of BTB with time.

Temperature effect

The effect of temperature is studied by varying temperature in range (283 - 323 K) while
keeping all the other factors constant. 20 mL of dye solution (3*10-4 M) shacked with 0.1 g of clay
for 70 min at constant speed (100 rpm) with various temperatures in the range mentioned
above.

Application of isotherm equations:

In this study two isotherm equations are applied on the experimental data of the studied
system named, Freundlich and Langmuir isotherms equation (5, 6). In order to use these
isotherms for the calculation of thermodynamic function the isotherm equation is fitted to the
experimental results for range of concentrations ((1-9)*10-4) at range of temperature (288-
318K).The obtained results are listed in Table 3 and illustrated in Figures (7,8).

Looking at table 3 it was found that, the value of n is lying in the range (1-10) indicating
favored adsorption. The values of n decreasing with increasing temperature. The same trend is
seen in the variation of (Kr) values with temperature. The Langmuir constants are varied as
follow; the maximum theoretical adsorption capacity (Qmax)increased with increasing
temperature. The values of b are related to the rate of adsorption process. Looking at the value of
RZ one can concludes that, the Freundlich (R2=0.9942-0.9981) is better fitted to the studied
systems than the Langmuir (R?=0.9538-0.99958). This means the characteristic of the clay used
as adsorbent is more consisting to the assumptions of Freundlich which is based with adsorption
occurs on a heterogeneous surface.

de N Qmax b Qmax

log ge =lg Kr + 1/n log Ce ....(6)

One of the most important factors used to describe the adsorption isotherm of Langmuir is
the dimension less separation factor (RL) which can be expressed by equation (7):
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Where Co is the initial concentration of the dye under consideration. When RL > 1 indicates to
un-favored adsorption, (RL = 1) refers to linear adsorption, O<Ri<1 indicates to physical
adsorption and when Ri= 0 means chemical or irreversible adsorption. The valves of RL obtained
from this investigation are listed in Table 3 referring to favored adsorption.

To estimate the thermodynamic functions from Freundlich and Langmuir constants, the
equilibrium constant is assumed to be represented by the value of Kr since it is related to the
adsorption capacity whereas the value of equilibrium constant according to Langmuir is
presumed to be equal to KL=Qmaxb. The values of Kr and K. are estimated for a range of
concentrations (1-9)*10-4 at various temperatures, starting from 288K and repeated at 298 ,308
,318 and finally 328K.The calculated thermodynamic functions from Kr and KL are listed in table
(3,4,5).

Table 3: Constants of Freundlich and Langmuir adsorption isotherm applications via using clay
as adsorbent.

Isotherm Freundlich const. Langmuir const.
Comp. Temp Co n Kr R? Qmax b(L/mg) R2
(mg/g)
283 1.499 1.0095 0.9943 28.740 0.0203 0.9701
288 1.363 0.7761 0.9942 33.568 0.0147 0.9845
BTB 298 1341 | 0.7087 | 09958 | 35549 0.0125 0.9958
308 1.358 0.6168 0.9937 32.282 0.0115 0.9937
318 1.107 0.2560 0.9981 75.029 0.0027 0.9538

Table 4: Constants of Langmuir equations (RL and b) for adsorption of BTB on the considered
clay at 298K

Comp. b(L/mg) Ci(mg/I) RL
62 0.522
187 0.267

BTB 0.0147 312 0.179
437 0.135°
562 0.108
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Table 5: The thermodynamic functions obtained from Freundlich and Langmuir constants using
clay as adsorbent for a range of concentrations (1-9)104 M.

Dye 0 0 0 0
Telr<r1p Kp AG AH AS KL AG AH AS
288 5.00 | -3.856 -18.6435 -2.6923 -
BTB 5 3.0784 44,0355
298 3.77 | -3.293 -19.9056 -2.2107 -
8 ) 2.4407 - 44,1739
308 3.63 | -3.308 9225 -19.2130 -1.9951 15.374 -
9 ' 3 2.1795 5 43.4398
318 3.22 | -3.093 -19.2831 -1.6881 -
2 1.8937 43.0390
328 3.02 | -3.022 -18.9132 -0.7278 -
9 1.3059 44,6545
2.20 - _ 3.00 - T=25
Log qe T=15 log ge R? =0.9957
1.70 - R?=0.9961 2.00 - /
1.20 -~ 1.00 -~
0.70 T 1 0.00 T )
0.00 1.00 2.00 0.00 2.00 4.00
log ce log ce
3.00 T=35
Iog qe 2.00 R*=0.9988 Iog qe 3.00 T=45
’ 2.00 R? =0.9904
1.00 /,W
1.00
0.00 = ' ' ' 0.00 - . . .
0.00 1.00 2.00 3.00 0.00 1.00 2.00 3.00
Log Ce log ce
3.00 =55
log qe R?=0.9878
2.00 ‘/wQ
1.00
0-00 T T T 1
0.00 1.00 2.00 3.00
log ce

p4s)




Figure 7: Adsorption Freundlich isotherm of BTB dye
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Figure 8: Adsorption Langmuir isotherm of BTB dye
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Kinetic study
Two models, pseudo first order and pseudo second order were applied on experimental data of
considered system. The first model is known as a lagergren. It can be presented as in eq(8) :

Ln (qge-qt)=Inge-kt (8)

Where ge and qt are adsorption capacities at equilibrium and at any time (mg/g) respectively, t is
the time (min ), and k is the rate constant ( min-1).

The second model is the pseudo second order equation, Its known as Ho and McKay
equation. It can be presented asineq. (9)
t_ 1 1
a  kzqe*  qe

where is the value of k is the second order rate constant (g/mg. min) and t is the time (min).

In order to apply those two models these equations were fitted to the experimental results of
the studied system. The first order is fitted when the plot In (ge - qt ) versus t, should give a
straight line with correlation coefficient ( R 2) close to unity and standard error less than 5 % of
the experimental error and the value of qe calculated from the plot is consisted with the
calculated experimentally. The experiment was performed at 293K and initial concentration
equal to (3*10-* M) and using 0.1 g. of the clay.

The same conditions are applied when fitting the second order equation. Both equations are
applied on the experimental data of the system under consideration. The results obtained for the
pseudo first and second order are given in Table 6.

It is obvious that, the experimental results of the considered system is better fitted to the
pseudo second order model. This indicted by the value of R (0.999) and the agreement between
the experimental and calculated (qe) as shown in Table (6) figure (9). Another parameter was
calculated from the second order equation known as the initial rate (h mg.g-.min-1 ), its value is
high when compared to the value of ( k2 ) figure (10). This can be clarified by the availability of
large number of the free active sites on the adsorbed surface and the presence of large number of
the dye molecules. This speed will be decreased gradually with the time as the active sites are
occupied and the repulsion among the dye molecules are increased.

The intra particle diffusion (IPD) equation

The adsorption kinetic is not just a simple kinetic system. It passes through three steps with
three different rate i.e. of three different activation energies, so it could be considered as a
complex reaction. The intra-particle diffusion model describes the mechanism of such process.
The first step is a mass transfer of the dye from its location in the solution into the boundary of
the adsorbent surface after passing all forces precluding the dye molecules movement in
solution. In the second step the dye molecules attracted to the active sites present on the solid
surface of the adsorbent and finally the dye molecules diffuse into the adsorbent pores. The intra
particles diffusion law can be expressed as in eq. (10):

qc = Kairr t1/2+C ... (10)
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Where k (mg/g.min)1/2 is the rate of diffusion, C is the boundary layer effect and representing
the intercept, which indicate the effect of surface sorption in the rate determining step, when
plotting gt versus t1/2 a straight line will be obtained. If the intra particle diffusion is the only
mechanism controlling the rate determining step, the line must pass from the origin.

In this work, the intra - particle diffusion model is applied by the experimental data using
initial concentration 62 mg/l and 0.1 g from ATG at 25 c°. The result obtained are given in Table (
6) and portrayed in figure (11). The plot of gt versus t1/2 showed straight line passing through
three steps, the first one is straight and sharp line indicating to high rate of adsorption. Then the
second step showed gradual decrease in the rate of adoption referring to decrease in the
adsorption rate due to the occupation of active site on the clay surface. Finally, the third step
showed equilibrium region. None of these lines passes through the origin means that, there are
more than one mechanism controlling the adsorption process.

Table 6: Kinetic model constant values for adsorption of BTB dye on clay at 298 k.

Kinetic 2
Dye model ge(calymg/g K ge(expymg/g R
13.027 0.085 33.821 0.9614
1st order
BTB | 2nd order 34.843 0.0147 33.821 0.999
Ind Ci (mg/L) Kaifr.(mg.g*.min"%) C(mg/g) R2
p 62 0.893 27.289 0.943
2.000 + y = -0.0851x + 2.5627
R?=0.9614
In(qe-qt) 0.000 . . . . .
0 10 20 30 50 60 70
-2.000 -
L g
-4.000 - )
time

Figure 9: Linear plots of Pseudo-first-order at 298 k.

y =0.0287x + 0.056
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Figure 10: Linear Pseudo-second-order at 298 k
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Figure 11: Linear plots of Intra particle diffusion model (IPD) kinetic for BTB dye on clay
at 298 K.

Conclusions

The research work prove that activated Attapulgite clay (ATC) can be used as a good
adsorbent for the removal of the bromothymole blue (BTB) dye and represent a cheap and
available adsorbent material taken from western desert in Iraq. The application of Langmuir and
Freundlic isotherm on the experimental result of the study system proved that the Langmuir
isotherm is better fitted to our system. Thermodynamic studied provide that the adsorption
system under concentration could occur spontaneously in the direction of adsorption, and forces
controlling the adsorption process are physical nature leading to less random system.

Using the isotherm parameter of langmuir (ki) and freundlich(kf) which are calculated at
varies concentration and different temperature gave thermodynamic functions ehith the same
tendency similar to those calculated in the thermodynamic study. The kinetic study of the study
system indicated that the adsorption process obey the pseudo second order reaction and the
inter particle diffusion process is not the only mechanism controlling the adsorption process of
the study system.
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