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Abstract

Adsorption of dyes from aqueous solution on the surface of granite was accomplished under
the optimized conditions of temperature ,initial concentration ,pH , contact time and weight
surface. Spectroscopic technique was used for the measurement of dyes before and after
adsorption. The applicability of Langmuir and Freundlich adsorption isotherm equation for the
present system was also tested. Thermodynamic parameters such as change in the free energy
(AG),the enthalpy(AH ),the entropy (AS) and activation energy ( Ea )were favourable
.endothermic and spontaneous . Kinetics of adsorption was studied by using Lagergreen's
equation at optimum pH and the adsorption rate constant k,q was calculated. The data showed

that the pseudo —first -order model was best fit model.
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1. Introduction

The  presence of very low
concentrations of these effluents is highly
visible and undesirable and potentially
inhibiting  photosynthesis. The  main
pollution source of colored effluents comes
from textiles, leather, printing, laundry,
tannery, rubber, painting, etc.,
processes[1].Untreated disposal of this
colored water into receiving water body
causes damage to aquatic life and also
severe damage to the human health[2-4].
The dying effluents discharged from textile
industries is one of the largest contributors
to textile effluent and is comprised mainly
of residual dyes and auxiliary chemicals[5].

Various  physical, chemical and
biological treatment techniques can be
employed to remove dyes from wastewater.
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Many synthetic dyes do not easily
decompose in biological treatments due to
their toxic effects on microorganisms,
adsorption is suitable under field condition
due to the flexibility, easy operation and
no/lesser sludge disposal problems, high
efficiency and for treating a large volume of
effluent especially in removing dyes from
dilute solutions[6-12]. It is considered to be
a potential technique for the treatment of
wastewater and reclamation of water
containing dyes. Most conventional
adsorption plants use activated carbon[13].
However , activated carbon is costly and has
regeneration problems Recent
investigations have focused on the use of
low. Cost materials for the adsorption of
dyes including fly ask [14] wood chips[15] ,
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cotton[16], and diatomaceous silica[17], are
rapidly gaining importance as treatment
processes . However , Granite mining and
process industry are one of the most
promising business areas of the mining
sector[18]. Regarding the adsorption of dyes
using clay minerals , Kaolinite , bentonite ,
sepiolites and Granite have been described
as adsorbents [19-21]. The relation between
the amount of the adsorbate on a certain
surface and the concentration of its at a
constant temperature called adsorption
isotherm[22] , the Giles model which is

2. Experimental part
2.1. Materials and Methods
2.1.1. Materials
Bromo-cresol green ,Br-phenol red and
lishman's stain  were supplied by
B.D.H,Fluka Granite used in this work was
obtained from the general company for

classify the adsorption isotherms into four
types (S,L,H and C) [23], therefore , the
objective of this work is to study the
possibility to incorporate granite powder
wastes with no major sacrifice of the
properties of final product .

The Granite generated from sawmills
or ornamental rocks comes as a great
problem and it lacks undeletable solution .
This problem involves the preservation of
the environment and constitutes one of the
subjects more critical the point of view of
social beneficiation of the population[24].

geological survey and mining , Baghdad |,
Iraq[17]. The chemical analysis of granite is
listed in Table. 1

Table .1: The Chemical analysis of Granite.

Constituent Wit%
SiO, 52.40
Al,O4 14.54
Fe,O3 12.49
MnO 0.17
MgO 2.91
CaO 7.51
Na,O 3.08
K,O 1.69
TiO, 3.17
P,O5 0.50

2.2. preparation of dyes solutions
Standard stock solution of 200ppm of
dyes was prepared by dissolving 0.02g of
dyes in a minimum amount of distilled
water in a 100ml volumetric flask and
volume were made up to the mark with
distilled water. The Solution of different
concentration were prepared by serial

dilutions for dyes between 2-20ppm.
Absorbance Values of these solutions were
measured at the selected Amax Values Table
2. The calibration curves in the
concentration range that falls in the region
of applicability of Beer-Lambert's law were
employed.

Table. 2 : hyax Values of dyes on granite

Dyes Amaxd/NM
Observed Literature
Bromo cresol green 425 423
Bromo phenol red 560 557
lishman's stain 648 642
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2.3.  Preparation of clay powder
The clay was washed with excessive
amounts of distilled water , it was
suspended in HCI solution pH=3 to remove
carbonate then washed with an excess
2.4. Methods
To determine the equilibrium time that is
needed for the adsorption system to reach
equilibrium at a given temperature , the
0.2gm of granite was added to from 15ml
of dye 20ppm in glass bottle and shaked
.The absorbance was measured at different
time intervals, until the septum reached the
equilibrium. The initial concentration were
determined .

3. Result and Discussion
3.1. Effect of contact time
The nature of the adsorption of dyes
on granite as a function of time at a fixed
initial concentration 20ppm was studied
Fig. 1, for each dyes at different times
between
15,30,45,60,75,90,105,120,135,150,165 and
180min.From the experimental data, it was
Adsorption Isotherms
The adsorption isotherms for all the
dyes in aqueous solution on granite , when
the system at equilibrium , are shown in the
Fig.2 . All the adsorption isotherms were
found regularly positive and converge . The
isotherm showed a sharp rise in the initial
stages and then became parallel to the
3.2.  Adsorption Model
The Langmiur and Freundlich models
were used to quantify the adsorption of dyes
from aqueous solution onto the granite .
Freundlich proposed the following model
[27]
Qe — K[Ce]l/n
A more convenient form of the above
equation is[28]
log Qe =log k+ 1/n log Ce
Where k and n are Freundlich constants ,Q.
is the amount adsorbed in (mg.g™) and Ce is
the concentration of solute in the
solution(mg/l) . Thus , a plot of log Qe Vs
log C. will yield a straight line Fig.3 , the
slope 1/n and intercept of log k.
According to Langmuir model[29]

amount of distilled water to remove the
soluble materials[25]. It was dried at 150°C
for three hours. The clay was ground and
sieved to a particle size of 600um.

The quantities of dyes adsorbed were
calculated according to the following
equation [26] .

Qe=(Co—C¢) VIm
Qe : the amount of dyes adsorbed (mg/g)
Co and C,: the initial and equilibrium
concentrations (ppm) of the adsorbate in
solution , respectively,
V : the volume of solution (L) ; (m) the
mass of adsorbent(g)

observed that the amount of adsorption
increasing ,with time and optimum contact
times were 60,75 min of Bromophenol red ,
Bromocresol Green and Leishman’s stain
respectively .The amount of adsorbed dyes
was ranged between 0.766-1.112 mg/qg .

concentration axis , indicating that the
saturate  values have been reached.The
contact time wup to 60,75min of
Bromophenol red , Bromocresol Green and
Leishman’s stain for adsorption
respectively.

Ce/qe = /K gm + Ce/Om

Where ge (mg g) is the amount adsorbed
per unit mass of adsorbent corresponding to
complete coverage of sites , Co (mgL™) is
the equilibrium concentration of dye in
solution , gm (mg g') is the monolayer
adsorption capacity of the adsorbent and the
Langmuir constant K .A linear plot of C¢/qQe
Vs Ce shows the applicability of Langmuir
isotherm Fig. 4. The correlation coefficient
obtained with both kinds of regressions are
shown in table 3. Based on these parameters
the date seems to be best fitted to the
Freundlich model rather than the Langmiur
model , the reverse situation was also
reported[30-31]
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3.3. Effect of temperature

The temperature dependence of dyes
onto granite sand was studied over the range
of 30,40 and 50°C. The considerable
decrease in the amounts of dyes adsorbed
with temperature confirms the exothermic
nature of the process any adsorption only ,
into surface. The enhancement of adsorption
capacity of granite , with temperature is
attributed to the possible decrease in the
temperature of active sites a available for
adsorption on the surface [32] in the shown
is (Fig. 5-7) .

Thermodynamic parameters such as
change in free energy (AG) KJ.mo?,
enthalpy (AH)K;. mo™and entropy (AS)
K;mo~ were determined using the
following equations [33-34]

Kc= Cae/Ce
AG=-RT In K¢
3.4. Effect of pH

The pH value of the solution is an
important parameters controlling uptake of
dyes from aqueous solution. Fig.9. Shows
the amount adsorbed of the four dyes onto
granite as a function of pH at dyes
concentrations 20 ppm and a granite 0.2g .
The initial pH values of the dye solution
affect the surface charge of the adsorbent
and thus the adsorption of the charged dye
groups on it. In general the acidic pH
system showed good adsorption behaviour
for the dyes solutions, the removal of dyes
increased with a decrease of the pH from 14
to 2. As the pH of the system decreases , the
Effect of initial concentration

The study showed that for the
powdered granite the values C,-C¢/C, of
dyes were very high, 85% for all initial dye
concentration with contact time. The effect
of the initial concentration of the dyes
solution on the adsorption process was
studied using a group of different initial
concentration in the range (6,12,16ppm) at
3.5.  Effect of weight surface

The effect of the weight surface of the
granite on the adsorption process was
studied using different weights between
(0.05-0.2gm). It was found that the amount
of adsorption increasing with 0.2gm from
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Log Kc =-AS/2.303R + AH/2.303RT
Where Kc is the equilibrium constant , Cae
is the concentration at equilibrium (mg/l),
C. is the concentration in solution (mg/l) , R
Is gas constant. The values of AH and AS
are determined from the slope and the
intercept of the plots of log K¢ versus 1/T in
the shown Fig. 8 .Thermodynamic
parameters obtained from equations for the
adsorption of dyes on granite are given in
Table 4. As shown in the Table , the
positive value of AG confirms the feasibility
of the process and the unspontaneous nature
of sorption. The values of AH were positive
, Indicating that the sorption reaction is
endothermic. The positive value of AS
shows an increase randomness at the
adsorption .

protonated surface groups facilitate the
adsorption of the negatively charged dye.
The number of positively charged sites
increases resulting binding sites for anionic
dye molecules [35]. A lower percentage of
the removal of dyes in al kaline pH, it can
be expected that the granite surface
becomes more negatively charged due to the
presence of excess of OH- ions , thus more
electrostatic  repulsion  forces appears
between the dye anions and negatively
charged sites which caused the decreased
uptake of dyes [36] .

optimum pH and different contact time at
30°C. It was found that the concentration at
equilibrium state increases with increasing
of the initial concentration. The amount of
adsorbed increase is with an increase of
initial concentration in the showns Fig. 10-
12.

granite by the application of C,-C¢/C, Vs
contact time , it was found that the optimum
adsorption in 0.2g from granite for
adsorption of dye. Fig.13-15.
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3.6. Kinetic study

The rate constant kays IS determined
from the following pseudo first —order
expression given by Lagergren [37].
Log(ge-0r)= 109 Qe- Kags t/2.303
Where . and q(mg.g™) are the amounts
adsorbed at time (min) and at equilibrium
respectively . A linear relationship was
obtained by plotting log (ge-q;) Vs time( Fig
16), gives the slop -kaqg. /2.303 and intercept
In g . Similar result was reported in the
adsorption of dyes on granite , this Kinetic
indicates that system variable , should be
more extensively and that several kinetic
model and correlation coefficients should be
used to the experimental sorption date if a
mechanism can't be confirmed . The
variables should include agitation speed |,

Volume 38. Number 3 .A (2012)

solute concentration , sorbent mass . Our
experiment date is carried out by depending
on the Lagergreen equation[38] .

The adsorption rate contact is expressed
as a solution function of temperature by the
following relationship[39]
log Kags, = log A-Ea/2.303RT
Where kqgs. is the rate constant (min™) , A is
a Arrhenius constant , Ea. is the activation
energy (K;.mol™) and T is temperature (k),
for an increase in temperature range 30 to

50°C are calculated . These values are found

to decrease log Kags. Values with an increase
of temperature, give the slope . Ea/2.303R
and intercept log A. in the shown Fig.17.

Conclusion

1- The present study that the batch adsorption 3- The adsorption of dyes onto granite follows
process for removal of dyes onto granite is pseudo —first —order kinetics model .
dependent on initial concentrations 4- The Positive values of AG confirmed the
,solution PH,adsorbent dosge ,contact time unspontaneous nature of adsorption
and temperature . process, the positive value ofAH and Ea

2- The equilibrium study was made for the indicated the adsorption process was
adsorption of dyes onto granite ,the endothermic and the positive values oAS
Langmuir and Freundlich isotherms models showed the increased randomness at the
were used . solid-solution interface during adsorption .

Table.3 The Langmuir , Freundlich constants for the adsorption of dyes solutions on granite at 30°C

Dyes K¢ n R? K, Om R?
Bromocresol green 1.442 67.11 0.8253 2.223 2.116 0.7371
Bromophenol red 5.274 0.861 0.9912 1.767 5.540 0.7633
Lieshman's stain 2.503 1.334 0.9941 3.765 22.72 0.5816

Table .4 Thermodynamic parameters for the adsorption of dyes onto granite

Dyes AH(KJ.mol™) AG(KJ.mol™ k™) AS(J.mol™) Ea(KJ.mol ™)
Bromocresol green 19.43 4.66 48.76 75.63
Bromophenol red 29.19 4.24 82.35 47.06
Lieshman's stain 25.37 3.60 71.52 72.75
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