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REMOVAL OF REACTIVE BLUE7 DYE FROM AQUEOUS SOLUTION USING
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ABSTRACT

Cement kiln dust (CKD) is a waste residue compadaikidized generated as a by-product of the martufa of
Portland cement. In this study the CKD was usedragnconventional and low-cost adsorbent for thetree blue 7 dye.
The effect of adsorbent dose, contact time andhlirdlye concentration on removal efficiency of dyere investigated.
Equilibrium adsorption isotherms and kinetics weiedied. Besides, the dye-loaded CKD was inve&dyatith XRD and
FT-IR techniques. The results were shown the reimeffi@iency increases as CKD dose increase andacotime. The
adsorption isotherm data were correspondent wethéoLangmuir isotherm and the monolayer adsorptiEpacity was
found to be 100 mg/g at 25 °C. This study showed @KD has the potential to be used as a low-cdsbrbent. The
investigations of dye-loaded CKD were shown the dyaecule reacted with soluble fraction on CKD dtestform

insoluble salt.
KEYWORDS: Cement Kiln Dust, Reactive Blue 7, Isotherm; KinstiXRD, FTIR
INTRODUCTION

Wastewaters of textile and dyestuff industries @aased pollution of the environment and, thereftiiey are
toxic and carcinogenic, which causes serious hazardquatic living organism4,[2]. This is due to the fact that many of
the dyes are made from hazardous materials thatcaase many cancers, such as benzidine, naphthafehe@ther
aromatic compounds3]. Direct discharge of colored wastewater in the whtaties pollutes the aquatic environment by
changing pH, chemical oxygen demand (COD), dissbiweygen concentration, and biological oxygen dei@oOD) of
water H]. Therefore, dye removal from wastewater beforgpdsal to the ecosystem such as the human dietris v
important p]. Various physical, chemical, and biological methchave been widely applied for the treatment daf-dy
containing wastewate6{13. Among the various categories of dyes, watewslel reactive dyes are the most problematic

because of the inability of conventional methodsttieir treatment and their high stabilii4F17.

The complex aromatic nature of reactive dy&s [L9], causes stability to heat, light, oxidizing agantl resistant
to fading and biodegradability. So, effluent contagy dyes are difficult removed using conventiobalogical and

physicochemical processeX)[ 21].

The Reactive Blue 7 is water soluble and is thetrboifliant and is highly colored dyestuff?]. It is used
primarily in color for plastics, inks, metal surés; and dyestuffs for jeans and other clothing,rphaeutical and
computer industries2f]. The Reactive Blue7 structure usually containppes or nickel as the central metal ion. The

wastewater lets out from the copper phthalocyadiye has a high COD content and a significant amofiecbpper and
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then leads to increase the heavy metal ions comtimt in effluent. Reactive Blue 7 was decoloriagsing pellet-
supported, Pd-catalyzed, Ifeduction 3], advanced oxidation process@d][ sonication 5], wet oxidative regeneration

of powdered and granular activated carb2gj,[and anaerobic granular sludge under mesoplaliditions pR7].

Cement kiln dust (CKD) is a fine-grained caustictenial that is generated as a solid waste of cerokmiter
manufacturing and its amount produced has beemasdl around 15-20% of cement clinker products) 29]. It is
composed of mixtures of calcined and uncalcined f@aterials, some of sulfate, alkali, fuel combusty-products and
chloride compound30]. There are many of environmental concerns relaguent production especially emission and
disposal of cement kiln dusd]]. CKD has high lime content, so it used as a radigtrd of acidic wastewate?§, 32], for
wastewater treatmen83], remove heavy metal ions from wastewat®t, B5], remove of acid dyes and direct dyes from

aqueous solutior8p, 37], as a stabilizing agent for so8§], in a stabilization/solidification proces3q 40].

Therefore, the main objective of this study wasirteestigate the potential of cement kiln dust (CKERh
abundantly available solid waste, as an unconveatimw-cost adsorbent in the removal of a dye Readlue 7 from

agueous solutions. Also, rank the dye in dye logdi€D.

MATERIALS AND METHODS

Materials

The materials that used in this investigation wReactive Blue 7 (RB7) (Cibacron Turquoise Blue @&acron
Turquoise Blue G-E) purchased from Sigma —Aldriod £€ement kiln dust (CKD) was obtained from Torkanent Co
located in the Helwan, Cairo, Egypt. The charasties and chemical structures of RB7 are listedable 1. Some
selected physico-chemical properties of the CKDpaesented in Tabl2. It can be seen that the CKD consists mainly of
calcium oxide (CaO) and silica (SiQ with minor amounts of alumina (&D;) and iron oxide (F#s), In addition to
minor compounds such as, the sulfur trioxide 4Sid alkali (KO and NaO).

Table 1: Physico-Chemical Properties of Reactive Bé 7.

Chemical Name Reactive Blue 7
Molecular formula @H21CICUN /Na;014Ss
Molecular Weight 1284.97
CAS Number 12238-09-4
C.l. 74460
A max (nm) 619
Sulphonic group 4
Azo group -
pH range 7.30

Chemical Structure

Nao3S SO3Na
N
=
Y N_ N
o
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Table 2: Physico-Chemical Properties of Cement KilDust

Chemical Analysis Wt. %
Sio, 12.37
Al,O4 3.36
Fe0s 1.36
CaO 34.6
MgO 1.81
SGO; 3.22
K,0O 3.59
Na,O 1.94
Cl 1.11
Free Ca0’ 21.73
LoI” 15.03

Total 100.52

Physical properties
Retained on No. 325 sieve (%) 16.9
Average particle size 9,8n
Bulk density, g/ml 2.75
Specific surface area ¢éfg 3180
pH 12.4
"Data obtained from the supplier
" Loss on ignition at 1000C.
™" Blaine air permeability test
™ Chemical analysis

Effect of Adsorbent Dose

The effect of CKD dose for the amount of RB7 adsdrivas studied by adding different amounts (0.2, 0.4,
0.45, 0.50, 0.55, 0.6, 0.7, and 0.8 g) of CKD iatoumber of 250 ml Erlenmeyer flasks containingfinite volume (100
ml in each flask) of fixed initial concentrationO0® mg/L) of dye solution without changing the smiotpH at a

temperature of 25 °C. The flasks were placed omagnetic stirrer and stirring was provided at 12@ fpr 60 min.
Equilibrium Studies

The uptake experiments were carried out by addiognatant amount of sorbent (0.7 g) into a numib&56 ml
Erlenmeyer flasks containing a definite volume (10K of initial concentrations (200-600 mg/l) ofalgolution without
changing the solution pH at a temperature of 25T Erlenmeyer flasks were placed in a magneitiestand stirring
was provided at 120 rpm for 60 min to vouch equillim was reached. The concentrations of dye werasared at 619
nm wavelength, at time t = 0 and equilibrium. This@ption at equilibrium, g(mg/g), was calculated by, & ((G -Co)
V)/W, and the dye removal can be calculated as, drairefficiency % = (G-C.)/C,, where G and G (mg/l) are the
concentrations of dye at initial and equilibriurespectively, W (g) is the mass of dry adsorbent wmed V (l) is the
volume of the solution.

Effect of Solution pH

In this study 100 ml of dye solution of 600 mg/litim concentration at different pH values (2.0-@)2vas stirred
with 0.70 g of CKD in a water-bath shaker at 25 8@Grring was made for 60 min at a constant siyspeed of 120 rpm.
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The pH was adjusted by.1N NaOH and 0.1N HCI solutions and mered using a pH meter (Hanna Instruments

meters: HI 213 series).
Batch Kinetic Studies

The measuresf kinetic experiments weimainly similar to those of equilibriutests.The samples were taken at
specified intervals of time toneasured concentratic of dye. All the khetic experiments werachieved without pH
adjustment. The adsorption at timet(rgg/g), was calculated ag g ((G, -C) V)/W, where ¢ (mg/l) is the concentration

of dye at time.
Analytical Measurements

The dye concentrations wereeasuredoy figuring out the absorbance characteristic wenvgihusing a double
beam UV spectrophotometer (Shimadzu, Model UV 18@pan)A standard solution of the dye was prepared ant
absorbance was determined at various wavelengthsbtain a plt of absorbance vs. wavelength. The wavele
corresponding to maximum absorbankearax) was determined from this plot. Thenax for RB7 was founto be 619

nm. Calibration curve wagslotted betweeiconcentration of the dye solution and absorbance.

The colored residueas investigated usinhe Fourier transform infrared anday diffraction. Thespectroscopy
(FT-IR) spectra of the products were recorby Perkin Elmer 880 FTR spectrometer with the KBr pellet method. 7
XRD measurements were perfardby diffractometer XRD 7000 (M/S. Shimadzu Instamts, Japan) with Ni filtered C
Ko as a radiation source & 8can speed ofe min—-1,1 = 0.154 nm. The resulted XRD patterns were andlyming >-
Powder 12 sitware with the aid of ICDD PC2 database.

RESULTS AND DISCUSSIONS
UV-Visible Spectra Studies

The changes in absorbance characteristics of dye during the removal proceagre investigated. The spec
showed that there was a maximum absorbance at 1@ the visible region. This peak is dto the blue color of the

chromophore. The effect of adsorbent dose on therbhance characistics of RB7 are shown in Fure:1
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Figure 1. UV-Vis Absorption Spectrum of RB7 at Different Dose of CKD
The peak intensity decreases as the dose increlasing the removal process. This may be because @

increasing of the alkalinity of solution (pH > 1@hd soluble fraction of CKD witincreasing the weight of CK [31].
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Zaki N. et al 1] were studéd the effect of stirring time, temperature andiahiweight of CKD on the percent CK
dissolved, they were reported that on washing CKith water a portion of its weight is dissolved. Thercentag:
dissolved is independent of stirring time and thiginal weight of CKD. Fig2 shows the changes of the UV/Vis spec
as function of time at different initial concenteat of dye. All spectra show that the intensitytioé absorbance peak
619 nm, decreases with time which ttributable to the parent dye molecule, i.e. cotisappeared totally after about
to 10 min. for initialconcentration fro1 500mg/l to 200 mg/MVhen CKD dispersed in water the phases of CKD siilier
full dissolve or stable and partially solubleases will precipitate. Thus the concentration ahsaonstituent in CKI
leachates will be controlled by the solubility bktintermediate phases, and the concentrationhefowill be controlle
by their accessibility to the leachate solut [42]. Duchesne and Rearddrd were investigated the levels of pH &
alkalinity of CKD leachates they found the alkaijnof CKD were established early during the reactisd CKD with
water and do not chge substantially with time, and pH values are J\gh ranging from about 13 to 13.6. Wher

dissolution of pure lime with water can be accodriter a maximum caustic alkalinity of about a pH1@f4

Als.

40000 50000 60000 T00.00 350.00 40000 500.00 60000 700.00 $50.00

Figure 2: UV-Vis Absorption Spectrum of RB7 at Different Initial Concentration and Contact Time
The Effect of Operational Parameters on the Dye Removdtfficiency

Effect of adsorbent dose on dyeemoval

To investigate the effect of adsorbent dose (gJdwe remova) the experiments were conducted atial dye
concentration of 600 mg/and shaken at 120 rj. The relationship betwedhe dye removal efficient and the adsorbent
dose is shown in Fig3 (a). It was observed that t dye removal efficiencyncreased from 50.15 % 100.00% with
increase in the adsorbent dose frérto 7 g/L. The increase in %olor removal was due to the increase of the dvig
sorption surface and availability of more adsonptites, in addition to increase of falkalinity [28]. Since no significant

removal of Reactive Blue Was observed abo\7g/L, it was selected as the optimum dos
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Figure 3: Effect of Adsabent Dosage on the Adsorption f RB7 on CKD (A) And Effect of Solution Ph On the
Adsorption of RB7 on 0.7 G OfCKD (B) at Temperature = 25°C, C, = 600 Mg/L, Stirring Rate = 120 Rpm

Effect of PH on Dye Removal

The relation betweedye removal efficiencand initial pH of solutioris shown in Fi. 3 (b). The results were
shown that the RB7 dye remowahs slightly changed over the pH value from 2, from 54.75 %to 57.3%. The dye
removal efficiencywas sharply increased when ptanged from acid media to basic, from 6 , increased from 57.3 to

81.81. The dye adsorption was again time rett to become constant in alkaline media (from 8 to Wih slightly
increases of f(81.81 to 85.70 mg/q).

Effect of Initial Concentration and Contact Time on Dye Renoval Efficiency

The effect of initial conceimation on the adsorption of 7 is shown in Fig4. It can be seen that the amount of
RB7 removedper unit mass of adsorbent increased with the &serein initial concentration, although % remc
percentagelecreased with the increase in iniconcentration. The amount of REdsorbed at equilibrium (ge) increa:
from 27.19 to 83.60 mg/g, ake initial concentration was increased from 20068® mgl. The initial concentration
considered an impetus overcome all ma transfer resistances of the RBetween the aquec and solid phases. Hence,

a higher initial concentration of dye wimproves the adsorption process. Howetlee, RB7 % removal decreased fri
100 % to 97.57%, as the RB@ncentration was increased from 200 to 600 n
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Figure 4: Effect of Contact Timeand Initial Concentration on the Adsorption of RB7on CKD (Temperature = 25
°C, W= 0.7 G/0.1l ForRB7, C, = 600 Mg/L, Stirring Rate = 120 Rpm)

Figure 4: Also shows theslow adsorption of R7 in the first 10 min for all initial concentratiorend ther
increases up to 35 min and thereaftee adsorption rate decreases gradwntil it reaches equilibrium. The equilibriu
conditions were reached for RBW&ithin 25-30 min for initial concentrations less than 3001, 30-35 min for initial

concentration less than 500 mgthile was neded 45 min for concentrations 600 mg/I.

Adsorption Isotherms

The Langmuir isothermald, 45] is represented by the following equation:

Ce _ 1 Ce
g dmKa + dm (1)
Where @ = the amount of adsorbate adsorbed per gram ofatts®rbent at equilibrium (mg/g),e = the
equilibrium conentration of adsorbate (nl™), g, = maximum monolayer coverage capacity (m, K, = Langmuir
isotherm constant (I/mg)he plots of (Jg. vs G are linear and illustrated in Figurga. The values of ,, and K, were

computed fron the slope and intercept of the Langmuir of Figure.5a.

The equilibrium data werappropriated t Langmuir isotherm and the constants together withR* value are

listed in Table3:
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8 ¥=0.0294x +0.1606 ¥=0.1066x + 1.2767
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Figure 5: Adsorption Isotherms Curve of Adsorption of RB7 on CKDQ Langmuir
(A), Freundlich (B), Temkin (C)
Table 3: Isotherm Constants for Adsorption RB7 on &D at 25 °c

Isotherm Parameters
Langmuir
gm (mg/q) 100
Ka (L/mg) 0.049
R 0.999
Freundlich
Ke ((mg/g)(L/g)1h 11.06
n 2.043
R 0.965
Temkin
A (L/g) 2.38
B 23.21
R 0.997

The essential lineamentdf the Langmuir isotherm may be expressed in teofequilibrium parameter Rl

which is a fixeddimensionless referred to as separation faa equilibrium parameter that is given by E2) [46, 47].

1
RL = (1 +K4Co) 2)

Where G = initial concentrationK, = the constant related to theeegy of adsorption (Langmuir Consta

The value oRL point tothe shape of the isotherm to be ei irreversible RL = 0, linear RL = 1), favorable (0 <
RL < 1) or) unfavorableRL > 1) [48]. The adsorption becomes favbla when the RL values between 0 ancFor
adsorption of RB7 onto CKIRL values obtained are shownFig. 6. TheRL values for the adsorption oB7 onto CKD
are in the rangdrom 0.0328 to 0.289, indicating that the adsomplis a favorable process and that at hinitial
concentration of RB7 thadsorption is nearly irreversible. From this, theximum monolayer coverage capacity (c
from Langmuir Isotherm model was determined tc100 mg/g, Ka (Langmuir isotherm constaris 0.049 L/mg and the

R? value is 0.999 for RBproving that the sorption data fitted well to Langmsotherm mode
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The logarithmic form of the Freundh isotherm equation is given as
logqe + %logCe 3)

Where @ = the amount oflye adsorbed per gram of the adsorbent (mg/g) €e equilibrium concentration
adsorbate (mg/L), K= Freundlich iotherm constant (mg/g), n = adsorption intensiyeundlich constants can be

calculated from the slope and intercepplot in Fig.5b, and are given in Tabk

0.35

0.3 1

0.25 1

02 1

0.15 T

0.1 1

0.05 1

o me  me e aw s e 7w
Tnitial concentration (ng'L)
Figure 6: The Separation Factor for RB7 Adsorption on CKDat 25 °
The constant Kis afunction of adsorption capacity, while 1/n is an indicatbrtlte strength of adsorpti [49,
50]. If n =1 then the partition between the two phis independent of the concentratidia value of 1/n is less than one,
it indicates a normal adsorption. On the other hahd being above onndicates cooperative adsorpt [51]. As seen in
Table3, it was found that the Freundlich model yields & better, B = 0.965 compared with that of the Langmuir mc
(R? = 0.999 for RB7)In addition, the values of 1/n is 0.4779 for 7 while n= 2.043 for RB7, which suggested that the

adsorption of RB7 o€KD were favorable
Themodelof Temkin Isotheri®2, 53] is given by the following equation

q. = BlnAtr + BInC, 4)
where B = % (5)

Where A =Temkin isotherm equilibrium binding constant (L/&r = Temkin isotherm constant, R= univer
gas constant (8.314J/mol/K), T= Temperature at 29B= Constant relted to heat of sorption(J/mol). plotting the ¢

against InGand the constants were determined 1the slope and intercept of Figg.

The constants A and B together with tF values are shown in TabB From the Temkin plot shown Fig. 5c,
the following values were evaluatefl; = 2.38 L/g, B=23.21 J/mol which is functiar the heat of sorption indicating

physical adsorption process and tHe@997.
Adsorption Kinetics

The rate constants for the adsorption of RB 7 oD were determined using pset-first-order, pseudo-second-

order equations and intraparticle diffusiThe pseudo-first-order model was describ&f] ps
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kqt

log(q. — q) =logqe — —— (6)

2.303

Where kK is the rate constant of pseudo-first-order adsmmptqe. and g are the amounts of adsorption at
equilibrium and at time t, respectively and presdrih (Fig.7a). If the plot was found to be linear with goamfrelation
coefficient, it indicates that equation is apprafgito RB7 sorption on CKD. So, the adsorption essds a pseudo-first-
order processo[l, 54]. It was observed that the pseudo-first-order rhdaknot fit well. It was found that the calculdte,
values did not agree with the experimentalajues, Tablel. This suggests that the adsorption of RB7did athd first-
order kinetics. The pseudo-second-order kineticg Ibeaexpressed ad9, 54, 55]:

t 1 t

+—- (@)

4 k29,  4qe

Where kis the rate constant for pseudo-second-order atisorhe k and gcan be directly gained from slope
and the intercept of the plot of t/gt vs t and preed in Fig7b. It can be seen from Tablghat the adsorption kinetics can
be represented by the pseudo-second-order modgiesting that the adsorption process was guidedhbynisorption
[56]. The initial adsorption ratel (mg/g min) can be counted from the pseudo-secoddromodel by the following

equation
hoz =k, q; )}

Table 4: Comparison of The Pseudo-First-Order, Psaio-Second-Order Adsorption Rate Constants and
Calculated and Experimental Q Values Obtained At Different Initial RB7 Concentrations

Initial . ..
Concent Qexp Pseudo-First Order Kinetic Pseudo-Second Order Kinetic Model
. (Mg/G) Model
ration

Kl(llm qeacal 2 K2 qe, cal 2

iny | (malg) | R @Wmin) | mgg) | R ho
200 28.57 0'08644 15.00 | 0.9844| 0.010920 29.761900'296 9.68054
300 41.96 0'00727 3063 | 0.9843| 0.00439p 45.454550'296 9.07441
400 55.98 0'03732 3937 | 0.9863| 0.003585 59.880240'395 12?534
500 70.14 0'04748 4990 | 0.9889| 0.002958 74.626870'296 16"7‘473
600 83.63 0'00714 5570 | 0.9922| 0.002520 89.285710'298 20'3612

Index Copernicus Value: 3.0 - Articles can be sernb editor@impactjournals.us




Removal of Reactive Blue7 Dyerém Aqueous Solution Using 29
Solid Waste

600 mS00 4400 <300 1200 ® 600 mS00 A 400 < 300 1200

2.5 b

log(qe-qt)

S0 0 20 40 60 80
Time (1nin)

Time (min)

—+ 600 =500 400 == 300 =200

90
80 1 o
(o

70 +  p-®-=-a
—_ 00 T
o 50 4
=
2 40 T 08" T
- :
=30 1, e oo e

el i

10 + ;I. »*

0

1.0 1.1 22 32 39 50 59 6.7 74 8.1 8.7
[12
Figure 7: PseudoFirst Order (A) Pseudo-Second Order (B) andhtraparticle Diffusion
(C) Plots For Removal 0ilRB7dye on CKD with Different Initial Concentrat ions At 25°C
It was found that the initial rate of adsorptiogr@ases with increasing initial concentra of RB7, which would

be expected due to the increase in driving fordegiter concentratio

The possibility of intraparticle diffusion was egptéd by uing anintraparticle diffusion mod [57]. It is an
empirically get functional relatigrcommon to the mc adsorption processes, wheeenoval changalmost proportionally

with t“2 rather than with the contact tirt According to this theory:
qc = kigt /2 + C; 9)

Where k mg/g mirt’?), the rate parameter of stai, is determined fronthe slope of the straight line g, vs 2,
(Fig. 7c). G, the intercept of stage ilustrate the thickness of the boundary I, i.e., the larger the intercept, the gre
the boundary layer effect. ifitraparticle diffusiortakes place, then gersus ¥ will be linear and if the ploruns through
the origin, then the rate constrainipgpcess is only due to the intraparticle diffu: [58]. For intraparticle diffusioiplots,
the first, sharper region is the spontaneous atlsarpr external surface adsorption. The secontnreig the progressiv
adsorption stage where intraparticle diffusiorhis tate limiting. In some cases, the third regimspnts, which is tHfinal
equilibriumstage where intraparticle diffusion beginning téegied down due tthe very low adsorbate concentrations
in the solutions48]. Referring to Fig7c, for all initial concentrations, the first staggascarried outwithin the first 25 min
and the second stage of intraparticle diffu control was then attained. The third stage onlyuoed fol higher RB7
initial concentration of 200, 300, 40800 and 600 mg/l. The differestages of rates of adsorption obserassigned to
that the adsorption rate weirgtially faster and theidecelerated when tharte increased. As seen frcFig. 7b, the plots

were not lineaover the whole time ran, this measn that the adsorption process are affected by thare one proces
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Kinetic parameters for their three kinetics modeid correlation coefficients are summarizeTableb.

Table 5: Intraparticle Diffusion Model Constants and Correlation Coefficients for
Adsorption of Rb7 on Ckd at 25c

= K K
itial | KuMg/G |« | 2 | gl | C | (R) | MalG | Ci | Ry

Concentration | Min*? (R) I(\/Iir?l’z) (Ra) I(\llir?”Z) (Rs)
200 3.6913 | 8.2564| 0.9401 1.0050 20583 09228  -| - -
300 53228 | 10.094] 09592 1.6993 28.770 09205 | - -
400 4.9108 | 18.932| 0.7817 4.8190 23.466 0.906D.434% | 52.848| 0.7713
500 6.5760 | 22.663| 09210 5.9170 30270 0.962®.227¢ | 68.500| 0.7713
600 31115 | 35579 09993 9.1421 26.178 0.98452.061 | 67.931] 0.933d

Removal Mechanism

The adsorbent dyeRB7, on cement kiln dust wasacked by analysis of dye loadcement kiln dust. The
interaction of CKD with a given reactive blue7 dyepends on the chemical and physical characterigfithe CKD.The
reactivity of the oxides in the CKD g&gnificanty different that may be it hatifferent mineralogic: structure. The major
mineral phases present in CKD were calcium carleo(eliciute), fre-lime (CaO) and quartz (S,) as are shown from
Fig. 8. Bedsides of arcanite §RO,) and sylvite (KCI) were identifiecFig. 8 shows the Xay diffraction pattern obtaine
for the washed CKD. The dominating calcite peaks e quartz peaks present in CKD powder remaimathanged ir
the washed CKDs, indicatintpe inert nature of these two compounds. It alspeaps that all fre-lime content in the
CKDs was converted to calcium hydroxide (CH). Thestalline alkali sulfates phases, such as arcarf,S0O;) and
sylvite (KCI), present in dry CKDs were not rined in the washed CKD products, indicating thehtsglubility of these
materials 85, 41]. When dye solution treated with CKD there are soh@nges occurred in the intensity of characteri:
pe&ks of calcium hydroxide that related to interactlmetween dye molecules, i.e. sulfonate and aminction groups
and C&". Fig.9 Shows the FTR spectra of washed CKD and loaded CKD. The FTIfspectrum of CKD is shown in
Fig. 9, the peaks positions at 1448, 868.7 and 71 are related to calcite that is considered as the pfaase in CKD
The band at 3640-3693 chis due to OF and 3427 cnt is due to HO, while the bands at 1025.9 ** correspond to
silicate, Si—O groups, respectivedg] 60].
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Figure 8: X-Ray Patterns of Ckd, Washed Ckd and Dy-Loaded Ckd (Ch—Calcium
Hydroxide, Q—Quartz, C—Calcite, S-Sylvite, Ar—Arcanite, Co-Fred-ime (Calcium Oxide))
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Figure 9: FTIR Spectra of Washed CKD and Dye-Loade€KD

FTIR spectra of dye loadedKD are shown itFig. 9. The characteristic bas of calcite still presence with sol
change on it intensity that may related to adsomptif dye molecules, that conformed by appear nemdé at 2980 ar
2870 cm' due to symmetric and asymmetric , stretching of dye. On the other hand the intensf characteristic band
of hydroxide radical, at 3640 ¢his sharply decreased that can be attributed gsotlition of calcium hydroxide ai
interacted with function groups of dye moleculectsias -SO;. Also broad peak from 11-1700 cmi include many
characteristic peaks for different groups suchyasnsetric and asymmetr—COO-stretching of carboxylate bond at 1&
cmt, -SQ; group at 1238 crh This indicates

To follow the dye, the dye loaded CKD was treatétth different liquids such as water, methanol, atiianitric
acid and hydrochloric acid. About 1 g of dye load¥D was stirred with 100 ml of each liquind then filtered; Figl0
is shown the UWsis spectra of filtrate. The UV vis spectra of the samples that washed wéter, methanol and ethar
are shown a very slightly appearance to charatitepeak of RB7 dye at 619 niOn the other hand ttsamples that were
treated with nitric and hydrochloric actdo not shown any band for RI Althoughit showsnew band that may be related

to the degradation of dya change the strture of dye molecule through change tieomophoregroups.
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Figure 10: UV—Vis Absorption Spectrum of Filtrates of Dyetoaded
CKD After Treated with Different Solvent and Acids
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We speculatethat there are chemical interaction between funagioups of dye molecule and CKD constitut
[4, 14, 60Q] as the following:

Dye-SO,;Na + Ca™ ——»  (Dye-SO,), Ca¢

Figure 11:is shown the Effect of thermal treatment on the@d cement kiln dust. It is shown that the coff
residue disappears after thermal treatment up @0°65and the color of cement kiln dust returnedgmriginal color This

is mainly due to decompositiaf dye into carbon dioxide and wa

Dyeloaded CKD . After thermal freatinent

Figuer 11: Effect of Thermal Treatment on Dye-LoadedCKD

CONCLUSIONS

The effect of various operational parameters sgctoatact time, CKD dust amount and initial dyeasonration
on the adsorption of Reactive Blue 7 dye was ingatdd and optimized. The CKD used as a-cost adsorbent showed a
excellentadsorption performance for removal of RB7 dye fraqueous solutions. The maximum adsorption capa€i
CKD was found to be100 mg/g of CKD at -C. The kinetics of the adsorption process was faondhnk the pseur-
seconderder kinetic model, which iticates that the adsorption process was guided leynigorption. The plots ¢
intraparticle diffusion model were not linear owbe all of the time range, which means that moenthne proces
touched the adsorption. The XRD and FTIR analysisevghownhe concentration of some CKD constituents are red
that may be attributed to its reaction with dye @coles. The treatment of c-loaded CKD with different solvent ar
acids were shown that very slightly amount of dgéeased in water, methanol antanol that may be a result
physically adhesion dye. While in case of acid dye-loaded CKD was dissolved and change. This is mailuly to
interaction of dye molecule with CKD. The cemkifht dust used in this work is freely and abundaatvailabe, do not
require an additional pretreatment process sudctgation before applications and possess higbratlen capacity fo

RB7. Therefore, the adsorbent is expected to beauizally feasible for removal of RB7 dye from aque solution.
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