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ABSTRACT

The removal of organic dyes such as Methylene Blbgmol Blue, Malachite Green and Methyl Violetnfro
aqueous solution have been attempted by ZnO dopephetic activated carbon. The phase compositiors an
morphology of the composite were characterized $igguXRD, SEM, EDAX and FT-IR. The influence ofouer
parameters such as effect of agitation time, dyeentration and pH has been studied. The Zngbi/éActivated
Carbon composite attained a maximum removal efitgieri almost 95% under natural sunlight irradiatiéor 90
min as compared with pure ZnO (58%). First and 8dcorder kinetic models were evaluated to study the
adsorption kinetics in case of Methylene Blue. attgorption system follows second order kineticenBvangmuir
isotherm has also been studied for 1st cycle atagePnd cycle of the composite used for removsalfah as the
Langmuir Isotherm is concerned, it gives the bexthdcorrelation based on homogeneous surface irfacal
consists of identical sites, equally available &aisorption. The theoretical monolayer removal afyaQo of the
composite is found to be 34.84mg/g and 33.55mg/tystocycle and 2nd cycle respectively. The effédesorption

at different pH shows that the adsorption is vergsl However, the results shows that the compisitpiiet
effective as there is a vast reduction in COD dlustrial effluent samples which has been colleétech Hosur,
India. After the careful study of photocatalytidiaity and reusability of ZnO loaded magnetic aated carbon, it
can be a promising photocatalyst under sunlight fwactical use in wastewater treatment to contraitev
pollution.
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INTRODUCTION

The textile and organic dyes, with largest groupso@anic compounds, are mainly dumped directlythe

environment. These dyes are toxic to microorganiaquatic life and human beings, by constitutinge&osis

concern to the ecosystem. Therefore, many effat® lbeen devoted to remove these dyes from thes waser.

These are discharged into the water body and theurceends to persist even after the conventioeahaval

processes. Methylene blue, Thymol Blue, Malachitee® and Methyl Violet are the most toxic and cargenic in

nature which may cause skin irritation and allejsorder. It is estimated that around 10-15% ghnic dyes are
discharged in various ways in to the environmenictvthas vary adverse effect on public health ad a®lon

aquatic life [1].The removal of all the dyes frohetindustrial waste water before they are disclthngi® the water
bodies is therefore very important from health andironmental protection point of view [2]. Sevetahventional
technologies such as membrane filtration, liquigiid extraction adsorption have been used to s¢éparganic dye
from water. [3-5].

Adsorption is one of the most important technique do the availability of wide range of adsorbeatsl it is

proved to be the efficient method for the removaihon-biodegradable pollutants (including dyes)nirevaste
water. The common adsorbent is activated carbowrhwisi having good capacity of removal of dyes arghpic
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pollutants due to its high adsorption capacity,hhgyrface area and micro porous structure but géesorand
reusing is difficult under common conditions andantunately the overall process becomes expensive.

However in this project activated carbon has bempared from lignucellulosic bio-waste material Mgalnut
shells to make it cost effective. Even iron hasnhiegpregnated to activated carbon in order to nmibke magnetic

in nature. This magnetic activated carbon can bee upto 3 cycles with good removal efficiency.rétiver a
new composite has been prepared where magnetiatcti carbon has been doped in ZnO because dogihg w
metal ion (Fe) may extend the photo response of in@sible light region. Furthermore it introducadditional
energy and reduced the band gap of ZnO. Then thisposite has been subjected to different sophistica
instrumentations such as SEM, EDAX, FT-IR and XRDdharacterization purpose. Owing to the challeagask
for synthesis of highly efficient ZnO based compmsihis review focuses on various current sytithsrategies
used to produce ZnO-k@,/Activated Carbon based composite for waste wagatient.

The knowledge of this review offers us valuableighs and inspiration to synthesize an efficientyatable ZnO
based composite. The composite materials were fdanexhibit very interesting photocatalytic propest for
removal of Methylene Blue under sunlight. Even ttosnposite have been used for the removal of athes such
as Thymol Blue, Melachite Green and Methyl Violater visible sunlight.

The composite ZnO- R®,/Activated Carbon showed enhanced catalytic agticibmpared to conventional
ZnOphotocatalyst. After the preparation of the posite, Methylene blue dye has been removed byukfferent
concentration. As far as the scope and objectivencerned removal of other toxic dyes has beemgtted in this
project and finally reduction in COD has also bebeerved by using this composite. First and Secoddr kinetic
models were used to study the adsorption kinetienH angmuir isotherm has also been studied focyde as
well as 2nd cycle of the composite used for remao&alLangmuir Isotherm gives the best data corigaidbased on
homogeneous surface i.e surface consists of idénsites, equally available for adsorption. Evée tost
effectiveness has also been calculated so thahibe used in future for waste water treatment.
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Fig 1 : Processfor preparation of ZnO-Fe;0O4/Activated Carbon Composite
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Fig 2: Mechanism Pathway for Removal of Dye
EXPERIMENTAL SECTION
2.1 Preparation of Activated Carbon

Walnut Shells have been crushed into very tiny ggeand treated in Tubular Muffle Furnace in Nitnoge
Atmosphere for 2hr in 600°C and finally it has bemnshed in crucible and made it in powdered fofihis
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powdered material was washed with deionised watdrkapt in Hot air oven for overnight for dryingdaparticle
sieved at 100 Mesh Size [6,7].

2.2Impregnation of Iron in Activated Carbon

At first 1M of FeC} solution has been prepared. Then 5gm of Activ&tartbon has been dispersed into 25 ml of
1M of FeCl} solution, which is also known as impregnation.afiinthe solution was dried for 6hrs in 100°C. Then
the powdered Material mixed with Ethylene Glycdb@inM) for reduction. Samples were treated to TubMaffle
Furnace in Nitrogen Atmosphere for 2hrs in 550°8e Powdered material has been collected and kejgsitcator
[8, 9].

2.3Preparation of ZnOnanosol

In order to prepare ZnOnanosol, two precursorsbieen prepared. In Precursor A, 0.2 M Zinc Acetatey@rate
has been prepared in 50 ml Methanol and kept imetigstirrer maintained temperature of about 58A@ stirred
for 30 min. Whereas in Precursor B, 0.4 M NaOH soluhas been prepared in 50 ml Methanol and kept i
magnetic stirrer maintained temperature of abo@€5ind stirred for 30 min. Now Precursor B has badgated into
Precursor A in drop-wise manner under constanirggifor 30 min. Finally the sol has been heated3fd min while
maintaining temperature of about 50°C. Then itliwan stirred for 2hrs in Magnetic stirrer and cdgliE0].

2.4Preparation of ZnO-Fe;04/Activated carbon composite

At first Iron impregnated activated carbon compmsias dispersed in ZnOnanosol and sonicated forAfter that
it was washed with double distilled water for 23dimes. Then the particles were dried at 120°Cofggrnight.
Finally it has been crushed into fine powdered fand sieved in 100 Mesh Size. The composites haes b
collected and kept in desiccator for photocatalstitivity.

2.5Characterization of ZnO-Fe;0,/Activated carbon composite

After the successful synthesis, the composite kas lgiven for characterization by the use of déiférsophisticated
instruments such as XRD, SEM, EDAX and FT-IR. Therphology of the activated carbon and composite has
been investigated by SEM. Furthermore the compasitebeen subjected for EDAX analysis which givesdear
picture of the composition. The inorganic compositihas been confirmed by XRD analysis and it hasnbe
matched with the standard available in JCPDS nuniereover the metallic oxide has been confirmed=ylR
data

2.6Photocatalytic activity for removal of dyes

Methylene Blue, Thymol Blue, Melachite Green andtiweé Violet dye were collected of Analytical GradEhen
different concentration (ppm) solutions were prepaand after that 20 ml has been taken in conilelk f
Simultaneously 30 mg of composite was added inémdt kept in shaker for 20 min. Then those corflaaks were
subjected to sunlight for 2 hr. Finally the solatiwas centrifuged and filtered and then the absubdnas been
evaluated by UV visible spectrophotometer (Monitgrivavelength range: 200 nm to 800 nm). Then efiéqH
and effect of Contact time has been studied in oaMethylene Blue dye [11,12,13].

RESULTSAND DISCUSSION

3.1 Characterization of Zn0-Fe;O4/Activated carbon composite

3.1.1 XRD data inter pretation

XRD pattern of FexQy/Activated Carbon shows thanhiioxide corresponds to hematite and finally it basn
matched with the standard JCPDS #039-1346. Similartase of ZnO(0.01M)-FexOy/Activated Carbon, itosn
oxide corresponds to magnetite and matched withsthadard JCPDS #99-200-3876. Finally for ZnO(0-2M)
FexOQy/Activated Carbon composite ZnO correspond®Miartzite and successfully matched with the stashdar
JCPDS #036-1451 which confirms the presence of iartde composite
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Fig 3: XRD pattern of Fe,O4/Activated Carbon, ZnO(0.01M)-Fe;O4Activated Carbon and ZnO(0.2M)-Fe;O4/Activated Carbon

3.1.2FT-IR data
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Fig 4: FT-IR Pattern of the composite before and after removal

FT-IR study confirms the presence of metal oxideghe composite. Even the peak of FT-IR also shtwes
presence of ZnO and Iron Oxide before and afteowaiof dyes. Table No. 1, shows the detailed stfdyT-IR

data.

Table No. 1: FT-IR datato confirm the Metal Oxidein composite

Sr. No. | Metal Oxide | Wavenumber
1 ZnoO 445-470 cm
2. FeOy 620-678 crit

3.1.3 SEM images

The morphology of Activated Carbon, Iron Impreguatactivated Carbon and ZnO(0.2M)-Fe304/Activated
Carbon Composite is clearly distinguished in givEBEM images. The layered structure of ZnO(0.2M)-
Fe;0O4/Activated Carbon Composite is clearly distingeighn SEM image (Fig.5-7). High loading concentmatof
Fe0, and ZnO gave severe aggregation of the composileuaeven dispersion across the Activated Carbon

surface.
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Fig 7: SEM images of ZnO(0.2M)-Fe;O4/Activated Carbon Composite

3.1.4 EDAX analysisof Activated Carbon

The peak of EDAX (Fig.14) confirms the existenceCoélement in Activated Carbon. Furthermore the appece

of C, Zn and O confirms the constituents of the Eh@M)-Fe304/Activated Carbon Composite. But the
disappearance of Fe element in EDAX analysis (frigi9he composite is may be due to coating ofdbeposite
by ZnO.
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Fig 8: EDAX Analysisof Activated Carbon
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Fig 9: EDAX Analysisof ZnO(0.2M)-Fe;04/Activated Carbon Composite

3.2Properties of Methylene Blue dye
1. Empirical formula C16H18CIN3S
2. Cationic Azo dye

3.Amax: 663 nm

4. Toxic Textile Dye

3.2.1 Experimental methodology for removal of M ethylene Blue dye

Prepared 10 ppm and 30 ppm Solution of
AMethylene Blue

Maintained pH ranges from 3.0 to 10.5 ‘

L -

30 mg of ZnO-Fe,0/Activated Carbon composites
added to 20 ml of Methylene Blue Solution

Kept in shaker for 20 min and Finally placed the ]
solution in sunlight for 2 hr ‘
Centrifuged and Collected the supernatant and ‘
Measured the Absorbance of samples by UV wvisible
Spectrophotometer

3.2.2 Removal per centage

% Removal = A— At/ A, x 100

Where A= Absorbance at initial time

At= Absorbance at final time (After Removal)
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3.3Effect of pH

The initial concentration of 10 and 30 ppm of Mdéme Blue have been taken for the study of effégith The
composite used for removal of Methylene Blue is §Quer 20 ml of dye. For the further study of thieef of pH,
pH ranges from 3.0 to 10.5 have been maintainedit $@s been found out that the removal percent#ge
Methylene Blue dye increases as the pH increasegeheral terms the removal minimum in pH 3.0 whsre
removal maximum in case of pH 10.5. The effectldfiias been shown (Table No. 2 and 3).

Table No. 2: Effect of pH for theremoval of Methylene Blue dye using ZnO-Fe304/Activated Carbon Composite (10 ppm)

Sr.No. | Initial pH | Final pH | Removal %
1. 3.0 3.3 64.69%
2. 5.0 5.4 81.06%
3. 7.0 7.8 86.82%
4. 9.0 9.2 88.51%
5. 10.5 10.6 91.46%

Condition Maintained:

Initial Concentration of Dye: 10 ppm, Composite tis80mg, Volume of Dye: 20ml, Agitation Time: 2hpd{: 3.0
to 10.5, Monitoring Wavelength: 663 nm

Table No. 3: Effect of pH for the removal of Methylene Blue dye using ZnO-Fe304/Activated Carbon Composite (30 ppm)

Sr.No. | Initial pH | Final pH | Removal %
1. 3.0 3.3 53.26%
2. 5.0 5.4 70.57%
3. 7.0 7.6 69.78%
4. 9.0 9.2 72.03%
5. 105 10.5 80.21%

Condition Maintained:

Initial Concentration of Dye: 30 ppm, Composite tdis8BOmg, Volume of Dye: 20ml, Agitation Time: 2hpd{: 3.0
to 10.5, Monitoring Wavelength: 663 nm

Fig 10: Image shows before and after Removal of Methylene blue

5.4 Effect of contact time
The effect of contact time has also been examiyethdintaining certain conditions. Thus the effefct@ntact time
has been studied for different concentration ofhylehe blue dye. The analysis is done for 10pprpp8&9 40ppm

and 50ppm methylene blue solution. The contact tamges from 30min to 180min. So the effect of aontime is
shown below in tabulation form.

Table No. 4: Effect of contact time for the removal of M ethylene Blue dye using ZnO-Fe304/Activated Carbon Composite

Sr.No | Time(min) | Removal % (10ppm) | Removal % (30ppm) | Removal % (40ppm) | Removal % (50ppm)
1. 30 min 79.45 61.11 60.32 50.93
2. 60 min 82.21 62.18 70.97 53.22
3. 90 min 85.88 67.89 73.21 59.21
4. 120 min 91.46 80.11 76.86 70.88
5. 150 min 93.25 84.79 80.14 77.48
6. 180 min 85.53 80.22 78.21
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Condition Maintained:
Initial Concentration of Dye: 10, 30, 40 and 50p@omposite Used: 30mg, Volume of Dye: 20ml, AgaatiTime:
30min to 180min, pH:9.0, Monitoring Wavelength: 6&8
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Fig 11: Graphical Presentation of Removal % of Methylene Blue at Different Time

The figure gives the clear idea of the effect aftaot time in which it has been shown that the #éaeal increases
with time period for different concentration of Mgtene Blue. Furthermore the % removal is maximarmase of
10 ppm Methylene Blue solution and minimum in caB0 ppm.

3.5 Kinetic study
3.5.1 First order kinetic study model:
The Lagergren First Order Model can be represeased

da/dt= k(qe-q)

Integrating equation for the boundary conditionstfd® to t=t and g=0 to g=q, gives
log(ge-g)= log ge- #/2.303

wherege and q are the amounts of Methylene bluerled (mg/g) at equilibrium and at time t respagtivand k1
is the rate constant of first order kinetics (mjnMalues of ge and k1 are calculated from the sliojne intercept of
the plot log(ge-q) vs t (Table No. 5)

3.5.2 Second order kinetic study model:
The second order kinetic is represented as:
dg/dt= k2 (ge-q

Integrating both side for the boundary conditio@ te t=t and qt=0 to qt=q gives.
1/(ge-q)=1/ge + 4

This equation can be rearranged as
t/q = 1/kqe’ + t/ge

where k2 is equilibrium rate constant of secondceordodel. Values of k2and ge were calculated frioenslop and
intercept of the plots t/q vs t (Table No. 6).

[9= % R/100 x Conc. of MB x Volume taken/1000 *0@Dose]
where, g is Amount removal (mg/g)
% R is % removal of Methylene Blue

Dose is amount of adsorbent used.
de denotes the amount of removal at equilibrium wiiieb been calculated by plotting graph.
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Table No. 5: First Order KineticsModel for comparison of calculated and experimental ge values

Sr. No. | Concentration of MethyleneBlue (ppm) | ge (Experimental) K1 ge (Calculated) R?
1. 10 ppm 6.06 0.0119 1.0882 0.9632
2. 30 ppm 16.958 0.0124 8.175 0.82p1
3. 40 ppm 21.36 0.0184 9.5499 0.974
4. 50 ppm 24.48 0.022y 20.5353 0.7718

Table No. 5: Second Order KineticsModel for comparison of calculated and experimental ge values

Sr. No. | Concentration of MethyleneBlue (ppm) | ge (Experimental) K2 ge (Calculated) R?
1. 10 ppm 6.06 0.034 6.256 0.99%9
2. 30 ppm 16.958 0.004 17.76 0.9787
3. 40 ppm 21.36 0.0064 21.97 0.99p9
4. 50 ppm 24.48 0.0020 27.39 0.96[L7

As ge values calculated from the second order ikimabdel are close to the experimental ge valudgh good
correlation coefficients. Hence it follows the sedwrder kinetic model on the assumption that #te determining
step may be through sharing or exchange of elestretween adsorbate and adsorbent.

Table No. 7: Pseudo Second Order Kinetic Model showingt vst/q for different concentration

Sr.No. | Agitation Time (min) q 10 ppT/q q30 ppT/q q40 pprtr)q q 50 pprrtl/q
1. 30 min 5.23 5.73 12.22 2.45 16.08.86 | 16.97 1.76
2. 60 min 5.48 10.94 12.43 4.82 18.92.17 | 17.74 3.3§
3. 90 min 5.72 15.78 13.57 6.42 19.52.61| 19.73 4.54
4. 120 min 6.06 19.80 15.42 7.8 80.45.86| 23.62 5.08
5. 150 min 6.21 24.1p  16.95 8.84 81.37.02| 24.48 6.1P
6. 180 min 17.10 10.5p 21.39 841 96.6 6.74

First Order Kinetics

=410 ppm

=30 ppm

40 ppm

=36=50 ppm

——Linear (10 ppm)

——Linear (30 ppm)
—— Linear (40 ppm)

—— Linear (50 ppm)

Time (min)

Fig 12: First Order Kinetic Mode for different concentration
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Fig 13: Second Order Kinetic Model for different concentration

3.6 Removal capacity and |sotherm study
Even the removal capacity as well as Isotherm shadybeen done in order to know the efficiencyhefcomposite
when compared to other adsorbents and composites.

Ce = G- (Cox R%)/100

Where G is Equilibrium Concentration
G, is Initial Concentration
ge is Amount removal at equilibrium

Table No. 8: Removal Capacity for 1 Cycle

Sr. No. | Concentration of Methylene Blue Ce Qe CdQe
1. 10 ppm 0.854 6.06 0.14
2. 30 ppm 4.563| 16.958 0.27
3. 40 ppm 8.744| 20.80] 0.47
4. 50 ppm 17.4100 21.720 0.80

Qo=1/m
=1/0.0287= 34.84 mg/g
where Q is Theoretical Monolayer Removal Capacity
b=1/1Q=m/1=0.224 L/img
where b is Langmuir Constant

05
04 _—° y = 0.0287x + 0.1276
' R? = 0.9868
© 0.3
(=2
I
© 0.2 ¢ Ce/qe
0/ ——Linear (Ce/qe)
0.1
0
0 2 4 6 8 10 12
Ce

Fig 14: Graph between CovsCdq. for calculation of Q,
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3.7 Langmuir Isotherm for 1% cycle

Langmuir Isotherm is based on the adsorption onradgeneous surface i.e. consists of identical sibgsequally
available for adsorption. Langmuir Isotherm als@egi the best correlation with homogeneous equal fsit
removal.

Cdge(calculated) = 1/@b + GJQ,

0e (calculated) has been evaluated from above foraudefinally it has been compared with(gxperimental) value

Table No. 9: Langmuir Isotherm Study

. . Je
Sr No. | Concentration of Methylene Blue Ce ge(Experimental) (Calculated)
1. 10 ppm 0.854 6.06 6.71
2. 30 ppm 4.563 16.95 16.53
3. 40 ppm 7.964 21.36 22.75
4. 50 ppm 11.375 24.48 25.27
30
25 ﬁ_
20
&
15 == (e(ex)
== qe(cal)
10
5
0
0 2 4 6 8 10 12
Ce

Fig 15: Langmuir Plot for comparison of ge (experimental) and g (calculated)

3.8 Equilibrium Parameter (R.)
The essential features of the Langmuir isotherm breagxpressed in terms of equilibrium parameterwiich is a
dimensionless constant referred to as separatatorfar equilibrium parameter [14].

R, = 1/( 1+ bG)
Where, R is Equilibrium Parameter
G, is Initial Concentration

Significance: If R is in between 0 to 1 (Favourable for removal)

Table No. 10: Evaluation of R, value

Sr. No. | Concentration of MethyleneBlue | Qo b R.
1. 10 ppm 0.308
2. 30 ppm 0.129
3. 40 ppm 34.84| 0.224| 0.100
4. 50 ppm 0.081

After the careful study of equilibrium parametetjf 10, 30, 40 and 50 ppm Methylene blue solutibinerefore
as per the significance of equilibrium parametafugs of RL in different concentration ranges fr@:308 to 0.081
so it can be referred that the composite is favdlaréor removal.
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5.9 Reusability of the composite for waste water treatment

After the careful study of Kinetic model as well lastherm study, the reusability of the composis hlso been
studied for evaluation of the efficiency of compgesiThus the removal percentage of Methylene Blag leen
evaluated for %' cycle and it has been compared with tfleyicle. The detailed study has been shown in Tible
11

3.9.1 Methodology for evaluation of reusability of the composite

Composite separated by Whattman Filter Paper

1 1

Kept in hot air oven for drving and used for 224 cycle ‘ ‘

removal

Washed gently by 10 ml Distilled Water

Table No. 11: Comparison of 1% Cycle and 2" Cycle Removal %

Sr. No. | Concentration of MethyleneBlue | 1% Cycle Removal % | 2" Cycle Removal %
1. 10 ppm 91.46% 66.25%
2. 30 ppm 84.79% 63.19%
3. 40 ppm 80.14% 58.40%
4. 50 ppm 77.48% 52.18%

Condition Maintained:
Initial Concentration of Dye: 10, 30, 40 and 50p@omposite Used: 30mg, Volume of Dye: 20ml, AgaatiTime:
120min, pH:9.0, Monitoring Wavelength: 663 nm

100.00% -

80.00% -

60.00% -

40.00% - B 1st Cycle

REMOVAL %

20.00% - B 2nd Cycle

0.00%
10 ppm 30 ppm 40 ppm 50 ppm

Conc. of Methylene Blue (ppm)

Fig 16: Bar Graph shows the Comparison between 1% cycle and 2" cycle removal %

3.10 Langmuir isotherm for 2" cycle
The detailed study of Langmuir Isotherm fd¥ 2ycle has been shown in table no. 12. Even f8rcgcle the
Langmuir isotherm obeys as @xperimental) and¢(ralculated) are close to each other.

Table No. 12: Langmuir Isotherm Study for 2" Cycle

Sr. No. | Concentration of Methylene Blue Ce Qe (experimental) | Ce/ge | ge(Calculated)
1. 10 ppm 3.375 4.416 0.76¢4 4.27
2. 30 ppm 11.04 12.638 0.878 10.93
3. 40 ppm 16.64] 15.573 1.068 14.34
4. 50 ppm 23.91 17.393 1.374 17.71
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Fig 17: Langmuir Plot for 2" Cycle

For 2nd Cycle Removal by plotting grapbv€CJ/qe
Qo= 1/m=1/0.0298= 33.55mg/g
b=m/I= 0.048 L/mg

1.6

14 L4 y =/0.0298x + 0.6093
1.2 R?=0.9484

0.8 ® Ce/qe

Ce/qe
L 2

0.6 —— Linear (Ce/qe)

0.4

0.2

0 10 20 30
Ce

Fig 18: Graph between CevsCe/gefor calculation of Qo

3.11 Effect of desorption at different pH
3.11.1 Methodology for the study of desor ption effect

10 ppm MB solutions mamntained pH ranges from ‘

4.00 to 10.00

Same process (for REMOVAL)

Filter and washed with distilled water and
Composite collected for further process

Now water maintained pH ranges from 4.0to 10.0
taken in conical flask
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Now next half process for the study of desorptibdiffierent pH can be elaborated as follows

20 ml of water faken in each conical
flask maintained pH ranges from
4.00 to 10.00 and hence 30 mg of

composite 13 added in each of them

' |
Kept in shaker for 1 hr so that

particles will be in contact with the
water

l |
Absorbance reading was measured

at 663 nm by UV Visible
Spectrophotometer

=

To make the removal process more economicalnétessary to regenerate the spent dye. Desorpésthigher in
lower pH 4.0 (4.5 — 4%) for 10 ppm concentratiopasthe study. In the pH ranges from 7.0 to 1@$bdption was
found to be less than 3%. The detailed study haes bhown in Table No 13

Table No. 13: Effect of Desor ption Study at different pH

Sr.No. | pH | Desorption %
1 4.0 4.03 %
2. 7.0 2.66 %
3. 9.0 211 %
4. 10.0 142 %

Condition Maintained:
Initial Concentration of Dye: 10 ppm, Composite tis80mg, Volume of Dye: 20ml, Agitation Time:60 min
pH:4.0 to 10.0, Monitoring Wavelength: 663 nm

DESORPTION %

5.00%

4.00% \
3.00%

®
c
9
2 2.00% \
e == DESORPTION %
g \ o
o 1.00%

0.00%

4 7 9 10
pH pH

Fig 19: Graphical Presentation of % Desorption at different pH
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3.12 Removal of different dyes

3.12.1 Methodology for removal of dyes

At first the different dyes were collected namelgyimol Blue, Melachite Green and Methyl Violet of #ytical
Grade. Then 30 ppm solutions were prepared for eégehand after that 20 ml has been taken in corfiask.
Simultaneously 30 mg of composite was added inémdt kept in shaker for 20 min. Then those corflaaks were
subjected to sunlight for 2 hr. Finally the solatizvas centrifuged and filtered and then the absméydnas been
evaluated by UV visible spectrophotometer (Moniigrivavelength range: 200 nm to 800 nm). Table MasHows
the detailed study of the removal % of differenéslyalong with the lambda max of each dye.

Table No. 14: % Removal of different dyes

Sr. No. Dyes Concentration | Lambda max | Removal %
1 Thymol Blue 30 ppm 434 nm 71.24 %
2. Melachite Green 30 ppm 618 nm 64.19 9
3. Methyl Violet 30 ppm 580 nm 72.01 %

90.00%

— Removal %
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Thymol Melachit Methyl Methyle
Blue e Green Violet ne Blue
B Removal %| 71.24% 64.19% 72.01% 80.11%

Removal %

Fig 20: Compar ative study of removal % of different dyes

3.12 Reduction of COD

In environmental chemistry, the chemical oxygen aedn(COD) test is commonly used to indirectly meaghe
amount of organic compounds in water. Most appbcat of COD determine the amount of organic poiitga
found in surface water (e.g. lakes and rivers) astewater, making COD a useful measure of watditgua

Industrial Waste Water Effluent were collected frd?RINTED CIRCUIT BOARD ‘Hosur, India. A lot of o@nic
and in-organic by products are discharged in totevaster stream continuously. It mainly consistloélators,
organic acids, alkali, inks, photo resists and heenpound.

Fig 21: Industrial Effluent

Resistant Stripper Concentrate (RSC) : Ini@&ID = 25450 ppm {Diluted 2 times}
Resistant Developer Concentrate (RDC): Ini@&D= 5874 ppm {Dilute 5 times}
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3.12.1 Procedurefor COD reduction

20 ml of Industrial Site Waste Water taken into a Conical
Flask

‘
$

30 mg of composite added into it and placed in shaker
for 15 min

Placed in sunlight for 2 hrs and centrifuged to collect the
supernatant

The next half procedure will be done by using CODeBter which is as follows:

20 ml of sample (both before and after adsorption) + 20ml
of K;Cr;07 + 30 ml of AgS0,/H,50,

o 3

lliept in COD Digestor for 150°C (1 hr)

t_l

Absorbance reading at 600 nm ‘

3.12.2 Evaluation of COD reduction

COD Reduction % = A— At/ A, x 100

where A is Initial Absorbance of Sample before Removal
At is Final Absorbance of Sample after Removal

Table No. 15: COD Reduction in Industrial Effluent

Sr. No. | Industrial Effluent (Initial COD) | Final COD | COD Reduction
1. RSC (COD = 12725 ppm) 4840.59 ppm 61.96 %
2. RDC (COD = 1174.8 ppm) 726.024 ppm 38.20 %

3.13 Cost effectiveness
After Careful study of the cost of all the chem#caked of Analytical Grade, the cost of the contpolsas been
evaluated per gram. Table no. 16 shows the costteféness of the composite prepared for wasterwai@ment

Table No. 16: Cost Effectiveness of the Composite

® Ferric Chloride (Anhydrous) : Rs 0.67

e Ethylene Glycol :Rs 0.615

® Zinc Acetate Dihydrate: Rs 2.184

® Sodium Hydroxide :Rs 0.015

¢ Methanol :Rs 10
Total Cost : Rs 13.484

Now Yield is around 5 gm.
So Cost of the composite = Rs 13.484/5 gm
= Rs 2.69/gm

172



Saikat Sinha Ray et al J. Chem. Pharm. Res,, 2015, 7(6):157-173

CONCLUSION

A facile method was developed and explored forsysis of highly photocatalytic active magneticatligyclable
composite. This study shows that ZnO;BgActivated Carbon is the effective composite foe ttemoval of
Methylene blue dye from aqueous solution. The reah@ercentage increases with increasing contact tmd
decreases with increase in concentration of dyethEtmore there is a sharp increase in removalepggige with
increase in pH and percentage of desorption dezseaith increase in pH. The formation of ZnO-Fe3&divated
Carbon was confirmed by XRD.

The adsorption of dye follows second order Kinetizdel. The theoretical monolayer removal capacityexfound

to be 34.85mg/g and 33.55mg/g fot dycle and ¥ cycle respectively composite used for removal. Téraoval

was found to be maximum in the pH ranges from @.0Q.5. Even this composite is found to be vergdite for

the reduction of COD in industrial effluents. Figafrom this study it has been concluded that Zr&3®4/

Activated Carbon composite is found to be costotiffe compared to other adsorbents. In additioa,synthesised
composite exhibits high removal efficiency for Mddne Blue under solar light, easy separation ardl gability.

These results suggest that the designed photosttalyld be a general and competent platform ferrémoval of
organic pollutants and dyes. After the careful gtud photocatalytic activity and reusability of Znl@daded

magnetic activated carbon, it can be a promisingtgtatalyst under sunlight for practical use in t@aster

treatment to control water pollution.
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