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ABSRACT

This investigation handles the adsorption of mamganfrom agqueous solution using activated carbdfecis of
different parameters such as agitation time, adsatlsize, adsorbent dosage, initial concentratibmanganese in
aqueous solution, volume, pH of aqueous solutionremoval of manganese are determined. From these
investigations, one gram of activated carbon powafe82.5um size is found to remove 90% of 20 ma¥figanese
from 30ml of aqueous solution in 30min. These tesablicate that adsorption of manganese is inceelawith an
increase in adsorbent dosage and decrease in adsbrbize. A significant increase in percentage neahof
manganese is observed as pH value increased franV£8 and percentage removal is marginally insexhfrom
1 to 4. The percentage removal decreased as pHeviattreased beyond 7.28. Freundlich and Langmuwithisrm
models describe the adsorption data very well iatilig favorable adsorption of manganese adsorbiergundlich
isotherm is relatively more suitable than Langmisiotherm. Hence based on results obtained it is\dothat
Activated carbon powder is effective in manganesaoval and can be appreciably considered as masatite,
economical and feasible adsorbent for removal ofigamese from aqueous solutions.
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INTRODUCTION

Dyes have long been used in dyeing, paper and fmxples, plastics, leather, cosmetics and foatligtries. Color
stuff discharged from these industries poses eeltarards and environmental problems. These cotmeghounds
are not only aesthetically displeasing but alsabiting sunlight penetration into the stream anféetfng aquatic
ecosystem. Dyes usually have complex aromatic mtdestructures which make them more stable arfatdlif to
biodegrade. Furthermore, many dyes are toxic toesomtroorganisms and may cause direct destruction o
inhibition of their catalytic capabilities.1.Theig requirement on industry to minimize environmémtdease of
color, even in cases where a small but visibleasdemight be considered as toxicologically rathapcuous[1-4].
A major source of release of color into the envinemt is associated with the incomplete exhaustfatyes onto
textile fiber from an aqueous dyeing process archted to reduce the amount of residual dye iil@éexfluent has
thus become a major concern in recent years. Amnative approach to addressing the problem ofrdnltextile
dyeing effluent has involved the development oflueifit treatment methods to remove color. These adsth
inevitably add to the cost of the overall procesd aome present the complication associated withpthssible
toxicity of degradation products.2. A variety ofdl@ost adsorbents like blast furnace flue dustyated carbon,
crab shell, chitosan, coconut jute carbon, appélves, peat, fly ash, sawdust, jack fruit peehapa and orange
peels, rice husk, tree fern, tanning gel partigis have been investigated for their effectiverirs®moving of
manganese[5-8]. The interesting features of newletbped adsorbents are their highly versatilitghtuptake and
high tolerance for organics and regeneration. Tlesgnt investigation looks into a specific prodesshe removal
of mangenese by adsorption using an economically dost adsorbent developed from an easily, freelg a
abundantly available activated carbon.
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This study presents the optimum values for thefailhg parameters
1. Agitation time

2. Adsorbent size

3. Adsorbent dosage

4. Initial concentration of adsorbate in the aquesaiution

5. Volume of aqueous solution 6. pH of aqueoust&oiu

EXPERIMENTAL SECTION

Preparation of the adsor bent
Activated carbon is carbon produced from carbonagsesource materials like nutshells, peat, woodjtkgand coal
and petroleum pitch. It can be produced by ondefdllowing processes:

Physical reactivation: The precursor is developed into activated carhasisg gases. This is generally done by
using one or a combination of the following pro@sss

Carbonization: Material with carbon content is gyred at temperatures in the range 600-900 °Cbhgeiace of air
(usually in inert atmosphere with gases like argonitrogen)

Activation/Oxidation: Raw material or carbonizedterél is exposed to oxidizing atmospheres (cardimxide,
oxygen, or steam) at temperatures above 250 °@Jlysn the temperature range of 600-1200 °C.

Chemical activation: Prior to carbonization, the raw material is ingmmated with certain chemicals. The chemical
is typically an acid, strong base, or a salt (phosig acid, potassium hydroxide, sodium hydroxiziac chloride,
respectively). Then, the raw material is carboniaédower temperatures (450-900 °C). It is belietkdt the
carbonization / activation step proceeds simultaslowith the chemical activation. This techniquancbe
problematic in some cases, because, for exampie, teice residues may remain in the end produciveder,
chemical activation is preferred over physical\adibn owing to the lower temperatures and shditee needed
for activating material.

Preparation of manganese stock solution:
In order to make Manganese stock solution 1gm ofhKlof A.R. grade is taken in to 1000ml of distillecter.
The stock solution made is of the concentratiohgrfi/lit.

Effect of Agitation Time:

«12 stoppered flasks are taken into which 50ml @fifliy KMnO, solution is taken whose'Rs maintained at 3 and
into that we add 0.5 gms of 150-mesh sized adstrben

*Then we keep all the flasks on to a rotary shakdraalsorption is allowed to take place. So, eadkfis drawn for
10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 1Rutas respectively

* After adsorption the adsorbent is filtered usirfgtar paper and then the filtrate is collected agely.

*Samples are collected and then the readings remptde optical densities of each solution are natel¢ after
calibrating the colorimeter with the blank solutiesing pure distilled water.

*Using the calibration curve, we can find out theaantration of manganese adsorbed from which wdindrout
the % removal of manganese.

Effect of Initial Concentration of KM nO, solution:

+10 stoppered flasks are taken of different conegioins of KMnQ solutions. The different concentrations used are
1,0.8,0.6,0.4,0.2, 0.1, 0.07, 0.05, 0.03, @OTH]lit) respectively.

+50ml solution of each concentration is taken i@ flask and its Pis maintained at 3.To this flask 0.5 gms of the
adsorbent (150-mesh size)is added.

*Now all the flasks are kept for shaking for an oyati time period of 110 minutes and then the samgiegaken
out for filtration using the filter paper.

*The so collected filtrate is then taken into thegke cell and then optical density of each coneian solution is
noted. This was done only after calibrating theodaleter using the blank solution prepared eafti@m the pure
distilled water.

*Finally, using the calibration curve, the concetitraof KMnO, after adsorption can be known from which the %
removal of manganese can be obtained.
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Effect of Size of Adsorbent:

«Take 5 stoppered flasks into which we add 50ml ajni/lit concentration of KMn@ solution and its Pis
maintained at 3.To that we add 0.5 gms of adsontevdrying sizes.

*Normally the different sizes which we consider hare 6, 10, 36, 85, 150 mesh respectively and weall the
stoppered flasks are kept for shaking for an ogttimee period of 110 minutes on an orbital shaker.

* After shaking gets completed filtration operatisrdbne from which the so collected filtrate is itlie sample cell
and the optical densities are noted for each sample

*Then using the calibration curve plotted earlibe toncentration of KMngQsolution after adsorption is noted
down and the % removal of manganese is thus caédclla

Effect of Dosage of Adsorbent:

«5 flasks are taken of each with 50ml of 1 gm/lit KB} solution, its P is maintained at 3.To these flasks we add
adsorbent of 150-mesh size of varying amountsf@2, 0.3, 0.4, 0.5 gms respectively.

*All these flasks are kept for shaking for an optitime period of 110 minutes and then they are riaget for
filtration. After filtration the filtrate is colleed and is taken into a sample cell whose optieakily is noted from
the calibrated colorimeter.

*Then using the calibration curve, we can get thecentration of KMnQ solution after adsorption from which we
will be calculating the % removal of manganese.

Effect of Volume of Solution:

*Firstly take 5 stoppered flasks into which we ad8 @ms of adsorbent(150-mesh) and then we add ngaryi
volumes of stock solution prepared earlier of 1(fjtJi<MnO 4. The stock solution is maintained at & 6f 3.The
varying which we use here are 10, 20, 30, 40, 56frKIMnQO, stock solution.

*Then the flasks are kept for shaking on a orbitaker for a time period of 110 minutes. After tlnaleng gets
completed filtration is done from which the so eotkd filtrate is taken into the sample cell.

*By using the calibrated colorimeter, the opticahslty of each sample is noted down. And then frdma t
calibration curve, the concentration of KMp&bolution after adsorption from which we will beladating the %
removal of manganese.

Effect of P" of Solution:

«5 bottles each of 50ml of 1gm/lit concentratiorkdfinO, solution is taken and thé'®f each flask is varied. The
solutions of different Pwhich we use are 3, 5, 9, 11, 12 respectivelythse flasks we add 0.5gms of 150-mesh
size adsorbent and keep them for shaking for amopt time period of 110 minutes on a orbital shaker

*Then the flasks are filtered off. From which thecedlected filtrate is taken as sample to the doleter and the
optical density is noted.

*Using the calibration curve, the concentration d¥inO, after adsorption is noted from which %removal of
manganese ions are calculated.

RESULTSAND DISCUSSION

Effect of agitation time

The optimum agitation time is determined by plajtthe % removal of mangenese against agitationitirfig.1 for
different dosages at the interaction time internvalsl0 minutes to 120 minutes. The % Removal of gaaese
increases from 10 to 120 minutes. The % adsorpsidound to increase up to 90 to 110 minutes amdetkter,
negligible increase in % removal is noticed witlitatipn time. It is noticed that the rate of adsmmp is faster in the
initial stages because adequate surface area afdd@rbent is available for the adsorption of marga. As the
time increases, more amount of manganese getsbadsanto the surface of the adsorbent and surfeez a
decreases. The maximum % adsorption is attain®@ & 110 minutes of agitation. The % removal ohganese
becomes almost constant after 90 to 110 minutdsotAkr experiments are conducted at this optimgitaton
time.

Effect of initial concentration of K mno, solution

The effect of initial concentration of manganesé¢hie aqueous solution on the percentage removabofyanese is
shown in fig.2. With an increase in Initial Conaaibn of kmnq Solution the % Removal of Manganese decreases.
We can see at a concentration of 1 gm/lit of Kgmsolution the % removal is only 37.2%.Where asaat
concentration of 0.01 gms/lit of Kmpaolution the % removal is around 84%.So, by théscan say that at low
initial concentrations of Kmnahe % removal is more compared to the higher aunagons.
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Table1: Variation in % Removal of Kmno, with Time

Agitation Time(min.) | Optical Density | Concentration of Kmno, after removal(gmg/lit) | % Removal
10 1.14 0.932 6.8
20 1.14 0.932 6.8
30 1.11 0.866 134
40 1.08 0.8 20
50 1.06 0.737 26.3
60 1.06 0.737 26.3
70 1.04 0.681 31.9
80 1.04 0.681 31.9
90 1.02 0.628 37.2
100 1.02 0.628 37.2
110 1.02 0.628 37.2
120 1.03 0.65 35

Table 2: Variation in % Removal with Initial Concentration of Kmno, Solution

Initial Concentration of Kmno, Solution(gmg/lit) | Optical Density | Concentration of Kmno, after removal(gms/lit) | % Removal
1 1.02 0.628 37.2
0.8 0.92 0.415 48.12
0.6 0.76 0.26 56.66
0.4 0.50 0.13 67.5
0.2 0.28 0.060 70
0.1 0.13 0.026 74
0.07 0.07 0.015 78.57

0.05 0.06 0.01 80
0.03 0.02 0.005 83.33
0.01 0.02 0.005 83.33

Table 3: Variation in % Removal with Size of Adsorbent

Mesh Number | Optical Density | Concentration of Kmno, Solution after removal (gms/lit) | % Removal
6 1.15 0.955 4.5
10 1.10 0.845 155
36 1.07 0.77 23
85 1.05 0.707 29.3
150 1.02 0.628 37.2

Table4: Variation in % Removal with Dosage of Adsor bent

Weight of Adsorbent(gms) | Optical Density | Concentration of Kmno, Solution after removal (gmg/lit) | % Removal
0.1

. 1.16 0.98 2
0.2 1.11 0.866 13.4
0.3 1.07 0.771 22.9
0.4 1.03 0.655 34.5
0.5 1.01 0.612 38.8

Table5: Variation in % Removal with volume of Solution

Volume of Solution(ml) | Optical Density | Concentration of Kmno, Solution after removal (gms/lit) | % Removal
10 0.01 0.005 99.5
20 0.18 0.035 96.5
30 0.87 0.35 65
40 0.96 0.482 51.8
50 1.01 0.612 38.8

Table6: Variation in % Removal with Initial P" of Solution

Initial P™ of Solution | Optical Density | Concentration of Kmno, Solution after removal (gmg/lit) | % Removal
3 1.02 0.628 37.2
5 1.05 0.707 29.3
9 1.07 0.77 23
11 1.08 0.8 20
12 1.15 0.955 4.5
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% Removal vs Time
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Fig 1: Variation in % Removal of Kmno, with Time
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Fig 2: Variation in % Removal of Kmno, with I nitial Concentration of Kmno, Solution

Effect of size of adsor bent
The percentage removal of manganese from aquedutsosowith various particle sizes (6 pm, 10 pm, 8@, 85
pm and 150 pm) are obtained at 0.5 gm. The reatdtshown in fig.3

With an increase in Size of Adsorbent the % Remawakases. If we consider the case of Activatetb@aover
here when the mesh size was around 6 um the % Remag 4.5%, where as that when the size reache®tmd
150 um the % removal was 37.2%.The optimum sizebrbent is 150-mesh sized adsorbent.

Effect of adsorbent dosage

The percentage removal of manganese is drawn agaiiserbent dosage different in fig.4 with an iase in
dosage of adsorbent the % removal increases. Fremgraph we can say that at 0.1gms of the adsbther
removal is only 2%, where as at a weight of 0.5 gifnthe adsorbent the % removal is around 39%b8ahis we
can say that the optimum dosage over here was fasidds gms.

Effect of volume of K mno, solution

Change in % removal of manganese with variatiothenvolume of the aqueous solution from 10 ml tonilQs

shown in fig. 5 with an increase in the volume a@fiton the rate of adsorption decreases whichmeses that the
% removal decreases. Here initially with 10ml of Kansolution the % removal is 99.5%, where as if wetthe
volume of 50 ml the % removal decreases to 38.8%.
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% REMOVAL VS SIZE OF ADSORBENT
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Fig 3: Variation in % Removal of Kmno, with Size of Adsor bent
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Fig 4: Variation in % Removal of Kmno, with Dosage of Adsorbent

Effect of P" of solution

pH influences the surface charge of the adsorleatiegree of ionization and the species of adsarlg® pH is an
important factor controlling the process of adsiomtIn the present investigation, adsorption dataobtained in
the pH range of 3 to 12 for manganese initial catregion of 1 gm/lit and 1 gm of 150 pm size adsoitb The
effect of pH of the aqueous solution on % removainanganese is drawn in fig.6. The % removal of gaarese
dye is increased from 4.5% to 37.2% as pH is ire@ddrom 1 to 7.28. The graph reveals that % refrioeeeased
significantly from 3 to 12 . With an increase ifi 6f the solution the % removal decreases. Herenfimganese at a
P" of 3 the % removal is around 38%, where as wihfthther increase in thé'®f the solution let it be 12 the %
removal decreases to 4.5%.In the present investigahe maximum % removal of manganese is obtaioed gm
of 150 um size adsorbent at optimum agitation tifflee principal driving force for dye ion adsorpti@ the
electrostatic interaction (i.e) attraction betwealsorbent and adsorbate. The greater the intemactasorption of
dye will be more. With an increase in interactitire dye ions replace H+ ions bond to the adsorfmerforming
part of the surface functional groups such as —Q®OH etc. As the electro-negativity of Activateatioon powder
is greater, more manganese ions are adsorbed.

Freundlich isotherm for adsor ption of manganese

The Freundlich relationship is an empirical equatith does not indicate a finite uptake capacitytref adsorbent
and can thus only be applied in case of low anerinédiate concentration ranges. However, it iseedsi handle
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mathematically in more complex calculations. Theurdlich isotherm is given by. g K; CJ' [9-14] Taking
logarithms on both sides log g log K; + n log G where K and n are known as Freundlich constants. Freundlic
isotherms are drawn between lagagd log Gin figs.7. The resulting line have the correlataefficient of 0.86.

% REMOVAL VS VOLUME OF SOLUTION
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Fig 5: Variation in % Removal of Kmno, with Volume of Solution
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Fig 6: Variation in % Removal of Kmno, with P* of Solution

Langmuir isotherm for adsor ption of manganese

Since the chemical forces fall off very rapidly Wwitlistance, it is probable that chemisorption doesextend
beyond a single layer of adsorbate on the surfatieecsolid. It can be anticipated as first pointed by Langmuir
that chemisorbed adsorbate layers may be only oolecule thick. The Langmuir is most widely used iwo
parameter equation. The relationship is given by q, = b G / (1+bQG)[15-17] where € concentration of the
adsorbate at equilibrium,ds the amount adsorbed at equilibrium per unitsmasadsorbent, gis the maximum
amount adsorbed per unit mass of adsorbent andhle isoefficient related to affinity. from above tggion can be
rearranged as (@) =1/b g, + GJ/q,, From fig.8 between (@) and G, we can calculate the slope (1y@nd the
intercept (1/b g). Further analysis of Langmuir equation is madé¢henbasis of separation factor,.R
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Fig 8: Langmuir isotherm
CONCLUSION

The analyses of the experimental data result iridth@wing conclusions.

1. Among Activated Carbon and Toner, Toner is aberdid as the best adsorbent than Activated Canbon i
removing the manganese from aqueous solutions.

2. With increase in time the % adsorption of mameganincreases and reaches an optimum conditioreakbich
there is no further increase in the adsorption shteanganese. The optimum time maintained is libQites.

3. As the initial concentration of manganese ineesa% removal of manganese always decreases.

4. The decrease in size of the adsorbent partieRsts in increased surface area which incre&seadsorption rate
of manganese. For Activated Carbon(150-mesh), therfoval of manganese is nearly 38% where as dhdtdner
(150-mesh), the % removal of manganese is neaélfy. 78

5. With an increase in the dosage of adsorberf¥dhasorption of manganese also increases.

6. As the P of manganese stock solution increases %adsorptioranganese also increases.
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