Trade Science Ine.

ISSN : 0974 - 7451 Volume 7 Issue 7

Snviconmental Science

A Tndéian Journal

—=  Qurrent Research Peaper

ESAIJ, 7(7), 2012 [251-255]

Coal-based fly-ash waste material as adsorbent for removal of
textile colorants from aqueous solution

Biswajit Ruj
CSIR-Central Mechanical Engineering Research I nstitute, M .G.Avenue, Dur gapur - 713 209, West Bengal, (INDIA)
E-mail: biswajitruj @yahoo.co.in
Received: 21% May, 2012 ; Accepted: 7' August, 2012

ABSTRACT

Adsorption of some common textile dyesviz. Congo red, T-Blue, Blue 2B
and Sky blue on the surface of the flyash has been investigated
spectrophotometrically asafunction of flyash, dye concentrations, contact
timeand pH (4.0 9.0). At aconstant temperature, increase in flyash dose
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(1-5gm) increased the amount of adsorption (20-90%) of dye species.
Adsorption data fitted to Freundtich isotherm were found to be linear for
all the dyes under investigation. Extent of adsorption of above dyes was
found to be almost unchanged over the studied pH range 4.0 to 9.0.
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INTRODUCTION

Dyesand pigments represent one of the problem-
atic groups; they are emitted into wastewaters from
variousindustria branches, mainly fromthedye manu-
facturing and textilefinishing. Dyescan causedlergic
dermatitis, skinirritation, cancer, and mutations. Cur-
rently, many methods, such asactivated carbon adsorp-
tion, chemical oxidation, reverseosmosis, coagulation
and flocculation, and biological treatments, have been
devel oped for treating dye-containing wastewatert™.
The adsorption processprovidesan attractive dterna-
tivefor thetreatment of contaminated waters, espe-
cidlyif thesorbent isinexpensiveand doesnot require
an additiona pre-treatment step beforeitsapplication.
Theuseof fly ashfor theremoval of dyefrom aqueous
solution wasfirst reported by Khareet alf?.

Thechemica coagulation process effectively de-

colorizesinsolubledyes, but it failstowork well with
solubledyes. Chemical oxidationiseffective, but the
oxidant requirementsarevery high and thusexpensive.
Photochemicd degradationinagueoussolutionislikey
to progressslowly, as synthetic dyesare, in principle
designed to exhibit high stability tolight. Although bio-
logical treatment processesremove BOD, COD, and
suspended solidsto some extent, they arelargely inef-
fectiveinremoving color from wastewater, asmost dyes
aretoxictotheorganismsusedin such processes. How-
ever, al of thesemethods suffer from oneor other limi-
tations, and none of them were successful incompletely
removing the color from wastewater. Thesetechnolo-
giesdo not a so show significant effectivenessor eco-
nomic advantage. Low-cost treatment methods have,
therefore, beeninvestigated for along time. Adsorption
has been used extensively inindustrial processesfor
separation and purification. In wastewater treatment,
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commercialy activated carbon haslong beenused asa
standard adsorbent for color removal. In spite of its
widespread usein various cleaning procedures, acti-
vated carbon remainsexpensive; therefore, the devel -
opment of low-cost dternative adsorbentshasbeenthe
focusof recent research®4., Contributionsinthisre-
gard have been made by many researcherswho have
utilized anumber of substances such as agricultural
wastes: coir pith, bananapith, sugar cane dust, saw-
dust, activated carbon fibersand rice hull$59, indus-
trial solid wastes: fly ash, red mud and shale il ashi21*
16 and so forth.

Dyeremovad through conventional methodsinvolv-
ing physicochemical aswell asbiological treatments
seemsto beinadequate astoday’s acceptabl e and rec-
ommended for discharge of effluent dueto persistence
of color. The production of dyesin Indiahasbeenin-
creasing with yearsasaresult of growing textileand
handloom industries. A number of synthetic dyesthat
areemitted (an average of 180L of wastewater isre-
leased per kg of cloth prepared) from varioustextile
zones cause formidable contamination of water asthe
color tendsto perd stseven after the conventional treat-
ment given to the waste water.

Inview of the acute need of for exploring acheap
and potentialy viable system and our present research
interestin pollution abatement program the present work
isconcelved based on the capability of fly ash towards
adsorbing organic mol ecul esreported recently™ and
vulnerability of surface adsorbed organic dyestowards
aerial oxidationin presence of light™®. Author wishto
report herein theresults of hisstudieson adsorption of
some common textile dyesviz. Congored, Green B,
T-Blue, Rosanilineonthe surfaceof theflyash. There-
sultsof the present studiesimply rationd viability of us-
ing flyash for eco-friendly removal of dyesintextile

waste-water.
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EXPERIMENTAL

Flyash was obtained form Durgapur Project Lim-
ited, Durgapur, West Bengal. The coarser impurities
inflyash were separated from by vigorous stirring of
flyash suspension and alowing the coarser particles
to settle. Theflyash material wasthen dried at room
temperature and used throughout the experiments.
Chemica andysisof flyashwascarried out for itsmain
constituentslikesilica, duminaandiron oxidesby us-
ing aPerkin Elmer Atomic Absorption Spectrometer
(AAnayst 300). Percentage (%ow/w) of silica, dumina
and iron oxides were found to 58.5, 22.7 and 5.8,
respectively.

Anempirica formulafor fly ash based onthedomi-
nanceof certain key e ementshasbeen proposed ag*¥:
Si1.0A10.45Ca0.51Na0.047Fe0.039M g0.020
K0.013Ti0.011.

Adsorption of textiledyesviz. Congored, Blue2B,
T-Blue and Sky Blueon flyash was estimated spectro-
photometrically by usngaCintral0 GBC UV-visble
spectrophotometer. Dye samplespurchased locdly were
used asreceived. And their structuresare given below:
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Doubly-di stilled water was used throughout the ex-
periments. Adsorption studieswas carried out through

batch experiments by shaking agueous sol ution (50ml)
of dyesof various concentrations contai ning required
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amount of flyashin aseriesof BOD bottles. Theextent
of adsorption was estimated by measuring the differ-
encein absorbance of freedye and the supernatant lig-
uid obtained after centrifugation of thereacting mixture
containing flyash and dyes.

Thepercentageremoval of dye, p, was calcul ated
using thefollowing equation:

_ (Co-Ce) <100
Co

where Co and Ce aretheinitial and equilibrium dye
concentration (mg/L), respectively. All experimentswere
replicated and the average results were used in data
andyss.

The pH of the system was adjusted by using HCI
and NaOH.

RESULTSAND DISCUSSION

The composition of theflyash (see experimental)
with regardsto itsmaor constituentsreveasthat the
percentage (%ow/w) of dlica, duminaand oxidesof iron
fdl intherangethat expected for flyash generated inthe
Thermal Power Stationg??. Results of the adsorption
of dyesstudied by estimating percentage del etion of
dyesasafunction of flyash dosageare summarizedin
Figure 1, whereaseffect of dye concentrationson the
adsorption of dyestaff isshowninTABLE 1. TABLE
2 demonstratesthe degree of adsorption with contact
time. Thedye uptake by flyash enhanceswithincrease
inamount of flyash (Figure 1), while, for agiven amount
of flyash percentage of unadsorbed dyesincreaseswith
theincreaseininitial concentration of dyes(TABLE 1).
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Figurel: Effect of flyash dose on adsor ption
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The percentageremova of dyesincreasessharply with
timeinitially, however, attained alimiting value after a
certain period of time (TABLE 2). Results of adsorp-
tion studiesreveal that the capacity of flyash towards
adsorption of dyesunder investigationsis apprecia
bly. No appreciable changein adsorption for the dyes
undertaken in thisstudy was noticed in the pH range
4.0t09.0.

TABLE 1: Effect of dyeconcentration on adsor ption
Adsor ption (%)

Concentration

(ppm) congo Sy Be Toblue
10 284 20 245 30
20 206 141 161 227
30 16 107 126 208
40 126 95 97 19
50 135 95 85 172

Flyash taken 1 gm, Contact time = 1 hr, temp. = 30°C
TABLE 2: Effect of timeon dyeadsor ption

Time Adsor ption (%)

(mins)  Congored Blue2B T-Blue Sky blue
10 25.1 10 16 13.6
20 27.8 15 22 17.7
30 28.4 18 26 18.2
40 28.4 20 28.2 18.6
60 28.4 24.5 30 20

[Dye] =10ppm, Flyash= 1 gm., temp. = 30°C

Theadsorption dataof al thedyesat variouscon-
centrations have beenfitted to Freunditch isotherm as
expressed by thefoll owing equation:

x/m=1/nlogC_+logK (@)

wherex/mistheamount of adsorbed dyeper unit weight
of adsorbenti.e. flyash, C_isequilibrium concentration
n& K areconstants representing intensity of adsorp-
tion and adsorption capacity respectively. A good lin-
earity wasobserved intheplot of logx/mvslogC, (Fig-
ure 2) in each case, substantiatesthe applicability of
Freunditchisotherm in the present case. Thevauesof
K and n determined from the corresponding plots of
logx/mvslogC_for thedyesunder investigation are
summarized in TABLE 3. Theadsorption parameters
(TABLE 3) are suggestive of thefact that the flyash
obtained from Durgapur Project Limited, Durgapur,
West Bengal possessreasonably good dye adsorbing
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capacity. Scanning Electron Microscopic (SEM) pic-
ture (Figure 3b) showstheagglomeration of thedyeon
the surfaceof theflyash.
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Figure2: Freundlich isothermat 30°C

TABLE 3: Adsor ption parameter sderived from Freundlich
isotherm

Dyes K n
Congo red 0.79 2.92
Blue 2B 0.71 2.92
T- blue 1.58 2.25
0.66 243

Sky blue

Figure3b: SEM pictureshowing theagglomeration of the
dyeon thesurfaceof theflyash.
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CONCLUSION

In conclusion, theresultsof the present work evi-
dently display the dye adsorbing capacity of flyash
obtained from Durgapur Project Limited, Durgapur,
West Bengal. Theresultsof the present studiesimply
rationa viability of usngflyashfor color remova form
wastewater. However, thevitd intricacy inthe present
systemisassociated with regard toitsrepeatability as
the adsorption sitesare blocked at the higher concen-
tration of the col orants. Conceptua ly photo degrastion
of the adsorbed dye moleculesin presence of visible
light would offer an eco-friendly dyeremoval tech-
niqueintextilewaste-water trestment. Fly ash can be
regarded asalow-cost resource or industrial miner-
als. Itismainly composed of aluminosilicateand un-
burned carbon. Investigations have demonstrated that
fly ash possesses adsorption capacity for removal of
gaseous pollutantsin air, inorganic ionsand organic
compoundsinwater.
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