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ABSTRACT

In the present work, studied the performance of an adsorbent such as saw
dust, whichislessin cost and easily available. The saw dust was used for
the removal of chromium (V1) from an adsorbate solution, which was
prepared as the quality of effluent of both electroplating industry and
tannery industry. The adsorbent material wasfound to be an efficient media
for removal of Chromium (V1) ion in continuous mode using the fixed bed
isothermal adsorption column. A comparative study has been done on the
adsorption capacity of different sizes of saw dust.

The column studies were conducted with column diameter of 7 cm and bed
height of 40 cm. The flow rate of solution passing through the adsorbent
bed was maintained at a constant rate of 1litre/min. It was found that the
percentage removal of Chromium (V1) ion decreased initially further it was
increased withthe decreaseininitial concentration of chromium (V1). It was
also observed that the order of adsorption capacity of different sizes of saw
dust for Chromium (V1) wasasfollows: 0.353mm> 0.767mm>1.379mm. The
results were shown that the sawdust isan efficient adsorbent for the removal
of Cr (V1) from industrial effluent. The percentage removal of chromium
reaches 95% with increasing contact time.
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INTRODUCTION

Chromium exists usually in both trivalent and
hexavdent formsin agueoussystems. Thetwo oxidation
states of chromium havedifferent chemicd, biological
and environmental characteristics.Cr (I11) isrelatively
insoluble and required by microorganismsin small
quantitiesasan essential tracemeta nutrient, whileCr
(V1) isagreat concern because of itstoxicity. Cr (V1)
has been reported to be a primary contaminant to

humans, animals, plantsand microorganismsanditis
knownto becarcinogenic.Chromiumisusedinavariety
of industrial applications; hence, large quantities of
chromium are discharged into the environment.
Sources of chromium waste leading to water
pollutionincludesdectroplating, sted fabrication, pants
and pigments, mining, leather tanning, textile dyeing,
aluminum conversion coating operations, plants
producing industrial inorganic chemicals and wood
treetment units. Dueto environmenta concern, discharge
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limitsof both Cr (111) and Cr (V1) havebeeninstituted

by most industrial countries. Their concentrationin

industrial wastewatersrangesfrom 0.5to 270mg/L ™,

Thetolerancelimitfor Cr (V1) for dischargeintoinland

surfacewatersis0.1 mg/L andin potablewater is0.05

mg/L23, The Ministry of Environment and Forest

(MOEF); Government of Indiahas set minima nationa

standards (MINAS) of 0.1 mg/L for safedischarge of

effluent containing Cr(V1) insurfacewater™®. In order
to comply withthislimit, it isessential that industries
treat their effluentsto reduce the Cr (V1) concentration
inwater and wastewater to acceptablelevelsbeforeits
trangport and cyclinginto the natura environment

Therefore, thelevd of chromiuminfina effluent has
to be reduced by the application of appropriate
technol ogy. In wastewater trestment, various methods
are utilized to remove Chromium. These include
reduction followed by chemical precipitation, ion
exchange, electrochemical precipitation, reduction,
adsorption, solvent extraction, membrane separation,
concentration, evaporation, reverse osmosisand bio-
sorption and emulsion per traction technol ogy.

Adsorptionisby far most versatileand effective
method for removing any contaminantslikeheavy metd,
especialy, if combined with appropriate regeneration
steps. Thissolvesthe problem of dudge disposal and
rendersthesysem moreeconomicaly viable, especialy
if low cost adsorbentsare used. Inthelast few years,
several approacheshavebeenreportedinthisdirection
utilizinginexpend veand effective adsorbent for remova
of Cr(VI) from agqueous sol utions. The advantages of
the low-cost adsorbents over the conventional
adsorbentsareasfollows:

1 The efficiencies of various non-conventional
adsorbents towards adsorbate removal vary
generaly between 50% and 90% depending on the
characteristicsand particlesize of the adsorbent,
and the characteristics and concentration of the
adsorbate, etc. Hence, low-cost adsorbents can
beemployed efficiently inremovad of heavy metals.

2 Non-conventional adsorbentsare much cheaper
relative to conventiona adsorbents, and when
readily available locally lead to much reduced
transportation costs.

3 Non-conventiona adsorbentsrequiresmpledkai/
and or acidtrestment for theremovad of ligninbefore
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applicationin order toincreasetheir efficiency.

4 Non-conventional adsorbents require less
maintenanceand supervision.

Themateria sdevel oped for thispurposerangefrom
industriad wastesto agriculturd waste products, biomass
and varioussolid subgtances. Someexamplesarehydrous
concretepartides, paper mill dudge, seaweed biosorbent,
tannin gel particles, sugar beet pulp, wheat bran, |eaf
mould, coniferous leaves, activated groundnut husk
carbon, coconut husk and palm pressed fibers, coconut
shell, wood and dust coal activated carbons, coconut
tree sawdust carbon, used tyres carbon, cactus, olive
stone/cake, wool, charcoal, and pine needles, rice husk
carbon, moss, sphagnum moss peat, hazelnut shell
carbon, dmond shel carbon, corncob, cow dung carbon,
agricultural wastes, waste slurry, carbon slurry,
Lignocellulosic solid wastes, charred rice husk and
activated charcoa and eucayptus bark have been
reportedin literature. However, to cover thisproblem,
morework and investigations are needed to deal with
other locdly availableand economicaly viableadsorbents
to eiminate Cr (V1) from agueous solutions having
different composition and characteritics. Inthisproject
we have studied the efficiency of saw dust available
localy in the remova of Cr (VI) from solution. A
comparativestudy hasa so been doneon theadsorption
capacity of saw dust of different particlesizes.

EXPERIMENTAL METHODS

Prepar ation of adsor batesolution

Thesgtock solutionsof Cr(V1) of concentration 1000
ppm was prepared by dissolving 0.2828 grams of
analyticd gradeof K2Cr207in 100ml of RO digtilled
water. The stock solution wasfurther diluted with RO
distilled water to desired concentration for obtaining
the standard sol utionsfor absorbance measurement.
The sample solutionswhich wereto betreated with the
adsorbent were also prepared similarly by dissolving
required quantity of the above mentioned salt in RO
digtilled water.

Prepar ation of adsor bent

Raw saw dust locally was obtained from nearby
saw mill. It wasthen screened to get particlesof three
different sizesi.e0.353mm, 0.767mm, 1.379mm.
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Theabovefractionsof saw dust werewashed with
sufficient quantity of RO distilled water until it gavea
clear transparent solution. Only then the prepared Cr
(V1) solutionswere passed through theminthe bed to
study their adsorption capacity. The particles having
diameter greater than 1.5mm were not used in the
present study asthey were found to be inconvenient
dueto excessvechannding effect & formation of paste
likesubstancerespectively.

EXPERIMENTAL SET UP

Column studies

Thefixed-bed column had 7.0 cminternd diameter
andwas50 cmin height. Thebed length used in every
experiment wasfixed a 40 cm. Thebed wasfilled with
the saw dust upto the specified height of the column
and different s zeof the adsorbent wasused aspecified
for each experiment. In every experiment the metal
solution of aknown concentration was pumped at a
fixed flow rateof 1 litre/mintothecolumnfilled with
known bed height of adsorbent. Theabovefixed flow
rateinto thefixed columnwas maintained withthe help
of monitoring abypass stream. The samplessolution
after passing through the adsorbent in the fixed bed
column was again recycled back into the sample
reservoir tank so that thereisacontinuous adsorption
of Chromiumion. Samplesfor analysisof Chromium
ion concentration werecollected at aregular interval of
30 minutes from the bottom of the samplereservoir
tank. The saw dust used inside thefixed bed column
was replaced by a fresh batch of saw dust at the
beginning of each of experiment.

Themeta uptake capacity (amount of removal of
chromium ion) and the adsorption capacity (percentage
of chromiumion removal) were caculated using the

Figurel: Theaver age particlesizesof saw dust: O.53mm, 0.767mm, 1.379mm
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following equations: Metal Uptake Capacity = Initial
Chromium ion conc. — Fina Chromium ion conc.
Adsorption Capacity (%) = (Metal Uptake Capacity
X 100) / Initidd Chromium ion concentration.

M easur ement of Cr (vi) in aqueoussolutions

Therearesomecomponentswithin thesawdust that
may reducetheCr (V1) to Cr (I11). Therefore, oxidation
of Cr (111) withinthe samplesto Cr (V1) isnecessary
beforethe anaysisof each sample. Crionswithinthe
samples were oxidized by using potassium
permanganatein acidic medium. Theviolet color that
formsasaresult of the reaction betweenthe Cr (V1)

Figure2: Photograph of experimental set up
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T 6 For 1st run: Initia Cr+6 solution concentration. =
£ 500 ppm (14.14 Gmsof K 2Cr207 in 10litresof RO
digtilled water)
{} 2 Cdculations
Metal Uptake Capacity = 500ppm-
348ppm=152ppm,
g Adsorption Capacity = (152/500) x100=30.4%
Time Concentration, Concentration,  Concentration,
S.No
(hrs) ppm ppm ppm
1 05 467.2 348.1 236.3
9 2 1 4405 3413 230.1
3 15 432.7 336.2 2255
4 20 426.9 328.9 2214
5 25 397.1 3245 217.1
6 3 390.3 317.8 210.4
7 35 385.2 310.6 203.5
ﬁ 8 4 379.8 304.1 196.8
5 9 45 366.4 297.4 185.2
= 10 0 5 363.2 290.6 180.4
1 55 361.7 280.9 172.7
4 . — 4} @ 12 6 359.9 2711 163.0
13 65 355.1 261.3 1575
— 1
N = 2 14 7 3525 253.7 150.7
15 75 351.3 2442 1433
1. Sump tank 2. Chromium solution 3. Pump inlet 4. Pump 5. 16 8 348.6 2365 1342
Bypass value 6. Flow control valve 7. Column inlet 8. Glass
column of 50 cm height 9. Adsorbent bed of 40cm height  Overall graph for 3runs
10.column outlet (sample collection point)
Figure3: Schematicdiagram 500
o o o
ionsand 1,5-diphenyl carbazidein acidic medium, was 400 ° oo

measured by using UV/V1S— Spectrophotometer at a A
540 nm. Thelowest limit of thismethodis0.01 mg/L
and the best suitable measurement rangeis0.5- 5.0
mg/L (ppm). For samplescontaining concentrationsin
therange 5.0 — 100.0 mg/L, the absorbance of pure
K2Cr207 solution at 313nm wastaken as standard.
Thesampleswerediluted beforethe measurementsand
the measured values were multiplied by the dilution
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Sudy of adsor ption capacity
FOR 2 run

Bed height of adsorbent =40 cms
Adsorbent size (average) used = 0.353 mm
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RESULTSAND DISCUSSIONS Figure4: Comparison of adsor ption capacitieswith different
initial concentrationsat constant particlesizeof adsorbent =

Bed height of adsorbent =40 cms

Flow rate of solution through the bed = 1 litre/min Adsorbent size (average) used = 0.353 mm

———y  Snoivonmental Science

Au Tudian Yournal



58 Studies on hexavalent chromium removal from aqueous solution in a fixed column

Current Research Pope e

Flow rate of solution throughthebed = 1litre/min

Initial Cr+6 solution concentration = 348ppm
(9.84gmsof K2Cr207in 10litresof RO distilled weter)

Cdculations:

Metal Uptake Capacity =
236ppm=112ppm

Adsorption Capacity = (112/348) x100=32.18%

Study of effect of sizeon adsor ption capacity

Bed height of adsorbent =40 cms

Initial Cr+6 solution concentration = 500ppm
(14.14 gmsof K2Cr207 in 10 litresof RO distilled
water), FHlow rateof solution through thebed = 1litre/
min

348ppm-

500
B [m}
450 a o
o A o
o
E o & fBog,
= % O0og
s
= N
= 400 5
£ o ARA
= o AYN
£ o a8 o
]
2 3 z o
2 Particle size  plot SNF
K %00
O 350 O 0.353mm A SN
A 0.767 mm B
0O 1.379 mm C
300 T
0.4 0.5 0.7 1 2 3 4 5 7 10
Time [hrs]

Figure5: Comparison of Concentration of solution at differ-
ent timeinterval at varying particlesizes of adsor bent

SUMMARY AND CONCLUSIONS

The continuous fixed bed column studies were
performed for remova of Chromium (V1) ionfromthe
effluent using different sizes of saw dust. The study
indicated the suitability of the adsorbent for removal of
Chromium (V1) from solution. The sel ected adsorbent
wasmoreeconomical. Theresultswereobtained and
summarized asfollows:

Conclusions

1. Themetd uptakecapacity decreaseswith decrease
intheinitia concentration of Cr+6. However, the
percentage of removal or the adsorption capacity
increases with decreasing the concentration of
chromium.

2. Thesaw dust size of 0.353mm required 3 fixed
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bed columns of fresh saw dust to reduce the
chromiumion from 500 ppm to 134 ppm with 24
hoursdurations.

3. Theobserved order of metal uptake capacity as
well asadsorption capacity of Cr+6 for different
sizesof saw dust wasasfollows: 0.353>0.767 >
1.379 mm. These experimental studies on the
specified adsorbent would be quite useful in
developing an appropriate technology for the
removad of Cr+6ionsfrom contaminated industrid
effluents.

Futur e scopeof work

1. Similar continuouscolumnstudiescan beperformed
for locally available saw dust of different treesto
comparethe metd uptake capacity and adsorption
capecities.

2. Themeta uptake capacity and adsorption capacity
can also be studied at different flow rates of the
solution through the column bed and by dso varying
thebed height.
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