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ABSTRACT

The use of fine beach sand to remove hazardousn@ano [VI] ions from aqueous solutions was invedtga
Removal of chromium ions from stock solution ofkmooncentration of Potassium dichromate was cdroat by
two sand samples, one pretreated with 70% nitricl @nd one washed with distilled water. The experitrwas
carried out as a function of pH, where the nitricichpretreated sand had a pH=1, and the water-prated sand
had a pH=7. The experiment was carried out at rommperature (31C). The adsorption time for both the
solutions was 180 minutes. The main principle &f &xperiment was the adsorption of chromium [\@H4 to the
sand particles. The rate of removal of chromium j@hs was observed both qualitatively as well aamfitatively.
Higher removal of chromium ions was obtained at gHeompared to pH=7 sand samples. For Cr [VI], the
Langmuir isotherm gave the best fit for adsorptidhe results are discussed in terms of the chronspeties
present in the solution and the effect of contametand pH on the rate of adsorption and removhtiehcy has
been studied.
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INTRODUCTION

Today’s environment faces major threats of pollutiand living organisms are greatly affected byedetating

conditions of the environment. Humanity is at rigkvarious harmful effects of these pollutants, #mas there is a
very crucial need to abate and remove these conéants to provide a safe and healthy living envirentmot only

for us, but also for our future generations.

A major pollutant in soil and water is Chromium [VChromium is a widely used metal for various coenamal
applications and numerous industrial processesitichide galvanization, steel, paints, textilesidakve dyeing,
cooling water towers and leather tanning. Thesegsses usually have improper and inadequate disfaagdies
which eventually lead to the discharge of Cr [\dhs$ into the natural environment causing soil aatewpollution
[1,2]. Cr [VI] ions are very toxic to the living stems as they are very strong oxidizing agentsanchave adverse
effects on human body, causing diseases like skimalitis and allergic reactions when adsorbedhkyskin [3,4].
It is also known to cause ulceration of the snrakstine, and is carcinogenic to animals [5].
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There have been studies using activated carbothéobioremediation of polluted soils and water, &rths been
shown to be an efficient adsorbent of chromium frefffuent [6-8]. The disadvantage of using actidatarbon is
that it is fairly expensive and raises the coghefexperiment. Hence, removal of chromium fromyted soils and
water using a low cost and non toxic adsorbenhésrteed of the present scenario. In these reeast many
studies have been carried out by scientists alf the world where they have used various natui@hsilable and
cheap resources as adsorbents for the removalroifliaheavy metal pollutants [9—11]. Some of thesgources
include china clay, and various waste materials ékhausted coffee, saw dust, fly ash, dead bigretsgL6-24].

Sand is a natural resource present in abundartbe ienvironment. Employment of this widely avai@bdésource to
remove harmful chromium [VI] ions from the contamitied is not only a cost effective but also ecoafilig [10-16].

This experiment aims to compare the efficiencyahoval of Cr [VI] ions by sand samples using saachfdes
pretreated with nitric acid (pH=1) and distilledtea(pH=7).

EXPERIMENTAL SECTION

(i) Materials and Instruments:

The chemicals required for the experiment wereiokd from the laboratories of VIT University. Theterials
used in the experiment include the samples of fieech sand taken from Vishakhapatnam (Figl), 70&tcNicid,
distilled water and Potassium dichromate. Theumsents used in the experiment were: hot air otedry the pre-
treated sand, orbital shaker (set at 100 rpm) avidvisible spectrophotometer to check the decreaghe levels of
chromium [VI] ions in the potassium dichromate siolns.

Figl — Fine beach sand of Vishakhapatnam Fig2 — Pretreatment of the sand

(i) Pretreatment of the sand:

Fine sand sample was taken from the beach. Fixéeghwé25g) of the sand was taken in two conicasKaeach.
The sand sample in one of the flasks was treatdd %8iml of 70% nitric acid (Fig2) and the sand they flask was
treated with 75ml distilled water. This contactioigthe sand and the addition of acid or water retspely is called

the pretreatment process. The sand was put in conttin both nitric acid and distilled water forcantact time of
30 minutes. This contact process was repeatecetbddhat the pH of the final solution of the agrdtreated sand
sample became pH=1, and also to remove the cadb@nasent in the sand. If the carbonate from tine $a not

completely removed from the solution, a greeniglelydroxide is formed (Fig3). This can be expldibhg the

following reaction [25].

2[Cr(H20)5l(aq)” " +3C03(aq)” ™ — 2[Cr(H20)3(0H)z](s) +3C0y4) + 3H,0y,
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Fig3 — Formation of dark blue precipitate in the add treated sand

(i) Batch adsorption study

The pre-treated sand was put in hot air oven fgindrat 110C. Stock solution of 1000ppm of potassium
dichromate solution was prepared. Two conical #askre taken; 50 ml of this solution was pouredanh flask. In
one flask 1 gram of sand treated with nitric acisvadded, and in the other 1 gram of sand treaitbddvstilled
water was added. Spectrophotometric method was tsedeasure the decrease in levels of chromiumninae t
progressed. The initial reading was taken at t=Auieis followed by constant shaking at 100 rpm inodrital
shaker till the next reading. The readings werenakr every 15 minutes till 3 hours passed (t=t0utes).

Removal efficiency was expressed as the percertiroimium ion concentration removed.

Cj == CE-
G

% removal = ( ) « 100%

Where Cis final concentration and.@s initial concentration [26].

RESULTS AND DISCUSSION

Table 1: Physiochemical analysis of beach sand

Components Percentage (%)
Silica 84.2
Calcium oxide 13.6
Ferric oxide 0.24
Aluminium oxide 0.97
Heavy metals 1.01

Table II: Contact time vs. % removal of chromium[VI] with the two pretreated sands

Removal efficiency of Removal efficiency of
Ser. No.| Contact time (in min) nitric acid pretreated distilled water
sand sample (in %) | pretreated sand sample (in %)
1 0 0.000 0.000
2 15 5.714 0.714
3 30 6.939 1.122
4 45 7.806 1.378
5 60 8.061 1.531
6 75 9.010 2.500
7 90 9.949 2.806
8 105 10.710 3.110
9 120 10.800 2.640
10 135 10.710 4.180
11 150 12.140 3.469
12 165 12.600 4.690
13 180 11.220 5.102
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Qualitative results:
The colour of potassium dichromate solution is rigrange. The colour of potassium dichromate seoled to
fade as the contact time increases.

Quantitative results:

From the readings taken (Table IlI) a graph wastgdowvhich is shown (Fig4). The graph was plottgdirast

efficiency of the removal and contact time. Frore tiraph it was observed that with increase in abritane the

efficiency of removal of chromium increases. Eduilim adsorption value was taken from the literatand was
analyzed according to Langmuir adsorption [27] &nelundlich adsorption [28] isotherms. The adsorptb metal

ions on sand proceeds through a protonation armtatenation of sand. This is called the ion exggamechanism
between ions which are already adsorbed on sandtandiium ions in potassium dichromate solution &Y. The

adsorption of chromium on negatively charged s@datannot be explained by or adsorption forcesealbhere are
specific chemical interactions which take partia temoval [31].

In acidic range there is presence of nitrate icth there is an ion exchange of chromate-nitrate viliaeported to
remove the chromium [VI] ions. A detailed studytte effect of pH in removal of chromium ions iy in the
references [32, 33]

Effect of pH:

pH plays an important role in removal of chromiuging sand. pH is marked as the master variableTBdte is a
drastic change in the results with the change inlpttas observed that the efficiency of removatigher at lower
pH. The sand which is treated with nitric acid (dhlhas greater efficiency than the sand treatel digitilled water
(pH=7). The graph for the same is shown in (Fiddaximum chromium removal observed at pH 1 can &lkso
associated with the high electrostatic forces betwile adsorbent and adsorbate. [35] The efficieafiagmoval

increases with contact time. The efficiency of samgH=1 increased from 5.714% to 12.600% and &mdsat

pH=7 increased from 0.714% to 5.102% in a constantact time of 180 minutes.
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Fig4. Contact time vs. % removal of chromium [VI] & different pH sands

The efficiency of removal increases with contastiei The efficiency of sand at pH=1 increased fraifl%% to
12.600% and for sand at pH=7 increased from 0.7t%102% in a constant contact time of 180 minutes

The % removal using sand at pH=1 is 12.60% whettea@sof sand at pH=7 is 5.102 for t=180 minutesnd¢te
higher efficiency values were obtained at lower pH.
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CONCLUSION

The fine beach sand taken is a non toxic and eas#ylable natural resource. The removal of chuzmirom

potassium dichromate solution was observed to beessful using the sand. The efficiency increasigld iwcrease
in contact time. It can also be concluded that ity a major role in altering the efficiency. Lows results in
higher efficiency. The efficiency at pH=1 was mugkeater than the efficiency at pH=7. Thereforegratreatment
of sand with nitric acid was an essential stephasetwas a decrease in pH which resulted in inereasfficiency.

The % removal was 12.60 at pH=1 and was 5.102 a7pRemoval of hexavalent chromium is higher atliagdH.

Therefore the adsorbent used in the experimenseare as a potential material to remove chromilomfmany
effluents and industrial wastes.
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