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ABSTRACT

Cr(VI) is a contaminant in various resources that is used by man in daily life, for e.g. soil ground water, river water,
vegetables grown in such soil etc. it is a heavy metal, consumption of which might cause fatality to the consumer. It
is seen that iron nanoparticles are able to reduce this Cr(VI) to its trivalent ion Cr(l11) which is much less harmful.
This article deals with the use of Iron Nanoparticles biosynthesized from green tea (GT) for its possible application
in reducing toxicity and pollution caused by Cr(VI). The method used is a batch method where we get a number of
similarly proceeding reaction which do not interfere with each other. The decrease in concentration of the standard
solution of K,Cr,0-0n addition of iron nanoparticles is used as an indicator of reduction of Cr(VI) to Cr(lI1). It is
seen that the GT Fe-NPs remove Cr(VI) from the solution with good efficiency and may have good future prospects
as an antipollution measure.
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INTRODUCTION

Hexavalent chromium, Cr(VI), refers to chemical gamunds that contain the element chromium in thexi@ation
state [1].It is very toxic and mutagenic when imtal Cr(VI) has not been established as a carcinegem in
solution, although it may cause Allergic ContactiDatitis (ACD)[2, 3,]. The two environmentally stalpxidation
states of chromium, Cr(VI) and Cr(lll), exhibit wyerdifferent toxicities and mobility’s. Cr(Vl) and
Cr(lll)compounds differ in their health and envimental effects, with Cr(VI) being far more dangesolngesting
small to moderate amounts of Cr(lll) is essentiahtiman metabolism, and there is no current evielémat Cr(ll1)
is carcinogenic. In contrast, exposure to Cr (¥lkmown to be a serious human health risk [4, 5].

Cr(VI) does not readily precipitate or become botmd@omponents of soil, therefore, Cr(VI) can méweughout
aquifers to contaminate groundwater and other ssuaf drinking water [6,7]. On the other hand, Ty(ls
relatively insoluble in aqueous systems, muchtesie and even essential in human and animal inrithe World
Health Organization(WHO), the International Agenity Research on Cancer(IARC), and the Environmental
Protection Agency(EPA) have determined that Cr@dinpounds are known human carcinogens.

The Lucinda valley in Jaipur District, Orissa, isokvn for its deposit of chromite ore, producing nhe88% of the
chromite ore in India and one of the prime open chsmite ore mines in the world (CES, Orissa Netter). Due
to the seepage of water from the dumped wastesneheby water stream gets contaminated with Créflp
concentration much above the permissible limitschSincidents happen all over the word. The mairealiss
include gastrointestinal bleeding, tuberculosishms, infertility, birth defects, and stillbirthSources of Cr(VI)
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include: industrial operations, including mininghireame plating, pigments, petroleum refining, leattanning,
wood preserving, textile manufacturing, pulp preieg, and electroplating industries [7,8].

Chromium contamination of soil and groundwater sgnificant problem worldwide. Cr(VI)tends to bridizing

in nature, having a tendency to head to the tmiadate., the effluents are treated with ferraulfase, chemical
reduction, followed by alkaline precipitation omreval by ion exchange; however, the adsorptionsh#fers from
precipitation and additional treatment methodseimave those is to be sorted. There are severaloaetior the
degradation of chromium including biodegradatioriff). The one which we chose is iron nanoparticleS.isene
of the most important reducing agents of Cr(VI).eTéfficiency of Cr(VI) reduction with GT(Green tea)Fe
Nanoparticles was studied, along with the influeatthe starting concentration on the removal @ficy. As time
passes the concentration of Cr(VI)in the given dardpcreases on addition of iron nanoparticles.

PRINCIPLE

Iron nanoparticles were biosynthesized and werel dise the degradation of chromium present in steshslaf
various concentrations. Chemical reduction is knéevremove Cr(VI) rapidly and effectively. Many ctants were
employed such as#3, Fé", and F& In this report, we used iron nanoparticles’{fe reduce Cr(VI) to Cr(lll), iron
nanoparticles (F® were synthesized from green tea . The reacti®i@r@/1) reduction and co-precipitation of Cr
(1) and Fe(lll) are:

Cro> + F@ + 8H = Fé* + CP* + 4H,0 -------- 1)
(1-X)FE€" + XCr* + 2H,0 = Fgy ,CryOOHg#+3H"-------- (2) [15]

The main objective of this work is to preparé Ranoparticles for the removal of Cr(VI) from angredard solution

of chromium. Fénanoparticles are proved to be best for the detjtadas compared to other oxidation states of
iron nanoparticles such as *teFé" or iron fillings. We took KCr,O ; as a standard reference solution. Iron
nanoparticles acts as an adsorbent to which chrarpiarticles adsorb. After the addition of iron npadicles in
standard solution of §Cr,O;, we observed that as the time passed the contientraf chromium decreased
gradually. The concentration was observed at diffetime intervals with the help of spectrophotamnet

EXPERIMENTAL SECTION

Preparation of Iron Nanoparticles

The preparation of iron nanoparticles can be estad by various methods. It can be synthesizethiadly by the
reduction of ferrous sulphate in aqueous mediunbyraddition of hydroxides [16], chemical reductiaring
palladium ion seeds [20]. It is also synthesizedhtigro emulsion method where the reduction of fechloride is
done using ammonium borohydride[17]. It can alsgplepared from extracts of certain plants and spj&é8] or
using microbial means for the synthesis of thesggbes [19]

In this experiment the preparation of iron nandpks$ was done using green tea leaf extracts [21].

Green tea extract was prepared by heating 60.9rgédn tea until boiling (figure 1). After settlidigr 1 hour, the
extract was filtered using filter paper of poreesizto 2 microns. Then, separately, a solution.bf\dFeC}- 4H,0
was prepared by adding 19.9g of solid Re@,O in 1 liter of deionized water. Subsequently, MLFeCh-4H,0
solution was added to 60.0g/l green tea in 2:3meluatio. Following this, 1M NaOH solution was addmtil the
pH was 6.0 and the formation of Green Tea Iron part@les (GT-Fe NPs) was marked by the appearahce
intense black precipitate (figure 2). The iron mdet were then separated (figure 3) by evaporatiater from the
iron solution by heating, and then drying it ovghtiin a fume hood. They appear black and powdeéguré 4) in
nature and are stored in"4®1 HCI for further usage.

There are other methods for the green synthesisohanoparticles as well [22]. They include sydils from plant

sources such as coffee, banana and common sowrdes dable salt. Zero-valent nanoparticles can bésdone
using chelating agents [23].
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Figure: 1 Green tea extract Figure:l®n nanoparticles in precipitate form

Figure: 3 Separation of iron nanoparticles Figure: 4 Dried nanoparticles

Determination of Standard graph for concentration and optical density

Standard solutions were prepared using varyingemanations of the ¥Cr,0;.A stock solution of .05g/100ml of the
potassium dichromate solution is prepared in dodigtlled water. To determine the standard ODG@ncentration
Graph of KCr,O, the optical density of the standard solutions maasured at 440 nm (the wavelength of 440nm
was determined by trial and error method usingraksof .25g/ml ,the table for which is given belowtable 1).

Table: 1 Trial and error method for determining the wavelength for measuring absorbance of ¥Cr,0;solution

Wavelength (innm) | O.D

440 3

475 2.99
510 0.14
540 0.041
560 0.037
590 0.022
650 0.033
700 0.032
720 0.036

Thus the readings are taken at 440nm as it showsnmmen absorbance at this wavelength. Following déad
procedure an optical density vs. concentration lyiapbtained for the concentration range of 0-g@dml of the
K,Cr,Ossolution.

Experimental Setup

The aim of the experiment is to determine thatcivecentration of chromium decreases with time whersolution

is treated with iron nanopatrticles. For this pugasstock solution containing 450ug/ml of potassiDichromate is

made and 1 ml of it is transferred to each of thest tubes. To each of them .001g of the nanapestare added.
This way we obtain 7 reactions systems that donmetfere with each other but proceed in a simit@anner.

Now at different time intervals (0, 10, 20, 30, 3D, 45 minutes) one test tube is taken, its cdstare filtered to
remove nanoparticles and the optical density offittrate is measured at 440 nm. The experimengjgeated with
different initial concentration of ¥Cr,O; In this experiment we take 400ug/ml, 350ug/ml af@8y/ml initial
concentrations to test the GT-Fe NPs. The pH oéjlstem is held constant at 6.
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RESULTS AND DISCUSSION

Effect of GT-Fe’ iron nanoparticles on the concentration of KCr,0-

The concentration of ¥Cr,O,is measured at various intervals of 10, 20, 30,500and 60 minutes after addition of
the GT-F&iron nanoparticles. It is seen that the conceiotmatf K,Cr,O;in the solution decreases with time on the
addition of the iron nanoparticles. The resultssir@wn in table 2.

Table: 2 Concentration of K;Cr,0- at different time intervals

Time Conc. Conc. Conc. Conc.
(minutes) | ©P= | ugimi) | ©P | woimi) | OP0 | ugmi) | OP° | (ug/mi)
0 0623 450 | 0525 400] 0488 350 0418 30D
10 | 0185] 130 | 0133 90| o018 129 028l 196
20 009 60 | 0112 68| 0105 66§ 0183 1245
30 008 50 | 0087 52| 0097 65| 0143 95
40 | 0.068] 45 | 0074 49| 0080 60| 0185 oG
50 | 0057] 41 | 0075 48| 0085 55| 043 8
60 | 0058| 42 | 0072 465| 0081 494 01p4 8

Figure: 5 Decrease in the concentration of Cr,O-with time on addition of iron nanoparticles
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The figure 5 shows the decrease of the concentratid<,Cr,O; due to the degradation of the Cr (VI) ions to Cr
(1) by the GT Fé&- NP.

Overall rate of reaction for the process
If C; be the initial concentration,;Be the final concentration of the solution and Tthe time taken to reach the
final concentration then the rate of the reactian be calculated by the following formulae:

R=(G-C)/T
Table: 3 Rate of reaction for all concentrations cosidered at various intervals
Initial concentration (pg/ml 450 400 350 300
Time (minutes) R(ug/mimin) | R(ug/mimin) | R(pg/mlmin) | R(pg/ml min)
0-10 32 31 22.1 10.5
10-20 7 2.2 6.25 6.65
20-30 1 1.6 0.15 3.35
30-40 0.5 0.3 0.5 0.5
40-50 0.4 0.1 0.5 0.4
50-60 -0.1 0.15 0.53 0.6
Overall 6.8 5.89 5.005 3.66

Thus we can see from table 3, that the maximumativexte of reaction, 6.8 pg/ml min is achievedhitie highest
initial concentration of 450ug/ml. The rate of réac achieved in different time intervals decreaséh time lapse.
Thus the highest rate of reaction is achievedénfitist 10 minutes of reaction in all cases congde
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Efficiency of the process

The overall efficiency of the reaction can be ckdted as below:

Efficiency (e) = [(G-G)/C{] *100

Where Cis final concentration and.@ initial concentration

Table: 4 The efficiency for all concentrations coridered at various intervals

Initial Concentration(ug/ml) 450 400 350 300
Time (minutes) Efficiency (%)  Efficiency (%) Effiency (%) | Efficiency (%)
0-10 71.11 775 63.14 35

10-20 53.84 24.45 48.44 34.1
20-30 16.67 23.53 2.25 26.07
30-40 10 5.76 7.69 5.236
40-50 8.89 2.04 8.33 4.44
50-60 -2.4 3.125 9.63 6.97
Overall 90.66 88.375 85.8 73.33

As it is evident from the table 4, the efficiensymhaximum in the first 10 minutes of the reactiod ¢hen decreases
rapidly in the subsequent steps.

Effect of Initial concentration (C;) on the reaction rate and efficiency

The results obtained show that the reaction istipe$y related to the initial concentration of Ctj\present in the
system. With high initial concentration o%&r,O; the efficiency obtained is much higher than thdtiemed with

the lower concentrations. Even the rate of reacs8amificantly increases when the initial concetitra of

K,Cr,04is higher. This can be seen in figure 6 and 7.

Higher the initial concentration of Kr,O; higher is the initial concentration of Cr(VI) ioriBhus lowering of the
K,Cr,04is indicative of conversion of Cr(VI) ions to Ci{lions, thus breaking the compoungQdf,0-

Figure: 6 Rate of reaction and initial concentratio
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Figure: 7 Efficiency of reaction and initial conceitration
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CONCLUSION

The results show that the GT-Fe nanoparticles sgithd by the given method are very efficient igrddation of
Cr(VI) to Cr(lll) .The results obtained are alsodonsensus with the existing results [7, 12]. TReélsnanoparticles
are successfully used to reduce the present Ci¢vi§ to Cr(lll). Good process efficiency is obtainehen the
reaction conditions (pH 6, room temperature etecg kept constant during the reaction and a highialni
concentration of Cr(VI) ions is present.
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