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ABSTRACT

Activated Carbons are prepared from bio-wastes -adeblus trilobus, Leucena leucocephala
and Casurina. Studies are made on the RhodamineBcdlpr removal using these prepared
Carbons. Percent removal of color, contact timeselof the adsorbent and other effects are
studied.
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INTRODUCTION

Modern environmental legislation is becoming Ingionally coherent and more focused on
pollution through control of hazardous materialsl @m protection of eco-systems. The waste
water originated from reactive dye processes isatt@rized by poor biodegradability, passing
unaffected through conventional treatment system$ @discharging into environment[1]. In
comparison with conventional processes, adsoriasnproved to be more versatile and efficient
method[2]. Rhodamine B dye is a red colored truerBscent basic dye. It is used in Dyeing
cotton, wool, Coloring paper ,etc. Commercial rhode dyes 6G&B induce reversion
mutations in salmonella typhimurium and single+strdreaks in Chinese hamster ovary cells. In
the present study, with the prepared activated Kamabons adsorptions studies are made

MATERIALS AND METHODS

The carbons were prepared from the three bio-nad¢er Phaseolus trilobus, Leucena
leucocephala and Casurina and activated with 1N HdNGollowing the standard procedure[3].
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These newly prepared activated carbons NPTC (ratid activated phaseolus trilobus carbon),
NLLC (nitric acid activated leucena leucocephalaboa) and NCC (nitric acid activated
casuarina carbon). These are collectively Name#aaa’s carbons.

Rhodamine B (RB) is supplied by ATUL LIMITED, ColmuDivision, Atul 3962020, Gujarat,
India. All the reagents used are of analytical esagrade.

1g of rhodamineB is weighed accurately and transfieinto 1000ml volumetric flask. The
substance is dissolved in double distilled watet #ren the solution is diluted to 1 litre. The
resultant solution contains 1000 mg of RB. This solution is used as stock solution of
RhodamineB((RB)From stock solution, different concentrations oédy5, 1, 2, 3, 4, 5, 6, 7, 8,

9 and 10 in mg} are prepared. The absorbance of all these sofutiom measured using the
double distilled water as reference solution at avelength of 510 nm using Visible
spectrophotometer. Photometer is set at zero adasoebwith reference solution and absorbance
readings of standard solutions are taken to preggarelard curve.

Batch mode adsorption studies
Test solution of dye of 20 mg'lconcentration was prepared from fresh stock &wiutll the
experiments were carried out in 250 ml conical Kéasvith 100 ml test solution at room
temperature (25£€). These flasks, along with test solution and euut, were shaken in
horizontal shaker at 120 rpm to study the variowmtrol parameters. At the end of
desiredcontact time, the conical flasks were rerddi@m shaker and allowed to stand for 2 min
for settling the adsorbent. The adsorbent and dystisn were separated using filtration
method[4,5].The samples were filtered using Whatman4?2 filter paper, the first part of the
filtrate was discaded to avoid the effects of agBon on to the filter paper and the remaining
filtrate was analyzed for residual dye concemratusing UV-visible spectrophotometer. To
correct any adsorption of dye on containers, comxperiments were carried out in duplicate.
Batch study was conducted to determine the optiraanditions and to study the effect of pH,
adsorbent dose and contact time on test solutitve. dffect of pH on dye was studied by
adjusting the pH of test solution using 0.1N HCIOoIN NaOH on fixed quantity of adsorbent,
while effect of adsorbent dose and contact timeevatudied by varying dose and contact time,
respectively. Optimum conditions were selectedftother studies. The percentage removal of
the dye and the amount of dye adsorbed were c#culay the following equations. All the
experiments were done separately for each adsofdehC, NPTC and NCC separately
forrhodamineB

(Ci - Ce)

% removal = TXlOO

i
C;—C
Amount adsorbed (q,) = (lm—e)V

wher€; = initial concentration of dye solution in mg |
Ce = equilibrium concentration of dye solution in g
m = mass of the adsorbent in grams (g)
V = Volume of test solution in litres (l)
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The experiments were conducted on the effects cbration dose, contact time, initial
Concentration, pH, particle size in the sorptionrbbdamineB dye for the prepared Carbons.

RESULTS AND DISCUSSION

Effect of adsorbent dosage:

The study of effect of adsorbent dosage is hecgssat very useful to find the optimum amount
of carbon required for the removal of dye. The petage removal of dye by adsorption onto
activated carbon sampleiz., NLLC, NPTC and NCC in the range 0.1 to 4.0 g wvdthmg I
initial concentration of each dye and agitationimf 45 min at pH 7 and at temperature
(25+2C) were studied . The results are tabulated in& &bl The removal of dye increased from
18 to 89% for NLLC, 16 to 82.5% for NPTC and 1®577.1% for NCC. Initially the rate of
removal of dye was found to increase rapidly witbrease of carbon dosage and slowed down
later when the dose increased from2to4g.

From the results, the optimum dose of adsorberdfifor all carbons is 2 g. It can also found
that after dosage of 2 g, there was no significhainge in percentage removal of dye . Though
the percentage removal increased with increasedrlaelst dosage, from the Table.l, it is
obvious that the adsorption capacity) (relatively decreased. There are many factors¢hvban
contribute to this adsorbent dose effect. (i) @dbsage of adsorbent is increased, the adsorption
sites remain unsaturated during the adsorptionticgateading to drop in adsorption capacity;
(i) the aggregation/agglomeration of sorbent gt at higher doses, which would lead to
decrease in the surface area and an increase idiftasional path length [6] . However, the
observed increase in the percentage of dye renvatlaladsorbent dosage could be attributed to
increase in the adsorbent surface areas, augmehgngumber of adsorption sites available for
sorption process [7].

From the results, at the optimum dosage of adstsbethe decreasing order of percentage
removal of dye is NLLC>NPTC>NCC.

Effect of contact time:

In the adsorption system contact time plays a viéd, irrespective of the other experimental
parameters affecting the adsorption kinetics. breoto study the effect of contact time which is
related to kinetics of adsorption of dye by carldsorbent samphlaz., NLLC, NPTC and NCC.
The time profile of adsorption of dye RB onto adsmts is presented in Table.2 .In case of RB
dye, the removal of dye increased from 53 to 85.288MNLLC, 48 to 79.5% for NPTC and 45
to 74.25% for NCC. As contact time was increasettiaily, percentage removal also increased,
but after some time, it gradually approached alnumsistant value, denoting attainment of
equilibrium. It was assumed that the equilibriumméi is that at which curves appear nearly
asymptotic to the time axis. The equilibrium timaswv at 35 min for RB dye for all the three
sorbents NLLC, NPTC and NCC. The changes in the gatemoval with time might be due to
the fact that initially all adsorbent sites wereamat and the solute concentration gradient was
high. Later, the dye uptake rate by adsorbent lemtedsed significantly due to the decrease in
adsorption sites. Decreased removal rate, partlgukwwards the end of experiment, indicates
the possible monolayer of adsorbate on the outdéace and pores of the adsorbent leading to
pore diffusion onto inner surface of adsorbentipied [8].
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From the results, at the optimum contact time &rheMB and RB dyes, the decreasing order of
percentage removal of dye is NLLC>NPTC>NCC.

Effect of initial concentration:

Initial concentration of adsorbate has its own intgnace in adsorption process and variation in
its concentration shows significant effect. Theseffof initial concentration of dye on the extent
of removal of dye in terms of percent removal antbant of the dye adsorbed on prepared
activated carbon adsorbentg., NLLC, NPTC and NCC has been studied by varyingititeal
concentration of dye (range: 1 — 60 my and keeping the other control parameters at their
optimum conditions. The results of RB dye adsormptonto adsorbents are tabulated in
Table.3.In case of RB dye removal, the resultsceugi that when NLLC is used an adsorbent,
the dye removal decreases from 93 to 54.67% whéeamount adsorbed increases from 0.047
to 1.64 mg §. For NPTC the dye removal decreases from 88 to 4B%h amount adsorbed
increases from 0.044 to 1.35 mg. dn the case of other adsorbent NCC, dye remosalahses
from 83 to 38.33% and the amount adsorbed incrées®s0.042 to 1.15 mg'g

It is observed that, as dye concentration increabespercentage removal decreased but the
adsorbed amount of dye increased. These resultsbmagxplained by the fact that, at low
adsorbate concentration, the ratio of surface adites to total dye is high; hence the dye ions
could interact with the sorbent to occupy the acsites on the carbon surface sufficiently and
can be removed from the solution [9].But with tmerease in adsorbate concentration, the
number of active adsorption sites is hot enougictmmmodate dye ions.

The data in Tables 3. also reveal that under optinexperimental conditions, the order of
adsorption capacity of the studied adsorbents is@HNPTC>NCC for each dye.

3.3.6. Effect of pH:

The effect of pH of the dye solution on the amoointlye adsorbed on carbon adsorbents was
studied by varying the pH from 3 to 11 for RB dyeder constant process parameters . The
results were presented in Table 4 .

These results for dye indicate that all the selbedsorbents showed good adsorption capacity
in acidic medium than in basic medium. The peragnt&moval of dye by adsorption on these
adsorbents progressively decreased as the pH sbthgon increased from 3 to 11.

This pH dependence of dye sorption onto carbonradsats for RB could be well explained in
terms of their plac .When pH < plc the net surface charge on solid surface of carbon
adsorbents is positive due to adsorption of exeEssvhich favours adsorption due to coulombic
attraction. At pH > pkbc, the net surface charge is negative due to desoraf H and
adsorption must compete with coulombic repulsione Tow percentage of dye removal in the
pH range 3-8, could be due to the combined effebbth chemical and electrostatic repulsions
between adsorbent surfaces and positive charggeanTtie observed increase in dye adsorption
above pH 8 may suggest that the strong negatifacgicharge developed may cause attraction
for the available adsorption sites. Another fadwithat in acidic medium, lower adsorption
capacity may be due to the competition dfiehs with dye cations [10]. The decrease in dye
adsorption is particularly sharp below pH 8, asstdace charge becomes more positive. Hence,
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dye ions would have to overcome electrostatic ®ras there would be a higher density of
positive charge very close to the surface, heneatgr electrostatic repulsion.

To study the variation in pH of the solution durighge adsorption, 2 g of each carbon adsorbent
is agitated with 100 ml of 20 mg ldye solutions (separately) at pH 7 up to theiresponding
optimum contact times without controlling the pH thie solution. After this, those agitated
carbon adsorbents are dried and again tested éar phipc values. In case of RB dye, the
pHzpc values are changed from 8.6 to 5.6 for RB dyeddddLLC, 8.1 to 6.3 for RB dye loaded
NPTC and 8.65 to 6.1 for RB loaded NCC which anm@@d as NLLC-RB, NPTC-RB and NCC-
RB accordingly. This shifting of pic in each case may be attributed to the fact treaattive
sites on sorbent surface are occupied by dye ions.

However, the percent removal of dye at pH 11 of BLis 89%; NPTC, 82%; and for NCC,
76.25% for RB dye. This indicates that these dmsus have high adsorption capacity in
alkaline medium and can be useful in removal of figen bases like sodium hydroxide and
industrial effluents of textile industry which gealty contain bases. The adsorption capacities of
these adsorbents for dye in the neutral mediumR®dye the percent removals at pH 7 are 85,
79 and 74% for NLLC, NPTC and NCC respectively. Pnepared activated carbon adsorbents
showed good adsorption capacity in the neutral omedilso.

Table 1. Effect of adsorbent dose on RB dye remolvgH 7.0, contact time and initial dye concentratin are
45 min and 20 mg T respectively for all the three sorbents

S. Adsorbent cI:qunli:”elz?rl;rt?on % removal Amount of RB dy(?l
No. dose §) of dye (CJ) (mg ) adsorbed ) (Mg g)
NLLC | NPTC NCC NLLC | NPTC NCC NLLC| NPTC NCC
1 0.1 16.40 16.80 17.5( 18.00 16.00 12.60 3.600 003.2 2.500
2 0.4 12.50 13.40 14.4( 37.50 33.900 28.p0 1.875 501.6 1.400
3 0.8 10.40 11.00 12.2( 48.00 45.00 39.00 1.200 251.1 0.975
4 1.2 7.80 9.50 10.60Q 61.0( 52.50 47.00 1.007 0.87H.783
5 1.6 5.40 6.80 7.50 73.00 66.00 62.50 0.913 0.829.781
6 2.0 2.50 3.80 4,96 87.5( 81.00 75.20 0.8f5 0.810.752
7 2.4 2.44 3.70 4,92 87.80 81.50 75.4( 0.732 0.679 0.6p8
8 2.8 2.42 3.65 4.85 87.9( 81.75 75.7Y5 0.628 0.584.541
9 3.2 2.42 3.62 4.82 87.9( 81.90 75.90 0.549 0.51D.474
10 3.6 2.20 3.50 4.60 89.0¢ 82.50 77.00 0.4D4 0.458.428
11 4.0 2.20 3.50 458 89.0¢ 82.50 77.10 0.445 0.418.386

Effect of ionic strength:

In general, reactive dyes are applied to fabricigh salt concentrations in order to lower the dye
solubility[11]. In textile effluents commonly higboncentrations of chloride and sulphate ions
will present. So, the effect of sodium salts ofstaéns in the concentration range 1000 to 5000
mg ' on RB dye adsorption was investigated separatély an initial dye concentration of 20
mg I by keeping other control parameter at their optinzonditions. The results are tabulated
in Table 5.
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Table .2 Effect of contact time on RB dye removapH 7.0, adsorbent dose and initial dye concentratioare 2
g and 20 mg T respectively for all the three sorbents

S. No %rc‘)nr:azgt clf)(r]]lcjzle“rt\)trrlgtin:)n % removal Amount of RB dy(_el
(min) of RB dye (C.) (mg I) adsorbed @) (mg g)
NLLC | NPTC | Ncc | NLLc | NpTC| Nec| Niee| NeTe|  Nee
1 5 9.40 | 10.40| 1100 53.00 4800 4500 0580  0.480.450
2 10 8.00 8.60 | 1040 6000 57.00 4800 0.600  0.97®.480
3 15 6.60 720 | 940| 6700 6400 53.00 0670  0.640.530
4 20 5.40 6.40 | 7.60| 7300 6800 62.00 0730  0.680.6200
5 25 4.80 540 | 720 7600 7300 64.00 0760  0.730.6400
5 30 4.20 500 | 6.45/ 7900 7500 67.75 0790  0.750.67890
7 35 3.00 420 | 520 8500 79.00 74.00 0.850  0.790.740M
8 40 3.00 412 | 520 8500 79.40 74.00 0.850  0.794 .74
9 45 2.95 412 | 515| 8525  79.40 7425 0.853  0.794.74D
10 50 2.95 410 | 515/ 8528 7950 7425 0.853  0.199.743

Table 3. Effect of adsorbate concentration on RB dyremoval. pH is 7.0, adsorbent dose and contacirte is 2
g and 35 min for all the three sorbents

Initial Equilibrium
S. conc. of RB concentration % removal Amount of RB dy(_e1
No. (z?/neg( ICli.)) of RB dye (C,) (mg I*) adsorbed @) (mg g°)
NLLC | NPTC | NCC | NLLC | NPTC| NCC| NLLC| NPTC| NCC
1 1 0.07 0.12 0.17 93.00 88.00 83.00 0.047 0.044 042,
2 5 0.45 0.70 0.94 91.00 86.00 81.20 0.228 0.215 2030,
3 10 1.10 1.58 2.00 89.00 84.20 80.00  0.445 0.421.4000
4 15 1.90 2.60 3.40 87.33 82.6f 77.33  0.665 0.620.5800
4 20 3.00 4.20 5.20 85.00 79.00 74.00 0.850 0.190.7400
6 25 4.20 6.50 8.00 83.20 74.00 68.00 1.040 0.925.8500
7 30 5.70 9.00 10.72 81.0( 70.00 64.p7 1.215 1.050.964
8 35 9.00 11.80| 14.2d 74.29 66.29  59.43 1.300 1.160.040
9 40 11.80 16.40| 19.6( 70.50 59.00 51,00 1.410 01.181.020
10 45 16.40 20.60f 23.7 63.56 54.22  47,;33  1.430 201.2 1.065
11 50 20.50 25,50 285 59.00 49.00 43/00 1.475 251.2 1.075
12 60 27.20 33.00, 37.00 54.67 4500 3833 1.640 501..3 1.150

In presence of chloride ion, the adsorption cagaés not significantly influenced for each
adsorbent NLLC, NPTC and NCC for RB dye. But ingarece of sulphate ion, little increase in
percent removal was observed after 2500 and 3000 nigr NLLC and both NPTC, NCC
respectively, this increase is observed after 2808 2500 mg™ for NLLC and both NPTC,

NCC respectively. Similar trend was observed factive dye adsorption onto activated carbons

in literature [12].

www.scholarsresearchlibrary.com

518




Kaza Somasekhara Ra@t al

Der Pharma Chemica, 2011, 3 (6):513-520

Table 4. Effect of pH on dye removal. Adsorbent dasand initial dye concentration are 2 g and 20 mg'lfor
all the three sorbents at a contact time of 35 min

S.No.| pH clf)?]léglr?trrlgtirgn % removal Amount of RB dyt_al
of RB dye C,) (mg I) adsorbed @) (Mg g")
NLLC NPTC NCC NLLC NPTC NCC NLLC NPTC NCC
1 3 14.20 14.80 16.00 29.00 26.00 20.00 0.290 0.260.200
2 4 11.50 12.60 14.20 42.50 37.00 29.00 0.425 0.3700.290
3 5 7.90 9.20 10.30 60.50 54.0( 48.50 0.605 0.540 .48%0
4 6 4.20 5.60 6.10 79.00 72.0( 69.50 0.790 0.720 6990.
4 7 3.00 4.20 5.20 85.00 79.0( 74.90 0.850 0.790 740.
6 8 2.80 4.10 5.00 86.00 79.5( 75.090 0.860 0.7p5 750.
7 9 2.60 4.00 4.90 87.00 80.0( 75.50 0.870 0.800 7590.
8 10 2.50 3.80 4.80 87.50 81.0( 76.00 0.875 0.810 .7600
9 11 2.20 3.60 4.75 89.00 82.0( 76.25 0.890 0.820 .760

Table 5. Effect of chloride and sulphate ions on RBye removal. pH 7.0, adsorbent dose and initial &y
concentration are 2 g and 20 mg for all the three sorbents at a contact time 35 mi

S No. lonic strength (mg 1) % removz;lfc():fhllzé?iéjgtieoi: presence| % removilf cS)L:::)Iﬁ;tyéeioir; presence
NLLC NPTC NCC NLLC NPTC NCC
1 1000 85.0 79.0 74.0 85.0 79.0 74.(Q
2 1500 85.0 79.0 74.0 85.0 79.0 74.(
3 2000 85.0 79.0 74.0 85.0 79.0 74.(
4 2500 85.0 79.0 74.0 85.5 79.0 74.(
5 3000 84.4 78.5 73.7 85.7 79.6 74.9
6 3500 84.0 78.5 73.1 86.0 79.6 75.4
7 4000 83.7 78.0 72.8 86.3 80.2 76.]
8 4500 83.7 77.8 72.8 87.0 80.7 76.9
CONCLUSION

The percent removal of dye increased with increefeadsorbent dose, contact time but
decreased with increase in initial concentratiod particle size. The adsorption system is pH

dependent, the adsorption efficiency increased wdwdation changed from acidic to alkaline

condition. 2 g of the three adsorbents is fixedh&soptimum dosage of the carbons. With this

optimum adsorbent dosage, contact time is 50 miRB dye, at pH 7, with 45 p particle size.
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These carbon adsorbents showed low adsorption iti@gafor further decolorization of dye

solutions in continuous cycling process. The regaien of the adsorbents carried out by
changing the solution pH from acidic to alkalineheTpoor efficiency of regenerated carbon
adsorbents used for further dye removal indicdtasdyes are strongly bound to the adsorbent
surface and the availability of number of activesiare not much increased during regeneration.

In studies of ionic strength, in presence of clderiion, with gradual increase of its
concentration, considerable change in efficiencgdgorbents in decolorization is not observed
and in case of sulphate ion little increase in tcation of RB dye solution is observed.

The descending order of adsorption capacitiesreethactivated carbons is NLLC>NPTC>NCC.

These prepared activated KAZA's carbons are logt-bisorbents in decolorizing dye and also serve t
the Green Chemistry.
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