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ABSTRACT

A commercially available activated carbon has béssied as an adsorbent for the removal of salicaticl from

aqueous solutions. The effect of system variahlels as pH of the solution, contact time, adsorlukrgage, solute
concentration and temperature has been studied.p&heentage removal of salicylic acid is foundrtoréase with an
increase in salicylic acid concentration. The amoninsalicylic acid adsorbed decreases when theingkbased from
4.0 to 8.5. Kinetics of removal is found to follthve first order rate expression. The adsorptionadfited into the
Langmuir isotherm equation in the whole range afoemtrations studied.
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INTRODUCTION

The contamination of ground water is mainly duenidiscriminate disposal of wastes from variousustdes. A
large amount of wastewater is generated by teptiessing, pulp and paper making, oil refinerfegilizers,
pesticide, insecticide, detergent, food, pharmacgaind comsmetic industries. The important orgaaitaminants
in industrial wastewater include a variety of ongacompounds such as dyes, phenols, chlorophealianes,
haloalkanes, aliphatic alcohols, carboxylic acial&enes, polymers and surfactants. Among the caitcoacids,
salicylic acid has been identified as a water patitiwhich arises from a number of sources inclgigiaper milling,
cosmetic industries and as land fill leacha®alicylic acid is used in wart — removing medésifio treat fungus
infections, as an acne topic treatment and to asae¢he cell turnover as a component of skin cre&adgcylic acid
is also used as an intermediate in the manufactfudges. The removal of salicylic acid in wateofsconsiderable
interest.Adsorption has attracted attention in aded water treatment methods. It has gained prooéas a
treatment process for effluents that are low in to@centration of dissolved organic compounds. Agtson
technique has been widely used for the removakeibus organic compourfds’. A variety of adsorbents such as
activated carbon, silica, alumina, bentonite,pelaitosan and ion-exchange resins have been useéldefoemoval of
organic compounds from aqueous solutiénactivated carbon is one of the oldest and mostelyi used adsorbent
for the adsorption of organic compounds. It hasnbeged in powder or granular form. The investigatieported
here deals with the adsorption studies on graradéivated carbon for the removal of salicylic aeiddifferent
temperatures anmgH. The adsorption dynamics has been evaluated.

EXPERIMENTAL SECTION

A commercially available activated carbon with magte 8 x 32 was used as such for adsorption stuBagicylic
acid and other chemicals used in the present stedy of reagent grade obtained from Merck and CDhé. solutions
were prepared using double distilled water. The BBTinauer- Emmett- Teller) surface area of actigatarbon was
determined by flow method using Micromeritics putbemisorb 2700. The surface area of activatecbnatias found

to be 400 rfig. Batch experiments were carried out by takingin amount of activated carbon with a 100 ml of
salicylic acid solution in a conical flask. The wins after adjusting pH were equilibrated for ®hutes in a
temperature controlled shaking incubator. The agitapeedpH and temperature were maintained at 90 rpm, DA+
and 30.0 + 0.2C respectively throughout the experiments, excdyarevotherwise specified. The samples of 3 ml were
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withdrawn at regular intervals of time and cengéd. Absorbance of the supernatant solution wassuned and
returned to the reactor. The quantitative estimatibthe salicylic acid was carried out using at®yscs single beam,
UV — visible spectrophotometer, model — 118, of 300 nm.

RESULTSAND DISCUSSION

Effect of initial concentration and contact time

The effect of initial concentration and contactdimn the removal of salicylic acid was studied. iRapptake of
organics was observed during the initial stageoota@ct and 50 % removal was observed within fiéstriinutes and
equilibrium time was around 60 minutes. A seriegxjeriments were undertaken for varying initidicsgic acid
concentration ranging from 13.8 to 22.1 mg/L. Thenoval of salicylic acid was found to increasarfrd.28 to
1.83 mg/g by increasing the concentration fron818.22.1 mg/L at temperature 30 andpH 7.0 as shown in
Fig.1. This shows that the removal of salicylicdadis highly concentration dependent. The removales were
found to be smooth and continuous indicating then&dion of monolayer coverage of the adsorbatehenouter
surface of the adsorbént
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Figurel Effect of concentration on the adsor ption of salicylic acid
Adsorbent dose = 5.0 g/L; pH= 7.0 £0.1; Temperater30°C; Absorbance measured at 300nm; Agitatjeed = 90rpm
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Figure2 Effect of pH on the adsorption of salicylic acid
[Salicylic acid] = 13.8 mg/L;Temperature = 30°C; 8drbent dose = 5.0 g/L; Absorbance measured at 8Q@witation speed = 90rpm
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Effect of pH

The effect ofpH on the adsorption of salicylic acid was studiedhie range of 4.0 to 8.5. The amount salicylid ac
adsorbed from the aqueous solution decreasedXrbénto1.27 mg/g when th@H increased from 4.0 to 8.5 ( Fig.2
). The similar results were reported by Forthe removal efficiency was found to be 57 %ldt4.0 and decreases
to 46 % atpH 8.5. This may be due to the neutralization ofateg charges at the surface of the carbon with
increasing hydrogen ion concentration, thereby eeduhindrance to diffusion and making availablerenof the
active surface of carbdn

Effect of adsorbent dose

The effect of adsorbent dose on the removal ofgadiacid was studied in the range of 2.5 to 715a 30 °C and
pH 7.0. It was observed that the amount of salicgticd removal increases with an increase in adsoid@ese. The
percentage removal of salicylic acid varies lingasith increase in the weight of the activatedbeesr. It was
observed that the percentage removal of sali@did increases from 25 to 67 at 60 minutes ofaxirtime , on
increasing the adsorbent dose from 2.5 to 7.5 g/aroinitial concentration of 13.8 mg/L.as showirig. 3.
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Figure 3 Effect of adsorbent dose on the percentage removal of salicylic acid
[Salicylic acid] = 13.8 mg/L; pH= 7.0 £0.1; Tempature = 30°C; Adsorbent = Activated carbon; Absomba measured at 300nm;
Agitation speed =90rpm

Adsor ption dynamics
The overall rate constant for adsorptiég (in™) of the salicylic acid was evaluated in the light.agergren rate
equatior® as given in Eq. 1.
adk
log @) == loge - — 0
2.303

Whereq,and g, are the amounts of salicylic acid adsorbed in mddp of activated carbon at time ‘t’ (min) and at
equilibrium respectively. Lagergren plot for salicyacid for an initial concentration of 13.8 mgét 30 °C and at
pH 7.0 is shown in Fig. 4. The straight line plotlo§ (Qe-q;) verses time shows the validity of Lagergren eiguat
and suggests that the removal of salicylic acidysbiégst order kinetics. The k,q values obtained for various
concentrations of salicylic acid was found to bastant and lie in the range of 0.04 + 0.004 hin

Effect of temperature

The effect of temperature was studied in the rasfgg0 to 50 °C. Thé,4 values obtained for various temperatures
did not show significant decrease and it remain®at constant. The values lie in the range of &.04004 mirt.
This indicates that the effect of temperature andbsorption of salicylic acid is negligible andygests that the
adsorption process is exothermic reacfion

572



A. Nageswara Rao J. Chem. Pharm. Res,, 2014, 6(12):570-574

0.4

0 20 40 60
Time (min)

Figure4 Lagergren plot for the adsor ption of salicylic acid
[Salicylic acid] = 13.8 mg/L; pH= 7.0 £0.1;Tempetare = 30°C; Adsorbent dose = 5.0g/L; Absorbanceasueed at 300nm; Agitation speed =
90rpm

Adsor ption isotherm

Adsorption equilibrium data expresses the relatigndetween the mass of adsorbate per unit wei§hh®
adsorbent and liquid phase equilibrium concentnatibadsorbate. The equilibrium data for the rerhobaalicylic
acid in the present investigation was analysedguBireundlich and Langmuir isotherms. The lineanfaf the
rearranged Langmuir isotherm model is represergddliows ( Eq. 2 ).

Ce 1 Ce
= +

Oe Qob Qo

(2)

WhereC, is the concentration of solute remaining in thiitson at equilibrium. @and b are Langmuir isotherm
constants. The linear plot oS, versusC, / (e yielded a straight line showing the applicabildfy Langmuir
isotherm as shown in Fig. 5. The values of Langnugnstants calculated are given in Table 1. From th
experimental data the decrease in the valub’afith an increase in temperature from 30 to 50rfdficates that the
reaction is exothermic.

Table 1.Langmuir constantsfor the adsorption of salicylic acid

Taﬁ}poecr:a)\ture Qo r#g%gmwr COﬂStatl;]tE/mg Coefficient of correlation
30 4.2 0.060 0.94
40 4.3 0.058 0.94
50 4.4 0.054 0.94

The equilibrium parameter, ks represented as follows ( Eq. 3).

1

R - (3)

1+bG,

Where b is the Langmuir constant angisthe initial concentration of salicylic acid. TRe value of 0.55 obtained
for the initial concentration of 13.8 mg/L at 8@ is in the range of O%R1 and shows that adsorption is
favourable. The Freundlich adsorption isothermiverg by the expression ( Eq. 4).
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1

logge = logk + —— logCe (4)
n

The adsorption data did not fit into the Freundbelsorption isotherm.
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Figure5 Langmuir adsor ption isotherm for the adsor ption of salicylic acid
pH=7.0 £0.1; Adsorbent dose =5.0 g/L; Absorbarmeasured at 300nm; Agitation speed = 90rpm

CONCLUSION

The experimental results show that activated caibsnitable for the removal of salicylic acid. Tdr@ount of salicylic
acid adsorbed decreases when tité¢ increased from 4.0 to 8.5. The extent of remavedeases with an increase in
adsorbent dose.The adsorption efficiency increagdis increase in salicylic acid concentration eogeld in the study.
Kinetics of removal was found to follow the firstder rate expression. The adsorption data fittéal ime Langmuir
isotherm equation in the whole range of concewinatistudied. The effect of temperature is insigaift in the
adsorption process.
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