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ABSTRACT

The efficiency of activated carbon prepared frommdhachta indica stem carbon (AZSf) the adsorption of acid
yellow 7 from aqueous solution has been studied disnction of agitation time, adsorbent dosagetiahidye
concentration, temperature and pH of adsorbate tsmhu The optimal conditions for the adsorptionvhabeen
arrived and experiments were conducted to find thé Langmuir constants, Freundlich parameters and
thermodynamic parameters such45°, AH° and4S°. Desorption studies were carried out for theoremry of both
adsorbent and the dye.

Key words: Activated carbon (AZSC), yellow 7, Adsorption isetm, Equilibrium, Kinetic and Thermodynamic
parameters, Intraparticle diffusion, Regeneratiatigun.

INTRODUCTION

In this paper, the adsorption behavior of acidowll7 onAzadirachta indica sternarbon (AZSC) prepared from
Azadirachta indica stepas the adsorbent has been made. Batch mode reepési were carried out to study the
effect of contact time on the removal of dye witte tvariation of the dose of the adsorbent, vamatib the dye
concentration of the solution, variation of pH, iadibn of size of the adsorbent and variation ahperature.
Langmuir[1]and Freundlich[2] models were tested and the resué interpreted.

RESULTS AND DISCUSSION

Effect of Dosage of AZSC

Experiments were conducted to find out the effédhe dose of the adsorbent on the removal of dgeely, 2.0,
4.0, 6.0, 8.0 and 10.0 g/L respectively. Figuresfiresents the plot of acid yellow 7 adsorbed ircgmage for
various doses of the adsorbent. The result indSciitat the uptake of acid yellow 7 per unit masthefadsorbent
increases with the increasing dose of adsorbeft[3,4

Effect of Contact Time

The effect of contact time on the removal of aagtiow 7 by AZSC has been studied and the resuisshown in
figure-2. There is only a marginal increase in reat@f acid yellow 7 after the attainment of ecwilum[5,6]. The
maximum amount of acid yellow 7 adsorbed correspuntb the equilibration time is found to be 87 %6for a
weight of 2.0 g/L of the adsorbent.
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Effect of Initial Dye Concentration

The results for the effect of concentration of atdate solution on removal of acid yellow 7, viz0, 20, 30, 40 and
50 mg/L respectively showed that as the concenptraif the solution increases, percentage removactiof yellow
7 decreases[{Fig.3).

Effect of Size of the Adsorbent

The experimental results of adsorptions of acitbyel7 on to the activated carbon with variougsi¢75-125, 125-
200, 200-250, 250-300 W) of the adsorbent are pteden figure-4. It is found that the adsorptiemiuch favorable
with the 75-125 | size of the adsorbent[8].

Effect of pH
The effect of pH for the adsorption of acid yell@won to AZSC has been studied and the values asepted in
figure-5. The optimum([9,10] pH is found to be 505 the removal of acid yellow 7.

Effect of Temperature

The effect of temperature on the adsorption of geltbw 7 has been studied and the values are mesén figure-
6. The result indicates that the adsorption is maxn at higher temperature and found to be an eeduoih
process[11,12].

Adsorption Isotherms

The experimental data were analyzed by using lifeen of the Langmuir[1] and Freundlich isothernis[2Zhe
linear plots of @Q.versus ¢ suggest the applicability of the Langmuir isothertiig.7). Values of Qand b were
determined from slope and intercepts of the plats @e presented in table (Table-1). From theltesuis clear
that the values of adsorption efficiency, @r AZSC decreases on increasing the temperatdyef]l. But the
energy of adsorption shows an increasing trencamRhe values, we can conclude that the maximurorptisn
corresponds to a saturated monolayer of adsorbalecoies on adsorbent surface with high energy ramd
transmission of adsorbate in the plane of the &dsursurface. The separation factor)(Rvas calculated and
presented in table (Table-2). The values wereddonie between 0 and 1 and confirmed the adsmrgirocess is
favourable[15-17].

Linear plot of log Q versus log € shows that the adsorption of acid yellow 7 followse Freundlich
isotherm(Fig.8). Values of Kand n were found and given in the table (Table<bwever, the value of n is greater
than one indicating the adsorption is much morerfalvie[16-18].

The homogeneous equilibrium between the acid yeli@slution and the activated carbon has been sgpdeas:
k
A < > B
k
2

Where kK is the forward rate constant anglik the backward rate constant (Table-3). ‘A’ reyares acid yellow 7
remaining in the aqueous solution and ‘B’ represewid yellow 7 adsorbed on the surface of activatebon. The
result indicates that J&alues decreases with increase in the concentrafitime acid yellow 7 and increases with
increase in temperature[19] (Table-4).

The K, values obtained from the slope of the linear podiof the curve Qvs 5 for various concentrations of the
solution at 35 °C wer@.235, 0.588, 0.705, 0.941, 1.058 and 1.411 mgfy/irtie K, values increased with increase
in the acid yellow 7 concentration, which revedlattthe rate of adsorption is governed by the sliffa of adsorbed
acid yellow 7 within the pores of the adsorbent.

The percentage of adsorption of AZSC increased Wwithease in the temperature of the system frons@B5€
(Table-5). Thermodynamic parameters such as chianfgee energyAG°), enthalpy AH°) and entropyAS°) were
determined and are presented in table (Table.49.VEtues are within the range of 1 to 93 kJ/moldating the
favorability of physisorption. From the results w@uld make out that physisorption is much more fabte for the
adsorption of acid yellow 7. The positive valuesAéf° show the endothermic nature of adsorption argbiterns
the possibility of physical adsorption. Howevere tlow AH® value depicts that the dye is physisorbed ohto t
surface of the adsorbent[18,20].
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The negative values afG° (Table-4) show that the adsorption is highlydiable for acid yellow 7. Further it
confirms the spontaneous nature and feasibilitcgses. In addition, the positive valuesA8° show increasing
randomness at the solid-liquid interface duringghecess. From the results, we could make outttieahdsorption

is purely physisorption rather than chemisorptiBnhancement of adsorption capacity of the activatathon at

higher temperatures is may be due to the enlargeofigrore size and activation of the adsorbentasaffl 7-20].

Desorption Studies

Desorption studies help to elucidate the natur@dsbrption and recycling of the spent adsorbentlaadye. If the
adsorbed dye can be desorbed using neutral pH watey very dilute acids, then the attachment efdlye of the
adsorbent is by weak bonds. If sulphuric acid lkelme water desorb the dye, then the adsorpt®obyi ion
exchange. If organic acids, like acetic acid casodb the dye, then the dye has held by the adstotbeugh
chemisorptions[19]. The effect of various reagamgsd for desorption studies reveals that hydrozhlaeid is a
better reagent for desorption, because we couldngeé than 80 % removal of adsorbed dye. The ribiking of
adsorbed dye in mineral acid or base is in agreemith the pH dependent results obtained. The gigor of dye
by dilute mineral acids and alkaline medium indésathat the dye was adsorbed onto the activatésrcahrough
physisorption mechanisms[20].

TABLE-1 LANGMUIR AND FREUNDLICH ISOTHERM CONSTANTS FOR ADSORPTION OF YELLOW 7 ONTO AZSC

o Correlation Ke n . - >

S.No. | Temp.,°C| @ (mg/g) | b (L/mg) Coefficient (R%) | (mg/g) | (Umg) Correlation Coefficient (R)
1 35 56.49 0.1267 0.9891 1.7596  1.76P5 0.9878
2 40 54.67 0.1492 0.9959 1.76%5 1.7599 0.9767
3 45 54.37 0.1650 0.9955 1.6901 1.90p4 0.9845
4 50 53.73 0.1782 0.9965 1.6793 1.9290 0.9800

TABLE-2 VALUES OF R FOR YELLOW 7 ADSORPTION ONTO AZSC

[Yellow 7]y Co, (mg/L) 350RL values at dlg)erent tempezzlr‘zz:ltur&_t)ago
50 0.442 0.409 0.377 0.359
100 0.284 0.251 0.232 0.217
150 0.209 0.182 0.168 0.153
200 0.165 0.143 0.132 0.123
250 0.136 0.118 0.108 0.100
300 0.116 0.101 0.091 0.085

TABLE-3 RATE CONSTANTS FOR THE ADSORPTION OF YELLOW 7 (10 kag, min ¥) AND THE CONSTANTS FOR
FORWARD (10° k3, min %) AND REVERSE (1 ko, min'Y) PROCESS

Temperature, °C
S.No [Yellow 7], Kad 35 40 45 50

) Co, mg/L 35 40 45 50 k ko Ky ko ky ko ky ko

1 10 15.17] 17.9 19.8p 22.Q7 1382 1/85 16.12 1.84.69 | 2.16/ 19.9q 2.11
2 20 12.73| 1432 1594 17.52 1087 1/86 1247 1.894.09| 1.85| 15.70 1.82
3 30 9.21 11977 1345 15.98 7.68 158 10]09 1.88.511[1 1.94| 13.78 2.2(

4 40 8.52 8.75 9.02 9.33 6.60 1.92 6.81 1194 7(15.88 L 7.48 1.85]

5 50 7.28 7.47 7.88 8.37 5.37 1.91 5.%4 1193 5{91.97 1 6.31 2.01]

6 60 5.27 5.52 5.84 6.27 3.6b 1.62 3.24 228 411866 | 4.52 1.75]

TABLE-4 EQUILIBRIUM CONSTANT AND THERMODYNAMIC PARA METERS FOR THE ADSORPTION OF YELLOW 7
ONTO AZSC
W adsorwens M,G/L = 2.0; Adsorbent Size = 75-125 p ; pH = 5.5 ; Contatime =180 min

Temperature, °C
S.No. | [Yellow 7}i, Co, mg/L Ko AG° AH° AS
35 40 45 50 35 40 45 50
1 10 7.17] 8720 9.17 94F -496 -55%54 -5[7/6 -6/04 .70 83.72
2 20 5.86| 6.74 7.61 8.6R -445 -488 -528 -5/78 .621 84.98
3 30 485| 535 593 6.2 -398 -429 -4pB3 -4/92 686 67.09
4 40 3.42 | 35C | 3.81 | 4.08 | -3.1C | -3.21 | -3.6¢ | -3.78 | 12.5¢ | 52.4¢
5 50 2.81| 2.86 299 31 -2.681 -2.69 -2.89 -3104075] 25.03
6 60 224 2420 251 25¢ -203 -226 -243 -2/54519] 37.52
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BLE-5 EQUILIBRIUM PARAMETERS FOR THE ADSORPTION OF YELLOW 7 ONTO AZSC

Temperature, °C
[Yellow] Ce(mg /L) ge (Mmg/g) Yellow 7 removed (%)
S.No ini,
Co, Mg/L 35 40 45 50 35 40 45 50 35] 4q 45 50
1 10 1.2232 1.0281 0.982 0.9542 8.7768 8.97.19 178.0 9.0458 | 87.7§ 89.71 90.19 90.45
2 20 2.9128 2.5824 2.321 2.0810 17.0872 17.4176.678%| 17.9190| 85.4 87.08 88.39 89,59
3 30 5.1230 4.7217 4.327 4.1270 24.8170 25.2783.673b| 25.8730] 82.92 84.26 85.57 86.24
4 40 9.0214 8.8751] 8.3219 7.9215 30.97160 31.1249.6781| 32.0785 77.44 77.81 79.19 80,19
5 50 13.1081] 13.9272 12.5238 12.1271 36.8919 38.0737.4762| 37.8729 73.78 7414 74pP5 7574
6 6C 18.6121 | 17.524¢ | 17.081( | 16.781. | 41.487¢ | 42.475. | 42.919( | 43.218¢ | 69.1< | 70.7¢ | 71.5¢ | 72.0¢
Fig,l Effectof dose of adsorbent on removal Fig.2 Effect of contact ime on removal of
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Fig. S Effct of g on removal of yellow 7 Fig. 6 Effect of temperature on removal of Yellow 7
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CONCLUSION

1. The equilibrium time, 180 min appears to be suffitifor the maximum adsorption of acid yellow 7A%SC,
under the given set of experimental conditions @redmaximum amount of acid yellow 7 adsorbed is\tbto be
87.76 %, for a concentration of 10 mg/L with thedaf AZSC 2 g/L, at 3% with the optimum pH 5.5.

2. The percentage removal of acid yellow 7 increasé#s tive increase of the dose of the adsorbent acdedses
with the increase of the concentration of adsorlsatetion. Similarly, the minimum time required &zhieve
maximum adsorption also increases with the incredsige dose of the adsorbent.

3. The optimal pH to be fixed for further experimentadrk is 5.5.

4. The equilibrium data were found to be well représdrby Langmuir and Freundlich isotherms and tlselte
of thermodynamic studies have confirmed the adsnr$ found to be an endothermic process.
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5. The R values have confirmed the favorability of adsaptprocess.
6. All the above information reveals that the sele®&$C may be used as an adsorbent for the remd\adic
yellow 7 from waste waters.
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