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ABSTRACT

The efficiency of activated carbon prepared frorhiZih lebbeck stem [ALSGpr the adsorption Cr(VI) ions from
aqueous solution has been studied as a functi@gitdtion time, adsorbent dosage, initial metal mncentration,
temperature and pH of adsorbate solution. Thenogkiconditions for the adsorption have been arriveohd
experiments were conducted to find out the Langnooinstants, Freundlich parameters and thermodynamic
parameters such a$G°, AH° and4S°. Desorption studies were carried out for theorezy of both adsorbent and
the metal ions.

(Key words: Activated carbon (ALSC), Chromium ion, Adsorptigsotherm, Equilibrium, Kinetic and
Thermodynamic parameters, Intraparticle diffusiRageneration pattern)

INTRODUCTION

In this paper, the adsorption behavior of Cr(VI) Albizia lebbeckStem Carbon (ALSC) prepared frofbizia
lebbeck stemas the adsorbent has been made. Batch mode repmesi were carried out to study the effect of
contact time on the removal of Cr(VI) ions with thariation of the dose of the adsorbent, variatérthe initial
concentration of the solution, variation of pH, iedion of size of the adsorbent and variation ahperature.
Langmuir[1]and Freundlich[2] models were tested and the resut interpreted.

RESULTS AND DISCUSSION

Effect of Dosage of ALSC

Experiments were conducted to find out the effédhe dose of the adsorbent on the removal of Qr(NWamely,
2.0, 4.0, 6.0, 8.0 and 10.0 g/L respectively. Féglimepresents the plot of Cr(VI) adsorbed in paiamge for various
doses of the adsorbent. The result indicates Heatiptake of Cr(VI) ions per unit mass of the aldeat increases
with the increasing dose of adsorbent[3,4,5].

Effect of Contact Time

The effect of contact time on the removal of Cr(WY) ALSC has been studied and the results are shofigure-2.
There is only a marginal increase in removal ofMDr(@fter the attainment of equilibrium[6,7]. Theaximum
amount of Cr(VI) adsorbed corresponding to the ldzation time is found to be 86.63 % for a weigtit2.0 g/L of
the adsorbent.
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TABLE-1 LANGMUIR AND FREUNDLICH ISOTHERM CONSTANTS FORADSORPTION OF Cr(VI) ONTO ALSC

Correlation . -
e Ke n Correlation Coefficient
S.No. | Temp., °C mg/ b (L/m Coefficient
1 35 60.09 0.1197 0.9964 1.8199 1.6701 0.1197
2 40 59.77 0.1356 0.9963 1.8018 1.6983 0.1356
3 45 59.17 0.1639 0.9978 1.7533 1.7812 0.1639
4 50 55.24 0.2132 0.0046 1.6465 2.0052 0.2132

TABLE-2 VALUES OF R FOR Cr(VI) ADSORPTION ONTO ALSC

[CrV] . Co(mgiL) = CRL values jtoglfcf:erent tempe;ggur:es =
50 0.456 0.425 0.380 0.359
100 0.294 0.270 0.234 0.19(
150 0.217 0.198 0.169 0.134
200 0.172 0.156 0.132 0.104
250 0.142 0.129 0.109 0.084
300 0.121 0.109 0.092 0.073

TABLE-3 RATE CONSTANTS FOR THE ADSORPTION OF Cr(VI) (10 kg, min Y) AND THE CONSTANTS FOR FORWARD (10°
ki, min %) AND REVERSE (10 ko, min'Y) PROCESS

Temperature, °C
Kad 35 40 45 50
S.No. | [Cr(VD)] ini, Co, mg/L 35 40 45 50 K ko K1 ko 1 ko K1 ko
1 10 13.54| 1589 1851 20.74 11.y3 1/81 1396 1.98.69| 1.82| 1941 1.33
2 20 910 | 1146 1357 1592 7.83 1p7 1004 1.42.071p 1.50| 14.35 1.5%
3 30 781 | 8.66 9.69] 1143 6.5p 126 740 126 84B26| 10.16| 1.27
4 40 5.62 6.21 6.93 7.57 441 121 499 1§22 5|6924 1 6.36 | 1.21
5 50 454 | 490| 542 585 339 115 374 116 4{2121] 457 | 1.28
6 60 392 | 4.79 5.25| 5.5 278 114 348 131 3]9035] 4.21| 1.36

TABLE-4 EQUILIBRIUM CONSTANT AND THERMODYNAMIC PARA METERS FOR THE ADSORPTION OF Cr(VI) ONTO
ALSC W agsorvens M,g/L = 2.0; Adsorbent Size = 75-125 i ; pH = 1.5 ; Cortitime =180 min

Temperature, °C
[CI’(V|)] ini., Ko AG° °

SNo.| "cimgll [35 ] 40| 45| 50| 35] 40| 45] 50 A7 | AS
1 10 6.48] 7.72 917 1430 -4148 -514 -5B4 -7,208.82| 109.02
2 20 615 708 803 915 465 509 552 594 302 8741
3 30 521 5.9C | 4.71 | 8.01 | 4.2 | 461 -5.02 | 55¢ | 21.01 | 818
4 20 365 412 459 528 3431 368 -4D2 -4/45 939 76.91
5 50 293 320 349 358 275 3.02 30 343 514 5599
6 60 244] 266 289 312 248 254 280 -3)06.084 52.95

TABLE-5 EQUILIBRIUM PARAMETERS FOR THE ADSORPTION O F Cr(VI) ONTO ALSC

Temperature, °C

Ce (Mmg/L) de (mg/g) Cr(VIl) removed (%
S.No. [Cr(VD)]ini, Co, mg/L
35 40 45 50 35 40 45 5C 35 40 45 50
1 10 1.3362| 1.2081 0.9829 0.6402 8.66B8 8.7919 79.01 9.3598| 86.63] 87.91 90.1fF 934
2 20 2.7938| 2.4738 2.2088 1.9947 17.2p6 17.526 917)7 18.005| 86.03] 87.63 88.95 90.0
3 30 4.8282| 4.3473 3.8891 3.3305 25.1f1 25.657 1P6J1 26.669| 83.90| 8550 87.08 88.9
4 40 8.5952| 7.8112 7.15383 6.3998 31.440 32.188 4B82)8 39.099| 78.60] 80.47 82.11 84.
5 50 12.699| 11.901 11.115 10.900 37.3p0 38.098 838/8 39.099| 74.60, 76.19 7776 584
6 60 17.411 | 16.35. | 15.40: | 14.52¢ | 42.58¢ | 43.64¢ | 44.59¢ | 45.47( | 70.9¢ | 72.7¢ | 74.3% | 75.7¢
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Effect of Initial Metal ion Concentration

The results for the effect of concentration of allate solution on removal of Cr(VI), viz., 10, 28), 40 and 50

mg/L respectively showed that as the concentratibrthe solution increases, percentage removal ¢VICr
decreases[&Fig.3).

Effect of Size of the Adsorbent

The experimental results of adsorption of Cr(VIlswmn to the activated carbon with various s{Zés125, 125-
200, 200-250, 250-300 p) of the adsorbent are pteden figure-4. It is found that the adsorptiemiuch favorable
with the 75-125 u size of the adsorbent[9].

Effect of pH

The effect of pH for the adsorption of Cr(VI) onA@.SC has been studied and the values are presenfigdire-5.
The optimum([10] pH is found to be 1.5 for the remioef Cr(VI).

Effect of Temperature

The effect of temperature on the adsorption of Qrf)&s been studied and the values are presenfegliie-6. The

result indicates that the adsorption is maximum hiagher temperature and found to be an endothermic
process[11,12].
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Adsorption Isotherms

The experimental data were analyzed by using lifean of the Langmuir[1] and Freundlich isothernis[Zhe
linear plots of @QVversus ¢ suggest the applicability of the Langmuir isother(fig.7). Values of Qand b were
determined from slope and intercepts of the plats @e presented in table (Table-1). From theltestis clear
that the values of adsorption efficiency, @r ALSC decreases on increasing the temperatBygfl. But the
energy of adsorption shows an increasing trencomRhe values, we can conclude that the maximurorptien
corresponds to a saturated monolayer of adsorbalecmes on adsorbent surface with high energy mmd
transmission of adsorbate in the plane of the ddsdrsurface. The separation factor)(Was calculated and
presented in table (Table-2). The values wereddorie between 0 and 1 and confirmed the adsmmpirocess is
favourable[15-17].

Linear plot of log Qversus log €shows that the adsorption of Cr(VI) ion followsthreundlich isotherm[13,14]
(Fig.8). Values of Kand n were found and given in the table (Tabledbwever, the value of n is greater than one
indicating the adsorption is much more favorable] 8.

The homogeneous equilibrium between the Cr(VI)dolution and the activated carbon has been exptesse
K
A < > B
k
2

Where k is the forward rate constant ang ik the backward rate constant (Table-3). ‘A’ regers Cr(VI) ion
remaining in the aqueous solution and ‘B’ represd@it(VI) ion adsorbed on the surface of activatatbon. The
results indicates that Kalues decreases with increase in the concentrafidhe Cr(VI) ion and increases with
increase in temperature[19] (Table-4).

The K; values obtained from the slope of the linear podiof the curve Qs {5 for various concentrations of the
solution at 35 °C were 0.105, 0.176, 0.235, 0.29376 and 0.43&g/g/min. The K values increased with increase
in the Cr(VI) ion concentration, which reveals tllx rate of adsorption is governed by the diffasié adsorbed
Cr(VI) ion within the pores of the adsorbent.

The percentage of adsorption of ALSC increased withease in the temperature of the system frons@5€

(Table-5). Thermodynamic parameters such as chianfgee energyAG°), enthalpy AH°) and entropyAS°) were

determined and are presented in table (Table.4.vEtues are within the range of 1 to 93 kJ/moldatihg the

favorability of physisorption. From the results w@uld make out that physisorption is much more falte for the
adsorption of Cr(VI) ion. The positive valuesAlfl® show the endothermic nature of adsorption amgbverns the
possibility of physical adsorption. However, theviaH° value depicts that the metal ion is physisorbatb the

surface of the adsorbent[18,20].

The negative values AG° (Table-4) shows that the adsorption is highlyofable for Cr(VI) ion. Further it
confirms the spontaneous nature and feasibilitycgss. In addition, the positive valuesA$° show increasing
randomness at the solid-liquid interface duringghecess. From the results, we could make outthfeaadsorption
is purely physisorption rather than chemisorptiBnhancement of adsorption capacity of the activatatbon at
higher temperatures is may be due to the enlargeofi@ore size and activation of the adsorbentaaaffl 7-20].

Desorption Studies

Desorption studies help to elucidate the naturadsbrption and recycling of the spent adsorbentt@dnetal ion.
If the adsorbed metal ion can be desorbed usingaleaH water or by very dilute acids, then thaeliment of the
metal ion of the adsorbent is by weak bonds. Iptauric acid or alkaline water desorb the metal, itven the
adsorption is by ion exchange. If organic aciike &cetic acid can desorb the metal ion, thenrtbtal ion has held
by the adsorbent through chemisorption[19]. Thectfbf various reagents used for desorption studiesals that
hydrochloric acid is a better reagent for desomtisecause we could get more than 85 % removatisefraed
metal ion. The reversibility of adsorbed metal inrmineral acid or base is in agreement with thedggendent
results obtained. The desorption of metal ionslihyte mineral acids and alkaline medium indicdtes the metal
ion was adsorbed onto the activated carbon thrpbgkisorption[20,21].
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CONCLUSION

1. The equilibrium time, 180 min appears to be suffitifor the maximum adsorption of Cr(VI) speciesAySC,
under the given set of experimental conditions twedmaximum amount of Cr(VI) adsorbed is found ¢d86.63 %,
for a concentration of 10 mg/L with the dose of ALS2 g/L, at 35C with the optimum pH 1.5.

2. The percentage removal of Cr(VI) increases withitioceease of the dose of the adsorbent and decrgatethe
increase of the concentration of adsorbate solut®imilarly, the minimum time required to achieveximum
adsorption also increases with the increase ofitise of the adsorbent.

3. The optimal pH to be fixed for further experimeniadrk is 1.5.

4. The equilibrium data were found to be well représdrby Langmuir and Freundlich isotherms and tisalte of
thermodynamic studies have confirmed the adsoriéound to be an endothermic process.

5. The R values have confirmed the favorability of adsamptprocess.
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6. All the above information reveals that the selec&C may be used as an adsorbent for the remdvait(v'l)
from waste waters.

REFERENCES

[1] Arivoli S, Kinetic and thermodynamic studies time adsorption of some metal ions and dyes ontodost
activated carbons, Ph D., Thesis, Gandhigram Riumalersity, Gandhigran2007.

[2] Sekaran G, Shanmugasundaram K A, Mariappan d/Raghavan K Vindian J. Chem. Technoll995 2, 311.
[3] Selvarani K, Studies on Low cost Adsorbents tfee removal of organic and Inorganics from Wakn, D.,
Thesis, Regional Engineering College, Thiruchirkp200Q

[4] Jia Y F and Thomas K K,angmuir, 2002 18, 470-478.

[5] Thillai Natarajan S, Jayaraj R, Jeyasingh Thap& and Martin Deva Prasath B.Chem.Pharm.Res
2011,3(2):595-604.

[6] Namasivayam C, Muniasamy N, Gayathri K, Ranakti Renganathan Bjores. Techno) 1996 57, 37.

[7] Namasivayam C and Yamuna R Environ. Pollut, 1995 89, 1.

[8] Langmuir I,J. Amer. Chem. Sqd 918 40, 1361.

[9] Freundlich H,Phys. Chemige1906 57, 384.

[10] Krishna D G and Bhattacharyya &ppl. Clay Sci 2002 20, 295.

[11] Arivoli S, Viji Jain M and RajachandrasekarMat. Sci. Res. Indi®2006 3, 241-250.

[12] Arivoli S and Hema Mintern. J. Phys. Sgi2007, 2, 10-17.

[13] Arivoli S, Venkatraman B R, Rajachandrasekantl Hema MRes. J. Chem. Enviragr2007, 17, 70-78.

[14] Arivoli S, Kalpana K, Sudha R and Rajachandkas T,E-J. Chem 2007, 4, 238-254.

[15] Weber W J, Principle and Application of Wateéhemistry, edited by Faust S D and Hunter J V Wikgw
York, 1967

[16] Renmin Gong, Yingzhi Sun, Jian Chen, Huijun,LChao yangDyes and Pigment2005 67, 179.

[17] Vadivelan V, Vasanthkumar K, Colloid Inter. Sci 2005 286, 91.

[18] Yupeng Guo, Jingzhu Zhao, Hui Zhang, Shaoféagg, Zichen Wang and Hongding XDyes and Pigments
2005 66, 123-128.

[19] Sreedhar M K and Anirudhan T Bdian J. Environ. Protect1999 19, 8.

[20] Nigamananda Das and Ranjit Kumar Jan@plloid Inter. Sci 2006 293, 253.

[21] Prabakaran R, Arivoli S, Hema M and Kamatchd@©hem.Pharm.Re2011,3(5):532-543.

2905



