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ABSTRACT

A Carbonaceous adsorbent prepared from an indigensaste by acid treatment was tested for its effiy in
removing copper ion. The parameters studied inchagitation time, initial copper ion concentratiorarbon dose,
pH and temperature. The adsorption followed firstder equation and the rate is mainly controlled ibjyra-
particle diffusion. Freundlich and Langmuir isothemodels were applied to the equilibrium data. &dsorption
capacity (Qm) obtained from the Langmuir isotherfotp were 25.062, 26.737, 28.248 and 29.761 mg/g
respectively at an initial pH of 7.0 at 30, 40, &3d 60 C. The temperature variation study shovweatlthe copper
ion adsorption is endothermic and spontaneous \ittreased randomness at the solid solution intexfac
Significant effect on adsorption was observed amying the pH of the copper ion solutions. AIma3t%8 removal
of copper ion was observed at 8C. The Freundlich and Langmuir isotherms obtaingasitiveAHO value, pH
dependent results and desorption of metal ion iimenal acid suggest that the adsorption of copmer on PSC
involves physisorption mechanism.

Key words: Activated carbon (PSC), copper ion, Adsorptionhsomms, Equilibrium, Kinetic and Thermodynamic
parameters, Intra particle diffusion and regenengpiattern.

INTRODUCTION

The discharge of highly colored effluents into matwater bodies is not only aesthetically dispiegsbut it also
impedes light penetration, thus upsetting biologitacesses within a stream. In addition, many hiete are toxic
to some organisms causing direct destruction oaagjgommunities. Some metal ions can cause atlelgimatitis,
skin irritation, cancer and mutation in man. Wasttass from metal industries released into nearhg lar rivers
without any treatment because the conventionaktrireat methods are not cost effective in the Indiantext.
Adsorption is one of the most effective methods activated carbon is the preferred adsorbent wideiployed to
treat wastewater containing different classes ofamens recognizing the economic drawback of comunaé
activated carbon [1-3].

Many investigators have studied the feasibilityusing inexpensive alternative materials like peatet husk, date
pits, saw dust, buffing dust of leather industmir ith, crude oil residue, tropical grass, olatene, almond shells,
pine bark, wool waste, coconut shell etc., as aabeous precursors for the removal of dyes fromewand
wastewater [1-3].

The present study undertaken to evaluate the efiiigi of a carbon adsorbent prepared from acid aetiNPhoenix
sylvestrisleaves carbon for the removal of metal ion in aggesolution. In order to design adsorption treatmen
systems, knowledge of kinetic and mass transfecgases is essential. In this paper, the applitabilikinetic and
mass transfer models for the adsorption of coppeointo acid activated carbon was reported.
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EXPERIMENTAL SECTION

Phoenix sylvestriteaves collection and adsorbent development wdsatetl from local agricultural farms. It was
oven dried at 110 overnight then it is added with conc. sulphuriidain a weight/volume ratio of 1:1. The
resulting black product was washed with water uinéie from excess acid and dried at 150 + 5°C. fdsailting
black mass was kept in a furnace maintained at@@6r 12 hours for activation. The carbon produmtamed was
ground well to fine powder which is used for alpeximents.

Adsorption dynamic experiments

Batch equilibration method

The adsorption experiments were carried out intahbprocess at 30, 40, 50 and 60° C temperatules.kiiown
weight of adsorbent material was added to 50 nthefcopper solutions with an initial concentratailO mg/L to
60 mg/L. The contents were shaken thoroughly uaimgechanical shaker (Remi Model) rotating with aespof
120 rpm. The solution was then filtered at preisae tintervals and the residual dye concentratios maasured by
double beam UV-Visible spectrophotometer using B&(filters.

Effect of variable parameters

Dosage of adsorbents

The various doses of the adsorbent were mixed thithmetal ion solutions and the mixture was agitate a
mechanical shaker. The adsorption capacities fifierdnt doses were determined at definite timeruatis by
keeping all other factors constant.

Initial concentration of metal ion
In order to determine the rate of adsorption, expents were conducted with different initial contations of dyes
ranging from 10 to 60 mg/L. All other factors wésept constant.

Contact time

The effect of contact time on the removal of coppetthe adsorbent in a single cycle was determmeleeping
particle size, initial concentration, dosage, pHJ aroncentration of other ions as constant. pH Autsom

experiments were carried out at pH 3, 4, 5, 6, B,&1d 10. The acidic and alkaline pH of the me&dia maintained
by adding the required amounts of 0.1 ml/L hydrodklacid and sodium hydroxide solutions. The patens like
particle size of the adsorbents, metal ion conedintr, dosage of the adsorbent and concentratiathefr ions are
kept constant while carrying out the experimentse PH of the samples was determined using a perfabimeter
(Systronics Model). The pH meter was calibratedhwi0 and 9.2 buffers.

Chloride
The experiments were done in the presence of varghioride environments using sodium chloride sohs.
While doing the experiments, the absence of othiema was ensured.

Temperature
The adsorption experiments were performed at 30,580and 60F°C in a thermostat attached water bath shaker
(Remi Model). The constancy of the temperature mwasitained with an accuracy of + 6.

Zero point charge

The zero point charge of the carbon (pHzpc) wassorea using the pH drift method [4]. The pH of dwution
was adjusted by using 0.01 mol/L sodium hydroxidehgdrochloric acid. Nitrogen was bubbled througie t
solution at 28C to remove the dissolved carbon dioxide. 50 mthefactivated carbon was added to 50 ml of the
solution. After stabilization, the final pH was oeded. The graph of final pH versus initial pH wased to
determine the zero point charge of the activatedara

Titration studies

According to Boehm [4] only strong acidic carboxyéicid groups are neutralized by sodium bicarboneere as
those neutralized by sodium carbonate are thouglhiet lactones, lactol and carboxyl group. The wealdidic
phenolic groups only react with strong alkali, sodihydroxide. Therefore, by selective neutralizatising bases
of different strength, the surface acidic functiogeoup in carbon can be characterized both quaivitly and
qualitatively. Neutralization with hydrochloric @ccharacterizes the amount of surface basic grthatsare, for
example, pyrones and chromenes. The basic propdrdiee described to surface basic groups and tbéegtron
system of carbon basal planes. The results indit®te the activated carbon used may possess auigigen
functional group on their surface and this is sufgmbwell by their respective zeropoint charge galurhe results
obtained from the above characterization studiegaen in the Table.1.
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Desorption studies
Desorption study was used to elucidate the nattisglgorption and recycling of the spent adsorb&he effect of
various reagents used for desorption were studied.

RESULTS AND DISCUSSION

Characterization of the adsorbent

Activated carbons are a widely used adsorbenttalits high adsorption capacity, high surface anaigro porous
structure and high degree of surface respectividhg. wide usefulness of carbon is a result of thpécific surface
area, high chemical and mechanical stability. Thengcal nature and pore structure usually detersriine sorption
factivity [4]. The physico chemical properties bétchosen adsorbent are listed in following Table.1

Table.1 Characteristics of the adsorbent

Properties PSC
Particle size((mm)) 0.041
Density (g/cc) 0.030
Moisture content (%) 1.65
Loss on ignition (%) 92.0

Acid insoluble matter (%) 2.20
Water-soluble matter (% 0.48]
PH of agueous solution 6.95
pHzpc 6.15

Effect of contact time and initial copper ion concatration :

The experimental results of adsorptions of copperon the activated carbon at various concentrat{én10, 15, 20
and 25 mg/L) with contact time are shown in Figurd he equilibrium data were collected in Tablee®eals that,
percent adsorption decreased with increase imainibpper ion concentration the actual amount gfpeo ion

adsorbed per unit mass of carbon increased witle@ase in metal ion concentration. It means thaatsorption is
highly dependent on initial concentration of copjmar. It is because of that at lower concentratibe, ratio of the
initial number of copper ion to the available sagaarea is low subsequently the fractional adsampiecomes
independent of initial concentration. However, ighhconcentration the available sites of adsorptiecomes fewer
and hence the percentage removal of copper ioneperdlent upon initial concentration. Equilibriumvéa
established at 40 minutes for all concentratiotiguré 1 reveals that the curves are single, smauwtti,continuous,
leading to saturation, suggesting the possible fayro coverage of the copper ion on the carborasarf5,6].
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Fig.1. Effect of contact time on the removal of Caper ion
[M]=20mg/L; Adsorbent dose =25mg/50ml;Temp=<3D
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Table. 2 Equilibrium Parameters for the adsorptioncopper ion

Copper ion | C. (mg /L) [ Q. (mg/g) [ Metal ions Removed (%)

30° 40° 50° 60° 30° 40° 50° 60° 30° 40° 50° 60°
5 0.5215 0.4728 0.4312 0.4054 8.957 9.0544 9.1876.1899 89.57 90.544 91.376 91.89
10 | 1.9587 1.7525 1.4747 12756  16.0826  16.495 08.0517.4488| 80.413 82.475 85.258 87.24
15| 4.2849 3.8254|  3.3841 2.9944  21.4302 22.3492 328.2 24.0112| 71.434 74.49733 77.43933 80.03[33
9 b
D

NI

20 | 8.3546 7.7721 7.1599 6.552 23.2908 24.4558 8R3.6 26.8942| 58.227 61.139 64.2005 67.2355
25| 13.3945| 12.6572 11.9160 11.24B5 23.211 24.6856.168 27.513| 46.42] 49.371 52.33p 55.026

Effect of carbon concentration:

The adsorption of the copper ion on carbon wasietiudy varying the carbon concentration (10-2500gi for
copper ion concentration of 15 mg/L. The percentafeadsorption increased with increase in the aarbo
concentration (Figure 2). This was attributed torémsed carbon surface area and availability ofnagisorption
sites [5,6].
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Fig.2. Effect of adsorbent dose on the Adsorptionfa@opper ion
[M]=15mg/L; Contact time =60min; Temp=30° C

Adsorptin isotherm:
The experimental data analyzed according to thealifiorm of the Langmuir[7] and Freundlich[8] isetims.

The Langmuir isotherm represented by the followeggation
Ce/lQe=1/Qmb +Ce/Qm.............. Q)

Where Ce is the equilibrium concentration (mg/Lg i® the amount adsorbed at equilibrium (mg /g) @ndand b

is Langmuir constants related to adsorption efficieand energy of adsorption, respectively. Thedinplots of
Ce/Qe versus Ce suggest the applicability of theghauir isotherms. Values of Qm and b were deterchinem
slope and intercepts of the plots (Fig.3) and aesented in Table 3. From the results, it is cthat the value of
adsorption efficiency Qm and adsorption energy thefcarbon increases on increasing the temperd&uwen the
values we can conclude that the maximum adsorgtioresponds to a saturated monolayer of adsorbalecaies
on adsorbent surface with constant energy and aositnission of adsorbate in the plane of the adsbrbe
surface[9,10]. The trend shows that the adsorbefers to bind acidic ions and that speciation preidates on
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sorbent characteristics, when ion exchange is tedgminant mechanism. Further, it confirms the émelanic

nature of the processes involved in the systemcdrdirm the adorability of the adsorption procasg, separation
factor (RL) has calculated and presented in TablEhé values were found to be between 0 and 1 anfirm that

the ongoing adsorption process is favourable[1THH Freundlich equation have also employed foraiffgorption
of copper ion on the adsorbent.

The Freundlich isotherm have represented as
logQe=logKf+1/nlogCe................ (2)

Where Qe is the amount of copper ion adsorbed gndZe is the equilibrium concentration of metal in solution
(mg/L) and Kf and n are constants incorporating fatitors affecting the adsorption capacity andrisity of

adsorption, respectively. Linear plot of log Qester log Ce shows that the adsorption of copperfdbows the

Freundlich isotherm. Values of Kf and n were foamdl given in the Table 5, shows the increase dditiegcharge
on the surface that enhances the electrostatie fike Vanderwaal’s between the carbon surfacenasial ion,

a/Qe
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Fig.3. Linear Langmuir isotherm for the adsorption of copper ion

The values clearly show that dominance in adsanpt@pacity. The intensity of adsorption is an iatiie of the
bond energies between copper ion and adsorbenttladpossibility of slight chemisorptions rather rtha
physisorption [10,11]. The possibility of multilayadsorption of metal ion percolation process caieoruled out.
However, the values of n is greater than one itisigahe adsorption is much more favourable[12,13].

159



M. Thenkuzhali and S. Thillainatarajan J. Chem. Pharm. Res., 2016, 8(3): 155-164

1.5

1.4

1.3 4

LogQe

1.1 4

1.0 4

et T T T T

1
{6 04 02 00 02 04 06 08 10 12
LogCe

Fig.4. Linear Freundich isotherm for the adsorptionof Copper ion onto PSC

Table.3 Langmuir isotherm Results

(metal ion) Temp | Statistical parameters / Constantg
(oc) 2 m B

30° 0.9955 25.062 1.1145

40° 0.9962 26.737 1.1098

50° 0.9999 28.248 1.1683

60° 0.9998 29.761 1.2043

Copper ion adsorptior

Table.4 Freundlich isotherm Results

(metal ion) Temp | Statistical Para meters/ Constants
(°C) r? ki N

30° 0.9680 2.9476 3.2916
40° 0.9718 3.0171 3.1847
50° 0.9770 3.1012 3.1142
60° 0.9850 3.1737 3.0238

Copper ion adsorptior

Table.5Dimensionless separation factor (B

Copper ion Temperature (°C
(mg/L) 30° | 40° | s0° 60°
5 0.152 | 0.153] 0.145 0.14p
10 0.082| 0.083] 0.07§ 0.076
15 0.056 | 0.057] 0.054 0.05p
20 0.042 | 0.043] 0.041 0.03p
25 0.034| 0.035] 0.033 0.032

Kinetics of adsorption:

Kinetics of sorption describes the solute uptake, rahich in turn governs the residence time opson reaction. It
is one of the important characteristics in definihg efficiency of sorption. In the present stuthg kinetics of the
copper ion removal has carried out to understaad#haviour of this low cost carbon adsorbent. ddworption of
copper ion from an aqueous solution follows revsesfirst order kinetics, when a single speciesstgred on a
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heterogeneous surface. The heterogeneous equililsetween the copper ion solution and the activastion
have expressed as k1 A B k2 Where k1 is the forwated constant and k2 is the backward rate conskant
represents copper ion remaining in the aqueougisoland B represents copper ion adsorbed on tHfacguof
activated carbon. The rate constants calculateshdierl1,12,13. The data furnished in Table &vislent that the
forward rate constant is much higher than the bacwate constant suggesting that the rate of ptisaris clearly
dominant. At equilibrium, the rate is the ratiotbé concentration of adsorbate in adsorbent anderdration of
adsorbate in aqueous solution given by KO. Theutatied values presented in the Table 6. The reisulisates that
KO values decreases with increase in the concentraf the copper ion and increases with increagernperature
A clear examination of the effect of copper ion camirations on the rate constant Kad , the valegsto describe
the mechanism of metal ion removal taking placecdses of strict surface adsorption a variatioraté should be
proportional to the first power of concentratiomowver, when pore diffusion limits the adsorpticogess, the
relationship between initial copper ion concentnatand rate of reaction will not be linear. It slsothat pore
diffusion limits the overall rate of copper ion adstion [12,13] The contact-time experimental resehn be used
to study the rate-limiting step in the adsorptiosagess, as shown by Weber and Morris [13,14]. Siheeparticles
are vigorously agitated during the adsorption pribis probably reasonable to assume that theisabot limited
by mass transfer from the bulk liquid to the paetiexternal surface, one might then postulate ttiatate-limiting
step may be either film or intraparticle diffusiols they act in series, the slower of the two Vel the rate-
determining step [13].

The rate constant for intraparticle diffusion igabed using the equation
Q=Kpt¥e+C....c.cevveinnnnn. 3)

Here, Kp (mg/g/min) is the intraparticle diffusioste constant. The Kp values obtained from theestufithe linear
portions of the curves at metal ion concentratieig.5). The Kp values increased with increase & dbpper ion
concentration, which reveals that the rate of gufmn is governed by the diffusion of adsorbed @pipn within
the pores of the adsorbent [1,14].
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Fig.5. Effect of intra particle diffusion on the adsorption of copper ion
[Cu]=20mg/L; Adsorbent dose=25mg/50 ml; Temp=30° C

Effect of temperature: The adsorption capacity of the carbon increasetl witrease in the temperature of the

system from 30°- 60°C. Thermodynamic parameter$ @& change in free energ&@°), enthalpy AH°) and
entropy AS°) were determined using the following equatidiis 12,15,16]
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KO = CSOlid/ClqQUId..........cvvovveeeeee, 4)
AG®=-RTINKO  ooooiiies e (5)
logKO = AS°/ (2.303RT) AH°/(2.303RT).....(6)

Where Ko is the equilibrium constant, C solid ie #olid phase concentration at equilibrium (mg/@ljquid is the
liquid phase concentration at equilibrium (mg/L),isTthe temperature in The positive valuesAéf® show the
endothermic nature of adsorption and it governspbssibility of physical adsorption. Because in ttase of
physical adsorption, while increasing the tempegatf the system, the extent of copper ion adsompiticreases,
this rules out the possibility of chemisorptionowever, the very lowH® value depicts copper ion is physisorbed
onto adsorbent [12,13,15] The negative valueA@f (Table 6) shows the adsorption is highly favbleafor
copper ion. However, it indicates that the copparadsorption was spontaneous. The positive valiaS° (Table
6) shows the increased disorder and randomneskeasdlid solution interface of with adsorbent. Whthe
adsorption there are some structural changes inctipper ion and the adsorbent occur. The adsorkserw
molecules, which have displaced by the adsorba¢eis gain more translational entropy than is mstthe
adsorbate molecules, thus allowing the prevalericermdomness in the system [5,12,18]. The restitsvsthat
more efficient physisorption. Enhancement of adsonpcapacity of the activated carbon at highergeratures has
attributed to the enlargement of pore size andvatitin of the adsorbent surface [11,12,13].

Table.6 Equilibrium constant and thermodynamic parameters for the adsorption of metal ions onto acidaivated carbon
Temperature (°C)

Copper Ko AG®
ion(mg/L) | 30° 40° 50° 60° 30° 40° 50° 60°| AH° AS°
5 8.58| 9.57| 1059 1138 -5.417 -58f9 -6.388. b./5.27| 43.82
10 4.10| 4.70] 5.78 6.83 -3.597 -4.080 -4.711 -5.82ZB16 | 59.59
15 250| 292 343 4.0Q -2.308 -2.789 -3.311 -3.84816 | 51.22
20 1.39| 157 1.79 2.0§ -0.836  -1.1y9 -1.568 -1.99061 | 38.40
25 0.86| 0.97] 1.09 1.22 -0.361 -0.650 -0.851 -0.95869 | 30.73

AH° (kJ/mol)4S° (I/K/mol) AG® (I/mol)

Table. 7 Rate constants for the adsorption of coppéons (10 kag, min™) and the constants for forward (16K, min?) and reverse
(10°K 5, min™) process

Temperature|(°C) | | |

. Ko Kk | K | K | k| k | k | k | k

Copperion (Mg/L) 35T 205 | 50° | 60° 30° 40° 50° 60°
5 4160| 42.27] 4335 4521 3617 4p8 3827 399 613D.3.73| 41.54 3.6
10 26.57| 2856 3146 3501 21.86 50 2355 §.00.82p 4.64| 3054 4.4¢
15 20.31| 21.759 2382 2566 1451 580 1620 §.54.4418 537| 20.53 5.1
20 1520| 1596 1704 1788 885 685 Oy6 620 210.6.09| 12.02] 586
25 12.17| 1294 1411 1442 565 652 688 655 7.3873| 7.94| 643

Effect of pH: The solution pH plays a major role in determinthg amount of copper ions absorbed. Adsorption
was studied over the range of pH ~ 3-10 and thdtseare shown in Fig.6. The initial metal ion centrations were
kept constant. Adsorption of copper ions increasgpreciably (1-2 times) with increase of pH fronto310 and
consistent with results obtained by others. Theease is partly attributed to the formation of eiéint hydroxo
species with rise in solution pH. Based on the blydis constants of metal ions as defined in M 2AH20
M(OH)n 2-n + nH+ and taking only primary metal sigscexpected to be formed in the working pH ranmge i
consideration, the species distribution diagramsc@pper ion is constructed and given in Fig. 4s levident that
Cu2+ and its monohydroxo species are the predoimapecies up to pH ~ 9, while dihydroxo species aso
formed to a significant extent above pH ~ 7.5 fopper ion. Since maximum adsorption copper ion achseved at
pH ~ 6.25, it may safely be stated that the remo¥abpper ion was mostly due to adsorption andpnetipitation.
However, precipitation of small fractions of Cu2wvea at pH ~ 6.25 on the surface by nucleation caieo
neglected. At still higher pH (>7), however, paft@Qu2+ may be precipitated as dihydroxo specieschvialso
depend upon the initial metal ion concentratione Tther important factor, which might contributeth@ higher
adsorption of metal ions with increased pH, is pipzc of PSC. At any pH below pHpzc the surfacenetal
oxides/ oxyhydroxides is positively charged angtdtabove pHpzc the surface is negative. When thdiso pH
exceeded pHzpc, the metal species are more e#sdgtad by the negatively charged surface of dasur favoring
accumulation of metal species on the surface amslghomoting adsorption [17,19].
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Fig.6 Effect of initial pH on the adsorption of Copper ion
[Cu]=20mg/L; Adsorbent dose=25mg/50ml; Contact t#68 min
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Fig.7. Effect of other ions on the adsorption of qaper ion
[Cu]=20mg/L; Adsorbent dose=25mg/50ml; Contact ti¥® min
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Effect of other ions: Till now all the adsorption results discussed abwsere obtained by taking a single cation as
adsorbate (e.g. Cu2+) however, in reality the aoimiated water contains several other ions (botfoesatand
anions), which can affect the adsorption of heaeyats. Therefore, it was thought worthwhile to sttitk effect of
some commonly occurring ions on adsorption behaofaropper ion under present study. A typical waigmple
containing Chloride ions and Calcium ions was dowét known quantities of adsorbate metal ions dray were
used as the simulated water matrix for adsorptibrfixed amount PSC was dispersed in this water inatr
containing adsorbate. The other adsorption parametere kept constant, as stated earlier. Thetsearé collected
in Fig.7. It is evident that the presence of thevamentioned ions in the adsorbate solution praityidid not affect
the extent of adsorption. It may be noted that alntbe whole iron content in the adsorbate solutsoremoved
after adsorption. The concentration of other iohswever, marginally decreased (within 10% of initia
concentration) after adsorption. A higher concditralevel of interfering ions may, however, adwdysaffect the
adsorption capacity of PSC. Adsorption of differbeavy metal from a simulated water matrix contegna high
back ground level of different ions is being cadr@mut to assess its future applicability to remasiatoxic metals
from industrial effluents [16,17,19].

Desorption studies Desorption studies help to elucidate the natureadsorption and recycling of the spent
adsorbent and the copper ion. If the adsorbed cojgpe can be desorbed using neutral pH water, tien
attachment of the copper ion of the adsorbent &gk bonds. If sulphuric acid or alkaline watesate the copper
ion, then the adsorption is by ion exchange. Ifaoig acids, like acetic acid can desorp the coppgrthen the
metal ion has held by the adsorbent through cheptism. The effect of various reagents used forodaton
studies indicate that hydrochloric acid is a betgagent for desorption, because we could get rtiae 85%
removal of adsorbed copper ion. The reversibilitadsorbed metal ion in mineral acid or base isgreement with
the pH dependent results obtained. The desorpfiametal ion by mineral acids and alkaline medivngi¢ates that
the copper ion was adsorbed onto the activatedoatyough by physisorption mechanisms[11,12,17,18]

CONCLUSION

The experimental data are correlated reasonabllylwethe Langmuir and Freundlich adsorption isother The
low as well high pH value shows the optimum amafradsorption of copper ion by the adsorbent. Tineunt of
copper ion adsorbed by the adsorbent was increas#d increasing ionic strength and temperature. The
dimensionless separation factor (RL) shows thattuwsen activated carbon can be used for the rdrobeapper

ion from aqueous solution. The valuesAd®, AS® andAG® results shows thaPhoenix sylvestrifeaves carbon
has the potential for use as an adsorbent foretmeval copper ion from wastewater.
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