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ABSTRACT

The efficiency of activated carbon prepared fromadhacta indica bark [AIC] for the
adsorption of Ct' ions from aqueous solutions has been studiedfasaion of agitation time,
adsorbent dosage, initial metal ion concentratitemperature and pH of adsorbate solution.
The optimal conditions for the adsorption have bagived at and experiments were conducted
to determine the Langmuir constants, Freundlichapaeters and thermodynamic parameters
such as1G°, 4H® and 4S°. Desorption studies were also carried out far thcovery of both
adsorbent and the metal ions. The adsorption of @ns on to the surface of AIC has been
confirmed by the analysis of IR spectra, XRD an $Rages before and after €uadsorption.

Key words: Azadiracta indica, Activated carbon, Copper ions, Adsorption isotherm,
Equilibrium, Kinetic and Thermodynamic parametehstraparticle diffusion, Regeneration
pattern.

INTRODUCTION

Heavy metal pollution represents an important emvitental problem due to its toxic effects and
accumulation throughout the food chain. The maiarses of heavy metal pollution include
electroplating, painting and surface treatment gtdes. The inorganic effluent from the
industries contains toxic metals. The heavy metedsof special concern because they are non-
degradable and therefore persistent. Commonlywerieced metals of concern include®Pb
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CU*, zr**, Cd*, Ni** etc. These metals are toxic in both their cheryicadmbined forms as
well as the elemental form. Exposure to theseasomtants present even in low concentrations
in the environment is proved to be harmful to tikenan health. In order to solve heavy metal
pollution in the environment, it is important tarig applicable solutions. Many techniques have
been followed for the removal of heavy metals amrag them adsorption process is preferred
because of its high efficiency, easy handling, effgictiveness as well as availability of different
adsorbents [1-3].

In the present investigation, the efficacy of théwated carbon prepared froAzadiractaindica
bark (AIC) for the removal of Cu(ll) ions from igueous solution has been studied and the
applicability of the kinetic and equilibrium modeigr the Cu(ll)-AIC system has also been
discussed.

EXPERIMENTAL SECTION
Adsorbent
Carbon was prepared by treating air-drisghdiracta indicabark with concentrated sulphuric
acid in a weight ratio of 1:1. The resulting blgmoduct was kept in a furnace, maintained at
500 °C for 12 h followed by washing with water Uifittee from excess acid and dried at 150 + 5
°C. The carbon thus obtained was ground well hagobrtion retained between 0.030 and 0.035
mm sieves was used in all the experiments. Alctiimicals used were of Analytical Grade.

Batch equilibration method

Batch mode experiments were carried out at diftet@mperatures namely 35, 40, 45 and 50 °C.
A known weight of absorbent was agitated in a tampee controlled mechanical shaker with a
known volume and concentration of the adsorbaté wipH of 6.5. The initial concentration
was varied from 5 mg/L to 30 mg/L. The flask camtag the sample was withdrawn from the
shaker at a predetermined time interval, filterad the residual concentration of the metal ion
was estimated by photoelectric colorimeter usifg B4[Fes(CN)s] reagent and 620 nm filter.

Effect of variable parameters

Experiments were carried out to determine the eftédcdosage of the adsorbent (10 to 100
mg/50 ml of the adsorbate), effect of differentialiconcentrations of Cu(ll) ions (ranging from
5 to 30 mg/L), effect of contact time on the remayeahe copper ions, effect of initial pH of the
adsorbate solution ( pH 3-9), effect of other imugh as Cd (using CaS@) and Cl (using
NacCl) ions during the adsorption of Cu(ll) and #feect of solution temperature (35 — 50 °C) at
5 °C intervals with an accuracy of 0.5 °C.

Zero point charge

The pH at the potential of zero charge of the carfaH,,) was measured using the pH drift
method. The pH of the solution was adjusted bygi6i®@1 M sodium hydroxide or hydrochloric
acid. Nitrogen was bubbled through the solution2&at°C to remove the dissolved carbon
dioxide. 50 mg of the activated carbon was addetml of the solution. After stabilization, the
final pH was recorded. The plots of final pH agaimgial pH were used to determine the zero
point charge of the activated carbon [4].
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Titration studies

Literature survey has revealed that [4], only sfracidic carboxylic acid groups are neutralized
by sodium bicarbonate, whereas those neutralizedsdnjum carbonate are thought to be
lactones, lactol and carboxyl group. Only the weadidic phenolic groups react with sodium
hydroxide. Therefore, by selective neutralizati@ing bases of different strength, the surface
acidic functional groups in AIC can be charactatizeoth quantitatively and qualitatively.
Neutralization with hydrochloric acid characterizee amount of surface basic groups such as
pyrones and chromenes. The results indicate tleaattivated carbon used may possess acidic
oxygen functional group on their surface and thisupported well by their respective zero point
charge values. The results obtained from the alobnagacterization studies are given in the
Table-1.

Regeneration studies
The regeneration of the adsorbed carbon was dongsiog 0.2 M mineral acids and sodium
chloride solutions.

Analytical Measurements
The IR spectra, SEM images and XRD diagrams ofatteorbents before and after adsorption
were recorded at the CECRI, Karaikudi, South India.

RESULTS AND DISCUSSION
Characterization of the adsorbent

The physico-chemical properties of the chosen &asdy AIC, were carried out by standard
methods [5-7] and are listed in the following Tahble

TABLE 1 : CHARACTERISTICS OF THE ADSORBENT
Properties AlC
Particle size (mm) 0.030-0.035
Density (g/cc) 0.2856
Moisture content (%) 1.55
Loss on ignition (%) 78
Acid insoluble matter (%) 2.5
Water soluble matter (%) 0.52
pH of agueous solution 6.5
PH;pc 5.75
Surface groups (m equiv/g)

i) Carboxylic acid 0.528

ii) Lactone, lactol 0.085

iii) Phenolic 0.079

iv) Basic (pyrones and chromenes) 0.018

Effect of dosage of AlIC

The adsorption of the Gliions on AIC was studied by varying the carbon emt@tion (10-100
mg/50 ml) for the copper ion concentration of 10/lm@he percentage of adsorption increased
with increase in the carbon concentration (FigureThis may be due to the increased carbon
surface area and availability of more adsorptioesdi8,9].
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Effect of contact time and initial metal ion concentration

The experimental results for the adsorption of*Qons on the activated carbon at various
concentrations (5, 10, 15, 20, 25 and 30 mg/L) wibhtact time presented in Table 2 which
reveals that, the percent adsorption decreasedimgtbase in initial metal ion concentration, but
the actual amount of Gliion adsorbed per unit mass of carbon is foundetanbreased with
increase in metal ion concentration. It means thatadsorption is highly dependent on initial
concentration of metal ion. It is because of tresoa that at lower concentration, the ratio of the
initial number of metal ion to the available sudaarea is low, subsequently the fractional
adsorption becomes independent of initial concéntraHowever, at high concentration, the
available sites for adsorption become fewer andcédhe percentage removal of metal ion is
dependent upon initial concentration. Equilibriure éstablished at 40 minutes for all
concentrations. The plot of percent Cu(ll) adsorhgédinst contact time for the initial €ton
concentration of 10 mg/L, 6.5 pH and a temperatir@s °C is given in Figure 2 which reveals
that the curve is single, smooth, and continuoeadihg to saturation, suggesting the possible
monolayer coverage of the metal ion on AIC [8,9].
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Fig.1-Effect of adsorbent dose on the removal ppeoion by AIC Fig.2-Effect of contact time on the adsorptionagper ion by AIC
[Cu]=15 mg/L;Contact time=60 min;pH=6.5 [Cu]=15 mg/L;Adsorbent dose=50 mg/50 ml;pH=6.5
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TABLE 2 : EQUILIBRIUM PARAMETERS FOR THE ADSORPTION OF COPPER IONS ONTO AIC

[Cu(ID] initia » Ce (Mg /L) Qe (mg/g) Metal ions Removed (%)
(mg/L) 35° 40° 45° 50° 35° 40° 45° 50° 357 40° 45° 50°
5 15820 | 1.4781] 1.323 1.2523 3.4180 3.5219 3.6/™7477 | 68.3q 70.483 73.54 74.95
10 4.3721| 4.1738 3.9787 3.8295 5.62f9 5.8262 6.02B1705| 56.27 58.26 60.41 61.Y0
15 7.3026| 7.1027] 6.9281 6.7892 7.69f4 7.8973 8.07®2108 | 51.31 52.64 53.81 54.73
20 10.2437| 10.027% 7.987p 9.6825 9.7563 9.9725 216.010.3175 48.78 49.86 50.06 51,58
25 14.0215 13.8724 13.657813.3782| 10.978% 11.1276 11.34p2 11.6218 43.91 4448.36| 46.48
30 17.6721) 17.3226 17.028316.9210| 12.3279 12.6774 12.971l7 13.0790 41.09 42£4523| 43.59
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Fig.3-Linear Langmuir isotherm for the adsorptidn o Fig.4-Linear Freundlich isotherm for the adsorptidn
copper ion by AIC copper ion by AIC

Adsorption isotherm
The experimental data were analyzed in the lightafgmuir [10] and Freundlich adsorption
isotherms [11].

The Langmuir [10] isotherm is

Cod/Qe = 1/Qub + G/Qnm
Where G is the equilibrium concentration (mg/L),.@& the amount adsorbed at equilibrium
(mg/g) and @ and b are Langmuir constants related to adsorpteficiency and energy of
adsorption, respectively.
The plots of GQeVversus @ suggest linearity and the applicability of the gamir isotherm to

the Cd*- AIC adsorption system (Figure 3). Values qf &d b were determined from slope
and intercepts of the plots and are presentedbfeTa From the results, it is clear that the galu
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of adsorption efficiency, @ and adsorption energy, b, of the carbon increasascreasing the
temperature. From the values, we can concludettigamaximum adsorption corresponds to a
saturated monolayer of adsorbate molecules on leisbsurface with constant energy and no
transmission of adsorbate in the plane of the &dsdrsurface [12,13]. Further, it confirms the
endothermic nature of the adsorption process iwlu the system. To confirm the favorability
of the adsorption process, the separation factpy \iR&s calculated and presented in Table 4.
The values lie between 0 and 1 which confirm thgoamg adsorption process is favourable [14].

The Freundlich isotherm [11] is

log @=log Ke+ 1/nlog G

Where Q is the amount of ferrous ion adsorbed (mg/ g)ishe equilibrium concentration of
metal ion in solution (mg/L) andekand n are constants incorporating all factors affeg the
adsorption capacity and intensity of adsorptiorspectively.

Linear plot of log Q versus log € shows that the adsorption of ferrous ion follove t
Freundlich isotherm (Figure 4). Values of &d n were determined and are given in the Table
5, which reveals that an increase in the negathvage on the surface that enhances the
electrostatic force like van der Waal's force bedqwehe carbon surface and metal ion, thereby
increases the adsorption of copper ions. The satiearly indicate that there is dominance in
adsorption capacity. The intensity of adsorptioramsindicative of the bond energies between
metal ion and adsorbent and the possibility oftélichemisorptions rather than physisorption.
The possibility of multilayer adsorption of metahithrough the percolation process cannot be
ruled out. However, the values of n are greatem thae indicating the adsorption is much more
favourable [13-15].

TABLE 3-LANGMUIR CONSTANTS AND STATISTICAL PARAMETE R
S.No Temp., °C QOm b R?
1 35° 0.9846 17.53 0.1089
2 40° 0.9843 17.36 0.1190
3 45° 0.9813 17.12 0.1319
4 50° 0.9898 17.09 0.1416
TABLE 4-DIMENSIONLESS SEPARATION FACTOR, R |
[Cu(D] initar Temp.,°C
mg/L 35 40 45 50
5 0.647 0.626 0.602 0.584
10 0.478 0.456 0.431 0.413
15 0.379 0.359 0.335 0.320
20 0.314 0.295 0.274 0.261
25 0.268 0.257 0.232 0.220
30 0.234 0.218 0.201 0.190
TABLE 5-FREUNDLICH CONSTANTS AND STATISTICAL PARAME TER
S.No. Temp.°C Ke n R?
1 35 2.1919 1.2742 0.9630
2 40 1.6923 1.9007 0.9980
3 45 1.6402 2.0210 0.9989
4 50 1.6254 2.0584 0.9987
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Kinetics of adsorption
Kinetics of sorption describes the solute uptake,nahich in turn governs the residence time of
sorption reaction. It is one of the important cleéeastics in defining the efficiency of sorption.
In the present study, the kinetics of the?’Cion removal by AIC has been carried out to
understand the behavior of this low cost carbonasealsorbent. The adsorption of copper ions
from an aqueous solution follows reversible firstler kinetics, when a single species is
considered on a heterogeneous surface. The hetexogs equilibrium between the copper ion
solution and the activated carbon has been exptesse
k
A_'
2k
Where k = forward rate constant; &= backward rate constant; A = Gliions remaining in
the aqueous solution and B = €lons adsorbed on the surface of activated carbon.

B

The rate constants land k [14-16] are presented in Table 6. From the valitgs,evident that
the forward rate constant is much higher than tekWvard rate constant suggesting that the rate
of adsorption is clearly dominant. At equilibriuthe rate of adsorption is the ratio of the
concentration of adsorbate in adsorbent and coratenmt of adsorbate in aqueous solution given

by K, (Table 7). The results indicates thafyalues decrease with increase in the concentration
of the Cd"ions and increases with increase in temperature.

TABLE 6-RATE CONSTANTS FOR THE ADSORPTION OF COPPER IONS (10 kag, min™) AND THE
RATE CONSTANTS FOR FORWARD|(1O3kl, |min'1) A|ND RE\|/ERSE |(1@ ks, rlnin'l) PTOCES|S
Kad Ky Kz Ky Kz Ky Kz Ky k2
[Cuglg)’]/li_nitiah Temp., °C
35° 40° | 45° | 50° 35° 40° 45° 50°
5 458 | 497 538 584 268 190 300 197 342 19878 | 2.04
10 435 | 460 492] 521 244 191 268 102 2[96 61.93.22 ] 1.99
15 403 | 412 424/ 439 207 196 205 2p7 2[12 271226] 213
20 379 | 391] 405 419 185 194 196 355 2[03 22.02.15| 2.02
25 350 | 354 361 372 154 196 157 107 1l64 71.91.72 | 2.00
30 333 | 3.40[ 349 358 13 197 144 1b6 1/51 819156 | 2.02
TABLE 7-EQUILIBRIUM CONSTANT AND THERMODYNAMIC PARA  METERS FOR THE
ADSORPTION OF METAL IONS ONTO AIC
Temp., °C
[C“fr']g]/t”'“a" 35° 40° | 45° | 50° 35° 40° |  45°] 50°
Ko AG°® AH° AS°
5 2.16 2.38 2.77 2.99]  -1.97 225 270 -2.94 20/9%74.23
10 1.28 1.39 1.51 1.61]  -0.6 -0.86 -1.09 -1.28 712|542.78
15 1.05 1.11 1.16 1.21]  -0.13 -02f 040 -0.51 7.6425.24
20 0.95 0.99 1.01 1.06] +0.12 +0.01 -0.0p6 -0.17 25 18.13
25 0.78 0.80 0.83 0.86] +0.62 +057 +0.49 +0B7  4.9113.85
30 0.69 0.73 0.76 0.77] +092 +0.81 +0.f1 +0b9  4.5311.88

AH° (kJ/mol),4S° (J/K/mol) 4G° (kJ/mol)

A clear examination of the effect of copper ion camtrations on the rate constag (@able 6)

helps to describe the mechanism of metal ion remdwecases of strict surface adsorption, a
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variation of rate should be proportional to thstfipower of concentration. However, when pore
diffusion limits the adsorption process, the relaship between initial copper ion concentration
and rate of reaction will not be linear. It showstt pore diffusion limits the overall rate of
copper ion adsorption [14].

The contact-time experimental results can be usedtidy the rate-limiting step in the
adsorption process, as shown by Weber and Mor6dT]. Since the particles are vigorously
agitated during the adsorption period, it is prdpakeasonable to assume that the rate is not
limited by mass transfer from the bulk liquid t@tharticle’s external surface and one might then
postulate that the rate-limiting step may be eiffier or intra-particle diffusion. As they act in
series, the slower of the two will be the rate-tetaing step [16].

The rate constant for intra-particle diffusion ga@ined using the equation
Q=KH4C

Where, K (mg/g/min) is the intra-particle diffusion ratercsiant.

The K, values obtained from the slope of the linear pogiof the curves for different metal ion
concentrations at 35 °C are given in Table 8. Thedues increased with increase in the copper
ion concentration, which reveals that the rate ddoaption is governed by the diffusion of
adsorbed copper ion within the pores of the adsdrbe

TABLE 8-INTRA-PARTICLE DIFFUSION, K ,
[CU(”)] initial s mg/L KD
5 0.117
10 0.235
15 0.352
20 0.470
25 0.588
30 0.705

Effect of temperature

The adsorption capacity of the carbon increaset imitrease in the temperature of the system
from 35 -50 °C. Thermodynamic parameters suchhange in free energ\yAG°), enthalpy
(AH®) and entropyAS°) were determined using the following equatidr® [

K = GCsolid Ciiquid
AG°® =-RTIn K
log K = AS®/ (2.303RT) AH°/(2.303RT)

Where K =equilibrium constant; G,iq = solid phase concentration at equilibrium (mg/; L)
Ciquia = liquid phase concentration at equilibrium (mg/),= temperature in Kelvin and R =
gas constant.

The AH° andAS° values obtained from the slope and interceptoft Hoff plots are presented

in Table 7. The values are with in the range ob198 kJ/mol indicating the favorability of
physisorption. From the results, we could confing eelf that physisorption is much more

183



A. Jafar Ahamedet al J. Chem. Pharm. Res., 2010, 2(6):176-190

favorable for the adsorption of copper ions. Thsifpee values o”AH® confirm the endothermic
nature of adsorption and it governs the possibdityhysical adsorption. The lowH® values
also depict the metal ion is physisorbed onto ttewebent [15-18].

The negative values &G° (Table 7) indicate the adsorption is highly feale for C3* ions.
The positive values oAS° (Table 7) shows the increased disorder and randss at the solid
(AIC)-solution (C") interface. During adsorption process, there ameesstructural changes in
the metal ion and the adsorbent occur [17]. Theresl water molecules, which were displaced
by the adsorbate species, gain more translatioried@y than is lost by the adsorbate molecules,
thus allowing the prevalence of randomness in yisées [17]. From the results, we can confirm
that more efficient physisorption rather than chearption. Also enhancement of adsorption
capacity of the activated carbon at higher tempeeathas attributed to the enlargement of pore
size and activation of the adsorbent surface [14-17

Effect of pH

The solution pH plays a major role in determinifge tamount of copper ions absorbed.
Adsorption was studied over the range of pH ~ 3@ the results are shown in Fig.5. The initial
metal ion concentrations were kept constant. Autgmr of copper ions increased appreciably
(=2 times) with increase of pH from 3 to 9 and camsis with results obtained by others. The
increase is partly attributed to the formation ibfedlent hydroxo species with rise in solution pH.
Based on the hydrolysis constants of metal iongedsed in and taking only primary metal
species expected to be formed in the working pHgeamto consideration, the species
distribution diagram for copper ion is construcéedl are given in Fig. 5.

M?*+ nH,O > M (OH)?" + nH'
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Fig.5-Effect of Initial pH on the adsorption of qugy ion by AIC ) . . .
- . - . . : Fig.6-Effect of other ions on the adsorption ofpmpon
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It is evident that Ctf and its monohydroxo species are the predominatiegies up to pH ~ 7,
while dihydroxo species are also formed to a sigaift extent above pH ~ 7 for copper .ion
Since maximum adsorption of copper ions was achiewg@H ~ 6.5, it may safely be stated that
the removal of copper ion was mostly due to adsampnd not precipitation. At still higher pH
(>7), however, part of CGli may be precipitated as dihydroxo species, whisb depend upon
the initial metal ion concentration. The other ortant factor, which might contribute to the
higher adsorption of metal ions with increased Hhe pH,c of AIC. At any pH below phl.
the surface of metal oxides/ oxyhydroxides is sy charged and at pH above pHthe
surface is negative. When the solution pH excegieg, the metal species are more easily
attracted by the negatively charged surface of rhas, favoring accumulation of metal species
on the surface and thus promoting adsorption [1]9-21

Effect of other ions

The effect of other ions like a(using CaS® solution) and Cl(using NaCl solution)on the
adsorption process were studied at different canagons. The ions were added to 15 mg/L of
metal ion solutions and the contents were agitfie@0 min at 35°C. The results are shown in
the Figure 6, which reveal that low concentratidnGd does not affect the percentage of
adsorption of metal ion on activated carbon, beedhe interaction of Cht available sites of
adsorbent through competitive adsorption is noeffective. While the concentration of other
ion C&" increases, the interference of these ions atahlailsurface sites of the sorbent through
competitive adsorption increases and hence dededise percentage adsorption. The
interference was more in the presence of'@ampared with Clion. This is so because, ions
with smaller hydrated radii decrease the swellingspure with in the sorbent and increase the
affinity of the sorbent for such ions [2,20,22].

Desorption studies

Desorption studies help to elucidate the naturgdsbrption and recycling of the spent adsorbent
and the copper ion. If the adsorbed copper ionbeadesorbed using neutral pH water, then the
attachment of the copper ion of the adsorbent isvbgk bonds. If sulphuric acid or alkaline
water desorb the copper ion, then the adsorptitwy isn exchange. If organic acids, like acetic
acid can desorb the copper ion, then the metal amn held by the adsorbent through
chemisorption. The effect of various reagents u$ed desorption studies indicate that
hydrochloric acid is a better reagent for desorptibecause we could get more than 81 %
removal of adsorbed copper ion. The reversibilitadsorbed metal ion in mineral acid or base
is in agreement with the pH dependent results nbthi The desorption of metal ion by mineral
acids and alkaline medium indicates that the coppewas adsorbed onto the activated carbon
through physisorption mechanism [14-16, 21].

Evidences for adsorption

The IR spectra of the raw activated carbon and afteorption of metal ion are shown in Figures
7a and 7b respectively. The slight reduction oétstiing vibration bands clearly indicate the
adsorption of metal ion on the adsorbent by phy$iraes [2,16]. The band at around 3400%cm
is due to the stretching of O-H group. The bandraund 2400 cih indicate the position of
asymmetrical and symmetrical stretching of methglegroups in the aliphatic and cyclic
hydrocarbons. The band at around 2360" strow the presence of carboxylate ion. The bands at
1579 and 1591 cthare assigned to C=C stretching vibration of cydleaes. The (S=0)
symmetric stretching frequency of organic sulphaiesurs in the region of 1430 &miThe band
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at 1111 crit shows the alcoholic C-O stretching vibration ah@mund 610 ci likely result
from NO, bending vibrations. The C-C bending vibrations ofmal alkenes occur in the region
of 460 cm'. Thus the IR results have confirmed the preseféenational groups such as OH
COO ", CO, NQ, S, on the surface of AIC that could be the potentidéamption sites for
interaction with the Cu(ll) ions [20].

The XRD diagrams of activated carbon and metaladserbed carbon are shown in Figures 8a
and 8b respectively. The intense main peak shbe/ptesence of highly organized crystalline

structure of raw activated carbon [2,16]. After #dsorption of metal ion, the intensity of the

highly organized peaks are slightly diminished.isThas attributed to the adsorption of metal ion
on the upper layer of the crystalline structurehe carbon surface by means of physisorption
[2,16].

The SEM diagrams of raw activated carbon and metahdsorbed activated carbon are shown
in Figures 9a and 9b respectively. The bright shtow the presence of tiny holes on the
crystalline structure of raw activated carbon. Afteeatment with metal ion the bright spots
became black indicating the adsorption of the metabn the surface of the carbon by means of
physisorption [2,16,17]. SEM images of AIC als@whthat the adsorbent has a rough surface
with almost non-compact structure. It is obviouattthe sorbent has considerable number of
pore spaces, where appropriate conditions exisCtdtl) ions to be trapped and adsorbed into
these pores. The SEM photos also illustrate thatmbtals can be homogeneously adsorbed on
the surface of adsorbent. It is revealed from th&1Sigures that the surface of AIC is found to
be not so random but rough in such a way to adiineresolute species on to the surface of the
adsorbent. Therefore the adsorptive characteristicsIC are expected to be highly effective
[15,23].
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FIG. 9b SEM PHOTOGRAPH OF AIC AFTER Cu(ll) ION ADS ORPTION
CONCLUSION

The experimental data correlated reasonably welthieyLangmuir and Freundlich adsorption
isotherms and the isotherm parameters were cadclldthe amount of metal ion adsorbed
increased with increase in pH of the medium. Theowarh of metal ion adsorbed slightly
decreased with increasing ionic strength and is&@awith increase in temperature. The
dimensionless separation factor JRshowed that the activated carbon can be usedhtor
removal of metal ion from aqueous solution. TheugalofAH®, AS°® andAG*® results show that
the carbon employed has a considerable potenteh aslsorbent for the removal of metal ions.
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