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ABSTRACT

The removal of divalent nickel from aqueous sohgion Acid Activated was studied at varying contiaees, pH,
initial divalent nickel concentrations, adsorbenbsgé and temperature. The adsorption followed secanar
kinetics and the rate is mainly controlled byraaparticle diffusion. Experimental equilibrium arkihetics data
were fitted by Langmuir and Freundlich isothermbeTkinetics and thermodynamics of adsorption procesre
evaluated and the data followed pseudo kinetic otee thermodynamic parameters for the presentesys
including Gibbs free energy of adsorptid®&°, changes in enthalpy of adsorptidhl°, and changes in entropy of
adsorption4S° were calculated using van't Hoff equation. Negawalue of4G° suggests that adsorption is
spontaneous. The positive value1ef° may suggest endothermic process of adsorption.

Key words: Acid Activated Vitex Negundo Stem, Nickel ion, Adption isotherm, Equilibrium, Thermodynamic
parameters, Intra-particle diffusion.

INTRODUCTION

The natural environment received a high volume aftewater containing heavy metals as a resultaéase in
industrial activities. Due to toxicity, accumulation food chain and persistence in nature, heavialsig@ose a
significant threat to public health and environmefite most immediate concern of heavy metals ireclighd,
cadmium, zinc, nickel, cobalt, chromium, copper ametcury according to the World Health Organizaf{@grHO).
The effluents of various industries like electrdiplg, ceramic, metallurgy, mining, stainless stg@jments,
enameling, porcelain and accumulator manufactusfngickel contain undesirable amount of nickel i¢hl]. The
trace amount of nickel is beneficial due to thdvation of some enzymatic systems but higher intddan the
permissible level causes various diseases like Icengcer ,pulmonary fibrosis, skin dermatitis, reedema,
diarrhea, nausea and vomiting [5]. According to \ttiater Sanitation and Hygiene (WSH) under the Weétdglith
Organization (WHO), the permissible concentratibiNo(ll) as insoluble compounds of Ni (I1), sol'tompound
of Ni (I1), nickel carbonyl, nickel sulphide are01.0.1, 0.05-0.12 and 1.0 md Irespectively[6-11]. Removal of
heavy metals from wastewater is very importanttffier protection of environment and public healthobefgoing to
natural water because of its toxicity. Various noeihhave been used for removal of divalent niclahfindustrial
wastewater, including filtration, chemical precgtion, adsorption, electrodeposition and membraystems or
even ion exchange process [12]. Adsorption witlivatéd carbon can also be highly efficient for teenoval of
numerous trace elements from water and wastewaiethe high cost of activated carbon inhibitdaige scale use
as adsorbent [13] to solve these problems, in tegears, investigations have been carried out Her dffective
removal of large quantities of divalent nickel fremastewater using low cost adsorbents [14].
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MATERIALSAND METHODS

2.1. Adsorbent

The Vitex Negundo Stem collected from nearby Tvarur district was Carbonized with concentratedpButic
Acid and washed with water and activated aroun@®°@0n a muffle furnace for 5 hrs the it was taken, ground
well to fine powder and stored in a vacuum desarsa

2.2. Chemicals and reagents

All chemicals used of high purity commercially dabie Analar grade. 1000 mg/L of stock solutiomafkel was
prepared by dissolving accurately weighed 1 gramidfel sulphate in 1000 ml distilled water. Altperimental
solutions were prepared by diluting the stock sofuto the required concentration. The pH of eagheemental
solution was adjusted to the required initial pHueausing dilute HCI (or) NaOH before mixing thesatbent.

Batch Adsorption procedure

Batch adsorption studies were carried out in 250gtaiss-stoppered Erlenmeyer flasks with 50 mL efworking
Ni(Il) ion solution of different concentrations mging from 25mg/L to 125 mg/L. A weighed amount @bQg) of
adsorbent was added to the solution. The flask® vagitated at a constant speed of 150 rpm for Xstibloe
influence of pH (2.0-10.0), initial Ni(ll) conceation (50, 75, 100, 125 mdi, contact time (10, 20, 30,40, 50,
60min) , adsorbent dose (0.05, 0.010, 0.15, 025 and 0.3 g/50 mL) were evaluated during the mtestudy.
Samples were collected from the flasks at predétemin time intervals for analyzing the residual Ni(l
concentration in the solution. The amount of Ni{ihs adsorbed in milligram per gram was determibgdising
the following mass balance equation:

G = (G-CaV/m @

Where Ci and Ce are Ni(ll) concentrations (mg/Ljobe and after adsorption, respectively, V is tiwdume of
adsorbate in liter and m is the weight of the adeot in grams.

The percentage of removal of Ni(ll) ions was cadtedl from the following equation:
Removal (%) = (ECe)/Ci x 100 )
RESULTSAND DISCUSSION

3.1 Effect of agitation time and initial Nickel ion concentration:

The kinetics of adsorption of nickel ion by AAVNS shown in (fig. 1) with smooth and single plotdigating
monolayer adsorption of metal ion on the AAVNS. eTitemoval of metal ion increased with the lapseetand
attains equilibrium in 50 min for 50 mg/ L. Withdrease in metal ion concentration from 25 to 12fiLmthe
amount of metal ion adsorbed increased while tlegme removal decreased, indicating that the metatemoval
by adsorption on AAVNS concentration dependent.
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3.2 Effect of AAVNS mass.
The amount of nickel ion adsorption increased wilith increase in AAVNS dose and reached a maximuoeva

after a particular dose (fig.2). Taken an initiadtal ion concentration of 50 mg/L, complete medal iemoval was
obtained at a maximum AAVNS dose of 125 mg. Thedase in the adsorption of metal ion with AAVNS elogas
due to the introduction of more binding sites fdsarption and the availability more surface area.
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3.3 Effect of pH
The pH of the solution is one of the most critipatameters in the adsorption process, which affeaface charge

of the adsorbent material and the degree of ioizand specification of adsorbate[15]. The effeicpH on the
removal efficiency of Ni(ll) ion was studied at fdifent pH values ranging from 4.0 to 10.0, the ltssare given in
Figure 3. It was observed that a sharp decreabeiNi(ll) ion removal occurred when the pH valdd¢le solutions
changed from 4.0 to 10.0. The maximum adsorptioNi¢if) ions are obtained at pH 6.5 So pH 6.5wdeced as
optimum pH for Ni(ll) ion adsorption onto AAVNS. Aseen in fig 3. Ni(ll) removal by all studied adsents
decreased significantly with increasing pH, esgbcketween pH 4.0 to 6.5, the maximum removal patages of
Nickel onto AAVNS, were 86 to 92% respectively.
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3.4 Effect of other ions:
The effect of other ions like aand Cl on the adsorption process studied at differenteotrations. The ions

added to 50mg/L of metal ion solutions and the enist were agitated for 50 min at’80 The results had shown in
the Fig. 4 reveals that low concentration of ‘Gloes not affect the percentage of adsorption dflrien on
AAVNS, because the interaction of Git available sites of adsorbent through competitidsorption is not so
effective. While the concentration of other ion’Oacreases, the interference of these ions atahlailsurface sites
of the sorbent through competitive adsorption iases that, decreases the percentage adsorptiomt€Herence
was more in the presence of ‘C@ompared with Clion. This is so because ions with smaller hydraiedi
decrease the swelling pressure within the sorbahirecrease the affinity of the sorbent for suatsifl6].

3.5 Effect of temperature:
The adsorption capacity of AAVNS increased withréase in the temperature of the system from 3000006

Thermodynamic parameters such as change in fremyerf&G°), enthalpy OH® and entropy £S°) were
determined using the following equations.

Ko = Gsolid/ Ciiquid 3)

AG’=-RT In Ky “4)

log Ko = AS%(2.303R) -OHY (2.303RT) (5)
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Where Kyis the equilibrium constant,sgq is the solid phase concentration at equilibriung/gy Ciquiq is the liquid
phase concentration at equilibrium (mg/L), T is temperature in Kelvin and R is the gas constartl’ and A S’
were obtained from the slope and intercept of vaiwff plot and are presented in Table 4. Positiatig of AH°
shows the endothermic nature of adsorption. Thiesrihe possibility of both physical as well as rofel
adsorption. Because in the case of physical adearpione, while increasing the temperature of shstem the
extent of metal ion adsorption decreases, as désorpcreases with temperature[17]. As chemisongiis mainly
an irreversible process, the low positi®H® value depicts that Nickel ion is both physicalsaell as chemically
adsorbed onto AAVNS. This is in agreement withtiype | and 1l isotherm obtained, which is closerteversible
adsorption [18].

92

90

88

86

84 [

% Removal of Nickel ion

82 \

80 T T T T T T T T T
20 40 60 80 100
Con. of other ion in mg/L

Fig.4-Effect of ionic strength on the adsorptiorNaékel ion
[Ni]=50 mg/L;pH=6.5;Dose=25mg/50 mi

The negative values ahG° (Table 4) indicate that the metal ion adsorpt®spontaneous. The positive value of
NS’ shows increased randomness at the solid-solutienface during the adsorption of metal ion on AAY/N he
adsorbed water molecules, which are displaced &watisorbate species, gain more translational gntham is lost
by the adsorbate molecules thus allowing the pesa of randomness in the system. Enhancememisofation
capacity of AAVNS at higher temperatures may bahatted the enlargement of pore size and/or adtinatf the
adsorbent surface [19].
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3.6 Adsorption I sotherms
3.6.1 Freundlich isotherm
The linear form of Freundlich isotherm [28]represented by the equation

log g=log K; +(1/n)log G (6)

Where q is the amount of Ni (II) ions adsorbed per unitigh¢ of the sorbent (mg/L), K is a measure of
adsorption capacity and 1/n is the adsorption sitgnThe value of Kand n are calculated from the intercept and
slope of the plot of log&ys log G respectively. The constant End n values are given in (table-2).

TABLE: 2. LANGMUIR AND FREUNDLICH ISOTHERM PARAMETER FOR THE ADSORPTION OF NICKEL ION ONTO

AAVNS
Temp. | Langmuir Parameter | Freundlich Parameter
(c) Qn B K n
30° 175.46 0.22 5.27 2.79
40° 190.46 0.18 5.13 2.53
50° 258.99 0.14 5.16 1.96
60° 185.21 0.28 5.60 2.82

In general Kvalue increases the adsorption capacity for angadsorbate increases. The magnitude of the exponen
1/n gives an indication of the favourability of adstion. The value of n>1 represents favorable guiEm
condition[21] (or) the value of 1/n are lying irethange of 1 to 10 confirms the favorable condifimmadsorption.
The adsorption co-efficient (Kof Nickel on activated AAVNS was found to be ardup.0 L/g. The Kvalues
indicates that the saturation time for adsorptibrmetal ion is attained quickly slue to high affiniof activated
AAVNS towards adsorbate, while low; Kalues indicates low adsorption rate of metal[R#)23]. The values of 1/n
were around 3.5 (mg/L) for Nickel ions. The higHues of 1/n signifies that the forces which arereedon the
surface of AAVNS during metal ion adsorption an@sg rate from the values;l&nd 1/n it is reveals that AAVNS

is more efficient for removal of Nickel ions.

3.6.2 Langmuir isotherm

The Langmuir isotherm model [24] is based on thsuamption that maximum adsorption corresponds tatarated
monolayer of solute molecules on the adsorbenasarfThe linear form of the Langmuir isotherm eumatan be
described by

Cda= (1/Qnb)+ (G/Qm) (@)

Where G (mg/L) is the equilibrium concentration of the adsate, g (mg/g) is the amount of adsorbate per unit
mass of adsorbent, ,Qand b are Langmuir constants related to adsorptepacity and rate of adsorption
respectively. Q is the amount of adsorbate at complete monolageerage (mg/g) which gives the maximum
adsorption capacity of the adsorbent and b (L/mghé Langmuir isotherm constant that relates ¢oehergy of
adsorption (or rate of adsorption). The linear pdbtspecific adsorption capacity/G. against the equilibrium
concentration (g. The Langmuir constant{and b were determined from the slope and intercktite plot and
are presented in table 2. In order to find out fibesibility of the isotherm, the essential chaggstics of the
Langmuir isotherm can be expressed in terms of d&aless constant separation factqr [R5,26] By the
equation

R =(1/(1+bG)) (8)

Where G (mg/L) is the highest initial concentration of adsent and b (L/mg) is Langmuir isotherm constaiie
parameter Rindicates the nature of shape of the isothermrdaugly.

R .>1 Unfavorable adsorption
O<R <1 Favorable adsorption
R =0 Irreversible adsorption
R =1 Linear adsorption

The R values between 0 to 1 indicate favorable adsarptoy all initial concentration (§ and temperatures
studied. The calculated Ralues are given in table 3.
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TABLE: 3. DIMENSIONLESS SEPERATION FACTOR (R.) FOR THE ADSORPTION OF NICKEL ION ONTO AAVNS

©) Temperature°C

| 30°C | 40°C | 50°C | 60°C
25 | 015 | 0.18] 0.21] 0.12
5 | 0.08 | 0.09| 0.12] 0.06
75 | 0.05| 0.06| 0.08] 0.04
100 | 0.04 | 0.05| 0.06] 0.03
125 | 0.03 | 0.04| 0.05] 0.02

The values of b were increased with increasingdbse of adsorbent for AAVNSligh b values indicate high
adsorption affinity the monolayer saturation capai, were around 258.99 mg/L for AAVNS

3.7. Thermodynamic treatment of the adsorption process

Thermodynamic parameters associated with the afisorpvia standard free energy changeG{), standard
enthalpy changeAH?), and standard entropy changés}) were calculated as follows. The free energy sbagtion
process considering the adsorption equilibrium tam, is given by the equation

AG° = -RT In Ky 9)

Where AG® is the free energy of adsorption (kJ/mol), Tthe temperature in Kelvin and R is the universa ga
constant (8.314 J mol/K).The adsorption distributamefficient kg for the sorption reaction was determined from
the slope of the plot of In¢,) against ¢ at different temperature and extrapolating to Z8roaccording to the
method suggested by Khan and Singh[27]. The adsarplistribution coefficient may be expressed imte of
enthalpy changeAH®) and entropy chang@&$°) as a function of temperature,

In Ko = (AHY/RT)+(ASYR) (10)

WhereAH® is the standard heat change of sorption (kJ/end)AS° is standard entropy change (kJ/mol). The value
of AH° and AS°® can be obtained from the slope and intercepplof of In K, against 1/T. The value of
thermodynamic parameter calculated from equatian®10 are shown in table 4.

TABLE: 4 THERMODYNAMIC PARAMETER FOR THE ADSORPTION OF NICKEL ION ONTO AAVNS

AG® R
C [Tarc [ arc [ soec [ erc | 27| A5
25 | -6736.37| -6857.69 -7934.30 -8567.66  13/15 65,03
50 | -5971.37| -5942.97 -6488.85 -7359.88 8.18 4597

2]
6
75 | -4082.32| -4371.87 -4801.0f -5329.62 8.%2 41140
6
B

100 | -2676.69| -2891.17 -5683.6 -2631.38 6.23  30.52
125 | -1464.13| -1966.71 -4028.8 -3065.51 1976 7Q.42

The thermodynamic treatment of the sorption datiicates thaNG° values were negative at all temperature. The
results point out that physisorption is much maweofable for the adsorption of Ni (ll) ions. Thesfiive values of
AH° show the endothermic nature of adsorption agadvierns the possibility of physical adsorptionecBuse in the
case of physical adsorption, while increasing #maperature of the system, the extent of metal dsom ption
increases, this rules out the possibility of chempsons. The lowAH® value depicts metal ion is physisorbed onto
adsorbent AAVNS.

The negative\G values table 4 were conform the spontaneous nafuadsorption Ni (I) ions onto AAVNSThe
lesser values ofAG  suggest that adsorption is physical adsorptiorcess. The positive value @fH™ further
confirms the endothermic nature of adsorption sc&he positive values &S in table 4, showed increased
randomness of the solid solution interface durhmgaddsorption of nickel ion onto AAVNS.

3.8. Adsorption kinetics.

Three common kinetic models that are pseudo- skander, intraparticle diffusion and Elovich eqoas were
used for adsorption kinetics of Ni (II) on AAVNSh& study of adsorption dynamics describes the salpttake
rate and evidently this rate controls the residetime of adsorbate uptake at the solid-solutiorerfiaice .The
kinetics of Ni (ll) ions adsorption on the AAVNS weeanalyzed using pseudo second-order Elovich atrd-i
particle diffusion kinetic models. The conformitetiveen experimental data and the model predictetesavas
expressed by the correlation co- efficiery) @nd the values are close or equal to 1. A redbtihigh correlation
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coefficient §) value indicates that the pseudo second-order hsaeessfully describes the kinetics of Ni (llp$o
adsorption.

3.8.1 The pseudo second- order equation
The pseudo second-order adsorption kinetic ratatauis expressed as

dg/dh = k(G- ) (11)

Where: K is the rate constant of pseudo second- order gitisr(g mg/min). For the boundary conditions t 00
t=t and g= 0 to q = g the integrated form of Eq. (9) becomes:

1/(0 — q) = 1/ + Kot 12)

This is the integrated rate law for a pseudo seawddr reaction. Equation (12) can be rearrangedbtain
Eq.(13),which has a linear form:

t/g=(1/k0e)+ ((L/ept (13)
If the initial adsorption rate (h)(mg'gin™) is :

h=k,0’ (14)
Equation (11) and (12) becomes,

t/q=1/h+1/gt (15)

The plot of (t/g) and t of Eq. (15) should give a linear relatidpgihom which g and k can be determined from the
slope and intercept of the plot, respectively. Peeudo-second order rate constangsthe calculated h values, and
the correlation coefficienty)are summarized in Table (5).

TABLE: 5. THE KINETIC PARAMETERSFOR THE ADSORPTION OF NICKEL 1ON ONTO AAVNS

c | T oC Pseudo Second Or der Elovich M odel Intra-particle Diffusion
o | Temp Qe K2 y | H a B y | Ko | y c

30 51.80 | 205x18 | 0.994| 7.72| 56.483 013 0.998 144 0.9p2 0.18

25 40 49.10 | 153x10 | 0.995| 13.89] 2313.4 0.2 0991 178 0.994 o0.10
50 50.34 | 143x1G | 0.997 | 11.79] 1622.7 0.2] 0993 178 0.9p1 0.107
60 52.26 | 160x10 | 0.999| 7.86| 91.607 0.14 0992 147 0.9p2 0.16
30 101.0 | 228x1G | 0.998| 13.49] 118.16 0.04 0991 163 0.99p1 0.18

50 40 96.65 | 186x18 | 0.997 | 20.07| 1907.0 0.105 0.992 1.4  0.992 0fl1
50 97.76 | 179x18 [ 0.998| 21.23] 1987.3 0.108 0.991 1.5 0.991 011
60 98.93 | 160x1G | 0.992| 22.43] 2909.2 0.106 0.993 1.77 0.993 0.10
30 134.41| 224x18 | 0.994| 25.51] 1173.4 0.068 0.997 1.68 0.991 0[12

75 40 135.52| 219x18 | 0.991| 26.83] 1384.2 0.069 0.994 1.69 0.992 0.]24
50 137.35| 211x18 | 0.992| 28.32] 1854.2 0.07 0994 171 0991 0.120
60 140.19| 210x18 | 0.991| 28.76] 1591.5 0.06 0.9953 1.f1 0.991 0.123
30 161.52| 250x18 | 0.992| 25.35| 549.98 0.03 0997 1.60 0.9p1 0.n4

100 40 162.42| 237x18 [ 0.991| 28.80] 876.94 0.0583 0.999 1.62 0.992 013
50 167.05| 112x18 | 0.993| 30.68] 951.25 0.05¢ 0.998 1.64 0.993 0.136
60 150.16 | 125x18 | 0.991| 94.26] 948.23 0.1 0997 1.74 0.9p2 0.p6
30 177.52| 253x18 | 0.992| 24.00] 403.69 0.0 0998 152 0.993 0.15

125 40 184.46| 237x18 | 0.994| 31.53| 673.76  0.04 099 156 0.9p2 0.n4
50 193.10| 154x18 [ 0.991| 31.93] 686.28§ 0.042 0.996 158 0.998 0.]46
60 203.66| 248x18 | 0.992| 32.26] 742.99 0.040 0997 1.60 0.995 0.]145

At all studied initial Nickel concentrations, theaéght lines with extremely high correlation cdigent (>0.99)
were obtained. From table 5, the values of thegatstant k decrease with in increasing initialkddiocconcentration
for AAVNS. This is shows that the sorption of Mj jons on AAVNSfollows pseudo second order kinetic model
3.8.2 The Elovich equation

The Elovich model equation is generally expressed a

da/ d = o exp (Bay) (16)
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Where; a is the initial adsorption rate (mg'gmin™®) andf is the desorption constant (g/mg) during any one

experiment. To simplify the Elovich equation. Chamd Clayton (1980) assumeafit>>t and by applying boundary
conditions g=0 att=0 and,Gc ¢ att =t Eq.(16) becomes:

g=1BIn(@B)+1PInt a7

If Ni (1) ions adsorption fits with the Elovich ndel, a plot of gvs. In(t) should yield a linear relationship weh
slope of (18)and an intercept of (B)In (ap). The Elovich model parametexsfp, and correlation coefficienty) are

summarized in table 5. The experimental data sedheinitial adsorption rate) adsorption constanp) and the
correlation co-efficient ) calculated from this model indicates that thetiahiadsorption ¢) increases with
temperature similar to that of initial adsorpti@ter (h) in pseudo-second—order kinetics models fitday be due to
increase the pore or active site on the AAVNS daksat.

3.8.3 Theintra particle diffusion model
The intra-particle diffusion model used here refersthe theory proposed by Weber and Morris basedhe
following equation for the rate constant:

G =kg t2 +C (18)

Where ky is the intra-particle diffusion rate constant (gigiin) and C is the constant. If the rate limitisigp is
intra-particle diffusion, then the graph drawn beén (§) (mg/g) verses square root of the contact tirh8 &hould
yield a straight line passing through the origifhe slope of the will give the value of the intrarjicle diffusion
coefficient (ky) and correlation coefficient) indicate the fitness of this model. The valueCofives an idea about
the thickness of the boundary layer. From thesa tia¢ intercept value indicate that the line weoé passing
through origin, there are some other process affectadsorption. But the correlation coefficiept Yalue is very
high, so that the intra-particle diffusion takesqa along with other process that may affect treomadion. The
values are given in table 5.

3.9 Adsorption rate constant:
The rate constant of adsorption of Nickel ion on\A¥S was determined using the following rate expmsgiven
by Lagergren [28].

log (Q:— Q) =log Q— (Kad2.303) t (19)

Where Q is the amount of solute adsorbed per unit weidghthe adsorbent (mg/g) at equilibrium time, Q is th
amount adsorbed (mg/g) at time t (min) ang i§ the rate constant (mth Linear plots of log (@— Q) versus t
suggest the applicability of the Lagergren equatidre rate constants g§ were calculated from the slope and are
presented in Table 5.;Kwas found to decrease with the increase in thlimioncentration from 25 to 125 mg/L.
An examination of the effect of metal ion concetitra on the rate constant { K; K,) helps to describe the
mechanism of removal taking place. In cases aftsturface adsorption, a variation of rate shdagdproportional

to the first power of concentration. However, wipare diffusion limits the adsorption process, tetionship
between initial solute concentration and the rdteeaction will not be linear [29]. It shows thatd&rect linear
relationship does not exist in the adsorption ofahmn AAVNS. It seems likely that pore diffusidimits the
overall rate of adsorption.

The contact-time experimental results can be usatudy the rate-limiting step in the adsorptioogess, as shown
by Weber and Morris [30]. Since the particles agorously agitated during the adsorption periads iprobably
reasonable to assume that the rate is not limiyaddss transfer from the bulk liquid to the padiekternal surface.
One might then postulate that the rate-limitingpsteay be either film or intra-particle diffusionsAhey act in
series, the slower of the two will be the rate-datring step.

The rate constant for intra-particle diffusion #a@ned using the equation
Q = Ket”* (20)

Here, K, (mg/g/min) is the intra-particle diffusion ratenstant. The nature of the plots suggests that riftiali
curved portion is attributed to the film or boungéayer diffusion effect and the subsequent lingartion to the
intra-particle diffusion effect [31]. Also depictisat the intra-particle diffusion is the slow ame trate-determining
step. K, values were obtained from the slope of the lingations of the curves at each metal ion conceotrat
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(Table 5). The K values increased with increase in the metal iomcentration, which reveals that the rate of
adsorption is governed by the diffusion of adsonbetal ion within the pores of the adsorbent.

3.10 Desorption studies:

Desorption studies help to elucidate the naturadsbrption and recycling of the spent adsorbentlaadnetal ions.
If the adsorbed metal ions can be desorbed usintraiepH water, then the attachment of the metal aé the
adsorbent is by weak bonds. The effect of varimagents used for desorption studies. The resqudisate that
hydrochloric acid is a better reagent for desomptlecause we could get more than 90% removalstradd metal
ion. The reversibility of adsorbed metal ion in evial acid or base is in agreement with the pH dépenresults
obtained. The desorption of metal ion by mineritis and alkaline medium indicates that the medal was
adsorbed onto the AAVNS through physisorption a6 ageby chemisorptions mechanisms [32]

CONCLUSION

AAVNS prepared from acid activated vitex negundensivas found effective in removing Nickel ion fragueous
solution. The adsorption is faster and the ratemagnly controlled by intra-particle diffusion. ldg the sorption
equation obtained from the Langmuir and FreundBdtherms, it was found that AAVNS is an effectoree for the
removal of metal ion. The equilibrium data confodneell to the Langmuir and Freundlich isotherm med&he
temperature variation study showed that the metaladsorption is endothermic and spontaneous witteased
randomness at the solid solution interface. Sigaift effect on adsorption was observed on varyiegpH of the
metal ion solution. The type | and Il isotherm aiéal, positiveAH® value, pH dependent results and desorption of
metal ion in mineral acid suggest that the adsonptf metal ion on AAVNS involves chemisorption wsll as
physisorption mechanism.
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