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ABSTRACT

An adsorbent prepared from Hibiscus Sabdariffa Steynacid treatment was tested for its efficientyemoving
copper ion. The process parameters studied inchgitation time, initial copper (Il) ion concentrati, adsorbent
dose, pH and temperature. The adsorption followedosd order reaction equation and the rate is mainl
controlled by intra-particle diffusion. Freundlichnd Langmuir isotherm models were applied to tteildrium
data. The adsorption capacity (Robtained from the Langmuir isotherm plot at aitidh pH of 6.5 and at 30, 40,
50, 60 +0.5°C. The influence of pH on metal ion removal wasifitant and the adsorption was increased with
increase in temperature. A portion of the CoppBrién was recovered from the spent AHSNC usidg/I0HCI.

Key words: Acid Activated Hibiscus Sabdariffa Stem Nano Carb@HSNC), Copper (Il) ion, Adsorption
isotherm, Equilibrium, Thermodynamic parametergahparticle diffusion.

INTRODUCTION

Heavy metal pollution of water and water bodiesiserious environmental problem that affects thelity of
water. The consequences are decreasing water supplgase in cost of purification, eutrophicatafrwater bodies
and decrease in aquatic productfdnin order to tackle the menace poise by heavy Inpefaution of water, several
options have been adopted. These include oxidatdreduction, chemical precipitation, filtrati@ectrochemical
treatment, ion exchange, membrane separation, sevesmosis, adsorption, evaporation and electsolsi
However, adsorption has been proven to be oneeobdist options available for the removal of heaegats from
aqueous solutiof % In view of the above, several researches have beaducted using various materials as
adsorbents®. However, some of these adsorbents also contdier dbxicants; some are expensive and are
characterized with limited surface area for adsomt

A search of literature revealed that fruit stons baen used for adsorption of some heavy metats &queous
solution but literature is scanty on the use oivatéd carbon produced from fruit stone for theoapBon of Pb (II)
and Cu (Il) ions from aqueous solution. Thereftine, objective of the present study is to inveséght possibility
of using AHSNC as an adsorbent for the removalw{IQ) ions from aqueous solution.
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EXPERIMENTAL SECTION

Adsor bent

TheHibiscus Sabdariffa Stenollected from nearby Thiruvarur district was carized with concentrated Sulphuric
acid and washed with water and activated aroun®@1th a muffle furnace for 5 hrs then it was takem, ground
well to fine powder and stored in a vacuum desarsat

Chemicals

All chemicals used of high purity commercially sahie Analar grade. 1000 mg/L of stock solutiorCaipper (I1)
was prepared by dissolving accurately weighed $98&m of Copper (II) sulphatepentahydrate in 1060
distilled water. All experimental solutions wereepared by diluting the stock solution to the reegi
concentration. The pH of each experimental solutias adjusted to the required initial pH value gsililute HCI
(or) NaOH before mixing the adsorbent. The conegian of residual Copper (1) ion was determineithwJV-

visible spectrophotometer (Systronics 2203).

Batch Experiments

The effect of various parameters on the removaCopper (Il) ion onto AHSNC was studied batch adsomp
experiments were conducted at (30-60°C). For eapbreamental run, 50 ml of Copper (ll) solution afdwn initial
concentration and pH were taken in a 250 ml pluggedcal flask. A 25 mg adsorbent dose is addgtiécsolution
and mixture was shaken at constant agitation sfE@rpm) sample were withdrawn at appropriate tintervals
(10-60 min) and the adsorbent was separated bgtidh. The residual solutions were analyzed tiemaine the
Copper (Il) ion concentration.

The effect of dosage of adsorbent on the remov&lagfper (I1) ion was measured by contacting 50 friG®mg/L
of Copper (ll) ion solution with 25 mg to 250 mgAHSNC till equilibrium was attained. Adsorptioneliprium
isotherm is studied using 25 mg of AHSNC dosage5fem| of Copper (II) ion solution. The initial woentration
were ranged from (25 to 125 mg/L) in all sets gbemiments. The plugged conical flask was shakemsgieed of
150 rpm for 60 minutes. Then the solution was sapdrfrom the mixture and analyzed for Copper i@h
concentration. The adsorption capacity was caledly using a mass equilibrium equation as foltows

Ge = (Co- COVIM e, 1)

Where, G and G being the initial Copper (Il) ion concentrationdfh) and equilibrium concentration, respectively
V is the experimental volume of Copper (ll) ion ww@n expressed in liters [L] and M is the adsotberass
expressed in grams [g]. The Copper (ll) ion petaga can be calculated as follows:

%R = (G— Q) X100/G -eoeeeeveeeeaean 2
The effect of pH on the rate of adsorption was stigated using Copper (II) concentration of 25 mgéinstant
AHSNC dosage. The pH values were adjusted withiteiHC| and NaOH solution. The adsorbent — adserba

mixture was shaken at room temperature using agitapeed (150 rpm) for 60 minutes. Then the cotmaton of
Copper (Il) ion solution was determined.
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RESULTSAND DISCUSSION

Effect of agitation time and initial Copper (I1) ion concentration:

The kinetics of adsorption of Copper (II) ion by BNC is shown inFigure.l with smooth and single plots
indicating monolayer adsorption of metal ion on kidSNC. The removal of metal ion increased with thgse
time and attains equilibrium in 60 min for 50 mg/With increase in metal ion concentration fromt@3.25 mg/L,
the amount of metal ion adsorbed increased whiée pércent removal decreased, The experimentaltsestil
adsorptions at different concentrations collecte@idble 1 observed that percent adsorption decreased withase
in initial indicating that the metal ion removal bgisorption on AHSNC concentration depenfient

Effect of AHSNC mass:

The amount of Copper (ll) ion adsorption increaséih the increase in AHSNC dose and reached a maxim
value after a particular dos&i¢.2). Taken an initial metal ion concentration of 50/mgcomplete metal ion
removal was obtained at a maximum AHSNC dose of h@5 The increase in the adsorption of metal ioth wi

AHSNC dose was due to the introduction of more inigdsites for adsorption and the availability mergface
ared’.
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Effect of pH:

The experience carried out at different pH show there was a change in the percent removal oflroetaver the
entire pH range shown iRig. 3. This indicates the strong force of interactiomwsen the metal ion and AHSNC
that either H or OH ions could influence the adsorption capacity.otiher words, the adsorption of metal ion on
AHSNC does involve ion exchange mechanism that Hmen an influence on the metal ion adsorption evhil
varying the pH. This observation is in line witrettype 1 and Il isotherm and positiv®H® value obtained, which
indicates irreversible adsorption probably duedtapinteraction&.

Effect of other ions:

The effect of other ions like €aand Cl on the adsorption process studied at differententrations. The ions
added to 50mg/L of metal ion solutions and the eoist were agitated for 60 min at’@0 The results had shown in
the Fig. 4 reveals that low concentration of Cldoes not affect the percentage of adsorption dflrien on
AHSNC, because the interaction of @t available sites of adsorbent through competiidsorption is not so
effective. While the concentration of other ion"Oacreases, the interference of these ions atahleilsurface sites
of the sorbent through competitive adsorption iases that, decreases the percentage adsorptiornt€herence
was more in the presence of @ompared with Clion. This is so because ions with smaller hydratedii
decrease the swelling pressure within the sorberitammease the affinity of the sorbent for suctsin
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Fig.4-Effect of ionic strength on the adsorption@épper ion
[Cu]=50 mg/L;pH=6.5;Dose=25mg/50 ml

Effect of temperature:

The adsorption capacity of AHSNC increased wittréase in the temperature of the system from 3008006
Thermodynamic parameters such as change in fremyef&GP), enthalpy OH® and entropy £S°) were
determined using the following equations.

Ko = Csolidlcliquid .......................... (3)
DG = -RTINKg wovvveeeeieeeee, (4)

log Ko = &S(2.303R) -AHY (2.303RT)... (5)

Where Kis the equilibrium constant,sq is the solid phase concentration at equilibriung/th, Giguig is the liquid
phase concentration at equilibrium (mg/L), T is temperature in Kelvin and R is the gas constaii’ and A S’
were obtained from the slope and intercept of vaioff plot and are presented in Table 4. Positiaig of AH°
shows the endothermic nature of adsorption. Thlesrthe possibility of both physical as well asermical
adsorption. Because in the case of physical atisarplone, while increasing the temperature of ¢igtem the
extent of metal ion adsorption decreases, as désoipcreases with temperattirds chemisorptions is mainly an
irreversible process, the low positiveH® value depicts that Copper (I1) ion is both phytjcas well as chemically
adsorbed onto AHSNC. This is in agreement withtyipe | and 1l isotherm obtained, which is closerteversible
adsorptior'?.
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The negative values ahG® (Table 4) indicate that the metal ion adsorpt®spontaneous. The positive value of
NS shows increased randomness at the solid-soluttenface during the adsorption of metal ion on AKISNhe
adsorbed water molecules, which are displaced éytisorbate species, gain more translational gntham is lost
by the adsorbate molecules thus allowing the pesna of randomness in the system. Enhancememtsofftion
capacity of AHSNC at higher temperatures may bgbated the enlargement of pore size and/or adtimanf the
adsorbent surfad".

Adsor ption I sotherms
Freundlich isotherm
The linear form of Freundlich isothefis represented by the equation

log g=log Ki+(1/n)log G ... (6)

Where @ is the amount of Cu (Il) ions adsorbed per uniight 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 thable-2. In general K
value increases the adsorption capacity for a gadsorbate increase.

The magnitude of the exponent 1/n gives an indicatif the favorability of adsorption. The valuenofl represents
favorable adsorption condition(or) the value of ara lying in the range of 1 to 10 confirms thediable condition
for adsorption. The adsorption co-efficient &¢ Copper (II) on AHSNC was found to be around B/§. The k
values indicates that the saturation time for gutsmm of metal ion is attained quickly slue to higHinity of
AHSNC towards adsorbate, while low Kalues indicates low adsorption rate of copperidriThe values of 1/n
were around 3.0 (mg/L) for Copper (ll) ions. Thghialues of 1/n signifies that the forces whioh exerted on the
surface of AHSNC during metal ion adsorption arergj rate from the values;land 1/n it is reveals that AHSNC
is more efficient for removal of Copper (Il) ions.

Langmuir isotherm

The Langmuir isotherm mod&f! is based on the assumption that maximum adsorptiaresponds to a saturated
monolayer of solute molecules on the adsorbentisarfThe linear form of the Langmuir isotherm eiuatan be
described by

CodGe= (L/QuD)+ (CIQn) woereeereeerernn, @)

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 adsorpt@pacity 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/reghe Langmuir isotherm constant that relates ¢oethergy of
adsorption (or rate of adsorption). The linear mbtspecific adsorption capacity/G. against the equilibrium
concentration (¢. The Langmuir constant and b were determined from the slope and interokpite plot and
are presented in table 2. In order to find out femesibility of the isotherm, the essential chagdstics of the
Langmuir isotherm can be expressed in terms of dioeless constant separation factgt By the equation

RL= (L/AHDG)) coeeeeeeeee e, 8)

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

R>1 Unfavorable adsorption
O0<R<1 Favorable adsorption
R =0 Irreversible adsorption
R =1 Linear adsorption

The R values between 0 to 1 indicate favorable adsarptay all initial concentration (§ and temperatures
studied. The calculated, Rrialues are given in th&able 3. The values of b were increased with increasing the

658



P. Manivannan et al J. Chem. Pharm. Res., 2015, 7(12):654-664

concentration of Copper (ll) ion.High b values iwatte high adsorption affinity the monolayer saioratapacity
Qmn were around 185 mg/L for AHSNC

Thermodynamic treatment of the adsor ption process

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

AG®° = -RTINKyoooveereeeeenennn 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 distributtoefficient I for the sorption reaction was determined from the
slope of the plot of In(4C,) against ¢ at different temperature and extrapolating to z€go according to the
method suggested by Khan and Sif§h The adsorption distribution coefficient may be ®gsed in terms of
enthalpy changeMH°) and entropy chang@&$°) as a function of temperature,

In Ko = AHYRT)+(ASIR) .o, (10)

Where,AH? is the standard heat change of sorption (kJ/ead)AS® is standard entropy change (kJ/mol). The value
of AH° and AS° can be obtained from the slope and intercepplof of InK, against 1/T. The value of
thermodynamic parameter calculated from equatiand®10 are shown in table 4. The thermodynamidrtreat of

the sorption data indicates thxG° values were negative at all temperature. Thalteepoint out that physisorption

is much more favorable for the adsorption of Chiflhs. The positive values AH°® show the endothermic nature
of adsorption and it governs the possibility of giegl adsorptioft”). Because in the case of physical adsorption,
while increasing the temperature of the system,etktent of metal ion adsorption increases, thigsubut the
possibility of chemisorptions. The loAH® value depicts metal ion is physisorbed onto dusat AHSNC.

The negativeAG’ values table 4 were conform the spontaneous nafuadsorption Cu (Il) ions onto AHSNGhe
lesser values oAG suggest that adsorption is physical adsorptiorces. The positive value a@H’ further
confirms the endothermic nature of adsorption pgec@he positive values @S in Table 4, showed increased
randomness of the solid solution interface durlmgadsorption of Copper (I1) ion onto AHSNC.

Adsor ption kinetics

The study of adsorption dynamics describes theesaelp take rate and evidently this rate contradsrédsidence time

of adsorbate uptake at the solid-solution interfeThe kinetics of Cu (Il) ions adsorption on the SINC were
analyzed using pseudo second-order, Elovich amd-pdrticle diffusion kinetic models. The conforynietween
experimental data and the model predicted valuesexpressed by the correlation co- efficiegt &nd the values
are close or equal to 1. A relatively high corrielatcoefficient ¢) value indicates that the pseudo second-order
model successfully describes the kinetics of Cuig¢hs adsorption.

The pseudo second- order equation
The pseudo second-order adsorption kinetic ratateaquis expressed as

da/de= Ko(Qe-0) cvvneennnnnnn. (12)

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

(=) = 1/G + Kot vovvrerrnne, (12)

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

/0= (L/ko0ed)+ (LGt v (13)
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If the initial adsorption rate (h)(mg'qiin™) is :

Equation (11) and (12) becomes,
t/igq=1/h+1/gt.......c..coeenn .. (15)

The plot of (/¢ and t of Eq. (15) gives a linear relationshipnfravhich ¢ and k can be determined from the slope
and intercept of the plot, respectively. The pseseoond order rate constants the calculated h values, and the
correlation coefficientsyj are summarized in Table 5. At all studied init@pper (ll) ion concentrations, the
straight lines with extremely high correlation dfieent (>0.99) were obtained. From table 5, tlzadues of the rate
constant k decrease with in increasing initial Gapgl) ion concentration for AHSNC. This is showmt the
sorption of Cu (1) ions on AHSNCfollows pseudo sed order kinetic model

The Elovich equation
The Elovich model equation is generally expressed a

dg/d=oexp ($g) .......... (16)

Where, o is the initial adsorption rate (mg*gmin®) and f is the desorption constant (g/mg) during any one
experiment. To simplify the Elovich equation. Chiand Claytorf™® assumedipt>>t and by applying boundary
conditions g=0 at t= 0 and\¢c g att =t Eq.(12) becomes:

G=1BINn@B)+1PInt............... (A7)

Since Cu (Il) ions adsorption fits with the Elovistodel, a plot of gvs. In(t) yields a linear relationship with a sbop
of (1/8)and an intercept of (B)In (ap). The Elovich model parametess B, and correlation coefficienty) are
summarized in table 5. The experimental data ssdh&initial adsorption rat&) adsorption constang) 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 modelss fitay be due to
increase the pore or active site on the AHSNC dmisar

Theintra particle diffusion model
The intra-particle diffusion model used here refeergshe theory proposed by Weber and M&fibased on the
following equation for the rate constant:

Where, kg is the intra-particle diffusion rate constant (gigiin) and C is the constant. Since the rate limgititep is
intra-particle diffusion, the graph drawn betweeyp) (mg/g) verses square root of the contact timd) tields a
straight line passing through the origin. The slgpves the value of the intra-particle diffusiarefficient (ky) and
correlation coefficienty) indicate the fitness of this model. The valueCofives an idea about the thickness of the
boundary layer. The intercept value indicate tlnat line were not passing through origin, there some other
process affect the adsorption. But the correlatioetficient ¢) value is very high, so that the intra-particl&udiion
takes place along with other process that may tfffecadsorption. The values are gived able5.

Desor ption studies:

Desorption studies help to elucidate the naturadsbrption and recycling of the spent adsorbentlamanetal ions.
If the adsorbed metal ions can be desorbed usingatgH water, then the attachment of the metal 06 the
adsorbent is by weak bonds. The effect of vari@agents used for desorption studies. The resutisdte that
hydrochloric acid is a better reagent for desomtlmecause we could get more than 90% removalsgrbdd metal
ion. The reversibility of adsorbed metal ion in eral acid or base is in agreement with the pH dépenresults
obtained. The desorption of metal ion by minerdts and alkaline medium indicates that the meial was
adsorbed onto the AHSNC through physisorption dsageby chemisorptions mechanisms.

660



P. Manivannan et al J. Chem. Pharm. Res., 2015, 7(12):654-664

TABLE1L EQUILIBRIUM PARAMETERSFOR THE ADSORPTION OF COPPER (I1) ION ONTO AHSNC

M Ce(mg/L) Qe(mg/L) Removal %

° [ 30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C 30°C 40°C 50°C 60°C
25 | 0.5647 | 0.4907 0.4274 0.3882 48.87D06 49.0187 49.1489.2236| 97.741] 98.03f 98.290 98.447
50 | 2.6732| 2.3598 1.9375 1.6349 94.6536 95.2804 96.1286.7302| 94.654 95.280 96.125 96.780
75 | 5981 | 528 | 4.61: | 4.01¢ | 138.03¢ | 139.43! | 140.77¢ | 141.96: | 92.02¢ | 92.95] | 93.85 | 94.64:
100 | 11.635| 10.750 4.612 8.896 176.780 178.501 190)7782.209| 88.365 89.250 95.348 91.1p4
125 | 18.156| 17.035 9.819 14.886 213.689 215.930 230|3820.228| 85.475 86.372 92.145 88.0p1

TABLE 2LANGMUIR AND FREUNDLICH ISOTHERM PARAMETER FOR THE ADSORPTION OF COPPER (I1) ION ONTO

AHSNC
Temp. | Langmuir Parameters | Freundlich Parameters
(©) Qnm B Kt n
30°C 247.24 0.2656 62.627 2.3457
40°C 247.38 0.3036 66.705 2.3843
50°C 294.31 0.3052 73.779 1.9873
60°C 247.12 0.4144 75.790 2.4425

TABLE 3. DIMENSIONLESS SEPERATION FACTOR (R.) FOR THE ADSORPTION OF COPPER (I1) ION ONTO AHSNC

©) Temperature °C

30°C 40°C 50°C 60°C
25 | 0.0700| 0.0618 0.061% 0.0460
50 | 0.036{ | 0.031¢ | 0.031% | 0.023¢
75 | 0.0245] 0.0215 0.0214 0.015
100 | 0.0185| 0.0162] 0.0161 0.011%
125 | 0.0148| 0.0130 0.0129 0.0096

©

©

TABLE 4. THERMODYNAMIC PARAMETER FOR THE ADSORPTION OF COPPER (I1) ION ONTO AHSNC

(Co) AG°

30°C 40C 50C 60°C
25 -9490.9 | -10177.7 -10880.3 -11488
50 -7239.5 -7820.1 -8623.1 -9377.
75 -6161.3 -6714.0 -7318.8 -7949. 11.914 59.589
100 | -5107.46| -5507.9 -8135.0 -6440. 15.5/8 68.793
125 | -4464.9( | -4805.; | -6611.¢ | -5540.10 | 11.18¢ | 52.02¢

AH° AS°

10.807  67.035
14.615 71.951

NTOTT
© [S)

TABLE 5. THE KINETIC PARAMETERSFOR THE ADSORPTION OF COPPER (I1) ION ONTO AHSNC

Co | Tempec Pseudo second ort Elovich model Intraparticle diffusion
° Qe ko y | h a B Y Kia y c

30 50.344 | 0.0091] 0.9908 23.1081 2211324 0.3641 0.970D587| 0.9884] 1.8833

25 40 50.415 | 0.0094] 0.9929 23.9904 5052320 0.3812 0.980D558| 0.9905 1.889%
50 50.469 | 0.0099] 0.9900 25.1692 12043615 0.3990 0.9783531| 0.9876 1.8954
60 50.57: | 0.009¢ | 0.991: | 24.979: | 920489: | 0.392¢ | 0.979¢ | 0.053¢ | 0.988 | 1.894}
30 97.362 | 0.0049] 0.9902 46.0252 695417 0.1936 0.9789570| 0.9878 1.8722

50 40 97.987 | 0.0048] 0.9913 46.3642 9416204 0.1957 0.970@559 | 0.9889 1.8767
50 98.758 | 0.0050| 0.9904 48.9173 16360127 0.1998 0.97810542| 0.9880 1.8839
60 99.454 | 0.0050| 0.992% 49.0114 11820181 0.1948 0.9808€553| 0.9901 1.8851
30 142.162| 0.0032 0.9906 64.9030 7023515 0.1299 0.9789582| 0.9882] 1.857}

75 40 143.43: | 0.003: | 0.989¢ | 67.952: | 1107547' | 0.132( | 0.978 | 0.056% | 0.987¢ | 1.864¢
50 144.86° | 0.003< | 0.989¢ | 70.64¢ | 1399920 | 0.132 | 0.978: | 0.056( | 0.987f | 1.871:
60 145.713| 0.0028 0.9918 59.2016 40289310 0.1411 0.980.0521| 0.9894 1.8749
30 182.230| 0.0024 0.9901 79.8875 4881656 0.0978 0.9784605| 0.9877| 1.8359

100 40 183.972| 0.0024 0.9912 81.4203 5976928 0.0980 0.970H598| 0.9888 1.8414
50 185.81¢ | 0.002¢ | 0.992% | 83.485. | 726961( | 0.098. | 0.980¢ | 0.059: | 0.989¢ | 1.847:
60 187.56: | 0.002¢ | 0.991¢ | 89.32¢ | 1253709 | 0.100C | 0.9797 | 0.057: | 0.989( | 1.8551
30 220.503| 0.0019 0.9938 94.6630 4275167 0.0y93 0.98aD618| 0.9914 1.8191

125 40 222.818| 0.0019 0.9939 94.5267 3870831 0.0y80 0.98aD622| 0.9915 1.8227
50 225.430| 0.0018 0.9925 91.2575 2331382  0.0y47 0.9808644| 0.9901] 1.8230
60 227.167| 0.0019 0.9932 97.4180 3965584 0.0y64 0.980H622| 0.9908 1.8313
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CONCLUSION

AHSNC prepared fronHibiscus Sabdariffa Sterwas found to be effective in removing Copper (dh from
aqueous solution. The adsorption is faster anddteis mainly controlled by intra-particle diffosi. Using the
sorption equation obtained from the Langmuir angluRdlich isotherms, it was found that AHSNC is #Heative
one for the removal of metal ion. The equilibriumtal conformed well to the Langmuir and Freundliettherm
models. The temperature variation study showedthteatnetal ion adsorption is endothermic and sp@uas with
increased randomness at the solid solution interf&gnificant effect on adsorption was observed/anying the
pH of the metal ion solution. pH dependent resatid desorption of metal ion in mineral acid sugdkat the
adsorption of metal ion on AHSNC involves chemisioms as well as physisorption mechanism.
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