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ABSTRACT

Used Aquaguard Carbon(UAC) was used to remove LCitfin aqueous solution. The influence of contewe,
suspension pH, temperature, UAC/ Cu(ll) dosage arfllICremoval were investigated in a series of hatc
adsorption experiments. Adsorption data was foanfbfow Langmuir isotherm and pseudo second okileetics.
Thermodynamic parameters were evaluated from temtyper experiments. Activation energy was founde@b.4
kJ/mol. Adsorption data was interpreted kineticatyd was found to be controlled both by physioisopms well as
intra particle diffusion. The Cu(ll) uptake was fmlto be suppressed in presence of Co-ions andwsll trend
Ni>zZn>Co.

Key Words: Intraparticle diffusion, Langmuir isotherm, Pseusecond order kinetics, Separation parameter, Used
Aquaguard Carbon (UAC).

INTRODUCTION

Cu salts are used in water supply system for cthimgabiological growths in reservoirs and distrilmn pipes. The
corrosion of Cu containing alloys in pipe fittinggy introduce measurable amounts of Cu into themwaithough
Cu is essential to humans, it should be limitecoup® mg daily. Since like other heavy metals, §ufas high
affinity for ligands containing nitrogen and sulphdonors, enzymes and nucleic acids present iftinean body
are greatly affected and lead to haemolysis, darotlgsrer and kidney and fever with influenza[1].

So, the removal of the excess of copper from thekihg water by a simple and cost effective metiedery much
essential to protect human and environmental he&thverse osmosis, electro-dialysis, liquid extosctand
precipitation are the so called conventional meshechich are generally used for the sequestraticdugll) from
the agueous solution. But these methods are notoedoally viable when the concentration of the rseta the
solution are low[2,3]. Therefore, adsorption pracissconsidered to be a better technique for thmval of Cu(ll)
by using low cost adsorbents. Various low cost dusats being used are natural bentonite, natuagl &aolinite,
montmorillonite, steel making slag, peat, fly astd carbonaceous substrates[4-13]. Although aetivearbon has
also very good adsorption capacity towards mosthef heavy metals, however it is not cost effectie the
removal of Cu(ll) under consideration because ©high price and expensive regeneration[14]. Nadeys, silver
impregnated activated carbon has been used inaimestic water filter and it has been discarded &fte months
use.
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In order to check the maximum reusability of usgdaaguard carbon, in the present paper an atteaspbéen made
to remove Cu(ll) from the drinking water system using Used Aqua Guard Carbon. The aim of this stadp
investigate the kinetics and mechanism of Cu(I§aadtion on Used Aqua Guard Carbon(UAC).

EXPERIMENTAL SECTION

Adsorbent

Bacteriostatic silver impregnated granular actistatarbon specially packed for Eureka Forbes limited used as
adsorbent after 6 months use in the domestic agaadg It is manufactured by Active Carbon India.Rid.,
Banzara Hill Pvt.Ltd. It has Item code GWTMST20088@&nd granular size 8X20 ASTM. After 6 months ke,
charcoal was washed several times and finally dathionised water and dried in the oven overnighiOstC.

Adsorbate

Stock solution of 1000mg/dirCu(ll) ion was prepared dissolving copper sulphagéntahydrate (CuSGH,0)
purchased from MERK India Ltd. in deionised watdr.was diluted to desired level to perform differen
experiments.

Adsorption studies

Batch kinetic experiments were carried out usinghagnetic stirrer. A fixed amount of UAC was placed
stoppered conical flasks to which 100mL of Cu(b)usion of various concentrations were added. Tiwdure was
stirred for 150 minutes. The initial pH of the dobn was adjusted by dilute ,HO, / NaOH. For temperature
variations, the adsorption studies were carriedimwd thermostat where the variation in temperatuas only +
0.5°C. Samples were collected at regular time interaald equal volume of the original solution was aepH in
order to maintain the volume constant. Due coroestiwvere made during interpretation of results hEa@eriment
was repeated two times and the mean values ween tako consideration. The loading (q) was cal@dat
according to the equation-1

(Co - Ce)v

Q= — g
M M
Where,
g = Adsorbent phase concentration after equilibriomg adsobate /g adsorbent or loading
C, = Initial concentration of Cu(ll),mg/d
C. = Equilibrium concentration of Cu(ll), mg/dm
V= Volume of the liquid in the reactor , dm
M= Mass of the adsorbent, g.

(Co'Ce)

Sorption(%) = — ¢ X100
© (2)
Analysis
The Cu(ll) ions in the solution were analyzed usiB§flCO SL 176 double beam Atomic Absorption

Spectrophotometer.
RESULTS AND DISCUSSION

Effect of contact time

Each adsorption experiment was carried out for htutes. Maximum Cu(ll) adsorption was observedimithe

first 30 minutes. After that no further uptake af(@) was observed. Because, as long as the rdsidusbalanced
sites are present on the adsorbent UAC, there is@aase in the % of Cu uptake. When all the gitesent on
UAC get satisfied, there is no further increaséhim % of Cu(ll) uptake. Decrease of removal witbr@asing time
may also be due to intra particle diffusion procgsminating over adsorption[15]. The % of Cu uptakeUAC

was compared with the unused silver impregnatec amaard carbon. The % of Cu(ll) uptake by used(UAGJ)

unused aqua guard carbon were found to be 78 abdedpectively in the first 30 minutes as showrFigure
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1(Condition : Metal concentration — 10 mg/fim/v(%) — 2). It indicates that the UAC can bedi§erther for the
removal of Cu(ll).
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Figure 1 : Comparison of Cu(ll) adsorption betweerused and unused Aquaguard Carbon(AC)
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Figure 2: Adsorption of Cu(ll) ion on UAC

Effect of pH

The surface charge of most of the carbons becorséiy@ at low pH[16]. Therefore, the uptake of piesly
charged Cu(ll) ion is less at low pH . Similarly,régher pH there is a possibility of Cu(ll) preitgtion. So, the pH
of the solution was varied from 2-7. It was obsdrtleat maximum Cu(ll) removal was achieved at pbl X-Ray
Photoelectron Spectroscopy (XPS) shows that thetifumal groups present on surfaces of the varigpsed of
carbons are hydroxyl (C-¥) Carbonyls (C=0) and carboxylic acids or, es{@sC=0). Out of these, the C-O
functional state contributes 60-70% of the totabfoxygen containing states[17]. Therefore, adsonpof Cu(ll)
on UAC may follow the following mechanism as shawifrigure 2.
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Cu(ll) ions may also hydrolyse in aqueous solutéow adsorb in a hydrolysed form according to tHevigng
reaction.

CU + H,O > CU"Y'OH + H" (Hydrolysis)

Effect of Cu(ll) and UAC concentration

With the increase in Cu(ll) concentration from 4206 mg/dmi, the % of Cu uptake decreased from 66 to 53,
whereas loading increased from 0.15 to 0.58 mgaglid report indicates that the removal of Cui$l)}dependent
on Cu(ll) concentration[18]. Similarly, with thedrease in UAC concentration from 20 to 50 gidthe loading
decreased from 0.36 to 0.15 mg/g, whereas % ofl)Cufitake increased from 78 to 85 mg/g. It showat th
adsorbent/adsorbate doses and removal efficieregraatly influenced by the number of adsorptidesspresent
on the adsorbent surface exposed to adsorbate. @nikbrium was achieved, there was no effect ldrge of
adsorbent/adsorbate dose. With the increase of Wétentration, the functional groups present oroimnt
which are responsible for adsorption are increamed therefore adsorption also increased. Similaxiyh the
increase in Cu(ll) concentration, the competiti@iween the sorbate increases for the limited nurobsorbent.
Therefore, % of adsorption is decreased.

Effect of Temperature

Effect of temperature on adsorption of Cu(ll) wasdged by conducting different sets of experimeattsifferent
temperatures i.e. 30, 40, 50 and®3It was observed that adsorption of Cu(ll) ioargased when the temperature
increased from 30 to 40 and then it decreased. The negative effect opéeature is due to exothermic nature of
the reaction and the greater degree of hydrolyidiseofunctional groups present on the charcodbser

30
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Figure 3 : Langmuir Plot
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Adsorption isotherms

The adsorption of Cu(ll) on UAC was fitted with tweell known models given by Freundlich and Langmuiiese
two iso:r?erms were studied by using initial Cu@i®ncentration between 4 and 20 mgidahan adsorbent dose of
20 g/dni.

The Langmuir adsorption isotherm is
1
Ce + Ce

% ~ Omb Om

3

Where, constants b ang, telates to the energy of adsorption and adsorgigacity and their values were obtained
from the intercept and slope of the plot @fgeversus g as shown in Figure 3. The linear nature of the¢ phowed
that the adsorption follows Langmuir isotherm.

The obtained g value can be compared with the other reportedteefl#t,19]. The values of b which is a measure
of heat of adsorption was utilized to calculatéraehsionless constant i.e., separation parame{edR

1
1+ bG

4

Where,G=Initial concentration of Cu(ll). According to Mcleet al.[21] ,R>1 = unfavorable, R=1 = Linear
0<R<1™ Favorable, R=07 Irreversible adsorption, Ralues = 0.05 to 0.22 indicated the sorption oflCu
on UAC is favorable in nature.

The adsorption data obtained was also fitted witbuRdlich isotherm. Freundlich isotherm actuallyeg the
relationship between loading and equilibrium coticion.

The equation is

1
log Qe = log K + —log G
A (5)
Where, K and n are Freundlich constants which spored to adsorption capacity and adsorption intgnsi
respectively. The slope (1/n) and intercept (logcK) be obtained from the graph plotted betweemdagrsus log
C.. The results showed that Langmuir isotherm is @ddi for the experimental data as is evidencedff values
shown in Table I.

Table | Freundlich and Langmuir isotherm constants

Isotherm model Various Constants
. R | gqu(mg/g) | b
Langmuir =597 0.48 | 0.89
: R> | K(mg/g) n
Freundlich 057 0.20 > a7

Activation energy was determined from the slopeAatenius plot i.e. a plot between In(reaction retamstant)
versus reciprocal of temperature(K). The equaton i

— sE/RT
k=Ae ©6)

The low activation energy i.e. 77.4 kJ/mol indichthe ease of sorption reaction. These values@rgarable to
the other reported data[22].

The values ofAH and AS were calculated from the slopes and intercepthefgot of Inky versus 1/T [23] as
shown in Figure 4 by using the relation.
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INKp = AS/R - AH/IRT

Where,

Kp = Distribution coefficient
T = Temperature, K

AS = Entropy change

AH = Enthalpy change

R = Universal gas constant

(7

2.5 A

0 T T

y=2,458.17x - 5.58
R?2=0.99

0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325 0.0033 0.00335
1/T, K?

Figure 4 : A plot of InKp versus 1/T to determine thermodynamic parameters

The free energy of specific adsorptie@ was calculated from the following relation

AG = AH-TAS

The AG, AH andAS values are shown in Table - Il. The negative eslaf the enthalpy change suggested the
reaction to be exothermic in nature. The negatalees of the free energy char@ indicated the spontaneity of

the adsorption process.

Table Il Thermodynamic Parameters

Temp(K) | AE kJ/mol | AH kJ/mol | AS kJ/mol| AG kJ/mol
303 77.39 -20.4 -0.046 -6.38
323 -5.45
336 -4.85
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Adsorption Kinetics

A number of models have been developed to deskiitetics of metal adsorption in batch experime@isnformity
between the experimental data and the model pestlichlues are expressed by correlation coefficiéRts1).
Relatively high R values for all the models tested indicated thatrttodel successfully described kinetics of Cu(ll)
adsorption on UAC.

Lagergren’s equation (pseudo T order)

It is expressed as

d
&= (G- @)

Where,
ge and q@ (Mg/g) are the adsorption capacity at equilibriamd at time t respectively.
k; = Rate constant for pseudo 1st order adsorptiocess

After integration and applying initial conditionst£0 to t =t at g0 to q= @), integrated form of the above
equation becomes

ki
109(Ge - @) = l0g @ -
2.303

)

Plot of log (@ q) versus t should give a linear relationship frofmch k; and g can be determined from slope and
intercept of the plot respectively[24]. The dataswited to the above equation andand R( the correlation
coefficient) values for the experiments are showmable Il1.

Ho and McKay Equation(Pseudo 2 order)
The sorption kinetic model by Ho and McKay equai®expressed as

d
& = (e - @)?

Where, k =rate constant of Ho and Mc Kay equation (g/mgjmiior boundary condition (t=0 to t =t atq to
0= au), integrated form of the above equation becomes

LI S

Oe - G Je

(11)

This is integrated rate law for a pseudd@der reaction. The above equation can be reathasg :

- =L : ®
= + —(t
qt kzqez qe (12)
The initial adsorption rate h(mg/g/min) is hg¥. Then equation 12 becomes
o 1
qt h + q (t)
e (13)
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Plot by (t/q) and t will give a straight line from which. @nd k can be determined from slope and intercepts
respectively[25]. Cu(ll) adsorption on UAC obey®pdo second order kinetics in comparison to psdéiostoorder
kinetics and is evidenced fronf Ralues which is listed in Table IIl.

Table 1Il Comparison of different constants (rate @nstants for pseudo T order kinetics and pseudo %'
order kinetics, Morris-Weber equation and D.R. Isoherms ) along with the R values for different initial
metal ion concentration and adsorbent concentratio at pH 5.0 and temperature 36C.

Cu(ll) | UAC | Lk, | L-R*| H-k, | H-R? | MRy | M-R? DR D-R D'f E kJ/mol
Sl. No In X'y K R
a) b) c) d) e) f) 9) h) i ) K) )
1 4 20 [ 00184 084 1973 0996 0.0p5 0.9 -2.127.0990[ 0.71 2.3
2 10 20 | 0.1266 0.9d4 -1.784 0995 0.0B0 093 -1.548.527| 0.90 0.8
3 15 20 | 0.0690 060 -1.328 0997 0.1p3 0.4 -1.p42.268| 0.83 0.5
4 20 20 | 0.0667 094 0979 0998 0.018 0B9 -1.p781.78| 0.99 0.2
5 10 20 | 01266 0964 -1.784 0995 0.0B0 0.3 -1.548.527| 0.87 0.8
6 10 30 | 0.025: [ 0.9¢ | 1.04¢ | 0.997 | 0.01¢ | 092 | -1.65% | -0.11¢ | 0.62 2.1
7 10 40 | 0.032: [ 0.97 | 1507 | 0.997 | 0.00¢ | 0.8¢ | -2.40¢ | -0.351 | 0.87 1.2
8 10 50 | 0.0644 099 2828 0998 0.0p3 0B0 -2.808.139| 0.84 1.9

a)lnitial Cu(ll) concentration , mg/df

b)UAC, g/dm

c)Lagergren’s equation (Pseudd arder kinetics), k,/min
d)Lagergren’s equation (Pseud®' arder kinetics) , R

e) Ho & Mc-Kay equation (Pseudd®drder kinetics), k, g./mg./min
f) Ho & Mc-Kay equation (Pseudd®rder kinetics), R

g) Morris- Weber equation, iR

h) Morris- Weber equation ,°R

i) Dubinin-Radushkevich(D.R.) isotherm, Ify,Xmg/g .

j) Dubinin-Radushkevich(D.R.) isotherm’, Kof k/J?2.

k) Dubinin-Radushkevich(D.R.) isotherm? R

[) Dubinin-Radushkevich(D.R.) isotherm , E, kJ /mol.

Morris-Weber Equation
Intraparticle diffusion model and sorption kinetafsCu(ll) was examined by using Morris-Weber equgP6] as

0 = Ry t (4)

Where, ¢ = Sorbed concentration at time tiy R Rate constant of intraparticle transport, t= &inRy can be
obtained from the slope of a graph plotted betwgemd t“2.The R, for each experiments are shown in Table IIl.
High R value led to the conclusion that the intrapartiiféusion process is the rate limiting step. HigRg values
indicate the higher rate of adsorption and betispgption mechanism.

The Dubinin-Radushkevich(D.R.) isotherm
It assumes a heterogeneous surface and is expressed

Je = Xmexp (-K€?) (15)

Where,

€= Polanyi potential =RT In (1+ 14

ge= Amount of Cu(ll) ions adsorbed per unit weighiaofsorbent (mg./g)
X' = Adsorption capacity of the adsorbents (mg./g)

C. = Equilibrium concentration of metal ions in sabut (mg./dn)

K’ = Constant related to adsorption energy (7kidf)

R= Gas constant (kJ./K /mol)

T = Temperature (K)
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In linear form, D.R. isotherm can be expressed as
In g =In Xy - KE€? (16)

A straight line would be obtained if In, gvould be plotted against’. Slope and intercept would give K’ and,X
values for different experiments, which are listed able IlI.

The mean adsorption energy (E, kJ/mol) can be métdafrom K’ values of the D.R. isotherm using tbédwing
equation.

E=(2K)" 17)

Adsorption energies were found to be within thegeaf-2.5 kJ/ mol, suggested that physio sorptianidates the
sorption mechanism[27].

Co-lon effect

Other metal ions like Co, Ni, Zn, Pb, Cd may bespreg along with Cu in the drinking water. Therefare-ion

effect was studied by adding different cations sajgdy to the solution containing Cu to find ouetimfluence of
other metal ions over its sorption. These ions wenesidered as they are quite likely to be pregethe waste
water. The sorption reactions were carried out uride following conditions, metal ion concentratien10

mg/dn¥(each), pH -5.0, adsorbent amount 20 g# dsolution volume — 0.1 dintemperature 3C and time 60
minutes. It was observed that in presence of ce;iét of Cu uptake on UAC decreased. % suppressi@u(ll)

uptake was maximum in presence of Ni and followsead Ni > Zn > Co as shown in Figure 5. If x =s#rption

of Cu(ll) in absence of any other metal ions and4ysorption of Cu(ll) in presence of co ions. TBérsuppression
in sorption = 100-100(y/x).This may be due to thetfthat Cu adsorbing sites present on UAC matoi@g with

the Ni adsorbing sites and Cu adsorbing sites pteseUAC are different from that of Co.
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Figure 5: % suppression in Cu(ll) uptake in presace of co-ions
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CONCLUSION

160The optimum condition of Cu(ll) uptake on UAC wamihd to be Time — 30 minutes, pH-5.0, Temperature -
40°C.

2. The value of separation parameter)(lRes between 0.05 to 0.22 indicated the sorptiolne favorable in nature.

3. The low activation energy (77.4 kJ/mol) indicathd ease of sorption reaction.

4. The negative values of enthalpy and free energngh suggested adsorption to be exothermic andaspous

in nature.

5. The order of the reaction was found to be psetiior@ler in nature.

6. The adsorption kinetics was found to be controlieth by physio sorption as well as intrapartictiéugion.

7. The Cu(ll) uptake was found to be suppressed isgmee of Co-ions and follows a trend Ni>Zn>Co.
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