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ABSTRACT

Mixed adsorbent prepared by blending Activated charcoal and bone charcoal in 1: 1 ratio was used to remove the
Cu (I) and Cd (I1) from the industrial effluents in the continuous flow operation and these investigations are
reported in this paper. The effect of volumetric flow rate, mass of the adsorbent was studied for both the metals. The
column studies were carried out at room temperature with mass of the adsorbent varying from 50, 100 and 150 g
and volumetric flow rate varying from 10, 20 and 30ml/min. The potential capacity of the mixed adsorbent as a low
cost material for the removal of Cu (I1) and Cd (I1) from the synthetic metal ion solution or industrial effluents has
been studied. The influence of parameters like flow rate, bed height on breakthrough curves and adsorption
performance of the mixed adsorbent were reported in terms of adsorption capacity. The data obtained from these
experiments were fitted to dynamic adsorption models such as Thomas model, Yoon-Nelson model which gave a
better fit to the experimental data under various conditions. The highest uptake capacity (54.31 mg/g for Cu and
30.31 mg/g for Cd) was obtained at bed height of 12cm at an inlet concentration of 100mg/l with a flow rate of 10
ml/min.

Key words. Continuous flow operation, weight of the adsorbemtiumetric flow rate, Thomas model, Yoon-
Nelson model, Breakthrough curves

INTRODUCTION

The contamination of surface waters by heavy mieted has become a serious ecological issue anthh@ablem
due to their toxic effect even in low concentratioileavy metals are of special concern because dreeyion-
degradable and thus persistent. Heavy metal iotts &si cobalt, copper, chromium, nickel, palladilead, zinc are
detected in the waste streams from the mining dpesa (Ahalya N, Ramachandra T.V et.al 2003), taiese[2],

electronics [3], electroplating, batteries [4] gmetrochemicals [5] industries has major effectsttem human and
aquatic life [6]

Water pollution remains a major problem in the emwinent due to the development of urbanization and
industrialization which have contributed to thegkarscale of pollution for both human and aquatie. liThe
wastewater is discharged into the streams. WellgerR and other water bodies without proper treatm&he
pollution depreciates the land values, increasesrthinicipal cost, operational cost and cause ae\®adogical and
human health effects. Heavy metals are non-biodiadpla in nature and cause and their presence invé#ter
streams leads to bioaccumulation in living orgasismusing health problems in animals, plants amdalmulife [7].
Industrial effluents containing enormous quantitidsnorganic and organic chemical wastes, which steadily
become more difficult to treat by ongoing convenéibmethods.
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A number of conventional treatment technologieshsas Chemical precipitation, ion exchange, elediadysis,
membrane separations, reverse osmosis, and selxgattion and adsorption have been consideretidatment of
wastewater contaminated with organic substancegangnthem adsorption is found to be the most effeatiethod
[8]. Adsorption is found to be superior to any atlreatment methods because of the simplicity cigte ease of
operation, capability for adsorbing a broad randedifferent types of adsorbate concentrations &ffitdy.
Commercial activated carbon is regarded the mdstt@fe material for controlling the organic lods].[

In this paper a systematic and detailed study baea carried out to find the adsorption capacifesd (1) and Cu
(I1) as mixed adsorbent prepared by mixing Actidatdarcoal and Bone Charcoal (1:1 ratio) in Comtirsuflow
operation and these results are presented. Alsandignmodels were studied i.e. (Yoon-Nelson model @homas
model) to fit the experimental data and to plotliheak through curves

EXPERIMENTAL SECTION

All the chemicals including adsorbents used for ghalies were purchased from Sigma Aldrich, Indid aave
purity above 99.5 %. All the reagents, buffer Solut used for the study were Analytical grade.

2.1 Methods
Atomic Absorption Spectrophotometer (Thermo ScfentCE 3000 series) used to analyze Cu (I1) &Cyliefore
and after adsorption.

2.1.1 Preparation of the mixed adsor bent

The mixed adsorbent was prepared in 1:1 ratio aenvksanalysis (SELEC XT 264, AIMIL company ltd) was
carried out in a rotary sieve shaker to determhe fiarticle size of the mixed adsorbent. The aeerzarticle
diameter of the mixed adsorbent was obtained a5%8# (Nano meters).

2.1.2 Column Studies

Continuous flow operation experiments were condludtea transparent cylindrical plastic column (4arternal
diameter and 100cm height). A 20 mesh size stardes/e was attached to the bottom of the columkndwn
quantity of the adsorbent in the ratio of 1:1 (nixadsorbent) was added in the column to yield #sirdd bed
height (12cm, 24cm, 36cm). Cu (Il) and Cd (ll) smn of known concentration (100mg/l was pumpea itite
column using a 40 W submersible pump at the dediowd rate (10ml/min, 20ml/min, 30ml/min). Samplegre
collected from the exit of the column at differdvetd heights and at different intervals of time luthié achievement
of equilibrium and analyzed using Atomic Absorpti®pectrophotometer (AAS).

2.1.1.1 Study of bed heights (weight of the adsorbent) and volumetric flow rate

The design of the packed bed column has been dtadia bed height of 12cm, 24cm, 36cm and the flates
varying from 10, 20, 30 ml/min with an initial camttration of 100ppm. The main design of the colunwolves
the study of break through curves experimentally encompare with the theoretical models such agnY®elson
model, Thomas model.

Parameters & Dimensions of the packed bed column

Weight of the mixed adsorbent added 50g, 100g,1&fd) respectively (for 12cm -25g each; for 24cng-8@ch;
for 36cm -75g each.)

Inner Diameter of the column: 4cm

Bed height studied = 12, 24, 36cm

Total height of the column =100cm

Adsorbent ratio = 1:1(AC+ BC)

Submersible pump used for sending the effluenttimocolumn = 40Watts.
Initial Metal Con of the metal ions Cu and Cd)€ 100ppm

Effect of volumetric flow rate -10, 20, 30 ml/min

Effect of Weight of the adsorbent (bed height) h224cm, 36cm
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Fig 1 Experimental setup of Continuous flow column

2.1.1.2 Analysis of the column data

The analysis and behavior of the Continuous colfiow operation can be determined by using the tiaten to
reach breakthrough and the shape of the breakthrouye. The breakthrough curves show the loadetwvior of
the metal ions in a Continuous column [9] and asemally expressed in terms of the normalized cotraéion

defined as the ratio of the outlet effluent concatiin (G) to the inlet concentration (Cas a function of time (in
minutes). The analysis of the column is expressetkims of various theoretical breakthrough modeish as
Thomas model, Yoon-Nelson model to predict the ieaénd behavior of the adsorption process.

2.1.1.3 Data M odeling

Thomas model

Thomas (Thomas, 1994) developed a model for adsorgirocesses in which external and internal diffs
limitations are not present. The linearized formtled Thomas model can be expressed below as (Alamdd
Hameed, 2010) [14]

C_O _1 — kThqom _ kThCot
c. 0 m (D)

Where ky, is the Thomas model constant (ml/min. mg),ig the equilibrium uptake capacity of the Cu ardl C
(mg/g), G is the inlet concentration (100mg/l), i§ the effluent metal ion concentration at timgng/l), m is the

In

C
mass of the adsorbent (g). Q is the inlet flow (@&min) and t is the flow time (min). The valué EFOJ is the
t

C
ratio of inlet to outlet metal ion concentrations.linear plot of In(—o—l against time (t) was plotted to
t

determine the values of gnd K, from the intercept and slope respectively.
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The Yoon-Nelson model
Yoon and Nelson (Yoon and Nelson, 1984) [15] devetba model to describe the adsorption behavidhén
Continuous column flow operations. The linearizedhf of the Yoon-Nelson model is given by

C
In t Koyt = TKyy

Z = @)
C 0 C t
Where ky is the rate velocity constant (L/ min) ahds the time (min) required for 50% adsorbate breatgh. A

C
linear plot ofln (—tj against sampling time (t) was used to determinevéthees of K, andl’ from the slope
(o} t

and intercept of the plot [16]. The calculated &ndilue obtained from the model is compared frometkgeriment.
RESULTSAND DISCUSSION

3.1.1 Continuousflow operation

In the continuous flow operation, the results discthe effect of adsorbent dosage on break througes for
different flow rates at a constant Initial Metahlooncentration (IMC) € Further it also discusses about the kinetic
models in the continuous flow operation which imtga Thomas and Yoon-Nelson models.

3.1.2 Break through Curves

The performance of a fixed-bed column was descrthasligh the concept of the breakthrough curve. fithe for
breakthrough appearance and the shape of the breagh curve are very important characteristicsdfetermining
the operation and the dynamic response of an ati@orgolumn. The loading behaviour of metal iorb®adsorbed
from solution in a fixed-bed is usually expressederm of G/C, as a function of time or volume of the effluent fo
a given bed weight giving a breakthrough curve.

In any case, the performance of an adsorptionneait mainly depends on the thermodynamic aspecsslafe-
solvent-sorbent interactions and on the transpoehpmena involving the diffusive-convective tranmgpathin the
porous media [10, 11]. In a fixed-bed device, tlomtaminated water is introduced in a clean bed ofech
adsorbent from the top of the column and pollut@mioval occurs in a narrow band at the top of thkeiran,
referred to as mass transfer / exchange zone (MAZ pperation proceeds, the upper layers of blerzdistrbent
get to be saturated (soaked) with solute and tlseration zone moves downwards until bottom of tbkimn is
reached. Under these conditions, the solute coratant in the effluent begins to increase. The M&®&ent mainly
depends on liquid-solid relative velocity, and ba adsorbent properties (particle diameter, microys structure).
The higher the MTZ extent the lower the efficieaewf the adsorbing bed. Experimental dynamic tssisved that
an increase in initial concentration and the ligfiow rate leads to shorter breakpoint time; moexpvhe
breakthrough curves become steeper as a conseqoiehicgher velocity that enhances the external nia@sssport.
The plot between the ratio of logarithm of equilitbn outlet concentration to the initial concenwatiof the metal
ion, gives a relation between InC,) vs reaction time in terms of various linear mad@dy various parameters)
and predicts the nature of the adsorbent-adsosdyastiem are called Break through curves. They dependthe
effect of volumetric flow rate, weight of the adlsent packed at different bed weights and initialtahéon
concentration of the metal ion solution. The studyvariation of flow rate with bed weight at a fikanitial
concentration of 100 ppm gives the concentratitio gxofile with respect to outlet effluent samgitime (min).

3.1.3 Effect of adsorbent dosage

The adsorption of metal ion in the packed bed calusndirectly proportionally to the quantity of adbent in the
column. The blended adsorbent (1:1 ratio) of 50Qf) g, and 150 g are added from the top of thensnlulhe

adsorption breakthrough curves are obtained bygihgrthe bed weight at various stream rates (flates) of 10
ml/min, 20 ml/min, 30 ml/min. Faster breakthrougimes were observed for a bed weight of 50g, wthideslowest
breakthrough bend was seen at a bed weight of 1bligher the absorbent weight, more the activesditat are
accessible for the metal particles to attach affds#i deep on to the pores of the adsorbents artd tive surface
[12] which leads to the achievement of higher bagacity. Furthermore an increment in the bed welightight
about more contact time that was being accessiblthé metal particle to interact and bind with #usorbent [13].
This phenomenon has permitted the metal partidediffuse deeper into the mixed adsorbent. Subsetyuthe

percentage of metal ion removal increased whebdldeweight was increased.
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3.1.4Effect of volumetric flow rate

The effect of flow rate on the metal ions by thexedi adsorbent was investigated by varying the flate of the
metal ion solution at different flow rates from 180 and 30 ml/min while maintaining the initial raktion

concentration at 100 mg/l and bed weights at 5000, g, and 150 g respectively. A plot of metal cmmcentration
ratio on y-axis vs effluent outlet time on x-axitsdifferent flow rates was plotted. The quickerdk#hrough was
observed for the lowest flow rate of 10 ml/min. Whihe inlet flow rate was increased from 10 ml/non30

ml/min, the bed capacity decreased from 30.31 @& wg/g for cadmium and 54.31 to 9 mg/g for commeshown
in the Table 1 and 2 respectively.

At lower flow rates of metal ion solution, the cact time between the metal ions and adsorbent vzas i3]
which results in a slower breakthrough curve. Cosely at the higher flow rates the metal ion solutwill leave
the bed before its attainment of equilibrium. Thidl result in reduced amount of metal ion concatitm being
adsorbed from the effluent. Biosorption of 2, 4kdiicophenol in a fixed bed [17] exhibited a similaend as
observed in the present study. The breakthrougkesuor Cd (1) and Cu (ll) were plotted (as showithe Fig 2 to
7) which indicates that the faster break throughabtained for cadmium when compared to copper.tbuegher
covalent index of Cd (2.71) than Cu (2.61) and lownization potential of Cd (16.91) when compareccepper
(20.3), this type of trend was observed in thiglgtut was also reported that higher the covaladek, better the
adsorption of metal ions on the surface of R. Arzils and S. Cervisiae [18-19]. The saturation fioneCd (ll) at
50 g with different flow rates of 10 ml/min, 20mitmand 30 ml/min were 180 min, 120 min, and 80 min
respectively. The saturation time for Cd (II) aD1@ with different flow rates were 320 min, 220 naind 150 min
respectively. Similarly the saturation time for @ at 150 g with different flow rates were 450miB20 min, 290
min, respectively were observed from this experitalestudy.

The saturation time for Cu (IlI) at 50 g with diféert flow rates of 10 ml/min, 20ml/min and 30 ml/mirere 400
min, 270 min and 200 min respectively. The sataratime for Cu (ll) at 100 g with different flowtes were 450
min, 370 min and 270 min respectively. Similarlg thaturation time for Cu (ll) at 150 g with diffateflow rates
were 600 min, 490 min and 350 min respectively walbserved in this experimental study. In the cartirs
column experiments, the breakthrough point shiftedards right when the adsorbent dosage was iredefasm 50
g to 150 g at a fixed initial metal ion concentatof 100 ppm.

(n
L3

—o— 10 ml/min
0.2 —=—20 ml/min
—o—30 mI/min

() -
) 100 200 300

Time (min)

Figure 2: Breakthrough curvesfor Cadmium at 50 g bed weight, IMC =100 ppm at different flow rates of 10, 20 and 30 ml/min
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Figure 3: Breakthrough curvesfor Cadmium at 100 g bed weight, IM C =100 ppm at different flow rates of 10, 20 and 30 ml/min
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Figure 4: Breakthrough curvesfor Cadmium at 150 g bed weight, IMC =100 ppm at different flow rates of 10, 20 and 30 ml/min
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Figure5: Breakthrough curvesfor Copper at 50 g bed weight, IMC =100 ppm at different flow rates of 10, 20 and 30 mi/min
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Figure 6: Breakthrough curvesfor Copper at 100 g bed weight, IMC =100 ppm at different flow rates of 10, 20 and 30 ml/min
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Figure 7: Breakthrough curvesfor Copper at 150 g bed weight, IMC =100 ppm at different flow rates of 10, 20 and 30 ml/min

Table 1: Thomas model parametersfor Cadmium (1)

Column Parameters | Thomasrate constant (K+,) | Adsorption Capacity (do) R? M odel equation
10 ml/min, 50g 0.00855 30.31 0.993 y=-0.017x+6.29
20 ml/min, 50g 0.0144 20.58 0.995 y=-0.029x+0.743
30 ml/min, 50g 0.0198 16.39 0.967 y = -0.04x+0.54
10 ml/min, 100g 0.0127 135 0.9716 y=-0.0127x+5.71
20 ml/min, 100g 0.0231 10.54 0.993 y=-0.023x+I.21
30 ml/min, 100g 0.0262 8.42 0.991 y=-0.026x+0.736
10 ml/min, 1509 0.0186 7.81 0.973 y=-0.017x+1.2P6
20 ml/min, 150g 0.02 7.66 0.992 y=-0.014x+1.053
30 ml/min, 150g 0.026 7.02 0.967 y=-0.0175x+1.003

Table 2: Thomas model parametersfor Copper (I1)

Column Parameters | Thomasrate constant (K) | Adsorption Capacity (do) R? Model eguation
10 ml/min, 50g 0.006 54.31 0.954 y =-0.012x+1.68
20 ml/min, 50g 0.009 37.22 0.9¢ y = -0.02x+0.9352
30 ml/min, 50g 0.0105 32.18 0.946 y=-0.018x+0#48p
10 ml/min, 100g 0.0112 17.56 0.986 y=-0.0112x6I6
20 ml/min, 100g 0.0132 13.28 0.99 y=-0.0132x+68B7
30 ml/min, 100g 0.07 10.87 0.9 y =-0.0202x+1.91
10 ml/min, 150g 0.01725 15.29 0.963 vy =-0.0115842.
20 ml/min, 150g 0.0174 12.21 0.981 y=-0.0116x#1.1
30 ml/min, 150g 0.02685 9 0.8 y =-0.0179x+1.64

4.Modelling of Kinetic studies for Continuous Operation
An adsorption model was used to predict the fixed-lynamics including external film diffusion amdra particle
mass transport, the former resulting the limitingpsto overall mass transport in the investigatepeemental

35



Srinivas Tadepalli et al J. Chem. Pharm. Res., 2016, 8(4):29-40

conditions. The main fluid dynamic and physicalgmeters, such as flow rate and metal ion concémtratere
investigated, in order to determine their effect the overall adsorption rate. This information ismmmonly
considered as fundamental for a proper device ggaldor a cost-effective adsorption column deség for a
general process optimization. Finally, a thorougtdelling analysis of the fixed-bed column was @atrout as a
support for the design of adsorption units for aapand cadmium removal from polluted/industrial tgawater.
The kinetic studies in the continuous column openatvere used to describe the sorption isothernsnfle-solute
systems in the form of linear break through modelsh as Thomas model and Yoon-Nelson model whiplais
the mechanism of adsorption.

4.1 Thomas model

Thomas developed a model for adsorption processeghich external and internal diffusion limitatioase not
present [14]. A linear graph of InjC; -1] against time (t) was plotted to determine\hkies of g and k, from the
intercept and slope respectively. It was concluftedcadmium metal, at a constant bed weight of 58nd at
different flow rates the Thomas rate constant vallg increased from 0.00855 to 0.0198 and the adsarptio
capacities decreased from 30.31 to 16.39 mg/g.I&iyiat 100 g and 150 g with different flow ratbe same trend
has been observed and the numerical values arensinoviable 1 for Cadmium. Moreover at all the floates and
bed weights the Correlation or Regression coefiick¥ values obtained are in the range of 0.95 to (h@®further
predicts the suitability / best fit of the Thomasdel for the adsorption system of Cadmium. Simjlait was
concluded for copper metal that at a constant beidhw of 50 g and at different flow rates the Themate constant
values k;, increased from 0.006 to 0.0105 and the adsorptapacities decreased from 54.31 to 32.18 mg/g.
Similarly at 100 g and 150 g with different flowtea the same trend has been observed and the scametlues are
shown in the Table 2 for Copper. Moreover at al flow rates and bed weights the Correlation orrBegon
coefficient R values obtained are in the range of 0.95 to Oc®txfor 30 ml/min and 150 g. It clearly indicates
from Table 2 that the Thomas model gives a bestofitthe adsorption system of Cu (llI). The Thomasdei
equations for Cu (Il) at 100 g and Cd (ll) at 15begl weight along with Rare shown in fig 8 and 9 respectively.

2 ¢ 30 mVmin
- .\\ -—- —202-10%.x 4 19 R?=093
1 {\ m 20 mimin
s '\\\ ——- —1.32.1072.x 4 0.88 R? =0.99
0 2 - ‘}\\ e 10 mimin
— =, . ——1.12-102.x 4 1.97 R2=0.99
&) 1 e \‘\_
1S ~
> - .
~ h -
s -3 W ~
= - o - m e
~—
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=
1 L]
.
L L
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Figure 8: Thomas model for Cu (I1) at 100 g bed weight and at different flow rates
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- - — ) -
= ——= —1.75-10*-x 4+ 1 R =097
m 20 miVmin
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Figure 9: Thomas model for Cd (I1) at 150 g bed weight and at different flow rates
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4.2 Y oon-Nelson model

This model is mathematically equivalent to the Thammodel, and it has also been applied to a ramige o
concentrations in the effluent between the breakidjin and saturation time of the column [15]. Thizdel is based

on the assumption that the rate of decrease inptbbability of adsorption for each adsorbate mdkcs
proportional to the probability of adsorbate adsorpand probability of adsorbate breakthrough v adsorbent
[16]. Yoon and Nelson built up a model to explale tadsorption phenomena in the Continuous colummww fl
(stream) operation.

A linear graph of In (€(C,- C)) against effluent collection time or reaction éimwas used to determine the values
of Kyy and and” from the slope and intercept of the plot respebtive

The determination of mathematical equation depemdthe definition that 50 % breakthrough happerts=i . In
this way, the sorption bed was ought to be totsdigked (saturated) at t[= Owing to the symmetrical nature of the
breakthrough curves due to the Yoon-Nelson motielnteasure of metal being sorbed in the fixed béwlif of the
aggregate (total) amount of metal ion entering sheption bed inside 2 period. This model depends on the
hypothesis that the rate of decrease in the prétyabf adsorption for every adsorbate particleréative to the
probability of adsorbate adsorption and the prdighbif adsorbate breakthrough on the adsorbent. [$éveral
authors have used Yoon and Nelson model in they sifidolumn adsorption kinetics and are cited ia literature
[20, 21-22].

Yoon - Nelson model was also applied to the coluhata obtained from metal ion adsorption by the ohixe
adsorbent in the continuous flow operation. A gbtn (G/(C,-Cy)) on x-axis time (min) on y-axis gives a straight
line with slope of Ky, and intercept off Kyy. The values of kK, T and adsorption capacity, gre calculated and
shown in table 3 and 4 for Cd (II) and Cu (Il) restively.The Yoon-Nelson model equations for Ci &l 100 g
and Cd (Il) at 150 g bed weight along witAvRlues are shown in fig 10 and 11 respectively.

¢ 30 mVmin
1 J|---202.102.r - 1.3 R*=093
o \ .
s 20 mi/min
) , = == 1.32.1072. r — 0.88 R2=0.99
u ‘ [ .
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- | | e
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Figure 10: Yoon- Nelson model for Cu (I1) at 100 g of bed weight and different flowrates

The results proved that the Yoon-Nelson rate comskgy increased with the increment of flow rate and bedbivt
at a constant IMC (Initial Metal ion Concentrationf) 100 ppm. Also the adsorption capacitydgcreased with
increase in bed weight and also decreased witledser in flow rate from 10 ml/min to 30 ml/min atenstant
Initial metal ion concentration. The time required 50% breakthrough®{) decreased with the increase in flow
rate at fixed initial metal ion concentration afdalso increased with the increase in the bed wdigthi$orbent
packed in g). High values of correlation coeffi¢e () indicate that Yoon—Nelson model fitted equallyiliweth
the Thomas model for the obtained experimental.dBités is in good agreement with the experimengsiults
obtained from [21] and [23]. The results indicatattthe Ky values increased from 0.012 to 0.020 I/min and
values decreased from 135.78 to 26.67 min wheflaherate increased from 10 ml/min to 30 ml/mins& g of the
adsorbent dosage for Cu (II) and Cd (ll) as showiiable 3 and 4 respectively. The linear regressmefficient
(R? was greater than 0.95 at different conditionsaibthe fitted values in this model which indicat#at it can be
utilized to explain the overall kinetics in the @gpnin studies for Cu (ll) and Cd (ll) adsorptionsttows that the
Yoon-Nelson model is apt to describe the dynamicthe adsorption in the column. Additionally, thesesults
indicate that the rate of decrease in the adserppimbability of metal ions onto mixed adsorbentdisectly
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proportional to the metal ion adsorption and brieadigh

agreement with the results obtained from literaf@rg.

In( C/C,-Cy)

on the mixed adsorbent. These results amgoad
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Figure 11: Yoon- Nelson model for Cd (1) at 150 g of bed weight and different flow rates

Table 3 Yoon-Nelson model parametersfor Cd (I1) at different flow rates and adsor bent dosage

50% break .
Column Parameters Ygg:;:ﬁts?gjste thro(u?_h)time Cse?ﬁr;:f ?Rz) Model equation

10 ml/min, 509 0.0171 75.78 0.953 y = 0.0171x-1.206
20 ml/min, 50g 0.0289 25.73 0.955 y = 0.029x-0.7437
30 ml/min, 50g 0.0396 13.66 0.967 y = 0.0396x-0.541
10 ml/min, 100g 0.0127 135 0.976 y =0.0127x-1.7153
20 ml/min, 100g 0.0231 52.7 0.953 y = 0.0231x-1817
30 ml/min, 100g 0.0262 28.1 0.991 y = 0.0262x-08735
10 ml/min, 150g 0.0124 175.71 0.973 y =0.0124x2.1
20 ml/min, 150g 0.0139 75.8 0.9924 y = 0.014x-1053
30 ml/min, 1509 0.0175 57.34 0.967 y = 0.0175x-390

Table4: Yoon-Nelson model parametersfor Cu (I1)at different flow rates and adsor bent dosage

Yoon-Nelson rate 50% break Regression .
Column Parameters constant (Ky) through time (7 ) Coef?i;cient (R? Modél equation
10 ml/min, 50g 0.012 135.78 0.9542 y = 0.012x-14692
20 ml/min, 50g 0.0181 46.76 0.96 y = 0.0201x-0.9352
30 ml/min, 50g 0.02 26.67 0.946 y = 0.018x-0.48R7
10 ml/min, 100g 0.0112 175.67 0.986 y =0.01126160
20 ml/min, 100g 0.0132 66.4 0.991 y = 0.0132x-0876
30 ml/min, 100g 0.0202 64.15 0.93 y = 0.0202x-1.296
10 ml/min, 150g 0.0115 229.4 0.9631 y = 0.011542.4
20 ml/min, 150g 0.0116 101.5 0.9813 y = 0.0116x14L
30 ml/min, 1509 0.0179 91.6 0.83 y = 0.018x-1.64
CONCLUSION

Experiments were conducted to investigate the coppd cadmium removal from the aqueous solutiorthay
mixed adsorbent prepared by blending activatedcoi@and bone charcoal in 1:1 ratio. Approximatghpve 99%
of the copper and 88-90% of the cadmium ions oailfjnpresent in the solution were adsorbed ontontiveed

adsorbent.

Based on the analysis of data obtained in contisdilow operation from breakthrough curves and kinetodels, it
was concluded that the mixed adsorbent can bestiest the better adsorbent for the removal of heastal ions.
The experimental data obtained proved that theceféd bed weight, flow rate and inlet (initial met@n)
concentration plays a significant role on the reat@f Cu (II) and Cd ().

Major conclusions from continuous flow operatioe tabulated in Table 5.
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Table5 Main Outcomes of the Column study- wrt (with respect to) flow rate and adsor bent dosage at fixed I nitial metal ion

concentration of 100 ppm

Parameter/ Modd Analysis Conclusion

Modds

Effect of bed| CJC, was plotted at different bed weights and volumetiow | CJ/C, increases with increase in the bed weight from

weight rates at 10,20, 30 ml/min to find the saturatiometifor Cadmium| 50 to 150 g for Cu (ll) and Cd (Il) and reached the
and copper respectively saturation point

Effect of | CJC, plotted at different volumetric flow rates whileaintain the| CJC, increases with increase in the volumetric flow

volumetric flow | IMC(Initial Metal ion Concentration) at 100ppm abed weights| rate from 10 to 30 mi/min for Cu (Il) and Cd (llpé

rate at 50, 100, 150 g respectively. reached the saturation point

Thomas model Fitted with higher Ralues for Cu (Il) than Cd (Il) at 50, 10dgKr, increased and,qdecreased with the increase |of

and for 150 g at different flow rates the Cd (ltjefd better than|
Cu (Il)

flow rate from 10 ml/min to 30 mi/min at differehed
weights for both the metals

Yoon-Nelson
model

Fitted the model with higher?Rialues for Cd (ll) than Cu (II) al

t T decreased andvKincreased with the increase

pf

all flow rates and bed weights

flow rate at various bed weights for both the nwetal

Abbreviations

Cu (Il) — Copper metal ions
Cd (Il) - Cadmium metal ions
AC — Activated Charcoal

BC — Bone Charcoal

AIMIL —
N m — Nano meters

AAS — Atomic Absorption Spectrophotometer
IMC - Initial metal ion concentration
MTZ — Mass transfer / exchange zone

Notations/ Symbols
C; —Outlet effluent ¢

used
oncentration (mg/l)

C, — Inlet effluent concentration (mg/l)

£ = ratio of inlet to

outlet effluent concentration

KoTh — Thomas model constant (ml / min.mg)
do — Equilibrium uptake capacity / Adsorption capg¢ing/g)

Q — Inlet effluent flo
t — flow time / effluel

w rate (ml/min)
nt collection time (min)

m — Mass of the adsorbent (g)
Kyn— rate velocity constant (L /min)

T - Time (min) req

uired for 50% adsorbate breaktighou

t —Sampling time (min) — (used in Yoon Nelson mpde
% = loading behavior or concentration ratio of etitb inlet effluent concentration in terms of timevolume of the effluent

0.
R? = Correlation or Regression coefficient
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