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ABSTRACT

The removal of hexavalent chromium from aqueoustisnis using low cost agricultural, timber and
fruits wastes is studied. The adsorbents selecezd vice husk in ash and dried form, sawdust, araregls and
sugarcane bagasse. Batch mode experiments were@iateddat room temperature to study the effect of pH
agitation time, initial metal ion concentrationgdasdsorbent dose. Equilibrium adsorption isothesm kinetics
were investigated. The adsorption isotherm data Wited to Langmuir isotherm and the monolayeroapison
capacity has been observed to follow the ordeddiige husk (16.94 mg/g) > orange peels (12.65 Jrg/dce
husk ash (11.11 mg/g) > sugarcane bagasse (5.19) mggawdust (4.56 mg/g) at room temperature. & wa
found that the maximum amount absorbed metgl)galue is significantly influenced by liquid/solidtio and
by the pH values of the metal solutions. The kindtta obtained at different concentrations haen lamalyzed
using a pseudo-first-order, pseudo-second ordeirdraparticle diffusion equation. The experimertata fitted
very well the pseudo-second-order kinetic model.ti@nbasis of present studies, it can be concltldaiddried
rice husk, has a higher chromium adsorption cajgaciompared to other adsorbents.
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1. INTRODUCTION

Environmental pollution due to the developmentechinology is one of the most important problemthisf
century. Heavy metals like chromium, copper, leaddmium, etc. in wastewater are hazardous to the
environment. These metals cannot be degraded dilyedetoxified biologically and have tendency to
accumulate in living material. Besides that, hemetals discharge in the wastewater can be toxégtmtic life
and render natural waters unsuitable for humanuwropsion. [7]

Hexavalent chromium has be@onsidered as one of the top 16th toxic pollutearisl because of its
carcinogenic and teratogenic characteristics orpthiic, it has become a serious health concennor@ium is
introduced into water bodies from many industriabgesses such as tanning, metal processing, paint
manufacturing, steel fabrication and agriculturaaff [1]. Chromium is also used in explosive, ¢eigs and
photography. Chromium occurs in the aquatic envitent as both trivalent and hexavalent states. Hegat
chromium, which is primarily present in the form dfiromate (GO,) and dichromate (G®;), possesses
significantly higher levels of toxicity than thehetr valence states. Its concentration in industvastewater
ranges from 0.5 to 270 mg/L. The tolerance limit@w (V1) for discharge into inland surface watex®.1 mg/L
and in potable water is 0.05mg/L. In order to compith this limit, it is essential that industriéieat their
effluents to reduce the Cr (VI) concentration intevaand waste water to acceptable levels beforgatsport
and cycling into the natural environment.[2]

Various treatment techniques available for the mh@f Cr (VI) from wastewater include reduction,
precipitation, ion exchange, solvent extractionymheane separation. The membrane system has probilems
scaling, fouling, and blocking. The ion exchangstesm is uneconomic due to the cost of commercial io
exchange resins. Most of these methods requireihigdstment of capital and also expensive chemicadgking
them unsuitable for treating chromium-containingsteavater. These conventional methods for the rehmiva
heavy metals have inadequate efficiencies at lotaihm®ncentrations, particularly in the range o1Q6 mg/l
[3]. Adsorption is by far the most effective anddelly used technique for the removal of toxic heawstals

47



Chemical and Process Engineering Research www.iiste.org
ISSN 2224-7467 (Paper) ISSN 2225-0913 (Online) g
\ol.19, 2014 IIST[

from wastewater. Due to the high cost and diffirbcurement of activated carbon, efforts are bélingcted
towards finding efficient and low cost adsorbentenals.

The objective of this study was to investigate finasibility of adsorption for the removal of CrljV
from aqueous solution utilizing dried rice huskerihusk ash, sawdust, orange peels, and sugaragasse as
non-conventional adsorbents. Factors affectingatteorption characteristics such as pH, agitatiow tiinitial
metal ion concentration, and adsorbent dose wardiest. Rate kinetics and isotherm models were also
investigated to know the adsorption behavior ofatisorbents considered for study.

2. Methods and M aterials
2.1 Adsorbate

The stock solutions of Cr(VI) metal ions were prepbfrom 1.4143 gm of analytical gradedf,0; in
500ml de-ionized double distilled water in 1% HN$blution and this stock solution is diluted witk-idnized
double distilled water to obtain working standaotLision.

2.2 Preparation and Char acterization of adsor bents

The adsorbents used are dried rice husk, rice askkorange peels, sugarcane bagasse, and sawdust.
The adsorbents were selected on the basis ofdbsireffectiveness and ready availability.
a) Dried rice Husk
The sample was collected from local rice mill, wedsttwice with double distilled water to remove swuble
materials present in the husk then homogenizeddsiedl at 100°C for 3 hours. The dried sample was th
cooled homogenized and ground to pass through 30 s@een [9], [16], [17], [18].
b) Rice husk ash
After collecting the sample from local rice millitas washed twice with double distilled water tmoge the
soluble materials present in the husk then kegtiinace at 500°C for 4 hours. The ash was thenedoahd
ground to pass through 30 mesh screen.[2], [5], [9]
c) Sugarcane bagasse
Raw sugarcane bagasse was collected, cutted irdth praces, washed several times with distillederatnd
kept in an oven maintained at 100°C for a perio@4thours. Then the material was ground and siévegpbt
desired particle size of 30 mesh screen.[9], [[A)].[
d) Orange peels
Orange peels were collected from various fruitgucenters where it was treated as waste. Collesttied of
these fruits was kept for drying for more than 2lgeby checking the moisture content of the ahsldlternate
days. Skin covered with a plastic paper to previsntontamination. When all the skins get dry gifigdtook
place. After grinding, screening is done by 30 m&gken [9].
e) Saw dust
It was collected from local sawmill. It was mosthf teakwood origin. After collection it .was washed
thoroughly with double distilled water to remove ady materials and then with 0.1N NaOH to removailig
based color materials followed by 0.1N39, .Finally it was again washed with double distilldter several
times and dried in an oven at 100°C for a perio® diours and sieved to get desired particle siz@0ofmesh
screen. No other chemicals or physical treatmeete wsed prior to the adsorption experiments f], [

2.3. Adsorption Studies

For the adsorption experiment, the effect of adsatrlolose on the adsorption of the ions was invatstty 0.2-
1.2 g of the adsorbent was weighed respectivetydnhical flasks. 20 ml of 5mg/L solution of eadtttee metal
ion solution was added and the mixture shaken witlkeciprocating shaker for 30 min. The mixturesewver
centrifuged at 2,000 rpm for 30 min, the supernatears decanted and the metal ion content was detedm
using a Flame Atomic Absorption Spectrometer. Thad%orption was determined by

C —

O—Ca %100 1)

o

Where C, = Initial concentration of solutiorC, = Concentration of the solution after adsorptiam.order to
investigate the effect of concentration on the gatsmn of metal ions, 1g of the adsorbent was adde20 ml
each of varying concentrations (between 10 - 10{Ljngf the metal ion solutions. The mixtures wehalen,
centrifuged and the concentration of the metal mufsorbed was determined. The effect of contad tirms also
investigated by adding 1g of the adsorbent to 20f8l mg/L and shaking using varying contact tirflestween
30 — 300 min) and the percentage of adsorbed ietesmined. The effect of pH on adsorption of theatsewas
investigated using 1g of the adsorbent and 20 rBl mwy/L and the pH of the solution were adjusteadnfrl - 12.
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The mixture was shaken for 90 min, centrifuged tigdamount of ion adsorbed was determinéettal analysis
was carried out by using AASAfomic Absorption Spectrophotometer), Model AA-630Che amount of
adsorption at equilibrium,.dmg/g) was calculated by equation [11], [14].
(Cy-Ce)lV
Qe =—2—— )
w

Where,Cy andC, (mg/L) are the liquid-phase concentrations of hekawt chromium at initial and equilibrium
respectivelyV is the volume of the solution (L) aMilis the mass of dry adsorbent used.

Kinetic studies of adsorption were also carried fou all adsorbents wherein the extent of adsompti
was investigated as a function of time. The amadistdsorption at time t,;gmg/g), was calculated by equation
[11], [14].

_ (Co-Cr)V

W
3. RESULT AND DISCUSSIONS

3.1.1 Effect of Adsorbent Dosage on Adsorption of Cr (V1)

The effect of adsorbent type and its concentragigplained the fact that in each case, increashdn t
adsorption concentration resulted in an increageinentage removal of Cr (V1) as shown in Fig BisTmay be
due to the increased surface area and the avéifabilmore adsorption sites. After certain adsotbdose the
removal efficiency is not increased so significarilie to the aggregation of adsorption sites wihrease in
surface area of particles available to hexavalammium ions. All the curves obtained were smoattidating
formation of monolayer on the surface of adsorbknthe initial stage the slope of the plot wasuseh one and
it decreases with time.

At 3)

Effect of mass of adsorbent on the adsorption of Cr(VI)
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Fig 1: Effect of Adsorbent Dosage on AdsorptiorCof(VI)

3.1.2 Effect of concentration on the adsor ption of the metal ions

The increase in concentration of adsorbate decsethee chromium removal efficiency Fig 2 .The
maximum percentage of Cr (VI) is observed for lowgtial concentration because at low metal concian
the ratio of metal ion/adsorbent ratio, metal iots@ption involves higher energy sites. As the ineta
ion/adsorbent ratio increases, the available asites get saturated, which resulted in decreatigeimdsorption
efficiency.
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Effect of concentration on the adsorption of the metal ions
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Fig 2: Effect of concentration on the adsorptiothaf metal ions

3.1.3 Effect of pH on the adsor ption of metal ions

The adsorption capacity of the adsorbents as thetiitn of hydrogen ion concentration (pH) was
determined in Fig 3. The optimum pH for removalof(VI) was found to be at 3.

Effect of pH on the adsorption of metal ions
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Fig 3: Effect of pH on the adsorption of metal ions

Chromium exists mostly in two oxidation states ethare Cr (V1) and Cr (lll) and stability of these
forms is dependent on the pH of the system. Itéf ktnown that the dominant form of Cr (VI) at hgghpH is
HCrO, . Increase in pH shifts the concentration of HCt® other forms Crg” and CyO;,~. At higher pH
maximum adsorption indicates that it was the HCf@m of Cr (VI) which was the predominant speciéen
the pH was further increased after 3 a decreapericentage adsorption was observed. This mighubdalthe
weakening of electrostatic force of attraction kestiw the oppositely charged adsorbate and adsodneht
ultimately lead to the reduction in adsorption catya Beyond 6 sharp decrease is observed thisiéstd the
competition between Otand chromate ions (Cg).

The net positive surface potential of the adsardenreased with increasing pH resulting in weakgni
of electrostatic force between adsorbate and adabxihich ultimately lead to lowering of sorpticapacity [2].
The high chromium(VI) removal at low pH values isolpably due to reduction of chromium(VI) to
chromium(lll) in accordance with the following rémmns taking place at low and moderate pH values.
At low pH

Cr,O+ 14 H + 6e = 2CP" + 7TH,0
At moderate pH

HCro, + 7H" + 3¢ = Cr* + 4H,0
The predominant anionic forms at low pH values@e©,* and HCrQ which have the tendency to oxidize the
adsorbent surface thereby getting it reduced amaires in solution as Cr (lll). Therefore it is irstiggated that
the removal of Cr(VI) is governed by both chemicatuction [Cr(VI) to Cr(lll)] and physico-chemical
adsorption [mainly Cr(VD)].
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3.1.4 Effect of contact time on the adsor ption of metal ion

The effect of contact time on adsorption was sulidie different initial concentrations with various
adsorption dosages in Fig 4. It is obvious thatraase in contact time from 30min to 300min enhance
significantly the percentage removal of Cr (VI).€Timitial rapid adsorption gives away a very slqgpm@ach to
equilibrium. The nature of adsorbent and its awdélaadsorption sites affected the time needed &ctreéhe
equilibrium.

Effect of contact time on the adsorption of metal ion
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Fig 4: Effect of contact time on the adsorptiomwdtal ion
3.2 Adsorption I sotherms

To examine the relationship between adsorbed (q.) and the aqueous concentration C.at
equilibrium sorption isotherm models are widely employed. The isotherm results were analyzed using the
Langmuir, Freundlich and Temkin isotherms. The lmang adsorption model is based on the assumptiah th
maximum adsorption corresponds to a saturated ragapbf solute molecules on the adsorbent surfaite,no
lateral interaction between the adsorbed molecudlbs. Langmuir adsorption isotherm has been suadéssf
used to explain the adsorption of hexavalent chuomfrom aqueous solutions. The expression of thegirauir
model is given [5] by Eq.(4)

1 1 1 1 _

— = .— +— (Linear form) (4)

G KLz Ce 0o
Where @ is the maximum amount of adsorbed per unit masadsbrbent at equilibrium,,ds the maximum
capacity of the adsorbent, & the equilibrium concentration of Cr (VI), Ks the Langmuir constant, with, q
and K_calculated from the slope and the intercept ofpibé

The essential characteristics of the Langmuir isgthcan be expressed in terms of a dimensionless
constant separation factBy [5] that is given by the following Eq.(5)

_ 1
@+ kCO)

R (5)

Where is the highest initial concentration of &eadent chromium (mg/L) and k (L/mg) is Langmuimstant.
TheR_ value indicates the shape of the isotherm to theeleunfavorableR > 1), linear R_ = 1), favorable (0 <
R < 1), orirreversibleR_ = 0). TheR, values between 0 and 1 indicate favorable adswrpiihe value oR_in
the present investigation was found to be favorable

The Freundlich isotherris an empirical equation employed to describe hetfiegus systems. The
Freundlich equation is expressed as [6]:

e =KtCyp )

Where K andn are Freundlich constants with Kng/g (L/mg)1h) is the adsorption capacity of the sorbent and
n giving an indication of how favorable the adsorptimocess. The magnitude of the exponent, dives an
indication of the favorability of adsorption. Vakief n > 1 represent favourable adsorption condition. To
determine the constants kind n, the linear form of the equation may be used wdpce a graph of Igf
against InC) [7]
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Inge =InK f +(;jln Ce(Linear form) @)

Temkin isotherm model considers the effect of iadiradsorbent-adsorbate interactions on adsorpéiod,
suggestshat the heat of adsorption of all the moleculethalayer would decrease linearly with coverage tu
these interactions. This model also assumes tlsatrpiibn is characterized by a uniform distribut@frbinding
energies, up to some maximum binding energy. Thizat®n of the Temkin isotherm assumes that thieiria
the heat of adsorption is linear rather than ldbaric, as implied in the Freundlich equation [J1J], [14]. The
Temkin isotherm has commonly been applied in tieviong form:

Je = By InKy +B,InCq (8)
WhereB; is the Temkin constant related to the heat of gd&or andKy is the equilibrium binding constant
(Lmg-1). The constarK; andB, can be determined by a plot@fversus InC., The isotherm data obtained for
Langmuir, Freundlich and Temkin adsorption isothésnshown in Table 1, the Langmuir isotherm fitsteju
well with the experimental data (correlation coaéfnt in the range 0.96-0.99), whereas, the lowetation
coefficients (B< 0.84) show poor agreement for Freundlich antk (R82) show poor agreement for Temkin
isotherms with the experimental data. The Isotheomstant for Cr (V1) on various adsorbents is tated in
Table 2.

Adsorbents Langmuir Freundlich Temkin
Equation of graph R | Equation of graph| R | Equation of graph] R
Dried Rice Husk y=0.28x+0.059| 0.97 y=0.65x+0.508 970. y=11.068+1.153| 0.95B
Rice husk ash y=798x+0.0p 0.89 y=0.748x88.0] 0.98| y=5.496x+0.161| 0.996
Orange peels y=1.146x+0.079 0.p7 y=0.389x+0.296 9 0.9y=1.412x+2.389 | 0.706
Sugarcane bagasge  y=0.296x+0.195 0.96 y=0.883x+0/1@.84 y=7.306+0.205 0.82p
Sawdust y=0.339x+0.219 0.98 y=0.311x+0.327 0.92 .34#%+1.937 0.995

Table 1: Adsorption Isotherm equations and regoasdata for the adsorption of Cr (VI)

The value of adsorption capacity maximum uptake) is highest (16.94 mg/g) for drieme husk.
Sawdust shows the lowest value of adsorption capagi(4.56 mg/g). However the isotherm parameters,
together with the correlation coefficient, of tharigmuir equation for the adsorption of Cr(VI) oe tifferent
adsorbents shows that the Langmuir equation givgeaa fit to the adsorption isotherm. The fact ttied
Langmuir isotherm fits the experimental data vestlwnay be due to homogeneous distribution of actites
onto adsorbents surface, since the Langmuir equasumes that the surface is homogenous.

Adsorbents Langmuir Freundlich Temkin
Wmgg’) | R | Kulmg") | K(mg/g(Limg)™) | N | Kelmg™) | B
Dried Rice Husk 16.94 0.45 0.21 3.22 1.53 1.19 a1.0
Rice husk ash 11.11 0.60 0.11 1.22 1.83 1.02 5.49
Orange peels 12.65 0.74 0.06 1.97 2.57 5.42 141
Sugarcane bagasse 5.128 0421 0.64 1.38 1.13 1.02 30 |7.
Sawdust 4.56 0.21 0.64 2.12 3.21 2.37 2.4

Table 2: Isotherm constants for Cr (VI) on variegsorbents

3.3 Adsor ption kinetics

For the examination of the controlling mechanisrhadsorption process, such as chemical reaction,
diffusion control and mass transfer, several kinatbdels are used to test the experimental datahEqresent
study, two kinetic models were applied in ordeutaerstand the mechanism of adsorption of Cr (Vitbahe
adsorbent. The models are the pseudo-first ordépaeudo-second-order models. A linear form of gaefirst-
order model was described by Lagergren [2] in thenf

K
1
Log(de — Gt) = Logge ————t 9
e ® 2303

where g and g represent the amounts of ions adsorbed (mgg-dqulibrium and at any time, t (min), ks the
rate constant (min—1). The values @fand k were deduced from the intercepts and slopes diribar plots of
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log (& - ¢ ) against t (not shown). For the present study évar Lagergren pseudo-first order kinetics
parameters (Table 3) was not proved to be effedtivepresenting the experimental kinetic datatlfier entire
adsorption period and at all dye concentrationgdReof non fitting of pseudo-first order kinetie adsorption
has been published [11], [14], [15]. The pseud@sdcorder kinetic model can be represented with the
following equation:

t 1 1
—_—= 5 + —t (10)

qt kzqe qe
where k is the rate constant of pseudo-second order atiisorigmg—1min—1). The adsorption process could be
said to follow pseudo-second order kinetic modelddsorbents. The applicability of the pseudo-sdoomier
model suggests that chemical reaction might beoresple for adsorption of Cr (VI) onto various adsents.
The kinetics of adsorption of Cr (VI) on varioussatbents materials have been reported to conforpséado-
second order kinetic model. The values gfakd g were determined from the intercepts and slopdkeofinear
plots shown in Fig 4.

Pseudo second Order kinetics

.

o P
=

10 5

t/qt

0 50 100 150 . 200 250 300 350
Time(min)

‘ ¢ Dried Rice Husk m Orange Peels = Sugarcane Bagasse » Sawdust x Rice Husk Ash ‘

Fig.4: Pseudo second order kinetics of Cr (VI) ariaus adsorbents

Adsorbents Pseudo-first order Second-order order Intra-particle diffusion
K,(hr?) R K,(g/mg h) R kia (mg/gm(min’)) C R
Dried rice husk | -4.6 x10 | 0.930 3.6x18 | 0.993 0.028 0.042 0.97p
Orange peels 0.027 0.588 2.9%10| 0.966 0.028 0.022 0.97b
Sawdust 0.054 0.641 1.88 x10| 0.989 0.036 0.010 0.96p
Sugarcane Bagasse 0.047 0.438 3.41°%x100.992 0.029 0.026 0.98)
Rice husk ash 0.058 0.631 1.28 X10 0.976 0.037 0.007 0.979

Table 3: Adsorption kinetic parameters for the apon of Cr (VI) by various adsorbents
3.4 Sor ption M echanism

In order to gain insight into the mechanisms aatk rcontrolling steps affecting the kinetics of
adsorption, the kinetic experimental results wéted to the Weber’s intraparticle diffusion. Thimétic results
were analyzed by the intraparticle diffusion motieklucidate the diffusion mechanism [14], whichdabis
expressed as:

g =kt 2 +C (11)
where C is the intercept ang Is the intraparticle diffusion rate constant (m&y{), which can be evaluated
from the slope of the linear plot ofwersus 1, as shown in Fig 5. The intercept of the plot rafiebe boundary
layer effect. The larger the intercept, greaterdbmetribution of the surface sorption in the ratatcolling step.
The calculated intraparticle diffusion coefficidgivalues are listed in Table 3. If the regressiono€rsus 1,
is linear and passes through the origin, then patrigcle diffusion is the sole rate-limiting stdpgowever, the
linear plots at each concentration did not passun the origin. This indicates that the intramdetidiffusion
was not only rate controlling step.
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Plots to Evaluate Intraparticle Diffusion rate constant
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Fig.5: Plots for evaluating ingeaticle diffusion rate constant

3.5 Design of Batch adsor ption from Isother m data

0o mg of solute/g of
adsorbent W, g of
adsorbent
V,L of solvent G mg V,L of solvent G mg of
of solute/L of Solven solute/L of Solvent

g, mg of solute/g of adsorbent W,
g of adsorbent

Fig 6: A single stage batch Adsorber.

A schematic diagram of a batch sorption proceshdsvn in Fig. 6 where the adsorbate contains V(L)
of solution and an initial chromium concentratiopy @hich is to be reduced to,; @ the adsorption process.
During the adsorption stage W (g) various adsorizeatided separately to aqueous solution and tleemthm
concentration on the solid changes frogxd (initially) to g. The mass balance for the chromium in the single-
stage is given by
V(Cy-C)) =W(ag— o) 12)

Under equilibrium conditions,
C1 - Ceandq1 - g

VCq +Wa =VCe + W (13)

For the adsorption of chromium on various adsodyetite Langmuir isotherm gives the best fit to
experimental data. Consequently equation can kteshbstituted for gn the rearrangement form of equation 13
giving adsorbent/ solution ratios for the presemsteam of various adsorbents
W (CO_C]_)_ CO—Ce

v Je QqbCe /1+bC,)

(14)

3.6 Cost Estimation

The agricultural, timber and fruits waste has ngniicant industrial or commercial uses but if
neglected becomes an issue and contributes touseeivironmental problems. Hence, the utilizatiérswuch
wastes for waste water treatment in most desirditlese wastes can be used as adsorbent whichvare tost.
The cost of the adsorbents used in this studydarowval of hexavalent chromium is only associateth we
transport and process expenses. The process expeciele washing with de-ionized double distilledter,
drying in oven, treating with chemicals or burnimgfurnace. The adsorbents dried rice husk, ricekhash,
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sugarcane bagasse, and orange peels, sawdustegréparresent study costs Rs.58, 99, 222, 46, E0kg
respectively including both transportation and pssing costs. Whereas, the conventional adsorbsats for
removal of hexavalent chromium are very costly. Hasorbent used in present study is renewable @ater
abundantly available and, therefore, low cost auksur The adsorbents used in present study wouldnbe
economical alternative for the commercially avdiatctivated carbon in removal of hexavalent chcomfrom
aqueous solution.

4. CONCLUSION

The study indicated the suitability of the adsotbersed for removal of Cr (VI) from aqueous solntio
Dried rice husk- an agricultural waste was foundbéothe most effective one, for which the removatiency
reached to 70% of Cr(VI) at room temperature abdsent dose of 1gm. The optimum pH for the remavead
found to be at 3. Increase in the concentratiothefadsorbent and contact time were found to iser¢lae %
removal of Cr(VI). While increasing the initial Gf) concentration, removal percentage decreaseslfdhe
four adsorbents by keeping the other conditiong I, concentration of the absorbent and temperatur
constant. Results obtained were modeled using tls@herm models: Langmuir, Freundlich and Temkin.
Equilibrium isotherms were well described by thenggauir equation, giving maximum adsorption capaoity
16.94 mg/g at room temperature for dried rice hudhke adsorption kinetics can be well described ty t
pseudo-second-order model equation. Adsorbents instiils work is freely, abundantly and locally dable,
the resulting sorbent is expected to be economyigéble for removal of Cr (VI) from aqueous sobuti

5. NOMENCLATURE

B, = Temkin constant

C, = highest initial concentration of Cr(VI)

C. =Equilibrium concentration of Cr(VI), mg/L

C, =Initial concentration of of Cr(VI), mg/L

K; = Freundlich constant, (mg/g(L/mt)

K, =Langmuir constant, L/mg

K+ = Temkin constant, L/mg

K,= Rate constant of pseudo-second-order adsorgiong-1min-1
K, = Rate constant of the pseudo-first-order adsamgtrocess, min-1
k= intraparticle diffusion coefficient (mg/gm(mt})

m= amount of adsorbent added in gram

n = adsorption intensity (dimensionless constant)

g= amount adsorbed per gram of adsorbent

Je = amount adsorbed per gm of the adsorbent atilequih
a: = amount adsorbed per gram of adsorbent at timia}(
0. = maximum capacity of the adsorbent(mg/g)

R, = equilibrium parameter

R? = correlation coefficient

R = Gas constant, 8.314 J/mol/K

T = Temperature, K

t = Time, min

V= Volume of the adsorbent, L

W = Weight of the adsorbent, g
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