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ABSTRACT

The study was conducted for the removal of Meteyldne dye from aqueous solutions onto citric anindified
leaves of Ricinus communis (CALRC). The propedighis adsorbent were characterized by Yield, nedvalue,
surface acidity and basicity, Boehm'’s titrationtazpotential and FTIR measurements. Adsorption éxgats were
carried out systematically by batch mode experisméatinvestigate the influence of different factassch as
contact time, initial concentration of dye solutiand pH of the solutions. The maximum adsorptioMBfdye was
observed at 5.26 pH for CALRC (81.29 %). The Langrirweundlich, Temkin and Dubin-Radushkevich isoth
models were used to analyze the equilibrium daltie data were also fitted to kinetic models suclpseudo-first
order, pseudo-second order, Intra particle and Etbvmodel. The adsorption equilibrium data werel\igled by
the Langmuir model. Kinetic studies showed thatatsorption followed pseudo-second order model iatich
particle diffusion also. According to the experinamesults, the adsorbent derived from this matles expected to
be an economical product for metal ion remediafimm water and waste water.

Keywords: Adsorption, Chemisorption, Citric acid, leavesRi€inus communjd_angmuir isotherm and Pseudo -
second-order kinetics.

INTRODUCTION

Dyes, pigments and heavy metals represent comnmomamngerous pollutants, originating in large quagifrom
dye manufacturing, textile as well as pulp and papédustries. They are emitted into wastewaters pimtiuce
difficult to treat water contamination, as the aoldents to persist even after the conventionalonehprocess.
Contamination of water resources with dyes is restirdble, as they are aesthetically displeasing. dyes also
prevent reoxygenation in receiving waters by cgtiiff sunlight penetration. In addition, most oéttlyes used as
colouring material are toxic to aquatic organisnetM/lene blue (MB) is a cationic dye and widelydifar printing
calico, dyeing, printing cotton, tannin and dyelegther. Although not strongly hazardous, MB cauehearious
harmful effects. The dye can cause eye burns, whig be responsible for permanent injury to thesegfehuman
and animals, irritation to the gastrointestinattravith symptoms of nausea, vomiting and diarrhed also cause
methemoglobinemia, cyanosis, convulsions, tachyaasshd dyspnea. Contact of MB with skin causettion [1].
So the removal of cationic dye such as methylene fstbm waste water is the important one.

Existing technologies for dyes effluent treatmanttsas advanced oxidation process electrochen@dalction, etc.
may be efficient in the removal of dyes but theitial and operational costs are high. Adsorptias proved to be
more versatile and efficient compared to convertigrhysico-chemical methods of dye removal. The@very of
dyes/organics and easy operational procedures radsierption technique is being widely used for waater
treatment. Activated carbon was widely used in remhalyes from textile effluent, which had relatiyehigh
sorption capacity for a wide variety of dyes. Comeialy available activated carbons are usuallyiwet from
natural materials such as wood or coal, therefare still considered expensive [2]. Due to econainieasons, it
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was investigated for a long time that agricultdngbroducts and waste materials used for the pramuof activated
carbon. Examples of these attempts included ratimmust [2], rice husk [3], lemon peel ([4], grardtohlrabi [5],
jute fiber [6] and coconut husk [7].

Agricultural by-products are high volume, low valred underutilized lignocellulosic biomaterialsdarontain high
levels of cellulose, hemicelluloses and lignin[@pwever, adsorption capacity of crude agricultimalproducts is
low in general. Chemical modification has shownagrpromise in improving the adsorption and the orati
exchange capacity of agricultural by-products [9-Qtric acid (CA) is a low cost material used ensively in the
food industry. Wing [10Kderivatized corn by-products with CA and observedsiderable improvement in €u
binding. When heated, CA will dehydrate to yieldeactive anhydride which can react with the sugairdxyl
groups to form an ester linkage. The introduced fr@rboxyl groups of CA increase the net negathage on the
straw fiber, thereby increasing its binding potaitbr cationic contaminants [11-14].

In this study, the cheap and abundantly availaptecaltural waste product leaves Rfcinus communigs used as
an adsorbent. The low-cost activated carbon wasapeel from leaves dRicinus communid RC) by modifying the
adsorbent surface with citric acid for the adsamptdbf methylene blue dye from aqueous solution. désorption
ability of classical activated [15] and microwav&siated zinc chloride chemical activated [Ré¢inus communis
was previously investigated for the adsorption @ Elye from aqueous solution.

The objective of this study was to modify leavesRidinus communisvith CA after being washed with sodium
hydroxide to enhance its ability to adsorb MB dieen the adsorption process was investigated ascidn of
initial pH and concentration of MB dye and contticte.

EXPERIMENTAL SECTION

Preparation of Citric acid modified Leaves ofRicinus communis (CALRC) adsorbent

RawRicinus communiteaves were obtained from a agricultural farm @tidhi, TamilNadu. The collected leaves
was air-dried and powdered in a grinder. The dRécinus communiteaves were base washed by stirring 50 g
powder 1 L of 0.1M NaOH. The slurry was stirred580 rpm for 1 h at 26C. Then the slurry was rinsed with
deionized water. This procedure was repeated twe rtimes for base wash&licinus communiteaves to ensure
removal of base from thRicinus communiseaves. The base wash&icinus communi¢eaves was then dried
overnight at 56C.

The chemical modification oRicinus communi¢eaves was made according to the similar meth@igusly
described by Vaughan et al. [13]. Base washed (BWfhus communikaves were mixed with 0.6 M CA at a ratio
of 1.0 gRicinus communiteaves to 10mL CA. After being stirred at 500 rfon 30 min at 26-C, acidRicinus
communideaves slurry was placed in a stainless steelanalydried at 56C in an air oven. After 24 h, the thermo
chemical reaction between acid and leaves was geedey raising the oven temperature to 420or 90 min. After
cooling, the reacted products were washed with 2068eionized water per gram of products to remowe extess
of CA. This volume of water was sufficient to remeounreacted CA since no turbidity from lead (Ifraie was
observed when the washed leaves was suspendednih. B3 water to which 10 mL of 0.1M lead (Il) niteawas
added. Lastly, citric acid modifigdicinus communikaves (CALRC) were dried at 5C until constant weight and
preserved in a desiccator as adsorbent for futtbef17].

Adsorbate used

The hazardous toxic cationic dye such as commegcéie methylene blue was used as adsorbate istthig. The
dye stock solution was prepared by dissolving 006 gure methylene blue dye in one liter of doutliilled water.
The serial dilutions were made by diluting the dyfeck solution in accurate proportions to the dekimitial
concentrations. The initial pH was adjusted with B1. HCI or 0.1 M NaOH.

Characterization of the Adsorbent

Physico - chemical characteristics of the adsorbent

The characteristics (Yield, lodine number, moistaomtent, pH determination surface acidity and dig}iof the
adsorbents prepared from Leavefainus communigiere determined. The yield of the prepared cagaonples was
estimated according to,

Y—MX100 1
=i &)

Where M is the weight of CALRC andd\k the weight of air drieRicinus communikaves.

453



M. Makeswari et al J. Chem. Pharm. Res., 2016, 8(7):452-462

lodine is considered as probe molecules for assg#lse adsorption capacity of adsorbents for sslafenolecular
sizes less than 10 A. lodine number (mg/g adsoypamas determined by use of standard 0.1 M iodahetion. The
titrant used was 0.1 M sodium thiosulfate.

Surface acidity and basicity was estimated by ngXr2 g of adsorbent (CALRC) with 25 mL of 0.5 M@l and
0.5 M HCI in a closed flask, the flask was agitafed 48 h at room temperature (Z§. The Suspension was
decanted and the remaining NaOH or HCI was titratgld 0.5 M HCI or O.5 M NaOH using phenolphthaleia
indicator.

Determination of surface group (Boehm'’s titration)

The adsorbent material mixed with 0.1 M solutiorNafOH, NaHCQ and NaCQO;. The NaOH and N&O; were
volumetric standards. 0.2 g of dried adsorbent weighed into 50 mL conical flask and 20 mL of diffat bases
added. The flask is then sealed and agitated ikestar 48 h. 5 mL of filtrate were titrated withlOM volumetric
HCI standard using water - ethanol solution of nketld as the indicator or 0.1 M NaOH using phehthplein as
indicator.The number of the basic sites calculated from thewat of HCI that reacted with the adsorbent materi
Then the various free acidic groups were derivedgughe assumption that NaOH neutralize carboxgtolae and
phenolic groups, N&O; neutralizes carboxyl and lactones, and Nak®@@utralizes only carboxyl groups
respectively.

Functional group analysis
Functional groups in CALRC were determined by ugeFourier-transform infrared spectroscopy, at room
temperature, by use of spectrum SHIMADZU, IR Affinll with KBr pellet with a scanning range of 400@00
-1
cm-,

Batch equilibrium studies
To study the effect of parameters such as adsods®, dye concentration and solution pH for thaowal of
adsorbate on CALRC, batch experiments were perfori@mck solutions of Methylene blue dye was pregand
further diluted to the 25 — 200 mg/ L concentragidor the experiments. pH adjustment was fulfiltlgdadding 0.1
M HCI or 0.1 M NaOH into the solutions with knownitial metal concentrations. Batch adsorption expents
were conducted in asset of 250 mL stoppered flasks$aining 0.2 g adsorbent and 50 mL of dye gmistwith
different concentrations (25- 200 mg / L) at pHThe flasks were agitated using a mechanical orbhaker, and
maintained at room temperature for 2 h at a fixeaking speed of 120 rpm until the equilibrium waaahed. The
suspensions were filtered and dye concentrationBersupernatant solutions were measured usingigaDphoto
colorimeter (model number-313). From the initiatidimal concentrations, percentage removal candbautated by
use of the formula:

(Co —Cp)

% of Removal = —c 100 (2)
0

Where G is the initial concentration of MB dye in mg/L ai@ is the final concentration of MB in mg/L. The
results obtained in batch mode were used to caéctit@ equilibrium metal uptake capacity. The an®wh uptake
of MB dye by CALRC in the equilibrium ¢fywere calculated by the following mass-balancati@hship:
Cy—C

a. =0t ey ®
Where q is the equilibrium uptake capacity in mg/g, V e tsample volume in liters,,@s the initial metal ion
concentration in mg/L, @he equilibrium metal ion concentration in mg/Ldaw is the dry weight of adsorbent in
grams.

Adsorption isotherms

Adsorption isotherm is the most important inforroatiwhich indicates how the adsorbate moleculegiloiige
between the liquid phase and the solid phase whsnorption process reaches on Equilibrium state. tthe
system is at Equilibrium is of importance in detgrimg the maximum sorption capacity of CALRC towsdlye
solution. Equilibrium data are a basic requiremimtthe design of adsorption systems and adsorptiodels,
which are used for the mathematical descriptiothefadsorption equilibrium of the MB dye by the @dent. The
results obtained for adsorption of MB dye were gredl by use of well-known models given by the Laogm
Freundlich, Temkin and Dubinin—Radushkevich, isotige For the sorption isotherms, initial dye corrcation was
varied whereas solution pH and amount of adson»en¢ held constant. The sorption isotherms for MB dere
obtained for CALRC at solution pH 5.26.
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Langmuir isotherm

The Langmuir model is based on the assumptionsbfueturally homogeneous adsorbent where all atisorpites
are identical and energetically equivalent. The granir model is used for the fitting of a monolayand/or
chemical adsorption. It is represented as follob@j:[

Ce 1 N Ce @
de  9maxP  dmax

Where g (mg/g) is the amount of phosphate adsorbed atlilequm, C. (mg/L) is the liquid-phase phosphate
concentration at equilibrium,.g (mg/g) is the maximum adsorption capacity of teaabent, and b (L/mg) is the
Langmuir adsorption constant, respectively.

Freundlich isotherm

The Freundlich model is applied to describe a lbgtmeous system characterized by a heterogenetty faf 1/n.
This model describes reversible adsorption andigestricted to the formation of the monolayereTreundlich
model is expressed as follows [19]:

1
log q. = 5 log(C.) + logK )

Where Ce (mg/L) is the liquid-phase concentratibeauilibrium, K is the Freundlich isotherm condtaand 1/n
(dimensionless) is the heterogeneity factor, retbyedy.

Temkin isotherm
Temkin adsorption isotherm is expressed as:

de =B InA +B InC, (6)

Where A is Temkin constant representing adsorbeisbrhat interactions and B is another constantaelaith
adsorption heat [20].

Temkin isotherm takes into account the adsorbiregisg—adsorbent interactions. Isotherm constardad\B can
be determined from plot of ge versus In Ce.

Dubinin—Radushkevich (D—R) isotherm model
To determine the adsorption occurred is physicatt@mical in nature, the equilibrium data were mgpto D-R
model [21]. The linearized form of the D-R modefjigen below:

InC,4s = InC,, —' Ye? )

Where Ggsis the adsorbed metal ions on the surface of adsbi{mg/L), G, is the maximum adsorption capacity
(mg/g), 'Y is the activity coefficient related toean adsorption energy (mdf) ande is the Polanyi potential (kJ
mol).

Polanyi potential [22] can be calculated by usimg following equation:

e =RT In(1 +Ci) ©)
The mean adsorption energy, E (kJ/mol) is calcdlatiéh the help of following equation:
1
E = 9
> )

Batch kinetic studies

The kinetic experiments were performed using a gulace similar to the equilibrium studies. Samplestaining
Adsorption studies were conducted in 250 mL shaKegks at a solution pH of 5.26. The adsorbenedifs0.2 g
was thoroughly mixed with 50 mL of copper solutidD0 mg/L) and the suspensions were shaken at room
temperature at required time intervals, filter thear solutions and analyzed for residual MB colragion in the
solutions. In order to determine the best kinetadei which fits the adsorption experimental date, pseudo-first-
order, pseudo-second-order, Elovich and intra-gartiffusion model were examined.

Pseudo-first-order kinetic model
The Lagergren pseudo-first-order rate expressigivisn by the equation [23]:
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In(qe —q¢) = Inge — kit (10)

Where @ (mg/g) is the amount of MB dye adsorbed at thesptaf equilibrium, g(mg/g) is the amount of nickel
ions adsorbed at time t angd(knin™Y) is the rate constant of the pseudo-first-ordeoggtion model.

Pseudo-second-order kinetic model
The pseudo-second-order model is given by equilidin

t_ 1 +1t (11)
a ka2  qe

Where k (gmg" min?) is the rate constant of the pseudo-second orideti& model. In the pseudo-second-order
model chemical sorption is the rate limiting stp][ In reactions involving chemisorption of adsmonto a solid
surface without desorption of products, adsorptaia decreases with time due to an increased sucfaerage.

Intra particle diffusion model

The Intra particle diffusion can be described beéhconsecutive steps:

(i) The transport of adsorbate from the bulk solutio the outer surface of the adsorbent by
molecular diffusion.

(ii) The internal diffusion, the transport of adsate from the particles surface into interior
sites.

(iii) The adsorption of the solute particles frolne tactive sites into the interior surface of the
pores.

The effect of intra particle diffusion resistancearsorption can be determined by the followingtiehship [26]:
qe = kipt?? +C (12)

kip is the intra particle diffusion rate constant (G min*?). To follow the intra particle diffusion model pot of

. against Y2 show yields a linear line where the slopes k

The simplified Elovich equation
1

1
9 = Blntp)  Blnt

(13)

Wherea (mg g* min™) is the initial adsorption rate constant and theamete (g mg"~) is related to the extent of
the surface coverage and activation energy for edwptions [27]. The values afandp can be calculated from the
plot of g against 1/In t.

RESULTS AND DISCUSSION

Characterization of the Adsorbent

Physico - chemical characteristics of CALRC

Characteristics of the adsorbents such as yiettingovalue, moisture content, pH, surface aciditg hasicity of
CALRC were determined. The results are summarizélthble 1. This result indicated that yield andrednumber
can be correlated with ability to adsorb low-molecweight substances and provides a measure fafcguarea or
capacity available to small molecules. The higherytield and iodine value, the higher will be tlds@ption ability
of the adsorbents. The measure of moisture cohtenbeen reported that if the moisture contenhefatsorbent is
more, it dilutes the action of carbon and necdssitatilizing some extra load of carbon [28]. CALRas the surface
acidity of 3.803 mmol / g and 4.06 mmol / g surfdaasicity. Acidity and basicity were confirmed byd&hm
titration method. Boehm titrations quantify the ibaand oxygenated acidic surface groups on activatgbons
[29]. From Boehm titration method we conclude tthet activated carbon containing phenyl carboxyupgeo This is
confirmed by the FTIR analysis results. This praeshigher adsorption ability of CALRC.

Zero surface charges - the characteristic analysisf CALRC

The zero surface charge of CALRC was determineddiyg the solid addition method [30]. The expenineas
conducted in a series of 250 mL glass stopperegkdlaEach flask was filled with 50 mL of differeinitial pH
NaNG; solutions and 0.2 g of CALRC. The pH values of M&NO, solutions were adjusted between 2 to 9 by
adding either 0.1 M HNg¢or 0.1 M NaOH. The suspensions were then sealedlaakien for 2 h at 150 rpm. The
final pH values of the supernatant liquid were dofehe difference between the initial pH Qtdnd final pHpH)
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values (pH = pkl- pH) was plotted against the values ofgpHihe point of intersection of the resulting cuwith
abscissa, gave the pld

Table 1. Physico - chemical characteristics of CALR

Parameters CALR(Q
Yield (%) 54.6
lodine Value (mg/g) 1062.4
Moisture content (%) 8.33
pH Determination 5.42

Surface acidity (m.mol/g) | 3.803
Surface basicity (m.mol/g) | 4.06
Boehm’sTitration (m eq/g)

NaOH 5.48
NaCOs 3.45
NaHCQ, 1.98
4 -
P”ZPC - CALRC
3 .
g
s 2
A
0 T \ T T T 1
0 » N\ s 8 10
-1
Initial pH (pHi)

Figure 1. Zero point charges of CALRC

The pHpc of an adsorbent is a very important characteribiit determines the pH at which the adsorbentsarf
has net electrical neutrality. Fig. 1 shows thatplot betweerpH, i.e. (pH- pH) and pHfor pH,pc measurement.
The point of zero charge for CALRC is found to h€84 This result indicated that the fgid of CALRC was

depended on the raw material and the activatedcggdime zero point charge (pidc= 4.08 for CALRC) is below

the solution pH (pH = 5.26) and hence the negativerge density on the surface of CALRC increasedtiwh
favours the adsorption of MB dye [31].

Infrared (IR) spectroscopic studies

The aim of using FTIR analysis is to determine éxéstence of functional groups and the identifizatof the
characteristic peaks is based on studies. The &iso(CALRC) was subjected to Fourier Transfornrdrdd
(FTIR) spectroscopy in the form of KBr pellet arftk tpercentage transmissions for various wave nusnaer

determined. The FTIR spectrum of CALRC is preseiééig. 2. The absorption bands identify in thespa and
it revealed corresponding functional groups.

373
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Figure 2. FTIR spectra for (a) CALRC and (b) CALRC-MB

The band at 3325 chrepresents the presence of -OH and —NH groupsbahd observed at 2931-2933 tis
associated to asymmetric stretches of —CH groumoB8pheric C@bands are present at 2287 tanti symmetric
C=0 stretch). The bands at 1637, and 1433-1436indicates the presence of —COO, -C=0 and —NH grolipe
peak at 1535 crhis attributed to the formation of oxygen functibmmoups such as a highly conjugated C-O
stretching in carboxylic groups [19] and due to phesence of quinone structure [32]. The broad lestdeen 1325
and 1037 cil has been assigned to C-O stretching in alcohagaenols [19]. Another absorption band appearing
around 1244 and 615 ¢hran be attributed to the Si-C stretch and C-O-Hsttwihe peak present at 1176 tm
indicates the presence of aromatic heterocycliemadeés, but this peak is absent in CALRC-MB. Thidi¢ates that
there is a possibility of ring cleavage after tioedreatment [33]. The FTIR data shows that thecfional groups
present in the adsorbent (CALRC) does not elimuhaféer the adsorption of MB.

Batch Mode Adsorption Studies

Effect of pH on dye adsorption

The zeta-potentials of the CALRC particles in watere measured at different pH. It was found that CALRC
particles are positively charged at low pH and tiggly charged at high pH, having a point of zehaige (pH,J

at pH 4.08. Therefore, it can be expected thattipesi charged MB are likely to be absorbed by ttegatively
charged CALRC particles at a pH > ZPC for CALRC.

The pH of the aqueous solution is an importantoiaatfecting the adsorption process. To study tifleénce of pH
on the adsorbent capacity of leavesRidinus communisn cationic dyes, the experiments were carriedusirng
different initial solution pH values, varying frothto 10. The effect of solution pH is very impottavhen the
adsorbing molecules are capable of ionizing in asp to the current pH [34]. The pH of an aguedwsse has
greater influence on the surface of the adsorbematecules. The magnitude of electrostatic charggsaited by
ionized dye molecules is primarily controlled by tpH of medium. The maximum adsorption capacitythef
adsorbents with respect to the initial pH of theabent is depicted in Fig. 3. The percentage raof/ dyes
increases with increase in the solution pH andhesthe maximum up to 81.52 % (MB onto CALRC) @650H.

90 Effect of pH
80

70
60
50

4

30

20

10 I
(0]

2.43 3.23 425 5.26 6.3 7.27 8.24 935 10.3
Initial pH

% adsorption of MB onto CALRC
o

Figure 3. Effect of pH on the adsorption of MB ontoCALRC
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The adsorption capacity increased with increasmiation pH and attains the maximum adsorptiontab@6. The
optimum pH value for the adsorption of MB onto CACRvas observed hat may be attributed to the hydrophobic
nature of the developed carbon which led to absorrogen ions (B onto the surface of the carbon when
immersed in water and make it positively chargeow pH value (1.0 to 4.0) leads to an increase inid#
concentration in the system and the surface ofitliwated carbon acquires positive charge by alrsgprd” ions.
On the other hand, increase of the pH value lethd¢cease of the number of negatively charged sihesthe
adsorbent surface is negatively charged at highapsignificantly strong electrostatic attractiopagrs between the
negatively charged carbon surface and cationicrdgiecule leading to maximum adsorption of MB froraste
water [35]. The lowest adsorption occurred at pbidhd the greatest adsorption occurred at-nH  AslSorbents
surface would be positively charged up to pH <rt] heterogeneous in the pH range 4 — 5, thereaféould be
negatively charged. Moreover, the increasing inatieorption of dye with increasing of pH value lsoadue to the
attraction between cationic dye and excess ©Hhk in the solution [36].

When solution pH increases, high Obins accumulate on the adsorbent surface. Theredbectrostatic interaction
between negatively charged adsorbent surface atidnicadye molecule caused the increase in adsorpti
Furthermore, the solution pH is above the zero tpoircharge (pH,. — 4.17 for CALRC) and hence the negative
charge density of the surface of the adsorbente wereased which favors the adsorption of catidyie [31]. The
optimal pH value of MB dye onto CALRC was usedtfoe subsequent experiments. Similar trends wastegbéor
the Removal of malachite green from aqueous solutioradtyvated carbon prepared from the epicarfRicinus
communishby adsorption [15] and removal of crystal viadeto Ricinus communipericarp [28].

Effect of Contact Time on the adsorption of MB Dye

Effect of contact time
90
80
70
60
50
40
30
20
10

% adsorption of MB onto CALRC

05 5 10 15 20 25 30 35 40

Time (min)

Figure 4. Effect of Contact time on the adsorptiorof MB onto CALRC

The effect of time on the sorption of MB by CALRCasvstudied. Fig. 4 indicates that the removal iefficy
increased with an increase in contact time befgulierium is reached. This may be due to theimttent of
equilibrium condition at 40 min of contact time f@ALRC, which is fixed as the optimum contact tindd.the
initial stage, the rate of removal of MB ions wagher, due to the availability of more than reqdimumber of
active sites on the surface of carbons and bectmesat the later stages of contact time, dudédecreased or
lesser number of active sites. Further, the attaimtnof maximum adsorption within 40 min suggests th very
minimum contact time is sufficient enough for tieenoval of MB from water by these adsorbent.

Effect of initial dye concentration on MB dye adsoption

The data for the uptake of MB onto CALRC as a fiorcof dye concentration is presented in Fig. ®alt be seen
that the percentage of adsorption of MB decreadtdtihe increase in initial concentration. The gert@ge removal
shows that, with an increase in the initial concatign of dyes, the percent removal was decreased 89.74 % -
56.82 % at 665nm for the dye concentration of 5200 mg/L.
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Effect of initial dye concentration
100

80

60 -

40 -

20 -

o - _ _ _ ;
50 100 150 200

Concentration of MB dye (ppm)

% adsorption of MB

Figure 5. Effect of Initial dye concentration @ the adsorption of MB onto CALRC

The increase in uptake capacity of the adsorbetit increasing dye concentration may be due toribeease of
sorbate quantity. At lower initial dye concentratisufficient adsorption sites are available fa& #usorption of dye
ions. Conversely, the numbers of dye ions at highgial concentration are relatively more as congplto the
available adsorption sites. Similar trends are meploby Atmani et al. [37] for CV onto almond wasiehe

percentage of dye adsorbed decreased with incgeti®ninitial dye concentration of 50, 100, 150d 200 mg/L.

Adsorption isotherm

In the present investigation, the equilibrium datare analyzed using the Langmuir, Freundlich, Temémnd
Dubinin-Radushkevich isotherm models optimize the design of an adsorption systens, iinportant to establish
the most appropriate isotherm model. The mono-@smapt equilibrium characteristics of adsorptionMB by
CALRC were described by these four different isathenodels. The experimental equilibrium adsorptiate were
obtained by varying the concentration of MB wit@ @/50 mL of CALRC.

Table 2. Adsorption isotherm parameters for the adsrption of MB onto CALRC

Isotherm model Parameters
Langmuir Q» (mggh) 33333
b (Lmg-1) 0.0833

R? 9960
Freundlich 1/n 0.329
K¢ (mggY) 67.45
R? BGD
Temkin a (Lg-1) 151
B (mgL-1) 60.120
b 41.90
R? 909
Dubinin-Radushkevich m @ngg?h) 245,67
K (x10-5mol2kJ-2) 0.400
E(kJmol-1) 1.118
R? 902

The adsorption data obtained by fitting the différisotherm models with the experimental data isted in Table
2, with the linear regression coefficients’. RALRC have a homogeneous surface for adsorptfokl®. The
Langmuir isotherm equation is therefore expectelest represent the equilibrium adsorption data Rhvalues
for the Langmuir model are closer to unity thansthdor the other isotherm models for CALRC® €R0.9960).
Therefore, the equilibrium adsorption of MB dye GALRC can be represented appropriately by the Lamgm
model in the concentration range studied.

Adsorption Kinetics

The adsorption process of MB can be well fittedulsg of the pseudo-second order rate constant f&wtRTA The
kinetic data are given in the Table 3. Thesglue (250) obtained from the second-order kinegjgation for CALRC
was close to the experimental ge value (202.38)amdinear regression coefficient valué\Rlue (0.999) obtained
for pseudo-second-order kinetics was closer toyithn the Rvalue (0.804) for first-order kinetics. This indtes
that adsorption of MB by CALRC follows pseudo-sedander kinetics.
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Table 3. Comparison of the correlation coefficientsf kinetic parameters for the adsorption of MB onb CALRC

Models

Parameters

Pseudo first-order model
de (Mg/g)
R2

Pseudo second-order model
e (My/g)
h
RZ

Intra particle diffusion model
C
R2

Elovich model
b (g/ mg)
R2

L (kin?)
1.3803
0.804

6.5957

2 (gkng/min) 0.0007
250.0
43.75

0.999

ark(mg/(g.mit?))  19.43
87.47

0.960

Ae (Mg(g/ min))
62.3027
0.9830

0.01

In the intra particle diffusion model, the valudsypwere found to be linearly correlated with the eslwf t2 The
kqr values were calculated by use of correlation aislyg; = 19.43, R = 0.933 for CALR. The Rvalues were
closer to unity for CALRC, indicating the appliaati of this model is a fit for CALRC.

CONCLUSION

Leaves ofRicinus communisvere found to be a good raw material for develggntivated carbon. The activated
carbon produced has high surface area. The prasagtigation shows, the CALRC is an effective aliseat for
the removal of MB dye from aqueous solutions. Thgage morphology and functional groups involvecthe
adsorbents were determined by analyzing throughRFTRdsorption capacity of the adsorbents was highly
dependent on the solution pH, initial dye concditng and contact time. The optimum pH correspogdonthe
maximum adsorption was found to be 5 for CALRC. Tieximum adsorption of MB onto CALRC from aqueous
solution was 81.52 %. The efficiency of MB adsasptincreased with an increase in the solution p#l @ntact
time but it decreases with the increase in théinibncentration of the adsorbate solution. Theogation data were
well fitted by the Langmuir isotherm model; thisimglicative of monolayer adsorption by CALRC. Amotite
kinetic models tested, the adsorption kinetics Wwast described by the pseudo-second order equfttiothe
adsorption of MB onto CALRC. The leaves @fcinus communisised in this work are freely and abundantly
available. The experimental studies showed thateleaf Ricinus communigould be used as an alternative,
inexpensive and effective material to remove higioant of MB dye from aqueous solutions.
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