Journal of
Hazardous

Materials

www.elsevier.com/locate/jhazmat

Journal of Hazardous Materials B125 (2005) 102-112

Azadirachta indicdNeem) leaf powder as a biosorbent
for removal of Cd(ll) from aqueous medium

Arunima Sharma, Krishna G. Bhattacharyya

Department of chemistry, Gauhati University, Guwahati 781014, Assam, India

Received 6 February 2005; received in revised form 7 May 2005; accepted 7 May 2005
Available online 14 June 2005

Abstract

A biosorbent, Neem leaf powder (NLP), was prepared from the mature leavesAtald@achta indicgNeem) tree by initial cleaning,
drying, grinding, washing to remove pigments and redrying. The powder was characterized with respect to specific surface arég(21.45 m
surface topography and surface functional groups and the material was used as an adsorbent in a batch process to remove Cd(ll) from aque«
medium under conditions of different concentrations, NLP loadings, pH, agitation time and temperature. Adsorption increased from 8.8% at
pH 4.0 to 70.0% at pH 7.0 and 93.6% at pH 9.5, the higher values in alkaline medium being due to removal by precipitation. The adsorption
was very fast initially and maximum adsorption was observed within 300 min of agitation. The kinetics of the interactions was tested with
pseudo first order Lagergren equation (méar 1.2x 10-2min~t), simple second order kinetics (meks= 1.34x 103 gmg ! min~1),
Elovich equation, liquid film diffusion model (medF 1.39x 10-2 min~!) and intra-particle diffusion mechanism. The adsorption data gave
good fits with Langmuir and Freundlich isotherms and yielded Langmuir monolayer capacity of 158 fiog the NLP and Freundlich
adsorption capacity of 18.7 L7¢. A 2.0 g of NLP could remove 86% of Cd(Il) at 293 K from a solution containing 158.8 mg Cd(ll) per litre.
The mean values of the thermodynamic parametelr§,ASandAG, at 293 K were-73.7 kJ mot?!, —0.24 J mot! K- and—3.63 kJ mot?,
respectively, showing the adsorption process to be thermodynamically favourable. The results have established good potentiality for the Neel
leaf powder to be used as a biosorbent for Cd(ll).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction particles in air can travel long distances before falling to the
ground or water. Humans are exposed to this toxic metal
Heavy metals are natural constituents of the Earth’s crust[1] through breathing in contaminated workplace (battery
and are present in varying concentrations in all ecosystems.manufacturing, metal soldering or welding industries), eating
Human activity has drastically changed the biogeochemical foods contaminated with it (low levels of Cd(ll) are found
cycles and natural balances of some heavy metals. Thesén all foods, highest in shellfish, liver and kidney meats),
metals are stable and persistent environmental contaminantsbreathing cadmium in cigarette smoke (doubles the average
and they have a tendency to accumulate in the soil, seawa-daily intake), drinking contaminated water, breathing con-
ter, freshwater and sediments. Being toxic, they have adversegaminated air near the burning of fossil fuels or municipal
effects on the environment and human health. One of the well waste, etc.
known toxic metal, Cd enters the atmosphere from mining  The ubiquitous nature of heavy metals, their toxicity even
industry and burning of coal and household wastes. Cadmiumin trace quantities, and their tendency for bioaccumulation
in food chain and the stricter environmental regulations to
heavy metal discharges make it necessary to develop pro-
* Corresponding author. Tel.: +91 361 2570535; fax: +91 361 2570133, Cesses for the removal of heavy metals from wastewater.
E-mail addresskrishna2604@sify.com (K.G. Bhattacharyya). Adsorption onto solid adsorbents can effectively remove
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pollutants from both aqueous and gaseous streams, andlouble distilled water and solutions for adsorption experi-
therefore, has considerable environmental significance. Acti- ments were prepared by appropriate dilution.

vated carbon is usually used for removal of trace pollutants,

odor, taste and colors from contaminated water. However, 2.2. Characterization of the adsorbent

adsorbent-grade activated carbon is comparatively expen-

sive with difficulties in regeneration and this has led to a  The specific surface area of the NLP powder was
large volume of work trying to develop low cost adsor- determined by adsorbing the dye, methylene blue on it and
bents[2]. Many novel materials have been developed as finding the monolayer capacity by Langmuir methdd].
adsorbents in recent years particularly from various plant Scanning electron microscopy (JEOL JSM 35CF at RSIC,
materials with the objective of replacing activated carbon Shillong, India) was used to study surface topography of the
with cheaper, more effective and recyclable alternatives. Neem leaf powder. FTIR spectra of the adsorbent samples
Such low cost adsorbeni3,4] have found use for treatment  were recorded by the nuzol method (Perkin-Elmer Spectrum
of various pollutants in water and wastewater. The presentRX I).

work uses a non-conventional adsorbent developed from

a well known bioresource—the leaves of tAeadirachta 2.3. Adsorption experiments

indica (Neem) tree, to remove Cd(ll) from aqueous

medium. The batch adsorption was carried out in 100 mL borosil
Medicinal and germicidal activities of the leaves, bark conijcal flasks by agitating a pre-weighed amount of the NLP
and seeds of the Neem tre® (ndicd) have been well docu-  powder with 50 mL of the aqueous Cd(ll) solution at a con-
mented. A large range of useful products such as antimalar-stant temperature, water bath shaker (NSW, Mumbai) for a
ials, spermicidals, antituberculosis agents, antipyrrhetics, pre-determined time interval at a constant speed. The stan-

anti viral drugs, antiseborrhoeics, antiallergic medicines, dard experimental conditions for the adsorption experiments
antienzymic, antifungal agents, etc., have been extractedyere as follows:

from the Neem[5-9]. Fresh Neem leaves have been

shown to contain as much as 59.4% moisture, 22.9% ) nitial Cd(l) concentration 365, 72.9, 109.4, 158.8, 182.3, 218.8
carbohydrates, 7.1% proteins, 6.2% fiber, 3.4% minerals, (mgL-?)

1% fats and a host of other chemicfl$]. The insecticidal (b) Amount of adsorbent (gt*) ~ 0.4,0.6, 1.0, 1.6,2.0

properties of the various segments of the Neem tree are(g) pH _ 2.0-9.0
due to a number of active ingredients like azadirachtin, (¢)Agitation ime (min) 20, 40, 60, 120, 180, 240, 300
. . . L. S (e) Adsorption temperaturg,(K) 293, 303, 313
' ' ’ ' . Particle size gm) of NLP 53-74
salannin, meliantriol, nimbin, nimbidin, etc. The presence icle si f

of a number of fatty acids like oleic acid, steric acid,

palmitic acid, linoleic acid, etc., has also been reported The pH of the aqueous solutions of Cd(ll) was.5

[11,12] which did not change much with dilution. For measuring
effects of pH on adsorption, the pH of the adsorptive solution
was adjusted by adding aqueous 0.1N HCI or NaOH drop

2. Materials and methods by drop. The pH was measured at the beginning and at the
end of the experiment. The majority of the experiments were
2.1. Preparing biosorbent done without adjusting the pH, i.e., at the natural pH of the

Cd(ll) solution. After adsorption was over, the mixtures were

Mature Neem leaves, collected from a number of tall allowed to settle for 10 min, the supernatant liquid was cen-
Neem trees (District Morigaon, Assam, India) were washed trifuged for 20 min and the metal ion remaining unadsorbed
repeatedly with water to remove dust and soluble impuri- was determined with Atomic Absorption Spectrometer (Var-
ties, dried at room temperature in a shade and then in anian SpectrAA 220, Lamp current 4 mA, air—acetylene oxidiz-
air oven at 333-343K for 30h when the leaves became ing flame, 228.8 nm wavelength, slit width 0.5 nm, optimum
crisp. These were crushed into a fine powder in a mechan-working range 0.02-3.@g mL™1).
ical grinder to obtain the Neem leaf powder (NLP). The
NLP was sieved and the 53—j4fraction was separated, 2.4. Kinetics of adsorption
washed further with double distilled water till the wash-
ings were free of colour and turbidity. Water from the The kinetics of the interactions were studied by deter-
wet powder was removed by soaking with filter papers mining the amount adsorbed at different agitation times for
and the powders required about 120h to completely dry various amounts of the adsorbent at constant Cd(ll) concen-
up. It was preserved in glass bottles for use as a biosor-tration. The kinetics was tested with respect to the pseudo

bent. first order model of Lagergren given by the equation:
Cd(ll) was used in the form of Cd(N§»-4H20 (Glaxo

India, Mumbai, 99% purity) without further purification. A log(ge — q1) = logge — (kl) ¢ (1)

stock solution containing 1000 mg Cd(I1)/L was prepared in 2.303
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and the second order kinetic model given by the equation: obtained from the slope and the intercept of the plots ofjlog

, 1 1 versus lodCe.
e @)
gt qe 2.6. Thermodynamic parameters
whereq; and ge are the amount adsorbed at timand at _ _
equilibrium, k; is the pseudo first order rate constaint= The thermodynamic parameters for the adsorption process
kzqg, whereks is the second order rate constant. were evaluated from the well known relation:
The adsorption data were further analyzed using the fol- oa K AG AH AS 9
. 0 = — = —
lowing. g 2303RT  2.303RT | 2.303R ®)
(a) Elovich equatiorl4]: whereK=(ge/Ce) and AG, AH and AS are, respectively,
_ Gibbs energy change, enthalpy change and entropy change
qr = PIn(ep) + BIn(r) ) for the process at constant temperattie Plot of logK ver-
(b) Intra-particle diffusion equatiofL5]: sus (1T) should yield a straight line with slope AH/2.303R,
05 and interceptAS2.303 R. Values oAH and AS could be
gt = kpt (4) used to findAG.
¢) Liquid film diffusion equatiorj16]:
(©) Liq g 18] 2.7. Desorption study
In(1— F) = —kt (5)

Desorption experiments were carried out by saturating
NLP with Cd(ll) by passing an aqueous solution
(100mg 1) through a pyrex column (length 30cm, i.d.
1.5cm) packed with NLP (actual length of NLP column
o 1.5cm) from the top till the inlet and the outlet concentra-
2.5. Adsorption isotherm tions became equal. The column was washed once with about

70.0 mL double distilled water to remove metal ions loosely

The adsorption data were fitted to the most widely attached to the column walls and the adsorbent. The desorp-
used two parameter Langmuir equation valid for monolayer tjon was then carried out by passing:

chemisorption:

whereq is the initial sorption rate constargt the desorption
rate constank, the intra-particle diffusion rate constant and
F is the fractional attainment of equilibriun(qe).

(a) double distilled water (pH 7.0);
Ce_ 1  Ce ©®  (b) dilute nitric acid (pH 4.0);
ge  bgm  gm (c) dilute alkali (NaOH, pH 10.0).

wheregn, is the amount of Cd(ll) adsorbed per unit mass respectively, with a flow rate of 1.6 mL niik at 300 K.
of the adsorbent in a single monolayérjs ka/ky (ka and

kq are the adsorption and the desorption rate constants fory g cojumn study

the adsorption equilibrium, Cd(ll) + NLP = Cd(Il)-NLP),

Ce andge are the equilibrium liquid phase and solid phase  ap jgentical glass column (length 30 cm, i.d. 1.5 cm) was
concentrations of Cd(ll]2]. A plot of (Ce/ge) versusCe used as afixed-bed reactor for column study. NLP was packed
yields a straug_ht line for chemlsorp_nve behaviour. The 40 it by a dry packing techniqugl8,19] The bed was
slope and the intercept of the plot give the valuesi@f g pnorted and closed by glass wool plugs to ensure good
andb. liquid distribution. The effective length of the NLP column

~An extension of the Langmuir equation was made by \ya5 1.5cm (a long column practically does not allow any
introducing a dimensionless equilibrium paramefer[17], liquid flow) which was rinsed with distilled water and left

called the separation factor, given by: overnight to ensure a closely packed arrangement of particles
1 without voids, channels, or cracks. The metal ion solution
R = 1+ bCo @) was fed from the top at a fixed flow rate of 1.6 mL min

) S ) keeping a constant head of 2cm. Samples of the eluate
whereC, is the initial liquid phase concentration of Cd(Il) \yere collected periodically and analyzed for the Cd(ll) con-
in equilibrium with the adsorbent. For favourable adsorption, centration €,) using AAS (Varian SpectrAA 220). The

O<R <1. o _ o flow through the column was continued till the outlet and

~ The empirical Freundlichisothermin the logarithmic form et concentrations were equal. The breakthrough curve was
given by: obtained by plottingC,/Co (Co is 100 mg L1, the concen-
log ge = log K + 1 log Ce 8) tration of Cd(ll) at the inlet) against the cumulative volume

of Cd(Il) solution passing through the column. A value of
whereK; andn are Freundlich coefficients was also tested. ~1.0 for the ratidC,/C, indicates the exhaustion point of the
This equation is valid fom<1 and the coefficients are column.



A. Sharma, K.G. Bhattacharyya / Journal of Hazardous Materials B125 (2005) 102—-112 105

3. Results and discussion >C=N—(1656 cnT?),
=C-C=,=C-N<and= C-O- (1160 cm?),

3.1. Characterization of the biosorbent >C=0 (1633, 1656, 1672, 1688, 1714ch),
>C=C< (1656 cnt!) and

3.1.1. Surface area of the biosorbent >C=S (1105cnt?).

The average monolayer capacity for methylene blue
adsorption on Neem leaf powder was measured as The polar groups on the surface of the Neem leaf powder
8.76mggl and the cross-sectional area of the dye € likely to determine the adsorption characteristics of NLP

molecule being 1.3& 10-8m2, the specific surface area S the_se groups give rise to considerable cation exchange
is 21.45n3 g~ L. This is three to four times higher than that €&pacity[21-23]

of a number of other biosorbents reported in the literature,
e.g., coffee residue (2.574g1), pyrolyzed coffee residue
(3.91nt g 1), coffee residue bound on clay (6.48gr?1)
[20], but much less when compared to that of commercial
activated carborn1100nf g~1).

3.2. Effect of pH

pH is an important controlling parameter in all the adsorp-
tion processes. For a typical experiment with Cd(Il) solution
of concentration 36.5 mgt!, adsorbent amount of 0.8gL,
interaction time of 3 h, temperature 300K, it was seen that

3.1.2. Surface topography there was no adsorption between pH 2.0 and 3.5, and the
The electron micrograph$ig. 1) show the powderasan  54sorption was only 8.8% at pH 4.0, but the adsorption

assgmblage of fine particles of irregular shape and size. Th§ reased to 70.0% at pH 7.0 and 93.6% at pH §i§.(2).
_par'ﬂcles have alarge n_umberofste_ps, kinks and broken e_dgeq—he adsorption was insignificant at highly acidic pH, but
in them and these are likely to play importantrole as possible jreased continuously from moderately acidic pH to alka-
active sites for adsorption. line pH. The increased removal of Cd(ll) in alkaline pH might
be due to the onset of precipitation. At low pH, adsorption of

3.1.3. Surface functional groups ~ Cd(ll) could not compete with Hions for appropriate sites
FTIR measurements showed the presence of the following o, the adsorbent surface. However, with increasing pH, this
functional groups on the Neem leapowder: competition weakens and Cd(ll) ions replactibns bound
—OH (3597-3600 cmt), to the adsorbent or forming part of the surface functional
—NH, (3399 cn1?), groups such as OH, COOH, etc. It is also possible that the
=CH (3297 cnd), adsorption of the metal ions may take place through binding

of both C#* and Cd(OHJ ions to the adsorbent surface.

A similar trend with Cd(Il) was observed with adsorption
increasing from 40.9 to 46.6% drinus radiatabark and
from 26.1 to 36.9% on chemically modified tannins in the
pH range 1.0-5.(R4]. Abia et al.[25] also found a similar
trend for the adsorption of Cd(ll) on the biomass cassava

100+

80

=3
ar

% adsorption
oy
i

204

0 2 4 6 8 10
pH

Fig. 1. SEM photographs of Neem Leaf powdexa000 (top) and< 6600 Fig. 2. Influence of pH on adsorption of Cd(ll) on NLP at 298 K (NLP
(bottom) magnification. 0.8gL~1, Cd(ll) 36.5mg L=, interaction time 3 h).
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100- behaviour is common in a batch reactor with either con-
stant adsorbent amount and varying initial adsorbate con-
centration or vice versf29]. An increase in the adsorbent
amount results in a decrease in the interaction time to reach
apparent equilibrium. However, the fraction of the metal
removed from the aqueous phase increases with an increase
in the adsorbent amount. The nature of the adsorbent and
its compactness affect the time needed to reach equilibrium.
In the present case, the adsorbate—adsorbent interactions
approached pseudo equilibrium at around 300 min.

The kinetics of Cd(ll) adsorption on Neem leaf pow-
der (NLP) was studied at a constant Cd(ll) concentration of
158.8mg -1 at 293 K with five different NLP amounts of
0.4, 0.6, 1.0, 1.6 and 2.0gt and interaction time from
20 to 300min in each case. The Lagergren pléig.(4)
of log(ge — qt) versus time were linear in nature. The pseudo
firstorder rate constant obtained from the slopes of the best-fit
lines (correlation coefficienB=0.97-0.99), was in the range
Fig. 3. Variation of the extent of adsorption of Cd(ll) (concentration Of 9:90x 1073 to 14.51x 10-3min~* with a mean value
158.8mg %) on NLP with increase in interaction time at 293 K. of 12.0x 103 min—1. Cd(ll) adsorption follows first order

kinetics in a wide variety of materia]25,27,30-33hnd the
tubers. Feng and Aldric[26] investigated the effect of pH  values of the rate constant reported conform to the values
on adsorption of Ctf, Cd*? and PB2 on biomass derived  obtained in this work. The mechanism of adsorption of other
from the marine alg&cklonia maximand showed that the  heavy metals has also been tested with the first order kinetics.
increase in biosorption levels with increases in pH could be For example, Ho and McKag] have suggested first order
explained by the influence of the number of negative surface adsorption kinetics for Pb(ll) on peat with in the range
charges arising from the dissociation of functional groups. In of 3.66—4.40x 10-2 min—1. Dakiky et al.[34] have reported
addition, this could partly explain the low concentration of similar rate constant values for adsorption of Cr(VI) on a
metal ions retained by the biosorbent at pH values below 4.0, variety of novel adsorbents (wool 3.9610~3 min~1, cac-
since most of the functional groups are likely to dissociate at tus leaves 6.8& 103 min—1, sawdust 9.0& 103 min—1,
neutral pH only. almond 8.80x 10-3min~1, olive cake 8.9% 10~3min~1).

Taty-Costodes et aJ27] have found similar influence of Although effective in many cases, the pseudo first order
pH on adsorption of Cd(ll) and Pb(ll) on sawdustRifius equation has been found to be unsatisfactory in providing a
sylvestris The maximum uptake of the ions was obtained at concrete mechanism of the adsorption process in an equally

pH 5.5 in the range of 2.0-9.0. The metal ions face stiff com- good number of cas§4,23] In such cases, the experimen-
petition from HO* ions at low pH for the exchange sites of

the sorbent. The metal uptake depends on these sites as wel' ,5_
as on the nature of the metal ions in solution. The carbonyl
and hydroxyl groups of polyphenols could be responsible for
the adsorptive property of the sawdust. The oxygen atoms of 24
each carbonyl and hydroxyl group are considered as strong

Lewis base centers because of the presence of vacant dou-Z

Extent of adsorption (%)
(3] 2 = n (=3 ~1 oo (Y]
e e o e o 82 o

o
n

o

20 40 60 120 180 240 300
t (min)
—O—04g LA —M—0.6g1A1 —A—1.0g L 1 —A—1.6g LAl —6—2.0 g L1

1)

blet electrons, which allow coordination with the electron ;1-5’
deficient metal ions. Othma[28] suggested that the large =
discrepancies at high pH could be due to metal removal by .
other mechanisms such as precipitation. g)
3.3. Kinetics of adsorption 051

The effect of agitation time on the extent of adsorp-
tion of Cd(Il) on NLP is shown inFig. 3 The adsorp- 0
tion advanced towards equilibrium within 300 min for
NLP amount of 0.4-2.0 gttof Cd(ll) solution of concen-
tration 159.0mgL?!. Adsorption increased from 82.0 to

201.4mgg’ (extent of adsorption 20.7-50.7%) for NLP Fig. 4. Lagergren plots for pseudo first order kinetics of the interactions
amount of 0.4gL? in the time interval 20-300 min. Such  between Cd(ll) and NLP at 293 K (Cd (Il concentration 158.8 mé)L

0 50 100 150 200 250
t (min)

O004gl”1 WO6gL 1 AlOgLA1 Al6glh1 O2.0gLA-]



A. Sharma, K.G. Bhattacharyya / Journal of Hazardous Materials B125 (2005) 102—-112

(=)
L

(t/qt) min g mg"-1
[ ¥

150 200 250 300
t (min)

O04gl 1 MO6glh1 AlOgL 1 Al6glrl 020glr-l

100

Fig. 5. Plots of pseudo second order kinetics for adsorption of Cd(ll) (con-
centration 158.8 mgt!) on NLP at 293 K.

tal results differ in two important aspects:Ki)(ge — ;) does
not represent the number of available sites and (ii)dggé

not equal to the intercept of the plot of lag{ q:) against

t. In the present work, loge values based on the experi-
mentalge values did not match the values obtained from the

107
210+
170
<
& 130
ch
E
= o &
90 1
50 : . .

4.5

3 3.5 5 5.5
In t (min)
O04gl”1 MO6gL"-] A1.0 gL ] Aloglnl  0O20glLn-]

Fig. 6. Elovich plots for adsorption of Cd (Il) (concentration 158.8 mg)L
on NLP at 293 K.

by Ho and McKay[35] for adsorption of Cu(ll) on peat. The

Lagergren plots. The pseudo second order model, based Or§uccessful application of Elovich equation points to a possi-

Eq. (2) considering the rate-limiting step as the formation of

chemisorptive bond between the adsorbate and the adsorbent

was therefore, applied.

The plot of t/g; versust (Fig. 5 yielded linear plots
(R~ 0.99) indicating the interactions to be akin to second

order kinetics and suggesting chemisorption as the rate-

controlling sted23]. The second order rate constdat,was

in the range of 1.2% 10~% to 3.15x 10 3gmg ! min~1.
Second order kinetics was also postulated for adsorption
of Pb(Il), Cu(ll) and Ni(ll) on peaf21] with k, values in

the ranges of 8.62 1073 to 4.59x 101, 8.97x 103 to
9.64x 1072 and 1.59% 10210 1.75x 10-*gmgtmin1,
respectively. On the other hand, Taty-Costodes ef23l}
found the value of 10.89 g mg min—1 for Cd(ll) adsorption

on Pinus sylvestrisaw dust.

Plots of g versus Irt as per Elovich Eq.(3) also
yielded straight linesKig. 6) with high linearity R~ 0.99).
This equation does not predict any definite mechanism,
but is useful in describing adsorption on highly heteroge-
neous adsorben{d4] such as the NLP when the interac-
tions are predominantly chemical in natui®&4,35] The
Elovich constantsa and g8, had values in the ranges
of 0.01-17.9% 16 mg gt min~! and 41.21-4.04 g md,
respectively, for NLP amounts of 0.4, 0.6, 1.0, 1.6 and
2.0 gL 1ataconstant Cd(ll) concentration of 158.8 mgtL
The constants depended significantly on the amount of adsor-
bent with the adsorption rate constasmt,being much more
sensitive. Since represents the initial rate of adsorption, the

results indicate that the rate could be enhanced many times

ble chemisorption type interaction between Cd(ll) and NLP.
Adsorption is a multi-step process involving transport of
the solute molecules from the aqueous phase to the surface
of the solid particulates followed by diffusion of the solute
molecules into the interior of the pores, which may be the
slowest and rate-determining step. The plotgiofersust®->

(Fig. 7) exhibit more than one slope. The first, sharp portion is
likely to represent fast adsorption on the external surface, and

the second nearly flat portion a slow diffusion into the interior

surfaces of the particld85]. These results are in conformity

2104
1704
=130
o
=lV]
en
E
S
o 90+
50‘)%’9_’_9—————9—’—‘9—’—9—_6
10 T r T T T T )
4 6 8 10 12 14 16 18
t*0.5 (min) 0.5
—04plAl —W-06glhl —A—10gll —A—16gLh1 —6—20g LA

by increasing the. adsorb_em amqunt, i.e., by providing a |?-rge Fig. 7. Plots ofg; vs. % for adsorption of Cd(ll) (concentration 158.8 mg
surface area for interaction. Similar results are also obtainedL-1) on NLP at 293 K.
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Fig. 8. Plots of liquid diffusion model for adsorption of Cd(ll) (concentration
158.8 mgL=1) on NLP at 293 K.

with the values of the Elovich coefficients, which showed

very fast initial rate of adsorption. The second portion of the
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1A

0.8

0.6

Ce/q (g L"-1

0.2

80 100 120 140
Ce mg L1

A 1.0gL"1

20 40 60

O 04glr1 W 06gLA-] A 16gln1 O 20gL~-1
Fig. 9. Langmuir isotherms for adsorption of Cd(Il) (concentration 36.5,
72.9,109.5, 158.8, 182.3, 218.8 mg'Lfor each NLP amount shown at the

bottom, interaction time 5h) on Neem Leaf powder at 293 K.

plots (Fig. 7) might also be due to adsorption on the steps and adsorption and the correlation coefficients are given in
fissures of the surface as seen from the SEM measurement. Table 2 The linearity of Langmuir plotsR>0.99) suggests

The plots of—In(1 — F) versug as per the liquid film dif-
fusion model Fig. 8 were also linearR 0.98-0.99) with
intercepts of 0.05 to 1.52 for various NLP amounts (0.4,
0.6, 1.0, 1.6 and 2.0 gt!) at constant Cd(Il) concentration
(158.8 mg - 1). The plots however do not pass through the
origin except for the lowest amount of NLP. Thus the liquid
film diffusion (Eq.(5)) is not the predominant mechanism for
Cd(ll) adsorption on NLP.

3.4. Adsorption isotherms

At a constant temperature, the extent of adsorption was
dependent on the amount of the biosorbent as well as on
Cd(ll) concentration. The results for a constant agitation time

of 5 h are presented ifable 1 Adsorption increased rapidly

as more and more of the adsorbent was added, but it showec
a decreasing trend when Cd(ll) concentration was increased. —. 2

The two parameter Langmuir isotherm gives a good
account of the constant temperature adsorption déda 9),
but the application of the empirical Freundlich isotherm
yields less satisfactory resultgi¢. 10. The values of the

Table 1

Extent of adsorption (%) of Cd(ll) on Neem leaf powder at 300K for a
constant interaction time of 5h

Cd(ll) Extent of adsorption (%) for NLP amount (gt)
(mgL™)
0.4 0.6 1.0 1.6 2.0

36.5 69.3 76.0 88.6 95.4 97.0

729 62.5 68.2 85.1 90.7 93.4
1095 59.6 62.6 81.5 87.9 90.5
1588 50.5 57.1 76.7 82.3 85.9
1823 43.6 46.4 67.1 78.7 81.2
2188 36.1 35.9 55.5 67.1 71.1

strong bonding involving chemical forces between Cd(ll)
ions and NLP particles. Langmuir monolayer capacity
(gm) of the Neem Leaf powder decreased from 250.0
to 86.2mgg?! as NLP amount was varied from 0.4 to
2.0g L. The equilibrium parametel, showed an increase
from 0.048 to 0.161L mg! in the same range of adsor-
bent amount. The dimensionless parame®gr, remained
between 0.05 and 0.15 ((R¢ <1) for the whole range of
adsorbent amounts in accordance with the requirement of a
favourable adsorption process.

24+

log ge (mg g"-1

0.5 1 15 2 25
log Ce (mg LA-1)

O04glhl MO6gL 1 AlLOgL™~1 AlLGgL™~1 020glLA-l

Fig. 10. Freundlich isotherms for adsorption of Cd(ll) (concentration 36.5,

72.9,109.5, 158.8, 182.3, 218.8 mg'Lfor each NLP amount shown at the

bottom, interaction time 5h) on Neem Leaf powder at 293 K.
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Table 2

Adsorption coefficients for Cd(Il)-NLP interactions at 293K (agitation time 5h, Cd(ll) 36.5, 72.9, 109.5, 158.84, 182.3 and 218'&angdach NLP
amount)

NLP (gL™1) Langmuir isotherm Freundlich isotherm
R o (Mmgg™) b(Lmg™) R R K(Lg™) n

0.4 0.99 25M 0.048 0.138 0.96 23.0 0.47
0.6 0.99 1818 0.043 0.153 0.96 19.5 0.45
1.0 0.99 14® 0.087 0.081 0.92 13.9 0.54
1.6 0.99 13a 0.099 0.072 0.98 18.9 0.41
2.0 0.99 8&2 0.161 0.046 0.98 18.1 0.40
Mean 0.99 158 0.088 0.098 0.96 18.7 0.45

The monolayer capacity of NLP is quite large (mean
value 157.8mggl) compared to many other adsorbents
reported in the literature including commercial activated

(=3
(=}

oo
<

carbon. A few recently reported values of Langmuir %
coefficients for adsorption of Cd(ll) are given below: % 60
=]
Adsorbent gn(mgg ) b(mg?l) Reference 2 50
el
Crab Shell 0122 - [36] °
Chitin 1471 0.038 [37] 3 2
Cassava waste 87 0.061 [25] &
PEl-silica gel 3846 0.026 [38] 0
Modified biomass ®4 0.021 [25] 203 303 313
Sawdust oPinus sylvestris ~ 19.08 0.057 [27] Temperature (K)
Coffee residues on clay &2 0.024 [20] —+36.5 mg L1 —— 729 mg L1 —— 109.4 mg L1
Activated carbon 924 0.003 [20] e L PR
Low grade Phosphate o 0.201 [39] —&— 1458 mg L"-1 —©— 1823 mg L"-1 —8—218.8 mg L"-1
Bone char 042 0.014 [40] . e . ) .
Neem leaf powder 1580 0.088 This work Fig. 11. Variation of the extent of adsorption of Cd(Il) (concentrations given
at the bottom) on NLP (1.0 gt}) with increase in temperature for an inter-
The Freundlich plotsKig. 10 were of slightly less lin- action time of 180 min.

earity compared to the Langmuir plots, but the values of
the coefficients conform to those required for favourable 36.5mg L1, adsorption on NLP (1.0 gt1) decreased from
adsorption. The adsorption affinity, had values from 0.40  85.7% at 293K to 70.5% at 303K and 57.3% at 313 K. The
to 0.54 (0<n<1) and the adsorption capacit§, was in thermodynamic parameters were calculated from the plots of
the range of 13.9-23.0Ld. Both Langmuir monolayer  logqe/Ce Versus 1T (Fig. 12). The values of the three para-
capacity and Freundlich adsorption capacity were depen-metersAH, ASandAG are given inTable 3and they are in
dent on adsorbent amount and both showed higher val-

ues when the amount was less. It is likely that increasing 0.8

the amount of the adsorbent per unit volume of the solute
solution makes less surface available per unit mass of the 0461
adsorbent for interaction with Cd(ll) ions. A comparison 0.41
of the Freundlich coefficients obtained in this work with f 02l
a few values obtained by other workers is given below: =% 2 /O

= 0 : : ‘ ~® .
Adsorbent n Ke (Lg™1) Reference %-

=02
Chitin 0.45 142 [37] &
Cassava waste 0.77 05 [25] -0.4
Coconut coir pith 0.48 231 [33]
Low grade phosphate 0.57 0B [39] -0.61
Neem leaf powder 0.45 180 This work 08 o

0.00315 00032 000325 0.0033 000335 00034  0.00345
) ) 1/T(K)
3.5. ThermOdynamIC studies 036.5 mg L1 W72.9 mg L1 A109.4 mg LA-1
A 1458 mg L"-1 O 182.3 mg L"-1 @®218.8 mg L -1

When the adsorption was carried out at higher tempera-

ture-s, the 3:mount adsorbed came dowig (11 indicatin_g Fig. 12. Plots of logg/C) vs. (1TT) for adsorption of Cd(ll) (concentrations
the interactions to be exothermic. For Cd(Il) concentration of given at the bottom) on NLP (1.0 git) for an interaction time of 180 min.
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Table 3
Thermodynamic parameters for adsorption of Cd(ll) on Neem Leaf Powder (NLP amount1:agiitation time 180 min)
cd(il) (mg L) —AH (kJmol 1) AS(Imol1K—1) —AG (kJmol 1) at temperature

293 K 303K 313K
36.5 65.2 -0.19 10.10 8.22 6.34
72.9 66.7 -0.22 3.66 1.51 —-0.64
109.5 77.3 -0.25 3.12 0.59 —-1.94
158.8 86.3 -0.29 2.82 0.03 -3.00
182.3 75.6 -0.25 1.42 —-1.11 -3.64
218.8 71.3 -0.24 0.67 —1.74 —-4.15
Mean 73.7 -0.24 3.63 1.25 -0.57

the ranges in the Cd(ll) concentration range of 36.5 to ative along with ion exchange. Boonamnuayvitaya et al.

218.8mg L L: [20] have reported that Cd(ll) adsorbs on pyrolyzed cof-
fee residues with heat of adsorption in the range-&fl to
AH —65.2t0-86.3kI mof” (mean-73.7kImot?) —21.0kJmot L. These values are less than one third of the
22 :(1)61.%2;862.2; ISO;OE (zggf(‘f";n_féi‘_‘;?;; ; :mr)l) values obtained in this work, and obviously point to physical
—8.22 to +1.74kJ mol* (303K, mean—1.25 kJ mot?) adsorption. Compared to these valu&s] range 0f—65.2 to
—6.34 t0 +4.15 kI mol! (313K, mean +0.57 kJ mot) —86.3kJmot? in the present work indicates comparatively

. . . strong bonding between Cd(Il) and NLP.
These values are in agreement with the exothermic and g g betw (I

spontaneous nature of the interactions. As the temperature3
increased, the Gibbs Energy showed a tendency to increase
andthemtgracuons becamelessfayourablewnh aconsequent When washed with double distilled water, NLP loaded
decrease in the extent of adsorption. The entropy changes . ) .
NS with Cd(Il) gave off the metal ions at a considerably fast rate
represented a small decrease indicating that compared to the .
: . . . up to a water volume of about 100 mL, but it became slow
free Cd(ll) ions in solution, the adsorbed ions had an orderly
arrangement.
The thermodynamic measurement definitely establish that

the equilibrium,
Cd(ll) (aqueous) NLP = Cd(ll) - - - NLP

6. Desorption study

0.9+

shiftsinthe forward direction in a spontaneous manner, which 03
results in binding of the Cd(ll) ions on to the surface of
the NLP particles. Cd(Il) is most likely to bind to the sur-

face through the polar functional groups (aldehydes, ketones, 7

acids, phenolic OH, etc.) and two mechanisms are possible:

Ct + 2P = Cdp, 0| "

Cht + 2HP= CdR + 2H* (ii) % 057
In which P~ and HP are polar groups on the surface of the -

Neem leaf powder. Such mechanisms have been proposed
earlier by Ho et al[22] for adsorption of Pb(ll) on peat. The
thermodynamic parametersindicate thatadsorbed Cd(ll)ions 03
are more stable than the free ions in aqueous solution.
Thermodynamic data on Cd(ll) adsorption is scarce. 24

Abou-Mesalam[41] carried out sorption of Cu(ll), Zn(ll)
and Cd(Il) on synthesized silico-antimonate ion exchanger
and found that in all the cases, the interactions were exother-
mic with enthalpy change 6£8.4 to—12.6 kJ mot!. These
values are very small compared to the values associated Jeceasces ‘ ‘ . . . .

. . . . 0 200 400 600 800 1000 1200 1400
with chemical bond formation and the mechanism suggested & A ;.

. umulative volume of aqueous Cd(II) (mL)

was that of ion exchange. The same author found that when
Ni(ll) adsorbed on the same materialH was 15.7 kJ mot* Fig. 13. Breakthrough curve of Cd(ll) on NLP at 300 &[100mg L2,
and it was inferred that other mechanisms might be oper- NLP column length 1.5 cm, diameter 1.5 cm].

0.14
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1000 e Application of the intra-particle diffusion model showed

very fast initial adsorption followed by one or more

slow steps indicating slow diffusion into the internal
80+ surface preceded by rapid initial adsorption on external
surface.

e The adsorption is influenced by pH of the medium, ini-
tial concentration of the metal ions and the amount of the
adsorbent.

e The experimental data produces good fits with both Lang-
muir and Freundlich isotherms and the adsorption coeffi-
cients agree well with the conditions supporting favourable
adsorption.

e The adsorption process is exothermic and spontaneous at
ambient and slightly higher temperatures.

90 4

704

60 1

Cd (1) (mg/L)
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