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ABSTRACT

The removal of toxic metal, cadmium, by using gotsmm into Algerian Luffa Cylindrica, LC, was inviemted. The
biosorption process was studied with respect tdaxirtime, particle size, pH and temperature. Téguits showed
that equilibrium was reached within 1 h. The usé@kstrbent gave the highest adsorption capacity tt& The
experimental isotherm data were analysed and medellThe maximum adsorption capacity, Langmuins,q
improved from 5.46 to 7.29 mg/g as the temperatnaoeased from 10 to 40 °C. The enthalfly, and entropyS,
values were respectively estimated at 33.92 kJImahd 0.12 kJ mol-1.K1 for the process, which otflehe
endothermic nature and the spontaneous feasildfithe present sorption system. Besides, the atisorkinetics
was found to follow the second-order model, as aglthe micropore diffusion model described theeKindata
well, suggesting therefore a possible physisorppicotess.

Key words: Adsorption, Luffa Cylindrica, Cadmium, Equilibriurkjnetics, Thermodynamics.

INTRODUCTION

Water contaminated by heavy metals remains a sedovironmental and public problem [1]. Industrigstewater
often contains considerable amount of heavy metats organic pollutants that would endanger pubdalth and
the environment if discharged without adequatettneat. The heavy metals are of special concernusectoey are
non-degradable and therefore persistent [2]. Casinisuone of the heavy metals with a greatest piatemazard to
humans and environment [3]. It makes its way toewabdies through wastewater from metal platingigtdes,
industries of Cd-Ni batteries, phosphate fertilizatining, pigments, stabilizers and alloys [4]. $wiing of
cadmium in humans causes high blood pressure, kidamage and destruction of testicular tissue addbtood
cells [5]. In small amounts cadmium is associatétl fwpertensive diseases and considered as cgaiioto men
[6]. Development of technically simple and econaatiicattractive methods of industrial waste pusdtion is one
of the most important priorities of the 21st cemt{if]. Chemical methods such as chemical precipitaf8],
electro-flotation [9], ion-exchange [10] and rexesmosis [11] have been used for the removal afhenetals.
However, these processes are economically norbfeasspecially in developing countries. The adsonpprocess
has been found to be economically appealing for¢heoval of heavy metals with better removal edficiy from
wastewater [12]. The optimisation of adsorption e should be carried out, first of all, by chogsior
developing inexpensive adsorbents selective tednégaminants to be removed.
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Faced with the need for new material more effigi@tonomical, biodegradable, use of plant matdtiaffa
cylindrica) for the disposal of toxic products iqueous effluents has received a significant crétilin recent
years. There are numerous in the literature studglant fiber but very few are devoted to the stafifibers of the
Luffa Cylindrica. Indeed, the Luffa is a plant tietgourd family, a fruit cylindrica slightly curvezhd angled right
and very variable in size. The sponge-like strugtapnsisting of consolidated fibrous cord betwibem [13].

The aim of the present study was to investigateeffieiency of removing cadmium ions from aqueoo&isons
using Luffa Cylindrica as biosorbent. Several fagtaffecting this process are considered. Adsampifocadmium
was studied at different contact time and partite; the influence of pH on cadmium biosorptiorswarried out.
The adsorption capacity of Luffa Cylindrica towacddmium was investigated and adsorption isothermge w
determined.

MATERIALS AND METHODS

2.1. Materials:

Luffa cylindrica (LC) was purchased from a locaksjlty shop in Algeria. A quantity of cords LC wtken,
washed and boiled in distilled water for 30 mirteathat was filtered and rinsed in distilled waferally the cords
were dried at 105°C for 120 min.

2.2. Preparation of solution:

All the chemicals used were of analytical reagemtdg. Distilled water was used throughout the drpesmtal
studies. A stock cadmium solution for desired cotegion was prepared by dissolving cadmium nitrate
Cd(NG;).4H,0 in distilled water. Working standard was prepal®d progressive dilution of stock cadmium
solutions using distilled water. ACS reagent gréifedd, NaOH and buffer solutions (E.Merck) were useddjust
the solution pH.

2.3. Biosorption studies

The adsorption experiments were carried out bylbptocess. 0.05 g of biosorbent was placed in Brésrer flasks
with 50 mL solution of metal ions of desired coriration. The entirety was agitated during a certaire at 250
rpm. Once the operation time had elapsed, thedighiase was taken out, and then filtered throulggr fpaper
(Double Boxing rings 102) and final concentratidmeetal ion was determined in the filtrate by atorabsorption
spectrometry (AAS). The amount of metal ions adsdrat equilibrium per unit mass of biosorbent wetednined
according to the following equation:

(Ca-Co).
q, = ==Y B

i

Where, m is the mass of adsorbent (g), V is themel of the solution (L), £is the initial concentration of metal
(mg/L), G is the equilibrium concentration of the adsorl{atg/L) in solution and gis the metal quantity adsorbed
at equilibrium (mg/q).

For the calculation of cadmium rate adsorption (R3,following expression was used:

R(%) = (Cq- ::::F_.J.mu 2

(1]

2.4. Effect of contact time

Batch biosorption tests were done at different acintime at the initial metal ion concentration1®f mg/L, and
biosorbent concentration of 0.05 g in 50 mL solutiat 25 °C. The solid was kept in contact with sbéution for
different time periods (10; 20; 30; 40; 50; 60; 80; 90 and 100 min), the solution of the specifiadk was taken
out and filtered. The concentration of metal watedrined by AAS.

2.5. Effect of particles size

The effect of the biosorbent particle size (betw®®63 and 0.5 mm) on the adsorption capacity of w&s

investigated at 25 °C using 0.05 g of adsorbentmh0of solution and cadmium concentration of 10 imgfhe

mixtures were shaken, and after equilibrium, thiet@ans were filtered. The concentration of metaid was then
determined.
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2.6. Effect of pH

The effect of pH on the sorption of cadmium wasl&td by batch process as follows: 100 mL of metaition was
taken in beaker. The desired pH of solution wasstdp by adding dilute solution of HCI and NaOHe@h50 mL
of these solutions were taken in Erlenmeyer flaskd mixed with 0.05 g of adsorbent. After equilitoni, the final
concentration of metal ions was determined andateof metal adsorbed was calculated.

2.7. Equilibrium studies

Equilibrium isotherm studies were conducted for &thl0, 25 and 40 °C using a constant amount cfobbent
(0.05 g) in 50 mL solution of pH 6 and for initiadetal concentrations between 20 and 100 mg/L. ahapes were
then filtered and analysis was performed as meatidoefore.

RESULTS AND DISCUSSION

3.1 Effect of contact time

The results obtained from the biosorption ratestese shown in Figure 1. It revealed that the oditadsorption
increased with increasing contact time. It wasasatithat the maximum rate of cadmium eliminationads) 49.97
%. The extent of sorption increased rapidly dutiing initial stage and then became slower at lagtage till the
equilibrium is attained. Equilibrium time for the@rption of cadmium was found to be 70 min. Thesta dae
important because equilibrium time is one of thg garameters for economical wastewater treatmepticgpion
[14]. Thus, the agitation time was fixed at 100 nfian the rest of the batch experiments to make s$hed
equilibrium was reached. This equilibrium time isoger than those usually employed for the adsomptf
cadmium by other adsorbent materials.
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Figure 1. Effect of contact time cadmium ions sorpbn onto LC (C, =10 mg/L, m = 0.05 g, T = 25 °C, agitation rate 250 rpm, dp <
0.063 mm)

3.2. Effect of particles size

The contact surface between any sorbent and thig lighase plays an important role in the phenonadésarption.
According to Figure 2, the results showed thatrdte of cadmium biosorption increases with the ¢édno in the
diameter of the particles, which is probably du¢h®increase of the number of active sites and the increase of
the biosorbent surface. The maximum rate elimimatibcadmium (i.e.58.3 %) was reached using the fiarticle
(diameter less than 0.063 mm). Similar results Hze@n reported for the adsorption of cadmium usiagganese
nodule residue [15] and vegetable wastes [16].
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Figure 2. Effect of biosorbent particle size on cadium biosorption onto LC (Co = 10 mg/L, m = 0.05 g, T = 25 °C, agitation rate 250
rpm)
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3.3. Effect of pH

The pH of the aqueous solution is an important rodintg parameter in the adsorption process. Thelibg of
metal ions with surface functional groups was gihppH dependent [17]. The percentage sorptionaghtium on
LC increased with the increase of pH, attainingaximum at pH 6 (Figure 3). Availability of negatlyecharged
groups on the adsorbent surface is necessarydasdiption of metals [18]. Sorption at pH 2 wasitét since the
sorbent surface potentially gained a global positiiarge due to the presence 6faHd HO". In such conditions,
hydrogen and hydronium ions compete with metal id®§ resulting in active sites to become protoddie the
virtual exclusion of metal binding on the sorbamtface [20]. Hence, at higher ldoncentration, the sorbent surface
becomes more positively charged thus reducing ttihection between sorbent and metal cations [21tdntrast, as
the pH increases, more negatively charged surfacerbes available thus facilitating greater metabkg and
therefore metal sorption tends to increase sigifig by increasing pH.

Fi
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Figure 3. Effect of initial pH on cadmium biosorption by LC (Cp = 10 mg/L, m = 0.05 g, T = 25 °C, agitation rate 250 rpm, dp < 0.063
mm)

3.4. Biosorption isotherms

The analysis of equilibrium data to monitor the aagon process is quite important for design psgso
Adsorption isotherms express the mathematical ioglstip between the quantity of adsorbate and ibaiuiin
concentration of adsorbate remaining in the satuid a constant temperature. Sorption data for wéage of
adsorbate concentration are most conveniently ibestby sorption isotherms. The adsorption studiese carried
out at 10, 25 and 40 °C to determine the adsorpiotherms and the isotherm parameters were eealuaing
non-linear Langmuir and Freundlich models.

Langmuir adsorption isotherm is often used to dbscthe maximum adsorption capacity of adsorbehtchvis a
most important parameter for an adsorption systdm.Langmuir equation [22] is written as follows:

+K; +C
. = Je L e (3)
1+Kp +C,
The above can be rewritten to the following linfeam:
C 1 1
= = + C ©

Qe KL 9max Qmax

Where, ¢ax (Mg/g) is the maximum adsorption capacity. (K/mg) is a constant related to the affinity ohding
sites or bonding energy.g& denotes a practical limiting adsorption capacityew the surface of adsorbent is
completely covered with adsorbate. The maximum gudiem capacity is compared in Table 1 with thead&ported
by other authors for cadmium biosorption. As carsben, the maximum cadmium sorption value of LGigher
than those reported in the literature. This congoerindicates the great potential of LC for the aeah of cadmium
from waste water.
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Table 1. Maximum adsorption capacities of cadmiumrbm aqueous media using various sorbets

Sorbents Ghax(Mg/g) | References
Algerian LC 7.29 This study
Activated carbon form . pentandra hulls 19.60 [23]
Tea-industry waste 11.26 [24]
Olive Cake 10.56 [25]
Chitosan 8.54 [26]
Granular activated carbon F400 8.00 [27]
Pinus halepensis swadust 7.35 [28]
Date pits 6.50 [29]
Oak bark char 5.40 [27]
Hazelnut shell 5.42 [30]
Tannic acid modified activated 2.46 [31]
Bagasse fly ash 2.00 [32]
Pine bark char 0.34 [27]

The empirical Freundlich isotherm is based on gu8wr on a heterogeneous surface. It is expresgethd
following equation [21]:

g.=Ke C!'" 5

Where K [(mg/l) .(I/mg)"] and n (dimensionless) are the Freundlich constart exponent related to the
adsorption capacity and intensity, respectively. (8jjis generally used at the linear form repra=eiy:

logq. = logKy + E]ﬂg Ce ()

The Langmuir and Freundlich isotherms for the goison of cadmium on the LC at different temperasuage
presented in Figure 4 and 5 the corresponding Lamgend Freundlich parameters along with correfatio
coefficients are given in Table 2.

Table 2. Langmuir and Freundlich constants for cadrium ions adsorption onto LC

Langmuir Freundlich
Teperature e K. 5 K 3
© | i) | gmg) | B | " | mgn.omgrn | R
283 5.46 0.026| 0.978 0.824 0.154 0.989
298 591 0.053| 0.995 0.642 0.414 0.979
313 7.29 0.072| 0.959 0.678 0.648 0.990

The experimental results are well fitted by the duanir model then the Freundlich model considerigalues of
regression coefficients presented in Table 2 whiehhigher than 0.99. The values gf,cand K calculated from
Langmuir plots were found to be 5.46 mg/g and 0.026g for the experiments carried out at 20° C. Vhkies of
both q,.x and K increased with a rise in the solution temperatliftee values of @ increased from 5.46 to 7.29
mg/g, when the solution temperature increased #20ro 40 °C. The increasing trend was observedh®alues
of K. depending upon the temperature of solution. Tleease in the values of,g and K with temperature
indicates that the cadmium ions are favorably am=rby LC at higher temperatures, which shows that
cadmium adsorption phenomenon is endothermic.

The essential feature of the Langmuir isotherm lzarexpressed in terms of dimensionless separatiostant or
equilibrium parameter (B, which is defined as:

1

- 7
(1+Kp¢,) "

R,

The values of Rindicate the type of isotherm to be irreversible €R0), favorable (0 < R< 1), linear (R = 1) or
not favorable (R> 1). The R values were found to be less than 1 and greaderQHfor all experiments carried out
at different initial concentrations and temperasuf€able 2). It is found that the adsorption ofroatn on LC is a
favorable phenomenon. Thus, LC seems to have a gffodty for cadmium ions removal and its adsoopti
capacity increased as the temperature increases.
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loglce]

Figure 4. Freundlich isotherm for the adsorption ofcadmium onto LC
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Figure 5. Langmuir isotherm for the adsorption of @dmium onto LC

3.5. Thermodynamics studies
In the environmental engineering practice, thernmagiyic parameters including standard enthalpy chgAdt),
standard entropy chang&§®) and standard free energy chanfjé{) should be considered in order to determine if
the adsorptive removal process will occur spontasgo Thus, AH®), and @5°) were obtained from the Van't
Hoff equation:
0 ]
InK_ = SR 8)
RT R

Where, AS® and AH®, were calculated from the slope and intercepirafdr plots of log K versus 1/T (data not
shown). Equilibrium constant Kwas calculated from the following relationship:

_C.AE
K== 0

C
e

Where, G and G are the equilibrium concentrations of metal (mgdn) adsorbent and in solution, respectively.
The very useful relationship between standard éresrgy change and equilibrium constant is givetheyfollowing

equation:
AG? = —RT.In(K,)) (10

Where, T (K) is the absolute temperature, R (8.31#%®I K) gas constand} G° is the standard free energy change.
The positive values ofAH"® (Table 3) suggest endothermic nature of adsorgtimh cadmium ions are adsorbed
more efficiently on LC at higher temperatures. HEt@ndard free energy changk&{® ) of the process decreases
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with increase in temperature, which indicates thatprocess is spontaneous and spontaneity insreatteincrease

in temperature. The positive values of standardopgtchange 45%) shows the increase in randomness at the
solid/solution interface during the adsorption afimium.

Table 3. Thermodynamic parameters for the adsorptia of cadmium ions on LC at different temperatures

Temperature (K) | AG%Kamol) | ASPkimol.k) | AH%KImol)

283 -0.04
298 -1.84 0.12 33.92
313 -3.6

3.6. Kinetic studies

A quantitative understanding of the sorption isgilole with the help of kinetic models. The pseunlstforder
kinetic model, as expressed by [33], can be wrisign

log(q.—q)) =logq,—K;t/2.303 (1)
Where g and qare the amounts of metal sorbedg ¢*) at equilibrium and at time t, respectively, andiskthe
pseudo first order equilibrium rate constant (1)mi plot of log (g -q) vs. t gives straight line confirming the
applicability of the pseudo-first-order rate eqaati

Pseudo-second-order sorption rate equation [34]lmagxpressed as follows

t 1

1
—_ —t  (12)
q. K2 .4 q.

k, is the pseudo-second-order sorption rate cong@mg min). Straight line plot of t/qus. t indicates the
applicability of pseudo-second-order model.

Table 4. Pseudo-first-order, pseudo-second-order fétic constants and diffusion for the adsorption otadmium ions on LC

Experimental Pseudo-first-order Pseudo-second-order Weber-Morris
Cd conc. (mg/l-) Cerexp Ce.cal kl 2 Ce cal kz 2 Kig 2
(mg/g) (mg/g) | (1/min) R (mg/g) | (g/mg.min) R Ge.cal (mg/g) (mg/g.min) R
20 1.909 0.1 0.101] 0.981.92 1.05 0.99 1.909 0.055 0.78
50 3.045 1.15 0.051] 0.993.10 0.16 0.99 3.045 0.158 0.98
100 3.396 1.36 0.043] 0.993.46 0.08 0.99 3.396 0.192 0.98

The results have been analyzed using Eqgs. (11§1&)dThe experimental data fitted well with botfuations. The
values of gunegyCalculated from these models were compared wigiegmental values g, (Table 4 and Figure 6
and 7). It was found that for pseudo-first-orderetic model the values of@eojand Gexp)differed appreciably. On
the other hand, values of#eqare very close to g,y for pseudo-second-order model. The values of (ziioa
coefficients (K) are very high for pseudo-second-order model aspemed to pseudo-first-order rate model (0.99

and 0.98, respectively). It is therefore confirntkdt sorption of cadmium on LC follows the pseudoesnd-order
rate equation.
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Figure 6. Pseudo-first-order sorption kinetics of admium onto LC
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Figure 7. Pseudo-second-order sorption kinetics aadmium onto LC
3.7. Diffusional model:
It is well documented in the literature that theeall adsorption rate in a porous adsorbent mussider the three
following steps: external mass transport, intrapkerdiffusion and adsorption on an active sitédaghe pores. The

overall rate of adsorption is controlled by eitfiBn or intraparticle diffusion, or a combinatiori lboth mechanisms
[35].

In the intraparticle diffusion parameter, is defined by the following equation [36]:
q,=K;t"+ ¢ (3
Where ki is the intraparticle diffusion constantg{nfg.mirf?)), and c is the intercept. The intraparticle dsfan

plots of the experimental results,\grsus t°for different initial iron concentrations at 25°@caLC dose of 0.05
g/L are shown in Figure 8.
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Figure 8. Intraparticle diffusion plots for adsorption of cadmium on LC at different initial concentrations

The values of k and the correlation coefficients Bbtained from intraparticle diffusion plots aree in Table 4.

In Figure 8, it can be seen that there are maihtge linear regions. The second linear region lated to

intraparticle diffusion. In general, kvas found to increase while increasing the initalmium concentration,
which can be due to the greater concentrationmlyifbrce [37]. Figure 8 is shown that the lineatplas not pass
through the origin which indicated that the intrdjgde diffusion was not the only rate controllisgep and the
boundary layer diffusion controlled the adsorptiorsome degree [38]. This deviation may be duddaodifference
in mass transfer rate in the initial and final stagf adsorption.

CONCLUSION

The present study showed that the Luffa Cylindisca low cost biosorbent available abundantly igekia. The
sorption of cadmium onto Luffa Cylindrica powdersastudied. It has been established that this biemadthas an
acceptable sorption capacity toward the toxic matal Based upon the experimental results of thislys the
following conclusions can be drawn:

(i) The removal rate increased with increasing contae and reached the equilibrium state within 7@.mi

(i) The adsorption is favoured by an increase of pk gjptimum pH was determined as 6. At this pH, #reaval
rate of cadmium ions was found to be 66.6 %.

(iii) The extent of the removal of cadmium is directlfared to the particle size of Luffa Cylindricawas observed
that the removal rate increases with the decre&tbe @iameter of the biosorbent in the suspension.

(iv) The results related to adsorption isotherms shavatithe equilibrium data fitted very well to thargmuir
model. It was observed that the isotherm constaateased with increasing temperature. The valueg,of
increased from 5.46 to 7.29 mg,gvhen the solution temperature increased fronoMDt°C, which proves that the
adsorption process is endothermic.

(v) The enthalpyAH® and entropyAS® values were found equal to 33.92 kJ thahd 0.12 kJ B mol* for the
process. The negative value &fif®) reflects the feasibility and spontaneous natditbat process.

(vi) The kinetics models for the adsorption of cadmamiuffa Cylindrica confirms better applicability pseudo-
second-order rate equation as evident from regnessiefficient.
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