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ABSTRACT

The removal of copper from aqueous solutions bymdi®n has been studied deeply with a full kinetiady.
Native starch has been used as an adsorbent. Toeteg parameters are temperature (25°C), pH = @ #re mass
of adsorbent (2g/L) with a solution of 100 mL camtdifferent concentrations of copper which areedetined at
equilibrium by UV-visible spectrophotometer. Theules showed that the temperature, pH, the massisdrbent
and the metal concentration are factors involvedciapper removal by starch. The adsorption of coppereases
with pH (2-6) and the adsorbent dosage increasingyt decreases with increasing temperature. Adsmp
isotherm studies were also conducted. The maxirmdsargtion capacity (g was calculated as 106.38 mg / g for
the copper concentrations studied. FTIR-ATR anslygs used for the characterization of the compgltaxch-
copper.
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INTRODUCTION

The contamination of soil and water by heavy metaistinues around the world to present a serioresatho the
environment and human health [1]. The developmédniniovative technologies for cleaning metal rersam
challenge because the current processes have rmaitgtibns, such as being expensive, disruptived anly
effective in certain concentrations. Polymers aagdotymers contain amino or carboxyl groups thatld¢ase for
coordinating of heavy metals are studied in liter@f2]. The polymers provide an excellent matefgalchelation

of metals with high molecular weight and repetitfuactional groupg3]. Heavy metals such as copper, lead and
cadmium are environmental concerns because of tHespread use and toxicity to human and wildlife5[4
Although a greater understanding of the extenthefrttoxicity and cycling environment is slowly hgi made.
Native starch granules are insoluble in water daimg two major polymers: amylose which is essdiytia linear
polymer ofa- (4.1-bound D-glucopyranosyl) units, with litiée (1-6) linkages having a number average degree of
polymerization (DR) of 800 to 900, and which is composed of branctiegins of amylopectin-(1,4-linked D-
glucose) and is highly branched with (6.1 -linked D-glucose) bonds, having a Déf 4700-12800. Amylose
representing 5 to 30% and amylopectin which reprissgom 70 to 95% of starch. Pollution by heavytatseis
increasingly recognized and their attachments torahpolymers seems to be an effective way in evasater
treatment containers of metal ions that plug intd €n allow ion trapping metallic individuals [@]he objectives

of this work were to study the ability of the stafowder on copper adsorption, the effect of déffeparameters on
adsorption process and evaluated the adsorptitimeisos.
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EXPERIMENTAL SECTION
2.1. Materials

Starch powder, Copper (I) sulphate-pentahydratg$C).5H,0, hydrochloric acid (HCI, ACS reagent, 37%), and
sodium hydroxide (NaOH, reagent grade€8%, pellets (anhydrous)) were all purchased f&gma-Aldrich.

2.2. The experiments of copper ions adsorption
A copper solution (1000 mg/L) was prepared by digsg 3.93 g of copper sulphate in 1L of deminesad water.
For the realization of the adsorption isotherm, pmpsolutions of different concentrations are pregawith the
appropriate dilution of the stock solution with aleized water to obtain different concentrations, 7%, 535 and
435 mg/L [7]. Adsorption experiments were perforna¢doom temperature with stirring a different cemication of
copper and 0.2 g of starch during equilibrium tiegial 90 minutes. The concentration of Cions remaining in
each solution was determined using a UV-visiblecepphotometry (Aquarious CECIL CE 7400) at wavehn
equal 810 nm and the concentration calculated frentalibration curve of copper. The capacity apison of Cif*
at equilibrium and removal were then calculatesigishe equation (1) and (2) [8].
Ge ==XV (1)

Co—Ce

% removal = ——= x 100 2

e

Where: ¢ amount of copper adsorbed on the starch at bquith (mg/g) G, C initial concentration of copper in
solution and at equilibrium (mg/L) respectively, mass of starch (g) and V: volume of the solution (

RESULTS AND DISCUSSION

3.1. Effect of contact time and the initial concatibn of copper

The time it takes for the metal ions and the adsairtio reach equilibrium is a considerable imparéaim the
adsorption tests, because it depends on the tyggstém used. Therefore, it is necessary to eshathie time of
such a system which depends on various processinditons [9]. The adsorption of copper ions orrdtawas
studied as a function of time at different initt@incentrations of copper (435-735 mg/L) and theaxirtime of 1 to
90 minutes selected as a time of equilibrium (E)g.This observation is due to the fact that theoggtion sites are
available during this time interval to equilibriufihis implies an increase in adsorption capacity dacreasing
concentrations of the ions of €uThe higher adsorption rates at the beginningnt®9 then a small change in the
adsorption capacity.

100
Gk (mg/g) —o— 735 mg/L
80 -0 —o— 635 mg/L
535 mg/L
60 —— 435 mg/L
40
20
time (min)
0
0 20 40 60 80 100

Fig. 1- Effect of the contact time and the initiaconcentration of Ci#* for the adsorption of copper onto starch

3.2. Kinetics and mechanism of copper adsorption:

The adsorption kinetics of copper by the biopolyrfstarch) was evaluated by two kinetic models: gesfirst-
order or pseudo-second-order. The kinetic pseudtdrder (Lagergren) model is expressed by thivdhg
equations (3) and (4) [10]:

% = K,(qe — qv) (non-linear form) 3
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log (de = q) = logqe — 55> (linear forn @)

Where ge and qt are adsorption capacity of Qug/g) at equilibrium and at any time (t) (mirgspectively, andk
is the constant of pseudo-first-order adsorptiémi¢l). The slope of the linear plot of log (ge } gérsus (t) is used
to determine the constant (fig. 2).
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Fig. 2- Pseudo-first-order (Lagergren) for adsorpton of copper onto starch at different concentratios of Ct#*

The equation of the kinetic pseudo-second-ordegdétgren) model is expressed by the following eguati(5), (6)
and (7) [11]:

2 =Ky(de —q)?  (non-linear form) ()

t 1 1 .

i +2 P~ t (linear form) (6)
H = ke (7)

k, is the rate constant of pseudo-second-model dglerg min). The slopes and intercepts of the téysus t are
used to calculate;kFig. 3).
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Fig. 3- Pseudo-second-order (Lagergren) for adsorjatn of copper onto starch at different concentratios of CL**

The combination of valuesq (%) and the correlation coefficients even endéidevalidity of kinetic model with the
experimental, for copper adsorption on starch @laas ofAq (%) are high and correlation coefficients are lgmn
0.90 for the kinetic pseudo-first-order model aghitne kinetic pseudo-second-order model, the gatiie\q (%)
are low and Rvalues equal to 0.99 (table 1).These values faymthe validity of the kinetic model pseudo-second-
order for the adsorption of copper onto starchanother, the experimental values gfage close to the values of q
calculated from the kinetic pseudo-second-order eno@onsistency of the experimental data with tkeuglo-
second-order kinetic model indicates that the gat&nr of Cif* on starch is controlled by chemical adsorption
involving valence forces through the sharing orhexwge of electrons between the adsorbent and Huelzte.

1276



Abdelkader Labidi et al J. Chem. Pharm. Res., 2015, 7(4):1274-1282

Table 1- Parameters of kinetic models for the coppeadsorption onto starch

kinetic model parameters | 435 mg/L | 535 mg/L | 635 mg/L | 735 mg/L
e, ca (Mg/Q) 33 47.01 48.57 40.2
. K1 (1 /min) 0.43 0.52 0.07 0.04
Pseudo -first-order R 0.89 094 093 076
Aq % 37.9 32.38 39.08 54
Qe ca (Mg/g) 56.8 74.6 85.4 94.3
Kz (g/mg min) | 0.0029 0.0020 0.0022 0.0026
) ) H (mg/g min) 9.46 11.23 16.26 23.47
Pseudo -second-ord R 0.99 0.99 0.99 0.99
e (exper) 53.2 69.53 79.73 90.3
Agq % 6.33 6.79 6.63 4.24

To better understand the mechanism of adsorpti@nintraparticle diffusion model is applied and egsed by the
following equation (8) [12]:
G =Kt ?+ C ®)

Kp (mg/g mirt’?) is the rate of intraparticle diffusion and C (imigis constant for each step of the adsorption, the
values of the constant C (mg/g) provide informatam the thickness of the boundary layer, which liss ghe
intercept, the effect of the boundary layer. Theuyve according td“f is used to terminate the values &hd C for
adsorbing copper on starch at different concewinatof CG* (Fig. 4).
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Fig. 4- Intraparticle diffusion model for the adsomption of Cu?* onto starch

Table 2 shows the corresponding model parametersvofparts according to the equation (8) for altiah
concentrations the values of ;kprere higher than kpand G was larger than € This indicates that the metal
removal rate is higher at the beginning (20 ming ttua large surface of the adsorbent availabl¢h®adsorption
of metal ions.

Table 2- Intraparticle diffusion model parameters d copper adsorption onto starch

Co Kp1 Kpz C C Ry R
735mg/L| 28.49| 1.32| 12.9| 77.1| 0.94 | 0.96
635mg/L | 21.52| 0.86| 9.9 | 71.6 | 0.95| 0.87
535 mg/L| 15.44| 1.6 4.4 | 52,9 0.95| 0.90
435mg/L | 10.59| 1.41| 0.07 | 39.3| 0.96 | 0.91

3.3 Adsorption isotherms
3.3.1 Langmuir isotherm
The Langmuir model describes the formation of a otyer adsorbate on the outer surface of the adabind
either adsorption takes place once a saturatiamevial reached [13]. This model is described inrthe-linear and

linear form in the following equations (9) and (10)

Qe = % (non-linear form) (9)
1dm

Ce _ Ce 1 .

o + K am (linear form) (10)
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Je is the amount of copper on starch at equilibrimmg (g), G is the concentration at equilibrium of the solut¢he
bulk solution. g, is the maximum adsorption capacity at equilibriand k (L/g) a constant related to adsorption.
The essential characteristics of the Langmuir esathcan be expressed in terms phRa dimensionless separation
factor, defined by the equation (11).

1
1+K) Co

R = (11)

K, (L/g) is the Langmuir constant ang @ the initial concentration of metal (mg/L). TRgindicates whether the
adsorption is favourable (OsR) or unfavourable (R1) .The Langmuir model parameters were calculftad the
slope and intercept of.C ¢ versus G

3.3.2. Freundlich isotherm
The Freundlich model is based on the mode thaadiserption site is distributed exponentially widspect to the
heat of adsorption [14]. However, this multilayetsarption model described in the non-linear anédmform
shown in the equations (12) and (13):

1

ge = KfCem (non-linear form) (12)
logg. = %logCe + logK; (linear form) (13)

In these equations,;kand n are dimensionless constant representingd&erption capacity and adsorption intensity
respectively. In normal adsorption condition, thedlue of 1/n should be in favourable conditions (Dn<<1).
Freundlich model parameters were calculated fraerstbpe and intercept of logwgrsus G

3.3.3. Temkin isotherm

Temkin considered that the effects of indirect riatéion of adsorbent-adsorbate on the adsorptiothésm are
suggested that the heat of adsorption of all théeoutes in the layer linearly decrease with theetage of the
adsorbent [15]. The Temkin isotherm was applietth@following form equations (14) and (15):

Qe = %Ln(ACe) (non-linear form) (14)
qe = B;LnA+ B;LnC, (linear form) (15)

B; = RT/b, T (K) is the absolute temperature, R is ganstant (8.314 J/mol K), A (L/mg) correspondtogthe
maximum bonding energy balance andi8related to the heat of adsorption. Temkin camtst can be determined
from the slope and intercept af eprsus InCe.

For all the concentrations studied, the Langmuitherm shows a better fit to the experimental detavell the
Freundlich isotherm. Moreover, Table 3 shows thadmauir constant, Kinked to the affinity of adsorption sites
and factor Rindicates that the favourable adsorption and theadue which is equal to 106.38 (mg/g) at 25°Chat t
concentrations of copper and the Coefficient Updstéigh correlation (0.98). Also Freundlich isethh is in
agreement with the experimental result$ €R0.99), 0 <1/n <1 indicating adsorbate-adsorbetgraction. The
starch used in this study provided a beneficiabguiton at 25°C and pH = 7.

Table 3- Constants of copper adsorption isothermsno starch at 25°C

Langmuir Freundlich Temkin
gm (Mg/g) R k(Ug) | R? K in | R? B A(Umg) | R?
435 mg/L = 0.22
535 mg/L =0.19
635 mg/L=0.16
735 mg/L=0.14

106.38 0.0078| 0.98| 9.90| 0.34| 099 | 31.31| 0.031 | 0.98

In order to justify the validity of the adsorptiaif copper by the starch powder, its adsorption cipanust be
compared to other adsorbents. Table 4 shows thémmax adsorption capacity of copper on differentcaidents
reported in the literature [16-19]. It shows th&treh powder has high adsorption capacity £9106.38) than the
other adsorbents.
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Table 4 - Adsorption capacity of copper by differehadsorbents reported in other studies

Adsorbents On (Mg/g) | Reference
Cellulose-g-acrylic acid copolymer 18.17 [16]
Starch-g-acrylic acid copolymer 5.08 [17]
Crosslinked carboxymethyl KGM 27.57 [18]
Amberlite IR-120 resin 21.22 [19]

3.4 pH effect on copper adsorption

In the aqueous solution, copper is converted tewint hydrolyzed products. At low pH, copper i@nist as C#,

Cu (OH)"and the neutral compound such as Cu(©Rhe dominant species of copper in the pH rang&tof5 are
Cu** and Cu(OHJ, while the copper occurs as insoluble (Cu ©afove pH 6.3. The experiments were performed
with pH values in the range of (1.5 — 8.8) as Cuf{i¢gan to precipitate above pH = 6 . Increasidigdto 5)
increase in adsorption efficiency of (20-94%) [20. 6 shows the pH influence on the efficiencytef adsorption

of copper onto the starch, it is evident that thecpntage of adsorbed copper ions increases shaitplyncreasing

pH reach the higher value of pH (4-5). It can belaxed by the observation that increasing the pdses the
displacement of oxygen doublet of the surface efdfarch to the copper ions [21].

100 ~
W | G (myig)
60 -
40 -

20 A
pH

Fig. 5- PH effect on copper adsorption (0.2 g ofatch, C, = 735 mg/L, contact time = 90 min)

3.5 Effect of the amount of adsorbent in the copeeroval

The effect of the amount of adsorbent on the adsorgfficiency is shown in Fig. 6. The increasedoant of
starch (0.1 to 0.8 g) of the same concentratiotopper in the solution leads to a reduction of ingta unit weight
of starch. This is particularly evident in the gmn with a higher concentration of copper whiléstinfluence
decreases in solutions with low copper conceninatidhe amount of adsorbent does not substantafiiéct the
efficiency of adsorption which remains constantaredgss of the concentration of the initial solntj@2].

50 - % removal
40
30 -
20
10 -

0 « T T T T 1

Fig.6- Influence of the mass of adsorbent on coppeemoval (pH = 7, the contact time = 90 min, €= 735 mg/L)
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3.6 Effect of the temperature on copper adsorption

We studied the effect of temperature on the admormf copper onto starch in the temperature rafg@5-50°C)
and pH = 7, as shown in Fig. 7. The adsorption cip#or the adsorption of copper on the starchrelases with the
increase of the temperature, which means thatdhper complexation by starch is exothermic [23].

100 -~
0. (mg/g)

80

60 - o\o\o

40

] T(°C)

0 T T T T T T 1

20 25 30 35 40 45 50 55

Fig. 7- Effect of temperature on copper adsorptior{0.2 g of starch, G = 735 mg/L, contact time = 90 min and pH = 7)

3.7Mechanism of copper adsorption onto starch

The complexation of copper is confirmed by FTIR-ASRectroscopy in the wavelength region between &b
4000 cnt The FT-IR spectra of starch/€ueveals adsorptions at O-H (3323-3272 % mstretch, C-H, the skeletal
mode vibration of the glycosidic linkage (900-958"% and the infrared band of water adsorbed in therphous
parts of starch (1550-1750 &n(Fig. 8) . There is a slight modification of theaks of hydroxyl groups after the

CU** adsorption, which highlighted the copper chelatioese groups [24-25] and the efficiency of stamhthe
adsorption of the toxic metal [26].
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Fig. 8- FTIR spectra and pictures of starch and stah-copper

We proposed a coordinated form of the copper—stewatiplex (fig. 9), it was also concluded that thestrprobable
retention of C6" ions by its association with the functional gro, CO) that act as ligands complexant in
chains of polymer [27-28]. The experimental resaliew the metal ion can be captured from aqueodusiaus by

starch, which may have practical importance forphecious metal recovery and can help protect lakesrivers
against spills or pollution.
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Fig. 9- Proposed mechanism of complex formed betwedaydroxyl groups of starch and Ci#" ions

CONCLUSION

In summary, the adsorption of copper ions in ageesmiution onto starch as biopolymer was studiegréliminary
mechanism explaining the metal ions with starch alas proposed. Spherical assemblies were obtdimedgh a
complexation and/or bridging effect between therbygl groups of starch and the €ions. The adsorption system
is dependent on the €uconcentration and follows a pseudo -second-ordedeain The adsorption equilibrium is
reached soon and isotherms are simulated welldyamgmuir model, Freundlich and Temkin.
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