Journal of Science and Technology 55 (1) (2017) 54-63
DOI: 10.15625/0866-708X/55/1/8360

REMOVAL OF Pb?* FROM AQUEOUS SOLUTION BY
ADSORPTION ONTO COMPOSITE
BASED ON EUCALYPTUS LEAF AND POLYANILINE

Le Cao Thé, Vu Minh Tan?, Phan Thi Binh>"

Center for Monitoring of Hanoi Environmental Resmes, Department of Hanoi
Environmental resource, 36A Pham Van Dong, Baciém].Hanoi

’Hanoi University of Industry, Minh Khai, Bac Tu frigHanoi

3Institute of Chemistry, Vietnam Academy of SciemceTechnology
18 Hoang Quoc Viet, Cau Giay, Hanoi

"Email: Phanthibinh@ich.vast.vn

Received: 26 May 2016; Accepted for publicatio®@dober 2016

ABSTRACT

Composite based on eucalyptus leaf and polyanfishePANi) was prepared by chemical
polymerization method. It showed that the functigroups belonging to polyaniline and
eucalyptus leaf were found through IR analysis #mel nanostructure of composite was
explained by SEM images. The adsorption of*Rims carried out onto composite in aqueous
solution via varying pH, contact time, and itsiedittoncentration. The experimental adsorption
data fitted well into Freundlich adsorption isothemodel (R ~ 0.99). The adsorption process
followed pseudo-second order kinetic with R 1. The maximum adsorption capacitysoof
PG onto that composite was 172.41 mg/g by Langmuiraéign and Freundlich constant K
was 53.75 mg/g by Freundlich one.

Keywords:EL-PANi composite, adsorption isotherms, adsorpkimetics, PB" ion adsorption.

1. INTRODUCTION

Removal of heavy metal ions from aqueous solutias heen regarding intensively by
scientists on the world because of human healthdaasaged by pollution from many industrial
branches such as metallurgy, electroplating, tkélthge and so on. All of them are resulting to
critical environmental pollution in air or groundiga due to heavy metals among them lead
belongs to a group of very toxic [1]. Because lpasoning can lead to many serious diseases
difficult to treat, therefore, many methods as wadl adsorbents have been investigated for
removing it from aqueous medium [2 - 5]. The adBorp method is used mostly for
environmental treatment with relatively low metah iconcentration because of inexpensiveness
and sample treatment process. Nowadays, polyan{i##&Ni) was composited with many
organic, inorganic agents as well as agricultuastes for widely application in many areas such
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as battery materials [6], supercapacitor [7], reahaxf heavy metal ions [8 - 10] and so on.
Among them their composites with agriculture wasgeadsorbents that have some advantages
over the others rest ones because of sample ptEpeand easy regeneration.

The main objective of this work was to evaluate dldsorption isotherms and kinetics for
PE* ion onto EL-PANi composite which was prepared bgroical method.

2. EXPERIMENTAL
2.1. Synthesis procedure of EL-PANi composite

EL-PANi composite based on eucalyptus leaf (Bid ANi was prepared by chemical
method from chlorhydric acid medium containing &l using ammonium persulfate as an
oxidation agent [9]. The reaction occurred in lihder continuous stirring at temperature of 1 +
5 °C. After purification and changing it into emeraiéibase (EB) by treatment with 0.5M
ammonia solution, it was dried in vacuum at 50 “@@or 4 + 5 h and kept in a sealed bottle for
adsorption of P ion.

2.2. PB" ion adsorption

The pH effect was considered by varying it fromtdl 8 while initial PB" ion
concentration (g} and contact time (t) were kept 1 mg/L and 40 méspectively. The contact
time was varied from 10 to 120 min under condidrC, of 1 mg/L and pH of 6 to consider its
effect. G was changed from 1 to 15 mg/L to examine itsotffy keeping t of 40 min and,C
of 1 mg/L. The concentration of Ption before and after adsorption were analyzed toymic
Absorption Spectroscopy (AAS) for determining thdsa@rption amount and other adsorption
parameters.

The adsorption capacity(aqng/g) and the removal efficiency (H, %) were akdted from
the following equations:

_(GC,-Q)V
G4 ="" = (1)
H =M.100% (2)

0
where G and G are the concentration (mg/L) of Plionat starting time (t = 0) and any time t,
respectively; V is the volume of the solution, nthe mass of adsorbent (g).

The pseudo — first and second order kinetic moflsvere applied to examine kinetics
and rate of PB ion adsorption onto materials following equat®and 4, respectively.

)= kK
log (—q) =log @ 2_303t (3)
t 1t
—=——t— (4)
0 ko q

where g and q are the adsorption capacity (mg/g) of Pion at equilibrium and time t. The
equilibrium rate constants of pseudo- first andogsdc order adsorption are; kand k,
respectively.

The Langmuir (5) and Freundlich (6) adsorptiortisom equations [11,12] were used for
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calculating adsorption parameters of that ion.

E: 1 +£ (5)
4 Gkl O

log q = log K iIog C (6)
Nr

where, C is PHion concentration in solution after adsorption scailsorption capacity, Kis
Langmuir isotherm constant (L/mg)y,4 is maximum adsorption capacity (mg/g); Kng/g)
and N: are Freundlich isotherm parameters.

3. RESULTS AND DISCUSSION
3.1. SEM image
The SEM images on Figure 1 showed that morpholbgtcacture of EL-PANi composite

was in fibre form with diameter of 40+50 nm, bigglean that of PANi alone (~ 30 nm). Both
of them were found in nanofibre structure whileayptus existed in small slice.

Compcositel/2 S5

R, @ €
S4800-NIHE 10.0kV 9°0mmx5Q,0k SE(M,LAQ) 3/31“2’!316' of

Figure 1L SEM images of EL-PANi composite compared with &yptus and PANi.
3.2. IR-spectrum

The IR-spectrum on Figure 2c indicated that PAd&xsted in composite matrix because
of vibrations of benzoid and quinoid rings at 568 1590 cni and 1530 cm, respectively
[13]. The signal at 3533 cinshows a vibration of hydroxyl group, 2911 tifsaturated C-H)
and 1682 c (C=0) due to the presence of EL in composite. Canegb with spectra of EL (a)
and PANi (b) it can be observed that not only teakpposition but also their intensity were
changed indicating an existence of composite.

Additionally, other main groups of PANi were fousdch as the band from 3430 tro
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3390 cnt assigned to the N-H stretching mode, from 3078 &m3046 crit (aromatic C-H),
1305 cm'  (-N=quinoid=N-), 1145 cfh (C-N"). It explained that EL-PANi composite was
successfully synthesized because of containingtsires of both of PANi and EL.
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Figure 2.IR-spectra of EL (a), PANi (b) and EL-PANi comfteqc).
3.3. Effect of pH

The results presented in Figure 3 showed that dseration efficiency of P ion which
depended strongly on solution medium. It was veadly if pH of 1+2, but significantly
increased when pH over 3. A maximum was observetHaif 6. It may be explained that at low
pH PI* ion can not adsorb on EL-PANi composite becaug@atbnation state of -N groups of
PANiI resulted to no ligand or chelating agent @ppd. Conversely, in high pH medium PANi
existed in undoped form, then its free amine ornangroups will be available for metal
chelating, resulting to significantly increase B ion adsorption [8].
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Figure 3 The effect of pH on the removal efficiency of PIANi composite
(Co=1mg/L; t= 40 min).

The data on Table 1 indicated thatPion was removed 94.48% from solution by EL-
PANi composite, higher than that by EL aR&Ni alone at the same condition. However,
adsorption ability of P¥ ion onto EL and PANi significantly also very goo87.17 and
93.14%, respectively.
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Table 1.Adsorption efficiency of EL-PANi composite companedh EL and PANi
at pH of 6, contact time of 40 min and initial centration of 1 mg/L.

Materials C (mg/l) H%
EL 0.13 87.17
PANi 0.07 93.14
EL-PANi composite 0.06 94.48 .
explained

It
that from the nature of EL due to IR-analysis (R).a possible mechanism of ion exchange
could be considered as a divalent heavy metalRoff) attaches itself to two adjacent hydroxyl
groups and two oxyl groups which could donate twoof electrons to metal ions, forming
four coordination number compounds and releasirg iydrogen ions into solution following
schema shown in Figure 4 [14].

OH

EL— + 5 — EL/O\Pb+ 28
\G/

OH
Figure 4 Schema for PHion adsorption onto EL.

3.4. Effects of contact time and adsorption kinetiecnodel
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Figure 5 Plot of adsorption capacity versus time for aliftf*
ion concentration of 1 mg/L at pH of 6.

The Figure 5 explained that the adsorption capaifitfls* ion depended strongly on the
contact time during twenty initial minutes, theiséems to be stable.
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Figure @ The first-order (a) and second-order (b) adsonptioetic models of PB
ion onto EL-PANi composite (& 1 mg/L, pH = 6).
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The data given in Figure 6 and Table 2 confirmeat the adsorption process fitted very
well into the second order adsorption kinetic maakelthe correlation coefficien?R~ .1 and
the suitability between theoretical and experimeatuilibrium capacities (g, = 8.26 mg/g;
Oe.exp= 8.30 mg/g). Contrary to that, the very pooirfdt of R (~0.2) and g (0.34 mg/g), from
the first-order kinetic model compared witfegindicating that an unsuitability was found.

Table 2.Kinetic parameters for adsorption ofPton onto EL-PANi composite
calculated from Figure 6 (G 1 mg/L; pH = 6).

First-order adsorption Experimental Second - order adsorption
kinetic model P (mg/g) kinetic model
y = -0.0034x — 0.4749 | GeeMIG = 0.121x + 0.0794
Qe,th i_<1_1 R Qe th Kk, _ R
(mg/g) | (min™) (mg/g) | (g/mg.min)
0.34 ~0.00 ~0.20 8.30 8.26 0.12 ~1.00
3.5. Effect of initial Pt’* ion concentration
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Figure 7.The influence of initial concentration on%®on removal efficiency (a) and adsorption
capacity (b). Contact time of 40 min at pH = 6.

Figure 7 showed the effect of initial Pipn concentration on its adsorption efficiency (a)
and adsorption capacity (b) of EL-PANi within 4@nncontact time at pH of 6. It was found an
excellent removal of Phion until over 98% in chosenyCespecially near 100% if@ver 3
mg/L. The PB" ion adsorption capacity of that composite is iasgg linear with €indicating
an advantage for removing Plirom aqueous solution.

3.6. Adsorption isotherms

The Langmuir dimensionless parameter)(&an be calculated from equation (7):
1
= 7

R 1+K.C, 7)
where K is Langmuir constant andy@ initial concentration of Pbion The obtained values of
R. (Table 3) and N(Table 4) indicated that the adsorption procesBtbfion was favourable
because of 0 <R 1 and 1< N< 10 [15]. The data given on Figure 8 and Tabéxglained
the adsorption of Pbion on regarded material has made more consistiht Freundlich
model (R ~ 0.99) compared with Langmuir one®(R 0.72) because of higher correlation
coefficient. The maximum adsorption capacity.,«pf PF* ion was 172.41 mg/g following
Langmuir isotherm line, while Freundlich constaptffom Freundlich one was 53.75 mg/g.
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Figure 8.Langmuir plot (a) and Freundlich plot (b) for tagsorption of P4 ion
onto EL-PANI.
Table 3.Values of dimensionless Langmuir parametefd® PE* ion adsorption.
Co 0.10 0.50 1.00 3.00 5.00 7.00 9.00 11.00 15.00
(mg/L)
R 0.95 0.80 0.67] 0.407 0.29 | 0.229| 0.189 0.159 0.12

Table 4.Langmuir and Freundlich adsorption iso-therm camtstéor P53

ion onto EL-PANI calculated from Figure 8.

Langmuir constants Freundlich constants
Omax (MQ/Q) 172.41 K(mg/g) 53.75
K. (L/mg) 0.50 N 1.20
R® 0.72 R 0.99

The Table 5 indicated that the maximum adsorptagacity was found 172.41 mg/g in our

research, much higher than that in other publioatio

Table 5.Comparison ofmaximum adsorption capacity of EL-PANi composite
with some other adsorbents.

Materials Ghax (MQ/Q) Conditions Reference
EL-PANi composite 172.41 pH = 6; t =40 mir] Thisdy
Sawdust 15.90 2% [14]
pine cone 27.53 [16]
Untreated orange barks 112.36 pH= 3+4.6 [17]
Activated carbon/iron oxide magnetic| 18+19 pH = 4+6 [18]
composite

Bentonite clay 51.19 PA( D [19]
Activated carbon from cashew nut shell  28.90 [20]
Activated carbon from coconut shell 26.60 [21]
Activated carbon from apricot stone 21.38 pH =$;20 min [22]
Nanostructured CuO 115.00 pH = 6.5; t = 240|min [23]
PANi-RH 131.58 pH = 6; t = 40 min [24]
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4. CONCLUSION

EL-PANi nanocomposite based on eucalyptus leaf palyaniline was successfully
synthesized by chemical method. It could be uskfuthe removal of PH ion from aqueous
solution. The optimum conditions for Plion removal were found at pH of 6 and contact time
of 40 min. The adsorption of Phion onto EL-PANi fitted very well into the pseudecond
order kinetic model, it followed the Freundlich ad®tion isotherm equation better than
Langmuir one. The maximum adsorption capacity qvas 172.41 mg/g following Langmuir
model and Freundlich constant Was 53.75 mg/g for Bbion adsorption onto EL-PANi.
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TOM TAT

LOAIBO PB*KHOI DUNG DICH NUOC BANG HAP PHJ TREN COMPOZIT U
LA CAY BACHDAN VA POLIANILIN

Lé Cao T, Vii Minh Tarf, Phan ThBink* "

Trung tam Quan trc Tai nguyén Moi irong, % Tai nguyén Méi teong Ha Noi,
36A Plum \Vian Pong, Bic Tir Liém, Ha N

*Truong Pai hoc Cong nghip Ha Nsi, Minh Khai, Bic Tir Liém, Ha Ni
%Vién Hoa toc, Vien Han 1am KHCNVN, 18 Hoang @a Viét, Cau Gidy, Ha N

"Email: Phanthibinh@ich.vast.vn

Vit ligu hap phy trén @& so polianilin va la cay ich dandugc tong hyp bing phrong phap
héa hc. Két qua phan tich Bng ngai (IR) da xacdinh duoc cac nhém alrc dic trung thuhe vé
PANi va 14 cay bch dan co nat trong thanh pin compozit. \it liéu c6 du tric dng i voi
duong kinh 40+50 nm nhphan tichinh SEM. & hap phy PP duoc nghién ¢u & cacdiéu kién
thaydoi pH, thoi gian tiép xuc va Bng do bandau. Két qua xacdinh qué trinh ip phy P tuan
theodong hoc bic 2 (R = 0,9995) va phudp vsi md hinh Bp phi dang nhiét Freundlich (B =
0,9873) 6t hon so i Langmuir (R = 0,7151). Dungdong hip phu cuc dai theo md hinh
Langmuir dat O 12 172,41 mg/g vaamg $ Freundlich K la 53,75 mg/g theo md hinh
Freundlich.

Tir khéa:compozit EL-PANI, Bp phu ion PB*, dang nhit hap phy, dong hoc Hap phu.
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