International Journal Of Advanced Research

www.journalijar.com A CrossRef Indexed Journal

Impact Factor: 6.118
CrossRef DOI

10.21474/1JARO1

Certlificate of Publication

This is Certify that

Prof./Dr./Mr./Miss Busroni, Siswanta. D, Santosa. S. J and Jumina. has contributed a

paper as author / Co-author to title STUDY OF PB(II) AND FE(Ill) METAL CATIONS

ADSORPTION INTO P-TERT-BUTYLCALIX[4]JARENE AS ADSORBENT: KINETIC

ADSORPTION. and has got published in Vol 5, Issue 09, September 2017. The Editor in

chief and the Editorial Board appreciate the intellectual contribution of the author / Co-author.

----------

"

''''' 2 9 -
g | J Al | ]

Editor Chief Managing Editor Publisher



http://repository.unej.ac.id/
http://repository.unej.ac.id/

ISSN: 2320-5407 Int. J. Adv. Res. 5(9), 574-580

ADVANCED RESEARCN clJak)

// \.\ Journal Homepage: - Www.journalijar.com INTERNATIONAL JOURNAL OF

/ , \  INTERNATIONAL JOURNAL OF
| 2 | ADVANCED RESEARCH (IJAR)

\ J
Y // Article DOI: 10.21474/1JAR01/5362
(SSN NO. 2320-5407 DOI URL: http://dx.doi.org/10.21474/1JAR01/5362

RESEARCH ARTICLE

STUDY OF PB(Il) AND FE(111) METAL CATIONS ADSORPTION INTO P-TERT-
BUTYLCALIX[4]JARENE AS ADSORBENT: KINETIC ADSORPTION.

Busroni', Siswanta. D? Santosa. S. J> and Jumina®.
1. Departement of Chemistry, Faculty of Matematics and Natural Sciences, University of Jember, Indonesia.
2. Departement of Chemistry, Faculty of Matematics and Natural Sciences, Gadjah Mada University, Yogyakarta.

Manuscript Info Abstract

Manuscript History This research explain the study about compound of 5,11,17,23-tetra(t-
) Butyl)-25,26,27,28-tetrahidroxycalix[4]arene (TBCA) that will be used

Received: 08 July 2017 as adsorption material for heavy metal cations. Adsorption using

Final Accepted: 10 August 2017

Published: September 2017 immersion method with variations such as the value of acidity (pH),

time of exposure and initial concentration of metal cations have been
conducted. The results of each investigation showed that the optimum

Key words:- ! .
th-calix[4]arene, adsorbents, isotherms, pH of adsorption was at pH = 5 for metal cations of Pb(ll) and Fe (Il1).
adsorption capacity, adsorption energy. The observation results showed the optimum time exposure of cation

adsorption of Pb(ll) and Fe(lll) was 90 minutes. Study about kinetic
adsorption of Pb(Il) metal cations of the adsorbent refered the Ho
kinetic model, pseudo second order with rate constant of adsorption
143x10° g.mol™.min® and Fe(lll) refered the Lagergren kinetics
model, pseudo first order with the rate constant of 9.21 x 10 min™.
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Introduction:-

The existence of the metal cations can endanger human health as heavy metals if enter into the body, because the
heavy metals are toxic/poison. Heavy metals are chemical elements with a specific gravity greater than 5 g/cm? that
located in the lower right corner of the periodic table system. Iron or Ferrum (Fe) is a silvery-white metal, clay, and
can be formed. It has been conducted a study of adsorption of metal cations Fe(l11) in aqueous systems using zeolite,
in the determination of adsorption of metal cations Fe*® performed at pH area between 1-6 [1]. Lead was widely
used in the paint factory, fuel, battery industry and ammunition bullets. Lead is toxic which very influenced toward
children, because the paint is widely used in residences. If the metal contains in the blood up to 10 mg/mL, it can
cause illness symtoms and Pb(Il) concentrations in the water does not depend on the season, but on the depth. Lead
ions contained in the water can get into the body of the fish and other aquatic animals [2]. Siswanta research resulted
that the adsorbent Calix[4]resorcinarene, hybrid or Calix[4]resorcinarene-chitosan and chitosan can be applied to
eliminate the Pb(Il) metal ions. The results of the investigation explained that the value of adsorption capacity was
Calix[4]resorcinaren > Chitosan > Calix [4] resorcinarene-chitosan (hybrid) [3]. Prabawati, reported that it can be
synthesized compounds of p-t.butyl-37-monoallyloxy-38,39,40,41,42-pentahidroxycalix[6]arene and p-t.butyl-
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37,40-diallyloxy-38,39,41,42-tetrahidroxycalix[6]arene then each of them was treated by polymerization reaction in
order so can be obtained poly-monoallyloxycalix[6larene compound [PMK(6)H]arene and poly-
diallyloxycalix[6]arene compound [PDK(6)H]arene and was applied to study the adsorption kinetics for Cu(ll),
Cd(l1), and Cr(l111) [4,5,6]. Calixarene can form complexes with the type of aromatic compounds in a polar solvent
non water. Compounds calixaren with basketball shape has high potential as a host-guest. In this case, this
calixarene compound capable to clamp the organic molecules. Calixarene compounds can be synthesized and
derivatized at the "Lower Rim", therefore the part of upper rim calixarene rim is slow to develop [7]. Some type of
adsorbent has been used to eliminate or reduce heavy metals, i.e. Poly-Calix[4]arene-Crown-6 [8,9,10,11],
benzyloxycalix[4]arene [12], Calix[4]Resorcine [13,14], calixarene derivative [15], Calix[8] arene Derivative. [16],
Bisazocalix[4]arene [17], t-butylcalix[4]arene derivatives [5]. Many attempts have been made to reduce the
concentration of heavy metal cations, and guided by a number of facts about the consequences caused by the
presence of heavy metal cations, the effort was made to reduce the concentration, especially in the waters.

Research Methods:-

1. Materials and Instrumentation

Material: Compounds tb-Calix[4]arenes were synthesized following the reported procedure [18], aquabides /
aquadimeneral (Lab. Organic FMIPA-UNEJ), FeCI3, Pb (NO3) 2, another reagent (Merck branded) was used
without special treatment.

Instrumentation: PRESTIGE 21 Shimadzu FTIR-spectrometer with KBr, Electrothermal Digital Point, H-NMR
AGILENT Varian 400 MHz, AAS Buck Scientific.

2. Methods

Effect of pH

As many as 10 mL sample solution with a pH of 3; 4; 5; 6 was put in a 15 mL glass bottles that have been filled by
5 mg adsorbent. Each bottle was stirred using a magnetic stirrer for 3 hours, filtered with filter paper then the residue
metal cation was determined using filtrate which was analyzed using atomic absorption spectrophotometer (AAS) to
determine how the cations were adsorbed.

Effect of time exposure:-

Cation solution of Pb(Il) and Fe(ll1l) based on observation at optimum pH of 5 was prepared about 10 mL in
amount and inserted into a 15 mL vial glass which was filled with adsorbent 10 mg in each. All of the test solution
was stirred using a magnetic stirrer with a time variation of 10, 20, 30, 90, 180, 240 minutes. Then the solution was
filtered and the filtrate was analyzed by AAS.

Effect of adsorbate concentration:-

Each sample solution of metal cations Pb(Il) and Fe(lll) was prepared about 10 mL amount at optimum pH with
various concentrations of 8, 16, 20, 24, 30 ppm and put in a 15 mL glass bottle sizes that have been filled adsorbent
10 mg. All solutions were stirred with optimum time. Then it was filtered and each filtrate was analyzed by AAS.

Results and Discussion:-

Effect of pH:-

Metal cation adsorption capacity was very dependent on the amount of the pH solution. At low pH /very acidic
condition, the number of H* ions became high and it resulting in the OH groups protonation. Then the property of
the OH group became positively charged and the ability as a ligand will be reduced. The positive charge on the
adsorbent th-calix[4]arenes caused repeling process between H* with metal ions, so that the adsorption value became
small. Adsorption increased in line with the increasing of pH value around pH 5. As shown in Figure 1, it exhibited
that the adsorption of metal cations Pb(I1) and Fe(lll) to th-calix[4]arene depended on the pH factor. Both of metal
cation Pb(Il), and Fe(l11) were maximum adsorpted at pH 5 with Pb(11), and Fe(l11) adsorbed value was 10.52 mg / g
and 14.18 mg / g. respectively (Fig. 1).
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Fig.1:- Effect of pH on the Pb(Il), and Fe(l1l) cations adsorption by p-t-Butylcalix[4]arene (TBCA)

Effect of exposure time:-

The adsorption kinetics of Pb(I1) and Fe(lll) cations into p-t-Butylcalix[4]arenes was presented in Fig. 2. According
to the investigation results, the optimum exposure time of metal cations of Pb(ll) and Fe(l1l) was 90 minutes, with
the cation concentration that can be adsorbed was 12.69 x 10 mmol/g and 34.77 x 10% mmol/g respectively. The
measurement of adsorption Kinetic rate can be determined by using the interaction time required to reach a state of
equilibrium adsorption. The used general parameters to study the adsorption rate was reaction rate cosntant (k).
From Table 1, it can be studied that the adsorption kinetics model reffered to first order Lagergren kinetics model,
and second order kinetic model [19, 20, 21]. The results of calculations were presented in Table 1.

Table 1:- Adsorption Kinetic Models

Kinetic Models Pb(Il) Fe(111)
R k R k
Pseudo Orde 1 (Lagergren) 0,836 6,91 x 10° . (] 0,971 921 x 107
( minute™) (minute )

(q-q,) = () - ———t
QC q\ log ( Q[) 2“303
Pseudo Orde 2 (Ho) 0,957 143x10° 0,928 16 x 107

9 qe-qy _(g.mg'l. minute « g.mg™.
thoge® =——— ) minute )

(qe - qv)
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Fig. 2:- the effect of time exposure on removal of Pb(l1) and Fe(ll1) cations by p-t-Butylcalix[4]arene (TBKA)
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Fig. 2:- (a; b; ¢; and d) Pseudo first order kinetic for Pb(l1), and Fe(l11) adsorption on the TBCA and Pseudo second

order Kkinetic for Pb(11), and Fe(l11) adsorption on the TBCA

577


http://repository.unej.ac.id/
http://repository.unej.ac.id/

ISSN: 2320-5407 Int. J. Adv. Res. 5(9), 574-580

Based on the data analysis Table 1 and Fig. 2 (a, b, ¢, and d), it showed that the Ho kinetics model had higher
linearity curve than the Lagergren kinetic model against metal cation of Pb(l1). Otherwise, Fe(l11) cation had higher
linearity of Lagergren kinetic model rather than Ho kinetic model. Cation adsorption rate constant for Pb(I1) can be
determined based on the kinetic model of Ho as a slope, the value was 143x10° (g.mg™.min™). The adsorption
constant rate of Fe(lll) can be determined through Lagergren kinetic model approach as slope and the value was
9.21 x 10™ (min™).

Kinetics Adsorption

The effect of cation concentration of Pb(Il) and Fe(lIl) versus the concentration of adsorbed metal cation was
exhibited in Fig.3. Observation at low concentration (about 8 ppm) showed little adsorbed metal cations, it happened
because the metal cation was available in small amount. Then the amount of adsorbed metal cations increased
significantly in accordance with the increase in the concentration of metal cations.
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Fig. 3:- Effect of adsorbate concentrations on the Pb(1l), and Fe(l11) by p-t-Butylcalix[4]arene (TBCA)

Isotherms Adsorption:-

Isotherm adsorption can be determined using the data obtained from the value of the adsorbed metal cations on the
variation of metal cations initial concentration (data in Fig. 3). Isotherm equation used was the equation of Langmuir
and Freundlich

Langmuir Equation : Ce __1 , Ce
Qe KXn Xm
and Freunancn

Where : e = adsorbate (log (ge) = log K + n log Ce
Ce = adsorbate concentration at adsorbate phase
Xm = maximum adsorption capacity
K = equilibrium constant / intercept
n =slope

Indications which were obtained from Langmuir and Freundlich isotherm analysis were presented in Table 2. From
Table 2 and Fig. 4 (a, b, ¢; and d), it can be concluded that each pattern of cation adsorption Pb(Il), and Fe(lll)
refered the model of Langmuir isotherm adsorption. It mean that in the process of adsorption occured in a single
layer (monolayer). Further it can be assumed that the maximum adsorption occured during interaction between all of
the active site (OH groups) adsorbents and the adsorbate of metal cations Pb(Il) or Fe(lll) by forming the
monolayer, with the adsorption energy value between cations Pb(11), and Fe(l1l) was 5.81 kJ/mol and 7.01 k J/mol
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respectively. From Table 2, it showed that the maximum adsorption capacity of Fe(lll) > Pb(ll), this can be
explained using the concept HSAB. Pb(ll) was an medium acid while Fe(Ill) was hard acid because it had small
radii and high charge. On the concept of HSAB, medium acid bound with soft acid, while the hard acid bound to a
hard base. Active sites on the adsorbent was an OH group which was a hard base, so OH groups will be more stable
bound to Fe (I11) which belonged to the hard acid category. [22].

Table 2:- Indication of isotherm adsorption and its determination from Langmuir and Freundlich

Indcation of adsorption
Metal Langmuir Freundlich
Xm (mol/g) | K (L/mol) AG (k J/mol) R n K (L/mol) [R®
Pb(Il) 128,46 10,21 5,81 0,971 0,330 2,652 0,628
Fe(l11) 156.09 16,62 7,01 0,946 0,456 0,016 0,813
| : :
| Ph{ll}-TBCA (Freundlich Model) a). Pb(ll)-TBCA (Langmuir Model) b).
| : o -
| % 5 4 3 2 1 059 1 i | A
3 c). :
Fe(Ill)-TBCA (Freundlich Model) ) Fe(1ll)-TBCA (Langmuir Model)  d).
120
2 15 1 19 05 o
y=0456x-0015 80 -
RP=0313 43 .
. 04 - 3' i
g :;i © y=3578x-2153
| = : R*=0946
0% - By
' Oj ) o1 02 03 04
LogCe Ce {mmol/L}

Fig. 4 (a;b;c;and d):- Isotherm Adsorption of Langmuir and Freundlich on Pb(ll), and Fe(lll) adsorption of the
TBCA

Conclusion:-

In the process of adsorption of metal cations Pb(I1), and Fe(l1l) using adsorbent p-t-Butylcalix[4] arenes (TBCA), it
refered the Ho kinetics model, pseudo second order and had a value of adsorption rate constant k = 143x107 (g.mg"
! min?), further it refered the kinetics model Lagergren, pseudo first order with the value of the adsorption rate
constant was k = 9.21 x 10 (min™). From the study of the adsorption isotherm, it indicated that the adsorption
process of both Pb(ll) and Fe(lll) cations refered the Langmuir isotherm, with a maximum capacity of cation
adsorption of Pb(1l), and Fe(l11) was 128.46 mol/g and 156.09 mol/g respectively. Adsorption energy for Pb(I1) and
Fe(111) was 5.81 k.J/mol and 7.01 kJ / mol, respectively.
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